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B CnpaBO'lHI1Ke no~p06HO Onl1CaHbl 13 ~I1CKpeTHbIX 11 35 HenpepbIBHbIX O~HO
MepHbIX BepOHTHOCTHbIX pacnpe~elIeHI1H, Hal1601Iee 'laCTO I1CnOlIb3yeMblx Ha npaK
TI1Ke. CnpaBO'lHble MaTepl1a1IbI npe~BapHJOTcll KpaTKI1M 0630pOM OCHOBHbIX no
HHTI1H TeOp1111 BepoHTHocTeH, OTHOCHlUl1XCH K o~HoMepHbIM BepOHTHOCTHbIM pac
npMeJIeHI1HM. B npl1lIO)l(eHI111X npl1Be~eHbI rpa<pI1KI1, nOMoraJOlUl1e BbI6paTb Tl1n 
TeOpeTl1'1eCKOrO pacnpe~eJIeHI111, nO~XO~Hll(erO MH CrJIa)I(l1BaHI1H I1CClIe~yeMoro 

BbI60pO'lHOrO pacnpe~elIeHI1H. KOpOTKO paccMoTpeHbI B03MO)l(HOCTI1 I1CnOlIb30Ba
HI111 CTaTI1CTl1'1eCKI1X naKeTOB STATGRAPHICS 11 STATISTICA MH BbInOJIHeHI1H 
Bbl'lI1CJIeHI1H, CBll3aHHblX C OCHOBHbIMI1 BepOHTHOClfHbIMI1 pacnpe~elIeHI1HMI1. CTOlIb 
nOllp06Hble CnpaBO'lHI1KI1 TaKoro pOlla B HallieH CTpaHe 110 CI1X nop He 11311aBa.,lI1Cb. 

CnpaBO'lHI1K npellHa3Ha'ieH MH IlIl1pOKOrO Kpyra cneUl1a1Il1CTOB pa3HbIX npo
<pI1JIeH, I1CnOlIb3YJOlUI1X B CBoeH pa60Te MeTollbI TeOp1111 BepoHTHocTeH 11 MaTeMaTI1
'leCKOH CTaTI1CTI1K11. MO)l(eT 6bITb I1CnOlIb30BaH npenollaBaTelIllMI1, aCnl1paHTaMI1 11 
cTYlleHTaMI1 BblCllIl1X y'le6HbIX 3aBelleHI1H. 

PeueH3eHTbI: 

ll-P TeXH. HayK 11. A. PIl6I1HI1H, 

ll-P 3KOHOM. HayK A. M. EpexOB 

MOUM Oal101CYPClIUICaM, 6b1nyclClIUlCaM 

BblcUJezo 60ell1l0-MOPCICOZO Y'tUJlu~a C6R3U 1951 z., 

nOC6Jl~aemCR 

rnABA 1. CnPABO"lHblE AAHHblE 
061..1J.ErO XAPAKTEPA 

1.1. OCHOBHblE nOHRTHR H OnPEAEnEHHR 

ell y It a ii H aJl 6 ell u It U H a - 3TO TaKaH rrepeMeHHaH BeJIHq!fHa, 
KOTOpaH B 3aBHCHMOCTH OT cnyqaHHoro Hcxo.n;a HCrrbITaHIDI rrpHHH

MaeT KaKoe-TO O.n;HO H3 CBOHX B03MO)I(HbIX 3HaqeHHH, rrpHqeM 3apa
Hee HeH3BeCTHO, KaKoe HMeHHO. I B .n;aHHOM CrrpaBOqHHKe CJIyqaH
HbIe BeJIlfqHHbI 0603HaqalOTCH 60JIbIIIHMH 6)'KBaMH H3 KOHua JIa

THHCKoro aJI¢aBHTa - qaIUe Bcero 6)'KBaMH X, Y, Z ECJIH 3TO 
Heo6xo.n;HMO, 0603HaqeHHH CJIyqaHHbIX BeJIHqlfH cHa6xalOTCH UH¢
POBbIMH HH.n;eKcaMH, HarrpHMep: XI> X 2 , ... , X • B03MOJICHblen 
3 H a It e H U Jl CJIyqaHHbIX BeJIHqHH 0603HaqalOTCH COOTBeTcTByIOIUH

