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IIPEJANCJIOBUE

[IpentaraeMas kuura ssagercs Bumnyckom XVII xommniexca
yie6BHK0B MaTemMaTuKa B TeXHHIeCKOM yHHBepcuTeTe". Xover-
cA HafeATweA, 970 OHa OyJeT NoJe3Ha NpPH OBIAeHHN NPHKAA IHLI-
MH METOJaMil TEOPHH MATEeMaTHYECKOH CTATHCTHKH.

MaremaTHYecKad CTaTHCTHKA — pa3fel MATeMATHKH, KOTO-
PHE 3aHEMaeTcA pa3paboTKOR MeTOJOB MOAY4eHHA HAYYHO 060-
CHOBAHHEIX BHIBOJOB O MacCOBHX ABAGHRAAX M Opoleccax MO JaH-
HHIM HabA0JeHHd WIW oKcnepuMeHToB. HanpuMep, no nMerwollencs
MAEGPOPMANAE O YHcle GPaKOBAHHBIX H3JeIHHM B NapTHH I'OTOBOH
POAYKIHME HALO CASTATH BLIBOJ O KAa4eCTBe HCIOJh3YEeMOTO TeX-
HOJOTHYEeCKOro Tpoliecca.

MaTemaTHYecKaA CTATHCTHKa NpeLNOAaraeT BePOATHOCTHYIO
OpHPOIY AaHHEX HabloZeHHH, MOITOMY OHa OCHOBaHAa Ha MOHA-
TEAX U MeTOaX TEOPHH BEPOATHOCTeH. 3ajJayM MaTeMaTH9eCcKoH
CTATHCTHKH B H3BEeCTHOH Mepe ABAATCA OOPATHHIMHA K 3ajavaMm
TeOPHH BepoaTHOCTed. Ecin B TeOpHH BEPOATHOCTEH MBI CHHTAEM
3a4aHHOH BEPOATHOCTHYIO MOJAEAL CI1Y4aHHOTO ABJACHHA U JeJaeM
pacyeT BepOATHOCTEH HHTepecyoulnX' Hac COOLITHH, TO B MaTe-
MATAYECKOH CTATHCTHKE HCXOJHEM H3 TOr0, YTO BEPOATHOCTHAA
MOjelb He 3aJaHa (HIH 3a1aHa He DOJIHOCTLIO), a B pe3yabTaTe dKC-
NEPUMEHTA CTadH HM3BECTHH pealH3alv KaKHX-THGO CIYHauHBIX
cobpiTHi. Ha ocHOBe cTaTHCTHYECKHX JaHHRIX MaTeMaTHYecKasd
CTATHCTHKA NOAGHPAET MOAXOAANLYIO BEPOSTHOCTHYIO MOAEIL Aas
HONYyYeHHA BRIBOLA O PACCMATPHBAEMOM ABIEHHH WJM IpoUecce.

[IporaiiocTpupyeM ckalanBoe Ha npuMmepe. [locTanoBka 3a1a-
49H TEOpHH BepOATHOCTeH. BeposATHOCTH BHITafeHuA ,repba’ mpd
noabpacHBaHMH MOHETH W3BecTHa M paBHa p. Kakoea BepodAT-
HOCTh TOr'O, 9TO IPH 1 M0J0pacHBAHNAX MOHETH repl BHIOALET
k paz, rae 0 g k € n?
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NocTanoBka 3ajaid MaTeMaTWIeCKOH cTaTHCTHKE., Monery
nog6packiBaJN n pa3, H ,rep6” BeINaa k pas. ITo MOXHO CKa3aTh
0 BEPOATHOCTH BhINaJeHHA repba npA OAHOM NOAGPACHIBARHE?

Bo3MoXHB H ApYTHe MOCTaHOBKM 3ajadd. Hanpumep, npose-
PHTH, MOXHO JH Ha OCHOBAHHH MOJYYeHHRIX JaHHBIX CIHTATh, 4TO
BePOATHOCTh BHNAJeHAA ,repba” NpA 0IHOM N0AGpacHIBAHKH pab-
Ha Pg.

B nactosmee BpeMs MaTeMaTHIecKafd CTATHCTHKa — OBUWIHp-
Hbifl pasjfe] MaTeMaTHKA. B npefgraraeMol 4HTATENI0 KHHre
pPacCMOTpeHbl OCHOBHBLIE MOHATHA MATEMaTHYECKON CTATHCTHKH M
peillaeMbie €10 32 4a4H: OlleHUBaHHe HEUIBECTHHIX NAPaMeTPOB Pac-
npefiefeHH BepoOATHOCTeH, NpoBepKa CTATACTHYECKHX I'HOOTES,
yCTaHOBJAeHHE (GOPMBl H CTENEHH CBA3H MEXJY HECKOJbKHMH Cay-
JaHHRIMY TepeMeHHLIMH.

OTan4uTenbHOR 0COGCHHOCTRIO NpearaeMoro yye6nnKa ABIA-
eTCA TakK)Ke HIN0XKeHHe HemapaMeTpPHieCKHX MeTOJ0B MaTeMaTH-
4eCKO# CTATHCTHKH, TPHOOpeTAUHX Bee GOMBIIYIO NONYAAPHOCTh
B TeXHAYeCKHX npuaoxeHusx. HemapameTrpuyeckme MeTOAH CTa-
I¥ JOCTYNHLIMH B WH)XKEHEPHOH NpaKTuKe 6Jaroiaps NOABACHHIO
NepCOBATbHRX KOMMBIOTEPOB M NaKeTOB MPHKJAAHKX MPOrpaMM
0 MAaTeMaTHYECKOH CTATACTHKE.

[MocTpoenne kHUrH UMeeT GIOYHY IO CTPYKTYPY. B Kax10# raa-
B nocJe HIJOMNEHHA TeOPEeTHYECKOro MaTepna/ia JaHhl THIOBHE
IpHMeph! C PElUeENAMHN, a TaKXXe KOHTPOAbHEE BONPOCH U 3aJa4H
JAAf cCaMOCTOATeNbHOrO penteiua. Hanmyue Goabuioro konadecTsa
IpPHMEPOB W 3ajad NMO3IBOJAAET UCIONALIOBATH KHHTY He TOJABKO Kak
y4eOHRK, HO U KaK 3a4aYHHK PH NpOBeJeHHH CeMHHAPCKHX 3aHA-
THA.

MecTo 3TOro yyebGHMKa Cpefl MHOTHX APYI'HX KHHT H DPYKO-
BOACTB MO MAaTEeMATHYeCKON CTATHCTHKe ONpeieifeTcA XelaHHeM
NaTh JAOCTYNHOe AAA WHXEHEPOB H3JOXKeHHe OCHOB TEeOPHH, He
neperpy)XeHHoe CTPOTHMH BrIBoXaMH. Dojee TpeboBaTenbublit 4n-
TaTelb MOXET 06pPaTHTBLCA K CNeNHalbHOM JHTepaType, ACTOAb3Y A
WMeIOLIHEeCH B TeKCTE CCHIAKH.
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CoepxaTelbHad CTOPOHA CTATHCTHYECKHX MOJeeR PAYBACHA-
eTCA Ha KOHKPETHBIX DpHMepax NPenMyLecTBeRHO k3 HHXKBHEPHOU
npakTuka. Takum o6pa3oM, MO 3aMBICAY aBTOPOB, y4eGHUK A0J-
sKeH 3alCAHKWTL Npoben MeXIY PYKOBOACTBAMHM IO MaTeMaTHe-
CKOMH CTATHCTHKE, WMEIOLWAMH | peleNTypPHbIH " CTHIbL H3NOKEHRS, H
YHHBEPCHTETCKUMH KypCaMH, TPeGYOMMMH MATEMATHYeCKOM N0 /-
COTOBKH B 06beMe, He NpelycMOTPEHHOM OporpaMMaMi TeXHHYe-
CKAX BY30B.

CaegyeT OTMETHTH, YTO, NOCKOAbKY KHHIa pacCiHTaHa Ha YH-
TaTejell, BrepBhie 3HAKOMALIMXCH C MaTeMAaTHYeCKOH CTaTHCTH-
KOH, ABTOPbI CTAPAliCh He JONYCKATh SBOACTBEHHOIO TOAKOBAHHA
obo3HaYeHHH, KaK 2TO NPHHEATO B y4YeOHHIX NOcoOMAX W MOHOrpa-
&uAX, NpeJHA3HAYeHHHX A1 NOArOTOBIEHHOIO YHTaTeN.

Ias yTo4HeHHH TOro, YTO HYXXHO 3HATb H3 JAPYIHX pa3jeloB
MaTeMATHKH Aaf YTeHdA yieOHHKA, B HadaJ/e KHHI'H CPOpMyTHpO-
BaHBI BONPOCH! A% camMonposepky. I1pH >ToM NOBATHSA ¥ TEPMHUHH,
KOTOpble HYXHO 3HAThL W KOTOpbie GLIAH BBeJeHH B APYTHX BHI-
nyckaXx cepud ,MaTemMaTHKa B TeXHAYeCKOM yHHBEpCHTeTe", B
BOTMPOCaX BbieJeHb NPAMBIM NOJYXHPHBIM mpudgTom. [a-
fee MOMeLIeH CIHCOK OCHOBHBIX 0003HauYeHHH, COJepKallui YacTo
BCTpeYalouidecs B TEKCTe CHMBOJbBI M WX PAaclIU(POBKY.

B xoRile KHHTH TpHUBeIeHH TabJWULI HEKOTOPBLIX pacmpejefe-
HHIl, COHCOK PeKOMeHJYeMOW AMTepPaTypH H NpeiMeTHHH yKa3a-
Teab, B KOTOPLIM BXOZAT B anpaBUTHOM Nopafke (MO CYLIECTBH-
TeALHOMY B MMEHHUTEIBHOM Tajexe) Bce BhljJeleHHBIe B TeKCTe
NOAYNCUPHBIM KYPCUSOM TEPMHHB C YKaIaHHEM CTPaHRU, Ha
KOTOPLIX OHH CTPOTO ONpejefeHbl Wi onucaHbl. Buigeienue Tep-
MHHA C6€TMAbIM KYPCUGOM OIAAYALT, YTO B JaHHOM naparpade ox
ABIAETCA OXHHM H3 KJIIOYEBHIX CJOB H YHTATeXO AOMXKHO OHITH
H3BECTHO 3Ha4eHHe TepMuHa. YuTaTelb MOXKET YTOYHHTE 3TO 3IHA-
yeHue, Hal A NPH MOMOIIA NPEAMETHOIO YKa3aTels HeoOXOAUMYIO
CTpPaHUuBY.

CcHAKd B TeKCTe Ha HoMmepa (opMyl, PHCYHKOB B TabaHU Ha-
Gpanbl OGEYALIM WpHTOM (Hanpamep, (1.5) — naTas popmyra
B rmaBe 1; puc. 3.2 — BTOpO# pHCYHOK B rnape 3; Taba. 1.4 —
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YeTBepTasf TabanOa B rjabe 1), a Ha maparpagpbl ¥ TaBAHOK B MPH-
AOKEHHAX — MOAYKUPHKM (HanpuMep, 1.3 — TpeTuil naparpad B
raase 1, Tabn. I1.2 — Bropas Tabamna npaaoxenus). B xpagpar-
HBIX CKOOKAaX AaHbi CCHIMKH HA APYIrHEe BHIYCKH CepHM, HallpAMEp
[X] — ccHAKa Ha fecATH BRIIYCK.

ABTropH npmrHOCAT Tayfokyle 6uaarojapaocte H.K. Boakosy,
KOTOPHIH 0Ka3aJ Cepbe3nylo MOMOLIL NPH HANWCAHHH KHHI'H.

3ajaHua AJASA CAaMOIPOBEepKH

1. Yto Takoe MHOXNeCTBO, HOAMHOXecTBo? Kakdae MHOXe-
CTBa HA3LIBAIOT KOHEYHLIMH, cC9eTHLIMAT Kakne omepanuu Haj
MHOXKecTBaMH (moaMuoXecTBaMHi) Bu 3HaeTe? Kakumu cBoiicTBa-
MH 061a1aioT >TH onepanuu? ITo Takoe oTpe3’ok, AHTepBaJ,
noxyaaTepBan? [I]

2. JaiTe onpefesende oTrobpaxkenus. J[laliTe onpeeneane
AE€HCTBHTENLHON (PYHKOHE JeHCTBHTENLHOrO NepeMeHHO-
ro. Kakyow ¢yHKHHIO Ha3LBalOT MOHOTOHHOHM, BO3PACTAIO-
meH, ybuiBalomen, Hey6riBalomes, YeTHoH, HedeTHOH? Ka-
Ky (PyHKIHIO Ha3hiBaloT o6paTHOR K fanson? Kakue dyskuun
Ha3biBaloT motEHOoMamu? [I]

3. Yro nasmBalor mpejenom ¢byHknum f(r) npu £ — Zo,
npa z = +o0o, Opi T — —co? Kakyo (PYHKOHIO Ha3HBaOT
HEeNpEepLIBHON B TO4YKe, HeOPEepPLIBHOH cjeBa B TOYKe, B
EHTepBajge, Ha oTpeake? [I]

4. JaiiTe onpejeienne OPOM3BOAHON JIeHCTBUTEALHOR PYHK-
OHMHE [eECTBETEIBLHOrO NepeMennoro. flaiiTe onpejgesesne Opons-
BOAHOH n-ro nmopaaxa. [lI]

5. Yro Taxoe maTpmna’? Kakyo MaTpHOY HAILBAKT HYJe-
BOHM, JHACOHANILHOM, e JHHAYHOH, cAaMMeTpAIeckon? [Jaiire
onpejeleHRe NIpOH3BefeHuA JBYX mMaTpun. Kakyio kBagpart-
EYI0 MATPHOY Ha3blBal0T HEBLIPOXKAEHHOH, BHIPOX J€HHOH,
HEOTPHOATEJbLHO ompejeneHHon? Kaxyno mMarpmny HaswBa-
10T 06paTHOR N0 OTHOWEHHIO K AaHHoi? UTo HazwBawT paEroM
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maTprObl? B 9eMm COCTOMT Onepaiina TPAHCHOHADOBAHHEA MaT-

pun? YTo Ha3LIBAIOT CJIeJoM MATPHNLI, alrefpandeckKHM
pononsensem? [III]
6. BanmmuTe HepasencTso Komm — Bymakosckoro. B

KaxoM ClIy4ae oHo o6pamaeTca B pasencTso?! [IV]

7. Yro Takoe cAydadHbIH SKCIEPHMEHT (OOBIT) U U3 Ye-
I'0 COCTOHT MHOXKECTBO ero (3neMeHTapHBIX) mcxogos? Yto
Ha3uBal0T IPOCTPAHCTEBOM JTeMEHTADHHIX COOhITHA (HCXO-
aos)? Kakoe cobrITEe Ha3nBalOT cayaademmM?  [lepednciu-
Te OomepauHA HajJ COOLITHAME ¥ CGHOPMYIHpPYHTe MX CBOHCTBA.
JlaliTe K1accEYECKOE, CTATACTHIECKOE B AKCHOMATH9eCcKoe
OEPE,E[EJ'IEHHH BepOﬂTHOCTH. LITO Ha3bIBaKT BepOHTHOCTHHM
npocrpadgcrBom? [XVI]

8. [laiiTe onpegenedue yCJIOBHOA BepoaTHOCTH. Kakne co-
6LITHA HashBalOT HesaBAcEMuiME? [XVI]

9. Kakyio cxemMy MOBTOPHBIX HCIBITAHHH HA3HIBAIOT CXEMOH
Beprywm (6muommanpEon)? 3anuuute dopmyny Bepuy-
au. [XVI]

10. [Jaiite onpefetenns (cKkanipHOHM) CJIyYaMHOM BeJKIH-
Hbl, B-MEPHOT'0 C1Yy9aHHOr0 BEKTOpa 3aKOHa pacupejelie-
HHS (BePOATHOCTEH) CIy4aWHOM BEJMYHHBI il CIY9aHHOIO
BeKTOpa (BeKTOPHOM cTyYaHHoH Beqm4uHbl). [XVI]

11. YTo Has3mBalOT pPAZOM pacupeleleHEAd AACKpeTHOH
cryqapEor Benrumunl? JaliTe onpejeieRus GYHKIHNH pac-
npejeienns (BepOATHOCTEH) OAHOMEpPHOH H N-MEPHOH CIy-
9adHEBIX BeTHIAE (cAydafnoro sekropa). ChopMynupyiiTe cBON-
¢TBa (YHKIHHA PacnpefeleRHs OJHOMEPHOH U n-MEPHOK Cy YalHbIX
seanqud., [XVI]

12. JakiTe onpefeleHAs IWIOTHOCTH pacnpejejieHns (Bepo-
aTROCTER) OHOMEpPHOM H T-MepHOM (BeXTODHOH) ciydau-
EnX BeTHIEH. [XVI]

13. JlaiiTe onpejefeHne KBaHTHIR YPOBHA o« ((yHKUMH)
pacupefesenns (caydainon seanuunbl). [XVI]

14, IlpuBeauTe OonpejeleHiie MATEMATHIECKOrD OXHJaHHA
(cpeamero sEaveHNs) AN SUCKPETHOH 1 HENPEPHLIBHOM Ca1y 4ai-
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HbIX Belu4HH. [lepewucaure CBOHCTBA MATEMATHYECKOTO OXKHId-
. [XVI]

15. [JdaiiTe onpeieienne JHACHEPCHHM H CPEJHEro Kpajpa-
THYHON'O OTKJIOHEeHHA ciyvaiiHoil Beansunsl. ChdopMmyrupyhTe
ux cBoicTBa. [ XVI]

16. llpueeguTe onpejeieHne HAYANBHOrO H HEHTPAILHOLO
MOMeHTOB k-ro mopsajgka pacnpejeleHHA CAYYaiHOH BelnvH-
bl [XVI]

17. Yro HasbiBaeTcA MeAAAHOH cayYaiHOR Beanduun? [XVI]

18. JaiTe onpelefeHie YCAOBHOI'O 3AKOHA pacnpejesieHns
(yc1oBHOH GYHKOHH pAacHpejeieHAsA, YCJIOBHOR IVIOTHOCTH
pacupejesieHns) ciydaiHod peanyuHsl. [XVI]

19. JaliTe onpejeleHue yCIOBHOI'O MATEMATHYECKOT'O OXKH-
AaHHSA, YCIOBHOH AHCOEPCHH cayyaitHoil seawununl. [lepeuuc-
AUTe UX CBOHCTBa. UTo Takoe perpeccHsa, PYHKOHAA perpec-
can? Kakywo AHHHIO Ha3biBalOT JJUHHEeH perpeccum’ [XVI]

20. [aliTe ompefgeieHne KoBapHamuH H KoaddUUHEeHTA
KOppeaAnNH JBYX CAy4aHHeX Beludud. CdopMyaupyidTe ux
coiicTBa. KakHe cryg9adHLIe BeIHYHHLI HA3biBAOT He3aBH-
CHMBIMH, HEKOPPE/HPOBAHHKIMHA, O JHHAKOBO pacmpe/eseH-
aeivu? [ XVI]

21. Kakoe pacnpefenerue (3akoH paclpefeneHs) Ha3blBalOT
6HHOMHAIbHBIM, HOPMANbLHBIM, I'ayCCOBLIM, CTaHAapTHBLIM
HOPMaIbHBLIM, PRBHOMEDHBIM, SKCNOHEHIHAILHBIM (NOoKa3a-
TeJbHBIM), F'aMMa-pacnpejeleddeM, pacnpejenesaem Ko-
mu, pacunpejenesneM llyaccona, pacnpegenenmem Crhbio-
Aenra? [XVI]

22. Kakyo cIIy9aMHYI0 BEeJHYHHY Ha3biBalOT HOPMAJIbHO
pacnpeje/leEHOH, PABHOMEPHO pacnpejeleHHOR, DKCIIOHEH-
OHEAJbLHO pacnpejeleHHOH, GAHOMHAAILHO paclpejeJeHHOR?
Yemy paBHBI HX MaTeMaTHieckie 0K Janua u gucnepcun? [XVI]

23. Kakyo MaTpHROy Ha3bBal0T KOBADHAOHOHHOH, KOppe-
aanmonHon? [XVI]
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24, [aiiTe onpededeHue KOPPEJIAODEOHHOIC CTHOIIEHHSA,
Kakas cB43b CYWECTBYeT MeX Y KOPPeIfUHOHHBIM OTHOLIEHHEM H
xoadpdunueHToM Koppeasnun’? [XVI]

25. YTo Ka3nuBawT GYHKIHEH OT CIyJaHHOH BeJIHYAHBI?
Kak BaliTi QYHKUMIO pacnpejeledus GyHKUKA OT CAyYadHOHR Be-
JAHYHEBL, 3Had 3aKOH pachlpejefeHHs apryMeHTa’ JSalHWHTe BhH-
pa)xeHHe A MJIOTHOCTH pacnpelefieHHs MOHOTOHHOH QYHKIHEH OT
HeNpepLBHOH cAydaiiHoi BeAW4YHHH. “YITO Ha3HBalOT KOMIO3IH-
nued (CBePTKOM) NIOTHOCTEH pacupefeleHHA CAYyYaHHBIX BeaM-
yun? [XVI]

26. Yro MOMXKHO CKaldaThk O paclpeleleHun JHHEHHOH KomGu-
HAUHY CAYyYaHHLIX BeNHYHH, paclupefefeHHHX N0 HOPMAABHOMY
sakony? [XVI]

27. HaWTe onpefefieHus cXOAMMOCTH MO BEPOATHOCTH INO-
€eJOBATENBHOCTH CAYYalHBIX BEJHYHH H CIA6OH CXOJAMOCTH
nocie oBaTeALHOCTH GyHKIHI pacnpeferenus. [XVI]

28. 3anuwuTe BTOpoe HepaBeHcTBO “le6uimena. Chopmy-
AupyiiTe 3akoH 6GobmEX 9mces B popMe BepHyann u B dopme
YeGuuuepa. [XVI]

29. ChopMynupyiTe DEHTPAILHYIO NPpeAeIbHYIO TeopeMy
{reopemy JlanyHoBa) ¥ mHTerpanbHylo Teopemy Myaspa —
Janmnaca. [XVI]



OCHOBHBIE OBO3HAYEHNA

4 ¥ » — HaYAM0 W OKOHYAHUE AOKAIATENHCTBA
#  — oKoHYaHWe NpEMepa, 3aMedaHus, TeopeMbl 6e3 JOKa3a-

TedbCTBAa

R — MHOXecTBO BewlecTBeHHBIX YHcen I-1.3

R — auHeirOe apHPpMeTHIecKoe npocTpaRcTBo IV

p(z), p(2;0) — nIOTHOCTH pacupejefeRns BepOATHOCTEH Al He-
npephIBHOW caydaidoi Beangnen X XVI, 1.1

8 — wapaMeTp GyHKuuu (INOTHOCTH) pacupefeienns 1.1

g=(y, ..., 8,) — BexkTOp NapaMeTPOB ByHKOHM (IIOTHOCTH) pac-
npefererna 1.1

P{A} — BepoaTHOCTH cobniTus A XVI

b & Byyn CXOJMMOCTb M0 BePOATHOCTH MOCAEJ0BATENbHOCTH

BRSS {Y,} cayvaituux eanyud k ¥ XYI

Fo(z) = F(z) — cxogumocTb 1o pacmpeferennio (crabas cxo-
JAMMOCTE) nociegoBaTelbHoCTH {Fp(2)} dynkani pac-
npejerenns xk dyukuun F(z) XVI

X.=(Xy, ..., Xn) — caydaiinas BuiGopka o6beMa n U3 TIeHe-
paibHo# coBokynHocTd X 1.1

Zp= (&1, ..., Tn) — BHIGOPKA OGBEMa N M3 TeREPANLHON COBOKYT-
noct X (peanusanua crydainon BHGOPKHE X'n) 1.1

X — BHIGOPOYuHOE TPOCTPAHCTBO (MHOKECTBO IHATCHHH CLY-
qaiigod BeGopku) 1.1

P — kaace (MHOXeCTRO) pacipefelelnl cIydaiHOE BRGOP-
ki 1.1

Fx(z) — ¢yHKuns pacupefeleHBs TeHepalbHOM COBOKYNHOCTH

X (cayvaiinodl seamunan X) XVI 1.1

13

{F(z)} — craTRcTHYecKad Mofeas 1.1

{F(:c,f?);ﬂ_.e ©} — napaMeTpuueckas Mogeis 1.1
X — -3 MOPAJKOBHIH 4JIeH BapHAIMOBHOTO PAJA CAYYAHHOH

BRIOOPKH Xa VL

z(5) — i-# 4ieH BAPUANKOHHOTO pALa BHOOPKH X. 1.3

Fg(ty,...,ta} — ObyHKUHA pacnpefeserRs cayvaiiHOl BEGOPKY X,
obveman 1.1

f‘(z,fn] — BHOOpOYRaA QYHKUHA pacnpejenenus 1.3

F.(z) — oMmoupudeckas pyHKuus pacnpegeiesuas 1.3

pPn(z) — oMOHpHYeCcKad DAOTHOCTL paclnpeieleHus 1.3

g(X,) — BmGoOpounas XapaKTepHCTHKA (cTaTHCTHKa) 1.2

gs = g(€n) — BHIGOpOTHOE 3HAYeHHe (3HaYeHHe BHIGOPOYHOH Xa-
pakrepuctakn g(X,)) 1.2

MX, g — MmaTeMaTH4ecKoe OXHJIaRHMe CIyYalgOR BesmvuHe X
XVI

DX, 0> — gucnepcua ciyyainos permyaas X XVI

o — cpeJHee KBajJpaTHYHOe OTKJOHEHHe CAydYaWBOH Beau-
el XVI

Be(X,) — BavaabEHIi BHGOPOIHKIA MOMEHT k-ro nopaika (ones-
Ka HadalbHOIO MOMeHTa k-ro mopsjka) 1.3

Lk — HavyalbHHH MOMEHT Kk-ro nopafka pufopks 1.3

ﬁk(fn) — HeATpaibHbii BHIOOPOYHHIH MOMEHT Kk-To [OpPHAKa
(omeHKa HEHTPAABHOI'O MOMeHTa k-ro nopsaka) 1.3

A — UeHTpaibHLIE MOMEHT k-ro mopsajka subopkn 1.3

X — BH6OpoYHOe cpejHee (OLUEHKA MaTeMaTHYECKOTO OXU-
JaHus) caydaiinod subopka X, 1.3

T — cpejHee (3HayeHue) BHIGOpPKH T, 1.3

82()-(}1) — BhIGopoYHad AucnepcHs (OUEHKa JHCIEpCHE) CayYai-

noit BuiGopku X, 1.3
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&2 — ARcuepcHA BuGopkE 1.3
F(X.) — BoIGopOYHOE Cpe/Hee KBAPATHIHOE OTKIOHeHHe (OUeR-

Ka CpejHero KBaJPaTHYHOrO OTKAOHEHHA) CIYYalHOW
BeiGopka X, 1.3

o — cpejiHeee KBaJpaTHYHOe OTKJIOHeHHe BuOopkd 1.3

§2(Xn) — WCNpaBieHHAd HeCMelleHHAd OleHKa JHucnepcun 8.1

52 — 3HaYeHHe §2()Zn] 8.1

§2( -',,) — OlleHKa JAWUCIEePCHA NpPH W3BECTHOM MaTeMaTHYeCKOM
oxuganpn 8.1

?(X’n) — TOYe4YHad olieHKa nmapaMerpa 8 1.2

) — 3HAYeHHe OLEHKH TapaMeTpa g 1.2

p — xod(p¢punuenT Koppensony XVI-5.5 1.3

I?( ﬂn,)_f'n) — BBIGOPOYHBIA KOPPEAALROHHBIH MOMEHT (ONeHKa KOp-
peasnnonHoro Momenra) 1.3

K — KOppeasAllBOHHHE MoMmeHT BHGopkn 1.3

ﬁ(fn,fn} — BBIGOPOYHHIA KO3(hOUUNEHT KOppeadnul (OUeHKa Ko-

a¢punuenTa Koppeaanun) 1.3

— KOO ULHEHT KOppeldlnn BHIGOPKN (3HaYeHKe OleHKH
kodddnunenTa koppeasuun) 1.3

=)

L(E?;}-('n) — ¢YHKIUA npaBgonogobus 2.2
¢n(X1,...,Xn) — oTHoweRue npasgonojobus 4.3

I1() — xoamdyectBo mEpopmanun no Pumepy 2.1

e(6) — nokasaTenb addekTuBHOCTH 2.1

8(X,.) — HWXHAA PAHMNA MHTEPBAILHON OUCHKH AN MApaMeT-
pad 1.2, 3.1

6(X,) — BepxHAs rpaHANA MHTEPBATbHON OLEHKH AAA Napa-
merpa § 1.2, 3.1

(8(£,), 6(Zn)), (8,8) — KOBepHTeALHBIH WHTepBaJ A1f NApaMeT-

paf 3.1
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D)Z — CHCTeMa Y- I0BepPHTeAbHBEIX MHOXeCTB 3.4
n -
s(8) — onepaTHBHAaji XapaKTepHCTHKa 4.5

~— KPHTHYeckoe MHOXecTBo 4.2

-—— CTaTHCTHYecKad runoresa 4.1

M(0) — dyHKUEA MOIUHOCTH KpuTepua 4.5
— Koo(hHUHEHT JoBepHA (AOBEPHTENbHAS BEPOATHOCTH)
3.1
ry gy  — KOppedsiluoHHOe OTHouledHe 6.2
(X.,Y,) — olerka KOpPPeAAUHOHHOrO OTHOWIERHA AAA Napbl CAy-

YafiHbIX BHIGOPOK Xp, B Y, 6.2

r — 3HaYeHHe OUeHKH KOPpPelALHOHHOIO OTHOWIeBHA 6.5

Pij(d(i.y)) — YaCTHHA KOdpdHUUHeHT Koppersnuu 6.5

Pij(uti ) (Xony .-y XNn) — olleHKa 4aCTHOrO KOD(PGPUUHEHTA KOp-
peasnuun 6.5

ﬁij(J(i‘j)) — 3HaYeHHe OUEHKH YaCTHOTo xoxhhmumenTa Koppens-
uun 6.5

R,, R - MHOXecTBeHHbIH KOO(POHUUKHEHT Koppeasuun (koaddu-
UMeHT JeTepMuHauun) 6.5

R,(X,,Y,) — ouneRKa MHOXeCTBEHHOrO KOd((HIUCETA KOppels-
uuu 6.5

R, — JHaYeHHE OUSHKH MHOMKEeCTBeHHOrO KOdPMUUKEeHTA KOp-
peagunn 6.5

g — KBaHTHJb YPOBHA ¢ CTaHJIAPTHOrO HOPMAaJbHOTC pac-
npegenesus 6.5

i — KBaHTHL YpOBHA ¢ pacnpeieterus Croiogenta XVI

X2 — KBaHTHJL YPOBHA ¢ pacmpegerenus x* J.3.1

fq — KBaHTHUAb YPOBEA ¢ pacnpegenedns Puwepa [X.3.1

X ~ N(u,0%) — cayvaksas Beanynsa X umeeT HOPMaAbHOE pac-

npejesenue ¢ napamerpamu p 1 o [.3.1
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X ~ S(m) — cayvaiinasd BennduHa X uMeeT pacnpejenenue Crbio-
JenTa ¢ m cTeneHAMH cBoGoan [.3.1

X ~x2(m) — caydaiinad Bermuunra X HMeeT pacupejeirenue x> ¢
m cTemneHaMu ceoboam  [.3.1

X ~ F(k,m) — caydaiinag Beany#Ha X HMeeT paclpefeleHne
Puwepa ¢ k  m crenedamu ceodoan [.3.1

X ~T(A,&) — cayvaiinas BerudnHa X uMeeT y-paclpejeleHne C
napameTpamu Au o J.3.1

X ~II(A) — caydaipas seandnHa X uMeeT pacnpegeiense [Iyac-
coHa ¢ napaMetrpoMm A J.3.1

Hy — +y-30Ha fAaA mapamerpa § 3.4

F — KJacC JONYCTHMBIX Mojgenel perpeccun J[.7.1

17

Byxenl JaTHHCKOTO andaBHTa

Hasepranume | [Ipousuo- || Haseprauue | [Ipomano-
LICHEE LIeRHe
Aa Aa a Nn Nn 3H
Bb Bb 63 Qo Oo 0
Ce Ge 03 Pp Pp ma
Dd Dd a2 Qq Qg Ky
Ee Fe e Re Rr ap
Ff F f iy Ss Ss a¢
Gg Gg Ke TY T4 T2
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Kk Kk Ka Nx vl X HKC
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Mm Mm M Z2l & % 32T
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roBOPAT xm).
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O 96 TITA I~ Iu Q w oMera

Hapsagy c yxasaunbiM npomanolIeRHeM Takke FOBOPAT , NAMG-

o
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1. OCHOBHEIE ITOHATNUA
BBEIBOPOYHOU TEOPUU

1.1. 'eHepanbHad COBOKYNHOCTb.
Bui6opka. BruibopouHble XapaKTepHCTUKH

Hpe}K,c(e H9eM BBeCTH OCHOBHBIE NOHATHSA M&TEMaTH‘IECKOﬂ CcTa-
TACTHKHA, paccMoTpuM npumep. HekoTopoe crabuabio paboTaio-
mee (T.e. paBoTaluee B OJJHUX ¥ TeX e YCAOBHAX) NPeilpHATHe
¥3roTapAHBaeT NPHOOPBI, KOTOPhIE XaPaKTEePUIYIOTCH HEKOTOPHIM
KOJHYeCTBeHHKIM NMPH3HAKOM. B CHay BAWAHHA He OOJAatOLINXCH
yieTy $axTOpOB 3Ha4YeHHe KOAHYECTBEHEOTO NipH3IHAaKa OT MNpH-
6opa Kk npubopy Merferca. Hanpumep B caydyae, Korja HHTepec
npeicTaBifeT A04d Opaka B NpOMIBOJLCTBEe NMPHOGOPOB, KaXioMy
H3Jel}k0 MOXKHO NPUNACATL 3HaYeHue |, ecau npubop GyHKIUOHH-
pyeT HOpMaJlbHO, M 3Ba4derne 0, ecan npubop HevcnpaseH. Koauve-
CTBEHHBIM TPHIHAKOM MOXKeT OLITh Tak)ke BpemdA GecnepeBouHoR
paboThl nMpubopa, TOYHOCTL H3MEPATENABHOrO NpuGopa, 1yBCTBH-
TeABLHOCTH JaT4KKa W T.I.

B cuay o6bex THBHHX NPHYHH O0GeCeYHBATL KOHTPOAb KaK 0~
ro npufopa, Kak npasuao, He ygaeTcs. llodoToMy ans KoHTpoas
KayecTBa NPOAYKUHH MOCTyNalT ciedywilnM obpasoM. Bribrpa-
IOT HayjAaqy HeKOTOpOe KOIHYECTBO 1 (KOHeYHOe 4#¢/i0} npubopos
M IO ¥X NOKa3aTeAM CYAAT O BCel NPOSYKUAH B LeJOM, HallpUMep
0 Jo.e BPAKOBAHHBIX H3JEAHH UIH O CpeJHEH TPORONKHTENBHOCTH
6ecnepe6oiinol paGorel npubopa H T.1. B mogoGHBIX CHTYaUBAX
eCTeCTBeHHC NpejlonaraTh, 9To HabJAKOJAeHHA 3a KOHTDOJHpYe-
MBIM MOKa3aTeqeM (XOTH OH MEICICHHO) MOXHO NPOBOAHTDL CKOdb-
kKo yrojHo pai. PeayapTaThH n HaGll0feHHH pACCMaTpPUBAKOTCA
KaK 3HaYeHHS clAy4yalHoll BeIHYHHBl — PAcCMATpPHBAEMOrO KOJHTe-
CTBEHHOI'O NpH3HAKA. JTa ClydalHHafd BelWYAHA MOXKeT GhITh Kak

1.1. Baibopka # BHGOPOUHEE XapaKTEPHCTHKH 19

AHCKPeTHOH, Tak W HenpepnBHOH. Hanpumep, ona MoxkeTr mpu-
HUMATh TOABKO JABa 3HadeHns 0 u 1, eclu peds MAeT O NpPOBEpKe,
spiseTcs npubop GpakoBaHHEIM HAM HeT. B Apyroll ke cuTyauuu,
KOrja oueHAuBaeTcA Bpems GecnepeboitHoll paboThl npubopa, ecre-
CTBEHHO CYHTATh, 4YTO CAyYadHad BeINYHWHA MOXeT MPHHUMATH
ax060e HeOTpHUATENbEOE 3HAYEHNE H HBAAETCA HelpepbiBHOU.

B MareMaTHVeCKOH CTATHCTHKE MHOMXECTBO BO3MOXHHIX 3Ha-
HeHH cny<9alHON BeluukHbl X HA3HBAIOT 2EHEPAALHOT CO8O-
RYNHOCTNLIO CAYYAlHON BelHYMHH X MJH IPOCTO I'eHepalbHOH
cosokynuocThio X. [log saxomom pacnpedesenua (pacnpe-
desaenuem) zenepaavuoli coeoxynnocmu X OyieM NOHAMATH
3aKOH pacnpelleenus BEPOATHOCTEH CAyYaHHOH BeaudumHu X,

McexoausiM MaTepHaloM a8 H3YYeHHA CBOHCTB I'eHepalbHOH
COBOKYNMHOCTH (T.e. HEKOTOPOH CAy4aHHOH BeJMHYNHBI) ABIAKOTCA
Ixcnepumenmasbuble (cmamucmuvecrue) dauubie, 10 Ko-
TOPLIMH MOHUMAIOT JHAYEHUA CAYYANHON BeANYHHLL, NOJYYeHHBHIE B
pe3yAbTaTe MOBTOPEHHR CAYYaHHOIO DKCNEpUMEHTa (HabJloJeHu
Aaj CAY4aiHOH BelHYHHOMH).

[Ipeanonaraem, 4To dKCIepHMEHT XOTA GBI TEOpEeTHHYECKH MO-
*eT GBITh IOBTOPEH CKOJNBKO YTO4HO Pa3 B OJHUX H TeX XKe YCIOBH-
ax. Ilox ciopaMu ,B OJHUX H TeX e ycioBHAX“ OyjeM NOHHMATh,
YTO pacnpejeielie clyiaiiHod Beauumusel X;, i =1, 2, ..., 3ajaH-
HOH Ha MHOMeCTBe WCXOJ0B i-T'0 DKCOEPUMEHTa, He 3AaBHCHT OT
BOMepa HCILITAHHA H COBNAJAaeT ¢ pacnpefeleHieM TeHepaJlbHOH
copokynaocTd X. B 5ToM caydae NpHHEATO IOBOPHTL O He3aet-
CUMBIT NOSMOPHLIT IRCTIEPUMENTIAT (UCTIBIMGNURT) HIH O
HEZASUCUMBIZ NOBMOPHLIZ HAOAIWIeNURT HAT CAYYaHHON Be-
AHYHHOMN.

CoBOKYNHOCTh HE3aBHCHMEIX CJAY9alHBIX BeAnyYuH Xy, ..., X,
KaX daf H3 KOTOPHIX HMeeT TO XkKe pacnpejeleHue, UTO H CIy4ai-
Hag Beawdwna X, OyjJeM HazbiBaTh cayuatnotl ewibopxot ud
TFeHepalbHOH COBOKYNHOCTH X U 3alHCHBATD Xn £ (X e X))
{(mHorga mpocto X;, ..., X,). Ilpu »ToM 4ncao n» Ha3HIBAIOT
ofbemom cayuatinotl suibopru, 2 ciydaiiible BeAHIHAR X; —
saemenmamt caywainod suibopru.
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Jli060e BO3MOXHOE 3HAYERUE Ty, = (21, ..., Tp) CAYHAHHOH BHI-
HOPKH X.'n 6y AeM HadLIBaThL 8bibopxoil H3 reHepaibHOR COBOKY IHO-
cta X (Takxe pecausanuett cayvaiinoti svibopxu X"n) Yucno
n XapaKTepusyeT o6bvem ebibopwru, a qHCAA Zi, i =1, n, npea-
CTAaBIAIOT cOG0ll a4emenmbt 6ul60pKY ;. BHOODKY Zn MOXKHO
AHTEePIPeTHPOBATL KAK COBOKYMHOCTBL B YHCEN Iy, ..., &y, NO-
AYYeHHBLIX B Pe3yAbTaTe NPOBEJEHHS T MOBTOPHRIX HE3ABACHMBIX
HaOMIOJeHUH Haj CAydYalHOH BelnyuHoH X.

OcHoBO JMOBGHX BHBOJOB O BePOATHOCTHRIX CBOHCTBaX T'eHe-
paJbHOH COBOKYNHOCTH X, T.e. CMAmMuUcCMuNecrkus ebisodos,
ABNAETCA 8bi6opouKbiti MeOd, CYTh KOTOPOro 3aK/ii049aeTcs B
TOM, 4TO CBOMCTBA CAYYAHHOH BeIHYHHB X YCTaHABAMBAIOTCA Y-
TeM M3YYeHHA TeX K& CBOMCTB Ha clydadHOH BHIGODKe.

MHoXecTBO BO3MOXHEIX 3HAYeHHE CAyYaiHOH BHIOODKH X,
COJepXKHT MHGMOPMALAK O CiyJadHOW BelWYMHE, MOJYYCHHYIO B
JKCHepUMeHTe. OTO MHOXECTBO HAa3HIBAIOT 8uI6OPOuNBIM NpPOo-
cmpancmeom 4 0603Ha4al0T A),. BHGOPOYHEM NPOCTPAHCTBOM
MOXeT GBITH HAH N-Meproe Aunetinoe apudmemuneckoe nPpocmpan-
cmeo R™, giu ero nogmuOKecTBo. Ecam X — JuCKpeTHad cly-
yaliHad BeJHYMHA, TO BEIGOPOYHOE IPOCTPAHCTBO — KOHEYHOE HJH
CYeTHOe.

DnemenTH X;, i = 1,n, cAydaiiHoi BHGOPKH X, He3aBHCHMEL
K UMET TO e pacopejfeNeRne, YTO K I'eHepalbHad COBOKYNHOCTh
X. Takum o6pa3oM, byHKIuA pacupeserenus Fg(ty,...,t,) ciy-

YalHOH BHGOPKH X, HMeeT BHJ

Fi(tl,...,tﬂ) =P{X1 C iy X (tn}=
=HP{X,' < t,'} -——HF(t,'), {1.1)
i=1 i=1

rae F(t) — dyHxkuEa pacnpefeleHud cIy9adHOE BeaMIHEBL X
(reHepanbHOH COBOKYOHOCTH X ).

O pacnpefenceHud cly9adHod BeIHYHMHB X B OZHHX CAYHaAX Y
AccAefoBaTens MOTYT OITH caMbie o6lune npeicTasaenss. Hanpa-

I.1. Bufopka H Ba60pOHEE XAPAKTEPUCTHKH 21

Mep, X ABIACTCH HeNpPepHBHON CAYIailHOH BeIHYHHOH B TOIBLKO (0
pacupejeieHAn NPaKTEIECKY HYYero Be uapecTHo!). B apyrux cay-
qafx PyHKIHA pacupegeneHHs (B cAydae HeNPepHIBHOH CryJadHOH
BeIUTHHH — IMIOTHOCTH paclipejeleHusd BePOATHOCTEN) N3BECTHA,
HO He M3BECTHHI N3PAMETPH, OT KOTOPHIX OHa 3aBucHT. Hanpumep,
H3BECTHO, YTO [eHepadbHEasd COBOKYNHOCTH X HMeeT HOPMAalbHHI
32KOH paclpegeleHAs

1 (2 —p)?

€ 20

p(z) =

1
2ro

Tl i H ¢ — HEW3IBeCTHLIE MapaMeTphl.

3HAYAT, MOXKHO TOBOPHUThL TOABKO O ceMmelicTBe (Kaacce) P pac-
npejefeHdil CAyIaiHod BRHIGODKH, B KOTOPOM COJIEPXHETCA anpu-
opnaa undopmayus (FHPoOpMAlEA A0 ONKTA) HCCIEIOBATENA.

BriGopouHoe NpOCTPaHCTBO, Ha KOTOPOM 3ajJaH Kjiacc pacipe-
JeneHnll P, HazopeM cmamucmuvecxoti modeavio™.

B caydae mOBTOPHHIX HEe3ABACHMBIX HCOEITAHHH CTaTHCTHYe-
ckyio Mogeab Gygem ofoszuavars {F(r)}, nockoabky oBa noano-
CTBIO ONpedeneHa GYHKUHEH pacnpedenedus F(z) renepanbHoi co-
BOKYNHOCTH X.

Ecnn dpysxnua pacnpefeneHus (II0THOCTb pacnpejeneHns) 3a-
JaHA C TOYHOCTBIO O HEM3BECTHOIO BEKTOpPa NAPaMeTPOB § =
=(6y, ..., 8,) C MHOXKECTBOM BOIMOXKHBIX 3HaveHnl O, T.e. § € O,
TO CTATHCTHYECKYIO MOJENb HAZKIBAIOT NAPAMEMPULECKOT MO~
deavto. [lapameTprueckyio Moeab oboravator {F(z;6); §c O},
MBOXeCTBO O HA3KBAKT NAPAMEMPUNECKUM MUONCECTIEOM.

CregyeT OTMETHTH, YTO O HapPaMeTPUIECKOM MROXECTBE HC-
CAeJOBATE]b MOXKET He KMETh HHKAKOH alpHOPHOA MHGOPMAIKH.

Cmamucmusecxyo s00eib HA3HBAOT Henpepbienot NIk
Jucrpemunotl, ecid cayyaidHad peidynHa X ABJIAETCA, COOTBET-
CTBEHHO, HeNpepLIBHON WAK FACKpeTHOH. B ganbreiiuiem Mbl 6y aeM

*PasymeeTcA, 9TO CAMIMKOM Y3KOe TOJNKOBaHHE TEPMMHA, KOTOPOE yMECTHO
AEUE B paMKaX JadHOM KHMLCH.
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NpeAnoaarath, YT0 MeHepadbHad COBOKYTHOCTS X ¢ ByHKUNH pac-
npeferennsa F(z) ApageTcs anbo AHCKPeTHOH, A1nGo HempephIBHOMU
cry4dalHOH Beqr4HHOH. B nepBoM cayuae pacnpegenenue X 3aja-
10T B Bijfe Tabaunsl {pija pacupejenenuil), a BO BTOPOM — B BRje
MAOTHOCTY pacupedeneHud px(z). [Ipu aToM Gygem ucHoib3oBaTh
exanoe ofosnavenne p(z) (nam p(z;8) 419 napameTpHIECKUX MO-
Jefel) KakK AAs IJMOTHOCTH PAacOpefeleHHR CAYyYaHHOH BEIHYHHB]
X, Korja oHa HeNpephIBHAA, TAK H ANA BEPOATHOCTH P{X =z}8
cAytae AUCKPeTHON cayvalHOH BedWYHHBEL X,

IIpamep 1.1. Ilycth M3BECTHO, 4TO TeHepajbHaf COBOKYI-
HOCTh CAy4alnofl BeanyHeW X pacrnpefenesa N0 HOPMalbHOMY
32KOHY ¢ HIBECTHOM AHUCTepcHel H HenaBecTHHIM cpegnum 6. Toraa
CTATUCTAYECKAA MOJelb HMEET BHJ {F(a:;ﬂ}; PeO= R} H MOXKET
BBITH 33/]aHa ¢ TOMOUIbIO NAOTHOCTH paclpefeleHHA BePOATHOCTEH

(x—6)?
] e 207

p(z:6) =

, zeR.
2ra

Ecan HenaBecTHH o6a mapaMerpa: cpefHee 3HauYeHHe By 0 cpelHee
KBaAPATHYHOE OTKJIOHEHHE @7, TO CTATHCTHYECKAA MOJENb UMeeT

BUA {F(x;é); §=(6,86,) ¢ @}, rae OCR? (, €R, 6, cRY) &
N0 THOCTD PacnpefeleHHs BEPOATHOCTRR COAEPHHUT ABa HEHIBECT-
HbLIX TapaMeTpa:

(I—Hj)z
! PRETE

vV 2?1'9-2

p(x;91,92]= , T€R.

[Ipemep 1.2. IlycTs cayyadinas sennyuna X uMmeeT paclipe-
Aenenne IlyaccoHa ¢ HeW3peCcTHHM NapaMeTpoM. Torga CTaTHCTH-
deckas MoJelb MMeeT BW/ {F(:c;l?); 6 €6 = (0, oo)}, rae F(z;6)
onpejeNReTCs PABEHCTBOM

Z

p(z;6) = PrbX:a::-e—'e'e, Sl e

xX.
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3ameuanue 1.1, Hapsgy ¢ rewepaqabHOll COBOKYNHOCTBIO O1-
HOMEPHOH CAYYaHAOK BEIHYHHL MOXHO PACCMATPHBATL reHepab-
HYI0 COBOKYIHOCTb MHOTOMepHOM (BEKTOPHOMH) cayYafiHO# BeTHIH-
HEl, PACOPOCTPaHAX BBEJEHHbIE BHIIE NOHATHA Ha DTOT CIy4aH.
[Ips 2TOM Cy YaiiHy 0 BHOOPKY 06BEMaA 1 U3 MeHepalbHOH COBOKY I

roctu (X, Y, ..., Z) 6ydem obosHaqaTe (X'n, ) s Z:l) #

B gaabrediueM Mu 6y ZeM pacCMaTpPHBATL Pa3AKIHbIe HYHKIHA
Y =g{X,...,Xpn) (man Y = g(X,}} cayyaitnoit BuiGopku X, =
=(Xy, ..., Xu), Hanpumep:

n

-1y y =23 x?2
=l Xe Y=g

i=1 =1

JMiobyio gyuxumo g(X,) ciysaiinoil BHGOPKA B MaTeMaTHTe-
CKON ¢TATHCTHKE HalBIBaKT cmamucmurol, Ui evibopounoi
rapormepucmuxoti. Pacupejeierre d>Tol clyqaBHOH BeaH4H-
HLl Ha3plBAKT 6uibopounbim pacnpedesenuesm. Bubopodnoe
paclipefenenne 0JHO3IHATHO ONpeJeasieTcs COBMECTHRIM paclpege-
JeHHeM CAyYaWHeiX Bedwdud Xp, ..., X,, T.e. pacnpefeiesEueM

cayvalinoil Bubopku X,. 3Hadenue g¢(s;,) BHIOOPOYHOW Xapak-

-

tepuctuxn g(X,), OnpegeleHHOe IO peanusalpu z, CAydauyod
BRIGODKH X, AA35IBAIOT €2 8bI6OPOUNLIM IHAUEHUEM.

B MaTeMaTHIeCKOH CTATHCTHKE 4aCTQ NPHXOIHTCA pacCMaTpH-
BATh MOBeJeHHe BLIGOPOYHBIX XapAaKTePHCTHK OPH » — 00, IAe
n — obbeM caysasnon Bubopky (Xq, ..., X,). [Ipu oTom Gyaem
nncaTh Y, = g(Xy,...,Xp) #H paccMaTpPHBATL NOCACLOBATENLHOCTD
CAyHaHHHX BeAWdHH {Y,}, CXOAAIYIOCH B TOM HJIH HHOM CMbICIE K
HexoTopoMy Y -— clydanHol BeAMYHHe HAH KOHCTaHTe.

B [XVI] 6By paccMoTpentl ocHOBHBE THNH CXOAKMOCTH NO-
CNeJOBATENbHOCTH CAYYAUHWX BEAWYAH W CBR3L MEXAY HuMH. B
ITOH KHUre GylJeM HCNOABIOBATH JBa BHJA2 CXOJHMOCTH: CXOMH-
MOCTL 110 BEPOATHOCTH Y CXOAMMOCTH [0 DACOPEACNeHMId, UJH
CTadyIo CXOABMOCTS.
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HanomiuM, 4T0 TOCAEZOBATeABHOCTS {Y, } cayTaliHHIX BeaHYHA

5 P
HaszbLiBaloT CXOAfAlledca no BeposTHocTH K ¥V, T.e. ¥, 2 Y, ecan aasn

aw6oro £ > 0
lim P{|Y,-Y|>¢}—0.
=00

Ecau umeeT MecTo PaBeHCTBOQ

lim Fy, (z) = Fy (2
lim Fy, () = Fy (2)
B KaX/J0H TOYKe HenpepHBHOCTH Fy(z), TO roBOpAT o caaboil
crodumocmu NociefOBaTeAsHOCTH Fy, {2} dynryull pacnpedesenus
(CXOAHMOCTH 00 PACRpPEfeNeHHnIO) i NUIIYT

Fy, (z) nfgo Fy(z).

YMecTHO TakK)Xe I'OBOPHTH O CIaboH CXOAHMOCTH HOCAEJOBATeb-
HocTd {Y,} caydalHmX BeauinH K Y. B 3ToM cMECIe MOXHO
YTBepXKJAaTh, YTO U3 CXOJHMOCTH NIC BEPOATHOCTH ciefyeT cnabas
CXOJUMOCTb.

OTMeTHuM, 9TO B TEODHH BEpPOATHOCTEH W €e NpPHJIOKEHHAX
Hanbojee 4acTO HCNOAB3YEeMble 3aKOHBl paclpeleleHus CIy4afHbIX
BeNHYHH HMelT o0lUeNpPHHATHE HalBaHHA A 0003HAYCHHUA.

HanpaMmep, HOpMaAbHHE 3aKOH CO CPEJHHM jt H JUCIepcHel
o? oBoanavaroT cumBoloM N{u, o2); pacnpegeneuve Ilyaccoma co
cpeZunm A — camBosom T1(A) u T.4.

Ecnuy nabamogaevan B 3KCHIepMMeHTe ciydYaWEad BeauduHa X
KMEET pacnpeleleHde HEKOTOPOro CTAHAAPTHOrO THMa, TO COOT-
BeTCTBYOIad CTATHCTHYECKAA MOLEAb HMeeT TaKoe Ke Ha3BaHHe:
nopMastbnal modedo, modess Kotuu, bunomugasnas smo-
deab, NYGCCONOECKRAR MOOEAb U T.J.

Jlng o6o3HadeHUA TOrO, UTO caydadHad BeluuHAa X HMeeT 3a-
KOH pacnpefenenus F(r), ynoTpeGIsioT CHMBOAWYECKYIO 3alHCh
X ~ F(z). Hanpumep, 3amucs X ~ N(u,0?) osnasaer, 4To cay-
qaliMad BeaHdHHA X HMeeT HOPMAJbHHHE 33KOH PacHpeleleHus
NapaMeTpaMA y H a2

1.2. OcHOBHE® 3agaMH MATEMaTHYECKOH CTATHCTHKH 25

1.2. OcHoBHEIE 3aja4H
MaTeMaTHYeCKOM CTATHCTHKU

[Ipu pewennu 110608 3aAaYl MaTeMATHIeCKOH CTATHCTHKH
HCCASTOBATENL PACNONaraeT ABYMA HCTOYHAKaMH HHDOPMaUHH.
ITepulé 1 HamGoaee onpefeeHHLIN (ABHBIA) — JTO PeayAbTaTH
HabmoJeHMil (PKCIEpAMEHTA) B BHAE 65:60pKu W3 HEKOTOPOH ze-
HEpaAbHOl COBOKYNNOCMY CKANAPHOA WM BEKTODHOH CaAy4aHHOM
peanauBul. Ilpu >ToM 06vem embopru n MOXeT OHITbH (PUKCHPO-
BaH, a MOXeT YBelMYKBATLCA B XOJe DKCHepHMeHTa (T.e. MOLYT
HCIONB3OBATHCA TaK HAa3bIBaEMHE MOCIeJOBATENbHbIE NPOUEXYPH
CTATACTHYECKOTO aHAMH3A).

BTopoi HCTOYERHK — 3TO BCA anpuoprar uxdopmayur o6 HHTe-
PeCYUINX KCCAeJOBaTeNd CBOHCTBAX HaydaeMoro ofbekTa, KOTO-
pad HaKoMJeHa K TeKyliemy MoMeHTY. PopManrbHo o6beM anpuop-
HOH HAGODPMALME OTPaXaeTcA B TOH UCXOAHOH cmamucmuvecxol
Modean, KOTOPYI AccaefoBaTelb BHIGHDaeT OpH DeWEHHH CBOSH
3ajaqu,

B MareMmaTETecKOW CTaTHCTHKE BCErZa B TOM HAM KHOH Mepe
ACOOAB3YKT ANPHOPHYH HHpopMalulo of Hecaegyemom obwekTe,
HO cTeleEbh 0BOCHOBAHROCTH TaKOTO MCNOAB3IOBaHUA JEXHT Ha CO-
BECTH {MIHM 3aBBCAT OT KOMIETEHTHOCTH) XKOHKPeTHOT'D HCCAeio-
BaTeNs.

Ecan ecTh COMHEHBA B TOM WK HHOM ACXOAHOM JIONYLICHAH TPH
pelleHHY KOHKDETHOH 3aJadRm, TO €ro HYKHO IPOBEepATH W 060-
CHOBBIRATL, & NPH HEBOIMOMHOCTH 2TO clenaTb — OTOPOCHTB H
NOOETATHCA HAUTH peilleHHe 3a a4y §e3 NPHBJICYCHIR COMHUTEN b-
BalX JOOYIUeHEH.

[lepeaucaum HekOTOpEIE 32 1aYH MAaTEeMATHEYECKOH CTATHCTHKH,
Haufonee YaCTO BCTPEYAIOLIAECS B ee MPIMIONKEHHAX.

OpeHka HeM3BecTHLIX ODAPAMETPOB. 3aladya OUEHABAHHA
HEH3IBECTERIX MapaMeTPOB BOIHUKAET B TeX CAYYaRX, KOT A& (PYHK-
OHA pacOpeleeHA FeHePATLHOH COBOKYIIHOCTH H3BECTHA C TOYHO-
CTBIO 4O mapaMeTtpa #. B aTom ciyvae HeoBxognMoO HAHTH Takylo
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1.2. OcHoBHEe 333844 MaTeMaTHYECKOH CTATHCTHKH 27

cmamucmuxy g(fn), sbibopounoe snavenue = g(fn) KOTOpPO# A17
paccMaTpHBaeMOH peaausayuu I, cayvaiinot evibopku MOXKHO OHI-
40 6B cIMTATE NPHOIHXKEHHEIM 3HaYyedHeM NapameTpa 8.

CraTucTuky g(fn), BLIOOPOYHOE 3HAYEHHEe § KOTOPOH ANA
awoboft peaandanuu I, NPHHUMAKT 3a NpuUOAHKEHHOe 3HAYEHHEe
HEeU3IBEeCTHOrO NMapaMeTpa ¢, Ha3LBAIOT ero moveunot oyenxod
HJIH ODPOCTO ouyenxold, a é‘ -—— 3IHaYEeHUueM moueunotd ouyenxu
(mnpocTo oyenxwu).

[lorATHO, YTO TO4e1HAA OUEHKA a(fﬂ) JAOMXKHA Y AOBAETBOPATH
BIOJHE ONpefeleHHbIM TpeboBaHUAM 444 TOrO, 1TOOLI ee BEIGOPOY-
HOE 3HaYeHHe § COOTBETCTBOBAO UCTAHHOMY 3Ha4eHHIO MapaMeTpa
§. CroficTBa TOYEYHKX ONEHOK PacCMOTpERH HHXe (CM. 2),

Hxa Toueunbix oleHoK nmapaMerpa 8 6yAeM HCIOABIOBATH K
Apyrae o603HaYeHHA, HANPAMED g(fn), 9*(X,).

BoaMOXHBIM ABASETCA 1 HHOH NOAXOJ K PElLIeRHI0 pacCMaTph-
BaeMoi 3afavi: HaiTH Takue cTaTHCTAKA §(X,) n 8(X,), 4To6H
C BEPOATHOCTRIO Y BHIOOJHAIOCH HEPABEHCTBRO

P{8(X.) <O<B(X)}=n.
B oTom ciiydae ropopaT o6 unmepsaavnol oyenxe naq §. Unreppan

(8(Xn), 8(X.))

HA3LIBAIOT dogepumenbubim unmepeasom aaa 8 ¢ xosdduyuenmon
dosepus 7.
HoBepHTeabHble AETEPBAJB 06CY X Ja0Tcs B 3.

IIpoBepka cTaTHCTHYeCKHX rEnoTe3. Cmamucmuve-
cxoil 2unomesot Ha3LIBAIOT J0Goe NPeJNoaoKeR e O pacnpeie-
JIgBHA BEPOATHOCTeH HAOAIOAAEMOH CAYYAHHOH BeAMYHHEL — CKa-
JAPHOH HAK BEKTOPEOH.

B HexkoTOpOM cMuIC/e 33042 NPOBEPKH CTATHCTHIECKOH FHIO-
Te3hl ABAAETCA 0OpaTHOM K 3ajade OLEHHBaHUA NapameTpa. Ilpu
OLEeHHBaHUM NapaMeTpa MB HUYEro He 3HaeM O ero HCTHHHOM 3Ha-
denuH. [Ipu npoBepxe cTATHCTAYECKOH IMANOTE3H MB A2 KAKHX-TO

coofpaXeHni npeanogaraeM H3BECTHHIM ero 3Ha4YeHHe H XOTHM 110
peayibTaTaM DKCIEPHMEHTA NPOBEPHTH Hallle NpelllojoXKeHHe.

[IpuMepaMH MHIOTE3 MOTYT CAYXHTH ClelyIOliAe Ipelnoaoxe-
HMS O BEPOATHOCTHHIX CBOMCTBAaX HaGMKOJaeMBIX C1Yy1alHBIX BelH-
qHH!

1) # = pg, CAe p — MaTeMaTHYeCKOe OXujadle cay4alBHON
Beu4HHE X (rHNOTe3a 0 BedKYHHE MATEMATHYECKOr0 0K IAHNA);

2) 0 =02, rge 02 B 02 — AucnepcEu Cly9a@HBIX BEAMIHH X
H X, (runoTesa 06 OAHOPOJHOCTH JHCIEPCHH);

3) F(z) = Fr(z), rae F(z) — HenasecTHas ¢yYHKUHA pacnpe-
Reredua HabaloJaeMol caydaiiHoi Beawdnnu X, a Fr(z) — Heko-
Topas mpegliofaraeMas HCClIefoBaTeleM (PYHKIAA paclpefefeHns

(rumoTesa 0 BHJe pacmpejfeNeHns ).

YeranonneHEe GOPMBI B CTENEHH CBASH MEeXAY CIy4aH-
HLIMH BeJAYHEHaMH. MeTognl MaTeMaTHYeCKON CTaTHCTHKH,
CNOCOGCTBYONINE VCTAHOBAEHHI0 GOPMBI H CTENIEHH CBA3H MeXAY
CAYYAHHBIMH BeJHYHHAMHE, HIJArA0TCA B TAKUX pa3jelax MaTeMa-
THYeCKOH CTATHCTHKH, KAK KOPPEAALUHOHHHA aHaJH3, JUCIePCHOH-
HE'H AHAAW3, PEFPECCHOHHEIH aHAalA3 U Ip.

CMmbica TakHX 3ajad MOACHHM Ha npoctoM nphmepe. Ilycth
Y — cayvaiiHaa BenwvuHa, NOBefeHHe KOTOPOH MbI XOTeny OHI
ONpeJeliTh 0 AHaYeHUAM EBYX APYIAX CIYYaidHBIX BeAlIuH X, H
X,. Hanpumep, ¥ — 5To cTenedb WyMa ABUraTeld aBTOMAUIWHEI,
a Xy m X, — cooTBercTBeHHO BeaMMMHa npofera apTomobuas
H BeCc rpysa B HeM. KopperauyoHHBIK M JACNEPCAOHHBIH AHANH3
NO3BOJAAET HAM OTBETHTDb HA BOMpPOC: €CTh M CBA3bL Mex gy X, X2
H Y M HacKoJbKO OHa cyllecTBeHHa. Ha ocHOBe )Ke perpeccHORHOTO
ABATY3a MBI MOXKeM NOCTDOHTh TaK HAa3hIBAEMYIO PerpecCAOHHYIO
MOJelb B BH/JE 3ABACHMOCTH

y = @(z1,22),

rje y — cpejHee 3HadYeHHe WyMa Y B 3aBHCHMOCTH OT 3HAYeHHH
Ty W Zy caydaiHbx seavqun X1 A X;. Haanvee Takod mogenu
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(KOTOPYI0 CTPOAT, ONHPAACH Ha Pe3YALTATH HMEIOLIMXCA CMamu-
CIUNECKUT JANHLIZ — Pe3YABTATOR IKCIAYATAalHu aBTOMOOANE)
OO3BOAAET B JajbHEHlleM BHIOPATE HAMAYYIIAE PEXHUM IKCIIYaTa-
WM A pellaTh MHOTHe Apyrue 3ajaqd.

[Nogo6HEle 3a4a4% paccMOTpeHH B 6—8.

1.3. llpeaBapuTensHas o6paboTka
Pe3yJbTATOR JKCIEePUMEHTA

[Ipex e 4eM nNepedTH K JAeTalbHOMY aHAIM3y TNOJYYEHHHX B
pe3yiAbLTaTe NPOBEAeHHOI'O DKCIEPHMEHTa CTMamMuCmMuyecKusr Jau-
Hbiz, OGBIYHO NPOBOJAT BX HpelBapuTeibHylo o6paboTky. Unoraa
pe3yabTaTh Takoi o6paboTKR yXe caMu no cebe JaioT OTBETH Ha
MHOrHe Bonpockl, Ho B 6GoAblUMHCTBE ClyYaeh OHH CAYXKAT HCXOJ-
HEIM MATEePHAJIOM A48 JalbEEHUIerO aHAMU3a.

BapnannoHELiE psaj. OAHEM U3 cCaMBIX NPOCTHX npeo6pa-
30BaHHN CTATACTUYECKAX JaHHBIX ABAAETCA MX YHOPAJoYHBaHHE
no seauyuse, [lycts (zy, ..., n} — evifopxe obvema n A3 2exe-
paavot cosoxynnocmu X. Ee MoXHO ynopsZ09ATh, PACTOIOKHB
3HaYeHHd B HeyOnIBalolieM mOpH IKe:

Ty €Ty € - € 2(i) €.« € Znys (1.2)
TAe (1) — HAHMEHbWHH, Z(,) — HaBOOABIIAER H3 daemeHmos
ebifiopru.

Onpegenenue 1.1. [locaegosaTenbHOCTS YHCET

Z(1)y T2y ¥y oo Ta)
YAOBXETBOPAIOIINX Yca0BHK (1.2), HaJHIBAlOT 6aPUAYUOKHHLIM
pAdom evifopxu, HiH, A18 KPATKOCTH, IPOCTO 8GPUGHYUONNDIM
pAadoMm; HUCAO Z(i), t =1, n, HA3HBAIOT i-M NALHOM GAPUAULON-
HoZ20 pada.

1.3. Ilpegpapurentnan 06paboTKa pesyILTaToOB SKCIIEPUMEHTS 29

QBo3HaHM Xy 1= 1, n, cay9aiinyo BeIRIHEY, KOTOPAS NDH

KaX A0¥ peasudanuy cayuatinot éwbopru X, IPEHUMAET 3HaYEHHeE,
paBHOE ¢-My WIeHY BapHANUOHHOIO PXAa.

Onpegenenme 1.2. [TocnegoBaTeaAbHOCTE CAIYYARHEX BEIUYHE
Xwr Xy o Xy oy X

HA3EIBAIOT GGPUGHUOHNLLM PATOM cayuatinod swibopxu. [Ipn
oToM X(j), 1 = L, 0, HABHIBAKT i-M YAEHOM 6PUAYUORKOZ0 pPATa
cayuaiinod evibopru.

[lepexox ot cayyaiBoi BHGOPKH fn K €€ BRPDHAUAOHHOMY pPALY
He NMPABOAUT K NOTepe MHMOPMALRH, COjepXallleHca B cayvali-
ROH BRIOODKE, NOCKOALKY MX COBMECTHAaA GDYEKIHUA PacHpeleienis
(1.1) ocraeTcs ogmo# a Toil ske. OgHaKO hYHKIAA pacnpefene-
HHA KaXK IO CAYYARHON BeAATHAL Xapi= T, n, yKe He cOBNaJaeT
¢ GyBKUMEE pacnpefetensa F(x) reHepaisHON COBOKYIHOCTH X,
XOTA B MOXeT OhTb 4Yepes Hee BmpaxeRa. Hanpumep, MOXHO
nokasath (cM. npemep 2.20), 94To A1 xpatinuz wsenoe eapu-
ayuoxmnozo psada crydaliHok BLGOpKE Xy ¥ X(ny 8% GyHKUAR
PacIpejeeHns EMEIOT BHJ

P{X“] <x}=l—-[l —F(.’.ﬂ))n

P{X(n) < x} = Fm(x}.

TR COOTHOIICHES NO3BOAAIOT HAXOJHTH HERIBECTHYIO (BYHKINIO
Pacnpegenenss F{z) remeparsmodl coBokynmocTE X, EMeS B IKC-
ePUMEHTE NRUI6 PeIYALTATH HIMeDeHRH J#GO BermWusl X1y,
auba X(n]

Ilpumep 1.3. B pesyisTaTe NATH NOBTOPHHIX HEIABACHMEIX
Haba0 JeAR HEKOTOPOH CAYIaHBON Beav b X (ranpamep, X —
AaBreRHE B ra3oBoM GalliOHe, A3MEpPAEMOe B MeTalacKalix) mody-
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YeHul caeJylolllue ee 3Ha4eHHA:

z;=104; 22,=9,5 =z3=10,7; z4= 9.3; xs=10,1.

Ias nannoi BHOOPKY obbeMa =19 BapHANHOHHELH PAJ HMEET BH I

Ty = 9,3; 2= 9,5 Tz = 10,1; z= 10,4; zsy= 10,7.

CraracTadeckKnd pag. Cpelu stemenmos 6uibopru I, ...,
T, (a 3HAYUT, U CPeAN WICHOB BapHALUOHHOTO PAAA T(1), F(2)s -« +»
Z(n)) MOTYT GHITb OJHHAKOBELE. Tak 6uiBaeT, Au6Go korja Habmio-
gaeMad ciydaiinas Beamysna X — juCKpeTHad, MO0 KOrAa X —
HenpepLIBHAA, HO ee JHAYEeHHRA IDH WIMEPEHMAX OKPYTIAIoT.

TlycThb cpen 2IeMeHTOB BHIGODKH Iy, ..., Tn BBIAEJEHR M <7
BX pa3/HYHHLIX 3HAYCHHH, PACTON0KEHHHIX B IOPAJKe BO3DACTAHUA.
O603HATHM BX Z(1)s --+3 Z(m)- 11PEANONOKHM, 9TO KAXJ0€ HI HUX
NOBTOPAETCA COOTBETCTBEHHO Ny, ..., Ny Pa3, NpHYeM, Pa3yMeeT-

m
ch, Y, ni=n.

=1

Onpegenenne 1.3. Cmamucmuneckus prdom N BH-
GOpKH Ha3HBAWT TabaAUy, KOTOpaf B NepBOH CTPOKe COLEPHKHUT
IHAMEHHA Z(1), ---) Z(m) (HAMOMEEM, 4TO 2(3) < ... < z(m)),iio
BTOpOfl — 9mcaa ux nopropensd (raby. 1.1). Hucao n,, i=1,m,
oK a3blBalollee, CKOALKO pad BCTpPevalncd dneMedT Z(;) B BGOpKe,
HaHBaIOT wacmomoil, a OTHOWeR e n;/rn — omuocumessHoil
vyacmomot >Toro 3HavenHs.

Tabauya 1.1
(1) 2(2) s %(m)
n P [P -

Cmamucmuyeckue daxnbie, NpeJCTaBieHHEE B BHJE CTa-
THCTHYECKOTO PAJAA, HA3KBRAOT ZPYNNUPOSAHHLIMY.

1.3. lipeamapurennas o6paloTKa Pe3yIbTATOR SKCIEDUMEHTA 31

Wexoantie fakABe FPYNOAPYIOT 06K YHO OpR OALIIAX o6beMax
sribopke (cBhimie 50), npuYeM He TOALKO B BHAE CTATHCTHIECKOTO
pAfa, RO H clefyloIuM obpasoM: oTpesox J = [T(y), T(n)], COAEp-
JKAUIMA BCe BHIGOPOYEbIE 3HAYeHUA, pa3GHBalOT Ha M NPOMEXYTKOB
Ji, Kak npaBH.I0 ogAHakoBod gauHel A. Ilpu aToM cynTaoT, 9TO
Kax bl NPOMEXYTOK CONEpPXHUT CBOR JEBHIA KOHel, HO JHIIbL MO-
CHEHHE IPOMEKYTOK COJEPKAT & CRBOH npaBui koHel. [Ipn TakoM
CONIalUleHKH KaXcgad TOYKa OTpe3ka J COHepXHTCE B OJHOM |
TOAbKO B OJHOM npoMexyTke J;. [anee, fas Kaxzioro npome-
#yTKa J;, 1 = 1, m, TOACYNTHIBAIOT YHCIO Tt; DNEMERTOB BRIGODKH,
nonasiiuX B Hero (IPH ITOM R =n; +...+ Ny, ), & PE3YABTATH Npeg-
CTABIAIOT B BHAe Taba. 1.2, KOTOPYID Ha3hlBaloT UKIMEPSAALRLIM
cmamucmusecKum pRoos.

Tabauya 1.2
Ji J2 JIm
m
ny na - Sl
=1

Huorga B BepxHeit CTpoke Tab1. 1.2 yKashBaloT He HHTepPBAl,
a ero CcepelwHy Zk, a B HHXHEH CTPOKe BMeCTO YacTOTH 7
3ANMUCHLIBAIOT OTHOCHTEABHYIO HaCTOTY Nk /n.

HucA0 ODPOMEXYTKOB M, Ha KOTOpHle pas3buBaloT OTpe3ok J,
BHIOHPaOT B 32BACHMOCTH OT ofbeMa BHGOpKE n. [Jai opHeHTH-
POBOYHOR OlEHKH BeNEYHHB M MOXKHO NOALIOBATHLCA CAedy el
dopmynon™:

malog,n+ 1,
KOTopad JaeT HHAXHIOW OUeHKY BeMHYHHE M U Haprbonee TOYHA opH

SonblinX 3Had9ennax n. Hanpumep, npu n = 100 ora gaeT m 2 6, a
opu = 1000 —m = 9.

*Cum.: Ateasax C.A., Exronos H.C., Mewaaxun JI. 7., 1983,
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Ilpumep 1.4. B TeueHme cyToX W3MepslOT HaOopfxkedne X
TOKa B DJEKTPOCETH B BOABTAX. B pedyabTaTe ONHTA DOLYydeHa
Bribopka obvema n = 30:

107; 108; 110; 109; 110; 111; 109; 110; 11il; 107;
108; 109:; 110; 108 107; 110; 109; 111; 111; 110
109; 112; 113; 110; 106; 110; 109; 110; 108; 112.

TMocTporM CTATECTAIECKHE pAL 9TOH BLIGOPKH.
Hagrmenbulee 3Ha4vesne B Bubopxe (1) = 106, HamGonbree —

z(g = 113. [logcueTmsaem HacToTy ng, k= 1,8, xaxgoro m3
BOCHMH Pa3JHYHEIX 3Ha¥eHEH B BHOOpXe B CTpoEM Taba. 1.3.

Taebauya 1.3

z(x) | 106 [ 107 | 108 [ 109 [ 110 [ 113 | 112 ] 113
ne | 13 ] 4]6 9 [4]2]1

OMpoApaveckan A BbIGOpOoYHAA (YHKHHH pacnpejese-
HEA. PaccMoTpuM GYHKOHIO n(a:,fn), KOTOpad [JAA KaxKAOro
3gadeHnd £ € R ¥ Kaxgod pealpsanwd I, CAYIaWHOH BHIGOPKH
X, UpHRHMaeT 3Hadende, paBHOe YBCIY JMEMEHTOE B BEDOpKe &y,
MEHBILAX Z.

Ounpegeneeue 1.4. Oyakuuo

= . n(z,X
F(z,X,) = % (1.3)
rae n — abveM caydadnoll Bubopku, GyJeM HaIbIBaTh SWbOpPoy-

wotl Pyuntuetl pacnpedeserua.

CorsacHo oupefeneuo 1.4, npe J1060M PEKCHPOBAHHOM I
PYHKOUA F(z;Xn) €CTh C1yvalHAd BeIRIMAL, KOTOpPad IPHHAMAET
OJHO U3 3Ha4YeHAH

12
01 1 T ey 1 E:]_
n n n
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H HMeeT GHHOMUATLHOE DACHpPEleIeHHe C NAaPaMETPOM P, PAaBHLIM
aHadeHH0 MYHKUHE pachpefeleryd renepaibuoil cogokynHocT X
B TOUKe z, T.e. p= F{z].

Teopema 1.1. Jlaa nw6oro QEHKCHPOBAHHOIC T NOCAEfCBa~
TeIBHOCTL CAYYARHBIX BEJHY9UH {ﬁ(z;)?n)} CXOAHTCA (10 BEPORT-
HOCTH NpH 7 — 0O K 23Hadvenno F{z) ¢ydaxuun pacnpegesierus
reHepadbHOl COBOKYNHOCTH X B TOYKe Z.

« JIpu n06oM pukcHpoBaaHOM T BHIOODOTHAA GYHKUHA pacipese-
senus F(z;X,) ects oTHoCHTerbHas wacToTa cobmTua {X < z}.
B cooTeeTcTBUH ¢ 3aKOROM GOAbLUWIHX SHces 8 dopume Bepuynnu,
OTHOCHT@NLHAS HacTOTa OPH 7 — 00 CXOAUTCA NO BEDOATHOCTH K
sepoaTrocTH cobutua {X < z}. CregoBareanno,

- . — P _
F(z; X,) s P{X <z} = F(z). >

Aas xax ol peanuaaing I, byHkuuw n(z,f,) aprymenTa z B
XaapHedwem Oygem ofozHataTh n(z).

Onpegenenme 1.5. Funupuvecxot Pgynurnyuetl pacnpede-
AEKUR BAIKBAT CKAIAPHEYIO QYHKIHIO F,(z), KoTOpas onpejene-
Ha gas awboro z € R creayommmM obpasom:

pn(x):@‘ (L.4)
n
rjae ©# — ofbeM BHIOODKH.

Pydkuuz F,{z) oGrajzaer BCeMu CBOHCTBaMK (PYHKIHE pac-
npegenends. Ilps oToM OHAa KYCOYHO MOCTOSHEA M M3IMEHAETCSH
CKadKaMi B KaX Aol Tovke Z¢y (¥(;) — i-# 4ieH BAPHAUKOHHOTO
pAga).

Ecau sce BiGOpoYALIe 3HAYEHHA Z1,. .., Ty PAITHYHEL, TO PYHK-
uio £,(x) MOXHO 3A0HCATH B CAAYIOLEM BHIE:

0, =<z
s e <L eany, i=Ln-1;
¥ $>ﬂ?(n],
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T.e. B KaXJ0# TOYKe T(;) PYHKUUA Fy(T) HMEST CKAYOK BeTHYH-
Holt 1/n.
Cpacuk dyskuun F,(z) usobpaxen va puc. 1.1.

Fa(x)
---------------------- 1——---_---—-----------..:.#.—.-

n-1 i

RpITTEC TR T

3 :

) e Sy 5

— s

] 1 ]

e L . '

) ' n 1 i
Ly T O Xy Zn) X

Jamequande 1.2. Pyuxuusa F, () no3soaseT a06yio BHGOPKY
(Z1, ++.y Tp) HHTEPNPETHPOBATh KAaK MeHEPANbHYIO COBOKYIIHOCTD

X, BCe 3HAYUEHHUA KOTOpPOH PABHOBEPOSTHEI, T.e.

P{X:x,}: , .

i
_', 1:
n
Takas WHTepnpeTands MO3IBOJAHT B AAJbHEHLIEM pPacCMATPHBATD
YACAOBHE XAPAKTEPUCTHKH CAYYaHHOUW Belu4uHkl X Kak npuban-
¥eHHble 3IHAYeHEA COOTBETCTBYIOLIHX THCAOBHIX XapaxTepHCTHK
UCXOHO! reHepafibHON COBOKYyNHOCTH X . #

W3 ckasannoro Buiwe ciegyeT, WTo ¢pyukuus F,(z) spasercs
CTATHCTHYEeCKHM aHajJoroM (PyHKOHH pacnpefeleHus () rete-
panbHOH copokynHocTn X. Dyukuuio pacnpegerenus F(z) reme-
pafbHO# COBOKYNHOCTH X B MaTeMaTHYeCKOH CTATHCTHKE HA3bl-
BaloT HHOrZ2 meopemuneckotlt gyuryuetd pacnpedesenua.

B cnysae xenpepuistod cmamucmuieckotd Modeay W GOABIIOTO
06beMa BuGopku (cBhille 50) sxcnepuMmerTanbHble JaHRbE YA06-
Hee MPeACTABIATE B BUJAC HHTEPBAJNLHOrO CTATHCTHYECKOTO piA1a

S
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(cM. Taba. 1.2). Pasgerus wacTOTH 7;/n = P; Ha AAHHY A HHTep-
BAJOB J; NOAYdHM 3Hadenus n;/(nA), i=1,m.

Onpegenende 1.6. Imnupuvecxoi naomuocmuvio pac-
npedesenus, COOTBeTCTBYIOLIEH PEANHIANUN Ty CAYYAHHOH BbI-
6opk# X, M3 reHepalbHOH COBOKYNHOCTH X, HA3bIBAIOT QYHKIHIO
pn(z), KOTOpPadA BO BCeX TOYKAX HHTepBata J;, i = |, m, npuHHMaeT

nl
JHaveHue —, a BHe HATEpBATa J paBHa HyaIwO, T.e.
n
1
Al x E J%; =
pal(z) =< R (1.5)
0, z¢J.

I'pagpuk pyukuun p,(z), npescrapagionluii coboil KYCOYHO NOCTO-
AHEYXO QYHKIKIO Ha TPOMeXKYTKe J = [2(1), Z(m)], Ha3HIBaIOT 2uc-
mozpasmmod (puc. 1.2).

p{x)
L] |]--
.
St e
' 4 ] LY
st 4 3 ) AL
' : ' ‘ i ' —
i ! ‘ A ' i —
NETRF L ‘ e B sl H £
| (NN, s, . Jis x
Puc. 1.2

YacTo reCTOrPaMMON Ha3HIBAIOT AHATPAMMY, COCTABACHHYIO H3
NpAMOYTONLHMKOB C OCHOBaH#AeM A H BricoTaMi n;/(nA), i =1, m.
HeTpyaro yBAAETH, 4TO CyMMapHasf MJOWAAb BCEX N PAMOYTOAbHH-
KOB, 00pasyiolax Takylo jnarpaMmMy, pasHa 1, Tax Kak

m m
4 1

E —=— E ny = 1.

: T ({2

=1 = g
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Kpome Toro, nmiouia b Kax 10T0 NPAMOYTOIbHEKR 71; /72 €CTh JaCTO-
Ta NOMa aHKA JJAeMEeHTOR BROODKE B COOTBETCTBYIOMWAN HHTEPBAN
J; craTHcTAYecKoro psja.

PaceMmoTpuM caydaiinyio Beuwunny n;(X,)/n, xoropaf gas

KaXKJ0U pealu3alie T, CAYTaiHOW BHIOOPKH K paBHa dYacToTe
ni/fn. B cooTBeTCTBMWM ¢ 3aKOHOM OOALLIKX YHCel B (OpMe
Bepuyann ng()-('n)/n npy 1 — 00 6YAET CXOAUTRECA N0 BEPOATHOCTH
K BEPORTHOCTY NONAJAAHMA CiYIARAOH BeAMYHEE X B NPOMEKYTOK

Ji,t=1,m, T.e

) P pixen)= [ o

g

rae p(z) — NAOTHOCTH pacupejelends reRepanbioil COBOKYNHOCTH
X. Ecain giuda A TPOMeXyTKOB AOCTATOTHO Mada H O6BeM
BHIOOPKKM 7T BeJHK, TO C BepOATHOCTHIO, OAM3KOH K 1, MOXHO
YTBep»K JaTh, 9TO

"T_l- ] p(xl']A!
HAH
L5 —~
;z:fvp(x«'),
rie ¥; — cepejdHa npomexyTtka J;, i = 1, m. Takum obpasoMm,

npu GoaviioM o6beMe BhIGOPKH 7 H AOCTATOYHO MaJoM A ¢ Be-
POATBOCTBIO, BAN3KOH ¥ 1, MOXHO CIHTaTh, 4TO pn(z) = p(z).
WuuiMu croBamu, GyHKIAA py,(T) ABAAETCA CTATACTHYECKHM aHa-
JOTOM MAOTHOCTH pacupelenenuns p(zr), HaGA:0LaeMOH B IKCIEDH-
MEeHTE CAYYaliHOU BeJuiuHbl X .

Hapsay ¢ rucTorpammod HacTe HCOOAB3YIOT Apyroe rpadgiu-
Yeckoe NpejCTaBIeHEE JAA NMPHOIHXEHHOTO OEMCAHHA (YHKIUM
p(z), KOTOpOE HA3KIBAIOT Rosu2oRoM wacmom. [lo onpenelenwio
NOAATOH 4acTOT — 3TO JOMaHafd, OTPE3IKH KOTODPOH COEAUHAKT
cepefHHBI TOPHIOHTAABHBIX OTPE3IKOB, 0OPA3YWUIAX APAMOYTOAb-
HHKH B ructorpamme (puc. 1.3). IloAKCOH HacTOT RCIOAB3YIOT

1.3 Hpe,qsapmmsas obpaborka DE3yABTATOB PKCIEPHMEHTA 37

TakXe B TOM CAyHae, KOT/Ja B 3KCIepHMeRTe Habal0AalT AMCKpeT-
Hyo cayyaluyo Beauuany X. B oTom caydae nmo ocd abeumec
OTKABALIBAIOT BCE BOIMOXHHE (pa3jIHdHble) 3HAYCHEA CAyYaHHOM
BeMIUBB X, MONY4YeHHBIE B JKCTIEDAMEHTE, & 110 OCA OpJAMHAT —
COOTBETCTBYIOULHE TaCTOTH P; = 7; /7, H COCEAHHE TOYKE COSANHA-
0T OTPE3KAMH TPAMON.

pa(x)

Puec, 1.3

IIpamep 1.5. Usmepen poct n =500 ciyaenron. PesyrsTathl
Y3MepeHHT OPEeACTABICHM B BAJIE HHTEDBANLHOIO CTATHCTHYECKO-
ro pafa (Taba. 1.4).

Tabauya 1.4
[145,150) | [150,155) | [155,160) | [160,165) | [165, 170)
1 2 28 90 169
[170,175) | [175,180) | [180,185) | [185,190) | [190, 195]
132 b5 16 6 1

[Tocrpoum rucTorpaMmy — rpadux SMOHPAYECKOH ILAOTHOCTH
pacnpefeleEAA POCTa CTYIEHTOB.

Jas mocrpoeHns rucrorpaMmsl (puc. 1.4) HYKHO HaHTH BBI-
GOpPO9HYIO HIOTHOCTD PAaclpe/ele s, HENoAb3yA hopMyay (1.5) u
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y4uTHIBaK, 4TO A =&t IIpamep 1.6. B yciopuax npumepa 1.4 MOCTPOEM MNONKEOH

qacToT. 14 3TOTO HadfeM OTROCHTeIbEEE JaCTOTH KaXJoro U3

1 . €145, 150); 2/eMeBTOB BLIOODKH ¥ NpeJCcTaBEM De3YJAbTaThl B BUAe TaGAHILI
2500 (tada. 1.5).
2
b 155);
00! * € {150, 155); Tabauya 1.5
28 .
seagr © € [185,160); 2y [ 106 [ 107 [ 108 [ 109 [110 [ 113 [ 112 [ 113
0 ;e [160,165); L e T L e T N i B A U R a5
2500 n 20 20 20 20 20 20 20 20
169
g 1656, 170); Py o
pulz) = 4 2500’ €l ) ocTponm Touky ¢ KoopanBaTaMB (z(;);n:/n), i =1, 8, coexn-
215%, z €170, 178); HHM HX OTpe3kamu npameix (puc. 1.5).
55 n
=2 175, 180); o
ww' ©C [175,180) ™ 1
18 £ e[180,185); Ry — e RS Ta :
2500 ‘
5 ze[185,190); bipvi
L;, z € 190, 195). ; ; ; P el
2500 106 107 108 109 110 111 112 113 x
Puc. 1.5
pa(x) ] — S
P Brifopousnsie uMcioBnie MOMeHTHI. [lycts X, — cay-
5 | ualinas BeI6OpKa B3 FeRepalibHON CoBoKynHocTH X ¢ dyHKnueH
i, ! . : | Ppacnpegenenus F(z) (# nIoTHOCTEIO pacnpejenesns p(z) B cayvae
— - HempepHIBHOH cTaTHCTHYecKoH Modenu). Hamomuum [XVI], sro,
i 3gad p(z) mam F(z), MOXHO 3aNKCaTh MATEMATHIECKOE OXUAAHME
""_"'“ bynkunu g(X) B Brjge
. = Y
ok 5% W o Mo(X) = [ gla)p(a)ds
— b - ,
Pamiipe agdwearn oSty wan -
' \ ) N ' ! ' oo
R J ] ] | P ws.c S S G
145 150 155 160 165 170 175 180 185 190 195 x Mg(X)= fg(x)dF(&"),
Puc. 1.4 i
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1.3. lIpeasapuTeasras 06paboTKa PE3YAbTATOB IKCIEPHMEHTE 41

rAe mociefHuN HHTerpan ecTbh wuTerpars Pamana — CruaTbeca
[XI). Mpu g(X)= X* mam g(X) = (X ~MX)*, k21, nonysaem
COOTBETCTBEHHO HAYAJNBHEIE MOMEHTH g ¥ LEATPATbHBIE MOMEH-
Tht ™y k-TO NOPRAKA CY9afiHON BeNHYHERE X

me = M(X*) = jﬁdp@): /xkp(z)afx,
r‘hk=M(x_MX)k=[(x-Mx_)’*dF(z)=/(x-MX)*p(z)dz.

B vactroctu, npu g(X)=X B g{X) = (X - MX)? nonyyaem
(OpMyIRI COOTBETCTBEHHO JA8 MaTEMaTHIECKOro OXHAAHEA H
ZHCOEPCHH CIYYalHOH BeTHYEHEl X .

Bce ot wucaoebie zapaxrmepucmukt B MAaTEMaTHYeCKOH
CTATHCTHKE HA3BBAT MEOPEMUNECRUMY (NIK 2ZEHEPAIbHLIMU
YUCAOBLIMU TAPARMEPUCTMUKAMIL, T.€. OTHOCALIMMUCH K FeHe-
PAJIBHOH COBOKYIHOCTH).

Tax e, kax pyskuuaM F'(z) uaa p{z) Mbl CONOCTABANTA UX CTa-
THCTHIECKKE ABAJOrE — IMIHDHYeckre GyHKUAM F,(z) B pa(z),
[OCTPOEHHKLE NC BLIOGOPKE Ty, MOXHO KaXIOK TeOpEeTHYeCKOH YH-
CIOBOH XapaKTepHCTHKE CONOCTABHTH ¢e CTATHCTHYECKHN aHalor,
eClH B COOTBETCTBYOIUUX GOpMYNax, NPUBeJEHHLIX BEIlle, 3aMe-
guTe F(z) 5a F,{z), a p(z) ra p,(z).

CTaTHCTEYECKNE AHAJIOTH TeOPETHYECKHX YHCJAOBBIX XapPaxTe-
PHCTHK MOMHO HOJY'IHETH H3 CAEAYIOUINX COOOPaXeHui.

Kak oTmetanocs B 3aMevanul 1.2, 1106yi0 BRIBOPKY T, MOKHO
PaccCMAaTpPHBATH B Ka4eCTBE reBepanbHOd COBOKYMNBOCTH IMCKpPET-
HOl CAY9aRHON BeaHYHHM X, Bce 3HAYCHAA KOTODOK pPaBHOBEPOAT-
HEHI, T.€.

P{X':JJ;}:%, t=1,n.

[o onpejeneHuo HaYalbHEE H LeHTPalbHble MOMEHTbL k-T0 NOpPAI-
Ka TaKOU MeHepaibHOH COBOKYIHOCTH COOTBETCTBEHHO PaBHLI

rie

-~ 1
E=P51=_in- (1.6)

Yacaa fg, Up eCTh 3HaYEHNS 6n60poukbz Tapaxmepucmur {cma-
mucmux)

rae

-X-zﬁi( ;}:lth (1.7)

T.e. fy = ix(Zn), Or = V().
Br6opounyio xapakTepucTHKY

l Tl
- v k
P:k(X?i) == § .Xl
n
1=1
HalLIBaT 6LISOPOUHLIM HANAALHLIM MOoMenmom k-20 no-
padra. B 4acTHOCTH, BHBOPOUHBIH HaYalbHBH MOMEHT NEPBOTO
nopagra X = U1 (X,) BasHBaOT 8bib60pouNbIM CPeIHUM.
BH6opoanyw xapaKTepicTBKY

— = 1 = = k
Pe(Ka) = =) (X = X) (1.8)
i=1
BA3LIBAIOT 6bIGOPOUHIM UEHTRPAALNLIM MOMENTOM k-20 no-
Padxa. B wacTHOCTH, BHISOPOYANE UEHTPAILHEIH MOMEHT 2-To
nopagka 62{X,) = 1,(X,) HasblBaOT 6b160pounotl Jucnepcueti.
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BriSopounyw xapakTepucTrky &(X,) = \;82()(“) Ha3BlBAIOT
60i60pOUHBIM CPETHUM KEAOPAMUUKLIM omKaonenuem. Be-
JMYHHBL

(1.9)

(1.10)

ABAAIOTCH CTATACTHMECKAMH aHAJOI'aM¥ COOTBETCTBEHHO JdAcCTep-
cun 02 =D X u cpegHero ksajJpaTHYHOrO OTKAOHEHUA TeHepalb-
Hol coBokynaocTH X.

Yucra F, 6%, 0, Hy, DUk OyJeM HadwBaTb COOTBETCTBEHHO
cpedutim 3nauenues (M1 cpejHuM), ducnepcued, cpednum
KEGOPEMUUNDIM OMKAOHEHUEM, NOGUAALHEIM MOMENTROM H
YEHMPAABRBIM MOMENMOM k-20 nopadxa ebibopru.

Bufopoyane XapakTepMCTHKK MOXHO BBECTH TaK)Xe K OpH
PACCMOTpPEHAK BHOGOPOK W3 MHOT'OMEPHBIX MeHepaibHRX COBOKYN-
HOCTEH.

Tak, sHanpumep, paccCMOTPHM CIYYAAHYK BHIOOPKY (Xﬂ }7ﬂ)
obvema 1 B3 ABYMEPHOH renepalbHOR coBokynrocTH (X, Y).

Br6opoinyr XapakTepACTEKY

o m i e (2
K(Xn V)= =3 (Xi-X)(¥i-¥) (1.11)
=1
Ha3HBAOT 6bI60POUNDIM KOPPEARUUOHNLIM MOMEKTIOM.
BuibopouHyo xapakTepHCTHKY

5()?71!}771) = ) (1.12)

rie
UK = 23 (=X, AT =LY (M=),
=1 i=1

HA3LIBAIOT 6BIGOPOUNbLIM KOIPPUYUEHMOM ROPPEAAYUY.
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3HauveHus f((fmﬁn) u p(€n,¥n) BHOGOPOYHOro KOppenflduoH-
HOr'o MOMEHTa W BRIOOPOIHOTO KOXh(GHUUHEHTa KOpPeXAuuyw, rge
(Zn, §u) — peasusaunsa caysaitnoit subopxn (X,, Y, ), 6yzem co-
OTBETCTBEHHO 0B03HAYATD I?ry H fiyy, Ha3bIBAA KOPPEARUUONKLLM
smomenmonm suiboprt (I,, §,) H RoadPunuenmon xoppeas-
Yuy euibopxu (Ln, Yn).

3ameuanue 1.3. [lps Goabliux 7 0T BHOGOPKE Iy HacTo
NepeEXORAT K MHTEPRANBAOMY CTATHCTUHecKoMY psAy. [lpm sTom
3HAYEHEA F, 02 o I?xy COOTBETCTBEHHO BRINKCAAKT N0 QOPMYyAaM

243
T= ) P, (1.13)
=1
=Y "5z -5)% (1.14)
=1
Exy =Y 5:(%-7)(# - 7). (1.15)
=1

rje p; =n;/n — OTHOCHTeAbRAA YacTOTa COOHTHA {X € J;}, i =
=1,m, a y; u T UMEIOT TOT Xe CaMblfi CMBICA, 9TO ¥ Zx U T, HO
AN CAydafiBoR BeIMMMAR Y. #

Ocnoproe cBORCTBO BRGODOYHBIX MOMEHTOB, KaK HasalbHEIX,
TaK B UeHTPAILHLIX, B B TOM THCIC BWGOPOTHOLO CPesHero X i
BrGopoyunci gucnepcun 62(X,), cOCTOHT B ToM, YTO np4 yBe-
TuieHHH ofbema BuIGODKH 7 OHH CXOZATCA 00 BEPOATHOCTH K
COOTBETCTBYIOIKM TeOPETHECKHUM (TeRepaabibiM) MoMenTam™, B

> P —~ D P
1aCTHOCTH, TipH 7t — 00 nmeeM X — MX, a ¢3(X,) — DX.
n—4o0 n—P00

DBojee TOro, MOXHO HOKa3aTb, YTO pacnpejetente BHIGOPOY-
HbIX MOMEHTOB ABMALTCA ACHMITOTHYECKA (MIPH R — 00} HOPMAk-
HbiM.  Tounble GOPMYIKPOBKE 3TAX YTBEDXJEHHH B HEKOTOPBIX
HACTHRIX CAYYaAX OyAYT NpHBeJeHb! B AadbRellleM HIIOKEHHUH.

*Cwu.: Kpamep I
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1.4. Pemuenye THNOBHIX NpUMepOB

IIpaMmep 1.7. B peayibTaTe okCnepHMeHTa NOAY4YeHa sbibfopxa
obvema n="79:

b I O T LR LI I | T L R P

4; 3 3 5 L 0 25 4 3, 27 %5 3 3 L

3rod L LG %% 1 4% 1T & 3 & D x
3 %8 B L 45 KL 408 34 KL Puec. 1.6

3; 6, 4; 1; 3; 20 4, 1; 3; 1; 0; 0; 4; 6; 4;

7 4; 1; 3.

Yro6ul HaWTRE BLIGOPOUYHYK (QYHKIAK pacopefelesnsd, HYKHO

0BaTh OTHOCHTEIbHREIE SaCTOTHI:
[MocTporm emamucmuveckud psd, NOAUZON HACMOM, IMNUPU- noc1ef0BATENLHO CYMMAD

veckyo GyHKyu0 pacnpededents B HAPHCYEM ee T'padnk, EadgeM
A? o~

z,0° 0.

(10,0000, z<0;

0,0506, 0<z<g 1,
02152, 1<z£2;
0,3924, 2<z<3;
Fo(x)= ﬁ 06962, 3<z<d;
0,8087, 4<z<K5;
0,9367, 5<z <6
09747, 6<z<T;
[ 1,0000, =z>7.

HapMmerbUInil dsemenn 6p160pxy (HEPBHA YieH 8QpUAYUONROZO
pada) (1) =0, BanGoabwud — (7 = 7. CocTapim CTATHCTH T

CKEE pAJI, PACIONOKHB BCE JIEMEHTH BHIOODKH B HOPSJKe BO3pa-
crauus (taba. 1.6).

Tabauya 1.6

e 0] ]2]3]4]5[6]7

8
me |4113)1412411613 )32 Elnk=79 Tpacduk pymkuns Fn(z) — crynenvaTas Kpusas (puc. L.7).

F,Lix)

CrarncTAvecKdd paj COZEPXKHT BoceMb 3uemeHToB: 0, 1, 2, 3, P et T
4,5, 6, 7. Jas mocTpoerrA moaurosa 4acToT (pHc. 1.6) caegyer i :
BHYHCAHTH OTHOCHTEABHEIE YaCTOTH Nk /N KaXJ0TO A3 3JEMEHTOB : i : i
CTATHCTRYECKOT'O pAjga: } ' ‘ i

151 4 Tig 13 g 14 .-q——i -: ': .: E

— = — 0,006, —=—=x0,1646; —=—=0,1772; ~ ! ) : H :

n 79 n 79 n 79 : : : ! : '

ny M ns 16 ng 3 T S

. S8 =5 ~0,3038; 2= =g  0,2025; == =5~ 0,0380; — I

3 : " ) " o T 2 3 4 5 6 7 x

y ng

— = —=0,0380; — = — =0,0253. 1.7

n = 79~ 00880 =m0 Pue. 1
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1. OCHOBHHKIE [IOHATHA BbIBOPOYHOU TEQPHY

quTHBaﬁ, YTQ JJeMEeHTH BH60pKH NMOBTOPAKTCA, ¢ NOMOILILID

dopumyan (1.6) HaxoAAM cpeduee 3nauenue eu6opru:

b
B e
79

(0-4+1-13+2-14+3-24+
+4-16+5-3+6-3+7-2) =

C nomoupio dopMyans (1.9) HaxoanM ducnepcuio ebibopxu

1

o~

79

—((0 2.84)%-4+ (1-284)-13+(2-284)" - 14+

+(3-284)2- 24+ (4-284)%- 16 +(5-284)° -3+

a ¢ moMowbio opmyast (1.10) — cpeduee xeadpamuunoe omrLo-
d=v0o?1,54.

Ilpumep 1.8. MaMepena MakcHMalibHadl eMKOCTH 20 noacrTpo-
eYHHX KOHJEHCATOPOB, W pedyAbTAaThL uamepeHuil (B nakodapa-
xax) mpusedens B Taba. 1.7. CocraBiM CTATHCTHIECKHE DAJ H

HeHue eHBOPRY

+ (6 —2,84)*

NOCTPOUM 2UCTIOSPAMMY-

34 (7T-284)%

2,835.

9) ~ 2,3668;

Tabauyae 1.7
Howmep N
KOH/EHCATOPA I e O O T I I
Envxocts, nd | 4,40 |4,31[4,40]4,40(4,65]4,56|4,71 (4,54 |4,36 4,56
Homep
wonnaucazopa | 11| 12| 13| 14 15 |16 | 17 | 18 { 19 | 20
Emxocts, nd | 4,31 (4,42[4,60[4,35(4,50]4,40 4,43 [4,48[4,42[4,45

CraTHCTHIeCKAR pAL npeicTaBaer s Taba. 1.8, Hammensuiee

Jnavenne BHOOPKK (1) = 4,31, raubospuiee — Z(z0) = 4,71.

/L1 TOCTPOeHAA MUCTOrPAMMES pE3YAbTATH HaBAI0IeHAN Opea-
CTABHM B BHAE URMEPEGABNOZO CMAMUCTRUYECK020 pada, paidms

orpesok {4,31, 4,71] Ha nATH PaBHLIX NPOMEXKYTKOB (tabn. 1.9).

1.4. Peiteiyie THIIOBHIX IIPUMEDOB

47

Tabauya 1.8
ey | 4,31 4,35 (4,36 [ 4,40 (4,42 [ 4,43 | 4,45
i 2 1 1 4 2 1 1
x(i) | 4,48 | 4,50 | 4,54 | 4,56 4,60 [ 4,65 | 4,71
14
ml L] 1121 1] 1 |Sa=20
i=1
Tabauya 1.9
Ji 14,31, 4,39) |[4,39, 4,47) | [4,47, 4,55) [ [4,55, 4,63) | [4,63, 4,71}
n 4 8 3 3 2

Jawna A KaxA0ro noaydeHnoro npoMexxyrka passa 0,08. On-
peleluM IMBUPUECKYIO NAOMHOCTL paAcnpededenud, KCIOAb3Y A
dopmyay (1.5):

mfw = 2,500,

20%,08 = 5,000,

20 -3(':1,08 L

ﬁ = 1,875,

ﬁ = 1,250,
L0,

z €[4,31, 4,39);

z € [4,39, 4,47);

z € [4.47, 4,55);

z € [4,55, 4,63);

z € (4,63, 4,71);
z ¢ [4,31, 4,71].

Tpadux ¢pyukuun p,(r) (rEcTOrpamma) npescrasier Ha puc. 1.8

IIpamep 1.9.

MAKpOMETpaAX).

B pesyaeraTe namepenms guameTpor 200
BAJIMKOB M3 MAPTHH, H3TOTOBACHHOH OJHUM CTAHKOM-aBTOMATOM,
noaydYenbl OTKAOHEHHS H3MEDEHHLIX JHAMETpPOB OT HOMHKHana (B

cpejEee 3HAaYeHUe T ¥ ANCTIEPCUIO0 5° BHIGOPKH.

1.10).

Ppynnuposannvie danmbie NpeAcTaBICHE B BHJE
RETEepPBAMbHOTO CTATHCTHYECKOrO pAja (Tabd.

Hafgem
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' |
' ¥
'
! '
'

p,(x)
5r .-
af L
s :
r—t :
T

.

TUUUTI3 ags 447 45 483 411 %
Puc. 1.8
Tabauyg 1.10

Ji[[~20, —15)[[-15, ~10)[(~10, -5)[[-5,0) ] [0, 5)

n; 7 | 1 15 | 24 [ 49

Ji| [5,10) (10,15) | [15,20) ({20, 25)([25,30]

n; 41 26 L 17 7 3
L |

O6oapavyus depes 5:“[{} CepeJKHBl NPOMEXYTKOB J;, ¢
npeJCTaBEM TPYNNMPOBaHBLIe JaHHbe B BHAe Taba. 1.11.

Tabauya .11

Z; —17,5'—12,5 -7,5|-2,5]12,5(7,512,5(17,5|22,5(27,5
10

d 77 11 ‘15 24 |49141]| 26 17T7 3 |3 n =200
=1

Cpeauee 3Haderne, cornacio gopMyae (1.13), MoxHO npeicTa-
BHTh ciefyrolinM odpadomM:

:3|2-'3

e .
;§ iZ(i)-

1.4. Pemrerite THIOBEIX NpHMEPOB 49

B jgarsHOM cayuae n =200, m =
tabn. 1.11. Beivncana, Haxodum

1 .
z= ( 7175-11-125~15-75-24-25449-25+

200
+41-T5426-125+17- 17,5+7-22,5+3-27,5) =43

10, a 3navenus n; ¥ Z(;) HapH B

Jucnepcaio BHIGODKE HAXOAMM NO TEM ke JaHHKM C [OMOILbIO
dopmyan (1.14):
10

Ty 1 — 3
’= - xi i L1 -
gl:‘ﬂ (1) 2002'{3 (x(] 4,3) 200(7 218
+11-16,874+15-11,8%+24 . 6,8° 449182 +4] . 322 +
+26-822417-13,22 471827 + 3 - 23,22) ~ 83,84

IIpumep 1.10. M3 gsymeproi zemepaasnod COBOKYNHOCINY
(X, Y} nonyuena BeiSopka ofmema n = 20:

(1365,0,28);  (1375,0,38);  (1375,0,42); (1375, 0,31):
(1405, 0,33);  (1410,0,47); (1410, 0,60); (1420, 0,47):
(1425,050);  (1415,0,66); (1440, 0,65); (1385, 0,37);
(1390, 0,53);  (1395,0,38); (1450, 0,85); (1450, 0,93);
(1455, 0,60); (1475, 1,68); (1480, 1,45); (1485 1,80).

Haiiaem snavenne noppeasyuonnceo smomenma sbibopru

~ 1
Koy = ;;m ~ )y - ).
[Io BrGopke

1365; 1375; 1375; 1375; 1405; 1410; 1410;

1420; 1425; 1415; 1440; 1385; 1390; 1395;

1450; 1450; 1455; 1475; 1480; 1485
Haxogum

_ 1 &
T= 2—; z; = 1419.
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ITo embopke

0,28; 0,38; 0,42; 0,31; 0,33; 0,47; 0,60;
0,47; 0,50; 0,66; 0,65; 0,37; 0,53; 0,38;
0,85; 0,93, 0,60; 0,68; 1,45; 1,80
HaXOABM
L2
J=— , = 0,683 =~ 0,68,
¥ 20;3’

B pesyabraTe nojy4daem

Koy 516 ((1365- 1419) (0,28 - 0,68) + (1375~ 1419) (0,38 - 0,68) +
+ (1375 1419)(0,42—0,68) + (1375 — 1419)(0,31 - 0,68) +
+ (1405 — 1419)(0,33 - 0,68) + (1410 —1419) (0,47 ~ 0,68) +
+ (1410 - 1419)(0,60 — 0,68) + (1420 — 1419) (0,47 — 0,65) +
+ (1425 — 1419)(0,50— 0,68) + (1415~ 1419)(0,66 — 0,68) +
+ (1440 —1419)(0,65 — 0,68) + (1385 — 1419)(0,37 - 0,68) +
+ (1390 — 1419)(0,53 — 0,68) + (1395 — 1419)(0,38 - 0,68) +
+ (1450 — 1419) (0,85 — 0,68) + (1450 — 1419) (0,93 - 0,68) -+
+{1455 — 1419) (0,60 —0,68) + (1475 — 1419)(1,68-0,68) +

+ (1480 — 1419)(1,45—0,68) + (1485 — 1419)(1,80—0,68)) ~:10,955.

Bonpoch u 3aja4u

1.1. Yro Ha3LIBAIOT CAYYaiHOH BRIGOPKON, 06HeMOM BRIGODKA,
>JeMeHTOM BHGOPKH, pealuzamuell cayvansHod BHOGOpPKHA (sEIGOp-
Koi)7?

1.2. YTo HadBLIBAIOT [eAePalLHON COBOKYTHOCTSIO!

Bonpocsr u 2agadn 51

1.3. Kakue noBTopHee Habai0JeHAs (JKCIePUMEHTH) HadbiBa-
0T HE3ABACHMEIMHAT

1.4, YKaxuTe cBA3b MeX Ay dyHKUHed paclpeleleHu Caydad-
Hod sHIGOPXKM M dYHKUHEH paclpelefeHAs eHepaibHOH COBOKYI-
HOCTH.

1.5. YTo Takoe CTATHCTHKa, BHIOOPOYHAA XapaKTepHCTHKA?
1.6. YTto Takoe BrIGOpOUHbIe pacnpegeNeHna’

1.7. YToO Ha3bIBAKT BAPHAUMORHKM PAJOM ClIydaiHol BHGOP-
KM, BADHALMOHEKIM DHJIOM BHIGODKHU?

1.8. YTo Ha3RBAIOT CTATHCTAYSCKHM PAJOM?
1.9. Y10 Takoe HHTEPBAILELIH CTATUCTHUCCKAHR paj?

1.10. JaiiTe onpegesesne BHOOPOYHOH ¥ SMIUPHYIECKOH (YHK-
Uni pacnpefencHuA.

1.11. Jakre onpefescHue IMIAPEIECKON MIOTROCTH pacnpele-
JeHHA.

1.12. YTo Takoe rucTorpaMma’
1.13. Yro Takoe noanrou?

1.14. Yro Ha3biBalT BLGOPOTHBIM CPpefHUM, BHIOOPOYHOR AHC-
Nepcuel, BEIOOPOIHEIMH MOMERTAMM, BLIBOPOYHHIM KODPEeAIINOH-
HLIM MOMEHTOM, BRIOOPOIHEIM KOdh(PHUEERTOM Koppeaanuu?

1.15. HanuiivTe BhpaKeuns A CpeJHETO 3HaYeHHA, JHCIED-
CHH, Ha4aJbHOr0 # OEHTPaAbLHOTO MOMEHTOB, KOpPpPeldlAOHHOTO
MOMeHTa, KO3(P(MHIHeHTa KoppeldAnHd BRIGOPKH.

1.16. [lo peayapTaTaM HaMepeHul uMeeM BHIGOpKY 2781, 2836,
2807, 2763, 2858. CocTaBbTe BapEANUOHRHIE pAJL, NOCTPOWTE IM-
NApUYecKy 0 PYHKOHIO pacnpejeneHus u ee rpadmuk. BriumcauTe

T, 2.

