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3. OOEHVBAHUE ITAPAMETPOB
PACIIPEJEJIEHN A

Maremarudeckasi CTATUCTUKA U3y9aeT METO/ bl IOCTPOEHNS BEPOITHOCTHBIX MOZEJIell, He IPOTUBOPEYAINX Pe3yJib-
TaraM KcrnepuMenTa. [Ipu 3ToM anpropu npeiioIaraercsi, YT0 ST PE3YJIBTATHL MO2YM GbiMb ONUCAHYL 8 BEPOATIHOCITL-
HOLT MmepmMunaT.

Ms1 orpaHAYUMCs B 9TOM KypPCe PACCMOTPEHUEM MBYX 331a4:
1) onenuBanue MapaMeTPOB PACIPEIEIEHNs CIIyIalHOM IePeMEHHOI;
2) MpOBEpPKA CTATUCTUYECKUX TUTIOTE3.

3.1. Ogna comep>karejbHas 3aaa4da

C moMOIIBbIO0 U3MEPUTENBHOTO IPUOOPA IIPOJIEIAHBI 1 U3MEPEHUN HEKOTOPO# (busnyeckoii Beuyaunsl. [Ipednosaza-
emcA, 9TO 33 BpeMsI M3MEPEHNIi 3HAYEHNE ITON BEJINUMHBL He M3MeHsieTcsi. B To ke BpeMst IOy YeHHBIe YUCIa L1, - - . , Ly,
Oy/yT, BOODIIE rOBOPSsi, pa3audHbl. IIpednoaazaemcs, 9T0 3TO pazauyue OObICHSIETCS HAJUYIUEM Y U3MEPUTEILHOIO
npubopa aAAUTUBHOMN CIIyYaiHOM MOTPENTHOCTH, T.€.

E=a+n,

rie @ — HeM3BeCTHOe 3HAYEHNEe M3MepsieMOi (PU3NYECKON BEIUYNHBL; 7] — CIyYaiiHasi TOrPeNntHocTh mpubopa; & — Ha-
6romaemMast pu3NIECKas BEJIMINHA.

BaL[aHa COCTOUT B OLICHUBAHUU 3HAYEHUA a4 Ha OCHOBAHUU NOJTYYEHHBIX JAHHBIX L1,...,Tn.

B maremaruueckoil Mmojenu pusndeckuM BeuduHaM £ U 1) COOTBETCTBYIOT CIy4aiHbIe [I€PeMeHHbIe, KOTOPbIE MbI
TakKe 0003HauUM & U 7).

IIpu mocTpoennr MaTeMaTHYECKON MOIeu YdobHo CIATATH, YTO UMEETCS HE N OTCYETOB, CHATBIX C OJIHOTO MPH-
6opa, a N OJHOTHIIHBIX NPHUOOPOB, C KAKAOTO M3 KOTOPBIX CHUMAETCS OJWH OTCYer. IIpm 3TOM 4YHMCIOBOH BEKTOD
T = [71,...,7,)7 oxaspBaercs smadenmem ciydaitHOro BekTOpa X = [X1,...,X,]T, KoopmmMEATEI KOTOpPOTO HE3a-
BUCUMDL 8 COBOKYNHOCTY (ITO €IIe OTHO MPEANONOXKEHNE!) U UMEIT OIMHAKOBOE PACIpPEIEIeHNe, COBIAIAIONIEE C
pacupeneieHueM CJIyJaiHON nmepeMeHHoM &.

Hanee, npednoaosicum, 9To y mpubOpa OTCYTCTBYET CHCTEMATHYECKAsi TOrpemHocth, T.e. M(n) = 0. Torma
a = M(§). ITpednoaosicum, HAKOHEI, KAK ITO YACTO JEJAIOT, YTO CIydIaiiHAs TIOTPEIIHOCTh UMEET HOPMAJIBHOE PACIIPE-
JIeJIEHNE C U3BECTHBIM (M3 MACIOPTa U3MEPUTEIHHOTO MPUO0pa) CPEIHEKBAIPATUIECKAM YKIOHEHUEM 0.

