NMPEOBAPUTEJIbHAA OBPABOTKA SKCMNMEPUMEHTAJIbHbIX OAHHbIX

Llenb : wu3yyeHne MeTOOAMKN npeaBapuUTenbHOM 00paboTkM aKcnepuMeHTarnbHbIX
NaHHbIX, NMPOBEPKM COOTBETCTBUSA pacnpeneneHns pesynbtatoB  U3MEepPeHust 3aKoHY
HOpPMarbHOrO  pacnpeneneHusi; U3ydeHne BO3MOXHOCTeN naketa MS Excel npw
peLLeHnn 3aaay cTaTUCTUYEecKo obpaboTky aKCnepMMeHTanbHbIX JaHHbIX.



OOLwme nonoxeHunsa

OG1BLeKT uccrnegoBaHus — 3TO OOLEKT NIOOOro XxapakTepa, KOTOpbIN U3y4HaeTcs
aKcrnepumeHTarnbHbIM MyTEM.

AKCNEepUMEeHT — 3TO creumansHbiM 06pa3oM CrinaHMpoBaHHAA U opraHM3oBaHHas
npouenypa M3yydeHUst HeKOTOpOro obObekTa wuccrnegoBaHWUs, NPU KOTOPOW Ha 3TOT
0OBbEKT OKasbIiBalOT 3anfaHNpOBaHHbIE BO3OENCTBUSA U PETNCTPUPYIOT €ro peakumn Ha
3TU BO3OENCTBUA.

3KCI1€pVIMeHTaJ1beIe AdHHbI€ — BCE NCXOAHbIE N BbIXOAHbIE YNCJTIOBbIE JaHHbIE
JKCriepumMmeHTa, cBegeHHbIE B Ta6n|/|uy IKCrNepunmMeHTalibHbIX OaHHbIX.

OGOpaboTka 3aKcnepuMeHTasibHbIX AaHHbIX — PasfiMyHble METOAbl MOCTPOEHUS
MaremaTuyeckon mogenn obbekTa no Tabnuue aKcnepumMeHTarnbHbIX JaHHbIX.



OCHOBHbIM «pPaboO4YUM MHCTPYMEHTOM» dKCnepumMeHTa n obpaboTku
9KCNnepuMeHTaribHbIX JaHHbIX SIBNSIETCSA YMCNEHHOE 3Ha4YeHNEe hakTopoB
BO3ENCTBMA N OTKINKOB OObEeKTa nccrnegoBaHus, T. €. YUCHO.

Yuncna npu akcnepnMeHTUPOoBaHNK NonyYatoT Tpemsi crnocobamu:
(] noAcyeTomMm;
*[] U3MepeHuewm;
*[] MeToAOM 3KCMepPTHbIX OLEeHOK.

NMpepgBaputenoHaa obpaboTka pe3ynbTaToB N3MEPEHUN U HabnaeHun
Heobxoauma gns Toro, YTobbl B AaribHEULLEM, NPU NOCTPOEHNN AMMUPUYECKUX
3aBucmmocTteun, 3appeKTMBHO MUCNONb30BaTb CTaTUCTUYECKUE MeTOoAbl U
KOPPEKTHO aHarm3npoBaTb NONy4YeHHble pe3ynbTaThbl.



CopepxaHue npeasaputenbHoO 00paboTkM B OCHOBHOM COCTOUT B
OTCeMBaHMUU rpyObIX MOrpeLlHOCTen M3MEPEHUs UMK NOrpeLlHOCTEN,
Hen3beXxHo NMeloLLMX MEeCTO Npu NepenucbiBaHnn LMdPoBOro Matepuana unu npu
BBOJE Ha aNEeKTPOHHbIN HocUTENb MHopMaLMK.

Opyrnm BaxXHbIM MOMEHTOM npeaBapuTenbHON 00paboTkM AaHHbIX
ABMNSAETCS NPOBepKa COOTBETCTBUSA pacrpenerieHns pesynsraTtoB NU3MepeHust 3aKoHy
HOpManbLHOro pacnpenernieHus.

Ecnu aTa runoTtesa Henpuemnema, To crieayeT onpeaennTb, KakoMy 3aKOoHY
pacnpegeneHns nNoagYNHATCSH OMbITHble AaHHble, U, €CRU 3TO BO3MOXHO,
npeobpasoBaTb AaHHOe pacnpenerieHMe K HopMaribHOMY.

TonbKo nocne BbINOMHEHUSI MEPEYUCNEHHbIX BbilLe onepauuii MOXHO
NePenTN K NOCTPOEHUI0 IMNUPUYEcKux popmyn, NpMMeHsisi, Hanpumep,
MeTo 4 HaUMEHbLUUX KBagpaToB.



[eHepanbHasi COBOKYMHOCTb M BblOOpKa.

FeHepaanoFl Ha3blBalOT COBOKYIMNHOCTb BCEX MbICJTUMbIX HabnoaeHun,
KOTOpPbIE MOIT1N Obl ObITb caenaHbl npn JgaHHOM KOMIJ1EKCe ycn0|3|/||7|.

[eHepanbHasg COBOKYMHOCTb MOXET ObITb KOHEYHON U BECKOHEYHOM.

ﬂ,aHHOe BblLLUE oOrnpeaeneHne reHepaanof/'l COBOKYIMHOCTN MOXHO CHUTaTb CTPOro
060CHOBaHHbIM TONbLKO ANS CcinydaeB KOHEYHbIX reHepalribHbIX COBOKyI'IHOCTeVI



[ToHATME OECKOHEeYHOW reHepanbHOW COBOKYMHOCTU — MaTemMaTuyeckas
abcTpakuus, Kak n npeactaBneHne 0 ToM, YTO USMEPUTL CIydYanHYH BENUYMHY MOXHO
OeckoHe4YyHoe 4Yncno pas.

MpubnuxeHHO GeCKOHEYHYI TeHeparnbHYl0 COBOKYMHOCTb MOXHO MCTOJIKOBaTb Kak
npeaenbHbIA Crly4Yal KOHEYHOW reHepanbHOW COBOKYMHOCTM.

B pacnopsbkeHun uccrnegoBartensi, HUKorga HeT reHepasibHOM COBOKYNMHOCTU, OH
MOXET Mn3yvyaTtb TONbLKO €€ 4YacTb — BbIDOPKY, NpuyemM Bcerga OorpaHUYeHHOoro
obbema.

Pe3ynbratbl orpaHudeHHOro psga HabnogeHum X, X, ..., X, CrlydanHoW BENUYUHDI
MOXXHO paccMmaTpuBaTb Kak BbIOOPKY M3 JaHHOW reHepasribHOW COBOKYMHOCTM.



Bbibopka — noboe KoHeYHoe NOoAMHOXECTBO reHepanbHOW COBOKYMHOCTH,
npeaHas3HadYeHHoe Anst HeNnoCcpeaCTBEHHbIX UCCeaoBaHun,

O6GBLemM — KoNM4YecTBO €AMHUL, B BbIDOPKE.

OTHOCUTENBLHOMN YacTOTOMN CNy4YanHoro cobbITns, Ha3bIBAETCS OTHOLLEHME Yucna
NOSIBMEHMI 3TOro COBLITUSA K OBLLEMY YNCIY NMPOU3BEAEHHLIX MCMbITAHUN.

Mepa 06bEKTUBHOM BO3MOXHOCTU CIly4anHOro cobbliTus HasblBaeTCs
BEPOATHOCTbLIO CITy4anHbIX COObITUN.

OTHOCUTESbHbIE YaCcTOTbl MOXXHO MCTOSIKOBaThb KakK BbIOOPOYHbIE 3HaYeHUs
BEPOATHOCTEN CIlydanHbIX COObITUN.



XapaKkTepucTukm TeopeTUYecKUX pacnpemenieHun MOXHO paccmaTpuBaTtbh Kak
XapaKTepPUCTUKM, CYLLECTBYIOLLNE B reHepanbHOW COBOKYMHOCTU, a XapakTepUCTUKN
3IMNUPUYECKUX pacnpeaeneHun — kak BbIOOPOUYHbIe XapaKTepPUCTUKM.

MoxxHO BCTPETUTb U APYTYHO TEPMUHOJTOIIO. XapaKTepI/ICTI/IKI/I pacrpeneneHnd
BepOFlTHOCTeI7I B reHepaanoﬁ COBOKYINHOCTWU HaA3blBAlOT NMNapamMmeTpamMum, a
BbI60pO‘-IHbIe (amnmpmqecme) 3Ha4YEeHNA XapakKTepunctmnk — oueHkamum musiun
CTaTUCTUKaMMWN.

MapameTpbl 0003HavalTCA OykBamMKu rpedeckoro andasnta, a OLEHKN —
COOTBETCTBYIOLLIMMU OyKBaMK naTUHCKoro andasuTa.



