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Paspgen 1. OueHKM napameTpos

To4yeyHble CTaTUCTUYECKME OLLEHK!U



Paspgen 1. OueHKM napameTpos

CTaTUCTUKOM Ha3biBaeTca ntobas (I)YHKU'MH
T = T(Xl,Xz, ...,Xn)

OT 3/1IeMeHTOB BblbOpKKN X4, X5, ..., X,

[Ha KOHKpeTHOW BblbOpKe X;, X,, ... , X, 3Ta CTAaTUCTMKA
NPMHUMAET KOHKpeTHoe 3HadveHne T = T(xq, Xy, ..., X)].

Jllobas cTaTUCTMKA ABNAETCA C.B., NMOCKONbKY OHa fBAAETCH
GYHKUMEN CNYYAUHbBIX BEIUYUH.



Paspgen 1. OueHKM napameTpos

[peanonoXnm, 4To reHepasibHoe pacnpeaeneHme npusHaka
X 3aBUCUT OT HEKOTOpOro napameTtpa O € 0.

Eay

OueHKOM O  4YNCNOBOWM XapaKTEPUCTUKU UIKN NapameTpa O
Ha3blBaeTcA tobas CTaTUCTUKA

O =0(X,%;,--, %)
NUCMOJ1Ib3yeéMaA B Ka4eECTBE I'IpVI6J'IVI)-KeHHOI'O 3Ha4veHua 0o.

NHorpa, 4ytobbl OTMETUTb Be/IMYMHY obbema BbIOOPKKU, MO

S

KoTopon Oblna nosyvyeHa OueHKa, BMecTo 0603HaveHua 6
byaem ncnonb3osatb 0603HayeHune 6,,.



Paspgen 1. OueHKM napameTpos

Hanpumep, B KayectBe oueHKkM napametpa a = E(X) c.B. X,
pacnpeaeneHHONW Mo HOPMajsbHOMY 3aKOHY (C HeW3BECTHbIMMU
napameTpamm), MOKHO UCMNOJIb30BaATb:
* pe3ysbTaT eAMHNYHOrOo HabaaeHUA ézXl;
*  MO/IYCYMMY MWMHUMANbHOIO N MAKCMMANbHOIO 3/IEMEHTOB
BbIOOPKM X
a= ;

*  BbIGOPOUHYIO MeguaHy & =
* BblbopouHytomogy a = X __;
* BblbOpOYHOE cpeaHee 4§



Paspgen 1. OueHKM napameTpos

ToyeyHOM OUEHKOM HeusBecTHoro napametpa 6
Ha3bIBAlOT 4YMCAO (TOYKY Ha YMUCNOBOM OCU), KOTOpOeE
NPNOANU3UTENBHO PaBHO OLEHMBAEMOMY MapaMeTpy U MOKET
3aMEeHUTb €ero C [AOCTaTOYHOM CTeneHbi TOYHOCTU B
CTaTUCTUYECKUX PacyeTax.

BONbLWKMHCTBO C.B. UMeLOT pacnpeageneHnda, 3asmncalie oT
OAHOIo U1 HECKOZIbKUX MapPaMeETPOB.

Tak, Hanpumep, HOpMaJZibHOe pacnpeaeneHue 3aBUCUT OT
napameTpoB a wu o?, pacnpegeneHune [lyaccoHa — oOT
napameTpa A, BUHOMMANBbHOE — OT NapameTpa p.




Paspgen 1. OueHKM napameTpos

EaS

3akoH pacnpegenenva 0, 3aBUCUT OT 3aKOHa
pacnpeaeneHna cnyvyaMHou BennumHbl X (M, B YaCTHOCTM, OT
CaMOro Hen3BeCcTHOro napameTpa 6).

Ea

Kpome TOro, 6,, 3aBUCMT OT YMCNA ONbITOB M, MO3TOMY
MMEET CMbIC/1 FTOBOPUTb O NOCAeA0BaTe/IbHOCTU BUAA

;n=12..%



Paspgen 1. OueHKM napameTpos

Ona Toro 4tobbl TOYEYHbIE CTATUCTUYECKME OLEHKMU
obecneymBann xopowme NPUOAMMKEHUA  HEU3BECTHbIX
napameTpoB, OHWN AONXKHbI ObITb

HecmeweHHbimu,

cocmosamesnbHeimu v

ahpeKmusHbIMU.




Paspgen 1. OueHKM napameTpos

N

OueHKa 0 Ha3blBaeTcd HECMEeLEHHOU OLEHKOMU
napametrpa 0O, ecan OHa He COAEPXKUT CUCTEMATUYECKUX
ownboK, TO ectb npu nwbom PUKCMpoBaHHOM ObOBEME
BbIODOPKM N pe3ynbraT ocpedHeHMA OUEHKM NO BCEM
BO3MOKHbIM BbIOOpPKam AaHHOIro o6bEMA A0/IKEH NPUBOAUTD K
TOYHOMY 3HAYEHMUIO MapameTpa:

E()=06,v0 €@



Paspgen 1. OueHKM napameTpos

)




Paspgen 1. OueHKM napameTpos

Mpumep. [poBeputb, ABnseTcA nM BblbopoyHOe cpeaHee X
HEeCMELLEHHON OLUEHKOW AN HEeW3BeCTHOro MaTemMaTU4ecKoro
OXXMAQHMA CNYH4alMHOM BEeNUYUHDbI X.

