Jlekuyus 13.
3axon donvuiux uucen. Hepasencmeo UYeoviuesa. Teopemvr Yeovimesa u bepuynnu.

W3ydeHne cTaTUCTUYECKUX 3aKOHOMEPHOCTEHN MO3BOJIMIIO YCTAHOBUTD, YTO IIPU HEKOTOPBIX YCIOBUAX
CyMMapHO€ MoBe/IeHHEe OOJIBIIOr0 KOJIMYECTBA CIyYailHBIX BEJIMYMH IMOYTH yTPauHu-BaeT CIIyYalHbINA XapakTep
1 CTAHOBUTCSI 3aKOHOMEPHBIM (MHA4€ FOBOPSI, Cy4yaiiHble OTKJIIOHE-HUS OT HEKOTOPOI'O CPEHETO MOBEACHUS
B3aMMHO MOTramalTcs). B 4acTHOCTH, eciu BIUSHUE HA CYMMY OTJICIbHBIX CIIaraeMbIX SIBIISIETCS pAaBHOMEPHO
MaJIbIM, 3aKOH paclpe/ielIeHusi CyMMbI IPUOIMKAETCsl K HOpMalbHOMY. Martematndeckas (OpMyIHpOBKa 3TOTO
YTBEPKJICHUS 1AE€TCS B TPYIIE TEOPEM, HA3bIBAEMON 3aKOHOM 00/1bIIMX YHCEJI.

HepaBencrBo YeObimena.
Hepasencto YeOnlleBa, HCIIONb3yeMOE 7S 1I0Ka3aTeIbCTBA JaJbHEHIINX TEOpEeM, CIIpaBeI-IUBO KakK s

HCIIPCPBIBHBIX, TAK U JJIA AUCKPCTHBIX CJIY‘-Iaf/'IHLIX BCJIMYHH. I[OKEDKCM Cro i1 IMCKPETHBIX CJIy‘-IaI;'IHLIX
BCJINYHH.

Teopema 13.1(nepasencmeo Yeoviuesa). p(| X —M(X)|<e)>D(X) /& (13.1)
JlokazarenbcTBo. Ilycts X 3amaeTcs psioM pacupeneneHus

X X1 X2 . X

p P1 p2 “ee Pn

Tak kak coobitust [X — M(X)| <& u [X — M(X)| > € npotuBononoxusl, T0 p (X —M(X)|<e)+ +p (| X=M(X)]
>g) =1, cnenoBatenbro, p ([ X—M(X)|<e)=1-p (|X-M(X)|>¢). Haiinem p (|X—M(X)|>¢).

D(X) = (xa — M(X))*p1 + (X2 — M(X))*p2 + ... + (Xn — M(X))?py . UckittounM 13 3TOH CyMMBI T€ CllaraeMble, JIJIst
koTopsix [X — M(X)| < &. IIpx 5TOM cyMMa MOET TOJBKO YMEHBIIIUTHCS, TaK KaK BCE BXOSIINE B HEE
claraeMble HEOTpHIIATEeNbHBI. JIJIsl ompeieieHHOCTH OyIeM CUMTAaTh, YTO OTOPOIICHBI IepBhIe K cliaraempIx.
Torna

D(X) = (Xc+1 — M(X))*Pr+1 + (Xke2 — M(X))?Pre2 + ... + (Xn — M(X))?Pn > €% (P2 + Pre2 + ... + Pn).

OTMETHM, YTO Py+1 + Pk+2 + ... + Pn €CTH BEPOATHOCTD TOTO, 4TO |[X — M(X)| > €, Tak Kak 310 cymma
BEPOATHOCTEN BCEX BO3MOKHBIX 3HaUCHUH X, JJ11 KOTOPBIX 3TO HEPABEHCTBO clipaBeanBo. Cie10BaTenbHo,
D(X) > &2 p(IX — M(X)| > ), unu p (X — M(X)| > &) < D(X) / €2. Toraa BeposITHOCTb IPOTHBOIOIOKHOTO
coobrtus p( | X — M(X)| < &) > D(X) / €, uto u Tped0-BaNOCh 10KA3aTh.

Teopembl YeobieBa u bepnyJiu.
Teopema 13.2 (meopema Heovimesa). Ecim X1, Xp,..., X, — HonapHO HE3aBUCUMBIE CITy4YallHbIE BETUUNHBI,
JAMCHIEPCHU KOTOPBIX paBHOMepHO orpanudeHsl ( D(X;) < C), To a5t CKOJIb YTOTHO MAJIOT0 YKCa €
BEPOATHOCTh HEPABEHCTBA
X, + X, 4.4+ X, MX)+MX,)+.+M(X,)

| n n

|<6‘

OyZeT CKOJIb YrOAHO OJin3Ka K 1, eciii YMCIlo ciydyalHbIX BEIMYUH J0CTATOYHO BEJIHKO.
3ameuanue. Inaue TOBOPS, MPU BBHINOIHEHUU ITUX YCIOBUM

lim p(|X1 + X, Ft X, MX)+MX,)+.+M(X,)

n—oo n n

|<g)=1.

. o X +X,+.+X
Jloka3zaTenbcTBO. PaccMOTpuM HOBYIO clydaliHYIO BEIMYUHY X =
n

MaT€MaTHYCCKOC OKHJaHUC. HCHOJ’IBS}’ﬂ CBOMCTBA MaTEMaTHYECKOTO OXHJaHusd, IIOJIYYHUM, YTO
X+ X+ 4 X, MX)+M(X,)+...+M(X,)

U u HalieM ee

M . TIpumenum k X HepaBeHcTBO YeObliesa:
n n
X+ X, +..+ X,
X+ X, +..+X, MX)+MX,)+..+M(X n
p(——2 . MX) (Xs) (X,) <g)=1- . . Tak kak
n n £

paccMaTpuBaCMbIC CJIy‘-I&fIHI:IG BCJIMYHHBI HC3aBUCHUMEI, TO, YUUTBIBAA YCIIOBUC TCOPEMbI, UMCCM:
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X+ X, +..+ X, _D(Xl)+D(X2)+...+D(Xn)<Cn
n n’ - n’
MPEABIIYIIEE HEPABEHCTBO B BU/IE:

D = —. HMcnonb3ys 3TOT pe3yabTar, IpeacTaBuUM
n

p(I 1 Xy e X, MOX)FMX) +.+ M(X,) <8)Zl—£2. Iepeiinem k npejeny npu 1 —> oo
n ne
lim p(I 1A Xy et X, M(X)+ M(Xo) +.+ M(X,) < &) = 1. TIocKONBKY BEPOATHOCTH HE MOKET OBITH

n

Ooubiie 1, MOKHO YTBEP)KIATh, UTO
X, +X, 4. 4+X, MX)+M(X,)+..+M(X,)

lim p( < g) =1. Teopema noka3aHa.
n—o0 | n n |
Canencraue.
Ecnu Xi, Xo, ..., X, — monapHO HE3aBUCHMBIE CITyYaiiHbIe BEIMYUHBI C PABHOMEPHO OTPaHUYCH-HBIMH

AUCTICPCUAMHA, UMCIOIUC OAMHAKOBOC MATEMATHUICCKOC O KUJIAHUC, PAaBHOC a, TO JJIA JI000T0 CKOJIb Yroadao

X, + X, +..+ X,
Masioro € > 0 BEpOSITHOCTh HEPABEHCTBA |

—a| < & Oyzer Kak yrogHo 6su3ka K 1, eciiy 9ucio
n

X, + X, +.+X
| 1 2 n

CITy4ailHBIX BEJTMYUH JOCTATOYHO BeIMKo. MHaue roBops, Aim p( —al<eg)=1.

—>00
BoiBoa: cpeqHee apupMETHISCKOE JOCTATOYHO OOJIBIIOT0 YMCIa CIIyYailHbIX BEIMYNH IPUHU-MACT 3HAYCHUS,
OJM3KHE K CYMME MX MaTeMaTHYSCKUX OXKUIAHUIA, TO €CTh yTPAYMBACT XapaKTep CIIy4aiiHOW BEIIUMUMHBI.
Hampumep, eciu npoBOAUTCS cepusi U3MEPEHUI KaKOH-TH00 (pU3NYECKOI BETUUMHBL, IPUYEM: a) Pe3yJIbTaT
Ka)XXJIOT0 M3MEPEHUS HE 3aBUCHUT OT PE3yJbTaTOB OCTAIBHBIX, TO €CTh BCE PE3YJIbTAThI IPEICTABISIOT COOOM
MOTMIApHO HE3aBUCHMBIE CITy4aliHbIe BEJTMYMHBI, 0) H3MEPEHUs MPOU3BOISITCS 0€3 CHCTEMAaTHYECKUX OMIHOOK
(MX MaTeMaTUYEeCKUE OXKUIaHHsI PABHBI MKy COOOM M PaBHBI HCTHHHOMY 3HAYECHHIO d H3MEPSIEeMOi
BEJIMYMHBI); B) o0ecriedeHa onpe/elieHHas TOUHOCTh U3MEPEHHH, CIIeJJ0BaTeIbHO, IUCTIEPCUU paccMaTpHBae-
MBIX CIIyYalHBIX BEJIMYMH PABHOMEPHO OIPAHUYEHBI; TO MPH JOCTATOYHO OOJIBIIOM YHCIIC U3MEPCHUHN HX
cpenHee apu(pMETHIECKOE OKXKETCS CKOJIb YTOJHO OJIM3KHM K HICTUHHOMY 3HaYE€HHUIO U3MEPSEMOIl BETMYHHBI.

Teopema bepunyaim.

