2.2. BeposITHOCTHO-CTATUCTHYECKHE METO/AbI ONUCAHMS

HeolnpeaeIeHHOCTe B TEOPUU NPUHATHSA PelleHUH

2.2.1. Teopusi BepOATHOCTEH M MATEMATHYECKAsl CTATHCTHKA

B IPUHATUM PelIeHNH

Kak ucnonbp3yorcesi Teopusi BEepOSITHOCTEH M MaTeMaTHYeCKast
CTATUCTHUKA? OTH  JUCUUIUIMHBI —  OCHOBa  BEpPOSITHOCTHO-
CTaTUCTHUYECKUX METOJIOB NMPUHATUA peiieHuid. YToObl BOCTIONb30BaThCS
UX MaTEeMaTUYECKUM anmnaparoM, HEOOXOAMMO 3aJaydl MPUHATUSA
pELIEHUN BbIPA3UTh B TEPMHUHAX BEPOSITHOCTHO-CTATUCTHUYECKUX
Mozenen. lIlpuMeHeHrne KOHKPETHOIO BEpPOSTHOCTHO-CTATUCTUYECKOTO
METO/1a IPUHATHS PELIEHUM COCTOUT U3 TPEX ITAIIOB!

- epexon oT SKOHOMUYECKOH, YIPaBICHYECKOH,
TEXHOJIOTUYECKOW  peallbHOCTM K  aOCTpakTHOM  MaTeMaTHKO-
CTaTUCTUYECKOM CXeMe, T.e. IIOCTPOCHUE BEPOSITHOCTHOW MOJAEIU
CUCTEMBI yIPABIECHUSA, TEXHOJOIMYECKOI0 Ipolecca, MpouUeaypsl
IPUHATUS PELICHHWM, B YaCTHOCTHU II0 pe3yibTaraM CTaTUCTUYECKOIO
KOHTPOJISA, U T.II.

- [pPOBEACHHME pPACyeTOB U IIOJY4YEHHUE BBIBOJOB UYHUCTO
MaTeMaTU4YECKUMU CPEICTBAMHU B paMKaX BEPOSATHOCTHOU MOJENH,;

- HHTEpHpeTanyss  MaTeMaTUKO-CTaTUCTUYECKUX  BBIBOJIOB
IIPUMEHUTEIIBHO K PEaIbHONW CUTYyallMd U MPUHATHE COOTBETCTBYIOLIETO
pemieHus (HampuMep, O COOTBETCTBHM WJIM HECOOTBETCTBUHU KauyeCTBa
MPOAYKIMU YCTAHOBJIEHHBIM TpeOOBaHUSAM, HEOOXOJIMMOCTH HaJAJKU
TEXHOJIOTHYECKOT0 TpoIiecca | T.I1.), B YaCTHOCTH, 3aKiItoueHus (0 joJie
ne(deKTHBIX eAUHUI MPOAYKIMH B TAPTUHU, O KOHKPETHOM BHJI€ 3aKOHOB
pacnpenesneHruss KOHTPOJIMPYEMBIX [apaMETPOB  TEXHOJIOTHYECKOIO
nporecca u ap.).

Maremaruueckass CTaTUCTUKA HCIIONb3YET IOHATUS, METOABl U

PE3yIbTaThl TCOPUU BCpOHTHOCTCﬁ. PaCCMOTpI/IM OCHOBHBIC BOITPOCHI
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MOCTPOEHUSI  BEPOSITHOCTHBIX  MOJENENd TPUHATUS  peuleHud B
HSKOHOMHYECKHUX,  YyNPaBIEHYECKUX, TEXHOJOTUYECKHUX M  HHBIX
cutyauusx. Jig  akTUBHOrO M MPAaBUJIBHOTO  HMCHOJb30BaHUS
HOPMATHUBHO-TEXHUYECKUX U MHCTPYKTUBHO-METOANYECKUX TOKYMEHTOB
M0 BEPOSTHOCTHO-CTATUCTUYECKUM METOJAaM TMPHUHATUS PEIICHUU
HY’KHBI TIpeJIBapuTeIbHbIC 3HAHUSA. Tak, He0OXOIMMO 3HATh, MPU KAKUX
YCIOBUSAX CJEeAyeT MPUMEHATh TOT WIM HWHOM JIOKYMEHT, KakKylo
UCXOJHYI0 HMHPOpMALHMI0 HEOOXOIMMO HUMETh HJisi €ero BblOOpa H
MPUMEHEHUS, KAKUE PEIICHUs] JTODKHBI OBITh MPUHSTHI MO pe3yJbTaTaM
00pabOTKH TaHHBIX U T.1.

IIpumepsl NpUMEeHEeHU TEOPUH BEPOATHOCTEH "
MaTeMATHYeCKOil CTATHCTHMKH. PaccMOTpUM HECKOJIBKO NPHUMEPOB,
KOI/Ia BEPOATHOCTHO-CTATHCTUYECKHE MOJENIU SBISIOTCS XOPOILIUM
MHCTPYMEHTOM I PEIICHUs YIPaBIC€HYECKUX, MPOU3BOJCTBEHHBIX,
HPKOHOMHMYECKHUX, HApPOJHOXO3SMCTBEHHBIX 3adad. Tak, Hampumep, B
pomane A.H.Toncroro «Xoxmenue mno mykam» (T1.1) roBopuTCS:
«MacTepckas JaeT ABaAlaTh TPU HpoleHTa Opaka, 3ToM HU(pPHI BBl U
IEPKUTECH, - ckazan CtpykoB MBany Mnpuuy».

Bcraer Bonpoc, Kak MOHUMATh 3TH CJIOBAa B Pa3roBOPE 3aBOJCKHUX
MEHEKEPOB, MOCKOJIbKY OJHA €AMHHUIA TPOAYKIUU HE MOXKET OBITh
nedexkta Ha 23%. OHa MOXeT ObITh MO0 TrOJHOM, JMO0 JePeKTHOM.
Hagepno, CtpykoB uMMen B BUIY, YTO B HapTHUM OOJBIIOr0 oOBbEMa
conepxutcs npumepHo 23% nedeKkTHBIX eauHUll npoaykuuu. Torna
BO3HHUKAET BOIpPOC, a 4YTO 3HauuT «mpumepHo»? Ilycte u3z 100
MpOBEpEHHbIX eauHULl TpoayKuuu 30 okaxyTcs Ne(eKTHBIMH, WU U3
1000 — 300, nnu n3 100000 — 30000 u T.1., HAgO0 1 00BUHATE CTpyKOBa
BO JDKU?

Nmu  ppyron mpumep. MOHETKa, KOTOPYHO HCHOJB3YIOT Kak
KpeOui, AOKHA OBbITh «CHUMMETPUYHOI», T.e. MpU €e OpocaHuu B
CpellHEM B TOJIOBHHE CJIy4aeB JIOJDKEH BBINAAaTh Iepd, a B MOJOBUHE

ciydaeB — peirerka (pemika, mudpa). Ho uro o3Hadaer «B cpeaHem»?
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Ecimu mpoectu mHoro cepuit mo 10 Opocanuii B KaXXKJIoil cepuu, TO
4acTo OyIyT BCTpeUaThbCs CEpUH, B KOTOPHIX MOHETKa 4 pa3a BhINAJIaeT
repoom. J{is cuMMeTpudHOi MOHETHI 3T0 OyzaeT npoucxoauts B 20,5%
cepuii. A ecnu Ha 100000 O6pocanuii okaxercs 40000 repOoB, TO MOXKHO
JU CYUTaTh MOHETY cuMMeTpuuyHoil? Ilponeaypa mpuHATHUS pelICHUM
CTPOUTCSI Ha OCHOBE TEOPUM BEPOSTHOCTEH M MaTeMaTUYeCKOU
CTaTUCTHKHU.

PaccmarpuBaeMblii mpuMep MOXKET IOKa3aTbCsl HEAOCTaTOYHO
cepbe3HbIM. OHako 3T0 He Tak. JKepeObeBKa IIMPOKO HCIONB3YETCS
Opy  OpraHu3aluyd  [POMBIIUICHHBIX  TEXHUKO-3KOHOMUYECKHX
HKCIIEPUMEHTOB, HAmNpuMep, NMpu 00pabOTKe pe3yJbTaTOB U3MEpPEHUs
nokasaressi kKauecTBa (MOMEHTA TPEHHMS) MOIIUITHUKOB B 3aBUCUMOCTH
oT Pa3TUYHbBIX TEXHOJOTUYECKUX bakTopoB (BiusIHUS
KOHCEPBALMOHHOM CpeJibl, METO/I0OB MOJArOTOBKH MOJIIUITHUKOB TEpe.
U3MEpPEHUEM, BIUSHUS HAarpy3Kd MOJAIIMITHUKOB B MPOIECCE U3MEPEHUs
U T.1.). JlomycTuM, HEOOXOAMMO CPAaBHUThH KAueCTBO MOJIIMITHUKOB B
3aBUCUMOCTH OT PE3YJIbTATOB XPAHEHUS UX B pa3HbIX KOHCEPBALMOHHBIX
Macnax, T.e. B maciax coctaBa A u B. [lpu miaHupoBaHUM TaKOro
HKCIIEPUMEHTa BO3HMKAET BOIPOC, KaKWe TMOAIIMIIHUKA CJIEAYyeT
MOMECTUTh B Maclio coctaBa 4, a Kakhue — B Maclio cocTaBa B, HO Tak,
yTOOBl M30€XaTh CYOBEKTUBM3MAa U O0ECHEYUTh OOBEKTUBHOCTD
MPUHUMAEMOTO PEIICHHUS.

OTBeT Ha ATOT BOIPOC MOXKET OBITh OJYYEH C MOMOIIIBIO KPEOusi.
AHaANOrMYHBIA NpPUMEpP MOXXHO MPUBECTH M C KOHTPOJIEM KayecTBa
moboil  mpoaykuuu. YToObl  pemuTh, COOTBETCTBYET MJIM HE
COOTBETCTBYET KOHTpOJIMpyEeMasl MapTUs MNPOAYKIMH YCTAHOBJIEHHBIM
TpeboBaHUsIM, U3 Hee oTOUpaeTcsi BeiOOpKa. Ilo pe3ynbratamMm KOHTPOJIS
BBIOOPKHU JIeNlaeTcsl 3aKitoueHrue o Bceil maptuu. B 3ToM ciiydae odeHb
BXXHO H30€xaTh CyObEKTHMBU3MA IMpU (POPMHUPOBAHUU BBIOOPKH, T.€
HE00X0IUMO, YTOOBI KaXk/as €IMHULIA MPOJYKLUUUA B KOHTPOJIUPYEMOU

ImapTu UMCJjia OANHAKOBYIO BCPOATHOCTD OBITh OTO6paHHOﬁ B BBI60pKy.
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B npou3BOJACTBEHHBIX YCIOBUSAX OTOOpP €IMHMII MPOAYKIIMU B BHIOOPKY
OOBIYHO OCYILIECTBIIAIOT HE C IMOMOIIbIO XpeOus, a Mo ClIelHaTIbHbIM
Ta0JIMIIAM CIIyYalHBIX YHCEI WM C IIOMOIIBI0 KOMITbIOTEPHBIX JaTYUKOB
CIIy4alHBIX YUCEII.

Ananoruy"sle  mpoOJjemMbl  obecriedeHHs]  OOBEKTUBHOCTHU
CpaBHEHHUS BO3HUKAIOT TMpPH  CONOCTABICHHM PAa3IUYHBIX CXEM
OpraHu3alyy NPOU3BOJICTBA, OIUIATHI TPY/a, MPU NPOBEIECHUU TEHIEPOB
U KOHKYpCOB, Moja0Opa KaHIWJATOB HAa BAKAHTHBIC JOHKHOCTU M T.II.
Bcrony HyXHa xepeObeBKa WM 1OA0OHBIE el npoueaypsl. [loscHum Ha
MpUMEpPE BBIABICHHUS HamOoJee CUIBHON W BTOPOW MO CUie KOMaHIbI
NpU OpPraHU3allii TYPHUPA MO OJUMIMHCKON cucTeme (IpOMrpaBIIUi
BeIOBIBaeT). [lycTh Bcerma Oosiee cwiibHAash KOMaHJa MooOexmaer Oosee
cnalyto. SIcHO, 4YTO camas CcuHJIbHasg KOMaHJa OJHO3HA4YHO CTaHET
yeMnuoHOM. BTopas mo cuiie komaHaa BeIiIeT B (pUHAN TOT/1a U TOJIBKO
TOorja, Koraa 10 ¢uHaiza y Hee He OyneT urp ¢ OyayluM YEeMIUOHOM.
Ecnu takas urpa Oyner 3amjiaHdpoBaHa, TO BTOpas MO CHUJie KOMaHJa B
¢uHan He nonaaer. TOT, KTO MJIAHUPYET TYPHUP, MOXKET JIMOO JOCPOUHO
«BBIOUTH» BTOPYIO IO CHJIE KOMaHAY U3 TYpPHHUpPA, CBENS €€ B MEPBOM ke
BCTpede ¢ JHJEepoM, JUO0 olOecrneuuTh €il BTOpOE MECTO, 00eCleyuB
BCTpeur ¢ Oojee ciabblMM KOMaHIaMH BIUIOTh 10 (¢uHana. YToOsl
n30exaTh CyObEKTHBU3MA, MPOBOAAT KepeObeBKy. s TypHUpa u3 8
KOMaH]l BEPOSATHOCTh TOTrO, YTO B (pUHAJE BCTPETATCA JBE Camble
CWIbHBIE KOMaH[bl, paBHa 4/7. COOTBETCTBEHHO C BEPOSITHOCTBIO 3/7
BTOpAas M0 CUJIe KOMaH/Aa MOKUHET TYPHUP JTOCPOYHO.

[Mpu nr00OM H3MEpEeHHH EIUHMII NPOAYKIHUU (C MOMOIIBIO
MITAHTCHIUPKYJISI, MHUKPOMETpa, aMIepMerpa H T.l.) HMEITCS
norpemHocTd.  YToObl  BBIACHHTBH, €CTh JIK  CUCTEMaTUYECKHe
MOTPENIHOCTH, HEOOXOIMMO CJellaTh MHOTOKpPaTHbIE HM3MEpEeHUus
CIMHUIIBI TIPOIYKIIUH, XapaKTEPUCTUKNA KOTOPOH W3BECTHBI (HAampumep,

CTaHIapTHOro oOpasia). Ilpu >TOM clleayeT HMOMHHTH, 4YTO KpOME
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CUCTEMAaTHUYECKOW  NOTPELIHOCTM  INPUCYTCTBYET M Clly4daiiHas
IIOI'PEIIHOCTb.

IToaToMy BcTaeT Bompoc, Kak Mo pe3yjabTaTaM U3MEPEHUN y3HATh,
€CThb JI CHCTEMaTH4ecKas IOrpeluHOCTb. Eciaum oTMmMedarbs TOJBKO,
ABJISACTCS JIM TOJIyYEHHass IIPU OYEPEIHOM M3MEPEHUU IOIPEIIHOCTH
IIOJIOKUTEIIBHOW WJIM OTPULIATEIIBHOM, TO 3Ty 3a1a4y MOYKHO CBECTH K
npeabiaymen. JleMcTBUTENbHO, CONOCTABUM H3MEpPEHHE € OpOCaHHeM
MOHETBI, MOJIOKHUTEIbHYIO TOrPEIHOCTh — C BbIMAJeHUEeM repoa,
OTPHUIIATENIbHYI0 — penieTku (HyJieBasi MOrPEIHOCTh MPH JOCTATOYHOM
YKCiIe JCJCHUN IIKANbl MPAaKTUYeCKH HUKOI/Ia HEe BCTpeuaeTcs). Torma
IIPOBEpPKA OTCYTCTBHSI CUCTEMATUYECKOM IOTPEIIHOCTH JKBUBAJICHTHA
IIPOBEPKE CUMMETPUYHOCTU MOHETBHI.

[{esnbro 3TUX pacCyXACHUM SBIISIETCS CBEACHUE 3a7a4d IPOBEPKHU
OTCYTCTBHMSI CHUCTEMAaTHYE€CKOW IOrPElIHOCTH K 3aJadye IPOBEPKHU
CUMMETPUYHOCTU MOHETHI. [IpoBeneHHBIE paCCYXACHUS NPUBOIAT K
TaK Ha3bIBAEMOMY «KPUTEPHUIO 3HAKOB» B MATEMAaTUUYECKOU CTATUCTHUKE.

IIpy  cTaTUCTHYECKOM  PETYJIUPOBAHUU  TEXHOJIOIMUYECKUX
IIPOLIECCOB  HAa OCHOBE METOJOB MAaTEMaTUYECKOM  CTAaTUCTUKHU
pa3pabaTbIBalOTCS MpaBuja U IUIAHBl CTAaTUCTUYECKOIO KOHTPOJIS
IIPOLIECCOB, HAIIPaBJICHHbBIE HA CBOEBPEMEHHOE OOHAPYXEHHUE pa3iaiKu
TEXHOJIOTUYECKUX IIPOLECCOB M IMPUHATUS MEp K HUX HalaIKke U
[IPEIOTBPAILLICHUIO  BBIIIYCKAa MPOAYKLIHMHM, HE COOTBETCTBYIOLIEH
YCTAHOBJIEHHBIM TpPEOOBaHUSAM. DTH MEpbl HalleJIEHbl Ha COKpallleHHUe
U3IEpPKEK MPOU3BOJACTBA U IOTEPb OT IIOCTABKM HEKAYECTBEHHBIX
eaUHUL ITpoAyKUuu. [Ipu craTtucTUYEeCKOM IPUEMOYHOM KOHTPOJIE Ha
OCHOBE METOJ0B MaTeMaTUYECKON CTATUCTUKHU pa3padaThIBalOTCs TUIAHbI
KOHTpPOJISl KayecTBa IyTEM aHajlu3a BBIOOPOK M3 MapTH MPOIYKIIHH.
CnoXHOCTh 3aKJIIOYaeTcss B TOM, YTOOBl yMETh MPAaBUIBHO CTPOUTH
BEPOATHOCTHO-CTATUCTUYECKUE MOJEIU IIPUHATUS PELICHUN, HA OCHOBE
KOTOPBIX MOXHO OTBETUTb HA IIOCTaBJICHHBIC BbIIIE BONPOCH. B

MaTeMaTHYEeCKON CTaTUCTUKE JJIsL 9TOTO pa3pa60TaHLI BCPOATHOCTHBIC
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MOJIETT ¥ METOJBI IPOBEPKU TUTIOTE3, B YACTHOCTH, THIIOTE3 O TOM, YTO
107 AeEKTHBIX €IUHUI] POAYKIIUHA paBHA OMPEACICHHOMY YUCITY Po,
Hanpumep, po = 0,23 (Bcmomumre cioBa CTpykoBa H3 poMaHa
A.H.Toncroro).

3agaun OLICHUBAHMA. B psze yIIPaBICHUECKHX,
MIPOU3BOICTBCHHBIX, YKOHOMHUYECKUX, HApOTHOXO3STCTBEHHBIX
CUTyallMiii BO3HUKAIOT 3aJauyd JAPYroro TUNAa — 3aJadd  OIICHKHU
XapaKTEePUCTHUK U MapaMeTPOB pacIpeIeICHUI BEPOSATHOCTEH.

Paccmotpum npumep. IlycTh Ha KOHTPOJIb MOCTYIWJIA MAPTHUS U3
N onekrposnamn. M3 3Toil mapTum ciydallHBIM o0pa3oM oToOpaHa
BbIOOpKa 00BEMOM N 3ieKTpojiaMm. Bo3HHMKaeT psJ ecTeCTBEHHBIX
BompocoB. Kak 1o pe3ynbraTaM HWCIBITAHWA JJIEMEHTOB BBIOOPKHU
OTIPEJIEIUTh CPEIHUNA CPOK CIIYKOBbI SJIEKTPOJIAMIT U ¢ KAKOH TOYHOCTHIO
MOJKHO OIIEHUTH 3Ty XapaKTepUCTHKY? Kak M3MEHHTCS TOYHOCTH, €CIU
B35Th BBIOOpKY Ooubiiero oobema? Ilpu kakom umciie yacoB 7 MOXKHO
rapaHTUpoBaTh, uTo He MeHee 90% arexTponami mpociyxat 7' u Gonee
4acoB?

[IpenmonoxuM, YTO TIPH HCTBITAHUM BBIOOPKH 00BEMOM N
anekTpoiaMn  Me(EeKTHBIMH  OKa3aiuch X  ayekTponamm. Toraa
BO3HUKAIOT CJIEIYIONIME BOMPOCHL. Kakue rpaHuilbl MOXKHO yKa3aTh JJIs
yrcna D nedekTHBIX 3NeKTpoiaaMn B apTUH, A7 YPOBHS JAePEKTHOCTH
D/N u 1.11.?

Wnu mpu CTaTUCTUYECKOM aHaln3€ TOYHOCTH W CTAaOMIBHOCTH
TEXHOJIOTHYECKUX TIPOIIECCOB HAJJICKUT OILEHUTh TAaKUE TOKa3aTelu
KauecTBa, KaK CpelHee 3HAaueHHWE KOHTPOJIUPYEMOIo MapaMmerpa Hu
CTerneHb ero pazdpoca B paccMaTpuBaeMoM Ipoiiecce. CoraacHo Teopuu
BEPOSATHOCTEW B KAYECTBE CPEAHETO 3HAYCHHS CIy4alHOW BEIMYMHBI
1eJ1eco00pa3HO HCMOJIb30BaTh €€ MaTeMaTUYeCKoe OXHUAaHHE, a B
KauecTBE CTAaTHUCTUYECKOW XapaKTEepUCTHUKHU pa3dpoca — AHMCIEPCHUIO,
CpeqHee KBaJpaTHUECKOE OTKJIOHEHHE WU KOd((UIMEHT BapUaIlUH.

OTCIOIIa BO3HHKACT BONPOC. KaK OICHUTb OTH CTAaTUCTHYCCKHC
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XapaKTEPUCTUKHU 1O BBIOOPOYHBIM JaHHBIM M C KaKOH TOYHOCTBIO 3TO
ylaercs claenaTh? AHAJIOTHYHBIX NMPUMEPOB MOXXHO IPHUBECTH OYCHD
MHOT0. 371eCh Ba)XHO OBLIO TOKa3aTh, KaK TEOPHUS BEPOATHOCTEH U
MaTreMaTh4yeckas  CTaTUCTUKA MOTYT  OBITb  HWCIIOJIb30BaHBI B
MIPOU3BOJICTBEHHOM MEHE/DKMEHTE TPU NMPHUHATHU PENICHUN B 00JIaCTH
CTAaTHCTHUYECKOTO YITPaBJICHUSI Ka4eCTBOM PO TYyKIINH.

Yro TaKoe «MaTeMaTHdeckKas CTATHCTHKA»? Ilon
MaTEeMaTHYECKONH CTATUCTUKOW TIMOHUMAKOT «pa3fie] MaTEeMaTHKH,
MOCBAIICHHBIM MaTEeMaTUUYECKUM MeEToJlaM cOopa, CHUCTeMaTH3alluH,
00pabOTKM W HHTEPIPETAIMM CTATUCTUYCCKUX JaHHBIX, a TakKKe
WCITOJIb30BaHUE WX JUISI HAYYHBIX WIIM MPAKTHYECKUX BHIBOJIOB. [IpaBmiia
U TPOLEIYpbl MaTeMaTUYECKOH CTATUCTHUKH OIHUPAIOTCS HAa TEOPHIO
BEPOSITHOCTEH, TMO3BOJISIONIYIO OIEHUTh TOYHOCTh U HAJIEKHOCTh
BBIBOJIOB, TOJIy4aeMbIX B KaXJOW 3ajjaue Ha OCHOBAHUHU HMEIOIIETOCS
cTatucTuyeckoro mMarepuana» [1, ¢.326]. Ilpu 3ToM CTaTHCTHYECKUMU
JTAHHBIMH HA3BIBAIOTCSA CBEIECHHS O YHUCIIE OOBEKTOB B KAKOU-IMO0 OoJiee
WM MEHee OOMIMPHOW COBOKYITHOCTH, OOJAJAIONINX TEMHU WA WHBIMH
MpU3HAKaMHU.

[To Tuny permaeMbIX 3aja4 MaTeMaTHYECKas CTaTHUCTHKA OOBIYHO
JIeUTCSL HA TPU pasjielia. ONMUCAaHHWE JTaHHBIX, OLICHMBAHUE U MPOBEpPKa
THUIIOTES.

I[To Bumy  o0pabaThIBaeMBIX  CTAaTUCTHYECKUX  JAHHBIX
MaTeMaTH4ecKasi CTATUCTHKA JICITUTCS Ha YEThIPE HAIPABICHUS .

- OJIHOMEpHAsl CTaTHCTHKA (CTATHCTHUKA CIAYYalHBIX BEJIHUYHMH), B
KOTOpPOM pe3yiabTaT HaOMIOJCHUS ONMUCHIBACTCS JICHCTBUTEIBHBIM
YHCJIOM,

- MHOTOMEDHBI CTaTUCTHUYECKWH aHajau3, TAC pe3yabTaT
HAOJIIOACHNUS HaJ OOBEKTOM OIMCHIBAETCS HECKOJIBKMMH 4YHCIIaMHU
(BekTOpOM);

- CTaTUCTHKA CIIy4alWHBIX TPOIECCOB W BPEMCHHBIX PSJIOB, TIE

pe3ynbTaT HaOIIOEeHUS — QYHKIUS;
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- CTaTHCTHKAa OOBEKTOB HEYMCIOBOM MPUPOJbI, B KOTOpPOH
pe3ynbTar HaOJNIOJCHUs HMEET HEUYUCIOBYIO MPUPOIY, Hampumep,
SIBIISICTCST MHOXECTBOM (I€OMETpPHUECKON (HUrypoit), ymopsaodeHueM
WJIM TIOJIYYEH B PE3YJIbTAaTe N3MEPEHHS IO KAYECTBEHHOMY MPU3HAKY.

Hctopuyeckn  mepBOMl  MOABWIMCH  HEKOTOphIE  00JacTH
CTATUCTHKH OOBEKTOB HEUMCIIOBOW MPHPOIbI (B YaCTHOCTH, 3aJauu
OLICHMBAHMS JIOJU Opaka W MPOBEPKH TUIIOTE3 O HEHl) U OJHOMEpHAs
cTaTUCTHUKA. MaTeMaTUYeCKUI anmapar JJisi HUX MPOLIE, IOATOMY Ha UX
npuMepe OOBIYHO JEMOHCTPHUPYIOT OCHOBHBIE HJEU MaTeMaTHYeCKOU
CTaTUCTUKH.

Jlumb Te Meroabl OOpabOTKM [aHHBIX, T.€. MaTeMaTHYeCKOU
CTaTUCTHUKH, SBISIIOTCS JOKAa3aTEIbHBIMU, KOTOpBIE OINUPAIOTCS HaA
BEPOSITHOCTHBIE MOJIEJIM COOTBETCTBYIOIIUX PEAJIbHBIX SBICHUN U
npoueccoB. Peub wuaer o Mozensx TNOBEACHUS MOTpeOuUTeNeH,
BO3HUKHOBEHHUSI PUCKOB, (DYHKIIMOHMPOBAHUS  TEXHOJOTUYECKOIO
o0OpyAOBaHMs, TMOJYYEHUSI PpE3yJbTaTOB OSKCIEPUMEHTa, TEYCHUS
3a0oneBaHusi M T.M. BeposSTHOCTHYIO MOJIENb pEaJbHOTO SIBJICHUS
CleAyeT CYMTaTh IMOCTPOCHHOM, €CIIM PACCMATPUBAEMBIE BEIUYUHBI U
CBA3M MEKJYy HUMH BBIP@XKEHBl B TEPMHHAX TEOPUU BEPOATHOCTEM.
CooTBeTCTBME  BEpPOSITHOCTHOM  MOJENIHM  PEaJbHOCTH, T.€. €€
aJIeKBaTHOCTh, = OOOCHOBBIBAIOT, B  YaCTHOCTH, C  IOMOIIbIO
CTaTUCTUYECKUX METOJIOB MPOBEPKU TUIIOTES.

HeBeposiTHOCTHBIE  MeTOJbI  0OpaOOTKM  JaHHBIX  SBISIOTCA
MTOMCKOBBIMHM, MX MOYHO HCHOJb30BaTh JUIIb MPU MPEABAPUTEIBHOM
aHajau3€ [JaHHBIX, TaK KAaK OHM HE [AalOT BO3MOYKHOCTH  OLICHUTH
TOYHOCTh M HAJEKHOCTh BBIBOJAOB, IIOJYYECHHBIX HAa OCHOBAaHHH
OTPaHUYEHHOI'0 CTATUCTUYECKOIO MaTepHUania.

BeposATHOCTHBIE U CTATUCTUUYECKUE METOJBI IPUMEHHUMBI BCIOAY,
r7ie yJlaeTcs NOCTPOUTHh U OOOCHOBATH BEPOSTHOCTHYIO MOJEIb SIBJICHUS

W Ipounecca. Hx IMIPUMCHCHUC O6H33TCJIBHO, Korga CACJIaHHBIC Ha
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OCHOBE BBIOOPOYHBIX JAHHBIX BBIBOABI MEPEHOCITCS HAa  BCIO
COBOKYITHOCTB (HarpuMep, ¢ BBIOOPKU Ha BCIO MAPTHUIO TPOTYKIIHH).

B KOHKpeTHbIX 00JacTsIX MNPUMEHEHUU MCHOJB3YIOTCS Kak
BEPOSITHOCTHO-CTATUCTUUECKUE METObl IMIMPOKOr0 MPUMEHEHUS, TaK U
cnenuduyeckue. Hampumep, B  paszzmene  NPOU3BOACTBEHHOTO
MEHE/)KMEHTA, TMOCBAIIEHHOTO CTaTHCTHUYECKUM METOJaM YIpaBJICHUs
KaueCTBOM MPOAYKIMH, HCIONB3YIOT MNPUKIAJHYI0O MaTEMaTUYECKYIO
cTaTUCTHUKY (BKIJIFOYAs IJIAHMPOBAHUE 3KCIEPUMEHTOB). C TIOMOIIBIO €¢
METO/IOB  MPOBOJUTCA  CTAaTUCTUYECKUM  aHAW3  TOYHOCTH H
CTaOMJIBHOCTH TE€XHOJIOTMUECKUX MPOLIECCOB M CTaTUCTUYECKAs OIEHKa
kauectBa. K  cneuuduyeckuMm  MeToJaM  OTHOCATCA  METOBI
CTaTUCTHUYECKOTO0 TPUEMOYHOTO KOHTPOJII KadyecTBa MPOIYKIHHU,
CTaTUCTHUYECKOTO PETyJIIMPOBAHUS TEXHOJIOTMUYECKUX MPOLECCOB, OLICHKU
Y KOHTPOJISI HA/IKHOCTH U JIP.

Hlupoko NpPUMEHSIOTCA TaKUe MPUKIAAHbIE BEPOSTHOCTHO-
CTaTUCTHUYECKHE IUCHUIUIMHBI, KaK Teopus HaJEKHOCTH U TEOpHs
MaccoBoro obcnyxuBanus. ConepkaHue NEpPBOW M3 HUX SICHO U3
Ha3BaHUs, BTOpas 3aHUMAETCS HM3YYEHHEM CHUCTEM THUIa TelepOHHOU
CTaHIMM, HA KOTOPYIO B CiIy4yallHble MOMEHTHI BPEMEHHU MOCTYHaloT
BBI30BbI - TpeOoBaHUS a0OHEHTOB, HAOMPAIOIIUX HOMEPA HA CBOMX
TenedoHHBIX  anmapartax. JIMUTenbHOCT,  OOCHY)XMBaHUSL  ATUX
TpeOOBaHMi, T.€. MJIUTEIBHOCTh PAa3rOBOPOB, TAKXKE MOJEIUPYETCS
ClIly4ailHbIMM BeJMYMHAMU. bBodpmiod BkIaax B pa3BUTHE ITHX
mucuuIiuiiH BHecnn  wieH-koppecnioHneHT AH CCCP A4, XuHumH
(1894-1959), akanemuk AH YCCP b.B.I'ienenko (1912-1995) u npyrue
OTE€UYECTBEHHBIE yUEHBIE.

Koporko 00 wucropum MareMaTH4eCKOW CTATHCTHKH.
MaremaTuyeckass CTaTUCTUKA KaK Hayka HadyMHaeTcss C pabor
3HAMEHHUTOro HeMmelkoro marematuka Kapia ®punpuxa IMaycca (1777-
1855), KOTOpbIii Ha OCHOBE TCOPHH BEPOSITHOCTECH HCCIICIOBA M

000CHOBaJI METOJ] HAUMEHBIIINX KBaJIpaTOB, CO3/IaHHbIA UM B 1795 1. n
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NPUMEHEHHBIH 11 00pabOTKM aCTPOHOMHMYECKHUX HaHHBIX (C IEIbIO
yTOYHEHUsT OpOuTHl Manoi miaHeThl Llepepa). Ero ummenem wacto
Ha3bIBAIOT OJHO W3 Hawboiee MOMYJSIPHBIX  pacHlpeeseHun
BEPOSATHOCTEH — HOPMAJIbHOE, a B TEOPUU CIYYalHBIX IPOILECCOB
OCHOBHOM 00BEKT N3YYCHHUS — FayCCOBCKHE MPOIIECCHI.

B xonme XIX B. — mnawane XX B. KpymHbBIM BKJIag B
MaTEeMaTHYECKYI0 CTaTUCTHKY BHECIW aHTJIMHCKHAE WHCCIeI0BaTEelH,
npexzae Bcero K.IIupcon (1857-1936) u P.A.®umep (1890-1962). B
JacTHOCTH, [IMpcoH pa3paboTal KPUTEPUN «XH-KBaapaT» MPOBEPKH
CTAaTHCTHYECKHUX THIOTE3, a DuIep — TUCIIEPCUOHHBIN aHAIIN3, TEOPHIO
TUTAHUPOBAHUS JKCIIEPHUMEHTA, METOJ MaKCUMAIBHOTO MPAaBIOMOA00MS
OLIEHKH MapaMeTpOB.

B 30-¢ roget XX B. momsik Esxxu Hetiman (1894-1977) wu
aurnudanuH  J.IlupcoH  pasBwim  0OOIIyI0 TEOPHIO  TPOBEPKHU
CTAaTHCTHUYECKUX THUIIOTE3, a COBETCKHE MaTeMaTHKH akaaemMuk A.H.
KonmoropoB  (1903-1987) wu  unen-koppecrnongenr AH CCCP
H.B.Cmupro (1900-1966) 3amoXKuiivi OCHOBBI HeElapaMeTpHUUeCKOH
cratuctuku. B copokoBbie Toabl XX B. pymbiH A. Banpa (1902-1950)
MOCTPOWJI TEOPHIO MOCIICIOBATEIHHOTO CTATUCTHYECKOTO aHAIH3A.

MatemaTtnyeckasi CTAaTUCTHKAa OypHO pa3BHBAETCS U B HACTOSIIIEE
Bpems. Tak, 3a mociaegaue 40 €T MOXHO BBIJICITUTh YETHIPE
NPHUHIMITHATBHO HOBBIX HAIlPaBJICHUS UCCIICI0BaHui [2]:

- pazpaboTka ® BHEApPEHHE MaTEeMaTHUYECKUX METOJIOB
TJIAHUPOBAHUS SKCIICPHUMCHTOB;

- pa3BUTHE CTATHCTHKH OOBEKTOB HEYMCIIOBOW IPHUPOILI KaK
CaMOCTOSITETFHOTO ~HAIpaBJICHWS B TPHUKIATHOW MaTeMaTHUECKON
CTaTUCTHKE;

- pa3BUTHEC CTAaTHCTHYECCKHUX METOJOB, YCTOHYHMBBIX IO
OTHOIIICHUIO K MajbIM OTKJIOHEHHUSM OT HCIOJIb3YEMON BEPOSTHOCTHOU

MOJIEIIH;
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- IIMPOKOE pa3BepThIBaHHE PadOT MO CO3JIaHUIO KOMITBIOTEPHBIX
MTaKETOB IIporpamm, MpeAHAa3HAYEHHBIX TUIst MIPOBEICHHUS
CTaTUCTUYECKOr0 aHAJI13a TAHHBIX.

BeposiTHOCTHO-CTATUCTHYECKHE METOAbI M ONTHMH3ALMS.
Nnes onTuMuszanuyd MPOHU3BIBAET COBPEMEHHYIO  INPUKIIAIHYIO
MaTeMaTHYECKYI0) CTATUCTUKY W HWHBIE CTAaTUCTHYECKUME METOABl. A
MMEHHO, METOJbl IUIAHUPOBAHUS SKCIEPUMEHTOB, CTATHCTUYECKOIO
MIPUEMOYHOTO KOHTpPOJIA, CTaTUCTUYECKOTO pEryJnpOBaHUs
TEXHOJIOTMYECKUX  mpoueccoB u  nap. C  gpyroil  CTOpPOHBI,
ONTUMU3AILMOHHBIE IIOCTAHOBKM B TEOPUM MPHUHATUS PELICHHI,
HarpuMep, MPUKIAJHAS TEOPUS ONTHMM3ALMM KadyecTBa MPOAYKUUHU U
TpeOOBaHMI CTaHAAPTOB, MPEAYCMATPUBAIOT IIMPOKOE HMCIOJIB30BAHHE
BEPOSITHOCTHO-CTATUCTUYECKUX METOAO0B, NPEXKAE BCEro MNPHUKIATHOMN
MaTeMaTU4YECKON CTaTUCTUKH.

B nOpou3BOACTBEHHOM MEHEI)KMEHTE, B YacTHOCTH, IIpHU
ONTUMM3AIMU KauecTBa TMPOAYKIMH M TpeOOBaHUI CTaHIApTOB
OCOOEHHO Ba)XHO MPUMEHATH CTATUCTUYECKUE METOJbl Ha HAdyaJIbHOM
JTane IKU3HEHHOTO UHWKJIa NPOAYKIHMH, T.€. Ha 3Tane Hay4dHO-
MCCJIeI0BATENBCKON MOATOTOBKH ONMBITHO-KOHCTPYKTOPCKUX Pa3zpaboTOK
(pa3paboTka MEepCrneKTUBHBIX TPEOOBAHUN K MPOJYKIIUU, aBAHIPOCKTA,
TEXHUYECKOTO 3aJ1aHUs Ha ONBITHO-KOHCTPYKTOPCKYIO pa3paboTKy). ITO
OOBSCHAETCS  OTPAaHMYEHHOCTbIO  HMHPOpPMALMM, JOCTYIHOM  Ha
HaYyaJIbHOM dTarle >KU3HEHHOTO LUKIJIA MPOIYKIUU, U HEOOXOIUMOCTHIO
MIPOTHO3UPOBAHUSL TEXHUYECKUX BO3MOKHOCTEM M 3KOHOMUYECKOUN
cuTyanuu Ha Oyayiee. CTaTUCTHUECKUE METOIbl JOJIKHBI PUMEHSTHCS
Ha BCEX JTalax pELICHMs 3aJayd ONTUMHU3ALUU — MPU IIKATUPOBAHUHU
MIEPEMEHHBIX, pa3paboTke MaTeMaTUYECKUX Mozenein
(GYHKUMOHUPOBAHUS M3ICIUA U CUCTEM, MPOBEACHUU TEXHUUYECKHX U
SKOHOMHUYECKHUX IKCIIEPUMEHTOB U T.1.

B 3amavax onTtuMu3anuu, B TOM YHUCJIE ONTHMM3AaLHUM KadyecTBa

NPOAYKUMKW M TpeOOBaHWIl CTAHIAPTOB, HCIOJIB3YIOT BCE 00JACTH
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CTaTHUCTHUKMU. A HMMCHHO, CTaTUCTUKY CﬂyqaﬁHBIX BCJIIMYHH,
MHOFOMepHBIﬁ CTaTUCTUYCCKUM  aHalIu3 y CTATUCTHUKY CﬂyqaﬁHBIX
IMpoHeCcCOB M BPCMCHHBLIX PAOOB, CTATUCTUKY 00OBEKTOB HEUYHMCIOBOMU
IIpUpPOAHLI. BBI60p CTaTUCTHYCCKOT'O MCTOHAa JIA aHAJIN3d KOHKPCTHBIX

JaHHBIX ueﬂec006pa3H0 IMPOBOAUTH COTJIACHO PCKOMCHAAIUAM [3] .

2.2.2. OcHOBBI TeOPUM BEPOATHOCTEM

OTOT pasnen  CONEPKUT  IOJIHBIE  JOKAa3aTeJlbCTBA  BCEX
paccMaTpUBAEMBbIX YTBEPKICHUU.

CoObITHS U BeposiTHOCTH. VcX0HOE MOHATHE MPU MOCTPOSHUU
BEPOSITHOCTHBIX MoOjJeNied B 3a7adyax MPUHATHS PEIIEHHH — OIBIT
(ucnibiTanue). IlpuMepaMu ONBITOB SIBJISIIOTCS MPOBEpPKA KadyecTBa
€AMHUIIBI MPOAYKIIMH, OpocaHue TpeX MOHET HE3aBUCUMO JPYT OT JIpyra
U T.II.

IIepBeIi1 mar 1py NOCTPOCHUU BEPOSITHOCTHOU MOJEIU PEAIBHOTO
SBJICHUS WIH TIpoliecca — BbIIEIEHUE BO3MOXKHBIX UCXOJIOB OmbITa. Mx
Ha3bIBAIOT JJIEMEHTAPHBIMU COOBITUSAMHU. OOBIYHO CUMUTAIOT, YTO B
MEPBOM OINBITE BO3MOXKHBI JIBA UCX0J1a — «EIMHULIA IPOAYKIIUU TOTHASI»
U «eMHULIA NponyKuuu nedextHas». EcTecTBEHHO MPHUHATH, YTO MpPH
OpocaHuM MOHETHI OCYIIECTBIISIETCS OJHO M3 JABYX DSJIEMEHTAapHBIX
COOBITHII — «BbIMana perierka (mudpa)» u «Bbman repo». Takum
o0pa3oM, CiIy4au «MOHETa BCTajla Ha peOpo» WU «MOHETY HE YAaJlOCh
HAWTU» CUNTAEM HEBO3MOXKHBIMHU.

[Ipu OpocaHnu TpeX MOHET ANEMEHTAPHBIX COOBITHI 3HAYUTEIBHO
6ombiie. BoT ogHO U3 HUX — «1iepBasi MOHETA BblNaja repOoM, BTopas —
pElIeTKOM, TpeThsi — cHOBa repObom». Ilepeuncnum Bce 3liIeMEHTapHbIE
coObITHsI B 3TOM ombITe. i1 3TOro 0003HAaYMM BbINIaJieHUE repda
oykeoii I, a pemetkn — 6ykBoii P. Mmeercs 2°=8 sieMeHTapHBIX

coowrtuii: I'TT, I'TP, I'PT’, T'PP, PI'T, PI'P, PPI", PPP — B kaxxnoii Tpoiike
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CUMBOJIOB TIEPBBIM IMOKAa3bIBAET PE3yNbTAT OpOCaHUs NEPBOM MOJEIH,
BTOPOM — BTOPOM MOHETBI, TPETUN — TPETHEN MOHETBHI.

COBOKYITHOCTh BCEX BO3MOXHBIX HCXOJIOB ONBITa, T.€. BCEX
AIIEMEHTAPHBIX COOBITHI, Ha3bIBAETCS MPOCTPAHCTBOM SJIEMEHTAPHBIX
coObITHil. BHayane Mbl OrpaHUYMMCS MPOCTPAHCTBOM DJIEMEHTAPHBIX
COOBITH, COCTOSIIIIMM M3 KOHEYHOT'O YUCa JIEMEHTOB.

C mMareMaTHYECKOW TOYKH 3PEHHsI MIPOCTPAHCTBO (COBOKYITHOCTH)
BCEX 3JIEMEHTAPHBIX COOBITHH, BO3MOXKHBIX B OIBITE — 3TO HEKOTOPOE
MHO>KECTBO, a 3J€MEHTapHble COOBITUS — €ro aneMeHTbl. OJHAaKo B
TEOpUU BEPOSTHOCTEH MJi1 O0O3HAUEHHS HCIOJIb3YEMbIX MOHSATUH MO
TPaJULIUU UCIIOJIB3YIOTCS CBOU TEPMUHBI, OTIIMYAIOIIUECS OT TEPMUHOB
Teopun MHOXKecTB. B Tabn. 1 ycTaHOBIEHO COOTBETCTBUE MEXKIY

TCPMHUHOJIOTUYICCKUMU PAAAMHU ITHX IBYX MATCMATUUCCKHUX OUCHUITIIINH.

Tabnuua 1.

CooTBeTCTBHE TCPMHUHOB TCOPHUHU BCpOHTHOCTCﬁ U TCOPpUHU MHOKCCTB

Teopus BeposiTHOCTEHN Teopus MHOXeECTB

ITpocTpaHCTBO AIIEeMEHTAPHBIX COOBITHI MHOoKecTBO
DneMeHTapHOe COOBITHE DJIeMEHT 3TOr0 MHOXKECTBA
CobbITne IMogMHOXecTBO
JlocToBepHOe cOOBbITHE ITogMHOXECTBO, COBITA/IAIONIEE C MHOXKECTBOM
HeBo3moxxHOE coObITHE Iycroe moamuoxectBo AE

Cymma A+B cobbituii A u B O6bequuenne AU B

Ipouseenenue AB cobbiThii A U B Iepeceuenne Al B

CoObITHE, TPOTHBOIOIOKHOE 4 Jlononuenue A
CoObiTHs A 1 B HECOBMECTHBI Al B nycro

CobbiTust A u B coBMeCTHBI Al B ne nycro

Kak crnoxunuch aBa mapajiiedbHbIX TEPMUHOJOTHUUECKUX psija’?
OCHOBHbIC TIOHSITUS TEOPUM BEPOSITHOCTEH H €€ TEPMHUHOJIOTHS
chopmupoBanuck B XVII-XVIII BB. Teopuss MHOXKECTB BO3HHUKJIA B
koHile XIX B. HE3aBUCHMMO OT TEOPUU BEPOSTHOCTEH U TOJydHsIa
pacnpocTpaneHue B XX B.

[IpuHATHIE B HaACTOsAIIEE BpeMsl AKCUOMATHYECKUW TOAXOJ K

TEOpPUHU BEPOSITHOCTEH, paspabotanHbii akagemukom AH CCCP A.H.
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Konmoropoeeim  (1903-1987), nanm BO3MOXHOCTH pa3BUBATh ITY
IUCIHIUINHY Ha 0a3e TEOPUH MHOXKECTB U TEOPUH MEPbI. DTOT MOJIXO/T
MO3BOJIMJI pAacCMaTPUBATh TEOPHIO BEPOSITHOCTEH M MaTeMaTUYECKYIO
CTaTUCTUKY KakK dYacTh MaTEeMaTHUKH, MPOBOAHUTH PACCYXKICHUS Ha
MaTeMaTHYECKOM YPOBHE CTPOTOCTH. B dacTHocTH, OBUIO BBEICHO
YeTKOE pasiuvhe MEXKIy 4YacTOTOH W BEPOSTHOCTHIO, ClydaiiHas
BeJIMUMHA CTajla pacCMaTpUBAaThCd Kak (YHKIUS OT 3IIEMEHTapHOTO
UCX0/a, M T.J. 32 OCHOBY METOJOB CTaTHCTUYCCKOTO aHaIM3a JaHHBIX
CTaJl0 BO3MOXHBIM OpaTh BEPOSTHOCTHO-CTATUCTHUECKHE MOJEIH,
chopMynupOBaHHbIE B MaTeMaTHUYECKHX TEpMHHaxX. B pe3ynbrare
yIAIOCh YETKO OTICIUTh CTPOTHE YTBEPKACHUS OT OOCYKICHUS
buI0COPCKUX BOMPOCOB CIY4aHOCTH, MPEOAOJETh MOAXOA Ha OCHOBE
MOHATHS PAaBHOBO3MOXXHOCTH, MMECIOIINN OTPaHHMYEHHOE MPAKTHUECKOE
3HayeHne. Hanbonee cymecTBenHo, uto nocie pador A.H.Kommoroposa
HET HEOOXOMMOCTHU CBSI3BIBATH BEPOSTHOCTU TE€X WM MHBIX COOBITHIA C
npenenaMu 4acToT. Tak Ha3blBaeMble «CyOBEKTUBHBIE BEPOSTHOCTH
TIOJTYYHMIJTH CMBICIT SKCIIEPTHBIX OIICHOK BEPOSITHOCTEH.

ITocie Beixoma (B 1933 r. Ha HemelkoM si3bike ¥ B 1936 r. — Ha
pyccKoM) OcCHOBomoJararomieid Monorpaduu [4] akcHmoMaTHYeCKU
MOJXO0A K TEOPUH BEPOATHOCTEH CTal OOIICTIPHUHITHIM B HAyYHBIX
UCCIICIOBAaHUSIX B JTOW obOmactu. Bo MHOrom mepecTpomioch
npenogaBanne. [IOBBICHIICS HaydHBI YpOBEHb MHOTHX MPHKIATHBIX
pabor. OpHAaKO TpPAAMIMOHHBIA  TOAXOJ  OKa3alCsi JKUBYYHM.
PacnipocTpaneHs! ycTapeBIIue 1 BO MHOTOM HEBEPHBIE TIPEICTABICHUS O
TEOPUU BEPOSTHOCTEH M MareMaTH4eckoil crtaTucTtuke. [loaTomy B
HACTOSIICH T1aBe paccMaTpuUBaeM OCHOBHBIE TOHSTHS, MOAXOIbI, HIIEH,
METOJBI W pE3yNbTaThl B DJTHX OOJACTAX, HEOOXOAMMBIE IJs WX
KBaJTU(UITMPOBAHHOTO MPUMEHEHUS B 3aa4aX MPUHATHSI PEIICHU.

B nmocneBoennsie roasl A.H.Koamoropos ¢opmann3oBan noHaTHE
CIly4allHOCTH Ha OCHOBe Teopuu uHbpopmarmu [5]. ['pybo roBops,

YUCJIOBaAA ITIOCIICAOBATCIBbHOCTD ABJISICTCA cnyqaﬁHoﬁ, CCJIN €C HCIIb34
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3aMETHO CKaTh 0e3 morepu uHbopmanuu. OHAKO 3TOT NOAXO0 HE ObLI
npeaHa3HayeH [JIs MCHOJb30BaHUS B MPUKIAIHBIX paborax H
npenojgaBanuu. OH MpeacTaBiIsieT co00i BaXXHOE METOI0JIOTHYECKOE U
TEOPETUYECKOE MTPOBUKEHUE.

[lepeiineM K OCHOBHOMY IMOHSATHIO TEOPUU BEPOSITHOCTEH —
MOHATHIO BEPOSTHOCTH COOBITHSI. B  MeTomonorudyeckux TepMHUHAX
MOXXHO CKa3aTh, 4YTO BEpPOSITHOCTb COOBITUSI SIBISIETCS  MEpo
BO3MOXHOCTH OCYILECTBIEHUSI COOBITUS. B psife ciydaeB ecTeCTBEHHO
CUMTaTh, YTO BEPOSATHOCTH COOBITUS A — BTO YHUCIO, K KOTOPOMY
NpUOINKAETCS OTHOLIEHUE KOJIMYECTBA OCYIIECTBICHHN COOBITHS A K
00IIIeMy YHCITY BCEX OMBITOB (T.€. YaCTOTa OCYIICCTBICHHS COOBITUS A)
— [IPU YBEJIMYEHUU YUCIIA OIBITOB, MPOBOJAIIUXCS HE3ABUCUMO JPYT OT
apyra. HMHorna MOXXHO TMpejicKa3aTh 3TO YHUCIO M3 COOOpa)KeHUM
PaBHOBO3MOXKHOCTHU. Tak, Mpu OpOCAaHUM CHUMMETPUYHOU MOHETHI H
rep0, ¥ peueTka MMEIOT OJMHAKOBBIE IIIAHCHI OKa3aThCsl CBEPXY, a
UMeHHO, 1 maHc W3 2, a MOTOMY BEpOSITHOCTU BbINAJEHUSA repda u
pemeTky paBHbl 1/2.

OpxHako 3TUX cOOOpakKeHUM HEJOCTATOYHO ISl PA3BUTHUS TEOPUHU.
Merononoruueckoe OIpeAesieHHe He JaeT YMCICHHBIX 3HaueHuid. He
BCE BEPOATHOCTU MOXHO OILICHMBATh KakK Mpelesibl 4acTOT, U HESICHO,
CKOJIbKO ONBITOB Hajgo Oparb. Ha ocHOBe ujaen paBHOBO3MOKHOCTHU
MOKHO PELIUTh PAJl 3371a4, HO B OOJBIIMHCTBE MPAKTUYECKUX CUTYalUH
NpUMEHUTh €€ Henb3s. Hampumep, aiis  OLEHKH BEpOSITHOCTH
NeEeKTHOCTH  eauHUIBl  npoaykuuu. IloaTomy  mepeiinem K
ONpeJIeIeHUsIM B paMKax aKCHMOMaTH4YeCcKOro TMojaxoAa Ha 0ase
MaTeMaTHYECKOM Mozenu, npemioxennoit A.H.Koamoropossim (1933).

Onpeoenenue 1. Ilyctb kOHEUHOE MHOXECTBO W={w} sBiseTCs

IIPOCTPAHCTBOM AJIEMEHTAPHBIX  COOBITHIA, COOTBETCTBYIOIIUM
HEKOTOPOMY OmbITY. ITycTh KakamoMy wi W HOCTaBICHO B COOTBETCTBUE

HCOTPULATCIBHOC YUCJIO P(W) ) Ha3bIBaACMOC BCPOATHOCTBIO
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QJICMCHTAPHOT O COOBITHSA w, IIpudyceMm CyMMa BCpOHTHOCTeﬁ BCCX

AJIIEeMEHTAPHBIX COOBITUI paBHa 1, T.e.

aPw) =1 (1)

Wi W
Torma mapa {W,P}, cocTosmas W3 KOHEYHOIO MHOXecTBa W H
HEOTpULATENbHOM  QyHKUMM P, omnpeneneHHod Ha W H
yaoBieTBopstomielr  ycinoBuio (1), Ha3BIBACTCS  8EPOSMHOCHIHLIM
npocmpancmeom. BeposTHOCTh cOObITHSL A paBHA CyMM€ BEpPOSITHOCTEH

QJICMCHTAPHBIX CO6BITHﬁ, BXOJAINUX B A, T.C. OIIPCACIIACTCA pAaBCHCTBOM

P(A) =3 PWw). (2)

wl 4

CKOHCTpYMpOBaH MaTeMaTUYECKUH OOBEKT, OCHOBHOW TIpHU
MMOCTPOCHUU BEPOSITHOCTHBIX MoJieNiel. PaccMoTpuM mipuMeph.

Ilpumep 1. BpocaHui0 MOHETHI COOTBETCTBYET BEPOSTHOCTHOE
npoctpanctBo ¢ W = {I', P} u P(I') = P(P) = S; 3aech o6o3HayeHo: I' —
BhITIaN Tep0, P — BhINana pemnieTka.

IIpumep 2. TIpoBepke KadecTBa OJHOW €IMHHUIBI MPOAYKIUU (B
cutyauuu, onrucaHHo B pomane A.H.Tonctoro «XoxaeHue no Mykam»
- CM. BBIIII€) COOTBETCTBYET BEpOSATHOCTHOE mpocTpaHcTBo ¢ W ={B, I'}
u P(B) = 0,23, P(I') = 0,77; 3mecy ob6o3HaueHo: b - nedexrHas eaunuia
npoaykiuu, I' — rogHas eauHUIa MPOAYKIIUU; 3HAYEHUE BEPOSITHOCTH
0,23 B3s10 U3 cioB CTpyKoBa.

OtmetuM, 4to ompeaeieHue P(A) coriacyercss ¢ MHTYUTHBHBIM
MPEJCTaBICHUEM O CBS3U BEPOSTHOCTEH COOBITHS M BXOJAIIUX B HETO
AJIEMEHTAPHBIX COOBITHI, a TaKXKe C pPaclpOCTPaHEHHBIM MHEHHEM,
COTJIACHO KOTOPOMY «BEPOSATHOCTh cOObITUSI A — uucio or O mol,
KOTOPOE MPEJICTABISET COOOM MpeaesT 4acTOThl peain3aiuu coobITus A
IIPU HEOTPAaHWYEHHOM YHCIIC TTIOBTOPEHUH OJIHOTO M TOTO K€ KOMIUIEKCa
YCIIOBUI.