PeweHue.



Paspgen 1. OueHKM napameTpos

Mpumep. MNyctb X;, X5, ..., X,,— BbIOOPKa M3 pacnpegeneHuna c
NNOTHOCTbIO

77X npux >0,

O,npnx <86.

f(X)={

NpoBepuTb, ABNAETCA AWM OUeHKa , O = X —

N =

HeCMeLLEeHHOM
OUEeHKoM napameTpa 67

PeweHue.



Paspgen 1. OueHKM napameTpos

NMpumep. MoHeTy noabpacbiBatoT N pa3. BepoATHOCTb
BbiNageHua repba npm Kaxkaom nogbpacbiBaHMM paBHa P. B xoae
OnblTa MOHeTa BbiNana repbom N, pas. [NokasaTb HECMELLEHHOCTb

N
OUEHKM @), _n BEPOATHOCTU G=P BbinageHua repba B Kaxaom

onbITe. n

PeweHue.



Paspgen 1. OueHKM napameTpos

Mpumep. [lpoBeputb, ABAAETCA AU SIMNUPUYECKUN BTOPOU
HayaNbHbIA  MOMEHT 7V, HECMELLEHHOM  OUEHKOW  AnA
HEN3BECTHOIO TEOPEeTUYECKOro Ha4vyaNbHOr0O MOMEHTa BTOPOro
nopAaaka chy4amHom BEANYUHDI V, .

PeweHue.



Paspgen 1. OueHKM napameTpos

NMpumep. [NpoBepuTb, ABAAETCA I IMNMNPUYECKaA Aucnepcusn
HEeCMELEHHON OLEHKON ANnA HEWU3BEeCTHOM Aucnepcumu 0)?

CIY4YaNHOWU BE/IMYUHDI.

PeweHue.



Paspgen 1. OueHKM napameTpos

Pa3HoCTb E(H) — 6 Ha3bIBaeTCA CMeLleHUueMm.

B npumepe c gucnepcuen cMeLlleHume:
n-1 - 2 0')2(
— 0y — O - =
n X X = n
To ectb nNpPM MHOrFOKPAaTHOM MNOBTOPEHUM ISKCNEPUMEHTA
IMNUPUYECKaAA Aaucnepcna He OyaeT CTpPemMuTbCcA K CBOEMY
NCTUHHOMY 3HAYeHMUIo (Kak amnumpuyeckaa cpegHas), a byaet

CMelleHa OTHOCUTENIbHO UCTUHHOIO 3HAYEeHUA NO reHepabHOM
COBOKYMHOCTMW.

BuaHo, 4TO B C/Ayvae C AMCnepcuert ¢ ysenmyeHnem obbema
BbIOOPKM BeNMUMHA cmeLleHna ctpemutca K 0.



Paspgen 1. OueHKM napameTpos

N

OueHka 6, Ha3biBaeTCcA aACUMNTOTUYECKMU HecmelleHHOMU
oueHKoun napameTtpa 0, ecnu E(Qn) — 0 npyun — oo,

Takmm obpasom,

BblbopouHasn aucnepcus ABAAeTCcA aCUMNTOTUYECKU
HecmeLw,eHHOU OLLeHKOU Ancnepcum.



Paspgen 1. OueHKM napameTpos

I'IpM KOHEYHOM 11 U3 OUEHKWU 6'2 HEeCNO0XHO MNOJZIY4UTD

HEeCMELLEeHHYI0 OLUEHKY AMCnepcum.

[NA 3TOr0 HYKHO BEAWYMHY G2  YMHOMUTb Ha

n
KO3dPUUMEHT —

UcnpaBneHHOU BbIGOPOYHOU Aucnepcuen HasbiBaeTcA
BE/INYMHA

n

Z:(Xi_i)2
Sy == =52
. n—1 n-1 "




Paspgen 1. OueHKM napameTpos

Mpumep. HanTM HeCMelEeHHYK OUEHKY Aucrnepcuun C.B.
OCHOBAHMM AAHHOTO pacnpeaeneHna BbIbopKu:

PeweHue.

10

10

18

Ha



Paspgen 1. OueHKM napameTpos

BbibopouHoe cpepHee KBagpaTUyecKoe OTK/IOHEeHue —
3TO n

Z(Xi _X)Z

A . n 2 . i=1
Oy =40x = ,

n

d CTAHAApPTHOE OTK/IOHeHUue — 3710

n
Z‘,(Xi_x)2 n
S, =4Sy =12 =,|—=0%.
N n-1 n-1"
Mpn nepexoae K cpeAHeKBaApaTUYHOM OTKNOHEHMUIO MO
BbibOpKe (KOpeHb M3 BbIOOPOYHOM Aucnepcun) pasHULaA

CTAHOBUTCA mexay HUMUN eLLI,é MeHbLLUE.

Takmum obpasom, 3PPeKT CmeweHHOU Aaucnepcuu
npoasnaeTca B HebonblwKnx BblOOpKax. B 6onblwimnx BblIOOpPKax
MOHO MUCNO/Ib30BaTb FeHepPabHYI0 AUCNEPCUo, YTO KaK bObl He
YCNOXHAET U HE YNPOLLAET XU3Hb.



