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Teopusa BEepoOATHOCTEU U
MaTemaTU4yecKana CTaTUCTUKA

HAMPAB/IEHUE NOATOTOBKMW: «lMpuknagHan
matematmka - NMi»

KBAJIMGUKALIUA (CTEMEHD): 6akanasp



Paspen 1. OueHKN napameTpos

MeTtoAabl NOCTPOEHUA TOYHEYHDbIX OLEHOK



Paspen 1. OueHKN napameTpos

[nAa HaxoXXOeHUs OUEHOK Heu3BEeCTHbIX MnapameTpoB
MCNOJIb3YIOT Pa3/INYHbIe MeToAbl.

Hanbonee pacnpocTpaHeHHbIMWU ABAAOTCA
MeTo4 MOMEHTOB,
MeTo4 MaKCMmanbHOro npasgonogobusa (MMI) m

MmeTo4 HaumeHbL KX KBagpartos (MHK).



Paspen 1. OueHKN napameTpos

MeTtoa momeHTOB

(paspabotan T[.J1. Yebbiwésbim B 1887 r. B npouecce
[0Ka3aTenbCrBa UEHTPaAbHOMW NpPeaenbHON Teopembl U Aanee
0606LeHHbIN U pa3BuTbin K. NMupcoHom B 1894 r.)



Paspen 1. OueHKN napameTpos

CyTb MeToga MOMEHTOB: BbIPa3UTb YMUCAOBble MaPaAMETPbI
TeopeTnYeckoro pacnpeaeneHus yepes MOMEHTbI
pacnpeaeneHuns, oueHeHHble No BbIOOPKMU.

Yncno momeHTOB AO0/XKHO COOTBETCTBOBATH YNCNY HEU3BECTHDbIX

napameTpoB pacnpeaeneHmsa (4Yalle BCero MCNO/Nb3yIOT NnepsBble
[Ba MOMEHTA).

[Mocne  BblMUCNEHMS  NPUPABHMBAEM  TeopeTudyeckume wu

BbIDOPOYHbIE MOMEHTbl APYr K ApYyry U BbipaXKaem OLUEHKMU
napameTpoB.



Paspen 1. OueHKN napameTpos

[1aHHbIK MeToA, NPOCT B peanunsaunm, AaeT HEMNJIOXME OLEHKU U
yaobeH ansa oTpaboTKM HaBbIKOB.

[TpO CBOUCTBA OLLEHOK:

COCTOATE/IbHOCTb OUEHOK BbIMOJHAETCA MNPU  HENPEPbIBHOM
3aBUCMMOCTM OT MNapameTpa, acMMnToTuvecKasa 3PpPeKTUBHOCTb
OLIEHOK, NOJIY4EHHbIX no MmeToay MAKCMMaNbHOro
npasagonoaobua (MMI1) Bcerga ny4ywe 4yem y metoga MOMEHTOB

(MM), oueHkn no MM uyawe Bcero cmelleHHble (TpebyeTcs
NpoBepKa).



Paspen 1. OueHKN napameTpos

MmeeTca cnydyamHaa Bblbopka Xq,X5,...,X,, U3 reHepanbHomn
COBOKYMNHOCTU X, pacnpegeneHue KOTOPOM 3aBUCUT OT BEKTOpPaA

napameTpoB 6 = (64,...,0).

P

TpebyetcAa HanTK oueHkn B; napameTpos 0;,i = 1,2,...,k.

PaccmatpumBatotcAa BbIOOpPOYHbIE HAYasbHble MOMEHTbI Vi (Mam
LeHTpasbHble MOMeHTbI [d;), I = 1,..., k. BennunHbl v; aBnatoTcs

CI)yHI-(LI,l/IFlMVI HEN3BECTHOIO BEKTOPA NapamMeTpoB 6 , T.€.
Vi = Vi(g).

3ameuyaHue. B TeKkywem pasgene  HUMXKHME UHOEKCbl B
0003HaYeHUAX OUEHOK MapaMeTPOoB YKa3biBalOT He 0b6bembl
BbIODOPKM, @ HOMepa KOMMOHEHT BEKTOPa NapameTpoB.



Paspen 1. OueHKN napameTpos

MeToa MOMEHTOB 3aK/1t04YaeTca B TOM, YTO B KayecTBe TOYEYHOM

S
OLUEHKW BeKTOopa napameTpoB O GepyT CTaTUCTUKY, BbipParKeHUE
ANA  KOTOPOM MNOJy4YaeTcA B pe3ynbTaTe peleHna CUCTEMDI
YpaBHEHUM

vi(6) = Vi =1,2,..., k.

OuyeBMAHbIM [AOCTOMHCTBOM METOAa MOMEHTOB ABANAETCA €ro
NPOCTOTa, OAHAKO KAayeCTBO OLEHOK, MOJIYYEHHbIX C MOMOLLbHO
5TOr0 MeToda, He Bcerga ObiBaeT BbICOKMM, OCOOEHHO npwu
HebonbwNX o6 bEMax BbIOOPKN.



Paspen 1. OueHKN napameTpos

Mpumep. MNyctvp X, X5,...,X,;, — cnydyanHaa BblbOpKa U3
reHepanbHOWM COBOKYMHOCTM C MNOKa3aTe/ibHbiIM 3aKOHOM
pacnpeaeneHua. TpebyeTcA, UICNOIb3yA MeToA, MOMEHTOB, HAUTH
OLEHKY NapameTpa pacnpegeneHusa A.

PeweHue.



Paspen 1. OueHKN napameTpos

Mpumep. WM3BecTHO, 4YTO CcAaAy4YamHas BenanunMHa X  uMmeer
paBHOMepHoOe pacnpegeneHue, HO oTpe3oK [a; b|, Ha KoTopom
OHa pacrnpeaeneHa, He wu3BecTeH. TpebyeTca no CAy4YamMHOM
BblbopKke X1, X5, ..., X,, 0bbema . HANTM OUEHKM a N b BEANYUH a

n b meToAOM MOMEHTOB.

PeweHue.



Paspen 1. OueHKN napameTpos

Teopema. Echn pacnpeseneHune, 3aBucsllee OT NapameTpos
64,...,0,, npn nwbom pgonyctTumom Habope UuX 3HAYEHUM
MMEEeT HayanbHbIM MOMEHT nopAadka 2k, TO OUEHKM meToaa
MOMEHTOB NapameTpos B4, ..., 8 ABNAIOTCA COCTOATENbHbIMMU.

Cnepcrtsue.

[lna BCcex OCHOBHbIX TUMNOB pacnpeaesieHnin, PAacCMOTPEHHbIX
paHee (bMHOMManbHOe, reomeTpuyecKoe, NYacCOHOBCKOE,
runepreomeTpuMyeckoe, NOKa3aTe/ibHOe, pPaBHOMEPHOE,
HOPMa/NbHOE U JIOFTHOPMANIbHOE), CYLWECTBYIOT Haya/ibHble
MOMeHTbI Ntoboro nopsaka.

CnepoBaTenbHo, ANA 3TUX pacnpegesieHnn OLEHKU MeToaa
MOMEHTOB AIBNAIOTCA COCTOATENbHbIMM.



Paspen 1. OueHKN napameTpos

OnTUumanbHble CTaTUCTUYECKUe OUEHKMU



Paspen 1. OueHKN napameTpos

CpepHeKBagpaTUUYHaA OWMNOKA CTaTUCTUYECKOM OLLEHKMU
0 3apaétca popmynom

A = E[(6 — 6)?]
(MSE — Mean Squared Error).

Cuctematnyeckom owmbrkor (Manm  cmelleHuem)
CTaTUCTUYECKOM OLEeHKM B Ha3bIBaeTcA Pa3HOCTb

b(8) = E(8) - 6.



Paspen 1. OueHKN napameTpos

Mpumep. Nyctb 8 = T(X4,...,X,,) oleHKa napameTpa 6, a
b = E(é) — 6 — cmeleHmne. Torga
A=Var(8)+b?
rne A = E[(6 — 6)?] - cpeaHeKkBagpaTUyHan OWNGKA OLLEHKM
(MSE — Mean Squared Error) .

PeweHue.

CpefHeKBagpaTU4HaA OWMNBKa CTAaTUCTUYECKOW oueHKkM O 3apaétea  dbopmynoit
A=E[(6 — 6)?] (MSE - Mean Squared Error).

CucTemMaTU4ecKoi OWMBKOW (MM CMelleHMeM) CTaTUCTMUECKOM oueHku 6
Ha3blBaeTCA Pa3HOCTb b(é) = E(é) — 0.