UcxoaHbIMU AaHHBIMU NPU OLUEHMBaAHUU, Kak WU Npu NpoBepke nodbix
NpeanonoXeHnn (CTaTUCTUYECKUX FUMNOTE3), KacarlolMXcsl HEN3BECTHOrO
pacnpegeneHnsa cny4yamHon BenUYMHbI MOTYT ObiTb NNLWb TOMNbKO Te pesynbTaThl
HabnNaeHnn, KOTopble ObiNK NonyvYeHsbl B xoae NpoBeAeHUs onbITOB (Ha BbIOOpKe
orpaHnYeHHoro obbema).

[Mpuyem npeaBapuTenbHasas obpaboTKa 3KCNepUMeHTanbHbIX OaHHbIX OObIYHO
Ha4yMHaeTcA C noac4yera TeX WUMU MHbIX (PYHKUMA OT pe3ynbTaToB
HabnoaeHMn (CTaTUCTUK).



OueHuBaHue — onpegeneHne NpPMBAMXeHHOro 3Ha4eHNs HeU3BECTHOIO
napamMeTpa reHepanbHOM COBOKYNHOCTU MO pesyrnsrataMm HabnogeHun.

K oueHkam npeobaBnaioTcss TpeboBaHUS COCTOATENIbHOCTU, HECMELUeHHOCTM,
acdhdeKkTUBHOCTM.

CocTosiTenbHast oLeHKa — OLeHKa, CX0asILLasical No BEPOATHOCTU K 3HAYEHUIO
oUeHMBaeMoro napameTpa npu 6esrpaHM4yHOM BoO3pacTaHun obbema BbIOOPKN.

HecmMelleHHan oLeHKa — oLieHKa, MaTeMaTU4yeckoe oXxXuaaHue KOTopon paBHO
3Ha4YeHMIO OLIEHMBaEMOro napamerpa.

OueHka napameTpa HasbiBaeTcs athheKTUBHON, eCnn cpeau NPoUnX OLIEHOK TOro Xe
napamMmeTpa OHa obnagaeT HauMeHbLUen aucrnepcuen.



BbluncrnieHue xapakTepucTUK aMNMpUYecKnx pacnpeaeneHnm (BbIOPOUYHbIX
XapaKTepUCTHUK).

34ech 1 B AanbHenwemM peyb UOET TONbKO O HEMPEPbLIBHO pacrnpeaeneHHbIX CryYanHblX
BENMYNHAX.

[lycTb nmeeTca orpaHUYeHHbIn psag HabnwogeHUn X,, X,, ..., X, Cry4anHou
BenuymHbl. CpegHee 3HavyeHue HabnogaemMoro npusHaka onpegenseTcsa no gpopmyne

__E” |
X_néx’

rae N — KOSIMYecTBO X; 3Ha4YeHU BbIBOPKN unn obbem BbIOOPKY;
X; - pe3ynsrat u3amepeHus i-u eauHULbI.

Takum obpasom, x npencraBnseT cobom amnmpudeckoe nnmn BeldOPOYHOE CcpeaHee.
Ecnu BbluMCneHO cpefHee, TO NErko HanTu OTKIIOHEHME KaXKaoro HabnogeHns ort
cpegHero

d =Xx —X.



10 _
Bennuunny 82 = —Z:(XI — X)2
Ni=1

Ha3bIBAKOT AUCMEPCUEN UMMN BTOPbLIM LIEHTPanbHbIM MOMEHTOM 3MMNUPUYECKOIO
pacnpegeneHusa S2 = m,,.

B cny4yae ogHOMEPHOro aMnMpmUYecKoro pacnpeneneHnst npon3BosSibHbIM MOMEHTOM
nopsigka k HasblBaeTcs cymma k-x cteneHen OTKIOHEHUN pe3ynbTaTtoB HabnoaeHUn oT
NPON3BONbLHOIO Yncna ¢, geneHHas Ha o6bemM BbIGOPKU N:

10 K
rnk:ﬁé(xi - X)

roe K MoXeT npuHMMaTh Nodble 3Ha4eHnsa HaTyparbHOro psiga Ymcen.
[lepBbIN LEeHTpPanbHbLIN MOMEHT

1.0 _
mlzﬁzi(xi —X)

n
<\ 2
BTopou ueHTpanbHbIN MOMEHT rnZ — ﬁ Z (XI o X)
=1



HecMmelleHHyo oueHKy ans S 2 (unu 02 - aucnepeust TEOPETUHECKOro
pacrnpeneneHnsa) MoXHO HanT no dopmyne

S —Z(X X)*
-1
Bbibopo4yHble cpeaHekBagpaTUYeCKMe OTKIIOHEHUST COOTBETCTBEHHO

MOryT ObITb HaNLEHbI MO popmynam
C C2. 2
=157, S=1v5".



N3 Apyrnx MOMEHTOB 4alle BCEero UCnoJib3yroT MOMEHTbI TPETbETO U
YeTBEepPTOro nopdaanka.

1n _\3 N .
M= 2§ = %) m4=%§(>g ~ X)

BbibopoyHoe 3HayeHue koaddpuumeHTa Bapuauum V, sBnsaroLeecs Mepon
OTHOCUTENBbHON N3MEHYNBOCTM HabNgaemMon criydamHon BenmunHbl B %, onpeaenstoT

no cpopmyne

X

[Ona HopmManbHbIX U BIIN3KMX K HOpMarnbHOMY pacnpeaesieHnn nokasatens V cnyxuT
NHONKATOPOM OOHOPOLHOCTU BbIOOPOYHLIX HABNIOAEHN: NPUHATO CYUTATL, YTO NpU
BbINOMHMUMOCTN HepaBeHCcTBa V < 33 % BblbOpKa ABMSAETCH KONMUMYEeCTBEHHO
OAHOPOAHOM MO AAaHHOMY NMPU3HAKY.

V =—-100%.



Bbl60p0‘-IHbIe 3Ha4YEeHNA XapaKTeEPUCTUK pacnpegereHnda nMmeet
CMbICJT BbIMUCIATL TOJIbKO B Cllydae, eCliv BbIGOpKa ABINAETCA CﬂyanZHOIZ.

OObI4HO Ha NpakTuke Habngaemble 3HAYEHUS X4, Xy, ..., X, BENIMYMHbBI CIlyYanHble U
OTKNOHEHUS UX OT cpeaHero 3Ha4YeHnst 0bycrnoBneHbl MNOrpPeLIHOCTAMU U3MEPEHUSA U T.
0. B cBol oyepenb, MorpewHoCcTn — pesynbrat 4encTBMA MHOMMX oakTopos.

Ecnn nmeetr mecTto Takou penkuMn criydan, Korga B pacrnopsixeHuu uccriegosartens
NMeeTCA BCA reHepasribHas COBOKYMHOCTb U HeOBXoAMMO caenaTb U3 Hee BbIDOPKY, TO
NCNOSb3YHT OANH N3 METOAO0B paHAoMMU3aumn (criydamHoro Boibopa).



OTceB rpyobix norpeLwHocTen.

MOoOXXHO BCTpPeTUTb B0sIbLLIOE KOMMMYECTBO PasfiMyHbIX peKoMeHZaumMn ans nposeaeHus
oTceBa rpyObIX MNorpelHocTen HabnwogeHus (aHoMasribHbIX 3HaAYeHun).

PaccmoTpum Haubornee npocTtoM MeTon OTceBa rpyoObix norpewHocTten. Ecnn e

pacnopsiXeHnn aKcrepnmMeHTaTopa nmeeTcs BbIoopka HEOONbLLIOro 06bemMa, TO MOXHO
BOCMOMNb30BaTbCA METOAOM BbIYMCIIEHUS MaKCUMarnbHOrO OTHOCUTESTbHOMO

OTKITOHEHUS:
B Xmin(max) — X

T < (2

A€ Xminmax) - KPAWHWIA (HanbONbLWMN UMM HaMEHbLUWMI) 3NEMEHT BbIOOPKK, NO
KOTOPOW NOAYUTLIBAETCA X, S U T, BbIYUCIIEHHOW NPU AOBEPUTENBHON BEPOATHOCTU P =
1-a.



Takum obpasom, Ans BblAeneHus aHoManbHOro 3Ha4eHUs BblYNMCNAOT
T, KOTOPOE 3aTEM CPaBHMBAIOT C TAbNMMYHLIM 3HAYEHNEM T, .

Ecnu 310 HepaBeHCTBO t <t, , cobrnogaeTtcd, To HabrnaeHne He OTCENBAIOT, €CIN He
cobngatoTcd, To HabngeHue WCKYaltoT.

[Mocne UCKITKYEeHUs TOro Unn MHOro HabnrAeHUs NN HeCKONbKUX HabnoaeHUn
XapaKTepUCTUKM 3MMUPUYECKOro pacnpeaeneHns OOMmkHbl ObITb mepecymTaHbl Mo
OaHHbIM COKpaLleHHOW BbIOOPKN.

KBaHTUNMM pacnpegeneHusi ctaTUCTUKN T NpU YPOBHAX 3HaymmocTtn a = 0,10, a =
0,05, a =0,025, a = 0,01 nnn npoBeputenbHou BepoAaTHocTM p =1 - a = 0,90; 0,95;
0,975; 0,99 paHbl B cnpaBOYHUKAX.

