NPEABAPUTE/IbHAA OBPABOTKA 3KCNEPUMEHTA/IbHbIX AAHHbIX

Llenb : wu3yyeHue METOAMKM npeaBapuTenbHoONM 06paboTKM 3KCNepMMEHTaNbHbIX AAHHbIX,
MPOBEPKM COOTBETCTBUS pacnpeneneHus pesynbTaToB U3MEPEHUA 3aKOHY HOPMaJIbHOro
pacnpegenenus; M3yyeHne BO3MOXKHOcTelM naketa MS Excel npu peweHun 3agad
CTaTUCTUYECKOM 06PabOTKM IKCNEPUMEHTA/IbHBIX AAHHbIX.



ObLwue nonoxKeHus

O6beKT uccnepoBaHuA — 3TO 0OBEKT /IIOOOTro XapaKTepa, KOTOpbI U3ydaeTca
3KCMEePUMEHTANIbHbIM MyTEM.

JKCNepUMEHT — 3TO creuyanbHbIM 06pa3om CNIaHMPOBAHHAA M OpraHM3oBaHHaA npoueaypa
N3yYEeHUA HEKOTOPOro obbekTa UccnesoBaHUs, NPU KOTOPOM Ha 3TOT OO6bEKT OKa3biBaloT
3an/1aHNpPOBaHHbIE BO3AENCTBUA U PETUCTPUPYIOT €ro peakLum Ha 3T BO34eNCTBUA.

3KCﬂepMMEHTal'IbeIe AdHHblIe — BCe NCXOAHble N BbIXOAHblE YNCNOBbIE AadHHbIE SKCNEPMMEHTA,
cBedeHHble B Ta6ﬂMLI,y ARCNepnMmeHTabHbIX AadHHDbIX.

O6paboTKka 3KCNEePMMEHTANbHbIX AAHHbIX — PA3/INYHble METOAbl MOCTPOEHMUS
MaTemMaTM4Yeckon moaenn obbekTa no Tabsnnue skcnepumeHTaNIbHbIX AaHHbIX.



OCHOBHbIM «PabouMM MHCTPYMEHTOMY» SKCMEPUMEHTA U 06PabOTKM SKCNepPUMEHTaNbHbIX
[NaHHbIX ABNAETCA YNCNEHHOE 3HaYeHne paKkTopos
BO3JENCTBMSA U OTK/IMKOB 0OBbEKTA UCC/IeA0BaHUA, T. €. YUCAO.

Yncna npm skCnepMmMeHTUPOBAHUM NMOAYyYatoT Tpema cnocobamu:
*?l noacuyeTom;
2 nsmepeHuem;
*2 meToA0OM 3KCNEePTHbIX OLEHOK.

MNpepBaputenbHaa obpaboTka pe3ynbTraTtoB M3MepeHUn U HabaoaeHui Heobxoanmma ana
TOro, Ytobbl B AanbHENLEM, NPU NOCTPOEHMUN IMANPUYECKUX 3aBUCUMOCTEN, 3PPEKTUBHO
NCNONb30BaTb CTAaTUCTUUYECKUE METOAbI U KOPPEKTHO aHa/IM3UPOBaATb NOSYYEHHbIE
pe3ynbrathbl.



CopeprkaHue npeaBapuTebHOM 06pabOTKM B OCHOBHOM COCTOMUT B

oTceMBaHuUM rpybbiX NOrpewHoCcTerm M3MepPEHUA UIN MNOrpPeLlHOCTEN,

Hen3beXHO MMEILLUX MECTO NPU NEPENUCbIBaHMN LMGPOBOro maTepmana Uam npu BBoAE Ha
3/1EKTPOHHbIN HOCUTENb MHPOPMALUN.

[pyrum Ba’KHbIM MOMEHTOM NpeaBapUTeNbHOM 06PabOTKM AaHHbIX
ABNAETCA NPOBEPKa COOTBETCTBUA pacrnpeaeneHns pesynbTaToB U3MepeHns 3aKOHY
HOPMaNbHOro pacnpeaeneHus.

Ecnu aTa runotesa Henpuemaema, To C/ielyeT onpeaenTb, KAKOMY 3aKOHY pacnpeneneHus
NOAYNHAIOTCS OMbITHblIE AAHHbIE, U, €CNM 3TO BO3SMOXKHO, npeobpas3oBaTb AaHHOeE
pacnpeaeneHne K HOpMaJbHOMY.