Paspgen 1. OueHKM napameTpos

Oka3biBaeTcsi, KMUCMPaBUTb>> UMeEKLLMECA CMeELLEHHbIe
OLIeHKM BO3MOKHO He Bceraa.

CyllecTBYlOT MpPUMeEpPbl MNapameTpoB, ANA KOTOPbIX
HecMeLLeHHble OUEHKN NOCTPOUTb HEBO3MOXKHO.



Paspgen 1. OueHKM napameTpos

Mpumep (Koraa He cywecTByeT HECMELLEHHOU OUEHKM).
[MpousBoauTcaA oAgHO HabawgeHue X, roe X — cnyvyamHas
BE/INUMHA, MMeloWana MNyacCOHOBCKOE pacnpegeneHne ¢

HeunsBecTHbIM napameTpom 8, To ectb X~Pois(6) u
K
Po(X =k) = Fe-“)’, k=0,1,..

1 o
MokasaTb, yTo Ana t(0) = = He cywecrsyeT HecMmeLLeHHOM

0
OLeHKM.

OueHKa 6@ Ha3blBaeTCA HeCMeLLLEHHOM OLeHKoM napameTpa 0, ecim oHa He
COAEPHUT CUCTEMATUYECKUX OLIMOOK, TO ecTb Npu Nobom PUKCUPOBAHHOM
0bbEme BbIOOPKM N pe3ynbTaT OCPeaHEHUA OLEHKM MO BCEM BO3MOMHbIM
BbiIbOpKam fAaHHOTro o06bEma [A0MKEH NPUBOAUTb K TOYHOMY 3HAYEHUIO
napametpa: E(8) =6,V 0 € 0.



Paspgen 1. OueHKM napameTpos

)

OueHKa 6,, napameTpa 6 Ha3bIBAaeTCA COCTOATE/NIbHOM, €C/IN OHA
CXOAUTCA MO BEePOATHOCTU K B, Korga obbem BbIOOpKN 1 — 0,



Paspgen 1. OueHKM napameTpos

JlocTaTouHOe ycnoBue COCTOATENIbHOCTMU.

P

Myctb 6,, ABNAETCA HeCMeLleHHOM OUueHKOoM napameTpa O:
E(8,,)) = 0, aee aucnepcnsa ctpemutca K 0 npun — oo :

lim Var(8,) = 0.

n—->0o

Torpa 6,, obnhagaet CBOMCTBOM COCTOATENIbHOCTH.



Paspgen 1. OueHKM napameTpos

3ameyaHue.

[loKa3aHHOe VYTBeprKAEHWEe OCTaeTcsa cnpasegiMBbiM, €Cau
OLEHKa He fAABAAeTCA HecmelwleHHOU, HO obnagaeT CBOMCTBOM
AaCUMNTOTUYECKOU HECMELLLEHHOCTM.



Paspgen 1. OueHKM napameTpos

Mpumep 1. loKarkem, 4YTO BbIBOPOUYHOE cpepHee ABAAETCH
COCTOATE/IbHOMN OLIEHKOM MaTeEMATUYECKOro OXUAaHuUA.

PeweHue.

JocTtatouHoe ycnoBue cocrtoaTenbHOCTU. [lycTb 6, ABNAETCA HEeCMeLLeHHOWM
oueHKor napametpa 0: E(6,,)) = 0, a ee gucnepcua ctpemutcak 0 npun — oo :
lim Var(6,) = 0.

n—>00

Torga 6,, 0bnagaeT CBOMCTBOM COCTOATENbHOCTMU.



Paspgen 1. OueHKM napameTpos

Mpumep 2. MNMyctb Xq, X5, ..., X;;, — BbIOOPKA U3 PaBHOMEPHOTO
pacnpegeneHuns Unif([0;0]) c HeumssecTHbim napameTpom
6 > 0. Tpebyetca oueHUTb napameTp 6. B KauyectBe ouUeHKMU
napameTpa 6 paccCMaTpHUBAIOTCH:

~ _ . n+1 ~

6, =2X; 0,= - Xy 03= (n + 1)X(1).
ByayT nu oueHkM HecmeweHHbIMKN? 6) CocToATENBHBIMN?

c) Hantu cpean HUX oNTUMaNbHY!IO.

PeweHue.

JocratouyHoe ycnoBue cocroATenbHOcTU. [yctb 6, ABnAeTCA HeCMeLLeHHOM
oueHKoM napametpa 0: E(6,,)) = 0, a ee gucnepcua ctpemutcak 0 nppun — oo :
lim Var(6,) = 0.

n—>0o

Toraga 6,, o0bnagaet CBOMCTBOM COCTOATE/IbHOCTM.



Paspgen 1. OueHKM napameTpos

Eay

HecmelwieHHas oueHka 6 napametpa 0 Ha3blBaETCA
3¢pPEeKTUBHOU, €CM OHa UMeeT HAMMEHbLLIYID AUCNEePCUo
cpean BCeX BO3MOMXHbIX HECMELLEHHbIX OLEHOK napameTpa 0,
BbIYMCNEHHbIX MO BblIDOPKamM OAHOro M TOro e obbema n, TO
ecTb ecim © - HEKOTOpbI KAacC OUEHOK, TO oueHKa 6
Ha3biBaeTcA 3pPeKTUBHOI oLeHKo napameTpa @ B Knacce O
ecnu

Var(@ ) = %16%1 Var(9).