Teopema 13.3 (meopema bepuynnu). Ecnu B KaXXJ10M U3 11 HE3aBUCUMBIX ONIBITOB BEPOSTHOCTD p MOSBICHUS
coOnITHA A MMOCTOAHHA, TO ITPU AOCTATOYHO OOJIBIIIOM YHCJIE UCIIBITAHUI BEPOAT-HOCTH TOI'0, YTO MOAYJIb
OTKJIOHEHHS] OTHOCUTEIHHON YaCTOTHI OSIBIICHUHN A B 71 ONBITaX OT p OyIeT CKOJIb YTOJHO MaJlbIM, KaK yrOJTHO
omm3ka Kk 1:

. m
limp||——p|<e|=1. (13.2)
n—o0 n
JlokazarenbcTBO. BBenem cimyuaiinbie BemauHbl X, X, ..., X, Tae X; — uucio nosiBieHui 4 B i-m onbite. [Tpu

3TOM Xj MOTYT MPUHUMATH TOJBKO JBa 3HaueHus: 1(c BeposaTHocThIO p) U 0 (¢ BepositHOCTRIO = 1 — ). Kpome
TOTO0, pacCMaTpUBaeMble CIy4yailHble BETMUMHBI TOMAPHO HE3aBUCUMBI U UX JUCIIEPCUH PABHOMEPHO
orpanuuens (Tak kak D(Xj) =pg, p + q = 1, otkyna pg < % ). CrenoBaTeabHO, K HUIM MOYKHO IPUMCHHTD
teopemy YeObimena npu M; = p:
(|X1 +X, 4.+ X,

limp

n—oo

X+ X, +.+X, m
= —, TaK KaKk X; NPUHHAMAET 3HaYCHHUE, PABHOE 1, TPU MOABIECHUH A B JAHHOM OIIBITE, U
n n

3HaueHwue, paBHoe 0, eciu A He mpousonuio. Takum oOpazom,

-pl<e)=1.

Ho

m—p<g =1
n

4TO U TPeOOBAIOCH JIOKA3aTh.

limp

n—o0o
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...m
3ameuanue. V13 Teopemsr bepryiu we ciedyem, uto lim — = p. Peub uueT auiib 0 6eposmuo-cmu TOT0, 94T
nN—o0 n

Pa3HOCTb OTHOCHUTEIBHOMN YaCTOTHI U BCPOATHOCTHU IO MOAYJIIO MOJKET CTAaTh CKOJIb YTOOAHO MaJoi. Pa3HI/II_Ia
3aKJII049acTCA B CJICAYIOUIEM: IIPpU OOBIYHOM CXOOUMOCTH, paCCManHBaeMOﬁ B MaTEMaTH4YCCKOM aHaJIu3€, I

BCCX n, HAYMHAs ¢ HCKOTOPOI'o 3HAUYCHU A, HCPABCHCTBO < & BBIIOJHACTCA BCCr/J1a, B HAILICM ClIy4aec

m
4
n
MOTYT HAWUTHUCh TaKHE 3HAUYCHUS n, Ipyu KOTOPLIX 3TO HCPABECHCTBO HEBCPHO. 9TO0T BUJ CXOJUMOCTH HA3bIBarOT
CXOAUMOCTBIO IO BEPOATHOCTH.

Jlekuyusn 14.
Ilenmpanvnan npedenvnan meopema JIanynoesa. Illpedenvnas meopema Myaspa-/lannaca.

3aKoH OOJIBIINX YMCEI HE UCCIIEAYET BUJ MPEIEIBHOTO 3aKOHA PACTIPEACTICHUS CYyMMBI CITy9aifHBIX BEJTMUUH. DTOT
BOIIPOC PaCCMOTPEH B IPYIINE TEOPEM, HA3bIBAEMBIX HEHTPAJILHOM NMpe/ie/bHoI TeopeMoii. OHU YTBEPKIAIOT,
YTO 3aKOH PACIPENETICHUS] CYMMbI CIIyJalHbIX BEJIMYMH, KaXKIasi U3 KOTOPBIX MOXKET UMETh Pa3JInYHbIe
pacnpezeneHus, NpuOIMKaeTCsl K HOPMAJIbHOMY MIPH JI0CTaTOY-HO OOJIBIIIOM YHCIIE ClIaraeMbIX. DTUM
OOBSICHACTCS] BAXXKHOCTh HOPMAJIBHOTO 3aKOHA JUTS TPAKTHYEC-KUX TPHIIOKEHHH.

XapakTepucTu4ecKkue QyHKIHH.
Jlig noka3aTesibcTBa HEHTPAIbHON MIPeIeIbHON TEOPEMBI UCTIOIb3YETCSI METO/1 XapaKTEPUCTHUEC-KUX (QYHKIUH.

Onpeodenenue 14.1. XapakTepucTuieckoi pyHKuuei ciydailHoN BelIn4nHbl X Ha3bIBaeTCs QyHKIUA
g(t)=Mm(e™) (14.1)

Takum o6pasowm, g (t) mpencrapisier co00it MaTeMaTHYECKOE OXKUTaHHE HEKOTOPOH KOMIUIEKCHON CITydaiiHON

BenuyuHel U = e'tx, CBSI3aHHOM ¢ BennuuHOU X. B yactHoCTH, eciu X — IUCKpeTHAasl CilyyalHasi BEJIUYMHA,

3a/IaHHasl PAJIOM PACTIPEICICHUS, TO

90 = > e p,. (142)

JI7st HeTIpephIBHOM CITy4ailHOM BEMYUHBI C IUIOTHOCTHIO pacnpenencHus f(x)

g(t) = j ™ f (x)dx. (14.3)
[Tpumep 1. [1ycTs X — yniciio BeImageHUit 6 0YKOB IPH OJJHOM OpoCKe urpainbHoi KocTu. Toraa mo hopmyne (14.2)
wo 5 w1 5+e"
t = elt-O ._+e|t-1 Rl i
g(t) 5 5= 6

[Tpumep 2. Haiinem xapakTepucTHUECKYIO (DYHKLHIO ISl HOPMUPOBAHHON HEMPEPHIBHOM CITydyalfHOM BETMYHHBI,
2

pacnpeeneHHoi Mo HopManbHOMY 3akoHy | f(X) = ———e 2 |.Tlo ¢dopmyie (14.3)
V2

Jor
1

o X 1 ** itx_i ot +o0 , = _AC-B?
gt) = je'tx —e Z2dx=—+ Ie 2dx =e 2 (ucmonb3oBagack Gopmysia Ie‘Ax 2B Cx = 1/Ze A wuTo,

Jer Vor =,

—00

uro i2 =-1).
CBoiicTBa XapaKTEPUCTHUECKUX (DYHKITHIA.

1. ®yukiuio f(X) MoxHO HaliTh Mo n3BecTHOU GyHKIMHU g(t) Mo popmyie

F(x) = % jw e g (t)dt. (14.2)
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( mpeobOpazoBanue (14.3) HazpiBaeTcs npeoobpaszosanuem Pypove, a npeodpaszopanue (14.4) — oopammuvim
npeobpazosanuem Pypoe ).
2. Ecnu cmywaitabie BenmuuuHbl X ¥ Y CBA3aHBI COOTHOIIEHHEM Y = aX, TO UX XapaKTepUCTUIeCKue PyHKITUN
CBSI3aHBI COOTHOIIICHHEM

gy () = o (at). (14.5)

3. Xapakrepuctuueckasi QyHKIUS CyMMbI HE3aBUCUMBIX CIIyJaiHbBIX BEJIMYMH PABHA MPOU3BEICHUIO

n
XapPaKTEPUCTUICCKUX QYHKIUN claaraempix: i Y = Z Xy
k=1

gy(t):gxl(t)gxz (t)gxn (t) (146)

Teopema 14.1 (wenmpanvnasa npedenvHas meopema 0y 00UHAKOBO PAcnpedeeHHbIX cnazae-mblx). Ecnu X,

Xo,..., Xy,... - HE3aBHCHUMBIC CITyYaifHbIC BEJIMUNHBI C OJIMHAKOBBIM 3aKOHOM PaCIpe/ICIICHUs, MAaTEMaTHYECKIM
. 2

OXKUIJAaHUCM m 1 JUCIICPCHUECH 0 , TO IPHU HCOTPAHUYCHHOM YBCIIMYCHUU 71 3aKOH paClpCACICHUA CYMMbI

n
Y, = z X\ HEOrpaHUYEHHO NMPHOIMKAETCSA K HOP-MaJIbHOMY.
k=1
Jloka3arenbCTBO.
JlokaxkeM Teopemy Ui HEMPEPHIBHBIX CIyYalHBIX BEIUYUH X1, X2,..., X, (IOKAa3aTeNbCTBO ISl IUCKPETHBIX
BEJIMYMH aHATOTHYHO). COTIIACHO YCIIOBHIO TEOPEMBI, XapaKTEPUCTUICCKUE (PYHKIIMH CIaraéMbIX OJIMHAKOBHI:

g,.(t)= '[ e" f (x)dx. Toraa 1o cBoMCTBY 3 XapakTepucTHUecKas (GyHKIMS CyMME! Y, OyneT ¢ , ) =9; ).

Paznoxum dynkuuio gy(t) B psaa MakimopeHna:

g,(t) =9,(0)+ g;(o)H(gQ(O)

> +a(t)]t2, rne a(t) >0 npu t > 0.

Haiizem g, (0) = j f(x)dx=1, g.(0) = j ixe ™ f (x)dx

=i | xe™f(x)dx =i | xf (x)dx = im.
o j (gdx L()
Ecim npenmonoxuts, uto m = 0 ( TO €cTh HepeHecTH Havyalo oTcyeTa B Touky m ), To ¢, (0) =0.

97(0) = — [ xe™ f (x)dx

+00
0 =— .[ x* f (X)dx = —o® (Tak kak m = 0). [ToACTaBHUB MONyYeHHBIE PE3yNbTATHI B

00

t=

bopmyny Makinopena, Haiiem, 4To
2
g,(t)=1- (“7 —a(t)]tz .

Y

n

ovn’

mo0om n paBHa 0. Tak kak Yp 1 Z, CBSI3aHBI TMHEHHON 3aBUCUMOCTBIO, JIOCTATOYHO J0Ka3aTh, 4TO Z;
pacripeiesieHa 1o HOpMaabHOMY 3aKOHY, UJIH, YTO TO YK€ CaMoe, UTO €€ XapaKTe-pUCTHIecKask PyHKIUs
MpUOIIHKAeTCsl K XapaKTepUCTUUECKON (PYHKIIMM HOpMajibHOTO 3aKoHa (cM. mpumep 2). ITo cBoiicTBY
XapaKTePUCTHUECKUX (QYHKIUN

o o) 5

[Iponorapudmupyem mosrydeHHOE BbIpakeHUE:

o’ t t? .
In t)=nIn(l-k), rne k=| ——a| —= | |—, limk =0.
gzn() ( ), T ( 2 O'\/ﬁj] no?’ now

Pasnoxum In(1—K) B psix ripu n — 00, OTpaHHUYMBIIKCE ABYMS YWICHAMH Pa3jIoKeHHUs, TOTa In(1-k)~-k.