OrserT: T=2809; 5% =1206,8.
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1.17. JokaXkaTe, 4TO AMEeT MECTO PABEHCTBO

SRPINEED B PR
58 (Xn) = =D X7 - (X%

1=1

1.18. [lo peayabTaTaM u3MepeHAN 3alaHa BHIOGODKa

3.7; 6,2; 5,2; 3.7; 6,2; 4,7; 4.2; 6,7;
T 5,2; 6,2; 4,7; 7.2; i T 4.,7T; e
5,2; 4.7; 5,2; 5.7; 4,2; 6,7; 5,2; 6,2;
5,7; 6,7; 5,2; 5.7; 5.2; 4,2; 52 4.7;
57; 4.2: 5,2, 6.,2; 5T 6,2; 5,T; 4,2
5,2; 5,7, 4,2; 5,2; 6,2; 7.2; 5,2: 4.7;
BT 6,2; 5,2; 4.7, LI E 6,7; T2 6,7;
7,2; 3,7; 7.7 3,2 3,7; 7.7; 5,2: 4,7

[To BHIGOpKe COCTAaBHTE CTATHCTRYECKHH DPH1, NOCTPOHTE THCTO-

rpaMMy, IMOAPHYECKYI0 QYHKUHIO pacupeiefeHEd ¥ ee rpaduk.

BrivucruTe 3aTeBUs SHCIOBHX XapaKTepUCTHK Z, 02, &.
OTseT: T=5,73;6%=1,187;5=1,06.

1.19, [Ips cBepiesinn OTBEPCTHH OJHAM H TEM XKeé CBEPAOM H

e e ——

NOCNeAYOLIEM H3IMEepeshd AMAMETPOB OTBEpPCTHH MONYYeHW AaH- |

HElE,
paga (Taba. 1.12). Hafigure 3navenns ¥ u 0.

Tabauya 1.12

yer) | (40,25, 40,28) | 40,28, 40,31) [ [40,31, 40,34) | [40,34, 40,37)
Rk 2 10 18 25
| ygey | [40,37, 40,40) | (40,40, 40,43) | (40,43, 40,46)
H
g 12 8 5 S n; =80
=1

OrBeT: Tx40,355;5,~0,04.

npeJcTapiledHble B BHAe HHTEPBaJBRHOr0 CTATHCTHYCCKOrQ |

Bonpocer # 3azaun 53

1.20. U3 xByMepHON reHepainHOH COBOKYNHOCTH CJeAaHa Bhl-
6opka ob6bema n = 60 (arEHe npEBeseHn B Taba. 1.13). Hajignre
3HaYeHKEe BRIOOPOYHOro KO3 pROHEHTA KOPPEILLHM.

Tabauya 1.13

| [ 4100 [ 4300 | 4500 | 4700 | 4900 | 5100 | 5300 | 5500 |
I

625 | 1 2 2 1

5,75 L 3 4 2 | 3 |

5,25 3 5 7 1 [ 1

| 475 2 5 5 | 3 2

| 4,25 1] 2 2

[375 B L [ [ [

Oreer: p=0,63.




2. TOYEYIHBIE ONEHKHA

Quano# B2 2a4a% MATeMaTHYECKOH CTATHCTHKY {cM. 1.2) Apas-
eTCA Oyenka HeW3BeCTHRX NapaMeTPOB BHOGPaHHOH napamempuye-
cxoll modeau.

O4enp 4acTO B NPHAOKEHHAX DACCMATPUBAIOT NapaMeTpuye-
CKYI0 MOZelb. B 2TOM cayHqae npejoaaraleT, 9TO 3aKOH pac-
IPEICICHAR 2EHEPAbHOY COBORYNHOCTNY IPHEHALIEKAT MEOKECTBY

{F(z:;f?-): 56 9}, rge BLI QYHKUHA pacnpejeleHds 3alal, a BeK-

Top MapaMeTpoB § = (81, ..., 8.) Hewsmecren. TpebyeTcs HadTy
oueHKy A4 § mId BeKOTOpOR (PYRKUMH OT HEro (nampumep, ma-
TEMATEYECKOrO OXHAABHS, AKCUEPCHH) N0 cayvatnod ebvidopxe
(X4, ..., Xn) U3 TeHEpaAbHON COBOKYNHOCTH X,

Harpesmep, npeinosoxum, 9To Macca X JeTall UMeeT HOp-
MaJbHEI 3aK0E PaClpejenenls, HO ero napaMeTpsl §; = u & f, = o2
HenaBeCTHH. HyXHO HaBTH NpubAEKeHHOE 3HaTeHNe NAPAMETPOR
O pe3yAbTaTaM HabMAeHuR 2y, ..., Tn, IONYYCHHBIM B IKCIEPH-~
MeRTe (N0 peanmdaild CAYHaAROH BHIGOPKA).

Kak yxe otmevasock {cm. 1.2), B MaTeMaTH4eCKOR CTATHCTH-
Ke CYWECTBYIOT ABa BUMA OUEHOK: MOUEUNLIE H UHMEpEdabKble. B
ITOE IMaBe GYIYT PACCMOTPEHE TOYEYHBIE ONEHKH, & UWHTEepPBalb-
HHIM OLeHKaM NOCBALIeHa CIefyioulad Iiasa.,

2.1. CocTosaTeabHule, HeCMELeHHEIE
H 3¢deKTUBHEIE OLEHKH

Mycts X, = (X1, ..., Xn) — cayuaiinas ebibopra H3 2enepaib-
nol cosoxynrocmu X, GYHKURA pacapefesenus F(z;8) xoropoi
R3BeCTHA, 3 0 — Hen3IBeCTHWH MapaMeTp, T.e. PACCMATPUBaLTCH
NAPAMEMPUNECKAR Modeb {F(x;G), fe 6} (&a1 UpOCTOTH M3AO0-
xenuf GyaeM CYMTATh NOKa, 4T0 § — ckausp).

2.1, CocToaTebnnle, HeCMEMECHREE U D EKTUBHEE OLIEHKY 55

TpebyeTca NOCTPOHTH CMAMUCTIUKY §()fn), KOTOPYIO MOXHO
66010 66l TPRHATL B KaYecTBe moveunol oyenxy napameTpa b.

NaTyuTHBHEO ACHO, YTO B KayecTBe Ooyenxu napameTpa § Mox-
HO HCUOAB3OBATh pas3inuHbie cTaTucTHkU. Hanpumep, B KavecTse
TOICYRON OLEHKHE 444 i = M X MOXKHO NpefloKATh TakHe CTaTHC-
THKH:

- _1¢ wp oy X+ X
X"‘E;XI‘ ] (X'n)-‘—_2_-—_:

1
5()?,,) = E(X[g) 24 X(§+l]): n — YeTHOE;

X(%._l), 7 — HEYeTHOE.
Kaxyio e M3 2THX CTaTHCTHK Opeanovecth! B obuem caywae
BYXHO JATh OTBET Ha BONPOC: KAKHMA CBOMCTBAMH JOoMKHa 061~
J1aTh CTATACTAKA @(Xl,...,Xn) = G(Xn], 4To6sl 0Ha GBLTa B HEKO-
TOPOM CMBIC/IE HARAYlllel oneHKol napameTpa 87 PaccMoTpenaio
TpeGOBAHMM K OUEHKAM H METOAaM KX HAXOX JeHHA NOCBAINEHa Ha-
CTOAILUAA TMIABA.

JaMeTuM, YTO B JanbHeflleM, KaK NpPaBuIo, 6yleM TOBOPHTL
of ouenke napameTpa § napaMeTpBYecKOH MOJEAH, XOTS BCE CKa-
JAHHOE MOXHO NePEHeCTH K Ha QYHKUKO oT 4.

Onpegenenne 2,1. CraTHCTHKY é‘(ffﬂ) Ha3blBAIOT COCIRO-
Ameabrott oyenxod napamerpa 6 € ©, ecain ¢ pocroM pbLemu
6biGoprYu 7 OHa CXQQUTCA MO BEPOATHOCTH K OURHHBAEMOMY Iapa-
MeTpy 4, T.e.

o

P
8(,Xn) n'_—?x)a 8.

Unpimu crosamd, A8 COCTOATENBHOU OUEHKH g(fn) OTKJIOKE-
RHe ee oT & Ha BeAHYHAY € ¥ §0Jee CTAHOBHTCA MANOBEPOATHBIM
npu GoablioM 06BeMe BHBGOPKH. JTO CBOACTBO OUSHKH ABARETCH
OYeRB Ba)KHLIM, 160 HeCOCTOATENLHASA ONeHKa DpaKTA41ecky Hecno-
Je3na. JAHAKO CAeJYeT OTMETHTH, YTO Ha NPAKTHKE [IPUXOIHTCA
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OUEHUBATL HEK3BECTHRIE JapaMeTpPHl # [IPH MaibX ofbeMax BH-
SopxH.

EcrecTBennniM ABageTCAa TO TpeboBaHne, UPH BLINOAHEBHH KO-
TOPOro OUeHKa He JaeT CACTeMATAYECKON NOTPEIIHOCTH B CTOPOHY
3aBLILUEHKA (BAK 3aHWXKEHHA) MCTAHHOrO 3HadeHus NapaMeTpa f.

Onpeaenerre 2.2. CTaTHCTHKY 5()2,,) HA3RIBAIOT HKECME-

wennoti oyenxott napaMerpa f, eciy ee MaTEMATHIECKOE OXIH-
fanve copnafaet ¢ 8, T.e. MA(X,) =@ ans a1060ro GuKCHPOBAH-

HOTO 1.

Ecan ouerka apagercs cmergennoti (T.e. IoCAe HRe DABEHCTBO
He AMeeT MecTa), TO BedydAHa cMmelnenus b, () = M@(X'n)—
Kak MB! YBHIMM jJalee, CMeilleHHe ONEHKH YacTO MONHO ycTpa-
HH'TH, BBEJA COOTBETCTRYIOULY) NONPABKY.

ToBOpAT TakKe, YTO OYENKA 5()?,,) ABAAETCA QACUMRTIOMU-
wecKy HecMeusernnot, ecan UPKE 1 — 00 OHA CXOAWTCA NO BEpPO-
ATHOCTH X CBOEMY MATEMATHYECKOMY OXHIAHHK, T.€. 414 J1060ro
>0

lim P{|8(

lim P{|B(X,) - MB(X,)| <} =1.

[1peAnoIoKEM, 1O EMEIOTCA Be HecMelleRELe ouenku 6(X,)
n 8(X,) ans mapamerpa 8. Ecaw aucnepcan D(X,) w D8(X,)
¥AOBJETBOPAIOT YCIOBHIO

D#(X,) < DI(X,) (2.1)

gl £ mo6oro dukcupoBaHHoro n u 8 € ©, 10 crefyer MpernovecThb
onenky B(X,), nockoabky paspoc cratucTiku §{X,) oTHOCHTE -
1o napameTpa  MeHbiue, YeM pasfpoc CTATHCTHKA ﬂ(fn)
Onpegeneune 2.3. Ecan B HeKOTOPOM KJA&CCE HECMELUEHHBIX
OUEHOK MapaMerpa 8, MMeIOUWHX KOHEYHY O JUCNEepCHID, CYUIECTBY-
eT TaKaf ONeHKA B(X ), 4T0 HepaBeHCTBO (2.1) BHNOAHSETCA fAf
BCEX CIIeHOK 8( {,) M3 3TOr0 KIacca, TO TOBOPAT, 4TO OUEHKA
g()fn) ABafeTcd addermusnolt 6 daGHHOM KRAGCCE OUEHOK.

2.1. CocToaTembHnle, HECMEUCHHREe H dgibeK THBHLIE OUEHKH 57

Wyemna croBaMu, gucnepchs 3bdexTUBHON OUSHKH NapaMeTpa
B HEKOTOPOM KJaCCe ABIALTCA MHEUMAJLHOR CpeAy AMCNepcHH Beex
DUEHOK H3 PACCMATPHBAEMOTO KJACCE HECMEUISHHLIX OlEHOK.

3amegannme 2.1. DpdheKTUBHYIO ONEHKY B K1aCCe BCEX HecMme-
LEAHKX OLUeHOK 6yfeM Ha3biBaThb sdpdexmuenod oyenwoti, ne
[o0aBIAA CNIOB |\ B KJacce HeCMEleHHKX OlUeHoK *

3ameyamme 2.2. B auTepaType no MaTeMaTH4Yeckodf cTa-
TECTHKE TMPH PACCMOTPeHHH DIapaMeTPHYeCKHX MOAeiell BMecTo
TepMHHa | >dpexTHBHAA OLeHKA" B KAACCe BCEX HeCMEeleHHbIX oue-
HOK HCIOABIYKOT H Apyrue: , HECMeEInenHaf CleHKa ¢ MHHHM&J’H}HOﬁ
AECnepcHel“, onTHManbHafd OLeRka‘.

Teopema 2.1. Onenka

‘dli—'

-ax

(6ti6opounce cpednee) MaTeMATHYECKOTO OKHAAHHUS
B=MX =y

FeHEPAIBLHOH COBOKYMHOCTH X ¢ KOHeYHOH gucnepcHell spaserTcs
HeCMEIeHHOH, COCTOATEALHON ¥ D(heKTUBHON B KIACCE BCEX Ax-
nedubiz oyenon, T.e. ONECHOK BHAA

n
6(X,) = E o X,

n
PAe 3 @ =1, N8 APOU3BOALEON NMapaMeTpHIecKol MOASTH.

i=1
<« Hanomuem, 4ro saementol X;, i= 1, n, CAYMaHHOH BHIGOPKH
Xy ABASIOTCH HEIABMCHMBIMH CAYYANHELIMH BeIRYKHAMY W pacnpe-
ACNEHHBIMH Tak XK€, KaK M CaMa TeHepasibHaf COBOKyIIHOCTb X.

Crezoparersuo, MX MX=puDX,=DX=¢%i=1 n
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2.1. CocToAresbHule, HECMEIEHHRIE H JbPex THEHIES OUEHKH 59

B cHAY CBOHCTB MaTeMaTHYECKOTO OXHIAHHA HMeeM
1 n

MX = M(- 5 jX,-) —
Ly 1
=

4TO i JOKAIKIBALT HECMELeHHOCTh OLCHKH X .

Jlasee, TOCKOJALKY HOCAEI0BATENBHOCTS X1, s
ge3aBECHMHBIX OJHHAKOBO paclpefeleHHBIX CIyYalHBIX BENHYHH €
koHe9HOH ABCOEepCHeH, To B CHAY 3akoHa 6oablIMX YHcea B popme
Yehruesa 4as aoboro £ > 0

IRIEEE
-— 1= —RU =G,
ni:l B g g

P{IX -ul<e}—=1, n—o0,

r.e. oneBka X CXOATCA NO BEPOATHOCTH K OLEHHBAEMOMY Mapa-
MeTpY, & 9TO U 03Ha92eT ee COCTOATENLHOCTD.
[loxaxeM Tenepkb, 4To

Dza,x ZD X

JMOCTHT2ET CBOErC MHHMMAALHOLO 3HatdeHMA Opm a; = 1/n, T..

ZazDX = 022a

i=1

xoraa otieika 8(X,) = X, 4To n o3navaeT >pHeKTHBHOCTE ONERKH
X B Kiacce ARHEHABIX OUEHOK.
JI1% OTHICKAHHR YCAOBHOTO MEAMMYMa GyrKuEd [V]

e
_ 2
glag,...,an) = E %
=1
HPE OrpaHquHHH

i a; =1
i=1

coctasiM pyrknnio Jlarpanxka [V]

):iﬂ?+)&(iai—l),

i=1 i=1

L(Gl,...

L Onj A

X, COCTOHT H3

rge A — MHOXHTeab Jlarpanxka. Heo6xogumbie YCAOBRA cyLIecTBO-
BAHHA YCAOBEOIO JKCTPEMYMa VMMEIOT BUJ

3—L=20lg‘+/\—0; 3:TT;:
Ba,-
AL
3_,\ = Z x; 1=0
Pewus >y cucremy, vaxofaM A= -2/nu a;=1/n, i=1,n, u

y0ex zaeMCca B TOM, 4TO [IPH 3TWX 3HATEHUAX APCYMEHTOB (DYHKLHA
gloy, ..., o) NMEET YCAOBHEIE MEHAMYM. B

3amevanue 2.3. MOXHO 40K23aTh COCTOATENLHOCTS ONEHKH
X A1 MaTeMaTEYECKOTO OKHAAaHHUA (ECAH OHO CyIeCTBYeT), He
Ipeanosarai CylecTBOBaHKHA KoHe4Ho#l gucnepcan D X. #

CroiicTBa ssibopounod ducnepcuu

i=1
OTpaX¥<eHH B c.ne,a.ylomeﬁ TeopemMe.

Teopema 2.2. Ecan X, — cayvaiivas Bu6opKa A3 reHepaib-
HOH COBOKYOHOCTH X ¢ KOHeWHOH AmcnepcHedl o2, To BuIGopounas

Aucnepcns 62(X,) — cMelleRHas COCTOATeNbHAA OLUeHKa o2,

<« [leficTBRTEABLHO,

(K= 23 (Xem Xy = =5 (K p) - (K- ) =

i=1 i=1

Z(X —B)+ = Z(X ay =

I—l :_l

-2(X - n(X -p)=

—

—Z Xi=p)?=2(X = p
:hzx #

=]

3

1
2 —
u)-f-n

= =3 (K- ) - (R -
=1

#)?.
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HCHOJIbfiy.ﬁ CBOHCTBA MaTEeMATHIECKOTO CXUEAHEAA, NOJAYIHM

Mﬁz(xn)——MZ(x w?-M(X - p)’ =
i=1
—}:MX - -M(X - ——ZDX DX =
1=1 =1
_l 2 0'2 n—l 2
_nncr - ?éUs

T.e. 52(X,) — cMellenHad OLUEHKA IS AHCIEPCHE.

Jokaxem, 910 EZ(X—,,) ABIAETCH COCTOATENbHOR OoneHkol. [lo-
Ka3aTeJbCTBO NPOBEJeM Aad CAy4ad, KOrfa reEepaabHas COBOKYI-
HOCTb UM€eT MOMEHTHI J0 YeTBEepTOro NOpPAAKA BKJAYHTENBHO H
HyJeBoe MaTeMaTRHYeckoe oxuianme. [locaegmee Jonyliense He
ABAAETCA MPHHUANHAALHEIM, Tak KakK JACNEPCAA HE 3IABUCHT OT
3HAYEHAA €6 MaTeMAaTHYECKOrO OXUAAHAA {OT TOYKH OTCYETA).
[Ipamerss BTOpOe HepaBeECTBO “JeGHUIeBa, HMeeM

P{|82()?n] nol 2|<s}>1—

Haitgesm gacrepenio #4(X,):

D&%(X,)
g2

1 — y —
=) (XP-2XX+X7) =
i=1 1=1

= —ZszQX ZX ++nX

i=1

FH(Xn) =

ZR:X,? -X
£=l

Bocnosabsyemcs M3BECTHRIM PAaBEHCTBOM, COLIACHO KOTOPOMY HHC-

TIepCHA CKAAfPHOH CAYIAAHOH BeHYHHE PABHA MATEMATHIECKOMY

OXKUAHAK €€ KBaApaTa MHHYC KBaJpaT ee MaTeMaTHIeCKOro OXK K-

JaRHA:
- 2
3%(X.))

D#*(X.) = M(5*(X,)) - (M

2.1. Cocroarensrrre, HecMEMeENHEE # S EKTUBHEE OLeHKH 61
[Mockoarky
~d 2 _ 1 - ~ 2 2
(%) = (D6 -F)) =

1=1
1 /e — id _
= S(E) TS

3aKJA4YaeM, ITO

ki3
M(5%(X,) ——M(zxj - Im(E Y a2 +Mx
n i=1
Hoayaum BHIpa)KeHAs A MaTeMaTHYIECKEX OMKHgaHMUi Tpex
CIaraeMblX, HCNOAB3IYA CBOMCTBA MATEMATHISCKOTC OKUAARHE I
HE3ABHCEMOCTh CNyJallBEIX BeARYRH X;, i = 1, N, KaX/afd A3 KOTO-
PHIX HMEET HyaIeBOe MaTeMaTHIecKoe OXKHAAHEe W JHCIEPCHIO 2.
Aas neproro craraeMoro ameem

M(3" x7)’ =M(ix;1+ 3 xix;) = S Mx!
i=1 .

=1 i,j=1 i=1

i
n n n
+ 2 MXIMXI=S" M+ Y 0% =nhy +n(n - 1)o*,
1-'.*?:.1 =1 f,3=1
i#] t#]j

Y106m BHYBCABTE BTOPOE craraemoe, npeofpaiyem ero:

M(ngXE) = %M((:lef)zgxf) -

=$ ((ZX2+ Z X; Xk)ZXz)
£
1 n n n n
= RTM(ZXJ?ZX?) +$(fo > Xij)-
=1 f=1

i=1 1E=1
i#k
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Tak xax

MngXk=iMX:‘MXk=01 k=1,n,

i=1 1=1

ik itk
TO
MZX2 Z X; Xy =
k=1
J#k % L
= Y MXIX;X)+2 ) M(XPX;)=0
idk=1 ii=1
i, ik, jk i#5
CaefopaTelbHO,
1 1 LN
M(XYoxE) = pM (02 -
j=1 =1
T n 1
= —M(ZX“+ = X?Xf) =—(n my +n(n - 1)ot).
i=1 t,5=1
i#j

AHATOrHIHO MOXKHO MOKa3aTh, 4TO

4+ my+3(n-1)o?
ZEZ(;X*-) 5= n3

B urore noaydaem

M(3%(Xn)* =

° a o
iy —304 4 my —304 2 ™My —50'4

nmg+n(n—1)ot  2(nmy +n(n - 1)o?)
n? - nd

+

my +3(n — 1)od
il ( )

n3 n n? n3

Nockonbky M5%(X,) = 0% — 0%/n, okomuaTeILHEO HAXOLAM

o o L
my —ot _ 2(m4 —20%)  my -30*
n n? * n3

D&%(X,) =

2.1. CocToaTembHEe, HeCMEIEHHIEE M 2P EK THBREIC OLECHKY 63

OTKYAa € Y4eTOM BTOpOr'c HepaBeHCTBa ‘JefuineBa H_caegyeT
COCTOATENBHOCTD ONeHk) 02(X,) Anf AucnepcHu o remepaibHON
COBOKYIHOCTH X. B

3amedarnae 2.4. V3 Teopemu 2.2 crejyeT, 4TO CTATHCTHKA

Sz(Xn) = ﬁ; (X ¥

ABASETCHA HeCMEUIeHHOH H COCTOATEILHOH OUSHKOH AMCNEPCHU &
reBepadbHON COBOKYNHOCTH. Ee HadwIBaloT ucnpasaenuot evi-
6opouroil ducnepcued.

JelcTBHTEILED,

2

Hueem

- n—1
M35 X,) = z . o =o?

n—1 n—1 n

MS*(X,) =

DS*(X,) = WD?(X,J -0
OpH 1 — 0O, OTKYJa U CIeJyeT HeCMellleHHOCTh H COCTOATEILHOCTS
S¥H(Xn).

OTMeTHM, YTO B JaibHejitieM ee BLIGOpPOYHOE 3HaYeHHe 6y IeM
oBo3navaTs S2.

3ameuarnme 2.5. Moxuo joxa3aTb, 9TC 6BSOPOUHBIE Ha-
NaqbHble H YEHMPAILHLIE MOMEHMbL ABISIOTCA COCTOATENLHBIMY
OlleHKaM¥ COOTBETCTBYIOIIHX MOMEHTOB T'eHepajdbHON COBOKYNHO-
€T, eCIH TOABKO ORHM CYIIECTBYIOT™. O HAKO 3TH ONEHKH, KPOMe
X, SBAAIOTCA CMeLIeHHKIMHA.

"Cm.: Hpamep I'., a Takxke: Houenxo I.H., Medsedes FO. H.
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IIpamep 2.1. [lycTs n — 4YHCAO BCORTaHHE Do cxeme bep-
HYJJH C HeH3BECTHOM BepoATHOCThIO ycmexa 6. PacemoTpmMm cay-
waituywo BeIGOPKY (X1, ..., Xp), rae X;, i =1,n, — caydaiinag
BEIHYHUHA, KOTOpad C BepOATHOCTHIO § npaxuMaeT 3HadeHHe 1
(,ycmex“ B i-M HCOBITaHWH) M C BEPOATHEOCThI0 | —§ — a3nHavenue
0 (,Heyaasa’ B i-M ACHBITAHHT).

B kausecTBe oueHxH f BOIBMEM OTHOCHTENbHYIO MacTOTY ycne-
XOB, T.€. §(}?n) = k(X,)/n, rie

eCTb CYMMapHOE YHC/IO YCIeXOB B 7 ACHBITAHHAX. OTa OUEHKa
ABAAETCA HeCMeuleHHOH, TaK Kak

o~ 1 1 1
MB(X)=-M(X1+..+X)==(MX, +...+MX,) = —nf =8,
Tn Ti T

H COCTOATENBHOMN, HTO HENOCPEACTBEHHO BEIT@KAeT A3 3aK0Ha 60Mb-
X yucen B (popme DBepuynan, corfacko xoTopoMy Ais awboro
>0 -

lim P{IM —pl <£} =1 #

400 T

B gaibHeduleM B COOTBETCTBHE ¢ YCTAHOBHBLUCHCA TpafanHenH

cratucTiky k(X,), TAK Xe Kax ¥ ee JHAUEHHE, 4ACTO Oy ieM
0003Ha4aTh NPOCTO CHMBOJIOM k. B KaXJoM KOHKpPeTHOM ciydae
JOJHHO BRTE ACHO, 0 YeM HJAeT pedb! O CIYYaHHOH BerHYHHE HIH
ee pealH3alHy, \

IIpumep 2.2. Ilycts X, ..., X, — cay4daiiBas BuGopka u3
reHepaAbHOH COBOKYMHOCTH X, WMeolled HOpMAJdbHOEe pacupeje-
JeHHie ¢ HEH3IBECTHRIM CPeJHAM 3HaYeHHeM § W M3BeCTHOH AWCIep-
cueit o2, e

Onerka § = #(X1,...,X,) = X, ABasercs necMelleHHOH A48 &,
6o M X, = MX =0, 4o He ABAAETCA COCTOATENBHON, TaK Kak,

BO-NEPBLIX, X| Be 33BHCHT OT O06beMa BRIGOPKHU ¥, CieJoBaTelbHO,

ee pa.cnpe,aenenﬂe HE& MEHEETCR] C pOCTOM n, a BO-BTOprX\,
2 -4 £2
P{IX, -6l <z :—/e‘%?dt 1.
{I 1 | } 0_\/2—?_r %
4]

Ilpemep 2.3. HuMeeM caydailHyio BHEOPKY X, uz reHepaibHoR
COBOKYNHOCTH X C PaBHOMEDPHEIM 3aKOHOM pacnpejefeHus

1

T ¢ € a, b 1

p(t:6) =< b-a fa, 2

0, t¢]a,b],

rde b—~a=1{-— udBecTHaf BeAHUHBa, § = (a+5)/2 — weuwsBecTHBI
napaMeTp.

BoabMem B kavecTBe ouenks napameTpa f cpeguee apHpMeTH-
YeCKO® KPAtNUT 4AEH06 BAPUAYUONHO20 pada

*® o X +Xn
7 (%) = T X,

Y6egumea, uro €% (X,) ABIfeTCA HeCMeEHHON OLERKO napa-
MeTpa # B B KJacce BCeX HECMEINGHHBIX OICHOK X He ABAAETCA
>pekTEBHOE ONEHKON NMapaMeTpa § Aad 3aiaHHON napaMeTpHye-
CKOH MO Tequ.

[lnoThocTH pacnpegesenus X(1)  X(n) Ha oTpeske [a, b] cooT-
BETCTBEHRO PaBHBI

px(l)(z) =n(1 - i:;)“'lﬁ, px(ﬂ)(x) = n(i:z)nvlb—]a

(eM. npumep 2.20). Buuucius

b—zyn-1 1 n
MX(”:fxn(b—a) b_—h(;m:b—n-!-l(b_a)’

o

a

z-a\"' 1 n
M"(n):/*””(b_a) ba Tt b

a
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NONY THM

a-tb
2 ]

MO (X)) = - (MXqy+ M X(n)) =

tOl"—‘

YTO B JOKa3EIBAET HECMELeHHOCTh oueHk# (&, ).
Janee, HCHOJAb3YA COBMECTHYIO NIOTHOCTL paclpeieneHus Be-
POATHOCTER cay4aliRbiX peAudun™ X1y ¥ X(n)

n(n - 1)y - )**

PX iy X (B:¥) = o) , a<xr<y<h,
B paBeHCTRO
D 1

1
(DX(IJ +D Xw) + 5 00V (X (1), X))

MOMHO NOAYHHTE

(b-a)’

DO (%) = St )

[Mockoabky

o 2 b
D6 (X.) < D(X) = % = (bmj !

n 23,

TO, CHEJOBATENbHO, B KJIaCCe BCeX HeCMelleH HEIX OUeHOK X He fBAfA-
eTca >peKTABHON ONeBKOH mapaMerpa § and paccMaTpHBaeMOH
NapaMeTpHYECKOE MOJENH.

Teopema 2.3 {0 efHECTBEHHOCTH ¢ deKTHBHOH ONEH-

xm). [lycts §(X—'n] g 8(X,) — ABe oddEKTHBHEBIE OUEHKA 1A
napameTpa @ paccMaTpHBaeMOE napaMeTpHIeckod moaeau. Toraa

B(Xn) = 6(X.),

"Cum.: Emeavanoe I'B., Cxumosuu B.JL.
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rje paBeHCTBO CJelyeT NOHHMATh B BEPOATHOCTHOM cMBICAe:
P{)E"n € {@n: 0(5,) # a‘(fn)}} =0

4 JeHCTBETENBHO, PACCMOTPHM CTATACTHKY

* 7 1 YR 7
0"(K.) = 3 (0(X,) +6(X.)).
[To ycaosuio Dg(Xn) = Dﬁ()?n) 3HaguT,

D" (X,) = %(D 0(X.) +DA(X.)) + %cov(é‘()?n),a( W) =

= % (D a(X-'n) + cov(é\()?n),ﬁ(iﬂ)))'

Nockoabky

o~

cov (8(X»),8(%0)| < Y DB(X,) DE(X,) = DO(X),

TO

Do (X,) = | 8(X,) +cov(B(X,),8(%.))| <

t\blb—-

1 o~ —
<5 (DX + cov(B(X,),6(X,
A Tak kak §(fn) — opdekTHBHAR OIEAKA, TO

D#*(X,)=D8(X,) =DE(X,)

U, KaK cleJCTBHe,

cov(8(X,),0(%.)) = DO(X,) = DE(X,) = /DB(X,) DO(Xn).

W3 nocregmero pasencrpa caegyer [XVI], aro
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Tak kak
D6(X,) = cov(k8(X,) +5,6(X,)) = kD8(X.) = kDE(X,),

To noayiaeM k = 1. U3 ycaoBHA HECMEUIEHHOCTH ONEHOK CAeLyeT,
o b=10

MB(X,) = MB(X,) = M(f(X,) +b) =M8(X,) +b

Takuum 06pasoM, §[)E"n) = g(fﬂ) >

B jaibHewimieM H3JOXKEHHH APY PacCMOTPEeHHH NapaMeTpHYe-
CKEX Mojeiel ByJeM HCOOAB3OBATH JudrbepenndpoBagHe OO Napa-
MeTpy NOJ JHAKOM UMIMEezpaaa, 3asuciuyjezo om napamempa. Ila-
paMeTpHYECKHe MOJENH, ZA1 KOTOPBIX BLINOAHEHH YCIOBHSR, obec-
Ne4YUBAOIIAe 3aKOHHOCTD YKAIAHHEIX Ollepauuil, Ha3LIBalOT peay-
AAPHBIME MOTEARMU.

Teopema 2.4 (nepasencmeo Pao — Kpamepa*). llycts
paccMaTpUBaeMad NapaMeTpUiecKat MOJeNb SBIAETCA PeryAAPHOH
¥ 5()-(‘“) — HecMeIlleHHas OleHKa HEeM3IBeCTHOro napamerpa 6.
Torja nMeeT MeCTO HepaBeHCTBO

Dd(X,) > (2.2)

nl(8)’

16)=M (_am;;(_ax;a)) .

3aeck /() — woauvecmeo undopmayuu no Puwepy™ B oa-
HOM HabmoZeHBH, a p(t;#} — WIOTHOCTL pacHpefe/eHAA TeHepaib-
HOH cOBOKYOHOCTH X B CAyJae Henpepoienod cmamucmudeckol
#odeau u BepoATHOCTE cobumraa {X =1} B caydae Jucxpemuot
cmamucmuseckott modea.

rae

*C.P. Pao — mmmmicianit matematrsk, K.X. Kpamep — umencxui MaTe-
MAaTHXK.

""P.3. Cruep (1890-1962) — aErTHACKHMI CTATHCTMK W TEHETHK,
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4 [oKasaTelbCTBO NpOBefEM ANa HempepusHOH Mofgend. IlycTsb
p(t;B) >0npute ACR u p(t;0) =0 npn ¢ ¢ A. Toraa naoTHOCTD
pacmpegeies s

n
Px., (7.8) Ep)?n(tl""stmg) = H}J(t,';ﬂ)
i=1

cayva@Hol BHGOpKY X, OTAMYHA OT HYJA Ha MHAOXKECTBE
B=AXAx..xACR",

rge T = (t), ..., ta) — BeKTOpHKI apryMenT. [lockoabKy

[e. 100 [ 5,007 =1,

R~ B

HMeenm
9 ) dpg (T.8)
39_/)?( 6—[ (T,0)d / 50 dT =0,
R~ B
BJIR
dlnpy (T,0)
/ };'Ea pg. (T,8)dT=0. (2.3)
B

Tak xax 6(X|,...,X,) — HecMellleHBAA OLenKa napaMerTpa 8, To

MB(X,) = ](T)p}z (T,6)dT = /

R"

vy (T.6)dT=8.

Takam o6pasom,

%/g(T)pXH(T,Q) dT=/§(T)pX“{T,9) ar =1,
R®n B
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HJAK, 1T0 TO XKe caMoe,

fé‘(:r) Mpx—mpxn (T.8)dT = 1. (2.4)

o
B

YMHOXHB paBeHcTBO (2.3) Ha mapameTp @ W BRIYTA ero 3 paBeH-
cTBa (2.4), IPAXOABM X PaBEHCTBY

/ g wp)?n(f',ﬁ] dT =1. (2.5)

B

Corsacuo HepaseEcTBY Kown — ByHAKOBCKOro, HMeeM

" ; dinpg (T,0)\°
1< (@) -0)7pg, @0 e [ (%) b (T,6)dT =
B B

~ 2
. Olnpg (Xa.0)
(Xn)M (—39 )

a3

=D

OTKYy/Ja H cAefyeT HEPaBeHCTBO (2.2), Tak Kak

Olnpy (X,,0) 2 dupy (X,,6) ?
M(# =/ ’%—3 pg (T,6)dT =
B
" Olnp(ti,8)\
n 1)
i=1

[( lnp t,,a}) )?,.(Tﬁ)dT:zn:M(W)z:
B

i=1
M(Blnp (X, 9)) oM

n

i=1
Al 2
(%) —nl(e).  »

HepaBencrao (2.2) onpejeiseT HHXKHIOKW [PaBHNY JHCIEPCHE
HeCMEWeHHEIX OReHOK NapaMeTpa § 448 peryiApHbiX Mogenel.

i=1
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Bennunny
1
el = ————=—=—
nI(8) D8(X,)
HASHIBAIOT noxa3amesem sPermusnocmu no Pao — Kpa-

sepy. Mo (2.2) creayer, 4T0 A14 21060l HeCMeUleHHOH OUNEHKH
napasmeTpa 8 Beauuuna e(f) ygosaersopsaer ycaosuio 0 < e(f) < 1.

Onpegenesne 2.4. HecMelleEHYI0 oyenny @(Xn) napaMeTpa
6 € O C R nasuBakT agpdexmuenoid no Pao — Kpamepy, ecin
nokasateas atdextusrocry e(f) = 1.

3amegarne 2.6. Papeucrso

DE(X,) = El@

HMeeT MeCTO TOrAa H TOAbKO TOI'a, KOI'Ja

Binpy (Xn,0) “
BN TR a(f) (6(X.) - 8),

9TO ABAAETCR HEOOXOAMMBIM M JOCTATOUHEIM YCIoBHeM obpalie-
nus RepaBercTBa Kowyu — Byuskoeckoro B pasenctso. Crefgoba-
TelsHO, 3TO PABRHCTBO S8AAETCA Rpumepuem dPdPermuaenocmu
das pezyaspubiz modeseti. [lpu >Tom u3 pasencrBa (2.5) cre-

ayer, ato a(f) = 1/D3( X»)-

3aMeuarne 2.7. J¢pdexkrrBEan ouetka no Pao -~ Kpamepy
AN paccMaTPUBAaEMOH DeryJApHOH MoJedu ARAAETCHE d¢epekTHR-
HO# (cM. onpefetenre 2.3). YTBepxk AeHKe CASAYET U3 TeopeMul 2.3
O eJMECTBEHHOCTHE J¢xpeKTHBHOH OLEHKHA B KJacce HeCMeLleHHEIX
onerok. OGpaTHOe yTBEPX AeEHe HEBEDHO, MOCKOABKY He Ji06ad ma-
PaMeTputeckas Mojfels ABAAETCA perylfapHod (cm. npumep 2.21).

IIpamep 2.4. PaccmoTpuM nopmaasuyio sodeas N(8,5%) B
NpeANoN0XKeRaH, ITO AHCAepcHs o2 mapecTHa. OueHKa

?é‘(in):?:%ix,-
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ABAAETCA HeCMellleHHOH /A HEW3BECTHOrO CpeiHero 3HateHHd § =
=y (cm. TeopeMy 2.1}). VY6egmmca B ee 3(peKTHBHOCTH MO
Pao — Kpamepy. Bo-nepsrix, B cHAY HE3aBHCHMOCTH 3JIEMERTOB

cay9aiinoil BeGopka X, = (X1, ..., X,) EMeeM

1< 1 o?
¢ Y — _E: . #_E: ey e
D(Xﬂ)_D( ‘ 1X1) = 2ﬁ‘_lDX‘ 7RO

Bo-BTOpPHX,

9 1 _[X —29]2 2
I(B):M(a—gln(me 20 )) =

e 1 (X -8\ (X-6) ¢ 1
_M(aa(ln\/g_n_—lncr+ 557 ) =M e
Cie 0BaTelbHO,

e(f) = —— "oy,

al@)DX L. o2
02

T.@. JAA HOPMaJdbHROH MOJeld X — 3(pPEeKTHBHAA OIEHKA HapaMeT-
pa .

IIpamMep 2.5. PaceMoTpum mMogens N (i, 8) B npeanonoxenns,
4TO CpejHee 3HaYeHVe § FeHepaibHOoil COBOKYNHOCTH H3IBECTHO, a
8 = 0% — HeH3IBeCTHHIH NapaMeTp.

IlokaxeM, 9TO

(o) = -3 (Xim p?

i=1

ABJISAETCA HeCMelUleHHOH H 3(pekTHBHOU N0 Pao — Kpamepy ones-
ko mapameTpa o2, JeficTBHTeIbHO,

~y, o 1< 1 & I 1
Msg(Xﬂ)=;ZM[X{—p)2zHZDX{:;zjag:Enoz:dg,

T.e. §2(X,) — HecMellleRHas OUEHKA.

—_—

Brrumcanm gacnepcro S2(X,):

DSA(X,) =MGYX,) - (M} (X)) =
- M(%Z(x,- ) o=

= n—lz(ZM(Xs St S M((X - (X, -,u,)2]) g
i=1

1,7=1

it
nm n{n—1 3ot — 8
_ n24+ (n2 ) 4 _ 4:_:;’_ n 104_U4=2i'
n n
3aTeM onpeeqnM uebopManaio no Pawepy:
7, RN Gl ) AN
I8 =M| — —_— 2a? =
®) (352 (ln \/2?1'0'28 j)
d 1 1 (X — )2\ 2
= ——{ln—=-=Ino%-
(802(n 97 QIHJ 202 ))
:M(_L_F(X—#)Z)Q_L_M(X—#)Q M(X —p)?
202 204 404 206 48 N
_ 1 et 3et ]
T 402 206 ' 403 24%°

DOCKOABKY A1 HOPMaIBEOH MOJENE my= 3ot [XVI]. B peayabTaTe
DOAyYAM
1

D $*(Xn) = nl(8)

o .
T.e. 5%(X5) — otbpexTnBRAA OUEHKA NapaMeTpa f 117 HOPMATLHO#
Mogenu., #

3aMeTnm, 4TO

1

SHX,) = — > (X -X)?
i=1
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ABJAETCA HECMRIICHHOH OLeHKo# mapaMeTpa o2 (cM. daMedaHuHe
2.4), Ho aafl HOpMaiabHOH Mogean N (u,f) 2Ta OUGHKA He ABIAETCH
¢ ek TABEOR. ITO BEITEKAeT U3 Teopembl 2.3 0 ¢4NHCTBEHHOCTH
cylecTBOBAHKA 3PPeKTHBHOR oueHKK. MOXHO M0Ka3aTh, YTO

204

n—1"

Dgg()?ﬂ] =

Cle10BATEABHO,

e(6) = ! =zl
nl{(@)DS2X,) n

IIpamep 2.8, PaccMoTpyM axCcOOHeHIMATBHYIO MOJRHD

Lem%%, 23>
k - 1
p(z;8) = ¢ ¢
0, z<0
Mokaxem, uTo X sBAgerca dddekTusHol 10 Pao — Kpamepy

OUEHKOH HEeU3BecTHOro napamerpa 8. JedcTBUTENBLHO,
1 1 92
X N2
d 1 1 X2
I 9 = —— )
(6) = M(ag(ln —e” )) M ( i+ )

. X-8\2 M(X-§? DX @
_M( = ) — - =~ =n=

1
Fz_:

OTKY Ja 3aKJawTaeM, YTO

|

2.2, [loHATHe JOCTATOYHEIX CTATHCTHK 75

2.2. IlousTHe JOCTATOYHBIX CTATHCTHK

[IpuMenenHe B peaflbHbIX MPHKIAAHEIX 3afadaX MeTOAOB Ma-
TeMaTH4eCKOH CTATHCTHKH, KaK NpaBHAO, CBA3AHO ¢ obpaboTkon
H XpaHeHveM GOABLIMX MACCUBOB CIMAMMUCTRUNECKUT JANHLIZ, OTHO-
CALIAXCA K U3yvaemoMy oGBeKTY Uau npoueccy. [losToMy B 2TOR
ofJacTH cyllecTByeT {IpoGieMa cokpalleHHA OGbeMOB HCXOAHBIX
JaBBBIX §e3 NoTepH WHPOPMAIHE O Cmamucmuveckod Modedu.
HMeaHo B cBA3H C 2TOH NpobieMOd DACCMATPHBAXT TaK Ha3bI-
BaeMbie JOCTRAMOUNLLE CMAMUCTIUKY, K A3YYEHAI0 KOTOPLIX MbI
NPHCTYTAEM.

Myere X, — CAYNGTUHAA 6bI60PRA U3 2EHEPAILHOU CO8OKYNHOC-
mu X ¢ pyukuuei pacnpegesenns F(z;0), rge § — HenapecTHuIin
napamerp.

Mycrs, gatee, T = T(X,) — nekoTopas cmamucmura (hyHK-
uvs caydai"oll seibopku). [Ipesnonomum, ¥TO HaM H3IBECTHA HE
600pKRA Ty, ABNAWINAACA peaaudayuet cayuatinot eubopru X, 2
ToAbKO 3HadeHue T(Z,) =t craTucruku T

B naapHeliluux paccyxgeHusx Hac GyaeT RATEPECOBATh YCAOB-
Had (DYHKUWA pacnpefeteHns

Fg (210000020 | T(X5) =t)

Chyvyaiduoh Bwibopku Xy, ..., X, UPA YCIOBKH, 9TO CTATHCTHKE

T(X,) upnasra axavenwe . JaMeTnM, 4T0 B OOIEM Ciydae DTO
YCAOBHOE paclpelenenue 3aBECAT OT HapaMeTpa §.

Onpegenenne 2.5. Cmamucmuxy T(X,) BaswBaloT do-
cmamousoi An8 na,pame'rpa 8, ecan ycaoBHas GYHKUHA pacnpe-
Aenenun Fg (21,..0,22 | T(X
yenosuu T(X,) =t Be 2aBECAT oT mapameTpa § MpH J1060M BO3-
MOXHOM aHaveHun £.

)_t) cay4aiiHoR BHBOPKH X, NpH

CornacHo onpefenennio 2.5, np# GHKCEPOBAHHOM 3HAIEHMH I
KiMeHeHne DapameTpa § He BAUAeT Ha YCAOBHEIH 3aKOH pacnpe-
Aenenus cayvakHod BwiGopkn X, npu ycaosud T{X,) =t Oro
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2.2. llonaTHe JOCTATOMHMX CTATHCTHX 77

o3EAvaeT, 4To 3Hayesne ¢ cTaTHCTHKH T(X,) JaeT MONHY!O HH-
thopMannio o napamerpe 6.

:

e-

cxol Modedu J.
|

|

3amevanne 2.8. [lockoabKy A4 wenpepbienod cmamucmune-
Fg. (m10- 20 | T(R) = 1) =

= /[ p)zn(‘ul,...,un IT(Xn) =|f) du;...dun,

-00 =00
a ANA JHCKDETHOH
Fyg (ZL,---szn | T(Xn) =t)

:Z Z P{X“:x{,...,

=1 s

Xin= x':z lT(X—n) = t}!

To B CIy4Yae AOCTATOYHOH CTATHCTHKH T()E,,) COOTBETCTBEHHO
i | T(Xn) = t)
. ¢4 —xan( n)_.t} He

YCIOBHAA NMOTHOCTH pacupedenenns py (z3,...

ycioBRag BepoaTHocTs P{X; = zi,.
3aBHCAT oT &

pamep 2.7. [lycts X;, ¢ = 1,n, — 4HACAO ycHEXOB B i-M

HCOHETaHKH no cxeme Bepuyniu. PaccMoTpaM cTaTACTHKY
T(X)=X1+...4+ Xx,

HMEIOWYK CMBICA THCJA3 YCOEXOB B N UCHHITAHEMAX IO cxeme bep-
Byaan. Ilokaxes, 4To OHa ABIfETCH ZOCTATOYHOH A1 NapaMeTpa
f — BepoATHOCTH ycIeXa B OJHOM UCIBLITAHHHU.

Haigem ycnornoe pacopegeneHue BepoATHOCTEH, KOTOpoe A%
cAydaf AMCKPeTHOR Mojenn Gyjgew 3a0HCHIBATH B BRIE

P{Xi=2y....,Xn=12n | T(X.) =t}.

Cornacro OonpeJeNeHHKD yCJIOBHOﬁ BEPOATHOCTH, HMeeM

P{Xi=z1,.., Xp=2,|T(X,) =t} =
_ P{X]:Il,...,Xn=:rmT()En)=t}

P{T(X,) =t}

Ecmmz1+...42,=¢, 10

P{Xl =$1,...,Xn=$n,T(Xn)=t}=

=P{X1 =2y,..., X, =In} =§(1 - gyt

HagomemM, 9T0 cayvaiinnie Bermananl X;, i=1,n, MOTYT NpHHEH-
MaTh 34€Ch TONBKO 3HaYeHHA | mam 0, npAveM Xi+ ...+ Xn=t.

lfockoasky BeposTrOCTS P{T(X = t} onpefenserca GopMyron
Bepay.1az

P{T(X,) =t} =Ci6'(1 - g)"

TO YCIOBHYIO BepPOATHOCTL MOXKHO OepenucaTk B BAJE

P{Xl =Z|y...

) Xn =25 | T(Xn) =t} = Ctg(:( )9)11 t = o

T-¢. 0Ba He 3aBHCHT OoT #. Ecam xe 2, + ...+ z, #1, To

P{X)=z,..,X, =z, T(X,) =t} =0,

3 CleJOBATEALHOD, |

P{Xi=2y,..., X =2, | T(X a)=1t}=0,

T.e. 0OOATH-TakA YCIOBHAA BEDOATHOCTD He 3aBHCHT OT 9 & JHAYHAT,

Corsacao onpeseserwio 2.5 T{Xn) X1+...+ X, — gocrarosnas
CTITUCTHKA A18 KapaMeTpa §. #

[IpoBepaTt aocraTownocTs KOHKPETHRIX CTATHCTHK, OCHOBHI-
Bagch Ha ONpescaennn 2.5, JOBOABLHO CLOKHO, Cne,ﬂy}omaﬁ TeopeMa
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2.2. [lornaTHe FOCTATOYHKIX CTATHCTHEK 79

JaeT KPHTepHE ZOCTATOYHOCTH CTATHCTHKH, KOTOPHHE IOMOTaeT
BHINOAHATE TAKYH0 TPOBEPKY.
IIpeaBapsnTeanEo BBelemM DYHKIUHIO

L{Xy,..., Xn;8) = p(z1;8) ...p(2n:90), (2.6)
KOTOpYI0 Ha3HBaT Pynryueld npasdonodobus. 3aeck p(z;f)
o603HaTaeT MAOTHOCTL paclpefieleAus HeOPEPLIBHOK clydalHOH
BeMMMHK HIH BEPOATHOCTh cobmTEA {X = z} B caydae gucKpeT-
HOH cay4alHOW BEAMYHHH, a X, i = I, n, — JdeMenmbr cayuaiinot
svibopru X

Teopema 2.5 (xpumepuil daxmopusayuu Hevmana —
Mupcona™)., Cratuctuka T =T(z,...,2,) ABIfETCA AOCTATOY-
HOH A/ napameTpa § TOTJa H TOALKO TOrja, Korja Iasa Awo6oH
pealmEsalny (zy, ..., ,) caydadnod eubopkna (X, ..., X,) evib0-
pounoe INavenue PYHKIAE UPaBIONOJ00HS AMeeT BHA

L(xl,...,xn;ﬂ) =g(T(zl,...,In),H)h(xl,...,;cn), (2.7)

T.e. MOXeT OuITb NpPejCcTaBAEHO 8 BUJE NPOH3IBEACHHA ABYX CO-
MHEOXATEREH, M3 KOTOPHIX BTOPOM He 3aBHCHT oT #, a mepBull
(3aBHCAIAN OT &) 3aBACHT OT Pe3yALTATOB HABAAEBHR T1, ...,
T, TOALKO 4epes cTaTucTuky T =T(21,...,2,)-

4 [IpuBeieM A0KAIATEALCTBO 418 AHCKPETHOH MOJEIH H Y4YTeM,
YTO B PACCMATPHBAEMOM CIY9ae BEPOATHOCTH
p(z;8) = Po{X; =z},

i=1,n,

sapacHT oT §. [lodTomy GyAeM RCHOAB30BATE CIEJYIONLYI0 (POPMY
JATMHCH:

PQ{Xn =fn} =HP9{Xz: Ii} =HP(—'C:';5);
i=1 =1

‘E. Hemman (1894-1981) — aMepHKaHCKHH MaTeMaTHMK U CTATHCTHK;
3. [upcon (1857-1936) — anrymAACKAH MaTeMaTHK, GMOaOr A Gurocod.

9TO B COOTBETCTBHH € (2.6) NPABOANT K PABEHCTBY
L(fn;g) = Pe{an = fn}.

Ecan cratucruka T = T'(X,) AocTrarodsa, TO OpH AKGOM
(hAKCHPOBAHHAOM 3HAaYEHHN { W3 OGJACTH BOIMOKHHX IHAUEHUN
YCIOBHOE pachpejeserre BHGOPKR

PG‘{X‘n =Ip | T(X.n) = t}

He 3aBHCHT OT § W, cleJoBaTelhbHO, er0 MOMKHO 3allHCATh B BHJAE
h(Zn,t) wan h(Z,), Tak Kax ¢ — QUKCEPOBAHHAA BEIHYHHA.

Nycrs T(X,) =t. Torga 411 A10608 pealudaudn &, Caydai-
HOHl BHIGOpPKH, yjopaeTBopatowed ycnopuio T(E,) = ¢, cofHTHe
{X.=%,} sxaogeno b cobmrre {T(X,)=t}, r.e. {X,=%,}C
C {T(X,) =t} m, crezoBaTerbHO,

L(%0:0) = Po{ X =20} = Po{ X =&, T(X,) =t} =
=Py{T(X,) =t} Po{X, =% | T(Xn) =t} = g(t,6) (),

T.e. HMeeT MeCTO paseHcTBO (2.7).

HaoBopoT, nycrs mmeer mecTo npeactanaeune (2.7). Torga
npK N06OM Z, Aaa koToporo T(£,) =t, ¢ yieTOM PaBeHCTH

Po{X, =, T(X,) =t} = Pe{ X, = &n} = L(Zn;9)
AMeeM
Pyl X, =%, T(X.) =t}
Po{T(X,) =1t}

Py{X, =7, |T(X,) =t} =

L(Fi6)  _ _ g(t.O)hE) _ _ _ h(Zn)
> L(#.:0) X g(t,0h(F) > A(E)
T(&n)=t T(#a)=t T(&n)=t

T.e. yCIOBHO® pacnpejefenie BHOGOPKH He 3aBUCHT 0T &, Ecau e
Tn TakKoBo, 9T0 T(Z,) # ¢, To o9eBUAHO, YTO

Pe{Xn =T, | T(Xn) = t} =0.
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2.2. Hoxarse 0cTATOMHNX CTATUCTHR 31

Takum o6pasom, B 1OG0OM Ciiydae YCAOBHAA BEPOATHOCTD
Po{X,=in | T(X,) =t}

He 3aBHCHT OT #, a 5TO M O3RadaeT AOCTATOYHOCTL CTATHCTHKH
T(X,) cornacke onpegenesuo (2.5). »

3aMeTHM, 4TO BCAkan afifexmusnas no Pao — Kpamepy oyen-
xa 8 = 6(X,) napamerpa § ABISeTCSs LOCTATOYHOH CTATUCTHKOH.
ITO caelyeT M3 PABeHCTRa

~ = d(ln X0
a(6) (8(X,) - 6) = ( p)?é; )

{xpumepus >fdexmuenocmu Oar peeyarpuiz smodeaetd, CM. 3aMme-
4akye 2.6) u coornowenns (2.7). O6paTHOE YTBepXK AeENe HEBEPHO
(cm. npumep 2.27).

[Tpusegem Ges JOKa3aTelbCTBA CAEAYIOIAE YTBEPXKASHNA.

1°. Ecam cymecTByer sffexmusnas oyenxa napamerpa, TO
OHa ABAEAETCH PyHKOHEH 0T JOCTATOVYHOW CTATHCTHKH.

W3 sToro yTBepxkgenus ciegyeT, uTo 3GMeKTHBHAYK OUEHKY
cleAyeT HCKATh Cpea PYHKIEA OT ZOCTATOYHLIX CTATACTHK.

2°. Ecan T(X,) — AocTaTodHan CTATACTHKA A14 NADAMETpa
@, To TAKOBOH e ABAAETCA U N06ad BIAHMHO OAHO3HAYHAN PYHK-
st o1 T{Xp).

Haxox gesne 3pdeKTUBHEIX OUEHOK ¢ MOMOIIBI0 JOCTATOYHAIX
CTATHCTHK CBA3AHO C NOHATHEM NOAHOTH AOCTATOYHOH CTATHC-
TEKH, KOTODOe 3jech MK He GyjJeM pacCMaTpABAThb, & OTCHINaEM
3AHHTEPECOBAHHOrO YHTATEAR K CNEUHadbHON JHTepaType®.

3aMeqaanme 2.9, Onpegercanme 2.5 JOCTATOYHOH CTATHCTHKH
MOXKHO 0606LIMTL Ra Cy4Yad BeKTOpa napaMeTpoB 8= (8, ..., 6,).
BeKTOpHYIO CTATHCTHKY

T=(T, ..., )= (T X1, Xp),y ooy Te( X1, X))
"Cm.: Heuenxo M. Medsedes IO H.

-

6ygeM Ha3BIBATHL AOCTATOYHON JNf BeKTopa NapameTpoB 6, eciu
ycI0BHOE pachpeseneRde BHOOpKH Xn = (Xj, ..., X,) 0pn ycio-
pur T(X,) =1, rae i = (4, ...
3FaYenHe, He 3ABHCHT OT mapasMeTpa #, Tlpy »3ToM KpHUTepHit dak-
TOpPE3AUHA — Teopema 2.5 — obobllaeTcs HA caydyal BeKTOPHOWH

CTATHCTHKM. #

, {,) — HeKkoTopOe PHKCHPOBAHHOES

Kak yxe 0TMeYaa0ch Bbillle, JOCTATOIHbLIE CTATHCTHKH NO3BO-
JAIOT COXPATATE 0GBEM HCXOLHEBIX JAHHLIX, COXPaHAA BCIO COJep-
JKAIlYoCcA B 9THX JaHHBIX WHPOPDMaUHIO,

Kpome Toro, oa¥H u3 Hauboaee YHHBEPCANBHEIX METOJ0B Ha-
XOKAEHHA OIEeROK AAf HeH3BeCTHHIX NapaMeTpoB — wmemod Max-
CUMAILHO20 NPasdonedobus, KOTOPLIE NPHBOAKT K OYEHKGM Tapa-
MeTDPOB Hepe3d I0CTATOIHBE CTATHCTHKY.

[IpuBegeM mpaMepsl, MNOACHACUINE CMBICA W CBOHCTBA fOCTa-
TOYHRIX CTATHCTHK.

I[Ipamep 2.8. Ilycrb (21, ..., n) — pealdH3allli CAy4aiHOH
subopky (Xy, ..., Xu), # ciygakdas serduuna X KMeeT BKCOoO-
HERNHANLHOE pacHpeleleHue, T.e.

l .
pla;g) = ¢ 3¢ 7 =20

B orom cryuae pynkuua npasgonojobus nmeet Bu

n Xi )
L{X1,..., Xn:8) =H$E_T‘?" = aln—exp(—ézz\{g),

=] =

OTKyfa B COOTBETCTBKA ¢ KpATEDPHeM dakTopusauki Hellmana —
[lupcona caegyer, 4T0 cTaTHCTHKA

T= ix,
1=1
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ABAKETCA OCTATOYHON. 3Aech poib MEOKHTeA g(T(21,...,%,), )
arpaeT BCe BEIpakerue Aa L{z1,...,Tn;8), a h(zy,...,z0) = 1.

B AaHHOM Ccayvae CYUIeCTBYeT 3CbCpBKTHBHaJI QIeHKa NapaMeT-
pa 9, BEIpaXaUiadACA Yepe3 J0CTATCYRYH CTATHCTHKY, a KMEHHO.
OlLEeHKa

~ 1 ] — —_

KakK OBIJO NMOKalaHC B MpHMepe 2.6, ABasgeTcs >pdeKTHBHOH 0O
Pao — Kpawmepy.

Npemep 2.9 (o6mas HopMmaibHad Mogenb). Ilycts B
SKCTIEpEMEHTe HabaofaeTca cayyaiisas Beanyuna X ~ N(6,602) ¢
HeH3BeCTHBIMY napamerpamu #, f. Tak kak DIOTHOCTH pacipe-
JeaeHnd X umeeT BH T

1 1 - 8\?
p($;91,92) = QZMEXP(-—§($‘ 82 1) )1 61 GR: 92 E (O‘CD),

TO 3HadeHue (pyHKuuy npapgononobus Aas Belbopka 7, ..., T, U3
reHepaibHOA COBOKYNHOCTH X B JaFHOM clydyae mMeeT BHA

n

L(er'wxn;glag?) =Hp($;61:9?) =
=1
1 ] - —\2 n(f— 81)
= 7&@(——52(%-@ -~ )
(62v/2r) 263 e 263

OTKYyJjAa B CMAY KpHTepus dakrToprzanuk Heimana — Ilapcona
(MHOXEATEAb B(Z1,...,%,) = 1) 3aKAI09a€M, UTO AByMEDHAA CTATHC-

tuka T = (T1,7,), rae
— 1< —
T]:X:EZI:X", T2=Z(X‘_._X) ,

ABJNAETCH JOCTATOYHOH AAA BeKTOpa napameTpos (f,6,).

2.2, MouaTHe AOCTATOMHEIX CTATHCTHK &3

[pumep 2.10. IlycTs gaxa clydaiinas BbiGopka (X1, .., Xr)
i3 redepadbHoil coBOKynHoeTH X ~ R(0,8}, T.e. X umeer paBHo-
MepHOE pacTipelellenie Ba HHTepBafte (0,8), rje # — BeU3BECTHBIN

napaMmeTp.

Tlokaxes, 4TO kpatnutl wieH 6GPUAHUONNOZO pada X(n) cny-
qaliHoH BRIDOPKY ABIKETCA AOCTATOSHOW CTATHCTHKOH IA% NMapa-
metpa @, T.e. T(X1,...,Xn) = X(n) — AOCTATOMHAA CTATUCTHKA.

JleiicTBATENLHO, TaK KaK NAOTHOCTH PABROMEPHOTO pacnpele-
JeBUR EMEeT BUJ

p(z;6) = {

To BLIGOPOYHOE 3HadYeHHe PyHKIUM npasjonofo0na UMeeT BK]

1\ L
5 ) i€0!611‘=1:n;
L(xl,...,xn;9)= (9) = €[0,9]

0 B MPOTHBHOM CAYtae.

Mu BHAMM, 9TO 061aCTb HIMEHEHHA KaXKJOCO ApryMmeuTa I;
Pysxunu L(xl,...,zn;ﬁ) 3aBMCHT OT nmapameTpa §. PaccMoTpuM

CTATHCTHKY
T(Xl,...,Xn) = X(n]

U MON0AKUM

z; €[0,6], i=1,n;

g(t,8) = (;T)n‘

Q 8 TIPOTHBHOM CJy4ae.

_ 1, ${>01 %=1’—n’
h(xl,---szn) 10 B NPOTHBHOM CHYHae.

Toraa pufopodnoe draderae PYHKUHT npaBjonogotud A8 Bbl-
S0DpKH T, MOXHO NpeIcTaBUThL B BAJE

L(a:l,...,:cn;ﬂ) =g(T,8) h(z1,-..,Tn)-
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JaMeTuM, YTO NpW onpeseNeHny (YHKIHH hizy,...
He HAJOXEHK OTDaHMIEHHA, NOCKOABKY

,Tn) HA Ty

ST(:E?’&)=3(?I}$6} =1,

JTO 3HAYMT, YTO PYHKUHS h(zi,...,2,) Re 3aBHCAT OT napaMETpa
8. Comacuo KpHTepHio hakTOpH3alkH, cTaTHcTrKa T(Z,) = X (n)
ABAASTCA JOCTATOYHOR AAA NapameTpa, §,

IIpumep 2.11 (mMopens Komm). IlycTs umeerTcs cayvaiHasg

BuGopKa X, u3 refepalbHOH COBOKYNHOCTH X ~ ~ K(8), Te X

HMeeT pacnpededenue Kowy:

1
(14 (2 - %)

p(x;ﬂ) =

z e R.

DyHKuuR TpaBIOTOL06UA B paccMaTpPHBAEMOM Clyyae UMeeT BUA

L(X1,. ., X Hp(x,,e-— fI —57

U3 5Toro pasenctTra ciegyeT, YTO CYUIECTBYET JKIIb OAHA CTATHC-
texka T(Xy,...,X,), kotopaa nas BEIOOPOYHOTO 3HAYEHHS (DYHK-
[HA NpaBIoONOO0HA JaeT npejcTapienue (2.7), a AMEHHO: TPHBH-
anphas cratuctuka (T(X,),. n(Xa)) = (X1, ...,
Aamolas ¢ CaMoH cayqaiiHod Bubopkon. #

X}, coBna-

OtMmeTu™, 49T0 U3 cnpeaenesyil >pdexkTUBHEOCTH no Pao —
Kpamepy u g0CcTATOYHEIX ¢TATACTRK BRITEK3ET, YTO CYIIeCTBOBa-
Hue ek TABHEIX oleHok mo Pao — Kpamepy mau gocTarTousmx
CTATUCTHK MOXHO OXMAATL AJA CHSLUKAALHELIX KAACCOB napaMer-
pryeckux Mogeted. Ecan cywecreopanyde Taxnx ounerok YCTaHo-
BIEHO, TO HX MOMHO HAHTW C OMOWIBIO METOa MAKCHMAIbHOTO
NpaBAONO06UA, KOTOPBIA UBMIOXKEH B CACAYIOUIEM naparpade.
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2.3. MeToAR NOMYYEHUS TOUEUHEIX OLEHOK

PaCCMOTpHM MeTOAbl OOpefeleHHA MOUECUHMNT GYCHOK NapaMeT-

poB 8y, ..., B,, OT KOTOPHIX 3aBHCHT pacnpesetenne p{z;fi,...,0,)

zenepaabrol cogoxynnocmu X .

B maTeMaTddYeckom CTaTUCTHKe pa3paboTaHo GoabLIOe YBKCJIO
MeTOJOB OLECHWBAHHS HEHIBECTHBIX NMApPaMeTDOB N0 JaHHBIM CAY-
yatinoll 6pidoOpKU, H3 KOTOpPBHIX B NpHAOXKeHEAX HauboJee 9acTo
ACHOABIVIOTCA:

— memod MOMENMO6;

- memod MaKCUMaIbH020 NPa8donododus;

~ zpaguveckud Memod (nan memod HoMmoZpasM);

~ MEeMO0d HOUMENLWUT K6adpamos.

PaccmoTpawm nepebie TpH M3 HUX (NMOcieJHAH DacCMOTPEH HH-
Xe, cM. 7).

Merox momerToB, Memod momenmos Obli OpeLloXeH
AHTIHKCKHEM cTaTAcTukoM K. [IMpcoHoM K aABAfieTCA OAHEM U3
NepBHX OBGLIMX METOJ0B ONEHRBaHKA. OH COCTOHT B CAEAYIOIIEM.

IycTb HMeercA caydaiinas Bu6opka X, = (X1, ..., Xn) w0
TeHepaJBHON COBOKYTHOCTH X, pacnpedeieHde KOTCOpO# p(x;fj)
EIBECTHO C TOYHOCTRIO O BEKTOPA NMapaMeTpos g = {0y e vns B2 )
Tpe6yerca gaiiTH oyenxy napaMeTpa f no cayainoil sabopxe X,

Byngem npeganosaraTh, €To y cAy4aiHON BeamudHwl X cylue-
CTBYIOT MepBue r MoMeHTOB: my = MX* k=Tr. flcuo, uTo
BRANYHHE 1My ABIAIOTCA (PYBKUMAMHK HeH3BECTHOIO BEKTOpa NMapa-
MeTpoB §, T.e. m = mk(ff).

PaccMoTpum ssibopounsie sosenmut fip(X,) (wan e Dp(X,),
cMm. 1.3).

Brbopounsie MOMEETE ABJIAITCH COCTROAMEALHBIMY OYENKAMU
COOTBETCTBYIOMAX MOMEHTOB IeHEpAdbHOd cOBOKYNHOCTH X (cM.
Jamesanne 2.5), IOYTOMY NMPH GOABILOM 06Bbeme 6bI60PRY My 1 My,
k=T, 7, MOXHO 2aMeHHTb COOTBETCTBERHO MOMEHTAMH [y H Uk
BEIOODKH Ty.
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B MeTofe MOMEHTOB B KadYecTBe TOYEYHOH OLEHKH 67()-('") =
= (§1 (Xn), e, §, (Xn)) BEKTOpPA NapaMeTpOB § Gepyr cmamue-
mury, JHaYeHRe KOTOPOH A1i 060 peaan3allii Tn cAydadHONR
BEIGOPKH X, mOAYRaloT KaK pellleHHe cHCTeMbl ypaBHeHHi
k= l,_f‘ (2.8)_"

MOXHO TOKa3aTh™, YTO NPH YCJAOBHH HENPEPBIBHOH 3aBHCHMOC-
TH pelleHns 3TOHW CHCTeMH OT jig, k = 1, r, oyexxe, NoaydeHHas
MeTOJ0M MOMEHTOB, ABAAETCH COCTOATENLHOH ¥ HMeeT aCcuUMNING-
TRUYECKE HOPMAALROE pacnpededenue, T.e. ee pacnpeleleHne
NPH 7t — 0O CTPEMHTCA K HopMadbhoMy. [Ipu 9ToM ypasuenus (2.8)
BO MHOI'HX CAY4YafX NPOCTH H KX pelleHde He BHI3LIBAET GOJABLIMX!
BHUYBCIWTEABHEIX CAOKHOCTEN.

[ToHaTHO, 4YTO MeTOA MOMEBTOB He IPUMERHAM, KOTfa MOMEHTH
reHepalbHOH COBOKYMHOCTH HYXHOTO NOPAJAKA He CYUIECTBYIOT
(ranpumep, Ana pacnpedeacnus Kowu, y KOTOPOro Be CYNIECTBYeT

Aaxke Ha4aJbHBHI MOMEHT NePBOIC NOPAIKA — MaTeMaTHYecKoe
oxuganue [XVI]}.

Hpamep 2.12. [lycTs cay4aisan peanynta X KMeeT 2aMMa-
pacnpededenue ¢ GAOTHOCTHIO

/\axa-—l

Fla) =
0, z <0,

flz, A 0)=

rje A # o — JBa HEW3IBECTHHIX NapaMeTpa.

3ameTHM, ITO ITOMY pACIpeZeIes o noguunAeTcd Bpema X 10
OTKa3a CACTEMEI B3 & = 1 (M — HaTypalbHOe YHCIO0) OAHOTHIHEIX
DJAEMEHTOB, CIH KaXAblH U3 m — | 3/1eMEHTOB BkAX0IaeTCA B pabo-
TY NMOC/Ae OTKa3a NpeibiAYVIIero, ¥ BpeMA 40 OTKasa X;, i:i}—m,

"Cwm.: Hevenwo I'H., Medsedes 1O /.

Jwoboro deMedNTa HMeeT JKCNOHEeHnaAbLHOe paclipesenenne

z 20

0, z < 0.

p{z;A) = X

Haﬁ,ﬂ;eM ¢ NOMOWbLI MeTOoJa MOMEHTOB QHEHKH HEN3BeCTHRIX Ia-

pPAMETpCB A K «.
B ganuoM cly<ae, HCIOAL3YA ONpefeierie zamma- fynryuy

[(e) = /t“'le"dt,
0

a Takke pexyppenTroe coorHowenne ['(a +1) = ol (@), noxyuam
cleAYIOlIne BEIPAKeHEA JIf AepBOro, BTOPOro HadakbHbIX MOMEH-
TOB H ZUCTIEDCUH:

00/\'%0' iz _F[a—’rl)_g
m‘=/ € = Tega A
1]

agatl “ho gy = Ma+2) alatl)
= | Ta) =Ty~ 2@
¥
DX=M(X?)—(MX)?*=mg—ﬂ-.:,$=F
Oycrs 7, — ewbopra o6bema 1 Ud FEHEPATLHON COBOKYNHOCTH

- — -~ . ﬁz
X. HaxogaMm MOMEHTHL BHIGOPKH iy =T H I/ = 0", IIpupaBHUBas

MoMeHTel My = M X 1 my=ID X K COOTBETCTBYIOLHM MOMEHTAM
BRGODKH, N0AYy9aeM CHCTeMY YPaBHeRNA

o _
Pk
a "“2

%=
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OTKYJa HaxXOJ4NM 3HaYeHHA OUeHOK

-~ T . T2
A= =, a=(:) .
o a

(3]

ChegoBaTelbHO, ONeHKAMH HeHIBECTHHIX NapaMeTpoB OyIyT cTa-
THCTHKH

X

A(Xn) = Ay a(X,) = (%)2

ITpamep 2.13. MeTogoM MOMEHTOB HaljeM QUEHKY TapaMeT-

pa 8 = p B bunomuaabrol modeau, TJe P €CTh BEPOATHOCTL , yCIe-
xa“ B M060M 43 N HE3aBHCHMBLIX IOBTOPHHIX HaOJOJeHRH, a Cay-
qafinad Beauunna k(X,) — wucio  ycnexos®., Ciryuafinod BrGop-
xoit X, B faHHOM CAy4ae FBIAIOTCA N UCKPETHBIX CAY9YaiHEX Be-
AKMEH X, KaKAasd U3 KOTOPRIX IPHHAMAET 3HaveHte | ¢ BepoATHO-
cThio p ¥ 0 ¢ BeposaTHOCTRIO §| —p. [IpH 3ToM k(an) =X14+...+ Xq,
a MaTeMaTH1eckoe oxnganne Mk(X,) = np [XVI].

Ecag B peayabTate n He3aBACHMEIX HAGMOXEHHH MBI HOAYYANH
BBLIOPOUNDE IHANENHUE k()zn) = k, To ypaBHeHHe, KOTODOE HYXXHO
COCTaBUTh COPIACHO METOAY MOMEHTOB, HMEET BHJ

np = k.

Monyyaem p=k/n. CregoBaTennpho, ToYedHOH OLEHKOH NapaMeTpa
D ABJACTCHA OMHOCUIMEALDHAA YACTROTNG.

MeToj MakcEMAaAsHOrO npapgonogobea. OaHuM u3 Hau-
Gojee YHUBEDCAJABERIX MeTOAOB OleHHBaHHA NapaMeTpoB ABAAET-
CA METOO MARCUMAALR020 NPasdonodobua (IpelloKeH b
P. dumepom), cyTh KOTOPOro COCTONT B Cley HUEM.

PaceMmoTpuM dynxyuro npasdonodofiug ciy4aiiiol sr16opki X,
H3 FeHEpaJBHOW COBOKYNHOCTH X, pacnpeeieHue p(x;@ KOTOpOH

H3BECTHO ¢ TOYHOCTBIO A0 Napamerpa B € O:

T
L{Xy, 0, Xn30) = [ p(X:38).

=1

39

2.3. MeTogu moayeHHA TOYEYHBIX OUEHOK

[lo onpefeleHEW, OYeHRotd MARCUMBALROZO npasdonodobus

napameTpa 0 Ha3mBaioT cTaTHCTHKY §(X,)}, anasenusn § koTopoi
gaa Moboll BHOGOpKY T, YAOBIETBOPAIOT YCAOBHIO

L(Eﬂ;ﬂ = @axL(fn;ﬂ, (2.9)
fe®

T.e. 444 BIOODKE ¢GYHKUHA NpaBfonogodud, Kak (yHKUHA apry-

MenTa §, JOCTHI2eT MAKCHMYMA.

Ecin pyHKIKSA L(En;ﬂ_) AnddepennapyemMa Kak QyRKUHA ap-
TYMEHTA g HpH A060M 3BadeHun &, HI MHOXKECTBa A, agayeHUn
CAY9aiHOA BRIGODKH ffn 4 MaKCHMYM L(:En;ﬂ—) JOCTHT@eTCHA BO
BHYTpeHHell To4yke u3 O, TO 3HA4YEAHEe TOYEHYHOH OUEHKH MAKCH-
MaJBLHOTO NpaBIonofobya B ciydae CKalgpHOro napameTpa ylo-
BIETBOPAET YPaBHERU IO (Heo6X0JHMOMY ycaoBHiO 3kcTpemyMa [11])

OL(%n;8) ln L(%,:6)
8 96

Tak KakK NpHE AOTAPH(PMEPOBAHBEY TOMKH SKCTPEMYyMa OCTAIOTCH
TeMH Xe, a YPABHEHKE, KAK NPABKIO, YOPOWAeTCs.

Ecan pacnpegenense caydainol seaudutbl X 3aBHCHT OT Bek-
TOpa TapaMeTpoB § = (61, ..., 6,), To BTOpOE K3 ypaBHerwH (2.10)
3aMeHAETCA CHCTEMOH YypaBEeHHK

HIH =0, (2.10)

— ¥

AnL(Fn;6)

6, , k=17

(2.11)

Ypasuerus (2.10) n (2.11} H523uIB2lOT YPASHENUVAMY Npas-
donodobus. [as nauboiee BaKHLIX CeMEHCTB pacnpejedeHui

p(x;éﬂ ypaBHEHNHe NpPaBIonoAobHs MMeeT eJAHHCTBEHHOE pelliedKe

f= (61, eey 9,.). Bo MEOr®X ciyvasx pewenue cucrtembl (2.11),
ABMAOIIEHCA, KAK NPABHIO, HEAMACHHOH, OPUXOZHTCA MCKATh UC-
MeHHLIME MeTCIaMu™.

*Cwm.: Heuenxo I'H. Medsedes FO.H.
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IIpamep 2.14. [lpumMenuM MeT0 MaKCHMaNbHOrO IPaBJONO-
AoOuA And OUeHKHM mapameTpa § = p B GHHOMHAILHON MOJeqH, e
P MMeeT CMbICA BEPOATHOCTH , yClexa“ B J06OM U3 7 He3aBHCH-
MBIX NOBTOPHLIX HCMBITAHHR (McOMTaHAH Mo cxeme Bepuynan),
KOTODPBIX 61110 3aUKCHPOBaHO k _ycmexoB“.

B paccMaTprBaeMoM ciyyae 3RaYeHdSs QYHKIMH npa,aﬂonoa _
6ua L(k'p) ecTh BePOATHOCTE NOABJACHHSR k ycnexoa B CepHH H3
7 MCOBITaRHA. DTa BEPOATHOCTH, KAK U3BECTHO, ONpejeNieTCs no
¢dopmyae Bepayinu, T.e.

L{kip) = ik -,

Haxogs
InL{k;p) =InCE +kInp+ (n - k) In(1 - p)

noaydaeMm ypasHedHe npasgonogotus (2.10) B suge

dIn L(k;p) _k
ap *

OTKyAa TonydaeM p=k/n. HeTpyguo y6eguTsca B ToM, 4TO § ecTh
Touka MakcEmyma L(k;p). CiuegoBaTennbo, onenka MakcHMadib
HOT'0 NpaBAONOA00KA BEPOATHOCTA P COBNAJAET C OTHOCUTEAbLHOH
9aCTOTOR ,ycnexa“ B # HCOnITaHHAX.

IIpamep 2.15. [lycts Habmogaemas B IKCIepaMeHTe cIydaH-
Haf BeaW4YuHa X — BpeMms paBoTh npubopa A0 OTKaza — HMeeT
IKCNOHEHUHATBHOE pacnpefedeHie ¢ IJOTHOCTHLIO

A —)\x‘

rae A — HeM3BeCTHHE MapaMeTp.
IIpeMenas MeTo] MAKCHMaJABHOrO NPaBAONOACOHA, HallJeM TO-
qevHyie OLeHKY Anfi mapamerpa A. [lycrs %, = (zy, ...

z20
z <0,

1$n) 7

1

91

2.3. MeTogur nonyyeHus TOYEUHEIX OLEHOK

sofad pendudayur cayyatinot subopru X, H3 reHepaTbLHOH COBO-
kynHocts X.
B paccMaTpHBaeMoM caydae

L{zy,.. n;A) =ﬁ)\e_h' = A“exp(—).z:ci),

=1
™
InL(z1,. . @i A) =nln A= XY i
=1
CiegosaTenasRo, ypaBHenue npasgonogobua {2.10) nmeer Bug
dln L{z; A -
# —2_ in =0,
aA A
OTKYJa CAeAyeT, 4To
-~ 1 & -1
A= (; Z.’I,‘) .
=1
HTaK TOYEYHOH ONEHKOH KEH3BeCTHONC NapaMeTpa A ABARETCA
A& =1/X.
Ecan yyecrs, 9wTo M X = /A, a nanayvwei onesxod M X = u
ABAAETCR enibopounoe cpeduee

qu

1—1
TO HOJIy‘IEHHbIﬁ OTBET NpeACTaBAdeTCA BNOJAHE eCTECTBEHHREIM.

IIpamep 2.16. Jaa obwen wopmassroti wmodeau N(f,602) me-
TOAOM MAKCHMANBHOTO NPaBJOTNOZOOHS HAHLEM OLEHKY BEKTOPA
NapameTpos §= (9, 82).

B arom caydae ¢pysxuua npasgonogobus

o523 206 - )

2 i

L(Xn;61:92) =

1
(92\/2?'?'“
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H, KaK CJIeJCTBHE,

5 1 ¢
In L(mn;ﬂl,ﬂz) =—-nlnv2r —nlnf; - @Z{I" — 8%

=1

TlockonbKy 4HCAO HeM3BECTHBIX NAapaMeTpoB f = 2, cHCTeMa
ypaBHeRHR npasgonogobus {2.11) 6ygeT cocTOSTh B3 ABYX YpaB-
HeHAN:

d 1o
8—911[1{1 = @Z(l‘g —-91) :0,

t=1

0 no 1
6_92]1']{1_—?2'-‘-@_2(2?;_91)_0.

Pemas cacremy, noayyvaem

] =
91=_§ Liy
n <

=1

CreaoBaTebio, OUEHKaMH MaxCAMAILHOrO NpaBgonoiobus Aaf
MaTeMaTHyeckoro oxugasugs MX = 6y 1 aucnepcan D X =9§
CIYYAHHOH BeAH4YHHEL, PacnpefeeHHON N0 HOPMAJUbHOMY 3AKOHY,
ABIAIOTCA COOTBETCTBEHHO BHIGOPOHHOE CpeIHee

1 evibopounas ducnepcus

FHX) = (- X)L #

n

Oyenry MaKCAMATBHOTO NPABAOTOJO6HA MOIYT OBITh CHEUfEN-
nolmtu (cM. mpEMeprr 2.16, 2.27) u He sBaAsTbCA fPexmueHolmt
(cM. mpumep 2.27). OpgHako, KaK NOKa3RBAKOT NPHMEPH], JacTo
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CMEIEHHOCTE MOXRBO YCTpaHuTh. Kpome Toro, Bo MHOTHX Cayda-
#X JA% HecMellleHHOR H He sRaswowedcs sddexmusnod no Pao —
Kpamepy oyenrxu §(X,) napamerpa f BHIOAHAETCH yCIOBHE

lim (9) = 1

(cM. mpEmep 2.27). B arom cayTae oyewwy g()?n) napaMmeTpa 6
Ha3HBAIOT acumnmomuvecwy sddenmusnod.

[IpuBegemM 6e3 AOKa3aTelbCTBA OCHOBHHE CBOMCTBA OLEHOK
MaKCHMAIBHOTO IPaBIONOA00HA 1A Pe2yARPHBIE Modedel.

1. Ecas gas ckaasproro napamerpa # cymecrsyet >pdekTun-
Had OUEHKa, TO ypaBHeHme npasgonogobus (2.10) umeeT egun-
CTBEHHO® pellleHHe, KOTOPOe ABIAETCA BLIOOPOYHLIM 3HAYEHHEEM
ITOH OUEHKH. .

2. Ecan cyumiecTsyeT docmamounas CMAMUCuKe TapaMeTpa
f, To pelueHHA ypapHeBH# NPaBJon0J00H% ABAKIOTCA QYHKUHAMYU
OT BLIGOPOYHOTO 3HATEHHUSA ITOH CTATHCTHKHA.

CiedoBaTeisHo, eCAl, KPOMe TOTO, CYUIECTBYeT 3deKTHBHAA
no Pao — Kpamepy onenka 8(X,.), TO eqUHCTBeHHOE pelleHEe
VPaBHEHYA NMpaBAONOJO0EA ABASeTCA PYHKUHEH OT BHOOPOYHOrO
JHAYEHHA JOCTATOYAON CTATHCTHKA.

3. Ecan napamerpudeckas mogens { F(z;6), 8 € ©} yxoBaeTno-
PAET HEKOTOPHIM OGIHM YCIOBRAM™, TO ypasHeEHe NpaBAonogo0nd
HMeeT pelleAHe §, KOTOpOR ABAAETCH BHIGOPOYHRIM 3HAMERUEM CO-
CTOATENLHOH OUEHKH 5()2,1) napamerpa 8. Ouenka 8{X,) sBaserca
ACUMOTOTEYECKH J(phexTHBHOH H ¥MeeT acKMITOTHYECKH HOp-

ManbHoe pacnpeerenne N (8, 1/+/nl(8)).

I'padpugeckrn merol {MeToa Homorpamm). ['paduue-
cxut memod NO3BOAAET He TOALKO AOCTATOYHO DPOCTO HaHTH
IHa%eHusn OUEHOK HEH3BECTHHIX MApaMeTPOBR DACUpeeNenns Bepo-
ATROCTeH F(z;ﬂl,ﬂg] HaSJOTaeMOH B 3KCIEpHAMeHTe CIyIaHHou
BeABYHHEL, HO B CASNAThH NPEABAPHTENBHOE 3AKAI0YEHTIE O IPABAIL-
HocTh BriGopa Bufa pacopedenenns. OKOHYATENIBHOE 3aKAO9eHHE

"Cum.: Heuenko I H., Medeedes FO.H.
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O IpaBHILHOCTH TAKOI'O BHOOPA OPOBOAAT C MIOMOLELI0 TaK HA3KIBa~
eMEIX KPUMEePUEs Co2AGCURA, KOTOPHE PacCMOTPeHkl Nogpo6HO B 5.
Uxena rpagpudeckoro MeToja COCTOMT B clefyioiiem. C moMo-
11b10 HEKOTOPOI'o HEeAHHeWHOTO npeobpasoBaHus u = u(y) ceMed-
cTBO ypaBHenu# y = F(z;8,,0;) npusogurca K BALY u = az +b.
Mo Bubopke &, = (1, ..., Tn) U3 FEHEPANLEOHE COBOKYITHOCTH

X cTponTea amnupuveckas gynxyus pacnpedeaenus F,(z), apas-
IOIIAACH, KaK H3BECTHO, CTATHCTHYECKHM aHAJOTOM A meopemu-

veckot Pynwyuu pacnpedesenus F(z;8,,02).

Ecau B pesyabTaTe npeobpa3oBahus % = u(y), KoOTOpoe NpuMe-
HAeTca K Gyukuna y = F,(z), Touke (z;, u(F,(z;))) 6yayT gocta-
TOYHO  TeCHO" KOHNEHTPHPOBATHCA OKOJIO HEKOTOPOH IpAMOH, TO
MOXXHO MOBOPHTL O IPaBRALHOCTH BHIGODA CeMeRCTBa pacnpejele
HHH F(z;ﬂl,ﬂg). B 3ToM caydae ocTaeTcs HaHTH npubIMKEHHLIE

3Hadenus & u 6, napamerpos #; n 5.

Ans peanmsanum HAeH rpacdudeckoro MeTOa CTPOAT 6epo-
Amuocmuyo 6ymaezy — GyMary, pasrpaduernyio (CnenualbHBIM
o6pa3oM) Tak, 9TO6H rpaduk hYHKLGYH F($;91,92) n3obpaxaJct
Ha Hell npsMol auHHeh. C 5Tol uenbio HA OCH OpJIHHAT OTMeya-
JOT He 3HAYEHHA NepeMeHHON %, 3 COOTBETCTBYIOUIHE HM 3HAYCHUA
y. Tem caMBIM PaBHOOTCTOAIIMM TOYKaM Ha OCH OPAMHAT COOT-
BETCTBYIOT 3HAUEHUA Y, CBA3AHHEIE C % HeAHWHEHHOH 3aBHCAMOCTHIO
u = u(y).

W3 noscHennil K BepOATHOCTHOM GyMare BCerja fCHO, KaK CBSA-
3aBBl NapaMeTpH ¢ ¥ b ¢ mapameTpamu 6 u 8, paccMaTpuBaeMoro
ceMecTsa.

[IpounaiocTpupyeM cka3aHHOe Ha NpUMepe HOPMAJbLHOIO 3aKO0-

Ha pacmpe/feleHHA (D(ﬂ), rfe 4 B 0 — HeW3IBECTHHIE NapaMeT-
-4

put. I'padpukn pyskunit aToro cemeiicrsa npe pu=2unc=1/2,1,2
H3oOpakeHw Ha puc. 2.1.
PaccmorpuM npeo6pasosanne u = ®~1(y), B peaysbTaTe KOTO-

T —p
POTO MOAYHHM U = —=, HIH U = aZ + b, rae

(2.12)
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0.5 |- mmmmmmmee

\

Puc. 2.1

[lo Bwbopke (zj, ..., £,) A3 TeHepadbHOH COBOKYHHOCTHA X
NOCTPOKM IMIMPHYeCKYI0 (YHKUUIO DpacnpefeneHns F,(z). Ec-
au Toukad {z;, u(Fr(x;))) A0CTATOUHO | TeCHO" KOHUEHTPHPYIOTCA
0KOJAC HEeKOTOPOH UPAMOH, TO NPEANOA0KEeHHE O HOPMaJIbHOM 3a-
KOHe pacnpefefeHds NPHAHMaeM. JaTeM Ha a3 MPOBOAHM (Ha
BEPOATHOCTHOU SyMare) NpAMYIO JHEAK ¥ = az + b, npoxofimyio
Kak MOXKHO Gauxe ko BceM TouKaMm (z;, u(Fn(2;))), n onpeaeasiem
pUbAuAKeHHBIC 3HAUCHUR 4 B b,

Wenonbaysa pasencrsa (2.12), Haxogum npubankeHybe 3HaYe-
RHA HeH3IBECTHHIX NapaMeTpOB:

~ 1 .
o= E, H= —E.

INpamep 2.17. [as onpegenenus npejefa IPOYHOCTH CTEKAO-
BOJOKHA, H3MOTOBIEHHOr 0 10 HOBOK TEXHOMOTHH, IPOBeJeHbl HCIEI-
TaHug Ha pa3pblB n = 17 obpasnop. [lonyyeHn caegyomye 3nave-
Rug npegeta npoydoctd X (B Meramackansx): z; =181, =194,
T3=173, 24 =153, 25 = 168, 2 = 176, 27 = 163, 25 = 152, zg = 155,
Tio=156, z,; =178, 212 =160, x13=164, z14=169, z;5=155,
T1s =122, 217 =144,

[Ipeaer npoysocTd 06pa3nos, H3roTOBAEHBLIX [0 CTAPOH Tex-
AOJIOTHY, XOPOLIO COTJIACOBHIBAJACA ¢ BOPMAJbHHIM JaKOHOM pac-
upegenenysa. TpeSyeTcs npoBeprTh cOrviache pesyabTaTOB JKCOE-
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PHMEHTA C HOPMAILHBIM 32KOHOM paclOpejeieBHs U OLEHHTEL €ro
napaMeTpHl.

JAf pelleHHA MOCTABICHHOH 3afa4l BOCHOABIYeMCA Ipadmde-
ckum MeTogoMm. [lepeiizem oT BHGOPKH K BapHAIMOHHOMY PAAY
T(1)» T(2)s --+» T(17) ¥ HAHECEM JHAYGHHA T;, i = 1, 17, Ha ocs Ox. [a-
J€e ¢ MOMOIUBK TabAKUL KBAHTANEH HOPMANLHOTO paciipefeieHus
(eM. Taba. [1.2) Haxozum 3Havenns Gyukurn &~ !(y,), obpaTHol K

26—1

dyaxura P(z), npu y; = 5 i=1,17:

®-1(17/34) = d71(1/2) = 0,

o~ ‘(19/34)——@ 1(15/34) = 0,1479,
$-1(21/34) = —-®~1(13/34) = 0,2993,
d-1(23/34) = —®~1(11/34) = 0,4578,
®-1(25/34) = ~0~1{9/34) = 0,6289,
&-1(27/34) = —-®~1(7/34) = 0,8208,
$-1(29/34) =
$-1{31/34) =
$-1(33/34) =

)
-3-1(5/34) = 1,0494,
—d- 1(3/34) = 1,3517,

1(1/34) = 1,8895.

Ha puc. 2.2 npuBegesn 30avedka F,(z) B nIOCKOCTH NepeMeH-
HEX 2 ¥ u=®~1(y).

ujy
2_
L 0,95
L]
1708
> 1 1 P
122 181 194 x
0.2
L 0,05
-9

Puc. 2.2
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Ha pHuc. 2.2 BRAHO, YTO TOYKH rpadika pyrknuy F,(z) pacmo-
JOXeAH A0CTATOIHO GAM3IKO OT OPAMOM % = az + b OpA

a=tga 0,58, b=—-dfam —62,7,

rge d — paccroggue oT [ g0 TOIKH TepecedeAHA NPAMOE ¢ OCBID
Ox. CaegoBaTelbHO, OUSHKH MapaMeTPOB 4 H & HOPMaAbBHOIO

T —y
aBHEI
~£) »

pacnpegeaesss F{az;u,0) = <I’(

o=1/a=1,75, p=-bla=d=110.

Jlas cpaBHEHAA EpHBeJeM OLEHKY MAPaMEeTPOB i B O, NOJAYTIeH-
Hhie METOAOM MAKCHMAABHOrO npasjonogobna: fi= 16258 =, T.e.
OOeHKH BechbMa OJH3KH.

2.4. Pemenue THNOBLIX IPHUMepPOB

IIpamep 2.18. B pesyarTate NATH AIMEPEBHE AAAHBI CTEPXK-
HE ogHEM Npr6GopoM (6e3 CHCTEeMATHYECKHX OWHGOK) MOAYHEeHB!
crefywomie gaigsle: 92; 94; 103; 105; 106. Haigem sbibopounoe
SHAYEHUE HECMEWEHHOT OYEHKY Sz(Xs) AACIEPCHE OUIABOK NMPEBO-
pa.

Bri6opodroe 3HaTeHHe HECMELICHHOH OUEHKH BRIYACAACTCA IO
dopmyne

$(Xn) =

=1

Tie n — o0bvem smbopxu. B gamrOM ciydae cpefHee 3Havenue T
BRIGOPKHA paBHO

_ 924944103+ 1054 106
T = = = 100.
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Hcnoapays aTo anavenme, Haxo uM
L iy
§%(X%s5) = Z((92 — 100)? + (94 — 100)* + (103 — 100)? +
+ (105~ 100)? + (106 - 100)?) =

_ (=8 +(-6)*+3*+5%+6”

4

= 42,5.

IIpamep 2.19. Y6esamca B ToM, 9To ewibopounas Pynryus
pacnpedetenus ABIASTCA HECMEIEHHOM ONeRKOH A15 YHKUMH pac-
upejerenns F(z) eenepaavnoii cosoxynnoemu X B Touxe z € R. Mo
onpejeleHnto BHG0poIRaA DYHKUHA pacnpeleNeHHs HMeeT BHJ

n(xsX‘ﬂ)

1

?’(z;)-('ﬂ) =

n

raen{z, X,,) — 9Hca0 atemenmos cayvainoi 8vibopxu, MeRbILAX .
HUcnoasays ¢pysknuio Xesncaiiga [XT]

1, 220
h(I):{

0, z<0,
NOAYIHM
- — n{z, X, 1
F(z; X,) = ( - X, ;;h(x—}(,)
Tax kak
0 .
Mbh(z - X;) = /h(z-—t}p(i)dt: /p(t)dt:F(a:),
o o

rje p(z) — nrOTHOCTD pacnpejelenus reHepadbHOH COBOKYTHOCTH
X, ouenxa F(:c X ) ABAAETCA HECMEUeHHaON:;

ME(2;X,,) ZMh (z - X)) = —nF(x) F(z).
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Ipamep 2.20. PaccmorpuM cayuadnyio suibopry (X1, ..., Xs)
ofbeMa 1 = 5 H3 reHepatbHOH COBOKYNHOCTH X, paclnpedeieHHOH
[0 NOKAIAMEADHOMY 3GKONY

(z) Ae™AE 220
T} =
P 0, z <0

B kadecrBe moueuHot oyenxy MaTeMaTHIeCKOro OKHAAHUA BOIb-
MeM cpelHee ApHOMeTHYECKOE KPAUNUT YAEHOE 6QPUAHUOHHO20

pada
st Kb
70 SEEAURELY

flokaxkeM, 4T0 oyexxa ABAACTCA cauetyernotl,
M3 cBoiicTB MaTeMaTHYECKOrO OXHIAHUA TTOAYYaeM

MX(U + MX(s)
2 b

OTKYfa 3aKA0YaeM, 94T0 ZAf BHIHCICHHA MaTeMaTHIECKOrO OXU-
JaHns TOYeYHOH OLEBKH HeOOXOAAMO 3HAThH 3aKOHHl pacnpegedne-
AMA caydadBeix peandun X(j) 4 X(5). J14 nepBol 3 HAX MMeeM

M§(X5) =

Fxm(x) =P{X(1) <m} —
=1—P{X{1) $}—1—P{X1/I,...,X5,>,I}=
=1-P{X;2z}...P{Xs 22} =1- (1- F(2))°,

rie F(z) — pyakund pacnpefeleHis reHepajbHOR COBOKYIHOCTH.
ABalOrmYHbl BRIYHCIEHRA A% CI1y4aAROH BeamIMER X(5):

P (2) =P (X <2} =P{X) <7, Xs <2} = (Fla))"

YYATHBAA BUL QYHKIAE pacOpefleleHu reHepalbHOR COBOKYII-
HOCTH (BHJ HOKa3aTelbHOI'O 3aKOHA paclpefeleHHR), 3aKI0YaeM,
4TO

(l—e‘)“’)s} 22 0;

Fxm(ﬂ?):{ 0 2 <0

1-e7 %% 23>0
FX([)(E)={ i

0, z <0,
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CaegoBaTenbHo,

oo o0 1
MX(l):/ZPXm(x)d-‘"’=5/\]33_5Azd$= 3%
0

o2

MX (5= /pr{s)

0

T 287
—5/\.‘5 4 —z\x

5'\/ * o = ol

0

M3 HangeRHEIX GOPMYI OKOHIATEALHO HAXOLEM

-~ = 171 287 299
MB(%9) = 5(55 + 50x) = Taox

2
CpaBHHBAA RAaHJEHHOE 3HAYCHEE C MATEMaTHYECKHM OXKHJaHHEM
A PACCMATDPHBAEMON TeHepalbHOH COBOKYNHOCTH X, yOexgaeM-
cq, 9To M8(Xs) # M X, T.e. Tovetnan onenka 6{Xs) cMeuennasd.

IIpamep 2.21. Ilycrs 3agada cryvadHnas Bubopka obbeMa R
A3 reHepatbHOK COBOKYNHOCTE X ¢ MMOTHOCTBIO pacOpejelenns

= St 7

> .
P(x;a)={e 1 TA

0, T < .

B xagecTee TOYeYHO ONeHKE HEEIBECTHONO DAPAMETPA & BO3bMEM
g(fn] = Xq). Y6eammcs, 9TO dTa OmeHKa CMelleHHadA. HaizeM
HeCMEWERHYIO OUEHKY ® OOKa)KeM, 49To obe oyewxu ABASIOTCH
COCTNORTREABHBIMY.

[IpeapapuTenvrao HalfeM NIOTHOCTh paclpefelledif CAYTad-
HOH BeABIUHBI a(fn) Ecin F{z) — ¢yHKnEs pacupejeienns
remepalbHOHN coBoKymHOcTH X, TO (PYHKOHH paclipefeieBHs CAy-
YaHHOH BeBTHHE X(1) nmeeT A Fx, (2) =1~ (1 - F(z))" (cm.
npumep 2.20). Tockoabky '

T

F(zx) =/e°‘_zd$ =1 %7

=4
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Opa ¢ 2 &, TO

1—ee® 23
Fxy (2) = 0, s <

Ucxos @3 GYEKIHE PacipeseseEnd, MOXeM HaHTH NJOTHOCTE
pacmpejeleHAs ONEHKH 6(Xn)

ne™e?) >
Pxyy (%) = 0, T < o

Taxam obpasoM,

1
9% ) = — nlo—e} g —
MeE(X,) _MX(I)_fzne de=o+ =

o

T.¢. OOeHKa 9( X,) = X(1) — cMellleHHEd. Ha nocaexpero paBeH-

CTBa AerKo YBHAETH, KaX HYXXHO MOJAMEUHPOBATE OUSHKY 6( ),
YTO6H HOAYIUTH HECMEUIHRYI0 OUEHKY. Hecmemennoit oneskon
DapameTpa & ABAAETCA 8"‘(X y=8(X,) - 1/n.

by "

MMokaxkeM, 9TO ONEEXKA §*(X,) apageTcs cocrosTersHol. Jas
3TOro IpEMEHEM BTOpoe HepabencTso Jebnimena. Tax xax

oo
200 2
MXEI) = /a: ne™*" % dz = o + - + =

n
@

1
2
D Xgy=MX{, - (MX(3)" = —,

1 1
P{‘X{l}‘-g—a|<6 1—;

Orcoga caegyeT, 9T0 06e ONEHKH COCTOATEABHBIE.

T
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IIpumep 2.22, 11
+4«. UYCTh faRa, c %
“ Yvaggag subopka (X, ..., X
B £ IMOTHOCTblOppaCI(IpEIJKEIIeHﬂﬂn)
L
P(z’e)‘ To Qﬂe 202 z 20
01 T < 0,

pexae scero yﬁegamm, g

. 0 o w
UKol napameTpa 6. Hueey 6(X,) ssafseTcs HeCMelIeHHOH.

ar v n
Mg(Xn)=M—' ]nX‘=_]‘_
"; : n‘lenX;:%annX=MlnX.

=]

[ockonrky

00
MlnX:fJn:c O
o 2?‘!‘
TO, BBeAA HOBOe IlepeMerHoe t=lnz_yp
--.__a_ﬂ_, NOAYYHM
tz

()
1
MlnX:— T
\/27r[(ot+8}e T
—00

=._°_]° S
O te 2 dt -—f T2 dt=9.
Qr_% € +\/§f e

UTo6H ySequThen B TOM, Y
Pao — Kpamepy e(8)
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¥ woauvecmeo undopmayuu no Puwepy I(0). Hdnx aucoepcun

HMeeM
~ 1 -
D6'(Xn)=D;;lnX,-=;5;DlnX;=
1 1 F ;  _(nz-6y?
:—;aDlnX:-—f(lnx—B)2 € 202  dz.
n T ToN 2T
4]
-8

C noMoILB 3aMeBH nepeMengoro t = Inz NPHXOAUM K Clegy -
HIeMy pe3yAbBTaTY:
o 2
2 t 2
~ = o 1 - ol
DGan————ftze 2 df = —.
(Xn)=— o =

Han 1(0) nmeem

1(9):1\4(@‘%(;{—;9))2 -

d 1 (InX -)2\\? 1 3
= —11 i = — 1 -8 =
M( B(HXO'\/Q_TF 202 ) A b
o (Inz —6)?
= — - . 20? = — e—
po /(ln:c 8) e 2’”e o dz ot
0
B pesyapraTe oxonyaTebEO HAXOARM
(8) L _3(%.) . 1
£ = —_— = =¥z
nl(@)D T L st
n o?

Ipamep 2.23. B ycaosusx nprmepa 2.21 HaligeM HHXHIOK

TpaHmLy %W) nepasencmea Pao — Kpasepa 7 o6biACHUM, DoO-

Gemy gucmepcus DO (X,) =D X({) BecMeuieHHOH OLeRKY 8*(X,)
1

MapameTpa & = & MeHbIIE BEAAYHHBI T
n
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Hueem
o - [ 4]
f Blne"‘ ’ 2 “‘”dz:]e“'zd:csl.
o a3
Iloaromy
11
nl{e) =

H, CI€J0BATEABHO,

—

. 1
JDG( n]=n_2<

H (=

, m>1.

INocnegHee HepaBeHCTBO OGBACHARTCA TeM, IT0O pacCMaTpPEBAe-
Mas NapaMempuieckas Modeas He ABASeTCA peayasprot. JelcTBH-
TeAbHO, AH(DDEDLHUEDYA HETErpad

el
f p(m;o:) der=1
—co

N0 0apaMeTpy &, NOAydaeM

4 0
Ea[p(a:,o:)da::O

Oanako
7o (z;a) T
/ L—t.u‘,'x=/e‘"“’dx= 1.
Jda

B Takux caydasX dacTo MOXHO Ha.ﬁTH HecMellleHHEe ONeHKH,
JUCIepPCHS KOTOPLIX MeHBINE YeM ———

f(e) #

3aMeTHM TakKkKe, 9TO NapaMeTpAieckas MOJedb, PACCMOTpeH-
Has B npEMepe 2.3, He ABAAETCA peryiaspHod. IIpy 3ToM, xax MBl
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BHAHM, JECOEPCHA OUEHOK npuMepoB 2.3 U 2.23 apageTca Geckoned-
HO MaXOi MpH n — 0o Bovsee BHICOXOTO nopaika, vem 1/r.” Takue
otjeR ¥ HAILIBAKT ceePpTadPermusuoimn.

Hpumep 2.24. IlycTh caydalinad BeiuiuHa X BMeeT pacnpe-
gerenne Ilyaccora

A
P{X=k}=27e™" £=01,..,

rge A — HeMIBeCTHHH napamerp. B pesyipTaTe BE3aBUCHMBIX Ha-
6ar0ZeHAR noxydeHa ciydadnas Bubopka (X, ..., X,). Haigem
HemMOodosm MOMERMOE TOYETAYID OIEHKY §(X'n) napaMeTpa A H yGe-
AEMCA, ITO 3Ta ONEHKA ARAAETCA HECMEIIGHHON W COCTOATENLHON.

Tak kak ONEHMBAETCH OJHH fAPAMETP, TO AMR NOAYHEHUA
OUGHKY HYXHO COCTABUTH OAHO ypapsenme. Mamectuo [XVI],
1To MX = A. CrefoBaTeisHo, 8 KaiyecTBE TOYeIHOH OUEHKH
HapameTpa A pacupedercrus [Iyaccosa MOXHO B3ATL BHEOPOYHOE
CpejHee, T.e. ﬁ()-('n) =X. Wa teopeMu 2.1 crefyeT, YTO 3Ta OLeRKa
ABAAETCH HECMEIEHHON H COCTOATEALHOM.

paMmep 2.25. [lycTs gana cayyadinas swbopka (X, ..., Xp)
o6bema n H3 TeHEpaIbHON COBOKYNEOCTH X, HMEIWEHR paBHOMep-
HBIH 3aKOH pachpejfelcHAs

L, z € (a, b);
() =4 5=a
’ 0, =z¢/(ab),

C He@3BECTHRIMHU papaMmeTpama a w . Hakaem Merogom MomenTon
TOYeHHEE ONEHKA STHX NapaMeTPos.

Hapectio [XVI], 9T0 144 paBROMEpRO pacnpejeneHHOE CAy 9ail-
HO® meamamEb X

a+b (b - a)?

= X =
MX 7 D 12
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Bui6opounoe cpegsee X ¥ BHOGOPOYHAA JHCHEPCHA Gz(fn) BHIYH-
CAAIOTCA 10 PopMyaam

n
X = ‘an 57(%,) = %g{(xi-f)?

CocTaBifieM CHCTeMy IBYX YpaBHeHuH

Peinas cacremy, noayvaem
b=ZF+/35(Z,),

OKOHYATENBHO HMeeM

~

b(Xa) =X +V35(X,), &(X.)=X-v35(X

IIpamep 2.26. [lycte jana cayvaiinad subopka (Xy, ..., Xy,)
o6beMa n M2 reHepalbHOH COBOKYNBOCTH X, pacnpefeleHHOR IO
6RHOMHANBHOMY 3aKOHY

P(5)=Ci¢*(1-0)*7 =0k,

C He¥3BeCTHRIM 0apaMeTpoM & (BepOATHOCTHIO NOABACHHA COOLITHA

B OAHOM HCTEITaHUM). Memodos maxcumatbnozo npasdonodobus

HakJeM TOHIHYIO OlEHKY napameTpa f.
PyBEKIUA 1paBAONOL0GKHA B 3TOM CAyJae HMeeT BHI

L(X1,.... Xn:6) = [ p(X:;8),
i=1

roe
p[z;;ﬂ) = Pp(z;) = C 6" (1 Q)k"x‘
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OTcrofa HAXOIHM
WE{z il a0 = WS ORGP +

n

+izf1n9+ (kn~3"2:)m(1 - ).

i=1 i=1
CregoBaTelbHO, YpasHenue npasdonodobus
81n L(Zn;6)
a6

B JaHHOM Ccayyae CBOJHTCA K ClelyOLIeMy!:

_%gmg—-(kn—ixf)l_ = 0.

=1
Pemus ypapuedue npapgonogo6ad, HafjeM KPETHIECKYIO TOY-
Ky OyHKIHH npaBIonofobun

lokaxem, 4To 3Ta TOUKA ABAAETCA TOIKOH MaKCHMyMa BhIGO-
POYHOrO 3HAYeHKA QYHKUAH npaBgonoiobua. [as sToro HaijeM
BTOpPYI MpoX3BOAHYIO OO §:

8%In L(Z,;0)
502 = 922 it T Tz 1_

Jlerxo yBegurned, 4TO
&*In L(%,;0) <0,
a6?

[Tooromy 6 — Tovka MakcEMYMa BHIGOPOYHOrO 3Ha4YeRud PYHKINH
NpaBAenogo0HA, ONPeJLIAIOAR OYEHKY MAKCUMAALHOZO NPasdo-
nodobus

(kn Zz)

9 =8.

2 I <
p(Xn)=EZXi-
i=l
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TIpumep 2.27. MeTogoM MaKCHMAJILHOI'O NPaBiONoJ00ud N0
cryvaiaoid Bubopke (X, ..., X,)} BadgeM oneuky napamerpa @
pacnpedeaenua Hapemo (6 >0, o > 0):

' a+1
= (E) , zz2b;
p(x;ﬂ) =< #\z
a, <8

Jas BHIGOPOYHOrO 3HAYeHAR QPYHKIEA MAKCEMAILHEOIO IPABAO-

noJo6uA IpH BLINOJBEHAH YCIOBRE & £ 2, : =1, n, HAXOZAM

vxn;e]=%(%)0+1%(%)0+1'-'%(£)0+1:
n N o i
=Ta_x—(£) (%) ()"

,Tr30) =0, ecan > z; J4% Kakoro-IE6O IHAYE-
ans uRgekca i. U3 BuAa dywxums npasgonofobus L{zi,...,z.;0)
3aKJI0YaeM, 4TO OHA ABIfETCA BO3IpAcTaMIel ¢yExnweid § npa
8 < X(1) ® pabua nyawo npu § > Xy, Cregoratessso, g(}-fn] =
= X(ny — OLeHKa MaKCHMalbHOTO IIpaBjon0jofus napaMeTpa 6.

L(xl,..,

fcno, ato L{zy,...

IIpamep 2.28. PaccMOTPUM NapamempuuecKyso modeib

6,\ )\—16—31} T ) 0
plz;a) = ¢ T(A)
0, z g0,
rge p(z;A) — DAOTHOCTH paclpejelelius eHepaibHOH COBOKYI-
gocTH X, A > 0 — deuspecTEm# wmapamerp, 6 > 0, a T(z) —

2amma-Pynxyus. Jag sTod Mogenu:

a) Hakgem onenky 0(X,) napamerpa # MeTOZOM MaKCHMANTBRO-
ro TPaBJoNoJO0HA U MOKaXeM, YTO OHa CMeIleHHasd;

6) RafigeM HecMellleHmylo onenky §°(X,) napamerpa 0,

109
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B) MOKAXKEM, ITO JA% PACCMATPABASMON TapaMeTPRILCKOR MO-
JeJE CYWECTBYeT JOCTRAMOURAS CTRAMUCTUKG;

r) ybegmMcs, 9TO ouerka §* ()?,,,) ne apdeKTHBHAS, HO QCUMT-
momunecku 3fdexmuenad.

a. JanpuieM QYyHKUHIO NpaBionofolus

nh
4 (X1X,..

L(X1, ..., Xni8) = e T exp( 92}()

Orcwofa BaxogaMm

n

FInL(z1,...,Tn;f) _m\ .
a6 ) ¢

Pewas ypansrenne npaBJIonogobud

nA =

aoaydaeM

[Tokaxem, 9TO G(X } = A/X — cMelleHEaA ONERKa MapaMeT-
pa 6. IAOTROCTH paclpefeieHus cayTadHOH BeAMHHAH Y = 1/X
EMeeT BHJ
4
X =2
)= (nﬂ) ( )n e ¥.

py (8, 2z TN

DToT pedyAbTAT MOXHO NOAYYATh, IBaf Aas JaRHOH MOjJeld Xa-
pakTeprCTHIeCKy0 dyEKnuEL [XVI]

r0=(-5)"
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Haiizem MaTeMaTHYeCKOe OKHAAHHE CAYIAAHON BEIUYHHE Y =

=1/X:
M(Y) = 1 f ““ —n?ed
( “f / e y=
0 o0
ne}n n/\ 2 —n&t
= TN f o
0

rae t = 1/y. Ucnoabays paBeHCTBO

et )

[temeras 2 102

01
0

H cBoicTBO ramma-QyBxuEn ['(A+ 1) = Al(A), noaygaem

1y _ (n®)™ g R L
M(?{“) = TN /t € es
]

_ @8 T(nA-1)  af
T I(rA) (n€)"-1 T a1

CrefoBaTeasHo,

A nA p
?) = kg

6. Jlerko 3aMeTUTB, YTO HeCMellleHHOR OUEeHKOH mapametpa @
EBAACTCS

M(
_ ni—1
(X)) = —.
B. YTo6n I0KA3aTh CYMECTBOBAANE JOCTATOIHON CTATHCTHKH

A4 pacCMaTpHBaeMoH MOJeNH, HCHOAB3YEM KpHTepu# (2.7). [Jad
oTOro OYHEKOHK NpaBionojobud OpeJcTaBEM B BuJe

n o
(Ffzf\))“ i (-Hin)(zl...xn)A-l =
2 (Z”) Ty ),

L(zl,...,zn;9)=
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rje

gni
&) = wop

i=1

eXP(—ﬂi xi),
1=1

h(Il,...,I.‘n) = {xl...xn)‘\_l.

