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BBeneHue B IPUKJIAJHYI0 CTATUCTHKY

Urto npencraBiseT U3 ceds MpeaMET MaTeMaTHIeCKOW cTaTUCTKHU? B Teopun BeposiTHOCTEH
BBIBOJSITCA TIPaBWJIa, KOTOPBIE TO3BOJIAIOT TIO BEPOATHOCTSAM OJHHUX CIIy4allHBIX COOBITHI
BBIYMCIIUTH BEPOATHOCTU APYTUX, KOTOPBIE C HUMHU CBSI3aHBI WM 110 YUCIOBBIM XapAKTEPUCTUKAM U
(GYHKIUSAM pacnpefesieHus: OJHUX CITYYaiHbIX BEIMYUH MOJCYUTHIBATH (YHKITUHU PAaCIpeIeTICHIS 1
YHUCJIOBBIE XapaKTEPUCTUKH JAPYTHX CIy4alHBIX BEJWYMH. [[pyrumu cinoBamMu, 3Has COCTaB
TeHEpaJIbHON COBOKYITHOCTH, TaM U3Y4YalOT paclpeesieHus A COCTaBa CIlydaifHOU BHIOOPKH. DTO
TUMIWYHAS npsAmas 3a0a4a Teopuun BeposiTHocTel. OIHaKO YyacTo MPUXOAUTCS pelIaTh U oOpamHble
3a0auu, KOT/Ia W3BECTEH COCTaB BHIOOPKM W O HeMy TpeOyeTcsl OmpenenuTh, Kakod Obuia
reHepaibHas COBOKYMHOCTb. Takoro poja oOpaTHblE 3aJaud M COCTaBJISIOT, 0Opa3HO TOBOpA,
IIpeIMET MaTEMAaTUYECKON CTAaTUCTUKH.

HeckonpKo yTOUHSISI TO CpaBHEHUE, MOKHO CKa3aTh TaK: B TEOPUM BEPOATHOCTEN MBI, 3HAsI
MPUPOJYy HEKOTOPOTO SIBICHUS, BBIACHSIEM, Kak OynyT BecTu ceOs (Kak pacrpelesieHbl) Te WU
MHBbIE H3y4YaeMble HAMU XapaKTEPUCTHKH, KOTOpble MOXXHO HaOJI0AaTh B JSKCIepUMeHTax. B
MaTeMaTHYECKOM CTAaTHCTUKE HA00OPOT — HCXOAHBIMU SIBJISIFOTCS SKCIEPUMEHTAJIbHBIC JTaHHBIC
(kak mpaBWIIO, 3TO HAOIIOJAEHUS HAJl CIy4alHBIMU BEJIMYMHAMH), a TPEOyeTCs BBIHECTH TO HWJIH
MHOE CYXJEHHE WM pEIICeHHWE O IMPHUPOJEC PAacCMAaTPUBAEMOro sBIeHHUS. TakuM oOpa3oM, MbI
compuKacaeMcs 3/1eCh C OJHOM U3 BaXKHEUIIINX CTOPOH YEJIOBEYECKON AEATEIBHOCTH — MPOLIECCOM
1o3HaHus. Te3uc o TOM, YTO «KPUTEPUN UCTUHBI €CTh MPAKTUKA» UMEET CaMO€ HEMOCPEICTBEHHOE
OTHOIIIEHHE K MAaTeMaTH4eCKOW CTaTUCTHKE, MOCKOJbKY MMEHHO 3Ta HayKa M3ydaeT MEeTObl (B
pamMKax TOYHBIX MaTeMaTUYECKUX MOJEJEH), KOTOpbIE IO3BOJISIIOT OTBEYaTh Ha BOIPOC,
COOTBETCTBYIOT JIM MPAKTUKA, NPEACTABICHHAs B BHUJIE PE3YJbTATOB JKCIIEPUMEHTA, JTAHHOMY
TUIIOTETUYECKOMY MPEACTABIECHUIO O IPUPOAE SABJIECHUS WIN HET.

[Ipu sTOM HEOOXOIMMO MOAYEPKHYTh, YTO, KaK U B TEOPUU BEPOATHOCTEH, HAcC OynyT
UHTEpPECOBAaTh HE T€ OKCHEPUMEHTBHI, KOTOpblE IO3BOJISIIOT  JIelaTh  OJHO3HAYHBIE,
JNETEPMUHUPOBAHHBIE BBIBOJBI O PACCMATPUBAEMBIX B IMPUPOJE SBICHMSX, a SKCIEPUMEHTHI,
pe3ylbTaTaMi KOTOPBIX SIBISIIOTCS CitydaiiHble coObITHs. C pa3BUTHEM HAyKH POJb TaKOTO poja
3a7a4 CTAaHOBUTCS BCE OOJbINE M OOJbIIE, MOCKOIbKY C YBETUYEHHEM TOYHOCTH IKCIEPUMEHTOB

CTAaHOBUTCS BCE TpyaHEe M30ekaTh «clydalHOro (hakTopa», CBA3aHHOIO C Pa3HOro poja
IIOMEXaMHU ¥ OIPaHUYEHHOCTBIO HAIIMX U3MEPUTEIbHBIX U BHIYMCIUTENBHBIX BOZMOXHOCTE.

TepmMuH  craTucTHKa MPOUCXOJUT OT  JATUHCKOIO  CJIOBA  «CTATYC»-COCTOSTHUE.
[Teponauansno B XVIII Beke, Korja craTHCTUKA Hadana OQOPMIISTECS B HAYUYHYIO TUCIHILIMHY,
TEPMHUH CTAaTHUCTHKA CBS3BIBAJICS C CHUCTEMOW omucaHus (aKTOB, XapaKTEPU3YIOIIMX COCTOSIHHE
rocy/1apcrBa.

B HacTosiiee BpeMst cTaTUCTUKA BKIIIOUAET B ce0s1 CIIETYIOIINE Pa3Aebl:

1. CO0p CTaTUCTHUECKUX CBEICHHM, XapaKTEPU3YIOUINX OTAEIbHBIC COCTABIISIOMINE KAKHX-
U060 MacCOBBIX COBOKYITHOCTEH.

2. CTaTUCTUYECKOE HCCIIEOBAHUE IOJTYYEHHBIX JAaHHBIX, 3aKJIIOYAIOLIEECs] B BBIACHEHUU
T€X 3aKOHOMEPHOCTEH, KOTOPHIE MOT'YT OBITh YCTAaHOBIIEHBI HA OCHOBE MAaCCOBBIX HAOIIOACHUN.

3. Pa3paboTka mNpHEMOB CTaTUCTUYECKOTO HAOJIOACHUS M aHajdh3a CTaTUCTHYECKUX
JAHHBIX. DTOT pa3feN COCTaBIsET OCHOBHOE COIEPKAHNE MAaTEMAaTUYECKOW CTaTUCTHKH.

HcxoaHplM MaTepuanoM sl CTAaTUCTUYECKOTO MCCIIEN0BAHUS PEAIBHOTO SIBJICHUS CIIYKUT
HaboOp pe3yiabTaTOB HAOMIOACHUNM HaJ JTHUM SIBICHHEM WM K€ pe3ylbTaThl CHELHAIBHO
IIOCTABJIEHHBIX UCHbITaHUI. Ha OCHOBE IOJy4EHHBIX JAHHBIX MOXKHO pelIaTh CIEAYIOLINE 3a1a4u:

1. OuleHMBaTh 3HAUYCHUSI HEM3BECTHON BEPOSITHOCTH CIIYYaliHOTO COOBITHS.

2. Ompenenuts HeusBecTHbIE (YHKIMM pacnpeaeieHusa. [lycte B pesynbrate n

He3aBucHMBIX HaOmoneHnii CB X mosydensl ciepyromme ee 3Ha4eHMs: X, X,...X,. Tpebyercs
OIIPEIENUTH XOTS Obl IIPUOJIMKEHHO HEM3BECTHYIO QYHKIMIO pacnpeneienus F(x) Benmunnnr X
WJIU €€ MOMEHTHI (HalpuMmep, CpeiHee, TUCTIepCusl).
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3. OmnpeneneHne HEU3BECTHBIX MapaMeTpoB pacnpenaeneHus. (YacTo ucxons U3 HEKOTOPBIX
COOOpaKEHHI MOXKHO CHENATh 3aKIIOUYCHHE O TUIE (DYHKIIMHU PACTpeeTICHUs] HHTEPECYIONIeH Hac
CB. Toraa 3aga4a cBOAUTCA K HAXOXACHUIO HEU3BECTHBIX MTapaMeTPOB

4. Onenka 3aBucuMocTd. [Ipon3BoIUTCS MOCIEA0BATEILHOCTD HabO01eHni cpasy n1Byx CB

X n Y. B pesynbrate HaOMI0EHUI M10Iy4aeM CAEAYIOIIUE Napbl 3HAYEHUH X;, Vi3 Xy, Vy.riX,, V-
TpebyeTcst BRIICHUTHh HATMUUE (YHKIIMOHATBLHON MM KOPPEISIITAOHHON CBSI3U MeXIay X u Y.
IIpumep 1. /It MHOTMX M3IENMH OAHMM M3 OCHOBHBIX IIapaMETPOB, KOTOPBIM XapaKTEpU3YyETCs

KaueCTBO, SBIIAECTCS CPOK CIykObl. OgHAKO CIOyKObI Hm3aenus (CKaXeM, HJICKTPOJIAMIIbI), Kak
MPaBWIIO, CITy4aeH, W 3apaHee ONMpeAeIUTh €ro HeB03MOKHO. OIBIT MOKA3bIBAET, YTO €CIIU MPOIIECC

IPOU3BOJICTBA B M3BECTHOM CMBICIIE OJHOPOJICH, TO CPOKH CIYKObl &, &,,... COOTBETCTBEHHO 1-

ro, 2-ro ¥ T.I. U3ACIUNA MOXXHO PacCMAaTpUBaTh KaK HE3aBUCHUMBIE OJMHAKOBO PaCIpPEIECIICHHBIE
BEIMYMHBI. VIHTepecylolmmii Hac mapamerp, ONPEACTSAIONIMNA CPOK CIYy>KOBI, €CTECTBEHHO

OTOXECTBUTH ¢ unciom O =M &i. OpnHa W3 CTaHMAPTHBIX 334 COCTOUT B BBUICHEHUH, YeMY

paBuo 0. Jlng Toro 4ToGbI ONpENETUTH 3TO 3HAYEHHUE, OEPYT 71 TOTOBBIX M3IENHMN M MPOBEPSIOT
ux. Ilycts X,,X,,...,X, — CPOKHM CIyKObl 3THX IIPOBEPEHHBIX H3Aenui. MBI 3HaeM, 4TO

1

n — 1 &
—Z&i —0 mpu 1 —>00. [l0ITOMY €CTECTBEHHO OXKHAATh, YTO YUCIO X = —le. npu
nopp nio

JIOCTaTOYHO OONBIIOM 7 OKaXeTcs OMM3KMM K O M HO3BONMT B KakoW-TO Mepe OTBETUTh Ha
MOCTaBJICHHBIE BOMPOCHL. [Ipn 3TOM 04YeBHIHO, YTO MBI 3aHHTEPECOBAHbBI B TOM, YTOOBI TpeOyemMoe
upca0 HaOMIOeHHH 71 ObLIO MO BO3MOKHOCTH HAaMMEHBIIMM, a Halla olleHKa uucia 0 mo
BO3MOXKHOCTH 0OOJIee TOYHOW (3aBhIIEHME MapameTpa O Kak M €ro 3aHWKEHWE, NMPHUBEAYT K
MaTepuaIbHbIM OTEPSIM). P>

IIpumep 2. PaguonokanuOHHOE YCTPONCTBO B MOMEHTHI BpeMEHH [,l,,...,[, 30HIAMPYET
3aJJaHHYI0 4acTh BO3AYIIHOI'O MPOCTPAHCTBA C LEIbI0 OOHAPYKEHUSI TaM HEKOTOPOTro OOBEKTa.
O6o3Hauum X, X,,...,X, 3HAYECHHUS OTPAKECHHBIX CHIHAJIOB, NPUHATBIX ycTpoiicTBoMm. Eciam B

3aJJaHHOM 4acTH IPOCTPAHCTBA MHTEPECYIOUMI HAC OOBEKT OTCYTCTBYET, TO 3HAUYEHUS X, MOXKHO
paccMaTpuBaTh KaK HE3aBUCHMBIE CITydaiiHble BEJIMYMHBI, PACIPE/ICICHHbIEC TaK e, KaK HeKOTopas
cilyuaiiHas BeanunHa &, MIPUpoOa KOTOPOi 00YCIIOBIEHA XapaKTEPOM pasndHbIX nomex. Bcn ke
B TEUEHHE BCEr0 IEpHOJ HAOMIOAEHUH 00BEKT HAXOMIICA B 110JIE 3PEHUs, TO X, OyayT Hapsamy ¢
IOMEXaMHU COIEPIKATh «IIOJIE3HbII» "CHTHAN @ , U 3Ha4YeHus X, OyLyT pacnpenesieHsl Kak &+ d.
TaxuMm 06pa3oM, eclii B [IEPBOM Cllydae HaOoneHns X, , uMenu GyHKIuio pactpenenerus £(x),
TO BO BTOPOM Cilydae MX (yHKIHs pacupeneneHus Oymer mmers Bug F(x —a). Ilo BeIGOpKe

X\, Xy,..., X, TPEOYETCA PEIINTh, KAKOH M3 3TUX JIBYX CIly4acB MMEET MECTO, T. €. CYIIECTBYET B
3aJJaHHOM MECTE WHTEPECYIONIHA HAC OOBEKT HIIU HET.

B oToli 3amade OKakeTcss BO3MOXKHBIM YyKa3aTh B HM3BECTHO CMBICIE «ONTHUMAIbHOE
pelmaroniee TMpaBWIIO», KOTOpoe OyAeT pemiath TOCTaBJICHHYIO 3aady ¢ MHHUMAJIbHBIMA
omubOkamu. ChopMynupoBaHHas 3a7ada MOXKET OBITh YCIOKHEHA clieyroImumM oopa3zom. CHavana
00BEKT OTCYTCTBYET, a 3aTeM, HauMHas ¢ HaOJIIOJEeHHS HEM3BECTHBIM HoMepoMm 0, mossnsercs.
TpebyeTcs 10 BO3MOKHOCTH 0oJiee TOUHO ONMpeNeInTh MOMEHT O mosBneHus oObekTa. DTO TakK
HasbIBaeMas «3ajiada o paslagKey», UMEIoas U UEeblid Pl APYTUX UHTEPIPETAUi, BAKHBIX IS
MPUIIOKEHUN. P>

IMpumep 3. HekOTOPBIil 9KCIEPUMEHT [IPOU3BOJUTCS CHadana 1, pa3 B ycIoBusix A u

3aTeM M, pa3 B ycioBusx B. O003HAYHM X, X,,...,X

w B VisVisees Y, PE3YIBTATHI OTHX

OKCIICPUMCHTOB COOTBCTCTBCHHO B YCJIIOBUAX A u B. CHpaI_HI/IBaeTCH, CKa3hbIBACTCA JIU U3MCHCHUC
YCIIOBUI SKCIIEpHMEHTa Ha ero pesynbraTax? MHbIMH clIoBaMH, eciu 0003HAa4HTh udepes P,
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pacnpenenerue X, 1 <i<n, uuepes P, — pacupenenenue y;, 1<i<n, , To Bompoc cocrout
TOM, BBIIIOJIHEHO cooTHowenue P, = P, wiu Her.

Hanpumep, ecnu HY)XHO YCTaHOBWTB, BIMSICT JIM HEKOTOPBIA Ipermapar Ha pa3BHTHE,
CKa)XEM, paCTEHUH WM >KUBOTHBIX, TO TMApaJUICTbHO CTaBSITCS JIBE CEPUU DKCIEPUMEHTOB (C
npenapaToM 1 0€3), pe3yJbTaThl KOTOPBIX HEOOXOIUMO YMETh CpaBHUBATh. P>

Yacto BO3HHUKAIOT U Ooyiee CIOXKHBIC 3a7a4d, KOTJAa aHAJTIOTUYHBIA BOMPOC CTABUTCS IS
MHOTHX Cepuil HaOJIOJEHWH, TPOBEICHHBIX B pPAa3JIMYHBIX YCIOBHAX. Ecim pe3ynbTarsl
HAOIIO/ICHUH 3aBHUCST OT YCJIOBHIA, TO OBIBAET HEOOXOIUMBIM MPOBEPUTH TOT WJIM MHOW XapakTep
ATOM 3aBUCHMOCTH (TaK Ha3bIBacMasi 3aj1ada O PErpecChm).

[Tpumep 2 u Ha3BaHHBIE 0OJIEE CIOKHBIE MPOOIEMBI OTHOCATCSA K KIACCY CTaTUCTHUYECKHX
3a/1a4 ¢ 08yMs u boJiee blOOPKAMU.

Crucok mpuMepoB TUITUYHBIX CTATHCTUYECKUX 3a]1a4, Pa3HBIX 1O CIOKHOCTH U 10 CBOEMY
CYIIIECTBY, MOKHO OBLJIO ObI MPOAOIKUTE. OMHAKO OOIIMMU JJIs BCEX HUX OyIyT CIEIYIOITUE JBa
00CTOSITENTLCTBA!

1. Ilepen Hamu He OBLIO OBl HUKAKWUX MPOOJIEM, €CIM OBl pacHpeleseHUs PE3yJbTaTOB
HaOJI0ACHNH, KOTOpBIE PUTYPUPYIOT B 33]jauax, ObUIM HAM U3BECTHBHI.

2. B kaxaoW M3 3THX 3aJad Mbl JOJDKHBI IO pe3ysbTaTaM 3KCIIEPHUMEHTOB MPUHUMATH
KaK0e-TO pelIeHHE OTHOCUTENILHO paclpeesieHusI MMEIoIuXcs Ha0IroaeHui (0TCI0ja U Ha3BaHUe
«TeopHst CTAaTHCTUYECKUX PEIICHUI», YITIOMUHABIIICECS BHIIIIE).

B cBs3M ¢ 3TUMM IBYMS 3aMEUaHUSMH IPUHIHMIIAAIBHOE 3HAUEHHE JUISI BCETO JallbHEHIero
M, B YaCTHOCTH, JJIS PEIICHUS MPHUBEICHHBIX B KadecTBE IPUMEPOB 3aaad, NpuoOperaet

caenyromuii daxr. OkasplBaeTcs, 1O pe3yiabTaTaM HaOMIOAEHUH X, X,,...,X, HaJ HEKOTOPOi
BENMUMHON & MOXKHO NpU OONBIIMX # CKONb YrOAHO TOYHO BOCCTAHOBHTH HEM3BECTHOE
pacnpenenenue P 5Toii cnydaiiHONM BENMYMHBL. AHAJIOTUYHOE YTBEPXKICHUE CIIPABENIMBO U IS
mo6oro ¢ynkmmonana O =0(P) or sToro HewsBeCTHOTrO pacmpeneneHus. ITOT (aKT JEKUT B
OCHOBE MaTEMAaTHUYECKOH CTATHCTUKH.

Bomnpocs! Aj1s1 camonipoBepku
1. Maremarndeckasi CTaTHCTHKA M TEOPHsl BEpOSTHOCTEH. UTO OOIIEro u B 4eM OTIWYHE ITHUX
JACIUTLTAH?
2. C pelieHHEM KakMX 3a/1a4 CBs3aHa MaTeMaTUYeCKasi CTAaTUCTUKA?
3. IlpuBectu npuMepsl 3a7]a4 MATEMATHUYECKON CTATUCTHUKHU.



Tema 1. BoiOopka. DMnupuyeckoe pacnpenaejaeHue

1.1. OcHOBHBIC MOHATHA ¥ COOTHOIIICHUSA

MHOKECTBO BCEX BO3MOKHBIX 3HAYEHMH CIYYailHOM BENMYMHBI &, pacrpeneNeHHOW I

3aKOHY F', Ha3bIBACTCS 2eHepAIbHOU cO8OKYnHOcmbio [
MHOXeCTBO {X,,X,,...,X, | OTACIbHBIX 3HAYCHHIT CIyJallHON BEAMYHHBI &, IIOJIyYCHHBIX B

Cepul W3 N  HE3aBHCHMBIX OJKCICPUMEHTOB (HAONIOJCHMIA), HA3bIBACTCA @bLOOPOUHOU
COGOKYNHOCHbIO WU 8bl0OPKOU 00bEMa 11 U3 TeHEepaIbHOW COBOKYITHOCTH.

Bri6opka {x(l),x(z),...,x(n)}, B KOTOpPOM 3JIEMEHTBHI YHOPSAAOYEHBI IO BO3PACTAHMIO,

Ha3BIBAETCS 6APUAUUOHHBIM PAOOM.
B BapuanioHHOM psily HEKOTOPbBIE JIEMEHTBl MOTYT cOBNaaaTh. COBMAAAIONINE 3JIEMEHTHI
00BETUHSIOT B TPYIIIIBI:

X1y > X(2)2 X(3) ++++s X(n-3) > X(n-2) > X(n-1)» X(n)
T —_— &,1_4 —_—
2 m— m

OTHolIEHHE YKMCIa DIEMEHTOB B IPYyIIE H; (i =1, 2,...m) K IIOJIJHOMY YHCIy JJIEMEHTOB

BBIOOPKHM 71 HA3BIBAETCS OTHOCHTEIBHOM 4acToToll O, =1, /1.

COBOKYITHOCTh TIAp YHUCEN ()_Ci,ni) , THe X;, i =1,m — Habmomaemble MOBTOPSIOIIHECS B

BBIOOPKE 3HAUCHHUS, @ 7, - YUCIO STHX 3HAUYEHHH B BBHIOOpPKE, HA3BIBACTCS CHIAMUCHIUYECKUM

padom_adconromnuplx yacmom. COBOKYITHOCTh Map YUCEN ()_cl.,(ol.), rae O, =n,/n HasbBaeTcs

i
CMAmMuCmuYecKum_paoom_OMHOCUMETbHbIX YACHLOM. COBOKYHHOCTB nap 4ucel E,Z(Dk
k=1

HA3BIBACTCS CHIAMUCHUYCCKUM __PAOOM __HAKONAeHHbIX _Yacmom. CTaTUCTHYCCKHE PSIJIbI
0TOOpaXKAIOT B BHJIC TAOJIUIIBI:

X, X, X, X,
ni nl nZ nm
0 o, @, o,
! , W, + o, 1
2D
k=1

[Tono6HOrO BHAA CTATUCTUYECKHUI Psii UCTONB3YIOT I ONMUCAHUSI BHIOOPKU M3 I'eHEepaTbHOMN
COBOKYIIHOCTH € JMCKPETHBIM pacupeleleHueM. B 3ToMm cioyyae CTaTUCTUYECKUH Pl
OTHOCHUTEJNIbHBIX YacTOT MPHUOIMKEHHO OLEHUBACT Psif paclpelesieHus AUCKPETHOHM ciydailHou
BEJINYUHBI.

Jlomanasi, OTpe3Ku KOTOPOW COEIUHSIOT TOUKU (J_ci,a)i), Ha3bIBACTCS HOJIU2OHOM Yacmom. J{ns

JUCKPETHOM CIy4alHOM BEJMYMHBI IIOJUIOH 4YacTOT SBISIETCS OLCHKOW MHOIOYrOJIbHHKA
pacnpeneseHus.
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o AN\

Puc. 1.1. Ilomuron yactor

I[JISI OIIMCaHus BBI60pKI/I N3 COBOKYIMHOCTU C HCHPCPBIBHBIM PACTIPCACIICHUEM HCIIOJIB3YIOT
CZDYRRUPOBAHHbBIE CHIAMUCMUYECKUE PAODL. IIJ'IH OTOr0 MHTEpBAJ, B KOTOPOM COACPKATCA BCEC
9JICMCHTBI BI)I60pKI/I, JCIINTCA  Ha m PaBHLIX (I/IJ'II/I HCpaBHBIX) IIOCJICA0OBATCIbHBIX,

HEIEePECEKAIOINXCSl UHTEPBANOB X + X, X; + X,, ..., X, | + X, , U TOJCUATHIBAIOT YaCTOTBl 7, -

YHCIO 5JIEMEHTOB BBHIOOPKH, TONABIIMX B i-blii MHTepBai. UMCIO MHTEPBANOB IPYHIHPOBAHUS
onpenensor, Hampumep, 1o  ¢opmyae  Crepmxecca: m =1+ [log2 n] ~1+4-lgn.

Xmax ~ Xmin .
h=-—"%__—T0 " gagano mepsoro x,, =x,. —h/2. B pesyiabrare momydaem criemyrormuii
1+log, n
CTaTI/ICTI/IquKI/Iﬁ pﬂﬂ:
X; X X, m
n, n, n, n,
o, o, o, o,
Pi P P> Pm
z o, , , + o, . 1
= )Nci—l + xz‘ (O} w;
3necy X, = - CEpeAMHbl UHTEPBAJIOB IPYNIUPOBAHUS, pP; = —— =———— - ILJIOTHOCTb
2 Ax; X, —X_,
qaCTOTHI.

IMpumep 1.1. Huxe npuBeneHsl pe3ysbTaThl u3MepeHus pocta 30 CTyJIEeHTOB:
178, 160, 154, 183, 155, 153, 167, 186, 163, 155, 157, 175, 170, 166, 159, 173, 182, 167,
171,169, 179, 165, 156, 189, 158, 171, 175, 173, 184, 172

Pewenue.

Xnin =133, X, =186

max

,_ 186163

- m =5.59 1o popmyse Crepaieca.

Ipumem h=6, x,_, =153—g=150.

Hcxonnbie nanabpie pa3duBaeM Ha 6 MHTEPBAJIOB:

[150;156), [156,162),[162,168), [168,174),[174,180),[180,186).
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HO,Z[C‘-II/ITaB YUCIO CTYACHTOB (l’ll) , IIOIIaBIIUX B Ka)KI[BIf/'I N3 MOJYYCHHBIX NPOMCIKYTKOB,

MMOoJIy4YumM I/IHTepBaJ'II)HHﬁ CTAaTHUCTHYCCKHUI pAaa:

x;“ 153 159 165 171 177 183
Poct [150;156) | [156,162) | [162,168) | [168,174) | [174,180) | [180,186)
Yacrora 4 5 6 7 5 3
OTtHOoCuTENbHAS 0.13 0.17 0.2 0.23 0.17 0.1
9acToTa W,
h; 0.022 0.028 0.033 0.038 0.028 0.017

>

B kadecTBe OLIGHKM KpUBOH IUIOTHOCTH HENPEPHIBHOIO PACIPEAEICHUS HCIOJIb3YETCs
ucmozpamma _uacmom - CTyneHdatas (Qurypa, cocrosimias H3 m  TPSIMOYTOJBHUKOB,
ONMMPAIOUINXCA Ha YacTUYHbIE HWHTEpBalbl (CM. pPHUCYHOK). BpicoTa i-ro mnpsMOyrojbHUKa
[0JIaraeTCs paBHOM IUIOTHOCTH 4acTOThl ©;. COOTBETCTBEHHO ILIOIIAAb KaKJO0r0 IPSIMOYTrOJIbHHUKA

paBHa p, - AX;, = @; - OTHOCUTEILHON YaCTOTE.

Imnupuueckoi ynkuueii pacnpedenenus, TOIYUEHHOH IO BBIOOpKE {X,X,,...,X,},

Ha3bIBACTCS (PYHKIIMS, IPH KAXKJIOM X € R paBHas:
‘ KOJIMYECTBO X, < X
F (x)= : .

n
* ~
F (x) ectb cryneHuaTas QyHKIMS. OMIUpUUecKas (YHKIHS paclpeeleHUs sSBISETCS OLEHKON

P A

=1
=V

Xy X X X3

Puc 2. T'mcrorpamma 4acTor.

TeopeTHdecko PyHKIMU pacupeneneHus (puc 2.3).
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F
| O -
?—Q
S
—t
| \ : |
—
b |
—s i ! i
x X X X X, x

Puc 3. Dmnupuyeckast GyHKIIUS pacrpeaesieHus.

Teopema [1]. IIpu 1 — 0 BeIOOpOYHOE pacnpeneneHue [ *(x) CTPEMHUTCS K UCXOJTHOMY

pacripenenennio F'(X) modrn HaBepHOE (C BEPOATHOCTHIO 1)

F'(x) > F(x). 4

1.2. YUnciioBble XapaKTEPUCTHKH BHIOOPKH

B kadecTBe uucnosvix xXapakmepucmuk bl00pKu HCIIOJIB3YIOTCA:

1

n
1. BriGopounoe cpennee: m =X = —le. .
nio
= 1 v Io 2 o
2. Bribopounas aucnepcus D = —Z(xi - X) =—le. -X".
n i n i
) 1 n —\2
3. HecMemennas BEIOOPOYHAS AUCIIEPCHS S~ = —— (xl. -X ) .
n—13
4. BbIOOPOYHBIE HAYATHHBIE U LEHTPAIBHBIE MOMEHTHI
_ n n
— vk 1 k - 1 =\k
= X" == x", e =—2(x-X) .
ni5 ni5

5. Bribopounas Mmeauana X —ot10 CpelHEe 3HaUE€HNE BapHALlMOHHOTO psiaa
x =x,, ectu n=2m—1 (newemo)
x =(x,+x,,)/2, ecnu n=2m (vemmno)
Hanmomuum, uro memuanoit & HempepblBHOTO pacmpeneienus I HasbiBaeTcs pelneHue
ypaBHEHUS F(@) =1/2
Bosiee 00ImmMM MOHSATHEM SBIISIETCA IMOHSITHE KBAHTHIN @ , Topsiika p . ITO 4HUCIIO @ o> AT

kotoporo F' (ﬁp) = p. Tak 4r0 MexWaHa eCTh KBaHTHIb mopsiaka 1/2. Ecnmu F umeer TOYKH

pa3pbiBa (IUCKPETHYIO KOMIIOHEHTY), TO 3TO MOHATHE TepsieT cmbicia. [loaTomy B olmiem ciydae
MBI OyJIeM TIOJIb30BAThCS CIECIYIOIIUM OTIPECIICHUEM.

Ksautuinio E_>p ImopsaKa p pacrpeaciiCHud F Ha3bIBACTCA YHUCIIO
&, =sup{x: F(x) < p}

Kak ¢ynkius o1 p kBantHib &, ecTh He uTO MHOE, Kak Gynkius F (p)
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6. BribopouHas KBaHTHIIb X, IOpsfka p paBHa

x,=x, [=[np]+1.
[To cTaTHCTHYECKOMY psIy 3HAYEHHS MEPBBIX YETHIPEX BEIUYMH MOTYT OBITh HaWJCHBI IO
bopmynam:

m m m
m=Y xo,, D=Y(x-m)w,, st = > (X, —m) o,
i=1 i=1 n—143

m
— —k — — —\k
mk—zxi ; uk—Z(xl.—m) @; .
i=1 i=1
BrI6GOpOUHBIE XapaKTEPUCTUKH SABISAIOTCA NPHOIMKEHHBIMM 3HAYEHMSMH COOTBETCTBYIOIINX
YUCIIOBBIX XapPAaKTEPHCTUK CIYYaiiHON BETMYUHEI & .

Bomnpocs! Ajs1 camonipoBepku

[TonsiTue BEIOOPKH U (POPMBI €€ 3aIHuCH.

UYro Takoe BapualMOHHBIN psaa?

YTo Takoe CTaTUCTUYECKUM psiJl aOCOTIOTHBIX YacTOT?
Urto Takoe CTaTUCTUYECKUN Pl OTHOCUTENBHBIX 4YacTOT?
UTo Takoe CTaTUCTUYECKHUH PsiJl HAKOIUIEHHBIX YaCTOT?.
UYro Takoe rpynnupoBaHHbIM CTATUCTHUECKUN psin?

UTo Takoe MOJIUTrOH YacToT, TUcTorpamma’?

. Uro Takoe ammupuyeckas QyHKIUS pacipeieIcHus?

. UucnoBble XapaKTEpPUCTUKH BHIOOPKHU.

MR NG R W~
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Tema 2. ToueuHble OLIEHKH MAPAMETPOB pacnpeae/eHuil
BEPOSATHOCTEH

2.1. ToyeuyHble H HHTEPBAJbLHbIE OLIEHKH

B peanbHOI %U3HU IPaKTUUYECKH HUKOTJa HE OBbIBAET TaK, YTOOBI HCCIIEI0BATENb pacioiarail
TOYHBIM 3HAHHWEM 3aKOHA pacIpelesIeHUs] BEpOATHOCTEH HaOII0MaeMbIX CIydyailHBIX BEJWYMH. EMy
B 00I1IeM cyyae HEM3BECTHBI KaKk caM 3aKOH paclpezielieHus] BEpOSITHOCTEH, TaK U €ro napameTpsl.
B pacnopsbkeHnn uccnenoBaTens MMEETCsl JIMIIb COBOKYIMHOCTh pe3yJIbTaTOB HAOIIOACHUH, H.
OCHOBBIBASICh TOJIBKO Ha HUX, OH JOJDKEH CJENIaTh BBIBOJABI O MapaMeTpax paclpelneseHusi, €Clu
BUJ 3aKOHa paclpeieiieHUusl BEPOSTHOCTEH €My H3BEeCTeH. Eciau e HeT, TO UM caM 3aKOH
pacnpeziesieHus BEpOATHOCTEH eMy MpUIeTcsl BBIOMPaTh Ha OCHOBAaHUU BBIOOPOUHBIX PE3yJIbTaTOB

HaOJIOJIeHNH. 37eCh Mbl PAacCMOTPUM MeToabl oueHku mapamerpos 0,,0,,...,0, pasmnuusix,
3apaHee OMpeNeleHHBIX 10 (opMe, paclpeaeeHrii BEPOATHOCTEH CIIyYalHBIX BEITUYHH
F(x,0,,0,,...,0,) . Beskas ouerka HemssectHoro napamerpa 0 1o BeiGopke sisiercs pyHKumei

*
OT BBIOOPOYHBIX 3HAYCHHN X,X,,...,X,, T.e. O (X,,X,,...,X ). UYHCIOBbIC XapaKTEPUCTHKH

* * *
el s 62 geeey ek . HOHy‘IeHHBIe 110 BBI60pKaM, Ha3bIBAKOT CTATUCTUYCCKNMHU OLICHKAMHAU HapaMeTpOB.

Pasnuuaror 1Ba BHIA OLICHOK IIapaMETPOB moueyHvie U uHmepeaivhvie. 1Ipenrnonoxum,
OLIEHKE MOICKHUT TapameTp O HEKOTOpOro pacmpeneNncHHsi BEPOSATHOCTEH II0 BHIOOPOYHBIM
JaHHBIM X, X,,...,X, HEKOTOpPOil ciy4aiinoit Bennunubl X . TouedyHOl oleHKON mapameTpa 0 no

&
BBIOOPOYHBIM JIAHHBIM SIBISICTCS HEKOTOpblil dyHkumonan 0 = @(x,,X,,...,X, ), HO3BOJSIOMLIHIT

MOJYYMTh HAMTYUIIYIO OIEHKY B IPUHATBHIX KPUTEPHUSIX.

B kauecTBe KpUTEpHEB, XapaKTEPHU3YIOUIMX MPUTOIHOCTh OICHKHM Mapamerpa pachpeeiicHHs,
HCIOJIB3YIOTCS TAKUE €€ CBOMCTBA, KAK HeCMEUWEHHOCb, COCMOAMENIbHOCTb, I(DHEKMUsHOCms |
00CmMamo4HoCb.

* %
Omnenka O mapameTpa € Ha3BIBACTCS HecMeWweHHOU, €CIIA ISl J000T0 (PUKCHPOBAHHOTO

o0BeMa BBIOOPKU 71 MAaTEMATHYECKOE OXKHUJTAHHUE OIICHKU PaBHO OLIEHWBAEMOMY TIapaMeTpy, T.€.
*
M0 )=6. (2.1)

[TosicHuM CMBICT ATOrO paBeHCTBA cleAyoluM mpuMmepoMm. Iwmerorcs nBa anropurma
BBIUHCIICHHS OLICHOK JIJIsl mapaMerpa 6 . 3HaueHUus OIIEHOK, IIOCTPOEHHBIX MEPBBIM aJTOPUTMOM 10
pa3IUYHBIM BBIOOpKaM 0O0beMa 7 TEeHepaJdbHON COBOKYITHOCTH, TpHUBEIEHB Ha puc 2.1,a, a ¢
HCIOJIb30BAHUEM BTOPOTO anroputma — Ha puc 2.1,6. Buaum, 4To cpeqHee 3HaYSHUE OIICHOK HA
puc 2.1,a coBmamaer ¢ @, U, €CTECTBEHHO, TaKHe OLEHKH MPEANOYTHTEIbHEE 1O CPABHEHHIO C

.
orieHKamu puc 2.1,6, KOTOpbIe KOHIIEHTPUPYIOTCS ClIeBa OT 3Ha4eHHUs & W 1t KoTopeix M(0 ) <0,
T.€. 9TH OIICHKH SIBJISIFOTCS CMETICHHBIMH.

Ouenka 0 Ha3BIBACTCS COCMOAMENbHOIL, €CITU

0, —2 0,

T.€. U1t moboro & > 0 mpu n —> o
PQH;‘ - 0‘ < g)—> 1. 2.2)

[TosicCHIM CMBICIT 3TOTO TPEACTLHOTO COOTHOIICHHS. [IyCTh £ — OYEeHb Majoe MOJIOKHTEITHHOE
gyucio. Torga (2.2) o3HadaeT, 4To 4eM OOJIbIIe YUCIO HAOIIOACHUA 7, TeM OOJbIIEe YBEPEHHOCTh

*
(BEpOSITHOCTh) B HE3HAUUTEIbHOM OTKJIOHEHHM €, OT Henm3BecTHOro mapamerpa €. OueBuaHO,

4TO «XOopoI1rad OL€HKa» OJOJI’KHa OBITh COCTOHTCHLHOﬁ, HHA4YC 3Ta OLCHKA HC UMCCT IMMPAKTUICCKOTI'O
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CMBICIIa, TaK Kak yBeJIW4YeHHE oObeMa MCXOAHON MHpOpMmanuu He OyneT mpuOIMkKaTh Hac K
«UCTHHHOMY» 3Ha4eHHUIO O .
ITpenmnonoxum, 4To HUMEIOTCS IBE COCTOSTENbHbIE M HECMELICHHbBIE OLICHKH

0, =pi(x1,.x, ) 0, =py(x),.0x,) (2.3)

OJHOTO W TOrO e mapamerpa €. Kak u3 AByX 3THUX OIEHOK BbIOparh myumryro? Kaxmas w3 HUX
ABJIAETCS CIIy4alHON BEJIMYMHON, U MBI HE MOXKEM INPEACKA3aTh UHANBUIYAIBHOE 3HAYECHUE OLICHKH
B KaXJIOM 4YacTHOM ciydae. OpjHako, paccMarpuBass B KadyeCTBE MEpbl KOHIIEHTpALUU

* *
pacmpezneneHust oleHku 6, OKolo 3HadeHus mapamerpa O Bemuuuny M (0, —9)2, MBI MOXEM

*(1 *(2
Ternepb TOYHO OXapaKTepU30BaTh CPABHUTENbHYIO 3((EKTUBHOCTH OIICHOK ﬁn() u Hn( ). B

KadyecTBe Mepbl 3PPEKTUBHOCTH IPHHUMAETCS OTHOILICHHE

a)

v
)
*

0 0—0-0—+—00—0—0

0)

Puc. 2.1. K onpenenenuro HeCMEIIEHHON OI[EHKH

v
)

0)

Puc. 2.2. K onpenenennro 3¢pHeKTUBHON OLICHKH

MO, D - 6)?
R INVE
M6, - 0)
Ecnu 3nauenue e >1, 1O omeHka 0:(2) Oosee 3¢ hekTUBHA, YeM 6’:(1). B ciyuae HecMmeleHHbIX

OILICHOK M(@;(U)zé?,M(@*(z))zﬁ U [I03TOMY

(2.4)
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_ DO,

e= D(@;(z)) , (2.5)

rme D(@,;k ) — Iucnepcust OI[CHKU 9; .

* ~
Takum O6p330M, HCCMCIICHHAsA OICHKa 6’n mapamMeTpa @ HaspIBaeTcs HecMmeueHHouU

ahpexmueroll, €CIM OHA CPEeIU BCEX APYIMX HECMENICHHBIX OIICHOK TOTO K€ MapameTpa o0iamaet
HaumeHbuel oucnepcuel.

* v
[IpuBenenHas Ha puc 2.2,a oueHka 0 sBusercs Oosee 3¢HEeKTUBHON MO CPABHEHHIO C
OIICHKOM, 3HaYEHUsI KOTOPOW HaHECEHHI Ha puc 2.2,6 (mouemy?).

* *
Ouenka O HasbIBaeTCs MOCTaTOUHOI, ecnm oneHka O W3BIEKaeT MakCMMaBHYIO
uH(OPMAIINIO U3 BEIOOPKH.

* *
Iox nHTEpBaNBbHOI OLEHKOHN napamerpa O MoHMMaeTcs MHTEpBa, IPaHMUIBI KOTOPOTO d, U d,
ABISIOTCS (DYHKIIMOHATAMU OT BBIOOPOYHBIX 3HAYEHUH CIy4ailHON BENWYMHBI, M KOTOPBIA C

* %
3a/AHHON  BEPOATHOCTBIO O COHEP)KMT  OLeHMBaeMmblii mapamerp: P{a, <0<a, }=a.

* *
BepOHTHOCTB Ol Ha3bIBaeTCA ()oeepumeﬂbnou 6eposAmHocnibvlo, a OLCHKH aH u Clg -

*

*
COOTBCTCTBCHHO HUJCHEU N 6epXHeU doeepumeﬂbnbmu cpanuyamu. HHTCpBaJI [aH, Clg] Ha3bIBACTCsA

& &
dosepumenvhvim, unmepsanom. Ecnu jumHa goseputensHoro unrepsana /(o) = a, —a, = const,

TO JUIl COCTOATENBHBIX U HECMEIIEHHBIX OleHOK O —> 1 mpu 7 —>00. Tlpu dukcupoBaHHOM
00beMe BEIOOPKH 71, OL OyneT TeM Gonblie, 4eM 6onpiue / .

Pasznuyaror 1Ba BHIa MHTEPBAIBHBIX OIEHOK: 00HO- U OgycmopoHuue. Ilpu osycmopoumeii
OLICHKC 3aJal0TCA o0e TpaHULIbI JOBCPUTCIILHOTIO UHTCPBAJid, TaK 4TO

Pla <0<a}=an P{0<a}=d; P0>al=0a",

-

e o'+ =1—o.Ecm o' =o' = , TO IBYCTOPOHHHI JJOBEPUTENIbHBII HHTEPBAI

HAa3bIBACTCA CUMMEMPUUHBIM. I[JISI HCro CIipaBCAJINBbI COOTHOMICHUSA

l+a

; ”“Hp{am;;}:T.

P{O0<a,}=

[Ipn OTHOCTOPOHHUX JTOBEPUTEIBHBIX WHTEpBajaX TPaHUIlbl HHTCPBAIOB 33/Ial0TCS Tak,
qTO0BI

P{a<a:}:a WK P{9>a:}=oc

Benmuuuna ¢ =(1—OL) — JIOTIOJTHEHHE .JIOBEPUTEIHHON BEPOATHOCTU IO CIMHHIIBI

HA3bIBAETCS YPOGHEM 3HAYUMOCMY. DTUM TEPMUHOM 00O03HAYAETCs] BEPOATHOCTH MOSBICHUS
COOBITHS, KOTOPYIO HCCIIEA0BATENIb CBS3BIBACT C HECAVUAUHbIM (3HAYUMBIM) COObIMUEM.
OueBuAHO, YTO JBYCTOPOHHHI MHTEpBAJ JJISI CUMMETPUYHBIX PACHpEIeNeHH aHATOTHYeH
OJTHOCTOPOHHEMY IPH YABOEHHOM YPOBHE 3HAUUMOCTH.

HaunbGonee cyniecTBeHHOH XapaKTEpUCTHUKOM OLEHKM [apaMeTpa paclpeiesieHus
ABIsieTca ee appexmuenocms. VIMEHHO 3Ta XapaKTepUCTUKAa OOBIYHO HCHONb3YeTCs JUIs
CpaBHEHHMsI METOJIOB OIIEHKH MNapaMEeTpPOB paclpenesneHus Mexay coboi. Kak mpasuiio,
3QGEKTUBHOCTh  OLEHKHM CpaBHUBaeTcs ¢ A(PQPEKTUBHOCTbIO OLEHKHM Iapamerpa
pacripesieieHusl METOIOM MaKCHMaJbHOTO TpaBaononodus (T.e. ¢ Haubonee 3¢ddekTuBHOIM
orieHKo#). JIerko BUACTh, UTO MPUMEHEHHE MeHee d(DPEKTUBHBIX OIEHOK (TpPeOYIOMmUX, KaK
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MpaBUJI0, MEHbBIIET0  O00bEMa,  BBIYMUCICHUN)  MOXKET  OBITh  CKOMIIEHCHPOBAHO
COOTBETCTBYIOIIUM yBeJIMYEHHEM 00beMa BEIOOPKH.