Ha npaktuke 06bl4HO UCNONb3YIT YPOBEHb 3Ha4YMMocTh a = 0,05 (pesynbraT
nonyyaetcs ¢ 95%-n oBepuUTENLHON BEPOATHOCTLIO).

[Mpouenypy oTceBa HY>XHO MOBTOPUTbL U ANA CrieayoLwero rno abconoTHON BennynHe
MaKCMMarbHOIo0 OTHOCUTESIbHOINO OTKIOHEHUd, HO npeaBapuTeribHO Heobxoanmo
nepecyntatb X U S gnsa BblIOOPKM HOBOro obbema (n—1).



[MonuroH un r’McTorpamMmma 4actoT pacripegeneHuns.

Ecnu NoJTydEeHHblEe SKCNepnmMeHTalibHbl€ laHHblE€ pa3aesyinTb Ha Kraccbl, TO MOXHO
NMOCTPOUTb NOJIUIOH N TMCTOrpamMmy 4acToT.

Pa3bueHne Ha knaccbl MOXHO BbINONMHUTL Mo NpaBuny LUTopreca ¢ okpyrneHnem
MOMNy4YeHHOro 3Ha4YeHus 4o bnuxkanLiero Lienoro Yymcna.

Uncrno knaccoB onpegenderca rno gopmyre

k ~1+3,32-1g(n).

,El,anee onpegendroT pa3dMax BapbUpoBaHUA.
R = (max ) (mi N

K

Jock Sturges

OnpenensioT WWPWHY UHTepBana h _



3aTeM yCTaHaBnNMBalT rpaHunLbl MHTEPBANoOB U NOACYMTLIBAKOT YNCIIO

nonagaHun cny4anHown BENUYMHbLI B KaXabl U3 BblOpaHHbIX MHTEpBanNoB (abCcontoTHLIE
4yacToTbl Bj), Ona 3TOro 3HayYeHus SKCNepuMeHTasbHbIX OaHHbLIX NpocMaTpuBaloT Mo
nopaaky OT nepBoM OO0 MOcredHen CTPOYKKU, N MPU YTEHUWU KaXKOoro pesynesraTa
COOTBETCTBYIOLLYIO METKY (TOYKY WIIN YEPTOYKY) 3aHOCAT B TOT Knacc, K KOTOpOMY
OTHOCUTCA AaHHoe HabntoaeHne. Kaxagas MmeTka COOTBETCTBYET OAHOMY 3HAYEHMIO

N3 BbIGOPKN.

3aTeM onpeaensatT OTHOCUTESNbHble 4YacToTbl MonagaHun B |- MHTepBars (Knacc)
kak (B; / n) n oTHocuTernbHbIE HAaKONMEHHbIE YacToThl kak 2(B;/ n).

[Ona npoeepku, cymma B; paBHa Konm4yectBy 3KCNeprMEHTasbHbIX
OaHHbIX (ONbLITOB) N.



[McTorpamma m nosfiMroH pacnpeneneHnin SBnsaTcs rpadonyecknm
oTOBpaXkeHNeM 4acToT, KOTOpble, B CBOKO ovepeab, NpeacTaBnsatoT cobon
OLEHKN NIOTHOCTEN BEPOATHOCTEMWN.

KymynsatueHaa nmHus — rpaduk HakKOMMEHHbIX 4acToT, B CBOWO

oyepenb oueHmnBarowmx yHKUUO pacnpenenenus F(x) B Touke x. MHorue
HabnogeHna B npupoae npu tTakon obpaboTke aatoT KONOKonoobpasHble NOMUTOHBbI
pacnpeaenenus.

Ecnun pacnpegeneHne cnyvYanHon BENUYMHbLI NOOYUHSETCS OnpeaerieHHOMY 3aKOHY
N MOXET ObITb XOTS Obl NPUONNKEHHO ONUCAaHO KPUBOU V = ae™ | 7o TaKoe
pacnpegeneHmne HasblBaloT HOPMarnbHbIM.

Tak Kak K koaduuneHTam a n b npeabaBnsieTcs Tonbko ogHO TpeboBaHue, a
MMEHHO: a, b > 0, TO MOXXHO rOBOPUTb O CEMENCTBE KPUBbLIX HOPMarbHOro
pacrnpenerneHus.

C yBenunyeHnem koadunumneHTa a KpmBasi «BbITATMBaAETCS» B BbICOTY; Npw
yBenunyeHnn koapduumeHTa b Kpnueasa «CnoLWLmMBaETCA.



HopmanbHoe pacnpeaeneHne obnagaeT n Apyrmmmn BaXKHbIMM CBOMCTBaMM, KOTOPbIE
NO3BONST CYMTATb ITO pacrnpenesieHMe OCHOBOW MateMaTUYeCKON CTaTUCTUKN.
PaccmoTpumMm 9TK CBOMUCTBA.

1. OpaguHaTta y, KoTopasa onpeaenseT BbICOTY KpUBOW ANs Kaxaon Touku ocn OX
(abcumcceenl), npeactaBnseT cobom NANOTHOCTb BEPOATHOCTU HEKOTOPOro 3HAYEHUS
nepemMeHHON X U onpeaensercd crnegyrowen oopmyron

1 _(x=u)

y=f()=——5e
2716°

— o0 < X< 40,0 >0,

rne o — cpeaHeKkBaapaTuyeckoe OTKITIOHEHME TEOPETUYECKOro pacnpeaeneHns;
U — cpeaHee 3HadyeHue (MaTemMmaTu4eckoe OXuaaHne) TeopeTUYeckoro pacnpeaeneHms.



N3 dopmynbl (16) crnegyet, 4TO HOpMmarnbHOE pacnpegesieHne MOoSTHOCTbIO
onpenendeTcsa BenuUYMHaMm g4 U O
(mr = 3,141593... n e ==2,718282... — matemaTn4yeckme noCTosIHHbIE).

MaTtemaTnyeckoe oxugaHue y onpeaenseT nofioxKeHne KpUBown pacnpenenenus
oTHocuTenbHo ocu OX.

CpenHekBagpaTMyeckoe OTKMNOHeHWe G onpenensieT opMy KpUBOW.

Uem bonblle o (pa3dbpoc aaHHbIX), TEM KpuBasi CTaHOBUTCA Bonee nonoroun (ee
OCHoBaHue b6oree WNpoKoe).

2. KpuBas HopmanbHOro pacnpegeneHuss CMMMeTpuYHa OTHOCUTENbHO cpeaHero
3HaYeHus.

Y max= \/272'02

4yTo npn 0 = 1 coctaBnget npumepHo 0,4. Ecnn X — £ «, TO0 y —0
(acMMNTOTUYECKN).

3. Makcumym opamHaTtbl KpnBom

Opyrnmu cnoBamu, oMeHb 6onbLUME M O4EHb Marible 3Ha4YeHUS MEPEMEHHON X
MarioBEepPOSTHbI.



[MpumepHo 2/3 Bcex HabMgeHUN NEXNT B NNoLwaan, oTcekaemMon nepneHamkynsapamm K
ocn Ox (M = 0).

[Mpun 6onbluoMm ob6beme BbIbopkn npumepHo 90 % Bcex HabnoaeHUW nNexuT mexay
-1,640 un +1,640. paHuybl -0,6750 n +0,6750 Ha3bIBalOT BEPOATHBIMU OTKITOHEHUAMM:
B 9TOM MHTepBane HaxoauTtca okono 50 % Bcex HabnogeHun.

[Ina HopmarnbHOro pacnpegerneHus cpegHee, Moda W MeauaHa coBnagator.



MeaownaHoun BbIDOPKU ABNSIETCSA CpeaHee 3HadeHne 13 BCero ynopsago4eHHoro Habopa
3Ha4YEeHUN.

Mopgown BbIOGOPKM Ha3bIBAaETCS 3HAYEHME, KOTOPOE BCTpeYaeTcda bonbluee Ynucno pas B
BblOOpKE.

Ona cTaTuCTUYeCKMX MeToA0B MNOCTPOEHUSA IMNUPUNYECKMX 3aBUCUMOCTEN OYEHb
BaXXHO, YTOObI pe3ynbraTbl HAGNOAEHUA NOAYNHANUCL HOPMANbHOMY 3aKOHY
pacnpegeneHuns, NO3TOMY NpoBepKa HOPManbHOCTU pacnpeneneHns —
OCHOBHOE coAepXxaHue npeaBapuTeribHOM 0OpPaboOTKN pe3ynbLTaToB
HabnOeHUMN.



NMpoBepka runoTe3bl HOPMANbLHOCTU pacnpenerieHus.
1. CpegHee abcosnoTHOE OTKNOHEHNE.

Ona Hebonbwunx BbIbOpoK (N < 120) MOXHO HaMTKU MNPOCTbLIE pPEeKoMeHdauun Mo
NpoBEpPKE HOPMAarbHOCTU pacrnpeneneHus.