Paspen 1. OueHKN napameTpos

)

CTaTuctnyeckaa oueHKa 6 Ha3blBaeTCcA OoNTMMaJIbHOU B
HEKOTOPOM KJlaCCe CTaTUCTUHEeCKMX OUEHOK @, eC/in B 3TOM

K/NlacCe OHa MMEeeT HAaMMEHbLUYIKO CPpeiHIo KBaApaTUYECKYIo
OLLINBKY.

CpepHeKBagpaTU4HaA oOWMNBKa CTaTUCTUUECKOW oueHKkM O 3apaétca  dopmynoit
A = E[(0 — 6)?] (MSE —Mean Squared Error).

CucTemaTUUecKol OWUBKOW (MM CMelleHMem) CTaTUCTMUECKON oueHku 6
Ha3bIBaeTCA Pa3HOCTb b(é) = E(é) — 0.



Paspen 1. OueHKN napameTpos

Anroputm
MeToAa MaKCMMaZibHOro npasaononobusn

(pa3pabotaH P. dDuwepom B 1912—1922 rr.)



Paspen 1. OueHKN napameTpos

3agava.
NmeeTtca BblbopKa X4, X5, ..., X;; 3HAYEHUN CAYYANHOUN BEANYUHDI

X, pacnpeaeneHne KOTOPOW 3aBUCUT OT nmapameTtpa O, rne 6 —
4YMUCNO UNN BEKTOP.

TpebyeTtca HaitTh oueHKy 8 napameTpa 6.



Paspen 1. OueHKN napameTpos

Ons AUCKPETHOM CNAy4YyamHou BE/IMYUHDI PyHKUMA
npasgonoaobua onpeaenaetca no popmyne

L(X1, X2, 00s Xn; 0) = p(x1; 0) - p(x2; 0) -+ pxn; 0),

roe p(x;; 6) — BepoATHOCTb cobbITnA {X = Xx;}, 3aBucAwWwan ot 4.

Ons HenpepbIBHOMU cnAy4YyamHou BE/IMYUHDI PyHKUMA
npasgonoaobua onpenenaetca cneayrowmm obpasom

L(xq, %2, s Xn; 0) = f(x15 0) - f(xg; 0) -+ f(oxn; 0),

rae f(x;; 6) 3HaYeHMe NNOTHOCTU pacnpepeneHnsa CayvyamHou
Be/IMYUHBI X B TOUKe X;.



Paspen 1. OueHKN napameTpos

Yem 6onbwe L(xq,X5,..,%Xy; 6) , Tem BeposATHee (uau
npasaonoaobHee) noay4yntb nNpu HabawaeHUAX MMEHHO
OQHHYIO KOHKpPEMHY O BbIOOPKY X, ..., X, .



Paspen 1. OueHKN napameTpos

OueHKOM MaKcMmanbHoOro npasgonogobua napametrpa 0
Ha3blBaeTCA TaKasA CTAaTUCTUKA B, 3Ha4YeHmnA KoTopom Ana noboun
BbIDOPKM YyA0BNETBOPAIOT YC/IOBUIO:

L(xl,xz, ey X} é) = meaxL(xl,xz, ey X 0).

OueHKy MaKcuMmassbHOro npasBaonoAobus HaxoaAT, pellas
ypaBHeHUe npasaonogobus

0InL(xq, %y, ..., %,; 0) B
06 B




Paspen 1. OueHKN napameTpos

BaXKHOCTb MeToZa MaKCMMaJIbHOro npaBaonoaobus cssA3aHa C
ero onTMMaabHbIMM CBOMCTBAMMU.

Tak, echn ana napametpa O cywectsyeT 3pdeKTUBHAA OLEHKA
6 ,, TO OUEeHKa MaKcMmaabHOro npasgonogobua eguUHCTBEHHaA
v paBHa b ,.

Kpome TOro, npu [A0OCTAaTOYHO OOLWIKMX YCNOBUAX OLEHKMU
MaKCMManbHOro npasagonogobuma ABNAAIOTCA COCTOATE/IbHbIMU U
MMEIOT aCMMNTOTUYECKN HOPMAJZIbHOE pacnpeaeneHue.



Paspen 1. OueHKN napameTpos

Mpumep. Myctb X{,X,,...,X,,- BblOOpPKa M3 pacnpegeneHus
BepHynau Bin(1,0). TpebyeTtca HanTK MeToA0M
MaKCMMaNbHOro NPaBaonNoaobums oLeHKy 6.

PeweHue.

[Ona BUCKpPEeTHOM cayyarHOM BenauumHbl PYHKUMA npasgonogobua onpegendaertca
no popmyne L(xy, Xz, ..., Xn; 0) = p(x1; 0) - p(x2; 0) - -+ p(xn; 6),
roe p(x;; 8) — BepoATHOCTb cobbiTnA {X = x;}, 3aBucAwan ot 6.



Paspen 1. OueHKN napameTpos

Mpumep. CnyyanHaa BenmunmHa X  npeactasnAaer cobown
NPOAOIKUTENBHOCTb H6e30TKa3HOM PaboThbl 3/IEMEHTA
3NEeKTPOHHOM annapaTtypbl. M3BecTHO, 4TO ee pacnpeaeneHume
NoAYMHAETCA 3aKOHY Penes c N10THOCTbLIO pacnpeaenerHms

f(x) = 2x/0)e™* /% x > 0.
TpebyeTca HaliTh oueHKY 6 HeW3BeCTHOro 3HauYeHWs NapameTpa

6 meToaOM MaKcMmanbHOro npasgonoaobus.

PeweHue.

[lna HenpepbiBHOW cAyvyalHOW BenuuMHbl GYHKUMA npaBgonopobusa onpegenaertca
cnepyrowmm obpasom L(xq, Xy, ..., Xn; 0) = f(x1; 0) - f(xy; 0) -+ f(xy; 0),
rae f(x;; ) 3HayeHWe NNOTHOCTM pacnpeneneHua Cy4anHom BeNYNHbI X B TOUKe X;.



Paspen 1. OueHKN napameTpos

boiBatoT cnyydaum, Korga <yHKuUma npasaonoaobusa
NOCTUrAaeT MAaKCMMYyMa HEe BO BHYTPEHHEN TOYKE, a Ha rpaHuLe
HekoTopon obnactu, »ANMbo Korga OHA  MPOCTO  He
anddepeHumpyema B TO4KE MaKCMMyMa.

TaKue cnyyam HasbIBAOTCA HEPEryaapHbIMM.



Paspen 1. OueHKN napameTpos

Mpumep. [aHa BbibOpka un3 pacnpegeneHma Jlannaca c
NNIOTHOCTbIO

F) = el

Hamnaute oueHKy napametpa 6 MmMeTogomM MaAKCMMaNbHOTO
npasaonoaobus.

PeweHue.

[na HenpepbiBHOW CAy4YalHO BennuuHbl GYHKUMA npaBgonogobua onpeaenserca

cnepyrowmm obpasom L(xq, Xy, ..., Xy; 0) = f(x1; 0) - f(xy; 0) -+ f(x,; 0),
rae f (x;; ) 3HayeHWe NNOTHOCTM pacnpeneneHua cy4anHom BeMYnHbl X B TOUKe X;.



Paspen 1. OueHKN napameTpos

NMpumep. Hangute oueHKM napameTpoB a W b no metomy
MaKCMManbHOro  npasgonogobua  ana  paBHOMEPHOrO
pacnpegenenusa Unif ([a; b]).

PeweHue.

[Ona HenpepbiBHOW CAyvYaldHOW BenuMuMHbl GYHKUMA npaBgonopobua onpegensertca
cnepytowmm obpasom L(xq1, X5, .., Xp; 0) = f(x1; 0) - f(xy; 0) -+ f(x,; 0),
rae f(x;; @) 3HayeHWe NNOTHOCTM pacnpeaeneHma Cly4anHom BeIMYNHbI X B TOUKe X;.



Paspen 1. OueHKN napameTpos

BbibopKa U3 ABYMepPHOro HoOpmasibHOro
pacnpepeneHusn



Paspen 1. OueHKN napameTpos

Mpumep. nNyctb {(X{, Y1), ..., (X, YD)} - BblbOpKa M3
ABYMEPHOro HOpMasbHOro pacnpeaeneHus:

| | Var(X)  Cov(X,Y)||\_
(G s | =

2 2
= N | (0;0);
Hen3BecTHbIMM NnapameTpamn 0; = a2 >0un b, = p € (—1;1).

g% po
2 2
Noctponts OMM 62 un p.

po o

PeweHue.



