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BBeneHue

BoisiBneHue BbIOpOCOB — 0fHA U3 cTapeimx npobnem aHanusa AaHHblX. MpuynHamMmu NOSIBNEHUA Bbl-
6poCoB MOryT ObITb OLUMOKK U3MepeHuit, owmnbku otbopa BbIOOPKU, NpeAHAMEPEHHOE UCKAKEHNE NN HEKOP-
pekTHas ukcaums pe3ynsratoB aHanm3a BbIGOpKU, OLLMOOYHBIE NPEANONOXEHUS O pacnpeaeneHun AaHHbIX
UM MOAENU, Marnoe KONMYeCTBO HaOMOAEHWIA U T. 4.

BbIBGpoChHl MOTYT UCKaXxaTb U CoKpallaTh MHGOPMAaLMIO, COAEPKALLYIOCA B UCTOYHUKE AAHHLIX UMK NPO-
ueaype ux resepauuun. B nponssoncrse Hanuyue BbIGPOCOB CHUXKAET PE3yNnbLTaTUBHOCTb NPOM3BOACTBEHHbIX
NpoLIeccoB, Ka4eCTBO NPOAYKLMM, a TaKkke npoueayp KOHTpons npoaykuuu. Beibpockl He Bceraa cneayer
TPAaKTOBaTb KaK «NIOXME» UMM «OLUMOOYHBbIE» AaHHbIE. B HEKOTOPBIX Cy4Yasx BbIGPOCHI AAKOT BAXHYIO UH-
dhopmManuio, KOTOpyLo He0BX0AUMO YUUTLIBATL B NPOLIECCe UCCNEea0BaHUNA.

BbisiBnenne u aHanu3 BbIOPOCOB B NPOLIECCE U3MEPEHUst BeayT Kk 6onee nonHOMy MOHUMAaHUIO U3yya-
eMbIX MPOLECCOB 1 Bonee rmyboKkoMy aHanu3y gaHHbIX, U KaK cneacreue, k 6ornee 40CTOBEPHbLIM BbIBOAAM.

Tak kak npodneme oBHapykeHus n 006paboTku BbIGPOCOB NOCBSILLEHO 6OMbLLOE KONUYECTBO NUTEpPaTyp-
HbIX MYONUKaLmii, BaXXHON 3aa4eii ABNAETCS ONpeaeneHne n ctangaprmusauus (Ha MexayHapoaHOM YPOBHE)
3TUX METOA0B.

Hacroswmin ctaHaapT COAEPKUT LLECTb NPUNOXEHUIA. B npunoxxeHun A npuBeaeH anropuTm BblYMCHE-
HUSA CTAaTUCTUK U KPUTUYECKUX 3HAYEHWIT AN BbIsIBNIEHUS] BbIOPOCOB B BIBOPKE U3 HOpPMaribHO pacnpeaene-
HusA. B npunoxenusx B, D n E npusenexbl Tabnuubl, HeobxoaumMbie ANs NPUMEHEHUS PEKOMEHAOBAHHbLIX B
craHgaprte npoueayp. B npunoxerun C npusegeHo cratuctuyeckoe 060CHOBaHME MOCTPOEHMA Anarpamm,
MOMOralLLUMX B PELUeHUN 3a4a4u OTCMEXMBAHUA BLIOPOCOB. B npunoxeHun F npueeaeHo nosranHoe pyko-
BO/ICTBO MO NPUMEHEHUIO NpoLieayp, YCTAHOBIEHHbIX B HACTOSILLEM CTaHAapTe, U npeacrasneHa Gnok-cxema
COOTBETCTBYHOLUUX AEACTBUNA.
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HAUMWOHANBHBIN CTAHOAPT POCCUMNCKON GEOAEPALUUMN

CraTuctuyeckume metoabl

CTATUCTUYECKOE NPEAOCTABNEHUE OAHHbIX
YacTb 4
BbisiBneHue n 06pabdboTka BbIOPOCOB

Statistical methods. Statistical data presentation. Part 4. Detection and treatment of outliers

Oara BBegeHusa — 2018—12—01

1 O6nactb NnpUMeHeHus

B HacTosilieM cTtaHaapTe YCTaHOBMEHbI CTAaTUCTUHMECKUE KPUTEPUM U METOAbI rpachmyeckoro aHanm3aa
JaHHbIX, NOMNyYeHHblE B pesynbrate U3MepeHuii. B HacTosileM craHgapTe npuBedeHbl peKOMeHZaUMKU Mo
mMeToAamM onpeaeneHust pobacTHbIX OLEHOK U NpoUeAypamM NMPOBEPKN HANMUYKS BbIGPOCOB B AaHHbIX.

MeToabl, NpeAcTaBneHHble B HACTOSILLEM CTaHaapTe, NpeaHasHayeHbl rnasHbiM 06pa3om Ans BbisBre-
HUst 1 06paboTkM BLIGPOCOB OLHOMEPHbIX AaHHbIX. OfHAKO B HACTOSILLEM CTaHZapTe NpeAcTaBfieHbl Takke
HeKOTopble pekoMeHAaummn no paboTe ¢ MHOTOMEPHbLIMW JaHHbIMU U JaHHbIMW PErPECCUOHHONO aHanuaa.

2 TepMUHbI U onpeneneHus

B HacToseM cTaHgapTe NpUMEHEHbl Cneayowmne TEPMUHbI C COOTBETCTBYIOLLIMMU ONpPeaeneHNAMU:
2.1 BbIOOpPKA, HAOOpP AaHHbIX (sample, data set): MoAMHOXECTBO reHepanbLHON COBOKYNHOCTU, COCTO-
ALllee U3 O4HOW UM HECKOMbKMX BbIBOPOUHBIX €4UHML,.

MpuMmeyaHue 1—B 3aBUCUMOCTN OT UCCIedyeMOli reHeparnibHOW COBOKYNMHOCTU BLIGOPOYHBIMU efUHUL@MU
MOryT ObITb 06beKTbI, YUCIIOBbIE 3HAYEHUS, a Takke abCTpaKTHbLIE ANIEMEHTHI.

MpumeyaHune 2—BblIGOpKY U3 reHepanbHON COBOKYMHOCTM, NOAYMHAIOLLYIOCA HOPMaribHOMY pacrpegeneHuto
(2.22), ramma-pacnpegeneHuto (2.23), aKCnoHeHLMansHoMy pacnpegenenuto (2.24), pacnpegenenuto Beitbynna (2.25),
NorHopMarnkeHOMYy pacnpefeneHuto (2.26) unu pacnpegeneHunto akcTpeMasnbHbIX 3HadeHunid Tuna | (2.27) 4acTo HasbiBakoT
BbIGOPKOWA U3 HOPMaNbLHOMO pacnpedeneHuns, raMMa-pacnpeaeneHus, 3KCroHeHUManeHoro pacnpegenerus, pacnpegene-
Hus Beilbynna, norHopManesHOro pacnpefeneHuns unm pacnpejeneHuns SKCTpemMarnbHbIX 3Ha4eHW Tuna | cooTBETCTBEHHO.

2.2 BbIOpoOC (outlier): 3neMeHT ManoMOLHOro NOAMHOXECTBA BbIGOPKU, CYLLIECTBEHHO OTNUYAOLLMACS
OT OCTanbHbIX 3NEeMEHTOB BbIOOpKM (2.1).

MpumedaHune 1— Knaccudukaumsa HabnogeHs UnNu NOAMHOXECTBO BLIGOPKU Kak BEIGpoC (Mnn BbIOpOCHI)
3aBUCUT OT BeIBpaHHOW Mofgenu reHeparnsHoi COBOKYMHOCTM, U3 KOTopol oTobpaHa BbiGopka. BriGpoc He paccmaTpuBatoT
Kak UCTUHHbIA aNeMEHT reHeparnbHOW COBOKYMHOCTH.

MpumMeyvyaHue 2 — Bblibpoc MOXET NOSBUTLCA U3 APYroi reHeparnbHOW COBOKYMHOCTHU, ObITb pe3ynsraTtom He-
KOPPEKTHON peructTpauum gaHHbIX uim obLyei oLnbKon U3MepEHMiA.

MpumMeyvyaHue 3—ToAgMHOXECTBO MOXET COAEPKATb OAHO UMM HECKOMbKO HabniogeHuiA.

2.3 mackupoBka (masking): Hannune 6onee ogHoro Bbibpoca (2.2), 3aTpyaHsioLiee obHapyXeHne Kax-
Aoro Bblbpoca.

2.4 BEpOATHOCTb JIOXKHOIO OGHapyXxeHUsi BbIOpocoB (some-outside rate): BepoaTHOCTb TOro, 4to
OHO UNK HECKONbKO HABMOAEHMI He3arpsa3HEeHHON BbIOOPKM, OLUMOOYHO KracCcuduumMpoBaHbl Kak BbIOPOCHI
(2.2).

2.5 metop koppekuumn BblopocoB (outlier accommodation method): MeTtoag HEYYBCTBUTENbHBLINA K Ha-
nU4nIo BbIGPOCOB (2.2) NPU NPUHATUM PELLEHMS O FEHeparnbHOW COBOKYMHOCTM.

M3paHue oduumnansHoe
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2.6 ycTonunBasa oueHka (resistant estimation): OueHka, nogsepxeHHaa NULLb MasnbiM U3MEHEHUAM
npu 3ameHe HeBomnbLION A0NM Habopa AaHHbIX (2.1), aneMeHTaMu, BOSMOXHO, UMEIOLLIMMU 3HAYUTENbHOE OT-
NUYKNE OT 3aMEHEHHbIX 3JIEMEHTOB.

2.7 po6acTHas oueHka (robust estimation): OueHka, He4yBCTBUTENBbHAA K HEOONBLLUMM OTKIIOHEHUSIM OT
npeanonaraemoin BEPOSITHOCTHOW MOAENMN AaHHbIX.

MpumedaHune —lNpumepom MOXeT BbITb OLeHKa, NOMy4YeHHaaA METOAOM, NPeAHa3HaYeHHBIM ANA HOpMarib-
Horo pacnpegenenus (2.2), Nnpu NpuMeHeHUn K BrM3kUM pacrpefeneHuaM, HO UMEIOLUM HEKOTOPYIO acCUMMETPUIO I
TAXenble XBOCThl (PYHKUMKU pacnpegeneHns. pynna Takux oLeHOK BkIoYaeT B ceba L-oueHku (B3BeLUeHHOe cpefHee
apudpmeTnyeckoe NopsgKoBbIxX cTaTueTuk (2.10)) 1 M-oueHku (cMm. [9]).

2.8 paHr (rank): MNonoxeHune HabnogaemMoro sHaueHusi B ynopsigoMeHHOM Habope HabniogaeMbix 3Ha-
YEHUN.

MpumeyaHune 1—Habnogaemble 3Ha4eHNS YNOPSAOYMBAIOT B HEYOBIBaIOLLEM (BEAA OTCHET OT HAMMEHbLLETO
3neMeHTa) Unn B HeBo3pacTatoLLeM (BeAsa OTCHET OT HaubonbLUero aneMeHTa) nopsaake.

MpuMeyaHNe 2— B COOTBETCTBUM C UENAMU HACTOSILLETO CTaHAapTa o4MHaKoBbIM HabnogaemMbIM 3HaUEHUAM
npucBanBaloT pasHble, HO NocneaoBaTeNbHLIE PaHr.

2.9 rmy6una (depth): HaumeHbLumit U3 asyx paHroB (2.8), NPUCBOEHHbIX 3MEMEHTY Npu ynopsioumnBa-
HUM BbIOOPKK (2.1) B HEYObIBAKOLWEM U HEBO3PACTAIOLEM NOPSAAKAX.

MpumevyaHue 1— 3HadeHne MyGuHLI MOXET GbITb HE LIENBIM YACIIOM (CM. MPUNoXeHue A).

MpumedaHue 2— [naBcex NONYYEHHBIX 3HAYEHWIA, OTIMYHBIX OT MeguaHbl (2.11), rnybuHa onpepensieT Aea
3HaYeHUss — O HO HUXe MenaHbl, Apyroe Belle MeaguaHel. Hanpumep, ABa 3HaveHus ¢ ry6buHoi 1 npeacTaensioT coboi
MWHUManbHOE U MakcuMarnbHoe 3HadYeHue B Buibopke (2.1).

2.10 nopsagkoBasa cratucTuka (order statistic): Crarucruka, onpegensiemasl paHrom npu ynopsiaoumnsa-
HuM Habopa JaHHbIX B HEYObIBAOWEM Nopsiake.
[MCO 3534-1:2006, n. 1.9]

Mpumevanune 1—TycTb {X4, X, ..., X,} — HeynopsfoueHHan BuiGopka. Mocne ee ynopsgoumsaHus, o6o-
3Ha4YeHHble 3aHOBO 3MIEMEHTHI COCTABNAT YNOPAA0YEHHYI0 BEIOGOPKY, rae Xy S X@) S - SX(gy < .. < Xy, TOAA Xy — Ha-
OntofaemMoe 3Ha4eHue k-ii NOpsSAKOBOIA CTaTUCTUKKM B BeIbopke o6bema n.

MpuMedaHue 2— Ha npaktuke ansa onpegeneHns NopaaKoBLIX CTaTUCTUK AaHHLIX B BeIGopke (2.1) nponaso-
ST UX ynopsiao4MBaHue B COOTBETCTBUM C NpUMeYaHuem 1.

2.11 meguaHa, BbIGopoyHas MeauaHa, meauaHa Habopa uucen Q, (median, sample median, median

2

n . + -
4yucno nnu nonycymma [?:|-M n |: > :|-VI nopsAAKOBbIX CTATUCTUK, €CNU N — YE€THOE 4Yncno.

[MCO 3534-1:2006, n. 1.13]

MpumeyaHune — MeanaHa ABNSAETCA BTOPLIM kBapTUnem (Qs).

n+1
of a set of numbers, Q,): k-A nopsiAKOBas CTaTUCTHKA, IAe K = [—] ecnn 06bem BbIGOPKU — HEYeTHoe

2.12 nepBbIN KBaPTUIIb, HYKHUIA BLIGOPOYHLINA KBapTUNL Q, (first quartile sample lower quartile, Q,):
MeaunaHna (2.11) nepBblX HAUMEHbLUMX (N — 1)/2 3Ha4YEeHNI ANA HEYETHOTO YKucna HabnaeHN; Meauana nep-
BbIX HAUMEHbLLUX /2 3HAYEeHUI ANl YEeTHOIo YMcna HabnoaeHui.

MpumevyaHune 1—B nurepatype BCTPeYaeTCsl MHOMO paannyHbIX onpefeneHuii BoibopovyHOro KBapTuns, 4To
NpUBOAWUT B HEKOTOPOMW CTEMEHU K pasnu4HbIM BbiBoAaM. B HacTosiem cTaHpapTe npuBeAeHo onpefeneHue, KoTopoe
LUIMPOKO pacnpocTpaHeHo U YA06HO B NPUMEHEHUM.

MpumMeyaHune 2— [MonynspHeIMW BapuaHTaMu KBapTUIsA SBRSAIOTCA «Crubbi» 1 «yetBepTU» (2.19 1 2.20).
B HekoTopbIX cny4Yasx (cM. npumedaHue 3 B 2.19) nepsblil KBAPTUIb U HUXKHASA YeTBEPTb (2.19) NAEHTUYHDI.

2.13 TpeTui KBapTWNb, BEPXHUIA BLIGOPOYHLIN KBapTUIbL Q; (third quartile, sample upper quartile, Q5):
MeaunaHna (2.11) nocneaHux HambonbLMX (N — 1)/2 3HaYEeHUI ANA HEYETHOrO Yncna HabnaeHuin nnn meau-
aHa nocneaHux HaMbonbLUKMX /2 3HAYEHUI ANS YETHOIO Yucna HabnoaeHui.

MpumedaHune 1—B nureparype BCTPeYaeTCsl MHOMO pa3fnnyHblx onpegeneHunil BbibopoYyHoro KBapTUns, 4To
NpUBOAWUT B HEKOTOPON CTEMEHU K pa3nuyHbIM BbiBoAaM. B HacToslwem cTaHfapTe nNpuBeAeHo onpefeneHue, Kotopoe
LUMPOKO pacrnpocTpaHeHo 1 yio0bHO B MPUMEHEHNMN.

MpumMeyaHune 2— MonynsapHeIMW BapuaHTaMu KBapTUNsA SBRSAOTCA «Ccrnbbl» n «uetBeptU» (2.19 1 2.20).
B HekoTopbIx criydasx (cM. npumedanune 3 B 2.20) TpeTuid KBapTUIb U BepXHASA 4eTBepThb (2.20) nAEHTUYHDI.

2
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2.14 mexkBapTunbHbIi pa3max IQR (interquartile range, IQR): PasHocTb TpeTbero keaptuns (2.13) n
nepeoro keaptTuns (2.12).

MpumedyaHune 1— MexXKBapTUIbHbIA pasMax — LUMPOKO NPUMEHSAEManA CTaTUCTUKa 4R ONUCaHWs paccenHus
LaHHbIX.

MpuMeyaHune 2—MHorga BMECTO MEXKBAPTUIBHOIO pa3Maxa UCMonb3yHoT PasHOCTb BepXHel 4eTBepTH (2.20)
W HUXHel YeTBepTH (2.19), HasblBaeMyo «4ETBEPTHEIM pazbpocomy.

2.15 ceogka natu uucen (five-number summary): Ha6op 3HauYeHui BLIGOPOUHOTO MUHUMYMA, NMEPBOTO
kBaptuns (2.12), meguansl (2.11), Tpetbero keaptuna (2.13) u BbIGOPOYHOro Makcumyma.

MpuMeyaHue — CBOAKa NATM YNCEN AAET KPaTKYH0 KONUYECTBEHHYIO MHEOPMALIMIO O MOMOXEHUN, pacCesHUN
N pasMaxe gaHHbIX.

2.16 puarpamma awmk ¢ ycamu (box plot): Npaduyeckoe npeacrasneHue (ropu3oHTanbLHOE Unu Bep-
TUKanNbHOE) CBOAKM NATK Yncen (2.15).

MpumedvaHune 1—B crnyyae ropusoHTanbHOro NpefcTaBneHnsa gnarpaMMbl ALWLMK C ycamu, NepBbiil KBapTUNb
(2.12) v TpeTuit kKBapTUNb (2.13) HAHOCAT Ha guarpammy Kak neByto U npaByto GOKOBLIE CTOPOHbLI AWMKa, MeauaHy (2.11)
HaHOCAT Kak BepTUKamnbHYIO NUHUIO, Nepepesarolyto ALWmMK, NeBbIA YC MAeT OT NepBoro KBapTUNA K HauMeHblLeMy 3Ha-
YeHWo B BLIGOPKE, He BLIXOASALLEMY 3@ HUXHIOK rpaHuly (2.17), Npasblil YC UAET OT TPETbEro KBapTUNA K HaunbonbLuemy
3Ha4YeHWIo, He BBIXOASALLEMY 3a BEPXHIOIO rpanHuLly (2.18); sHa4eHWA 3a npeaenammn KOHTPONbHBIX FpaHUL paccMaTpusatoT
Kak BeiGpockl. B cnyyae BepTukansHoro npeAcTaBneHns guarpaMmel, NEpBLIA U TPETUIA KBAPTUAN HAHOCAT Ha Anarpammy,
KaK HUXHIOK U BEPXHIOK CTOPOHBI ALLMKa, MeAnaHy HaHOCAT Kak rOpU3oHTanbHY0 MMHWUIO, NEpepe3aloLLyto AWK, HUXKHWA
yC WAET OT NePBOro KBapTUMA K HaMMeHbLUEeMY 3Ha4YeHUIo B BeIOOpKe, He BLIXOAALEMY 3@ HWKHIOW rpaHuLy, BEpXHWUIA yc
WAET OT TPETLEro KBapTUNA K HanbomnblUeMy 3Ha4YeHUIo, He BEIXOASLLEMY 3a BEPXHIOK rPaHuLy; 3Ha4eHUs 3a npegenamu
KOHTPONbHbLIX FPaHML, paccMaTpuBartoT Kak BbIGpoCh.

MpuMeyaHue 2— LLnpuHa Awmka n AnmHa yca — rpadudeckue napameTpbl guarpaMmmel, XapakrepusyoLme
flaHHble, HanpuMep, napameTp NonoXeHus, pa3dpoc, aCUMMETPUIO, ASTUHY XBOCTOB U BbIGpoCckHl. Ha pucyHke 1 ana cpas-
HeHWs NpefcTaBiieHa fjuarpamma SUK ¢ ycaMu U YHKLMS NIOTHOCTU ANS @) paBHOMEpPHOro, b) konokonoobpasHoro,
C) NOMOXUTENMbHO CKOLLIEeHHOro 1 d) oTpuLiaTeNnibHO CKOLLEHHOMo pacrpefeneHuin. na kaxaoro pacnpeaeneHus Hag auna-
rpaMMoN AWK C ycaMmu NpuBeAeHa COOTBETCTBYOLLAsA rucTorpamma.

MpumedaHune 3—[OuarpaMmy ALWKMK C ycamu ¢ HUXHeW (2.17) n BepxHeii (2.18) rpaHnyamm, BelMMCIIEHHBIMA
€ Ucrnonb3oBaHeM KoadduLmeHTa K, paccHUTaHHOro Ha ocHoBe o6bemMa BhIGOPKU N U NPeANONOXEHUU O BUAE pacnpe-
fleneHns AaHHbIX, HasblBatoT MOAUULIMPOBAHHOR AnarpamMmoii AWKK ¢ ycaMm (M. pucyHok 2). NMocTpoenue MoanduLmn-
pOBaHHOW Anarpammel ALLMK C ycamu npefcTasneHo B 4.4.

2.17 HAXHAA TPaAHULIA, HUKHAA TPaHULA OTAENsAWAan BbiOPOCLI, HUXKHEE MpedenbHOoe 3HaYeHue
(lower fence, lower outlier cut-off, lower adjacent value): 3HaueHue, ykasaHHOE Ha AguarpaMmme ALLMK ¢ ycamm (2.16),
HaxoAsLleecs HUxe nepeoro keaptuns (2.12) Ha 3agaHHoe YNCNO K MeXKBAPTUNbHbIX pasMaxoB (2.14).

MpumMmedaHue — B cneynanmsmpoBaHHbIX NakeTax NporpamMmm ctaTucTudeckoit o6paboTki AaHHBIX HUXKHIO
rpaHuuy obbiMHO BbMUCHAT Kak Qq — K(Qz — Qq), rae k GepyT pasHeiM 1,5 unu 3,0. B knaccudeckom nogxoae, npu
k =1,5 HWXHIOIO rpaHULY Ha3bIBalOT «BHYTPEHHER HIKHel rpaHnLieity, a npu kK = 3,0 HUXHIOK rpaHuLy Ha3biBaloT «BHELL-
Hel HWKHeW rpaHnuei».
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1 NN NSNS, WIS W NS S

0,0 0,2 0,4 0,6 0,8 1,0 X -3-2-1 0 1 2 3 X
a) PaBHOMepHOe pacnpegeneHue b) Konokonoo6pasHoe pacnpegenexue

¢) MonoxnTeNbHO CKOLEHHoe pacnpejeneHue d) OTpuuaTefbHO CKOlEHHoe pacnpegenexune

X — 3HaueHune CﬂyanZHOVI Be/IMYnHBI; Y — yactoTa nosisneHns X

PucyHok 1 — [uarpaMMbl SUiKe ycaMu U COOTBETCTBYHOLLME TUCTOrpaMMbl AN1si:
a) paBHOMepHOro, b) KOJI0KON1006PA3HOr0, C) NOMOXUTENBHO CKOLIEHHOTO U
d) oTpuLaTenbLHO CKOWEHHOTO pacnpeaesneHus
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MakcumanbsHoe BbIGOPOHHOS 3HaveHne

BepxHsisi rpaHyua (HapycoBaHa NyHKTUPOM)

MakcumanbHoe BbIGOpoYHOE 3HaYeHue,
pacrionoXeHHoe Hke BepXHeWn rpaHuLbl

1,5 x IQR

- Tpetuii kBapTUnb

MeavaHa

- MepBbiit KBAPTUINbL

MuHuMarsHoe BbiIGopoyHoe 3HaueHue,
PacronoXeHHOEe BbILLE HKHEH rpaHuLbl

1,5 x IQR

Hwxhss rpaHnua (HapucoBaHa NMyHKTMPOM)

PucyHok 2 — MoauduumpoaHHas guarpaMmma LUK ¢ ycaMu ¢ yKkazaHHLIMU HWKHEW 1 BepXHEN rpaHuLamm

2.18 BepxHAA rpaHnLA, BepXHAA rpaHuLia OTAENAWAA BbIOPOCH], BepxHee npeaenbHoe 3HaYeHne
(upper fence, upper outlier cut-off, upper adjacent value): 3Ha4eHue, ykazaHHOE Ha anarpamme ALK C ycamu, pac-
NOJOXXEHHOE BbiLLE TPETbEro KBapTuns (2.13) Ha 3agaHHOe YUCNO K MEXKBAPTUNbHLIX pa3maxos (2.14).

MpuMeyaHue — B cneynanusnpoBaHHbIX NakeTax NporpamMm crtaTtucTuieckon o6paboTkn AaHHBIX BEPXHIOK
rpaHnLy oBbIMHO BLIUNCIAIOT Kak Q + k(Q; — Q,), rae k 6epyT pasHbiM 1,5 unu 3,0. B knaccudeckom noaxoae, npu k= 1,5
BEPXHIOO rPaHULly Ha3bIBalOT «BHYTPEHHEN BEpXHei rpaHuuei», a npu k = 3,0 BEpXHIOI0 rpaHuLy Ha3biBaloT «BHELLHeN
BEpXHEeN rpaHnuein».

2.19 HMXKHAA YeTBePTb X, ., (lower fourth, X, .;): [Ins Habopa HabMIOAAEMBIX 3HAUEHNI X(1) S Xo) S ... < X(p
BENUYUHA, paBHas 0,5[x(,) *+ X1 )] npu f=0 unu X(j+1) PN f>0, rne i— uenas yactb n/4, a f— papobHas JacTb n/4.

Mpumedvyanune 1—/[aHHoe onpefeneHNe HKHEN YETBEPTU UCTIONL3YIOT A BEIMUCTIEHUS PEKOMEHAYEeMbIX 3Ha-
YeHun k; 1 ki, (cM. npunoxerne C); BO MHOTUX NPOrpamMMHLIX NMPOAYKTax CTaTUCTUHECKOn 06paboTkn AaHHbLIX BbMUCIEHNE
HWXHEN YeTBePTU NO YMONYaHUIO UM B KayecTBe BbIGUpaeMoii onumMmn NpoM3BOAUTCS Tak, Kak ykazaHo B onpefeneHum.

MpuMeyaHune 2—HWKHOW YeTBEPTb U BEPXHIOD YeTBEPThL (2.20) BMecTe uHorga HasbiBaloT crubamu.

MpumMmeyvyaHune 3— HuxkHIOI YeTBepTb UHOM@ paccCMaTpPMBALOT Kak NepBhlil kBapTunb (2.12).

NMpumevyaHnune 4—Tlpuf=0, f=0,5unun f = 0,75 HUXKHAA YETBEPTb TOXAECTBEHHO paBHA NEPBOMY KBapTUNIO,
Hanpumep:

O6veM BbIGOpKY N i = uenas vacTb n/4 f= ppo6Has vacTb n/4 MepBbiii kKBapTUIbL HuxHAA yeTBepTL
9 2 0,25 [X(z) + x(3)]/2 X(3)
10 2 0,50 X@3) X(3)
1" 2 0,75 X@3) X3
12 3 0 [x(s) + x(4)]/2 [x(3) + x(4)]/2
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2.20 BepxHsAA 4eTBEPTB Xy, (lower fourth, X,.,): [inA Habopa HabnOAAeMbIX 3HAHEHUI X(1) S Xp) S ... S Xy
BEnu4uHa, pasHas 0,5[x(n_,) + x(n_,-+1)] npu f=0 unu X(n—j) PY f> 0, rae i — uenas vactb n/4, a f — gpobHas
yacTb n/4.

MpumeyaHwne 1— [daHHoe onpefeneHve BepXHE YETBEPTW MCMOSb3YIOT AN BbIMUCIIEHUS PEKOMEHYEMBIX
3Ha4YeHUN Ky 1 K, (cM. npunoxerue C); BO MHOMIX NporpaMMHbIX NPoAYyKTax CTaTUeTYeckon 06paboTkn aHHbIX BelYUCTIEHVE
BEPXHEN YETBEPTU MO YMOIMYaHUIO UK B Ka4eCTBe BbIGUpaeMoii onuumn NponsBOAUTCA TakK, Kak ykasaHo B ornpefeneHuu.

MpumMmeyvaHune 2— HuxHIOW YeTBepTb (2.19) 1 BEPXHIOIO HYETBEPTHL BMECTE MHOrLa HasbiBatoT crubamu.

MpumeyvyaHune 3— BepxHO YeTBEPTL UHOMAA paccMaTpUBaIOT Kak TPEeTUI kBapTunb (2.13).

Mpumevarnune 4—npuf=0,f=0,5ununf=0,75 BepxHasa 4YeTBEPTb TOXLECTBEHHO paBHa TpeTbeMy KBapTUIo,
Hanpumep:

O6beM BbIGOPKU N i = uenan yacTb n/4 f = ApobHana vYacTb n/4 TpeTuit KBapTUNb BepxHsAsa yeTBepTb
9 2 0,25 [x(7) + x(s)]/2 X7)
10 2 0,50 X@g) Xg)
1 2 0,75 Xg) X9)
12 3 0 [X(g) + X 0)]/2 [X(g) + X(10)]/2

2.21 ownbka nepeoro poga (Type | error): OTKNOHEHWE HYNEBOM rMNOTE3bI, KOrg4a OHA UCTUHHA.
[ISO 3534-1:2006, n. 1.46]

MpumeyaHue 1— Ownbka nepsoro poga — 3TO NMPUHATAE HEBEPHOrO pelleHns. Mo3aTomy, xenaTenbHO Nog-
AepXuBaTb BEPOATHOCTb MPUHATUA TaKoro ownbo4Horo peweHnAa Obina cTonb MaJ’IOﬁ, HaCKONbKO 3TO BO3MOXHO.