Us aToro mpejcramaenns, cornacmo KpuTepHio (2.7), BuTekaerT,

HYTO
n
T(Xy,- s Xn) = 3 X
i=1

ABAAETCH JOCTATOYHON CTATHCTHKOMN.
r.  "To6H NpOBepHTH, ABAAETCH AU HECMENIEHHAS OLEHKA
* T w
8*(Xn) 3¢pbeKTHBHOH, HEO6XOJEMO BEITHCIETS ee AHCOEPCHIO H KO-

iudecTso napopmannn no Puuiepy I(#). das gucnepcun ouerkw,
Opegnonaraf, Y7o nA > 2, noaygaem

D6 (X)) = M(8(X,))* - (M67(X,))% =
- (Y () e
= (2 1)2]0(&?:; yz(i)m“e"? dy ~ 0* =
a
. (Mn_l)z(n,\- 131':1;,\-2)92_92: nfz_z'
OrmeTum, yTO
MX =7, DX=2

(cM. mpumep 2.12). Ucnonsays oTH paBeBCTBa, BEIYHCIHM 1{8):

10 =M (Z Y s x) -px =
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Teneps M0XHO HAaETH NokasaTedb ddpekTABHOCTHE 10 Pao —
Kpawmepy

T Rl DO (K. A

e(6) 1 n,\—Q.

Nockoarky e(8) < 1, oyenxa 9*()-(',;) He ABJAeTCA 3¢ PEeKTHBHOR 1O

Pao — Kpamepy. Ho npr sTom 1Lm e{f) = 1, Tak 1uTO 9"(}_(.,,) —
Tl

ACHMITOTHYECKH 2((eKTHBHAA OlleHKa napaMeTpa 8. #

B nakasouenne 0TMETAM, YTO A1A NOpwaabrot modesu N (6y,603)
BEIGOpOYHOe cpegHee X sBafeTcA HeCMeUleHHOH 3¢ pexTHBHOH
OLUEHKON DapaMeTpa #; = i HE3aBHCHMO OT TOrO, H3BeCTeH napa-
MeTp 03 = o2 uwau uer. Jas napamerpa 03 = o2 onenka

T

> (xi-X)?

=1

1
n

7%(Xa) =
ABASETCA CMElICAROR {CM. TeopeMy 2.2}, a ONEHKA,
1 "
2N V= — LX) —
$*(Xn) = — z_;(xt X)

HeCMeuleHHOH .
lpu uaBecTHOM napamerpe ¢, = u sdpdexTusnoit mo Pao —
Kpamepy sBaseTcd oneHka

(L) = = Y (X - )’

i=1

(cm. npumep 2.5). Ilpn wenasecTroM napamerpe §; = p onenka S2
dpdekTuBHag, Ho mo Pao — Kpamepy ona He aBngerca adpdpek-
THBHOR®.

"Cum.: Heuenxo I ., Medeedes K./

Bornpockr # 3aaasw 113

Bonpocw 1 3agaqn

2.1. YT0 HA3LIBAKT TOYEYBOH OLEHKOR HENABECTHOrO TapaMeT-
pa reHepajbHON COBOKYOHOCTH?

2.2. Kakyo TOYeYHYIO OLEHRKY Ha3LIBAIOT RECMEIUeHHON?
2.3. Kakywo TOYEYHYIO ONEHKY HA3HWBAIOT COCTOATENBHON?

2.4, Kaxas To4edHa# QUEHKA ABAAETCA HECMEIUEHHOH, COCTOA-
TeNbHOK ¥ S(ppeKTHBHOA B KJACCe JHHeHHKIX OUEHOK A8 MaTeMa-
THYECKOI'0 OXKHAAHEA MeHepalbHON COBOKYNHOCTH?

2.5, Kakas TouedHasa OOEHKa AR AHCHEPCHH reHepaabHO# Co-
BOKYOHOCTH ABJIAETCA: a) CMelleHRol; 6) HecMemeRHon? HBaswoT-
CR AM ITH OLEHKH COCTOATEeNbALIMHET

2.8. Kakyr TOYeYHYI0 ONEHKY HAlHBAIOT 3PdeKTHRHOH no
Pao — Kpamepy?

2.7. 3anuimyTe HepaBeHcTBO Pao — Kpamepa.

2.8. YTo Ha3EIB2OT HOKalaTeleM dpgekTHBHOCTA T0 Pao —
Kpamepy?

2.9. Kakyio cTaTHCTHKY AAf napameTpa f Ha3kBalOT AOCTa-

TowHOA?

2.10. ChopMyaupyiiTe nHeobxogumoe H JOCTATOUHOE YCIOBHE
CYUIECTBOBABHA AOCTATOYHOM CTATHCTAKH.

2.11. Kakaa ¢Bs3b CYUIECTBYRT MeXAY AOCTATOYHBIMH CTATH-
CTAKaME 1 >pdekTHBHEME no Pao — Kpamepy onenxamu?

2.12. B 9eM cOCTOHT MeTOJ MOMEHTOR HAXOXICHHS TOYeYHBIX
OUEeHOK?

2.13. B 4eM cOCTOHT MeTOA MaKCHMAJBHOTO NPABIONOIOGHA
HaxoX JeHAA TOYeYEbIX OHeHOK

2.14. B ycaoBuax 3agaqu 1.16 onpegefMTh 3HA9CHES AeCMELIeH-
HOI OUEeHKHM AACIepcHA oimubok npulopa:

a) eCiA 3IHAYeHHE A3MEPAEMOV BEAMYHAL H3BECTHO M DaBHO
2800;
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6) ecay 3HauUeHUE HAMEDPAEMOK BEJKYKHHH HeHIBECTHO.
OTaeT: a) $%2=1287,8; 6) S%=1508,5.

2.15. B ycaopuax 3agavu 1.18 onpegennTe 3Ha4eHHe HeCMelleH-
HOH OIeHKH IUCNePCHH MeHepajLHOH COBOKYNMHOCTH X .
OtseT: §%=1,205.

2.16. Bubopka o6beMa n H3BJIeYeHa U3 PAaBHOMEDHO paclpeje-
NEHHOH Ha OTpe3ke [a, b] reHepanbHoll copokynrocTs X. HapecTHa

ANAHA DTOro OTPe3ka b — ¢ = h, HO He H3BeCTHA CepejMHA HHTEpP-

a+b
BaJd € = % B KadeCTBe OleHKH cepeJAHL! HHTepBala Npedfa-

raeTcs cpefHee apupMeTHYeCKOe KpaHHHX YJIeHOB BaPHALHOHHOTO
paaa Bu6opkn. [MokaxuTe, 4T0 2Ta OUEHKA HECMEIIEHHAA U COCTO-
ATeJbHAS.

2.17. U3 renepaibHON COBOKYNHOCTH, paclpefeleHHON 10 GH-
HOMBAJBLHOMY 3aKOHY, H3BJeYeHa Bhifopka obbhema n. HalignTe
METOAOM MOMEHTOR OUEHKY HeH3IBeCTHOT'O HapaMeTpa p H TOKa-
JKHTE, YTO 3Ta OleHKa OyJeT HeCMEIUeHHOH, COCTOATEJLHOA H
appexTunroE no Pao — Kpamepy.

2.18. HaigaTe MeTOJOM MAaKCEMAJABLHOTO MPaBJONOANGHA IO
BRIGOpKE O6beMa 71 TOUEYHY O OUEHKY FeOMETPHYECKOr O paclipee
JAeHHAA

P{X = z;} =p(1 - p)" ",

rge r; — TACAO HCIBITAHHH JAC IOABJICHHA COﬁbI'THH; P — BepDOAT-
HOCTh MOABAECHHA COOLITHA B OJHOM HCIRTaHHH.

Orset: B(X,)=1/X.
2.19. HafiguTe MeTOAOM MAKCAMAJILHOTO MPaBIONOgo6HA MO

Buifopke o6bemMa m TOYEIHYIO OLEHKY NDapaMeTpa [3 raMa-pac-
npefeledus (& U3BECTHO) C MIOTHOCTHIO

1
f(:r):m—l—)x“e""m, a>-1, 8>0, z20.

OTgerT: ﬁ(fn)zﬁ.

Borpocer u 3agayiu 115

2.20. UmeeTcs BrBopKa ofbeMa 7 #3 T€EePaIBHON COBOKYTHO-
et X, pacnpefeleHROH IO 3aKORY X* ¢ [LIOTHOCTHIO

k k-1 ,—orF
i
g)=——F—, >0,
rge & — HEeHW3BeCTHHIN mapamerp. HaljaTe c MOMOIIBIO MeTOAa

MaxCHMAJIbHOro NpaBIonogo6us OUeHKy NapaMeTpa o.
OrseT: a(X,)=k/X.

2.21. U3 pacopefenesns ¢ NAOTHOCTHIO

ol 2| < 6
)= ———, |=
p( ) 2(1 Ly 8_3) . 1
H3BAeYeHa BHIGOpKa oObeMa n. HaligHTe OLEHKY MaKCHMalbHOIO
npasionofobua AAs napaMeTpa 8.
OrseT: §(Xn) = max|X;|

i=l,n




3. ”HTEPBAJIbBHEIE OIIEHKU
U TOBEPUTEJLHBLIE UHTEPBAJIBI

3.1. IloHATHA MHTEPBAIBLHOM OLEHKH
U AOBEPHUTEABLHOT'0 MHTEPBAIA

Mpu cuennBann® HewaBeCTHRIX NapPaAMETPOB HAPALY € PACCMOT-
PEHHBIMH BLILIE MMONEURBLMY OYENKAMU HCIOALIYIOTCA TAKKE U~
MEPEAALHLIE OUEHKY. B OTIHINE OT TOYCUROK ONEAKN METEpPBAIb-
Haf OUEHKA MOIBOJAAET NONYTHTH BEPOATHOCTHYKO XAPAKTEPHCTHKY
TOYHOCTHE OUEHHBAHWA HEH3BECTHOI'O NapaMeTpa.

[Tycrs X, — CAYNAUHAR 6bI60PKA 00veMma N U3 2enepadbHol
cosoxynrocmu X ¢ pyHKUNEH pacTipefeleRus F(z;ﬂ), 3aBHCALIEH
0T mapaMeTpa 6, 3navenne KOTOpPOro HeussecTHo. IIpegmoTOKHM,
YTO AN mapaMeTpa f NOCTpoeH HHTepBasl (Q()En), @(X'n]), rje
Q()En) 4 0(X,) aBiswoTCa pyHKUMAME cayYaiHOH BuGOpKH Xp,
TAKUME, YTO BHTOJBACTCE PaBeHCTBO

P {8(Xn) <0<B(X,)} =7 (3.1)

B oTom cayyae wnreppan (8(X,), 5()?,1)) BA3bIBAIOT UNMED6aAb-
Hot oyenxot Jus napamerpa § ¢ RosdPuyuenmon doeepus ¥
(uwnu, cokpalenno, v-dosepumeasnot uHMEPSaALHOLl Oyen-
xodl), a 8(X,) n 6(X.) coorseTcrenno MuNcwed u seprwet
ZpaNuYyam FHTEPBAILHON ONeHKH.

WrTepBasbAas cuenka (ﬁ(fn), 8(X.)) npeacranaseT coboi HH-
TepBaJ CO CAy4aHHKIMU FPAHHAIAMH, KOTOPBIX C 32 JaHHON BEpOAT-
HOCTBIO Y HAKDBIBAET HEHIBECTHOE YCTHHHOE 3HANEHKE MAPAMETPa
6. Taxim 06pasoM, Z17 PA3THYHEIX peaauayutl caynainot enbop-
st Xn, T.e. AIf PASAHTHBIX DIEMEHTOB 6560POuNHG2ZO TIPOCTDAH-
cmea X, cmamucmuxy _Q(X—n) H @(Xn) MOTYT OPHEHMATEL pa3jdi-
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gne 3Hadenus. Boaee Toro, cornacho (3.1), cyuecTByeT noaMHo-
xectso K C X, Takoe, yTo ecun &, € K, To 8 ¢ (8(F,), 8(Fn)).

[Ipg 2ToM BepOATHOCTHOH XAPAKTEePHCTHKOH TOYHOCTH OLEHHU-
BaHES HapaMerTpa § spifeTcd ciyvafiHag BeIHIAHA

(X)) =8(X.) - 8(X.),
KOTOpaA AAd 1060H pealnsauun T, caydaiiHol BeIGOPKi X, ecTb
angna waTepBaia {8(Z,), 8(7,)).

HaTeppan (_Q[En), 3[5}1)) HA3HIBAIOT JOBEPUMEALHLIM UH-
mepeatom J1A napaMeTpa § ¢ KoxbHROUEHTOM JOBEDHA § HIH
Y-008EPUMEALHBIM URTNEPE GAOM.

3amMeTnM, 9To HapaAy ¢ TepMHHOM , KodddrukedT JoBepHs
UJﬁpOKO HCNIOAB2YOT TaKXe TEPMAHR aOB epUIMeAbHAl 6€PORTL-
xocmb M yposemns dosepua. Ilpi 5ToMm xoadduuHEHT ZOBepHA
Y vaie Bcero BuORpatT pasHbeiM 0,9, 0,95 uam 0,99, T.e. GaHakuM
K 1.

B nekoTopbix cuTyauusx (Hanpumep, IpH pacCMOTPEHUH JHC-
KPeTHEIX CIyTalHEbIX BeiudmH) BMecTo paBeHcTBa (3.1) yaaeTcs
ofecHequTh AWIUIL HEPABEHCTHO

P{8(Xa) <6 <8(Xn)} 2,

T.e. JOCTPOUTEL EATEPBAILHYIO OUEHKY A1A mapamerpa £ ¢ Ko3d-
dunierTom gonepnd, He MeHbIUMM . WHorga Tpebyercs oueHuTh
IapameTp # TOABKO CHH3Y HAK TOAbKO cBepXy. [Ipm sToM, ecan

P{8(X.) <8} =7,

TO CTATHCTHKY Q(an) HA3LIBAIOT odnocmopounetl sudxened
Y-dosepumedsbroti zpanuyed 14 napaMerpa . AuanoruvHo,

PO <T(Zo)} =,

To craTHCTHKY 8(X,) HasHBAIOT odnocmopowunesi sepTned
Y-dosepumeabroti 2panuyet 118 napamerpa b.



118 3. HHTEPBAJIBHBIE OUEHKH

ITpumep 3.1. [lycTe & — cpegnee 3EavYeHHe npejena NPoOYHO-
cTd X HEKOTOPOr0o MaTepmala, KOTOpOe OlEeHMBal0T He3aBHCHMO
APYT OT gpyra B Kax4od u3 N pa3sauyHLIX Aa00pPATOPHA MO pe-
3yJAbTATAM 7 HE3ABHCAMBIX HATYPHEIX sucnulTanud. Mnadve rosops,
CpeliHee 3HaveHHe Dpejea NPOYHOCTH B KaX/OK J1aGopaTophl
ONEHHBAKOT 110 ,CBOMM® IXCNEPUMENMAAbHIM GaHHBIM, TIDEJCTaB-
JAeHHLIM 6b160pK0t 00%eMma N, A B KAXKJOH Aa00PaTOPHE HOIYYa
,CBOH“ 3HAYEHUA BepXHEH H HIDKHER FPAHAL Y-JOBEePUTENbHOTO K-
TeppaJa (pac. 3.1).

[ S R SR

Puc. 3.1

BoaMox bRl caydam, Korfa <-ZOBEpHTENbHBIA MHTEpBan Jid
napaMeTpa § He HAKPHBaeT ero HCTHRHOrO 3HazeHMsa. Ecal
M — <MCAO TAKAX CAy4aeB, TO Npu 60AbIAX 3Havernax N
KOJKHO BHINONBATHLCH NPHOIMKEHROE paBeHCTBO ¥ & (N — M)/N.
TaknM o6pasoM, ecliu ONHT — nofydveHde BHGOpKK obbeMa
B JAaf0paTOpHA, TO YPOBEHb JOBepMS ¥ — JOAA TeX om,rrong‘
(IpE MX MHOrOKPATHOM HE3aBACHMOM IOBTOPEHHk), B KaXKIOM
M3 KOTOPHIX 7Y-J0BePHTEIbHH HHTeDPBaJ HAaKpHBaeT HCTHHHO&?’
3Ha9eHHE OUEHUBAEMOIC NapaMeTpa. ‘

|
3.2, [TocrpoeEne MHTEePBANBHREIX OLEHOK !

_ i
Mycre X, — cayuaiinas ssibopra 06vema i U3 2eNEPpatbROU CO-
soxynnocmy X ¢ QyYHKIHeHR pacOpeseledHA F(z;ﬁ), 3aBECALNEH OT
napameTpa #, 35aeHNe KOTOPOTO Bew3BecTHO. PaccMoTpuM ofHE
§
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13 HARGO/ee PACTPOCTPAHEHHBIX METOIOB IOCTPOSKES UHIMEPE (b~
HOIT OYEHOK AaA 8§, CBABAHHBIR ¢ UCNOAB3GBAHHEM YENMPGAbHOU
emamucmury — moboil cmamucmuxy T(X,,8), byuxmna pac-
npejeieHus KoTopoH

Pr(t) = P{T(X,.0) <t}

He 3aBHCHT oT mapamerpa f. [IpHMephl UERTPadbLHBIX CTATHCTHK
npueegeHu B 3.3.

Jna ynpoulesun JaibHeHIMIKX paccyxJeRud Gygem npeanona-
raTe ciefytoulce:

1) dyukuns pacnpegeacans Fr(f) AB1geTcs HenpepwBHOH U
BO3PACTAOLICH;

2) 3ajaHbl TaKKhe NONOKUTEIbHbE Yneaa « 1 3, 4To xosPduyu-
enm dosepun y=1—a—;

3) a1s npbGoil BLIGOPKY Ty, U3 reHepalbBON COBOKYNHOCTH X
bynxoua T(&,,9) asaseTca HenpepblBHOH K BolpacTatoilel (yOsi-
Baloluell) pyrKunel napamerpa § € 0.

Coraacuo gonywesuwo 1, gas aw6oro ¢ € (0, 1) cywecTnyer
eANHCTBEHHbIN XOpeHb h, ypaBHenus Fr(t) = ¢, KOTOpPHIH Ha3kLiBa-
0T KBAHTHADBIO YPOBHA ¢ QyHKuUKN pacnpegenenns Fr(t) cryzait-
BOW BelMYKH T(f(},,f?). Taxum o6pa3oM, coOrJacuo AoOyIUeHuo 2,
HMEKT MeCTO PaBeHCTBa

Plhy < T(Xn.8) < hig} =
= Fr(hi-g) = Frlha) =1~ ~a=7, (3.2)

KOTOpBIe clpaBefanBal A1 NHOOKX BOIMOXEBIX JHaYeHEH TapaMeT-
pa @, Tak kak T(me?) — HeHTpalbHad CTATHCTHKA, e PYHKUAA
pacnpegenenns Fr(t) se sapucut ot 6. J[as opeobpasopaHus
{3.2) 8 (3.1), T.e. A% MOCTPOEHHA WCKOMOH MBTEPBAIBHON OLeHKH,
BocioabayeMcs CAeAYIOMBEME COOGpaKeHAAME.

MycTs aas onpegenennocTy dyuxunst T(Z,,8) sBaserca Bo3-
PacTaowell ¢yuxuneii napamerpa . Torga, corjacHo jgomyile-
B0 3, aafl KaXAOW BBIGODKE T € X, ypaBueREs T'(Zn,0) = hy u
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T(%n,0) = h1_g umer0T eannucTBenBHe pemenns §{F,) u §(%,) co-
oTBeTCTBeNHO. [Ipm 9TOM HepaBencTBa

ho < T(Tn,8) < h1_g, 8(F,) < 8 < 8(%n)
ABJAOTCA PABHOCEABHBIMA, T.e. A4 JN060# Bubopku T, € Xy

OHH BHINCAHAKOTCA HAH He BRIOOAHAIOTCA OJAHOBPeMEeHHO. TaKaM
ofpasom,

Y=P{ha < T(Xn,0) < hi_g} = P{B(X,) < 8 < 8(X.)}

n (8(X,), #(X,)) — Mckomas METepBaILHAL OLeHKA. J
3aBepwas paccyXAeBHf, 3aMeTHM, 4T0 GaKTHIECKH TOCTPOe-

HHE 006epumesrozo UHIMEPSGAG CBOLATCA K BLIIONRCHAI CAeRY-
UINX JeACTBAN:

1) noctpoerue nentpanbtof cratucthkn T(X,,8) ¢ wapecTHOM
(pyHKunel pacnpegenenus Fr(t); |

2) mpeacTaBAeHHe 3aKaHHOTO KO3h(HUHERTa JOBEPHA ¥ B BHJE
vy=1-a-5

3) Haxox aeHne xBaATANEH A, U hi_p ypoBus a u 1 — 8 pysk-
uuy pacnopefererus Fr(t);

4) HaXOXJAeHHe IHAYCHUH HuMcHel! 8(Z,) = sepzneii 8(%,) epa-
HUY CKOMOH AHTEPBAJIbHON OUEHKH (yTeM DellleHus ypaBHEeHHH

T(£0,8)=ha,  T(i.,8)=h1_pg (3.3)

COOTBETCTBEHHO B cyvae, koraa T'(Z,,0) — sospacTaionias (yHK-
uun napamerpa §. Ecam xe T(Z,,0) — y6uparomas dyHknud
napaMeTpa 8, To 8(X.,) n (X,) mosysaoT nyTem pemenus ypas-
HeHWH

T{(Zp ) =hi_p,  T(Tn,8) =h, (3.4)

COOTRETCTBEHHO. !
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3.3. llpuMepHI MOCTPOEHUA MHTEPBANLHLIX OUEHOK

PaccMOTPEM TOCTPOEHHE UKMEPSGAbHOU oyeHKy 114 NapaMeT-
poOB HEXOTOPHLIX 9aCTO MCNOAB3YEMBIX PaclpefeeH .

DKcOoHEHTAEAILHOE pacnpegenenne, [lycTe X, — cayuai-
was ewbopran o6veMa n U3 2eHepasvrol cosoxynnocmu X C© IKc-
NOHERYUAALHBIM JAKOHOM PACNPeJeleHusd, HMEIHM JIOTHOCTE
pacnpeeqed s

—Ax .
AeT¥ 2l

p(z”\)={ 0, <0,

rie A > 0 — aeusBecTHuIll mapameTp. TpebyeTcs NOCTPOHTDH
HATEPBAILEYIO OUEHKY IJA HapaMeTpa A TO JAHHBIM CAY9alHON
BHIGOPKH X,

B ramnoMm cayvae 6 = A. PaccMOoTpHM cmamucmuxy

T(X., A) =2inX,

rae X — guibopounoe cpednee aan Xn. DTa CTATHCTHKA HMeeT
X*-pacnpedeaenue ¢ 2n cmenewamu ceobods (cv. J.3.1), Te.
ABIgeTCA yenmpaibroti cmamucmuxod. Ypasaenus (3.3) B gaHHOM
Ciy$ae NPUEAMAIOT BUL

2AnT = x2(2n),  2XnZ = xi_5(2n),

rje xi(?n] ~— KBaHTHEIb YPOBHA ¢ A4S X°-Pacnpeiesesus ¢ 2n
CTeneRfAME CBOOOAR.

[lonyvaem, 4TO HuMKHAR U 6EPTHAL 2PAHUYLL HATEDPBAILHOH
omenkn ¢ xoofPuyuenmonm dosepur ¥y =1—a— [ gad mapameTpa
IKCIOHeHUBAILROr0 pacupeeleH s A MMEIOT BHJ

AEy = 2D g Xipln)
= onX " mX

Hopmanpaoe pacnpeaenenme. Ilycrh X, — caysaiinas Bu-
Gopka o6bema n M3 TenepasabnOW COBOKYMHOCTE X, pacupejefen-
HOK 10 HOPMaJbHOMY JaXOHY C MapaMeTpPaMu g i 0. Pacemorpum
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HeKOTOphBIE BaAPDHaHThl MOCTPOCHHA WHTEPBAJAbHLIX OUEHOK [J4 Ma-
PaMETPOB 4, .
B apHaBT 1 — OQIeBKa A8 MaTeMaTHYeCKOro O JaHNE
NPH KW3BECTHOHR JHCHepcHY. B IaHHOM cay4ae CTATHCTHKA
- X
T{Xnyp)=

)u' \/T_I.
o
¥MeeT CTaHJapTHOE HOPMaAbHOE pacnpejefeHue ¢ napameTpami
w=0,0%=1, T.e. ABAACTCA UCHTPANLHOH CTATHCTHKOH. DyHKIHA
T{(Xn, 1) #BageTca yOuBalolel GyHKiKeR N0 u, 0 cUCTeMa ypaB-
denni (3.4) npunuMaeT BHA

:ul—ﬁa — S Uy,

rje 4, — KBaHTHAb YPOBHA ¢ CTAHJAPTHOI'O HOPMAJbHOIG paclpe-
JemeHHA, YYHTHIBAdA, YTO AJAH HOPMAABLHOTO IAKOHA Uj_g = —Ugy
MOJAYYaeM CAe/YIOlljde HYKHIOKW H BepXHIOK TPaHHlLl y-dosepu-
meabHoZ0 UNMEPEAAd ANA napaMeTpa g npu y=1—-a— 3

a LTS o

E(Eﬂ): _‘/_Eul—ﬁa :u(xn]=i+ \/_Eul—cx-

st

BapuanT 2 — olleHKa MaTeMaTHYIeCKOIO OXKHAAHHA OPH He-
H3BeCTHOH AMcUepcHy. [IpH HeW3IBECTHON AWCHEPCAH CTATHCTHKA

T(Rnypt) = ;‘()‘(‘; B

ABAfeTCA UEHTPaIbHOMN, Tak Kak HMeeT pacnpededente Cmyioden-
ma ¢ » — 1 crenensamu csoboau {(cM. [.3.1), KoTOpOe He 3aBHCHT
ot g u 02, Crcrema ypapHern# (3.4) B JaHHOM cJy9ae NpAHAMaeET
BHJ

V(T — p(£,))

:tl_g('n-—l), =ta(n—-1),
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rge ty(n — 1) — KBaBTHAL ypoBHA ¢ pacnpedetenns CTbloJenTa ¢
n - 1 creneRAMHE cBoGOAL. [1OCKOALKY MIOTROCTH paclpeieleHus
CTbioaenTta — vYeTHad PYHKORA, TO I4(n — 1) = —t;_4(n—1). O1-
CIOJ2 3aKA0YAEM, ITO HENHAS H BEePXHAA T'PAHMIL HATEPBaIbHOH
OLEHKH € KOI(ALMeHTOM JoBepna ¥ =1— o — f§ Ans napamerpa
£ B CyHae ¢ HeM3IBECTROK JUCHepCHell MOMHO ONpPefedHTh O (op-
MyJaaM

L S e SR
W) =X -2t 1), B(R) =K+ 2520 no1),
Baprnanrt 3 — ounenxa cpegEero xpajpaTUvYHOr0 OTKJAOHE-

AE8. PaccMOTpHM CTATHCTHEY

(n = 1)S*(Xa)

T(Xn,0) = -5

DTa CTATHCTHK3 SABAAeTCA NeHTPalbHOA, Tak Kak #MeeT X>-pac-
Opeseiende ¢ n — 1 creneramu ceoboarr (cMm. [.3.1), koropoe He
2aBucHT oT i H o2 [lpu atom T(Z,,0) — y6upalouas GyHKnus
napameTpa ¢. Hexogs u3 oToro, coraacio (3.4), HaxoAuM HEX-
BIOI0 M BEPXHIOK I'DaHKILl HETEPBAIBLEOHU OUEHKH AAA NMapaMeTpa
@ ¢ KO3 bHUIACHTOM JoBepHd Y =1—a — 3:

- S(X)vn—-1 WL e T
Xn e Xn — Err— 4
2ldn) XE_gln—1) 7 VXxi(n-1)

rmpe xﬁ(n — 1} — KBaHT#AEL YPOBHA ¢ 414 x*-pacnpegesenus ¢ n — 1
CTeneHAMH CcBOOOABI.

[IpubinKeHHELIe HETEPBATLHELIE ONEHKA. CHadala pac-
CMOTPHM B3 TaCTHBIX Cy9af NIOCTPOSHKA TakHX OHEHOK.

IlycTs Tpe6yerca Ha#TH HETepBaibHYI ONEHKY AAf MaTeMa-
THYECKOI'O OXEJAHAS B CAy9ae, KOT/Aa 3aKOH pacOpejfeleHns re-
HepadbHOW COBOKYTHOCTH X Hem3BecTeH. IlpeamojaraeM, 4YToO
CYUIECTBYIOT KOHeYHLIe MaTeMaTHdeckoe oxufanue u=MX n
Aucnepcus o2 =D X.
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PaccMoTpuM CTATHCTHKY

T(X,) = 7_;E V.

B cooTBeTcTBEM ¢ UeHTPaAbHOH OpefjelbBOfd TEOPEMOW 3Ta CTa~
TUCTHKE IPK OOJBIIKX 06BeMax Tt CayTadEcH BRIGODKY X, uMeer
3aKOH pacipejelelis, GAMIKEN K CTaHAapPTHOMY HOPMaibHOMY.
[To>TOMY mpH JOCTAaTO4HO GOABIUAX 7t HEPABEHCTBA %

—Uj- g ‘u \/_ '

BRINOAHKIOTCA C BEPOATHOCTHIO, BAKIKOHR K Benyduie y=1 - a —J,

rje %, — KBaHTHIb YPOBHA ¢ CTAHJaPTHOO HOPMAJIBHOIO Paclpe-

JAeaenud, [IpaBefeANkie HEPABEHCTBA IXBUBAASHTHE Gy IOLIHM:
a

jf—— 7“-’_3“1_

ITH YepaBeHCTBa He [JAIOT ei(e HATEePBaJILHOW ONGHKE ANA Napa-
MeTpa i, TaK KaK MX JeBaf il 1paBad YaCTH COAEPXKAT Heu3BeC THHIM
napameTp o. IlpnMensa eule ogHO NpHbAMKEHHS, 3 HMEHHO: MOA-
CTAaBIAA B yKadaHHLIE HEPABEHCTBA BMECTO HEH3BECTHOTO TOTHONO
3HAYEeHHA 0 ero oyenxy S(X n) nosyjaeM HHKHIOIC H BEeDXHKIOK
rpakunu (NpAGIEXEHHON) UHTEePBATbHON ONEHKH ¢ KOd(hHIHEH-
TOM JoBepHi ¥ = 1 — a — [ I14 MaTeMaTHYeCKOTO KA JaHHA p:

P"‘\X"I‘ \/—ul—ﬁ

[IycTs npoBoguTCcA cepus M3 » HCOBITAHHE Mo cxeme Depuyand
u X;, t=1,n, — HCX04 ¢-r0o HCIHTAHEA {,ycmex“ mim , oTKa3").
[To zamHbIM caysa#noil BebopxkE X, = (Xi, ..., X,) mocTponM
AOBEPHTENIBLHBLIM AHTEepBan JA4 BePOATHOCTH P , yeuexa® B KaX oM
OTAeNEHOM WMCHEITAHHA.

p(Xn) =
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PaccMOTPEM CyMMapHOe YHCIO ,YCHexoB“ B Cepud 43 7 HCHH-
TaEEH, T.¢. BBEAEM CIYyUaHHYK) BEAHYHHY

KX)=X1 4.+ Xn,

KoTOpag HMeeT GUHOMIAALEOE PacOpejeieHHe ¢ UapaMeTpoM p.
A% TOCTPOGEHA JOBEPHTEABHOT O ARTEPBAIA AMS P BOCIOALIYEMCA
CTATACTHKOH

B coOTBeTCTBHH ¢ NpefenbBoR Teopemol Myaspa — Jlangaca
CTATHCTHKA T(Xn,p) IpH GOABIEAX 06beMax T Cly TaHOR BHIGOPKK
X, uMeeT 3ak0H pachpejeiends, GAHIKHE K CTaHRApTHOMY HOP-
MalbHOMY. TeM CaMbIM HepaBencTBa

K(Xa) - np

< UYl-a
ap(l-p)

—U1-3 %

BRIOOAHAKTCA ¢ BEPOATREOCTBLIO, KOTOPYI0 HPH DOXBIIAX 72 MOXHO
CYATaThL MpHONEKEAHO PABROA Y= 1— @ — 8. ¥YkadauELe HepapeH-
CTBa MOrYT OnITb 3aNMCAHEL B BEJe

B _te gy << K04 222 5Top)

n NG N N

DT HepaBEHCTBa elle He AAOT KHTEPBAIbLAOH OLEHKE Napa-
MeTpa p, TaK KaK X JeBafs M NpPaBaid JaCTH COJEPXKAT BTOT Ma-
pamerp. IlosToMYy Ea NpaKTHKe B YKadaHEBIE 4acTH HEPABEHCTR
93CTO [0 JCTABIAI0T BMECTO HEE3BECTHOTO TOFHOT O 3HAYCHHSA P ero
onenky p(Xn)= K(X,)/n. B pesyibTaTe OAyYaioT ClelywLiAe
BEDXHIOK M HIKHIOW TPARMIEI HETEpPBaJbHOH ONEHKH C KOd(gu-
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OueHTOM A0BepHA ¥ = 1 —a — § aia napameTpa p:

= K(X.) ui-a | K(X,) K (X»)
p(Xa)= n.' -in n - n '
sy KO wimp | KOG (| K(Ra)

n N n n

MogaepkneM, 9T0 3TH JOBepHTEAbHEC I'DAHHIL SBRAAIOTCH NpH-
GJAUMKEHHBIMH W MOTYT HCIOAB3OBATHCA OPH AOCTATOYHO GOJBIIHX
odbeMax HabJAIOLeHHH 7.

[TpuBesesHNA ¢OOCO6 NOCTPOCHHA NPEGIMKEHHOTO JOBEpH-
TeJBHOTO HATEPBANA ANA NapaMeTpPa p GHHOMHEAILHOTC pacupeje-
MeHNAs MOKET NPAMERATBCA B B Cledyollei Goee obuwiel CrTyanui.
Tycre 9()?,1) — TMOYEUNGS HECMEWERHAR OYeHKa IAA NapaMeTpa
8, mocTpoeHEAA M0 AAHEHM CAYYalHOH BRGODKH X.. Obo3nayuM
qepea

Va(8) = M(8(X,,) - 0)°

3HAYeHHe Jucnepchr omerx® #(X,). [Ipegnonoxumm, YTo omeHKa

—

8(Xn) uMeeT acumnmomusecru nopmasboe pacnpedesenve. Jpy-
THME CIOBaMH, HOPMEDOBaHHAA CAYJaHHAA BelHIHEHA

s

Ao (X,) -0
T V@

HMeeT paclnpeleleBNe, KOTOpOE NIPE N — 00 CXOJHTCA K cTaH apT-
HOMY HOPMaJbLHOMY paclpejeseHEo. B sroMm crydae HepaBeHCTBa

gul—as

rAe %, — KBaHTHAb YPOBHA ¢ CTAHAAPTHOIO HOPMANBLHOI'O 3aKOHA
pacopefelenns, BHIOJEAIOTCA C BePOATHOCTHIO, KOTOPYID NpH
AOCTATOYHO OOMBWIAX 7 MOXKEO CYATATh NPAGAMNKERHO PABHOR
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y=1-a~-08. YKkasaxubie HepaBeHCTBA JKBHBANEHTHH (cM. 3.2)
CASAVIOLIHM!

0(X,) = u1—av/Va(8) <8 < B(X,) 4 ur_p/Va(8).

JanHcaHHbie REPABEHCTBS elle He JA0T MHTEPBANlbHOW ONEeHKH ANA
#, Tax Kak ¥X JeBai ¥ 0OpaBaj 9acTH COAGPKAT HEKIBECTHBIU
napamerp 6. TlogcTasiss B A€BYK H NPABYI0 HacTH YKalaHHBIX
HEpABEHCTB BMecTo € ouewky g(fn), NOAYYaeM OKOHYATEIbHO
CAEIVIOIIME HUNCHIONW H SEpIMiow 2panuyst A8 napameTpa & c
roadfuyuenmonm dosepus y=1—-ao - 3:

8(Xn) = 0(X,) — wi—ay/ ValB(X,)),
B(Xn) = 8(X,) + ui—p\ ValB( X))

WaaoxkeHnriil MeTOL ABIACTCA NPBOAMXKERARIM H MOXKET IPH-
MEHATHCA NPH AOCTATOYHO GoXblIOM OfbeMe caydaiHon BHIGGD-
KM, 3aMeTHM, 4TO €ro HCNoAb3OBaAWe (GAKTHHYECKE CBA3AHO C
»ABOWHEIM NpHGIMKeRHeM ", a HMeHHEO: 3aKOH pacllpeeleHd OleH-
KH g(fn} 3aMeHKI0T HOpPMadbHEIM K, KPOMe TOrO, B [pHUBEIEH-
BHIX QopMyJax Ii8 FPAHBEL ﬂ()?n), E()?,,) BATEPBAILRON OUEHKHA
B aucnepcare V,(f) BmecTo To4HOrO 3Hadenms § ODOACTABRIAIOT
€0 OUEHKY g(fn) [Ipr MadBIX H CPEAHHX O6beMax CIYyYailHoH
BHIOODKH NpHMeHEHAE yKa3aHHOCO METOJa MOXeT NPABOJHTE K
3HaquTenbHWM omnbkam. [lodToMy HCOOABIOBATL ero CAelAYyeT C
JAOCTATOYHOK CTENEHR0 OCTOPOKEOCTH ¥ JHIIL B KAYECTBE OePRO-
Fo npubarKeHBA.

ITprmep 3.2, PaccmoTpum mocTpoenne DpHGAMMKEHHOTO JO-
BEPHTeALHOTO MHTEpBaJda JAAf NapameTpa p GHHOMHAABLHOIO pac-
Opegenenud. [IycTh NpoBoAHAOCE R = |6 He3aBHCHMBIX HCILITAHANK
¢ HEeM3BECTHOH BEPOATHOCTBIO P , yclexa“ B KaxJOM HCHLITaHKH,
Ipu 3ToM Habawgatock k=8  ycmexoB“. OmnpefenuM 3Had9eHAs
IDakuy gobepn're.rlbuom FHTeDPBaLA JAA p ¢ KOdQMHUUACRTOM J0-
Bepua v = 0.9.

il
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3HaYeHNe TOYEYHOH OUEHKY NAPaMeTpa P ONpefelfeTcA Kak

5 X
P=
AECTepCHA 3Tol ouerka [ XVI]
p(l~p
va(p) = 222
n

[Ipumenasn npuBejeHEhle Bhie POPMYARI, MOAYYAeM CAELYIOUIAE
3HAYeHUA AAM AHIXKHEH H BepxHel I'DAaHMIl AOBEPHTENBLHOrO m{'rep‘.-J

BaJa:
N p(1—
P=p—uogs p__( P = 0,294,
- - (1 -
P=p+uges p__( " p) =0,706.
3.4. MeToZ A0BepUTEJLHEIX MHOXECTB
Tiyers X, — cayuatinaz 6btbopra o6vema n A3 zenepaabnot

cosoxynnocmy X, 3aKOH paclpejeleHHA KOTODOH 3aBHCHT OT
r-MepHOrc BeKTOpa IapaMeTpoB g. Kaxgomy drkcuposannoMy
3HaYeRHIO BEKTOPA NapaMeTpPOB f moCTaBEM B COOTBETCTBHE TaKO®
MHOXeCTBO Hy B3 ewibopounozo npocmpancmea X, 94T0

rae v — 3afadBbli KoodPuyuenm dosepud.

Kax masecTHO (cM. 3.1), nudCHAR W 6€PIMAR 2PaNuUyL uNMED-
saabnoll oyenxy (MroxecTBa B R) spasioTes cayuaiumMy Beandn-
HaMH, TOCKOABKY OHM QYBKIOHE cryvyainon BoiGopkA. Temepr 5 R”
paccMOTPBM Takoe MuOXKecTBO D g O cayvaiiod rpannmned, 1To-
ORI IPH KaX0M (HKCHPOBARHOM 3HaJeHHH BEKTOPA NapaMeTpOB
8 cny4adEble COBRITAA

{feDyg )}, {XneHjy)
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3.4. Merog 4o0BepHTENLHEIX MHOXECTR

OBlTH JKBRBAaJeHTHEI, T.e.
P{feDy } 2.

Moaygennyro TakHM 0Gpa3oM COBOKYNHOCTh MHOXecTs Dg Ha-
3HBAIOT cucmeMmoti Y-doeePUTNEALRLIT MHONMECTMS, A pac-
CMOTPEHHYIO TPONEAYPY — MeMOJOoM O08EPUMEALHBIT MHO-
acecme {meTogom Heiimana) gis mapamerpa. 6.

Ecag # — cxanap, TO MeTOf AOBEPHTENLHRX MEOKECTB UMeeT
IPOCTYIO M HACAALHYI0 CpadpHYecKyio waTeprpeTaunio (puc. 3.2).
[looTomy Bce gadbRefiiige paccyXTeR¥d NpPOBeJeM HMEHHO a4
3TOro caydad, T.e. Opg r= 1.

iy Ca

Puc. 3.2

JaMeTHM, YTO NpOLeAYyPa NOCTPOSHUA AOBEPHTENLHLIX MHO-
KecTs D,\?n OocHOBaHa Ha BHIOOpe MHOMecTB Hyp, a 3T0 MOXKeT SbIThb
beann3opago PajdsTHIHRIME CNOCOOAMH, B TOM YHCIE B ¢ ACHCAB3C-
BalHeMm HeKOTOPOR crmamucmuxuy [ = H()f). 3a42CcTyIo B KavyecTBe

-

cratacTrKE [1{X,) BCUOALIYIOT HECMEWEHHYIO MOYEUNYIO OYEHKY
TapaMmeTpa 6.

Ansg yopowernus gaibHeRIUMX pPACCYyKAeRAN DYHKUUIO pacnpe-
Renenus Fyp(t,6) cratucruks (X)) 6yieM npegnosaraTs Hempe-
PRIBHOHA, BospacTalomed no ¢ & yOuBaomed no 4.

Kaxaomy BoaMokHOMy 3HadeHHIC NapaMmeTpa § NMOCTaBAM B
CooTBeTcTBEE 3IPadeHHA ) = 1)(6), t; = t2(#), Bmbupaemuie U3
yeaosgi

Fa s (tl,ﬁ] =q,

Fu(ts,8)=1-8. (3.5)
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Takem o6pasom, t;(f), £2(f) aABRIAOTCA COOTBETCTBERHO KBAHTH
JAMH YDOBHeH & A 1 — f f18 QyHKUMH pacnpefgeneHusd (¢, 8

cratucTexy 11{X,). IIpu 5ToM BrDOAHSETCH paBeHCTBO
P{0(6) <TI(X,) < £208)} =7,

rie y=1—-a— 8 MHEOXeCTBO 3Ha49eRHE CTATHCTHKH H()-{',,);
NpHHAJAEKAWHNX 0TPeaky [t (f), £5(8)], oBosnaunm Hy m masoseM
v-30u0# (2amma-3onod) ans § (cm. puc. 3.2). Kak caegyer u3
ATOr 0 OTpefejeHAd, 414 A00r0 BOIMOKHOTO 3HATEHYA MapaMeTPa
€ BEepOATHOCTH TOTO, 4TO CTATUCTHKA H(Xn) OonageT B Y-30HY,
papua 5.

Jatee, KaxAOMY 3HAUEHUIO CTATHCTHKH H(fn] NOCTaBUM Bi
COOTBETCTBHE UMINEPEaL TeX 3Ha4eHk# #, 1A KOTOPHIX JaHHOE
anatenye cratuctaxu [1{X,) nonagaer B v-aomy (cm. puc. 3.2).
3mavenus smxuei #(X,) 5 Bepxneil 8(X,) rparuy sToro WHTepBa-
Ja OnpeAeNATCS H3 YCIOBAH

t2(0(F,)) =TUE,), 6 (B(£,)) = N(Z,),
KOTOpHE B CAxy (3.5) SKBUBANCHTHEI ceIYIOLIHM:

F((Z,).0) =a, F(I(7,).8) =1-3. (3.6)

llocTpoennslii Takum 06pasoM WATepBAN ABARETCA 7y-A0BepH-
TEAbBOK OuleHKoH AiA mapaMeTpa . [eficTBuTensho, upd J0060M
BO3MOXHOM, & CIeJOBATENLHO, ¥ IPH HeU3BECTHOM HCTHHHOM 3Ha
4eHEH § HETepBan (Q()-('.n), E(Xn)) HaKPhIBAeT 3HaveHne & Torga H

TONBKO TOTAR, KOrAa HabawofaeMoe JHa9eBHe CTATHCTHKH I1{X,)
nonafaer B y-30Hy Hp Jaa gamHoro snavenus . Tem camerM, co-
CIacHO OOEpeAeNe HHIO Y-30HBbI, BEINIOAHACTCA PaBeHCTBO

P{8(X,) <0< 8(X.)) = .

Eciu gyrxuus pacnpegerenus F(t;8) poapacraer no gapamer-
py 8, To rpaunubl t1(6) u £2(4) y-30HH yb6rBajoT no 8. MopTopss
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npenlIyiiHe PacCy>XJeHKA, 3aKal04aeM, IT0 B 3TOM CIyyae 3Ha-
JeAHA HHXKAeH W BepxHeH rpandll gopmalbro (cM. 3.2} onpegens-
OTCA U3 YCIOBHA

Fn(N(E:),6(F) =o,  F((z,),0)) =1-6.  (3.7)

JTOT MeTO] NDHMEHAIOT AHAJIOTHYHLIM 06Da30M K B TeX CIy-
JafX, Korla CTaTACTHKA H(Xn) ABASETCA JUCKPETHOH CAYy4adHOH
peTAYMHOH. PaccMOTPHM, HANpHMep, caydal, Korja CTATHCTHKA
H(Xn) IPDHHHMAET HEOTPHUATENbELE Leaue 3Hagernud 0, 1, 2, ...

I

£,(0) |
£,(6)

8

Puc. 3.3

Q‘:vlr-r--—--
'

B oranyne or HenpephIBHOrO clydas, PaCCMOTPERHOIO BhIlIeE,
CPAEHIH Y-30HE TENeph CTAHOBATCA CTYNEHYATHIMH KPUBBIMH
(puc. 3.3). [lpn gausoM dAKCHpPOBaHHOM 3IHaveHuH § TpamRROY
t1(f) y-30HK OnNpegesUM KaK MAKCHMaJbHOE H3 dHcead k, TakKux,
9TO BHITONHAETCH HEPaBeRCTBO

P{N(X,) 2k}=1-F(k8)>1-0.

[pannny #3(f) y-308b oUpefeEM KaK MUHAMATBLHOE H3 4uced k,
YAOBAeTBOPAICIIAX HEPABEHCTBY

P{I(X,) <k} =F(k+1:8) > 1~

HmxHio0 Q()_('n) u Bepxmoo 8(X,) rpaEHON HBTepBaIbHGH
OlleHKH MapaMeTpa f ¢ KOdPPHIEeHETOM JOBEPHA He MeHbLIE ¥ =
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=1—a— 3 onpegennM Kak MHEHMAIbHOE U MaKCAMAIbHOE 3HATE
HUSA Cpedy BCex #, yIOBARTBOPAIIIHX HEPABEHCTBAM

tl(g) < H{X.n) <t (G]a (3'8)

T.e. cpegd BCeX 6§, UPHHAIEIKAUIAX Y-30He NIPH JAHHOM 3HaIeHHH
craTucTuku [1{X,), NMOAy<eHHOM B pe3yAbTATE IKCNEPHMEHTa.
Hepaserncrpa (3.8) okBuBalenTHL HepaBeHCTBAM

{Fn(ﬂ(fn)+l,9] > o, \

|

En(11(2,),6) <1- 6. +

OTcioa oAy HaeM, IT0 eCin PYHKUUS paclpefeleAns CTATACTAKH
H(fn) yGrIBaeT 00 6, TO HINHIOW M BEPXHIOW MPARHOL y-HHTEp-
Ba/bHON onleHKH A1s 6 hopManabHO (cM. 3.2) MOXHO onpelernTh U3
YPaBHEHA K

{FH(H(Xn),Q(Xn)) =1-4, (3.9)

A (X ) 41,8(X,) =

ARBaJMOTHYHO, ecad GYHKLUA pacnpeseneand craTucTuxy [1(X,)
BO3pACTAET 10 §, To CPAHMIL Y-HHTEPBANbHOM oueHkn mis @
dopMaibHo {cM. 3.2) MOXKHO HAHTH HD YPABHEHHH

{FH(H(XnHl‘ 8(X.)) = e,

o (3.10)
FII (Xnu G(Xn)) =1- ﬁ:

rie KoagpauuesT goBephd y=1—-a— 3.

PaccMoTpam [Jajiee B KadecTBe NPHMEPOB MOCTpOEHHE HHETEP-
BAJABHGIX OLUEHOK AMf MapaMeTPOB GHHOMHAILHOLO pacnpejened s
u pacnpefenenus [1yaccona.

HNeTeppansaas oneexka Knonnepa — Ilepcona jansa na-
pamMeTrpa 6MHOMHEANLHOID pachopegenenma. llycTh JmckperT-
Haf cayyaiHad Berdwnna X;, ¢ = 1, n, XapaKTePAIYeT HCXOH -I'0
HCIBITAHAA B CEPUH K3 n HCNHTAHHH, NIPOBOAUMBIX U0 cxeMe Bep-
gynau. Torga caydausas Beanusga K = X +...+ X, — 4ucio
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ycmexoB B 1t ACHBITandAX. {Ipr srom K= K(}_("n) — GdYHKIUEA cay-
JaBBOi BHIGOPKH X, = (X1,...,Xn). B paccmaTpmBaeMoM clytae
MX,) = K(X.).

DyHRKUAA pacapejelenns CTaTHCTHKY K{X,) umeeT BUJ

Yo cid

F(z;p) =< i<z

z >0
0, z < 0.

OdTa dyEKuEA y6mBalomad no p. Jlppvenss obulyio dopmyny
(3.9), mony41aem, YTO RHXKHAA @ BePXBAA [PAHUIILL HHTEpPBaJLAOH
ONeHKH ¢ KODPPHUIAEHTOM JoBepHa y=1-— o - B mna mapameTpa
p (cM. 3.2) oDpeleafloTC U3 CAAYIOUIAX YPaBHEOHHH:

K{Rn)-1

> cip

=0

X ) -pXa)" P =1-8 mpr K(Xn)21

K(X.)

> cip

=0

—p X)) =a wpr K(Xa)<n-Ll
OTH ypaBHEENS HA3HBAIOTCH ypaeneumu Kaonnepa — Hup-
cona. Npu K (X,) =0 nuxuss rpasuna p(X,) =0. [lpn K(X,)
= n BepxuAs rpaEnna H(X,) = 1.

3aMeTRM, 4TO NpHBejenHne ypabHeAus Kionnepa — Ilnpcona
MOTYT GBITH TaKXe BbIpaX}XeHnl depes HeMoAHY GeTa-QyHKIuW
{em. J.3.1):

BE(an(K(X")’" -K(X)+1)=4,

Bﬂ,z“)(f{()?n} +1ln-KX)=1-a.

Mpamep 3.3. IlycTe uucio HEcueTagmii 7 = 16, a dncao
HabmiofaeMulx ,ycnexos® K =8, kosdpounnent fosepus 7y = 0,95.




134 3. HHTEPBAJIbHLIE OLIEHKH

Ifonaras & = 3 = 0,025, noayvaem

p=0247, 7=0,753.

JoBepHTENLELIE RETEPBANT AAd DapaMeTpa pacupejene-
maa IIyaccona. Ilycre X — JEcKpeTHas cAyvaHHAs BelHYHHA,
HMeiolas pacnpeseiedne [lyaccona ¢ HeH3BeCTHHIM NapaMeTpoM AL
TpeyeTcsa 1OCTPORTE JOBEPHTEAbHLIN HETEPBAJ AAA NapaMeTpa A

Ha OCHOBe Habam0AaeMoro IHA9eHEA o, CAYYaBHON BelWvAHH X.
Coriacio mpefOooxenuio, hyAKUHS pacEpefeNeHud CaIyTad-
HOW BeJHIHHE X HMeeT BAJ

j
Z/\_—1€_’\, z > 0;
F(I;)\) = i<z I
0, z g 0

ITo pyEKIHA, yORIBalolad o A. [Ipumenas ceoBa dpopmyast (3.9),
DOAYYaeM yPaBHEHHA

=X § :— _ —)\E :__
e = ? = 1—}3, [ JI = @,
i=0 j=0

pelllad KOTOpLIe HaXOJuM 3HadeHHs HUXHEW H BepXHed rpaHuil
JOBepHTENbHOIO ARTEPBala AAA A C KOXPOUOHEHTOM JOBEPHA 7y =
l1—a— (3. Ilpu d. =0 3Had9eHue BHXHER Fpanunu A = 0.

3.5. PellleHVe THNOBHIX NPHMEPOB

Ilprmep 3.4. Ilpn nomowe BOAbTMETpa, TOYHOCTH KOTOPO-
ro xapakTepH3yeTCA CPeJHEM KBaJPaTHYHKM OTKJIoHeHnem (,2 B,
npoBegero 10 uaMepeRyl nanpaxkeHEd Goprosol 6aTapen. HangeM
dosepumebnbid unmeEpeas LA ACTHHHOIO 3HAYEHAA HallpAXKeHHS
BaTapel ¢ xoofduyuenmon dosepus y = 0,95, ecan cpegree apud-
MeTH4eckoe pe3yabTaToB Habmogennd 7 = 50,2B. Kourpoaupye-
ME[H NPA3HAK AMEET HOPMAJAbHBIN 3AKOH PaclpejeNeHns.
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Jns HAXOXAeHHS AOBEPHTENLHOrO HHTEPBAIA (cM. 3.3)

. e _ o
(z - u]—cxﬂﬁs T+ ul—aﬂ"\/_a)a

rae uy_a/2 KBaHTHJIb HODMAJABHOTO DaclpejeleRus YpPOBHA
l1-a/2, a &« =1—y, obpaTuMCA K TabAlle KRAHTHAECH HOPMAJb-
goro pacnpefeneHud (cMm. Taba. [1.1). [o aToi Tabakle HaXOAHM

Uy o2 = o975 = 1,96.

[Mockonbky
a 0,2

ul_af'z%:l,gﬁm
JOBEDHTENLHBLIE KHTEPBAJI HMEeeT BH] (50,2-— 0,1, 50,2-!—0,1), HJIH
(50,1, 50,3).

Opamep 3.5. Ho Boabwok napTeH JMEXTPOAAMI GLIO OTO-
6pago ciyvaiaknM o6pa3oM 400 wWT. Jux oopefenenus cpegHed Npo-
AONKHTEILHOCTH roperns. BuibopoiBas Cpeinad NPOJOIKATENL
ROCTB COpeHus JaMI okasanach pasHoil 1220 4, Hakgem ¢ xoadpu-
uueBTOM gosepus y = 0,997 ZoBepHTe bHEH HHTEpBAI ANA CDLA-
Hel PO JOKATEILHOCTA FOPEHNAS DIEKTPONAMIE N0 BCRH MapTHH,
eCNH cpefHee KBaJpaTHYHOE OTK/ICHEHHE MPOAOAKATEeAbAOCTH 'O~
petusa pasHo 33 4.

HezaBucuaMo OT 3aKOHA PACADEIETCHUS 2EHEPAALHOU COEOKYN-
Hocmau X (NpoAcAXKATEAbHOCTH TOPEHUR 2AeXTPOAAMIDBI) CTRAMUC-
muxa

a2 0,1,

X-u
[

- 1l

UMEET QCUMNTNOTUNECKY HOPMAALHOE PACnpedetenue ¢ NapaMeT-
parmy (0,1), 9TO clefyeT w3 UeATP2JAbHOM NPeleNbHOH TEOPEMBI.

\/Ea

rre




136 3. HHTEPBAJIbHDBIE CUEHKH

[ockoasky ob6vem swibopry Goasmod (n = 400), To rpaHENE
AOBepHATeALEOr0 HETEPBaAJIa HaX0JBM TaK e, Kak B B npaMepe 3.4,

Jag a=1-7v=0,0028 saxonuaM KBABRTHIb HOPMaJlbROTO pac-
NpefeleBas U _q/2 = U0,9986 = 2,98. B cuay cooTHOWennE

g
™
w
o0
[+%]
n

- ——

JAOBepATEILALIA HHTEpBa]d EMeeT BHJ (1220— 5,92, 1220+ 5,52),
mam (1214,48, 122552).
Ilpamep 3.6. B pesyaprate nyckee 10 pakeT noaydeHH

(B YCHAOBHBIX efYEHMIAX) 3IEa<eHEA OOKOBRIX OTKJCHEHAH TOYEK
nonajfagus OT TOYEK NpHOelrBaHHA (Taba. 3.1).

Tabauya 3.1

Homep 1123 4 5 6 7 8 19|10
PaKeTH

Ortkaorenne | 1,0(2,0(1,0{-0,1|-0,5|5,0(-1,0(3,0{0,5|1,0

Ilorarad, wro ciydadHaR BenHduHa X (cAydaliHoe GOKOBOE
OTKOREHHe TOYeX NONafaHHf OT TOYEK NPHUENHEBaHAA) AMeeT
HOPMAJLHOE pPacipefeleHre, NIOCTPOUM JOBEDHTENLHLE HHTEpPBal
L1f €e MaTeMaTHIeCKOT'e OKHJAEHA ¢ XO3(PEANHEHATOM JoBepAd
+=10,99.

Ana HaxoXAeHus JOBEPHETENBLHOI'O HHTEPBaia BOCIOALIYEMCH
CTATACTAKOH _

X-pu

7(Xn)
KoTopad BMeeT pacnpedetenue Cmpbrodenmae ¢ 7 — 1 CMENEHHIO
ceobodu. Bubopounoe cpeduee UMeeT 3naveHHe

n—1,

{
T=-— $;=E(l+0,2+1—0,1—0,5+5—

-1+3+0,5+1)=1,01,
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2 6HB0PONHRR JUCTEPCUR — IHAMCHUE

- 1 2 1 2 2 2
5=~ (z:-7) =E((*0’0]) +0,99% + (—0,01)% +
F(~=111)% 4+ (=1,51)2 + 3,997 + (=2,01)% + 1,997 +

+{=051)2+ (—0,01)2) = 2,8673.

JEaucHAe bl6OPONHO20 CPEFHEZO KEAOPAMUUHOL0 OTNKAORENUL
paBHO T = /2,749 ~2 1,69. ITlo Tabanue kBaBTHIEH DaclpefeleHns
Creogenta (cM. Taba. [1.2) gas »n— 1 =9 HaxoauM KBaHTAIb
ti—as2(n—1) yposaa 1 — «/2. Tlo ycaosuio dagasy

a=1-y=1-099=001
CaegoBaTenbso, t_q /(1 ~ 1) = to,g95(9) = 3,25. Briuncaue

G S 1,65
tl—a{‘z(n - l)ﬁ = tl—a)’?(n — 1)ﬁ = 3,25 . T ] 1}?'9.J

0OAYYaeM JOBePHTEIbHLIE HHTEPEAI (1 01-1,79, 1,01+ 1,79), HAH
(—0,78, 2,80).

Mpamep 3.7. M3 napTHH OZHOTHIELIX BHICOKOOMHBIX CONPO-
THBAeHRH oToBpano 10 wryk. Y KaXKioro H3 HHX H3MepeHbl 0T-
KIOReHHS CONPOTHBICHHA OT HOMHHANBLHOrO 3HaverHus (Taba. 3.2).

Tabauya 3.2

Homep mageans |1 (2] 3|4 |5|6[7([8] 9110
OTxroHEHRAE 113[-22|412(5{3]|-2]| 4

IIpegnonarag, 4T0 KORTPOAHPYEMuIH NPABHAK AMEET HOPMalb-
BBIE 3AKOH pacnpefeleBld, BakijeM BIBOpOYHOE CpesHee T, ucnpa-
BAEHRYI0 8biGOpouNyI0 Jucnepeuto S? U JOBepPUTEIbHbLIH HHTEpPBal
Als JACHepcHE ¢ KospdrnnenTom josepus y = 0,96.
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HaxoguM BHIGOpOuHOE cpegnee

1 & - ~
Ezgzz‘=1+3 2+2+41-{(—]2+5+3 2+4=2
i=1

H UCIIpABJEARY BHOOPOYHYIO IHCIEPCHIO

1 < _ 1+1+164+44+9414+14+16
n—l.z(xt m) - 9

=1

A 5,88,

Y1068l nOCTpORTE AOBEPHTENLHLIE HHTePBal IA1 JHCHEPCHH, BOC-
[TOAB3IYEMCA cmamucmuxod

(n-1)S*X,)  n8%(X,)

ol a?

HMeloller pacnpedesenue x2 ¢ n — 1 cTenensio cBobogr.  [lo

Tabrdle KBaHTAAEH pacnpegenemus Y2 (em. Tabn. 11.3) maxogum
2 -

KBaRTHIR Xa,fz(n_ 1) m X?—a/:z(n_ 1) yposreit /2 n 1 — /2. B

JAHHOM cay4ae

a=1-vy=1-096=0,04

H pacnpefeedue HMeeT AeBATH cTeneHel cBoGoAb. ClefoRaTelNb-
HO

1

2
Xa/2(9) = X6.02{9) = 2,09; X?—o/?(g) = Xg,gs(g) =21,07.

las rpanmn gosepureansoro WHTepBaJa noayvaem

(n—-1)8%  588-9

_ (n—1)5° _ 5,189
xf_aﬁ(n— 1) 21,7

xiﬂ(n—l) T 2,09

= 2,44; =24 R89.

Orcioza maxofaM JoBepRTENbHLI UHTepBal [IAf JUCHEeDCHE C
KovdorunesToM goBepus 0,96: (2,4, 24,9).

Ilpamep 3.8. Haiigem fosepmreabALIil HHTEPBA JJd BEpO-
ATHOCTH MONAJaHMA CHAPAAA B Ledb C KOIPOHUKEHTOM J0BepUs
¥ =09, ecarn nocae 220 BLICTpesoB B uefb HOOAL0 75 cHApALOB.
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Henonbsya Tabauuy XBaHTHACH HOPMAJbHOTO DPaclpejeleHus
(cm. Taba. [1.2), Raxo EM KBARTHAD U _q/3 &4 & = | — . [Jockoap-
ky o=1~7y=1-09=0]1, To uj_4/9 = to95 = 1,645. I'parnus
AOBEPKTENbHOrO HHTEpBata (cM. 3.3) HMelT BHA

* 15 [75-145
m_Moepn M _my_ T L6 [T L0 g o,

T 220 220V 2202

U] — m ™m 75 1,645 [f75.145
i [T

P=ot =320 Va0V 220

3HAVKT, JOBEPHTEAbEHH WHTepBak IAA BEPOATHOCTH NONAJaHHS
CHApRAa B Nean caegyrowni: (0,289, 0,393).

T

= 0,393.

n

IIprmep 3.9. o Bubopke (z1, ..., Tn) 00BEMA N U3 reHepAIb-
HOH COBOKYIHOCTH X, paBHOMEPHO paclpejeleHHOR Ha OTpe3ke
[0, 8], nocTpouy AoBepHUTENBEBI HATEDBAA A4S HEHIBECTHOTO Ia-
pamerpa 6, ecan n =500, vy = 0,95 u sagan cmemucmuneckutl pad
(Taba. 3.3).

Tabauya 3.3

z105]15[25]35]45]55/65[750185]95[105[11,5]
ni [ 41 [34 [54[39 |40 [45[41 (3337 [41] 47 | 39 |

Jas nocTpoeHHA JOBEPETEABHOrO WHTEPBaNa BOCHOOJbL3YEeMCH
CTATHCTHKOH

Xn
T(X'l""!Xﬂ) = _(_)?

8
rae X = F_I%X" — xpatinuti wien 6apUayUOKKHO2O PAdG. DTa
CTATHCTHKa HMeeT pacnpejeienne
0, z<0
Fx(“}(:c)= 2%, 021,
1, z>1.
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DyyKuKA pacnpegeleHdd CAyYafHOH BeJAWYUHBI ¥ OTpeJeasieTcd
BHIpAXXEHEHEeM

Fv(n!p) = (1 _p)(1+p++pn-—2) =1 _pn—l.

[Ipumensa aanee obwme ypaprenus (3.9), noayvaem 3HadYeHEA
nuscnell ¥ eepruetl epanuy HHTEPBAILHON OUEHKH [ NapaMeTpa
p € KO>DPHATHEHTOM Josepud y=1— o —

p="YB p=VTa

Tem caMbIM BHXXHAA U BEPXHAA M'PAHHLH HETEPBAALHOH OLUEHKH A1
napameTpa p, HaKJeHHpIE H3 ypaBHerNH (3.9), COBNA 20T COOTBET-
CTBEHHO ¢ HEMHER Tpanuueid B OHHOMHAALHON CXeMe HCIEITaHHH
gas cnygas d =0 oTxa30B B CepHHM H3 1 — | HCUOKTAHHA H Bepx-
Hell rpaHHUeRd AAA ciydan d = 1 0TKa3y B CepHH W3 % HCOLITAHHH,
ABJAAOMIMXCA peileHAeM ypaenenuld Kaonnepa — [Tupeona.

IIpuamep 3.13. [Ipn ZoBepUTEILHOM OUEHUBAHHH MO PE3YALTA~
TaM HCNLTAaHKH MOKalaTens EafeyKHOCTH (Ko:aq)tbnuuea'ra roToB-
HOCTH) BOCCTAHABANBAEMOrO 3/1eMeHTa BOZHHUKALT CAeAYIOLIAA 33
fgava. [0CTPOATbL VHTEePBaAbHYIO OUEHKY A OTHOLWCHHA p = f\/,u
napamMeTpoB ABYX JKCMNOHEHUHaJAbHLIX 3aKOHOB PaclpefeleHdd C
NAOTHOCTAMH

Ae™™ g > 0; e, 20
f(r) = b - 1 n g(x) _ )u' 1 - 1
0, z <, 0, z <0,
Ha OCHOBe JBYX HE3IaBUCKMBIX CAydadHbIX BmiGopox (X, ..., X,)

u (Y}, ..., Yin) M3 DTUX pacnpefefeui.
Pacemorpum cratuctuky T = (Tym)/(Ten), rae

T1=2/\iX,' B T2=2u§:y}.
=1 =1

Cratuctexu Ty 7 T, mMel0oT Y*-pacopegejedus ¢ 2n u 2m cTene-
HAMA cBoBoge. QTcwoga clegyer, UTO CTaTHCTHKa T apasercd
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NeHTPaJIbLHON W MMeeT pacnpefelenue Prilepa ¢ 2n ¥ 2m CTe-
pesamMyE cBoboin. IpuMmesAf OOIIHY KOLXOH, MOAYYaeM HHIKHIOK
H BEPXHIOK I'PABAIL JOBEPHTEILHOC0 AHTEPBAJa IN4 NapaMeTpa

p=Aw

T i
n Y nilyj

P j=1 —= J=
E(xﬂ!ym)=f0(2n$2m) Jn i p(xmym)zfl—ﬁ(gn:?m) n !
mng mz_ﬂ:‘-

=1 i=1

[Jononuenue 3.1. Heobxogumere
CBe/leHUA O HEKOTOPHIX PaclpejeleHusX

T'amma-pacopegenenme. [[10TEOCTL 2TOrO pacnpeAeeHu
AO:
p(z) =< I'(a)

a—1_ —Ar

e™, >
0, z <0,

olpefeaseTcs ABYMA NapameTpaMu A > O u o> 0. 3aech

o]

F(a):ft“‘le“dt —
0
2aMMa- PYHKYUA.
HNanee, ecnw caydaiinasx BeawduHa £ AMeeT raMmua-pacupege-
leHue ¢ mapaMeTpaMH A, &, ByJleM HCIOAB3OBATH COKpPalieEHOe
oBosnazenne £ ~ ['(A, a).

Teopema 3.1. Ecau ase cryvaitnne senusursl § ~ (A, o) u
n~T(X,B) veaasucamu, to £+ 7~ T(A e+ 3).
4 B cooTBeTCTBEH C A3BECTHOH (QOPMYAOE CEEPMKYU MAOMHOCTNEY
pacnpedesenus, KAOTHOCTb PACPEAEICHHR Pgyn(t) CYyMMBI ABYX
HEJABACHMEIX CAYYaBHBIX BeIUYRH £ ¥ 1) UMeeT BHA
4

Pean(t) = j pe() polt - 7)dz, >0,
0
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rje y4TeHo, 4to pe(z) =0 ups « < 0 u p,(t —z) =0 npu = > ¢. Tlpw
z > 0 aMeeM

pe(z) = GatlgmnE, () =Chzfle 7,

rge €y, C9 — HOPMHUDOBOYHEI® XOHCTAHTH, BHIYHCAAEeMBEE RO
dopmy.nanm
A% 34

==

M@ = )

[Tocie npocTHX npeobpalosBaBHi MoONyYaeM

S———— P R————

&

Degn(t) = C1Cre™ / 2ot —z)P " de
0

H nocae 3aMefn T = uf NepeMeHHOI'0 0] 3HAKOM HHTEerpaJa npH-
XOZHM K DaBEHCTBY

Pen(t) = Cto+F=1c=M, (3.11)
rae C' — HODMAPOBOYHAA KOHCTAHTA:

1
= CICgfu“‘l(l ~u)f1du,
o
JloKa3aTeNbCTBO YTBepPXAeHHA Tenepb ClejyeT HeloCPeACTBEHHO
#3 (3.11) n popmyas Diiaepa ana 6era- u ramma-yrxnui [VI]. »

W3 TeopeMun 3.1 Jerko moAy9HTE caejyvioliee Gonee obinee
YTBepX JeHHe,

Teopema 3.2. Ecnu ciyvaiinble BefnIudsr £, ..., &, He3aBH-
cumbl, &~ T(X i), i=T,m, o &+ ...+ éa ~T(A, @1 + ... + ).

Pacnpepgenerane Penesn. [lycts ciyvaiinag seauyunna £ aMeeT
HOpMAJIBHOE paclipejeleHAe ¢ MaTeMaTHIECKAM OXHaanuem =10
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v u 2 .
# AUCTepCHer o?. Torza cayvaiiBas BelH9MHa §° AMeeT pacnpe
desenue Peasear: -

x
e_272-, z>0;
plz) =< avinz (3.12)

0, z %0,

115 KOTOpOTo Aajee GyJeM HCNOJbLIOBATH COKPAUICHHOS obozrave-
ane £2 ~ T(1/262%,1/2). s

NleficTBuTeAbHO, AAA (QYHKOHH pacOpefefeHss ClyTanHOM Be-
mmuanues £2 npr z > 0 AaxoAuM

Fa(z)=P{& <z} =P{lfl<vz}=
= P{-VZ < <vZ} = F(Vz) - F(-V7),
rae F¢(t) = ®(t/0) — dynkuns pacnpegeieHus CAy9afiHOH BeIRYH-
HH £, 3anAcaHBad Jeped QyHKIKIO

1 2
CI)(u,) = — e~ ® }26‘12

V2r

-
CTaHAapTHONO ROPMANLHOIO pacnpefenenra. TeM caMuM
T T T
ng(I)zq)([—)-‘@(—i):Q@(—\/—-)-—1, I>0,
o a a
OTKyfa UOCke AB(dEepeHNupOBaHUa NoAydaesm dopMmyay (3.12) B

cayvae z > 0. Tockoasky &2 2 0, umeem Fz(z) =0 npa z 0.

Pacopegenesme x°. Ilycrb &1, £, ..., §m — HeIaBACHMEIe
cAyYaiHLIe BETHYHHE, KaX[af B3 XOTODHX WMeeT CTAHAAPTHOE
HopManbBOe pacupegenenne. TorJa B3 TeopeMul 3.2 1 pacnpegene-
HAA Penes creayer, 4ToO

g+t +&~1(35),
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T.e. IMOTHOCTE pacnpefeneHBd CAy9alHOR BeIBYHHE 51 +£2
-1-{2 UMeeT BHJ

i z1':1.,"'2—1
0, z 0.

e?? >0

Jro pacnpe,neﬂeune Ha3WBAOT pacnpededenuesm x° (Xu-KBa-
ApaT) AdM -pacnpedeaeuue.u ¢ m crenenaMn cpoboan. Jlasd
CllysaiAOR BeMMHKHE £ ¢ X%-pacnpesenenueM ¢ 7 cTeNeHAME CBO-
G0kl Oy/1eM HCHOB3IOBATH COKpalLieHHOe 0603HAYCH e £ ~ x%(m).
Ha Teope\{bl 3.2 ¥ YyCTaHOBACHHOW CBA3Y MEWAY pacupejene-

HHeM Y% M raMMa-pacnpefefeHHeM BRITEKaeT crelylllee yTBep-
HKJCHHe.

Caegcrere 3.1. Ecan ClydanBble BedHYHHE £, ..., &

. 2.
HesaBECHMEL, & ~ x?(m;), i =1,n, To cymia, ITHX cnyanHHx
BEAHYHB TakXe UMeeT pacnpejelenne y2:

51+fz+...+£n~x2(m1+m2+...+mn)_

JKCHOHEHNMATLEOE pacupejeseHEe. YacTHRM clydaeM
FraMMa-pacnpeJeleRua 0P & = 1 ABAACTCA IRCMONEHUUAALNOE
pacnpedesenue, ero DIOTHOCTh HMEET BH A

Ae~H 2 >0

-
p(z) = (3.13)
0, z < 0.
IJKCNOREHUHAILHOE pacnpejefieHde 9acTO HCHOAB3IYETCA B Ma-
TEMATHIECKOH TEODREH HAJeXHOCTH, TEOPE® MACCOBOIO obcayXKi-
BaH¥A H ADYTHX MIPHJACKEHHAK.

Pacnpegenenne dpaarra. [ycts £, &2, ..., §n — HeIABHCH-
Mble CIyYalHbe BEIMYHHE, KaXKAa% H3 KOTOPHIX MMEET DKCIOHEH-
UHANBHBE 3aKkoH pacnpegenenns (3.13). Uo TeopeMul 3.2 craeayer,
ITO CYMMa 3THX ClyYaiHWX BelH9EH BMeeT raMMa-paclpejeneHge:

Si+&+ . +8& ~T(An) (3.14)
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¢ MACTHOCTBIO

plz) =4 (n=1):
0, z <0,

KOTOPO€ Ra3BIBAKT pacnpededenuem IFpaanza NOpAJKa 7.

3amegarue 3.1, Hcxoxs uz (3.14) HeTpyaHo nokaszaTk, YTO
caydaiinan peandana A(E +...+&,), rae &y, -, €, — HEdaBHCHMBIE
cayqafiHble BEIRIHHBL, KaX Iag K3 KOTOPHX HMeeT DKCIOHeHIAAb-
HHIH 3aKOH pacupejefeans 3.13, Takxe UMEeT raMMa-pacupeiene-
HHe:

A&+ +E) ~T{1,n).

Y9HTHRAA YKA3aHHYK BHIUIE CBA3L MEXX Y MaMMa-pacrnpeieledleM
A pacnpeJereHmeM X°, MOXKHO NOKa3aTh, 4TO CAyYalHas BelFTHHA
2XM(& + ... +&,) nmeeT pacnpesenenne x2 ¢ 2n cTeneHaMH CB0B0AbI:

A&+ .+ ) ~ X (2n).

3TOT GakKT UCNOABIYIOT, B JaCTHOCTH, IPH NOCTPOEHHH [JOBEPH-
TeALHBIX HHTEePRAIOB A8 HAPAMETpPa A DKCIOHERNHAILHOTO pac-
upeje/eHRA.

O pacnpeaencauu crarecTHkrE Crewogenra. [lpu no-
CTPOCHEH 006 EPUMEALHLIT UKMEPBAA0E ANA TAPAMETPOB HOPMalb-
AOTO pacnpefeleHus ACIONb3OBAAACE CTATHCTHAKE

=22t /m1
S(X5)

rie X — svibopounoe cpednee, a S*(X,) — Mcnpaprennas oueHKa
Aucnepcun. [Tokaxem, YTO DTa CTATHCTHKA HMeeT pacnpedeterue
Crviodenma ¢ n — 1 cTeneBAMH cBOSOAH.

3ameTuM, UTO BHGOPOuHOEe cpefHee X HMeeT HOpMalbHOE
pacnpegenense N{u,0%/n). Otcioga ciegyeT, 4To cayuyaliras
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peJH4IuBa
X —u

[+

Z= v

uMeeT CTanJapTHOe HOPMadbHOe pacnpeetenye. B To ke ppeMs,
caydaiHas BeIRIBHA w

(n—1)8%(X,)

V= 2

AMeeT pacrnpefenrenve X2 ¢ n— 1 cTeneaMu cBOGOARI, NpHYEM
cayyadnbie BeAmYnHsl Z, V mesasacume™. Crarncruxa T gasee
MOXeT ORIThL NpeACTaBICHa B BE e

T=—+n- 1,
VV
OTKYZ3 C y9eToM olpefenenus pacnpegesends CTeiofeHTa caely-
€T, 4YTO CTATHCTHKA 1 HMeeT pacnpegetenie CTeogeETa ¢ n— 1
CTeNeHAMH CBOGOARI.

Pacnpegenenne Prmepa. Ilycrs clyvalBbe BeausuHH &,
7 HEJARHCAME M MMEIOT pacupesefeBHe X2 ¢ 7 W M CTeneHAME
c8060Ab cooTBeTCTBERRO, T.¢, & ~ X%(n), n ~ x%(m). Torga

" m
CAyHaHBad BelHIHHA @ = n—f AMeeT MAOTHOCTE PacupegeeHdd

C — 220
p(z) = (1+n-x)45_
T
0, r <0,

rge C — HOPMHPOBOYHAA KOHCTAKTA, DABHASK

nfz
. 5)

B(5.3)

*Cwm., sanpamep, Pao C.P.

. [.3.1. HeoOXoaMBIE CBEICHUA O HEKOTOPKX PACcHpeleleHHAX 151

DTO pacnpejeleHHe Ha3blBalOT pacnpedederuem Duwepa co
crenegaMy croboaK n B m.

Bera-pacnpegenesne. [liotHocTh 6ema-pacnpedetenua
(pacnpedeaenus 6ema) ¢ napameTpaMi «, S UMeeT BHJ

Cz* Y (1-2)P1, z¢€[0,1];

plz)=

( 0, z ¢[0,1],

rge C' — HOpPMUDOBOYHAA KOHcTaHTa, paesas C = 1/B{(w,0), a
B(a, ) — bera-dynrkuug. CooTpercTByomas yHKUUA pacnpe-
Jenenus up# r 2 0 nMeeT BUA

e

B.(a, f) = f w1 - W du

]

Kenoanas Gema-PyrRKyuas.
3aMeTHM, 4TO AAA HelOAROH 6eTa-PYHBKIHH CIPABSAIUBO Cie-
TyHllee K3BECTEOE PABEHCTBO:

By(m+ln—-m)=1- ZC,{:cj(l - )™,
=0

rge m, n — Uelble YHCAA. JTO PABEHCTBO, B YACTHOCTH, ACEOAB-
3yeTcAa OpPU NOCTPOEHEH CTABJAPTEBIX AOBEPHUTEIBELIX TI'DAHHKIL
Kaonoepa — [lapcona gns napaMeTpa p GHHOMHEANBHOTC pacOpe-
JAeJeHns.

YacTHRM caydaem 6eTa-pacnpeleienns Npu o = 3 = 1 Apiserca
paBBOMEpHOe pacupejeneHue Ha orpeske [0, 1].
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Bonpocul u 3aja4n

3.1. YT0 Ha3MBAIOT HHTEPBAALEON OMesKO# A1 HEHIBECTHOIO
napaMeTpa pacinpefefedli [eHePaIbHON COBOKYHOCTE'

3.2. Yro Takoe koadunneHT AOBepHA (JOBEepATENbHAA Be-
POATHOCTD), HUKHAA W BEPXHAA IPatiMOL HHTEPBAIbHOW OLEHKH
AERIBECTHOrO MapaMeTrpa’

3.3. Kakymio cTATHCTHKY Ha3bLIBAIOT LHEHTPaJbHOH?

3.4. Kakyo cTaTHCTHKY HCIOAB3IYIOT UPH NOCTPORHHH HHTEp-
BAJbLHOH CUEHKH JJA UapaMeTpa JKCHOHEHGHAALHOrO pacapegene-
2
Hua?

3.5. Kakyio CTATHCTHKY HCOOABIYEIOT JAA NOCTPOSHHA HHTEp-
BaJbLHOH OUEHKH JNA MATEMATHYECKOTO OXKHJAHHUA B ClAy4ae HOP-
MAalbHOW Mogedyd IpH uiBecrHO# aucnepcmn? [lo xakomy 3aKoHY
CTATUCTHUKa paclpejeneHa?

3.6. Kakyo CTaTHCTHKY HCOOAB3YIOT A48 OOCTPOEHHUA HHTEP-
BAfLHOH OUEHKH A1 MaTeMaTHYecKOro OXKHJIAHWA B CIydae HOp-
MaJbHOR MoJenn 0pA HemdBecTHOR Arcnepcun’ [lo kKakoMy 3akoHY
CTATHCTHKA pacnpejeieHa’

3.7. Kakylo cTaTHCTUKY UCHOAB3YIOT A48 DOCTPOEHUS AHTEp-
BaJbHOH OOeHKH A14 AKCIEPCHH HOPMalbHO pAClpejeleHHOH reHe-
panbHOf cookynHocTH? [lo KakOMy 3aKOHY OHa pacnpemenena?

3.8. Ha 4eMm ocHOBaH MeT0j MOCTPOSHHEA NPUSAMKEHHOH HH-
TepBaJIbHOH OUEHKR JAf HEH3BeCTHOTO NapaMeTpa reRepaibHOM
COBOKYITHOCTH?

3.9. Kakyo CTaTHCTEKY ACHOAL3YIOT OPK NOCTPOeHnH Npubad-
YKeHHOH HRTePBATbLHON OUEAKK: a) ANA napaMerpa GHHOMHAILHOIO
pacnpejeledns, 6) LI8 MATEMATBEYECKOI0 OX K AANUA C1Yy YAl EOH Be-
AWUHET

3.10. B 4eM cocTOHT MeTO] JOBEDPHTeNLABX MHOXKecTR?

3.11. YTo Ha3LIBalOT Y-30HOH giA napaMeTpa 67
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3.12. 3anumuaTe ypasdenus Kaonoepa — Jlupcona. Kak #x
HCOOAL3YICT IDH OCTPOCHKA HHTepBaJleOﬁ OLUeHKH napameTpa.
HRHOMHEAILHOIO pacHpeeesna’

3.13. TlocToAHRAs BelBIdHA U3MepeHa 25 Pal3 ¢ NOMOIUBIO NPH-
60pa, CHCTeMaTHYeCKaA OUIHOKA KOTOPOI'O PaBHA HYJK, a ciydai-
Hele OmIHBKE M3IMEpPeHUs pacOpefeleHH N0 HOPMAAbHOMY 3aKOHY
O CpegEHM KBAaJPaTHIHHM oTKAOHeHHeMm o = 10m. Onpegernte
3RaueHRA TPAHNI FOBEDUTEALAOrO HATEPBALA IS HIMEDACMOH Be-
awanKbl TpA koddduunesre gosepud 0,99, ecnn T = 100m.

O TBeT 3HAaYeRUe HMXKHeh rpanuunt 94,9 M, BepxHel — 105,1m.

3.14. Ouenka ¥3IMepAEMOR BEAHYHHELI OnpefgeiseTes PopmyIon

— 1l

X==-3 X,
PesyinTaTH OTAeAbHHX H3MEDEHHU He COJepXaT CHCTeMaTHYe:
CKOW OWMOKE U MOJYMHEHH HOPMAJbLHOMY 3aKOHY paclpeieNeHHA
€O CpeJRHM KBaJAPATAYHHIM OTK.IOHeHHeM o = 2,1. Onpegennte
HHTepBATbHEIE OUEHKE J, C A0BEpHTEIbHOA BEpoATHOCTRIO 0,9 fis
3HATCHNS A3MepAeMOl BeIEIHHEL TIPH Pa3NHYHEIX 06beMax clyvan-
HOB BHBOPKH X, a) n=15, 6) n =10, B) n = 25. .

Orser: a) (X—-1,55 X+1,55); 6) (X—1,09, X+1,09);

B) (X — 0,69, X +0,69).

3.15. Cpegusas kBajJpaTHysas OlUUGKA BHCOTOMepa 0 = 15M.
Ckoabko Hajgo HMeTh Takex OpMGOpOB Ha camojeTe, YTOOH C
AocToseprocThio (1,99 ownbka RaMEpeRHA CPeAHEed BEICOTHI X 6bina
menbwe 30M? Ilpm aToMm caydadiHble OWIMOKH pacfnpegeiedbl No
HOPpMAaALHOMY JaKOHY, & CACTEMATHYECKHE OIIHOXE OTCYTCTBYIOT.

O TBeT: Ba caMogeTe FOMKRO OLITH HE MeHee ABYX BHICOTOMe-
posB.

3.16. Ha ocropanun 100 onsToR OB110 OIpejeneHo, MTO B Cpej-
HeM g7 npowmaBojdcTsa JeTand Tpelyerca t=35,5¢, a oy = 1,7¢c.
Caenap gonmyuienme, 9T0 BpeMs AiA OPOR3IBOACTBA AeTaiH pac-
NpefeseHo N0 HOPMAABHOMY JAKOHY, OBPEJENNTe JOBEPHUTEAbHbIk
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AHTEPBAA AAA MATEMATHYECKOrO OXHAAHUA IPOA3BCACTBA AeTAIH
¢ koaddunueaToM gosepus (,83.
OrserT: (525, 5,75).

3.17. Ilo pesyasTaram uamepenuit 100 pesucTopoB, ciayvalHO
0TOOPAHHLIX K3 GOAbUIOH NAPTHY OJHOTUIHNX UIXEIKH, N01Y1eHa
oleHka conpotuBiaedus T = 14xOum. Hakgure:

a) BePOATHOCTL TOI'O, YTO AAA PEIUCTOPOB BCeH NMAapTHH 3IHA-
TeHUA COMPOTHBACHAA JAexaT B npegenax {10+ 0,1} kOuM (cpeanee
KBaAPaTHYHOE OTKJAOHEHHE HIMepeHuA MaBecTHO: ¢ = 1KOM);

6) KOAM4YECTBO H3MEpEHHH, IPH KOTOPOM C BeposTHOCTHIO 0,95
MOXHO YTBepXJAaTh, YTO A Bcell NApTHY PEe3HCTOPOB 3HaYeHHA
CONpOTUBIEEHSR aexaT B npegenax (10+0,1)xOum.

OrBeT: a) 0,68; 6) n > 385.

3.18. [IpoBear 5 He3aBUCHMEIX PABHOTOYHAIX H3MEDEHUH AJA
oNpedeleHNs 3apAfa HAeKTPOHA; NOAYYUIHd CISIYIOLIAe Pe3yaAbTa-
Thi (B aBCOMOTHLIX 2AEKTPOCTATHYECKUX equHunax): 4,781 10719
4,792-10719 4,795-10-19; 4,779 -10~19; 4,769 - 10~'°. OnpegennTe
3HatE€HWE OUEGHKU BeAUMMHBI JapAija IACKTPOHA H HAWTH JOBEpH-
TelbHBIH HHTepBad NpH KoaddHuAenTe gopepaa 99 %, cunras, 4TO
OLIAGKH paclpeefieHkl MO HOPMATLHOMY 3aKOHY U B3MEDeHHA He
HMET CUCTEMATHYECKHX OKGOK.

OTeeT: T=4,783-107"'% (4,761-107'°, 4,805 - 10~1°}.

3.19. Ha KOBTPOJALHEIX MCOHTAHHAX 16 OCBETHTEALHBIX JaMIl
GRUIE O PEAEIeHE 3EaYeRdA OLUeHOK MATEMATHYECKOT O 0K Y [aHUA H
CpesHero KBaPaTHYHOr0 OTKJIOHEHHA KX CPOKA CAYXKEK, KOTOPhIE
0Ka3aMiCy paBHHME T = 30003 1 ¢ = 209 cooTBercTBeAHO, (C9H-
Taf, 9TO KOHTPOAUPYEMBIA NMPU3HAK {CPOK CAYKOR JaMNLI) nMmeeT
HOpMaﬂbeﬂiaaKOH paCﬂpeﬂeﬂeHHﬂ,OHPEAEﬂHTE

a) JOBEDATENbHEIH KHTEPBAA AN% MATEMATHYECKOrO OXKA TaHHA
NpH AOBEPHTEALHOU BepoATHOCTH 0,9;

6} BepOATHOCTD, ¢ KOTOPOH MOMXKHO yTBEPHK aTh, YTO aGCOMIOT-
HaA BeNKYAHa OWHNOKH ONpejeieHud m He npeBuicuT 10 4.

OTeeT: a) (2991,2, 3008,8); 6} 0,93.
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3.20. [lposenm 40 uaMepeHsl 6adnt amupok L. Tlo pesyapra-
TaM ONWTa TOJNYYeHB 3HAYEeHHA OleHOK KaMepAeMOK BQ£HQHHH H
cpefHero XBaJApPaTHYHAOCO OTKAOHEHHA: T = 10400m u 0y = 83M.
OWnGKH M3MEpeHAs TOJYMHAIOTCA HOPMATBHOMY 3aKOHY pachpese-
terus. HaitguTe BepoATHOCTb TOrO, YTO MHTEPBAL CO CAYHAKHBIMH
rpaHHUIaMA (0,999?, 1,001X) HakpoeT Heu3BeCTHHA TmapaMeTp L.

OrseeT: 0,55,

3.21. U3 maprum Bajtos oTOOpald 14 = QuIT. 3Ha,'{eauf BHI-
6OPOYHOTO CPeAKEro AHaMeTpa Bata Ty = 30 mm, Bh{ﬁopo‘IHOH HAHC-
nepcuy Ef = 9uum?, 3areM oCyIecTBRIK TOBTOPHLIM SKCNEPAMERT,
oT06paB ng = 16T, ¥ DOAYYWIE IHAYCHHA BHIGOPOYBRIX OUEHOK
To = 29 MM, o'% = 4,5um?. Ucmonpays obbelHHeHEHE BHIBOPOYHBIE
olleHKs, HadguTe 99 Y-yl ZOBEPHTENBALIY HHTEPBai Aaf Cpel-
Hero.

OTser: (27,98,30,74).

3.22. Mo peayasTaTam 10 W3MepeHnH eMKOCTA KOHIeHCaTopa
npuopoM, He HMERWUM cACTeMaTHYECKOH OWHOKY, MOXY1HAH
clefyolMe OTKIOHeHKA OT HOMHHAILHOCO 3HASCHNA {nD):

54, —13,9; —11; 7,2, —156; 29,2, 1,4; —03; 66 —99.

Haiignte 90 %-ub# AOBEepETENBHBIH WHTEPBAL ATA JHCHEPCHH 4

CpesHero KBaApaTHYHOrO OTKIOHEHWA, NpPeANOIarad, 4TO [ERS

paibHAA COBOKYTHOCTh HMEET HOPMAIbHOE DAcHpeleleHie.
OTseT: (9681, 49,34); (9,84, 22,17).

3.23. Mo 15 He3aBHMCHMBIM PaBBOTOYHBIM H3IMEPEHHAM OBI-
MM paccUATaHB 3HAYEHHA OUSHOK MATEMaTHHeCKOro OXMIAHHA M
cpemnero KBajpaTHYHOTO OTKAOHEHHA MAKCUMAIBHOH CKOPOCTH
camogeTa T = 424, TM/c u 0, = 7,7Mfc. Cuwrag, 4TO CEALPAIL-
Hast COBOKYNHOCTb HMEET HOPMaJbHOE pacipelelenye, Oupe eInTe:
a) JOBepHTEIbHELIH AHTEPBAT A1f CPEAHEro KBAAPATAMROrO OTKAO-
HEHBS NP AOBEPUTEABHON BEPOATHOCTH 0,9; 6} BEPOATHOCTE TOTO,
4To afcOROTHAA BEAWSIKHA CAy4aiHOR OWMOKH TPH ONpejeNeHvd
¢, 0 15 ©3MepeHHAM He TpeB3oHgeT 2M/C.

Oteenr: a) (6,69, 12,7); 6) 0,76.
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3.24. HUarecTHO, 970 HIMEPATEILHEH OpBEGOP HE MMeeT CHCTE-
MaTHYeCKHX 0[].[1‘[60}(, a C.ﬂy‘la.l:iHhIe OLIHOKH A3MepeHHA MOATHHA-
OTCE HOPMAJAEBHOMY 3aKOHY paclipefeieHHud. CKOJ’IBKO Ha 10 NpOoBe-
CTH AIMEpEeHHH 14 ONpeJeneHna OUeHKR CpeHero KadpaTATYHOTO
OTKJOHEHA £ NPHEOPa, YTOOK ¢ JOBEPHTEALHOH BeposTHOCTBIO T0 %
abCONIOTHAR BeTATHHA OWHOKE CnpefeleHHsA dTOH BelHIHAN Gulla
we 6oee 20% ot 5(X,)?

O TBeT: He MeHee 15 H3IMepeHRAH.

3.25. [Ipu npoeepke 100 geTased w3 Goabliod mapTdd o6GHA-
pyxeno 10 6pakoBannbix. Haiigure 95 %-ani g0BepuTeIbHERIA HH-
TepBad AAf fond GpAKOBAHHLIX JeTaled BO BCeH MapTHH.

OTser: (0,055, 0,174).

3.26. Ho Goabuwiod DapTHH TPaHIRCTOPOR OAHOrG THNA OBIIH
caysafiHuM 06pasoM oToGpakul # nposepedul 100 wT. Koadpdn-
OUeHT YCHJIeHEA 36 TPaHIACTOPOB OKazaJacd MeHbire 10. Haharte
95 %-HHI 1OBEPUTEALHEIA RHTEpBad AAf AOAK TAKHX TPAHIHCTO-
pOB BO BCell NapTHH.

OTeer: (0,266, 0,454).

3.27. C aBTOMAaTHYECKOW JHHUY, OpOH3BOAALIEH [DOAIUHIHH-
K@, 65110 0T06pato 100 wr., npugem 10 okasaianch 6paKOBAHHEIMA.
Hafgure: a) 90 %-uwill noBepHTedbHHE HHTEpBal A48 BepoAT-
HOCTH TOrQ, YTO NPOH3IBONLHO BHOPaNHbIA TOMUATHEK OKaXeTCHA
OpaKOoBaHHBEIM; 6) KOJIH4ECTBO NMOAIRNEAKOB, KOTOPLIE HAAO PO-
BEDHTh, YT0OKI ¢ BepoaTaocTsio (,9973 MoxHO OBLIC YTBEpX JaTh,
4T0 A0dA 6paka OTAHYAETCA OT JacTOTH He 6oaee yem Ha 5%.

Orset: a) (0,12, 0,38); 6) n > 88.

3.28. B 10000 ceaHcaX HIPH C ABTOMATOM BRIAIDHII OfBAACSA
4000 paa. Hadgare: a) 95%-Hufi J0BepHTENbLHEId WHTepBaX A4
BEDOATHOCTH BLIMLDLIE; §) KOAHYECTBO CEAHCOB HUIPHl, KOTOpHE
crejyeT [POBeCTA, 4YTOOH ¢ BepoATHOCTBIO 0,99 MOXHO ObLIO
YTBEpPXKAaTh, ITO BePOATHOCThL P BHIMLPhIIILZ OTARYALTCA OT ero
YacTOTH He Godee 4eMm Ha 1 %.

OrseT: a) (0,39, 0,41); 6) n 2> 16231.
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ik
3.29. /a8 DKCNOREHNUAABHOMO pacTpejelenud co »CABUTOM
uMeouero NAOTHOCTD

—{z—8) > g
€ b3 T - ¥
f(x;ﬁ'):{ 0, e

10 BhIGOpKe 06beMa 1 NOCTPORTE UHTEPBATLHYIO ONEHKY MapaMet-

pa 6 ¢ AOBEPHTEJBHOMN BEPOATHOCTDHIO .
YV xaszaHnue: B KatecTBe HCXOJHOH PacCMOTPHTE CTATHCTUAKY

T=Xu- #, aMeloUyR GyHKUHIO pacOpedeteHis

1—e™™, 20
F(x]:{ 0‘ 3:20

OrserT: (X(1)+—‘6 Xm—i-—(—a)), rpe a> 0w >0
cBA3aHLL paBeHCTOM 1 —o— 0 =17.

3.30. [JocTpoiiTe HHTEPBAALHYIO ONEBKY AIf PASHOCTH fi1 = /2
MaTeMaTHIecKAX OXMEAHWH JABYX TeHepaibHBIX COBOKYTIHOCTEH,
pacipefeeHHKIX 10 HOPMAAbHEIM 3aKOHaM C TapaMeTpaMi (p1,0%)

u (po, 02) 1o pe3yJbTaTaM Be3aBACHMBIX BHIOOPOK (X;, vy Xp) B
(Yy, ..., Ym) B NPEANONOXKEHNE, 4TO AACTEPCHE 0%, 0} uasecTHEL.

VxazaRue: B KayecTBe MCXOJHOH cjaefyeT B3ATH CTATHC

THKY

(Y*?) —(p1 - P«'z)

.I_

T =

ala,
3 L)Qm

U y6eJATbCA B TOM, ITO PTd CTATHUCTHKA HMEET CTanAapTHHIH
RODMaJbHBIA 3aKOH pa.cnpe,ne.rlenﬂa c napame'rpa.mn {0,1).

OTseT: (Y-—? Uy _ a2  X-Vtu, af?\/?)




4. IIPOBEPKA T'MIIOTES.
IMAPAMETPUYECKHWE MOJAEJIA

B oToR raaBe paccMOTpeH BTOpPOH KJacc 3ajad MaTeMaTHde-
CKOH cTATHCTHKH (cM. 1.2), CBA3AHHEIX ¢ IPOBepkodl cmamucmu-
yecKur 2unomes.

Brime (cM. 2, 3) 6b.1H paccMOTpPeHH 3aJady OUeEHBaHHSA He-
A3BECTHOI'O NMapaMeTpa § no peaausayuu cayyatinod evifopxu H3
2enepaabHoll cosoxynHocIY CIy4adHOR BelH4uHB X, 3akoH pac-
npejeleHHA KOTOPoH 3asucHT oT . [IpH oToM MM He pacnojaraiil
HAKAKOH anpuopretl uxdopmayuet OTHEOCHTENLHO NapaMeTpa 6.

[Ipn mpoBepke CTATACTHYECKOHR THOOTE3W O NapaMerpe & mc-
clejoBaTeAb 3apaHee H3 OCHOBAHWA TOW WM HHOW ATIPHOPHON HH-
¢dbopManud BHABEraeT NpeAnofoxkenue (runoresy) o seanyune O,
nanpuMep 0 = fp, rae 8y — HekoTOpoOe 3aJaHHOE IHAYEHHE Mapa-
meTpa. [locre dToro oH NpOBOAHT PKCNEPHMEHT, B pPe3yabTaTe
KOTOPOro NOAYYAeT pealudantio I, ciy4adHoR BRIGOPKM X, n3 re-
HepaJbHOH COBOKYNHOCTH X, pacnpedeleAAe KOTOPOH 3aBHCAT OT
napameTpa 8. [lo DTdM TaHHKIM eMy HYXHO JaTb OTBET Ha BONPOC:
corfacyeTcs runoTesa § = fy ¢ pesyabTaTaMi DKCIepAMERTa HIH
geT? JpyraMH CIOBaMM, MCCAEZOBATEN0 HYXHO DeliliTh, MOMKHO
JH OPHHATH BHLIBUHYTYIO MHNOTE3Y HIK €€ HYXXHO OTKIOHATHL KaK
NPOTHBOpPEYally0 pe3yibTaTaM SKCNepHMEHTa A NPHAATEH HeKOTO-
PYI0 albTePHATHBHYIO TANOTe3y (Ranpumep, 8 # fp).

4.1. OcHOBEBI® MMOHATHKHA

IycTe uMeeTcs svibopra I,, ABAAOWANCH peaaudayuet cayyati-
noti evtbopru X, W3 2enepaavuoti cosoxynvocmu X, NAOTHOCTH

pacupeferends xoTopoi p(t;#) 3aBECHT OT HeMIBECTHOT'G Napa-
MeTpa .

4.1. OcHoBHbIE NOHATHA 159

CTaTECTAYECKAe THIOTE3R OTHOCHTEALHO HEH3BECTEOrO HC-
THHHOTO 3HAJeHUA napaMerpa f HalhiBAIOT RAPAMEMPULECKUMY
sunomesamu. Ilpr >Tom ecan § — ckanap, To peib BAET 06
00HONGPAMEMPUYECKUT 2UNOMEIAT, A eCIH BEKTOp, — TO O
MHOZONAPAMEMPUNECKUT SUNOTNEIAT.

Cmamucmuseckyn zunome3y H Ha3HBAOT npocmot,
eclH OHA UMeeT BHJ

H: §=6,,

rae §p — HexOTOpOe 3ajJaHHOe 3HaYeHHe NapaMeTpa.
CMmamucmuNeckyio 2unome3y Ha3HBAOT CAONCHOU, eCIH
OHa WMeeT BAJ

H: §e D,

rge D — HexkoTOpoe MHOXeCTBO 3HadeHMH napameTpa §, COCTOS-
mee 6ojee 9eM W3 OZHOTO DAEMEHTA.

Npamep 4.1. ITlpeanoroxum, NPOBOJATCA CEPHA U3 N Heda-
BRCHMBIX HCOBLITaHHM Mo cxeme DepHyiau ¢ HEeE3BECTEBIM Mapa-
METPOM P, [e p — BePOATHOCTb ,yCIexa® B OAHOM MCOHITAHKA.
Torga runoTesa H: p=1/2 apasetcs npocTou. IIpumepamu caox-
HHIX TUNOTEl ABAAITCA cregylomme: Hi: p 2 1/2; Ha: p < 1/2
Hy i/agp<3/4uT.a

Hpamep 4.2. Ilycts Xn — cayuatinas ewbopxa 06LeMa n
¥3 reHepaNbAON COBOKYMHOCTH X, PacnpejeieHHO o HOpMalb-
HOMY 3aKOHY C HEeW3BECTHHIM MaTeMaTH4ecKuM OXKHAaBAEM U H
waBecTHON Aucnepcued o2, Torpa ranoTesa H: p = pg, TAe fo —
HeKOTOpOe 3ajaHHoe 3HaYeRHe TApaMeTpa i, ABIAeTCH I POCTOH.

Cunoresst Hy: u 2 po; Hot p € po; H: po € § € p ABIAIOTCS
CHQAKHRIMA,

I[Ipramep 4.3. [lycTs B npumepe 4.2 06a DapaMeTpa i K 7 HEH3-
BecTHul. B 3ToM cayvae runoresa H: p = yo CTAaHOBHTCH CIOXKHON,
TaK Kak eii COOTBETCTBYET MHOXKECTBO 3HAYEHHE ABYMEPHOI O BeK-
Topa § = (1, 0), AAf KOTOPBIX g = o, § < o < 0.
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4.2. IlpoBepka ABYX HNPOCTLIX I'HIOTEe3

PaccMoTpuM cHagada clydai, KOrja BpOBepAOTCA ABe npo-
cmble CTGIMUCMUNECKYUE 2ZUNOMe3vl BHJA

9:60! Hy: 6=611

rge g, 61 — ABa 3aJaHREX (PasAMYBHIX) 3HaYeHMX NapaMeTpa.
[Tepeyio zunomesy Hp 00RTHO HA3KHIBAIOT OcKo6xot, a BTOPYID
Hy — gavmepuamuenod, uli Rouxypupyrowed, zunomesot,
XOTA 3Ta TEPMHHOAOMMA ABJAAETCA ACCTATOIHO ycaoBuol. Tak,
HalnpyMep, OJH& M Ta >Xe THIOTE3a MOXKET B OJHAX 3ajadax
BLICTYNaTh B KavecTBe OCHOBHOH, & B JAPYIHX — B KadecTBe
aibTepHaTEBAEOH. [l0 JaHHEIM ewifopxu T, HeoGXOAHMO OPHHATH
pelleHde O CNPAaBeJJUBOCTH OJHOH M2 YKa3aBHBIX THIOTES.

Kpumepuem, i1 cmamucmusneckum xpumepuem, Ipo-
BepKH I'ANOTE3 HA3KIBAKOT OPABANO, OO KOTOPOMY A0 JaHHEM BB
GOpKH T, NPHHUMAeTCA peuleHHe O COPaBeJJHBOCTH AAGO NepBOH,
JAH60 BTOPOH MHMNOTE3H.

KpuTepnit 3aJal0T € NIOMOILLBIO KPUMULECKO20 MNONCECTIBE
W, aBaf0LIErOCA TOAMHONKECTBOM 6LIGOPONHO20 NPOCTIPAHCTIED
X, cayuatinot ewvibopru X,
obpasoM:

Penienne NPpABAMAKT CAelyOIIHEM

1) ecnu 8ui6opKa £, DPAHAJNEKAT KPATATECKOMY MHOXECTBY
W, To oTBepralT OCHOBHYIO rHnoTesy Hp A NIPEAEAMAIOT aibTep-
HaTHBEYI0 runorezy H,;

2) ecay BLOGODKa Z, He NPHHALIEKUT KPATHIECKOMY MHOXE
crey W (T.e. IpHBafgleX®T AONONHeRHIO W wMHOXecTBa W J0
BHOOPOYHOTO IPOCTPAHCTBA Ay ), TO OTBEPraloT albTepHATABHYIO
runoTeay H, ¥ TpHHEKEMAIOT OCHOBHYIO runoTesy Hy.

[lpn scnoap3oBauni N1060r0 KPATEPAA BOIMOKHEEL OLIAGKH Cle-
AYILEX BAJOB:

1) opmEATE rANOTE3y Hi, Xorga Bepra Hy — owubra nep-
60z0 poda;
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2) IpHHATE IANOTEIY Hy, xorga sepra H; — owué’nq atmo-
pozo poda.

BepoATHOCTH COBepMEHHR OWHGOK MepBOrO A BTOPOro poAa
o6o3nadaloT & A §:

a=P{X,eW|Ho}, B=P{X,eW|H},

rge P{A| H;} — BepoATEOCTb COGRITHA A TpH YCAOBHEY, MTO
copaBegruBa ranotesa Hj, j =0, 1. YkadaHEsle BEPOATHOCTA Bhbl-
YECAAIOT ¢ HCIOAL3OBAHEEM (PYHKIRH MJIOTHOCTHE pacipefercHus

cay4afiHOH BHGOPKHE X!

a—f /HP (tx; o) dty ...dtn
B= /[Hptk,gl )dty...dtn.

BepoATHOCTE COBEpIUIEENs OWEOKE NePBOTO POA2 & HASHBAOT
TAXKE YPOBHEM SHAUUMOCTIY KPUIREPUR,

Beaggmny 1 — 3, paBHEYI0 BEPOSTHOCTH OTBEPrAYTh OCHOBHYKO
rEnoTesy Hp, KOrja 0Ha HeBepHa, Ha3HIBAIOT MOUHOCTRILIO KPU-
mepua.

4.3. Kpurepuu Heumana — Ilupcona

[Ips OOCTPOSHAR XPUmMEPusR A NPOBEPKH CTRAMUCTMUNECKUT
2unome3, Kak IpaBEIO, HCXOAAT K3 HeOOXOZHMOCTH MAaKCHMH3A-
0BE ero Motynocmu 1 — f (MEEAMHE22UME BEPOATHOCTH COBEPUICHUA
owubxu emopozo poda) NpA GUKCEPOBAHHOM JPOSHE 3RANUMOCTIU
@ xpumepus (Bepcm'raoc"rn COBeplIeHER owubxy nepeozo poda).
Ans yopolenus AaibHEHIAX paccyJenEH Oylem CYUTATh, 9TO
X — cayuatngs swibopra obvema n U3 2enepasbHot CO8OKYNHO-
Cmu HempepHIBEOH CAyJalHOH BeAMYHHM X, NIOTHOCTH pacipe-
AeAeREA BEPOATHOCTEH KOTOpoH p(t;f#) 3aBACHT OT HEH3BECTHOTO
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napameTpa f#, H pacCMOTPHEM JBe npocmuie zunomeavi Ho: 6 =0, 0
H1: 0= 91.
Bregem dysknuio caydainod Bubopkn Xp:

L(Xmgl)
T h e R R
L(Xn;ag)
Cmamucmuxa ¢(X,) mpegcraBaser coboit oTHoumerne @Gynxyul
npasdonodobus NpH HCTHHHOCTH GabmepHamuenod H ocroexotl
2unome3 COOTBETCTBeHHO. Ee Ha3bIBaloT OMKOwWweNUueM npas-
donodobux. J1s NI0CTPOEHAS onmMuMasbHO20™ (Hanbonee MO~
HOT'0) IPH 33MAHHOM YPOBHe 3HATHMOCTH o Kpumepus Hetima-
na — [ITupcona B xpumuueckoe mnoxwecmso W BkIowaloT Te
37eMeHTH T, éuvibopoutozo npocmpancmea X, ciryvaidHOH BHOOP-

o(Xn) = L(X,;8) = Hp(X,’;G).

—

KH Xn, AAf KOTOPHRX BEHBOAHAETCA HepaBeHCTBO

©(Za) 2 Cq.o:

rae koHcTaHTy C, BHOHPAIOT H3 YCIOBHA
P{o(X,) 2C, | Ho} = a,

xoTopoe obecnedupaeT 3ajaBHOE 3Ha4eHHE YPOBHA 3Ha9HMOCTH &
H MOXeT ObITh 3aIACAHO B BAEAE

// L(tl,...,tn;ﬂo)dtl...dtn=a.

lt1ratn)2Cy

[Ipn 3TOoM BepOATHOCTHL OWHMGKH BTOPOT'C poja He MOXeT OHITh
yMeHbllleHa OPH LaHHOM 3HAYCHHH BEPOATHOCTH OWHOKH NepBOrO
poJa a.

PaccmoTprM npEMepHl MOCTPOEHHA ONTAMAABLHOIO KPHTEpHA
Hefimaga. — [lupcosa npu npoBepke NpoCTHIX T'MIOTe3 OTHOCH-
TeNbHO HapaMeTPOB OCHOBHEIX, HahfoJee YacTO HCNO.Ab3yeMBIX
pacrpejenenni.

"Cu.: Jeman 3.

B

4.3. Kpurepuii Hesimana — [Mupcona 163

Ipumep 4.4. llocTpoerne onTAMAIBbROTO KPATEPHA. Heima-
#a — Ilapcona jnd mapaMeTpa i HOPMaAbROTO 3aKOHa pacipe-
feleHuA C W3BECTHOR JMcmepcueil o2 mpoBegeM A1s ciyyad ABYX

NpPOCTLIX FHNOTES
H{]: M= [0, Hl: H = 1,

re po B gy — HEKOTOphie 3ajJaHHLe 3HaYeHHAs, CBAJAHHBEIE Hepa-

BEHCTBOM fg < 7.
B paccMaTpHBaeMOM clydYae GYHKOAS OPABAONOJOOHA HMeeT

BH/

T ( 1o, o 2)
L sy A = —=] expl —— Xi—ul* |,
O Xoin) = (757) oxp(gor L Ke=w
a OTHOUIeHAe npaBjonolobus —

L(X1,..., Xn;pi1) _
L(Xl}'--!thuO)

n 2
- Z n(uy = po)
=(-)}(p('u17dt‘ﬂ X1) exp(—(—w—).

i=1

‘P(X‘n) =

B narHOM ciydae HEPaBEHCTBO

R — to n(py — pio)?
@(Zn) = exp (mo—ngzxi) exp (__2;7_) 2Cy

=1
PABHOCHAALHO HEpPaBEHCTBY

n

in Z C|

=1

(4.1)

Tae koncranTy C BHOApalOT A3 YCAOBHA ofecnetdenns 3ajaHROrQ
YPOBHA 3HAYHMOCTH &:

P{iX;;Clu-——#o}:o:. (4.2)
=1
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JedcTpaTeNBHO,

pL= o _n(m—uo)z) _
In (exp( 7 gz‘) exp( ——r )| =

,U'l,uo )

2 InCy,

OTKY A3 CaAelyeT, 170

25:

TRY
(ln Co— —n(#lgazﬂﬂ) ) =C.