MH MaJIbIMH 6)'KBaMH JIaTHHcKoro aJI¢aBHTa. TaK, HarrpHMep, B03
MO)I(HOe 3HaqeHHe CJIyqaHHoH BeJIHqHHbI X 0603HaqaeTCH 6)'KBOH x, 
a B03MO)I(HOe 3HatIeHHe CJIyqaHHOH BeJIlfqHHbI Y - 6)'KBoHy.2, 

qHCJIOBOe 3HatIeHHe x, KOTopoe rrpHHHlIa CJIyqaHHaH BeJIHqHHa 

X B KaKOM-JIH60 KOHKpeTHOM HcrrbITaHHH, Ha3bIBaeTCH p eall U3 a
l( U e ii 3TOH CJIyqaHHoH BeJIHqHHbI B .n;aHHOM HcrrbITaHHH. 

MHoxeCTBO 3HaqeHHH, KOTopbIe MoxeT rrpHHHMaTb CJIyqaHHaH 
BeJIHqHHa X, .Ha3bIBaeTCH 0 6II aem b 10 6 03 M 0 JIC H bl X 3 H a It eH U ii 
3TOH CJIyqaHHoH BeJIlfqHHbI. 

Co6bITHe, COCTOHIUee B TOM, qTO CJIyqaHHaH BeJIHqHHa rrpHMeT 
KaKOe-JIH60 orrpe.n;eJIeHHOe 3HaqeHHe HJIH KaKOe-JIH60 3HaqeHHe 
H3 3a.n;aHHoro MHoxeCTBa 3HaqeHHH, HBJIHeTCH CJIyqaHHbIM. TaKHe 

CJIyqaHHbIe C06bITHH 3arrHCbIBalOTCH B BH.n;e COOTBeTCTBYIOIUHX pa
BeHCTB HJIH HepaBeHCTB. TaK, HarrpHMep, 3arrHCb X = x 0603Haqa

eT CJIyqaHHOe Co6bITHe, COCTOHIUee B TOM, tITO CJIyqaHHaH BeJIHqH

Ha X rrpHMeT 3HaqeHHe X; 3arrHCb Y 5 Y 0603HaqaeT CJIyqaHHoe CO
6bITHe, CocToHIUee B TOM, qTO CJIyqaHHaH BeJIHqHHa Y rrpHMeT 

3HaqeHHe, He rrpeBbIIIIalOIUee HeKOTopOH ¢HKCHpOBaHHOH BeJIHtIH
HbI y, a 3arrHCb c 5 Z 5 d 0603HatIaeT CJIyqaHHoe co6bITHe, COCTO

HIUee B TOM, tITO CJIyqaHHaH BeJIHtIHHa Z rrpHMeT KaKoe-HH6y.n;b 

3HatIeHHe H3 3aMKHYToro HHTepBaJIa [c, d). 
CJIyqaHHaH BeJIHqHHa Ha3bIBaeTCH au c"p emHO ii, eCJIH OHa 

MoxeT rrpHHHMaTb TOJIbKO KOHetIHOe HJIH CtIeTHOe MHoxeCTBO B03

1 }:\aHHoe onpe~erreHHe He HBJIHeTCH ~OCTaTO'lHO CTporHM. CTporoe onpe~erreTn 2000-II-N~ 118 
© P. H. Bal\3I1HCKI1H, 200 I HHe crry'laHHoH BeJIH'IHHbl CM. B [I, T. 5, CT6. 9]. 

