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IS HENpepuBHOM cayvaitioii BeauMHL W Kak
ta= X (X —w12p (x) (2.386)
“

A5 AHCKPETHOM c/1yuaitHoi BeaHunHbl.
Kpowe roro,

3 () = 1y — ()% (2.39)
Popmyaa (2.39) noayuena caeayiouuM 0Gpasom:
02 (%) = E (x—uw )2 = E [x*—2xp + (1 )2] = E (+3) — 20 E (0)+ (i1,

oTKyja

5 (1) =y — (1))

Jlucnepcusi 3KCNOHEHUHAAbHO DACnpeeneHHoli Caydaiitoil BemH-
yHHbl { HaXoAUTCA M3 popmya (2.29), (2.33) u (2.39) kak
. 2 1\ 1
(1) == ( . ) o (2.40)
KpajgpaTnbiii KOpeHb H3 AHCNEPCHH Ha3biBaeTcsi cpednum keadpa-
mudecKum OmKAOHeHueM ¥ 0603HayaeTcss CHMBOMIOM o. Tak, s 3KCno-
HeHLHaJbHO pacnpeaeneHHoil cayuyalinofi peanunnbl s = 1/i. Cpeanee
KBaJIPaTHYECKOE OTKJOHEHHe BBIPA)KAETCS B TeX JKe eJHHHUAX, 4TO H
HCXOfHAs cayyaiiHas BeanunHa. Kak Gyaer nokasaHo B ra. 3, aas
CyyaiHOi BEJHUHHBI, PAcHpeleNeHHOl 10 HOPMAJAbHOMY 3aKOHY,
68,3% 3nauenuii cyuaiinofi BeHUHHB 3aKTI0YEHO B HHTEpBaJe p =+ 3,
Ijle p — MaremMaTHueckoe okuaauue, 95,5% sHauenuii — B HHTepBaie
=+ 20, 99,7% B uHrepsane p + 33 (puc. 2.20). [Tpu paccMOTpeHHH
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APYTHX pacnpejeseHud CayyadHbIX BeJHYHH HHOrAa ObiBaeT leseco-
06pa3Ho HaXOAHTb npefesl (KOTopsie MOTYT ObiTh 3ajaHbl C OYEHb
GOMbUIMM 3a11aCOM), HCIIOJb3YS TEOPeMy, HA3bIBAEMYIO HEPaBeHCMBOM
Yebouwuesa. CornacHo sToil TeopeMe, Aas 106020 pacnpeseeHHs c
KOHEYHBIMH MaTeMaTHUeCKHM OXKHJaHHeM H Jucnepcueil no kpailHeil
Mepe [1 — (1/k*)] 100% suauenuii cyyajiHoi BeJHYMHBI HAXOLHTCH B
HHTepBane @ + ko. Tak, Ans GOJBLIMHCTBA pacrpeieNeHiii He MeHee
75% n/owann nog KPHBOH pacnpeie/eHHs JeKUT B HHTepBane u + 23
H pe menee 88,9% — B muTepBane p + 3a.

Acummetpus

Tpernii MOMEHT OTHOCHTEJLHO CPEJHEro CBA3aH C acummempued
Pacnpenesenus H, coraackHo opmyae (2.37), onpegensiercs Kak

ug=E (x—;l.l'):’. (2.41)
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Pue. 2.20, Thaomais ol KPHBoii HOPMAILIOFO  PACAPC/CICHI B CICVIOHX
HUTCPHAJAN: @) w2 6; )2t 260 6) .+ 3o,
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Henoavayeres takxe gopay.ia

= Eqx—pg? o =3 -2 ()% (2.42)

BBLIBO/L KOTOPOH aHa’orkuen BuiBO1y (Gopmy.ibi (2.39).

Yuimona bHoe (T. €. OMIOBCPUIMHHOE) pacnpejenelie ¢ [y <0
HMEET JIEBOCTOPOHHIOW (OTPHLATETbHYIO) aCHMMETPIHIO, T. €. paciipe-
fenenHe HMeet caepa «XBocT (oM. puc. 2.19,6). Ecan x> 0, 10 pac-
npejeaenHe HMEeeT npaBoCTOPOHHIOW (nOJIO)K"‘I‘EJLHyIO) ACHMMETPHIO
(puc. 2.19,a). das cummerpuunoro pacnpegenenns xy - 0 (puc. 2.19,6).