N3 omnpeneneHus: BEpPOSTHOCTH COOBITHS, CBOWCTB CHMBOJIA

CYMMHpOBaHHUs U paBeHCTBA (1) BBITCKAET, YTO
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a)P(W) =1, 6)P(&H) =0, 6)P(A+B)=P(A) +P(B)- P(AB). (3)

[Tpr TpakTUYECKOM NMPUMEHEHHHU BEPOSTHOCTHO-CTATHCTHUECKHUX
METOJIOB TPHHATHS PEIICHHA TIOCTOSHHO HCIIONIB3YETCS ITOHSATHE
He3aBUCUMOCTH. Hammpumep, npu MpUMEHEHUH CTaTUCTUICCKUX METOJIOB
yIIPaBICHUS KAauyeCTBOM TMPOIYKIMH TOBOPAT O  HE3aBUCHUMBIX
MU3MEPCHUSX 3HAYCHUH KOHTPOJIUPYEMBIX MapaMETPOB Yy BKIIOUCHHBIX B
BBIOOPKY CJMHHMI] MPOJYKIIMKM, O HE3aBUCHUMOCTH TOSBJICHUS JCPEKTOB
OJIHOTO BHJA OT TOSBJICHUS JEPEKTOB JAPYroro BHAa, W T.I.
He3aBucuMOCTh CiydalHBIX COOBITH TOHMMAETCS B BEPOSTHOCTHBIX
MOJICIISIX B CJICIYIONIEM CMBICIIE.

Onpeoenenue 2. CoObiTusi A 1 B Ha3pIBalOTCS HE3aBUCHUMBIMH,
eciu P(AB) = P(A) P(B).

DTO0 ompeneneHrue COOTBETCTBYET HHTYUTHUBHOMY ITPEICTABICHHIO
O HE3aBUCUMOCTH. OCYIIECTBJICHUEC WJIH HEOCYIIESCTBICHUE OHOTO
COOBITHS HE JOJDKHO BIMATH HAa OCYIISCTBJICHUE WM HEOCYIIECCTBICHUE
JPYToro.

Ymeepowcoenue 1. Tlycth cobwiTsi A u B He3aBucuMbl. Torma
COOBITUS A ¥ B HE3aBMCUMBI, COOLITUS 4 M B HE3aBUCHMEI, COOBITHS A
U B He3aBUCHMBI (31eCh A - COOBITHE, NPOTUBOIOIOXKHOE A, U B -
COOBITHE, TIPOTHBOIOJIOKHOE B).

Jle#icTBUTEIBHO, M3 CBOWCTBA B) B (3) ciieayer, 4To /I COOBITHIMA
C u D, mpoussenenue kotopeix mycto, P(C+D) = P(C) + P(D).
[MockonbKy nepeceuenne AB u A B mycTo, a 00beIUHEHUE €CTh B, TO
P(AB) + P(4 B) = P(B). Tak xak A u B ne3zaBucumsl, To P(4 B) = P(B)
- P(AB) = P(B) - P(A)P(B) = P(B)(1 - P(4)). 3ameTuM Temnepb, 4TO U3
coornomrenuii (1) u (2) cnenyer, uro P(4) = 1 — P(A4). 3uauut, P(4 B)
= P(4)P(B).

BeiBog paBenctBa P(AB) = P(A)P(B) orau4aercss OT

MPEBIAYIIETo JIUIIb 3aMeHOM Bclony 4 Ha B, a B Ha A.
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JIJIst TOKA3aTebCTBa HE3aBUCHMOCTH A W B BOCIIONIB3YEMCS TEM,
uto coObITUst AB, AB, AB, A B HEe UMEIOT TOMapHO OOIIUX 3JIEMEHTOB,
a B CyMME COCTaBJISIIOT BCE IMPOCTPAHCTBO AJIEMEHTapHBIX COOBITHH.
Cnenosarensno, P(AB) + P(4B) + P(AB) + P(4B) = L1
Bocnonp30BaBIINCh paHee MOKa3aHHBIMH COOTHOIICHUSMH, IOJIyYaeM,
uro P(4 B)= 1- P(4B) - P(B)(1 - P(4)) - P(A)(1 - P(B))= (1—-P(4))(1 —
P(B)) = P(4)P(B), uto u TpebOBaIOCh 10Ka3aTh.

Ilpumep 3. PaccMoTpuM OMBIT, COCTOSIIMA B OpocaHUU
UTPaJBbHOrO KyOMKa, Ha TpaHsSX KOTOPOro Hamucanel yucia 1, 2, 3, 4,
5,6. CunraeM, 4TO BCE TpaHH MMEIOT OJMHAKOBBIC MIAHCHI OKa3aThCs
HaBepxy. [locTporM COOTBETCTBYIOIIEE BEPOSTHOCTHOE MPOCTPAHCTBO.
[Tokakem, 4TO COOBITHSI «HABEPXy — TpaHb C YETHBIM HOMEPOM» U
«HaBepXy — TpaHb C UHCJIOM, JeNSIIAMCA Ha 3» SBISIOTCS
HE3aBUCHUMBIMH.

Paszbop npumepa. 1IpocTpaHCTBO DJIEMEHTApPHBIX HCXOOB
COCTOHT M3 6 AIIEMEHTOB: «HaBepXy — I'paHb ¢ 1», «HaBepXy — I'paHb C
2»,..., «HaBepXy — rpaHb ¢ 6». CoObITHE «HAaBEpXy — IPaHb C YETHBHIM
HOMEpPOM>» COCTOUT W3 TPEX JIEMEHTAPHBIX COOBITUI — KOTZla HaBepXYy
okaspiBaercs 2, 4 win 6. CoObITHEe «HaBepXy — rpaHb C YHUCIOM,
ACNAIUMCST Ha 3» COCTOUT M3 JBYX JJIEMEHTapHBIX COOBITHI — KOTJa
HaBepxy oOkasbiBaeTcsi 3 wim 6. Ilockoiabky Bce TpaHH HUMEIOT
OJIMHAKOBBIC IIIAHCHI OKA3aThCsl HABEPXY, TO BCE DIIEMEHTAPHBIE COOBITHS
JOJDKHBI UMETHh OJIMHAKOBYIO BEpOSITHOCTH. [lockonbKy Becero umeercs 6
DIIEMEHTAPHBIX COOBITHM, TO KaXI0¢ U3 HUX UMeeT BeposiTHoCTh 1/6. T1o
ornpeaeneHNio 1coOpITHE «HABEPXY — I'PaHb C YETHHIM HOMEPOM» UMEET
BEPOSTHOCTH S, a COOBITHE KHABEPXY — I'PAaHb C YHCIIOM, JCISAIINMCS Ha
3» - BepostHocTh 1/3. [Ipou3sBecHnEe STHX COOBITUH COCTOUT U3 OJHOTO
DJIEMEHTapHOTO COOBITHS «HaBepXy — TpaHb ¢ 6», a MOTOMy HMeeT
BeposiTHOCTh 1/6. IMockombky 1/6 = S x 1/3, To paccmaTpuBacmbie
COOBITHSI SIBJISIFOTCSI HE3aBUCHUMBIMH B COOTBETCTBHUU C OTpEICIICHUEM

HC3aBUCHUMOCTHU.
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B BEpOATHOCTHBIX MOZENAX MNPOUEAYpP HNPUHATUS PELUICHUUN C
MTOMOIIIBIO TIOHSTHS HE3aBUCHUMOCTH COOBITHI MOKHO MPUIATh TOYHBIN
CMBICJI TIOHSTHUIO «HE3aBUCUMBIE MCHBITaHUA». J[JIs1 3TOro paccMoTpum
CJIOXKHBIM OIBIT, COCTOSIIMA B MPOBEICHUU ABYX HCHBITAHUU. OTH
WCIIBITAHMS HA3BIBAIOTCS HE3aBHCHUMBIMM, €CJIH JIFOOBIE J1BA COOBITUS A U
B, u3 KOTOpBIX A ompeAensieTcs Mo UCXO0y MEPBOTO UCIBITaHUs, a B —
10 UCXOy BTOPOTO, ABJISIOTCS HE3ABUCUMBIMH.

Llpumep 4, OmmiieM BEPOSATHOCTHOE MIPOCTPAHCTBO,
COOTBETCTBYIOIIIEE OPOCAHUIO IBYX MOHET HE3aBUCUMO APYT OT JApyTa.

Pazoop npumepa. TIpocTpaHCTBO dJIEMEHTApPHBIX COOBITHI
cocrout u3 4yeThipex anementoB: I'T', I'P, PI", PP (3amuch I'T o3Hauaer,
YTO MepBasi MOHETA BhIMNaia repOoM U BTOpas — Toxke repoom; 3anuch PI
— mepBasi — PeIIeTKoM, a BTopas — repoom, u T.1.). [IoCKOIbKY COOBITHS
«repBasgs MOHETa BbINIAJIA PELMICTKOW» W «BTOpas MOHETa BbIAJIA
repOoM» SIBISIOTCS. HE3aBUCHMBIMHU T10 OINPEIEICHUIO HE3aBHUCUMBIX
WCTIBITAHUW Y BEPOATHOCTh Ka)JOro0 M3 HUX paBHA S, TO BEPOSITHOCTH
PI" paBHa j. AHAIOTMYHO BEPOSTHOCTh KaXJAOTO U3 OCTaJIbHBIX
AJIIEMEHTAPHBIX COOBITUI TAK)KE PaBHA j.

llpumep 5. OmmiieM BEPOSATHOCTHOE MPOCTPAHCTBO,
COOTBETCTBYIOIIEE IMPOBEPKE KadyecTBa [JBYX CIWHUI MPOIYKUIHU
HE3aBHUCHUMO JIPYT OT JApYra, €CJIu BepOSTHOCTh Ae(HEKTHOCTH paBHA X.

Pazoop npumepa. TIpocTpaHCTBO dJIE€MEHTApPHBIX COOBITHI
COCTOHUT U3 YETHIPEX IJIEMEHTOB!

w, - 00€ eIMHUILIBI TPOTYKIIUH TOJTHHI,

w, - IepBas eMHUIIAa IPOAYKIIUU T'OJIHA, a BTOpast — Ne(PeKTHa;

W, - TIepBasi eAMHUIA TPOAYKIMHU AedEeKTHA, a BTOpasi — FOJIHA,;

w, - 00€ eUHUIIBI TPOIYKIINH SBIISIOTCS Je(PEKTHBIMH.

BCpOHTHOCTB TOro, 4YTOo CIAWHHUIA IIPOAYKIHUH IIC(l)CKTHa, CCThb X, a
IMIOTOMY BCPOATHOCTHL TOI'0, 4YTO HMCCT MCCTO IIPOTHBOIIOJIOKHOC

CO6BITI/IC, T.C. CAHMHHIA MNPOAYKIHWHU TIOJHA, CCTb 1 - x HOCKOJIBKy
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pe3yNibTaT MPOBEPKU MEPBOM EAMHUIBI MPOAYKUMHW HE 3aBUCHT OT
TaKOBOI'O TSt BTOPOH, TO
P(w,) =(1- x)*, P(W,) = Pw,) =x(1- ), Pw,)=x".

CaydaiiHble BeJIMYMHBI M MX MaTeMATHYeCKHE OKHIAHMA.
CnyualiHasg BeITMYMHA — 3TO BEJIMYMHA, 3HAYEHUE KOTOPOUM 3aBUCHUT OT
ciiydasi, T.€. OT JIEeMEHTapHOTO coObITUA W . Takum oOpa3oMm, ciryyaiiHas
BeIMYMHA — 3TO (YHKUUSA, OIpeAeNieHHas Ha MPOCTPAHCTBE
JJIEMEHTapHbIX  coObiTUE  W. IlpuMepsl  ciydaliHBIX  BEJIMYUH:
KOJMYECTBO TrepOOB, BBINABUIMX NPU HE3aBUCUMOM OpOCaHHU JABYX
MOHET; YHCJIO, BbIMaBIIee HA BEPXHEN I'paHU UTPATIbHOTO KyOHMKa; YUCIIO
Ae(PEKTHBIX eIUHUI] TPOAYKIIUU CPEI TPOBEPECHHBIX.

Onpenenenue ciy4yailHoi BeduyuHbl X Kak (QYHKIHH OT
AJIEMEHTApPHOTO COOBITUA W, T.e. GyHKIMH X :W® H , oToOpaxkarorieit
MPOCTPAHCTBO JIEMEHTAPHBIX COOBITUI W B HEKOTOPOE MHOKECTBO H,
Ka3ajoch Obl, CONEPKUT B ceOe mpotuBopeuyre. O 4yem HAET pedb — O
BeJMunHe Wi o GyHKIuu? J{eno B ToM, 4To HaOI0MaeTCsl BCET/1a JIUIITh
T.H. «peaju3anusi ClIy4yallHOM BEJMYMHBI», T.€. €€ 3Ha4YeHHeE,
COOTBETCTBYIOIIlEE HMMEHHO TOMY OJJIEMEHTapHOMY HCXOJly OIbITa
(rIeMeHTapHOMY COOBITHIO), KOTOPOE OCYIIECTBHIIOCH B KOHKPETHOM
peanbHOM cuTyauuu. T.e. HaOMOAaeTcss HMMEHHO <«BEJIMYHUHA». A
(GyHKUIMSA OT 3JI€MEHTapHOTO COOBITHS — 3TO TEOPETUYECKOE IMOHSTHE,
OCHOBa BEPOSITHOCTHOM MOJIEJIA PEANIbHOIO SIBJICHHS WU MIpoliecca.

OtmeTuM, 4to 35ieMeHThl H — 3T0 He 00s3arenbHo uucia. Mmu
MOTYT OBITh U TOCJICAOBATSILHOCTH 4KceN (BEeKTOpa), U (YHKIUHU, U
MaTreMaTuyeckue OOBEKThl MHOM MPUPOJIbl, B YACTHOCTH, HEUUCIOBOU
(yrmopsimoueHus: U Ipyrue OWHApHBIC OTHOILICHHS, MHOKECTBA, HCUCTKHE
MHOKecTBa W Ap.) [2]. Omnako Hamboyiee 4YacTO paccMaTPUBAIOTCS
BEPOSTHOCTHBIC MOJICIH, B KOTOPBIX dleMenThl H — uncna, T.e. H = R

B nHBIX ciIydadax OOBIYHO HCIIOJB3YIOT TCPMUHDBI «CJIY‘I&ﬁHBIﬁ BCKTOP>»,
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«CIIy4aliHO€ MHOXECTBO», «CIy4anHOE YIOPSAOYECHUE», «CIIydYalHbIN
AIEMEHT» U JP.

PaccmoTpuM  ciydaiiHyr0 BEIWYMHY C YMCIOBBIMU 3HAYECHHSIMU.
YacTo oka3bIBaeTCsl IMOJE3HBIM CBSI3aTh C ATOM (DYHKIMEHW YUCIO — €€
«CpellHEE€ 3HAY€HHWE» WM, KaK TOBOPAT, «CPEAHIOK BEIUYUHY,
«TI0Ka3aTellb LEHTPAIBbHOW TeHAeHIuu». 1lo psay mpuyuH, HEKOTOpPBIE
U3 KOTOPBIX OyAyT SCHBI W3 JalbHEMIEro, B KadyeCTBE <«CPEIHErO
3HAYEHUA» OOBIYHO UCIOJIB3YIOT MaTEMAaTHYECKOE OXKUAHUE.

Onpeodenenue 3. MaTemMaTHYeCKUM OXUJAHUEM CIydyalHOU
BEJINYMHBI X HA3bIBAETCS YUCIIO

M(X) =8 Xw)PWw), (4)

wi W
T.€. MAaT€MaTH4YECKOE OXKHUJIAHUE CIIYYaMHOW BEJIWYHMHBI — OTO
B3BELICHHAss CyMMa 3HAYCHUW CIIyYalHOW BEJIWYMHBI C BECaMH,
PaBHBIMH BEPOSITHOCTSIM COOTBETCTBYIOITUX 3JIEMEHTAPHBIX COOBITHIA.

Ilpumep 6. BplYMCIMM MaTEMaTHUYECKOE OXKUJAHHE YHCIIa,
BBITIABIIIETO HA BEPXHEW I'paHW UrpabHOTO KyOmka. HemocpencTBeHHO
U3 omnpeeneHus 3 CIeayeT, 4To

M(X)=1 1+2’ 1+3’ 1+4’ 1+5’ l+6’ 1
6 6 6 6 6 6

1+2+3+4+5+6 _21

=35.
6 6

Ymeepowcoenue 2. Ilyctb cnyuaiinas BenuunHa X NpUHUMAET

3HAYEHUS X1, X2,..., Xm. 1 OT1a CIIPABEJIMBO PABEHCTBO

M(X)= & xP(X=x), (5)

1E£i£m
T.. MaTEeMaTUYECKOE OKHMIAHUE CIYy4YallHOM BEJIWYUHBI — 3TO
B3BCIICHHAs CyMMa 3HAQY€HUW CIy4yalHOW BEJIMYMHBI C BECaMH,
PaBHBIMH BEpPOSITHOCTSAM TOTO, YTO CJydailHas BEIMYHMHA MPUHUMAET
ONpEIEJICHHBIC 3HAYCHUS.
B ommmume ot (4), rHE CYMMHPOBAaHHUE MPOBOIUTCS
HEIMOCPEJICTBEHHO IO 3JIEMEHTAPHBIM COOBITUSAM, CIy4allHOE COOBITHE

{X=x}={w:X(W)=%x} MOXET COCTOATH U3 HECKOJIBKUX JJIEMEHTAPHBIX

COOBITHUH.
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Wuorma cootHomieHue (5) NPUHUMAIOT Kak —OIpeaeICHHE
MaTeMaTHYECKOro oxuaanus. OIHAKO C MOMOIIBIO ONpPeACICHUs 3, KaK
MOKa3aHo jaiiee, 0oyee JISTKO YCTAHOBUTH CBOWCTBA MATEMAaTHYECKOT'O
OXHJaHUsl, HYXHbBIC JUJII TOCTPOCHUS BEPOSTHOCTHBIX MOJeNIeH
pEaNbHBIX SBJICHHM, Y€M C MIOMOIIBIO COOTHOIICHUS (5).

Jlns nokasarenbcTBa cooTHomeHus (5) crpynmnupyem B (4) dieHbI
C OJIMHAKOBBIMHU 3HAYCHUSIMH CIyYailiHON BETUUMHBI X (W)

o & o 0
M(X)=a & a XW)PW)z
1£i£m B X (W)=X ]
[ToCKOJBKY MOCTOSIHHBIN MHOXHTEIh MOXHO BBIHECTH 32 3HaK CYMMBI,

TO

a Xw)Pw)= & xPWw)=x g Pw).

w:X (W)=X; w:X (W)=X; wiX (W)=x%
[To onpeneneHnio BEpOSTHOCTH COOBITHS

& PWw)=P(X =x).

WX (W)=
C mOMOIIBIO IBYX MOCJICHUX COOTHOIICHUH TOyYaeM Tpedyemoe:
MOO= & &% & PWI= & (xP(X=x)
EEM@ WX (W)=x @ 1£iEm

[ToHsATHE MAaTEMAaTHYECKOIO  OXKHAAHHS B  BEPOSTHOCTHO-
CTaTUCTHYECKOH TEOPHH COOTBETCTBYET IOHATHIO LEHTPA TSHKECTH B
MexaHuKe. IIoMeCTHM B TOYKH X1, X2,..., Xm Ha YHCIOBOH OCH MaccChl
P(X=x1), P(X=Xp),..., P(X=Xy) cootrBercTBenHo. Torma paBenctBo (5)
MIOKa3bIBACT, YTO LEHTP TSHKECTH OTOH CHCTEMBI MAaTEPHAIBHBIX TOYEK
COBIIQJIaeT C MATEMAaTHYECKMM OXKHIAHMEM, YTO IIOKa3bIBACT
€CTECTBEHHOCTh OIpEeACICHHS 3.

Ymeepowcoenue 3. Ilycts X — cnydaiinas BenuuwmHa, M(X) — ee
MaTeMaTHYECKOE OXHIaHue, a — HEKOTopoe uncio. Torma
1) M(a)=a; 2) M(X-M(X))=0; 3) M[ (X-2)’]=M[(X-M(X))’] + (&-M(X))".

JIist JoKa3arebCcTBa PACCMOTPUM CHAYaja CIyYaiHYI0 BEJIUYHHY,

ABJIAIONIYIOCS TOCTOSIHHOM, X(W)=a, T.e. pyHKuua X(w) oroOpaxaeT
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MIPOCTPAHCTBO AJIEMEHTAPHBIX COOBITMH W B €JUHCTBEHHYIO TOUKY d.
IToCKONBKY MOCTOSIHHBI MHOKHUTENb MOKHO BBIHOCUTH 33 3HAK CyMMBI,
TO

M(X)=§ aPWw)=ad Pw)=a.

Wl W W W

Ecnu kakaplil 4ieH cyMMbl pa30MBaeTCs Ha JBa CllaraeMbIX, TO U
BCS CyMMa pa30MBacTCs Ha JBE CYMMBbI, U3 KOTOPBIX IIEpBasi COCTaBlIcHA
U3 TMEpBBIX CjlaraeMbiX, a BTOpas — H3 BTOpbiX. Cleq0BaTeIbHO,
MaTEeMaTHYECKOE OXHJIaHUE CYMMBI JIBYX CIydYalHBIX BEIMYUH X+ V),
OINpE/CICHHBIX Ha OJHOM M TOM € IIPOCTPAHCTBE 3JIEMEHTAPHBIX
COOBITHH, paBHO CyMMe MaTeMaThueckux oxkumanuii M(X) u M(V) satux
CIIy4alHBIX BEIIMYUH:

MX+Y) = M(X) + M(Y).

A moromy M(X-M(X)) = M(X) - M(M(X)). Kak moka3aHo BHIIIIE,
M(M(X)) = M(X). CnenoBatensuo, M(X-M(X)) = M(X) - M(X) = 0.

ockonbky (X - ) = {(X = M(X)) + (M(X) - a)}* = (X - M(X))* +
2(X - MOY)Y(M(X) - @) + (M(X) —a)*, To M[(X - a)’] =M(X - M(X))* +
M{2(X - MOX))M(X) - a)} +M[(M(X) — a)]]. Vopoctum mocieatee
paBeHCcTBO. Kak moka3aHO B Hayalie JOKa3aTeabCTBa YTBEPKIACHHS 3,
MaTeMaTHYECKOE 0XKHUIaHNEe KOHCTAHTHI — caMa 3Ta KOHCTAHTa, a IIOTOMY
M[(M(X) — @)% = (M(X) — a)°. [TocKOIbKY TOCTOSHHBIH MHOKUTEIIb
MOJKHO BBIHOCHTH 3a 3Hak cymmbl, To M{2(X - M(X))(M(X) - a)} =
2(M(X) - a)M(X - M(X)). IIpaBast yacTh mociaeaHero paBencrna pasua 0,
MOCKOJIbKY, Kak moka3aHo Bbiie, M(X-M(X))=0. CnenoBarensno, M[ (X-
a)?]=M[ (X-M(X))] + (a-M(X))?, 4t0 1 TpeGoBAIOCH HOKA3aTh.

U3 ckasaHHOTO BbITeKaet, uto M| (X-a)°] mocTrraetr MEHEMYMa IO
a, pasaoro M[ (X-M(X))?], mpu a = M(X), MOCKOIBKY BTOPOE C1araeMoe
B paBeHCTBe 3) Bcerjga HeoTpHIareabHo W paBHO O TOJIBKO TpHU

YKa3aHHOM 3HA4YCHUHU A.
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Ymeepowcoenue 4. Ilyctb cinyuaiiHas BenuunHa X NpUHUMAET
3HAYEHUS X1, X2,..., Xm, & T — HEKOTOpas (1)YHKI_II/I$I YHCJI0BOI'0 apryMeHTa.
Torna

MLf(X)]= & f(x)P(X =x).

1£iEm

JIiis moKa3aTeNIbCTBA CIPYIIUPYEM B ITPaBOM yacTH paBeHCTBa (4),
OTIPEJICIISIFONIETO MaTeMaTHYECKOE OKHUJIAHHUE, YICHBI C OJWHAKOBBIMU
3HAYCHUAMUA X (W) !

o & o 0
MIF(X)]= & § & F(XW)PW)Z
1£iEm G (w)=x 1)
[Tonb3ysICh TEM, YTO MOCTOSHHBIN MHOYKHTEIb MOXHO BEIHOCHUTD 3a 3HAK
CYMMBbI, M OIpEJCICHUEM BEPOSATHOCTH cliydaiiHoro coObitus (2),
MoJIy4aem
o & o O o
MIf(X)]=a &f(x) aPW)zi=a f(x)P(X=x),
1£iEm WX (W)=X g 1EEm
9TO ¥ TpeOOBaIOCH JOKA3aTh.

Ymeepowcoenue 5. Ilycte X m YV — cnydailHble BETUYMHBI,
ONpeJICICHHBIC Ha OJHOM W TOM JK€ IPOCTPAHCTBE 3JIEMEHTAPHBIX
coObITHi, a u b — Hekoropeie yncna. Torma M(aX+bY)=aM(X)+bM(Y).

C TOMONIBIO OMNPEACIICHUS MaTEMaTUYCCKOTO OXHIAHHUS U
CBOMCTB CUMBOJIa CYMMHPOBAHUS MTOJTydacM IEMOYKY PaBEHCTB:

aM (X)+bM (Y) =ag X(w)PWw)+bQ YW)P(w) =
Wi W Wi W
= 4 (X (W) +bYW))P(w) = M (aX +bY).
Wi W
TpebGyemoe nokaszaHo.

BeImie mokazaHo, KaK 3aBHCHT MaT€MaTHYECKOE OXKHIaHUE OT
nepexojaa K IpyromMy Hadajay OTcueTa W K JPYrod €IMHHIIC U3MEPEHUS
(mepexon Y=aX+bh), a Takke K (YHKIHMSIM OT CIy4alHBIX BEJIHYHUH.
[TomydyeHHBIE pe3yJabTaThl IOCTOSHHO WCIOJB3YIOTCS B  TEXHUKO-
DKOHOMHYECKOM aHall3e, IpPH OIEHKE (HUHAHCOBO-XO3IUCTBCHHOM
JEATEIBPHOCTH MPEANIPHUATHS, TIPH TIEPEX0E OT OJHON BATIOTHI K IPYTOM

BO BHCIIHCOKOHOMHYCCKHUX pPACUCTAX, B HOpMaTHBHO-TCXHquCKOﬁ
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JTOKYMEHTAallMK H JAp. PaccMarpuBaeMble pe3ylbTaThl IMO3BOJISIOT
NPUMEHATh OJHM W T€ JK€ pacueTHble (OPMYJBI MPU PA3ITHYHBIX
napaMeTrpax maciiraba ¥ cJIBUra.

He3aBucumMocTh ciOy4YailHBIX BeJMYHMH — OJHO K3 0a30BBIX
MOHATHH TEOPHUH BEPOSITHOCTEH, JIC)KAI[ee B OCHOBE MPAKTHUECKHUX BCEX
BEPOSTHOCTHO-CTATUCTUYCCKUX METO/IOB MPUHSATHUS PEIICHHIA.

Onpeoenenue 4. Cnydaiinple BeTMUUHbI X U VY, onpe/eieHHbIe Ha
OJTHOM U TOM K€ IPOCTPAHCTBE JCMCHTAPHBIX COOBITHI, HA3bIBAIOTCS
HE3aBUCHUMBIMH, €CJIM JUIS JIOOBIX Ynced a U D He3aBUCHMBI COOBITHS
{X=a} u{Y=Db}.

Ymeepocoenue 6. FEcnum cnyuyaiinple BenmuuuHel X u YV
HE3aBHCHUMBI, @ U b — HekoTophIe YKca, TO clydaliHble BEIMUMHBI X+a
u Y+b Taxke He3aBUCHMBI.

JlewictButenbHo, coObiTust {X+a=c} u {Y+b=d} coBmagaior ¢
coopitusiMu  {X=c-a} u {Y=d-b} coorBeTcTBEeHHO, a mMOTOMY
HE3aBUCHMBI.

Ilpumep 7. CnaydyaiiHble BEIUYHMHBI, ONPEACICHHBIC IO
pe3yabTaTaM — pa3IMYHBIX  HCHBITAHUH B CXEME  HE3aBHCHMBIX
UCIBITAHUH, CaMH HE3aBUCUMBI. JTO BBITEKACT U3 TOrO, YTO COOBITHS, C
MIOMOIIIbIO KOTOPBIX ONPEACIISICTCS HE3aBUCUMOCTD CITYYaiHbIX BEJIUYHH,
ONPEACIAIOTCA 10 Ppe3yibTaTaM pa3jIMYHbIX HCIBITAHHH, a MOTOMY
HE3aBHCHMBI 10 OIPEICACHUIO HE3aBUCUMBbIX UCTIBITAHHIA.

B BepOSITHOCTHO-CTATHCTHYCCKUX METOJaX HMPHHATHS PEIICHHM
MOCTOSTHHO ~ MCIOJB3yeTCs  cleAytomuii  ¢akt: ecomu X um YV —
He3aBucHuMble ciydaiiabie  Beauuubbl, f(X) m g(Y) — cayugaitHbie
BEJIMYMHBI, MOTYYCHHBIC U3 X U ¥ C MOMOIIBI0 HEKOTOPhIX QyHKIwMiA f 1
g, o f(X) u g(Y) — Taxke He3aBHUCHUMbBIC CIIy4alHbIC BEIUYHHBEI.
Hanpumep, ecnu X u V HezaBucumel, 10 X? 1 2V+3 He3aBHCHMBI, logX u
logy nesaBucuMbl. J[oka3aTeabCcTBO paccMaTpuBaeMoOro ¢akra — Tema

OIIHOﬁ N3 KOHTPOJBHBIX 3a/1a4 B KOHIIC I'JIaBHI.
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[TonaBnsitoriee  OOJBITUHCTBO  BEPOATHOCTHO-CTATHCTUYECKHX
MOJIeJIeH, HCIOJIb3YEMbIX Ha MPAKTHUKE, OCHOBBIBAETCS HA IOHITUU
HE3aBUCHUMBIX CIIY4alWHBIX BEJIMYMH. Tak, pe3ynbTaThl HaOJIOJICHMIA,
W3MEPEHUM, HUCIBITAHUM, aHAJINU30B, OMBITOB OOBIYHO MOJEIUPYIOTCS
HE3aBUCHUMbBIMHU CIy4alHBIMM BeJIWUYMHAMHM. YacTo CUMTAIOT, YTO
HaOJIIOJICHUs] TIPOBOJATCSI COTJIACHO CXEME HE3aBHCUMBIX HCTIBITAHUI.
Hanpumep, pesynpTaTthl (HUHAHCOBO-XO3SIMCTBEHHOW JIESITEIIBHOCTH
NPEINPHUITHH, BBIpaOOTKa pabd04yuX, pe3ysbTaThl (HaHHBIC) M3MEPECHUN
KOHTPOJIMPYEMOI'0 TlapameTpa y U3JIeNIuid, OTOOpaHHBIX B BBIOOPKY TPHU
CTaTUCTUYECKOM PETYJIMPOBAHUU TEXHOJOTHYECKOrO MPOLECCa, OTBETHI
noTpeduTeNie Nmpu MapKETHHTOBOM OINPOCE W APYrHe€ THUIBI JAHHBIX,
WCIIOJIB3YEMBIX TIPU MIPUHSATHH PEIICHUH, OOBIYHO pacCMaTPUBAIOTCS KaK
HE3aBUCHUMBbIC CITy4allHbI€ BEJIMYMHBI, BEKTOpa WK 3JeMeHTHI. [IprnunHa
TaKOW TOMYJISAPHOCTH TOHATUS HE3aBUCHUMOCTU CIIYYaWHBIX BEJIWYUH
COCTOMT B TOM, YTO K HACTOSIIEMY BPEMEHHU TEOpHUs MPOJBUHYTA
CYIIECTBEHHO AajibllIe sl HE3aBUCUMBIX CIyYallHbIX BEJIWYWH, YEM JIJIS
3aBUCHUMBIX.

Yacto wuCHoJb3yeTcsl CIEAYIONIEE CBOMCTBO  HE3aBUCHUMBIX
CIy4aWHBIX BEJIIMYUH.

Ymeepowcoenue 7. Ecnu cnydaitHpie BenuuuHel X u YV
HE3aBUCHMBbI, TO MAaTEMATUYECKOE OXKUJIAHWE MPOU3BEACHUS XY pPaBHO
MPOU3BEACHUIO  MaTeMaTUYeCKUuX  oxumanun X wu VYV, T.e.
MXY)=MX)M(Y).

Jlokazamenvcmeo. 1lyctb X TpUHUMAET 3HAYEHUSA X1, X2,..., Xm, B
TO BpeMs Kak YV NpUHMMAET 3HAYCHUS V1, V2,..., Vk. CrpyNnmupyem B
sagatomieit M(XY) cymme uieHbl, B KOTOpbIX X H YV NPUHUMAIOT
(hUKCUpPOBAaHHbBIC 3HAUCHUS !

o] % o] O
M(XY)= a & aXwywPpw): (6)
IEIEM,IE JEK EW:X (W)=X, Y W)=y, g
[TockonbKy TMOCTOSHHBIA MHOHUTEJIb MOKHO BBIHECTH 32 3HAK CYMMBbI,

TO
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a Xw)YW)Pw)=xy,  a Pw).

wiX (W)=x;,Y (W)=Y wiX (W)=x;,Y (W)=Y
W3 mocieaHero paBeHCTBA W ONPEACICHUS BEPOSITHOCTH COOBITHS
3aKJTII04aeM, 4TO PaBeHCTBO (6) MOXHO mpeoOpa3oBaTh K BUIY

M(XY)= @ xyP(X=x,Y=y)).

1EiEm,1£ £k
Tak xak X u V wHesaBucumel, T0 P(X=x,Y=y,)=P(X=x)P(Y=y,).

Bocnonp30BaBImIUCh  ATUM PaBCHCTBOM u CBOMCTBOM CHUMBOJIa

CYMMI/IpOBaHI/IH
o Lo (02 0
a Cidj =ca Ciga dj

1£i£m,1£ £k E1£iEm £ j £k

QL0

3aKJII04YacM, 4TO
® aee 0
M(XY)=¢ca xP(X=x)%a y,PY=y)Z
CLEi£m 1€ £k 4]

(7)
13 pasenctBa (5) cieayer, 94TO MEpBBIA COMHOXKHUTENIb B MPABOM 4acTh
(7) ectb M(X), a BTOpoii — M(V), 4o u TpeOOBAIOCH T0KA3aTh.

Ilpumep 8. TlocTpoum mpumep, IOKa3bIBAIONIUN, YTO W3
paBercTBa M(XY)=M(X)M(V) He cineayeT HE3aBHCHMOCTH CIIy4alHbIX

BesmurMH X U V. IlycTh BEpOATHOCTHOE MPOCTPAHCTBO COCTOUT U3 TPEX

PaBHOBEPOSITHBIX DJIEMEHTOB W,,W,,W,. [TycTh
X(w,)=1X(Ww,)=0,XWw,;)=-1LY(Ww,)=Y(Ww,)=1Y(w,)=0.

Torma XV = X, M(X) = M(XV) = 0, cnemoBarensno, M(XY) =

MX)M(V). Ognako npu stom P(X=0) = P(V=0) = P(X=0, V=0) =

P(w,)=1/3, B To BpeMs kak BeposTHOCTh coObiTust { X=0, Y=0} B ciyuae

1.1 1
HE3aBUCUMBIX X U Y JIOJDKHA OblJIa paBHATBCSA ~ = = 5

He3zaBucHUMOCTh HECKOJNBKHMX cCiydalWHbIX BenuuuH X, Y, Z,...
O3HayaeT MO OMNPEACJICHUIO, YTO MJsi JIOBIX uucen X, Y, Z...
CIIpaBeIJIUBO PABEHCTBO

P(X=x, Y=y, Z=2,...) = P(X=X) P(Y=y) P(Z=2)...
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Hampumep, eciu ciaydaiiHbIE BEIMYMHBI ONPEACIISIOTCS 10 pe3yJbTraTaM
pa3IMYHBIX MCIBITAHHA B CXEME HE3aBUCHUMBIX HCIIBITAHHHA, TO OHHU
HE3aBUCHMBI.

JAucnepcus CJIy4alHOH BE€JIMYUHBI. Maremaruueckoe
OKUJIaHHE TIOKA3bIBACT, BOKPYT KAKOH TOYKH I'PYNIHPYIOTCS 3HAYCHUS
cllydaliHOW  BenuuMHBL. HeoOXxommmMo  Takke yMeThb H3MEPHUTh
W3MEHYMBOCTh CIIYYalHON BEJIIMYMHBI OTHOCHTEIHLHO MATEeMAaTHUECKOIO
oxunanms. Beie nmokasano, uto M[(X-a)’] mocTrraer MHHHMYyMa 10 @
npu a = M(X). Iloatomy 3a mokaszateib HM3MEHUYHMBOCTH CIyYalHOU
BEJIMYHHBI 6CTECTBEHHO B3sTh HMeHHO M[ (X-M(X))7] .

Onpeoenenue 5. Jluctiepcueid  ciydyalHOW  BeIWMYMHBI X
HA3BIBAETCSA YUCIIO S * =D(X)=M[(X - M(X))?].

YCTaHOBUM s CBOMCTB JUCIIEPCUH CIydalHOW BEJIMYHHBI,
MIOCTOSTHHO HCIIOJIb3YEMbIX B BEPOSTHOCTHO-CTATHCTUYCCKUX METOAaX
HNPUHSATHS PEIICHUH.

Vmeepowcoenue 8. Ilycts X — cnydvaiiHass BeiawuuHa, @ U b —
HekoTopble uncia, Y = aX + b. Torxa D(Y) = aD(X).

Kak cneayer u3 yrBepxkaenuii 3 u 5, M(Y) = aM(X) + b.
Cnenosarensro, D(Y) =M[(Y - M(Y))] = M[(@X + b - aM(X) - b)q] =

M[a®(X - M(X))]]. IIockoIbKy IOCTOSHHBII MHOXHTEIb MOXHO
BBIHOCHTB 3a 3HaK cymmsl, To M[a%(X - M(X))?] = & M[(X - M(X))]] =
a’ D(X).

YTBepkAeHHEe 8 TMOKa3bIBae€T, B YACTHOCTH, KaK MEHSETCS
TUCTIEpCUs pe3yibTaTa HaOMIOCHUH MPU M3MEHEHUH Hayalla OTCYeTa U
enuHUIbl u3MepeHusi. OHO JaeT MpaBHIO MPEOoOpPa30BaHMUS PACUETHBIX
dbopMyn TpH TepexoAe K APYTUM 3HAUCHHUSM MapaMeTpoB CIBHTa U
Mmacumiraoa.

Ymeepowcoenue 9. FEcmm cnyuaiinple BenmuuuHel X u YV
HE3aBUCHMBI, TO JUCTIEPCUSI UX CYMMBI X+ YV paBHa cyMMe TUCTIEPCHUIA:
D(X+Y) = D(X) + D(V).

I[JIH A0Ka3aTCJIbCTBA BOCIIOJIB3YCMCA TOKICCTBOM
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(X V=MX)+ M(V))* = (X=M(X))” + 20-MX)(V-M(V)) + (V=
MY))’,

KOTOpPOE BBITEKACT W3 HM3BECTHOH (OPMYJIbl 3JIEMEHTApHON anreOpbl
(a+b)? = a® + 2ab + b” npu moacraroske a = X-M(X) u b = Y-M(Y). U3
yTBEPKACHUN 3 U S U ONpeeIeHUs TUCTICPCUH CIIETYET, YTO

D(X+Y) = D(X) + D(Y) + 2M{(X=M(X))(V-M(V))}.
CornacHo yTBEepXIeHHUIO 6 U3 HE3aBUCHUMOCTH X W Y BBITEKAET
He3aBucuMocth X-M(X) u V-M(V). U3 yrBepxkaenus 7 ciaeayeT, 4To

M{(X=M(X))(V=-M(V))}= MX=M(X))M(V-M(V)).
[Tockonpky M(X—-M(X)) = O (cm. yrBepkaenue 3), TO IMpaBas 4acThb
MocJieIHer0 paBeHCTBa paBHa O, OTKy[a ¢ y4eToOM JBYX IMPEIbIIYIIHX
PaBEHCTB U CIIEYET 3aKI0UYCHUE YTBEPKACHHS 9.

Ymeepowcoenue 10. Tlycts X1, Xp,..., Xk — IOMapHO HE3aBUCHUMBIC

ciydaiiHble BennuuHbl (T.e. Xi u Xj He3aBucuMsl, eciu it j). [lyets Yy —

ux cymma, Yy = Xp+ Xp+...+ X Torma marematuueckoe OXKHJaHUE
CYMMBbI paBHO CyMMe MaTeMaTHYeCKUX oxxumanuid cimaraembix, M(Yy) =
M(X)+ M(Xp)+ ...+ M(Xy), nucrepcusi CyMMBbl paBHa CyMME JTHCIIEPCHIA
cmaraembix, D(Yy) = D(Xy)+D(Xz)+ ...+ D(Xy).

CootHomenusi, cdopMmynupoBaHHble B  yTrBepxkaeHuu 10,
SIBJISFOTCS. OCHOBHBIMHM TIPM HM3YYCHHHM BBIOOPOUYHBIX XapaKTEPUCTHK,
MMOCKOJIbKY pe3yJibTaThl HAONIOACHUN WM WU3MEPEHHUH, BKIIOUYEHHBIE B
BBIOOPKY, OOBIYHO pacCMaTPUBAIOTCS B MAaTEeMaTUYECKOW CTaTUCTHUKE,
TEOPUH TPUHATHS pEHIeHUH W HOKOHOMETPUKE KaK pean3ainu
HE3aBUCUMBIX CITy4alHbIX BEJIMYUH.

Jlns m000ro Habopa YMCIOBBIX CIYYaWHBIX BEIUYUH (HE TOJIBKO
HE3aBHCHUMbIX) MaTEMaTHYECKOE OKHUIAHHUE MX CYMMbI PAaBHO CYMME HX
MaTeMaTHYeCKUX OXKHUIAAHUU. DTO YTBEP)KJACHUE SIBISICTCS 0000IIEHUEM
yTBepxkAcHUs 5. CTporoe 10Ka3aTeabCTBO JIETKO MPOBOIUTCS METOIOM
MaTeMaTHYECKON UHIYKITUH.

[Mpu BeIBOgEe dopmynsr maus aucrnepcuu D(Yy) Bocmoib3yemMes

(021 (SP18%:0)10050171 CBOMCTBOM CHMMBOJIa CYMMMPOBAHMUA .
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.2 . ..
Eo 0 o o o_ o)
Qaaﬁ—(;a&- aaj;_ aaiaj-
Eitick @  EiEitk £jEk @ IEiEKIEjEK

[Monoxum g = Xj — M(X), noayuum

(X, + X+ 4 X - M(X)- M(X,)- ...- M(X,))? =
= A (X - MX))X; - M(X))).

1£i£k,1E jEK
BOCHOHBSY@MCH TCIICPb TCM, YTO MATCMATHYCCKOC OXHNAAHHC CYMMBI
PaBHO CYMMC MATCMATUYICCKUX OX(HH&HHﬁ:

DY )= & M{(X,- M(X)(X,- M(X) (8)

1EiEK 1 ] £K
Kak moka3aHo Tpu J0Ka3aTeiabCcTBE YTBEpXKACHUA 9, U3 MOMapHON
HE3aBUCHMOCTH PacCMAaTPUBACMbIX CIIYYalHBIX BEJIMYMH CJCIYET, YTO
M{(X;- M(X))(X;- M(X;))} =0 npu i! j. CaenoBaTenbHo, B cymme (8)
OCTAIOTCS TOJBKO YICHBI C =], a OHM paBHBI Kak pa3 D(X).

[lonyuyennsie B yrBepxkaeHusx 8-10 ¢dynaameHTanbHble CBOMCTBA
TaKAX XapaKTEPUCTHK CIIYYalHBIX BEJIWYMH, KaK MaTeMaTHYEeCKOe
OXHMJIAaHUEC M JUCIICPCHs], MOCTOSIHHO HCIOJB3YIOTCS MPAKTHUECKU BO
BCEX BEPOSTHOCTHO-CTATUCTHUECKUX MOJEIAX PCalbHBIX SBJICHUN U
MIPOIIECCOB.

IIpumep 9. Paccmorpum cobbiTue A U ciay4yallHyIO0 BeIUYUHY X
TaKkyro, 4Tto X(w) =1, eciu wi A, m XW)=0 B IIPOTUBHOM ciyd4ae, T.€.
eciim wi W\ A. TTokaxem, uto M(X) = P(4), D(X) = P(A)(1 - P(A)).

Bocmnonbzyemcst hopmyioii (5) i MaTeMaTHUECKOTO OXKHUIAHUSI.
CnyuaitHast BennunHa X npuHuMaeT aBa 3HaueHus — 0 u 1, 3Hauenue 1 ¢
BeposTHOCThIO P(A) u 3nauenue O ¢ BepositHOoCThIO 1 — P(A), a moToMy
MX) = 1x P(4) + 0x (1- P(4)) = P(4). Aranoruuro (X — M(X))* = (1
— P(4))* ¢ BepostHOCcTBIO P(4) 1 (X — M(X))? = (0 — P(4))* ¢
BeposITHOCTEI0 1 — P(4), a motomy D(A) = (1 — P(A))* P(A) + (P(A))*(1 —
P(A)). BeiHocst oOmuii MHOKHKTENb, monydaeMm, uro D(A) = P(A)(1 —
P(A)).

IIpumep 10. Paccmotpum K HE3aBHCHMBIX HCIBITAHUM, B KaXI0M

N3 KOTOPBLIX HCKOTOPOC coObITHE A MOXKET HaCTYIIUTh, 4 MOXCT U HC
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HACTynuTh. BBegeM ciyuyailiHble BEeTUYUHBI Xi, X,..., Xk CIEIYIOIIUM

obpasom: X (w) =1, eciu B i-OM HCIBITAHUU COOBITHE A HACTYIHJIO, U
X, (w) = 0 B mpoTtuBHOM ciyuae. Toraa ciydaitHpie BeTHUUHBL X1, Xo,...,

Xk momapHo He3aBucuMbl (cM. mpumep 7). Kak mokazaHo B mpumepe 9,
M) = p, DOX) = p(1 — p), tne p = P(A). Uuorna p Ha3piBaloT
«BEPOSITHOCTBIO yCIEXa» - B Clydae, €CiIM HacTyIjieHue coObitus A
paccMaTpHUBAETCS KaK «yCIEeX».

Cnyvaitnas BenmuumHa B = Xp+  Xp+...+  X¢ HasbBaeTcs
OounomuanpHOM. SIcHO, uro O<B<K mpu BceXx BO3MOXKHBIX HCXOJax
onbiToB. YToOBI HaliTH pacrpenerneHue B, T.e. BepostHoctH P(B = a)
npu a = 0, 1, ..., k, qocTaTo4HO 3HATH p — BEPOATHOCTH HACTYIUICHUS
paccMaTpUBaeMOro COOBITUSI B KaXKJIOM H3 OMNbITOB. JleHCTBUTENBHO,
ciy4ailHoe coObiTue B = @ OCYILECTBISETCS TOrJAa U TOJIBKO TOT[a,
Korja coObITHE 4 HACTyMaeT pOBHO MpPH a UCTIbITAaHUAX. ECiy u3BecTHBI
HOMEpa BCEX JITHX HUCHbITAHHU (T.. HOMEpa B IOCIEI0BATCIbHOCTH
UCTIBITAHUHN), TO BEPOATHOCTh OJHOBPEMEHHOTO OCYIIECTBICHHS B d
omnbiTax COOBITUSI A M B K-a OmbITaX MPOTHBOIOJIOKHOIO €My — 3TO
BEPOSITHOCTh MpOM3BeAcHUs K He3aBUCHUMBIX COOBITHI. BeposTHOCTH
NPOU3BE/ICHUSI paBHA IMPOM3BEACHHUIO BepostHOocTel, T.e. p(1l - p)k'a.

CKOJIBKMMH CITOCOOaMU MOXHO 3aJ1aTh HOMepa @ UCTbITaHul u3 K? D10

ak o .
g =~ - YHUCJIO COYECTaHUU U3 K snemMeHTOB 110 a, paccMaTpuBacMoc B
ag

KombuHaToprke. Kak n3BecTHo,
aKO_ K
ag a(k- a)’
rae cuMmBosioM K! 0603HaueHO IIPOM3BEIEHNE BCEX HATYPAIbHBIX UHCEN
or 1 mo k, T.e. kl=1:2>..°k (momosHUTENBHO IpUHUMAIOT, yTo 0! = 1). 13
CKa3aHHOTO CJeayeT, 4YTO OWHOMHAIBHOE paclpeieciicHHe, T.€.

pacripeiesieHne OMHOMUAIBHON CITy4aifHOM BETMYMHBI, UMEET BU/T

P(B=2)={ 20"t P
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Ha3Banune «OMHOMHAIBHOE paclpeeiiCHHE» OCHOBAaHO Ha TOM,
yro P(B = a) sBusercs 4wieHoM ¢ HoMmepoM (a+l) B pas3iioKeHHH IO
o6unomy HeroToHa

o ) i .
(A+C)* = q g.zA“'C/,
ocick @] g

eciy moyiokuth A =1 —p, C = p. Torga npu | = a noyuum

?‘gAK"'CJ’ =P(B=a).
lg

HCIIOJIB3YIOT

. ak o
Jlns uncna couetaHuit u3 K aieMeHTOB MO @, KpoMe g <
ag

o0o3HaueHue C;.

N3 yrBepxkaenust 10 u pacdyeToB mpumepa 9 ciemyer, yTo s
CIy4yallHOW BEJMYMHBI B, uMerone OMHOMHAIBHOE pacHpeiesiCHHE,
MaTeMaTH4YeCKOe OKUAaHUE U JUCTIEPCUSI BBIpaXKAIOTCA popMyIaMu

M(B) =kp, D(B)=kp(1- p),
MOCKOJIbKY B siBIsieTCs CyMMOM K HE3aBUCHMBIX CIIy4alHBIX BEJIHYUH C
OAVWHAKOBBIMH MaT€MaTUYECKUMHU OXHUIAHUSIMHU H  JUCHEPCHUSIMH,
HalJICHHBIMH B TipumMepe 9.

HepaBencTrBa YUeObiméBa. Bo BBeieHUY K pasneny oOcyxaanach
3a/1a4a TMPOBEPKU TOTO, UYTO JOJs JePEKTHOW MPOAYKIIMHU B MApPTHH
paBHa omnpeaesieHHOMY 4yuciy. JUIsi JemMoHCTpauuu BEPOSATHOCTHO-
CTATUCTUYECKOTO TMOJAX0Aa K TMPOBEpKE TOMOOHBIX YTBEPKICHUM
SIBIIAKOTCS TOJIE3HBIMU HEPABEHCTBA, BIIEPBBIC NPUMEHEHHBIE B TEOPUU
BEPOSITHOCTEN BEJIMKUM pycckuM MatemaTukoM Iladhuyruem JIbBoBUUEM
Yeopimésbiv  (1821-1894) u  moroMy HOCSIIHE €ro HUMsA. ITH
HEPABEHCTBA IIMPOKO HCHOJB3YIOTCA B TEOPUM MATEMATHUYECKOU
CTaTUCTUKHU, a TAaKXKE HEIMOCPEACTBEHHO TMPUMEHSIOTCS B psie
MPAKTUYECKUX 3a7ad TMpUHATHSA peumeHud. Hampumep, B 3amauax
CTaTUCTUYECKOTO AaHAJM3a TEXHOJIOTMYECKUX ITPOLIECCOB M KadecTBa
MPOAYKIIMU B CiIy4yasX, KOrja SIBHbIM BUJ (YHKIIMH pacrpeesieHUs

pe3yabTaTOB HAOIIOACHUNA HE M3BECTeH (CM. HHWKE, IJie, B YaCTHOCTH,
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OHM TPUMEHSIOTCS B 3a7adye HCKIIOUCHHUS PE3KO OTKJIOHSIIOIINXCS
PE3yIbTaTOB HAOJIOICHHIA).

llepsoe nepasencmeso Yeobwviuesa. Ilycth X — HeoTpHUIIATEIbHAS
ciydaiiHas BeiauumHa (T.e. X(W)3 0 s moboro wi W). Torma mms

JIFOOOT0 MOJI0KUTEIIFHOTO YHCIIA d CIIPaBCAJINBO HCPABCHCTBO

p(x s a) £ MX).
a

Hoxazamenvcmeso. Bee cnaraemeie B ipaBoit yactu Gopmyist (4),
ONpEeNENSIIONIC MaTeMaTHYeCKOe OXKHUJAaHHWE, B PacCMaTpUBaEMOM
ciydyae HeoTpulatenbHbl. [loaTomy mnpu oTOpachlBaHMM HEKOTOPBIX
claraeMbpIX cyMma He yBenumuyuBaeTcs. OCTaBUM B CyMME TOJBKO T€

4JIeHBI, 1151 KOTOphix X (W) 3 a. [lomyuum, uto

M(X)® & Xw)Pw). (9)

w:X (w)3a
Jlnist Bcex cnaraeMbix B nipaBoit wactu (9) X(w) 2 a, moaromy

A XW)PWw)3 a § Pw)=aP(X 3 a). (10)

w:X(w)da wiX (W) a
13 (9) u (10) cienyer tpedyemoe.
Bmopoe nepasencmeo Uebwviwesa. Ilyctb X — cinydaiiHas
BennuuHa. Jlns  J1000ro  MOJOKHUTENBHOTO YHCIIa @ CIPaBEIJIMBO
HEPaBEHCTBO

D(X)

a? -’

P(X-M(X)E a@f

D10 HepaBeHCTBO cojepxkaioch B pabore II.JI.UeOwniméBa «O
CpeIHUX BEJIWYMHAX», NOJOKeHHOM Poccuiickoit akagemunm Hayk 17
nexadps 1866 r. u onyOIMKOBaHHOM B CIEAYIOIIEM TOY.

Jlns  nmokasarenbcTBa — BTOpOro — HepaBeHcTBa — YeOwIméBa

o _ 2
paccMOTpUM  ciydaiiHyro BeiawumHy YV = (X — M(X))°. Omna
HEOTpHIIATEIbHA, U MIOTOMY IS JIFOOOT0 MOJIOXKHUTEIbHOro Yrcia b, kak
cieayer M3 IepBOoro  HepaBeHcTBa  YeObIméBa, CrpaBeaIMBO

HEPABEHCTBO
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M(Y) _ D(X)

P(Y3 b) £
(Y2b)£— —==— "

Honoxxum b = & Cobbrte {Y>b} coBmamaer ¢ coberrmem {|X —
M(X)|>a}, a motomy

P(X-M(X)P a)=P(Y? a®)£E D(aX)
YTO U TpeOOBaAIOCh JI0KA3aTh.

Ilpumep 11. MoxHO yKa3aTb HEOTPULIATENBHYIO CIy4ailHYIO
BEIMYMHY X W MOJIOKHUTEIHFHOE YNCIIO @ TAKUE, YTO IMEPBOE HEPABEHCTBO
YeoOniméBa oOpaniaercs B paBEHCTBO.

JloctaTtouHo paccMoTpeth X (W) =a. Torma M(X) = a, M(X)la = 1
u P(a>a) =1, r.e. P(X>a) = M(X)|]a= 1.

CnepnoBatenbHO, nepBoe HepaBeHCTBO YUeOwiméBa B ero oOuein
dbopMyIHpOBKE HE MOXKET OBbITh ycwiieHO. OJIHAKO JJIsi TIOIaBJISIIONIETO
OOJNBIIMHCTBA CITyYalHBIX BETUYHH, UCTIOIB3YEMbBIX TPH BEPOSATHOCTHO-
CTaTUCTUYECKOM MOJCIMPOBAHUN TMPOIECCOB TIPUHATUS PEIICHUH,
JIeBBbIC YaCTH HEepaBeHCTB YeOhIméBa MHOTO MEHBIIIE COOTBETCTBYIOIINX
MPABBIX YACTEM.

Ilpumep 12. MoxeT nu mnepBoe HepaBeHCTBO YeOblméBa
oOpamaThCs B paBeHCTBO IpH BeeX a? OkasbiBaeTcs, HeT. [lokaxkeM, 4To
I 000 HEOTpULIATEIHHON CIy4ailHOW BENWYWHBI C HEHYJICBBIM
MaTEeMaTHYECKUM OXHJIaHHEM MOXXHO HaWTH Takoe IOJOKUTEIhHOE
YHCIIO ¢, YTO MEPBOE HEPABEHCTBO UeOBIIERA SBISICTCS CTPOTHM.

JIeiCTBUTETPHO, MaTeMaTHYEeCKOE OXKUAAHHE HEOTPHUIATeIbHOU
CIIy4alilHOW BEJTUYHMHBI TUOO MON0XHUTENbHO, 1100 paBHO 0. B mepBom
Clly4ae BO3bBMEM IMOJIOKUTENIbHOE @, MEHbIIEE MOJOKUTEIbHOTO YHCiia
M(X), nanpumep, noaoxum a = M(X)/2. Torna M(X)/a 6onbiie 1, B TO
BpeMs KaK BEpPOSITHOCTh COOBITHSI HE MOXKET MPEBHIIATh 1, a MOTOMY
nepBoe HepaBeHCTBO UeObllieBa sBIsETCS AJIsl 3TOr0 a cTporuM. Bropoi

ClIy4ail UCKJIIoYaeTcsl ycnoBusiMu npumepa 11.
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OtmeTuM, 4TO BO BTOPOM ciiydae paBeHCTBO 0 MaTeMaTH4YECKOTO
OKUJIaHUS BJIEYET TOXKJAECTBEHHOE paBeHCTBO O ciiydailHOM BEIMYMHBI.
A nna Takod ciaydalHON BENMYMHBI IPU JIIOOOM TOJIOKHUTEIBHOM a U
JieBas U MpaBasi yacTH nepBoro HepaBeHcTBa YeObimépa paBHsl O.