MpumeyvyaHune 2 — Bo3MOXHO B HEKOTOPBIX CUTYaLMAX (Hanpumep, Npu onpeaeneHun napametpa GuHoMu-
anbHoro pacnpeeneHus p), 3afaHHblil ypoBeHb 3Ha4uMocTu, Hanpumep, 0,05, He AOCTUXUM ANA AUCKPETHBIX AaHHBIX.

2.22 HopmanbHOe pacnpegneneHue, pacnpegenenue [aycca (normal distribution, Gaussian
distribution): PacnpegeneHue HenpepbIiBHOW CRy4anHOW BENUYUHLI C (PYHKUMEN NNOTHOCTU BEPOATHOCTEN

1 —(x—p)?
f(x) = )
) oA 2 P { 262 }

rae X — nepemMeHHas —o < X < ; W, ¢ — napameTpbl —o < u <o, c > 0.
[ISO 3534-1:2006, n. 2.50]

MpumeyaHune 1 — Marematndeckoe oxugaHvue L — napaMmeTp MONOXEHUs, CTaHAAPTHOE OTKNOHEHWe ¢ —
napameTp paccesHus AaHHbIX.

MpumeyaHue 2— HopmanbHas Belbopka ABAAETCS cnyYaiiHoi BbiGopkoi (2.1), oTo6paHHON 13 reHepanbHoi
COBOKYMHOCTM, NOAYNHAIOLLEHCA HOPManbHOMY pacnpeaenenuto.

2.23 ramma-pacnpegeneHnune (gamma distribution): PacnpegeneHune HenpepbiBHOW CRy4anHON BENUYM-
Hbl C (PyHKUMEN NIOTHOCTU BEPOATHOCTEN

xVexp(—x/B)

fix) =
BT (et)
rae x — nepeMmeHHas, x > 0; o, B — napamerpel, o > 0, > 0.
[ISO 3534-1:20086, n. 2.56]

MpumeyaHune 1—Tamma-pacnpegeneHme UCNonb3yOT NPy UcceloBaHUn 6e30TKasHOCTH ANst MOAenNupoBa-
HWSA HapaboTku Ao oTKasa. OHO BKMIOYAET 3KCMOHEHLUManbHoe pacnpegeneHue (2.24), a Takxe gpyrue pacrnpegenenus, y
KOTOPbIX MHTEHCUBHOCTE OTKa30B YBEMUYMBAETCH BO BPEMEHMU.

MpumMmeyaHune 2— MaTemaTuieckoe oxuaaHne ramma-pacrpefeneHins paBHo o, Ancnepcus pasHa of2.

MpumedaHue 3 — Buibopka ramma-pacnpeseneHus AenseTca cnyvaiHoi BelGopkoit (2.1), oToGpaHHOR 13
reHepanbHO COBOKYMHOCTU, MOAYMHAIOLLEWCA raMma-pacnpes eneHuio.

2.24 3kcnoHeHUManbHoe pacnpeaenenune (exponential distribution): PacnpeaeneHue HenpepbIBHOW
Cry4aiHON BENUYUHBLI C PYHKLUEN NNOTHOCTU BEPOATHOCTEN

fx) = p~"exp(=x/ B),

roe x — nepemeHHas, x > 0; B — napameTtp, > 0.
[ISO 3534-1:2006, n. 2.58]
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MpumeyvyaHune 1— DKCNOHeHUMaNbHOE pacnpefeneHne aBNAETCA OCHOBOMONaraloWwuM nNpu NccneioBaHum
6e30TKka3HOCTU B CUTyaLUsIX OTCYTCTBMS CTAPEHUS UMK «NaMATU Y.

MpuMeyaHune 2— MaremaTnyeckoe oXuaaHue aKCNOHEHUMANbHOrO pacnpeaeneHns pasHo B. [ucnepcus
3KCNOHEHUMANBHOTO pacnpeaerieHns paeHa p2.

MpumeyaHue 3—Buibopka a3KCNOHEHUWaNbHOro pacnpeaeneHus aBnseTca cny4aiiHol BeiGopkoii (2.1), oTo-
6paHHOIA U3 reHeparbHO# COBOKYMHOCTH, MOAYUHSIOWEHCA SKCNOHEHUNaNbHOMY pacnpefeneHuto.

2.25 pacnpepgenenuve Beibynna, pacnpeaeneHue 3kcTpeManbHbix 3HaveHun tuna Il (Weibull
distribution, type Ill extreme-value distribution): PacnpeaeneHne HenpepbIBHOW CRy4YanHoOW BENUYNHBI C (PYHK-
uuen pacnpegeneHus

x-0\k
e )

rae x — nepemeHHas, x > 0; 0, 3, k — napameTpbl —o0 <06 <, $ >0, k> 0.
[1ISO 3534-1:2006, n. 2.63]

MpuMmeyaHue 1—TlloMumo Toro, YTo pacnpegeneHue Beibynna sABnaeTca O4HUM U3 TpPex BO3IMOXHBIX
npeaenbHbIX pacnpefeneHnili SKCTpeMarnbHbIX 3Ha4YEHUA NOPARKOBLIX CTAaTUCTUK, OHO Takke UMeeT PAA APYruxX BadKHbIX
NpUMeHeHUii, 0COGEHHO B TEOPUMN HAAEXHOCTU U UHXeHepun. CyLecTBYeT MHOMO CUTyaLWit, Korga NonyveHHble AaHHble
MoryT 6bITb onucaHel pacnpegenennem Beitbynna.

MpumedyaHune 2—IlapameTp 6 ABNSETCA NApaMETPOM NOMOXEHWUSA UM NOPOroBLIM NapaMeTPOM, 3TO MUHU-
MallbHOe 3HaveHue, KoTopoe MOXET MPUHUMaTL cnyvaiHas BenuynHa. Mapametp p — napameTp Macwraba (cBA3aH co
CTaHAapTHLIM OTKIOHEHWEM criyYyalHOW Benu4YuHbl). MapameTp kK — napametp popMbl.

MpumMeyaHune 3— Brulbopka us pacnpegenenus Beiibynna aensetca cnyqaitHoi BeiGopkoii (2.1), otobpaHHoi
U3 reHeparkHOW COBOKYMHOCTH, NOAYUHSAIOWENCA pacnpeaeneHunto Benbynna.

F(x)=1—exp[—

2.26 norHopmanbHoe pacnpeneneHue (lognormal distribution): Pacnpegenexue cny4anHon Benuyu-
Hbl C PYHKLMEN NIOTHOCTU BEPOATHOCTEN

2
fx) = 1 exp{_M}

oAl 27 262

rae X — nepeMmeHHas, x > 0; p, c — napameTpbl —o < p <o unc > 0.

[MCO 3534-1:2006, n. 2.52]

2.27 pacnpepeneHue aKkcTpeMaribHbIX 3HayeHuit Tuna |, pacnpegenenue N'ymoensa (type | extreme-
value distribution, Gumbel distribution): PacnpegeneHnue crny4ainHon BenuUnHbI C (PyHKLMEN pacnpeaeneHus

F(x) = exp{-e~x o)},

rae X — nepemeHHas, x > 0; 1, c — napameTpbl —o < p<owun c > 0.

MpumeyaHune — PacnpeaeneHnsa akcTpeManbHbIX 3HaYeHUI NO3BONSAOT NONYYUTb COOTBETCTBYIOLLME pac-
npegeneHns Ans akCcTpemMaribHbIX NopsAAKOoBbIX CTaTUCTUK (2.10) X1y W Xy

[1ISO 3534-1:2006, n. 2.61]

3 Obo3HaueHus

B HacTosiLiem cTaHaapTe UCMOoMNb30BaHbl crieylolme 0603HaYeHUs U COKPaLLEHUS:

GESD — 0600LEeHHOe 3KCTPEMAnbHOE CThIOAEHTU3UPOBAHHOE OTKNOHEHUE;
Gg — craructuka puHByAa;
9e:n — KpPUTUYECKOE 3HAYEeHUe CTaTUCTUKU KpuTepus MpuHByaa Ana o6bema BbIGOPKU N;
I — peayuupoBaHHas BbiOOpka oO6bema n — I/, nonyyeHHasa nocne yaaneHuwsa U3 UCXOAHOW Bbl-

Gopku I, obbema n, camoro akcrpemansHoro anementa x(0), satem ynanenus camoro akcTpe-
manbHoro anemexTa x(1) u3 peayumposanHoii BbIGOpK [, 0Gbema n — 1, ynaneHus Camoro aKkc-
TpemanbHoro anementa x(-1) u3 peayunposanHoit BbIGOpKN I, 06bema n— 1+ 1;
Fovyv, — MPOLEHTUNL F-paCNPEAENEHms YPOBHS P C vy 1 v, CTENEHAMM CBOGOAI;
A — KpUTMYecKoe 3HayeHne cratuctukn GESD—kputepus npu nposepke Toro, uto x\) aensercs
BbIOpOCOM;
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Lg — HWXHASA rPaHULIa MOAUMDULIMPOBAHHON AnarpaMMbl ALLKUK C YCaMu;
U — BEPXHSAS rPaHMLAa MOANMULIMPOBAHHON ANarpamMbl SLLMK C yCaMmu;
Mwunu Q, — BhIGOpOYHAA MeanaHa;
M.q — MeauaHa abComnoTHOTO OTKIIOHEHUA OT MeANaHbI;
Q — MepBbIN KBAPTUIIb;
Q3 — TPETUI KBApPTUIb;
R, — KOHTpOIIbHas craTucTuka kpurepusi GESD npu nposepke Toro, uto x() asnserca suiGpocom;
s(l) — CTaHAapTHOE OTKMOHEHWE, BLIYMCNEHHOE NO PeAyLMPOBAHHON BbIGOPKE /;;
Tu — MeaunaHa;
T, — ABaXabl B3BELLEHHAA OLEHKA napaMeTpa nornoxeHust aAnsi Bbibopku obvema n;
T — ouexka T,, B i-i UTEpauum, Npu oGbeme BbIGOPKM, PaBHOM 1
tp;v — NepueHTUnb YPoBHA p  — pacnpeaeneHust ¢ v creneHsimu ceoboabl;
X%;v — NepuUeHTUnNbL YPOBHA p pacnpeaerneHunst Xu-kBaapar ¢ v creneHsimm ¢so6oael;
X; — j-Ii aNeMeHT B ynopsii;0MEHHOM Habope AaHHbIX;
X — HanGonee aKCTpeMarnbHoe 3Ha4YeHWe peayLMpoBaHHOI BbIGOPKK /;;
x() — BbIGOPOYHOE CpeaHee peayLupOBaHHON BLIOOPKM /;
X1(o) — oL — YCEYEHHOEe cpefHee;
X[.n — HWXKHSIA YETBEPTb AMArpaMMbl ALLMK C YCaMK, MOCTPOEHHON NO BbiIOOpKke o6bema n;
Xyn — BEPXHAS YETBEPTH AUArpamMmbl SILLIMK C yCamu, NOCTPOEHHOM no BbIOOpke o6bema n.

4 BbIOpPOCHI B OQHOMEPHbIX AAaHHbIX

4.1 O6GwWwMe NoNoXeHus

4.1.1 NMoHATHe BbIGpOCa

B npocreliwem cnyyae Bbibpoc npeacrasnsaer co6on HabniogeHne, HECOBMECTUMOE C OCTanNbHLIMM Ha-
6noaeHnamMn Habopa aaHHbIX. B 06weM cnyyae Habop AaHHbIX MOXET cogepxatb 6onee oaHoro BuiGpoca,
pacnonoXeHHbIX, kak ¢ OAHOW, Tak U C ABYX CTOPOH YNOpsiA0YEHHOro Habopa AaHHbIX. OCHOBHAs npobnema
BbISIBNEHWA BbIOPOCOB COCTOMT B ONpPEeAesnieHn Toro, AeiCTBUTENbHO N HabniogeHus, He COBMECTUMbBIE C
oCTarnbHbIMU AaHHLIMU SBRSIIOTCS BbiOpocaMu. 3Ty 3ajady peLualoT NoCpeACcTBOM 33/1JaHHOTO KpUTEpUS 3Ha-
YMMOCTHU C YH4E€TOM Npeanonaraemoro pacnpegeneHus AaHHbix. HabniogeHus, Ans KOTOPbIX NOAYYeHbl 3Ha4u-
Mble pe3ynbTaTbl, pacCMaTpUBAalOT Kak BbIOPOCHI U3 NpeAnonaraeMoro pacnpeseneHus.

BaxMHOCTb NpaBunbHOIO BLIOOpA COOTBETCTBYIOLLETO pacnpejeneHnsl AaHHbIX Hemnb3si nepeoleHuTb. Ha
NpaKkTUKEe 4acTo B KayecTBe pacnpeAeneHusi AaHHbIX YacTo paccMaTpuBaloT HOPMAaribHOE pacnpejenexue,
JaXe eCnu AaHHbIE NONyYeHbl N3 APYroro MCTouHuka. OHako oLuMboYHOE NpeanoNoKeHUe 0 pacnpeaeneHuu
JaHHbIX MOXET NPUBOAUTL K HEKOPPEKTHOMY OTHECEHMIO 9NeMEHTOB BbIGOPKM K BbIOpOCaMm.

4.1.2 NMpnynnbl BLIOpOCOB

MosieneHne BbIBPOCOB 0OLIMHO CBSI3aHO C OAHOM UNM HECKONLKUMU NPUYMHAMMU (AEeTarNbHOE paccMmoTpe-
HUe npuBeaeHo B [9]).

a) OWwnBKN U3MepeHuii U perncTpauumn aaHHbix. Cioga OTHOCAT OLUMGKM B TOYHOCTU U3MEPEHUI, HEKOP-
PEKTHO NpoBeAEeHHbIE HAbNIOAEHUA, HEKOPPEKTHYIO PETMCTPALMIO AHHLIX UMK UX BBeAeHUs B 6a3y AaHHbIX.

b) 3arpasHeHue aaHHbIX. 3arpa3HeHUs AaHHbIX NPOMCXOAUT B TOM Criyyae, Korja AaHHble npuHaanexar
ABym unu 6onee pacnpeaeneHusaMm, T. €. UMEETC OJHO OCHOBHOE pacrpeferneHne U 04HO MW HECKONbKO A0-
NONMHUTENbHBLIX pacnpeaeneHnn (NpUmecen), 3arpsasHaIoLMX AaHHble. Ecnu 3arpasHaiowme pacnpeaeneHus
MMEIOT 3HAYUTENBHO OTNMYAIOLLMECA OT OCHOBHOIO UCTUHHbIE CpeaHUue, BonblUMe 3HAYEHUS CTAHAAPTHbIX OT-
KNOHEeHUN n/unu 6onee Tshkenbie XBOCTbI pacnpeaeneHuii, YeM y OCHOBHOIO pacnpeaeneHus, To CyLecTByeT
BO3MOXHOCTb TOr0, YTO IKCTPEMANbHbIE HAOMIOAEHUS, NPUHAANEeXaLLUe pacnpeaeneHUaM-NPUMEcam, MoryT
NOSIBUTLCA KaK BbIOPOCHI OCHOBHOTO pacnpeaeneHus.

MpumeyvyaHnue 1—NpU4nHOI 3arpsa3HEHNS MOXeET GbITb ownbka Npu ot6ope BLIGOPKK, Korga HebonbLuyio
YacTb laHHbLIX CHATALOT MOMYYEHHOI U3 ApYroil COBOKYMHOCTU Unu ecnu Gbino oCyLWecTBNEHO NpefHaMepeHHOe Uckaxe-
HWe (3aBblLUIEHNE UMK 3aHWKEHWUE) pe3ynLTaToB 3KCNepUMeHTa UnK onpoca.

8
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¢) OwmBoYHOE nNpeanonoXeHue o pacnpegeneHnn gaHHblX. Habop AaHHbIX CYMTAIOT MOSYYEHHBIM K3
KOHKPETHOro pacnpeaeneHns, HO OH NONyYeH M3 APYroro pacnpeaeneHus.

lpumep — Habop OaHHLIX cyumarom omoOpaHHbIM U3 HOPMallbHO20 pacnpedesnieHusi, HO OH Mo)em
uMems CUJILHO accumempu4Hoe pacnpedesieHue (Hanpumep, 3KCMOHEHUUaNl-Hoe UNU JI02HOpManbHoe) unu
6bimb cuMMemMpPUYHbIM, HO UMemb MmsiKesbie xeocmkbl (Harpumep, t-pacrnpedenerue). [losmomy HabmodeHus,
dasniexko omcmosiwjue om MeduaHbl pacnpedeneHusi, Mo2ym 6bimb OWU604YHO NPUHAMbI 3a 8bIGPOCKI, OaXe eciu
amo docmoeepHbie daHHbIe, NPUHadnexaujue accumMempu4yHoMy pacipedesieHUlo unu pacnpedeneHuio ¢ msi-
JKenbIMU Xxeocmamu.

d) Pegkue HabnoaeHus. B Bbibopkax, 0ToOpaHHbIX (Kak NPeanonaraeTcsl) M3 3agaHHbiX pacnpeaeneHnmn
MarioBeposiTHble HabnioaeHa MOTyT NOSIBUTLCA B OMEHb pPeaKux criydasx. dkCTpeManbHbie HabnoaeHus B
3TOM crny4ae 06bI4HO NPUHMMALOT 3a BbIBPOCHI, HO OHU HE ABNAOTCA BbIbpocaMu.

Il pumMmedaHue 2 — Ecnu reHepanbHas COBOKYMHOCTb UMeeT CUMMETpUYHOE pacnpepeneHue C TAaXenbiMu
XBOCTaMW, TO peaKo noctynaruine Ha6J'II'O,D,6HI/IF| MOryT NPpUBOAUTL K OLUMGOYHBLIM npeanonoXeHnaAM o pacnpeaerneHun.

4.1.3 Heob6xoaumocTb 0OHapyxeHus BbIOpocoB

BbIBpochl He BCeraa ABMATCA «NMOXUMMU» UMN «OLUMOOYHBIMU» AAHHBIMU. OHM MOTYT ObITb PaccMo-
TPEHbI KaK MHAMKATOPbI NPOSIBIIEHNS PEAKMX SIBNEHUI, TpebyoLmx AanbHenLwero uyyerdusi. Hanpumep, ecnu
BbIOPOC BbI3BAH UCKIHOYMTENBbHO OCOBEHHOCTAMM NMPOMbILLIIEHHON 00paboTku, TO BaXkHOE 3HAYEHUEe Umeet
M3y4eHue NpuynH Beibpoca.

MHorme meToabl CTaTUCTUYECKOIH 06PabOoTKU AAHHBIX M MHOTUE NOMyYaeMblie CTaTUCTUKN YYBCTBUTENbHbI K
HanMumio BbIopocoB. HanpumMep, BbIOOPOYHbIE CPEAHEE M CTAHAAPTHOE OTKIOHEHMSI MOTYT U3MEHUTL CBOM 3HAYe-
HUSI NPU HANUYUMK Jaxke OAHOTO BLIBPOCA, YTO BNOCNEACTBUM MOXET NPUBECTU K HEBEPHLIM BLIBOAAM.

4.2 NpoBepka AaHHbIX

MpoBepKy AaHHbIX HAYMHAKOT C MPOCTOr0 BU3yasnbHOrO KOHTPONSA NONy4YeHHOro Habopa AaHHbIX. AnAa
3TOro CTPOAT NPOCTbIe rpadiMku, TakMe Kak: TOHe4Haa gnarpamma, guarpamMmma paccesiHus, rucrorpamma, ama-
rpamMmMa cTebenb—rnucTba, rpadouk BEPOATHOCTU, AnarpaMmma AWmK ¢ ycamu; rpadomk JaHHbIX O BPEMEHU UMK
B nopsigke He yObIBaHUSI 3HAYEHUI. DTO MOXKET NPUBECTU K OOHAPYKEHUIO HOBLIX MCTOYHUKOB U3MEHUYMBOCTHU
1 NOSIBMEHUIO SKCTPEMarbHbIX 3Ha4eHun B Habope aaHHbIX. Hanpumep, GumoganbHoe pacnpeageneHuwe aaH-
HbIX, OGHapy>XeHHOE C MOMOLLbIO MMCTOrPaMmbl UNKM AnArpaMmmbl CTeOENb—INUCTbS, MOXET CBMAETENLCTBO-
BaTb O 3arpsi3HEHMU BbIGOPKM MNM CMECU AaHHbIX U3 ABYX pa3HbIX COBOKYNMHOCTEW. Mpadmk BEPOATHOCTU U
anarpammy SILLMK C ycamu peKoMeHAYyeTCs UCMoNnb30BaTh AN uaeHTUuduKkaumm BoiopocoB. 3Tu BbIOPOCHI B
AanbHeliem HeobXo0aMMO UCCNEA0BAaTh C MOMOLLbIO METOA10B, NPEACTABNEHHBLIX B 4.3 unu 4.4.

Mpadhmk BEPOATHOCTU NO3BONSET HE TONMbKO OCYLUECTBNATL rpaduyeckylo NPOBEPKY COOTBETCTBUS HA-
onogeHun nnu 6onbLUen YacTu HabnoaeHuin npeanonaraeMoMy pacnpeaeneHuio, HO MOXET ObITb UCMONb30-
BaH ANs BbiiBNEHUS BbIOPOCOB B Habope AaHHbIX. ToYkK Ha rpachuke BEPOSITHOCTU, 3aMETHO OTKITOHSIIOLLIMECS
OT NPSAMOM, BOKPYr KOTOPOW Nnexar BCe ocTarnbHble HabnogeHus, crneayer paccMarpuBaTb Kak BO3MOXHbIE
BbIOPOCHI. padpukn BEPOATHOCTM MCNOSb3YIOT BO MHOMMX NakeTax nporpaMmm CTarucTMYeCcKoro aHanusa aaH-
HbIX.

Ouarpamma awmk ¢ ycamm — oguH u3 Hambonee nonynsipHbIX MHCTPYMEHTOB rpadMyecKkoro npeacras-
neHuna gaHHbiX. Ee ncnonb3ylot ang onpegeneHus napameTpoB NOAOXKeHUs, paccesHua n hopMbl pacnpeje-
NeHnA faHHbIX. HWKHME n BepxHWe rpaHunubl guarpaMMbl ALWKMK C ycamu ONPeaenstoT crneayiowmm obpasom

HUXXHSASA rpaHuua Q) —k(Q3-Qy),

BEPXHASA rpaHuLa Q) + k(Qy = Qq), 1
rae Qq u Q; — NepBblIi N TPETUI KBAPTUMb BbIGOPKU; K — KOHCTaHTA.

B pa6ote Tbloku [2] HabnogeHus, nexawyue 3a npegenamm BepXHen n HkHen rpadud, npu k = 1,5 pac-
CMaTpuBaloT Kak BO3MOXHbIE BbIOPOCHI, Mpu k = 3 Nx paccMaTpuBaloT Kak SBHbIE BbIOPOCEI.

MpumeyvyaHune 1— BepoaTrHocTHasa Bymara AN HOPMarbHOro, NOrHOPMarbHOro, 3KCMOHEHLManbLHoro pac-
npefenenus u pacnpefgeneHns Beibynna moxeT BbiTk 3arpyXeHa ¢ UHTepHET-pecypca http:/mww.weibull.com/GPaper/
index.htm.

MpuMmedyaHune 2 —paduk BEPOATHOCTA 3aBUCUT OT NPEAMNONOXEHUA O BUAE pacripefeneHuns reHepansHoi
COBOKYNHOCTU. Hanpumep, rpacmk BEpOATHOCTU NS 3KCMOHEHUMansHoro pacnpeieneHns cnegyet ucnonb3osatb npu
Hanu4un NpeanonoXeHWd NN anpUopHLIX 3HaHUIA O TOM, YTo BeliGopka oTobpaHa W3 reHepanbHON COBOKYMHOCTU, MOA-
YMHAETCS SKCTIOHEHLUMANBHOMY 3aKOHY.

MpumMmevaHune 3—Tpn aHanuse guarpammbl ALLKK C ycaMu, ANA KOTOPOW BEPXHAA W HUXHAS rpaHuLisl onpe-
JeneHsbl ¢ nomoLbto (1), 6onbLUuoe KonuyecTso HabniogeHn MOXeT BbiTh OLLMBOYHO OTHECEHO K BO3MOXHbBIM BbiGpocam,
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ec/in BblbopKa NoslydyeHa 13 acMMMETPUYHOro pacnpefenenus. [laHHas npo6riema MOXET ObITb yCTpaHeHa nocpecTsoM
nNpYMeHeHns MoaMULMPOBAHHON AnarpammMbl ALWMK € ycamu (cMm. 4.4).

Mpumep — ToyeuyHas gnarpamma, rucrorpaMmma, gvarpamMmma sl uK ¢c ycamum u guarpamma cre6enb — nu-
CThbs 414 NPUBEAEHHOI HMXKe BbIOOPKK, NpeAcT aB/ieHbl Ha pucyHkax 3 a), 3 b), 3 ¢) n 3 d) COOTBETCTBEHHO.
0,745 0,883 0,351 0,806 2,908 1,096 1,310 1,261 0,637 1,226
1,418 0,430 1,870 0,543 0,718 1,229 1,312 1,544 0,965 1,034
1,818 1,409 2,773 1,293 0,842 1,469 0,804 2,219 0,892 1,864
1,214 1,093 0,727 1,527 3,463 2,158 1,448 0,725 0,699 2,435
0,724 0,551 0,733 0,793 0,701 1,323 1,067 0,763 1,375 0,763

[aHHble gnarpammbl NoKasbiBal T, 4YTO pacnpefgeneHne BblbOpku umeeT 6onee AAWHHbLIA NpaBbli
XBOCT, 4YeM neBblii. Mo pucyHkam 3 a), 3 b) n 3 d) oueBMAHO, YTO Hanbonblee 3HavyeHne 3,463 BbITNAAUT Kak
BO3MOXHbIV BbIOPOC, TOrfa Kak guarpamMmma sl MK c ycamun Ha pucyHke 3 ¢) onpefenseT TpPpU HanboNbLlwmnx 3Ha-
YeHus, pacnosioXeHHblIX HaJ BepxHeli rpaHuueil, kak Bblopochkl. MepBas KONOHKA, NpefCcT aBleHHasa Ha pUcyHke
3 d) gnarpammbl cTebenb — NNUCTbA, NOKasbliBaeT rAyobuHy, BTOpas KOMIOHKa COAEepPXUT cTebnu n TpeTbsa
KO/IOHKa — NUCTbA. 3HAYeHNA B KOMIOHKe rNy6uHbl cofepXaT CyMMapHOe KOMMYeCTBO INCTbEB CHU3Y UK
CBepXxy, 3a UCKNYeHneM 3Ha4YeHns B cKobkax, npefcTaBnsawero meanaHy. EQUHNYHbBIN NucT ykasbiBaeT Ha
nNo3nMLUNI0 AeCATUNYHONW TOoYKN. EgnHNYHBLIA nucT 0,1 03Ha4YaeT, YTO efUHNYHASA TOouka ugeT nepej nUCTOM,
Tak nepsoe npeacTaBneHHoe yucno pasHo 0,3, BTopoe n TpeTbe 0,4 1 0,5 cCOOTBETCTBEHHO. [laHHbIN npu-
Mep paccMOTpeH Takxe B 4.3.5.

| | - —
05 10 15 20 25 30 35X

MapameTp nonoxexnusa 0,092 5!
MapameTp macwtaba 0,492 4
a) ToyeyHas gnarpamma b) MmcTorpamma

JloroHopmasibHOe pacnpegesnieHve

KonnyecTBo HabnogeHunin

Nuer
10 3
4 0 455
1B u bb7/7777/777
22 0 888889
(4 1 0000
24 1 222223333
15 1 444455
9 1
9 1 888
6 2 1
5 2 2
4 2 4
3.2 7
12 9
13
13
1 3 4

¢) Anarpamma fiWmK ¢ ycamu d) Auarpamma cTe6enb-NncTba

X — 3HauyeHue crnyvyainHoi BenuyMHbl; Y — yactoTa nosineHus X

PucyHok 3 — [lnarpamMmsbl, NOCTPOEHHbIE MO HAGOPY AAHHbIX
10
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4.3 BrisiBneHue BLIGPOCOB

4.3.1 O61me nonoxeHus

CyuiecTByeT 60rbLUIOE KONMMYECTBO METOAOB BbisBNEHMA BbIGpocos (cMm. [1]). B UCO 5725-2 (cm. [3])
npueeaeHbl kputepun MNpabtca n KoxpeHa ana naeHtudmkauum solbpocoB aaHHbIx nabopartopuii. Kputepuit
Mpabca npUMeHUM K OTAENbHbIM HabMoAEHUAM UMK K BbIGOPOYHLIM CPeHUM HAabOopOB AaHHbIX N3 HOpMarb-
HbIX pacnpeaeneHuin; KpUTepuii MOXeT ObiTb UCMONbL30BAH TONMbKO ANSA BbISIBNEHUA ABYX HaUbonbLumx n/unm
HauMmeHbLUMX HabnogeHnit B KayecTBe BbIOpOocOB B HaGope aaHHbiX. Bonee obujas npoueaypa aHanuaa,
npeacTaeneHHas B 4.3.2, cnocobHa 0OHapy>xMBaTb MHOXECTBEHHbIE BbIOPOCHI MPW aHaNU3e OTAErNbHbIX Ha-
6nioaeHNin nnNu cpegHux apudMeTnyecknx Habopos AaHHbIX, OTOBPAHHBIX M3 HOPMaNbHOTO pacnpeseneHus.
Mpouenypsl, npuBeaeHHbIe B 4.3.3 u B 4.3.4, cnocoBHbI 0GHaPYXMBaTb MHOXECTBEHHbIE BLIOPOCHI AN AaH-
HbIX, 0TOGPaHHbIX U3 BKCMOHEHLMaNbHOro pacnpeaenexuns, pacnpeaeneHna 9KCTpeMarbHbIX 3Ha4eHun Tuna |,
pacnpeaeneHus Benbynna unu ramma-pacnpegenenus. Mpoueaypy, npuseaeHHyio B 4.3.5, cnegyeT npume-
HATb ANnsi 0GHapyXeHus BbIGPOCOB B BbIOOPKaX, 0TOGPAHHLIX N3 COBOKYNMHOCTEN C HEU3BECTHbLIM 3aKOHOM pac-
npeaeneHus. MNpoueaypa oOHapyeHusi BIBPOCOB N0 HAGOPy AMCNepCuin, NONy4YeHHbIX U3 Habopa BbIOOPOK,
npuseneHa B 4.3.6.