[TosicHUM TPaKTUYECKUUA CMBICT TPOLEAYPHl OLEHKH MapaMeTpOB paclpeaesIeHUs
BepoaTHOCTe. Tak kak caMo pacrpeneieHre HaOII0JaeMbIX CIydalHbIX BETHYMH SIBJISETCS
JUTSL MICCIIEIOBATENsl TOM COBOKYIMHOCTBIO JIAHHBIX, KOTOPOW OH PAaCIOjaraer OTHOCHUTEIBHO
Ha0II01aeMoro mpolecca, To U mapaMeTphbl pacrpeziesieHus MO3BOJSIOT CyIUTh 00 OCHOBHBIX
yeprax »3TOro mpouecca. Hampumep, korma Mbl copalmvBaeM, KakoBa JOJTOBEYHOCTH
npubopa, Mbl 1O CYTH, CTaBHM 3aJlady OLEHKHU CPEIHEero 3HaueHus (Wi MaTeMaTHYecKOro
OKMJIaHUSI) HaAOIIOJAaeMOr0 paclpeiesieHus] TMoKaszareled JoiaroBedyHocTd. Ecnu Hac
MHTEPECYeT, HACKOJIbKO CTa0MJIEH HAOII0OAAaeMblil TEXHOJIOTUYECKUH MpOIEecC, TO OTBET Ha
3TOT BOMpOC TpeOyeT OIEeHKH pa3zdpoca (paccesHHs) HAOMIOAAEMBIX CIIyYalHBIX BEJIMYUH,
XapaKTepU3YIOIIHNX Ka4yeCTBO TEXHOJIOTHUECKOT 0 Ipolecca.

2.2. BeruucjieHHe TOYEYHBIX OL[EHOK

Jlist HaxoxaeHuS BUa QYHKIIUHA OIEHUBAHKS TOTO WJIM HHOTO MTapaMeTpa UCTIOIb3YIOT OJWH U3
CIIETYIOIIUX METOOB:

1) Meroa MakCMMaJIbHOTO MPaBAONO00MUS;

2) MeToa MOMEHTOB;

3) olleHMBaHUE C TOMOIIbIO METO/1a HAUMEHBIIINX KBAJAPaTOB

2.2.1. OueHka napaMeTpoB MeTOJI0M MAaKCUMAJIbHOI0 NIPABA0NO100Us

Haubonbiiee pacnpocTpaHeHHe MOIYYHJI METOJ MaKCHUMalbHOro mpasaomnonodus. CyTb

metona coctoutr B cieaytomem. Iyers X =(X,X,,...,X,) - HesaBucumas BBIOOpKZ U3

k
pacrpenenenus [, 3aBUCAIEr0 OT HEM3BECTHOIO IapaMeTpa 92(91,92,...,9k)€®CR .

Oyukuueit npasonogodus L(0,x)=L(0,,...,0,;x,,...,x ) HaszbBaroT QyHKIHMIO

)
n

H S(x,9,,...8,), ecau x nenpepuvisnasn senuuuna
j=1

L(0,x)=
n
I Ip(xj,el,...,ek), eciu X OUCKpemHas GeluyuHa
j=1
* * %
B xauectBe ouenku mapamerpos O =(0,,...,0 ,) npumem 3mHauenus 3TMX mapameTpos, mpu
KOTOPBIX  (QYHKIMS  NPABAONOJOOMA  NPUHMMAET  MaKCHMalibHOE  3HAdYeHHE,  T.C.

9*=(9*1,...,9*k)=arg(m§1xL(9,x)). o gymcms L(0,5) = L(8,,..,0,5%,,...,x.)

ssisiercss  nuddepenuupyemoit  mo  mepemenssiM  0,,0,,...,0,, ouenkum  mapamerpos
Y/IOBJIETBOPSIOT CHCTEME yPABHEHMIA:
oL(©)
00

=0

HIJIN
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dL(®,,...,0,;x)
do,

=0, i=12,.,k. 2.6)

Tak kak ¢yHKIMK L(@) " lnL(G)) JOCTUTal0T MaKCUMyMa IpU OJHOM M TOM K€
sHaueHnn © (QyHKuus TorapuM MOHOTOHHAS), TO BMECTO OTBICKAHHS MakcuMyma L(©) iyt

MakCUMyM (yHKIHUU lnL(®). Yacto 310 ObIBaeT 3HauuTeNbHO mpouie. [losTomy ypaBHeHHE

HpaBI[OHOIIOGI/IH 3aIIMChIBAOT B BUJIC

dlnL(©) 0
e
NN
Z”;@lnfa((:)ck;@)zo'
k=1

YPaBHCHI/IC HpaB)IOl'IOI[O6I/I${ MNpeACTaBIACT B 06HI€M cJIy4dac HEIUHEHHOE WU
TPAHCHCHACHTHOC YPABHCHUC, KOTOPOC MOXKCT UMCTh HCCKOJIBKO pemeHm"I. 3a)1aqa B OTOM CJiy4ac
COCTOUT B HaAXOXICHHHU TOI0 pCHICHUA, KOTOPOC COOTBCTCTBYCT 36COJ'IIOTHOMy MAaKCUMYMY

¢byukuu  npasnonogobus. Ecnu cymectByer HecMmenieHHas 3(d@exTuBHas oreHka © 1o
ypaBHEHHE MPABA0ONOI00US B 3TOM CiIydyae UMeeT eIMHCTBEHHOE pelleHne paBHoe O .
MokHO J0Ka3aTh, YTO MPU HEKOTOPHIX HE OYEHb OrPAHUYUTEIBHBIX MPEINOTOKEHUIX

OTHOCHUTCJIIBHO BHJA (bYHKHI/II/I f(x, @) OLI€CHKa MaKCHUMaJIbHOI'O HpaB)IOl'IOI[06I/IH COCTOATCIIbHA.

OTta OLEHKAa acHUMOTOTHYECKHM HecMemeHHas MU s¢dextuBHas. Kpome Toro, mpm 7 —> o0
pacnpesielieHue OLIEHKHM MaKCHUMAaJbHOI'O IPaBAONOAOOMS — aCUMITOTHYECKH HOPMAaJbHOE CO

cpenHuM ® wu gucnepcuei Vmin. Takum 00pa3om, s HAXOXKIEHHUS OICHKH MaKCHMaJIbHOTO

IIPaBIONION00US HAJO:
1) Pemnth ypaBHEHUE npaBronogo0us.
2) OroOpark TO pelIeHHe, KOTOPOE COOTBETCTBYET a0COIIOTHOMY MAaKCUMYyMY ()YHKIUH
IIpaB0N0100HUs.
Ecnmu  oueHke mojiexxar Heckonbko —mapamerpos  ©,,0,..0 pacnpenenenus

f(x:,0,,0,..0,), 10 ouchkn 6,,0,..0, ONPEEIAOTCA PELICHAEM CHUCTEMBI YpPAaBHCHHIl

n

MPpaBIONO 100U
81nL(®1,®2...®n) 0
00, ’
6lnL(®l,®2...®n) 0o
00, ’ 2.7)
6lnL(®l,®2...®n) 0o
00,

2.2.2. llpuMepbI NPUMEHEHUSI METO1a MAKCUMYMA MPAaBA0N0a00M s

IMpumep 2.1. OueHka BEPOATHOCTH MO 4actoTe. Paccmorpum cobbiths A . BepostHOCTh
p(A) = p . llposeneHo 1 WCTIBITAHUHN, B PE3YIBLTATE KOTOPBIX COObITHE A MOABUIOCH X pas.

n
xX= le.
i=1

x; =0, ecnu A, p(Z)zo
x;=1,ecn 4, p(A)Zl
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Bri6opka o0beMOM 71 jana 1o yCIOBUIO X €AWHHUIl M 1 — X HyJel. BeposTHOCTh Takoro
COYETaHMsI HyJIeH U €IMHHUILL COTIaCHO OMHOMHUANIbHOH (opMyJsie paBHa

P(x;, %y, %, )= Clp (1= p)'™".

Jlorapudm QyHKIIMOHATA TPABAONIOI00MS UMEET BUJT
InL(p)=InC;+xlnp+(n—x)n(l1-p)

"

OlmL(p) x n-x 0o
op p 1-p
Permtas ero oTHOCUTENBHO P, HaliJleM NPaBAONOAO0HYIO OLEHKY

n
in

pP=—"—
n

MoOXHO TMOKa3aTh, 4YTO 3Ta OLEHKa SBISETCS COCTOSATENbHOW (Teopema bepnymm),
HecMeleHHOH U 3G heKTUBHOH. P>

Ipumep 2.2. B 1Byx cepusix mo 7; U ¥, HCIBITaHUA OBIIO X; U X, TOSBICHUH COOBITHA

A, cooTBeTcTBEHHO. BepoaTHOCTh MosiBIeHUS cOObITHS A B KaXIOH cepuM OJMHAKOBEL Haiitu
OIICHKY ﬁ Bepoaraocty nossiennss A B IBYX cepUsX PaBHEI

Px)=Cyp"(1l=p)
P(x,)=Cp3p™(1-p)= "

Jlorapudm GyHKIIMU TpaBaOMOI00MS paBeH
InL(p) =InC,Cy +(x,+x,)Inp+(n +n,—x,—x,)In(1- p)
u

olnL_(p) XXy mAny —x X,

op p l1-p
Pemias ero oTHOCUTENBHO p HaMIEM MPaBIOTOI00HYIO OIIEHKY

n 3
E 1) E (2)
X; + X;
_ =l i=1

n +n,

=0

b »>

Ipumep 2.3. OneHka MaTeMaTHYECKOT0 OkuAaHus rayccooil CB mo BeiGOpke X, X,...X, .
2
(g —a)
B mannoM cnydae f (xl.; ) ——€Xp| —
V27o?® 207

OyHKIIMOHA MPABIONOI00MS UMEET BU/I;

v g

lnL(a):—nlnx/ﬂc—%Zn:(xi —a).

no . 2
j Hexp —()Ciz—zcl) , & €ro Jorapugm paBeH
- c

8lnL
Torma ———+ = —z x — a =0, a oneHka paBHa

=—Zx >

IIpumep 2.4. Ouenka napamerpa a myaccoHoBckoit CB no BeIOOpKE X, X,...X, .
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B nannom cnyuae
a'i exp(—a)
x;!
CocraBuM (QyHKITHUIO MPABAOIIOA00HS
expl—na)a™
L(a)= p(-na)

x ! lx)!

plx;a)=P(X = x;a)=

OyHKIIMOHAJ MPABIOMOI00US

lnL(a) = —na+lna-zn:xl. —ln()c1 Ix,l..x, !)
i=1

Zn:xi
HalLX(a):_n_i_i:O.
oa a

OrneHka MaKCUMaTBHOTO MTPABAOMOI00US

n
sz-
G = =l

n

2.2.3. IlpndauskeHHoOe pelleHue YPaBHEHHUS NIPaBI0No100us

Kak mpaBuio, TouHOe pelleHHEe YpaBHEHMs MpPaBIONOA00Ms MOJYy4UTh HE yaaerca. B
O6H.[CM ciydac Ui TIOJYUCHUSA PCHICHUSA MOXHO MCIIOJIB30BaTh MCTOA IMOCICAOBATCIBHBIX
MPUOIMKEHNUN. 3amUIeM UCXOTHOE YpaBHEHNE TTO00MS:

dlnL(©)
00

Paznoxxum mpousBoaHyro Jorapudma (yHKIMM mpaBmomoaoOus B psm  Teinopa,

OrpaHUYMBIINCH B 3TOM PA3JIOKCHHUU IICPBBIMU JIBYMS YJICHAMU:

0 0 o?
Zni(o) ~[%lnL(®)} +(@_@0)[@1n1:(@)L®0 2.9)

(2.8)

0=0,

[IpuMeM B KauecTBe NEepBOro NMPHONMKEHHs PellleHHe ypaBHEHHs MPaBIONof00us KaKyo-
Hu6ybL rpydyto onenky O mapamerpa ® . DT0 MOMKET ObITh, HAPUMED, BHIOOPOUHOE CPEJIHEE.
U3 (2) HaiizeM 115 BToporo npubmmkerns O kak KOpHS ypaBHEHHs

0 A 0*
—InL(® O-0Y)—ImnL(® =0 2.10
[%n ( )L_éﬂ)*( ){a@)z nL )} (2.10)

N3 »TOr0 ypaBHEHMS HaWIEM:

alnL(@)}

0” =6"- {a(a e (2.11)

Lj(; 2 m/;(@)}

InL(®) ero cpeasnM 3HauCHHEM

=61
2

3aMeHuM o

3pmece 1, (@) - nuadopManus coaepxaniascs B Beioopke no P.A. ®umepy. Torma u3 (2.11)

Haiiiem
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N ~ 1
e? =" +—A[iln[,(®)} (2.12)
1,(6")Lo® 0260
B o0mem ciydae, €CiIu HaljeHo M- e l'IpI/I6J'II/I>KeHI/Ie, TO CIIEOyoIlee HaxXoAuTcsA II0
bopmyie

A

A 1 0
0,,=0 +——F———hL(O ,
i I, (@m)|:8® ( )j|®_®

sBJIsTroIieecs: o6oo6menuem (2.15).

m

2.2.4. Onenka napaMmeTpoB MeTOI0M MOMEHTOB

I/II[CSI OTOro MeEToAa 3aKIJIII4YacTCsad B IPUPABHHUBAHUU TCOPECTHYCCKUX W OMIIMPHUYCCKUX

MOMCHTOB.

HMycts X = (X,,X,,...,X,) — He3aBuCHMasl BEIOOPKa U3 pacnpeeneHus Fy, 3aBucswero ot

k .
HemsBectHoro napamerpa 0=(0,,0,,...,0,) € ® C R". Mowmentom i -ro nopsiaka Ha3bIBaeTCS
byHKIUSA
Ix[f(x, 0,,...,0,)dx, ecau x nenpepviénas eenuuuna

(0,,..,0))=E[x']= ,
Ky (O 0,) = Elx'] Zx}p(xj,el,...,ek), eciu X OUCKpemHas 6euduna

J
rae f (x,0) — nnoTHOCTE pacHpeseeHns HenPePHIBHOI CITydaitHO BEIMYMHEL X , p(x].,G) -

BEPOSTHOCTH TUCKPETHOU CITydyailHON BeMM4UHBL. TeopeTHuecKuii MOMEHT sBJsieTcsl (PyHKIMEH
HensBecTHBIX mapamerpos W, (0) =p.(0,,0,,...,0,).

Bb160pOoYHBIM (SMIUPHUIECKHM) MOMEHTOM I -T'O TIOPSIIKAa HA3bIBAE€TCS BEJIUYHNHA
I <&
_ i
m(X;,Xy,..., X)) = —ij :
n‘3

OTMGTI/IM, 4TO IO CBOEMY OINPECACIICHUIO SMITUPUICCKHUEC MOMCHTHI ABJIAIOTCA q)YHKI_II/I}IMI/I oT

BBIOOPKH.

Jn1s HaXOKIeHUsI HeM3BECTHBIX MapaMeTpoB (0yaemM 0603HavaTh UX 0= (61 seees Ok ))

COCTAaBUM CUCTEMY YPaBHEHUU
1, (61,...,00) = m,,
1, (01,...,06) = m,,

A A A
Jasiee peniaeM CUCTEMY OTHOCUTEIBHO I1APAMETPOB 0= (61 seees ek) . B pe3ynprare nosyuum
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01 =0:(x,,...,x,),
02 = 02(x,,...,x,),

ék = ék(xl,...,xn).

HaiijieHHbIe MapaMeTpsl 3aBUCAT OT BEIOOpKH X = (xl s Xpseeny xn) :

2.2.5. OueHka napaMeTpoB MeTOJI0M HAMMEHbIIIUX KBAJPATOB

[lycTs nana Tabnuunas Gpynkuus y(Xx)

X X, X, cee X

n

Y B2 ) Y

Heo6xoauMo anmpoKCUMHUPOBATH 3TH IaHHbIE HEKOTOPOU apaMeTpruecKoi QyHKIHen
f(0,,...,0,;x), 1.e. 3amennts Qpynkumo y(x) dynxumeir f(0,,...,0,;x):

()= f(0,,...,0,5%).

apametpsr 0,,...,0, Gynem noxbupars TakuM 06pa3oM, 9TOOb PACXOKACHHE TAOIMIHON

dyrxupn ¢ pynxuuenn f(0,,...,0,;x) 6bu10 MuHEMAaNBEHBIM. JlIst 9TOrO OCTPOUM (YHKIHOHAI

. 2
F@,..,0,)= Z(yi — f(@l,...,ek;xj)) ¥ HalizieM ero MuHuMyM. HeoGxomumMoe ycoBue
=]

MHHUMYMa UMECT BU/]

dF(6,,...,6,)
do,

1

=0, i=1,..,k

PemaeM 3Ty cicTeMy ypaBHEHHMit M ojTydaeM 3HaueHus napamerpos 0 = (01,...,0x).
Mpumep 2.5. ITycts nana HezaBucuMmas Boioopka X = (X,,X,,...,X, ) u3 pacnpenenenuns Fj.

Pa300beM BeCh qMana3oH JaHHbIX [ X | Ha M WHTEPBANIOB M TOCTPOMM TUCTOIPAMMY.

m

in"x

max

— X, tX

O603Ha4nM CEpeIMHbI MHTEPBAJIOB X; = , 1=1,2,...,m. Toraa mIoTHOCTh YaCTOTEI
2
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a)i a)i ~
p; =—— =———— (BBICOTBI CTOJIOMKOB T'HCTOrpaMMbl) Oy1yT 3HAYCHUAMHU TAOIUIHON QPYHKIUN

Axi X =Xy

V., i=1,2,...,m.30ece ®, =n,/n — OTHOCUTEIIbHBIC YACTOTHL.

Taxum 00pa3oM, MBI TONTYYMIIH TAOJIHMUHYIO ()YHKITHIO

~ ~ ~

X X1 X2 Xn

P P, Py P,

IMocTaBuM creayronlyio 3anady. [1ono6pars napamMeTpsl H3BECTHOTO 3aKOHA HENPEPHLIBHOTO
pacnpenenenus f(0,,...,0,;X) Tak, 4ToGbI pacxoxkeHHE MKy THCTOIPAMMON 1 QyHKLHEH

£(0,x) 6bu10 MEUHMMANTBHO. B pe3yabTaTe MBI IPUXOIUM K METOy HAUMEHBINKX KBAIpaToB. P

2.3. ToueyHasi olleHKa MapaMeTPOB HOPMAJBLHOIO pacnpeaeaIeHust

. 2
[lycTh cyqaiinas Benmvunna X uMmeeT HopMmanbHoe pactipenenenne N (WL, G7), Tae

G > 0; pe R . IlnotHOCT pacnpeeseHns UMEET BHI:

1 (x—p)’
X)=——e 20 | xe(—0,0).
S () oJ2n ( )

Pewenue. 3anuiieM GyHKITUIO TPABAONOI00US

(1) n sy’
L 1 P
Lo’ x)=]——e 2 =|——|e ™
1,-10\/271 oV 2T
dL(u,6%;x) dL(u,6%;x)
U3 ycoBust MakcuMyma d— =0, d— =0, nonyunm cnegyrommue
1l c

OLICHKHU CPEAHETO U JUCIIEPCHUN

n n n
O X R N ORI ) ey
xX= X,s = X —x) = X —x .

n o n i n-ic

OreHka cpeJHero — coCTOsITeNbHAasl, HeCMelleHHas, () (heKTUBHAs, TOCTATOYHASL U paclpeieeHa

2
(&)

KaK CIlydaiiHas BEMYMHA TOXE HOpMabHO co cpenauM M (X) = W u qucnepeueit D(x) =—.
n

OreHKa JUCTIEPCUH — COCTOATENbHAs, d3QeKTUBHAS, JocTaToOuHast, HO cMmerenHas. [Ipu 7 < 30
PEKOMEHYETCSI HCIIOJIB30BATh HECMEIICHHYIO OLICHKY

1 n _ 1 n —
s? =—Z(xl. —x)Y=— le.z —nx
n—1i4 n—1\"3

2.4. ToueyHasi OLIEHKA MAPAMETPOB MOKA3aTeJIbHOI0 3aKOHA pacnpeaeaeHust

Iycts X elIl, , rae I, — nokasarenbHeIit 3aK0H pacipeeneHus ¢ IapaMeTpoOM
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A ¢ wioTHOCTBIO pacnpenenenus f(x) = Ke_m, x €[0,00) . Haiftn onenxy napamerpa A~

METOAOM MAaKCUMaJIBHOI'O HpaB,Z[OHOI[O6I/I}I.

3anumiemM GyHKIHUIO TPaBAOIOA00US
. a2 dL(\;x
L(A,x)= er_m" =A"e "' .U3 yciosus MakcuMyma % =0 nonyuum
1 -XZX,,- n —xej . 1
cienyioniee ypaBaenue: nA" e T — K"ije 7 =0. Orcrona cnexyer A = T
- —2.%

%
HaiiieM Teneph OLIEHKY IlapaMeTpa A METOJ0M MOMEHTOB.

K 1 1
u,(A)=E[x]= Jx ke Mdx = e [IpupaBHuBaeM K 1M, = —ij . OTcro1a moy4uMm:
0 J=1

A =—=———_ Taxum 06pa3omM, OLEHKH MapameTpa A , IOJy4E€HHbBIE METOIOM

MaKCHUMAJIBbHOT'O HpaBILOHOI[O6I/I$I n METOAOM MOMCHTOB, COBITIAJIH.

2.5. ToyeuyHast OLlEHKA MAPAMETPOB PABHOMEPHOT0 3aKOHA pacipeaeJeHust
Mycte X €U, 5, e U, g — paBHOMEPHBIH 3aKOH PaCTpE/IeNeH s C IapaMeTpamu o,f.

Haii/ieM OLleHKH mapaMeTpoB Ol ¥ [3 MeTo10M MOMEHTOB.

B B 5 )
m(,B) = Ex] =— jxdx=°‘+B,mz(a,ﬁ):E[xz]:ijzdx:B +OL3B+oc |
[Tonyunm cucremy
a+B:mP
2
B> +ap+a’
3 =m,.

Pemenue cucremsr: 3 = m, + \/gxlmz - m12 =m, + \/56, oa=m — \/56. 31ech
2

2
G~ =m, —m, — nucnepcus BHIOOPOYHOTO pacnpeneneHus. »

2.6. ToueuHasi oleHKA MapaMeTPOB OMHOMMAJILHOT0 3AKOHA pacnpeeieHust
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bunoMuanbHOE pacnpeneneHe — pacnpeesieHue KOJIMYECTBa KyCIIEX0B) B
MIOCJIE0BATEIBHOCTU U3 /1 HE3aBUCHUMBIX CIIy4alHBIX SKCIIEPUMEHTOB, TAKUX UYTO BEPOSITHOCTh
«ycrexa» B KaKJJOM U3 HUX IIOCTOSIHHA U PaBHA D .

Omnpegenenue. Ilycts X ,X,,...,X, — KOHEYHAs INOCIEI0BATENLHOCTS HE3aBUCUMBIX CIIy4alHBIX
BEJINYUH C pacnpeneneHueM bepryinu, To ecTh

1
X, = p , i=12,...n
0 g=1-p

[MoctpouM CiydailHyro BenuduHy Y :

n
x=Yx
i=1

Torma X — wumcno eauuuy (YCIEXOB) B MOCIENOBATENBHOCTH X, X,,..., X, , IMEET ONHOMHUATIBEHOE

n’

pacmpesneneHue ¢ A CTENEeHsMH CBOOOJABI M BEPOSATHOCTBIO «ycmexa» p . Pacmpenenenus
BEPOATHOCTEH 3a1aéTcst HOPMYIIOi:

n
f(x;n,p)= -p-q", k=0,1,...,n,
X

n n!

rae — OMHOMHANBHBIN KO3 UITEHT

x) (n—x)!x!

3/1ech X — KOJUYECTBO MOSABIEHUHN COOBITHS B CEPUU U3 /I WCIIBITAHUMN, IPU YCIOBHUH, YTO B
€IMHUYHOM UCIBITAHUH BEPOSITHOCTh €r0 MOSBICHUS PaBHA P .

OyHKUMS pacnpeesieHrs OMHOMUAIBHOTO paclpeeNieHUs] MOXKET ObITh 3alicaHa B BUJIE CYMMBI:

] .
F(x;n,p)=zl. -pg",
i=0

Cpenuee 3nauenue pasuo E[x]=np, a nucnepeus — D[x]=npq .
BUHOMHUANBHOE pacIIpeeNeHne 3aBUCUT OT OJIHOTO [apameTpa p .

Ecnu umeetcs peanusanus U3 7 UCIbITaHUM, B KOTOPBIX COOBITHE HAOIIOIANIOCH 1 pa3, TO

HECMEILEHHOM TOYEYHOH OLIEHKOM MaKCHMAaJIbHOTO IIPAaBJONOA00Us TapaMeTpa P sIBISETCS

df(x;n.p)|
dp .

m

BEIMYMHA P, =—. DTO CIHEAYET U3 PEUICHHs YPABHEHHS
n

2.7. IlnaHupoBaHue IKCIEPUMEHTOB /ISl OLICHKH NIapaMeTPOB pacnpeaejeHuil

2.7.1. HopmasabHoe pacnpeaejieHue
OueHka cpeaHero Npu U3BeCTHOM JUCTEPCUH
O0beM BBIOOPKH, HEOOXOAUMBIN JIs1 OLIEHKU CPEJHEro |l C 3a/laHHOM NpeAeabHON a0COIOTHON

o o o 2
OIIMOKOH € u JOBCPUTCIBHON BEPOSATHOCTBIO Ol MPH H3BECTHOU AUCICPCHHA O  ONPCACIIACTCA
COOTHOIICHHUEM



26

2
oo 4O
€

I[J_HI Ol - KBAHTUJIU CTaHAAPTHOI'O HOPMAJIBHOT'O paCcpCACICHUA MOKHO UCIIOJIE30BATh
0,14 0,14
anpoxcumanyio U, =4,91[o”" —(1—-a)™"]. Torza umeem

2

n=24,1081>[ o™ (1- )™ |
e

Ipumep 2.6. HampspkeHue 3aKuUTaHUsS ra3opa3psaHOro mpubopa pacmpelielieHO HOPMAIbHO CO
cranpapTHeM, oTkiaoHeHneM O = 50 B. Haiitu 06beM BBIOOPKH, TIO3BOISIONINI OLIEHUTH CPEIHEE
3HAUEHHME HANPHKEHHS 3aKMIaHWs C NpeaeibHON abcomoTHol ommbkoii € =20B npu
noseputenbHoi BepostHocTn oL = 0,95

2
Pewenue. Wmeem  n=24,108 ;—8[0,950’14 —-(1- 0,95)0’14] =17. CnenosarenbHo,

kKellaeMasik TOYHOCTh OIEHKH C BeposATHOCThIO = 0,95 nocruraercs mpu oObeMe BBIOOPKH
n>17.»

OneHka cpeHero Npu HEM3BECTHOI THCIepPCH

Heo6xoanuMelii 00beM BEIOOPKHU OIIPENENISETCS U3 COOTHOIICHUS
5_E t(n) s
_ === ,
X vn X
rae ¢, (1) — o -kBaHTHIIB pactipenencHisi CTBIOICHTA IPH V = 71 CTENEHsIX CBOOOIBL; § U X —

BBHIOOPOYHBIE OLIEHKH COOTBETCTBEHHO CTaHIAPTHOIO OTKJIOHEHHUS M CPEJHEro 3HaueHus. 31ech O
— OTHOCUTEJIbHAS MTOTPELUTHOCTh CPETHETO.

o (1)

3HaueHus \/_ NpUBECHBI B Ta0J. 4 (CM. CTAaTUCTUYECKUE TAOJIHUIIBI).
n

Omnpenenenne oObemMa BEIOOPKH MTPOUCXOAUT B CICAYIOIIEH mocieoBaTenbHOCTH. CHavasia mo

€ S
3a[JaHHBIM BEJIMYMHAM O == M O M IIPEeAnonaracMoMy Kod3(G(QUIMEHTY BApUallul W == M0
X X
2 (1) €
TabJ1. 3 HaXOUM 3HAUYCHUE \/_ = 8/w=— u no Hemy onpeieseM UCKOMOE 3HAUEHHE 71 .
n S

Ecnu 1t HalineHHOro 00BbeMa BRIOOPKU 72 BBIOOPOYHOE 3HAYEHUE § OKa)XeTcs Oouiblie
MPEATOaraBIIerocs, TO SKCIEPHUMEHT JOJDKEH OBITh IPOJIOJIKEH.

Ipumep 2.7. Onpenenuts HeOOXOAUMBIN 00BeM BHIOOPKH ISl OLIEHKU CPEIHEro 3HAUCHHUS ¢
npenenbHoi oTHOcHTeNnbHOM omubkoit O = 0,4 npu noBepurensHoii BepostHoct oL = 0,95,

€CJIU MPEIoIaraeMoe 3HaueHue KodpduuuenTa Bapuanyuu pasio W =1.
t
0,95
Pewenue. Umeem T =0/w=0,4. Tornaus ta6n. 3 qua oo = 0,95 menocpencreenno
n

HaxomuMm 1 =26 .»

2.7.2. JKCNIOHEHIIHAJIbHOE pacipeeieHue

[Ipenmnosnoxum, 4TO B TEYEHHE HEKOTOPOrO BPEMEHHM [, MCHBITBIBACTCSA 71 NPHOOPOB U NPH

HUCIIBITAHUAX O6Hapy)KI/IBaeTCSI ' OTKa30B. HCO6XO,Z[I/IMO OIIPpCACIINTh 3HAYCHUA N U T,
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O6CCHC‘II/IBaIOH_II/I€ OLCHKY HWHTCHCUBHOCTHU OTKa30B 7\.0 C 3aHaHHOﬁ OTHOCHUTEIbHOM

npeebHOM OMKMOKOH O MpY JOBEPUTENLHON BEPOSATHOCTH O, .
[Ipu ucnbITaHUAX HEBOCCTAHABIMBAEMBIX TPUOOPOB TPeOyeMbIil 00BEM BEIOOPKH pPaBEH

r
n=———.
Aot a(r,o)
3nauenus kodpduimenta a(7,0) npusenens B Tabi. 3 [1] (cm. TabI. 5, CTATUCTUYIECKHE
TaOJIHUIHI).

3Ha4yeHus ¥ HAaXOAATCsA W3 cooTHomenus b(r,o) = , tne b(r,a) — xo>pdunmenr,

3aBUCAIMH OT 7 U O, (cMm. Tabn. 6, craTucTHueckue Tabnunel). 110 3agaHHBIM O ¥ O cHayana
ompenensem b(7,0l), 3aTeM TI0 3a1aHHOMY 3HAYEHUIO O, W BhIUMCIeHHOMY D(7,0U) W3 Tabn. 6
HaxomuMm . Jlanmee, Uisi HAIGHHOTO 3HAa4eHWs] ¥ W 3aJaHHOro Ol 1o Tabm. 5 ompenensem
sHauenue a(7,0L), U 10 3ajaHHOMYy !, M A, BblumCcIseM TpeOyemblii oGbeM BbIGOpKH 7. B

Cllyyae UCHBITAHUNA BOCCTAHABIMBAEMBIX IPHOOPOB MOXKET OBITh MOJIY4YEHA OL[EHKa HEOOX0IAUMOTO
BPEMEHHU UCIIBITAHUN
r
tu = TE) ’
a(r,a)
rae 1), — oxunaeMoe BpeMsi HApaOOTKU Ha OTKA3.
Ipumep 2.8. Haiitu TpeOyemblit 00beM HCTIBITAHUH 17151 OLIEHKH HHTEHCUBHOCTH OTKa30B

HEBOCCTaHABIIMBAEMOTO IpHbOpa, ecin 3axansl Bpemst ucbrannii £, = 1000 1., npexenpHas

3
orHocutenbHast ommbka O = 0,2, mpearnonaraemMoe 3HaYeHHEe HHTEHCHBHOCTH 0TKa30B A, =107,

noseputesbHas BepostHocts oL = 0,95

Pewenue. Haxomum ! = ! =0,833. U3 1abn. 6 s b(r,a)=0,833 u a =0,95
I1+6 1+0,2
naxoguM 7 =80 . U3 Tabn. 5 s » =80 u a0 = 0,95 maxomum a(r,a) = 0,84 . Toraa nckompiit
80

00beM BBIOOPKH /1 = —— =95
10~ -1000-0,84
2.7.3 buHomuajibHOe pacnpeaejieHue

[IpenmonokuM, 9YTO  33JaHO  HEKOTOpPOE 3HAYEHHWE IapamMeTpa OWHOMHAIBLHOTO
pacnpenenenus — p,. Torga, naumenbmui 00beM BBEIOOPKH, HEOOXOAUMBIN JJISl TOTO, YTOOBI

TOATBEPUT C BEPOATHOCTBIO OL, YTO P < P paBeH
In(1-a
n= —( ) .
In(1- p,)

Ecnu cpenmu 7 ucnbITaHHBIX NpUOOpPOB He OyneT HU OJHOTO OTKasza, TO C
BEPOATHOCTBIO Ol MOKHO yTBEPKAATh, 4TO P < D).

IMpumep 2.9. Haiitu 00beM BeIOOpKH, To3Bostomuii ¢ gocroseprocthio O = 0,90 ycranosurs,
41O 1015t Je(heKTHBIX M3eiHil B IapTHH He IpeBblaeT 3a1anHyo semmunny p, = 0,05.
Inl-a) In0,1

= =45.»
In(1-p,) 1n0,95

Pewenue. Umeem n =
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PaccmoTpuM erie ofHy MpakTHUECKYHO 3aaa4dy. FiMeeM COBOKYIHOCTh U3 N npubopos ¢ ¥
negexTHpIME npuOopamu  (1osig  AeEeKTHBIX NpUOOPOB paBHA Po ). Heobxomumo st

IpEeroIaraeMoil BeIMYUHBl JOJU Je(pEeKTHBIX MpUOOpOB Po paiitu o6mem BIOOpKH 1.
KOTOPBIH ¢ 3aaHHOi jJocToBepHOCThIO O O0ecrieunBaeT 3aqaHHYIO JJIMHY JOBEPUTENLHOIO

MHTEpBaja [ st onenxu 20 . Heo6xoumbiit 06bem BBIOOpKH 7! B 3TOM Citydae paBeH
-1
I’ 1
2 T
Uy o Po (1-p) N

2

n=

I[JBI KBAHTHUJIM HOPMAJIBHOT'O paCpeaACICHUA MOXKXHO UCIIO0JIb30BATh alIIIPOKCHUMAIIUIO

1 to 0,14 1 —a 0,14
ul, =24,108/| — | -| —
E 2 2

IIpumep 2.10. Haiith 00beM BBIOOPKH, MO3BOJSIOMIMNA C JOCTOBEPHOCTHIO a=0,90
YCTaHOBUTH, YTO JOJS JAC(PEKTHBIX HM3JCIUN B MApTUU HE IMPEBBIINIACT 3aJaHHYIO BEIUYHHY

Po=0,05

. Inl-a) In0,1
In(l1-p,) 1n0,95

>

Ipumep 2.11. Heo6xonumo HaiiTh 0ObeM BBIOOPKH, NMPH KOTOPOM Ui 33JaHHOW J0JIN

Pemenue. Umeem

nedeKTHBIX TpUOOpPOB p,=0.1 B MapTHH W3 N =200 npuOOpoB OyIeT C BEPOSATHOCTHIO

o =0,95 MOJTYY€H JIOBEPUTENIbHBIN UHTEPBAI JJIs1 OLIEHKHU Do TUITMHOU [= 052_
-1
0,04 1
ul+(x = u0,95 = 1’96 n= > + =
Pemenune. Umeem 2 " 1,96°-0,1-0,9 200 >

Bomnpocs! Aj1s1 camonipoBepku

OreHKa HEM3BECTHBIX MTAPaMETPOB 3aKOHA PACTIPEICTICHUSI.

I’ITO O3HAYaAK0T IIOHATUS TOUCYHBIC N I/IHTepBa.HBHBIG OI.[CHKI/I?

[ToHsiTHE COCTOATENLHOCTH, HECMEIIEHHOCTH U 9()PEKTUBHOCTU OIIEHKH.

OyHKIMS TPaBAONOJ00MS U OLIEHKAa MAKCUMAaJIbHOTO PaBA0NO00HS.

[TpubimxeHHOE pellleHne ypaBHEHUS MTPaBIOTIOI00HS.

[IpuBenuTe mpuMeps! MPUMEHEHUS METO/Ia MAKCUMYyMa MTPaBIO0II0100Hs.

Metoa MoMeHTOB. OLIEHKH MaTEMAaTUYECKOTO OXKUIaHUS U JUCTIEPCUH CITyYaHHOW BEJIMYUHBI.
Hx cBoiicTBa.

8. MeTroa HaMMEHBIIUX KBaJApPaTOB OIEHKU MTapaMeTpPOB.

9. ToueuyHble OLIEHKU TAPAMETPOB HOPMAIBHOT'O PACIIPEACIICHHUS.

10. ToyeuHsle OLIEHKH MapaMETPOB HIKCIOHEHIIUAIBHOTO pacipeaeeHus.

11. ToueuyHsle OLEHKH MapaMEeTPOB PABHOMEPHOIO PACIPEACIICHUS.

12. ToueuyHbI€ OIEHKH ¥ TTApaMEeTPOB OMHOMHAIBHOTO pacIpeIe/ICHHUS.

13. Kakoii 00beM BBIOOPKM HEOOXOAUM MJIsl OLIEHKH CPEIHEro |l IpHU HEU3BECTHOW JUCIIEpPCUU

JUJI1 HOPMaJIbHOM CITy4ailHOW BEJIMYMHBI?

NNk Wb =
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14. Kakoii 00bemM BbIOOpKH HEOOXOIUM ISl OLIEHKU CPEHEro L MpH U3BECTHOH AMCIIEpCUu Ui
HOPMAaJIbHOM CIIy4aliHOM BETNYMHBI?

15. Kakoit 00beM BBIOOpPKHM HEOOXOIWM Ui OICHKH TapameTpa dKCIIOHEHIIMAIBHOTO
pacnpeneneHus’?

16. Kakoii 00beM BEIOOPKH HEOOXOIUM IS OLIEHKU ITapameTpa OMHOMHUAIBHOTO pacIpeaesieH s ?
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Tema 3. UnTepBaJIbHbIC OLIEHKHU NIAPAMETPOB pacupeaeJ eHui

3.1. OueHka nmapamMeTpoB HOPMAJILHOTO pacnpeae/JIeHus

[lycTh cydaiinas BeM4MHAa X MMeeT HopMmanbHoe pactipenenenne N (L, Gz), e >0, uer

1 (xp)’
¢ motHocTbi0 f(X)=——€ 29 | x € (—00,).
oV2n

o 2
Ol.leHKa },l IPpA U3BECTHOU JUCHIEPCUU O
I/IHTepBa.HBHBIC OILICHKH C I[OBGpHTGHBHOﬁ BEPOSITHOCTBIO Ol MMCHOT BHUJI!

u”(oc)—;—u 9 u“(oc)—)_c+u o
v\/;’ v\/;’

l1+a

rae U, — Y -KBaHTUJIb CTAHJIAPTHOTO HOPMAIEHOTO PACIPENCICHHS; | = JUIsL IByCTOPOHHEHN

OLIEHKHU, Y = O Ul OJTHOCTOPOHHEH OIIEHKH.

B 1a6x1. 1 (cMm. craructrdeckue TabInIbl) MPUBEACHB KBAHTHIIM CTaHIapTHOTO
HOpMAaJIBHOTO pacmpezeneHus. Ha npaktuke ynoOHO UCTIONB30BaTh allPOKCUMAITUIO KBAaHTUIIEH
CTaHJApTHOTO HOPMAJIHLHOTO paclpe/ie]iCHUs BUaa

0,4274
1

" -0,16 -1,5774, 0,5<p<0,999
-p

u, =2,0637| In

OueHka |L MpU HEM3BECTHOM JUCIIEPCUHH
B sToM ciyuyae nHTepBanbHas OLEHKA C IOBEPUTEIHHOM BEPOSITHOCTHIO OL MMEET BUJL:
- S - s
H 6
w)=x—t,—=, p(@)=x+t—,
\Vn \n

l1+a

rae ty — Y -KBaHTUJIb pacrpeneneHus CTbofeHTa c V=1 — 1 crenensimu cBOGOBL; Y= IS

JIBYCTOPOHHEHN OLEHKH, Y = O [UIsl OHHOCTOPOHHEN OLICHKHU.
B pa6ore [1] Ha cTp. 52 npuBeACHBI KPUTUUECKHE TOYKU pacnpeneneHus CThIOICHTA.
Annpokcumaluu AJis pacueToB KBaHTUJIEH UMEIOT BUJL

u,, v >30;
t,(v)= . 1+u;+1+5u2+16uf’+3+3u2+19u2+17u;+15 , v<30
P 2 3

4y 96v 384y

2
Ouenka aucnepcnu ©
NHTepBanbHbIE OLICHKU IIPU ;[OBepI/ITeJILHOI?I BEPOSITHOCTBIO Ol paBHEL

Z(x —x) ——”Z(x —x)

'Y i=1
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2 2
rae ), — Y -KBaHTHIIb PACTIPENENCHUS )~ ¢ V=1 —1 crenensimu cBoGOIBI (€cin TapameTp L

l1+a

!/ o ! o
HU3BECTCH, V=N ), 'Y = AJI ABYCTOPOHHCHU OLICHKHU U 'Y = Ol 1Ji1 OJHOCTOPOHHEH OLICHKH,

n 11—

v = T JUTSI IBYCTOPOHHEH OIEHKH U y" =1— 0. 118 0OIHOCTOPOHHEHN OLIEHKH.

Jjig anmpoKCUMaliy MOKHO MCTIONIb30BaTh CIAEAYIOUIYI0 (popmMyTy

3
2 2

2(v)=v 1——+u,/— :
%) { 9y "\ 9y

U, — Y -KBaHTHJIb CTAaHJAPTHOrO HOPMATLHOTO PACIPEICICHHSL.

JUIst IpakTHYEeCKOro MpuMeHenus uist yposHeit goctoseproctu o, = 0,9; 0,95; 0,99 snauenus u,

MIPUBEICHEI B Ta0. |

o OJHOCTOPOHHHUE TPAHUILIBI JIByCTOPOHHHE TPAHUILIBI
Y' y" u, u, Y, Y’ u, u,
0,90 0,90 0,10 1,283 -1,283 0,950 0,050 1.645 -1.645
095 095 0,050 | 1,645 -1,645 0,975 10,025 1,960 -1,960
0,99 0,99 ,01 2,326 -2,326 0,995 (0,005 2.576 -2.576

WuTepBasibHas OlleHKa G MOKET OBITh pacCUMTaHa TaKxke Mo (hopMysam

s" = -5, §°= .S,

1 n -
eS=,—— X.—X) .
I \/n_lg(, )

n—1
B pab6ore [ 1] npuBenena Tabauia 3HaYeHUN

2
yr

mist pasimmanbix (72— 1) ot 2 mo 100 u Tpex

spagennit o, =0,9;0,95;0,99. Tna o = 0,95 nonyuena cnexyromas smnupudeckas Gpopmyia:
} 1 2n-1,74
— JUIS HYDKHEH TPaHHMIIbI \/ Xéms = 96+ Tan—3’
1 11,54(n—3,61)> +1,98; 2<n<4;

— JUISL BEpXHEH I'paHUIIbI = _
pxeii rp ; J21-047

" J2n-0,8-1,96"

Kputnueckue Touku pacnpeneneHus Xz MpuBeIeHHI B padoTe [2] Ha cTp. 312.

3.2. Ouenka napamMeTpoB MOKA3aTeJIbHOI0 pacinpeaeeHus

Hycre X €11, , rne I1, — nokasarensHelii 3akoH pacnpeeseHus ¢ mapaMeTpoM A ¢ IIOTHOCTBIO

pactipenenenus f(x) = e, xe [0,00).
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UnTtepBabHas OllEHKa ITapaMeTpa A TIPU JOBEPUTENBHON BEPOSITHOCTH O PACCUMTHIBAETCS 10
dhopmynam
2 2

T 727" ,
2in
i=1

Y
n 2
22
i=l
2
rae XY — 'Y -KBAaHTHJIb pACHPCACIICHUA XU-KBaJgpar C V = 27’1 CTCIICHAMUN CBO6OI[BI;

' I+ a " 1- a o ' " o
=), v = 11 ABYCTOPOHHEW OLIEHKU U Y =, Y = 1 — o s ogHOCTOPOHHEIH

2

OLCHKU.