ToNbKO Moc/ne BbINONHEHUA NMEPEYUCNEHHbIX Bbllle onepaunit MoXHO
NEPenNTN K NOCTPOEHUIO IMNUPUUYECKUX GOPMYA, MPUMEHAA, HANPUMED,
MeTo/4 HauMEHbLUUX KBaapaTos.



[eHepa/sibHasA COBOKYMHOCTb M BbIOOpPKA.

leHepanbHOM HA3bIBAOT COBOKYMHOCTb BCEX MbICIMMbIX HAbAOAEHUN,
KoTopble Mmornu bbl 6bITb caenaHbl NPU AaHHOM KOMMAEKCE YCA0BUMN.

[eHepasbHaA COBOKYMHOCTb MOXKeT bbiTb KOHEYHOMU N 6eCKOHEeYHOMW.

[laHHOe Bbille onpeaeneHne reHepaabHOM COBOKYMHOCTU MOMKHO CYUTATb CTPOTO
060CHOBAHHbIM TO/IbKO /151 C/1y4aeB KOHEYHbIX FeHepasibHbIX COBOKYMHOCTEN



MoHATME 6eCKOHEeYHOW reHepasbHOM COBOKYMHOCTM — MaTemaTuMyecKaa abcTpakumsa, Kak u
npeacTaB/fieHMe O TOM, YTO U3MEPUTb CYYaNHYIO BENNYMHY MOXKHO BECKOHEYHOEe YMCIo Pas.

MpubnnkeHHo 6eCKOHEYHYIO reHepasibHYyl0 COBOKYMHOCTb MOMXHO MCTONKOBATb Kak
npeAenbHbIf CAyyYaid KOHEYHOW reHepasibHOM COBOKYMHOCTMW.

B pacnopAaxXeHnn nccnegosatend, HUKorga Het reHepaanoﬁ COBOKYNHOCTU, OH
MOXeT U3y4aTb TOJIbKO €€ Y4aCTb — Bbl60pKy, npnyem Bcerga OorpaHHNMY4eHHOro obbvema.

Pe3ynbTaTbl OrpaHUY4eHHOro paaa HabnlogeHun Xy, X, ..., X,, C1Iy4aHOW BENNYMHbBI MOXKHO
paccmaTpuBaTb KaK BbIBOPKY M3 AaHHOM reHepasibHOM COBOKYMHOCTM.



BbIGOpKa — ntoboe KoHeyHoe noAoMHOXeCTBO reHepaanoﬁ COBOKYMHOCTH, NpeaHa3HaA4YEeHHOE
ANnAa HenocpeaCrBEHHbLIX MCC!'Ie,EI,OBaHMl\/JI,

O6bem — KoNnYecTso eanHUL, B BbiIbOpKe.

OTHOCUTENIbHOI YaCcTOTOM C/Tly4alHOro cobbITMA, Ha3bIBAETCA OTHOLLIEHME YNC/Ia NOABNEHUN
3TOro cobbITUA K 0OLLLEMY YMCNY NPOU3BEAEHHbIX UCMbITAHWUN.

Mepa 06beKTUBHOU BO3MOXKHOCTU C/y4aMHOro cobbiTUA Ha3bIiBAaeTCA BEPOATHOCTbIO
CNYy4anHbIX COObITUN.

OTHOCUTENbHbIE YaCTOTbl MOXHO UCTO/IKOBATb KaK BbIOOPOUHbIe 3HaUYEHUA BEPOSATHOCTEMN
CNYy4anHbIX COObITUMN.



XapaKTepPUCTUKN TeopeTUYECKUX pacnpepeneHuimi MoXHO paccMaTpmBaTb Kak
XapPaKTePUCTUKK, CYLLECTBYIOLLNE B FeHEPa/IbHO COBOKYMHOCTU, @ XapaKTEPUCTUKM
3MNUPUUYECKUX pacnpeseneHnin — Kak BbiIbOpoUYHble XapaKTePUCTUKMU.

MOHO BCTPETUTbL U APYTYI0 TEPMUHONOTUIO. XapaKTEPUCTUKM pacnpeneneHns BeposTHOCTEMN
B reHepa/ibHON COBOKYMHOCTM Ha3bIBAlOT NapameTpamMu, a BblbOpoOUHble (3mnunpuyecKkue)
3HAYEeHUA XaPaAKTEPUCTUK — OLLeHKaMU UM CTaTUCTUKAMM.

MapameTpbl 0603HaYalOTCA BYKBaMM rpevyeckoro andasuTa, a OLLEHKU — COOTBETCTBYHOLLMMMU
6yKkBamMM naTUMHCKoro andasuTa.