4.3.2 BbiGopka U3 HOpManbHOro pacnpegesneHus

OpauH unu 6onee BLIOPOCOB ¢ 06enx CTOPOH HABopa AaHHLIX U3 HOPMAarbHOrO pacnpeaeneHust MoryT
ObITb BbISBNEHbLI NPV MOMOLLM NPOLEAYPbI, MU3BECTHON KaK 0600LLEHHOE 9KCTPEMATNbHOE CThIOAEHTU3NPOBAH-
Hoe oTknoHeHue (GESD) (cm. [4]). Mpoueaypa GESD npurogHa Ans KOHTPONA owmOKW NepeBoro poaa npu
obHapyxeHun 6onee Yem / BLIGPOCOB € YPOBHEM 3HAYUMOCTH oL U 1 < /< m, rae m — yCTaHOBNEHHOE MaKCU-
ManbHOE KOIMYeCTBO BbIGPOCOB.

Mepea npUMeEHeHWEM AaHHOM NpoLeaypbl CNeayeT ya0CTOBEPUTLCS, YTO BOSbLUYIO YacTb BbIGOPOUHbIX
JaHHbIX COrnacyeTcs ¢ HopmarnkHbIM pacnpegeneHuem. Mpaduk BEpOATHOCTM AN HOPMANbLHOTO pacnpeae-
neHusi, npuBeaeHHblii B UCO 5479 (cm. [18]), MOXeT OblTb MCNOMNbL30BaH Ans MPOBEPKU CNpaBeaAsIMBOCTU
NPEANONOXEHUss 0 HOPManbHOCTU pacrpeaeneHus.

Stanbl npoueaypbol GESD

Otan 1. To4kn, COOTBETCTBYIOLLIME AaHHBIM BbIGOPKM X4, Xp, ..., X, HAHOCAT HA rpacik Ha HOpManbLHOM
BEPOSAITHOCTHOW Oymare. MoaCUMTLIBAIOT KOMMYECTBO TOYEK, 3HAYUMO OTKIOHAIOWMUXCA OT NPSIMOM JIMHUM, KO-
TOPOW COOTBETCTBYIOT OCTalbHbIE TOYKM rpadhmka. Takum 06pa3oM, Noy4aloT KONUYECTBO BO3MOXKHBIX (Npea-
nonaraemsbix) BbIGpoCoB.

3tan 2. BeIGupaloT ypoBeHb 3HAYMMOCTU o. U YCTAHABMMUBAIOT KONMYECTBO BbIBPOCOB m Kak Yucno 60rnb-
LIee WU paBHOE YUCIY BO3MOXHbLIX BbIBpOCOB, Mony4yeHHOMY Ha ware 1. Cneaylowme aTanbl HAYUHAIOT,
cuutaa /= 0.

3T1an 3. BblMUCNAIOT KOHTPOMbHYIO CTaTUCTUKY

max |x — X (/)|
Xl

Ri= @

roe
lg — VCXOAHbIit HAGOP AAHHBIX;

I, — peayumpoBaHHas BbiGopka oGbema n — /, nony4eHHas uckniouesnem anementa x(-1) uiGopkm /4,
YTO AAET 3HadeHue R4,

x(l) — BbIGOpPO4HOE CpesHee BbIGOPKY /;;
s(I) — BLIGOPOYHOE CTAHAAPTHOE OTKMOHEHME BLIGOPKK /).

MpumevaHnune 1—Bcnyyae /=0 X(/g) u s(/y) — BEIGOPO4HOE cpeiHee U BEIGOPOUHOE CTaHAapTHOE OT-
KrOHeHUe ucxofHoi BuIGopkM Iy = {X;, X, ..., X} 06bemMa n, rae HanbonbLIMM 3HaYeHUeM cpeam sHadeHuit X, — X(lp),
Xo =X(lg), .., X, = X(lp) ABRSETCS, HaNpUMep, 3HaueHUe X, — X (/o) Aanee Ry = [X, — X(Ip)] / s(lg) n x@ = x,. CootBeTCTBEHHO,
Iy = o 1 {¥O) = {x,, X3, ..., X} — pepyuMpoBaHHas BbIGOpKa pasMepa n — 1, Nony4eHHas MckiodeHreM anemenTa x(@),
T. €. X U3,

3tan 4. Bel4YMCASIIOT KPUTUYECKOE 3HAaYEeHne
(n=1=NDtp:n-i=2
/\/(n —1-2+82,, )n-1)

M = (©)

1"
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rae p=(1-o/2)1(-) y t,,, — NPOLIEHTHITb YPOBHs 100p t-pacMpeAEneHus ¢ v cTeneHsmm c8o6ogs!. Mockomb-
Ky BbIGPOCHI MOTYT BbITb TONBKO CPEAM BEPXHUX UMK HKHUX BKCTPEMANbHBIX 3HAYEHWIA, oL 3aMEHAIOT Ha o/2.

Otan 5. MNyctb I =/ +1

3T1an 6. MoBTOPAIOT aTanbl 2—4 A0 TexX nop, noka / He CTAHET paBHO M.

Otan 7. Ecrm R; <, ansiBcex /= 0,1,2,...,m, TO CUUTAIOT, YTO BbIGPOCHI HE 0GHApYxeHbl. B NpoTuBHOM
cnyyae n,,, Hanbonee skcTpemarbHbx Habmoaennii X, XM, . xeut=1) pefyLMpoBaHHbIX BLIGOPOK CHUTALOT

BbliGpocamm, npu aTom n,,, =1 + gnax {{:R;>n}
</sm

B npunoxeHun A npuBeaeH anroputm NporpaMmMHoON peanusaumu npouesypbl BbISBNEHUS BbIOPOCOB
GESD.

MpumMeyaHune 2— NpumeHeHne npouesypbl GESD akBUBaneHTHO NpuMeHeHnto Kputepus Mpabbea Ana
NpoBepKM TOro, ABMNAETCS N HanbonbLuee UnNKu HauMeHbLLee HabniogeHue BeIGpocoM. Kputuieckne sHadeHUs kputepus
Mpa66ca npueefeHbl B Tabnuue 5 MCO 5725-2:1994 [3], oHu Takke MOryT BbiTh annpoKCUMUPOBaHb! 3Ha4YeHeM A, npu
[=0 (cm. stan 4).

MpumMmedaHune 3— Ha npaktuke, BbiGUpatoT Hebonbluoe 3Ha4YeHWe Konn4YecTea BO3MOXHbLIX BeiGpocoB m.
Ecnu B BbIGOpKe oxuaaeTcs Hanu4ue 6onbLUIoro KonmyecTsa BeIGPOCOB, TO B 3TOM Cryvae npekpallaloT paccMarpuBarh
npobnemy o6HapyXeHWUs BEIGPOCOB, W AN U3YYeHWUs CUTyaLMK NPUMEHSIOT gpyrue meToabl. OfHaKo m He JOMKHO bbITb
CMULLKOM MarneHbKUM, B MPOTMBHOM Crlydae MOXET NpUcyTCTBOBaTb 3heKT MackupoBKH.

TMpumep — Paccmompum Habop daHHbIX u3 20 HabnrodeHul:

-2,21 184 -095 091 -036 -019 0,11 -0,10 0,18 0,30

0,43 0,51 0,64 0,67 093 1,22 1,35 1,73 5,80 12,6,

20e nocnedHue dea HabnrodeHus nepeoHaqYanLHO cocmaensu 0,58 u 1,26, Ho npu pesucmpayuu OaHHLIX
3ansamsie, omOensoujue decamusHbie pa3psidbil, 61U OWU60YHO cOsuHymbl. [leped npumeHeHUeM npoyedypbl
GESD 0nsa o6HapyxeHus ebibpocoe Heob6xo00uMo npoeepums, Ymo HabodeHuUs1 coomeemcmeyom HOpMaslb-
Homy pacnpedeneHuro. Toyku Ha epaghuke eepossmHOCMU Ha HOPMasbHOU eeposimHocmHoll 6ymaze (cm. pucy-
HOK 4 a)) pacnonioxeHbl e6nu3u npsMol UHUU, 3a UCKITIOYeHUeM 08yX MoYeK ¢ HauboNnbWUMU 3HaYeHUSIMU,
3aMemHO omKJIoHALWUXcs om npsmol. JaHHbil e2paghuk nokasbieaem, 4mo Habop OaHHbIX, 3a UCK/IIOYeHU-
em deyx aKcmpeMasibHbIX 3Ha4eHUl, MOXHO cYumamb NpuHadnexawum HopManbHol cosoKynHocmu. [JaHHoe
npedmnonoxeHue nodmeepxxdaem pucyHok 4 b), 20e Ha epagpuke eepossmHocmU ece OaHHble, 3a UCK/TIOYeHUEM
dsyx KpaliHuUX 3HaveHull, pacrosoxeHbl 6Hympu apaHuybl ¢ ypoeHeM doeepusi 95 % dosepumesibHO20 UHMepeaa-
na. Takum o6pa3om, Ha amarie 2 MOXHO ebi6pamb m = 2. Cmamucmuka kpumepusi GESD (R) u ee kpumuyeckoe
3HaveHue ), Ona 1= 0,1,2 u ypoeHs sHavumocmu a. = 0,05 npedcmaeneHbl Huxe.

1 0 1 2
R, 3,6559 3,2634 2,1761
A 2,7058 2,6785 2,6992
X; 12,60 5,80 -2,21

Tak Kak R, = 3,65569 > )\, = 2,7058, R, = 3,2634 > )., = 2,6785 u R, = 2,1761 < )\, = 2,6992, cnedoeamesi:Ho,

5212( {L:R>Mp=1un, =1+ 521;3; {L: R, > A} = 2. Takum o6pasom ob6HapyxeHo dea eni6poca, smo Oea Haubosree

aKcmpemManbHbIx sHaveHus: x(% = 12,60 u x(9 = 5,80.

MpumeyvyaHue 4—B 3ToM M B creaytoLLleM NpUMepax He ykasaHbl e4UHULbI, B KOTOPLIX BbIMOMHEHbI N3Mepe-
HUS JaHHbLIX, TaK Kak OHW He TpebyloTca Ana rpadpuyeckoil MHTeprnpeTaLmMn U aHanusa JaHHbIX, MPOBOAUMOro B pamkax
HacTosILLero cTaHaapTa.
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Y Y
% r vy % 7
95 AAA » 95 A
90 / o /, 90 /

V4 [ L
80 > 80
gV / /
70 XA 7 70
60 74 60
50 - 50 y.
40 7R7 40
30 30 5
N/ 20 A

20 7o, 4
10 / 10 vav;

sl 277 : V) ar

A AL / 1 A/

-10 -5 0 5 10 15 X1 4 3 2 A1 0 1 2 3 4 X2
BribopouHoe cpegHee 0,9845 BeiGopo4yHoe cpeaHee 0,07167
BreiGopouHoe cTaHaapTHoe BiGopo4yHoe cTaHgapTHoe
OTKIOHEHNE 3,177 OTKIIOHEHUE 1,049
O6bem BbIGOPKU 20 O6bem BbIGOpKK 18
Cratuctuka AngepcoHa-flapnuira 2,474 Crartuctuka AHaepcoHa-flapnuira 0,299
p-3HaveHue < 0,005 p-3HaveHue <0,547

a) Mpadcuk BepoOSTHOCTH ANA UCXOQHOro HaBopa b) Mpachuk BEPOATHOCTM peayLUPOBaHHON BLIGOPKY,
[aHHbIX, HopmanbHOe pacrnpegerieHue, HOpMarbHOe pacrnpegeneHve, AOBepUTeIbHbINA
[oBepuUTenbHbIA MHTepBan ypoBHsi 95 % uHTepBan ypoBHsi 95 %

X1 — 3Ha4YeHUS NCXOAHOW BBIDOPKK; X2 — 3HaYeHMS peayLmpoBaHHOW BLIGOPKN; Y — NPOLEHTbI

PucyHok 4 — Mpadhmkn BepoATHOCTU

4.3.3 SKCNOHeHUManbHas BblGOpKa

4.3.3.1 O6LmMe NonoxeHusn

[ns BbifABNEeHUs BLIGPOCOB B BbIGOPKAX U3 reHepanbHON COBOKYMHOCTU, NOAYMHAIOLLENHCA 9KCNOHEHLU-
anbHOMY 3aKOHY pacnpeaeneHuns, pekoMeHayeTca ucnonb3osarb kputepun Mpuusyaa (cm. 4.3.3.2). OgHako
JaHHbIV KPUTEPWIA NMO3BONSAET NULLL OOHAPYXMUTb Hanuuue BbIGPOCOB B BbIBOPKE, HO HE NO3BONSAET UAEHTUM-
LMpOBaTh KOHKPETHbIE BLIGPOCHI M ONpeaenuTb konuyecTBo BoIGpOCOB B BbiGopke. B 4.3.3.3 u 4.3.3.4 npea-
CTaBneHbl ABA ankTEPHATUBHLIX NOCNEA0BATENbHLIX KPUTEPUA, NO3BOMNSIOLLIMX MAEHTUULUPOBATL A0 M BO3-
MOXHbIX BEPXHUX UN M BO3MOXHbIX HUKHUX BbIOPOCOB B BbIOOPKE U3 SKCMOHEHLMANBLHOTO pacnpeaeneHus.

4.3.3.2 Kputepuin Hanu4yua seiopocos MouHeyaa

Kputepuit TpuHBygaa — MOLUHBLIA KpPUTEpPWiA, nossonsiowmii OOHapyXMTb Hanu4ine BbIOPOCOB B Bbl-
Gopke, OTOGpPaHHOM M3 9KCMOHEHUMAanbHOro pacnpefeneHuss ¢ YHKUMEN MNIOTHOCTM BEPOSITHOCTH,
f(x) = 2-Texp[-(x — a)/A], x = a, rae A — napameTp macLuTaba U @ — napaMeTp MOMOXEHUS! UMK MOPOTOBbIi
napametp. [nsi BLIBOPKKU Xq, Xo, ..., X, 06bEMA N, N3 reHepanLHON COBOKYNMHOCTH, MOAUNHAIOLLIEHCA SKCMOHEH-
LuanbHOMY 3aKOoHy pacnpeeneHus ¢ U3BeCTHbIM napameTpoM a, CTaTUCTUKa Kputepus umeert sug (cM. [1]).

Z7=1 (xi—a)? _

Gg= . 5
(E,—=1 x;—na )

4)

BblcoKoe 3HaueHne Gg CBUAETENLCTBYET O HANUYUE HEKOTOPOTO (HEM3BECTHOrO) KONMYECTBA BO3MOXK-
HbIX BEIGPOCOB Cpeau IKCTPeMaribHO BbICOKMX 3HaYEeHWii 3rIeMeHTOB BbIGOPKMU, OAHAKO, HU3KOE 3HaYeHue
G CBMAETEeNbCTBYET O HANMYMM HEKOTOPOro (HEM3BECTHOIO) KONMMYECTBA BO3MOXKHbLIX BbIGPOCOB Kak cpeam
3KCTPEMANbLHO HU3KUX 3HAYEHWUI, TaK U NPEeACTaBNSIOWMUX COOOM KOMBMHALMIO SKCTPEMANbHO HU3KMUX U BKC-
TPEeManbHO BbICOKMX 3MIEMEHTOB BbIGOPKN. HiKHNE U BEPXHUE KPUTUYECKUE 3HAYEHUS ., CTaTUCTUKN Gg
ypoBHeii 2,5 % u 1 % COOTBETCTBEHHO A5 33aHHbIX 3HAYEHWiT N NpeacTaBneHs! B TabnuLe B.1. Mpu Heus-
BECTHOM M3Ha4arnbHOM napameTpe a, B Ka4eCTBE ero OLeHKMU UCNOMb3YIOT HAUMEHbLLEE 3HAYEHUE B BbiGOpKe
X(1): @ B KQ4YECTBE OLIEHKN KPUTUHECKOTO 3HA4EHNSI G NCMONb3YIOT gr.,.
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4.3.3.3 NocneaosaTtenbHble KPUTEPUM BbISIBNEHUS M BO3MOXHbIX BbIOPOCOB cpean HaubonbLUMX 3HaYe-
HUI BBIOOPKU

CTaTUCTUKN KpUTEPUS AN BIABMEHUS /M BO3MOXHbIX BLIOBPOCOB cpean HaunbonbLUmMx 3Ha4eHUI BbIGOP-
K1 00bema n U3 3KCNOHEHLUMAanNbLHOro pacnpeaeneHus npu M3BeCTHOM napameTpe NonoxeHus a (cm. [5]).

+1 .
Y= ey~ @ 1 20T 0y = @) j=1.2, . m, )

TAE X(1)S Xy S ... £ X() — NOPAAKOBbIE CTATUCTUKM BbI6OpKM. 3HAUNMO BonbLUME 3HAYEHUS SJU YKa3bIBalOT HA
TO, YTO BbICOKME IKCTPEMArbHbIE 3HAYEHUS FlBJ'IFHOTCﬂ BblIbpocamu. BepxHue, COOTBETCTBYIOLME YPOBHAM
5% n1 %, KpUTUYECKNE 3HAYEHUS sljJ CTaTUCTUKK Sj COOTBeTCTBerLIJ.VIe ypoBHAM 5 % n 1 % Ana 3agaHHbIX
HabnogeHui num=23n4 npep,CTaBneHbl B Tabnuue B.2. Ecnn SU > sm » TO M HanGonbLmx HabnoaeHun

cunTaloT Beibpocamu; ecnm SU< SipAnAj=m, m-1, ..., I+1, Ho Sz > s?n, TO / HAWGONbLUNX 3HAYEHNI CHUTAIOT

BbIOpOCamMu; ecnu sV< sU /J,J'IFI BCexj = 1,2,...,m, CUUTAIOT, 4UTO BbIGPOCHI B BLIGOPKE OTCYTCTBYIOT.

B cnyuae, korga napameTp & HEeN3BECTEH, B Ka4eCTBe ero OLI,eHKVI UCMONb3YI0T HaUMEHbLUEe 3Ha4YeHne
B BbIOOpKE X(1): @ B KA4€CTBE OLIEHKM KPUTUHECKOTO 3HA4EHNA S MCNOMb3YIOT S7. .

4334 rllocnenosareanue KPUTEPUN BbIABIEHUA M BO$M0)i(HbIX BLIOPOCOB CpPeau HaUMEHbLLMX 3Ha-
YeHUn BbIBOPKK

CTaTUCTUKN KPpUTEPUS BISIBNIEHUST M BO3MOXHbIX BbIOPOCOB Cpeiu HAMMEHbLUMUX 3HA4YEHUI BbIGOPKKN U3
3KCMOHEHLUMAanNbHOTO pacnpegeneHmsa o6bema n npu U3BECTHOM NapameTpe NonoxeHus a (cm. [5])

" _
Si= gy - 1 24 (=), j=1,2,..,m, ©

rae X < x(2) .. S X(y) — NOPAAKOBBIE CTATUCTUKM BbIGOPKKU. 3HAYMMO OOMbLLME 3HAYEHUS SLyKa3bIBaIOT Ha
TO YTO HU3KME SKCTPEMAarbHbIe 3HAYEHUA SIBNAKOTCA BbIGpocamu. HkHue n BepxHue KpMTuqecxue 3Ha4YeHua
sj CTaTUCTUKU SLyposHﬂ 5% n 1 % COOTBETCTBEHHO ANA 3a4aHHbIX 3HAYEHUN N M= 2,3 1 4 npeaCTaBneHbl

B Tabnuue B.3. Ecnn SL > s%n . TO M HaMMEHbLUNX HAGNoAeHNI cuuTaloT Boibpocamu; ecnu SL < sL ans

j=m m=1, .., I+1, o St > Sln,TO [ HAMMEHbLUMX 3HA4YEHWNIl CYMTAIOT BbIOpOCamm; ecnu SL < s 1, ANs1 BCEX
j=12,....m C‘-IVITalOT 41O Bbl6p00bl OTCYTCTBYIOT.

JaHHbIN KpuTEepuini MOXET ObITb MCNONbL30BaH TONbLKO AnNsi BbIABNEHUA BbIOPOCOB B BbIGOPKE U3 9KCMO-
HeHUMansHOro pacnpeaeneHus ¢ M3BeCTHLIM napamMeTpom a. [Ana BbIGOPOK C HEM3BECTHLIM NapaMeTpoM a,
Ans 06Hapy>xeHns BbIOpPOCOB MOXKET BbITh UCMONb30BaHa NPOLEAYPA, YCTAaHOBNEHHASA B 4.4.

Tpumep — faHbi ynopsidodeHHble 8 nopsidke eo3pacmaHusi HabnrodeHusi o6Lema n = 22.

10,10 10,27 10,85 11,38 12,85 13,13 14,07 14,26 14,51 14,55 15,73

17,43 17,72 18,49 20,75 21,37 22,50 24,22 25,61 33,84 43,00 84,94

Ha nepeom amane ucnons3oeaHus kpumepusi puHeyda Ans onpedeneHus ebibpocoe criedyem y6edumn-
Cfl, Ymo ebi6opka omobpaHa U3 IKCMNOoOHeHYuanbLHo20 pacnpedeneHus. Mo epaguky eepossmHocmu ¢ OaHHbIMU
ebl6opKu, NpueedeHHOMY Ha pucyHKke 5 a), suGHO, Mo MoYKu AaHHbIX pacrosioxeHbl 861U3U NpaAMol NUHUU, 3a
UCKITIoYeHUeM 0GHoU unu dsyx moyek ¢ Haubonbwumu 3HaqYyeHusmu. JaHHbil epaghuk nokassieaem, Ymo eblibop-
Ka, 3a UcKi1io4eHuUeM 00HO20 unu deyx aKcmpeManbHbIX 3Ha4YeHUll coanacyemcs ¢ 3KCNoOHeHYuanbHbIM pacrnpe-
deneHuem. dmu enieodbi nodmeepxdaem pucyHok 5 b), 20e Ha epaghuke eepossmHOCMU ece aJleMeHMb! eblGopKuU,
3a UCKJTIOYeHUeM d8yX KpalilHUX 3HavyeHull, pacrofloxeHbl eb6u3u nNpaAMol NuHUU. 3Ha4YeHUs1 OYeHKU napamempa
nonoxeHus a = 10,10 cmamucmux kpumepus I'puHeyda Gg = 8386,326/(249, 37)? = 0,13486. B coomeemcmeuu ¢
ma6nuyell B.1 HUXHUe U 8epXHUE KpUMUYeCKUe 3Ha4eHUs .o, cmamucmuku Gg, coomeemcmeyioujue ypoeHio
2,5 %, cocmaensirom coomeemcmeeHHo 0,0673 u 0,1338. Takum 06pa3oM, ebiyUCIeHHoe 3HavyeHue Gg = 0,13486
eblule 8epXHe20 KpumMu4eckoao 3Ha4eHus!, paeHozo 0,1338, ymo noseossiem cdesnlamk 3aKjllo4eHUe 0 moM, Ymo
OOHO UJIU HECKOJILKO 3KCMpeMallbHO 8bICOKUX 3HavYeHUll ebi6opKuU sienissiomesi ebiGpocamu.
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Y Y
99— 99—
95+ 95—
90 . 90
75+ 75—
50— 50
25+ 25
L S AL USRS 1= T T
10 20 30 40 50 60 70 80 90 X1 10 20 30 40 X2
a) Mpadunk BEPOSITHOCTN 3KCMOHEHLManbHoro b) Mpachuk BepoATHOCTU AKCMOHEHLIUANbHOO
pacnpefeneHusi, NOCTPOSHHbIN pacnpefeneHns, NOCTPOEHHbI
No UCXoAHOM BbIGopKe no pepyLMpoBaHHOI BbIGOpKe

X1 — 3HaYeHUs NCXOAHOI BEIBOPKU; X2 — 3HAYEHWS pefyLIMPOBaHHOW BBIGOPKK,
Y — BepoATHOCTb 3KCMOHEHLMarIbHOro pacnpeaeneHus

PucyHok 5 — Mpadhmkn BEpOATHOCTU SKCNOHEHLManNsLHOro pacnpeaeneHus

Tak Kak BO3MOXHbIMU BbIBpOCaMM SIBMIAOTCA 1B BEPXHUX 9KCTPEMAarbHbIX 3HAYEHUSA, KpUTEpPUU, Npea-
cTaBneHHble B 4.3.3.3, MOryT ObITb UCNOMb30BaHbI ANA NPOBEPKU TOrO, YTO BbIOOPKa coaepkuT ABa BbiGpoca.
Mpum = 2, SU = (43,0 - 10,01)/174,53 = 0,188,5 u. MNMocne cpaBHeHMﬂ 3TUX 3Haquuu C COOTBETCTBYIOLMMMU
KPUTUHECKUM SLJ = (84,94 - 10,1)/249,37 = 0,3001 u 3HaueHNAMMU 32 2 =02313n sy, 21 =0,2834, onpepenex-
HbIMM NO Ta6nML|e B.2 ana o = 0,05, Tonbko HanbonbLuee 3Ha4YeHue (84,94) MOXHO CuUMTaTb BLIGPOCOM NpK
YPOBHE 3HAUNMOCTU 5 %.

4.3.4 BbI6OpKM He U3 HOPMAanbHbIX pacnpeaeneHuin

4.3.4.1 O6wme nonoxeHust

BonbLioe NpakTUYecKkoe 3Ha4eHne MMEET BbisIBNEHUE BbIOPOCOB B BbIOOPKAX, B3ATbIX HE U3 HOPMarb-
HOro pacnpegeneHusi. 3agaya BbisSIBIIEHUS BLIOPOCOB B BbIGOPKaX M3 9KCMOHEHLMAnNbHLIX U raMMa-pac-
npegeneHuin CTouTt, Hanpumep, NPu NPOBEAEHUU PECYPCHbLIX UCTIbITAHWA TPAHCNOPTHBIX U PEYHLIX MOTOKOB
M T. N.; BLIOOPKM M3 pacnpeaeneHnin 3KCTpemManbHbIX 3HAYEHUI BO3HMKAIOT NPU U3YYEHUU IKCTPEMYMOB,
HanpuMep, MakCMMarnbHON CKOPOCTU BETPA UINU MAKCUMaNbHbIX CNOPTUBHBLIX AOCTUXEHUI. NIorHOpManbHOe
pacnpeaeneHue u pacnpeaeneHue Benbynna yacto ucnonb3ylot B 3agadax HagexHocTu. B cnyyae, korga
CEeMEWCTBO pacnpeneneHnii U3BECTHO M SIBMSETCA CEMENCTBOM NOTHOPMArbHbIX pacnpeaeneHun, pacnpe-
AeneHnin dKCTpeManbHbIX 3HAYEeHUW, raMMma-pacnpeaeneHnii unu pacnpeaeneHun Benbynna, pekomeHay-
€TCA BbINOMHATL NPEACTaBMEHHbIE HKE Npeodpa3oBaHnA AaHHLIX ANA NPUBEAEHUA UX K HeobxoaumoMy
pacnpeaeneHuio.

4.3.4.2 [Ina BLIGOPKU X4, X5, ..., X, N3 NTIOTHOPMANbLHOTO pacnpeaeneHns ¢ PyHKLUEeNn NNoTHOCTU BEPOAT-

HOCTH
_ _ (Inx—p)?
9= xm/_ [ 262 ] '

npeobpasoBaHHble 3HaueHuns Inx,, Inx,, ..., Inx, npeacTaenaloT coboii BeIGOPKY U3 HOPManbHOTO pacnpeaene-
HWA C MaTeMaTUYECKUM OXMAAHNEM | U aucnepcueit 62, [ins oBGHapyXeHUs BLIGPOCOB B Npeo6pa3oBaHHOi
BbIGOpKE MOXET ObITb MPUMEHEHa npoueaypa, NpeacTaBneHHas B 4.3.2 u/iunu 4.4.
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3 4.3.4.3 [inAa BbIGOPKU X4, X, ..., Xp,, B3ATON U3 pacnpeeneHns aKCTpemarnbHbIX 3HaYeHnin Tuna | ¢ dyyHk-
uueli pacnpegeneHus

P(X £ x) = exp{-exp[—(x — a)/b]}, —o < X < 0,

NPeoBpa3oBaHHbIe 3HAYEHUs1 exp(=x4/b), ..., exp(=x,/b) npeacTaBnaioT co6oin BLIGOPKY U3 SKCNOHEHLMANLHO-
ro pacnpeaeneHusi C MaremaTu4eckum oxmaanneM exp(-a/b). [ins obHapyxeHus BbiIopocoB B npeobpa3oBaH-
HOI BbIBOpKE MOXET ObITb NPMMEHEHa npoueaypa, npuseaeHHas B 4.3.3 n/unn 4 4.