Beanunua

[N (2.43)
(v2)
H3MEPSET OTHOLIEHHE ACHMMETPHH DACNPEJTeHHs K Mepe paccesihiis.
DTOT HOPMHPOBAHHBIN 10KA3aTENb NO3BOJAET CPABHUBATL ACHMMETPHIO
JABYX pacnpenenenuii, uMelounx pasanunsii Maciuta6. Hiorza nokasa-
Teb } 3¢ 0603HAYAeTCH Kak 2.

Patee GbL10 HaligeHo, 4To sl SKCMOHEHUHAILHO PACHpeeTeH Ol
cayuaitnoi BeanuHHbI

H

Coraacho  dopmyae (2.32),
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Hcnoansys cootowenne (2.42), noayuaem
6 af 2 I 1\3 2
to - -,--"J(_ (,)+2(,’) -2 (2.44)
[ToaoxkHTeILHOE 3HAUeHIe thy (I0CKOIbKY /. > 0) NoKa3uiBaer, uto

IKCMOHEHUHATLIIOE PACIPE1eICHIIE IMECT PABOCTOPOHINOIO CHAMMCT-
puio. Coraacho dopmy.ie (2.43),

—

— = 2. (2.45)
(o) -

Takum O(inl':lo.\!. 3HAueHie | 4] l'lSl IKCHOHCHILIAILIO pa(’ll])f"l(‘-
ACHKO{T CVHAlNofl BENYIHLL lie 3aBICHT OT 3Hauenils napaverpa .
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JKcuecc

UYeTrepThill MOMEHT OTHOCHTEJNbLHO CpejHero cmfAsaH C OCTpOBEp-
UIHHHOCTBIO pacnpejeseHnsi H Ha3biBaeTCs IKCHECcoM. O onpejessiercs
Kak

g = E (x—p )t (2.46)
MoxHo Jerko nokasath, uTto
= E (x—p)t = — o, + 6 (1) =3 ()" (2.47)
Beanunna
Bo=L1, (2.48)

o6o3HayaeMast TaKKe Yepes ay, SBJSETCS OTHOCHTENbHBIM OKa3aTeeM
skeuecca. Ha pue. 2.2] nokasasbl NJIOTHOCTH ABYX pacnpejenennit:
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Puc. 2.21. CpasHenne nioTHOCTE/i HOPMAJLHOrO W PAaBHOMEPHOrO pacipene-
neunii.

1— wopmaasuoe pacnpezenenne (i5=3); 2 — pasiomepuoe pacnpefenenitc (3,=1,8).

PaBHOMEPHOTO, HJH TNPAMOYIOJLHOrO, H HOPMAJIBLHOTO, HMEIOLLEro
KOJI0K0J1006pastyio (opmy. 3Hauenust 3, AJs 3THX ABYX pacnpejene-
HUil paBHm cooTsercrBenno 1,8 u 3,0. HopmanbHoe pacnpeseneme
4acTo HCNOJIb3YeTesl KaK CTaHAapT, MO KOTOPOMY CPaBHHBAETCS OCTPO-
BEPLIMHHOCTh PYTHX Pacnpeseseruii.

Ilns sKcnoHeHuManbHO pacnpeneseHHOM cayuaiiHON BeWumHb




image14.png
OueHKa LeHTPANbHBIX MOMEHTOB MO pe3yJibTaTam HaOmoaeHHi

Ecau opMa NJIOTHOCTH pacnpeleNeHnst H ee napaMeTpsl HeH3BecT-
Hbl, TO OLEHKH LEHTPAJbHBIX MOMEHTOB, 0GO3HAuaeMhle uepes f,,
MOXHO BBIYHCJHTb, 3aMeHsil B IOJYYEHHHX paHee BHPAXEHHAX p’, Ha

n
/) Y x%, rae x; (i = 1,2,...,n) — 3HAUEHHA N NOJYUEHHBIX HaGMO-

i=1
neuni)). Tak,

1N L2 1 N :
my= - Wi > (2.51)

SIBASIETCS] OLEHKOM 1y, HJH 2, 1 4acTO 0603HAYAETCs Kak a2,
D10 BHpaKeHHE 1aeT TAK Ha3biBAaeMylo CMellleHHYI0 ouedky. Coor-
BercTBylomas GopMyJa A1 HECMElleHHO OLEeHKH HMeeT BHI