PaCCMOTpI/IM HOBYIO cnyqaﬁHy}o BCIIMYHHY Zn = OTJINYAKOIYIOCA OT Yn TEM, YTO €C IUCHCPCUS TIPU

Otcrona
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iming. @ =1limn- (k) =lim - & +af —t 1 o8 him ol ) rre nocaemmit npexen pasen 0
n—oo Zn n—o n—oo 2 O'\/ﬁ 0-2 2 now (72 O'\/ﬁ ’ ’
t2 _.
tak kak a(t) > 0 nmpu t — 0. Caenosarensho, liming, (t) = 5 to ectb limg, (t)=e 2 -
N—x " n—oo n

XapakTepucTHuecKkas (pyHKIs HOPMAIBHOTO pacipeesieHus. Mtak, mpy HeorpaHUYeHHOM YBEJIMYCHUH YUCIIa
ClIaraeMbIX XapakTepucTuieckast QyHKIHs BETUIHHBI Z, HEOTPAaHUICHHO MPUOIMKACTCS K XapaKTePUCTUICCKON
(hyHKIMM HOPMaAIBHOTO 3aKOHA; CIIEA0Ba-TEJIbHO, 3aKOH pacnpeaeneHus Z, ( 1 Y,) HEOrpaHHYCHHO ITPUOINKASTCS
K HOpMalibHOMY. TeopemMa J10ka3aHa.

A.M.JIsmmyHOB 10Ka3ai HEHTPAITBHYIO MPEIEIbHYI0 TEOpEMY ISl YCIOBHiT OoJiee 00mIero Buia:

Teopema 14.2 (meopema JIanynosa). Ecnu cydaitHas BenuanHa X MPEACTABISAET COO0M CyMMY O4Y€HB OOJIBIIIOTO
YHCJIa B3aMMHO HE3aBUCUMBIX CITyYalHbBIX BEJIMYUH, JUISI KOTOPBIX BBHITIOJIHEHO YCIOBUE:

2.

lim = (14.7)

n—w
n
2D
k=1

rie by— Tperunit abCOMIOTHBII EHTPAIbHBIH MOMEHT BeJTHUUHBI X, a Dy — ee mucnepcust, To X umeeT
pacnpezenenue, 0J13koe K HopManbHOMY ( ycioBue JIsimyHOBa 03HauaeT, UTO BIUSHUE KaXI0Tr0 ClIaraeMoro Ha
CYMMY HHUYTOKHO MaJo).

[IpakTHuecky MOKHO UCIOIb30BaTh LIEHTPAIbHYIO IIPEIEIbHYIO TEOPEMY TP TOCTATOYHO HEOOJIBLIOM
KOJIMYECTBE ClIaraéMbIX, TaK KaK BEPOSTHOCTHBIE pacueThl TPEOYIOT CPAaBHUTENBHO Maioi TOUHOCTH. OmbIT
MTOKAa3bIBAET, YTO I CyMMBI J1aKe IECATH U MEHEE CaraéMblX 3aKOH UX paclpeaeseHus] MOKHO 3aMEHUTD
HOPMAaJIbHBIM.

YacTHBIM ciryyaeM LEHTPaIbHON NPeesIbHON TEOPEMBI JIJIsl IUCKPETHBIX CIIy4allHbIX BEJIMYMH SBJISETCS TeopeMa
Myaspa-Jlamnaca.

Teopema 14.3 (meopema Myaspa-Jlannaca). Eciv mponu3BOAUTCS 77 HE3aBUCUMBIX OMBITOB, B KAXKJIOM U3 KOTOPBIX
cOOBITHE A MOSABISETCS C BEPOATHOCTBIO p, TO CIPaBEIIMBO COOTHOILIEHHE:

ol <Y =" . 5|-a(p)-d() (14.8)
Jnpg
rae Y — 4ucio nosBiieHui co0obiTus A B n onbITax, = 1 —p.
Jloka3aTenbCTBO.

n
Bbynem cumntath, uto Y = z X, , Tae Xi — 9ucio nosiBieHui coObITHs A B i-M ombite. Torna cirydaid-Hyro BETHYUHY
i=1
Y-m, . .
Z = ———— (cM. TeopeMy 14.1) MOXKHO CUMTATh paclpeesIeHHON 10 HOPMaJIbHOMY 3aKOHY U HOPMHUPOBAHHOM,
o}
y

CJIeIOBAaTEIbHO, BEPOSATHOCTH €€ MoMalaHusl B uHTepBai (o, ) MOXKHO HalTH 1o hopmyie

pla<Z < f)=0(f) - 0(a).

Y —n
[Tockonbky Y nmeer OuHOMHalbHOE pacnpenenenue, m, =np, D, =npq, o, =,/npq . Torna Z = _p

vhpqg

[ToacTassist 3TO BeIpaXkKeHUE B IPEABIAYITYIO (OPMYITY, TOTyduM paBeHCTBO (14.8).
CnencrBue.
B ycnoBusix Teopemsl MyaBpa-Jlamnaca BepositHOCTE p, (K) Toro, 4ro coObiTHE A TOSBHUTCS B 71 OBITaX POBHO K

pa3, mpu OOJIBIIOM KOJIMYECTBE OMBITOB MOYKHO HAalTH MO (hopMyIie:

1
p, (k) = -@(X), (14.9)
Jopg ¥
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XZ

k—np 1 = y

———,a @(X) =—=—=e 2 (3HaueHHs ITOH QYHKIUH IPUBOIATCS B CIICIIHATBHBIX TaOJIHIAX).

ANpq N2r

[Tpumep 3. Haiitu BeposTHOCTH TOTO, uTO 1pH 100 Gpockax MOHETHI YMCIIO BBINAICHUH repOa OKakeTcsl B
npenenax ot 40 go 60.

[Tpumenum popmyiy (14.8), yuutsiBas, uro n = 0,5. Tormga np = 100°0,5 = 50, \/npq = \/100 -0,5-(1-0,5) =5.

Torna, ecin 40<Y <60, -2 < % < 2. CaemoBaTenabHO,

rae X =

p(40<Y <60)= p(— 2< Y_—SE’O < 2) = ®(2) - D(-2) = 0,9772 - 0,0228 = 0,9544.

[Tpumep 4. B ycnoBusx npeasiayIiero npuMepa HauTH BEpOSTHOCTh TOTO, YTO BBITIAJET 45 repOoB.
Haiinem X = g =-1, Torma p,,,(45) = % -p(-1) = % o) = % -0,2420 = 0,0484.

Jekuyus 15.

OcHogeHble nonamusa mamemamuyeckoi cmamucmuku. I'enepanvnasn cosoKynnocms u 6v160pKa.
Bapuayuonnwuii pao, cmamucmuueckuii psao. I pynnuposannasn evioopka. I pynnuposannutii cmamucmuyecKkuii
pAao. Ilonuzon wacmom. Bvioopounas hynkyua pacnpeoenenusn u 2ucmozpamma.

MaremaTHueckasi CTaTUCTUKA 3aHUMAETCs] YCTAHOBJIEHUEM 3aKOHOMEPHOCTEH, KOTOPBIM ITOIYMHEHBI MAaCCOBBIE
ClTydaifHbIe SIBIICHHSI, HA OCHOBE 00paOOTKM CTaTUCTUYECKHUX JaHHBIX, IOJYYCHHBIX B pe3yabTaTe HAOIIOICHHH.
JIByMsi OCHOBHBIMHU 33JJauaMH MaTeMaTUYECKON CTaTUCTUKHU SIBIISIFOTCS:

- oIpeziesieHne crocoboB cOOpa U rPYIIMUPOBKH ITUX CTATUCTUUECKUX JAHHBIX;

- pa3paboTKa METO/I0B aHAJIM3a MOJYYCHHBIX JaHHBIX B 3aBUCHUMOCTH OT IIeJIei ncclieoBaHus, K KOTOPBIM
OTHOCSTCSI:

a) OLIEHKa HEM3BECTHOM BEPOSATHOCTH COOBITHS; OLIEHKA HEU3BECTHOW (DYHKIIMU pacHpeeNeHHs; OLIeHKa
MapaMeTPOB pacIpeieNIeH s, BH]l KOTOPOTO M3BECTEH; OI[EHKA 3aBHCUMOCTH OT JIPYTUX CIyYalHBIX BETMYHH U T.J.;
0) mpoBepKa CTAaTUCTUYECKHX TUIIOTE3 O BUJIE HEU3BECTHOI'O PACHpeieIeHNs WK O 3HAaYEHUAX [TapaMeTpOB
U3BECTHOI'O PacIpeieIeHHs.

Jnst perieHus 3Tux 3aad HeoOX0IMMO BBIOPATh U3 OOJIBIION COBOKYIMHOCTH OJIHOPOAHBIX OOBEKTOB
OTpaHUYEHHOE KOJIIMYECTBO OOBEKTOB, TI0 Pe3yJIbTaTaM U3y4eHHsI KOTOPBIX MOKHO CAEJaTh MPOTHO3 OTHOCUTEIHFHO
HCCIIETyeMOTr 0 MMPU3HAaKa 3TUX OOBEKTOB.

OmnpenenriM OCHOBHBIE TIOHATHS MATEMAaTHIECKOW CTATHCTHKH.

I'eHepajbHasi COBOKYIHOCTB — BCE MHOKECTBO UMEIOIINXCSI 0OBEKTOB.

Bbi0opka — HaOop 00BEKTOB, ClTy4yalfHO OTOOPAHHBIX U3 FeHepaIbHONW COBOKYITHOCTH.