Paspgen 1. OueHKM napameTpos

N3 npyx HecmelwweHHbix oueHok 8 u () oanoro u
Toro e napametpa 6 oueHka 6  HasbiBaeTca 6onee
s dekTuBHOM, uem 0%, ecnu BbinoAHAETCA HEPABEHCTBO:

Var(8M) < Var(@@).

CpeactBom umccnegoBaHua 3GPEKTMBHOCTU OLEHOK ABASETCH
HepaBeHcTBO Pao — Kpamepa.



Paspgen 1. OueHKM napameTpos

PaccmoTpum dyHKUUIO

F(x: 0) = P{X = x; 6}, echn X — anckpeTHas c.B.

’ p(x; 8),ecnn X — abcontoTHO HenpepbIBHasA C.B.
p(x; 8) —  nNNOTHOCTb  pacnpegeneHua  reHepaabHOM
COBOKyNnHoctTM X , ecam X — HenpepbiBHasaA CayvyanHas
BE/INYMHA, U BEPOATHOCTb cobbitma {X = x}, Korma X —
ANCKPETHaAa c/ayyalHaa BeanunHa; 6  — oueHuBaembin
napametp.

DyHKUMA

. 2
1(6) = E([a lngéx,e) )

Ha3blBaETCA KONMUYECTBOM MHPopmauum no dPuwiepy B 0O4HOM
HabnoaeHun.



Pa3sgen 1. OueHKU napameTpos

CsoiictBa UHPOPMALMOHHOIO KOIMYECTBA

1. Nycte L1(8) v [,(8) — KonnvectBa WHbOPMALMKN O
0 copepxKawmeca B HeE3aBUCUMMbIX BeanMunHax X; u X,
cooTBetctBeHHO, a  [(f) KonuyectBo  MHPOpMaLuy,

cogepratwmeca B nape (X;,X,). Torna I(6) = 1,(0) + 1,(0).

2. MNycte  Xq, ..., X, ~— He3aBUCUMbIe O4WHAKOBO
pacnpeaeneHHble BeAnUYnHbl U [ — KonAnyecTso MHopmaLnm o
6, copeprawenca B KaxKAOM U3 HUX. Torga KOAMYEecCTBO
nHbopmaunm B (X4, ..., X;;) pasHo nl.



Paspgen 1. OueHKM napameTpos

ynpa*KHeHuUe. [1oKka3aTb, UTO

1(0) = —E (az 1r;£§x;9)) |




Paspgen 1. OueHKM napameTpos

Npumep. Mpeanonoxumm, yto nmeet X~N (8; %) (HopmanbHoe
pacnpegeneHme ¢ HeusBecTHbIM cpegHum 6 U U3BECTHOWM
oucnepcueit a?).

Onpegenntb 1(6) cnyvartHomn BennumnHsbl X.

PeweHue.



Paspgen 1. OueHKM napameTpos

Teopema (HepaBeHcTBO Pao—Kpamepa).

Nyctb obnactb G, ={x:f(x,0) >0} Bcex BO3MOMHbIX
3HauYeHU CnyvyaliHOW BeNMUMHbI, ans Kotopbix f(x,8) + 0, He
3aBUCMT OT napameTtpa 6 wn 6, — HecmeweHHaAA OUEHKA

napametpa 6, nonyyeHHaa no Bblbopke obbema n.
CnpasegnMBO HEepPaBEHCTBO

) 1
Var(6,) =

nl(0)




Paspgen 1. OueHKM napameTpos

Bennyunny
1

8(9) B nI(B)Var(é)

Ha3bIBAlOT NOKa3aTtenem apdpeKkTusHOCTH No Pao—Kpamepy.

Ona niobon HecmeweHHOMN OUEeHKM napameTpa 6 BbINOAHAKOTCS
HepaBeHcTBa: 0 < 6(9) < 1.

Teopema (HepaseHcTBO Pao—Kpamepa).

Nyctb obnactb G, = {x: f(x,0) > 0} Bcex BO3MOMHbIX 3HaYeHW Cay4anHOM
BefinumMHbl, ana Kotopbix f(x,0) # 0, He 3asucut oT napametpa 6 un 6, —

HecMelleHHas OLUeHKa napameTpa 6, nonyyeHHaa no BblbopKke obbema n.
CnpaBeaIMBO HEPaBEHCTBO

1
nl(0)

Var(6,) =



Paspgen 1. OueHKM napameTpos

HecmeweHHaa oueHKa napametpa 6  Ha3biBaeTcH
apPpeKTnsHON, ecnu

e(8) = 1
n HeadppeKTUMBHOMN, ecnu
e() < 1.

1
nl(6)vVar(0)

Bennumny e(f) = Ha3blBaloT NokasaTtenem 3dpdekTnsHocTM no Pao-

Kpamepy.

Ons ntobon HecmeLLLeHHOM OLUEHKN NapameTpa 6 BbINONHAOTCA HEPaBEHCTBA:
0 <e(d) < 1.



