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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.



JIabopaTtopHasi padota Ne 1

AHa/i3 BbIOOPOYHBLIX JaHHbIX. BazoBble Moka3aTe M pacnpe/eieHHs
cJIy4aiiHoH BeJIHUMHBI (4 yaca)

I.Ie.m;: I/I?:y‘HfITI) 0az0BBEIE IIOKA3aTENN PpacIipeaeIICHILA CJIY‘IZIﬁHBIX BCIIMYMIH Ha
IMpuMepe OJ10Ka ONNcaTeIbHBIX CTATHCTHK.

Teope THYECKHE CBCACHUA

I'enepanvrnas co6oKynHocms — 3TO COBOKYITHOCTh BCEX BO3MOJKHBIX 3HAUEHIIT
II3y4aeMOro IpH3HaKa, KOTOPHE MOINIHN OBITh IONYUEHHl IIPH JaHHOM KOMIUIEKCE
ycnoBmil. ['eHepanbHasi COBOKYITHOCTh pacCMATPUBAETCs KaK CiIydaiiHasl BenmdnHa X
C HEM3BECTHBIM 3aKOHOM pacIIpe/leIeHIIsL

Buviboprka (BBIOOpOUYHAsE COBOKYNHHOCTb) — YacTh OOBEKTOB TI€HEpPaJbHOI
COBOKYIIHOCTH, Ha KOTOPOIl TNPOM3BEAECHB M3MEPEHISI IM3y4aeMOIo IpH3HAKa.
CoBokynHoCcTh X;, X», -+, X, N3MEpPEeHHBIX Ha BBHIOOpKE 3HAYEHMII H3y4aeMOro
TIpI3HAKA TaKXKe HA3BIBAIOT 6b100PKOII.

KonmaectBRo n NpOM3BeAEHHBIX I3MepeHNnii (HaOMIOAeHmil) IpI3HAakKa,
HA3BIBACTCSI 0O0beMOM 6bIOOPKIL.

CyuyHocmsb 6b100p04HO20 MemoOa COCTOUT B OLIEHKE IO BEIOOpke Xj, Xz, -,
X, CBOIICTB T€HEpalIbHOI COBOKYITHOCTH (CBOMCTB pacHpeieNeHms ciaydJaiHoi
BEJIIMINHE X).

BriGopouHble HaHHBIE, YIIOPSAOYEHHBIE 10 BO3PACTAHMIO IWIN YOBIBAHUIO,
HA3BIBAIOTCS 6apPUAYUOHHLIM pAOOM. PazNdHble 3HAUEHIS MICCIENYeMOTro IpIHAKa
B BEIOOpKE HABKIBAIOTCS 6APUAHMAMIL.

B OonpmmHCTBE cCiIyduaeB JaHHBIE KOHIIGHTPUPYIOTCS BOKPYT HEKOEid
LIEHTPaIbHONI TOuknd. Taknm oOpa3zom, 49TOOBl OIKCATh OO0 HAOOp HJAaHHBIX,
JIOCTaTOYHO yKazaTh CpelHee 3HaueHHe. J[pyrnmm 4icIOBBIMH XapaKTepHCTHKaMI,
KOTOpHIE HCIIONB3YIOTCS ST OLIEHKN CPEIHETr0 3HAUSHNS PACTIPEIeNICHIL, SBISIFOTCS
cpenHee apudMeTIecKkoe, MeIaHa 1 MOJia.

Cpeanee apudmernyeckoe (UacTO HA3BBaeMOE IIPOCTO CpPEAHIM) —
HanboJIee paclpOCTpaHEHHAsl OIEHKa CpeJHero 3HaueHms pacnpepeieHnss. OHa
SIBJISIETCS PE3YyJIbTATOM JIEJIEHISI CYMMBI BCEX HAOJIOMaeMBIX UNCJIOBBIX BEINUIH Ha
X KonmaecTBO. J[is1 BeIOOpKH, coctosmueil m3 gncen X;, X ..., X, BeIOOpouHOE
cpenHee (o603Hawaemoe cumBoiioMm X) paBHO X = (X; + X0 + ... +X,)/n, unu

X = ZimXi (1.1)

n

I7le x— BBIOOPOUHOE CpefHee, 71 — 00beM BEIOOPKH, X; — i-if 37IeMeHT BEIGOPKIL

PaccMmoTpuM BhUNCIEHNE CpeHEro api(MeTHIecKoro 3HaueHIsT Ha TIpIMepe
cnemyrormeii Bei6opkn (tadm. 1.1).



Excel ects crnermmansHasgs ¢yHkunss =MEJIMAHA(), koropas paboTaeT U C
HEYIIOPsI{0UY€ HHBIMI MaCCHBaMH TOXKE.

A : Bl o | ¢ F
1| -e1 6,50
2| 28
3| a2
sl 07
5| a3
6| 55
7 5.9
S 76
10| 83
11| 96
12| 98
13 129
1| 131
15| 185

18

Puc. 1.2. Meanana ynopsiioueHHO BEIOOPKH 13 HEUETHOT'O YNCIIA AJI€ MEHTOB

Ecmn ypannts m3 BEIGOPKHM ONHMH 3JIEMEHT (IMOCIeAHMIT), TO MeaHnaHa i
OCTaBHINXCSI 14 MepeMeHHBIX YMEHBINTCS 10 6,2%, TO eCTh He TaK 3HAUNTENLHO,
Kak cpegHee apudmermueckoe (puc. 1.3).

A | B C D E - F
6,20
—————

10 8,3
11 9,6
12 | 9,8
13| 129
14| 131
15

Puc. 1.3. Mennana ynopsioueHHOIT BLIOOPKH 113 YETHOTO UIICTa JIEMEHTOB



Ot aBe (YHKIMN I OMHOMEPHOTO OUCKPemHOo20 pAda NAIOT paslidHBIe
sHaueHns (puc. 1.4). Hampumep, npu BEMUICIEHNN KBapTIUIel Hamei BeIOopkn Qg =
1,8 na KBAPTWJIBE.BKJI n —0,7 g KBAPTUJIL. MCKIJI. Jins pacueTa KBapTIIEid
B Excel ¢ momomisio BHIIENPUBEASHHEIX (OPMYT MACCHB [AaHHBIX MOJKHO He
YIIOPSIIOUNBATS.

Pacuer KBapTI/UICf;I MOZKHO IIPOBOANTE JJIs PACIIPEACIICHIT Ha OCHOBE YaCTOT.

Bapunammsi 1aHHBIX XapakTepn3yeT CTeleHb HX Aucnepcun. JlBe pazHbIe
BBIOOPKH MOTYT OTJINYAThCS KaK CPeIHNMI 3HAUSHILIMIL, TaK 1 BApHAINSAMI, @ MOTYT
IMeTh OAMHAKOBBLIE BapHaIlll, HO Pa3HBEIE CPEAHNE 3HAUEHIS, OO OINHAKOBHIE
CpeIHNe 3HAUEeHISI I COBEPIIEHHO pa3Hble Bapuamuu (puc. 1.6). JlaHHBIE, KOTOPHIM
COOTBETCTBYeT IONNIoH B Ha pnc. 1.6. 0, M3MEHSIOTCSI HAMHOIO MEHBIIE, YeM
JIaHHBIE, TI0 KOTOPHIM ITOCTPOEH TOJINIOH A.

Nonurouw B

Nonurox A Nonuron B

Monurox A

a) 6)
Prc. 1.6. J[Ba cHMMeTPIMHBIX pacIIpe/IeIeHIs KOIOKOI000pa3HOil (POPMEI ¢
OIMHAKOBEIM Pa30pocoM I Pa3HEIMI CPeTHIMI 3HAue HIISIMI

CymiecTByeT ILITh OLIEHOK BapHAITIN JaHHBIX
— pazmax,
— MeXKBapTIWILHEIT pazmMax,
— JUCIIepCH,
— CTaHAApTHOE OTKIOHEHNE,
— K03 PUIEHT BapHAITIIL

Paszmaxom Ha3zbIBaeTCs Pa3sHOCTE MCKIY HanOOJIBIINM M HaNMEHBIINM
SJIEMEHTaMH BI>I60pKI/IZ

R = Xnax — Xnin- (1.6)

Pazmax Hamieil BEIOOPKH BEIUICINM, UCIIONB3Y YIIOPSIIOUeHHEIH MaccB (puc. 1.4):
P=18,5-(-6,1) = 24,6.
T.e. pa3HiIa Mex1y HaNOOJIBIINM 1 HANMEHBIIINM 3Ha4eHIEM BEHIOOpPKH paBHa 24,6% .

Pazmax nozBoisieT N3MEPUTH o0 it paz6poc OTAaHHEBIX, HO HC YUNTEIBACT, KakK
NIMCHHO pPaCIIp€ACIICHBEl HaHHBIC MCEXAY MHIHHNMAJIBHBIM 11 MaKCHMaAJIBHBEIM
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n _TR2
5 F=1fl+x) (1.10)

B Excel wucmonesyercs ¢yukmmss =CTAHJOTKIJIOH.B(). Jus pacdera 5THX
(GyHKIINI MACCUB JJAHHBIX MOJKET OBITH HEYIOPSIOUEe HHBIM.

CrangapTHOe OTKIOHEHMe s Hameil BHIOOpkH paBHO 6,6 (puc. 1.8). OTo
3HAYNT, YTO OCHOBHAsl Macca JaHHBIX OTJINYAETCS OT CPeHEro 3Ha4deHIs He Oolee
yeM Ha 6,6% (T.e. xonebnercs B nHTEpBaie oT X — S =6,2 - 6,6 = 04 no X + S =
12,8).

D2 v f« I =CTAHIOTK/IOH.B(A:A) I
A B C D

1 -6,1 BoibopoyHaa aucnepcuna 43 8
2 -2,8 CraHaapTHOE BbIBOPOYHOE OTKNOHEHME
3 -1,2

4 -0,7

5 4,3

6 5,5

7 5,9

8 6,5

9 7,6

10 8,3

11 9,6

12 9,8

13 12,9

14 13,1
15 18,5

Puc. 1.8. CrangapTHOE BEIOOPOUYHOE OTKIOHEHME

Hn BriOopouHast mucrepcis, HN CTaHAApTHOE BEIOOPOYHOE OTKJIIOHEHNE He
MOTYT GBITh OTPUIATENLHEIMI. EINHCTBEHHAS CUTYAINs, B KOTOpPOIil ToKasaTenn S? n
S MOIyT OBITh HyJIEBBIMI, — €CJIH BCE 3JIEMEHTHI BEIOOPKH PaBHBEL MEXAY coOoil. B
5TOM COBEPILEHHO HEBEPOSTHOM CIIyuae pa3Max M MEXKBapTIUILHBII pazMax TaKkKe
PaBHBI HYIIIO.

KoygpuumeHT Bapuamum I3MepsieT paccelBaHNE JaHHBIX OTHOCHUTEIBHO
CPEIHEero 3HAYESHILT I M3MEPSIETCS B TIPOIEHTaX (SIBIISIETCS] OTHOCUTENBHOM OIEHKOIT).
Koaddumment Bapuaiym paBeH cTaHAaPTHOMY OTKJIOHEHIIO, [IeJIEeHHOMY Ha CpelHee
apudmeTmgeckoe 1 yMHO)eHHOMY Ha 100%:

V=2.100%, (1.11)

= || L

roe S — CTaHOAapTHOE BBI60p0‘IHOC OTKJIIOHCHIE, x — BBI60pO‘IHOC CpE€aHEeE.

Koaddmment Bapmaim MO3BONSAET CPaBHUTH JBE BHIOOPKM, HIEMEHTEHI
KOTOPBIX BEIPAKAIOTCS B PA3HBIX AMHNIIAX N3MEPEHILL.



13

N —iN2
0.2 — Zl=1(}1(vl ﬂ) g (1.13)

rie ¢° — MNCIepCHsl TeHepanbHON coBokymHocTH. B Excel aist BhmMuCIeHNST
IUCTIEPCHN TeHEPANbHOIT COBOKYITHOCTH Hcnonb3yeTcs gpyukmms =[[UCILT().

Cmau@apmuoe OMKIJIOHEeHUE eeuepaﬂbuoﬁ COB0OKynHocmi paBHO KBaJIpaTHOMY
KOPHIO, N3BJICYEHHOMY M3 ANCIICPCHIT FeHepaJIBHOf;I COBOKYIIHOCTH.

N —1)2
— Z=(+”) (1.14)

B Excel pamsg BBHUNCIEHNA CTAaHAAPTHOTO OTKJIOHEHHIS TI€HEPATBHOI
coBokytHOCcTH HctonbayeTest GpyHkis =CTAHJ[OTKIIOH.T'().

DopMynBl I ANCIEPCHN M CTaHAAPTHOIO OTKIOHEHMs TeHepalbHOMI
COBOKYTIHOCTH OTIIIYAIOTCS OT (hOpMyJI ATl BRIUHCIEHNS BEIOOPOUHOIT ANCTIEpCIN 1
CTAHAApPTHOTO OTKIOHEHMS. IIpM BEIYHMCICHNN BBIOOPOYHEIX CTATHCTHK S m S
3HAMEHATEb IPOOH MOXKET OBITh PABEH 1 — I, 4 TP BHIYNCICHII ITAPAMETPOB 0 11 &
— 00BbeMy IeHEpallbHOI COBOKYITHOCTH N.

JMNUpHYecKoe NMpaBuiIo. Ecii pacnpeeeHne He IMEET SIPKO BHIPaKEHHOI
aCIMMETPHNN, a JaHHBIE KOHIEHTPUPYIOTCS BOKPYT HEKOETO IIEHTpa TSDKECTH, IS
OIIEHKH II3MEHUMBOCTH MOJKHO IIPHMEHATH SMITIPIUECKOE MPaBIUIO, KOTOPOE ITIACHT:
€CIII JaHHBIE MMEIOT KOJIOKOJIOOOpa3HOE paclipefieieHNe, TO MpUOIM3UTeIbHO 68%
HAOMIOAEHNI OTCTOSAT OT MATeMaTH4YeCKOro OXHMAaHIsI He Oolee UYeM Ha OJHO
CTaHHApTHOE OTKIOHEHNEe, NpHOMIBUTENbHO 95% HAOMIOAEHMIT OTCTOSIT OT
MaTEeMaTIUIeCKOTO OXIAAaHNA He Oojee ueM Ha [Ba CTAaHJAPTHBIX OTKJIOHEHHS U
99,7% HaOMIOAEeHNIT OTCTOSIT OT MaTEMATIMUYECKOIO OXKWIAaHNs He Oojiee 4eM Ha TpHU
CTAHOAPTHHIX OTKIOHEeHISL. CIeOBaTeNbHO, I KOJIOKOJIOOOpazHBIX pacIpe/leleHNIt
3HAUEHI, JIeXKallle 3a MpeAeIaMil NHTepBaia 4 + 20, MOKHO CUNTaTh BHIOPOCAMIL.
Kpome Ttoro, tonpko Tpn m3 1000 HabGmromeHMIT OTINYAIOTCS OT MAaTeMaTHYECKOTO
OXWIaHNA OOJbIle YeM Ha TPU CTAaHAAPTHBIX OTKIOHEHHSA. TaknMm o0pazowm,
3HAUEHIL, JIeXKAIe 3a MpelelaMi NHTepBaia 4 + 3¢ IpaKTUIeCKN BCETA SBILTOTCS
BBIOpOCAMIL

Jlns pacmpeneneHnii, NMEIONIX CIUIBHYIO acHMMETPHMIO IUIN HE MMEIOINX
KOJIOKOJI0O0Opa3HO! (hOpMBIL, MOXKHO MPUMEHATH SMITNPHUECKOe IMpaBIIo BreHam»?-
YeOrimena: As M000ro Habopa JaHHBEIX, HE3aBUCHMO OT (OPMEI pacIpeeeH L,
MIPOLIEHT HAOIIOEHIIL, JIEJKAIIX Ha PACCTOSHIN HE IPEBBIIAIONIEM k CTaAHIAPTHBIX
OTKJIOHEHMI1 OT MaTeMAaTIUeCKOIO OKIAaHILL, He MeHbIue (1 — 1/k%)*100%.

BbiuncjieHne onucaTeJIbHbIX CTATHCTHK JIJIs pacnpeaecjieHusA Ha OCHOBE
yacToT. Ecnm mncXomgHbBle JaHHEIE HEAOCTYIIHEI, €AMHCTBCHHBIM ICTOYHNKOM
I/IH(i)OpMaHI/II’I CTAaHOBHUTCA PACIIpEACIICHNE YaCTOT. B Takmx CUTyalIsiX MOJXKHO
BBEIUYMCINTD l'IpI/I6J'IIfDKCHHBIC 3HAYCHITA KOJINMYE€CTBCHHEBIX ToKazaTeneil
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B npoueHTax 2010 2011 2012 2013 HakonneHHasa cymma npoueHTos 3a 2013

40 5000 9,4 7,3 5,9 6,0 6,0
5000,1-7000,0 9,4 8,1 7,0 7,4 13,4
7000,1-10000,0 14,6 13,4 12,1 13,0 26,4
10 000,1—-14 000,0 16,6 16,2 15,4 16,4 42,8
14000,1—1S 000,0 15,2 15,6 15,5 16,2 59,0
15 000,1—-27 000,0 14,7 15,9 16,6 16,7 1951
27 000,1-45 000,0 13,3 15,1 17,0 15,9 91,6
cebiwe 45 000 6,8 84 10,5 84 100,0
Bcero, % 100 100 100 100

[aHHble 2013 rofa OTHOCATCA K NEPBOMY KBapTany v ABAAKOTCA NPeABaPUTENbHDIMK

Puc. 1.10. ITpumep pacueTa HIKHETO KBapTILIS

B namem mpumepe (puc. 1.10) HIDKHMIT KBapTIWIb HAXOIWUTCS B HHTepBAle
7000,1 — 10 000, HakorieHHas1 yacToTa KOTOporo paBHa 26,4%. Hinknsaa rpanmiia
storo nHrepBana — 7000 py®., BemmunHa nHTepBana — 3000 pyO., HaKOIUIEHHAs
JacTOTa HHTEpBajia, IIPEJNIECTBYIOMET0 WMHTEPBATY, COAEpKAlleMy HIDKHUI
KBapTwib — 13,4%, yacTora MHTEpBana, COAEpIKAIIEro HIDKHII KBapTuib — 13,0%.
Taxum o6pazom: Q; = 7000 + 3000 * (Y4 * 100 — 13,4) / 13 = 9677 py6.

B Excel onmcarejbHble CTATHCTHKH MOYKHO TIIONYYNUTh C IIOMOIIBIO
HaJcTpoilkn [laxem ananusa. Ecnin Ha Bkiajne /JanHvie B o0nacTl Ananus y Bac He
oTOOpakaeTcss MUKTOrpamma Axanu3 OanHuIx, HYKHO IIPEIBApPUTENIBHO YCTAHOBUTH
HaZCTpONiKy [lakem anamuza. B meHto /Jannvlie — AHanu3 OaHHbIX B OTKPBIBIIEMCS
OKHe BwIOeputre CTpoKy OnucamenvHas cmamucmuxa 1 KinkHnte Ok. B oxHe
Onucamenvras cmamucmura o0s13aTeNIbHO YKaxXuTe Bxoonoti unmepsan (puc. 11).

Ecmu BB XOoTHTE YBUAETH ONICATEIbHbBIE CTATHUCTUKNI Ha TOM e JINCTE, UTO I
NCXOMHBIE JaHHBIE, BHIOEPHUTE IEepeKIOYaTeNb BulX0OHOU uHmMepsal N YKaXNTe
sIeKy, Kyda CleqyeT IMOMECTUTH JIEBBIH BepXHIIT yrol BHIBOAUMBIX CTATHCTHK (B
HammeM npumepe $C$1). Ecnu BBl XOTHTe BBIBECTH JaHHBIE HA HOBHII JINCT IUTH B
HOBYIO KHHIY, JOCTAaTOYHO IIPOCTO BHIOPATh COOTBETCTBYIOIINIT IMEpeKIIOYATEeNb.
[TocTaBbTe rajmouky HaNpoTUB Mmozosas cmamucmuka. 110 KeTaHO TakkKe MOKHO
BHIOpaTh Vposensv croscHocmu, k-viil Haumenbuiuti u k-it Hauborvuiui.

Excel BbUMCISIET NENBIT PST CTATUCTHK, PACCMOTPEHHBIX BHIIIE: CpPEIHEE,
MeanaHy, MOy, CTaHAapTHOEe OTKIOHEHHe, IHCIepCIIo, pa3Max (unmepsan),
MHIHIMYM, MakCHUMyM 1 o6beM BHIOOpkn (cuem). Kpome Ttoro, Excel Bpmmciser
HEKOTOpHIE HOBBIE [JII HAC CTAaTUCTUKH. CTaHAAPTHYIO OIMMOKY, B3KCIlecC N
ACHMMETPIIHOCTE.
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— paccTostHNe OT Xmin A0 Q1 PABHO paccTOSHIIO OT Q3 10 Xmax.
— paccrosiHIe OoT Q| 10 MeINIaHbl paBHO PACCTOSIHIIO OT MeAMAaHEL 10 Q3.