O0beM reHepabHoii coBOKYNHOCTH N 1 00beM BBIOOPKH N — 4nCIIO 0OBEKTOB B paccMaTpuBae-Moi
COBOKYITHOCTH.

Bunsr BeIOOpKU:

IMoBTOpHAST — KaX/IBII OTOOpaHHBIN 00BEKT Mepes] BLIOOPOM CIIEAYIOIIETO BO3BPAIAETCS B TEHEPAITHHYIO
COBOKYIIHOCTb;

BecnoBTopHasi — 0TOOpaHHBII 00BEKT B TeHEPAILHYIO COBOKYITHOCTh HE BO3BPAIIIACTCS.

3ameuanue. JIns TOro, YTOOBI IO UCCIETOBAHHUIO BEIOOPKH MOKHO OBLIO C/I€TIaTh BHIBO/BI O MTOBE/IE-HUU
MHTEPECYIOIIEr0 Hac MPU3HAKa FeHEePaIbHONU COBOKYITHOCTH, HY>KHO, 4YTOOBI BEIOOpKA IMPaBUIIb-HO MPEICTABISIIA
MIPOIOPLIMY T€HEPAIbHON COBOKYITHOCTH, TO €CTh Obljla penpe3eHTATUBHOM (IIPEICTaBUTENIbHOI). YUUThIBas
3aKOH OOJIBIINX YUCEII, MOKHO YTBEP)KIaTh, YTO 3TO YCIOBUE BBHIMOIHACTCSA, €CIIN KKl 00bEKT BBIOpaH
CITy4JaitHO, MpUYEM JJIs JTI000TO 00bEKTa BEPOSATHOCTD MOMACTh B BRIOOPKY OJIMHAKOBA.

[TepBuunas 06paboTKa Pe3yJIbTATOB.
[TycTh mHTEpECyIOIIast HAC chy4daiiHas BeIM4YrHA X IPUHUMAET B BBIOOPKE 3HAYEHUE X1 11 Pa3, X2 — M PA3, ..., Xx —

k
1, pa3, IpuieM Z N, =N, rae n — oobeM BeIOOpKHU. Toraa HabI0AaeMble 3HAaYEHUS CITydaliHOM BEJTMYUHBI X1,
i=1
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X2,..., Xx HA3bIBAIOT BAPUAHTAMM, a 71, N2,..., N, — 4ACTOTAMM. ECIIi pa3nenuTh KaXaylo 4acToTy Ha 00beM

n.
BBIOOPKH, TO MOJy9UM OTHOCHTEJIbHbIE 4acTOThl W, = —. [locnenoBaTenbHOCTh BAPUAHT, 3aIIHCAHHBIX B
n

MOpAAKE BO3paCTaHus, HA3bIBAIOT BAPUAINUOHHBIM pPsAAOM, a ICPCUYCHDb BApUAHT U COOTBETCTBYIOIIHUX UM 4aCTOT
WJIM OTHOCHUTEJIBHBIX YaCTOT — CTATU-CTUYECKHM PSAI0M:

Xj X1 X2 ... Xk
Nj Ny Ny e Nk
Wi W1 W» ... W

[Tpumep.

[Tpu npoBenenun 20 cepuit u3 10 6poCKOB UTPAIEHON KOCTH YHCIIO BBIMAAEHUH IECTH OYKOB 0KA3aJI0Ch PAaBHBIM
1,1,4,0,1,2,1,2,2,0,5,3,3,1,0,2,2,3,4,1.CocraBum Bapuanmonusiii psaa: 0,1,2,3,4,5. CratuctTuueckuit ps AJis
aOCOIFOTHBIX M OTHOCUTEIILHBIX YaCTOT UMEET BUJI:

Xi 0 1 2 3 4 5
n; 3 6 5 3 2 1
Wi 0,15 0,3 0,25 0,15 0,1 0,05

Ecnu uccnemyercss HEKOTOPbI HEMPEPBIBHBIN MPU3HAK, TO BAPUAIIMOHHBIN PSI MOXKET COCTOSITh M3 OUCHb
OOJIBIIIOr0 KOJMYECTBA YUCEN. B 3TOM Ciydae yno0Hee HCIOIb30BaTh IPYNMUPOBAHHYI0 BBIGOPKY. J[iis ee
MOJIyYEHHs HHTEPBAJI, B KOTOPOM 3aKJIFOUEHBI BCEe HA0JI0[aeMble 3HAYCHUS MTPU3HAKA, Pa30UBAIOT Ha HECKOJIBKO
PaBHBIX YACTUYHBIX HHTEPBAIOB JIMHOM N, a 3aTeM HaXOMAT ISl K&KIOT0 YaCTUYHOTO HHTEpBasa Nj — CyMMy
YaCTOT BapUaHT, MOMABLIKX B i-if nHTepBai. CocTaBICHHAS 110 THM Pe3yJbTaTaM TalJuIla Ha3bIBACTCs
rPYHNIHPOBAHHBIM CTATHCTHYECKHM PSIZIOM:

Homepa 1 2 k
HHTEPBAJIOB
I'panuIIb! (a,a+h) (a+h,a+2h) (b—h, b)
HHTEPBAJIOB
CyMmMma yacToT
BapUaHT, MMOTaB- Ny Ny Nk
[IMX B HHTEPBAII

ITosmron yacror. Bei0opoyHas pyHKIUsI pacnpeneaeHus ¥ THCTOrPaMMa.

J1J1s HarJsTHOTO MPEICTABIICHHS O TIOBEICHUH HCCIeAyeMOM Cy4yailHOM BETMYUHEI B BBIOOPKE MOKHO CTPOUTH
paznuunbie rpaduku. OMUH U3 HUX — MOJUTOH YACTOT: JIOMaHast, OTPE3KH KOTOPOU COSUHSIOT TOYKH C
KoopauHaTamu (X1, N), (X2, N2),..., (X, Nk), TZIE Xj OTKJIAJBIBAIOTCS HA OCH a0cIuce, a Nj — Ha ocu opauHaT. Eciu Ha

OCH OpJMHAT OTKJIa/IbIBaTh HE a0COMIOTHBIE (N;), @ OTHOCUTEIbHBIE (Wj) YACTOTHI, TO MOJIYYUM MOJUTOH
A

v

OTHOCHTEJbHBIX 4acTOT (puc.l). Puc. 1.

[To ananoruu ¢ pyHKIIMEH pacnpeneaeHus CIydaiHONW BETUYHMHBI MOKHO 33/1aTh HEKOTOPYIO ()YHKIIHIO,
OTHOCHUTEIIbHYIO 4acTOTy coObITus X < X.

Onpeoenenue 15.1. BoioopouHoii (OMnupuyeckoii) pyHKIuei pacnpenejieHust Ha3pBaroT QyHKIHIO F*(X),
OTIPEIEIIAIONIYIO ISl KaXKIOTO 3HAYSHUS X OTHOCUTEIBHYIO YaCTOTY COOBITHS X < X. Takum o6pazom,

F*(x) :%, (15.1)
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TJI€ 11, — YUCIIO BAPHAHT, MEHBIIIHX X, # — 00b€M BBIOOPKH.

3ameuanue. B otnuane ot sMnupuueckoi PyHKIIUU pacrpeereHus, HailICHHOW ONBITHBIM ITyTeM, (PYHKITHIO

pacnpenenenus F(X) renepaibHOI COBOKYITHOCTH HA3BIBAIOT meopemuueckou (yuxyuetl pacnpeoenerus. F(X)

OIpeIessieT BEPOATHOCTh COObITHS X < X, a F*(X) — ero oTHOCHTENIbHYIO YacToTy. [Ipu 10CcTaTOYHO OOJBINNUX 7,

Kak clieiyet u3 treopembl bepuymu, F*(X) crpemurcs mo BepositHoct K F(X).

W3 onpenenenus sMnupudeckoi GyHKINU pacipeeSICHUs BUIHO, YTO €€ CBOMCTBA COBIAIAI0T CO CBOWCTBAMHU

F(x), a umenHo:

1) 0<F*(x)<1.

2) F*(X) — neyObiBaromas GyHKIusI.

3) Ecnu x; — HaumeHbIiast Bapuanta, To F*(X) = 0 mpu x< x1; eciiu x,, — HanboJbInas Bapuanra, To F*(X) = 1 npu
X > Xy .

JlJ1s1 HeTIpepBIBHOTO MpH3HaKa rpadnuecKoil HILTIOCTPAEl CIIYKUT THCTOrpaMMa, TO eCTh CTyleH4artas Gurypa,

COCTOSIIIAsl U3 PSMOYTOJIbHUKOB, OCHOBAaHHSIMU KOTOPBIX CIY)KaT YaCTUYHbIC HHTEPBAJIBI JITMHOM N, a BHICOTAMU —

otpe3ku anuHoM N; /h (rucrorpamma vactoT) win Wi /h (THcTorpaMma OTHOCHTENBHBIX 4acToT). B mepBom cityuae

IUIOLIA/Ib TUCTOIPaMMBbI paBHA 00beMY BBIOOPKH, BO BTOPOM — €IMHHULIE
A

v

(puc.2). Puc.2.

Jlekuyus 16.

Yucnoswvle xapakmepucmuKu CMamucmu4eckozo pacnpeoesenus: 6vl0opouHoe cpeonee, OueHKU OUCnepcuu,
OUEHKU MOObL U MEeOUAHbl, OUECHKU HAYAIbHBIX U UCHMPATbHBIX MOMeHmo6. Cmamucmuueckoe onucanue u
ébluUC/IeHUE OYEeHOK NAPDAMEMPOE 08YMEPHO20 C/IYUANHO020 6eKMOPA.

OpnHa U3 33/1a4 MaTeMaTH4YeCKOM CTAaTUCTUKU: TI0 UMEIOLIEics BEIOOPKE OLIEHUTh 3HAYSHUS] YHCIOBBIX
XapaKTEPUCTUK UCCIEAYEMOM CIIy4allHON BEJTUYMHBI.

Onpeodenenue 16.1. BBIGOPOYHBIM CPEeIHUM Ha3bIBACTCS CpeaHee apu(METHUECKOE 3HAUEHUH CIIy4YaiiHOM
BEJIMYMHBI, IPHHUMAEMBIX B BEIOOPKE:

%, _X X X, X X N X T | (16.1)
n n n

r7ie Xj — BAPUAHTBHI, Nj - YACTOTHI.