Crenanubie HAMU NPEINOAOHCEHUA TIOZBOJISIOT CKA3ATh, UTO CIydaiiHas MepeMeHHas £ TPUHAIJIEKUT OIHOMIAPA-
METPHYECKOMY CEMEHCTBY C.T. € TIOTHOCTBIO PACTIPEIC/ICHAs

napaMeTrp KOTOPOrO @ MOJJIEKUT OLEHUBAHMIO.
Ouerkoii mapamerpa a pacnpeneneHus c.n. & Mbl OyZieM, KAk 0OBIMHO, HA3BIBATH MHTEPBAI |a — A, a + A[, rome A

— 4MCIIO, 3a/1aBaeMOe TIOCTAHOBIIMKOM 33/1a41, G — YUCJI0, ONPEeIEIsieMOe M0 MOIYHeHHBIM Pe3yJIbTATaM U3MePeHUit

(@=p(z)).

Ceprnesnoe npemynpexaenne. Paree, Korma peds mia 06 ONeHuBaHNY (KOPHSI yPABHEHUS, CyMMBI PSITIA, WHTETPAJIA, 1
T.JI.), THTEPBAJI-ONEHKA, HAKPHIBAJ OLEHUBAEMOE IHCIIO 2aPAHMUPOSaHH0. B MaTeMATHIECKOM CTATHCTIKE, KAKOBO ObI HA
OBLIO HA3HAYEHHOE HAMK Ynca0 A, naTepBai Ja—A, a+A[ B € AMHIIHOM IKCIEPUMEHTE MOXKET COIEPKATH OLEHUBACMBII
napaMerp a, & MOXKET He CoAepkaTh. OJHAKO eCIIU IKCIIEPUMEHT B HeusMmeHHoiT (e11e OHO Ipenookenne!) yeaopusx
HNOBTOPATH MHOTOKPATHO, TO MOXKHO TOBOPUTH 00 0MHOCUMEAbHOT wacmome HAKPBITAS UHTEPBAIOM |a — A,a + A]
OIIEHWBAEMOTO TIAPAMETPA, ¥, CJEJOBATENIBHO, O GEPOAMHOCINY HAKPHITAS. TakuMm 00pasoM, CKa3aB, 9TO MOJEIBIO
SKCIEPUMEHTA SIBJISIOTCS CIy9JaiiHAas TIEPEMEHHAsS, Mbl CKA3aJM TEM CAMBIM, YTO IKCIEPUMEHT OyIeT MHO20KDaHO
HOBTOPATHCS. Be3 3TOr0 MpeAnoIOyKeHrs CTATUCTIIECKAs 00pabOTKa, Pe3yIbTATOR U3MEPEHUN 6ecCMbLCAEHHA.

IIpu oueHMBaHKMY MATEMATUYIECKOIO OXKUIAHUS B KAY€CTBE IEHTPA MHTEPBAJIA Jalle BCero bepyT cpeaHee apudme-
TUYECKOEe PE3yJIbTaTOB U3MEPEHU
n
E Tk
k=1

IMpr XOTHM eme pa3 MOJYepPKHYTH, YTO OTBETCTBEHHOCTH 33 IPHMEHEHHE MATeMATHUECKOH MOIeNH (32 BEPOATHOCTHYIO TPAaKTOBKY
COmEPKATENBHOM 33/ja4n) HeCeT MOCTAHOBINUK 3a0a49mn!

2B MaTeMaTH4YeCKOH CTATHCTHKE ONEHKY HMEHYIOT UHMEPEaAbHOl 0UeHKol, a ee MEHTP G — MOoueuHotl oyenkot mapamerpa pacipe/e-
JIeHUS.

a=T=

S|




110

R n
CooreercrBytomasi ¢.n. X = % > Xk, cormacHO pesyibraraM I.2.6, UMeer npu CIeAGHHHT NPEONOAONCEHUAT

k=1
HOPpMaJIBHOE pacrnpeneieHue C rnapaMerpaMu

T.€.

_vno o (_(t—a)’n
ff(t) - \/2—7_‘_0_ exp ( 20_2 ) .