Paspen 1. OueHKN napameTpos

UtaKk, ana Bbibopkn {(Xy,Y;),..,(X,,Y,)} - u3 aBymepHoro
HOPMa/IbHOTO pacnpeaeneHus:

| || Var(X) Cov(X,Y)|\_
N((E(X),E(Y)), ‘COU(X’y) Var(Y) H)‘

2 2
C HeunsBecTHbIMM Nnapametpammn 8; = o > 0un b, = p € (—1; 1).

o po

po? ¢?

=N ((0; 0);

OUEeHKM MaKcMMaibHOro npasgonoaobus

n 2 2
=1 (Xig+Y)

52:% pei(Xp +YE) u p=

HEeN3BECTHbIX NapaMeTpoB 0'2 hu p.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

NHTepBanbHble OUEHKU U AOoBepUTENbHblE 06nacTw.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

PacnpegeneHue X2



Pa3aen 4. MHTeEBaanble CTaTUCTUYECKUE OUEHKU
3AKOH PACMPEAENEHUA NMUPCOHA

Nycte 24, Z, , .. Z, — He3aBuUcumble C.B.,
pacnpeaeneHHble NO0 HOPMAJZIbLHOMY 3aKOHY C MNapameTpamu
a =0 0¢2=1[Z;~N(0; 1),i=12,..,k].

3aKOH pacnpeaeneHunsa C...
XE=Z¢+72+ -+ 7

Nno onpeaeneHUto HasbliBaeTcs 3aKOHOM pacnpegeneHus
MupcoHa ¢ k cteneHAMM  cBoboAbl MAM  3aKOHOM
pacnpegaeneHus «Xu KBagpat» c k cteneHAmuM csoboapbl.

Uncnom cteneHen cBoboabl k  pacnpegeneHnsi HasblBAETCS  YUCIIO
HEe3aBUCUMbIX 3HA4YeHUN CrnyvYarHOM BENUYMHbLI. OTO YMCMO pPaBHO YUCITY
HabngeHun (BapmaHTOB) n 3a BbI4ETOM yucna

ypaBHEHUI CBA3U L, KOTopble HaKnaablBakTCA Ha 3TN
HabnaeHus.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

C.B.
XF=ZF+Z5+ -+ Zf
rope Z; ~ N(0; 1) — He3aBucumbie c.B., (i = 1,2, ..., k)
o603Hauvaetca X?%(k), 1o ecTb
Xic ~ X2 (k).

C.B. i ~ X2(k), MOXeT NPMHMMaTb TONbKO HEOTPULLATE/IbHbIE
3HaYeHus.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

NNOTHOCTb 3TOrO pacnpeageneHna nmeet snj

(1 n_, X
— -x2 “ e 2,x>0;
_ ) .- n
f(X) = 4 22 - F(j)
L0, x < 0.
PyHKUUA NNIOTHOCTU pacnpeaeneHnsa XW-KBaapat
3aBUCUT JINWb TOJIBKO OT OAHOro MnapameTpa — 4uCAha

cTeneHen csoboapil.

YnpaxHeHue. [JoKasaTb, uto [ (x) ABnseTCA NNIOTHOCTbIO.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

lpaduku nnotHoctel f (x) pacnpegeneHuna xu-KkBagpar:
# MS Excel:

A

0 =
1

LY== RN I = R, B R TR I

R =
MI—'Q'-.E'DD'-JE‘IG-I‘-‘-WMHQ

LnooLn
L k3

o
0,3

1,5
2,5
3.3
4,5
3,3
.5
7.5
By
9_,5

24,5

2

0,3
038594
0,303265
0,236183
0,18334
0,143252
0,111565
0,0860887
0,067668
0,0527
0,041042
0,031964
0,0242894
0,0193287
0,015099
0,011759
0,009158
0007132
0,005554
0,004326

2,39E-06
1,86E-06

3

o
0,219636
0,241971
0,230799
0,207554
0,180722
0,15418
0,1296597
0,107382
0083138
0073225
0,035311
0,042652
0,033438
0,031873
0,025694
0,020667
00168591
0013236
0,010638

9,45E-06
1,43E-06

5

0
0,036616
0,080657
0,1154
0,138369
0,150602
0,154138
0,151313
0,143976
0,133737
0,122042
0,109654
0,0973204
0,085448
0,074371
0,064236
0,055112
0,047007
0,039387
0,033638

7 72E-05
8, 19E-05

10

0|=XW2.PACTI(A3;$E52;0) |

B, 34E-05

0,00079
0,002114
0,007664
0,014572
0,023533
0,0333934
0045112
0036275
0,06060301
0,076169
0,084016
0,090123
0,094406

0,09685
0,0976383
0,0968353
0,054304
0,091756

0,002245
0,001835

0,6
0,5

0.4

T~
5 10
N=2 =3

n=5

20

n=10



OcCHOBHbIe pacnpeaeneHna CTaTUCTUKKU

lpadukm nnotHocreit f(x) pacnpeaeneHusa xu-ksagpar:

# Python:

impo
impo
impo

¥ =
for

0.5 1

0.4 1

0.3 1

0.2 A

0.1 1

0.0 1

rt numpy as np
rt matplotlib.pyplot as plt
rt scipy.stats as sts

np.linspace{@, 25, 12a)
nin 2, 2, 5, 1a:

¥y = sts.chi2{df=n).pdF{x)
plt.plotix, w)




Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

3ameuaHue. PacnpepeneHne «xu-kBagpart» ¢ ABYMSA CTENEHAMMU

cBoboabl coBnasaeT C MNOKa3aTeNbHbIM pacnpeaeneHnem C

1
napameTpom A = >



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

PYyHKUMA pacnpeneneHus:
n

Feo =1(3.5).

(x) 55

KoadduumeHT acummerpum:

—
S = 8
k — — .
"
KoadppunumeHr akcuyecca:
12
Ex — 7 .

I(x,n) = F(xn) T(n )—f t"le~tdt,['(x,n) = f:t"‘le‘tdt,n> 0.




Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Teopema 1.

B Bbibopke X;, .., X; W3 HOpPManbHO pacnpegeneHHomn
reHepasZibHOM COBOKYMHOCTM BblbOpoyHOe cpegHee X U

ucnpasneHHas BblbopoyHaa Aaucnepcma  S? B3aMMHO
(n—1)S2

He3aBuCUMbI. BenunuunHa —

X?%(n—1).

UMeeT pacnpeaeneHue

n
_ 1 1 _
X=—X+X,+X); 52=—ZX-—X2
Tl(l 2 n) n_l.l(l )
1=



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Teopema 2. Ecnm cnyyariHble BennymHbl X U Y He3aBUCUMBI,
pacrnpeaeneHHble No 3aKoHaM:

X ~X%2(n),Y ~X?*(m),

TO CyMMa 3TUX CAYYaMHbIX BeAMUYMH TaKXKe  MmeeT
pacnpeaenenune X ?:

X+Y ~X%n + k).

(To ecTb pacnpeseneHne X2 YCTOMYMBO OTHOCUTENbHO
CYMMMPOBAHUA).



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

YnpaxkHeHue. [lokasatb, yto ecim Xy, ..., X, ~ N(a, 0%) v
He3aBUCMMbI, TO C.B.

X;§=z

n
1=1

0}

2
(Xi _ a) ~ X?*(n).



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

3ameuaHue. PacnpegeneHue  Xu-KBagpaT  CTpPeMMUTCA K
HOpMasbHOMY pacnpegeneHuto npu k — oco. MatematnyecKkoe
OXMIAHME U AMCNEePCUA C.B. Y7 PaBHbl COOTBETCTBEHHO

2 L
E(Xk ) =k,
Var(X ;) =2k.
MaTtemaTmnyeckoe OXKMaaHue bosnbLue MO bl 3TOro

pacnpeaeneHus, NOTOMy YTO NPaBbl XBOCT ''TaXenee'" nesoro.

A 9

X

0.15F

0.05 i‘ t

NERE Y T

AT




Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

PacnpepeneHue CtblogeHTa



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

B Havane 20-ro BeKa cTtatuctnk Yunbam C. [occer,
COTPYAHUK WUPNAHACKOrO OTAENEHUA NMUBOBAPEHHOU KOMMAHUM
Guinness, 3auHTepecoBascH npobnemom OLLeHKM
MaTEMATUYECKOIro OXMAOAHUA MPU HEU3BECTHOM CTaHAAPTHOM
OTK/IOHEHUW.