MoxHo i B (HOpMYJIUPOBKE NEpBOro HepaBeHcTBa YeObileBa
0TOpOCUTH TpeOOBaHNE HEOTPULATEIBLHOCTH CITy4ailHOM BETUYUHBI X7 A
TpeOOBaHUE MOJOKUTEIBHOCTU a? JIerko BUAETh, YTO HU OJHO U3 JBYX
TpeOOBaHMII HE MOXKET OBbITh OTOPOLIEHO, MOCKOJIbKY HHaye IpaBas
4acTh MepBOro HepaBeHCTBa UeOblleBa MOXKET CTaTh OTPULIATENILHOM.

3akon Ooabmmx uymcena. HepaBenctBo YeOwiméBa mo3BosieT
J0Ka3aTb  3aMeyaTelIbHbId  pe3yibTaT, JIeKallud B OCHOBE
MaTeMaTUYeCcKONM CTaTUCTHKKM — 3aKkoH Oonbmux uucen. M3 Hero
BBITEKAET, YTO BHIOOPOUYHBIE XapaKTEPUCTUKH MPU BO3pACTAaHUHU 4YHCIIA
OTBITOB MPUOIMKAIOTCA K TEOPETHMUYECKUM, a 3TO JAaeT BO3MOKHOCTH
OLICHMBATh MapaMeTpbl BEPOATHOCTHBIX MOJIENIEH 10 ONBITHBIM JTaHHBIM.
be3 3akoHa GonblIux yucena HEe ObUIO Obl 6Génbuwieri YaCTU MPUKIATHOM
MaTeMaTUYECKON CTaTUCTUKHU.

Teopema Yebvuumésa. Ilycth cnydaitipie BeuuuHbl X1, Xo,..., Xk

MOMApHO HE3aBHCHMBI M cyinectByeT uucio C takoe, yto D(X)<C npu

Beex | =1, 2, ..., k. Torma mis 1r000ro moJIOKUTEIBHOIO € BBIIIOJIHEHO
HEPAaBEHCTBO
X, + X, +...+X, M(X)+M +..+ U
P |2t 2 k _ (Xy) (Xy) M(Xk)|3 GUE%. (11)
il k Kk b ke

Hokazamenbcmeo. PaccMOTpUM ciydaiiHble BETHYMHBI Yy = X7 +
Xot ...+ Xyu Z = Yk Torna cornacho yrBepxaeauio 10
M(Yi) = M(X1)+ M(X2)+ .. .+ M(Xy), D(Yi) = D(X1)+D(X2)+ ...+ D(Xi).
M3 cBOMCTB MaTeMaTHYECKOTO OKuaaHus cienayert, uro M(Zy) = M(Y)/K,
a u3 cBoiicTB mucrepent - uto D(Z) = D(Yi)/K?. Takum o6paszom,
M(Z) ={MX1)+ M)+ ...+ MXJ}HK,
D(Z) ={D(X2)+D(X2)+ ...+ D(X)}K.

N3 ycnoBust Teopemsbl YUeObiméBa, 4To
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Ck_C
D(Z)E 7 =1

[Ipumenum k Zx BTOpoe HepaBeHcTBO YeObiméBa. [lomyuum mns

CTOSAIICH B JIeBOM yacT HepaBeHCTBa (11) BEpOSATHOCTH OLICHKY

D(Z )

PlZ, - M(Z,)F e} £E——= £—

ke?’
9TO U TPpeOOBAIOCH JI0KA3aTh.

Ota Teopema Obu1a nosydena [1.J1.YeOwiméBbIM B TOM k€ padbore
1867 r. «O cpenHUX BeIMUMHAX», YTO U HepaBeHCTBa UeObImERa.

Ipumep 13. Ilycts C = 1, e = 0,1. Ilpu kakux K mpaBast yacTh
Hepasenctsa (11) e mpesocxoaut 0,17 0,05? 0,000017?

B paccmarpuBaeMoMm ciiydae mpaBas 4acTh HepaBeHcTBa (11)
paBHo 100/ k. Ona ne npeBocxomaut 0,1, ecnmu K He menbme 1000, He
npeocxoauT 0,05, ecnu K He menbire 2000, ve npeBocxoaut 0,00001,
ecim K He menbie 10 000 000.

[IpaBast vacts HepaBencTBa (11), a BMecTe ¢ Hel W JieBasi, MpHU
Bo3pactanuu K u ¢ukcupoBanHbix C u e yObiBaeT, mpubanxkasich K O.
CrnenoBaTenbHO, BEpPOSTHOCTH TOTO, 4YTO CpeaHee apuhMEeTHUECKOe
HE3aBUCUMBIX  CIIYYalHBIX  BEJIWYMH  OTJIMYACTCId  OT  CBOETO
MaTEeMaTHYECKOTO OXHIaHHMSI MEHEe YeM Ha e, mpuoOnrmkaercs K 1 mpu
BO3pacTaHUU YHWCJIa CIyYalHBIX BEJIWYHH, NMPUYEM IPH JOO0OM e. DTo
yTBepxkaeHue Hazpisator 3SAKOHOM BOJIBIINX YUCEJI.

HauGonee BakeH IS BEPOSTHOCTHO-CTATUCTUYECKUX METOJIOB
OPUHATHSA pelieHUH (M I MaTeMaTHYeCKOM CTATUCTHKH B IIEJIOM)
ciydaid, korma Bce X , | = 1, 2, ..., UMEIOT OAHO H TO XK€
MaTemaTHueckoe oxxkumanue M(X;) W omHY M Ty IKe AHCIEPCHIO

?=D(X,). B  kauectBe 3amenbl  (OLEHKH)  HEH3BECTHOI'O

HUCCICOAOBATCIIIO MATCMATHYICCKOI'O OKUAAHUA UCITIOJIb3YIOT BBI60pO‘{HOC

cpenHee apupMeTUIecKoe

X, + X, +..+ X,
k

X =
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W3 3akoHa OOJBIIMX YHUCEN CIeAyeT, YTO X TMpH YBEIWYEHUU
YKciia ONBITOB (MCHBITAHWN, HW3MEPCHHI) CKOJIb YrogHO OJIM3KO
npubmkaercs K M(X1), 4To 3aMHUCHIBAIOT Tak:

X ¥%%® M(X).

3mech 3HaK ¥%® O3HAYACT «CXOJUMOCTH TIO BEPOSTHOCTH.
O6paTI/IM BHUMAHHUC, YTO IIOHATHUC <« CXOAUMOCTb II0O BCPOATHOCTU>
OTIIMYACTCA OT IIOHATHUA <«IICPCXOod K MNpCAcCiay>» B MATCMATHYCCKOM
ananu3e. HanmoMHuM, 4TO MOCien0BaTeIbHOCTD D, nmeet npenen b npu
N® ¥, eclu sl JIFOOOTO CKOJIb YroJgHO Mayioro d >0 CyIIEeCTBYET

gucio n(d) Takoe, 4TO MpH JIFOOOM Nn>n(d) cCrpaBeIuBO YTBEPKICHUE!
bnT (b-d;b+d). Ilpu HCHONB30BAaHUM TOHATHA «CXOJUMOCTb IO

BCPOATHOCTHU> SJICMCHTBI II0CJICA0OBATCIIBHOCTHU MMpCaIoJIararoTcs
CﬂyqaﬁHBIMH, BBOOUTCA €IIC OJHO CKOJIb YIrOOAHO MaJIOC YUCIIO € >0 wn

yrBepxaenre b 1 (b-d;b+d) mpeanonaraercst BBIOJIHEHHBIM HE

HABEpHSKA, a C BEPOSITHOCTHIO HE MEHee 1- €.

B mHauvane rmaBel OTMEYanoOCh, YTO C TOYKM 3pEHHUS pAla
€CTECTBOMCIIBITATENIEH BEPOSTHOCTh COOBITUS A — 3TO 4YHUCIO, K
KOTOpOMY TPHUOJIUKAETCS OTHOILIEHUWE KOJIMYECTBA OCYILECTBICHUM
cOOBITHS A K KOJIMYECTBY BCEX OIBITOB MPHU O€3rpaHUYHOM YBEJIMYEHUU
yrcia OnbITOB. M3BecTHBIN MaTemaTuku SIko0 bepuysmin (1654-1705),
xuBMi B ropone bazens B llBeitnapun, B camom konie XVII Beka
J0Ka3zall d3TO YTBEPXKIEHUE B paMKax MaTeMaTHUYEeCKOW MOJAeNH
(omyOIMKOBAaHO JJOKA3aTEIbCTBO OBLIO JIMIIL MOCIE ero cMepTH, B 1713
roay). CoBpeMeHHast popMysIMpoBKa TeopeMbl bepHysum Takosa.

Teopema bepuynnu. IlycTh M — 4nCI0 HACTYIUIEHUH COOBITHS A B
K He3aBucUMBIX (IIOMAPHO) WCIBITAHUSX, W p €CTh BEPOSTHOCTb
HACTYIUIEHUS COOBITHS A B KaXJ0M M3 uchbITaHuil. Toraa npu Jrodom

e>0 CIIPaBCAJINBO HCPABCHCTBO

N

[m
Pi|--
i

p 3 eDEM. (12)

ke?
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Jlokazamenvcmeo. Kax mnokazano B mnpumepe 10, ciydaiinas
BEJIMYMHA M uMeeT OMHOMHUAIBHOE pACIpPENICNICHUE C BEPOSITHOCTHIO
ycriexa p U SBISETCSA cyMMoi K He3aBHCHMBIX ClTydalHbIX BEIUYHH X;, |
=1, 2. ..., k xaxngoe u3 kotopsix paBHO 1 ¢ BepositHOocThIO p M O ¢
BEpOSITHOCTHIO 1-p, T.e. M= X+ Xo+...+ X .Ilpumenum k Xi, Xo,..., Xk
teopemy Heonmména ¢ C = p(1 - p) u nmonyduM TpedyeMoe HEPABCHCTBO
(12).

Teopema bepHymin gaeT BO3MOXXHOCTh CBSI3aTh MaTEMaTUUYECKOE
onpeneneuue BepostHocTH (o A.H.KoamoropoBy) ¢ ompesernenuem
psaga ecrectBoucnbiTaTeneli (mo P.Musecy (1883-1953)), cormacHo
KOTOPOMY BEPOSITHOCTh €CTh TMpeaesa YacTOThl B OECKOHEYHOM
MOCJIeI0BATEILHOCTU HCTbITaHUH. [IponemMoHcTpupyem 3Ty cBs3b. Jis

9TOI'0 CHadaJla OTMCTHUM, YTO

- PEY,

IIpU BCeX p. JIeNCTBUTENBHO,

- - p=(p- Y20

CrnenoBarenbHo, B TeopeMe UeOwiméBa MOXHO HCoyib3oBath C = j.
Torna mpu mo6oM p U PUKCUPOBAaHHOM € TIpaBas 4acTh HEPABEHCTBA
(12) npu Bo3pactanuu K mpudmmkaercs k 0, 4T0 ¥ TOKa3bIBACT COTIACHE
MaTEeMaTHYECKOTO OIpeACNIiCHUs] B paMKaX BEpPOATHOCTHOW MOJETH C
MHEHHEM €CTECTBOHCIIBITATEICH.

EcTh U mpsiMble dKCIIEPUMEHTAIBHBIC TIOATBEPKICHUS TOTO, YTO
4acTOTa  OCYIIECTBJICHHUS  ONPEACICHHBIX  COOBITUH  Onm3ka K
BEPOSATHOCTH, OIPENCICHHOH W3 TEOPETUYECKHX COOOpakeHHI.
Paccmotpum Opocanust MoHeTHI. [IoCKONBKY U Tep0, U pemeTka UMEIOT
OJIMHAKOBBIC INAHCHI OKA3aThCA CBEPXY, TO BEPOSTHOCTH BHIMAICHUS
repba paBHa S U3 COOOpaKeHHM PaBHOBO3MOXHOCTH. DpaHIy3CKUM
ecrectBoucnbiTatesib XVIII Bexka brodhdon Opocun monery 4040 pas,
rep0 Boiman npu 3toM 2048 pa3. Yactora mosiBieHuss repda B ONbITE

brodpdona pasna 0,507. Aunrnwmiickuit cratuctuk K.Ilupcon Opocun
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monery 12000 pa3 u mpu 3Tom Habmoman 6019 BeimageHuit repba —
gactora 0,5016. B npyroii pa3 on Opocun monety 24000 pas, repod
Bbiman 12012 pa3 — gacrora 0,5005. Kak BuauM, BO BCeX 3TUX Cydasix
4acTOThl JIMIIb HE3HAYUTEIBHO OTIMYAIOTCA OT TEOPETHYCCKOM
Bepositnoctr 0,5 [6, ¢.148].

O nposepke cratucTudeckux rumnores. C MOMOIIBIO
HepaBeHcTBa (12) MOXKHO KOE-uTO CKazaTh I10 IIOBOJY IIPOBEPKHU
COOTBETCTBHSI KA4eCTBA MPOIYKIIUHU 33 JaHHBIM TPEOOBAHUSIM.

IIycte u3 100000 emunun mnpoxaykuuu 30000 oxkazanuck
nedexkTHpIMU. Coriacyercs JIM 3TO C THIIOTE30H O TOM, YTO BEPOSITHOCTH
nedexkrnoctu paBHa 0,237 Ilpexzae Bcero, Kakyl0 BEpOSATHOCTHYIO
MOJICIIb IIeJIeCO00pa3HO KMCMOb30BaTh? [IpHUMaeM, 4TO MPOBOIUTCS
ciokHbl onblT, coctosmmii n3 100000 wmcmerranmit 100000 equuuIL
OPOAYKIIMM HAa TOAHOCTh. CuuTaeMm, 4YTO HCHbITaHUSA (IOMapHO)
HE3aBUCUMBI W YTO B KaXJOM HCIIBITAHUU BEPOSTHOCTH TOTO, YTO
SAVHMIIA TTPOIYKIIUHU SBISICTCS Ne()EeKTHOM, paBHA p. B peanbHOM ombITe
MOJIYYCHO, YTO COOBITHC «CAWHMIA MPOIYKIIMH HE SBIISCTCS TOIHOM»
ocymiectsmiioch 30000 pa3 mpu 100000 ucneitanusix. Cornacyercst u
3TO € TUIOTE30M O TOM, YTO BEPOSITHOCTH JiepexTHocTH p = 0,237

JIJiss IpOBEpKHU THIIOTE3bl BOCHONIb3yeMcst HepaBeHcTBOM (12). B
paccmarpuBaeMoM cirydae kK = 100000, m = 30000, m/k = 0,3, p = 0,23,
m/k — p = 0,07. Jlns mpoBepKH THUIOTE3bI MOCTYyHalT Tak. OEeHUM
BEPOSATHOCTH TOro, uyro MK oTauuyaercs or p Tak Ke, Kak B
paccMaTpuBaeMOM cCilydae, WM OOJjblle, T.€. OLEHHM BEPOSITHOCTh

BhINONTHEHMsI HepaBeHcTBa [M/K — 0,23| > 0,07. TTonoxuM B HEPaBEHCTBE

(12) p = 0,23, e =0,07. Torna

P% m. 0233 0’07u£ 0,23X0,77 5 36,11_ (13)
ik b~ 00049k K

IMlpu k = 100000 mpamass yacte (13) menwbme 1/2500. 3nauwr,
BEPOSITHOCTh TOTO, YTO OTKJIOHEHHE OyIeT He MEHbIle HalI0aeMoro,

BC€CbMa Malia. CJICJIOB&TCJIBHO, CCJIM HCXOJHas THUIIOTE3da BCPHA, TO B
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paccMaTpPHBaEMOM OIIBITE OCYIICCTBHUIOCH COOBITHE, BEPOSITHOCTH
kotoporo Mmenbiie 1/2500. ITockoapky 1/2500 — odeHp MalieHbKOE
YKCJIO, TO UCXOIHYIO THIIOTE3y HaJl0 OTBEPTHYTh.

[TonpoOHEEe METOIBI MPOBEPKU CTATUCTUYCCKUX THIIOTE3 OyAyT
pacCMOTpPEHbI HIJKE. 371eCh OTMETHM, UYTO OJHAa W3 OCHOBHBIX
XapaKTePUCTHUK METO]1a MMPOBEPKHU THIIOTE3bI — YPOBEHb 3HAYUMOCTH, T.C.
BEPOSATHOCTh  OTBEPrHYThH  MpoBepseMyio  rumoresy (ee B
MaTEeMaTHYECKON CTATUCTHKE HAa3bIBAIOT HYJICBOW M 00o03HaudaroT Hy),
KOTJla OHa BepHA. [l TMPOBEPKH CTAaTHUCTHUYECKOW THITOTE3BI YacTo
MOCTYIAIOT Tak. BeIOMpAOT ypoBEHb 3HAYMMOCTH - MaJIO€ YHUCIIO a .
Ecnu omucanHas B mpenpaymieM ad3ame BEpPOSATHOCTh MEHBIIE a , TO
TUIIOTE3y OTBEPraroT, Kak rOBOPST, HA YPOBHE 3HAYMMOCTH a . Eciin 3Ta
BEPOSITHOCTH OOJIBIIIE VUIM PaBHA a , TO TUIOTE3y MPUHUMAIOT. OOBIYHO
B BEPOSTHOCTHO-CTATUCTUYCCKUX  METOJAX NPHHATHS  PEIICHHUM
BeiOupator a = 0,05, 3HauurenvHo pexe a = 0,01 wmm a = 0,1, B
3aBUCUMOCTH  OT  KOHKPETHOW  TPAaKTHYCCKOH  curyanuu. B
paccMaTpuBacMOM clydae a , HAllOMHHM, Ta JOJs OMNbITOB (T.c.
npoBepok maptuii mo 100000 exuHUI[ TPOAYKIKH), B KOTOPOH MBI
otBepraem runoresy Ho: p = 0,23, X0Ts oHa BepHa.

Hackoipko pe3ynbTaT IpOBEPKH THIOTE3bI Hy 3aBUCUT OT YHCIIA
ucneitanuii K? [ycts mpu k = 100, k = 1000, k = 10000 oka3ayiock, 4T
m = 30, m = 300, m = 3000 coOTBETCTBEHHO, TaK YTO BO BCEX CIIyyasX

m/k = 0,3. Kakue 3HaueHHs MPUHUMACT BEPOSTHOCTh

R, =Pj
|

m. 0,23(3 0,07
k b

U €€ OIICHKAa — IpaBas 4acTh ¢popmyibl (13)7?
[Mpu k = 100 npasas vacts (13) paBua npuommsurensro 0,36, 4To
HE JJaeT OCHOBaHM OTBeprHyTh runote3y. [lpu k = 1000 npaBas dacth

(13) paBma mnpumepno 0,036. ['mmore3a oTBepraeTcs Ha YypPOBHE

3Ha9UMOCTH @ = (0,05 (u oo = 0,1), HO HAa OCHOBE OIICHKH BEPOSITHOCTH C

OMOIIbI0 mpaBoi vactu ¢opmynsl (13) He yaaeTcss OTBEPrHYTH
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runote3y Ha ypoHe 3Haunmoctu o = 0,01. [Tpu k = 10000 npaBas 4acth
(13) wmenbme 1/250, w rumore3a OTBepracTcss Ha BCEX OOBIYHO
HCTIONIB3YEMBIX YPOBHSX 3HAYMMOCTH.

bonee TouHble pacdeThl, OCHOBAaHHBIE Ha TNPUMCHCHHH
ICHTPAJILHOU MPECILHON TEOPEMbI TCOPUHU BEPOSITHOCTEH (CM. HUXKE),
naioT Pigg = 0,095, Pigoo = 0,0000005, Tak uto orenka (13) sBiasieTcst B
paccMaTpuBacMOM cilydae BechMa 3aBbIICHHOH. [IpuumHa B TOM, 4TO
MoJiyueHa oHa W3 Haubosiee oOIUX cOOOpa)xKeHUM, MPUMEHUTEIBHO KO
BCEM BO3MOJKHBIM CIyYalHbIM BEJIMYMHAM YIYYIIUTh €€ Helb3s (CM.
npumep 11 BeIIE), HO NPUMEHUTEIBHO K OWHOMHAIBHOMY
pacmpeaeeHuI0 — MOXKHO.

SIcHO, uTO O€3 BBEJCHHs ypOBHS 3HAYUMOCTH HE OOOWTHUCH, MO0
JaKe OYCHb OOJbIMEe OTKIOHEHUS MK OT p MMEIOT MOJIOKHUTEIBHYIO
BEPOSATHOCTh OCYIIECTBICHUs. Tak, MpH CIpaBeIIMBOCTU TUTIOTE3Bl Hy
coObiTe «Bce 100000 eawHUI] MPOAYKLUHMH SIBISIOTCS Ie()EKTHBIMH»
OTHIOJIb HE SIBIISIETCSI HEBO3MOXKHBIM C MaTEeMAaTUYECKOW TOYKH 3pEHUS,
OHO HWMEET TOJIOKHUTEIBHYI0 BEPOSTHOCTh OCYIIECTBIICHHUS, PaBHYIO
0,23100000, XOTs 3Ta BEPOATHOCTh M HEBOOOPA3UMO Mala.

AnHanornyHo paz0epeM MPOBEPKY THUMOTE3Bl O CUMMETPHUYHOCTH
MOHETHI.

Ilpumep 14. Ecnu MoHeTa cUMMETpUYHa, TO p = S, TOe p —
BEpOSITHOCTh BbINaZeHus: repba. Cormnacyercs Ju € 3TOW THIOTE30U
pe3ynbTar skcnepuMenta, B kotopoMm mnpu 10000 OpocaHusix BbINAIO
4000 rep6oB?

B paccmarpuBaemom ciydae Mk = 0,4. Tlonoxum B HEpaBEHCTBE

(12) p=0,5, £ =0,1:

M 082 01y 22052
00k K

Pi
11K

[Mpu k = 10000 mpaBas yacTh mocienHero HepaBeHcTBa paBHa 1/400.
3HAYUT, €CU UCXOAHAsl TUIIOTe3a BEpHA, TO B HAIEM EIMHCTBEHHOM

IKCIICPUMCHTEC OCYHICCTBHIIOCH CO6BITI/IC, BCPOATHOCTH KOTOPOT'O BECbMa
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mana — Menbine 1/400. TToaToMy HMCXOAHYIO THIIOTE3Y HEOOXOIMMO
OTBEPTHYTb.

Ecimu u3 1000 6pocanuit MoHeTsl reposl Beimanu B 400 ciyyasx,
TO TpaBas 4YacTh BBIIMCAHHOTO BBIIE HepaBeHCTBa paBHa 1/40.
['mnoTe3a cUMMETPUYHOCTH OTKJIOHsIETCSt Ha ypoBHe 3HaunmmocTu 0,05
(u 0,1), HO paccMaTpuBacMble METOABI HE JAT BO3MOXHOCTH
OTBEpPrHyTh ee Ha ypoBHe 3Haunmoctu 0,01.

Ecmu k = 100, a m = 40, To npaBas 4acTh HEPaBEHCTBA paBHa j.
OcHoBaHu# 711 OTKJIOHEHUS TUOTe3bl HeT. C MOMOIIbI0 00JIee TOHKUX
METOJ/IOB, OCHOBAaHHBIX Ha IEHTPAJIbHON MpeJeIbHOU TeOpeMe TEOpUH
BEPOSITHOCTEW, MOKHO MOKa3aTh, YTO JIeBasl 4YacTh HEPABEHCTBA paBHA
npubnausurenbo 0,05, DTo moOKa3biBaeT, Kak BaXKHO NPABUIBHO
BbIOpaTh METOJ NPOBEPKH THUIIOTE3bl WJIM OLIEHUBAaHUS MapamMeTpoB.
CnepnoBatenbHO, lLieJIecoo0pa3Ha CTaHAapTH3alUs MOJOOHBIX METOJIOB,
MO3BOJISIIONIASE COKOHOMUTH YCWJIMS, HEOOXOIMMBbIE [JIsi CPaBHEHUS U
BbIOOpa HaWIydYIlllero MeToJa, a Takke u30exaTb YCTapeBIIUX,
HEBEPHBIX WK HEI()(HEKTUBHBIX METO/IOB.

HCHO, qTO JaXC II0 HCCKOJIIBKMM COTHSIM OIIBITOB HCIIB34d

S) ot

JOCTOBEPHO OTJIUYUTH a0COJTIOTHO CUMMETPUYHYIO MOHETY (p
HECKOJIbKO HECUMMETPUYHOM MOHETHI (U1 KOTOpoid, ckaxeMm, p = 0,49).
Bbonee Toro, mobas peanbHas MOHETa HECKOJbKO HECUMMETPUYHA, Tak
YTO MOHETa C p = S - maTeMaTuyeckas a0cTpakius. Mexay TeM B psne
YIPaBIEHYECKUX M  TMPOU3BOJICTBEHHBIX CHUTyallUd  HEOOXOAUMO
OCYIIECTBUThH CIpaBeVIMBYIO KEepeObeBKY, a JJIsi ATOro TpedyeTcs
abCOJIOTHO cCUMMeETpUYHas MoHeTa. Hampumep, peub MoOxeT uUATH 00
OYEpPETHOCTU PACCMOTPEHUS HHBECTUIMOHHBIX MPOEKTOB KOMHMCCHUEU
HKCIIEPTOB, O MOPSIKE BBI3OBA I coOeceoBaHUS KaHAMJIATOB Ha
JOJIKHOCTh, 00 OTOOpE €IUHUI] MPOAYKIIMU U3 NapTHH B BBIOOPKY JJIs

KOHTPOJIS U T.II.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

IIpumep 15. MOXHO 1M C MOMOIIbIO HECUMMETPUYHOM MOHETHI
MOJIYYUTh TOCIEAOBATENBHOCTh MCHBITAHUM C JIByMS HCXOJIaMH,
Ka)IbIil U3 KOTOPBIX UMEET BepOsATHOCTH 1/2 ?

OtBet: na, MmoxHo. [IpuBegem cnoco0, npeaioKeHHbI BUIHBIM
nojbckuM MatematukoMm ['yro llreitaraysom (1887-1972).

bynem Opocath MOHETY JBa pa3a MOAPSI W 3alUCHIBATH HUCXOMbI
opocanmii tak (I" — rep0, P — pemerka, Ha MEepBOM MeCTE CTOHUT
pe3ysbTaT MmepBoro OpocaHusi, Ha BTOpoM — BToporo): ['P 3amumiem kak
I', B To Bpems PI' zammmem kak P, a I'T u PP BooOmie He cranem
3anucbiBaTh. Harpumep, eciiu ucxoibl OpocaHuil OKaXKyTCsl TAKUMH:

I'P,PT, TP, PP, TP, PI', IT, PT, PP, PT,

TO 3aIUIIEM UX B BUJIE:

r, p, T, r, P, P, P.
CKOHCTpyHpOBaHHAsI TakuM OO0pa3oM TMOCIEI0BATENbHOCTh 001a1aeT
TEMHU K€ CBOMCTBAMHM, YTO M TOJy4eHHass Npu OpocaHUU HJI€aTBHO
CUMMETPUYHON MOHETHI, TOCKOJBKY J1a’K€ Y HECUMMETPUYHON MOHETHI
nocienoBaTenbHOCTh [P BcTpedaercs cCTonb K€ 4YacTo, Kak H
[I0CJIE0BATENBHOCTS PI'.

[Mpumenum teopemy bepryiin u HepaBeHcTBO (12) k 00paboTKe
peaNbHbIX TaHHbIX.

Ilpumep 16. C 1871 r. mo 1900 r. B IlBeitnapun poauiIKch
1359671 manbuuk u 1285086 neBouek. COBMECTUMBI JI 3TU JAHHBIE C
MPEANOI0KEHUEM O TOM, YTO BEPOSITHOCTh POXKACHHUS Majlb4yhKa paBHA
0,57 A ¢ npenmnonoxenueMm, 4yto oHa paBHa 0,515? /Ipyrumu cinoBamu,
TpeOyeTcsi MpoBepuTh HyJeBble runoressl Hy: p = 0,5u Hp: p = 0,515 ¢
oMoIIbio HepaBeHcTBa (12).

Yucio ucnbpITaHUi paBHO 00IIEMY YHCIy poxAeHuH, T.e. 1359671
+ 1285086 = 2644/5/. Ectb Bce OCHOBaHUS CUMTATh WCIBITAHUS
HE3aBUCUMBIMH.  YuCIO0  pOXACHUH  MalbYMKOB  COCTaBIIsIET
npubnusurensio 0,514 Bcex poxzaeHuil. B ciyyae p = S umeem ¢ =

0,014, u npaBas JacTth HepaBeHcTBa (12) umeeT BU
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05" 05
0,014" 0,014" 2644757

» 0,00001.

Taxum oOpaszom, runoredy p = 0,5 cienyeT cuntaTh HECOBMECTUMOM C

NpUBEACHHBIMA B YCIIOBUM JaHHBIMH. B cimydae p = 0,515 umeem &
0,001, u mpaBas yacth (12) paBuHa mpuOausutenbHo 0,1, Tak 4TO C
nomoIibio HepaBeHcTBa (12) oTknoHUTH TUNOTE3Yy Ho: p = 0,515 Henb3s.

Wtak, 37€Ch Ha OCHOBE 3JIEMECHTApHOW TECOPUHU BeposiTHOCTEH (C
KOHCYHBIM IPOCTPAHCTBOM 3JICMEHTAPHBIX COOBITHH) MbI CyMeEIH
MMOCTPOUTHh BEPOSTHOCTHBIC MOJEIM JIJIi ONUCAHUsI MPOBEPKU KayecTBa
nertaneil (eAWHUI] TPOAYKIHMHU) M OpOCAHHS MOHET M MPEIIOKUTH
METOJbl TIPOBEPKU THUIIOTE3, OTHOCIIIUXCS K OTUM sBIeHUAM. B
MaTeMaTHYeCKONW CTaTHUCTUKE €CTh 00Jee TOHKHE U CIIOMKHBIE METOIbI
MPOBEPKHU OMHUCAHHBIX BBIIIC THUIOTE3, KOTOPHIMU U TMOJB3YIOTCS B
MPaKTUYECKUX pacyeTax.

MoxHo cnpocuTb. «B  pacCMOTpPEHHBIX BBIIIE  MOJEISX
BEpPOSITHOCTH OBUIM M3BECTHBI 3apaHee — co coB CTPyKOBa WIIH K€ M3-3a
TOTO, YTO MBI MPENOJIOKUIN CAMMETPUIHOCTh MOHETHI. A KaK CTPOUTh
MOJIEIH, €CJIM BEPOSITHOCTH HEM3BECTHHI? Kak OIleHWTh HEU3BECTHBIC
BeposiTHOCTU ?» Teopema bepHyu — pe3ynbrart, ¢ MOMOIIBIO KOTOPOTO
JIaeTCd OTBET Ha OJTOT BONpoc. HMMEHHO, OIEHKOW HEU3BECTHOMU
BEPOSATHOCTH p sBIseTCs 4yucio MVK, TMOCKOJbKY JOKa3aHO, YTO TMpHU
Bo3pacTaHuu K BeposiTHOCTH TOro, 4ro M/K otiruaeTcst oT P Oosee yem
Ha Kakoe-nbo (QukcupoBaHHoe uyucio, npubdmmkaercs k 0. Onenka
Oyzmer TeM TouHee, ueM OoJbiire K. bomee Toro, MoXHO J0Ka3aTh, YTO C
HEKOTOPOW TOYKHM 3peHus (cM. manee) orieHka NVK [ BEpOATHOCTH p
SIBIIICTCSL HAWJIyYIlIed W3 BO3MOXHBIX (B TEPMHHAX MaTeMaTHYECKOU

CTaTUCTHKH — COCTOSITEIILHOM, HECMEIICHHOM U 3P PEKTHBHOIA).

2.2.3. CyTb BepOSATHOCTHO-CTATHCTHYECKNX METO10B

NPUHATHSA pPelIeHul
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Kak noaxonpl, uaen W pe3ylabTaTbl TEOPUH BEPOSITHOCTEH U
MaTeMaTUYeCKON CTATUCTUKU UCIIOJIb3YIOTCS MPU MPUHATUH PEIICHUI?

bazoii sBisieTcs BEpOSTHOCTHAS MOJIENb PEaJbHOrO SIBICHUS WU
mpolecca, T.e. MaTeMaThyeckas Mojiellb, B KOTOPOM OOBEKTUBHBIC
COOTHOILIEHHUS BBIPAXKEHbBI B TEPMHUHAX TEOPUH  BEPOSITHOCTEH.
BeposiTHocTM ~ HMCHONB3YIOTCS  NPEXKIE  BCEro  JJig  OINUCAHUA
HEONpeIeJICHHOCTEH, KOTOpble HEOOXOJUMO YUYHUTHIBATH MPHU MPUHATUH
pemieHuii. IMEIOTCS B BUY KaK HEXeIaTelIbHbIC BO3MOXHOCTH (PHCKH),
TaK W MPHUBJICKATENIbHBIC («CUACTIIMBBINA Cly4aii»). IHOTIa ciy4aiiHOCTh
BHOCUTCSI B CHUTYallMI0 CO3HATEJIbHO, HAmpUMep, MpHU >KepeObeBKe,
Clly4ailHOM 0TOOpe €IMHHUII JJisi KOHTPOJIsl, IPOBEJICHUU JIOTepel Wiu
OIIPOCOB MOTPEOUTEIEH.

Teopust BepoATHOCTEH TMO3BOJIAET MO OJHUM BEpPOSTHOCTIM
paccuMTarth JApyrue, MHTepecylomue wuccienoparens. Hampumep, 1o
BEPOSITHOCTU BbIMaJeHUs repda MOKHO paccuuTaTh BEPOATHOCTH TOTO,
gyto npu 10 Gpocanusix MOHET BbITIafeT He MeHee 3 repooB. [lomoOHbII
pacyer omnupaeTcsi Ha BEpPOSTHOCTHYIO MOJIE€Nb, COTJACHO KOTOPOM
OpocaHusi MOHET ONHCHIBAIOTCA CXEMOM HE3aBUCUMBIX HCHBITAHUH,
KpOME TOTr0, BbINaJeHUs rep0a U peleTKH PaBHOBO3MOKHBI, a MOTOMY
BEPOSITHOCTh KaXJIOr0 U3 3TUX cOoObITHMl paBHa S. Bornee cioxHOM
ABJIAETCS ~ MOJENb, B  KOTOPOW  BMECTO OpOCaHUs  MOHETHI
paccMaTpuBaeTCsi ~ MpOBEpKa  KauecTBa  €AWHUIBI  MPOJYKIIHH.
CooTtBeTcTBYIOIIAs BEPOSITHOCTHAS MOJIeNIb  Omupaercss  Ha
MPEANOI0KEHNE O TOM, YTO KOHTPOJIb KAayeCTBa PA3IMYHBIX €IHHMII
MPOIYKIMU OMUCHIBAETCS CXEMOUM HE3aBUCUMBIX UCIbITaHUN. B oTinune
OT MOJIEJN ¢ OpOCaHHEM MOHET He0OXOJAMMO BBECTU HOBBIUA MapaMeTp —
BEPOSITHOCTh p TOTO, YTO €IWHMIIA MPOJYKLIHMU SIBIAETCS Ne()EKTHOM.
Mopenb OyAeT MOJHOCThIO OMHUCaHa, €CIU MPUHATH, YTO BCE €AMHUIIBI
MPOAYKIMU UMEIOT OJMHAKOBYIO BEPOSTHOCTh OKa3aThCsl Ne(EKTHBIMH.

Ecim nocnennee MMPCAIIOJIOKCHNUEC HCBCPHO, TO YHUCIIO IIapaMCTPOB
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MOJIeJIA Bo3pacTaeT. Hanpumep, MOKHO IIPUHATH, YTO KaXKAas €IUHULIA
MPOIYKIMU UMEET CBOIO BEPOSITHOCTh OKa3aThCs J1e(PEeKTHOM.

O6cynuM MoJenb KOHTpOJIA KauecTBa C OOIIeW Mg BCEeX E€IUHULL
MPOIYKIUU BEPOSTHOCTBIO Ne(hEeKTHOCTU p. UTOOBI pU aHATN3€ MOJEIH
TOUTH 10 YKCIlIa», HEOOXOAUMO 3aMEHHUTh p Ha HEKOTOPOE KOHKPETHOE
3HaueHue. s 3Toro HeoOXOAUMO BBIMTH M3 PaMOK BEpPOSTHOCTHOM
MOJIENIA U OOPATUTHCA K JAHHBIM, MOJTYYEHHBIM MPU KOHTPOJIE KauecTBa.
MatemaTuyeckas CTaTUCTHKA peliaeT 0OpaTHYIO 3a/1a4y MO OTHOIIEHUIO
K TEOpuM BepoATHOCTEW. Ee 1meap — Ha OCHOBE pPE3yJbTaToB
HaOroieHui (M3MEpeHuil, aHaTU30B, UCIBITAHUHN, OIMBITOB) IMOJYYUTh
BBIBOJIBI O BEPOSITHOCTAX, JIEKAIUX B OCHOBE BEPOSITHOCTHOU MOJEIH.
Hanpumep, Ha ocHOBE 4acTOTHl MOSABICHUS NEe(DEKTHBIX HU3ACIUNA MpPH
KOHTPOJIC MOXHO CJIeJaTh BBIBOJBI O BEPOSATHOCTH Ne(PeKTHOCTH (CM.
teopemy bepuymm Beime). Ha ocHoBe HepaBencTBa YeObliieBa
JIENaICh BBIBOJBI O COOTBETCTBHM YacCTOTHl MOSABICHHS Je()EKTHBIX
U3JIeTTUN TUIOTE3€ O TOM, YTO BEPOSTHOCTH AC(PEKTHOCTU MPUHUMAET
OIPEAEICHHOE 3HaUYCHHE.

Takum 00pa3oM, NpPUMEHEHHE MaTeMaTH4YEeCKOM CTaTHUCTHKU
OIMpaeTcss Ha BEPOATHOCTHYIO MOJEIb SBJICHUS WIA IpoLecca.
Hcnonb3yroTcss ABa NapajuleibHBIX psAfa IOHATUM — OTHOCSIIMECH K
Teopun (BEPOATHOCTHON MOJICIIN) U OTHOCSIIUECS K MPAKTUKE (BBIOOpKE
pe3ynbTaToB HaOmoneHui). Hampumep, TeopeTHYECKOW BEPOSITHOCTH
COOTBETCTBYET YacTOTa, HaleHHas Mo BbIOOpKe. Maremarnueckomy
OXHJIaHUIO (TCOPETUYECKH PsZ]) COOTBETCTBYET BBIOOPOYHOE CpEIHEE
apupmeTrueckoe (mpakTuueckuit psin). Kak mpaBuiio, BBIOOPOYHBIC
XapaKTEePUCTUKU SIBISAIOTCS OLEHKaMM Teoperndeckux. Ilpum stom
BEJIMYMHBI, OTHOCAIIUECH K TEOPETUUYECKOMY psLY, «HAXOHATCS B
rojioBax  HCCJeIoBarenel», OTHOcATCS K mupy wuaed (1o
apeBHerpeueckomy  duimocody  IlmaroHy),  HEAOCTYNMHBI  JJIs
HEIOCPEACTBEHHOTO M3MepeHus. lccimenosarenu pacronararoT JIUIIb

BBI60pO‘{HBIMI/I HJaHHbIMH, C TIIOMOHIBIO KOTOPBIX OHHU CTApParOTCA

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

YCTAHOBUTH MHTEPECYIOLINE 104 CBOMCTBA TEOPETUUECKOU
BEPOSITHOCTHOW MOJIEIIH.

3ayeM Ke Hy)XHa BEpPOSTHOCTHas Mojenb? Jledo B TOM, 4TO
TOJIBKO C €€ IMOMOIIBIO MOKHO IIEPEHECTU CBOWCTBA, YCTAHOBIIEHHBIE 110
pe3yibTaTaM aHajdu3a KOHKPETHOW BBIOOPKH, Ha Jpyrue BBIOOPKH, a
TAK)KE€ Ha BCIKO TAaK HA3bIBAEMYIO0 N€HEPAJIbHYI0 COBOKYIHOCTh. Te€pMUH
«TEeHEpaJibHAsi COBOKYITHOCTB» MCIIOJIB3YETCS, KOrJa pPeyb HIET O
OOJIBIIION, HO KOHEYHON COBOKYITHOCTU M3y4aeMbIX enuHHIl. Hampumep,
O COBOKYITHOCTM BceX xurenerd Poccnu WM COBOKYIIHOCTH BCEX
notpebureneit pactBopuMoro kope B Mockse. llenb MapKeTHHTOBBIX
WU COITMOJIOTMYECKUX OMPOCOB COCTOUT B TOM, UTOOBI YTBEPKICHMS,
MOJTyYEHHBIE 1O BBIOOPKE M3 COTEH WJIM THICSY YEJIOBEK, MEPEHECTH Ha
F€HEPaJIbHbIE COBOKYITHOCTH B HECKOJIBKO MWUIMOHOB 4elioBeK. [Ipu
KOHTPOJIE KadyeCTBa B POJUA TEHEPAIBHOU COBOKYIMHOCTH BBICTYIIAET
apTUs OPOAYKIIUU.

UToObl TiepeHecTH BBIBOABI C BBIOOPKM Ha Oosiee OOIIUPHYIO
COBOKYITHOCTb, HEOOXOJAMMBI T€ WM HWHBIC MPEINOJIOKEHUS O CBSI3U
BBIOOPOYHBIX  XapaKTEPUCTUK C XapaKTEPUCTUKaAMU JTOH Ooliee
OOIIMPHON COBOKYIMHOCTH. OTH TMPEANOJOXKEHUS OCHOBaHbI Ha
COOTBETCTBYIOIIEW BEPOSITHOCTHON MOJEIH.

Koneuno, MoOXXHO oO0pabaThiBaThb BBIOOPOYHBIC JaHHBIE, HE
HCTIOJIB3YS Ty WIM MHYI0 BEPOSTHOCTHYHO Mozenb. Hampumep, MOXKHO
paccuuThIBaTh BBHIOOPOYHOE cpeHee apu(dMETHYeCKoe, MOJICUUTHIBAThH
YaCTOTY BBIMOJHEHUS TEX WM UHBIX YCaoBUM u T.1. OmHaKo
pe3yiabTaThl pacyeToB OyAYT OTHOCHUTBCS TOJBKO K KOHKPETHOM
BBIOOpKE, MEPEHOC MOJYYEHHBIX C UX MOMOIIBIO BBIBOJIOB Ha KaKyo-
au00 UMHYI0  COBOKYIHOCTh HEKOppekTeH. HMHorma momo0Hyro
NESITEIIbHOCTh Ha3bIBAIOT «aHAlW3 JaHHbIX». I[lo cpaBHEHHIO C
BEPOSITHOCTHO-CTATUCTUYECKUMHM METOJIAMHM AaHAJIU3 JAaHHBIX HWMEET

OTPAaHUYCHHYIO IMO3HABATCIIbHYIO ICHHOCTD.
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Nrak, HUCHOIB30BaHUE BEPOSTHOCTHBIX MOJEJIEH HAa OCHOBE
OLICHMBAHUSI M TPOBEPKM THUIOTE3 C TOMOUIbIO BBIOOPOYHBIX
XAPAKTEPUCTUK — BOT CYTh BEPOATHOCTHO-CTATHCTUYECKUX METOJIOB
MIPUHATHS PELICHUI.

[lonuepkHeM, 4YTO JIOTMUKA  MCHOJb30BaHUS  BBIOOPOYHBIX
XAPAKTEPUCTUK [IJIs1 NPUHITUS PELICHU HAa OCHOBE TEOPETUYECKUX
MOJCJIEH  MHPEANojaracT OAHOBPEMEHHOE  HCIOJIB30BAaHUE  ABYX
MapajuleNIbHbIX PSIOB TOHATHHM, OOWH U3 KOTOPBIX COOTBETCTBYET
BEPOSITHOCTHBIM MOJIEJISIM, @ BTOPOMl — BBIOOPOYHBIM JaHHBIM. K
COKaJICHUIO, B pAJie JUTEPATYPHBIX MCTOYHUKOB, OOBIYHO YCTapeBIIMX
7100 HANMCAHHBIX B PELIENTYPHOM JyXe, HE JENAeTCs Pa3Iuuus MEXIy
BBIOOPOYHBIMU U TEOPETUUYECKUMH XAPAKTEPUCTUKAMHU, YTO MPHUBOJIUT
yuTarened K HEJAOYMEHUSM M OWMOKaM TMpU  MPaKTUYECKOM

HCITOJB30BaHUM CTATUCTUYCCKUX MCTOLOB.

2.2.4. Ciy4yaiiHble BeJJMHYUHBbI M UX pacrnpe/eieHus

Pacnpenenenuss  ciay4aMHbIX  BeJIMYHH M (PyHKUUH
pacupenesenusi. Pactipenenenrue YucioBOM CIIy4YaliHOW BETMYUHBI — 3TO
GyHKIMSA, KOTOpash OJHO3HAYHO OMPEACNISICT BEPOSITHOCTH TOTO, YTO
Cly4yalHas BEJIMYMHA IPUHUMAET 3aJJaHHOE 3HAYEHUE WUJIA TPUHAILJIEKUAT
K HEKOTOPOMY 3aJITaHHOMY UHTEPBAILY.

IlepBoe — ecin cinyyaiiHas BEJIMYMHA PUHUMAET KOHEYHOE YHCIIO
sHaueHuit. Torma pacnpenencHue 3amaercss Qynkmmedn PX = Xx),
CTaBAILIEH KaXXIOMY BO3MOKHOMY 3HAYEHHUIO X CIY4aMHOM BEJIUYMUHBI X
BEPOSITHOCTB TOTO, 4TO X = X.

Bropoe — ecnu ciywailiHas BelMYMHA TPUHUMAET OECKOHEYHO
MHOTO 3HA4Y€HUW. DTO BO3MOXKHO JIUIIb TOTJA, KOTJa BEPOATHOCTHOE
IIPOCTPAHCTBO, HA KOTOPOM OIIPEAEIICHA CIy4daiiHas BEJIWYMHA, COCTOUT
u3 OECKOHEYHOI'O quciaa 3JIEMEHTAPHBIX COOBITHIA. Torma

pacrpenernenue 3anaetcst Habopom BepositHocteit P(a <X <b) mis Bcex
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nap yucen a, b rakux, uro a<b. Pacnpenenenne moxxer OBITH 3aaHO C
MOMOIIIBIO T.H. yukyuu pacnpederenus F(X) = P(X<X), onpezaensromei
JUISI BCEX JICWCTBHTENBHBIX X BEPOSATHOCTH TOTO, YTO CiydalHas
BeIWMYHMHA X MPUHUMAET 3HaYCHUs, MCHbIINE X. SICHO, 4TO
P(a <X <b) = F(b) — F(a).

DTO COOTHOIICHHME MOKA3bIBAET, YTO KaK pacIpeaeiieHne MOXET OBITh
paccyMTaHo Mo (QYHKIMH pacrpeeiIcHus, Tak ¥, Ha000poT, (QYHKIIHS
pacnpeneneHus — o pacipeIeICHUIO.

Hcnonp3yemMble B~ BEPOSTHOCTHO-CTATUCTHYCCKHX  METOAaX
MPUHATHS PENICHUN W IPYTruX MPHUKIATHBIX HUCCICAOBAHUAX (YHKIIHH
pacnpeneneHuss OBIBaIOT JMOO TUCKPETHBIMHU, JIMOO HETPEPHIBHBIMH,
JIM00 UX KOMOMHAIUIMU.

JIuckpeTHbIC byHKIHAHA pacnpeneneHus COOTBETCTBYIOT
JTUCKPETHBIM CITyYalHBIM BEJIWYMHAM, TIPUHUMAIOITUM KOHEYHOE YHUCIIO
3HAUCHWH WJIW )K€ 3HAYCHUS U3 MHOXKECTBA, 3JICMEHTBI KOTOPOTO MOYKHO
NEPeHyMEpOBaTh HATypaJlibHBIMK 4YnciaaMu  (Takue MHOXECTBa B
MaTeMaTHKE Ha3bIBAIOT CUCTHBIMHK). VX rpaduk uMeeT BUJ CTyIEeHYATON
aectHuLbl (puc. 1).

Ilpumep 1. YUucno X nedeKTHBIX W3ICIMA B MapTUU MPHHUMACT
3HaueHue O ¢ BepositHocThiO 0,3, 3Hauenue 1 c BepositHocThio 0,4,
3HaueHue 2 ¢ BeposTHOCThIO 0,2 u 3Hauenue 3 ¢ BepositHocThio O,1.

I'padux Pynkum pacnpeneneHus: caydaliHoM BeIWYUHBI X M300pakeH

Ha puc.l.
F(X)A
1,0
0,9 -
0,7 —

03—

v
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0 1 2 3 X

Puc.l. I'paduk ¢pyHKIMM pacnipeneneHus Yuciia 1ePeKTHBIX U3IeTUH.

HemnpepsiBHBIC QYHKIIUH paclpeiecHUs HE UMCIOT CKaukoB. OHH
MOHOTOHHO BO3PAacTAalOT = NPH YBEIMYCHHH aprymeHta — or O mpu
X® -¥ go 1 npu  x® +¥. CﬂyqaﬁHme BCJIMYUHBI, HMCIOIIUE
HENpepbIBHBIC (DYHKIMH pacpe/Ie/ICHNs, Ha3bIBAIOT HEMPEPHIBHBIMH.

HenpepoiBHble (YHKIMH  paclpeieiicHus, HCIOJIb3yeMble B
BEPOSATHOCTHO-CTATUCTHYECKMX METOJaX HPHUHATHSA PEIICHHH, HUMEIOT
npousBoaHbie. [lepBas npousBoanas f(X) Gyukuuun pacnpeneneuus F(X)

Ha3bIBACTCA INIOTHOCTBIO BCPOATHOCTH,

dF (x)

f(x)=
dx
[lo MJIOTHOCTH  BEPOSITHOCTH  MOXKHO  OMNPENeNUuTbh  (YHKIUIO

pacnpeeneHus:
F(x) = of (y)dy.
-¥

Jlist moOoit GyHKIMK pacipeeeHus
9 =0, fim F( =L

a IOTOMY

+¥
of (dx =1.
-¥
[lepeuncnennbie cBOMCTBA (PYHKIMA pacmpeseieHuss MOCTOSHHO
HCIIOJIB3YIOTCA B BEPOATHOCTHO-CTATUCTUYECKUX METOJAX MPUHATUSA
peuieHut. B 4acTHOCTH, W3 TOCJIEIHEr0 pPAaBEHCTBA BBITEKACT
KOHKPETHBIN BUJT KOHCTAHT B (hOopMYyJIax JJisl TNIOTHOCTEN BEPOATHOCTEH,

paccMaTpruBaeMbIX HUXKE.

B HEeKOTOpBIX ciaydasx, HapUMep, MPU U3yUYEeHHUH LIeH, 00bEMOB
BBINTyCKa WJIM CYMMapHOW HapaOOTKM Ha OTKa3 B 3aJa4ax HaJeKHOCTH,
(GyHKUMU pacnpeieNIeHUs TOCTOSHHBI HA HEKOTOPhIX UHTEpPBaJaXx, B
KOTOPBbIE€ 3HAYEHHUS HUCCIIENYEMBIX CIIyYallHbIX BEJITUYUH HE MOTYT
MIONACTb.
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Ilpumep 2. Yacto wucnons3dyercs ciuenyromas — GyHKIUS

pacnpeaeneHus:
: 0, x<a,
T X-a
F(xX)=i——, aEx£b, (1
(x) -:-b-a (1)
¥ 1 x>hb.

rae a u b — "Hekoropeie yncna, a<b. Haiiem MmioTHOCTh BEpOSTHOCTH

ATOW (PYHKIIMU pacnpeeeHus:

0, x<a,

f(x)=1

i, a<x<b,
b-

a
0, x>b

(B Toukax X = au X = b npousBognas pyunkuu F(X) HE cymecTByerT).

Cnyuaiinas BenwuuHa ¢ (QyHknued  pacnpeaencHus (1)
Ha3bIBACTCS «PABHOMEPHO paclpeie/icHHOM Ha oTpe3ke [a; b]».

CMmemanHple  (QYHKIMHM  pacmpeleleHus  BCTPEYaroTCs, B
YaCTHOCTH, TOTJa, KOrja HaOMIOIeHHs B  KaKOH-TO MOMEHT
npekpamiarorcs. Hampumep, mpu aHanmm3e CTaTUCTUYECKUX JJTaHHBIX,
MOJTyYEHHBIX MPHU UCTOIB30BAaHUM TUTAHOB HMCIIBITAHWA HAa HAJIEKHOCTB,
NpeIyCMaTPUBAIONINX  MPEKpalleHue WCHBITAHUH 1O HCTEYCHUU
HEKOTOPOTo cpoka. Mmu npu aHanm3e TaHHBIX O TEXHUYECKUX U3IEIHSIX,
noTpeOOBaBIINX FrAPaHTUHHOTO PEMOHTA.

Ilpumep 3. IlycTh, Hampumep, CpPOK CIYXKOBI SICKTPUUECKOUN
JaMIIOYKH — ciydaiiHas BenuumHa ¢ QyHKuued pacrnpenenenus F(t), a
UCTIBITAHUE TMPOBOJUTCS IO BBIXOJA JIAMIIOYKH W3 CTPOs, €CIU 3TO
npousoigeT Menee yeMm 3a 100 yacoB OT Hayana MCHBITAaHUH, WU 0O
momenTa fp = 100 wacoB. Ilycte G(f) — dyHKuMs pacnpenencHus
BPEMEHH JKCIUTYaTallMH JIAMIIOYKH B UCIPABHOM COCTOSTHMHM TIPU 3TOM

HUCIIbITAHUH. Torna
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GOynkus G(t) umeer ckayok B Touke tp, MOCKOIBKY COOTBETCTBYIOIIAS
CllydailHasi BeJIMYMHA MPUHUMAET 3HaueHue tp ¢ BeposTHOCTHIO 1-
F(to)>0.

XapakTepUCTHKH CJOYYalHBIX BeJIMYUH. B BEposSTHOCTHO-
CTaTUCTUYECKUX METOAAX IPUHATUS PEUICHUM UCIOIb3YETCs PAX
XapaKTepUCTUK CIyYalHbIX BEJIMYWH, BBIPAXKAIOLIUXCS yepe3 (QyHKIUU
pacnpenenesHus 1 II0OTHOCTH BEPOSITHOCTEM.

[Ipu onucanum nuddepeHHanK T0X0J0B, MPU HAXOXKICHUU
JNOBEPUTEIIBHBIX TPAHUL Ul IIapaMETPOB PACIPENCIICHUN CIyYalHbIX
BEJIMYMH U BO MHOT'MX HMHBIX CIIy4asiX UCIIOJIb3YETCs TaKOE IOHATHE, KAK
«KBaHTHJIb Hopsiaka p», rae 0 < p < 1 (o6o3Hagaercs x,). KBaHTHIb
nopsAJika p — 3HAYCHHE CIIy4YalHON BEJIMYUHBI, JAJII KOTOPOTO (PYHKIUS
pacrpenesneHus IPpUHUMAaeT 3HaYCHUE p UM UMEET MECTO «CKadyOK» CO
3HAYCHUSI MEHBIIIC p 10 3HAYCHUs OoJbiie p (puc.2). MoXeT clyduThes,
YTO 3TO YCJIOBUE BBINOJIHAETCS JJIsl BCEX 3HAYCHUW X, MPUHALJIEKALINX
3TOMY HMHTEpBany (T.e. QYHKIHMs pacrupeieiicHHs MOCTOSHHA Ha 3TOM
UHTEpBaJIC W paBHa p). Torja KaxIoe TaKoe 3HAYCHUE HA3bIBACTCS

KKBAHTUWIICM IIOpAAKaA p>.

A F(X)

v

0 Xp X

Puc.2. Onpenenenne KBaHTHIA X, OPSIKA p.

Jliist HenpepbIBHBIX (QYHKLIMNA pacnpeneseHus, Kak MpaBuio, CyllecTByeT

eJMHCTBCHHBIH KBAaHTHIIb X, TTOpsiKa p (puc.2), mpuuem

Fx)=p. (2
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IIpumep 4. Haiinem KBaHTHIb X, HOpsAAKa p AL (QYHKIUH
pacnpezaenenus F(X) u3 (1).
ITpu 0 < p < 1 KBaHTUIIb X, HAXOJUTCS U3 YPaBHEHUS

X-a _
b-a

P,
T.¢. X, = a+ p(b —a) = a(l- p) +bp. IIpu p = 0 moboe X < a sBusAeTCA
kBaHTHIeM ropsiika P = 0. KBantunem mopsiaka p = 1 sBisercs rodoe
yucio X> b.