Urak, M (X) = a, T.e. MaTEMATHIECKOE OXKUJAHWE CPETHErO apu(dMETHIECKOrO COBNAAET ¢ OLEHUBAEMBIM TIAPA-
merpoM. B cuy mepaBencTsa UebbimeBa cayuatinbie 3HAYEHNST CPEJAHErO apudMETUIECKOrO, Oy YEHHbIE B PA3IINY-
HBIX Cepusix u3MepeHuil, Oy yT rpyNIUpPOBATHCS OKOJIO €r0 MATEMATHYECKOIO OXKUJIAHUsI, T.€. OKOJIO OLEHUBAEMOrO
napamerpa. Pa3bpoc cayuatinvz 3uaMennii cpeqaero apudmernaeckoro oraocurensHo M(X) = a xapakrepusyercs

2
nmucnepcueii D(X) = %, KOTODPYIO MOKHO CJIeJIaTh KaK YIOJHO MAJIOH 33 CHeT yBeJUYeHus JJIMHbI 00pabdarbiBaeMoit
cepuy U3MEepPEeHnii.

HpI/I 33aJaHHOM YuCJjIe A MO2KHO BBIYHUC/JIUTH BE€POATHOCTH HAKPBITUA OLUEHHUBACMOI'O IIapaME€Tpa a HHTEPBAJIOM
Ja—Aa+ Al
B=P(X —a| < A) =

_ % /A exp (_g) dz = erf (\/ﬁ(fiﬁ) (3.1.1)

—-A

rae erf — y»Ke yIOMUHABINASICS B KypCe MATEMATUIECKOro aHau3a "QyHkums omubok"

2 / 9
erf(t) = ﬁo/emp(—m )dz,

MMEIOIIASCS BO BCEX CPeJaxX KOHEYHOro mojb3oBareis u budbmmorekax ®OPTPAHa.

B Tabsmune 3.1 mpuBeneHbI 3HAYEHUST TIEPEMEHHOMN /T % JJ1s1 HEKOTOPBIX YaCTO HCIIOJIb3yEMbIX 3HAYEHUU BEPOAT-
HOCTY HAKPBITHUS OLIEHUBAEMOTO ITaPAMETPA.

Tabmuma 1:

B 0.9 | 0.95]0.99 | 0.995 | 0.999
\/ﬁ% 164 | 1.96 | 2.58 | 2.81 | 3.29

Ipoananusupyem dopmysy (3.1.1). OHa CBA3BIBAET TPU 4YUCIA: N — KOJUYECTBO 00PaOATHIBAEMBIX M3MEDEHUit
("croumocTs"3kciepumMenTa), A — mosjymupuHa uHTEpBaaa-oneHku ("kKauecTBo"oneHKn) U S — BEPOSITHOCTH HAKDBI-
Tus onenusaemoro mapaverpa’ ("HageskHocTs"onenku). Bugno, 4To npu GUKCHPOBAHHOH CTOMMOCTH SKCICPHMEHTA
(n) moBbImeHNE KAYECTBA OUEHKW (yMeHbIIeHWE A) MPUBOAWT K yMEHBINEHWIO ee HajexHoctu (3): uaTerpas or mo-
JIOXKHUTEIHHON (DyHKIMKM yOBIBAET NIPU yMEHBIICHUH JJIMHBI IPOMEXKYTKA MHTErPUPOBAHUS. Y BEJUYATH HAJEKHOCTH
OLIEHKM 1IPY COXPAHEHUU €€ KAYECTBA MOXKHO JIMUIb 33 CYET yBEJIMYEHUs] 3aTPAT U T.1I.

3.2. OneruBanue MapaMeTpoOB pacHpeaeIeHus:
caydaifHO#l mepeMeHHO’

O06061MM 331249y, PACCMOTPEHHYIO B IMPEAbIAYIIEM IIyHKTe. EIUHCTBEHHBIE 005eKMU6HbIE TAHHBIE, UMEIOIIUECs B
HaIllEeM paCHOpH}KeHI/II/I — 3TO SKCHepI/IMeHTa.TH)HO HOJ'Iy‘{eHHI)Ie n 49ucej 11]1, - an- qI/ICIIOBOfI BeKTOp7 COCTaBJIeHHbeI
U3 3TUX 9HCeN W = [Wy, . .., Wwy]| T, HA3LIACTCS 6LI60PKOT, 8 TUCTO N — 06BEMOM GbIOOPKU.