3ameuanue. BpiOOpoyHOE CpeiHee CIY>KUT 7Sl OLIEHKH MaTeMaTH4eCKOTro OKUJaHUs UCCIeayeMOn ciaydyaitHon

BeIMYUHEIL. B nanpHeiinem Oyner paccMOTPEH BOIPOC, HACKOJIBKO TOYHOH SBJISIETCS TaKas OICHKA.

Onpeodenenue 16.2. Bb100po4uHoii Aucnepcueii Ha3pIBACTCS

S -%) Y- %)’
Dy == . =12 - : (16.2)

a BLIﬁOpO‘[HLIM CPE€AHUM KBAAPATHYCCKUM OTKJIOHCHHEM —

oy =+Dg. (16.3)
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Tax ke, Kak B TEOpUHU CITy4alHBIX BETUYMH, MOKHO JI0Ka3aTh, YTO CIpaBEUINBa cienyromas Gopmyia s
BBIUUCIICHUS BHIOOPOYHOM JUCTIEPCUU:

D = x2 —(X)?. (16.4)
ITpumep 1. Haiinem unciioBble XapaKTEpUCTUKU BBIOOPKH, 3aJaHHOM CTATUCTUUYECKUM PSIIOM
Xi 2 5 7 8
n; 3 8 7 2
_ 2-3+5-84+7-7+8-2 555 D, = 4.3+25-8+49-7+64-2 5,557 =33475; o, = 33475 —183.JIpyr

xB

20 20
VMU XapaKTEPUCTUKAMH BApUALIMOHHOTO PAJIA SIBIISIFOTCS:
- Moa M\ — BapuaHTa, UMEoIIass HanOOJIbIIYIO YacToTy (B MpeabayieM mpumepe Mo = 5).
- MeIMaHa M, - BapUaHTa, KOTOpas JAEIUT BapUaLlMOHHBIN P/l Ha JIBE€ YaCTHU, paBHBIE 110 YUCTy BapuaHT. Eciu

X, +X
yuCio BapuaHT HedeTHO (N = 2K + 1), To Me = X¢+1,  Ipu geTHOM N =2K m, = ———L B yacTHOCTH, B IPUMEpE
5+7
1 m=——~=6.
2

OIIGHKI/I Ha4YaJIbHBIX U HCHTPAJIbHBIX MOMCHTOB (TaK HAa3bIBACMBIC SMITUPUYCCKHUC MOMGHTI)I) OIIpCACIIAOTCA
AHAJIOTUYHO COOTBCTCTBYHOIIIUM TCOPECTUYCCKUM MOMCHTAM!
- HAYQJIbHBIM SMIIUPUYECKUM MOMECHTOM IIOPHAAKA K naswiBaercs

Znixik

2

B gwactHoctn, M, = = X , TO €CTh HAYAJIbHBIN SMIIMPUYECKUI MOMEHT IIEPBOTO IOPSAAKA PABEH
n
BBIOOPOYHOMY CPEJTHEMY.

- HEHTPAJbHBIM OMIIMPUYE€CKUM MOMEHTOM IOPAAKA K HaseiBaercs

_ zni(x;]_fzg) . (16.6)

my
Zni (Xi _)_CB)Z
n

BBIOOPOYHOM JUCTIEPCUU.

B yactaocTth, m, = = D;, TO ecTb IeHTpanbHBIN SMIUPUYECKHI MOMEHT BTOPOTO MOPSKA PaBEH

CraTucTHYecKoe ONHMCAHNE U BbIYHCICHHE XapAKTePHUCTHK
ABYMEPHOIO CJIy4YaiHOI0 BEKTOpA.

[Ipu cTaTUCTHYECKOM UCCIIEIOBAHUN JBYMEPHBIX CIIyYallHBIX BEJIMYUH OCHOBHOM 3a/1aueil sIBisieTcss 0OBIYHO

BBISIBJICHHE CBSI3U MEXK/Ty COCTABJISTFOIIAMHU.

JIByMepHasi BBIOOpKa MPEJICTaBIIIET cO00i HAOOp 3HAYCHUH CITydaitHOTO BeKTOpa: (X1, ¥1), (X2, V2), .., (Xu, Vu). diist
_ Z Xp z Yi

HEE MOXKHO OIPEJECIUTh BBIOOPOUHBIE CPEHUE COCTABIISAIOMINX: Xg = = Vg = . ¥ COOTBETCTBYIOIIUE

BBIOOPOYHBIE UCTIEPCHH U CPEJIHUE KBapaTUUECKHE OTKIOHEHHs. KpoMe TOro, MOKHO BBIUHCIIUTH YCJIOBHbIE

cpeHue: Y, - cpeliHee apu)MeTHIECKOE HAOI0IaB-IMXCst 3HAYCHHH Y, COOTBETCTBYIOMIMX X =X, M X - CpelHee

3HaueHHe HaOMI0AaBIINXCS 3HaUeHU! X, COOTBETCTBYIOIIMX Y =Y.

Ecnu cymecTByeT 3aBUCUMOCTb MEKy COCTABIIAIOIIMMU ABYMEPHOMU CIIy4YallHON BEIIMYUHBI, OHA MOKET UMETh
pas3Hblil BUA: QYHKIHOHATIbHAS 3aBUCUMOCTD, €CIIH KaX/10MY BO3MOXKHOMY 3HA4€HHUIO X COOTBETCTBYET O/IHO
3HAa4YCHUC Y, " CTaTUCTUYCCKaAA, IIPU KOTOpOfI HU3MCHCHUC OI[HOI\/JI BCJIMYWHBI NPUBOAUT K U3BMCHCHUTIO
pacnpezenenus Apyroi. Ecinu npu 3ToM B pe3ynbTaTe N3MEHEHHs OHOM BEIIMYMHBI MEHAETCS CPEAHEE 3HAYCHUE
JOPYTOH, TO CTATUCTUYECKYIO 3aBUCUMOCTb MEKy HUMU Ha3bIBAIOT KOPPEIALUOHHOMN.

Jexyusn 17.
54



OcHosHble c80IICMEa CIMAMUCMUYECKUX XAPAKMEPUCMUK RAPAMEMPOB PACHPEOeIeHUA: HeCMe-UWeHHOCb,
cocmoamenvHocmo, Ihpekmuenocmev. Hecmewyennocmo u cocmoamenvHocno 6b100poYHO20 CPeOHE20 KAK
OYEHKU Mamemamuueckozo oxcuoanus. Cmewennocmos evloopounoit oucnepcuu. Ilpumep necmewennoi
oyenku oucnepcuu. Acumnmomuuecku necmeuiennole oyeHku. Cnocoovl nocmpoenus oyeHoK: Memoo
HauoboILUWLE20 NPABOONOOOOUA, MEMOO MOMEH-MO8, MEMOO KEAHMUIU, MEM OO HAUMEHbUIUX KEAOPAM 08,
Oaileco6cKkuil ROOX00 K NOJIYYeHUI) OUEHOK.

[Tonmy4nB cTaTHCTUYECKHE OLIEHKU MTApaMeTPOB pacnpeieneHust (BBIOOPOYHOE cpesiHee, BEIOOPOU-HYIO TUCTIEPCHIO
U T.11.), Hy’)KHO YO€IUTBHCS, 4YTO OHU B JOCTATOYHOW CTEMEHH CIYXKaT MPUOIIMKE-HIUEM COOTBETCTBYIOIINX
XapaKTEPUCTUK F€HEPATIbHOM COBOKYMHOCTU. OrpeaesuM TpedoBaHusl, KOTOPHIE TOKHBI ITPU 3TOM BBITIOJIHSITHCSL.
[Tycte ®* - cTaTHcTUYECKAs OLIEHKA HEM3BECTHOIO MapaMerpa ® TeopeTuueckoro pacnpeaeneHus. M3pneueM us3
TeHEPAITBHON COBOKYITHOCTH HECKOJIBKO BEIOOPOK OJHOTO U TOTO K€ 00beMa 7 U BEIYUCITUM IS KQXKION U3 HIX

OLIeHKY napameTpa ©: ®,,0,,...,0,. Torna oneHky O* MOXKHO paccMaTpUBaTh Kak ClIy4allHYIO BEJIUUYUHY,

* * *
IIPUHUMAIOIIYIO BO3MOXKHBIE 3HaueHus 0,,0,,...,0,. Eciu marematnueckoe oxunanue @* He paBHO

OLIEHUBAaEMOMY TIapaMeTpy, MbI OyJIeM MOJIydaTh MPH BHIYUCICHUH OIIEHOK CHCTEMAaTHYECKHE OIUOKH OHOTO
3HaKa (¢ u30bITKOM, ecniu M( O*) >0, u ¢ HepocTaTKoM, eciiu M(O*) < @). CrnenoBaTesibHO, HEOOXOAUMBIM
YCIJIOBUEM OTCYTCTBUSI CUCTE-MaTUYECKUX OLIMOOK siBsieTcsl TpeboBanue M(O*) = 6.

Onpeodenenue 17.2. CTaTuctTuyeckas oleHka ®* Ha3pIBaeTCS HeCMEIEHHOM, €ClIi €e MaTeMaTU4YeC-KOe OKUIaHNe
paBHO OIlEHMBacMOMY MapameTpy O mpu 1r060M 00beMe BIOOPKHU:

M(O*) =0. (17.1)
CMenieHHO# HA3BIBAIOT OIICHKY, MATEMATHYECKOE OXKHIaHNE KOTOPOU HE PaBHO OIEHUBAEMOMY TTapaMeTpy.
OpaHako HECMEIIEHHOCTh HE SBIISETCS TOCTATOYHBIM YCIOBHEM XOPOIIEro MPUOIMKEHUS K UCTUH-HOMY 3HAYEHHUIO
OIlCHMBaeMOro napametpa. Eciu npu 3ToM BO3MOXHBIE 3HaUeHUST O®* MOTyT 3HAYUTENBHO OTKIOHATHCS OT
CpeIHET0 3HAYEeHHUS, TO eCTh Aucrepcus @* Bennka, TO 3HAUCHUE, HAIEHHOE 0 TAHHBIM OJIHON BBIOOPKH, MOKET
3HAYUTEIIEHO OTJIMYATHCS OT OIIEHUBAaeMOTo mapameTpa. CienoBarenbHO, TpeOyeTCsl HATOKUTh OTPAaHNYCHUS Ha
JHMCTIEPCUIO.