Korma maHHBIe pacrmpeeneHsl HECUMMETPITIHO, MEXKIAY 3IeMEHTaMH IATEPKI
MoKa3aTesieil BO3HUKAIOT CIeAYIOIE 3aBUCIMOCTI:

— €CIIN pacIIpe/ieIeHNe NMEET MOJIOKUTEIBHYIO aCUMMETPHIO, PACCTOSIHIE OT
Xmin 10 MEVAHBL MEHBIIIE PACCTOSHIL OT MEINAHBL 10 Xmax.

— €CJIN pacIpe/ielIeHe NMeeT MOJIOKUTEIBHYIO aCHUMMETPHIO, PACCTOSIHIE OT
Q3 10 Xy 607bIIE, UeM OT Xpmin 10 Q1.

— €CIII pacHpelielieHIe NMeeT OTPUIATeNIbHYI aCUMMETPUIO, PACCTOSHHIE OT
Xmin 10 MEMAHBL OOJIBIIIE PACCTOSHILI OT MEMAHBL 10 Xmax.

— €CJIN pacHpeeeHle NMeeT OTPUIATENbHYIO aCHMMETPUIO, PAcCTOSHIE OT
Q3 10 Xihin MEHBIIIE, YEM OT Xnax 10 Q1.

D4 v S =KBAPTUNb.UCK/(A:A;1)

A B C D E F G
1 -6,1 Natb 6a30BbIX NOKa3aTenen
2 -2,8 pacnpeaeneHua CNyuyanHoM BeIMUMHbBI
3 -1,2 Xmin -6,1
- -0,7 Q1 I -0,71
5 4,3 meanaHa 6,5
6 5,5 Q3 9,8
7 5,9 Xmax 18,5
8 6,5
9 7,6
10 8,3
11 9,6
12 9,8
13 12,9
14 13,1
15 18,5

-

Puc. 1.12. IIarepka 6a30BBIX ITOKa3aTelel, XapaKTepN3YIOIINIX paclpeielleHIe
CIIy4aliHOI BEIOOPKN

HccrenyeM Ha HMX OCHOBE CHMMETPHUIHOCTH paclpeieleHns. PaccTosiHie ot
MeanaHb 10 Xmax (18,5 — 6,5 = 12) npubnm3urenbHo paBHO PacCTOSHIIO OT Xmin 0O
MeanaHel (6,5 — (—6,1) = 12,6). Onnako pacctosHne oT Q3 10 Xmax (18,5 — 9,8 =8,7)
MIPEBBIIAET PACCTOSIHIE OT Xmin A0 Qp (0,7 — (-6,1) = 5,4). CrnenoBaTelnbHO,
pacrpe/eneHne NMeeT Cladyio MOIOKITETBHYIO aCHMMETPHIO.

ToueyHass JuarpamMma II03BOJIET HAIUIAHO IIPEICTaBUTH CaMy BHIOOPKY,
ITepKy 0a30BBIX IOKazaTeneil m mHTepBanbl X + S, X + 2§, rne X — cpennee
apudmeTIueckoe BEIOOPKH, S — cTaHIapTHOE OTKJIOHEHNE BHIOOPKN (puc. 1.13).
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Tabmuma 1.2 — OcHOBHEIE XapaKTEPUCTUKN BHIOOPKN

Hazpanne

O0603HaUe HIIE

Haspanne B
CBOIHOIT
TaoIHIIE

MeTtoz
BBIUNICIIEHIISA

Dopmyna Excel

[TokazaTenn Bapuay 1 EHTPAIBHON TeHIEHIINN

PazHuIia max 1 min

MAKC (uHTepBa) -

Pa3max BapHaluu R HHTepran o —— MUH (uutepean)
Kon-Bo
O0BeM BbIOOPKH n Cuer CTaTHCTHYECKUX CYET (uHTepBam)
€MHHIL
ITenTpanbHoe
Mennana Me Menunana SRR TCHA®: MEJIAALIA
OTCOPTHPOBAHHOI (uHTEpBAN)
BBIOOPKH
HauGonee yacto
Mona Mo Mona BCTpeUaomeecs MOJIA (unTepBa)
3Hau€EHHE BLIOOPKH
_ Cpenuee
Cpennee X Cpennee apu (bnfemqecxoe CP3HAY (uHTepBaN)
Cpenuee Cpenuuit Moynb
THHEIHOE d - OTKJTOHEHHS OT CPOTKJI (uHTEpBaAN)
OTKJIOHEHHE CPEIHET0 3HAUEHHUS
Kos¢p puupent Ve ) V, = 5 100% .
OCLHJUIA LU X
JInHEHHbIA d
K03 QpHIHEHT \'Z - V,==-100% -
BapHaIUH X
Koo puunent Vs - V, = . 100% 2
BapHaluH X
[TokazaTenu pazdpoca JaHHBIX (M3MEHUNBOCTH)
CpenHuil KBagpat
Jucnepcus D Jucnepcus OTKJIOHEHHS OT JUACTI (uHTepBaN)
CPETIHETO 3HAUEHHUS
Cpennee Cpece
KBaZIpaTHUHOE CTAHJIOTKJIOHII
KBaZIpaTHUHOE G -
— N OTKJIOHEHHE OT (uHTEpBAN)
CPEHEro 3HAaYEHUs
Cpenuee
Cpennee KBaJJpaTHUHOE CTAHJIOTKJIOH
KBaJIpaTHYHOE s CraHzapTHOE OTKJIOHEHHE OT (uHTEpPBAN) —
OTKJIOHEHHE OTKJIOHEHHE CPEJHEro 3HAUEHHS C HECMeEIIEHHas
(HecMemEeHHOE) TIONPaBKOI Ha 00 €M OLIEHKA
BBIOOPKH
3
Acummerpus A ACHMMETPHUHOCTh A = Z(x,—zx) -
no-
4
OKc1ecc E OKcuecc E= Z:(x,——r) =3 -

no'
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JlabopaTopHast padoTa Ne 2

IlocTpoeHune JoBepUTEILHOI0 HHTEPBAJIA AJI51 MATEMATHYECKOT 0
0’KHIAHUS FeHePaJIbHOH COBOKYNHOCTH (4 yaca)

Henan: M3yunts mporenypy IOCTPOECHMS JOBEPHTEIBHOIO HMHTEpBaia IS
MaTeMaTHIEeCKOTO OXKIJaHIs FeHepalbHO COBOKYITHOCTIL.

Teope THYECCKHE CBCACHUA

CymiecTByeT [Ba BHOAa OLEHOK CTAaTHCTHMECKNX [AHHBIX: TOUEYHBIE I
VNHTEpBANbHEIE. ToyeuHas oyeHka TIPEACTABISAET COOON OTAENIBHYIO BBIOOPOUHYIO
CTaTHCTHKY, KOTOpas HCIIONB3YETCS I OLEHKH IapaMeTpa IeHEepalbHOI
coBokynHocTh. Hampumep, BBIOOpOYHOE cpelHee — 53TO TOYeUHasl OILIeHKa
MaTeMaTHIECKOTO OXKIJaHIsI TeHepalbHOI COBOKYITHOCTH, a BEIOOPOYHAsI TUCTIEPCHS
§? — ToueuyHasl OIEHKA IUCIIEPCUN TeHEpaIbHOIl COBOKYIHOCTH o°. BrIGopouHOE
CpefHee SBISIETCs  HECMEIIEHHOII  OIEHKOH  MaTeMAaTHYeCKOIo  OXKIMIAaHII
TeHEepaNbHOII COBOKYITHOCTH, IIOCKOJBKY CpedHee 3HAaueHNe BCEX BBIOOPOUHEBIX
cpedHNX (TP OZHOM M TOM € 00BbeMe BHIOOPKM 7) PaBHO MATeMATHYECKOMY
OKIJIAHIIO TeHEPATIBHOII COBOKYIITHOCTIL.

Jlns Toro 4ToOBI BHIOOpOUHAS AUCIIEpCHs S° cTala HEeCMEMIEHHON OIleHKOI
ANCTIEPCHI TeHEPATLHON COBOKYIIHOCTH 07, 3HAMEHATEIh BEIGOPOYHOI JICIIEPCHIT
CJIeyeT IIOJIOXKUTh PaBHBIM n — I, a He n. VIHaue roBops, ANCIEPCHs TeHEePaTbHOI
COBOKYIIHOCTH SBIIETCS CPEIHNM 3HAUEHNEM BCEBO3MOJXKHBIX BBIOOPOYHBIX
IVICTIEPCHIL.

JUIss  TIONy4YeHUsT UHMep6anbHOll  OyeHKy  MATEMATHYeCKOIO  OXKIIAHIA
TeHEePAIBHOII COBOKYITHOCTH QHANN3NPYIOT paclpesieieHNle BEIOOPOUHBIX CPEIHIIX.
IlocTpoeHHBIII HMHTEpPBAI  XapaKTEPH3YeTCs  OIPENEIEHHBIM  JOBEPUTEIILHBIM
YPOBHEM, KOTOpPHIIl TIPENCTABIAET COOON BEPOATHOCTHL TOIO, UYTO NCTHUHHBIN
[IapaMeTp TIeHEpPalbHONI COBOKYIIHOCTH OLIEHEH IIPAaBIUIBHO. AHAIOTMUHEIE
JNOBEPUTENbHBIE MHTEPBAIbl MOXKHO IIPUMEHATH I OLIEHKM JONM IIpIB3HAKa p U
OCHOBHOI1 pacIipeIeJIEHHOII MACCHL € HEPAJIbHOI COBOKYITHOCTIL.

IlocTpoeHne f0BepHTEJILHOIO HHTEpBaJa I  MaTeMaTHY€eCKOr O
OKH/JAHHUS TeHEePAJIbHONl COBOKYNHOCTH TIPH H3BECTHOM CTAaHJAPTHOM
OTKJIOHeHHH. [IHmepeanvHas oyeHKka, JOBEPUTEILHBIII YpPOBEHb KOTOPOIl paBeH
95%, MHTEpIIPEeTHPYETCs CIEeLYIONNM 00pazOM: €CIN I3 FeHepaJbHO COBOKYITHOCTHI
I3BJIEUb BCE BHIOOPKN, NMEIONTNE 00BbEM 1, U BEIYNUCIUTH MX BEIOOPOUHEIE CPETHIIE,
T0 95% MOBepUTENBHBIX NHTEPBAJIOB, IIOCTPOEHHBIX HA X OCHOBE, OyIyT COEpKATh
MaTeMaTIuecKoe OXHMJaHNe TIeHepalbHOl COBOKyIHOcTH, a 5% — HeT. Ha
MPaKTHKE, KaK IPaBIUIO, I3 T€HEPaJIbHOI COBOKYIMHOCTH M3BIEKAETCS TOJIBKO OJIHA
BBEIOOpKA, @ MAaTEMATIUECKOE OKMIaHIE TeHEPAIbHOI COBOKYITHOCTU U HE M3BECTHO.
Ilo »TOil mNpHYMHE HEBO3MOKHO TIapaHTHUPOBATh, YTO HEKNH KOHKPETHBII
IOBEPUTENBHBII MHTEPBAJl CONEPKNT BENIMUINHY (. MOKHO JINIIL YTBEPAKIATh, YTO
BEPOSITHOCTH 3TOr'0 COOBITIA paBHA 95%.
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Puc. 2.1. I'ayccoBa KpuBast 17151 OIpeleIeHNsT KpUTHYIECKOTO 3HAUe IS Z,
COOTBETCTRYIOIIETO JOBEPUTENILHOMY YPOBHIO, paBHOMY : (a) 95%; (6) 99%

Ilpumep 1. 1lpn npom3BojcTBe OyMarm CpeaHssl JJIMHA JINCTa JOJKHA OBITh
paBHoil 11 mroiimam, a ee ctaHgaprHoe oTkiIoHeHne — 0,02 mroiva. [lepnopimeckn
13 TIPOM3BEAEHHOII IPOAYKIMM, YTOOB OIIEHUTh €€ KadeCTBO, W3BIEKAIOTCS
BEIOOpKN. JlommycTny, BeIGOpka coctouT n3 100 mucToB, a ee BEIOOPOUHOE CpelHee
— 10,998 mrotima. IlocTpolite MHTEpBa, COAEPKAIINIT MaTeMaTIUECKOe OKIIaHIe
TeHePaIBHOI COBOKYITHOCTH, JOBEPUTEILHEII YPOBEHb KOTOPOTO paBeH 95%.

Peuenue. TlogctaBum B popmyny (1) Bemmanny Z = 1,96, COOTBETCTBYIONIYIO
JIOBEPUTEIBHOMY YPOBHIO, paBHOMY 95%:

0.02
10998 + 1.96 ——=10.998 + 0.00392

— g
X+Z—<
Vn V100

1099408 < 1 < 11.00192

Taxnmm o0Opa3omM, BEpOSITHOCTH TOTO, YTO MaTeMAaTHUECKOE OXKIMJIaHIe
TeHEPAILHOI COBOKYITHOCTH JIekUT B nHTepBase oT 10,99408 mo 11,00192, paBHa
95%. IlockonbKy HOMMHANIBHAs AjnHa Oymarm — 11 [roiIMOB, OHa IIOIIAJaeT B
IIOCTPOCHHBINT ~ MHTepBad.  ClegoBaTelnbHO,  IMPOIBBOJCTBEHHBIII  IIpoIlecc
BBITTOJIHSIETCSI IIPABILTBHO.

B Excel wncnonesyercs ¢yukmms =J[OBEPAT HOPM(), BozBpamaromas
NOBEPUTENLHEIT  HHTEpBAl I CPEOHEro TIeHEepalbHOIl COBOKYMHOCTH C
HICIIONB30BaHNEM HOPMAJIBHOTO paclipezieneHns. JJ1 NpuBeIeHHOTO BHIIIE IIpHMepa
1 Brruncnenns B Excel mmokxazansl Ha puc. 2.3.

HOCTpOCHl’le AOBEPHUTEJILHOI0O HHTEPBaAJIa AJIA MAaTEMAaTHYECKOI0 O’KHIaHHA
reHepa.rleOii COBOKYITHOCTH IIpH HeH3BeCTHOM AUCIIE PCHH. Ha IIPaKTHUKE KakK
MAaTEMATHTYCCKOC 3HAYCHIIC I‘CHepaJII;HOf;I COBOKYIIHOCTI, TaK M €TI0 CTaHOapTHOE
OTKJIOHEHIE YacTO OBIBAIOT HEM3BECTHBIMIL CJ'IGI[OBaTeJ'II)HO, HeoOXOA1MO ITOCTPONTH
I[OBCpI/ITCJIBHLIﬁ HNHTEPBAII, COI[Cp}KaIlIHﬁ MATEMATNMYECKOE 3HAYCHIIC I eHepaJIBHOﬁ
COBOKYIIHOCTH, MCIIOJIB3Y: JINIIIb BBI60pO‘IHI>IC CTAaTHCTUKN X 1 S.
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== HopManbHoe pacnpeaenexue ——HopmansHoe pacnpegenenue

——t-pacnpegenenue c 1 crenesbio ceobogpl ~—t-pacnpegenesue c 5 creneHamu ceobogbi

-3 2 -1 0 1 2 3 3 -2 -1 0 1 2 3

Puc. 2.4. CTaHI[apTI/ISOBaHHOC HOPMAJIbHOE pacCIIpeICJICHNE 1 [-pacCIIpeIEIICHIIE
CTrIOAEHTA C Ppa3IMIHBIM YHCIIOM cTereHeil cBOOO B

c2 v x  fi | =CTbIOAEHT.PACN(A2;1;103b)

A B c D E F G H 1 ) K L |
1 Hopmanbt t-pacnpent] Aprymento: dyrocum I ————— [ 2 [
2| -3 0,004432[n0OKL) |

-2,9 0,005953 0,033827 || CTBYOARHT.PACT

-2,8 0,007915 0,036008 X a2 =3

-2,7 0,010421 0,038397 Crenenn_cso6oasi 1 (=] = 1

-2,6 0,013583 0,041019 WnTerpansias | OXb FS| = NOXb

-2,5 0,017528 0,043905

0,031830989
-2,4 0,022355 0,047087 Bo3spawaer nesocropoHHee t-pacnpegenenmne CroogeHTa,

-2,3 0,028327 0,050606 |
X YMCNOBOE 3HAYEHME, ANA KOTOPOro TPESYETCR BHUMUNTE
-2,2 0,035475 0,054505 | pacnpeaeneHue.

-2,1 0,043984 0,058837 ||
-2 0,053991 0,063662
-1,9 0,065616 0,069048 ||
-1,8  0,07895 0,075073 ||| Cnpaexa no 31oil dyrxumu [ ok || omena |

-1,7| 0,094049 0,081828 B

Puc. 2.5. @ynxisa Excel =CTBIOJIEHT. PACII() st mocTpoeHs IO THOCTH
BEPOSITHOCTH

O W N O ;& W

el
N o= O

3Hayenune: 0,031830989

-
w

-
&

[
w

HamomunM, d4ro #-pacipefelleHNe OCHOBAaHO Ha IIPEATIONOKEHNHN, YTO
myuyaeMasi clydaiiHas BeardnHa X sBISETCS HOPMAIBHO paclpefeneHHo. OnHaKo
Ha TIpaKkTHKe f-paclpefiefieHlle MOKXHO TNPUMEHSATh IS OIIEHKN HEN3BECTHOTO
MaTeMAaTIUeCKOr0 OJKNIaHMS TeHEepalbHOIl COBOKYIHOCTH IIP HEM3BECTHOM
CTaHAAPTHOM OTKIOHEHHH IIPH JOCTAaTOYHO OONBIIOM OO0beMe BBIOOPKH M He
CIIMIIIKOM aCIMMETPIYHOM pacnpeeneHnn. 1lpu padote ¢ HeGOIBIINMI BEIOOpKaMI
STH YCIIOBHS YK€ HE BBIIOTHIIOTCS aBTOMATHYECKH, TIOATOMY HX CIEAYeT IIPOBEPSITE.
JIms1 5TOoro HEOOXOAMMO CTPONTH THCTOTPaMMy, AHArpaMMy «CTBON M JIHCTBSY,
6JIOUHYIO ANarpaMMy IWIH IrpadnK HOPMATBEHOTO PACIIpeAeIe HIL.

CremeHn cBoOoOabl. J[ns BBUNCIEHNS BBRIOOpOUHOiT amcrepcnn — S°
HEOOXOMIMO BBIUNCIINTE BEINUIHY :

=1 (X - X)%. 2.5)
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3HaueHne, paBHoe 1,9842. [IockonbKy f-pacIipelielIeHNe SBISETCS CUMMETPIUHBIM 1
€ro MaTeMaTHmueckoe oxngaHne paBHo O, IUIOMAAN, OIPAHIMYEHHON IIPaBHIM
XBOCTOM, COOTBETCTBYET BelmdnHa +1,9842, a rmuiomaan, OrpaHIMYEHHON JEBBIM
XBOCTOM, COOTBETCTByeT BemrmunHa —1,9842. Bemmunua 1,9842 o3nagaet
CIIEYIONIee: BEPOATHOCTh TOTO, YTO BENMUNHA ¢ IIpeBocxoquT +1,9842, parHa 0,025,

T.e. 2,5% (puc. 2.7). Bwmecto Tabmuir MOXKHO MHCIONB30BaTh  (DYHKIIO
=CTBIOJIEHT.OBP.2X() (puc. 2.8).
1- =095

[

[

[

|

0.47510.475
-1,9842 (l> +1,9842 fes

Puc. 2.7. Pacnipenenenne CterofieHTa ¢ 99 cTeneHsIMN CBOO OB

CYMM v *x & J« | =CTbIO[EHT.OBP.2X(5%;99)
A B C D E F G H I J K

~ v
AprymenTel GyHKumm [M

a 5%

Crenenu ceoboabl 99 SHROAP Q0PI —

. BeposTHocTs | 5% £%| = 005
t [is%:99) .l posTH (=]

Crenenu_cso6oast 99|

= 1,984216952
Bo3epawaeT ABYCTOPOHHEE 06paTHOE pacnpeaeneHue CTeIoAeHTa,

Crenenw_cBo60AbI NONOXKMTEABHOE LIEN0E YN0 CTENEHEN (BO60AR,
XapaKkTepuIyIoLLee PacnpeaeneHne,

W 0 N OV U oW N

ey
o

Puc. 2.8. UcnonszoBanne ¢pynkimn =CTBIOJIEHT.OBP.2X() nns
OTIpe/IeNIeHIIs f-TIapaMeTpa T0 I3BECTHOI BeposITHOCTH (0OpaTHas 3aaua
MIOCTPOEHITO IUIOTHOCTH PACTIPEENEHIIs)

JloBepuTe/IbHBIII HMHTEPBAJ pPACCUNTHIBAaeTCs IMo (opMmyie, copepxkariei
MaTeMaTH4eckKoe OKIIaHMe IIPH HEM3BECTHOM CTAHIApPTHOM OTKJIOHEHHN C
BEpOSITHOCTRIO (1 — @) 100%:

)_(itn_l%, (2.6)
)_(— tn_l%slus )_(‘l' tn-l:/’o-.—ﬁ’ (27)

IIe t, - ; — KpPUTHUECKOE 3HAUEHNE f-PACIPe/leNIeHNsI ¢ n — I CTENeHsSMI CBOOOJHL,
COOTBETCTBYIOIIEE IUIOMIA 1L, OTPaHITIeHHO IIPAaBEIM XBOCTOM I paBHOI o/2.