B03MOXKHOCTD CTATHCTUIECKONM 00pabOTKU BHIOOPKM 00ECIIEUNBACTCS CACAYIOIIUMU TP EONOAOHCEHUAMU:
1) BBIOOpPKA W SABJISIETCS] 3HAYEHUEM CJIyYARHOTO BEKTOPA,

X =[X;... X%

2) KOOPAMHATHI CIIy9IafHOrO BEKTOPa X HE3aBUCHMBI B COBOKYIIHOCTH;

3B maremarwdecko# craTHCTHKe [ MMEHYeTCs 006€PUMEALHOT 6EPOAMHOCMBIO, 3 WHTEPBAJI-ONEHKa C COOTBeTCTByomel A — dosepu-
MEALHBM UHMEPEAAOM.
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3) KOOpAUHATHI CIIyYafHOrO BEKTOPa, X SBJSIOTCS KONMUAMU HADIIOIAEMON CIIydaifHOM epeMeHHOi &;

4) nabmonaemas C.11. £ IPUHAJJIEKUT U3BECTHOMY CEMENHCTBY CIIyYaiiHbIX TIEPEeMEHHbBIX ¢ k napamMerpaMu ¥y, . . . , Ug-

3a cnpasedausocms MU NPednosodtcenuli OMEEMCMBEHHOCTNG HECEM NOCMAHOBW UK 3a0awy (IKCnepumenma-
mop).

Taxum 06pa3om, 3a1a9a CBeJIaCh K ONEHUBAHMIO TI0 UMeomeiics BhIoopke w = [w ... w,|! mapamerpa (BexTopHOrO)
9 = [ ...9;])¥. Ouenkoit mapamerpa ¥ Mbl 6y/JeM Ha3biBaTh k-MepHbIH napasiesenunes, J C HEHTPOM B TOUKE

~

9 =[0:...9]" u "peGparmu"

]191 —A1,191 +A1[ yeeey ]19/9 — Ak,'ﬁk +Ak[.
IlenTp napaJienenune1a-OMeHKH HaXOIUTCA 0 UMeIoleicss BLIOOPKe w :
U =pw),

e ¢ : R* 5 RF — 3anamnas byskoums, uvenyemas cmamucmuxot. Tak Kak IpPeamoiaraercs, 4To IPOIeLypa
OlIEHUBAHUS OYJIET MOBTOPATHCS MHOIOKDPATHO, PACCMOTPUM Cilydaiinyio mepemennyio T = ¢(X) , KOTOpPyIO Takke
HA3bIBAIOT CTATUCTUKON.

IIpennosnokum AJ1s1 OIpenesieHHOCTH, YTO CJIydaiiHasi mepeMeHHasi £ abCOMOTHO HenpephiBHA. II0CKOIBbKY ee maoT-
HOCTB pacnpesenennst fg¢(x;1) M3BeCTHA € TOYHOCTHIO [0 OIEHMBAEMOTO MApPAMETPA, MOKHO MOCTPOUTH MJIOTHOCTH
pacmpezesieHust ciy4aifHoro BeKTopa X :

Ix(z;9) = fe(x159) - fe(x2;9) ... fe(zn; ).

OTciona cinemyer npuryunuaibHas BO3MOXKHOCTh HAWTH IJIOTHOCTb pacnpeaesienus crarucruku 1T fr(t,9) .
IMockombKy GoMbIIME YKIOHEHUS CIIy9aifiHOrO BEKTOPA, OT €r0 MATEeMaTUIECKOTO OXKUIAHUS MAJTOBEPOSITHBI, MOXKHO
HAJEATHCsl, YTO CaydaiiHbie 3HadeHus cratucTuku 1 = ¢(X) OyAyT KOHIEHTPUPOBATHCS OKOJIO €€ MATEMATUIECKOrO
oxuganus. OTCIOIa BBITEKAET €CTECTBEHHOE TPEOOBAHNE: MATEMATHIECKOE OXKUJIAHNE CTATUCTUKY JOJKHO COBIAATH
¢ ouenuBaeMbiM napamerpom (M (T) = ¢) wiu xorst 661 IPUOIUKATHCS K HEMY NIPU yBeJIUYeHUH 00beMa BBHIOOPKU
( im M(T)=19).
n=-+oo