4.3.4.4 \na BLIGOPKK Xy, X,, ..., X, U3 pacnpeaenequs Benbynna ¢ dyHkuueii pacnpeaenexns

PXs x)=1—exp{=[(x—a)b]}, x>a,b>0,r>0

npeobpasoBaHHbIe 3HaYeHus (x, — a)’, (x, — a)’, ..., (x, — 8)" npeacTaBnAT CoBOI BLIGOPKY U3 SKCMOHEHLU-
anbHOrO pacrnpeaeneHus ¢ MatemaTuyeckum oxuaanuem b’. [ins o6Hapy>keHsA BbIOPOCOB k Npeobpa3oBaH-
HOW BbIGOpKe MOXET ObiTb NPMMEHeHa npoueaypa, npuseaeHHan B 4.3.3 u/unun 4 4.

4
MpuMeyaHue—Ecnu x noguMHAETCA 3KCNOHEHLWaNLHOMY pacnpeaeneHunio, To Ax nopunnsetcs pacnpefe-
NeHno, BNnskoMy K HopmansHoMy (cMm. [6]).

4.3.4.5 ina BLIGOPKK X, X5, ..., X, U3 raMma-pacnpeaeneHus ¢ hyHKUMen NioTHOCTH BEPOATHOCTEN

) = [b'T(OI" x~1 exp(~x/b), x>0,b>0

Npeobpa3zoBaHHble 3HaYeHus A/x; , x5 , ..., ¥x, NPeacTaenaioT coboil BLIGOPKY U3 pacnpeaeneHus, Gnn3koro
K HopmansHoMy. Ons o6HapyxeHusi BLIGPOCoB B NpeobGpa3oBaHHON BbIGOpKE MOXET ObiTb NPUMEHEHA NPO-
ueaypa, npuseaeHHasn B 4.3.2 n/unu 4.4.

4.3.5 BbIGOpKa U3 HEU3BECTHOrO pacnpenesneHus

Mpu pelieHun 3agaym BbisiBEHUS BbIOPOCOB B BbIBOPKaX M3 reHepanbHON COBOKYNHOCTM C HEU3BECT-
HbIM aCUMMETPUYHbLIM pacnpeaeneHuem, obLmnii noaxoa COCTOUT B Npeobpa3oBaHMM AAHHBLIX U3 HEHOP-
ManbHOro pacnpegerneHns K Takomy Buay, B KOTOPOM OHM OyayT NOAYMHATLCS pacnpeaeneHuto, Gnm3komy K
HopmanbHoMy. 3aTem aAns o6Hapy»eHUsA BbIOPOCOB k Npeobpa3oBaHHON BLIGOPKE MOXET ObiTb NPUMEHEHA
npoueaypa, npuseaeHHas B 4.3.3. lna npeo6pa3oBaHns UCXOAHbLIX A4AHHbIX YacTO NPUMEHSAIOT npeobpasosa-
Hue bokca-Kokca n npeobpasosaHne J)KOHCOHA.

Cemencteo npeobpasosaHuit Bokca-Kokca umeet popmy (cm. [7]):

(x+m)*,  ecnm)#0;
log(x+m), ecnni=0,

rae ecnu . # 0, 3HaYeHne m BbIBUPALOT Tak, YTOGbI 3HaYEHNE X + M BblNO NONOXKUTENbHBIM;

ecnm L = 1, B KaueCTBe 3Ha4YeHUs m BbIOUPAIOT HOMb, B PE3ynbTaTe Yero UCXOAHbIE JaHHbIEe HE U3Me-
HAIOTCA.

B HekoTOpbIX nakeTax nporpaMm CTaTUCTUYECKON 06paboTkM AaHHbIX BbIOOP ONTUManbLHOro napameTpa
A MPOUCXOOUT aBTOMATUYECKMN.

MpeobpasoBaHue [)KOHCOHA C NOMOLLLK CEMeiicTBa pacnpegenenuii [IhkoHcoHa [8] npuBoAUT AaHHbIE
K BUAY, B KOTOPOM OHW MOAYMHSAIOTCA pacnpegeneHnto, bnu3komy K HOpManeHoOMy.

MpumeyaHue 1—TlpeobpasoBaHne Bokca-Kokca 1 npeobpasoBaHne [PKOHCOHa MOTYT GbITb BLIMOMHEHLI C
MOMOLLIbH0 COOTBETCTBYHOLLMX NPOrpaMMHLIX CpeAcTB 06paboTkn AaHHBIX.

Mpumevarue 2— MNpeobpazoBaHne Bokca-Kokca focTaTouHo NPocTo U NoHsTHO. OaHako npeobpasoBaHue
[PKOHCOHa NPUMEHMMO K MCXOAHLIM AaHHBIM, COAEpXKaLLUM oTpuLiaTeNbHbIe 3Ha4YeHUS.

lpumep — Paccmampueaemasi ebi6bopxa omobpaHa U3 2eHepasnbHol COBOKYNHOCMU C HeUu38eCmHbLIM pac-
npedeneHuem (ebibopka npueedeHa e 4.2). lTocmpoeHHsbie 1o Hell uaspaMMa paccesiHusI, aucmoeapamMma, Oua-
2paMma AWUK ¢ ycamu u duazpamma cmebesib—naucmbs (CM. pUCYHOK 3) NoKa3bieatom, Yymo OaHHble 83imbl
U3 acumMmempu4yHoz20 pacnpedeneHusi. Tpe6yemcs, 4mobbi pacnpedeneHue npeobpa3oeaHHbIX daHHbLIX 6biNo
6nu3Kko Kk HopmanbHomy. pachuk bokca-Kokca u epaghux eepossmHocmu, npedcmaeneHHble Ha PUcyHKax 6 u 7,
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noJslyyeHb! ¢ MOMOWLI0 MUIT08020 faKkema npoapamMM cmamucmudeckol o6pabomku AaHHbIX. [paguk, nped-
cmaeJsieHHbIl Ha pucyHke 6, coomeemcmeyem ouyeHke ), paeHoll MuHyc 0,19, u okpyaneHHoe 3Ha4yeHue OUeHKU
A, pasHoe 0,00, ucrionb3068aHHoOe Npu nNposedeHuU fnpeobpasoeaHus. Ha spagpuke marke npueedeHa HUXHAA
2paHuua dosepumenbHO20 UHMepeasa c ypoeHem doeepusi 95 %, paeHyto MuHyc 0,77 u coomeemcmeyouwjas
6epxHss epaHuya doeepumernibHO20 uHMepsana, pasHas 0,36 (epaHuybl Ha epachuKe NoKa3aHb! 6epPMUKasbHbI-
Mu nuHusaMU). Ha npakmuke cnedyem ucnosib3o08ams 3Ha4YeHUs A, NOJIy4YeHHbIe ¢ IPUMeHeHUeM 06w enpuHAmbIX
npeobpaszoeaHull, MaKux KaK u3eseqeHue keadpamHoao KopHs (. = 0,5) unu ebiqyucneHue HamypanbHoO20 ango-
pumma (A = 0). B Hacmosiuiem npumepe oyeHKa 3Ha4yeHuUs1 A, paeHasi HyJ1i0, npedcmasenisiem coboll pa3yMHbil ebi-
60p, mak kak nonadaem e doeepumesibHbIl UHMepearn c ypoeHem doeepus 95 %. Takum o6pasom, npeobpa3oea-
Hue c MoMoWLI0 HamypasnbHO20 Jlo2apugma Moxkem 6bimb 601ee NpednoymumersnbHbLIM, YeM npeobpasoeaHue,
obecrnieyuearoujee onpedeneHue Haunyyuweli oyeHku \. Fpaghuku eepossmHoOcMuU UCXOOHbIX U NPeobpa3oeaHHbIX
OaHHbIX NpedcmaeneHsl Ha pucyHke 7. Ha pucyrke 7 b) yxazaHo p-3HayeHUe, ebIYUCTIeHHOe C NTOMOWbLI0 cmamu-
cmuku Kpumepusi AHOepcoHa-[apnuHaa, pasHoe 0,318, ymo 2oeopum o mom, Ymo npeobpasoeaHHble JaHHbIE
nodquHsilomces pacnpedenexuio, 6rIU3KOMY K HOPMaslbHOMY.

Y & 1 2

XapakrepucTuku A
OoBepuTenbHbIA nHTepBan ypoeHs 95 %
OueHka -0,19
HwxHas goBepuTensHas 0,77
rpaHuua
BepxHsisi goBepuTenbHas 0,36
rpaHvla
OkpyrneHHoe 3HayeHue 0,00

X — %, Y — cTaHgapTHOe OTKMNOHEeHUe; 7 — HWKHAS AoBepUTENbHasA rpaHuLa;
2 — BepxHSf foBepuUTenNbHAA rpaHALA

PucyHok 6 — Npaduk Bokca-Kokca
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10 / 10
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1 / / O - 1 / >
o 1 2 3 4Xx1 -1 0 1 x2
BbibopouHoe cpegHee 1,239 BblGopoyHoe cpenHee 0,09259
BbiGopoyHoe cTaHaapTHoe BeiGopoyHoe cTaHaapTHoe
OTKNOHEeHWe 0,6601 OTKINOHEeHue 0,4924
O6bem BeIGOPKU 50 O6bem BbIGOpKU 50
Crartuctuka AHgepcoHa-flapnuHra 54 Cratuctuka AHgepcoHa-[lapnuHra 0,417
p-3Ha4YeHWe < 0,005 p-3Ha4YeHWNe 0,318
a) Mpacuk BEpPOATHOCTH A1 UCXOAHOW BLIGOPKU b) Mpaguk BepoaTHOCTU Ans Npeobpa3oBaHHON BLIGOPKU

X1 — 3HayYeHMs NCXOAHON BLIGOPKN; X2 — 3HauyeHUs npeobpasoBaHHOW BbIGOPKM; Y — NpOLeHTbI

PucyHok 7 — Mpadpuku BepOATHOCTU AN UCXOAHBIX U NpeoBpa3oBaHHbLIX AaHHbIX

4.3.6 Kputepuit KoxpeHa ona BbifiBreHua BLIOPOCOB AnucCnepcui

BaxxHoii 3apaueii aBnsieTcs o6HapyXeHue BbIGPOCOB B HAabope aucnepcuit, BbIMUCNEHHbLIX N0 Habopam
BbIOOPOYHbIX AAHHbIX, B YaCTHOCTH, NPU ONpeaeneHnn TOMHOCTM METOA0B U3MepeHuii [3] nocpeaCcTBOM MeX-
nabopatopHbix nccnegosanuin. Kputepuin KoxpeHa WMPOKO MCNONb3YIOT ANA OnpeaeneHus Toro, sIBNseTcst
nn AeiCTBUTENBHO 3HAYUMBIM OTNNYME HaMbONbLUMX ANCNEPCUN OT OCTaNbHLIX AUCNEPCUIA B UCCEaYyEMOM
Habope gucnepcuin.

Onsa Habopa aucnepcuin 312 sg, BbIYMCIIEHHBIX MO P BbIOOpKAM, Kaxaasi 3 KOTOpPbIX UMEET 00beM n,
cTartucTuka kputepusa KoxpeHa umeer sug

s2
C=hec, g
Z"i=1 s?

rae qf.,ax — HaubonblLuee 3Ha4YeHue aucnepcun B Habope U3 p aucnepcuii. B Tabnuuax npunoxexus E npu-
BEAEHbl KpUTMYECKne sHavyeHus cratuctuku kputepus Koxpena (C) ¢ yposHeMm 5 %, 1 % u 0,01 % ana Bcex
3Ha4YeHun p ot 2 a0 40, npu 3TOM NPEANONAaraeTcs, YTo AUCNEPCUM BbIMUCTIEHBI NO BbIBOpPKaM 06beMa n ¢ n oT
2 o 10. Ecnu BbluMCeHHOE 3HaYeHne C nNpeBbIAaeT KpUTUYECKoe 3HaYeHne, TO HaMBonbLUYIO AUCNEPCUIO B

uccneayemomM Habope aucnepcui cHMTaloT BLIGPOCOM.

MpuMedyaHue— KpuTuieckue 3HaYeHUs1 CTATUCTUKN KpuTepusi KoxpeHa, NpuBeAeHHbIe B NPpUNoxeHun E, B
naeane NPUMEHAIOT Torfa, Koraa BCe CTaHAapTHLIE OTKIIOHEHUS NOSyYeHbl NO BbIGOPKaM 04MHaKkoBoro o6bema n.

lpumep — IMamb nabopamopulli npuHuManu y4acmue e npoeedeHuu uccnedoeaHuli no onpedeneHuio
nokasameneli noznouwjeHus enazu. Kaxodass nabopamopus npoeesia 60CeMb IKCIIEPUMEHMOE & yCcrlo8usix rno-
emopsieMocmu u e coomeemecmeuu co cmaHdapmHbIM Memodom usmepeHul. Bbin nonyyeH cnedyroujuli Habop
ducnepculi.

Homep nabopatopuu i 1 2 3 4 5
Oucnepcus s? 12,134 2,303 3,594 3,319 3,455

B coomeemcmeuu ¢ mabnuuyeii E.1 kpumuyeckoe 3HayeHue Kpumepusi KoxpeHa ¢ ypoeHem do-
eepuss 5 % dna p = 5 u n = 8 cocmaensiem 0,4564. Tak Kak 3HayeHUe cmamucmuku Kpumepusi KoxpeHa
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C = 12,134/(12,134+2,3033,594+3,319+3,455)=0,4892 npeeniwiaem 3mo Kpumu4ecKkoe 3Ha4yeHue, Mo MOXKHO CYU-
mamb, ymo Aucriepcusi, ebiYUC/IeHHas o pesysibkmamam nabopamopuu 1, 3HayumensHoO npeebiuiaem ducnep-
cuu, noslyyeHHbIe 1o pesynkmamam ocmalikHbix 1abopamopull.

4.4 Npadmyeckuin KpUTEpPUi BbIABIIEHUA BbIOPOCOB

Ona obHapy>XeHusi BLIOPOCOB PEKOMEHAYETCA NPUMEHATb MOAUMULMPOBAHHYIO Anarpammy SILLMK C
ycamu, ecnu pacnpegeneHue COBOKYMHOCTU SIBMSIETCA HOPMAarbHbIM UMM 3KCNOHEHUManbHbIM. B otnnune
OT npoueayp NPOBepPkM runoTes, NpuBeaeHHbIX B 4.3, rpadpnyeCKkuin KpUTEPUI BbiIBNEHUSI BbIGPOCOB, OCHO-
BaHHbIN Ha guarpamMmMe LMK C ycamu, He TpebyeT npeaBapUTENbLHOMO 3HAHUSA O KONMUYECTBE BLIBPOCOB MNK
pacrnonoXeHun BbIGPOCOB.

Mpu ucnonb3oBaHMM MOAMPULIMPOBAHHOW AnarpaMmbl ALWMK C ycaMu ANS onpeferneHns HUKHEN rpa-
HULBI Le 1 BEPXHEN rpaHunLbl Uz BMECTO NepBoro KBaptuna Qq v TPETLEro KBapTUnsA Qz MCMOMb3YIOT COOT-
BETCTBEHHO HIDKHIOK YETBEPTb X; ., U BEPXHIOID YETBEPTb X|).,

LF =Xpn— kL(XU:n - XL:n) (8)
UF =Xun— kU(XU:n - XL:n)
rae n — o6beM BbIOOPKM;
ki n k, — nokasarenu, 3aBucsiLume OT NPEAnoaraeMoro pacnpeaeneHns AaHHbIX n 06bema BuiGopkn n;
XL:n — HWXHAA YeTBEPTb Ha AMarpamme AUk ¢ ycamu

. = [X(O + x(,+1)]/2, ecnm f=0;
B0 Xy, ecnm >0,
Xy:p — BEPXHSAA YETBEPTb HA AnarpaMme AiLMK C ycamm

[X(n_j) + X(n—i+1 )]/2, ecnu f= 0,

X . -
Un ecrm f> 0,

X(n-iy:
npu aTom n/4 = j + f, roe i — Uenas vyactb n/4, a f — gpobHas yacTb nNf4 n x(1)5 X(1)5 .S X () — NOPSAKOBbIE
CTaTUCTUKMN BbIGOPKH.

MpuMmedaHue 1— [aHHoe onpefeneHne HUKHEW U BepxXHel YeTBepTel UCNOMbL3YIOT ANs onpefeneHns 3Ha-
YeHUiA K U Ky (cM. npunoxeHne C), ero onpefensor no yMon4aHuio B 60MbLIMHCTBE LWMPOKO UCTIONb3yeMbIX MakeTax
nporpamMm cTaTucTuHecko 06paboTku AaHHLIX.

3nemeHTbl BbIBOPKU, PacnONOXEHHbIE BbILLE BEPXHEN rpaHuLibl UM HUXE HWKHEN rpaHuLibl, paccMa-
TPUBAIOT KaK BO3MOXHbIE BbIGPOCHI. XapaKkTepHO 0COBEHHOCTbIO MOAMMULMPOBAHHON AnarpaMMbl SLLUK C
ycamun ABsIETCA ONpeaeneHne KOHCTaHT K| W k|; C y4eToM TOro, YTo Ans BbIGOPKU, He coaepxallei Bbi-
6pocos, onpeaeneHa BEPOATHOCTb TOr0, YTO OAWH unu Bonee anemeHToB BbIGOPKU MOryT ObiTb OLLMGOYHO
KnaccuuumMpoBaHbl kKak BbIGPOCHI, paBHAsA YCTAHOBNEHHOMY Manomy 3Hayenuio o. Mpu k; = k; = 1,5 moau-
duuympoBaHHas gmarpaMMa sILMK ¢ ycamm SBASETCA 0ObIMHOW AMarpammon SILLUMK C ycaMu, pacCMOTPEHHOM
B 4.2. ina BLIGOPOK U3 HOPMASILHOFO U 3KCNOHEHUMANbHOTO pacnpeaeneHns npyu BbIOPaHHOM 3HAYEHUU o U
9< n< 500 3HaueHns k; u k;; MOryT BbITb OnpeaeneHbl B COOTBETCTBUM € C.2 (cM. npunoxenue C).

MpuMeyaHune 2 — HWxHAA rpaHMLa MOgMEULMPOBAHHON AUarpaMMBbl SILLMK C yCaMu, NMOCTPOEHHOMW B Npef-
MorNoXeHUn 06 SKCNOHEeHLUMarbHOM pacnpefieneHnn JaHHbIX, MOXET NPMHUMaTh OTpULiaTeNbHble 3HaYEHMUs, €CN JaHHble
He NOAYUHSIIOTCA 3KCNOHEHLMANBLHOMY pacnpesieneHuto.

lMpumep 1 — [na ebibopku o6bema n = 20 U3 npumepa, pacCMOMPEHHo20 6 4.3.2, n/4 = 20/4=5, m.e.i=5
u f= 0, makum o6pa3om, oueHKU HUXHel u eepxHel Yyemeepmeil umerom eud

X, = [X5) * X / 2 = 0,5(~0,36 - 0,19) = 0,275,
Xyn =[X15) * X151/ 2 = 0,5(-0,93 - 1,22) = 1,075.

Ans ebibopok uz HopmaslbHO20 pacnpedenieHus ¢ o. = 0,05 HUXHSASA U 8epPXHSIST 2paHUUb] TOCMPOEHbI O
kp =ky = 2,238 (cm. npumep 1 e npunoxerHuu C)

Le=x; .~ K (Xyn = Xp.) = 0,275 — 2,2382(1,075 + 0,275) = -3,297,
Up = Xy — kylXy.n = Xp.) = 1,075 = 2,2382(1,075 + 0,275) = 4,097.
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Takum o6pa3om, dea Haubosee akcmpeManbHbIX 3HaveHus 5,80 u 12,60, nexauwjue ebiwe sepxHell epaHu-
Ynl, cnedyem cyumame ebi6pocamu.

TMpumep 2 — [Insa ebibopku o6bema n = 22 u3 npumepa, paccCMompeHHoz0 e 4.3.3.4, n/f4 = 22/4 =5 + 1/2
makum o6pa3om, OueHKU HuXHel u eepxHel yemeepmell X, ., =X ) = 13,13 U X, = X(17) = 22,50.

[nsa 0anHoU ebi6opKu ¢ o = 0,05 eepxHsIsT U HUXHAA epaHuUbl uMeiom eud:

Le=x;.,— K (Xy.n = X;.p) = 13,3 - 0,6650(22,50 + 13,13) = 6,899,

Ue=xy.,— kyXy., = X1 .n) = 22,50 + 6,2313(22,50 — 13,13) = 80,887.

Takum o6pa3om, akcmpemanbHoe 3HayeHue 84,94, nexaujee ebiwe eepxHell epaHuUbl, cnedyem paccMa-
mpueamb Kak eblbpoc. 3HaqyeHus k; = 0,6650 u k= 6,2313 nosy4eHbl € npumepe 2 npunoxeHus C.

TMpumep 3 — lNpednonoxum, 4mMo emopoe o eeNUYUHe 3HavYeHUe e eblbopke U3 nNpumMepa, npueedeHHo20
€ 4.3.3.4 (43,0), 6b1510 owu60YHO 3anucaHo kak 4,30. Tak kak 3HayeHue 4,30 nexxum Ha Quazpamme AWUK ¢ ycamu
HuXe HuXHel epaHuybl Lg = 6,899, mo ezo cnedyem npusHamb ebi6pocoM. OdHako us-3a sghghekma MacKupoe-
Ku, popmarnbHasa npoyedypa npoeepku e coomeemcmeuu ¢ 4.3 He pacyeHueaem HUXHee IKCmpeManbHoe 3Ha-
YyeHue 4,30 u eepxHee aKkcmpeMasibHoe 3HavyeHue 84,94, kak ebI6pocChl.

5 Koppekuus BnuaHuA BbIGPOCOB B OQAHOMEPHON BbIOOpKe

5.1 PobacTHbIN aHanNu3 AaHHbIX

Kaxxabiti 0OHapy>XeHHbIN BLIBPOC A0mKeH ObITb uccneaoBaH u 06bACHEH. Ecnu BIOPOC Bbi3BaH OLUMG-
KOW, NpPUYMHA KOTOPOW MOXET ObiTb OOHapyxeHa (HanpuMmep, kaHuenapckas owubka, owmbka nonydYeHus
pactBopa, owmnbka uamMepeHuin U T. 4.), TO €ro 3Ha4eHue AOMKHO ObiTb CKOPPEKTUPOBAHO, €CNM UCTUHHOE
3HaYeHWe U3BECTHO UMK, B NPOTUBHOM cny4vae, yaaneHo. Ecnu Hanuuue BbIGPOCOB He MOXET ObiTb PasyMHO
OOBACHEHO, TO AAHHbIE 3HAYEHUA HE crneayeT yaanaTb;, OHU AO0MkHbl ObiTb 06paboTaHbl Kak AOCTOBEPHbLIE
HabnoaeHUa U UCMONb30BaHbI B NOCNEAYIOLLEM aHanu3e AaHHbIX C UCMONb3oBaHUEM poBacTHLIX npoueayp,
YCTOMYMBbLIX K Hanu4uio BbiIOpocos. Metoabl KOppekuun BRMaHUA BbIGPOCOB, NpeacTaBneHHbie B 5.2 n 5.3,
MOTYT CHUXAaTb BNUSIHWE BbIOPOCOB HAa pe3ynbTaT aHanu3a AaHHbiX 6e3 yaaneHus 3HadeHui, KoTopble pac-
NMO3HaHbl Kak BbIOPOCHI. ANBTEPHATUBHbINA CMOCO® COCTOMT B MPOBEAEGHUM aHanu3a ABaXabl NPU HANU4YUK
BbI6pOCOB 1 6e3 BLIOPOCOB.

5.2 PobacTHana oueHKa napamMeTpa norioKeHus

5.2.1 OGmne nonoxeHus

BbibopoyHoE cpeaHee ABMSIETCS ONTMMAarbHON OLIEHKOW NapaMeTpa nonoXkeHUsi HOpMarnbLHOro pacnpe-
aeneHunsa. OgHako 3Ta OLEHKa He ABMAETCA YCTOMYMBOW U pobacTHOM OLUEHKON. B nutepatype npeanoxeHo
GonbLUIOe KONMYeCTBO pasHOOBpasHbIX NpoLeayp nonyveHus pobacTHON OLIeHKM napaMeTpa NonoXxeHusl. Yce-
YEHHOe cpeaHee, PacCMOTPEHHOE B 5.2.2, LUMPOKO UCMONb3YIOT ANA CHUXEHUS UCKaXEHUS OLIeHKU napame-
Tpa NONOXEHUsi NPKU HanuyMm BeIGPOCOB B BEIGOPKE N3 CUMMETPUYHOTO pacnpeaeneHus. 4ns BbIGOPOK COBO-
KYMHOCTM C aCUMMETPUYHbIM pacnpeaerieHMemM pekoMeHAYEeTCS OnNpeaensaTb OLUEHKY napameTpa nofoxXeHns
B COOTBETCTBUU C 5.2.3.

5.2.2 YceueHHOe cpegHee

Ecnu B BbIGOPKE N3 CUMMETPUYHOIO pacnpeaeneHms BO3MOXHO Hanuyune BbiIbpoCcoB, B Ka4YE€CTBE OLIEHKM
LeHTpa pacnpeneneHns peKoMeHAYeTCs UCNONb30BaTb YCEYEHHOE CpeaHee.

MYCTb X4) < X(1) S ... < X5 — NOPSAAKOBLIE CTATUCTMKM BbIOOPKM 0GbEMma 1.

Myctb r= [omi — Haunbonbluee Luenoe, MeHbLIee UK paBHOE o U g = aun — r — ApobHasa YacTb an, rae
0 <o <0,5— nonsa BbIGPOCOB B BLIGOPKE.

3HayeHune o — yce4eHHoro cpegHero [9], 0603Ha4aemoro xr(o), BLIMUCNAIOT Kak cpeaHee Ges yuerta r
HaMMEHBLLUX 1 r HAaUBONbLUUX 3HA4YEHUI BLIBOPKU, HO BKINIOYAS B BbIMMCINEHMS ABA BNXKANLLMX COXPAHEHHBIX
3HAYEHWA X1y U X(;_py C YMEHbLUEHHBIM BECOM (1 —g), Hanpumep,

= _ 1 n—r-1
Xre) = ey (0= 00y * X+ 205 | ©

MpuMmevaHune 1—Ecnman—uenoe, To g = 0, TakuMm 06pa3oM ycedeHHoe cpegHee ABNAETCA BbIOGOPOYHBIM
cpefHUM ycedeHHO BEIBOpPKU.
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MpumeyaHune 2— OB6blMHO NpeaBapUTENbLHO 3HaYeHUe a 3aAatoT MeHblue 0,25. Knaccuveckoe BeIGopoyHoe
cpegHee — 310 0-yceueHHoe cpefiHee, Toraa kak BblbopouHas MeauaHa npegcrasnsieT coboi npubnuxerHo 0,5-yceyen-
Hoe cpefHee.

MNpumMmeyvaHnune 3—/[pyroit pacnpocTpaHeHHOW OLIEHKOW NapaMeTpa NoNoXeHNS ABNSAETCA -BUHCOPU3OBAHHOE
cpeaHee, B KOTOPOM I = ol HAaUMeHbLUMX HabniogeHnid, oTOpoLLEHO [0 3Ha4YeHUs X r HaunborbLunMx HabniogeHuin oT-
6poLueHo ao X(n—py T- €. MPOM3BEACHA 3aMeHa r HanbonbLIKX U r HAUMEHBLLINX 3Ha4YeHWA Ha 3HadeHue (1 — g) Xy(a).

Tpumep — [ns ebibopku o6bema n = 20, npedcmasesieHHoU 6 4.3.2, eblYUcieHbl 6bI60POYHbIE cpedHee U
meduaHa, a maioke ycedeHHbIe cpedrue ¢ doneli yceyeHus1 5 %, 10 %, 15 %, 18 % u 20 %. [Torny4eHbi cnedyroujue
3HavYeHus:

20

Bb16opoyHoe cpedHee = =1 %= —(19 69) = 0,9845.

1
20

1 1
Bbi6opoyHasn meduaHa = 3 [X(10) + x(11)] = 5(0,30 +0,43)=0,365

_ 1 19
X1(0,05) = 20(1=2.0,05) 2 X = —(9 3)=0,5167,
1 18
X7(0,10) = 20(1-2-0,10) EF3X(,) —(5 34) = 0,33375,
_ _ 1 17
xT(O,15)—720(1_2_015) 2,=4x(,) —(4 56) = 0,3257,

1
%1(0.18) = 3572 078 - [(1 - 0,08)(xq) *+ X(17)) * A x(,):| —(o 176 + 4,12) = 0,3356,

1

16 1
m 2,_5 X = (4 12) = 0,3433.

%:(0,20) =

[HaHHble pesynsmamsi npednosiazalom, YmMo omHocumesnbHoO 6osbuioe eLI6opoyHoe cpedHee coomeem-
cmeyem Hanu4uio dsyx ebibpocoe, mozda Kak ycedeHHbie cpedHue cmabunu3supyiomesi om 10 % do 20 % yce-
4YeHusi Habopa OaHHbIX.