[IpownmocTpupyeMm npuMeHeHIe 3Toit hopmysl (puc. 2.9).
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MOJa M MeQMaHa — COBMNAAAIOT Jpyr € ApyromM. MexXKBapTIIBHBEI pa3zMax
HOPMAJILHOTO pachpeeneHisi paBeH 1,33 cTaHgapTHOro oTkjIoHeHus. HopmansHoe
pacnpefielieHlie SBISIETCS HEIPEPLIBHBIM, IIPUUEM HOPMAIIBHO pacIpeeIeHHAs
ciaydaliHasi BENNUNHA IIPUHIMAET INPON3BOJIBHBIE 3HAYEHIS, IIEKaIle Ha BCE
YIICIOBOI OCH.

MHorne HemnpephIBHBIE CIydailHble BEINYNHBI HE SBISTIOTCS HI TOYHO, HH
NPUONIDKEHHO HOpMaJbHBIMI. (CBOICTBA TAaKMX BEJINYNH JOBOJIBHO CIUIBHO
OTIIMYAIOTCS OT CBOIICTB HOPMAJIBHOIO PACIIPENesIeHIs, IePEUNCICHHBIX BHIIIE.
PaccmotpnM, Hampnmep, OIEHKH, TONy4YeHHBIE CTYAEHTAMH TPH cJade YeTHIPeX
tectoB (puec. 2.10). Excel cmparmsercst ¢ oOpaboTkoil MaHHHEIX, He Tpedys NX
YIOpsiIOYeHISI. BBRUNCINM OMICaTeNbHbIE CTAaTUCTUKN Pe3yJIbTAaTOB KaKIOTO TecTa
B OTAEIBLHOCTH C TIOMOIIBIO HAICTPOIKI AHanu3 OaHHbIX.

A B C D E F G H I J
1 Tecr1 Tecr 2 Tecr 3 Tecr 4
2 70 77 64 77 TJeem1l Tecm2 Teem3 Tecm4
3 69 77 62 74
4 64 73 55 62 CpeaHee (MaTemMaTHueckoe oxuaaHmue) 65,0 70,7 59,3 65,0
5 55 58 50 44 CraHpapTHas ownbka 2,1 2,3 2,3 3,9
6 72 78 66 80 MeguaHa 65,0 74,0 56,0 65,0
7 68 76 59 71 Mesa RSy 77 530 #H/B
8 52 54 438 41 CraHaapTHOE OTKAOHeHne 9,0 10,0 10,0 16,9
9 60 66 53 53 Aucnepcua ebibopKu 80,2 100,0 100,0 285,0
10 62 71 54 59 Jkcuecc -0,4 0,2 0,2 -1,2
11 58 64 52 50 ACMMMETPUYHOCTD 0,0 -1,0 1,0 0,0
12 78 82 76 89 MHTepean (pasmax) 34 36 36 54
13 82 83 83 92 MuHUMyM™M 48 47 47 38
14 66 75 57 68 Makcmym 82 83 83 92
15 65 74 56 65 Cymma 1235 1343 1127 1235
16 57 61 51 47 Cuet (06vem sbibopku) 19 19 19 19
17 75 80 72 86
18 48 47 47 38 MEXKBaPTUABbHBIA Pasmax 12,0 12,5 12,5 27,0
19 61 68 53 56 1,330 11,9 13,3 13,3 22,5
20 73 79 69 83 Pa3smax 34 36 36 54
21 60 53,7 60,0 60,0 101,3
22 Llona HabAASHNWI B OKPECTHOCTH £0 68% 74% 74% 58%
23 fona HabnogeHn B OKPECTHOCTH $20 100% 95% 95% 100%

N
da

Puc. 2.10. OueHKH, NOIy4eHHBIE CTYAEHTaMI IIPH c/laue YeTHIPEX TECTOB
(Moza 3auepKHyTa, TaK KaK HE NMEEeT CMEBICTIA)

[IpuOaM3uTe THFHO HOPMANBHEIM SIBIISIETCS PacTpeleNIieHIe OIEHOK TOJBKO ITO
MIEPBOMY TECTY: MaTeMaTHUYECKOe OXKIIAaHIE PaBHO MeAMaHe, A0S HAOMOAEHUII B
Ipejienax OKPeCTHOCTH +1G OT MaTeMaTHYecKOTo OKWIaHMs cocTaBisteT 68% (B
TOYHOCTH, KaK U JUIsI HOPMAJILHOTO PACTIPEIENeHIIsT), aCUMMETPIIHOCTE = 0.

Btopoil moaxon K IIpOBEpKe THUIIOTE3Hl O HOPMAIBLHOM pacIpeleie HI
ncrnons3yeT rpaduk. J[Isg OLEHKM CMeNIeHHs paclipeieieHns] OBUIM BBEJEHEB
kBapTiii. KpoMe KBapTiuleil, IUIsi OLIEHKN HOPMAIIBHOCTH PacIIpeleleHIst MOKHO
BBIUNCIISITH ASIRUIH (Ppa30MBaIONINe JUAa30H I3MEHEHI JaHHEIX Ha JIECSThIE AOMTI),
IpoIeHTIWN (pa30MBaroIie JHANA30H H3MEHEHHS JaHHBIX HAa COTHIE JONN) I
KBaHTIIN (OT CIIOBa K6aHm), paz0OMBalOIINE BCIO COBOKYIHOCTH JAHHBIX Ha 7
JMaIIa30HOB.
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Puc. 2.13. I'padukn pactpeneaeHnit 115 4eTHPeX TECTOB

I'padux «Tect 1» CBMAETEIBCTBYET, UTO HAOMIOJAaeMble TOYKM JIEXKAT OUEHb
OMIBKO K NpsIMON JIMHMUM, IIO3TOMY MOXHO CUHNTaTh, UTO OLEHKI, IOJTy4YeHHBIE
CTyJIEHTaMH IpHU cJade IIepBOr0 TecTa, PACIpeIelIeHbl MPaKTUUECKH HOPMAJBHO.
«TecT 2» COOTBETCTBYET pacIpeleNIeHINO C OTPHIATENIbHOIl acUMMETPHUE, O ueM
CBUJIETENIBCTBYET Oo0Jiee MINMHHBIN JIEBBII XBOCT pacnpeneleHns. «Tect 3»:
HaOMIOMaeTCsl TPOTHBOIIONOKHAS KApTHMHA, COOTBETCTBYET pACIPEIENeHIO C
TIOJIOJKNUTENIBHOI aCUMMETPHEIL, O UYeM CBHUIETENLCTBYET OoJyiee IIINHHBI IIPAaBHII
XBOCT pacmpeneneHsl. «TecT 4»: m300pakeH CUMMETPHUHBIN TIpaduk, CpemHsst
gacTh KOTOPOTO TIOYTM IIMHEIIHAa. 3HAaueHHsl CIydYailHOIl TIepeMEeHHOIl CHauaja
IOBOJIBHO MEIJIEHHO BO3PACTAIOT, 3aT€M HX POCT MPEKpaIaeTcs, a B TPETheil 4acTu
— yCKOpsIeTCsl. OTOT PUCYHOK HE COBIIAIA€T HIU C MaHenbio b, HI ¢ manensio B. O1o
pacmpezielieHlie HE HNMeeT XBOCTOB. (CleIOBaTeIbHO, OHO SIBISIETCS PaBHOMEPHBIM
(TUTN TIPSIMOYTOJTEHEIM).

Onenka mMaTeMaTHYecKoro o:kuaaHus. IlompaBounslii xosddmuent ans
KOHEYHOH  TeHEepalbHOIl  COBOKYITHOCTH  HCIOJNB3YeTCS [ YMEHBIIEHI

- N-n <
CTaHAapTHON OIINOKN B ’N—l Taxnum 06p2130M, JOBEPHUTEIILHEINT HMHTEpBAll IS

MaTeMAaTIUeCKOTO OXKIJIAHIS, MMEIOIIIT TOBEPUTEIBHBII YPOBeHb, PaBHEIN (I —
a)x100%, BerauciseTcs Mo popMyIe:

Xt 14— [—=. (2.8)
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Kak mnpaBwmio, IOBepHUTENbHEIII ypoBeHL paBeH 95%. OH gennrcst Ha OBe
paBHBIE UYACTH: II€pBasi YacThb JIEKHUT CJI€Ba OT MaTeMATHMUECKOIO OXKIIaHUS
TeHEePaNbHOII COBOKYIIHOCTH, a BTOpass — CIpaBa. 3HAYEHNE BEINYNHB Z,
COOTBETCTRYIOMEH BepositHOocTH 2,5% (tmromaan 0,025), paBHo —1,96, a 3HaueHne
BEJIMUNHLL 7, COOTBETCTBYIOIIEN cymmapHoil rwiomaan 0,975, paBHo +1,96. s
pacuera ynoOHo wucmnonw3oBaTh (ynkimo Excel Z=HOPM.CT.OFBP(p), tme p —
BEPOSITHOCTB, TIOJICTARIIIA 3HAUECHI Pi = 2,5% 1 p2 = 97,5%.

Ecmn TtpebGyercss NOOHATL MNOBEPUTENLHBIN YPOBEHb, OOBIUHO BHIOMPAIOT
BEJIMUNHY, paBHYIO 99%. Ecin MOXKHO OrpaHIMUNThCS 00Jee HIBKIM IO BEPUTEII bHBIM
ypoBHeM, BeIOHparoT 90%. Ompenensis omMOKy BBIOOPOYHOIO HCCIENOBAHIS, HE
CTOWT AYMATh O €€ BeNI4nHe (B MPpUHIIIIE, Ho0as omnoka HexenaTenbHa). Clenyer
3a]1aTh TAKylO OIMMOKYy, YTOOBI IIOJNyUEHHBIE Pe3yNbTaThl AOMYCKAIHN pPazyMHYIO
VHTEPIPETAIIO.

B namewm mpmvepe mpu e = 5, 0 = 25 u Z = 1,96 (uto cooTBeTCTBYeT 95%-
HOMY JI0BEpUTEILHOMY ypoBHIO). 110 hopmyie (2.10) moxydaem:

196 % 25,
n=(——)>=96

5

CnemoBarenbHo, n = 96. Takum oOpazom, 00beM BHIOOpKH, paBHEII 100, OBLI
BBEIOpaH y1auHO.

Ilopsizok BbINOTHEHHS PadOTHI

3. Ilo [aHHBEIM BapHaHTa IIOCTPONTH JOBEPUTENBHBIII HMHTEpBANT UL
MaTeMaTHUECKOIO OXKIIAHIS Te HEPAJIbHOI COBOKYITHOCTH.

4. Paccunrath t-pacmpeneneHne CTBIOIEHTAa U MOCTPOUTH Ipaduk (TIONNTOH).
OmnpenennTs KpUTIIeCKNe 3HAUYeHIIS (-pacIIpe/lelle Hils.

5. BeMucnutk OBepUTENBHBII MHTepBal ¢ TnoMmompio ¢GyHkimm Excel
=JIOBEPUT.CTBIOIEHT().

6. IIpoBeputs IrMIOTE’y 0 HOPMAIBHOCTI PACIIPEAEIIEHISI BEIOOPKH € ITOMOIIBIO
HajicTpoiikn MS Excel Ananus oannvix 1 mocTponuTh rpaduk.

Hanuble: 64, 57, 63, 53, 62, 58, 61, 63, 47, 70, 53, 60, 61, 65, 62, 51, 62, 40, 64, 61,
59,:56,.39; 63, 61; 55,57, 60, 52,64,

KOHTpOJ'leble BOIIPOCHI

1. B gem 3akimouaercs cyTh BEIOOpouHOro Metona? Kakasi BRIOOpKa HAa3bIBAETCS
peIpe’eHTaTUBHO ?

2. Yo mpencTaBisieT co00il TOUEUHBII BapUALIIOHHBII psit?

Kaxk ctponrcst mHTepBaIbHBII BapHAIIOHHBIN Psift?

4. YTO MOHNMAETCS MO AMIINPIYECKIM pacIIpeleIeHIeM, ¢ IIOMOIIBIO Yer0 OHO

MOXKeT OBITh IPECTABIECHO?

Kax onpenensercs smmuprueckas QyHKINS pacipeeIeHs?

6. CTaTHuCcTIYEeCKNM aHAJIOTOM YETO SBIISIETCS MOJINTOH OTHOCUTEIBHBIX YaCTOT?

o

24
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JIabopaTopHas pa6ora Ne 3

ToueuHbIil 1 HHTepPBAJIbLHBIN BapHallHOHHbIe psabl. I'padguueckoe
NpeAcTaB/IeHHe BApHAIIHOHHOT O psiia (4 yaca)

ITears pabGorbl.  OreHKa CBOINCTB TI'eHEPANBHONH  COBOKYIHOCTH IO
SMIUpIUECKNM  (HAOMIONaeMBIM)  JaHHBIM  (BBIOOpKE) IyTeM  IIOCTPOCHILI
SMITIPIYECKOTO paclpeeNleHIIsl, HaXOKACHIS YNCIOBEIX XapaKTePUCTHK BBIOOPKI,
HAXOX/JEHISI TOYEUHBIX I HHTEPBAIBHBIX OIIEHOK IIapaMeTpPOB HOPMAaJIBHOIO

pacipeacicHisi, IMPOBEPKN T'MIIOTE3BI O HOPMAJIBHOM PacCIIpEaCIIC HIN I‘CHepaJII)HOﬁ
COBOKYIIHOCTMH.

TeopeTuueckne cBeeHUs

BriGopouHble HaHHBIE, YIIOPSOYEHHBIE II0 BO3PACTAHMIO IUIN YOBIBAHUIO,
HA3BIBAIOTCS 6APUAYUOHHLIM PAOOM. PazIaHbBle 3HAUEHNS HCCIEAYEMOTro IpIHAKa
B BEIOOpKE HARBIBAIOTCS 6APUAHMAMIL.

YnopsimoueHHass II0 BO3PACTAHMIO IUIN YOBIBAHMIO IIOCTIEAOBATEIIBHOCTH
BapMaHT X; C YKa3aHIEM YacToT f; (TUI OTHOCHUTEIHHON YACTOTHI W; ) MX TIOBTOPEHIIS
B BBIOOpKE  HA3bIBACTCSI  MOYEUHLIM  BAPUAYUOHHLIM — pAOOM. T OUYEUHBI
BapHAINIOHHEIN psi TIpeIcTaRIsIeTCs TabauIeit, B eproii cTpoke (cTond1ie) KoTopoii
NIPUBOIATCS. YIOPSMOYEHHBIE II0 BO3PACTAHIIO BAapMAHTHL X;, B IIOCIEAYIOIINX
CTpOKax (cToiO1Aax) COOTBETCTBYIONINE MM YACTOTHI f; I OTHOCUTENLHBIE YACTOTH W;
(Tadm. 3.1).

TaGnuma 3. 1- [Ipumep TOUETHOTO BapHAIMOHHOTO Psifia

Xi X1 X2 Xk
n; ny n; Ny
n; ny n; ng
n n n n
m; my =ny mp; =nq +n, m; =n

3meck k — KONMYECTBO PA3INUHBIX BapHAHT B BHIOOPKE, m; — HAKOIUIEHHBIE
JaCTOTH BAPUAHT X;.

ToueuHslil BapMAllMOHHBIN PSA SIBISETCS CTATHUCTHUECKNM aHAJIOTOM psifia
pacIpeiene Hisl JUCKPETHOM CIydailHON BeJIMUNHEL.

[Ipn OonplIOM KONMYECTBE BapMAaHT WM IPHU HEIPEPHIBHOM XapaKTepe
HCCIEeyeMOTO IIpM3HAaKa OT TOYEUHOIO0 BAapHAINIOHHOTO psiia IEepeXomsT K
UHMEPBATbHOMY 6apUAYUOHHOMY PAOY — BBHIOOPOYHBIM JAHHBIM CIPYIIITHPOBAHHBIM
10 k TIOCIIEOBATEIILHBIM MHTEepBajaM 4YHCIOBOI ocl. KonmiecTBO MHTEpPBAIOB k
ompenenseTcss Kak HaTypanbHoe uncno k =~ 1+ logyn. Jlnuael h HHTEpBaIOB

h= Xmax—Xmin = ‘
TPYNIMPOBAHNA HAXOOATCA KakK = ——————k , THE Xpmax U Xypin HAHOOJBIIEEC I
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Ha nauanpHOM »5Tame INpOBENEHIST IPYIINPOBKH HEOOXOANMO OIPEeNNTh
Iieecoo0pa3Hoe  4YHCIO  TpyNIl M BEeINMMHY  HHTepBaja.  HeoOxommmo
CaMOCTOSTENILHO BBIOpATh IMOPSAOK OOpa30BaHNIS MHTEPBATIOB, AJS 3TOIO MOJKHO
BOCIIONE30BaThCs popmynoit Crepaxkecca — (3.1).

DopMipysi IpyHIEl, HYXKHO IIOMHHTh, YTO pacIpe[eleHNe eINHNLL
COBOKYTIHOCTH BHYTPH IPYII AOJKHO OBITH KaK MOJKHO OoJieeé pPaBHOMEpPHEIM (B
KaXIyI0 TPYMIy J[JOKHO BXOANUThH He MeHee 2-3-X 3HAUEHHI), IIpU 5TOM
pacrpeqeneHne JONKHO HMEeTh TOIBKO OIMH MOJAJTBHEII MHTepBanl (MMeronnii
MaKCHMAJbHYIO YacTOTy). B IemsxX JOCTIDKEHISI COOTBETCTBILI 3THM KPUTEPILIM
daxTIIeckast BeJIIYIHA HHTEpBaia 1 YHCIIO TPYII MOTYT OTIMYATHCS OT PACUETHBIX
3HAUEHNIL

Jlns ymoGcTBa BOCIIPHATH 1 aHANN3a IPYNIHNPOBKI peKOMEHIyeTcs OpaTh
BEIINMUNHY HHTEpBalla, KPaTHYIO ILATH, AECSTH, CTa, M T.J. B 3aBHCHMOCTH OT
BEIIIYIHEI 11 CTETIE HI BapHaI{1H IIPI3HAKA.

IlocTpoeHHe WHTEPBAJIBHOIO BAPHALMOHHOIO PpfAjAa H  TOYEYHOIO
BAPHAIHOHHOTO PpfAJa M0 cepeAHHAM HHTepBajoB. HeoOxogmmo HaliTn
MAKCUMANBHOE Xpgey M MUHHUMAIBHOE Xy 3HAUEHHE B IIPHUBEICHHBIX TaHHBIX
(pysximm MAKC(uncnol;[uncno2];...) n MWH(uncnol;[uncno2];...), B ckoOkax
yKa3BIBaEM JMANa30H sUeeK).

KommmuecTBO nHTEpRANIOB k ompeerseM 1o gopmyie Crepaxecca :

k=1+3322%g n, 3.1)

rae n — 00beM BEIOOPKIL
PacueTtHoe 3HaueHNe k OKpyIIIsieM IO ONIDKAIIIETO LEJIOrO.
OmnpepensieM 1ar NHTEPBAJIA:

h — Zmax ~ min . (3.2)

3a Hagano Cy MEpPBOrO HMHTEpBala IPHUMEM Xui. llOCHemyrome TpaHNIIBI
nHTepBaloB Hailem kak Ci=Ci-1+h, i=1, 2... .

YacToThl f; MHTEPBAJIOB OIpEAeNNM II0 TOYEUHOMY BapHAIlIOHHOMY Py,
CepeINHbI NHTEPBANIOB BRIUNCINM Kak x; =(Ci+ Ci) /12,i=1, 2....