ISBN 5-02-024919-X © 11311aTelIbCTBO «HaYKa», 2001 2 B KOHl.\e ~aHHOH rrraBbI npl1Be~eH YKaJaTeJIb OCHOBHbIX 0603Ha'leHI1H, HCnOJIb
30BaHHbIX B CnpaBO'lHHKe. 
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MOXHblX 3HaqemrH. B fJI. 2 CrrpaBOqHHKa pacCMaTPHBaIOTC5I TOJIb
KO TaKHe AHcKpeTHble CJIyqaHHble BeJIHqHHbI, KOTopble MOryr rrpH
HHMaTb JIHlIIb I..J;eJIble HeoTPHI..J;aTeJIbHble 3HaQeHIDI. TaKHe CJIyqaH
Hble BeJIHqHHbI Ha3bIBaIOTC5I 14 ell 0 11 Uell eHHblMu. IJ;eJIOqHCJIeHHbIe 
CJIyqaHHble BeJI~HHbI B03HHKaIOT rrpH KaKHX-JIH60 rrOACqeTax, Ha
rrpHMep rrpH rrOACqeTe qHCJIa AecPeKTHbIX H3AeJIHH B KOHTPOJIbHOH 

rrapTHH, rrpH rrOACqeTe qHCJIa TeJIerpaMM, rrocTYIIaIOII..J;HX 3a CyrKH 
Ha Y3eJI CB5I3H, H T. A. 

CJIyqaHHaH Be~Ha Ha3bIBaeTC5I Henpep biB H0 U, eCJIH OHa MO
)l{eT rrpHHHTb JII060e 3HaqeHHe H3 HeKoToporo HHTepBaJIa (3TOT HH
TepBaJI MOX(eT 6bITh orpaH~eHHbIMHJIH HeorpaH~eHHbIM).l Herrpe
pbIBHaH CJIyqaHHaH Be~HHa HMeeT HeCqeTHOe MHO)l{eCTBO B03MO)l{

HblX 3HaqeHHil, KOTopble CIIJIOlIIb 3arrOJIH5IIOT HeKOTopbIH HHTepBaJI 
qHCJIOBOH OCH HJIH BCIO qHCJIOBYIO OCb. HerrpepbIBHbIe CJIyqaHHble 
Be~HHbI B03HHKaIOT rrpH KaKHX-JIH60 H3MepeHH5lX: rrpH H3MepeHHH 

OTKJIOHeHIDI KOHTpOJIbHOrO rrapaMeTPa H3l{eJIIDI MaCCOBoro rrpoH3BoA
CTBa OT ero HOMHHaJIbHOro 3HaqeHIDl, rrpH H3MepeHHH paCCT05IHIDI OT 

I..J;eHTpa I..J;eJIH AO TO~ na,n;eHIDI cHapMa H T. A. 
CaMoH nOJIHOH (HCqeprrbIBaIOII..J;eH) xapaKTepHCTHKOH CJIyqaHHoH 

BeJIHqHHbI 51BJI5IeTC5I 3aKOH ee pacrrpeAeJIeHH5I. 3 a K0 HOM pac 
npea e/l eHUJI cnyqaHHoH BeJIHqHHbI Ha3bIBaeTC5I JII060e COOTHOlIIe
HHe, YCTaHaBJIHBaIOII..J;ee CB5I3b Me)l{l{y B03MOXHbIMH 3HaqeHH5IMH 

CJIyqaHHoH BeJIHqHHbI H Bep05lTHOCT5IMH, COOTBeTCTBYIOII..J;HMH 3THM 
3HaqeHIDIM. HaH60JIee yrrOTPe6HTeJIbHbIMH pa3HOBH):{HOCT5IMH 3aKO

Ha pacrrpeAeJIeHIDI cnyqaHHoH BeJIHqHHbI 51BJI5IIOTC5I: PM pacrrpeAe
JIeHIDI, IIJIOTHOCTb Bep05lTHOCTH, cPYHKI..J;IDI pacrrpeAeJIeHIDI, cPYHK
I..J;IDI pHcKa, npOH3BOl{5lII..J;aH cPYHKI..J;IDI H xapaKTepHCT~eCKaH cPYHK