3.3. OueHka napaMeTpoB OMHOMHAJIBLHOIO pacipeaeeHust

HuTepBalbHbIE OLICHKH IapamMeTpa p ¢ JOBEPUTEIbHOU BEPOSATHOCTBIO Ol SBIIAIOTCS PEIICHUAMHU
ypaBHeHui Knonmnepa-ITupcona
n
X X (n—x) __ o
> Cipil-p)" = =
X=m

1-a
2 2

L 2GP-p) =
x=0

Ha npaktuke mmpoko UCHONb3yeTcs anmpoKCUMallds HOpMajbHbIM pacnpenesienreM [1]. B atom
CJIy4acC HUKHAA pH " BCPXHSAA p e T'paHUIbl paBHLL

x+;uy2 —uy\/z(n—x)+iuy2 x+;uy2 +uy\/z(n—x)+élluy2
pH: ’pe:

b

2 2
n+uy I’l-i—lxly

l1+o

rae U, — Y -KBaHTUJIb CTAHJIAPTHOTO HOPMAIBHOTO PACIPENCICHHS; Y = JUIsL IByCTOPOHHEHN

OILIEHKH, Y = Ol JJIsl OJJHOCTOPOHHEH OLEHKH.
DTa annmpokcuManus pekomenayercinpu X >4 n n—x >4,

3.4. [lpuMepbl HHTEPBAJBHBIX OLIEHOK

ITpumep 3.1. TpeOyeTcst OnpenenuTh, KaKoe KOJIUYECTBO KHUT N 110 HEKOTOPOH TeMe I0JKEH
UMETb MPOJIaBell, YTOOb! yIOBJIETBOPUTH 110 BO3MOKHOCTH BCEX MOKYNaTeNeH, eciu 3a 4eThlpe JHS
10 9TO TeMe ObuTo poaano: 18, 12, 13, 15 kHwur.

Pewenue. Ha 0cHOBaHMM 3THX NaHHBIX HAXOAUM CPEIHEE U TUCIIEPCHUIO

}:18+12113+15:14,5;

Sz:%«up4¢4y+az—1a4f+aa—1a4f+05—1¢4f)=zo;

s=7=2,65 v=n-1=3.
[Ipumem noseputensHyto BeposTHocts O, = 0,95 . Torma s omHOCTOPOHHEH KPUTHYECKOH
obmactu umeem Y=o, ¢ =(1—a) =0,05, 2¢ =0,1 u no tabnuue pacnpenenenns CTbioIEHTA

nonyum f,, = 2,35 . BepxHsisi rpaHuIia MATEMAaTHIECKOTO OJKUIAHUS PAaBHA

W =145+ 2% 35-17.61.

NF
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Cne0BaTenbHO, MAKCHMAIILHOE BO3MOKHOE KOJIMYECTBO KHUT, KOTOPOE HEOOXOAUMO UMETh
nponasuny, N =18 .»

Ipumep 3.2. B xannenspuu oduca paboTaroT Tpu ceKkpeTaps. Bpemst moAroToBKy 0HOTO
JOKYMEHTA Ka)JIbIM CeKpeTapeM B cpefHeM coctasiser 16,3; 15,5 u 17,2 mun. TpeOyercs OlleHUTh
OPUEHTHUPOBOYHOE BpeMs U BO3MOKHOE OTKJIOHEHHE BO BpeMeHHU O(hopMIIeHUST JTOKYMEHTa,
CAAHHOTO B KaHLIEISPHIO.

Pewenue. PaccuntbiBaeM BEIOOPOYHOE CpeiHEE 3HAUEHUE U BBIOOPOUYHYIO TUCIIEPCHIO

x=16,33; s*=0,72.
[Ipunss noBeputenbHyto BepoaTHocTs O = 0,9, momyunm

, 1+a , 1—a
Y = T =0,95;, y'= T =0,05.IIpu v =2 no rabnunam Xz -pacnpeneNeHusl, HAXOIUM:
X§,95 =35,99; Xé,os =0,103. Toraa AByCTOPOHHSIs JOBEPUTEIBHAs OLEHKA AUCTICPCHH G-
paBHa:

N R - 2-0,72 PR -
(s7)' =D (5 —x) ="2==0,24; () =D (x,—x)
Ky i=l 5,99 Ky izl
B pesynsrare nonyanm 0,24 < 6” <14, 1. Iocne n3Bnedenns KBagpaTHOro KOPHS

0,49<c<3,61.»

2 :M:M,l
0,103

3.5. UHTepBajibHbIE OLIEHKU NAPAMETPOB MPHU HEUM3BECTHOM
3aKOHe pacrpe/eseHust

3.5.1. Onenku U1 HEeHTPa pacnpeaeaeHust

B xadecTBe nepBUYHBIX (JOCTATOYHO IPyObIX) OLEHOK LIEHTpa rPyNNHUPOBAHUS 3HAUCHHH
CITy4ailHBIX BEJIMYUH ITPH HEU3BECTHOM 3aKOHE PACHpPEIeNICHHs BEPOSATHOCTEH MOTYT OBIThH
UCIOJIb30BaHbl Pa3JInYHbIE ITpeesIbHbIe HepaBeHCTBA. PaccMoTpuM HepaBeHcTBa YeObleBa.
HepasenctBo UeOrliieBa UMeET BH/T

1
P(‘x—u‘2k6)<ﬁ,

rae L ¥ G — COOTBETCTBEHHO CPEIHEE 3HAYEHHUE U CTAHIAPTHOE OTKIIOHEHHE.
W3 HepaBeHcTBa UeOkbImmieBa cienyer, 4To

o o]
X—————S U< X+ —F/F—7—7=,
Vl—o H Vi—a

rae Ol — JOBEpUTENIbHAS BEPOSITHOCTh. 3A€Ch MPEAINOIaraeTcs, YT0 G U3BECTHO.
Ecnu BMecTo 3HaYeHUS ClydaliHON BETMYMHBI X HCIIOIB3YETCSl BHIOOPOYHOE CpeTHEe

1

_ n
X= —Z X , TO IMEET MECTO HEPaBEHCTBO
n-io

- c - c
x_—'—n(l—a) Su£x+—,—n(l_a) :

Eciu u3BeCTHO, YTO paclpeieleHne CHMMETPUYHO OTHOCUTENBHO LIEHTPa L, TO JOBEPUTEIbHBIN
MHTEpBAJ PaBeH

20 <p<x 20 it X 26 < - 26

NS - 3 n(l—a)_“SH&/n(l—a)'
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Ortcrona cnenyer, 4To TOJBKO 3HAHKE TOTO (PaKTa, 4TO pacrpeesieHue CIydaiHON BeTHUuHbI
CUMMETPUYHO, yXK€E IO3BOJISIET MOCTPOUTH O0Jiee y3KUI JOBEPUTENIbHBIN HHTEPBAI ISl LIEHTpa
pacrnpeeneHus.

IMpumep 3.3. ImeroTcs pe3ynbTaThl HAOTIOIEHUN HAJ] CIIYIaitHOW BEIMUNHON C HEU3BECTHBIM

3aKOHOM PaCIIpeeIeHUs BEPOSTHOCTEIl (M3BeCTHA TONBKO Auciepens G- = 75):
x:1,2; 3,4; 6,1; 8,3; 12,1; 13,1; 14,8; 16,7; 21,9; 23,7; 24,5; 28,4.

Haiitu 1oBepuTeNnbHBIM MHTEPBA s 1ieHTpa pacnpenenenus npu oL = 0,95

\75 V75

Pewenue. Umeem x =14,516; 14,516 — <pn<14,516+
J12(1-0,95) J12(1-0,95)

win 3,336 <1 <25,696.

Ecnu Ob1 pacnionaranu nHbopmanueit o ToM, 4TO pacipeaeeHre BEPOSITHOCTEN CirydaitHON
BEJIMYMHBI X CUMMETPHUYHO, TO UMEJIO OBl MECTO

275 275

14,516 — <u<14,516+
3120-095 3,/12(1-0,95)

JOBEPUTENLHEIN nHTepBat uHbl 25,696 — 3,336 = 22,36 ymenbmmics 661 B 1,5 pasa 1o

21,96 -7,062=14,898 .»

wm 7,062 <1 <21,96, 1e.

3.5.2 Ouenka paccessHMsI pacnpe/ejeHust

HCKOTOpOG MNpEaACTaBJICHUEC O CTCICHU PACCCAHUA HCHIPCPBIBHOIO PACHPCACIICHUA Oak0T Cro
BBI60pO‘-IHBIe KBaHTHIU. B O6IJ_I€M CJIydac JOBCPUTCIIbHBIC MHTCPBAJ IJIA p -KBAHTWJIA OT'PaAHUYCH

9JIEMEHTaMHU YHOPSJI0YEHHOW IO BO3PACTaHUIO BBIOOPKM C HOMEpaMH 7 W §, TaKk Kak
JIOBEpUTENbHASL BEPOSITHOCTh PaBHA

s—1
a=1,(r,n-—r+1)—1 (s,n—s+1) :ZC;p’(l—p)"_’ =P(x,<x,<x),
rae /,(a,b) — bynxuns 631a-pacnipenenenus ¢ napaverpamu d u b.

n—r
Eciu s =n —r+1 (ciay4ait ckMMETPUYHOTO HHTEpBANA) TO OL = Z CpQd-p) .
i=r

PazHocth MCKOY .XO’75 n x0,25, Ha3bIBACMasi HHTCPKBAPTUIBHOU MIUPOTOH, ABJIIACTCA

XapaKTEPUCTUKON CTENEHH pacCEesTHUS paclpeleleHHsl OTHOCUTENIBHO €ro LIEHTpa.

IIpumep 3.4. B ycnoBusx mpumepa 3 HalTHU AOBEPUTENBHBIN HMHTEpBal Uil 25%-W KBHTHIH
pacrpenieneHusl.
Pewenue. Tlpexnonoxkum, uto ¥ =3 u S=n—r+1=10. Torma noBepurenbHas BEPOITHOCTH

TOrO, YTO B HHTEpBaie [X; — X,,] Haxomurcst 25%-s kautuis ( p = 0,25), pasna

9
o=YC},0,25(1-0,25)""=0,552.»
i=3
Bomnpocs! Ajis1 camonpoBepku

1. HHTepBangbHbIC OLEHKH CPEIHETO HOPMAIBHOTO pacipeaeeHus MPU U3BECTHOM JUCIIEPCHH.

2. VHTepBaibHBIE OLEHKM CPEIHEr0 HOPMAIBHOIO pAaCHpelneieHHs] Ipd  HEU3BECTHOM
JTUCTIEPCHUU.

3. HHTrepBanbHbIE OLEHKH JUCIEPCUN HOPMAIBHOIO PaCIIpeIEICHHUS.

4. HuTepBanbHbIEC OLICHKU MapaMETPOB SKCIIOHEHIIUAIBLHOTO paclpeiesieHusl.

5. VHTepBanbHbIEC OLIEHKU U TapaMeTPOB OMHOMHUAIBHOTO paclpeieeHusl.
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6. OleHKa IEHTpa pacpe/IeNIeHUs TPH HEU3BECTHOM 3aKOHE PaCIpe/ICICHHMSI.
7. OrneHka paccessHUs pacrpee/ICHHUs TPU HEM3BECTHOM 3aKOHE pacIpeeICHHUS.
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Tema 4. MeToabl aHAIM3a 3AKOHOB pacrnpe/ieJieHusi BEPOATHOCTEH
CJIyYallHbIX BeJIUYNH

4.1 O0mue NoHATUSA

JUisi TIPaKTUYECKOro IPUMEHEHHMS METOAOB TEOPUU BEPOSATHOCTEM U MaTeMAaTHYECKOU
CTaTUCTUKHM 3HAHHUE 3aKOHA pacHpeiesieHUus BEpOATHOCTEH upe3BblYaiiHO BaxxHO. [lo cymiecTBy,
cama u3ydaeMas ciydyaliHas BEIMYMHA JUIsl MCCIEAOBaTeNsl NPEACTaBIE€HAa TOJIBKO 3aKOHOM
pacrpeieneHnsi BEpOSITHOCTEH peai3alliy €€ 3HaYCHHUIA.

3Has 3aKOH  paclpeleNeHusi BEpOsATHOCTeH  HaOmolaeMod  CIydyallHOW  BEJIMYUHBI,
MCCIIEIOBATEb WM MH)KEHEP B COCTOSHMM PEIIaTh MHOTHE IPAKTHUYECKHE 3a7a4dd, CBA3aHHBIC C
IUTAaHUPOBAHUEM IPOM3BOJICTBA, OOECIIEYCHUEM KadyecTBa MPOJYKLUH, OIeHKON 3(PPEeKTUBHOCTU U
CTaOMIJIBHOCTH IIPOU3BOJICTBA.

[lombITKa, TPUMEHUTH METOABI aHAJIW3a pE3yAbTaTOB HAOMIOACHUH, pa3pabOTaHHBIE JUIA
KOHKPETHBIX 3aKOHOB PacCIpeelIeHUs] BEPOSITHOCTEN, B YCIOBUAX, KOI/Ia pEaJIbHOE paclpeciieHue
OTJIMYACTCA OT TUIIOTETHYECKOTO, SIBISAETCS CaMOWM pPAaCIpOCTPAHEHHOM Ha INPaKTHKE OIIMOKOH,
IPUBOJALICH K HEBEPHBIM BBIBOJAM M, B KOHEYHOM HTOre, K CYIIECTBEHHBIM MAaTE€pUaIbHBIM
NIOTEPSIM U 3aTpaTaM BPEMEHHU.

Nmenno nmosTomy robast 00padoTKa pe3yIbTaTOB HAOMIOACHUH JOIKHA HEU3MEHHO HAUUHATHCS
C OTBETa Ha TJIAaBHBIM BONPOC: KAKOBO pacIipelielieHue BEepOsITHOCTEH o0OpalaThiBaeMOro psiza
cnydyaiiHbIX BennunH? Ha mpakTuke sTa mpobsaema 00bI9HO (GOpMYITHPYETCs CISTYIONTUM 00pa3oM.
BriiBuraercst rumnoresa — «HaOIr01aeMoe pacrpesiesieHne CIy4alHbIX BEJIHMYMH  OIMHCHIBACTCS
HEKOTOPbIM KOHKPETHBIM 3aKOHOM (HOPMAaJIbHBIM, SKCIIOHEHIIMaIbHbIM, BeilOymna, ...)». 3agauda
NEPBUYHOIO MCCIIEN0BAHUS IPUHATD WIM OTKIOHUTH BBIIBUHYTYIO THIIOTE3Y.

Ecnm HM onmHa u3 rHMoOTe3, CBSI3aHHBIX ¢ (OPMOW 3aKOHA pacHpenesieHHs BEpPOSITHOCTEH He
NPUHUMAETCs, TO MOXET ObIThb copMmyianpoBaHa Ooyiee Msrkas THUIOT€3a — HalpUMep,
«HAOIIOAEMO€E  paclpe/ieIeHHe CUMMETPUYHO OTHOCHTEIBHO KakoW-To Toukm». [laxe
YCTaHOBJIEHHE TOJBKO 3TOro (hakTa JaeT B pyKH HccienoBareis Oosiee >(PQeKTHBHbIE METOMIbBI
aHajM3a HaOJIOJIEHUH, YeM MOJHOE HE3HAHHWE 3aKOHA paclpeneiieHus BeposiTHOcTed. M. HakoHerr,
€CITU HMCCIeloBaTeNb He MOMYYHI JOCTaTOUYHBIX OCHOBAHUHM JJIs BBIOOpa BHUIA pacrpeiesieHus, TO
BO3HHUKAeT 3a7aya Mojadopa (opMbl paclpelieleHuss HEMOCPEICTBEHHO IO HKCIEPUMEHTAIbHBIM
naHHbIM. Ilpu 3TOM pacripenerneHue BEpOSTHOCTEH MOHKHO OBITH MOAOOpPAaHO Tak, YTOOBI OHO
YIOBJIETBOPUTEIIBHO ONMUCHIBAJIO UMEIOIIUICS DKCIIEPUMEHTAIbHBINA MaTEpUal.

MpI1 BecTpeuaemces 3e€ch € MOHATHEM CTaTUCTHUYECKOHN runoresbl. Cmamucmuieckol 2unome3ou
Ha3bIBAETCSl INPEAINOJIOKEHHE, BBIJIBUTAEMOE OTHOCHTEIBHO OCOOEHHOCTEH pacnpeneneHus
BEPOSTHOCTEH CIy4ailHON BeIMYMHBI, KOTOPOE MPOBEPSETCS MO pe3ylbTaTaM HaOMIONEHUH Hax
HEH.

ITpoBepka 000K CTATHMCTUYECKON THUIOTE3bl CBOAUTCA K ciemyioniemy. Ilo BbIOOpOUHBIM
3HAYEHUSAM CIy4YalHOW BEJIMYMHBI ITOACUUTBHIBACTCS HEKOTOpas BEIWYUHA — CHAMUCMUYECKUL
Kkpumepuu (cmamucmuxa kpumepus). llpm pomymeHHH, YTO pacIpelelieHHe BepOSTHOCTEH
UCIOJIb3YEMOW CTAaTUCTHKU KPUTEPUS B YCIOBHUSAX CIPABEMJIMBOCTH IPOBEPSEMOM THUIIOTE3BI
U3BECTHO, OIIPEAEIACTCS BEPOSATHOCTb IIOSBJICHHUS BBIYMCIECHHOIO 3HAYEHUs CTaTUCTUKU. Ha
OCHOBE TAaK HAa3blBAEMOIO IIPUHIMIIA 3HAYUMOCTU YCTAHABIMBACTCS YPOGEHb 3HAYUMOCU —
HauOonpllee  3HAYEHHE  BEPOSTHOCTH, HECOBMECTMMOE C  TPU3HAHUEM  CIy4alHOCTH
HKCHEPUMEHTAJIbHO BBIYMCICHHOIO 3HAYEHUs CTAaTUCTHKU Kputepus. CoOblTHEe Ha3bIBaeTcs
3Hauumbim, (4 HE CIIy4allHbIM), €CIIH TEOPETHYECKas BEPOSITHOCTh €ro CIy4ailHOrO MOSIBICHHUS
MEHBUIE, YeM MPUHATHIM YPOBEHb 3HAUUMOCTH. Y POBHEM 3HAYMMOCTH ONPENEIAETCS KPUTHIECKOE
3HAQYEHHWE CTAaTUCTUKU Kpurepusa. Kak mnpaBwiio, ecinu 3HayeHUE CTATUCTUKUA KpUTEpHS,
BBIUMCIIEHHOE 10 SKCIIEPUMEHTAIbHBIM JaHHBIM, 00JIbIlIE€ KPUTUYECKOT0, TO THIIOTE3a OTKIOHAETCS
Ha BBIOPaHHOM YpOBHE 3HAUMMOCTH. B MpOTHBHOM ciyyae OHa MPU3HAETCS HE MPOTHUBOpeyalnei
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pesynbraTtam HaOmroAeHu. J[omoMHEHNEe M0 €AWHUIIBI YPOBHS 3HAYUMOCTU HA3bIBACTCS YPOBHEM
docmoseprocmu (00CmMo8epHOCMbIO).

[TockonbKy CTAaTUCTHKA KPUTEPHs IJIA MPOBEPKH THIIOTE3bl BBIUUCISIETCS TIO BBIOOPOUYHBIM
peanu3anusaM CIy4alHOW BEJIWYMHBI, TO U caMa OHa SIBJSAETCS CiydyalHOW Bedn4yuHOM. [ToaTomy
CYXJCHHsSI TI0 THIIOTE3¢ HAa OCHOBE CTATUCTUKH KPUTEPUS MOTYT HOCUTH TOJIBKO BEPOSTHOCTHBIN
xapakrtep. [Ipu 3ToM pa3nuuaror owubKu, nepeo2o pooa, 3aKioYaroniecs B OTKJIOHEHUH BEpHOU
TUTOTE3bl, U OWUOKU 6MOpo20 pood, 3aAKIIOYAIOIINECSs B TPUHATHHA JIO)KHOM THITOTE3BI.
BeposiTHOCTh OmmOKM TIEpBOTO pojaa coBmamaeT (MO KpailHEH Mepe He BBINIE) C YpOBHEM
3HAYUMOCTU U 0003HayaeTcs B quTeparype yepe3 O . Omubka BTOporo pojia o603HavaeTcs yepes
B. DdPekTHBHOCTL CTATHCTHYECKOTO KPHUTEPUsS MPOBEPKHM THUIOTE3BI OLEHUBAETCS €0

MomHOCTBIO | — 3, paBHOI BEpOATHOCTH OTKJIOHEHUS JIOKHOW TUIOTE3BL.

Beibop 3HaueHmii O u [3 ompemensieTcs YCIOBUSMH OKCIIEPUMEHTA U TPEOOBAHHAMH,
PEIbIBISIEMBIMU K IOCTOBEPHOCTHU CYXACHHUS IO TpoBepsieMoi rumore3e. OOBIYHO Ha MpPaKTHKE
WCIIOJIb3YIOTCA 3HAYEHUs O, B pasnsie 0,1; 0,05; 0,01.

[IpoBepsieMasi TUIOTe3a HA3bIBACTCA HYyIeBOHl M obo3Haudaercs cumBonoMm FH . Hampuwmep,
samce ) : F'(x) = G(X) o3nauaer, 9T0 NpOBEpsieTCs HyJeBasi THIIOTE3a O COBIAACHUH (DYHKLMI
pactipenenenus F'(x) n G(x).

B knaccudukanuu CTaTUCTUYECKUX KPUTEPUEB MPOBEPKH TMIIOTE3 O 3aKOHE pacIpeneieHHs
BEPOSITHOCTEH MPUHSTA ONpeAesieHHass TEepMUHONOrUs. Takue KpUTepuu MmoApa3aessaioTcs Ha JBa
Kjlacca — 0OIlMe KpUTEepUM COIJIacus M CHelHalbHble KpUTepuu coriacus. Oowue Kpumepuu
coenacusi IPUMEHUMBI K camMoi oOuiel (GopMynupoBKe THIOTE3bl, KaK THIIOTE3bl O COTJIACHH
HAOMIOTaeMBIX  pe3y/lbTaTOB C  JIOOBIM  AmpHOPHO  MPENOoJiaraeéMbIM  pacHpeesieHueM
BeposATHOCTEH. Chneyuanvhvle Kpumepuu co2iacus TPEANOoaraloT CHENHaIbHbIE HYJEBBIE
TUTIOTE3bI, (POPMYTUPYIOIINE COTIACHE C ONPEACICHHON (hOPMON pacTpeIeICHUs] BEPOSATHOCTEH —
HOpPMaJIbHOM, SKCIOHEHIMaNbHOH, BeitOymna u T.1. Takue KpuTepuu HOCAT COOTBETCTBYIOIIHE
HA3BaHUS — KPUTEPUH HOPMAJILHOCTH, KPUTEPUHU IKCIIOHEHIUATBHOCTH U T.I1.

4.2 O01mme KpUTEPUH COTJIACUSA

HyJseBas runoresa Ipu NPUMEHEHHH OOLIUX KPUTEPHEB COTIACHS 3alMChIBAETCS B (hopMe
HO : Ez(‘x) = F('x) s
rae F (X) —osMmnupudeckas GpyHKUMs pacnpeenenus BepositHocteit; F7(x) — runorerndeckast
(QyHKIHUS pactpeneIeHus: BEPOSTHOCTE.
Bce u3BecTHBIE 00IIME KPUTEPHH COTIACHS MOYKHO Pa3OUTh HA TPH OCHOBHBIE TPYIIIIEL:
® KpDHUTEPHH, OCHOBAHHBIE HA W3YYECHMH DPA3HHILI MEXKIY TEOPETHYECKON IIIOTHOCTBIO
pacupeneneHns 1 SMIMPUYECKON TUCTOTPAMMOM:
® KPUTEPUM, OCHOBAHHHIE HA PACCTOSHMH MEXIY TEOPETHYECKOM M SMIIMPUYECKON
(GYHKIMAMM pacnpe/eeHus BEPOITHOCTEN;
®  KOPPEISHOHHO-PErPECCUOHHEIE KPHTEPHUH, OCHOBAHHbIE Ha M3y4EeHHH
KOPPEIALMOHHBIX U PEFPECCHOHHBIX CBA3EH MEKLY SMIIMPUYECKUMU U TEOPETUYECKUMU
HOPSAKOBBEIME CTATHCTUKAMHU.

4.2.1 Kpurepun, oOCHOBaHHbIe HA CPABHEHHM TEOPETHYECKONl IJIOTHOCTH pacnpeaeleHUs U
IMIMPHUYECKO THCTOrPaMMBbI

Kpumepuii )(2 (ITupcona) o1 npocmoit 2unome3wt

[Tycte mana BeIOOpKa {xl,xz,...,xn} 13 TeHepalbHOW cOBOKynHocTH F . IIpoBepsercs

runoresa I, : F, (x) = F'(x) nporus ansreprarusel I, : F (x) # F(x).
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[IpencraBum BBIOOPKY B BHJI€ TPYNIIUPOBAHHOTO Psija, Pa30UB MperonaraeMyo o0JacTh

3HA4eHUH CllydyailHOM BeJWYMHBI Ha m UHTepBaioB. IlycTe n, - 4yMCIO 371€MEHTOB BBIOOpPKHU
nonaBwyx B i-biif uHTepBaN, a p, = F(x,,,)— F(X;) - Teopernyeckas BepOSTHOCTb MOMA/(aHHs

CIly4ai{HOIl BENMYHHBI B [ -i HHTEpBaN IpH ycaoBuu HCTHHHOCTH f1,. COCTaBHM CTAaTHCTHKY

n — np.)
po(x)= Z#, KOTOpasi XapaKTepu3yeT CyMMY KBaJpaTOB OTKJIOHEHMs HaOII0JaeMbIX

i
3HAYEHMH 71, OT OXKMIAEMBIX /1P, TI0 BCEM MHTEpBallaM IPYIIIUPOBAHUS.

Teopema Iupcona. Eciu |, BepHa, T0 py GUKCHPOBAHHOM m M 1 —> 00

2

p(x)= Z :za(m ). (1)

Takum 00pa3om, cTatuCTHKY O(X) MOXHO HCIOIb30BAaTh B KAYECTBE CTATHCTHKH KPUTEPUS

coryacus /Ui MPOBEPKU TMIIOTE3bI O BUJE 3aKOHA pacHpe/IesieHns, KOTOPBIA OyIeT UMETh BU/I:

H, p<x><za . Z”‘”p)

F(x)=
O ez ,

2)

2 2
rae X, -kBaHTHiIb pacnpenenenus )~ (m —1) ¢ (m —1) crenensimu cBo6oBL.

. . 2
JlaHHBIN KpPUTEpUN Ha3bIBACTCSA Kpumepuem Y uiu Kpumepuem coznacus Ilupcona. Jucnepcus

craructuku P(x) pasaa D(p)=2(m — 1)+— Z——m —2m+2 |. Ecm z—<<n u
AUE] p, i=1 pl

m<n, 0o D(p)=2(m—1), 1.e. coBnanaer ¢ aucnepcuell cay4aliHON BETUYMHBI, UMEIONIEH
2
¥~ - pacipeieTIeHuE.

2
Ha MOITHOCTb CTATUCTHYCCKOI'0 KPpUTCPUSA X CHJIBHOC BJIMAHUEC OKa3bIBACT YHUCIO

WHTEPBAJIOB pa30MEHUS TUCTOTPAMMBl /1 ¥ TIOPSAIOK €€ pa3oueHus (T.e. BEIOOP IJIMH HHTEPBAJIOB
BHYTPU AMAINa30HAa U3MEHEHUs 3HAaYEHUM ciay4yailHOW BenuuMHbl). Ha mpakTuke NpuHATO CUUTATH,

2
9TO CTATHCTHKY )~ MOXKHO HCIIONB30BaTh mpu /P, = 5. Iloka3aHO, 4TO TaKoe MPUOIMKEHHE

JOMYCTUMO M TOrJa, Koraa He Gonee, yem B 20% uuTepBanoB umeer mecro 1<np, <5. Ilpu

n>200 pexomennyercs Beiompats 711 w3 yernosus m=4(n—1)""°, Ho He npesbmaromee

m=n/5.
Ipu 1 <200 3nauenne m wmoxHo BHIOMpath w3 yciosus m=1+3,32-lgn=1+4-1gn.

C‘-II/ITaeTC}I, YTO ONITUMAJIbHOC 3HAYCHUE M = 10 .

2
[paBuiio mpoBepku rumotessl npocro: ecan P(x) >y, (V), To Ha ypoBHE 3HAYUMOCTH O, T.e. C

2
nocroBepHoctbio (1 — ) rumoresa H|, orsepraercs. Ecim Bemommsercss p(x) <y, (V), To

rurnoresa [, npuHUMaeTcs (HE MPOTHBOPEUHUT OIBITHBIM NaHHBIM).

Ilpumep 4.1. Mzmepenst 100 oOpaGoTaHHBIX JeTanei, OTKIOHEHHS OT 3aJlaHHOTO pa3Mepa
NIPUBEJICHBI B TAOIUIIE:
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[x;5%;41)

[-3,-2)

[-2,-1)

[-1,0)

[0,1)

[1,2) [([2,3)

[3.4)

[4.5)

10

15

24

25 13

7

3

n. 3

1

I[IpoBepuTs mpu ypoBHe 3HaunMoctd & = 0,01 runoresy /1, 0 ToM, 4TO OTKIOHEHHS OT

IIPOEKTHOT'O pa3Mepa NOJUMHSIIOTCS HOPMAIILHOMY 3aKOHY pacIpeieIeHHUsL.

Pewenue.

Yucno HaOMIOEHUN B KpallHMX MHTEpBajlaX MEHbBILIE 5, MOATOMY OOBEIUHHM HX C COCEAHHUMHU.
[Tonyunm cnenyromuii psia pacupenenerus (n = 100):

[x,%.0)  |[-3,-1) -1,0)  |[0,h) [[1.2) [[23) 3.5
n. 13 15 24 25 13 10

1

Cny4aiinyro BEJIMYMHY - OTKJIOHEHHE - 0003HauuM depe3 X. [l BBIYMCIEHHUS BEPOATHOCTEH p;

HEOO0XOJMMO BBIUMCIIUTH MapaMeTphl, ONpeAessIoNe HOPMaJIbHBIN 3aKOH pacupenencHus (d u
O ). VIX O1IeHKH BBIYMCIIUM T10 BBIOOPKE

)?=L(—2-13+(—O.5)-15+...+4-10):0.885 ~0.9,
100
D, :ﬁ(4-13+0.25-15+...+16-10)—0.8852 ~2.809,0~1.7.

Haxomum p; (i=1,2,..6). Tak xax CB X ~ N(a,0) omnpezneneHa Ha(—00,00), TO KpaiiHue

MHTEPBAIBI B PANE PACIpelIEeHus 3amensieM, cootBeTctBeHHo Ha (—0,—1) u (3,90). Torma

p=pl-o<X< —1}=®0(ﬂj—cDO(—oo):%—cDO(l.lz)z 0.1314. Amanormumo

1.7

nonyaaem p, =0.1667, p, =0.2258, p, =0.2183, p, =0.1503,
Pe=p3<X< oo}cho(oo)—q)()(%j =%—q>0(1.24)= 0.1075
IlosrydeHHbIE pe3ysIbTaThl IPUBEAEM B CIIENYIOUIEH TabnuLe:

[xi’xH‘I) (-OO,-I) [-1,0) [Oal) [192) [293) [3’ OO)
n, 13 15 24 25 13 10
n'=np, 13,14 16,67 22,58 (21,83 [15,03 [10,75

BhraucisieM cTatucTuky p(x) =y ..

S n’ 13> 15° 10°
zja@z :Z I’l:[

+ +..+
‘o1 hp; 13.14 16.67 10.75

Haxomum ducio creneHeil cBOOOJBI; MO BHIOOPKE paccUMTaHbI Ba Mapamerpa, 3HAuuT, ' = 2.
KonmaecTBo unTEepBaoB 6, T. €. m = 6. CnenoBaTenbHo, k=6 -2 -1 =3. 3nas, uto ¢ =0,0l u k =

]100 =101.045-100=1.045.

2 2 2 2
3, mo Tabnuue y - -pacnpenenenus Haxomum ¥, ,=11.3. Utax ¥, < X o i CHENOBATENLHO, HET

OCHOBaHUM OTBEPTHYTh MPOBEPSIEMYIO THIIOTE3Y. P>



40
Kpurepuii y> (ITupcona) A8 cJ10:KHOI THIIOTE3bI
ITycTp {xl,xz,. . .,xn} BBIOOPKA U3 reHepaibHOl coBokymHocTH F . TIpoBepsieTcs crnoxkHas
runoresa ;1 F (x) = F,(x), rne 0 - HeussectHblil mapamerp pactpenesneHust [ (1m BeKTOp
napameTpos), npotus ansrepHatussl 1, 1 F (x) # Fy(x).
ITycte BHIOOpKA IO MpPEKHEMY NPEACTABIEHA B BUJE I'PYNIIMPOBAHHOTO PAAa U 7, - YHUCIIO

5JIEMEHTOB BBLIOOPKH IOMABIIKX B i -bIif unTepBan, I € {1,2,...,m}. Crartucruky (1) MbI He MOKEM

B OTOM CJIyda€ HCIIOJb30BaTh AJIA IMOCTPOCHUA KPpUTECPUA HI/IpCOHa, TaK KaK HEC MO>KEM BBIYHCIIUTH

TCOPCTUYCCKUEC 3HAYUCHUA BepO}ITHOCTeﬁ pi’ KOTOPBIC 3aBUCAT OT HCU3BCCTHOI'O ITapaMeTpa 9 .

* * *
Iycre O - ouenka mapamerpa 0, a p, (0) - coorBercrByroIIME €if OLEHKH BeposTHOCTEH P, .

2

n, — np,

CocraBum cratuctuky P(X) = ZQ
i=1 npi

Teopema ITupcona. Eciu H o BEpHa, U [ - gucno xommnonent Bextopa O (4MCIO HEM3BECTHBHIX

rapaMeTpOB paclpeesieH s ), TO TPU PUKCUPOBAHHOM M U 1N —> O

p(x)= Z( ) = ya(m—1-1). 3)

Taxum oOpaszom, kpurepuit [lupcona it mapaMeTpudeckoil THnoTe3bl OyJeT UMETh BU/I:

H,, p(x)<y. (n —np )2
F(x)={ "° " }: R 4
(x) s p(x)= (4)

20e y2(m—1—1) - xgautums pacnpenenerus y~ ¢ m—[ —1 creneusmu cBoGOTEL.

.
3ameuanue. OueHkH 6 , UCHOJB3YEMbIe ISl TIOCTPOEHUSI CTATHUCTUKU KPUTEPHUS XU-KBajapart,
JIOJKHBI OBITH OTPE/IENEHBI U3 YCIOBUS MUHUMYMa CTaTUCTURU  O(X) .

* ~
[ToaTomMy kenaTenbHO YTOYHWUTH OLEHKH @ , HalWIeHHBIE JPYIHM CHOCOO0M (METOJI0M
MaKCUMaJIbHOTO TIPABAONOA00US UM METOJOM MOMEHTOB) ITyTEéM MUHUMH3AIIH p(x) .

4.2.2 Kpurepuu, 0CHOBaHHbIC HA CPABHEHUH TEOPETHYECKOI ¥ IMIIMPHYECKOI PyHKIMIt
pacnpe/eeHHs1 BepOSITHOCTei

Ilycre naHa BblOopka X, <X, <...<X . OGo3naunm uepe3 F (X) ommmpuueckyro

GyHKIMIO pacnpeseneHns BeposTHOCTeW. a wepes F(X) — Teopernmueckyo (yHKIHIO
-1 i—0,5
pacnipenenenns (X, = F~ | ——— |).
n

PaccrossHne Mexay SMIMPUYECKOW U TEOpeTHUECKOW (QYHKIMSAMH pacrpelereHus
BEPOSTHOCTEW SBJIsIETCS BecbMa A(P(PEKTUBHONW CTAaTUCTUKOM JUIsl MPOBEPKH THUIOTE3 O BHUE
3aKOHA pacIrpeieNICHUs] BEPOSITHOCTEH CIIydalHOW BEJIMYMHBI.
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Cpenu UW3BECTHBIX KPHUTEPHUEB COTJIAacHs TAaKOrO THUIA OTMETHM CEpHUI0 KpPUTEpHEB,
MCIIONB3YIOMIMX pPasiMdHble BapHaHThl aHanusa paccrosHus Mexny £ (x) n F(X):
kputepuii Jxunu, kpurepuit Kpamepa-¢pon Museca, kputepuii Kommoroposa-CmupHoBa,
kputepuii CmupHoBa-Kpamepa-hon Muzeca u ap.

Kpumepuii Konmozopoea-Cmupnosa
Iycrs F (x) — ommupuueckas (YHKUMS pacIpeieieHUs CIIydailHOH BEIMYMHBI X,

NpesIcTaBIeHHOH BRIOOpKOH X, S X, <....< X ¢

E,(x) =

Jlist mposepku Hyiesoi runoresst ) @ F (x) = F(x), rue F'(x) — nonsocTsio

orpeniesieHHas (C TOYHOCTBIO IO TapaMeTPOB) TEOPETHUECKast (GYHKLUS PaCHpeaeICHHS,
paccMaTpUBaETCs PACCTOSHUE MEXKAY SMIUPUUYECKON U TEOPETUUYECKON (QYHKIUAMU
pacnpeneneHus

D, =sup|F,(x) = F(x)

Ixf<o Ixf<o

; D, =sup(F,(x) - F(x)); D, =—inf(F,(x) - F(x)).

Inf<oo
3meck SUp, inf — TouHble BEPXHASA ¥ HYKHAS TPAHUIIBI COOTBETCTBYIOIIMX PA3HOCTEIA.
JU1st IpaKTU4eCKOTo MPUMEHEHHS UCTIONB3YIOTCS (hOPMYJIbI

i . i—1 -
D’ = max(— — F(xl.)); D, = maX(F(xl.) ——j : D, = maX(D;,Dn ) _
1<i<n 1<i<n
n n
Kputnueckue 3Ha4eHUs Pa3HOCTEH PACCUNTHIBAIOTCS 110 MPUOIMKEHHBIM (hOpMYyIIaM

-1 -1
Dn(a):{%lnl 20(} ; D;(_)(a):{%ln ! }

1-a

Ecim D, > D, (o), To runoresa cornacust /1, OTKIOHsETCS HA yPOBHE 3HAYMMOCTH O .
[Ipu n > 20 nonesna anmpokcuManus

1 B 2

 =—(6nD; +1)",
On

pacrpeieieHre KOTOPO ONMKUCHIBAETCS paclpeieICHUEM XZ c V=2 cTeneHsIMH CBOOOII.

ITpu 7 > 10 HE06X0AMMO HCIIONB30BATH 6OJIEE TOUHOE IPUOIIMKEHNE
1/2

2 1/2
DO(ay=i L[, 2 =41 _Lz(Lj L
2n 18n 6n 2n 6n

rie y=—Ino ms D7 (o) m y=—In(at/2) ans D,, upu 0,01<0<0,2 u 0,005< a.
CredeHC Pe oK CIIeIYIONHe MPeodpa3oBaHus CTATUCTUK D;(_) , D

~ 0,04
D.=D, \/; +0,275— \/_ — JUIs HUOKHEH TIPOIIEHTHON TOUKH,
n

~ 0,11
D.=D, \/; +0,12+ \/_ — JUIsl BEPXHEN MPOLIEHTHOM TOYKH;
n
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Jn

Kputnueckue 3nauenus cratuctuk Credenca nmpuBeaeHsl B Tad. 4.1.
~+(-)
Tabnuia 4.1. TIponeHTHbIE TOYKH CTATHCTHK D u D,

D.7 =D [ﬁ+012+011)

o 0,150 0,100 0,050 0,025 0,010
Bn 0,973 1,073 1,224 1,358 1,518
5+(—) 1,138 1,224 1,358 1,480 1,628

Kpurepuit Konmoroposa-CmupHoBa npuMensiercs mpu 7> 50,

Kpumepuii Kpamepa-¢hon Mu3zeca

CraTucTuka KpuTepusi UMeeT BUJT

2 _ 1
w
12n ,1{

rie F'(x) — TeopeTnueckas GyHKIMS pacrpeaeeHus.

}2
Heo0xo0auMo MOMHHUTB, YTO TeOpeTHUecKass QYHKIHS paclpeesiCHNs TOJDKHA ObITh U3BECTHA C
TOYHOCTBIO OO IIapaMETpOB. PaCHpOCTpaHeHHaﬂ ommn0OKa — HCIIOJB30BAHAE B KauyeCTBE F(X)

GbyHKIIMM pacrpeiefieHus ¢ mapaMeTpaMu, OLEHUBAEMbIMU 10 BBIOOPKE MPUBOIUT K YMEHBUICHUIO
BEJIMYMHBI KPUTHUYECKOTO 3HAYCHUS CTATUCTHUKH, T.€. K YBEIIMYCHHUIO KOJMUYECTBA OMHUOOK BTOPOTO

pona.
[Ipu ob6weme BBIGOpKH 71 >4(0 MOXHO HCIONB30BAaTh NPUBEAEHHBIE B Tabil. 2 KBaHTUIH

2
pacnpesnenenus W, KOTOpbIE CIEAYIOT W3 €ro MNpeleibHOro pacnpesencus (Ol — YpOBEHb
3HAYHMOCTH, TIPHHATHIN U1 poBepku 1 ).

Tabnuua 4.2. KBanTHIn pactpeienenus w’

o 0,900 0,950 0,990 0,995 0,999
0,3473 [0,4614 |[0,7435 |0,8694 |1,1679

w’ (o)

Ipu 1 <40 MOKXHO HCTIONIB30BATH ANITPOKCUMAIIHIO

(vvz)'z(w2 _04 + 0’26)-(1+l).
non n

Kpumepuit Koamozoposa
KpI/ITepI/Iﬁ KOJ’[MOFOpOBa JITs1 HpOCTOfI TUIIOTE3BI SIBIISIETCS HanOoee IMPOCTBIM KPUTCPHUEM
MPOBEPKH THUMOTE3bl O BHUJAE 3aKoHa pacmpeneneHus OH CBSA3BIBACT SMIHPUYECKYIO (YHKIIHIO

*
pacupenenenns F, (x) ¢ dynkuueii pacupenenenus F'(X) HenpepbIBHOM CilydailHON BelTHIHHBI
X
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Ilycte X, X,...X, - KOHKpETHas BLIOOPKA M3 PACHPENEIICHUS C HEU3BECTHOM HENPEPBIBHOM

*
¢ynximeit pacnpenenenuss F(x) wu F (x) - ommupudeckas (yHKUMs —pacrpeieieHus.
Beiasuraercs npocrast runoresa H  :

F(x)=Fy(x) (ansrepuarusnas H, : F(x) # Fy(x),x e R).

CymHocTh Kputepus KoIMoroposa COCTOMT B TOM, YTO BBOIAT B PACCMOTPEHHE (yHKIUIO

*
D =max|F, (x)— [, (x)|, nassBaemoil cratucrukoil Koimoroposa, mpeicrasisromieit

*
co0OM MaKCHMAJIbHOC OTKIOHEHHE OMIMPHYeCKOi (yHKuuu pacnpenenenns [, (x) or

TUTMIOTETUYECKOH (T.€. COOTBETCTBYIOIIEH TE€OPETUUECKOM ) (DYHKIIUU pacTpeieTICHIs FO (x).

KonmoropoB pokaszan, 4yTto mpu 7 —> 00 3aKOH pAaCHpeAesICHUs CIy4YallHON BEIWYUHBI

\Nn-D, HezaBucumo ot Bupma pacmpegpenchus CB X cIpemurcss K 3aKOHY pacIpelelcHHs
Konmoropoga:

PRID, <x}— K@) = 3 (1) exp(-2k2x%), x>0,
k=—0

rne K(x) - ¢yskums pacnpenenenuss Konmoroposa. Haiinem mopor D, wu3  ycnosus

P(Dn > D, ) =« . YtoObl nepeiiTu K pacnpeneneHuro Konmoroposa 3anumiem

K(x,)=1-a.

3nece X, = \/;DO - MpoleHTHas ToYka pacnpenenenus Kommoroposa. Ilpu 1 >>1
NpUOIMKEHHOE 3HAYCHHE KOPHS YPaBHEHHUSI MOYKHO HAWTH KaK
1. 2
XO == —hl— 5
2 «
KOTOpBIC PUBEACHBI B TaOJIHIIE
a 0.1 0.05 0.02 0.01 0.001
X, 1.224 1.358 1.52 1.627 1.95
1 y
Torma D, = 2—ln— , ecnu D, < D,, to runoresy [/, Her OCHOBaHHIl OTBeprath; B
n (94

IIPOTUBHOM CIIy4ae — €€ OTBEPraroT.

4.2.3. IlpuHafIeKHOCTH IBYX BBIOOPOK OJHOMY H TOMY ’Ke pacinpeaea1eHHI0
[IpeanonoKuM, YTO HMEIOTCS JBe BbIGOPKH (X[, X,..X,) H (1 s Xogo Xy ) C

HE3aBUCHUMBIMU DJIEMEHTAMH, KaXkKJas M3 KOTOPBIX IMPUHAIUIEKUT HEKOTOPOMY PAaCIpPENCIICHUIO.
[Tpencrasisier UHTEPEC MPOBEPUTH TUIIOTE3Y O TOM, YTO 00€ 3TH BBIOOPKM MPUHAIJIEKAT OJHOMY U

* *
Tomy ke pactpenenenmio. Ilyets £ (z) u F (z) - ommmpuueckne ¢pyHKuMM pacnipeenenus,
TIOCTPOEHHBIE TI0 YKa3aHHBIM BEIOOPKaM. B Ka4ecTBe KpUTEPHUS COTIIACHS TIPUMEM BEJTUUHHY
* *
D=maxF; (s)~ F, (z)‘ .