JIJIsT TUCKPETHBIX paclpeeICHU, KaK MPaBWIO, HE CYIIECTBYET
X,, YIOBIETBOpAOIUX ypaBHeHHIO (2). TouHee, eciu pacrnpenencHue
CIy4yalHOW BeJMYMHBI Jaetrcs Ta0n.l, rae X3 < X < ... < X, TO

PaBCHCTBO (2), paccMaTpuBacMOC KaK YpPaBHCHHMC OTHOCHTCIIBHO X,

HUMCCT PCIICHUA TOJIBKO IJIA K 3HaueHuit P, a IMEHHO,

p:pl,
P=pP1+ P2
P= P+ P2t Ps,

P=p1t P2t ...+ Pm3<mM<Kk

P=pP1+ P2t ...+ P

Tabnuua 1.

Pacnipenenenue IUCKpETHON CIIy4alHOU BEJTUYUHBI

3HaveHus X CiIydalHOW BETUYUHBI X X1 X2 Xk
Bepostroctu P(X =X) Py [ Px
I[JISI MMCPCUYNCIICHHBIX k 3HA4YCHU U BCPOATHOCTH p pPCUICHUC Xp
ypaBHeHUs (2) HEEIUHCTBCHHO, @ UMEHHO,
FO)=pit+pz+ ...+ P
IUIg BCEX X TakKuX, 4TO Xy < X < Xm1. 1.€. Xy, — mr000e 4YhCiIo U3

uaTepBana (Xm; Xme1]. Ju1st Bcex ocranpubix p u3 npomexytka (0;1), He
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BXOJISIIIUX B repeueHb (3), UMEET MECTO «CKAYOK» CO 3HAYCHHUST MEHBIIIE
p 10 3HaueHus Oosblle p. A UMEHHO, €ClTU

Pr+Pot . Pn<p<pPrt P2t ...+ Pmt Pmeiy
TO Xp = X 1-

PaccMoTpeHHOE CBOWMCTBO NHMCKPETHBIX PACHpENEICHUN CO31aeT
3HAUUTENbHBIE TPYAHOCTH TpU TaOYJIMPOBAHMM U HCIOJIb30BAHUU
MOJOOHBIX pacHpe/ieNIeHu, MOCKOJIbKY HEBO3MOXHBIM OKa3bIBAaeTCSA
TOYHO BBIAEP/KATh THUIIOBBIE YHCIECHHBIE 3HAYEHUS XAPAKTEPUCTUK
pacrpeneneHus. B 4acTHOCTH, 3TO Tak i1 KPUTUYECKUX 3HAYEHUU U
YPOBHEN 3HAUMMOCTH HEMAPaMETPUUECKUX CTAaTUCTUYECKUX KPUTEPHUEB
(cM. HMXE), TIOCKOJIbKY pACHpEACICHHS CTATHCTUK ITHX KPUTCPHUEB
JVCKPETHBI.

Bonpuioe 3HaueHUE B CTATUCTUKE UMEET KBAaHTUIIb MOPSAKA p = S.
OH Ha3bIBaeTCs MeIUaHOl (CiiydyailHOW BeNWYMHBI X WM ee (QpyHKIUU
pacnpeaenenus F(X)) um obOo3zmauaetcs Me(X). B reomerpum ecthb
MOHATHE «MEQWaHa» - TpsAMas, MpoXOoAsUlas 4Yepe3 BEPIIMHY
TPEYTOJIbHUKA U JIEJAIIAas MPOTUBOIOJIIOKHYIO €r0 CTOPOHY Iornosnam. B
MaTeMaTH4YEeCKOM CTAaTUCTUKE MeEIWaHa AECNUT IONOJIaM HE CTOPOHY
TPEYrOJbHUKA, A PaCIpPeAeICHUE CIIyYalHOW BEJIMYUHBI. PABEHCTBO
F(Xo5) = 0,5 o3Hagaer, 4YTO BEpPOSTHOCTh TMOMACTh JieBee Xos5 M
BEPOSITHOCTH MONACTh MpaBee Xos (MM HEMOCPEICTBEHHO B Xo5) PaBHBI
MeXIy cOOOM U paBHBI S, T.€.

P(X < Xo5) = P(X > Xo5) = S.
Mennana ykas3plBaeT «UeHTp» pacnpenesieHus. C TOUKU 3peHust OAHOMN
U3 COBPEMEHHBIX KOHLENIUNA — TEOPUM YCTOMYUBBIX CTATUCTUUYECKUX
npoueayp — MeauaHa sBiseTca Ooyiee XOpouled XapaKTepUCTUKOU
Cly4yailHOM BEJMYMHBI, YeM MaTeMmatudeckoe oxupanue [2,7]. Tlpum
00paboTKe pe3y/bTaTOB M3MEPECHUH B TOPSAKOBOM Iikaie (CM. TaBy o
TCOPHUHM  HW3MEPCHMI)  MEIMAaHOW  MOXKHO  IOJIb30BaThCs,  a

MATCMATUYCCKUM OXKHNIAHUCM — HCT.
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SIcHBII CMBICII HMEET Takasg XapaKTEPUCTHUKA CIIy4auHOU
BEJIMYMHBI, KAK MOJIa — 3HaYCHHUE (MM 3HAYCHHUS) CIIYIaliHON BEIIMUMHBI,
COOTBETCTBYIOIIEE JIOKAJIBHOMY MAaKCUMyMY IUIOTHOCTH BEPOSTHOCTH
JUJI. HEMPEPBIBHOW CIyYalHOM BEJIMYMHBI WIH JOKAJIbHOMY MaKCUMyMY
BEPOSITHOCTH JUJISI JUCKPETHOM CITyYaliHOW BEJIMYHHBI.

Ecnu Xo — Moj1a ciny4aiftHON BeTUYHMHBI ¢ 10THOCTRIO f(X), TO, Kak

df (%) -0
dx '

W3BECTHO U3 TU(PHEepeHIIMATBHOTO UCUUCIICHNUS,

VY cnydaiiHOM BEIMYMHBI MOXKET OBITH MHOTO MOJ. Tak, mis
paBHOMepHOTO pactpenenenus (1) kakaas Touka x Takas, 94ro a < X < b,
ABysieTcss Moao. OJHAKO 3TO UCKIIOYEHHUE. BONBIIMHCTBO CIIy4alHBIX
BEJIMYMH, HCIOJIB3YEMBIX B BEPOSITHOCTHO-CTATUCTHUYECKUX METOIAX
IPUHATUS PELICHUH W JOPYIUX NPUKIATHBIX HCCIENOBAHUAX, HUMEIOT
onHy ™oay. CiyyaliHble BENMYMHBI, IUIOTHOCTH, paclpeiesieHHus,
MMEIOIINE OJHY MOJY, Ha3bIBAXOTCS YHUMOJAJIbHBIMU.

Marematndeckoe OXUIAHUE Ul JUCKPETHBIX  CIy4aWHbIX
BEJIMYMH C KOHEYHBIM YHUCJIOM 3HAYCHUM pPACCMOTPEHO B TJIaBe
«CoObITHS U BepOSITHOCTH». [|J1s1 HempepbIBHOM CiiyyaliHOM BeIMUUHBI X

MaTemaTHueckoe oxunanue M(X) ynoBiaeTBOPsAET paBEHCTBY
+¥
M (X) = o< (x)dx.
¥

sBIstoneMycs anajgorom Gopmynsl (5) W3 yTBepkaeHHsS 2 TJIaBbI
«COOBITHS U BEPOATHOCTU.
Ilpumep 5. Marematuyeckoe OXHUAaHUE JJII PABHOMEPHO

pacupeeICHHON CIIy4aiHOW BEJIMYMHBI X PaBHO

b 2P 2 2,
M (X) = ——dx = 1 xp__1 @ ag_ath
Q-a Tb-az2| b-af2 25 2

JIns paccMaTpuBaEeMbIX B HACTOSIIIEN TJIaBE CIy4alHbBIX BEJIMYUH
BEpHBI BCE TE€ CBOMCTBA MATEMAaTUYECKUX OXHAAHUU W JTUCIEPCHUH,
KOTOpbIe OBUIM PACCMOTPEHBI paHee [JIsl JUCKPETHBIX CIy4alHBbIX

BEJIMYMH C KOHCUHBIM YHCJIOM 3HAYCHMHU. OIIHaKO A0Ka3aTCJIbCTBA 3THUX
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CBOMCTB HE MPHBOIMM, IOCKOJIBKY OHH TpPEOYIOT yIIyOJicHUsS B
MaTeMAaTUYCCKUE TOHKOCTH, HE SBISIOIICTOCS HEOOXOAMMBIM ISt
MOHMMAaHUsA ¥ KBAIM(OUIMPOBAHHOIO TMPUMEHEHHUS BEPOSITHOCTHO-
CTATUCTUYCCKUX METOIOB MPUHATHS PEIICHHIA.

3ameuanue. B HacrosimeMm ydyeOHHKE CO3HATEIbHO OOXOASTCS
MaTeMaTHYECKUE TOHKOCTH, CBSI3aHHbIC, B YAaCTHOCTH, C TOHATHAMU
HU3MEPUMBIX MHOXKECTB M U3MEPUMBIX (DYHKIIHH, S -aareOpsl COOBITUH U
T.. JKenarommM OCBOUTH 3TH MOHATHS HEOOXOJAMMO OOpPATHTBCA K
CICUAIBHON JTUTEPAType, B YACTHOCTH, K SHIUKIOoNeauu [1].

Kaxass U3 Tpex XapaKTepUCTHK — MaTeMaTHYeCKOE OXKUIAaHUE,
Me/iMaHa, MOJia — OIKCHIBACT «IICHTP>» PACIPEICICHUSI BEPOSTHOCTCH.
[ToHsATHE «IIEHTP» MOXKHO OMPEILNIATh Pa3HbIMU CIIOCOOAMHU — OTCHOIIA
TPU pas3Hble XapakTepucTHKU. OJHAKO JJIs BaXHOIO  Kjacca
pacrnpesicieHiii — CHMMETPHYHBIX YHHMOJAQJIbHBIX — BCE TpHU
XapaKTePUCTHKH COBIMAIAIOT.

[TnotHOCTh pacnpeneneHuss f(X) — MIOTHOCTE CHMMETPHUYHOIO
pacrpeeieHus1, €Cll HalaeTCsl YUCIIO X TAKOE, YTO

f(X)=f(2x%-x. (3)
PaenctBo (3) o3Hauaet, uro rpaduk GyHkiuu y = f(X) cummerpuueH
OTHOCUTEIIHO BEPTUKAIBHOW NPSIMOM, TNPOXOIAIICH uepe3 ICHTP
cuMMeTpun x = Xxo. U3 (3) crnemyer, 4ro (GYHKIHS CHUMMETPUYHOTO
pacrpeeieHus YA0BICTBOPSET COOTHOIICHUIO
F(X)=1- F(2%,- X). (4)

JInd  CUMMETPUYHOTO  paclnpeiceiieHus ¢  OOHOW  MOJIOU
MaTeMaTHYECKOE OKUIAHUE, MEIUaHa U MOJIa COBIAIAIOT M PABHBI Xo.

HaubGonee BaxkeH cinyuaii cummerpuu otHocutenbHo O, T.e. xo = O.
Torna (3) u (4) nmepexoasar B paBSHCTBA

F=1(-% (5)

F(X)=1- F(-x) (6)
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COOTBETCTBCHHO. [IpuBeACHHBIC COOTHOIICHHUS ITOKa3bIBAIOT, YTO
CUMMETPUYHBIC PaCIpeie/ieHUs] HET He0OX0IUMOCTH Ta0yJIUpOBaTh MPU
BCEX X, JOCTATOYHO UMETh TAOJIHIIBI TIPU X > Xo.

OTMeTHM eIlle OJHO CBOMCTBO CHMMETPHYHBIX DPACIpPEaCICHHIA,
MOCTOSTHHO HCIIOJIb3yeMOE B BEPOSTHOCTHO-CTATUCTHUYECKHUX METO/aX
OPUHATHSA PELUICHUH H APYTUX MPUKIAAHBIX HCCIeaoBaHusIX. J[s
HENPEPBIBHON (YHKIMH pacipe/IeICHHUs

P(|X|<a) = P(-a<X<a) = F(a) — F(-a),
rie F — dyukmus pacnpenenenus ciydaiiHod BenuduHbl X. Ecnm
byHKIMS pacnpeaeneHus F cummeTpruyda otHocuTenbHO O, T.e. I Hee
cripaBeyiuBa popmyia (6), To
P(|X|<a) = 2F(a) — 1.
YacTto HCHONB3YIOT JPYryH0 (QOPMYIHPOBKY paccMaTpHBacMOIO
YTBEPXKICHUS: €CIIH
1- F(a)=a,
TO
P(X [pa)=2a.
Ecmu x, u x_, - KBAHTWIM MOPSAZIKA @ M 1- a COOTBETCTBEHHO (cM. (2))

(GYHKIMU pacnpejieieHus, CHMMETPUYHON oTHOocuTeabHO O, TO u3 (6)
CICOYCT, 4TO
Xg =7 Xpq -

Or XAPAKTCPUCTUK ITIOJIOKCHUA — MATCMATHUYCCKOI'O OXUIAAHUA,
MeIHaHbl, MOJBI — IepelIeM K XapaKTepUCTHKaM pa3bpoca ciydaiHoi
BeNMUMHBL X gucnepcud D(X)=s?, cpeaHeMy KBaIpaTHYECKOMY
OTKIIOHEHHIO S ® Koddduimenty Bapuarmu V. OnpenerneHue Hu
CBOICTBA AUCTICPCHUHA JJIA AUCKPCTHBIX CﬂyqaﬁHBIX BCIIMYUH

paccMOTpEHbI B Ipeablaynied riase. i1 HEmpepbIBHBIX CIIyYalHBIX

BCIIMYNH

+¥

D(X) =M[(X - M(X))*]= ¢fx- M(X))* f (x)dx.
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CpenHee KBaJpaTMYECKOE€ OTKIOHEHHME — OTO HEOTPULATEIHHOE
3HAYCHUC KBAJIPATHOI'O KOPHS HU3 III/ICHepCI/II/IZ

s =+,/D(X) .
Koaddumment Bapuannu — 3170 OTHOIIEHUE CPETHEr0 KBaJAPATUYECKOTO

OTKJIOHCHUA K MATECMATUYCCKOMY OXXHIAHUIO.

s
M(X)

Koaddunuent Bapuanmu mnpumensiercs npu M(X)>0. On wusmepsier
pa30poc B OTHOCUTEIBHBIX €IUMHUIAX, B TO BpEMs Kak CpeaHee
KBa/IpaTUYECKOE OTKIIOHEHUE — B a0COIIOTHBIX.

Ilpumep 6. Jlns paBHOMEPHO paCHIpPENCIICHHOW CIydaitHOM
BeIUYMHBI X HaliZileM AUCHEPCUIO, CPETHEKBAAPATUYECKOE OTKIOHEHHUE U

koadunrent Bapuanuu. Jucnepcus papHa:

b .2
.1 & a+bo
D(X):OD_ agx- > ;dx.

o a+b
3aMCHa HepeMeHHOI/I y=X- T J1a€T BO3MOXKHOCTH 3aIllucaTh.

c 3¢ 3 PRy
b-a7; b-a3|_  3b-a 12
rnie ¢ = (b — a)/2. CraenosatenbHO, cpeaHee KBaapaTHUECKOE

_b-a

23"

OTKJIOHEHUE paBHO S a Kod(hUIMEeHT BapHall TaKOB:

V= b- a
V3(a+h)

Ilo xaxzmou ciy4yalHOW Benu4YuHE X ONPEACHAIOT €lle TpHU
BEJIMYMHBI — IEHTPUPOBAHHYIO Y, HOPMUPOBAHHYIO V U MPUBEICHHYIO
U. llentpupoBanHas ciydaiiHas BelIuuuHa Y — 3TO Pa3HOCTb MEXIY
JAHHOM CIly4YalHOM BEJIMYMHOM X M €€ MAaTEMaTUYECKUM OXKHUIAHUEM
M(X), t.e. Y = X — M(X). MareMaTtu4eckoe OKUJIaHHUE [ICHTPUPOBAHHOM
ciny4yaiiHoW BenuuuHBl Y paBHO 0, a nucnepcus — AUCIEPCUU JTaHHOU
ciyvarinot  Benmumubl: M(Y) = 0, D(Y) = D(X). ®ysxius

pacnpezenenus Fy(X) HeHTpUpOBaHHOM ClydaliHOM BEIUYMHBI Y CBA3aHA
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¢ (dynkuei pacnpenenenuss F(X) mcxomHO#M ciy4aiiHON BETUYHMHBI X
COOTHOILIEHUEM
Fv(x) =F(x + M(X)).
JI71 II0OTHOCTEN 3TUX CIIyYaWHBIX BEJIMYUH CIIPABEIJINBO PABEHCTBO
fx) = f(x + M(X)).
HopmupoBaHHast ciydaiiHas BenuunHa V' — 3TO OTHOIIEHHUE

JAHHOW CJIy4YalHOM BEJIWYUHBI X K €€ CpelHEMYy KBaJpaTUYECKOMY

OTKJIOHEHUIO S , T.€. V = )% . MaTreMmaTtuueckoe OXHUIOAHNUC U NUCIICPCHA

HOPMHUPOBAaHHON  cily4yailHOW BedMuuHBl V  BBIpaXKaloTcs 4epes

XAPAKTCPUCTHUKH X Tax:

M (X)
S

) D(\/):l,

M(V) =

<|r

rae V — ko3GUIMEeHT Bapualud UCXOJHOU CIIy4yaWHOW BETMYHHBI X.
s yukuuu pactpeneiacaus Fy(X) u miotHoctu fy(X) HopMupoBaHHOM
ClIy4yaliHOW BEJIMYUHBI V UMeeM:

F,(X)=F(sx), f,(x)=sf(sx),

rae F(X) — dyHKIms pactpeneacHust HCXOTHON CIIyYaliHON BETHMYUHBI X,
a f(X) — ee MIOTHOCTH BEPOSTHOCTH.

[IpuBenennas ciyuaiinas BenudyuHa U — 3TO IEHTpUpOBaHHAs U
HOPMHUPOBAHHAS ClIy4daiiHasi BEJIMYMHA!

_ X- M(X)
== _

U

JIs IpUBEECHHON CIIy4aiiHOM BEJIMYMHBI

M@U)=0, DU)=1 F,(X)=F(sx+M(X)), f,(x)=sfsx+M(X)). (7)
HopMmupoBaHHbBIE, LEHTPUPOBAaHHbIE W IIPUBEACHHBIC CIy4alHbIE
BEJIIMYMHBI  I[IOCTOSIHHO  MCIIOJB3YIOTCA KAaK B TEOPETUYECKUX
HCCIIEIOBAHUAX, TaK W B alrOpPUTMaX, MPOrpaMMHBIX IPOAYKTaX,
HOPMAaTHBHO-TEXHUYECKOU u MHCTPYKTUBHO-METOIUYECKOU

AOKYMCHTAllUH. B HYaCTHOCTHU, IOTOMY, qTo PaBCHCTBA
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MU)=0, DU)=1 TO3BOJISIIOT YIPOCTUTh OOOCHOBaHUS METOJIOB,

(bOpMYITUPOBKH TEOPEM U pacueTHbIE POPMYIIBI.
Hcnonb3ytoTcsi nmpeoOpa3oBaHus CIlydyalHbIX BEIUYMH U Ooliee

obriero miana. Tak, ecin Y =aX + b, rae au b — HekoTopble uncia, To

M(Y) =aM () +b, D(Y) =s *D(X), F,(0=FE 23 1,09=2 &2

(8)

Ilpumep 7. Eciu a=1s, b=-M(X)/s, 1o Y — mOpuBeacHHAs
cllydaiiHas BeJauunHa, U popmyisl (8) nepexoast B popmyisr (7).

C kaxnoil ciy4yallHOW BEIMYMHOW X MOKHO CBSI3aTh MHOKECTBO
ciydaiiHpIX BenwuuH Y, 3amaHHbIXx (opmymoit Y = aX + b mpm
pazimmuabix a@>0 u b, DT0 MHOXKECTBO HAa3BIBAIOT MACUMAOHO-
COBU20BLIM CeMelicm8oM, TIOPOXKICHHBIM CIIy4allHON BeauyuHOU X.
Oyukuun pacnpenenenns Fy(X) coctaBmsiioT MaciiTtaOHO CIBHUTOBOE
CEMENCTBO pacrpeereHnil, TOpoXKJIeHHOe (QYHKIMEH pacnpeneaeHus

F(X). Bmecto Y = aX + b yacto ucnonb3yroT 3anuch

X-cC
Y = , (9
= ©
rac
d== > 0, c=- 9
a a
Yucnao ¢ Ha3bpIBalOT MapaMeTpoM ciBura, a 4ucio d - mapaMerpom

maciutaba. @opmyna (9) mokassiBaeT, uTo X — pe3ysibTaT U3MEPCHUS
HEKOTOPOU BEJIMUMHBI — NEPEXOJUT B V — pe3ynbTaT U3MEPEHUS TOU KE
BEJINYUHBI, €CJIM HA4YaJ0 U3MEPEHHs] NMEPEHECTH B TOYKY C, a 3aTeEM
UCIIONIb30BATh HOBYIO €IMHUILY U3MepeHHsi, B 0 pa3 OOJBLIYyIO CTapOi.
Jlns macmrabHO-caBuroBoro cemeiictBa (9) pacmpenenenne X
Ha3bIBAlOT CTaHAAPTHBIM. B BEpOSTHOCTHO-CTATUCTUYECKUX METOAAX
MPUHATHUS PEIICHUN U APYTUX MPUKIATHBIX UCCIEIOBAHUSIX UCTIOIB3YIOT

CTaHAAaPTHOC HOPMAJIBHOC PACIIPCACICHUC, CTAHAAPTHOC PACIIPCACICHUC
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BeiiOymna-I'HeieHKko, CTaHIApTHOE ramma-pacupeneicHue u ap. (cwm.
HIKE).

[Ipumensitor U Apyrue mnpeoOpa3oBaHUsl CIIy4alWHBIX BEJIUYHMH.
Hanpumep, ansg  DONOXKUTENIBHOW  CIIyYalHOM  BEIMYUMHBI X
paccmarpuBaior Y = Ig X, rue |g X — gecsatuunbiii jorapudm dnciaa X.
[lenouka paBeHCTB

Fv(x) = P(Ig X < x) = P(X < 10) = F(10%)
cBs3bIBaeT PyHKIMM pacnpeneneHus X u Y.

[Ipu o00paboTke HaHHBIX HCIHOJIB3YIOT TaKHWE XapPaKTEPUCTUKHU
CIy4ailHOM BeNWYMUHBI X KaK MOMEHTHI TTOPsJIKa [, T.€. MATEMaTHYECKUE
OXugaHus ciydaifnoi Benmumuel XY, ¢ = 1, 2, ... Tak, camo
MaTeMaTH4YeCKOoe OKHMJIaHUE — 3TO MOMEHT mopsaka 1. Jlns nuckpetHoit

cnyqaﬁﬁoﬁ BCJIMYMHBI MOMCHT IOPsAKa ( MOXET OBITH pacCUnUTaH KakK

m, =M(X%) =g X'P(X =x).

JIna HenmpepbIBHOW CIIy4alHOU BEJIMYMHBI

+¥

m, =M (X) = < (x)dx.

¥
MomMmeHnTsl Topsiika ( Ha3bIBAIOT TaKXk€ HAYAIBHBIMA MOMEHTAMHU
nopsiaka ¢, B OTVIMYME OT POJACTBEHHBIX XAPAKTEPUCTUK — LEHTPATbHBIX
MOMEHTOB MOpsAKa 0, 3a7aBaeMbIX HopmyIioi
m, =M[(X - M(X))?], q=23,...
Tax, aucnepcust —3TO LEHTPAIbHBIA MOMEHT MOpsIKa 2.

HopmanbHoe pacnpeaesieHue M LEHTPAJbHAas MNpeaebHasi
TeopeMa. B BEPOATHOCTHO-CTATUCTUYECKUX METOAAX MNPHUHATHUS
pELIEHN YacTO UJAET peyb O HOPMaJbHOM pacrpeneneHuu. MHoraa ero
MBITAIOTCSI  UCIIOJIB30BAaTh  JJIA  MOJEIUPOBAHUS  paCIpeleIeHUs
UCXOJIHBIX JaHHBIX (ITH MOMBITKH HE BCETJA SBJISIOTCS 000CHOBAHHBIMHU
— CM. HWXe). bojee cCylIecTBEHHO, YTO MHOTHE METOABI 00pabOTKH
JAHHBIX OCHOBaHbl Ha TOM, YTO pPACYETHBIE BEJIWYMHBI HMEIOT

pacnpeneneHus, OJ1M3Kue K HOpMaJbHOMY.
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Ilycte X3,  Xp..., Xn  ...— HE3aBUCHUMBIC  OJIMHAKOBO
pacripefieJieHHble  CIydailHble  BEJIMYMHBI C  MaTeMaTHYeCKUMH
oxkumpaauamu M(X)) = mu gucnepcusmu D(X) = s?,1 =1, 2,..., n,...
Kak cnenyeT u3 pe3ynabTaToB NMpebIAyIeH T1aBbl,

M (X, + X, +..+ X, )=nm, D(X,+X,+...+X,)=ns 2
PaccmoTrpum mpuBeneHHyr chydaiiHyro BenuuuHy U, s CymMMBbI
X, +X,+..+ X, a IMCHHO,

U = X+ X, +..+X, - nm.

n s \/ﬁ
Kak cneayer u3 dpopmyi (7), M(U,) =0, D(U,) = 1.

Leumpanvnass  npedenrvnass  meopema (I~ OJXMHAKOBO
pacnpejielieHHbIX ciaraembix). Ilycte Xi, Xp,..., X, ...— HE3aBUCHMBIC
OJIMHAKOBO pacrpeie/ieHHbIC CITy4aiHbIC BEJIUYHHBI C
MaTeMaTHuecKuMu oxkuaanussMu M(X) = mu aucnepcusimu D(X) = s ?,

=1, 2,...,n,... Toraa mis 100010 X CyIIeCTBYET Mpeaes

. +X,+..+ X, -nm _ §
lim Pa@(1 2 n < xg: F (),

n® ¥ S\/ﬁ p

riae @(x) — QyHKIUS CTaHAAPTHOTO HOPMATIBLHOTO PACTIPEICIICHHS.

[MoapoOuee o ¢yHkumu @D(x) — Huxke (YUTaeTcss «PU OT HKC»,
MOCKOJIbKY @ — rpeueckas ponucHasi OykBa «pu»).

[lentpansuas npeaensHas Teopema (LIIIT) HOCUT cBoe Ha3BaHUE
10 TOW MPUYHMHE, YTO OHA SIBIISIETCS IEHTPAIbHBIM, Hamboyiee 4acto
NPUMEHSIOIINMCS MATEMaTHIECKUM PE3yJIbTaTOM TEOPHH BEPOSITHOCTEH
u matematudeckoi cratuctuku. Uctopus LT 3anumaer oxono 200 et
— ¢ 1730 r., korma aHrimickuii maremaTuk A.MyaBp (1667-1754)
OImyOJIMKOBa TNEepBbIH pe3ynbratT, oTHocsAmmiics k LT (cMm. HIke O
teopeme MyaBpa-Jlamiaca), 10 ABaAATBIX — TPUALATHIX T0A0B XX B.,
korma ¢unH Jx.Y. JlungeOepr, dpaniys Ilons Jlesu (1886-1971),
torociaB B. @emrep (1906-1970), pycckuit A.Sl. Xununn (1894-1959) u
Apyrue yd4eHble TOJIYYWId HEOOXOAMMBIE M JOCTATOYHBIC YCIOBHS

CIPaBEUIMBOCTH KIACCUUYECKOH LIEHTPAJIbHOM MPEEIIbHON TEOPEMBI.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

PazButue paCCManI/IBaCMOﬁ TCMAaTHUKHN Ha 3TOM OTHKOJIb HC
MNPCKPATUIOCH — H3YyYdJIHn cnyqaﬁHme BCIIMYNHBI, HC MHMCIOIIUC

AUCIICPCHH, T.C. TC, IJIsI KOTOPBIX

+¥

O f (X)dx = +¥

-¥
(akamemuk bB.B.I'HeieHko W Jp.), CHTyalMio, KOTJa CYMMHPYIOTCS
CllydaliHble BEJUYHMHBI (TOYHEE, CIIydalHbIC 3JICMEHTHI) OoJiee CIIOKHOM
npupobl, yeMm yucna (akagemuku FHO.B.ITpoxopos, A.A.BopoBkoB U HX
COpPaTHHKH), U T.JI.

®dynkiust pacnpenencaus @(x) 3aaaeTcss paBEeHCTBOM
F(X) =g (xdx,
-¥

rae j (y) - IUIOTHOCTH CTAaHAAPTHOIO HOPMAJIBHOTO pacHpenciieHus,

MMEIOIIas IOBOJIBHO CIIOXKHOE BhIpaKEHUE!
2
. 1 Y
i) =—@e ?
3nech p =3,1415925... - wu3BECTHOE B TE€OMETPUHM YHUCIO, PaBHOE
OTHOIICHUIO JJIMHBI OKPY>KHOCTH K Auametpy, € = 2,718281828... -
OCHOBaHHWE HATYpPaJbHBIX JOrapupMoB (Ui 3alIOMUHAHUS TOTO YHCIa
oOpature BHUMaHue, uro 1828 — rom poxkaeHUS THUCATEIS

JL.LH.Toxactoro). Kak u3BecTHO U3 MaTeMaTHUYECKOTO aHA/IN3a,

,.N
e=lim&+12.

n®¥e nﬂ
I[Ipu  006paboTke  pe3ynabTaToB  HAOMIOACHUU  (PYHKIIMIO
HOPMAJILHOTO pacHpe/e/ieHuss HE BBIUHCIAIOT TI0 TPHUBEICHHBIM
dbopMynamM, a HAXOAAT C TIOMOINBIO CHCIHMATBHBIX TAOIHI WU
KOMITBIOTEPHBIX TIporpamm. Jlydimme Ha pPycCKOM s3bIke <«TaOmuilsl

MaTeMaTH4YeCKOM CTaTUCTUKHU» COCTAaBJICHBI YJICHAaMH-

koppecnionaentamu AH CCCP JI.LH. bonsmesiMm 1 H.B.CMupHOBBIM

[8].

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Bujg miI0THOCTHM CTaHAAPTHOTO HOPMAJIBHOTO paclpeliesieHus
j (y) BBITEKaeT M3 MaTEeMaTUYECKOW TEOpUH, KOTOPYIO HE HMEEM
BO3MO>KHOCTH 3JIECh paCCMaTPUBaTh, PaBHO Kak U Joka3zareibcTBO LIIIT.
JUis wimocTpalul IpUBOAMM HEOObIIMe TAaOMUIBl (YHKIUU
pacnpezaenenus @(x) (tabmn.2) u ee kBantuien (1a01.3). DyHkius D(x)

CUMMeETpUYHA OTHOCUTENbHO O, 4TO oTpakaeTcsi B Ta0.2-3.

Tabnuua 2.

@yHKIHS CTAHAAPTHOTO HOPMAJIbHOTO PaCIpeEACIICHUS.

0,00000029 0,158655 0,9772499
0,00003167 0,308538 0,99379033

0,00134990 0,500000 0,99865010
0,00620967 0,691462 0,99996833
0,0227501 0,841345 0,99999971
0,0668072 0,9331928

Ecnu cnydaiinas BennuuHa X MMeeT (YHKIHIO paclpeeICHHUs
@(x), o M(X) = 0, D(X) = 1. D10 yrBepKIeHNE JOKA3bIBACTCS B TCOPHH
BEPOSATHOCTEH, MCXOJAsS W3 BUA IUIOTHOCTH BeposTHOCTEH | (y). OHO
coryiacyercs C AaHaJOTHYHBIM YTBEPXKIACHHEM JUIS XapaKTePUCTHK
NPUBEICHHON CIIy4aiiHOH Beau4uHbl U, YTO BIOJHE E€CTECTBCHHO,
nockoapky LIIIT yrBepxkmaer, uTto mpu OE3rpaHUYHOM BO3PACTAHUU
ypcia cjaaraeMbiX (QyHKIMs pacrupenenenus U, ctpeMutcs kK QyHKIIAN
CTaHJAPTHOT'O HOPMAJIBHOIO pacrpeaeneHus @(x), mpuyeM mpu Jro0om

X.

Taobmuma 3.

KBaaTunu CTaHAAaPTHOI'O HOPMAJIBHOT'O paCIIpCaACIICHHAA.

KBantuns nopsinka p KBantuns nopsinka p

-2,326348 0,253347
-1,959964 0,524401
-1,644854 0,841621

-1,281552 1,281552
-0,524401 1,644854
-0,253347 1,959964
0,000000 2,326348
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Beenem mnossTue ceMmencTBa HOpMalbHBIX pacupeaencHui. Ilo
ONPEAEICHUIO HOPMaJIbHBIM pacnpeaeaeHuemM Ha3bIBACTCS
pacupeielicHUe CIIy4YallHOW BEJIWYUHBI X, UISI KOTOPOM pacupeieiieHue
NPHUBEICHHON CiTy4yaiHON BenuuuHbl ecTh @(x). Kak ciemyer u3 oOmmx
CBOMCTB MAcCIITa0OHO-CABUTOBBIX CEMEHCTB pacnpe/eieHuid (CM. BhIIe),
HOpPMaJbHOE pacCHpeleseHue — 3TO PACHOPEACIICHUE CIy4ailHOI
BEJINYMHBI
Y =sX+m,
rae X — ciydaiiHas BeJMYMHA ¢ pacmpeneiacHueMm @(X), mpuuem m =
M(Y), s ? = D(Y). HopmanbsHoe pacrpejeiieHrde ¢ mapaMeTpaMu CABHUra
M wu wMmacmraba s 00byHO o6Oo3Hauwaercs N(m, s ) (uHOrma
ucnoan3yetcst ooo3Hauenue N(m, s ?)).

Kak cnenyer w3 (8), IUIOTHOCTh BEPOSITHOCTH HOPMAJIBHOTO
pacnpezaenenus N(m, s ) ectb

1 :
sV 1 =7}

HOpMaJIBHBIe pacnpcaciacHus 06pa3y10T MaCH_ITa6HO-CIIBI/II‘OB06

F(x) =

cemeiictBo. Ilpu 3Tom mapamerpom MmacmTaba siisercs d = s, a
napameTpoMm casura C = - /s .

JIns UEeHTpajdbHBIX MOMEHTOB TPETHETO M YETBEPTOrO MOPSAKA
HOPMAaJIbHOT'O PaCIpeAEIICHUS CIIPABEIIMBbI PABEHCTBA

m =0, m =3"

OTH paBEHCTBA JIEKAT B OCHOBE KJIACCHUYECKUX METOJIOB IIPOBEPKHU TOTO,
YTO  pe3yibTaThl  HAONMIOJEHUN  MOJUYUHSIOTCA  HOPMAaJIbHOMY
pacnpeneneHuto. B HacTosmee BpeMs HOPMalIbHOCTH  OOBIYHO
pexomenayercss nposepsAth no kpurepuro W IHlanupo — VYwunka.
[IpoGiema npoBepKr HOPMAIBHOCTU 00CYXKAACTCS HIKE.

Ecniu cnyvaitnele BenmuuumHbl X3 W X, uMmeoT QyHKUIUU

pacnpeaenenus N(my, s 1) u N(m,, s 2) COOTBETCTBEHHO, TO X1 + X>
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UMEET paclpeieliCHHe N(ml +m,;4/s ] +s 22) CrnenmoBarenbHO, €CJIH

Clly4aliHble BETUYUHBI Xy, Xp,..., Xn HE3aBUCHUMBI U UMEIOT OJHO U TOXKE
pacnpezaenenne N(M, s ), To UxX cpeHee apuPpMETHUECKOES

X, + X, ot X,
n

X =

umeer pacnpeaencaue N(m, ). DTH CBOWCTBA HOPMAJIBHOTO

S
Jn
pacrpeeseHus MOCTOSHHO UCIIOIB3YIOTCS B PA3IHUHBIX BEPOSTHOCTHO-
CTAaTHCTUYECKHX METOAAaX MPUHSITHSA PpEIICHWHA, B YACTHOCTH, IPHU
CTATHCTUYECKOM PETYIUPOBAHUU TEXHOJOTMYSCKUX IPOIIECCOB U B
CTATHCTUYECKOM  MPUEMOYHOM KOHTPOJIE IO  KOJMYECTBEHHOMY
HPU3HAKY.

C TOMOIIBI0O HOPMAJBHOTO PACIPEICICHHS ONPEACIIAIOTCS TPH
pacrpeeseHus, KOTOPbIE B HACTOSIIEE BPEMsl YaCTO UCIIONIB3YIOTCS MPH
CTaTUCTHYECKOU 00pabOTKe JaHHBIX.

Pacnipenenenue c? (Xu - KBaapar) — pacnpeseicHue ClyqaHOM
BCJTUYHHBI

X =XZ+XZ+..+X?,
T ClydailHble BEJMYUHBI X1, Xp,..., Xn HE3aBUCHMBI U UMEIOT OJHO W
toxke pacnpeneneaue N(0,1). Ilpu 3ToM Yucio crmaraembix, T.e. N,
Ha3bIBACTCS «UUCIIOM CTENECHEH CBOOOMBD» pACIPEACICHUS XU —
KBajIpar.
Pacnipenencuue t CThiofieHTa — 3TO pacHpe/eliCHUE CIy4aiHON

BCIIMYNHBI

U+/n

T=""

VX,
rjae ciaydaiinpie BenmnurHbl U 1 X HezaBucumbl, U uMeeTt pacnpeeneHue
crangapTHoe HopMaibHoe pactpeneieaue N(0,1), a X — pacnpenenenue
XH — KBajpaT C N CTemeHIMU CcBOOONbI. Ilpm 3TOM N Ha3bIBaeTcCs
«JUCIIOM CTEeNeHeH cBoOOmbI» pacnpenencHus CrprojeHTa. ITO

pactipenenenue 010 BBeAeHO B 1908 r. aHTIHMICKUM CTaTUCTUKOM B.
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['occerom, paboraBmieM Ha  (aOpuke, BbIMyCKaloUleil  MHBO.
BeposATHOCTHO-CTaTUCTUYECKHE METOIBI HCIIOJIB30BAJIUCH I IPUHATHUS
HKOHOMHMYECKUX U TEXHUYECKUX PEIICHUN Ha 3TOU pabpuke, MOITOMY €€
pykoBojicTBO 3anpemano B. ['occery myOnukoBaTh HayuHble CTAThU MO
CBOMM HMeHeM. TakuM crocoOoM oXpaHsjgach KOMMeEpueckas TaiHa,
«HOY-Xay» B  BHJI€  BEpPOSATHOCTHO-CTATUCTUYECKUX  METOJOB,
pazpabotannbix B. T'occerom. OpHako OH wuMeN BO3MOXHOCTD
nyOnukoBatbest 1moj nceBaoHuMoM «CtbrogeHT». Ucropust T'occera -
CrprofeHTa  IOKa3pIBacT, 4YTO €IIe CTO JIET  MEHEIKepam
BenukoOpuranun  Oblla  O4eBMAHA ~ OOJbIIas  SKOHOMHUYECKas

3(1)(1)CKTI/IBHOCTB BCPOATHOCTHO-CTATUCTUYICCKUX MCTOAOB TIPUHATHA

PELIEHUM.
Pactipenenenne @umiepa — 3TO pacnpeieiieHue ClaydanHOU
BEJIMYMHBI
1
— X
k 1
F=—1
1 ]
K,

rJ¢  CiOydyalHbIC BEIMYMHBI X7 W X, HE3aBUCHMBI W  HUMEIOT
pacrpesic/ieHuss XH — KBaJpaT C YUCIOM cTerneHedd cBoOoabl ki u ko
cootBeTcTBeHHO. [Ipm sTtoM mapa (K;, k») — mapa «umcen cremeHei
cBOOOIBI» pacnpenencHus duriepa, a uMeHHO, K3 — uncio creneHei
CBOOOBI uuciIuTeNsA, a Kp — Yuclio cTemeHeld cBOOOABI 3HAMEHATEIIs.
Pacnpenenenue ciydaiiHOW BeIWYMHBI F Ha3BaHO B YECTh BEJIMKOIO
aHrauiickoro  cratuctuka  P.®umepa  (1890-1962),  akTHBHO
HCTIOJB30BABIIIETO €T0 B CBOMX paboTax.

Boeipakenust s QyHKIMHA —paclpeiesieHus Xdh - KBajpar,
CreroneHTa u dwumiepa, UX IJIOTHOCTEH M XapaKTEPUCTHUK, a TaKKe
TaOJMIBI MOKHO HAWTH B CHCIHMaIbHOW juTeparype (cMm., Hampumep,
[8]).

Kak ye oTMedanoch, HOpMaJIbHBIC PACTIPEICICHUS B HACTOSIICE

BpCeMsA YaCTO HCIHOJIB3YIOT B BCPOATHOCTHBIX MOZACIIIX B PA3JIMYHBIX
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OpUKIaJAHBIX — oOjacTax. B uyeM nmnpuymHa  TakoM  HIMPOKOM
pPacIpOCTPaHEHHOCTH  3TOr0  JBYXIApaMETPUUYECKOrO  CeMeHcTBa
pactipeneneHuii? OHa NMPOSICHIIETCS CIeayIoNed TeOPEeMOil.
Lenmpanvruas npeoenvnas meopema (s pasHOpacHpeaeICHHBIX
cmaraembix). Ilyetb Xi, Xo,..., Xp,... - HE3aBHCHUMbBIC CIIy4ailHbIC
BEJIUYMHBI ¢ MaTeMaTuyecKuMu oxumanusmu M(Xy), M(Xp),..., M(Xy),
... u qucnepeusmu D(Xp), D(Xp),..., D(X,), ... coorBeTcTBeHHO. [1yCcTh

U = Kt Xt X - M(X) - M(X5) - .- M(X,)
JD(X,) +D(X,) +...+ D(X,) '

n

Torna npu CIpaBCAJIMBOCTU HCKOTOPBIX YCHOBHﬁ, O6CCH€‘II/IBaIOH_II/IX
MaJIOCTh BKJIaa JIFOOOT0 M3 CJaracMhbIX B Un,

lim PU,, <X) = F (x)

1St J1I000TO X.

YcioBusi, 0 KOTOPBIX UET peub, He OyaeM 3/1ech (hOpMyIHpOBaTh.
WX MOXHO HaWTH B CHelHMadbHOW JuTepatype (cm., Hampumep, [6]).
«BprsicHeHne ycioBud, npu Kotopeix aeucrsyer LIIT, cocrasiser
3aCIyry BBIIAIOLIUXCS PYCCKUX ydeHbIX A.A.Mapkosa (1857-1922) u, B
ocobennoctH, A.M.JIamynosa (1857-1918)» [9, ¢.197].

[lenTpanpHas mpenenbHas TeopeMa TOKa3bIBaeT, 4TO B CiydYae,
KOrJa pe3yinbraT wu3MepeHus (HAONIONEHUS) CKIIAIBIBACTCS O[T
JAeHCTBHEM MHOTHX NPUYHMH, TPUYEM KaKaash W3 HUX BHOCHUT JIHIIb
MaJiblii BKJIQJ, a COBOKYIHBIH HWTOT OMNPEACNACTCS a0OUMusHo, T.e.
MyTeM CIOXEHHs, TO paclpelelieHne pe3yiabTaTa H3MEpEeHUs
(naOmroieHus1) OJIM3KO K HOPMAIILHOMY.

WMHorma cuWrarooT, 4YTO IS HOPMAaTbHOCTH pacHpeeIeHUs
J0CTATOYHO TOTO, YTO pe3ynbTrar usMmepenus (HaOmogeHus) X
dbopMupyeTcss ToJ ACHCTBHEM MHOTHUX MPUYHH, KaKIas U3 KOTOPBIX
OKa3bIBa€T Majoe BO3JEHCTBUE. DTO HE TaK. BakHO, KaK 3TH MPUYHHBI
naeicTBytoT. Eciam anauTuBHO — TO X MMeeT MpUOIMKEHHO HOPMaIbHOE

pacnpenenenue. Ecnu mynomuniuxamueno (T.e. NEHCTBUS OTIEIBHBIX
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NPUYUH TIEPEMHOXKAIOTCS, a He CKJIaJbIBAIOTCA), TO pacnpeaencHue X
0JIM3KO HE K HOPMaJIbHOMY, a K T.H. JJOTapU(PMUUYECKH HOPMAILHOMY,
T.c. He X, a g X uMeeT npuOIM3UTEIILHO HOPMAJIBHOE pacIpe/eiCHHE.
Ecnm xe HEeT OCHOBaHUU CUMTaTh, YTO JEWUCTBYET OJWH U3 OTUX ABYX
MEXaHU3MOB (OPMHUPOBAHHUS HTOTOBOrO pe3yibTara (MId KakoH-1u00
WHOW BIIOJIHE ONPEICIICHHBI MEXaHHM3M), TO PO pachpeacieHne X
HUYETo OIPEEICHHOTO CKa3aTh HENb34.

N3 cka3aHHOTO BBITEKAET, UTO B KOHKPETHOW MPUKIIAIHON 3a/1aue
HOPMAJIBHOCTh PE3YJIbTATOB HM3MEpeHHUil (HAOI0ACHHIT), KaK MpaBUIIO,
HEeJb3sl YCTAHOBUTH U3 OOIIMX COOOpa)KeHUH, €€ CIIeyeT MPOBEPATH C
MOMOIIIBI0O  CTATUCTUYECKUX KpUTepueB. Mnm ke ucnoib30BaTh
HEeMapaMeTPUUECKHUe CTAaTUCTUYECKHE METOJbl, HE OIHUpaloluecs Ha
MPEANONIONKEHNUS O TNPUHAUICKHOCTH  (QYHKIMH  pacrpeeneHus
PE3yIbTATOB u3MepeHuit  (HaOMIOAEHUH) K TOMY WIM HHOMY
[1apaMeTPUYECKOMY CEMENCTBY.

HenpepbiBHbIE pacnpeaesieHus, HCNOJIb3yeMble B
BEPOSITHOCTHO-CTATHCTUYECKUX METOAAaX TNPUHATUS PelleHuH.
Kpome MaciTaOHO-CABUTOBOTO ceMeucTBa HOPMaJIbHBIX
pacripefieyieHuid, IIUPOKO  HUCIONB3YIOT  pPsif  APYTHX  CEMEUCTB
pacripesiesieHus — JorapuMUIecku HOPMaJIbHBIX, SKCITOHEHIIUAJIBHBIX,
Beitoynna-I'nenenko, ramma-pacnpenenenuii.  PaccMoTpum 3T
CEMENCTBA.

CnyyaitHass BenuurHa X HMMEET JIOTapu(MHUYECKU HOPMaJIbHOE
pacrpejielieHne, eclii ciaydaitHas BenuunHa Y = |g X uMeeT HOpManbHOE
pacnpezenenune. Torma Z = In X = 2,3026...Y Ttakke ©MeeT HOpMaIbHOE
pacnpeaenenne  N(ag,01), rae In X - wHaTypaibHblii jorapudm

IInoTHOCTH JIOFapI/I(I)MI/ILICCKI/I HOPMAJIBHOI'O pacIpeC/ICHUA TaKOBA.

1 e (Inx- a)%0

f——expe o0 x>0,
f(xa,s,)=isN2px & 22 g

} 0, X £ 0.
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N3 ueHTpambHOM  MPEAETBbHOM  TEOPEMBI  CIEIYET, 4TO
npousBeneHne X =  XpXp...X, HE3aBHUCUMBIX TOJOXHUTEIbHBIX
clydaHeiX BenumuwH X, | = 1, 2,..., N, npu OOJBIIMX N MOXKHO
anIpOKCUMHUPOBATH JIorapu(PMUIecKr HOpMaIbHBIM pacrpeneieHreM. B
YaCTHOCTH, MYJbTUIUIMKATHBHAS MOJEIb (POpMHUpOBaHUS 3apaOOTHOM
IIaThl WM JI0XOJla TPUBOAUT K PEKOMEHJAUU TPUOIMKATH
pacripefiesieHuss 3apaOOTHOM TIIaThl W JI0X0Ja JorapuMuyecKu
HOpMaJbHBIMU 3akoHaMu. [ns Poccum sTa pexomeHnanusi okasajiach
000CHOBAaHHOM - CTATUCTUYECKUE TAHHBIC TTOJITBEPIKIAOT €€.

NmeroTcss 1 apyrue BEpOSITHOCTHBIE MOJIENH, TPUBOASIIUE K
norapudmuyecku HOpMaTbHOMY 3aKoHy. Kiaccuueckuii mpumep Takoit
monenn gaH  A.H.Koamoroposeim [10], koTopbiii u3 ¢usnyuecku
000CHOBAaHHOM CHCTEMBI TOCTYJIATOB BBIBEJ 3aKIIOUYEHHE O TOM, YTO
pa3Mephl YacTUIl IPU APOOJICHUN KYCKOB PYbI, YIS U T.I1. HA IIAPOBBIX
MeJIbHUIIAX UMEIOT JIOTapu(PMUUECKH HOPMATBHOE pacipe/iesieHue.

Ileperimem K JOpyromy CEMEUCTBY pacHpelelieHUl, IIHUPOKO
HCIIOIb3YEMOMY B Pa3IMYHBIX BEPOSTHOCTHO-CTATUCTHYECKUX METOJaX
NPUHATUS PEIIeHUH MW JPyruxX NPHUKIAIHBIX HCCIEIOBAHUSIX, -
CEMEUCTBY  OKCIIOHCHIMAJIBHBIX  pacnpeneneHuit.  Haunem ¢
BEPOSITHOCTHON MOJIEIH, PUBOAAIIEH K TaKuM pacrpeneineHusm. Jis
ATOTO PACCMOTPUM 'TMOTOK COOBITUM', T.€. TIOCIIE€IOBATEIBHOCTh
COOBITUN, TPOUCXOIANIMX OJHO 3a JAPYTMM B KaKue-TO MOMEHTBI
BpeMeHH. [IpumepamMu MOTYT CIyXHTh. TIOTOK BBI30BOB Ha TeJIe(pOHHOM
CTaHIIUU; TMOTOK OTKAa30B OOOPYJAOBaHUS B TEXHOJOTHUECKOM IIEMOYKE;
MOTOK OTKA30B W3JENUNA TMPU UCHBITAHUSIX MPOAYKIUU; TOTOK
oOpallleHnii KJIMEHTOB B OTJACJICHUE OaHKa; TIOTOK IMOKYyMaTeie,
oOpalamiuxcs 3a ToBapaMu M yCiIyram, U T.1. B Teopuu MoTOKOB
COOBITUH  CHpaBejiMBa  TeOopeMa, aHaJOTHMYHAas  LEHTPaTbHOU
npeebHON TeopeMe, HO B HEM peub HJAET HE O CYMMHUPOBaHHHU
CIy4yalHBIX BEJIIMYMH, a O CYMMHPOBAaHUU TIOTOKOB COOBITHIA.

PaccmarpuBaeTcs CyMMapHbI TOTOK, COCTaBJI€HHBIH U3 OOJBIIOTO
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YKciIa HE3aBHCHMBIX IOTOKOB, HH OJHMH M3 KOTOPBIX HE OKAa3bIBaeT
npeobIafaroIero BIMAHUS Ha CyMMapHBIA moTOK. Hampumep, moTok
BBI30BOB, IMOCTYMAIOIUX HA TeACPOHHYIO CTAHIMIO, CJIaracTcs W3
OOJIBIIIOr0 YHCJIa HE3aBUCHUMBIX IIOTOKOB BBI30BOB, MCXOISIIHUX OT
OTHCNIbHBIX aboHeHTOB. Jlokazano [6], 4ro B ciydae, Koraa
XapaKTEPUCTHKH MOTOKOB HE 3aBHCAT OT BPEMEHH, CyMMApHBIH MOTOK
MOJTHOCTBIO ONKCHIBAETCS OJIHHMM YHCIOM | - HHTEHCHBHOCTBIO IIOTOKA.
JIst CyMMapHOTO ITOTOKA PACCMOTPHM CITYYaiiHYyIO BEIUYHHY X - IJIHHY
NPOMEKYTKA BPEMEHHM MEXAY IOCIeI0BATEIbHBIMU COOBITHSMH. Ee
(bYHKIHSA pacipeaeieHUs] HIMEET BH/I

il- e'*, x30,
I

F(x;l):P(XEX):T 0 << 0.

(10)

OTO pacmpeseieHue Ha3bIBACTCA YKCIIOHCHIIMATBLHBIM paclpeelieHueM,
T.K. B ¢opmyre (10) ydacTByeT SKCIOHEHIHMATIbHAsS (OYHKIUS e™,
Benmuuuna /A - maciraOHbIi mapamerp. MHoOraa BBOMST M HapameTp
CIBHUTra ¢, HKCIOHCHIMATBHBIM HAa3bIBAIOT pacCHpe/esieHne CIy4aiiHON
BenuuHbl X + ¢, Tae pacnpeneiacuue X 3agaercs Gopmyoii (10).
OKCIOHEHIMABHBIE pPAaclpeleyieHus] - YacTHBIM CIIy4aid T. H.
pacrtipenenenuii Beitoynna - 'Henenko. OHU Ha3BaHbI N0 (paMUIUSIM
umkeHepa B. BeliOynia, BBeAmero 3Tu pacmupeiesieHusi B MPaKTUKY
aHalM3a pe3yJbTaTOB YCTAJIOCTHBIX HWCIBITAHWNA, HW MaTeMaTHKa
b.B.I'ieaenko (1912-1995), nosiy4uBIIEro TaKHe pPACIPEICICHUS B
Ka4yeCcTBE MPEACTbHBIX MPU H3yUYEHUH MAKCUMAIBHOTO M3 PE3YJIbTaTOB
ucnpitanui. Ilycte X - ciydallHas BEJIIMYMHA, XapaKTEepU3YHolIas
JUTATENBHOCTh  (DYHKIIMOHUPOBAHUSI HM3ACNHUS, CIOXKHOH CHCTEMBI,
aneMeHTa (T.e. pecypc, HapabOTKy 10 MPEACIbHOTO COCTOSIHUS W T.II.),
JUTMTEITLHOCTh (PYHKITMOHUPOBAHMS TPEINPHUATHS WIA XKU3HHU YKUBOTO

CymieCTBa U T. 1. BamHon POJIb UTPACT MHTCHCHUBHOCTDb OTKA3a

_ f(¥
| (x) IR0 (11)
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rae F(X) u f(X) - dbyHKIMA pacmpeneiacHUss W IUIOTHOCTh CIy4YailHOU
BEJIMYMHBI X.

OnuieM TUMWYHOE TIOBEJICHHE HMHTEHCUBHOCTH OTKaza. Bech
WHTEpBaJl BpEMEHU MOXKHO Pa30uTh Ha TpHU mepuoja. Ha mepBoM u3 HUX
byHKIMS A(x) WMeeT BBICOKHME 3HAYCHUS W SABHYIO TCHACHIHIO K
yObIBaHMIO (Yalle BCEr0O OHAa MOHOTOHHO YOBIBaeT). OTO MOXHO
OOBSICHUTH HAJIMYUEM B paCCMaTPUBAEMOU MAPTUH €AUHUIL POAYKIIUU C
SIBHBIMU U CKPBITBIMH JIe(heKTaMHU, KOTOPbIE MPUBOIAT K OTHOCUTEIBHO
OBICTPOMY BBIXOJY M3 CTPOS ITUX €IUHMI] mpoayKuuu. [lepBoiii iepuon
Ha3bpIBalOT "mieprogoM npupadotku” (niau "oOkatku"). IMeHHO Ha HEro
OOBIYHO PACTIPOCTPAHSETCS TAPAHTUNUHBIN CPOK.

3aTeM  HacTynmaeT IEpuojJ  HOPMAJIbHOM  DKCIUTyaTalluH,
XapaKTEePUBYIOMIUNCA MPUOTUZUTEILHO TOCTOSIHHOM W CPaBHUTEIIBHO
HU3KOM WHTEHCUBHOCTBIO OTKa30B. [Ipuposia 0Tka3oB B ATOT NEPUOA
HOCHUT BHE3alHbIH XapakTep (aBapud, OIIMOKH 3KCIUTyaTallMOHHBIX
paOOTHUKOB M T.II.) U HE 3aBUCUT OT JUIMTEIBHOCTH SKCILTyaTalluu
CAMHUITBI TPOTYKITHH.

Hakoner, nocieqnuii nepuo1 SKCIUTyaTaliy - Mepuoji CTapeHus u
u3Hoca. I[Ipuposa oTka3oB B ATOT MEpPUOJ - B HEOOPATUMBIX (PUBHKO-
MEXaHUYECKUX U XUMHYECKUX U3MEHECHUSX MaTEPHUAJIOB, IPUBOISAIINX K
MIPOTPECCUPYIOMIEMY YXYAIICHUIO KAadecTBa €IUHMIIBI TPOAYKIUU U
OKOHYATEJIbHOMY BBIXOJYy €€ U3 CTPOSI.