I..J;IDI. PM pacrrpe.ueJIeHIDI H rrpOH3BOl{5lII..J;aH cPYHKI..J;IDI HCrrOJIb3YIOTC5I 
TOJIbKO M5I orrHcaHIDI AHcKpeTHblX CJIyqaHHblX BeJI~HH, a IIJIOT

HOCTb Bep05lTHOCTH H cPYHKI..J;H5I pHcKa - l{JI5I orrHcaHIDI HerrpepbIB
HbIX cnyqaHHblX BeJIHqHH. C1>YHKI..J;IDI pacrrpeAeJIeHIDI H xapaKTepH

CTHqeCKaH cPYHKI..J;IDI MOryr 6bITb HCrrOJIb30BaHbI l{JI5I orrHcaHIDI KaK 

AHcKpeTHblX, TaK H HerrpepbIBHbIX CJIyqaHHblX BeJI~HH. 

PJI a 0M pac npea e/l eHUJI AHcKpeTHoH CJIyqaHHoH BeJI~HHbI 
X Ha3bIBaeTC5I COBOKyrrHOCTb Bcex ee B03MOXHbIX 3HaqeHHH xI> 
X2 , ••. , X n H Bep05lTHOCTeH PI> P2' ... , P n rr05lBJIeHH5I Ka)I{l{OfO H3 
3THX 3HaqeHHH. C1>YHKI..J;IDI p(x) =P(X =X), YCTaHaBJIHBaIOII..J;aH 
CB5I3b Me)l{l{y B03MOXHbIMH 3HaqeHIDIMH X = 0, 1, 2, ... I..J;eJIOqHC

JIeHHOH CJIyqaHHoH BeJIHqHHbI X H Bep05lTHOCT5IMH rr05lBJIeHIDI 

3THX 3HaqeHHH, Ha3bIBaeTC5I rP y HK 14 Ue U BepO JI mHO emu 
(pHC. 1.1, a).

2 • 

1 CTporoe onpe):{eJIeHHe nOHliTHli (<HenpepbIBHali CJIyqaHHali BeJIHqHHa» npHBo

):(HTCli Ha c. 5. 
2 Hapll):{y C CHMBOJIOM p(x) ):{JlJI 0603HaqeHHlI epYHKl.\HH BepOliTHOCTH HCnOJIb3y

eTCli CHMBOJI Px(X)' B CJIyqae, Kor):{a Heo6xo):{HMO no):{qepKHyTb, 'ITO l.\eJIOqHCJIeHHali 

CJIyqaHHali BeJIH'iHHa X 3aBHCHT OT napaMeTpOBA. H 1l):(JI1i 0603HaQeHHlI epYHKl.\HH Be

POliTHOCTH HCnOJIb3YeTCli CHMBOJI p(X; A., Il) HJIH Px(X; A., Il)· 

4 

a 

Po • PI • P2 • P3 ~ P4 

p(X) 

o I 2 3 4 x 

F(x) 6 

1.0 ~------------~ T P4 
P3: : 

_ 1 I I 
I 

TT 
J:l1 1 II I111 

I II 
I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

Po + PI + P2 
I I 
I I 
I I 
I I 
I I 

Po 1 : 
I 

: 
I 

.l. 
, 

o I 2 3 4 x 

PHC. 1.1. PM pacnpe):{eJIeHHlI (0) H «PYHKl.\HlI pacnpe):{eJIeHHlI (6) AHcKpeTHoH cJIY
qaHHOH BeJIHqHHbI. 