C.ﬂyqa.ﬁﬁan peaddEHa X1+ ...+ X, BMeeT HODMaJbHOE pact-
NpeAeieHAe ¢ MATEMATHYCCKAM OXHJaHHEeM Ny W JACHepCHeH na?
(cM. 1.2). Mosromy ycroene (4.2) MOXKHO 3aIHCATEL B BHAE

1-® ((Z‘—J’%‘“’) =a, (4.3)

HIAR
C—nuo _

Y

Takum o6pasom, kKoHcTaATa ', 3aJal0lLas KPETAILCKYK 06HacTh
B (4.1), onpeAenseTcs paBeHCTBOM

C = njto + u1a0 /7. (4.4

IIpr >TOM BEpPOATHOCTE COBEPLICHAS OMIAGKE BTOPOTO Pojfa

ﬁ=P{2X;<C|u=m} (Ca\;l“l) (4.5)

ABIAETCE MEEEMAJIBAO BO3IMOXHOR opA JaBHOM 3HAYEHHB .
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Hpamep 4.5. Ecim B yclIoBERX HpEMEpa 4.4 HepaBeHCTRO
fio < {1 BaMEHHTb HepaBeHCTBOM 1 < jig, TO B 3ITOM caydae
KpATHIECKOe MHOXECTBO W 3ajaeTcd HepaBeHCTBOM

En::t:,‘ < C
=1

rae koucTaHTy C BEIGHPAIOT U3 yCIOBHA

P{iX;éCi#:#0}=

=1

()

AIE, 9TO TO XKE CaMoe,

Taxnm o6pazom,

C —npo
ay/n

V3 nocaegaero papeRcTBa HaxodaM C = nug — Ul—aT/ 1.

=tUg = —Ul-a-

Npamep 4.6. [locTpoedne ONTHMAIBHOTO KPATEPHA Heftma-
Ba — I[[gpcoRa B cAydae OKCNOHGENHANBAOrG PACHpPeeJeHEs C
NapaMeTpOM X IpoBejeM AN ABYX OPOCTHIX PHOOTES

Ho: /\=Ao, Hlt /\=)«1,

The Mg < A1. B aToM cay3ae yBEKIEA TPABAONOIOGUA
k]
L(X1,.o Xnih) = Nexp( -2 3 Xi).
- i=1

TaxpM 06paaoM,

o(Xn) = (:\\—;)" exp(~ (M - ,\o)ix,-).

i=1
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OTCIO}I& BHAHO, ITO KPATEYECKOE MHOMXKECTBO MOYKHO JajfaTh He-

PaBeHCTBOM -
n b

Z%‘SC, i

i=1
rie koHCTaHTa C BHIGpaHa B3 ycIOBHA OGecHedeHNs daJaHHOLO
YPOBHSE 3IHAYUMOCTE

P{iX;gC[ A:Ao} = g
=1

Caywaitnas penwumnua 2A(X); + ...+ Xn) mpu A = XAy uMeeT
x%-pacnpedeaenue ¢ 2n cTemenaMu CBOﬁO,{(H {cu. [1.3.1). Hcxoas
H3 3TOrQ, HOAY1aeM BHPAXKERAE A14 KOHCTAHTH (-

Xs(2n
C 0:(2 )/\0‘
rae x2(2n) — kBamTHAL YPOBHA & AAs X’-pacnpesencuus ¢ 2m

crenerAME cs0boawl. [Ipu 5ToM BepoOATHOCTE COBepUIERnA OUINOKE
BTODPOro pofa paBHa,

T
=P{ZX">C|/\=1\1}=
=1
Aq
=1~ Hon(20,C) =1 -
Hon(2MC) = 1~ Hy (2 (20) 51 )
rae Hyn{t) — OyukuEs pacnpefenenus cayvaimod BeJIMIUHBL,

mMelolllell x?-pactipejesienne ¢ 2n cTemeHaMH cBOGOALL.

Ilpmmep 4.7. IlocTpoeBne ONTHMAIBEONG xpuTepua Heiima-
ga — [lupcosa g1 napameTpa GHEOMHANBHOIO pacnpefeieHud
npowegeM JA4 caydad JBYX HPOCTHIX CHOOTE

Ho: p=py, Hy: p=p,

[A€ p — BEPOATHOCTH , yCNexa " 8 OAHOM HCOMTAHEH HPH peaJn-
3aLlMH CXeMBl HE3ABHCHMBIX MCMbITanuil Bepuynns, a py u p; —
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safJaHHbe 3Ha9eHUA NapaMeTpa, yAOBJIeTBOPAIOLIAE HePaBeHCTBY
Po < P1-

[lycTs 06beM HCNBITAHEE AOCTATOYHO BeAUK B X; — pe3yibTaT
jro gcnsiTadas. Caydaiidas peawdnsa X; NpEHUMaeT 3HAYeHBA
0 u 1 ¢ BeposTHOCTAME 1 — p B p coorBeTcTBeHHO. PDyHKUHA
IpaBAONO 00T B 3TOM CAyHae UMeeT BEJ

L(Xl’”_,Xn;p)=C;:((Xn)pk'(/‘?n)(l p)n—-K(Xn),

rae K(X,) = X1 +...+ X, — obiee 9aCAO  yCNEXOB® B CEPHA U3
n denbiTannd, OTHOWeHWe NpaBionololns OOpelenseTca PaBel-
CTBOM

i L(X], o ﬂ;pl) Pi K(Xq) 1= po\n— K(Xn)
Xn
#(Xa) = Ll Xsh) (PO) (1 '—Pl)

3HAYHT, KPATHYECKOE MHOXECTBO [Af ONTAMATLHOTO KPHTEpHA
Heitmasa — [upcoua B JarHOM caydae HMeeT BHJ

mn

K(#)=3 2 >C. (46)

i=1
KoncrauTy C BHOUPAIOT HCXOAA M3 YCHOBHA

P{X1+...+Xﬂ?C|p=po}=&.

Pacnpefenenne cayq4afdHON BeJHYHALI K()?n) npH JOCTATOYHO
OOMBUINX 7 B COOTBETCTBHH € U3BECTHOW WHTErpPANTBHOH TEOpPeMOR
Myappa — Jlansaca uMeeT ACHMIOTOTHYECKH HOPMaibHOE Dac-
OpegejeHHe C MATEMaTHIECKHM OXHJAAHMEM U4 = np H ABCIepCHed
0% = np(l — p). Henoabsys ykasaHHOe pacnpeieleHme, BHGepem
kouctauTy C' B (4.6) #3 ycroBHA 06ecneveHns 3aJaHHOTO YPOBHSA
IHAYUMOCTH (&, T.€. H3 YCJAOBUA

PIK(R)> Clr=ro}n1-8( o) =ar (7

Vpo(1 = po)
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OTKyJa, UCHOAL3YA KBAaHTHAL U%|_o CTAHJapTHOrO HOPMAJbHORD
3aKOHa, HoAY1aeM q'

C = npo+u1-av/npo(1 - po).

HPH 3TOM BEePpOATHOCTH ol HOKA BTOpOT'O POJa pabHa |

C —npy _
npl(l—}’l))
_ o {nlpo—p1) + t1-ay/npo(1 — po)
_(I'( np1(1—p1) ) S

ﬂ=P{K(X’n)<C|p=p1}m1>(

4.4. Onpegenenue o6beMa BHIGOPKHA

Buimre (cM. 4.3} OpE DOCTPOSHAH ONMUMAAbKOZO KPUMEPUS
Hetlmana — [Tupcona ¢ 3aMaHHEM YPOSHEM IHAYUMOCTRY ¢ TPl
NMOJAraloch, 4TO 06bes n cayuaunol esbopxu X, m3pecTeH B
dakcuposad. Ho BO3IMOXHOE #BISETCA CATYALHES, KO Ja BO3HHKaET
Be06X0AEMOCTE B OGpeelennn (3apagee, A0 NpoBeJeHAA HabAIOAE
HUi} Takoro o6beMa n* cayyainod BEGODPKH, IPH KOTOPOM MOMXeET
OHITbL NOCTPOER Kpumeputl XN NPOBEPKH ABYX NPocmuiz sunomed
Hy:8=6pu Hy: 6§ =0, c 3aJaAEKME HIH MEEBLIIAMHE 3HAYCHHAME
BepOATHOCTER o H § COBEPIICHHA 0wubOK Nepaozo u emopozo pods
COOTBETCTBEHHO.

B paccmarpmBaeMOR CHTYAUNH BEJAHYHEY 71° ONpPefeNAIOT Kak
MAHHAMAJbBHOE [OeN0e 3Ha9YeHHe 7, AJH KOTOpdT‘O CHCTéMa Hepa-
BEHCTB

{p{go(xl,...,xn)>C¢I9=90}€“* (4.9)

P{(IO(XI:"'!XR) <C§0 | 6=91} gﬁ

MOXeT OHTH BHIIOJHEHA OPHE HEKOTOPOM 3HAYEHAH KOHCTAHTH
C =C*. Ilpu >TOM COOTBETCTBYIOWKHE ONTHMAJLHEIN KpETepHi
HeliMana — [upcona, obecnedupaomuil 3afadnhie 30a4eHus o,
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GyeT AMETH KPUTMUNECKOE MHONECTEO, onpejgeifeMoe HepaBeH-
CTBOM )
(,o(xl,...,zn) 2 C_.p.

[pamep 4.8. OnpegennM oGneM BHIGOPKE AJ% CaAydad HOp-

MaJBHOH MOJEH. )
Jlas CATYAOHM, PACCMOTPEHHOH B IpHMEpe 4.4, 3 BRIpAKEHHH
(4.3), (4.5) moay4aeM, 9TO CACTEMA HEPABEHCTB (4.9) BaTOM Caysae

HMeeT BUJ

C—-n C—n,ul
1—o{ 20 ¢, B Z—21) €8
o/n o/n
CaegoBaTenbHo, AAA obecnedeHEs 33 aHERIX JHAMERAM «, 8 Be-
POSTHOCTeH COBeplIeHHEA OUIAGOK NEPBOTO H BTOPOTO pPoAa ME-

HAMAJIBLEO HeoOXoAAMKEH 06keM n* BEIOODPKHA ¥ COOTBETCTEYIOLIYIO
xoHCcTaETY C* MOXHO OIpeAeJBTL H3 CACTeMBbl ypPaBHEHUH

Hcnoabsys KBaHTHIM CT2HAAPTHOTO HOPMAALHOIO PAaclipe/escHR A,
3alHdloeM ITH ypaBHeHHA B BUJIE

C —npo C —nwy

o m e o/n

Hexnoyas wa ypabrendit koEcTauTy C, RaXOAEM HEoBXOARMBIH
ofbeM BRGOPKH

(4.10)

=ug = '—ﬂq_ﬁ.

2
e = Croa tun-p)” (4.11)

(1 — t0)”

[lycTe, Hanpumep, TpefyeTcs NPOBEPETE THAOTEIL!

Hp: p=po=35, Hiy p=pmp =38

upu o = 0,8 F 3aJaHERX 3HATEHALX pepositEOCcTER o = 0,05, s=0,1.
Tlpamensas popmyay (4.11) ¥ y9uTHBaA, 9TO Ul—a = %0,95 = 1,64,




T
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u—g =1upg = 1,28, noayyaem Heo6XoAAMLIE B 3TOM cayHae obbeM
sbIbOpKE »* =61.

IIpamep 4.9, Qopejensm 06beM BLIOODKH JJIA CXeMBI HCIH-
TaHuk DepHyaIn.

JLad 33,4344 DpOBEPKH FHIOTE3, PACCMOTPEHHEOHR B pHMepe 4.7,
BHOBb HCIOJb3YEM BOIMOXHOCTEL aNNpPOKCEMAUWK OMHOMHAIBHO-
I'0 pacnpefeleHis HOPMaJbHHM pacnpedeleHAeM € NapaMeTpaMu
u=np u o2 =np(1 —p). Mocae sroro, coraacuo (4.7), (4.8), npu-
XOJHEM K CECTEMe ypaBHeHHH Aas onpejeaeHus n* u C™:

1_4)( C — npg ):a, (I>( C-np )=;3.
npo(1 — po) np(1 - p1)

KoTopaf M0OXeT OHTh NpeiCTaBleHa B CASAVIOUIEM BHJeE:
C —npo % C—-np, i i
T U]—a ——=Ug = —Uj_g.
v po(l — po) np1(1 —-p)

Peruas 3Ty cucremy, Haxoaum

i (ul-a\/po(l -Pn)+‘!~¢1—B\/Pl(1—Pl))2 1)
L= (m — po)? ' -

Papencrso (4.12) (npubankedno) onpegenseT MAHEMaIbHO He-
06x0 AUMEH 06beM BRIGODKH, MO3BOAARIAHA 00ecneYd T 3a JaHHEE
3Ha4YeHHA BEPOATHOCTEA COBepilieHHs OWHOGOK MepBOro m BTOPOro
POAa IIPH MpoBEPKe NPOCTHIX FHOOTEd BRJa Ho:p=1pg, H1:p=m
B cxeMe Bepryaan. Ilockoawky B (4.12) seanynHa n* He of#3a-
TeAbHO lleJad, TO Ha IpaKTHKe B KayecTre o6bema Beibopru GepyT
Ha¥MeHblliee Uefoe IHCAO, Soabliiee HAH paBHOoe n™. F#

MeHEManbHO HEOGXOANMEIA 06beM HabAIOLeHHN, ONpe/jeleH-
HLIA ¢ HCOOJb3IOBAHEEM ONTUMaAbAEOr0 KpaTepus Helimana — [lup-
COHa, Ke MOXeT OhITh yay4qlleH (yMeHbLIEH) B CHTYalHH, KOTJa
ofbeM BHIGODKH (UKCHDYETCH ¥ 33JaeTCA 3apaHee, A0 Habxioge-
HAK. TeM He MeHee CpefAHE O6beM HablOJeHHH MOXeT ORITh
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yMeHbIUEH NIPA TeX JKe 3HAYeHUAX BEPOATHOCTEH COBepPLICHHSA OLUM-
foK MepBOro B BTOPOrQ POAa B NOCAELOBATENBHON cxeme Habuiofe-
EHH, KOTAa peleHHe of OCTaHOBKe HAOMOAeHHA NPHHUMAETCA MO
X0y npouecca HabriogeHHH, 8 3aBHCHMOCTH OT NOJYYaeMhIX JaH-
anx (cM. 4.8).

4.5, CnoxHble NapaMeTpHiYeCKHe I'MNOTe3bl

lIpeanofokaM, 4T0 TpebyeTcA NPOBEPHATEL [IBE CAONCHBIE 2UNO-
me3nt

Hy: 8 € 6y, Hy: 8e€0,, (4.13)

rige By, ©; — BEKOTOpHIe Helepecexawlldecs o0JacTH 3HATEHHE
napamerpa §. Hanpmmep, obracti ©g, ©; MOrYT GHTL 3ajJaHhbl
HepagencTBaMk 0§ < 6g u 8 = 8y, rae 8y 1 61 — HexoTOpLIE (PHKCH-
POBaHRLIE 3IHAYCHHA HapaMeTpa, YAOBAETBODAIOIIAE HEPABEHCTBY
by < 8.

Kpumeputi npoBepkn CI0XKHHX runores (4.13) mo-npexaemy
3ajaeTcd ¢ MOMOLUBK Xpumuuecxkozo muoxcecmea W pegauzayud
cayuaiinotd eubopru )?,,, HAa OCHOBE KOTOPOI'O pellleHHe NPHHHMAK0T
CleAy OLIAM QOpa3oM:

~ eCqH peaJHlalus T, CAyJanHOH BHOOpPKH Xﬂ OpPAHAAAEKHAT
KpETuaecKoMy MHOXecTBY W, Toraga ocuwosnyw zunomezy Hy
OTBEepraiT B NPHHAMAIT GALMEPHATAUGHYKW 2unomesy Hy;

— ecA¥ peal3alma T, CAYHaWHOH BHIGOPKH X, ®e npuEajie-
KHT KpUTHIecKOMY MHEOKecTBY W, Toraa oTBeprajT aabTepHa-
THBHYIO FETOTE3Y H| H NPUBHMAIOT OCHOBHYIO rHOoTesy Hg.

BepoATHOCTH coBeplilenra owubox nepeozo B 6Mmopozo pods B
Clydyae CAOXKHLIX IBIIOTE3 UMEKT NpeXk HUH CMBICA K ONPEeAeIATCA
BhIpasKeHAAMH

a(f) =P{(Xy, .., Xa) €W |8}, 0€8q;
B(8) =P{(X,, ..., X)) eW |8}, 6€O,.
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B otanyme oT clydas npocmuir zunome3d, seawqnnw o(f), B(0)
ABJAIOTCA HEKOTOPHIMH (PYBKUAAMHU OT mapaMeTpa 0.

MakcEMaabHO BO3MOXEOE 3HAYEHNE BEPOATHOCTH COBEpUICHHS
olIgdK K NeprROTO poja

a = maxa(f)
L2~
HAJLIBAKOT PA3MEDPOM KPUMEDUA.
DyHKIA

M) =P{(Xy,..., X,) € W |8},

OMpegeAOUYI 3HaTeHEe BePOATHOCTH OTKJAOHEHMA OCHOBHOHM FH-
noTesn Hg B 3aBHCAMOCTE 0T ACTHHHOLO 3HadeHAR napameTpa b,
HashpalT dyuryuetd mouinocmu xpumepus. Ecan cywecTsy-
eT KpHTEPHHE, KOTOPHH NPH J3HHOM (EKCHPOBAHHOM pa3Mepe O
MaKCEMH3EpYeT (PYyHKIHO MOWEOCTA M (8) 0o BceM BO3MOXHEIM
KPHTEpHEAM OJHOBPEMEKHO NPH BceX § U3 MHOXecTBa O, TO Ta-
KOH xpumepul HA3HBAT PASHOMEPHO HaAubOACEe MOULNBIM
PaBromMepro Ranfojee MOLWALE KPHTEPHRE CYIECTBYWOT JUIIL B HE
KOTOPHIX YaCTHHX ¢A¥9asX IpH NPOBePKE rUOoTe3 OTHOCHTENLHO
OJHOMepHRIX napaMeTpos (cM, mpuMepsl 4.10-4.12).
BepoaTnocTr coBepuieHns omlHGoK NepBOroc H BTOpPOro pojia
CBAJRHE C (PYBKOHEeH MOUIHOCTH CSAYOLIEME COOTHOMEHAAMH:

alf)=M(6), @€ Oy; (4.14)
B =1-M(#), #€0O,. (4.15)

TeM caMHM paBHOMEPHO HaBGOMee MOLUHLIE KPATEPHH, eCANH OH CY-
HECTBYET, MHEEMHUIUPYET BEPOSTHOCTH COBEPIISHAA OLIUGKHA BTO-
poro poga 5(6) (upr dbEKCEpOBaHROM pa3Mepe &) OAEOBpPEeMeHHO
npu Beex § € 0.

3ameqarnue 4.1. PopManeso paseHcTBa (4.14), (4.15) cnpa-
BeLIHBLE NP BCEX BOIMOKHKIX BHAYCHHAX #, HO NMpPH 3HadeHUAX
8, OTAMYHLX OT ykasaHHbIX B (4.14), (4.15), peanunrn o(8), 5(f)
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TepAIOT CBOH CMBICK — BEPOATHOCTEH COBEPHICHHEA COOTBETCTBYIO-
max omwHGok. F

Wrorga mapafy ¢ dyHKHEE# MOILHOCTH HCHOAB3YETCRA TaKXKe
ONEPAMUGHEA TAPARMEPULINHURE KPUNEPUR

s(8) = P{(Xy, ..., X,) e W | 8},

IPeACTABASAIOMIAA COBOH BEPOATHOCTH OPUHATHA OCHOBHOR TANOTE-
3u Hg npr ycIoBMEA, 9To HCTHHHOE 3HAYEHHE apaMerpa paBHO .
Herpyano yBEAeTh, IT0 OUEPATHBHAA XAPAKTEPACTHKA H PYHKLAS
MOILHOCTHE CBA3AHK cooTHOeRAeM s(f) =1 — M (6).

[locTpoerne KpATEPHEB A1 DPOBEPKE CAONKHEIX NapaMeTpHAde-
CKHX T'ANOTEI ONPOHAJNCTPHPYEM Jajdee JAd Ciydad HOPMAABLHOM
MOJENd.

IlpeMmep 4.10. PaccMoTpHM OpoBepKy NpOCTOH THIOTEIR
Hy: g = gp npoTus caoxuon rEnoTesn Hy: g > fip OTHOCKTEIb-
BO napaMeTpa — CPeAHero (¢ HOPMABEOLO PACOpejeNeHus MNP
H3BECTHOH JBCIEPCHE 02,

Hpur moboM g > gy KpATATECKAA 06J1ACTE ONTAMAABLHONO HAHR-
Gonee mommoro kpurepna Hedmana — Tlapcoma pasmepa o Aas
NPOCTHIX MANOTES j4 = o TPOTHB i = i) uMeeT BHAL (4.1}, e KOH-
cranry C BHGupaloT u3 ycaosaA (4.2) nsa (4.3). [ToaTomy ora e
B3aBACHT OT }y. ITO O3HAYAET, YTO DOCTPOCHHKH Y)Ke Bhipe Ii4
YKa3aHHHX OPOCTHX TROOTE3 KPHTEpHH C KPATAIECKHAM MHOXe-
CTBOM, 33aBaeMEIM EepaBeHCTBOM (4.1)

Za:,- 2 C =npo+ t1_o0Vn, (4.16)
=1

ABAAETCA PAaBHOMEPHO HAAGOJee MOIHKIM KpATEpPHEeM pasaMepa
O A7 JAHHOH 3aJa9d CO CAOKHOY aAJAbTepHATHBHOH TANOTE3OH
Hi p> po.

IIpamep 4.11. B ycaosuax npefnjyilero NpHMepa PaccMOT-
PAM OpoOBEpPKY NPOCTOH rUnoTesw Hy: g = fp UPOTHB CIMKHOH
rAnoTednl Hy: pu < pig.
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i

B 2ToM caydae, ncnoabays pesyabraThl, NoJydYeHHbIS NPH pac-

CMOTPeEAH NpHMepa 4.3, NPUXOAAM K BHIBOAY, 4TO paBHOMEpHO
HanGo/lee MOWEKE KPHTepHH pa3Mepa o A4 JaHHOH 3aJadM 3afa
eTCA KPHTHYECKHM MHOXECTBOM, ONpefelfeMbM HEpaBeHCTROM

i:.’c.' S C
=1

IIpamep 4.12. B ycroBusx npumepa 4.10 paccmoTpum npo-
BEPKY ABYX CHOXHBIX CHOOTE3 BH/Ja

= Ny — U0V 7.

HO: :U'SPZO} Hl:

K2 p, (4.17)

TAe po < pir.
3aMeTHM, YTO A4 KPHTEPHA € KPHTHYECKAM MHOXECTBOM
(4.16) BepOSTHOCTH COBEPIICHHS OLIHOKH nepBoro poJja

alp) =P{i)ﬁ >C| u} =]- Q(ulﬁa+(#0_#)4)

eCTb BO3IpAcTalOWlad (GYHKOAA NEPEMEHBOTO 4. TeM CaMBIM Mak-
CAMaJbAOe 3HAaYeHHe BEPOATHOCTH COBEeplUEHHA OLUHOKHM NepBOro
poJa, OIpejensieMoe Kak
a = maxo(y),
HEHo

ROCTHFALTCH B TOYKE [ = i, OTKY /3 CeAYeT, YTO AaHHKIH KpHTe-
PHH, NPHMEHAEMHN K CIOXKHHM THIOTE3aM (4.17), ameeT pasmep
o= o).

Paccyxgan naree Tak xe, Kak B npamepe 4.10, noay4aeM, 4TO
YyKa3aBHH# KPATEPHH C KPATHYECKOH 06JacThIo (4.16) asageTcHd
paBHOMEpPHO Hanbo/ee MOIIHELIM KPHTEpHEM ANS JaHHOH 3a439H CO
CIOKHBIME THOOTE3AMH.

IIpumep 4.13. PaccMOTpPEM NpPOBepKY TENOTE3 OTHOCHTENHHO

TapaMeTpa HOPpMAaJALHOIQ pacnpeieleBHs L Clegyruiero puiaa:
Ho: p=ypo,  Hi: p+#po

(HO-]'Ipe}KHEMy ipeinojaraemM, 4To FACIepCHEA a? HQBSCTHa).
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B aToM ciydae OCHOBHa# ramoTesa fy ABIAETCA UPQCTOH, a
albTepHATHBHAA TunoTesa H; apaseTca caoxmoi. [lpm g = up
p&CCMOTpHM cmamucmury

X - o
B,
[#)
KOTOpaf UMeeT cmandapmuoe nopmaabnoe pacnpedeaenue. Kpu-
THYECKOE MHOXECTBO Aa8 DPOBepKH YKa3aRHmX rinores Ho, H)
onpejeNkM cAeJyIomuM oOpaloM:

|z — pol
VP2 u_ap2-
a
CoorBeTcTBYIONEH KPUTEPHH [0 IOCTPOEHAIO AMEET BEPOSTHOCTS
coBepIUeHHA OWHOKA OePBOTO pPoja .

ITpamep 4.14. PaccMoTpRM NPOBEPKY IBYX CNOXKHEIX FHIQOTE3

Ho: p=pg,  Hy: p>po (4.18)

OTHOCHTENbEO NapaMeTpa y HOPMAaJAbHOI'O 3aKOHA paclHpejefeHHA
B CIy9ae, KOUfa AHCIEpPCHS 02 HeHIBeCTHa.

B oramane ot mpumepa 4.10 runmoreza Hy Takxke ABASeTCS
croxuoit. TIpe p = pig CTATHCTHKA

X Ho
5(Xa)

HEMeeT pacnpedesentue Cmotodenma ¢ n — 1 cmenemamu ceéobodv
(em. [.3.1). Ucxoas A3 3TOro nony4aeM, 1TO KPETEPHH ¢ YPOBHEM
SHAYAMOCTH & AJa renoTes {4.18} 3afaeTca KPHTHIECKAM MHOXe-
CTBOM

Z R (4.19)

z - o
Yy ti—a = ih

raqe ty_o{(n — 1) — KBaHTHAL ypoBHA 1 — & pacnpegeaenns CThio-
JeHTa ¢ n — | cTeneAAME CBOOOILI.
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AHalOrgYHO Ha OCHOBE CcTaTHCTHKHE (4.19) CTPOAT KpHTepHi
[/ OPOBEPKE CAOXKHBIX T'ANOTE3

Hg: p= po, Hit p<po {4.20)

HAAH
Ho: p=po, Hy: p+# po. (4.21)

Jas runotes (4.20) kpuTepEA pasMepa ¢ 3aaeTcd KPATHYECKHAM
MHOMXECTBOM, OOPeJelAeMEM HEeDAReHCTBOM

T — o

—tl_a(n - 1)

Jas runored suga (4.21) xpETepr#il pasMmepa o 3aal0T KpATHYE
CKUM MHOXEeCTBOM, OlpeJeldeMEIM HepaBeHCTBOM

|Z - pol
S(:E-n) '\/’52 tl—aﬂ(n - 1)'

IIpamep 4.15. PaccMoTpaM mpoBepky MHNOTeS O DaBeHCTBE
MaTeMaTHYIeCKHX OXWAAHAH ANA ABYX PaANAndHEIX HOPMaJbHBIX

pacnpefeneHiH.
MMycTs ompegexernt gBe caydainnie Bubopkn (Xy, ..., X,) B
(Y1, -.., Yin) OOBEMOB 1 B ™M U3 2€HEPAADHMT COGORYnKOCTREY HE

3aBUCEMBIX CIYYadHEX BeawtrE X ~ N(u1,0f) 8 Y ~ N(uz,03)
COOTBETCTBEHAO. PacCMOTDHEM CleyIOLUIKE DA JaYA TPOBEPKH CAONK-
HHIX CHIOTE3 OTHOCKTEAbHO MAPAMETPOB fiy, i3 B CAydae, KOTAA
KACIepCHE 0%, 02 m3BecTHH:

Ho: py=p2,  Hixopy > pa; (4.22)
Ho: pi=wpa,  Hi: py < po; (4.23)
Ho: w1 = pa, Hi: py # po. {4.24)

Pasnocts esibopounsiz cpednuz X — Y HMeeT HODMAlbHOE pac-
OopejedeHEe ¢ MATEeMAaTAIeCKAM OXHJAHHEEM fi) — iz ¥ JACIepCHEH
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o-f/n+o§/m. OTcioga caedyeT, YTO OPH CIPABEZIHBOCTE OCHOB-
HOH THIIOTE3H, T.e. IPH [ = ji2, CTATHCTHKA

RSt A (4.25)
a,%
n o m

HMeeT CTaHJapTyoe HOpMadbHOE paclipeieacHHe. MCXO,E[H H3 3ITO-
ro, 3akiwdaeM, 970 KpUTEPHA pasMepa & I4 YKaldaHHbIX 3ada"
2JAKTCHE KDHTHYECKHMH MHOXEeCTBAMH

= S Uea) s 2 %a/2:
,(orl 02 £01+02 ot %
T m T 1T

PaccmoTpam Takxe 2ajauy nposepku runoTes (4.22)-(4.23) o
PaBeHCTBe CPeAHMX JBYX FOPMAMbBHKIX paclpejeNeH il B pegnoio-
KEHHH, YTO AX AACIEPCHH He M3BECTHbI, HO PAaBHBI MekJIy coboii:
01 =09 = ¢. Q603BANHM veped

>ul—oﬂ

SH(X,) = Z (X;=X)?%  Si(Yn.) = mLZ(Y;—?)?

n—l

coo"rBeTCTByloLuHe HCIPABACHHBIE OUCRKH ancnepcun CTaTHCcTH-
ki (n—1)S2(X,)/o? u (m—1)52(V,)/o? umeor x2-pacnpedeae-
hugcn—1 4 m—1 cTenedaMs cpo6oanl, TeM caMblM CTATHCTHKA

(n = 1)S}(Xn) L m= 1)53(Vm)

o al

HMeeT Takke yZ-pacnpefeledme ¢ n+ m — 2 cTeNenaMH cBOGo-
Aol {eM. [.3.1). YanrTmpean, 4yro caysadnag seanuusa (4.25) npa
#1 = py HMeeT CTARAADTHOE HOpPMAAbROE paclpefeNeHue, NOAYvar-
€M, YTO CTATHCTHKA

I L - 0)S2E) + (n - )SHT)
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uMeeT pacnpegeneise CTbOJEHTA C N+ 71 — 2 cTeNeHIME cBOGOAH
(em. [.3.1). TlooToMy KpHTepuy pasMepa ¢ A1 NPOBEPKH THIO-
Te3 (4.22)-(4.23) 3a,4a10TCA ¢ TOMOILBI0 KPATUHECKUX MHOXECTB,
ofpeeisieMblX CieJYOILHMA HePABEHCTBAME:

f(-/;J:sfug;"ﬂ) 2 tl—a(n'i'm - 2)5

T(Zn ) € ~ticaln+m—2),
T

<
I (fmgm” 2 tl—a[?(n'l'm _2)'

4.6. [locnegoBaTeNLHHIN KPUTEPHUM
OTHOLUEHMA MNpasjonojgobua

Bo MHOrAX cay4dasx Ha TpaKTEKe HabAWJeHHR NPOBOAAT NoC/e-
gopareabio. Tlpu >ToM cTaTHCcTHReckas WHGOPMANUA HOCTYyNaeT
He OAKH Pa3, a NOCAeJ0BaATeILHEMHE NopuaaMa JabHuXx. [Ipesnodo-
UM, YTO HADAI03eTCA NOCIeJ0BATNbHOCTE HE3ABHCHMBIX OJ1HHa-
KOBO pacnpejfeleAHbX HENPEPLIBHBIX CAYYAHHBEIX BENHYHH X1, ...

Xn, ..., KaXKJ3% W3 KOTOPBIX HMeeT MAOTHOCThL paclpefeicHnd
3 P

p(:r;f?), rAe § — HEKOTOpHI NapaMeTp, JBaYeHHe KOTOPOro He-
nagecTHo, Ha ocmoBe peaviIbTaTOB HaBMOAEHWH 1, ..., Ty, ««-

HYKHO IPOBEPHTH gBe npocmote 2unomedot Hy: 8§ =6y u H: 8 =04,
rge fp, ) — HEKOTOphIe 3aJaHHLIC 3HAYEHHA NapaMeTpa.

B paccmaTpuBaeModl CHTYanuM KOAMYECTRBO HabAI04aeMBIX CIY-
YAHHBIX BEIKYHH (K TeM caMbiM 06bem 6u100pKU) He PHKCUPYeTCH
3apaBee, a onpefeafeTcd 00 X04y HalawoAeHKi, B 3aBACHMOCTH OT
noayqaeMux faiiux. Hocaedosameavusit xpumeputl omuno-
wenus npasdonodobus (kpumepuid Baavda®) crpoar crefy-
maM o6pasoM. Ha odepegnonm n-M Ware HabawAeRHA, HCXOAA H3
NoAYIeHHERIX Pe3yJAbTATOB HabaoAeHAR 7, ...

P($1591)P(-’52;31) ---P(xn;gl)
p(z1:00) p(x2;60) .. . p(zn:60)

y £, BEIYHCAAIOT

(Ipn(zll"'!xﬂ)=

*Cm.: Baasd A.
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JTa BeAKYKHA HMeET CMBICH IHAUEHUA OTRHOWENUR NPABIONROC06GUR
gadA runotes Ho 0 Hy wa n-m ware Habawieani. Ha kaxgom n-m
mare NpoBepAIOT CAeYIOHiKe 1Ba HepaBeHCTBA!

B < w.(z1,..-,25) < A, (4.26)

rie B u A — HeKOTOpLIe 3a JaHH&EIE KOHCTAHTEL, ¥ AOBACTBOPAIOLIHE
yeaoBuie 0 < B < 1 < A. Ecar o6a HepasercTBa (4.26) BHOOABAT-
€, TO HAGMIOAEHKA NPOJONAKAIOT, T.€. OCYIIECTBAAIOT HabdoJeH e
caexytomed caydakiHod Beauynhul X, 4. JpYTUMH cTOBaME, Kepa-
BeHCTBa (4.26) 3aJal0T | 06A2CTh NPOJOAKEHKA HAGNIOJEHUT“ Aas
kpurepusa Bansia.

HabnioaeHrs npekpallaloT NPH [NepBOM HAPYWIEHUH XOTA Ob
oanoro HepaeHcTBa (4.26). [Ips BapylIEHAH AeBOTO HepaBEHCTBA
npuBHMaloT reaoTesy Hy. [lpn HapylweHMY NpaBoro HepaBeHCTBA
npHHuMaioT cunoTeay Hy. Taxusm ofpazom, nomep v lara, Ha
KOTOPOM DNpeKpaIlaloT HabMAeHUEA AAA KpuTepusa Baibga, onpe-
JelAIOT U3 PABEHCTBA

v =min{n: gp(z1,...,2,) & (B, 4)}. (4.27)

BexTop pesyanTaToB HabawAeHNE 414 N1060r0 NOCIe 0BATENAE-
HOPO KPHTEpPHSA, ¥ B TOM Yuche AAf KpuTepus Banbga, wmeer BUjg
(v, 21, ..., 2,}, TAe ¥ — HOMEp LIara, Ha KOTOPOM MPEKPAILEHEI
HabalofgeHud, £y, ..., T, — COBOKYNIHOCTb BCEX pe3yJbTaTOB Ha-
6nrwgenuin.

lng xpuTepua Baibja npaBaio NPREATHA PEUIERUA N0 PE3ydb-
TaTaM HCOLITEHEN Z1, ..., T, HMEET CASJYIOMAH BAI:

~ecii @,(€),...,2,) € B, To npnHATs, runoresy Ho;

~ectn @u(21,...,2,) 2 A, TO IpUHATL MAnoTEdy Hp.

BeposaTHOoCTH coBepulesus owubox nepsénzo W 6mopozo poda

(Pucxu nepsozo u smopoz0 poda) A1f ITOTO KPHTEPUA PABHBI
COOTBeTCTBEHHO

o=P{p,(X1,....X,) 2 A| Ho}, B=P{e,(X1,.... X.) < B|H;}.
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3HAYEHUN DHCKOB o, § AAA kprTepi Barsga moryT 6nits
NPUOIMKEHHO OLEHEHB! C JIOMOLWbBIO CAEAYIOLIMX H3BECTHBIX COOT-
HOLIEHHH™:

(4.28)

R

M{Wu(Xla-”lXU]'HO)’
M

(u(Xy,. X)) Hy),

|

rae M(t,a,_,(Xl,...,X,,}IHJ:) — YCJOBHO® MATeMaTHYeCKOe OKHIa~
HEe clyqaHHoi BedmsHEB @,(X1,...,X,) OpK ycroBRH, 4TO Ha
urare v (IAr, Ha KOTOPOM NPEKPAAIOTCA HabAIOAeHH) [0 pe3ylb-
TaTaM HAOMOfeHHN Z1, ..., 2, IPHRATO PEUICHYE O CITPaBe I IABOCTH
runorean H;, 7 =0, 1.

Ws dopmys (4.28) MoxHO NOAY9UTL COOTBETCTBYMOWHE Hepa-
BEHCTBa H NDHOAVIXERHLIE OLGHKM JNA 3HAYEHHI pHCKOB «, f
kpuTepusa Barbga. HdeitcTBurenvno, gi4 kpaTepus Bajbga cupa-
BEJMUBL HepaBeACTBA:

a) @,(21,...,2,) < B, eciy NpuRATA CHNOTE3A Hy;
6) ¢ (z1,...,2,) 2 A, ecan npusara runotesa Hj.
TTockoMbKY A48 YCAOBHBIX MaTeMaTHYeCKux OXUJARHA CHpa-
BeJIABRI 2HAJAOTHYRLIE HEPABEHCTRA
M(QV(XI,...,X,,)IH()) *-<\ B: M(‘!‘QU(XIV-':XV)'HI) ;A?

TO € y4eToM (4.28) noayqaem HIBECTHLIC HEPABEHCTBA AAA TOYHAIX
3HAMEeHHH PHCKOB &, § KpHTepusx Baibja

g < B, 1=s > A. (4.29)

l—ao o

MuoxecTso Tovek mrockocTs (o, §), KOODAMHATH KOTOPHX
YAOBAETBOPAIOT HepaBencTBam (4.29), nokasaro na puc. 4.1 wrpH-
XOBKOR.

*Cu.: Baavd A.
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Us nepapencts (4.29) creayror 6o- g

Jee rpyOule HepaBeHCTBA 1
1
ﬁ\‘(\B, O.’g Z, (430)

KOTOPBIe TakXXe HEOTJ3 HCUOAbIYIOT
IpH OlEHKE PUCKOB o, 3.

JaMeTHM, 1TO A18 KpuTepus Banp-
Ia Babmiofedus NIPEKPAuAOT Ha ware 0
V=7, Ba KOTOPOM BOEpBHEe IPOKCXO-
AMT BHIXO1 3HAYCHHS Pn(Ty,...,2,) W3
#ATepBaaa (B, A), wayu, ApyraMH CIOBaMH, ,NepeckOX® IHaveHus
n(2y,...,2,) Jepes ypoBenb A (cHE3y BBepx) WI¥ 4epea ypPOBeHb
B (csepxy Bru3). llpemefpekeM yka3aHHLIM ,ME€PECKOKOM“, T.e.
fydeM caATATH, YTO Ha lWare OpeKpallennd HaGIIOJeHAR BRIO-
EAECTCA OJHO M3 ABYX RPHOIKKEHHHIX PABEHCTB

>

o, {zy,...,%,) = B, ecin npursTa runoresa Hy,
@y {zy,...,%,) = A, ecau npuddaTa ranoTesa H,.

Torpa w3 Todubix paBercts (4.28) noaydmM wasecTHhle TpKGIH-
*euHble (¢ TOTHOCTBHIO A0 YKa3aHHOTO A Nepeckoka’) paeemcmea
Baavda*:
L%B, LﬁmA. (4.31)
l-a s’
OTH nprbAmKEHHBE PABEHCTBA FacTO HCIONBLIYIOT Ha NMPaKTHKE
I8 omnesky 3HadeHuit puckos «, §. IlosTomy, coraacno (4.31),
Oy feM CHHTATb, YTO TOYEblE 3RATCHUA PHCKOB &, § YAOBIETBOPAOT
UPHONEKEHELIM PaBeHCTBAM

-

oo, g= 067,

Ple npuGAEXeHBbIEe 3BaJeHEA PHCKOB &, 3 HaXOoIATCH W3 pa-
BEHCTB

* _B*
8 - B, 1-,

l1—a® a*

= A (4.32)

“Om.: Baavg A.
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Takum o6pasom,

._ 1-B . bA-1)
“=a-5 = A-B"

TOuKa (@, §7) B DAOCKOCTH (&, B) HaXOQUTCA Ha HepeceveHHH
NpAMEX AUHABE B =B - Bau 8=1- An (cM. puc. 4.1).

Kak caegyer w3 puc. 4.1, Tovare 3pavenns PUCKOB &, B KpH-
Tepus Banbga (OHH HaXOASTCA BHYTDH 3alITPHXOBAHHOI 06.1aCcTH)
BCerJa Y A0BNETBOPAOT HEPABEHCTBAM

at+BLa"+ 8

o
rge o, f* — yxa’aHHHe BHILE NPHGIMKEHHbIE JHATOHHS PHCKOB.

Kpome Toro, mepapencra (4.30) ¢ yyerom (4.32) MoryT 6HTH
3aNMCankl B BHGe

g a
T—o' ST

hd o
Cpegaru o6beM mcOLITaHmM. PaccMoTpuM Tak:ke BhIYHC-
TeHue cpejHero obbeMa HCORITAHHH AR kpuTepHa Bainga. B
COOTBeTCTBHE ¢ (4.27) gomep wara v npekpallleHEs Hab.a 50 jeHuH

MOKET ObITb NPEJCTABICR B BHAE RUCKDETHON CAYIaiHOH BeaH-
YHHAI:

B<

v=min{n: Z, ¢ (~b,a)},

rae a=InA >0 b=-InB>0, 2, — IOTaPU(pM OTHOWEHAA
PYEXIHE Dpasionogobud Ha n-M Luace:

2= lngn (X1, X,) = 1n P00 2(X3i61) - p(Xori8)

. (4.33
p(X1;80) p(X2;60) ...p(X;00) (4.5
BregeM cry<afunie Besvyudnb
P(Xiel)
Z(X)=In————£,
(X} P(X;ﬁo) (4.34)

4.6. [TocaegoBaTeALHEN KPUTEPME OTHOLICHKA NPABJON0 061 183

P(‘Xn?g{]) :
B oTomM cay4ae, coraacto papedcTBam (4.32)~(4.34), ciyvaiinas pe-

ARYEBa Z, OPeICTaBifeT cOBOH CYMMY 1 He3aBUCHMBIX OJHHAKOBO
pacnpeleledEnIX cAydainelX Benuwund Z(X;), ..., Z{X,), T.e.

Z(Xn)=In = [l ol

Zn=Z(X)) + .+ Z(X). (4.35)

O6oznagny depes Mg maTeMaTnyeckoe oxXHAaRHe 06heMa HCNE-
Taiui {HOMepa Wwara, Ha KOTOPOM MpeKkpallalTcd Habawgerud),
eciu crupapefansa runotesa Hy: 8 = ;.

B cooTercTBUM ¢ {4.35) cnpaBea nBo PaBEHCTBO

Mo Z, = Mo(Z(X1) + ...+ Z(X,)), (4.36)

rie My — maTemarHyeckoe oxujgarxe nupd € =8y, Jaa mare-
MaTHYECKOTO OMAJaHHA CYMMBI CAYVY2HHOTO YHCJIa HE3IABECUMBIX
OJMHAKOBO PACIHPEIeAeHANX CNYyqalHbIX BeTNnIKH"

Mo(Z(X 1) +...+ Z(X,)) = Mor M Z. (4.37)

Aan nesoit vacTn pasenctsa (4.36) umeem
Mo Z, = Po{Ho}Mo(Z, | Ho) + Po{H i} Mo (2, | H1},  (4.38)
rxe Po {H;} — BeposTHOCTb npuHATEA runoTesw H;, j=0,1, npu
YCAOBUM, YTO MCTHHHOW fBASeTCA runoreda Hg. Takum oGpasowm,

cornacuo (4.32)-(4.38) n onpesenenno owubKE TEPBOTLO POIa,

MOZU= (}L - a] MO(ln‘pu(Xl:--'vXV)lHD)‘l'
+OJM0(IH99V(X1,...‘XD]IH]). (439]

*Cm.: Beavd A, a takwe: [fupaes A.H.




184 4. IPOBEPKA 'M[IOTES3, HNAPAMETPHYIECKHE MOJERH

U3 papencrea (4.39), npese6peras crosa YKa3aWHALIM BhIle
» IEPECKOKOM ® ¥ HCNOABIYA NPAGIUKERAbLIE paBencTsa (4.31), mo-
Ay4aem

8 1-5
Mo Z, » (1 - a)l
02y~ (1-o)lnr——+oaln —=. (4.40)

B peayabrare B3 (4.37) u (4.40) moaywaem npufamKeHHOS 3HaYeHTe
CPe4HEro cObeMa HCORITAHUN Tpu § = f;:

. wief)
Movwm, (4.41)
rie
w(e,f) = (1 - a)ln > ;a+a]n lfﬁ.

AHaJOrHYHO MOXHO TOAYIUTE NpubIMmKeRHOe 3HaYeHRe Ccpej-
Hero o6bemMa M, v HCIHTaHAN NPH CUPABE LTABOCTH PHIOTE3H Hy,
T.e. npu 8 = @,:

w(f,a)

Mlvﬁ-z m (442)

C yveTom (4.34) copmyin ana cpejfHero oGbeMa HCNBITAHAHR
MOT'YT GBITH Tak¥kKe NDeJCTaBACHB B CAAYIONIEM BHJE;

w(e,3) w{B, &)
Move ———= My 22 2
¢ p{0,6) e p{6,60)’ (448
£ e
p(61,80) =M, Z = M, In p(“’;gl). (4.44)
p(z;6o)

Dopmyanr (4.41}-(4.43) q1a cpeanero ofbema HCORITAHHH AB-
ARIOTCA NPHOIUKEEHHIMY C y4eTOM  IepecKoka ™.

I o
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HmxBaa rpaEgna jjis cpejHero o6beMa MCOLITAHHH.
U3 pasercTBa (4.39) Jaree HeTPYZHO NOAYUHThH TaKkKe HUKHIOW
rpaBBLY cpeAHero ofbeMa KCHBITARAH TPH JaBHBIX (DWKCHDOBaH-
BHIX 3HAYEHHAX PHCKOB &, B. Y4uTHBafA, YTO GbyHKUUA lnu BH-
aykia Beepx (11}, u Opumensin wepaBencrso Hencena [XVII] gas
MaTeMATHIECKOro OXKWA2HHA OT BEIOYKAOW QYHKUHKHA, NOLYYaeM

MO(ln‘Pu(—Xla"-;Xv)IHj) <
< lnMU[Sou(Xla”wXu)lHj)s 7=0,1 (445)

Ha nepapercTra (4.45) ¢ yuerom (4.39), (4.28) naxoanm

+o:ln1ﬂﬁ,
1—o o

MpZ, £ (1—a)ln

OTKYAa ¢ ydeToMm (4.36), (4.37) nonyvaem HepaBeHCTBO

wle, 3)

ARaJTOrHYHO MOKHO MOLYSHTH HEPABEHCTBO 14 CPeJHero 06b-
eMa WCILITaauil npu 8 =6;:

M,y w;f/ﬁ’?- (4.47)

Hepasencrsa (4.46), (4.47) onpefensioT HumHue PaABUBl A1
cpeduezo obvema ucnvimanuti npu § =0 u 0 = #; npn sa-
AAHHBIX 3HAYERMAX PHCKOB &, 8. Kak clesyeT B3 pprOAMMKEHHBIX
PaBencrr (4.41), (4.42), cpegHHA 06bEM BCIBITARHE 4% KPETEPRA
Bansga gocruraer mmxmedl rpanmus, ykazamnoi B (4.46), (4.47),
00 KpaiHeH Mepe NpHOGAHXERAO (¢ y¥eTOM YKa3aHHOTO BHIE | Te-
Peckoka®).

Ilpamep 4.16. O6paTumca x GHHOMHAILHON CXEMe MCOBITA-
BMH H PAcCMOTPHM NOCAELOBATEALHOCTH HEFABBCHMAIX CIyYaiHbIX

BENHYHE
S1, G2 ey Bmy e, (4.48)
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0TKa3a DAEMEHTa Ha N-M LWAre (MCXOL N-T'O UCHBLITAHHA), NPHEAS
Malowni snadenns 0 nay 1 ¢ BepoarrocTamu P{3, =0}=1-gn
P{d,=1}=g¢, rae ¢ — BepoaTHOCTb 0TKasa. TpebyeTca o pe-
3yAbTaTaM HAOAKJEHNH NPOBEPHTL TUNOTE3L!

Hy g =qo, Hit g=q,

rae gop M ¢ — 3ajJaHHble XPHTAYECKHe YPOBHHM I0Ka3aTeld g,
YAORAETBOPAOLUINE YCAOBHIO Go < Gy.

B nanpom caysae napameTpom spaserca f = ¢, vabatogaeMol
Ha 7-M lWare caydaiioil seanyvnod — X, = d,, a 3aKOH paclpe-
zenenns umeer BEA p(d;g) = ¢*(1 — )14, rae & npunnmaer gsa
a3davennd 0 u 1. OTHowenne NpaBAoNo J06Es Ha R-M IIare HCHH-
TaHHE HMeeT BHJ

_ p(6;q)p(82:q1) .. . p(6niqn) _
p(81;90) p(82:90) . .- p(3n;90)

(ql)D“(l - m)“‘D"
== PN 1
g0 1-q0

rde caydaddan peauyuna D, = & + 6, + ...+ &, ecTe cyMMapHOe
$HCAO OTKa20B 3a n waros. Ilycre d, — 3pavesye cayyaliHoH

peaniudnl D,  O6aacTs npogosxeHusa uenbiranud (4.26) gad
KpHTepHsA Baabja 3agaeTcAd HepaBEHCTBAMH

8<(2)(122)™ <

P81, 8n)

KOTODEIE NOCAEe NPOCTHIX DpeoBpazoBalRil CBOAATCA K HepabeH-
CTBaM

Cin—-C3b< dy < Cln-i-Cga, (449)
raea=InA>0,b=-InB >0,
_ 1 _ 1—(]0
CZ—lnql{l_qc), CIHCZIHI—qi'

q@{l—n)

N

uMemEx GusoMHaibHOe pacnpegenenne. IlycTs 8, — MHAHKATOP
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HeneITaiis NpoJodKaKTCA, eCal BHIOJHAKTCA o6a HepaBeH-
cTBa (4.49) W DIpeKpaiiaioTCA Ha TOM IIAre ¥ =1, Ba KOTOpPOM BNEp-
Bhle HApPYWaeTCA XoTA 66l 0JHO U3 DTHX HEPaBEHCTB. IIpn mapyule-
HHH JEBOTO HEPABEHCTBa MPHHMMAETCA pellleHke O CHPABEAIHBOCTH
runoteast Ho: ¢ = go. Ilpn napywenss npaBoro HepaseHCTBa NpH-
FEMaeTCH pellieHye O CnpaBelluBocTH rHnoTesn Hy: g =4qi. Takum
06pa3oM, TpaHulbl 001aCTH NPeKpa-
meuna HabAoJeHHHA HMEIOT BHI Nps-
MbIX AMHBEH Ha maockocTn (nr, dy)
(puc. 4.2), KoTopsie ONpeleNfrTCH
ypaBHEeHHAMY!

a) d, = Cin — Cyb — rpanuna
,061acTH NPpUHATHA " runoTessl Hy;

6) d, = Cyn + Cra ~— rpaniua
,061acTH npuEaTAR" r¥NOTe3R H).

B 6uHOMHANBLHOR CXemMe HCIRTA-
HEH clydafiHad BeandnBa (4.34) umeeT BRA

p{d;q) 0 1-q
(6)=1n p(Gigo) 4o (=0 %o

OTKY A2, yauTHBad, iTo Mod = go, My 8 = g1, noaysaen QOpMyIH
(4.41)-(4.43) ans cpeanero o6bema UCILITAHUH IPH § =go ¥ ¢ = G1:

Mo”“n“iw—(aﬂ‘ M1V%M‘ (4.50)
pg0,41) p(q1,90)
rae
- 40 _ -4
p{g0,q1) = goln . +(1-go)ln -y

Iipamep 4.17. B skcmepuMenTe HaGMIOJAIOT NOCAEA0BATEN b
HOCTE HE3ABHCHMBIX CIY4YaKHBIX BEeJHIHA

X1, Xay eer Xny o oo (4.51)
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)

HMEIOINX SKCNOHERYUALLNBY 3aK0H pacnpededenud c napaMmer-
poM A. TpebyeTca Ha ocHoBe HabAwAeH M GPOBEPUTL CAeAYIOUIHe
PHIIOTE3L OTHOCHTENBLHO na,pa.meTpa A

Ho: A= /\(},

Hi: A=y, (4.52)

rie Ag < Ay.

B sToM cayvae oTHoOmeHBE 0paBiono 06y Ha n-M mare HCIIB-
TAHHH HMeeT BHJ

Pl X1y, X} = P(Xa; M) p(Xa5 0) P X Ar) _
P{X1520) p(X2;00) - p{X s Xq)
— (MY —(h-20)Sn
_(,\0) e e

rfe cayvakias Beawdnea S, = X +...+ X, npeacrapaser coboH
CYMMY pe3yJbTaToB HabAKWAERNH 32 N UIAT0B, 4 §, — e peainda-
uud. 064aCTb NPOLOMKEEMS HCOLITAH M AaA KpETepHs Baabga B
RaHHOM CAy1ae 3aJaeTCA HepaBeHCTBaMH

B< (:\\—;)ne’(’\l"“’]s" < A,
HAK
Cin—~Cha < s, < Cyn+ Cob, (4.53)
raea=InA, b=-nB,
Ci=itr, G=Clil (4.54)
1~ Ag Ao

Wcnmmanug npogomxaloT, ecin BLINOAHAIOTCS 06a AepaBeH-
c¢TBa (4.53), M npexpamanT IpY NEpBOM HapPVIIEHHH XoTA O
OAHOrO 43 3TEX HepaseHCTB. Ilpn wapylemus upasorc Hepa
BeHCTBa B (4.53) npuEmMaloT DellleHHe O COpPaBeSJIHMBOCTH THIO-
Te3sl Hp, a MpU HAPYIIEHUH AeBOTO — pelIeHHe O COpaBeIRBO-
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cri runoTesw Hy. Ipandusi oGracTn
npeKpauleHEs HaOMIOJEHNE, Kak H B
npeAblAyUIeM TpHMEpe, TakKXKe HMe-
0T BHJ PAMBIX THHHH Ha ILIOCKOCTH
(n, $,) (puc. 4.3), 5TH AuHEK 3aga-
OTCA ypasHesusMu s, = Cyn + Cab
(rpauwia ,0642CTH NPYHATHAY rH-
noreant Hp) 1 8, = Cin — Cha (rpa-
HELA , 06AaCTH NPHHATHA TUIOTe-
3L Hl)

Ouesgm cpefHHE 006beM HCOLITARKN.
(4.34) B famHOM ClyyYae MUMeeT BHJ

P(X;/\l)

ZX)=lhh———2 =1
(%) nP(X;/\o) n)*o

Puc. 4.3

Cayqalinag BeHYHHA

YuuTmsan, 9To Mg X = 1/Xs, M; X = 1/, noaydaem popmMyan!
Ans cpegHero ofbema HCnuTaduy (4.41)-(4.43) npn A= Ao «
A= /\12

w(f, o)

M, vy —2H

O (4.55)

rae

A1 — Ag A1
P(’\O‘)\l) = T —In I(; #

llpaBegeM jgafee WUCASHHBIH NPHMED, HATIOCTPHPYIOIIMA BhI-
UCDHI B cpejueM 06beMe BCIRTAHNK, KOTOPER LaeT NOCae0Ba-
TeALHEE KpUTepdi Baikga mo CPaBHEHEND C ONMUMALLHLIM Kpu-
mepuem Heimana — IHupcona ¢ AeTepMABRUPOBAHHEM OGBLEMOM
RCUBLTAHUHN.

IIpamep 4.18. Ilycts B ycnoBuax npuMepa 4.14 Tpelyer-
CA NPOBEpHTH HNOTE3H (4.52) OTHOCATEABHO MapaMeTpa HHTEOH-
CHBHOCTH OTKa30B, NJe KPUTHIECKHE YPOBHU paBuel Ag = 0,1 #
A1 =0,2. 3ajanAne 3HA9edAd PHUCKOB NEPBOLO K BTOPOTO POAA
papun o =0,1 1 3 =10,1.




190 4. IPOBEPKA MMNOTE3. TAPAMETPHYECKHE MOAEJH

Ecan somep wara npexkpaliennd HabmoZeRMH (00beM MCHETa
HMil) onpejeneH 3apaHee H ABANETCA JETEPMHHHPDOBARHON BEAWYH-
HOH: v =n, TO HAAAYIIIHE A48 DTOTO caydad kpATepuid Helima-
Ba — IlupcoHa AMeeT cAeAYIOUIMEA BHA!

~ ecld 5, < C, TO npuHEMaloT runoTesy H;

- ecau 8, 2 C, To npEAMMaOT rHNoTe3dy Hy.

31ecy s, — 3HaUeHAe CAyYJaEHOW BejmyvEHW 5, = Xi+...

..+ X,. Puckn mepporo W BTOPOro poja AJf dTOTO KPUTEPHA
PaBiBl COOTBETCTREHRO CleAy:OWAM BepoaTHOCTAM: Po{S, < C}
u Py{5,2C}. Tem camuM obbem HcnwTavui n° = n*(a,f)
HeoGXOAHMBIE AKA TOCO, YTOBH 0GeCHeYHTh 3ajaHHLIe 3HAYCHHN
PHCKOB «, [, oOopedeiseTcid Kak MAHAMAIbLHOE LeJ0e YHCAO R,
YAOBJETBODAKIIEE (BYM HEPABEHCTBAM

P, {sn()?n) < c} <o, Py {Sn(}‘('n) > c} <B.

OTH HePaBEBCTBA MOTYT OBITh IANHCAHE] B BHIE

Po{2305, <2%C} <@, Pi{2MS, 2 20} < 6,

WAH, YIHTHIBAA, YTO CAy9aifnaf BeqHnna 245, (X, ) umeet x2-pac-
npejejense ¢ 2n crenensmu cBoBoinl (cM. [.3.1), B Buge
X(2xhC.2n) € o, 1-x420C,2n) € 8,

rae x*(z,2n) — naoTHocTs x%-pacnpefenenns ¢ 2n CTemeHAMH
ceoGoael. OTcloga nocle npeofpaloBadii nonygaeM, 4To Heol-
XORUMBEIH O6beM KCHHTABHA N° ARIACTCS MUHHMAILHLIM [eJBHIM
YUCIOM 7, YAOBIETBOPAIOLINM HEPABEHCTBY

A
Xi-p(2n) € Xixi(?u].

Tlo Tabanne xpanTaNe# Y2-pacnpegerenna (cm. Taba. [1.3) naxosuM

n* = min {n: x§.9(2n) £ 2Xc2),1(2”)} =15.

191

4.7, Pelnerue THIOBRIX MpitMepob

[pavenss Aajee GOPMyIsl {4.55), HaxOAAM cpeannit o6beM

4CHBITAHKHN DPH A = Jo A A=Ay A1f OCAEJOBATEABROTO KpRTEpHH

Baibia (MpH TEX XKe JEATEHHUAX Aos A, @, B):

(1—0)1n1_“+01“-—1f3 0919019 _
Moy = A‘_l_ln}l =" {"Ta2
2o Ao
=2 4 pin£— (91n9-0,1in9
(1~/3)n — i _ 0, ’ oo,
Miv~ % g n2—-05
A

TakuM 06pa3oM, NPE A= Ao B A= X BBIUCPHILL B cpeaHeM
o6beMe KCBITAHEH, KOTOPHT 1aeT nocJe 0BaTeAbHEH KpHTE‘pH;
Baabga no cpaBHEHHIO C JeTepMEHAPOBAHAEM OGBEMOM HCHEIT
HE} n*, paBeH COOTBETCTBEHHO

n* n” 15
LR} o — = 1,63

MDV - 5}7 Mllf 9,2

4.7. Pelllenne TUNOBLIX NPUMEPOB

Npumep 4.19. Jlas enbopru ofveMa Tt = 0 mocTpoUTH ONMU-

BYX
smaasnndl wpumepull Hedmana — Hupcoxa Jas TpOBEPKA I a)'(c
npocmuiz 2unomesd OTROCHTEALHO napaMeTpa 4 HOpMaibHOIO P
NpeJeNeHns

Hp: p= o =953, Hy: p=p =54

epso-
¢ 3aJaKHEIM YPOGHEM FHAUUMKOCTIL (BepOATHOCTHIO ouubru nep

7 2= CTPO-
20 poda) o = 0,1 npg HIBECTRON aacnepcsu o = 16. Jaa n%a B g
eHHOTO KPHTEPHA HAKTH BEPOATHOCTE owubKy 6mopo2o po

MOUHOCTL KPUMEPUR. »
Pemlenue. B COOTBETCTBHE C pe3yibTaTaMi npumepa 4.

KPUMmuuecroe MHONCECTNE0 32 NACTCH HepaBeHCTBOM

Zn:Xg = C, (4.56)
i=1
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~ s

rae koucTaiTa (' BRbGHpasTCa B3 ychoBus ofecnevYeHus 3aJaHHODR)
ypopHf o = 0,1: of
i
C=nug+t1_o0vVn=9-534+1,28-4-3=4924. ;

J1s DOCTPOEHBOr0 KPATEPUA ¢ KPHTHIECKUM MHOXKecTBOM (4.56)
BEePOATHOCTE OMIBGKH BTOPOrQ POJLa PABHA,

MowsocTs kpuTepus pasua | — 8 =0,24. 3nagense MOLIHOCTH HE-

BeMHKO, YT0 OOBACHAETCHA B JAKHOM CAyd9ae OTHOCATENBHO MalblM
06beMoM BRISOPKH 1 = 9.

Ilpamep 4.20. B npejmayllled 3ajake HaHTH MAHEMaJb
HO HeOOXOJHMEIE of6beM BHIGODKH n*, N03BOAAKIIMA ofecneduTh
3aJaHHEe 3HAYEHEA BepoATHOCTeH ownbok o= 0,1, §=0,1. Mo
CTPOMTE COOTBETCTRYIOMIAR ONTHMAAbHKE KpuTepuid HeWiMana —
[Iapcosa B HTOH CATYALAH.

Pewenue. B coorBercTRrn ¢ peayibTaTaMi npaMmepa 4.8

* _ 0'2(‘&1_&, +ﬂ1_ﬁ}2 _ 16 (1,28-’;— 1,28)2 _

n =
(1 — po)? 12

105.

Ontemaapabuii kpuTepudt Heiimasa — [lupcona B aToM ciydae
32/]a€TCA ¢ NOMOWbIO KPATAYECKOTO MHOMXECTBA

Y ez,

i=1

rjAe xoucTanTa C onpefenseTcd U3 paBescTBa (4.4):
C=n"to+u_qo0vn*=5704.

IIpumep 4.21. IlapTAE BOIOKHA HCOBITEIBAKTCH Ha NpOY-
HOCTH, IPH 2TOM Opefea DpovHocTH X pacnpejfeder 1m0 HOPMadb-
HOMY 3aKoHY ¢ gHcnepchedl o2 =9. [lapTHA cUBTaeTCA YIOBIETBO-
pPUTENLHOH, eCAH CpegHee dJBaYeHEe OpeAeda NPOYHOCTH BXOAALHEX
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4.7, Pemretne THIOBRX ITPHMEDOB

 napTHio 06padUOB i = MX 2 14,7 ﬂey,aomeTsopuTeJ;br;orgsi)c;;
p <10, U3 KayKAOM TApTAH HA KCIHTaH¥E CTa.BHTCx :
0B, AL% KOTOPHX A3MEPAT 3HadeHsd BX HpO‘IHOSTH : 1;0;(;:;;%,;
TpebyeTcs NPOBEPATE TO pe3yAbTATaM HCMBITAHAA AB caodcre
sunomeas Ho: g 2 14, Hiz p £ 10 ¢ 33 KaHHBIME ME}KCKM .
BepOXTHOCTAMM OUINOOK & = 0,1, 8 = 0,05. [aa sToM CHTYal
06X0HMO PEIIKTh CAeLYOmHe 3a4a1h:

~ paira ReobXoAAMELE 06BeM BRIGODKH R™, TIPH KOTOPOM MOTYT

6uiTH Ofecnedennl JAHARE 3IHAUeHRA &, B; ] . )
— NOCTPOATEL PUSHOMEPHO nauboace Mmoupnbtd wpumepuu up

Hail tenroM o6veMe BHOOPKH, ) )
- 1A DOCTPOEHHOTO KPUTepud HaliTH GYHKYWIO MOWHOCTIU T

ONEPAIMUBERYIO TAPAKMEPUCTRUKY.

Pemenne. Jaa pelueHHS MOCTABACHHBIX 3aj7ad HCTOAL3YEeM
peayapTaT 4.3-4.5. HeobxouMulik ofbeM BHOOPKY HaxoJuM No
dopmyae (4.11):

2
FAWl-a T 2P 5,

(p1 = pio)?

PansomepHo Haufoiee MOLIHbH KpUTEpuil COBMAJALT C OOTH
MaibEEM KpHTepuem Heiimanma — Trpcora Aas ABYX OPOCTRIX
runotes Ho: =14, Hup= 10. CooTBeTcTBYIONIEe KPETHISCKOE
MHEOXECTBO 3aJaeTcA HepaBeRCTBOM (4.16):

n.
Zwi £ cs
i=1

rae C = n* o — hy—a@V 0", OTKYAR C =614 Ho)
DyHKIEA MOWAOCTH (BEPOATHOCTL OTBEPTAYTH ranoTeay Ho
B JaBHOM CAyiae UMeeT BUL

M(u) =P{)5Xf~<_€l#} =<I>(C_ ni#)-

G
i=1

n =

OmnepaTEBBafA XapaKTepUCTAKA KPHTEPHA S{u)=1-M(p).
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Ilpamep 4.22. B ycaopmsax upumepa 4.7 HafijeM MHBAMadb
HElH 06beM BrOOpPKH, ecau Hy: p=po=0,1, Hi: p=p; = 0,2;
a=0,01u =005

Pemeunne. [o TaBauue KBaHTHACH HOPMaAbHOTO pachpeme
rerud (cM. Taba. I1.2) HaxoduM ui_o = ¥ogs = 2,33, ug = up0s =
= —ug,95 = —1,65. [Janee, acnoaways (4.12), noayyaem

(2,33¢/0,1-0,9+ 1,65,/0,2-08)°
(012 - 0:1)2

n 2 ~ 185.

Ilprmep 4.23. B nexe 3aBofa BhIIYCKAKT Balkl 2IEKTPO BH-
rateneid. Ma npofykumu ogHOrO CTaHKa DPORIBOILHO BHIGHPAKT
50 uajenui, HIMEPAIOT X AHAMETDbLl H BBIYKCASIOT 3HAYCHHE 6bi
bopounoze cpednezo T = 42,972vM. Ilo TexmHYecKHM YCaoOBHAM
CTAHOK HaCTPaHBaeTCA HAa HOMHHAJABHBIH pasmep 43mMm. Mox-
HO JH HA OCHOBAHKH NOAYIEHHLIX Pe3yJAbTaTOB CJelaTh BLIBOJ O
TOM, 4TO CTAHOK 00ecrnevnBaeT 3aJaHHHHW HOMUHAALHBIA pa3mep,
AAH TOAYYeHRbIE JAEHBE CBUACTEILCTBYIOT O HEY,OBAeTBOPHTENb-
HOW HalajKe TeXHOAOrH4Yeckoro obopyaoBanvi. KOHTpoadapyeMuH
IpH3HaK AMEeT HOpMaJdbHoe pachpefenenne, o = 0,01 mm?.

Pewenwue. [ag olleHxky ApaBRILHOCTH HaCTpoRkH o6Gopy-
JAOBaHMA HeoOXOAMMO [pOBEDHTL runcTedy Ho: g = up = 43 MM
0 MATEMATHYECKOM OXHALHHY HODMAAbHO PACIpeieseHHOH 2eHe-
paasnotl cosoxynnocmu X (0? WaBecTHa) NpH anbTepRATHBHOM
runotede Hi: p 7# 43MM, BRIGOD KOTODHEA 0GBLACHAETCA TeM, 4TO
CTAHOK MOXHO HaCTPOMTHL Ha PalMep KaK BRILIE, TAK K HHXKe HO-
MHHATLHOTO.

BuibupaeM ypoBerrs sradkumoctn « = 0,05. Jas paccmaTpuBa-
eMHIX runoTed npy o = 0,05 KpUTHHeCKOe MHOXECTBO MMeeT BHJ
(cM. mpumep 4.13)

IE—HU

- \/El > 1,96,

rae 1,96 — xsarTHIAB Ul —af2 = ¥0,875 CTAHZAPTHOTO HOPMAALHOIO
pacopedenenns {cM. Taba. [1.2). Haxogum swsibopounoe snauenue
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4.7. Pemresne THIIOBRX NPHMEpROD

X —po /=
cmamucmury £ = — Ve

Z. = «42‘9;21—— 43\/56 — 198,

TlocKoAbKY TOAYYeHHOE 3HAUeHHe TPUHALIEHKAT KPHTHYECKOMY
wroskectsy (1,98 > 1,96), To renoTe3y Hy oTKAOEAEM.

IIpmmep 4.24. B ycrosasx npiumepa 4,23 nposepAM I'ANOTEIY
Ho: pt = pto = 43MM TNIpH albTepHATHRHOKW MANOTE3E Hi:p #43mMm,
ecny ol AeH3BecTHA. PACCYHTAHHOE MO pe3yibTaTaM BLISOPOYHOE
cpejfnee kBaJpaTHUHOE OTKAOHEHHE 5=01Mm.

Pemenune. BubapaeM ypoBeEb 3HAYHMOCTH &= 0,05. Ilo
Tabavie KBAETHIGH pacnpededenus Craviodenma (cM. u'ra,6J1. I1.4)
, = 2,01 ¢ dmcaom cTeneHew cB0o60 AB

AaxoddM KBaHTHAL t—af (
CM.

49. KpuTuieckoe MEOKECTBO 114 pacCMaTpHBAGMBIX [HIOTES
nprmep 4.13) nmeeT BUA

E_S”‘)\/E\;z,m.

BhrancIff BHIGOPOMHOE 3EaYeHne CTATACTEAKH

1= 2R,

nonyyaem

¢B=42=9%:‘5§\/5—=_;,98.

NonyyenHoe JHAMEBHE He NPUHALIERUT KPHTUIECKOMY MHOXE-

cTBY, nosToMy runoredy Ho IpHHHMAEM.

[Ipumep 4.25. Beayrces uabAOACHRA 33 COCTOSHHEM TeX-
HoMorKYecKoro mpouecca. Painajgxa obopyAoBaBAs NPUBOAKT X
AYCHHMA KOHTPOJHpYEMOro MpHIHA-
YiMeHeHA0 HOMHHANLHOTO 3HAY p o o
Ka X, WMEIOLIErec HOpMalLHOe pacnpefeledHe ¢ JHCTEP
= 0.069wm2. Jn1s DpoBepKd CTAbRIBHOCTH TeXHOIOIMIECKOT'0 NPo-
— 1 ¥ »




|
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Lecca ueped Kaxble TPH CMEHH W3YJaloT BHGOPKY obbema n = 50.
Mo pesyabTaraM gByXx BHOOPOK pacciuThBaiT Tp = 3,038MM H
Ty = 2,981 mm. [lpoBepiM cTabHABHOCTH TEXHOJOTHIECKOTO MPO-
uecca.

Pewerue. Jas npoBepk CTAOUIBHOCTHE TEXHOJAOI'HTECKOTO
npouecca HEOGXOZAMO NPOBEPHTb TUIOTE3Y O PaBeHCTBE MaTe
MaTuyecknx oxujamEmd Hi: pp = up (o? mamectna). B xadvecTe
KORKypHpY©OIoell TAnoTesnl suibupaem Hy: g > pe, Tak Kax HO-
MEHAJbHOE 3HaYeHHe KOHTPOAHPYEMOTro NpH3Haka YMeHbIIaeTCs C
TeYeHHEM BPeMEHH.

BriGupaeM yposesh 3HaYMMOCTHE, Hanpumep a = 0,0027. Ilo
TabANIe KBAHTHAEH HOPMalbHOI'O pacupegesenes (cu. Taba. I1.2)
HaxXOKM KBaHTHAb ypoBHf 1 — o= 0,9973: uy_o =2,78. Kpurs-
YecKOe MAOXECTBO HMeeT BHZ (cM. mpumep 4.15)

AL
o o
n iz
IlockoabKy 3HadeHne
T —%y _ 3,038 — 2,981 ~ 1,085
o, o 11
?l""nT 0‘069(50+ 50)

HE NPHHALIEKAT KPHTHYECKOMY MHOXeCTBY, rumoTesy Ho npu-
HEM2eM, T.e. AelaeM BLIBOJ, YTO TEXHOJOTHUECKHH Npomecc Ha
MOMEHT APOBEPKH MOXHO CIHTaTh CTAOHABHBIM.

TIpemep 4.26. [apleEKe B KaMepe HU3IMepPAAOCH ABAXKABL
AByMAa MasoMmeTpaM®. 1lo pesyibTaram 10 2aMepoB mofyteHH
cleAylowine AanANe (B eiMHHNaXx WKaiw nprGopos): T = 1573,
7= 1671, §} =072, S} =0,75. BmscauM, ecTh Ju OCHOBaHHE
CYATATb, 9TO AaBleHHe B KaMepe He W3IMeHUAOCh, eCAH OWHOKH
H3MepeHUA pacnpejiefedbl 10 HOPMalbHOMY 3aXO0RBY.

Pemenne. [Iposepaem runoTesy Hy: py = jto OPH aibTepHa-
tasEON H): p) # po, Upeinotarad, 9TO IHCIEPCHE He H3BECTHHI,
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HO OZHWHAKOBH. JafaeM ypoBeHb 3BaymMocTH « = 0,01. [Jara no-
¢TPOeHAA KPHTHIECKOTO MHOXECTBA HCNONL3YeM CTATHCTHKY (cM.
npaMep 4.15)

Fe (X -Y)/(m+n-2)am

V(= D)SHR) + (m - 1S (Ka) (m+m)

[lo Ta6amue kpanTHACH pacnpegenenns CrpiofenTa (cM. Taba. [1.4)
HAXO/AM KBAHTHAL YPOoBHA ¢ = 0,995 ¢ 4ucaom creneneit cBoboAn
nt+m—2=18: {;_,s3 =1to,995 = 2,88. PaccauTriBaeM BubopouHOe

agaveHde craTHcTHKY T

1573 - 1671 /10-10-18

/100147 ¥ 20

l'mnoresy Hy oTBepraem, Tak Kak 3HadeHde —243 npaHaAAEKHUT
KPUTATIECKOMY MHOXKeCTBY: | — 243| > 2,88,

oy —243.

Hpamep 4.27. lex pmnyckaetr 6oarw. W3 maptam 6oaTos
B3ATA BRIGOpKa o6bema n = 20 u naMepena ganHa Kaxjgoro Gox-
Ta, MO KOTOPHM PAcCIRTAHH BHGOpodHoe cpefnee X = 18MM &
BRGOpOTHAA JACHepcHEd S° = T84MM?é. BuAcHMM, MOXHO AH CHH-
TaTh, ITO CTAHOK 0GeCnedknBaeT JONYCTEMBIA A% TaHHEOW NapTHH
paabpoc, EAM Xe pacieTHOE 3HadeHNe S° yKa3wBaeT Ha HECOOT-
BETCTBHE TOYHOCTH H3ITOTOBAEHHA JeTaJed NpPelbARIAeMbIM Tpe-
GoBaHEAM, COTJAcHO KOTOpHM 02 = 400MM2. KomTpoampyemuti
NpE3HaK pacnpefefed N0 HOPMAALHOMY 3AKORY.

Pewenrnde; [ng oTBera Ha DOCTABICHHKE BONPOC TPOBEPAM
ranoTesy o BeawdwEe Ancmepcan Ho: of = 400mm?, subpas B
KayecTBe albTepHATHBAOM rmnoTesy Hy: o? > of. Hasmavaem
ypoBedb 3HavumocTE « = 0,05, JAns Toro 4TOBH NOCTPORTH
KDUTHIECKOE MEOXKECTBO, BOCHONBIYEMCA CTATACTAKOR

V= (n~ ”52()?71J

o2




N

(em. [.3.1), koTopas UMeeT pacnpedeacnue X% ¢ 9HCAOM cTeneHel

cBoGogsl n — 1. [lo Tabanne xpanTuiel 3TOrO pacnpesenesusn (cm,
2

Tabx. I1.3) xi_,(19) =30,1. KpuTHYeckoe MHOMKECTBO HMmeer BHZ

(rn—-1)5?
7 — > 30,1. BelducaseM Bp6opounoe 3natenue cTaTUCTHKE Vi
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(n—1)5% 19784

— 00— = 3724

[vmoreay Hy oTknonseM, Tak Kak 37,24 > 30,1,

Ilpumep 4.28. Jo matafxu cTadka Ghiaa NpoBepeHa TOY-
HOCTE u3roTosaenns 10 wagenudt u maiigena onenka AMCIepCHE
KOHTpOAHpyeMoro npusnaka S7=96. Tocre Aataiku HaMepeHo
eme 15 @3genndl H NONYdeHA OLEHKA JHCTHEDCHE S2=157. MoxHo
A4 CYATATb, YTO TOTHOCTL HITOTOBJEHUA UIJENHH NOCAe Halad-
km moBeicHAack? KouTpoanpyemuid nmpasHak AMeeT HOpMaJLHOE
pacnpegenesue.

Pewenune. /ng oreera na nocTaBreHEnil BONPOC NPOBEPHM
TUIOTE3y O pamescTBe Ancuepcuii Ho: ¢? = ¢f npw anbTepHa-
THBHOHA THNOTe3e Hiy: a;" > 02, HasuavaeM YpoOBeHb 2HAYHMOCTH
o =0,05.

s MOCTPOEHAA KPATHYRCKOrO MHOXECTBA HCHOJL3YeM CTa-
TACTARY F = Sf(X,,)/S%(X'n), KoTopas UMeeT pacnpedesenue du-
Wepa co CTENeHAME CBOGOALI 1) =9 ¥ vy = 14 (cm. A.3.1). Mo Ta6-
JHLe KBAHTUIEH pacnpefeseHus Dumepa (cMm. Taba. I1.5) naxonuM
J1-a(9,14) = f5,65(9, 14} = 2,65. KpHTHYeCKOE MHOXECTBO UMeeT
BuA S7(En)/52(Z.) > 2,65. Brruncadem snatenme cTaTHCTAKH F:
9,6/5,7=1,68. Tunoteay Hy TPHHEUMaeM, Tak Kak 1,68 < 2 65.

Ilpamep 4.29. B yciosmax npuaMepa 4.15 BafgeM epanuybt
obaacmet npunamus 2unomes Hy, H; n CPeABHH 06beM HCOLITA
BuE {HEXAIO© rpanmuy), ecan Hy: ¢ =gqo = 1/3, Hi: g= ¢, = 1/2,
o =0,05, 4=0,1.

Pewenne. Jas onpegesesus rpaHdi] o6racTed OPUHBEATHA
ranores Ho u H; (cM. (4.49)) maxogum B ~ 0,1/0,95 = 2/19,
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A=09/0,056=18. Torga & = —1In(2/19)=2,25, a=1In18 =289,
Janee noayJqaem

0,1-0,95 19/18
=)p~l X" ! = 0y =1 =0,072.
Cy=In 00509 In (19/9) 1,34, ' n 1979 0,072

Hrak, d, =0,072r — 2,915 — rpadanua o61acTH OPHHATHA CHIO-
reael Hp, a dy = 0,072n + 3,873 — rpannna o6aacTy NPUHATHA
runoTessl H;. Haxorel, HaxoquM cpedunil o6beM HCNBITAHUER TR
ABYX PacCMAaTPHBAEMBIX CHIOTES;

M _(1—0‘05}1n%'?75+0,05in%%~352.
0¥ = n24 2|4 &
jing+3lnz
0,910 22 4+ 0,11n 2%

M, v = 0.0 0% ~403.

L1n3 4 1103
zlns+3ing

Bonpocu u 3ajgaum

4.1. YTo Takoe cTarncTHIecKad IENOTEId {rANOTE3E)?

4.2. Kakyo cTaTHCTEYECKYIO THNOTE3Y BaIhiBAIOT NapaMeTpH-
YecKoH, OJHONAPAMETPHYECKOH, MROrONIapaMeTpHIecKoR?

4.3. Kakyi IHNOTE3y Ha3kiBal0OT OCKOBHOW, alibTEepHATHBHOH,
NPOCTOR, CACKHOH?

4.4, Yo Takoe CTATHCTHYECKHH KpuTepHi?

4.5. Yro Takoe ypoBeHb JHAYHMOCTH KPHTEpAA AAf NPOBEPKH
CTATHCTHYECKOH MHIOTe3nl?

4.6. Kakoe MHOXeCTBO Ha3bIBAlOT KPHTUYECKHM JJI# MPOBEpKH
CTaTHCTHYECKEX rupoTes?

4.7. B yem cocTouT ommbKa OepBOro poga, BTOporo poja?
4.8, Y10 HA3LIBAIOT MOLWIHOCTHIO KpUTEPHAT

4.9. Kakodl kpuTepuil Ha3bIBAIOT ONTAMANBHEIM (Haubonee MOLL-
HBIM) OpH 32JaBHOM YDOBHE 3HAYAMOCTH?
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4.10. Y7o HAIKWBAKOT Pa3MepPOM KPHTEpPHR’

4.11. Kaky®o QYEKIRI Ha3LIBAOT QYHKOUEH MOUHOCTH KPH-
TepHs, ONepaTHBHOH XapaKTePHCTUKON KpATEpHA?

4.12. Kako¥ KpATepHH HadHBAKOT PABAOMEPHO HANGOMEEe MOLI-
?
HEIM !

4.13. B 1em cocrout obLuk MeTO] 0 THOUIEEAS npapacnoso6us
JJA CIOXKHEX NApaMeTPRIECKAX CHOOTER?

4.14. B 9eM coCTORT N0CA€A0BATENLHELIA KPHTEPHH OTHOMICHHS
npasfonofotus (kparepuit Bannga)?

4.15. Yemy pasmsl CpefHEH 06BEM ACUBITAHHA, HUKHAA Ipa-
HHLa cpejHero ofbeMa MCIBITAHUE A KpuTepus Bainia?

4.16. I'erepanbnast COBOKYNHOCTL HMeeT HOPMaJbHLIH 3aKOH
pactipeenesus, o2 = 1. YkaxuTe o6bem BEI6OPKH, OPE KOTOPOM
MOXeT GHITB NOCTPOEH KPUTEpEH AAS [POBEPKH ABYX NMPOCTHIX
ranoTes Ho: p=po=4,6, Hy: p=p = 5. 3ajannl BepOATHOCTH
@ = 0,01 — owrubka nepsoro poga u § = 0,05 — owsbka Broporo
poia.

Yxasaune: ucnoasayiite pemenne npamepa 4.8.

OTseTr: n* 299

4.17. Us mpogykusH aBTOMAaTa, NpOHIBOIAUIETO HEKOTOpHIE
AeTald C HOMMHAALHWIM JRaYEHHEM KOETPOJHPYEMOro pa3Mepa
o = 40 MM, Grlra B3sATa BHOOPKa o6beMa n = 36. 3xatedne BLIGO-
POTHOrG CpeAHEro KOHATPOAAPYyeMOro paamepa T = 40,2mm. EcTh
OCHOBAHHE NPEANOIAraTh, YTO PaKTHYCCKHEE Pa3Mephl 06palyioT
AOPMallbHYI0 MeHePalbREYIO COBOKYTHOCT) ¢ ARCIepcHed o2 = 1 MM
BuacuaTe:

a) MOXHO J¥ 1O Pe3yJbTaTaM NPOBEJEHHOrO BHGOPOYHOro 06-
CleZOBaHUSA YTBEPHKAATH, 9TO KOHTPOJIUPYEMbIl pasMep He GoJbiie
HOMHHalbHOrO (HpHEATE o = 0,01);

6) KaKOBO KPUTHYECKOe MHOMECTBO B 9TOM Caydae.

OTseT: a) ga; 6) T > 40,32.

B

201

Bonpocsl 1 3agayvu

4.18. B cooTBeTCTBHA ¢ TeXHAYeCKHMHA YCIOBMAMH CpeiHee
ppeMa Ge3oTka3Hok paboTal npabopos 73 60IbIIOH NAPTHY HOIKHO
coCTaBAATL Be Mernee 1000% co ¢cpesHEM KBaIPATHYHEIM OTKIAOHE-
greM 1004. 3HaveHHEe BRIGOPOYHOPO CpeJHero BpeMeHH 6e30TKad-
HOH pPafOTH ANf CAYIaHHO OTOO6paBHEX 25 npubopos okalaloch
paBEEIM 9704. Ilpeanonoxmm, 4TO cpeiHee KBaJpaTHYHOe Bpe-
MeEd 6e30TKa3HOM paboThl And NpRSOPOB B BHIGOpPKe COBIAjaeT
€O CpeZHEM KBaJDATHYHHM BO BCEW NAapTHH, a KORTPOAMpyeMmad
XapaKTepHCTHKA HMeeT HOPMAJIBHOe pacnpegeiedne. BrigcuuTe,
MOXKHO JH CYATATE, ITO BCA 0apTHA ApUBOpOs He yAoBAeTBOpAET
TEXHHIECKHM YCIOBHAM, eciau: a) o =0 1; 6) o = 0,01.

OTseT: a) Aa; 6) Her.

4.19. PeuidTe Npefs yLIy0 3aJa4y f(pH YCIOBHHM, 4TO CpelHee
KBaApaTHYHOE OTKJIOHEHWE BpEMeHH Ge30TKA3HOH PaBoThl, BRIYH-
clleRHOe IO BHGOpke, paBHo 1154.

OTBeT a) Her; 6) aa.

4.20. YTBepxJaeTcd, 4TO LWAPHKA, HATOTOBAEHERE CTAHKOM-
aBTOMATOM, EMEIOT cpelnni guaMerp do = 10mm. Wcnoasaysa
0490CTOPCHAMA KpuTepki npu & = 0,05, npoBepbTe DTY THNOTEIY,
ecid B BIGOpke HY N = 16 mWApHKOB CPeJHHH XAAMETDP OKa3aJacA
paBruiM 10,3MM, c9uTasd, 9To: a) JACHEPCHA 02 A3BECTHA M PaBHa
o2 = 1uMM2; 6) 3HavemHe oNeHKH JHCHEPCHH, ONPEASNeHHOE MO
BhGOpKe, cocTasaser 2 = 1,21mm?. KouTporupyeMmulii pasmep
iMeeT HOpMalbHOS DachpejefeBHe.

OTseT: a) rEnoTesa npuaHMaeTcd; 6) CHNOTE3Ia NMPHHHMA-

eTcd.

4.21. aq opoBepK® BHYTPEHEEro fAaMeTpa KoAblla OHIIA B3fi-
Ta BHGOpKa 06beMa n =25 ¥ Haigedn OTKJIOHEHHA OT pa3Mepa
(norpewsocTs uarotopnenns) 100mm. Ilo peayabTaTam namepe-
HHU MmOACYATAHO 2HA9eHMe BHIGOpoYHOIO cpefHero Z = 31,52 MM
H OUeHKa CpejHero KBaJApPaTHIAOro OTKJAoHeAHR S = Gmm. Tpe-
GyeTca NpoBepHTH, CYLIeCTBEHHO AR NPEBBILUAET DPACCUHTAHHOE
no BuGopKe cpeiHee 3madveHue {31,52MM) HOMEHAILHBIH pazMep
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(30MM). B mpousBojcTBe HEAOTYCTEMBE! GObIINE HOMONKATENLHME
oTknoHeRuA. [lorpeminocTs H3IroTOBICANE HMEET HOPMAABHOE PaL-
npefenenue. YpoBeRb sHadHMocTH « = 0,05,

OTBeT: HOMHHAMLHLIH pasMep COMacyeTcs C ONLITHHIME
JAHHBIMH,

4.22. U3 60aplI0HE NapTHE PE3HCTOPOR OJHOIO THIIA B HOMHHA~
Ja ciydadHBIM 06pa3oM oTobpankl 37 IIT. 3HaYeHHe BHIGOPOYHOrO
CpefHEEro BeAHTHHbI CONPOTHBACHHA NIPH DTOM OKa3aJoCh PABHBIM
9,3kOM. Hcnoabaysa asycTopoHHMH KpuTepu# apn o« = (0,05, npo-
BepbTe THOOTE3Y O TOM, YTO BHIGOPKa BIATA W3 NMAPTHH C HO-
MUHAAbHEIM 3HaveHHeM 10xkOM opA ajdbTepHATHBHOH THIIOTE3E,
COTJIACHO KOTOpPO§ EOMUHANbHO? 3HAYeHHe He paBHo 10xOM, ecan:
a) ANCOEPCHA PACCMATPHBAEMOH CAYHAWHOH BelEYKHB A3BeCTHA H
paBHa 4 kKOM?; 6) AMCNepCAs 3HAYTEHHSA CONPOTHBICHHA HEHIBECTHA,
a 3HadeH"e BHIGOPOUHOH gHcnepcuu paBHo 6,25kOwm. Pacnpegene-
HUE KOHTPOJHPYEMOro NpH3HAKa HOPMaJbHOE.

OTBeT: a) rUNOTe3a OTKAOHAETCA; 6) THNOTE3a IPHHAMAETCA.

4.23. YCTaHOBKA HMEET CPeJHIOI0 NPOH3BOHTEAbHOCTEL 1000 KD
BellleCTBa B CYTKH CO CpeJHHM KBAaIPATUYHKIM OTKJIOHEHHEM, paB-
M 80xr?. [lps M3MeHeHHWM TEeXHONOTHH NPOWIBOJHTENLHOCTD
pospactaeT Ao 1100kr BemiecTBa B CYTKH C TeM e CpeJHHM
KBaJPAaTHIHBIM OTKIOHeHHeM. MOXHO JH CYMTaTh, 4TO HOBad
TexHosorus ofecneyyuBaeT NOBHILUEHHe MPOHIBOIHTEIBHOCTH, €C-
a: a) a=0,05; 6) a=0,17 Korrponupyemuiii npR3Hak HMeeT
HOpMalbHO® pacnpejeieHne.

OtseT: a) 1a; 6) ga.

4.24. Oxugaercd, 9T0 NpH A06ABACHUA CISKAAILHBIX BelUECTB
XKECTKOCThL BOAH yMeHbwaeTcA. [lo olleHkaM xecTKOCTH BOAH A0
i nocie xo0aBieHHA clelMalbHBIX BellecTB nmo 40 B 50 mpodam
COOTBETCTBEHHO NOJAYIMIH CPeJHAE 3HATEHHH KECTKOCTH {B CTaH-
JApTHHRIX eARHuLax), pasaue 4,0 u 3,8. Hducnepcus maMmepesudt B
00OHX clyyafx npeinoararaercs pasuoi 0,25. TlogrsepxAaloT A
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OTH PE3YALTATH OXH[aeMblk abdext? [purate o = 0,05. lKon’r-
pOSHpYeMHIi IPHIHAK HMeeT FOpMaibHOe pacnpejefeHye.

OTBeT: Aa.

4.25. [pa mTypMaHa onpefeJdid NeJeH Mafgka MO HECKOIb-
KHM 3aMepaM, HCMOJAb3Y# PalluiHbie NeJeHraTOpHL. PeayabTaThl
samepoB: £=702° npu my =4 K Y= 70,5° npu ng = 9. C nomo-
Wbl ABYCTOPOHHErO KpUTEepHA MpOBephTe Npd o = 0,05 I‘Hl;lOTe3y
0 TOM, YTO padjuiMe PeaylbTATOB BbHI3BAHO TOALKO CAYTAHHEIMH
ownbKaMH, eclH CpejHAe KBajpaTU4YHBIC OTKJIOHERHS Ajf 000HX
IeeHTATOPOB M3BECTHR M PaBHEL 0y = 02 = 0,5°.

O TBeT: FEIOTE3A IPHHUMALTCA.

4.26. 3aBogsl A @ B BHOYCKalOT NpHOOPH OJHOrO THOA. Ilo
srbopke B3 50 Mpubopos 3aBoAa A YCTAHOBRIR CPEAHION HPOAGI-
KATeIbLHOCTh paboTh npubopa 12884 co cpeAHAM KBaJAPATHIHBIM
orkaonerneM 804, a Takxxe 1o BEOOPKe TOro Xke ofpema ¢ 3aBO-
1a B — 12084 co cpeHEM KBagpaTHiHHM OTKJICHEHHEM 944, Ha
ypoBHe 3aa4AMocTA ¢ = 0,05 npoBepbTe THNOTEY O TOM, ITO cpel-
HAW cpOK caykOnl npuabopos ¢ ob0HX 33BOACE OJHHAKOB. CyuTaTh,
YTO NPOAOIXUTEIbHOCTL PAGOTH OJHOTO npr6opa pacnpefeieHa
NpubANKEHHO 0 HOPMAJdbHOMY JaKOHY.

QTBeT: M'MHIOTE3A OTKJIOHASTCH.

4.27. [Ipi o6paboTre BTYA0K Ha CTAEKe-2BTOMATE BEAYTCA Ha-
6110 JeH1A 32 PEXEMOM ero paboTHL. Jlna npoBepKE cTabHIBHOCTH
pafoThl CTaHKa 4eped onpejefeHHble NPOMEXYTKH BPEMEHH H3y-
yawT BNOOpKH ofbema n = 10. [lo peayabTaTaMm JBYX BHOOPOX
(tafa. 4.1) nposepbTe CTabRALHOCTH paboThl cranka. Pacmpege-
NeHKe KOHTPOJAPYEMOro NPH3HAKA OPEANONaraeTcs HOPMAIbHEIM.
Takxe 0peinoAaraetTed, 410 AHCIEPCHH N'eBepalbHEIX COBOKYMHO-
¢Tell, M3 KOTOPHIX NOJYYeHkl BREIOOPKH, PaBHH. YposeRb 3HATHMO-
ctu o = 0,05,

OTBeT: IANOTE3Y O CTaGUABLHOCTH PabOTH CTaBKa ClefyeT
OTKJAOHHTE.




8

204 4. IPOBEPKA I'MIIOTE3. IAPAMETPHYECKHE MOJE/H

Tabauya 4.1

Homep 1 2 3 4 5 6 7 8 9 10
H3 e A

x 2,06012,06312,068)2,060)2,067|2,063)2,059)|2,062|2,062)|2,060
i 2,083(2,060)2,057|2,056|2,059(2,058)2,062|2,059|2,059 (2,057

4.28, Tov”ocTh HaJa iKW CTAHKA-ABTOMATA, NPOH3IBOAALIETO
HEKOTOpLIE JeTaAn, XapaKTepU3yeTcA AUcNepcuel JAnHLL JeTadleH.
Ecan aTa seansuna 6yget Goabiue 400 MkM?, CTaAHOK OCTaHABAHBA-
eTcA JA gaJajKA., SHadeHHe BHOOPOYHORK JUCTIepCHE, HailjeHHOE
no 15 cay4aiino oTo6paHHLIM AeTandM 13 NpOJYKOHH CTaHKa, OKa-
3an0ch paBHEM 02 = 680MkM?. Onpejeaure, HYXHA N7 HalaAKa
cTaHka, ecan: a} o =0,01; 6) o =0,1. KoBTpoArpyeMuld npH3HaK
UMEeT HOPMAaibHOoe paclpe/eienne. '

OTreT: a) er; 6) ga.

4.29, Iipu u3aMeHeHHR onpejenedHOH NPOLeYPLl IPOBEPKA KO-
apdUNHEHTa TPEHHA YCTAHOBIEHO, 9TO /JHCIOEPCHA De3YALTaTOB
A3MepeHui >Toro KodhduukeHTa cocTasaser 0,1. 3Havenne BH-
GOpPOYHOH AACNEpPCHH, BRHIYHCICHHOE 1O pe3yibTaraM 26 maMepe
HAH Koo(ppHUKEeHTA TPeHus, okasanoch paBuuim 0,2. [Ipu ypoBHe
3pavuMocTi & = 0,1 OpoBepbTe I'HOOTEIY O TOM, YTO JHCHEPCHS
pe3yibTaTOR A3MepeRHH Koxpduuuesara TpeEHa pasda 0,1. [Ipea-
[OJaraeTcs, 9TO KOHTDOJNUPYEMHW IIPHIHAK HMEET HOPMajabHOE
pacapejeneHne.

O TeeT: rinoTesa QTKAOHAETCH.

4.30. Ha g8yX TOKapHHX aBTOMATaX H3TOTABAHBAKT JeTakH
no ogHoMy 4eprexy. Mz npoiykumd DepBOTO CTaHKA ORLIO OTO-
GpaHo ny =9 geTasedl, a U3 TPOAYKUEH BTOPOro 7y = 11 getalied.
Querk® BRIGOPOIHRIX JACNEPCHEI KOHTPOILHOTO pasMepa, onpeje-
JeHHbie 110 3TEM BHIOODKAM, PABHE 3% =5,9Mkm? u 52 =233 MKM?
cooTBeTcTBeRHO. [IpoBepbTe runoTesy o paseHcTBe g@crepcHil
npy & = 0,05, ecau albTepHEATHBHAA CHIOTEIA YTBEPKAaeT CAely-
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jolee: a) AACOEPCHY He DABHH; §) AHCTIepCHs pazmepa A4 BTOPOTo
cTagKa Boablue, 1eM 1% 0epBoro.
O TBeT: a) rANOTE3a NPHHAMALTCR; 6) TEIOTE3A OTKAOHASTCA.

4.31. JlapreHHe B KaMepe KOHTPOJUPYETCH KO ABYM MAHOMET-
pam. JAd cpaBHeHWA TOYHOCTH 3THX UPAGOPOB OXHOBPEMEHHO
PUKCUPYIOT BEX Hokazagad. [lo pesyabTaTaM 10 2aMepor 3HatTeHUA
oUeHOK (B eAMHEUAX MIKATH NpRGOPOB) OKAIANACE CIEAYOUIMME:
T=1573, 7= 1671, S2=0,72, $2=10,15. [lpa o =0,1 nposepbTe
F'ENOTESY O PaBEHCTBe AUCTEPCHE.

QTReT: PENOTE3a NPHAHEMALTCS.

4.32. Ha asyx craBkax A B B npom3BojaT OJHY B Ty Xe
NPOAYKIKIO, KOHTPOJAHPYEMYI0 A0 BHYTDEHHEMY JAMAMETDY H34e-
ams. W3 mpoayxmemu craEka A Oblia B3ATa BEOOpKa H3 16 u3-
JelEfl, a B3 OPOLYKIHA cTanka B — BHOOpKa ud 25 w3gjeauy u
Doayvean 3HaMeRuA T4 = 36,5MM, 5% =1,21Mm%, Tp = 36,8mm,
SZ = 1,44mMm?. TlpoBepbTe rumOTE3y O PABEHCTBE MaTeMATHYe-
CKAX OXHJaHAN KOHTPOJHPYEMHX pa3MepoB B npogyknua obo-
AX CTAHKOB NPY JBYCTOPOEHEH aJbTepHATHBHOH THOOTE3E, €C/H:
a) a=10,05, 6) a=0,1. [Ipegnoaaraercs, 9TC pacnpefeleHne KOHT-
POMpYeMBIX Pa3MepoB HOPMAJBbHOE H 05 = 0.

OTeeT a) runoTe3a npHBUMaeTcd; 6) IANOTEIa NPHEHMA-
eTcs.

4.33. CpaBEHBAIOTCA TPOYHOCTHLIE XAPAKTEPHCTHKH cTaJed
Mapok A B B. [lag 5Toro AcOHITaHH Ha Npegen NpodBocTH 145
o6pasuos Mapkk 4 n 200 ofpasuos mapky B. B pesyabTaTe mo-
AyquwaK T, = 31,40, S? = 3,36, T3 = 28,84, 52 =3,51. MoxHo 15 Ha
ypoBHe 3Ha4uMOCTA & = 0,1 CYATaTh, ITO CTANH WMEIOT Pa3Hble
npoyHocTHEe XapakTepncTEku? [lpessapaTenbho caegyet ye-
AUTLCA, 9To gucmepcHd paBunl. KouTpoaupyembid MpuaHak WMeeT
HOpMaJdbHOe paclipefeleHHe.

OTeeT: fa.
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4.34. [lpr 50 nogBpackiBanMAX MOHeTH ,rep6“ mosBuica 20
pa3. MoxHO a1 €Y9MTaTh, YTO HPOUEHT TOABJICHAA ,repba’ e
paBeH 507 Ilpunste o= 0,10.

OTReT: rANOTE3a OPAHAMAETCH.

4.35. Ilpr 120 6pocannax arpaibHON KOCTH , LiecTepka‘ BH-
nana 40 pas. Coraacyercs au 5TOT pe3y.dLTaT ¢ YTBepXKJeHHEM,
49TO KOCTH , MpaBAibHas“?

OTBeT: HeT.

4.36. B ycaoemax upmmepa 4.15 BaBgETe rpaHaunl obaacTed
NpuEATHA rAnores Hy, H; B cpeanmii o6beM HCOKITaHHM, ecil
Hp:gq=¢o=04; Hi: ¢=q =0,5; «=0,05; 8 =0,05.

OrpeT: d,=045n—826; d, = 0,45n + 8,26; Myv = 127;
M1 = 148,

4.37. B ycaosmax npumepa 4.16 madgATe rpaHANR O6GJacTeR
npurATHA rEOoTe3 fp, Hy W cpeanmit o6beM HCNHTAHUE NPH
A=A=0,1; A=4; =0,3.

OTreer: 5,=549n+1125; S, = 549n — 14,45; Mov = ;
M1 v==6.

5. IPOBEPKA
HEITAPAMETPUYECKUX I'NITOTES3

CTaTucTAY9ecKHe MeTO/hl, H3A0KeRHBEe B 2—4, ONApaloTcA Ha
Pa3MAYHBIE ANPUOPHBIE AOOYIUEHEA O BHAE HCCAeAYEMOH cmamu-
emuvecxot modeau. Hanpumep, memod maxcumassnozo npaedo-
n00o6us NPHMEHAIOT NPH W3BECTHOM (C TOYHOCTBIO A0 BEKTOpa
NapaMeTpOB) 3aKOHE PACOPeieeHRA ZeHePpasbHOt COBOKYNHOCTAU.
OcHoBHEIE MeTOABl TOCTPOERHS JOGEPUMEALHBIT UHMEPEALOE M
NPOBEpKY CIMAIMUCITMUNECKUZ 2unomed OCHOBAUB Ha NPEANOaoNKe-
HHH O HOPMAJbHOM 3aKOHE PACNpPEAeNeRUA eRepalbHON COBOKYII-
HocTH. Bee DTH MeTOAB NpeiNoJarainT, 9TO pe3yibTaTH Hablio-
JeHYH ABAAIOTCA PEANBIANNAMH HE3ABUCHMBIX CAYYAHBRIX BeJH-
YUH,

OKa3bIBaeTCA, YTO MHOTHE TIPEANOJNMKeHNA O BYJAE CTATHCTH-
YeCKoH MOJeaH, B TOM JHCIe BCe MepeIHcIeHHLIe BhIlle, MOXKHO
CHOPMYINPOBATE KAK CTATHCTHIECKAE THIIOTEIN U IPOBEPATH NPH
MOMOIA CMAMUCTMUNECKUT KPUmepues Ha OCHOBAHAH CMmamucmu-
vecxur dannsiz. Hambosee BaXkHbie B3 ITUX KPUTEPHEB PacCMOTDe-
HEl B DTOM TAaBe. '

5.1. Kpurepuu corsnacua. Ilpocras runoresa

Kpumepusmu coeaacus HasbBaAIOT CTATHCTHYECKME KPUTEDHE,
NpegHazHaveHHbie 41 OGHAPYXKeHHA DPACXOWACHHE MexAy UIno-
TeTU9eCKOH CTATHCTEYECKOH MOJENbIO K PeaNbBEMHM JaRHBIMH,
KOTOpHE DTa MOJelb NpH3BaHa ONHCaTb. JIpyraMH CIOBaMH, OHY
BHISICHAOT, HACKOABKO NPEANONOKEeHHS O pacnpejeleHlH Caydal-
HBIX BeJIMYHH COOTBEeTCTBYIOT JKCIEDHMEHTAILHEM MaRAbIM, T.e.
He BCTYNaeT AN NPHHATAA CTATUCTHIECKAR MOJAEIbL B OPOTABOPE-
Yie ¢ HMeIIIHMHECA ZaHHBIMH.
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Kprrepni Koamoroposa. Ilycrs X, — cayuatinas ebi-
bopxa obvema n B3 2enepasnnol cosoxynnocmu X. PaccmoTpuM
3a/a1y IpOBePKH npocmot crnamucmuyeckoti 2unomesnt Ho o ToM,
4yTo PpyEKuEA pacnpefencHEs F(t) cayqainoh sesuduun X coBna-
AaeT ¢ HeKOTOPOH m3BecTHOH (yHkuuer Fy(t):

Ho: F(t) = Fo(t], teR. (51)

IIpesnonoxusm, 4To crydafdiBas peanduEa X HempephiBaa. [Iposep-
Ka ocnoexol 2unome3ast Hy IPOTHB a4bmepramuenol 2unomeast

Hy: F{t) # Fo(t) gas sekotopuixt € R (5.2)

ocHOBaHa Ha cmamucmuxe D(X,), pearusauun D(F,) xoTopoH
ONpelefioT N0 PopMye

D(Z,) =Sl:pIFn(t) - Fo(8)], (5.3)

r4e Fo(t) — omnupuvecxas Pynxyus pacnpedesenus, TOCTpoeHHAT
no peaausayuu I, cayuainot eubopxu X,.

[Ipy 3ajaBHOR BEPOATHOCTH & COBEPUICHHA owubxu nepso-
20 poda vpumepuiti Koamozopoea™ oTkioHaer runorezy Hp B
noab3y Hi Ha ypoexe 3nauumocmy ¢, ecau

D(fﬂ) > Dl_c”

rae Dy_, ~— KBaHTHIB YPOBHA 1 — & pacOpefeleHus CiyTaHHOH Be-
muanae D{X,,) npr ycIOBHE HCTUHHOCTY OCHOBHOH rEmoTesn Ho.
Ecan xe

D(En) g D].—OH

TO fedaeTCA BBIBOL O HEOPOTHBOPEYEBOCTH (CO["J‘I&CHH) CTATHCTH-
HYeCKHX JaHHEIX I'HIICTE3E Hg.

*AH. Koamoropor (1903-1987) — kpyumeliusii cOBeTCKMH MaTeMmaTHK,
OJHH B3 COBJATENEH TEOPHUH BEPORTHOCTEN.
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Paso6pathts B CYTH 2TOro GOpMANbLHOT'O ONpPEACICHEA MOXHO
HPH [OMOILHA CAELYOHIerO HeCTPOroro paccyk Jenna. CordacHo Te-
opeme 1.1, ciyvafiHas BeJAYHHA ﬁ(t;)?,,) — Fo(t), rae ﬁ(t;.fn) —
shibopounas Pynryul pacnpedeaenus, Aas lieboro ¢ B cliydae Be-
THEHOCTH OCHOBHON rEnoTesn Hy CTpeMnTes K HyAX OPH 7 — 00,
a B Cly9ae HCTHHHOCTH aibTepHATHBHOM runoTesw Ay — K Be-
angne F(t) — Fy(t), koropas A1 HEKOTODHIX 3HA4eHHH t MOXeT
6RTHL OTAKYHA OT Hy/4. [loaToMY OPH n — 00 Ciy4YalHad BeAUYHHA
D(X,) cTpeMuTCE X HeCAyIadROH BeAHYAHE sgpIF(t) — Fy(8)], xo-

TOpad B clyd9ae HCTHHHOCTR OCHOBHOW PHIOTe3R! Hg paBBA HyAI0, &
B C1y49ae ACTHHHOCTH AJbTePHATUBHON runoTest H, apagercs no-
JOKHETeNbHOH BenHTHEOR. ClefOBaTENLHO, €CAR JIA CTRAMUCTIUYE-
CKUT Janubiz, IPEJCTaBACHBEIX 6b160pKol Tp, CIyTaliHaf BIHUEHA
D(Xn) OpHHAJA,  AOCTATOYHO GoAblice” 3HAYEHHE, TO THNOTEIY
Hg ecTecTBeEHO OTKAOHATL B NOAL3Y MMOOTE3N Hy, a ecan D(X-n)
IpHHAJA 3HaYenne,  GIHIKOe K HyJal0¥ TO rEnoresy Hp ciegyer
NPUHATE.

OxaariBaeTcd, 9ITO OPH KCTHAHOCTH OCHOBHOH runoTesnl Hyp
pacnpegefenue ciytaimoi peanynns (X, ) He sasucar or Fp(t)
(x0T% 3aBACHT OT 06vema 6v6Opxu m), ITO UPEIBHYAHEO BaX-
HO AJA BHIYHCACHHA KBAaHTH/JeH cAy4alfgod BeAWYHHE D(Xn), no-
CKOAbKY He HYXHO COCTABASThL OTAeNbHbie TabAANE 3HAYCHMH
$YHKUEE pacOpefefeEAd CTATHCTHKY D(fﬂ) AAS KaXIoH (dyEK-
wn Fy(t), a MoxxEO 0GOHTHCH BCero AELIbL OfHOW Tabamued. 3To
CBOHCTBO BEITEKAaET B3 NPEBOAUMOH 6e3d JOKAIATENbCTBA CAELYIO-
IER TeOpeMHB™.

T m

Teopema 5.1. Tlycts R(t, X,) — BoI6OpoTHaS BYHKIKA pac-
UpejeleRns, DOCTPOEHHAR IO Clydafinoli BrGopxe X, ofbema n
43 TeHepatbHOH COBOKYOHOCTH ¢ PABHOMEDHBIM 3aKOHOM pPacupe-
Aenerns ma otperke [0,1). Torga npm mcTEEBocTH Hy dyHxnms

pacnpejencaud Clydaiaod seanuunsl D{X,) coBnagaer ¢ ¢pyHk-

"CMm.: Hauenxo I'H., Medsedes FO.H.
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URell pacnpefeqeHis CAYYAHRHON BeJIHYHHBI

sup lg’(f,,f('n) - tl. #
0gtg1

Wz Tteopemur 5.1 cregyeT, 9TO 444 NPOBEPKH THNOTEIH O BHJE
pacnpegeNeHus JOCTATOYHO COCTABHTH TabAWDLL 3Ha9eHUH YHK-
UMW pacnpefencHii CTaTHCTHKH D(Xn) TOJLKO A8 CAYyYaHHOH
BHIGOPKH X, m reHepaibHol COBOKYNBoCcTH X ¢ paBHOMEDHBIM
3akoHoM pacnpegeneHud. [laa n € 100 Takne Tabauun cyliecTBy-
ior*. [lpm GoabwinX 7 148 BHYHCAEHHA KBaHTHRAeH [)y_, ypoBHA
1 — & caeayeT MCOONL3OBATH NMPHEGAMKEHHYIO (OpMYAY, KOTOpas
ccHoBaHa Ha JokasaHHoM A.H. KoiMoropoeuu npegeibHoM COOT-
HOIIEeHAH

lim P{y/aD(X,) <t} =K(t), t>0,

n—+00
rje

o0

Kty= 3 (-1)fe 2, (5.4)

k=—oo

DTO COOTHOLIEHHEe COPABELIUBO NPH HCTHHHOCTH OCHOBHOHM I'HOO-
Teaul Hy. W3 wero caegyer, 9To eci¥ n J0CTATOYHO BENMKO, TO

tl—cx
1
vn
rje BeAHIHHA §1_, OUpejeldeTcd YpaBHEeHHEM

K(tl—a) =1-a.