[MTOCKONbKY KOMMNaHuA Guinness 3anpeuiana  CBOUM
COTPYAHUKAmM nybamKkoBatb paboTbl noa  cobCcTBEHHbIMMU
nmeHamm, foccet B3an nceBaoHMm CTbtogeHT. 1o 3TOW npuYnHe
pacnpegeneHne, npeanoxkeHHoe [occeTom, Ha3blBaeTcA
t-pacnpepgeneHmnem CrbroaeHTa.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

3AKOH PACMNPEAENEHUA CTBIOAEHTA
Myctb Z ~ N(O; 1) (c.B., pacnpegeneHHaa nNo HOpMaJbHOMY
3akoHy c napametpamu a = 0,0%2= 1), a yi ~ X2%(k),

npuyem C.B. Z v )(]% He3aBUNCNMDbI.

3aKOH pacnpeneneHna cay4amHou BeJIMYUHDI

No onpeaeneHuto Ha3biBaeTcsi 3aKOHOM pacnpegeneHus
CtbiopgeHTa (Mnun t-pacnpepeneHmem) c k cteneHammn cesoboapl.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Z ~N(0; 1), x& ~ X2(k) - He3aBUCKUMbIE C.B.

3aKoH pacnpegeneHuna CtbloaeHTa ¢ k cteneHAMM
cBoboabl

obo3Havaetca t(k), To ecTb



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

MnoTHoOCTb pacnpeaeneHus CTbloeHTa ¢ 11 cTeneHAMU csoboabl

NnMeeT BUA,
n+1 _n+1 _n+1
f(x) F( - )<1+x2> 2 - <1+x2> 2
X) = — = — :
n n 1 m n
vt (7) VnB (7;7)

['(n) = fooo t"te~tdt,n > 0; B(u,v) = fol t¥=1(1 - )’ Ydt, rpe u,v > 0



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

PYyHKUMA pacnpeneneHus:

. 1 (n1
F(x) = jf(t)dt =1-5L (E’E)’

n
t24n’

roe x(t) =

KoadppunumeHt acummertpun:
S, =0,n> 3.
KoadppunumeHrT akcuyecca:
6

n—4

E, = ,n > 4.

B(u,v) = f01 t¥~1(1 - t)v1dt, B, (u,v) = f(f t*~1(1 — t)?1dt,
roeu, v >0



Paspaen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEHKU

OCHOBHbIe YacCTHble Cay4yan:

PacnpegeneHue CTbloZleHTa C O4HOM cTeneHbto ceoboabl (n = 1)
5TO CTaHAapPTHOe pacnpeaeneHune Kowu

1 1 1
F(x) = > + ;arctg(x), f(x) =—

(1 + xz)

Pacnpeaenenne CTblogeHTa € ABYMS cTeneHAMM cBoboabl (n =
2)

1
F(x) ——+

(x) = '

2\/ il (14 x2)3/2°
Pacnpeaenenune CTbro,n,eHTa Cc 6eCKOHEeYHbIM YNCNAOM CTeneHeun
cBobogbl (n = o0)

x2

1 _x°
f(x)=\/7—ﬂ€ 2

coBnagaer C MJIOTHOCTbIO  BEPOATHOCTM  CTaHAAPTHOro
HOPMaNIbHOro pacnpeaeneHus.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

C.B., pacnpegeneHHaa no 3akoHy CTbloaeHTa, MOXKeT NPUHUMATb
nobble 3HaueHUA B MHTepBane (—oo; ).

PacnpegeneHne CTblogeHTa CUMMETPUYHO oOTHOCUTEeNbHO O:
ecmX ~ t(k), To —X ~ t(k).

padukn ¢yHKumn f(x), HasbiBaemble KpuBbiMmu CTbIOAEHTA,
CUMMETPUYHbI npu Bcex n = 1,2,... OTHOCUTENIbHO OCH
opAuHaT.



Pa3aen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

lpaduku nnotHoctel f (x) pacnpegeneHuna CTologeHTa:
# MS Excel:

A B C D E F G H ]
1 X y
2 |n= 1 2 a
3 -4 0,018724 0,013095 D,DDE?DE| =CTLHOAEHT.PACN(A3;5D52;0) |
4 -3,6 0,022802 0,017282 0,01013
] -3,2 0,028319 0,023352 0,015682
) -2.8 0,036008 0,032397 0,024877
T -24 0,047087  0,04626 0,040323
8 -2/ 0,063662 0,068041 0,066291
g -1,6 0,089413 0,102696 O0,108873
10 -1,2 0,130455 0,156734 0,173854
11 -0,8 0,194091 0,233128 0238734
12 -0.4 0,274405 0,315006 0,339976
13 0 0,31831 0,353553 0,375
14 04 0274405 0,315006 0,339976
15 0.8 0,194091 0,233128 0,258734
16 1,2 0,130455 0,156734 0,173854 =
17 1,6 0089413 0,102696 0,108873 =1 n=7 =4
12 2 0,063662 0,068041 0,066291
19 2.4 0,047087 0,04626 0,040323
20 2,8 0,026008 0,032397 0,024877
21 3,2 0,028319 0,023352 0,015682
22 3,6 0,022802 0,017282 001013

23 4 0,018724 0,013095 0006708



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

lpadukm nnotHocrtel f (x) pacnpeaeneHusa CTblogeHTa :

## F) ,tr] R import numpy as np
\, on. import matpletlib.pyplot as plt
import scipy.stats as sts

¥ = np.linspacef{-5, %, 188)
for n imn 1, 2, 4, 1@:
¥y = sts.t(df=n).pdf{x)
plt.plot(x, ¥)
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Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Npn k> 2B cUAy CMMMETPUM NNOTHOCTM MaTemaTuyecKoe
oXupgaHue c.B., umewlle t—pacnpegenenune, (T, ~ t(k))
paBHo Hynto, T.e. E(T}) = 0, a gucnepcua paBHa

k
VClT(Tk) — m .

T} = Z . t(k), Z~N(0; 1), x2 ~ X?(k) - He3aBMCUMbIe C.B.

Xk
k



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Teopema. Ecan X4, ..., X,, HE3aBUCUMBI N pacnpegeneHbl no
HopmanbHoMmy 3aKkoHy N (a; o2), To c.B.

X —a

NG

~tn—1).

X—l(X + X, + X)) 5% = . Zn:(x X)?
1=



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

PacnpeaneneHue duwiepa



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

3AKOH PACMNPEAENEHNA ®ULLEPA — CHEAEKOPA

2 2 2 2
[ycTb Tenepb C.B. Xie, ~ X=(ky) m Xk, ~ X=(kz)
He3aBMCUMbI. 3aKOH pacnpeaeneHma cy4anHom BeNYmHbI

Nno onpeaeneHU0 Ha3blBAaeTcA 3aKOHOM pacnpeaeneHus
duwepa — CHepeKopa (nnn duwepa, NIn
F-pacnpepenenuem) c k, n k, creneHamm ceobogpbl.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Xie, ~ X2(ky) v xi, ~ X*(ky) He3aBuCKMble C.B.
. Xlzcl/k1

B X}zcz/kz ,
o6o3Havaetca F(kq; k,), To ecTb

C.B. Fi, .k, nmerowasa pacnpegeneHme duwepa

Fi ik, ~ F(kq; k).

CnyyaiiHasa senuunHa Fy . ~ F(kq; k) moxeT npuHumath
TO/IbKO HEOTpUL,ATe/IbHbIe 3HAUEHMUA.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

MnoTHOCTb pacnpeaeneHuna Puepa nmeet BUA;

%
1

B(L2)

fx) =5

\ et

(i—l)kl Ty T )

0, xSO.