Kak nokazan H.B. CmupHOB 1ipu 7 —> o0

Aol tedl) sk
n m

Ecnu & - ypoBeHb 3HAUUMOCTH, TO B IEPBOM NPUOIMKEHUU BEJIMYUHA IOpPOra
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1 1 1. 2
D, - \/_ L2
n m \2 «
[IpaBuso mpoBepKH TUMOTE3: BEIOOPKH MPUHAJICKAT OJHOMY M TOMY K€ pacIipeiesieHUIO,

ectu D < D,.

Ipumep 4.2. Monery 6pocanu 4040 pa3 (bropdon). Iomyunnu n; = 2048 BeimageHuii repda u n;
= 1992 Beimagenuii pemku. [IpoBeputh, ucmons3ys a) kputepuit Komamoroposa; 0) kpurepuit

[THpCcOHa, COrIaCyrTCS U 3TU JAaHHbIE ¢ runote3oit /1, o cummerpuyanoct MoHeTs! (¢ = 0,05).
Coyuaiinast BennunHa X IPUHAMACT ABa 3HadeHUs: X; = -1 (peuika) u x; = 1 (rep6). T'umoresa H ;:
P{x=-1}) =P{x=1}=1/2.

a) [To Tabmuue pacnpenenenust Konmmoroposa Haxonum KopeHb ypaBHeHust K(x) =1 - o npu o =

_x, 1358 ~0.021.

0,05. Cnenyer xp = 1.358. Torna D), = \/_ =
n 4040

*
Jlist HaxoxaeHus 1o Beibopke D, crpoum Gynkuun Fiy(x) u F, (X) u BblunciseM Benuuuy

D =max|F'(x)-F, (x)‘.

perka repo
X; x;=-1 x; =1
Di 0,5 0,5
0, x<-1
Fy(x)=40.5, —l<x<I1
I, 1<x
perka repo
X; x;=-1 x; =1
n; 1992 2048
Di ~ 0,493 ~ 0,507
0, x<-1
F (x)=:0493, —1<x<l
I, 1<x

MakcumanbHoe otkinonenue [ (x) or Fn* (x) pasno 0,007, r.e. D, = 0,007. [Tockonbky D, < Dy,

TO HET OCHOBaHUII OTBEpraTh rumoresy [ ; OnbITHbIC JaHHbIC COTNIACYIOTCS ¢ rumoTe3oit 1, o

CUMMCTPUYHOCTU MOHCTHI.

2
0) Boruucnsem cratuctuky }:

6 2 2 2
o= —n= 19927 2048° 1040 |=0.776.
. 0.5%*4040  0.5*4040
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2 2 2
Io Tabmuue ¥~ pacrpenencHus HaXOXUM KPHTHICCKYIO TOUKY ¥ 1= (051 = 3-8 . Tak kak

2 2 o
ZHa6JZ < Z0.0S 1 TO OIIBITHBIC TaHHBIC COIIACYIOTCA C TMIIOTE30M O CHMMCTPUIHOCTH MOHCTBI. | 4

4.3 Kputepun HOpMaJILHOCTH pacipe/e/ieHus

HopmanpHbiit 3aKOH pacipeesieHus] BEPOSITHOCTEH MOMy4Yrsl HauboJbliee pacrpoCcTpaHEHHE B
MPAaKTUYECKUX 3aJadax OOpabOTKM HKCHEPUMEHTAIBHBIX JaHHBIX. BOJBIIMHCTBO NPHUKIATHBIX
METOJOB  MaTeMaTU4YeCKOM  CTATUCTUKM  MCXOOUT M3  IPEANOJOXKECHUS  HOPMAJIBHOCTU
pacnpeeleHus: BEpOATHOCTEH N3Y4aeMbIX CIy4alHBIX BEJIMYUH.

[Iupokoe pacnpocTpaHEHHE 3STOrO paclpesieleHusl BbI3BAIO HEOOXOJUMOCTb Ppa3pabOTKH
CHECLIMAIBHBIX KPUTEPHEB COIJIACUS DMIIMPUYECKUX PACHPENEICHUH C HOPMAaJIbHBIM 3aKOHOM.
Paccmotrpum aBa kpurepus.

4.3.1 MoanuunpoBaHHbIii KpUTepHii xz

[lycts naHa BbIOOPKA X, X,,...,X, JaHHbIX U3 pacnpemenenus F(x). Ilocne oueHkn

- 1 & 1 < N2
napamMeTpoB X = —le., S = —Z(xl. —X)” pacmpesiesieHUs COBOKYITHOCTH BBIOOPOYHBIX
n iz

i=1
JaHHBIX pa3OMBAeTCs Ha /1 PAaBHOBEPOATHBIX HMHTEPBANOB ( P, =— =CONS!) W CTaTHCTUKA
m

KpUTEpHs TOACUUTHIBAETCS 10 popmyrie

m

> m 2
K==,
i=1

n -
rae 1 — o0beM BHIOOPKH; /1, — KOIMYECTBO YWICHOB BHIOOPKH, OMABIIHE B [ -if HHTEpBAIL.
["'paHUIIBI HHTEPBAJIOB OMPEAEISIOTCS KaKk
a=x+cs (i=0,1,...,m).
3na4yenus ko>pGUIMEHTOB C; mpuBeaeHkI B Tabi. 4.3. CiaemxyeT OTMETUTD, C, = —00 Hu C, = 0.

Taxk xak Ci CUMMCTPUYIHBI OTHOCUTCIIBHO HYJIS, TO HCAOCTAOIUC 3HAYCHU A Ci MO>KHO HaWTH U3

COOTHOIICHUN
. m—1

c, =—C, , (l =1,...,—) — JIJI HEYETHBIX M

—(m=1)+i —(m—=1)—i 2

2 2

. m—2

c, =—c, , (l=1,...,—) — JJIS1 YE€THBIX M .

Eeri Em—i 2

Tabmnuua 4.3. 3nauenus K03PpGULUUEHTOB C; MOIUPUIIIPOBAHHOTO

y” -xpurepust HopmansHocTH s 1 € [3;15]

m & c, Cy Cy Cs Cq c,
3 -0,4307
4 -0,6745 0
5 -0,8416 |-0,2533
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6 -0,9074 |-0,4307 0

7 -1,0676 |-0,5659 |-0,1800

& -1,1503 |-0,6745 |-0,3180 0

9 -1,2206 |-0,7647 | -0,4307 | -0,1397

10 -1,2816 |-0,8416 |-0,5244 |-0,2533 0

11 -1,3352 | -0,9085 | -0,6040 | -0,3488 -0,1142

12 -1,3830 |-0,9674 | -0,6745 |-0,4307 -0,2194 0

13 -1,4201 |-1,0201 |-0,7303 |-0,5024 -0,2934 |-0,0966

14 -1,4652 |-1,0676 |-0,7916 | -0,5660 -0,3661 |-0,1800 0

15 -1,5011 |-1,1108 |-0,8416 |-0,6229 -0,4307 |-0,2533 | -0,0837

2
Ecm %" >d, (o), roe d, (0) — KpuTHYecKoe 3HAYCHHE CTATHCTHKHM KDUTEPUs Ha YPOBHE

3HAYMMOCTH OL, TO THIOTe3a HOPMAIBHOCTH OTKJIOHsercs. Kpurnmueckue suauenus d, (OU)

puBeIeHbI B Ta0. 4.4

Tabinua 4.4. Kpurnueckue 3uavernst d, (O) MOAU(PHIIPOBAHHOTO ¥ - kpuTepus

HOPMAJIbHOCTHU
(04 (04

m 0,10 0,05 0,01 m 10,10 0,05 0,01
3 2371 | 3,248 | 5418 |10 |12,384 14438 | 18,852
4 3928 | 5107 | 7,917 |11 |13,694 15883 | 20,431
5 5442 | 6,844 [10075 |12 | 14,988 17226 | 21977
6 6,905 | 8479 |12,021 |13 |16267 19,589 | 23495
7 8322 |10038 |13,837 |14 |[17535 19937 | 24,990
8 9,703 |11,543 |15567 |15 |18792 21270 | 26464
9 11055 | 13,007 |17,234

4.3.2 Kpurepnii Tuna Koamoroposa — CmupHoBa

Paccmorpum npumenenue kxputepus Konmoroposa-CmupHoBa (cM. paszzpen 4.2.2) s
IPOBEPKM HOPMAJIBHOCTH pACHpeleNeHuss B CUTyalud, Korga o0a ero mnapaMerpa

OLICHUBAIOTCS IO BBIGOPKE. AJITOPUTM MPOBEPKH HYIEBOl rumoressl f1, s storo ciydast

coxpansiercs. [Ipu sTom ncnonb3yercs MOaUGUIUPOBaHHAS CTATUCTUKA
0,85
\n
H
¥

Kputnaeckue 3nadenuss D) (0) (0L — ypoBeHb 3HAYMMOCTH) IIPHBEICHBI B Ta0IL. 4.5

D::Dn[\/;—o,01+

Tabnuua 4.5. Kputnueckue 3nauenus cratuctuku Konmmvoroposa — CMupHOBa,
MOIUGUIMPOBAHHON U1 MPOBEPKU HOPMAIBHOCTH pacIlpeleIeHus
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o 0,15 0,10 0,05 0,03 0,01

D*(a) 0,775 0,819 0,895 0,955 1,035

[IpumenuM KpuTepuid coriacus w’ (cm. pazmen 4.2.2) nis 3ama4d IPOBEPKH THUITOTE3BI
HOPMAJIbHOCTHU paclpCACICHUA BepOHTHOCTefI CﬂyqaﬁHBIX BCIIMYHH. AJIFOpI/ITM BBIYHCIICHUSA
CTaTHUCTUKH KPUTEPHUS B OTOM CIy4yae HE MEHSAETCS — MEHSIOTCS TOJIbKO KPUTHYECKUE
3HAQYCHUS CTATUCTUKU IIPOBEPKU TUIOTE3bl. JUIA pa3iIuyHBIX CUTyalMi. KOrja IapaMmeTpbl
TUIOTETUYECKOTO pacIpesielieHus] OIEHUBAIOTCS HEMOCPEICTBEHHO IO CaMOil BBIOOpKE,

2
KPUTHYECKHE 3HAUEHUSI CTATUCTUKU W TpUBENIEHBI B Ta0I. 4.6.

2
Ta6muma 4.6. Kputndeckue 3HaUe€HUS CTATUCTUKH W~ 051 IPOBEPKU HOPMAIILHOCTH
pacrpenenenus (1 — o0 — yposens 3HaunMOCTH)

Hcxonublie ycrnoBus

0,90 0,95 0,99 0,995 0,999
[TapameTpsl (L 1 G ) U3BECTHBI 0,3473 |0,4614 |0,7435 |0,8694 1,1679

3apaHee
[TapameTp G HW3BECTEH, a 0,1344 |0,1653 |0,2380 |[0,2698 0,3443
napaMeTp |l OIEHUBAETCS T10

BBIOOpKE
-1
LY o
n5

[Tapametp L u3BecteH, a mapamerp| 0,2370 |0,4418 |0,7245 |0,8506 1,1490
O OILIEHUBAETCA MO BEIOOpKE

= 3

i=1

IMapamerpsl (L 1 G) 0,1035 {0,1260 [0,1788 |[0,2018 | 0,2559
OLIEHUBAIOTCSI 110 BEIOOPKE

4.4 Kpurtepuii NpoBepKH IKCIOHEHIMAJIBHOCTH pacinpeaeeHus
4.4.1 Kpurepun tuna Koaimoroposa —-CMupHoBa
[penmonox)um, UMeeT MECTO THITOTETUYECKH 3aKOH paclpelieNIeHUs] BEpOSITHOCTEH
_ (x—p)
F(x)=1—exp| ———= |, rae L U V — HEU3BECTHBIE MAPAMETPBI, OLEHKU KOTOPBIX T10
v

BBIOOpPKE MOTYT OBITh HalIeHBI 110 (hopMysIaM (OTMETHM, YTO BRIOOPKA yIOPsI0YCHA, T.€.
X <x,<...2Xx)



48

~

X —
O6o3naunm  z, = —= U IepeisieM K HOPMHUPOBAaHHOMY JKCIIOHEHLHUAIBHOMY

v
pacupenenerno F'(z;) =1—exp(—z,), wist KOTOPOro MOKHO HPUMEHUTH CICAYIOLINE KPUTEPHH

corjacus
e Kpurepuit Konmmoroposa-CmupHoBa

lﬂ::nmx[l~—ﬁ(4)};[EE:HMX[F(Z)i—i:l};L%num(lﬁ,[&);
n n

. 2
o 2 § 2i—1 1
e Kpurepuiit CmupHosa-Kpamepa-pon Muzeca W™ = Z F(z,)- +
= 2n 12n
Jlist citydast IpOBEPKH DKCIIOHEHIMAIBHOCTH PACIpPEACIICHHUsS] C HEM3BECTHBIMU IapaMeTpamu
KPUTHYECKHE 3HAYCHUS TSI PA3JINYHBIX YPOBHEHW 3HAYMMOCTH MPUBEICHBI B Ta0JI. 4.7.
Ta6muma 4.7. Kputndeckue 3Ha4eHUsT CTATUCTUK
KputepueB coriacus tumna Konmoroposa-CMupHoBa

YpoBeHb 3HAUUMOCTH O
(BEpXHHE MPOIICHTHBIC TOYKH)

0,25 0,15 0,10 0,05 0,025 | 0,01

Crarucruka ' nD,

5 10,683 (0,749 |0,793 0,865 |0,921 0,992
10 {0,753 (0,833 [0,889 (0,977 |1,048 1,119
15 10,771 {0,865 |0,912 |1,002 |1,079 1,163
20 (0,786 (0,872 (0,927 |1,021 | 1,099 1,198
25 10,792 {0,878 |0,936 |[1,033 |1,115 1,215

501(0,813 {0,879 [0,960 |1,061 |1,149 1,257
00 10,824 (0911 |0972 |1,072 |1,171 1,278
o [0,840 0,927 0,995 |1,094 |1,184 1,298

2
CratncTtuka w

5 10,083 0,102 |0,117 |0,141 |0,166 0,197
10 10,097 |0,122 |0,142 |0,176 {0,211 0,259
15 0,103 |0,130 {0,151 |0,188 0,229 0,281
20 |0,106 (0,133 |0,157 |0,195 |0,237 0,293
25 (0,107 (0,135 {0,160 |0,199 |0,247 0,301
501(0,111 (0,141 |0,166 |0,209 |0,256 0,319
00 |0,113 |0,144 (0,170 (0,215 {0,263 0,328
o (0,116 |0,148 |0,175 {0,222 0,271 0,338

4.4.2 Kpurepuii ®umepa

n
E:xi
i=1

(n—-1Dx, |

Kpurepuii ®umiepa umeer sua [ =
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Ota cratucruka umeer [ -pacmnpepenenne ¢ Vv, =2n—2 u v, =2 crenensimu cBoboxsl. Eciu
n
in
i=1
—=——>F (2n—2,2), 10 HyneBas rumoresa otkionsercs. 3mecs F,(v,v,) — a-
(n—Dx,
KPUTHYECKOE 3HAYCHHE [ -CTAaTHCTUKY C V, U V, CTENECHSIMU CBOOOBL.

Kpurnueckue 3Hauenuss F -cratuctuku npu yposHe 3HaummoctH O = (0,05 npusenensr B
tabnuie (cM. Tabi. 4.7 CTaTUCTUYECKHUE TAOIHUIIBI).

4.5 Kpurtepuu coryiacusi Vi1 pABHOMEPHOI0 pacnpeaejieHust

[TpuBenem MmoaudunrpoBanubie Gopmbl kputepueB KoamoropoBa-CMupHOBa 115 3a/1a4u
IIPOBEPKHU PAaBHOMEPHOCTHU pacipeeneHus nopsiakosoi cratuctuku U, <U, <...<U. .

I _ I
D" =max| U, - ; D™ =max
i n+l1 i \n+1
Pacnpe[[eneHH;I YKa3aHHBIX CTAaTUCTUK GBICTpO CXOIATCA K HpeI[eHBHOMy, CCJIX UCITIOJIb30BAaTh UX
MoauUKaIUH:

IN)+:£D++O’4J- \/Z+0,2+0’68 ;5_:£D‘+O’4j- \/;+O,2+0’68 ;
n Jn n Jn

1~)=(D+O’4j- \/Z+0,2+0’68
n Jn

Kputnueckue 3naueHus 111 MOIU(DUIIMPOBAHHBIX CTATHCTHK IPUBEACHBI B Ta0. 4.8.

—Ul.); D=max(D",D").

—r o~ ~
Ta6muna 4.8. Kputnueckue snauenus D , D , D
KPUTEPUEB PABHOMEPHOCTH

n YpoBeHb 3HAUUMOCTH O
0,01 0,025 0,05 0,1 0,15
§+ 1,518 1,358 1,224 1,073 0,973
D 1,518 1,358 1,224 1,073 0,973
D 1,628 1,480 1,358 1,224 1,138

4.6 Kpurepuii cuMMeTpuH

Ecin oTCyTCTBYIOT NpPEANOCHIIKU AJI1 IPOBEPKU COIVIACUSl IMIIMPUYECKOTO PACHpPEEICHUs C
KaKMM-IM0O TEOpPETUYECKUM, TO BBIABICHHE Jak€ CaMbIX OOIIMX CBOMCTB SMIUPUYECKOTIO
pacrmpesiesieHdss JaeT HEKOTOpYH HHQOpManuio I BBIOOpa MPHEMOB W METOJIOB 00pabOTKH
9KCIIEPUMEHTAILHOIO MaTepHaa.

OnHUM U3 TaKUX MPAKTHYECKU Ba’KHBIX CBOICTB paclpeleIeHus SBISETCS €r0 CUMMETPUYHOCTh
OTHOCHTEIIBHO LIEHTPA IPYIIIUPOBAHUS 3HAYECHUH CIIy4aiiHOW BEJIMYUHBI.

PaccmoTpuM oH U3 KPUTEPUEB TPOBEPKH HA CAMMETPUYHOCTh — KpuTepui Kenysi.
JU1st 5TOr0 HaM MOTpedyeTCs BBECTH MOHITUE NOPAOKOBOU CINAMUCIUK.
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Kax Tosbpko no60oMy diieHy HaO0J101aeMOro BRIOOPOYHOTO Psiia CTABUTCS B COOTBETCTBHE
€ro HOMEp B YHOPSJAOYEHHOM IO BO3PACTAHUIO PSAY BBHIOOPOYHBIX 3HAUYEHHH — OTOT WICH
BBIOOPKU CTAHOBUTCS NOPAO0K0BOU cmamucmukou. JI7s TOTHOTO KOOPIUHUPOBAHUS TOPSAKOBON
CTATUCTUKH HEOOXOJMMO YyKa3aTh O00BEM BBIOOPDKHM M HOMEpP CTAaTHCTHKU. [[ns TOro, 4TOoO0BI

OTJIMYUTE IMPOCTO YJICH BBI60pKI/I xi oT HOp}II[KOBOﬁ CTaTUCTHUKH, 6yz[eM IMPUMCHATHL I €€
0003HaYECHHST CUMBOJI Xim — T-C. [ -s1 TIOPSIIKOBAsi CTATUCTHKA B BBIOOpPKE oObeMa 7. Wim Xiiy»

€CJIU 110 YMOJIYaHUIO IMPEeAToIaractcs n3BECTHbBIM 00BeM BBI60pKI/I.

CraTrcTuKa KpUTEpUs CTPOUTCS CIEAYIOINUM 00pa3oM. BribopouHble 3HaUeHUs
YIIOPSAI0YMBAIOTCS MO BO3PACTAHMIO: X; < X, <...< X, , ONPENENA0TCs MOPSIIKOBIE CTATUCTHKH C

n 15n n
HOMepaMI/I - —, —,T.C. X N X X . HO HHUM BBIYUCIIACTCA Mepa aCI/IMMeTpI/II/I
Sle 2T ) )

16 =
A=x

[ @j - 2X[nj + x(n) U CTATUCTUKA KPUTEPHUS
16

16
\n
9
3s
X5 —2X, \+X
1 - 6
16 2 16
rae S =—| X5,y — X/, ,mwm A=~/n )
NCIING ") 7
2 2
IIpu n > 50 pacnpenencHue CTATUCTHKU MOYKET OBITH alPOKCUMHPOBAHO CTAHIAPTHBIM
HOpMaﬂBHBIM paCHpeI[eJIeHI/IeM. TOFI[a THUIIOTE3a CHMMeTpHH OTKJIOHSCTCA C HOCTOBepHOCTBI‘O (04 ,

16

2

2

A=A

eciu ‘A‘ > Uy, > TAE Uy, — Y -KBAHTHIIL CTAHIAPTHOTO HOPMAIBHOTO PACTIPENeNeHHS.

Ipumep 4.1. B Bei6opke 00béMa 72 = 64 nMer0TCs MOPAAKOBEIE CTATUCTUKH
x(n] =Xy = 17; x(n] = X3 = 44; x(lSn j = X(0) = 127 . IposepuTs TUnmoTe3y
16 2 16
CUMMETPUYHOCTH pacipeeeHus cllydalHOW BeJIMYMHBI KpuTeprueM KeHnys npu 1oBepUTEIbHON
sepostaoctn oL = 0,95

— 2x(32) + X4y

X
Pewenue. Haxoqum A = \/6_4 (0) =4,07.

X, — X
(60)  (4)
T o0 = 0,95 u3 Tabnuibl KBaHTHIIEH HOPMAIBLHOTO PACTIPENENEHHS (CM. CTATUCTUYECKHE

TabIHIBL) U 4,5 = 1,96 . Tak kak ‘A‘ =4,07 >1,96, To runore3a cuMMeTpuH OTKIOHSAETCS. P>

Bomnpocs! Aj1s1 camonipoBepku

3aga4M CTaTUCTHYECKOM MpoBepKu runote3. [lonsTue runores.
YpoBeHb 3HAUUMOCTH, YPOBEHb TOCTOBEPHOCTH.
3. Kputepuu, OCHOBaHHBIE Ha CpPAaBHEHHUHM TEOPETHUYECKOM IUIOTHOCTH pACTIPENCICHUS U

N —

. o2 .
smnupudeckoil rucrorpammel. Kpurepuit y~ (Ilupcona) a1 npocToil rumoTessl.

4. Kpurepuit y° (IlupcoHa) IS CTOKHOM THITOTE3HI.

5. Kpurepumn, OCHOBaHHbIE Ha CpPAaBHCHHH TEOPETHUYECKOW U HSMIIUPUYECKON (PYyHKIUH
pacnpenenenus BepositHocteil. Kpumepuu Konmozcoposa-Cmuprosa.

Kpurepuii Kpamepa-pon Museca.

7. Kpurepwuii cornacusi IpuHAJIKHOCTH ABYX BRIOOPOK OJTHOMY U TOMY K€ pacIpeieTICHHIO.

o
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13.
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. o2
Kpurepun HopmanbHOCTH pacnpenenenus. MoanuuupoBaHHbIM KpUTepHid )~ .
Kpurepuit Tuna Konmoroposa — CMUpHOBaA TPOBEPKU HOPMATBLHOCTH PaCpeIeTICHUS.

. Kputepuii npoBepku 3KCIOHEHIIMAIBHOCTH pacnpeaeneHus. Kpurepun tuna Konmoroposa —

CmupHoOBa.

. Kpurepuii @uniepa npoBepkH dKCIIOHEHIIMAIBHOCTH PaCIPEeIICHUS.
12.

Kputepun cornacust st paBHoMepHoro pacrnpenenenus. Kputepun tuna Kosmoropona-
CmupHOBa

Kputepuit cummerpun.
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Tema 5. [IpoBepka runores 0 3HaAYECHUAX IAPAMETPOB paclpee/IeHUul

5.1 O0mue cBeieHUs1

OpHa W3 4YacTO BCTPEYAMOIIMXCS HA TPAKTHKE 3a/1ad, CBA3aHHBIX C TMPUMEHEHUEM
CTaTHUCTUYECKUX METOJIOB, COCTOMT B PELICHUH BOIIPOCA O TOM, JOJDKHO JIM HA OCHOBAHUU JTaHHOM
BBIOOpKH OBITH TPUHATO WIIM, HANPOTUB, OTBEPTHYTO HEKOTOPOE IMPEANOJOXKeHHEe (THIoTe3a)
OTHOCHUTEIILHO TeHEPaTbHON COBOKYITHOCTH (CIIy4ailHOW BEJTMYUHBI).

Hanpumep, HOBOE NEKapCcTBO HUCHBITAHO HA ONPENEICHHOM 4YHuCie Jofeid. MoxHO Jn
cenaTh MO JAAHHBIM pe3ysibTaTaM JieueHUs 0OOOCHOBAaHHBIM BBIBOJ O TOM, YTO HOBOE JIEKAapCTBO
6onee >pPeKTUBHO, YEM NMPUMEHSBIINECS PaHee METO/IbI JIeUeHHsI? AHAIOTUYHBIN BOIPOC JIOTHYHO
3a/laTh, TOBOPSI O HOBOM IIpaBWJIE MOCTYIJIEHUS B BY3, O HOBOM MeTO/€ OOydYeHHs, O MOJIb3e
ObICTpOI XOABOBI, O TPEUMYIIECTBAX HOBOW MOJIENIN aBTOMOOMIIS WIIM TEXHOJIOTHYECKOTO MpoIecca
uT. I

[Tporenypa conocTaBieHUsI BBICKa3aHHOTO IMPENNONOXKEHHs (TUIIOTE3bI) ¢ BHIOOPOYHBIMHU
TAaHHBIMU HA3bIBACTCSI NPOBEPKOLL 2Unomes,

3aoauu cmamucmuyeckotl nposepku 2unome3 CTaBsITCA B CIEAYIOLIEM BHJIE: OTHOCUTEIHHO
HEKOTOPOW TEeHEPAIbHOM COBOKYITHOCTH BBICKA3bIBACTCS Ta WJIM WHas runote3a H. W3 sToit
TeHEepaJbHONH COBOKYITHOCTH H3BJIEKaeTcsl BbIOOpKa. Tpebyercs ykaszaTh MpPaBUIIO, MPU TTOMOIIH
KOTOPOTO MOKHO ObUIO OBI 110 BEIOOPKE PEUINTh BOPOC O TOM, CIEAYET JIM OTKJIOHUTH TUnoresy H
WJIH TIPUHSTH €e.

CnenyeT OTMETHTb, 4YTO CTaTHCTUYECKUMHU METOIAMH THUIOTE3Y MOJCHO MOJbKO
ONposepeHyms U He OnposepeHymyv, HO He NoKa3aTb. Hanpumep, Uis TPOBEPKU yTBEPKICHUS
(rumote3a H) aBTOpa, YTO «B PYKOMHUCH HET OIMIMOOK», PEIEH3CHT Mpodel (M3Y4riI) HECKOJIbKO
CTpaHMII PYKOIIHCH.

Ecnu on oOHapyxus XoTs Obl OJHY OIMMOKY, TO THHoTe3a H oTBepraeTcs, B MPOTUBHOM
cllydyae - He OTBEpPIaeTcsi, FOBOPAT, UYTO «Pe3yIbTaT MPOBEPKH C TUIIOTE30H COTIacyeTcs.

BoiaBuHyTas runore3a MoXeT OBbITh NMPaBUIIBHON WM HEMPaBUJIbHOM, MOITOMY BO3HUKAET
HEOOXOAUMOCTD €€ MTPOBEPKH.

[IpuHSB OHY U3 TUIIOTE3, MBI TEM CaMbIM JeJIaéM OINpeesIeHHbIE BHIBOJBI O SBJIEHUHU, HO
IpU 3TOM CYIIECTBYEeT HEKOTOpasi BEPOATHOCTh, UYTO THUIOTE3a MpUHATA (WX OTBEPrHYTA)
HenpaBWIbHO. JKenaTenbHO MOATOMY BBIOMPATh TUIOTE3Y HEKOTOPBIM JIy4IIUM 00pa3oM. SICHO, 4TO
B 3aBHCHMOCTH OT TOTO, YTO TIOHUMAETCS IMOJ Jy4YIIUM BBIOOPOM, 3a/1ada MOXKET OBITh pelleHa Mo
pazHomy. Pemenue 3amad  HWCHOBITaHUS TUIOTE3 MpeAnonaraeT (OPMYIHUPOBKY KpHUTEpus,
OTBEYAIOLIET0 Ha BOMPOC, YTO 3HAYUT JIYYIIMHA BHIOOP TUIIOTE3BI M HAXOXKJEHHE PEIIaloIIero
MpaBuJIa, MOJb3YSICh KOTOPHIM, MBI, ITOJIYYHB BHIOOPKY, OTHOCHM €€ K ONpPEJEICHHOMY KJaccy H
TEM caMbIM BBIOMpaeM OIpelesieHHYl0 runore3y. HakoHen, BaXKHO ONpENeIuTb, HACKOJIBKO
HAJEKHbIE PE3yNbTaThl IOJYYalOTCS MPU JaHHBIX KPUTEPUH U peUlarolleM IMpaBuie. 3agada
UCTIBITAaHUS CTATUCTHYECKUX THUIIOTE3 JOMYCKAeT MaTeMaTHYecKyto (hOpMyIHpPOBKY BO BCEW CBOeH
OOIIHOCTH, OIHAKO MBI OTPAaHUYMMCS HEKOTOPBIMH 3a/ladaMH UCIBITAaHUS TUIOTE3bl O BUJIE 3aKOHA
pacmpeseneHus BBIOOPKH TaHHBIX.

5.2. IlpoBepka NPOCTOM rHMOTE3bI MPOTUB MPOCTON AJILTEPHATUBDI

IlepexoauM K NpoCTEMIIeN 3a1ade U3JIaraéMoi B 3TOU IJ1aBe TEOPHUU - - IPOBEPKE IPOCTHIX
runote3. CuTyanust B 3TOM ciydae TakoBa. Mmeercs HEKOTOpoe 4MCiI0 HAOJNIOJEHHBIX 3HAUYCHHUH

X{,-.-,X, (BbIOOpKa pasmepa 71) W W3BECTHO, YTO JTH 3HAYEHHS NPUHALIEKAT OJHOMY M3 JBYX
pacIpeneneHuin:
W (x,..x, | S,) uma W, (x,..x, | S;), CBA3AHHBIX ¢ B3AMMOMCKIIOUAIOIIMMHE

COCTOSIHUSIMU S M S| M3y4aeMOTo SIBICHHS. 3aja4a COCTOUT B TOM, YTOOBI YKa3aTh HAWIY4IIUH (B
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KaKOM-HHUOY/Ib CMBICIIE) aJlTOPUTM 00pabOTKK HAOII0AaeMBIX JaHHBIX C LIEIbIO PEIIUTh, KAKOMY U3
YKa3aHHBIX paclpeaeIeHuil MPUHAUIEKUT IOJTydeHHAs BEIOOPKA.

O6o3HaunM 4epe3 Hy u H; - THIIOTE3BI O TOM, YTO BBHIOOPOUYHBIC 3HAYEHHS MPUHAIJICKAT
pacripenencrnam W, (x,,..x, | Sy) u W, (x,,..x, | S,) coorsercteenno, a uepes ¥, n ¥,

pELIEHHs, COCTOSAINE B IPUHIATUU WM OTKJIIOHEHHH TUIOTE3bl Hy. I'unoresa H; saBiasercs npocTon
anbTepHATUBON Hj), U MOATOMY MOXET paccMaTpUBaTLCA TOJBKO OJHA rumore3a Hy. SIcHo, 4TO
OTKJIOHEHHE TUIOTE3bl H) 0O3HAYaeT MPUHITHE TUNOTE3bl ;. 3alaya COCTOUT B YCTAHOBJIEHUU IO

HaOJII0IeHUI ITPaBHJIa, COTJIACHO KOTOPOMY KayKIOW BBIOOPKE X,..., X, TPHIHMCHIBAIIOCH OBl OJJHO

U3 PEIICHUH ), WK )|, HHAa4Ye FOBOPS, B YCTAaHOBJICHUH IPABUIIA, II0 KOTOPOMY MOKHO OBLIO ObI

IPUHATE WM OTBCPIrHYTH THUIIOTE3Y H() Ha OCHOBAaHMHM JAaHHBIX, HAKOIUICHHBIX B IIPOLECCE
Ha6.HIO,Z[eHI/I}I HU3YydacMoOro sBJICHUA. YcranoBieHue YKa3aHHOro IpaBujia 3SKBHUBAJICHTHO

Pa3/IeNIeHNIo N-MEPHOTO MPOCTPAHCTBA BBIGOPOK (X|,...,X,) Ha JBe HelepeceKaroumuecs o0nacTu

Gy u G;. Ecnu paHHas KOHKpeTHas BBIOOpKa momamaer B obnacte Gy, To rumoresa Hy
MIPUHUMAETCS, & €CJIM OHA IMoTaaeT B 00yacTh G; TO OHA OTBepraercs (T. €. MPUHUMAETCS TUIIOTE3a
H;. Takum o6pazom,

(Xl,..., Xn) E GO % 7/0
(Xl,..., Xn) E Gl % 7/1
I7Ie CHMBOJI BKJTFOUCHHUSI € O3HA4YaeT MPUHAIICKHOCTh TOUKH TaHHOKW OOJIaCTH TMPOCTPAHCTRBA.
Obnacte Gy TPHUHATHS THUIOTE3bl HA3BIBAIOT Oonycmumou, a obmactb G; OTKIOHEHUS
TUTIOTE3bl — Kpumuyeckou. YPaBHEHHE TIOBEPXHOCTH D(xl,..., xn) =const B n-MEepHOM

MPOCTPAHCTBE, pAa3JeNAoIIel YKa3aHHbIE OO0JAaCTH, SBISETCS AHAIUTUYECKUM BBIPAXKCHHEM
MpaBujia BEIOOpA peIIeHUM.

[Tpu ucnonp30BaHUM JTFOOOTO 3apaHee YCTAHOBJICHHOTO MpaBWIIa BHIOOpA pelieHU HapsIy
C TIPABWJIBHBIMHU PEIICHUSIMH HEW30€XKHBI (B CHIIY CIIy4alHON TPHUPOIBI BHIOOPKH) M OIMMOOYHEIE.
Bo3MmoxHBI ommbOku 1ByX poaoB. Omubka mepBoro poja BO3HHUKAET, KOT/Ia BEIOOpKA MOMAaaeT B
KpUTHUYECKYI0 00nacTh G, KOrja M3y4aeMoe SBIICHHE HaXOIUTCS B COCTOSHHH So. TeM caMbIM
Oyner orBepruyra rumote3a Hy, xoTs B geiicTBuTrenbHOCTH oHA BepHa. OmmOka BTOpPOro poja
BO3HUKAET, KOT/Ia BBHIOOpKA TOMaJaeT B IOMyCTHMYHO o0macte Gy, XOTS H3ydaemoe SIBIICHHE
HaXOJUTCSI B COCTOSIHUU S;. B pe3ynbTare OyaeT mpuHSATA JOXKHAS THUMOTe3a. AHAJOTUYHO MOTYT
paccMaTpuBaThCS M JBa BUAA TMPABIIBHBIX PEUICHUW; MPHHATHE BEPHOH THIIOTE3BI (BBIOOpKA
nomanaer B obmactb Gy, KOrjga UMEET MECTO COCTOSHHE S)) M OTKJIOHEHHE JIOXKHOW THUIIOTE3BI
(BeIOOpKa TTOTIaaeT B 001acth Gy, KOTJja UMEET MECTO COCTOSTHUE S1).

Herpyano Hammcarh BBIpa)KEHUS AJsl YCIOBHBIX BEPOSITHOCTEH OMIMOOK Al 3aJaHHOTO
COCTOSIHUS H3y4aeMOT0 SIBJIICHHUS. Y CIIOBHASI BEPOSTHOCTh (X OIIMOKH MEPBOTO poja paBHA

a =P{7/1 |HO}=P{(x1...xn)€G1 |S0}:
0 s,
Gy

VcioBHas BEPOSITHOCTD PABUIILHOTO PEIIEHHS, COCTOAIIETO B IPUHATUM BEPHON THIIOTE3bI
H ) nononusier ykazaHHYy!0 BEPOSTHOCTb 0 CAUHMUIIBL T.C.

P{70 |Ho}=P{(xl...xn)e G, |S0}:
:.["'JW"(xl"'xn |S0yxl"'dxn =
Go

I—J‘.G__J.Wn(xl...xn | 5o Mx,...dx, =1—a
1

Vci0BHas BEPOATHOCTL [J OIMOKM BTOPOTO pojia paBHa
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ﬂ:P{Vo |H1}=P{(x1...xn)eGo |So}:
J.“.J.Wn(xl...xn | s, Mx, ...dx,

Go

VYcnoBHasT BEpOSTHOCTh MPABUIIBHOTO PEIICHHs, COCTOSIIET0 B OTKJIOHEHWU JIOKHON
TUIOTE3bI, TOMOJIHIET ,B IO €IMHUIIBI, TAK KaK

P{7/1 |H1}=P{(X1...xn)eGl |S1}:
- I"~JWn(xl"‘xn |S1yxl'“dxn =
G

=1—J..G'_JWn(xl...xn |5, Mx,...dx, =1- 3
0

BepostHocTh ¢ ommOku mnepBoro poja (T.e. BEPOATHOCTb OTBEPIHYTH IPAaBHIIBHYIO
runoresy /) Ha3blBAIOT MHOrZA YPOBHEM 3HAYMMOCTH, a BepOSATHOCTH 1— [ OTBEprHyTH
JIOXHYIO TUIIOTE3Y — MOIIHOCTBIO ITPaBUJiIa BEIOOPA PEIICHUH.

Ecnu M3BECTHO, YTO AIPHOPHBIC BEPOSITHOCTH COCTOSIHUM S, M §; paBHEL ¢ © p =1—¢
COOTBETCTBEHHO, TO, HCIOJNb3YyS (OPMYIbI, ONMCAHHBIC BBIIIE, MOXXHO HAaWTH anpUOpPHBIC
BEPOSATHOCTH IIPUHATUSA PEIICHUN Y U )y :

P{Vo}:qp{% |Ho}+PP{70 |H1}ZQ(1_05)+P,B
P{Vl}:PP{71 |H1}+qP{71 |H0}=p(1—,3)+qa

KOTOpBIE ONPEIEIIAIOT YaCTOThI MOSIBIIEHUSI OTJENIBbHBIX PELIEHUI B JUIMHHOM MOCJIE0BaTEIbHOCTH
NpUHATHS penieHni. B naHHbIX Qopmynax nepBble ciaraeMble paBHBI allpUOPHBIM BEPOATHOCTSIM
MPABWJIBHBIX PEIICHUH, a BTOPBIE — aIPUOPHBIM BEPOSTHOCTSM OIIHOOK.

PaccmaTprBaeMble ciiydan HarJsiTHO WUTIOCTPUPYET cieyronias TabIuia.

Tumoteza H 0 OtBepraercs [Ipuaumaercs
BEpHa Ommbka repBoro poja [IpaBunbpHOE pelieHne
HEBEPHA [IpaBuibHOE pelieHue Ommbka BTOporo poaa

Uem Gosbliie MOITHOCTh KPUTEPHUS, TEM BEPOSITHOCTh OIIMOKHM BTOPOTO POJia MEHbIIE, YTo,
KOHEYHO, JKEJIaTeIbHO (KaK U YMEHbILIEHUE ).
[TocneacTBust omuOOK NMEPBOro, BTOPOTO pojia MOTYT OBITH COBEPIIEHHO PAa3IMYHBIMU: B OJIHUX
YCJIOBUSIX HaJ0 MUHMMH3MPOBaTh B japyrom - /3. Tak, NPUMEHUTENHHO B K PaJHONOKALMH
TOBOPAT, 4YTO ( - BEPOSATHOCTH TNpPOMyCKa CWrHama, [3 - BEPOSATHOCTH JIOKHOH TPEBOTH;
MPUMEHUTEIHHO K MPOU3BOJACTBY, K TOPrOBJi€ MOXKHO CKa3aTh, YTO (X - PUCK MOCTAaBIIMKA (T.e.
3a0paKkoBKa MO BBHIOOPKE BCEW MAPTHM W3JENMH, YIOBIETBOPAIONMX CTaHAApTy), [ - pHCK
notpedurens (T.e. IpUEeM 1O BHIOOPKE BCEW MapTHH M3JEIHM, HE YIOBICTBOPSIONIUN CTaHIAPTY);
NPUMEHUTEIbHO K CyAeOHOH cucreme, OmMOKa IEpPOBOro poja NPUBOAUT K ONPABIAHMIO
BUHOBHOT0, OIIMOKA BTOPOTO POJia K OCYKICHHIO HEBUHOBHOTO.
OTMeTuM, 4TO OAHOBPEMEHHOE YMEHBILICHHE OIIMOOK MEPBOrO U BTOPOTO POJa BO3MOXKHO JIUIIb
npu yBelanueHHH oObema BbIOOpOK. [1osTOMy OOBIMHO TpW 33JaHHOM YPOBHE 3HAUYUMOCTH O
OTBICKMBAETCS] KPUTEPUI ¢ HAUOOJIBIIEH MOLTHOCTBIO.
MeTtoauka MpoOBEpKU MMIIOTE3 CBOAUTCSA K CIEAYIOLIEMY:

1. Pacmomaras BeiOopkoit X, X,...X,, dopmupyror HyneByro runoresy [H, wu
anbrepHaTUBHYIO ;.

2. B kaxmoM KOHKpeTHoM ciydae nogbupator 1, =T (X Xy X, )
Ilo cratucruke kpurepust 1, u ypoBHIO 3Ha4MMocTH ¢ onpeneinstor obnactu G, u Gj.

Jlns ee OTBICKAHMS JOCTATOMHO HAWTH KPHTHYCCKYIO TOUKY [, , T.C. IDAHHUIY (unu
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KBaHTHJIb), OTIENSIONIYI0 O00JIacTh GO 54 Gl- I'panuner  obmacteit  ompenensroTcs
COOTBETCTBEHHO, U3 COOTHOILIECHHI P(T n > th)= O/, 1Sl TPaBOCTOPOHHEH KPUTHUYECKOU

obmactu G . (Pucynok) PucyHok. Jlns Kakaoro KpHTEPHs MMEIOTCS COOTBETCTBYIOIIME
TaOJUIIBI, IO KOTOPHIM M HaXOJAT KPUTHUYECKYIO TOUKY, YIOBJIETBOPSIOLIYIO IPUBEIEHHBIM
BBIIIE COOTHOLLICHUSIM.

4. JIns TNONYd4eHHOH peanusauuu BBIOOPKH X = (X;,X,...X,) TOJCUNTHIBAIOT 3HAYEHHE
kputepust, T.e. 1, . = T(xl,xz...xn ) =t.

5. Ecmu t € G, (nanpuwmep, ¢ > Ly IUL npaBocTOpoHHEH 001actu G ), TO HYJIEBYIO THUIIOTE3Y
H , orsepratot; ecmu xe ¢ € Gy(¢ < tkp) , TO HET OCHOBAHHMA, YTOOBI OTBEPTHYThH TUIIOTE3Y
H,.

5.3. CraTucTnyeckas runore3a. CraTucTu4eckuii Kputepuii

I[lon cmamucmuueckou eunomesoti (WM TPOCTO eunomesol) TOHUMAIOT BCIKOE
BBICKa3bIBaHUE (MIPEAMONIOKEHHE) O TeHEPaTbHOM COBOKYITHOCTH, TPOBEPSIEMOE IO BHIOOPKE.

Ha npakTuke yacTo BCTpeyaroTCs 3aJauyd CPAaBHEHUS JBYX BBIOOPOUHBIX COBOKYITHOCTEH.
Hampumep, Hac MOXeT HHTEpecOBaTh CpaBHEHHE JBYX METOJOB OOpabOTKH, T.e. NBYX pas-
JUYAIOIIMXCS JCWCTBUM, HANpPaBIEHHBIX K OJHOW LEIM: JBYX METOAUK OOydeHHs, IBYX
TEXHOJIOTUH YIpaBleHUs, IBYX CIMOCOOOB monydeHus uHpopmanmu u T.4. s GopmupoBanus
CTaTUCTUYECKOW TUIOTE3bl HEOOXOAWMO YepThl, MPHUCYIINE KOHKPETHON mpobiieMe, BhIPa3UTh B
TEPMUHAX, OTHOCAIIUXCS K paclpeAeseHUI0 BEPOSTHOCTEH. DTOT MPOLECcC SIBISETCS TBOPUECKUM, U
€ro HeBO3MOXXHO (hopmanuzoBath. [Ipu 3TOM cienyeT MOMHUTH, YTO IS psAZia TUMIOBBIX CIIy4aeB
MaTeMaTH4eCcKas Teopust pa3paboTaHa OYeHb OJIPOOHO, U CTAPATHCS 110 BO3MOXKHOCTU CBECTH JETI0
K OJTHOW M3 TUIIOBBIX CTaTUCTUYECKUX 3aj1ad.

CrartucTuyeckre TurnoTe3bl CIyKaT HHCTPYMEHTOM ITPOBEPKH BBIIBUTAEMbIX TEOPETHUECKUX
npennonoxxkenuil. [IpenmonokeHus MOryTr ObITh  CHIEJaHbl  OTHOCHUTENIBHO  TapaMeTpoB
CTATUCTHYECKOTO pAaCIpeeNieHUus] BEPOATHOCTEM (Hampumep, B CIy4ae HOPMAJIbHOIO 3aKOHAa —

OTHOCHUTEJIIBHO MAaTeMaTU4EeCKOrO OXHUAAHUA 71 WIN JUCIEPCHU G’ ). Torna runore3y Ha3bIBAIOT
napamempuyeckoti. IIpennonoxxkeHuss Moryr ObITh CENaHbl OTHOCHUTEIIBHO CaMOI0 pacHpeiereHus
cllydaiiHOM BeNWYMHBI (MoAuMHEHHe 3akoHy bepnysmum, Ilyaccona, HOpManbHOMY M T.A.) B 3TOM
ClIydae IPOBEPSIEMYIO TUIIOTE3Y HA3bIBAIOM HENapamempuyecKol.