Ecin B kakme-nnbo MHTEpBANBl IOTAJaeT MeHee 3 3HAUEHUIL, KOJIMYECTBO
HMHTEPBAIOB PEKOMEHAYETCS COKpaTUTh M JalbHEHIIyI0 00paboTKy AaHHBIX
TIPOM3BOINUTE 110 CKOPPEKTUPOBAHHOE UICIIO NHTEPBAJIOB.

B mnHTEpBaNbHOM BapHALIIOHHOM PSIAY CTOJIOIBI C YETBEPTOIO IO CeAbMOIT
(puc. 3.1) o0pa3yioT TOYEeUHBIII BapHAIMOHHBII Psfl, TOCTPOEHHBII IO cepeanHaM
NHTEepBaIOB. B nocnenHeil cTpoke MHTEPBAIBHOIO BAPMAIINIOHHOTO Psifla BEIYNCIEHEL
KOHTPOJNBHBIE CYMMBI: CyMMa YacTOT HMHTEPBAJIOB, KOTOpas [OJDKHA PaBHITHCS
00BbeMy BHIOOPKHM, I CyMMa OTHOCHTEJILHBIX YaCTOT MHTEPBAJIOB, KOTOpasl JOJIKHA
paBHATECS efquHIe. J{Is BBHUNCIEHHS 53THX CYMM BBICISIOTCS  STUETIKI,
coziepKallye CyMMIpPyeMble BEINYNHBEL, BO BKIangke «DopMylbl» BHOMpaeTCs
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Wutepran, nMeonmi HaNOOIBIIYIO YacTOTy, Oy[IeT SIBISITBCS MOOANbHbIM, A
KOHKPETHO€ (JUCKpPEeTHOE) 3HAueHHe MOJABl OyIeT HaXOAWTLCS BHYTPH HEro.
Paccunrath KOHKpeTHOE, 3HAaueHHE MOABLl B HHTEPBAIBHOM PSIy MOXKHO IIO
ciemyoIeit hopmyne:

My = xyo +i .f‘”" — f‘“f’" —s (3.4)
(fMo - fM()—l)+ (fMo - fM()+|)

TJIE Xan — HIDKHSIS TPaHNIa MOJAIBHOTO NHTEpBAa,

i — IJIIHA MOJANLHOTO NHTEPBAa;

fmo — dacTOTa MOAAIBHOTO MHTEPBANA;

fMo-1— YACTOTA, COOTBETCTRYIOIMIAS MPEIIECTRYIONIEMY HHTEPBATY ;
fMo+1— HACTOTA, COOTBETCTBYIOIIAS MTOCTIEIYIOMIEMY HHTEpBAIY.

Mennana nprumeHsieTcsl I KOJIIUECTBEHHON XapaKTepUCTHKH CTPYKTYPH U
paBHa TaKOMY BapHaHTy, KOTOPBIIl JeNNT PaHXHPOBAHHYIO COBOKYIIHOCTH Ha JIBE
paBHBEIE YacTH. Y OIHOM ITOJIOBHHEI COBOKYITHOCTH IIPH3HAKH He GOJbIIE MeIHaHEL
(MeHBIIIe U paBHH), y BTOPOIl — He MEHBIIe MeNaHkl (G0Ible N paBHEL). Ecian
paccMAaTpHBAaeMBIil Psii MHTEPBAIBHBEIIL, TO HAKOIUIEHHBIE YAcTOTHI ITOKAXYT HaM
MeIIIaHHBII NHTePBAIL.

KonkpeTHoe 3HaUeHIe Me[JHaHbl PacCUNTEIBAETCS 110 (popmye:

S

- -f‘.‘lfle—l
Me = x,,, + P —— s (34)

Fue

rze [ — JJIMHA MeINaHHOTO MHTepBaia;
[ Me.1 — HAKOIUIEHHAs YaCTOTa B MHTEPBAJE, IPEINIECTBYIONEM MEANAHHOMY ;
fme — daCTOTa MEUAHHOTO NHTEPBAA.

Pazmax Bapuarm coctaBUT (aOCOMIOTHAS BapHAINLs):

R = Xmax — Xmin. (3.5)

Jlns1 rpadgmueckoro mpeJacTaBieHHs1 CBOHCTB BBIOOPKH Hanbolee 9acTo
HCTIONB3YIOTCSL THCTOTpaMMa M IOJHIOH 4YacTOT (IWIM OTHOCHTENBHBEIX YacTOT), a
Taxke Kymyssita (puc. 3.2).

TI'uemozcpamma yacmom — 310 Tpadgeckoe MpeacTaBIeHIe BEIOOPKH, Ie I10
ocn abcunce (OX) OTIIOKEHB BENIUINHBI MHTEPBATIOB, a Mo ocH opamHat (OY) —
BEJINUYNHBl YacTOT f;, NOMNAJAIOIIX B NAHHEI i-I1 nHTepBan. lIpn yBemmueHnn ao
OECKOHEYHOCTH pa3Mepa BHIOOPKH BHEIOOpOYHBIE (DYHKINHN  pacpeaeIeHIs
IIPeBpAIAIOTCs B TEOPETHUECKNE: TICTOrpaMMa IIpeBpalaercs B Ipad ik IIIOTHOCTH
pacIIpeeNe Hiis.
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paBHOﬁ HYIIIO. I[pyme TOUKH 3TOI1 JTOMaHOI1 COOTBETCTBYIOT KOHIIaM MHTEPBAJIOB 1
HaKOIUICHHBIM YaCTOTaM.
Kymyﬂ;zma OMHOCUMENbHBIX Yacmom OTINYA€TCA TEM, UTO HAKaIUINBAKOTCA

HAaX ’;1,
OTHOCHUTECIIBHEIC YaCTOTEI: w,  =-——
n
IIo By IIOJIMI'OHA 1 paCCUYNTAHHBIM XapaKTCPHNCTUKAM MOXHO CACJIATh BEIBO/
O XapaKTEpE pacCIIpeacIIC HILI. Tak, ecnu MO[Ja, ME€MaHa 11 CPEAHSA IIPUIMEPHO PaBHEI,

TO pacCIIp€aCIICHIC JaHHBIX OJII3KO K HOPMAJIBHOMY.

B MS Excel ansi mocTpoeHHsi BbIOOPOYHBIX (PpYyHKIMITI pacnpejaesieHHsI
ncnone3ytores crermansHas GyHkinst YJACTOTA u npouenypa [ ucmoepamma m3
nakeTa aHanma (Haocmpoiiku — Ananusz Oannvix).

Oyakmms HACTOTA  (maccue OoanHbix, OB0UYHBII MACCUE) BHIUNCISET
YACTOTHI TIOSIBIIEHNS CIY49alHOI BEINYNHEI B MHTEpPBAJaX 3HAUEHMIT 1 BBHIBOIUT MX
KaK MaccHB 1udp:

— Maccué OaHHbIX — 5TO MAcCUB IUIM CCBHUIKA HAa MHOXKECTBO JaHHBIX, IS
KOTOPBIX BEIUNCIISFOTCS YaCTOTHI,

—  O060UYHbIIl_MACCUE — 3TO MACCHB HHTEPBAIIOB, MO KOTOPHIM IPYNIHPYIOTCS
3HAYEHIsI BEIOOPKIL
[Iponemypa T'ucmoepamma BBEIBOAUT Pe3yNbTATH BBEIOOPOUHOTO

pacmpeneneHns B Buae Tabnmibl M rpaduka. IlapameTpsl AMANIOroBOTO OKHA
T'ucmoepamma:

— 6XO0O0HOII Ouana3oH — TUATA30H ICCIeIyeMbIX JaHHBIX (BEIOOpKA);

— uHmMepeal KapMano8 — IHAIIA30H sUeeK IUIN HaOop TpaHNMYHBIX 3HAYECHNII,
OTIpeIETISTONINX BLIOpaHHBIE MHTEPBATHl (KapMaHBI). OTH 3HAYEHIS JOJIKHEBL
OBITH BBEJIEHBI B BO3PACTAIOIIEM ITOPSIIKE.

Ecnn pmanazoH kapMaHOB He OBUI BBEJIEH, TO HA0Op MHTEPBAJIOB, PABHOMEPHO
pacIpeIeIeHHbIX MEXIy MHIHIMAIbHBIM U MaKCHMAIbHBIM 3HAUEHISIMHI JAaHHBIX,
OyIeT co3laH aBTOMATHYECKIL.

—  B6bIXOOHOII Ouana3oH — TIpeIHa3HAueH UL BBOA CCBHUIKH Ha JIEBYIO BEPXHIOIO
STYETIKY BBIXOJTHOTO JMAIIA30Ha;

— IepexmodaTenb HmezpanvHelil npoyenm — IapaMeTp, KOTOPBII IIO3BOISET
YCTAaHOBUTH PEXKNM BKIIOUEHNS B TUCTOTpaMMy TIpaduka HHTeIpalbHBIX
IIPOLIEHTOB;

— TepeKmovaTens Bvi600 epagura — napameTp, KOTOPHI O3BOJSAET YCTAHOBUTE
pPEXKIM aBTOMATHUECKOTO CO3[JaHMsI BCTPOEHHON [HMarpaMMbl Ha JIHCTE,
coJiepKallieM BEIXOIHO I AaIla30H.

JIJ1s1 MoCcTpoeHHs1 OTAeJbHBIX rpaguKoB ICIONB3YIOT Macmep ouazpamm
3aKIaiKy Cmanoapmuvle: PEKIMBI «TTICTOTpamMMay 1 «rpaduky (ans moinroxa). C
TIOMOIIBIO AMAJIOTOBOTO MeHIO Macmepa ouaspamm TIOAIINCHBAIOT T'padueckKie
JIaHHBIE, HA3BIBAIOT OCH 1 HAHOCST YNCIOBBLIE MAapaMeTphl I JIUHNN CETKH, BRIBOMISIT
BEJIIMIIHEI CAMIIX 3HAUE€HMIL
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Ch - Fo =0KPYTIAZ; 0)
A | B 1l ¢ | o | E T F 1 & | H [ 1

1 |CreHepuposanHble yucna Okpyrnéddbie sucna Kapmas!

2 70 61 24072' 71 E I

3 111 5359853 127 9[]5

4 9576733502 97, 1008

A 106 5241456 1073 10

B 110,1162868 :

7 117 4143679

g 1061346752 I McTorpansa

J 1?0 '9698123 101 BxoaHble gaHHbIE

110 122%2?3&2 ::122 Bx0aHOMN HHTEpBaN: == i -OK
12 89,89264895 50 VHTEPBAN KapHaHos! $CH2:$C46 ’5:
13 1109991106 11 ' Crpaeka
14 97 60183069 gg | [dMere

15 100 8357238 101 MapaMeTpel BLIBOAA

16 7773811629 78 . _ o

1? 88 .80405201 89 @ BI:!_IXDAHDH HHTEPEaN: $E$5 -

18 95,55121883 97 () HoBbM pafoumi oucT: I |

19 102 8880777 103 (") Hosan pafioyan kHura

20 96 7026497 97

T 82 20373527 g2 [:| MapeTo (oTCOpTHPOBAHHSRA FMCTOrpakiia)

22 96 99?8?841 9? I:I MHTBI’DB.I'IbeIﬁ NPOUWEHT

23 o5 75112497 9% BEBOA Fpaia
o4 b WA IBACTL f MweT2 f Nucts /0

Pucynox 3.5. Hactpotika ¢pynxumm «[ mcrorpammar
I[JI?I TPYHNIMPOBKN JAHHBIX C IIOMOIIBKO CTAaTHCTHYEC Kol Hag C’I‘pOﬁKH

BelONpaeM MmeHro CepBHC - AHaqm3 JaHHBLIX - ['mcrorpamma. YKa3blBaeM

CJIeIyIONNe MapaMeTPHL:
Bxoouwvie oannvie:

— BxooHoil unmepe6an — BLHIOOpKA NCXOMHBIX JaHHBIX,

— HHnmepean kapmMaxHo6 — HIDKHIE TPaHUIEl NHTEPBAIOB I'PYIINPOBKI. OTOT
rapaMeTp MOJKHO He 3a7aBaTh — TOIJIa IIpOrpaMMa cama BHIOEpeT HeoOXOINMOe
KOJIITIECTBO MHTEPBATIOB IPYIIIUPOBKI 1 OMPEETINT X TPAHUIIHL.

Iapamemput 6vi600a:

— Bovixoowoti unmep6an — pacIioyloKeHNe pe3yIbTaTOB IPYNIIPOBKN Ha JINCTE,
— Bb1600 epaghuxa — mocTpoeHIe THCTOTPAMMEL
— Hnmeepanvhutil npoyeHm — BHUNCIEHIE HAKOIUIEHHBIX YaCTHOCTE .
Pesynprar pabotsl pyHkImm I'uerorpamma npeacTarieH Ha puc. 3.6.
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ITopsigok BBINIOJTHEHHS PAOOTHI

Ilo 3amaHHOIl BBIOOpKE B3HAUEHHMII M3y4aeMOI'0 IIPU3HAKA TI€HEepPaIbHOI
COBOKYITHOCTU B COOTBETCTBHI C HOMEPOM BapHaHTa:

1. IlocTtpouth TOUEUHBINI BapHMAINIOHHBIII psii. BrIOOpoUYHBIE JTaHHBIE
OTpeaKTHPOBaTh (BKIanKka «Pedakmuposanue» — «Copmuposka u guibmp» —
«Copmuposka no 603pacmanuio»).

2. OT TOYEYHOrO BapHAIIOHHOTO psga IepeiTH K HHTEPBAIBHOMY
BapHAIlIOHHOMY DSITY.

3. ITocTponTs TOYEU HBII BapHALIIOHHBII PSII 110 CepelTHaM MHTEPBAIIOB.

4. Halitm  uHTepBalIbHbIE  BBHIOOPOUHBIE  CPEIHIOID,  ANCIEPCHIO,
CpeIHEeKBaIpaTIIeCKOe OTKIOHEHNE, MOAY, MeAmnaHy, Kod(hdUIINEHT BapHAaIli,
pa3smax Bapuammn. I[IpoMexyTouHBle [aHHBIE aHANN3a BapHALIIOHHOTO psiia
NIPEACTaBUTh B BUJIE PACUETHOI TaOIMIIBL

Homep Jlnamaszon f % i (xi v__;.f f
VHTEpBalla  3HAYEHMIl

5. Tlo cepeamHaMm HHTEPBAJIOB IIOCTPOUTH TpaUKM BapHAIINOHHOTO psia:
MIOJINTOH YaCTOT, TUCTOIPaMMYy, KyMYJIIATY.

6. Ha ocHOBaHNMN INPOM3BEIEHHBIX PACUYETOB CHENaTh BHIBOL O XapaKTepe
BBEIOOPOYHOTO pacTpeeIeHIs.

IIpumep. B xauecTBe mnpmmepa BHOOPKH BO3BMEM pacIpelelleHne Beca
CTyZAEHTOB (B KI): 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.

AJTOpUTM MOCTPOEHIS TUCTOTPAMMEI 11 KYMYJISITBL OTHOCUTEIBHEBIX YaCTOT.

1. B saeiiky Al BRequre cioBo Habnwooenus, B stuetiky Bl — Bec, ke.

2. B pmamazon A2:A21 BBeanTe 3HAUeHNs Beca CTyAeHTOB (cm. puc. 1). B
nuamnazoH B2:B8 BeeauTe rpaHmuHble 3HaueHns1 nHTepBaior (40, 45, 50, 55, 60, 65,
70).

3. BBenure 3aroioBkn co3gaBaeMoil Tadmmiel: B sueiikn Cl1 — Abcontomuvie
yacmomsl, B D1 — Omunocumenvuvie uwacmomsl, B El — Haxonneuuwie
omuocumenvuvle 4yacmomol, B F1 — Haxonnennvle abconomuvle 4acmomeoi.

4. C momompio ¢yukmmn YACTOTA zanonHure cronben abCONMIOTHBIX
4acTOT, AN 3Toro Beennre Onok smeek C2:C8. C maHenm HWHCTPYMEHTOB
CranpaptHasi BeoBuTe Mactep dynkuuii (kvonka fx). J{nsa Excel 2007 Ha
MaHeN NHCTPYMEHTOR BrIOepuTe BKIAAKy PYHKIMH 1 HA)KMUTE KHOTIKY BcTaBHTH
¢yukumw. B nosBuBHmIEMCsT  HAIOrOBOM  OKHE  BBIOEpUTE  KAaTETOPHIO
Cratuctuueckne 1 ¢pyukmmo YACTOTA, nocne uvero Haxkmure kHomky OK.
VYxazarenaeM MbIIN B padouee rnone MaccuB JaHHBIX BBEINTE IHMANA30H JaHHBIX
HaOmoxennii (A2:A21). B paGouee mone J[BOMYHBIII MacCHB MEIIIBIO BBEINTE
nnana3oH nHrepBainoB (B2:BS).
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N OTHOCMT. YacToTa

—&—HakKonn. yacrtoTta

Pucynok 3.9. I'nctorpamma n KyMyJisiTa OTHOCHUTEIBHBEIX YaCTOT

KoHTtposbHbIe BONIPOCHI
. Cchopmynupyiite MOHATIS e HEPAIBLHOI COBOKYITHOCTH 1 BEIOOPKIL
. B uem 3axmogaeTcs cyTh BRIOOPOYHOIO MeToza?
. Kaxne meTozs! popmIpoBaHs BEIGOPKH CYIIECTBYIOT?
. Kaxast BLIOOpKA HA3BIBAETCS pENPe3eHTaTHBHOI (IIpeCTaBUTEIHLHOIN )?
. UTo mpepcTaBisieT co00il TOUEUHBII Bap MAIIMOHHEBII psif ?
. Kak cTponrcst mHTepBaIbHELIIT BapHALIIOHHBI Psif?
7. UTo NMOHMMAETCS TIOJ SMIINPIUECKIM paclpeielleHIeM I C TTIOMOIIBIO Uero
OHO MOXeT OBITh IIPeICTaBIEHO”
8. Kak onpenensieTcs sMnmpdeckast GyHKIE pacIpe/IeneHis?
9. CraTHCTHUECKNM aHAJIOTOM Yero SBJISETCS TIONHNIOH OTHOCHUTEIBHBIX
4acToT?
10. IIpnBeanTe 4NCIOBEIE XapaKTEPUCTIKI TTOJIOKEHIS BEIOOPKIL
11. Chopmynupyiite MOHATHIS BEIOOPOTHOIT MOABI I MeTHAHEL
12. Kax HaxoauTcst BRLIOOPOYHASI CPeIHsS TI0 TOUEYHOMY BapHaIlIOHHOMY Psity ?
13. Kak omnpenelstorcss BRIOOpPOYHBIE MOZAA M MeNaHa II0 MHTEPBATIBHOMY
BapHAILIIOHHOMY psiy ?
14. IlprBeguTe YNCIOBEIE XapaKTEPUCTIKN BapHallii BEIOOPKIL.
15. Kax Haxopmsrcss BBIOOpOUHBIE INCIIEPCHSI N CpelHee KBaJpaTIUecKoe
OTKJIOHEHNE ?

(@) WL, TN S U'S T NS I
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Tabmmma 4.1 — 3Hauenns BHIOOPOUHBIX COBOKYIIHOCTEN 1 pacueThl JJIs HAXOXK HIIS
SMITIPHYECKOTO 3HAUEHNS ¢

Ne X X5 d (d—M;) (d — M)
1 5 6 -1 0.333 0,111
2 8 7 1 2333 5.444
3 9 10 -1 0.333 0.111
4 4 6 2 -0.667 0,444
5 5 5 0 1.333 1,778
6 7 9 -2 -0.667 0.444
7 g 8 -3 -1.667 2,778
8 6 9 3 -1.667 2,778
9 7 8 -1 0,333 0.111
3 12 0 14

B MS Excel pacuer xpurepus ¢t CThIOJeHTa JIsI 3aBHCHMBIX BBEIOOPOK
TIPOBOINTCS C TIOMOIILIO ONINN IlapHhbiii 06yx6b160poU bl t-mecm 0N CPeOHLX.

JlaHHas1 oM HAXOOWUTCS B AHANN3e JaHHBIX... 3axoauM B MeHo Cepeuc,
BBHIOHpaeM Ananus OAHHbBIX ... Pacxpoertcs OKHO Cco CITICKOM
Hucmpymenmosananusa. B »TomM  chmcke  HaxoguM  cpelacTBo  Ilaphobii
06Yx6b100pouHbLIL t-mecm ONA CPeOHUX.