D]_Q =

IMogpo6utle TabauOH 3RaveHniE ¢yakour K (i) npusegeHn B
JuTepaType™™. Kak DOKa3biBaeT NPaKTHKA, NPHOIHXKEHHeM C MO0
Mombio GyEKuAE K (t} MOXKHO NOAB3OBATLCA yXe NpH 1 > 20. [as

BRIMACAeHnd 3navennil D(&,) ctatucrukn D(X,) yao6ra popmyaa

D(Z,) = max {l ~ Fo(z(qy), Folzgiy) — i 1}, (5.5)

lélgn n n

*CMm.: Foavies JA.H., Cxupros H.B.
**Cm. TaM Xe.

'
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KOTOPYIO MOXHO TaxKXKe 3alliCaThb B BHJAE

Filso) = 5|+ 52)

D(&,) = max (

1<ign

3aeck (), i=1,n, — WaeHbl 6aPUAYUOHNOZO pAJd, TOCTPOEHHOTO
0 BEIOODKE T, ..., Tn.

Npamep 5.1. [is BuGopkH £ip ob6bema 10 ¢ saeMeBTaMH

-0,29; 1,06; 0,16; -0,12; —1,20;
1,09; -091; 1,22; -1,15; 1,29

Ra ypoBHe 3HaYEMOCTH « = 0,1 IpoBepAM THNOTE3Y Hp o Tom,
9T0 DT2 BHIGOpKa ABIAETCA peatusalWed CAy4anfdoH BHIGOPKH
X, u3 reHepaibRONl coBokynHocTu X, HMEOnieH CTaHJapTHOE
AOpPMATbHOE paclpefeienne. JTO paclpejelenne, coriacso (5.1),

HMeeT QPYHKUHIO paclpefeleEsd

¢

=]

—_—0

2

82
Fo(t) = e 2 ds.

B kavecTse aibTepPHATHBHON BO3bMeM rumoTesy (5.2).
BaprallhoRHHEA PAA Z(1), ---, T(10) BHOOPKH Z1o ByAeT WMeTh
B
-1,20; -1,15; -091; -0,290; -0,12;
0,16; 1,06; 1,09; 1,22; 1,29.

Juavenra GyHKUUH pacnpesederus Fo(t) B 9TAX TOIKAX PaBHEI

0,115:  0,125; 0,181; 0,386; 0452
0,564: 0,855, 0,862; 0,899; 0,901

BrlgncaseM 3sHaveHAS QYAKIHH %—- Fy(zy) opri=1, 10 u n=10:

—0,015; 0,075  0,119; 0014; 0,048;
0,036, —0,155; —0,062; 0,001; 0,099,
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i—1 .
1 anavesus Fo(z(,)) — —— TpH TeX Xe i ¥ A

0,115; 0,025; -0019; 0,086; 0,052;
0,064; 0,255,  0,162; 0,089; 0,001

HamfonpmuM u3 o1HX THcea Oyger 0,255. 3rauyuT, D(:z':'(m)) =

= 0,255. Tlo Tabiuue KBaRTHJACH CTATHCTHKKE® D(Xn) ana n =10
g o=0,1 Haxoaum Di_o = Dog = 0,369. Tak kak D(Z10) < Dog,
TO OCHOBaHEN OTKACHHTL CAnNorTeay Hg HeT.

KpuTtepri w?, Us pasenctsa (5.3), 3aa01ero cTaTACTHKY

D(Xn), cregyer, 4To kpuTepai Koamoroposa ,xopoiuio padinya-

T dpysKOEE pacnpeserenud F(t) u Fy(t), oTandaiompecs Apyr oT

ApPYrLa ZOCTATOYHO CANBHO NYCTh Aare HA HEGOABLUOM AHTepBaJe.

Ecau xe wacao sup|F(t) — Fp(t)| mepeanko, no F(t) # Fy(t) na go-
L

CTATOYHO GOIBILIOM NPOMEXKYTKE, TO MOXHO MOKa3aTh, MTO A4
npoBepKn TENOTEIH (5.1) upm askrepHaruse (5.2) netecoobpasno
HCIONB3OBATL TaK Ha3hiBaeMblil xpumeput! w? (omera-ksaigpat),
KCNOAB2YIOWEHR CTATHCTHEKY

2(X )= 121n‘2 +— Z(Fﬁ X( )) — 21;2; 1)2! (5.6)

rae Xy, ¢ = 1,7, — JJeMeHTH BapHAIAONHOIO PAfa c1ydaiHOH
BRGOPKE X1, ..., X, OcmHoBHas runoresa {5.1) oTxioHfeTcH B
10AL3Y AMbTEPHATHBHOH FHNOTE3H (5.2) HA YpOBHE IHATHMOCTH &,
SCNR

w2(fﬂ) > wlz—-a!

rae wl_, — kBaETHAbL YPOBHA 1 — @ pacnpefeeHHs CTATHCTHKH

w?(X,) npu ycaoBau ucTHEHOCTH runoTesn Hp.
Tak e Kak H I8 KpHTepus KoaMoropoBa, MOXKHO J0Ka3aTh,
YTO pacnpejenerne CTATACTAKE w?( X, ) npE 4CTHHROCTHE OCHOBHOM

*Cwm.: Boavwes J.H., Cuupros H.B.
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ramoTesss Hy me 3aBHcHRT oT Fp. [Ig MaiblX n CYIMECTRyiOT
TabARLB" KBaRTAIEH CTATHCTHKA wz(Xﬂ) Iipa BOABLIAX 7 HY>KHO
H0AB30BATHCA IpPeJeibHEM pacnpe/eneEneM CTATACTAKA W (X (),
115 KOTOPOTO TAX)Ke COCTABNEHH TAGAULEL.

IIprmep 5.2. Bepmemca k 3agade, paccmo*rpﬁeﬂuoii B (IpUMEpe

5.1, HO AAA e¢ peleHHR HCNOAB3YeM KPETEPHH W
C noMorsio dopumyast (5.6) rafizem suagenne w?(Fyg) cTaTHC-
TAKH W (Xn), rcnoasays sRavened Fo(z(),i=1, 1, 10, BeIvACAEHHEE
B mpamepe 5.1
1

W (#10) = 75 102+10(00652+0 1252 40,1692 40,0642 +0,098? +

+0,086% 40,1052+ 0,012% + 0,061 + 0‘1492) ~0,0114.

o TabIMDaM pachpejeleHss cTATECTHKE wi(X,) ars n =10
HaxoLaM
w%_a = W§'95 =2 0,046-

Tax kax w?(F10) < W gs, TO runoresa Ho na ypopHe 3HATBMOCTH
o =10,05 He OTKAOHACTCH.

Kpn'repnﬁ cornacas 2. Ilpm asarase kpaTepues Koi-
Moroposa B w? Ipefnoaaratock, 910 X, — caydaiinas BHGODKa
06beMa N M3 [eHepatbHOll COBOKYNHOCTH HeNpephBHOH ciy JalHOH

BenmarEE X . [IycTh Teuepb BabiawAaeTcd JECKPeTHAR CAySauHR

BeaMuHEEa X, OPFHEMAIONAA r PASIHIALIX 3HATEHHE Uy, ..., Ur €
IONOKETENbHE MY BEPORTHOCTAMH D1y ...y Pl
r
P{X=wu}=p, k=1L, pe= 1.
k=1
JonycTaM, 3T0 B BHOOPKe Tn = (21, «..; Tn) THCIO 4f BCTPE-
r

tanoce ng{Zn,) pad, k =T,r. OrmeTnM, 9T0 3 ng(Zn) =n, T
k=1

*Cwm.: Boavwee J.H., Cauuproe H.B.
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CAy9aHHBE BeMHYHHH 71(Xy), ..., n,(X,) saBucambr. Ilpu amax
YCIOBHAX COpPaBefIHBa Clefyi0llad TeopeMa®.

Teopema 5.2 (Teopema Ilupcona). Pacopeaenenne cayvaii-

HOH BEJHIHHR
.

Z (nk()?n) = npk)2

k=1 Pk

MPA 1 — 00 C1260 CXOAUTCH K Y2 -pacnpededenuro ¢ r— 1 creneHaMa
caobofn. #

JTofh TEOPEeMOH MOXHO BOCOOABL3OBATLCH AAf MPOBEPKH npo-
cmotl 2unome3sl

HC‘: P1=Pioy -5 Pr=Pro, (57)

TA& P19, .-, Pro — WIBECTHHE BEIHIRAH, IPOTHB albTePHATHBHON
PHOOTE3b

Hy: cymecTByloT Takue k, 9T0 py # pro, k=1, 7. (5.8)

Ecin vcTEHROE sBasieTcs rumoTesa Hp, 10 no Teopeme 5.2 mpH
7 — CO pacnpefeleHAe CAYYaHHOR BeAHYKH b

(R =§r: (ni(X5) — npro)? - an: (RL(:Q e pko)z

k=1 P k=1 Pro

CTPEMHATCA K pacOpefetelnio Y2 ¢ r — | cTemeHsMu CBOGO LI,
Ecau ocsoBras runoTesa Hj me apasercs HCTHHHOH, TO B 3TOM
t1ydae no 3aKkoRy GOJbLILIEX YACEN NPH 1 — 00

nk(fn)
T

—+pg, k=1,r.

* NoxasaTemcTeo Teopemet cM.: Kpamep I
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[ToaTOoMY OpH B — 0O

n(Xn) Pl ('nk(Xn)

= A —pk)+{Pk—Pko)—>Pk-Pko-

CreoBaTelbHO, eCIB P — Pro # 0 A% HEKOTOPHX k= 1,7, TO
CTATHCTHKA xz()f'n) NpruHEEMaeT GOAblLIME dIHAYEHASA, YeM B CayJae
HCTHHHOCTH OCHOBHOH rumoTesw Hy,

TakuM o6pa3oM, CTAHOBHTCH €CTECTBEHHRIM Clejylollee olpe-
JeleHke KPUMeEPUR cozaacus x° (Xxu-kBaapat). DTOT KPHTEPHI
nps 6oablIMX 7 Ha YPOBHEE 3HAMBMOCTH & OTKJIOHAET runoTesy Hy
B IOAL3Y aNbTepHATHBHON rufmoTeant Hi, ecan

Xz(f“] > X%_G(T— 1)!

rae x3_,(r —1) — xBauTRAb ypoBHA 1 — a X*-pacnpefefenus ¢
r — 1 creneAsmu cBOGOAB, a ¥’(Zn) — pearudagus CAydadHOH
BennsHHE (5.9).

Ecag xe

X2 (fn) g X%-a(r - 1\)1
TC fgefaeTc# BHIBOJ O TOM, YTO TUNOTe?a Hy He NPOTHBOPEYHT
CTATHCTHYECKAM JAHHHM ¥ ee cleiyeT NPHHATD.

B oranune ot KpuTepHer KoaMoroposa M w? xpuTepuem Y2 GpH
HeGonbmuX 06beMax BHIGOPKH 1 MOALIOBATLCA HeNb3A. Donee To-
I'o, 118 YAOBAETBOPHTEALHOH ANNPOKCHMALMH pacipeleaeHus cay-
Jai{HOW BESHYHHB xz(/\_"n) pacnpefefenaeM X2 HEO6X0 AMO, ITOORI
He TOJBKO 7 BRLIC BeJAKXO, HO W BCe BeJHYHHH NPk, k = 1,7, Tax-
*e Onind HeMadibiME. Ha npakTake npm HeSoabuIAX r HeOOXOANMO,
YTO6L BRIIOAHRAKCH VCIOBUHA npk > 10, k=1, r, a ecawm r Besuko
(r > 20), gocTaToduHo, YTOOH GO npE 2 5, k= 1,7. Tockoabky
Teopema ITupcosda HOCHT acHMOTOTHYECKEH XapaKTep, TO Kpume-
Puti x° ABNAETCA GCUMRMOMUNECKY HENGPAMEMPUNECKUM.

Kputepaii x? MOXHO MCIO/BIOBATL B TOAA, KOTAA CAYdahnas
BennduHa X HENpepnlBRa MAM JHCKPETHa, HO NMPAHHMAET CHeT-
HOe MHOXECTBO 2HA4YEHHEH C NOAONKUTENHHHME BepORTHOCTAMH.
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B srom ciysae mHOXecTBO M BOIMOXHHX 3HaYeHHHA X palGuBa-
0T Ha r HelepeceKalOUWAXCA HOAMHEOXecTB My, k= 1,7, TakuM
06pa3oM, 9TO6H BEPOATHOCTL Pi, kK = L, r, HONAJAKHEA CAyYaitHOMN
BeanyuHl X B k-& NMOAMHOXECTBO M) YJOBAETBOPAJA YCIOBHIO
npr 2 5 Bam npy 2 10, k=1, r. Ecxta X — RenpepnisEas caydainas
BeJHYHFA, TO B KadecTBe My, k= 1,r, o6m4BO GepyT MEOXeCTBa
BAJA

(-o0,81), [51,82), .-y [8r—2,8.—1), [8r-1,00),

rge §1 < 53 < ... < 81, SEER k=1, 71,

Onpegeum AACKpeTHYIO CAyvaiinyio Berudrsy X', npuanmMalio-
UIyto 3HaYenre k TOTJa H TOABKO TOrga, Korga X € My, k=1,r. B
3TOM Cydae ACXOAHAA 334243 NPOBEPKH CTATHCTHYECKAX [HIOTES
CBOAETCH K TPOBepKe OCHOBHOH CHmoTesn (5.7) OpH anbTepHa-
TUBBOH rEnotede (5.8), rie B clyYae HENPEpPHIBHOCTH CJIy<IalHOM
BeAHIHHEL X

ka:/dFo(t)Z/po(t)dt —
M, M,

BEPOATHOCTL NONAJAHHA CAy4YaHEOW BeAm4YdHEL X B MHOXeCTBO
M; B Dpeinonoxenud, 9To GYHKUAA pacOpefeieHHA CAyYaiHOH
peanduun X ecrs Fo(t), a mioreocts — poft). Ecam X —
JACKPeTHAS CAYYaHHAA BEAMIHHA, AMEKUIaA CIeTHOE MHOXKECTBO
BO3MOXHHX 3Ha9eHAN 21, 23, ... AP{X =2}=¢;>0,7=1,2,...,
TO BMECTO NPOBEPKE 'ANOTE3IH

Ho: gi=g0, 3=12,...,

rae g0, j =1,2,..., — H3BeCTHhle YHCAA, IIDH anbTepHATHBHOH
THOOTEIe

Hy: cymecTsyroT Takme j, 9T0 ¢; # ¢jo, 7=1,2,...,
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IpoBepAOT CEmOTE3Y (5.7) mpH albTePHATUBHOK MANOTE3E (5.8),
re BEPOATHOCTH Pk, k = 1, 7, BHUKCIAIOT IO GOPMY.TaM
Pro = E q;0, k=1,r.
ZJEM;;

Janee gas BHGOPKA I, HAXOLAT <4ACAO ny(ZTn) €€ 2MEMEHTOS,
gpEHaAIeKAWAX MEOXeCTBY My, k= 1, 7. 3arem, noAcTaBifA Tn
BMecTO Xp B OPMYIY {5.9), onpegensioT pearusalkio x*(Z,) cay-
4afig0l BeNAIAHL! Xz(f,,). I'unoTesa Hy OTKAOHAETCHA B MOMABL3Y
ranoresn Hi, ecan x*{(Zn) > x3_,{r—1) 7 npunuMaeTca B Opo-
THBHOM CAYydae.

HegocTaTKOM HCOOJIL30OBAHAA KPETEPHA x? AN cAydailHBIX Be-
A¥9¥HE, NIPAHAMAKUIAX GeckOHeYHOE MHEOKECTBO 3BadeHU i, ABJIA-
eTCA HEKOTOpad NOTepd MH(pOpMaldi NpH Nepexoie oT X x cay-
qajiBoit BenmanEe X' ¢ KOHEYBHIM YHCIOM BRATCHUH.

Ipamep 5.3. Cpesd ssemenmos s6i60pru T1000 AWCKPETHOM
cayyafiHoH BeaHduEkl X 3Hadesue ( BCTPETHAOCH 343 paza, 3nade-
ane 1 — 372 pasa, 3Hadenue 2 — 201 pas, a@atenne 3 — 68 pasz,
a 3HagYemud, GOAbIIKe HAH paBHHe 4, BCTpeTAnnch 16 pas. Npo-
BepHEM Ha YpoBHe 3rayuMocTH « = 0,05 runoreay Hy o Tom, 4TO
RabaogaeMan C1yIadHas BeuvWHA MMeeT paclpejesenne Myacco-
Ba ¢ mapaMeTpoM A=1, T.e.

LI
P{X:k}:-k—,e , k=0,1,2,...

[Ipeanosaras ECTRHAOCTH ocHOBHON rHnoTedw Hy, Haxogum

Poz = P{X = l} = 0,368,
poa =P {X =3} =0,081,

po1 = P{X = 0} = 0,368,
pos =P {X =2}=0,184,
pos = P {X > 4} =0,019.

JaMenaM caydaiiBywo penudHEy X, NpRHEMaloLUyl0 Geckoped-
. . . . s .
HOe uMCAO 3HAUEHHE, CAySaRAOH BeidqmHOA X', TPHHUMAKOWEH
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N

TOABKO MATHL PAIMHYHLIX 3HaTendl 0, 1, 2, 3 1 4 ¢ n0A0KUTeNLHBIME
BEPOATHOCTAME prg = 0,368, pyo = 0,368, p3o = 0,184, pyo = 0,061 &
pso=10,019 coorBeTcTBenno. Ilo hopmy.e (5.9) ana r =5, n=1000
noadydaem

(&) = (343 — 0,368 -1000)2 (372 — 0,368 - 1000)2
" 0,368 - 1000 0,368 - 1000
(201 -0,184-1000)*  (68~0,061-1000)> (16—0,019-1000)2
0,184 -1000 0,061-1000 0,019-1000

= 1,6984 40,043 + 1,5706 + 0,8033 4 0,4737 = 4,58.

o Ta6aune kpanTesel x2-pacupegesenus (cm. Taba. [1.3) naxogum

Xg_gs (4) = 9,49. Tak kak 4,58 < 9,49, To runoTesa Hy npuruma-
eTcH.

5.2. Kpurepun cornacua. C/oXHasa rumnoTesa

Kprreprr KonMoroposa a1 w? x1s cioxaol rEOOTEIH.
3ajava IPOBEPKH NPOCTOY 2unomessi 0 BH A€ 3aKOHa pacOpejene-
RU# CIYYaWHOM BeMHIHRH X Ha IpakThke BCTPeYaeTcAd JAOBOJALHO
peako. Tlopasao Yalre OplBaeT HeoOXOJMMO HPOBEPHTHL MO CuY-
uainol evibopre X, u3 2enepaisnoi cogoxynnocmu X caoxmcnyo
autwmvesy O NPHHAJIEXKHOCTH QYHKUKH pacmpefenesus F(t) cay-
JaMHOH BEAHYHHE X 32JaHHOMY NapaMempuvecromy MHONCECTNEY
pacnpegerenni {F(¢;68), 8 € ©}, 6 C R%

Ho: F(t) = Fo(t;8), dee.

Kaxerca ecTecTreHHHM CHaYata KaKHM-TO o6pajom nocTpo-

HTe ouesky #(X,,) napameTpa 6, a sarem NMPHMEHUTEL KPumeput
Koamozoposa u w? pnan OpOBEPKY 2unomedsl

Ho: F(t) = Fn(t;g(fn-)):

rae #(Z,) — 3HaveHwe oueHKu 8(X,) no samEnM swibopxu I,,.
K coxanenuio, npu Takom moaxoge oTh Kpurnepuu yxe He GyAyT
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nenapeMempurneckuMy — OpH runotese Hy pacnpejenenue Mogu-
punuposaussix cmamucmux D{X,) n &%(X,), rae

D(%.) = sup| F(t) - Fo(6:0(2))1,

1 A a2 iy
+—Z(Fo($(;):9($n))— on )%

12n?2  n <

az(fn) =

BOOGLIE COBOPA, 3aBHCHT OT Fp M OT METOJAa HaXOXACHUA OLEHKH
g(.f.n), 9To TpebyeT cocTabreAnsa OOJBLIONO kKoaAudecTBa TabaHIl
pacnpejescHHN.

QOaxaxo ecnn g{fn) — OYEHKU MAKCUMAALHO2O NPAsIonodobus
napameTpa ¢, a 2aeMeHTH F(t;ﬂ) NapaMeTpHUIeCKOr o MHOXECTBA
{F(t;8), 6 € O} dyakunik pacnpeesennii NOAYIAKTCA NPH TOMO-
iy npeobpajzopalua cABHra K macuwiTaba Kakoro-pnbyle O0EHOTO
cBoero npegctasuTens F(4;8;), T.e.

t—a

F(t;ﬁ) =F({—

b !go)r

TO aaa kpuTepues Koamoroposa # w? A0c¢TaTo9HO MMEThH TOAb-
KO ofuy TabAnUy AAf KaXkLOrO ceMedcTsa. K TakdM ceMedcTBaMm
OTHOCATCH BCE BAXHbIE THIbLI PACTpEeIeHHE, B, B 4ACTHOCTH, HOP-
MaabHOE, Bosee Toro, npH BeBOAbLIIOH MOAMDAKALAR CTATUCTAK
ﬁ(X—n] i &5?(X,) ux pacupefesenve npa n 2 5 NPaKTAYECKH Nepe-
CTaeT 3aBUCETR” OT M.

Kprrepuit x? gas croxsonr renoresnl. [lycth ¢yrknns
pacnpefeeHdd AMCKPETHOM CAyYalHOH BenwduHsl X, MpPARAMA-
WIlgH KOHEYHOe MHOXEeCTBO 3Ha9eHHH Uy, ..., U, IABHCUT OT
d-vepuoro BexTopa napamerpoB 8. Torjga BeposTHOCTHL pp TO-
ro, 1ro X NpHMET BO3MOXHOE 3HAYEHHE Uk, 3aBHCUT oT 8, T.e.
Pk =pi{8), k=1, r. A Tax xak peposTaocTH p;(8), ..., pr(8) nOAHO-
CTHIO ONPEARSIOT QYHKIHIO PACTPEJeNeHHA CAYUARAON BeIHYBHbI

"Cwm.: Twopun FO.H., Maxapoe A.A.
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X, TO B pAaCCMATPHUBACMOM CIYIA¢ OCHOSHAR 2UNOMEIq TPUHAMAST
CIeAYIOLIHA BUI:

Ho: PrX=u,=p(), k=1,7r, 8O CRL
ATy CAOXKHYIO THIOTE3Y MOXKHO NPOBEPHTH NPH HOMOLIM MOJH(R-
kalldi kpuTepEa x° llapcona.
Tiycrs (F,) — suadeune ouenxn §(X,) MaxCMMaTbHOrO MpaB-
aonogobus 41a ¢, a ng(T,) — KOANYECTBO JEMEHTOB BHIGODKH &y,

PaBEHIX uj, &= 1,r. Ouenky 9(}?“) OOXY9al0T B PeayiAbTaTe MH-
HUME3ANUA Jorapudma Gynxtyuu npesdonodobus

n! . 2 : =
L{Xy;6) =mnp?*( 10, Y ni(Xn)=n,
k=1 i=1

Kak {cM. (3.2)) peutedne cucTeMH YpaBHEHHK

g (X,) Opi (8 o
Satomo .o
k=1 Pk ) /

MoXRO NOKa3aTL™, YTO MPH HEKOTOPHX NPEANOAOKEHUAX O CAad-
kocTn byHkuul pi(f), £ =1, r, pacopesenenne cayvaiinoi BeAndy-
HEI OPH 7 — 00

22 = 3 (niKn) = 2piBLX))*
= %)

c1afo CXOAUTCA K cAydaliHOW BesnyuHe, HMelowWed X -pacnpedete-
nue ¢ v —d — ] cTeneHAMR cBoBOLI.

Ecan X — HenpephBEas ciiyvafiHad BelBIRHA ¢ PYHKOACH pac-
npefeqenns F(t), To, pasbusas MHOKECTBO BO3MOMXHEIX 3HaTeHHM
X Ba KOHedYHOE® YHCIO HENEPeCeKaUIEXCH NOIMEOKECTB B mepe
X0 X AUCKPeTHOH cAy4aliBOE Beawwude X', MOXHO npoBepHTb
CAOKHYK THIOTE3Y )

Ho: F(t)e {F(1;0),0e0C Rd}.

*Cum.: Kpamep I

- i
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Heo6x04EMO TOJBLKO NOMHHTE, 9T0 OOEMKY MAKCHMAABHOTQ NpaB-
Jogoao6nd @[}?n) ciIedyeT CTPOETH He Do HabaogeEdaM X, ...,
X, cayvadinold BeamduEH X, a IO 3BaY9eHmaM dactoT 7y (dL), ...,
n,(Z7) crygadBoq BeHIHEN X', 9T0, KaK NIPaBHiIo, ropa3jo Tpyi-
see. [locTpoerHe TaKod OUeHKH AJM% Hambonee PacnpoCTpaHeHHBIX
napaMeTPHYeCKHX CEMEHCTB pacnpejeieHull (ROPMaIbHOTO, DKCIIO-
HEBGHANBHOrO, IYACCOHOBCKOTO H T.4.) MOXHO HAHTH B CIENUAllb-
HOH JATepaType®.

JryxBribopoqanan 3azava. Kpareprna Cmmprosa. [lycTh
X = (X1, ccy Xm) ® Y, = {¥1, ..., ¥,) — caywaiinte Bu6opku 13
regepaibBLIX COBoKynHocted X # Y ¢ dyHEKOUAMHE pachpedeleHHs

F(t) m G(t) cooTsercrsedno. PaccMoTpuM 3ajgady NpOBepKH
CAOXKHOW [HUOTE3H

Ho: F()=G{t), teR, (5.10)
UPOTEB GAbMEPHAMUSKOT 2UNOMEIHL
Hy: F(t)#G(t) ans sexoropmx ¢t € R. (5.11)

Jas HenpepwBEBIX ciy4adnux seanwge X B Y runoresy Ha
IPOTES ANBTEDPHATHBEOR THNOTe3W H); MOXHO MPOBEPHTH, BOC-
NONB3OBABIIECE CTATHCTHKOH D(X'm,l-"n], peali3allEs KOTODOH
onpegensieTcid QOPMYaoi

D&y G} = sxip|Fm(t) - Gr(t)] (5.12)

rae Fi(t) 7 Ga(t) — omnupuvecxue @Pynnyuu pacnpedeserus,
HOCTPOEHHABIE N0 PEAAUIAYUAM T H Uy cayuatinuiz embopox Xm0
¥, cooTmercTsesno. ECAE HCTRHHOR ABAfETCH OCHOBHAA THOOTE3A
Hg, To, corfacno 3aKoHy GOALIIAX SACEN, 418 noboro t ¢ R

lim (Fa(t) - Ga.{t)) = F{t) -G{t) = 0.

L, —+oo

*Cwm.: Kpaxep I
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—

Ecan e HCTHHHON ABJfETCA abTepHaTHBHad ruOoTeda Hy, To Ja%
noboro t € R f

Wm (F(t) = Ga() = F(t) - G(6) # 0.

CaegoBaTeabto, 3HadeHns D(Tm,¥n), GAA3KHe K HYyJI0, CBH-
AeTeAbCTBYIOT 0 TOM, 4TO, NO-BHIMMOMY, BepHa runoresa Hg, a
Soabiine 3HadeHuA D (&, ¥n) YKa3HBAWOT Ha 60AbLIIYIO IPaBAONO-
Ao6rocTb runoTean H,. Ha srom dakTe u ocHoBan wpumepuil
Camuprosa. A umenno kpurepudi CMmupnosa oTkiaoaseT Hp B
noae3y H| Ha YPoGHE IHANUMOCTIU (&, ECIU 6WEOPONHOE IHAUEHUE
D(Zm,¥n) CTATHCTHKHY D(Xm,)_"n) YAOBAETBOPAET HEPABEHCTBY

D(fm:fn) > Dl—a}

rie Dy_, — XBaHTHAL YPOBHS | — ¢¢ pacnpefeNenBs CTATHCTHKHE
D(Xm,Y,) npn acTUHEOCTH THNOTe3n Hy. Ecau

D(fmmgn) S D]—OH

TO OTKAOHATHL rdnoTedy Hg HET OCHOBAHHH.

Jloxasaro®, 4To pacapejeienne cTatuctuky D(X,,,Y,) npu ue-
TungocTH Hg Be 3aBncut ot F{f) u G{f). [as neboapmiux m H
7t TabNHOE KBAHTHIEHR (PYHKIEYW PACOpEReSieHHS CAyYAHHOW BeaH-
YHHEI D(Xm,fn) IpRE ACTEHHOCTH Hpy ecTh 8 COOTBeTCTBYIOUAX
cnpaBogrukax™™. H.B. CMEpEOB™* mokasan, 4T nmpu m,n — 00

P{,/ DX V) <t} =+ K(t), >0, (5.13)

m-+n

rae dyaxknua K (t) onpegerena pabencTsom (5.4).
PaccMoTpum sapuayuonnsiti pad

Zay, Zgy - 4y N=m+a, (5.14)

*Cum.: Cwupnoe H.B.

**Cw., nanpumep: Boaswes J.H., Cxuupnces H.B.
***Cm.: Caupros H.B.
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obbennHeRHON cayuatinotd ewbopru Xy, ...
MoK HO DOK33aTh, YTO

D(Xm, V) = mﬁtﬁl Fn(Zy) — GalZ)|-
=1,

, X, Y1, ooy Yoo

3navenge D(Fm,Tn) cTaTucTHKE D(Xm,Yn) yaoGBee BHYHC-
19TH caefywomam obpasoM. [lycTs

1, 24 — oamo u3 Habrwojenwu X;
el o

0, 2z — OfHO H3 HabaoJeEHH Y,

rje z(,) — 3HadeHHe caydaiinolt BeAwyMBH Z(;), =1, N. Noaoxum

: 3
i T
SJ:W_ (Sk, J—l,N. (516)
k=1
Toraa
. N
D(Fm,Jn) = — max{sy,..., 55} (5.17)
mn

Ilpumep 5.4. llycts X n Y — genpepLIBALLE cnydalHEE BeJR-
9EAL ¢ hyHKOMAMY pacnpegeienus F() u Gt} coorseTCTBEHHO.
Janbl BHBOPKaA 19 € 3TEMEHTAMA

-0,15: 8,60; 5,00; 3,71; 4,29; 7,74; 2,48; 3,25; -1,15; 8,38
¥ BHIGODKaA 1o ¢ DIeMEHTaMY
2,55, 12,07; 0,46; 0,35; 2,69; —0,94; 1,73; 0,73; -0,35; —~0,37.

lposepunM Ra yposHe 3HaYaMocTH o = 0,05 ranoTesy (5.10) npoTus
arbTepHaTHBHON rAmoTean (5.11).

BRIDACHBAGM JHadeHnd oObeXHHEHHOTO BAPHALMOHHOIO pAjla
3aJadBeX BRIOOPOK

~1,15; -0,94; -037; -0,35; 046 0,73, 1,73; 2,48;
2,55; 2,69; 3,25; 371; 4,29; 5,00; 7,74; 838
8,60; 12,07




F
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W 0OCheJOoBaTeabHOCTE YHcex §;, i =1, 20,
1; 0; 0; 0; 1; 0; 0; 0; 0; 1; 0; 0; 1; 1; 1; 1; 1; 1; 1; Q.

Bruncans no dopumyae (5.16) snavesns peamdur s;, j = 1,20, &

nogcrabre ux B (5.17), onpegensm, wto D(Z1p,510) = 6. B Tabau-,

e KBaHTHAEH pacnpejefeRdd CTATUCTAKE" D(}-('m,}_"n) KBaHTHIE
Dy o = Dogs HeT, HO ecTh KBaHTRAL Do 9476 = 6. [loaToMy runore-
3y (5.10) creayeT OTKAOHUTH B NOAb3Y AJILTEPHATHBHON [HIIOTEIN
{5.11) Ha ypoBHe 3nadnMocTE o = (,0524,

5.3. KpuTeprn He3aBMCHMMOCTH

Kpurepra Cnmpmena. [IycTe uMeeTca cayuatings ebib0pKe
(X1, Y1}, ..., (Xn, Yo) B3 2enepaasnot cosoxynnocmy AByMepHOH
HelpephIBHOK cayvaiuodl BenuduAw (X, Y} ¢ ¢dymEkumed pacnpe
Aexenus F{t,7), a Fx(t) n Fy{r) — ¢yuxkunn pacnpejeleHns
CAYIAUHRX Beaudud X H Y COOTBeTCTBeHHO. Ecad cayTadHHE
BeEMEHBl X ¥ Y UMeloT HOpMalbAHe pacipejeqernd, TO Jad Ipo-
BEpKH cmamucmuvecxoti zunomeasi 06 WX HE3ABHCHMOCTE

Hy: F(i,7)=Fx(t) Fy(r) (5.18)

MOXHO HCTOAL3OBAThL MPOLEAYPY, CBA3AHAYID C BRIYACTCHHAMH
sbibopounazo xoafduyuenma xoppeasyuu (cM. popmyay (6.12)).

Ecan e 0 pacupeseleduaX HeOPephlBEEX CNYIaUHEX BOAHIHE
X 1 Y HA9ero He U3BECTHO, TO J/IA IPOBEPKE OCHOSHOU 2unome3bl
(5.18) npu asvmepramuexol sunomeae

Hy: F(t,7)# Fx(t) Fy (r) ana mexoropuix (¢, 7} € R?

ACHONBIYVIOT paxzosbiti kpumeputl Cnupmena, OCHOBAHHEIN Ha
cAeVIOIeM MOHATHH.

Onpeaenenume 5.1, Panzom R;(Zn) saemenma z; 1ucioBoi
nocaedosameavnocmu Iy = (21, ..., zy) HAILBAKT €ro NOpai-
KOBBIH BOMED B SAPURYUONKOM PROY 2(1), ---; Z(N)-

*Cum.: Boavwies M. H., Cxuuproe H.B.
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Coraacro onpegeicino, £;(Zy) — 2To 1HMCIO DAEMEHTOB NoO-
C1eJOBATEIbEQCTH 21, --., ZN, He GOABIIAX YeM z;, KOTOPOE MOXHO
aalrMcaTh clegyoinuEM obpasoM:

N

RiEn) =1+ nlz—z),
k=1

rae n(t) — Pynwyusr Xesucatda. Parr awboro saemenTa nocae-

J0BATEALHOCTH Zy — 3TO HaTypaiabBoOe YKCI0 B JHaNa3oHe OT I

g0 N, nprYeM pasr HaZMEHBLIEro JJMeMEeHTa NMOCAeJ0BaTENbHOCTH

papes 1, a padr sapboaswerc — N.

Ipamep 5.5. Paccmorpum Bribopky Z3=(3,8,4,7, —2,6, 17.3).
Ee Bapmanuounnil pad umeer Bug —2.,6; 3,8; 4,7; 17,3. [losromy
Ri(Zs) =2, Ry(Z) =3, R3(Zy) = 1, Ru(Zy) =4. #

Onpe.aeneﬁne 5.2. Paxzom saemenma Z; cayuatinotl
smboprn Zy = (Zy, ..., ZN) HadHBAOT CIyYailBY© BelKIHAY

Ri(Zxn), peanmsamas xoropok R;(Zy) ecTb pasr peanusalpu z;
CIy9aiHOH BeNHIMHB Z; B BADHAUMOHEOM PAAY Z(1), ---» Z(N)-

O6o3ma"nm sepea R; = Ri(X,) — panr saementa X; caydaitsoi
Bufopkd X1, ..., Xy, a 7epe3 S; = S,-(}-’;) -— paHr JeMeHTa Y;
ciy9a@HOH BHGOPKH Y), ..., Y.

Panzosvin xosdduyuenmon voppesayuu Cnupmena na-
30BeM CAYYHARHYI0 BEARYEHY

n

S (Ri—-R)(5:- %)
p(Xn V) = —== . (5.19)

\/gl(&—ng(s,——@?

rae

=

ll

B )=
gk
::p
)
i
3=
Ng
n
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7

Cmamucmuxa (5.19) apagerca BLIGOPOIHBIM KO3(PH I HEHTOM
KOPPeNAuNY NOCNEAOBATENLHOCTEM Pakros Ry, ..., R, 1 8y, ..., 8,
CornacHo onpegenennio panros R;, SIS

|
2=

R=38=

=

H MOXKHO NMOKa3aTh, 9TO

P(Xm?n) =1- Tnf-—_l—) Z(Ri 75 S‘]g. (5.20)

Bea orpannvenns ofmpocTr MOXHO CHETATB, 9TO 3HAYEHHSA
nap sabrofeduit (z;, y;), ¢ = I, n, 3aHyMepOBaNLl B nopAiKe BO3-
PaCTaHAA HX NEDBAIX 3MeMEHTOB, T.e. TaK, 9TO BRIMCIHAIOTCH He-
PaBeHCTBa

Ty <Za< ... < Ty

B s>Tom cayuae Peanusauss r; panra R; paBra i, i =1, n, u onadenne
P(Zn, ¥n) cTaTicTHKE p(X,,Y,) MOXHO BEYKCIHTD 0O dopuy.e

PZnsFn) =1 - n(ngﬁ—_l)Z{i - 8:)% (5.21)
1=1

TAe S; — peannsanus paHra S;, i =1, n.

HaBectso (cM. 6.3), 910 BRISOpPOUYHLLE KodthhrUKEeRT Koppe-
AAURAY NPUCOOCOBARH AAd OGHADYKEHBS IMHEHHOH 3aBHCHMOCTH
MeXRY caysaBHNMA BearynEame X 5 Y. Ecan we Mexay X nY
EMeeTCE (PYHKNMOHANbHASA, HO He JHHEHH2A I2BHCHMOCTH, TO Bhi-
GOpOIHEIN KOX(BMAURCHT KOPPEAANNE MOKeT GRITh paBeH HYJII0.
IlpnMepno Tak xe o6cToRT AeA0 U ¢ paHTOBBM KodgwpRAUNHeHTOM
{5.19), ¢ TeM Toasko (BmpoveM, HEMANOBAXKAKIM) DPABAKYKEM, 9TO

O yIaBIRBAET JI0GYI0 MOHOTOHHYIO 3ABACHMOCTb, 3 HE TOXBKO
ARHEEHYIO.
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JoKa3aTenbcTBO DTOrO HAYHEM ¢ HCCISIOBAHUS CTATHCTHKH
p(fmf’n) npd AuHeHHOH 3aBAcHMocTH ¥ =X + b, a € R, b € R,
MeX Ay cCayJadHeIMyu Beandunamu X u Y.

Ecan a > 0, To 60ABIIYM 3HAMEHHAM T; COOTBETCTBYIOT GOALLIKE
JHadYeHUA Y, M, HaOBOPOT, MEHbIAM 3HAYEHHAM Z; — MeHbUIME
3HaNeHU i, i = 1, n. Ecan napw rabaogernd (z;, v,), ¢ =1, =, 3a-
HyMEPOBAHKI M0 BO3PACTAHAIO NEPBLIX 3AEMEHTOB, TO OYAYT NMETh
MeCTO HEPaBeHCTBA Yy < ... < Yn. 110DTOMY r; = 5; faa Beex i=1, n,
u w3 (5.21) cregyer, 4ro p(Z,,Gn) = 1.

Ecau xe a < 0, To 644b1UdM 3HAMEHAAM Z; COOTBETCTBYIOT
MeHbIIHE JHAYEHHA ¥;, 2 MEHLIIWM 3JHAYEHHAM T; — OOJbIIHE
3HAYEeHNAR Y;, i =1,n. B DTOM Cay4ae r{ = Sp_i11, 8i = Tnoisl
i=1,n, 8 p(Fn,fn)=—1.

3aMeTuM, 4To eclE @{z} — BO3PACTAIAA (DYHKUAH, TO PaKT
JMeMEHTA Z; B NOCASJOBATENbHOCTH 21, ..., T, PaBed pakry ¢(z;) 8
NoCTeJOBATEALHOCTH @(21), ..., ©(#,). [looTOMy ecrd cayyaiinsle
BeauwuHbl X H Y cBAdaHH (YHKUHOHAIbHOH 3aBECUMOCTLIO Y =
2(X), 1o p(Tr,Pn) = 1.

AHanorsyso, ecin Y = ¢(X), rae o{z) — ybnpawiuas GyHk-
ugsg, 10 p{T,,Pn) = —1.

YcaoBue lp()-(.,,, Y,)| € 1 Bumosmsercs Bcerga, Tak Kak OHO
BRIMOJAHAETCA JAAA BHIGOPOYHOro KOIDQHUASHTAa KOPPEAAdHH, &
p(X,,,Y) — 970 BHIGOPOUHE KOIDBHUMERT KOPPIALUE, TOCTPO-
eHAHH N0 MOCACA0BATEILHOCTAM PAHCOB HAOA K0 AeHUH.

PaccmoTpam Teneps Apyroi KpaHHHE@ cay4ad, KOrga caydai-
Hele BedMHel X H Y Hed2aBKCHUMBL, T.e. KOTJa OCHOBRAA ['AUOTE3a
Hy asnseTcs HcTuAHOA. B 5To# cHTyauuu cAyJafiHbifi BeXTOP
{Sy1, ..., §,) npuH¥MaRT C paBHON BepOATHOCTHIO NGO CBOE BO3-
MOMKHOE 3HaYeRMe, ABAFIOLICECH OJHON K3 n! NepecTaBOBOK, COCTa-
BIeHHOH H3 d¥ces 1, 2, ..., n. CreJoBaTelbHO, BEPOATHOCTH TOTO,
YTO CTaTHCTHKA P(Xn,ﬁ;) apEMeT A160e M2 CBOMX BOIMOMERIX
sRavyenud p(Z,,¥,) OPA UCTHAHHOCTE OCHOBHOH rumoTesw (5.18),
He 3ABHCAT OT PACTpeJeNenuil cayJadunlx Befndud X u Y.
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Moxuo nI0Ka3aTh, YTO NPH RCTHHHOCTH OCHOBHOH THIIOTE3IN
(5.18)

1

Mp(X,,V,)=0, Dp(X,¥V.)= oy (5.22)

H, ¢lleJOBATEJNBHO, NIPH 3TOM 6bl60p01-¢?ibl€. IHANEHUR CTATHCTHKR

p(Xn,Y,) HeBen®EKE u rpynunupyloTci okoio nyas. [looTomy (&
3TO KaXXeTCA JOCTATOYHO €CTeCTBeHHHIM) DAHTOBHE KPHTEPHH
Cumpmena oTkA0OHAET Hy HA YposHe IHANUMOCINY &, £CJH

lo(Zn, gn)l > Pl—af2s

TAe P1—qf2 — KBaHTHIb yPoBHA 1 — /2 pacmpesedenns c1yIadHOM

BenuduHkE p(X,,Y,) 0PE BCTEHEOCTH OCHOBHOW rHOoTedH (5.18).
[Ipn Beboabmnx n 3T0 pacnpefelerne TaSysnposano™. HasecTHo,
YTO NPH 7 — OO B UPH HCTHHHOCTH OCHOBHOHW rHOOTe3n (5.18)

P p(x-:ﬂ$)7n)_Mp(X-.n,}7n)
Dp(X-'n:}-f'ﬂ)

lim
=3O

i
1 W
<t =o(t)= —= fe_z du,
—oD

T.e. KBAHTWAW CAYSafnod BeamymEn p(X,,Y,) MOXHO mpr6aH-
SKEHHO BRITHCARTH NPH NOMOLNE TabAHIO KBAHTHJIEH CTaHIapTHOTO
. HOPMaJbHOT'O pacOpeleleHns.

IIpamep 5.8. B Taba. 5.1 npexcraBiennl » = 10 agavennd
(zi, ¥}, i =1, 10, menpephHBEOf ABYMepHOH CAy9aHHON BelHIHHEL
(X, Y). lposepuM Ha ypoBHe 3aHazaMocTE o = 0,05 runoresy Ho
O HE3ABUCHMOCTH CAYIAWHBIX Benusauy X u Y,

Tabauya 5.1

0,60[0,12(0,92
0,08]-0,74[0,79/0,14

z;[-1,63|1,11] 1,15]-1,93
;| 0,54]0,88|-1,21

0,38(-1,08|-0,3}
0,89(-0,64|-0,21

“Cu.: Boaswea J H., Cxupnos H.B.

B
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CrponM NOCAeI0BATENLEOCTE PaHroB (Tali. 5.2). ITo dopmyae
(5.20) BHITHCAAEM DEANHIAMAIO CTATHCTHKE p(Xn,Yn)

6

p(fmgn) =1- m ((2—7)2 + (9—92] + (10—1)2 + (1—10)2-|-

£ (6-3)2+ (3—4)? + (4-5)2 + (7-2)2+ (5-8) + (8-6)* ) =

=1~9—26(25+0+81+81+9+l+1+25+9+2)m—0,4118.

Tabauya 5.2

ro | 29|10 1 6 | 3|4 17|58
s 7|9 1 0345286

Ilo TabaEmasM pacupeleneHys CTATHCTUKH p{Xx,Ys) panroboro
kpATepua CnmpMeHa® HaxOJUM KBaHTHAH

P0.952 = 0,6726, pagr = 0,7374, Pogss = 0,80223, (5.23)

a KBAHTHAR p1_q/2 = P0,975 HET, TaK KaK p( X4, Yn) — AuckpeTnas
clydaiiBad Bein4uEa. TeM He MeHee, A3 3Haqe31nﬁ kBanTuAeH {5.23)
3axao9aeM, 370 |p(Tn, ¥n)| < pogs2 ¥ Ho He OTKIOHARTCA JaKe Ha
foablieM ypoBHe 3HAIHMOCTH.

o 2
TabaanLl CONPAXKEHHOCTH MPHIHAKOB H KPHTEpHR )(°.
[lycTs wMmeeTcs caydaidnai BuOpKa

(Xng ?n) = ((Xl,Yl), vy (Xn,Yﬂ))

%3 reHepaltbHON COBOKYHHOCTH JBYMEPHOH AAECKPETHOH Cay4adHOH
peruuman (X, V), rae caydakBad BeJHTHHA X MoOXeT OpHHHE-
MaTh 3EATEHHA Uy, ..., Uy, & CIyJafHas BeARIHHA Y — 3uage-
BHA Uy, ..., V. OIpegesuam CIydaiBy0 BelRTHHy nij (Xn, Yn),
peanmsallEA 7;; KOTOPOH DaBHA KOAMIECTBY DJMEMEHTOB BHIOOP-
Ki (Zn,§x) = ((1.91), .-y (Zn,¥n)), COBNAZAOIIAX C INEMEATOM

—_—

(uis Uj)a *=r’:= J = 11 5.

*Cm.: Boaswes J.H., Cuupnos H.B.
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Beegem cayvaiin (X, Y, ., Y
y EI€ BeIHIAHH ;. (X,,Y,) n n.; (X, Y,), onage

e

HHA 7;. @ N.; KOTOPHX ONPEJenM 1o dhopmynam 7|

n n
ny. = E LT n.;= E Ty, 1
i=1

i=1

Hpu >rom n;. — koamwsecTso SMEMEHTOB BRIGODKH (Zn, §,), B
Ty

KOTOPHRX BCT ;
P PeTRJOCEL 3HATeHHE Ui a R.; — KOJIH9eCTBO 2NeMEeHTOR

BROOpPKE (I, §,), B KOTOPEX BCTDETHJOCH 3HAYEHHE v;. Kpome
TOTO, UMEIOT MECTO O4eBHAHME PABEHCTBA

r 5 r £
E ;. = E R.J' = E E n,'j =n.
i=1 i=1

=1 =1

B paccmarpusaemonm (1yH1ae pe3ysbTaTh Habllofenuil y1o6H0
O(pODMAATL B BHfe TabAHIb, HasKBaeMON mabauyed conpa-
HENNOCTRY npusnaros (Tabi. 5.3).

Tabauya 5.9
Y

X

1251 g e Uy
(i3] 11 iz cea 1y ny.
Uy 121 a2 o R1s 3.
Uy nry Tr2 Miyg Ty

g g e T.g n

Nycts ganee

p,-_.;:P{X:u,-, Y=Uj}, pi-.=P{X=u,-}, P-j:P{y=Uj};

=LA =TTF

Auckpernsie cayvaiigne BeanYAHE X u Y neza

BHCHMHE TO
TOJBLKO TOr42, KOTAa, gy

P{X:’ug,Y=Uj}=P{X=u;}P{Y:Uj}, i=1,r, j=T,s.

5.3. Kpurepins HeaaBHCHMOCTH 231

[ToaToMY OCHOBHYIO MANOTE3Y O He3ABHCHAMOCTH AUCKPETHRIX CJaY-
qafiHHX BeaudHHE X ¥ Y MOXKHO IPeACTaBHTh B CIYIOLIEM BHJE:

Ho: pis=pipy, i=Lr, j=1 s {5.24)
[lpr 9ToM, Kak NpaBRIC, B KAYeCTBE albTePHATHBEONR HCHOABIYIOT
THIOTE3Y

Hy: pi; #pipj A4 HeKOTOPHX i=1,7,j=1, 3. (5.25)

Jns% npoBepkH OCHOBROH runoteds (5.24) npy arbTePHATHBHOR
runoTese (5.25) K. [Tupcon npeanoui HCHOAB30BATE CTATACTAKY
(X,,Y,), sassiBaemyo cmamucmuxot Puwepa — Hupco-
Ka, pearusauus Y °(Zn,¥,) KoTOpoOH onpegenseTca dhopMy.o

N 2
3 (n,-j—

X (Znsin)=m) —= (5.26)
Ed & niT.
=1 1=1
W3 3axoHa GOABILEX THCe] CIGAYET, YTO OPA N — 00
ij(insyn) ni'(fna}-;n) -y (X'nn )711)
= pi;, ——— 4y, TR g
’n Pij n P iy yuy
1=1,r, j=1,s.

llostomy upu mcTmmsocTr runoTesnt Hg m 6oapuimx obbemax
BRIGODKY (T, §,) AONKHO BRITOJHATHCA NPAGIHIKEHHOE PABEHCTBO

nij &neng, =11, j=1,3

A, CiefoBaTebHO, dHaveHAn (5.26) cratrcTexn X2(X,,Y,) aonx-
Hbl OHITb ,He CTHIKOM BedRkn“. | CaninkoM Goabline” 3HaYeHHA
AOMKHB CBHAETEALCTBOBATH O TOM, 4TO Hy HeBepHa.

OTseT Ha BOOPOC O TOM, Kakde 3AAYCHHA HYXKHO CUYKRTATH
CARLKOM GONBIIAMY, & KAKHe — HeT, JaeT CIeAYIOlai Teopema.

Teopema 5.3. Ecau ucrnusna ranoTesa Hy, To pacnpegesedue
craTucTUKA ¥2(X,,Y,) OpE 7 — co c1afo CXOAHTCA K CAYHafHONR
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BEAMYHHE, AMeomel Y -pacpejelenne ¢ TACIOM CTeneHed CBOGO-
am k= (r—1){s-1):

lim PR <) = [ e

B cooTBeTcTBRE ¢ TeopeMok 5.3 xpumepud vesasucumMocms
2
X° OTKJIOHAET runoTe3y Hy Ha ypoBHe 3HAYEMOCTH 1 — &, eclH

- 1)(8_ 1))}

rge xo_,((r—1)(s— 1)) — KBaHTHAb YPOBHA 3Ha9HMOCTA 1 — &
x%-pacnpefesennas ¢ 9ACIOM cTenenei cso6ogul (r — 1)(s —1). Ilpa
3TOM CYHTAETCA®, 9TO KPATEPHH X’ MOXHO HCIOALIOBATH, €CIH
n.;ifn 2 5.
IIpaByw 1acTs papencTBa (5.26) MOXHO npeo6pa3oBaTh K dop-
Me, 60Jiee YAOOGHOR A1A NPAKTEYIECKOr 0 HCTIOALIOBAHHA:

R (Z ) _”(Zzn,n, 1). (5.27)

i=1 =1

i‘lz(f‘""?;‘:""") > X%—a((r

B vacTHOM, HO OYeHbL PAcCOPOCTPAHEHHOM CAydJae TabJAl COnps-
XEeHHOCTH NPH r = s = 2 dpopMyaa (5.26) xna BuIHCARES X2 (En, Un)
HMeeT elue Bosee TpOCTON BHA:

n(nnﬂzz - n12n21]2
nl.nz. n.l .9 )

~B g =
X (%n,0n) = (5.28)
JaMeTaM, 4YTO AaA TabGadAl COOPSKEHHOCTH NPH r = § = 2, KakK
OpaBUA0, ACNOABIYIOT CTATHCTHAKY ?(Xn,)?n] C peaJH3aOuAMHE

~“dpo = n|niinee — nyane| — n/2 2
X (xnsyn) = ( | / ) , (529)
n1. N3. Ve Neg

*Cum.: Twpun FO.H., Maxapos A.A.
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HasmBaeMyl cmamucmuxotd Duwepa — Hupcona ¢ no-
npasxod Heitmca na nenpepueuocmb, pacfnipejenerne’ KOTO-
poH Ay dille COraacyeTcs ¢ x2-pacupefenerueM.

IlpaMmep 5.7. B rada. 5.4 npuse- Tabauya 5.4
JeHB peay’JbTaTh 1495 HaBRHAeHER Y j

IBYMEPHOT'O {HCKPETHOTO CAyTaiHo- X
31415

ro sektopa (X, Y). liposepum Ha
0 [45[25] 15| 85

ypose « = 0,05 rumotesy Hyg o Be-
" 1 [11]1113] 35

32BHCEMOCTH CAYJaRHLIX Bearyns X
aY. 21919725
65| 45| 35| 145

B PacCMaTpABACMOM caydae r =
=3, 5=3, T.e. ciydaidane BeIAYABE
X u Y TpHEEMAKT [0 TPH Pa3JIAYHHX IHATCHAA. Burancaum no

hopmyre (5.27) anadenne ¥ 2(Fn,Yn) BETUUBHE X (.XmY ):

452 95 157 112
T2 -"n 7, ) = 14
X2 (Zn, gn) =145 65_85+45.g5+35.85+65‘35+

+112+132+ 9? N 92 N 72 _)_
45-35 ' 35-35  65-25 45-25 3525 -

— 145 (0,3665 +0,1634 + 0,0756 + 0,0532 +
+0,0768 + 0,1380 + 0,0498 + 0,072 + 0,056 — 1) -

= 145-0,0513 = 7,4385.

Mo Tabaune kBanTHAeH X2-pacnpesenerus (cm. Taba. [1.3} ¢ nciom
cremened ceobogu {r — 1)(s — 1) = 4 HaxOANM

X%—a([r - 1)(3 - 1)) = Xg,95 (4) - 9949-

TakEM 06pPa30M, OCHOBAHAH AJ4f OTKIOHEHHs [ANOTEIR! Hy o
HE32BHCHMOCTE CAydadibix BeauynH X ¥ ¥ HEJOCTATOYHO.
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5.4. Pemzenne THnoBLIX npUMepoB

Hpumep 5.8. Janm sbibopxa o6vema m = 25

0,00; -0,53; 1,47; 0,96; 3,98; 3,22; 0,25
0,31; -0,64; -1,26; —-0,92; —1,36; 0,96, 1,39;

-0,81; 1,12,  -0,62; -0,66; 1,07;  -0,52; 048;

-1,00; -0,96; —1,43; -1,09
U3 pacnpedesenus Kowu ¢ MIOTHOCTLIO

1

Px(-’f)=m

¥ BHbopka o6beMa n = 28

-0,88; 0,41; -0,64; -081; -0,09; -0,71; -0,00;

0,49; -0,65; 0,59; 0,17; -0,46; 0,99; -0,24;
—-0,98; -085 —0,09; —-0,63; 0,68; 0,02; -0,59;
-0,02; -0,45; -0,50; 0,40; 0,29; —0,17; -0,43

U3 PABHOMEDHOTO paclpefefeHAd Ha oTpeake [—1, 1] ¢ naoTHOCTHIO
py(z). Mposepum npu momomu kpumepus Cmupnosa cmamucmiu-
HECKYIO 2unoOMely O paBeRCTBe PyHRKIMA py u Y.

O6vesnnus 3aganube BHOOPDKH M NOCTPOMB BapHanuoHHHHR

pad, mo ¢opmyae (5.15) Bakaem COOTBETCTRYIOLUHE ITOMY PALY
JHaqenns 8;, i =1, N, N = 45:

1

1 3

G 0; 1;
S
1

D

H )

1 L]

0, 1; 1;
D N P
& 0; 0

¥

¥ ?

N VH SO PR U
1 1

1 I, 0 1;
i 0 o B0 15 L 0; 1 0; 1

o oo

22
O
L I
b O
D_:—t:—t
=
I

1

H ? ' L

1 1

Brvaciae no gopmyae (5.16) sHavenus $;, 3=1, N, no popmyae

(5.17) moaysmm D(Zn,5.)=0,473 n Vs = 1,718, Tak xax m u
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n BeJMKH, TO AAA OPOBepKA TANOTe3n Hy 06 OAHOPOIHOCTH ROC-
I0Ab3YEMCA ACHMIITOTHYecKOR (opMynoii (5.13}, B cooTBeTCTBHH

¢ KOTOPOH
25-28
P —‘__'D 7 )-.ﬂ 117]‘ :‘30’ 4
{V25+28 i a7 8} it

MosToMy runoTeay o6 04HOPOLHOCTHE cAeLyeT OTKACKATE Ha ypos-
ne anauumocmu « 2 0,004,

Hpemep 5.9. Ilpn 4040 6pocasmax moneTn 2K.JL.JI. Brog-
dor™ moayyua 2048 sunagennit ,rep6a* u 1992 pninagenus  peln-
ku“, CoBMeCTHMO JH DTO C FANOTE30N O TOM, YTO BePOATHOCTH
BHINAJeHAA  repba“ npu ogHoM Gpocasus pasna 1/27

3aeck n=4040, r =2, ny(&,) = 2048, ny(Z,) = 1992, pio=pao =
= 0,5, 9ucao crenered ceoboasl r — 1 =1, u nps a = 0,05 HaxoaumM
X305(1) = 3,841.

[IposepuM runmoteay Hp o TOM, 4TO BEpOATHOCTH P; B D2
BuiaJeHuA ,repba”“ u  pewkn“ paBasl 1/2. Ha ocuosaunm (5.9)
noay4aem

(2048 — 4040-0,5)% = (1992 — 4040-0,5)?

2
=0,776.
X" (%) 4040-05 4040 - 0,5 iy

Tak xax 0,776 < 3,841, T0 cTaTHCTHYeCKAE JaHHLIe He NPOTHBOPe-
YaT runoTese Hy.

Ilpamep 5.10. B Taba. 5.5 npusefennl faABRE O paclperere-
HHY UBeTa BOJOC Ha rojsoBe K 6posed y 46542 vesnopex. [Iposepum
Ha ypoBHe 3BaIUMocTH o = 0,05 rEnoTedy 0 HeIABUCUMOCTH DTHX
OpH3HAKOB.

3aeck n=46592, r =s5=2, ny; =30472, ny; = 3238, ny, = 3364,
nz; = 9468, n;. = 33710, ny. = 12832, n.; = 33836, n.o = 12706,
YuCAo cTenesel cBobodn {r— 1}{s—1)=1. H3 (5.28) noayvaem
(%, Un) = 19,288. Tlo Tabiume kpanTEAeR X-pacnpegererus

K JLJL. Boddon {(1707-1788) -— ¢ppaHmy3ckuil eCTeCTBORCTINTATEND.
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Tabauya 5.5
. | LlBeT Bosoc Ha rosoge
BeT O
I posed CBEeTALE TeMHLle Cysa
CeeTnnle 30472 3238 33710
Temane 3364 9468 12832
Cymma 338386 12706 46542

{em. Taba. 11.3) naxogum X5,95(1) = 3,84. Tak kax 19,288 > 3,84,
TO CHBOTE3Y O HE3aBHCUMOCTH NPHIHAKOB CACAYET OTKIOHUTE,

IIpamep 5.11. Beryuwn, panrn KOTODHIX IPpH NOCTPOCHHH MO
pocty 6man 1, 2, ..., 10, 3aHAK Ha COCTAZAHMAX cAefYIolHe MecTa:

6, 5 1, 4, 2, 7, 8 10, 3, 0.

CymwecTeyer 11 32BECHMOCTE Mex 1y POCTOM CIIOPTCMeHa 7 GHICT-
poTod Bera?

llposepum ocHosuyl rumoTesy H, 0. HE3aBHCHMOCTH MEXAY
PocTOM H cKOpocThio Gera. [lonaras B ropmyne (5.21) n = 10,
$1=6,5=5,53=1,84=4,85=2, 55 =7, 57 =38, 8§ =10, 59 =3,
S10 =9, Baxoamm p(Z%,,7,) =0,24. Tlo Tabanne pacnpegefeHns
PaHTOBOTO KOD(PHNHEHTA KOPPEASURA® ANH YPOBHA 3HAYHMOCTH

a = 0,05 saxogum pg 75 = 0,56. Tak Kak 0,24 < 0,56, To ocuoBaHEH
OTKACHUTE Hy HeT.

Bonpocu u 3agaun

5.1. Kakue xpATepus masnpaoTes KPHTepHAMHE cOTTacHA?

5.2. B vem cocTouT kpuTepmit Koamoroposa nposepkn craTh-
CTHYeCKHX THIoTe3?

5.3. Kakywo CTaTHCTHKY HCNOAB3YIOT J14 DPOBEPKH ENOTE3
Opu ROMOLK KpATepHs Koamoroposa?

*Cwm.: Boavwee JI.H., Cuupnos H.B.

Bonpoce u sajgauu 237

5.4. B 9eM cocTonT kpHTepui w? nposepks rumores’

5.5. Kakyo CTaTHCTRKY WCIOABIYIOT AMA NPOBEPKHE PHIOTES
OpH TOMOILM KpuTepus w??

5.6. Kakue TENOTE3bl Ay JUIe NPOBEPATE NP NOMOLGH KPATEPHAA
KoaMoropoBa, a Kakue — IPH HOMOIIE KPHTEPHA w??

5.7. MOXEO A NpH NOMOLIE KpHTepHes KoaMoroposa m w?

OpOBEPATEH OIPOCTHIE TANOTEIH 0 MATEMATHYILCKOM OXHAJAHUA HOP-
MaJIbHOTO pacnpefeseHnas 8 npumepax 4.10, 4.11 = 4.137

5.8. Kak Opw NOMOL(H KpHTepHA X? HpOBepATh THNOTE3Y O
BEJe paclpefefennd AeNpepHBHON CAydaiHOol BeauYHHET

5.9. MoxHO A¥ npk noMouln KpiuTepes Koamoroposa m w?

NpoBepATE CIOKHEIE M'MIOTEAH O BRAE pacnpe,aeneﬂnﬂ?

5.10. Yro HadHBAT PAHrOM 3IEMEETA IOCAeZOBATENLHOCTH,
PAaHroM DMeMeRTa CAYJafHOR NocieoBaTeAbHOCTH?

5.11. Kakamu crodcTBaMy 06AafaeT PARTOBHE K03 QHEUERT
xoppeasnan CnupMena?

5.12. B 49eM npermymecTBa A HEJOCTATKE DAHroBoro Kodhda-
nzenTa Kopperagau CnoupmeHda nepej BEOOPOIHKIM KO3(hhHIHAER-
TOM Koppeanen’

5.13. Kakyo CTATHCTHKY HCIOABIYIOT JJIf NPOBEPKH THIIQOTER kI
0 HeIaBHCHMOCTH JAACKPETHHIX ciydaBBux seanymu? [lo xakoMy
3aKOHY OHa pacupefeqeHa’

5.14. YITo Ha3LIBAKT TAGAROEH CONPAXKEHAOCTA IPHIHAKOB?

5.15. MoHEo JTH IpPHE OOMOLIA PARTOBOrO XKpETEPHA M Tabaxul
CORPAKEHHOCTH OPH3HAKOB HCCASJOBATH CAyIaHHBe OOLEeKTH He-
YUCAOBOR TPHPOAHT

5.16. [IpoBeprTe Ha yposae 3navAMocTE ¢ = 0,05 npu momoiun
KpPATepHA KoaMOropoBa ramoTesy o ToM, ¥To Bubopka 2,1; —0,6;
0,2; 3,0; —1,0; 1,3 m3maesena u3 pacnpegeaenua N (1,1)7

OTseT: AaHHHE Ee NPOTHBOpEYAT FHOOTEIE.
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5.17. Pemure npeARAYUIYIO 32,4249y NPY DOMOLIM XPATEPUT w2,
OTeeT: faudble He MPOTEBOPEYAT THOOTE3E.

5.18. B skcmepumedaTax ¢ cenexknmend ropoxa ['.M.Menjgenp*
HABAIO A3 9aCTOTH MOABIEHAS PABNHYHHX BHAOB CEMAH IPH CKpe-
LIMBAHHE DACTEHHH ¢ KPYTAHMHE KeIThHIME CeMeHaM¥ H pacTeHHH
¢ MODIUIMHHUCTHIMH 3eleHhiM¥ CeMeHaMH. JTH JaHHbE H 3HAYCHHA
TEOPeTHISCKHX BEPOATHOCTeH [0 TEOPHH HACAeJCTBEHHOCTH NPH-
Begeabt B Taba. 5.6. IlpopepbTe Ha ypoBHe smadamocTd a = 0,]
racoTesy Hp 0 COriacoBaHEH YaCTOTHRIX JAaHHKIX C TeOpeTHYeC-
KHMP BepOATHOCTAMH.

Tabauya 5.6
Brgw ceman YacToTa | BepoaTHocTs
Kpyrane u xearsie 315 9/16
MopunsncThie 1 XxeaThle 101 3/16
Kpyrawie i 3eqnennie 108 3/16
MopugHHCTHE B 3elelbie 32 1/16

O rBeT: MNunoTesa npunumaeTcs.

5.19. Pemare 3agayy 4.27, #e npegnosarad HOPMaJbHOCTh
pacopejeneHdf KOHTPOAYPYEMOr0 NPpHIHAKA.

5.20. B Tabaune 5.7 gaA KaKAOK M3 JeBATH NapTHH CHIpa
OpUBEAEHH ero KHPHOCThL (B NpOUEHTaX) ¥ ycpegHeHHHe (HO
80 onpoiieHHHM DeCHOHJEHTaM) pe3ylbTaThl ONpPOCa BKYCOBBIX
KadecTB chipa no wectuBanbhol cucreMe (,npesocxofHo® — 6
Gannos, ,ovenb xopemo® — 5,  xopomo“ — 4,  rak cebe® — 3,
SIIox0® — 2, genpuemiemo“ — 1). IlpoBepbTe no pesyasTaTaM
ONpOca MENOTE3Y O CBA3H XKHUPHOCTH CHIPA K er0 BKYCOBRIX KayecTB
Ha ypOBHe 3HaIEMOCTH « = (,05.

O TBeT: BKYCOBHE Ka4eCTBa CHPA YAYSWAKTCA C YBeAHYCHH-
eM ero XHPHOCTH.

‘T M. Mengens (1822-1884) — monax n anCTpIicKuit €CTECTBONCOHTATEMb-

Bonpoct ¥ 3agasn 239
Tabauya 5.7
MNaptua | 2Kuprocts, % | PeayasTaT onpoca
1 44,4 2.6
2 45,9 3,1
3 41,9 2,5
4 53,3 5,0
5 44,7 3.6
6 44,1 4,0
7 50,7 5,2
8 45,2 2,8
9 60,1 3,8

5.21. W3 300 aburypHeBTOB, MOCTYNABLIAX B MHCTHTYT, 97
Je0BeK HMENH OUeHKY 5 B uikose # NOAYYEJAH OLUEHKY 5 Ha BCTY-
NHTEALHEX DK3aMEHaX 00 TOMY Ke NpEeAMeTy, NpA4eM TOJAbKO 18
76]0BeK AMeJH ONeHKY H ¥ B lIKoke, H Ha dksameHe. C ypoBHeM
snaqumocTH 0,1 npoBeppTe FANOTEIY O HEIABACHMOCTH ONEHOK 5 B
WKOMe ¥ Ha IK3AMeHe.

Q TBeT: PHAOTEdA OTKJIOHACTCA.




6. OCHOBBI
KOPPEJIAIINOHHOI'O AHAJIN3A

6.1. HcxoqHne noHATHA

[Ipu pellileAKH NpHKAAIHEIX 3a%a4 B DA3JHYBEIX OOIACTAX Ye-
JIOBeYeCKON JAefATeAbHOCTH, B TOM uHCAe B B HHXKEHeDHOH Hpak-
THKE, HCCASZOBATeNbh HepedKO CTANKHBAETCA ¢ HeoOXOIHMOCTBIO
yCTAaHOBAEHEN (DaKTa CYWECTBOBAHNA PYHKIHOHAIBHRKX HAR HHBIX
3aBHCEMOCTEH MEX Y NePeMEeNHLIMH BeIAYAHAME, KOTOpPHIE MOTYT
OuTh B cayvadgbimMu. [ag noagTBepXKAeHUS CKadaHHOrO PaccMOT-
PHEM HECKOJNBKO MPOCTERIINX TIPEMEPOB.

Hpumep 6.1. IiycTe Y — Besu9uBa B3HOCA (B MM) IpOTEK-
TOpa WHHAL Ha aBTOMOOHAAX oOpejeneHHoro TANa nocae 10000 kM
npobera, X| — Beaduaka Harpy3kd (B KI') Ha KOLECO aBTOMOGHAM,
X2 — THO npoTekTopa (MCNOABIYIOTCA TPH THOA IPOTEKTOPOB).
Ecan ycranosaTh creneds BauaHad X, B Xp Ha Y, TO MOXHO AaTh
PeKOMeHAANHA O NPOIACHEK JOAMOBEYHOCTH LIABA.

Ilprmep 6.2. IlycTh Yy ~— OPOB3IBOJAUTENILHOCTL XHMEYECKOH
YyCTaHOBKH (B T/4}, Y2 — npouedT 6paka roTOBOW NPOLYKUHH.
Texronor npegnonaraer, 9To Ha NepeMeHBble Y; H Yo BAHAKT B
HakbONbLIEH CTeNeHE TAaKHE TEXHOJNOTAYECKHE OapaMeTpsl, Kak:
X1 — maaxHocTh cuipba (B %), X3 — TeMmneparypa B peakTope
ycTaEoBKE, X3 — cogepxanue upaMeck (8 %).

Kak yCTaHOBHTB CTe€NeHb BAMAHEA KOHTPOANPYEMuIX NepeMeH-
aeix Xy, X,, X3 Ha nmepemenrune Y| m Y7 Ecau mauru BHJI
3aBECHMOCTH Y] ¥ Y2 0T X |, X2, X3, TO MOXKHO Bul6 paTh OB TAMAIE-
HHE (T.e. HAUTYHWHAR B ONpPeJeNeHHOM CMHICAE) TeXHOJIOTHIeCKHH
pexuM (NIpH KOTOPOM, Halnpumep, NPONeHET Gpaka OyfeT MHAHH-
MaibHHM NpH 3aJaHHOM YPORHE NPOKIBOIHTENLHOCTH).

ﬂ'
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Tlpamep 6.3. Ilycte Y — ycnepaeMoOCTh CTYAEBTOB LG He-
KOTOpOfl AACUATAAEE (M3MepACMas, HANPHMED, CPERHHM GaldioM
ga oxaamene). JlexaHaT NPOBOZUT obcaefoBake CTYISHTOB JaH-
HOTO BY3a ¢ Ledbl0 YCTAHOBICHHA HanGosnee 3HauAMEX HakTOPOB,
prEsiomix Ha Y. B pesyibTaTe NpeiBapHTEeNbHOTO aBAIN32 CAE
JaHO TPEANONDKEHEE O TOM, 9TO ITHME (HakTOPaMi MOTYT BBITh:
X, — BpeMs#, 3aTPadHBagMOe CTYAeHTOM Ka CaMOCTOATEIbHYIO pa-
6oTy, X2 — KOJREYECTBO NPONYIIEHHBIX 2aHATEH, X3 — BETHYHHA
crineraun. CyLecTBYeT A¥ B3aUMOCBAIL MEXAY DaKTOPAMH X1,
X2, X3?7 B kaxoil cTeness OHH OKA3BIBAKT BAMAHNE Ha ycOeBae-
mocts?

anBeﬂeHHbIe OpEMephl JaneKo He NOAHOCTBIO 0TpaxKakwT BO3-
MOMHERIE TCCTAHOBKH 3aKatd pa.CCMan‘HBaEMOI‘O Tuna. Ho Jaxe Hx
ﬂOBerHOCTHbeI AHATH3 MO3BOAALT OTMETHTE cnejyrlliee.

1. 3aBHcEMOE NepeMenHoe Y MOXET OHTh cAyvaHAod BeJA4H-
HOH, Aae ecnu mepemerube X1, ..., X, TaKOBHIMH Ee ABIAOTCA,
23K KaK 3HadeHne Y OIpejerseTcd He TOJbKO 3HATeRuAMY Nepe-
MeEHHX Xi, .-., Xp, KOTODHE HCCARIOBATENL BHACIRI (mo ero
MHEERHMIO, OHE SRASIOTCA ONpPefeNIOuHMA}, BO H MHOPHMA APY T AMH
EeyITeHABMA HaKTOPaMu, a TakoKe Oluubkami HIMepEHHH. 3JT10
O3RATAET, UTO C6A3b MEKAY X1, .-, Xp# Y ABAACTCA HE GYHKIAO-
HaxbEOK, & crnozacmuveckol — HaMegenre TePEMERHRIX X1, -
X, Brnufer Ha 3HAYEHUA NepeMeHBoro Y gepes MIMeHCHEE 3AKOHA
pacopeaefesds CAy<qaiiHOH BeAmIfHHE Y. )

2. HekoTophie nepeMeHHEE MOTYT EMeTh KONHIeCTBEHHBIN Xa-
pakTep, a BeKOTOpHE — xavecTBeHEHIH (cM. mpamep 6.1).

3. Hac MOXeT MHTepecoBaTh JU60 3aBUCEMOCTDL NepeMeRHOro
Y or nepemensnx Xi, ..., Xp, AR00 BIANMOIABHCHMOCTH MEKIY
HeCKOAbKYMH OepeMeHHHME (He 00A3ATeRbHO MEXAY pcemu). Tax,
B npaMepe 6.3 MOXET CylecTBOBaTh BIAWMO3ABUCAMOCTD MEXAY
nepemedsnIME X1, X2 B X3.

Ilepeuncienarle ocoBeEHOCTH NPABOAAT K PasdHIHBHIM TIOCTa
BOBKaM 32423 CTATACTHYECKOrO HCCICJOBARKA 3ABUCHMOCTEH, KO-
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TOphIE yIPOIERHO MOXHO KJACCH(HLAPOBATE CACAYIOWAM 06pa-
A0M:

1) 2adavu xoppeasyuonnozo anasusa — 3ajadqd Hccle-
AOBaHKA HANUYMA BIAUMOCBA3LH MEXJY OTAeAbHBLIMH pyNNaMi
IepeMeHHRIX;

2) 3adavu peepeccuonnozo anaauza — 3a4a49H, CBA3aHHKEE
C YCTAHOBJIEHMEM AHAJAHTHICCKAX 3ABHCHMOCTEH MeXAy mepeMeH-
HEM Y ¥ OJHHM HMJAH HeCKOJIbKHMH nepeMeHHnIMH X, ..., Xy,
KOTOPEI® HOCAT KOJHYECTBEHHKH XapaKTep;

3) 3adavu ducnepcuonnozo anasusa — 3aja4d, B KOTOPHIX
nepeMenHbIe X, ..., X, HMEIOT KaYeCTBeHHHH XapakTep, a HCCe-
AYETCA B YCTAHABAMBaeTCA CTeNEHb WX BAAAHNSA Ha NepeMeHHoe Y.

ARIN3Y RATHYHA BIAUMOCBA3EH MEXKAY OTAeNLHLIME rpyimna-
MH TIEpEMEHHRIX W NOCBAILEHa 9Ta IaBa. 3ajadd perpeccHOHHOTO
¥ TACICPCHORAOrO aHAJKW3a PACCMOTPEHBl B NOCACAYIOWIAX IMABAX
(eM. 7 1 8).

Kpome nepevncienALX THIOB 32,24 BHIACASIOT ¥ MHOIHE ApY-
ree. Tak, KOBapHAIHOHHKIH aHAIAD paccMaTpPHBAET OJHOBPEMEHHO
R KOJIM1eCTBeHHbIe B KajeCTBeHHbIe NlepeMeHHbie X, ..., X,, ROH=
Paroenmunii anaaus® 0606maeT PerpecCHOHHHH Ha TOT CIyyadH,
KOrfa nepemensrie Xy, ..., X, u Y usMepsior c omnbkamu, dax-
MOPHBIL GRAAUI™™ CAYKUT A1 BEHICJCHHA U3 MHOMKECTBA HCCHe-
AYEMBIX NEPeMeHHHX X1, ..., X, HauGoaee BHAUHMBIX*™*.

Has yno6erBa ganbheiimux paccysxaenmi obpaTuMca K Tak
Ha3bIBaeMOH MoOJesH , YepHoro smmka“ (puc. 6.1) kak Hambosee
ObIIeH MOZenH 1060l peatbHOl CHCTEME, ACCOUHHPOBAHHOM € 110
HATHeM oToGpaxerus f: X — Y. Ha BXOJ ,4YepHOro ALAKA"
IOCTYMaeT BXOAHOH CHIPHAJN — BEKTOp X', KOTOPKI NOCpeicTBOM
c_"'roﬁpaxcenﬁx f mpeo6GpasyeTcs B BMXOAHOM cHrHaA — BEKTOP
li. Ilpn >Tom, B cooTBeTCTBHH O CrOXHBIIMHCH TepMHHOJIOrHeH,
X=(X, ..., X,) — BekTOp 8TONBIT NEepPeMEHHBIT, HIH BEKTOP

‘:CM.t Adisaaan C.A., Enwoxos H.C., Mewaaxun A.4., 1985,
Cum.: Npuxaagsan craTucTHka., Knaccuguxammsa u cimaxenne pasmepuoc-
Tfl../ C.A. Adsazan, B.M. Byrwumatep, #.C. Ewoxos, J./7. Mewaarxun.
Cwm., Hanpumep: Atisazan C.A., Enwoxos H.C., Mewaaxun A.4., 1985,
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gaxmopos; Y = (Y, ..., Y) — BekTOp sbizodublt nepemen-
HbIZ, BAM BeKTOp omwauxoe;, e =Y — f(X), e= (€1, ..., Em) —

BEKTOD CAYuGUNMZ owubox, T.e. CIYIaHHHX NEepeMeHHBIX, OT-
paXAOIMX BAMAHHE Ha NepeMeREbie Y;, i = 1,m, HeYYTeHBHhIX
GaKTOPOB, & TAKXe CAYYaHRuIX OMWOOK U3IMEDEHHH aHAAMIKDY-
eMBIX MOKa3aTenel.

X — ikl i

R
Puc. 6.1

[Ipu npoBejeHnd KOPPelfUMOHROrO aHAIHM3a HCCIeJOBATENb
JONKEH YMETh:

a) BHIOpPATh MOKa3aTelb CTOXACTHYECKOH CBA3M AHAIHINpPYe-
MBIX IepeMeHHLIX;

6) OUEHHTDb ero 3HaYeHHE N0 HMEIOWHMCH IKCNEPUMERTNAALHBIM
OaHHDIM, T.€. HAUTH €0 MONESUHYIO N UNMEPEAALHYIO OUEHKU;

B) IPOBEPATE CTMAMUCTMUNECKYI0 2Uunomedy o TOM, ITO 3Hade-
BEWe NOKalaTeNd CTOXACTHIECKOH CBA3M 3HAYHMO OTAMYAETCH OT
HyJA.

Huxe naso onucanme MeTOZOB B MOJe/€H, HCIOABIYEMBIX JIA
PelleHHA DepevHCIeHHEIX 3ajay.

6.2. AHanu3 MapHHIX CBA3eH

Bri6op nokasaTens cBsgzm. 18 Havana paccMOTPHM 3a4aTy
BHIGOpA NOKAIATENA CMOTACTIUNECKOTE CA3U MEX LY ABYMSA CNyvai-
HuIMY BeAHYHHAMA™ & U 7}, PeANH3ANME KOTODH X Gy ieM 0603HaYaTh
COOTBETCTBEHHO Jepe3 & H Y.

*Ucnom3oBande HOBHxX obosHauemi (§ u i emecToe X u YY) cBA3aHO C TeMm,
<T0 £ B 1 MOr'YT BHICTYNATE KaK B PO QAaKTOPOB, TaK H B POMH OTKIMKOB
{wm € MoxeT GHTH BGaKTOPOM, & 1) OTKIFKOM).
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IIpamep 6.4. Ilycre cayuyainud pexTop (£,n)} AMeeT HOp-
MAJIBHBIH 3aKOH pacHpefefeRHs ¢ MATeMATHIECKAM OXKHAJaHHEeM
4= (1, 442) ¥ KOBAPHATHOHHOH MATpHUEH

Jf po102
= 5 ;
pPo102 gq
rae O‘% H U% — JHCOepCcHy c.nyqa.ﬁﬂmx BeAHYHH f 0 1 COOTBeTCTBEH-
HO, & p — K03pDPULHEEHT KOppeaAldn MexXay 5 R 1.

B aTom cayvae yoI0BHaA DIOTHOCTh PACIOpEfeNeRHA Cl1yIaHHOR
Be/HYHEBI 7 NPA YCJAOBHH, 1T § = 2,

m b exp( - L(Y = 2)
P‘”'”)‘aﬂ,ﬂ/z—«exp( )

ABJIAETCE IIOTHOCTBIO HOPMAAbHOI'C PACOpejeleHns [XVI] c Mar

PaMeTPaMH fi,/, (YCIOBROE MaTeMaTHIeCKoe OKUfaHHe) H U?;;’a:

{(ycaoBHAN AuCOepCHA 7)) NpE 3HaYeHEH £ = Z, KOTODHE CBA3aHH €

mapaMeTPaME HCXOJHOI'O JIBYMepPHOIO paclpejeleHas ChefyIomumM
obpaaoM:

M(n|¢=z) =#nzz=m+p§%(x—u1), (6.1)

y 2 2
D(pl§=2) =0y, =03(1- 7). (6.2)
B paccmaTprBaeMoM caydae JHEEA PerPeCCHE ABIASTCA OPAMOH, &
YCIOBHAA IACHEPCAS He 3ABHCHT OT &. #

Ecag saxoH pacnpeieienna ciyyalBoro sextopa (£,7) He ABIA-
eTCd HOPMAABHKIM, TO XapakTep AIMEHEHHA YCIOBEOIO MaTeMa-
THYecKoTo oxAganEs M(n)€ ==z) = f(z) Mmoxer 6uTbL B Head-
HeldhiM, UPMIEM, e MeHbUle ycaoBHas Ancnepcus D{n)é=z),
TeM MEeHbIUe NPM DAIIHTHAIX 3HATCHHAX T PACCESELI BO3MOXKHEIE
3HAMEHUA CAIYYaHECH BeJAYRHH 7} OTHOCHTEALHO JHENHE DErpecCHH
M(n|é=«c) = f(z) (puc. 6.2). Dysxnzio f(z)} =M(y|é =1z) na-
3GIBAIOT (PYHKOMEH Del'pPecCcHH, AR perpeccuei.

6.2. Auan#3 MApHLX CBA3EH 245

=X

Qe

Puc. 6.2

= = o2 - HRIX
O6oznasnM M7p =g, Dn=0;. OTkIoHeRHe y — 4 BOIMOK .
3RaYEHAN 7 OT f CKAAAWBAETCA U2 ABYX CIATaeMAIX {cM. puc. 6.2):

y—p=(fz) - p) + v = Fo), (6.3)
rie f({z)— p — OTKJOReHHEe (PYHKIHH perpeccHH f(z) B Touke T
OT MaTeMaTRIeckoTo OXMAarua g; y — f(zr) — oTKIoHEHue BO3-
MOYKHOTO 3HASEHAS 1] OT 3HA9CHEA QYAKUKE PerpeccHi B TOUKE Z.
TlokaxeM, 9TC paccesHRe o, CAyYafHOH BEAHHHBI 77 OTHO-
CETeAbHO €6 MAaTEMATHYECKOTO OMWJAHEA eCThb CyMMa JAByX €2~
raeMLX, 2 UMEHHO! MATEMATHYECKOro OXHAaHud KBajpaTa oT-
KIOHEHHA 7 OT €e YCJIOBHOI'O MATeMaTHYeCKOro OXUAAHAA f(€) =
MATEMATETECKODO OXAAARAA KBaApaTa orkiodenus f(£) o1 p.
HettcrpaTeasuo [XVI],

M(f(€)) =M(M(n|€§)) =Mn=4,
D= o2 =Mz =M((n- 7©) + (7O - ) =
=M(n- £(6))*+2M((n— FO)FO) - ) +M(F(E) =w)" =
=M(n- F(©) +M (&) -1,

rak kax M({n— fF(E)Hf (&) ~u)) =0
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MlokaxeM nociefHee PaBeHCTBO AAA HeNPephiBHLIX CJY9YaNHEIX
BeawyuE £ W 7, Opefmosaraf, 9TO HX COBMECTHAA MAOTHOCTh
pacnpenenenns p(z,y) 8 R? ve o6pamaerca B nyn:

M((n—F(€))(F(€) f [ y—1(2)(f(2) - ) plz.y) dedy =

= / (f(z) - 1) pelz) da / (v- 5@ 2EY gy =

pe()
- 7 _ . [ o) iy [ @) )
i (@)~ m)pe(a) (i Vet f(x)_z; 50 4y) =0,
TaK KaK
{0y, _ [ 2@y, _
_iypﬁ(”) U AL _i nely) U

Takam o06pazoM, ecnu Bocnoab30BATHCH 0603HAYCHHAME

o} =D (&) =M({f(€) - u)°, =M(n - f(6))?,
TO MOAYYEHHKIR PE3YALTAT MOXeT OLITH NPeJCTARICH B 359 (]
og = or:‘; + 72 (6.4)

W3 pabencrsa (6.4) creayer, 9To cBAab MEeXAY £ H 77 TeM TecHee,

qeM MeHBIUE caaraeMoe Eﬁ AIE YeM GoABIUAA BKAaA B JuUCHEp-

2 2 "
CHIO U, BHOCHT caaraeMoe O’f, NopoXx JeHHOe prHK]lPIEH_ perpeccHH

f(z) = M(n)€ =2. Tem cambiM MEI OPRXOJHM K TOHATHIO OBWIEH
XapaKTePUCTUKH CTENeHH TECHOTHI CBAIR — ROPPEARYUORNOMY
OMROUWSENUIO IEPEMEHHOrO 7) IO NIEPEMEHHOMY &:

o? 72

— ! _ 9y
r"?f = 0'_% = l - ? (65)

1
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Henocpeactsenno u3 (6.5) cienyer, 4TO Bcerfga BRINOJHAETCA
RePABREHCTBO
0< i<, (6.6)

npHYeM PaBeHCTBO rf}'{ =0 o3Ha4aeT, YTO C F3MeHeHHeM £ BAPRANHA
¢yuKkuuH perpeccHn f(z) moaHocTelo oTcyTcTByeT. Jpyrumn
Cl0BaMH, CAydYaHHLEe BelWYAHbl £ B 7 ABIATCA HE3aBHCHMBIMH.
B aTom myqae JAMHUA PErpeccHd eCTh [‘OpH30HTaJIBHaJI npﬂma_n
M(n- f(€))" =
=0, T.e. eciu 1 U £ CBAIAHK cbyHKuHOHa.ﬂbHop[ 3aBHCUMOCTLHIO
n=£(6).

AHaJOTHYHO ONpefelfeTcid KOPPENALMOHHOE OTHOUIEHHE T,
nepeMeBHOH £ mo 7.

PasencTpo r{ =1 6yjeT HMETb MeCTO, eciu o

3ameqamue 6.1. Mexnay rps B ¢, HeT Kakou-auBo npocTolt
3aBUCAMOCTH. BoaMoxubi CHTYanKH, B KOTOPHIX OJKH M3 DTHX NG-
KazaTeneH IPHHKHMAET HyJesoe 3HAYeHHe, B TO BPeMA KakK JAPYCoOH
pasen efgunnlte. [lycTh, nanpkmep, n=£2, a £ npeAKMMAeT ciely-
omve 3aadednd: —1, 0, 1 ¢ sepoaTHocTaMu 1/3 kaxgoe. B aToM
enydae rqe = 1, re, =0 (B CHAY CHMMETPHYHOCTH 1aPAGOAB] OTHOCH-
TelLHO OCH 3HAYEHHAH 1) B CHMMETPHSHOCTH pacnpeiedenus ). #

Hrax, peuwenne 3agadd BHOOpa MOKA3aTelNd CTOXACTHYECKOH
CBA3H MEXAY ABYMSA CAiy4aRHHIMM BeimvMpHaMu § ¥ 7 AIA CAMOM
of1Lel CHTYAIAN, KOI'4a 3aKOH pacnpejeleHus BekTopa (£,7) ABas-
eTCH IPOM3BOJALHBIM, HallJeHO —— TakKuM HOKalaTeleM ABJIAIOTCH
KOPPeAANHOBHEIE OTHOWEHHUS Ty | Ty,

BuIscHAM, Kakylo poJb HI'DaeT TAaKod NOKa3aTelb CBAIA MEXAY
CAYYaNHEIME BenfYuHaMi £ 7 77, KaK KO3OHLHeNT KOPPelAlnH p:

_ M((€ - M&{n-Mn))

7102

rae oy = /D€, o3 =Dy, M((§-ME)(n-Mn)) — sropoii
cMelllauHBIA MOMEHT ciydaiiHoro Bektopa {€,7).

HanoMEuM, $TO ciy4adHele BeIMHYMHE € M 7} HA3BIBAT He-
KOPPeNRPOBaHHEIMH, eciy p = 0, A KOppe HPOBAHAEMY NpKH p # 0.

(6.7)




.
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Magectno [XVI], 9To B3 HesasHCHMOCTH CAY9aAHBIX BeNBTHE & H 9
CICAYRT HX HEKOPPEIRPOBAHHOCTE, OAAKO 06PATROE YTBepX AcHHe
B ofmem caydae BeBepHO.

Ecan caysaiinmi sextop (£,7) MMeeT HOPMANBLHRIN 3aKOH pac-
UPeASICHMR, TO JHHHA perpeccku 1) mo € (w € mo N} ABASETCH
NpAMO# (cM. mprmep 6.4), T.e. KOSPPALACHT KOPPEASIUHA p MOKET
CIY&ETb MepoY CBA3M Mexay & u 7. /I1f HOPMAILHOrO 3aKOHA
pacnpeferenus Ha ocHosaHuH (6.2) u (6.5) nmeem

2 _ .2 _ 2
Toe = Ten =P
HJedicTBHTENBHO, W3 (6.2) noayvaeM, 4To YCAOBHAA JUCIEPCHA 7) He
JaBHCHT OT JHaYeHUH CayvaiiHol BetuvmnL £, A, CHeJOBATENABLHO,

73(1 ~¢") = D(nl¢) = M{{n-M(518))"|€) =
=M((n- £))*[€) = M(n- £(6))? = 52,

Hakomen, yuuThBas (6.5) u noaydeunnis pPeeyabTaT, OpHXOJHM
2 . 2
K PaBeHCTBY r,. = p°. AHANOPWYHO MOXHO JOKAdaThH PaBeHCTBO

r?n = p?. Taxum o6pasowm, KOPPETSUKOHHLE OTHOIIEHWA COBNA-
ARI0T MeXIy coGOH M ¢ abCOMOTHON BeNMYHHON K02 hETREHTA
koppeastunn p. Ipr 3ToM pabeRcTBO |p| = | 03Hataer JHHEHHY IO
PYBEKUHCHATLHYIO 3aBHCEMOCTD Mexay £ ¥ 7, a paBexcTRO p=0
CBHAETEMBCTBYET 00 BX JUHEAHON He3adBHCUMOCTH.

[lomsTHO, 4T paccMoTpernmMe cpoitcTBaMm ABYMEpHOT'O HOD-
MaILROTO JAKOHA He MOTYT 06Ja,faTh BCe JBYyMEpHbIE 3aKOHM pac-
IpeZee s aiu XOTHA Ohl KX GOABLIAA FaCTh. ostoMy B obmem
C¢lyiae He HMeeT CMBICAa MCHONL3IOBAHHe KO pUOHERTa KOppeas-
UHKH 0 KaK Mephl B3aMMOCBA3H CAy4aiiHhIX BEIHYUH Enn,

B obmem cryvae moxasarern rgf H p? CBR3AHM HepaBeHCTBA-

Mu [XVI]

0<p’ Crie <1, (6.8)
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[Ipu >TOM BO3IMOXHRKI CJACAYIOUIHE BAPHAHTEL:

a) p? =0, ecru £ B 7 HedaBECHMEHL, HO o6paTnoe (B Obiuem
ciydae) HeBepHO;

6) g = rgf = 1 TOrga @ TOALKO TOr'Aa, KOT'Qd AMEeeTCd CTPOran
JEBedHAs PYHKOHOHANBHAS 3ABACAMOCTE 77 OT &;

B) ,o2 £ r??{ =1 TorJga H TOABKO TOrJa, KOr'fla UMeeTcA cTporaf
HellHHeAHAd GYHKUHOHANbHAA JABMCAMOCTD 7} OT &;

r) pr= rfle < 1 Torga w ToALKO TOrA2, KOTAa Perpeccus 7 no £
CTPOro JAHeRHa, HO HeT MYHEKUACKANLAOH 3ABHCHMOCTH;

) pt < r2, <1 yKa3hBaeT Ha TO, 4TO HE CYIUECTBYeT QyHKURO-
HAJbHOR 3aBHCHMOCTH, & HEKOTODAA HeTHHEHRad KpEBad Perpecchy
»IOZXOAAT® Nydile, 9eM , HaWIyJIlad " IpAMas JBHHUA.

HTak, B KadecTBe NOKA3aTeAd CTOXACTUYECKOH CBAIK MeXAY
IBYMA CAYIAAHMME KOARYeCTBEHHHMH NEPEMEHHEIMA £ B 9 Cle-
AyeT BmOpaTh KOPPERUHOHKOE OTHOLIEHHE Fne (HAH Tgp), ecam
3aKOH pacupefeienus sexTopa (£,7) BH3KBAET cOMBeHRe. Ecan Xe
MOKHO ¢ GONBUICH CTENEHBIO YREPEHEOCTH CYATAThL 3aKOH pacnpe-
AeneHHs BeKTOpa (€,7) HOPMAaNbHHM, TO BMECTO KOPPEAAHHOHKOTO
OTHOIUEHHA CAefyeT HCOOAB30OBATE KO3 DALREHET KOPPEIilAH p.

Onedxa moka3aTend CBA3M N0 BHIGOPOYHEIM AAHHLIM.
[locae priBopa moxadaTens cTOXaCTHYeCKOH CBAJW 3a]a4a KOppe-
MALROBHONO aHAJAB3a, KAK yXe OTMevatoch B 6.1, COCTOKT B Ha-
XOXKJCHHR ero oyenxy {moxeunot H UNMEP6GAbHOL), a TakKXe B
IPOBEpKe CMAMUCMUYeckol 2unome3sl 0 JHAYAMOM OTAUYHH €ro
OT HY/IA HA OCHOBE JKCTIEPUMEHMAAbHHNT JAHHBL.

[lycTs B pesyabTaTe DXCOCPHMEHTa DOAYHUEHRE 7 66lG0POUHBIT
3navenutl caydalinoro BexTopa (€, 1), KOTOphIe 6yAeM IANUCHBATH

B BHAE
(zi, 4:), i=1,n. (6.9)
llpr m3y9ea A KOPPENALAOEHOA 3ABACAMOCTH ABYX CAYYalHBIX
Benuaun (£, 1) no swbopxe (zi, %), 1= 1, n, OBUYI0 KAPTHHY HX
BIAMMHOH HE3MEHYABOCTE MOXHO HMOJAY4Y¥Tb, M306pa3sB Ha KOoOp-
AHHATHOR MAOCKOCTH BCE TOYKE. JITO M30OpaXeHAEe Ha3HBAOT
KOPPEARUUONNBIM TIOACM.
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Yxe no BEAY KOPPeAANUOHHOTO MOAA MOXKHO HHOrJa CAENaTh
BLIBOJ O HAJHIHE U XapakKTepe CBABH MEX Y CAVYAHHEIMHA BeARYH-
namu &€ 1 5. Tak, #a puc. 6.3, ¢ BRIGOpOIHbIe TOUYKH (Z;, ¥;) JEKaT
BHYTPH HEKOTOPOI'O JJLIHICA (3AIHNCA PACCeAHUA) C OCAMHE, Napal-
AeABHRIME KoopAuHEaTHHM. CreJoBaTelbHO, ¢ H3MeHeHHeM, HalpH-
Mep, £ BeTAYAHA 77 He 6YJeT MEHATH CBOErO YCAOBHOI'O paclpese-
JAenAnA, T.e. £ ¥ 7, NO-BHANMOMY, Hekoppeaupobausl. HanpoTus,
Ha pHc. 6.3, 6 BHAHO, YTO YCIOBHOE MaTeMaTHYECKOe OXKHJaHHe
M(n |€ =z} = f(z) MMeeT IMHeHHIE XapaKTep HIMEHEHNS, U, 3HA-
9HT, CIefyeT OXKHJAaTh, 9TO KOI(PHHUHEHT KOPpeasudn p GJAN30K
x eaurune. Ha psc. 6.3, 8 pacnofoxenue Tovyek {z;, ¥;) rOBOPHUT
0 HaJWYuM HelHHEHHOro XapakTepa H3MeHeHHA f(z), H, clefoBa-
TelbHO, KOIPOMHINEHT KOppeldlHA MOXeT 0Ka3aThCA OAM3KHM K
HYJ10, a KOPPeAAUHOHAOE OTHOLIEHHE r'ye — OJIAIKAM K eIHHUIE.

¥ ¥4

Puc. 6.3

Cregyet oTMeTHTH, 9TO B TOM Clydae, KOLAa Cpeid Z; eCTh
HNOBTOPAOLIAECH ¢ YaCTOTOH n; 3HAYEHHA, BEHIGOPOYHEIC 3HAYEHHS
NPeACTaBAAIOT B BHE

m
(ziy yiy), F=1,n, i=1,m, Zn,—:n. (6.10)
i=1

Ecan Brbopounble 3RaYeHHA CCPYNNHPOBaHBl N0 KaxKAOH M3
nepeMeHHLIX, T.e. 3HAYEHUA T; pa3jefeHbl Ha M TPy, a 3HAYeHHS
Y — Ha [ rpynn, To BHIGODOYHLIE 3HATRHHA TPEACTABASIOT B BHAE

(xi} Y, nij)) izllm) J:ﬁi anj=n} (611)
%)
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Wi B BHAE Xoppeasyuonnod mabauybi, B KaX[OW KIETKE
KOTOPOH YKA3HBAKT THCAO 7;; NONABUWIHX B HEe BHGOPOTHBIX
sHadeHmH, IpEYeM CyMMa BCeX DTHX 3HAYEHHH PaBHA 1 (raba. 6.1).

Tabauya 6.1
Juatuenns 3HadeHud n
! n11 ny; |- | P2
I i v | Ty R (]
Tn Rmt |+ nmj o | Rl

6.3. Aganua koadpuIHeHTa KOppeaAlan

Touednas oneHKa mokasaTeas p. [lycTb IKCNEPUMENTROiL-
woe danmbie MpeicTaBiennl B opme (6.9). Toraa p — 3Imatense
mouexHol oyenxu KoahPUUHEHTa KOPPEIALMA p ~— BRIYACAHIOT OO

popmyne

(6.12)

Tpumep 6.5. BruriucanM 3Ha4enHe P AJA NapH CAYYaHHBX
pennuun (£, ), rae £ — poct (B cM), a 7 — Macca Tera (B Kr)
yayraj BHOPAHBOTO CTYAEHTA-NIEPBOKYPCHEKA. Bu6opka ofbeMa
n = 15 npescTabiena B Tabi. 6.2. ]

Yro6hl OLeHHTh TOKA3ATENb p CBA3M ABYX CAYTaHABIX BelUTHH,
cHadaJa HafdgeM BHIOOpPOIHEIE CPEAHAE OTHX BelHYHH:

945

Lice 2620 1 s
— ——=1733; y=ﬁ;m—ﬁ- 1.

2y =
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Tabauya 6.2

Howmep Pocr, cm Macca Tena, kr
HabJK0 [eHu zi |z;—-%T Yi Yi— 7
1 165 | -8,3 72,9 9.8
2 171 | -2,3 484 | -14,7
3 182 8,7 66,3 3,2
4 165 | -8,3 64,1 1,0
5 183 9.7 62,7 -0,4
6 180 6,7 76,0 12,9
7 183 9,7 73,8 10,7
8 166 | -7,3 80,6 | —12,5
9 173 | -0,3 52,3 | -10,8
10 172 | -1,3 56,5 —6,6
11 174 0,7 66,8 3,7
12 170 | -3,3 61,6 -1,5
13 164 | -9.3 72,8 9,7
14 168 | -5,3 52,6 | -10,5
15 184 10,7 68,6 5,5

z 2600 945

JatTeMm onpegenseM CyMMEl

15 15
D (@i-T)=7473% Y (wi-§)’=11714
=1 =1

15

Y (@i - 7)(vi - 7) = 2033.

1=1

Takem obpazom, §= % =0,313.
W 7 :: ) :Il ’

3amewanme 6.2. FEcrm skcnepaMenTatbREe JamEble Tpef-
crapirersl B Buge (6.10) mam (6.11), T.e. crpynnuposasu no ogHOMY

17 N0 06OHM MepeMEeHHHM, TO pacieTHad dopMyaa (6.12) xag p

d3MEHAETCA COOTBETCTBYWIUEM o6pasom. Hanpamep, ecin esifop-
xa mpejcTanieda B BuAe (6.10), To 3nadenus ouenok jiyp, 5y u 0z
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BEIFACARIOT OO POPMYIaM

u11=—z 7)(7 - 9), §i=izym §=‘1‘ Yis

=1 j=1 =1

m

1 — 1
-~ _§ .2 T = _E T — 712
g1 = m,_l(z‘ I), gy = m‘_l(y‘ 5) .

NaTeppancuas oneHEKa R DpoBepka aBawaMocTd. [lpn
00CTPOCHAE Jo6€pUMeabho20 unmepeana A1 KoxbduyaeaTa Kop-
pelfOPE B NPOBEPKH ero 3HaduMocTyn OyjfeM TNpejnodaraThk, 4To 1
2EHEPAALMAA COSOKYNHOCTL MMeeT JBYMEPHEH HOPMaJbHBIH 3a-
KOH paclpefgefeHHs. B 2ToM ciydae omeHKA Koa(uIEeRTa Kop-
pensnur p(X.,Y,) HMeeT acUMITOTHYECKH HOPMAIbHEI 3aKoH

pacIpefeleHns ¢ MATEMATAYECKAM OXHFaHAEM Mﬁ(Xn,fn) mp—
- ;—n(p(l ~ ) u gacnepcnedr DH(X,, V) & 1;(1 ~ p3)2.

3aMmeT®M, 9TO eclH pacnpefelendeé CeRePAJLHOE COBOKYMHO-
CTE He ABAAETCA HODMadbHHM, TO NPHCANKEHHOS BRIpaXeHAe A
Dfi(.fn,ﬁ] COJEPXKHT BTOphLIe W UeTBEPTHE MOMEHTH TEHEpPAlb-
HOH COBOKYIHOCTH.

Henoapaya obmmit MeTod OOCTPOEHHA AOBEPRTENBHOTO HHETEP-
Basla OpA p° < 1, OCHOBaHHEIA Ea HODMaTLHOM 3aKOHe pachpesele-
HEA COOTBETCTBYIOIIEH ONEHKE TIPH J06EPUTNEALNOT 6EPORNHOCTU
¥=1-a (cM. 3.3), MOXEO TOAYYATEL CAeJYIOWiee NPEeiCTABIEHES
AN 3HAYEHAR Hudchel B éeprred 2paMuy UNMEPSaibHOT OUEHKY:

-, P-P%) 1-p°
_Mp.l- zn _ul_ﬂ!“z .\/ﬁ y (6-13}
.~ P1-PY 1-p
prp+ T-I-ul'“ﬂW' (6.14)

Ouanako noab30BaTHCA omeBKaMu (6.13) 1 {6.14) MOXEHO TOABKO
upE GoabEX 06besaz embopxu {He meree™ 500).

*Cu.: Kendaaa M., Cmwapm A.
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[Ipn Manbx oGbeMax BHIGOPKE MOXEO PEKOMEH J0BATE noCTpo-
eHne JOBEPpHTENbLHOrO HETepBaJta ANad £, KOTOpOe OCHOBaHO Ha
npeofpasopannn P. umepa*

Ly 147

2anf3’ war  z = arcthp.

(6.15)
OkaduBaeTcs, YTO clyvaiiHad BeTHIHHA

Z= lln 1A Yn) +£(}_{.m}_f.n)
1—}9(XR:YR)

yXe J1A HeGOAbIIMX 3HAYeHHH 1 IPHOIHIUTENLHO pacupegeneHa 0o
HODMaJLHOMY 3aKOHY C NapaMeTpaMu

1. 1+p p 1
MZz~-In b
2 1—p+2(n*1)’ bz n—-3

210 OPHBOAHT K HpeJcTaBICHHID

p=thz, p=thz, (6.16)
rie
1 1+;6 5 Uy
= -1 A3 it /2
k4 2:11_,8 2= 1) e (6.17)
g 1o I P Uy
F=—In—L - of2
2°'1-5 2(n~1) " Va-3 (618

3aMeTEM, IT0 paBercTBamn (6.17), (6.18) moxHO moAL3OBATHCH
B B Tex clydafX, KOU'Aa 3aKOH paclpejefeHHs reHePalbHONH COBO-
KYIHOCTH OTANYeH OT HopMaabHoro. Ho B atux caywasx yxysuwa-
€TCA Ka4ecrno OUeHHBaHIA, T.e. YBEddidBaeTCA AJAHA HHTepBaJaa
(2,%), a 3HATHT, yXyAIWAETCA TOTHOCTD OLCHABAHHEAL.

*Cwm.: Kpamep I
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[lpn nmposepke craTECTRYeCKoM ramoTeant Ho: p =0 (T.e. ru-
NIOTe3R O TOM, YT0 HOPMAAbHO paclpefeNcHAne CIy4aidHbe Beld-
YBHH HEIABUCKMEI) ECHOABIYIOT CMAMUCTUKY

\j 1- ﬁz(i’.m}-}ﬂ)

KoTopas MMeeT pacnpedesenue Cmbiodenma ¢ n — 2 creneHAMA
ceoboau™. Ecam oxaxkercd, 4ro

plvn—2
L <ty_ayz2(n—2),
V1i—p?

TO THNOTe3y Ho UpEHAMAIOT OpH yposHe 3HANUMOCTRU O

t= (6.19)

IIpamep 6.6. B npumepe 6.5 HaligeRo 3Ha4eHHe TOYEYHOH
oneskd p = 0,519. Onpegeanm dHadenus p u p npu vy =09 n
nposepam ranoTesy Hp: p =0 ma yposre 3gayamocTa a = {,1.

Onpegeand no TabAdle KBaHTAAed HOPMAJALHOTO pachpejelie-
uus (cM. Taba. I1.2) anadenue uy_,jp = uo,9s = 1,65 1 Bocnoan3o-
BaBLUMCH (popMyioi (6.13), moayuam

0,902
~ 0,313 40,000 — 1,65 - —= = 0,322 - 0,384 = —0,062,
£ - vVis T
_ 0,902
P~ 0,313+ 0,009+ 1,65 —= = 0,322 + 0,384 0,706

V15

Pasescrsa (6.16) xalor caegyiowuil pe3yabTarT:

p=thz~ -0,162, p=thZz 0,658,
KOTOPBIA ABAAETCA 0/1ee HATEHKHBIM.

Jas Toro 9To6H NpOBepdTH ranoTe3dy Hy: p =0, mo Tabrrye
kBanTaAel pacnpegetedns Creiogerta {cMm. Taba. [1.4) maxoamm

*Cum.: Kendaaa M., Cmwoapm A.

e




256 6. OCHOBBI KOPPEAALUHOHHOIO AHAJAHM3A

KBaHTUNL 30'95(13) = 1,77 ¥ cpaBHHBaeM CO JHA9CHHEM

[Tockoasky 1,19 < 1,77, To rEmoTesy p = () IpEHAMaeM.

6.4. AHaIN3 KOPPEJALUMOHHOrO OTHOLUEeHUSA

TodedRas ONeHKA OOKA3ATeaA rpe. llycTb axcnepumen-
mabnbie daxnble IpeACcTaBAenH B dopMe (6.10), T.e. crpynnupo-
BAaHBI O 3HAYEHUAM Z; CAYIAHHOH BEAWAHH £.

Toraasa anadenne movewnot oyenxy BeAHIHHN 0:‘; OIPAHAMAIOT
m
Gy =— E ni (7 — 7).
n-
1=1
SHBHEHHG TO‘le"IBOﬁ OleHKH AACHEpCHH 0'2 HaXOAHM 710 H3BECT-

7
HOH (opmyae (cm. 2,1}

moon

%Z > (wi -9

1=1 3=1

~2
T4

Orcioga Ha ocHOBaHEE {6.5) DoAyyaeM 3HAYEHHE TOIETHOH ONCHKH
NoKa3aTend T'n{:

“ CF
Pt =1/ 27 (6.20)

n

HamomruM, 9TO TodedHas OuUEHKaA ?(X'n,}?n) onpeJeaseT CTe-
IeHb 3ABHCHMOCTH CAYYAHHON BEARYHHREl 7 OT CAYJaldHOH BelH-
YABH . AHAIOTHIHO MOXHO BBECTH TOYEYRYIO ONEHKY Ty, AN
KOPPEARYUONHORZO OMHOWERUR Tey.

[iycTe skcmepuMeBTaJbHBE JaHHLE NoaydeHr B dopme (6.9)
i He JOOYCKAOT YAOBAETBOPHTEAbHON PPYNNAPOEKA 10 OCH 3HAaYe-
HEA £ (TaK Kak HEAOCTATOYHO BEJAHKO 7 UAA TOUKHE (Z;,%;) CAHLIKOM
»Da3pexeHn " Ha HAOCKOCTH).
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B >ToM Caydae HYXHO BBLABUHYTH HEKOTOPO® {IPEANOIONKE
gne (cmamucmuveckyo eunomeay) o Bufe (GyHKUnM perpeccuu
M(n|&= z) = f(z). TlpoBepka TakHX MRIOTE3 6yaeT paccMOTpeHa
amxe (eM. 7).

JlonycTuM, 9TO NApaMeTPUYECKHE BHJ »>ToH QYHKUHH 2a]aH,
T.e. IPHHATO NPEANONOKEHHE O TOM, ITO

f(z):f(x;ﬂl,...,ﬂk)

—_—
-~

W nademrs sHadenus §; omeHok RapameTpoB 8;, ¢ =1, k (cM. 7).

- ~3 2
Torza 3Ha4ende TOYEIHOH ONCHKA O AIA JUCIHEPCHH Ty HaXoAuMm

no gopmyne
L _1g _
Gp=— > wi-97
=1

a 3HadeEye i:?i OOeHKH Ef} MO EO 3aMUcaTh B BHIE

%3:nlki(y,;—f(x‘-;é},...,é}))z. (6.21)

=1

CaefonaTenbio, cOTacHo (6.5), TOHedHy10 OURBKY NOKA3ATEN Tye
MOXXEO ONPeJednTh PaBeHCTBOM

=2
1-7,

(6.22)

o=
n{ =0
In
NuTepsanbEas OBeHKA A NIPOBEPKa 3EATHMOCTH ¢, Mo-

CTPORHHE Josepumespro20 unmepsaLa N TOKa3aTeNd 'y OCHO-
BAHO HA TOM, YTO CTRAMUCTRUKT

—_ —_

(?’l - m)??’.{(xm:yn) m—1
W= [ ithbia ——
(m = 1)(1 =F2(Xm,Yn)) m—l+nrn£(Xm,Yn]

*Cwm.: Kendaaa M., Crmwapm A.
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NpAGARKEHHO HMeeT pacnpedesenue Duwepa ¢ YECIOM CTeleHeR
tBOOOAE '] 1 Tp =N — M, Ije

—

. (m =1+ nF2 (X, ¥o))?
1= = = — s
m—1 +2n-rf}§(Xm,Yn)

(6.23)

B TPEANOJOKENRH, UTO [IpH ycaoBHl £ = £ cAy4valiRas BeJHYHHA 7
KWMeeT HOPMAaJbLHBLIH 3aKOR paclnpejefeHus ¢ NOCTOAHHON gucnep-
cHel Aaf Aboro z.