[Ona aTtoro Heo6xoAMMO BbIMMCIINUTL cpeaHee abcontoTHoe oTkrnoHeHue (CAO) no
doopmyre

[ns BbIOOPKU, MMetoLLEN NPUBNMKEHHO HOPManbHbIA 3aKOH pacnpeneneHns, JOMmKHO
ObITb CpaBeanBO BbipaXkeHue

CAO 0,7979 < 0.4

S Jn




[Monb3yacb CAO, MOXHO Takke ¢ 95%-n goBepuUTENbHON BEPOATHOCTBIO OLEHUTD |
(cpeoHee 3HayYeHMe TeopeTUYecKoro pacnpeneneHmsa) no X :

11=X+(0,71=-0,6) - CAO.

KoadbdpuumneHt (0,71 + 0,6) 3aBUCUT OT BEMNYMHBI BbIOOPKN N (B JAHHOM Cry4ae n =
15+ 20)mn1-a=0,95.

KoahdoumumeHTsl ana onpegeneHnst 95%-x Oo0BEpUTENbHbLIX rpaHuL Ona cpegHero
3HayeHusa no CAO npuBeneHbl B CnpaBOYHUKAX.



Pa3max BapbupoBaHus R.

BbICTpyl0 NpoBepKYy rmMnoTe3bl HOpPMAaribHOCTU pacnpeneneHus angd
CPaBHUTENbHO LLUNPOKOro Knacca BblIbopok 3 < n < 1000 MOXXHO BbIMOSTHUTb,
ncnonb3yd pasmax sapbuposaHma R.

[MogcunTbiBAEM OTHOLLEHUNE

S

N conoctaBndaemMm ¢ KputTnieCKnmm sepxHmmm 1 HWXHNMMU rpaHnuamMmu
JTOrNo OoTHOLWEeHnA, npmBeaeHHbLIM B CrNpaBOYHUKaX

Ecnu R

<5<k,

MEHbLLE HWXKHEN NN BonbLle BEPXHEN rPaHULbl, TO HOpManbHOro pacrnpeneneHus
HeT. OcobeHHO BaXHO, YTOObI 3T0 ycrnosue cobntoganock npu a = 0,10 (10%-n
YPOBEHb 3HAYNMOCTH).



MokasaTenu acuMmeTpuM U 3Kcuecca.
HekoTopoe npeacTtaBrneHne O OnM3oCcTM SMMNUPUYECKOro pacnpeneneHns K

HOpMarnbHOMY MOXET AaTb aHanM3 nokasaTtenen acMMMETPUM N akclecca. lNokasaTenb
acCMMMETPUN MOXHO onpeaensitoT no dopmyne

O =— -
%/2
[na cummeTpuyHbIX pacnpegeneHmmi my =0 un g; = 0.
[na HopmanbHOro pacnpegenenna my, / m,? = 3.

Ona yoobcTBa CpaBHEHUSI 3SMMUPUYECKOrO pacnpedeneHnusi 1 HopMarnbHOro B
Ka4yecTBe nokasartens aKcuecca NpuHUMaoT BeENNYnHy



HecmelleHHbIe oueHKn ansa nokasartenen acummetpun G, n akcuecca G, onpegenstor
COOTBETCTBEHHO N0 hpopmynam:
Gl _ \/n(n _1) g .
— 1
n—2
n-1
G, = [(n+1)g, +6]
(n—2)(n—-3)

Ons npoBepku rvnotTesbl HOpMarnbHOCTU pacnpeneneHns cnenyet
Takke BbIYUCIIUTL CPeAHeKBagpaTUYeCcKne OTKIIOHEHUs AN rnokasaTenem
acUMMETPUN 1 SKCLIECCa COOTBETCTBEHHO:

S, = en(n—-1)

(n — 2)(n + 1)(” + 3) ’ Ecnv BbINOMHSIOTCA YCIIOBUS
G, <3Sg,, G,< 55, , 1O
24n(n _ 1) 2 rMnoTesa HOpPManbHOCTY

nccrneayemoro pacnpeneneHus

SGz - (n - 3)(” _ 2)(” 4 3)(” 4 5) " MOXeT 6bITb NpUHATA.




Mo kputepuro x> (xn-kBagpar)

PaccMmoTprm MeToANKY NPOBEPKM MMNOTE3bl HOPMANbHOCTU pacnpegeneHns no y?
KpuTeputo. [puMeHeHne Kputepus x> npeanonaraeT Takke UCnorb3oBaHMe CBOWCTB
TakK HA3biBaAemMoro CTaHﬂ,apTHOFO HOpMaJ'IbHOFO pacnpe,u,eneHMﬂ, KOTOpoe nMmeetT Bna:
—22 —Z2
2 ~ 2
e ¢ =04e

=f(2) = \/7

PacueTtbl BbINOMHAKT B TabnnyHon doopme. 3HadeHnsa 2 onpeaensor

no cpopmyne ( )2
n (B. — E.
o=y

-1 E,

roe B - Habnogaemas YacToTa;
E; — oxxvaaemas no ctaHgapTHOMY HOpManbHOMY pacnpeaerneHuto YacToTa.



E, =f(z)K,

raoe f(zj) — ypaBHEHME KPpUBOW CTaHO4APTHOrO HOpPMarsibHOro pacnpeneneHus:
22

f(z)= e *

‘Xl o )_(oofcud

Z;— CcTeneHb YHKLUUM KPUBON HOPMasbHOrO pacnpeaerneHns:

L, = ——

)_( OXunagaemoe cpeaHee 3HavyeHune J S
02HCUO Habngaemoro npuaHaka DICUO



_oofcud Z B X
N J_]_

oXngaemad ancnepcu.

S

04CUOD

é o1 | N
0HCUO n—l

N, - YACIO KNaccoB (MHTepBaroB).



I'IonyquHoe 3Ha4veHne x2 CpaBHUBAIOT C TabnUYHbIM UK KPUTN4ECKNM 3HaAYEHNEM
2
X" nkor

Uncno cteneHen ceoboabl v onpeaenstot no opmyrne
v=n_-1-k,

roe r — YMcno napameTpoB pacnpeneneHns (4ns HopMarnbHOro pacnpe-
OeneHna r = 2, TaK KaK oLleHMBatoTcs ABa napamMeTpa X S
)

[MnoTe3a HopManbHOCTU pacrpeferieHuss NpUHMMaeTca B Cryyae
BbIMNOMTHEHNSA YCNOBUS %2 < %2 1o



MeToauka npoBepKn HOpManbHOCTW pacnpeaeneHuns nNo nokasaTensam
aCMMMETPUN N IKCLIeCCa OYEHb XOPOLLO UNITIOCTPUPYET UCMNONb30BaHNe
MOMEHTOB, a Takxe yaobHa Npu UCMOMb30BaHUM KOMIMbIOTEPHbIX TEXHOMOIUNA.

[Ona npakTtuyeckoro nNpuMeHeHust (0CODEHHO npu pacyeTax c
MCMNONb30BaHNEM KOMIMbIOTEPHbIX TEXHOMOrMN) PEKOMEHAYHTCS B
OCHOBHOM [1BE METOAUKW: NO pasmaxy BapbUPOBaHUSA U NO X2-KpUTepuio,
npuyem nepsasi CNyXuT ANs ObICTPON «NPUKUAOOYHOM» MPOBEPKU, a
BTOpasi — AJ1s OCHOBaTENbHOW NPOBEPKM HOPManbHOCTU pacnpeaeneHus.

B HacTosiee Bpema 06paboTKy aKkCrnepuMeHTarnbHbIX AaHHbIX CyLLEeCTBEHHO obneryatoT
COBPEMEHHbIE KOMMbIOTEPHbLIE TEXHOSOMMN, COBPEMEHHOE NporpamMmHoe obecneveHune.
Hanpumep, anekTpoHHble Tabnuubl MS Excel.



OCco06eHHOCTU NCNONb30BaHUA CPeACTB MHCTPYMEHTa
«OnucartenbHasa CTaTUCTUKa» B HaACTPOUKe
«Maket aHannsa» MS Excel



B coctaB MS Excel BxoanT Haactponka «l'lakeT aHanusa», koTopas
coaepxut 19 ctatnctuyecknx npouenyp n okorno 50 pyHKUMA.

Ona aHanu3a AaHHbIX C NMOMOLLIbID CPEACTB 3TOr0 NakeTta cnenyet
yKa3aTb BXOAHble JaHHbIe N BbIOpaTb NapameTpbl; B UTore pacyeT oyaoet
BbIMOMHEH C MOMOLLbIO MOAXOAALLLEN CTATUCTUYECKON UIN UHXKEHEPHON
MaKpodYHKUMN, a pe3ynbraT OydeTr nomMelleH B BbIXOAHOW AnanasoH.

[nsa AOCTyna K 3TUM UHCTPYMEHTaM HeOGXO,EI,I/IMO B MEHK «JlaHHble»
HaXaTb KHOIKY «AHanm3 paHHbIX». Ecnn kKHonka «AHanu3 OaHHbIX»
HEeOCTYIHa, HGOGXO,EI,MMO 3alrpy3nTb HaﬂCTpOﬁKy «[TakeT aHanu3a».