Onpeodenenue 17.2. CtaTucTH4ecKas OlleHKa Ha3blBaeTcs (e TUBHOI, eciIM OHA IPU 33aHHOM 00beMe
BBIOOPKU 77 UMEET HAUMEHBIITYI0 BO3MOXKHYIO TUCIIEPCHUIO.

[Ipu paccMoTpeHnH BBIOOPOK OO0JIBIIOr0 00beMa K CTATUCTUYECKUM OIIEHKaM MPEebsIBISIETCS elle U TpeOoBaHue
COCTOSITENIBHOCTH.

Onpeodenenue 17.3. CocTOATEILHON HAa3bIBAETCS CTATUCTUYECKAs OLIEHKA, KOTOPAsi IIPU 1—>00 CTPE-MUTCSI 10
BEPOSITHOCTH K OLIECHUBAEMOMY ITapaMeTpy (€CIU 3Ta OLEHKA HECMEILIEHHAs, TO OHA OyJIeT COCTOSTEIbHOMU, €CIH
IIpu n—o0 ee gucnepeus ctpeMurcs K 0).

Yoeaumcst, 9TO X, MpPEACTaBISET COO0I HECMEIIEHHYIO OIICHKY MaTeMarndeckoro oxunanus M(X).
byznem paccmaTtpuBath X, Kak CIy4alHYIO BEIUYHHY, & X1, X2,..., X,, TO €CTh 3HAUEHUS UCCIIEyEMOH CIIy4allHON
BEJIMYMHBI, COCTABJISIOIINE BBIOOPKY, — KaK HE3aBUCHMBbIE, OJUHAKOBO paclpe/ieieHHbIE CilydyaifHble BETUUUHBI X1,
X2,..., X, AMEIOIIAE MAaTEMAaTHYECKOE 0KUIaHKE a. VI3 CBOMCTB MAaTEMaTUYECKOTO OKHUIaHUS CIEAYET, YTO

X +X,+.+X,

M(X,)=M =a.
n

Ho, nockonbky kaxknas u3 BenuduH X1, Xo,..., X;, IMEET Takoe ke paclpeeieHHe, YTO U TeHepabHast
COBOKYTIHOCTb, a = M(X), To ectb M( X ;) = M(X), uto n TpeGoBanock f0ka3aTh. BHIOOpOUHOE CpeHee ABIAeTCs
HE TOJBKO HECMEIIEHHOW, HO U COCTOSATEIbHOM OLIEHKOW MaTEMAaTHYECKOTO OXKUaHus. Eciu npeanosoxuTh, 4TO
X1, X3,..., X, IMEIOT OTpaHWYEHHBIC JUCIIEPCUU, TO U3 T€OpeMbI UeObIlIeBa cleayeT, YTo X CpeaHee
apupMeTHIECKOE, TO eCTh X 5 » IPY YBEIIMYEHUU /1 CTPEMUTCS IO BEPOSITHOCTH K MATEMATUYECKOMY OKHUJAHUIO
KaXI0# MX BeTU4YnH, TO ecTh K M(X). CiemoBarebHO, BHIOOPOYHOE CPEAHEE €CTh COCTOSATEIbHAS OLCHKA
MaTEMaTHYECKOTO OKUTaHHS.

B oTamume ot BEIOOPOYHOTO CPEHETO, BRIOOPOUYHAS JUCTIEPCHS SIBIISCTCS CMEIIEHHON OIICHKOM JAUCIIEPCUU

TrE€HEPaJIbHON COBOKYITHOCTU. MOXHO 10Ka3aTh, YTO
55



n-1
M(Dg) :TDF' (17.2)
rae Dy — ncTruHHOE 3HaUeHUEe TUCTIEPCUH TeHEPaTbHON COBOKYITHOCTH. MOYKHO TIPEIJIOKHUTh IPYTYIO OIICHKY
[[I/ICHepCI/II/I — I/ICleaB.HeHHle )II/ICHePCI/IlO Sz, BBI‘-II/ICJISIeMyIO 110 (bopMyﬂe

k
n Zni(xi _)_(B)Z

2 _ — =l , 17.3
n-1 ° n-1 (173)

Taxas ouienka OyneT sIBIATHCS HECMEIIeHHOH. Eif COOTBETCTBYET MCIIPpaBJIeHHOE cpe/iHee KBapaTuiyecKoe
OTKJIOHEHH e

S

0,0 — %, )?
s=+/s2 =12 —. (17.4)

Onpeoenenue 17.4. O1ieHKa HEKOTOPOTO MPU3HAKA HA3BIBACTCS ACUMIITOTHYECKH HeCMEIeHHOM, eCITN TSt
BBIOOPKH X1, X2, ..., Xp

lim Ja Xz F et X,
n—oo n

rae X — HCTUHHOE 3HAaUCHUEC HCCHCHYCMOﬁ BCJINYHHBI.

- X, (17.5)

Cnoco0bI MOCTPOEHH S OLICHOK.
1. Metoa HauOoIbIIEro MpaBaONoA00MS.

ITycts X — nuckpeTHas ciay4aiiHasi BEIMYMHA, KOTOpas B pe3yJbTaTe 77 UCIIBITAHUH NPUHSIA 3HAUYEHUS X1, X2, ..., Xp.
[Ipenmonoxum, 4TO HaM U3BECTEH 3aKOH paclpeIesIeHNs STON BEIMUKHBI, OTpeeiieMblil mapameTpom ®, HO
HEU3BECTHO YMCIIEHHOE 3HAaYE€HHE ITOro napamerpa. Haliiem ero ToueuHyro OLEHKY.
[Tyctb p(xi, ®) — BEpOSITHOCTB TOTO, YTO B pe3y/IbTaTe UCTIBITAHHS BeIMUnHA X puMeT 3HaueHue x;. HazoBem
(yHkumeli npaBIoNoA00Ms TMCKPETHOM citydaiiHON BenWYMHbI X QYHKIHIO apryMeHTa 0, onpeaensieMyro 1o
dbopmyre:
L (x1, x2, ..., Xn; ©) = p(X1,0)p(X2,0)...p(Xn,0).

Torna B kauecTBe TOYCHHOU OIEHKH MMapaMeTpa ©® mMpUHUMAIOT TaKoe ero 3HaueHune 0* = O(xy, xz, ..., X,), IpU
KOTOPOM (pYHKIIUS MPaBAONOJ00MS TocTUraeT MakcuMmyma. OneHky ®* Ha3bIBalOT OLIEHKO Hau00JIbIIero
NnpaBaAoNoAoOHs.
[Mockonbky GyHkimu L u INL gocturarotr MakcuMyma IpH OJJHOM M TOM e 3HaYeHHH @, ynoOHee UcKath
MakcuMyM In L — morapudmuyeckoii pyHkuun npapaonomaodusi. st 7Toro HyxHO:
dinL

de ’
2) TPUPABHATH €€ HYIMIO (TIOJyYHM TaK Ha3bIBAEMOE YpagHeHUe NPagoonoooos) U HAUTH KPUTUIECKYIO TOUKY;

d?InL
3) HaAUTHU BTOPYIO HpOI/ISBO,Z[HYIO W , €CJIM OHa OTpI/IL[aTCHBHa B KpI/ITI/I‘-IeCKOI/I TOYKEC, TO 3TO — TOYKa

1) HaiTH IPOU3BOIHYIO

MaKCUMyMa.
JlocToMHCTBa MeTO/1a HAaMOOJIBILIEr0 MPABAONOI00US: TOITYYEHHbIE OIIEHKU COCTOSITENbHBI (XOTS MOTYT OBITh
CMELICHHBIMHU), paclpeieIeHbl ACUMITOTHYECKH HOPMAJIBHO NMPH OOJIBIINX 3HAYEHUSX 71 1 UMEIOT HAUMEHBIITYIO
AUCTICPCHUIO ITIO0 CPABHCHUIO C APYTUMH aCUMIITOTHYCCKN HOPMAJIBHBIMU OLICHKAMM,; €CJIN JJI1 OLICHUBACMOI'O
napamerpa ® cymiectByeT 3¢ ¢dekTuBHas olleHka ®*, To ypaBHEHHE MPaBAONOJ00MS UMEET €MHCTBEHHOE
pemenue O*; MeTo HanboJIee MOJIHO UCIIONIB3YET JIAHHBIE BEIOOPKU U TTOATOMY OCOOEHHO TOJIE3EH B ClTydae
MaJIbIX BBIOOPOK.

HenocraTok MeToaa HanubobIIETo MPaBAONoA00Us: CIOKHOCTh BHIYMCICHUH.

JIi1s HerpephIBHOM CITy4ailHOI BEJIMYMHBI C U3BECTHBIM BHIOM IUIOTHOCTH pactpeneneHus f(X) 1 Hen3BecTHIM
napameTpoM O QyHKIUS TPaBAONOJ00US UMEET BUI:
L (xl, X2, oeus Xy @) = f(Xl,@))f(Xz,@)...f(Xn,®).
OneHka HanOOJIBIIETO MPABIONOJ00MS HEU3BECTHOI'O TapaMeTpa MPOBOIUTCS TaK XKe, KaK JJIsl IUCKPETHOM
CIIy4aifHOM BEJTMYUHBI.
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2. Metoax MOMEHTOB.