5.2.3 [IBaxAabl B3BeLWeHHaA OLeHKa napameTpa nosioXeHus

[Ba>kabl B3BELLEHHAA OLIEHKA NapameTpa NnonoXXeHus [9] ABNAeTCs YCTOWYMBOM K HANUYKIO BLIBPOCOB B
BbIBOpKaX M3 aCUMMETPUYHbIX pacnpeaeneHmin 1 pobacTHON NO OTHOLLEHMIO K HEOOMNbLUMM OTKMOHEHUSIM OT
HOPMarbHOrO pacnpeaeneHus. Ans aaHHOW BbIGOPKN X4, X5, ..., X, 00bEMA N, ABXAbI B3BELLEHHAs OLeHKa
napameTpa nosfioxKeHus UMEET BUA

z‘4|u,-|<1Xi('I _UIZ)Z

T =
g Z:|u,»|<1 (1-u)?

(10)

rae u; = (x;= T,) / cM,q, ¢ = 6,0, M, = Median(|x; — M|, i = 1, 2, ..., n) M-BbiGopoyHas meanaHa. OueHky T,
BLIYNCTAIOT utepatueHo. 3Hauenns T u u;, = (x; - T{) /cMad SIBNSIOTCS OLIEHKON T, U U; Ha k-1 MTepauuu
oueHka T, Ha (k+1)-i utepauuu

2 12
2|u,-|<1Xi(1 —Uik)

T(k+1) =
n 22
Ziyjer (1= 1)
TepaTuBHbI NPOLIECC CReAyeT NPoAOIMKaTh 0 TeX Nop, Noka NocrneAoBaTeNbHOCTb OLIEHOK HE CTAaHeT
CXOAUTLCA C TPEBYEMON TOYHOCTbIO. Hanpumep, utepauumi MoryT GbITb npekpaLLeHsl, ecnv | T+ 1) - T <1075,
MoaxoasLMM YCTOMYMBBIM HauambHbIM 3HaveHnem TO) siensietcs BbIGopoyHas Meaunaqa M.

MpumeyaHune—B nNpeanonoxeHun HOPManbHOCTU pacnpefeneHns faHHblX, 4BaXAbl B3BELUeHHan oLeHKa
npu ¢ = 6,0 03HaYaeT B3BELUEHHOE CpefiHee, B KOTOPOM 3HAYEHUSM, OTKITOHSIOLMMCSA OT MeAuaHbl 6onee YeM Ha YeTbipe
cTaH4apTHbIX OTKNOHEHUS, MPUCBOEH HyNeBoi BeCOBON KO3 PULMEHT.

TMpumep — [eaxdbi e3eewieHHas1 oueHKa napamMempa rnoJsioxeHusi 0ns ebl6opku, npedcmaesieHHol 6 4.3.2,
T, = 0,176. OHa 6nu3ska Kk ebl6opoyHoMy cpedHemy (0,1565) npu 3ameweHuu Geyx sKCMpeMaslbHbIX 3Ha4YeHull
(5,80 u 12,8) koppekmHbimMu 3HavyeHusimu (0,58 u 1,28).
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5.3 PoGacTHan oueHKa Aucnepcum

5.3.1 O6uwue nonoxeHnsa
Hwxe npeacraBneHbl ABE LUMPOKO MCNONb3YEMbIE OLIEHKU NapameTpa maclurabda, ycroiumsble K BbIOpo-
caM M UCMNONb3yeMble BMECTO OLIEHKU CTaHAApPTHOIO OTKITOHEHUA BbIOOPKU.

5.3.2 NMonapHoe aGconTHOE OTKITIOHEHUe MeauaH
S, = s,Median; (Medianj |x,-—xj|, i#j,ij=1,2,..,0n). )

MocTofAHHas s,, — KOPPEKTMPYIOLLIMIA MHOXUTENb, BbIONpaeMblit Tak, 4ToObl rapaHTUpPOBaTh, YTo S, AB-
nseTca HeCMELLEeHHON OLIeHKON nmapamerpa macwraba npegnonaraemoro pacnpegenenHus (HOpmanbHoro,
9KCMOHEHUMANbLHOTO U T. A.). [Ana GonbLumx BLIGOPOK U3 HOPManNLHOTO pacnpeaeneHus sHavenue s, = 1,1926
(cm. [10]), Toraa kak aAns GonbluMX BLIGOPOK SKCMOHEHLMANBHOTO pacnpeaenequs s, = 1,6982. 3HaueHun s,
Ans psiaa o06beMoB N BbIBOPOK M3 HOPMAaNbLHOIO pacnpeaeneHua npueseaeHsl B Tabnuue D.1.

5.3.3 Isaxabl B3BelIeHHAA OLeHKa napameTpa macwutaba

[BaXkabl B3BELUEHHAs OLEHKa napameTpa maclurada Ans BbiGOPKM X, X,, ..., X, COOTBETCTBYET npea-
CTaBfieHHON B [9] n umeeT BUA:

L o Zager (- MR (1 -2y
U1 | Bue-da-sd)|

rae M — BoibopouHas meauana, u; = (x; — M) / (cM,y) n M,y = Median(lx; — M|, i =1, 2, ..., n) ana suIGopku
obbema n U3 HopManbLHOrO pacnpegeneHus. PekomeHayemoe 3HaueHue ana ¢ cocraensier 9,0. 3HayeHun
Spj» OCHOBaHHbIE Ha ¢ = 9,0 Ansa pana 06bEMOB N BbIGOPOK U3 HOPMANBLHOTO PACNpPeEneHns, NPUBEAEHbI B
Tabnuue D.1.

Sb

i =

(12)

MpnMedyaHwne— B npeanonoxeHUn HOPManbHOCTU pacnpefeneHns AaHHbIX, ABaXAbl B3BELLEHHasA OLeHKa
Aans ¢ = 9,0 o3Ha4aeT B3BELUEHHOe cpefHee, B KOTOPOM 3HAYEHUAM, OTKNOHAIOWWUMCS OT MenaHbl 6onee Yem Ha WwecTb
CTaHAapTHbIX OTKIOHEHWIA, NMPUCBanBaloT HYNEBO BECOBOW KOIDULNEHT.

lMpumep — [na ebibopku, npedcmaeneHHoU e 4.3.2, KnaccuvecKoe ebI60poYHoe cmaHdapmHoe OMKJIoHe-
Hue s, pobacmHble oyeHKu macwmaba S, (cm. 5.3.2) u Sy; (cm. 5.3.3 ebiwe) 3adaHw! credyouwuM obpasom

s=3,1772, S, = 1,015, S;,; = 1,1565.

Omu pesynsmamsl Nnoka3nlearom, Ymo cmaHOapmHoe OMKJ/IOHeHUe S CyUWecmeeHHO yeenu4yeHo 3a cyem
deyx HauGonbwiux HabmodeHull. Coomeemcmeyioujue pobacmHbie OUeHKU S, U Sp,; UMeom OMHOCUMESIbHO He-
6onbuwue, 6nuskue Apye Kk Opyey 3Ha4YeHUs.

6 BbIGpOCbl MHOrOMEPHbIX U PErpecCUOHHbIX HAGOPOB AaHHbIX

6.1 OOwuMe nornoxeHus

3apaya obHapy»eHusi BbIOPOCOB B HAGOpE MHOTOMEPHBIX U PErPECCUOHHBIX AAHHBIX ABNSETCA bonee
CNOXHOW, YeM 3aaada oBGHapyKeHus1 BbIBpOCOB B Habope OLHOMEPHbIX AaHHbIX. MIHOrOMEPHbIN BbIOPOC —
3T0 BbIGPOC MO NMOGOI U3 KOMMNOHEHT HAOMIOAEHNS UMM MHOFOMEPHBIX KOOpAUHAT. MHOrOMEpHbIE BbIOPOCHI
TakKkKe MOryT OblTb B HEKOTOPOIi CTENEHU CKPbITbl MEXaHU3MOM UX NOABNEHUS, U UX NPUCYTCTBUE OBHAapPY»Xu-
BAETCA TOSIbKO NOCHE aHanu3a CTPYKTYPbl AaHHbIX. BbIBPOC perpeCcCMOHHbIX AaHHbIX MOXET He OblTb NPOCTO
3KCTpemarnbHbIM 3HaYeHUeEM, a ObiTb HabnaeHUeM, KOTOPOe 3HAYMMO OTKITOHAETCH OT OCHOBHOW perpeccu-
OHHOW MOAENMN.

6.2 BbIOpPOCbI MHOFOMEPHbIX AAHHbIX

O6Las naes MeToA0B BbiSIBNEHUS BbIGPOCOB B MHOrOMEPHbIX HaGopax AaHHbIX 3aknoyaercs B Npeod-
pa3oBaHWN MHOTOMEPHBIX AaHHbIX K 0HOMEPHbIM cTatucTukam. OAHOM U3 LULMPOKO MCMONb3yeMbIX CTATUCTUK
aBnsieTcs paccTosiHne MaxanaHobuca, SBnsioLeecss MepOoil PACCTOAHUSA OT MHOTOMEPHOrO HabnaeHus 4o
BbIBOpOYHOro cpeaHero Habopa AaHHbIX, HOPMUPOBAHHOIO MPY MNOMOLLM BbIGOPOYHON KOBapuaLuUoOHHON Ma-
Tpuupl. N3 p nepemMeHHbIX (CnydainHbIx BenuunH) X, Xo, ..., Xp COCTaBIEH YNOPAA0YEHHbIN HaBop P-MepHbIN
BeKTOp X = (X, Xy, ..., Xp)T.
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Myctb p = (uy, B, -y up)T— BEKTOP CPEAHMX P CryyaiHbIX NepeMeHHbIX X, a Matpuua p X p — matpu-
La KoBapuauuin X, rae guaroHasbHble 3f1IEMEHTbI ABNAIOTCA AUCNEPCUAMMU, @ OCTalbHble — KOoBapuauvsiMu
3aneMeHTOoB BekTopa X.

PaccrosiHne MaxanaHobuca ot cnyyanHoro sekropa X 40 BEKTOpa CpPeAHMX 3HAYEHUN | OnpeaerneHo

cneayowmm o6pasom
Mp = o (X=p)=(X—p) . (13)

Bbibpochl B BLIGOPKE MHOTOMEpPHbIX HabntoaeHuit obbema n: X;, Xo, ..., Xp MOTYT ObITh BbISIBNEHbI NOCpea-

CTBOM OMpeAeNeHna N COOTBETCTBYIOLMX paccTosaHuini MaxanaHobuca Mp,; = N OG-wTZ N xG-p) i=1,2, .., 0.
Ecnu BekTop X MOXET ObiTb MHOrOMEPHbLIM HOPMarnbHbIM pacnpeaeneHnemM Co CPEeAHUM [ U MaTpuLei KoBa-
puauum % kBagpaTt pacctosiHusa Maxananobuca M%, NOAYMHAETCA pacnpeaeneHuio Xu-KBaapar ¢ P CTENEHIMU
cs060gbl.

MpueeaeHHas Boiwe opMmyna Ans BblMUCIIEHUS pacCcTosHuA MaxanaHobuca 3aBMCUT OT 3HAHUA L U .
Ha npaktuke TpebyeTcs HalTu OLEHKM | U T NO BLIGOPOYHBLIM gaHHbLIM. Mpu Hanuuum BLIGPOCOB pobacTHble
OLIEHKM AN p U = AOMKHbI ObITb NONYYEHbl C NOMOLLBIO METOAA MUHMMAIILHOTO ONpeAenuTens KoBapuaLuum
(MCD). Metog MCD Haxogut cpeau n aaHHbIX HabmiogeHui, Te h HabnioaeHun, KOTopbIE NpUAAIoT onpeae-
NUTEnNo MaTpuLbl KOBapMaumu HauMmeHbLUee 3Ha4YeHue. B npegnonoxenuu, uto BbIDOpKa coaepxuT He bonee
1000 % BLIGPOCOB, 3Ha4YeHue h cneayet Bbibuparb 6nu3kuM K (1 — o)n, 0AHAKO OHO AOIMKHO ObITb GOnbLLE Lie-
novi yactu yucna [(n + p +1)/2]. Torga cpeaHee n maTpuua Kosapuayuii, onpeaeneHHbiM No 3TUM HaWAEHHbIM
h Ha6niogeHusm saensTcs MCD-0UeHKaMK Wycp U Zycp ANA |4 M T COOTBETCTBEHHO. PoGacTHoe paccrositue
ANA HabnioaeHus x; UMeeT BUA:

Diy = A (o) e (- yeo) - a4

B npegnonoxeHun HOPManbLHOCTU pacnpeaeneHns AaHHbIX, KOHCEPBATUBHLIN kpuTepwuii [11] oObaenseT
BbIOpocamu Te HabnAEeHUs, KOTOpble UMeKT poBacTHOe pacCTOsiHME, NPEBLILLIAIOLIEE KPUTUYECKOE 3HaYe-

HUE Af X§,975;p , rae x§,975;,, — MPOLUEHTUNb YpoBHA 97,5 % pacnpeaeneHus xu-ksaapar ¢ p CTeneHsMu CBo-
6oabl.

BusyanbHoe conocraBneHune pacctosHua MaxanaHobuca ¢ pobacTHbIM PAaCCTOAHMEM, A Takke pesynb-
TaTMBHOCTbL UCMNOMb30BaHUA pOOACTHOrO PACCTOAHNSA B BbIABNEHWM BLIOPOCOB MOKa3aHo Ha npumMepe.

lpumep — [aHa ebi6opka o6kLema n = 35, codepxawast dsymepHble HabmodeHus (X, Xa).

Homep Homep Homep
HabniopeHus i X1 X2i HaOnwoaeHuns i Xai X2i HabnoneHus i X1 X2i

1 12,00 12,60 13 12,90 12,95 25 15,60 15,64
2 9,30 10,20 14 12,90 13,50 26 13,25 12,85
3 15,00 14,50 15 13,10 13,80 27 16,83 16,85
4 10,16 19,30 16 16,00 16,25 28 12,00 11,70
5 10,45 10,80 17 13,45 13,00 29 17,30 17,25
6 17,45 16,90 18 13,55 15,20 30 10,65 10,80
7 10,80 11,95 19 14,30 15,10 31 17,55 17,70
8 10,80 10,85 20 14,40 14,55 32 18,20 18,35
9 10,75 | 11,65 21 13,60 | 14,35 33 19,10 | 19,30
10 17,00 17,50 22 14,80 14,99 34 13,55 14,00
1 8,25 17,20 23 10,15 9,90 35 12,55 15,10
12 12,66 | 13,30 24 15,10 | 15,15

Hna kaxdozo HabmodeHus1 ebivucneHbl paccmosiHue MaxanaHobuca u pobacmHoe paccmosiHue, U Ha-
HeceHbl Ha 2pachuK, npedcmaeneHHbIll Ha pucyHke 8; npu 3mom 61N ucnons3oeaH Mmemod MCD npu h, pae-
HOM 32 HabmodeHuam. [LaHHbilli 2paghuk nocmpoeH npu nomMouju ceob00HO pacrpocmpaHsemMo20 nakema
npozpamm cmamucmuyeckoli o6pabomku daHHbix LIBRA [11]. [pu noMowu wimpuxoeol nuHuu npedcmaseiie-
HO MHo}ecmeo 3Ha4yeHull, Ons1 komopbix paccmosiHue MaxanaHobuca pasHo po6acmHoMy paccmosiHuio. [o-
pu3oHManbHas U eepmuKasnbHasi IUHUU fiepeceKaiomcsi 6 moyke, coomeemcmeyrowjell Kpumuyeckoli moyke
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A 753,975;,, =4/ 7,378 = 2,716. Toyku, pacriosIoXeHHbIe 3@ 3MUMU NUHUAMU, Mo2ym Obimb pacCMOMpPEeHb! KaK
eblbpockl. Po6acmHoe paccmosiHue Ha OaHHOM epaghuke ebisiesiiem mo, ymo moyku 4, 11 u 35 sensomes ebi-
6pocamu. OdHako paccmosHue MaxanaHobuca ebisiensiem 6 kadecmee 6bI6pocoe mosibko moyku 4 u 11. To, ymo
paccmosiHue MaxanaHo6uca ebisienissiem e Kadyecmee 8bi6pocoe mosibko moyku 4 u 11, Mmoxem ebiznAdemb Kak
aghpeKm MacKupoeKuU, pacCMOMpeHHbIl 6 2.3. [pu ebivucneHuu paccmosiHusi MaxanaHobuca 6e3 yyema Habo-
OeHull 4 u 11, HabnrodeHue 35 makke ebIfBIIEHO KaK 8bIGPOC.

14— 011

—
035 -

—"”—

24 o 8-
o ¥

o§w0‘°’°'
o___—

T T T T T

0 1 2 3 4 X

X — paccToaHvne MaxanaHobuca; Y — pobacTHoe paccTosHue

[ns gaHHbIX, NpefCcTaBneHHbIX Ha pucyHke 11, HabntoageHna 4, 11 u 35 0603Ha4YeHbl CBOVUMU HOMEpaMM.

PucyHok 8 — Mpadhuk paccTosHusa MaxanaHobuca n pobacTHOro paccTosHUA

6.3 BbIGpOCLI B IMHEWHON perpeccun

6.3.1 O6wme nonoxeHus

Mpu aHanuse NpPoOCTON NUHElHON perpeccuu, cnyyaiHasa Todka (Y,X) MOXET OblTb BLIOPOCOM Kak Mo
KOMIMOHEHTE Y, TaKk 1 No KOMMOHEHTe X unu no obeum. Ha pucyHke 9 npeacraBneH rpaduk paccesiHus To4ek
C KoopauHatamu (¥;, X;), To4Ka 1 yaaneHa oT NMMHWK NO KoopAuHaTe ¥ 1, Takum 06pasom ABnseTcs BbIOPOCOM
Mo KOOpAUHATE y, HO He ABNSETCs1 BbIBPOCOM N0 KOOpAUHATE X; TOUKa 3 yaaneHa OT OCTarnbHbIX TOYEK MO KO-
opAuMHaTe X, HO MO KOOPAMHATE y He ABMNSIETCA BbIOPOCOM; TOYKA 2 ABNSETCA BbIOPOCOM Kak No KoopauHare X,
Tak U no KkoopauHare y.
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1, 2, 3 — BbIGpOCHI

PucyHok 9 — Mpadpuk paccesaHus Touek (Y, X)

Mo rpaduky, npeacTtaBneHHOMY Ha PUCYHKE 9, BMAHO, YTO He BCE BbIOPOCHI OKasbiBAKT pasnuyHoOe
BNUsiHWE Ha MONOXeHue NuHuKM perpeccun. Touka 1 MMeeT koopauHaty x, BrnM3kylo K koopauHatam X Apy-
rMX 3NeMeHTOB BbIOOPKM, NOSTOMY OKa3blBaeT BIMSIHME TONLKO MO KOOpAMHAaTe y. AHaNorMyHo koopguHara
y TOYKM 3 COOTBETCTBYET KOOPAUHATAM Yy APYrUX TOYEK BbIOOPKM, 3TA TOUKA OKa3blBAET BIUSIHWE HA NUHUIO
perpeccun no koopauHate x. Touka 2 OKa3blBAET BMMSHUE HA NIMHUIO PETPECCUU, KaK MO KOOpAMUHATE X, Tak U
no koopauHaTe y.

6.3.2 Mogenu nUHeMHON perpeccumn

B mogenax nuHEnHoOW perpeccun CrydanHyo BENUYMHY Y paccMaTpuBaloT Kak 3aBUCUMYIO OT eAWH-
CTBEHHOI NepeMeHHON X, NMUHUIO PErPeccumn CTPOAT Mo TouKam (y;, X)), i = 1,2,...n, npuHaanexaumm soiGopke
obbema n, B COOTBETCTBUM C MOAETLIO:

¥;i = bg + byx; (15)
npy STOM, ONPEAENsOT i-i OCTATOK, KaK PasHOCTb Mex 1y HabnoaaeMbiM 3HAYEHNEM ¥; U COOTBETCTBYOLLIMM
NPUBNMXXEHHBIM 3HAYEHNEM ¥, T. €.

e=y,i=1,2,..,n
C nomMoLLBI0 06bIMHOMO METOAA HAUMEHBLUMX KBAAAPATOB MOXHO ONPEAENUTL 3Ha4YeHns by n by, Tak uTo-

n
6bl MUHUMW3NPOBATb CYMMY KBaApaToB OCTaTKOB i e,2

Ms

. 1(Xi‘7)yi
£
by=—F—— (16)

by =y -byX,

rae X u y — BbiGOPOYHbIE CPEAHNE COOTBETCTBEHHO AN1A KOMIMOHEHT X; 1 J;.
BnuaHue BbibpocoB no X u/mnu Y Ha NOCTPOEHUE FIMHUKN PErPEecCUm METOAOM HAUMEHbLLUNX KBaApaToB
MOXeT ObITb NPOaHaNU3NPOBaHO C MOMOLLbIO OLIEHKU 3HAYEHUN

,_21(x,-—f)y,-
V=Y b= =y + (-0 ——
2 (x,—X)?

k=1
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Unn 3KBUBaNeHTHO

n
Vi =j§ hy; an
rae 3Ha4yeHusa
_ 1 =X 0=%)
hy=5+"x
2 (=X
k=1

BbIYMCIIAKOT TOMbKO HA OCHOBAHUU HE3aBUCUMON NepeMeHHon X. 3HayeHus h,-jFlBJ'IFHOTCﬂ 3rnemMeHTaMmu cummMe-
n
TPUYHOW MaTpuubl H = (hij) pasmepa nxn, Has3biBaeMOon NPOEKUMOHHON mMaTpuuei. 3 paseHcTea y; = z hijyj
J=1
crneayeT, YTo 3HayeHus h,.j ABNAIOTCA NoKa3aTenem Toro, kak 3HayeHusa X BRUAKOT Ha TO, HACKOMbKO CyLue-
CTBEHHA POrb ¥; B NOMNy4eHNM NPUGNKEHHOTO 3HAYEHUA ;.

Mogo6HbIM 06pasoM, paccMaTpuBaloT CyYanHyl0 BENUYMHY Y, 3aBUCALLYID OT P Cry4YanHbiX Be-
nunH Xy, X5, ..., Xp, ANA KOTOPOW 3Ha4YeHWe PErpecCUOHHON OYHKUMM ANA BbIOOPKM U3 N 3NEMEHTOB
W Xigs Xis -omn x,p), i=1, 2, ..., n npeacraenset cobon

Vi = bo + byXjy * boXip + ...+ Dy Xpp,
rae bj ABNSETCA j-M KOIPPULNEHTOM PEMPECCMOHHON PYHKLMK, @ X;; — i-€ YaCTHOE 3HAYeHue j-i cryyanHomn
HEe3aBUCUMON NepeMeHHOn X;. Kak u B cny4ae ¢ 04HOW HE3aBUCMMON NEPEMEHHOMN, i-i OCTaTOK NPUBNMKEHNS
UMEET BUA €; = y; — §;. B MaTrpuyHOM BMAE MOAENb MHOTOMEPHOW PErpeccumn 3anuchbiBaoT Crieayowmm o6-
pasomMm:

y = Xb, (18)

rae ¥ = (¥, ..., ¥,)| — n-meptbiit BextOp, b = (b, by, ..., bp)T BeKTOp, pasamepHocTH (p + 1), X — maTpuua
nx(p+1)

1 X1 o Xqp
1 X1 - Xop
1 Xy o Xnp

BekTop k09dhdULUMEeHTOB HAXOAAT METOAO0M HAUMEHbLLMX KBAApPaToB
b=XT Xy XTy (19)
U BEKTOP 3HAYEHWI ¥ MOXET ObITb NOMy4YeH HENOCPEACTBEHHO B TEPMUHAX NPOEKLUMOHHON MaTpuubl H:
y=Xb=X(XT Xy"1XTy = Hy,
raey =y, - yn)T— BEKTOP Pa3MepHOCTW N, COCTOALLMI U3 N 3HAYEHUN .
H=X(XT x)1xT
H — matpuuyan - n.

6.3.3 OGHapyxeHue BbIGPOCOB NO KOMMNOHEHTe Y

PobactHas npoueaypa obHapyXeHus BbIOPOCOB MO KOMMOHEHTE Y B BbIOOpKE oObema n aHanuaupy-
€T CTbIOAEHTU3MPOBAHHBIE OLIMGKN £, KOTOPLIE ABMAIOTCA OWMOKaMU NOCTPOEHNA PErPECCUOHHOI (YHKLWK,
BbIYMCNEHHbIMY €3 UCNONb30BaHUS i-ro HabnogeHus. CTbIoAEHTU3UPOBAHHbIE OLUMBKM PacCcUUTLIBAOT MO

cdopmyne (cm. [12]).
=e. 7,7_’0_2 j=
ri eI (1_hii)RSSE_e%,’ 1121 ey Ny (20)
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rae e; = y;— y;— I-ii octarok;
hj; — nnaroHanbHbIN 3NeMeHT MaTpuLbl H,

n
Rgge = i e? — CyMMa KB3APaTOB OCTATKOB, NOMY4EHHBIX NP NOCTPOSHMM PErpecCMoHHOI PYHKLMM
Ha OCHOBe N HabMoAEeHUI, MPU STOM KONMYECTBO OLIEHWBaeMbIX NapaMeTPOB (YHKLIMM PEFPECCUN PaBHO p+1.

MpuMedaHne— BolpaxXeHne Ana CTbIOAGHTU3NPOBAHHON OWIMGKN r; (CM. [12]) OCHOBaHO Ha TOM, YTo /-e
HaBniogenue (y; Xy, Xj, -, x,-p) He BKMYeHO B NOCTPOeHUe yHKLUMK perpeccun no octaBluMmca n-1 Todkam. Takas
oLInbKa MOXeT BbITb MoAcHUTaHa ANA KaxAoM /- Touku 6e3 N3MEHeHUs perpecCUOHHON| (PYHKLMK B COOTBETCTBUM C
ypaBHeHuem (20).

CTbloaeHTM3NPOBaHHbLIE OLUIMGKK F; UMEIOT -pacnpeaeneHne ¢ n—-p—2 cTeneHsMu ceo0oabl, Habnoae-
HUS ANS KOTOPbIX CTbIOAEHTU3MPOBAHHbIE OLLIMOKK, BonblLle Yem t1_a,2n.n_p_2, crnegyer paccMmarpuMBaTth Kak
BbIOpPOCHI N0 KOMMNOHEHTE Y.

6.3.4 OOHapyxeHWe BbIGPOCOB NO KOMMNOHeHTe X

[naroHanbHble aneMeHTbl MaTpuLbl H Takke MOryT 6biTb MCNONBL30BaHbI ANA onpeaeneHus BbidOpPOCOB
no KomnoHeHTe X. HekoTopble NosnesHbIe CBOWCTBA 3MEMEHTOB f1; NPOEKLIMOHHON MaTpULbl

IN

h.<1,

1
n i

n
z:i=1h,'/=/-7"'1y

ecrm h; =0 unu h; =1, 10 h; = 0 ana Bcexj #,
rae p+1— KOnMYeCcTBO NapaMeTPOB PErPECCMOHHON MOAENM, BKIOHYAIOLWEN NOCTOSAHHbIN YNEH.

B 4yacTtHOM crniyyae, NMHENHON Perpeccum ¢ eANHCTBEHHON HE3aBUCMMON NePEMEHHOMN (P=1) N NOCTOAH-
HbIM YNEHOM, IMaroHarnbHbIE AMEMEHTHI h; MPOEKLMOHHON MaTpuLbl H umelot Bua

— )2
By = e X 1)

3 (x5
k=1(xk_x)

3TO BLIPAXEHUE MOKA3LIBAET, YTO h; XapaKTEpPU3yeT pPacCTOSIHUE MEXY 3HaYeHWEeM, NPUHUMAEMbIM
Crny4yanHomn Benn4nmHon X B i-iM TOYKE U CpeaHUM apudMETUYECKUM BCEX 11 3HaYEHUI, npuHumaembix X. bonb-
LUME 3HaYeHUs1 hy; FOBOPAT O TOM, YTO 3HAUEHUE X; 3HAUUTENBLHO OTKIMOHAETCA OT COOTBETCTBYIOLLMX 3HAYe-
HWIA BonbLUMHCTBA HaBnOAEHUM, O YeM CBUAETENLCTBYET TO, UTO NpU j # i 3HaYeHusa |X; — X| MeHbLue, YeMm
npu j = i. AnaroHanbHble SNeMeHTbl f; NPOEKLMOHHON MaTPULbl B JAHHOM KOHTEKCTE Ha3bIBAIOT BIIMSAHUEM
i-ro HabntoaeHus. B obLiem criyyae hy; cuuTalor CyLLIECTBEHHbIM, ecnm h; Gonee YeMm B [1Ba pasa NPeBOCXOAUT

2(p+1)
n

— 148 i
cpeanee h = FZhi, = (p + 1) / n. JanHoe npaBuno o3Ha4aer, 4yto ecrm h; 2 , TO i-e HabnoaeHue no
=1

koopauHate X cnegyet cuntatb BeiIGpocom. B COOTBETCTBUM C APYrMM NPOCTbIM KpuTtepuem (cm. [13]):
- faHHble ¢ h; meHee 0,2 MOXHO Ge30nacHo MCnonb30BaTh B PErPECCMOHHOM aHanuae,;
- AaHHble ¢ h; 0T 0,2 80 0,5 MOryT GbITb BKIIOYEHBI B PETPECCUOHHBIN aHanus,
- AaHHble ¢ h; Gonee 0,5 A0MKHbI BbITE UCKMIOYEHBI U3 PETPECCUOHHOTO aHanK3a.