. (2.51a)

Ara dopmyaa yacTo HCnoab3yercst BMecTo (2.51) B KauecTBe OLEHKH
JIHCIIEPCHH. IMITHPHYECKas OleHKA ¢ HAXOJUTCH KaK KBajpaTHHI Ko-

peHb u3 o® qMb60 KaKk KBajaparHbiil KopeHb H3 s%
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IMIHPHYECKHE OUEHKH MOMEHTOB iy M by HMEIOT BHJ

n n n

N
._il"’
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my- o 2 (2.52)
H
\ n n fao N2, 1
o \ S| S
Nxi N Xx RETR I
=1 =1 i=\ = -t p
s n 4 n n +6 n n -3

(2.53)

O1i ypaBHenns samucaubi B hopme, HanGosee yaoGHON 115 BHYHC-
nennii. OHAKO, ecan He MPHHATH HeoGXOAUMBIE Mephl, 3TH ypaBHEHHS
MOTyT jJaBaTh 3HAYHTe/JIbHbie OIIHGKH OKpYIJ/IeHHs . ['Ioarouy HHoraa
11e1ec000pa3HO MCNO.1b30BATh SKBHBAJIEHTHLIE BhPaKeHHs

3
S 2.516)
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s (2.51B)

Nn—x)
my= "'—E— , (2.51r)
Ny —x)
my= =, @510

n

e x — 3Mﬂl|PM'-leCKOe cpeiHee,
Ouenkn a5 | &, n 3,, 0603HaYaeMble COOTBETCTBEHHO uepe3 | b,
n b,, paBHbi

Vb, = UT")'— (2.54)
H
S Ty (2.55)

2 (n12)*
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Tabauya 2.4

Hamenenne emMKOCTH AECATH KOHAEHCATOPOB nocae
HenwiTanuii B Tevenue 100 wac

Howep Hamenenne Homep Hamenchne
KOHZeHCaTOpa eMKOCTH, MAP KonAeHcaropa eMKoCTH, MR
1 —0,10 6 —0,06
2 —0,01 7 0,00
3 0,00 8 —0,08
4 --0,02 9 —0,03
5 —0,15 10 +0,01
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Tabauya 2.4a
Ynopnnmemnle 3HaYeHun, NOKasniBawUHEe HIMEHEHHE
€MKOCTH KOHAEHCATOPOB nocie HcnbiTanwuii B Tevenne 100 vac

H3menenne

Tlopsankosufi Homep Homep xonpencatopa eMKOCTH, MK

—0,15
—0,10
—0,08
—0,06
—0,03
—0,01

0,00
40,01
+0,02

-
=
w
=

RN R R - |

SO na W -
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JLAst HANOCTPAIHH BLIMHCAHM OICHKH Nla, Mg, My, | b_, by nast
RAHHBIX, MPUBCICHILIX B Tabn. 2.4. Hueenm

N =—0,40, ¥ x; = 0,044, N x] = —0,005122,
— — —

i=1 i~ i=1

.

\' ) = 0,000661
sl

un =10
Takum oGpasom, ncnoabsys gopuyan (2.51) — (2.55), noayuaem

my =20 L0 40 = 0,002,
10 10*

my= :w —3.0,0044 - (— 0,04) 4 2(— 0,04) = — 0,0001122,

m, = 200661 4 0,04) - (— 0,0005122) +

10
+6 - (—0,04)(0,0044) — 3 - (—0,04)* = 0,00001871,
l *1— _ ——0,0001]5/.’2 . —_0‘000“22 - —0,76,
(0,0028)/2 0,000148

0,00001871 0,00001871
2 == —— = 2,38.
(0,0028) 0,00000784
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Aru OUNEHKH [MOKa3biB4lOT, 4TO JdHHOE pacripeleseHie HMeeT JeBo-
CTOPOHHIOID ACHMMETPHIO M SIBJSIETCS MeHee OCTPOBEePUIHHHBIM, ueMm
HOpMasbHOe pacrpenc/ienne.
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Gerald J. Hahn g Samuel S. Shapm)

STATISTICAL MODELS
IN ENGINEERING

Research and Development Center
General Electric Company

JOHN WILEY & SONS, INC.
NEW YORK — LONDON — SYDNEY 1967
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B MHXEHEPHbIX 3AJAYAX