Crarucruka, ynosmaersopsiomas ycaosuio M (T') = o, HaseiBaercs necmeuientoti; ACTIONb30BAHNE TAKOH CTATHCTUKA
mpu 00pabOTKe IKCIEPUMEHTA HE MPUBOLAUT K MOSBJICHUIO JOIMOJHUTENIBHON CUCTNEMAMUNECKOY OIIIOKY.
Crarucruka, yI0BJIETBOPSIOMAs YCIOBUK) ligrn M(T) = ¥, nasbiBaeTCA ACUMNMOMUECKY Hecmewennot. TIpak-
n=-1oo

TUYECKOE 3HAYEHNE ACUMITOTUYECKOU HECMENIEHHOCTH COCTOUT B BO3MOXKHOCTH IIOJIyY€HHsI [IPEHEOPEeKUMO MAJIOH
JIOIOJTHATE/IbHONU CUCTEMATHYIECKOM OmnOKY 33, CIeT yBeaudeHnst 00beMa BhIOOPKH.

Cepbesnoe npeaynpexaeaune. QOparure BHUMaHUE, 9YTO Mbl U3HAYAJIBHO MPEIIIOIATAEM OTCYTCTBUE CUCTLEMAMU-
weckoli noepewsnocmuy wabaoderus. Ecim Takast mOrpemHoCTs MMEETCsi, TO €6 HEBO3MOXKHO YCTPAHUTH HUKAKON Mare-
MaTUYecKoit 06paboTKoiA!

IIpemonoKuM, ITO CTATUCTHKA sIBJIsSieTCsl HecMerneHHoi. Torma st Bcex kommnonent M (T;) = ¥, 1 MBI MOXKeM
MPEeACTABUTH CIydaiiHoe coObITHe "OolleHNBaeMbIi TapaMeTp ¥ HaKpbIBaeTCs mapaJienenuneaom J'"rak:

k

(0en =4

Jj=1

rae A; — cayaaiinoe cobbrrue ([T — M (Ty)| < A;).
OuenuM BeposATHOCTb cOObITHA ¥ € J B IPeIIoNoKeHnH, 4To Bee C.00. 1} umeror mucnepcun. B cuny HepaseHcTBa

YeOrbimeBa

D(Ty)

P(T; - M)l < Aj) 21-—57,
J

j=1,...,k (3.2.1)

Eciu k = 2, TO 10 Teopeme CIIOXKEeHUs BeposTHOCTe!
P € J) =P(4) + P(4) —P(A1 U A3) > P(41) + P(A;) —

orkyza ¢ yderoM (3.2.1) nmonygaem
D(Ty) _ D(T»)
PWeld)>1- —= — ——=.
CENZITTT T
Awnayornyno npu jr060M k umeem
D(Ty)

B=PWelJ) >
A7

, (3.2.2)

=1
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HpeﬂHOHO}KI/IM BﬂO6aBOK, YTO AUCNEepCun BCEX KOMIIOHEHT CTaATUCTUKN T CTPEMATCA K HYJIIO TPU HEOTPAHUYIECHHOM
pocre 06bema Beibopku. Torna HepaBeHCTBO (3.2.2) MOKa3bIBAET, YTO BEPOATHOCTH HAKPHITHS OLEHUBAEMOTO ITAPAMETPa,
MapaJLIEIENUIEI0M-OIEHKOM ¢ 33IaHHBIMY JIJINHAMEA pebep MOXKeT ObITh CIIEeJIaHa KAK YroaHO OJU3KON K eIuHUIE 33,
cyer yBenmyenus oobema BeIOOpKH:. Takas CTATHCTHKA HA3BIBAETCS COCMOAMEALHOU.

OueBuano, "xopouas"crarucTuka JOKHA ObITH HECMENEHHOW (XOTsi Obl ACUMITOTUYECKU) U COCTOATENbHOM. B
caeayomeM naparpade Mbl paCCMOTPUM OAWH K3 IPUEMOB MOCTPOEHUsI TAKUX "xopomux' CrarucTuk.

EcrecTBeHHO cYuTaTh, KaK U B 11.3.1, UTO pa3Mepsl dosepumenvrozo napaiseienuneds J XapakTepusyoT Kauecmeo
OILIEHKU: YEM 3TU PA3MEpPhI MEHBINE, TEM OIEHKA TOUHEE.