6.3.5 O6HapyxeHUe BNUAIOLWMNX HaONIAeHUIA

CneayroLmMm LIaroM Nocne BbIABMNEHMS BbIOPOCOB NO KOMMOHEHTE Y u/unu X ABNSETCA YCTAHOBMNEHUE
TOro, BEAET N yaaneHue ToYeK, COOTBETCTBYIOLLUMX BbISIBIEHHbIM BbIBpOCaM K 3HAYUTENbHbIM U3MEHEHUAM
MOCTPOEHHOW perpecCcuoHHo mogenu. LLUnpoko ncnonb3ytot ABa nokasaresns BNMAHUA BbIABMNEHHbIX BbIOPO-
coB: 3Ha4yeHue DFFITS u paccrosHue Kyka (cm. [12], [14]).

3HavyeHue DFFITS

O6o3Ha4eHne DFFITS npeacraBnser coboii abbpeBuaTypy aHrMUIACKOrO BbIpaXKEHUs, 03Ha4aloLWwero
«pasnuune npubnuxeHui». Ons j-ro Habnogaemoro sHadyeHust DFFITS onpeaensior kak

12 172 172
- n-p-=2 hii ) _ ( hij )
(DFFITS) = e [ Rsse (1 _hii)_elz':| ( T=hy |~ TT=hy | 22)
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rae r;— CTblIOAEHTU3UpOBaHHaA oumbka, onpegensaemasn no opmyne (20). Habnioaaemoe 3Ha4eHne ¢ Home-
POM i CHMTAIOT BAUSIIOLLMM 3IEMEHTOM BbIOOpkU, ecnn abconoTHoe 3Hayenne (DFFITS);, npeseuiwaet 1 ans

MarbIX U cpeaHux BbIDOPOK U NPeBbILLIAET 24/ (p+1)n ana 60nbLUMX BLIOOPOK.
Pacctosinue Kyka
PaccrosiHue Kyka, o6osHavaemoe D;, onpeaensior cneayiowmm oopasom

_(n=p-1)ef[  hj
bi= (p+1)Rssg [(1 _hii)2:|, @

rae bonbLuMe 3Ha4YeHUN €, unm h; pawt Gonblme 3Hauenus D;. Takum oGpasom, Gonblume 3HauyeHus D; ceu-
JEeTenbCTBYIOT O BNUSIIOWMX HabniogeHusax. B [14] caenaHo npeanonoxeHue, Yto HaBGnoAeHus, Ans KOTo-
pbix pacctosHue Kyka npesbiliaer 3Ha4YeHue F0'50;p+1 /i—p—1+ COOTBETCTBYIOLLIEE NPOLIEHTUINIO YPOBHS 50 %
F-pacnpeaeneHus, MOXXHO C4MTaTb BAUSAIOWMMM BbIOpOCaMu; 34eCb N — 06beM BbIGOPKM, p+1— KONMUYECTBO na-
pPaMeTPOB PErpecCMOHHON Moaenu (BKNoHas CBOGOAHLIN YneH), MOKa3bIBalOLLMI KONUYECTBO CTeneHen cBoboapl,
CBSI3aHHbIX C YncnuTenem n—-p—1 — 4nucno creneHemn cBoboAbl, CBA3aHHbLIX CO 3HameHaTtenem. Habnioaexus co
3Ha4YeHMAMM paccToaHuA Kyka, npesbiLLatowmmm FO,SO;p+1,n—p—1’ cneayet u3yunTb Ha NpeaMeT HanMuua ownbok
npu 3an1cy NONYYEHHbIX AaHHbIX UMM APYTMX BO3MOXKHbBIX MPUYMH NOABNEHUS SKCTPEMAasbHBIX 3HAYEHUN.

MpuMedyaHue—IpuBeseHHble MeTOALI He 3DeKTUBHLI, ecrin ABa unu Gonee BAUSAIOWNX HabngeHNa pac-
MoroxeHsl GrM3ko Apyr K Apyry. JononHWTeNbHble NpoLeaypbl, HanpaBreHHbIe Ha BISBNEHUA ABYX Wy Gonee BNUSIOLLMX
HabnofeHWiH, pacnonoXeHHbIX GrIM3KO APYT K APYrY, TPEBYIOT BEINOMHEHUS 3HAYUTENBHOTO KOMMYECTBA BLIMUCAEHUIA.

lMpumep — lMpoeedeHo uccnedoeaHue rno onpedesieHUro ces3u obuje2o codepxaHusi Kupa e opaaHu3Ime
yesnioeeka (Y) ¢ monwuHoli koxHol cknadku Had mpuuyencom (X;) u o6xeamom 6edpa (X,) (cM. cmonbupi 2, 3 u
4 e mabnuue Huxe). [JaHHble uccrnedoeaHus npedcmaeneHsl 6 [12]. TpexmepHbild epahuk na moyek (Y, X,, X5)
npueedeH Ha pucyHke 10.

Homep Habno- TonwmHa KOXHOW CKNaaKku O6xBsar Obwee cogep- Owm6ka 3HaveHue CTblOA%HTVISVIpO-
AeHns HaA TpuLencom Geapa XKaHue xupa BAUSHWA BaHHBbII OCTATOK
/ X Xi Yi i hi; Ui
1 19,5 431 1,9 -1,683 0,201 -0,730
2 24,7 49,8 22,8 3,643 0,059 1,534
3 30,7 51,9 18,7 -3,176 0,372 -1,656
4 29,8 54,3 20,1 -3,158 0,111 -1,348
5 19,1 42,2 12,9 0,000 0,248 0,000
6 25,6 53,9 21,7 -0,361 0,129 -0,148
7 31,4 58,5 271 0,716 0,156 0,298
8 27,9 52,1 254 4,015 0,096 1,760
9 22,1 499 21,3 2,655 0,115 1,117
10 255 53,5 19,3 -2,475 0,110 -1,034
1" 311 56,6 25,4 0,336 0,120 0,137
12 30,4 56,7 27,2 2,226 0,109 0,923
13 18,7 46,5 1,7 -3,947 0,178 -1,825
14 19,7 44,2 17,8 3,447 0,148 1,524
16 14,6 42,7 12,8 0,571 0,333 0,267
16 29,5 54,4 23,9 0,642 0,095 0,258
17 27,7 55,3 22,6 0,851 0,106 0,344
18 30,2 58,6 254 0,783 0,197 0,335
19 22,7 48,2 14,8 -2,857 0,067 -1,176
20 25,2 51,0 211 1,040 0,050 0,409
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254

20—

15—

10—
15 20 22

30 X

X — TonwjuHa KOXHOI cknagku Haj TpuuencoM; Y — obxsaT Geapa; Z — obLee coaepxaHue xupa

PucyHok 10 — Mpadomk paccesiHna Ans cBA3u obLyero cogepxaHus xupa ¢ obxsatoM begpa
1 TOMLLMHOMN KOXHOW CKNafku Haz TpuLencom

MeToA0M HaUMEHbLUMX KBaZpaToB NnoslydyeHa hyHKLMS perpeccum

¥;=-19,174 + 0,2224x,; + 0,6594x;
Mnpu STOM CyMMa KBaApaToB OCTaTKOB Rggp = Z,-zﬁ e,?= 109,95; h; 1 r; ANA NONYYEHHOI PYHKLUMM PErpeccum
npeacTaBneHbl COOTBETCTBEHHO B cTONOLax 5, 6 u 7 Tabnuubl BbILLE.
Tak kak n =20 1 p =2, TO NPU YCTAHOBMNEHHOM YPOBHE 3HauMmocTu o = 0,05

Y _oi2nn-p-2 = fo,90875;16 = 3,9802.

Tak kak |rj] < 3,5802 Anst BCEX /, TO M0 KOMMOHEHTE Y HE BbISIBNEHO BbIGPOCOB.
Mpyn BbIABNEHMN BLIOPOCOB MO KOMMOHEHTE X, NONYYEHO, 4T0 haz = 0,372 1 hyg 15 = 0,33 npesbiLaior
3HaueHne

2h=2(p+1)/n=2@2+1)/20=0,3,

T. €. HabnogeHusa 3 n 15 snatoTca BbIOpocaMu NO KOMMOHEHTE X.
Ons onpeaenenus BMNAHUA HabnogeHnin 3 n 15 Ha NOCTPOEHHYIO NMHUIO PErpeccun NoacUMTaHbl COOT-
BETCTBYIOLLME 3HAYEHUS paccTosHua Kyka

_ 17(=3,176)2 0,372 B
Ds = 3(109,95) [(1 —0,372)2] =0,490

u Dy5 = 0,212. Tak kak 06a 3Ha4eHNA MeHbLUE 3HaYeHUs Fy5q.5 17 = 0,8212, To HabnioaeHua 3 n 15 He 00b-
SIBNEHbl BMUAKLWMMU BbIBpOCaMu.
DYHKLMA perpeccumn npy UCKNoYeHun Habntoaexnna 3 npeacrasnseTr coboi

y=-12,248 + 0,5641x,; + 0,3635x,,

3/1eCb 3Ha4YeHUs OLIEHOK NapaMeTpPOB CYLLUECTBEHHO OTIINYAKOTCS OT COOTBETCTBYIOLLMX OLIEHOK, MOSyYEHHbIX
C y4eToM 3-ro HabnaeHus.

6.3.6 Po6acTHasa perpeccCMOHHaA npoueaypa

AnbTEpPHATMBHBIN MOAX0A K BbISBMEHUIO BbIOPOCOB B PErPECCUOHHOM aHanm3e COCTOMT B MOCTPOEHUU
po6acTHON perpecCuoHHON moaenn Anst GOnbLUEn YacTu AaHHbIX U AanbHenweM onpeaeneHnn BbIGpPOCOB
KaK TOYek, umetrwmux Hanbonblume octatku. LLIMPOKO MCnonb3yloT pobacTHy0 perpecCMOoHHY0 Moaenb, no-
nyvyaemMytd METOAOM YCEYEHHbIX HauMeHblumx keBagpartoB (LTS) [15]. PerpeccuoHHble KO3(ULUEHTDI
LTS-perpeccuu nonyyarot nyTem MUHUMU3aLMUM CYyMMbl M HAMMEHbLLUWUX KBaA PaTOB PErPECCUOHHBIX OCTATKOB.
Takke paccmaTpuBaloT BLIGOPKY 06bema n (v;, Xi1, X, ..., x,p), i=1,2, .., n, rae npubnmxeHHble 3Ha4YeHns U
OCTaTKW HaxoasaT no hopmynam
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Vi=bg+byxy +... + bpx,-p,

€ =Yi—JY
COOTBETCTBEHHO.
B oaHHOM cniyqae koathhuLuUeHTsl by,b, ,...,bp, LTS-perpeccun npeactasnsioT coboi 3Ha4YeHUs1, MUHU-

MU3NPYIOLLIME CYMMY KBaapaToB OCTaTKOB Z’,-L e(zi), roe e(2,) SABNAETCA i~ NOPAAKOBOW CTaTUCTUKOW KBaapaToB
OCTaTKOB (T. €. OCTaTKM cHayana BO3BOAAT B KBaApar, a 3aTeEM ynopsaa04mnBaroT), m — KONM4ecTBo Habnwoae-
HUI (M3 N HabnAEeHWI), B OTHOLLEHUW KOTOPLIX AenaeTcs npeanonoXeHne o0 TOM, YTO OHU XOPOLLO COOTBET-
CTBYIOT PErPECCUOHHON MOAENM, nornydeHHon Metogom LTS. Ecnu npeanonaraercs, 4to BbIGOPKa coaepxuT
He 6onee 1000 % BbLIOPOCOB, 3Ha4YeHUe m criegyet 6patb 6rM3kuM K (1-a)n, HO HE MEHEE LLenoi YacTu 3Ha-

yeHus [(n+p+1)/2]. HabnioaeHus, cogepxalime Bornblune ocTaTku, CHUTAIOT BbiBpocamu.

MpuMedaHue—OueHKY koadunLmneHToB LTS-perpeccnn MOXHO Nony4uTb ¢ MOMOLLBIO NATEHTOBaHHLIX NPO-
rpaMMHbIX CpefcTB CTaTuCTUYECKoin 06paboTkn faHHbIX.

TMpumep — [Ina deymMepHbIX daHHbLIX, cOCMasIAWUX 8LI6OPKY, paccMompeHHyo e 6.2, Ha pucyHke 11
npedcmaersieHbl dee IUHUU pespeccuu, odHa, coomeemcmayiowasi TOCMpPOeHUI0 € MOMouwbio 06bIYHO20 Memo-
da HaumeHbWUX keadpamos (OLS), dpyaa c nomMouwbio Memoda yceyeHHbIX HauMeHbWUX keadpamos (LTS) npu
m=[0,9n].

T T T T T T
8 10 12 14 16 18 X

B cooTtBeTcTBMU C 6.2, Touku 4, 11 1 35 npegcraBnsAloT coboii BLIGpOCH.

PucyHok 11 — CpaBHeHMe NnHKUiA perpeccuu, NocTpoeHHbIX ¢ nomotbto LTS n OLS

lse Hanbonee BAMATENbHBLIE TOUYKW, PACMOSNIOXEHHBIE B NIEBOM BEPXHEM YTy, BbI3bIBAIOT OTKMOHEHUE
TNIUHUW perpeccumn, Nony4eHHon OLS-MeToa0oM OT OCHOBHOM MACChl 3NEeMEHTOB BbIOOPKM, Npy 3TOM MeTog LTS
Nno3BoNAeT ONPEAENUTb SINHUIO PErPECCUM OYEHb XOPOLLIO COOTBETCTBYIOLLYIO laHHbIM. PoBGacTHasa npoueaypa
LTS-perpeccun no cyLiecTsy UrHOPUPYET ABE BAMSIIOLLUMX TOYKU, B NOCTPOEHNE PErPECCMOHHON MOAENN BXO-
AuT ToNbKo 0kono 90 % BbIGOPOYHBLIX AAHHbIX.
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MpunoxeHue A
(o6A3aTenbHoE)

Anroputm GESD-npoueaypbl 06HapyeHuUsl BbIGpOCOB

MycTb BIGOPKa X4, X, ..., X,, 0ObeMa 1 oToOpaHa n3 HopmasibHoro pacnpegeneHna. CrneayroLni anropuT™ onucel-
BaeT HeobxofnMble aTanbl 06HapyXXeHUA 1 BO3MOXHbIX BEIOPOCOB ¢ NoMoLLbIo Npoueaypbl 0606LLEHHBIX CTBIOAEHTUSMU-
pOBaHHbLIX SKCTpemarnbHbIX OTKIMOHeHWA (GESD) ¢ ypoBHEM 3Ha4YMMOCTH a.

CunTbIBaIOT 3HAYEHUS o, M.

YctaHasnueatot [ = 0.

YcTaHaBnuBakoT I = {Xq, X5, ..., X,}.

MNOBTOPAIOT

BbluncnaioT BeiGopouHoe cpeaHee X(/,) n BeIGopodHoe cTaHfapTHoe OTKIIOHeHWe Ans BuIGopKku /;

max _ |x=X{(1)|
il
BbluncnsAoT cTatucTuky R,
s())
100 Bblunensiot t, , , o MPOLEHTUNL t-pacnpeenenys ¢ (n—/-2) cTenexamu ceoboasl, rae p = (1 - a/2)™) yposha
p.

n—=1—="1tppp-
BbluncnsAtoT KpuTudeckoe sHadeHue i, = ( Spin-i2

J=1=2+8,  5)n-1)

YeTaHaenueatot /4= /,\ {x} (cM. npumevatme 1).

YcTaHaenumeatot [ = [ +1,

OO TEX MNOP NOKA HE BBIMOIHEHO /=1 +1.

YcTtaHaenueatot / = 0.

MNOBTOPAIOT

Ecnn (R, > &), To x(I) (3Ha4eHWe x B [, yqacTByKLLiee B BLIMUCNEHUN 3HAYEHUS R;) cunTaloT BEIGPOCOM.
YcTaHaenueatot / = [ +1,

A0 TEX TNOP NMOKA HE BBIMNONHEHO /=1 +1.

MpumevaHue 1—/,  npescraenser coboi peayumpoBaHHyto BbiGopky obbema n—i, Nony4eHHylo yaaneHuem
Toukn X, yyacTBytoLLEl B BLIMUCIIEHNN 3HAYEHNA R, n3 BbiGopku /.

MpumevaHne 2—Ecin R,;> ) anaecex =0, 1,2, ...,m, To AenaloT 3aKTloHeHUe 0 TOM, YTO B BbIGOpke HeT
BbIGpPOCOB.
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lMpunoxeHune B
(o6sa3aTenbHoe)

Kputuyeckue 3HaY€HUA CTAaTUCTUK ANA KPUTEPUA HANUYUA BbLIGPOCOB
B BbIOOpKe M3 3KCMOHEeHLMArNIbHOrO pacnpeaeneHus

Tab6nuya B.1— HwkHue n BepxHue Kputudeckune ypoBuu 2,5 % n 1 % 3Ha4eHus gg., ANA CTaTUCTUKN Gg KpuTepns
MpuHBYAa AN BLIGOPKU U3 SKCMOHEHLMArbHOro pacnpefeneHmns

Hux- | Hux- | Bepx- | Bepx- Hux- | Hux- | Bepx- | Bepx- Hux- | Hux- | Bepx- | Bepx-
n Hee Hee Hee Hee n Hee Hee Hee Hee n Hee Hee Hee Hee
1% 25% | 25 % 1% 1% 25% | 25 % 1% 1% 25% | 25% 1%

0,5000]0,5003|0,9754|0,9901 34 10,042 8/0,0443(0,0790(0,0863|| 82 ]0,0195|0,0201|0,0301 (0,031 9
0,3360|0,3402|0,8314|0,8901 35 |0,0417(0,0431(0,0765|0,0835|| 84 |0,0191|0,0196(0,0293|0,0311
0,2585|0,2658|0,6828|0,7563| 36 |(0,0407(0,0421(0,0742(0,0809(| 86 [0,0187|0,0192|0,0286(0,0302
0,2137]0,2217|0,5680|0,6400f 37 |(0,0397(0,0411 (0,0720(0,0784| 88 [0,0183|0,0188|0,0279]0,0295
0,1838(0,1914|0,4821 |0,5474| 38 |0,0388(0,0401|0,0699|0,0761 90 [0,0179(0,0184|0,0272|0,0288
0,1620(0,1689|0,4173]0,4749|| 39 |[0,0379(0,0392(0,0680(0,0738f 92 |[0,0176|0,0180|0,0266(0,0281
0,1452(0,1514(0,3667|0,4173|f 40 |(0,0371(0,0383(0,0661(0,0717|| 94 [0,0173|0,0177|0,0260(0,0274
0,1318(0,1374(0,3263|0,3710|f 41 |0,0363(0,0375(0,0643(0,0698|| 96 [0,0169|0,0174|0,02540,0268
0,1208|0,1260|0,2934 (0,3331 42 10,0355|0,0367|0,0626(0,0679|| 98 |0,0166)|0,0170]|0,0248)0,0262
0,1116|0,1164|0,26610,3016|| 43 |0,0348|0,0359|0,0610|0,0661| 100 |0,0163]0,0167)|0,0243]0,0256
0,1039(0,1082(0,2431|0,2751 44 10,0341|0,0352|0,0595(0,0644| 105 |0,0156)|0,0160)0,0230)0,0242
0,0972(0,1012(0,2236]0,2525| 45 |(0,0334(0,0345(0,0581(0,0628( 110 |[0,0149|0,0153|0,0219]0,0230
0,0913(0,0951(0,2068|0,2330|f 46 |(0,0328(0,0338(0,0567(0,0612| 115 |[0,0143|0,0147|0,02090,0219
0,0862(0,0897|0,1922(0,2161 47 10,0322|0,0332|0,0554(0,0597| 120 |0,0138]0,0141]0,0199]0,0209
0,0816(0,0849|0,1794|0,2013|| 48 |[0,0316(0,0326(0,0541 (0,0583( 125 |[0,0133|0,0136|0,0191|0,0200
0,0776|0,0807|0,1681]0,1883|| 49 [0,0310(0,0320(0,0529(0,0570(f 130 |(0,0128(0,0131|0,0183(0,0191
0,0739|0,0768|0,1581]0,1768|f 50 |(0,0305(0,0314(0,0517(0,0557| 135 |[0,0124|0,0127|0,0176|0,0184
0,0706|0,0734|0,1491|0,1664| 52 |(0,0294(0,0303(0,0496(0,0533| 140 [0,0120(0,0122|0,0169]0,0176

HENHEBHNHERER RS

20 |0,0676(0,0702|0,1411|0,1572) 54 |0,0284|0,0293(0,0475|0,0511| 145 |0,0116]|0,0118|0,0163|0,0170
21 |0,0648(0,0673(0,1338|0,1488)| 56 |0,0275|0,0284(0,0457|0,0490|| 150 |0,0112|0,0115|0,0157|0,0163
22 |0,0623(0,0647(0,1272|0,1412) 58 |0,0267|0,0275(0,0440|0,0471|| 155 |0,0109|0,0111]|0,0152|0,0158
23 10,0600(0,0623(0,1212(0,1343|| 60 |0,0259]0,0267|0,0424|0,0453| 160 (0,0106|0,0108]0,0146|0,0152
24 10,0578|0,0600(0,1157(0,1280|f 62 |0,0251]0,0259|0,04090,0437| 165 [0,0103|0,0105]|0,0142|0,0147
25 |0,0558(0,0579(0,1107 (0,1223|| 64 |0,0244]0,0251|0,0395|0,0421| 170 |(0,0100|0,0102|0,0137|0,0143
26 |0,0540(0,0560(0,1060(0,1170|f 66 |0,0238|0,0244|0,0382|0,0407| 175 |0,0097|0,0099|0,0133|0,0138
27 |0,0522|0,0542(0,1017]0,1121|| 68 |[0,0231]0,0238(0,0369|0,0394| 180 |(0,0095|0,00970,0129|0,0134
28 |0,0506/0,0525(0,0978]0,1076| 70 |[0,0225]0,0232(0,0358|0,0381| 185 |0,0092]|0,0094(0,0125|0,0130
29 (0,0491)0,0509(0,0941]0,1034| 72 |0,0220|0,0226/0,0347|0,0369| 190 |0,0090|0,0092|0,0122(0,0126
30 [0,0477)0,0494(0,0906]0,0995| 74 |(0,0214]0,0220(0,0337|0,0358| 195 |(0,0088]0,0090(0,0119]0,0123
31 |0,0464]0,0480(0,0874|0,0958] 76 |0,0209|0,0215|0,0327(0,0347| 200 |0,0086|0,0087]0,0115(0,0120
32 |0,0451|0,0467(0,0844]0,0924|| 78 |(0,0204]0,0210(0,031 8/0,0337| 225 |(0,0077]0,0078(0,0102|0,0105
33 |0,0439|0,0454 (0,081 6/0,0893|| 80 (0,0200|0,0205 (0,030 9|0,0328| 250 (0,0070|0,0071|0,0091|0,0094

MpumevyaHue 1 — Kaxjoe KpuTu4eckoe aHaueHUe ocHOBaHO Ha 06paboTke AaHHbLIX, MOSyYeHHbIX NpyU nccneaoBaHum cTa
MUITTIMOHOB MOAENbHbIX BLIGOPOK o6bema n.

NMpumevaHue 2— Kaxaoe sHauyeHne B TabnuLie oKpyrneHo BBepx A0 YeTBepTon Ludpbl Nnocne 3ansaTon, YTo rapaHTupyer
TpeGyeMbii YpOBEHb 3HAUMMOCTHU.
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Tabnuya B.2— BepxHue KpuTu4eckme 3Ha4eHns ypoBHsS 5 % u 1 % Ans nocnefoBaTenbHbIX KpuTepuneB obHapyXeHUs
BEPXHWX BbIBpOCOB B BEIGOPKE N3 3KCMOHEHLWAaNbHOro pacnpeaenerns npu m = 2

m=2
5% 1 % 5% 1 %

" sY, sY, sY, Y, " Y, sV, sY, sV,

10 0,4348 0,4834 0,5143 0,5696 46 0,1187 0,1522 0,1376 0,1830
11 0,4010 0,4533 0,4748 0,5363 48 0,1145 0,1470 0,1327 0,1769
12 0,3724 0,4269 0,4412 0,5066 50 0,1106 0,1421 0,1282 0,1708
13 0,3480 0,4033 0,4125 0,4793 55 0,1020 0,1314 0,1179 0,1578
14 0,3268 0,3827 0,3868 0,4555 60 0,0946 0,1222 0,1092 0,1467
15 0,3082 0,3639 0,3647 0,4345 65 0,0884 0,1143 0,1020 0,1371
16 0,2916 0,3473 0,3447 0,4149 70 0,0830 0,1074 0,0955 0,1287
17 0,2770 0,3320 0,3273 0,3972 75 0,0783 0,1013 0,0899 0,1214
18 0,2637 0,3183 0,3114 0,3813 80 0,0741 0,0960 0,0849 0,1150
19 0,2519 0,3058 0,2971 0,3667 85 0,0703 0,0912 0,0807 0,1092
20 0,2413 0,2941 0,2845 0,3529 90 0,0670 0,0869 0,0767 0,1039
21 0,2313 0,2834 0,2723 0,3403 95 0,0639 0,0830 0,0732 0,0992
22 0,2224 0,2735 0,2618 0,3286 100 0,0612 0,0794 0,0700 0,0949
23 0,2142 0,2644 0,2519 0,3175 110 0,0564 0,0732 0,0644 0,0873
24 0,2065 0,2558 0,2426 0,3074 120 0,0524 0,0679 0,0596 0,0810
25 0,1995 0,2478 0,2340 0,2980 130 0,0489 0,0634 0,0556 0,0755
26 0,1929 0,2403 0,2263 0,2888 140 0,0458 0,0595 0,0521 0,0708
27 0,1868 0,2333 0,2190 0,2805 150 0,0432 0,0560 0,0491 0,0666
28 0,1812 0,2268 0,2123 0,2729 160 0,0409 0,0530 0,0464 0,0629
29 0,1757 0,2207 0,2058 0,2654 170 0,0388 0,0503 0,0440 0,0596
30 0,1708 0,2148 0,1998 0,2584 180 0,0369 0,0478 0,0418 0,0567
32 0,1617 0,2041 0,1890 0,2457 190 0,0353 0,0456 0,0399 0,0540
34 0,1535 0,1944 0,1792 0,2339 200 0,0337 0,0436 0,0381 0,0516
36 0,1462 0,1857 0,1705 0,2235 220 0,0312 0,0404 0,0351 0,0474
38 0,1397 0,1777 0,1627 0,2139 240 0,0289 0,0373 0,0325 0,0439
40 0,1337 0,1706 0,1555 0,2051 260 0,0269 0,0347 0,0303 0,0409
42 0,1283 0,1639 0,1491 0,1972 280 0,0252 0,0325 0,0284 0,0382
44 0,1233 0,1578 0,1432 0,1898 300 0,0238 0,0306 0,0267 0,0359
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Ta6nuuya B.3—BepxHue kpuTuueckue sHa4eHNs ypoBHSA 5 % u 1 % Ans nocneposaTenbHbIX KpUTEPUEB OBHaPYKEHNS
BepXHUX BLIGPOCOB B BEIBOPKE U3 3KCMOHEHLMANbHOMO pacnpefeneHus npu m = 3

m=3

5% 1% 5% 1%

U U U U U U U U U
tn S3:n Szzn St:n S3:n Szzn St:n SS:n I SZ:n | St:n

15(0,3058| 0,3210 | 0,3803 | 0,3577 | 0,3775 | 0,4497 || 55 | 0,0931 | 0,1052 | 0,1367 | 0,1056 | 0,1214 | 0,1635
16 (0,2875| 0,3035 | 0,3630 | 0,3360 | 0,3569 | 0,4296 || 60 | 0,0863 | 0,0976 | 0,1271 | 0,0975 | 0,1124 | 0,1520
17|0,2712| 0,2881 | 0,3470 | 0,3165 | 0,3387 | 0,4112 | 65 | 0,0804 | 0,0912 | 0,1189 [ 0,0908 | 0,1048 | 0,1421
18(0,2570| 0,2743 | 0,3326 | 0,2994 | 0,3222 | 0,3949 || 70 | 0,0754 | 0,0855 | 0,1117 | 0,0849 | 0,0981 | 0,1333
19(0,2441| 0,2619 | 0,3195 | 0,2837 | 0,3074 | 0,3798 || 75 | 0,0710 | 0,0806 | 0,1054 | 0,0799 | 0,0924 | 0,1257
200,2325| 0,2507 | 0,3072 | 0,2698 | 0,2945 | 0,3658 | 80 | 0,0671 | 0,0762 | 0,0997 | 0,0754 | 0,0872 | 0,1190
210,2221| 0,2403 | 0,2962 | 0,2579 | 0,2817 | 0,3525 | 85 | 0,0637 | 0,0724 | 0,0947 | 0,0715 | 0,0829 | 0,1130
220,2125| 0,2309 | 0,2857 | 0,2462 | 0,2707 | 0,3404 | 90 | 0,0606 | 0,0689 | 0,0902 | 0,0679 | 0,0787 | 0,1076
23| 0,2040| 0,2224 | 0,2761 | 0,2362 | 0,2605 | 0,3290 || 95 | 0,0578 | 0,0658 | 0,0862 | 0,0648 | 0,0752 | 0,1026
2410,1961| 0,2142 | 0,2672 | 0,2268 | 0,2507 | 0,3186 ||100| 0,0553 | 0,0629 | 0,0824 | 0,0619 | 0,0718 | 0,0981
25|0,1890| 0,2068 | 0,2587 | 0,2181 | 0,2419 | 0,3087 || 110 | 0,0509 | 0,0580 | 0,0760 | 0,0569 | 0,0660 | 0,0903
26|0,1823|0,2000| 0,2509 | 0,2104 | 0,2338 | 0,2993 || 120 0,0472 | 0,0538 | 0,0705 | 0,0527 | 0,0612 | 0,0837
27|0,1761| 0,1937 | 0,2436 | 0,2029 | 0,2263 | 0,2907 || 130 | 0,0441 | 0,0502 | 0,0658 | 0,0491 | 0,0570 | 0,0780
280,1703| 0,1878 | 0,2368 | 0,1962 | 0,2191 | 0,2829 | 140 | 0,0413 | 0,0471 | 0,0616 | 0,0460 | 0,0535 | 0,0731
29|0,1649| 0,1821| 0,2303 | 0,1897 | 0,2125 | 0,2749 | 150 | 0,0390 | 0,0444 | 0,0581 | 0,0433 | 0,0503 | 0,0688
30(0,1600 | 0,1770 | 0,2241 | 0,1840 | 0,2063 | 0,2680 | 160 | 0,0368 | 0,0420 | 0,0549 | 0,0409 | 0,0475 | 0,0650
32(0,1509 | 0,1674 | 0,2129 | 0,1730 | 0,1951 | 0,2546 | 170 | 0,0350 | 0,0398 | 0,0521 | 0,0388 | 0,0451 | 0,0616
34(0,1428 | 0,1589 | 0,2028| 0,1637 | 0,1849 | 0,2426 | 180 | 0,0333 | 0,0379 | 0,0495 | 0,0369 | 0,0428 | 0,0585
36(0,1356 | 0,1513 | 0,1936 | 0,1552 | 0,1758 | 0,2318 || 190 | 0,0318 | 0,0362 | 0,0472 | 0,0352 | 0,0409 | 0,0557
38(0,1292( 0,1444 | 0,1853 | 0,1476 | 0,1679 | 0,2218|/200| 0,0304 | 0,0346 | 0,0452 | 0,0336 | 0,0390 | 0,0533
40|0,1234| 0,1382 | 0,1778 | 0,1409 | 0,1603 | 0,2125 | 220| 0,0280 | 0,0318 | 0,0415 | 0,0309 | 0,0359 | 0,0489
4210,1182|0,1326 | 0,1708 | 0,1348 | 0,1537 | 0,2044 | 240 | 0,0260 | 0,0295 | 0,0385 | 0,0287 | 0,0332 | 0,0453
4410,1134 | 0,1274 | 0,1644 | 0,1291 | 0,1474 | 0,1969 | 260 | 0,0242 | 0,0276 | 0,0359 | 0,0267 | 0,0310 | 0,0421
46(0,1091|0,1226| 0,1585 | 0,1240 | 0,1418 | 0,1898 | 280 | 0,0227 | 0,0258 | 0,0336 | 0,0250 | 0,0290 | 0,0394