IlIIomHocmblO BepOJlmHOCmU (rPYHK14UeU n/lOmHOcmu) 
HerrpepbIBHOH CJIyqaHHoH BeJIHqHHbI X Ha3bIBaeTC5I rrpeAeJI OTHO
lIIeHIDI Bep05lTHOCTH rrorra,n;aHIDI 3TOH CJIyqaHHoH BeJIHqHHbI B HH

TepBaJI (X, X + LlX) K MHHe LlX 3TOfO HHTepBaJIa, CTPeM5III..J;eHC5I K 

HyJIIO: 

f(x) = lim P(x < X < X + ilx) 
6>:->0 ilx 

CJIyqaHHble BeJIHqHHbI, l{JI5I KOTOpbIX 3TOT rrpeAeJI cymecTByeT 
(l{JI5I KOTOpblX cymecTByeT IIJIOTHOCTb Bep05lTHOCTHf(x», Ha3bIBa

IOTC5I a 6co 1110 mHO Henpep blB HblM U. HMeHHO TaKHe cnyqaHHble 

BeJIHqHHbI paCCMaTPHBaIOTC5I B fJI. 3. B .uaJIbHeHlIIeM, l{JI5I KpaTKo
CTH, BMeCTO TepMHHa «a6COJIIOTHO HerrpepbIBHa51 CJIyqaHHaH BeJIH

qHHa» HCrrOJIb3yeTC5I TepMHH «HerrpepbIBHaH CJIyqaHHa51 BeJIHqHHa». 
C/)Y HK 14 UJI pacnpeaelleHUJI CJIyqaHHoH BeJIHqHHbI X - 3TO 

TaKaH cPYHKI..J;IDI F(x) .ueHcTBHTeJIbHOH rrepeMeHHoH X, 3HaqeHHe 
KOTOpOH npH Ka)I{l{OM X paBHo Bep05lTHOCTH BbIlIOJIHeHIDI HepaBeH-

CTBa X < X, T. e. 
F(x) = P(X < x). 
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-----

<I>YHKI.tIDI pacrrpe,n;eJIeHIDI F (x) I..( e JI 0 q H CJI e H H 0 H CJIyqaHHoH 
BeJIlfqHHbI Xc 06JIaCTbIO B03MO)l(JibIX 3HaqeHHH {a, 1, ... , n} CBH3aHa 
C <PYHKI.tHeH BepOHTHOCTlf p(x) 3TOH CJIyqaHHoH BeJIHqHHbI COOTHO
meHHeM (pHC. 1.1, 6): 

a, x~o; 

F(x) = ±P(i), k < x ~ k + 1, k =0, 1, 2, ... , n -1;
{/=0 

.' 1, x> n. 

<I>YHKI..(IDI pacrrpe,n;eJIeHIDI F(x) HerrpepbIBHoH CJIyqaHHoH BeJIH
qHHbI X H IlJIOTHOCTb BepoHTHOCTH f(x) CBH3aHbI MeJK.llY C060H co
OTHOmeHIDIMH (pHC. 1.2): 

F(x) = 1f('r)dT H f(x) = d~~X) =F' (x). 
.... 

PaBeHCTBO f(x) = F' (x) crrpaBeMHBO BO Bcex TOqKaX Herrpe

PbIBHOCTlf <PYHKI.tHH IlJIOTHOCTlf f(x). <I>YHKI.tIDI pacrrpe,n;eJIeHIDI 
F (x) HerrpepbIBHOH CJIyqaHHoH BeJIHqHHbI X HerrpepbIBHa rrpH Bcex 

x H ,n;H<p<pepeHI..(HpyeMa BCIO.D;y, 3a HCKJIIOqeHHeM KOHeqHoro IDm 
CqeTHOrO qHCJIa TOqeK. 

• 
I(x) 

o x x 

. F(x) 
1.0 1-------------= 

F(x) 

o x x 

PHC. 1.2. lliOTHOCTb BepOJITHOCTH H 4>YHKUIDI pacnpe.lleJIeHIDI HenpephlBHOA 
cnyqaAHoA BeJIH'lHHhI. 

6 

BepOHTHOCTb TOrO, ~O C.rryqaHHaH BeJIHqHHa X rrOrra,lleT B HH

TepBaJI [a,b), paBHa rrpHpall..(eHHIO <PYHKI.tHH pacrrpe,n;eJIeHIDI F(x) 
Ha 3TOM HHTepBaJIe (pHC. 1.3): 

P(a ~ x < b) =F(b) - F(a) = 
b

Jf(x)dx. 
a 

I(x) 

o a b x 

F(x) 
1.0 

F(b) 

X < b)pea ~ 

F(a) [--.:;:: 

o a b x 

PHC. 1.3. BepOJlTHOCTb nona,naHIDI HenpephIBHoA cnyqattHoA BeJIH'lliHhI B 3a,llaHHhlA 
HHTepBaJI. 