B mnosBuBmIIMCS AMANOTOBOM OKHEe B 1one Humepean nepemenHoti 1
yYKa3bIBa€TCsl AMAIla30H sUeeK IepBoil BEIOOpkHN. B none Humepsan nepemennoii 2
YKa3bIBa€TCsl JMAIla30H 3HAYEHMII BTOPOIl BHIOOpKN. Ecim amamnazoH yKa3bIBaeTCs
BMECTE€ C 3arojIOBKOM, TO HampoTuB Memxu ctaBuM ¢diaaxok. B mone Ansgpa
yKazbIBaeM YPOBEHB 3HAUNMOCTIH (110 yMoruaHmo crout 0,05).

[ 1

L BxoaHbie AaHHbE

i 8 7 WHTEpBan NepeMeHHoM 1: ;$A$2:$A$10|
% 3 160 WHT epBan NepemeHHoM 2! .331;2;53:;10 @ Oera
z 5 5 CHNOTETHHECKARA CPEAHAA PA3HOCTE: ]
7| 7 3 [ perien

8| 5 8 Ansha: | 0,05

*9% 6 9 l’lapamen;lsija

’::!1] L § () BeixoaHo# nHTepsan: [ % I

12 | (%) HoBbiii paboumii pneT: | 7]

i_éi () Hoeas pafiouan kHHra

Puc. 4.1. JlmanoroBoe okHO AJist Kputeprst ¢ CTHIOIEHTA [T 3aBICHMBIX
BEIOOPOK

BI)IXOIIHI)IC PE3YIBTATEL IIPEACTABICHEI B BHIC T36JII/II_II>I, rac IIpHUBOOSATCA
CTaTUCTNMYECKNEC XapaKTCPpHNCTHUKN BBIGOpO‘-IHBIX 3H3‘I6HI/Iﬁ, COOTBETCTBYIOIITHNE
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- XBocTel  OOs3aTenbHBIL YHCIO XBOCTOB pacmpeneneHnst Ecinn 3HaueHne
"xeocthl" = 1, ¢yukmmsa CTBIOJIEHT.TECT Bo3BpamaeT OJXHOCTOPOHHEE
pacnpenenenne. Ecnn 3Hauenne "xBocthl" = 2, ¢pyHkimss CTBIOJIEHT. TECT
BO3BpAIIAET IBYCTOPOHHEE pacIpe/IeIeHIE.

- Tunn OOs3atenbHelil.  Bupg — BemonnseMoro  t-tecta:  IApHBII,
roMockeacTidecKnii (JIBYXBBLIOOPOUHHBIIT € paBHBIMH IHCIEPCILIMH) LTI
retepockeaacTiueckuii (J[ByXBEIOOpOUHEIIT ¢ HEpAaBHBIMH AUCTIEPCISIMI).

Iopsigok BbINOJTHEHHS PA0OTHI
3aganne. Hago cpaBHUTE MexIy co00il pe3yIbTaThl BHITIONHEHNSI TECTOB Ha
BHIMAHIE B JIBYX Ipymnax. YToOkl y3HATh Pa3INUarOTCs JIM TPYMIBl MEXKAY coOoit
HEOOXOAMMO BRMUUCINTS t-KpuTepHili CThI0AeHTA 115 He3aBHCHMbIX BHIOOPOK.
AJropurm.
1. BHeceM aHHBIE IO TPYIIIIAM B TaOJINILY

2. IIpoBepuTs pacrpeesieHis HA HOPMaJIbHOCTb.

3. PaccunraTh cpengHee apndMeTIIecKoe, CTaHAapTHOE OTKJIOHEHHE 1
KOJIITIECTBO YEJIOBEK B KajKIOIl IPyIIIE.

4. BeranciaseM sMIIIpHUeckoe 3HaueHus 1o ¢opmyie t-kpurepnst CThIOIEHTa
IUJISI HE3aBUCMBIX BEIOPOK

5. Berancisiem cterneHl CBOOOTHL

6. OmpenensieM 1o Tabmuie Kpurmdeckoe 3HaueHne t-CThrOfeHTA I
33JTaHHOTO YPOBHS 3HAUNMOCTH I IIPIMEHSIEM MPABIIO CTATUCTIYECKOTO BHIBO/IA:

Jlanubie
PesymeTaTh! Pesympratel | PesynmsTaThl
No I’pyryjlil Nel | FeSyitemiiiyIG No rpymyjil Nel rpyl}'lmm N2
Ne2 (cek.)
(cek.) (cex.) (cex.)

1 30 46 16 34 42

2 45 49 17 33 40

3 41 52 18 49 58

4 38 55 19 32 54

5 34 56 20 46 53

6 36 40 21 41 51

7 31 47 22 44 57

8 30 51 23 38 56

9 49 58 24 50 44

10 50 46 25 37 42

11 i | 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
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KpuTimaeckoMy 3HadeHnio 39,36 mwin npeBbicut ero, paBHa 0,025. Taxum obGpazom,
BEPOSITHOCTh TOTO, UTO TECTOBAS j>-CTATHCTHUKA IIEKNUT MeXIy KPUTIUECKIMII
3HaueHmsiMn 12,40 m 39,36, paBHa 0,95. T.e, 3amaB ypoBeHb 3HAYNMOCTU U
ONpeleNniB KOIMYECTBO CTENEHeil CBOOOMNBI, MBI MOKEM HAIITH KpPUTHUYECKOEe
3HAUEHIE TECTOBOI Y2-CTATUCTHIKMI ISl JEOO0T0 KOHKPETHOTO PacTIpeIeIe s .

[IycTs nnst aHanmm3a co3faHa BEIOOpKA, COCTOSIIAs I3 2531eMEHTOB. UTOOHI
ONpeleNNnTh, OTINJIAeTCs JIN CTAaHJApTHOE OTKJIOHEHHE OT 3aJaHHOIl BEINYNHBI,
PaBHOIL, HampuMep, 15, MOXHO INPHUMEHNTH ABYCTOpPOHHMII kpurepuii. Hyneras n
aJbTepHATIBHAS TUITOTE3Bl (POPMYINPYIOTCS CIeAyomuM odpazom: Hy: o = 15; H;:
o # 15.HyneBast TuoTesa OTKIOHSETCS, €CIIM TeCTOBAS ¥ -CTATICTHKA IOIAJaeT B
O0JIaCTh OTKIJIOHEHNSI THUIIOTE3Bl, OTPAHMYEHHYIO JIEBHIM IUIM IIPAaBBIM XBOCTaMHI
KpBOii pacrmpeneneHns x> ¢ (25 — 1) = 24 crenensyu cBoGoasl. CleIoBaTeNLHO,
pemmaroniee MpaBIIo  (opMyIHpyeTcsl CIeAyIomuM obpazoM: runoresa Hy
OTKJIOHSIETCS, eclIn ¥>> yu® = 39,364 mwmn x°< y.? = 12,401, B IPOTHBHOM CIIydae
TUIIOTe3a He OTKIOHSIETCS.

[Ipenmnonoxum, 4To BEIOOPOUHOE CTAHAAPTHOE OTKIOHEHNE S, BBIUNICIEHHOE
171 BRIOOpKM n = 25, coctaBnser 17,7. J{ist Toro 4TtoOB IIPOBEPUTEH HYJIEBYIO
TUIOTe3y MpH ypoBHE 3HaUNMOcTH, paBHOM 0,05, Boctionsayemest popmynoit (5.2):

£) 2
, (m=DS° 25-D{1A7,7)"
= o ———=3342
s i 15°
PacueTHoe 3HaueHNe TECTOBON ¥>-CTATHCTHKM 33,42 JIeKUT B HMHTEpBAIE,
OTpaHMUE€HHOM HIDKHIM U BEPXHUM KPUTIUECKIMI 3HAUEHISIMIL, T.€. Mexkay 12,40
39,36, ciemoBaTeNbHO, TUIOTe3y FHp OTKIOHATH HENIb3s1 W HET OCHOBAaHUIA

YTBEPKIATh, UTO CTAHAAPTHOE OTKJIOHEHNE I'€ HEPaTbHOI COBOKYITHOCTI OTJINYAETCS
ot 15.

Kpurepnii y? 11 NPOBEpPKM TMIOTE3El OT ANCIEPCHHM WM CTAHAAPTHOM
OTKJIOHEHHH CUNTAeTCs KIACCHUECKOil MapaMeTpmueckoil mporeaypoit. Ilpnu
IIPOBEpKE THIIOTE3hl O ANCIIEPCHH I'€HEpalbHOIl COBOKYIIHOCTH IUIN CTaHAApPTHOM
OTKJIOHEHHH TIpeJAINoNaraeTcs, 4YTO MNCXOAHBIE J[AaHHBIE WMEIOT HOPMAJIBHOE
pacripesenere. Kax 1 GOJBIIMHCTBO MAapaMeTPUUYECKNX KPUTEPHEB, ¥ -KpHUTepHil
IOBOJIFHO UYBCTBUTENIEH K HAPYNIIEHMIO STUX IPEATONOKEHNII (T.€. STOT KpUTepHil
He sBIseTCS ycCTOMYMBHEIM). CleqoBaTeNnbHO, €CIH TIeHepalbHas COBOKYIIHOCTh
CIUIBHO OTJINYAETCS OT HOPMANbHOIO pacCIpefeNeHns, OCOOeHHO, Korja o0BeM
BBEIOOPKHN HEBENHK, TOYHOCTh KPUTEPHSI 3HAUNTENILHO CHIKAETCSL.

Hcnonb3oBaHue y>-KpHTepHsi corjacHsi AJs pacnpefeseHus Ilyaccona.
Pacpenenenne IlyaccoHa MoxkeT OBITH HCIONB30BAHO, HANpuMep, AJI
MOJIETTIPOBAHI KONMYECTBA KINEHTOB, NPUOBIBAIOMINIX B OTAElIeHHEe OaHKa B
TeueHne MUHYTHL [IpeqnonoknM, 4To B TeueHNe Heaeian (GpakTHUecKoe KOIIMUECTBO
KJINEHTOB, IIPHUXO/ISIIIX B OTAeIeHNe OaHKa B TeUeHNEe MIHYTEL, m3Mepsiiock 200 pa3
(puc. 5.3).
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JI1s Toro 4TOGHEl ONpeNeNnnTh, MMEET JII KONIYECTBO IPHOBITHII B MIHYTY
pacrpenenerne IlyaccoHa, ¢hopMyInpylOTCs HyleBasi U albTepHATHBHASI THIIOTE3A.
Hy: xonmgecTBO NMpUOBITNI B MUHYTY IIOJUNHsETCS paclpeneneHmo Ilyaccona, H:
KONIMEeCTBO NPHOBITHII B MHHYTY HE IOAUMHsETCS paclpeneneHmo Ilyaccona.
ITockonbky pacnpeneneHne llyaccoHa mmeeT OXHMH IapamMeTp —MaTeMaTHUECKOe
OXHIJaHNE A, B HYJEBYIO H albT€pPHATHBHYIO THIIOTE3hl MOKHO BKIIOYATH JIHOO
BEIIUNHY A, INOO ee BBIOOPOYHYIO OLIEHKY. B HameMm mpumepe sl OLEHKH
CpeIHEero KONMYecTBa IPHUOBITHII KIHNEHTOB HEOOXOANMO BOCIIONIB30BATHCS

dhopmyoit:

.
mjfj
s

== — (5.3)
n

Jnsa pacueta mo stoit dopmyine B Excel ymoOHO BOCHONB30BaTHCS (DyHKIMEH
=CYMMIIPOU3B() (puc. 5.3).

A B C D E F G
MpunbbiTra YacroTa

14
31
47
41
29
21
10

N Oy U B W N e

O
0O N O B WN = O

=t
o

11 200
12
13 |CpeaHee X 2,90 =CYMMNPOWM3B(A2:A10;B2:810)/B11

1A

Puc. 5.3. Pacnipenenenne 4acTOTH IIPUOLITHI B MIHYTY BO BpeMsI JJaHUa

Jlnst  omeHKH mapaMeTpa A MOJKHO — BOCIIONB30BAaThCS  OLEHKOI  X.
TeopeTtmmueckyio gactory X yecmexoB (X = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 u Gomnee),
COOTBETCTRYIOIIYIO MapaMeTpy A = 2,9, MOKHO OINpPeAeTNTh C TTOMONILIO (PYHKITII
=[IYACCOH PACII(X;X,JIOXDb). YMHOXHNB IIyaCCOHOBCKYIO BEpPOSITHOCTh Ha
00BEM BEIOOPKH 71, TIOIyINM TEOPETIIECKYIO 4acToTy f, (puc. 5.4).

Kaxk cnenyet m3 puc. 5.4, TeopeTndeckasl 4acToTa JeBATH 1 Oolee IPUOBITHIA
He mipeBocxoaut 1,0. J[1g Toro 4ToOBl Kakaasi KaTeropusi COAep:kalla 4acToTy,
paBHy1o 1,0 min GonblIeMy 4mCIy, KaTeropmo «9 n 6ojee» cleayeT 00BeINHNTD C
kareropueit «8». To ecTs, octaeTrcs mersTh kateropuit (0, 1, 2, 3, 4, 5, 6, 7, 8 u
6omee). Ilockonmbky MaTeMaTHueckoe OXIMAaHNe paclpeferneHns [lyaccoHa
OTIpEZIeNsIeTCSI Ha OCHOBE BBHIOOPOUHBIX [TaHHBIX, KOJNMUYECTBO CTENEHEN CBOOOMBI
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A B | C A D
Habnwgaeman TeopeTuyeckan yacToTa :
MpubbiTAa (fo- fo)/fe

1 vacrora fy fe=nP(X)

2 | 0 14 11,00 0,8153
3 | 1 31 31,91 0,0261
4 | 2 47 46,27 0,0114
5 | 3 41 44,73 0,3114
6 | 4 29 32,43 0,3629
7 | 5 21 18,81 0,2550
8 | 6 10 9,09 0,0908
9 | 7 5 3,77 0,4040
10, 8ubonee 2 1,98 0,0003
11 Uroro 200  y’-kpuUTepwii COrNacua 2,2772
12

Puc. 5.5. PacueT y2-KpHUTepIis COTNIACHs IS pactpeaeneHns [lyaccoHa

A B8 | € | b ([ E | F | 6 | H | ¥ |
1| -61 -28 -1,20 -0,7 0,5 1,8 1,9 2,5 2,8 3,3
2 | 3D 3,8 3,8 4,0 4,2 4,3 4,5 4,6 5,0 54
3 | 3,2 54 5,5 5,8 5,9 6,0 6,2 6,3 6,5 6,5
4 | 7,0 7,1 FAN 7,2 12 73 7,5 7,6 7,6 7,8
S | 7,8 7,8 7,9 8,1 8,1 8,2 8,3 8,3 8,4 8,5
6 | 8,5 8,5 8,6 8,8 8,8 8,8 9,0 9,0 9,1 9,1
7 | 9,1 9,2 9,3 9,3 9,5 9,5 9,5 9,5 9,6 9,6
8 | 9,7 9,8 9,9 9,9 9,9 59 101 101 10,1 10,1
9, 102 103 103 1104 105 105 105 105 105 105
10, 106 107 10,7 108 105 110 110 11,1 11,1 111
1| 12 112 13 11,3 113 11,3 114 11,5 11,5 115
12| 116 11,7 11,7 11,9 119 12,2 122 123 123 124
13| 125 12,7 129 129 129 130 131 132 134 134
14| 13,7 137 139 141 14,7 148 149 150 157 158
15| 158 160 169 170 170 176 178 181 181 18,2
16| 185 185 187 189 214 220 229 26,3
17 |
18 CpepHee 3HaueHue X 10,149
19 | CraHOapTHOE OTK/IOHEHWe 5 4,773

n

Puc. 5.6. Ynopsiioue HHBII MacCHB BEIOOPOYHBIX JaHHBIX

BrIGOpOUHEIE TaHHBIE MOJKHO CIPYIIIHIPOBATh, Pa30NB, HAIIPUMEpP, Ha KIIACCHI
(MHTEpBATH ) MMpPHHOI 5% (puc. 5.7).
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MNaTtuneTHAna cpeaHeronosas X 7 ﬂno:uaAb B Kn"acce Naowaasb f,=nP(X)
1 AOXOAHOCTD MeHblue B KNacce
2 mexwee -10,0 -10,0 -4,22 0,00001 0,00001 0,00
3 or -10,0 ao  -5,0 -5,0 -3,17 0,00075 0,00074 0,12
4 or -50 ao 0,0 0,0 -213 0,01673 0,01598 2,52
5 oT 0,0 B0 5,0 50 -1,08 0,14030 0,12358 19,53
6 oT 5,0 no 10,0 10,0 -0,03 0,48752 0,34721 54,86
vl or 10,0 ao 15,0 15,0 1,02 0,84527 0,35775 56,53
8 or 15,0 ao 20,0 20,0 2,06 0,98049 0,13522 21,36
9 or 20,0 ao 25,0 25,0 3,11 0,99907 0,01858 2,94
10 or 25,0 ao 30,0 30,0 4,16 0,99998 0,00091 0,14
11 6onee 30,0 -— +ee 1,00000 0,00001 0,00
12
13 CpepgHee 3HayeHue X 10,149
14 |CTaHRapTHOE OTKAOHEeHWe S 4,773

18

Puc. 5.8. IInomann n oxngaeMele 4aCTOTHI [UJIs1 KaXKIOI'0 K1acca BEIOOPOUHBIX

JaHHBIX
A B C D E 2 G H
NaTtuneTHas cpeaHerogosan Habnwpaemaa  Teoperuueckan =
1 BOXOAHOCTD yacroTa f; yacrota f, =nP(X) (Fe -fo) /i
2 mMeHee 0,0 4,0 2,64 0,699
3 ot 0,0 no 5,0 14,0 19,53 1,564
4 ot 5,0 ao 10,0 58,0 54,86 0,180
5 or 10,0 ao 15,0 61,0 56,53 0,354
6 or 15,0 no 20,0 17,0 21,36 0,892
7 6onee 20,0 4,0 3,08 0,275
8 X'-KpUTepuii cornacua 3,964
9
10 |Yucno creneHen ceobogpl 3
11 |YpoBeHb 3Ha4MmoCTH 0,05
12 |[Kputnueckoe sHaueHue xz-cramcmxu 7,815 =XW2.06P(1-F11;F10)

13
Puc. 5.9. BI)I'-II/ICJICHI/DI, CBA3aHHEBIC C IIPUMCHCHICM Xz-KpI/ITCpI/Iﬂ COIJIacCIrsl O
HOPMAJIBHOTO pacCIIp€ICIIC HITA

BunHo, uto y*-cratuctuka = 3,964 < yu*7,815, cnegoparensHo rumnoresy Ho
OTKJIOHATH HeNb3s. VHaue roBOps, Y HAC HET OCHOBAHUIl yTBEPKIaTh, YTO JaHHEIE
BBEIOOPKU He TIOAUNHAIOTCSI HOPMAJIEHOMY PacIpe1eIeHIIO.

AHanm3  kareropmii  JAaHHBIX  MOXKET  IIPOBOAUTECS C  IIOMOIIBIO
HeTapaMeTPIUIEeCKIX MPOLeAYyp: PAaHTOBOrO KpHUTepnsl Y INIKOKCOHA, NCIIONB3YeMOIO
B CHTyaIULIX, KOTJa HE BBIIONHSIOTCS YCIOBMS TIPUMEHEHHS f-KpUTEpHs s
MOBEPKH THUIIOTE3hl O PAaBEHCTBE MATEMATIYECKNX OKIJIAHUIT ABYX HE3aBHICHUMBIX
rpynI, a Takxke Kputepns Kpyckama-Yommnnca, KOTOPHII SIBISIETCS albTepHATHBOIN
OZHO(haKTOPHOMY JHCIIEPCHOHHOMY aHAIH3Y.
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JlabopaTtopHast padoTa Ne 6
MepslI cBsi3u BbIOOpoUHBIX AaHHBIX. KoBapuanus. Koppeasiuus (4 yaca)

He.]'le I/ISYT-IHT b KOIMYECTBCHHEIC IIOKA3aTCIIlN, XapaKTCPIBYIOMINE CIIIY
3aBUCHMOCTI MEXIY ABYM:A CIIY YaillHEIMI BEIITYITHAMIIL.

Teope THYECCKHE CBCACHHNA

[lepBIUHYIO ONEHKY MeEpPHl CBSI3M MEXKIY BLIOOPOUHBIMU ITepeMeHHBIMI
MIPOBOJIAT C MOMOIIBIO AUAarpaMMEI paccessHns (pasdpoca maHHBIX) — puc. 6.1. OHa
MOKA3bIBA€T B3alMOCBSI3b MEXKIy [JBYMs BHIAMH BHIOOPOYHBIX HaHHBIX U
XapaKTepH3yeT CTEIeHb IIX B3aIMO3aBICIIMOCTI.

a 7] g
¥ ¥ i ¥
. »
" * %’0 * ot s
» *
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* * g * 3 *
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>4 % *e x . P X

Puc 6.1. XapakTepHble BapUaHTHI CKOILIEHI S TOUeK Ha [ar paMMax PacCesHILsI

JIIs ToCcTpoeHMs JuarpaMMBI pacCesiHIT PEeKOMEHIYETCs NCIONB30BaTh He
MeHee 30 map OaHHBIX (x,y). OCH x 1y CTPOAT TaK, YTOOBI JJINHBI pabOUulX 4YacTeil
OBUIN IIPUMEPHO OAMHAKOBEL TOYKM, JaJIeKO OTCTOSAI(NE OT OCHOBHOI IPYIIIIBL,
SIBIISIEOTCSI BRIOpOCAMIL, 1 X NCKIIFOYAIOT (TI0 MPaBILTY «TPEX CITM»).