KaxxaoMy mepuomy COOTBETCTBYeT CBOM Bua (QyHKmuu A(X).
PaccMoTpuM Kiacc CTeNeHHBIX 3aBUCUMOCTEH

Ax) = Aobx™t, (12)
rae Ao > 0 u b > 0 - HekoTopbie yrcnoBbie TapameTpsl. 3HaueHus b < 1,
b=0wub > 1 orseyaror BuAy MHTCHCHBHOCTH OTKA30B B IEPHOIbI
pupaboTKH, HOPMATBHOM SKCITyaTaIllUU U CTAPEHHUS COOTBETCTBEHHO.

Cootnomrenue (11) mpu 3a1aHHONW MHTEHCHMBHOCTH OTKasza A(x) -
nuddepeHnnaabHOe  ypaBHEHHE OTHOCUTENBbHO ¢yHKIMK F(X). U3

Teopun TudPepeHIaTbHBIX YPaBHEHUHN CIeAYET, 4TO
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F(x)=1- expi E‘j (t)dtg. (13)
T o

[Toacrasus (12) B (13), moy4um, 4TO

i1- exp[- 1 X1, x3 0,

FO=1 o x<o0
Lo .

(14)

Pacnipenenenue, 3aJlaBaeMoe bopmynoi (14) Ha3bIBACTCS

pacnipenenenueM BeiliOynna - ['Henenko. [Tockoabky

I xb:gx—g
" gag
re
1
a=1,° (15)

To U3 dopmyisl (14) cieayer, YTO BeIMUYMHA @, 3a7aBaeMas Gpopmysion
(15), siBnsercs MacITaOHBIM MapamMeTpoM. MHOrIa BBOJST M mapameT]p
capura, T.e. QYHKIUSIMH pachpeneicHus BeiOymna - ['HemeHko
HasbiBaroT F(X - €), rae F(X) 3amaetcs popmymoit (14) mpu HEKOTOPHIX Ag
ub.

[TnoTHOCTH pacupenenenus BeitOysia - [[HeneHKo umeeT BU

b-1

ib é -C l]

e s epe P th e
f(xabc)=7ae a g g e agj (16)

+ 0, X<gc,

rae a > 0 - mapamerp maciurada, b > 0 - mapamerp Gpopmsl, ¢ - mapameTp
capura. [Ipu stom nmapametp a u3 Gopmyinsl (16) cBsi3aH ¢ mapameTpom
Jo u3 hopmyisl (14) cooTHOIIEHHEM, YKa3aHHBIM B opmyie (15).

OKCIIOHEHIIMAFHOE pACHpeeiCcHHe - BeChMa YacTHBIM clydai
pactipenenenus BeiOymnna - ['HeIeHKO, COOTBETCTBYIOIIMM 3HAYECHUIO
napametpa gopmsr b = 1.

Pacnipenenenue BeitOymia - ['HegeHKO mMpUMEHSIETCS TaKXKe MpuU
MOCTPOCHUHU BEPOSITHOCTHBIX MOJIEJICH CUTYaIlHii, B KOTOPBIX TTOBEICHNE
oOBeKkTa omnpezensercs 'Haubonee cnadbiM 3BeHOM". [loapasymeBaeTcs

AHaJIOTru:A € ICIIbIO, COXPAaHHOCTb KOTOpOﬁ OIIPCACIIACTCA TEM €C 3BCHOM,
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KOTOPO€ UMEET HAUMEHBIITYIO TPOYHOCTh. J[pyrumu ciioBamu, mycth X,
X2,..., Xy - HE3aBUCHMBIC OJIMHAKOBO paclpe/ielieHHbIE ClydaiHbIe
BEJINYMHBI,
X(l) = min (Xl, Xoy.ns Xn), X(n) = max (Xl, Xoy.ns Xn)

B psaae npuknamaHeix 3amad Oodbinyto posib urpator X(1) m X(n), B
YaCTHOCTH, MPH HCCICIOBAHUU MaKCHUMaJlbHO BO3MOKHBIX 3HAUYCHHI
("pexopmoB") TeX WM WHBIX 3HAYCHUH, HAPUMEP, CTPAXOBBIX BBIILIAT
WU TOTEePh H3-32 KOMMEPUECKHUX PHUCKOB, MPU H3YYCHUU IPEICIIOB
YIPYTrOCTH U BBIHOCIMBOCTHU CTaJIH, PSJla XapaKTEPUCTUK HATIEKHOCTH U
t.11. [Toka3zano, yto mpu Oosbiux N pacnpeaencaus X(1) u X(n), kak
MpaBWJIO, XOPOIIO OIUCHIBAIOTCS pacipeneneHusmMu  BeliOymna -
I'nenenko. OCHOBOMOMAralONMi BKIaa B u3yueHue pacmpeneiacauii X(1)
u X(n) Buec coBerckuii matematuk b.B.I'nHeaenko. Mcmosp3oBaHHIO
MOJIyYEHHBIX PE3YJbTaTOB B JIKOHOMHUKE, MEHEKMEHTE, TEXHHUKE U
IpYyrux o0JjacTsax MocBsAmieHbl Tpyasl B. BeiOymia, D. 'ym6ens, B.b.
Heszoposa, .M. KyanaeBa 1 MHOTMX UHBIX CHEIAAIUCTOB.

IlepeiineM Kk cemelcTBY ramma-pacnpenesieHuii. OHH IIHPOKO
MPUMEHSIIOTCS B SKOHOMHKE M MEHEI)KMEHTE, TECOPUM U TMPAKTUKE
HAJ©KHOCTH W HCMBITAHWM, B PA3IUYHBIX O00JacCTAX TEXHUKH,
METEOpOJIOTHH U T.1. B 4acTHOCTH, raMma-pacipeesICHUIO OIYMHEHbI
BO MHOTHX CHUTYyallUsX TaKW€ BEJIMYHMHBI, KaK OOLIUNA CPOK CIIY>KObI
W3eNusl, JJIMHA IIEMOYKA  TOKOMPOBOASIIUX  IMBUIMHOK, BpeMs
JTOCTHXKCHUST U3JIeNIUEeM TPEJEIbHOTO COCTOSIHUS TIPU KOPPO3UH, BpeMsI
Hapabotku 10 k-ro otkasza, K = 1, 2, ..., u T.1. [IpoaoKUTETBHOCTD
KU3HU OOJbHBIX XPOHUUYECKUMHU 3a00JI€BaHUSAMH, BPEMsS JTOCTHUKEHUS
ornpezeneHHoro 3p¢deKra npu JIEUeHUU B psAle CIydyaeB MMEIOT raMma-
pacnpeneneHue. OTO pachpefereHue Haubojee aJeKBaTHO IS
OMHCaHUA CTPOCa B IKOHOMUKO-MATEeMaTUUECKUX MOJICIISIX YIpaBICHUS
3aracaMu (JIOTUCTHKH).

[IToTHOCTH ramMa-pacrpeieicHUs] UMEET BUJL
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é u
f(x;a,b,c) = G(a) & b H e (17)
<

—_—
o
X

[TnotHOCT, BeposiTHOcTH B dopmyne (17) ompenensercs Tpems
napaMmerpamu @, b, ¢, rae a>0, b>0. [Ipu 3ToM a sBIAETCSA MapaMeTPOM
dopmbl, b - mapamerpom wMmacmTaba W ¢ - TapaMeTpOM CJIBHTra.

Muoxutens 11 (a) siBisieTcss HOPMUPOBOYHBIM, OH BBEJICH, YTOOBI

+¥

of (x;a,b,c)dx =1.

-¥
3nech [(@) - omHA W3 HCHOJIB3YEMBIX B MATEMATHUKE CIICIUAIBHBIX
GbyHKUMH, Tak Ha3biBaemas 'raMMma-(QyHKIMS', 1O KOTOPOH Ha3BaHO U

pacrpenenenue, 3anasaemoe dpopmynoit (17),

+¥
G(a) = () e *dx.
0
[Mpu QurcupoBannom a ¢opmyna (17) 3amaer macmTabHO-
CIIBUTOBOE CEMEICTBO pacIpeesieHui, MOpoKIaeMoe pacipeeIcHueM

C INTIOTHOCTBIO

1 o1

i
f(x;a):%G(

I

|

e*, x30
) (18)
0, x<0.
Pacnpenencane Buma (18) HaspiBaeTcs ~ CTaHIAPTHBIM  ramma-
pacnpezaenenuemM. OHo noaydaercs u3 opmyist (17) npub=1wuc =0.
YacTHRIM ciyyaeM TaMMa-pacnpeneiieHuil npu a = 1 sBusrotes
9KCIOHEHIMaIbHBIE pactpeneiacHus (¢ A = 1/b). IIpu HaTypanpHOM a U
¢=0 ramma-pacnpeeneHus Ha3bIBalOTCs pactpeseneHusaMu Jpnanra. C
pabor parckoro ydueHoro K.A.Dpnanra (1878-1929), corpyaHuka
Konenrarenckoit tenedonnoit komnanuu, uzyyasuiero B 1908-1922 rr.
(GYHKIIMOHUPOBaHUE TeJIC(POHHBIX CETeW, HadalloCh Pa3BUTHE TEOPUU
MAacCOBOTO OOCIYy)KMBaHUA. DTa TEOPHs 3aHUMACTCS BEPOSTHOCTHO-
CTaTUCTUYECKUM MOJICTUPOBAHIEM CHCTEM, B KOTOPBIX IMPOUCXOIUT

O6CJIY)KI/IBaHI/Ie IIOTOKAa 3asdBOK, C MNCIbIO IIPUHATUA OINTUMAJIbHBIX
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pemieHwmii. Pacrpenenenus DpiiaHra HCHOIB3YIOT B TE€X K€ MPHKIIAIHBIX
00J1aCTSX, B KOTOPBIX NMPHUMEHSIOT SKCIIOHEHIIHAIbHBIE paclpeIeIcHHI.
DTO OCHOBaHO Ha CIEAYIONIEM MaTeMaThdeckoM ¢akre. cymma K
HE3aBUCHMBIX CITy4aiiHBIX BEJINYHH, OKCIIOHCHIIMAIBHO
pacIpeneIeHHbIX ¢ OJUHAKOBBIMH IapaMeTpaMu A M ¢, HMEET ramMma-
pacrpenenenue ¢ napamerpom Gopmel a = K, mapamerpom maciurada b
= 1/A u mapamerpom casura KC. Ilpu ¢ = O momydaem pacrpeaeeHue
OpnaHra.

Ecnm cnyuaiinas BenmnunHa X HMMEET TaMMa-paclpesiefieHue ¢
napameTpoM Gopmbl a TakuMm, uto d = 2a - nenoe uncio, b=1wu ¢ = 0,
To 2X UMeeT pacipeaesieHiue Xu-kBaapar ¢ d cTerneHsMu CBOOOIBI.

Crayuaiinass BenwmuuHa X C TBMMa-pacipeielcHHEM HMEET
CIIEAYIOIINE XapaKTEPUCTHKH

- MaTeMatnueckoe oxxupanue M(X) = ab + c,

- mucrepento D(X) = o = ab’,

bva
ab+c’

- acummeTtpuo M[(X - M (X))?] -2

T2

MIOX- M(X)]_,_ 6

- K03 HUIMEHT BapUalllK V =

3
S a

- OKCIECC

HopmanbHoe pacrnpeneneHue - TpenesibHbIA Cllydal ramma-
pactipeneneHus. TouyHee, MycTh Z - cllyyailHas BeJMYMHA, UMEOIIas

CTaHJapTHOE raMMa-pacipeiesicHue, 3ajaanHoe popmyoit (18). Torma

a<xu:F(x)

7a

s Jo00ro  JecTBUTENbHOrO 4YHciaa x, rae @D(x) - dyskus

lim P}
a® ¥ ’I‘
cTaHgapTHOro HopMmasibHoro pacmpeneiacaus N(0,1).

B npukiagHbIX HCCIACIOBAaHUSAX HCIHOJB3YIOTCA U JIPyTHe
napaMeTPUYECKUE CEMEWCTBA paclpesie/ieHH, U3 KOTOPhIX Hauboliee
M3BECTHBI crcTeMa KpuBbIX [Iupcona, psasl DmkBopra u llapiabe. 3mech

OHHU HE pacCMaTPUBAIOTCS.
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J{ucKpeTHbIE pacnpeaeJieHus, HCNOJIb3yeMble B
BEPOSITHOCTHO-CTATHCTUYECKUX METOAAX NPUHATHS PeEUICHUH.
Haubonee yacto HCHONB3YyIOT TpU  CEMEHCTBA  JUCKPETHBIX
pacnpeneneHuil - OMHOMUAJBHBIX, TUNIepreomeTpuueckux u [lyaccona, a
TaK)kK€  HEKOTOpbIE  JOpPYyrhe€  CEMENCTBA -  T'E€OMETPHUYECKHUX,
OTPULIATEIBHBIX OMHOMHUAIBHBIX, MYJIbTUHOMHAIBHBIX, OTPULIATEIBHBIX
TUIEPTEOMETPUUECKUX U T.J.

Kak yxe roBopusioch, OMHOMHMAJIBHOE pacHpeiesieHue HMEeT
MECTO MpU HE3aBUCUMBIX HCIBITAHUAX, B KAXKIOM H3 KOTOPBIX C
BEpPOSITHOCTBbIO p mosBisieTcss coObitue A. Ecnum  olmiee  uucio
UCIIBITAHUI N 337]aHO, TO YUCJIO UCIHBITAaHUK Y, B KOTOPBIX MOSIBUIOCH
coObITHE 4, UMeeT OMHOMUAIbHOE pactpeaenenue. s OMHOMUATBEHOTO
pacripesieyieHuss BEPOATHOCTh MPUHATHS CIydalHOM Benu4YuHON Y

3HaueHus Y onpenensiercs Gopmymoit
2o N
P(Y=y|p.n) =gygpy(1- p"Y, y=012..,n, (19)

rac
aem'g’z nl _
€ys vin- y)!

y

n

- YUCJIO COYETAHUH U3 N 3JIEMEHTOB 1O Y, U3BECTHOE U3 KOMOMHATOPUKH.
s Beex Y, kxpome 0, 1, 2, ..., n, umeem P(Y=y)=0. BuHomuanbHOe
pacripesiesienue npu (QUKCHPOBAaHHOM 0O0BEME BBIOOPKH N 3amaeTcs
napaMmeTpoM P, T.6. OWHOMHUAJIBHBIE pacHpeNesieHHs 00pazyloT
OJIHOTIapaMeTpuueckoe ceMercTBO. OHU MPUMEHSIIOTCS TPH aHaIu3e
JTAHHBIX BBIOOPOYHBIX HCCIIEIOBaHUMN [2], B 4aCTHOCTH, MPU H3YyUCHUU
MpEeANOUTeHU moTpeduTenel, BBLIOOPOYHOM KOHTpOJE KadecTBa
MPOAYKIIMHU TI0 TUITAaHAM OJHOCTYIEHYATOr0 KOHTPOJIS, MPU HUCIIBITAHUIX
COBOKYITHOCTE  WHAMBUIYYMOB B  JeMorpaduu,  COIMOJIOTHH,
MEIUIIMHE, OMOJIOTHH U JP.

Ecim Y: u Y, - He3aBucUMble OWHOMHAJIbHBIC CIIydalHbIC

BCJIMYUHBI C OJHUM H TEM XK€ HNapaMEeTpoM [P, ONPEIACIICHHBIC I10
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BBIOOpKaM ¢ oObemMaMu N; U Ny COOTBETCTBEHHO, TO Y1 + Y, -
OMHOMHUAJIbHAS CiIy4aiHas BelIW4YrHa, nMeromas pacrnpeaencuue (19) ¢ p
= Po 1 N =Ny + Ny, DTO 3aMeUYaHue pacIIUPsIET 00JIaCTh TPUMEHUMOCTH
OMHOMHAIILHOTO PACIIPECIICHHSI, TO3BOJISAS OOBCIUHATH PE3YJIBTATHI
HECKOJBKHUX TPYII HUCIBITAHUH, KOTJIa €CTh OCHOBAHUS I0OJIaraTh, 4YTO
BCEM 3TUM TI'PyIIIaM COOTBETCTBYET OJMH M TOT K€ IMapaMeTp.

XapakTepuCTUKA OWHOMHUAIBLHOTO pPacHpee/ICHUsS BBIYUCIICHBI
paHee:

M(Y) = np, D(Y) = np(1-p).

B paznene "CoObiTHs U BEpOSTHOCTU" 1JIsI OMHOMHAJIBHOW CIy4ailHOM

BCIIMYMNHBI JOKAa3aH 3aKOH OOJIBIINX YHCEIT.

3eg:O

st moboro e>0. C NmOMOUIbI0 LIEHTPAJbHON MpeebHON TeopeMbl

Y
—- P

n

|
lim Pj
n® ¥ T

3aKOH OOJIBIIIMX YHCE MOKHO YTOUHHUTBL, YKa3aB, HACKOJIbBKO Y/n
OTIIMYACTCA OT p.

Teopema Myaepa-Jlannaca. J]ns mo0ObIx uncen au b, a<b, umeem

IlmP af ——— Y-np

n® ¥ " /np(l p g

rie @(x) — GyHKOMS CTAaHIAPTHOIO HOPMAJILHOTO PACIPEACICHHUS C

=F(b)- F(a),

MaremaTudeckuM oxkujanrem O u gucnepcueit 1.

st J0Ka3aTeIbCTBA JIOCTATOYHO BOCITOJTb30BaThCS
npejcTaBieHueM Y B BUAE CYMMbl HE3aBHUCHUMBIX CIyYalHBIX BEJIMYHH,
COOTBETCTBYIOIIMX HMCXOJIaM OTMAEJIbHBIX HCHBITAHUHU, QopMyrIaMu IJis
M(Y) u D(Y) u tieHTpasIbHOM MpeeIbHON TEOPEMOTi.

OJtra TeopeMa s ciaydas p = S JI0Ka3aHa AaHIVIMHACKUM
matemaTukoM A.MyaBpom (1667-1754) B 1730 r. B npuBeeHHO# BbIIIIe
dbopmynupoBke oHa Obuia gokazaHa B 1810 r. dpaHmy3ckum
matemaTukoM [Ibepom Cumonom Jlammacom (1749 — 1827).

['unepreomeTpuueckoe  pacrpejiejieHue HMMeeT MeCTO IIpHu

BBIOOPOYHOM KOHTpPOJI€ KOHEYHOW COBOKYMHOCTH 0O0BEKTOB oObeMa N
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M0 aJIbTEepHATUBHOMY Mpu3HaKy. KaXaplil KOHTpONIHpyeMBbIii OOBEKT
KJaccupuIupyeTcs Tu00 Kak o01afaromuii npu3sHakoMm 4, Tu00 Kak He
oOnafaronuii TUM Npu3HaKoM. ['unepreomeTpuyeckoe pacnpeneacHue
MMEeT CydaifHasi BeJIW4YWHA Y, paBHAs YUCITY OOBEKTOB, 00JIaarOIINX
npu3zHakoM 4 B ciayyaiiHO#l BeIOOpke oObeMa N, rae N<N. Hampumep,
yucyio Y 1eQEeKTHbIX €AUHUI] TPOAYKIMU B CydyaiHON BbIOOpKE 00BbeMa
N u3 nmaptun oobema N mMMeeT rumepreoMeTpuyeckKoe pacrpeeseHue,
eciii N<N. Jlpyroit npumep — notepesd. [lycts npusnak 4 6umiera — 310
MpPU3HAK «OBITh BRIMTPBHIIIHBIM». [IycTh Bcero ouieroB N, a HekoTopoe
JUI0 prodpesno N U3 HUX. Torjaa Yucio BHIUTPHIITHBIX OUJIETOB Y ATOTO
JUIa UMEET TUIIEPreOMETPUUECKOE pacpeieiCHHE.

JUIss  TUIepreoMeTpuyYecKoro  pacmpenelieHus  BepOATHOCTH
MPUHATHUS CIIy4ailHOM BeIMUMHOM Y 3HAYEHUs Y UMEET BU]L

antedN - no

P(Y:y|N,d,n):%(;yE', (20)

&5
rie D — wuucnmo oOwbekToB, oOnajarmuUX NOpU3HAKOM A, B
paccmarpuBaemoii coBokynHoctu oobema N. Ilpu sTom Yy mpuHHMaeT
snaueHuss or Max{0, n - (N - D)} mo min{n, D}, npu npouux Yy
BepositHocTh B Qopmyne (20) paBma 0. Takum  obpasom,
TUIEePreoMeTpuyYecKoe pacnpeneneHue ornpenensieTcs Tpems
napaMeTpaMu — OOBEMOM TeHepalbHOW coBokymHocTH N, uuciom
o0bekToB D B Heil, 00sajalomux paccMaTpuBaeMbIM MpPU3HAKOM A, U
00BeMOM BBIOOPKH N.
[IpocToif cnyyaiiHOl BBIOOPKOM OOBEMa N W3 COBOKYIMHOCTH

o0veMa N HazbIBaeTcs BbIOOpKA, MOJYyUYEHHAS] B PE3YJIbTATE CIYyYaHHOTO

o aN o
otOopa, Ipu KOTOPOM JIFOO00M H3 g + HabOpOB U3 N OOBEKTOB MMEET
Ng

OJIHY U Ty K€ BEPOSATHOCTh OBITH OTOOpaHHBIM. MeTonbl Cly4yalHOTO

orOopa BBIOOPOK peCHOHACHTOB (OMpalluBaeMbIX) WM  CIUHHIL

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

ITYy4HOH  TPOAYKIIMM  PAacCMATpPUBAIOTCA B HWHCTPYKTHBHO-
METOJUYECKMX M HOPMATUBHO-TEXHUUYECKUX JOKyMeHTaX. OnuH Wu3
METOJI0OB O0TOOpa TakOB: OOBEKTHI OTOMPAIOT OJWH U3 JPYTHM, NMPUUEM
Ha KaXJOM IlIare KaXKIbId W3 OCTABIIUXCS B COBOKYIHOCTH OOBEKTOB
MMEET OJIMHAKOBBIC IIAHChI OBITH OTOOpaHHBIM. B muTepatype mis
paccMaTpUBaEMOro THIA BBHIOOPOK MCHOIB3YIOTCS TaKXKE TEPMHUHBI
«ciy4daiiHasi BBIOOpKa», «ciiydaiiHasi BIOOpKa 0€3 BO3BpAILICHUSI».

[TockonbKky 00beMbI TeHepabHON coBOoKymHOCTH (maptuu) N u
BBIOOPKM N OOBIYHO W3BECTHBI, TO TOJICKAIIUM OIEHUBAHUIO
napamMeTpoM THIEepreoMeTpUuecKoro pacmpezaenenus siasercs D. B
CTaTUCTUYECKUX METOJaX YIpaBJIeHUs KauecTBOM mpoaykuuu D —
OOBIYHO  YHUCIO JAC(EKTHBIX E€IWHUI] TNPOAYKIIMU B  MapTHUH.
[MpeacraBnser MHTEpeC Takke XapakTtepuctuka pacnpeneneHus D/N —
ypOBEHB AE(HEKTHOCTH.

JJist TunepreoMeTpruuecKoro pacipeaesieHus

MY)=n>, D)=n_F D& N-10
N Ne Ng N-1g
[TocneaHuit MHOXKHUTEIbh B BBIPAKECHUU JIJIs1 TUCTIEpCUU OM30K K 1, eciu
N>10n. Ecnu npu aTom caenath 3ameHy P = D/N, To BbIpakeHUsS 1Jis
MAaTE€MaTUYeCKOT0 OXHUAAHUS U JUCHEPCUH THUIEPreOMETPUUYECKOTO
pacnpeneneHuss NeperayT B BBIpAXEHUS JJISI  MaTeMaTHUYeCKOro
OKUJAHUS M JAUCHepcud OMHOMHUAJIBHOTO paclpejielieHus. JTo He
ciay4aHo. MOXHO noka3aTh, 4To
aiGedN - no
P(Y =y|N,d,n) :m» P(Y =y| p,n) :a@gpy(l- P, y=012,...,n,
aN o &5
Dy

npu N>10n, rae p = D/N. CnpaBejinBo npeaeabHOe COOTHOIICHHE

IirQ P(Y=y|N,d,n)=P(Y =y| p,n), y=012,...,n,

N® ¥ ,—®
N p

" 3TUM IIPCACIIBHBIM COOTHOIICHUECM MOKHO IMOJIB30BATHCS ITIPH N>10n.
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Tperbe MUPOKO HCMOIB3YyEMOE IUCKPETHOE paclpesielieHue —
pactipenenenue  Ilyaccona. ChyudaitHas  BenuumHa Y HMeEET

pacnpenenenue [lyaccona, ecinu

| ve'!
PY=Yy)= y , y=012,...,

rae A — mapametp pacnpenencuus Ilyaccona, u P(Y=Yy)=0 mis Bcex
npounx Y (mpu yY=0 o603naueno 0! =1). Jlns pacnpenencuus [lyaccona
M(Y) = A, D(Y) = A

OTO pacmpenencHUEe Ha3BaHO B 4YeCcTh (DPaHI[y3CKOTO MaTeMaTHKa
C.J.ITyaccona (1781-1840), Bmepseie mosyuuBiiero ero B 1837 r.
Pacnpenenenne  Ilyaccoma — sBisieTcss ~— TMpenenbHBIM  CIydyaem
OMHOMUAIIBHOTO pacIpeieNeHus], KOT/Ia BEPOSITHOCTh p OCYIIECTBICHUS
COOBITHSI MaJjia, HO YMCJIO UCIIBITAHUHN N BenKo, mpuueM NP = A. Tounee,

CIIPAaBCAJINBO MMPCACIbHOC COOTHOIICHHC

| ve'!

lim P(Y=y|pn)=

n® ¥ ,np® |

, y=012,...

[Tostomy pacnpenenenue Ilyaccona (B cTapoii TEpMHUHOJIOTHH «3aKOH
pacrpeie/ICHUs») YacTO Ha3bIBAIOT TAKIKE «3aKOHOM PEIKHX COOBITHI.
Pacnpenenenue [lyaccoHa BO3HUKAET B TEOPUH TOTOKOB COOBITUI
(cMm. BbIme). JlokazaHo, 9TO JUIsl HMPOCTEHINEro MOTOKA C MOCTOSHHOM
UHTCHCUBHOCTBIO A 4YHCI0 COOBITHI (BBI3OBOB), MPOHUCIIEIIIMX 3a
Bpemsi t, umeer pacnpenenenue Ilyaccona c mapametrpom A = At
CnenoBaTenbHO, BEPOATHOCTh TOTO, UYTO 3a BpeMs t HE MpPOM30MAET HU
OIHOrO COOBITHS, paBHa €, T.e. (QYHKIMS paCIpENCICHHS UIMHBL
MIPOMEKYTKA MEXKTY COOBITUAMU SIBJIETCS SKCTIOHCHITUATBHOM.
Pacnpenenenne  Ilyaccoma  ucnonb3yercss NOpU  aHAIHU3E
pe3yJbTaTOB BBIOOPOYHBIX MapKETHUHTOBBIX oOcreroBaHmit
noTpeduTene, pacdere OMNEPAaTUBHBIX  XapaKTEPUCTUK  IUIAHOB
CTaTUCTUYECKOTO MPUEMOYHOTO KOHTPOJS B Cllydae MallblX 3HAYCHUH
MIPUEMOYHOTO YPOBHS Je(PEKTHOCTH, JUIS OMHMCAHUS 4YHCIa pasyiajiok

CTaTUCTHUYCCKU YIIPABIIACMOI'O TCXHOJOTHUYCCKOI'O IMporuecca B CANHUITY
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BpEMEHH, Yncia «TpeOOBaHWA Ha OOCITY)KHBAHHUE», IMOCTYMHAIONIUX B
CAVHUIy BpPEMEHHM B  CHCTEMY  MacCOBOTO  OOCIy)KHBaHUS,
CTAaTHCTHUYCCKUX 3aKOHOMEPHOCTCH HECYACTHBIX CIIy4aeB M PEIKHX
3a00JIeBaHUil, 1 T.1I.

Onucanue WHBIX MapaMETPHYCCKUX CEMEHCTB JIHUCKPETHBIX
pacnpenesieHuii W BO3MOXXHOCTH HMX TPAKTUYCCKOTO HCIIOIb30BaHMS

paccMaTpuBalOTCs B JIUTEpATYpE.

2.2.5. Onucanue JaHHBIX, OllEHUBAHUE U MPOBEPKA IMNOTE3

BBIICISAIOT TPU OCHOBHBIC O00JIACTH CTAaTHCTHYECKHUX METOJIOB
00paboTKH pe3yJIbTATOB HAOJIOICHUIN — OMTMCAHKUE JaHHBIX, OLICHUBAHUE
(xapakTepUCTHK MW TapaMeTPOB  pacHpeeICHUH, PEerpecCHOHHBIX
3aBHCHUMOCTEH W Jp.) H TpPOBEpPKa CTATHCTHYCCKHUX THIIOTE3.
PaccMOTprM OCHOBHBIE TIOHSTHSI, IPUMEHSEMBIC B 3TUX 00JIACTSX.

OcCHOBHBIE MOHSITHUSI, UCTOJIb3yeMble NMPH ONMMCAHUM JAHHBIX.
Onucanue JaHHBIX — TPEIBAPHUTEIBHBIA 3Talm  CTATUCTUYECKOU
oOpaboTku. lcnonb3yemble TpH ONMUCAHWW JIAHHBIX  BEIMYHUHBI
MPUMEHSIOTCS TIPU JATbHEHIIIUX 3TalmaxX CTaTHUCTHYECKOTO aHaln3a —
OIICHMBAHUU W TMPOBEPKE TUIOTE3, a TAK)KE MPU PEIICHUH WHBIX 3ajad,
BO3HHUKAIONIUX MPU TNPUMEHEHUU  BEPOSTHOCTHO-CTATHCTHUCCKHX
METOJIOB TPHUHATHSA PCIICHUW, HAIpuMep, TMpPH CTATUCTHYECKOM
KOHTPOJIE KauyecTBa MPOAYKIMH W CTATHUCTUYCCKOM PETYIHPOBAHUH
TEXHOJOTUYECKHUX TIPOIIECCOB.

CraTtucTHYecKHe JaHHBIE — O3TO PE3yNbTaThl HAOIIOICHUN
(u3MepeHH, UCIIBITAHUH, OMBITOB, aHAIM30B). DYHKIHUH pPE3yIbTaTOB
HAOJFOICHUM, MCIIOIb3YEMbIC, B YACTHOCTH, JIJI OIICHKH IapaMeTpPOB
pacnpeaenenuii u (W) S NPOBEPKH CTATHCTHYCCKHUX THIOTE3,
Ha3bIBAIOT «cTaTUCTHKamMu». (Jl1s MaTeMaTHKOB Haa0 100aBHTH, YTO
peub uAeT 00 u3MepUMbIX (GYHKIHUAX.) ECin B BEpOSITHOCTHOM MOenn

pe3yabTaThl HAOMIOJEHUM paccMaTPUBAIOTCA KaK CIIy4ailHbIE BETUYUHBI
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(nnm cyyaiiHbIC AJIEMEHTHI), TO CTATUCTHKH, KaK PYHKIHHA CIyYaiHBIX
BeJIMYUH (2JIEMEHTOB), CaMHU SBJISIOTCSA CAyYalHBIMH BEJIMYMHAMU
(anmementamu). CTaTUCTUKH, SBJSIONIMECS BBIOOPOYHBIMU aHAIOTAMHM
XapaKTEPUCTUK CIIYYalHBIX BEIWYMH (MaTEMaTHYECKOIO OXXHIaHU,
MEJHaHbl, JUCIEPCHH, MOMCHTOB W Jp.) M HCIOJb3yeMbIe JIIs
OIICHMBAHUS JOTHUX XapaKTEPUCTUK, HAa3bIBAIOT CTATUCTHYCCKUMU
XapaKTePUCTUKAMHU.

OcHoBoroararomiee MOHSTHE B BEPOSTHOCTHO-CTATUCTHUYECKUX
METO/JaX NPUHATHS peleHuid — BbIOOpka. Kak yke ToBOpHIOCH,
BbIOOpKa — 3T0 1) HaOOp HAOIIOJAEMBIX 3HAYCHUH MM 2) MHOXKECTBO
00BEKTOB, OTOOpaHHBIC U3 H3y4yaeMOW COBOKYMHOCTU. Hampumep,
CAVHUIIBI TPOIYKIIMHA, OTOOPAHHBIC W3 KOHTPOJIUPYEMOW MapTHH WA
MOTOKA MPOAYKITUY JUIST KOHTPOJIS ¥ MPUHATHS pereHuii. Habmomaemplie
3HA4YECHHUSI 0003HAYUM X1, Xp,..., Xp, TJI€ N — 00bEM BBIOOPKH, T.€. YUCIIO
HaOJII0/IaeMbIX 3HAYEHUM, COCTABJISIOMIMX BBHIOOPKY. O BTOpPOM BHJIEC
BBIOOPOK YK€ IIIa pedyb MPU PACCMOTPEHUU THUIIEPreOMETPUUYECKOTO
pacripefiesieHus, Korja IoJ BBIOOPKON TMOHUMAJICS HAOOp €IUHUIL
NPOAYKIMK, OTOOpPaHHBIX U3 MapTUU. TaM ke oOcyxaaiach
BEPOSITHOCTHASI MOJIEJIb CITy4aifHOM BBIOOPKH.

B BeposiTHOCTHOM MOJENH BHIOOPKU NIEPBOTO BUJIa HAOIIOJaeMbIe
3HA4YCHUS OOBIYHO PACCMATPUBAIOT KaK peaM3allii0 HE3aBHUCUMBIX
OJIMHAKOBO pacrpeieIeHHbIX CITyYaiHBIX BEJTUYNH

X, (W), X, (W),..., X, (w),wT W. IIpu 3TOM CYHTAIOT, YTO MOJTYUICHHBIC MPU
HAOJIOICHUSIX KOHKPETHbIE 3HA4YEeHHsS! Xi, Xp,..., Xn COOTBETCTBYIOT
OTIPEJICTICHHOMY 3JIEMEHTApPHOMY COOBITHUIO W =W, , T.€.

X, = X, (Wo) Xy = Xy (Wo),eons Xy = X (W) W, T W,
[Ipu moBTOpHBIX HaAOMIOIEHUAX OYIYT MOJYyYEHbl MHBbIE HAONIOJaeMbie
3HAUEHHUs, COOTBETCTBYIOIIME JAPYrOMY DJJIEMEHTAPHOMY COOBITHIO
w=w,. llenb 00pabGOTKM CTAaTUCTUYECKUX JAHHBIX COCTOUT B TOM,

YTOOBI 110 pe3yiibTaTaM H&6JIIOIICHPII>1, COOTBCTCTBYIOIIIUM
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SJICMCHTAPHOMY COOBITHIO W =W,, COejaTb BBIBOABI O BCpOHTHOCTHOﬁ

Mepe P u pesynbrarax HAOMIONEHUNA MNPU Pa3IUYHBIX BO3MOMXKHBIX
W =W, .

[Ipumensitor u npyrue, 0osee CI0KHbIE BEPOSATHOCTHBIE MOJEIU
BbIOOpOK. Hampumep, 1eH3ypupoBaHHbIE BBIOOPKH COOTBETCTBYIOT
WCIIBITAHUSAM, IPOBOJISIIMMCS B TEYEHUE OIPENEIEHHOTO MPOMEKYTKA
BpeMeHH. lIpu »TOM M 4acTH M3NENUi yJoaercs 3aMEpUTh BpEMS
HapaOOTKU Ha OTKa3, a Il OCTaJbHBIX JIMIIb KOHCTATUPYETCS, YTO
HapaOOTKU Ha OTKa3 Uil HUX OOJblle BpeMeHU wuchbiTaHusd. s
BBIOOPOK BTOPOro BHAA OTOOp OOBEKTOB MOXKET MPOBOAMTHCS B
HECKOJIBKO 3TanoB. Hampumep, 11l BXOJHOTO KOHTPOJISL CUTApEeT MOTYT
cHavajsia OTOMpaTbCsid KOPOOKH, B OTOOpaHHBIX KOpoOkax — OJIOKH, B
BBIOpaHHBIX OJIOKaxX — Mayky, a B Maykax — curapersl. YeThipe cTyneHu
otbopa. fcHo, uTo BhIOOpKA OyAeT 00nanaTh MHBIMH CBOMCTBaAMH, YeEM
npocras ciaydyaiiHas BHIOOpKA U3 COBOKYITHOCTH CUTapeT.

N3 nmnpuBEenEeHHOTrO  BBIINIE  ONPEACIECHUS  MaTeMaTH4EeCKOU
CTAaTUCTHUKHU CIEAYET, YTO ONMUCAHUE CTATHCTUYECKUX JAHHBIX JAETCS C
noMoIbo yacToT. Yactota — 310 OTHOLIEHHE 4Mcaa X HaOI0JaeMbIX
€IUHUL, KOTOpbIE€ MPHUHHMAIOT 33JaHHOE 3HAYEHUE WIM JIeKaT B
3aJaHHOM MHTEpBaJle, K O0IIeMy 4Hcly HaOJIOJEHU N, T.€. 4acToTa —
ato X/n. (B Oonee crapoit nuteparype wuHoraa X/N Ha3bIBaeTcs
OTHOCUTEJIBHOM YacTOTOH, a I0J 4aCTOTOM umeercs B Buny X. B crapou
TEPMUHOJIOTUM MO>KHO CKa3aTh, YTO OTHOCHUTENbHAs YacToTa — 3TO
OTHOIICHUE YaCTOTHI K O0IIEMY YUCITy HAOJIIOICHHIA. )

OTtmeTnM, 4YTO O0CYXKAaeMoe OIpEJEICHHE INPUCIOCODIEHO K
Hy’XJaM OJHOMEpPHOM CTAaTUCTUKA. B ciydyae MHOTOMEpPHOrO
CTaTUCTUYECKOIO aHAJIN3a, CTAaTUCTUKHU CIy4allHBIX MPOLIECCOB H
BPEMEHHBIX PAJIOB, CTATUCTUKH O0OBEKTOB HEUUCIOBOW MPUPOABI HYKHBI
HECKOJIBKO MHBIE ONPEIEIICHUS MMOHATUS «CTATUCTUYECKHE NaHHbIe». He

CuuTasA HYXHBIM HOaBaTb TaKHUC OIIPCACICHUsA, OTMCTHM, 4YTO B
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MOJABJIAIONIEM OOJBUIMHCTBE MPAKTHUYECKUX IMOCTAHOBOK HCXOJHbBIC
CTaTUCTHUYECKHE JaHHBIE — 3TO BBHIOOPKA WM HECKOJBKO BBIOOPOK. A
BBIOOpDKAa — O3TO KOHEYHAas COBOKYMHOCTb  COOTBETCTBYIOIIMX
MaTEeMAaTHYCCKUX OOBEKTOB (4Kces, BEKTOPOB, (GYHKIHH, OOBEKTOB
HEUYHUCIIOBOW TIPUPOJIBI).

Yucno X wumMeer OMHOMHAIBHOE pacHpelleieHHe, 3a1aBacMoe
BEPOATHOCTBIO p TOTO, UTO ClIydalHas BEJIWYUHA, C IOMOLIBIO KOTOPOU
MOJIETUPYIOTCSL  pe3yJabTaThl HAONIOAECHMH, MPUHUMAET 3aJaHHOE
3HAUEHUWE WU JIEXKHUT B 3aJlaHHOM HWHTEpBaje, M OOIIUM YHUCIOM
HaOmonennit N. M3 3akona Oompmmmx uucen (teopema bepryuim)
CIIEYET, YTO

2o p

n
npu N—oo (CXOAMMOCTh MO BEPOSTHOCTH), T.C. YaCTOTa CXOTUTCS K
BeposTHOCTU. Teopema MyaBpa-Jlamnnaca 1o3BosisieT yTOYHUTh CKOPOCTh
CXOJIMMOCTH B 3TOM IIPEIEIBHOM COOTHOIIECHHH.

YToOBl OT OTHENbHBIX COOBITUN TMEPEeUTH K OJIHOBPEMEHHOMY
PacCMOTPEHHI0O MHOTHUX COOBITUM, UCTIONB3YIOT HAKOIIEHHYIO YacTOTY.
Tak Ha3pIBaeTCs OTHOLICHUE YMCIIAa €AUHULL, IJIs KOTOPBIX Pe3yJIbTaThl
HAOJIOZICHUS] MEHbBILE 3aJlaHHOTO 3HaueHus, K OOLEeMy 4YHUCIy
HaOmoneHnid. (DTO TMOHATHE UCIONB3YETCs, €CIH  Pe3yTbTaThl
HaOMIOICHUsT — JIEWCTBUTEIbHBIE YKCIIa, @ HE BEKTOpa, (YHKUUU WIH
OOBEKTBl HEYHCIOBOH mpuponbl.) DyHKIUSA, KOTOpas BBIPAKACT
3aBUCUMOCTh MEXIYy 3HAUYEHUSMU KOJMYECTBEHHOI'O IIPU3HAKA U
HAaKOIUICHHOM  4YacTOTOH, Ha3bIBaeTCAd HAMIUPHUYECKOW  (yHKIHEH
pacnpenenenus. Mrak, smoupudeckoit ¢pyHkiuen pacnpeneneHus Fn(X)
Ha3bIBACTCA J0JI1 D3JEMEHTOB BBIOOPKH, MEHBIIMX X. OMIMpUYEcKas
GyHKUMA pacnpeleseHusi COIEPKUT BCIO MH(MOPMAIUIO O pe3yibTaTax

HaOJIFOIECHMIA.
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YroObl 3amucaTh BBIpRKEHUE [JII SMIUPUYECKOW (YHKIUH
pacmpenenenuss B Buiae (opmyibl, BBeaeM OGYyHKIHIO c(x, y) IBYX

IICPECMCHHBIX .

-}0, XE'y,
c(x,y) =i
T]’ X>y.

CnyualiHple BEJIMYMHBI, MOJCIUPYIOIINE pe3yJbTaThl HaOIIOICHUH,

0003HaYNM Xl(w),XZ(W),...,Xn(W),WT W. Torga smnupuyeckass QyHKIIUSA

pacnpezaenenus Fn(X) umeer Bua

F.(X) = Fy (kW) = = & o(x, X, W)).

1£ifn

M3 3akoHa OoNpIIMX YHCEN CIEAyeT, YTO Ui KaKIOro
ACHCTBUTENBHOTO YHCIA X HSMIUpUYecKas (YHKIHS pacrlpeaeiieHus
Fa(X) cxomutcs k ¢yHKuu pacnpeaenenus F(X) pesyiabTatoB
HaOJII0IEHUH, T.€.

Fa(x) — F(x) (1)

npu N — oo. CoBerckuii matematuk B.M. ['muBenko (1897-1940)
nokazan B 1933 r. Oonee cuiabHOE yTBEpKaAcHHE. cxoaumocTh B (1)
paBHOMEpHa T10 X, T.C.

sup[F, () - F(x)[® 0 (2)

npu N — oo (CXOAUMOCTH TI0 BEPOSITHOCTH).
B (2) wucnomp3oBano o00o03HaueHne SUP (uMTaeTcs  Kak

«cynpemym»). s ¢pyakuuu g(X) moa supg(x) MOHUMAIOT HAUMEHBIIICE

U3 4ucen a Takmx, 4ro g(X)<a mpu Bcex X. Ecmu dynkuusa g(X)

JOCTUraeT MakKCUMyMa B TOYKE Xg, TO supg(x) = g(x,). B Ttakom ciyyae
X

BMECTO SUP muiryT MmaxX. Xopolo HM3BECTHO, YTO HE Bce (YHKIUU
JOCTUTAIOT MAKCUMYyMa.

B tom xe 1933 r. A.H.KonmoropoB ycunun pesynbrar B.U.
[nuBeHKO Juis  HempepblBHBIX  (GyHKIME  pacnpenencHus  F(X).

PaccmoTpum ciyyaliHyro BEIUYUHY
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D, =v/nsup|F,(X) - Fy(x)|

U ee QYHKIUIO pacipeiesieHus
K,(x)=P{D, £ x.
ITo Teopeme A.H.Konmoroposa

lim K, () = K (x)

npu KaxaoM x, tae K(x) — 1.H. pynkus pacnpeaeneHus Koiamoroposa.

PaccmarpuBaemast pa6ora A.H. KonmmMoroposa nopoauna oJHO U3
OCHOBHBIX  HAaNpaBJIeHUA MaTEMaTUYEeCKOM CTaTUCTHKA —  T.H.
HermapamMeTpuyecKyro  cTaTUCTUKy. W B Hacrosimiee  Bpems
HermapameTpuueckue Kputepun corjacus Kommoroposa, CmupHOBa,
OMera-KBaJipaT WIUPOKO UCMONb3yloTca. OHU ObUIM pa3paboTaHbl st
IIPOBEPKU  COTJIACHS C HOJHOCMbIO  U3BECHIHbIM ~ TEOPETUUYECKUM
pacnpeneneHueM, T.e. TMpeAHa3HAYeHbl [JIi MPOBEPKH T'HIOTE3BI

H,:F(x)° F,(x). OcHoBHass unes kpurepueB Koamoroposa, omera-

KBAJIpaT U aHAJOTMYHBIX UM COCTOHMT B U3MEPEHHH PACCTOSHHS MEKIY
byHKIHEH ~ SMIUPUYECKOTO  pacmpenesieHus  u  (QyHKOuei
TEOPETHYECKOTO pacrpeeieHus. Pa3audyaroTcs 3TH KPUTEPUH BHIOM
pacCTOsTHKI B MPOCTpaHCTBE QYHKIUI pactpeaecHus. AHATUTHUCCKUE
BBIPDOKCHUS IS TPEACTbHBIX PACIPEICICHU CTATUCTHK, PacUCTHBIC
bopMyJIBI, TAOIHIIBI PacTpeeICHUI U KPUTHUCCKUX 3HAYCHUH IIMPOKO
pacrpocTpaHeHs! [8], mosToMy He OyieM UX IPUBOIUTS.

Kpome smmupuyeckoit QyHKIMU pacripenesieH s, s OMHCAHUS
JTaHHBIX WCIOJB3YIOT U JAPYIMe CTATHCTHYCCKHE XapaKTepUCTUKU. B
KA4eCTBE BBIOOPOUYHBIX CPEIHUX BEIMYUH TOCTOSIHHO HCIIOIb3YIOT
BBIOOpPOYHOE cpeaHee apudMeTHyeckoe, T.6. CYMMY 3HAYCHHIA
paccMaTpuBaeMOi BEIMYUHBI, OJTYYCHHBIX 10 PE3yJIbTaTaM HCIIBITAHHS
BBIOOPKH, JCIICHHYIO HA €€ 00heM:

__1
X==
n

[o]
a X,
1£i€En
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rae N — o0beM BBIOOPKH, X — pe3yJabTaT U3MEpeHHs (MCIBITAHUs) I-0T0
AJIIEMEHTA BHIOOPKH.

Jlpyroii Bua BBIOOPOYHOTO CpPEIHEr0 — BHIOOpPOYHAs MEIHAHA.
Omna onpenenseTcs 4epe3 MOPsSIKOBbIC CTATHCTHKH.

[TopsimKOBBIE CTATUCTUKM — 3TO YICHBI BApHUAIMOHHOTO psIja,
KOTOPBIH IOJNYy4YaeTcs, €CIM D3JEMEHTBI BBIOOPKH Xi, X2,..., Xn
PacIoJIOKHUTh B TIOPSIKE HEYOBIBAHUS:

x(1)<x(2)<...<x(K)<...<x(n).

Ilpumep 1. [1ns BeIOOpKU X1 =1, Xo = 7, X3 =4, X4 = 2, Xs = 8, Xg =
0, X7 =5, Xg = 7 BapuanuonHusii psinx umeet Bua 0, 1, 2, 4,5, 7, 7, 8, T.c.
x(1) =0=Xg, x(2) =1 =Xg, x(3) = 2=X4, x(4) =4 = X3, x(5) =5 = X7, x(6)
=x(7) =7 =% = Xg, x(8) = 8 = Xs.

B Bapumanmonnom psgy oanemeHnt X(K) HaseiBaetcs  K-Toi
MOPSIIKOBOM CTaTHCTHKOM. [TOpsIKOBBIC CTATHCTUKU U QYHKIIUU OT HHUX
IIIUPOKO HCIOJB3YIOTCS B BEPOSTHOCTHO-CTATHCTHYECCKHUX METOAaX
NPUHATHS PEIICHWI, B OSKOHOMETPUKE W B JIPYTHX IPUKIATHBIX
obnactsx [2].

BribopouHas Mmeuana x - pe3yibTaT HaOMIOACHUS, 3aHUMAIOITUN
IIEHTPAJIBHOE MECTO B BApUAIMOHHOM sy, IOCTPOCHHOM I10 BEIOOPKE C
HEYCTHBIM YKCIIOM 3JICMCHTOB, WJIHM IIOJyCyMMa JBYX pPE3YyJIbTaTOB
HaAOJTFOICHHUH, 3aHUMAFOIIMX JIBa IICHTPAJIBHBIX MECTa B BapUAIMOHHOM
Py, MTOCTPOSHHOM IO BBIOOPKE C YETHBIM YHCIIOM 3JIEMEHTOB. Takum
obpa3om, ecinu 00beM BBIOOPKH N — HedeTHoe umcio, N = 2k+1, To
meauana x = X(k+1), ecnu ke N — yeTHOE umcio, N = 2K, To MeauaHa x
= [X(K) + x(k+1)]/2, rme x(K) u x(k+1) — mopsiaiKOBbIE CTATHCTHKH.

B kauecTBe BBIOOPOUYHBIX MTOKa3aTelIed pacCEUBaHUS PE3yJIbTaTOB
HAOJIFOJICHUM dYallle BCEro WCIONB3YIOT BBIOOPOYHYIO JIHCIIEPCHIO,
BBEIOOPOYHOE CPEIHEE KBAAPATHUECKOE OTKIOHCHHUE U Pa3Max BhIOOPKH.

CoruacHo [8] BBIGOpOUHAs AUCIEPCHS S° — 9TO CYMMa KBAAPATOB
OTKJIOHEHU BBIOOPOYHBIX PE3YJIbTATOB HAOIIOJECHUH OT UX CPEIHETO

apuMeTHIECKOTO, eJIeHHAss Ha 00beM BBIOOPKU:
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3|l—‘

é(x-x)

BBI60pO‘{HOC CpCaHECC KBaAPATUYICCKOC OTKJIIOHCHUC S -

HEOTPHUIATEIBLHBINA KBAJAPATHBIN KOPSHb U3 JUCIIEPCHH, T.C. S=+S°.
B HeKOTOpBIX  JUTEpaTYpHBIX HMCTOYHUKAX  BBIOOPOYHOMU

IUCIIEpCHEN HA3bIBAIOT APYTYIO BEJIUUYUHY:

Omna oTanyaeTcs oT Sz MOCTOSAHHBIM MHOKUTEIIEM.

5§10

e nNg

COOTBETCTBEHHO BBI60pO‘{HBIM CpCAHUM KBAAPATUICCKUM OTKIOHCHHUCM
B OTHUX JUTCPATYPHBIX HCTOUYHHKAX HA3BIBAIOT BCIHUYHUHY S, = +\IS§ .

Torna, oueBUIHO,

=

s=,/1- ESO'

Pasnuure B onpeneneHusax MPUBOAUT K PA3IUYHUIO B aIrOPUTMAX
pacyeToB, MpaBuiIax IPUHATUA PEIIEHUH U  COOTBETCTBYIOLIUX
tabauuax. [loaTroMy npu MCHOIB30BaHUM TE€X WM MHBIX HOPMAaTHUBHO-
TEXHUYECKHUX 51 MHCTPYKTUBHO-METOIUYECKUX MaTepHaJIos,
IPOrpaMMHBIX IIPOAYKTOB, Ta0IMIl HEOOXOAUMO 00palaTh BHUMAaHUE Ha

croco0 ornpezeneHus BBIOOPOYHBIX XapaKTEPUCTHUK.

Beibop s, a He 3 , OOBACHSIETCS TEM, UTO

2\ — —c 2
M(s;) = D(X) =s
Tac X - cnyqaﬁHaH BCIIMYMHA, UMCHOIIAA TAKOC JKC PACHPCACICHUC, KAK
n pPE3yJIbTaThl H&6JIIOII€HPII>1. B TCPpMHUHAX TCOPUU CTATUCTUYICCKOI'O

OLOCHHMBAHUA 3TO O3HA4YaACT, 4YTO Sg - HCCMCHICHHAA OLCHKA AHUCIICPCHUU

2 o
(CM. HI/I)Ke). B 10 Xxe BpEMs CTAaTUCTHKA S HE SBJIICTCI HECMECIICHHOU

OLICHKOM JTUCTIEPCUU PE3YJIbTaTOB HAOIIOACHUM, TOCKOJIbKY

M(s?) = 8’1 l952
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OnHako y & ecTh JIpyroe CBOMCTBO, OMPaBIbIBAIOIIECE HCIIOJIb30BAHUE
ATOW CTAaTUCTHKUA B KAayeCTBE BBHIOOPOUYHOI'O TOKA3aTessl pacCeUBAHMUS.
JIns U3BECTHBIX PE3yJbTaTOB HAOMIONCHUN Xi, Xp,..., Xn PACCMOTPUM

CIy4alHYIO BEIIMYUHY V € pacrpeneaceHueM BEpOATHOCTEN
1 .
PY=x)==, 1=12..,n,
n

u P(V = x) = 0 st Bcex mpouux x. ITO pacHpe/esicHue BEPOATHOCTEH
Ha3bIBaCTCS SMIHpHUUYeCKUM. Toraa GyHKIUS pacrpeaeicHus V — 310
SMIUpUYEecKas QYHKIHS paclpe/e/IeHus, IOCTPOSHHAs 110 Pe3yJibTaTaM
HAOIOICHUN X1, X2,..., X, BBIUHCIMM MaTeMaTH4YeCKOe OXHIaHUE U
JTHACTICPCUIO CIIyYalHOW BEJIMYUHBI V-
M(Y)=X%X, D(Y)=s

Bropoe U3 3THX paBEHCTB U SBISICTCS OCHOBAHUEM IS UCIOJIb30BaHUS
§° B Ka4eCTBE BBIOOPOYHOrO TOKA3aTels PACCCHBAHMS.

OTMeTHM, YTO MAaTEMATHUYECKHE OXKHIaHUSA BHIOOPOUYHBIX CPETHUX
KBaJpaTHuecKkux oTkiaoHeHud M(S) u M(Sy), BooOIIEe TOBOpPS, HE
PaBHSIOTCSA TEOPETUUCCKOMY CPEIHEMY KBaIPATHYCCKOMY OTKIOHEHHUIO
o. Hanpumep, ecimu X uMmeer HOpMajbHOE paclpeaeicHhe, 00beM
BBIOOpKH N = 3, TO

M(s) =0,724s, M(s,) =0887s.

Kpome nepedyrciieHHbIX BBIIIE CTATHCTHYCCKUX XapaKTEPUCTHK, B
KauyeCTBE BHIOOPOYHOTO MOKA3aTeIIsl paCCEMBAaHUs UCIIOIL3YIOT pa3Max R
— pasHOCTh MEXKIYy N-i W MEpBOM MOPSIKOBBIMH CTaTHCTUKAMH B
BbIOOpKE 00BeMa N, T.€. Pa3HOCTb MEKIY HAUOOJBIIMM W HAMMEHBIITUM
3HaueHUsIMH B BeIOOpKe: R = X(N) —X(1).

B psge BepOATHOCTHO-CTATHCTHUECKMX METOIOB IPHHSITHS
pellleHni TPUMEHSIOT M MHBIC TIOKa3aTelld paccerBanus. B yactHoCTH, B
METOJIaX CTATHCTUYSCKOTO PEryJIMpPOBaHUS IPOIECCOB HCIOIB3YIOT
CpeaHuil pa3Max — cpeiHee apupMETHUSCKOE pa3MaxoB, MOJYyUYCHHBIX B

OIIPCACICHHOM KOJIMYCCTBC BBI60pOK OAHNHAaKOBOI'O o0BeMa. HOHYJISIpHO
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1 MEKKBApPTHJIBHOE PAaCcCTOSHUE, T.€. PACCTOSHUE MEXITY BHIOOPOYHBIMH
keaptwisamu - X([0,75n]) um  x([0,25n]) mopsiaka 0,75 wu 0,25
cooTBeTCTBEHHO, Tae [0,75n] — menas wacte umciaa 0,75n, a [0,25n] —
nesas gacthb uncia 0,25n.