MeTo1 MOMEHTOB OCHOBAaH Ha TOM, YTO HadajbHbIE U LIECHTPAJIbHBIE SMIIMPUUECKUE MOMEHTHI SIBIISIFOTCS
COCTOSITENIbHBIMH OIIEHKaMU COOTBETCTBEHHO Ha4aJbHBIX U LIEHTPAIBLHBIX TEOPETUUECKUX MOMEHTOB, IO3TOMY
MO>KHO NPUPaBHATh TEOPETUYECKHNE MOMEHThI COOTBETCTBYIOIIMM SMIIMPUUYECKUM MOMEHTAM TOT'O K€ IOPSAIKA.
Ecnu 3agan Bun miiotHocTH pacnpenencuus f(X, @), onpenensieMoit 0IHIM HEU3BECTHBIM apamMeTpoM O, TO JJIst
OLIEHKH 3TOr0 IapaMeTpa JOCTaTOYHO UMETh OJJHO ypaBHeHue. HanpuMep, MOKHO IpUpaBHATH HauyalbHbIE
MOMEHTHI IIEPBOT0 MOPSIKA:

X =M(X) = Txf(x;@)dx:(p(G)),

MOJTyYHMB TEM CaMbIM ypaBHEHHE 1151 orpeneneHus @. Ero pemenne O* Oyaer TOUeYHOH OLIEHKOW apamerpa,
KOTOpas sABJseTcs QyHKIMEH OT BBIOOPOYHOT'O CPEIHETO U, CIIEA0BATENBHO, U OT BApUAHT BHIOOPKU:
O =y (x1, X2, ..., Xn).
Ecnu u3BecTHBIN By IIOTHOCTH pactpenesieHus f(X, ©1, @, ) onpenensiercs AByMsi HEH3BECTHBIMH MTapaMeTPaMu
®1 1 O, TO TpeOyeTCcst COCTABHUTD JBa YPAaBHEHHS, HAIIPUMED
V1 = Ml, W2 = my.
M(X) =X, .
Otcrona - CUCTEMa JIBYX YpaBHEHMH ¢ ABYyMs HEM3BECTHBIMU O1 u ;. Ee pemenusimu Oynyt
D(X) =D,
TOYEYHbIE OLIEHKH O1* 1 ©y* - GyHKIIMKN BapuaHT BHIOOPKHU:
O1= w1 (x1, X2, ..., Xn),
Oz = yox1, x2, ..., Xp).

3. MeToa HAMMEHBIITUX KBAJPaTOB.

Ecnu TpeOyercs olleHUTh 3aBUCUMOCTD BEIMUYUH y U X, IPUYEM U3BECTEH BUJ CBS3bIBAIOIIECH UX (PYHKIINH, HO
HEU3BECTHBI 3HAYCHUS BXOJAIIUX B Hee KOA(P(HUIIMEHTOB, MX BEJIMYMHBI MOKHO OLICHUTH IO UMeEIoLeics BbIOOpKe
C MIOMOILIBIO METO/1a HAUMEHBIINX KBAaApaToB. J{js 3TOro GyHKIMs y = ¢ (x) BeIOMpaeTcs Tak, 4To0bl CyMMa
KBaJ[paTOB OTKJIOHEHUH HAOJII0JaeMbIX 3HAaYEHUH )1, )2,. .., Yy OT @(Xi) OblsIa MUHUMAJIbHOM:

(3, o))" =min.

[Tpu 5TOM TpeOyeTCsl HAWTH CTAIMOHAPHYIO TOYKY GyHKIUH O(X; &, b, C...), TO €CTh PelINTh CUCTEMY:

n B - a_go )
20— plxiabe.)| o | =0
;(yi —p(x;a,b,c..)) Z_(g =0
20y —p(x;ab.c.) aa_f -0

(pemieHue, KOHEYHO, BO3MOXKHO TOJIBKO B CIydae, KOTJa U3BECTEH KOHKPETHBINA BUA QYHKIMHU ).
PaccmoTpumM B kadecTBe npumepa 1mo00p napaMeTpoB JMHEHHON (QYHKIIMN METOI0M HAaMMEHbBIINX KBaJpPaTOB.

JI1st TOro, YTO6BI OLIEHUTH apaMeTpsl a 1 b B GyHkImu y = ax + b, Haiizem (g—(oj =X (g—ij =1. Torna
aJi i
Z(yi_(axi+b))xi =0 zxiyi_azxiz_bzxi =0
= .Orcroma 1 = | = = . Pa3nenuB 06a mosydeHHBIX ypaBHEHNUSI HA 11 1
Z(yi_(axi+b))=o Zyi—aZXi—bn=O
i1 i1 1

BCIIOMHUB OIPCACIICHUS SMITNPHUICCKUX MOMCHTOB, MOKHO IIOJTYUYUTH BBIPAKCHUSA IJIA a U bs BUAC:
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(Ky)e (Ky)s o .
a= W, =V _W Xg . CrnenoBaTenabHO, CBA3b MEXAY X U Yy MOXKHO 3aJaTh B BUJC:
x/B x/B
- (ny)B -
-V, =———(X—Xy).
Y=V (D.). (X=Xg)

4. baiiecoBCKMi1 TOAXO0/1 K [TOJIYYEHUIO OLICHOK.

[ycts (Y, X) — ciry4aiiHblii BEKTOp, [UIsi KOTOPOTO M3BECTHA TNIOTHOCTH p(V[X) yCIOBHOTO pachpeae-ieHus Y mpu
KaxaoM 3HaueHuH X = x. Eciii B pe3ynbrare S9KCIepUMEHTa IOJy4eHBI JHIIb 3HaYeHHS Y, 8 COOTBETCTBYIOIIHE
3Ha4eHMs X HEU3BECTHBI, TO ISl OLICHKU HEKOTOPOU 33/1aHHO# (QyHKIMU ((X) B KAUeCTBE €€ MPUOIMIKCHHOTO
3HAYCHUSI IPE/IaraeTcsi UCKaTh YCIOBHOE MaTteMaTnieckoe oxxunanue M ( ¢(x)|Y), Beraucisiemoe o gopmyie:

~ Je()p(Y 1%)p()du(x)
w(Y) = )

X, q(y) — mmoTHOCTH 6€3yClIOBHOTO pactpeaeieHus Y. 3aiada MOKET ObITh pelieHa TOJIbKO TOT/a, KOr/ia M3BeCTHA
p(x). Unoraa, oHako, yaaeTcst IOCTPOUTH COCTOSATENBHYIO OIICHKY j71st (Y), 3aBUCSIIYIO TOJIBKO OT IMOJYYCHHBIX B
BBIOOpKE 3HAYCHUH Y.

,rae q(y) = f p(y | X) p(x)du(x), p(x) — mIoTHOCTH OE3YCIOBHOTO pacHpe/eICHHSI

Jexkyus 18.

Humepesanvnoe oyenusanue Heuzgecmuuvlx napamempos. Tounocme oyenku, 0o6epumenbHas 6epoAnMHOCHMb
(naoesricnocms), 0osepumenvhulii unmepeai. Illocmpoenue 0oeepumenvHblX UHMEPBEATIOE 01 OUECHKU
MamemamuiecKozo 0HCUOAHUA HOPMATIbLHO20 PACHPEOeIeHUA NPU U36ECHIHOI U NPU HeU38EeCMHOI OUCHEPCUU.
/losepumenvhble uHmMeEPBabl 0151 OUEHKU CPEOHE20 KEadPpaAmuiecKko20 OMKI0HEHUA HOPMATbHO20
pacnpeoenenus.

[Tpu BEIOOpKE Masoro o0bemMa ToUeyHast OLleHKa MOKET 3HAUUTENbHO OTIIMYAThCs OT OLIEHUBAEMOT0 IMapaMeTpa, 4To
NPUBOJUT K TPYObIM omnOKkam. [ToaToMy B TakOM ciTydae JIydIie MoJib30BaThCs UHMEPBAIbHbIMU OYEeHKAMU, TO €CTh
yKa3bIBaTh MHTEPBAJI, B KOTOPBI C 3aJaHHON BEpOATHOCTBIO MOMAAaeT HICTUHHOE 3HAaUEHHE OLIEHUBAEMOI0
napamerpa. Pazymeercs, uem MeHbIIIe JJTMHA STOTO HHTEpBaJia, TEM TOUHEe OIleHKa rmapameTpa. [loaromy, ecrmu st
olleHKH O* HekoToporo napamerpa ® crpaBeATuBO HEPABEHCTBO | O* - @ | < J, yucno 6 > 0 xapakTepuzyer
TOYHOCTb OLIEHKH ( YeM MeHbIIE O, TEM TOUHee OlleHKa). Ho craTiucTrdeckne MeToIbl MTO3BOJISIOT TOBOPHUTH TOJBKO
0 TOM, YTO 3TO HEPABEHCTBO BBIMIOJIHSIETCS C HEKOTOPOH BEPOSTHOCTHIO.
Onpeodenenue 18.1. HanexnocTbio (IOBepUTEILHOI BEPOSATHOCTHIO) OlICHKK O* mapamerpa © Ha3zbIBaeTCA
BEPOSITHOCTb Y TOTO, YTO BBIMOJHAETCS HEPABEHCTBO | ®* - @ | <. Ecniu 3aMEeHUTH 3TO HEPABEHCTBO ABOMHBIM
HEPABEHCTBOM — O < O®* - @ < §, TO moMyyuM:

P(O*-6<O<O*+35)=y.
TaxuMm o0pa3om, Y ecTb BEpOSITHOCTh TOTO, 4TO ® monanaer B uHTEpBai ( O - 5, @* + 9).
Onpedenenue 18.2. loBepuTeIbHBIM Ha3bIBACTCS UHTEPBAJI, B KOTOPBIN MOMa1aeT HEU3BECTHBIN MapaMeTp ¢
3aJJaHHOW HAJIEKHOCTBIO Y.

HOCTpOCHI/Ie AOBEPUTEC/ILHBIX HHTEPBAJIOB.

1. loBepHUTENbHBINA HHTEPBAI JIJIsl OLICHKA MaTEeMaTUYECKOTO OXKHUIAHUSI HOPMAJIBLHOTO pacpeeieHus pu
W3BECTHOM IUCIIEPCUMN.