Kopapuanusi OIEHNBAET CIUIy JIMHEITHON 3aBUCHUMOCTH MEXAY JIBYMS
YIICIIOBLIMH IepeMeHHBIMII X 1 Y. BEIOOpouHast KoBapHaIii:

S (X, - X)Y, - 7)

cov(X,Y)=-
(X.Y) ~ . 6.1)

HpI/I 3TOM KOBapHalIi cnyqaﬁHoffI BEJIMUIMHEI ¢ COOOI PpaBHa JNCIICPCHIL:

,ZI(X,'_E)z

cov(X,Y)="-2 — _ (6.2)

JIms pacueta koBapmalpm ABYX BHIOOpok B Excel ncnonbiyercs (yHKIUA
KOBAPUAITUA.B().



(6.5)

IIpu r/m, >3 xosdPUINEHT KOPpEeNsiuNu CUNTaeTCsl JTOCTOBEPHHIM, T.€. CBSI3b
nokazaHa. IIpn r/m,< 3. CBSI3b HEJOCTOBEPHA.

JINHEMHOCTE KOppPENAINI O3HA4aeT, YTO BCE TOYKIH, IBOOpaXKeHHbIE Ha
auarpamMmme paszdpoca, JexaT Ha Impsmoil (puc 6.2). B peanbHBIX CHTYaIISIX
Ko3(pUINEHT KOppeNsIiM peako IpHHIMaeT TO4HBe 3HaueHms -1, 0 u +1
(puc. 6.1).

Maxens A X Mauens b X Maxens B X
OTtpuuarensHas OtcyrcTeme Koppensiuuu NonoxutensHan
npaMonuHenHasn (p=0) NpSMONUHENHaN

xoppensuus (p = -1) koppensuus (p = +1)

Puc. 6.2. IIpnMepsl 3aBICIMOCTH MEXIY IBYMS NePEMEHHBIMI

3aBucumocT Ha puc. 6.1 1 6.2 TOBOPAT O meHOeHyuAx, TIOCKOJIbKY HaJIndne
KOppeJsAlN MeXKAy IlepeMeHHBIMHM X U Y He O3HayaeT HaJIMYIs IPHYNHHO-
CIEACTBEHHBIX CBs3€il MeEXIy HHMI, T.€. H3MEHEHNEe 3HAaueHNs OJHON m3
IIEPEMEHHBIX He 00513aTeNbHO MPUBOAUT K M3MEHEHIMIO 3HAUeHUs Ipyroil. CimbHas
KOPPESIIT MOKET OBIThH CITyUaitHoil (MIMEeTh HIBKYIO CTATHCTHUECKYIO 3HAUNMOCTD)
WM OOBSICHATLCS TPEThEl IIePEMEHHOI, OCTABIIEIICS 3a paMKaMI aHAIM3a. B Taknx
CUTyaIllsIX HEOOXOANMO IPOBOANUTH AOIOJNHHUTENIBHOE HCCIeIOBaHME. aKmm
00pazoM, MOXKHO YTBEpXKIaTh, YTO INPUUMHHO-CIEACTBEHHBLIE CBS3H TIOPOKIAIOT
KOPPEJAILIIIO, HO KOPpEeNsalNs He O3Ha4aeT HaIM4dMs IIPUYIHHO-CIIEICTBEHHBIX
CBsI3€Il

BriGopounsnii  koahUIMEHT KOPPEISALMI MOXKHO BBMUCINTL — depes
KOBapHaIlIO:

e cov(X,Y) , 6.6)

rac

n n

DX, - X)¥, - ) Y (X, - X)

cov(X,¥)=~-2 l S =y&— §, =
n-—
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Apryme HTbl (hyHHLMH @

MAPCOH

Maceul | A1:aL1 [(ie| = {34:38:91:45:23:67
Maccuas2 |B1:E11 (5| = {23:54:56:45:41047

= 0,143171587
BosepallaeT RoathdMUMEHT KOPPERALHH MMPCoHa, T

MaccuB2 HHOKECTED 3ABHCHMBLL SHAHEHMH.

Cnpaeka no 3Tor dyHKuK SHadeHre:0,143171587 [ OK ] [ OTHeHa ]

Puc. 6.4. lnanororoe okHo Aprymenra ¢pynkunn [IMPCOH

O6a apryMeHTa JOJKHBI COJIepKaTh OAMHAKOBOE KOIMUECTBO 3HaUeHIL. Ecian
OHH WNMEIOT pa3INJyHble OOBEMEBI JAHHBIX, TO (YHKINSI BO3BpaIlaeT 3HAUCHIIE
omubku # H/JI, ecnu xoTst 661 ONMH apIryMeHT HE 3a[aH, TO (PYHKIUIS BO3BpAIaeT
sHayeHne omuokn # J[EJI/0!.

B sueiike, KOTOPYIO MBI BBIASIIUIN JJIS 3aICH (DYHKITNN, TIOSBUTCST 3HAUYCHIIE
koadunmenta xoppensmn [lnpcona. IlomyueHHbIe pe3yIbTaTE MOXKHO IPUBOANTE
K CTAaHJAPTHHIM 3HAUEHILIM, TIPOBOANTH Z-TIPe00pa30OBaHIA:

X—~x

z=2102
o . (6.7)

B takom ciyuae xkoapduimeHT xoppensainm [IinpcoHa BEIIISIIUT TIPOIIIe:

N
Z Z.\‘iZyi
i=1

Ro="N_1T_ 6.8)

Ha Bemmmunny xo3¢dduimeHra KOppeisi He BINSeT TO, B KaKNX eJUHIIEAX
IIpEICTaBIEHBI TIPI3HAKIL JIroOr1e JIHEIHbIE IIpeoOpazOBaHI
MPI3HAKOB(YMHOKEHIIE HA KOHCTAHTy, IpHOABIEHNE KOHCTAHTH) HE MEHSIOT
3HaYeHIS Koa( puIeHTa Koppesaui. VICKIIIoueHIIeM SIBISETCS] YMHOKEHIE OJJHOTO
I3 MIPU3HAKOB HAa OTPUIATEIBHYIO KOHCTAHTY, B TAKOM CJIydae 3HaK ko3(pduimeHra
KOPPEJISIII MEHSIETCST Ha IIPOTHBOIIONIOKHBIIL.

Brruncants Ko UITMEHTE KOPPEeISIINN TakkKe MOKHO € TIOMOIIEBIO (Y HKITHIN
KOPPEJI co cnenyromnmn xapakrepuctukamn: KOPPEJI (maccuB 1; maccus 2), rae:
MaccuB | = [AMana3oH JaHHBIX UL IIEpBOIl IIEpeMEHHOI, MaccHB 2 = AHMAlla30H
JIAQHHBIX J[JI1 BTOPOII ITepeMeHHOIL
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KoHnTposibHbIe Bonpochl
Cdopmynupyiire MOHATHST  (PYHKITMOHATILHOI I  CTOXacTHYeCKOIl
3aBICHMOCTEI1 CIydJailHBIX [IEpEMEHHBIX.
Kakas B3anMOCBSI3b CIIly4allHBIX BEJIITUNH HA3BIBAETCSI KOPPEISIINOHHON?
B uem 3aximodaeTcsi OCHOBHAS 3a7jada KOPPEISINOHHOIO aHaIm3a?
Yto Takoe KoppensAmuoHHoro mone? IlpmBennre mnpuMeps € pa3HBIMHI
3HAUEHISIMI KOPPENSIINOHHBIX 3aBICIMOCTE I MEKAY IePeMEHHBIMIL
Uto HazbIBaeTCs KOBapHaImeii?
JInsg  OLeHKN  Kakoil  KOPPENSINIOHHONH  3aBHCHMOCTH  HCIIONIB3YETCS
BEIOOPOYHEI kKoaddurneHT Koppensimn’? KakoBE ero cBoiicTBa?
Kakme mapaMeTpsl B3alIMOCBSI3M BBIOOPOUHBIX MJAHHBIX XapaKTepH3yeT
KO3 PUITNEHT KOPPETSII?
Kaxkmne BIIBI KOPPEISALNOHHOII 3aBICIMOCTH Bam m3BecTHEI?
Kax mpoBepsieTcst 3HaUNMOCTH kK03 HITIeHTa KOpPe TSI ?

10.9YT0 moka3sIBaeT MHTEpBAILHAS OIIeHKa K03 PUITEHTa KOPPESITII?
11.9T10 XapakTepmsyeT SMIINPHYECKOe KOppesiioHHoe oTHomeHne? KakoBhI

€ro cBoiicTBa?

12.9T0 XapakTepn3yeT sMIIpruecknii ko GUIMeHT JeTepMIHAIIIN?
13.B kakmx [Omana3zoHax 3HAUeHNN HaxXoasATcss Koa(pHUIEHT KOPPEISaIn I

koadunneHt aerepmuHaim’? IlpuBennre npuMepsl 1 MHTEPIPETUPYITE X
3HAYEHIE.

14.UTo Takoe MHOXeCTBEHHAs1 Koppeisinisi? YacTHast KOppemsis?

OmpenensieT NN KOPPEesAINisl IMPIYMHHO-CIECTBEHHBIE CBSI3M  MEXKIY
HICCIIeTye MBIMII ITapaMeTpaMin?
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B KOTOPOI rjj — BEIOOPOUHBIE KOA(D(UINEHTE KOPPEISLINN MEXAY BeININHAMHI X; I
Xj,. Matpniel O, 1 g, CUMMETPHYHBIE, IIO3TOMY IIPH BBIUNCICHNN MATPHULEL ¢,
IIPUBOJSITCS TOIBKO AIEMEHTHI, PACIIONOKEHHBIE HA TTIaBHOI JUArOHAIN 1 TI0]] Heil.

TecHoTa NNHENHOII KOPPEIALINIOHHON CBS3M OJHON 13 BelmmunH X C
COBOKYIIHOCTBIO OCTANBHEIX p - [ BenmmunH X;, Xo X3 ... , X, OleHNBaeTcsd
6b160POUHBIM KOG (huytienmom MHOdICeCMEeHHOTl Koppenayuul

(7.1)

e | gp | — ompenennTens MATPUIE ¢p, ¢;i — aNreOpanmdeckoe TOMOMHEHIe SIeMeHTa
rii MaTpHUIBl ¢p,. B dYacTHocTH, A TpexX BemmdnH X;, Xz, X3 BHIOOPOUHBIIT

K03 (IIIIEHT MHOKeCTBEHHOI Koppeiin R, ;; Berumcisercs mo gopmyie

2 2 -
Ty +rik_2’1j’ik'jk

R

(7.2)

il jk = 1_ 2
— r.
Jk

Bri6opounsnii k03 PUIIMEHT MHOKECTBEHHONH KOPPEJLIIN  IPUHIMAET
sgayenns ot 0 go 1. Uem Gmimke 3HaueHne K/ » K €IVHNIE TeM TeCHee JINHETHast
KOPPEIALIOHHAs CBSI3b X; C OCTAIBLHBIMI BeIMINHAMI X, Xo, X3, ... , X),.

Bemmmaa R’ :(R,‘,,_._,, )2 HA3LIBACTCS  BbIOOPOUHLIM — MHOJCECMEe HHLIM

Kosghpuyuenmom  Oemepmunayuu, KOTOpas IIOKAa3pBaeT JONIO  BapHallN
nepeMeHHoil  X;  oObsCHSAEMyIO  BapHallieil  OCTalIbHBIX  II€PEMEHHBIX.

MHuoxecTBeHHBIN  Koa(uument koppemsimm  R;;; , 3HaunM 1Ipm ypoBHe

3HAYMMOCTIH OL, €CJIN BEIUINICJICHHOC 3HAYCHIIC F-cTtatuctukn:

__R(n-p)
1-R)*(p-1)

> F(a,p-1,n-p), (7:3)

rae F(a,p-1,n-p) 3Hauenne F-kpurepnss Ha ypOBHE 3HAUNMOCTH O. IIPH YIHCIE
cTerneHell cBoOonbl k; = p— 1 nk; =n—p.

YacmHuvie ko3¢ puyenmor Koppenayuu. ECIN BETNUIHEL I3 COBOKYITHOCTH X,
X, X3 ... , X, KoOppenmpyloT APyl C JpyroM, TO Ha BeINYMHAX IIAPHBIX
K03(p(pUITNEHTOB KOPpENsAIN rjj NMEepeMEHHBIX X; 1 Xj, CKa3BBaeTCs BIISIHHE N1
OPYIMX TIIEPEMEHHBIX COBOKYIHOCTH, UYTO IIPMBOANT K HCKAa)XKEHMIO 3HAYEHHIT
KO3(QQUIMEHTOB Koppensunn rj. J7I OLEHKN JHHEHHOI KOppensMoHHOI
3aBICHMOCTH MeXIy BelIrmunHami X; 1 Xj, OUNIEHHO OT BINSHIS IPYTUX BEINMINH
COBOKYTIHOCTH, WCIIONB3YETCSI 6bI00POUHbI Yacmublli Kosghguyuenm Koppenayuul

ri_j/l... p- On OIIPCACIIACTCSA COOTHOIIECHIIEM
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IIEPEMEHHBIX  PACIIONOKEHBl II0  CTONOIAM, €CIM 3HAueHNs II€PeMEHHBIX
PACIIONOKEHE! 110 CTPOKAM, TO BRIOHPAETCS «II0 CTPOKaMy; IIOCTaBIM (hIaikoK B I10JIe
«Metxu B nepBoii cTpoke (cToiOIe)», YTO YKa3hBaeT Ha TO, YTO B IIEPBOI CTpoOKe
(cTonb1e) CrpyNIIMPOBAaHHEIX IO CTONONAM (CTPOKaM) MaHHBIX HAXOMSTCS HNMeHa
nepeMeHHBIX. B uactn «IlapaMeTphsl BBIBOJa» BEIOMPAETCS MECTO PACIIONOKEHIL
pe3ynsraToB BhITONHeHNs ¢yHKIM «Koppeasiumusy»: «BrpixonHoil nmHTepBamy —
yKa3plBaeTCs sueiika TeKyIlero Jmcra, ¢ KOTOporo (BIpaBO M BHM3) Oyrer
pacroiokeHa KOPpEeISINIOHHass MaTpuila ¢p, «HOBBIII pabodmii JcT» — BBIBOJ
KOPPENSLNOHHON MaTpHIl HAa HOBBINT pabounii nncT, «Hoas pabGouass xHHra» —
BBIBOJI KOPPENSAINOHHON MAaTPHUIIEI B HOBYIO pabouyio KHUTY. Bridepem «BrIxomgHOI
nHTepBaly 1 stueliky K2, ¢ xoTopoll OyaeT pacronoXeHa KOppelsIiIoOHHass MaTpHIIA.
ITo «OK» nonyunm B stuelikax E2-HS xoppensainoHHyo MaTpully. 3alloJIHEHIE OKHA
«Koppenamsay npreeieHo Ha puc. 7.1, pe3ylIsTaTs — Ha puc. 7.2.

£} Knmral
68 141 3,3
6o 1 3 s =
‘j 7,2 147 3,2 e .
. i o 32 Bxoawoii iepsan $AS1:4C$15 [ox ]
(6| 84 132 3.4] | (Lomen.]
= IpynnipoBanme: ® no cronBuam
7 88 155 3,7 o @:
8 %1 156 3,6 @Menors o K
9 S8 161 3,7
10 10,6 157 3,8 MapameTpbl BbBOAR =
11 10,7 158 4 ©' Buxoanoi iHTepBan: €S %
12 11,1 162 &9 () Hoswwit paboumi: anet:
13 11,8 166 4,1 ) Hosas paboqasn kHira
B 12,1 163 3,8
15 124 165 4,2

Puc. 7.1. 3anonHeHne oxHa «Koppemsisiy

1] X1 X2 X3 HoppenauMoHHas marpuua

?_ 6,8 141 3,3 X1 X2 X3

3 6,8 138 34 X1 1 09544018 0,819392

4: 7,2 147 3,2 X2 0,944018 1 0,853917

5 73 145 3,5 X3 0919392 0,853917 il

6 8,4 152 34

7 Y 155 37

8 | 9,1 156 3,6

9 28 161 3,7 [-crarcTnkn

1 i 10,6 157 38 r¥1x2 9,91276%

1L 10,7 158 4 rX1x3 8,096928

] i 111 162 33 rK2X3 5,684104

13 118 166 41

14 12,1 163 3,8 t{l-a,n-2)= 2,178813 DNosepureabHblt nHTepsan oaa p(X1,X2)
15 124 165 4,2 7{¥1,X2)= 1,773738 0,828328 0,582491
1 L t{l-a)= 1,959264 | l

Puc. 7.2. Pe3ynbTaThl KOPPEISLIMOHHOIO aHAIN3a
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[IpoBenem Z-mpeobpazopanne Pmmepa a1 BEIOOpouHOro ko3ddurmenra
koppensaunu Ro= 0,944, J{is sToro Beienny, HanpuMmep, ssueiiky F15. Bo Bkunagke
«@DopmyJabl» BeiOepeM «/Ipyrume ¢yHxkumn», B 1pynne «CraTHCTHYECKHE»
BeIOepeM ¢ynkmmo «@UIITEP». B okuHe 5Toif (yHKINNM B TOJe «X» BBEAEM
sHaueHne kosdduimenta xoppeminnn Ry, I[To «OK» B sueiike F15 momyunm
3HAU€HNE Z, paBHOEe B 3ToM mpumepe 1,7736 (cm. puc. 7.2). Jna BBMUCICHI

3HAYEHMIT I~ o u z+ o eZBapHUTENbHO HaiimeM 3HaueHne 71_o . Beigemm,
3 3
Vn- n-

Harpumep, sueiiky F16. Bo Bkiagke «@opmyaibl» BeiOepeM «/Ipyrue ¢pyHxkunmn», B
rpynne«CrtaTuctudyeckue» BrioepeM pynkipno «k HOPM. CT. OBP.». B okne 5t0it

o
dbyHKIINN B 1Tone «BeposTHOCTE» BBeIEM 3HaueHne 1 — — » PaBHoe 0,975. Ilo «OK»

B stueitke F16 momyunym 3nauenne [y, , paroe 1,9599 (cm. puc. 7.2).

JIng mnonydeHHs HIDKHEl TIpaHMIBl JTOBEPUTENIBHOIO HHTEpBajla IS
prouctnionsyem pynkino @UINTEPOBP BerunciaeHns rurnepoomieckoro TaHreHea
th(x) . Beigennum stuelixy H15 u B ctpoxe dopmyn Beenem =®HIIEPOBP(F15-
F16/(14-3)"0,5) Ilo «Enter» B sueiike H1S moixyuynm HCKOMYIO HIKHIOIO TPaHUITY
IOBEPUTEIIBHOIO MHTEPBAaa, B 3TOM IIpuMepe paBHyto 0,8283.