TouHo Tak ke dosepumenvrasn 6epoAMHOCTIL § (BEPOITHOCTH HAKPHITHS OLEHUBAEMOrO MapamMerpa ¥ JOBepUTe b
HBIM [IAPAJIJIEJIEIUIEI0M) XAPAKTEPUIYET HAJEHCHOCTNL OLIEHKHU: YeM GoJblie [, TeM pexe JOBEPUTEJbHBIA mapaJLie-
Jenunes He Oydem HAKPHIBATH OIEHWBAEMbIN mapamerp. AHanornguo n.3.1, yMeHbINeHne pa3MepoB Mapasiiesenune1a
J IPUBOIUT K yMEHbIIIEHUIO JIOBEPUTEJIHHON BEPOSITHOCTH [3.

U, nakower, 06beM BBIGOPKH 7 (KOJMYECTBO IKCIEPUMEHTOB) XapPaKTEPU3YET CIMOUMOCTI TIOJSYYeHUs] OLICHKU.

MMousitHO, uTo NO3yHT "My4we, Gosbine, gemesse!"He MoxeT ObITh peanu3oBad. Ecim dbukcupoBars 3arparst (1),
TO YBEAUNEHUE MOYHOCTIU OIIEHKU HEM30EIXKHO MPUBEJIET K YMeHbWEHUI0 ee nadeschocmu. 2Kemast yBeIuduTh HAJIEXK-
HOCTb, MBI OyJIeEM BBIHYKJIEHBI JIUOO MOKEPTBOBATH TOYHOCTHIO, JIUOO 3AIJIATUTH OOJIBINYIO [IEHY U T.JI.

3.3. MeToa makCcuMaJIbHOTO IIPaBIOMOA00MS

Boobime roBopsi, craTucTUKU M306peTaroTcs (U mMO3TOMY OOBIYHO HOCAT MMEHA UX aBTOPOB). MeTos MaKCUMaIbHOTO
MPABAONONO0US SIBJISIETCST OJHUM U3 PEryJIsPHBIX METOAOB mocTpoenus "xoporux"crarucruk. Ero uzobpen P.A. ®u-
mep®.

Ecmua fx (z;9) — cemeiicTBO MIOTHOCTElN pACIIPEIEIEHNsI C BEKTOPHBIM APAMETPOM 1, TO, MOJCTABUB BMECTO TIepe-
MEHHOT'O BEKTODA & TOIYYEHHYIO B SKCIEPUMEHTE BBIOOPKY w, MOJIYYNM HOBYIO (DYHKIMIO, 33/JAHHYIO HA MHOXKECTBE
JOTYCTUMBIX 3HadeHni mapamerpa . DTa dbyHKIMs HasbBaeTcs Pynryuet npacdonodobus’ BHIGOPKY:

lik(9) = fx (2;9)|,—,, -

HOCKO.HI)Ky KOOPDAWHATBI cnyqaﬁﬁoro BEKTOpPa X HE€3aBUCUMBI B COBOKyHHOCTI/I 1 UMEKIT OJWHAKOBBIC IIJIOTHOCTH
pacmpesesieHust, TO

lik(9) = ] fe(w;: 9).

AHayornYHO, B IUCKPETHOM CJIy4Yae MMeeM

n

lik(@0) = [[P(€ = w;;9).

i=1
Memod makcumarbrozo npasdonodobus npedigzaem NPUHATL 8 KAYECTEE UEHMPA J08EPUMEALHOZ0 NAPAANEAE-

nuneda MoKy 240060AH020 MAKCUMYME GYHKUUY NPasdonododbus.

IIpumepsr. 1. IIpu ouneHnBaHUY MATEMATUYECKOrO OXKWIAHUSI HOPMAJIBLHOM Hab/I0aeMoit c.u. & ¢ uzsecmnoli quc-

2

mepcueit 0 MIOTHOCTD PACTIpeIeIeHNsT TPUHAJIEKNUT OJHOIAPAMETPUYECKOMY CeMeHCTBY

st = e (-452).

OyHKIMS TPABIONON00NS PABHA

k(@) = fxwia) = (=) veap | —575 D (w; = o

B cuny eo3pacmarus norapudma ToUka MAKCHMyMa, (DYHKIUU TPABIONOA00MS COBIIAIAET C TOYKON MAKCUMYyMa, €e
Jorapudma,

1(a) = I (lik(a)) = —n-In (VBT -0) = =5 > (w; — ).