B(u,v) = ftu‘l(l —

0

t)V~ldt, rneu,v >0

> 0;




Paspaen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEHKU

dyHKLUMA pacnpeaeneHus:
X

F) = [ FOdt =1 ke (ﬁ "—)

)
kz +k1x 2 2

— 00

KoappuumeHt acummertpun:

22k +ky—1) | 20k, —4)

S = .
N CED N CET )

Koa¢pPpuumeHT akcuecca:
_ 12[(ky — 2)%(ky — 4) + k1 (5ky — 22)(ky + k; — 2)]

§ ki(ky + ky —2)(ky — 6)(k, —8) '
k, > 8
_ B(uv)
Ix(u, )_ B(U,U) )

B(u,v) = f01 t¥~1(1 - t)v1dt, B, (u,v) = f(f t*~1(1 — t)?1dt,
roeu, v >0



Pa3aen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

lpaduku nnotHoctel f (x) pacnpegeneHua dGuwepa:
# MS Excel:

A B C D E F G H | K
1 % Y
2 [n= 2 5 20
3 |\m= 10
4 0 1 0 0|=F.PACN{5A4;D52;5B53;0)
3 0.4 0,63017 0,668253 0,398278
B 0.8 0410442 0,594819 0,820245 12
F 1,2 0, 273087 0,401405 0,563873
8 1,6 0,189041 0,255474 0,315555 1
) 2 0,13281 0,162006 0,17197
10 2,4 0,095155 0,104197 0,095767 o
11 2,8 0,069383 006837 0,055207 06
12 3,2 0,051397 0,045828 0,033007 I
13 3,6 0,038622 0,031367 0,020429 0,4
14 4 0,029401 0,021897 0,013051
15 0,2
16 o | e —
LE o 0,5 1 15 2 25 3 35
18
19 —=2, m=10 ——n=5 m=10 n=20, m=10
20




Pa3aen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

lpaduku nnotHoctel f (x) pacnpegeneHua dGuwepa:

import numpy as np

# Python: import matplotlib.pyplot as plt

import scipy.stats as sts

¥ = np.linspace(2, %, 128)
for n im 2, 5, 28:
¥ = sts.f(n, 18).pdf(x)
plt.plot(x, ¥)
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Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Ynpa)kHeHue 1. lokasatb, uto ecan F ~ F(kq; k,), TO

1
I F(kzi k1)-

YnpaKHeHue 2. [lokasaTb, yto ecan t,, ~ t(n), 10

t2 ~ F(1;n).



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

MaTtemaTnueckoe oxkugaHue u gucnepcua c.B. F ~ F(kq; k,),
nmerowen F-pacnpeneneHue, paBHbl COOTBETCTBEHHO:

ks

E(F) =
(F) =127

2k2(ky + k, — 2)
key(ky — 2)%(ky —4)°

Var(F) = k, > 4.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

KBaHTUAN U nPpoueHTHblé TOYKU C.B.

KBaHTUNbIO (MM NEeBOCTOPOHHEN KPUTUUECKOU TrpaHuLUen)
YPOBHA O C.B. X Ha3blBaeTCA TaKOe YNCNO X, YTO

FX(Xa) — (X‘I
(re. PIX <x,} = a),

a 1000%-HOi TOUYKOW (MM NPaABOCTOPOHHEN KPUTUUYECKOM
rpaHuLEen YpoBHA o) C.B. X Ha3blBaeTCA TaKOe YMUC/IO M, YTO
(T.e. P{X >ow,} = a).

J1eBOCTOPOHHAA W NPaBOCTOPOHHAA KPUTUYECKME TpPaHULLbI
OZlHOTO M TOrO € YPOBHA CBSI3aHbl MexKay cobor o4YeBUAHbIM
COOTHOLLUEHMEM X, = O,



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

3ameyaHue. OTU onpeaesieHNnAa KOPPEKTHbI TO/IbKO ANA C/1yyasn
abCcoNtoTHO HenpepbIBHOM C.B.

Ecnun ke c.B. X aBnaeTca AUCKPETHOU MM CMELLaHHOMW,
TO MOMKET OKas3aTbCs TaK, 4YTo /Inbo 4ymcna, onpenensaemoro

3TUMK  pOopMyNaMM  He CcyLLecTBYyeT, AMbo TaKux uwucen
6eCcKOHe4YHO MHOrO.



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

Mockonbky gna nwboro oe(0; 1) MOXKHO HaMTM [Ba TaKMX
4ncna X, U x4, uto Fy(xg) <a, a Fy(x, )>a,
npuyem

Fo(x)>a,Vx > x|

Fo(x)<a ,V x < xg,

TO B 3TOM CJ/Ziydae KBaAHTU/NMbKO VYPOBHA Ol C.B. X Ha3blBaeTcA

.o
noboe uncno X €[xgy; x4 1,

a 1000.%-Holi mo4kKoli 3Ton c.B. — Ntobaa ee KBaHTU/b YPOBHA
(1-—a).



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLLeHKU

[ABYCTOPOHHMMU KPUTUYECKMMMU T[PaHULAMU YPOBHA O
C/ly4allHOW BeNMUMHbI X HA3bIBalOTCA TaKMe YUCNA X, X, YUTO
O4HOBPEMEHHO

a _ a
Fe(a) =5, F@)=1-5

—_ a
re. P(X<x,) =P(X >7X,) = .
OAHOCTOPOHHME U ABYCTOPOHHUE KPUTUYECKUE T[paHuUbl
C/ly4anHOM BE/IMYUHDI X CBA3aHbI cneayrowmmm
COOTHOLLIEHNAMM:

Xa = Xq/2 = W1-q/2, Xg= X1—q/2 = Oq/2-



Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

flac}




Paspen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpumep. BbluncanTb NPOLEHTHYIO TOURY F( o5(3; 7).

PeweHue.
A B C
# MS Excel: alpha= 0,005
n= 3
m= F)

N = W =

0,022505|=F.0OBP(B1;B2;B3)

# Python: import scipy.stats as sts

alpha=8.8a5

n=3

m=7

t_alpha=sts.f.ppf({alpha, n,m)
f_alpha

2.822585237799116617



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

OnpepeneHue
MHTEpPBa/ZIbHOWU OLUEHKMU



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

N

ToyeuHble oueHkM 6  HemssecTHoro napametpa 6

XOPOLIN B Ka4eCcTBE NepBOHAYa/IbHbIX pe3ynbraToB 06paboTKM
HabnaAeHUN.

X HepoCTaTOK COCTOUT B TOM, YTO HeW3BeCTHa TOYHOCTb
oueHUBaHMA NapaMeTpa.

[To3TOMY M BO3HWKaeT 3aja4a O npubamxkeHun napamertpa &
He OAHMM YNCIOM, A Le/IbiIM UHTEPBA/IOM

N N

0 —-0<0<0 +0

rae O — TOYHOCTb OLEeHKMW.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

PasymeeTtca, yem meHblle AJ/INHA NMHTepBana
0 —-0<0<06 +0,

TeM TOYHee OLEHKa napameTpa.

OAHAKO CTaTUCTUYEeCKUe meTodbl NO3BONAIOT roBOpunTb TOJIbKO

O TOM, 4YTO 3TO HEpaBEeHCTBO BbIMNOJHAETCA C HEKOTOPOW
BEPOATHOCTbIO.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

Myctb X4, ..., X;, — BbIOOpKa o6bema 1 U3 reHepanbHOM
coBokynHoct X ¢ o&yHKumen pacnpegenedua F(x; 6),
3aBUCALLEeN oT napameTpa 6, 3HauyeHne KOTOPOro HeMm3BecTHO.

JoBepuUtenbHbIM WHTEpPBa/IOM (MHTepBanbHOM
OUEHKOM) ana napameTtpa 6 c AOBEPUTE/IbHON BEPOATHOCTbIO

Y Ha3blBAe€TCA TAKOW  MHTEpBan (Q,H), ONA  KOTOPOro
BbINONIHAETCA YC/I0BUE:

P({a <6 <8)=v.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

MHTepBanbHaA OUEHKa (Q,E) npeactaBnaer coboun
MHTEPBAN CO CAYYAUHbIMU FPaAHULLAMMN, KOTOPbIM C 3a4aHHOM
BEPOATHOCTbIO ¥ HaKpblBaeT HEU3BECTHOE UCTUHHOE 3HAYeHMme
napameTpa 6.

HuxkHAaa O u BepxHAA O rpaHUUbl MHTEPBAIbHON OLEHKM
ABNATCA PyHKUMAMM cnydanHom Bbibopku: 0 =0 (X4, ..., X;,),
6 = Q(Xl,..., XTl)

[na pasnnyHbIX peannsauum ciy4amHoOM BbIBOPKM OHU MOTYT
NPUHUMATb Pa3/INYHbIE 3HAYEHUS.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

[BycTOpoHHAA aoBeputenbHaa oueHKa 8 < 6 < 0 HasbiBaeTcA
CUMMETPUYHOM NO BEPOATHOCTU, EC/TU

P(6 <6)=P(6>0).



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

BennynHa
a=1-—y

3aaeT BEPOATHOCTb TOIo, 4YTO UCTUHHOE 3HAYEHUE MNMaAPaAMETPA
0 OKa)keTca BHe NMNOCTPOEHHOIo WHTEPBAJla U HaA3blBaAETCA

YPOBHEM 3HAUYMMOCTM.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

MeTtoa ueHTpaNbHOU CTaTUCTUKU



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

Nyctb gz (6) — HekoTOpas GyHKLMA, 3aBMCALLLAA OT BEKTOPHOTO
napameTpa X,

X,(X{,.., X;;) — BblbopKa obbema n U3 pacnpeaeneHus,
3aBucALLLero ot napametpa 6.