[Tporierypa 060CHOBAaHHOTO COIOCTABJICHUS BBICKA3aHHOTO IPEAIOJIOKEHHUS C MMEIOIUMUCS B

HalmeM pacopsAKEHU U BI)I6OpOLIHI)IMI/I JaHHBIMHU Xl N X2 geeey Xn , COIIPOBOXKAAOIIAACA

KOJIMYECTBEHHON OIICHKOW CTEMEeHU JOCTOBEPHOCTH TOJIYYEHHOTO BBIBOJIA, OCYIIECTBISIETCS C
MIOMOUIBIO CIMAMUCMUYECKO20 KpUmepusi N Ha3bIBAETC CIMAamucmuieckoli npo8epKou 2unomes.
[Ipu mpoBepke THMOTE3 HCIOIB3YETCS TOHATHE HYJIEBOW (NIPsAMOI) W allbTepHATUBHOU

(obpatHoit) rumnores. [Ipamas cunomesa obo3Hadaercss kak [, u ¢opmymupyercs B

MPENIOJIOKEHUN OTCYTCTBHSI Pa3UUUi MEXAYy BBIOOPOYHON M TeHEepabHOM COBOKYMHOCTSIMHU.
HccnenoBaB BBIOOPKY, MBI NMPUHHUMAEM DEIIEHUE: COTJIACYeTCs OHA C JTOW THIIOTE30M WM HET.

Anemepnamuenan cunomesa H |, sBnsercss KOHKypHpYIOIIEH 10 OTHOLICHHUIO K HYJIEBOW H

IIPUHUMAETCSA TI0CIE TOrO, KaK OTBepracrcsa HyJeBas. PaccMOTpUM TIHMIOTE3y OTHOCHUTEIBHO
MaTEeMaTHYECKOr0 OXKUIAHUSI HOPMAJIBHO PACIPEIEICHHOMN CIIy4aiiHOW BEJIMYUHBI.
Hynesas runotesa:

H,:m=m,.
AJ'II)TepHaTI/IBHaH TUIoTeE3a:
H :m#m,
HUJIA, 4TO TO XKE CaMoe,

(m<my)U(m>m,).
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Ilpocmas cunomesa COAEPKUT TOIBKO OAHO MPEINOI0KEHNE OTHOCUTEILHO OI[EHUBAEMOTO
napamerpa, Hanpumep M, : a =4 . Croocnas 2unomesa COCTOMT M3 KOHEYHOTO MM OECKOHEYHOTO

arcia npocTeix runores. Hanpumep, M, @ a > 4 o3nauaer, 9T0 rUII0OTE3a COCTOUT U3 GECKOHEYHOTO

Habopa Buja:

rne a, =1{4,5; 5,8; ....; o} .

Jloka3ath cHnpaBeIIMBOCTh NIPOCTOM THUIIOTE3bl 3HAYUTENBHO JIErde, MO3TOMY IpH
(bOopMyIHPOBAaHUM UCXOTHOTO MPEANOIOKEHHUS CTaparoTCsl B Ka4eCTBE HYJIEBOM HCIOJIb30BaTh
npocTyo rumnore3y. [lpum 3ToM MoxeT OBITh NPUMEHUM WPUHIHUI JOKAa3aTelIbCTBA «OT
MIPOTUBHOTO.

Ipumep 5.1

ITycTh MBI XOTHM JI0Ka3aTh, YTO CTYJEHTHI MATOTO Kypca B CPEIHEM BBIIIE POCTOM, YeM
CTYJCHTHI TICPBOTO.

PemeHue. B Ka4dycCTBEC Hy.]'ICBOﬁ THUIIOTEC3bl BBIJIBHUHCM HpeI[HO.HO)KCHI/IC (0) paBeHCTBe nux
CpeIIHETO poCcTa:

HO:ZS :Zl

rae Ls — cpemnuii pocT CTYIEHTOB 5-TO Kypca;

L1 —- cpemunii poct crynentos 1-ro kypcea.
B kadectBe ampTepHaTHBBI MOTJa OBl OBITH CHOPMYIMpPOBAaHA THIOTE3a, YTBEPXKIArOIIas
CYIIECTBCHHBIC OTIIMYUA UX POCTA:

H :Ls#L.
Ecnu B pesynbrare CTaTHCTHYECKOW MpOBepKW rumotesa [, Oymer oTBeprayra, TO TeMm

caMbIM OyfeT JO0Ka3aHa BO3MOXKHOCTH mpuHsitHsi rumotesst [1, Ecnu ciemosars 3xpaBomy

CMBICITy, TO POCT CTYACHTOB B KOHLIE OOY4YEHHUsI YMEHBIIUTHCS HE MOJXKET, CIIEJOBATEIbHO, OH
NecTBUTENBHO cTan Oosbine. Takum 00pazoM, albTepHATUBHYIO TUIIOTE3Y B JAHHOM IIpUMEpE
MO’KHO C(OPMYIHPOBATH KaK OJTHOCTOPOHHIOIO:

H :Ls>Lw»

Cy)K,ZleHI/Ie 06 WCTUHHOCTH WJIH JOTHMYHOCTH CTATUCTUYCCKON T'MIIOTE3bI CTPOUTCA Ha OCHOBC
KpUTEpUaIbHOU (TECTOBOM) mMpoBepkH. CTATHUCTHYECKUE KPUTEPUH OTPAKAIOT PE3YNIbTATHI
CpaBHeHI/Iﬁ 3H21‘ICHPII>1, OIMPCACIICHHBIX 110 BBI60pO‘IHBIM AaHHbIM, C KpPUTUYCCKUMHU,
YCTaHOBJICHHBIMH TeOpeTHdyeckuM ImyTreM. Ecnu HabmogaemMoe 3HAue€HHWE HE TPEBBINIAET
KPUTHYCCKOI0, TO TCOPETUYCCKU OTCYTCTBYIOT OCHOBAHUA, ‘ITO6BI OTBCPTHYTH HYJICBYIO

runoresy f1,. B mpoTuBHOM ciydae IPHHUMACTCS CIIPABEIIINBOCTD AllbTePHATHBHOM IUMOTE3bI
H,.

KpurepunanpHasi mpoBepka THIIOTE3 JOIMYCKAET OMpPEICIICHHYI0 BEPOSTHOCTH ONIMOKH B
BbIBOZax. [Ipy 3TOM pas3muyaroT BEpOSITHOCTH OLIMOKM IMEpBOro poja (g ) — OTBEPrHYyTh
HYJIEBYIO THUTIOTE3Y, KOTJa OHA CIPaBEINBA, U BTOPOTO pOJia — MPUHATH HYJIEBYIO TUTIOTE3Y,
xorna ona noxua ().

Jlns mpuMepa Bocmonib3yeMcsi cutTyanueit, onucannoit WM. Unepom u E. IlerpoBeiM B
3HAMEHUTOM pomaHe «30J10ToH TeneHok». O. bennep u3 pazrosopa c Lllypoi banaranoBsiM y3Haer,
yro B I. YUepHOMOpCKe *MBeT Oorarsiii uenoBek no (ammnuu Kopeliko. Bee nanbHelme coObIThs

poMaHa CBSI3aHbI C BBIJBIDKCHHEM THIOTe3bl H |, 0 TOM, uTo cpascoanun Kopeiiko = noononshwlii



57

muniuonep. PUCKOBaHHBIE ONEpaldd, Ha KOTOpble IycKaics beHaep, OCHOBBIBAIUCH Ha €ro
yBEpEHHOCTH, 4T0 Y Kopeiiko ecTh MuiutioH, ¢ BepostHocThio P =1—¢. Koneuno, MokHO GbLIO
61 He noBepuTh Lllype banaranoBy u npeAnonoKuTh (T.€. BBIABUHYTH THIIOTE3Y), UTO

H o~ Kopeliko = uecTHBIN Oyxranarep, Toraa BEpOATHOCTh IOJNyYEHUS] MUJIMOHA COCTAaBHIA Obl
P=1- B . Ho bennepy o4ueHp XOT€I0Ch UMETh MUJIJIMOH, U BO3MOKHOCTB IPOITYCTUTH 3TOT IIAHC

JUIS HErO 3HAYUTEIbHO Ba)KHEE, YeM, BO3MOXHO, HAMpPACHBIC XJIOMOTHI IO H3BATHIO 3TOTO
MWLIHOHA. M BOOOIIE cliefloBaHHE MECCHMUCTHUYECKHM IIPOTHO3aM HE B XapakTepe BEIHUKOTO
KOMOMHATOpa.

OO6macTb ¢ Majoil BEpOATHOCTBIO ¢ TONAJaHUS KPUTEPUAIbHBIX 3HadeHuil (puc. 5.1)

XapaKTepH3yeTcsi Kak KpUTHYecKasi (II0porosast), a oonacts 1—¢q — nomycrumas. T'unoresa H |,
MPUHUMAETCS TOJIBKO MPU TIOTIAaHUU KPUTEPHUS B 00JIACTh JJOMTYCTUMBIX 3HAYCHHI.

S A 1-¢

) 1/5

] > Y

Puc. 5.1 I'pauk mIoTHOCTH pacnpeiesieHuss KpUTUIECKON CTaTUCTHKH 1 .

Jins HyneBOW TIHMIOTE3bI H 0- 0:=0, o paBEHCTBE CTAaTUCTUYECKUX IapaMeTpoOB
pacmpeiesieHdss BEpPOSTHOCTEH allbTepHATHBHAS THUIIOTE3a, YTBEP)KIAIOIIas HEPaBEHCTBO
apaMeTpoB, PacIagaeTcs Ha JBe:

]‘[1 201 >0, u I‘[1 10y <92.
B otom cnydae s mpoBepku H o TPUMEHSIOT JBYCTOPOHHUH KPUTEPUHU CO

sHageHusMu K| g2 ¥ K 42 ECIIM OJTHO M3 HEPABEHCTB MPAKTHYECKH HEBO3MOXKHO (Hampumep,

n <n o . 1
zaBenomo m3BecTHO, uto P(01>02)=0 To MCcnonas3yloT 0AHOCTOPOHHHMI KpHTEpHii Kq.
HauOonee pacnpocTpaHeHHBIMU B IpakTuke 3HadyeHusMu ¢ sisunores: 0,01, 0,05; 0,1, yuro

YKa3bIBAET Ha BEPOSTHOCTD MOJTyYeHHs 10CTOBEpHOTO BeBoAa ( 1 —¢q ), pasuyro 0,99; 0,95; 0,9.

5.4 TlocnenoBaTebHbIe METOAbI MPOBEPKHU FHIIOTE3 0 3HAYECHUSAX
apaMeTpoB pacnpeaeaeHui

BonbIIMHCTBO METONIOB MPOBEPKH CTATUCTUYECKUX THUIIOTE3 HCHONB3YIOT (DUKCUPOBAHHBIMA
o0beM BbIOOpKH. Bambn NPEJIOKIII  TEOPUIO  TOCIENOBATEIbHOM MPOBEPKU THUIOTE3
(mocnenoBaTeNbHBIA aHAIN3), CYIIECTBEHHBIM OTIUYUEM KOTOPOU SBISETCS TO, YTO YHUCIO
Ha0II0IeHNH, HE0OXO0IMMOE JUTsl TPUHSTHS PEIICHHS TI0 TUIIOTE3€, 3aBUCUT OT UCXO0JI0B UCTIBITAHUN
U SIBJISETCS CIy4aiiHOM, He (PUKCUPOBAHHOMW 3apaHee BETUUNHOM.

Meroa mocienoBaTeIbHON MPOBEPKU THITOTE3BI MPEIONIaraeT Ha KaKI0H cTaagun HaOII0ICHUIA
(3KCHepUMEHTa) MPHUHSATHE OJHOTO M3 BO3MOKHBIX PEIIEHUN: MPUHSATH TUIOTE3Y, OTKJIOHUTH €€
WIN TPOAOKUTH HabOmomeHus. OOBIYHO TIPH TOCIIENOBATEILHOM aHAIW3€ HYJEBas THUIOTE3a
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OTHOCHMTENBHO 3HaueHus mapamerpa O Qopmynupyerca B GopMe NpeArnonoKeHus 00 OJXHOM U3
JIBYX €ro BO3MOXHbIX 3HaueHuii 0, nm 0, :

H,:0=0,, H :0=0,.

3anaua 1mociie[0BaTeIbHOTO aHAIM3a B XO/I€ DKCTIEPIMEHTa  BBIOpATh OJHY M3 TUIIOTE3. Banba
1oKasall, 4To JUIsl IPOBEPKH THUIIOTE3 METOJAMH ITOCIIEIOBATEIHLHOTO aHaIN3a TPEeOYEeTCs B CpeTHEM
B JIBa pa3a MCHbIIIC Haﬁ)’[lo,[[eHHﬁ, YCM IIpHU MPOBECPKEC KIIACCUYCCKUMU METOJaMH, OCHOBAHHBIMU Ha
3apaHee (UKCUPOBAaHHOM uyucie HaOmoneHuit. BmocneacTBuum OBLIO MOKa3aHO, YTO TIpH
OMPCACIICHHBIX YCJIOBHAX BBIMIPHIINI OT HNPUMCHCHUA HOCHCHOB&TCHBHOﬁ npoueaypsr 110
CpaBHEHHIO C KJIACCHYECKON TEOPETHYECKH HEOTPAaHUYCH.

Ilepen mnnmanupoBaHWEM IPOLEAYPHI IOCIECIOBATEIBHOIO AHAIM3a HA3HAYAIOT IPUEMIIEMBIC
BCIIMYHNHBI BepO}ITHOCTeﬁ A0IMYCTUMBIX OI_HI/I6OKI o — BCPOATHOCTH MIPUHATUSA

runoressl /|, korna BepHa runoresa [, (ommOka nepsoro poxa) u 3 — BeposSTHOCTH
npuHsTHs runoressl /1), korna BepHa runoresa 1, (ommbka BToporo poxa).
Han6osbuivii BEIMIPBI MOCIIEN0BATENBHBIA aHamu3 naeT npu oL>> 3 wm o <K B 1. e. korma

o u B ABJISIFOTCA BEJIMYMHAMU Pa3HOr'o IOpsAAKa MaJIOCTH.

Tak kak yrcno HAOTIOJACHUI # B MOCIIEIOBATEILHOM aHAIIN3E SIBISIETCS BEIMYUHON CITy4aifHOM,
TO HEOOXOIUMO 3HATH JMOO ero QYHKIIUIO pacrpeaesieHusl BEpOsSTHOCTEH, THOO0 mapaMeTpsl 3TOTO
pacnpenenenus (HampuMmep, CpeaHee KOINIeCTBO He0OX0IMMBIX HaOmoneHui). CpenHee 3HaYCHHE
3aBHCHUT TOJBKO OT HCTHMHHOIO 3HAUEHHUs IapaMeTpa, OTHOCUTEIBHO KOTOPOIO IpOBepseTcs
TUIIOTE3A.

®ynxuus 1(0) , onpenensromas 3aBucuMocts 72 oT O, HaspIBaeTCa QyHKIMEN cpelHEro Yucna

HaOIIOACHUH.
Ha mpaktnke OOBIYHO HAXOAAT CpeaHHMe 3HadeHms uncna Habmomennit n(0,) u n(0,),

COOTBETCTBYIOIME TMIOTCTHYECKHM 3HadeHusM mapamerpa O, u 0,, Mexay koropsimu

OCYIIECTBISIETCS BHIOOpP, W MaKCHMaJIbHOE CpelHee 3HAueHUE 4YKCla HAOMIOACHUNH Mmax,
HE00X0IMMOE JTsl OKOHYAHHS MTOCIIC0BATEILHON MPOIIEAYPHI TPOBEPKU THITOTE3bI.

Eciu 3HaHUS TONBKO CpEIHEro Yhciia HaOMIOJECHUN HEJOCTaTOYHO W TPeOyeTCs ONpeaeiUTh
J'II/I6O BepO}ITHOCTB TOro, 4ro Aajisd 3aBepmeHH;1 HOCHCHOB&TCHBHOﬁ Hpoue;[ypm HOHa,Z[O6I/ITC$I HEC
Oojiee HEKOTOpPOTO, Harmepe] 3aJaHHOTO, 4YHCiIa HaOMIOAeHUH, MO0 YHCIO HAOII0ICHUH,
COOTBETCTBYIOIIEE 3aJaHHOW BEPOATHOCTH 3aBEPIICHHUS IOCIEIOBATEIILHON  MPOIEIYpHI,
WCIIONB3YIOTCS TaONHIIBI pactpeneneHus Banbna ¢ hyHkmuei

P(x<a)=Wc(a)=‘/i'[x_3ueXp < x+l—2 dx
2my 2

X

n

I7ie X == — OTHOIICHHE YKclia HAOIIOEHH K ero cpeIHEMY 3HAUCHUI0; C — IapaMeTp

n
pacnpeneneHus, onpeAeasieMblii BUIOM paclpelesIeHus] MUCCIeyeMON CIIy4YalHOW BEJIUYUHBI U
THIIOTETHYECKNM 3HadeHneMm napamerpa O (0, wm 0)).

BeposTHOCTS Y 3aBepleHMs] MPOLENyphbl MOCIEIOBATEIBHOIO aHAJINW3a M YMCIO MCIBITAHUN

n(o
n(0) npu nekoropom 3uauenuu 0 (0, wm 0,) cessanbl coornomennem Y =W ()

0 - ’
<(8) 1(0)
M3 KOTOPOTO MOXHO OIpENETUTh b0 Y, COOTBETCTBYIoMee 3amannomy #(0), mbo n(0),

COOTBETCTBYIOLIEEC 3aTaHHOMY 3HAYCHUIO 7 .
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n

Buauenust W, (x = =j npuBezeHsl B Tad. 10 (cM. craTucTryeckre TabauIbl B IPHI0KEHUHN)
n

5.5 IIpoBepka rumnoresnl 0 NapaMeTpax HOPMAJLHOIO pacipeneIeHus

5.5.1 IlpoBepka runore3bl 0 3HAYEHUH CPeIHEro
I[TpoBepsieTcs HyneBas runoresa o - W=, IpOTHB aJIbTCPHATHUBbI H 0 =L, (Mo < ul).

2 2 2 2 2
ITonaraercs, 4To AUcHepcuu G, U G, WU3BECTHHI 3apaHee, IpUdeM G, =G, =C .
Baenem 00o03HaueHUS

2

A=—2 In b +n“1+MO;B= ° lnl_B+nM1+MO.
H—H, l-a 2 Hi—Ho a 2

Ecnu:

n
Z X, < A, To npunumaercs runoresa H ;
i1

n
le. > B, to npunumaercs runoresa H . ;
i=1
n

A<Z X; < B, To Habr01eHHS TIPOIOIDKAIOTCSL.
i1

Cpennue  0o0beMbl  BBHIOOPOK,  HEOOXoAWMbIe  JUIsl  3aBEpIICHUS  MPOIECAYpPHI
MOCIIE0BATEIHHOTO aHATHN3a, PABHBI

B 2(1-0()11’11;;1+(111’11(_XB ~ 2(1—B)1n1_B+Bln1 p
n(u,) =20 5 : n(n,) =20 ¢
(1) = 1) (1 = 1)
_ In b -lnl_B
Fimax = —G7 —— & a
(W, = Ho)’

31eCh Mmax — MAKCUMAJILHOE CPEJIHEE 3HAUCHHE Yrciia HaOII0ACHUH, HE00X0IuMOe TSt
OKOHYAHMS TIOCIIE0BATEIHHOM MPOIIEAYPHI TPOBEPKHU THUIOTE3HI.

[Tapametp ¢ pacnpenenenus Banbna Haxogutces mo ¢popmyie

_HotHy lnl—OL

" ecnu p=p,, o<

c=K ,tne K =

M —H 1-p

In—-, ecru p=p,, BKo.
o
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Ipumep 5.2. Ilpennonoxum, yTo mapameTp mpudopa pacmnpenaenceH HOPMAIBHO CO CTaHAAPTHBIM
orknonerrem G = 200 . Heo6xomumo nposeputs ipu o = 0,1 u f=0,01 runoresy o Tom, uro

napamerp npubopa paser 1= [, = 1800, nporus ansreprarussr | =p, =2000.
HaiiTu KOHTpOJIbHBIE T'paHUIBI U CPEIHHE OOBEeMBbl BBHIOOPOK ISl MOCIENOBATEIbHON MPOBEPKH
runoressl. OnpenenuTs 00beM BBIOOPKH 71, 45, IS KOTOPOTO € BEpoATHOCThIO He MeHee 0,95

npoliieypa MmocjaeA0BaTeIbHOTO aHAIW3a 3aKOHUUTCS IPUHATHEM PEIICHUS 10 TUIIOTE3E.
Pewenue. Haxonum

200° 0,01 200041800
= In +n
2000-1800 0,9 2
200° 0,99 2000 +1800
In +n

=-899,96 +1900-n;

=458,5+1900-n.

~2000-1800 0,1 2
Jlayniee BBIYUCIISIEM CPEIHHE 00HEMBI BHIOOPOK
0,9 0,1
_ 0,9-ln001+0,1-ln099
n(1800) =2 -200° : ——=38;
(2000 —-1800)
B 0,01-1n%091+0,99-1n 06919
n(2000) =2 -200° 2 ——=3;
(2000-1800)
0,01 . 0,99
_ In -In
e —_200? 0,9 0,12 _
(2000 —-1800)
0,99
Tak kak B <K< o, 10 K =In =2,2925. Boruucisiem napamerp ¢ Uit runoresst 1
2000 — 2000 ;— 1800
c=2,2925- =1,147.
2000—-1800
U3 tabmuust W (x) (cM. Tabn. 10 B npunosxennn) Haxogum wist ¢ = 1,1462 3nauenne x = ”lo_,gs ,
n

coorserctByromee yenosuro W (x)=0,95. Ilyrem unrepnomsinun nonyanm x = 2,845, Torxa

s ranotessl /4, momyunwm: no’gs=2,845-£(2000)=2,845-5=15. Takum o6Gpazom, ¢

BeposATHOCTHIO 0,95 11 MpUHATHS peIIeHUs 10 TUITOTe3€e MoTpedyeTcs He O6omee 15 ucnpITanuii.

n
Urak, npuHuMaeM rumoresy H , ecim le. <—-899,96 +1900 - n, u npunumaem runoresy H,,
i1

n

ecIu le. >458,5+1900 7. B m060M MHOM CiIydae HCIIBITAHHS HEOOXOIMMO IPOJOIIKHUTS.
i1

Ipu H, B cpensem noHamoburcs 8 mcnbiTanuii, a npu [, — 5 ucnbitanuii. MakcumanbHoOe

CpeIHEe YUCIIO UCTIBITaHUI He npeBbicuT 10. 0>

5.5.2 IIpoBepka runoTe3bl 0 3HAYEHUU JUCTEPCHU
2 2 2_ 2
Iposepsiercs runoresa H,:6° = G, nporus ansreprarussl /,:6° =G, (6, >0C,) npu

U3BECTHOM CPEIHEM LL.



61

n n
2 2
T'unoresa H, mpunumaercs, ecinu E X; < A;ecnu E X; 2 B, npunumaercs runoresa .
i=1 i1

n
2
Ecmm A< le. <B , TO UCIBITaHUS IIPOAOJDKAIOTCS.
i=1

n

2-6.0; c 2-636° |1-B( o, )
3necy A= 20121n p —L 1 |;B= 20;1n B—l
o, -0, |l-alg, o, — O, o \ o,
Cpennune 06beMbl BEIOOPOK, HEOOXOIUMBIE JJTSI 3aBEPIICHUS TTOCIEI0BATEIFHON MPOBEPKH, PABHBI
I-a o 1—
_ (1-a)-In 5 +oc-1nIB B B-lnlB—k(l—B)-lnB
2 —_P. 2y _ - a .
n(cy)=2 5 ;n(oc))=2 5 ;
c c c G
2| +2-In—+- —L 1 -1-2-In—
O, Oy S ST
1—
B In " b_. In b
_ —a o
nmax —_ ) 2
c
In| =L
Oy

BeposiTHOCTHBIE OLIEHKH HEOOXOUMOTO YHCIIa UCTIBITAHUA MOTYT OBITh HalJIEHBI TIO aHAJIOTHH C
KpUTEpUEM I IPOBEPKU TMIIOTE3bI O CPETHEM 3HAUCHUHU, C TIOMOIIBIO TaOIUIIBI pacipeleIeHUs

2, 2
o, +0
o2 S0 "6
2
Banbna W (x) cm. tabu. 10 B npunosxernn) npu ¢ = K —— . Tae
G, =0y
In , eciu 6° = 0(2), o< f;
K =
1- 2 2
In—-, eciu 6" =0y, BKa.

(04
Ecnu 3HaueHue CpCaHCTO M HCU3BCCTHO, TO BCC MMPUBCACHHBIC COOTHOIICHU COXPAHAIOTCA IMPU

3amene 1 Ha N —1.
Ipumep 5.3. Ilpeanonoxkum, 4TO mMapaMeTp MpuUOOpa pacrpenesieH HOPMajdbHO C H3BECTHBIM
cpennum L. Heo6xomumo mposeputs ipu oL = 0,01 u B =0,1 runoresy o Tom, uro aucnepcus

y 2_ 2 _ 2
3HAYCHHI napamerpa npubopa paBHa G~ = G, = 25, npoTus anprepHatuBsl G- =G, =49.

HaliTu KOHTPOJIbHBIE TPAHMIGI M CPEIHUE OOBEMBI BBHIOOPOK I MOCIENOBATENBHON MPOBEPKU
runotes. Onpesenuts 06beM BEIGOPKHU 71, VISl KOTOPOTO ¢ BeposTHOcThio He Menee Y = 0,9
Ipoleaypa MOCIEN0BATENBHOTO aHANN3a 3aKOHYUTCS INPUHATUEM pELIEHWsS 110 THUIIOTE3E.
OnpenenuTh BEPOATHOCTH TOTO, YTO IOCJEAOBaTENbHAS Tpolleaypa morpedyer He Oosee 20

HUCIILITaHUH.
Pewenue.

=-234,029 + 34,348 - n;

Haxomum A = 2'25'491n 0.1 (7j

49-25 10,99 (5

2.25-49 0,9
B = In .
49 —25 0,01

Gj = 459,354 +34,348 1.
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n
Ecau lez < —234,029 + 34,348 - n, To IPUHIMAETCS THIIOTE3a O TOM, 4TO G~ = Gg =25;
i1

n
ecnu le.z > 459,354 + 34,348 - 1, T0 IPUHEMAETCA THIIOTE3A O TOM, 4TO O = 012 =49 .B
il

caygae —234,029 +34,348-n < le.z < 459,354 + 34,348 - n ucnbITaHus OPOJOIKAFOTCS.
i=1
Jlaynee BBIYUCIISIEM CPEIHHE 00HEMBI BHIOOPOK

0,99-10 %2 +.0,01-1n 2
n(25)=2. 0.1 0.9 _»s.
(Sj +2-lnz—1
7 5
0,1-In 0,1 +0,9-In 0,9
n(49)=2.— %2 0.01 _ 7,
(7j —1—2-lnz
5 5
L0109
S 099001,

(7]

0,99

B mamem cnyyae o0 < 3, Torna maxomum K =In =2,292 u
25+49
c=2,292- =1,146.
n
13 Tabmuubl pacnpenenenus Banbna umeem W, (x) =0,9 npu x = 22 ~2,12, torza

n
ny, =n(25)-2.12=53.
Teneps onmpenenM BEPOATHOCTh OKOHYAHUS TI0CIEN0BaTENbHOM pouexypsl pu 71 < 20. Umeem
n 20
x===—=0,8. U3 Tabauup pacnpenencaus Banpna g ¢ =1,146 u x = 0,8 nomyunm

W, ,46(0,8) = 0,56 . CnenoBarensHo ¢ BeposTHOCTBIO 0,56 115l OKOHUYAHHS [TOCIIE0BATEIBHOM

. 2 2
nporueaypsl morpedyercst He Gosee 20 HCIBITAHMUHA, IPU YCIOBUH, 4TO G~ = Gy = 25.»

5.6 IIpoBepka runoTe3bl 0 NapaMeTpe IKCNOHEHIMAIBHOT0 pacnpeaeleHus

[posepsiercst runoresa H, : A = A, (Hanomunm, uto A =1/v — cpennss nHapaGorka 10

OTKa3a, V — MHTEHCUBHOCTb OTKA30B), IPOTHUB anbTepHatnBbl H (A=A >A,.
BBenem 00o03HaueHUS
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1/n 1/n
1—
A=—" _1n ﬁ(ij . B=—"__.In ﬁ[_aj _
}"1_}"0 }"0 1_B 7“1_7“0 }"0 B
Eciu le. < A, npurumaercs runotesa H ; ecin le. > B, npunumaercs runotesa H | ; ecnu
i=1 i=l

n
A< Z X, < B, 10 vicnbiTanus npogomKarTes.
i=1
Cpennue  0o0beMbl  BBHIOOPOK,  HeOoOXoaWMble  JUIsl  3aBEpIICHUS  MPOIECAYpPHI
MOCTIeIOBATEIBHOTO aHAIN3a, BEIYUCISIOTCS 110 (popMyliaMm

I-a o} —
_ (I-a)-In +OL'11’11_B _ (I—B)'lnﬂJrB'lnL
n(h,)= - K n(h)=20" —— 04— =2,
—L—1-In—+ 0 —1+In1t
}\‘0 }\’0 }\’1 }\’0
lnl_a n—>

- B 1-B

T

[Tapametp pactipenenenus Banabaa BeraucisitoTcs mo Gpopmyiam

A A=A -
‘mxl—lzo In a, ecnu h=2%,, o< f;
c=K ;: e K = | :
(l_()j ln;B, eciu h=%,, BKa.
2 o

Ipumep 5.4. Haiitu mapameTps! iana nocnenoBatenbubix uensiranmii mpu o0 = 0,2 u B =0,05
JUISL IIPOBEPKH TUIoTe3sl [, 0 TOM, 9TO cpeiHsis HapaboTKa Ha OTKa3 MIEKTPOHHOTO IpHOopa

paBHa A=A, =100 u. nporus ansreprarussr [, : A=A, =150 u. Beruncaurs cpennue

00BEeMBI BEIOOPOK, HEOOXOIUMBIX /IS OKOHYAHUS TTOCIIeIOBATEIFHOTO aHanu3a. Haltu
BEPOSTHOCTH TOTO, UTO IMOCJIEOBATEIbHAS TIPOIEAYPA MTO3BOJIUT MIPUHSITH PEIICHUE yKe TIOCTIe
n = 20 ucnsiTaHuii.

Pewenue. Haxonum

1/n
A= 4130 [ 02 ~0,00811-17—-0,0312;
150—100 | 100 | 0,95

1/n
o n__ 1150 (08
150-100 100 \ 0,05

=0,00811-n-0,0554.

Jlanee BEIYHCISIEM

0SS0 005 4095
HI00) = 55— =215 130 =g g 19,

n—— n
100 100 150 100
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0,8 0,2
n -In
- 0,05 0,95 _

Nmax = —
(150) ?
In| —
( 100

27.

Teneps Haiinem, yautsiBas, uto <Ko u A=A, =150, K = ln(%j =1,558 u
‘nlso__150—1oo‘

c=1,558 109 2 1_g 061.

(150—100}

2

n 20

NmeeMm X == =—~1 uu3 rabu. Bambna mst x=1u ¢=0,061 umeem W (x)=0,85.
nh,) 19

Takum 06pazom, ¢ BeposiTHOCTHIO 0,85 TIporienypa mocaea0BaTeIbHOTO aHaN3a 3aKOHYUTCS TIPH

n=20,ecmu A=A, =150.»
5.7 IIpoBepka runores3bl 0 NapaMeTpe OMHOMHAJIBLHOIO pacnpeae/IeHus

IIposepsiercs runotesa H, : p = p, npotus ansrepHatusel [, : p > p,.

Beenem 0003HaueHUA

T
A= l-a . P :
ln[l%J+1n(1_l7<)} ln[p1 +ln(1_p°}
Po 1-p, Py 1-p,
()l
B= = +n- L4l .
ln[l%J+1n(1_l7<)} ln[p1 +ln(1_p°}
Po 1-p, Py 1-p,

[TycTe X — 4mncio mocTymiieHni HabmoaeMoro coObIThs (HapuMep, KOJINYECTBO JePEeKTHBIX
npubopos B maptuu). Ecmu x < A4, To npuanmaercs runoresa H ) ; ecnu X = B, npusnmaercs

runotesa [, ; B cinydae A < x < B ucHbITaHUs HPOXOIDKAIOTCS.

B-ln( b )+(1—B)-ln(1_Bj
I-a o ).

n(p,) = 1 s n(p,) = 1 ,
po-ln[plj—<1—po>-1n(“’°] pl-ln[plj—a—pl)-ln( ‘pOJ
Py 1_p1 Py 1 )2

e

Nmax = — .
ln(p‘}-ln(l_poj
Py 1-p,

Cpennue 06beMbl BBIOOPOK PaBHbI

(l—a)-ln( p j+a-ln(1_Bj
I-a o




65

[Tapamerp pacnpenenenust Banbna Haxonutces o gpopmyne

1- _
b -ln[le—(l—pl)-ln(l_po} ln1 a, eciu p=p,, a<<f;
c=K- Po b ,tne K = . )
p-(1=p)- ln[le+1n(l_p°j ln;B, eciu p=p,, Ko
Py 1-p, a

IIpumep 5.5. HeoOxo1uMo HalTH TapaMeTphl TUIaHA MTOCIIEI0BATEIbHBIX UCTIBITAHUN IS
npoBepkH rurnoressl [, o Tom, 4o xonst nedexrHbix nzgenuit B maprun p = p, = 0,01 nporus
ansrepratussl H @ p = p, =0,02. Onpenennts Ko1U4ecTBO UCHBITAHUIH, UL KOTOPOTO C
BepostHocThio Y = (0,95 nocnenosarenbHast mporeaypa 3aKOHUUTCS IPUHATHEM PEILICHHUSL.

3anans! ommbka nepsoro poxa oL = 0,1 u ommbka Broporo pona § =0,01.
Pewenue. Haxonum

0,01 0,99
<09 In| o8
A= ’ +n- ’ . _6,399+0,0144

=3,26+0,0144-n.

Hamnee
00-n{ 20} o1:n{22)
n(0,01) = 0’1 0’99 =1225;
0,01-In| = -0,99-In| =
0,9 0,98
0,0l-ln(%oglj+0,99 In 0(’)919)
1(0,02) = 0’02 0’9 55 =569
0,02-In| = -0,98-1In| =
0,0 0,98

Mo =T 0,02 0,99
In -In
0,01 0,98

Boraucisiem napamerp ¢ (npu <o u p=p, =0,02):
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K= ln(ﬂj =In 0’919j =2,2925,
0,02

o 0
0021 92 55,12
c=2,2925. ’ ’ =0,65.
0,02-0,98-| In 0,02 +In 0,99
0,01 0,98
U3 Tabuibl Bamsaa HaxomuMm X = n()_,95 , coorercrByromee yeiaosuo W (x)=0,95. Vmeem
n

Wi65(x) =0,95 mpu x ~3,5. Otciona, 15 =569-3,5=1992. Cnenosarensho, c

BepositHOCTBIO 0,95 ip p = p, = 0,02 npouenypa mocienoBarensHOro aHamusa noTpedyer He
6oxee 1992 ucnpiTanuii. P

Bonpocsl 1j11 caMonpoBepKu

1. IIpoBepka rumore3 0 3HAUECHUSX NAPAMETPOB PaCIPEACIICHUMN.

2. IlpoBepka mpoCTOM TMIOTE3bI MPOTUB MIPOCTON ATbTEPHATHUBEI.

3. TlocnenoBarenpHble METO/IBI IPOBEPKH TMIIOTE3 O 3HAYEHUSIX TapaMETPOB paclpeacaeHui

4. TlpoBepka THMIOTE3bl O YHCIOBOM 3HAYEHHH MAaTEMaTHUYECKOrO OXKHUJAHUS HOPMalIbHOTO
pacnpezeneHus Ipyu N3BECTHON AUCIIEPCHUH (CIIyd4au paBHBIX AUCIIEPCHI).

5. TlpoBepka runotessl O YUCIOBOM 3HAUEHUU AUCIIEPCUH HOPMAJILHOTO pacipeleleHUs

6. IIpoBepka rumnore3bl O YUCIOBOM 3HAYEHUU NapaMeTpa SKCIIOHEHIIMAIBHOTO pacipeieleHus

7. TlpoBepka rumoTesbl O YUCIOBOM 3HAUEHUHU MapaMeTpa OMHOMUAIBLHOTO paclpeiesieHus
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Tema 6. IlucniepcMOHHBIA aHAJIN3 3ABUCUMOCTEN

6.1 OCHOBHBIE MOJIOKECHUSA

B npeapiaymux riaBax ObUIM pacCMOTPEHBI Pa3iIMYHble METOMAbI U NMPUEMbl MAaTEMAaTHYECKOH
CTaTUCTUKH, MO3BOJIAIOIINE OLEHUTh MapaMeTPbl CTAaTUCTUYECKUX COBOKYITHOCTEH, CPAaBHUBATH UX
Mexay co0oil. [Ipu aToM, Kak mpaBuIlo, Mpeanoarajgack B3auMHasl HE3aBUCUMOCTh CPaBHUBAEMbIX
COBOKYIHOCTEW. B Hacrosmend IyaBe pacCMaTpUBAIOTCS BOIPOCHI OLEHKU CBA3CH MEXKIY
CTaTUCTUYECKUMU COBOKYITHOCTSIMHU.

JUig OLEHKM CBA3€H MEXNY CTaTUCTMYECKHMMHM COBOKYINHOCTSMM HCIOJIB3YKOTCS METOMbI
JUCIIEPCUOHHOTO, KOPPEJSLIMOHHOTO U PErpecCHOHHOTO AQHAJIN30B, SABIIAIOIINECS
IIOCJIE0BATEIBHBIMU CTYIICHAMH IIPU UCCIEIOBAHUU CBS3EU MEXY CIydalHBIMH BEJIMYMHAMH.

MeTtonaMu AMCIIEPCHOHHOTO aHAIM3a YCTAHABIMBAETCS HAJTMYME BIMSHUA 3alaHHOTO (akTopa
Ha W3y4aeMbId TIPOIECC, OTOOpaKkaeMbld HAOIIOJAEMOM CTATUCTUYECKOW COBOKYITHOCTHIO
BBIOOPOYHBIX JAaHHBIX. KOppEnsAIMOHHBIA aHAJIN3 IO3BOJIAET OIEHUTh CHIJIYy TakoW CBS3H, a
METOAAMHU PETPECCHOHHOrO aHajaM3a MOXHO BbIOpaTh KOHKPETHYI0 MAaTeMaTHYECKYH0 MOJENb U
OLIEHUTH aICKBaTHOCTh OTPAKEHUSI €10 YCTAHOBJIEHHOW B3aMMOCBSA3H CIyYalHBIX BEJIMUYMH.

B nocnenHue ronpl CTpEMUTENBHO pa3BUBAETCS CAMOCTOATEIbHOE NPUKIAAHOE HaIpaBIICHUE
MaTEMaTUYECKON CTAaTUCTUKUA — MaTeMaTHYeCKas TeOpUsl aKTUBHOI'O dKclepuMeHTa. basupysces Ha
KOMOMHAIIMM METOJIOB JAMCIEPCHOHHOTO M PErPECCHOHHOTO aHAJIM30B, METO/bI MaTeMaTHYECKOTO
IUTAHUPOBAHMS DKCIIEPUMEHTA JOMOIHSIOT UX.

Jlnst ycraHoBiieHHs caMoro (pakra Hamuuusl (MM OTCYTCTBHS) CTATUCTHUYECKH 3HAYMMOM CBSA3H
MEXIY pe3yIbTHUPYIOIIMMH IOKa3aTeasiMu Y U OOBICHSIONIMMH TEepEMEHHBIMU X MOTYT OBITh
HCIIOJIB30BaHbI IaPAMETPUYECKHUM U HEIApaMETPUYECKUM ITOXObI.

[Ipeanonarator, yTo Bce HAOIIOJCHHS MPUHAIICKAT HEKOTOPOMY CEMEWUCTBY pacrpeaeiieHui
(T.e. W3MEHsETCS TOJBKO 7 TpPU H3MEHEHWH YypoBHSA (akTopa). Ecnmm B KauecTBe Takoro
pacripesiefieHusl pacCMaTpUBaeTCsl HOpMajbHOE, TO Ui OOpaOOTKH JAaHHBIX MOTYT MPUMEHSTHCS
Memoobl  OUCNEPCUOHHO20 aHanu3d. Eciu TpearnosiokeHHe O HOPMAIbHOCTU HE  SIBISETCS
MIPaBOMEPHBIM, TOT/Ia UCIIOJIb3YIOT PA3IMUHBIE MeMmOoObl HENaApaAMempUYecKko2o aHaIu3d.

Ecnmu mnpoBoauth HAOMIOACHHS HAA KAaKUM-JIMOO SIBJICHHUEM, XapaKTepU3yeMBbIM CIydaiHOH
BEJIMUMHOW Y, TO 3HAYEHHE 3TOW HAONIOaeMOW BETUYMHBI MOXET H3MEHSTHCS OT KaKHUX-TO
onpeneneHHbix (GpakTopoB A, KaYeCTBEHHBIX MIIM KOJUYECTBEHHBIX, a TAKXKE OT COBOKYITHOCTU
CIIYJaifHBIX BO3JCHCTBHUH, Aenaromux (HaKTUUECKH JTy BeIWMYHMHY ciydaiiHoi. Kak mpaBuio,
BIMSIHUE CIIy4alHBIX (DaKTOpPOB HE NPUBOJUT K CMEILICHUIO CPEIHEro 3Ha4YeHHs HaOII0JaeMoit
BEJIMYUHBI (M3MEHSIETCS TOJIbKO JHUCIEpCHsi), BIUSHUE K€ OMpPENENICHHbIX (DAaKTOPOB OTMEuYaeTcs
TakuM cMmerieHrneM. HMccnenoBanue BAMSIHUS (AKTOPOB HAa M3MEHYHBOCTH CPEIHHUX 3HAUCHHIA
SBIISIETCA OCHOBHOU 3adaueli OUCNePCUOHHO20 aHanu3d. JIJis OUEHKH 3TOrO BIMSHHS HCHOJIb3YeTcs
CBOMCTBO aIAWTHBHOCTU JHCIEPCUM HW3Yy4aeMOW CIIydallHOH BEIMYUHBI, OOYCIOBICHHOM
neiictBueM Hesasucumuvix Gaxkrtopos. B 1938 r. P.H. ®umep Bnepsbie onpenenun qucrepcuoOHHBINA
aHaJIN3 Kak OTJEJIEHHME IUCIEPCUH, NPUIMCBIBAEMON OJHOW TIpymme MNpUYMH, OT AUCIEPCHUH,
MIPUIUCHIBAEMON JpyruM rpynnam. Mcxons W3 3TOro omnpeneneHus, B 3aBUCHMOCTH OT 4YHCIIA
HCTOYHUKOB JUCIIEPCUH PA3TUYAIOT OAHO(MAKTOPHBIN U TBYX-(DaKTOPHBIN TUCIIEPCHOHHBINA aHAIH3.

JlycriepCHOHHBIN aHalIM3 COCTOUT B BBIIEJICHUHM U OLEHKE OTIACNIBHBIX (PaKTOPOB, BBHI3BIBAIOIINX
W3MEHYMBOCTh HM3Y4a€MOM BEIWYUHBL. [[1 3TOro MNpOU3BOAUTCA pa3IOKEHUE CYMMApPHOU
BBIOOPOYHOMN HCIIEPCUM Ha COCTaBJIAIONLINE, 00yCIOBIEHHbIE He3aBUCUMBIMU (hakTopamu. Kaxnas
U3 3TUX COCTABJIAIOLINX MPEACTABIAET cOOO0M OLIEHKY IreHepalbHOU aucnepcuu. [t onpenenenus
3HAYUMOCTU BIMSHUS TOTO WMJIM HMHOTO ONpENENIeHHOro (pakTopa naercs OIeHKa OTHOILICHUS
BBIOOPOYHOW JHUCIEPCUH, COOTBETCTBYIOIIEH 3ToMy (hakTopy, K IUCIepcUd, OOYCIOBICHHOM
cilyyailHBIMH ~ (akTopamMu (Aucnepcusi BOCIPOM3BOAMMOCTH). OlleHKa OCYIIECTBISETCS I10
kputeputo duiepa.

IIpu 3TOM IenaroTes CaeAyroIue JONyIEHUs:

e CIy4aiHble OIMOKY HAOIIOIEHUS paclpeieiIeHbl HOpPMaIbHO;
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¢ B OKCICPUMCHTEC UCIOJB3YHOTCSA PABHOTOYHBIC METOAbI USMCPCHUA,

e (paxTOpHl BAUSIOT TOJIBKO Ha M3MEHEHHE CPEIHUX 3HAYeHUH, a Jucrepcus HabiIogaemMon
BEJIMYMUHBI CYUTACTCS TIOCTOSHHOM.