4810,1050] 0,1182| 0,1531 | 0,1193 | 0,1367 | 0,1834 || 300 | 0,0214 | 0,0243 | 0,0316 | 0,0236 | 0,0273 | 0,0370
50(0,1013| 0,1142 | 0,1480 | 0,1150 | 0,1320 | 0,1769
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Tabnuya B.4 — BepxHue KpuTu4eckme 3Ha4eHns ypoBHsS 5 % 1 1 % Ans nocnefoBaTenbHbIX KpuTepneB obHapyXeHUs
BEPXHWX BbIBpOCOB B BEIGOPKE N3 3KCMOHEHLUManbHOro pacnpegenerus npu m =4

m=4
5 % 1 %
n
Sg:n Sg:n SL2JZH S%Jn Sg:n Sgn SLZJIH S%Jn
20 0,231 9 0,238 1 0,257 3 0,316 4 0,267 5 0,275 8 0,301 3 0,374 7
21 0,220 8 0,227 4 0,246 5 0,304 9 0,254 4 0,263 5 0,288 3 0,3607
22 0,210 4 0,217 5 0,236 9 0,294 1 0,242 0 0,251 5 0,277 0 0,348 5
23 0,201 3 0,208 8 0,228 0 0,284 2 0,2310 0,241 2 0,266 2 0,336 8
24 0,192 8 0,2007 0,2196 0,275 0 0,221 1 0,2316 0,256 3 0,326 3
25 0,1852 0,193 2 0,212 0 0,266 2 0,212 1 0,222 7 0,247 3 0,316 3
26 0,178 1 0,186 3 0,204 9 0,258 1 0,2037 0,214 8 0,2390 0,306 5
27 0,1716 0,180 0 0,198 4 0,2507 0,196 1 0,207 2 0,2313 0,297 6
28 0,1656 0,174 0 0,192 4 0,243 6 0,189 0 0,200 2 0,223 8 0,2897
29 0,160 2 0,168 5 0,186 6 0,236 9 0,1825 0,193 4 0,217 1 0,2817
30 0,154 9 0,163 4 0,181 1 0,230 5 0,176 4 0,187 6 0,210 9 0,274 5
32 0,1456 0,154 1 0,171 3 0,219 0 0,165 4 0,176 3 0,199 3 0,2607
34 0,137 5 0,145 8 0,162 6 0,208 5 0,1559 0,166 8 0,188 9 0,248 3
36 0,130 2 0,138 4 0,154 7 0,199 0 0,147 3 0,158 1 0,179 5 0,237 3
38 0,123 8 0,131 8 0,147 7 0,190 5 0,1400 0,150 4 0,171 4 0,227 0
40 0,118 0 0,1259 0,141 3 0,1827 0,1330 0,143 5 0,163 6 0,217 7
42 0,112 8 0,120 5 0,1355 0,175 5 0,127 1 0,137 2 0,156 7 0,209 2
44 0,108 0 0,1156 0,130 2 0,168 9 0,1215 0,131 4 0,150 4 0,201 5
46 0,103 7 0,111 1 0,125 2 0,162 8 0,116 6 0,126 2 0,144 6 0,194 3
48 0,099 7 0,107 0 0,120 8 0,157 2 0,112 0 0,121 4 0,139 3 0,187 8
50 0,096 0 0,103 2 0,116 6 0,151 9 0,107 7 0,117 0 0,134 5 0,181 1
55 0,088 1 0,094 8 0,107 4 0,140 4 0,098 6 0,107 3 0,123 7 0,167 2
60 0,081 4 0,087 8 0,099 6 0,130 5 0,090 9 0,099 2 0,114 5 0,155 5
65 0,075 8 0,081 8 0,093 0 0,122 0 0,084 5 0,092 3 0,106 8 0,145 4
70 0,070 9 0,076 7 0,087 2 0,114 6 0,078 9 0,086 3 0,099 9 0,136 3
75 0,066 7 0,072 2 0,082 2 0,108 0 0,074 1 0,081 1 0,094 1 0,128 6
80 0,063 0 0,068 2 0,077 7 0,102 3 0,069 9 0,076 5 0,088 8 0,121 7
85 0,059 7 0,064 7 0,073 8 0,097 2 0,066 2 0,072 6 0,084 3 0,115 5
90 0,056 8 0,061 6 0,070 2 0,092 5 0,062 9 0,068 9 0,080 1 0,109 9
95 0,054 1 0,058 7 0,067 0 0,088 3 0,059 8 0,065 7 0,076 5 0,105 0
100 0,0517 0,056 2 0,064 1 0,084 5 0,057 2 0,062 8 0,073 0 0,100 3
110 0,047 6 0,0517 0,059 0 0,077 8 0,0525 0,057 7 0,067 2 0,092 3
120 0,044 1 0,047 9 0,054 7 0,072 2 0,048 6 0,053 4 0,062 2 0,0855
130 0,0411 0,044 7 0,051 1 0,067 3 0,045 2 0,049 8 0,057 9 0,079 7
140 0,038 6 0,042 0 0,047 9 0,063 1 0,042 4 0,046 6 0,054 3 0,074 6
150 0,036 3 0,0395 0,045 1 0,059 5 0,0398 0,043 9 0,051 1 0,070 2
160 0,034 3 0,037 4 0,042 7 0,056 2 0,037 6 0,041 4 0,048 3 0,066 4
170 0,0326 0,0355 0,040 5 0,053 3 0,0357 0,039 3 0,045 8 0,062 9
180 0,0310 0,0337 0,038 5 0,0507 0,0339 0,037 4 0,043 5 0,0597
190 0,0296 0,032 2 0,036 8 0,048 3 0,0323 0,0356 0,041 5 0,056 9
200 0,028 3 0,030 8 0,0352 0,046 2 0,0309 0,034 0 0,0396 0,054 3
220 0,026 1 0,028 4 0,032 4 0,042 5 0,028 4 0,031 3 0,036 4 0,049 9
240 0,024 2 0,026 3 0,0300 0,0393 0,026 4 0,029 0 0,0337 0,046 2
260 0,022 6 0,024 6 0,028 0 0,036 6 0,024 6 0,027 0 0,031 4 0,043 0
280 0,021 2 0,023 0 0,026 2 0,034 3 0,023 0 0,025 3 0,029 4 0,040 2
300 0,020 0 0,021 7 0,024 7 0,032 3 0,0217 0,023 9 0,027 7 0,037 8
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Tabnuua B.5— BepxHue kputudeckne sHadeHns yposHa 5 % u 1 % Ans nocnefoBaTenbHBIX KPUTEPUEB 0BHaPYXEeHNS
HUXHUX BbIBPOCOB B BLIGOPKE M3 3KCNOHEHLMansHOro pacnpeeneHus npu m = 2

m=2
5% 1% 5% 1 %
n n
Slf:n S%n Slf:n S%n Slf:n S%n Slf:n S%n

10 0,836 7 0,977 5 0,921 6 0,995 5 29 0,822 4 0,975 9 0,913 0 0,995 2
11 0,834 4 0,977 3 0,920 0 0,995 5 30 0,822 4 0,975 8 0,912 8 0,995 2
12 0,8326 0,977 0 0,919 1 0,995 5 35 0,821 2 0,9757 0,912 2 0,995 2
13 0,8314 0,976 9 0,917 7 0,995 4 40 0,820 4 0,9756 0,9117 0,995 2
14 0,8303 09767 0,917 4 0,995 4 45 0,819 8 0,975 5 0,911 4 0,995 1
15 0,829 2 0,976 6 0,917 3 0,9953 50 0,819 1 0,975 5 0,911 1 0,995 1
16 0,828 3 0,976 5 0,916 3 0,9953 60 0,818 9 0,975 5 0,910 8 0,995 1
17 0,827 0 0,976 4 0,9157 0,9953 70 0,817 9 0,975 4 0,910 2 0,995 1
18 0,826 6 0,976 4 0,9157 0,9953 80 0,817 9 0,975 3 0,909 9 0,995 1
19 0,826 1 0,976 3 0,915 1 0,9953 90 0,817 2 0,975 3 0,909 9 0,995 1
20 0,825 4 0,976 3 0,914 6 0,9953 100 0,817 2 0,975 2 0,9100 0,995 1
21 0,824 8 0,976 2 0,914 5 0,995 2 120 0,816 6 0,975 2 0,909 5 0,995 0
22 0,824 5 0,976 2 0,914 1 0,995 2 140 0,816 6 0,975 2 0,909 1 0,995 0
23 0,824 1 0,976 1 0,914 0 0,995 2 160 0,816 6 0,975 1 0,909 1 0,995 0
24 0,823 6 0,976 1 0,914 0 0,995 2 180 0,816 2 0,975 1 0,908 9 0,995 0
25 0,823 6 0,976 0 0,9137 0,995 2 200 0,8159 0,975 1 0,908 9 0,995 0
26 0,823 1 0,976 0 0,913 5 0,995 2 300 0,8157 0,975 1 0,909 2 0,995 0
27 0,822 8 09759 0,913 2 0,995 2

28 0,822 5 0,976 0 0,913 0 0,995 2

Tabnwuuya B.6 — BepxHue kputudeckne sHaueHns ypoBHsi 5 % 1 1 % Ansa nocnefoBaTenbHbIX KpUTEPUEB OOHapYKeHUS
HUXHUX BLIBPOCOB B BLIGOPKE M3 SKCNOHEHLUaNLHOro pacnpegeneHna npu m= 3

m=3

5%

tn

]
St:n

3n

tn

tn

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

0,9840
0,9840
0,9839
0,9839
0,9838
0,9838
0,9837
0,9837
0,9837
0,9836
0,9836
0,9836
0,9835
0,9835
0,9835
0,9834

0,9969
0,9969
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968
0,9968

100
120
140
160
180
200
250
300

40
50
60
70
80
90

0,6888
0,6871
0,6852
0,6843
0,6838
0,6830
0,6832
0,6827
0,6821
0,6821
0,6817
0,6813
0,6812
0,6804

0,8472
0,8462
0,8459
0,8449
0,8449
0,8443
0,8444
0,8438
0,8434
0,8437
0,8436
0,8437
0,8432
0,8431

0,9833
0,9832
0,9832
0,9832
0,9831
0,9831
0,9830
0,9830
0,9830
0,9830
0,9829
0,9830
0,9829
0,9829

0,9968
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9967
0,9966
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Tabnuya B.7— BepxHue KpUTUYeCKUE 3Ha4eHNUs ypoBHSA 5 % 1 1 % Ansa nocnegoBaTenbHbIX KpUTepUeB oOHapyXeHus
HUXHUX BEIGPOCOB B BLIGOpKE U3 3KCTIOHEHLMansHoro pacnpegenenus npu m = 4

m=4
5% 1%

" S% n S% n S% n S%n S][f n S% n S% n S%n
20 0,596 1 0,717 0 0,868 3 0,987 6 0,693 5 0,816 4 0,937 7 0,997 6
21 0,594 6 0,716 3 0,868 2 0,987 5 0,6916 0,8157 0,937 7 0,997 6
22 0,593 1 0,715 2 0,867 3 0,987 5 0,691 1 0,814 4 0,937 4 0,997 6
23 0,592 0 0,714 5 0,867 0 0,987 5 0,689 6 0,814 2 0,937 3 0,997 6
24 0,5916 0,713 8 0,866 6 0,987 5 0,688 9 0,813 8 0,937 2 0,997 6
25 0,590 3 0,713 0 0,866 6 0,987 5 0,687 3 0,8126 0,937 0 0,997 6
26 0,589 1 0,712 5 0,866 4 0,987 4 0,6859 0,812 8 0,937 1 0,997 6
28 0,587 8 0,711 6 0,865 8 0,987 4 0,684 9 0,812 4 0,936 6 0,997 6
30 0,586 7 0,710 6 0,865 5 0,987 3 0,683 7 0,811 3 0,936 6 0,997 6
35 0,584 2 0,709 3 0,864 6 0,987 3 0,682 2 0,809 6 0,936 0 0,997 6
40 0,5823 0,707 8 0,863 6 0,987 1 0,680 1 0,808 9 0,9357 0,997 5
45 0,580 8 0,706 3 0,863 1 0,987 1 0,678 4 0,807 9 0,935 4 0,997 5
50 0,5797 0,706 1 0,862 6 0,987 1 0,677 8 0,807 5 0,935 3 0,997 5
70 0,577 4 0,703 3 0,861 7 0,987 1 0,674 6 0,805 3 0,934 6 0,997 5
100 0,574 9 0,702 1 0,861 1 0,986 9 0,672 8 0,804 4 0,934 4 0,997 5
150 0,573 3 0,701 2 0,860 0 0,987 0 0,6716 0,803 2 0,933 5 0,997 5
200 0,572 8 0,700 3 0,860 5 0,986 9 0,6706 0,801 7 0,933 4 0,997 5
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MpunoxeHune C
(o6s3aTenbHoE)

3HauyeHusa ko3 puLuMeHTOB MOANGPULIMPOBAHHOW AnarpamMmMbl ALIMK C yCaMu

Korna napameTp nonoxeHus & u napameTp maclwraba o npesnonaraemMoro pacnpefeneHus Fy (x) HeusBeCTHI,
nepBbIil 1 TPETUI KBAPTUNW CPYHKLMM pacnpefeneHns OLeHNBaIoT MOCPEACTBOM HIKHEN YETBEPTU X ., U BEpXHel YeT-
BepTU X, BbIGOPKY 0Bbema n, U3 pacnpeaeneHns Fo (x). CyLiecTByeT MHOTO OMpeAeneHuit ryGuHL! BeIGOPOUHbIX YeT-
BepTeil. PekomeHayeMoe onpegenenue rnybuHbl cnepytollee

i+0,5, ecrm f=0

rnybuHa YeTBepTH = {

i+1 ecrmf>0"

rie i — uenas yacTb, a f— Apo6Has YacTb 3HaveHWst n/4. [1Ba 3Ha4YeHUs, UMetoLLme faHHYH ryBUHY, @ UMEHHO HXKHIOK
BbIGOPOUHYIO YETBEPTD X; ., U BEPXHIOK BLIGOPOUHYIO YETBEPTD X{)., AAHHOW BbIGOPKN OGbeMa n aHannu3upyioT B cooT-
BeTcTBUM € 4.4.

To4Hoe BbipaxeHne, KOTopoe MOXET ObiTb NPUMEHEHO AN OLEHKU KOSMULUEHTOB K U ki, MCNOMb3yemblX npu
NOCTPOGHMM AnarpamMmbl SILLUK C ycamu Ans BbiGopku 13 npeanonaraemoro pacnpedenerus F, ;(x) npuseaeto s [16].

o0
I_w I:;n {1- /Gu()’u)(n -u )1 - le(Yz)(1 g 1)]}le:n,zu:n(zl:n,zu:n)dzu:ndz,:n =q, (C.1)
rae

a) ol — yCTaHOBNEHHasa BEPOATHOCTL TOrO, YTO B BEIOOPKe, He coaepxallei BbiGpocoB, ofHO unu 6onee Habnoge-
HWii ByayT oLWMBOYHO MAEHTUMULMPOBaHbI Kak BeIGpoCh;

b) Yi=Zpp— kL(zu:n - Zl:n) Wyr=Zyn— ko(Zuyn = Zrn):

©) f3;. 2 ZriwZun) — COBMECTHAA (PYHKLUA NNOTHOCTU BEPOSTHOCTEN ANA Z;.p U Z,py
n!

etz Y) = T T= =y PP GIIEY) = FOk-111 = i
d) Z., = (X,.,— 6) / c — r-5 nopsKoBas cTaTUCTUKa ANS HOPManW3oBaHHOW CAYy4YaiiHoON Benu4uHbl Z — (X — 8)/c

¢ hyHKLmMel pacnpegeneruns F(x),
e) Gl(y) = F(y) / F(ZZ;n) “ Gu(y) = [F(y) - F(Zu:n)] / [1 - F(Zu;n)];
1
B(a,b)

[Onsi onpeaeneHns sHa4eHunit k; 1 Ky, YAOBNETBOPAIOLWUX ABOWHOMY WHTErpansHOMY ypaBHeHuio (C.1), MOXET GbiTb
ncnonb3oBaH I'IpHMOVI anropuTMm noucka.

B cny4ae cuMMeTpuYHOro pacnpefeneHns B ypasHeHun (C.1) ncnonbayiot K = Ky = k. [ins acuMMETpU4HOro pac-
npegeneHns sHadeHns k; 1k onpeaensioT otaensHo npu P(X < Lg) =1 —Pr(X > Ug), Te. IGI(yI)(1,l— 1)= /Gu(}’u)(n -u1)
B ypaBHeHuu (C.1).

BHaueHus k; = ki, = k ona BeiGopok obbema 9 < n < 500, 0ToGpaHHbLIX U3 CTaHRAPTHOrO HOPManbHOro pacnpeaene-
HUWSI, MOTYT BbITb anMNPOKCUMMPOBaHLI criefyoLlei dpyHkLuen

f) I (a.b) = Ig ta=1(1 — t)b~1dt — HenonHas 6eTa-byHKUMA.

k = exp{bg * b4In(n) + b,yIn2(n) + bsIn3(n) + byin*(n) + bsin3(n)}, (C.2)

rae bg = 0, a koapduumnenTsl b;, i =0, 1, 2, 3, 4 NpusedeHbl B Tabnuue C.1.

3HayeHusA k; W ki Ana BIBOPKM U3 acUMMETPUYHOrO pacnpeferneHns unu pacnpeperneHus sKCTpeManbHbIX
3HaYeHWit, TaKkxke MoryT GblTe onpeAeneHbl ¢ noMolbto ypaBHeHus (C.2) c koadpdpuunentammn b, i =0, 1, 2, 3, 4 us
Tabnuysl C.2.

B cryyae Gorbluoro o6bema BbIBOPKM 3HaUEHUS K 1 Ky MOTYT BbITb annpoOKCUMUPOBaHL! CIIEAYIOLLMM 06pa3som

- F1(1/4) = FYa,/2) - F11—(a,/2)-F1(3/4)
L P@uy-F11s) Y F(314)-F1(1/4)

)

rmea,=1-(1- o)1 moxeT BbITb UHTErPUPOBaHa, Kak BEPOSTHOCTL TOM0, YTO HEKOTOPOe HabntofeHNe U3 BLIGOpKU 06b-
eMa N MOXeT BbiTb OLIMBOYHO NPU3HAHO BLIGPOCOM.
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lMpumep 1— [nsa ebineneHus ebibpocoe 8 ebibopke o6bema n = 20 U3 HopMasibHO20 pacrnpedesieHus1, 3Ha-
yeHue k, =k, = k dns a = 0,05 onpedensiiom crnedyrowum o6pasom

k = exp{0,83707 + 0,07596 x In(20) - 0,06119 x In?(20) + 0,01328 x In3(20) - 0,00083 x In*(20)} = exp(0,30567) = 2,2382.

lMpumep 2 — [ns ebineneHus ebibpocoe e ebibopke o6bema n = 22 U3 3KCMOHeHUUabHO20 pacrnpedesie-
Hus, 3sHa4Yerus k; u k dna a = 0,05 onpedenaiom cnedyrowum obpa3om

= exp(-0,40802) = 0,6650,

k, = exp{2,20604 — 1,41752 - In(20) — 0,24170 - In?(20) - 0,02057 - In3(20) + 0,00072 - In*(20)} =

ky = exp{2,74179 - 0,77067 - In(22) + 0,22688 - In?(22) — 0,02853 - In3(22) + 0,00170 - In*(22) — 0,00004 - In>(22)} =
= exp(1,82958) = 6,2313.

Tab6nuya C.1— KoapduruyneHTsl dyHKLWUM annpokcumanum koapdpnuneHToB K, MCNoNb3yeMbIX Npu NOCTPOEHUN Jua-
rpamMbl AWK ¢ ycamu Ansa BbIGopok o6bema 9 < n < 500 U3 HopManbHOro pacnpeaeneHus ¢ HE3BECTHBIMU NapaMeTpamu

HopmaribHoe pacripegeneHue
[0
mod(n,4) by b, by by by b 8
0,05 1 4,01761 -2,35363 0,64618 -0,07893 0,00368 — 0,01457
2 2,06429 -0,88523 0,22237 -0,02391 0,00099 — 0,00064
3 0,48006 0,25854 -0,09622 0,01620 -0,00092 — 0,00407
0 0,83707 0,07596 -0,06119 0,01328 -0,00083 — 0,00462
0,01 1 6,37902 -3,84770 1,04438 -0,12813 0,00601 — 0,04183
2 3,98772 -2,00630 0,50277 -0,05677 0,00248 — 0,00634
3 2,14895 -0,65278 0,11985 -0,00796 0,00013 — 0,00417
0 2,28507 -0,66052 0,10264 -0,00393 -0,00013 — 0,00686

Tabnwnya C.2— KoagpduymeHTel ANs PYHKUMKM annpokcumanmm koadduumeHToB K, UCNONb3yeMbiX NMpU NOCTPOEHUM
guarpamMMsbl ALLKK ¢ ycamu ans Bbldopok obbema 9 £ n £ 500 U3 3KCNOHEHUMANbLHOro pacnpefeneHnsl ¢ HEU3BECTHBIM
napameTpoMm

3KcnoHeHUuarnbHoe pacnpeaeneHue
a
koadhduuneHT | mod(n,4) by b, b, by by by ¢]

0,10 kL 1 3,99024 | -3,24052 | 0,95534 | -0,15995 | 0,01440 | -0,00054 | 0,00022
2 1,13059 | -0,72169 | 0,02306 0,01804 | -0,00290 | 0,00014 0,00019

3 -1,54986 | 1,60282 | -0,82526 | 0,17801 -0,01829 | 0,00074 0,00047

0 -1.95058 | 226133 | -1.14744 | 0,24930 | -0,02581 0.00105 0.00067

ky 1 3,58501 -1,56711 0,46464 | -0,05769 | 0,00271 — 0,02172

2 1,79740 | -0,22367 | 0,07684 | -0,00733 | 0,00024 — 0,00345

3 0,33262 0,83429 -0,21797 0,02979 -0,00153 — 0,01154

0 1,08640 0,33192 | -0,08635 | 0,01396 | -0,00080 — 0,00807

0,05 kL 1 5,18220 | -4,05528 1,22229 | -0,20833 | 0,01901 -0,00072 | 0,00033
2 2,20804 | -1,41752 | 0,24170 | -0,02057 | 0,00072 — 0,00011

3 -0,57542 | 1,02024 | -0,65689 | 0,15043 | -0,01586 | 0,00065 0,00048

0 -1,19027 | 1.86402 | -1.04428 | 0,23327 | -0,02440 | 0,00099 | 0,00088

ky 1 5,18029 | -2,96781 1,04743 | -0,18511 0,01683 | -0,00063 | 0,00385

2 2,74179 | -0,77067 | 0,22688 | -0,02853 | 0,00170 | -0,00004 | 0,00131

3 0,53026 1,19859 [ -0,50210 | 0,10967 | -0,01158 | 0,00048 0,00544

0 1,31043 0,60192 | -0,30396 | 0,07456 | -0,00832 | 0,00035 0,00437

0,02 kL 1 6,72983 | -5,17448 1,60518 | -0,27980 | 0,02596 | -0,00099 | 0,00052
2 3,53662 | -2,31042 | 0,53046 | -0,07255 | 0,00566 | -0,00019 | 0,00006

3 0,56897 0,32976 | -0,45563 | 0,11723 | -0,01292 | 0,00054 0,00049

0 -0,38125 | 1.48550 | -0,96254 | 0,22351 -0,02380 | 0,00098 | 0,00126

ky 1 5,90497 | -2,95227 | 0,83153 | -0,10310 | 0,00486 — 0,06900

2 3,79484 | -1,32856 | 0,35393 | -0,04015 | 0,00174 — 0,00715

3 2,17127 | -0,13525 | 0,01652 | 0,00286 | -0,00033 — 0,01278

0 2,67762 | -0,43984 | 0,08873 | -0,00507 | 0,00001 — 0,01325

MpuMeYaHUue—d—MakcuMyM abConioTHOrO OTKNOHEHUA 3HAYEeHUS K OT ero NpMBNMXEeHNa ANSA Kaxaoro knac-
ca 3Ha4eHuit h no moaynto 4 (mod(n,4)) n obvema BeIBOpKU 9 < n < 500.
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MpunoxexHue D
(obs3aTenbHoe)

3HavYeHUA KO3(P(hULMEHTOB KOPPEKLMMN aNs onpeaesieHns poGacTHOM OLEHKM napamMeTpa macltaba

Tabnuuya D.1— KoadhpuumeHTl KOPPEKLUM S, 1 Sp,; AN onpefeneHns pobacTHbIX OLEHOK NapameTpa maciutaba S,
U Sp; COOTBETCTBEHHO

O6beM BbIGOPKU KoacppuijueHt O61beM BbIGOPKN Koagppuuyent

" Sn Spi " Sn Spi

2 0,8866 1,1912 18 1,1961 1,0025
3 2,2051 1,3821 19 1,2438 1,0252
4 1,1385 1,1272 20 1,1951 1,0006
5 1,6081 1,1855 30 1,1927 0,9962
6 1,1858 1,0650 40 1,1921 0,9944
7 1,4297 1,111 50 1,1920 0,9935
8 1,1989 1,0369 60 1,1920 0,9929
9 1,3500 1,0762 70 1,1921 0,9925
10 1,2015 1,0219 80 1,1921 0,9923
11 1,3074 1,0567 90 1,1922 0,9921
12 1,2006 1,0136 100 1,1923 0,9920
13 1,2814 1,0444 120 1,1924 0,9918
14 1,1994 1,0086 160 1,1925 0,9915
15 1,2647 1,0360 200 1,1926 0,9914
16 1,1978 1,0050 300 1,1927 0,9912
17 1,2526 1,0299 500 1,1927 0,9910
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MpunoxeHune E
(o6A3aTenbHoE)

Kputnyeckue 3HauyeHUA CTaTUCTUKU Kputepusa KoxpeHa

Tabnunya E.1— Kputndeckune aHa4yeHns cTaTUCTUKKM KpuTepus KoxpeHa ypoBHSA 5 %

p n=2 n=3 n=4 n=5 n=6 n=7 n=28 n=9 n=10

2 0,998 5 0,975 1 0,939 2 0,905 8 0,877 3 0,853 4 0,833 2 0,816 0 | 0,801 1
3 0,967 0 0,871 0 0,797 8 0,745 7 0,707 0 0,677 1 0,653 1 0,6334 [ 06168
4 0,906 5 0,768 0 0,683 9 0,628 8 0,589 5 0,559 9 0,536 5 0,5176 ([ 0,5018
5 0,841 3 0,683 8 0,598 1 0,544 1 0,506 4 0,478 3 0,456 4 0,4388 [ 0,424 2
6 0,780 8 0,616 2 0,532 2 0,480 4 0,444 8 0,418 5 0,398 1 0,3817 [ 0,368 2
7 0,727 0 0,561 2 0,480 0 0,430 8 0,397 2 0,3726 0,353 6 0,3384 ([ 0,3259
8 0,679 9 0,5157 0,437 8 0,3910 0,359 4 0,336 3 0,318 5 0,3043 | 0,2027
9 0,638 5 0,477 5 0,402 8 0,358 4 0,328 5 0,306 8 0,290 1 0,276 8 | 0,266 0
10 0,602 1 0,4450 0,3734 0,331 1 0,302 8 0,282 3 0,266 6 0,254 1 0,243 9
11 0,569 8 0,416 9 0,348 2 0,308 0 0,281 1 0,261 6 0,246 8 0,2350 | 0,2254
12 0,541 0 0,392 4 0,326 5 0,288 0 0,262 4 0,244 0 0,229 9 0,2187 | 0,2096
13 0,515 2 0,370 9 0,307 5 0,2707 0,246 2 0,228 6 0,215 2 0,2046 ([ 0,196 0
14 0,492 0 0,351 8 0,290 7 0,255 4 0,2320 0,215 2 0,202 4 0,1923 | 0,184 1
15 0,470 9 0,334 7 0,275 8 0,241 9 0,219 5 0,203 4 0,191 2 0,18156 [ 0,1737
16 0,451 7 0,319 3 0,262 4 0,229 8 0,208 3 0,192 9 0,181 1 0,1719 [ 0,164 4
17 0,434 2 0,305 3 0,250 4 0,2190 0,198 3 0,183 4 0,172 2 0,163 3 | 0,156 1
18 0,418 1 0,292 7 0,2395 0,209 2 0,189 2 0,174 9 0,164 1 0,1556 ([ 0,1486
19 0,403 2 0,281 1 0,2296 0,200 2 0,181 0 0,167 2 0,156 8 0,1486 ([ 0,141 9
20 0,389 5 0,270 5 0,220 5 0,192 1 0,173 5 0,160 2 0,150 1 0,1422 [ 0,1358
21 0,376 7 0,260 7 0,212 1 0,184 6 0,166 6 0,153 8 0,144 0 0,136 4 [ 0,1302
22 0,364 9 0,2516 0,204 4 0,177 8 0,160 3 0,147 9 0,138 4 0,1310 [ 0,1250
23 0,353 8 0,243 2 0,197 3 0,171 4 0,154 5 0,142 4 0,133 3 0,126 1 0,120 3
24 0,343 4 0,235 4 0,190 7 0,165 5 0,149 1 0,137 4 0,128 5 0,1216 | 0,116 0
25 0,3337 0,228 1 0,184 6 0,160 1 0,144 1 0,1327 0,124 1 0,1174 | 01119
26 0,324 6 0,221 3 0,178 8 0,155 0 0,139 4 0,128 4 0,120 0 0,135 | 0,108 2
27 0,316 0 0,214 9 0,173 5 0,150 2 0,1351 0,124 3 0,116 2 0,1098 ([ 0,104 7
28 0,307 9 0,208 9 0,168 4 0,145 8 0,1310 0,120 5 0,1126 0,106 4 | 0,101 4
29 0,300 2 0,203 2 0,163 7 0,141 6 0,127 2 0,116 9 0,109 2 0,1032 ([ 0,008 3
30 0,292 9 0,197 9 0,159 2 0,137 6 0,123 6 0,113 6 0,106 1 0,100 2 | 0,0954
31 0,286 0 0,192 9 0,155 0 0,133 9 0,120 2 0,110 5 0,103 1 0,0974 ([ 0,0027
32 0,279 5 0,188 1 0,151 1 0,130 4 0,117 0 0,107 5 0,100 3 0,094 7 ([ 0,000 2
33 0,273 3 0,183 6 0,147 3 0,127 1 0,114 0 0,104 7 0,097 7 0,0922 ([ 0,087 8
34 0,267 3 0,179 3 0,143 7 0,124 0 0,111 1 0,102 0 0,095 2 0,0898 [ 0,0855
35 0,261 7 0,175 2 0,140 4 0,121 0 0,108 4 0,099 5 0,092 8 0,0876 ([ 0,0833
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OkoHyaHue mabnuypi E. 1

p n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10

36 0,256 3 0,171 3 0,137 1 0,118 1 0,105 8 0,097 1 0,090 6 0,0854 | 0,0813
37 0,251 1 0,167 6 0,134 1 0,155 0,103 4 0,094 9 0,088 4 0,0834 | 0,0794
38 0,246 2 0,164 0 0,131 2 0,112 9 0,101 1 0,092 7 0,086 4 0,0815 [ 0,0775
39 0,241 4 0,160 7 0,128 4 0,110 4 0,098 8 0,090 6 0,084 5 0,0796 | 0,0758
40 0,236 9 0,157 4 01257 0,108 1 0,096 7 0,088 7 0,082 6 0,0779 | 0,074 1

BbIGOpOK.