Paspgen 1. OueHKM napameTpos

AcMmnTtoTU4ecKon 3PEPEeKTUBHOCTbID OLEHKM Ha3blBaeTcA
npeaen
eo (0) = lim e(@n),
n—->0o

€C/in OH cyLuecTByerT.

OLI,eHKy 9 HA3blIBAKOT dCUMNOTOTUYECKHU 3¢¢EKTMBHOﬁ, ecC/in
30(8) — 1

1
ni(8)Var(9)

Bennunny e(@) = Ha3biBalOT NoKasatenem 3¢pdeKkTuBHoctn no Pao-

Kpamepy.

Ana noboi HecmelleHHON OLLeHKM NapameTpa 6 BbINONHAKOTCA HEPaBEHCTBA:
0 <e(f) < 1.



Paspgen 1. OueHKM napameTpos

Mpumep. Nyctb X ~ N(a; 02). PewaeTtca 3aga4va oueHUBaHUA

P

MaTeMaTUYeCKoro oXmaaHua a. lNMokasatb, YTo oueHka 6 = X

HEeN3BeCTHOro napameTpa 0 =a(=E(X)) sasndaetcA
3¢ PeKTnBHOMN.

PeweHue.

Teopema (HepaBeHcTBO Pao—-Kpamepa). MMycTb én — HecmelweHHaa oueHKa

napameTpa B, nonyyeHHasn no Bbibopke ob6bema n. CnpaBeaIMBO HEPABEHCTBO

. 1 d1n f(x;0)]°
Var(@n)znl(e),mel(e) = E([ n]aféx ) )




Paspgen 1. OueHKM napameTpos

3ameyaHue. He anAa BCAKOro 3akKoHa pacnpeneneHna MOXKeT
6bITb MCNONb30BaHO HepaBeHCTBO Pao-Kpamepa.

TaK, Hanpumep, C MOMOLLbIO AAHHOrO HepaBeHCTBa Hesb3A
npoBepuTb ABnAeTca NN 3GPEKTUBHOM Ta WAN MHaA OLLEHKA
napametpa 6, ecanm Habnwogaemaa cay4amHaa BeNMYMHA
pacnpegeneHa paBHomepHo Ha nHtepsane (0,8) .



Paspgen 1. OueHKM napameTpos

Ewe oAHO Ba)HOe CBOMCTBO OLEHOK — CXOAMMOCTb K
HOPMa/IbHOMY 3aKOHY.

O603Haunm vepes L(X) — 3aKOH pacnpeneneHusa Cay4amHowm
BE/INYUHDbI X.

N nyctb X4, X5, ... — BbIOOPKA M3 reHepanbHON COBOKYMHOCTU X,
6,, — HeKoTopaa oueHKa napameTpa &, NOCTpoeHHaA No 3Tou
BbIOOpPKe.

S

CTaTUCTMKa 6, Ha3blBaeTcs aCMMNTOTUYECKM HOPMAJIbHOM
oLEeHKoM napameTpa 0 ¢ kKoapdpuumeHTom a2 (0), ecnu
(6, —6)vn
L
o(60) n—
B sTOM c/lydae 3aKOH pacnpegeneHuma cay4yamHom BenndnHbl 8,
ABNAETCA NPUOANKEHHO HOpPMaAbHbIM C NapametTpamu 6 wu

a%(9).

o;N(O; 1).



Paspgen 1. OueHKM napameTpos

Mpumep. PaccmatpuBaetrca cayvyanHaa BeanumMHa X C
Hen3BeCTHbIMW NapamMmeTpPpaMu:

E(X) =a, Var(X) = o°.
Torga BblbopoyHOe cpeaHee X, paccmaTpMBaemoe B KayecTBe
OUEHKM  maTemMaTU4yecCKoro OXuaaHma a , ABAAeTcA

2
o
dCUMNTOTUYHECKUN HOPMAJIbHbIM N (Cl; 7) .
2

v 7 < o)
PeweHue. [eicteutensHo, E(X) = a, Var(X) = — 1 3aKOH
pacnpeaeneHnsa cay4yamHom BeIMYUHDGI

X ==Y 1X

nl_

CXOANTCA K HOPMaAbHOMY Ha OCHOBaHWM LEHTPaNAbHOMU
npenenbHoOU TeOpeMbl.



Paspgen 1. OueHKM napameTpos

CBomncTBa
OCHOBHbIX BbIOOPOUYHbIX XapaKTePUCTUK
CNYYaUHbIX BE/IUYNH



Paspgen 1. OueHKM napameTpos

Byaem ucnonb3oBaTb 0603HaYEeHUA:

a = E(X),0% =Var(X).



Paspgen 1. OueHKM napameTpos

Bbi6opouHoe cpeaHee X (0 = X; 0 = a)
1. X —  HecMelleHHas  OUeHKa  MaTeMaTU4ecKoro

oxunaanmna: E(X) = a.
_ _ P
2. X — cocTtoaTenbHas oueHka: X — a.

3. X — adpPeKTnBHAA OLEHKa B KJacce BCEX JIMHEUHbIX OLUEHOK
BUAA )i CiX;, toe Y, ¢ = 1.

4. B cnyyae, Korga oueHMBaeTCcaA maTemaTuyeckoe oXugaHue a
HOPMa/IbHO pacnpeaeneHHom cay4amHom BenndmHbl X, oueHKa

6 = X asnaetca 3bPeKTUBHOIA.