NHcTpymeHT «OnucarenbHas ctatuctuka» (BMecTte ¢ MHCTPYMEHTOM «luctorpamman,
anropuTM UCMonb30BaHUA KOTOPOro byaer onncaH ganee) asnsetcd Hambonee 4acTo
ncrnonb3yembiM U3 Bcero «llaketa aHanusa», NOCKONbKY ObLICTPO M MPOCTO
BblYNCNSAET OCHOBHbIE CTaTUCTUYECKNE XapaKTEPUCTUKM OQHOMEPHbLIX BbIDOPOK

B «[Makete aHanm3a» MHCTPYMeHT «OnucaTtenbHasa ctatTmcTuka» ucnonb3yetcs ang
reHepaumn 0gHOMEPHOro CTaTUCTUYECKOro OT4YeTa, KOTOPbIN BKIOYaeT psaq
nokasatenen noroKeHusi, Bapmaumm n opmbl pacnpeaeneHnsa npu3Hakos
BbIDOPOYHON U reHepanbHOW COBOKYMHOCTEN, a TaKKe CPeaHIo N NPeaenbHyo
OLLNOKKN BbIOOPKK ANs CpeaHen.

-

OnucatenwHan cTaTMCTHES

BxoaHble AaHHbIE

i

BxoaHol vHTepEaN: | |£| il

OTMeHa
[pyNMNMpoBaHMEe: @ no cTonduaM

no CTPOKEM Cnpaska

i

METKM B NEPEOI CTPOKE

MapaMeTpel BRIBOAE
- [o=o]
Brlx0AHON MHTEPEaN: E
@ HoBblid paboqMia OWcT:

Hoeas pabiodyas kHWE

MToroBad CTaTWCTHEE
¥pOBEHE HaOEMHOCTI: 5 %o
K-bI HEMMEHBLLIMA:

K-t HaMBonNBLWMA:




[Tocne BbIGOpa MHCTpymMeHTa «OnucaTtenbHass ctaTUCTMKa» B [O-
SIBUBLLEMCS ONANOroBOM OKHE MHCTPYMEHTa (puc. 3agaroTcs crieqyrolmne napamMmeTpsbi:

1. llone BxogHon nHTepBan — BBOAUTCS CCbIfIKa Ha AnanasoH A4eek, coaepKallimx
3Ha4YeHNs aHanM3npyemMoro rnpuaHaka unm nNpu3Hakos.

B kayecTBe BXOQHOro MHTEPBana MOXeT OblTb Yka3aH auanasoH, KOTOpbIA COaepXnT
PSAbl 3HAYEHU cpa3y HECKONbKMX aHann3npyeMblx Npu3HakoB. B Takom cny4dae
nokasaTtenun «OnucaTtenbHON CTaTUCTUKM» OyAyT paccymMTaHbl ANS KaXaoro psaa v
npeacTaBneHbl B eAnHOM Tabnuue B BUAE OTAENbHbIX CTOMNOLOB.

2. lNepekntovatens [pynnupoBaHue: no cronbuam/CTpokam — yCTaHaBfMBaETCS B
NOSI0XKEHME No cToNnduam UM No CTpokam B 3aBUCUMOCTU OT TOrO, B KAKOM
HanpaBneHnn pacnonaraloTca aHanm3snpyemMbole OaHHble BO BXOOAHOM AuanasoHe
BepTUKanbHOM (Mo ctonbuam) unu ropusoHTanLHOM (MO CTPOKam).

-
OnwcatensHan CcTaTMCTHES | @ I

BxogHbie gaHHeie

BxoaHo# MHTepBan: | |E| i

| OTmeHa |
IpynnHpoBaHHe: @ no cTonfuam

N0 CTPOKEM Crnpaeka

MeTki B Nepsoi CTpoke

MapaMeTpel BEIBOLA
Bolx0aHOR MHTEPEAN: 2.5
@ HoBtit paboumia amcT:

Hoean pafiouas KHUra

WTorosas cTaTMCTHRE
YPOBEHE HELEHHOCTH: 95 e
K51l HAMMEHBLLIMIA:

K-b1i HamBonbLwmi:




3. Onaxok MeTku B nepBon CTPOKE — yCTaHaBNMBAETCA B aKTUBHOE COCTOSIHUE, eCnu
nepBasi CTpoKa BO BXOAHOM Auarna3oHe COOEPXUT 3arosfioBKN.

Ecnn 3aronoBku OTCYTCTBYIOT, NMorie He akTuBuaupyetcs. B aTom cnyyae OyayT
aBTOMATUYECKM CO3aaHbl CTaHAAPTHbIE Ha3BaHUS ANst AAHHbIX BbIXOAHOMO
AnanasoHa.

4. T[lone BbixogHOM MHTEpBan — BBOAUTCA CCbIfIKa Ha A4YEeuKy 3arofiloBka nepsoro
ctonbua BbIXOQHOW pe3ynsTaTMBHOW Tabnuubl.

Pasmep BbIXOQHOro gmnanasoHa ssi4eek onpenensietca astomatmdecku. B cnyyvae

BO3MOXXHOIO HanoXXeHusi BbLIXOAHOro Anana3oHa Ha Apyrue OaHHble Ha 9KpaHe NosiBUTCA

COOTBETCTBYIOLLIEE COODLLEHME.

5. lNepekntoyatenn HobiM padounn nuct n Hoeas paboyasa KHUra — ycTaHaBfMBatoTCS
B aKTMBHOE [MOSIOKEHME MNPU HEOBXOAMMOCTU OTKPbLITUSI COOTBETCTBEHHO HOBOIO
nucTta UM HOBOW KHUTW.

B HOBOM nuncTe pesynbraTbl aHanusa pacrnosfiaraloTca HadnHas ¢ adenkn A1, B

HOBOW KHUre — Ha NePBOM NIUCTE HadynHasa ¢ s4yenkn A1.

6. dnaxok NToroBasi ctTaTMcTuKka — yCTaHaBNMBaETCA B akTUBHOE COCTOSAHME, €CIn
ANs JaHHbIX BXOOHOro Ananas3oHa Heobxoaumo NPOU3BECTU PpacyHeT OCHOBHbIX
rnokasarteneu



7. ®naxok YpoBeHb HaAEXHOCTWN — YCTaHaBNUBAETCSA B aKkTUBHOE COCTOSIHNE, €eCnu B
pe3ynbTaTuBHy Tabnuuy HeobXooMMo BKMOYUTb CTPOKY ANS OLEHKU NpeaenbHOm
OLUNOKWN BbIOOPKM C 3a0aHHOW JOBEPUTENbHON BEPOSITHOCTHLIO.

3Ha4YeHME YPOBHSI HAOEXXHOCTU BblpaXKaeTcsl B NPOLIEHTaX U 3a4aeTcs B None HanpoTuBs
donaxka YpoBeHb HageXXHOCTU. YpoBeHb HagexHocTn 95,0 % (4To paBHOCUITBHO
aoBepuTenbHon BeposaTHOCTU p = 0,95 nnu xe ypoBHIo 3HauymmocTu a = 0,05)
domkcupyeTcs B none aBToMaTUYeCKN.

8. ®dnaxkn K-n HammeHbwun un K- Hanbonblmn — akTUBU3UPYIOTCHA, €CNU B
pesynsTaTUBHYIO Tabnunuy HeobXoaANMO BKITHOUNTL CTPOKY COOTBETCTBEHHO Ans K-ro
HanMeHbLUero (Ha4nMHas ¢ MMHUMYMa X,in) U k-ro HanbornbLuero (Ha4nMHas ¢
MaKcUMyMa X .,) 3Ha4eHUI aNeMeHTOB B BbIOOPKE.

B aTom crniy4ae B none, pacnonoXeHHOM HanpoTUB KaXaoro dprnaka, BBoanTcd 4mcno K.
[Mpu k = 1 BbIXOOHbIE CTPOKKN ByOyT cogepaTb COOTBETCTBEHHO X, U X

max*



Mexay TepMuHoniornen MHCTpymeHta «OnucartenbHast CTaTUcTUKay
N TEPMUHAMMU, MPUHATBIMU B OTEYECTBEHHOWN CTAaTUCTUKE, UMEETCA pAL
pacxoXgeHun.

BbluncrieHHble 3Ha4YeHMA BCEeX BblLLenepevyncrieHHbIX nokasaTtenemn
Excel. Tlpy aTOM nokasaTenn MOryT pacCyuTbiBaTbCA cpa3y ANs HECKOSIbKUX pSOoB
OaHHbIX B COOTBETCTBUU C 3aaHHbLIM BXOAHbIM ANana30HOM AYEEK.

Cnenyet ob6paTnUTb BHMMaHME Ha TO, YTO pacyeT napamMeTpoB B pexunme
«OnucartenbHasa cTaTUCTMKa» MMeET P BaXXHbIX 0COGEHHOCTEN:

1. B kadecTBe 3Ha4yeHun napametpoB: CTaHOapTHOE OTKIIOHEHME,
Aucnepcus BoIbopkn, Jkcuecc, AcummeTpndHocTb — MS Excel reHepunpyeT oueHKku
COOTBETCTBYIOLLNX MapamMeTpoB ANA reHepanbHOW COBOKYMHOCTU, a He ANS BbIOOPKN.