UcXoaHbIMUM AaHHBIMU NPU OLEHUBAHUMU, KaK U MPU NPOBeEpKe /0bbIX NpeanonoxeHun
(CTaTUCTUMYECKMX TMNOTE3), KacaloWMXCA HEU3BECTHOrO pacnpeaeneHua cayyanHom
BE€/IMYMHBI MOTYT ObITb JINLLIb TONbKO TE Pe3yabTaTbl HAONOAEHUIN, KOTOPbIE OblIN NONYYEHDbI B
XoA4e NnpoBegeHUn onbiToB (Ha BblIOOpKe orpaHWYeHHoOro obbvema).

Mpuyem npeasapuTenbHaa 06paboTka 3KCNEPMMEHTANbHbIX AaHHbIX 0ObIYHO
HauMHaAEeTCA C NOACYETA TeX WU UHbIX GYHKUUWU OT pe3ynbTaToB HabnwaeHWi (CTaTUCTUK).



OueHuBaHue — onpeaeneHne NpuUbANNKEeHHOro 3Ha4YeHUa HEU3BECTHOro
NnapameTpa reHepasibHOM COBOKYMHOCTU NO pe3ybTaTaM HabaoaeHu.

K oueHKam npeabasnatoTca TpeboBaHMA COCTOATENbHOCTU, HECMELL,eHHOCT!,
3P PEeKTUBHOCTM.

CocToATeNbHaA OUEHKa — OLEHKa, CXOAALLAACA MO BEPOATHOCTM K 3HAYEHMIO OLLEHMBAEMOrO
napameTpa npu 6e3rpaHM4YHOM BO3pacTaHUM ob6bema BbIOOPKM.

HecmeuleHHaA oyeHKa — oueHKa, maTemaTU4yeckoe oXXuaaHue KOTOpOl‘/‘I PaBHO 3HaA4YEeHUIO
OoUueEHNBAEMOTIO NMNapameTpa.

OueHKa napameTpa Ha3biBaeTcA 3¢pPeKTUBHOMU, eCn cpeamy NPOUYMX OLLEEHOK TOro e napameTpa
OHa 0bn1agaeT HaMMeHbLUEeNn aucnepcuen.



BbluncneHue XxapaKkTepucTuK aMnMpUYecKux pacnpeaeneHui (BbiIbopoUHbIX XapaKTepPUCTUK).

34ecb 1 B AaNbHeENLWEM pedb UAET TONIbKO O HEMPEpPbIBHO pacnpeaeneHHbIX CyYanHbIX
Be/IMYMHAX.

[ycTb nmeeTcA OrpaHMYeHHbIn pAg HabAwaeHUn X, X,, ..., X, CAY4alHOW BENNYUHDI.
CpeaHee 3Ha4YeHMe Habogaemoro npmMsHaka onpegensertca no popmyne

X=n§K1

r4e N — KONYeCTBO X; 3HaYeHU BbIBOPKM Mnn 06bem BbIBOPKY;
X; - pe3ynbTaT M3MepeHusa i-i eguHULbI.

Takum obpa3om, x npeacrtaBaseT cobom amnupuyeckoe namn BblIbopouyHoe cpeaHee. Ecnu
BbIYMC/IEHO CpeaiHee, TO IETKO HAUTU OTK/IOHEHUNE KaXKaoro HabaaeHua oT cpeaHero

d =Xx —X.



Bennuunny 82 — —i(xI — )_()2
Ni=1

Ha3bIBAOT ANUCMEPCUEN UM BTOPbIM LEHTPASIbHbIM MOMEHTOM 3MMUPUYECKOTO
pacnpeaeneHuns S? = m,.

B cnyyae oAHOMEPHOro aMNUPUYECKOTO pacnpeaeneHna NponusBoibHbIM MOMEHTOM NOPSAKa
k Ha3biBaeTcAa cymma k-x cteneHen OTKAOHEHUN pe3ynbTaToB HabatogeHn OT NPOU3BONbHOTO
4yucna ¢, AeneHHas Ha o6bem BbIBOPKHK n:

m, :EE(Xi - X)

rae kK moxeT NpuHMMaTb /itobbie 3HaYeHMA HaTypPanbHOro paaa Ymcen.
[MepBbl LEHTPANbHBIA MOMEHT

A2
BTOpPOI1 LeHTpasbHbIi MOMEHT rnZ — H Z (X| o X)



HecmelleHHyYo oueHKy ana S 2 (Mnm 62 - gucnepcms TeOPETUYECKOro pacnpeaesieHns) MOXKHO
HanUTKM Nno popmyne

S? = —§ (X —X)*
1~
BbI6OpOUHble cpegHeKBagpaTUYECKMe OTKAOHEHUA COOTBETCTBEHHO

MOryT BbITb HanaeHbl N0 popmynam
C 2. . 2
=1S7;S=15".