5. BbibopoyHOe cpeaHee aACMMNTOTUYECKM HOPMAJIbHO

N (a; %2)

= E(X),0% =Var(X)



Paspgen 1. OueHKM napameTpos

Bbi6opouHasa aucnepcua 62 (0 = 6%; 0 = o?)
1. BbibopouHas Aaucnepcusa 62, Wcnonb3yemas B KayecTse

oueHKn aguncnepcmu reHepaanoH COBOKYMNMHOCTH 0'2, ABNAETCA

) V) 2y A n_l
cmeLueHHoM ouenkon: E(6) = E(62) = Ta)% + 0 = 7).
2. EcAM reHepanbHas COBOKYMHOCTb MMEeT MOMEHTbl A0
YeTBEPTOro MOPAAKA BKAUUTENbHO, To O = 6% aAsnAerc
P
COCTOATENIbHOM OLEHKOMN ancnepcumn a2: 6% - g2,

3. BbibopouHasa gmucnepcus ABNAETCA OLEHKOM aCMMNTOTUYECKM
H4—02)

n

4. WcnpaBneHHas BblboOpo4yHaa Aaucnepcus

HopmanbHol N (02;

A n A
§4 =—5*°
n—1

HecmeweHHaA OUueEHKa HENU3BECTHOTIO NMNapamMeTpa4a 0'22

E!.§’2!=02

a = E(X),0% =Var(X)



Paspgen 1. OueHKM napameTpos

N3 cocToATeNbHOCTM BbIOOPOYHOM AUCMEPCUU CneayeT, 4YTo
oLeHKa 8 = S% — cocToAaTenbHas.

CBolicTBOM 3pDEKTUBHOCTU oLeHKa B = S? He obnapaer.

B cnyyae HOpMa/sibHOro 3aKOHa pacnpeaeneHua:
X ~ N(a;0%)

cnpasea/sinBo paBeHCTBO.

e($%) =

< 1.
n

a = E(X),06% =Var(X)



Paspgen 1. OueHKM napameTpos

BbibopouHan oueHKa ancnepcmu npu
N3BECTHOM U HEM3BECTHOM cpeaHeM



Paspgen 1. OueHKM napameTpos

Echv reHepanbHoe cpegHee a = E(X) wu3BectHo, pnA
NPUONMKEHHOIO  BbIYUC/IEHNA HEU3BECTHOW TEeHepanbHOMU
ancnepcmn Var(X) ncnonbsyetca ee HeCMeLLLEHHAA OLLEHKa:

8= (K~ )% + o (X — @)2).

Echm a = E(X) He M3BeCTHO, MCMNO/b3yeTcA WCNpaBAeHHas
BbiIbOpoYyHasa gncnepcua (HecmeleHHaa oOUeHKa):

n

Z:(Xi_i)2
Sy == LS
X n—1 n-1 "~




Paspgen 1. OueHKM napameTpos

B cnyyae, ecnv reHepanbHoe cpegHee a = E(X) nssectHo, 10
OUEHKa 0 = 53 (0 = o) obnapaeT cnefyOWMMM CBOMCTBAMM:

1. OueHKa 9=S§ ABNAETCA HeCMeLWeHHOM OLEeHKOoM
Ancnepcuu.

loKa3aTenbCTBO.
2. Echv agnAa cnydamHou BennUMHbl X CyLLecTBYeT 4YeTBepTbin
ueHTpanbHbIi  momeHT E[(X —a)?], To ouenka 6 =S¢

obnagaeT CBOMCTBOM COCTOATE/IbHOCTM.

[1O0Ka3aTenbCTBO.



Paspgen 1. OueHKM napameTpos

3. B cnyyae, Korga oueHWBaeTCcA AMcnepcua o2 HOPManbHO

pacnpeaeneHHom C/y4anmHou BenYnHbl X € MN3BECTHbIM
MaTeMaTUYECKUM OXMAaHWeM a, oueHKka 0 = S¢ asnaetcs
3¢ PpeKTnBHOMN.



Paspgen 1. OueHKM napameTpos

BbI6OpPOUHDbIA HaYaNbHbIK MOMEHT Vy, (6 = Vy,; 0 = vy)

B KayecTBe OLEHKM HayanbHOro MoOMeHTa k -ro nopsaka
MCNO/Ib3YeTCA COOTBETCTBYIOLLLAA BbIOOPOUYHAA XapaKTEPUCTMKA

1 n
n
=1

1. V;, — HecmeLweHHasa oLueHKa Haya/lbHOr0 MOMEHTA.

2. Ecnn cnyydariHaa BennumHa X meeT HavyanbHbIA MOMEHT Vo,
TO OUueHKa 7V, HeuW3BeCcTHOro nmnapameTpa V,  ABAAeTcA
COCTOATENIbHOM OLEHKOM MOMEHTA vV, npu atobom k < m.