-

3ameHAna X, Ha Cayd4alHblil BEKTOp X,,, MOAYYMM CAYYaANHYIO
BENUNUYUHY Y = g)?n(H).

Ecnn pacnpepenenne Y He 3aBUCUT OT B, cnyvyanHas BenMUYMHA
Y = 9z, (60) Ha3blBaeTCA LeHTPaNAbHOM CTaTUCTUKOIA.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

[pU NOCTPOEHUUN Y -AOBEPUTENLHOrO WMHTEPBAJia METOAO0M
LEeHTPaNbHOW CTAaTUCTUKM NPeanonoxum, uto gz (60) -

HenpepbiBHAA M Bo3pacTatowaa (ybbiBatowan) dyHKUmMA ot 6
npu Nto60M PUKCUPOBAHHOM X, .

Torga npu nobom X, Ana GyHKUMKM y = gz, (0) cywecrsyer
obpaTHaA MOHOTOHHAA PYHKLMA ggnl (y).

MocKoNbKy ggnl (gfn(H)) = 6, Ana cny4yamHol BeNUUUHbI Y

MMeEeET MeCTO aHAaJZIOTN4YHOE PaBEeHCTBO

9z (1) =6.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

[MpeanonoKMm AOMNONHUTENbHO, YTO pacnpepeneHve Y
HenpepbIBHO.

Mcnonb3yAa TaKyl UEHTPanbHYHO CTAaTUCTUKY Y , HETpyaHo
NOCTPOUTb Y -A0BEPUTENbHBLIN MHTEpPBaAN Ana o.

[encrteutenoHo, pacnpegeneHne Y He 3aBucut ot 6 w
HenpepbIBHO, NO3TOMY Aa)Ke He 3HaA UCTUHHOro 3HayeHuda 6,
ana ntoboro y moxxHo nogobpatb MHTepsan (a,b) Tak, utobbl
LEeHTPaNbHAA CTaTUCTMKA Y nonagana B 3TOT MHTEpBaAA C
3apaHee 3a4aHHOMN BEPOATHOCTLIO ¥,

Pla< Y< b)=y.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

Mpeanonoxum, ans onpeneneHHocTn, 4to dyHKumsa y = gz (6)
ABNAETCA BoO3pactalolen npu awbom X, . Torga yHKUMA
0=g9; (y) TaKXXe fABNAETCA BO3pPaCTAlOLWLEN, BCAeACTBME YEro

CO6bITMe {a < Y < b} 3KkBMBaneHTHO cObbITUIO

{g7' @ <0 < gz*(b)}.

OTcloaa, C y4eTOM paBeHCTBa gxl(Y) = @, nony4yaem BepoATHOCTb

[IBOMHOrO HEPaBEHCTBA
Ploz.(@ <0 <gz! (D)} = 7.
CnepoBaTebHO, MHTEpPBar (Q, 5) = ( 1(a) gxl(b)) HaKpblBaeT

napameTp 6 c He3aBucALLen OT 8 BEPOATHOCTLIO Y, T.€. ABNAETCA ) -
A0BEPUTE/IbHbIM UHTEPBAJIOM.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

AHANOrMYHbIE PACCYKAEHMA NOKA3bIBAIOT, YTO B C/ly4ae, KOraa
dyHKUMA y = gz (0) ABnAetca ybbiBatolwen npu abom Xy,
Y -8,0BEPUTENIbHBIM MHTEPBANIOM ABNAETCA MHTEPBAJ BUAA

(6.9) = (9714, 5(@).



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLLEeHKU

3ameTMm, 4YTO MeToA, MNMPUMEHMM U B TexX Cc/aydasax, Koraa
HaK/MagblBaemble Ha LEHTPaNbHYO CTaTUCTUKY AOMNONHUTENbHbIE
TpeboBaHUA BbINONHAOTCA C BEpOATHOCTbIO 1.

Tak, pyHKUMA y = gz (0) MOXKET 1 He bbITb BO3pacTatoLLeit npw
nobom Xx,,.

OgHako, ecnn ans Xp(Xq, .., X,) GyHKUMS gz (0) nAsnaetcs

BO3pacTaloLllen ¢ BepoATHOCTbIO 1, MHTepBan ( 1(a) gxl(b))

BCe-Taku byaeTt y -00BepUTEIbHbIM MHTEPBaNOM ana 0.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBa/ZibHAA OLUEHKa
MaTeMaTU4eCKoro oXXunaaHua
HOPMaJZIbHOro pacnpeaeneHus



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. Echn pacnpeaeneHme reHepanbHOM COBOKYMHOCTU
MMeeT KOHeYHble MmaTemaTnyecKkoe OXungaHue u gucrnepcuto, To
Npun N — 00 OCHOBHbIE BbIDOPOYHbIE XapaKTEPUCTUKM (cpeaHee,
ancnepcuma, aIMNUpUYecKasn bYHKUMA pacnpeaeneHmsa)
ABNAIOTCA HOPMANbHbIMM.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mycte X4,.., X,, BblbOpKa obbema 7 U3 reHepaNbHOMU
COBOKYMHOCTU X, pacnpeaeneHHom No HOPMaJibHOMY 3aKOHY C

napameTpamu m v a2.

3agaHa 40oBepuTEeNbHAA BEPOATHOCTb Y (MM ypoBeHb
3HauMmoctma = 1 — y).

MNockonbKy pacnpegenenne N(m,o?) B oTHOWEHUN BbIGOPKM
X1,..., X;; UIrTpaeT ponb reHepasibHON COBOKYMNHOCTU, Ha30BEM M
reHepaNbHbIM CPeAHUM, a 02 — reHepabHOW AUCTIEPCUEIA.

3Ha4YeHne cny4amHoOW BennvuHbl X; bygem MHTEpnpeTupoBaTb
KaK 3HayeHune npu3Haka X Ha [-TOM 3anemeHTe BblOOPOYHOMU
COBOKYMHOCTMW.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBa/ZibHAA OLUEHKa
MaTeMaATU4YeCKOro oXXuaaHua npu
N3BECTHOU Ancnepcum



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Bcnheacreue TOro, Yto
E(X) =EX),D(X) =0%/n,

c yueTom HopmanbHoctn X, umeem X~N (m, 02).

CoOTBeTCTBEHHO, C/Iy4aliHasA Be/IMYMHaA

a/n

[ToCKONbKY pacnpeaeneHne /Z He 3aBUCUT OoT m, Z -
LeHTpaNbHaA CTaTUCTUKA.

7 =

~N(0; 1).



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

X-m
o/Vn
ybbiBalowen, 4To No3BoaAeT MCMNOAb30BaTb 3TY LEHTPANbHYIO
CTAaTUCTUKY ANA MNOCTPOEHUA NOBEPUTENbHOU WHTEPBAJIbHOW
OLUEHKN ANA reHepasbHOro cpeaHero, eciv, KOHEYHO, 3Ha4YeHune

O U3BECTHO.

Kpome TOro, 3aBUCMMOCTb Z = oT m  ABNAAETCA

J m
CnyyailHaa Be/NYUHA Z=Wﬁpacnpep,eneHa No CTaHAApPTHOMY HOPMaJibHOMY

3akoHy N(0,1). MockonbKy pacnpegeneHne Z He 3aBUCUT OT M, Z — LeHTpaabHasA
CTaTUCTUKA.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. IHTepBan

_ o _ o
(X — Z(14y)/2 '\/_E?X T Z(1+y)/2 ﬁ)

ABNAETCA  WHTEpPBa/IbHOM  OLUEHKOW  4nAa  napameTtpa
m = E(X) c poBepntenbHoOM BEPOATHOCTbIO V.

loKa3aTtenbCTBO.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

(1—7)/2 (1—)/2
y :
...... =M
_ G — o)
~ a2 Jn X + 2042 Jn
/ ) d
Y 7

<a<X+z

P{X (1+:']/2\/_ (I+y)/2 \/_}



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. IHTepBan

_ o
(—OO; X — Zl—)/ . ﬁ)

AB/IAETCA NPAaBOCTOPOHHUM AO0BEPUTE/NIbHbIM UHTEPBAJIOM /15
napametpam = E(X) c noBepuTtesibHOM BEPOATHOCTbIO V.

loKa3aTtenbCTBO.

3ameyaHue.

_ o
— OO, X + Z1—q * ——
( ﬁ)



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. IHTepBan

X ° +
_Z o_; m
14 n

ABNIAETCA IEBOCTOPOHHUM A0BepUTE/IbHbIM MHTEPBaJIOM /15
napametpam = E(X) c noBepuTtesibHOM BEPOATHOCTbIO V.

loKa3aTtenbCTBO.