C1>yHIC14UJl pucICa (UHmeHCU6Hocmb) HerrpepbIBHOH 

c.rryqaHHoH BeJIlfqHHbI X - 3TO <PYHKI.tIDI, orrpe,n;eJIHeMaH COOTHO
meHHeM 

A(x) = f(x) 
1- F(x) 

IIpH JII060M X HMeeT MeCTO COOTHomeHHe A(X) ~ f(x) (pHC. 1.4). 
B TeopHH Ha,Ile)l(JiOCTH rro,n; <PYHKI.tHeH pHCKa A(X) rrOHHMaeTCH 

yCJIOBHaH IlJIOTHOCTb BepOHTHOCTH OTKa3a H3,n;eJIIDI B MOMeHT X rrpH 

yCJIOBHH, qTO 3TO H3,n;eJIHe He OTKa3aJIO ,n;o MOMeHTa x. IIpH TaKOH 

TpaKTOBKe A(X)dx rrpH6JIIDKeHHO palmo BepOHTHOCTH Toro, qTO H3

,n;eJIHe OTKaJKeT B HHTepBaJIe BpeMeHH (x,x + dx) rrpH yCJIOBHH, ~o 

OHO He OTKaJaJIO ,n;o MOMeHTa x: 

P(x < X < x +dx/X > x) ~ A(x)dx. 
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A(X) .,. f(x) 

o x 

PRC. 1.4. <I>YHKllWI pHCKa A(X) H llJIOTHOCTh BepOHTHOCTR f(x) HenpephIBHoH 
cnyqaHHoH BeJIHQHHhI. 

Upo U360iJJI.1U, e it rjJY H" U, U e it u;eJI Oq H CJI e H HO H cnyqaH
HOH BeJIHqHHbI X Ha3bIBaeTCH TaKaH <PYHKIIHH .n;eHCTBHTeJIbHOH rre
peMeHHOH t, KOTOpaH rrpe.n;CTaBJIHeT COGOH MaTeMaTHqeCKOe O)l(Jf
.n;aHHe cnyqaHHoH BeJIHqHHbI t X

: 

., 

<Px(t) =M(tx) = I tXp(x), Itl~ 1. 
x=o 

IIpoH3Bo.n;HII.J;aH <PYHKIIIDI <P x (t) cnyqaHHoH BeJIHqHHbI X o.n;
H03HaqHO orrpe.n;eJIHeT ·pacrrpe.n;eJIeHHe BepOHTHOCTeH :3TOH CJIyqaH
HOH BeJIHqHHbI: 

p(O) =<px(O), p(x) = dX:xY)lt=o =<p~X)(O) (x =1,2, ... ). 

ECJIH X I' X 2 , ••• , X n - He3aBHCHMble u;eJIOqHCJIeHHble cnyqaH
Hble BeJIHqHHbI H Y = XI + X 2 + ... + X , TO n 

n 

<P.(t) =<Px (t) <Px (t) ... <Px (t) =I1<Px (t), 
" I 2 " .t 

k=1 

T. e. rrpOH3BOMII.J;aH <PYHKIIIDI CYMMbI He3aBHCHMbIX u;eJIOqHCJIeH

HbIX CJIyqaHHbIX BeJIHqHH paBHa rrpOH3Be.n;eHHIO rrpOH3BOMII.J;HX 

<PYHKIIHH CJIaraeMbIX. (3.n;eCb <P Xl (t) - rrpOH3BOMII.J;aH <PYHKU;IDI 

CJIyqaHHoH BeJIHtlHHbI X k' k = 1, 2, ... ,n). ECJIH CJIyqaHHble CJIarae-

Mble X I' ••. , X n rro.n;qHHHIOTCH O.n;HOMy H TOMy :x<:e 3aKOHY pacrrpe.n;e

JIeHIDI, T. e. eCJIH <P X(t) =<P X(t) = ... =<P X (t) =<P X(t), TO
I 1 • 

<Py(t) = [<px(t)]n. 