3. BbI6OpPOUHbIN HaYaIbHbIM MOMEHT ABNAETCA aCUMNTOTUYECKU

2
Vzk—vk)

HopmasibHbim N (vk; "



Paspgen 1. OueHKM napameTpos

BbI6OPOUHBIif LLEeHTPaNbHbI MOMEHT [ (0 = [ix; 6 = ;)

B KayecTBe OLEHKM HayanbHOro MOMeHTa Kk -ro nopsaka
MCNONb3YeTCA COOTBETCTBYIOLLLAA BbIOOPOUYHAA XapaKTepPUCTUKA

A—lzn:x X)k
‘uk_n.l(l )
1=

1. CBOMCTBOM HECMELLEHHOCTM OLLEHKA (1}, LEHTPANbHOIO
MOMeHTa He obnaaaer.

2. Echv cnyyarHaa BeiuMHA X MmeeT HavyaibHbIM MOMEHT Vo,
TO BbIOpPaHHbINA B KauecTBe OUEHKU [i; LEHTPANbHOrO MOMEHTA
U ~ BbIDOPOYHBbIA LEHTPaAsbHbIM MOMEHT (I,  obnagaet
CBOMCTBOM COCTOSITE/IbHOCTM Npu ntobom k < m.

3. Bbi6OpOUHbIN LEeHTPa/IbHbIN MOMEHT ABNAETCA

_ 2 2,,2
aCMMMNTOTUYECKM HOPMaJIbHbIM N(Mk;“z" 2K Hie—1 Hie+1 = HieH K™ iy

n

)



Paspgen 1. OueHKM napameTpos

BbI60pOYHbIi KoadpdpuLmueHT acummetpum [, (6 = As; 0 = As)

B KauecTBe OUEHKU KO3IPPMUMEHTA aCUMMETPUN UCMONb3YETCA
BbIOOPOYHbIN KOIPPULMEHT AICUMMETPUM

As =22,

O- —_—

1. CBOMCTBOM HECMELWEHHOCTU OueHKa As KoapPpuumeHTa
acMMMeTPUn He obnapaer.
2. BbIbOpPOYHbIN KO3PPUUMEHT aCUMMETPUN ABNAETCA OLEHKOM
COCTOATE/IbHOMN,
3. B cayyae, Koraa oueHuBaetca Ko3POUUMEHT aCMMMETPUMU
HOPMa/ZIbHO pacnpeaeneHHoOn CAy4amHou BenunuuHbl X

BbIOOPOYHbIN KO3dpPnumneHT aCUMMETPUn ABNAETCA
aCMMNTOTUYECKN HOPMAJIbHbIM N(O; 6(n—2) )
(n+1)(n+3)



Paspgen 1. OueHKM napameTpos

UcnpaBneHHasn BbiIbOpoUuHasa acummeTpus

i Jn(n-1) A

X n_2 X"




Paspgen 1. OueHKM napameTpos

Bbi6opouHbliii KoadduumeHT akcuecca Ex (0 = Ex; 0 = Ex)

B KauecTBe OUEHKN KO3IPPMUMEHTA SKCLLECCa NCNONb3YETCA
BbIOOPOYHbIN KO3IPPULIMEHT SKCLLECCA

1. CBOMCTBOM HeCMeLWEHHOCTM oueHKa Ex KoadbouumeHTa
JKcuecca He obnapaer.
2. BbiObOpOYHbIN KO3DPUMUMEHT 3KCUECcCa ABAAETCA OLEHKOM
COCTOATE/IbHOMN.
3. B cnyyae, Koraa oueHuBaeTcaA KoaddUUMEHT 3Kcuecca
HOPMA/ZIbHO pacnpeaeseHHoOW CAy4YamHou BennuuHbl X
BbIOOPOUYHbIN KO3 PULMEHT SKCLECCA ABNAETCA aCMMMNTOTUYECKN
HOPMa/IbHbIM 6 24n(n—-2)(n-3)

N(— ; )

n+1’ (n+1)?(n+3)(n+5)




Paspgen 1. OueHKM napameTpos

UcnpaBaeHHbIN BbI6OPOUHbIM 3KcLecc

z _(n-D(n+1E, +6]
Y (h-2)(n-3)




Paspgen 1. OueHKM napameTpos

OLeHKa BepoATHOCTU cobbitua P (6 = p; 6 = p)

PaccmoTpum 3ajavy OoueHWMBaHUA HEN3BECTHOW
BEPOATHOCTU P B BUHOMMANBHOW MOAENWN, TAE P UMEET CMbICA
BEpPOATHOCTM <Kycnexa>> B /Awbom U3 N HE33aBUCUMbIX
MOBTOPHbIX WCMAbITAHUW (MCNbITaHUKA Mo cxeme bepHynau),
KOTOpbIX 6b110 3aduKcmMpoBaHo k <Kycnexos>.

OLI,eHI-(a BEPOATHOCTMN B BUAE OTHOCUTE/NIbHOW YaCTOTbl

~ k
Kycnexa>> B MNUCNbITaHUAX: D = obnagaetr cneayoWLUMMU

CBOMCTBaMM.
1. OueHka 8 = P aBnaeTca HeCMeLLEeHHOM (C AOK.).
2. OueHKa 8 = P AaBNsAeTCA COCTOATENbHOMN.

P

3.0ueHKa 8 =p FIBﬂﬂeTCﬂ apPpeKkTnBHOM (C AOK.).