N3 Apyrux MOMEHTOB Yallle BCEro UCMO/b3yOT MOMEHTbI TPETLErO U
YyeTBepPTOro nopaAaKa:

m, =ﬁé(>q -X)* m, =1i(>g - X)*

Ni=1

BbibopoyHoe 3HauyeHue KoapoduumeHTa Bapuaummn V, aBndAroLLeecs Mepon OTHOCUTENbHOM
N3MEHYMBOCTM Habntogaemom cny4amHom BeNMUYMHbI B %, onpeaenstoT no popmyne

S

X

[na HopmanbHbIX U BAU3KMX K HOPMAZIbHOMY pacnpeaeneHunin nokasaTtenb V CayKut
MHAWUKATOPOM OAHOPOAHOCTU BbIOOPOUHbIX HABAAEHMIN: NPUHATO CYUTATb, YTO NpPU

BbINOHMMOCTUN HepaBeHcTBa V < 33 % BblOOPKa ABNAETCA KONUYECTBEHHO OA4HOPOAHOI No
AAHHOMY NPU3HAKY.

V —

-100%.



BbibOpOYHbIE 3HAYEHUA XaPAKTEPUCTUK pacnpeneneHma nmeet
CMbIC/1 BbIYMUCAATL TO/ILKO B C/Ayyae, ecu BblOOpKa ABASIETCA CAYy4alHOMN.

O6bI4HO Ha NPaKTMKe Habaaaemble 3HAYEHUA X4, X,, ..., X, BEIMYMHDBI CIy4aiHble U
OTKNOHEHUA UX OT CPeAHEero 3Ha4YeHua obycNoB/IEHbl NOrPEeLHOCTAMM U3MepeHna M 1. 4. B
CBOIO o4yepenb, NOrpeLHOCTU — pPe3ynbTaT AeNCcTBUSA MHOTMX GaKTOpPOB.

Echn nmeetr mecto TakoW peaKun caydan, Korga B pacnoparKeHWn nccnenoBaTesisi MMEeeTCs
BCA reHepasibHaA COBOKYMHOCTb M Heobxoanmo caenatb U3 Hee BbIOOPKY, TO MCNOb3YHOT OAMH
N3 MeToA0B paHAoMU3aumKM (cnyyarHoro Bbibopa).



OTceB rpybbix norpewHocTen.

MOHO BCTPETUTb 6O/bLLIOE KOIMYECTBO PA3/IMYHbIX PEKOMEHAAUNIM ANA NPOBEAEHUA OTCEBA
rpybbix norpewHocTen HabnwgeHUa (aHOMaANbHbIX 3HAYEHUN).

PaccmoTpum Hambonee npoctoit metopm otcesa rpybbix norpewHocrteit. Ecav B
PaCMOPSAMKEHUM IKCNEPMMEHTaTOPa MMeeTcA BbiIbopKa Hebo/bLLIOro 06bema, TO MOXKHO
BOCMO/1b30BaTbCAA METOAO0M BblYMCIEHNA MaKCUMa/IbHOTO OTHOCUTE/IbHOTO OTKNOHEHMUA:

_ Xmin(m_ax) —X <

T <7,

A€ Xmin(max) - KPAMHWIA (HAaMbONbWMIN WM HAUMEHbLUKI) 31EMEHT BbIBOPKM, MO KOTOPOWA
noaunTbiBaeTCcA X, S W T, BbIMUCIEHHOM NPU JOBEPUTENBHOM BEPOATHOCTM p =1 — Q..



Taknm o6pa30M, ANA BblAeENEHNA aHOMAJIbHOTO 3Ha4Ye€HUA BbIYHNCNAKOT
T, KOTOPOE 3aTEM CPaBHUBAIKOT C Tab/IMYHbIM 3HaYEHMEM Tiqr

Echm ato HEepPaBeHCTBO T <T,_, co6mo,£|,aeTcs|, TO Ha6I1I-O,CI,eHMe HE OTCENBAlLOT, EC/IN HE
CO6J'II-O,£I,aI-0TCFI, TO H86]’II-O,£I,€HI/1€ MCK/THOYaloT.