IIycTb X 1,X2 , ••• - rrOCJIe.n;OBaTeJIbHOCTh He3aBHCHMbIX u;eJIO'IHC
JIeHHbIX O.n;HHaKOBO pacrrpe.n;eJIeHHbIX cnyqaHHbIX BeJIHqHH C rrpOH3
BOMII.J;eH <PYHKIIHeH <P X (t), N - He3aBHCHMaH OT HHX u;eJIOqHCJIeH
HaH cnyqaHHaH BeJIHqHHa C rrpOH3BOMII.J;eH <PYHKIIHeit <P N (t), a cny
qaHHaH BeJIHtlHHa YN orrpe.n;eJIHeTCH paBeHCTBaMH 

YN =XI +X2 +",+XN H Yo =0. 

Tor.n;a rrpOH3BOMII.J;aH <PYHKIIIDI <PYN (t) cnyqaHHoH BeJIHtlHHbI 
YN orrpe.n;eJIHeTCH COOTHOIIIeHHeM 

<PYN (t) = <PN(<px(t», 

T. e. rrpOH3BO)J;HII.J;aH <PYHKIIIDI cnyqaHHoro 'lHCJIa cnyqaHHbIX CJIara
eMbIX paBHa cyrreprr03HU;HH rrpOH3BOMII.J;HX <PYHKIIHH <P N (t) H 

<P X (t). 
Xapa" mep U emu 'I ec"o it rjJy H" U, ue it cnyqaHHoH BeJIHtlHHbI 

X Ha3bIBaeTCH TaKaH <PYHKIIIDI .n;eHCTBHTeJIbHOH rrepeMeHHoH t, KO
TOpaH rrpe.n;CTaBJIHeT COGOH MaTeMaTHtleCKOe O:x<:H.n;aHHe cnyqaHHoH

Ux
BeJIHtlHHbI e : 

i=eux p(x), X -u;eJIOqHCJIeHHaH; 

Xx(t) =M(eUX 
) = x;,o

JeUx f(x) dx, X - HerrpepbIBHaH,\...., 

r.n;e i = ~ - MHHMaH e.n;HHHu;a; p(x) = P(X = x), x = 0, 1, 2, ... 
<PYHKIIHH BepoHTHoCTH u;eJIOqHCJIeHHOH CJIyqaHHoH BeJIHtlHHbI X; 
f(x) - IIJIOTHOCTh BepOHTHOCTH HerrpepbIBHoH cnyqaHHoit BeJIH
qHHbI X 

XapaKTepHCTHtIeCKaH <PYHKIIHH Xx (t) cnyqaHHoH BeJIHtlHHbI X 
0.n;H03HaqHO orrpe.n;eJIHeT pacrrpe.n;eJIeHHe 3TOH cnyqaHHoH BeJIHqH
HbI: 

p(x)=_1 je-uxXx(t)dt,X=O,I, 2, ... ; f(x)=_1 je-uXXx(t)dt.
2n 2n 

1 ...., 

XapaKTepHCTHtIeCKaH <PYHKIIHH Xx(t) u;eJIOqHCJIeHHOH cnyqaH
HOH BeJIHtlHHbI X CBH3aHa C ee rrpOH3BO)J;HII.J;eH <PYHKIIHeH cP X (t) pa
BeHCTBOM Xx (t) = <P X (e it 

). 
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XapaKTepHCTH':leCKaH <PYHK.1lHH CyMMbI Y = XI + X2 + '" + X n 

CJIyqaHHbIX Bemf':lHH Xl"'" X n paBHa rrpOH3Be,ll;eHHIO XapaKTepH
CTW:leCKHX <PYHK.1lHH CJIaraeMbIX 

Xy(t) = nn 

Xx. (t), 
k=l 

r,ll;e Xx. (t) - xapaKTepHCm'IeCKaH <PYHK.1lHH CJIyqaHHoH BeJIW:lHHbI 

Xk (k = 1, 2, ... , n). 
ECJIH CJIyqaHHble BeJIH'IHHbI Xk(k = 1,... , n) HMeIOT O,ll;HO H TO 

.>Ke pacrrpe,ll;eJIeHHe, T. e. eCJIH Xx. (t) = Xx (t), TO 

Xy(t) = [xx(t)f . 