Hcnoabays kBauTHAR F,/9(rT,r2) U Fi_q2(r],ry) pacnpejene
rua Prmepa ana o =1 — v, rde ¥ — 3aJaHHAd JOEEPUMENLHAR
6EPOKMHOCTNG, MOXKHO 3ANACATL FPaHHILL JOBEPHTEALHOrO HHTEP-
Baia B ClEAYIOMEM BRAAE:

re = (n— m)??ji(XM$}7ﬂ) m-—1 (6.24)
=g -~ 7 v - y .
n(1 _ng(xm,yn))Fa,m(?'T\?'z) n

(n—m)F2 (X m, V) _1
ng BT (6.25)

Fpe = — s
(1 =72, (Xm, Ya) ) Fi—asa(risre) n

[IpoBepka 3HAYHMOCTH MOKAIATENA Ty {T.e. NpOBepKa CTATH-

cTHYecxoif runoTessl Hy : rpe =0} ocHoBaRa Ha TOM™, 4TO cmamuc-
muxa

Wo =

(n— m)F2, (X, Yn)
me (6.26)
Yo

(mhl)(l_Fig[xm )
AMeeT pacnpejesenue Puiepa ¢ yucroM cTemedeir ry =m — 1 H
rs =1 —m, ecid ruunoTesa Hy: ry: = 0 Bepra.

Cpanuny xpumunecxozo muodxcecmea fa8 runoTessl Ho: rpe =0
Ha YPOGHE IHAUUMOCTIU (¢ ONpejeNseT KBaHTuAb fi_,{r),r2). Be-
JAHIHAY NOKA3ZATENR Tp¢ CAEAYET CYHTATH IHAYUMO OTJAKHYaloUedca

*Cu.: Kendaaa M., Cmwapm A.
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OT HyJf, €CIA 3HAYEHHEe CTATHCTHKH Wy npuHaANeXHT KPATH-
qeCKOMY MHOXKECTBY, T.e. ee 3Rauenye goasiie fi—af(ry,re). B
NpOTEBHOM Cly4ae Aefaem BhIBOJ 06 OTCYTCTBKH CMoracmuiecKol
cesadu Mexkay n u §.

IIpamep 6.7. [lycTe B peayiabTaTe obpatoTkn n = 132 3Kc-
nep¥MeHTAIbHHX To4eK (Zi, ), i=1,n, DoayueHo embopounoe
Jnaventle KOPpelAlKOHHOr0 OTHOMEHHR fne = 0,60, npmtiem mpo-
MEXYTOK, CORepXKallHi Bce GLLEOPONABIE IHAUEHUR cAyqaHHON Re-
ausvEs £, 6ula pasbnT Ha m = 12 paBHLX HHETEPBALOB (cm. 1.3).
Hajizem 3HadYeRus TPAHHI JOBepATeibROrO WHTEpBala (r, ¥} pas
NOKa3aTeNs Tye C YPOBHEEM JOBEDHA 7 = 0,9 m mpoBepMM 3HAYH-
MOCTB DTOMO NOKa3aTeld Ha ypoBHe sHauuMocTH a = 0,1.

CHavaJja onpejeaiM no gopmyae (6.23) wncao cTenenenn cBodo-
Abl ] (okpyrass Ao uesoro qucia);

»

_ (12-1+132-0,36)*
=19 -1+2-132-036

27.

Mo Tabanue kpauTAAEH pacnpefererus PuIUepa C THCIOM cTeneHel
cBOGOAH 7} =27 K rp=n—-m=132-12= 120 (cm. Taba. I1.4)
HaxoJWM KBaHTHIH ypopmeir /2= (1—-7}/2=1005 11— af2 =
=0,95:

fo,05(27,120) = 1,58;

1 1
_ — oz (0,08.

No gopmyaam (6.24), (6.25) naxoARM DHATCHKA TPARUL AOBEPH-
TelbHOr'0 RHTEPBAIa:

120-0,36 §]
= o . — =049,
L \/132 064-158 132 0

120036 1
= 1/__,_#_ 20,03
r 132 064-058 132
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Taxkum obpaszom, ¢ seposTHOCThI v = 0.9 HCTHHAOE 3HAYEHHe
OOKa3aTeld Ty (OpH ToveuHOf olieHke Ty = 0,60} 3aki0UeHO B
opegerax 0,49 < rye < 0,93,

/58 TPOBEPKH IRAMAMOCTY F'pe (XOTH OHA B TaK OYeBHLHA) HAM-
JdeM KBaHTAAL pacupegenenna Pumepa fi_o(ri,rz) npm o= 0,1,
r1=11, 1o = 120. Tlockonbky fo(120,11) =1,58, 10 fo,1(11,120) =
=1/f0(120,11) = 0,63. 3rauenue craTuctukn Wy pasno 6,1 >
> foa = 0,63, caegoBarensho, runotesa Hy: roe = 0 ypepeHHO OT-
KJIOHASTCA, T.¢. MEXKJAY UepeMeHRbiMA £ ¥ 7 iIMeeT MecTO CTOXa-
CTHYECKAN CBA3L.

6.5. AHAINU3 MHOXeCTBeHHLIX CBA3EH

[lepeiileM K DaCCMOTDEHHIO CMOZGCTRUNECKUL CcEA3et MeXAY
COBOKYNHOCTIO p + | caysaluux Beamumu Xg, Xi, ..., X,, rie
nepemennnie X1, ..., X, ABAf0TCA ezodHbIMY, B nepemennoe Xg=
=Y — smizodusiu. Takoe BE geleHke nepeMeroro Xo He sBaAETCH
06f3aTelLHLIM, T.2. BCe TepeMedHbEe MOFYT OHITh BXOAHHEIME, HIH
BBIXOZHBIX NePEMEHHBIX MOXET ORITh HeCKOJAbKO, HO BRIJEACHHEHA
CHy4ai ABAACTCA, NO-BHAMMOMY, HaubOIee THOKHYELIM.

[Ipegnoacxum, 410 chygadnni sekTop {Xo, X1, ..., X,) AMe
eT HODPMaJlbHLIK 3aKOH pacOpele]eHNfl, ONpejelfieMEli BeKTOPOM
MaTeMAaTH4YeCKRX OKUZaBUE F = (pa, f1, ..., Mp) 1 KOBAPHALHOH-

HOW MaTpRUeH X = (0;;). TaknM 06palom, U3BeCTHA KOPPENANHOH-
Haf MaTpHla

1 por poz ... pop
po|Po 1 pu2 opp (6.27)
fp0 Pp1 Pp2 1

rae p;; ABIAETCA KOO(PHUHEHTOM KODPEIALAH MEX Y C1YYalHhIMH
seanandamu X; n X;, 1,7=0,p.

Yacrusle kosdpdamaenTH Koppenangar. [Ipn paccMoTpe-
HEX Tpex # Goxee cayJIadHBIX BelHIHE Xo, X1, ..., X, koachdanE-
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eHTHL KOPPENANHH JI060K Haphl 43 3THX caydafiHnIX BeJWIHH MOTYT
fe AaTh NPABHALEOTO NMPEACTABICHUA O CTENeEH CBA3A MeXK Ty BCe-
MHA Ly S2EHEMA BEIETHEAME. To oﬁ*bﬂcaaverrc.ﬂ TeM, 4TO Ha JAKOH
pacTpejeeHns BEpOATHOCTEH HCCAAYeMOA Maphl CLyIauHBIX Be-
AMYHE MOTYT OKa3HBaTh BIRAHWE H ApPyrhe paccMaTprBaeMEbie
cry9aiinbe BeIRTHHE (CM. IPAMEPH 6.1-6.3).

I10 0BCTOITEILCTBO JelaeT HeOOXOANMBIM BBEJeHHEe MOKa3a-
Tefed CTOXaCTHYECKOH CBA3A MEXAY Napoil CAyTaiBbIX BeJHIAN X;
# X; (i=0,p, j=0,p, i # j) UpH yCIOBHH, TTO SHATCHRA IADPYTEX
Cly9aiEBIX BeJAAYEHA 3apPHKCHPOBAHLI. B aTom caysae fOBOPAT O
cTATHCTHYECKOM aHAIHIE wocmuuT ces3ed. o

Yaemuniil xoo@Punyuenm xoppessyuy — Mepa IaHerHOH
CTOXACTHAYECKOH JaBHCHMOCTH MEXAY ABYMA cay4aliHbIMH BeJB-
YyAaMH H3 HEKOTOPOH COBOKYHHOCTA cayuaitwx peandus Xo,
X1, eery Xp, KOT A2 HCKIIOUEHO BIAHEE OCTAILHEIX, T.€. (ana mapwl
X{ H Xj‘}

M ((Z — M Z)(Z; - M Z;))

(6.28)

Pii (I = DZ D7, '
rae ' .
Zi=ah+ E oy Xk, Z;=0y+ Z B Xk
ked(i,1) keJ(i.g)
H

J(EIJ):{O! 15"'?p}\{i!j}‘
[lpu aToM i, j HA3HBAIT NEPEUNNLIMY undercamu, a OCTalb-

Hhle — mopuunbimi. KosdhruaeH TH ab, B, o, Bl k€ J(#3),
HaxoAAT U3 YCAOBHA MEHEMA3ALUM CNEXYHOLIMX dyHKIHY:

. . 2
M(Xi - o - k;ﬁ;)%xky’ M(X; -8} - kg%j)ﬁixk) .

Ecan caydakami sexTop (Xo, .-, X,) pacnpefeied no HOp-
MaIbHOMY 3aKOHY, TO 9aCTHHIK KOd(QQUIEEAT KOPPRIAILH MEX LY
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cayJadHEIME BeludYHHaMH X; # X; BBIYACAAIOT o dpopmMyae*
Eg'j
Pii (1) = — e (6.29)

rge L;; — aarebpandeckoe fONONHeHHe JIf DIEMEHTa p;; KOppe-
AANHOHHOH MaTpHOH (6.27).

Hanpuumep, npu ¢ =0, j =1 no dopmyse (6.29) nmeem

Po1— Pozpf12
\/(1 = sz)(l & P%z)

Wa dpopmyant (6.29) cregyer, 4TO AAA BHIHCIEHHA YaCTHRIX KO-
DHUACHTOB KOPPEAANHME HYXXHbI ALIbL BCe KOIP(ALHEHTR KOoppe
TARHE CAYJaHHHX Beanydn X;, X;, ¢ # j.

YucaeHHbIE pacdeThl MOLYT GHThH YNPOUWIEHB!, eClIH HCIOAb3O-
BATH PEKyppPEHTHHE COOTHOWIECHHA™

Po1(2) =

_ Po1{2,..k) — PO{k+1)(2,...K) P1(k+1)(2,...k)
Poi(2,3,. . k1) = \/

: = (6.30)
(1~ pO(k+l)(2...,,k)) == pl(k+1)(2,..,,k))

Coraacuo (6.30), a060#t YacTHRE KO(DOUUHERT KOpPpeIAlEH
MOXeT ORITE BEpaXeHE Ieped JacTHHE KO PANUEeHTh ¢ MEHbLIIHM
Ha eHHHNY YHCIOM BTODBYHEIX HHJIEKCOB,

3ameuanme 6.3. [IpakTHka MHOTCMEDHOrO CTaTHCTHYECKO-
ro agajH3a MoKalaja, 9TO YacTHHE KodGPHIHeHTH KODpeaAllnH,
onpejefeRHkie COOTHOWCHAAME {6.28)—(6.30), — BnonEe npuem-
JeMble XapakTeDACTAKHE JHEEHHOH CBAM ¥ B TOM CJy4ae, KOLJAd
pacnpejefeEne aBalA3APYEMEIX OepeMesHHX Xg, X1, ..., X, oT-
JAUIAETCA OT HOPMAJABHOTO.

CTaTHCTUIECKHHE aHATA3 JACTHLEIX KOO(M@PHIUESHTOB KOP-
penannan. Buancienue snasenu pyj( (i, ;) TOYETHOH ONERKH TaCT-
HOTO KOD(P(PHUWEATA KOPPENAUME p;;(7(ij)) NPOBOAAT N0 TeM XKe

*Cm.: Kpamep I
**CM. Tam xe.

6.5. AHaM13 MHOXECTBEHHLIX CBA3EH 263

popmyaam (6.29), (6.30) nyTeM mOACTAHOBKH BMECTO Koo puuu-
eHTOB KOPPEAAUHHE pi; HX BEIGODOYHKIX 3HAYEHHH D;.

Wccaefys cTaTHCTHYECKKe CBOHCTBA BbIGOp_?‘IHOI‘O JaCTHOTO
k0> (PUIEEHTAa KOPPelalun ﬁ,-j(d:(i‘_,-))[XOn,...,Xpn), MOXKHO BOC-
O1b30BATLCA TeM, YTO OH pacmpejeieH™ TOYHO TaK XKe, KaK H
BRGOPOYHEIN KOD(DMHIHEHT KOPPeNSLUHA TeX XKe CAyJaHHBIX Beau-
yuy X;, X;, HO C eJMHCTBEHHOH MONPaBKOH: o0f0beM 6blbOpKu
HaJ0 3aMEHHTH Ha n — k, e k — nopadox wacmnozo xosd-
Puyuenma woppeasyuu (cM. (6.30)). Tlosromy Bece dopmyan
A8 QOBEPUMEbHHIT UHMEPEEA06 U KPUMEPUU IHATAMOCTH, TpH-
BeJeHHBle B NpeiblAylleM NyHKTe, COXPAHAKTCA M AIf YACTHBHIX
K03GMpHIEEeHTOB KOPPEIANKEY € y1eTOM 3aMeHH 7 Ka n — k.

TIpamep 6.8. Ilo uroram paboTH 37 OJHOTHUNHEIX NPAAHIb-
HeIX ¢abpuk B TedeHHe rofa OblIH HIMEDeHH ClejyHollHe NOoKa-
satenn: Xo=Y — cpejHeMeciyHaf XapaKTE€PUCTUKa KaYecTBa
npski (B 6ansax), X1 — cpefneMecAqHOe KOIHIECTBO NPOdAIaK-
THYeCKHX HaJAaJOK aBTOMATHIECKOR AHHHH, X2 — CPeJHeMecsaYHoe
9Hc1o 0OpHIBOB HUTH.

Mo MaTpHle HCXOHRIX A2BHHX Xoi, X1i, X2i, ¢ = 1,37, 6n-
I NOACYUTAHB! BRIGOpOYHBIE KOOQALKEATH KODpPeNAluH ,3&3' 1o
dopmyae (6.12):

po1 = 0,105; poz = 0,024; p12 = 0,966.

3HaYeEHA fp; H Po2 SaaH OCHOBAHHE MNPEANONAraTh, YT CIy-
yainue BeaRuuan Xg, X;, 1= 1,2, HeKoppelAPOBAHKEE.

Tunomesvt 0 PABEHCTRE HYI0 Por 4 Loz OBIAK NPHHATHL HA yPOB-
ye 3HaygMocTH o = 0,1. DTO CBHIETEIBLCTBYET 00 OTCYTCTBHY
CTOXACTHYECKOH ¢BAIN Mexdy Xo (kauecTBO Tkauu) u X, X2, HO
He COTJIACYeTCA ¢ OPOQeCcCHOHANbHEEMYE NPEACTABACHHAMH TEXHO-
NOT'QB.

Oxnako pacdeT 3Ha9eHHH YaCTHHX KOXPPHIAEHTOB KOppeas-
wnn 0o Gopmyte (6.29) zaet oz = 0,907 ¥ poo(ry = —0,906, wro

*Cm.: Andepcon T.
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BITOJIHE COOTBETCTRYET NMpPeACTaBICHRAM CHCHHAIHCTOB O XapaKTe-
pe cBAzedl MeX Ay PacCMOTDPEHHBIMH JIOKA3ATENIMA.

[locTpoense foBepUTENLHEX HHTEPBAIOB 1A HCTHHHLIX 3HAYe-
HUH Po1(2) M Poz(1), Cormacuo dopmyaam (6.16), c yseTom Toro, 4T0
ofbeM BHOOPKA n = 37 go/xeH GHTHL ymensluen Ha 1 (6o 4HCAD
,Mellalomax “ nepeMeHHBX B AaHHOM cayvae paBHO k = 1), xaer
CAeZyIOUIHe Pe3yaAbTaTH (Ha yposHe gosepus v = (,9):

0,821 < roy(9) < 0,950; —0,950 < rgy(p) < —0,819.

IIpemep 6.9. C npeapio HCCACJOBaHWA BJHAHHA NOTOLHHX
ycaosmii (X) — BeceHHee KOAHIECTBO 0CaKOB, ¢M; X7 — HakKom-
JeHHAM 32 BECRY cyMMa TemuepaTyp, ° C) Ha ypoxaiEocTs (B 1/ra)
KODMOBLIX Tpak Xg B palioHe ¢ OAHHAKOBRIME MeTeopPOI0r dYeCKH-
MK YCAOBEAMA ORI NOAY4YeHsl BRIGOPOYHEE 3BAIcHHA BEKTOPa
(Xo, X1, X2} na n =20 yvacrkax. [lo 3THM sxcnepumenmasbrobi
dannvin (Xoi, X1i, X2:), 1=1,20, 66i1n BulYACIeHH 3HAYCHAS KO-
3 ANAEHTOR KOppeasuny po; = 0,80; po; = —0,40; 512 = —0,56.

3natenve poz = —0,40 BHI3RIBaET BONPOC: JAEHCTBHTEABHO JH
BHICOKAR TeMNepaTypa X OTPHUATENLEO BAHAET HA YPOXKAHHOCTD,
HJH 3JecCh CKadhIBaeTCA BAHARKE ,Melialomero” ¢akTopa — KOJH-
4ecTBa ocaigkon?

Brlymcienne 3Ha9eHUH YacTHHX KO3QODHUHEHTOB KOPPEeNALHH
no ¢opmyre (6.29) gaer caefyoLiue sHadeHAA:

Poi(2)) = 0,759; Pozq1) = 0,097, P12(0) = —0,436.

Kak BuguM, ecld HCKAOTATh OL4HOBPEMEHHOE BIASHEE KOJIAIECTRBA
ocazkoB Xy Ha Xg {c pocrom X) ypoXak=HOCTH HOBHIIAeTCA) H
Aa X (c poctoM X; TeMmmeparypa X MOHEXKAETCA), TO MH yXKe
He OBRapYKHUM OTPHIATEALHOMN KOPPENALNE MEXAY TeMmepaTypol
X2 ® ypoxalnocThio Xa, HG0 Pga(ry = 0,097, uTo we sBAAeTCH
IHAMAMOH CTEOeHbK CTOXACTAYECKOH CBA3H.

MuoxecTBeHHRE KoadduanuenT koppeasnar. Ji1 Toro
4T066l pe3yAbTATH, H3J0XKeHHHe B 6.4, GLIIH 4aCTHLIM CIyYaeM
paccMaTpHBaeMol oOlIed CHTYAURH, COXpaHunM oG03HaYeHHe 7] LA
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prxoARON“ mepementod Xo H oboaHadenne £ AA4 ,,Bxpﬂnoﬁ“
;epemeﬁﬂoii, no Tenepb & OyaeT BEKTOPOM paamepuoc:ru p, T.e.
E: &, €2y - &p). BoaMoXKHEIC 3Ha.‘1efm nepemenHon 7 Byjzem
0603HAYATD Y, & BOIMOXKARIS amayerua § — £ = (23, ---, Tp)-

[Ipn peuieEEM NPAKTEIECKHX 3a4ad, CBAARHEIX ¢ aHadB30M
CTOX2CTHYECKAX CBA3CH MeXAY MHOTHME CydaKHBIMU TEPEMER-
ELIME, dalle IPYTHX PacCMaTpEBaOT CHTYalHlo, B KOTOPCH Io-
pefeHHe KAaKO@-TO OJHORA {BRIXOAHOH) MEPEMEHHOH 1) CTApaloTCh
06 BACHATEL DOBeJeHHEM COBOKYNHOCTH XpPYIHX (BXogHHIX) mepe-
MeHHbIX & = (E1y +e ey Ep)-

Ipexge Bcero ybegumcd, 4TO HauAyILIAM 0 POrHO3OM (an:
IpoKCHManuel) A4 HeU3BeCTBOrO 3HAYEHHL 7 (B cMBiCae CPeAHEH
KBa,paTHIHOK OMKOKE) ABAAETCH YCIOBHO® Ma:rema:rnqecxoci OWH-
JaBve 1) IPE YCIOBHH £=1, T.e. peAHIHH M(n|f] =&) = f(&), rae
F=(T1, ..+ Tn)- |

MeficTrTeNbEO, NycTh f(T) — Ai06ak dbyrkuus. Torga

2

M(n- @) =M((n- 1)+ (1 - J@))" =
=Mw—ﬂéf+MU@¥JEn%4M«ﬂé—ﬂamrf@n-

TlockoabKy OOCAejHee ClaraeMOe pPaBHO HYMIo (A0Ka3aTEeNBCTRO
5TOTO AHAIOTHYHO TOMY, KOTOpO€ OPHBEJCHO B 8.2}, to

min M (57— )7(5))2 =M(n- f(g))z‘

ecan }’(E_') = f(@. CaeoBaTeAbRO, IPH KAXAOM JaHHOM JHAYEHHH

£ = 7 n moboi yrxunu f(Z) # f(E) umeeT MECTO KEPABEHCTBO
M(q- J(®)* > M(n- £(&)".

Taxnm oGpa3oM, MH CHOB2 (kak u B 6.1) OPHILAK X Pymr-

yuu pezpeccuu () = M(n|€= %), o yXe PyuKunn oT p nepe
MEHHRX Z1, ..-, Lp, KOTOpad Hamforee TOHUHO (B cMBICTE CDRA-
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Hel KBaAPAaTHMHON OWHOKA) BOCIPOHIBOIUT IHAHEHHN HCCAefye-
MOTO Pe3YILTHDYIOILEro NIePEMEHHOTO 1) 0 3afaHHKIM BelHYHHAM
£=(z1, ..., Tp) BXOAHKX NePeMEHHMIX E=(&, ..., &)
Tenepr BepHeMcAa K cooTHouleRHie (6.4), KoTopoe CBA3BIBaeT
AACTIEPCHIO 03', CAYYARHON BEIMYHHBl 7} ¢ BEARYUHAMHE 6} =D f(¢)
::L{I)(ﬂ[f)
B caydae BeKTOPa BXOJHBIX MTepeMeHHbIX §_= (€1, oy &)
ChefoBaTenbHO, TAK XK€ Kak H B Ciydae NAPHOH 3aBHCHMO-
CTH, CAYYafHBIK padbpoc (BapHalWA) BHIXOAHOIO NEPEMEHHOTO
7 CKJAaJBIBAETCA M3 KOHTPOJMpYeMORn HaMR (nocpeicTBoM T =
= (21, ..., &p)) BapHauWu PyBKEAH perpeccur f(£) ¥ u3 Hemof-
Aalolleroca HalleMy KOHTPOJAK CaAy4HaHBoro pasbpoca 3HaveHHH
1 (NpA PUKCHPOBAHHOM Z) OTHOCHTENbHO (PYHKUMH perpeccHu.
HMeHBO 3TOT HEKOETPOAUPYEMEIH pasfpoc onpeneaseT Mepy 3aBH-
CEMOCTH TIepeMerHol 77 0T nepeMerHoi £, KOTopat XapaKTepHIyeT-
CAl BeIMIHHOW T2. em MeHbllle 3HadenKe T2, TeM TOUHEe IPOTHOS.

Coornowenne (6.4) ocTaeTcd COPABEAIHBHIM H

[pu an = 0 cayvalignie BEIHYHHN ) B { CBA3AHM (YHKIUOHAILHOR
33BECHMOCTLIO.

STH cooBpaKeHHA NOABOAAT HAC X ONPEJEICEA MHONCE-
cmeexnozo xorfduyuenma xoppeasyuu R,, nox KOTOPHM
MOHAMAIOT BeJAHIHRY

(6.31)

3ameTnM, 9TO KBajApaT R2 mokasarens R, NpHEATO Ha3nIBaTh
roaPPuyuenmom demepmunayuu.
INNokaxeM, 3T0 R, eCTh KOODOHUMEHT KOppeAfllul Mexay 7 i

f(€) (Tem camum ompaBgaem ero Ra3BaHue). Mmeem

cov(n, f(£)) = M((n - Mn){(f(§) - Mn)) =
=M{((f(€) - Mn)>+ (n— F(E)(f(§) —Mn)) =
=M(f(€) -Mn)* +M(( -

-
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NOCKOABKY

M ({n— f(E))(F(E) - Mn)) =0.

_ cov(n, f(§))

=2
o
Ry,= 1__%: -1
Jn G !02 Oy 05

OTMeTHM CBOACTBA MoKa3aTeAd R,, KOTOPHE HENOCPEACTBEHHO
BHTEKAOT H3 cooTHowensd (6.31), cnpaBefaHBOro ¥ B MHOMOMep-
HOM ClIy4ae.

k=3

1°. 0K Ry € 1.

2°. R, =0 coorsercTyer 07 =D f(§) =0. B uacthocT,
dyHKUMA perpeccan f He 3aBHCUT OT 3HAYERHH €€ APLYMEHTOB
7. f(Z) = const.

3°. R, =1 coorseTcTByeT @2 =0 u 03HaYaeT HATWYKe YHc-
TO DYHKUMOHANLHOH CBA3H MEXAY 7 B £—= ¢ Lo R ooy S 4
=:f(£1a“-159y

Onpejenenne nokasartens K, 8 Buge (6.31) u oTMeveHHme
cBoHcTBa 1°-3° cnpaBeganBul pr J060M 3aKOHe pacnpesenenns
BekTopa (7, &, ..., &)

Ecnd ke npegnoaoXuTh, 9TO HCXOAHERE CTRGMUCTIUNECKUE Jan-
Hote (i, T2iy -.-y Tpidy Yi, ¢ = 1, 7, MOTYT HETEPUPETHPOBATBLCA
Kak Bhifopka ofbema n uz (p+ 1)-MepHOU zenepadsnot cogo-
Kynuocmy, pacnpejeNesHoy 10 ROPMalbEOMY 3AKOHY € BEKTOPOM
CPeAHRX 3HAMeHUA I = (fo, U1, ..., #p), A€ o = M7, u; = ME;,
= 1,p, 1 KOBapHAUHOHHOH MaTpHUeH L, TO MOXHO OTMETHTE
AOMONHUTENbHbIE CBOMCTBA NOKalaTeld K, ¥ npaBuia ero Bevuc-
JdeBud.

Ipexk e BCEro yKaskeM Ha TO, $TO B PacCMATPHBAEMON CHTY-
allgu {cp. ¢ npuMepoM 6.4) ycIOBHOE MaTeMaTRYECKOe OXHIaHMe
77 TPH PUKCADOBAHHBIX 3HAYEHUAX &1 =21, ..., § =T, (T.e. PyHk-
Uusa perpeccun f(z)) ABAfeTcs AHHeHHON DyHKUAEHR MepeMeHHBIX
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€1y +vey Tp, & YCIOBHAA AucHepcHs D nlé) = &) He 3IABHCHT OF
T =(%1,...,%,) U uMeeT Buj

D(n)¢=&=0l(1- RY).
focne uee Brpaxenne — noanas aBanorud popmyan (6.2), Toasko

POIL KOSPORUKEHTa KOPPEIALHH p HTPAST MAOKECTBEHHLH KO-
puuareHT Koppeasunu R,.

lIpusenem Ges fokasaTenbcTBa* caeqyiomue ACTIOAHHTENLHEIE
CBOMCTBA WOKa3aTelf K, B ciy4ae COBMECTHOrO HOPMaJbHOTO
JaKOHa pacnpefiefeHnA nepemenHmx pu & = (&, ..., &)

4°. C momoweio KoppelduorAol MaTpann P (6.27) nokasa-
Telb R, MOXHO BHYHCAKTh M0 GOpMyIe

det P

R,=4/1-
L POO!

(6.32)

rae det P — onpefenutens MaTpuih P, a Fyy — aare6pamyeckoe
ZONOJHeHRe DAeMeKTa pgy = .
k=3
5°. Hokasaters R, MOXEG BHIHCAUTE, MCOOAL3YA YACTHHE
KOOPPEUHEHTH KOPPEeNAIHA CIedyIOUMM 06pa3om:

)
) :
Ry = (1= pg; H pgj(ll..;—l))' (6.33)

°. MHOXeCTBEHHBIE KO3¢XPAUELHT KOPpeJANHE MaKODHpPYeT
nmﬁon BAPHBIHE KOYPPUTAERT KOpDpeIAnnd, XapakTepuayOIWMH CTO-

XaCTATECKYIO CBA3L PE3YALTUDYIOUIETO NIOKA3ATENA 7 C OCTAAbHE-

MH, T.e,
Ipojl £ Rm IPOJ Rm .7-_" -Ol_ps

TA® poj() — TPOHIBOMBHEI HACTHHN KOX(PPHIHEAT KOppeasiKd,
COACPKAIMH HY b CPEIH UEPBHIHAIX HEAEKCOB.

*lokasaremcToo cm.: Kendasa M, Crmsoapm A.

i
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7°. IlpucoegnBenne KaX goro HOROI'O NTPeJCKA3HBAIOLICTO (BXOA-
HOTO) MEPEeMEHBOro He MOXeT YMeHbIINTh BenndnBnl R, (He3asn-
CAMO OT NOP#AKa NPECOSAABEHASA).

CTaTHCTEYECKHA aHAIR3 MHOXECTBEHRHOro Koadgduna-
eHTa KOppensumna. Brlancienne 3HaTeHHE TOYeIHOH ONEHKH ﬁ,?
nokasaTens R, NpoBOABTCH OO TeM xe popmyram (6.31)-(6.33)
OyTeM OOACTAHOBKE B HHX BMECTO 3HAYEHHH MEOPEMUHECKUL Ta~
POKMEPUCTRUK COOTBETCTRY IOILUX 3HATCHEHH 6u60POUNBIT Tapakme-
pucmux.

HanprMep, npr BEcuoab3osalne Gopmyan (6.32) matpruy P
HYXHO 3aMEREATH MaTPALEeH 15, B KOTOPOH BCE DIEMEHTH p;; da-
MeBeHR! Ha p;;, ,] = 0, p, a npr ucnoabsoBamnK hopmyan (6.33)
Ko3(ppHOHEHT KOPPEJALAH Po; ¥ BCE JACTHRIE KOMAPPULNHTH KOP-
PENRIKA p;j(-) HYXHO 3aMENBTh 3HATCHHAME Diy(.)-

Hxa nposepkn runoresnl Hy: K, =0 6yaem npejnoiarars, 1To
cayvaiEnd BekTOp (€,%) umeeT (p+1)-MepAbld HOpMAAbHBIR 32KOH
pacOpefesieHRA, # BOCIOAB3IYEMCA TeM™, 9TO CMamMucmuKka

R2 -p-
Wy = n—p-—1
1- R2 p

HMeeT pacnpededenue Puwepac p H n—p— 1 crenenimu cBOBOALI,
eCIM BCTWHHOe 3Hadenne R, =0.
TunoTesa 00 OTCY TCTBHH MHOXKECTBEHHOH KOPPEIAINOBHOM CBS-
M MEKAY 1) U E: (z2y, ..., &) oTBepraeTCH Ha YyPOBHE 3HAYAMOCTH
@, ecan
R? n- p—-1

_ 6.34
1-R  p 034

> Fl—a(p\n_P" 1)'

B npegnooacxkenuu, 9T0 1 npr yCAOBHE £ = £ HMeeT HODMadb-
HEIH 3aKOH C DOCTOAHHON JHCHEepCHeR 445 A060r0 £, MOKHO NOKa-
3aTb™, 9TO 3HATEHHA APHOIMKEHHEIX JOBEPHTEABHLIX rpandn B,

‘Cu.: Kendaaa M., Cmwapm A.
**Cu.: Atisasan C.A., Buoxes H,C., Mewaaxun JA.7J., 1985.
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u £, gaa nokasareis R,, oTBevalomye JOBEPHTEALAON BEPOATHO-
CTH ¥ =1 — o ¥ BuGopke 06beMa 1, HMEIOT BHJ (cnpaBe 1 THBHIE
NpH ycaossn p 2 8):

Bll-(+1)/a]

= =, 6.35
4 (1_R$})F1—cxf2(r1!r2] n ( )
= ﬁz[l —{p+1)/n
R, = (p+1)/n] 4 (6.36)
(1_R Jaa(ri,ra) B
rae
(p+n§,,)2
M =—7 r‘g:n—p—l.
p+2nR2

IIpamep 6.10. Bepaemca x npamepam 6.8 u 6.9.

B npumepe 6.8 raiigem 3HAYEHNA OUEHOK MHOMeCTBEHHOIO KO-
ApdunuenTa koppeasuuy R, Mex Ay nokasaTerem KavecTpa 7 Ipi-
KH ¥ COBOKYIHOCTBIO ABYX HaKTOPOB: KOMMIeCTBOM £ MpodHAK-
THIECKAX HATAJOK H YHCAOM &, OOGPLIBOB HETH.

Hcnoasays dopmyay (6.33), B koTOpol BMeCTO HCTHHELIX 3HA-
9eHHH NOKasaTeledl KOPPENAUMH HCHOAb3OBAHLI 3HAYCHHA HX BhI-
6oponbix ouerok (cM. npumep 6.3}, noxyuaem

R’=1-(1-p%)(1- Poay) =
=1-(1-0,105%)(1 — 0,906°) = 0,823,

oTkyaa B = /0,823 = 0,907.

B npemepe 6.9 RaiigeM 2HaueHEA OOEHOK MOKa3zaTens R, MHO-
KECTBEHHOH KOPPEIALHHE MeXAY yPOXKaHHOCTLIO 1) KOPMOBbIX TpaB
# IPAPOJHBIME (DaKTOpaMH: BECEHHHM KOIHYeCTBOM £; 0CAJKOB M
HaKONEHHOH CyMMOil & TeMmepaTyp.

Hcnoaways madgesnmie B npuMepe 6.4 oumeHkda po; = 0,8 H
Po201) = 0,097, o Toit xe dopmyae (6.33) maxozum (c 3amenoi
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HCTHEHBIX 3HaYeHUH MOKa3aTenell KODPeIANHH O3HRYEHHAMH HX
OUEHOK)

RP=1- (1 r2 5{2)1)(1 - 532{1]) =
=1-(1-0,80%)(1-0,097%) = 0,644,

oTkyaa R = /0,644 = 0,802.

3ameTnM, 4To popmynamu (6.35), (6.36) Aaa BEYHCIeHHEA rpa-
BHI TOBEPHTENBHOIO HETEPBafa BOCHONB3OBATHCA HEAB3A, TAK KaK
He BHINOJHEHO ycioBue p > 8 (y Hac p=3).

6.6. PeltenMe THMOBHLIX NMpPHMepPOB

pamep 6.11. [IsymepHad caydaiinan BefiRYARa AMeeT HOD-
MaJbHHE 3aKOH pacnpefeneduda. OQupegesum dosepumenbudbiti un-
mepgaa ANR KOIPPHUASHTA KOPPEIAnuE p ¢ xoadPuyuenmomn do-
sepus y = 0,99, ecan 3HaveHMe P, HalgeHHOe N0 6nbopKre 06BLEMA
n = 300, pasuo 0,14,

Bocnoasayemca TeM, 4¥To mopu 6Goabliux ofbemax BHOOpPKH
oyenxa p(X,,Y,) pacupegerena UOITE OO HOPMAILHOMY 3AKOHY C
napamerpami p—p(1 — p*)/2n u (1 — p?)%/n (cm. 6.3). Tlo Tabaune
KBaHTHIeH HOPMalbHOTO pacnpefenedus (cM. taba. I1.2) Hakgem
KBaHTRAB U(14~)/2 = Yo,005 = 2,575. Umeem

o~ R > 1_ £
P{IP(Xn,Y] e p( }|1_ <u0,995} =0599

Orcroaa
2
<p<
p(1 -0 it

o + 0,995 ﬁ-

3aMeHAS B AeBON M NPaBOH JaCTAX HEPABEHCTB p HA P A [OACTABAASR
3Aa4YeHue Uggys = 2,575, 414 JaHHOH BHOODKE NMOAYYaeM CpaHUIH

pl=-p") . 1-p
m 0,995 \/T_I,

< ﬁ(-fm?n) +

ﬁ(fﬂ!?ﬂ) +




272 6. OCHOBbBI KOPPEJ/JALHOHHOIO AHAJIH3A

AOBepHTeAbHOIO HHTEDBaJa B BAJAE

0,14(1 — 0,14%) - 0,147
=044+ ———"—L 2575 L
£ T 600 575- V300
,14(1 - 0,142 1-0,142
;5—_-[],144_0(—0_14.2575_0_4_.

600 i /300

[locne BHIMECASHWE OKOHYATENLHO NOAYYaeM JOBEPHTENLHHHE HH-
repsax (0,13, 0,16).

ITpamep 6.12. [JsymepHas ciydadHad BelEYHHA HMeeT HOP-
MalbHSEIA 3aKoH pacupejfetenus. [locTpoEM AOBepHTeIbHHHE HH-
TepBad 418 Ko3(PdHIHEHTa KOPpPeasiOHH p ¢ KOXDOUOESHTOM A0
BepEd v = 0,95, ecau 3Havenne ﬁ()fm?n), HalJeHHOe MO BHOGOPKE
obwema n = 12, pasao —0,65.

[Mockoabky 06beM BerGopku MaJ, HCOOAL3YeM CAYIAHHYIO BedH-
dUHY

Z:ll I_M

2 p(XnYn)

KOTOpad HMeeT NpHOIMKEEHO HOPMalbHLHA 3aKOH paclpeeleHHs
¢ napaMeTpaMH
1, 1+p g 1

=iy PSmoy - ey

Hcaooapays Tabinuy KBaHTW/AEH HOPMAalbHOrO paclpefeleHns (CM.
Taba. [1.2), BaX0 UM KBaAHTHIbL Y(14+)/2 = Uo,975 = 1,96. Vimeem

1, 1+p5(X,Y,) 1. 14p 1,96
P{Iﬁl“m'ilnl—p (n—l]l N :3}:0’95’
OTKY Ja
L LHAUR) 100 1 14p, b
2 1-p(X,,Y,) Vvn-3 2 1-p 2(n-1)

), L%
) —.

< =1In

1. 1+ 5(X,,Yn
2 1-5(X,,Y,
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Y4ATRBAA YCAOBHA 220a9¥, NOAY1aeM

1035 196 1 l+p 1035 196

- Z < Slp i 22
lrl165 i <2l 1-p +2 2“1,65+ 3
e 33 1+ 33
P
o eI In — < -ln—+1,31.
ln_{ 1,31 < lap+11< n7+

Pewas ypapaenus

1+p p 33
—+—=131-In—,
nl-—p+11 3 1’17
1+p p 33
L - 131 -In=,
1n1-p+11 1,3 n?

HaXOJuM HEXHIOIO p A BEPXHIOW p I'PaBulbl JOBEPATENLHOTO HE-
TepRaJia: g~ —0,1'27 p =~ —0,88. Taxum obpa3zom, JOBEPHTEALRHIK
mATepBaa Aaa p umeeT Bag (—0,988, —0,12).

3aMeTHM, 4TO TPaHELH JOBEPETEILHOIO WHTEPBAIZ MOXKHO
onpeeldThH ¢ MoMoliblo (6.16).

INpumep 6.13. B ycropuax npemepa 6.11 npoBepum 2unomesy
Hy: p=0 ra yposwe snavumocrnu « =0,01.
Ecag ruroresa Hp BepHa, cmamucmuxa

uMeeT pacnpedesenue Cmbodenma ¢ n — 2 crenensMn cBOGOALL.
ockoasky ofbeM BHGOPKH OOALILIOH, COOTBETCTBYIOULYH0 KBaH-
THAL MOXKHO HaHTH 10 TabAWNe KBAETHAeH HOPMAALHAOT'O Pacipee-
neand (cm. Taba I1.2): uy_q /0 = up,995 = 2,575. Ilo gaHAbIM 32521K
BHIHCIACM 6bifopoutoe 3nauenue CTATBCTHKH L

. 0,144/300—2 _ 0,14/298
*T JT-0,0196  0,9804

ry 2,44.
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HNockoapxy 2,44 < 2,575, To runoredy Hy: p =0 npuruMaem Ha
ypoBHe 3HavuMocTH a = (,01.

IIpamep 6.14. [lo Bubopxe ob6bema n = 28 u3 JBYMepHOM
2eHEPALbROY COBOXYNNOCTIY, PACTPeeeHHON TO HOPMATBLHOMY 3a-
KOHY, HallAeHO JHaveHHe oneHKE p = 0,88 xooddunuenta Koppe-
aanud. Ilposepum rumotesy Ho:p > 0,90 npu AAbMEPHAMUSHOU
zunomese Hy: p < 0,90 va yposue 3navaMocTs o = 0,01.

Jna nposepkxu ranoTeanl Hg BOCIOOABIYEMCH CTATHCTHKON

(cM. (6.15) ), g xOTOpOH HMeeM

= = 1. 14 —
P {(Z(men) X Eln ,0 )) 3 < Ug 01} = 0 01.

-p 2(—1

C nomowbIo TaGAHIH KBaHTHAER HOPMAIbHOTO PACIpe e eH s (cm.
taba. I1.3) maxoamM kBaHTAMbL up,o1 = 0,504, a 3arem — rparuny
xpumuveckol obaacmu gaf Z(Xm}-"n):

—l 1+P P Up,01 _l 1+0,9 0,9 0,504_
1-p 2n1 Yt el Togty
1 0,1
=§lnlg+?+01008~—ln19+0118

Brrancanm Brfoposnoe 3HaveHHe

1. 140,88 1
Za==1 = .
3 n1~0,88 211115,'."

Ilockoabky BEGOPOYROE 3HAYEHRE MONATO B KPHTHIECKYIO 061aCTh
{(Zs < 31019+ 0,118), runoTesy Hy oTkaomseM.

IIpemep 6.15. ITo BuGopke 06beMa n = 19, 3agaHHON B BHAC
Tabaunu (Taba. 6.3), HalifeM 3HAYeHHe OUEHKH XOPPEAIYUONHOZO

6.6. Pemmenne THIIOBRIX IIPHMEDOR 275

Tabauya 6.8

0 0 0 1 2 2 3 3 4 4
228 21,9(22,1 | 245(26,0(26,1]268|27,3]28,2|28,5
5 6 6 6 7 8 8 9 1
28,9 130,0/30,3)298)30,4|31,4)31,5631,8/33,7

il s

OMHOWENUR W TPAHHUE COOTBETCTBYIOINErO JOBEPHTEILHOTO HH-
TepBana ¢ koddunueHToM goBepus v =08,
BriumciaseM BHGOPOYHOE Cpeanee
j= 19(228+21 94+22,1+245+
+26,0+261+268+273+282+285+2894+30,04

+30,3+298+304+31,4+315+ 31,8+33,1) 20 28,0
H BHOOPOYHYIO AHCOEPCHIO
1
52
19
+27,3% + 28,22 4 28,57 + 28,97 4 30,0% + 30,3% + 29,82 4 30,4° +

+31424+31,5% 431,82+ 33,1?) ~28% 22 292,99 — 782,32 = 10,67.

(22 824219249212 424,52 + 26,02 426,12 + 26,82 +

HTo6L BHITHCARTD 3HAYCHEE Er‘}, COCTABEM crmamucrmuueckutl prd
{Tabr. 6.4). C DoMoWbIo 3TOTO pAAA HaX0XEM

3% = 119 (3(22,3 —28,0)% 4 (24,5 — 28,0)% + 2(26,0 — 28,0)% +
+2(27,0 — 28,0)% 4 2(28,4 — 28,0)* + (28,9 — 28,0)> +
+3(30,0 — 28,0)* + (30,4 — 28,0)> + 2(31,5 — 28,0)* +

+ (31,8 - 28,0)% + (33,1 — 28,0)2) ~ 8,18.

Coraacro gpopmyae (6.20),
- 8,18

~ /0770
"=V 10,67 ¢ 9
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Tabauya 6.4
;| 0 1 2 3 4 5 6 7 8 9 10
n; | 3 1 2 2 2 1 3 1 2 1 1
yi 122,3124,5(26,0(27,0128,4128,9130,0|30,4|31,5|31,8(33,1

Yr1o6H 0npeAe T CPaHALL JOBepHTEAbHOIO HETEPBAIA, NPEl-
BAPHTEIBHC HalJeM CTeOeHH CBOGOAH

. (11-1+419-077)2 (104+19.0,77)

. =
T 11-142-19-077 © 10+ 38-0,77

2
=15

B rpg=n—m=19—-11 =28, a Takke KBaHTHAH paclpejelecHHA
Prwepa

Fi_g,1 = Fo9 = 2,46, Foyp= FL ~0,41.

0,9

Jaaee ¢ momomsio popMya (cm. {6.24), (6.25)) noryTaem

(19-11)-077 10 _ /10,9010
A— e 10,90 10 N
—n \/19(1 —-0,77)-2,46 19 - 19 a2 /0,05 =~ 0,2,

= (19-11)-0,77 10 10,90 — 10
r = M 109010 N

Hrak, 0,2 < rype < 1.

IIpemep 6.16. Ilo BuGopke oGneMa n = 24 (raba. 6.5) Hal-
AeM dHadeHHE OHEBKH KOPPelAUHOHHOTO OTHOLUCHKS H OPOBEPHM
ranoTeay Hg: op¢ = 0 Ra ypoBHe 3BayAMOCTH o = 0,05.

BruigcaaM BrGopotHoe cpejHee § u BHOGOPOYHYIO AHCIEP-
=2,
cnio o

O
0',2, = ;Zy? —gzﬁ 28,92,

=1 =1
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Tabauya 6.5
Wwl1ol10l10[1W0[20(20(20]20]35)35 35

z
w15 65|67 [12][13]14113)17]19|16
z | 35| 35|40 | 40 [ 40 [ 40 [ 60 | 60 | 60 | 60 | 60
y |15 18 20 |21 [18[20[17[19]16) 1416 |
Tabauua 6.6
z; | 10 [ 20 | 35 40 | 60
ni 5 4 | 5 5 | 8
v | 58 | 13 | 162 | 194 | 164 |

Y1o6u HAATH 3HAYEHAE 8}, N0 pe3yabTaTaM BHIOOPKH COCTABHM
cTaTHCTEYECKEH pag (Taba. 6.6). Jasee no dpopmyre

-~ ]- = — 2
g7=—2 mui-9)
=1

nonyamm 6§ = 4,66. Orcioaa

C 4,66
o~ f ¥
= L= o /016=04.
=527 V2802 i

s nposepxs ranoTessl Ho: rpe = 0 BcnoabdyeMm CTATACTUKY
(6.26)
(n—m)F2e(Xn,Yn)

T - DX Va)

KoTOopa#s DpESARXEHHC HMeeT pacnpedeaentue Puwiepg co cTeme-
HEAME cBoGOAH 1 =m—1=5-1=4m8 ra=n—m=24-5=19.
Mo Tabimne xBanTHied pacnpeaeenns Peuepa (cu. Taba. I1.4)
HaxoAEM Fi_o = Fogs = 2,92. [lockoabKy 3Ha4€EHe CTATUCTHKHE

F_(24—5)-0,16_19-16N
=7 4.094 0 4-94 7

MeHbIIe KBaETHNE Fpgs = 2,92, renoTedy Ho npEHEMaeM,

0,8
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——

IIpamep 6.17. Io peayastaTanm 12 RabA0je AU Bald JeRH 3Ha-
ieann OLEHOK KOG DHIAEeHTOR KOPpelIdOun Po1 = 0,64, Po2 = 0,46
P12 = —0,07. Haligem 3snaveHns oneHok vacmusiz xoagﬁﬁuuuenmo;
KOppeARYUY Poy(2), Poz(1) H T'PAHULK JOBEPUTEILHOTO AHTEpPRala
AMd BHX ¢ KO3PAUHEHTOM ToBepns vy = (.9,

3HAYEHHA OUEHOK AAS JaCTHAIX KOSPPUIHERTOR KOppelsnna
BAaX0ARM 10 hopmyaam (6.29):

Porny = Por—pozPiz 0,64~ 046(-0,07) o
VI-55)1-7%)  (1-0462)(1-007%)
Boa() = P02 ~ Po1 P12 0,46 — 0,64(—0,07) ~ 0,66,

VI-5)0~7%) {1 -088)(1-007)

Aast Bu9HCACEMS rpanEn AOBEPHTENBEOIO HHTEpBala HCHOAb-
3yem popmyas {6.17), (6.18), B koTopux 06bem BEIGODKH CJe-
AYEeT NOHHIWTL HA BeNIHIHBY Kk NOpAAKa JacTHOro KodgHIHEH-
Ta Koppersuun (cM. 6.5}, T.e. B JaEROM cAy4ae 3aMEHHTL 7 Ha
n~1. Ilo Tabanue kBarTUACH HOpMarbHOTO bacupegenenns (cM.

Taba. I1.2) maxoguMm xBamTHAL U(144)/2 = U095 = 1,65 m pemaem
YPaBHEHHA ,

1+
p+£_ it 1,76i 1,65
1—p 10 0,247 /3"
AAKIAe FpaHUUK JOBEPUTEALHOrO HHTepBala JAAN NOKas3aTeaf
pOl(?)i H YDABHeBHR

in

14
I lte £ _ | 166 165
l—-p 10 034 2
JAAlOlIAe TPpABHON AOBEDUTEALHOrO HHTEpBala AAA NOKa3aTenf
Poz(1)- B peayaprare nonywaen:
(0,38, 0,91) — roepuretumit nrTepsar 11x PoI(2);
(0,20, 0,87) — noBepaTeabHHil HETepBAT RIS Pogyy).

ITpamep 6.18. B ycaopuax npiMmepa 6.17 nahgem 3Havenue
OueHKH xosfPuyuenma demepmunayuu B2

Bonpocu u sazaum 279

Hckomoe 3navenne R? Buancasem no gopmyne (6.33) , HCOONb-
ays moaydenHoe B npumepe 6.17 amagenne Pog(y) ~ 0,66:

R*=1- (1- 5{2)1)(1 - 532(1)) =
=1-(1-064%)(1-0,66%)~1-033=0,67.

Bonpoce u 3agaynu

6.1. YTo Takoe BeKTOD BXOJHBIX OepeMeHHBIX ((aKTOpoB),
BEKTOP BBIXOJHLIX NepeMeHHuX (OTKIBKOB)?

6.2. [lepedncanTe OCHOBHEIE 33J3a4H CTATHCTHYECKOrO HCCje-
JOBaHus% 3aBHCHMOCTEH.

6.3. YTo Ha3LIBAIOT KOPPEAAUAOHHLIM NI0JeM, KOpPpPeisiHOHAOR
Tabannei?

6.4. JanuwnATe npeodpaloBanle, ACIOAL3IYEMOe NMPH OOCTPOe-
HHA LOBePHTEABHOI'C RHTEpBasa 418 .

6.5. Kakyio CTATHCTHUKY UCNOAB3YIOT ANA NPOBEPKH [HNOTEIH
Hy: p= 0?7

6.6. Kaxyno CTATHCTHKY HCHOOJAbLIYIOT NPH HOCTPOEHHM JOBe-
PUTEALHOr0 AHTEpBANa AAf KOppelfNHoHHOro oTHoweHua? Ilo
KaKOMY 3aKOHY OHa pacnpejetena’

6.7. Kaxyio CTATACTAKY BCNOAB3YOT JAA NPOBEPKHA I'HIIOTE3HR
O paBeHCTBe HYJ KOpPeNAN¥NOBHOI'Q OTHOLUeH!A?

6.8. “ITo HaJWIBAIOT JACTHHIM KOIPPUUACHTOM KOPPEAALHUKT
3annaTe GopMyay AIA YACTHBRIX KOMDPPHLUEEHTOB KOPPelAlnH,

6.9. Y7o HAJEIBAIOT MHOXKECTBEHHAKM KO @PUUAEHTOM Koppe-
AATHH, KOXDOULMEHTOM AeTepMHHAADHKT

6.10. Kaxuma ceoiicTBaMy 0612 4aeT MHOXECTBEHHRIH KO PH-
UHEHT KOoppeiauau?
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6.11. 3anAwATe GOpMyay, IO KOTOPOH MOXET GHThH BhIYHCACH
MHOXeCTBeHHhH KO3(PORINEeRT KOpPPeIiluy B ClyJae HOPMaIbHOro
3aKOHA pacupegenennsn’?

6.12, TlokaxnTe, 910 73 (6.32) cregyer (6.33).

6.13. [ByMepHaa ciy<9adiHad BeIHYHHA AMeeT HOPMalbHEIH 3a-
XOH pacnpegefeEna. Oupegeaure 3HAYEAUA IPagil JOBEPHTEABHO-
O MHTEpBala L1A Ko DAIHeRTa KOPPEAALHEE p ¢ Ko drIHeHTOM
gosepus v = 0,95, eciu 3uasenune g, HalfeHHOe N0 BHOOPKe 06beMa
n = 300, pasuo —0,2.

OreeT: (-0,26, —0,14).

6.14. JsymepHas crydaliHad BeJHIHHAA AMEET HOPMaJbHHH 3a-
KOH pacnpegenennsd. OnpeleidTe dJHa9eENA PPAHUL ZOBEPATEALHO-
ro HATEepBaIa 418 KoohhEIEeHTa KOPPeIAlEY p ¢ KoodpHIHeHTOM
aosepus v = 0,9, ecay 3Havenue P, HRalgeRHOe N0 BRIGODKe 06HeMa
n = 28, pasuo p = —0,36.

Oreet: (-0,70, —0,04).

6.15. B ycaoBHAX HpeAnAyIleH 3ajJa4d DPOBEpbTE TEHOOTEY
Hy: p=0 upu ypoBue 3navyuMocTH ¢ = 0,05 u azbTepuaTHBHOH
ranoTede Hy: p < 0.

OTBeT: PHNOTE3a OTKAOHRETCH.

8.16. [lo prGopke o6bema 1 =20 (raba. 6.7) Hall JuTe 3HaTCHAL
OLleHKH KOPPeIANHOEHEOI0 OTHOLICHHA.

Tabauya 6.7
1,011,0(1,5/20120125(25(3,0(3,0/3,5
02103]03(03[04(04]05(0,5|0,5/|0,8

35 4,0 |4,0(4,5(5055|55]55]6,0]65
07 | LL[10[1,2] 1,723 2224]|2,7|33

@Ry

Oreer: Tpe =0,95.

6.17, Ilo pesyabTaTaMm 10 wHabawaeRui, 3ajaHHEIM Tabanmed
(Taba. 6.8), HARAHTE:

a) 3HAYEHAA ONEHOK X0d((DULHECHTOR KOPPEIALUA Po1, Po2, P12}

281

Bompoctl 1 3a18vd

6) aHA4YEeHHA ONEHOK ACTHEIX KOD(POHUIHERTOB KOpperdlHi

ﬁm(z) H Poz(1) )
B) PHaveHHA ['PaBHl JOBEpMTeAbHOrO HETEpBata MAI% Poi(2}

¢ KoadDEIACHTOM JOBepHA 0,95;

Po2(1) \
r) 3HaYeHUA OUeHKH KohGHIMeATa JeTepMAHALKY.

Tabauya 6.8

71 1 a0l 5| -3 3 5] -1]21 -2

z2 3 62| -4 12] -2 14 6 !0 8

y | -4 | -5 | 4] -1 4l 0 5 1] 2 7

OrseT: a) p12 = —0,98; por = —0,73; poz = 0,69, 6) Porz) =
—0,36; Poaqr) = —0:15; ) —0,3+0,57; ~0,15£0,64; r) 0,54.




7. OCHOBBI
PEI'PECCHOHHOTI'O AHAJIM3A

Hocne oGHADYXEHHA CMOTGCTNUYECKUL C6A3€ti MEXKIY U3ydae-
MEIMM NepeMeHHELIMHE BeaMdYuHaMu {cM. 6) HCcaAeAOBATelL NPHCTY-
naeT K MaTeMaTHYeCKOMY ONKCAHNID HATEPECYIOUIEX ero 3aBHCH-
MocTed. Jam gocTrXeHWA JTOH UeaH eMy HeoOX0JAWMO DeUIATh
cAegyolIMe 3aa4a:

1) nogobpaTh kAaCC PYHKLHAN, B KOTOPOM Uenecoo6pa3Ho HC-
KaTh HAKIYSUIYIO (B ONIPEAEAEHHOM CMHICAE) alllPOKCHMANKIO HC-
KOMOW 3aBUCHMOCTH,; '

2) HAATA oyenxu JAA HEWIBECTHLIX 3Ha4YeHEH NapaMeTpoB, BXO-
AALIMX B YpaBHEHHE ACKOMOH 3aBHCUMOCTH;

3) YCTaHOBETbH aJeKBATHOCTH MOJYYEHHOrO YPABHEHHS HCKO-
MOH 3aBHCAMOCTH;

4) BLABHTL HanGonee AHGOPMATABHLEIE 6Z0ONLIE NepemenHble
{axmoput ).

CoBOKYRHOCTD NepedRCAeHHBIX 32434 H COCTaBaser upegMmeT
BECCACJOBAHRH PEZPECCUONNOZO aNaAu3a.

7.1. HcxoaHuEIe NpeANoaoXeHus

Bo MEOrux nprkfagHbiX 3agadax TpeSyeTcs MOCTPOHTD Marme-
MAMUNECKYO Modeab, CBAILIBIIOIIYIO 6200Hbie nepementvie {PHax-
mopst) Xy, ..., X, u evizodnoe nepemennoe (ommaux) Y. B
JaJbHeRIIUX PACCY)XAeHUAX OyJeM npeANofaraTh, 4To Y ABAA-
eTcA cayyalROH BelEYRHON NpPH KaXXAOM (PUKCHPOBAHHOM Habope
T=(zy, ..., Tp) JBaYeBNH MePEMERHKIX X= (X1, ..., X,). Borom
CIY4ae HCKOMAH MEMEMAMUNECKER #odess MOKET GHTh NpejcTaB-
JeHa B CreAyloiieM BHAe:

Y = f(7) +(3), (7.1)
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rae f{Z) — cxanspHas QyHKURA, £(F) — cayuainas owubxa, T.e.
cIyYaHHAA COCTABAAWUIAA, OPOK EHHAA AB60 JedcTBHEM caydad-
HpX GAKTOPOB, A€ BKAOYEHHEX B Habop X1, ..., X,p, an60 cay<ai-
HbIMY OLIUHGKAMH U3MepeHuH Beanuunpl f{Z), 1ubo u TeM R ApYTHM
01HOBPEMEHHO.

ByaeM CYMTaTh, 4TO AAf KaXAOro & MAaTEeMATHYECKOE OXM-
janue £(Z) PaBHO HYJI0, T.e. OTCYTCTBYET CUCTREMAMUNECKAR
nozpewrocms mofenu. CrefoBaTeabHO LI YCIOBHOTO MaTeMar
Taaeckoro oxnganns §(€) =M (Y | X = Z) BuxogHOro NepeMerto-

ro Y NpH yCIOBWH, YTO BEKTOP BXOAHEIX MepeMeHHEX X HpWHAL
snaverne I, cornacho (7.1), umeem F(Z) = f(7).

Pynknno f(F), oNACKHBARNIYI0 32aBACKHMOCTh YCIOBHOI'O Cpel-
Hero 3HadeHKf F(Z) BHIXOZHOrO IepeMeRHOTo Y OT 3aJaHHHX
QHKCAPOBAHKBIX 3HAYEHHH BXOABBIX HepeMEeHHRIX X1, ..., Xp, HO-
suBaoT Pyrxyuet pezpeccuu (WK pezpeccuet).

DyuKUuA perpecchl NOIHOCThIO ONpefelea, ecls MIBeCTeH
YCAOBHBIL 33KOH pacupejeleRid BEHIXOQHOrO NepeMenHoro Y upx
yeaosun, 4To X = Z. IlockoAbKy B peanbRHX CATYaUBAX HHKOrAa
He pacnoaaraioT Takod HAGOPMaLKeH, TO OGL9HO OrPRHAIHBAOT-
cR TMOHCKOM moAxogfwel annpokcamausn fo(Z) a4d f{:E'Mcno—
BEIBAACH HA CTRGMUCTUNECKUL JGHNWT BHAA (:E", y,-), t=1,n, rge
£i= (2}, ..., z)). DTH faHHHe eCTb Pe3yIbTAT m HEIABHCAMBIX
HabAIOICRHR U1, ..., Yn CAYHaHHOH BEAMIMEH Y UDH 3HATEHHAX
BxoEbx mepemenunx Z! = (z}, ..., z.), 2= (22 ..., 2k, ..,
"= (2}, ... x;), T.e. peAyNbTaT CNEnYaIbRO OPraEH3OBAHHOTO
HKCOEPAMEHTA.

ToBops 0 MOAXOARIIEH aBNPOKCHMANHA QYBKUHHE f(&) — mo-
deau pespeccut, HYKHO, BO-TEPBHIX, 3aJaTh Klacc Gonycmu-
Motz Modeaett pezpeccuu F, T.e. KAacc GYHKUAK, CPeJH KO-
TOPHX 6yeM ACKATh HAMIyIUYO allPOKCAMHPYIOILY 0 QYHKIHIO
fa(Z), ®, Bo-BTODHIX, BLIOpPATHL KpumMEpud, MO KOTOPOMY Oy gem
NOAYYATH HAXAY TiYI0 AN POKCAMHDYIOWY KO GYHRKOHIO fo(Z) m3 22~
AanHOTO Kaacca F.
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Yrobul 3aJaTh KPATEpPAH, HCUOALIVIOT (YHKUHAI p(q(f)),
rae €,(X) = f(X) - fo(X) — cayvaiinas senmumna, a p(u) —
HEKOTOpAA HEOTPHUATEAbHAR DYHKITHA a.pryMeH'ra 4, KaK IpaBHJIO,
HEYOLIBAIOWAR K BHNYXAAR, HANpEMED p = v’ Bal p = |ul.

dyakumio f,(r) cauTaloT HaMAySweH AanipOKCHMMPYIOUeH
dhYHKUNEH H3 3aJaHHOro kiacca F, ecam oHa ofecneyHBaeT MH-
HUManbHoOe 3Ha4YeHune pyHKUKOHATA

M) =Mples () umn A Zp c(#

rje YCPeAHEHHE MPOBOAMTCA [0 BCEM BO3MOXHLEIM 3HaYeHHAM
cay4aiinoro BexTopa X B IEPBOM PaBEHCTBE H 10 BCeM AMEIOLIHMCA
HaOMKOJeHEUAM — BO BTOPOM.

B cayvae ¢pyukusn p(u) = u? noayyaeMmyio pespeccuio Hadm-
BAOT cpedneti keadpamuunod, a MeTO/, PLARHIVIOIIME MHHH-
ME3ALHIC ¢yEKUHOEata A,(f,), NpUHATO HadHBaTh MemodoM
naumenvwuz xeadpamos (MHK). Janee 6ysem paccMaTpH-
BaTh TOJLKO ?TOT THMN perpeccHn. [losromy, roBOpA O perpeccuH,
6yJeM ONycKaTh CJAOBA ,CPEJHAA KBApaTHIHAS .

B raspnenmem By gem npeanoaraTs, 9To kaace F JoOyCTAMBIX
MOJedel perpeccHH MOXHO 3a4aThb HEKOTODHM NapaMeTpHYecKHM
ceMeHCcTBOM (QYHKUEH, T.e. IpeicTaBuTh B BHge Fp = {f, (5:';5)},

B € R™. Torga 3aga4a OTHCKaHAA HAWAYYIEH aNlpoOKCAMAIHH
A f(Z) cBOAMTCA K OUpEleNeHKI0 TAKKX 3AaYeHAN NapaMeTpoB

5, Opa KOTOPHIX A, (f,) AOCTHIAET MHHUMYMA.

CregyeT OTMETHTS, 9TO npofieMa BuGODa apaMeTpPHYecKOTO
ceMencTRa GYHKUKH Fg, ABAKACH KAOUCBOH B PEZPECCUOHKOM GHG-
Au3e, He AMeeT, K COXAJCHAIO, GOPMANABOBAHAKX NpOUELyp AAf
cBoero peineHds. MHOCJa BRGOD OUPEAENSIOT HA OCHOBE SKCREPU-
menmasvniz danmviz (Z4, yi), i =1, 7 (cM. npuMep 7.1), game —
H3 TeopeTAYecKHX coolpaKensi.

Hanpumep, eciE H3BeCTHO, 9TO CKOPOCTH NPOTEKAHHS XHMH-
YeCKOH pPeaklud MeXJAY HEKOTODHIMA KOMIOHEHTAMH NPOTOPHHO-
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HalbHA O6BbEMY KCXOAHOIO BELIECTBA, TO OOBEM BeleCTBA V(t) B
MOMEHT ¢ H3MEHAeTCA MO BKCMOHEBUHAIBLHOMY 3aKORY

V(t) = goeﬂgl(t'_to), t > g,

rge fp, §, — Heu3asecTHhle MAapaMeTPH MOJENH, KOTOphe HYYKHO
OUEHATH HAMAYYWEM 06pa’oM IO pesyibTaTaM HabI0feHmH, a
fo — HavaJbHRIK MOMEHT BPEMEHH.

K coMaleRnl0, TakKde cay4ad peiku. Bosee pealpHON ABAALTCA
CATYalHf, KOTJa O MEXaHP3Me %BICHAA AHYero HE H3IBECTHO #
MOXKEO AHLIB IPEANONAraTh, 1TO uckoMad pyHkuus f(&) sBageTcs
gocTarotro raagkon. Torga annpoxcAMHpYloWad ee (PYHKIHA
fo(Z) MoxeT GWTE TpeAcTaBieHa B BAJE AMHEeHHOH KOMOHHALKA
BeKOTOpPOro HaGopa THHEHHO HEe3aBHCAMBIX 6azucntzz Hynryui
{¥x(8)}, k=0, m -1, r.e. » BHAC

m—1
(£0) =F 9@ = 8" vul(®), (7.2)
k=0

e f=(Bo Bi .o Brm—1) —
= {0 d)m_l)T — BeKTOP 6a3NCHLIX (pyHKIHA (HIBECTHBIX
Japagee); m — YHKCI0 HEM3BECTHRIX NapaMeTpoB Br, B obuleM
clydae HeHIBECTHaf BeMMYHHA, YTOUEAEMai B XOJe NOCTPOEHRH
Mogend.

CrelyeT 2aMeTHTh, d9T0, coriacuo (7.2), Pymuxuyus fo(2) =

BeKTOpP HEeA3BECTHRIX NMapaMeTpOB;

= fa (E,@ ABAAETCA Auneiinot MO NapaMeTpaM, NPeACTABICHHLIM
BeKTOPOM B. TlosToMy B PacCMaTPHBAGMOM CAydae I'OBOPAT O
smodeau, auxeiinod no napamempanm.

JpyrEMA CIOBaMB, HCXOAABRM KJaCC dyaknud F, cojepxa-
LH¥ BCTHREYI QYEKIUo perpeccu f(Z), 3aMeRsiOT HEKOTOPHIM
kaaccoM Fp = {fa (5:';@}, 3 € R™, Gonee TpOCTRIX 0 CTPYKTY-
pe dYEXUuM, NPeICTABEMBIX B BHJAC {7.2), ® sajava CBOAMT-
% K Hamaydliedl ONEHKE BeKTOpa HEA3BECTRHX NapameTpos § =

= (ﬁﬂs ﬁla ey ﬁm—l)T
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[Ipu Takol mocTaHOBKe 3aga4¥ 06Las NOIPelIHOCTh

T

A=, |3 (vi- fa(8))°

i=1
OT alNIPOKCHMALHE Pe3ybTaToB HabJwojeHni
yi=f(&)+e, i=1,n,

DOAy4eHHRIX B JKCOEPEMeHTe, 3HaYeHHAMH QYHKUHE f,(Z) € Fg
00yCIOBICHA DAcCeRHUeM OTKAHKA Y OTHOCHTENbHO HCTHHHOH pe-
rpeccEl f(Z), T.e. BeIHYAHOH

Ac= D (w - £&))°

i=1

Al CHCTeMATHYeCKOH MOTPELIHOCTHI0 aNPOKCAMAUHAY, CBA3AHHOM €
3aMeHO¥ HCXOXHOrO Kracca GyHkOHE F Godee yakam Fpg € F:

"

A, = | ST(F(F) - fal@).

i=1

CaegosaTensro, npabamxkenne f() = f, (f,m (cM. 7.2) HyXHO
OOBHMAaTE B TOM CMBICAE, YTO CHCTEMATHIECKON MOrpelIHOCTHIO
A, npH 3aMere Kaacca F Ha Fjg MOXHO npere6petp N0 CpaBHEHUIO
co caydJalHOH morpeltRocThio A,. VMenso Ha conocTaBieHnH
PTHX [BYX THNOB UOrPelIHOCTEH H OCHOBAHK [paBUia NPOBEPKH

aJeKBATHOCTH MoJfeln f, (;E‘,ﬁ-) = )";(:E'}, rje BeKTOp NapaMeTpOB ﬁ

3aMeHeH 3HaYeHHeM BEKTOpa OHeHOK 8.

OpruM u3 Hambolee PacHPOCTPAHEHRHIX allllPOKCHMHPYIOLIHX
KJIACCOB QYHKUEH Fpj ABJAAETCH KAACC NOAHHOMOB, B KOTOPOM
B KajecTBe 0a3UCHWX PYRAKUAH BHIOPAHBI CTeNeHH NepeMeHHBIX
Tly veey Tp.
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[Ipocrehiniel NOAHHOMAANLHON MOAENLIO ABIAETCA MOJelb 1-ro
NopAAKa, AMHEHHAR 1O BCEM ITePEMEeHHEM: :

m=1
fa($)=z,ﬁkxks mgp"'la
k=0

rie o = | — MUKTHBHOE DepeMeRHOE, T.e. 3aeck ¥o(z) =1, ¥ (z) =
B3 I ’(,L'?m_l(x] = Tm-1-

Caeayer noj9epKHYTh, YTO UpeicTaBieHAe (7.2) aBaseTcd ca-
MBIM OBLIAM BHAOM JHHEHHOH MO NAPAMETPAM MO/IEA M ONHChIBAET
He TOJAbKO MOJAMHOMYAJNBHBE Mogend. Hanpumep, B kadecTee 6a-
3BCEHX PYAKUHH ¥k(Z) MOCYT BHCTYNATh TPHI'OHOMETpPHYECKHE
$yBKUAE sin kz, coskz, MOKazaTelbHbie % u gp.

Ecan nemsBecTHan ¢yEkuus perpeccun f(Z) npejcrasieHa B
Buge (7.2), To 3ajaya ee NMOACKA CBEJEHA TeM CaMHKIM K OLEHKe

BeKTOpPA HEHIBECTHHIX MapaMeTpoB J = (Boy -+ ﬁm_l)T K DocTe-
Iywlell npoBepke KadecTBa annpokcumanuk f(Z) a2 fo(T), T.e.
ageksaTHOCTY Mogeau f,(z). Ecam mogers (7.2} okaxkeTcs He-
ageKBaTHOH, TO BRI aNNpOKCAMHpYIOUleH ¢yHkUmH f,{z) BY¥BO
YTOUHATE 1000 YBeAHYeHHeM 4YECIa m Ga3ucERX QyAKOA#H, aAubo
JaMeHol caMWX Oa3MCHRIX QYHKUER Jpyr¥mH, Goree NOAXOAAUWIK-
MH.

[Ipamep 7.1. AHaiuaupyeTcd NOBejgeHHe ABYMEPHOH cay-
vaftoll senuwuen (X, Y), rge X — Bospact (B rogax) Hayrajg
BHOPAHAEODPO WKOABHEKaA H3 rpynnul B n = 40 JenoBex, a ¥ — Mac-
ca ero Teaa (B xr). Ha pac. 7.1 nexoAke CTATHCTHIECKAE JaHHbIe
(z;, 1), =1, n, oTMexenn xpecTHkaMu. [[0OCKOILKY MMenach BO3-
MOXKHOCTH KOHTPONSPOBATEL 3HATRHHAA BXOAHOW nepeMeHRol X, To
3TO MOBIBOAMIO Pa3buTh O6CIEJOBAHHYK I'DYNOY WKOJNBHHKOB Ha
YeTeIpe paBHAlE MO 06BEMY NOATPYHNNEI C IPUMEPHO OJRHAKOBHIM
BOIPACTOM.

Ha puc. 7.1 BEAHO, ¥TO B Mpejesax KaXKJOK UOETPYNNH POCT
noABeP:KEH HEKOHTPOARPYEMOoMY padbpocy, T.e. HAIHIO OTMedeH-
HEIH BbIIIe CTOXACTHIECKUMH XapakTep ca3n Mexkay X u Y. Ogaa-
KO pacnoioeHne Touek (Z;, y;) Ha DaockocTn XOy o6HapyXuBaeT
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Puec. 7.1

BIIOJHE ONpejflefleRAYI0 TeHACHUHIO, XapaKTepH3yIIYI0 YyBelnde-
AHe B cpefHeM“ MaccH Tela Y NpH yBeARYeHHH BO3PacTa B pac-
CMaTpHEBaeMHE Depuoj HETeHCABHOro pocTa (oT 12 go 16 aer).

leasio npoBefeHHOT'0 HCCAEKOBAHAA ABAAETCH DPOCHO3 POCTa
KOHKPETHOr0 LUKOABHHKA MO 32JaHHOMY 3Ha4eHHIO €rc BO3pacTa
¥ ompefeleHHe CpeiHero pocTa Y(&) WKOALHUKOB, JOCTHIIIHEX
BO3pacTa Z.

Jas gocTExeRnA 2TOH ey HeoGXOLAMO MATEeMATHYECKH ONH-
CcaThb 332KOHOMEPHOCTb HMAIMEHEHHA YCAOBHLIX CpPeAHMX 3HaYCHHH
T(z) =M(Y|X =z) B 3aBHCEMOCTE OT JHaYeHHA z CAYyIalHOTO
nepemesgoro X, a TakyKe H3y49HTh XapaKTep c1yIakHOTo pasbpoca
Maccsl Teda Y oTAelbHHX LWIKOJIBEHKOB BO3IPACTA T OTHOCHTEALHO
CBOErO CpejHero 3HaYeRus ¥(z).

Takam o6pa3oM, BOIHHKJIA HEOOXOARMOCTH PACCMOTDEHHS Ma-
TeMaTHYeckod Mogenu (7.1), rge £(z) — caydaiiHoe OTKAOHEHHE
Maccel TeJa Y IIKOJABHHKOB BOIPAacTa & OT CPeAHero 3HaYCHHA
v(z) = M(Y|X =z). Ecar M{e|X =2) =0 npr a06ux z, TO
Y(z) = f(z), ® nocTpoeHme HCKOMOH 3aBACHMOCTH CBOAMTCA K
OTHICKaHHI GYEKOHM f(z), onACHBaoLIed H3MeHeHHEe YCIOBHOIO
CPeJHEero JHaYEHES BLIXOAHOI'O HEepPeMeHHOr0 Y NpH pajimIHBIX
3A3¥eHEsX X == I BXOJAHOTO NMepeMeHHEoro X .

OcTaerca onpefeldTh, B KAKOM KJacce F QyHKUHE Mbl 6yAeM
HCKaTh anmpokcEmanwio aas f(z). [Jas saivero npuMepa IO

7.1. HcxoaHble npeanonoKeHns 289

PaCHONOXKEHH IO TOYeK (z:, ¥), ¢ =1, n, MOXHO JAKMOTUTE, HTO

f{z) = Bo+ bz,

rie o B 1 — HEHIBECTHHE NapaMeTPH MOJENH, T.€. Fg=
= {f(a:;ﬁg,ﬁl)} ecTh KJAaCC NOJNHECMOB NEPBOrO HOPAAKA, K KOTO-
poMy NpHBaJAeXHT (PYRKNAS PerpeccHi f(z). 3uadesus CUEHOK
Bo, 3, napamerpoB Bo, $1 MOXKHO HaliTH C NOMOWBIO METOAR HaH-
MEHBIIKX KBapaToB {CM. 7.2)

Marpagaas ¢opMa 3adBCH JAHHEeHHOR perpeccEOHHON
mogend. PeayibTaThl SKCMEPAMEHTa A8 WCCAeJ0BaHHA CBAM
MEX Xy OTKIHEKOM Y ¥ BEKTOPOM (akTOpoB X =(Xy, ..., Xp)
yEOGHO HpEACTABIATH B BEAe MATPHUK [) HCXOZHBIX JARHLIX:

FLo£2 ...z ... " "
D=|ri o ... m ... ]l E ri=N,
P - =~ i=1
i Y2 - . Un
— . . . - —_ ' i a
rae &= (e, ..., #5), i =1,n, — padiRdHme JHATeHUA BEKTOP
$HaxTOpOB X, 418 KOTOPHIX IPOBOAMACK DKCUEPHMERT; Iy — MHCIO
i oA
HE3aBACAMESX OOBTOPHBIX {MapaileibHBIX) ONBITOB AAf I°; N
ofllee YACAO HAGMIOJeHUd 32 OTKAHKOM Y th = (Yi1y -1 Yir)s

i =T, n, — dHAMeHAA OTKAHK2 Y, MOAydedHble B SKCOEPHMEHTe [
aHaYeHHA Z' BEKTOpa (axTOPOB. 3aMETHM, YTO MATPULY

#voFr ..o .. "
P= ,
i re ... Ti .. Ta
06pa30BaRAYX ABYMA NepBHME CTPOKAMHU MAaTPHUH D, HaaniBa-
IOT 93CTO NAGKOM IKCNEPUMEHIG, COBOKYNREOCTh BOIMOMKHBIX
JHAMEHAN BeKTopa HakTopoB X HalhIBAIOT farmoprbim npo-
cmpancmeom 1 0603HATAOT AP,

Ecau r; =1, 1 = 1, r, TO pe3yAbTaTh 3KCNEpUMEHTA HpejCTa-
- =i =1 n p+l
BagioT cof0H n ToYeK (z', y,-), i=1,n, B npocTpancTee RP7".
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v

”‘ L "r Xz
F o .
L) II I'
...... A EE L ot F
%, #! *
Puc. 7.2

leomeTpEYecKkas HETEpOpeTalRd MATPALL D npeacTaBieHa Ha
pEC. 7.2 A p=2,n=4, r; =3, i = 1,4 (kpecTHKaMH OTMeYeHH
COOTBeTCTBYIOILAE 3HA9€HAA OTKIHKA Y).

Aas yro6cTBa faibHEBUIMX PacCyX/AeHHE B COOTBETCTBHH C
paBencTBoM (7.1) 6yaem cumraTh, ITO 3madeduio I’ = (zf, ..., zb)

BexTopa daxTopos X' = (Xj, ..., X}} coorsercrayer orkauk ¥;
W cAydainas owrbKa €; = (%), T.e.

Yi=f(#) +e (7.3)

[Tpm >ToMm B ciyyae Mofenl, AMHEHHOW IO MApaMeTpaM, COIMACHD
{7.2), ameem

Y= Bee() +&, i=T n. (7.4)

Ecag Ha ocHoBe cHcTeMbl paBercTs (7.4), KOTOPaR COAEPXKHUT B
cebe BCIO HHRPOPMALHIO, MONYIEHHYIO B OKCUEPUMEHT®, ML CyMeeM
ONEHATh HEH3IBECTHBIE HapaMeTphl [; {HEeKOTODPHIM HaHYYIIUM
o6pa3oM), T.e. cyMeeM HafiTH dRadeHEA Ok & Bk, TO TeM CaMbIM
GyAeT HalfeHa Haunyquas (Zn4 BHOPAHHHX 6a3uCHBIX BYHKIHH)
MoJellb CeYIOUero Bh Aa:

@)= Z_: Bei(Z). (7.5)
k=0

7.1. Mexouple npesnonoxesus 281

DTa Mojgens GyleT Hamayyuled B Kiacce Fpg Aas BMOpaHHOTO
Habopa GasucHuX dymkmoud ;(z), i =1, m—1. IIpu aTom obmyio
NOrpelIHoCTh A MOXKHO YMEHBUIETh JHIIL 32 CYET YMeHbUIeHHA
NOPPEIIAOCTH AnnpoxcaMaunn A,, CBA3AHHOH ¢ BHIGOPOM Kaacca
annpoKCHMUpYOIMX GyHKuui Fg (ecam yjaiHo nofobpaTh Kak
caMi PYHKUME ¥k (T), Tak @ AX KOAUYECTBO m).

Takum obpasoM, Mojels (7.5) TpeGyeT B ofumieM caydae npo-
BEepKH Ha aJeKBATHOCTL (Ha COOTBETCTBHE PEIYALTATAM JKCIepH-
MeETa) ¥ NPH HeoOGXOZAMOCTHE YTOUHeHHs (ITO PACCMOTPEHO HHXKe,
(em. 7.3).

BeegeM B paccMOTpeHHe CleAYIOIIUe MATPHIE:

T
- mampuyy omwrauxa ¥ = (¥, ..., Y,) Tuma nx 1, ecan
NOBTOPHKIX OOMTOB He OwLio (T.e. r; =1, 1=1,n), nan mMampuyy

8bIGOPONNBIT Cpednur 3xavenutt omwauxa Y THna n X1 B
OPOTKBHOM CAy4dae, i-H JIEMEHT KOTOPOH eCTh

- mampunyy F Gasucnvic Pynxyuil (mampuyy nabarwde-
Huil) TANA n X m

Yo(FY) ¥i(FY) Yu—1(EF?)
P W(Z?) ¥1(g?) Ym-1{Z?) :
YoE) BiEY) . Ymr(E?)

T
oy En)

vy Bm—1 )T IapaMeTpoB

- mampuuy {eexmop-cmoabey) owubor £= (g, ..
THNa n X 1 # BexTop-cToaGeu A = (B, ..
MO JIRJTH.

Toraa cucTeMy pabescTs {7.3) MOXHO OpesCTaBETH B MaTPH4-
HOM BHje:

-

Y=Ff+7 (7.6)
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Ypasuenne (7.6) naseiBalor aunetdnod pezpeccuonnod o
deavio. llogsepkuenM, 1T0 AHREHHOCTS B 3TOM MOAeIH NOHHMAaeTCR
KaK JAKACHHOCTHL MO MapameTpaM Sy, B, ..., Bm—1, HA3LIBACMEM
TaKXKe voadPuyuenmamu peepeccuu. lo nepeMenHRIM X1, ...,
Xp Mogens (7.6) MoxeT GHTH (m, kax HpaBHIo, Tak B 6rinaeT) He-
JMBeHHOW, BoaMoxHule cuTyanmu paccMOTpeHsl B npuMepe T7.2.

Jameganme 7.1. [lpn HAIAYHA GOBTOPHEX ONWITOB B paBen-
cTBe (7.6) BMeCTO MaTpHIM Y 6yAeT cToAThH MaTpula Y. #

PaceMOTpuM BO3MOXHBIE KORKDETHbIE CAYYAH PeaAlH3aluH CO-
oTHOWeHNA (7.2), KOTOpHE OPUBOIAT K OBl MOJen (7.6).

Ilpamep 7.2. a, llycTs uMeercs aumb ogun dakTop X (T.e.
p=1), a MHOXeCTBO Touek (z;, ¥i), i=T1, n, pacnofoxeno ma mIoC-
xocty X(y BIOMbL HEKOTOPOH mpaMoi {pHc. 7.3, a). B sToM cayuae
B Ka4ecTBe (QYHKUAH fo(z), annpokcuMupylomed hyHKUHIO pe-
rpeccudt f(z) =M (Y |z), ecrecTBenno pasTh JARHEHHEYIO (yHKIHIO

y y

F@)=By+6,x fo(x)=6y + B x+ B x?
O 1 L 1 1 L} 1 i S
T r xy .. ox, X O T T, Ty .. x, X
a 6
Y

H i i i

0 S Ty Tg ... T X
8

Puc. 7.3

L 48
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apryMenTa :
fa(i’-‘) = ﬁ0+r61I’

T.e. B KaYecTBe Da3WCHHX (PYHKOHE 34ech BHOpPaHH p(z) =1 u
P1{z) = z. Takyw perpeccrio HadHBalOT npocmoidl aunetnoti
pezpeccuet,

Ecam muoxecTso Tovek (&, ¥;), i =1, 7, PACHDIOKEHO BAOIbL
HeKOTOPOK KpuBOH (pEc. 7.3, 6), TO B KadecTse f,(z) ecrecTBeHHO
noupebonaTh BHOPATL CeMeRCTRO napabol:

fol@) = Bo+ Brz + Baz?,

T.e. B KadecTBe GadMCHHIX GYHKOHE 3Jech BRICTYNaT QYHKIMH
Po(z) =1 1 ¢ (2) = 2, Pa(z) = 2% L

Haxkomen, B c1y9ae pacnonoxeHEs TodYek (z,, ¥;), ¢ =1, n, HoKa-
3aHHOTO Ha pHC. 7.3, 6, MOKHO DOEPo6OBaTL nNogobpath HyHKIHIO
fo(z) B3 cemelicTBa IKCIOREHT:

fa(x) = ﬁ(}e_ﬁlx-

B nocrefmeMm caydae dyukuus f,(z) ABiferca HeARHEFHON MO
napaMeTpaM Jg B $i B He NPABOAAT K JHHEAHOH perpecCHOHHON
mojeau (7.5). OgAako nocie HEKOTOPOro GyHKOAORAILHOPO fpe-
06pa’oBaHEA HeAHHeHHYI0 mO DapaMeTpam dyEkiMI0 f.(z) vacTo
MOXHO TNpPABECTH K PYHKIEH };(x), JAHHeHHEOH IO mapameTrpam. B
JAHHOM CAYdae MOCAE JOrapApMAPOBAHAL NONY 1AM

In fo(2) =1nfo — B2,

T.e. pyEknEn f,(z) =In fo(z) yxe aunehna no mapaMeTpam =
=Infy n 8; = - 5.

6. IlycTs mmeercs gBa dakTopa X u X, {T.e. p = 2), a MHO-
xecTBO Todek (z°, yi), ¢ =1, n, rae o' = (zi, #}), pacnoaoxenst
BLOJAb HEKOTOPOR MAOCKOCTE B NPOCTPAHCTEE TPEX nepeMedHnX v,
zy % zg. Torja maGop Hamaywed annpoxcumanuu f,{z) MoxHO
HATAHATDL C JEHERHOA N0 DepeMeBHNM X; U X7 GYHKIBH

fo(z) = Bo + Br21 + B2,

——
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T.€. BRIGPATL B Ka4ecTBe Ga3UCHHIX (y BKIHH Yo(z)= L, ¥y (z) =2
i Ya(z) = 2. ’ '
Ecin Toyknm (z;, %), 1 =1, n, pacnonoxens B NpOCTPAHCTRE
UepeMeHHNX Y, Z1, T3 TaK, YTO €CTh OCEOBaHNe npeAnoiararh
Hanwame y oyexumn f(z) Toikm JKCTPEMYMa, TO ecTeCcTBEHHO
BCKaTh f,(z) cpen noamsoMon BTOPOr0 NOpsiKa, T.e. NPHHATE

fa(z) = Bo + P12y + Pazy + Baz1z2 + Baz? + szl

B 5ToM cayvae GasucHuME byakuravu Syayt ¥p({z) = 1, 9, (z)=
=7z, %b?(x) = &3, ¢3(z) =TI, "‘:":’4(x) = x%v itbS(z) = x%'

B. B xavecTBe 6Gasmcurix GYHKORA MOrYT 6HTL BHIGPaHH
He TOJbKO CTENEHH NEePeMEHHKIX Zi, ..., Zp, HO, BOOBLIe roBop4,
M100khle THHEHHO He3aBHCHMHEIE (YHKUEH, He cojep)kalllie Hema-
BECTHAIX NapaMerpos. Hampumep, npu 14o(Z) = 1, 9,(Z) = ev1+2,
9{E) = sinx, DoAydaeMm JHHEHHYIO HO mapaMeTpam MOjJedb per-
peccuu

fa(2) = Bo + Bre®1+%2 4 B,sin z1.

7.2, MeTosg HaumMeHBIIMX KBaApaToB

Matpank F w Y B aunetnod pezpeccuonnott modeau (7.6)
COAEPNKAT BCIO HHGOPMANNIO, NOAYIAEMYIO B Pe3yAbTaTE DKCNepH-
MeBTa. Ilo oTHM zadHBIM HaMm HYXHO OUEHHTL BEKTOP HEUIBECT-

HHX T = T
i apamerpos 8= (f, G, ..., Brm-1) . Jas monyyenun ONEHOK,
aK OTMeYal10Ch Bhlule, GyAeM BCNOMBLIOBATE MeMOd HAUMENSUUE

K
sadpamos. IlpeasaprTensuo chopMyaRApyeM NpeInoJoKeHH A, Je-
AlUHe B Bro OCHOBE.

[—

1. Meg; =0,:=1T, %, T.€. CHCTEMATHICCKAA NOZPEWHOCTIE MO-
deau OTCYTCTBYyeT.

2. M(gig;) =0, i 4§, ree. caynainble owubxy HEKOPpPeIHpPOBa-
HH {370 OrpaHEveHHe MOXHO CHATb, €CIM MATPHNA KOBapHALUH
D(£) sexmop-cmoabya owubon E3BeCTHA).

“Cm.: Heuenxo I H., Medsedes 20.J1.

arr

7.2. MeTog manMeHEIINX KBaIpPaTOB 205

3. Dg; =Me? =02, i=1,n, e B mobux ToOuKax Paxmop-
Ho2o npocmpancmea XP ciyvaiinse omBOGKY HMEOT OJAHAKOBYIO

ZHCOEPCHIO.
4. 3HaveHHs r; NepeMeRHEHX X;, t = |, p, B npouecce aKcnepu-

MeHTa A3MepAloTcHs Ge3 omndoK.
OTMeTHM, 9TO NPEANONOKEHHA 2 # 3 MOXHO 06BeIHEHThL H
IpeACTABHTE B CAeAYIOLIEM BHIE:

= '
De=o*I,,

rge {, — eqUHEIHAA MATpHUA DOPAJKA N.
YeTBepToe NpeNoioKeHHe O3HAFALT, 4TO, COMIACHO COOTHO-
vrennaM (7.3), BepHH paBeHCTBA

m=—1

MY =Y Bin(E),

k=0
KOTOpLIE B MATPHYHOR 3AMECH UMEIOT BHI

MY =F3, DY =d%I,.

NoggepkueM, 4TO HEKAKHEX OPeJNOJOXEHHH O 3aKOHe paclpe-
o - —
JeleHHA CAYJalHEIX BEIHYHH Y3, i = |, n, MBI NOKa He geflaeM.

Teopema 7.1. [lycre M = F' F -~ HeBHPOX/JEHHAR MaTDH-
ua. Hecamewennotll sfdexmuenotd oyennod B KIacce BCEX AuNeHbY
oyenox aad napamerpa 3={0 51 ... ﬂm_l]T B aunednol pezpec-
cuonnot wodesu (7.6) ABIAETCA OUENRG MeMOIU HAUMEHBUUT
readpamoe ( MHK -oyenxa), onpesenseMas MATPATHLIM DaBes-
CTBOM i

ey T -1 T
BYa) = (FTF)'FTY. # (7.7)

[ToscEEM RAel0 MeTOa HAEMEHBIUAX KB IPaTOB H DPOHCXOX A6~

Hre gopMyan (7.7). Jokaxem HeCMEIEHHOCTh B 3PQPeKTABHOCTD

ouerxn (3(Y,) B KJacce SEHEAHBIX ONEHOK.
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[TycTs oTKABK Y 3aBHCAT AHIIL OT 0gHOTO hakTopa X (p=1),
a mckoMad oyukuns perpeccar M (Y |z) = f(z) mmeer rpapuk,
A300pakeHANH NYHKTHUPHOU JuHMed Ha puc. 7.4. Pyskuus f(z)
HaM He H3BeCTHA, W3BECTHHI JHIUb 3HAYeHAA OTKAHKA Y1, ..., Yn,
NoJy4YeHHBe B IKCDEPAMeHTe NPH 3HAUEHHAX PAKTOPOB Z1, ..., Ty
(8a paC. 7.4 TO9KH (Z;, ), i = L, B, OTMEYeHR , KPECTEKAME“),

v 6
fo(x)=By+B\x :’[&
........ T
----- L fx)
Y E :
Y8 E :
o r X, xg :;:'. “n =
Pue., 7.4

HeuspecTnywo ¢yExknur f(z) Ea OCHOBaHKH XapaKTepa pac-
HONOXEHAA IKCIEPUMEHTAIbHRX TOTeK (OHH BU3YAILHO PACIOJ0-
’eHHl BAOAb OPAMOH) eCTeCTREHHO ANNPOKCHMYPOBATH JHHEHHOHR

ysxaneis f, (2;6) = fo+ Biz. Orxaonenns & = y; — (8o + Bra:),
i =1,7n, OPAKHAT IKCIEPAMEHTAALHHX TodYek (Z;, ) OT AH6OH
npamol f, (x;ﬁ) = 8o+ 51T HAZKIBAIOT HEEGAIKAMU,

B ofmem caydae 444 AuHeHHOR perpeccHoHHOR Mogern (7.6)
m=1
Si=yi— Y Betn(z), i=Tn,
k=0

B HeBA3KY §; MOXHO PacCMaTPHBAThL KAK PeaiuM3alHio CaydaHHOH
OWAGKE &; =¢£(x;), 1=1,n.
Cornacro MeTOXy HaAMeBbiEX kpajgparos, onesky [(Y,) =

- ¢ o — T - 4 i
={Bo(Ys) ... Bm-1(¥s)) BexTopa napamerpos S=(8y ... fm-1)
BRIGHpAIOT Tak, 9TOOH CyMMa KBaAPATOB HeBA30K §; Ouina MAHH-

7.2. MeTo4 HAUMEHLUINX KBaJPaToB 297

-  —

MaJbLHEON, T.€.

n n m-—1 N2 ‘
a@=S8=3 (- Brbi(a®)) - min,
=1 =1 k=0
Eaf, ITO TO XKe CaMoe, )
Ay =86=(Y - FAT(Y - F§) = A(B) = min,
rae & = (81, ..., 6,) — BEKTOD HEBA3OK. ~

Heo6X04MMLIM YCIOBEEM DKCTPEMyMa (PyHKIHHU (3) nepemen-
geIX Bg, B1, ++ -1 Bm—1 (2, CIEAOBATENBHO, B yCIOBHEM CYLECTBOBA~

pus MHK-omenxs napameTpa §), Kax HIBECTHO, ABAASTCA paBeH-
CTBO HYMIO €¢ JaCcTHBIX TPOR3BOAHBIX [V], T.e.

n m=1 )
o8 _ _QZTPU(Ei)(yi_ Z%(ft)ﬁk] =0, v=0,m-1
i=1 k=0

08,
JTy cucTeMy MOXHO OpeACTaBUTh, BCAOJB3IYA MATPHYHYIO JAIHCH
—2F"(Y - Ff) =0, a1p

FTrP=F"Y. (7.8)

Uz reoMerpriecknx CoOGpakeHuH O4YEBHAHO, 4TO pelreHaeM
cucremsr (7.8) SBAAeTCA TOYKa MEEUMYMa (PYHKIEHR A(B), B 1eM
MOXKHO yOeJETECA BeuocpeACTBEHHO, BOCI]OJIb:JOBa;BIHHCb JAOCTa-
TOYHBIM YCJAOBHEM DKCTpeMyMa [V]. Cucremy J9HEHHBIX aarebpa-
¥9eCKAX YPaBHEHUH (7.8) Ha3mIBaOT cucmemotl HOPMAALHBLIT
ypaenenutf Caycca. Ouna Bcerja AMeeT pelllenie (xoT4 Be BCeria
eJHHECTBEHEOE).

) [IycTe Ma,T)pnna FTF umeeT 06paTHYIO MATPHLY (FTF‘)“1 (zas
2TOro BeoBXoJUM0 H JOCTATOYHO, qTo6H rang F' 6wl paBed HUCTY
croabnop maTpuns F). Torga, yMuOXad oBe gacTH paBeHCTBA
(7.8) caeBa Ba MaTpEOY (FTF)~1, npaxogum K Gopmyse (7.7},
KoTOpaf JaeT eIMACTBEEHOE PelleHHe CHCTEMEL (7.8)0.

Ecig maTpana F*F ue mmeeT obpaTHofl (caydau, Korjga pasr
MaTpHON F MeHbIle 4YACIZ M ee cToabnos), TO Ml—]}f—oueuxa
TapaMeTpa ﬁcymeCTByeT, HO He ABIAETCHA eIEHCTBEHBOH .

*Cum.: Pao C.P.
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Hecmemennocts oneska f3(Y,), sagannoi papencrsom (7.7), &
5@@PEeKTABHOCTD B KAacCe BCeX JHHEHHKX HeCMeLeHKRIX OlleHOK He-
NOCPeICTBEHHO CASAYIOT B3 HCXOAHKX NPeANONcKeHHR 114 MeTo a
AaEMEeHBIIHX KBajgpaToB. JeACTBHTEAbHO,

MA(¥,) = M((F*F) "' F"Y) =

—

=(F'P)"'"F*MY = (F"F)'FF" §=j,

T.€. ﬁ(fn) — HecMmelleHHaf onesKa 444 3. JokaxeMm ee dpdeKTHB-
ROCTh.

Mycte LY — npouspoabHas JAuHeHHAA HecMel[eHHas OleHKa
aag 3. Torga w3 paBeHcTBa

M(LY)=LMY =LFf=§
noaydaem LEF =1, u
D(LY):M(LY-LMY)%ML(Y-M?)?LT:
=LDYL = Lo*I,L" = o’LL".

Hamwa 3afaYa MUHHMA3HDPOBATH JHACOHAJNBHLIE DAEMEHTH MAT-
PHUEL LLT, KOTOpbIeé ¢ TOYHOCTHIO JO MHOXHTeIA 0 ABIAOTCA
JAMCHepCUAMH ONeHOK napameTpos Jx, k=0, m—1. Jaa sToro pac-
CMOTPHM PaBEHCTBO

LI =(M'"FYM ' F'Y +(L-M"'"F)(L-M~'F"T,

B CNPaBeAJHBOCTH KOTOPOr'0 MOXHO YOeIHTLCH HENOCpPeICTBEH-
HO, NepeMHOXXHB MAaTpPHOH B NpPaBOH ero 4YacTH C Y4YeTOM pa-
pencts LF =1, 1 M = F" F. TTocKoIbKy A¥aroHalbHHE d1eMenTH
MaTpHUN BEAa AA’ ABISIOTCA HEOTPHOATENbHHMHE, TO MOXHO
YTBEPXK4aTh, 9TO ARATOHANBHEE dMeMeBTH MaTprus LL™ 6yiyT

LAY o =5
MEHEMalbHEME, eciE L= M~!F | T.e. oneska §(Y,) ssaserc
addeKTHREOH B KAacce BCeX JHHEHHNX ONCHOK.
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WUtak, no Teopeme 7.1 MHK-onenxks ApisioTCA HaUlylInMH
B YKAa3aHROM BHIIE CMBICIE B KJacce JMHEHREIX OUEHOK.: Tem
caMHIM paBeHcTBo (7.5) onpejeiseT HaplyIUIyio Modess pe2peccuu

118 BRIGpaHHBIX 6a3UCHBIX QYHKLIHA B 3Havenu# P, k =0, m—1,
Raji [eHHBIX B0 MeTOAY HalMeRbIUAX KBajJpaToB, KOTOPYIO By aem

3anuchiBaTh (0603HAYHB L(H) =§(Z)) B Buge

m—1

§(@) = Z B (E).- (7.9)
k=0
Cay9aiByI0 BelHIHHY
m—1
Y@= BulVa)vn(d)
k=0

Gy[em BashiBaTh OyenKoll CPedKe20 IHANENUR OMRAUKG Y.
Coraacio (7.9), MOXHO ONpELeNATH OUERKHA Y; =Y (z) cpen-

Rero 3HadeHAA OTKANKa {yCIOBHOTO MATEMAaTHYECKOTO OXUJaHHA

OTKAEKa) B KaX0# TouKe £' PaKTOPHOrO MPOCTPAHCTBA:

T

= (}71, eeey ‘?n) OYENOR

<

[Ipu 3ToM, €CIH BBECTH MATRPUYY

cpednezo 3NAUEHLA OMRAUKG, TO

v = F3(Y.). (7.10)

3amewanne 7.2. B page caydaes HHTepec NPEACTABRIAIOT HE
camu napametpnl fo, Bi, -y Bm-1 B JaHen oM perpeccnoaﬂoff
mogean (7.6), a BX HEKOTOpPHIE JHHEEHALIE KOMOHBANNH, T.€. HOBBIA
BeKTOp MapaMeTpoB & = (ao, @1, .-, Qq-1), g€ M, CBAJAHAMLE C
BEKTOPOM 3= (Banzwiss ﬁm_l)T cooTHOWenHeM & = Af}, rje A —
HEeKOTOpaf MarTpANa THNa ¢ X M.
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Jas pektopa @ MHK-ouerka é(?n} onpefendeTcs paBeHCTBOM
&(Y,) = AB(Y,), (7.11)

rae f{Y,) — MHK-oueska ana 3. #
YkakeM Tefepb NPaBHAO ONpefelcHUS KOBAPHAUHORHOH MaT-

paun 2(8) MHK-onenka 5(}7’,;) BeKTOpa mapameTpoB (. ITO
npasuio 6yJeT BHTEKATh KaK JacTHRIA cAydadl H3 cleAyloilled Te-
OPEMBL.

Teopema 7.2. Ilycrs g M-MEPHHH BeKTOP-cTOAGel AHHEH-
HOU perpeccHoHHOR Mofead (7.6), A — npouwsBoabHAA MaTpHIA
Tina g X ™, rAe 1 € ¢ € m, a MaTpuna F' F aBagercs 06paTHMOR
(r.e. det(F"F) # 0). Torga aas pextopa & = A3 MHK-onenxa
&(Y,), onpegeasemas pasescTBoM {7.11), ABAKETCA HecMelleHHOH
OUEHKOH ¢ MATPHIEH KOBapHAUKM

(@) =oA(FTF)" AT, (7.12)
rAe 02 — AECIepCHA OTKAHKA.

4 Cornaceo {7.7) u (7.6), umeem
B(Vo) = (F ) F (F§ +8) =
=(F Fy Y F P+ (FP)'F'e=+ (FFF)'F¢

OTcioga ans omenkn a(Y,) = Aﬁ(ﬁ,) napaMeTpa & = A umeeM
nIpejcTaBAcHHE

21Uy

(Vo) = AB(Y,) = AB+ A(F F)"\FT¢e=
=&+ A(F F)"'F's, (7.13)

H3 KOTOPOFO BHITEKAeT HeCMEleHHOCTH ONeHKH &(Y,), Tax Kak,
COrJIACHO HCXOABHIM NPEANOJOKEeHAAM MeTOAa HAUMeHBIIEX KBajd-
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paToB, M&= 0 ®, c1eIOBATEABED,
M&(Y.) =&+ AF F)"'F Mé=d.

Jlanee, MaTpEBa KOBapualHnE BeKTODa MHK-onesox &(Yn) B
CHLY HECMEILGEKOCTH ONEHKE & HMeeT BHJ

- oy IR T
£(8) = M((8(F.) - &) (BFa) - 8)").

Ucnoapays IpeicTaBieHEe (7.13), mpeo6pasyeM BHpaXeHHE XA
E[&] caeayoiaM ofpasoM:

—~ T
=(&) = M((A(FTF)'lFTfj (A(F"F) F7E) ) =
=M(A(F ) F & FIFT )T A") =
= A(FT )T M{EETYF(FTF) AT
(Tipr mepexoge X IPaBOH FaCTH MHEL BOCHOJII:.SOB&IIHC!::F uga.BmmM
TPaHCHOBAPOBaHAA IPOA3BEJCHAs MATPHI (AB)"=B"A" [llI} m
CHEMMETPHIBOCTBIO MATPHUB (F"F)1)

ECAH Tenepsb yTecTh, YTO, COTMACHO BCXOIREIM NPeANOOKeHH-
=T _ 2
IM MeTOAa HamMeEbwux Kpaiparos, M{£” £) = I,0%, To

—~

£(&) = A(F F) '\ F I,o"F(F F) ' A" =
= P A(F F)"YF F)(F F) ' A" = o?A(FTF) T A7,
4TO B GOKasuBaeT mpejcTapaenne (7.12). b

Caeacreme 7.1, Ecmm A=1,,, re. &= AE:E, TO

o~
-

T(8) = o*C, (7.14)
rae C = (FTF)™! — ducnepcuonnas smampuys Puwepa.

Caegcrere 7.2. [ucnepcus onenky Y () cpegnero 3Havenus
OTKAAKA B UPOH3BOJNBEOH TO4YKe & (paKTOPHOTO OPOCTPAHCTBA AP
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OIpeferfeTcs no GopMyre

DY (2) = o*y"(2) C¥(), (7.15)
rae #7(2) = (Yo(@), -+, Pm-1(&)-
« [leficTBHTENBHO, cOTnacHO {7.9)

DY (#) = D(y* (A(Va) =
= M(y" (2)(B(F,) 6)(ﬁ(Y $(8) =
=" @ M((B(F) ~ HBT) - B) )M =
= ¢ @TB)(H) = P @CWED.  »

Dopmyan (7.14) u (7.15) cofepxaT Heu3BeCTHHIH mapaMmeTp
0% — pucmepcmio oTkAEKa Y. IloaToMy TpebyeTcs npaBHAO ompe-
JeleRns ONERKM napameTpa ¢2. Takoe NpaBUAO ycTaHaBIMBAET
clegyiollad TeopeMa. (QAHAKO ApeXjge 1eM GOPMYyARPOBATH TEO-
PEMY, OTMETHM, 970 CIYHAHARYK BeAHYHHY

B (7.14), ameem

F2= (v - FB.) (v - FA(T.),

(7.16)
rae =Y — FA(Y,) — caysaiumii BekTOp, 2 B(Y,) — MHK-ones-

Ka BEeKTOpa NapaMeTpoB 3 AnHeHHOH perpeccrornol Moaers (7.6),
HA3LIBAIOT ocmamouxoti cymmotl xeadpamos.

Teopema 7.3. Ecal BHNOJIHEHEH HCXOABHE IIPEANOIOMKEHHE
METOJa HAAMEHHILIHX KBA,APATOB H PAHT MATPHUA Ba3ACHERIX (DyHK-
ol F' TEOA 1 X m paBeH m, TO HeCMellesHad ONeHka A8 oCcma-
mounoil ducnepcuu o? onpegenserca no popmyae

1

S¥(Y,) = —

(Y ~ FRV.)) (Y

~F3(%,)), (7.17)

rae 5(17,‘) — MHK-oneka BeKTOpa OapaMeTpoB [ auHekHOM
perpeccuoHHOH Mogean (7.6).

___r__'
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« W3 panencrsa (7.6) & Upenoa0KeBHi O CYIARHOH COCTABIAI-
el Mojedn clefyerT:

M((Y - FA)"(Y - FB)) =M(£"¢) =

’M(ZE) ZD:—:;:ROQ. (7.18)

i=1
PaccMOTpEM paBeHCTBA
(v - FR)*(Y - FB) =
(v - FB)+ F T -B) (Y- PB)+ BT D)=
(F(B(Ya) - B) P(B(Ya) - B)+

(Y — FRE) PR - B + (FBF) - B (¥~ FA(T)).

(v - PR (Y - FA(T)) +

-

[TockoabKy ,B(Y] — MHK-oneska BeKkTopa napameTpos [, TO,

cornacko (7.7), B(Yn) = (F7 F)~ LFTY | u, Kak clejCTBHE, HMEeM

B (Y - FA(T.)) =
_ (B - AP (Y - F(F F)T'F'Y) =

(P(B(Ta) -

= (B(¥) - BNFTY - FFFF R FTY) =0
P —
¥ — FRE)) PG - BT = (FEFa) - B (¥ = FA(Ta)) " =0.
Takum 06pasoM,
v = FRY (Y = FB) - (F(B() - B) FB(T) - B =

— (Y = AT (¥ - FATA). (7.19)
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Bocnoas30BaBIIACE CBOHCTBAMHE Clefda MAaTPHI H CAEICTBHEM
7.1, goayguM

M((F(3(7.) - ) F(5(Ya) - B)) =
=M((5(V.) - B (F F)(B(Y,) - ) =
= M(te((FF)(B(V,) - B (B¥a) - B))) =
= ((F*P)M((B(F) - BB - H")) =
= te((F' F)S(B(Yn))) = e ((F F)(F F)™'o%) =
= ¢?trl,, = mo?.
Taxum 06pazoM, coraacuo (7.17)-(7.19), ameem

no? — mo? M(Y A (Y—Ffi:(fn))),

OTKYJa

Cref0BaTeABHO,

§%=

1 =YD g
(Y = (%)) (Y = FA(Y,)

ABJAAETCA HeCMELeHHOH OUeHKOH Jad o2, p

3ameuanme 7.3. a. Ounemka S? ocTaTodHOW AECIEpCHA 02
npedcTaBaseT coGOH OTHOUIEHHEE OCTATOYHOH CyMMEl KBaJpaToB

=T
£ €, OTHeceHHOE K IACAY CTeneHed CBOGOAH 1 — ™M, TJe » — KOJH-

secTBo Habmogensni Y, = (Y1, ..., ¥,), upeacraBrerawx marpuned
OTKAMKa Y, a N = YHCIO OLeHHBAEM KX NaPaMeTDPOB, NpeACTaBien-
HEIX BeKTOPOM ﬁ TakuM 06pasoM, % — 1048 OCTATOTHOH CYMMHEL

KBaJPaTOB IMREHHOR PerpecCAORHOR Mogenx (7.6}, mpuxogamancs

7l
|
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ga OAHY ,CTENeHb cpoboan . daKkTATECKA THCIO crenerel ¢sobo-
4B paBHO O6BEMY cAydaiigof BRGOPKH 32 BEIMETOM THCIA HEdABU-
CEMEIX AHHEHHHX CBA3eH, HaJOXKeHERX Ha BLIGOPOYHLIe 3HATEHAA.

6. dopmyna (7.17) BepHa JMHIIL B TOM CAYydae, eciy ecTb OCHO-
BaHES CIHTATD, 9TO BHIOpAHEAR MMHeHHa# PerpeccuonHas MOLelh
(7.6) ABaAeTCH pepHO#, T.e. MY = F,B B npoTHBEOM Cly4ae B
OCTATOIHYIO CYyMMY KBAjpaTOB KpOMe crAydaiHBX oluBOK BXOJAT
5 CHCTeMaTEYecKHe, a NOTOMY OHA MOMET AaBaTh JaBHIUCHHYI
OLeRKy Jad a2

5. Tlofesxo 06paTUTL BHAMaHHE HA CXOJCTBO pesyibTata
(7.17) ¢ BecMellleRHOH oneskoli 52 (Yﬂ) ABCIEPCHA CAYTAAHOK Be-

AHugER Y 10 HaGAKOJeHHAM Yy, KOTOpad BMEEeT BRA

34ech TaKXe CyMMa KBalpaToB oTkIOHeHm# Y; 0T Y JenHTCcs Ha
queao cTenened cobGoignl 7 — 1, Tak Kak Hed3BECTHHH NapaMeT)
MY =y 3aMeHeH ero ONeHKOH Y, T.e. Ba aKCNepHMeRTaIbHbE
ZaREBle HAal0KeAa OAHa JTHRedHad CBAID. #

Tlpr pelleHdR pealbHBIX 32/4ad, CBA3AHHBIX C MPAKTHIECKEM
HCHOJbIOBARKEM PerpecCHOHHBIX MOAeIeH, HeOGX0AUMO NPOBEPATD
BEITOJHEHAEe MCXOLHEX RAPeANONOKEeHRH A1% METOA2 HAMMERLIINX
KBapaTOB, T.c. NPOBOARTH CTATHCTHYECKHA AHAK3 perpecCol-
noi Mogenn (cM. 7.3).

[ porIMOCTPEPYEeM NPONEAYPY NOCTPOSHII pet‘peCCHOHHOH MO-
Aexd HA JACTHHX IPHMepax, HMeiouldx H CaMOCTOATENbARH HH-
TEpec.