ﬂepcmm C AHTUICKOTO E. [, KOBAJIEHKO
TMox peaaxkumell B, B. HAJIIMOBA

M3LATENLCTBO «MMP»
MOCKBA 1969
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2.9. IPYIHE XAPAKTEPHCTHKH PACTIPEEJIEHUA
MomenTii pacnpenesenns
Kpome nentpa pacnpejeaenus, yacto GLiBaer HQO()XO,'UIMO onicarh

Paccennue, CHMMETPHIO 11 OCTPOBEpPUNHHOCTL  pachupeieeniin. i
xapaKT(’[)HCTHKII MOXKHO KPaTko HpeICTaBHTh C MOMOULLIO MOMECHINO8
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pacnipegenenns. Jlas ynpoutenns oGosHauenuii Bmecto E (x¥) Gyaem
HCnoab30BaTh 1y Tak, p’y 0603HavaeT MaTemaTHuecKoe oxinlanne E (x)
cayuaiinofi BeaHuuubl x"). BeaHunHa p’y HA3LIBACTCS TAKKE k-M MOMEH-
MoM  pacnpedererus OMHOCUMEAbHO NPOU3BOALHO20 HAY4AAA HIH k-M
MOMEHMOM OMHICUMEAbHO HYAA.

k-l MOMEHM OMHOCUMEAbHO MAMEMAMUYECKO20 OXUOaHUA, HIH
yenmpanbHolt  Momenm, oOnpeesieTcs Kak

= Ele—nl'= [ e—wlr@an, @37)

o
ecd X — HenpephiBHAs cayyafiHas BEJHYHHA C NJIOTHOCTHIO pacipe-
aenenusi f (x), H Kak

l-’-nzz

i

X =)o (x), (2.376)

€CJIH X — JMCKPeTHad cJyvaiiHas BeJHYMHA C pacinpegeneHuem p(x,).

Henosib3ysi TepMHHOJOrHIO, BBEJEHHYIO B NpeBULyuleM pasjene,
(x — py)* MOXKHO paccMaTpHBATh KaK QyHKIMIO A (x) cayyaiiHoil Be/H-
uuHpl X. Takum o6pa3oMm, Bblpaxkenis (2.37) ABAAIOTCSH YaCTHBIM CIy-
yaem dopmya (2.32).
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Pacnpenenenne siBasieTCsi MOJHOCTbIO 33J@HHLIM, €CJH H3BECTHBI
Bce ero MomeHTu?), OHaKO MHOrHe pacnpejeneHHst MOTYT GbiThb moa-
HOCTBIO OTIHCAHBI C IIOMOLILBIO NEPBbIX YeTHIPEX MOMEHTOB, H Mbl OTPaHH-
YHMCSl PAacCMOTPEHHEM TOJMbKO 3THX MOMeHTOB. IlepBbie ueThipe Mo-
MeHTa He TOJMBKO SBASIIOTCS napaMeTpamH, ONHCHBAIOUIMMH pacrmpe-
Jlenenue, HO M MIPAIOT BAXKHYIO POIb NMPH [0160PE 3SMITHPHUYECKHX
pacnpeenenuii (r1. 6) u npH NPUOJIHKEHHON OLEHKE pacnpeieneHns
cayyaiivoli BemHunHb! (ra1. 7).

[epsbiit neHTpaibHbII MOMEHT BCErAa paBeH HYJIO, T. €.

=0,
TaK Kak

w=Ex—p]=E(x)—E(w)=wp—w=0
Jlucnepcus M cpeaHee KBajpaTHyecKoe OTKIOHeHHe

BTopoii MOMEHT OTHOCHTE/bilo CpPeAHEro SBASETCS noKasaTenem
paccesinnst. OH HaswiBaetcss Qucnepcuell W, coraacHo dopmyae (2.37),
ONpeJeTAETCHA Kak

=3 (x) = E [x —u|’= T (x—mwf(xde  (2.38a)

') E(x) 4acto oGoamauaercsi Takmke Hepes (.

2) I‘Ipulueuemle MOMEHTHOI l’lpOHJEOJBlIlEﬁ quHKu.llH ANl HAXOIKAEHUST Beex
neoﬁxo,‘muux MOMCHTOB pacnpejesieniis ONUCAHO B KHUrax rno MaremarHuyecko#
CTaTHCTHKE, NEpevYHCJeHHbIX B CclHCcKe JIHTEPATYPHI.