Jlnsg  monmyueHHs BepxHel TIpaHMIIBl JOBEPHUTEIBHOTO HHTEpBaia IS
piBEAENIM stueiiky J15 u B ctpoxe ¢popmyn Beenem =OUINTEPOBP(F15+F16/(14-
3)20,5) Ilo «Enter» B sueiike J15 monydnM HNCKOMYIO BEpPXHIOIO TI'PaHHILY
JOBEpUTENFHOTO HHTEpBala, paBHYIO B »ToM mnpnmepe 0,9825 (cm. pme. 7.2).
AHaJIOTMYHEIM 00pa30M MOTYT OBITh ITOCTPOEHHI JOBEPUTENLHBIE MHTEPBANbLI VIS
IPYTUX TeHEPANbHBIX KO PUIINEHTOB KOPPETISAIIIIL

JI7151 HaXOXKIEHIST BHIOOPOUYHBIX K03 (PUITIEHTOB MHOKECTBEHHOI KOPPEeILIINN
YACTHBIX KOA(QUINEHTOR KOPPENSAINN IIOCTPOUM IPEIBAPUTEIHHO MATPIHILY

anreGpareckux gononHennit 9ij 5IeMeHTOB BEHIGOPOUHON KOpPPETSIIOHHOI

MaTpuuel, cM. puc. 7.3. Jlna storo B smueiike Al19 BBUNCINM OIpeneInTelhb
KOPPENSITMOHHON MATpUIIBL: BBIIEINM 3Ty stueiiky 1 B CTpoke (opMyIl, YUHUTHIBAS
PACIIONIOKEHNE BBHIOOPOUYHOI KOPPENSIIMOHHON MATPHUIBIL, CM. pHuC. 7.2, BBEAEM
=MOIIPEJI(F3:HS) Ilo Enter B A19 nony4dnmM 3HaueHne omnpenenurens. Beiaeanm
saefikn A21 — C23 u BBemem B cTpoke Qopmyn MOBP(F3:HS).
HaxapCtrl+Shift+Enter, BsueiikaxA21 — C23 noxydnM MaTpuily OOpaTHYIO K
KOPPEJALIOHHON MaTpule. J[J1s MonydeHnss MaTpHIbl ajuredpandecKnx JOTOTHEHNIT
g ;; SJIEMEHTOB BBIOOPOYHOI KOPPEISIIMOHHON MATPHII HEOOXOANMO YMHOKUTH
AJIIEMEHTHl TIONYYeHHOII OOpaTHOI MAaTpHMIlEl Ha ONPEeAeNNTeNh KOPPesINOHHOI
MaTpuibl. Matprity anreGpanmdecknx JOIOIHEHMI ¢, 3IE€MEHTOB BLIOOPOUYHOII
KOPPEISALIMIOHHON MaTpuIisl pasMecTM B sueiikax F21 — H23, cm. pme. 7.3.
Brimenum stueitky F21 u BBemst B ctpoke dopmyn =A21*%A19 o «Enter» B srueiike

F21 nonyuynm 3HadYeHNE ¢;;. AHAJOTMUHO BBUNCISIOTCS ApPyrue aiuredpamdeckie
JOTIONTHE HIS AIEMEHTOB KOPPEIAIIIIOHHOI MAaTPHUIIBL
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suelike ToNy4nM 3HaueHne Roj;z. Beigenns smeiiky B30 n BBenst B cTpokeMyl=-
F23/KOPEHb(F21*H23), o «OK» B sruetike B30 nomyunm 31auenne Rijp.
Broimennme  smuefixky C30 u BRegss B cTpoke  opmyn  =-
G23/KOPEHb(G22*H23), no «OK» B smeiike C30 mnomyunMm 3HaueHne Rzy.
OcTanbHbIE AMEMEHTH MATPHUIBl YAaCTHHIX KOA(QIIINEHTOB KOppensaiym (sueiikn
C28, D28, D29) 3anonHsoTCs NCXOIS I3 €€ CUMMETPIIHOCTHU (cM. puc. 7.3).
Obuyee 3axnroueHue. 3HAUEHNST BLIOOPOUHBIX MAPHBIX KOA((UINMEHTOR KOPPEISITHI
Ri2= 0,944 n Riz = 0,9194 roBOpAT O CIUIBHON JHMHEHON KOPPEIsIIIOHHON
sapucuMoct TepeMeHHOil (X1) or mnepemenneix (X2) m (X3). Ilepemennre
(paktoper) X2 m X3 Takke CIUIBHO KoppenmpoBaHe, Rx3= 0,8539. Bce
KO3 PUITMEHTH TTAPHOI KOPPEISII 3HAUNMEL, O 4eM CBHAETENLCTBYIOT 3HAUEHIIS
nx t-cratnctuk tip= 9,913,t13= 8,097, t23= 5,684, MOAYNIN KOTOPHIX IIPEBBIIMIAOT
Kpurmyeckoe 3HaueHne t-cratmctuku t (0,95, 12) = 2,179. Jlnsg reHepaibHOTrO
KoadureHTa xoppensn P12 = 95%-1 DOBEPUTENBHBII HHTEpBAl NMEET BIJ
(0,8283; 0,9824), uTo Tak)Ke TOBOPUT O CHILHOI! JTMHEHHOI KOPPEIAINOHHON CBS3N
Mexay TmepemMeHHBIMI X1 m X2, 3HaueHHe MHOXECTBEHHOTO Kko3(duieHra
koppemsiiin X1 ¢ X2 m X3 paBHOo 0,9688. 3HaueHne MHOXECTBEHHOTO
Koo duImenTa AeTepMUHAIIN TOBOPHUT O ToM, uTto 93,86% Bapmanmn
IIPOM3BOANUTENBLHOCTH TpyZa OOBICHAETCS BapHalliell IlepeMeHHBIX X2 n X3.
3HaueHNs YacTHBIX KO3 uImeHTsl Koppersimn R 230,776 1 Ry3n 0,66 1 mporepka
X 3HAUIMOCTH TOBOPST O 3HAYNMOM BIISIHNN TIepeMeHHBIX X2 n X3 Ha
nepeMeHHyI0 X 1. ITpoBepka 3HAYNMMOCTH YacCTHOTO kKoad durneHTa Koppensinn Ros
= - 0,107 roBopur 00 OTCYTCTBIMII 3HAYNMOIl JMHENHON KOPPEISLIOHHON
3aBHCHMOCTH IIepeMEHHBIX X2 11 X3.

IHopsiiok BHINOTHEHHS PadOThI

1. BBog BBIOOPOYHBIX [aHHBIX I HCCJIEIOBAHIS KOPPEISIIIOHHOI
3aBICHMOCTH COBOKYITHOCTH BemunH X1, X2, ... , Xn.

2. TTocTpoeHne MaTpHIThl BEIOOPOUHEIX KO3(D(IIINEHTOB KOPPEISII 1 OleHKA
HAIMIIST U TECHOTH JIMHEIHON KOpPPEJSIMOHHOI 3aBUCHMOCTH MEXAY IlapaMiu
BEJIITIIH.

3. IlpoBepka 3HAYNMOCTH HAHOONBIIETO 10 MOIYNO KoadduimeHTa
KOppemsIn pn ypoBHe 3HaunmMoctn o = 0,05.

4. IlocTpoeHne [IOBEpPUTENBHOTO WMHTEpBajla HAAEKHOCTH Y = | -oyiid
TeHepaNTBbHOTO KO3(h(PUITNEHTa KOPPENSIN p MEXKAY Hanmdolee TeCHO CBS3aHHBIMI
BEJIMUITHAMH 3a/IaHHOIT COBOKYITHOCTIL.

5. Haxoxc,[[e HIIC BLIO OpPOYHOI'O KOB(b Q)I'IHI/IC HTa MHOKECTBEHHOIT
Kopp eISINNR 12, ,pA BBI60p OYHOI'O MHOXXECTBECHHOI'O K03(b Q)I/IHI/ICHT a IE€TCPMITHALININ
R = R i, ,p-

6. IlocTpoeHne MaTpHIIsl BHIOOPOUHBIX YaCTHBIX KOA((DMITNEHTOB KOPPEIISIIII I
OIleHKa «OYNIIEHHOI» KOPPEISIMOHHON 3aBHCHMOCTH X1c OpyrnMm BelTIdIIHAMI
COBOKYTIHOCTIL.

7. Obmee 3aKIOYeHNE O KOPPEJAINOHHOIT 3aBHCUMOCTH HCCIEAYeMBIX
BEJIITIIH.
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15. Onpenennre BEIOOPOUHBIIT MHOKECTBEHHBIH KO3(DUITIEHT /1€ TepMITHAIINN

7

2 2 .
R =(R,,3.3) 10 MaTpuile BEHIOOPOUHBIX KOA(h(UIINEHTOB KOPPENSI, MPHBEIeHHOII B
11-m BoMpOCE.

16. JImsg xapakTepHCTHKHM, KaKOW B3alIMOCBSI3MI HCIIONB3YETCS YAaCTHBIN

KO3 UINEHT KOppesIm’?
17. Ompenennre BBIOOPOUHBIN YacTHBIN KO3 UIMEHT Koppemsunn Riszp 1o

MaTpHIle BEIOOPOUHKIX KO3 (UIINEHTOB KOPPETISAINN, prBeaeHHo B 11-M Bompoce.

18. TIpoBeprTe 3HAYMMOCTH YAaCTHOTO Ko3dduimeHra koppersmmu Risp,
HAlIGCHHOTO B TIPEIBIAYIIEM BOIpOce, IpU oO0beMe BHIOOpPKM n=19 u ypoBHE
sgayrmmocT o= (,05.
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rae L;- 4Ynciao CBS3OK (BHAOB IOBTOPSIOIIMXCS AIEMEHTOB) B OIEHKAX i-TO
HKCIEpPTa, #; — KOIMIECTBO 3IEMEHTOB B [-ii CBs3Ke AN i-rO 3KcIepTa (KOIMYECTBO
TIOBTOPSIEOIIIXCS 3JIEMEHTOB). ECIII HET CBSI3aHHBIX PAHIOB, TO 7; PAaBHO HYIIIO.

B mexoropoMm cwmeiciae ko3(pduimeHT KoHkopmaimmn W o CIYKHT Mepoii
obmmuoctn. Ormcanne kKoa(pduimeHTa koHKopaarmy Kennanap nnreparype MOKET
OrpaHMINBaThCS (OpMylaMil, B KOTOPHIX HE YUNTBHIBAIOTCSI CBSI3AHHBIE DAHTH, a
KpUTEpHNil OrpaHNuNBaeTcsl TpeOoBaHNEM cTpeMileHnst W K eInHHUIE, 4YTO
CYLIECTBEHHO 3aTPyAHSET €ro IIPaKTHUYeCKOoe ICI0Nb30BaHNe. B  abcomoTHOM
BEIpaKEHNNI W MOXET OKa3aThCsl OUeHb MaJbIM, HO €ro 3HaueHne Oyher
CTaTHCTHYECKN 3HAUNMBIM UL IIPOBEPKH TUIIOTE3B O PABHOMEPHOM PACIIPEeIIeHNN
paHroB (coriacimm paHXMPOBOK). BrrumcneHne ko3dduimeHra koHKopaamun 6e3
BBEJICHIISI TIONPABOYHBIX KO3(D(HMINIEHTOB M TPOBEPKN HA CTATHCTHUECKYIO
3HAYNMOCTb MOJKET IIPHMBECTH K CYI[€CTBEHHBIM OIINOKAM.

B ncnonpzoBanmm ko3dduunenr konkopmaimm KeHmgama MOXHO BBIAETUTH
ZIBa OTPaHIYECHII:

- HEBO3MOXHOCTh PACCUNTAaTh COINIACOBAHHOCTh MHEHHII SKCIIEPTOB IIO
KaX/10}1 IIepEMEHHOII B OTJ€JbHOCTI,

- Ko3pUIMEHT W3MeEpsieT COINIACOBAHHOCTh MHEHHII B CMBICIIE NX
KOPPENNPOBAHHOCTI, HO HE COBIIAIEHIL.

IIpumep pacuera ko3¢gpununeHTa KOHKOpAauHH. [[PoOMBBECTH SKCIIEPTHYIO
OIIEHKY WMHTErpaJbHOTO II0Ka3aTelsl, COCTOSIEro m3 n (aKTOpOB, IO CTEIeHHI
BEIPQKEHHOCTH Tpm3HaKa. VIcXomHble HaHHBIE: 4HciIo (aKTOpoBn = 6; UYHUCIO
SKCIIEPTOB m = 4.

Oman 1. Co30anue s3Kcnepmuoil Komuccuu. B 3KCTIEPTHYIO TPyIIly BOIUIO 4
SKCIIepTa.

Oman 2. COop MHeHUIl cneyuanicmos nymem aHKemHO20 ONpPOCaA.
OLeHKy CTEeNeHHM 3HA4NMOCTH TEXHNYECKNX IIapaMeTpPOB XOJOAIUIbHUKA JIJIS
IIOTPEOUTENEIT SKCIIEPTHl TPOM3BOAAT IIyTeM IIPHUCBOEHNSI MM PAHIOBOTO HOMEDA.
®dakTopy, KOTOPOMY SKCIEPT JAaeT HAMBBICHIYIO OIIEHKY, IPHCBAaNBaeTCs paHr .
Ecmn  »kcmepr 1mpi3HAEeT HECKONBKO (DaKTOPOB PAaBHO3HAUHBIMIL TO UM
IIPIICBANBAETCS OJMHAKOBBIII paHrOBBIII HoMep. Ha oOCHOBE qaHHBIX AHKETHOIO
OIIpOCa COCTABIISIETCS CBOAHAS MaTpHIlAa PAHTOB.

Oman 3. CocmaeneHtiie c600HOT Mampuybl PaH2os.

TaGmmnia 8.1 — MaTpuiia paHro

Uccnenyemslii Ennanimt OKCIIEPTHI

MIPI3HAK II3MEPEHII 1 2 3 4
X1 3 e 5 4
X2 5 6 3 4
X3 4 3 1 3
X4 1 1 3 1
X5 6 5 6 6
X 6 2 2 2 2
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n m

_ =1 L 8.4
A—lej— (8.4)

IIpoBepka MNPaBIILHOCTH COCTABIEHMS MATPUI[EI HA OCHOBE WCUNCIIEHINS
KOHTPOJIBHOM CyMMBI:

S (I+mxn_ (1+6)x6

oo 5 5 21

J-1

CyMma 110 cTOJIOIIaM MAaTpHUILI PaBHBEI MEXKy COOOI M KOHTPOJIBHOI CYMMEI,
3HAYNT MATPHIA COCTABIIEHA IIPABILILHO.

Oman 4. Ananuz snavumocmu ucciedyemvix axkmopos. B n1aHHOM IpuMepe
(bakTOpHI IO 3HAUNMOCTH PACTIPEEIILTICH CIEAYIOMIIM 00pa3oM (Tadi. 8.5).

Ta6nmma 8.5 — Pacnionoskenne (pakTopoB 10 3HAUNMOCTHI

(I)aKTOpBI X4 X6 X3 X1 X2 X5

gg};‘fgg 6.5 8 11 16.5 19 23

Cynina
PAHTOE

6.9

s [
11 \\\\

16,5

2

19 N

23

Xal¥ | X | Xy | X, Xs
DarTopE
Puc. 8.1. 'ucTorpaMma 1 IOJINTOH PAcIIpeIeNIeHIsT CyMM PaHTOB
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it = L =15,471

1
— X4 x6(6+1)—
io (6+1)

[3¥]

x 1

2 _
Bemncrenmeii X = 105471 CpaBHHM C TaOJIMYHLIM 3HA4eHHEM I YNCla
crernieHel cBo0oabl K = n-1 = 6-1 = 5 n npn 3agaHHOM ypoBHE 3HaunMocTH o = 0,05.

Tax xax X pacuetneii 15,471 > x* xp = 11,07 (cMm. craTucTHyecKne
Ttabmmiel), To W = 0.744 sBrseTcsl CTaTUCTHYECKHN 3HAYMMON OIEHKOI, a MoTomy
IIOJIy4EHHBIE PE3YNbTaThl IS NHTEIPAIBLHOIO IIOKA3aTeNsd MMEIOT CMBICI M MOTYT
HICTIONB30BATECS B JANbHEMINX HCCTIe]OBAHISIX.

Oman % Ilooecomosxa peuterus 9KCNepmHoii KOMUCCUL.
B pesynrrare IpOBEJEHHOIO MHCCIEIOBAHNSI HA OCHOBE SKCIIEPTHHIX OIEHOK
BBISICHIUIOCH, YTO HaNOOJIee BEIPaK€HHBIMI cBOiicTBaMu 001a1atoT GakTopsl X4, X5
n X2. CremoBaTelbHO, MAIBHEHNINNE NCCIEIOBAHIS HEOOXOANMO IPOBOANTE IIO
II3YUEHNIO 3THX CBOIicTB. Ha ocHOBe moiydeHnst cyMMHI paHroB (Tabi. 8.4) MOKHO
BBIUNCINTE II0Ka3aTellNl BECOMOCTH PACCMOTPEHHBIX (aKTOPOB € TeM, YTOOBI MX
MOKHO OBLIO YUHUTHIBAaTH IIPM KOMIUIEKCHOH OLeHKe. J[JIs1 5TOro Ipom3BeneM
cilefyiomue BeUNciIeHns . CHadana II0 KaXkAoMy ITapaMeTpy BBIUNCIINM BEJNYNHEL
0oOpaTHBIE CYMME PaHIOB, TO €CTh

1
xl:L:(),%, xzzi:(),OS X% =—=0.09 ,x4=L:0,15 , xS:L:O,04 ,
16,5 19 11 6,5 23

X :é:O,IZ.

OTO memnaercs AN TOrO, YTOOHI IIPUBECTI B COOTBETCTBHIE COJAEPIKAHIE CyMM
paHroB ko3(ddurmieHTaM BECOMOCTH. PacronokXmM IOMydYeHHBIE YHCiIa IO Mepe
yOBIBaHISL, CIIOKHIM MX, B3BECHM KaX[AO€ YNCJIO B IOIYYEHHOI CyMMeE, KOTOPYIO
npuMeM paBHoii 1 (Tabmn. 8.6).

Tabnuma 8.6 — B3BemeHHBIE 110 AKCIIEPTHBIM 3aKIIOUEHISIM TIePEeMEHHEIE

[lepemenHbIe (MPU3HAKN) Bemmmanmer, o6paTHEIE KoaddnurmenTsr
CyMMe paHI'OB BECOMOCTH ITApaMeTPOB
X4 0,15 0,29
X6 0,12 0,23
X3 0,09 0,18
X1 0,06 0,12
X2 0,05 0,10
X5 0,04 0,08
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JIabopaTopHas padota Ne 9
Pacuert counomerpuueckux kpurepueB B MS Excel (4 uaca)

Mean: V3yunurs npoReieHIe COIMOMETPIUECKOTO aHAIN3a MAJIBIX TPYIII

TeopeTnueckne cBeaeHHs1

Coyuomempuyeckuii Memoo - BUJ OTIpOca, HAIIPaBIEHHEII HA KOIIUECTBEHHOE
II3MEpEeHNe 1 aHAIN3 CTPYKTYPHl MEAKIIIHOCTHBIX OTHOIIEHNI B MAIIBIX COIMANLHBIX
Tpynnax IyTeM (pUKCAIN CpedN WIEHOB Mol IPYMIIBl CBs3eil MpeanodTeHHs B
CHTyalsIX BbIOOpa. OTHOCHUTCS K YHCIY SKCIIEPHMEHTAIBHEIX METOIOB M3yUEHI]
MaJbIX TPYIL

OcHo6HOe HasHaveHue: CIyKUT JMATHOCTHKE COCTOSIHILI B3aIMOOTHOIIEHMIT B
MaJbIX IpyNIax M KolulekTnBax. [IpeqHazHaueH Ais MOMydeHHs MHPOpMAIH O
CTPYKType CBsI3€il MKy WI€HAMI IPYIIBEl OTHOCUTEIBHO BHIIEIEHHOTO KPUTEPILL
C TIOMOIIBIO COIMOMETPHMUECKOIO0  MeTofa [JaeTcsl OINCaHHe CTPYKTYpPEI
B3aIIMOOTHOIIEHNII B TIpyIIle, KONMIECTBEHHAs] OLIEHKA (M3MEpeHNe) XapaKTepa
SMOLINOHANTBHBIX OTHOIIEHNIT MeXAy ee uleHaMH (UyBCTBA CHMIIATHI, HEIPIS3HN),
yCTaHABIMBAETCS MECTO B YKa3aHHOI CTPyKType, 3aHIMAaeMOe TeM IUIN HHBIM
yineHoM rpynnsl (Tadm. 1).

Obnacme npumeneHusn: NCTIONL3YETCS KaK CPeACTBO AKTHBHOIO YIIPABIEHI
TPYIIIOBOI JEATENBHOCTHIO. lIpnMeHsieTcss NIpM M3y4eHHH HHCTUTYLHOHAIBHBIX
MAaJBIX TPYMI, KOIUIEKTHMBOB I pabOTHl B 3KCTPEMANBHBEIX (M MPHOMIDKEHHBIX K
SKCTpeMANlbHEIM) YCIOBISIX, a Takke ToI[a, KOIZa XapaKTep SMOIMOHAIBLHBIX
B3aJIMOOTHOIIEHNIT OKA3bIBAET 3HAUNTENILHOE BIIISIHIE Ha PE3YyJIBETaTHl COBMECTHOIT
IeATeIbHOCTH. B NpHKIaHOM COIMMOJIOTHYECKOM HCCIEJOBAaHNN MOXKET OBITh
ICIIONB30BAH Hapsgy C JApyrUMH MeTOJaMH B KauecTBE OCHOBHOIO UM
BCIIOMOTATeNILHOTO. MICTIONE3yeTCsI TakKe B MENIIIHE IIPH MICCIIEIOBAHNN 1 TEPAIINI
HEBPO30B.