Tpamep 7.3. PaccmoTpuM caydal npocmot Aunetinot pezpec-
cut, KOT4a OTKAAK Y JaBECHT OT OJHOIO (PaKTOPa X (re.p=1)u
B KagecTBe NPHOIEKEHHS ACKOMON PYHKUMK perpeccuu grnbpana
byaKOUA

fa(z) = Bo+ Bz
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Ity GyHKIHIO NOAy4aloT 3 obmed Mogenu (7.2) mpu o(z) =1,
¥1(2) = z, T.e. paaMepHocTh BekTopa X paBHa p=1, a YHCIO
napaMeTpoB m = 2.

Poab dpakTopa X Moryr urpaTs BpeMs (HBOTfa 4aCTO BMECTO &
nuwyT t), TeMnepaTypa, 103a JevefHOro NpenapaTa U T.4. 3aj4a¥a
COCTOHT B H3YYEHUH CBA3H MeXAY OTKJIAKOM Y m pakTopoM X Ha
OCHOBAaHHA BRIOODKA (zi, y,-), it =1,n, NI0AyYJeHBOU B pe3yibTaTe
3KCOepEMeHTa (BMecTO z' fanee GyAeM MucaTh T;, Tak Kak T —
CKaJaAp).

Juas xoHkpeTHoCTH 6yfeM C9dTaTh, YTO X — DTO CKOPOCThb
JBIXEHRS aBTOMOOHASA (B KM/4), a Y — TopMoaHo# nyTs (B M) 1O
CKOJB3KOH JOpore A0 MOJHOH ero OCTAHOBKH, M IO Pe3yAbTaTaM

n=17 samepos X ¥ Y DoayyeHhl JAaBHEIE, NpelCTaBJeHHLEE B
Taba. 7.1.

Tabauya 7.1

z.| 28 | 20 | 32 | 35 | 40 | 44 | 45 | 51 | 53
v 10,58 0,02 | 1,52 | 2,07 | 2,17 | 3,65 3,97 | 5,27 | 5,54
z;| 58 | 64 | 65 | 73 | 75 | S0 | 83 | 93
v 16,43 | 7,60 | 7,91 | 9,48 | 10,1 | 8,05 | 11,48 | 13,74

Haixem snadenma omeHok napameTpoB Gg W fy, AHCHepCHH
OTKJHKA K JAHCIEPCHA CpPeAHEero 3HaYeHHH OTKAHKA, a Takxke Aa-
JHM DPOTHO3 AAA JJAMHK TOPMOIHOrQ NYTH IPH CKOPOCTH Zo =

=120 xm/«. B paccmaTprBaeMoM npaMepe MATPHIOH Y @ F uMeloT
BHJ

31 1y
Y = . ; F — X
Un 1z,
CaegoBaTeabHo,
L n
" n Z:l e ks
1= T i=1
F F: n n { F Y e i
PDETED I > Ty
=1 i=1 i=1
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Jlanee caydafiHple BEKTOPH B UX PeaTA3ANNM Gy neM OﬁOBQH&‘i&Tb
0IfHAKOBO: M3 TEKCTa BCErAd ACHO, O eM HAeT peib. Jousagps

TlockoabKy T; — PadlR4HBe Yucha, TO MaTpula =
o6paTHMa, IpHYeM

n L T 1 T
detM=nZz?— (Zx;)2:n2(x;—i]2, = EZm,‘.
=1 =1 . i=1 t=1

C 1OMOILBIC MPHCOEANHEHHEOR MATPALEL HAXOAHM

1 1=1 1=1
M 1l= %
det M 5 X

i=1

Henoasays 06paTHYO MATPHLY M-1=(F"F)™!, no popmyze (7.7)
noay9aem

é}xf (;Slyé) = i Ti (i ziyi)

i=1 i=1

F Bo) e G |
f=|2)=mFY =g | T AT S e
(ﬁl MY - Sa(Tu)+n e
i=1 i=1

=1

OTKYJa

n kL

.

112 n n L] n
Engyi—zzi(zxwi) 732“9:’—23{(‘ 1ya)
1=1 ‘1'=]. =1 =1 5 =l t= i= :
= n - N n 2

- £
i=1 = 1=

0= r——

3 <)
i=1

Us nocie HAX ABYX DABEHCTB C HOMOILIBI NPOCTHIX HpeoGpa3oBa-

HEH OOILy4aem

t

(7.20)
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W3 pasercTs (7.20) BHAHO, YTO OLEHKH 50(17“) a ﬁl [}7,,) CBABAHK
ARHEHHON 33BHCHMOCTBIO.
[TockoabKy Q,;y/n == I?:y ABJAAETCA JHAYEHHEM OLEHKH KOBapH-
aGun Qxy(XmY jin= K,,y()-('m]-f' ) dakTopa B OTKAHKA, a Q@ /n=
=72 — 3HaveHHeM ONEHKB JACHEPCHHE (PAKTOPa, TO AAA 3HAYCHHSL

ﬁl OmeHKH NapaMeTpa f CIPaBelIaBO H TaKoe NpejCTaBlIeHHe:

A

xy po a,
131 — ~a ¥
x x

rje p — 3HAYCHHEE ONEHKA KOd(POPHOHEETa KOPPEeAANdH p MEXJIY
haKTOPOM H OTKJIAKOM.
Takum 06pa3oM, HalfeHA MOAENb IPOCTOH perpeccHn

¥(z) = Bo+ Bz,

rge Bo R ﬁl omnpefeieHH o GopMyram (7.20).

JAna gaHEHX nz Tabs. 7.1 umeem n = 17. Jaree HaXoAUM
Qs % 6557, Qy = 250,8, Qgy = 1271,5.

[To ¢popmyaam (7.20) BuYACAeM 3HAYCHHES ONEHOK Bo & B

By =1271,5/655720,194,  Bo=5,95~ 0,194 - 5576 ~ —4,87.

CaegopaTenbHO, NPOCHOIHPYEMOE 3IHAYEHHe Y TpH T = zg = 120
paBHO
§(120) = —4,874+ 0,194 - 120 = 18 4.

Haitaem Tounocts omenok Bo(¥e), 51(¥,) r Y(z). Hcnonvays
dopmyay (7.14), noayvaem

- 2 & Py :
E(@ =gty =2_| = e
det M i !

- n
=1
rie

detM =nd (z; - %)
i=1
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Takam obpasom,
T
0?3 z? 42
Do(Ya) = —————, DAa) =3
ny (zi —7) > (2i—7)

Ho ¢opmyae (7.15) raxogam Df’(x):

] T
- o? Ex? _Em 1
DPE=— g = = |(1)=
n) (zi-7)? -X%ooon
=1 =1
=2
02(1 (=-7) ) (7.21)
S MCE
i=1
B Touxe oporaoza r =zg =120 1
-~ 1 (120~ 55,76)2
— g2 L LT 00T 2
DY (zp) =0 (n+ G557 ) 0,690

Hakouen, mo ¢opmyse (7.17) maxoanM 3HadeHHe S§ OlleHKH JHC-
MepCHE OTKJAKA!

1
—-42=028
y(xa) 15 ' 0,

y n— 2
® JaMeBAeM ¢’ Ha Sg BO BCEX NpEALAYLIMX pPaBeHCTBaX, TAe
NPECYTCTBYET 02,

CumTas ouesky )7'( ) HOPMANbLHO pacHpejeleHHOH ¢ MaTeMa-
Tueckam oxuganmem MY (z) = f(z) m grcmepcred DY( ), BRI-
YHECAEHHOH 00 ¢hopMmyae (7.21), MoXHO mo npasuay .30 ykasars
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HHTEPBa] BO3MOXKHLIX 3HATCHRH &8 Y B TOIKe Z = 2o = 120, yug-
THBadA, IT0 0 & Sy = 0,53:

(#(z0) — 38y, §(=0) +35,) = (184 — 1,6; 18,4 + 1,6).

HJoBepATebEHE HHTePBAN AAA 33 JAHEOH JAOBEPHTENLHOH BEPOAT-
HOCTH 7 OYJeT mocTpoeH B 7.3.

IIpamep 7.4 (kBagpaTmumas perpeccusa). Hcecaegyeres
SpDEKTHBHOCTb CHCTEMB OXAAXKACHEA ABHTATENN, PABOTAIONIEro
HENPEPRIBHO B TeYeHHe BpemeH lo = 60Mmu. Hamepenme Temme-
parypul T (B °C) paforawmero gsETaTens pOBeAeHO ¢ WHTep-
BaJ1oM SMEE B Tevemme 25MaR. PesyabTaTh CBefieHnl B TabaHmy
(Taba. 7.2). Ha pmc. 7.5 gamo rpataveckoe npeAcTapleHHe STHX
FaHHHX. CYHTaf, 9TO 3ABHCHMOCTL MEXAY HePeMEeHHBIMA & (Ppax-
Top) 1 T’ (oTkauk) ABAZeTCH KBajpatuinoH, 1.e. T = a + bt 4 ct?,

HaufeM 1o METORy HaHMEHBIUAX KBaAPAaTOB 3HAYEHHA ONEHOK Ma-
pameTpoB a, b u c.

Tir
Tabauya 7.2 80
1t] 5 [10[15]20] 25 70k x

ESQ,B 59,8(60,1(64,9(70,2

60)- x x x 4

50,;;__‘ 1 ] 1

0 5 10 15 20 25 t

Puc. 7.5

Jas yao6cTpa Bu9ACeEH i OpeABaPHTRILHO CAelaeM NTAHeH ke
npeobpasoBaHns nepeMesHwX ¢t ¥ T mo dbopmyaam
_t—15
ik <o
A BRITHCAHM BHa4vaJje 3Hadenus MHK-ouernkn napaMeTpPOB JHHeil-
RoOil (Do HapaMeTpaMm) MoJern

y=10(T - 60)

¥ = o+ Pz + Fy22.

——
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B garHoM caydae 6asucHsle hyRKIRE Takme: ¥Yo(z) =1, ¥1(z) =2,
¥o(z) = 22. DBygem mckats MHK-onenks He mo dopmyae (7.7),
a HeNMOCPEeACTBERHO pelllaf CHCTeMy ypaBHeREE (7.8}, koTopas B
JaHHOM CIy9ae MMeeT B[

5180 4 10)82 = 1431
108, = 269,
1080 + 343, = 427.

Pemense cacTeMs Takoso: fp = 8.4, §; = 26,9, 6> = 10,1. Takmm
o6pasoM, y = 8,4 + 26,9z + 10,12? n, nepexosa x BCXOAHHM nepe-
MenHENM f ¥ T, OKOBYaTeIBHO [OJYYaeM

Fa(t) = 61,86 — 0,67t + 0,04¢°.

7.3. CTaTHCTHYECKHH AHAJIU3
perpeccHoHHON MO JAenu

CraTucTHaecK Uil aHAIES Modeay pezpeccut (7.9), noCTpoeHBOH
Ha OCHOBe MapaMeTpH3alMA HCKOMOH (yHKUME perpeccud f(z) B
Buge (7.2) m Ha ocuoBe MHK-oyenox mapaMeTpOB, COCTOMT H3
CAAYIOMEX TPEX DTAMOB:

~ NPOBePKa aeKBATHOCTH MOJENH PerpeccHH;

— NpOBEPKa IHATEMOCTH MOJEIH PECPECCHH B ee NapaMeTpOB;

- aHAMYW3 TOMHOCTH PE3YNbTATOB, NOAYHUEHHHX ¢ HCIOAB3IOBA-
HUEM perpeCcCHOHHOH MOSedH.

a8 npoBejeRMA CTATHCTHYECKOTO aHAIH3A TPeOyeTCH AONON-
RATHL ACXOJHBIE NPEANONOKEHAA MEMOJE HOUMEHDWUL KEAIPAINOs
ellie OZHEM. ByjgeM CURTaTh, YTO cayuatiubie owubxu €;, 1= 1, n,
B MogeaH (7.3) He TOABKO HE3ABACHMBI, HO H DaclpefeieHEl IO
HOpMaTBEOMY 3akKony: &; ~ N (0,02%), ¢ =1, n, T.e. cayvaiigas cocTa-
prgiomad €= (&, ..., £n) aunetnot peepeccuonnol modeau (7.6)
uMeeT 7-MepHBIH HOPMaJdbHMHN 3aKOH DACIpefeleHHA C BY.IEBHIM
CPEAHHEM 3IHAYCHEEM H KOBAPUANWORHOR MaTpuuelt o2l,.
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DTo upeAmonoXKen@e B cHAY (7.3) DKBHBaJAeHTHO TOMY, ITO
Habmogenas Y;, ¢ = 1,n, ABIAIOTCA HE3ABACHMHIMY HOPMAaJbHO
pacnopefefeHHLIME C1yYARHBIMU BeAHIHHAME, T.€.

Yi ~ N{fa(£%),0%), (7.22)

rae

m—1
£(Z) =Y Bn(zY), i=Tn.
k=0

Hpoaepxy pacLcMaTpPHBAEMOI0 OpeJnoOJOXKeHHA NpOBOJAAT Ha
OCHOBE CTATHCTHIECKOrO aHaAH3a myqaﬁnux BeJAHIHH

€g=Y,‘—?(f£), i=1,n,

3HAYEHHS KOTOPHX [PelCTaBlIfloT co60H OTKIOHeHHs HabJlogae-
MHEIX 3Ha9€HHH Y; OTKAWKA Y OT erc 3HAYeHHH, NpelcKalaHHHIX
MOAelbl0 PErPECCHE

m—1

HEF) =Y Bive(FY).

k=0

Taxum 06pasoM, Bce CBOAATCA K NPOBepkKe cmamucmuvecxol
2unomes3sbi O BHINOAHEHUH HCXOAHKX HPeANOJOXKEHHH: CAydadHbIe
BeIHMHTB £, i=1,n, SBIAIOTCA HEIRBECHMHIMHE B & ~ N(0,0%),
t=1,n. KpuTepr# npoBepkH yKalaHEHX T'HIOTE3 PaccMOTpPEHHl
BHILIe (cM. B).

CregyeT OTMETHTB, 9TO, KOTAa KaX Jaf cAy4aiHad BEIHIHHA £;
HMeeT eHHCTBERAYIO peaaudanto (HeT NOBTOPHHX HabaoeHni),
MBI HE MOXeM IPOBEPHTE MHNOTE3Y O HEIABHCHMOCTH caAyJafi HEIX
BeJNMYHUH £;, ¢ = 1, n. OJBaKoO, ecld y HCCIEJOBATENd €CTh OCHOBa-
HHA CYMTATH, 9T0 CAYYAHHEe BEAUYHHER £, § = 1, 7, He3ABUCHMH H
OAHHAKOBO paclpefeNe ], MOXHO OPPaHAIRTHLCA IPOBEPKON THIIO-
Te3sl 0 TOM, 9TO £}, 4 = 1, 7 — peatudalnd cIyIafHOH BeTHIHAR
£; paclpeJeieBHOH N0 HOPMafAbHOMY 3aKOHY.
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CyuTad, 9T0 HCXOZHHIE NPEANOIOKEHHA METOL2 HauMeHdbIIAX
KBaJpPATOB BHIIOJHEHRI, T€peijeM K PacCMOTPEeRTio 3TaNoE CTa-
THCTHIECKOTO aHAJH3a PerpPecCACHHOH MOJCINH.

IIpoBepKa ajeKBATHOCTH IOCTPOSHHOH MOJENH perpec-
cuH. JTuxeilnyso peepeccuonuy #0o0eab HA3EIBAIOT Gdexsarm-
wotl, ecad NpeicKasaisble IO Aed 3HAYCHHA OTKIAKA Y coraacy-
I0TCA C pPe3yALTAaTaMA HaBJIO Jed .

B ocHoBe nponelyph NpPOBEPKH 3 AeKBATHOCTH MOJSNH JexaT
OpefIoNoXeHdd, 9T0 cayqaiiHpe OIWHOKE Habaogennn €;, t=1,n,
ABIAIOTCA HERZBHCAMBIMA, HOPMAJBHO pDacHpefefeHHLIMA cay4qan-
HEMH BeJRYANAME C HYJeBHIMH CpeJHAMH 3Ha9eREAMH @ OJMHAKO~
BEIME JHCHEPCHAMA 02,

TlycTh A8 KaXKJOTO KK HeKOTOPHIX a3HadeH ¥y NepeMeHHOro
z=(zy, ..., Tp) AMEETCH HECKOILKO (r;, i = 1, n) NOBTOPHKLIX Ha-
6riofernE oTKIAKa ¥ (T.e. HCXOAHHE ARHHBIE NPEACTABICHEl MAT-
pugest D — cum. {7.1)). Torga 4as 0poBepKH aAeKBATHOCTH MOJCAH
MO)KHO HCOOJB30BATEH CIEAYIOULy0 OPOOesypY.

Wrak, NOBTOpHBIE RabMIOJEHHEA N0y 1Bl IPA PadAAYHEX 3Ha-
qenpax £, ..., " MepeMeHHOro z, IPHYeM B TOUKe T = £' opo-

¥ LA |
L1}
U3BEAEHO T; HABMIOKEHEH Yi1, ...y Vir, OTKIAKA Y, 2 Yor=N—
=1

o6vem enbopxu. Beegem o6o3HaveHHe
1
¥ = - E Yis-
=1

Ecap fpHefHEAf perpeccHOHHaA MOAedb ajexBaTHa, TO 3Hatde-
HHA ¥, AOAXKHH OHTh GIHIKA K JHATIeHAAM % =H(EY), i=1,n.
CregopaTenbHo, CyMMY KBaJpaToOB

Qn=3 ri(@ - 5"
1=1

MOMHO PacCMATPEBATL KaK Mepy HEaJeKBaTHOCTH PaccMaTpPHBAL
MOH MOJEJH.
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Mo HO mOKa3aTh, 9TO CRAMUCMUXY

Qu(¥n) = ril V=Y (@)%,

Q) = 33 (¥, - ¥ (&)’

ABAAIOTCA HE3ABHCHMEIME CAy9aiHbIMY BelnyuHaMA. CTaTHCTHKA
Qp(Yn)/0? ameer x%-pacnpedesenue ¢ qucioM cTemenedl cBOGOAR
1

3. (ri—1), a oTHOmEEHE

=]

2055y _ QP(YN)
Sy(YN) - n
2. (ri—1)
i=i
ABNASTCH HECMEIUEHHON OUEHKOA ocmamounotl ducnepcun. ITa
CTATHCTHKa He CBS3aHA ¢ olIEGKOH B BhIGope Mogean. (CrarHc-

tEka Q. (Yn}/0? uMeer pacupegenenne X2 ¢ 4HMcAOM cTeneHeH
cBoGOAR n — m, ecan ranoTeda Hy: MY = Ff3 BepHa (3gece m —
TACIO HEHIBECTHRIX NapameTpos B Mogenn (7.2)). lpn orom S2, =

=Qn(¥n)/(n — m) — HecMemmennas omenka o2

Cregoparensso (cM. J[.3.1), CTATHCTHKA BMeeT pacnpedesenue
n
Duwepa co cTeleHAMH cBOGOAR n—m B Y (r; — 1):

=1
n

_ SZAYN)  Qa(Vw) E(m ) IR
F= S:HPy)  n—m  Q,(¥n) B m ;(?‘1—1))-

IlosTomy nposepka renotesnt Hy ocymecrsiasercs cragjapTHHM
ofpa3oMm no xpumepue Puwepa.

Ecna ewibopounoe 3navenue f, crarucruxkm F' He npessiuwraeT
KPHTHYECKOLO fip, T.€.

fo < pr = fl—a(f'mf'p);

TO MHOOTedy Hp DPHEAMAIOT (TOYHEe, He OTKJOHAIOT) Ha YpPOGHE
3HaguuMocmu o, T.e. MOfenb NPAIAALTCA 3JeKBATHOM.

7.3, CTaTHCTMHECKHY aHATH3 PerpecCHOHHOH MoAe1u 315

B OpoTHBHOM CAyYae MO/fedb NpPHIHARTCHA HeaJeKBaTHOH 1
BY’KHO NHTATHCH DOCTPOUTHL Gojee CIOXHYIO MOJAEdb, YBeldidB,
HanpEMep, 9ncao 6asucnmz Gyrxyul ik BHOPaB Apyrue 6asucHbe
PyHKUIHA.

Ilpemep 7.5. Haiigem MHK-omeuku napamerpoB npocmod

aunetinotd peapeccuu

fa(x) =,80'|'ﬁ1I

0o JaHHBLIM Taba. 7.3 # 1POBEPAM aAeKBaTHOCTh MOAEIH Perpeccuy
Ha ypoBre 3EadumocTy & = 0,05.

Tebauya 7.9
z; 1 2 3 2,7 4,3 5,0
yi; (0,5, 0,105; 1,2[1,2; 1,7 0,9, 221,1; 1,7, 25|2,0; 2,2
r; 2 2 2 2 3 2

1
Umeem 3 r;=N=13, n=6 m=2,

=1
6 r
Qo= (v —F:) =2,29.

i=1 j=1
ITo dopmynam (7.20) Baxoaum

~ 968

17,8 - 0,419-40,3
fi= o = =
23,12

0,419, fBo= - =0,07.

Utak, 7{z) = 0,07+ 0,419z. Janee BuIucAfieM

3]
Qn = ng (?, - E,?(:J:,')).2 =2 (0,39
=1

H paccidHTHBaeM BH60p0‘1H08 3BaveHHe

_039/(6-2) _

fo= 2,29/(13-6)

0,3
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CTATHCTHKHA

F= Qn(i;N) ‘g(fi: 1)
n—m QP(YN)

TlockoAbKy XpuTnYeckoe 3padenue fyp = foos(4,7) = 4,14 (M.
taba. I1.5) cywecTpeano Goabwe fp, TO TOCTPOEHAYIO MOJelb pe-
IPECCHM MOXKHO CYMTATh 34eKBATHOH pelyibraraM Hab/10JeHHH.

IIposepka 3HaYMMOCTH OAapaMeTPOB MOJEIH perpec-
cEH. HanoMBHM, YTO perpeccuOHHYI0 MOJAeldb MBI BHIGPaXH B BHJE
{7.3), T.e. HenaBecTHYIO GYEKOUIO perpeccun f(z) uieM B BAIE

m—1

fal@) =Y Bitu (=), (7.23)

k=0

r'Ae HeKOTODHE U3 Ga3uCHHX PyHKuui Pi{z) MOrAR GHTHL BKAKOYE-
HBI B MOJ@Nb PErpeccHd OLKGOTHO, T.e. Ha CAaMOM Jele omxaux ¥
OT 2THX %¥x(Z) He 3aBUCHT K NOTOMY COOTBETCTBYIOLIEE K0P DH-
HMEHTH Jp JOMKHBI ORITH paBasl HYA10. OIHAKO MOXeT OKadaThCH,
4TO noAydeHruie 0o dopMyse (7.7) snavenns MHK-onenox Bk oT-
AMYEEL OT HYIS, XOTA OBLIYHO K BYJIH0 K OJIH3KH.

[TpoBepxa 3payuMocTH KoddunnenTa J; 03HAYALT IPOBEPKY
runoTedbl Hy: Gy =0 npoTHB asbmepuamusnoll cmamucmuvecxol
2unomeant Hy: 0 # 0. Kosdduynuenm §; cIuTAIOT INGUUMBIN,
ecld BepHA runoTe3a Hi.

B ofuem ciyvsae MoryT BosueEkaTh G0Jee CAOKHBIE IENOTE3H,
Halpumep ranoresa Hy: 81 = —f; = 8, o3ragapowas, 910 §y + f2=
= 0. Takag ramoresa yMecTHa, Korja ecTh OOJ03PeHHe, YTO
JeHcTBYeT He KaX bk B3 daxmopos X; 4 X2 100 OTALILHOCTH,
a TOJABKO ¥X Pa3HOCTh, T.e. BMecTo kombwmannnm F1 X1+ 3 X2 B
MOJeb HYXXHO BKAIOTHTH Bhpaxesue S{X; — Xa).

CraTUCTAYECKHE TRIIOTE3N, KOTOPHE BKAKIAIOT YyTBEp K ICHHE
O IMHEHHOW KoMOERAnuy napaMeTpos B, j =0, m — |, HAILIBAIOT

Aunednsimy zunomesamu. QHE 0OBYHO BHTEKAOT H3 3Ha-

HYH DKCHePEMEHTATOPa KAH ero NPeANoJoXeAHd OTHOCATENbLHO
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BO3MOXKERIX Mogened. IloZx IPOBEPKOR 3HATAMOCTH BapaMeTpoB
MOJZEJH PEerpeccEHE B ITOM Ciiydae DOHMMAIOT TpOBEPKY BCEX BO3-
MOXHHX JHEEAHKIX MANOTeS.

Mu orpaREYHMCA 3A€Ch npoBepKOH AAHEHHHX FHOOTEd ABYX
THIOB:

1) renoTean Ho: Bo=pH1=...=Bm—1 =0 npoTEB aAbTEPHA
rupHOR rEnoTesw Hjp, coriacmo xoropoit Jx #0 xora 6Bl Jaf
oxmoro Bomepa k, k=10, m—1; )

2) runotesn Hok: B, =0 NpOTHB aNbLTEPHATHBHOM TENOTEIRI
Hix: Bk # 0, paccMaTpEBaeMBIX A4 HeKoTOporo GEKCHPOBAHHOTC
gomepa k, k =0, m—1.

Ecam ranoresa Ho BepHa, TO Modesb pezpeccut HASRBAIOT
nesnauuMoll, T.e. YCIOBHOE MAaTeMaTAUeCkoe OXHAJaHHe OTKINKS
M(Y)z = §(z) = fo MOCTOAHHO A HE MEHAETCH C p3MeHendeM . B
IPOTEBEOM Clydae Modesb pe2peccut Ha3hBaloT anauumotl.

ENOTe3k BTOPOrO THNA CBA3AHEL C aHAIM30M KOHKPETHOIO
koodunaenTa ;. Ecar rmoTesa Hox DpEHUMAETCH, TO KOI(-
¢unmesT Jx HEIHATAM M MOXKET GLITH YA2jJeH B3 MOJENH.

PaccMoTpHM KPETepHA IPOBEPKH T'EIOTES NiepBOTO T2 lIE—
X04f H3 NPejNONoKeRHd © cAydadHHX BelHIHEAX Y;, 1=1,n,
CAeJaHHBIX B Hadale Naparpada, MOXKHO NOKAIATE, 4YTO CTATHCTE-
kn Qi{Y,) = (Y - f’]T(}f - Y) (ocmamounas cymma xeadpamo?}
n Qs (Y= - IV)"(Y - IY) #BasioTc Re3aBHCAMHMA Cy k-
HLIMHE BeJHYHHAME. JAeChb Y — MaMPUyad OmMKAUKE Atnetnot
peepeccuonnod wodeau (7.6), ¥ — mampuye MHK-oyenox cped-
wuz anavenud omwrauxe B Y — evifopounoe cpedree OTKIHKA.

PackpeiBad MaTPHIHOE NPEACTABIEHHE CTATHCTHK Qi(Ys) ¥
Q;{ff'n], JAKII0T2eM, ITO

Qf{?n) = Z(Yt = }’;‘;_)'2‘

i=1

Qf(?n) = Z(ﬁ -Y)%

CraTHCTHKA Q;r(}'}n)/ar2 gMeeT X -pacnpefesenHe C THCAOM CTene-
7 2 2
el cBoGOLBL 1t — 11, & cTaTRCTHKA Q£ (Y,) /0 — X*-pacupenenenne
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€ YHCIOM cTemeHen cBoGoanl m — 1, ecnm Hy Bepra. Torga craTHe-
THKA

Qs(Yn) n—m

m—1 QI(.};‘;&}

T.e. UMeeT pacupefeienne Puwepa co creneHsMu cBobogsl m — 1
" n—m.

Crarucruka Q)(Y,)/(n — m) ABAseTcs HeCMelIeHHOH OLEHKOH
OCTATOYHOH AACHEPCRH (cM. TeopeMy 7.3), OGYCIOBAEHHOH Kak
cAy4alHHIME OIIHOKaME H3MepeHHH 3HadYeHHH (YHKOHM perpec-
CHH, TaK H Hey4YTeHHHMH B perpeccHE (PaKTOpaMH; CTATHCTHKA
Qf(?n)}(m — 1) — HecMelleHHaR OUeHKa AACOEDCHH CJAYTaHHBIX
OAGOK IpH HCOOAbIOBAHHH PYHKIME perpeccHd (T.e. ZHCHEPCHH
CAy4a#HBIX OWMGOK H3MepeHHH 3HaYeHHH (YHKIHH perpeccHH).
[ToaroMy cTaTucTRKa F MOXeT GHTL HCUOJAb3OBaHa NPH NPOBEpKe
pPaccMaTpPEBaeMOR THOOTE3H.

Takum o6pa3om, runoreda Hy: f; =...= -1 =0 0TKAOHAETCA
Ha ypOBHE 3Ha4HMOCTH & (a CIeJoBaTelbHO, perpeccus NpA3HaeTCs
3HA9UMOH ), eci¥ BHYHCIEHHOE 3Ha9€HHEe CTATHCTHKE F

~ F(m—1,n—m),

fB>fxp=f1—a(m_1;n—m)- (724)

3ameqanme 7.4. [lonesnol xapakTepHCTHKOH JHBEHHOH pe-
I'DeCCHOHHOH MOJeaH ABAseTcH xoaffuyuenm demepmurayuu R?
(nam KBajpaT Muodicecmeennozo xoadduyuenma xoppearyuu).
Ounerka
Rrerpn St 81
Qy Qy
KoxpdunuenTa JeTepMHHaOHH NOKad3LiBaeT, Kakafd JOJAA B CyM-
Me KBaJpaTOB OTKJIOHEHHH OTKIHKa Y OT ero CpejHero 3Have-
and, T.e. B Qy(Y,) = (Y — IY)T (Y — IY), obycioBrena perpeccaei
(T.e. HIOKa3BIBALT, HACKOALKO 3HAYEMAI IAPAMeTDPH MOJAENH perpec-
cun). Benmumna ﬁ[ﬁ,) ABJIAETCA ONEeHKOH KoaduumeHTa KOppe-
AAUME (Mepol JHHEHHOH CBA3H) MeXIY CiyYadHHMU BelHYHHAME

Ye¥(@). #
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IlepefigeM K NpOBepKe AMHeEEX THIOTE3 BTOPOro THNA. OTH
rANOTe3k NpOBepAIOT NOCHe TOro, Kak o6ocHOBaHa 3IHAYUMOCTE
perpeccus. Takad mpoBepka HOIBOLACT fosee ZeTalbHO MpOaHa-
JM3KPOBATL CTPYKTYPY MOjeMH DETPeccud Ha ypOBHE OTACABHAIX
koo HOHEETOB. flcHo, 9TO BOIMOMKHA CHTYANHA, KOTAa BEKTOD
napaMeTpOB 8 Mojenn perpeccun SBAACTCH IHATUMEIM, B TO BpeMa
KaK OTAedbHbIe KOI(POHUMEHTH MOJSNH HeIHATHMEL (u, cregoBa-
TeJBHO, BX HAJO NPHHATH PAaBHRIMH AYAI0).

[IpoBepky Jioboit U3 ™M PHIOTE3 Hor, 0 < k€< m—1, npoTus
rxnoTean! Hix HIPOBOAAT MO KPUMmepu Cmplodenma. )

Hamomium, 1o MHK-onesxa (Y} mapamerpa B ABHEHHO
JABHCHT OT MATPROH OTKIAKa Y. CregoBaTelbHO, B CALY (7.22)
T2 OUEHKA AMeeT HOpMalbAHH 3axoriﬁpac_’npe,qenennn ¢ MaTeMaTH-
qeckaM oXEfanmem (i (6o OUEHKa Bi{Ysn) HecMellensad) B JHC-
nepcuen Uickk (M. caecTme 7.1). 3aech chk — k-8 ,qnar:aa,nT
HnE SdeMeHT Jucnepcuonnod wmampuyst DPuwiepa C=(FF)".
TloaroMy .

— ﬁk(Yn) - B - N(O, 1).

TS Clik

Z

B To ke BpeMd

~ 2 {n—m).

Q(Yn) _ (n- m)S;‘,‘(?n]
V= c a2

Takam 06pa3oM, ecnd runoresa Hog: B3x = 0 BepBa, TO

7= 230) (- m),

{7.25)
Sy\/Cri

k=0,m-1,
Ecid MOAYSb BHYACICHEOTO 3HAYCHAA tx CTATACTAKH Ty npe-
w K
BhiCHT KPHETHUYECKAH YPOBEHb tf = t1_qp2(n— m), TO CHOOTE3Y
Hoi ciedyeT OTKJAOHATD Ha YDOBHE 3HAUAMOCTY & B HPHIHATEL KO-
aphUUECHT Ff IHAIAMBIM.

3ameuagne 7.5. lIpoBepKY 3HAYAMOCTH KOXDPHOHEHTA B
MOJEJH perpeccHu (7.23) MOXHO TPOBOJUTH TAKXKe C noMOUIbIO
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dosepumeavnozo unmepsasa J,(Gi) = (8, (Ya), Be(Ya)), snavenns
TPaHEl KOTOporo B cuay (7.25) mmerot B g (cM. 3.3)

Bt t1_opa(n—m)S,/cr. (7.26)

Imooresa Hoi: B = 0 DpuHEMaeTCs, eCiE HETepBaA ¢ TPAHHNAMHA
(7.26) naxpeIBaeT HyJb, H OTKIOHSETCH B NPOTHBHOM CAy9ae.

3amezanme 7.6. a1 npocToil AEHEHHON perpecchn

fa(-r) = o+ Pz

{cM. mpamep 7.3) 9ucao nmapaMeTpor m =2, a AECHepCHOHHAS
Marprna Priuepa aMeeT BHJ

a €oo Co
55 (% ),
€10 C11

rge

C11 = —.

a 3avends (7.26) rpaEuu JOBEPHTENLHLIX HHTEpBAJOB A1 Napa-
MeTpoB o ® ) IPHHUMAIOT COOTBETCTBEHHO BAA

Blicl_a,g(n-z)sﬂ/él—.

n
>z
i=1

nQs '

Botty_opa(n—2)5,
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Ilprmep 7.8. PesyasraTh y;, i = 1, n, HabAl0jeHHi, npoBe-
XEHHBLIX HaA OTKJAHKOM Y IpW 3naveHusX z; paxTopa X, npeicra-
BieAl B Tabi. 7.4.

Tabavya 7.4

|l 0|1 ] 2 3 4 5 6 7 8 9 [ 10
vi |8,98)8,82]9,09)11,94|24 63|14,06|14,00 24,93133,22(15,7|35,92

PaccMoTpHM B kadecTBe donycmumotd modeau pezpeccut pyHK-
[185830]
fo(z) = Bo+ Brz + Bo7?

H Ha.a,aeM MHK- OUEHKH HEH3BECTHBIX UAPAMETPOB MOACTH perpec-
CHH: ﬁg =692 61 = 2,27; ;32 = (0,08, Taxnv oGpazom, uMeemM

y(z) =

Ecth ocHopanuA npegmodarath, 4To 33 = 0. Jadg npomepku
runoTeal Ho: B2 = 0 (3HaynMocTR kodpguunerTa [J2) npotHs
albTepHaTHBHOE rHnoTesw Hy: 8y # 0 Baxognum 3nagenne t3 = 0,20
cratrctuky Ty (7.25).

Bocnoas3opabmncek Tabaunnei kpanTuien pacnpegeneans CToio-
AenTa {cm. Taba. I1.4), Ha ypomHe 3nravuMocTH « = (,1 HaXogum
tap = t1—as2{n— m) =t 95(8) = 2,31. Kooppuuneat B; Hesnauum,
Tak Kak tg = 0,20 < t,p = 2,31.

3Hadenne oUeHKHE KOd(pHIHEHTa AeTEePMHHALMH

Q 1060,51

p2
=1-H=1-
= Qy 2214,24

6,92 42,27z + 0,0822.

70,52,

IMonydenany peayapTaT yKasuBaeT Ha 52 %Al pasbpoc peayin-
TaTOB HAOJIONEEHH OTHOCHTENbLHO TOPH3OHTAALHOH NPAMOH § =
=18,29.

AHanE3 TOYHOCTH PE3YALTATOB, NOIY9EHHBIX ¢ HCHOMb-
30BAHHEM pEerpecCHOHEOH MOojenn. Ecau Mojeab perpeccu
TPOLLIa TPOBEPKY HA 3HAYHMOCTD, TO €€ MOKHO ACHONB3OBATE A4
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pelieHHs pa3JiMYHHX DpakTHyeckuX 3afad. OCHOBHHMM H3 HEX
ABAAIOTCA:

- oupejeleHue 3RAYEHNA OTKINKA Y B TO# 4acTy (akTOPHOTO
OPOCTPAHCTBA, TAE IKCIEPHMEKT He NPOBOJRICH, T.e. TuGO HHTep-
NOASANALA, TAGO DKCTPANOAALNS (TPOTHO3HPOBaKUe) OTKINKA;

— onpejeleHie IKCTPeMaibHEIX YCIOBHH NpOTeKaHHA Hpoliec-
ca, MOJelb KOTOpPOro NOCTPOeHa, T.e. OTHICKaHWe TaKOH TOYKH
™ = (z}, ..., 2;), B KOTOpOH y(z) WMeeT DKCTpeMyM; DTy 3ajady
pelialoT MeToAaMH MaTeMaTHYeckoro anaimsa [V].

B o6oux cayvafx ¢ MoMOLIBI0 NOCTPOCBHOH MOJenn

m—1

V(@)= Bitu(c)

TpebyeTcd OOeHATH TOYHOCThL NPEACKA3aHHA B PaccMaTphBaeMoOH

TOYKe T = Zo AGO cpejmero 3maderds oTkiauka M (Y |z) = §(z),
AE60 0XUAaeMOT0 3HAYeAN OTKINKA Y = Y.

[as peureHHa mepBoH 3aJav¥u HYXBO AAA BEIHYMHEBI §(z) HO-
CTPOATL JOBepATENbHEIH HHTEPBaa J, C 3aJaHHHIM YPOBHEM JOBe-
PHA Y, & fIA PellieHuf BTOPOA — TakK Ha3blBa€MbIH NPOTHO3UPYIO-
WA HHTEpBaJ .};, B KOTOpBIt clyvaiiHag Berdunna Y npm z = 20
nonajaeT ¢ 3aJaHHOA JOBEPATENLHOH BEPOATHOCTHIO 7.

Ilpn HaXoXjJeHMH AOBEepPHTeNbLHOTO HETepBajia .J., BaXKHO TO,
310 MHK-onerskn ﬁk(}?n) BEMEI0T HODMaJbHhIH 3aKOH pacupefele-
HEA, a crefoBaTenbno [XVI], ouenka }7’(3) TaKXke pacapegeseHa

IO HOPMAJILHOMY 3aKOHY CO CPeAHHM M?(x) =Y(z) 1 ancnepcrent
(em. (7.15))

DV (z) = 0%y (2)Ci(z).

3aaqarT,

__P@)=u=z)
o (2)CY (=)

N(0,1).
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2
C Apyro# CTOPOHB, HeCMelleHHad ONeHKa JAMCTIepCHE OTKAAKA 07,

onpejensemas no popmy.e (7.17), He 3aBUCAT OT Z

(n — m)S2(Y,)

Ql__ At b i
V=;5— 3 x%(n—m),

T.e. AMEeT Y°-pacnpefeieHne ¢ YHCIOM CTeneHen cBobOAH T — M.

OTtcioga cieiyer, ITO CTaTHCTHKA Z/+/V/(n — m) pacnpefe-
zena no saxony CTbIOeHTa C IHCIOM CTeleHed cBOGOAHI 7 — M

(cm. J.3.1):
2 -3
Viln-m) S,(Ya) V¥ (z)C(2)

TaknM 06pa3oM, ¢ BePOATHOCTBIO Y = 1 — @ BHIMOAHAETCA HEpABeH-
CTBO

~ 8{n —m).

-wY(z);g{x) <t1—af2(n_m)‘
5y(Ya) /9" (2)C¥(2)
rie ty_ap(n - m) — KBaHTHAL ypoBHA 1 — a/2 pacnpeseieHns

CTbIOACHTA ¢ TACKOM CTelleHed CBOGOARI 7 — M.

DTo paBeHCTBO AaeT TPAaHHUUE JOBEPUTEIBHOTO HETepBa.na, c
ypOBHEM [JOBEpHR Y AAf CPejHero 3HaveHds OTKIUKA g{z} B mpo-
W3BOABEOH TOUKe T GPAKTOPHOrO NPOCTPaBCTBA B BHAE

(@) £ t1-asa(n — m)Sy(Ya)y ¥ (€)C(2), (7.27)

T -1
rae, ganomunm, C = (F" F)7'.
B 9acTHOM clyyae NPOCTOH THHEHHON perpeccun

i(z) = fo+ Biz

JECTEPCHIO }7(2:) BHYHCAAKT 00 popMyie

—7)?
DY (z) = o? (%-!—-—“——i(ﬂ(: )_)2),
T, — &
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4 popmyra (7.27) npuruMaeT caeayrommi BAJ:

Q‘(z):l:rl_aﬁ(n— m)S,(Y,) i+ n(o:—i (7.28)

S (ai-z)

=1

y gIa BhIpakeHus (7.28) sugno, 910 HauGojee Y3KEM MHTepBaJ
v OYAET B TOYKe T =7, ¥ MO Mepe yJaleMRA T OT F TOYHOCTE
yMmeHblIaeTCa (pHc. 7.6).

Y

. Hz)
—~ §(x)
: R ()
7] A TR
ol =z T, .. L T, :;‘n T x

Puc. 7.8

AAs OTHICKaHUA MPOrHO3MPYIOlLEro AHTepBarta J., ¢ ypoBHeM
AOBRPUA 7Y UCIOALIYIOT TOT aKT, 4TO Pa3HOCTS MeXAY OTKIHKOM
Y ® onenkoii ero cpegmero 3mavenms ?(x) B J11000H TO4Yke T
AMEET HOPMAIbHKIH JAKOH paclpefeleHns cO CPefHEM 3HAYCHHEM
M(Y - Y(z)) =0 u gucnepcueii (B cuay nesaBucEMOcTH ¥ n ?(z])

D(Y-V(2))=DY+DP(z) =02+ D?(x]=oz(1+¢“‘(x)c¢(x)),

T.€. X Aucnepcuy Y (z) go6aBagercs JAACHIEPCHA OTKANKA Y.
llosTopsa npenmayuime PACCYKACHHA OPH HOCTPOEHUH AOBe-

PHTEALHOTO BHTEpBala, BMecTo (7.27) nonyvaem oxoryaTerbHuil
Pe3yIbpTaT B BHIe

F@) 2 tap(n=-m)S, (P14 97 (2) Cpia).  (7.20)
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7.4. O pufope JONYyCTHMOH MOJeIU PErPeccHM

Kak yxe oTMmedanoch Bhlllle, TIPH peLIeHHHN 3ajad pezpeccu-
ONNOZ0 GHAAUIQ UCCASAOBATENbL B TEePBYlO oYepefh CTalKHBaeTCA
¢ HeoBX0AAMOCTHI0 BHOOpa kiaacca F donycmumbiz modeaeti pe-
epeccuy. MH He OCTaHABAHBaeMCA HA 2TOH npobieMe™ H ewie
pa3 OTMeTHM, ITO OpH ee pelIeHHH, KakK paBR/o, HCCAeJOBATelb
ACXOSET U3 NpeciefyeMHX Lesell, cCOGCTBEHHOr O ONbITa, Pe3yabTa-
TOB IPeABapHTENLEOI0 aHANHIA, HMeOLIErocH IKCIepUMeH TaIbHO-
I'o MaYepEala # T..1.

Ecau krace F coepkuT, BanpHMep, ABe JONYCTHMbIE MOJeNH
perpeccHH, TO BOSHHKaLT npobaeMa BHOOpa Hauayqmel (B KAaKOM-
TO cMbICAe) donycmumoti modeau peepeccuu. Q6cyxaeRue >ToR
opobieMH MOXHO HafiTH B COENMAALHOH JAUTEPATYpPe™, a Mbl
OTPaHEIAMCA PACCMOTpPEHHEM Jaunelnod pezpeccuonnot modeay
{eM. (7.6)). Tlpm dToM Gygem npefnosaraTs, 9TO BHEIOAHEHB!
OCHOBHEIE JOUYWeHEA PerpecCHOHHOTO aHalH3a: HE3aBHUCEMOCTh
H HOPMaJlbHOE paclpefeleBue CAyYaiHLIX BeIW4HE &, i = 1,n

{cM. (7.4)).

IlycTe uMeem ABe KONYCTHMBbIE MOJEAH PETPeCCHH
m1-1 mz—-]

Yo Be(@  w Y Bewl®), (7.30)
k=0 k=0

rae mq > my ¥ o6bem BHGOpKH paBer n. [lpopepuM zunomeay
H.U: 6?-"11 = }Bml-l-l = .= 6"?’!2-'1 =i 0
OPOTHB AALIMEPRAMUSHOU 2Unomesn

mg—1

k=

*Cwum.; Kowean P.JI., Pao AP,
" CwM. TaM XKe.



326 7. OCHOBb] PEFPECCHOHHOI'O AHAJIM3A

Jlas opoBepKH ranoTe3nl Hp MOXHO NPHMEHATL CMAMUCMUKY

p_ Qu) = Qu(¥a) n—m
Qua(Ya) mg—my’

(7.31)

vae Qu{Y,) u Q{g(}-}n) — OCMIGIROUKbIE CYMMbL KE6AIPATNOE COOT-
BETCTBeHHO AAA HepBoH 4 Bropol Modenedn (7.30). CraTmcTHKa
F umeer pacnpedesenue Puwepa ¢ 4ucAOM cTeNeHedr CBOGOAH
™Ma—Ty A TL— Ty — Mg,
[enoTesy Hy ciegyeT NpHEATL Ha yposHe 3Havumocmu « (Op-
my~1
HATH MOJelb kZD Br(Z)), eciu 3Havenue f, craTtucTuku F, pac-

CYHTaHHOE TIO0 pe3yibTaTaM HabAIOLEHHH, He NpPEBHUIACT fip =
= fi—a(mg—my,n—my —ma).

3ameTHM, 970 NpH Q2 > Q)1 Bcerja cielyeT BHOHPATL MOAEdb
my—1

> Brw(3).

k=0

PaCCMOTpe_HHmff KPUTEPAH HAIHBAIOT KPUIMEPUEM OMKROUIE-
HUuR ocmamousbiz ducnepcuti. CMECT ero npo3payen: ycaIox-
HEHHE AONYCTHAMON MOJeAH Perpeccui CTATHCTAYECKY OnpaBia-
HO, €CAH ITO NPUBOAUT K JHATEMOMY (Ha YypOBHE 3HAMAMOCTH &)
YMeHbIIEHAIO 3HA9eHNd OUSHKH ocmamourod ducnepcuy.

Ilpamep 7.7. Bepuemcs k upumepy 7.6. PeayawnTarhl HabIIO-
JeRdH JaloT OCHOBaHAe YTREPX AaTh, ITO JONYCTHMEIMHK MOZeJAAMHE
perpeccHi ABAAWTCA

1 2
Zﬁk@ﬁ’k(f) u Zﬁkwk(f).
k=0 k=0

C noMouwisio semoda neumenbuwiuzr K6adpamos HaXoAHM IHaIeHAA
OUEHOK AAf NapameTpoB S, k=10, 1, nepBoii MoJgeld perpeccuu.
Aaa BTOPOR MOJENN ONeHKH BapaMeTPOB HaillAeHH B npuMepe 7.6.
Hueem

1(2)=69242272  u  Fa(z)=6,92+227z + 0,082>.
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Koadp@uuuenT (32 BO BTOPO@l MO/IeaH HE3HATUM (cM. npumep 7.6).

[IpaMeHss CTATHCTHKY (7.31), npoBepriM I'EIOTEY Hy: B2=10
[pOTHB albTEPHATHBHOH TANOTEILI Hi: B2 #0.

B mawem caysae n= 11, my = 2,28, mg = 0,08. PaccynTHBa-
eM OCTATOYBbLIe CYMME! KBagpaTOB Qun = 393,84 1 Q2 = 455,21
JHaYeHHA ONEHOK ocmamouwviz ducnepcud COOTBETCTBEHHO pab-
uw 43,76 u 56,90. IMockaabky 56,90 > 43,76, To crefyeT BHOPATDH
mogens i (z) = 6,91 +2,28z.

7.5. Pelensie TUNOBBIX NMpHUMEpPOB

IMpumep 7.8. [Ilo dazannoi embopre (Taba. 7.5) Hailzem
oyenKy NapaMeTPoB npocmotl aunelnod pezpeccut Yy Ha T Y=

= fo+ Az,
Tabauya 7.5

Z ] 271 46] 63] 7,8]9,2[106]12,0] 134|147
v [ 17,01 16,2 [ 13,3 [ 13,0 | 97| 99] 62| 58] 57

B zanmoM crydae do(x) =1, Y1(z) = T, MaTpHOH FnY umeror

BHJ
T

{1 b0t A kL Fopediend )
=lo7 46 63 7,8 92 106 120 134 147/ °

Y = (17,0 16,2 13,3 13,0 9,7 9,9 62 58 57) .

HaxoguM MaTpHOH

T 9 814
M=F F*(sm 865,63)’

0,74322

. —0,06989)
~ \ —0,06989 ’

0,00773

B peayawTaTe moixy+aem

)30 And 1Ty 20,53
(ﬁl)_M FYN(_I‘OS :

Caegosatenbro, §(z) = 20,53 — 1,08z.
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Npumep 7.9. PYHKOHOHAIBLHAR JABHCHMOCTE YJENLHOTO CO-
IPOTHBACHHA p KPHCTANIAYECKOro KBapla OT ere TeMOepaTyphl T
umeer Bug p = 1047+, Ucnoavays onuiThee fanHbe (Taba. 7.6)
HaiileM OUEeHKH MapaMeTpoB a K b. ’

Tabauya 7.6

T | 335 365 400 445 500 570 670
o |5-10% [ 41015 | 3- 10T | 2. 1073 ['2-10%% | 1,5 1011 | 10%®

uﬂm pelleHHs 3343490 HeIHHeHHYI0 #odedb npeobpasyeM B JAu-
nednyro no napamempam. Jas 3TOro NpoaOTApAPMUPYEM JEBYIO H
npaBy dactu: lgp=a/T+b. O6o3naum x=1000/Tny=I1gp. B
pedybTaTe PUXOMM K 32/4a%€ HaXOX IeHEs 1apaMeTPos npocroi
AvHeHHOW perpeccHd Yy = az +b. [lepeceuTaem ONLITHLIE JaHHKIE

B IIEPEeMEHRKIX T H y (Taba. 7.7).
Tabauya 7.7

2,985 2,740 2,500] 2,247 2,000] 1,754 1,493
y | 16,699 | 15,602 | 14,477 | 13,301 | 12,301 | 11,176 | 10,000

CocTapaseM MaTpUIOLI

T

F=( 1 1 1 1 1 1 L
2,985 2,740 2,500 2,247 2,000 1,754 1,493

Y = (16,699 15,602 14,477 13,301 12,301 11,176 10,000)" .

Janee BHYHCALEM MATPADEL

M=FTF=( 7 15,719 o (3067 —1,302
15,719 37,022} ~\-1,302 0580/

Hakonren, RaxognmM BeKTOpP-cTOAGEH MapaMeTpPOB

a _ 3,306
=M IIFYT =2
(b) Y 4,480 /'
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MTax, perpeccROHHafA MOJelb B NEPEMEHHBIX I H Y KMeeT BUJ
7j = 3,306z + 4,480. (e JOBATENBHO, § = 102480/ T+37306

Mpamep 7.10. B ycroBusax mpuMepa 7.8 upoBepHM 3HAUH-
MOCTb xoofduytienma peepeccut Yy Ha I Ha YPOGHE IHAYUMO-
emu o = 0,] ¥ HaljgeM DHAUEHHEe OYEHKYU xosffuyuenma xoppe-
AAYUY Pzy-

[IpoBepKa IHAYAMOCTH KODDOHUHEHTA perpeccit 8 JaHHOM
cay<ae 03HAYaeT MPOBEPKY ZUROMEID Hg: 81 =0 npotus aabmep-
wamuenot zunomesst Hi: f1 # 0. Bocnoasayemcd cmamucmuxoy

QI(?n) n-—m

F= =
m—1 Qi(Ya)

Juagenna NokasaTeneli @y um ( Halifem No pesyabTaTaM fa-
6riogenuii. COOTBETCTBYKIME BhITHCICHHA CBEJEM B TabauLy
(rab1. 7.8), B KOTOPOR ¥ = §{z;) u § — cpeanee BrIGOPOHOE, PAB-
Hoe

9
1
2o BT L 10,756,
7] Q;:y 1
Tabauye 7.8
ol vl ol w5 |G- -] @G-9]

2,7(17,0] 17,614 | -0,614 0,376996 | 16,858 | 47,032164
46]16,2115562 | 0,638 0,405044 | 4,806 | 23,097639

6,3113,3(13,726 | —0,426 | 0,181476 2,970 | 8,820900
7813,0( 12,106 | 0,894 | 0,799236 1,350 | 1,822500
9,2 9,710,594 ) —0,844 ) 0,7 12336 | —0,162 | 0,026244
106| 99| 9,082) 0818 0669124 -1,674 | 2,802276

120 62| 7,570 | ~1,370 | 1,876900 | —3,186 | 10,150596
134| 58| 6,058} 0258 0,066564 | —4,698 ) 22,071204
L14,7 57| 4,654 | 1,046 | 1,094116 | —6,102 | 37,234404
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s Taba. 7.8 noayvaem

9 9

Q=) (5 -7)*=153,0579, Q= > (i -9)* =6,1837

i=1 =1

A BRIMHCIZEM
P 153,0579-7~1?2
TR G ISFE S oo

[lo Tabanie kBanTHACH pacHpeJeteHns Duirepa ¢ YBCIOM cTeneHeH
€BoGoAN M—1=2-1=1lun-m=9—-2=7 (cM. Taba. I1.5)
HaXoxuMm f,, = fi—aj2 = foes = 5,59. Us HepaBeHCTBa f, = 172>
> fup = 5,59 caefyer, 9To perpeccus 3mavmma,

ro6s raliTH Ko3dHLKERT KoppersmuK Pzy, BOCHOJB3yeMCH

PABEHCTBOM p.y = (sgn8)) R, rae R? — spadenue oyenxu xoaddu-
yuenma demepmunayut, paBaLE

F2_ s _ _ 1530579  153,0579
Qy  153,0579+6,1837 ~ 159,2416

B pesyasrare p., ~ —0,96.

~0,9612.

IIpamep 7.11. CynTas, 4To 3aBHCHMOCTE MeX Ay & H Yy uMeeT
BEA ¥ = 8o+ Brz + P22, HaBJeM 3HAYCHHSA OUeHOK napaMeTpoB H
MPOBEPUM 3HAMMMOCTL wodedu pezpeccuu Ha ypomae o = 0,1 1O
BRIGODKe, NpefcTaBACHHOR B Tabi. 7.9. .

Tabauya 7.9

zi | 26 | 30 | 34 | 38| 42 [ 46 | 50
¥i 3,94 4,60 (567 (6,93]7,73 8,25 9,56 |

Ho gausnM Br6GOpKH 3amHmenm MaTPEI L

1 1 1 1 1 1 1
F= 26 30 34 38 42 46 50)

T

676 900 1156 1444 1764 2116 2500

Y =(3,94 4,60 5,67 6,93 7,73 8,25 9,56)".
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Henoaways maTprny F, HaxoauMm

7 266 10556
M=FF= 266 10556 43517’6) ,
10556 435176 18527600
91,926 -4,962 | 0,064
M1l= (—4,962 0,271 —3,534-10'3) .
0,064 —~3,534-1072 4,65-107°

Tenepb BHITHCAAEM BEKTOP-CTOAGEI] TapaMeTpPOR

Bo ~2,6589
(m =MFY == ( 0,2579).
B2 —0,0003
Urax, §(z) = —2,6589 + 0,2579z — 0,000322.

IIpoBepry 3HAYUMOCTL MOJie/H perpeccyn Ha yposHe a = 0,1.
daa 3roro cocrasum Tabaumy (Taba. 7.10), B koTopol ¥ = y(z;)
¥ § — BHOOPOUHOe CpejHee NOKa3aTeld Yy (cpejHee 3HAYeHHE
BTOpOro cronbua tabn. 7.9), papHoe

1
7=3 (3‘94 +46+567+693+7,73+8,25+ 9,56) =6,67.

Tabauya 7.10
i | W G o |ui- |- 5-7| (B -7
26 13,94 ) 3,8343 0.11 0,0121 —2,84 | 8,0656
30 (4,60 | 4,7958 |1 —0,20 | 0,0400 | -1,87 | 3,49869
34 | 567 |5,7472 | —0,08| 0,0064 | —0,92| 08464
38 (6,931 6,6886 0241 0,0576 0,02 | 0,0004
42 17,73 | 7,6201 0,11 0,012} 0,95 | 00,9025
46 18,25 854151 —029| 0,0841 | 1,87 34969

150 9,56 | 9453 | o011 00121 | 278 7,7284




332 7. OCHOBbLI PETPECCHOHHOI'O AHAJIN3A

o gaWHBIM cOCTaBAEHHOH TabAHIBH HAXOIAM

7 fr

Q=) (m-57=02244, Qp=> (§-7)7=24,5371,

=1 =1
24,5371 -4

fiy = 302244 2 218,69.

Mo Tabauue kBanTHAek pacupegenenus Drinepa (cM. Taba. I1.5)
HAXOAHM

fxp = fl-af?(m — L= m} = f0,95(234) = 6,94.

U3 mepasenctsa f, = 218,69 > fp = 6,94, corsacEo KpHTepHIO
(7.24), NpUXOAMM K 3aKAKYEHHIO, YTO MOJe b 3HATHMA.

IIpamep 7.12. B ycaosuax npuMepa 7.11 mpoBepum 3HATH-
MOCTb Koadpuuuenta [, T.e. rrnoTesy Hgy: 82 = 0 nipu anpTep-
HaTHBHOU runotrede B, # 0 ¢ ypoBHem 3HayuMocTH & = 0,1.

[as pelueHus moCTaBACHHOM 3a43a9H HCIOAB3YeM CTATHCTHKY

{eM. {7.25)). Ee BrGopotiHoe 30aYeRAUe PABHO

0,0003 - 4
te]| = —————= ~0,784.

0,2244/ 575

ITo TaGanne kpaHTHACH pacnpegeserus CThioAeHTa (CM. Tab. 11.4)
HaXO UM
txp = tl—af2(4) = t0.95(4) = 2,132

Tak kak |tg] < txp, runoresy Hg; npueaMaeM, T.e. KOd(GUUHEHT
(9 Be ABNASTCA IHATHMBIM.

—_
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IIpamep 7.13. Ilo gaHHEEM nabaiogesni (Taba. 7.11) naujgem
OLlEHKA JIapaMeTPOB MOJENR perpeccid y = Bo + Bz + Bea?
IPOBEPHM aJeKBATHOCTb ITOH MOAENH Ha YPOBHE JHATHMOCTA & =
=0,01.

Tabauya 7.1
;| 0 0 0 1 2 2 3 3 4 4
yi 122,8(21,9(22,124,5 26,0 | 26,1 | 26,8 | 27,3 | 28,2 28,5
;| B 6 6 6 7 8 8 9 10
y; | 28,9 |30,0303 (298 304 31,4 31,5]31,8]33,1

[lo gaHBbM u3 Taba. 7.11 sanuimeM MaTPHIL

/1 0 0 (28
{1 e 219

T b 22,1

g - gy i 24,5
{0y 26,0

1 2 4 26,1

L3 9 2,8

o 27,3

1 4 16 28,2
F=11 adiq 16 |5 Y=\ 285
1 5 25 28.9

Laui) 2 30,0

1 6 36 20,3

1 6 36 208

1 7 49 30,4

1 8 64 31,4

1 8 64 31,5

1" "8 318

\1 10 100/ \ 33,1/
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Haligs MaTpuIe
19 84 550
M=F'F=| 8 55 3018 |,
550 3018 30274
7,903.1073
~6,266-107° |,

6,84-10~*

0,253 -0,097
M= —-0,097 0,063
7,903-107% —6,266-107°

BHIYHCAAEM BeKTOP-cTOADEN NapaMeTpoB

Bo 22,561
B | =M'F'y=| 1,668
B2 —0,068

TaxaM obpadoM, § = 22,561 + 1,668z — 0,06822.

Jas npoBepKM aJeKBaTHOCTHE HalJeHHOH MOMENH BOCIIOAbL3Y-
emca craTecrEkoi F = S2,(Vn)/S2(Yn), koTOpas mMeeT 3akKoH
pacnpegenenus duiiepa ¢ YACAOM CTeneHed CBOGOAL I'y = — M H

L]
rp= 2 (ri—1). QA% BHYHCIEHAA ITOH CTATHCTHKH CBEJEM IPOME-
1i=1

YTOYHEIE JaHHBIE B Tabauny {raba. 7.12).

Tabauug 7.12

Zi T i i Vi ri(¥; — B)*
0 3 22,267 | 22,561 ~0,294 0,2593
1 1 24,500 | 24,161 0,339 0,1149
2 2 26,050 | 25,625 0,425 0,3612
3 2 27,050 | 26,953 0,097 G,0188
4 2 28,350 | 28,145 0,205 0,0840
5 1 28,900 | 29,201 ~0,301 0,0906
6 3 30,033 | 30,121 | -0,088 0,0232
7 1 30,400 | 30,905 | -0,505 0,2550
8 2 31450 | 31,553 | -0,103 0,0212
9 1 31,800 | 32,012 | -0,212 0,0449
10 1 33,100 | 32,441 0,659 0,4343
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To ganusiM TaGIHLB HAXOAAM |

n

Qn = Zn(ig -5)~ 1,708

=1

Qo= {v;~7)* = 0,753.

Tenmeps MOXHO ONpeedATh BHOOPOYHOE 3Havenge cTaTHCTHKE:

753-(11-3) 0,753

= T8 1708 1,708 ~ 044l

o Tafnane kBanTRICH Pacnipesenedns Puuepa (M. TabiL. [1.5) ra-

X0gUM KPHTEYECKOe 3HadeHne fyp = Jo95(8,8) = 7,50. Mockoabky
fa=0,441 < fip = 7,50, TO HARACHHAR MOfenn perpeccud afeKBaT-
Ha peayJbTaTaM HabA0JeHH.

Ipamep 7.14. B ycroBusx npamepa 7.5 noctpoum: a) dose-
pumeasntiti unmepsas AAA CPEJHETO IHAYeHMH oTKAAKA B TOUYKE
z = 10; 6) npoerosupyowutl Josepumeapuss uxmepeas. Josepu-
MeAbHYI0 6€posmHocms BuIbepeM vy = 0,99,

a. [paBnubi JOBEPHTEALHOO WHTEPBana f1g cpesHEro 3HaTe-
HHA OTKAEKA B COOTBETCTBHY C (7.27) papmyg

¥(2) Fli—a-my2(n = m)Sy /47 (2)Cyp (2).

Haxoaum 3padenus y{z) u t,b(x]TCw(x) B Toyke z = 10:

$(10)=20,53 - 1,08 - 10 = 9,73,

0,74322  -0,06989 1
10)"Cw(10)= (1 10 ! . —
pQ0) Cp0)=( )(—0,06989 0,00773 10 0,11842.
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Mllanee oupegenseM BHGOPOIHOE IHAYCHEE S;‘::

. 1 < ~ 2
Sy=r—=> (wi-¥z))" =
1=1
1
= —_—9 ) (0‘376996 +0,405044 +0,1831476 +0,799236 4+ 0,712336 +

+ 0,669124 + 1 876900 + 0,066564 + 1,094116) = (,8831.

[To rabnkue kBanTHAeH pacnpefenenns CToogenTa (cm. Tabx. [1.4)
HaXoAKM KBaHTHIb fo005(7) = 3,499. B peayarTaTe noayvaeMm jo-
BEDUTEALHBIH HETEPBAJ A4 CPeAHero JHaYeHHs OTKIMKa B TOYKE
z = 10: (8,60, 10,86).

6. [I'paEuUE NPOrHO3UPYIOLIEro JOBEPHTEILHOTO HHTEpBala
paBHL

§(2) F t1-(1-myaSyy/ 1+ %()°Ch(a).

[To TaBauue xBaHTHAed pacupefeiedus CTbWAeHTa onpejenseM
b~{1—y)/2 = to,995 = 2,676. B peayarTare AnA rpaHmRl HHTepBaja

00Ty 3aeM
9,73 +2,576+/0,88314/1 4 0,11842.

[Mocae ynpoulenyii okoH9aTeABHO HAXOAUM Yo 99(y) = (7,17, 12,29).

Bonpocw v 3agaum

7.1. Kakyio pyukun© HaaniBaT PyHKOHeHd perpeccun?

7.2. Kakue nepeMeHHLIE HA3HBAIT BXOAHLIMH ((akTopaMi),
BBIXOAHKMMY {OTKAAKAMH)?

7.3. YTo HadHIBAIOT NAAHOM DKCHEPHMeHTa?
7.4, Kakylo perpecchOEHYI> MOAeb HalblBAOT AuHeHBoN?

7.5. ChopmyaupyiiTe HCXOAHBIE NPEANONOXKEHRA MeTOqa Hal-
MeHBUWHKX KBaJpaTos.

e
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7.6. B 1eM COCTOMT METO] HaUMeBbLHX KBAIPATOR HAXOK e
HHA TapaMeTposB NMEeRHOW perpeccHOHHCH MoJenn? 3amumyTe
dopMyay AAf OLUEAOK REM3IBECTHLIX NapaMeTpos.

7.7. BanHwnTe AWCAEPCHORHYI0 MaTphuy Puuepa. Kaxoit

CMBICA HMEIOT €8 JAEMEHTH?

7.8. B ueM COCTOMT aHaTyd perpeccrowHol mogend? Iipu
KAKAX NPeANOAOKEHKAX ero NPOBOAAT?

7.9. Kakyio CTaTUCTHKY HCIOAB3YIOT LIS TPOBEpKY 3HaIHMO-
cTH MOJeau perpeccun?

7.10. Kakyo JMHeHHY PerpeccHOHHYI0 MOJelb Ha3biBaloT
agexksarHoi? CoopmyaupyiiTe NpaBuio NPOBEPKH a/JE€KBATHOCTH
MO SN,

7.11. 3annmuTe GOpMYNY 4ad BpIMKCICHHA HecMelleHOH OLEH-
Ky JHCOEpPCHE OTKIHKa B Caydae aJeKBATHOH PerpeccHOHHON MO-
Jejd.

7.12. [To gaunniM axcnepumenTa (Taba. 7.13) ¢ noMOUIBIO METO-
fla BAEMEHBIINX KBaJPaTOB Hall AUTe JHaYeHUs ONeHOK NapaMeTpos
Modenu y =a+binz.

Tabauya 7.13

2] 2427 [30]33[36]49]42|

yi | 5,36 | 5,45 [ 5,62 | 5,58 | 5,57 | 5,63 [ 5,54 |

OreeT §=497+047TInz.

7.13. Cuprasn, 9TO nNepeMeHHbe £ H Y CBA3AHB] 34BHCHMOCTBIO
y = Goe?=, no swbopxe (1, 10), (2, 5), (3,3), {4, 1) maiaure
JHaveHNd OUEHOK mapameTpos g u Fi.

YKazadue: HCHOAB3YATe peayibTaThl npuMepa 7.9.

OtseT: §=22,64e %74
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7.14. PeayapTaTH JKclepHMeHTa NpejcTaBienbl Tabannen

3uavenne z 3HaveHus y
1 1; 1; 2
2 Pt BRI B 35 14
3 3; 4; 4; 4; 5, 5
4 4; 3, 5; 6
5 5; 5, 6
6 5; 6

[lonaras, 4ro nepeMedHHble Yy W T CBR3aHBl AHHEHHOH 3aBHUCHMO-
CThIO, HAHAUTE JHaYeHHA OHEHOK NapaMeTpPOB.
OTseT: §=0,932 4 0,906z.

7.15. Aas mojeinm perpeccuM, MNOCTPOEHHOW B npuMepe 7.3,
NpoBepbTe ee 3HAYMMOCThL Ha ypoBHe 3HayuMmocTtH o = 0,05 #
IHAYUMOCTE ee KoddubuuyeHToB Fp ¥ 1 Ha ypOoBHE 3HAMMMOCTH
a=10,1.

OTeeT: Mogeab 3HAYAMA, 004 KOIPDHUHEHTA 3HAYHMBI.

7.16. 3aBHCHMOCTBL MeKAY NEePEMEHHBIME T M Y HMEeT BHJ
y = 0o+ Mz + foz?. Ilo fanubIM BHIGOPKH

(0,07, 1,34); (0,31, 1,08); (0,61, 0,94); (0,99, 1,06);
(1,29, 1,25); (1,78, 2,01); (2,09, 2.60)
BBRINIOAHKTE CJAeIYIOLIee:

a) Hall AUTe 3HAYEHUA OLEHOK NAPAMeTPOB MOJENH perpeccui;

6) nMpoBepbTe 3HAYAMOCTH MOJeNH perpecCHd Ha YpPOBHe 3Ha-
quMocTr o = 0,05,

OreeT: a) §=1,40- 1,22z +0,87z%; 6) Moaers 3naynMa.

7.17. 32BHCHMOCTL MEXIY AepeMeHHBIMM = W I HMeeT BH/
y=Po+ Bz + P22%. o aaunbiM BebopkH (Taba. 7.14) BeinonnuTe
caeyiouiee:

a) Hal uTe 3HAYeHUA OUCHOK NapaMeTpPOB MOJedN perpecchy;

6) npoBepbTe 3HAYUMOCTL MOJEJH pErpeccHd Ha YpoOBHe 3Ha-
yuMocTH & = 0,01.
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Tabauyae 7.14

ET% 30 | 34 | 38 | 42 | 46 [ 50 |

vi | 3,04 4,60 | 5,67 | 693 [8,25 7,73 | 10,55 |

OtseT: a) §=0,175+0,085z + 0,002z2; 6) Mogeab He ABAR-
eTcd 3HAYMMON.

7.18. [IpoBejeHsl paBHOTOYHbIE H3MEPEHHA HeKOTOPOH BeNHYH-
Hb{ §f Yepe3 paBHble HHTEpPBalbl apryMenTa T (taba. 7.15). Cunran,
YTO 3aBMCHMOCTE MeXJAY T U ¥ uMeeT BRI Y = 8o+ Gz + 3222, BhI-
NOAHUTe clefylollee:

a) HailAKTe 3HAYEHHA OUEHOK NapaMeTpoB MOJelH PErpecCHH;

6) npoBepLbTE IHATMMOCThH MOJENN Ha YPOBHE 3HAYMMOCTH & =
=0,01;

B) NpOBepbTE 3HAYMMOCTH kooduunenToB By u f2 Ha yposHe
snavumoctd a = 0,01,

Tabauya 7.15

[z:] -3 —2-1012:{\
v | —0,71] —0,01 [ 0,51 [ 0,82]0,88]0,81 | 0,49

OreeT: a) §=0,200z - 0,102z%; 6) Mogelb 3HATHMA; B) KO-
appuunerTs Gy u Fp IHATAMBL

7.19. B yciopnsx sajgayu 7.14 nposepbTe aJeKBATHOCTb Npo-
CTOK JHHEHHOH MOJeNH.
QO TereT: MoJeldb aeKBaTHA.

7.20. B ycaosmax 3agadm 7.19 MOCTpOiiTe: a) HOBepHTeNbHBIH
AHTepBA] AN4 CPeJHEro 3HadeHus OTKAAKA B TOIKE T = 5 ¢ goBe-
pRTeabROl BeposTHOCTBIO ¥ = 0,9; 6) NPOrHO3MPYOLIMH HHTEPBA
¢ AOBEPHTEAbLHOR BEPOATHOCTBIO ¥ = 0.9.

Orsert: (-0,814, -0,674); (-0,802, —0,686).




8. OCHOBHEI
AVUCIIEPCAOHHOI'O AHAJIN3A

8.1. Ucxoaubie noHATUA

OfbekTaMit HCCAEJOBAHHA JUCTIEPCUONNOZO ANAAU3E ABNA-
IOTCA CMOZACTRUYNECKUE CBA3U MEXKIY OMKAUXOM H @axmopamy,
KOT'[12 NOCAefHHe HOCAT He KOJNWYeCTBeHHLIH, 3 KaYeCTBeHHHH Xa-
pakTep. [IpuMepaMi TakuX (HaKTOPOB MOTYT CAYKHUTH:

— cnocod Kpennenns geTadtu npu ee o6paboTke;
— pexHM QYHKUHOHHpOBaHuA NpHbopa;

— ¥YPOBeHb KBaJH(pHEKaIKH ONEPATOPA;

— MeTOAKKa oGyueHUA (MAM JMedeHns) U T.4.

YTo6W noZuyepKHYTh KadecTBeHHLIR XapakTep ¢$axTopoB, Oy-
Jem ux 06o3nadatsh Tepes A, B, ', ..., a OTKAAK 1K 2TOM — yepe3d
X . Kaxaplit 43 hakTOpOB MMeeT HECKOABKO ypoeHed, aid rpaja-
uun. Tak, sanpumep, ecin X — 3TO ¢TeleHb HIHOCA NOKDBLIIIKH
Ha KoJjece aBTOMOOHA, a BeIOpaHRble hakTopu A ¥ B — 210 THN
JOpOCH W THI PUCYHKa NPOTEKTOpa, TO PadAHYHEle YPOBHH thak-
TOopa A — pasJaWdHLIe THOH JA0OPOr, padiHYHbBe YPOBHH GaKTOp2
B — pa3sivyHBle PUCYHKH NPOTEKTOPA.

IMycre mabmwosaeMull o0bexT 0642 26T TaKHM CBOHCTBOM, KO-
TOpOE XapaKTepH3yeTCs NepeMerHbIM (OTKAuKoM) X u moiBepxe-
HO BAMAHHAIO HEKOTOPHIX YYHThHIBaeMhIX pakTopos A, B v Apyrux,
He KOHTDPOJHDYeMHX B JaHHOM DJKCIepHMEHTe (PAKTOpPOB. Jaja-
44 JHCNepCHOHHOI'O aHaln3a COCTOHT B TOM, 4TOOGBI MO peayib-
TaTaM HAbAOJeHUE 32 3THM O0OBeKTOM JaTh OTBeT Ha BONPOC:
ciefyeT MW CIKWTAThH JeficTBHe dakTopoB A m B cymecrBennbM

(3HaYMMBIM) Ha (boHE OCTAALHHIX (HeyuTeHHHWX) (haKTOPOB HJIH
geT?
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bopmyaupOBKa M TPOBEPXA COOTBETCTBYIOUMX cmamucmuye-
cxuz 2unome? AAf OTBETA Ha DTOT BONPOC H ABIALTCA cojepxanu-
eM JECIEPCHOEHOIO aHaJlH3a.

B 3aBHCAMOCTH OT YACIA AHATH3EPYEMBIX (axTOpOB pasautia-
T odnogdaxmoprbit, deyzPaxmoprbid ¥ T.4. Jducnepcuon-
woiti Gnaaus. Msl 34ech OTPAHHIHMCA DAcCMOTPEHHEM OLHO-
(aKTOPHOTO H ABYX}AKTOPHOro AHCHEPCHOHHOTO agand3a ¢ Io-
CTOAHBRIME (Hecay4alHBIMU) (QaKTOPaMH. MNoapobHoe Aan0KeHne
npeAMeTa MOXHO HAHTH B AWTepaType”.

8.2. O gHOAKTOPHBIN AMCTIEPCUOHHBIM AaHAIN3

ByJeM npejnoiaraTh, 1TO HCcie0BaTeld KHTePECyeT cTenedb
pruanEg gaxmopa A Ha omxaux X. Jli4 KOHKPETHOCTH, NycTh
X — 10AT0BeIHOCTH NOKPHIWKH Ha KOAECE apToMobBung, a Cbua.KTOp
A — THIO JAOPOXHOI'O NOKPHTHA, KoTopbiit umeer | yposuel (I —
gesioe YHCA0). o

Mycrs fio = MX — cpejHee JHadeHHe CIy4alHOA B'eJIE[‘{HHbl
X ® aycTh Z; — 3JHadenue X B i-M DKCIIePAMEHTE, &= 1, 1k,
cooTBeTCTBYIOWEM k-My yposnio faxmopa A, k=1,1. Torga ma-
TeMATHYeCKYI0 MOJeTb 00noParmoprozo JUENEPCUOHNOZ0 GHAANUIA
MOKHO IPEJCTaBATh B BRJE™ (aunetinas modeab Jucnepcuon-

K020 GHAAU3IA)

Xik = o + 0 + Eiky =1, ng, (8.1)

rge ox — BKAag B BedudmHy Xik, OGYCAOBAEHHBIH JCHCTBHEM
pakTopa A (o — HecayyahHas penuunna); €;4 — BKIaK B Xik,
06yCIOBACHHEIH JeliCTBEEM HeYYTEHHBIX (akTopoB (cryqaknbie

oWHOKHA DKCOepHMeHTa, T.e. £ — CAyHaHHBE peruyulbl), Ilpn
Th

orom Y, ok =0.
k=1

*Cwm., Hanpumep: Hedde I
“*“Cu.: Atigasax C.A., Exwxoo H.C., Memasrun J.A., 1985,




342 8. OCHOBEI AUCIEPCHOHHOTIO AHAJTHU3A

OTHOCHTENLHO CAYIAHHBIX BEIAYRH £;; clelaeM Te e npeilo-
N0XEHHN, YTO U B pezpeccuonnom anaausze (cM. 7.1, 7.3):

— cHcTeMaTHdeckas ownbka oTcyTcTByeT, T.e. M =0 aaa
JOOBIX 1 H k;
- cayyaWHBe OWIMOKH 3JIKCOCPAMEHTA £;; He KOpPpeAHpPOBAaHKL

MeX Ay cobolf H MMEKT OJHHAKOBYI0 (HEM3IBECTHYIO) AMCIEPCHIO,
T.E.

oAbl [
Mege )= { @ i=ink=m);
(€ikE5m) {0, 1# 7w k #m;

~ cayvalBble OWKOKH DKCIEDEMEHTA £;x MMET HOpMAJbHBIH

3aKOH pacnpefeleHna ¢ AYAeBHIM CPeJHHM B Hed3BeCTHOH JucHep-

chedt 0%, T.e.

Eif ™~ N[O,o’z).

HmMeHHo mociefnee AONYlUeHEe W NO3BOAET HaM NpOBOAHTH
NPOBEPKY CTROMUCIMUNECKUL 2UROMeE3, ACTIOAB3IYA YKe U3BecTHHE
KPHTepHM, OCHOBAHHBIE HAa HOPMAJbHOM 3aKOHe pacnpejeleHus Ha-
60 aeMbIX B DKCOEPHMeHTe CAYHYalHHX Belndmn. Pasymeercd,
NPHHATHE JonylleHua TpebywT nocaeAyoluel npoepku. OIHAKO
Ha MepBOM DTalle HCCIeJOBAHHA OHH ABAAIOTCA BHOJAHE eCTeCTBeH-
HEIMH.

C y4eToM NPHHATHX AONYWEHEH O CAYYalHKX oWIHGKaX SKCIe-
PHMEHT2 H Ha OCHOBaHKH NPHHATON MoJdenn (8.1) genaem 3akiioye-
HHe, YTO CIyYaBHhle BeAHYHHH X;x HMEIOT HOPMAAbHHH 3aKOH
pacTpejeNeHus co cpeJHuM 3HadedneM M X, = uo + . H gucnep-
cHed DX,fk = 0'2, V S T,_f

Taxum oGpalomM, geicTBre pakTopa A IpOABISETCA B TOM, YTO
A7 KaxAoro ero yposua k (k=1,1) pesyabTaTh Habaiogenuil
Haj cAydaiHoH BeandnHoH (OTKAAKOM) X MOXHO paccMaTpHBaTh
Kak cayuatnyo enbopry Xix, Xok, ..., Xn,k 06vema ni u3 zene-
paabnol cosoxynuocmu Xy, NPHHYEM xaxJad ClydalHad BeJddH-
ga Xg, k=1,1, HopManbHO pacupefedena co CpeiHHM 3HAYEHUEM
i = fo+ o ¥ AHCOEpcHed o2,
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Orcioaa cielyeT, WT0 CTaTHCTAYECKad THIOTEIA Hy, npeano-
naraiollaf OTCYTCTBHE BAMAHHA QPAKTOpA A Ha OTKIKK X , oaHaya-
eT, MTO jix = po + 0k = [, WM QG = 0, k=1,{. B xauecTBe aad-
mepramueHoll 2unomessl H; MOTYT BHICTYOATb pa3inuHble rlpe,u;-
NONOKEHH)A O IHAYCHHAX BEAHYHH O UAH UX HEKOTODPHIX AHHEHHbIX
KoMBUHALHE — Janee DTOT BONPOC PaccMOTpPEH noApobHo.

Wrax, 3afa4a TpOBEPKH BAHAHKA (PakTOp2 A Ha oTkauk X no
pe3y1bTaTaM JKCHEepHMEHTa CBOAWTCA K caefyomen PopMani3o-
BAHHON WOCTAHOBKE, €CAH NMPHEATa MOJACIhb nabaodesnin (8.1) u
cpOpMYINPOBaHELIe BhILIE TTPeAION0KeHHA 0 CAyYanHbIX OWHOKAX
IKCNepHMeHTa.

Mycte Xy, ..., X3 — HedaBHCUMBIE cayyaliible BeAHYHHB M
Xy~ N(ug,0?), k=11 Tlycts a1 Kaxaoro k=1, gana
cayuainas BeiGopka Xik, -+ Xk B3 reHepalbHON COBOKYTHOCTH

cayvaiinoit seanaHubl X, KOTOPYIO jafee Mhl 6yseM Ha3HBaTh k-i
cayuatinott evibopxoi.

TpeGyeTca 1O DTHM JaHHBIM NPOBEPUTH HA 3aJaRHOM YpoeHE
anauumocmt o runoTesy Hoi py = 2 =... = 1 = jbo (um, 41O TO
we camoe, Ho: o =ap=...=oq =0, ecan = pio + o, k= 1,1).

[lnf Halled HHTepnpeTauHd OTKIHKa X (#0aroBe¥HOCTL NO-
kphiwikn) u akropa A (THD TOPOXKHOTC NOKPLITHA) KaxkKJasd Cay-
qaipad penuduHa Xg, k= 1,1, XxapakTepnayeT AOAr0OBeYHOCTE IO-
KPBILUKY HA AOPOTAX C K-M THOOM MOKPLITHS. OQTcyTCTBHE BIHAHNA
dakTopa A, T.e. BbNOJIHEHHE TANOTEIB! Hy, o3na4aeT, 4TO Ha J0O-
porax ¢ Ji06bIM TENOM NOKPHTHA CPEAHAA AOJATOBEYHOCTL OJ1Ha
Ta xe. Ecau runotesa Hy HeBepHa, TO THO NOKPLITHA (baxTop A)
BAKHAET Ha JOJTOBRYHOCTHb MOKPBIIIKH.

3aMeTHM, YTO IpU HATHYKH Y GaKTOpa A TOALKO ABYX ypoBHe#
({ = 2) naira 3a/a4a CBOAUTCS K NPOBEPKE CTaHJapTHOH r'ﬂrmfre:nii
O paBeHCTBE ABYX CPEJHHX aHadeHdil HOPMaJbHBIX COBOKYNHOCTEH
(cm. 4.2). Ecanm paktop A mMeeT Goaee gByx ypommed (I >2),
TO 1A NpOBepKH TANOTe3H O paBeHCTBE [ cpesHUX TUPUMEHAT
odnofaxmopnbitl JUCREPCUONHDIT AHAAUS, CYTD KOTOPOr0 COCTOHT
8 CAefyIOLIeM.
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Oycts X;p — - suemenm k- cayvainol evibopru, ¢ =1, ng,
k=11, u Xy — evibopounoce cpednee k-1 BHGOPKH, T.e.

rge n=1ny+...+n; — obllee YUCIO HADAIOJEHHH.
O6uas cyMMa KBajpaTOB OTKIOHeHHHE HabAIOJeHAH OTKJIHKA

0T ofluero BuGOpo4HOro cpegrero X MoOXeT GHIThH [pejCTaBlIeHA
B cledyollleM BHJe:

{ ng { [ nyg
Z Z(X,‘k - Y)Q = an(j{—k - 3(—]2 + ZZ(X,‘;: - Yk]z. (8.2)
=¥ k=1 k=1 i=1

DTO OCHOBHOE TOXJECTBO AMCIEPCHOHHOI'O aHANM3a, KOTOpoe Oy-
JAeM 3alHCHIBATh KPaTKC Tak:

Q(Xn) = Qa(Xn) +Qi(Xn), (8:3)
rae Q(X,) — oblias cymMMa KBajpaTOB OTKJOHEHHN OTKIHKA

oT o6LWero cpegnero; QA()Zn) — CYMMa KBaJAPaTOB OTKJIOHEHHH,
06YCAOBMEHHEX OTAHYHEM BRIGODOYHMX CPeIHHX X i IO IPYIIaM
(ypoBHAM) OT o6wWero BHGOpoYHOro cpeanero X (cpefHee KBa-
APaTHIHOE OTKJIOHEHHE MeXAY FPYNIaM¥ HAM MeXIY YDOBHAMH);
Qi(X,) — cymMa KBaJpaTOB OTKIOHeHHil HaGMOAEHHH OT BHIGO-
POYHHIX CPEIHHX AAR KaXJOrO yPOBEA (BHYTpPH rpymn).

Tox gecTro (8.2) 1erko npopepsercs, A4 1ero HYXHO BO3BeCTH
B KBaAPaT U OPOCYMMAPOBATb MO { H kK 04eBHIHOE PaBEHCTBO

Xp—-X= (‘Yk —HX) +(ng—yk)
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g yHecTh, 4TC

Nk

i ng ganh = ) i
4T X=X =Y X=X ) (Xie=Xx) =0
SN (X - X)X = X) ; =Xy

=1
k=1 i=1 '

B CHJY ONpeJeNeHHs BHOOPOTHEIX CPeHEX X u X. JlelicTBuTeNb-
10, BHYTPEHHAA CYMMa

g Tk o i -
Z(Xik - X&) =fok X g = Xg — e Xk =0

i=1 i=1

MoKHEO MOKa3aTh*, ¥TO €CIE MHnoTeda I_fg: = g = ... =
pepHa, TO CMAMUCTIUKY Qa{Xn)/o? u Q;(X,:)/or2 HE3aBHCHMBEL H
HMEIOT X2 -pacnpedeqenue C HHCIOM CTENeHeR €BOGOJB! COOTBET-
crBeano [ —1 @ n—{, a CTATHCTHKA §%(Xa) = Qa(Xn)/ (- 1) u
SF()?,;] = Q;().('n)/('n - Il ABAAIOTCA MECMEUEHHLIMY OYECHKAMU HE-
H3BeCTHOH JHCOEPCAH U°. )

Ouneska sg(fc’n) XapaKTepH3yeT PacCesiiue Cpefsux 3Ha‘lvEEHHH
X, 3 OUEHKA Sf(fn) — paccesiie BLIGOPOYHBIX 3HAMEHUH Xk
BHYTPH CPYyLL, KOTOPOE 06yCAOBACHO JEHCTBHEM Hezy‘rfenublx dax-
TOpoB. JHauMTeAbHOE MPEeBbIIIEHHE BEIHYHHBI S54(X5) Hag dua-
YeHHeM BeJHYHHSG! S?(fn) MOMKHO 0OBACHUTD pasinikeM c;::e,mux
JuadeHyd my, k= 1,1, B rpynnax (&1i padiEiHLIX ypOBHEH dak-
Topa A), T.e. CyluecTBeHHbIM BAAAHHEM dakTopa A.

Takam 06pasoM, eclii rumoTesa Ho: p = fl2 = ... = M BEpHA,
TO - .

_QuE-1) _ K)o (s
T QX)/(n=D) SHX)
T.e. CTATHCTHKa F uMeeT DacnpeleieHne duepa ¢ IUCAOM CTe-
netel cpoGoxa ra=1i—1lur=n—1 (™ [.3.1).

CraTHCTHKY F HCOOAB3YIOT AAd NPOBEPKH MHIOTEIbE Ho: 1 =

= ...=p;=pg. Innoreda Hg He OPOTHBOPETHT pe3yabTaTaM

*Cum.: Kpasep I
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Habaodenki, ecay BuibopouHoe 3Havedne [y craricTHKH (8.4)
MeHbille ee KPHTHUYECKOro yPOoBHA Fyp = Fi_a(ra,ri), T.e. ecan

Fa S Fai = Froa(Fa. )

Ecar xe

FB > FKP = F]_G(rAarf]a

TO THTCTe3a H(] CTKJAOHAETCHA H CaelyeT CHHTaTbh, 4TO CpelR
c .
peqHUX 3HAYEHUH My, ..., Hy KMEITCA XOoTHA Onl gBa, He PAaBHHIX
Apyr Apyry.

B cayyae npuusaTHA runoTtesnl fHy B KayecTBe HecMellleHHHIX

3 :
[;QHD}\ napaMeTpoB jo H a% MOXHO B3fITh COOTBETCTBeHHO X H
St=Qi(Xn)/(n—-1).
PeayabTaThl NpoBepkKH THNOTe3bl Hy OpEHATO 0hOPMJIATH B

BHJe TaK HAaOBIBAEMOH MGOAUYB. OUCTIEPCUONHOZO GHAAUIE
{Taba. 8.1).

Tabauya 8.1
HcToyuuk Cymma C
rene- | Cpeans
“3]::)‘(3:‘{““‘ ksagpatos (CK) |nu cso- c];rxfmaﬂ bliagio
= 6oLl | KBaapaTOB
Mexay Qa(X,) = =
T pYIIaMH Al ; ) e (-1 Si(Xn):" Fo=5%/S¢
(baxtop A)| =3 ne(Xk—X)? _Qa(Xa)
k=1 e
rA
BuyTpn i e ey
rpynn Q‘{tnl,‘ . n—l .5,2[)("):-_
(oumbxn) | = (Xix—Xx)? QX))
k=1i=1 =~ _T‘t
O6bwan Q(X,) =
CyMMa ( ;) Nk = n—1 Fxpz
KBaAPaToB =kz S (Xik—X)? =Fi_alra,m)
=li=1

] IIpumep 8.1. Tpu rpynnu onepatopos IBM o6yvanrcey no
peM PalfiyuHbiM MeToAKKaM. Jlocie OKOHYaHRA cpoxa OOYYeHHs
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Gbli NpOBEeH LeCTOBBI KOHTPOIb CIYy4aiHO OTOOPAHHBIX onepa-
TOpOB M3 KaX[IO# TIpyNnbl. Moayyenn cliefylouine pe3yibTaThl

(Tabn. 8.2).
Tabauya 8.2

Homep Yucao ouboK, Cymma | aciao KOHTPO-
rpynnk k AOMYLIEHHBIX Nk JUpYyEMBIX
onepaTopami, Xik {_leik ONepaTOpOB Tk
1 ¥, By v a2l 10 7
2 - W T A S N 12 5
3 4,53, -, 12 3

Tpe6yeTcs Ha ypoBHE JHAYMMOCTH o = 0,05 npoBepuTL HNO-
Teay 06 OTCYTCTBHH BIHAHRA pa3iH4HbIX MeTOHK ofy4eHua Ha
peaydbTaThl TeCTOBOI'O KOHTPOIA onepaTopos. IlpeamonaraeTed,
4T BHIGOPKH MOy YEHBl H3 HEIABHCHMEIX HOPMaJbHO paclpejeet-
HBIX COBOKYTHOCTEH ¢ oHON # TOH Ke AKCTIepCHeH.

B agauHoM caydae HaKkTop A — DTO TN MeTOJHKH O0yHeHnd,
ametownii [ = 3 yposaa. O6beM Habaw eEHA n =N +n2 + N3 = 15.

[IpoBepseTca THROCTEI Hp: py = p2 = p3, TAE [k — MaTeMaTH-
Jeckoe OXMAaHAe YncTa OmKOOK, JAOTNYIIEHHBIX onepaTopaMH k-n
Cpynnsl.

Cnepsa BeYHCASEM CYMMBI

e om { n
x.l.=2i$gk=lﬂ+12+12‘—-‘34, Zixfk=104.

k=1 i=1 k=11=1

3arem, Hcnoasays (8.2) u (8.3), HaxoauM

{ Tk
Q= Zzz,?k L l:c?.. — 104 — - -34% 26,93,
k=1 i=1 A 15
Aoy ] ]
Qa=S —a%——at. =9108~ = 342 2 14,02,

n n
k=1 k

Q{ s Q _— QA = 26,93 - 14,02 = 12,91
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Tenepr BuUHCIAeM BIGOPOYHOE 3HaUeHHe CTATHCTHKH (8.4):

Qa/i—1) _ 14,02/2
Qi/(n—=0) " 1291

W3 tabauubl xsanTunei pacnpederenuf Prwepa (ecM. Tabia. I1.5)
A1 ypoBHA 3HauYuMocTH « = 0,05 1 cTeneneil croGogu rq =1-1=
=2, rn=n-1=12 naxogum F,, = Fpg5(2,12) = 3,89. Tak kak
Fy=6,52 > Fyp,, To runoTeda Hp 0 paBescTse CpeiHKX OTKAOHACT-
CH. DTO 03IHAYALT, 1T HCCAELYEMEIE METOAHKA 06y YA OIepaTo-
POB HAIT IHAYHMO PAINHYHBLIE PEIYABTATHI TECTOBOrO KOHTPOAL.

fB=

=2 6,52.

8.3. IloHATHE AHHEMHLIX KOHTPACTOB

Ecan zunomesa Hy o paBeHCTBe CpeJHHX 3Ha4YeHHA [ HOpMaJb-
HBIX 2€MEPAAbHBIT COsOKYyNKOocMeEl OTKIOHAeTcA (T.e. xoTA GHl B
KAaKO#-TO nape CPYNN CpeiRHe OTAHYAOTCA APYr OT ApYyra), TO
Tpefyercs ONPeJeNnTh, KAKHe UMEHHO FPYNNsl HMeoT 3HAYHMOe
pasianine cpeanX. g 2Tol uean HCnoAL3YIOTCA TaK HashiBaeMble
aunetdnvie koumpacmot. JInHelHHE KoHTpacT L onpejendercs
KaK JHHeHHas KOMOGHHALNA

{
L= cxps, (8.5)
k=1
rge ¢y — MNOCTOAHHLIE, OJAHO3HAYHO OIipejelfeMbie H3I q)opM}’ﬂH"

DOBKH NpOBEPAEMBIX T'HNOTe3, mpuveM ¢; + ...+ ¢ =0.
[IpuMepaMi JHHEHHKX KOHTPACTOB ABAAITCA:
LY = py — pig; 3gech ¢y = 1, c3= —1, ¢3 =0, a BuABUraeMAad
CHITOTES S Hm: s — pe =0
L = 0,5(u1 + j13) = pta; 38ech ¢y =c3=0,5, c; = —1, a BEIABH-
raeMaf CHIOTE3a Hé ). 0,5(p1 + p3) — pa = 0.
Takum obpasom, ecin runoresa Hy: p) = py = ... = gt oTkIO-

HAETCHA, TO C NMOMOLLBID AHHEHHOrO KOHTpaCLTa MOXKHO BELABEHYTH
BCIOMOTaTelbHEIe HyJTeBhie THMNOTEIBI OTHOCHTENBEO pPalJWvHBIX
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IMHERHHEX KOMOGHHANMA CPeAHMX SHAYEHHH [y, ..., Hi; ofpasyio-
M¥X THHEHHNE KOHTPACT. : -

Mio6as Takas ramoTesa umeeT Bua Hy: L=cm + ... +ecju
IpH HEKOTODOM 3ajaHHOM HaGope NMOCTORHHBIX Ci, I8 KOTOPHIX
a+...ta=0. ’

Hepr,qu YBHAETh, YTO HECMEWEHHOU oyenxot NHHEHHOrO
konTpacTa L (1pH cAelaHHBEIX BbILIE MPeANOJIOKeRUIX O CAYUATIHBIT
outuBrar JKCIePUMERTA £;k) ABIACTCA OyeHKa

{

LX) =) X, (8.6)

k=1

[ = LS 2 < _
JUMCIIepCHA KOTOPO# (€ y4eTom TOro, 9To DXy=0?/ngn X;
He3aBHCHMBIE CIyyaiHble BeAN4HHE) paBHA

DL(X,) = (8.7)

21

k=1

[pu oTOM cmamucmura L(X ) uMeeT HOPMaAbHLIR 3AKOH pacnpe-

AcAenHus co cpeiHuM L =cjpr + ...+ e v JAucnepcuei D L(X.),
T.C.

L(X) ~ N(L,DL(X), (8.8)
CiegoBaTelbHO,
ro ZE) L v, (8.9)
D L(X,)

r.e. cTaTHCTAKa T MMeeT CTaHIapTHOE HOPMalbHOE pacnpefene-
HHe.

Tlocaeanee yTBepXjeHne cjleiyeT W3 TOTO, HTO ebzﬁopouubze
cpeduue Xj BMEIOT HOPMATLHOE pacnpeAeense, Xp ~ N{pg, 0?),
k=1,1, a AuHedHAA KOMORHAIKA L=cX1+-..+ o X; HOPMaATb-
O paclpefeleHHslX CIyYalHbX BeIKYHH TaKXe pacipefesiena Mo
HOPMANbLHOMY 3aKOBY C NapaMeTpamy ML(X,)=Ln DL(X,) =
= o2c3/ny + ...+ c}/n;. Kpome Toro, cTaTRCTHKA Qi(X,)/o? nme-
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eT x%-pacnpedesentie c UncaoM cTellened csoboasl 1y =n — I, T.e.

o (n=DSHE)

p ~x*(n-1), (8.10)

1 MOXHO NoKa3aTb, 4To V u T — He3aBHcuMble caydalHble

sennduibl, Ha ocoBanuu (8.9) u (8.10) npuxoanm K clegyioilemy

xpumeputo npoBepkn runoressl Hy: L =cypy +...+cpy = 0.
Ecau runoresa Hj BepHa, To ctartuctuka t =T/{/V(n -1}

uMeeT pacnpefeienie CTbIOJeHTa ¢ YHCIOM cTeneHeil ¢BoGOAH
n—1i,Te.

; —
Y ex Xk
f— = ~S(n-1). (8.11)
CAND I
k=1 k

Takum obpasom, runoresy Hy cleyeT OTKAOHHTb Ha YPOGHE
3nauumocmu « (T.e. CINTATH 3HAYMUMBLIM OTJAHYHE OT HYJS BhI-
GpaHHOH AHHEHHOK KOMOUHAUNN CDEAHUX Ly, L2, ..., H4t), €CIH 6b160-
pounoe 3xavenue t, cTaTHcTHKY (8.11) no abCOAIOTHOH BeaHYHHE
IPEBRINALT i, = t)_, s5(n — [):

|ta| > txp = ti_qu(n - f].

IIpamep 8.2. B ycaoBnax npumepa 8.1 npu gByCTOPOHHHX
AAbMEPHAMUBGKIE 2UNOMESAT NPOBEPHM THIOTE3L! Hél): iy = g,
2 3 4
Hé ). H1 = Ha, Hé % 2 = p3, Hé ), %(#1 + p3) = pa.

B cooTBeTCTBHE ¢ NpoBepsieMBIMH THNOTE3aMK H“}, t=1,4,
onpejeinM AMHEHHBIE KOHTPACThI

Li=m~p (=1, cg=-1, c3=0};
Ly=pi~ps (a1=1, e2=0, c3=-1);
Ly=ps~ps (e1=0, ca=1, cg=-1);

1 1 1
Lq‘*‘a(#1+#2)—#3 (61=§, 2= 3, Cs=~1)-
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[IpeABapuTedbHO BEIYHCANM 3HAYCHHS OLEHOK ANHEHHBIX KOHTpac-
toB L;, i=1, 4, u ux jucnepcuii. BuBopounnie cpejune T = 1,43,
Fy=2,4, T3 =4. 3HaveHHe OUEHKH AMCNEPCHH

Q1 12,91

n—1 15-3
Suadenus OLEHOK KOHTPAacTOB ¥ HX AACNepCHE PABHBL
i

pije ,08(:1; + %) 0,37

1 FE 1‘08(%4- %) ~0,51;

Si ~ 1,08.

Li=143-24=-0097,

-~

Ly=143-4= 257,

-

L3=24-4=-1,60,

Ly= %(1,434-2,4) —4=-2,08,

~ 12 H{1/2F . 1
DL4:1,08(( /7) 1 ”-+§)a~«,0,45.

5

Dis= 1,08(-;; + %) ~ 0,58;

CreoBaTeibHO, BHIGOPOYHbIE 3HATCHUA |t1(,’)( crathcTukn (8.11)
paBHbL:

— AAf THNOTEIB! H(()”: |tf;”| = \/%E— = %7 2~ 1,595;
1

— AAA THOOTE3B Hég): ltf,?)] — f];Ez = \jg';T 2 3,598;

— A1 THNOTE3LI Héa]: |t£33| — \/ED—BE— = 1’(?‘2 ~ 2,101;
3 .

- IS THNOTE3H H(()“: \tg‘i)] = \/%% = jc')o_s = 3,002.
? ,

1
K pBTryeckoe anavenne iy, = tog7s(12) =2,179. Tak kak |t$3 }| <

: 3
<itgp M ]t{BJ}I < ixp, TO THIOTEIH Hél) n H((,} IPHHAMAIOTCA.

(

CunoTeast H((f) i’ H04) OTKAOHAWOTCH, KOO |tL2)l S tep W 1t.(34]\ > th;

Tak#m 06pa3oM, 3HAYRMO PA3NKIHbL CPeHHe IEPBOU i TPeThLeH
PPYNNbl, & TaKKe CpejHee apHPMETHIECKOe CPeARUX ANA MePBBIX
ABYX CpyNn B cpeiHee TpeThel rpymmbl.
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8.4. Isyx(paKTOPHHMN JUCIEPCHOHHEN aHAIN3

PaccMoTpuM ciyyai BARAHAA ABYX daxmopos Ka omxaux X. B
ITOM CAVYae JuCREPCUONNbIl aNaAAU3 OCHOBHIBARTCH Ha Pe3yibTa-
Tax 3KCNEPUMERTa, NPOBOZHMOIC Ha PA3dAYHEIX YPOSHAT KAXKIOTO
U2 haKTOpOB.

ByaeMm npegnosaraTh, 9TO B3aHMOCBAIL MeXJy (PaKTOpPaMH
oTcyTcTByeT”. [l NPOCTOTH H3I0XKEHHA OTPAHHYHMCA CAydaeM,
KOTHa AAA KaXKJOoW Naphl YPOBHEH DaccMaTpMBAeMEIX (PAKTOPOB
NPOBOAUTCA Mo ogHoMy Rabiawgenuio. Yeped {4 o6ozHayvyuM YHCIO
ypoBHeH ¢akTopa A, a Heped Ig — 4YHCIO ypoBHe#H dakrTopa B.
Torga obiee Yucno HabaJeHUI 414 BCeX BO3MOXKHKIX AP YPOBHEH
dhakTopoB A u B paHo n=14lp.

Mamemamunecxyw modeav deyzdaxmoprozo ducnepcuonnozo
AHEAY3A B DTOM CAYHYae MOXKHO IPeACTABHTH B BHJe

Xij=po+oai+B8i+e;, i=11 j=1,15, (8.12)

rae X;; — orkauk X Ha i-M ypoeHe dakTopa A m j-M ypoB-
He takTopa B; uo=MX,; o;, §, — HeciywalHvle BelwdHHBI,
XapakTepuayiollue BKAajbl B X;;, o6ycIOBlIeHHNE AeHCTBHEM CO-
OTBeTCTBYIOWMX dakTopoB A u B; €;; — cay4adHad BeAwdMHa,
XapakTepHayioulad BkJajg B X;;, oOycAOBIeHHBIH feACTBHeM He-
YYTeHHHX $akTOpOB.

[Tpeanonoxenuns, cienaBbie 8 8.2 OTHOCATEABHO CAYYaHHBIX
BeIHYHH £;;, OCTaloTCA B cije. [Ipm aTom

MX:';’ =mo+ o +;Bj

Hoay+...dar, =01 +...+ 81, =0, 4To u 03HAY2LT RE3ABHCHMOCTH
¢akTopop A u B.

Iockoarky B Mojenu (8.12) szaumoeiicTBHe akTOPOB OTCYT-
CTBYET, Nposepra 2unomes o BARAHUE pakTopoB A u B Ha oTKIHK
X HNpOBOZMTCA OTAENBHO AMA KaXJAoro daktopa. PaccMoTpuM

*Cwum.: Adeasan C.A., Enoxos H.C., Mewaaxun J. /., 1985,
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KPHTEPEH AJA IPOBEPKA THOOTES O BANAHUH ¢dakTopa A (tba,f(’ropa
B) ma orkauk X. Bpegem 0603BAYEH AN

i {a lB

N
LZ Xij, X.jza-;x;j, zAIBZZ

B: i=1 5=1

O61mas cyMMa KBaJpaToB oTknoHenw# X;; OT BHOGOPOIHOTO Cpes-

Hero X MOXET OHITh npe,ac'ramena B BHAP
QXx) = ZZ X~ X)?

IBZ X.-X)2+
i=1 3=1

la
-HAZ(X -_X)2+ZZ -

i=1 j=1

{a

- X.,+X)?

(B TOM MOXKHO yOe UTHCA ¢ NOMOILBIO PACCY X JeRiK, AHAIOTHAHEIX
npueegeHEHM B 8.2). OTci0a BHITEKAET PABEHCTBO

Q(Xn) = Qa(Xn) +QB(X5) +Qo(Xn), (8.13)

rae cjaraemMose
la
Qa(X)=1s) (Xi-X)?
=1

06YCIOBACHO OTAHIREM 6bi6opounsiz cpednuz X;. U X, T.e. BAMA-
HueM gakTopa A Ha OTKAEK X; caaraeMoe

s
Qe(Xn)=la) (X-
i=1

06yCJI0BACHO OT/ARYAEM BHIOOPOYHHX CpeJHHEX X.;jun X, Te. pans-
mEeM (akTopa B Ha oTkAEK X; craraeMoe

ir lg L
(Xa) =3 S (X - X - X+ X)°
i=1 j=1

Y9HTHIBAET BJAHAHHE BCEX Cb&K'TOpOB, B TOM YHCAe H HEeYITEeHBLIX.
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[Mposepka runores o BausHui dpakTopoB A 7 B Ha oTkauk X
ocHoBaHa Ha cpabkenny cmamucmux Qa(X,) 1 Qp(X,) ¢ Qg()z,,).

[TpoBepum, nanpumep, runoresy Ho o ToM, 4To ¢axTop A He
BANAET Ha OTKIHK X, T.e. o; =0, 1=1,14.

Ecan runoTtesa Hy BepHa, TO NpH cielaHHBIX BHILIE Npej-
nonomeunﬂx OTHOCHTe.r[bHo Bl =144 =1 !B, CTATHCTHKH
Qa(X,)/0? 1 Qo(X,)/0? HedapucHME B AMEIOT X2 -pacnpedesenue
¢ YHCIOM CTeneHeH caoﬁo,qm la—1u(l4-1)(Ig—1) cooTBeTCTBEH-
HO, 2 CTATHCTHKH

5&(;2,,):%% w SR = (IA_?‘;S(IB)_I) (8.14)

2

ABIAIOTCA HECMEUWECHHBIMY OYeHKaMu JUCIEPCHH ¢° oTKaAHKa™ X.

Otcroga caeayer (em. [1.3.1), uto

55 (Xn)
=L~ Fla-1, (la-1){Ip-1)). 8.15)

S2(%.) ( ) (
lunoTesa Hy He MPOTHBOPEYHT peayabTaTaM Habaiofenui, ecu
BHGOPOYROe 3Havenme f, craructakk S3(X,)/S3(X,) me mnpe-
BOCXOAHT fxp = fiea{la=—1, ({a—1)(Ig—1)) a1s 3a4anHOTO YposHSR
3navumocmu . B npoTuBHOM caydae, T.e. eciu

fo > fxps

runoresy Hp 0TKAOHAOT.

Ecan npaxegarca oTeeprats runoresy Hy, To MOXKeT BOZHHK-
BYTbh HeOOXOUMOCTL B IPOBEpPKe OJHOH U3 THIOTED H(g'), COrIacHO
KOTOPOH BJAMAHAE HA OTKJHK OKa3biBaeT i-i ypoBeHb dhakTopa A,
T.e. IPOBEPAIOT MHIOTE3Y

Ha! ¥ =...= 0| =41 = ..:OL'[A=0, Ct'g?‘-'o.

*Cum.: Kpamep T
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Nyctn i=1, a
l I)!. IIB
AR, o 3
(IA - 1) B 1=2 ;=1

Torga cymMMa KBaJjpaTOB Q4(X,) MOKeT 6HITH NpeACTaBieHa B

BH A€

Qa(Kn) = Qu(Xn) + Q4 (Xn), (8.16)

rae

JlefcTBUTEALHO, YINTHBaA PaBEHCTBA

I ta

%= 3K,

;—1; 1 i=2 y=1

HaXOAAM

ta
QK =1y (X ~X)’=

=1
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B nmoaygennoi cymme npeofipasyeM Kaxkaoe cAaraeMoe o gopMye
KBajpaTa cyMMH. B peayaprtaTe maxomum

Qﬂ(X _IBZX X(Z lz’l)

=1

g‘l Z(__(2 f.s.}_‘Xl)

+275 3 (X~ X0 10) K opty - X1o) =

i=1
A
=g Z(Xi- — X—(z...;A))2 +p(X;. - 7-[2...;,4))2 £
=2

i e
+ H(X-(z...:f,)

+2—Z(— =X 2.4) X2ty - X1).

Tak kak B cuay onpejgenesus BeiudIns X;. H 7-(2-“(,4)

la

271‘- ={la=-1DX.02.1,),

=2
TO
{a de {a
2 (X -Xaa) =Y X~ la-1)X .1, =0
=2 i=
[TosTomy
{4

Z(Yi- -X.(2.1,)) (X.g.1y-X1)=

=1

e e L _la 1
=—(Xy-- X'(z--ia)) “+ (X'(Z---La) -X1.) Z(Y' ~X.2.1)=

i=1

— (—X—l = Y.(g_“(ﬂ)) 2.
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Co6rpas Tenepb Bce cllaraeMbie, MOLYTaeM

QA(X,‘MBZ ~X ) +

1=2

2 1y = - 2
+IB(1— I—'+f_')(X]'_X{21A)) 1

9TO pasHOCHAbLHO (8.16).

Jas npoBepkE rENOTE3H HL(,') N0 pe3yAbTaTaM HaGHJeHHE
KCTIOAB3IYIOT CTATHCTHKY

sg X’,,) ’
rne
"
SY (K2 = 9aln)
I4—2

ATa cTaTHCTHAKa EMeeT pacnpedesenue Puwiepa ¢ THCIOM CTene-
ne# cpoboant 14 ~2 m {4 —1)({g — 1), ecau runoTesa Hé‘] BEepHa™.

ABaNOTHYEO CTPOATCA KPATEPHA LA NPOBEPKH BAHAHUS hak-
Topa B Ha oTkARK X.

Iops ok ppopegerna IBYX)AKTOPHOIO aHANHIA NPEICTABUM B
BEge Tabaunn (Taba. 8.3).