[TonsiTHE «ompeneneHHbll (HaKTOp» 00YCIOBIEHO CIEIYIOIIUM:

® 5TO UCCIeayeMbIi (aKTop, T.€. allPUOPH YCTAaHOBJICHHBIH,

® 5TOT (haKTOp UMEET KOJIMYECTBEHHYIO UM KaUECTBEHHYIO IIKATy U3MEPEHUS,;

e H5Ta IIKaJla pa3JelieHa Ha YPOBHHU.
Hanpumep, uccnemyercs BIUsSHHE KIMMATHYECKHUX YCJIOBUM Ha ypoxailHOCTh. Kinmmaruueckue
yCIIOBUS BKJIIOYAIOT B ceOs TpH (haKTopa: CBETOBOW, TEeMIIEpaTypHBI M BIaXHOCTHbIA. [lepBbiii
dakTop ompenensercs TpeMs 3HAYEHUSMHU: COJHEYHOH, MEPEeMEHHOM M TAacMypHOW TOTOJION;
BTOpOU — cpeaHel Temneparypoi B npeaenax: 5-10 °C, 10-15 °C, 15-20 °C, 20-25 °C, 25 30 °C;
TPETHUI TaKK€ UMEET TPU YPOBHS, COOTBETCTBYIOIINX MOHATHUIM: JOXJIMBAs MOr0/1a, HOpMaJIbHAS

noroja, cyxas mnoroza. llepselii U TpeTuli UMEIOT KAaUYECTBEHHYIO OLICHKY YPOBHEH, a BTOPOH —
KOJIMYECTBEHHYIO.

6.2. OqHogakTOPHBIH AaHAIN3

6.2.1.0nH0(paKTOPHBIN AUCTIEPCUOHHBIH aHAJIN3
PaccmotpuM Biusuue (aktopa A Ha wuccnemyemblii mponece X, mpuHUMamomero k
Pa3IMYHBIX 3HAYEHUH — ypoBHeW (Qakropa. Ha kaxmom [-M ypoBHE IpPOM3BOIMTCA 7,

HaOII0IEHUH, pe3yNIbTaThl KOTOPBIX 3aHECEHBI B Tadnuiy 6.1.
Pe3ynbrar kaxx10ro HaOMIOEHUS MOKET OBITh TIPEJICTABIICH B BUJIE MOJICIIH:

X;=p+a,+e;, i=1,...,n, (6.1)
rae | — cymMMapHblil 3¢ ekt Bo Beex ombltax; O, — 3ddext daxropa A Ha i -M ypoBHE; e; —

OIIMOKa OMPENCNCHNs X ; Ha I -M yPOBHE.

Tabmuma 6.1. ®opma npeacTaBIeHUs SKCIEPUMEHTATBHBIX
JTaHHBIX OAHO(AKTOPHON MOIEH

Homep Vposuu pakropa A
Hab6monenus
n 4 | 4 | 4 4,
X . X
1 X, X, 1i 1k
X, X
2 X, Xy 2i 2k
J le x12 X Ji X Jk
n ml xnz 2 xn,-i xnkk
Cpennue X1 X2 Xi Xk
3HAYEHUS T10
YPOBHSIM
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[Tpenmnonoxum, 4To HAOIIOACHNS Ha [ -M (PUKCUPOBAHHOM YPOBHE (haKTOpa HOPMAaIbHO
. . 2
pacIpe/IeseHbl OTHOCHTENBHO cpeiHero 3HaueHus (L + O,) ¢ ofwelt aucnepeneit G
OO0111ee 9nciIo OMBITOB

N = Zk:ni : (6.2)
j=1

Cnenyer yCTaHOBHMTH, OKa3blBaeT v BiusHue (Gaktop A Ha mccnexyembiii mpomece X .
b

Coopmynupyem runoresy H, o Tom, 4To pacxoxueHue HAaONIONCHHH B CEPHUSAX OIBITOB MU

pa3IMYHBIX YpPOBHEHW (DAaKTOPOB MOXKHO OOBSCHUTH TOJIBKO CllydallHBIMM mpuunHamu. Ha

CTaTUCTUYCCKOM A3BIKC OJOTO HNPCAINOJIOKECHUEC O3HA4YacT, 4YTO BCC JAaHHBIC Ta6.HI/II_IBI 'xij

IPHHAIIEKAT OAHOMY H TOMY )K€ PAaCIIPEIE/ICHHUIO.
OcyliecTBUM MPOBEPKY HYIEBOH THIIOTE3bl PABCHCTBA CPEJHHMX 3HAYCHHIl HA PA3IHMYHBIX
ypoBHsX (paktopa A :
Hy-m=m,=...=m,=m.
HauGoee 4acto pacueT mpoBOJUTCS IIPH PABHOM YHCIIE OIBITOB Ha K& oM ypoBHe A, T.e.
n,=n,=...=n, =n.IIpusrom obwee uncno Hadmoxennit N =k xn.

Cpennee 3HaYCHHE PE3YIIHTATOB HAOIIOICHUI HA I -M YPOBHE:

S
Xi=—) x,. (6.3)
n‘3
OO1ee cpeqHee 3HAUCHUE ,Z[JDI BCei BBI60pI<I/I u3 N HaOmoneHwui:

}z—Zx, :—ZZxﬂ. (6.4)

i=l j=1
BBI60pO‘-IHa}I AUCTICPCUS HA KAXKIOM YPOBHC!

1
.:—Z(xﬂ—x, = _1 Z ﬂ—— Zxﬂ . (6.5)

2 2
IIpy BBHIMOIHEHUH YCIOBHSA S; = CONSt, T.e. MEXKIY OUCIHEPCHSAMU S; HET 3HAYUMBIX

. L2
pasnuuuii (OZHOPOIHOCTH JUCIIEPCUM S; omnpeznensercs no kpurepuro Koxpena), HaXOAUM OLEHKY
JIMCTICPCHH, XAPAKTEPU3YIOIICH PpACCEsHUEe 3HAYCHWH X, BHE BIMAHHA (hakTopa A (re.

THCTIEPCUH, XapaKTepU3yIoen (hakTop clydyaifHOCTH) 1o GopmyIie

=—Z =t 1)ZZ( )=

i=1 i=l j=1

k( _1) ZZ ﬂ__z Zxﬂ

i=l j=1 lljl

(6.6)

2 .
Jlerxo BUJETH, YTO €CIIU IIPH OLEHKE §; MBI UMEEM (71 —1) creneneii cBOGOIBI, TO OLIEHKA
2 .
s. umeer V=k(n—1)= N —k creneneii cBoGoxbL.
OOm1ast BEIOOpOUHAs TUCHIEPCHs BCeX HAOIOICHUN paBHa:

k n

M YO ) FRRTC S N

11]1 i=l j=l1 i=l j=l
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. 2
Wcxons wu3 CBOMCTBAa aJIMTUBHOCTH JHCIIEPCHM  MOXHO OOIIYI0 IHCIEPCHI0 O

. 2 .
NpeACTaBUTh KaK CYMMY COCTaBJISIIOIIUX 3TOW AUCHCPCHUU: GA — XAPaKTCPUIYIOUIUKU BKJIAQ

2 . . .
dakropa 4 m G, ~— xapakrepusyroumii (GakTOp CIy4alHOCTH (COBOKYITHOCTBH CIIy4alHBIX
(dhakTOpOoB):

2 2 2
GO_GA+GC,1'

Torna ¢ yueToM BBIOOPOYHBIX OIIEHOK JUCIIEPCHH

Sé = Si + sfﬂ : (6.8)

2 y
BBezieM Tereph OLEHKY AHCIEPCHH S, , XapaKTePH3YIOIIeil H3MCHEHHE CPEIHUX X, CBSI3AHHOE
¢ BusiHueM (akropa A

n 1 k k

2= EZ(L—}Y =k'112(},-—})2 6.9)

J=1

C YHCJIOM CTereHel cBoooasl V=4Kk —1.
Teneps nposepka BausHus paktopa A Ha U3MEHEHHE CPETHUX MOKET OBITh CBEJEHA K CPABHEHUIO

o 2 2 2 2
AUCTICPCUHU SA n Scﬂ . Ecm AUCIICPCHUA SA 3HAYUMO OTJIIMYACTCA OT Sczz TO HYJIEBasd THUIIOTE3a

H,:m =m,=...=m, =m orBepraercs u Bumsiaue haxropa 4 cuanraercs cymecTBeHHbIM. {151

IPOBEPKU THIIOTE3bI MPUMEHSETCS OJHOCTOPOHHMU KpuTepuii PDuinepa: Biusaue A cuuraercs
3HA4YUMBIM, €CIIU

2
S
F:S_;>Fq(vl,vz), v=k-1v,=N—-k=k(n-1). (6.10)
i

Ecnu otHomeHue < Fq(vl,vz), 1O BiusHuE pakTopa A CIIeNyeT CUMTaTh HE3HAYUMBIM.

Cl
ITpu sTom oOmias aucnepcus Sé OyzeT cBs3aHa TOJIBKO C (DAaKTOPOM CIIY4alHOCTH M €€ MOXKHO
CUUTATh OJJHOPOJHOM.
[lpu 3Haunmoctd BiusHus Gakropa A, T.e. [P 3HAYMMOCTH pA3IUUUs  MEKIY
m, =m, =...=Mm, =N, MOXKHO BBIACHUTb, KaKM€ MMEHHO CpeJHUE 71, pa3nuuHbl. Jlnsg 3Toro
HCMOJIb3YIOT KpuTepun CThIOJAEHTA UM PAHTOBBIN Kputepuil JlyHkaHa.

6.2.2. HemapameTrpu4eckue MeTo/bl 0AHO(PAKTOPHOI0 AaHAJIN3A

Ecnmu mpennosnoxeHrne 0 HOPMAILHOCTH pacIpeielieHUs] BEIOOPKH HE SIBIISIETCSI IPaBOMEPHBIM
WM HAONMIOJAIOTCS KadeCTBEHHBIE II0OKA3aTeNd, CJIEAYeT HCIOJb30BaTh PA3IUYHBIE Memoobl
Henapamempu4eckoeo aHanu3d, Cper KOTOPhIX HanOoJIee pa3BUTHl PAHTOBBIE METO/IBI.

Paccmotpum tabnuiy HaOmoneHui (cMm. tabin. 6.1) (oqHOPAKTOPHBIN AUCTIEPCUOHHBIN aHATU3).

Coopmynupyem runoresy f1, o ToM, 4To pacxoxaeHue HaGTIOACHHIl B CEPUAX OIMBITOB I
pa3NUYHBIX ypOBHEH (DAKTOPOB MOXKHO OOBSCHUTH TOJBKO CIy4alHBIMH mNpuuuHamMu. Ha
CTaTUCTHUYECKOM SI3bIKE ITO MPEIIOIOKEHUE 03HAYAET, YTO BCE JaHHbIE TaOIMIbl X i TIPHHAJUIeKAT

OJTHOMY U TOMY K€ pacIpeesieHuto. PaccMoTpuM paHTOBbIM 01HO(DAKTOPHBIN aHAIIN3.
Ecin MBI HIYEro He 3HaeM O PACHpPE/IeICHHH X ;;, TO B 3TOM CIy4ae IPOIIe OMHUPATHCS B CBOMX

BBIBOJAX Ha OTHOLICHUA «OOJIBIIIE — MEHBIIIEY MCKIY Ha6.HIOI[CHI/I5IMI/I, TaK KaK OHH HE€ 3aBHCAT OT

pacnipezienienust Habmroaenuit. IIpu 5ToM Best HHOOPMAIMs COACPKHUTCS B TEX paHrax 7, 9TO
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NONyYal0T YUCIA X, MpH YHOPANOYCHHH BCEH MX COBOKYIHOCTH. PaHroBble Kpurepun

NPUMEHSIIOTCS W TOrJAa, KOIrJa W3MEPEeHUs CHeJaHbl B HOPAOKOGOU wikale, HaIpuMep,
MPEJICTABICHBI TEKCTOBBIMU OalIaMU WMIIM SKCIEPTHBIMH CyMMaMU. 37eCh 3HAYCHUS X BOOOIIIE

ABJISIIOTCSL  YCIIOBHOCTBIO, @ COJEP)KATENbHBIM CMBICT HMMEIOT JIMIIb OTHOLIEHUs «0ojblle —
MEHBIIIE» MEXAY HUMHU (Hanmpumep, oueHkH 2, 3, 4, 5). Bynem paccmaTtpuBaTh Hanbosee MpocToit

Cily4aH, Korja Cpey unucen X i HET COBIIAJIAIOIINX. B stom ciryqae mpeoOpa3zoBanue Tabauibl 6.1 B

Tabnuiy 6.4 6yaeT oTHO3HAYHBIM.

Jlas mposepku rumoressl 1, HEOOXOAMMO CKOHCTPYHPOBATH HEKOTOPYKO CTAaTUCTHKY, T.C.
(GYHKLHIO OT paHroB V> KOTOpas JIernia ObI B OCHOBY KPHUTEpHsI MPOBEPKU TUIIOTE3bl. OCHOBHBIE

TpeOOBaHUSI K ITOW CTAaTHCTHKE CIEAYIOIIHME: €e 3HAYCHHE IMPH THIOTEe3e Ho IOJDKHO 3aMETHO

OTJINYAaTLCA OT €€ 3HAUCHUU Ipu AJIbTCPHATHUBAX. PaCCMOTpI/IM ABa ME€TOoaa.
Tabmuma 6.4. ®opma npeacTaBiaeHUs MpeoOpa30BaHHBIX

JTaHHBIX
Panru Vposuu axropa A
pe3yJIbTaToB Al A2 A Ak
o 1
HaOJIIOICHHIA
T 7
1 r, i, i 1k
2 7 Ty Mk
21 ¥y,
J Ty ) Vi T
n ml ny2 rn,-i ik

OnHodakTOpHbIH HenmapaMeTpPUYeCKUil aHAJN3 HA OCHOBe kputepusi Kpackena-Yosuieca
(mpou3BoJIbHBbIE AJIbTEPHATUBBI)

OTOT METOA MCHOJB3YeTCs, KOrjJa HEBO3MOXHO CKa3aTh 4YTO-THOO OIpeAesieHHoe 00
anbrepHatuBax [, Tak Kak OH CBOOOJEH OT pacmpeleeHHs. 3aMEHUM HaOJIOACHHUS X, uX

paHTaMH 7, yOpsI04MBas BCIO COBOKYITHOCTD {x jl.} B MOPSAKE BO3pacTaHMs. 3aTeM Uil Kaxa0i

006paboTku I (ypoBHs (akropa, CTOJIOIA TAONUIBI) HATO BBIYHUCINTH CYMMAapHBIA W CPEIHHI
paHru:

n; _ 1 n;

R=>r,uRi=—>r,. (6.11)
j=1 ;=i

Ecnu mexny cronliiaMu HET CUCTEMATHYECKUX PA3IHMYHMA, TO CPEIHHUE PaHTH Ei , HE JIOJDKHBI

S3HAYUTECJIBHO OTJIHUYAThBCA OT CPEAHETO, PAaCCYUTAHHOI'O ITO Bceit COBOKYITHOCTH {rﬁ} . 3HaueHHe

~ N+1 .
nocneanero R = T 3necy N — obIee unciio HabI0ACHHIA.



Bbrunciaum BEJINYMHBI (E, —R)’ i KaX10T0 YPOBHsI daxropa
2 2
— N+1 — N+l
Ri——— | .| Rk — | .
2 2

Ortn 3HaueHus npu H | B COBOKYMHOCTH MOMKHBI ObITh HeOonbiMMH. COCTaBISss OOIIYIO

XapaKTePUCTUKY, PAa3yMHO YYeCTb Da3JIM4yMs B 4YHUCIEe HAONIOJEHMHM JUIsl pa3HbIX 00pabOTOK
(ypoBHeii (hakTOpOB) U B3ATh B KAUE€CTBE MEPbI OTCTYIUICHHS OT YUCTOH CIy4alfHOCTH BETUUYUHY

2
12 . — N+1
=——>Yn|R-——| . (6.12)
N (N + 1) i=1 2
DTa BeJIMYMHA Ha3bIBAETCS CTaTUCTUKON Kpackena-Yonneca
12
MHoxuTENb ]V(Tl) MIPUCYTCTBYET B KaYeCTBE HOPMUPOBOYHOTO [T 00ECTIEYEHUS CXOMMOCTH
+

2 y 2
pacnipesienenms cratuctuku [ w ° ¢ uncnom creneneit ceoboner v =k —1. Eemu H >y (v),
TO (haKTOp CYMTACTCS 3HAYMMBIM U runote3a f1, oTBepraeTcst mpu ypoBHE 3HAYMMOCTH (] .

Ecnu cpenr X, ecTb COBNAfaloNue 3HAYCHUS, TO NPU PAHKUPOBAHMH U IEPEXOAC K 7, HA/O
WCIIOJIb30BaTh CPEIHUE PAaHTH (Harpumep, eciu 2 3HadeHus (5 m 5) 3anumaror panru 11, 12, To
cpennuii panr (11,5) mHamo mpucBouTh MM obOoum). Ecnm coBmageHuii MHOTO, pEeKOMEHIYETCs

!
UCIIOJI30BaTh MOAU(PUIIMPOBAHHYIO (popMy cTratucTuku ' :

H' = H (6.13)

1- Z;Tj/(zxﬂ ~N)
=

. 3
rIe M — YUCJIO TPYII COBMAMAMOIINX HAOIIOCHHMIA, TJ =7; —tj (tj — YHCJIIO COBIAJAIOIINX

HaOJrOIeHHH B Tpymie j ).

OanodaxkTopHbIli HemapaMeTPpHYeCKHil AaHAMW3 Ha OCHOBe KpuTepus JIXKOHKXmepa
(aNbTEePHATHBBI C YIOPSAA0YECHUEM)

Hepenxo uccienoBarertto 3apaHee H3BECTHO, YTO UMEIOIIHECS TPYIIITBI PE3yJIbTaTOB YIMOPSI0UYCHBI
Mo Bo3pacTaHuto BiWsHUS (aktopa. IlycTh mepBbId CTONOEI] TAOIUIIBI {x jl.} COOTBETCTBYET

HaMMEHBIIEMY YPOBHIO, a TOCIEIHUNA — HaubonblmeMy. B takux ciydasx kpurepuid JKOHKXHepa
Oosee dyBcTBUTENEH (00JIee MOIIIHBIN) B CPAaBHEHUH C YIIOPSAOYCHHBIM BIUSHUEM (paKTOpa.

PaccmoTpuM cHavana citydail, Korja CpaBHUBAIOTCS TOJIBKO 2 crocoba oOpaboTku (2 ypoBHS
(dakTopa). DakTUUYECKH peub UAET Torna o0 OJHOPOIHOCTH NBYX BBIOOPOK. [[si mpoBepku 3TOM
TUIIOTE3bl PACCMOTPUM CTATUCTUKY MaHHa- Y UTHHU.

ITycte uMeem 2 BBIOOPKH: X|, X, ,...., X, U V|, V,,..., ), - [lonoxnm
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0, ecnux,>y;

1
P(x;, ;) =1 > eciux; =y,; (6.14)

1, ecrux, <y,

Craructuka ManHa-YUuTHH:

U=>> ox.y,). (6.15)

=1 i=1
OGpaTuBIIKMCH Temepb K OOIIEMY CIy4aro, KOrjJa CpaBHUBAIOTCA K croco6oB obpaborku (K

YPOBHEH), TOCTYIIUM CJEAYIOIMUM crocoOom. Jlns kaxmoW mapsl YpoBHEH U ©W V, TIe

I1<u<v<k,cocraBum no BeIGOPKAM ¢ HOMEPAMH 1 U V CTaTUCTHKM MaHHa-YuTHH:

U(u’v)zzmlzn:q)(xiayj)' (6.16)

i=l i=l

Honyanm U (1,2), U(L,3),...,U(,k), U(2,3),...,U(2,k),...U(k -1k).
Onpenenum cratuctuky Jixonkxuepa [ xak [ = ZU (u,v) nua 1 <u <v< k. CeunerenscrBom

nporuB [, (B mons3y amprepHatuBbl [f1,) ciyxar GonbluMe 3HAYCHHS CTATHCTUKA [,

HOJIyYEHHBIE B DKCIEepUMeHTe. [l Gonblux 0ObEMOB BBHIOOPOK B OTHOIIEHMH CTATUCTHKU [
nefictByer HopmanbHoe pacnpenenenue [ ~ N(MI, DI), ¢ maremaTudecKkuM OXHIaHHEM U

TUCTiepcueit

k
Mlzi N*=>n, |,
i=1

k
DJ:% N*(2N +3)=> n}(2n,+3) |, (6.17)
Jj=1

IIe N ; — KOINYECTBO HaOJIOZICHUH B KXKJIOM YPOBHE;

N — 06umit 06beM HAOIIONECHHIA;
CeuzerenscTBoM mporuB [, (B moms3y ambrepHaTuBbl [1,) Ciyxar Ooiblune 3HAYCHHS

I -MI

*
CTaTUCTHUKH I :f, IIOJIYYEHHBIC B OSKCIEPUMEHTE, B CpPaBHCHHMHM C Ol -IPOLCHTHHIMU

3k
Toukamu HopManbHOro pactpenenenns DO(/ ) =0 (TabGnuunble 3HAYEHUS HOPMHPOBAHHOM

dysximu Jlamnaca). Torga g —1— 0l — ypoBeHs 3HaunMOCTH IpHUHSTHS TUIOTE3B! H .

6.3. /IByx(pakTOpHBIi1 aHAIU3

WHorna B oHO(AKTOPHONW MOJENM BIUSHUE WHTEPECYIOIIEro Hac ¢akTopa He HpOSBIISETCS,
XOTsI TaKOE BJIMSHUE JODKHO OBITh. [IpUunHOI 3TOr0 MOXKET OBITH OOJBIION BHYTPUTPYIIIOBOM
pas3bpoc, Ha (oHe KOTOporo aeicTBue (akropa octaéress He3aMeTHBIM. OUeHb 4acTo TOT pa3zdpoc
BBI3BaH HE TOJIBKO CIy4YailHBIMU MPUYMHAMM, HO U JEUCTBUAMU elle ofHoro (axrtopa. Ecnu Mbl B
COCTOSIHUM YyKa3aTh TakoW (PaKTop, TO MOXHO TMOMBITATHCSA BKIIOYUTH €r0 B MOJIENb, UYTOOBI
YMEHBUINTh CTAaTUCTUYECKYI0 HEOJHOPOAHOCTh HaOmozeHui. KoHewHo, He Bcerjga ymaercs
MOTIPaBUTH JIEJI0 BBECHUEM Meuiarowe2o GaKkTopa U MepexoaoM K IByXpakTopHoil cxeme. MHoraa
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MPUXOJUTCS pacCMaTpUBATh Tpex(pakTOpHbIE U OoJiee CIIOKHBIE MOJETH. 3aMBICENI BO BCEX ITHX
CIIy4asiX OCTAaeTCs IPEKHUM.

Haszosém daxrop A (puc. 1) rmaBubiM, B — memaromum. Ilycts ¢paktop A npunumaer k
3HaYEHWH, a MeIalmuil — 71 3HadeHudl. Daktop B pasOuBaer Bce TPYIIBl HaOIIOIEHHI

(cTONOIIBI TAOTHITBI {x ji} ) Ha OJIOKH.

A
’ X
—»
R

Puc. 6.1. /IByxdakropHas Moaeib

Kax[piii 610K COOTBETCTBYET OIpE/IEIIEHHOMY ypoBHIO (haktopa B . B yacTHOM citydae Tabnuia
CONEPKUT N X kK wabmonenuii (1o ogHoMy B KieTke). OTanume 3ToM TabIuIbl OT 0JHOPAKTOPHON
B TOM, 4YTO HAONIONEHHS B JIOOOM CTONOIE HE SBISIOTCS OJHOPOAHBIMH, €CITH BIMSIHHE
Meraroniero ¢pakropa 3HauuMo (Tadi. 6.3).

Tabnuya 6.3
dopma mpeIcTaBIeHUs SKCIIEPUMEHTATBHBIX JAHHBIX JIBYX (DaKTOPHOM MO IeH

brnoxu ¢axropa| Vposau ocHosHoro hakropa A
B 4 A4, 4 A,
X, . X
Bl xll ‘xl2 Li 1k
X, X
2 X1 Xy, & 2k
B, X X, X X
Bn xnl ‘xn2 'xni ‘xnk

Jlnst onricanust [ByX(aKTOPHOTO SKCIIEPUMEHTa OOBIYHO MPUMEHSIOT A UTUBHYIO Mozenb. OHa
TIPEJIIONATaeT, YTO 3HAYCHNs OTKIIMKA X ; ABIAIOTCA CYMMOH BKIaJ0B COOTBETCTBYIOIINX YPOBHEH

¢paktopoB A u B w He3aBHCMMBIX CiIydaliHBIX (DAKTOPOB: X i =a +b te,. B stoii Mmoaenu

BCJIIMYMHBI BKJIaJJOB A u B ne MOTYT OBITb BOCCTaHOBJIEHEI OJHO3HA4YHO. ﬂeﬁCTBHTeHBHO, npu

OOTHOBPEMCHHOM YBCIMYCHHUU BCCX al. Ha OIHY U Ty K€ KOHCTAHTY U IIPU YMCHBIICHUU BCCX bj Ha

Ty )K€ KOHCTAHTY 3HAUCHUIA Xﬁ HE U3MCHSAIOTCA.

JUist OZTHO3HAYHOCTH BKJIAJIOB YI00HO MEPENUTH K MPEICTABICHUIO B BUJIE!
X;=n+o, +B;, npu Zai =0, ZBJ. =0.
i j

Ilapamerp T MHTEpIpPETHPYETCS Kak CpefHee BCeX X, (T.e. X), a O, u Bj — OTKJIOHEHHUS OT

1 B pesyibrare aeiicreust pakropos 4 u B.
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6.3.1 JIByx(akTopHbIii MapaMeTpUYeCcKUil JUCINEPCUOHHBIN aHAIU3

Ecmu ectp ocHOBanus mnmpeamnojaararb, 4TO CJ'IyLIaI\/'IHI)Ie BCJIIMYHUHBI ejl. HMCIOT HOPMAJIBHOC

. : : L2

pacripenieNieHne ¢ HyJEBBIM CPEJHMM M OJMHAKOBOW NPH BCEX [ W j AUCTIEpCHEd G, MOXKHO

MCTIONIB30BaTh METOJ, AaHAJIOTHYHBIH OJHOPAKTOPHOMY JUCIIEPCHORHOMY aHau3y. [Ipeanonoxum,

aro pmusHue ¢axtopa A orcyrcrByer. Cdopmymupyem rumoresy H : o, =0, =..=0,.

[posepuM rtunoresy K|, TaxKe OCHOBBIBasChb Ha CPaBHEHHMH [BYX HE3aBUCHMBIX OLEHOK
2 2

jucnepcu: G, U G .

JIMCTIEepCUOHHBIM ~ aHanM3 JAis  ABYX(AKTOPHBIX TaOMUIl TMPOBOAMTCA B  CIERyIOIIEH

HOCIIEI0BATENLHOCTH. BEIMHCIIAIOTCA CyMMBI (HonaraeM 1, =H, =...=N, =N )
k n 5 1 k n 2 1& k 2 1 k n 2
Q=225 Q=" 2% Qa:iz 2% | Q4:_k Xii |
i=1 j=1 N = =1 \i=l nK \ = =

i j=

Jlanee HaxoAATCA OLIEHKU TUCTIEPCUI

S2 :Q1+Q4_Q2_Q3 . Sz _Qz_Q4 L2 _Q3_Q4

o (k-)(n-1) % k-1 " k-1

Ec/u BBITIONHSETCS HEPABEHCTBO

2

S—; >F, (V1 =k-1,v,=(n—-1)(k- 1)) , T0 H, orsepracrcs u BimsiHne Qakropa A
(&)

CUHUTACTCA CYIICCTBECHHBIM.

AHaJIOTMYHO 3HAYMMBIM NpU3HAETCA BAUsHUE dakTopa B, eciau
2
S
2
S

cn

>Fq(v1 =n-—1, v2=(n—1)(k—1)).

6.3.2. /IByxhakTOpHBIIl HemapamMeTpUYeCKNii aHAIN3
JIByxhakTOpHBIH HelapaMeTPHIECKUIi aHAIH3 HCIIONb3YeTCs TIPH MPOBepKe rumotessl 1, eciu
0 paciapcaciiCHuU CJIY‘-IEIFIHOFI BCIIMYHHBI ejl. HU3BCCTHO TOJIBKO TO, 4YTO OHa HCIPCPbIBHA U

He3aBUCUMA. PaccMOTpUM pellieHue 3a1aun ¢ UCIob30BaHueM Kputepust OpuimMaHa, KOTOPbIA HE
IpeabsBIseT TPEOOBAHUHN K YHIOPSI0UEHUIO YPOBHEH (PakTOPOB.

JAByx(¢akTopHbIH HenmapaMeTPpUYeCKUl aHAIU3 M0 KpuTepuio @puamMana (MIpou3BoJbHbIE
aJIbTEPHATUBBI)

Kpurepuii ocHOBaH Ha Hce MEpexona OT 3HAYCHUU X, K HMX paHram 7. B ornnume or

0JTHO(DAaKTOPHOTO aHaM3a PAHXUPOBAHWE MPOMCXOAWT HE MO BCEH TabiuIe {xﬁ.}, a 1o OJIoKam,
T.€. pacCMaTPUBAETCs KXK/Ias OTeNbHas CTpoka Tabmuipl. [Ipr PUKCHPOBAHHOM ] OCYIIECTBISIETCS
PaHXKHPOBAHUE BENHYMH X IpPH i=1,2,....,k. Tem cambiM ycTpaHseTCS BIMSHHE MEIIAKOIIETO

daktopa B, 3HayeHHEe KOTOPOTO IS KAXKIOU CTPOKH MOCTOSHHO. OGO3HAYMM TIOTyIEHHBIE PaHIU
BENWIMH X ; 4epes 7. SICHO, 4To 7. M3MEHsIoTCs oT 1 110 k, a xaxmas cTpoka NpeiCcTaBiseT
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nepectanoBky uucen 1,2,...,k (npu coBnagenuu X HaJo MCIONB30BaTh CPEIHHUE panru). Ilpu

runorese [0, =0, =...=0, Bce k! mepecraHOBOK paBHOBEpOSITHBL BBenmem BemMumHy

_ 1 n
ri = _Z r G Cp€OHEEC 3HAUCHUEC paHra I10 CTOJ'I6I_[y. HpI/I H 0 3HAUYCHUEC JISI KAXKI0Ir0 CTOJ'I6Ha HE
n _
j=1

- k+1

JOJIKHO CHJIBHO OTJIMYAThCA OT /' = ——— — CPCIHEI0 paHra BCCX 3JICMCHTOB Ta6J'II/II_[I)I.

Craructuka @puomana AMEET CIEAYIOUINI BT

12n &= -2
Sz—Z(r,- —r) . (6.19)
k(k+1) 5
T'unoresa [, oTBepraercst B MOIB3y albTEPHATHBBI O HAIU4HH d(PQEKToB B 06paboOTKe, eciu

S> Xﬁ (v=k—1). na nebonbmx 3nauenuii 7, k Benmuuuna kputepus Opunmana S(q,n,k)

MOJKET OBITE HaﬁHGHa 10 Cli€HUaJIbHBIM CTaTUCTUYCCKUM Ta6J'II/II_[aM.

JAByx¢akTopHblii HemapameTrpudeckuii anaau3 no kpurepuio Ileiiaxa (aJbTepHaAaTHBBI C
yHOpS0YeHUEM)

Ecnu ypoBHH (akTopoB B Tabmuie {x ji} YIOPSIIOYEHBI, TO JJIsi IIPOBEPKU THUIIOTE3bI

H 00, =0, =...=0, OpOTUB AIbTCPHATUBBI H 140 <A, <...< 0, HCMONB3YeTCs CTAaTUCTUKA
Lletioonca.

n
Beenem Bemmunny R, = eri :
=

Briuncigercd cratucTuka

k
L=>i-R=1-R+2-R,+3-Ry+..+k-R,. (6.20)

i=1

H\, orknonsiercs B mons3y H, ecnu L . > L (k,n), roe snauenne L (k,n) naiineno no

naon
CIIcOUAJIbHBIM CTATUCTUYCCKUM Ta6J'II/IHaM.

Kputnaeckue sHadenns L (k,n) npusenensr B Tabn. 9 (CM. CTaTHCTHYGCKHE TaOIMIbBI B

npuioxenun). s n > 10 CITpaBelJIMBa annpokcuManus ctatuctuku [leimpka

_L-M) _ nk(k +1)° _n(k —k)?
L= Jow M(L) ;PP ey

*
Ipu L >u, nyneBas rumotesa OTKIOHseTCs (U, — KBAaHTHIb CTAaHJAPTHOTO HOPMAlbHOIO

pacnpeneseHus.

Bomnpocs! Aj1s1 camonipoBepKu
1. JucnepcroHHBIN aHaIu3 3aBUCUMOCTE. OCHOBHBIE MTOHSTHS.
2. OnnHO(akTOpHBIN MapaMeTPHUECKUIl TUCTIEPCHOHHBIN aHAIN3.
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OnHodakTOpHBI HemapaMeTpUuYecKHil aHamu3 Ha ocHoBe Kpurepus Kpackena-Yosneca
(TpOM3BOJIbHBIE ATBTEPHATHUBHI).

OnHOQakTOpHBI HemapaMeTpUYeCKUi aHalIM3 Ha OCHOBEe KpuTepus JKOHKxuepa
(abTepHATHUBBI C YIIOPSIOUYCHUEM )

JIByx(haKkTOpHBIA  JUCHEPCHOHHBIA  aHAMM3.  J[gyx¢hakmopHviti  napamempudeckull
OUCNEPCUOHHBII AHATU3.

JIByx(akTOpHBII HemapaMeTpuieckuil aHanu3 no kputeputo @Ppuamana (IPOU3BOJIEHBIC
aITbTEPHATHBBI).

JIByx(akTOpHBII HemapaMeTpudeckuil aHanu3 1o Kpurepuro lledmka (aqbTepHATHBBI C
YIOPSIOYCHUEM ).
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Tema 7. KoppeJssliuOHHBbII aHAIN3

KoppenauuoHHslil aHamm3 UMEET CBOECH 3aayeil KOJIUYECTBEHHOE OIPEACIICHUE TECHOTHI CBS3U
MEXIy W3y4aeMbIMHU sBIeHUsAMU. KoppensnuoHHas CBs3b — 3Ta CBA3b, INPU KOTOPOH
OIpeNIeIECHHOMY  3HAa4eHHI0  (DaKTOpPHOrO  TpU3HAKa COOTBETCTBYET CpeAHEe 3HaueHHe
PE3yABTUPYIOIIETO NpU3HaKa. M3ydeHne TECHOTHI U HallpaBJICHUs CBSI3U SABJISIETCS BAKHOU 3ajaueit
MaTeMaTu4eckol craTucTHkU. OLEHKa TECHOThl CBS3M MEXAy MpU3HAKaMU IpeArosaraeT
OIIpEICJIEHUE MEphl COOTBETCTBUS BapHallMM pE3YJIbTUPYIOLIEr0 IpHU3HAKa OT OJHOro (Ipu
M3y4YEHUH MAPHBIX 3aBUCUMOCTEH ) MM HECKOJILKUX (MHOXKECTBEHHBIX ) (DAKTOPHBIX MMPU3HAKOB.

7.1. Beruuciaenue napaMeTpudeckux Ko3¢gppuuueHToB KOppeJasuu

Buibopounwiii koaghpuyuenm xoppenayuu MeXAy NBYMs CIIydallHbIMU BEJIMYMHAMU X U ) ObLI

BIEpBbIe BBeACH I[IMPCOHOM, MOITOMY €ro 4acTo HA3bl6aiom KOIp@uyuenmom Kopperayuu
Ilupcona. B Tteopun pa3paboTaHbl M Ha NPAKTHKE MPUMEHSIOTCS Ppa3iW4Hble MOIU(UKAIIN
(bopmyIbl pacuera faHHOTO Kodhdurmenta. [IpiuBeeMm HEKOTOpBIE U3 HUX:

oGm0y xy-xy
5.8, 5.8,

Hcnonb3ys npeoOpa3oBaHue, MOTyJaroT
_ n

Y-y Ble) ()

r=-L1 = —L= . (7.1)
n .

(=) 2w -v)

i=1 i=1

[Ipu 7 <15 HE06X0AMMO CKOPPEKTHPOBATH KOO(P(ULUEHT KOPPENIALNH
Fo=r 14— |. (7.2)

[Tpu 6o1b1I0M 00BEME BEIOOPKH BEIOOPOUYHBIN K03 (PULIMEHT KOppensuuu OyaeT NprOIKaThCs
K KOPPEIALMOHHOMY MOMEHTY TeHEepaIbHON COBOKYITHOCTH [ , KOTOPBIH ONpeessieTcs: Kak

p:M[<x—mx)<y—my>]

G0,

: (7.3)

Ecim 7 =0, To BeNMuMHBI X W ) HE3aBUCHMBI, a TPpU ¥ =1 3aBUCHUMOCTD MEXIYy X U )
aBisgeTcs pyHKuuoHaIbHOU. KOs duimeHT Koppessiiu TECHO CBsI3aH ¢ KO3 GHUIUEHTOM PErpeccuu:

F=bix (7.4)

Sy

rne b — koo uumenT perpeccun B ypasHeHun Buna Y, = d + bx;
S, — CPEIHEKBAAPATHIHOE OTKIOHEHHE X ;

§, — CPEIHEKBAJPATHIHOE OTKIOHEHHE ). 3HAYMMOCT KOI(Q(UIIMEHTA KOPPEIALIMH POBEPACTCS

Ha ocHoBe Kputepusi CteronenTa. [Ipu nmpoBepke 3T0il runoTes3sl BEIUKCISIETCS [ -CTaTUCTHKA!

r’(n—2) ‘I"
P = = Jn—-2. 7.5
pac 1 _ ]/'2 \/1 — ’,2 n ( )
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PacueTHoe 3HaYeHHE CpaBHMBAETCS C TaOJMYHBIM 3HAUYCHHEM tq (v=n—2). Ecinu pacueTHoe
3Ha4YeHHE OO0JbINe TaOJUYHOTO, 3TO CBUICTEIHCTBYET O 3HAYMMOCTH KO3 (DUIIMEHTA KOPPEIAINH,
a, CIIEJIOBATEJIbHO, U O CTATUCTUUYECKON CYIIECTBEHHOCTH 3aBUCHUMOCTU MEXKAY X U ).

IIpu Gonpmom uucie uHabmoxenuit (7 >100) ucnomssyercs cnemyromas ¢opmyna f-
CTaTHCTHUKH:

A
tpac:ﬁ n. (76)
I-r
Mnoocecmeennviil Ko3ghghuyuenm xoppenayuu pacCUNTHIBACTCS MPU HATUYUHU JTHHEHHOMN CBSI3U MEXITY
PE3YABTUPYIOIIMM IPU3HAKOM Y W HECKOJLKUMHU (PaKTOPHBLIMHU MPHU3HAKAMH, & TAKKE MEKIY
napoii (haKTOPHBIX MPU3HAKOB.

B ciyuae OLEHKH CBS3M MEKIY PE3yIbTUPYIONMM MpU3HAKOM Y u aByMs (DaKTOPHBIMH
NpU3HAKaMM X, M X, MHOKECTBEHHBIH KOX()QUIMEHT KOPPENSALMH MOKHO OINpPENEIUTh IO

dbopmyre:

X Xy ryx1 ryxz rxlxz 7.7
2 ; (1.7)
1-r

XX

v/ x1,%,

rae 7, — napHble K03(QQULUEHTH KOPPEIALMI MEX Y TPU3HAKAMHU.

B o0mem cnyyae KO3(G(GUIMEHT MHOXECTBEHHONH KOPPESIIUUA MEXAY pe3yIbTUPYIOIIUM
npusHakoM Y U M (aKTOPHBIMM IPU3HAKAMH X, X,,..., X, OIpeaensercs mo Gopmyie

VI X] 53X e Xy = » (78)
rae ‘p‘ — ONpCACIUTCIIb MATPULIBL napHoﬁ KOoppeirsinun
1 pyxl pyx2 o pyxm
pxly 1 pxlxz o pxlxm
p = pxzy pxle 1 pxzxm ’ (79)
pxmy pxmxz pme3 o 1

‘pl‘ — anreOpandecKoe JOMOJTHEHHE dIIEMEHTA P .

MHoxecTBeHHBIN KO3pPUIIMEHT Koppesiuuu nu3MeHsercs B npenaenax ot 0 o 1. [Mpubnmxenue
R x emunune CBUIETENBCTBYET O CHIBHON 3aBUCHMOCTH MEKIy Npu3Hakamu. [Ipu HEGOIBIIOM

n—k

yucie HaOmoaeHuin ( < 20) BenuumHa MHOKECTBEHHOTO KOX((PHIMEHTa KOPPENIALNH, KaK

MpaBWJIO, 3aBbIIaeTcs. B 3TOM cioydyae MHOXKECTBEHHBIM KOI(D(DUIIMEHT KOppensiun
KOpPPEKTUpPYETCS:

- 1
Ryt = 1= (1= R} -2 7.10
v/ - ( )n—k—l ( )

rae R — cKOppeKTUpOBaHHOE 3HAYEHHUE;



80

N — 4uCII0 HaOJIIOIeHUH;
k — 4mcno GpakTOpHBIX IPU3HAKOB.

n—k

>20.

KoppektupoBka R He IpOU3BOAUTCS NPH YCIIOBHH, €CIIN

[TpoBepka 3HAUMMOCTH MHOXECTBEHHOTO KOd(D(HIMEHTa KOPPEISIUH OCYIIECTBISETCS IO
kputeputo Gumiepa:

15
2 V/X1,%,
F pac = 1 (7.11)
2
3 (1 Ry/xpxz )
MHOK€eCTBEHHBIN K03 hurreHT KOppeJsLuu CUUTACTCS 3HAYMMBIM, ecinu

F,.>Fmv=2v,=n-3).

pac
Ha ocnoBe mpuBeneHHbix BbImie Gopmyn (1)-(9) mpousBenem BoluncieHUE KOI(DOUIMEHTOB
KOPPEJSIUH ¥ TPOBEPHM HX 3HAYUMOCTH (BBIHECTH Ha TIPAKTHUKY).

7.2 Bolunc/jieHUe HelmapaMeTPpHuYeCKUX KO3(PpPUUHMEeHTOB KOPpeJIsuuu

Ecin mnpuszHaku NOAUMHAIOTCS  pPa3iM4HbBIM  (OTJIMYHBIM  OT HOPMAJbHOIO) 3aKOHaM
pacripesiesieHHs, TO MOYKHO pacCuMTaTh HelnapaMeTpudecKue KOdPQULUUEHThl KOppesiluu. OTH
K03(h(UIMEHTH! MOTYT OBITh HCIIOJIB30BaHbI ISl ONpEAETICHUST TECHOTHI CBA3M KaK MEXIy
KOJIMYECTBEHHBIMH, TAK U MEXIy Ka4€CTBEHHBIMM IIPU3HAKAMU IIPH YCJIOBHMH, €CIM UX 3HAYCHUS
YIOPSIOYUTH WM IPOPAHKHUPOBATH IO CTETIEHH YObIBAaHUS WJIM BO3PACTAHUS NIPU3HAKA.

Cpeau HemapaMeTpHUYECKMX METOJIOB OLIEHKM TECHOTBI CBS3M HauOOJIbIIee pPacHpOCTpaHEHUe
MOJIYYUJIN CIEAYIOLIHE:

1. Kosgpgpuyuenm paneosoii xoppenayuu Cnupmana:

S
i=1

—_— 7.12
n(n® -1y’ (7.12)

px/yzl_

2
rje d; — KBajpar pasHOCTH PAHIOB;
7l — YUCII0 HAOMIOIEHHUH (YMCIIO Tap paHroB).