4. OueHKa O = p = — ABNAETCA ACUMNTOTUYECKM HOPMAIbHOM

N ()




Paspgen 1. OueHKM napameTpos

Imnupuueckasn pyHKumA pacnpeaenenus F (x)
(6 =F(x); 0 = F(x))

B KauyecTBe OLEHKKU 3HayeHus GYHKUUM pacnpeneneHus
F(x) B TOouke x € R mncnonbsyetrca smnupuyeckaa ¢yHKUMA
pacnpegenenua F(x).

I'Iepeqmcnvw\ OCHOBHbI€ CBOMUCTBA.



Paspgen 1. OueHKM napameTpos

1. 0 =F(x) ABNAETCA HeCMeLWeHHOM WU COCTOATENbHOM
OueHKoM  ¢YHKUMM  pacnpegeneHua F(x) reHepanbHOM
COBOKYNHOCTU X BTOUKe X € RR.

2. 3HaYeHne amnupuyeckon GyHKLUMKM pacrnpeaeneHma B Kaxkaom
TOUKe X aBnaetca 3PpPEeKTUBHOU OLEHKOMN ANA 3HAYEHMA B 3TOU
TOUYKe TeOpPETUYECKON PYHKLUMKM pacnpeaeneHms.



Paspgen 1. OueHKM napameTpos

Bb160poUuHbIit KO3 PULMEHT Koppenauum p,.,
(6 = ﬁxy; 0= pxy)

Mycte ana cayvyamHoro Bektopa (X,Y) umeetrca BbibopKa
(X1, Y1),..., (X, Y,) obbema n.
BblbOpOYHbIM  KO3IPPUUMEHT KOoppenaumm onpeaensaeTca no

dopmyne

Pry = 6x0y

3ameuaHmne. B dopmyne pana BbIOOPOYHOro KoadbPULUMEHTA
Koppenaunum ncnosb3yoTca obblyHble BbIDOPOYHbIE CTaHAAPTHbIE
OTK/IOHEHWSA Gy U 0;,, @ HE UCNPABJIEHHbIE XapaKTEPUCTUKM Sy, S,,.

TonbKO Npu 3TOM YC/I0BMU BbINOHAGTCA CBOUCTBO: —1 < P, <1.

I'IepeLl NC/IMM OCHOBHbIE CBOMCTBA.



Paspgen 1. OueHKM napameTpos

1. OueHKa 0 = Dy, KOIQOUUMEHTA KOPPENAUMN Py, —
CMeLleHHasa, COoCToATe/IbHaA, aCUMMTOTUYECKM HOPMaNbHaA
N(a; 02) C napameTpamn a = Py,

p2 2 4 4
0_2 Xy (H4o Ho4 + H22 + H22  *HU31 H13

an “us5,  Héx:  M20Mo2 uiy Ui1l20  H11Moz2”
rAe U;j — TeopeTUHecKne LeHTPa/IbHble MOMEHTbI NopAaKa i U j:

wij = E(X - EQOI[Y — EYY).

2. [lna HopmanbHoro aymepHoro Bektopa (X,Y) BbibOpOUHbIN
KO3PPMUMEHT KOoppenaunum acuMMnTOTUYECKM HOPManbHbIN C

242
. 2 (1 ny)
NapaMeTPaMN G = Pyy U 0= ——=—.




Paspgen 1. OueHKM napameTpos

3. CxoammocTtb BbIOOPOYHOro KoO3pdUUMEHTA KOoppenaumm K
HOPMaZibHOMY 3aKOHY MmeaneHHasa. CylwecTtBeHHO ObicTpee
CXOAUTCA K HOPMaNbHOMY 3aKOHY CAy4YanMHas BeIMYMHA

,_L (1 +,?xy>.
2 1_pxy

B cnyyae HOpPManbHOroO 3aKOHa pacnpegefnieHns BeKTopa
(X,Y) chyyanHaa BenmymHa Z acMMNTOTUYECKN HOPMAbHA

1+ﬁxy) 1 )

N(lg<1 —5. )7
Xy

'n—3



Paspgen 1. OueHKM napameTpos

BbibopouHble KBaHTUAN

B KauecTBe OUEHKM KBAHTUAA X, NOPALKA & UCNONb3YyeTCA
BbI6OPOYHbIN KBaHTUAbL X :

P X ([na]+1), €M na ApobHoe,
“ | Xnays ecan na uenoe

3aecb [x] —uenan yactb yncna x.

[Mepeyncnmm oCHOBHbIE CBOMCTBA.



Paspgen 1. OueHKM napameTpos

1. Bbi6OpPOUHbIM KBAHTUNb ABISETCA OLLEHKOM COCTOATE/IbHOMN.

2. [lna HenpepbiBHOWN CAY4YaMHOW BenMYMHbI X C MAOTHOCTbIO

pacnpegenennsa  f(x) BbIOOPOYHbLIN  KBaHTUNb  ABNAETCA
aCMMNTOTUYECKN HOPMA/IbHbIM:
N ( a(l — a))
Xy .
“nf2 ()

B yacTtHOCTH, BbIBOPOYHAA meanaHa Me acumnToTUYECKuU
HOPMaJIbHa

1
N (e 2 ey



Teopna BepoATHOCTEU U
MaTemaTmnyecKana CTaTUCTUKA

KoHeuU nekuuu