[TycTh uccnenyemas ciaydaiiHas BelmurnHa X pacmipesiesieHa o HOpMaJIbHOMY 3aKOHY C U3BECTHBIM CPETHUM
KBaJPaTUYECKUM G, U TpeOyeTCs 10 3HAUEHUIO BBIOOPOYHOT'O CPETHETO X, OLIEHUTh €€ MATEMaTHUYECKOE OXKHIaHUE

a. bynem paccMarpuBath BBIOOPOYHOE CpelHEE X, KaK CIydaiiHylo BEIMYMHY X, a 3Ha4€HUs BapUaHT BHIOOPKH X1,

X2,. .., X, KAK OJJMHAKOBO PACMPE/ICICHHbIC HE3ABUCHUMBIE CITy4alHbIC BEIMUUHBI X1, X2,..., X, KaXKaas U3 KOTOPBIX

= = O
UMEET MaTeMaTHUECKOe OKUIaHUE d U CPEeIIHEE KBapaTuiecKoe oTKiIIoHeHue 6. [lpu atom M(X ) =a, o(X) =—

Jn

(ucrmonb3yeM CBOICTBA MATEMAaTUYECKOTO 0XKHMJIAHUS U IUCIIEPCUU CYMMbI HE3aBUCHUMBIX CIIy4alHbIX BEJTUYHH).
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OrneHUM BEpOSITHOCTD BBHITOJIHEHHS HepaBeHCTBa | X —a < & . [Ipumennm hopMyiry i1t BEpOSITHOCTH TOTIaIaHuUs
HOPMAaJIbHO paclpeaeIeHHON CIy4ailHON BeJIMUYUHBI B 38JJaHHBIA HHTEPBAJ:

o) e sn
2 p(IX-akd)=20 =
R =

p(|X—-alkd) =2d)(£j, Torzaa, ¢ yueToM Toro, uto o(X) =
o

o~n to
=20(t), rne t =——. OTcroa 0 = —, ¥ NpeAbIAYIIEe PABEHCTBO MOXKHO MEPENUCATh TaK:
o

Jn
- to - to
p| Xg ——=<a<Xg+—=|=20()=y. (18.1)

Jn Jn
Wrak, 3HaUCHNE MAaTEMaTHIECKOTO OKHUJIAHUS @ C BEPOSITHOCTHIO (HAIC)KHOCTHIO) Y TIOTIAaeT B HHTEPBAI
< to 4 to
B~ BT
Jn Jn

paBeHCTBO 2D(t) =1.

J, rae 3HadeHue t onpenensercs u3 tadmaui A GyHkiuu Jlamaca Tak, YT00bI BBITOJTHSIOCH

[Ipumep. Haitnem noBepuTEnbHBIN HHTEPBAI JUIsI MATEMATUYECKOTO OKUIAaHNS HOPMAJIBHO pacipene-JIeHHON
Clly4aliHOW BEIMUUHBI, eclid 00beM BbIOOpKH 1 = 49, X; = 2,8,6 = 1,4, a noBeputenbHas BeposaTHOCTb ¥ = 0,9.
Omnpenenum t, mpu koropom d(t) =0,9:2 =0,45: t = 1,645. Torna

28_1,645'1,4 1645-14
' J49 V14

IonaaacT a ¢ HauexkHocThio 0,9.

<a<28+ , mmm 2,471 <a < 3,129. Haiinen noBepuTenbHBIA HHTEPBAJ, B KOTOPBIH

2. JloBepUTeNbHBIA HHTEPBAI JIs1 OLIEHKH MAaTEMAaTHYECKOr0 OKUJAHUS HOPMAJIBHOTO pacipeiesieHus Mpu
HEU3BECTHON AUCIIEPCUU.
Ecnu u3BecTHO, 4yTO HCcaeayemas ciydaiiHas BEIUYrMHa X paclpeiesieHa 0 HOPMaJIbHOMY 3aKOHY ¢ HEU3BECTHBIM
CPEIHUM KBaJIPaTUYECKUM OTKJIOHEHUEM, TO JUIs IOUCKA JOBEPUTEIBLHOIO MHTEPBaa I €€ MaTEMaTUYECKOI0
0’KUJaHUsI [IOCTPOUM HOBYIO CIIyYalHYIO BEJIMUUHY

T- XBS_a, (18.2)

Jn

rae Xg - BBIOOPOYHOE CpeHEe, S — UCIPABICHHAs AUCIEPCHs, 77 — 00bEeM BBIOOPKU. DTa CilydaiiHas BEIUYUHA,

BO3MOJKHBIC 3HAYCHUS KOTOPOit OyeM 0o003Hauath t, umeet pacnpenencaue CterofeHTa (cM. nekmuo 12) ck=n—-1
CTETIEHSIMH CBOOO/IBI.
n
I —
2

Z(n— 1)r(”2‘1j

00pa3oM He 3aBUCHT OT d M G, MOXKHO 3aJaTh BEPOATHOCTD €€ MONaJaHus B HEKOTOPBINA MHTepBal (- t, , t, ), yuuteiBas

, IBHBIM

t? )2
[TockoubKy MIOTHOCTH pacnpenenenus Cteronenta s(t,n) = B, [1+ J ,rne B, =

Xg —

t

a A
YETHOCTH IUIOTHOCTH pacHpeeNIeHus, CIIeYIOIUM 00pazoM: P <t, |= 2-[ s(t,n)dt = . Orcroaa nomygaem:

0

Jn
p| Xy ——=<a<X; +—=|=y. (18.3)

Takum 06pa3oM, OIyYeH JOBEPUTENbHBII HHTEPBAT IS a, I1e t, MOKHO HAWTH IO COOTBETCTBYIO-IIEH TabIMIE IPH
3aJJaHHBIX 11 U Y.
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[Tpumep. ITycts 06beM BbIOOpKH 1 = 25, X, = 3, S = 1,5. Halinem noBeputenbHblil nHTEpBan i a npu y = 0,99. 13
2,797-15 ca<3+ 2,797-15
J25 J25

— JIOBEPUTEIBHBIN HHTEPBAJI, B KOTOPBIN NONAJAET a ¢ BEpOsATHOCTHIO 0,99.

TaOIMIBI HaxomuM, 4to t, (n =25, v=0,99) =2,797. Torga 3— ,mm 2,161< a < 3,839

3. JloBepHUTENbHBIC MHTEPBAIIBI TSI OIICHKU CPETHETO KBAPATUYECKOTO OTKIOHEHUS HOPMAaJIhHOTO PACIIPEICTICHHUS.
Bynem uckath aiist CpeIHEro KBaApaTHYECKOT0 OTKIIOHCHUSI HOPMAaJIBbHO PaCIIPEICIICHHOM CITy4aliHOM BETHYMHBI
JIOBEPUTENBHBIN HHTEPBAI BUA (S — 0, S +0), T1Ie S — UCIIPABJICHHOE BBIOOPOYHOE CPETHEE KBAIPATHUECKOE
OTKJIOHCHHE, a JUIS O BBITIOJIHAETCS yeinoBHe: P ( [0 —S[ <0 ) =Y.

o o o
3anuinem 3T0 HepaBEHCTBO B BUnE: S| 1— — | < o < S| 1+ — | unmu, 0003HauuB ( = —,
S S S

s1—-qg)<o<s(l+q). (18.4)
PaccMoTpum citydaitHyro BeTUYHHY Y, OTPEAIsIeMyTo TIo popMmyiie

;(:i\/n—l,
o

KOTOpas pacmpe/esieHa 1o 3aKOHy «XU-KBaapaT» ¢ n-1 creneHsiMu cBo0o 161 (cM. sieknuto 12). [TnoTHOCTS ee
pacnpezneneHus

-z

n-2 2

R(z.n) = £

n-3
27 F( n— 1}
2

HE 3aBHCUT OT OLICHMBAEMOT0 [TapaMeTpa G, a 3aBUCHUT TOJbKO OT 00bema BbiOOpkH n. [IpeoOpa3yem HepaBeHCTBO
(18.4) Tak, 9TOOBI OHO IPUHSIIO BUA )1 < ) < ¥2. BEepOATHOCTP BBIIOIHEHHSI ’TOTO HEPABEHCTBA paBHA
X2
JIOBEPUTENIBHON BEPOSTHOCTH ¥, CIEI0BATEIbHO, IR( x,N)dy = y. Ilpeanono-xum, uro ( < 1, TOrma HEPaBEHCTBO
K41
(18.4) MoxHO 3amucaTh Tak:
1 1 1

—_— << —
s@+q) o s(l-9q)

HJIU, IIOCJIC YMHOKCHU Ha SA/n —1, \/n -1 < S\/n -1 < \/n -1 . CJ‘IeI[OBaTeJ'IBHO, n-1 n-1
1+q o 1-q 1+q 1-q

. Torma

n-1

1-q

J. R(y,n)dy = y. CymiecTByrOT TaOIHUIIBI TS PACTIPEICIICHHS «XH-KBaPaT», U3 KOTOPBIX MOXHO HANTH ( 10

n-1

1+q
3aJlaHHBIM 71 ¥ Y, HE pelIasi 5TOro ypaBHeHHs. TakuM 00pa3oM, BEIYHCIUB 10 BEIOOPKE 3HAYCHHE S U OTPEIIEIIUB 110
TabnuIe 3HaYeHUe (, MOKHO HAUTH TOBEPUTENbHBINA HHTEpBaN (18.4), B KOTOPHII 3HaYEHUE G TIOMAIaeT C 3aJaHHON
BEPOSATHOCTBIO .

3ameuanue. Ecnu > 1, To ¢ yueToM yciioBus ¢ > () JOBEpUTENbHBIN HHTEPBA IS G OYJET UMETh TPaHUIIbI
O<o<s(@+q). (18.5)

IIpumep.

[Tycte n = 20, s = 1,3. HaiijieM qOBepUTEIIbHBIN HHTEPBA JUIS G TIPH 3aIaHHOM HajaexkHOoCcTH ¥ = 0,95. U3

COOTBETCTBYHOMIEH Tabmuipl Haxoaum ( (N = 20, v = 0,95 ) = 0,37. CnenoBareibHO, TPAHHIIBI TOBEPUTEIHLHOTO
unrepsana: 1,3(1-0,37) = 0,819 u 1,3(1+0,37) = 1,781. Utak, 0,819 <o < 1,781 ¢ BeposiTHOCTHIO (,95.
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