3ameyaHue.

— o)
(X —Z1-q" \/_ﬁ; +OO>



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaA OUEHKa
MmaTtemaTU4yeCcKoro oXXuaaHuAa npu
Hen3BecTHOU Aucnepcumn



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

[lycTb Tenepb napameTp G HOPMANbHOrO 3aKOHA
pacnpegeneHna npusHaka X TreHepasbHOWN COBOKYMHOCTU
HeusBecTeH.

Toraa BMecTo gucnepcumn 6yaeT MCNosab3oBaTbCA ee
OLleHKa — ucnpaB/ieHHaA BbibopoyHaa agucnepcusa

n
1 _
§% = Z(Xi - X)2.
=1

n—1

Nyctb tg/2.n—1 — 100 - a/2 -npoueHTHaa TOuKa
pacnpegenenuna CtotogeHta cn — 1 cteneHamum csobogpbl.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

YT06bl HAaNTM OLEHKM, HE UCMONb3YIOLLME 02, 3aMEHUM

B LUEHTPa/IbHOW CTAaTUCTMKE Z O Ha S — KOpeHb Wu3
MCNpPaB/IEHHOM BbIODOPOYHOM M PACCMOTPUM CTAaTUCTUKY
. X—m
S/n

[MonyyeHHas  Takmm  obpasom  CTAaTUCTMKA  ABMAETCA
LEeHTPabHOMN.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

3ToT daKT ABNAETCA O4YeBUAHbIM CAeACTBUEM CcaeayioLlei
Teopembl

Teopema. Ecnn X4,..., X,, He3aBucmmbl U pacnpegeneHbl no
HopManbHomy 3akoHy N (m, a?), To

X-m
T = ST ~t(n —1).

X_
T = —— — ueHT aI'IbHOM CTAaTUCTUKaA
s/yn eRTP



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. IHTepBan
_ S _ S
X —tag/2n-1 .\/_H;X + ta/2:n-1 N

ABNAETCA NHTEPBAIbHOM OLEeHKOM ANs napameTpa
m = E(X) c poBepntenbHoM BEPOATHOCTbIO ).

loKa3aTenbCTBO.
PaccmoTpuUMm CTaTUCTUKY

T_X—m
~ S/Vn

Mcnonb3ys CUMMETPUYHOCTL pacnpeaeneHmna CTbloaeHTa,
nony4yaem:

P({_ta/Z;n—l <T< ta/Z;n—l}) =1- ZP({T > ta/Z;n—l}) =
=1-2--=1-a=y.

~t(n—1).



Pa3aen 4. UHTepBaibHble CTaTUCTUYECKUE OLEHKU

Jloka3atenbcTBo (NpoaonkeHue).

_ta/z;n—l <T< ta/z;n—l A _ta/z;n—l < )% < ta/z;n—l
S _ S ﬁ
< _\/_ﬁta/z;n—l <X—-—m< ﬁta/z;n—l =
X — ta/2;n-1° i <m<X+ taj2;n-1° i
Vn Vn

CneposatenbHO, MNOAYYEeHHble HepaBeHCTBa  AaloT
MHTEPBAJIbHYIO OUEHKY AAA napameTpa m C AOBEpUTENbHOM
BEPOATHOCTbIO V. L

Teopema. MWHTepBan (X ta/2:n-1" \/_ X+ta/2;n_1 \/iﬁ) ABnAeTcA

MHTEpPBA/ZIbHOM OUEeHKOM panAa napametpa m = E(X) c poseputenbHom
BEPOATHOCTbIO V.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpumep. Tpebyetrca HaWTU AOBEPUTENBbHBLIN WHTEPBAN C
[0BEepUTENbHOM BEPOATHOCTbIO y = 0,95 ana
MaTEMATUYECKOro OXWAAHMA HOPMaJZIbHO pacnpeaeneHHOM
C/ly4aMHOM  BE/IMMUHbLI, €ecanm no  Bblbopke obbema
n = 30 HanpeHo BbibopoyHOe cpeaHee X = 4. [ucnepcus
C/Iy4aMHOM BEJIMYUHDI:

a) nssectHa un paBHa 1,21;

6) HeusBecTHa, no BblIOOPKE HaMaeHa WUcNpaBAEHHaA

BbIbOpoyHaa aucnepcma s = 1,21.

PeweHue.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaA oueHKa gucnepcmu
HOPMA/ZIbHOroO pacnpeaeneHusn



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

PaccmoTpum pBa cnay4vasa, B 3aBMCMMOCTM OT TOrO,
M3BECTHO MW HET maTemaTudeckoe oxunganme E(X).



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaA oLueHKa agucnepcuu
npun U3BeCTHOM MaTeMaTU4YeCKOM OXXUAAHUU



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpu wu3BectHom E(X) =m B KayectBe TOYEYHOM
OLUEHKM AucCnepcun mcnonb3yetca eé€ sdPeKTUBHAA To4Ye4yHasn
OLEeHKa

n

1

52=—E X; —m)?.

0 n'l(l m)
1=

Myctb 5., — 100 - g-npoueHTHas TouKa y2-pacnpeseneHus c
n cTeneHammn ceobobl.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. NHTepBan

nS¢  nSj

2 ', 2
Xa/z;n Xl—a/z;n

ABNAETCA NHTEPBA/IbHOM OLUEeHKOM ansa napameTpa
0% c [OBEPUTENLHON BEPOATHOCTBIO Y.

[loKa3aTenbCTBO.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaA oLueHKa agucnepcuu
Nnpun Hem3BeCTHOM MATEMATUYECKOM OXXUOAHUU



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

MpeanonoKnm Tenepb, YTO MaTeMaTUUYECKOe OXKUaaHuMe
E (X) HeunssecTHO.

B 3TOM cayyae BMecCTO OUEHKM S¢ oyner
MCNOAb30BaTbHCA UCMPaBAEHHaA BbIBOPOYHaa ancnepcma S2.



Pa3gen 4. UHTepBaibHble CTAaTUCTUYECKUE OLLeHKHU

Teopema. NHTepBan
(n—1)$? (n—1)s?

2 )2
Xa/z;n—l Xl—a/z;n

ABNAETCA WHTEpBaZbHOW OUEHKOW AnAa napameTpa 02 C

AOBEPUTENBHOM BEPOATHOCTLIO V.

loKa3aTenbCTBO.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

MpnbnunKeHHaa MHTepBasIbHaA OLEHKA
MaTeMaTUYECKOro OXXuaaHua



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

B cnyyae, Koraa pacnpeaeneHue ciy4aHou BeIMYMUHDI
X OTANYHO OT HOPMANbHOro, B 00OLIEM C/y4yae He yaaeTcs
TOYHO HaAWUTU BEPOATHOCTb, C KOTopon wuHTepsan (6;0)

HaKpbiBaeT napameTtp 6O pacnpegeneHua, oAHakKo npeaen
BEPOATHOCTU

lim P({6 € (8;0)D) =y

CYLLEeCTBYET M MOXeT OblTb HaNAEH NO UMEWMMCA AAHHbIM.
[TOCKONbKY B 3TOM Cay4ae npu 6onbWMX N BbINOJHAETCA
NpUbINKEHHOE COOTHOLLEHUE

P({0 € (6;0)}) =~ v,

MHTepBan (6;0) Ha3blBaeTCA NPUGAMKEHHbIM

AOBEpPUTE/IbHbIM MHTEpPBaAOM C AOBEPUTENIbHOM
BEPOATHOCTbLIO ).



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

MNycte  X4,..., X, — BblbOpPKa U3  HEKOTOpOro

pacnpeageneHna C MartematnyeCKkmm OoxXmngaHmem m 7

aucnepcuen o 2.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Pa3zbepem nepsbiif BapUaHT nocTpoeHus
WHTEpPBa/IbHOM OLIEHKU ANa cpeaHero m:

ancnepcusa o n3BecTHa.