[Mocne NCKNoYeHNA TOro UAN NMHOro Ha6fII-O,£I,EHl/IFI NN HECKONbKNX H36J’II-O,£I,€HVII\/'I

XapPaKTEPUCTUKN IMMNUPUYECKOTO pacnpeaeneHns AO0/XKHbl ObiTb NepecynTaHbl MO AaHHbIM
COKpaleHHOM BbIOOPKMU.

KBaHTMAM pacnpeneneHmna CTaTUCTUKU T NpuU ypoBHAX 3Haymmoctn a = 0,10, a = 0,05, a
= 0,025, a = 0,01 nnn goseputenbHomn sepoatHoctn p =1 - a =0,90; 0,95; 0,975; 0,99 gaHobl B
CMpPaBOYHMKaX.

Ha npakTuKke 06bI4HO MCNONBL3YIOT YPOBEHb 3HaYnMmocTh a = 0,05 (pe3ynbtaT nosy4yaeTcs ¢
95%-n poBepUTENbHOMN BEPOATHOCTbIO).

Mpoueaypy oTceBa HY*KHO NOBTOPUTb U ANA CeAyloLero no abcontoTHON BeNYUHE
MaKCMMaNbHOIO OTHOCUTENbHOIO OTK/AOHEHUA, HO NpeaBapuTenbHO HeEObXoaMMO
nepecynTatb X U S anAa BbiIbopkn HoBoro obvbema (n—1).



MonuroH un MMCTOorpamMmma 4acCTtoT pacnpeneneHunAa.

Echu NnonyyeHHble IKCNEPMMEHTA/IbHbIE AdHHbIE PAa34e/iInTb HAa KNaCCbl, TO MOXHO NOCTPOUTb
NOAUTOH N TUCTOTPaMMYy HYaCTOT.

Pa3bueHme Ha KacCbl MOXHO BbINMONHUTL Mo NpaBuay LUTopreca c okpyrneHnem
NO/ly4EHHOTO 3HAYeHMA A0 6nKanLwero Uesoro Ymcna.

Yncno Knaccos onpeaensaetca no popmyne

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

[anee onpenensaoT pa3max BapbUpPOBaHUS:

R= Xnax ~ Xmin

Jock Sturges

OnpenensaoT WUPUHY UHTepBana h _



3aTem yCcTaHaB/MBAOT rPaHULLbl MHTEPBANIOB U NOACUYMUTLIBAIOT YNCNO

nonagaHunii cay4amHOM BEIMUYUHDI B KaXKAbl U3 BbIOpaHHbIX MHTEPBanoB (abcontoTHble
YyactoTbl Bj), A4nA 3TOro 3HAYeHMs 3KCMEPUMEHTA/IbHbIX AQHHbIX NMPOCMATPMBAOT MO
NopAAKY OT NepBOM A0 NOCNEAHEN CTPOUYKU, N NPU YTEHUM KarXKAO0ro pe3ynbraTta
COOTBETCTBYHOLLYO METKY (TOUKY MAM 4YepTO4YKYy) 3aHOCAT B TOT KAACC, K KOTOpomy
OTHOCUTCA AaHHOe HabaoaeHme. Kaxaaa MeTka COOTBETCTBYET O4HOMY 3HAYEHMUIO

13 BblOOPKMU.

3aTeM OMpefenatoT OTHOCWUTE/IbHbIE YaCTOTbl MOMAAAHWIA B j-1 MHTepBan (knacc) Kak (B;/ n)
M OTHOCUTE/IbHbIE HAKOM/IEHHbIE 4acTOTbl Kak 2(B;/ n).

[Ana nposepku, cymma B; paBHa KONMYECTBY SKCMEPUMEHTANbHbBIX
AaHHbIX (onblTOB) N.



McTorpamma v NOAUIoH pacnpeaeneHni ABNATCA rpadUyeckum
oTobparkeHnem 4acToT, KOTopble, B CBOKO odyepedb, NpeacTaBnatoT cobol
OLLEHKW NNOTHOCTEN BEPOATHOCTEN.

KymynatueHas nuMHUA — rpaduK HaKoOMAEHHbIX 4acToT, B CBOIO
oyepeab oueHMBaOWMX PyHKLUMIO pacnpeaeneHuna F(x) B Touke x. MHorve HabnogeHus B
npupoae Npu Tako 06paboTke AaOT KONOKON00OpPa3HbIe NOINIOHbI pacnpeaesieHus.