2. Ona npumeHeHnsa «OnucarternibHOM CTaTUCTUKMY NMpeaBapuUTeribHOE paHXUpoBaHUE
NCXOAHbIX AaHHbIX HE TpebyeTcs: Npu BbIYUCIIEHUN NOKa3aTenen paHXxmpoBaHue
BbIMONMHAETCA aBTOMaTUYECKM.



3. lNosiBneHune B a4erke Moga nHamkaTopa owmnbkn #H/[ ykasblBaeT Ha TO, YTO B
aHanmanpyeMmblx AaHHbIX HET OAMHAKOBLIX 3HA4YEHUN npusHaka. B aTom cnyyae B
KadecTBe Moabl Mo BbIOMpaeTcst TO 3Ha4YeHUe npuaHaka, KoTopoe COOTBETCTBYET
MaKCUMasribHOW opauHaTe TeOpeTNYEeCcKon KpUBOWM pacnpeneneHus.

4. Nnankatop owmnbkn # OEJI/0! B suenke Skcuecc n/mnn ACUMMETPUYHOCTb O3HAYaET,
YTO B pe3ynsTaTMBHOW Tabnuue ctaHgapTHOE OTKITOHEHUE ABMAETCS HYNEBLIM UMK Xe
3aJaHHbIM BXOOHOW Ananas3oH AaHHbIX COOAEPXUT MEHEE YETbIPEX 3NEMEHTOB AaHHbIX

] X A B
44 OnucatensHan CTaTMCTMEE | ®? |i3- 1 A
32 BxoaHelE AaHHBIE 2
45 ByogHoi MHTepBan: AETEAES |§| 3 |[CpenHee 4221053
38 o o
o MpyrnuposaHMe: & no cronuam 4 |CraHgapTHaa owwbka 1,501615
MO CTPOKEM 5 [MegunaHa 42

48 | METKIM B NEPBOI CTpOKE 6 |Mopa 39
33 7 |CTaHpapTHOE OTHNOHEHME 6,545388
42 MapameTpLl BeB0Aa g |Owcnepcwa eoiGopHM 42,84211
33 Bhix0aHoH MHTEpEaN: s 9 [3kcuecc -0,88991
44 @ Hosbiii paBoumil IMcT: 10 [ACMMMETPHYHOCTD 0,194583
53 Hosas pafoqan kHra 11 |MHTepBan 21
:5 | MiTorosas cTaTMCTHEE QRS SR =

V| ¥poBeHs HARERHOCTH: 95 Vo QT =
52 . . 14 |Cymma 802

o | K51 HAMMEHBLLIMIA; 1
52 e . 1 15 |CueT 19

bl HEMDONBLWMK.

39 - 16 |Hambonbluwmii|1) 53
40 17 |HaumeHbLmii(1) 32
39 - - 18 |YpoBeHb HagemHocTM|95,0%) 3,154776
44 13

39



Oco6eHHOCTM NCNOoMb30BaHNSA CPEACTB MHCTPYMEHTA
«'ncrorpamma» B HagcTpouke «llaket aHanusa» MS Excel

B HagcTpounke Excel «llakeT aHanunsa» MHCTpYMeHT «[ ncrtorpamma»
MCNONb3yeTca AN reHepaunun MHTepBanbLHOro BapuvaUWMOHHONO psagda C
pPaBHbIMM MO BENMUYNHE NHTEPBANaMu, a Takke Ans NocTPOEeHUs rmMcTo-
rpaMmmbl U KYMYIATbl COOPMUPOBAHHOMO psaa pacnpeneneHus.
NHCTpymMeHT «l'nctorpamma» npomssoguT cnegyrouime 4encTeud:

* paccuyuTbIBaeT YNCMo UHTepBaros rno dopmyne ; k ~1+ 3,32 . |q ﬂ).

*_onpenensert BenuyYnHy nHTepeana h no dopmyne R
lucTorpamma | Pl %) h —
BxoaHEIE AGHHbIE —_
BxoaHol MHTepEan: EAS2:SAS2 |£| k 1
WMHTEpBaN KapMaHos: |§|

MapameTpel BhIB0aE
Belx0AHOH MHTEpEaN: 3.5
@ HoBbilid paboqmid nMCT:
HoBan pafiouas KHUra
OapeTo (0TCOpPTMPOBAEHHARA MMCTOrpaMMa)

MHTErpansHeIi NPoUEHT
BriBon rpadiika




e onpegensieT HMXHMe rpaHuLbl MHTEPBanoB.;
* OpPMUPYET UHTEPBASIbHLIN BapMaLUOHHbIN pAd B COOTBETCTBUN C
*BeNMYmMHamm Kk, h;

* pacCcyMTbiBaeT 4acToTbl M HaKOMMEHHbIE 4YaCTOTbl WMHTEPBAIOB,
*onpeaenas YMcro nonagaHnn gaHHbIX B cOOpMUpPOBaHHbIE MHTEPBAnbI;
* CTPOUT CTONOMKOBYID AuarpaMmmy 4actoT (KoTopast MOXET ObITb
‘npeobpaszoBaHa B rMcCTorpaMmmy) 1 KyMyrnsiTy HakonmneHHbIX YacToT Ang
*NONY4YeHHOro psaa pacnpeaeneHus;

* reHepupyeT Ans BapnaunoHHOro psiga BbIXOAHYH Tabnuuy.

1 | Hopmaw HacmomaiezpansHs Kopmad Yacmoma HumezpansHoil %o .
2 32 1 5,00% 42,5 7 35,00% ucrorpamma Iiléj
3 37,25 3 20,00% Ewe 5 60,00% BX0OHEIE O&HHBIE
4 42,5 7 55,00% 47,75 4 80,00% BXOAHDIA MHTEREaN: ASD:EA Fhz
5 47,75 4 75,00% 37,25 3 95,00% VHTepEan KapMaHos: E
6 |Ewe 5 100,00% 32 1 100,00%
7 D MeTrM
8 MapaMeTpel BRIBCAS
3 rHCTD r pa MMa _ | BelxoaHOM MHTEpEAN: Eis
Lo g 150,00% @) HoBbiid paboqmin nucT:
L1
= e & 100.00% " HoBan pabouan kHura
a E 4 50.00% R [] Dapete [l:uTl:l:up“TMpl:-BaHHaﬂ TMCTOMPEMME)
2 |:| MHTErpantHbIK MPoLEHT
L4 0 0.00% == 1HTerpancHeIi % [ Boisoa rpadwka
L5 425 Ewe 47,75 37,25 32
L6 Hapmau
L7

L8



CTaTUCTUUYECKasa UHTepnpeTauns TePMUHOMOIMN MHCTPYMeHTa «'mcrtorpamma»

TepMUH MHCTpyMeHTa «lncrtorpamma» TepMuUH, NPUHATBIN B CTaTUCTUKE
KapmaHbl NHTepBanbl BapnaumMoHHOro psiga
NHTepBan kapmaHoOB [lnanasoH s4eek, cogepxalumx B

BO3pacTaloLleM nopsake BepxHme
rpaHuLbl MHTEPBAarnos
NHTerpanbHbIA NPOLEHT HakonneHHas YacToTa, BblpaXXeHHas B
NpoLeHTax



NHCcTpyMeHT «McTorpamma» umeeT aBa pexunma paboThbi:

* peXxum aBTOMaTU4eckoro OOPMUPOBAHUS MHTEPBANoB BapWaLMOHHOMO psaa,
NMEIOLLINX PaBHYIO BEMUYNHY h;

s pexum hopmMmMpoBaHNSa NHTEPBAIIOB psiia B COOTBETCTBUM C rpaHuLLamMu, 3aaHHbIMN
Nnonb30BaTemnem.

Ecnn npn aTom 3agaHHble MHTepBansl OyayT He paBHblI Mexay cobon, To B
CreHepupoBaHHOW CTONOMKOBOW AMarpamMmMe 4acTOTbl NonagaHus B UHTepBan He
OyaoyT cBsidaHbl C pa3mMepoM MHTepBarna, YTO He NMO3BONMUT NPaBUMNbHO OLEHUTb
Xapaktep pacrnpeaenenust eaMHnL, N3y4aemMon COBOKYMHOCTMN.



3anyck UHCTpyMeHTa «luctorpamma» OCyLWECTBAAETCA aHanornmyHo
NHCTPYMEHTY «OnucaTtenbHasl cTaTUCTUKa» HaaCcTporkn «llakeT aHanusay.
B nosBuBLIEMCA OManoroBoM OKHe MHCTpyMeHTa «luncrtorpamm 3agatoTcd
cnegyouime napameTpsbl: i

Fucrorpamma )
1. Mone BxoaHoit uHTepBan — BBOAUTCH e —
CCbIfIKa Ha AnanasoH a4eek, cogepxalimx e =)
3HaAYEHUs1 aHaNU3NPyeMoro NpuaHaka. e
2. VIuTepBan kapmaHoB (Heobs3aTenbHbIN NapaveTpe: sisona
napameTp) — BBOAWUTCS CCbIfika Ha ; :—ﬂpﬁpn =
AnanasoH g4eek, B KOTOPbIX 3aal0TCs Homan pafodsn s
BEpXHMe rpaHuLbl MHTepBanos. Ecnun e e e e
Takon guanasoH He ykasaH, Excel 5:;‘;?;;:;:‘?;”‘3“”
OCYLLIECTBIISIET pacyeT HUXHUX rpaHmL

NHTEPBANoOB aBTOMaTUYECKN.
3. ®naxok MeTkn He aKTMBU3NPYETCS.