Koapduuuent Cnupmana npuHuUMaeT 3HadeHus oT -1 g0 1. 3Haummocts Koddduimenta
npoBepsercss Ha ocHoBe f-kpurepuss CrbrogeHTa. PacueTHoe 3HaueHHWe [ -KpUTEpHs
ompexaensiercs mno Gopmyre:

n—2
l_p)zc/y

tpac = px/y

3HayeHne KOA(PPUIIMEHTa KOPPEISAIHMUA CUUTACTCS CTAaTUCTHYECKH CYIIECTBEHHBIM, €CITH
le > t,(Vv=n—2).
2. Kospguyuenm paneosoii xoppensyuu Kenoanna
L_2AP-Q)_ 28
nn-1) nn-1)"

(7.13)

rae 4 — 4YKCIIO HaOIIOACHUT;
S — pasHOCTH MEXIy YHCIIOM TOCIIENOBATENLHOCTEN M YUCIOM HHBEPCHUH 110 BTOPOMY IIPU3HAKY.
Pacuer korpdunmenta Kenmasnna mpou3BoAUTCs B TAKOH MOCIEA0BATEIHHOCTH:
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e 3HaveHuss X PAHXKUPYIOTCS B TOPSIIKE BO3PACTAHMS UITH YOBIBAHHUSL,

e 3mpauenus ! pacIoJIaralTCs B MIOPAIKE, COOTBETCTBYIOLIEM 3HaUeHHUAM X ;

e Ul K@KIOro paHra Y ONpenesseTcs 4YUCIO CIAEAYIOIIUX 3a HUM 3HAYEHU# PaHroB,
MPEBBIIAIIUX ero 1Mo Benuuube. CyMMHpPyst 3TH 4HCla, OmpeuensieM BenuuuHy P
(4MCII0 TIOCIIENOBATENLHOCTEN) — MEPY COOTBETCTBHS IIOCIEN0BATENLHOCTEN paurop X u
Y;

e JUIA KaXJoro panra Y ONPENENAETCs YUCIIO CIEAYIOIIUX 33 HUM PAHIOB, MEHBIIUX €T0
BennuuHbl. CyMMUpPYs BETMYUHBI, IoTydaeM Benuanuny () (Y4ucio uHBepcuii);

e ompenenserTcs pa3HoCTh o BeeM wieHam psaa S = P — O u Bbruucisercs T.

CBs13b MCKIY IPU3HAKAMHU MOXKXHO HPHU3HATL CTATUCTUYCCKU 3Ha‘-IPIMOfI, €CJIM 3HaA4YCHUC
2(2n+5)
On(n-1)

MEsK/1y TPU3HAKAMK 3HaurMoii, eciin T > 0,5).

(Ha mTpakTUKE YacTO MOJIAralT CBS3b

kod(dunrerTa KoppensaIun M >T,=U,

3. Koagpgduyuenm rouxopoayuu. Jlns omnpeneneHus TECHOTHI CBSI3U MEXAY HECKOIbKUMU
PAH)KUPOBAaHHBIMHM ~ TPU3HAKAMHU  TPUMEHSIOT MHOMCECMBEHHbI  KOI(Dhuyuenm panzosou
Koppenayuy — Kodgpuyuenm KoHkopoayuu, KOTOPbIA BEIYUCIAETCS 10 GopMyIie:

128
W= % s (7 14)
m-(n" —n)
rJie M —- KOJIUYEeCTBO (haKTOPOB;
N — YHUCII0 HAaOJIIOIEHUI;
SW — OTKJIOHEHHE CYMMBI KBaJpaTOB PaHTOB OT CPEAHETO KBAJApaTa CyMMbI PAaHTOB
2\32
2
SW: R —7 ) (715)

" 10 — 10
e R=) R,,R*°=) R’.
Jj=1 Jj=1

Kpurnyeckoe 3Hadenue koddduimenta koHkopaauuu pasto W, —m

W >W,, 10 ¢ BepOATHOCTBIO O, KOPPEISLMS MEKITY H3ydaeMbIMH IIPH3HAKAMH IIPH3HACTCS

vZ:(n—1). Ecmm

3HAYUMOM.
Ecmu cpemu mocnenoBaTeNbHOCTEH pPaHTOB €CTh COBHAACHUS, TO KOA(P(UIIMEHT KOHKOPAAIMH
CJIeTyeT BBIYUCIIATH IO (hopMyIie

- 128,

m*(n* —1)— mZTJ
=1

(7.16)

3 .
rae Tj =1 I { 1L t ; — KOIIMYECTBO COBMABIINX PAHTOB B/ -} IIOC/IE/I0BATENEHOCTH. CoBnaBIIMM

paHTaM MPHCBAaUBAIOTCS CPETHIE PAHTH.

Ha ocnoBe mpuBenennsix Boimie Gopmyn (7.10—(7.12) mnpousBeneM  BBIYHCICHHE
HerapaMeTpHUUeckuX  KOA(Q(UIMEHTOB KOppEeNlsMd W TPOBEpUM HX  3HAYUMOCTH. Jls
HEMMapaMETPUICCKUX MCTOOOB HCO6XO,Z[I/IMBI JOIIOJTHUTCIBbHBIC Hpeo6pa30BaHH;1, KOTOPBIC ITOKAXKEM
Ha TIpuMepax (BBIHECEHO Ha MPAKTHKY).
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Bomnpocs! Ajs1 camonpoBepku
JIs1 yero ucnosib3yeTcs KOppeaalMOHHbIN aHalu3?
Kak Bpruncnsiorces napameTpruueckue K03 GUIMEeHTH KOppensun?
Kaxk onpenensiercss 3sHaUnMMOCTh Kodpurmenta koppeasiun?
UTo Takoe MHOKECTBEHHBIH KOA(PPHUIUEHT KOppensauuu?
Kak onpenensiercss 3Ha4unMOCTh MHOKECTBEHHOT0 K03 purimenTa koppensauun?
Brruucnenue Henapamerpudeckux kKoddduuuentoB xoppensaiun. KoapuuueHT paHroBoit
koppemauun CrimpMasa.

Koaddunment panrosoii koppemsiun Kennamna.

Koaddunment koHKopaamm.
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Tema 8. Perpeccuonnbiii aHau3

PaccmoTpenHble paHee METOAbl JUCHEPCUOHHOIO M KOPPENSLMOHHOIO aHajlu3a IO3BOJISIOT
BBISIBUTH HAJINYME CBSI3U MEXKY CIy4allHbIMU BEJIMUYMHAMU U OLEHUTH CHITy 3TOU CBA3H.

Crnenyromeil CTyneHbIO SBJSETCS BBISIBIEHHE KOHKPETHOTO (YHKIIMOHAIBHOTO BHJA CBS3U
MEXy ClIyd4aliHbIMH BETUYMHAMHU.

[Ipy HanuuuM KOPPEISIMMOHHON CBSI3U MEXIYy X M ) HMEET MECTO COOTHOILICHHE

F(y)=F(x,y) T.e. Qyaxkuus pacnpeneneHus clyqaiiHOW BEIMYMHBI ) 3aBUCUT OT 3HAYEHHUS

ciyyaifHoW BenuuuHbBl X . Jlto0as QyHKIMS pacnpeneneHusi MOTHOCTHIO OMPEAEsIeTCs CBOUMHU
napaMmerpamu. M3meHeHue (QyHKIMM pacHpefeieHUsl CIydalHOW BEJIMYMHBI ) OT X MOXKHO

3a1aTb 3aBUCUMOCTAMU
=05 B); 1y, = 506 B); s, = (x5 B); 1y, = £,(x5B),

Ha3bIBAEMBIMU COOTBETCTBEHHO — pecpeccuOHHOU, CKeOACmu4ecKoll, KIumu4ecKol U CUHA2UYECKOll.
3nece B=(B,,.--,B,) — mapamerpsl momenu. Ha mnpakThke OOBIMHO MPEANONArAeTCs, YTO

JMCIIEpCUss M MOMEHTBI BBICHIMX IOPAJKOB pPACIpENeNIEeHUs] ) HE 3aBUCAT OT 3HAYEHHUA X.
HanGonpmmit mpakTuyeckuii HHTEpEC MpecTapisieT onpenenenne sasucumoctu W, = f(x; B),
ONMCHIBAIONICH MCTUHHYIO 3aBUCUMOCTb MEXAYy ) H X. 3aBHCHUMOCTb CpPEIHMX 3HAYCHHUU
Ky, = f(x; B) nasbiBaercs perpeccueii ¥ mo X, a METOJIBI HAXOXKJIEHUS TAKUX 3aBUCHMOCTEH U

OLICHKH X CTaTUCTUYECKUX CBOMCTB COCTABIISIIOT COJIEPKAHUE PETPECCUOHHOTO AHAIN3A.

[To BBIOOPOYHBIM JAaHHBIM MOXXHO HAWTH TOJBKO OIIEHKY MCTUHHOUM PEerpeccuu, COAEPIKAIIYIO
OmMuOKY, CBI3aHHYIO CO CIIYYaifHOCTHIO BEIOOPKH.

B ocHoBe perpeccnoHHOTO aHaIM3a JEXKUT MPUHILIUIT HAMMEHBIINX KBAJPAaTOB, B COOTBETCTBUH C
KOTOPBIM B KaU€CTBE YPABHEHMS PETPECCUU

y=/f(xpB)+e,

BbIOMpaeTcst  (QyHKUMsA,  JOCTaBIAONIas ~ MHHAMYM  CyMME€  KBaJpaToB  Pa3HOCTEH

n
2
S =Z( v, —f(x; B)) . 3mech € — ciyvaiiHas MOTPEINHOCTh ypaBHeHHMs. Kak mpaBuio, BUZ
i1

(byHKI_[I/II/I f(.x, B) OMpCACIIEICTCA 3apaHee, a MCTOAOM HAMMCHBIIUX KBAaAPATOB ONPCACTIAIOTCS €€

KO3 PHUIIHEHTHI Bj, MUHUMH3HpYIOMmKE S . KOIMYECTBEHHOM MEpPOW paccesHHs 3HAYCHWH ),

Bokpyr perpeccun f (x; ) sBnsercsa nucnepcus

1 & _ 2
D=m 2 (= f(x:B) .

rae k — uucino ko3(pPUIUEHTOB, BXOIAMIUX B aHAIMTHYECKOE BHIPAXKEHUE PETPECCHU (HAIIPHMED,
ectn f(x; ) — muorounen crenenn m, 1o k=m+1).

B 3aBucuMocTH OT BHna ypaBHeHus perpeccuu ) = f(x; )+ € pasnuuaror nuneinyro
( f(x; B) — muorounen meproii crenenn) u memuueiinyo ( f (x; B) — Muorowren crenenn > 2)

perpeccum.
Bun ¢yskumun f (x; B) BEIOMpAETCS UCXOAS U3 OCOOEHHOCTEW HCCIENyeMOro SIBICHHUS

(mporuecca), a Takke U3 00IIero rpagUuecKoro aHajaInu3a 3aBUCUMOCTH MEXIy V U X .

Yamie Bcero OrpaHMYMBAIOTCS PACCMOTPEHUEM JIMHEMHOW pPErpecCMOHHON MOJENIU, a MpHU
HEJIMHEWHON  3aBUCUMOCTH ) = f (x; B)+8 HCIIOJIB3YIOT  Pa3iMYHbIE  JIMHEAPU3YIOLINE

npeoOpa3oBaHus NepeMeHHbIX V U X. Haubonee pacrnpocTpaHeHHbIE U3 3TUX IpeoOpa3oBaHUit
npuBeeHbI B TabM. 1 (11 cityyast AByX mapaMeTpoB).
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Ta6muma 8.1. Jluneapusyromue GyHKIHOHATBHBIE TTPEOOPA30BaAHUS

Ucxonnas [IpeobOpazoBanue [IpeoOpazoBanue
3aBUCUMOCTh IIEPEMEHHBIX KO3 PHUIHEHTOB
b 1
y=a+— Y - a b
b X
a 1 b 1
Y= — be - -
b+ x y a a
ax 1 1 b
y = — J— J— —_
b+x y X a a
__* X
a+bx y o “ b
y=a b lg y X lg a lgb
y=ax’ lgy lgx lga b
y= aebx In y X Ina b
1
y= aeb/ * In y ; Ina
y=a+bx" Y x" a

CxemMa perpecCMOHHOTO aHaIHM3a BKIIOYAeT B ce0s MOCIEAOBATEIbHOE PEIICHUE CIICTYIOIINX
3a/1a4: HaXO0XJICHHE BEIOOPOYHOMN OIEHKH MCTUHHOM perpeccuu (T.e. HaxoKJIeHne K03 OUIMEeHTOB
perpeccun); OIEHKH CTATUCTHYECKONW 3HAYUMOCTH BBIOOPOYHOW pErpeccHr B CPAaBHEHHH C

. L2
Oe3yCIOBHBIM Pa3bpOCOM 3HAYCHHIT );, XapaKTEPU3YIOWMMCs JMCIEpCHeil O ; OlpejerncHue

JIOBEPUTENBHBIX 00JIaCTe|, C 3aJaHHON BEPOSATHOCTHIO BKITIOYAIOIINX B CEOSI HICTUHHYIO PETPECCHIO.

Cpenu [JOMONHUTENBHBIX 33134, MO3BOJSIOMIMX IOJIYYHUTH TOJIHYIO CTaTUCTHYECKYIO
KapTHHY U3y4aeMO# perpeccru, OTMETUM: aHAJIN3 TaK Ha3bIBAEMBIX PETPECCHOHHBIX OCTATKOB
(pa3Huma Mexay BHIOOPOYHON perpeccueil U BHIOOPOUYHBIMH 3HAUCHHUSIMU (DYHKIIUH); aHAIN3
HaJU4usl TPYOBIX OTKJIOHEHHWH OT perpeccuu (BHIOPOCOB); MOCTPOCHUE TOJICPAHTHBIX T'PAHMII
ISl PETPECCHH.

Pa3zpaGoranHblii B HacTosiee BpeMs almapaT PEerpecCHOHHOTO aHalM3a Mpearojaraer, 4ro
3Ha4Y€HMs ), B3aMMHO HE3aBUCHMBI M HOPMAaJBHO pacnpejesieHbl. BbINolHeHHe 3TUX YCIOBHI

JOJDKHO OBITH MPEABAPUTEIHHO IPOBEPEHO C MOMOIIBIO0 KPUTEPHEB HOPMAIbHOCTH (cM. pazzaen 3.3)
Y KpUTEPHUEB CpaBHEHUs nucriepcuii (cMm. pazaen 4.3).

8.1. IlocTpoenue Moae M perpeccuu

PaccMmoTpum nuHEHHYIO 110 K03 GUTIMEHTaM MOJIENb PErPECCHUH:

y=1(B)+e=By+Bfi(x)+Brfo (X)+... B fr (X) +E, (8.1)
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rjie & - clydaifHas BelMYMHA C MATEMATHYECKMM OKHIAHMEM PAaBHBIM HYJIIO U Juciepcueil o ;
S (%), j=1,....,k —nexoropere 3anannse hyHKIMH.

Tonaras, x; = fj(x), Jj =1,k nepeiinem k Mos€enM MHOKECTBEHHOI TMHEHHOM

perpeccuu:
y=/1(xPB)+e=B,+PBx, +Bx, +...+B,x, +€. (8.2)
IlycTh IS OLEHKH HEU3BECTHBIX MapaMeTpoB [3 I J Zﬁ ypaBHeHUs1 perpeccuu (8.2)
B3sTa BBIOOpKA 00BbeMoM 1 u3 3navennit semmann (Y, X, X,,..., X, ). Torna

Y=XB+e,
T
rie Y= ( VisVoeees yn) - BEKTOp 3HAYCHHUM NIEPEMEHHOHN ) ;
T
B= (BO,BI ). ,Bk) - BEKTOD [apaMeTPOB MOJIENIH;
T
€= (gl,. . .,Sn) — BEKTOp OLINOOK, Iie €; € N(O,Gz) U HE3aBUCHMBIL,

X - Marpuia MCXOIHBIX JAHHBIX MEPEMEHHBIX X ; Ppasmepamu nx(k +1). Ilepsorit cTombery

Matpuibl X CONCPXKHUT eIUHUIbI (3HAUCHUS (PUKTUBHOM NEPEMEHHOM X, ), OCTaJbHBIC CTOIOLBI

3HAYEHUS TIEPEMEHHBIX X|, X5 ,...y X

1 1

I x X,

2 2

Y= 1 x X,
n n

1 x X,

T
JU1sl HAXOKICHHS OLEHKH [3 BEKTOpa mapamerpos P = (BO,BI,. P k) HCIIONIb3yEeM METOJL

* * *
HAMMEHbLINX KBAJPAaTOB, COIIACHO KOTOPOMY B KauecTBe oueHok [, B;,..., B; Oepyrcs rakue,

KOTOpPbIe MUHUMHU3UPYIOT CyMMy KBaapatoB () oTKIOHeHwi 3HaueHnit y, ot f(X,):
- ~\2 N 2 T
0=>(n-r(F)) =D e ="e=(Y-XB) (Y- XB). (8.3)
i=1 i=l

*
Orenka B METO/1a HAMMEHBIINX KBAIPATOB UMEET BU:

B =(X"Xx )_1 X'y, (8.4)

8.2. OneHka aeKBaTHOCTH perpeccuu
KosmnuecTBeHHOM  MepoM  aJeKBaTHOCTH  SIBJISIETCS  OTHOLIEHUE  JAUCHEPCUU S?,

o . 2
OIPENETSIEMON pACCEIHMEM 3HAYEHWM ), BOKPYr JIMHUM PErPECCHM, K JUCIIEPCUHU Sy

€CTECTBEHHOI0 PACCEAHMs 3HAYEHUM ), BOKPYI CBOEro CpeaHero . JpyruMu ciloBaMH 3TO

MOXKHO C(HOpPMYIHpPOBaTh TaK: OLIMOKH, OOYCIOBJICHHBIE 3aMEHON WCTUHHOW 3aBUCHMOCTH Ha

BBIOOPOYHYIO PETPeCcCHI0, HAxXOIATCS Ha YPOBHE €CTECTBEHHOTO pa30poca, HaOI01aeMbIX
CJIy‘-IElﬁHBIX BCIIMYHH.

2
OLeHUM CHAYajIa BEIUYMHY JUCIEPCUH MO S :
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2 T
YT k 1Z(y’ n)’= —k 126 —1e ©

~ % % *
rne ¥, =By +Bx; +...Bx,
OueHka QucrnepcHd pa3bpoca CilydailHBIX YHCel ), BOKPYT CBOETO CPEIHEro 3HAa4CHHUs paBHaA

1 <&
SyZZEH (yi_y)z'

2
Ecmm —>F,(vy=n—k-1,v,=n-1), rne F, (v,,V,) — kBaHTHIb pacrpejeieHus

y
®uuiepa ¢ V, U V, CTENEHAMHA CBOOO/BI, TO OIMOKA B ONPEAEIEHUH PErPECCHH C I0BEPHTENbHOMN

BEPOATHOCTBIO Ol MPHU3HAETCS CTAaTUCTUYECKH 3HAYMMOM, a Mojzelib HealekBaTHOW. Eciu
2

— < F (v, v,), T0 MOzielb MOKHO HPH3HATH aJICKBATHOI.
y

li@i—w
_k 1Z(y, v, )

Ecu F>F, (vy=n—k—1,v, =n—1), mo modens npusnaemes adexsamnoii (m.e.

Hpumeuanue. B naxeme Excel ucnonvzyemca cmamucmuxa F =

omopacwieaemcs 2zunomesa o mom, umo kod3dguyuenmor modenu P,B,,B, pasuvi nyao) (cm.

petinep H., Cmum I'. Ilpuknaonou peepeccuonnsiii ananus. Tom 1. — M.: Qunancoi u
cmamucmuxa, 1986. —366¢. [3], na cmp.53).

KadecTtBo Mogenn Takke MOYKHO OIIEHUTH C HCTIOJIB30BaHUEM OIIEHKH Kod duimeHTa

Z(y, y)

2
JeTEPMHUHAIUH: R*=4L Yewm 6muke 3navenns R> 1, TeM OOJIBIIIYIO JOJTEO

Z(y, y)

TUCTIEPCUU BEIUYUHBI ¥ OOBSCHSET MOJIENb PETPECCHH.

8.2.1 AHa/1u3 perpecCHOHHBIX 0CTATKOB

Omnpenenennyro HHPOpMaLKIO 00 aAEKBATHOCTU ypaBHEHUS PETPECCUH JTaeT MCCIIEJOBAHNE
OCTaTKOB BHAa €, =, —V,. Ecnu BeIOOpOYHas perpeccust ) yAOBIETBOPUTEIBHO OIMCHIBAET
UCTHHHYIO 3aBUCHMOCTb MEXIY )} M X, OCTaTKH €, JNOJDKHBI ObITh HE3aBUCUMBIMH HOPMAJIbHO
pacnpeieeHHbIME CIy4YaliHbIMM BEIMYMHAMM C HYJIEBBHIM CPEJHMM U B 3HAYCHMSAX €; JOJUKEH

OTCYTCTBOBAaTh TPeHA. HOpPManbHOCTH pacmpeneneHusi OCTaTKOB € MOXKET OBITh yCTaHOBIEHA

OJIHMM W3 KpUTEpHEB corjacus (cMm. pazaen 3.3).
I'mnoresy o pasenctee M (e) =0 MOXHO NPOBEPUTH JHOOBIM MApaMETPHYECKUM HIIHA

HEenapaMeTpUUeCKUM KPUTEPUEM CPaBHEHUS CPEIHETO C 3aJaHHBIM 3HAYEHHUEM (B HAIlIEM CIIydae C
HyJIeM, CM. paznen 4.4).
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HesaBucumocts B mocnenoBarensHocty 3HaueHnii €, (I =1,...,71) Moxer ObiTh IIpoOBepeHa

C TMOMONIBI0 cepualibHOrO Kodhdumuenta koppemsuun JlapOuna-Barcona. Crarucruka

cepuasibHOro Kod(duuueHTa koppensiuun lapouna-Barcona umeer Bua
n

Zzl(ei —€. )2
D=
2.
i=1

Ecmu D> D(a) wmu D>4—D,(0), T0 ¢ ZOCTOBEPHOCTBIO O NPHHHMAETCS THIOTE3a O

HAJIMYUH COOTBETCTBEHHO OTPULIATENBHOM WU TIOJIOKUTENBHON KOPPEJSLMH OCTaTKOB.

Ecmm D,(a)>D>D(a) wm 4—D(o)>D>4—-D,(a), To xpurepuii He MO3BONISET
NPUHATH DPEIIEHHE MO THIOTE3€ O HAIMYMU WM OTCYTCTBUM KODPEISIUH OCTAaTKOB. Ecim
D,(a)<D<4-D,(0t), To rumoresa KOppelsIUA OCTATKOB OTKIOHsieTCs. KpurHueckue

sadenns D (o) n D,(0) mns  pasnmuusbix O M gucna kK kod(UIMEHTOB B perpeccun
npuBeeHbl B Tab. 11 (cM. cratucTrudeckue TabIuIib).

8.2.2 JloBepuTe/ibHBI HHTEPBAJ JISI YPABHEHHSI perpeccuu
JloBeputenbHbIi uHTEpBaT Ui yenosHoro cpexnero =M (Y | X = Xx) B MHOromMepHoii

0 0\T
touke X, =(L,x,,...,x,) onpexemnsiercs o popmye:

|:(X0TB*) + tl—oc/ZS\/( XOT [(XTX)—l :| X, )} , rae ¢, — KBaHTHIb pacnpenernenne CThIOIEHTa C

n—k —1 crenennio cBo6oabl. COOTBETCTBEHHO JOBEPUTENbHbBIN UHTEPBAI Ui 3HAYEHUH ) B

0 0T
touke X, =(L,x,,...,X;) Oyxer umerb BUx:

|:(XOTB*) + t1_a/2S(1 + \/XOT [(XTX)_I]XO )jl , TaK Kak norpemHocts mogenu ) = f(x)+¢€

GyaeT OmpefeNAThCA ABYMS HCTOUHHKamu: morpemoctsio (Af)? = S2 (X OT |:(X Txy™! J X, ) ,

CBSA3aHHON C TOTPENTHOCTSIMH TIapaMeTPOB MOJEIH, M TOTPEITHOCThI0 COOCTBEHHO MOJEIH
2 2
e =5".

8.3. Onenka qucnepcun K03(pPpuuMEeHTOB perpeccum M 10BEePUTEIbHBIX
NHTEPBAJIOB

Onenka mucriepcun koddduimenta 3, maxomures no hopmyse: SJZ. =S’ [(X D'¢ )_1] .
Ji
e |:(X D¢ )_1] _ COOTBETCTBYIOLIMIA AMaroHanbHblii onement marpuusl (X X))~
Ji

2
JloBepuTenbHple MHTEpBal Uil O HAXOAMTCA C  MCIONL30BAHMEM CTATHCTHKH

2 2/ 2
¥ =(n—-k—1)S"/0c", xoropas npu HOPMAILHOM PACIpPEACICHHH €, MMEeT PAacIpee/IeHHe XH-

kBaapar ¢ (1 —k —1) crenenpro cBOGOIbI.
JIist  OpOBEpKH 3HAYUMOCTH  KOI(GHIMEHTOB YPaBHEHHUS PErpecCUd HCIOIb3yeM

*

B,

CTATHCTHKY [, = , KOTOpasi IIPM MCTHHHOCTH rumotessl 11,:[3 ;= 0, umeer
2 T -1
\/S [(X"x)"]

pacnpenenenne Cteionenta ¢ (7 —k —1) crenmensio cBoGoasl. Ecnm s 3aJaHHOTO ypOBHS

i



88

3HAUAMOCTH O 3Hauenme |f,| Gombme kpurmdaeckoro f,,. =t ,,(n—k—1), 1o Hynesas

Kpum
THIIOTE3a OTBepraeTcs W KOA(PQUIMEHT TMpH3HAECTCA 3HAYUMBIM. B  TpOTHBHOM ciydae
KOE)(bq)I/II_II/IeHT MPU3HACTCA HE3HAYUMBIM, 1 COOTBCTCTBYIOIICC CJIAra€MoOC UCKIHOYACTCA U3 MOACIIHN.

B makere Excel paccunthiBaeTcs TakKe ypOBEHb 3HAYMMOCTH OL CTaTHCTHKH |[{, [, T.e.

BEPOSITHOCTh P(x>‘t ]‘) CreneHp 3HAYMMOCTH MAPAMETPOB PACHPEIEIICHUS KaueCTBEHHO

OTIpe/IeNIsieTCs 10 YPOBHIO 3HAYMMOCTH: He 3HauuMble (o0 > 0,100), crabo 3naunmere (0,100 > o >
0,050), cratuctnuecku 3Haunmbie (0,050 > o > 0,010), cuapHo 3HAauuMBIe (0,010 > o > 0,001),
BbICOKO 3HaunuMmbIe (0,001 > o).

Jns ypoBHS 3HAYMMOCTH OL JOBEPHUTEIBbHBII WHTEPBAJI PACCUUTHIBACTCS MO (opMyIie

Bj tt, \/ S? [(X Tx )_1} _,rae t, — kBaHTWIb pactpenenenne Cteionenta ¢ 71—k —1 crenensto
i

CBOOO/IEI.

8.4 Ilpumep nocTpoeHUus ypaBHEHUS perpeccuu

MMeercs BLIOOPKA 3HAYEHHMI COBMECTHO Ha0Mr0qaeMbIx Beanand X u Y :

X 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
Y 2,96 0,61 4,63 2,44 2,23 4,89 4,98 3,89 6,74 8,07
X 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10
Y 8,34 9,56 9,30 12,35 11,46 11,09 7091 8,16 6,54 7,88

TpeOyeTcst mogo6paTh MOAXOAAILYIO MOJEb PETPECCHHU, XaPAKTEPU3YIOLIYIO 3aBUCHMOCTh
2
Y or X, ecnm usBectHO, uTO ommbka 6 =1,3.
Hanecem toukn (X,Y) Ha KoopaMHaTHYIO IIIOCKOCTB — MOCTPOMM KOPPEJSAILMOHHOE MOJIE,

COOTBETCTBYIOIIIEE HalIel BIOOpKe (puc. 8.1)

UcxoaHasa BbIGopKa

14
12 | ©

10 -

Puc. 8.1. UcxoaHbie naHHbIE
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BuauMm, 4TO CyIIECTBYET 3aBUCHMOCTD, MEXIY 3HadeHuaMH Y u X , mpuueM 3aBUCHMOCTH SBHO
HenuHeiHaa. [lompoOyem anmpoKCHMMHUpPOBaTh 3Ty 3aBUCHMOCTh JJIs Hayajla  MOJMHOMaMHU

Pa3IMYHbIX MOPAIKOB. Bo3pMeM B KauecTBe ypaBHEHHsI pETPECCHH KBaJAPaTHOE YpaBHEHUE!

_ 2
y=PB +Bx+P,x
Urobs1 Bocnonb3oBathesi MHK 11t oneHkn k03((HUIIUEHTOB, MPOBEAEM JHMHEAPH3AIHIO

2
MOACIIH, ITIOJI0KHUB Xl =X, x2 =X , OOIy4YuM

Y =By +Bx; +B,x,
Torpa ounenky Bekropa napamerpos, cornmacio MHK, naitnem xak

p=(x"X) XY
3nece X - MaTpuiia, TEPBBI CTOIGEI KOTOPOM COAEPKUT EIHHUIBI, 8 BTOPOM U MOCIEYOIU
3HAYECHUS X, U X, .

Jns oGnerdeHust moadopa MOJENM MOXHO BOCIIOJIB30BAaThCSI BCTPOSHHBIMH (DYHKIHSIMH
naketa EXCEL (mns BeIOpaHHON Mozenu BCE pPaBHO IIOTOM IOTpPeOyeTCs MPOBECTH BCE
BBIUMCIICHUS] BPYUYHYIO, 4YTOOBI IOCTPOUTH [IOBEpUTEIbHBbIE HHTEpBaibl). B nakere aHanmsa
Heo0X0oMMO BBIOpaTh (yHKIHMIO ‘“‘perpeccus’, 3aaaTh CTONOEN 3HAUYeHUH Y W Marpuiy,
COOTBETCTBYIOMIYI0O X (€IUHUYHBIN CTOJNOEI] B 3TOM cliyyae 3a7aBaTh HE Hajo). Eciau BeIOpaTh
BBIBOJ] OCTaTKOB, TO IOMHUMO DPErpEeCCHOHHON CTaTHCTUKH, OYAYT BBIBEJIEHBI U IPEACKA3AHHBIE
3HadueHus Y, T.c.

y* = Bo* + B1*x + Bz*xz
Jns Hamiel MoJienu, perpecCMoHHasi CTaTUCTHKA, ToJTy4eHHas nakeroM Fxcel Oyner umersb

CIEeAYIOUIUI BU;

Tabmua 8.1.

BbIBOJI U'TOI'OB

Pecpeccuonnas cmamucmuxa

MHokecTBeHHBIN R 0,852379622

R-xBagpar 0,72655102

Hopmuposaunsiii R-

KBaJipaT 0,694380552

CranpaptHas ommoka 1,820336831

HaOmronenns 20
Tabmnuma 8.2.
JlucrniepcOHHBII
aHaJIN3

df SS MS F 3nauumocmo F

Perpeccus 2 149,6702188  74,83510939  22,58750495 1,63336E-05

Ocrartok 17 56,32303623  3,313119778
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Uroro 19 205,993255 10,841750 0,305589
Tabnuua 3.
Cmanoapmuas
Kosgppuyuenmut owuodxa t-cmamucmuxa P-3nauenue
Y-nepeceueHue -0,963028418 1,354297293  -0,711090853 0,486670901
[lepemennas X1 2,604940094 0,594036759 4,385149663 0,000403854
Ilepemennas X2 -0,167559332 0,054953956  -3,049085893 0,007253372

(mponomxenue TadbauIs 8.3)

Huocnue 95% Bepxnue 95%
-3,82010793  1,894090386
1,351577249  3,858001699

-0,283477711 -0,051610008

31ech B MIEpBOii TaOIHIIE:

o o 2
*  MHOXeCTBEHHBIH R — KOpeHb KBaapaTHbIN 13 Koo duimenTa nerepmunanuu \ K- ;
n ~
—\2
V.=
1 .

Z(yi - y)z
i=1

= HopmupoBanHubiii R-kBampaT — 3TO CKOpPpPEKTHpOBaHHAas BeMMYMHA Kod(duimeHrta

= R-kBagpat — KO3pDUIUEHT TeTEPMHUHALINN R* =

n—1

n—k-1

~2
JeTepMUHAINH, Beraucisiemas o opmyne R =1—(1— Rz)

1 < A~
= Crangapraas ommbka — smavenne S =+S°, rie S° :T E (y.—y,) -
n—rK—1,5

OIICHKA JUCIIEPCHUH ITPCACKA3aHUA Gz ,

= HaGmonenus — o0beM BEIOOPKH 7 .

Bo BTOpO#i TabmmIIe:
e df-— crenenu cBOOOIEI V;
e SS - cymma KBagpaToB Pa3HOCTEI:

1) Mexay MOAEIbHBIMUA 3HAUEHUSIMU U CPETHUM

SSpeepeccuﬂ = Z(yz - )_})2 = k . Slz2 ;
i=1

2) octark S0 = D (¥~ ¥) =8 (n—k—1);

i=1
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3) MCKAY UCXOOHBIMH JaHHBIMU U CPEAHHUM
SSumoeo :Z(yi _.)_;)2 :(n_l)Sz’
i=1

« MS=SS/df;

1 &~ —\2
k;(y,- ) s

e F-—cratucruka F

xcel = n o2
1 ~ N2 S
n_k_lg(yi )
2
Ecnu paccuntars [ =S—2, 10 osyunm [ :M =0,305589.

10,841750

y

2
e 3uaunmocts F — snauenne sepositoctu F(x,k,n—k—1) npu x=—2re. a10
S

YPOBEHb 3HAYMMOCTH IIPHHSTHS HyJIeBOU rumoressl /1.

B tpetneii Tabnuie:

Koaddurmentsr — 3Ha4eHHs OLIEHOK KO3(PPHUITHESHTOB Bo*, Bl*, p 2* ;

CranpmapTtHass omuMOKa — 3HA4YEHHS OIEHOK CpEIHEKBAJPATHUYHBIX OTKJIOHEHUH

Kkoobdummentos s, = \/S2 '[(XTX)_I] s
J

t-craTuCTUKA — Ha6JIIO,Z[aCMBIG S3HAYCHUA CTATUCTHUK KPUTCPUSA TPOBECPKU 3HAYNMOCTU

*

KO2(DPUITMEHTOB COOTBETCTBEHHO [, = L

’_ \/52[(XTX)—1]

P-3HaueHust — JOCTUIHYThIE 3HAYEHUs YPOBHS 3HAUMMOcTH P (x > ‘t j ‘) .

2
i

HwxHne ©m  BepxHME  TI'paHULBI 95%-ro  n1OBEpUTENBHOIO  HMHTEpBaia

B 0008 (X7 X) ']

i

CootBercTBytOmMN TpaduK NpeACKa3aHHBIX 3HAYEHUH B CpPaBHEHHMH C HWCXOJHBIMU

JTaHHBIMHU UMeeT Bu1 (puc. 8.2):
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CpaBHeHMe mogenu ¢ UCXOAHbIMU AAHHbLIMMU
14
12 S
MRS
10 .
Samma,

a® n

8 )
m @ /lcxogHble aaHHble
me
6 — < ® Mopenb
=
* ] .o
4 ~ 'S
*
2 - e
=
*
0 . T T T T T
0 2 4 6 8 10 12

Puc. 8.2. Cpasrenne mogermn Y = 3, + B,x +B,x” ¢ nexomupvMu qanHbME

OTMeTHM, 4TO TONydeHHas oueHka 3HaueHus O =+/1,3 =1,14 semuka: S =1,82. Yro

KacacTcCs KOS(b(bI/II_II/IGHTOB moxacinu, TO, KpOMC BO’ BCC OHH 3HAYUMO OTIHYAIOTCA OT HYJA

(OCTUTHYTHII YpOBEHb 3HAUMMOCTH JIOCTAaTOYHO MaJl, IO3TOMY MO>KHO OTBEPIHYTh T'MIIOTE3Y O
paBeHCTBE KO3 (HUIIMEHTOB HYIIIO).

Bonpocel 1151 caMonpoBepKu

1. Yto Takoe perpecCMOHHBIN aHanu3?

2. PerpeccuoHHas, CKeJacTHYeCKas, KJIUTUYECKass U CHUHAruyeckas 3aBHCHUMOCTH H3MEHEHUs
(GyHKIMM pacrpeesieHus CllydaiiHONH BETUUUHBL ) OT X .

3. TlocTpoeHune MOAENN PErPeECCUN.

4. OueHka aleKBaTHOCTH perpeccu. JJoBepUTENbHBIN HHTEPBAJ JJIs1 YPaBHEHUS PETPECCUM.

5. Omnenka nucnepcuu Ko3QpPHUIUEHTOB PErPECCHU U TIOBEPUTEIbHBIX HHTEPBAJIOB.
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MHNPUJIOKEHUE

CrarucTuuyeckue Ta0JIUIbI

Tadoannma 1, KBaHTHIM CTAHIAPTHOTO0 HOPMAJIBHOTO
pacnpeneyienus u, ([2, cTp, 314)

q u q u q u q u

q q q q

0,50 | 0,000000 0,70 0,524401 0,90 1,281552 | 0,983 2,120072
0,51 | 0,025069 0,71 0,553385 0,91 1,340755 | 0,984 2,144411
0,52 | 0,050154 0,72 0,582842 0,92 1,405072 | 0,985 2,170090
053 | 0,075270 0,73 0,612813 0,93 1474791 | 0,986 | 2,197286
0,54 | 0,100434 0,74 0,643345 0,94 1,554774 | 0,987 | 2226212
0,55 | 0,125661 0,75 0,67449 0,95 1,644854 | 0,988 2,257129
0,56 | 0,150969 0,76 0,706303 0,96 1,750686 | 0,989 | 2,290368
0,57 | 0,176374 0,77 0,738847 0,97 1,880794 | 0,99 2,326348
0,58 | 0,201893 0,78 0,772193 0,971 1,895698 | 0,991 2,365618
0,59 | 0,227545 0,79 0,806421 0,972 1,911036 | 0,992 | 2408916
0,60 | 0,253347 0,80 0,841621 0,973 1,926837 | 0,993 2457263
0,61 | 0,279319 0,81 0,877896 0,974 1,943134 | 0,994 | 2512144
062 | 0305481 0,82 0,915365 0,975 1,959964 | 0,995 2,575829
063 | 0331853 0,83 0,954165 0,976 1,977368 | 0,996 | 2,652070
064 | 0358459 0,84 0,994458 0977 1,995393 | 0,997 2747781
065 | 0,385320 0,85 1,036433 0,978 2,014091 | 0,998 | 2878162
0,66 | 0412463 0,86 1,080319 0,979 2,033520 | 0,999 | 3,090232
067 | 0439913 087 1,126391 0,980 2,053749
0,68 | 0467699 0,88 1,174987 | 0,981 2,074855
0,69 | 0495850 0,89 1,226528 0,982 2,096927

3ameuanusa:
1. Tlpw HaxoxaeHnH ¢ -KBaHTHIIeH 1t 3Hadennit ¢ < 0,5 ciemyer Bocmonb30BaThCs

COOTHOLIeHUeM U, = —U, . Hanpumep, Uy, =—U;_o, = —Uy, = —0,253347 .

1-¢q
2. Ilpm otbickanuu 100%-HbIX TOUEK W, ClelyeT BOCIONb30BaThCs

cooTHowenneM W, =u, . Hanpumep, W, o5 =, g5 = 1,644854
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Taoauna 2. Kpurnueckue Touku pacnpeneienuss CTbIOIeHTa

(t-pacnpenenenne) ([2], ctp. 309)

Yucno YpoBeHb 3HAYUMOCTH ¢ (ABYCTOPOHHSISI KpUTHYECKAs

CTEeTneHeln 001acTs)

CBOOOIBI

v 0,10 0,05 0,02 0,01 0,002 0,001
1 6,31 12,7 31,82 63,7 318,3 637,0
2 2.92 4,30 6,97 9,92 22,33 31,6
3 2,35 3,18 4,54 5,84 10,22 12,9
4 2,13 2,78 3,75 4,60 7.7 8,61
5 2,01 2.57 3,37 4,03 5,89 6,86
6 1,94 2.45 3,14 3,71 5,21 5,96
7 1,89 2,36 3.00 3,50 4,79 5,40
8 1,86 2.31 2.90 3,36 4,50 5,04
9 1,83 2.26 2.82 3,25 4,30 4,78
10 1,81 2,23 2,76 3,17 4,14 4,59
11 1,80 2,20 2,72 3,11 4,03 4,44
12 1,78 2,18 2,68 3,05 3,93 4.32
13 1,77 2,16 2,65 3,01 3,85 4,22
14 1,76 2,14 2,62 2,98 3,79 4,14
15 1,75 2.13 2,60 2,95 3,73 4.07
16 1.75 212 2,58 2.92 3.69 4,01
17 1,74 2.11 2,57 2.90 3,65 3,96
18 1,73 2,10 2.55 2,88 3.61 3,92
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 2,85 3.55 3,85
21 1,72 2,08 2,52 2,83 3,53 3,82
22 1,72 2,07 2,51 2,82 3,51 3,79
23 1,71 2,07 2,50 2,81 3,49 3,77
24 1,71 2,06 2,49 2,80 3,47 3.74
25 1,71 2,06 2,49 2,79 3,45 3,72
26 1,71 2,06 2,48 2,78 3,44 3,71
27 1,71 2,05 2,47 2,77 3,42 3,69
28 1,70 2,05 2,46 2,76 3,40 3,66
29 7,70 2,05 2,46 2.76 3,40 3,66
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30 1,70 2,04 2,46 2,75 3,39 3,65
40 1,68 2,02 242 2,70 3,31 3,55
60 1,67 2,00 2,39 2,66 3,23 3,46
120 1.66 1,98 2,36 2,62 3,17 3.37
00 1.64 1,96 2,33 2,58 3,09 3,29
Yucio 0,05 0,025 0,01 0,005 0,001 0,0005
Ccfai%i)};? YpoBeHb -3HAYUMOCTH ¢ (OTHOCTOPOHHSS KPUTHYECKAs

A%

00macTp)
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Taoaumna 3. 3navyenust ta(n)/\/; ([1], cTp. 198)

n a n (04 n a

0,90 | 0,95 | 0,99 0,90 (0,95 |0,99 0,90 0,95 | 0,99
5 10,899 1,150 1,800 25 {0,342 (0,412 |0,558 | 45| 0,250 0,300 0,401
6 (0,739 |1,000 | 1,510 26 |0,334 |0,403 {0,545 | 46| 0748 0,297 {0,396
7 10,715 (0,890 | 1,320 27 (0,328 (0,394 |0,532 | 47|0,245 0,294 0,392
8 10,657 {0,816 (1,190 28 [0,322 [0,387 (0,521 | 48| 0742 0,290 |0, 388
9 10,611 {0,754 | 1,080 29 |0,316 |0,380 (0,513 | 49| 0740 0,287 | 0783
10 {0,574 (0,706 | 1,000 30 (0,310 (0,372 0,502 | 50| 0737 0,284 | 0779
11 0,541 {0,663 |0,936 31 (0,304 [0,366 |0,492 | 55|0,226 0,270 0,360
12 10,515 {0,630 |0,881 32 (0,295 (0,354 |0,475 | 60| 0,216 0,258 | 0,343
13 (0,491 10,598 {0,833 33 |0,290 |0,349 {0,468 | 65| 0,207 0,248 (0,329
14 (0,471 10,572 10,797 34 |0,288 |0,347 {0,463 | 70| 0,199 0,238 {0,316
15 10,453 0,550 (0,762 35 (0,286 |0,346 |0,461 | 75|0,192 0,230 0,305
16 10,436 {0,530 (0,730 36 (0,282 (0,344 |0,459 | 80| 0,186 0,222 0,295
17 10,422 (0,512 10,704 37 (0,278 (0,333 |0,447 | 90| 0,175 0,209 | 0,277
18 10,410 {0,495 (0,679 38 (0,274 (0,329 |0,441 | 100| 0,166 0,198 | 0,263
19 10,396 (0,479 10,655 39 (0,270 (0,324 |0,434 | 120| 0,151 0,181 0,239
20 {0,386 |0,466 |0,637 40 0,266 |0,320 {0,428 | 150( 0,135 0,161 | 0,213
21 {0,376 (0,454 |0,618 41 |0,264 |0,316 {0,422 | 200( 0,117 0,139 {0,184
22 {0,366 (0,442 (0,601 42 |0,260 |0,312 {0,417 | 250( 0,104 0,124 | 0,164
23 {0,357 (0,431 {0,585 43 |0,256 |0,308 {0,411 | 300( 0,095 0,114 {0,150
24 10,349 (0,421 10,571 44 10,253 0,304 |0,406 | 400| 0,082 0,098 | 0,129
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Taoauna 4. Kpantuiaun pacnpeneienus y~ ([1], c. 219)
(Vv —4ucio crernenei cBoOOIbI)

X

3n1ech AaHbl TOYKU — KOPHU YpPaBHEHUS m -([ yn/Z—l e V2 dy=a
1% (09
0,01 0,025 0,05 0,10 0,90 0,95 0,975 0,99