OcCHOBHBI€ TOHSATHS, HCHOJb3yeMble TIPH OIeHNBAHHM.
OueHuBaHWEe — 3TO  ONpeJeicHUE NPHUOIMKEHHOTO  3HAYEHUS
HEW3BECTHOW  XapaKTepUCTUKH WM TapaMmeTrpa pachupeiciieHus
(reHepanbHOW COBOKYIHOCTH), WHOW OIECHHMBAEMOW COCTABIISIOLICH
MaTEeMaTHYECKOW MOJICITH PEATBbHOTO (IKOHOMUYECKOT0, TEXHUYECKOTO U
Ap.) SBJICHUS WIM TIpoliecca Mo pe3yibraTtam HaOmroxeHuil. MHornma
bopmynupyroT 0OoJee KOpPOTKO: OLEHHMBAHHE — JTO ONpeleeHue
NpUOIMKEHHOTO 3HAYEHUS HEHW3BECTHOI'O TapaMerpa TeHepaTbHOU
COBOKYITHOCTH IO pe3ylibraTaM HaOmoneHuid. [Ipu sToM mapameTtpom
reHepajbHOM COBOKYITHOCTH MOXET OBbITh JIMOO yucio, Jubo Habop
yrcen (BEeKTOp), JTUOO0 (QyHKIHMS, JTUOO MHOKECTBO WM HHOW OOBEKT
HEYHCIIOBOW Tpuponabl. Hampumep, mo pesynabTatam HaOIIOACHUI,
pacmpeieIieHHBIX COTJIACHO OMHOMHUAIIEHOMY 3aKOHY, OLIEHUBAIOT YHCIIO
— mapameTp p (BeposATHOCTH ycmexa). [lo pe3ynbTaram HaOIIOICHHIA,
UMEIONINX TaMMa-paciipe/iefieHie, OIICHUBAIOT HA0Op M3 TpeX YHCeN —
napaMmeTpsl Gopmbl a, Maciitaba b u caura c¢. Criocod oleHUBaHUS
dbynkuu pacnpeaeneHus gaercsa teopemamu B.U. I'muBenko u A.H.
Konmoroposa. OueHUBarOT TakKe MJIOTHOCTU BEPOATHOCTH, (QYHKIIHH,
BBIPKAIOIINE 3aBHCHUMOCTH MEXIY IEPEMCHHBIMU, BKIIOYCHHBIMH B
BEPOSITHOCTHBIE  MOJCIIA  SKOHOMHYECKHX, YIPABICHUYCCKUX  HIIH
TEXHOJIOTUYECKHUX TIPOIECCOB, W T.A. Lleapi0 OlCHUBAHUS MOXKET OBITH
HAaxXOXJCHUE  YIOPSATOYCHHS  WHBECTHIIMOHHBIX  TPOEKTOB IO
HKOHOMUYECKOM 3()PEKTUBHOCTH MM TEXHUYCCKUX H31eauil (00BEKTOB)
0 KadecTBy, (OPMYJIUPOBKA MPABUI TEXHUYECKOH WIM MEIUIIMHCKOM
auarHocTuku U T.A. (YIopsodyeHHs B MaTeMaTHUYECKOH CTATHCTHKE
HAa3bIBAIOT TaK)KE paHXUPOBKAMU. IJTO — OJWH M3 BHUIOB OOBEKTOB

HCYMCIIOBOW TIPUPOJIBI.)
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OrcHMBaHKE TMPOBOAST C TIOMOIIBIO OICHOK — CTaTHCTHK,
SIBIIIONIUXCS OCHOBOW JUIS OICHMBAHHUS HEH3BECTHOIO IapameTpa
pacnpezeneHus. B psae autrepaTypHbIX UCTOYHHKOB TEPMUH «OIICHKA»
BCTpPEUYacTCss B KAyeCTBE CHHOHHMMA TEPMHUHA  «OI[CHUBAHHUECY.
YorpeOasTh OJHO M TO K€ CJIOBO I OOO3HAYCHHUS ABYX pPa3HBIX
MOHATHH HEIEJIeCO00pa3HO: OICHHUBAHUE — ATO JCHCTBHE, a OIICHKA —
cratuctuka (QyHKIMS OT Pe3yJbTaTOB HAOIOACHUI), UCIOIb3yeMas B
MPOIECCE YKA3aHHOTO ACHCTBHS WM SIBIISIOIIASCS €r0 Pe3ybTaTOM.

OrneHrBaHre ObIBa€T ABYX BHIOB — TOYECYHOC OICHMBAHHE WU
OLICHUBAHHUE C TIOMOIIBIO JOBEPUTEIBHOMN 00JIaCTH.

TodeuHoe OLIEHUBAHUE - CITOCOO OICHUBAHUS, 3aK/IFOYAIOLITUICS B
TOM, YTO 3HAYCHHE OICHKH NMPUHUMACTCS KaK HCH3BECTHOC 3HAYCHUE
napameTpa pacrpeieiICHHUs.

Ilpumep 2. Ilycth pe3yabTaThl HAOMIOACHUH X3, Xp,..., Xn
paccMaTpUBalOT B BEPOSTHOCTHOM MOJIEIH KaK CIyYalHYIO BBIOOPKY U3
HopMmasibHOro pacnpenencuus N(m,o). T.e. cumraroT, 4TO pe3yabTaThl
HAOJIIOJICHUI  MOJEIMPYIOTCS KaK pealu3aldd N HEe3aBUCHUMBIX
OJIMHAKOBO PaCHpPE/ICICHHbBIX CYyYalHBIX BEJIMYUH, MIMCIOIINUX (YHKIHIO
HOopMasibHOTO pacnpeaencaus N(M,o) ¢ HEKOTOPHIMH MaTeMaTHYCCKUM
OKUJAAaHMEM M © CPeAHMM KBaJAPAaTHYCCKUM OTKIOHCHHEM o,
HEU3BECTHBIMH CTATUCTUKY. TpeOyeTcst OIEHUTh mapaMeTpbl M u o (Win
0°) 1o pesynbrataM HabmomeHni. OumeHkn o6o3HaumM M* u (6°)*
COOTBETCTBCHHO. OOBIYHO B KauyeCTBE OIICHKH M* MaTeMaTHYECKOTO
OXHJIaHUSI M KUCIOJIB3YIOT BEIOOPOUHOE CpelHee apuPMETHIEeCKOe X , a
B KAYeCTBE OLCHKU (0°)* MHCIEPCHH 0° WUCIONB3YIOT BHIOOPOUYHYIO
JIACIIEPCHIO S, T.C.

m* = x, (69)* =<~
JIis  OlCHUBAHUS MATEMATHYECKOTO OXKHUIAHUS M  MOTYT

HUCIIOJIB30BATBCA MW APYTUC CTATUCTHKH, HAIIPpUMED, BBI60pO‘{Ha$I
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MEIMaHa X  [ojycyMMa MHHHMANBHOIO M MAaKCHMAJIbHOTO UJICHOB
BApUALIMOHHOTO psia

m** = [x(1)+x(n)]/2
¥ 1p. JIIs OLCHWBAHHS IMCIICPCHH 0° TAKKE MMECTCS PSI OICHOK, B

YacTHOCTH, S, (CM. BBIIE) W OIICHKA, OCHOBaHHas Ha pa3maxe R,

UMEIOIAsT BH/]T
(o°)** = [a(MR?,
rae koadduiuentsl a(n) OepyT W3 chenuanbHbIX Tabnmm [8]. Dtn
Ko3(pULIMEHTHI MO00paHbl TaK, YTOOBI JJIsi BHIOOPOK M3 HOPMAJIBHOTO
pacrpeeneHus
M[a(n)R] = o.

Hanwune HECKOJIbKMX METOJIOB OIICHUBAHUS OJHHUX M TEX JKE
MapamMeTpoB MPHUBOJUT K HEOOXOJAMMOCTH BBIOOpA MEXAY OSTUMH
METOJIaMH.

Kaxk cpaBHMBaTh METOJIBI OLICHUBAHUS MEXay co00ii? CpaBHEHHE
MPOBOJAT HA OCHOBE TaKWUX IIOKa3aTeleii KadecTBa METOJIOB
OIICHMBAHUS, KaK COCTOATEIbHOCTh, HECMEIICHHOCTh, 3P PEKTUBHOCTD U
zp.

Paccmotpum orienky 0, yucioBoro mapametpa 0, onpeacieHHyIo
mpu N = 1, 2, ... Ouenka 0, Ha3BIBACTCS cocmMosmMenbHoll, €ClIu OHa
CXOIMTCS IO BEPOSITHOCTH K 3HAUYCHHUIO OIICHUBAEMOTO MapameTpa 0 mnpu
0e3rpaHMYHOM BO3pacTaHUU 00beMa BBIOOPKH. BbIpasuMm cka3zaHHOE
6onee moapoOHo. CrartucTuka 0, SBISETCA COCTOSTEIBLHON OIICHKOM
nmapamMerpa 6 Torma W TOJNBKO TOrJa, Korjga s JIFoOOro
MOJIOKUTEIILHOTO YHCIIA € CIIPABEIJIMBO MPEICTIbHOE COOTHOIIICHHE

limP{|q,-q[>€e} =0.
n® ¥

Ilpumep 3. V3 3akoHa OONBIIMX YMCEN CIEAyeT, 4uTo On = X
SIBIIICTCSL COCTOATENbHOU orieHKoW O = M(X) (B mpuBeIeHHOW BBIIIC
teopeme UeObIméBa mpenoaraaoch cymiectsopanue aucrnepcun D(X);

oJIHaKo, Kak jokazan A.f. XunuuH [6], 10CTaTOYHO BBITOJHEHUSA OoJiee
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c1aboro ycJIOBUS — CYIIECTBOBAaHUS MATEMaTHYECKOTO OXKUJAHUS
M(X)).

Ilpumep 4. Bce ykazaHHbIE BBHIIIE OIEHKH IapaMeTpPOB
HOPMAJIBHOTO PACHpeIeNICHUS SIBJISIOTCS COCTOSITEIbHBIMMU.

Boo6mie, Bce (3a pemyadmiuMud —HCKIIIOUYCHUSIMH)  OLICHKH
MapaMeTpoOB, UCIOJIB3YyEMbIE B BEPOSITHOCTHO-CTATUCTUYECKUX METOJaxX
MIPUHSATUS PEIICHUH, SIBJISIOTCS COCTOSTEIbHBIMU.

Ilpumep 5. Tak, cormacHo Teopeme B.M. TI'nuBeHko,
sMnupudeckas GpyHKus pacrpeneiacHust Fn(X) ABISETCS COCTOATETBHON
OLIEHKOH (hYHKIIMH paclpe/IesICHUs pe3yabTaToB HaOmoaeHui F(X).

[Ipu pa3zpaboTke HOBBIX METOJIOB OIEHUBAHUS CIEIYET B MEPBYIO
odepeib MPOBEPATH COCTOSTEIILHOCTD MPEIJIAraeMbIX METOOB.

Bropoe BaXHOE CBOWMCTBO OLEHOK — HeCcMeweHHOCHb.
HecMmenennas ouenka 0, — 3To oleHka mapamerpa 0, maTremaTHueckoe
OKUJaHHE KOTOPOH paBHO 3HAYCHHUIO OIlcHMBacMoro mapametpa: M(0,)
= 0.

Ilpumep 6. VI3 nprBeICHHBIX BBIIIE PE3yJIbTATOB CIEIYET, YTO X
U S, SBISIOTCS] HECMEIICHHBIMU OI[CHKAMHM MapaMeTPOB M U o
HOpMaJibHOTO pactpenenacHus. [Tockonbky M(x) = M(m**) = m, To
BBIOOpOYHAs MEIMaHa X U MOJIyCyMMa KpailHUX 4WICHOB BapUAIlMOHHOIO
psga M** - Takyke HeCMEIICHHBIC OLICHKU MaTeMaTHYECKOTO OXKHUIaHUS
M HOpMaJbHOTO pactpeaeneHus. OaHaKko

M(s?)ts? M[s?)**]ts?
MOATOMY OLICHKH & u (0°)** He SBISIIOTCS COCTOSTETBHBIMH OLICHKAMH
IUCTIEPCUU o HOPMAJIBHOTO PacIpeieICHUs.

OrneHku, I KOTOpbIX cootHomienue M(0,) = 0 HeBepHo,

Ha3bIBAIOTCS  CMEIIEHHbIMH. [Ipm  3TOM  pasHOCTH  MEXKIY

MATCMATUYCCKUM OXHNIAaHHUCM OLICHKHU On U OLCHUBACMBIM IIapaMCTPOM

0, T.e. M(6,) — 0, Ha3BIBaeTCS CMENIEHUEM OIICHKH.
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Ilpumep 7. ]Ins OuEHKH &, KaK CJIEYEeT U3 CKa3aHHOTO BBHIIIIE,

CMEILEHHUE PaBHO
M(S) - 6* = - &°In.
CMeleHne ONeHKH S cTpemutes K 0 mpu N — oo,

Ouenka, nns koropoi cmemienue crpemutcs k 0, korga oObeM
BBIOOPKU CTPEMUTCS K OECKOHEUHOCTH, HA3bIBACTCS ACUMNIMOMUUECKU
Hecmewennoii. B TpuMepe 7 TOKa3aHO, 9TO OLCHKA S SBISIETCS
ACUMIITOTUYECKU HECMEILIECHHOM.

IIpakTyeckn BCE OLICHKH [apaMeTPOB, MCIOJIb3YEMBIE B
BEPOSTHOCTHO-CTATUCTUYECKUX METOJIaX MPUHATHUS PELICHUH, SABISIIOTCS
TM00 HECMEUIEHHBIMH, JTMOO aCHUMITOTHYECKHM HecMelleHHbIMH. I
HECMEIICHHBIX OLIEHOK IIOKA3aTeJleM TOYHOCTH OLEHKH CIYKHT
JUCIiepcHs — 4YeM JAUCHEpPCUsi MEHble, TeM OLeHKa Jydme. s
CMEILECHHBIX OIIEHOK MOKAa3aTeJIEM TOYHOCTU CIIYKUT MaTEMaTUYECKOE
oxwuaanne kBagparta omeHkn M(0, — 0)°. Kak ciemyer M3 OCHOBHBIX
CBOMCTB MaTEMaTUYECKOT0 0)KUIAHUS U JUCIIEPCHH,

d,@,) =MI[@,-a)’1=D@,)+(M@,)-a)*, (3)
T.€. MaT€MaTUYEeCKOEe OKHUJAHWE KBaJpara OLIMOKU CKIIAJbIBACTCS U3
JUCIIEPCHUN OLIEHKHU M KBaJpaTa €€ CMEILCHHUS.

Jis  monaBnsAmoomIero  OOJIBIIMHCTBA  OLICHOK — MapaMeTpoB,
HCIIOIb3YEMBIX B BEPOATHOCTHO-CTATHCTUYECKUX METONAX NPHUHATHUS
peleHHi, Tucnepcus uMeeT nopsaok 1/n, a cmenieHue — He Oosee YeM
1/n, rie N — o0beM BBIOOPKH. JIJ1sh TAKKX OLIEHOK MPH OOJIBIIUX N BTOPOE
ciaraeMoe B mpaBoi yactu (3) mpeHeOpPEeKUMO Mallo MO CPABHEHHIO C

IICPBLIM, U IJIS1 HUX CIIPABCIJIMBO HpI/I6JII/I)KeHHoe PaBCHCTBO
C
dn(qn):M[(qn-q)z] » D(qn)»ﬁi C:c(qn!q)’ (4)

rac ¢ — 4YuCJIo, OIpcACIIICMOC MCTOIAOM BBIYHUCICHUA OICHOK On u
HCTHUHHBIM 3HAYCHUCM OLICHUBACMOTO ITapaMeTpa 0.
C III/ICHepCI/Ieﬁ OOCHKH CBA3aHO TPCTHC BAKHOC CBOMCTBO METOJa

OlICHUBaHUS — a@gexkmuenocmv. DPGDHEKTUBHAS OLEHKA — 3TO
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HCCMCUICHHAA OICHKA, HMCIOIIAsd HAMMCHBIIYIO AUCIICPCHUIO M3 BCCX
BO3MOKHBIX HCCMCIICHHBIX OIICHOK JAHHOI'O I1apaMeTpa.

Jloxazano [11], uto ¥ u s? sBisAOTCSA 3)PEKTUBHBIMH OLICHKAMHU
2
napaMeTpoB M U ¢° HOPMAJILHOTO pacipeaeiacHus. B To ke Bpems ais

BBIOOPOYHON MEIHAHBI X CIIPaBEJIMBO IIPEEIIBHOE COOTHOLIIEHUE

im2X) _ 2 637.
n® ¥ D(X) p

Hpyrumu  cnoBam#, 3¢ (HEKTUBHOCTh BBIOOPOYHOW MEAHMAaHBI, T.C.
OTHOIIEHHE aucnepcu 3PEGEeKTUBHON OLEHKM X mapaMmerpa M K
JAUCTIEPCUN HECMEIIEHHON OIIEHKH X ATOTrO Mapamerpa Mmpu OONbIIuX N
onuska k 0,637. IMeHHO W3-3a CpaBHUTENBHO HU3KOHN 3¢ (PeKTUBHOCTU
BBIOOPOYHOIN MEIMAaHBI B KAYeCTBE OIICHKH MaTeMaTHUECKOTO OXKHIaHUS
HOPMAJIBHOTO pacmpeneieHuss OOBIYHO HCIIONB3YIOT BBIOOPOYHOE
cpenHee apupMeTHIecKoe.

[Tonsatre >QPEeKTUBHOCTH BBOJUTCS IJISI HECMEIIEHHBIX OICHOK,
s kotopbix M(0,) = 0 i Bcex BO3MOXKHBIX 3HAa4YCHUUN mapameTpa 0.
Ecmu He TpeboBaTh HECMENIEHHOCTH, TO MOXHO yKa3aTh OIEHKH, MPHU
HEKOTOPBIX O WMEIoINe MEHBIIYI0 AWCIEPCUI0 W CPEeIHUN KBaapar
omnoku, yeM 3 (HEKTUBHBIE.

IIpumep 8. PacCMOTPUM «OIIEHKY>» MaTEMaTHYECKOTO OXKHUIAHUS
mp = 0. Torma D(my) = 0, T.e. Bcerma Menbine aucnepcun D(x)
s PekTUBHON OIEHKH x. MaremaTudeckoe OXKUJaHHE CPEeIHEro
kBazgpata oumbOku dn(My) = nf, T.e. mpu [mcs/vn umeem dy(my) <
dn(x). fcHo, omHako, YTO cTaTHCTUKY My = 0 OECCMBICICHHO
paccMaTpuBaTh B KAUECTBE OIICHKH MaTEeMAaTHYECKOTO OXKUIAHUS M.

Ilpumep 9. boiee  HMHTEpECHBI  HpUMEP  PACCMOTPEH

AMCPHUKAHCKUM MAaTCMATHKOM I[)K XOII)K@COM:
n

N
T —_—
~

HCHO, qTo Tn — COCTOATCJIbHAA, AaACUMIITOTHYCCKH HCCMCIICHHAA OLCHKA

MaTEeMaTUYCCKOT O OXKHUJaHUs M, IIPH 3TOM, KaK HETPYJHO BBIYHCIIHUTD,
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[Tocnennsis hopmyna mokassiBaeT, uTo npu M# O orienka T, HE XyXke X
(mpu cpaBHEHHUH 1O CpeaHeMy KBaapary omuoku o), a mpu m =0 — B
YeThIpe pa3a JIydlle.

[TogaBmstoriee  OONBITUHCTBO OICHOK O, HCIONB3YEeMBIX B
BEPOSITHOCTHO-CTATUCTHUCCKUX METOJIaX MPUHATHS PEIICHUH, SIBISIIOTCS
ACUMIITOTHYECKM  HOPMAJbHBIMH, T.€. JUII HUX  CIPaBEIJIUBBI

IpEeaCIbHbIC COOTHOIICHUS.

ta, - M@, ) .
limPj +———~ =F(X
n® ¥ T {D qn ( )
i1 aro0oro x, TIOe @(x) — Q)yHKuH;I CTaHIAPTHOTO HOPMAaJIbHOI'O

pacripenienieHus ¢ MmateMarnueckuM oxxkunanueM O u gucnepcueit 1. 9to
O3HAayaeT, YTO JUIg OOJBIIMX OO0BEMOB BBIOOPOK (IPAKTHYECKH -
HECKOJIBKO JIECATKOB WIIM COTEH HAOIOJCHUI) pacrlpese/ieHUsT OIECHOK
IIOJIHOCTBIO OIMMCBHLIBAIOTCS HX MATEMATHYECKUMH OXHUIAHUSIMU U
JUCIIEPCUSMH, a Ka4eCTBO OIICHOK — 3HAYEHHUSMH CPEIHUX KBaJpPaTOB
omn6oK dn(0y).

Hauny4ymmmu  acCUMOTOTMYECKM  HOPMAJbHBIMU  OIEHKaMH,
cokpanieHHo HAH-onienkamu, Ha3bIBaIOTCSA T€, JJII KOTOPBIX CPETHUM
kBajgpar omuoOku On(0,) mpuHuMaeT npu OONBHIMX 00BEMaX BBIOOPKHU
HAaUMEHbIIIEE BO3MOKHOE 3HaueHue, T.e. BenumunHa ¢ = c¢(0,0) B
dopmyne (4) mMuHMManbHA. Psa BHIOB OIICHOK — TaK Ha3bIBACMbIC
OJIHOIIIArOBBIE OILICHKH M OLIEHKH MAaKCHMAaJIbHOTO MPaBAONON00US —
sisitorcss HAH-oneHkamMu, MMEHHO OHHM OOBIYHO HCIOJB3YIOTCS B
BEPOSITHOCTHO-CTATUCTUUYECKUX METOAaX MPUHSITHUS PEIICHUH.

KakoBa To4HOCTH OlLICHKHM Tapamerpa? B Kkakux rpaHuiiax oH
MOXET JiexaTtb? B HOpPMAaTUBHO-TEXHUYECKOW U HWHCTPYKTHBHO-
METOJUYECKON JOKYMEHTAIIMH, B Ta0IUIIaX U MPOTPAMMHBIX TTPOIYKTaX

HapAaay € ajropuTMaMu pacdCeTOB TOYCYHBLIX OLCHOK HAKOTCs IMpaBHJIA
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HaxO0XJICHUSl JTOBEPUTENBHBIX TpaHull. OHM M YKa3bIBalOT TOYHOCTh
TOYEUYHOW OLEHKHU. [Ipu 3TOM HCIONB3YIOTCS Takue TEPMUHBI, Kak
NOBEPUTENBHAS BEPOSITHOCTh, JOBEPUTENBHBI HHTepBal. Eciaum peun
uaeT o0 OLEHMBAHMM HECKOJIbKMX YHCJIOBBIX IapaMEeTpOB, WU 3Ke
GyHKUMM, YOOPSAJOYEHHUS M T.M., TO TOBOPAT OO0 OLICHMBAaHUU C
MOMOIIIBIO JTOBEPUTEIBHON 00JIACTH.

Josepumenvuas obracme — 3TO 00JacCTh B MPOCTPAHCTBE
[1apaMeTpoB, B KOTOPYK C 3aJaHHOM BEPOSTHOCTBIO  BXOIUT
HEU3BECTHOE 3HAYCHUE OLEHMBAEMOIO I1ApaMeTpa PpPaclpereiICHHUs.
«3aiaHHasi BEPOATHOCTB» HA3bIBAETCS 008EpUMENbHOU 6EPOSMHOCMbIO
U 00bIYHO oOo3Hauaetrcs y. Ilyctb ® — mpocTpaHCTBO NHapaMeTpOB.
Paccmotpum cratuctuky ©1 = O1(X;, Xp,..., Xn) — OQYHKIHIO OT
pE3yNbTaTOB HAOMIOACHUHN X1, X2,..., Xn, 3HAUCHUSIMU KOTOPOH SIBISIOTCS
MIOAMHOKECTBA NPOCTPAaHCTBA MapameTpoB ©. Tak Kak pe3ynbTaThl
HaOMIOICHU — cily4yallHble BEIUYMHBI, TO ©®1 — Takke ciaydaiHas
BEJINYMHA, 3HAYCHHSI KOTOPOI — MOJIMHOKECTBA MHOXKeCTBa O, T.e. ©1 —
CIy4yallHO€ MHOXeCTBO. HamoMHHM, YTO MHOKECTBO — OJWH U3 BHJIOB
OOBEKTOB HEUMCIIOBOM NPHUPOJBI, CIydyallHble MHOXECTBa H3Yy4yaloT B
TEOPUU BEPOSITHOCTEN U CTATUCTHUKE OOBEKTOB HEUUCIOBON IPUPOIBI.

B psine nutepaTypHbIX HCTOYHHUKOB, K HACTOSILIEMY BPEMEHH BO
MHOI'OM yCTapeBIINX, MO/ CIIy4YalHBIMU BEIUYMHAMU IOHUMAIOT TOJBKO
T€ U3 HUX, KOTOPBIE B KAYECTBE 3HAUCHUN NPUHUMAIOT JE€HCTBUTEIBHbIE
yucna. CornmacHo cnpaBouHuky akaazemuka PAH FO.B.IIpoxopoBa u
npod. FO.A.Po3anoBa [12] ciydvaiiHble BETUYMHBI MOTYT NPHUHUMATH
3HaueHUs U3 JII000ro MHOXecTBa. Tak, ciydailHble BEKTOpPa, CIydyailHbie
GyHKUMK, ~ chOydailHble ~ MHOXECTBA,  CIy4allHble  PaHXUPOBKU
(ymopsimoueHus) — OTO OTACIbHBIC BHJbI CIIy4alHBIX BEJIHYHH.
Hcnonp3yercss U MHAsi TEPMUHOJIOTHS: TEPMHUH «CydailHasi BEIMYMHA»
COXpPAHSIETCS TOJIBKO 32 YHMCIOBBIMU (DYHKIUSIMHU, ONpPENESICHHbBIMU Ha
MPOCTPAHCTBE 3JIEMEHTApPHBIX COOBITHUH, a B cllydae HMHBIX oOiacteit

3HAUYCHUM HUCIIOJIB3YCTCA TCPMUH «CJIY‘I&ﬁHBIﬁ SJICMCHT». (3aMC‘IaHI/Ie
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JUIsl MAaTEMATUKOB. BCE paccMaTpuBaeMble (DYHKIIMH, OINpEAesICHHbIE Ha
IIPOCTPAHCTBE AJIEMEHTapPHBIX cOOBITHUH, IIPEII0JIAararoTCs
U3MEPUMBIMH. )

Cratuctuka ®; Ha3bIBaeTCid  008epuUmMenbHOU  001acmblio,
COOTBETCTBYIOILEH JOBEPUTEILHON BEPOSITHOCTH Y, €CIIU

Pl Q% %0 X,)} =0. (5)
SIcHO, 4TO 3TOMY YCIOBHIO YIOBJIETBOPSET, KaK IPaBWJIO, HE OJHA, a
MHOTO  JIOBEpUTENbHBIX obOmacteil. W3 HuUX  BbIOMparoT s
MPAKTUYECKOTO  TMPUMEHEHMs]  KaKyro-1u0o  OJHY, HUCXOId U3
JOTIOHUTENIbHBIX ~ COOOpaKeHW, Hampumep, U3  COOOpaKeHUM
CUMMETPUHM WJIM MUHUMH3UPYS OOBEM JOBEPUTENBbHOM 00J1acTH, T.€.
Mepy MHOeCTBa ©1.

IIpy oOumeHke OAHOIO YMCIOBOIO HapaMeTpa B KadecTBe
JOBEpUTETbHBIX O0slacTeil  OOBIYHO MPUMEHSAIOT  JIOBEPUTEIbHBIC
UHTEPBAJIbI (B TOM YHCIIC JIY4H), @ HE WHBIC THITA TOJMHOXKECTB MPSMOM.
boiee TOrO, InI: MHOTHX IByXIapaMeTPUUYECKUX u
TpeXmapaMeTpUUECKUX pacpeesieHuil (HOpMaIbHBIX, JTOrapuhMUUIECKH
HOpMaJIbHBIX, BelOysuia-I'HeqeHKo, TaMMa-pacrupee/iecHuid u  Jp.)
OOBIYHO HCIOJIB3YIOT TOYEUHbIE OLEHKH M MOCTPOEHHBbIE HA UX OCHOBE
JOBEPUTEIIbHBIE TPAHMLIBI U1 KAXKAOT0 U3 ABYX WIIHA TPEX MAapamMeTpoB
OTIEIBHO. DTO JenaroT s yA0OCTBAa MOJb30BaHUS pe3yJbTaTaMu
pacyeToB: JOBEpUTEIbHbIE UHTEPBAJbI Jerue NpUMEHSITh, YeM (UTYpPHI
Ha IUIOCKOCTH WJIX TEJIa B TPEXMEPHOM IIPOCTPAHCTBE.

Kak cienyer u3 cka3aHHOTrO BBILIE, 008EPUMENbHBIN UHMEPBATL —
3TO MHTEpBajl, KOTOPBIM C 3aJaHHOW BEPOSTHOCTHIO HAKPOET
HEU3BECTHOE 3HAUYCHUE OLIEHUBAEMOIO IIapaMeTpa pacIpeIesICHus.
['paHuLlbl [TOBEPUTENBHOTO MHTEpPBAJa HA3BIBAIOT 008epUmMeNbHbIMU
epanuyamu. JIoBepUTEIbHAs BEPOSATHOCTH Y — BEPOATHOCTH TOTO, YTO
JNOBEPUTEIIbHBI ~ MHTEPBAJl  HAKPOET  JCHUCTBUTEIBHOEC  3HAYCHUE

mapamMeTpa, OICHHUBACMOI'O 110 BBI60pO‘{HBIM JaHHBIM. OI_IeHI/IBaHI/IeM C
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MIOMOIIIbIO JOBEPUTEIIBHOTO WHTEPBaJia HA3BIBAIOT CIIOCOO OIICHKH, MPHU
KOTOPOM C 3aJaHHON JIOBEPUTEIBbHON BEPOSTHOCTHIO YCTAaHABIMBAIOT
IPaHUIlBI JJOBEPUTEIILHOTO HHTEPBAJa.

Jlns  4ucioBoro mapaMerpa 0 paccMaTpUMBAlOT  BEPXHIOIO
JIOBEPUTEIIbHYIO TpaHMIly Op, HHKHIOIO JOBEPHUTCIbHYIO I'paHuily Oy u
JIBYCTOPOHHHE JIOBEPUTEIbHBIC T'PAHHUIBI — BEPXHIOW 015 M HUKHIOIO
011. Bce deThipe qoBepUTENbHBIC TPAaHUIBI — QYHKIIUH OT PE3yJIbTaTOB
HAOJIOICHUH X1, X2,..., Xn U IOBEPUTEIBHON BEPOSITHOCTH .

BepxHsis mnoBeputenpHas rpanuna 0g — ciydaliHas BeaudyuHa Og =
Os(X1, X2,..., Xn; ¥), 151 KOTOpO# P(0<0g) = v, rie 6 — ucTHHHOE 3HAUCHUE
OLIEHHBAEeMOTro Mapamerpa. JIOBepUTEIIbHBI HWHTEpBad B 3TOM Ciydae
umeert Buj (-00; Og].

HwxHsist oBepuTeNbHas rpaHuiia Oy — ciiyJaiiHas BenuuuHa Oy =
Ou(X1, X2,... Xn; ¥), A1 KoTOpOI P(0>0y) = vy, rue 6 — ucTuHHOE 3HAUCHUE
OLIEHHBAaEeMOTro mapamerpa. JIOBepUTEIIbHBI HWHTEpBal B 3TOM Cjydae
umeeT Buj [Oy; +o0).

JIBYCTOpOHHHE JIOBEPHUTEIbHBIC TPAHHUIIBI - BEPXHSSA 015 M HIDKHSS
011 - 9TO citydaiiHbie BeauIuHbI 015 = 015(X1, X2,..., Xn; V) ¥ 013 = O14(Xq,
X2, Xny ¥) Takue, uto P(014<0<01) = vy, rae 0 — ucTuHHOE 3HAYCHUE
OLIEHHBAaEeMOTro Mapamerpa. JIOBepUTEIIbHBI HWHTEPBal B 3TOM Cjydae
umeet Buf [014; 01p].

BeposiTHOCTH, CBsI3aHHBIC C JOBEPUTEIBHBIMU I'PAHUIIAMH, MOYKHO
3aMycaTh B BUJE YaCTHBIX ciaydacB ¢popmyisl (5):

Plal (-¥:0951} =9, P{aT [9,;+¥)} =g, Pal [a,:0:]} =0.
B HOpPMAaTHBHO-TEXHHYECKOW U HHCTPYKTHBHO-METOIUYCCKOM
JOKYMEHTAIIMH, HAyYHOW W y4eOHOM JuTepaType HUCIOJIb3YIOT JBa THIIA
NPaBHJ ONPEJCICHUS JOBEPUTEIBHBIX TIPAHUI] — TMOCTPOCHHBIX Ha
OCHOBE TOYHOI'O paCHpEeiICHHS W IOCTPOCHHBIX Ha OCHOBE
ACUMIITOTHYECKOr0 pPaclpee/icHus] HEKOTOPOH TOYCYHON OleHKu O,

napameTtpa 0. PaccMoTpuM npumepst.
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Ilpumep 10. IlycTh X1, Xp,..., Xn — BBIOOpPKa W3 HOPMAJIBLHOIO
3akoHa N(m, o), mapamMeTppl M ©W G HEU3BECTHBL. YKaKeM
JIOBEPUTEBHBIE TPAHUIIBI JIJIsT M.

W3Bectho [11], uTo cnyyaiiHas BeMYHUHA

Y:\/ﬁ)_(- m
So

umeet pacrpeneneHue CthroneHTa ¢ (T-1) cTerneHbro cBOOOIBI, TAE X -
BbIOOpOYHOE cpeaHee apu(METHYEeCKoe U Sy — BBIOOPOUYHOE CpelHee

KBaJpaTH4eckoe OoTkimoHenue. Ilycts t (n-1) u t_ (n-1) - KBaHTHIU

yKa3aHHOTO pacrpeseneHus nopsjaka y u 1-y coorsercrenHo. Toraa
P{Y<t(n-1)} =v, P{Y>1t,(n-1)} =v.

CnenoBaTeiabHO,
P|m3x ty(n- 1) % =9,

T.€. B KAUECTBE HM)KHEU IIOBCpPITCJIBHOﬁ I'paHUIBI OH, COOTB@TCTBYIOH.I@I‘/JI

HOBCpHTeHBHOﬁ BCpOHTHOCTI/I Y, CJICI[yeT B3ATH
Oy (X0 Xp e X5 9) = X - to (N 1)\/— (6)

AHanoru4yHo mojayvacm, 4To

[Tockonbky pacrnpenenenue CThIOJEHTa CHMMETPUYHO OTHOCUTENHHO O,

t,(n-1) =-t  (n-Dt,(n-1. CnenosaTenbHo, B KAYECTBE BEPXHEN
JIOBEPUTEIHLHOM TpaHUIlbl O JJIsI M, COOTBETCTBYIOIICH JTOBEPUTEIHHOM
BEPOSITHOCTH Y, CIEAYET B3ATh

05 (X, X000 X3 9) = X+, (N DJE (7)

Kaxk IMOCTPOUTH ABYCTOPOHHUC NOBCPUTCIILHBIC I‘paHI/II_IBI?

ITonoxum

Oun =0 (X Xa0eesX0301)s Oip =05 (X, Xg000X1305),
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riae 01y 1 015 3amansl popmysaamu (6) u (7) coorBeTcTBEeHHO. [T0CKOIBKY
HepaBeHCTBO 01y < M < 015 BBITIOJIHEHO TOT/Ia M TOJIBKO TOT/Ia, KOTaa
ty, (N-D3Y3t, , (n-1),

TO

P{Oin<mM<0:g} =y1+7v2-1,
(B mpeamonoxenuu, uto y1 > 0,5; y2 > 0,5). CiaemnoBatenbHo, eClid ¥ = Y1
+v2—1, T0 014 1 615 — IBYCTOPOHHHWE TOBEPUTEIIbHBIC TPAHUIIBI IS M,
COOTBETCTBYIOIIINE JOBEPUTEIBLHON BEpOSATHOCTH Y. OOBIYHO TOJIAararoT
Y1 = Y2, T.€. B KaUeCTBE JBYCTOPOHHMX JOBCPHUTEIbHBIX IpaHuIl 01y 1 015,
COOTBETCTBYIOIIUX JOBEPUTCIBHONH BEPOSTHOCTH 7Y, HCIIOIB3YIOT
OJTHOCTOPOHHHE JIOBEPUTEIIbHBIC T'paHMIBI Oy U O, COOTBETCTBYIOLINE
JOBEepHUTENIbHOM BeposiTHOCTH (1+7)/2.

Jlpyroii BuA TpaBWI TOCTPOCHUS JTOBEPHUTCIBHBIX TPAHMUIl IS
napameTpa 0 OCHOBaH Ha aCHMITOTHYECKOW HOPMAJIBHOCTH HEKOTOPOM
TOYEYHOH oOmeHku O, 23TOoro mapamerpa. B  BeposTHOCTHO-
CTaTHCTHYECKUX METOJaX IMPUHATHS PENICHUH HCIOJIB3YIOT, KaK YKe
OTMEYAJIOCh, HECMEILICHHBIC WJIM ACHMITOTHYECKH HECMEIICHHBIC
olleHKH Op, 11 KOTOPBIX cMeleHune 6o paBHO O, 1ub0 mpu GONBIIMX
o0beMax BBIOOPKHU MPEHEOPEIKMMO MaJI0 MO CPABHEHUIO CO CPEIHUM
KBQJIpaTUYCCKUM OTKJIOHCHHEM OILICHKH 0. J[JI1 TaKuX OIEHOK MPHU BCEX
X

I|mP| 9.~ 9 £xP F(x),
n® ¥ D(q

rae @(x) — pynkmmsa HopMansHOro pactpenenenus N(0;1). Ilycrs u, —

kBaHTWIb Topsinka y pacupenenenus N(0;1). Torna

IlmP 1d,-q £ugy g (8

n® ¥ T\/7

ITockonbKy HEPaBEHCTBO

d.-q £

G
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PaBHOCHWIIbHO HECPABCHCTBY

d. - U4/D@,) £9,
TO B KadecTBe Oy MOXXHO OBUIO OBl B3STh JIEBYIO YacTh MOCJIECIHETO
HepaBeHcTBa. OpHako TO4YHOe 3HadyeHwe gucrnepcud D(0,) o0bI4HO
HEU3BECTHO. 3aTO YaCTO yJaeTcs JoKa3aTh, YTO AMCIEPCHUS OIEHKHU
UMEET BU]

p@,) = "1

(C TOYHOCTHIO 10 MPEHEOPEKMUMO MAIIBIX IIPU POCTE N CIaraeMebix), TAE
h(0) — mHexoTopas GyHKIMS OT HEHM3BECTHOro mapamerpa 0.
CrpaBeaiiuBa TeopeMa O HaclieJOBaHUH cxoauMocTH [ 7, 82.4], coriaacHo
KOTOpOI rpu noactanoBke B N(0) orerku 0, BMecTo 0 cooTHOIICHKE (8)
OCTaeTCs CIPABEIIUBBIM, T.€.

lim P:[ /h,) qu

ne ¥ %q”-ugT =g.

o<

CrnenoBareibHO, B Ka4eCTBE MPUOIMKEHHOW HIKHEH JTOBEPUTEIBHOU

I'paHULbI CICAYCT B3ATH

vh@,)

dx =4, - UQT,

a B KQUCCTBC HpI/I6JII/I)KeHHOI‘/II BerHeﬁ IIOBCpI/ITeJIBHOﬁ I'paHUIIBI -

vh@,)

a5 :qn+ugT'

C poctoMm o0bemMa BBIOOPKM KayecTBO  MHPHUOIMKEHHBIX
JOBEPUTEIIBHBIX I'PAHMI] YIIyUIIACTCs, T.K. BEPOSITHOCTH COObITHI {0 >
Oh} m {0 <0g} crpemsTcs k vy. is TOCTPOCHHS JBYCTOPOHHUX
JOBEPUTEIIBHBIX TPAHUII OCTYIAIOT aHAJOTHYHO MPABHIY, YKa3aHHOMY
Boiiiie B mpumepe 10 A MHTEPBAILHOTO OIEHUBAHUS MapaMeTpa M
HOPMAJIBHOTO pacrpeesieHust. A UMEHHO, HCIOIB3YIOT OJHOCTOPOHHUE
JTOBCPUTEIbHBIC  TPAHUIIBI,  COOTBETCTBYIOIIME  JTOBEPHUTEIILHOM

BepositHocTH (1+y)/2.
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I[Ipy  00pabOTKE DSKOHOMHYECKHX, YMPABICHYCCKUX WU
TEXHUYECCKUX CTATHUCTHYECKHUX JAHHBIX OOBIYHO KCIOJB3YIOT 3HAUYCHHE
noBeputeabHol BeposTHOCTH ¥ = 0,95. [IpuMeHSIOT TakKe 3HAYCHUS Y =
0,99 unu vy = 0,90. Unorna Berpeuarorcs 3Hauenus y = 0,80, y = 0,975, y
=0,98 u np.

JIIsT TUCKPETHBIX pachpeneiieHnuid, TakuX, Kak OWHOMHAILHOE,
THIIEpreoMeTpudeckoe win pachpenenenue Ilyaccona (a  Takxke

pacnpenenenus cratuctuku Kommoroposa

D, =v/nsup|F,(X) - Fy(x)|

U JIPYyruX HemapaMeTPUUYECKUX CTATHUCTHK), (PYHKIHUU pacripeic/ieHus
UMEIOT CKadyku. llodToMy panms 3amaHHOTO 3apaHee 3HA4YeHHs v,
Hanpumep, Y= 0,95, Henb3s yKa3aTb JIOBEpUTEIbHBIC T'PAHUILHI,
MOCKOJIBKY YPaBHEHUS, C TIOMOIIBIO KOTOPBIX BBOASTCS JIOBEPUTCIIHHBIC
TPaHUIBI, HE UMEKT HH OJHOTO pemieHus. Tak, paccMOTpUM

6I/IHOMI/IaJIBHoe pacnpeneﬂeHI/Ie
a0 N
P(Y=y]|p,n) =g =p’(@1- p)"?’, y=012..,n,
Yo

rae Y — 9YUCJI0 OCYIIECTBICHUH COOBITHI, N — 00beM BbIOOpKU. [1j1s1 Hero
Henb3s ykazaTh cratuctuky K(Y, n) takyro, 94To
P{p < K(Y, n)} =7,

nockosibky K(Y, n) — pyHknus ot Y U MOXET NpUHUMATh HE OOJIbIIe
3Ha4YCeHHUH, 4YeM MpuHUMaeT Y, T.e. N + 1, a 1y Y uMeeTcs OECKOHEYHO
MHOT'O BO3MOJKHBIX 3HAQYEHUW — CTOJIBKO, CKOJIbKO TOYEK Ha OTpE3Ke.
Cka3zaHHas O3HA4aeT, YTO BEpXHEU JOBEPUTEIHLHON T'PaHMIIBI B Clydae
OMHOMUATILHOTO pacIpe/ieiICHUsI HE CYIIECTBYET.

JIns  AUCKPETHBIX  paclpefeseHuid MPUXOIUTCS  U3MEHHUTH
OmpeNeNieHus] JOBEPUTENbHBIX rpaHull. [lokaxxeM W3MEHEHUS Ha
npuMepe OMHOMHMAJIBHOTO pacrpeneneHus. Tak, B KadecTBE BEpXHEH
JIOBEPUTEIIbHOM IpaHuibl Op mcmonab3yioT Haumensbinee K(Y, Nn) Takoe,

qTo
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P{p < K(Y, n)} > y.
AHaNOru4HeIM 00pa30M MOCTYHAKT Ui JAPYTHX JIOBEPUTEILHBIX
TpaHMIl U IPYrHX pachpenenenuii. Heo6xonumo uMeTs B BUY, YTO MPHU
HeOOJIBIINX N ¥ P UCTHHHAS qoBepuTenbHas BeposTHocTh P{p < K(Y, n)}
MOJKET CYIIECTBEHHO OTIMYAThCS OT HOMUHAIBHOM Y, KaK 3TO MOJIPOOHO
npojeMoHCTpupoBaHo B padore [13]. [TosToMy Hapsay ¢ BeIHYMHAMU
turna K(Y, n) (T.e. 1OBEpUTENbHBIX TPAHUII) TPU pa3pabOTKe TaOJIHUI U
KOMITBFOTEPHBIX nporpamMm HE00XO0IUMO npeaycMaTprBaTh
BO3MOKHOCTh monydeHuss u BeauwumH tuma P{p < K(Y, n)} (r.e.
JTOCTHTACMbIX JOBEPHUTEIBHBIX BEPOSTHOCTECH).

OcHOBHbIE TIOHSITHS, UCTIOJIb3yeMble NPH NMPOBepPKe T'HIOTE3.
CratucTuueckass THIOTe3a — JH000€ TPEINONI0KECHUE, Kacaroleecs
HCM3BECTHOTO pACIpEACICHHUS CIy4allHbIX BEJIWYHMH (IJICMCHTOB).
[MpuBeaem GopMyTUPOBKU HECKOIBKUX CTATUCTHUCCKUX THITOTE3!

1. Pe3ynbTaThl HAOMIOACHUN UMEIOT HOPMAJIBHOE PACTIPEICIICHHE
C HYJICBBIM MAaTEMAaTUYCCKUM OXKUIaHUCM.

2. Pesynbratbl HaOMIOJEHUN HMMEIOT (QPYHKUHUIO pachpeereHus
N(O,1).

3. Pe3ynbTaThl HAOIIOCHUN UMECIOT HOPMAJIHOE PACIIPE/ICIICHUE.

4. PesynbraThl HaOJIOJCHUI B JBYX HE3aBUCHUMBIX BBIOOpKax
UMCIOT OJTHO U TO K€ HOPMAJILHOE PACIpe/IeIICHUE.

5. PesynabTarThl HaONIOJCHUN B JBYX HE3aBHCHUMBIX BBIOOpKaX
UMCIOT OJTHO U TO K€ PacIpe/IesiCHuE.

PaznuuaroT HYJIEBYIHO M albTCPHATHBHYIO THIOTE3bl. Hysesas
THIIOTE€3a — THIOTe3a, TOoJyIeXkamias MpoBepKe. AJIbTepHATHBHAS
THIIOTE3a — KaXJas JOMyCTHMas THIOTe3a, OTIMYHAS OT HYJICBOU.
HyneByto rumotesy o6o3nauaroT Hy, ambrepHatuBHyro — H; (ot
Hypothesis — «rumoTe3a» (anri.)).

BbiOOp TeX WM WHBIX HYJICBBIX WM aTbTCPHATUBHBIX THIIOTE3

OIIPCACIIACTCA CTOAIIMMH nepen MCHCI)KCPOM, 9KOHOMHUCTOM,
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HHXCHCPOM, HCCICHOBATCIICM IIPHUKIAAHBIMUA 3aJda4YaMU. PaCCMOTpI/IM

MPUMEPHI.
Ilpumep 11. Ilycte HyneBas Trumore3a — Trunoresa 2 u3
NPUBEACHHOTO BBIIIE CIHCKA, a albTepHaTMBHAas — rumnore3a 1.

CkazaHHOoe  O3HayaeT, TO pealbHas  CHUTyallusl  OMHUCHIBACTCS
BEPOSITHOCTHON MOJIENIbIO, COTJIACHO KOTOPOM pe3ysbTaThl HaOI0ICHUM
paccMaTpuUBaIOTCS KAk  peaju3alid  HE3aBUCHUMBIX  OJMHAKOBO
pacripe/ieJIeHHbIX CIyYalHbIX BEIUMYUH C (DYHKIMEH pachpeacsieHus
N(O,0), rie mapaMeTp ¢ HEM3BECTEH CTATHUCTHKY. B pamMkax 3Toi Moaenu
HYJICBYIO THUTIOTE3Y 3alUCHIBAIOT TaK:

Hy. o= 1,
a aJbTEPHATUBHYIO TaK:

Hi o+ 1.

Ilpumep 12. IlycTb HyJI€Bas TUIIOTE3a — MO-TIPEKHEMY THUIIOTE3A 2
W3 TPUBEICHHOTO BBINIC CIIHMCKA, a ajJbTepHATHBHAasT — TUMIOTE3a 3 U3
TOTO JK€ crucka. Torma B BEPOSATHOCTHOM MOJENIH YINPaBICHUYECKOMH,
SKOHOMUYECKON WM TPOU3BOJCTBEHHON CHUTYyallMHM IMpeIoiaraercs,
YTO pe3yJIbTaThl HAOMIOACHUN 00pa3yloT BBIOOPKY M3 HOPMAJIbHOTO
pacnpezaenenus N(M, 6) Ipu HEKOTOPHIX 3HAYCHHSIX M U 6. ['unoressl
3aMUCHIBAIOTCS TaK:

Hoom=0,6=1
(0o0a mapameTpa MPUHUMAIOT (PUKCHPOBAHHBIC 3HAUCHHSA);
H:m#0ummo#1
(T.e. Mu60 M+# 0, mbo o # 1, iu6o u M+ 0, u o # 1).

Ilpumep 13. Tlycts Hp — runore3a 1 W3 TPUBEIECHHOIO BBIIIEC
criicka, a Hy — runore3a 3 U3 TOTO K€ CHHUCKa. Torja BeposSiTHOCTHAsI
MOJIeJIb — Ta K€, YTO B npumepe 12,

Hy: m= 0, 6 npou3BOJIbHO;
Hi: m+# 0, 6 npou3BoJIBHO.
Ilpumep 14. Tlycts Hp — runore3a 2 W3 TPUBEACHHOIO BBIIIE

CIMCKa, a coryacHo Hi pe3ynbTaTbl HAOMIOJEHUM HMEIOT ()YHKIUIO
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pacnpezenenus F(X), He coBmamamomyro ¢ (GyHKIHEH CTaHIAPTHOIO
HOpMalibHOTO pactpenenenus @(x). Torna
Hp: F(x) = @(x) npu Bcex x (3amuceiBaetes kak F(x) = @(x));
Hi: F(xo) # @(x0) mpu HEKOTOPOM Xg (T.€. HeBepHO, uTo F(x) = @(x)).
Ilpumeuanue. 3pech = - 3HAK TOXXISCTBEHHOTO COBIIAICHUS
GbyHKIMH (T.e. COBMAACHUSA MPH BCEX BO3MOXKHBIX 3HAUCHHUSIX apryMeHTa
X).
Ilpumep 15. Tlycts Hp — runore3a 3 W3 NPUBEACHHOIO BBIIIE
CIMCKa, a coryacHo Hi pe3ynbTaTbl HAOMIOJEHUM WMEIOT (DYHKIUIO

pacnpezenenus F(X), He sBIAONIYIOCS HOpMalIbHO#M. Toraa

M
Ho:F(X)° Fge( 9 ipu HekoTOPBIX M, G;
e ]
Hy: nna moOeix M, 6 Haigercss xo = xo(M, ©) Takoe, H°TO
M
F(x)t Fo MO
e s g

Ilpumep 16. Ilycts Hp — runore3a 4 W3 TPUBEICHHOTO BBIIIEC
CIIMCKa, COTJIACHO BEPOSATHOCTHOM MOJIENIU JBE BHIOOPKH W3BIICUYEHBI U3
coBOKymHocTel ¢  (Qynkuumsamu pacnpenenenus F(X) u  G(X),
SBJISIIONIMXCS HOPMAJIBHBIMU € TlapaMeTpaMu Iy, G3 U NMh, O
COOTBETCTBEHHO, a {1 —otpuuanue Hy. Torga

Hy: My = My, 61 = Gy, IpUYEM My G TPOU3BOJILHHI,
Hi: my# mp u/unu 61 # oo.

Ilpumep 17. Tlycte B ycioBusx npumepa 16 TONOJHUTEIBHO

U3BECTHO, UYTO 071 = 0p. Torma
Hy: my = my, 6 > 0, npuueM Myu G MPOU3BOJIHHBI;
Hi:m#nm, o> 0.

Ilpumep 18. Ilycth Hp — rumore3a 5 W3 NPUBEICHHOIO BBIIIEC
CIIMCKa, COTJIACHO BEPOSATHOCTHOM MOJIENIU JIBE BHIOOPKH W3BIICUYEHBI U3
coBOKymHocTel ¢  (QyHkuumsamu pacnpenencaus F(X) u  G(X)
COOTBETCTBEHHO, a {1 —otpunanue Hy. Torga

Hp: F(X) = G(X), rae F(X) — npou3BosibHass PYHKIHS pacipee/ICHNUs;
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Hj: F(X) u G(X) - mpou3BosIbHBIC QYHKIIUU pactpeaciicHHs, TPUIeM
F(X) # G(X) mpu HEKOTOPBIX X.

Ilpumep 19. ITlycth B ycinoBusix mnpumepa 17 DOTOJHUTEIHHO
npeanonaraercs, yto GpyHkiuu pacnpeaencuus F(X) u G(X) omimyarorcs
TOJILKO CABHIoM, T.e. G(X) = F(X - a) mpu HekoTtopom a. Tornaa

Hp: F(X) = G(X), rae F(X) — npou3BosibHass PYHKIHS pacipee/ICHNUs;
Hi: G(X) = F(X - a), a # 0, rne F(X) — mpousBobHas GyHKITHS
pacrpeeeHusl.

Ilpumep 20. Ilycte B ycioBusx npumepa 14 nomOJHUTEIBHO
U3BECTHO, 4YTO COIMJIACHO BEPOSITHOCTHOM Monenu curyauuu F(X) -
(GYHKIIMS HOPMAJILHOTO pacHpeeicHHus ¢ CIUHUYHON JUCIIepCHeH, T.e.
umeet Bug N(m, 1). Torga

Hy: m= 0 (t.e. F(x) = @(x) mpu Bcex x );(3amuchiBactcs Kak F(x) =
D(x));
Hy: m # 0 (1.e. HEBepHO, uTO F(x) = @(x)).

IIpumep 21. [lpy  CTATUCTUYECKOM  PEryJIMPOBaHUU
TEXHOJIOTHYECKUX, HSKOHOMHUYECKHMX, YIPABICHUCCKUX WM  HHBIX
nporieccoB  [2]  paccmarpuBarOT — BBIOOPKY,  M3BJICYCHHYIO U3
COBOKYITHOCTH C HOPMaJbHBIM  paclpeiicicHieM W  U3BECTHOM
JMCTICPCUCH, U THITOTE3bI

Hoy: m=my,

Hi: m=my,
rlic 3HAYCHHE mapameTpa M = My COOTBETCTBYET HAJIAKEHHOMY XOIY
npoiiecca, a mepexoi K M = My CBUACTEIBCTBYET O pa3iajKe.

Ipumep 22. Tlpu CTATHCTHYECKOM HPHEMOYHOM KOHTpoje [2]
YUCIO JCPEKTHBIX CIUHHII TMPOAYKIMH B BbIOOPKE MMOIYUHSICTCS
THIIEPTEOMETPUYCCKOMY PACIPEICIICHUIO, HEU3BECTHBIM IMapaMeTpoM
seisiercs P = D/N — yposenn pedektHoctd, rie N — oObeM maptum
npoaykuuu, D — oOmee unciao AepeKTHBIX €AUHUIL] MPOAYKIHH B

ImapTuu. HCHOHBBY@MBIC B HOpMaTI/IBHO-TCXHI/I‘IeCKOﬁ u KOMMCp‘I@CKOﬁ
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JTOKyMEHTaIMK (CTaHAapTax, JOroBOopax Ha IMOCTaBKY W JIp.) ILJIaHBI
KOHTPOJISl YaCTO HALlEJIEHBI HAa MPOBEPKY TMITOTE3bI

Hy: p< AQL
MPOTHUB AIBTEPHATUBHOMN TUIOTE3BI

Hi:ip>LQ,
rie AQL — mpuemouHblii ypoBeHb aepekTHocTH, LQ — OpakoBOYHBIM
ypoBeHb nedekTHocTr (oueBuHO, uTo AQL < LQ).

Ilpumep 23. B  kadecTBe IOKazaTele  CTaOWIBHOCTH
TE€XHOJIOTUYECKOr0, 3KOHOMHYECKOr0, YIPaBICHUYECKOr0 WM HHOIO
mpolecca  HCHOJB3YIOT Pl XapaKTePUCTUK  paclpeesieHui
KOHTPOJUPYEMBIX MOKa3aTesei, B 4aCTHOCTH, KO3 (OUIIMEHT BapUaluu V
= 6/M(X). TpeOyeTcs pOBEPUTH HYJICBYIO THIIOTE3Y

Hy. v<
NIpH aJIbTEPHATUBHON TUIIOTE3€
Hi: v >\,
r7ie Vo — HEKOTOpOE 3apaHee 3a/IaHHOE TPAaHUYHOE 3HAUCHHE.

Ilpumep 24. IlycTb BEpOSITHOCTHas MOJIENb JABYX BBIOOPOK — Ta
ke, 4To B mnpuMepe 18, maTemaTHUecKue OXHIAHUS Pe3yJIbTaTOB
HaOJIIO/ICHUI B TIEPBOM M BTOpOM BBIOOpKax oOo3nauum M(X) u M(V)

COOTBETCTBEHHO. B psiie cuTyaruii mpoBEPSIOT HYJIEBYIO TUIIOTE3Y

Ho: M(X) = M(Y)
IPOTHUB aJIbTEPHATUBHOMN I'UIIOTE3bI
Hy: M(X) # M(Y).

Ilpumep 25. Beplle oTMeyanaoch OOJIbIIOE 3HAYEHUE B
MaTEeMaTHYECKOM CTaTUCTUKE (PYHKIMIA pactpeeeHus], CAHMMETPHYHBIX
otHocuteabHo O, [Ipu mpoBepke CHMMETPHYHOCTH

Hop: F(-X) = 1 — F(X) npu Bcex X, B ocTaibHOM F nipon3BosibHa;
Hi: F(-Xo) # 1 — F(Xo) npu HEKOTOPOM Xp, B OCTAIbHOM F Mpou3BoJIbHA.