4. lNone BbixogHOW MHTEpBaN — BBOAUTCS
CCblfIKa Ha A4YeunKy 3arosyioBka nepBoro
ctonbua dopmupyemon Tabnuubl
NHTEepBaribHOro BapuawlMoHHOro psiaa.



5. lNepekntovaTtenb HoBbI paboynn nuct/HoBasi paboyasa KHura —
oTKpbIiBaeT HoBbIM paboumnin nnct/Hoyo pabouyto KHUrY.

6. dnaxok MNapeTo (oTCOpTUPOBAHHANA rMCTOorpaMmma) — yCTaHaBNUBAETCA B aKTMBHOE
COCTOSIHME NpU HeobXxoaMMOCTWU NPeacTaBUTb AaHHblE B Nopsiake yobiBaHUS
YyacToTbl. Ecnu dona)ok CHAT, TO AaHHble B BbIXOAHOM AMana3oHe byayT npuBeaeHbl
B NopsiaKe criegoBaHUsA UHTEpBaros.

7. ®dnaxok MHTerpanbHbIN NPOLIEHT — YCTaHABNNBAETCA B aKTUBHOE COCTOSIHUE, €Chu
HeobxoaMMOo paccyuTaTb HaKOMMEeHHble 4YacToTbl (BblpaXXeHHbIe B MPOLEHTax) 1
MOCTPOUTb rpaduK KyMynsaThl.

8. dnaxok BbiBoa rpaduka — | —
YCTaHaBNMBAETCS B aKTUBHOE COCTOAHUE || sxopmme garree

npu Heobxo4MMOCTM aBTOMaTU4EeCKOro Broarol epsan gas2:sas2l
NOCTPOEHUSI CTONBMKOBOW AnarpamMmmeil. FlTEpRan Kapraros:

MeTkM

Ok

] =)

118

OTMeHa

Cnpaeka

MapaMeTpel BRIB0AE

BeIxoOHON MHTEDPEEN: 3.7
@ HoBelA paboqMia OucT:

Hosan pabouan kHUra

MapeTo (0TCOPTMPOBAHHEA MTMCTOMPEMME)

WMHTErpansHEIA NPoOUEHT
BeiEon rpadka




Heobxoanmo OTMETUTL, YTO MHCTPYMEHTBI «[1akeT aHanu3a» nMerT
onpeneneHHble orpaHNYeHns n nHorga yagobHee BoCnonb3o0BaTbCs CTaTUCTUYECKUMU
dyHKuMamn nnn gpyrmnmmn cpeagcteamm MS Excel.

[MpenmyLiecTsomM oyHKUMUI Nepen AaHHbIMW CpeacTBaMn ABMSETCA TO, YTO

dYHKLMN aBTOMATUYECKM NEPECUMTLIBAKOTCA NP NIOObIX N3MEHEHUSX,

cOenaHHbIX B BblOOpKe, Torga Kak 3TW cpeactBa HeobxoAumO BbINOMHATH 3aHOBO,
ecnun BblIbopKka n3ameHmnnacs.



NpMMep BbINOMHEHUS

cxogHble JaHHbIe 4eMOHCTPaLMOHHOro npumepa:
[aHHble HabnogeHna pocTta rpynnbl ABaguaTUNETHUX HOHOLIEN-
CTYLEHTOB-TPETbEKYPCHUKOB (Tabs. 3).

.Y B C D
1 |[Nen/n ¥:, CM
A 1 133
1. Onpenensiem cpegHee 3Ha4YeHMe BbIDOPKK 3 2 1
4 3 176
2. Onpegensiem aucnepcuto 5 s
3. CpepgHekBagpaTU4HOE OTKINOHEHMe - .
8 7 176
9 B 185
10 9 134
11 10 174
12 11 168
13 12 174
14 13 139
15 14 172
16 15 175
17 16 167
18 17 179
19 18 276
20 19 169
21 20 178
22 | X 3629
23 x cpen 181,45 CP3HAY(B2:B21)
24 | pucnepcua 529,3132 AWCN({B2:B21)
25 Cp.KB.OTH/AOHEHHWE 23,00681 KOPEHbL(B24)
26 |xmin 167 MWH(B2:B21})
27 |xmax 276 MAKC(B2:B21)
xmm x
28 14,45 ABS(B26-B23)
X — X ‘
29 max 94,55 ABS(B27-B23)

30 MckmounTs owmBry | 4,109653 MAKC(B28:B29)/B25 t1-a = 2,62;



4. OnpepensieM oTceB rpyobIX NOrpeLIHOCTeNn.

[1na oTceBa norpewHocTen UCnosib3yem

OTHOCUTEJIbHOIO OTKITOHEHNA.

YcnoBue otcesa

Beibupaem HanbosnbLmnn

Xnnin(max) )_(|

mod

n

X=X
1

W ga |~ L0 R

A=
Blw MR o

27

29
30
31

A
Ne m/n

X

Fmod

% cpen
AMCrepcHa

W0 o= s R e

=
L=

11
12
13
14

16
17
19
20

CP.KE.OTHNOHEHKWE

xmin
Kmax
X min X ‘
Xmax — X

Bce HOPManbHO

X;, cm
183
170
176
178
176
180
176
185
184
174
168
174
189
172
175
167
179
169
178
3353

C
6,526315789
-6,473684211
-0,473684211
1,526315789
-0,473684211
3,526315789
-0,473684211
8,526315789
7,526315789
-2,473684211
-8,473684211
-2,473684211
12,52631579
-4, 473684211
-1,473684211
-9,473684211
2,526315789
-7,473684211
1,526315789

88,42105263

176,4737 CP3HAY(B2:B21)

35,92982 [MCN(B2:B21)

5,994149 KOPEHb(B24)
167 MMH(B2:B21)
189 MAKC{B2:B21)

9,473684 ABS(B26-B23)

12,52632 ABS(B27-B23)
2,089757 MAKC(B28:B29)/B25T1-0=2,6

E
c2n2

42,5928
41,90859
0,224377
2,32964
0,224377
12,4349
0,224377
72,69806
56,64543
6,119114
71,80332
6,119114
156,3086
20,01385
2,171745
89,7506
6,382271
55,85596
2,32964

F
€213

277,974
-271,303
-0,10628
3,555766
-0,10628
43,84939
-0,10628
619,8466
426,3314
-15,1368
-608,439
-15,1368
1965,487
-89,5356
-3,20047
-850,27
16,12363
-417,45
3,555766

2,62

G
C2nd
1814,146 M
1756,33
0,050345
5,427222
0,050345
154,6268
0,050345
5285,008
3208,705
37,44355
5155,717
37,44355
24620,3
400,5542
4,716477
8055,187
40,73339
3119,888
5,427222



Onpepgensiem apyrne ctaTMCTUYECKNE XapaKTEPUCTUKN:
KO3adpuUMEHT Bapunaumm no dopmyne

p]

100%.

X

KO3 (PULUMEHT acuMMETPUM no dopmyrne gl rn3

e

Fl3

U, =
NmeeTcsa Takke 1 HebonbLLOW 3KCLECC.
Pe3ynbratbl BbIYUCIIEHUS BbIOOPOYHBIX XapaKTEPUCTUK, YMNOMSIHYTbIX, Bbllle CBEOEHbI
B Tabn.



ML MA | e | Al | R | e | | P | P

N b a WM =D oo bW =S

WK =S| Wb

Mo nfn
1
2
3
a4
]
i}
7
8
9
10
11
12
13
14
15
16
17
19
20
X
>mod
X cpeq
aucnepcHa
CP.HB.OTH/AOHEHME
Xmin
Xmax
X min X ‘
Xmax — X
Bce HopmaneHo
W
B1
Bz

X CM

183
170
176
178
176
180
176
185
184
174
168
174
189
172
175
167
179
169
178

3353

C

6,226315739
-6,4736584211
-0,4736584211

1,526315739
-0,4736584211

3,526315739
-0,4736584211

8,526315739

7,.526315739
-2,473684211
-8,473684211
-2,473684211

12,52631579
-4,473684211
-1,473684211
-9,473684211

2,526315739
-7,473684211

1,526315739

88,42105263

176,4737 CP3HAY(B2:B21)
35,92982 [MCMN{B2:B21)
5,994149 KOPEHb(B24)
167 MMH{B2:B21)
189 MAKC(B2:B21)

9,473684 ABS(B26-B23)