1 | 0,0001 0,0010 | 0,0039 0,0158 2,706 3,841 5,024 6,6350
2 | 0,0201 0,0506 | 0,1030 0,2110 | 4,605 5,991 7,378 9,210
3 | 01150 | 0,2160 | 0,3520 0,5840 6,251 7,815 9,348 11,345
4 | 0,2970 | 0,4840 | 0,7110 1,0640 | 7,779 9,488 11,143 13,277
51 0,5540 | 0,8310 1,1450 1,6100 | 9,236 11,070 12,832 15,086
6 | 0,8720 1,2370 1,6350 | 2,2040 | 10,645 12,592 14,449 16,812
7 1,2390 | 1,6900 | 2,1670 2,8330 | 12,017 14,067 16,013 18,475
8 1,6460 | 2,1800 | 2,7330 | 3,4900 | 13,362 15,507 17,535 20,090
9 | 2,0880 | 2,7000 | 3,3250 | 4,1680 | 14,684 16,919 19,023 21,666
10 | 2,5580 | 3,2470 3,9400 4,8650 | 15,987 18,307 | 20,483 23,209
11 | 3,0530 3,8160 | 4,5750 5,5780 | 17,275 19,675 21,920 24,725
12 | 3,5710 | 44040 5,2260 | 6,3040 | 18,549 |21,026 23,3,36 26,217
13 | 4,1070 | 5,0090 | 5,8920 7,0420 | 19,812 | 22,362 24,736 27,688
14 | 4,6600 5,6290 | 6,5710 7,7900 |21,064 | 23,685 26,119 29,141
15 | 5,2290 | 6,2620 7,2610 8,5470 | 22,307 | 24,996 27,488 30,578
16 | 5,8120 | 6,9080 7,9620 | 9,3120 | 23,542 |26,296 28,845 32,000
17 | 6,4080 7,5640 8,6720 | 10,0850 | 24,769 |27,4587 |30,191 33,409
18 | 7,0150 8,2310 | 9,3900 | 10,8650 |25,989 | 28,869 31,526 34,805
19 | 7,6330 8,9070 | 10,1170 | 11,6510 |27,204 30,144 32,852 36,191
20 | 8,2600 | 9,5910 | 10,8510 | 12,4430 | 28,412 31,410 34,170 37,566
21 | 8,8970 | 10,2830 | 11,5910 | 13,2400 | 29,615 32,671 35,479 38,232
22 | 9,5420 | 10,9820 | 12,3380 | 14,0410 | 30,813 33,924 36,781 40,289
23 | 10,1960 | 11,6880 | 13,0910 | 14,8480 | 32,007 35,172 38,076 41,638
24 1 10,8560 | 12,4010 | 13,8480 | 15,6590 | 33,196 36,415 39,364 42,980
25 | 11,5240 | 13,1200 | 14,6110 | 16,4730 | 34,382 37,652 40,646 44,314
26 | 12,1980 | 13,8440 | 15,3790 | 17,2920 | 35,563 38,885 41,923 45,642
27 12,8790 | 14,5730 | 16,151 18,1140 | 36,741 40,113 43,194 46,963
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28 | 13,5650 | 15,3080 | 16,9280 | 18,9390 |37,916 |[41,337 | 44,461 48,278

29 | 14,2560 | 16,0470 | 17,7080 | 19,7680 | 39,087 |42,557 |45,722 49,588
30 | 14,9530 | 16,7910 | 18,4930 | 20,5990 |40,256 |43,773 46,979 50,892
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Tabauua 5. 3uavenusn a(r,o) ([1], ctp. 200)

r o r o r (00
0,90 |1 0,95 | 0,99 0,90 [ 0,95 | 0,99 0,90 1095 |0,99
1 0,43 1033 |022 20 0,77 1 0,72 | 0,63 | 200 0,92 10,89 | 0,86
2 0,51 (042 |030 25 0,79 1 0,74 | 0,66 | 250 0,92 090 | 0,87
3 0,57 10,48 | 0,36 30 0,80 | 0,76 | 0,68 | 300 0,93 1091 | 0,88
4 0,60 | 0,52 | 0,40 40 0,83 10,78 | 0,71 | 400 0,94 092 |0,89
5 0,62 0,55 |043 50 0,84 |1 0,80 | 0,74 | 500 0,94 |093 |0,90
6 0,65 [ 0,57 | 0,46 60 0,86 |1 0,82 | 0,76 | 600 0,95 (094 |091
8 0,68 | 0,61 | 0,50 &0 0,87 10,84 | 0,78 | 800 0,96 |094 |0,92
10 0,70 [ 0,64 | 0,53 100 | 0,88 | 0,86 | 0,80 [ 1000 | 0,96 | 0,95 | 0,93
15 0,74 [ 0,68 10,59 150 | 0,90 | 0,88 | 0,84
Tabauua 6. 3uayenus b(r,a) ([1], ctp. 201)
r o r o r (0
0,90 | 0,95 | 0,99 0,90 10,95 |0,99 0,90 | 0,95 | 0,99
1 0,26 | 0,21 | 0,15 11 0,66 | 0,60 | 0,51 60 | 0,84 | 0,81 | 0,75
2 0,38 10,32 | 0,24 12 0,67 | 0,62 | 0,53 80 (0,86 | 0,83 ] 0,78
3 0,45 10,39 | 0,30 13 0,68 | 0,63 |0,5-4| 100 0,88 | 0,85 | 0,80
4 0,50 |1 0,44 | 0,35 14 0,69 | 0,64 | 0,55 150 { 0,90 | 0,87 | 0,83
5 0,54 1 0,48 | 0,38 15 0,70 | 0,65 | 0,56 | 200 | 0,91 | 0,89 | 0,85
6 0,57 10,51 | 0,40 20 0,74 | 0,69 | 0,60 | 250 | 0,92 | 0,90 | 0,86
7 0,59 10,53 | 0,44 25 0,76 | 0,72 { 0,64 | 300 | 0,93 | 0,91 | 0,88
8 0,62 10,55 | 0,46 30 0,78 | 0,74 1 0,66 | 400 | 0,94 | 0,92 | 0,89
9 0,63 10,57 | 0,48 40 0,81 | 0,77 { 0,70 | 500 | 0,94 { 0,93 | 0,90
10 | 0,65 (0,59 | 0,50 50 0,83 | 0,79 | 0,73 600 [ 0,95 | 0,94 | 0,91
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Tadauua 7. Kpurnueckue Touku pacnpenenenusi @umepa (F-pacnpenenenne)
([2], ctp. 310)
(Vi — 4ucIo cTenener cBOOOAbI YUCIUTENS, V) — YUCIO CTETIEHENH CBOOO/IbI
3HaAMEHATeJIs, MPU YPOBHE 3HAUMMOCTH ¢ =1—a =0,05)

V2 Vi
1 2 3 4 5 6 7 8 9 10
1 | 161,41 199,5|215,7 | 224,6 | 230,2 | 234,0 | 236,8 | 238,9 | 240,5 | 241,9
2 (18,51 ]19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,35 | 19,37 | 19,38 | 19,40
3 [10,13] 9,55 | 9,28 | 9,12 | 9,01 | 8,94 | 889 | 885 | 8,81 | 879
4 | 7,71 | 6,94 | 6,59 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 5,96
516,61 | 579|541 | 519 | 505 | 495 | 4,83 | 482 | 4,77 | 4,74
6 | 599 | 5,14 | 4776 | 4,53 | 439 | 4,28 | 4,21 | 4,15 | 4,10 | 4,06
7 | 559 | 474 | 435 | 4,12 | 3,97 | 3,87 | 3,79 | 3,73 | 3,68 | 3,64
8 | 5,32 | 4,46 | 4,07 | 3,84 | 3,69 | 3,58 | 3,50 | 3,44 | 3,39 | 3,35
9 | 512|426 | 3,86 | 3,63 | 348 | 3,37 | 3,29 | 3,23 | 3,18 | 3,14
10 | 4,96 | 4,10 | 3,71 | 3,48 | 3,33 | 3,22 | 3,11 | 3,07 | 3,02 | 2,98
11 | 4,84 | 398 | 3,59 | 3,36 | 3,20 | 3,09 | 3,01 | 295 | 2,90 | 2,85
12 | 4,75 | 3,89 | 3,49 | 3,26 | 3,11 | 3,00 | 2,91 | 2,85 | 2,80 | 2,75
13 | 4,67 | 3,81 | 3,41 | 3,18 | 3,03 | 2,92 | 2,83 | 2,77 | 2,71 | 2,67
14 | 4,60 | 3,74 | 3,34 | 3,11 | 2,96 | 2,85 | 2,76 | 2,70 | 2,65 | 2,60
15 | 4,54 | 3,68 | 3,29 | 3,06 | 2,90 | 2,79 | 2,71 | 2,64 | 2,59 | 2,54
16 | 449 | 3,63 | 3,24 | 3,01 | 2,85 | 2,74 | 2,66 | 2,59 | 2,54 | 2,49
17 | 445 | 3,59 | 3,20 | 2,96 | 2,81 | 2,70 | 2,61 | 2,55 | 2,49 | 245
18 | 4,41 | 3,55 | 3,16 | 2,93 | 2,77 | 2,66 | 2,58 | 2,51 | 2,46 | 241
19 | 438 | 3,52 | 3,13 | 290 | 2,74 | 2,63 | 2,54 | 2,48 | 2,42 | 2,38
20 | 4,35 | 3,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,51 | 2,45 | 2,39 | 2,35
21 | 432 | 347 | 3,07 | 2,84 | 2,68 | 2,57 | 2,49 | 2,42 | 237 | 232
22 | 430 | 3,44 | 3,05 | 2,82 | 2,66 | 2,55 | 2,46 | 2,40 | 2,34 | 2,30
23 | 4,28 | 3,42 | 3,03 | 2,80 | 2,64 | 2,53 | 2,44 | 2,37 | 2,32 | 2,27
24 | 4,26 | 3,40 | 3,01 | 2,78 | 2,62 | 2,51 | 2,42 | 2,36 | 2,30 | 225
25 | 424 | 3,39 | 2,99 | 2,76 | 2,60 | 2,49 | 2,40 | 2,34 | 2,28 | 2,24
26 | 4,23 | 337 | 2,98 | 2,74 | 2,59 | 2,47 | 2,39 | 2,32 | 2,27 | 2,22
27 | 4,21 | 3,35 | 2,96 | 2,73 | 2,57 | 2,46 | 2,37 | 2,31 | 2,25 | 2,20
28 | 4,20 | 3,34 | 2,95 | 2,71 | 2,56 | 2,45 | 2,36 | 2,29 | 2,24 | 2,19
29 | 4,18 | 3,33 | 2,93 | 2,70 | 2,55 | 2,43 | 2,35 | 2,28 | 2,22 | 2,18
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30 | 4,17 | 3,32 | 2,92 | 2,69 | 2,53 | 2,42 | 2,33 | 2,27 | 2,21 | 2,16
40 | 4,08 | 3,23 | 2,84 | 2,61 | 2,45 | 2,34 | 2,25 | 2,18 | 2,12 | 2,08
60 | 4,00 | 3,15 | 2,76 | 2,53 | 2,37 | 2,25 | 2,17 | 2,10 | 2,04 | 1,99
120 | 3,92 | 3,07 | 2,68 | 2,45 | 2,29 | 2,17 | 2,09 | 2,02 | 1,96 | 191
o | 3,84 | 3,00 | 2,60 | 2,37 | 2,21 | 2,10 | 2,01 | 1,94 | 1,88 | 183
Oxonuanue Tabm. 7
V2 Vi
12 15 20 24 30 40 50 120 00
1 |243,9 |245,9 | 248 |249,1 |250,1 |251,1 |252,2 |253,3 | 2543
2 19,41 (19,43 |19,45 19,45 | 19,46 [19,47 [19,48 |19,49 | 19,50
3 8,74 18,70 |[8,66 |8,64 |8,62 |859 |[8,57 |855 | 853
4 591 |5,86 |5,80 |5,77 |5,75 |[5,72 |5,69 [5,66 | 5,63
5 4,68 (4,62 |4,56 |4,53 |4,50 [4,46 (4,43 4,40 | 4,36
6 4,00 [3,94 |3,87 |3,84 |3,81 |3,77 [3,74 |3,70 | 3,67
7 3,57 3,51 [3,44 |3,41 |3,38 |3,34 (3,30 |3,27 | 3,23
8 3,28 3,22 [3,15 |3,12 |3,08 |3,04 (3,01 [2,97 | 2,93
9 3,07 13,01 2,94 |290 (2,86 (2,83 [2,79 [2,75 | 2,71
10 (2,91 2,85 2,77 |2,74 |2,70 [2,66 |[2,62 |2,58 | 2,54
11 {2,779 [2,72 |2,65 |2,61 [2,57 (2,53 [2,49 [2,45 | 2,40
12 (2,69 [2,62 |2,54 |2,51 [2,47 (2,43 [2,38 [2,34 | 2,30
13 (2,60 [2,53 |2,46 |242 [2,38 (2,34 |2,30 (2,25 | 2,21
14 (2,53 (2,46 |2,39 [2,35 (2,31 |2,27 |2,22 (2,18 | 2,13
15 (2,48 [2,40 |2,33 |2,29 [2,25 (2,20 [2,16 [2,11 | 2,07
16 (2,42 (2,35 |2,28 |2,24 [2,19 [2,15 |2,11 [2,06 | 2,01
17 (2,38 (2,31 2,23 |2,19 (2,15 [2,10 |2,06 |2,01 1,96
18 (2,34 (2,27 2,19 [2,15 [(2,11 |2,06 |2,02 |1,97 | 1,92
19 (2,23 (2,23 |2,16 |2,11 [2,07 [2,03 |198 | 1,93 1,88
20 (2,28 (2,20 |2,12 [2,08 [2,04 |1,99 |1,95 [1,90 | 1,84
21 2,25 (2,18 2,10 |2,05 (2,01 |[196 |192 |1,87 | 1,81
22 12,23 2,15 [2,07 [2,03 |198 | 1,94 | 1,89 |1,84 | 1,78
23 12,20 2,13 [2,05 {2,001 (196 |1,91 | 1,86 | 1,81 1,76
24 12,18 |2,11 [2,03 [1,98 | 194 | 1,89 | 1,84 | 1,79 | 1,73
25 2,16 |2,09 (2,01 [196 |192 |1,87 |1,82 | 1,77 | 1,71
26 2,15 12,07 | 1,9 | 195 [190 [1,85 | 1,80 | 1,75 1,69
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27 12,13 12,06 | 1,97 | 193 |[1,88 |1,84 | 1,79 | 1,73 | 1,67
28 12,12 12,04 [ 1,96 | 1,91 | 1,87 | 1,82 | 1,77 | 1,71 | 1,65
29 12,10 12,03 [ 1,94 [ 1,90 | 1,85 | 1,81 | 1,75 | 1,70 | 1,64
30 12,09 12,01 (1,93 | 1,89 |1,84 | 1,79 | 1,74 | 1,68 | 1,62
40 (2,00 [1,92 | 1,84 | 1,79 | 1,74 | 1,69 | 1,64 | 1,58 | 1,51
60 |192 |1,84 (1,75 | 1,70 | 1,65 | 1,59 | 1,53 | 1,47 | 139
120 | 1,83 | 1,75 | 1,66 | 1,61 | 1,55 | 1,50 | 1,43 | 135 | 1,25

1,75 (1,67 | 1,57 | 1,52 | 1,46 | 1,39 | 1,32 | 1,22 | 1,00
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Ta6:mua 8. Kpurnueckue 3snamenus g, (k,n) crarucrukn

Koxpana s qoBepurennnoii Bepositnocru oL = 0,95 ([1], cp, 418)

n
k 2 3 4 5 6 7
2 (0999 0995 0979 [0.959 | 0937 | 0,917
3 10993 0942 |0.883 |0.833 | 0793 | 0.761
4 10967 |0864 |0781 |0.721 | 0.676 | 0.641
5 10928 |0788 |0.696 |0.633 | 0587 | 0553
6 088 |0722 |0.626 0563 | 0519 | 0.487
7 10838 |0664 |0568 |0508 | 0466 | 0435
8 0794 |0615 |0521 |0463 | 0423 | 0393
9 l0.754 0573 |0481 0425 | 0387 | 0359
10 0707 |0.536 |0447 [0393 | 0357 | 0331
12 0653 |0475 0392 |0343 | 0310 | 0286
15 |0548 |0.407 |0332 |0288 | 0259 | 0.239
20 [0480 |0330 [0265 |0229 | 0205 | 0.188
30 0363 |0241 [0.191 |0.163 | 0,145 | 0.133
n
k
3 v 10 11 17 37

0,899 10,882 0,867 |0,854 0,795 | 0,707
0,733 10,711 |0,691 0,673 0,606 | 0,515
0,613 10,590 0,570 |0,554 0,488 | 0,406
0,526 |0,504 |0,485 0,470 0,409 | 0,335
0,461 |0,440 |0,423 |0,408 0,353 | 0,286
0,410 |0,391 |0,375 0,362 0,310 | 0,249
0,370 10,352 0,337 |0,325 0,278 | 0,221
0,338 10,321 |0,307 0,295 0,251 | 0,199
0,311 |0,294 0,281 0,270 0,230 | 0,181
0,268 10,253 0,242 0,232 0,196 | 0,153
0,223 10,210 {0,200 0,192 0,161 | 0,125
0,175 (0,165 |0,157 |0,150 0,125 | 0,096
0,123 |0,116 |0,110 |0,105 0,087 | 0,066

ERT DSV aan kW
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Tadaumma 9
Kpurnyeckne 3uavyennst L (k,n) xpurepus Ieiixka

auis foBepuTenbHoii Bepositnoctu o = 0,95 ([1], cp. 483)

n k

3 4 5 6 7 8
2 28 58 103 166 252 362
3 41 84 150 244 370 532
4 54 111 197 321 487 701
5 66 137 | 244 397 603 869
6 79 163 | 291 474 719 | 1037
7 91 189 | 338 550 835 1204
8 104 214 | 384 625 950 | 1371
9 116 240 | 431 701 1065 | 1537
10 128 266 | 477 777 | 1180 | 1703
11 141 292 | 523 852 | 1295 | 1868
12 153 317 | 570 928 | 1410 | 2035

Hna k=3
n=13 14 15 16 20

L (k,n)=165 178 190 202 251
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Tab6unna 10. dynkuus pacnpenenenue Baabaa W (x) ([1], ctp. 440)

x 0,01 0,02 0,03 0,04 C 0,05 | 0,07 | 0,10 0,20
0,006 | 0,1986 |00692 |0,0261 |00102 | 0,0041

0,007 | 02343 00928 00396 [00175 |00079 |0,0017

0,008 | 02662 |0,1161 |00544 |00264 |00130 |0,0033

0,009 | 02948 |0,1388 | 00699 |00364 |00194 |0,0057

0,01 03205 |01605 |00858 |00473 |00266 |00087 |0,0017

0,02 |04843 [03237 02227 |01637 |01196 |00658 | 00280 0,0019
0,03 05693 |04225 [03269 |02582 |02067 |0,1357 |0,0749 00120
0,04 06232 |04891 [03981 [0,3301 [02769 |0,1992 |0,1256 | 0,309
0,05 |06612 |05376 |04518 |03860 [03334 02536 |0,1736 | 00554
0,04 0689 |05750 [04939 04309 |03795 03000 |02170 0,0826
0,07 07125 |06048 [0,55281 |04677 |04282 03399 |02559 0,1106
0,08 07309 |06294 |05565 |04987 |04508 |03744 |0,2906 | 0,1383
0,00 |07465 |06500 |05806 |05252 |04790 |04046 |03217 0,1652
0,10 |07593 |06677 |06013 [05482 |05036 |04313 |0,3498 | 0,1909
0,11 07706 |0,6831 |06195 |05683 [0,5252 04555 [03751 | 02153
0,2 07805 |06967 |06355 |05682 |0,5445 |04764 |0,3981 02385
0,13 07893 |07087 |06498 06022 [05619 |04957 |0,4191 0,2604
0,14 [0,7971 |07194 |06626 |06166 |0,5775 |05132 |04384 | 02810
0,15 |0,8041 |07292 |06742 06297 05918 |05292 |0,4592 | 03006
0,20 08312 |07667 [07192 |06806 |06476 05928 |05277 0,3835
0,25 |08498 |07926 [07506 |07163 |06870 |0,6381 |05797 04478
0,30 |08635 |08119 [07740 |0,7431 [07166 |06725 |0,6196 | 04990
0,35 08743 |08270 [0,7923 |0,7641 |07400 |06997 | 06514 0,5409
0,40 |08829 |0,8391 [0,8071 |0,7811 [07589 07219 |0,6776 | 05760
0,45 |0,8901 |08493 [08194 07953 [07748 |07405 |0,6996 | 05958
0,50 |08962 |08578 [08300 |08074 |078%2 |07563 |0.7183 06316
0,55 09015 |08562 |08390 |08178 [07998 |07700 |0,7345 0,6541
0,60 | 09060 |08717 |08469 |08269 |08100 |07819 |0,7488 06739
0,65 |09101 |08774 |08590 |08350 |08190 |07926 |07614 06916
0,70 | 09137 |08824 |0,8601 |0,8421 |08270 |08020 |0.7727 0,7074
0,75 | 09169 |0,8871 |08657 |0848 |08342 |08106 |0,7829 07218
0,80 | 09198 |08912 |08707 |08544 |08407 |08183 |0,7921 | 0,7347
0,85 09225 |08949 |08754 |08598 |08467 |08253 | 08005 0,7466
0,90 | 09249 |08984 |08796 |08646 |0,8521 |08318 |0.8082 0,7575
0,95 [09272 |09016 |08835 |0,8691 |0,8571 |08377 |08153 0,7675
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1,0 | 09292 0,9045 0,8871 0,8771 0,8618 0,8419 | 0,8219 0,7768
1,1 {09329 0,9098 0,8835 0,8807 0,8701 0,8530 | 0,8336 0,7934
1,2 | 09362 09143 0,8991 0,8871 0,8773 0,8616 | 0,8439 0,8097
1,3 {0939 0,9183 0,9040 0,8929 0,8873 0,8691 | 0,8529 0,8206
1,4 | 09416 0,9220 09074 0,8980 0,8894 0,8758 | 0,8608 0,8319
1,5 09349 09252 09124 0,9025 0,8945 0,8818 | 0,8681 0,8419
1,6 | 09459 0,9281 0,9160 0,9066 0,8991 0,8873 | 0,8745 0,8510
1,7 | 09478 0,9308 09192 0,9104 0,9033 0,8922 | 0,8804 0,8592
1,8 | 09495 0,9332 0,9222 0,9138 0,9071 0,8967 | 0,8858 0,8667
1,9 |0,9511 | 09354 0,9249 0,9170 0,9106 0,9009 | 0,8907 0,8735
2,0 09526 0,9375 09274 0,9199 0,9138 0,9047 | 0,8952 0,8798
2,5 0,9585 0,9458 0,9376 09316 0,9269 0,9201 | 09134 0,9046
3,0 |09629 0,9520 0,9451 0,9402 0,9365 09313 | 0,9266 0,9222
3,5 | 09663 0,9568 0,9509 0,9468 0,9438 0,9398 | 0,9366 0,9353
[Tponomxenne Tadmuib 10
X
0,01 0,02 0,03 0,04 0,05 0,07 0,10 0,20
4,0 0,9690 0,9606 0,9555 0,9521 0,9497 | 09466 0,9445 0,9454
4,5 09713 0,9638 0,9594 0,9565 09545 | 09522 0,9508 0,9538
5,0 0,9732 0,9663 0,9626 0,9601 09585 | 09568 [ 0,9561 0,9598
6,0 0,9762 0,9706 0,9677 0,9659 0,9649 | 0,9640 0,9643 0,9694
7,0 0,9786 0,9739 09716 0,9703 09697 | 09694 0,9704 0,9762
8,0 0,9805 0,9765 0,9747 0,9738 09734 | 09737 0,9750 0,9812
9,0 0,9820 0,9786 09772 0,9766 09765 | 0,9771 0,9787 0,9849
10,0 | 09833 0,9804 09793 0,9790 09790 | 09798 0,9816 0,9878
15,0 | 09877 0,9863 0,9862 0,9865 0,9870 | 0,9884 0,9904 0,9952
20,0 | 0,9903 0,9897 0,9900 0,9906 09912 | 09926 0,9944 0,9979
25,0 [ 09920 0,9918 0,9924 0,9931 0,9938 | 0,9951 0,9966 0,9990
30,0 | 09932 0,9932 0,9940 0,9947 0,9954 | 0,9966 0,9980 0,9996
40,0 | 09949 0,9954 0,9961 0,9968 09974 | 09982 | 0,9991 0,9999
50,0 [ 09960 0,9966 0,9973 0,9979 0,9984 | 0,9990 0,9995 0,9999
100,0 | 09983 0,9990 0,9994 0,9996 0,9998 | 0,9999 0,9999 0,9999
X 0,3 0,5 0,7 0,9 1,0 1,2 1,4 1,6
0,03 0,0021
0,04 0,0083
0,05 0,0192 0,0025
0,06 0,0340 0,0063 0,0012
0,07 0,0515 0,0122 0,0031
0,08 0,0706 0,0201 0,0069
0,09 0,0907 0,0298 0,0104
0,10 0O,1112 0,0410 0,0159 0,0064 0,0041 | 0,0017
0,11 0,1316 0,0533 0,0227 0,0090 0,0066 | 0,0030
0,12 0,1518 0,0664 0,0306 0,0145 0,0100 | 0,0049 0,0024 0,0012
0,13 0,1715 0,0802 0,0395 0,0199 0,0143 | 0,0074 0,0039 0,0020




108

0,14 0,1907 0,0945 0,0491 0,0262 0,0193 0,0106 0,0058 0,0032
0,15 0,2093 0,1089 0,0595 0,0333 0,0251 0,0144 0,0083 0,0049
0,20 0,2926 0,1814 0,1175 0,0778 0,0637 | 0,0431 0,0295 0,0202
0,25 03614 0,2492 0,1787 0,1309 0,1127 0,0842 0,0634 0,0481
0,30 04183 0,3039 0,2379 0,1863 0,1657 0,1322 0,1062 0,0859
0,35 04662 0,3635 0,2930 0,2406 0,2190 0,1829 0,1538 0,1301
0,40 0,5070 0,4109 0,3435 0,2921 0,2706 0,2337 0,2033 0,1777
0,45 0,5421 0,4528 0,3894 0,3402 03194 0,2832 0,2527 0,2266
0,50 0,5727 0,4901 04310 0,3878 0,3650 0,3303 0,3007 0,2750
0,55 0,5997 0,5234 0,4688 04258 04072 0,3746 0,3466 0,3220
0,60 0,6236 0,5534 0,5031 04635 0,4464 04162 0,3900 0,3670
0,65 0,6450 0,5804 0,5343 0,4981 04825 0,4548 04308 0,4096
0,70 0,6643 0,6048 0,5628 0,5299 0,5158 0,4907 0,4690 0,4498
0,75 0,6817 0,6271 0,5889 0,5592 0,5464 0,5239 0,5045 0,4874
0,80 0,6976 0,6474 0,6128 0,5861 0,5747 0,5547 0,5376 0,5225
0,85 0,7121 0,6661 0,6348 0,6109 0,6008 0,5833 0,5683 0,5552
0,90 0,7254 0,6833 0,6551 0,6339 0,6250 0,6097 0,5967 0,5855
1,0 0,7490 0,7138 0,6911 0,6748 0,6681 0,6568 0,6477 0,6400
1,1 0,7693 0,7400 0,7221 0,7099 0,7025 0,6975 0,6915 0,6868
1,2 0,7870 0,7628 0,7491 0,7404 0,7372 0,7325 0,7293 0,7272
1,3 0,8025 0,7828 0,7726 0,7669 0,7651 0,7629 0,7619 0,7619
1,4 08163 0,8003 0,7932 0,7901 0,7894 0,7893 0,7902 0,7928
[Tponomxenue Tabmuibr 10
X C
0,3 0,5 0,7 0,9 1,0 1,2 1,4 1,6
1,5 (08286 | 0,8160 0,8114 0,8105 0,8108 0,8123 0,8148 0,8177
1,6 (08396 |0,8299 0,8276 0,8284 10,8295 0,8325 0,8361 0,8401
1,7 |0,8495 0,8424 0,8420 0,8487 0,8461 0,8502 | 0,8547 0,8595
1,8 10,8585 |0,8536 0,8549 0,8585 0,8608 0,8658 | 0,8701 0,8764
1,9 (08667 |0,8638 0,8664 0,8711 0,8738 0,8795 0,8853 0,8911
2,0 (08742 |0.8731 0,8769 0,8824 | 0,8855 0,8917 10,8979 0,9039
2,5 10,9036 | 0,9086 0,9161 0,9240 | 0,9278 0,9350 |0,9416 0,9476
3,0 109240 |0,9321 0,9411 0,9434 ] 0,9532 0,9599 | 0,9657 0,9707
3,5 109389 |0,9486 0,9578 0,9656 | 0,9690 0,9748 10,9794 0,9833
4,0 109500 | 0,904 0,9692 0,9762 0,9791 0,9838 | 0,9875 0,9903
4,5 109587 |0,9690 0,9772 0,9833 0,9857 0,9895 0,9922 0,9943
5,0 (09654 |0,9755 0,9830 0,9881 0,9901 0,9931 0,9952 0,9966
6,0 |0,9753 0,9844 0,9902 0,9939 10,9951 0,9969 | 0,9981 0,9988
7,0 (009819 |0,9898 0,9942 0,9967 10,9975 0,9986 | 0,9992 0,9995
8,0 |0,9865 0,9932 0,9965 0,9982 0,9987 0,9993 0,9996 0,9997
9,0 10,9898 |0,9954 0,9979 0,9990 | 0,9993 0,9997 | 0,9998 0,9998
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10,0 10,9922 {09968 | 0,9987 {09994 10,9996 |0,9998 [0,9999 | 0,9999
150 10,9977 10,9994 | 09998 09999 10,9999 |0,9999 [0,9999 | 0,9999
20,0 10,9993 [0,9999 | 09999 [0,9999 10,9999 10,9999 [0,9999 | 0,9999
50,0 10,999 10,9999 | 09999 10,9999 10,9999 |0,9999 |[0,9999 | 0,9999
X 1,8 2,0 2,2 2/1 2,6 2,8 3,0 3,2
0,15 10,0028 | 0,0017
0,20 |0,0140 {0,0097 | 0,0068 | 0,0047 |0,0033 ]0,0023 |0,0016 | 0,0011
0,25 10,0366 |0,0280 | 0,0215 |0,0166 |0,0128 |0,0099 |0,0770 | 0,0060
0,30 10,0697 [0,0569 | 0,0465 |0,0382 |0,0314 |0,0259 |0,0214 | 0,0177
035 |0,1105 [0,0942 | 0,0806 |0,0691 |0,0594 |0,0511 |0,0441 | 0,0381
040 |0,11561 0,375 | 0,1215 [0,1076 |0,0955 |0,0849 |0,0756 | 0,0674
045 102039 |[0,1842 | 0,1667 |0,1513 |0,0138 |0,1253 |0,1143 | 0,1044
0,50 02524 (02323 | 02144 [0,1983 |0,1837 |0,1705 |0,1584 | 0,1474
0,55 103000 |0,2806 | 02629 |0,2468 |[0,2320 |0,2185 |0,2060 | 0,1945
0,60 |0,3464 03278 | 03109 [0,2953 |0,2810 |0,2678 |0,2554 | 0,2440
0,65 10396 [03734 | 02576 03431 (0329 03170 |0,3053 | 0,2943
0,70 104325 |[04168 | 04025 03892 (03769 |03654 |0,3545 | 0,3443
0,75 | 04720 | o!4580 | 04452 {04334 04223 |04121 | 04024 0,3932
0,80 |0,5100 04967 | 0485 |04752 04657 |04567 |0,4483 | 0,4403
0,85 10,5435 (0,330 | 05235 [0,5147 |0,5065 |0,4990 |0,4919 | 0,4852
0,90 10,5757 10,5669 | 0,5589 [ 0,5516 |0,5450 |0,5387 |0,5330 | 0,5376
0,95 06056 [0,5984 |0,5920 |0,5861 |[0,5808 |0,5759 |0,5714 | 0,5673
1,0 |0,6334 |0,6277 |0,6227 |0,6182 |0,6142 |0,6106 |0,6073 | 0,6043
1,1 {06831 |0,6800 | 06776 |0,6755 |0,6738 |0,6725 [0,6713 | 0,6704
12 0,7258 | 0,7250 | 0,7246 | 0,7245 | 0,7247 |0,7252 | 0,6958 | 0,7265
1,3 10,7624 |0,7634 | 0,7647 | 0,7662 | 0,7679 |0,7698 | 0,7717 | 0,7737
1.4 0,7939 10,7936 | 0,7989 | 0,8016 | 0,8044 | 0,8073 |0,8102 | 0,8131
1,5 {08201 |[0,8244 | 008280 |[008316 |0,8352 |0,8388 [0,8423 | 0,8458
1,6 |0,8442 |0,8484 | 08527 [0,859 |08611 |0,8651 |[0,8691 | 0,8729
1,7 (08643 08691 | 08738 |0,8784 |0,8828 |0,8872 |0,8913 | 0,8953
1,8 |0,8816 |0,8818 | 08918 [0,896 |0,9011 |0,9056 |[0,9098 | 0,9138
1,9 10,9066 09020 | 09071 [09120 |0,9166 |0,9209 [0,9251 | 0,9290
2,0 10,9096 09150 | 09218 09250 10,9295 09338 |0,9378 | 0,9415

[Mponomxenne Tadmuib 10
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X
1,8 2,0 2,2 2,4 2,6 2,8 3,0 3,2
2,5 10,9530 {09578 |0,9621 | 09659 |[09694 |09725 09725 | 09777
3,0 [0,9749 (09785 | 09816 |09842 |[09865 |0,9884 0,9900 | 09914
3,5 [0,9863 [09889 |09909 |09926 (09939 |0,9950 0,9959 | 09966
4,0 10,9925 (09942 |0,9954 |09964 |[09972 |0,9978 09983 | 09987
4,5 10,9958 (09969 |0,9977 |09983 |[09987 |0,9990 09992 | 09994
50 |0,9976 | 09983 |09988 |[09992 |0,9994 |09996 09997 | 09998
6,0 [ 0,9992 (09995 |0,9997 |09998 [09999 |0,9999 0,9999 | 09999
7,0 [ 0,9997 09998 |0,9999 |09999 (09999 |0,9999 09999 | 09999
8,0 |[0,9999 10,9999 |09999 [09999 |0,9999 |09999 09999 | 09999
X 34 3,6 3.8 4,0 4,2 4,4 4,6 4,8
0,25 | 0,0046 | 00036 |0,0028 |0,0022 |0,0017 |0,0013 0,0010
0,30 | 0,0146 |0,0121 | 0,0100 | 0,0084 | 00070 |[0,0058  0,0048
0,35 | 0,0330 | 00285 |0,0247 | 00214 |0018 |[00162 0,0141
0,40 | 0,0602 | 00538 |0,0481 |0,0431 | 00386 |0,0347 0,0311
0,45 | 0,0955 |0,0874 |0,0801 |0,0735 |0,0674 |0,0619 0,0569
0,50 | 0,1373 |0,1280 |0,1195 |0,1116 |0,1043 [0,0975 0,0913
0,55 | 0,1838 [ 0,1738 |0,1645 |0,1559 |0,1478 |0,1402 0,1330
0,60 | 0,2332 |0,2231 | 0,2136 | 02046 |0,1962 |[0,1882 0,1806
0,65 | 0,2839 |0,2741 | 02648 | 02560 | 072477 |02397 0,2321
0,70 | 0,3347 |03256 |0,3169 | 03086 |03007 |0,2931 0,2859
0,75 | 0,3846 | 02763 |0,3685 |0,3610 | 03539 |03470 0,3404
0,80 | 0,4328 | 04256 | 04188 |04123 |0,4061 04000 03943
0,85 | 0,4789 |04729 |0,4671 | 04617 | 04565 |04515 04467
0,90 | 0,5225 | 05176 |0,5131 | 0,5087 | 05046 |0,5006 0,4968
0,05 | 0,5634 |0,5597 |0,5563 |0,5530 |0,5499 |[0,5470 0,5442
1,0 | 0,6015 |0,6000 |0,55966 |0,5944 |0,5923 |0,5904 0,5886
1,1 | 0,6700 |0,6691 |0,6686 | 06682 |0,6680 |0,6678 06677 | 0,6677
1,2 | 0,7274 | 0,7283 [ 0,7296 |0,7305 |0,7316 |0,7328 0,7341 | 0,7353
1,3 | 0,7758 |0,7779 |0,7800 |0,7822 |0,7844 |0,7865 0,7887 | 0,7909
1,4 | 0,8160 | 08189 |0,8218 |0,8247 | 08275 |08303 08330 | 0,8357
1,5 | 0,8493 | 08527 |0,8560 |0,8593 |08624 |0.8656 0,868 | 0,8716
1,6 | 0,8767 | 08804 |0,8839 |0,8873 | 08906 |[0,8939 09870 | 0,9000
1,7 10,8992 10,9029 |[09065 |[09099 |09132 |09164 09194 | 09224
1,8 10,9176 | 09213 |09248 |0,9281 | 09312 |09343 0,9371 | 0,9399
1,9 | 0,9327 09362 | 09395 | 09426 |09455 |09484 09510 | 09535
2,0 [0,9450 [09483 | 09514 |09542 |09570 | 09595 09619 | 0,9641
2,5 10,9799 |09819 |09837 |09853 |09868 |0,9881 09892 | 09903
3,0 [0,9926 [09936 |09945 |09953 [09959 |0,995 09970 | 09974
4,0 10,9969 [09992 |0,9994 |09995 |09996 |0,9997 09998 | 0,9998
50 |0,9998 10,9999 |09999 [09999 |0,9999 |09999 09999 | 09999
X 5,0 5,5 6,0 6,5 7,0 7,5 8,0 8,5
0,30 | 0,0033 | 0,0021 | 0,0014
0,35 | 0,0107 | 00076 |0,0054 |0,0039 |0,0028 (00020 00014 | 00010
0,40 | 0,0251 |0,0192 |0,0148 | 00115 | 0,008 |0,0069 00053 | 0,0041
0,45 | 0,0482 |0,0392 |0,0320 |0,0261 | 00215 (00176 00145 | 0,0120
0,50 |0,0801 |[0,0682 |0,0582 |0,0498 |0,0427 |0,0366 00315 | 0,0271
0,55 | 0,1200 | 0,1058 |0,0035 |0,0828 |0,0735 |[0,0653 0,0581 | 0,0518
0,60 | 0,1666 |0,1510 |0,1371 |0,1248 |0,1137 |0,1038 0,0949 | 0,0869
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Oxonuanue taoaursl 10

X c

5,0 5,5 6,0 6,5 70 75 8,0 8,5
0,65 | 02180 |[02019 |0,1874 |0,1742 |0,1623 0,1513 0,1412 | 0,1320
0,70 |02723 |02567 |02424 |0,2293 |0,2172 0,2060 0,1956 | 0,1859
0,75 103279 |[03135 |[03002 |0,2879 |[0,2765 0,2658 0,2557 0,2462
0,80 | 03834 |[03707 |03590 |0,3481 |0,3370 0,3283 0,3103 0,3107
0,85 | 04376 |04270 |04173 |0,4082 |0,3997 0,3917 0,3841 | 03769
0,90 | 04897 |04814 |04738 |04668 | 04602 04541 04482 | 04429
0,05 05390 |0,5331 |[05277 |0,5228 |0,5283 0,5140 0,5101 0,5053
1,1 06677 |06680 |06685 |0,6693 |0,6702 0,6712 0,6723 0,6734
1,2 07366 |0,7399 |0,7433 |0,7467 | 0,7501 0,7535 0,7569 | 0,7603
1,3 10,7930 |0,7083 |0,8036 |0,8086 |0,8136 0,8184 0,8231 0,8277
1,4 08384 |[08449 |[0,8511 | 08570 |0,8627 0,8681 0,8733 0,8782
L5 108745 |08815 |[08830 |0,8941 |0,8999 0,9053 0,9104 09152
1,6 09030 |09099 |[09163 |0,9222 |0,9276 0,9326 0,9473 0,9416
1,7 100252 [09318 |[09377 |0,0431 |0,9480 0,9524 0,9565 | 0,9601
1,8 109425 [09485 [09539 |0,9586 |0,9629 0,9666 09700 | 09730
1,9 109559 [09613 |[09659 |09700 |[0,9736 0,9767 0,9795 0,9819
2,0 100662 |09709 |09740 |[0,0784 |0,9813 0,9838 0,9860 | 09870
2,5 100912 09032 |09947 |[0,0959 |0,9968 09975 0,9080 0,9985
3,0 109977 [09984 09989 |0,9992 |0,9995 0,9996 09997 | 09997
4,0 109998 09999 109999 (09999 |0,9999 0,9999 0,9999 | 0,9999
5,0 109999 09999 {09990 |0,9999 |0,9999 0,9999 0,9999 | 0,9999

0,40 |0,0032 | 0,0020
0,50 |0,0234 |00174 |00042 |0,0010
0,55 | 00462 |[00369 |0,0124 |0,0045
0,60 | 0,079 | 00670 |0,0294 |0,0134 |0,0063 0,0030 0,0014
0,65 |0,1235 | 0,1084 | 0,0584 |0,0320 |0,0131 0,0064 0,0064 0,0032
0,70 |0,1768 |0,0603 |0,1015 |0,0864 | 0,0442 0,0131 0,0204 | 0,0140
0,75 102373 02209 |0,1586 |0,1100 |0,0840 0,0620 00512 | 0,0330
0,80 | 03026 |02874 |02270 |0,1852 |[0,1528 0,1273 0,1068 | 0,0901
0,85 10,3701 |03572 |03057 |02310 |02311 02111 0,1873 0,1640
090 |04374 |04276 |0,3881 |0,3580 |0,3334 0,3124 0,2940 0,2775
0,05 |05028 |04063 |04700 |04512 |0,4284 0,4250 04120 | 03940
1,0 05648 |05616 |05507 |0,5441 |0,5395 0,5361 0,5335 0,5313
1,1 06747 |06772 |06913 |0,7052 |[0,7184 0,7307 0,7421 | 0,7528
1,2 10,7636 |0,7701 |[0,7996 |0,8243 | 0,8452 0,8631 0,8795 0,8919
1,3 10,8321 [08405 |[08758 |0,0022 |0,9223 0,9379 0,9501 0,9597
1,4 08830 |[08918 [09260 |09486 | 0,9638 0,9743 0,9817 | 10,9869
L5 100197 [09279 |[09573 |0,0742 |0,9842 0,9902 0,9039 | 0,9961
1,6 09455 [09457 [09760 |09876 | 0,9934 0,9965 0,9981 | 10,9990
1,7 109635 [09693 |09868 |0,9942 |0,9974 0,9988 0,9995 0,9997
1,8 10,0757 [09802 |[09920 |0,0974 |0,9900 0,9996 0,9008 0,9990
1,9 100840 |09874 |09962 |0,0988 |0,9906 0,9999 0,9009 | 10,9990
2,0 109895 |0,9921 |09980 (09995 |0,9999 0,9999 0,9999 | 0,9999
2,5 109988 09993 109999 (09999 |0,9999 0,9999 0,9999 | 10,9999
3,0 109999 (09999 {09999 |0,9999 |0,9999 0,9999 0,9999 | 0,9999

Ta6auna 11. Kpurnueckne 3Hauenus cratuctuku Jlapouna-Barcona (0 —
JIOBEPUTEILHASI BEPOSAITHOCTb, K — 4HC/10 KOOQPHUIUHEHTOB B MOIe/]IH

Y =B + B/, (%) + B, f5(x) +...+ B, [, (%) ([1], cTp, 659)
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n o 2 3 4 5
Do\ D, D | D, D |D,| D | D D | D,
151 095| 1,08 1,36| 095| 1,54 0,82 1,75| 0,69 | 1,97 0,56 | 2,21
0,99 | 0,81 | 1,07 0,70 | 1,25| 0,59] 1,46| 0,49| 1,70| 0,39 | 1,96
20 1 095| 1,20) 1,41| 1,10 1,54| 1,00| 1,68 0,90| 1,83 0,79 | 1,99
0,99 095 | 1,15 0,86 | 1,27| 0,77| 1,41| 0,68 | 1,57| 0,60 | 1,74
25 1095 1,29 1.45| 1,21 | 1,55 1,12| 1,66 1,04| 1,77| 0,95| 1,89
099 | 1,05 1,21 0,98 | 1,30 { 0,90| 1,41| 0,83 | 1,52( 0,75| 1,65
30 [ 0,95 1,35 1,49 | 1,28 | 1,57 | 1,21 | 1,65| 1,14| 1,74| 1,07| 1,83
099 | 1,13 1,26 | 1,07 1,34| 1,01| 1,42| 0,94 | 1,51 0,88 | 1,61
40 [ 095 1,44 1,54 1,39 1,60 | 1,34| 1,66| 1,29| 1,72| 1,23| 1,79
099 | 1,25 1,34 | 1,20 1,40 | 1,15| 1,46| 1,10| 1,52| 1,05| 1,58
50 | 095 1,50 1,59 | 146 | 1,63 | 1,42| 1,67 1,38 1,72 1,34| 1,77
0991 1,32 1,40 1,28 | 1,45 1,24| 1,49| 1,20| 1,54 1,16| 1,59
60 [ 095 L,55| 1,62 1,51 | 1,65| 1,48 | 1,69| 1,44 | 1,73| 1,41| 1,77
099 | 1,38 145 1,35 1,48 | 1,32 1,52| 1,28 | 1,56| 1,25| 1,60
80 | 0,95 1,61 | 1,66 | 1,59 1,69 1,56 1,72 1,53 | 1,74| 1,51| 1,77
099 | 1,47 1,52 144 1,54 1,42 1,57| 1,39 | 1,60| 1,36| 1,62
100 | 095 1,65| 1,69 | 1,63 | 1,72 | 1,61 | 1,74| 1,59 | 1,76 | 1,57 | 1,78
099 | 1,52 1,56 | 1,50 1,58 | 1,48 1,60| 1,46 | 1,63 | 1,44| 1,65
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