B BepOSITHOCTHO-CTATHCTHYCCKUX METOJaX HMPHHATHS PEIICHHM
UCIOJB3YIOTCS M MHOTHE JApyrue IIOCTAaHOBKM 3aja4 IPOBEPKHU

CTATUCTHYCCKUX I'MIIOTC3. HCKOTOpBIC N3 HUX PACCMATPUBAIOTCA HUKC.
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KonkpeTHass 3agaya TPOBEPKH CTATUCTHYECKOH THIIOTE3bI
MOJIHOCTHIO OMHCaHAa, €CJIW 3aJaHbl HyJeBas U allbTepHATHUBHAS
runoTe3bl. BpiOOp MeToma MPOBEPKH CTATHCTUYECKOW THIOTE3HI,
CBOMCTBa M XapaKTEPUCTUKH METOJIOB OINPENEIAIOTCS KaK HYJIEBOH, Tak
W aJlpTEpHATUBHOM rumnore3amMu. JlIsi MpOBEpKHM OJHOM U TOU XKe
HYJICBOM THUIMOTE3bl TMPU PA3IUYHBIX QJIbTCPHATUBHBIX THUIIOTE3aX
cleayeT HCMOJb30BaTh, BOOOIIE TOBOPs, pas3jiMuHbie METOAbl. Tak, B
npumepax 14 u 20 HyneBas TUIIOTE3a OJTHA U Ta XK€, a AIbTEPHATUBHBIC —
paznuunbl. [losTomy B ycmoBusix npumepa 14 cieayer NPUMEHATH
METOJIbl, OCHOBaHHBIE Ha KPUTEPHUSAX COIVIACHS C TapaMeTpUYECKUM
cemeiictBom (tuma KommoropoBa wuiM THIa OMera-KBajapar), a B
ycioBusax npumepa 20 — MeToibl Ha OCHOBe kpuTepus CThIOJICHTa WU
kputepusi Kpamepa-Yomua [2,11]. Ecim B ycnoBusix mpumepa 14
ucnoib3oBaTh Kkputepudt CTbIOJEHTa, TO OH He OyaerT pemiarb
MOCTaBJIEHHBIX 3ajady. Eciu B ycnoBusix mpumepa 20 HCHONIB30BaTh
Kputepuii corjacus Tuna KosmoropoBa, TO OH, HaNpoTHB, OyaeT
pemaTth TOCTaBJICHHBIC 3aJayd, XOTs, BO3MOXHO, U XYyXKe, YeM
CIEUAJIbHO  TMPUCTIOCOOJCHHBIM ISl 3TOTO  clydass  KpUTEpUM
CTplOZICHTA.

[Ipu oOpaboTke peanbHBIX JAHHBIX OOJIBIIIOE 3HAYCHUE HMEET
NpaBWIbHBIA BbIOOp TUNoTe3 Hy u H;. IlpuHuMaembie npeAnoaoKeHus,
HarpuMep, HOPMAJIbHOCTh pPAaCHpeieNIeHHs], JOMKHBI OBbITh TIIATEIHHO
00OCHOBAHBI, B YaCTHOCTH, CTATUCTUYECKUMH MeTogaMu. OTMETHUM, 4YTO
B MOJABJISAIONIEM OOJIBIIUHCTBE KOHKPETHBIX MPHUKIAJHBIX MOCTAHOBOK
pacripesiesieHne pe3yJbTaToB HAOIIOJICHUN OTJIMYHO OT HOPMAJIBHOTO
[2].

YacTto BO3HUKAET CHUTyallus, KOTJa BHJ HYJEBOW THUIIOTE3bI
BBITEKACT M3 MOCTAHOBKHU MPUKIAAHOM 3aJauu, a BUJ aJbTEPHATUBHOMN
TUIIOTE3bl HE sCeH. B Takux ciyyasx cleayeT paccMaTpuBaTh
aTbTEPHATUBHYIO THUIIOTE3y Hambosiee OOIEero BUJa U HCIOJb30BATh

MCTOAbI, pCHIAOIINEC ITOCTABJICHHYIO 3a/1a1y IIPU BCCX BO3MOKHBIX Hl. B
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YaCTHOCTH MPU MPOBEPKE TMIOTE3bl 2 (M3 MPUBEICHHOTO BHIIIC CIHUCKA)
KaKk HyJIEBOM cjeayeT B KauecTBe albTEPHATUBHOW T'HUIOTE3BI
ucrnonb3oBaTh Hi w3 npumepa 14, a He u3 npumepa 20, eciu HET
CHEeIUATbHBIX 000CHOBaHUM HOPMAaJIbHOCTH pacnpeneneHus
pPE3yNbTaTOB HAOIIOEHUHN TTPU AJIbTEPHATUBHOM TUIIOTE3E.

Cratuctuyeckde TUNOTE3bl OBIBAIOT  MapaMeTpUUYECKue U
HenapameTpuueckue. [lpeanonoxenue, KOTOpoe KacaeTcs HEM3BECTHOIO
3HAUEHHUs TMapamMeTpa paclpeiesieHus, BXOJSIIEr0 B HEKOTOPOE
napameTpuyecKoe CEMENCTBO pacrpeesieHuH, Ha3bIBaETCS
napaMeTPUUECKO# TUoTe30il (HAMOMHUM, YTO TTApaMETP MOXKET ObITh U
MHOTOMepHbIM). [Ipeamnonoxkenue, Mpu KOTOPOM BHJ PaclpelIeiICHUs
Heu3BeCTeH (T.e. HE MPEAINOJIaraercsi, 4TO OHO BXOJHMT B HEKOTOPOE
napameTpuyecKoe CEeMENCTBO pacrpenencHuit), Ha3bIBaETCS
HernapameTpuyeckon runote3oil. Takum oOGpa3om, ecinu pacrpeesieHue
F(X) pe3ynbraToB HaOMIOACHUNA B BBIOOPKE COTJIACHO TMPUHSATOU
BEPOSITHOCTHOM MOJIENIM  BXOAWT B HEKOTOPOE MapamMeTpUuecKoe
cemeiictBo { F(X;0), 01 ®}, T.e. F(X) = F(X;00) mpu HekoTtopom Opl ®, TO
paccmaTpuBaeMasi TUIoTe3a — napameTpuyeckasi, B IpOTUBHOM cllydae —
HermapameTpuyecKas.

Ecim m Hop u H; — mapameTrpuyeckue TUIOTE3bl, TO 3ajaya
MPOBEPKH CTATUCTUYECKON ruUmore3bl — mapamerpuueckas. Ecnmu xors
Obl o1Ha U3 Tunote3 Hy u Hi — HenapameTpuyeckas, TO 3ajja4a MpoOBEPKU
CTaTUCTHUYECKOW TUIIOTE3bl — HemapaMmeTrpuyeckas. Jpyrumu cioBamu,
€CIM BEPOSATHOCTHAsT MOJENb CHUTyallMM — M[apaMeTrpuyeckas, T.€.
MOJIHOCTBIO  OMNHUCHIBAETCS B TEPMHHAX TOTO  WJIM  HUHOIO
napamMeTpUyecKoro ceMmercTBa pacrnpeneseHul BEpoATHOCTEH, TO H
3a/laya MPOBEPKHU CTaTUCTUYECKOM TMIOTE3bl — MapaMerpuyueckas. Eciu
K€ BEPOSITHOCTHAs MOJIENb CUTYyallMM — HemapameTpuyeckas, T.e. ee
Helb3s  MOJHOCThIO  omMcaTh B TEPMUHAX  KaKOro-jamodo
apamMeTpUYecKoro ceMercTBa pachnpenesieHud BEpoATHOCTEH, TO H

3a1a4a IMpOBCPKH CTaTUCTUYCCKON TUIOTE3bl — HCTIapaMCTPHUICCKaAd. B
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npumepax 11-13, 16, 17, 20-22 naHbl MOCTAaHOBKU NapamMeTPUUECKHX
3ajJlad MPOBEpKH Tumore3, a B npumepax 14, 15, 18, 19, 23-25 —
HemapaMmeTpuueckux. Hemapamerpudeckue 3amaud JACNSITCS Ha JiBa
KJlacca: B OJHOM W3 HHUX peub HJET O TPOBEPKE YTBEPKICHUH,
Kacaromuxcs Gpyukuuii pacnpeaenenus (mpumeps 14, 15, 18, 19, 25), Bo
BTOPOM — O TIPOBEPKE YTBEPKICHUM, KACAIOIIMXCS XapaKTEPUCTUK
pacrpenenenuii (mpumepsl 23, 24).

Cratuctudeckass THUIOTE3a HA3bIBA€TCS MPOCTOM, €CIM OHa
OJIHO3HAYHO 3aJaeT pacmpeicsicHue pe3yibTaToOB  HaOJIOJCHMUIA,
BOIIE/IINX B BBIOOPKY. B MpOTUBHOM ciiydae cTaTUCTHUYECKas TUIIOTE3a
Ha3bIBACTCS CJIOKHOW. ['mmore3a 2 W3 NPUBEICHHOrO BBIIIE CITHCKA,
HyJIeBble ruUmore3sl B mnpumepax 11, 12, 14, 20, wnyneBas u
aJbTEepHATUBHAS THUIIOTE3bl B IMpuMepe 21 — mpocThie, BCE OCTaIbHBIC
YIOMSIHYTBIE BBIIIE THUIIOTE3bI — CIIOKHBIE.

OnHO3HAYHO ONpeIeNIEHHBIH CIIOCO0 MPOBEPKU CTATUCTHUECKUX
TUINIOTE3 HAa3bIBACTCS CTATUCTUUECKUM KpuTepueM. CTaTUCTHYECKHI
KPUTEPHUI CTPOUTCS C TIOMOIIBIO CTaTUCTUKK U(X1, X2, ..., Xn) — QyHKINN
OT PE3yJbTATOB HAOIIOJECHUM Xi, X2, ..., Xn. B MpOCTpaHCTBE 3HAYCHUM
cratuctuku U BBIIENAIOT KpuTHuecKkyto obnacte W, T.e. obiacts co
CICAYIOIIMM CBOWCTBOM: €CJIM 3HAYECHHUS TPUMEHSIEMON CTaTHUCTUKU
NPHUHAUICKAT JaHHOW 00JacTH, TO OTKJIOHAIOT (MHOTJA TOBOPAT -
OTBEPraroT) HYJICBYIO TMIIOTE3Yy, B MPOTHBHOM Cllydae — HE OTBEPraroT
(T.c. MPUHUMAIOT).

Craructuky U, ucnioiib3yeMyto pu MOCTPOCHUU OMPEACICHHOTO
CTATUCTUYECKOTO KPUTEPHs, HA3BIBAIOT CTATUCTUKON ATOr0 KPUTEPHUS.
Hampumep, B 3amadye TpoOBEpPKH  CTATUCTUYECKOHM  THIOTE3HI,
npuBelicHHOW B mpumepe 14, mpumenstorT kputepuit Kommoroposa,

OCHOBAHHBIN HA CTAaTUCTUKE

D, =v/nsup|F,(X) - Fy(x)|

HpI/I 3TOM Dn Ha3bIBAIOT CTaTUCTUKOM KpUTCpUs KOJIMOFOpOBa.
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YacTHpIM ciiydaeM cTaTUCTUKH U  sBIseTCS BEKTOp3HAYHAs
byHkus pe3yabraTtoB HaOmoaeHui Ug(Xy, X2, ...y Xn) = (X1, X2, +.vy Xn),
3HAUEHUsI KOTOPOU — Habop pe3ynbTaToB HabmoeHul. Eciou X, — yucna,
to Up — HabOp N 4mcel, T.e. TOUKa N—-MEPHOTO MPOCTPAHCTBA. SICHO, YTO
craructuka kputepust U sBasiercs pyukumeir ot U, T.e. U = f(Up).
[TosToMy MOXHO cuuTath, uto ¥ — 00JacTe B TOM K€ N—MEpPHOM
MPOCTPAHCTBE, HyJIeBas TMIIOTE3a OTBepraeTcs, eciu (Xi, Xz, ..., Xp)! ¥, u
MPUHAMAETCS B IPOTHBHOM CiIydYae.

B BeposATHOCTHO-CTATUCTHUYECKUX METOJaX HMPHHATHS PEHICHHH,
CTaTUCTHYCCKHE KPUTEPHH, KaK MPaBHJIO, OCHOBAHbI Ha cTaTHCTUKax U,
NPUHUMAIOIIUX YUCIIOBBIC 3HAYCHMS, ¥ KPUTHYCCKUE O0JACTH HUMEIOT
BU/

Y= {U(Xl, X2, sy Xn) > C}, (9)
rae C —HEKOTOphIE YUCIIA.

CTaTUCTUYECKUE KPUTCPUU JEIATCA Ha MapaMeTPUYECKue |
HemapameTpuueckue. [lapaMeTpuyeckue KPUTEPUU UCIOJIB3YIOTCS B
napaMeTPUYECKUX 3ajadaX IPOBEPKU CTATUCTHUUCCKUX THUIOTE3, a
HeTapaMeTPUUYCCKUE — B HEMTaPaMETPUICCKHX 3a/1a4ax.

[Tpu mpoBepke CTATUCTUYCCKON THUIOTE3bI BO3MOKHBI OIIHOKH.
Ectpb nBa pona omubok. Omunbka mepBoro poja 3akiryacTcs B TOM, YTO
OTBEPraroT HYJICBYIO THIIOTE3Y, B TO BPEMs KaK B JICHCTBUTEIBHOCTU dTa
runore3a BepHa. OmmobKka BTOPOro pojia COCTOUT B TOM, YTO IPHUHUMAIOT
HYJICBYIO THIIOTE3Y, B TO BPEeMs KaK B JICHCTBUTEIBHOCTH dTa TUIOTE3a
HEeBEpHA.

BeposTHOCTh OIMIMOKK TMEpPBOrO pPOjAa HA3bIBACTCS YPOBHEM
3HAYMMOCTHU U 0003Havaercs o. Takum obpazom, o = P{UI ¥ | Ho}, T.c.
YPOBEHb 3HAYMMOCTH O — OTO BeposATHOCTh coObiTus {Ul W},
BBIYHMCIICHHASI B ITPEIIIOJIOKCHHUH, YTO BEPHA HyJIeBas runore3a H.

VYPpOoBEeHb 3HAYMMOCTH OJIHO3HAYHO OTpeeicH, eciiu Hy — nmpocTas
runote3a. Ecnu sxe Hp — CIIOKHAs THUIOTE3a, TO YPOBCHb 3HAYMMOCTH,

BOOOIIE T'OBOPSI, 3aBUCUT OT (YHKUUHM PACIPEAEICHUS Pe3yIbTaTOB
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HaO0IcHUH, yaoBieTBopsiomieit Hy. Ctatuctuky kputrepuss U oObIYHO
CTPOSAT Tak, uToObl BeposaTHOCTh coObiTHs { Ul W} He 3aBucena ot Toro,
Kakoe HMEHHO pacnpeaeicHue (M3  yAOBICTBOPSIONUIMX HYJICBOU
runote3e Hy) UMEIOT pe3yabTaThl HaOmoaeHuit. [  craTucThk
kputepuss U oO0miero Buaa IMOJ YPOBHEM 3HAYUMOCTH IMOHHUMAIOT
MaKCHMajIbHO BO3MOXKHYIO OIIMOKY MepBOro pojaa. MakcumyM (TouHee,
cympemMyM) Oepercss 1O BCEM  BO3MOXKHBIM  PaclpeIeiiCHHUSM,
yIOBJICTBOPSIIOIIMM HYJIeBOM rurotese Hy, T.e. oo = sup P{UI ¥ | Ho}.

Ecnu xputrdeckass 00JiacTh MMEET BHUJ, YKa3aHHBIH B (opMmylie
(9), To

P{U>C|Hg =a. (10)
Ecnu C 3amgaHo, TO U3 MOCISAHEr0 COOTHOIICHUS ONpeaessioT o. Yacto
MOCTYMAIOT 0 MHOMY - 3amaBas o (00bryro o = 0,05, mrorma o = 0,01
wm o = 0,1, aApyrue 3HAYEHHS O HCIOJB3YIOTCSA TOpas3io peke),
omnpenensitor C u3 ypaBuenus (10), o6o3nauas ero C,, U UCHOJB3YIOT
kputrueckyto odmacts ¥ ={U > C,} ¢ 3agaHHbIM ypOBHEM 3HAYUMOCTH
Q.

BepositHocTh omubdku Broporo poaa ects P{UT W | Hy}. OGbruno
UCIOJIB3YIOT HE 3TY BEPOSATHOCTD, a ee gomnoiHeHue a0 1, T.e. P{UI ¥ |
Hi =1- P{UI ¥ | H}. Dra BenuunMHa HOCHT Ha3BaHHUE MOIIHOCTH
KpuTepus. MTak, MOIIHOCTh KPUTEPHUS — 3TO BEPOSTHOCTH TOrO, YTO
HyJIeBas rurnore3a OyaeT OTBEPrHyTa, KOrja ajlbTepHATHBHAS THIIOTE3a
BEpHa.

[ToHATHs  ypOBHS 3HAYMMOCTH W MOIIHOCTH  KPUTEPHUs
O0BCIMHSAIOTCS B MOHATHH (PYHKIIMH MOIIHOCTH KPUTEpHUs — (DYHKIIUH,
OTPECIAIONICH BEPOSATHOCTH TOrO, YTO HyJieBas THUIOTe3a OyaeT
orBepruyTa. MyHKIMSA MOIIHOCTH 3aBUCHUT OT KpUTHUecKou obmactu ¥
U JCHCTBUTEIBHOIO pacHpee/ICHus pe3yJlbTaToB HaOmoaeHuil. B
napaMeTpUUecKON  3ajgadye  MPOBEPKH  THUIOTE3  paclpe/csieHue
pe3yabTaTOB HaOMOAeHUN 3amaercs mapamerpoM 0. B stoMm ciryuae

¢byHkuus MomHocTH oO6o3Hayaetcs M(W,0) M 3aBUCUT OT KPUTHUYECKOMH
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obnactu ¥ u IEHCTBUTENBHOrO 3HAYEHUs HCCIenyeMoro napamerpa 0.

Ecmn
Hp: 6 =0,
Hy: 0 =0,
TO
M(Y,00) = a,
M(¥,6,) =1-,

TZIe 0. — BEPOSITHOCTh OIIMOKH TIEPBOTO Poja, f - BEPOSTHOCTHh OMINOKU
BTOPOTO poja. B craTUCTHUECKOM NPHEMOYHOM KOHTPOJE O — PHCK
u3roroButens, [ — puck mnotpedburens. Ilpu craTucTHUECKOM
pPEeTYIMPOBAaHUN TEXHOJOTHMUYECKOTO TIpoIlecca O — PHUCK HU3JIHUIIHEH
HaJAJKH, B — pUCK He3aMEUEHHON Pa3IaIKu.

®ynuknus moraocty M(W,0) B ciyyae ogHOMepHOro mapameTpa 0
OOBIYHO JOCTUTAeT MHHHMYMa, paBHOTO 0, mpu O = 0y, MOHOTOHHO
BO3pAaCTaeT NPHU yJaJIeHUH OT O 1 mpudmkaeTcs kK 1 mpu |0 - Oy | — oo.

B psge BeposATHOCTHO-CTATUCTHUECKHX METOJIOB TPHHATHS
pellicHW HUCTONb3yeTcsl omnepatuBHas xapakrepuctuka L(W,0) -
BEPOSATHOCTh TMPUHSATUS HYJIEBOM THUIOTE3bI B 3aBUCUMOCTH OT
KpuTHUeCKOi obnact W U NEeHCTBUTENBHOTO 3HAYECHUS HCCIIETyEMOTO
napametpa 0. ScHo, uTo

L(WP,0) =1 - M(¥,9).

OCHOBHOM  XapaKTePUCTHKOW  CTAaTHCTUYECKOTO  KPUTEPHUS
sBNsieTCs (QYHKIHMS MOIIHOCTH. J[Is MHOTHX 3agad  IpoOBEpKHU
CTaTUCTUYECKUX THUIOTE3 pa3padOoTaH HE OJUH CTATHCTUYCCKUUN
KpuTepuii, a uenbid psa. UYTtoObl BhIOpaTh M3 HUX ONpEAEICHHBIN
KPUTEPUH U UCIIOJIb30BaHUsI B KOHKPETHOW MPAKTUYECCKOW CHUTYaIlWH,
MPOBOJIAT CPaBHEHHE KPUTEPHUEB MO PA3IUYHBIM TOKa3aTeNsIM KauecTBa
[2, mpunoxkenue 3], mpex/ie BCETO ¢ MOMOIIBI0 UX (PYHKIIUHA MOLTHOCTH.
B kauecTBe mpuMepa paccCMOTpUM JIMINb JBa TOKa3aTells KadecTBa
KPUTEpHUSI TMPOBEPKH CTATHCTHYECKON THIOTE3bI — COCTOSTEIBHOCTh U

HCCMCIICHHOCTD.
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Ilycte 00BbemM BwIOOPKHM N pacrer, a U, u ¥, — cratuctuku
KpUTEepUsS ¢ KpPUTHUYECKHE 00JIaCTH COOTBETCTBEHHO. Kputepuii
Ha3bIBAETCSI COCTOSATEILHBIM, €CIIU

lim P(U,T Y, [H}=1

T.€. BEPOSATHOCTh OTBEPTHYTH HYJIEBYIO THIIOTE3Y CTpEeMUTCS K 1, ecnm
BEpHAa aJbTePHATHBHASI TUITOTE3A.

CTaTUCTUYCCKUN KPUTEPHIA Ha3bIBACTCS HECMEIICHHBIM, CCIIH JIIS
moboro 6y, ynoieTBopsitomiero Hy, u a000ro 01 , yIOBIETBOPSIONIETO
Hj, cipaBelNIMBO HEPABEHCTBO

P{UI ¥ |6g} <P{UI ¥ |0},
T.€. TIPH CIIPaBETMBOCTH Hy BEPOSITHOCTh OTBEPTHYTh Hp MEHBIIIE, YeM
IIPY CTIPABEIJIUBOCTH H.

[Tpy HATMYUK HECKOJIBKUX CTAaTUCTUYCCKUX KPUTEPHUEB B OJTHON U

TOM JKe€ 3adade TMPOBEPKH CTATUCTUUYCCKUX THIIOTE3  CIEIyeT

HCIIOJIB30BATh COCTOATCIBHBIC 1 HCCMCIUICHHBIC KPUTCPUH.

2.2.6. CoBpeMeHHOE COCTOSIHNE NPUKJIATHON CTATHCTUKHA

(TI/IHOBBIe NPaKTHYE€CKHUE 3aaY1 U METOABI UX pememm)

CraTucTnyeckue JAaHHble M NMPUKIAAHAsA cratucTuka. [lof
NPUKIAAHON  CTATHUCTHUKOM  MOHUMAIOT  YacTh  MaTeMaTHYeCKOU
CTAaTHUCTHKH,  TOCBSUIEHHYIO  MeToJaM  oOpabOTKM  peajbHBIX
CTaTUCTHUYECKUX JaHHBIX, a TAKKE€ COOTBETCTBYIOIIEE MaTEMaTUYECKOE
U nporpaMMHoe oOecriedyeHue. Takum 00pa3zoM, YUCTO MaTeMaTUYeCKue
3a/layu HEe BKIIOYAIOT B MPUKIIAHYIO CTATUCTHUKY.

[lon cTaTUCTUYECKUMM JAHHBIMU TMOHHUMAIOT YHCIOBbIE WU
HCUYMCIIOBBIC 3HAYCHUS KOHTPOJIMPYEMBIX MapaMeTpoB (IIPHU3HAKOB)
UCCIIeTyeMbIX 00bEKTOB, KOTOPbIE MOJYUYEHBbI B pe3yibTaTe HaOII0IeHUM
(u3MepeHuil, aHaIM30B, MCIBITAHUI, OMBITOB W T.JI.) ONPEICICHHOIO

quciia IIPHU3HAKOB, Y KaX(HOﬁ CAWHUIIBI, BOIJ.ICIIH.ICﬁ B HCCJICIOBAHHC.
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Cnoco0bl TOJIy4eHHUsI CTATUCTUYECKUX JAHHBIX M 00BEMBbI BBHIOOPOK
YCTaHABIIMBAIOT, MCXOJs W3 TOCTAHOBOK KOHKPETHOW MPUKIATHOMN
3a/1aud Ha OCHOBE METOJOB MAaTeMaTHYECKOW TEOpHUM IUIaHUPOBAHUS
IKCTIIEPUMEHTA.

Pesynbrar HaOmiofeHus X wucciaeayemoro npusHaka X (wim
COBOKYITHOCTH HMCCJICIYEMBIX MPU3HAKOB X) Yy | — O ¢IMHHUIIBI BEIOOPKHU
OTpakaeT  KOJIMYCCTBEHHbIC  W/MJIM  KAauyeCTBCHHBICE  CBOMCTBA
o0cieToBaHHON eAMHMIIBI ¢ HoMepoM | (3aech | = 1, 2, ... , n, rae N —
00beM BbIOOpKH). JleleHne NPUKIATHOW CTATUCTHKU Ha HampaBICHUS
COOTBETCTBCHHO BHy 00pa0aThIBaCMbIX Pe3yIbTaTOB HAOIOACHHMI (T.€.
Ha CTATUCTUKY CIyYaWHBIX BEJIMYHMH, MHOTOMEPHBIH CTATUCTUYCCKUM
aHaJu3, CTAaTHUCTUKY BPEMEHHBIX PSIJAOB W CTAaTUCTUKY OOBEKTOB
HEYHCJIOBOH IIPUPO/IbI) 00CYKIATOCH BBIIIE.

PesynbTaThl HAOMIOACHUM X;, Xp,..., Xn, TOAE Xi — pe3yjbTar
HAOJIOJICHUS | — O eIMHUIIBI BBIOOPKH, MM PE3yJbTaThl HAOIIOICHUN
JUISL HECKOJIBKUX BBIOOPOK, 0O0pabaThIBalOT € TIOMOIIBIO METOJOB
MPUKJIATHON CTaTUCTHKHU, COOTBETCTBYIOIIMX ITOCTAaBJIEHHOW 3ajade.
Hcnons3yroT, Kak MOpaBUiIo, aHAIMTHYECKUE METONbI, T.€. METOJBI,
OCHOBaHHBIC Ha YHCJICHHBIX pacdyerax (0OBEKThI HEUHCIIOBOH MPHPOJIBI
IpH 3TOM OIKCHIBAIOT C IOMOIIBI0 YHcel). B OoTaenbHbIX cClydasx
JOMYyCTUMO  IPHMEHEHHE Trpaduueckux MeToa0B  (BHU3yaJIbHOTO
aHam3a).

KonnuecTtBo pa3paboTaHHBIX K HACTOSIIIIEMY BPEMEHU METOJ0B
00paboTKU TaHHBIX BeChMa BEJIMKO. OHU OMUCAHBI B COTHSX THICSY KHUT
U CTaTeH, a TaKXKe B CTaHJAApTaX WU APYTHMX HOPMATHBHO-TEXHUYCCKUX H
WHCTPYKTHBHO-METONYCCKUX JTOKYMCHTAX.

MHorue MeToabl NPUKIATHON CTATUCTUKH TPEOYIOT MPOBEACHUS
TPYIOEMKHX pPacyeToB, IMOATOMY IS HMX pean3aluud HeoOXOAUMO
HCIIOJIB30BaTh KOMMBIOTEpHI. [Iporpammel pacueTtoB Ha DBM momxHBI
COOTBETCTBOBAaTh COBPEMEHHOMY HAaydYHOMY YpOBHIO. OmHako s

CAMHUYHBIX pacucToB npu OTCYTCTBUHU COOTBCTCTBYHOLICT O
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IIPOrPaMMHOTO oOecrieueHus YCHEIIHO HCIIONB3YIOT
MHUKPOKAIBKYJISATOPHI.

3amaum CTAaTHCTHYECKOI0 aHAJIM3a TOYHOCTH U CTAOMJIBHOCTH
TeXHOJOTH4eCKHUX NpoueccoB " KayecTBa NPOAYKIMH.
CrarucTudyeckue MeETOAbl HMCHOJB3YIOT, B YAaCTHOCTH, JJIA aHaIu3a
TOYHOCTU U CTAOUJIBHOCTH TEXHOJOTMYECKHX IPOILIECCOB M KadecTBa
npoaykuuu. lLlenp - moaroTroBka pemieHui, 00ecHeurBarOMIMX
sbdexTuBHOE  (QYHKIMOHUPOBAHUE TEXHOJOTMYECKHX E€IUWHUIl H
MOBBIILIEHWE KadyecTBa M KOHKYPEHTOCIHOCOOHOCTH  BBIITYCKaeMOM
npoaykuu. CTaTUCTHUYECKUME METONBl CIENYET IPUMEHATH BO BCEX
CllydasiX, Korja mo pe3yjibTaTaM OrPaHHMYEHHOI0 YHucia HaOII0JeHUN
TpeOyeTCsl YCTAHOBUThH MPUUMHBI YIYUIICHUS WIH YXYAIIEHUs TOYHOCTH
U CTaOUJIBHOCTH TEXHOJOTHYECKoro obopynoBaHus. Ilog TOYHOCTBIO
TEXHOJIOTUYECKOTO TMPOIIECCa MOHUMAKOT CBOMCTBO TEXHOJIOTHYECKOTO
mpouecca,  oOycloBiuBawoliee  OAM30CTh  JIEUCTBUTENBHBIX U
HOMUHAJIBHBIX 3HAYEHUW NapaMeTpoB MPOU3BOAUMON mpoaykuuu. Ilox
CTaOMJIBHOCTBIO TEXHOJIOTMYECKOr0 Ipoliecca MOHUMAIOT CBOMCTBO
TEXHOJIOTUYECKOr0  Mpolecca,  O0OYCIOBIMBAIOLIEE  MOCTOSTHCTBO
pacrpeneneHuii  BEpOATHOCTEM i1 €ro IapaMeTpoB B TEUYECHHUE
HEKOTOPOIo MHTEpBaja BpeMeHH 0e3 BMeIIaTeIbCTBA U3BHE.

lensMu TOpUMEHEHUS CTAaTUCTUYECKUX METOJIOB  aHaIM3a
TOYHOCTU U CTAOUJIBHOCTH TEXHOJOTMYECKHX IPOILIECCOB M KadecTBa
MPOAYKUIMU HAa CTaaAMsIX pa3pabOTKH, MPOU3BOACTBA U IKCIUTyaTallUH
(motpeGIieHus1) MPOAYKIUHU SBIISIFOTCS, B Y4CTHOCTH
* onpeziesieHne (PaKTUYECKUX Mmoka3arejaeil TOUHOCTH U CTaOUIIbHOCTH
TEXHOJIOTUYECKOT0 IMpoliecca, 000pyI0BaHMs UIIM KaueCTBa MPOITYKIIHH;
* YCTAHOBJICHUE COOTBETCTBUS KauecTBa MPOIYKIIMU TPeOOBAHUIM
HOPMaTUBHO-TEXHUYECKON TOKYMEHTALINH;
* MpOBEpKa COOJIIOJIEHNS TEXHOJIOTMUECKOW TUCIUILTUHBI;
* U3y4eHUE CIyYalHbIX U CUCTEMAaTUYECKHUX (DAKTOPOB, CHOCOOHBIX

IMPUBCCTHU K IMOSABJICHHUIO JIC(l)CKTOB;
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* BBISIBJICHUE PE3€PBOB MIPOU3BOACTBA U TEXHOJIOTUH;

* 000CHOBaHHE TEXHUYECKUX HOPM M JIOIYCKOB Ha MPOYKIIHIO;

* OIICHKA PE3yJbTaTOB UCIIBITAHUN OMBITHBIX 00PA3Il0B MPHU
000CHOBaHMM TPeOOBaHUH K MPOAYKIIUA U HOPMATHBOB Ha HEE;

* 000CHOBaHKE BHIOOPA TEXHOJIOTHYECKOTO O0OPYI0BAHMS U CPEACTB
M3MEpPEHUH U UCTIBITAaHUM;

* CpaBHEHHUE PA3IMYHBIX 00PA3IOB MPOTYKIIUH;

* 000CHOBaHHE 3aMEHbBI CIUIONTHOTO KOHTPOJISI CTATUCTUUECKUM;

* BBISIBJICHUE BO3MOKHOCTH BHEJAPEHUSI CTATUCTUYECKUX METOJIOB
yIPaBJICHUSI KAYECTBOM MPOAYKIIUH, U T..

JInsi TOCTWXKEHUS TEPEUYUCICHHBIX BBIIIE IEIEH MNPUMEHSAIOT
pa3IM4YHbBIE METOJbl ONKMCAHUS JAHHBIX, OILICHUBAHUA M MPOBEPKU
runotes. [IpuBeaeM npumepsl TOCTAHOBOK 3a]1a4.

3ajaun OTHOMEPHOH CTATHCTHUKHM (CTATHCTHKHM CJIYYailHBIX
BesimunH). CpaBHEHHE MaTeMaTHYECKMX OXHJIAHHH MPOBOAST B TeX
CIy4asix, Korja HeoOXOJMMO YCTAaHOBUTH COOTBETCTBHE IOKa3aTeleu
KadyecTBa M3TOTOBJICHHOW MPOJIYKIMH W ATaJOHHOrO oOpasna. 910 —
3a7a4a MPOBEPKU TUIIOTE3bI:

Ho: M(X) = my,
rjae My — 3HAYEHHWE COOTBETCTBYIOIIEE HSTAJIOHHOMY oOpasmy; X —
clly4yaliHas BEJIMUMHA, MOJEIUpPYIOIIas pe3ylbTaThl HaOmojeHuil. B
3aBUCUMOCTH OT (DOPMYIMPOBKHU BEPOSITHOCTHON MOJIENN CUTYyalluud M
aJbTEPHATUBHOM THUIOTE3bl CPAaBHEHHWE MATEMATUUYECKUX OXUJIAaHUN
MPOBOMAST JUOO TMapaMeTPUUYECKUMH, JHUOO0 HemapamMeTpUYeCKUMHU
METOJIaMHU.

CpaBHeHHE JuCIIEpCHUM TMPOBOJSAT TOT/AA, KOTma TpedyeTcs
YCTAaHOBUTh  OTJIMYME pPACCEMBAHMS  TMOKas3aTels  KadecTBa  OT
HOMMHAJIBHOTO. JJ1s1 3TOTO MPOBEPSIOT TUIIOTE3Y:

H,:D(X)=s 2
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Psin MHBIX TOCTAHOBOK 3a/1a4 OJJHOMEPHOW CTATHCTHUKH MPHUBEACH
Hke. He MeHbIllee 3Ha4YeHWE, YeM 3aJayd MPOBEPKH TUIOTE3, UMEIOT
3a7a4M OIlCHUBaHMs mapameTpoB. OHH, KaK U 3372491 IPOBEPKHU TUITOTE3,
B 3aBHCHMOCTH OT HCIOJB3YeMOW BEPOSTHOCTHOW MOJENIN CUTYyalluu
JEINATCS HA TTapaMeTPUUYECKUE U HeTlapaMeTPUIECKHeE.

B  nmapamerpmueckux  3ajadax  OIICHWBAHHUS  MPHUHUMAIOT
BEPOSATHOCTHYIO MOJIEINb, COTJIACHO KOTOPOW pe3yJbTaThl HAOIOICHUN
X1, X2,..., Xn paccMaTpHBAIOT KaK peanu3anud N HE3aBUCUMBIX
clydaiiHbIX BenuuuH ¢ (QyHKimen pacnpenenenus F(x;0). 3mecy 0 —
HEU3BECTHBIA MapameTp, JeKalluid B MHPOCTPAHCTBE MapaMeTpoB O
3aJJaHHOM  HCIIOJIb3yeMOH  BEpPOATHOCTHOM  MOJAENbI0.  3amada
OLICHWBAaHUS COCTOMT B  ONpPEICICHUH TOYECYHOW  OIEHOK |
JIOBEPUTEIIBHBIX TpaHuIl (JINOO JOBEPUTEIHHON 00JIACTH) IS apaMeTpa
0.

[lapametrp 0 — nubGo wyucno, 1uOO BeKTOp (UKCHUPOBAHHOU
KOHEYHOU pazmepHocTH. Tak, Uisi HOpMAJIbHOTO pachpeaeneHus 0 = (m,
6°) — IBYMEpHBIH BEKTOp, ISl GMHOMHAIBHOrO 0 = P — 9HCIO, I
ramMmMma-pacnpezaeneHus 0 = (a, b, ¢) — TpexmepHbIit BEKTOp, U T.1I.

B coBpemeHHOW MaTeMaTH4YeCKON CTAaTUCTHUKE pa3paboTaH psj
OOIIMX METO/JOB OINpEACICHUS OLEHOK M JOBEPUTEIHHBIX TPAHHI] —
METOJT MOMEHTOB, METOJ] MaKCHMalbHOTO TPaBIOMOAO0HUS, METO[
OJTHOIIIATOBBIX OIICHOK, METOJ YCTOMYHMBBIX (POOACTHBIX) OIICHOK, METO/
HECMEIIICHHBIX OIIEHOK U Jp. KpaTko paccMOTpuM mepBbIe TPH U3 HUX.
Teopernueckne OCHOBBI ~ pa3MUYHBIX  METOJOB  OICHUBAHHUS U
MOJydYeHHBIE C WX TIOMOINBI0 KOHKPETHBIC IMpaBHJIa OIpPEACICHUS
OLICHOK W JTOBEPUTEIBHBIX TPAHUI] U TeX WM UHBIX apaMeTPHUUECKUX
CEMEICTB pacmpe/eiecHnii PacCMOTPEHbI B CHEIHMAIBHOW JUTEpaType,
BKIIOUYEHBl B HOPMATHUBHO-TEXHWYECKYIO W  HHCTPYKTHBHO-
METOJUYECKYIO TOKYMEHTAITHUIO.

MeTo MOMEHTOB OCHOBaH Ha HWCIIOJb30BAHMU BBIPAKEHUHN IS

MOMCHTOB paCCMaTprUBACMBbIX CﬂyqaﬁHBIX BCIIMYWH YCPEC3 MAPAMCTPHI UX
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byHkmii  pactnpeneneHus. OLEHKH MeTOJa MOMEHTOB TONYYaloT,
MIOJICTaBIISIsI BHIOOPOYHBIE MOMEHTHI BMECTO TEOPETHYECKUX B (DYHKIINH,
BBIpAXKAIOIINE MTapaMeTpbl Yepe3 MOMEHTHI.

B Merone makcMManbHOTrO MpaBAONOA0OMs, pa3pabOTaHHOM B
ocHOBHOM P.A.®Dumepom, B KauecTBe OILICHKM Mapamerpa 0 Oepyr
3HayeHne 0*, Mg KOTOpPOro MakCMMaibHAa TaK Ha3biBaeMast (DYHKIUS
MIPaBIONIOA00Us

f(xa, 0) f(xz, 0) ... f(X,, 0),
rae Xi, Xg,..., Xn - pe3yiabrarbl HaOmomenui; f(X, ) — ux mIOTHOCTH
pacnpeneneHus, 3aBUcsIIas OT mapameTpa 0, KOTOpbIii HEOOXOAMMO
OLICHUT.

OneHkd MaKCHMMalbHOTO  TPaBAOMOAOOWS, Kak IPaBHIO,
3 deKTHBHBI (MU aCUMITOTUYECCKHA 3(P(EKTUBHBI) U UMEIOT MEHBIIIYIO
TUCTIEPCUIO, YeM OIEHKH METOJa MOMEHTOB. B OTIENbHBIX cCllydasx
(GbopMyIBI 111 HUX BBIMUCBIBAIOTCS SBHO (HOPMAJILHOE pacIpeieiiCHuE,
OKCTIIOHEHIIMATBHOE pachpeseneHie 0e3 casura). OmHaKo yarie JUisl uX
HAXO0KJICHUS HE00X0IUMO YHCIICHHO pelaTth CUCTEMY
TPAaHCLEHJACHTHBIX ypaBHeHUH (pacmpenaenenus BeiOymna-I'HeaeHko,
ramMMa). B mojo0HbBIX cydasix 1enecoo0pa3Ho UCIOJIb30BaTh HE OLEHKU
MaKCHMAaJbHOTO MPaBAONOI00Ms, a IPYTHe BUABI OIICHOK, IPEkKIEC BCETO
OJTHOIIIATOBHIC OIIGHKH. B nuTepaType WX WHOTJA HE BIIOJIHE TOYHO
HA3bIBAIOT «IPUOJIMKEHHBIE OIICHKH MaKCHMaJIbHOTO MPaBIOMOI00MSI».
[lpu mocraToyHO OOMBIIUX O0OBEMax BBHIOOPOK OHU HMMEIOT CTOJb JKE
XOpOIIIME CBOWCTBA, KaK M OIEHKA MaKCHMAaJbHOTO TMPaBIONOI00MS.
[TosToMy HX cleayeT paccMaTpUBaTh HE KaK «IIPUOJIMKEHHBIE», a KaK
OLICHKH, MOJYYEHHBIE 110 Opy2oMy METONy, He MeHee 0OOCHOBAaHHOMY U
3¢(deKTUBHOMY, YeM  METOJl MAaKCHUMalbHOTO  TPaBIOMOI00uS.
OnHOIIATOBBIC OLICHKU BBIYKMCIISIOT 1O SIBHBIM (hopmyam [14].

B HemapameTpudeckmx 3aJadyax OILICGHWBAaHUS MPHUHUMAIOT
BEPOSATHOCTHYIO MOJIeJIb, B KOTOPOH pe3ybTaThl HAOMIOACHUN X1, X, ...,

Xn paccMaTpUBAIOT KakK peanu3alud N HE3aBUCUMBIX CIIy4alHBIX
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BeJIMuuH ¢ ¢yHKIuer pacnpenenenus F(X) odmero Buma. Ot F(X)
TpeOYIOT JIMIIb BBHITIOJHEHUSI HEKOTOPBIX YCIOBUI THIIA HEIPEPHIBHOCTH,
CYIIECTBOBAHHS MAaTEMATUYCCKOTO OXKUIAHUSA W JUCIECPCHU U T.IL
[TonoOHBIE YCIOBUS HE SIBISIOTCS CTOJIb JKECTKUMH, KaK YCJIOBUE
NPUHAIICKHOCTH K ONPEICIICHHOMY IMapaMeTPUICCKOMY CEMEHCTBY.

B Hemapamerpuyeckoil = MOCTAaHOBKE  OIEHUBAIOT  JHOO
XapaKTePUCTHKH CIy4allHOW BETMYMHBI (MaTeMaTHYeCKOe OXKHIaHHE,
AUCTIepCUIo, KO3 GUIMEHT  Bapuanuu), Ju00 e¢  (QYHKIHIO
pacrpeenenus, IOTHOCTh U T.M. Tak, B Cuily 3aKOHA OOJIBIIUX YUCEIT
BBIOOPOYHOE CpeaHEee apUPMETHYSCKOE X SBISICTCS COCTOSITEIBHOMN
OLICHKOW MaTemarudeckoro oxumanus M(X) (mpu nro0oit pyHKIMN
pactpenenenuss F(X) pe3ynbTaToB  HAOMIOJACHWIA, IS KOTOPOWM
MaTeMaTHYECKOe OXuJaHue cymiectByer). C MOMOIIbI0 [EHTPaIbHON
NpeeIbHOW TEOPEMBI ONMPEACISIOT aCHMITOTUYCCKHE JTOBEPUTEIHHBIC

I'paHUIBI

(M(X))y = - ugﬂf’} (M(X))s = X+u gl gﬁ.

d+90 1+9
rac v — A0BCPpUTCIIbHAA BCPOATHOCTD, UC—/—+ - KBAHTHIJIb IIOPsAKA T
e (%]

cTaHgaptHoro HopMmaibHoro pacnpeneneaus N(O;l) ¢ HyseBbIM
MaTeMaTHYeCKUM OXHUJAaHUEeM W eJUHUYHOM Jucrnepcueit, X -
BBIOOpPOUHOE cCpeaHee apudmeTudeckoe, S — BBIOOPOYHOE CpelHee
KBaJpaTHIECKOE OTKJIOHCHHUE. Tepmun «aCUMIITOTUYECKHE

AOBCPUTCIIbHBIC I'PAHUIIBI>» O3HAYACT, YTO BCPOATHOCTH

P{IM(X))1 < M(X)}, P{(M(X))e > M(X)},
P{IM(X))n < M(X) < (M(X))g}

1+g 1+g
CTpEMSATCS K 5 U Y COOTBETCTBEHHO MpU N — o0, HO, BOOOIIIE

roBOpsi, HC paBHbI 3THM 3HAYCHHUSAM IIPM KOHCYHBLIX nN. HpaKTI/ILICCKI/I
ACUMIITOTUYCCKUC  HOBCPUTCIIBHBIC T'PAaHUIBI JAOT AJOCTATOYHYIO

TOYHOCTH TIpH N nopska 10.
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Bropoii npumep HemapaMeTpuIecKoro OICHUBAHUS — OLICHUBAHHE
byHkuu pacnpenencuus. I[lo Teopeme [JMBEeHKO SMIHMpUYEcKas
byHkius  pacnpenencHus Fp(X) sSBISETCS COCTOATEIBHON OIEHKOMN
byukiun pacnpeaenenus F(X). Eciu F(X) — nenpepsiBHas QyHKIUSA, TO
Ha OCHOBE TeopeMbl KojamoropoBa [I0BEpHUTEIbHBIC TPAHHIBI IS

¢byukuuu pacnpenenenus F(X) 3anarot B Buae

(FO))i = max |0,F, (x)- k(g’“)g, (F(X))s = min 11, Fn<x>+mg,
| |

Jn Jn

rne  k(y,n) — KBaHTWIb TOpSAKAa 7Y PACIPEICICHUS CTATUCTHKU
KosimoropoBa nipu o0beMe BHIOOPKH N (HAIOMHUM, YTO paclpeiecHue
9TOM CTATUCTUKH He 3aBHCHUT 0T F(X)).

[lpaBuna ompenencHUs OICHOK M JIOBEPUTEIbHBIX TPaHUI] B
napaMeTpUUecKOM Ciydae CTpPOSITCS Ha OCHOBE TNapaMeTpHUECKOTO
cemelictBa pacnpenencauii F(x;0). [Ipn 00paboTKe peanbHBIX JaHHBIX
BO3HHMKACT BONPOC — COOTBETCTBYIOT JIM OTH JAHHBIC TNPUHITON
BEPOSTHOCTHON Mojenu? T.e. CTATUCTHYECKOW THIOTE3€ O TOM, YTO
pe3ynbTaThl HAOJMIOACHUN HMEIOT (QYHKIUIO pacrlpeieicHus U3
cemeiictBa {F(x;0), 01 ®} npu HexkoTopoMm O = 09?7 Takue TrHIOTE3bI
HA3bIBAIOT THUIOTE3aMH COTJIACHs, a KPUTCPUU UX MPOBEPKH —
KPUTEPHUSIMHU COTJIACHSI.

Ecnu uctunHoe 3HaueHue napametrpa 0 = 6p u3BecTtHO, QyHKUUA
pactpenenenusi F(X;0p) HempepblBHA, TO I TMPOBEPKH THIIOTE3BI
COTJIacHsl 4acToO MPUMEHSIOT KpuTepuit KonMoroposa, OCHOBaHHBIH Ha

CTAaTHUCTHUKC

D, =nsup|F,(x)- F(xd, |,

rie Fn(X) — aMmnupuueckas GyHKIUS pacipeIeeHusl.
Ecnu uctunHoe 3HaueHue napametpa 0y HEU3BECTHO, HANPUMED,
IIPU IPOBEPKE TUIIOTE3BI O HOPMAJIBHOCTU PACHpPENEIEHUS PE3YyIbTaTOB

Ha6JIIOIICHI/I$I (T.C. Ipu IIPOBCPKE MNPpUHAOJIC)KHOCTHU 9TOI'0
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pacrpesie/ieHuss K CeMEWCTBY HOPMaJIbHBIX paclpe/e/ieHnii), TO HHOT/1a

HUCIIOJIB3YIOT CTATHCTUKY

Dn(Q*)=\/ﬁSlipan(X)- F(xa*)].

Ona otnmuaercst oT crtatuctuku Kommoroposa D, TeM, uto BMecTo
MCTUHHOTO 3HaUYeHUs napametpa 0o MojcTaBieHa ero oueHka 0*.
Pacnpenenenne cratuctuku Dp(0*) cuabHO oTamvaercs OT
pacnupenenenusi cratuctuku D,. B kadectBe mpumepa paccMOTpuUM
TPOBEPKY HOPMAIBHOCTH, Koraa 0 = (M, 6°), a 0* = (¥, &). Jlst sToro
cllydasi KBAHTHIM pacrpeaeneHuii ctatuctuk Dy u Dp(6*) nmpuBeacHs! B
tabm.1 (cm., Hanpumep, [15]). Takum 00Opa3oM, KBAaHTHIA OTIMYAIOTCS

npumepHo B 1,5 pa3za.

Tabnuua 1.

Kpantuiu cratuctuk Dy u Dy(0*) nipu npoBepke HOPpMaIbHOCTH

p 0,85 090 09 0,975 0,99
KBanTnian nopsiaka p aas D, 1,138 1,224 1,358 1,480 1,626
KBanTnian nopsiaka p s 0,775 0,819 0,895 0,955 1,035
D, (0%)

[Ipy mepBUYHON 00paOOTKE CTATUCTUYECKHX JAaHHBIX BaKHOU
3a/1auei SBIACTCS UCKITIOUCHUE PE3YIIbTATOB HAOIIOCHNH, TOTYYCHHBIX
B pe3ylbTare TpyOBIX MOTPEIIHOCTEd W TpoMaxoB. Hampumep, mnpwu
POCMOTPE JaHHBIX O Bece (B KMJIOrpaMMax) HOBOPOXKICHHBIX JeTei
Hapsny ¢ yuciaamu 3,900, 2,750, 4,200 moxeTt BcTpeTuThes uncio 35,00.
SIcHO, 9TO 3TO MpOMax, U MOJTYYECHO OIMMOOYHOE YUCIIO MPU OMIHOOTHOM
3alMCH — 3aliTas CJIBHHYTAa Ha OJIMH 3HAK, B pE3yJbTaTe pPe3yJbTat
HaOmoAeHus omnbouHo yBenudeH B 10 pas.

CTaTUCTUYECKHE METOABl HCKIIOYCHHUS PE3KO BBIICIISIONIUXCS
pE3yJIbTATOB  HAOJIOJICHWM OCHOBAaHBI Ha MPEATNOJIOKCHHH, YTO

HO)IO6HBI€ PE3YIbTAThI H&6JIIOIICHPII>1 HUMCIOT pPaCHpCACIICHUA, PE3KO
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OTJIMYAIONIMECS OT HU3y4YaeMbIX, a MOTOMY HX CIEAyeT HCKIIOYUTh W3
BBIOOPKHU.

IIpocreiimas BeposATHOCTHass MoJeib TakoBa. Ilpu Hynesou
TUIOTE3€ Pe3yJbTaThl HAOIIOJEHUN pacCMaTPUBAIOTCS KaK pealu3aluu
HE3aBUCUMBIX OJIMHAKOBO PacHpe/esIeHHbIX CIy4yalHbIX BeNUYuH Xi, Xo
, » Xn ¢ bynkmwmeit pacrpenenenus F(X). [Ipu anbrepHaTUBHON THIIOTE3E
X1, X5, , Xp-1 — TaKue JKe, KaKk U MNpH HYJIEBOM THUIOTe3e, a Xu
COOTBETCTBYET I'pyOOi MOTPEHIHOCTUA U UMEET (PYHKIIUIO pacipeeeHus
G(X) = F(x — ¢), rne ¢ Benuko. Torma ¢ BepOSTHOCTBIO, OJMM3KOH K 1
(tounee, cTpemsiineiics k 1 npu pocte 00beMa BEIOOPKH),

Xp=max { Xy, X2, , Xo} = Xiyex
T.€. IPU ONTUCAHUU JaHHBIX B KAYECTBE BO3ZMOXKHOU rpy00il ommoKu
CJIelyeT paccMaTpuBaTh Xnmax - KpuTnueckas 001actb UMeeT BUJT
¥ ={xx>d}.
Kputnueckoe 3nauenue d = d(a,n) BEIOUPAIOT B 3aBUCUMOCTH OT YPOBHSI
3HAYUMOCTH 0. U 00beMa BBIOOPKH N U3 YCIOBUS
P{Xrex> d |Ho} =a. (1)
Vcnopue (1) SKBUBaJeHTHO TMpH OONBIIMX N W MalbIX o

CJICI[YIOH_ICMy:
F(d)=%1-a »1- ‘% ()

Ecimu ¢yHKIus pacrpenenacHuss pe3ynbraToB HaOmogacHui F(X)
W3BECTHA, TO KPUTHYECKOE 3HaueHHe O HaxoAsAT U3 COOTHOIICHHS (2).
Ecnu F(X) u3BecTHa ¢ TOYHOCTBIO 0 MMapaMeTPOB, HAPUMED, H3BECTHO,
yro F(X) — HopmanbHas QYHKIHMS paclpeacicHus, TO TaKKe
pa3paboTaHbI MpaBuja MPOBEPKH paccMaTpUBaeMOi runore3sl [8].

OpHako dYacTto BHJA (YHKIMH paclpeaeicHus pe3ybTaToB
HAOJIIOICHUN HM3BECTCH HE a0COJIOTHO TOYHO M HE C TOYHOCTBIO JI0
napaMeTPOB, a JIMIIb ¢ HEKOTOPOH MOrPEeIHOCTHI0. TOor1a COOTHOIICHNE
(2) craHOBHTCS MpaKTUYECKH OECIOJIC3HBIM, IOCKOJBKY —Malias

MOTPCIIHOCTL B OIIPCACIICHUN F(X), KaK MOXHO IIOKa34aThb, IPUBOAUT K
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0O0JIBIION MOTPEITHOCTH TIPH ONPEACTICHUN KPUTHYECKOTO 3HaueHus d u3
ycaoBus (2), a npu GpukcupoBaHHOM 0 YpOBEHb 3HAYMMOCTH KPHUTEPHS
MOJKET CYIIIECTBEHHO OTJIMYATHCSA OT HOMHHAILHOTO [2].

[Tostomy B curyaruu, koraa o F(X) Her monHO# uHpOpMAaIUH,
OJTHAKO M3BECTHBI MaTeMarhyeckoe oxumanue M(X) u aucrnepcus 6% =
D(X) pesynbTaToB HaOmomeHudt X3, Xz , , Xn, MOKHO HCITOJIb30BaTh
HelapaMeTpUueCcKue MmpaBuiia OTOPaKOBKH, OCHOBAHHBIC Ha HEPABEHCTBE
YeopmeéBa. C MOMOIIBIO 3TOIO0 HEPaBEHCTBA HAWIEM KPUTHYECKOEC
snauenue d = d(o,n) Takoe, 4TO

P{rlg%yxi - M(X)F df£a.

Tak xak

P{Q‘;@flxi - M(X) [ df=[P{] X - M(X) K d}]",
T0 cootHomeHue (3) OymeT BBIMOIHEHO, SCIIN
P{IX-M(X)F d}£1-¥1-a »%. 4)

[lo nepaBencTBy UeObléBa

S 2
P{IX-M(X)P d}EF’ (5)
HO3TOMY JiIsi  TOro, 4toObl (4) OBUIO BBINMOJHEHO, JOCTATOYHO
npupaBHATh npaBbie dactu ¢opmyn (4) u (5), T.e. onpenenutrs d u3

yCJIOBUS

s? a s+/n

—=—, d=—%+. (6)

d®> n Ja

[TpaBuio oTOpaKoOBKH, OCHOBAaHHOE HA KpPUTHYECKOM 3HadyeHHH d,
BBIUMCIICHHOM 10  ¢opmysne (6), HCIONB3YyeT MHHHMAIbHYIO
uHbopMaIuio o GyHKIUK pacrnpeseneHus F(X) u mostoMy HCKIOYaeT
JUIIL  pe3yJIbTaThl HAOJIOJICHHWM, BEChbMa JajeKo OTCTOAIIUE OT
OCHOBHOM Maccel. JIpyrumm cioBamu, 3HadeHue d;, 3agaHHOE

cootHomenneM (1), 00bIYHO MHOI'O MEHbIIIE, ueM 3HaueHue dy, 3amaHHoe

cooTHoIeHHEeM (6).
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MHuoromepHblii  cTaTucTHYeckuin a”Haam3. lleperimem k
MHOTOMEPHOMY CTaTUCTHYECKOMY aHaIU3y. Ero mpUMEHSIOT 0Opu
PELIEHUH CIEIYIOIIMX 3a1a4:

* MCCJIEOBAHUE 3aBUCUMOCTH MEXK Y NMPU3HAKAMU;

* kaccuukamus 00bEKTOB UIIW MPU3HAKOB, 3aJaHHBIX
BEKTOpaMH;

* CHWOKCHHME Pa3MEPHOCTH ITPOCTPAHCTBA IPU3HAKOB.