Echn pacnpepeneHue caydyamHOW BeNWYMHbI NMOAYMHAETCA ONpeaesieHHOMY 3aKOHY U MOXKeT
o 2

6bITb XOTA 6bl NPUBANIKEHHO ONMUCAHO KPUBOIM Y = ae®* | To Takoe pacrnpeaeneHne Ha3biBaloT

HOPMa/IbHbIM.

TaK KakK K KoadppumumeHTam a u b npeabABASETCA TO/IbKO 0AHO TpeboBaHMeE, a

MMEHHO: a, b > 0, TO MOXXHO roOBOPUTb O CEMEMNCTBE KPUBbIX HOPMa/IbHOrO pacnpeaesieHms.
C yBenmyeHmem KoapPpuumeHTa a KpMBas «BbITATMBAETCA» B BbICOTY; NPU YBEANYEHUM
KoadppunumneHTa b Kpmas «cnatowmMBaeTCA».



HopmanbHoe pacnpeaeneHne obnagaeTt u Apyrummn BaxKHbIMMU CBOMCTBAMM, KOTOpbIE
NMO3BOJIAIOT CYUTATb 3TO pacnpeneneHme OCHOBOM MaTeEMATUYECKOM CTaTUCTUKKN. PaccmoTpum

5TU CBOMCTBA.

1. OpanHaTa y, KoTopas onpeaenseT BbICOTY KPUBOM ANA KaxKA0M Touku ocn Ox (abcumccnl),
npeacTaBiseT coboin NNOTHOCTb BEPOATHOCTU HEKOTOPOTO 3HAYEHUA NepeMeHHOM X U

onpeaensaeTca cneaytowen Gopmynon

y=t)=——me =

2716°
— o0 < X< 40,0 >0,

roe o — cpeaHekBagpaTtn4eCKkoe OTK/IOHEHNE TEOPETUHECKOIO pacnpeaeneHus,
M —CcpeagHee 3Ha4eHune (MaTeN\aTMHECKOE OH-(M,EI,aHI/IE) TEOPETNYECKOTIO pacnpeneneHnmA.



N3 dopmynbl (16) cnepyet, 4TO HOPMaAZbHOE pacnpenesieHne NOMHOCTbIO onpeaenseTca
BENINYNHAMM UL U O
(m = 3,141593... n e ==2,718282... — maTemaTUYeCKME NOCTOAHHbIE).

MaTemaTnyeckoe oxKuaaHue | onpeaenaeT NONOKEeHUe KPpMBOM pacnpeaeneHmna OTHOCUTE/IbHO
ocu Ox.

CpeaHeKBagpaTUYECcKoe OTKNOHEHWe o onpeaenset opmy KpUBOW.

Yem 6onblue o (pa3bpoc AaHHbIX), TEM KpMBasa CTaHOBUTCA 6osiee NONOron (ee ocHoBaHMe
b6onee wnpokoe).

2. KpMBaﬂ HOPMaAJZIbHOTO pacnpeageneHna CUMMETPNYHA OTHOCUTENIbHO CpedHEero 3Ha4eHuA.

3. MaKkcMmym opamHaTbl KpUBOWA 1

Y max= \/272'02

yTo Npn 0 = 1 cocTtasndaet npumepHo 0,4. Echm x - £ oo, TOo y =20
(acumnTOTHMYECKMN).

Apyrumn cnoBamu, o4eHb 60/bLINE M OYEHb Mable 3HAaYEHUA NEePEMEHHON X MaSI0BEPOATHbI.



MpumepHo 2/3 Bcex HabnoAEHUI NEXNT B NAOLLAAM, OTCEKAaeMOWN neprneHaAnKynspamm K ocn Ox
(U £ o).

Mpu 6onbwiom 06beme BbIbOpKM npumepHOo 90 % Bcex HabnoAeHUM nexnt mexay -1,64c
n+1,640. paHuubl -0,6750 n +0,6750 Ha3bIBAOT BEPOATHbIMU OTK/IOHEHUAMMN: B 3TOM
NHTEepBane Haxoautca okono 50 % Bcex HabntoaeHUN.

[lnAa HOpMaNbHOrO pacnpefeneHus cpeHee, moga U MedMaHa COBMaaloT.



MeaunaHon BbIOOPKM ABASIETCA cpefiHee 3HaYeHne 13 BCero ynopago4eHHoro Habopa 3Ha4eHui.
Mopoi BbiIOOpKM Ha3bIBaeTCA 3HAYEHUE, KOTOPOE BCTpeyaeTcs bonbliee Yncio pas3 B BbIOOpPKe.