=1

4MOXHO TOKA3aTh, YTO TO K€ CAMOE CHPABEIJIMBO, €CIM 3aMEHHTh HECMEIIEHHOCTh CTATHCTUKH €€ ACUMNMOMUNECKOT HECMEULLHHO-
cmwio.

5Ponanba Aitivep ®UIIEP (1890-1962) — anrmuitckuit 6uosor, MATeMATHK # CTATHCTHK. C €ro MMeHeM CBA3AHbI MHOTHE NMOHATHA U
YTBEP2KJEHHUS B MAaTEMATHIECKON CTATHCTHKE.

60603nauenue lik — or anrymiickoro ciosa likelihood (mpasonomo6ue). Mbl HACTOATENIBHO PEKOMEH/IyEM CYHTATH HAZBAHUE ,DyHKIHs-
npaBIonoaobus“ 00HuM CJIOBOM, 9TOOBI n36€KaTh COGJIa3HA HANTH CBA3h C MHTYUTHBHBIM MPEICTABJIEHHEM O MPABIONOLO0WH.
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Pemus ypasuenue

Iockomeky I"(a) = —1% < 0, T0 @ = W — TOYKA AOKAABHOZO MAKCUMYMA, KOTODBIA, OUEBHUIHO, ABIACTCH H
2/00044DHBIM.

2. Ecu ceMeifcTBO HOpMAJTLHBIX TIIOTHOCTEH PACTpeIeIeHns COIEPIKUT ABa oyuenusaembis napaverpa (a u D = o2),
TO

fe(t;a,D) = \/2177—7) - exp (—%) ;

b0, D) = fx(wia, D) = (2= o ( — 55 Yty -0 |

I(a, D) = In (lik(a, D)) =~ - In (2nD) ~ 1 i(w,- et

N

Pemas ypasuenue VI = 0, T.e. cucremy

5 > (w; —a) =0
Jj=1
~dh+ gk Y wj—a)® = 0
2D j:l

Beraucius B 3101 TOuke MaTpuiy Lecce:

i~ N\ _
I"(@,D) = ,
0 __n_
2D
Y6e,III/IMCH B ee ompuuame/wHou“ onpeae/zeHHocmu. OTC}O,Ha agrenyer, 9TOo CTanuOHApPpHAs TOYKa — TOYKaA JA0KAABHOZ0
MAKCUMYMA, KOTOPBIN, OYEBUJIHO, SIBJISETCS U 24000AbHIM.

3. Habmonaemas c.i. £ IPUHAJIEKUT CEMENCTBY PABHOMEDHBIX PACHpPEeIeHnii ¢ AByMs napamerpamu au b (b >

a):

p—g Upu t € [a,b];
f{ (t7 a, b) =
0 wpu t¢]Ja,bl]
DyHKMsT TPABAONOA0OUsT BBIDOPKY
W mpu a < min(w;) u max{w;} <b;
- J j
lik(a,b) =
0 npu @ > min(w;) wm max{w;} > b.
J j
OueBunro, 1pobb 5 1 5 OyZier MaKcuMasbHa DU MUHUMAJILHOM 3HaueHuHn ee 3Havenarens. Ho a nenpss cuenars

Gosmbine, veM min(w;), a b - Menbme, vem max(w;). Hrtaxk,
j J

a = min(wj), b= max(w;).
j j
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4. JTuckperHas CIydaitHasi mepeMerHas £ TPUHAJIEXKNUT CeMefCTBY pacnpenenennii ¢ oganm mapamerpom p (0 <
p<1):

) t=1;
P(fzt;P):{lgp t=0.

0O603HAYMB KOIMYECTBO SKCIIEPUMEHTOB 71, & KOMm4ecTBo exnnnn ("ycnexos") B 9TUX 9KCIIEPUMEHTAX 1M, IOy YUM
n
y —_ p— . — — . — m n—m
lik(p) = P(X = wip) = [ P(X; = wysp) =p™ - (1 - p)
i=1

(cpemu n comHOXKUTEEH M PABHBL P, & OCTagbHBIE paBHBI 1 — p). [TosTomy

I(p) = In (lik(p)) = m - In(p) + (n —m) - In(1 — p).

m—n "
Ipoussoguas I'(p) = p(TI% obpaIraercs B HyJIb TOJIHKO B OIHOM TOYKE, W 3TA €JUHCTBEHHAs CTAIMOHAPHAS

TOYKa, P = % JTaeT, OYEBUIHO, IJI00AIBbHBIA MAKCUMYyM (DYKHIMK MPABHOnoao0us. Takum oOpa3oMm, omuocumenvHas
YACMOME YCNexa sIBJISIeTCsT CTATUCTUKON MAaKCHMAJIBHOTO TIPABIONONO0US JIJsi BEPOSTHOCTU B CIy4Yae ABYX HUCXOIOB
9KCIIEPUMEHTA.