OcHo6Hble  HOpMamueHble mpebosanua: OOOCHOBAHHOCTh —IPHMEHEHIS
METOZIa, €ro aJeKBaTHOCTh M3y4aeMOMy OOBEKTY I XapaKTepy MHCCIeO0BaTeIbCKIIX
3aad. HapnexnHocTs COLINOMETPUIECKOIT TEXHHKIL JloBEpHUTETEHOCTE
B3alIMOOTHOIIEHNII JNCCIENOBAaTeNsd C PECIOHAECHTaMIL, X 3alHTEPECOBAHHOE
OTHOIIIEHNE K pe3ylbraTaM OIpoca, TIIATEIBHOCTh HMHTEPIPETAIlNN I10Iy4eHHBIX
naHHBEIX. K cormomeTprdaeckoMy MeTONy IIPeIbsBISIOTCS BCE OCHOBHBIE TPEOOBAHIIA
COIMAJIBHOTI'O SKCIIEPIMEHTA.

Ocpanudenusa 6 npumMereHul: MOXET IIPIMEHIThCS TOJIBKO B paMKax aHajm3a
CTPYKTYphl B3aMOOTHOIIEHNIT B MAalbIX (KOHTAKTHBEIX) TIpyImIaX, JOCTaTOYHO
CIIOXKVBIINXCSI, MMEIOIIX OIIBIT COBMECTHOI JEATENILHOCTH HE MeHee O MECSLEB.
JlaHHBIE, TIOJly4eHHBIE C €r0 NCIIONB30BAHNEM, HEJB3sl PaCCMATPNBATh KAaK IIOJIHYIO
KapTHHYy BHYTPHUIPYINIOBLIX OTHOIIEHNII, OHA OIPAHNUYMBAETCSI BBIAEIEHHBIMI
KpUTEpUSIMI,  CYIIECTBYET HEOOXOAMMOCTh JIOIIOJHEHNS JaHHBIX JPyTHUMI
criocobaMmn  cOopa mH(OpMAImy, OCOOEHHO TIpM BHIPAaOOTKE IPAKTHUIECKIX
PEKOMEHIATINIL

IIpoecpamma npoeedenus coyuomempuyeckoco onpoca. Ocoboe BHIMaHIE
yAEIeTCSl IpeIBapUTEIBHOMY 3HAKOMCTBY C IPYNIIOH, TOYHOMY OIIPEJENIEHIIO
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T d 9~ G vecroson Excel

fagman Borasxa Pazmercs Crpamaue Dopmy e Danrimee Peueszuposanne Ena
) ' AT 8 e — | = 5 "
\] : Calibri -1 - A a = ! =T OBuywit .
b‘mmu} Xry- - A==k B W% m BN s
= o)
bydep obmera 1a Wpne - Bripatrennanae . Ynene 3
____o0 _-& &
A B C D E F G H
1 N2 |Damuamm uenbiTyembix 1 2 3 5 6
2 1 |Agownacses -1 1 1 -1
3 2 |baukoea 1 -1 1
4 3 |loepuxoe 1 1 -1 -1
5 4 |Qybususo 1 -1 1
6 5 |Ewmoeso -1
7 6 |3opak 1 -1 1 -1
8

Puc. 9.1. IlepBeiii mar o6paboTKN COIMOMETPUUECKIIX JaHHBIX

Hipke non daMiniisiMi MOJCYUTHIBAEM YNCIO TOTYYSHHBIX IMOJOKUTETBHBIX
roJI0coB, (popMyna OyIeT NMeTh BUI:

=CUETECIIN(C2:C7;1)

rae C2:C7 nuana3oH sTaeeK, 3Ha4eHI B KOTOPBIX HEOOXOANMO BEUUCINTh, 1 —
MOKa3aTeNb IOJOKUTEIBHOIO OTHOIIEHMSI OHOTO YeJIOBeKa K JPyroMy B HalleM
HICCIIEOBAHMIL

Jlns Toro utoOwl He AyOmMpoBaTh (GOPMyTy IO KaKABIM YYAaCTHHKOM, €€
MOJKHO «PACTSIHYTB», BBIIEIHNB sUeiiky cojepikamyo (opMyIly, a IOsSBHBIIEICS
YEePHBIIT MapKep 3aIlONHEHI TIOTSHY Th BIIPaBo. (cM. puc. 9.2)

Jlanee TMOACUNTHIBAIOT KOJIUECTBO TOJTYYEHHBIX HETATHBHBIX IONOCOB. [Ipn
sTOM opMmyna OyaeT IMETh BT

=CUETECIIU(C2:C7;-1)

rae C2:C7 nuamazoH sdeeK, 3HAYeHISI B KOTOPBIX HEOOXOANMO BBIUNMCINTE, -1 —
MOKa3aTeNlb OTPHIATENILHOTO OTHOINEHNS OIHOTO YeJIoBeka K JAPYroMy B HallleM
HICCIIEOBAHMNIL

DL > A /|

A EhE  C D

19

20

21

22 1

23 1

24 ‘ 2

25

26 R
2z Mapkep
29 3anosfiHeHua

Puc. 9.2 Mapkep aBTO3aIIOIHEHI sSTUEEK
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AHaIOTMUHBIM ~ 00pa3oM  TIOACUMTHIBAEM  KONIYECTBO BO3MOJKHBIX HE
CHeNMaHHBIX (MIPONTHOPMPOBAHHEIX) BHIOOPOB, T.€. IYCTHIX sueek. Dopmyia
MpHOOPETET CIEAYIOUIIIT BUA:

=CUUTATBIIYCTOTEI(C2:H7)-6

rae C2:H7 — pmamazoH sideek, B KOTOPBIX HEOOXOONMO IIPOM3BECTH pacyer, O-
KOJIIUECTBO YYACTHHKOB COLMOMETPHUECKOrO OIpoca (TIOCKONbKY YUYacTHHK He
MOKeT BEIOpaTh cam ceds).

CymMma aBGCOTIOTHO BCEX BEIOOPOB MOKET OBITH NOCUHTaHA 10 hopMyIIe:

=CYMM(C11:C12)

rae C11:C12 suelikn ¢ KOJIMYIEeCTBOM CJENIaHHBIX I IIPONTHOPHPOBAHHBIX BHIOOPOB

(cm. puc. 9.5).
G31 - L

B r G H ! !
L @armanm neneiryewsix | ¥ 6 omad\ " danmmse *-"
4 Adanacsec 1 1 2 2
1 Anasiwa -1 1 2 1
4 loepuros -1 -1 2 2
5 Avfarania 1 1 1 2 1
kb Fwoso -1 0 1
7T Supww 1 -1 1 -1 2 2
g Yueno nony % 4 1 2 1 1 1
§  Yuena noay " 0 3 0 2 4 o
11 Omamye yuvaemmuna a4 -2 2 1 -3/ 1
12 Cymama cdenawmow ooibopon 19
12 Cyrma mocdenarmowr 00i60poc 11
11 Cymmo acey soariommnccx asbopos 30

Puc. 9.5. UetBepThlii mar o0paboTKN COIMMOMETPIIECKIX JaHHBIX

A B C D E F G Fre—)
jm |Darmanm ucnsiryempix 1 2 3 4 ] ey
|1 |Adanacees i -1 1 | I\ il
| 2 [Buncsa L1 1 1
| 3 |[feapuroe . 1 -1 -1}
| 4 | . 1 -1 1
| 5 |[Ewoan | 1
| 6 ||Sapax | 1 A 1 -1
Yueno namywennex “+” zonocoe | a4 Al 2| 1] T S
Yueno nanyyenworx =" zonocoe 0 3 0 2 4 0
Cmamyec yvacmuuxa 4 -2 2 -1 -3 1
Cymma cdenamnmoix soibopos 19
Cymma necdenanmoix evibopoe 11
Cyrama ecex eosmommix evibopoe | 30

Puc. 9.6. IlepBblil mar TpaHCTIOHNPOBAHNS TaOIIIITHL

Jlanee HaM HEOOXOIIMO TIOCUNTATH KOJIIUECTBO B3ANMHBIX MOJOKUTETBHBIX 1
OTPHLIATENBHEIX BEIOOPOB. J[J151 TOM e HeoGXOMMO TPaHCIIOHIPOBATEH TaOIIMITy .
BrigensieM [nanazoH siaeek, XapaKTepn3yIoNiii BEIOOPH YUACTHIKOB COITNIOMETPUN
I KomHpyeM X (cM. puc. 6).
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Tabnura B 3epkanbHOM 0TOOpakeHNH TTOSIBUTCS B yKa3aHHOM MecTe (puc 9.9)

A 8 o £ ¥ G - 1 |
AL T ——— 1 g ) 3 I 6 e |
2 1 |Adowoross 1 1 1 -1 2 | 2
3 2 [sauwose 1 | 1 | 2 | 1
4 3 [fowpuwon 1 1 -3 -1 2 | 2
5 2 pSuwume 1 -1 1 2 1
& 5 |Exoeo 1 i 0 1
T 6 |Jopss 1 -1 1 | -1 2 | 2
L] Nuzno newy 5 4 1 2 1 1 1 |
9 Y0 nompuenmen - 2000000 0 :} 0 2 4 o
10 Crmavmpe yvocmning 4 - 2 <1 -3 1
13 Cywwwa cd Eop 19
12 |[Cysava necdenanmen osbopos 1
13 Cysmmo ecex sosmamnon sobopoe 30
4
15 | @ammanm nonmTyemux Adanocsebawaooe_|laapuwe [pSuwumolfwooo  |Jopax |
16 1 1 1 ! 1
7 2 -1 1 -1 -1
18 3 1 1
19 4 1 -4 -1
20 5 -1 1 -1 -1 -3
b3 | ® |

v
-

cieNaHo B rpymme. J[1s 3Toro ucnois3yeM GopMyity Bujaa:

Puc. 9.9. BeraBka TpaHCTIOHNPOBAHHON TaOIHIIBL

I[anee HaM HCO6XOI[I/IMO, BBIUYHMCINTB, CKOJIBKO B3aMMHBIX BBI60pOB OBLIO

=ECJIN(C2=C16:(ECIIF(C2=0:0;1)):0)

rae C2 n Cl6 suelikn, KOTOphle HEOOXOAMMO CpaBHUTH Mexay coboil. JlaHHEIE,
IIONly4YeHHBIE B sMUEHKE «pacTArMBaeM» I10 KOJINYECTBY YYACTHHKOB OOCIENyeMOIl
rpynel. B monyumnBmeiicss TaOimie B3alMHbBIE BBEIOOPEL O0TOOpakaroTcs mudpoit 1

(cm. puc 9.10).
| K26 = A
A 8 o E ¥ G H 1 1

1 N2 @anmAui Wenbryemeix 2 2 3 4 5 & > o »*
2 1 Adowacses 1 -1 2 2
1 7 [amsoan 1 -1 1 2 1
4 7 |fospuwon 1 -1 -1 2 2
4 4 UpBuawo | -1 1 2 1
b 5 jEwcoo i 0 1
! & |dopou 3 3 1 -1 2 2
y Yueno nomy 4 3 1 2 1 1 1
4 Hueno namywenneax " Janocoe 0 3 0 2 a 0|

1 Cmomye ywacmmuna 3 2 2 -1 -3 |

11 Cymida edenannsw ondopoa 19

12 Cymiaa HEedemammnn oadopoo 11

11 Cymiaa ocex WSop 30

14

1% DINMAMM MCOBITYCMBIX ADaicco{ltuioaa |l agpuwoo UyBuano Laesce  |Jopan

1L 1 4 1 1 1

1/ 2 3 1 1 1

18 3 3 1

14 9 3 p 1

20 3 ! i i 1 1

21 6 1

ad

24 K-ba'-ccn:: Y 0 i 1 9 )

25 |6mavoa 0 0 ) 0 0 0

% |rospusco 1 0 0 0 0 0 |
27 Lyburnno b1 0 [0 ¢ 2 9

28 Laccco 0 0 e 0 9 0

28 Jopnx 0 0 0 0 3 0

Puc. 9.10. 1IaTe1i1 mar o6paboTKN COIMOMETPIYECKIX JaHHBIX
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B Hamem IMpUMEPE SMOIMOHAIIbHAsA SKCIIAaHCIBHOCTD 6YI[CT IMETE BUJI .
=(12+J2)/(6-1)

OCHOBHBIMHI TPYMITOBBIMHI HHIEKCAMI SIBIISIOTCSI MHAEKCH HKCIIAHCHBHOCTHU
TPYMIIBI ¥ B3aMHOCTH BEIOOPOB (CIUTOUE€HHOCTH I'PYIIITHL ).
W Haexc rpynrnoBoii 5KCIaHCHUBHOCTH IOACUNTHIBACTCS 110 POpMyIIE:

+ —
_Vy+Vy
cp ,
N
rae V+N — cymma BceX ITOJIOKHUTEIBHBIX BEIOOPOB B rpymie, V-N — cymma

BCEX OTPUIATEIBHBIX BEIOOPOB, N — UNCIEHHOCTD I'PYIIIIHL.
JI11 Haero ycciaeaoBaHms IoACYeT OyIeT NMeTh BI:

=CYMM(I2:7)/6

3 9.3)

rae 12:]7 — quamnazoH sueek, B KOTOPBIX OTPakeHbl BEIOOPH! YIACTHIKOB I'PYIIIIBL

WHgexc NICHXOIOrMYecKoil B3alMHOCTH BBIOOPOB XapaKTepH3yeT CTeIleHb
IpynIoBoii crioueHHOCT. OH BHIPAaXaeT «yAEJNBbHBEII BeC» IOJNOKUTEIBHOMN
B3aIMHOCTI OTHOINIIEHMII B KOJUIEKTHBE II0 OTHOIIEHIIO K IJI€aJIbHOI BO3MOXKHOI
B3aIMHOCTH (B %). OnpepernsieTcs 1o hopmyIie:

100X ™

ep 1 (9.4)

EN(N_D

rje X+ - 4HCII0 MMONOKUTEIBHEIX B3aIMHBIX CBsI3ei B IpyTIIie.
B namewm ciyuae ¢opmyia mojcuera OyaeT IMeTh B

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

B 1memoM BBUNCIEHNSI II0 HTOIAaM COLIMOMETPHUYECKOIO OIIpoca MOTYT
BRITJIIIETH CIeAyIOnMM o0pazoM (cM. puc. 9.12)
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Ilopsigok BBINIOJTHEHHS PadOTHI
[Io pesynbrataM ompoca rpymisl 3 10 ygacTHumkoB (Tadm 9.1) mpoectn
COLMOMETPNYECKYIO OLIEHKY IIPEAIIOUTeHNII WIEHOB TIpyMIbl. CoIMoMaTpHIYy
3aIIOJIHITH IIPOM3BOJILHO. [IprMep 3aronHe His COIMOMATPHIIEL TI0Ka3aH B Ta01.9.2.

Tabmmma 9.1 — Tabnnma coronpoca

NoNe | @amvoumnn wineHoB | Ecnu 651 KOMIEKTHB 3aHOBO (pOPMUIpPOBAICS, ¢ KeM OBl
II1 TPYIIIIEL BBl XOTEJIN CHOBA OBITh B OJ{HOI I'pymIe?
B nepryro Bo BTOpyIO B tpeTrio
o4yepensb odepenb ouepenb
1. | AmexceeB
2. |Bopucor
3. |BonkoB
4. |I'pubor
5. (Jémun
6. |ExoB
7. | KyxoB
8. | 3aiieB
9. |Hcaes
10. | Koponés
TaGnura 9.2 — IIpuMep 3am0IHEHIT COITIIOMATPHUIIBL
NeNe 1 | KTo BEIGHpaeT Koro BriOnparor
(pamrnm)
1 2 | 3| 4 5 6 7 8 | 9 | 10
1. AJekceeB | 2 e 3 -
2. |Bopucor . ©) D) ©)
3. |Boukos \3/ ] 1 2
4. |I'pnGoB 3 . Q) @)
5.  |HévmH Y2 | | A
6. |ExoB i 2 I 3
74 JKyxoB (3 1 3 )
8. 3alieB i | 2 | 3
9. HcaeB @ @) €
10. |Koponér @) O] 3 |

KoHTpo/ibHBIE BONPOCHI
Ormmnre 0coGeHHOCTHI COLMOMETPIUECKIIX BIIOB HCCIIEOBAHNIL.
HasoBure 0CHOBHBIE COIMOMETPIUYECKIIE KPUTEPHL.
OCHOBHEIE 3Tallbl IOCTPOEHIS COLINOMETPIUECKOI MATPHIIBL
AJITOpUTM COCTABIIEHISI COIINIOIPAMMBEL.
Kak paccunraTh BEpXHIOKO I HIDKHIOIO IPaHNIIBI CTpaT.
YT0 Takoe COIMOMeTpNIECKHII cTaTyc ?
YTO Takoe NHAEKC SMOINIOHAIBHOI 3KCITAHCIBHOCTN?
YT0 Takoe NHAEKC IPYNIIOBOII CITIOUEHHOCTH ?

QOISO (S R LY 1 B



I:L.'pnmqecme IHATMEHEHT 1qzvmepm{_f @pnzz:aﬂa I1d SETHPEX ERISOPOK
THCTEHHOCTRED m<d
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=2 n=3
- P — n ;_,.-’ o P
00 |1000 00 1,000 0.0 1,000 0141
06 0,958 0.6 0958 03 0,992 0,105
12 834 10 0210 06 0928 0,094
18 (0792 18 | 0727 09 |os00 0,077
24 0,625 22 0,603 12 0,500 0,068
30 0 542 2.6 0,524 15 0,754 0,054
3G 0 458 34 0446 18 0677 0,052
42 0,375 38 |0342 21 |osa 0.036
48 0208 2 0,300 2 i 0524 0,033
54 0,167 50 0207 27 0508 0,019
&0 0042 54 0,175 30 D432 0014
58 D 148 33 0389 0,012
6.6 0,075 36 0355 00069
70 0,054 39 0324 0.0062
74 |0033 45 |oz42 0,0027
82 0017 48 0200 0, 0015
9.0 0.0017 51 0.150 000094
54 |o01ss 120 | 0000072
EpurEueckne snavesns kpaTeprd + CTRE0IeHTA
3 P
¥ Q03 Q01 a oas oo1 QoJ 0ol o aJ Q01
1 | 12706 | 63656 | 24 | 2064 | 2797 | 48 | 2.011 | 2682 1994 | 2647
2 | 4302 | 9924 | 25 | 2059 | 2787 | 49 | 2010 | 2630 1993 | 2645
3 3182 | 5840 | 26 | 2059 | 2778 | 50 | 200% | 2678 1993 | 2645
4 | 2776 | aedd | 27 | 2052 | 2771 | 51 | 2008 | 2676 1993 | 2644
5 | 2570 | 4032 | 28 | 2048 | 2763 | 52 | 2007 | 2674 1992 | 2643
6 | 2446 | 3 29 | 2045 | 2756 | 53 | 2006 | 2672 1992 | 2642
7 | 2365 | 3499 | 30 | 2042 | 2750 | 54 | 2.005 | 2670 1992 | 2641
3 | 2306 | 3355 | 31 | 2040 | 2744 | 55 | 2004 | 2668 1991 | 2640
9 2262 | 325 32 | 2036 | 2738 | 56 | 2003 | 2667 1990 | 2639
I | 2228 | 3169 | 33 | 2035 | 2733 | 57 | 2002 | 2665 1990 | 2638
11 | 2201 | 3,105 | 34 | 2032 | 2.728 | 58 | 2.002 | 2,663 1987 | 2.632
2 | 2179 | 3084 | 35 | 2030 | 2724 | 59 | 2001 | 2662 1984 | 2626
2160 | 3112 | 36 | 2028 | 2719 | & 2000 | 2680 1982 | 2621
2145 | 2976 | 37 | 202 | 2715 2000 | 2659 1980 | 2617
2131 | 2547 | 38 | 2024 | 2712 1999 | 2657 1578 | 2614
2119 | 2920 | 39 | 2023 | 2708 1598 | 2656 | 14D | 1977 | 2611
2110 | 2398 | 40 [ 2021 | 2704 1998 | 2655 | 150 | 1976 | 2609
2,101 2878 | 41 | 2020 | 2701 1997 | 2654 | 200 | 1972 | 2.601
2003 | 2861 | 42 | 2018 | 2698 1997 | 2652 | 250 [ 1969 | 2597
2 0B6 2845 | 43 | 2017 | 2695 19% | 2651 | 300 | 1968 | 2592
2079 2831 | 44 | 2015 | 2692 1995 | 2650 | 350 | 1967 | 2592
2074 | 2819 | 45 | 2014 | 2650 1995 | 2649 | 400 | 19659 | 2588
2 D69 2807 | 46 | 2013 | 2687 1594 | 2648 | 500 | 19640 | 2785