8.5. PelreHue THNOBLIX NPHMEPOB

IIpamep 8.3. PesyabTaTH u3MepeHHH# NPOJAOHKHTEABHOCTH
(B cekyHaax) XAMHYECKOH DeaKUWM NpH¥ PallHYHOM COZEPXAHAH
KaTalAH3aTOpa fAaHul B Taba. 8.4. [IpopeprM eunomesy Hy o Towm,
9TO BpeMS XHMHYeCKOH peakOHH He IABHCHT OT NPOLEHTHOIO
COAePKaHAA KaTaad3aTopa Ha ypoeke 3nauumocmuy o = 0,01,

*Cm.: Kpamep I'.
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Al
j
I| Tabauya 8.3 KaTalkaaTopa) HcnoabdyeM cmamucmuxy (8.4)
i Hetou-| Cymma xpagparos | Hmeao Cpeauaa CraTHcTHKA Q ()’(‘ )/ (1-1)
HUK H3- cTene- cyMMa F= 4 = 4
i MeHYH- Red KBapaTOB QX)) /(=1
I _ BOCTH cB060 bl
i = ~ 5% (X.) HaxoguM 6ui60pounoe 3rauenue CTaTHCTHKH Fp MO peayibTaTaM
i Pak- | Qa(Xn) = LSS ( X = F="4"
] - Top A A(_!) Ia XX ) l Q%) S3(X,) sxcnepamenta. Mcmoabaya (8.2) u (8.3), seiuncAseM BeAWIAHA]
.! - B“=l <y = :A__l 3 ng 3 Tk 1 inzk 2
= e 2 Y =
'. - » S%(Xn Q= (zix —T)* = Tk~ “( x;k) =
- dak- | Qu(Xs) = lg—1 | S4(Xa) = F= __,3{7) ;; ?::“:ZI BANToD
" Rl B O oF Qp(Xy) | Ho1Xa) g 1
1 =N Ty = 1465,68 — 3—5(216,2)2 = 1465,68 — 141644 = 49,24
I - la ls -
ﬂr Onwmé- Q(XN)='21'—1(X‘IJ‘_ (f_,q—l])( 5'3()(,1]: - "
i KH "_’- Jj(—_ +Y)2 X(IB"‘l) — QO(Xn) 3 1 g 2 1 3 nx 2
-, iz Qﬁ_znk{xk_x PP (S e e (i hmion
: = nx -
Cymma | Qo(Xn) = Ialg ~1 k=1 k=1 =1 k=11:=1
fa I8 5 1
= Xi;—X)? i o SR ﬂ_.512+—-85,12-1416,44=
.;E‘l{ = 4) 12 Bl g 11
= 1453,132 — 1416,44 = 36,692.
Tabauya 8.4 Teneps onpejenseM padHOCTh ITHX BEAHYHE
Cogepxanne C
Ba i Homep skcnepnmenTa )’I::)Ma Q1= — Qa=49,24 - 36,602 = 12,638
Topa, % 1121345 (6]7|8|9[10]11]|12]|crpoxkam
5 5,9(6,0|7,016,615,5(7,0/8,1(7,5(6,2]6,4|7,1|6,9] 80,1 H BHOOpPOYHOE JHaYeHHe CTATHCTHKH
10 4,015,1|6,2(5,3|4,5(4,4/5,3|5.,415,6(5,2 51,0
15 8,2(6,8(8,0{7,6{7,0{7,2|7,9/8,1|8,5|7,8(8,1 85,1 & 36,692/2 A 18,346 — 43.58.

®™ 12,638/30 0,421

B sToli 3aga4e axmop A — npoueHTHOe cogepxaHne KaTali-
3aTOpa, a cAyJadHad BeaudnBEa X (omxaux) — BpeMA XUMHIECKOH
peaKiuy.

Haa nporepkn runoreaw Hg: gy = gy = g = {o O PaBeHCTBe fo = 4347 > fip = 3,25,
CpPeJHHEX 3JHaYeHHHE g, ¢+ = 1,2,3, BpeMeHH XMMUYecKOW peaknuH
MPH pasAudHHX Yposnwsaz daxmopa A (5, 10, 15% conepxanusd runotesy Ho cieayeT OTKAOHUTE.

Mo Tabasnme kBanTuieh pacnpeseaenns Dumepa {cm. Taba. J1.5)
paxonM frp = fo,99(2,30) = 3,25. Taxk Kax
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Ipamep 8.4. B ycioBusx npumepa 8.3 1pOBEpHM IHIOTE3H:
1 2
a) H{Y: = pa; 6) HSY: o = i,

1
a. YTobu NpOBEPHTHL THIOTEIY Hé )| BocmoabayeMcs cTaTHC-
Kol (8.11)

t = k=1
L g
Zk
S kgl Rk
B agamHoM cayyae ¢; =1, ¢g = —1, ¢3 =0 (cm. 8.3). Haigem

3HaYeHHA BHOOPOYHHIX CpEeAHAX Fk, k= 1,2, 3:

_ 80,1 _ 58] 85,1
x1=—]§—:6,675, ‘2=T0_=511g ES=T=7!?36'

daTeM om pege/HM 3HAYEeHHE

_ [Qi 12838
Si=1/35 =1 35 = 0:649.

HaKOHEH, BRIYHCAHM BHGOPO'{HOB CpejHee DHAYE€HHE CTAaTHCTHKH

_ 6675-51 1,175
B 2 ¢ L0119
0’6'49\/12 T

Mo rafanne kauTHAeH pacupegenenns CroiogenTa (cM. Taba. I1.2)

HaXOAAM tep = t0,005(30) = 3,030. Tmmoreay Hg” OTBepraem, no-
CKOABKY

=9,874.

|ts] = 9,874 > t,, = 3,030.
6. B cayvae runoresn Hé” EMeeM

5,117,736 2,636
te = = =

= =- = —21,258.
fi 1 0,124 ’
0649y 5+ 11

361

8.5. Pemenme THIIOBHX NPMMEPOB

TakK KaK
Ita] = 21,258 > bp = 3,030,

2
TO THIOOTEIY Hé ) oTBepraem.

Ilpamep 8.5. B Taba. 8.5 NpuBeleHB ONLITHHIE AAHHBLIE
CNeKTPOrpaduIeckoro HCCICKOBAHES ¢ UEIbIO poBepKH BJIAMAHHA
pasAMaHbIX GOTONACHOK {PakTOp A) B 21eKTpoA0B (akTop B) Ha
perngnay X (OTKIHK), XapaKTepu3yloulyto HHTEHACHBHOCTb CBeTa.

Tabauya 8.5

YpoBHE Ypopun dakTOpa A(m
daxropa B(j) [1] 2 | 3 | 4 | 5
1 4|18 | 26 | 38 | 44
2 311925 |35 |43
3 6| 18 | 24 | 28 | 39

4 7|13 21|31 38J

B ganmoM ciydae (aKkTop A mmeer [4 = 5 ypoBHeH, (axTOp
B — lg =4 ypoBESf, 1HC/I0 ONKTOB PABHO Tt = lalg = 20.

[IpoBepuM Ha yPOBHE 3HAYMMOCTH & = 0,01 ranoOTe3bI:

Hé" — OTCYTCTBHE BJHAHUA (PaKTOP2 A Ha BeqndnHy X;

HoB — OTCYTCTBHE BANAHHA PAKTOPA B ma Bean4uny X.

[as aTOro pacciuTaeM

5 4

1 1 3

P =20 132 4 164) = 24.

‘T'_.EAIB-X;,ZII'J 20(20+68+96+ + )
i=1 j=

Juagerus cTaTHCTAK X;. # X.j, BoIYACACHHBIE NTO dopMmysam

1

1 o :
E;.:l— E Tij 1 .= I—Zxa‘j‘
B j=1 =1

A

npuBefeHbl COOTBETCTBEHHO B Taba. 8.6 u 8.7.
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Tabauya 8.6 Tabauya 8.7
i (1 [2]3] 475 111 2 | 3l
Xi- |20 | 68| 96| 132 164 X.;|26(25{23]|22

fanee BrvucageM

s

Qa=1Ip> (T —7)? = 4(361 + 49 + 81 + 289) = 3120,

=1

4
Q=5 (T.,-%) =5(d+1+1+4)=50,

=1

5 4

Q= EBZZ(EJ‘ —E)2 =

i=1 =1

=400+36+4—I—196+4UU+441+25+1+100+361+

+324 436 + 16 + 225+ 289+ 121 +9 + 49 + 196 = 3229.

Tabauya 8.8

Herou- | Cymma Hucao Cpean
HHK | KBaJpaToOB| cTenmeHel cl;nfmgﬂ Cii?«gc_
H3MeH- cafoAbl KBaJpaToB
HYHBOCTH
Paxk- QA=3120 1,1—1:4 5% = QA =780 F —Si =
Top A AT -1 Bwﬁ_
=158,h4
dak- | Qp=50 | lg—1= =98 _ _ 5B _
oy B B 3.1 5% o= = 16:67 Fs_gogﬁ
=339
Ownbxw | Qo =59 [(I4~1)x Sg:L:
=4,92
Cymma | Q=123229 |l dg—1=19

H&XO_,.‘IHM pPa3HoCThb BRIYHUCJHHLIX BEAHYHH!
Qo=Q-Qa—Qp=359.

[lonyuennuie pesyabTaTh cBegeM B Tabauuy (Taba. 8.8). Io-

CKOJbKY
fB = 158,7 > fxp e f0‘01(4| 12) = 5$411

TO TUIOTE3Y Hé‘ cagjyeT OTBeprEyThb. [unoTesy Hés caegyeT

NMPpHHATL, TaK Kak

fa =3,39< fnp = f0.0l (3a 12) = 5,92.

Bonpocul u 3agauu

8.1. B kakom caydae JHCUEPCHOHHLIH aHaAHW3 HA3KBAOT OJHO-
(PaKTOPHBIM, ABYX(PaAKTOPHBIM?

8.2. Kakol BuJ KMeeT MaTeMaTHYeCKad Mogelb (AdHeRHad
MOJeAb) 0AHO(PAKTOPBOrO AUCIEPCHOHHOTC aHadK3a?

8.3. JanuyTe OCHOBHO® TOXILCTBO JHCTEPCHOHHOIO AHANHIA
B CAydae: a) JAeHCTBUA OJHOro dhakTopa; 6} JeiCTBHA ABYX dak-
TOPOB.

8.4. YTo Takoe JuHelHbI# KORTPACT?

8.5. CchopMmyaupyiiTe KpUTEPHK A/f OPOBEPKH CTATHCTHYEC-
KOH rU00TE3R 06 OZHHAKOBOM JeHCTBHY (DaKTOpa Ha BCEX YyPOBHAX
B cAyvae: a) 0fHOGAKTOPHOrO AKCNEPCHOHHOIC aHalK3a; G} ABYX-
aKTOPHOT'O JKCTEPCHOHHOrO aHalduda. [IpH KakuX npejroaoxe-
HUAX OTHOCHATENBHO CAYYaHHEX OWHOOK JKCIEepHMEHTa TpPHUMEHA-
10TCa DT KpuTepud?

8.6. B ra6a. 8.9 npexcTaBieHn pe3yibTaThl HaGA0AeHUA Haj
oTxiankoMm X Ha natu ypoBuax. {IpoeppTe runoresy Hy o pasen-
CTBe CpeJHUX Ha ypoBHe 3Ha4uMocTd o = 0,05.

QO TBeT: rHOOTE3Y O PABEHCTBE CPLAHNX CAEAYET OTBEPIHY Th.,
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Tabauya 8.9
YpoBeRb PeayabTaTh HaOA10eHHH
dakTopa A
1 83 | 85
2 84 |85 |85 (86|86 |87
3 86 187 |87 |87 88 (8888|388 |88(89)|90
4 8919090 (91
5 890 | 92

8.7. B Tpex MarasnHax, IpOJAICLEX TOBapH OAHOTO BHJa, MO
JAaHHEEM TOBapooGopOTa (B YCIOBHHX eAHHELAX) 33 8 MecAlleB pa-
60ThH 6blia cocTaBaena cBogxa (Taba. 8.10). IiposepbTe Ha ypoBHe
sHaaumocTr & = 0,01 runoTesy Hp o paBencTBe CpPeJHEX 3Hade-
HYH TOBapooBOpOTa A4 MarasgaoB. Ecin runoresa nprHEMaeTCH,
HallfUTe HecMelleHHBIe ONeHKH [AJii CPeIHEero. M AUCIEPCHH TOBa-
pooBopoTa Aas BCEX TPEX MAra3uHOB.

Tabauya 8.10

Marasus Mecan
YT T 47816 LT .8
1 19|23 |26 |18|20|20| 18]35
20 (20 32|27 (40| 24| 22|18
3 16| 15|18 | 26|19 |17 |19 18

O TBeT: rANOTE3Y O PaBEHCTBE CPEAHUX 3HAYCHHH TOBapo06O-
POTa ClefyeT NpHHATH; T = 22,08, S? = 2L — 32 64,
8.8. B ycrosuax 3aa4ud 8.6 npoBepbTe THOOTE3H: a) Hél): 1=
2 3
= g = 0; 6) H{(; ) pa= s =05 B) H[() ). pz = pga =0.
OTBeT: a) rANOTE3Y cAefyeT NPRHATD; 6) rANOTE3A OTBEpra-
eTCH; B) CHOOTE3a OTBEPraeTcs.

8.9. B Ta6a. 8.11 npeacTaB/iens pe3y bTaTh HaOA0JeHHH HA L
OTKAHKOM X Ha NATH YPOBHAX (akTopa A M TpexX YpOBHAX (rak-

Bonpock v 3a4awH 365

Topa B. Ha ypoBHe 3HATHMOCTH & = 0,05 nposepbTe I"HIIOT;fBbIl
a) H{f — daxTop A He OKa3LIBaeT BABAHAA HA OTKAKK; 6) Hy —
¢akTop B He OKa3HBaeT BIHAHMA HA OTKIHK.

Tabauya 8.11

[ VYposmn Ypoeru dakTopa A (i)
daxropa B (7) [ 1 513145
1 3[3|6]|6]S8

2 8 | 3| 7|63

3 6.1 6| 8 [.Tu}8

OTBeT: a) FENOTEda NpHHMMaeTcH; §) CHNIOTe3a NPHEAMA-

eTCH.



9. HEMIAPAMETPUYECKHE
METOABbI CTATUCTUKHA

B npegmaymmx raaBax NpH pellileHHH 33Ja4 MaTeMaTH4YeCKOH
CTATHCTHKH CYLIECTBEHHYIO POJb HI'DAJIO NPeAnookenne o Buje (¢
TOYHOCTHIO [0 NapaMeTpOB) 3aKOHa pacnpelefeHus Hab0aeMON
caydaiinoll Benuduusl X. Memodu MaTeMaTH4YeCKOH CTATHCTH-
KW, OCHOBaHHEIE Ha 3TOM IPeINOJ0XKEeHHH, HA3HBAIOT NAPAMEN:-
puveckumu. [IpumepaMmu napaMeTpHYecKHX MeTOJOB ABIAIOTCHA
METOJE HAXOXAEHHA TOYEHYHBLIX H UNMEPSAALHBIT OYEHOK MaTeMa-
THYECKOT'0 OKHJAHHA TayCcCOBCKOM (T.e. paclpeieieHHOH 1O HOP-
MalIbHOMY 32KOHY) CAYy4aHHOH BeAHIHHH X M0 ZaRHEIM cayvatinot
8b100PKYU U3 € 2EHEPAILHOY COBOKYNKOCTY.

OaHakKo y MapaMeTPH1EeCKEX METCJ0B HMEIOTCA CYyUIeCTBeHHbBIe
HeJOCTATKH. DBo-mepBHIX, Ha OPaKTHKE BHJ pacnpejefeHus Ha-
6a0gaeMOld CaiyHalHOH BeAHYHHK OY€Hb YaCTO HeH3BecTeH. Bo-
BTOPBIX, IKCREPUMENMAAbHbIE dannbie TPHE c6Ope H 06paboTke HH-
¢opMalil NOYTH BCerja MCKaKaloTcd, YTO MeHAeT AX BHJI pac-
npejeaenns. [looTomy, nmpuMenss napaMeTpuYecKHe MeTOJH B
YCAOBHAX TaKOW aNpHOPHOHM CTOXaCTHYECKOH HeoNpefeleHHOCTH,
HeoOX0/ MO ACEC OCO3HABATD, YTO PACXOXK JEeHNEe MeX Y Napamen-
puveckot Modeavio U pealbHOH CHTyalHed MoXeT mpuBecTH (M
IPUBOJHT) NOAYAC K CHAbHO HCKAXKEHALIM UM JaKe HEBEDHBIM pe-
3yJibTaTaM”.

ChegoBaTenbHo, BO3HAKaET ReoGXOAAMOCThL B paspaboTke Ta-
KAX CTATHACTHYECKHX MPOUEAYP, KOTOPhHIE, C OJAHOH CTOPOHHI, B
CHTYaNHuH, HaHbolee 61aTONPHATHOH LA NapaMeTpPHYECKEX MeTO-
AOB, MOYTH HEe YCTynaJd Onl HM B dpeKTHBHOCTH, a C APYroM

*Cu.: Xewbep Ao 0T.; a Takxke: PobacTHocTe B cTaTucTixe. [logxox Ha
ocHoBe pyaxumH BamAnma [/ Xamneas D. u ap.
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CTOpPOHBI, 65L1M 6bl MAIO4YBCTBUTENbHE K HapYLICHUIO [PEANO10-
JKeHHil, JeXKalllnX B OCHOBE NapaMeTPUYeCKOH MOJEIH.

Takue mMeToAn cyuiecTByioT. OHH NONYYHIH HAa3BaHHE Kena-
PAMEMPURECKUT Mmemodoe, Tak Kak He TpebyloT JHaAHUA 3aKOHA
pacnpefeieHns HabI01aeMOH cay4aiiHOH BelH4YUHbBl H HCIOABIYIOT
AWIIb MAHAMALHYIO anpuoprylo uxdopmayuio THIA HHPOPMALHH
0 HeNpPepLIBHOCTH HAM CHMMETPHH QYHKUUM pacHpefeNeHus.

3a nocaejHee BpeMs HemapaMeTpHiecKHe MeTOJH HOSBUIHCEH
NOYTH BO BCEX pa3jenax MaTeMaTHIECKOH CTATHCTHKH. QOuu
OKa3bIBAIOT CePbe3Hy0 KOHKYPEHIHIO KJIACCHYECKHM NpOUeSypaM,
OCHOBAHHBEIM, TIABHBIM O0pa3oM, Ha NPeJNoIOXKeHHH O HOpMAdb-
HOM 3aKOHE paclpefeleHuf HabAi0JaeMbIX CAYYaHHBIX BeJMIMH.
[IpguuHa 3TOro B TOM, 4TO HenapaMeTPRYECKHH NOAX0[ JHib
He3HaYATENbHO YCTYNaeT NapaMeTpHYecKoMy 10 dPPeKTHBROCTH,
eClH €CTh YBepeHHOCTb B HCTHHHOCTH napaMeTpBiecKol Mojeln
(sanpuMep, B TOM, 4TO Hab.lofaeMasd caydaiHad BeHYHHA MMeeT
HOpMaJbHBIH 3aKOH pacnpejeleHns). B To ke spems npn Hapy-
UIeHHY HCXOAHBIX TPEANONOKEHHH O daKOHe pacnpejefeHus Hena-
paMeTpHYecKHe MOJeldd MOryT GHTb BO MHOIO pa3 a¢dpekTHBHEe
napaMeTpEIECKAX.

CreflyeT OTMETHTb, YTO HelapaMeTpHiecKue MeTO/bl C BEIIHC-
AHTEJIbHON TOYKH 3peHus Golee TPyJOeMKHe, ieM NapaMeTpHyec-
KMe, a HHOT/1a U OYeHb CJOXKHHE. JTO CACPKUBANO HX NPHMEHEHHE,
XOTS MHOFHE K3 HHX NOABHAHUCEH euie B 1930-1940-e rogmn. Ognaxo
mocAe NofABIeHHA KOMIBIOTepOB MOJOKEHHe H3MEHRIOCh, H Telepk
BO BCex Hambojee pacnpoCTpaHeHHBIX NakeTax MPHKJIAJHBIX CTa-
THCTHYECKHX MpOrpaMM PealH30BaHb H HeTlapaMeTpHIeCKHe Npo-

iy PH.

9.1. OgHoBLIOOpOYHAA 3ajava O CABHre

Brime (cM. 2) paccMOTpeHa 3ajfada ONEHMBaHHA MaTeMaTHYe-
CKOT'O OXKMJAHHA CAYYaHHOM BeAMYHHH X ~ N(p,crz} 00 ZAHHBIM
cayuatnot svibopxy Xy, ..., Xn U3 €€ 2eHEePaIbNOU COBOKYNHOCTRL.
Yro AenaTb, ecay npeanofoxende X ~ N(,u,az} He Buinoanaerca’
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Hanpawmep, B npumepe 4.26 npeanofaraeTcs, 9TO MNPOJOLKHE-
TEeNLHOCTh BpeMeHHu paGoTH JaMOH 0 OTKa3a paclipefeleHa Mo
HOpMaJbHOMY 3aKOHYy. Mexay TeM ,BpeMf XHM3BH“ Da3IAYHBIX
TeXHA9eCKUX YCTPOHCTB OGHYHO ONHCHIBAETCA He HOPMAJbHEIM, &
JAPYTHMHE paciipefeleHHAME, H MPeKJe BCero 3KCNOHeHOHaJbHRM™,

MoxHo npuBecTH pAX APYrHX NPHEMepPOB, KOr'ja BO3HHKAIOUIHE
NpPH pellieHAW MPaKTHYECKHX 3aJad HeNpephiBHLE CAydaiHble Be-
AUYHER He AMEIOT HOPMAJBHOI'Q paclpejeteHus, i, CIe{0BaTeALHO,
METO/JB NPOBEPKH CMEMUCTRUNECKUZ 2UNOMed 0 MATEMATHIECKOM
OXHUIAHAK, HINOXKeHHLIe B npamepax 4.10-4.14, g1a HEX He mpH-
MeHHMBL. Bce 3TH 3a/a98 MOXHO ONHUCATh Clefyiollled cCXeMoH.

Ilycrs &y, ..., €, — NOCACJOBATEALHOCTL HE3ABHCHMEIX OZH-
HAKOBO pacnpefeNeHHBIX ¢ HYJIEBRIM MaTeMaTHIECKHM OXKHIaHHEM
AeHabAI0faeMBIX CIyJaHRBX BeIHYHH, KOTOPHIE MOXHO HHTEepHpE-
THPOBATE KaK cayuatinbie owubry HabIIOAeHUH HEKOTOPOH HECaY-
qaWHOH BelWYWHH €. B 2TOM cayvae nmpocTedwan Mamemamusie-
cKaR Modeas HAOMIOAeHAE MoXeT BHTh npejcTaBleHa B BHJE

X;=0+¢, i=1,n, 6¢cR, (9.1)

rje ciydainbie BeIRYAHE X1, ..., X, ABASIOTCA He3ABHCHMBIMH H
HMEIOT OJHH H TOT K€ 3aKOH paclupeefeHud, T.e. AX COBOKYIHOCTb
MOXXHO PacCMaTpPHBATL KaK CAyYadHYIO BHOOPKY H3 reHepaibHOH
COBOKYITHOCTH HEKOTODPOH CIyYaHHOH BeNHIUHK X ¢ MaTeMaTHYe-
CKAM OXHJaHHeM & (ecA® OHO cylIecTByeT).

PaccMoTpuM 3ajady NpoBepKH CTATHCTHYECKOH [HIOTE3H

Hy: 0=26, (9.2)

IIPH OJHOH H3 QIbTNEPHAMUSHBIT 2unomes
Hy: 8 < 8y, Hs: 8> 8y, Hs: 0+#£6, (9.3)
Mo JaHHHM C1y4adHOH BRIOOPKH Xy, ..., X,, riae 6 — HekoTopoe

H3BECTHOE 3HadeHHe napaMeTpa 6. Ipeanoaoxmm, 3TO npu pas-
AMYHHX 3HaYeHUAX NapaMeTpa § GYHKOHE paclpegeNeHHs F(x;B)

*Cwm.: I'nedenxo B.B., Beases FO. K., Coaosves A [,

9.1, OgHoBRGOPaYHAR 38,4348 O CABHIE 369

H MAOTHOCTH pacnpejeieHns p(:z;ﬁ') Kax goro aementa X;, t=1,7,
cayyaitHO# BHIGOPKH OTAMYAIOTCA CABHIOM Ha BIHTHHY 9.“ Tewm.ca-
MBIM napaMeTp 8, He uameHAs GOPME! rpaprKoB PYHKIUH F(m;ﬂ)
i p(-.?:;é'), onpejeaseT HX MOJOXKeHHe Ha MIOCKOCTH (puc. 9.1).

Ll

ol
Puc. 9.1

Kax npasuio,  coBnajaeT ¢ MATeMATHIeCKHM OXKAJaH ne}f cany-
qalHO# BeAmYEHH X;, a UPH €ro OTCYTCTBHH — € MEIHAHOM HIH
mogoii. Tlosromy 3agady (9.2)-(9.3) HadmBaOT odnosbibopou-
not aadaveil o cdeuze.

Ecai He3aBHCHMbIe ciyYailHble BeJWHHHBl £1, ..., £n pacnpe-
JefeHBl O HOPMAalbHOMY 3aKOHY C HYJEBHIM MaTeMaTHYeCKHM
O’KHJaHHEM ¥ HeH3IBECTHOR JHCIepcHer a?, To, coraacko (9.1), cay-

yakHpe seansaEs X, ..., X, Takke sABAAIOTCA HE3ABHCUMBIMH,
npudeM X; ~ N(8,6%), i=1,n. Taxum o6pasom, 3aKOH pacnpeae-
JeHBs cayvaiigoli BuOopka X, ..., X, W3BeCTeH ¢ TOYHOCTBIO 10

NapaMeTpoB, H Memod NPOBEPKH CTATHCTHIECKOH THIOTE3bI (9.2)
ByaeT napamempuyeckun (cM. npumep 4.14).

TIpeanoJoxXumM Telepb, 9TO O MIOTHOCTH PACUPEfeNeHns Be-
POATHOCTE]l HE3ABHCUMBIX OAKHAKOBO PacTipejeeHHbIX CAy TalHbIX
BEeJMYHH £, § = 1, N, K3BECTHO JHUIb TO, YTO OHA ABJNAETCA YLTHOU
cdyuknnei. OkaspBaeTcs, 4TO Jaxe B Takoi obliell MocTaHOBKe
CYLIECTBYIOT OPOCThHE MeTO/Ihi NPOBEPKH CTATHCTHYECKHX THMNO-
Tea 0 napaMerpe f @ ONEHEBaHUA >TOro napamerTpa. OCTaROBUMCA
Ha ABYX HanBoaee PacpOCTPaHEHHKIX W3 DTHX MeTOJOB.

KpaTepui 3sakos. O603nasnM vepes Ko MHOXKeCTBO (PyHK-
UM pacIpejeNexis BeflPEPRIBHEIX CAYSaRHBIX BETHTHH, AMEIOLLUHX
eHACTBERAYIO MEJMaHY, KOTopas pacloaoxena B Toike 0: 3a-
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MeTHM, 9TO (PYHKUHUSA paclpelefeHdd CAy4aiHONH BeluyHHE X ~
~ N(0,0?) npunaftexuT MHoxecTBy Kg, H MODTOMY Hpejiarae-
MEIH HHXKe xpumepuili 3naxoe TPHMeHMM W JJ# pelleHUS 3ajad,
TpaAALHOHHO peliaeMblX NapaMeTPHYeCKUMH MeToZaMHi.

[peanoaoxum, 4To Xi, ..., X, — cayvaiHad BhIOOpKa H3 re-
HepaJbHOH COBOKYMHOCTH CAyYaiiHOH BeauuuHul X ¢ dyHKUHEH
pacnpegetenus F(z;0) = F(z — ), F € Ko. PaccmoTpum 3ajaty
NpoBepkH CTATHCTHYecKOH rumoTeanl Hy (9.2) npu anpTepHaTHB-
Ho¥t runoTese Hy ognoro U3 Brgos {9.3).

Kak n ga8 npoBepku 11060i CTaTHCTHYECKON THIOTE3H (oM. 4)
runotesy Hy eCTeCTBEHHO OTKJOHHTL B NOAB3Y albTepHATHBHOH
runoTednl H4, eciu B pesyapTaTe cAYYailHOIO JKCOEPUMEHTa Ha-
Oat0gaeTcd HEeKOTOpoe clyyaiHoe CoORITHe, NOABIEHHE KOTOPOro
,TPaKTH4YeCKA HEeBO3MOXKHO" TPH UCTHHHOCTH fly U BEPOATHOCTH
nosiBAeHHs KOTOPOTo , AOCTaTOYHO Beiauka™, ecan Bepha Hy. [lo-
CTpOEHUE cmamucnuvecxo2o xpumepus npopepku Hy npu annrep-
HATHBHOH runorese H 4 U 3akai0vaeTcs B BHOOPe Takoro cOORITHA.

OznuM u3 cOGLITHH, DOABICHHE KOTOPOro , NPAKTHYECKH He-
BO3IMOXHO® NpH HCTHHHOCTH Hy, ABAseTcA noABieHHe 0YeHb 601b-
IOr0 KOJAMYeCTBa YHCEN OAHOMO 3HAKA B NOCAEJOBATENbHOCTH

X1—6p, ..., X, — 8y, HAH, 9T0 TO XKe caMoe, B MOCICAOBATENb-
HOCTH

Xpy—0%, .oy Xy —bo, (9.4)
rae X1y, -y X(n) — 6apuayuonnvii pad cay4aiiHol BeIGOPKH
P, SRR

JelicTBUTENBHO, F(:r;ﬂ), KakK H BCAKad YHKUHMA pacnpeje-
JeHnd, ABAAETCA HeyGuIBaloUleH, a M3 eIUHCTBeHHOCTH MeIHAHE
crefyeT, YTO B OKPECTHOCTH HYJAf OHa CTPOro BoapacTaeT. [lo-
oToMy npu § > 6y

P{X; <6} =F(6,0)=F(6p—8) < %,
anpu ¢ < 8

P{X,->90]=1—F(90—8)<%.
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OTMeTHM, YTO pacnpefelenie clydanHbIX BeTHIHH Kiyeig X,
onpegeteno (yHKuAeH F(:c;ﬁ‘) i aaBrHcAT ot napamerpa §. Bo
u36eKane NyTaHMIB! 3eCh ¥ B JalbHeHlleM BePOSTHOCTD Pasiiy-
HBIX COGKITHH, NMOPOXJAEHABIX cayvaiinoi BuGOpKOH X1, ..., X,
Gyaem 0603HAYATL CHMBOJIOM Py, rae unjekc f aBHO yKa3uBaeT Ha
5TY 3aBHCUMOCTb.

Hrak, ecau BepHa aabTepHaTHBHai IHNOTe3a Hy, To mpu
H 4 = Hy 601bWHHCTBO YACE] MOCASI0BATENLHOCTH (9.4) monxHm
GRITH NONOKKHTENbHNME, 1puH H 4 = Hy — OTpHUATeJbHEIMH, & NIPH
Hs = Hy KoAM4eCTBO MOMOKHTEIBHEIX H OTPHIATEABHBIX qycen
LOKKAO 6GBITH NPHOAUIUTEABHO PaBHBIM, TaK KakK B 3TOM Clytae

1
P{X; > 90} = PQ{X{ < 90} = -2—
VIMeHHO TO CBONCTBO HaOMIOJeHHH ¥ JEKHT B OCHOBE KPUTEPHA

3HAKOB.
OnpegeanM caydaiHylo BEAHIHHY

Sty =3 n(Xi- ), (95)
i=1

rae n(t) — dynknua Xepucaiiga, a7 € R — (hEKCHPOBaHHKEIH Nlapa-
metp. CaysaiiHas BeiudnHa S(T} NIPHAHMAET CBOM 3HAYEHHA s(T)
Ha MHOMKECTRE IeAbX Yucel B Ananasone oT 0 jo n. O4eBUAHO, 4TO
ee 3aKOH pacinpeje]eHHs 3aBUCHT | OT T, i OT HCTAHHOTO 3HAYCHUA
napaMeTpa 6 GyHKUHU pacnpejelesus F(:-:;G] cAy4YaiHOH BeIHYH-
HEl X . MOXHO NOKa3aTh, $TO pacupefelenkie c1ydalHON BeTHIHHEL
X; -7, i=1,n, 3aBUCHT TOIbKO OT Pa3HOCTH 8—r. Hoa'rvomg
oT pasHocTH § — 7 GyjeT 3aBHCETh H paclpejelenie CIyYalHOH
peananns S(7). CaegoBarenpno, ecid § — HCTHHREOE JHAdeHHE
napaMeTpa QpyHKIHHA F(z;8), To 3aKoH pacnpefeleHus cmamuc-
muxu S(#) ne 3aBucuT oT 8.

O603HAYUM CHMBONOM S, KBaHTHIL yposHa ¥ (0 < v <1) pac-
npejefeHus CAydaiiHON BeJHYHHBL 5(6p) npu ychoBHM, 4TO BepHA
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runoresa Hy. [pyramm cloBaMi, s, onpeieafeTcs Kax pelleHHe
YpaBHeHUs

P, {S(60) <s,}=7 0g<vy<L (9.6)

3aMeTum, 4TO caydainas seawvuna S(fp) AMCKpeTHa, HOITOMY
peiieHde S, ypasHeRHs (9.6) 414 HeXOTOPHIX Y MOXeT He cylile-
CTBOBATH.

CraTucruky S(fp) Ha3HBAWT cmamucmuxoti Kpumepus
anaxoe Ans 3agayn (9.2)-(9.3), a cam xpumepuil 3naxos ypos-
HA ( OIIPEJeAAIOT ClelyioliM obpasom: runoresa Hyp oTkiaonseTca
B MOAB3Y ANbTEPHATUBHOW TrENOTe3w H, (STO OfHA H3 THIOTEd
(9.3) ) Ha ypoBHe 3HAYHMOCTH @, eCJIH:

a) s(6p) 2 s1- B cayuae Hy = Hy;
6) 5(f) < s B crysae Ha = Hy;
B) 5(6o) < say2 AU $(80) 2 81_o)2 B CAYTaE HA = Hj.

Cwmeurca kpuTepus suaxkoB npospaven. HWa (9.5) caeayer, 4TO
snavenne s(fp) cratacTaka S(fp). — 370 KOAWIECTBO MOJOKHETENb-
upix uncea B (9.4). Ecan s(6p) npubansurespho paBHO n/2, T.e.
KOIHYECTBO TOJOKHATEABHAIX YHCEN HPUBAUINTEIBHO PABHO KOJNH-
4YeCTBY OTDHIOATENbHREIX, TO Pa3yMuo NpABATs Hy. Ecan xe s(f)
61M3K0 K M, T.e. NOYTH BCe HHCIA MOJOKHKTEAbHBIE, To Hy ecre-
CTBEHHO OTKJAOHWUTEH B n0ab3y Hy. Maanle 3navenus 3(fp) rosopar
0 TOM, 4TO, MO-BHAHMOMY, BepHa albTepHATHBHaA runoresa fs.
WA nakowen, eclu cTaTHCcTHKA S(fp) IPHHHMAaeT 3IHAYECHHS, CYyLIe-
CTBEHHO OTAKYaoIHecs oT n/2, Hy clegyeT OTKJIOHHTHL B MOJAb-
3y H3.

Konewno e, A8 OpaKTHYECKOr0 HCNOAL3IOBAHNA KPHTEPHAA He-
06X01MO yMETEH HaXOIUTh KBAHTHIH S,, T.€. 3HAThH pacnpejeneHne
cTaTACTHKE S{fy) NpH HCTHHHOCTH CTaTHCTHYecKoH rEnoTean Hy.
OTBeT Ba 3TOT BOMPOC AaeT Cleyiollai TeopeMa.

Teopema 9.1. [lycts Xi, ..., X, — HesaBHCHMEE OJEHAKOBO
pacapejfefeHHbIe C1ydaiiHble BEIHIHHEE ¢ QYHKUReH pacipeleleHnd
F(z;6) = F(z - 8), F€ Ko, 8 €R. Torga cryyaiinas permiuHa
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S(6g) umeer GunomuaapHoe pacnpedesenue ¢ NMapaMeTPOM pg =
=1]- F(eo - 9)

Po{S(0) =k} =Ciph(1-pa)" ™, k=0m.  (97)
4 Tax Kak cayuaiHbie BeIWuHHH X1, ..., X, He3aBHCHMEl, TO
HesaBucHMb B caydaiunie Berwanan 7{(X1— 6o}, .-, 7{Xn - fg) kak
(PYHKUBH He3aBHCUMBIX cAyHaRHEIX BEAUYUH {XVI]. Kpowme Toro,

Po{n(Xi-00) =0} = Pg{Xi <00} = F(o,0) = F(bo - 8),
P{n(X:—6o) = 1} =1-Py{n{Xi - bo) =0} =1-F(6 - 6).

Takum o6paszoM, S(fy) ecTh cymMMa He3aBHCHMAIX cAy49aliHLIX Be-
AMYNH, KaX4af W3 KOTOPHIX AMeeT GMHOMHAJLHOE paclpefenenne
¢ napameTpoM pg = 1 — F(fp — 8). CregoBatenbHo, S(8o) nMeer
fEHOMHAJILHOE pacnpejeleHne C TeM Xe NapaMeTpoM pg [XVI]. »

Crnegcreue 9.1. TIpy HCTHHHOCTH CTATHCTHYECKOH THIOTE3h
Hp caydaiigas peanynraa S(fp) mMeeT GUHOMHANBHOE pacnpejgele-
aie ¢ napameTpoM p=1/2. [Ips 5ToM KBaHTHIH Sq H 51— CBAIAHRL

PaBeHCTBOM
Sa=n—s1_oa+1, 0<a<l, (9.8)

rae n — obbeM caydaiiHou Bmbopxu X, ..., X, W3 reEepaibHOH
COBOKYTHOCTH X.

« TlpE HCTHEHOCTH CTATHCTEYECKOH rumoTesnl Ho uMeeM 8 =8
INoaTomy

. 1
poy =1— F(lo~60)=1-F(0)=1-3 =

[

Tak kakx Ck =Cr~*, k=10,n, To ans mwoboro k =0, n

vk 1y n—¥k
Po{S) =k} =C(5) (1-3)" =
= Ckom = O k27" = Py, {S(fo) = n — k}.
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Takem obpaaom,

sa~1 Sq—1

a=Pg{5(f) <sa}=) Cham=>) Crtor=
k=0 k=0

fA—gq+1

= Y. Cr2 " =Pg{5(0) 2 n+1~sa},

mM="n

oTkyja caeayer (9.8). »

HTak, npA HCTHHHOCTH CTATHCTHYECKOH rumoTe3nl Hp 3akoH
pacnpejeieBMA caydadnol BeauvnHbl S(fp) He 32BUCHT OT PYHK-
uHH pacnpegenenus F cayvaihnoil Besuuyudel X. [losTomy aas
NPaKTHYeCKOro OPpAMEeHEeEHA KPHTEpPHA 3HAKOB HYXKHBI TOJbKO Tab-
JHIB GHHOMHAABHOIO pachpejeseHns. MMeHHO B dTOM cMEICae
KpuTepui npoBepkd Hy, ocHOBaHHBIE Ha cTaTHCTHKe S(fg), Ha-
BHBAETCA HEMAPAMEMPUNECKUM RPUMEDPUEM.

Koseuno >xe, npH MCTHHHOCTH aJbTE€DHATHBHOM TIHIIOTE3H,
sanpumep Hy, pacnpegenenne ciydainoi peanununl S(6) 3aBHCAT
H 0T F, 1 or § — 3T0 BRITeKaeT U3 paBeHCTBa (9.7).

B npakTudeckmx 3ajaydax ycAoBHe OJWHAKOBOH paclpefeteH-
HOCTH cl1ydalHHIX BeauduH X, ..., X, MoxeT HapymaTsci. Ha-
OpHMep, eCiH DTH BeIHYHHH XapaKTepH3YIOT W3IMepeHHs, KOTOophie
NpOBOJAWINCh Pa3JMIHLIMH DPHGOPAMH H B Dal3JAMYHHIX YCAOBHAX,
TO cAyvaliHHe BeARIHHH &; = X; — 8, i = 1, n, MOTYT HMeTh yxke
pasau4HHe GYHKUHH pacupegenenns F;(z), XoTs no-IpexHeMy H3-
3a OTCYTCTBHA CHCTeMaTHvecKol ownbku usmepenus F;(0) =1/2,
i=1,n.

IIpumep 9.1. PaccmoTpaM 3ajady, KOTOpas B MaTeMaTHYe-
CKOM CTATHCTHKe W3BECTHA KaK 3adadc napubiz wabHawdenut.
IlycTh A8 ABYMEpHBIX cAy9dainbx BekTopoB (Y;, Z;), i =1, n, Bep-
HO NpeJCTaBieRHE

Zi-Y,=0+¢, i=1,m,

rge § — CKaASpHBIA NapaMeTp, a & —— HEIaBUCHMLIE OJAHHAKOBO
paclpeeleHubpe ClydailHbie BeqUYHHB C HYJEBBIM MaTeMaTHTe
CKEM OWJaHHeM M HenpephBHOH (PYHKUReH pacnpejeleHus )
He3aBHCUMOCTH CyYaliHuIX Beawins Y; u Z;, i =1, n, He npelno-
faraeTcd, 6odee TOro, Ha MPaKTHKe OHH, KakK MPAaBUJIO, 3aBHCHMAL.
TpebyeTca NpoBepHThL MHIOTEIY {9.2) npoTHB OJHOH U3 afbTepHa-
tuBHHX runoTes (9.3). DTa 3ajava CBOJUTCA K 0 HOBBIGOPOHHOH
sajaye o cABure ¢ Mojersio (9.1), B koTopoil X; = Z;i—=Yi,i=1,n.

B 60abIIRHCTRE NPUIOKEeHUR Y; B Z; — XapaKTepHCTUKH OX-
HOI'O ¥ TOrO Xe 06beKTa, NoJdydyeHHble NP Pa3JHYABIX YCAOBRAX
skcnepuMerTa. Hanpamep, Y; n Z; — apTepuaibHOe JaBieHHe y
i-ro MallMenTa 4o ¥ Nocke NIPUAATHA JeKapCTBa COOTBETCTBEHHO, &
npeAnofoxKenne o HedhdeKTHBHOCTH (6ecnone3HOCTH) N€KAPCTBA
paBHociabHO ruuoTese Hp: 6 = 0. Ecan Y; u Z; — ynpyrocThb
j-ro o6pa3lla CTaiH IpPH TPAJUIHMOHHOM ¥ MOAHMUIHPOBAHHOM
cnocobax 3aKaluBaHud, To runotesa Hy: § = 0 paBHOCHABHA Tped-
[HOJICHKEHHIO 06 01HHAKOBHIX YIPYTUX CBOHCTBAX CTald IPH obGoux
cnoco6ax ob6paboTku. F#

KpuTepnil 3HaKOB MOXHO MPHMEHATEH H NMPH Pa3AHHBEIX 3aKo-
HaX pachpefefeHns He3aBHCHMMIX CAYTaHHLIX BEIHYHH &;, t = ol
TaK KaK NP HCTHHHOCTH CTATHCTHYECKOH MHNOTE3Rl Hy

Rl
1-F(-6;0)=1-F(-0)=1-F(0)=1-5=7,
i caegctere 9.1 ocTaeTcs CIPaBejAHBLIM.

Tabauikl GHHOMHAJIBLHOTO paclpefeleHls” CyLECTBYIOT TOMIbKO
a8 HeGoablnX 3HaveHuil n. Ecan Xe n BeaHKko, TO KBAHTHIH S,
craTrcTHKE S(09) MOXKHO BRIYKCAATH, OCHOBHIBAACH Ha HHTErpalb-
Hol Teopeme Myaspa — Jlannaca.

W3 5T0l TeopeMul ClelyeT, 9TO NpH GOJBIIKX 7 3AKOH pacnpe-
JeJeHHA cAy4aiHol BelHYHHbI

5(80) — M.S(6o)
D S (6o)

*Cm.: Boaswes J.H., Cuupros H.B.
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XOpOIIO aNNPOKCHMAPYETCA CTAHJAPTHHIM HOPMAJbHEIM paclpe-
JelleHHeM. DTO MO3BOJASET NPHOAHAKEHHO BHIYHCAATD KBAHTHIH Sq
OpH HCTHHHOCTH CTaTHCTHIECKOH runoTesnl Hy, a HMeHHO, Tak
kaK pacnpefenenue S(f) GuHOMHAIBLHO,

MS(8o) =n(1—F(8o—8)), DS(8p)=n(l—F(fo—6))F(8p-0).

Mooromy npu 8 = 6y umeem M S(8p) = n/2, D S(8y) = n/4, u, Kak
Ci1e/ICTBHE,
.
So == 5 + ua?v
rAe %, — KBaHTHIL CTAHAAPTHOIO HOPMAJbLHOTO paclpeleleHn .
Briwe {cM. 4) oTMeuadoch, ITO ApH PUKCHPOBAHHOM obbeme
cAy4aiHoil BHGODKH YNpaBifATh BePOATHOCTAMH « H ( owubox
nepeoz20 U 6mMopozo podoeé OJHOBPEMEHHO HEBOIMOXHO — IMpH
MOCTPOEHUM KPATEPHA ¢ MeHbLIeH omubKkoli NepBOro poja pacTeT
ownbka BTOpOre pofa W HaoGopor. OgHako OpE n — 00, T.e.
Korga ofwmem uudbopManuu o pacunpeieienud F(z — #) pacrer,
ecTeCTBeHHLIM TpeGOBaHHEM K KPDUTepHIO ABadeTcH GeaominboiHoe
(B npeaere) pasaudeHHe OCHOBHOH M, aNbTEPHATHBHOM THIOTE3.
ITO NPHBOAKT Hac K CAeAyIOLIEMY DOHATRIO.

Onpegenenme 9.1. CraTHCTAYeCKHE wpumeput NPOBEPKH
FHIOTE3 HA3KIBAKT COCMORIMEALNLIM, CIH IJ1 11000H BepOAT-
HOCTH ¢ OWIAOKH MepBOTO poja, BepOATHOCTh J OubKH BTOPOTO
poja MpH R» — OC CTPEMHUTCH ¥ HYJIO. '

Takum o6GpalsoM, KpuTepuii 3IHAKOB NMpoBepkH runoresn Hy
NpoTHB albTepHaTHB (9.3) 6yAeT cocTOATENbHNM, eCAH B Ciydae
§ # Oy aas awboro o, 0 < a < 1,

Pg{S5(fo) < s1-a} =1 npr n — oo,
rae So — KBaHTH/JbL pacnpejeneHds cTaTacThka S(fp) ¢ ypoBHeM

3HAYUMOCTH @, KOTOpad onpegerfercd dopmyroil (9.6) npu v =
=1-a.
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Teopema 9.2*. KpuTepni 3HaKoB /14 0AHOBLIGOPOYHOH 3213~
4H O CABHTE ABAAETCA COCTOATENLHLIM. # -

TlepelifeM K MOCTPOEHNI0 TOYRMHBIX OUCHOK MapaMeTpa @ dyHK-
nau pacnpejenenus F(z —6). IlpeanonoxuM, 970 Hg aTxaoHena,
T.e. GYHKIUAA PaclpeleleHus cayvaiinoil pearunHu X MMeeT BHA
F(z -8}, rae 8 #6p — HeWaBecTHHI Napamerp. Kax OH?HHTb # o
JaRHBIM CIy4ai#HOH BHOOPKH X1, ..., Xy ¥3 regepaabLHON COBOKYM-
socTH X7 B 1963 r. Xomxkec u Jleman™ npesroKunn obwuit cnocob
NOCTPOEHHS TOYEHBHIX H AHTEPBANBHBIX OLUEHOK @, ocHOBaHHKEIN Ha
KPWTEpAAX NPOBEPKH FHNOTEI O HapameTpe #. Towednas oUEHKA
g(fn) mapaMeTpa # CTPOHTCA AHANOTHYHO OUEHKAM MAKCUMAALHO-
20 npasdonodobus.

Bregem obGoznadeHne L(Xn;ﬂ) = §(8), noavepkuBas, qToﬂS’(l?)
sBAseTCA QyHKIUeH u napamerpa 8, u cﬂyqaﬁrioﬁ BLIGOpKH X, H3
reHepalbHOHR COBOKYNHOCTH X. PYHKIHA L(X,n;ﬂ) npu MoCTpoe-
MW ONeHKH napaMeTpa § 6yJeT UrpaTh poib Pynxyul npasdono-
do6us. OTMETHM, ITO 411 KOHKPeTHOH peanln3alni Zp CA1ydaHHOH
pribopkn X, dynkuns L(Fn;0) = s(8) ecTh pyHKuus apryMenTa 9.

B kavecTBe olleHkH napaMerpa & BoabMeM CTaTHCTHKY 6(X5),
anavende § KOTOpOil f1a A10607 BHOOPKH Iy yAOBICTBOPAET yC10-

BUID
( !j 2eR ( )

Tak Kak Clydaiinas seaninsa S(6) pacnpefelena mo OHHOMH-
ANBHOMY 3AKOHY, TO A8 Kaxk0oro 8 ¥ dynxuun L (Xa;0) cywectny-
eT OJHO WAA ABa HanGolee BePOATHHIX 3HAYCHUA [XVI]. lTooTomy B
KagecTRe 3HadYeHus OLEHKHE NapaMeTpa f HyXHO BIATH TaKoe T1I0
§, fpH KOTOpOM (DYBRKEZEA L(fn;ﬂ) npAHKEMAET HaHOOJee BEpOAT-
Hoe 3Hadenne. M3 Teopemnl 9.1 caeayer, 4TO ecnn_‘t? — WCTHHROE
3HAYEEHME OapaMeTpa, TO clydaidHad BeiHYUHA L(Xﬂ;ﬂ) WMeeT OH-
HOMHAbHOE pacnpejesenne ¢ napamerpoM 1/2. [looTomy nanGoree
peposTHOe sHatenne L{X,;6) npa veruoM n pasHO n/2, a npu

*Cum.: Xemmuancnepzep T.
**Cm.: Hodges J.L., Ir and Lehmann E.L.
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HeYeTHOM 7 TakHX 3HAauYeHHH cpasy ABa: (n=1)/2 1 (n+1)/2.
Boobmem B xavecTBe JHaveHHS ouenku 8 napaMeTpa # peulenue
YpaBHeHHA

3 3» T~ 4eTHOe;
L(Z,;0) = oy (9.9)
>+ T — HedeTHoe.
JaMeTHM, 9To
S(0)=>"n(X~6) (9.10)
i=1
rae Xy, ..., X(,,) — BApUAUHOHHHK PAJ CIydaliHOH BHIGOPKH

Xn (npegcrasrenue S(6) B suge (9.10) HasupatoT cuumaruwet
dopmott cmamucmuxu 3naxoe). Orciofa cregyer, 4To Aaf

T0GOH peaausalnn &, cayyaiHoi BLIGODKH )E’n GyHKIUuA L(f;’n;é'),
paccMaTpUBaeMas KaK GYHKUUA OT f IpH PUKCHPOBAHHBIX Zp, ...,

Ty, ABIAETCA HEBOBPACTAIOUICH Kycowno-nomoaunon CTynen4aToM
YHKUMeH C  BRICOTOH cTyneHbkn“, paBnoil egunnue. Ha kax oM
noayuuTepsate (), T(i41)) byHKuHA L(#y;6) nocrossna u pasna
n—t, i=1,n—1, npu 6 < (1) L{X.;8) paBra n, a npu 8 2 2y
L(X,;68) pasna ny1o (puc. 9.2).

Lix,;0)4
n f—
£ B SR P S—

O -+
attd o 1t : oy
Ty y F b
2F . ! ' H -—
1L E i i ' |
S : : ——
‘ I H ! i)
T Ty o Ty Ty o Ty Ty 6
Puc. 9.2
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B kavecTre peuienusd 7 ypaBuenns (9.9) moxHo GpaTh Jio6oe

2 x{ﬂ+1)) NpH YeTHOM 1t ¥ B HOJAYHH-

YHUCAQ B IOAYHHTEPBAIE [z (2
TepBaie [:z(,,,.l) (__L)) — np# HedeTHoM. O6bIdHO B KayecTBe

f GepyT MeAnaHY peanu3aluu CLyd4alHOH BEIGOPKH T, mojaras

1
§= E(x(g) +$(§+1))’ i — 4YeTHOE; (9.“)
I(m), . — HeYeTHOe.
2

[TocTpoennyo TakuM 06pPA3OM OUEHKY 5()?,,} Ha3bLIBAKT ouexnxot
Xoduceca — Jemana napaverpa 6.

J1a nocTpoeRds METEPBAJARHON OLEEKY NapaMeTpa §, BXogaie-
ro B 0fHOBRIGOPOYAYIO 32a4y O CABHrE C MOAeabko (9.1}, BocHons-
3yeMcAl W3BeCTHHMR pesyabTaTaMi {cM. 3) u ctaTrcTHKoi S (),
onpegenenHol pasescTBoM (9.10).

Coraacso Teopeme 9.1, Ipu HCTHHHOCTH CTaTHCTHYECKOW TH-
noteses Ho: & = fy 3aK0H pacipefefeHns CTATHCTHKH L(}_{'n;ﬂ) =
= §{8) ne aBucHT oT napamerpa B, i, kKak caefcTsre {cM. 3), NpH

a€(0,1)

PH{San < L(Xn;g] < Sl—cr/?} =

= Ppo {S0s2 < L(Xni8) <si_app} =1-e

Kax yxe ormevanoch, dyuxuns F(£,;6) npu Bospactanmu 4
yOniBaeT CKauyKaMH BeJMYHHOH 1 B TOYKaX BapHAIUMOHEOro pija
T(1)s -y T(n). [lOdTOMY Aas aoboro i=0,n ~1 HepaBeHcTBO
F(:E'n;f)) < n —1 BepHO TOTJ2 M TOALKO TOrAR, Korda @ 2 z(iiqy.
AHaJIOrHYHO AAA A10GOTO i = 1, n HEPaBEHCTRO F(fn;ﬁ?) > t BEpPHO
TOCJ2 M TOABKO TOLJa, Korda 6 < T(nyi1_i. CaegopaTensuo,
F(:.:ﬂ; 8) < 51-a/2 TOTJ@ H TOALKO TOTAa, KOTA2 6 2 Z(ny) ——
F(Zn;8) 2 8,72 Torja u Toabko TorAa, korga d < T(ntl-sypy)e TOK
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Kak {cM. caefctBue 9.1} n+ 1 — s,/9 = Sy_q/2, TO HHKHASA 8(X.,)

u pepxras 0(X,) rpaHHuE IOBEPHTEILHOTO HHTepBala YPOBHS
3HAYMMOCTH & AAs mapaMeTpa @ MoryT OnlThb ONpefeleHH [0
dopmy.sam (puc. 9.3)

—

8(Xn) = X(sp ). O(Xn) = X(nt1-5,_opa) (9-12)
HAK 10 dhopMyiaMm
Q(X:ﬂ) = X(n+1—30f2)) g(‘fﬂ] -t X(.sl_a_;g] (913)
Uz,;0) {
-~
n-1 i -—
S1ay2 L R
n+Sy g2 b ' g L
ol i ‘:
1F 5 - a—
i . i 16 Raa P,
Ty To) v T v Fmmg o T Ty O
Puc. 9.3

IIprmep 9.2. [lo BuBopke T,

5,08; 3,51; 5,78; 4,88; 4,66; 3,94; 4,78; 4,99; 5,33; 5,10;
2,17; 5,32, 4,75; 4,09; 3,98; 3,95; 4,86; 4,89; 5,03; 4,36
ob6beMa n = 20 U3 reHepadbHOH COBOKYUHOCTH X UpPOBEepHEM Ha

ypoBHe 3HauumMocTH o = 0,05 rumoteay Hy: € = 8y = 4 nportus
AJbTepRATHBHON runoTean Hi: 8 # 6p. [das sToro mepehjgem K
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BapHAlMOHHOMY pPALy BHAa (9.4), mocTpoeHHOMY AAA 33/JaHHOH
BRIDOpPKH:

-1,83; -0,49; -0,06; -0,05 -0,02; 0,09; 0,36;
0,66; 0,75; 0,78; 0,86; 0,88; 0,89, 0,99
1,03; 1,08; 1,10; 132 1,33; 1,78.

uooTesy Hp Ky XHO OTKAOHHTH Ha YPOBHE 3HATHMOCTH & B MOALY
H3, ecnn 5(8) < $o/2 uam 5(60) 2 S1_a/2-

Br6opounoe agagenue craTucTukl S(fp) = S(4) cosnagaer ¢
KOJEYeCTBOM NOJOKHTEALHKWX 4HCE] B NOCTPOEHHOM BapHAllHOH-

noM page BEja (9.4) m pasHo 15. B TaGanne xpanTHAeH GHHOMH-
aabHOrO pacnpegeaeran Aas n =20 n pg, = ps = 0,5 HaxoguM

S4)2 15} =0, i
{P4{ (4) 2 15} = 0,0207 i

P{5(4) 2 14} =0,0577.
OTciofa caefyeT, ITO ypaBHeHHE
P.{S(4) < sy} =0,975

HE EMeET pellleHHH, T.e. KBARTHIH Sy_q/2 = Sp975 Y CTATHCTHKH
5(4) mer. Tem me menee, coraacuo (9.14), runoresa Hg oTkIons-
erTcs B Noab3y Hj Ha ypoBHe 3HAYHMOCTH

a=2-0,0207=0,0414 < 0,05.

Jas oOeHKA HeW3BeCcTHOro NapaMeTpa 6 B3 BapHaHOHHOIO
pAjJa HaXoLuM

z(0)=4+078=478,  z(1)=4+0,86=4,86.
Coraacso (9.11),

~ 1 1

8= 5(za0)+2ay) = 5(4,78 +4,86) =4,82.
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Ha (9.14) caegyer, 9T0 LOBEPATEIbHOT'O HHTEpBaJa AJAA Napa-
Metpa 8 ypoessa gosepus 1 — 0,05 =0,95 ner. [looTOMy mocTpoum
HOBEPHTENLHRHA HHTEpPBaJ YpoBHA jgopepusa 1 —a=1-0,0414 =
= 0,9586. B coorBercrBuu ¢ (9.14)

$1-a/2 = S1-0,0207 = So,9793 = 19,
n+l-8_q/2=20+1-15=6.
[MosToMmy ¢ BeposTHocThio 0,9586
Xie) 0 < Xs)-
U3 BapyanHoHAOrO pAga HAXOIHEM
z(g)=4+0,09=4,09,
z(5 =4+1,03=5,03.

Orcrosa cregyer, 1TO JOBePHTeIbHHH WHTEPBad yPOBHA AOBepHd
0,9586 ecTw (4,09, 5,03). #

KpuTeprd 3HaKOBMX paHros Bmikokxcoma. OnpejeinM
noAMEOXKecTBO K; MHOXKecTBa Ko, COCTOflLEe H3 BCeX DYHK-
NHE pacnpefgeleddd F, COOTBETCTBYIONIMX CAIVIAAHEM BEeAHIHHAM,
IIOTHOCTE KOTOPHIX CAHMMETPHIHA OTHOCUTENBHO HYAA, T.e.

p(-t)=p(t), t€R, (9.15)
9TO PaBHOCHAABHO YCAOBHKIO
F(ty=1-F(-t), teR.

OTmeTsM, YT0 QYHKUUA PACHPEJEACHKEN HOPMaabHOH cAydakHOH
BEIAYHHE] € HYJEBHM MaTeMaTHISCKAM OXHJI2HHeM TpHHAJLIe-
xut K,. Utak,

Ki={F:FekKy, F(t)=1-F(-t)}.

PaccMOTpEM CAyYaiinyo BHBOPKY X, = (X1, vy Xn). Aag
npoussoabHoro T € R 06o3naqum depes R:’()E",,] CAYYaUHYIO BelH-
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YHHY, TPeACTABAAIONYIO cOBoM pane saemenma [ X; — 1| cayuaiinod
sbii0PKU .

Xi=7l, ooy [ Xa—tl. (9.16)

OnpegensuM cratecTuky T(7) B COOTBETCTBHEH ¢ GOPMY.TOH

ZR X2 )n(X: - 7). (9.17)

3amernmM, 9T0 3Hadenun ¢(r) crarucruku T(r) — neame 9ucaa,
Ha¥MeHbIlee K3 KOTOPLIX PABHO HY.A10, 3 Hakboabwee — n{n+1)/2.

Cratuctiky T(7T) Ha3RIBAJOT CTRAMUCTRIUKOY 3KGROBLIZ PN~
208 Buaxoxcona.

MoxHo noka3aTh, 4To ecid § — HCTHHHOE 3IHAYeHHe Napa-
MeTpa @ (yHKIHH F(x;ﬁ) € K5, To pacnpegeneHne CayHanHO#
Beanununl T'(7) 3aBACHT oT passocTH € — T, H, ClIefOBATEIbHO,
pacnpejeseHne caydaiHod meinymHn T'(8) He 3aBucur or 6. B
9aCTHOCTH, (pH UCTHHHOCTH HyJeBoH runoreaw Hy: 0 = 6y pac-
npegenenue T(8p) se 3aBucuT oT . OGo3madimm cumsosom T,
KBaHTH/Ib YPOBHA 7Y pacnpefenenus craTacTuku T (8p) npu neTun-
HOCTH THnoTeskl Hp, onpefeNseMyio H3 YCJAOBHA

PgD{T(90)<T'T}=’)’, 0<y<l. (9.18)

Kpumepuil anaxosniz panzos Buaxorcoua JJa NPpOBEpKH
runoTesn Hy npu aibTepHATHBHON CHNOTe3€ OAHOTO U3 TPEX BO3-
MOXHHX BHZoB (9.3) nocTpoum caegywommm o6pazoM. [unoresy
Hy oTkaosdM B nop3y renoredn Hy: @ < fp Ha ypoBHEe 3HAYHMO-
cTd o, 0 < & < 1, ecan BuGopoyHOe 3Havenue £(fy) craTHCTHKH
T'(8p) yaoBIeTROpSeT HEPaBEHCTBY

t(80) > Ti-a-

ABanoruuto ranoTesy Hy OTKJIOHHMM B HoAs3y rEnoTe3nt Ho: 6 > 6
Ha yPDOBHe 3HAYMMOCTH ¢, €CAH

t(6o) < Ty-
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9.1. OgHoBEGOpOYHAR 33]a4a O CABUIE 385

M nHakonen, Ho OTKIOHAM B 0/Ib3Y JBYCTOPOHHEH aJbLTePHATABHOM
ramoTe3nl H: 0 # 8y, ecan

3(90) < Tafz BJIH t(gﬂ) > Tl—a{E-

3TO NPABHAC MOTHBHDPYETCA CASAYIOLIEMH COOOpaKeHHAMH.
Bo-nepsrix, P{X;~ 0 >0} > 1/2 B ciyvae 6 > 6y, H, Bo-BTOPHIX,
4eM Goablle §, TeM GoJbllie BepOATHOCTD P{X{ — 8 > 0}, i=1,n.
[ToaToMy ¢ pocToMm @ pacTeT BePOATHOCTH TOr'O, 9TC B CAY4YaHHOM
cymme (9.17) gocTaroyno GoabwaM GyZeT B KOXMYECTBO HEHY.Je-
BLIX CAaraeMBIX, H Kaxjoe ciaraemoe. CiregoBaTeibro, Goabiuide
BeIGOpOYHEe 3HavYedHA t(fy) ctarmcTukn T(8g) ZOMKHE CBHAe-
TeIbCTBOBATE 00 BACTHHHOCTH f;. AHalOTHYHHE JOBOAL MOMXHO
IPHBECTH a8 050CHOBAHAA OTKJIOHEHRA KpuTepHeMm rumoreant Ho
B noan3y H, a Hs.

3aMeTHM, YTO B OTAHYHE OT CTATHCTHKE S(T) KpATEpHA 3HaKOB
cTaTHCTHKA T'(7) 3aBHCHT He TONBKO OT 3HAKA KaKJOH Pa3dHOCTH
Xi— T, HO B OT ee aOCOAWTHOH BEJAYHHH, T.e. OT PACCTOAHHA
MeX Ay 3HaYeHHAMH HAOMIOAeHHA H 7. JTa 3aBACHMOCTH Kak pas H
onpegenseTcs panrom Ri(X,).

Oka3zpiBaeTca™, 9TO eciE § — ACTHHHOE 3HA4YeHHe NapaMeTpa
DYHKIEHH F(x;ﬂ], TO pacnpefeaedue cTaTHCTHKH T'(0) He 3aBHCHT
He TOABKO OT &, Ho u oT F(f) u UMeeT AOCTATOYHO MPOCTOH BHA.
B wacThocTy, npu uctuarocTH Hg, T.¢, npu 6 = fp, pacnpesencune
T'(6p) 3aBucuT TOAbKO OT n. Ilpu mcTrEHOCTA Hp M HeGOABIIAX N
pacnpegenenune T'(6p) npu Hp Tabyauposano. Hwmeorcs necaox-
Hble peKyppeHTHble (OPMYJAR A1 BNYHACICHHA BepOATHOCTeR™™
Po{T(0) =k}, k=0,n(n+1)/2.

Ecan n seanko, To gas T, cyuiecTsyoT npabanxKeHasle hopMy-
JH, OCHOBAHHBEIE Ha aiIPOKCHMANHH PACNpEAEIeHHA CTATHCTHKH
T'(6) HOpMaNBHEIM pacupejefeHneM.

*Cm.: Xemmasancnepaep T.
**Cu. TaM Xe.

HMasecTHo™, 4To A8 Awboro t € R npa n — o0

7(8) - My T(0) } sofraqopok ¥ g ;
P{ SA0) <t %\/2_7?_[06 S,

rae My T(8) w DgT(8) — coOTBETCTBEHHO MAaTeMAaTHIECKOE OXK-
JaHFe M fAACHepCHA cayvaiiHod BeamduBnl T(6), BuyHCIeHHBIE B
OpeAnoJoXeHus, 9T0 § — MCTREHBIE DapaMeTp QPyHKLuk F(z;ﬂ).
JI1d DTHX BeJAHYHH BepHLL (POPMYIBL

MgT(B):%n(n-i-l), DgT(B):Elin(n-}-l)[on-’rl). (9.19)

DT10T (PAKT NO3BOAAET IS BEITHCAEHAS KBaHTHIEH T, npm
6OJBIIAX 7 NOABIOBATLCH HOPMAJALHKIM NpEOAKKEeHHeM

1
Taz%n[n-}-l}-rua\/;(n.{-lgign-l- ), O<a<l, (9.20)

PAe Uy — KBAHTHAb YPOBHA ¢ CTaHJAApPTHOrO HOPMaJIBHOTO pac-
mpejeicHns.

B 0oCHOBeé HOCTPOEHHS TOYEYHHIX H HHTEPBaJbHEIX OIESHOK Ma-
pameTpa 8 npr F € K, JexaT yxe pacCMOTPEHHEIE HAEH Xo xeca
u Jlemana. Cravana onpegeram N = n(n+1)/2 caydainHx Bein-
yue Vi, ..., Vy BHAA

X+ X, i=Tw i< (9:21)

HasHBaeMBIX cpedrusmu Yoawa. OkasnsaeTcd, ITO CTATHCTHKE
T(f) MOXHO NPUAATH QOPMY, CXOXKYI CO CTATHCTHKOH IHAKOB

S(8), a aMennO™:
N

T(6) = Z”(Vk - 8). (9.22)

i=k

*Cu.: Xemmuancnepzep T.
**CuM. TaM xe.
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PakTryeckn craTHcTHKa T'(#) — 370 cTaTUCTHKA KpHTepus 3Ha-
koB 5(f) Bnga (9.5), nocTpoennas no caysakgo ,BHOOpKe“ V..
V. Totednyo n foBepHTeABHYIO OUSHKA NapaMeTpa 6§, OCHOBAH-
nule na craTecTike T(6), noayvaior no popmysam (9.9)-(9.13) ¢
JaMeROH B HuX n Ha IV, X Ha Vi, S(f) wa 7'(#). B kavecTse ouen-

KH 9(X n) NapaMeTpa f HCHOAB3YIOT MeJHAHY NOCAELOBATEAHHOCTH
Wiy evy Vi

rmporay T

L e

B(Xn) = (9.23)

V(M), N — HeveTHOoe.
2

HoBepaTenbHpi HHTepBal ypOBHS J0BepHf 1 — 2, OCHOBaH-
HHY Ha cTaTHcTHKe T'(6), onpefensercs 1ubo HepaBeHCTBaMU

Vi) S < Vin41-7, ), (9.24)

Aub0o HepaBeHCTBAMH
V[N‘H =T, an) £0< \VtTl-—nll_]‘ (9'25)

TAS V(Ta;"z]’ V(N"'l‘To.;z)’ V(N‘T'l-ﬂ—o,fz)‘ IJ’{TI—QJ’Z}  MCMCHThisay
puanuonHoro paga Vi), ..., Vin) ¢ cooTBeTCcTBYIOIMME HOMepaMH,
a Ty 8 Ti_qj2 — KBaHTHAN ypoBHeH /2 H 1 — a/2 cTaTHCTHKA

T'(6) npu mCTHHHOM 3HadYeHHR O, KOTOpPHE HAXOLATCA B COOTBET-
CTBHA ¢ dopmyoi (9.18).

Ilpumep 9.3. HMeerca BuGopKa HAGIIOACHUI
-1,90; -2,53; -0,53; —1,04; 1,98; 122 {9.26)

o6bwema n = 6. Ha yposre amadumoctu o = 0,05 IpPOBEPHM THIIO-
Te3y Hp: 8 =8y, rae §p = —2, npoTHB albTepHATABHON FEOOTEIBI
Hy: 6 < 6y. [lag aToro nepeitgeM oT MCXOLHOH Bei6opku (9.26) K
BriGopke puga (9.16) c 7 = ~-2:

0,10; -0,53; 147; 096; 3,98, 3,22,
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uMelouel BapHALKOHHLIH PAJ
-0,53; 0,10; 0,96; 147; 3,22: 3,98. (9.27)
B zauHOM caydae nocieJoBaTelsHOCTH PAHIOB HMeeT BUJ
DEF M4 RG0S0 BT (9.28)

MoaTomy, coraacso (9.17), £(~2) = 19. Ilo Tabauuam HaxozuM

P_,{T(~2) > 18} =0,078;
P_2{T(~2) 2 19} =0,047; (9.29)
P_,{T(~2) > 20}=0,031.

Buano, 4To kBauTHAM Tp 95 ¥ pacupejeleEus c1y4aiHON BeTHIYHHS]
T'(-2) me cywecryer. Tem He Menee, kak ciegyer u3 (9.29),
Hy oTknouserca B noawsy H, gaxe Ha Gojee HH3KOM YpPOBHE
sHaYHMOCcTH a = (,047.

Jas BaxoXeRHs 3IBAYCHUA 8 ouenxn g(f(}_) napameTpa § BH-
qucaum N =n(n+1)/2 =21 3navennii vy, ..., vy CPeAHAX Yoauwa
{9.21) uabmogennit (9.26). BospacTaollas nociejoBaTEILHOCTD
aHaYeHH cpeAHHX Yoama GyAeT HMETHL BHJ

-2,83; -2,26; -2,00; -1,78; -1,53; -1,52; -1,26;
-1,04; -0,78; -0,65; -0,53; -0,39; -0,27; -0,01;
0,09; 035 047; 0,73; 1,22; 1,60; 1,98

Tax kax wucio /N = 21 uedeTHOe, MeJRaHa NOCIEAOBATENILHOCTH
CPeIHHX YOuila paBHa v(N“) = y(q1) = —0,53. 3mavur,
2
8= 'U(“) = —0,53.

IMocTpouM JOBEpHTEIBHKIH HHTEpBaJ YPOBHA JOBepHR 1 — o=
=1-0,062=0,938, rge /2 =0,031. U3 (9.29) naxogum, 410

Ty_af2 = To,980 = 20, N+1-Ti_op=214+1-20=2.
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[HoaTomy u3 (9.25) ciegyeT, ¥T0 ¢ BeposTHOCTEIO 0,938
Viz) €8 < Via0)-

Tak xak vgy) = —2,26, v(y) = 1,60, TO JoBepHTEAbLHBIE HHTEPBAL
Aas napaMerpa § yposra gosepus 0,938 ects (—2,26, 1,60).

9.2. IpyxBriGopo4YHad 3aja4da 0 CABUIE

MycTs €1, ..., Em+n — HEIABHCHMHE OJHHAKOBO paclpejeleH-
HHle HeHalaloJaeMble CIYYaiHHE BeIMYRRH ¢ (QPYHKUHER paclpe-
aexesns F € Kg. Onpefenum HabAmwJaeMble Caynaiinbie 6bi00pKU
Xn=(X1, ..., X;m) B Yo =11, ..., Y,) ceaysomum o6pasom:

Xi=0.+¢;, t=1m, 0.€R,
}/_f=9y+5m+j$ J= y 1y gyER$

rae 8, n 6, — HeW3pecTHHe MapaMeTpH cABHra. PyEkmEA pac-
npejeeHns CAydaiHOH BeawvHEW X; pasma F(z;0,),i=1,m, a
$YHKUEA PacnpeJeJeRHs Cly4aiHOH BeNHIAHH Y; paBHa F(z;ﬂy),
j=1,n. O6m4so caydaiiyio BHOOPKY Xi, ..., X,, Ha3HBaOT

xoumpoavrot eviboprot (HiE eviboprotl u3 xoumpoavxotl
cosoxynxocmu), a Y1, .

.., Y, — paboueil aim sxcnepumen-
maabrot sviboproi.

Haupumep, X, ..., X,, MOryT OHTbL H3MEpeEHAMH HEKOTO-
POH XapaKTEepHCTHKH H3Jellf, H3rOTOBIAEMOTO N0 TPaJATAOHHOR
TEeXHONOTHH, & Y1, --., Yy, — [0 HOBOW dKcneprmMentansbnoi. Ha

NpakTHKe ACCIefOoBaTeled OGRYHO MHTEepecyeT HeHaBeCTHRIA ma-
pameTp

6=0,-68,, (9.30)
NpeJCTABIAIOIER COGOH CABHI B MOA0KEHHH, O0YCIOBACHHLIA Ne-
pPexoJoM Ha HOBYIO TEeXHOJOTHIO.

Jajgady mpowsepkda cmamucmuveckod z2unomest Hy: 6 = Gy
NpOTHB OAHOH H3 aJbTEpPHATHBHEIX TANOTes Hi: 8 < 8y, Hz: 0 > 8y
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uan Hy: 0 # 0o naswBaoT deyzevibopounod aadaweil o cdeuze.
Taxum 0Gpa3oM, 3ajadn, PacCMOTPEHHHE B NpAMEpaXx 4.25, 4.26,
9.1 a Taxke 3sagadm 4.32, 4.33 aABAAOTCA YACTHRIMHA CILydaiMA
ABYXBEIGOPOYHOH 32424y O CJBHIE.

3aMeTHM, YTO ecAH CIydailHhle BEIMYHHB £; HMEOT HOpMaib-
HOe pacnpejeieHue, TO HOPMalbHO pacipejelentl U cay4ailHHe
permduHn X;, ¢ =1, m, Y;, j =1,n. [losToMy pelienne XABYXBol-
60po4HONl 3aJa4A O CABHTE MOXKET GLHITH MOJYYeHO NpH EOMOLIH
kparepns CTbrogenTa (cM. npEMep 4.14). "

Tlpu peumieERH 3a a4 NPOBEPKH MHNOTE3R! Hp n1poTHB OJHOH H3
aneTepEaTHBHEX runotes Hy, Ha, H3, a TakXe IpH NOCTPOCHHH
moueuroii U unmepeasbrotl oyewox Ias 6 NpAMERAETCH Ta XKe
cxeMa, 9TO H B cly3ae 00noeb60pounot 3adavu o cdeuze (cM. 9.1).

Mlas mpomasoabEoro 7 € R 0603HaTMM Hepes R}(Xm,Yn) paHr
»qemeHTa Y; —T,j=1,7m,B o6beHEeHHOH Cay4adHol BHOOpPKe

Xl! ey Xm; YI_T$ ey Yn_T

A DACCMOTPHM CINAMucmury
W(r)=>_ Ri(Xm,Ya), (9.31)
-

Ha3kBaeMYIo cmamucmuroll pan2os Buaxorcons win panzo-
ot cmamucruxotl Buaxorcouna. JuaveHnsn w(r) caydalnok
penmanEs W(r) — UeAule 4YACAa B AHaNa30HE OT n{n+1)/2 xo
m+n(n+1)/2. Paccyxas Tak Xe, Xak B BHILIE {cMm. 9.1), y6ex-
JaeMcd B TOM, 9T0 ecad 8y — 0, = 8, TO GYHKUUA pacipefeeHns
caydajinot peandnas W{r) 3aBRCHT AHWB OT Pa3HOCTH §—1,u,B
qaCTHOCTH, PAacHpejeseHie C1yJailHOH BeIH HHE W (0) ne 2aBHCHT
ot §. O6osnadnm depes W., — KBaHTHIb YPOBHSA Y pacnpeleNedns
W(8) npu 8, — 6, =0, T.e.

Po{W() <W,}=1v 0<y<L
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OMuneEpHieckoe 060CHOBaHNE J8YTELIEOPOUKHOZO KPUMEDPUA
Buaxorxcona ana npopepkd ocroexotl 2unomesst Hy npoTHB 0Of-
HOH B3 afbTepHATUBHHX rHnoTes Hy, Hy, H3 COCTOUT B Cleiyo-
meM. Yem Goavue # B (9.30), Tem Gosee BepOATHO, YTO IBAYCHHS
Y1y --+y Yn CAYYAHHHWX BenuduH Yj, ..., Y, OPEBHICAT 3IHAYEHHA
T, «ery Ty CAYYaHHHIX BeAMYHH X1, ..., X, ClegoBaTensHo, npH
Goapwux § panru R}(Xm,?n), j=1,n, a BMecTe ¢ xaMa 1 W ()
npn puKCHpoBaHHOM g, HMEIOT TeHAeHNOAIO NPHHAMATL GoabllHe
snadesnsa. Hanporus, npu @ < 6y dHaveHHA cAySaHHLEIX BEeIHIHH
Y1, ..., Y, B ocHOBHOM MeHBbllle, YeM 3HA4YEeHUA CAYIaHHBIX BeJHIHH
X1, «+vy Xiny 4TO NPHBOJMT K He6OJBILUAM IHAYEHHAM CAY4YaHHBIX
BEJHYHH R}(fm,?n), 7 =1,n, a crefoBaTeJbHO, H K HeGOJBIIAM
sHavenuam w(fp) cratuctakn W (by).

[locae 3THX HaBOAAIMX COOGpaKeHHH ONpegendM ABYXBHIGO-
podHnii KpuTepHil Bmiakokcona. [lpm noposepke rumoream Hg
npotas H; 5a ypOBHE 3HAYHMOCTH ¢ NPH NOMOIIE ABYXBHOOPOYHO-
ro kpaTepns Buakokcona ocHOBHYIO runoTesy Ho HY)KHO TPHHATD,
eCJH

w(ﬂo) >Wia,
H OTKJOHHATE, €CIH

w(&o) < Wl_m

rie Wi_, — kBaHTHAb ypoBHA 1 — « pacupegenenus W (6p) nps
HCTHHHOCTH OCHOBHOH rumnotesn Hy.

Ilpu nposepke Hy mpoTHB adbTepHATHBHOH rumoTeanl Ho ru-
noreay Hy caegyet npHHATH, eCaH

w(go) > Wou

H OTKJAOHHTL IIpH
w(8o) < Wa.

IIpn npoBepke Hy NpoTHB albTepHATABHON runoTesnl Hi rH-

noteay Ho NIpHEHMAIOT, ecau
W2 < w(fo) < Wi_aa,

H OTKJAQHAKT B NIDOTHBHOM CaYyYae.

9.2. AByxBabopovHad 3aj4a4a O CABHIe 391

B HEKOTOPHIX CNpaBOYHHKaX MpHBeJeHbH KBaHTHAM He CTa-
THCTHKH paRToB Buakokcona (9.31), a KBAHTHAN CTMAMUCTIUKY
Manna — Yumnu U(7), KoTopad onpejeisieTci CACAYOLEUM
oBpa3oM:

i) =33 (Y - Xi—1) =

i=1 j=1

=S Vi1 =Y 0Viw-7) (932)
k=1 k=1

rae n — Pynsyus Xesucadda, Vi, Va, ..., Viun — DocaesoBaTeNh
HOCTH BCEBOIMOKHEIX pasHocTed BHAa Y; — X, i=1,m,j=1,n, 2
Vap Vigys -1 Vimn) — BapHANMOHHLIN DA ,CAyYaiiHOR BHOOPKH®
Vls VZs vy ¥mn-

MoxHO MoKadaTh, YTo craTuctaku W(r) n U(r) oTamvaloTcs
Ha HeCly4YalHYIO BeIHYHHY
n{n+1)

Wi(r)=U(r)+ e (9.33)

TlosTomy, Bo-epBhiX, kBauTuaun W, u U, cratucrak W(#) u U(6)
npu 8, — 0, = 0 cBa3aHK PaBERCTBOM

n{n+1)

2 ¥
a BO-BTOPHX, y cTaTucThkn W(T), Tak Xe Kak y craTucTak S(7)
u T(7), ecTh cuumawwas dopmua (9.32).

Ecisi m ¥ 7 BEAAKH, TO MOXHO BHIYMCAATH KBanTHAH W,
no npubaMKeHHHIM ¢opmyiam. M3BecTHO™, 4TO eciu m M 7
cTpeMATCA K 6eCKOHeYHOCTH TaK, YTO mf(m+n)—= A, 0<ALL,
To xaa aoboro t € R

W, =U,+ (9.34)

t

W(8) - My W (0) e 2 -s%/2 9.35
e < e e

-0
*Cm.: Xemmumancnepzep T.
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rae MaTeMaTHieckoe oxuganne MyW (8) u gucnepcus Dy W (6)
craructuku W () onpeaendioTcs no dpopmysam

1 1
M, W (8) = ""(""—+;i—l 03W(9)=31"’i(_”_%”L). (9.36)
[TosToMy
Wﬂ?zn(m+2n+l)+u‘y\/mn(mlzn+1)’ (9.37)

rAe ty — KBaHTHJb YPOBHA ¥ CTAHJAPTHOI'O HOPMaAbHOT'O pacnpe-
JeJeHus.

Tak ke Kak B IpH HOCTPOGHHH TOYEYHHLIX OHOK B OJHO-
BHIGOPO4YHOH 3ajade (cM. 9.1), 3HaveHue B oyenwu Xodoceca —
Jemana 5(,?,“,)7,,) napamerpa 8 = 8, — 0, B 4ByxBrGOPOYHOH 3a-
Jade onpejgelseTc Kak Takoe YHcIo §, IpH KOTOPOM AAA BEOGOPOK
Tiy cey Ty YLy ooy Yn AOCTHTABTCA MAKCHMYM 3HaYeHHH w(0)
craTucTukd W(f) mau, ITo TO XKe camoe, 3navenni u(d) cra-
Tactuxy U(#). Paccyxgenms, aHalormeHhle PacCyX/AeHUIO NPH
MOCTPOeHHH OmeHOK Xomkeca — JlemaHa B 0fHOBHBOPOIHOK 3a K2~
9e, IpuBOAAT K TOMY, 9TO §(X’m,}?n} — MeJHaHa BaPHALEOHHOI'O
paga Vi Vigys - Vi)t

—

1
=L ¥ iy B ¥ fian , mn — deTHOE;
(X.mi}_;n) = 2( (T) ( 2 +1))

(9.38)
V(m_,;j_l), mn — HedeTHOe.

[Ips mocTpoeHHM HHTEpBaJbHOH OleHKH AAA mapamerpa # B
ABYXBHIOOPOYHOH 3a3a49e Tak)Xe COXpaHAeTCsa CXeMa, HCOOJAb3OBaB-
mafcd B OAHOBHIGOPOYHOH 3ajade (cm. 9.1). [Jdas cTaTECTHKH
MagHa — YuTHH

Pao{Ua,Q \<\ Lr(e(]) < Ul—cer} =1-a.

U2 onpepenerns U{r) B (9.32) creayer, uro w(r) spasercs me-
BO3PACTAWLIeH KYCOYHO-NOCTOSHEOR (pyRAKnHed oT 7, yOnlBalLen

9.2. [syxBH6G0opoYHan 334a4a O CABMIC 393

CKadKaMM B TOUKAX V(z), k=1, mn, # paBHOK Mn — § Ha NOAYAKTEP-

——— 7 i —
Bate [U(y, Y(itn)), 1= 1, mn— 1, rae v; — 3Hadenue Vi, i =1, mn.
MooToMy AOBepHTE]bHLIH MHTEpBaJ YPOBHA JOBEpHA 1 - & onpe-

AeineTc aA60 HepaBeHCTBaMH
Viva ) € 8 < Vimrt1-Uap)s (9.39)
Jubo HepaBeHCTBAMM
VAt ) 5 8 <V, _p) (9.40)

Hcnoabsys 8 uepabencTBax (9.39) u (9.40) xBaHTHAU CTATHCTUKH
MaHHa — YETHH, KOTOPhIe BRIPaXaloTCH Yepe3 KBaHTHAH CTATHC-
Trku Buikokcora no dopumyie (9.34), noayuuM eule ABa NPEACTa-
BAGHHUS JOBEPUTEILHOT'O MHTEPDAJIA!

V(wa!:{—@) S 6 < V{mn.}-ﬂ"_;_‘l_wnn)s [941)
n(n+1) 4 9.42
V[mﬂ+m‘;_ll_wl‘°‘f2] g g .Vr(wl—aﬂ_ 2+1 ) ( )

Iipumep 9.4. PaccmoTpuM BHOOPKY 06beMa m = 6
39; 4,3; 44; 46; 49; 58
A3 reHepaibHOM COBOKYNHOCTH X H BHOODKY obbema n = 5
7,7, 81; 83; 86; 89

U3 reHepaibuoi cosokynHocTd Y. Ilpeinonoxum, 9T0 QYHKUBH
pacupejeieBns reHepalbHbiX coBokynrocted X © Y oTanvaloTCs
IMLIb CXBANOM Ha HeudmecTHywo Benmywry § € R. Ilposepum na
yposie 3HainMocTH o = 0,05 runoTesy Ho: 8 =6y npu 6y =3
OpOTUB AlbTepHaTHBHON THIOTEIN Hy: 8 < b

O6pegrniM 06¢ BEHIGOPKA H NOCTPOHM BapHALHOHHKIE PAJ 00b-
eIREEREOE BHIGODKH, NPEeABAPATEALHO BLIMTA M3 BCEX DIEMEHTOB
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BTOpOY BRIGOpKH By = 3
3.9; 43; 44; 4,6; 4,7; 4,9; 5,1; 53; 5,6; 5,8; 59.

U3 aToro BapualmoBHOrO paga HAXO UM NOCHeIOBATENLHOCT 3Ha-
sernit pauros R (X, Y,), ..., R3( X, Vo) snementon BTOPOH Bhbi-
GopkH B 00beanHeHHON BHIGOpKe:

2 el 8 g )

JareM mo copmyse (9.31) moaywaem w(fp) = w(3) = 40, a no
TabAMUAaM pacnpefelenus ctaTHcTakd W{(3) opu m =6, n=>5
HAXO0/ UM

P3{W(3) > 39} = 0,063,
P3{W(3) > 40} = 0,041, (9.43)
P3{W(3) > 41} = 0,026.

Taknm o6pasom, keanTunm Woes npu m =6, n =5 e cymecTyer.
M3 (9.43) Buano, uro Hy oTKaOHAETCA Ha ypOBHE 3HAYHMOCTH
o= 0,041 8 noaway H;.

ro6u naiiti swadtenne 8 ouenkn 6(X,,,V,) Xogxeca — Jle-
MaHa §a1 napaMETpa CABHTa @, PacCMOTPHM BapHaLHOHHBIN PAS
[1), ‘/{2}, c+oy Vimn) A8 NOCAEAOBATEALHOCTH PA3HOCTEH Y; - Xi,

KOTOPHIH B JAHHOM CJy4Yae AMeeT BHJA

~2,00; -1,70; -1,60; -1,50; —140; —1,30: -1,30; -1,20;
-1,20; -1,00; ~1,00; -1,00; -0,90; -0,80; —0,80; —0,70;
-0,70; -0,70; -0,50; -0,40; -0,40; —0,30; -0,20: —0,10;
~0,10; 0,20; 0,20;  0,50; 0,70; 1,10.

Tak kak mn = 6-5 =30, To Bu6opoynas Me1HaHa BAPHAUMOHHOIO
paga Vi), Vigy, --., Vimn) €CTB
-0,7-0,8

: ’(U(15]+U(16]) —‘-‘-—‘2_—— —0 75

9.3. Pemenne THIOBHX IPUMEDOB 395

[Ips nocTpoenun AOBEpHTENBHOIO HHTEPBaJIa 414 § ypOBHA A0~
Bepua 1 —a = 0,95 nyxHo na#iTH kBaBTHAL W, /o uan Wi_, g, rae
a=0,025. Ua (9.43) Buano, YTO HEAB3IS NOCTPOUTH JIOBEPHTENb-
HBlH HHTepBaa npm «/2 = 0,025, no mMoxkso npy /2 = 0,026. Tak
Kak Wy _o006 = Wpo74 = 41, To 13 (9.43) noayyiaem

1
mn+1+—(?2—+——) Wi_ajz=304+1+15-41=5,
1
W a2 — Wig’—l 41— 15=26.
[looTomy ncnoasays Bapuauwonusli pag Viyy, Vig), ..oy Vigm),
HAXO UM

vy = —14, vae = 0,2.
Orcioga u u3 (9.42) BhiTeKaeT, YTO ¢ BepoATHOCTBIO 0,949
Vis) €8 < Vigey,

T.e. JOBePHTEJILELIK MHTepBai napaMeTpa § ¢ ypoBHeM JOBepEA
0,949 ecTs (—1,4, 0,2).

9.3. Peutenme THIOBLIX NPUMEpOB

IIpamep 9.5. [aa onpegenenus npejela TEKY4YeCcTH HEKOTO-
POH MapKHK CTaJlM Mo Npochkie 3aKaavHKa, KOTDpO\&y Oblia HeoG-
X0JMMa CTajJb ¢ NpejesoM TeKy4ecTH B 30 , GBI NpOBejeHkl
CTaHAapTHHE HCOBITaHHA r = 25 obpa3nos. PeayﬂbTaTu HCNBEITA-

w KI*C .
Hui (B —MMZ) caeyioline:

32,00; 30,69; 35,68; 34,41; 4195 40,05; 32,63;
32,77, 30,41; 2884; 29.70; 28,61: 34,39; 3548;
29,97; 34,80; 30,45; 30,36; 34,66; 30,71; 33,19;
29,49:  2960; 28,43; 29,29.
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BuiscuuM, yJoBieTBOpAeT AW JaHHAA Mapxa CTaayd TpeGOBAHUAM
3AKA34YHKA, ¥ OUEHHM [0 Pe3yJbTaTaM JKCIEPUMEHTOB HCTHHHKIH
apefes ee Teky4ecTH. [pyramH cioBaMH, NpOBepHM MO 3ajaHHOH
BEIGOPKe ocHosnylo 2unomesy Ho Buga (9.2) o Tom, 4To 8y = 30,
NPOTHB aabmmepHamusnot zunomesnt Hy o Tom, uro 8y # 30.
Tunoreay Hy 6yaeM OpoBepATL NPH NOMOWH XPUMEPUR 3HAKOS.
Bapuayuonnsiii pad paccMaTpaBacMok SHOODKH HMEET BH]

28.43; 28,61; 2884; 2029; 2949; 2960; 29,70;
20,97, 30,36; 3041; 3045, 3069; 30,71; 32,00;
32,63; 3277, 33,19: 34,39 3441; 34,66; 34,80;
3548; 3568, 40,05 41,95.

Buibopounoe anauenue cmamucmuru S(30), Brl9HCACHHOE B COOT-
BeTcTBAK C opmyoi (9.5) mo 3agannoit Bubopke, pasHo 17. Ilo
Tabauue pacopererenns S(30) ana n =25 naxoanm

P1o{S(30) > 17} =0,0539,  P3o{S(30) 3 18} =0,0216.

ITosTomy rumorTesa Hy oTKIOHAETCH Ha YPOBHE 3HATHUMOCTH & <

< 0,0539 4 npuHMMaeTCA Ha ypOBHE 3HaYMMOcTy « 3 0,0539.
HemamecTHe napamerp ¢ oueHHM MeIHMAHOW BapfallMOHHOIO

pfija pacCMATPHBaeMOH BHOOpPKH. JTa Meinada papHa 30,71.
IlocTpoum dosepumeavubiti unmepsaa yposns dosepus 1 — a,

rge o/2 =0,0216. Tak Kax s)_g/9 = 18, TO ¢ BEpPOATHOCTHIO
I —a=0,9568

X[g) £0< X(IS)-
HNocxoavky X(g) = 29,97, X(15y = 34,39, To ¢ BeposTHOCThIO (,9568
29,97 £ 6 < 34,39.

Opamep 9.6. Pelunm npesayuyio 3agady (cM. npaMep 9.5)
IPH MOMOUIA KPUMepui 3HaKoebiz pan2oe Buakoxcona.

9.3, Pemlenite THROBLX NPUMEPOB 397

Ynops Jo4eHHEI MAcCHB cPednus Yoaua BHIOOPKH U3 NpHMepa
9.5 coctout u3 N = 325 uncen # EMeeT BHJ 3

28.43; 28,52; 28,61; 28,64; 28,72; 28,84; 28,86; 28,95; 28,96; 29,02;
29.05; 29,06; 29,06; 29,11; 29,15; 29,17; 29,20; 29,22; 29,27; 29,29;
29.29: 20.39; 20,39; 20,40; 29,42; 29,44; 29,45; 29,48; 29,49; 29.49;
29.51; 29,53 29,55; 29,56; 29,57; 29,60; 29,60; 29,60; 29,62; 29,63;
90,64; 29,65; 29.65; 29,66; 29,70; 29,73; 29,76; 29,77; 29,79; 29,82;
99.83; 29,85; 29,87, 29,93; 29,95; 29,97; 29,97; 29,98; 29,99; 30,00;
30.01; 30,03: 30,03; 30,05; 30,07; 30,09; 30,10; 30,15; 30,16; 30,16;
30,19; 30,19; 30,20; 30,21; 30,22; 30,30; 30,33; 30;34; 30,36; 30,38;
30,40; 30,41; 30,42; 30,43; 30,45; 30,52; 30,53; 30,53; 30,55; 30,56;
30,57; 30,58; 30,60; 30,62; 30,64; 30,69; 30,69; 30,70; 30,71; 30,73;
30,75; 30,80; 30,81; 30,81; 30,85; 30,90; 30,96; 30,98; 31,02; 31,03;
31,06: 31,12; 31,13; 31,16; 31,18; 31,19; 31,20; 31,22; 31,23; 31,24;
31,30, 31,34; 31,34; 31,35; 31,37; 31,40; 31,41; 31,42; 31,44; 31,49;
31,50: 31,51; 31,52; 31,54; 31,55; 31,56; 31,58; 31,59; 31,61; 31,61;
3162; 31,63; 31,64; 31,66; 31,67; 31,70; 31,73; 31,74; 31,75; 31,7T;
31,80; 31,82; 31,82; 31,84; 31,85; 31,94; 31,94; 31,95; 31,95; 31,96;
31,97; 32,00; 32,00; 32,01; 32,04; 32,04; 32,05; 32,05, 32,06; 32,08;
32,13; 32,14; 32,15; 32,16; 32,18; 32,18; 32,19; 32,20; 32,25; 32,26;
32.31; 32,31; 32,38; 32,38; 32,38; 32,38; 32,39; 32,40; 32,41; 32,42;
32,43 32,48; 32,49; 32,51; 32,53; 32,54; 32,54; 32,55; 32,55; 32,56;
32 56, 32,58; 32,50; 32,59; 32,60; 32,60; 32,62; 32,63; 32,64; 32,67;
32,68: 32,69; 32,70; 32,72; 32,74; 32,75; 32,77; 32,82; 32,91; 32,92
32.94; 32,96; 32,08; 33,02, 33,04; 33,06; 33,08; 33,09; 33,18; 33,19;
3319, 33,20; 33,20; 33,33; 33,40; 33,51; 33,52; 33,58; 33,59; 33,64;
33,71; 33,72; 33,74; 33,78; 33,79; 33,80; 33,84; 33,93; 33,99; 34,05;
34,13; 34,15, 34.23; 34,24; 34,33; 34,33; 34.39; 34,40; 34,41; 34,44;
34.45: 34,53; 34,54, 34,60; 34,60; 34,66; 34,67, 34,73; 34,77; 34,80;
34 83: 34,87: 34,94; 34,94; 35,01; 35,04; 35,05; 35,07; 35,14; 35,17
35,19; 35,21; 35,23; 35.24; 3525; 35,28; 35,37; 35,38; 35,39; 35,48;
3558 3562; 35,68, 35,72; 35,78; 35,82; 35,96; 36,03; 36,15; 36,18;
36,20; 36,32; 36,33; 36,34; 36,41; 36,62; 36,97; 37,22; 37,23; 37,2%;
37.36; 37,36; 37,43; 37,57; 37,77; 37,87; 38,17; 38,18; 38,30; 3837
38,71; 38,81; 40,05; 41,00; 41,95.

Mporepnm runoTesy Hp npoTHB albTepHATHBHON runoTess Hy
Ba ypoeHe 3nawumocmu o = 0,05. Buatenne crartucrukn T(30),
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coBNajaioulee ¢ YHCAOM YJIEHOB BApHAUMOHHOIO pAJa BHIGOPKH,
npesnmatomux 30, 6yger pasuo 265. [lo dopmyram (9.19) Ha-
XOAHM

25-2 25-26-51
Mo T(30) = —5-4—6 = 1625, DaoT(30)= 2220751 _ 138195,

24
v/ DaoT(30) 2 37,165.

[TosTomy, coraacuo (9.20),
T 2 162,54 u, - 37,165.

Jas a = 0,05 no TaGaEue KBaHTHIEH CTAHAAPTHOrO HOPMANbHO-
ro pacnpefeneuns (cM. Taba. [1.2) naxoanm u,/y = 1,96. TlosTomy
Tog7s = 235,34, Tak kak 265 > 235,34, To runoresa Hy oTkJAoHAET-
ca. [lapaMerp @ onenuBaeTCA MeJHAHON YIOPAJOYEHHOT O MacCHBa
cpedHEX Youalla, KOTOpaf ecThb 163-i bieMeHT MaccuBa W paBHA
32,00.

[locTpouM JORepHTEABLHLIA HHTEpBad ypoBAA foBepusa o = 0,95.
Tax xax T)_,/2 = Toers = 235,34, To, cornacuo dopmyre (9.25),
HUYKHAA M BepXHAA TPAaHUUE 3TOr0 MHTepBaia ecTh 90-i n 236-i
DAEMEHTH YIOpAJOIeHHOTO MacCHBa cpeJaux Youaumra. [losTomy c
BepoATHOCTEHIO 0,95

30,56 € 8 < 33,51.

Iprmep 9.7. Jann Brfopka

0,00, -0,53; 1,47; 0,96; 3,98; 3,22; 0,25

0,31; -0064; -126; -092; -—1,36; 0,96; 1,39
~0,81; 1,12; -0,62; -0,66; 1,07; -0,52; 0,48;
~1,00; -0,96; —1,43; -—-1,09

obvema m =25 U3 pacupegesenua Koul ¢ nIoTHOCTBIO

1

px(z)= g

9.3. Pemeune THIOBHX NPHMEPOB 399

H BHIOODKa

—0,88; 0,41; -0,64; -0,81; -0,09; -0,71; —=0,00;

049; —065 059 0,17 -046: 0,99 —024;
-0,98; -0,85 -0,09; -0,63; 0,68; 0,02; —0,59;
-0,02; -0,45  -0,50; 0,40; 0,29; -0,17; —0,43

oGbeMa 1 = 28 U3 paBHOMEPHOro pacnpejeieHus Ha oTpeske [—1, 1]
¢ nroTHocThio py (). IlporepumM npu nomowm xpumepus Cmupro-
6a CHIIOTE3Y O PaBeHCTBe MYHKUHA Py H py.

Baprausouutiit paj ofbelHHeHHOR BHIGOPKA EMEeT BHA

-1,43; -1,36; -1,26; -1,09;: -1,00; -0,98; -0,96; -0,92;

-0,88; -0,85; -0,81; -0,81; -0,71; -0,66; -0,65; —0,64;

-0,64; -0,63; -0,62; -0,59: -0,53; -0,52; -0,50; -0,46;

—-0,45;, -0,43; -0,24; -0,17; -0,09; -0,09; -0,02; -0,00;
0,00; 0,02 0,17; 0,25; 0,29; 031; 040; 041;
048: 049 0,59; 0,68; 096; 096; 0,99, 1,07,
1,12; 1,39; 147, 3,22, 3,98

CooTBeTcTBYOIIHE MM BeAHYHMHH O;, ¢ = 1, N, BuIYHCJIeHHBIE @O
dopmyae (5.15), TakoBbl:

0;0;0;0; 0, 1; 0; 05 1; 1; 15,05 13 05 15 1505 15 05 1505 05 15 3
LLGLLLE L 0T 1001015 1,015 15015 05 05150
0;0,0; 0,0

[loaTomy

D=0473, | ——=1718.
m-+n

Tak kak m H n Benuk#, TO Nif NPOBepKA ramoTesn Hp Boc-
NOJABb3IYyeMCA ACHMITOTHYECKOH ¢opMyaonr (5.13), 8 COOTBETCTBRAM

¢ KOTOpOH
25.28 1L
P{,/25+28 >1 718} 2 0,004.
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INosTomy runoTtesy Hp crefyeT OTKAOHMTL Ha YPOBHE 3HAYAMOCTH
o 2 0,004,

[TpoBepuM 3Ty e FHNOTE3Y ¢ MOMOIUBI0 J8YTEBG0POUHOZ0 KPU-
mepus Buaxoxcona. Briumcass uo dpopmyaam (9.32)-(9.33) npu
g = 0 peanmsayuio w(0) caydaiigoid meamunmnul W(0), noaytum
w(0) =754. Tak xak m H n BeXHKH, TO J1d HAXOX JeHAR KBaHTHIEH
pacopefeleHHsl CMGMUCTNUKY PaN206 Buaxoxcona BOCIONb3YeMCH
npubankerHoi dpopmynoil (9.37), Brpaxkaiolliell BX depe3 KBaHTH-
AW CTAHJAPTHONO HOPMAJBHOTO pacnpefetenus. Mmeem

w(0) -~ MoW(0) 754 — 756
VDoW(0) /3130

Ilo TabaunaM KBaHTHICH CTaHAAPTHOIO HOPMAJIBLHOI'O paclpefene-
HUS HaXOIHM

~ —0,036.

P{|W(0)—MOW

/DoW (0)

[loaromy AByXBHIGOpOYHHH KpHTepHil Buikokxcona rumore3y o6
OJHOPOJHOCTH HE OTK/IOHfeT. OTO NPOHIOULIO H3-3a TOrO, 4TO
MeJAaHE 060OMX pacnpefefeHWH coBOajaloT (paBHH HYZIO), a He
CABHHYTH OTHOCHTENbHO APYL ApYra.

© | > 0,036} = 0,48.

Bonpocul n 3ajga4um

9.1. Kakne MeTo, 6 MaTEMATHIECKOH CTATHCTEKHE HaldKBalOTCH
HenapaMeTpHYIeCKEME?

9.2, B yeMm mpeuMyliecTBa H HeJOCTATKHM HenapaMeTpUUYeCKHX
MeTOJ0B IO CPABHEHHIO € KAaCCHYecKAMAT

9.3. JlaliTe onpejefieHde OJHOBRIGOPOIHOR 3aJa49A O CABHIE.

9.4. B kakod cHTyalum Jydule BCero MNPAMEHATH METOAH,
OCHOBAHHEE HA CTATHCTHKE KPHTEPUA IHAKOB?

BonpocH H 3ajgavu 401

9.5. B kakoil cHTYAlUMH JYYIlIe BCEro APAMEHAT: METObL, OCHO-
BaHERe Ha CTATHCTHKE KPUTEPHA 3HAKOBBLIX PAaHIOB Buakoxcona?

9.6, TaGauusl Kakoro pacnpefeleHds AOCTATOYHO HMeTh 1A
petuenis 0JHOBHGOPOIHOH 321291 IPH NOMOIIM KPHTEPHA 3HaKOB?

9.7. Kaxoii KpHTepHll HadhIBAETCA COCTOATEALHBIMT

9.8. [laiiTe onpejefenne palHra 1eMeHTa YHCAOBOH MOCIeA0Ba-
TeABHOCTH.

9.9. Kakas zajfada Ha3biBaeTcA nsyxauﬁopowoﬁ 3ajadey o
caBAre?

9.10. MoxHo ¥ NpHMeHATh KPHTEpHH 3IHAKOB H 3HAKOBHIX
paHrop BrikokcoHa A48 HPOBEPKH T'HIOTe3 O MAaTEeMAaTHIECKOM
OXHJAHHH HOPMAALHOT'O paclpejenenus’

9.11. Yro HasnBaeTca CpedHHMHu Yoama?
9.12. Kakue KpUTepHY Ha3WIBAOTCA KPHTEPHAMHE COTIacHA?

9.13. MoXHO JH T'HIOTe3y O NapaMeTpe CABHTa B ABYXBHOO-
pOYHO# 3ajade MPOBEPATH He PAHrOBHIM KpHTepHeM BrikokcoHa,
a kpaTepueM CmupHosa?

9.14. SIpasoTcs aH cocToATepHRME KpaTepui Koamoroposa,
w? u CmuproBa?

9.15. B kakuX cayydasx B ABYXBBIOODOYHOH 3ajaye Jy4Yllie MpH-
MeHSTBH KpuTepnii KonMoropopa, KpHTepHH w? B ABYXBRGOPOYHKIH
Kpurepal Brakoxcona?

9.16. Joxaxure TeopeMmy 9.2 0 COCTOATENLHOCTH KpHTepud
3HAKOB.

YKasaHHe: IpH NOMOUH NEHTPaibHOH NpeeibHON Teope-
MBl aNMpPOKCHMHDPOBATH KBaHTHAH CTATHCTHKH KPHTEpPHA 3HAKOB
KBaHTHAAMH HOPMAJbLHEOTO paclpejeleHus.

9.17. JoxaxuTe, 4To onpefenenns craructuku T(7) no dop-
mynam (9.17) & (9.22) paBHOCRALHRL.
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9.18. HaliguTe MaTeMaTHYeCKOe OKHIAHHE H JUCHEPCHIO CTa-
TacTHKR T'(7) 3HakoBuix panros Buikokcona (cm. dopmyay (9.19)).

9.19. Jokaxure dopmyinl (9.36).
& Depiiasis(O=36) [MPUJIOYKEHUE

9.20. lokaxnaTe aCHMNTOTHYECKYO HOPMaJbHOCThH CTATHCTH-
xu W(r).
Tabauya 11.1
9.21. /Ins npoBepkH BIMAHUA HeHTPOHHOrO 06G1Yy4eHHA Ha Je-

(POpMUDPYEMOCTb Mel OLLIM NpPOBeJeHbl DKCNEPHMEHTH Ha pPacTi-
JKeHHe ABYX napTHH obpasuos. B nepsoil HeoGayveHHOW (KOHT- 0,00 | 0,01 | 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09

DOyuknus pacnpegenenus ¢(z)

POJbHOR) NapTHH U3 13 06pa3UoB pe3yaAbTaTH IKCIEPHMEHTOB NPH 0,5000/0,5040/0,5080/0,5120/0,5160}0,519910,52390,52790,531910,5359
zedpopMatnn 0,5 OKAIAMHCH CleAY IOIHMA: 0,53980,5438|0,5478|0,5517(0,55570,5596|0,5636 |0,5675|0,5714|0,5753

1=
-

0,2]0,5793|0,5832(0,5871|0,5910|0,5948 | 0,5987 | 0,60260,6064 (0,6103]0,6141

3 3 z T ; . ; 0,3(0,6179|0,6217(0,6255]0,6293|0,6331|0,6368(0,64060,6443|0,6480(0,6517
6,01; “6,23;" '5,75; ' 16,171 5,97 16,22 "' 6,1%; 0,4(0.6554|0,6591|0,6628(0.6664|0,67000,6736|0,67720,68080,6844/0,6879
5,94; 6,01; 587; 6,23; 5,78 5,99 0,5(0,6915|0,6950]0,6985|0,7019{0,7054|0,7088|0,7123|0,7157|0,7190(0,7224

\.c -
o

0,7257]0,7291|0,7324(0,735710,7389|0,7422|0,7454|0,7486|0,75170,7549
7(0,758010,7611(0,7642|0,7673|0,7704|0,7734|0,7764|0,7794|0,7823|0,7852
0,7881(0,7910(0,7939(0,7967(0,7995|0,8023|0,8051|0,8078|0,8106|0,8133
0,8159|0,8186{0,8212(0,8238(0,8264 |0,8289|0,8315|0,8340|0,8365|0,3389
0,8413|0,843810,8461|0,8485|0,8508|0,85310,8554|0,8577|0,8599|0,8621
0,8643|0,8665|0,8686|0,8708|0,8729|0,8749|0,8770|0,8790|0,8810)0,8830

Bropas naptus us 13 o6pasnoe nocne obayvieHHA NOTOKOM HeH-
TPOHOB MHTeHCHBHOCTBIO 2- 108 weitrpon/cm? npu Toit ke xedop-
Manui 0,5 npuBefa K CleJyIOIAM pe3yabTaTaM:

e Lt
— P o~

5,75, 5,86; 6,13; 6,18 5,63; 5,74; 597;

1,2|0,8849]0,8869|0,8888|0,8907|0,8925 [ 0,8944 [0,89620,8980|0,8997 [0,9015

549: 6,22 579; 632 545 6,03 1,310,903210,9049|0,9066|0,9082(0,9099(0,91150,9131|0,9147 [0,9162(0,9177
1.4/0,9192|0,9207|0,9222{0,9236|0,9251|0,9265|0,9279(0,9292|0,9306|0,9319

M3MeHATCA M NPOYHOCTb MeIH MOCe 06Ny TeHnA” 1,50,9332(0,934510,935710,9370(0,9382 |0,93940,9406{0,9418|0,9429 | 0,9441
1,6/0,9452|0,9463(0,9474(0,9484(0,94950,9505 |0,9515|0,9525|0,9535 |0,9545

9.22. ﬂ_?lﬂ YIpOYHEHHUA ANIOMHHHEBRIX H3JedHuH HCIIOAB3YeTCHA 1,7/0,95540,9564/0,9573]0,9582(0,9591(0,9599(0,9608(0,9616 0,9625{0,9633
1,8(0,96410,9649|0,9656 |0,9664|0,9671 | 0,9678 |0,96860,9693|0,9699|0,9706

ONepallif HarapTOBKH (Rakfella), 3akMiovalolladcs B MIacTHYe: 1.9]0'9713]0,9719(0,9726|0.9732|0,9738|0,9744|0,9750(0,97560,9761|0,9767
ckod gedopmagun. CeMmb 06pa3ynos aliOMHHER GblAH OIBEPXKEHE! 2,010,9772(0,9778(0,9783|0,9788/0,9793|0,9798|0,9803|0,9808|0,9812|0,9817
2 %-HOM HarapToBKe, a AeCATb 06pastoB — 5%-woit. [IpogHocTb 2,1[0,9821]0,9826]0,983010,98340,9838|0,9842|0,9846|0,9850)0,9854 | 0,9857
(8 ) o6 L 2.2|0,9861|0,9864|0,9868|0,98710,9875|0,98780,9881 [0,9884|0,9887|0,9850
o Padnoe HEpBOH MAPTHH COCTaBAIA 2,3]0,9893/0,9896|0,9898|0,9901|0,9904(0,9906 [0,9909[0,9911{0,9913|0,9916
2.4(0,99180,9920/0,9922|0,9925 |0,9927|0,9929|0,9931 [0,9932 |0,99340,9936

17; 18; 16; 19; 15; 20; 14, 2,510,9938(0,9940(0,9941 |0,9943 |0,9945 |0,9946 | 0,9948(0,9949(0,9951|0,9952

. 2,6(0,9953(0,9955|0,9956[0,9957 |0,9959|0,9960|0,9961|0,9962|0,9963 |0,9964

a BTOpO# 2,710,9965 [0,99660,9967(0,9968|0,9969 |0,997010,9971 |0,9972|0,9973|0,9974
2.8|0,9974(0,9975|0,9976 |0,9977(0,9977|0,99780,99790,9979(0,9980 | 0,5981

21; 22; 20; 23; 19; 24; 18; 21,5; 20.6. 2,9(0,9981/0,9982|0,9982|0,9983|0,9984|0,9984 |0,9985|0,9985|0,9986 | 0,9936
3,0(0,9987(0,9987|0,9987|0,9988|0,9988 |0,9989|0,9989|0,9989(0,9990 | 0,9990

MOXHO AM Ha OCHOBaHHH ITHX JaHHHIX CAelaTh BRIBOJ 06 yBe- 3.1{0,9990(0,9991|0,9991|0,9991 [0,9992|0,9992(0,9992|0,9992 |0,9993 | 0,9993
: 3,210,9993|0,9993 |0,99940,9994 [0,9994|0,99940,9994 | 0,9995 [0,9995 |0,9995

T ieHSk NPONROGH SRAIOMUE KL PR LYASTH 10H e TWLAL T HROK OB 3.3(0.9995 09995 [0.9995 | 0.9996 [0,9996 | 0.9996 | 0,9996 | 0,9996 |0,9996 |0,9997

AecdopMannu? 3,410,9997|0,999710,9997(0,999710,9997|0,9997 | 0,9997 [0,9997|0,9997 | 0,9998
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