[NA CTaTUCTUUYECKMX METOA,0B NOCTPOEHUA IMNUPUUYECKUX 3aBUCUMOCTEN OUYEHb BaXKHO,
4yTo6bI pe3ynbTaTbl HAGAAEHUIU NOAUYNHANUCD HOPMAZIbHOMY 3aKOHY pacnpeaeneHus,
NO3TOMY NPOBEPKA HOPMa/IbHOCTU pacnpeneneHna — OCHOBHOE coaeprkaHue
npeasaputenbHou 06paboTKku pesynbraToB HabaogeHUN.



NMpoBepKa runoTesbl HOPMAZNIbHOCTU pacnpeaeneHus.
1. CpepHee abcontoTHOE OTK/JIOHEHME.

Ons Hebonbwmnx BbIGOPOK (N < 120) MOXKHO HaMTU NPOCTble PeKoOMeHAaUMu Mo MNpPoBepKe
HOPMa/ZIbHOCTU pacnpeaeneHus.

[Ona 3toro HeobxogMmMo BbIUMCINTL cpepHee abcontoTHoe oTknoHeHue (CAO) no
dbopmyne

CAO = —i\xi — X|
Ni=1

[lnsa BbIBOPKU, MMeIoLEN NPUBANKEHHO HOPMaJ/IbHbIM 3aKOH pacnpeneneHms, A40/IKHO ObITb
CNpaBea/IMBO BblparkeHune

CAO 0,7979 < 0.4

S Jn’




Monb3yacb CAO, MOXKHO Tak»Ke ¢ 95%-11 noBepUTENbHOM BEPOATHOCTLIO OLLEEHUTb W (CpeaHee
3HayeHne TeEoPeTUYECKOro pacnpeaeneHuna) no X

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

KoapoduumenT (0,71 + 0,6) 3aBUCUT OT BEANYUHbI BbIOBOPKK N (B AaHHOM ciydae n = 15+ 20) n
1-a=0,95.

KoapoduumneHtbl ans onpeaeneHna 95%-x AoBepUTeNbHbIX FPaHWUL, ANa CpeaHero
3HavyeHnAa no CAO npuseaeHbl B CNPAaBOYHUKAX.



Pasmax BapbupoBaHusa R.

bbiCTpyto nNpoBepKy rMnoTesbl HOPMA/NbHOCTU pacnpeneneHna AnAa
CPaBHUTENbHO LUMPOKOTOo Ksacca BblbopoK 3 < n < 1000 MO*KHO BbINO/IHUTb, UCNOJb3YA
pa3max BapbunpoBaHuA R.

MoacynTbiBaem OTHOLWEHUe

S

N conocrtasaaem C KpUTn4eCKMMmm BepxXxHMmm M HUXKHNMMU TrpaHUUaMHU
3TOro oTHoweHunA, npuseaeHHbIMA B CrPaBOYHUKAX

Echn

K, <= <K,

MEHbLLE HUXKHEN MaKn 6onblue BEPXHEN FPaHMLbl, TO HOPMa/IbHOIo pacnpeaeneHuns Her.
OcobeHHO BaXXHO, 4TObbI 3TO Ycnosue cobatoganocb npu o = 0,10 (10%-1 ypoBeHb
3HA4YUMOCTH).

Wil g



NMokasaTtenu acmmmeTpumn U sKcuecca.

HekoTopoe npeactaBneHne o 6AM30CTU SMMUPMUYECKOro pacnpeneneHma K HopMmasbHOMY
MOMKET AaTb aHa/IM3 NoKasaTesiell aCUMMETPUN U 3KcLecca. NokasaTeslb aCUMMETPUN MOXKHO

onpeaenatoT no popmyne

O =— -
rr12/2
Ana cummeTpuyHbix pacnpegeneHnm m;=0umn g, = 0.

Ana HopmanbHoro pacnpegeneHna m, / m,% = 3.