PaccmoTpum CTaTUCTUKRY

X—m X,—m X, —m
— —_— 1 _I_...-l— n

P =S/ = o/ SN

Ha ocCcHOBaHWMW UEHTPaNbHOU nNpeaenbHOU Teopembl,
ctatuctuka T npu 6onbwinx obbemax 1 cayv4amHOU BbIOOPKMU
MMeeT 3aKOH pacnpeaeneHusa, OnAM3KMKM K CTaHOQPTHOMY
HOPMa/ZIbHOMY 3aKOHY.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

CneposaTtenbHO, UHTEepBAd/IbHAA OUEHKA

— 9) _ 0)
X—2ypp —; X+ 247 —
( Za/z ,—n Za:/z /—n)

ABNAETCA NPUBAUMXKEHHOW WHTEepPBAaZIbHOMU OLEHKOW ANf
napameTpa m Cc 4OBEPUTENbHON BEPOATHOCTbIO V.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

PaccmoTpum BTOpPOM CAy4vau:

2 caydamHou BennumHbl X cyllecreyeT, HO

HEU3BECTHA.

aucnepcuma o

MpnmeHAaem ewe oaHO npubauKkeHue: BMeCTO

BE/INYMHbI 0 UCMO/Ib3YEM €€ OLLEHKY .
BennunHa & npu BbINOJAHEHUM ONpPeaeneHHbIX YCN0BUMN

CXoAaunTcCAa no BepoATHOCTU K O.

JloCTaTOYHbIM YCNOBMEM TaKOM CXOAMMOCTU  sIBNAETCA,
Hanpumep, CyLW,EecTBOBaHWE YEeTBEpPTOro HayaslbHOroO MOMEHTA

Vy.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

MpnbnnxeHHOU UHTEPBA/IbHOW OLEHKOWU C [0BEPUTE/IbHOM
BEPOATHOCTbIO, NPUBAN3UTENBHO PABHOM Y, ABNAETCA UHTEPBA

_ o _ 5
(X_Za/z 'ﬁ;X‘l'Za/Z \/_ﬁ>




Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Npumep. B HeKoTopom ropoge HaceneHue coctasnaetr 1 maH
yenosek. [nsa caydyanmHo otobpaHHbIX 625 Xutenen cpeaHumn
BO3pacT X cocTtasmn 33 roga, ucnpasBaeHHOe BblIOOPOYHOE
CTaHAApPTHOEe OTKNOHeHMe cocTaBnsaetr d = 15 net. TpebyetcH
HaUTM NPUBANKEHHDbIN  JOBEPUTE/IbHbIK  UMHTEPBan  ANA

cpeAHero Bo3pacTa »UTenem ¢ A40BepUTeIbHON BEPOATHOCTLIO
y = 0,95.

PeweHue.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

MpnbnunKeHHaa MHTepBasIbHaA OLEHKA
BEPOATHOCTU CObObITUA



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

[ycTb NPOBOAUTCA CEepUA U3 N UCMAbITAHUIMA MO CXeme
BepHynaM ¢ NOCTOAHHOW, HO HEeW3BeCTHOM BEPOATHOCTbIO
ycnexa p B KaXA0M UCMbITaHUM.

Mnyctb X;, 1 = 1,...,n, — ncxopq, i-ro UCnbiTaHmA, T. e.
X; = 1, ecnn B i-m ucnbiTaHmu npousowen ycnex, n X; =0 B
NPOTUBHOM CNy4ae.

[0 AaHHbIM cayyvyamHou BbIbOpKU Xi,..., X, Tpebyetca
HaNTU NPUBANIKEHHYIO MHTEPBA/IbHYIO OLLEHKY BEe/IMYUHDBI P C
3a4aHHON A0BEepPUTE/IbHON BEPOATHOCTbIO V.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

[ycTb K — cymmapHOe YMCNOo YCNexoB B N UCMbITaHUAX.
Ona k cnpasegnuso npeacrasnenne: k = X;+...+X,,.

[lna nocTpoeHus [A0BEepUTENbHOIO WHTEepBana WMCNOAb3yeTcA
cneayollasn CTaTUCTUKA:

k —np

T = .
Jnp(1 —p)




Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Teopema. [lyctb p = k/n — TO4YeYHan OUEHKA BEPOATHOCTM D).
[MpnbAnKEeHHON MHTEPBASIbHOW OLLEHKOM ANA BEPOATHOCTU P C
AOBEPUTENBHOM BEPOATHOCTBIO Y ABMAETCA MHTEPBA

A p(l—-p) p(1—-p)
p—Za/2° ;p-l—Za/z'
v " N T
loKa3aTenbCTBO.

(Mcnonb3yem npepenvHyto Teopemy Myaspa — Jlannaca).

UHTerpanbHasa Teopema MyaBpa-/lannaca. yctb kK — 4McNo ycnexoB B 1 UCMbITaHUSX,

NPOBOAMMbIX MO cxeme BbepHynan ¢ BEpOATHOCTbIO yCnexa p B O4HOM WCMbITAaHWUW,
0< ki <k, < n(k~Bin(n;p)). Toraa

P({k, <k <k =P<{ faomp o _fenp o feonp })
(s 2}) Jp—p) — Jm(i-p) — yap(-p))) noeo

(D( kZ_np >_CD< kl_np )
Jnp(1-p) Jnp(1-p)/)’



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpumep. [lna cnydanmHo oTtobpaHHbIX 625 Kutenem okasanocb
125  yyawmxca. TpebyeTca HaNUTK NPUBAUKEHHbIN
AOBEPUTENbHBLIN MHTEPBAN ANA AONN P yYalWMXCA Cpeaun BcCex
Xutenemn ropoaa c goseputensHon y = 0,95.

PeweHue.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBan npeacKkasaHus



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Nycte  X4,..., X;141 — BblbOpKAa M3 HEKOTOpPOro
pacnpegenenna N(u,o%).

byaem cuutatb, 4uto X; — pe3ynbraT HabnwogeHma X B
MCMNbITaHMU, NPOBOAMMOM B MOMEHT Bpemenn i = 1,...,n + 1.

Toraa umeet cmbiCa caneaylowan 3agava:

[locTpouTb NO AaHHbIM Xq,.., X;, WHTEpBan npeacKasaHusA
(L, H), HakpbiBatowmn X, .1 C LOBEPUTE/IbHON BEPOATHOCTBIO V.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mcnonb3yAa cTaHAAPTHbIE CTAaTUCTUKK

n n
X—lzx 52 1 N x — £)?
=1 =1

NOCTPOUM CTATUCTUKY

NOIYYUM CUMMETPUYHbBIN MO BEPOATHOCTU UHTEPBAN
npeackasaHua

_ 1 _
X—ta(n—1)s 1+£<Xn+1<X+tg(n—1)s
2 2

1+

\ \




Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Echu npu noctosHHOM cymme & + € = a ycTpeMuTb
nooyepeaHo € n & K 0, nonyynum cneayrouime og4HOCTOPOHHUE
UHTEepBa/ibl NpeAcKa3aHuA:

Xpi1>X—t,(n—1s |1 +—
\

_ 1
Xpp1 <X+t,(n—1)s [1+—
\ n




Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpumep. MNyctb A n B — uUeHbl HEKOTOPbIX aKTUBOB, MPUYEM
pasHoctb A — B ~ N(u,0%), c HemsBecTHbIMK U U 02, B pesynbraTe
5 ToproB pasHocTb A — B npuHAna 3Ha4YeHus:

8,3,-2,7,6.
CKO/NIbKO HYXHO 3ape3epBupoBaTb AgeHer M, 4ytobbl, NnpogaB Ha
oyepeaHbIX TOprax aktuB B, nx xBatnnao Ana NnOoKynkun aktmea A ¢
HagexHocTbto 0,957

PeweHue.



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaa oueHKa KoadpPpuumneHTa Koppenaumm



Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

UHTepBanbHaA oueHKa KoadpPpunumeHTta Koppenauum.

o~

1
Z < p<th|arthp, +
Vn — 3 #) P ( P

h (arth Dy —

X_g—X

e J
roe GyHKumA th x = (rMnepboanyeckn TaHreHc),

eX+e™X
arth x — obpaTHbIM rMNepbonnNYecKnin apKTaHreHc.




Pa3pen 4. UHTepBanbHble CTaTUCTUYECKUE OLEHKU

Mpumep. [lo BbIbOpke w©n3 55 HabnogeHun aBymepHOU
HOPMA/NIbHOW C/IY4aHOM BENUYUHbI MONAYYEH BbIOOPOYHbBIN
KoadppunumeHnt kKoppenaumm 0,6. oCcTpouTb O0BEPUTE/IbHbIN
NHTEpBan ANA KO3IPpPUUMEHTA KOPpPenAuum C HaAeXKHOCTbHo
94%.

PeweHue.

UHTepBanbHan oueHKa Ko3dpPuumeHTa Koppenauuu:

1 1
th|arthp, — ——z <p<thlarthp, + Z
( fn m—y> P ( n T =3 —V>




Teopuna BepoOATHOCTEU U
MaTemaTnyeckasa CTaTUCTUKA

KoHel nekuun