12,52632 ABS(B27-B23)
2,089757 MAKC(B28:B29)/B25 11— = 2,6 2,62
3,40% B25/B23

0,287799
-0,50058

E F
C282 C273

42,5928 277,974
41,90859 -271,303
0,224377 -0,10628
2,32964 3,555766
0,224377 -0,10628
12,4349 43,84939
0,224377 -0,10628
72,69806 619,8466
56,64543 426,3314
6,119114 -15,1368
71,80332 -608,439
6,119114 -15,1368
156,9086 1965,487
20,01385 -89,5356
2,171745 -3,20047
89,75069  -850,27
6,382271 16,12363
55,85596  -417,45
2,32964 3,555766
34,03878 57,1544

my M3

G
C27q

1814,146
1756,33
0,050345
5,427222
0,050345
154,6268
0,050345
5285,008
3208,705
37,44355
5155,717
37,44355
24620,3
400,5542
4,716477
8055,187
40,73339
3119,888
5,427222
2826,411

My

CYMM (E2:E20)/HCTPOK{A2:A20)



[MonnroH u TMCTorpamMmma 4acTtoT pacnpenerneHund

Hncno knaccoB K npubnmuanteribHO MOXHO BbIMMCINTL MO dopmyne

K ~1+332-19(n).
Pasamax Bapby1poBaHus no opmyre R — Xma)( _ Xmln
R

LLinpnHa nHtepsanos rno gopmyre h —

K



A B c D

1 |Nen/n X5, om

2 1 183
3 2 170
4 3 176
5 4 178
6 5 176
7 6 180
3 7 176
3 8 185
10 9 124
11 10 174
12 1 168
13 12 174
14 13 189
15 14 172
16 15 175
17 16 167
18 17 179
13 18 276
20 19 169
21 20 178
22 |X 3629
23 |x cpea 181,45 CP3HAY(B2:821)

24 | aucnepcua
25 |cp.ke.oTrnOHEHME

529,3132 [INCN(B2:B21)
23,00681 KOPEHb(B24)

26 |xmin 167 MMH(B2:821)
27 xmax 276 MAKC(B2:B21)
X min x‘
14,45 ABS(B26-B23)
29 xmax X ‘ 94,55 ABS(B27-823)
30 |MckniounTs owmbry | 4,109653 MAKC(B28:B29)/B25 T1-a = 2,62;
A B E

1 |Noenfn X;, cm c2r2
2 1 183 6,526315789 42,5928
3 2 170 -6,473684211  41,90859
4 3 176 -0,473684211 0,224377
5 a 178 1,526315789  2,32964
6 5 176 -0,473684211 0,224377
7 6 180 3,526315789 12,4349
8 7 176 -0,473684211 0,224377
9 8 185 8,526215789  72,69206
10 9 184 7,526315789 56,64543
1 10 174 -2,473684211 6,119114
12 11 168 -8,473684211  71,80332
13 12 174 -2,473684211  6,119114
14 13 189 12,52631579 156,9086
15 14 172 -4,473684211 20,01385
16 15 175 -1,473684211 2,171745
17 16 167 -9,473684211 89,75069
18 17 179 2,526315789 6,382271
19 19 169 -7,473684211 55,85596
20 20 178 1,526315789  2,32964
21 |x 3353 34,03878
22 Zmed 88,42105263 m,
23 |x cpen 176,4737 CP3HAH(B2:B21)

24 | gucnepcua 35,92982 AMCN(B2:B21) k

25 |CP.KB.OTK/IOHEHHE 5,994143 KOPEHb(B24) R

26 |xmin 167 MWMH(B2:B21) h

27 xmax 189 MAKC(B2:B21)
min

28 9,473684 ABS(B26-B23)

29 max ‘ 12,52632 ABS(B27-B23)

30 | Bce HopManbHO 2,089757 MAKC(B28:B29)/B25 Tl =2,6

31|V 3,40% B25/B23

32 g, 0,287799

33 g, -0,56058

34

F G H 1 J K L
c273 c2na

277,974 1814,146 167 1711941
-271,303  1756,33 171,1941 175,3882
-0,10628 0,050345 175,3882 179,5823
3,555766 5,427222 179,5823 183,7764
-0,10628 0,050345 183,7764 187,9705
43,84939 154,6268 187,9705 192,1646
-0,10628 0,050345

619,8466 5285,008

426,3314 3208,705

-15,1368 37,44355

-608,439 5155,717

-15,1368 37,4355

1965487 24620,3

-89,5356 400,5542

-3,20047 4,716477

-850,27 8055,187

16,12363 40,73339

-417,45 3119,888

3,555766 5,427222

57,1544 2826,411

OO FO0OO00OKrRO0O0O0O0O00 00RO

o

m; m, CYMM(E2:E20)/4CTPOK(A2:A20)

00O krRKROKrRrOROOCODOOOOo0

o

HF O KM OO0 0000 00RO RRROO

o

0000000000000 KFrO0000r

)

Moo oo o000 oo 0RO OooDoooo

0,210526 0,210526 0,315789 0,105263 0,105263

0,210526 0,421053 0,736842 0,842105 0,947368

5 1+3,32°LOGLO0(HCTPOK(A2:A20))
22 B27-B26
4,194102 F25/F24

2,62

OO o000 KrEoOoO00000 00000

0,052632

169
173
177
182
186
190

13

w X Y z AA

12

1
038 /
06 7
04 //
02 <

0

165 170 175 180 185 190 195




BbinonHsiem NpoBepKy BbIOOPKM HA HOPManbHOCTb pacnpe,u,eneHMﬂ Mo cregyoLmnm
KPUTEPUSM:

— no cpegHemy abcontoTHoMy oTknoHeHnto CAO
CAO = Z X —X

yCnoBue COOTBETCTBMUA MO n 1=1

CgO 0,7979 < 0.4

YcnoBue COOTBETCTBUSA BbINOMHAETCHA, clieaoBaTeribHO, rmnoTtesa
HOPMarbHOCTU pacrnpeaeneHna BblbOpPKM AaHHbIX, NPUBEOEHHbLIX B
Tabn. 4, noaTBepxnaeTcs.

CpenHee 3Ha4YeHUe TeEOPETUYECKOro pacnpeneneHuns no

1 =X=x(0,71+0,6) - CAQ.




KoadbdomumeHT (0,71 4 0,6) 3aBUCUT OT BENNYNHBLI BbIBOPKM N (B AAHHOM Crlyyae n =
15+20)n 1 - a = 0,95.

KoadbdpuumneHTsl ana onpegeneHns 95%-x OOBEPUTENbHLIX rpaHuL, Ons CpeaHero
3HadyeHusa no CAO npuseneHbl B Tabn. A2

w=176,47 + 0,62 * 4,654 (cm).

no pasmaxy BapbupoBaHus R

f 2 s = ki’ <

<
55594 S — ké. :

Wil

Mp n = 19 n a = 0,10 HMKHAA N BepxHAA rpaHuubl no Tadn. A3
COOTBETCTBEHHO paBHbl 3,25 n 4,27, T. e.

CnepgoBaTenbHO, rMnote3a HOPMarbHOCTU pacnpedeneHnsl NOATBepXXOaeTcs U no
3TOMY KPUTEPUIO



no KoadhpmumeHTamMm acCMMMeTPUN U IKcLecca.
Ycrnosus:
G, <£3Sg;, G,< 55,

roe G1 - HecMelleHHas OUeHKa Ansi nokasarensa acuMMETPUN

S, - \/ 6n(n-1) G =MD g,

; —2
(n-2)(n+D)(n+3)’ _ n-1 (109,16
24n(n—1)? © (n-2(n-3) C

(n-3)(n-2)(n+3)(n+5)

S, =

BbINonHeHne yka3aHHbIX YCNOBUI CBUOETENBLCTBYET, YTO rMnoTesa
HOPMarbHOCTW pacnpeaeneHnsa MOXeT ObITb NpUHATA.



No KputTepuio 2 (CBOMCTBA KPMBOW HOPManbHOrO pacnpeaeneHust) JOrmKHO
BbIMOTHATLCA YCNOBUE
—Z —Z

roe Bj — abcontoTHas YyacTtoTa B Kracce

Ej — oxmngaemas yactora no KpUBOW HOpMaribHOro pacnpeaeneHus .
/ < 2
EJ — f(ZJ)°k, n (ZBij)
Z.
K = NN, 1 -

S

s’ W=7




B tabn. 7 kputepun x? = 3,80. Mo Tabn. A4 HaxogaT TabnuyHoe 3HadveHue: 4,06

Takum obpasom, runoresa o TOM, YTO Habnwgaemble 4acToThbl
pacnpegeneHbl HopMarnbHo, npuHumMmaeTca Ha 10%-m ypoBHe.

BbiBOoA: Tak KakK yCrnoBUSi COOTBETCTBUA Ha HOPMalnbHOCTb pacnpepnesieHus
BbIMOJNIHAKTCA, TO pacnpegeneHne BeSIMYMH MAOET MO HOPMaribHOMY 3aKOHY.
f'MnoTte3a HoOpManbLHOro pacnpegeneHnss Ha AOCTaTOYHO «kKecTKoM» 10%-m
ypoBHe npuHumaeTcsa. 95 % Bcex 3Ha4eHUN BbIOOPKN BapbupyeTcs B npegernax or
173,58 no 179,36.