[na ynobcTBa CpaBHEHUS SMMUPUYECKOTrO pacnpefesieHna MU HOPMaJIbHOro B KayecTse
MoKasaTens sKcuecca NPUHMMALOT BEJIMYUNHY



HecmelueHHble OLEeHKM ANA NoKasaTeneln acummeTpum G, 1 akcuecca G, onpeaenatot

COOTBETCTBEHHO NO POPMYynam: Gl ) \/n(n _1) g |
n-2 %

[(n+1)g, +6]

G — n-1
° (n-2)(n-23)

[lna NpoBepKU runoTtesbl HOPMAJbHOCTU pacnpeaeneHua cneayet
TaK)e BblYUCAUTb CpeaHeKBagpaTUYeCcKue OTK/IIOHEHWA ANA Nnokasateneit aCUMMETPUn m

9KCUECCa COOTBETCTBEHHO:

S, =

en(n—-1) _
(n — 2)(n -+ 1)(” + 3) ’ Echn BbinonHatotca ycnosma G, <

356, G,< 555, , TO rMnoTesa

24n(n _ 1) 2 HOPMa/IbHOCTU UCC/IeQyeMOro

pacnpeaeneHusa Moxet bbiTb

% "\ (n-3(n-2)(n+3)(n+5) o




Mo Kputepuio x2 (xu-kBagpar)

PaccmoTpum MeTo4MKY MPOBEPKM rMNOTe3bl HOPMAZIbHOCTU pacnpeseneHuns no 2 Kputeputio.
MpumeHeHne KpuTepus Y2 npepnonaraeT TakKe UCNob30BaHWE CBOWMCTB TaK Ha3blBAEMOTO
CTaHAAPTHOIro HOPMANbHOIO pacnpeseneHms, KoTopoe UMEET BUA,:

. _,2

g2 ~ O,4e7.

y= @)=

PacyeTbl BbINOMHAIOT B TabnnyHoM dopme. 3HaveHua y2 onpeaenstoT

no popmyne 5
42 = Zn: (B - E)
-1 E,

roe B, — Habatogaemas YacrtoTa;
E; — 0)XnMaaemasn no CTaHAapTHOMY HOPMaNbHOMY PacrpesesIeHUNIO 4acToTa.,



= f(z;)-K,

roe f(zj) — ypaBHEeHMe KPMBOWM CTaHAAPTHOIO HOPMaJIbHOrO pacnpeaeneHua:

f(z)= =

z;— cTeneHb GYHKLMMN KPUBOW HOPMANbHOTO pacnpeaeneHus:

7 — ‘Xl : )_(oofcud

)_( oXMJaemoe cpegHee 3HavYeHune J S
OJICUO HabNoAaEMOrO npu3HakKa DNCLLO



S

04CUOD

n

_oofcud Z B X

nJ_]_

oXnagaemas gmucnepcus:

B i1 |
So:)fcud\

. ~ YACNO KNaccos (MHTepBanos).

n—-1



NMonyyeHHoe 3HauyeHWe %2 CPaBHUBAIOT C TABANYHBIM MU KPUTUYECKUM 3HaueHnem x2 ...

Yucno cteneHem csoboabl v onpeaenstoTt no dopmyne

v=n_-1-x,

rae r —Yncno napameTpoB pacnpeaeneHus (Ana HopmasnbHOro pacnpe-
NeNeHus r = 2, TaK Kak OLEeHMBAIOTCA ABa NapameTpa ¢ é
)

[MnoTesa HOPMaNbHOCTWU pacnpegeneHua NPUHUMAETCA B C/yvae
BbINOAHEHUA ycnosua 2 < 2 .-



MeToauKa NPOBEPKU HOPMAJIbHOCTU pacnpegeneHmnda no nokasaTtenam
dCUMMETPUN N SKCUECCa OYEHDL XOPOLWO UNNHKCTPUPYET UCMOJ/Ib30BaHUNE
MOMEHTOB, a TdKXe y,u,o6Ha npmn ncnoib3oBaHNM KOMIMbHOTEPHbLIX TEXHOJIOTUN.

[na npaKkTMyeckoro npumeHeHusa (0cobeHHO npu pacyeTax C
MCNONb30BaHMEM KOMMbIOTEPHbIX TEXHONOMMNIA) PEKOMEHAYTCA B
OCHOBHOM [Be METOAMKM: N0 Pa3maxy BapbUPOBaHUA U NO X2-KPUTEPULO,
npuyem nepsas CAYXUT ANA ObICTPON «NPUKUAOYHONY» MPOBEPKMU, a
BTOpPan — A/19 OCHOBATE/IbHOM NPOBEPKM HOPMAIbHOCTU pacnpeneneHms.

B HacTosLee Bpemsa 06paboTKy aKCNepuMMeHTa/IbHbIX AaHHbIX CYLLLECTBEHHO obneryatoT
COBPEMEHHbIE KOMMbIOTEPHbIE TEXHONOINM, COBPEMEHHOE NporpammHoe obecneyeHue.
Hanpumep, aneKkTpoHHble Tabanubl MS Excel.