I[Ipu »sTOoM pe3ynbrar HAOMIOAECHUNA — BEKTOpP 3HA4YCHUU
(UKCUPOBAHHOTO YHCJIAa KOJHMYECTBEHHBIX M HWHOI/IA KauyeCTBEHHBIX
MIPU3HAKOB, U3MEPEHHBIX ¥ 00beKkTa. HamoMHuM, 4TO KOJWYECTBEHHBIN
MpU3HAK — TPHU3HAK HAOJII0JaeMOM €IMHUIBI, KOTOPBIH MOXHO
HETIOCPEJICTBEHHO  BBIPA3UTh YMCIOM M  C€AUHULEU HU3MEPCHUS.
KonndecTBeHHBIN NpU3HAK MNPOTUBOMOCTABISECTCS Kauy€CTBEHHOMY -
MPU3HAKY HaOJI0IaeMOM E€IUHUIIBI, OMpEeAeIsIeMOMY OTHECEHUEM K
OJTHOM W3 JBYX WM Oo0Jiee YCIOBHBIX KaTeropui (eciii MMeeTcsi pOBHO
JBE  KaTeropud, TO TNpPHU3HAK HA3bIBACTCS  aJbTCPHATHBHBIM).
CraTucTUYeCKHil aHaIU3 KaYeCTBEHHBIX MPU3HAKOB — YaCTh CTATUCTUKHU
00BEKTOB HEUUCTIOBON Tpupoabl. KolnuecTBeHHbIE TPU3HAKU JEISATCS
HAa T[IPU3HAKH, W3MEPEHHbIE B IIKaJlaX WHTEPBAJIOB, OTHOIIECHUMH,
pa3HocTel, abCOMIOTHOM.

A KayecTBEHHbIC — Ha TPU3HAKHU, U3MEPEHHBIC B IIIKAJIe HAUMEHOBAHUN
Y TIOPSIAKOBOM 11Kasie. MeTo 1kl 00pabOTKU JJAHHBIX JTOJKHBI OBITh
COIJIACOBAHBI CO IIKAJIAaMH, B KOTOPBIX U3MEPEHBI pACCMATPUBAEMbIE
npu3Haku (cM. pazaen 2.1 0 TeoOpur U3MEPEHUit).

[lenssMu  wccrmenoBaHUs 3aBUCUMOCTH  MEXAY IPU3HAKAMU
SBIIAKOTCS JIOKA3aTEJIbCTBO HAJIMYMSA CBS3M MEXKAY IPU3HAKAMHU U
W3yYEHHE OBTOM CBA3M. [l Joka3aTesibCTBa HAIUYUS CBA3H MEXKIY
IBYMS CIIy4alHBIMUA BEJIMYMHAMUA X U ¥ NPUMEHSIOT KOPPEIALMOHHBIN
aHanu3. FEciam coBmecTHOe pacnpeneineHue X WV gBIAeTcs
HOPMaJbHbIM, TO CTaTUCTUYECKHE  BBIBOJABI  OCHOBBIBAIOT  Ha

BBIOOPOYHOM KOd(h(dUILIMEeHTe JHMHEHHONW KOppPEeNslUHU, B OCTaJbHBIX
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CIIy4asiX UCIHOIb3YIOT K03 UIIMEeHTh paHToBol Koppensiuu Kengamia
u CrimpMeHa, a Ui KaYeCTBCHHBIX PU3HAKOB — KPUTEPHIA XU-KBaIparT.

Perpeccruonnsrit aHaJIN3 NPUMEHSIOT — JUIS U3YYCHUS
(YHKIIMOHAIBHOM 3aBUCUMOCTH KOJUYECTBEHHOTO TMpuU3HaKa Y oOT
KOJM4YeCTBeHHBIX mpu3HakoB X(1), X(2), ... , X(K). DTy 3aBHCHUMOCTH
Ha3bIBalOT PErPECCHOHHOM WM, KparTko, perpeccuen. IIpocreimas
BEPOSATHOCTHAs MOJIEIb perpeccMoHHoro anaimsza (B ciaydae k = 1)
HCIIOJIB3YeT B KAaU€CTBE UCXOHON MH(pOpMaIuu Habop map pe3yabTaToB
HaOmonenwuii (X, yi), 1 =1, 2, ..., N, © UMEET BUJ

yi=a>q+b+si,i=1,2, e, N,y
rae g — omuOku HaOmoneHuil. MHorma mnpenamonaraior, 4To & —
HE3aBUCUMBIC CIydJaliHbIC BEJIMYMHBI C OJHUM M TEM K€ HOPMAaJIbHBIM
pacipenencaeM  N(O, o°). IloCKONBKY —paclpe/eleHHe OLIMOOK
HaOIIOIeHUsT OOBIYHO OTJIMYHO OT HOPMAaJIBHOTO, TO I€Jeco00pa3Ho
paccMaTpuBaTh  PETPECCHOHHYIO MOJeJib B  HelapaMeTpUuecKoit
MOCTaHOBKE [2], T.e. TIpH MPOU3BOJILHOM PACIPEACICHUH &;.

OcHOBHas 3ajlaya PEerpecCHMOHHOIO aHaldu3a COCTOUT B OIIEHKE
HEH3BECTHBIX MApaMeTPOB a U D, 3a1aomuX JUHCHHYIO 3aBUCUMOCTD Y
or X. [ns pemeHuss 3TOM 3amauyd MPUMEHSIOT pa3paOOTaHHBIN ellle
K.I'ayccom B 1794 1. MeTOl HaMMEHBIIUX KBaJapaTOB, T.€. HAXOIST
OLICHKM HEHM3BECTHBIX IIapaMeTpoB Mojenmua u Db w3  ycimoBus

MUHUMMU3AIUHA CYMMBI KBaApaTOB

a(y - ax - by’

1£i£n
10 IMEPEMEHHBIM a U b.

Teopuss perpeccMOHHOro aHajiW3a OMNUCAaHA U PACUETHbIE
dbopMyibl JaHbl B CHICIUANIBHON JuTepatype [2, 16, 17]. B stoit Teopuun
pa3paboTaHbl METOJBl TOYEUYHOI'O U HWHTEPBAIBHOTO OIICHUBAHMS
nmapaMeTpoB, 3aJaroluXx (YHKIIMOHATBHYIO 3aBHCUMOCTh, a TakKkXe
HeMapaMeTPUUECKHUe METOJbl OIICHUBAHHS ATOW 3aBUCUMOCTH, METOIIbI

IMPOBCPKHU  PA3JIMYHBIX THUIIOTEC3, CBA3AHHBIX C PCrpeCCUOHHBIMU
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3aBUCUMOCTSIMU. BpIOOp MJIaHOB AKCIIEPUMEHTA, T.€. TOUYEK X;, B KOTOPBIX
OyIyT MPOBOAUTHCS DKCHEPUMEHTHI MO HAOMIOACHUIO Y; — TpEeIMeT
TEOPHHU TUTAHUPOBaHUsI dKcriepuMenTa [18].

JIMCTIEpCHOHHBIN aHANU3 MPUMEHSIOT JJIs W3Y4YEHUs BIIHMSHUSA
KAUECTBEHHBIX MPU3HAKOB HAa  KOJUYECTBEHHYK) IMEPEMEHHYIO.
Hampumep, nycts umeroTcs K BBIOOPOK pe3yibTaTOB HU3MEPCHUMN

KOJIMYCCTBCHHOI'O I10Ka3aTcCiIsa KadycCTBa CAUHMUIL MNpOAYKIHNH,

BBINMYIICHHBIX Ha K cTaHkax, T.e. Habop umcen (X1(j), X2(j), ... » Xa(j)), rae
] — HoMep cranka, | = 1, 2, ..., kK, a n — ob0bem BbIOOpKH. B
pacrnpocTpaHCHHOU [IOCTAHOBKE JUCTIEPCUOHHOTO aHam3a

NPEoNararoT, YTO Pe3yabTaThl U3MEPEHUIN HE3aBUCUMBI U B KaXIOU
BBIOOpKE HMEIOT HopManbHoe pactpenencane N(M(j), %) ¢ oaHoit 1 Toit
ke gucnepcuei. Xopomo pa3paboTaHbl W HEMapaMETPUUYECKHE
noctaHoBku [19].

[TpoBepka OJHOPOTHOCTH KayecTBa MPOMYKIIMH, T.€. OTCYTCTBHUS
BJIMSTHHSI HOMEpa CTaHKa Ha KauyeCTBO MPOMYKIIMHU, CBOJAUTCS K TIPOBEPKE
THITOTE3bI

Ho: m(1) =m(2) = ... = m(Kk).
B nucniepcronHOM aHanm3e pa3paboTaHbl METOBI IPOBEPKHU MOAOOHBIX
runote3. Teopus TUCTIEPCHOHHOTO aHalIM3a W pacdeTHbIe (HOPMYITbI
paccMOTpPEHBI B criennaibHou mutepatype [20].

I'uniore3y Hp npoBepsAOT NPOTUB aJIbTEPHATUBHOW T'MIIOTE3bI [,
COTJIACHO KOTOpOH XOTs OBl OJHO W3 YKa3aHHBIX pPAaBCHCTB HE
BHIMOTHEHO. [IpoBepka 3TOW THMOTE3bl OCHOBaHA Ha CIEAYIONIEM

«pa3JIOKEHUH TUCTIEPCUI», YKa3aHHOM P.A.Puiepom:

(kn)s* =ng s*(j) + (kn)sf,  (7)

j=1
rac S2 — BBI60pO‘{Ha$I AUCIICPCHA B O6’BCIIHHCHHOﬁ BBI60pKC, T.C.
n 1 61 k

L2 ax>)-v% x=184x3)

s =
kniZ o kn'iZ o

Jaree, S*(j) — BbIGOpOUHAS AHUCIIEPCHS B j-0if TPyIIIIE,
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() =18 () KO KD==ax(). =12k

i=1
Takum oOpa3om, mepBoe ciaraemoe B mpaBoil 4actu ¢Gopmynsl (7)

OTPaXaCT BHYTPUT'PYIIIIOBYIO JUCIICPCHUTO. HaKOHeLI, 512 - MCXKTPYIIIIOBaA

aucnepcus,

st =8 (X(0)- 0*.

x|~
,mox

j=1

O06aacTh MPUKIATHON CTATHCTHKH, CBS3aHHYIO C Pa3I0KECHHSIMH
mucriepcud tama Gopmyssl (7), Ha3bIBAIOT AMCIIEPCHOHHBIM aHATH30M.
B kauecTBe mprMepa 3amadd IUCIEPCHOHHOTO aHAIHW3a PacCMOTPUM
NPOBEPKY NPHBEAECHHON BBIIIE THIOTE3bI Ho B IPEAMOIOKEHUH, YTO
pe3yiIbTaThl HW3MEPEHHI HE3aBUCHMMBI M B KaXKIOH BBIOOPKE HMMEIOT
HOpMaibHOe pacipenenerie N(M(j), 6°) ¢ 0aHOI U Toil Ke AUCIIePCHEil.
Ipu cupaBemmuBoctd Hy mepBoe cllaraeMoe B IMPaBOi 4acTH (OPMYIIBI
(7), HeneHHOe HAa ©°, WMeeT pacipeneieHme xu-kagpar ¢ K(n-1)
CTEIeHSMH CBOGOIBI, a BTOPOE CIAraeMoe, ACICHHOE HA G-, TAKXKe
UMeeT pacrpejaeicHue Xxu-kpajapar, HO ¢ (K-1) creneHs MU CBOOO/IBI,
OpUYeM IIEPBOE M BTOPOE cClaraeMble HE3aBUCHMBI KakK CIIydaiiHbIe
BeIMYMHEL. [109TOMY CcliydaiiHas BeTMYHHA

F = Kkn-1) (ks _ K(n-Ds
k k
L) k-4 50)

j=1 j=1

umeet pacnpezeneHre Oumepa ¢ (k-1) cTeneHsMu cBOOOIBI YUCTUTEINS
u k(n-1) crenenssimu cBoOOBI 3HaMeHatens . ['unoreza Hy mpuHUMaeTC,
ecmu F < Fy.,, 1 oTBepraeTcs B IpOTHBHOM ciiy4ae, riae Fi., — KBaHTHIIb
nopsiika 1-o pacnpezaencHus Ouinepa ¢ yka3aHHBIMHA YHCIAMH CTCIICHEH
cBOOOBI. Takol BBIOOP KPUTHUECKOW 00JACTH OMPEACTISICTCS TEM, YTO
npu H; BenuumHa F Oe3rpaHMYHO yBETUYHMBACTCS TPU POCTE 00BeMa

BBIOOPOK N. 3HaueHwus Fi., 6epyT U3 cooTBeTCTBYOMUX TadIHII [8].
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PaspaboTansl HelapaMeTPHICCKHEC METO/IbI peleHus
KJIaCCHYECKHX 3a/Jad JUcIepcHoHHoro anaim3a [19], B wacTHOCTH,
MIPOBEPKHU THITOTE3bI Ho.

Crnenyrommii TUII 3a/1a4 MHOTOMEPHOTO CTATHCTUYECKOTO aHaN3a
— 3amaun kiaaccudukanuu. OHu cormacHo [2, 20] genarcs Ha Tpu
NPUHLIUINAIBHO pa3IUYHbIX BHAA — JAWCKPUMHUHAHTHBIA aHaJIu3,
KJIaCTep-aHaJIn3, 3aJa491 IPYIITUPOBKH.

3ajaya JUCKPUMHUHAHTHOTO aHajdu3a COCTOMT B HaXOXICHUU
npaBWjia OTHECEHUs HaONI0AaeMoro oObeKTa K OJHOMY W3 paHee
ONMHCAaHHBIX  KjaccoB. Ilpm  3TOM  OOBEKTHl  ONUCHIBAIOT B
MaTEeMaTHYCCKON MOJICTU C IMTOMOIIBbI0 BEKTOPOB, KOOPJAHHATHI KOTOPBIX
— pe3yabTaThl HAOMIOJNCHUS psAda MPU3HAKOB Y KaKIOTO OOBEKTA.
Knaccel omuchkiBaroT MO0 HEMOCPEACTBEHHO B MAaTEMaTHYECKHX
TepMUHAX, JIMOO C TMOMOIIBID OO0ydaroumx BbIOOpPOK. OOyuaromas
BBIOOpKAa — ATO BBIOOPKA, JUIsI KaKJOTO AJIEMEHTa KOTOPOH yKa3aHo, K
KaKOMY KJIACCy OH OTHOCHTCS.

PaccMoTpuM mpumep NpHMEHEHHS JUCKPUMHUHAHTHOIO aHalln3a
JUIS TIPUHATHS PEHICHUH B TEXHHUYECKOW auarHoctuke. IlycTth Mo
pe3ysibTaTaM HM3MEpEeHUs psja MapaMeTpoB MPOIYKIIUA HEOOXOIUMO
YCTAaHOBHTHh HAJMYHUE WM OTCYTCTBUE nedekToB. B 3ToM ciydae mis
AJIEMEHTOB OOyYaroIei BHIOOPKH yKa3aHbI JIe(PEKThI, OOHAPYKCHHBIC B
XO0/I€ TOTIOJTHUTEILHOTO UCCIIeI0OBAaHUS, HAIPUMED, TPOBEIACHHOTO MOCTIe
OTIPEJICIICHHOT0 TepHoJa AKCILTyaTanuu. JIMCKPUMUHAHTHBIN aHaIHU3
MO3BOJISIET COKPATUTh 00BEM KOHTPOJIS, a TakXKe MpecKa3aTh Oyayiiee
MOBEJCHUE TNPOAYKIHMU. JIMCKPUMHUHAHTHBIM aHAIM3 CXOACH C
PETPECCHOHHBIM — TICPBBIM IMO3BOJIACT TMPEACKA3bIBATh 3HAYCHHE
KaueCTBEHHOT'O MPU3HAKA, a BTOPOH — KOJIMYECTBEHHOr0. B cTaTucTHKE
OOBEKTOB HEYHMCIIOBOW MPHUPOMABI pa3paboTaHa MaTeMaTH4ecKas cxema,
YaCTHBIMH  CIOy4YasiMH  KOTOPOW  SIBISIOTCS  PETPECCHOHHBIA U

JTUCKPUMHMHAHTHBIN aHamu3bl [21].
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KnacrepHplii aHanu3 NPUMEHSIOT, KOIJa IO CTaTUCTUYECKUM
JaHHBIM HEOOXOJMMO pa3/elIuTh JJIEMEHTHl BBIOOPKM Ha TPYIIIBI.
[Ipuyem nBa 31Me€MeHTa TPYIIbl U3 OJAHOW M TOM K€ TPYMIbI JOJKHBI
OBITh «OJIM3KHUMU» IO COBOKYITHOCTH 3HAYEHUH H3MEPEHHBIX Yy HHX
MPU3HAKOB, a JBa OJJ€MEHTa U3 pa3HbIX TPYyNI JODKHBI OBIThH
«IaJeKUMU» B TOM K€ cMbIciie. B oTinunme oT AMCKPUMUHAHTHOTO
aHanM3a B KJacTep-aHalIM3€ Kiacchl HE 3aJaHbl, a (OPMHUPYIOTCS B
npouecce 0o0pabOTKM CTAaTUCTUYECKUX JaHHbIX. Hampumep, kimactep-
aHaIM3 MOXET OBIThb MPUMEHEH s pa30MeHusi COBOKYIHOCTH MapoK
ctaiau (MM MapoK XOJIOUIBHUKOB) Ha TPYIIIBI CXOIHBIX MEXKIY COOOM.

Jpyroit Bua Kinactep-aHanu3a — pa30MeHre IpU3HAKOB Ha TPYIIIbI
Omm3kux Mexay coOoi. Ilokaszatenem OJM30CTH MPU3HAKOB MOXKET
CIIY’)KUTh BBIOOpOUHBIA KO3 duuueHT koppensuuu. lLlenb kmactep-
aHanM3a [PU3HAKOB MOXET COCTOSITh B  yYMEHBIICHUM  YHCIIa
KOHTPOJUPYEMBIX MapaMETPOB, UYTO MO3BOJIAET CYIIECTBEHHO COKPATUTD
3aTpaThl HA KOHTPOJb. JlJig 3TOro U3 IpymIibl TECHO CBSI3AHHBIX MEXAY
coboii mpu3HakoB (y KOTOPHIX KOA(GUIMESHT KOppesiiu OJu30K K 1 —
CBOEMY MAaKCHMMAaJbHOMY 3HAYCHHUIO) W3MEPSIOT 3HAYCHHUE OJIHOTO, a
3HAUEHHUs OCTaJbHBIX PACCUUTHIBAIOT C TOMOIIBIO PETPECCUOHHOIO
aHanuza.

3ajaun TPYNNUPOBKU pelIaloT TOTJa, KOTJla KIAcChl 3apaHee He
3a/laHbl U He 00fA3aHbl OBITh «HAIEKUMU» Jpyr OT Apyra. [Ipumepom
ABIIETCS. TPYNIUPOBKA CTYACHTOB IO y4eOHbIM rpymnmnaMm. B TexHuke
pElIeHUEM 3a/1aud TPYNIUPOBKHU YaCTO SBISETCA MapaMEeTPUUECKUN Psij
— BO3MOXHBIE THUIOpPa3Mepbl TPYNIUPYIOTCS COTJACHO 3JIEMEHTaM
napamMeTpuyeckoro psjaa. B aurepatrype, HOpMATHUBHO-TEXHUYECKUX H
MHCTPYKTUBHO-METOJUYECKUX JOKYMEHTaX MO MPUKIAJHON CTAaTUCTHKE
TaK)K€ MHOTJA MCHOJb3YeTCS TPYNIUPOBKA PE3yIbTaTOB HAOIIOIECHUM
(Hampumep, P MOCTPOSHUN TUCTOTPAMM).

3amaun KiIaccu@UKalMyd pemarT HE TOJIbKO B MHOTOMEPHOM

CTaTUCTUYCCKOM  aHaJIM3C, HO HW TOorga, KoOorga pce3ylibTaTaMH
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HAOJIOCHUIN ABJIAIOTCS 4YKclia, QYHKIUU WM OOBEKTh HEYUCIOBOU
npupoasl. Tak, MHOrume aIropuTMbl KJIacTep-aHaln3a WCIOIb3YIOT
TOJIBKO PACCTOSIHUS MeXAY 00bekTaMu. [103TOMy MX MOKHO MPUMEHATH
U 1S KilaccuuKauuu 00bEeKTOB HEUYMCIOBOW IPUPO/IbI, UL Obl ObUIH
3aJlaHbl paccTosiHUS Mexay HuMu. [IpocTeiimas 3anaya kiaccupukanuu
TaKoBa: JaHbl JIBE HE3aBUCHUMBbIE BBIOOPKH, TpeOyeTcs OINpeeNuTh,
MPEICTABIAIOT OHU JBa Kjacca WU OAWMH. B OZHOMEpPHON CTAaTUCTHUKE
9Ta 3ajJ]a4a CBOJUTCS K MIPOBEPKE TMIIOTE3bI OJJTHOPOAHOCTH [2].

Tpertuli pasznes MHOIOMEPHOIO CTaTUCTUYECKOIO aHajau3a —
3a]aud CHIWDKEHUS pasmepHocTH (cxkatus wuHpopmanuu). Llenp wux
pEILLIEHUsI COCTOUT B ONpPEEICHUH HabOpa MPOU3BOAHBIX ITOKAa3aTesei,
MOJIYYEHHBIX MPEeoOpa30oBaHUEM HMCXOIAHBIX MPHU3HAKOB, TaKOro, 4YTO
YUCJIO TMPOU3BOAHBIX IIOKa3aTeJIe 3HAYUTEIIBHO MEHbIIE YHUCia
UCXOJHBIX MPHU3HAKOB, HO OHHU COJEP’KAaT BO3MOXHO OOJIBIIYIO YacCTh
uH(poOpMaIMK, HMEIOUIEHCS B MCXOJHBIX CTATHCTHUYECKUX JAHHBIX.
3ajmadn  CHIDKEHHA pa3sMEPHOCTH pElIalT C IIOMOLIBI0 METOJOB
MHOTOMEPHOT0 IIKAJIUPOBAHUS, TJIABHBIX KOMIIOHEHT, (DaKkTOpHOro
aHaim3a v Ap. Hampumep, B mnpocTedmied MoAead MHOTOMEPHOIO
LIIKAJIUPOBAaHMUSI  HUCXOAHBIE  JaHHbIE — I[IONApHBIE  PACCTOSAHUSA

rid, ] =12,...,kit j, MexIy K oObekTaMu, a IeJIb pacueToB COCTOHUT B

MpEACTAaBIEHUH OOBEKTOB TOYKAMH Ha IIOCKOCTH. OTO J1aeT
BO3MOXKHOCTh B OYKBAJIBHOM CMBICJIE CJIOBA YBHUJAETh, KaK OOBEKTHI
COOTHOCSTCS MEXIy co0ou. st TOCTHKEeHHs 3TOM Lenu HeoOX0IUMO
KaXJIOMY OOBEKTY MOCTaBUTh B COOTBETCTBUE TOYKY Ha IJIOCKOCTU TaK,
4TOOBI MONAPHBIE PACCTOAHUSA Sj MEX]Y TOUYKAMHU, COOTBETCTBYIOIUMU
o0beKTaM ¢ HOMEpPaMH | M |, BO3MOXKHO TOYHEE BOCIPOM3BOIUIN
paccTosHus pi; MEXIy TUMHU 00bekTaMH. COIIacHO OCHOBHOW Hnee
METOJla HAaMMEHBIINX KBAJPATOB HAXOMSIT TOYKM Ha TUIOCKOCTH Tak,

yTOOBI BEJIMYNHA

Qox

a

i=1 j=1

(Sj_ r”)z
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JOCTUTalla CBOETO HAWMEHBIIETO 3HauYeHWsA. ECTb M MHOTHE Apyrue
MOCTAHOBKY 33]1a4 CHUKCHHSI pa3MEPHOCTH U BU3yaln3allii JaHHBIX.

CTaTHCTHKA CJIY4YailHBIX NPOIECCOB M BPEMEHHBIX PSI0B.
MeToapl CTaTUCTHKW CIy4alHBIX MPOIECCOB M BPEMEHHBIX PSJIOB
NPUMEHSIOT ISl TIOCTAHOBKM M PEUICHHS, B YaCTHOCTH, CJIEIYIOIINX
3amay:

* pejicKa3anue OyAyIIero pa3BUTHS CIYYaitHOTO MpoIecca Wil
BPEMEHHOTO PsIIa;

* YIIPABJICHUE CIyYaiHBIM MPOoLeccoM (BpEMEHHBIM PSAZIOM) C
[ENBI0 TOCTHKEHUS TIOCTABIICHHBIX 1IeJIeH, HallpuMep, 3aJaHHbIX
3HAYCHHU KOHTPOIHPYEMBIX ITapaMeTPOB,;

* IOCTPOCHHE BEPOSITHOCTHOU MOJIETTH peaTbHOTO TIpoliecca,
OOBIYHO JUISIIIIET0CS BO BPEMEHHU, U M3yUYEeHUE CBOWCTB ATON MOJIEIH.

Ilpumep 1. Tlpm BHEAPEHUU CTATUCTUYECKOTO PETYIHPOBAHUS
TEXHOJIOTHYECKOTO  TIpollecca HEOOXOAWMO  MPOBEPUTH, UYTO B
HaJTAXEHHOM COCTOSTHUHM MAaTeMaTHYeCKOE OKHJaHUE KOHTPOIUPYEMOTO
nmapaMeTpa HE MEHsSeTcsl cO BpeMeHeM. Eciam momoO0Hoe W3MeHeHHue
Oyner OOHapy»KE€HO, TO HEOOXOJIUMO YCTAHOBHUTH TOJIHAJIAI0YHOE
YCTPOKCTBO.

IIpumep 2. Cnepsimue CUCTEMbI, HApUMEpP, BXOJAIINE B COCTaB
aBTOMATHU3UPOBAHHOW  CHUCTEMBl  YIPABICHHUS  TEXHOJOTUYECKUM
MIPOIIECCOM, JTOJDKHBI BBIACISTH TOJE3HBIM CUTHAT HA (OHE MIyMOB. DTO
— 3aJja4a OlleHUBaHUs (ITOJIC3HOTO CHTHAJIa), B TO BPeMs KaK B IIpUMepe
1 peus mIa 0 3a7a4e MPOBEPKU THITOTE3HI.

MeTobl CTaTUCTUKH CITyY4alHBIX MPOIIECCOB M BPEMEHHBIX PSIOB
omnucansl B uteparype [2,20].

CratucTuka oO0BEKTOB HEYMCJIOBOM MNPHUPOABLI. MeTonbl
CTaTUCTUKUA OOBEKTOB HEYHCIOBOW MPHUPOJIBI MPUMEHSIOT BCETAa, KOTa
pe3yabTaThl HAOMIONCHUN SBISIOTCS OOBEKTAMH HEUHCIOBON TPHUPOIBI.
Hanpumep, coOOImIEHHUSIMH O TOMHOCTH WINM Je()EKTHOCTH €IMHHUIL

npoaykiuu. HWHdopmamumeln o0 COPTHOCTH  €IMHMI]  TPOTYKIIUH.
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Pa3ObuenussMu  eauHUII TPOAYKIMHM HA TPYMNIbl COOTBETCTBEHHO
3HAYCHUSA KOHTPOJHMPYEMBIX IMapaMEeTPOB. YIIOPANOUYCHUSIMH €IUHULL
NPOAYKUHUU IO KA4yeCTBY WJIM HWHBECTULUHMOHHBIX IPOEKTOB IIO
npeanoututesibHocTH.  DoTorpadusiMu  MOBEPXHOCTH  W3JACIHS,
MOpaXXKeHHOW Koppo3uei, u T.1. Tak, 00beKThl HEUUCTIOBOM MPUPOIBI —
9TO WM3MEPEHHUs IO KAYECTBEHHOMY IPU3HAKY, MHOXXECTBA, OMHApHBIC
oTHomeHUs1 (pa30OMeHHUs, YHOPSAOYCHHMS MW Jp.) M MHOTHE JIpYyrue
MaTeMaTHueckue OO0BbeKThl [2]. OHHM HCIONB3YIOTCS B Pa3IMYHBIX
BEPOSITHOCTHO-CTATUCTUYECKUX METOJAX NPUHATHS peleHud. B
YAaCTHOCTH, B 3aJjayax YNPAaBICHHUS KadyeCTBOM IPOAYKIIMU, a TAKXKE,
HAIIpUMEpP, B MEAUILIMHE U COLMOJIOTUM, KAK ISl ONMUCAHUS PE3YJIHTATOB
MPUOOPHBIX U3MEPEHUH, TaK U JIJIs1 aHaJIW3a YKCIIEPTHHIX OIICHOK.

Jlns onmcaHusi JAHHBIX, SIBISIONIUXCS OOBEKTaMHU HEUHCIOBOM
MPUPOJIbI, MPUMEHSIOT, B YaCTHOCTH, TaOJUIIbI COMpPSIKEHHOCTH, a B
Ka4yeCTBE CPEIHUX BEIIMYMH — PEIICHHS ONTHMHU3AMOHHBIX 3a1a4 [2]. B
KaueCcTBE BBIOOPOUHBIX CPEIHMX JJISI U3MEPEHUN B MOPSIKOBOM IIKaye
HCTIOJIB3YIOT MEIWaHy W MOJY, a B IIKaJle HAUMEHOBAHUM — TOJBKO
Moay. O Mmetonmax kiaccU(pUKAIUM HEYHMCIIOBBIX JaHHBIX TOBOPHUIIOCH
BBIIIIE.

Jlna pemieHuss mapaMeTPUUECKUX 3a7a4 OLIEHUBAHUSA UCHOJIb3YIOT
ONTUMU3ALMOHHBIN TIOAXO, METOJ OJHOLIArOBBIX OIEHOK, METO
MaKCHUMAJIBHOTO TIPaBIONOA00US, METOJ YCTOMYMBBIX OLEHOK. JIis
pELICHUsT  HEmapaMeTPUUECKUX  3aJa4  OLICHUBAHUA  Hapsaay ¢
ONTUMHU3ALMOHHBIMUA  TIOJXOJAMUA K OLICHUBAaHUIO XaPAKTEPUCTUK
HCIIOJIB3YIOT HelapaMeTPUUECKUE OLICHKHM PaCIpEleNICHUsl CIIy4alHOIO
dJIEeMEHTa, IUIOTHOCTH pachpeaesieHus, (YHKIUH, BbIpa)karoei
3aBHCHMOCTH [2].

B xauectBe nmpumMepa METOAOB MPOBEPKU CTATUCTUYECKUX THUIIOTES
JUIT O0OBEKTOB HEYHUCIOBOM MPUPOABI PACCMOTPUM KPUTEPHUH «XU-

2 .
kBajpat» (0003HaUaIOT ), pa3padoTannsiii K.ITupcoHoMm i mpoBepku
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TUIIOTE3bI OIHOPOJHOCTH (apyrumu CJIOBaMH, COBIIQICHHMSI)
pacrpeiesieHuid, COOTBETCTBYIOIINX JIBYyM HE3aBUCHUMBIM BBIOOPKAM.

PaccmaTtpuBaroTcst 1Be BHIOOPKH 00OBEMOB Ny U Ny, COCTOSAIINE U3
pe3yabTaTOB HAOJIOJCHUI KaueCTBEHHOrO IpHM3HaKa, uMmeromero K
rpagauui. IlycTe My U My — KOJIMYECTBA DJIEMEHTOB IIEPBOM U BTOPOM
BBIOOPOK COOTBETCTBEHHO, JIJISi KOTOPBIX HAOJIOAETCS |—I rpajanus, a
P1j U P2j — BEPOSTHOCTU TOTrO, YTO 3Ta rpajaunus OyaeT NMpHUHATA, I
3JIEMEHTOB MEPBOI U BTOPOH BBIOOPOK, | =1, 2, ..., k.

JInmd  mpoBEpKHM  THUIOTE3bl  OJHOPOJHOCTH  PaCHpPENCIICHUM,
COOTBETCTBYIOIIUX JBYM HE3aBUCUMBIM BBIOOPKaAM,

HoZ Py = p2j,j =12, ..., k,

v 2 o
NPUMEHSIOT KpuTepui x~ (XH-KBaapar) Co CTATUCTHKON

2
9 1 i M, 0
X%=nn,q g -1,
My tmen. N, g

Ycranosneno [9, 11], uro craTtucTHKa X npu OONBIIUX OO0BEMax
BBIOOPOK Ny U Ny UMEET aCUMITOTHYECKOE paclpe/iesieHne XU-KBaIpar C

(k—1) creneHbI0 CBOOOIBI.

Tabnuua 1

PaCHpeIIeJICHI/IH IUIABOK CTAJIX IO IPOUCHTHOMY COACPIKAHUIO CCPBI

ConeprxaHue cepsl, Yucio traBok

B % 3aBog A 3aBoa b
0,00 4 0,02 82 63
0,024 0,04 535 429
0,04 4 0,06 1173 995
0,06 1 0,08 1714 1307

Ilpumep 3. B Tabn.1l npuBeeHbI TaHHBIC O COJACPKAHUHU CEPHI B
YIJIEPOAUCTON CTajdd, BBHIIUIABISIEMON JABYMS METaTyprUu4eCKUMHU
3aBojgamu. [IpoBepuM, MOXHO JM CUWTATh PaCHpECICHUS MPUMECH

CCPhBI B IINIaBKaX CTAJIN 3TUX JIBYX 3dBOAOB OJHUHAKOBbBIMU.
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Pacuer mo mamabIM TaOn.l maer X2 = 3,39. KBanTunp mopsiaka
0,95 pacnpenenenus xu-kBaapar ¢ K — 1 = 3 crenenssmu cBoOOABI paBeH

Cow(d=78 ~a TmOTOMy THNOTE3y O COBHageHUH (QyHKIUII

pacrpeneseHust CONEpKaHusl Cepbl B IUIABKAaX JBYX 3aBOJOB HEIb3s
OTKJIOHUTH, T.€. €€ ClIeAyeT NpUHATH (Ha ypoBHe 3Haunmoctu o = 0,05).

MeTtonbl  CTaTUCTUKM ~ OOBEKTOB  HEYMCIOBOM  IPUPOJBI
paccMOTpeHsI B [2].

Beiie gaHo KpaTKoe OINKUCAHUE COAEPXKAHUS IPUKIATHOU
CTaTUCTHUKM Ha coBpeMeHHoOM drtame. [logpoOHoe wu3noXkeHue
KOHKPETHBIX METOJOB COAEPKUTCS B CHELUUAIBHOMN JIUTEPATYpE.

Hexoropble NmOCTAaHOBKH 33124 NPHUKJIAAHON CTATUCTHKH,
HCHOJIb3yeMble B BEPOATHOCTHO-CTATHCTHYECKHMX  MeToaax
NpUHATHA pemieHuii. YToObl JaTh MpeAcCTaBIeHHE O Oorarom
COAEPKAHUM TEOPUM PACCMATPUBAEMBIX METOIOB, IIPUBEAEM KpaTKUN
[IEpEUYCHb OCHOBHBIX THUIIOB IIOCTAHOBOK 3aJay B COOTBETCTBUU C

OMHMCAHHOM BBIIIE KIaccu(puKalyen oomacTeld MPUKIaJIHON CTATUCTUKH.

1. OIIHOMCpHaH CTaTHUCTHKA.

1.1. Onucanue maTepuana

1.1.1. PacyeT BBIOOPOYHBIX XapaKTEPUCTUK PACIIPEACIICHHUS.

1.1.2. TlocTpoeHue rucTorpaMM U MOJIMTOHOB YaCToO.

1.1.3. [IpubnumxeHue >SMIUPUYECKUX PACIPEACIICHUA C TOMOIIBIO

pacnpeneneHuit u3 cucreMsl [lupcoHa u Apyrux cucTeM...
1.2. OuenuBanue.
1.2.1. [TapameTpuyeckoe OlIEHUBAHUE.

1.2.1.1. TlpaBuna omnpeaeneHusi OLEHOK M JTOBEPUTEIBbHBIX TPAHMI] JJIs

napamMeTpoB YCTOMYMBOIO pacipeiesieHusI.
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1.2.1.2. TlpaBuna omnpeaeneHusi ONEHOK M JIOBEPUTEIbHBIX TPAHMI] JJIs
rapaMeTpoB JOTUCTHUECKOTO paclpe/eIeHus.

1.2.1.3. IlpaBuna omnpeaeneHusi OIEHOK M JOBEPUTEIbHBIX TPAHMI] JJIs
rnapaMeTpoB SKCIOHEHIIUATBLHOTO pacrpeieneHust u cMecHu
9KCIMOHCHIIMATBHBIX paclpeneacHuid... (M Tak aanee I pa3IuuHbIX

CEMEHCTB pacrpe/Ie/ICHUH).

1.2.2. HenapameTpuyeckoe OlleHUBaHUE.

1.2.2.1. HenapameTpuieckoe TOUYEYHOE U JIOBEPUTEIILHOE OLIEHWBAHHE
OCHOBHBIX  XapaKTEpUCTUK paclpelesieHus — MaTeMaTU4YEeCKOro
OXKUJAHUsS, JHWCIEPCHUU, CPEIHEro KBaJpPaTUYECKOTO OTKIOHEHUS,
koa(duLeHTa BapualvK, KBAaHTUIIEH, PEXKe BCEro MEIUaHbI.

1.2.2.2. Henapamerpuueckue OLEHKH IUIOTHOCTH U  (PYHKIMHU
pacnpeeseHusl.

1.2.2.3. HenapameTpuueckoe OLIEHUBAHUE MTapaMeTpa CIBUrA. ..

1.3. IIpoBepka rumores.

1.3.1. [TapameTpuyeckue 3a1a4u MPOBEPKHU THIIOTES.

1.3.1.1. TlpoBepka paBeHCTBa MaTEMaTUYECKUX OXHUIAHUU IS JABYX
HOPMAJIbHBIX COBOKYITHOCTEH.

1.3.1.2. TlpoBepka paBeHCTBa JUCHEPCHM i JABYX HOPMAaJIbHBIX
COBOKYITHOCTEM.

1.3.1.3. IlpoBepka paBeHCTBa KOI(PGULIMEHTOB BapHalMu ISl JABYX
HOPMAJIbHBIX COBOKYITHOCTEH.

1.3.1.4. TlpoBepka paBeHCTBA MaTeMaTUUECKUX OKUIAHUN U TUCTICPCUI
JUISL IBYX HOPMaJIbHBIX COBOKYITHOCTEH.

1.3.15  TIlpoBepka  paBeHCTBa  MaTEMaTUYECKOTO  OXHIAHUSA
HOPMAJILHOTO pacrpeeieH s ONpeeIeHHOMY 3HaUY€HUIO.

1.3.1.6. TlpoBepka paBeHCTBA IUCIIEPCUU HOPMAIBHOIO paCIpeieIeHHUs

ONpCACICHHOMY 3HAYCHHUIO. ..
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1.3.1.7. TIpoBepka paBEHCTBAa MapaMETPOB ABYX SKCIOHEHIIMAJIBbHBIX
COBOKYITHOCTEH. .. (M TaK jJajee — MpoBEepKa YTBEPKIACHUN O MapaMeTpax

IS Pa3IIUYHBIX CEMEHCTB paclpeieICHU).

1.3.2. HenapameTpuyeckue 3a/1a4un MPOBEPKH TUIOTES.

1.3.2.1. Henapamerpuyeckas NpOBEpKa pPaBEHCTBA MaTeMaTHUYECKUX
OKUJAHUM JJI IBYX COBOKYITHOCTEH.

1.3.2.2. HenapameTrpuueckasi mpoBepKa paBEHCTBA AUCIEPCHIA ISl IBYX
COBOKYITHOCTEM.

1.3.2.3. Hemnapamerpuueckasi mnpoBepka paBeHCTBa KoOd(h(UIIHEHTOB
Bapualuu JJis IBYX COBOKYITHOCTEH.

1.3.2.4. Henapamerpuyeckas NpOBEpKa pPaBEHCTBA MaTeMaTHUYECKUX
OKUJAHUU U JUCIIEPCUM JUIS IBYX COBOKYIIHOCTEM.

1.3.2.5. Henapamerpuyeckas NpoBEepKa pPAaBEHCTBA MaTeMaTHYECKOIrO
OKUJaHUS OTIPEJIETICHHOMY 3HAUYEHHUIO.

1.3.2.6. Henapamerpuueckas TpoBepKa paBeHCTBA  JUCHEPCUU
OTpeJICTICHHOMY 3HAYEHUIO. ..

1.3.2.7. IlpoBepka  rumoTe3bl  corjacusi C  pPaBHOMEPHBIM
pacnpezeneHueM 1o kputeputo Koiamoroposa.

1.3.2.8. IlpoBepka  rumoTe3bl  corjacusi C  pPaBHOMEPHBIM
pacnpeneneHneM 1o Kputepuio omera-kBaapar (Kpamepa-Museca-
CMupHOBa).

1.3.29. IlpoBepka  rumoTe3bl  corjacusi C  pPaBHOMEPHBIM
pacnpeneneHueM no kpurepuro CMUpPHOBA.

1.3.2.10. IIpoBepka rumore3bl COIJIacHs C HOPMAJIbHBIM CEMEHCTBOM
pacnpeneneHui mo kputeputo Tuna KoimoropoBa mnpu U3BECTHOM
JTUCTIEPCHH.

1.3.2.11. IIpoBepka rumore3bl COIIACHs C HOPMAJIbHBIM CEMEHCTBOM
pacnpeneneHuit mo kputeputo Tuna KoamoropoBa Mpu HU3BECTHOM

MATCMATHUYCCKOM OXXKUAaHUU.
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1.3.2.12. TIpoBepka rumoTe3bl COIJIACHs C HOPMAJIbHBIM CEMEMCTBOM
pacrpenenenuii mo kpurepuro THrna Kommoroposa (o6a mapamerpa
HEU3BECTHBI).

1.3.2.13. IIpoBepka rumore3bl COIracus C HOPMAJIbHBIM CEMEHCTBOM
pacnpesiefieHud 10 KpUTEpUIO THUMA OMera-KBajapar NIpH HU3BECTHOU
JTUCTIEPCHH.

1.3.2.14. TlpoBepka rumoTe3bl COIJIACHs C HOPMAJIbHBIM CEMEMCTBOM
pacnpeneneHuil Mo KPUTEPHUIO THIAa OMeEra-kKBajapaT NpU H3BECTHOM
MaTeMaTUYeCKOM OKUJAHUU.

1.3.2.15. IIpoBepka rumore3bl COIIacHs C HOPMAJIbHBIM CEMEUCTBOM
pacrpeleiecHuii Mo KPUTEPUIO TUIa oMmera-kBaapar (oba mapamerpa
HCU3BECTHBI).

1.3.2.16. TIlpoBepka THUIIOTE3bl COTJIACHS C OSKCIOHEHIIMAIbHBIM
CEMEUCTBOM pacHpee/iCHH 0 KPUTEPHIO TUIA oMera-kBaapar... ( u
Tak Jajnee JJIsl pa3IMyHBIX CEMEHCTB paclpeiesieHHi, TeX WJIM HHBIX
NPETONIOKEHUAX O MapaMeTpax, BCEBO3MOKHBIX KPUTEPHUER).

1.3.2.17. TIpoBepka rumoTe3bl OJHOPOAHOCTU JBYX BBIOOPOK METOAOM
CwmupHoBa.

1.3.2.18. IIpoBepka rumoTe3bl OJHOPOAHOCTU JBYX BBIOOPOK METOAOM
oMera-KBajpar.

1.3.2.19. TIlpoBepka THUIOTE3bl OJHOPOJHOCTH JIByX BBIOOPOK ¢C
MOMOIIBIO KpuTepus Buiikokcona.

1.3.2.20. TlpoBepka THUNOTE3bl OJHOPOJHOCTH JBYX BBIOOPOK MO
kputeputo Ban-nep-Bapaena.

1.3.2.21. TIpoBepka rumoTe3bl CUMMETPUU (DYHKIHMH pacrpeeeHus
otHocuTenbHO O MmeToiom CMUpPHOBA.

1.3.2.22. TIpoBepka TUNOTE3bl CUMMETPUU (DYHKIHMH pacrpeeIeHus
otHOcuTeNbHO O ¢ TOMOIIBIO KpuTepHs TUa oMera-kBajapat (Oposa).
1.3.2.23. TIpoBepka rUnoTe3bl HE3aBUCUMOCTH 3JIEMEHTOB BHIOOPKH.
1.3.2.24. TIlpoBepka THUIOTE3bl OJAMHAKOBOM  pacrpeiesieHHOCTH

3JIEMEHTOB BBIOOPKH. .. (1 T.1I.).
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2. MHOTOMEpHBIN CTATUCTUYECKUN aHATIH3.

2.1. Onucanue Marepuarna.

2.1.1. Pacyer BBIOOPOYHBIX XapaKTEPUCTHK (BEKTOpa CpPEIHHX,
KOBapHUAIlMOHHOW ¥ KOPPEJISIIMOHHON MaTpPHIL U JIp.).

2.1.2. Tabnuupl CONpsiKEHHOCTH.

2.1.3. JletepMUHUPOBAaHHBIE METOABl MPUONMKEHUA (DYHKIIMOHATBHON
3aBUCUMOCTH.

2.1.3.1. MeToa HaMMEHBIINX KBaJIPaTOB.

2.1.3.2. MeTo HauMEHBIIINX MOJYJICH

2.1.3.3. Crutaitasl u 1p.

2.1.4. MeTtonbl CHUKEHUS] Pa3MEPHOCTH.

2.1.4.1. AnropuTMbl (aKTOPHOI'O aHAIU3A.

2.1.4.2. AnropuTMbl METO/IA TJIABHBIX KOMIIOHEHT

2.1.4.3. AnropuT™Mbl MHOTOMEPHOT'O METPUYECKOTO HIKATUPOBAHHUS.
2.1.4.4. AnropuTMbl MHOTOMEPHOT'O HEMETPUYECKOTO IIKATUPOBAHUS.
2.1.4.5. MeTobl ONITUMAIBHOTO TIPOCIIUPOBAHUS U JIP.

2.1.5. MeTonp! KkiaccuduKaIum.

2.1.5.1. Metoapl KilacTep-aHalln3a — UEpapXUYeCKue MPOoLETyphI.
2.1.5.2. Metopsl KilacTep-aHalli3a — ONTUMHU3ALMOHHBIN TOJIXO/I.
2.1.5.3. Metoapl KilacTep-aHalin3a — UTEPALUOHHbBIE TPOLETYPHI. . .

2.1.5.4. Metoabl rpynIUpPOBKH. ..

2.2. OnleHuBaHME.

2.2.1. [lapameTpuueckoe OlleHUBaHUE.

2.2.11. OueHuBaHHE MAapaMETPOB MHOTOMEPHOrO0 HOPMaJbHOTO
pacnpeeseHusl.

2.2.1.2. OueHuBaHKWE TapaMeTpPOB B HOPMAJIbHOW MOJIETU JUHEHHOU

perpeccuu.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

2.2.1.3. MeTojbl paciierieHus: CMecei.

2.2.1.4. OueHuBaHue KOMIIOHEHT UCIIEPCUU B IUCTIEPCUOHHOM aHaJIN3e
(B HOpMAIBLHON MOJICIIH).

2.2.1.5. OueHuBaHUE Pa3MEPHOCTH H  CTPYKTYPhl MOJEIH B
perpecCHOHHOM aHaju3e (B HOpMaabHOW MOJIEIIH).

2.2.1.6. OrnecHuBaHKe B JUCKPUMHHAHTHOM aHaiu3e (B HOpPMaJIbHOM
MOJICTIH).

2.2.1.7. OnecHuBaHKEe B METOJaX CHIKCHHS pasMepHocTd (B
HOpPMAaJIbHON MOJICIIH).

2.2.1.8. Henuuelinas perpeccus.

2.2.1.9. Metoap! IaHUPOBAaHUS SKCIIEPUMEHTA.

2.2.2. HenmapameTpuueckoe OlleHUBaHUE.

2.2.2.1. HenapameTpuieckue OlIeHKH MHOTOMEPHOU IIIOTHOCTH.

2.2.2.2. Hemapamerpuyeckas  perpeccuss (C  MOTPEHIHOCTSIMH
HaOJIIOICHU I MPOU3BOJIBHOTO BHUJIA).

2.2.23. Henapamerpuueckas perpeccus (ma OCHOBE
HEMapaMeTPHUUECKUX OIICHOK MHOTOMEPHOM IIOTHOCTH).

2.2.2.4. MOHOTOHHAs perpeccus.

2.2.2.5. HenapameTrpuieckuil AUCKPUMUHAHTHBIN aHAJIN3.

2.2.2.6. HenmapaMmeTpuieckuil AUCIEPCUOHHBIN aHAIIN3. ..

2.3. IlpoBepka runores.

2.3.1. [lapameTpuueckue 3a1a4u MPOBEPKHU TUIOTES.

2.3.1.1. KoppensuuonHsiii aHamu3 (HOpMaibHas MOJIEIb).

2.3.1.2. Ilposepka rumnore3 o0 OTIWYUU KOIP(DUIHMEHTOB TMPU
npeaukTopax oT O B JHMHEHHOW perpeccud NpH CHIPaBEIMBOCTH
HOPMaJIbHOW MOJIETH.

2.3.1.3. IIpoBepka TUIMOTE3bl O PABEHCTBE MATEMATUUYECKUX OXHUIAHUM

HOPMAJIBHBIX COBOKYHHOCT@I‘/’I (JII/ICHepCI/IOHHblf/'I aHaJII/I?)).

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

2.3.1.4. TIpoBepka THNOTE3bl O COBIAJCHUM JIBYX JIMHUN pPErpeccuu

(HopMmasibHast MOJCIB). .. (M T.1.)

2.3.2. HenmapameTrpuueckue 3aa4u MPOBEPKU THIIOTES.

2.3.2.1. HenapaMeTpuiecKkuil KOppeasiiMOHHBIN aHAN3.

2.3.2.2. Tlpoepka rumore3 o0 omMYMH KOIDPUIMEHTOB MpH
npeaukTopax ot O B mHeEHHOW perpeccun (HemapameTphuecKas
MIOCTaHOBKA).

2.3.2.3. IlpoBepka rumore3 B HEMAPaMETPUUECKOM JTUCIIEPCUOHHOM
aHanmse.

2.3.2.4. TlpoBepka THNOTE3bl O COBIAJCHUHM JIBYX JIMHUN pPErpeccuu

(HemapaMeTpHueckas MOCTaHOBKaA)... (1 T.11.)

3/1ech OCTAaHOBUMCSI, TIOCKOJIBKY TIPOJIOIKEHUE MPEIonarajio Obl
3HaKOMCTBO CO MHOTHMH JOCTAaTOYHO CIIO)KHBIMUA METOAAMH, O KOTOPBIX
HET YIIOMWHAHUW B ATOW KHUrE. [IpHBEIEHHBIN BBIIIE NEPEUCHBb psiia
OCHOBHBIX THUIIOB ITIOCTAaHOBOK 3a/a4, HMCIIOJb3YEMBIX B BEPOSITHOCTHO-
CTaTUCTUYECKUX METOJAaX INPUHATHUS PEIICHUH, TAET MEPBOHAYAIBbHOE
npejcTaBieHue o0 o0beMe apceHana pa3paOOTaHHBIX K HACTOSIIEMY
BPEMEHU HHTEJUIEKTYaJIbHBIX HWHCTPYMEHTOB B paccMaTpUBacMoOM

o0J1acTu.
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pPErpecCCHOHHOM aHaliu3e W Teopuu Kiaccudukaruu. - B cO.:
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KOHTpOJ]beIe BOIIPOCHI M 3a1a49H

1. Pacckaxkute 0 MOHATUAX CIYyYaHHOTO COOBITHS U €r0 BEPOSITHOCTH.

2. [loueMy 3aKOH OOJIBILIMX YMCEN U IIEHTpaJibHAs MpeAesibHas TeopemMa
3aHUMAKOT LEHTPAJbHOE MECTO B BEPOSTHOCTHO-CTATUCTUYECKUX
METO/IaX MPUHATHUS PEIICHU?

3. Uem MHOTOMEpHBIM CTAaTUCTUYECKUM aHAJIU3 OTIMYAETCS OT
CTaTHUCTUKU 00BEKTOB HEUUCIOBOU MPUPOJIBI?

4. ImeroTcst TpU OJMHAKOBBIE ¢ BUAY SIUKa. B mepBoM a Genbix mapos
U b 4epHBIX; BO BTOpOM C Oeibix U d YepHBIX; B TPETHEM TOJIBKO OesIbIe
mapsl. HEKTO moaxoauT Hayraa K OJHOMY U3 SIIMKOB U BBIHUMAET U3

HCC OJWH 1ap. HaﬁHHTe BCPOATHOCTDL TOT'O, YTO 3TOT LIAp OeJIBIi.
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5. IMaccaxkxup MOKET BOCHOJIB30BAThCS TpPaMBasMU JIBYX MapHIPyTOB,
CIENYIOINUX ¢ MHTEepBajgaMu 71 U 7> coOoTBETCTBEHHO. [laccaxxup moxer
MPUNTH HAa OCTAHOBKY B HEKOTOPBIA MPOU3BOJbHBIA MOMEHT BPEMEHH.
Kaxkoit MOeT ObITh BEpOSATHOCTH TOT'O, YTO MACCAXHUP, MPUIICAMINN Ha
OCTaHOBKY, Oy1eT skaaTh He goiblie t, rae O<t<min(Ty,T)?
6. JIBa cTpesnka, He3aBUCUMO OJIMH OT JIPYroro, JAENaloT Mo JABa BhICTpesa
(kaKaplii MO CBOEH MHIICHH). BeposTHOCTD momajaHus B MHIICHb MIPH
OJIHOM BBICTpEJIC JIJIsl TIEPBOTO CTPEJKa P1, JI1 BTOPOro Py. Beiurpasmum
COPEBHOBAHME CUUTAETCA TOT CTPEJOK, B MHILIEHU KOTOPOro Oyner
Oospiie mpoOouH. HailT BEpOATHOCTH TOTO, YTO BBIUTPAET IEPBBIN
CTpEJIOK.
7. Tonnas xonoma xapt(52 nmucrta) AEaUTCS Hayraj Ha JIBE paBHBIC
nayku mo 26 nuctoB. HaliTu BEpOSTHOCTH CIIETYIONIUX COOBITHIA:

A - B KaXJ/10i U3 TTaYeK OKAXKETCS IO JBa TY3a;

B - B oHOM U3 mayek He OyAeT HU OJIHOTO Ty3a, a B APYrou Bce
YeThIpE;

C - B oHOI U3 mauek OyaeT OAuH Ty3, a B APYToM TpH.
8. Cnyuaitnas BennmuuHa X npuHuMmaet 3HaueHus O u 1, a ciyuaitnas

BeiuunHa Y - 3Hauenus (-1), O u 1. Bepostaoctu P(X=1, Y=]) 3agarorcs

TabIuIIeH:
PX=i,Y=]) |[Y=-1 |Y=0 |Y=1
X=0 116 14 116
X=1 1/16 14 5/16
Haiinute pacnpenenenne cnyudaiHod BenumuuHbl Z = XY, ee

MaTeMaTHYECKOE OKUJIaHUE U JUCTICPCHIO.
9. B ycnoBusx 3aiaun 8 HaIUTE paclpeIeICHUE CIIy9aiiHONW BEIIMYNHBI
W = X/(Y+3), ee MaTeMaTHYECKOE OKHUIAHUE U TUCIICPCHIO.

10. /Tanbl He3aBHCHMBIC ClTyYaiHbIe BernunHbl X U Y Takue, uto M(X) =
1,D(X) =3, M(Y) =-1, D(Y) = 2. Haiinure M(aX + bY) u D(aX + bY),
rae a= 3, b=-2.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Tembl 10KIa10B, pedepaToB, UcCIeA0BATEILCKUX PadOT

1. Onucanuie JaHHBIX C MOMOILbIO TUCTOTPAMM M HEMapaMeTPUUYECKUX
OLICHOK IUIOTHOCTH.

2. CpaBHUTENBHBIM aHAIU3 METOJOB OILICHUBAaHUS MapaMeTpoB U
XapaKTEPUCTHUK.

3. IlpeumyriecTBa OAHOLIATOBBIX OLICHOK IO CPaBHEHUIO C OLIEHKaMU
METO0/1a MAKCUMAJILHOTO MPaBI0N0100US.

4. HenmapaMeTpruecKui perpecCCUOHHbBIN aHAJIH3.

5. AxkcuomaTHdeckoe BBEJCHHE METPUK U HX HCIOIb30BaHUE B
CTaTHUCTHKE 00BEKTOB HEUUCIOBOU MPUPO/IBI.

6. 3aKoHBI OOMBIIUX YUCENT B TPOCTPAHCTBAX MPOU3BOJILHON MPUPOIbI, B
TOM YHCJIE B JUCKPETHBIX IIPOCTPAHCTBAX.

7. OnTuMHU3aMOHHBIE TOCTAHOBKH B BEPOSTHOCTHO-CTATUCTUUYECKUX

3a/1a4ax NPUHATHS PELICHUI.
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