MpuMmevyaHune 1 — p — pasMepHOCTb BEKTOpa Criy4aiHbIX BENUYMH (KONUYecTBO AUcnepcuil); n — obbem
BbIGOPKM (KONUYECTBO pennuKaLmii npyu onpeaeneHnn ucnepcun).
MpuMmedvyaHune 2— Y Kax[oro sHa4eHna B Tabnue NOCNeAHUNA JeCATUYHBIA 3HaK OKpYrneH BBepX, YTo obec-
neynBaeT TpebyeMblil YPOBEHb 3HA4YMMOCTW.
MpumeyaHune 3 — Kaxgoe sHa4yeHne B TabnuLe nony4eHo no pesynsrataMm mogenuposanns 50 MUNNUOHOB

Ta6nuya E.2— KpuTuueckne 3Ha4eHUs1 cTaTUCTUKK KpuTepus KoxpeHa yposHsa 1 %

p n=2 n=3 n=4 n=5 n=6 n=7 n=38 n=9 n=10

2 0,999 94 | 0,995 1 0,979 4 0,958 6 0,937 3 0,917 2 0,898 9 0,8823 | 0,867 4
3 0,993 4 0,942 3 0,883 2 0,833 5 0,793 4 0,760 7 0,7336 0,7108 | 0,6912
4 0,967 6 0,864 3 0,781 5 0,721 3 0,676 2 0,641 1 0,612 9 0,5898 | 0,5703
5 0,927 9 0,788 6 0,695 8 0,632 9 0,587 6 0,553 1 0,525 9 0,5038 | 0,4854
6 0,882 9 0,721 8 0,625 9 0,563 5 0,5196 0,486 6 0,460 9 0,4401 | 0,4230
7 0,837 7 0,664 5 0,568 5 0,508 0 0,466 0 0,434 8 0,4106 0,3912 | 0,3752
8 0,794 5 0,6152 0,521 0 0,462 7 0,422 7 0,393 2 0,3705 0,3523 | 0,337 4
9 0,754 4 0,572 8 0,4810 0,425 1 0,387 1 0,359 2 0,337 8 0,3208 | 0,306 8
10 0,717 5 0,5359 0,446 9 0,393 4 0,357 2 0,330 9 0,3106 0,2946 | 0,2814
11 0,683 7 0,503 6 0,417 6 0,366 3 0,331 8 0,306 8 0,287 7 0,2725 | 0,260 1
12 0,652 8 0,475 2 0,392 0 0,342 9 0,3100 0,286 2 0,2680 0,2536 | 0,241 9
13 0,624 5 0,449 9 0,369 5 0,322 4 0,290 9 0,268 2 0,2510 0,237 3 | 0,226 2
14 0,598 6 0,427 3 0,3496 0,304 3 0,274 2 0,2625 0,236 0 0,2230 | 0,2125
15 0,574 7 0,406 9 0,331 8 0,288 2 0,259 4 0,238 6 0,222 9 0,2104 | 0,200 4
16 0,552 8 0,388 6 0,315 8 0,273 9 0,246 1 0,226 2 0,211 1 0,1993 | 0,1896
17 0,532 5 0,371 9 0,301 4 0,260 9 0,234 2 0,215 1 0,200 6 0,1893 | 0,1800
18 0,6137 0,356 6 0,288 3 0,249 2 0,223 5 0,205 1 0,191 2 0,1802 | 0,171 4
19 0,496 2 0,3426 0,276 4 0,238 6 0,2137 0,196 0 0,1826 0,17721 | 0,163 5
20 0,479 9 0,329 8 0,265 5 0,228 8 0,204 8 0,187 7 0,174 8 0,1647 | 0,156 4
21 0,464 8 0,317 9 0,255 4 0,2199 0,196 7 0,180 1 0,167 7 0,1579 | 0,149 9
22 0,450 6 0,306 9 0,246 1 02117 0,189 2 0,173 2 0,161 1 0,1517 | 0,144 0
23 0,437 3 0,296 7 0,237 5 0,204 1 0,182 3 0,166 8 0,155 1 0,1459 | 0,1385
24 0,424 8 0,287 1 0,229 5 0,197 0 0,175 9 0,160 8 0,1495 0,1406 | 0,133 4
25 0,413 0 0,278 2 0,222 1 0,190 5 0,169 9 0,155 3 0,144 3 0,1357 | 0,128 8
26 0,401 9 0,269 9 0,215 1 0,184 4 0,164 4 0,150 2 0,1395 0,1311 | 0,124 4
27 0,3915 0,262 1 0,208 6 0,178 7 0,159 2 0,145 4 0,1350 0,126 9 | 0,120 3
28 0,3816 0,254 8 0,202 5 0,173 3 0,154 3 0,140 9 0,130 8 0,1229 | 0,165
29 0,372 2 0,247 8 0,196 8 0,168 3 0,149 8 0,136 7 0,126 9 0,192 | 0,1130
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OKoHYaHue mabnuypl E.2

p n=2 n=3 n=4 n=5 n==6 n=7 n=38 n=9 n=10
30 0,363 3 0,241 3 0,191 4 0,163 6 0,1455 0,132 8 0,123 2 01157 | 0,1096
31 0,354 8 0,235 1 0,186 3 0,159 1 0,1415 0,129 0 0,1197 01124 | 0,106 5

32 0,346 8 0,229 3 0,1815 0,154 9 0,137 7 0,126 5 0,116 4 0,1093 | 0,1035
33 0,339 1 0,2237 0,176 9 0,150 9 0,134 1 0,122 2 0,113 3 0,1064 | 0,1008
34 0,331 8 0,218 4 0,172 6 0,147 2 0,1307 0,119 1 0,110 4 0,1036 | 0,098 1
35 0,324 8 02134 0,168 5 0,143 6 0,127 5 0,116 1 0,107 6 0,101 0 | 0,0956
36 0,318 1 0,2086 0,164 6 0,140 2 0,124 4 0,1133 0,105 0 0,0085 | 0,0033
37 03117 0,204 1 0,160 9 0,136 9 0,121 5 0,11086 0,102 5 0,061 | 0,0910
38 0,305 6 0,1997 0,157 3 0,133 9 0,118 7 0,108 1 0,100 1 0,0039 | 0,0889
39 0,299 7 0,1956 0,153 9 0,130 9 0,116 1 0,1057 0,097 8 0,0017 | 0,086 8
40 0,294 1 0,191 6 0,150 7 0,128 1 0,136 0,103 3 0,095 7 0,0897 | 0,0849

MpuMevyaHue 1 — p— pasMepHOCTb BEKTOpa CNyYailHbIX BENUHUH (KONMMYECTBO AUcnepcuin), n — o6beMm Bbi-
GOopKM (KONMMYECTBO pensinkaLuii Mpy onpeaeneHnun gucnepcum).

MpuMevyaHune 2—Y Kaxgoro sHadyeHuA B Tabnuue nocnefHnin AeCATUYHbIA 3HaK OKpYreH BBepX, YTo obecne-
ynBaeT Tpebyemblii ypoBEHb 3HAYUMOCTH.

MpumevyaHune 3 — Kaxpoe 3HayeHne B Tabnuue nony4eHo no pesynsrataMm MogenuposaHusi 50 MUNIMOHOB
BbIGOPOK.

Tabnuya E.3 — Kputudeckue aHayeHus cTaTUCTUKM kpuTepus KoxpeHa yposHa 0,1 %

n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10

0,9999994 ( 0,9996 0,995 6 0,987 1 0,975 5 0,962 5 0,949 2 0,936 1 0,923 6
0,999 4 0,981 8 0,946 3 0,907 9 0,8726 0,841 4 0,814 2 0,790 3 0,769 3
0,993 0 0,937 1 0,870 3 0,813 2 0,766 8 0,728 8 0,697 3 0,670 8 0,648 1
0,977 0 0,881 1 0,794 6 0,728 8 0,678 4 0,638 8 0,606 8 0,580 3 0,558 0
0,062 9 0,824 5 0,727 1 0,657 9 0,606 8 0,567 6 0,536 4 0,5109 0,489 7
0,923 8 0,771 4 0,668 5 0,598 7 0,548 5 0,510 5 0,480 6 0,456 4 0,436 3
0,892 3 0,723 1 0,618 0 0,549 1 0,500 3 0,463 9 0,435 4 0,4125 0,393 6
0,860 2 0,679 6 0,574 4 0,507 0 0,460 0 0,425 2 0,398 1 0,376 5 0,358 7

10 0,828 5 0,640 7 0,536 4 0,471 0 0,425 8 0,392 5 0,366 9 0,346 4 0,329 6

11 0,798 0 0,605 7 0,503 2 0,439 8 0,396 4 0,364 7 0,340 3 0,3209 0,305 0

12 0,768 8 0,574 3 0,473 9 0,412 6 0,371 0 0,340 6 0,317 4 0,298 9 0,283 9

13 0,741 2 0,545 9 0,447 8 0,388 6 0,348 7 0,3196 0,297 4 0,279 9 0,265 6

14 0,716 2 0,520 2 0,424 6 0,367 4 0,329 0 0,301 1 0,279 9 0,2632 0,2495

15 0,6906 0,496 9 0,403 7 0,348 4 0,311 4 0,284 7 0,264 5 0,248 4 0,235 4

16 0,667 6 0,475 6 0,384 8 0,331 4 0,2957 0,270 1 0,250 6 02353 | 0,222 8

17 0,645 9 0,456 1 0,367 7 0,3159 0,2816 0,256 9 0,238 2 0,2235 | 0,211 6

18 0,625 5 0,438 1 0,352 1 0,302 0 0,268 8 0,245 0 0,227 0 0,2129 0,201 4

19 0,606 3 0,421 6 0,337 8 0,289 2 0,257 2 0,234 2 0,216 9 0,203 3 0,192 2

20 0,588 2 0,406 3 0,324 6 0,277 5 0,246 5 0,224 4 0,207 6 0,194 5 0,183 9

21 0,571 1 0,392 1 0,312 5 0,266 8 0,236 7 0,215 3 0,199 2 0,186 5 0,176 2
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OkoHYaHue mabnuupsi E.3

P n=2 n=3 n=4 n=5 n=6 n=7 n=28 n=9 n=10

22 0,5550 0,378 9 0,301 3 0,256 9 0,227 7 0,207 0 0,191 4 0,179 1 0,169 2

23 0,539 8 0,366 6 0,290 9 0,247 7 0,219 4 0,199 3 0,184 2 0,172 3 0,162 8

24 0,525 4 0,355 1 0,281 2 0,239 2 02117 0,192 2 0,177 6 0,166 1 0,156 8

25 0,511 8 0,344 3 0,272 1 0,231 2 0,204 6 0,1856 0,171 4 0,160 3 0,151 3

26 0,498 8 0,334 2 0,2637 0,223 8 0,197 9 01795 0,165 7 0,154 8 0,146 1

27 0,486 5 0,324 6 0,255 8 0,216 9 0,191 6 01737 0,160 3 0,149 8 0,141 3

28 0,474 9 0,315 7 0,248 3 0,210 4 0,185 8 0,168 4 0,155 3 0,145 1 0,136 9

29 0,463 8 0,307 2 0,241 3 0,204 3 0,180 3 0,163 3 0,150 6 0,140 7 0,1327

30 0,453 2 0,299 2 0,234 7 0,198 6 0,175 2 0,158 6 0,146 2 0,136 5 0,128 7

31 0,443 1 0,291 6 0,228 5 0,193 2 0,170 3 0,154 1 0,142 1 0,1326 01250

32 0,433 4 0,284 4 0,2226 0,188 0 0,165 7 0,149 9 0,138 1 0,128 9 01215

33 0,424 2 0,277 6 0,217 0 0,183 2 0,161 4 0,146 0 0,134 4 0,125 5 0,118 2

34 0,415 4 0,271 1 02117 0,178 6 0,157 3 0,142 2 0,1310 0,1222 | 0,115 1

35 0,406 9 0,264 9 0,206 7 0,174 3 0,153 4 0,1386 0,127 6 0,191 0,112 2

36 0,398 8 0,259 0 0,201 9 0,170 1 0,149 7 01353 0,124 5 0,116 1 0,109 4

37 0,391 0 0,253 4 0,197 3 0,166 2 0,146 1 01320 0,121 5 0,113 3 0,106 7

38 0,383 6 0,248 0 0,192 9 0,162 4 0,142 8 01290 0,118 7 0,1106 | 0,104 2

39 0,376 4 0,242 9 0,188 8 0,158 8 0,1396 0,126 1 0,116 0 0,108 1 0,101 8

40 0,369 5 0,238 0 0,184 8 0,155 4 0,136 5 0,123 3 0,113 4 0,105 7 0,099 5

[MMpuMedaHune 1— p— paaMepHOCTb BEKTOpa CryvyaiHbIX BEMWYMH (KONMYECTBO AUcnepcuii); n — obbeM Bbl-
GOopKM (KONMMYeCTBO pennuKkaLuii Npy onpefeneHnn Jucnepcun).

MpumevyaHne 2 — Y kax[oro aHa4eHns B Tabnuue NocnefHWin AecATUYHBIA 3HaK OKpyriieH BBepX, 4To obe-
crneynBaeT TpebyeMblil ypoBEHb 3HAYNMOCTM.

MpumevyaHune 3 — Kaxgoe 3HadeHne B Tabnuue nomy4eHo no pesynsrataM MogenuposaHus 50 MUnNnnoHoB
BbIGOPOK.
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Mpunoxexue F
(cnpaBouHoe)

PykxoBOACTBO NO BLISIBIIEHUIO BbIGPOCOB B OAHOMEPHOW BbIOOpKE

MycTb MMeeTca napTus, BoiGopka HabnopeHnin nnn Habop BLIBOPOUHBLIX CPpeaHUX UK gucnepcuit. Llensio sens-
eTcsl BbISIBIEHUE U ugeHTUUKaUmUA BHIGpOcoB B HaGope faHHbIX. B faHHOM NpUNOXeHWN NPUBEAEHO PYKOBOACTBO AN
nonb3oBareneii HacTosALWero cTanaapTa. [JaHHoe pykoBOACTBO NpeAcCTaBnseT coboil HAGOpP 3TamnoB, BLINOMIHEHUE KOTOPbIX
COOTBETCTBYET COAEPXaH1Io oNpefereHHbIX Pa3aenos U NogpasaenioB HaCcTOSLEro cTaHgapTa. McnonbayeMele B JaHHOM
NPUNOXeHUN 0603Ha4EHNA COOTBETCTBYIOT 0603HAYEHNUSAIM, NPUMEHEHHBIM B HACTOSALLEM CTaHAapTe.

Otan 1. MpeacTaBneHne ToveK, COOTBETCTBYIOLWNUX HAGOPY AaHHBIX Ha rpacuke paccesHUs, Anarpamme cTebernb —
NUCTBS, AMarpaMme SLLMUK C yCaMu Unu ynopsiiodMBaHne AaHHbLIX B Nopsigke HeyOkiBaHNA

Xy S Xy S - S Xy S 0 S Xy

rAe X, i-e OT HauMeHblLLero HabrioaeHust.

OTan 2. MNMposepka rpadudeckoro NpecTaBneHna AaHHbIX UKW YNOPSAOYEHHBIX AaHHBIX BU3YarnbHOro BbIYMCNEHUS
BO3MOXHBbIX (NpeanonaraeMblx) BeiGpocoB. [pu OTCYTCTBUU COMHEHUIA O TOM, YTO NpeanonaraemMble BbIGpOCH! AeNCTBU-
TenbHO ABMSATCA BbIOPOCaMM, NepexoasT K BbINOMHeHUto 3Tana 5. Ecnu ogHo unu Gonee HabnioaeHwWid pacnonoxeHbl
[LO0CTaTOMHO AaneKo oT APYriX faHHbIX, NepeXoAAT K BbINOMHEHWIO 3Tana 3; B NMPOTUBHOM cny4ae NMPUHUMaLOT pelleHne o
TOM, YTO BbIGOpPKa He COAEPXKUT BLIOPOCOB U MOXET BbITh UCNONb3oBaHa ANSA AaNbHENLWero aHanusa jaHHbIX.

Otan 3. MNMoaTBepXparoT COOTBETCTBME [aHHLIX BbIGOPOYHOMY 3aKOHY pacnpefeneHus WM W3MEHAT Buj
pacnpepeneHus:

a) NpefnonoXeHne 0 HopMmarbHOM pacnpefeneHun LaHHbIX NOATBEPXAAT ¢ NOMOLbI0 rpaduka HopManbHO
BEPOATHOCTU Ha BEPOSATHOCTHON Bymare;

b) npegnonoxeHne 06 skcnoHeHUMansHOM pacnpefeneHny AaHHbIX NOLTBEPXKAAIOT C NOMOLLbLIO rpaduka 3Kcno-
HeHLUWanbHOW BepOSTHOCTU Ha BEPOATHOCTHON Bymare;

C) MpW NPeAnonoXXEHUN O NMOrHOpManbHOM pacnpefeneHn faHHbIX BbINOMHAIT Npeobpa3oBaHne UCXOAHbIX AaH-
HbIX K A@HHbIM, pacrpefeneHne KoTopbix 6IM3ko K HopMarnsHOMY pacnpefeneHuto, UCnosb3ays npoLeaypy, NpoBeaeHHyo
B 4.3.4.2 v c nocnegytoLLeit MpoBepKoi COOTBETCTBUS NpeobpasoBaHHbIX faHHbIX rpaduKy HOpMarbHOro pacnpeaeneHus
Ha BepOATHOCTHO Bymare;

d) npn npeanonoXeHUn o TOM, YTO pacnpefeneHmne SBNAETCS pacnpeieneHneM aKCTpeMarbHbIX 3HaY€HUI, BLINOI-
HAKT npeo6pasoBaHme NCXOAHBIX AaHHBIX K AaHHBIM, pacnpejerneHne KOTOPbIX Onu3Ko K SKCMoHeHUuaribHOMy pacnpe-
feneHunto, ncrnonbays npoueaypy, npueegeHHyto B 4.3.4.3 ¢ nocnegytoLLei NPOBEPKO COOTBETCTBUSA Npeobpa3oBaHHbIX
ZaHHbIX rpaduKy aKCMOHEHLMarnbHOro pacnpegeneHunsi Ha BepoATHOCTHoW Bymare;

e) Npu NpegnonoXeHnun o TOM, YTO pacrnpefeneHne ABNAeTCA pacnpegeneHnemM Beitbynna, BeinonHsioT npeobpa-
30BaHWe UCXOAHBIX AaHHbIX K AaHHBIM, pacnpefeneHne KoTopbix Brnsko K aKCNoHeHUMansHoOMy pacnpefeneHuio, NCrorb-
3ys npouenypy, npveedeHHyo B 4.3.4.4 ¢ nocnefyoLleil NPoBepKoi COOTBETCTBUS NpeobpasoBaHHbIX AaHHBIX rpaduky
3KCMOHEHLManLHoro pacnpeaeneHuns Ha BepoATHOCTHol Bymare;

f) npu npegnonoXeHUn o raMMa-pacrnpeaeneHnm JaHHbIX, BIMOMHAIT Npeobpa3oBaHne NCXOAHBIX JaHHbIX K faH-
HbIM, pacrnpeaeneHune KoTopbiX 6rMako K HopMansHOMY pacrnpeieneHuto, UCMosb3ys NPoLUeaypy, NpuBeaeHHyto B 4.3.4.5
c nocnepyloLei NpoBepKoit COOTBETCTBUA NpeoBpasoBaHHbIX JaHHbLIX K rpacuky HOpMansHOro pacnpeaeneHus Ha Bepo-
ATHOCTHO Bymare;

g) ecnu pacnpegeneHne CoBOKYMHOCTH, U3 KOTOpoil oToOpaHa BbIOOpKa, HEU3BECTHO UMK NpeanonaraeMmoe pac-
npegeneHne He COOTBETCTBYET AaHHbLIM, UNU pacnpefeneHne He SBASETCA O4HUM U3 yKa3aHHbIX Bbille pacnpeaeneHui,
BbINOMHSAIT NpeobpasoBaHne UCXOAHbIX faHHbIX K JaHHEIM, pacrnpefeneHune KoTopbiX 6rM3Ko K HopManbsHOMyY pacnpese-
neHuto, ucrnonb3ysa npeobpasosaHune Bokca-Kokca unu npeobpasoBaHne [kOHCOHa ¢ NocneayoLLei NpoBepKoi COOTBET-
CTBUSA NpeobpasoBaHHbIX AaHHbBIX K rpaduKy HOpManbHOro pacnpejeneHust Ha BeposaTHOCTHOI Bymare. Ecnv HopManb-
Hoe pacrnpefeneHune He COOTBETCTBYET NpeobpasoBaHHbIM AaHHEIM, CriefyeT NepeiTy K BEIMONHEHUIo 3Tana 6 n npoeectu
aHanu3 gaHHbIX, Mcnonbaysi pobacTHele NpoLeaypbl, NpuBeLeHHbIe B 5.

OTan 4. BbINOMHAKT NPoBepKYy Toro, YTO nMpegnonaraeMble BelOpOCH!, BhISIBIEHHbIE Ha 3Tane 2, AeACTBUTENbHO
sBnsAOTCS BeIBpocamu:

a) ecnu UcxofHble UnNu npeobpasoBaHHbIe faHHbLIE COrfiacyloTcA ¢ HOpMaribHbIM pacripefeneHuem, crneayer uc-
none30BaTh NPOLEAYPY, ONUCaHHYI0 B 4.3.2 n/unun B 4.4;

b) ecnn ncxogHble gaHHble UNU NpeobpasoBaHHbIe JaHHbIE COMMacyloTCs ¢ SKCMOHEHLUManbHEIM pacnpegeneHuem,
criegyeT Ucnons3oBaTh Npoueaypy, onucaHHyto B 4.3.3 u/vunu B 4.4,

C) ecnu ofWH UMK HECKOnbKO NpegnonaraemblX BelbpocoB naeHTUULMpOBaHEl B kKauecTBe BbIOpocoB, cneayeT
nepenTy K BbIMOMHEHWIO 3Tana 5, B NPOTUBHOM Cny4ae, NPUHUMALOT pelueHue 06 OTCyTCTBMU BbIGPOCOB U MCMONb3YIOT
UcxofHble Unu NpeobpasoBaHHble AaHHbIE AN AanbHENLLIEro aHanu3aa.

Otan 5. YcTaHaBnueatloT NpuYmMHbI MOSIBIEHNS BbISBMEHHBLIX BLIGPOCOB.

3T1an 6. Ecnu NpuYnHLl NOABNEHNUA BLIGPOCOB MOIMyT ObITh YCTAHOBMEHDI, YAaNsIOT BhIABNEHHLIE BLIOPOCH U3 Ha-
6Gopa AaHHbIX, @ OCTaBLUIMECS AaHHble UCMOML3YHOT AN NMOCMEAYIOLLEro aHanu3a, B MPOTMBHOM Cllyvae UCMonb3yrT po-
6acTHble Npoueaypbl ANA aHanu3a AaHHbIX.
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B Gnok-cxeme, NpefcTaBrieHHoi Ha pUcyHKe F.1, NpuBeAeHbl peKoMeHAyeMble STanbl BbISBNEHUS N o6paboTku
BbIGpoCOB.

WMcnonbsoBaHue rpaguka
U1 paHXUPOBaHUA AAHHBIX
Ana ngeHTuuKaLuum BOSMOXHbIX
BbIGpOCOB

BoamoxHble
BblGpoChI
oGHapyXeHbl?

WUcnonb3osaHne HaGopa
MCXOAHbBIX AaHHbBIX
ANA nocreayoLero aHanaa

Cywecrteyet
npeanoroxexue
0 Buge pacnpe-
AeneHva?

Ha

Mpeo6pasoBaHne UCXOAHbIX
AaHHbIX U3 pacnpegeneHus MpeobpasoBaHune gaHHbIX
3KCTpeMarbHbIX 3Ha4YeHWi C NOMOLLILIO
Benbynna wnm npeoGpa3soBaHus
NOrHOPMarbLHOro Bokca-Kokca
K HOpMarbHOMY unn npeoGpa3oBaHusA
Mnn 3KCMIOHEHUMAarnsHOMY IbkoHcoHa
pacnpeneneHuio

UcxoaHble
Unn npeobpasopaHHble
OaHHbIe COOTBETCTBYIOT
3alaHHOMY
pacnpegeneHnio?

MNpeobpa3soBaHHbie
AaHHBIE COOTBETCTBYIOT
HOpManbLHOMY
pacnpeaeneHuio?

Hert

BbinonHeHne npouenypbl NpoBepkn
TOro, YTO NpeAnonaraemele BLIGPOCH!
[eCTBMTENBHO ABMAIOTCA BbiGpocaMm

Mpepnonaraemole
BbIGpOChl AeNCTBUTENBHO
ABMAOTCA
BbliBpocamMu?,

Het

BoamoxHo nu
onpeaenuTb
NPU4MHBI NOSBIEHUS
BbIGpOCOB?

Het McnoneaoBaHne pobacTHbIX

npoLieayp 4ns NocreayioLlero
aHanuaa AaHHbIX

YnaneHue u3 Bbli6opku HabniogeHWi
naeHTUMLMPOBaHHLIX BbIGPOCOB,
UCMOMNb30BaHME OCTanbHbIX laHHbIX
ONA nocrnepylowero aHanmsa

PucyHok F.1 — Brnok cxema ansi npouesypel BeisiBNeHns u 06paboTku BuIGpocos
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