HaI‘/‘I,IIeM YUCJIOBBIE XaPAKTEPUCTUKHN CTATUCTUK MAaKCHMAJIBHOT'O HpaB,HOHO,HO6I/IH, TOJIYyY€HHbIX B 9TUX IIpUMEpaX.
J— 1 n
puwmep 1. Crarucrura X = 5 > Xj.

Kak nokazauo B m1.3.1,

IMpumep 2. Crarucruku

Awnanornuno npumepy 1 mosmyvaem

MoxKHO TOKa3aTh, 9TO

—1)2
- D; D(52)=%'M4(§)—T'D2

n—1

M(S?) =

(3mech pg(€) = M((€ — a)*) — geTBepTHIH MEHTPATLHBIH MOMEHT C.IL. &).

Ipumep 3. Crarucruku

Xmaz = mJaX(X])7 Xmin = HIJIH(XJ)

Tocrpoum GyHKIMIO pacupeesieHust
Fx, .. () =P(Xpe <t).

HepagernctBo X4, < t 0O3HA4UAET, 9TO 6ce KOOPAMHATHI BeKTOpPa, X Menbine, deMm t. [losromy

0 npu t<a;
n
Fx,..®) = (Fe®)" =< ($=%) mom a<t<y
1 npu t>b.
HecoxHble BBIYUCIIEHUS TAKOT
nb+a n(b —a)?

Anajioru4yso, 1y CTaTUCTUKU X pyipn IOy A€M

n(b — a)?
n+1Dn+2)

_na+b‘

M(szn) = n—+17 -D(szn) =
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IIpumep 4. Cratucruka "oTHOCHTENBHAS YACTOTA ycmexa'.

0O603naunm c.i. "kommdaectBo ycnexos"v. Torga, 04eBUIHO, OTHOCUTEIbHAS JACTOTA YCIEeXa PaBHA %
Kak uzBecrro u3 n1.2.3, c.u. v umeer GuHoMuanbHOe pacupenesenue, npudeM M(v) =n-p, D(v) =n-p- (1 —p).

Orcroma N N p—p)
u(y)=p 0(3) ="

OtmeruM, yTo gys craructuku X B npuMepax 1 u 2 MaTeMaTudecKoe OXKUJAHWE COBIAJNAET C OLEHUBAEMBIM

rapamerpom, T.e. X — HecMew,eHHas CTaTucTuka. To Ke MOXKHO CKa3aTb U 00 OTHOCHUTEIBHON yacToTe B mpumepe 4.
B T0 e Bpemst B mpumepax 2 u 3

-1
M(8%) ="""D£D,
n
nb+a na+b
Mmaz) =357 70 MCEmin) =227 70

T.€. 3T TPU CTATUCTUKU — CMEULEHHDLE. O,ZLHaKO OHU ABJIAOTCA ACUMNMOMUYECKU HECMEWEHHDIMU, TAK KAK

lim M(S?) =D,

n=+o0

lim M(Xpez) =0, lim M(Xpn) = a.
n=-+oo

n=-+oo
OrMeruM TakKe, Y4TO JAUCIEPCUU BCEX PACCMOTPEHHBIX CTATUCTUK CTPEMSITCS K HYJIO pu 1 — 00. B cuity Hepa-
BeHCTBa (3.2.2) Bce 9TH CTATUCTUKU COCTNOAMEADHbL.
Mo>kxHO MOKa3aTh, YTO MPU AOCTATOYHO OOIIMX JAOMYIIEHUSIX CTATUCTUKY MAKCUMAJIBHOTO TIPABA0NON00US SIBJISTFOTCS
COCTOATEJIbHBIMU 1 ACUMIITOTUYECKU HECMEIIEeHHbIMU.