B TOM CJIyqae eCJIH CJIyqaHHaH BeJIW:lHHa Jj" rrpe,ll;CTaBJIHeT co

60H CYMMY CJIyqaHHOrO 'IHCJIa N O,ll;HHaKOBO pacrrpe,ll;eJIeHHbIX CJIY

'IaHHbIX CJIaraeMbIX XI' X 2 , ... , TO CrrpaBeAJIHBa <poPMYJIa 

XYN (t) = <P N(Xx(t»). 

lJuC/108b1e xapa KmepucmUK U CJIyqaHHoH BeJIW:lHHbI 

3TO 'IHCJIOBbIe rrapaMeTpbI, xapaKTepH3Y!OIIIHe OT,lI;eJIbHble CBOHCTBa 
pacrrpe,ll;eJIeHHH :nOH CJIyqaHHoH BeJIW:lHHbI. HaH60JIee Ba.>KHbIMH 
'IHCJIOBbIMH xapaKTepHCTHKaMH HBJIHIOTCH xapaKTepHCTHKH rrOJIO

.>KeHHH, pacceHHHH, aCHMMeTPHH H 3Kcu;ecca. 
XapaKmepucmUKa nO/lOJICeHUJl - 3TO 'IHCJIOBOH rrapa

MeTP, orrpe,ll;eJIHIOIIIHH rrOJIO.>KeHHe u;eHTPa pacrrpe,ll;eJIeHWI CJIyqaH
HOH BeJIH'IHHbI, BOKPyr KOToporo pacrrOJIaraIOTCH ee B03MO.>KHble 
3Ha'IeHHH. OCHOBHbIMH xapaKTepHCTHKaMH rrOJIO.>KeHHH HBJIHIOTCH 
TaKHe 'IHCJIOBble xapaKTepHCTHKH, KaK MaTeMaTW:leCKOe O.>KH,LJ;aHHe, 
Me,ll;HaHa H MO,ll;a. 

MameMamU'IeCKOe OJICUOaHUe (cpeOHee 3Ha'leHue) 
CJIyqaHHoH BeJIW:lHHbI X orrpe,ll;eJIHeTCH COOTHOIIIeHHHMH 

I.xp(x), X -u;eJIO'IHCJIeHHaH; 

M(X)=x= x:o 

fXf(x)dx, X -HerrpepbIBHaH.1-., 

MaTeMaTH'IeCKOe O.>KH,LJ;aHHe CJIyqaHHoH BeJIW:lHHbI X CYIIIeCTBy., 
eT, eCJIH CXO,ll;HTCH pH)]; L,Xp(x) HJIH a6COJIIOTHO CXO,ll;HTCH HHTer-

k.O 

pan f xf(x) dx, T. e. eCJIH	 I.xp(x) <<X) HJIH flxlf(x)dx < 00. 

x=o -<0 
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B rrpOTHBHOM CJIyqae rOBOpHT, 'ITO CJIyqaHHaH BeJIW:lHHa XHe HMe

eT MaTeMaTW:leCKOrO O.>KHAaHHH. 
MaTeMaTH'IeCKOe O.>KHAaHHe CyMMbI CJIyqaHHbIX BeJIW:lHH paBHO 

CyMMe MaTeMaTHt:IeCKHX O.>KHAaHHH CJIyqaHHblx CJIaraeMbIX: 

M(~Xk J= ~M(Xk)' 
MaTeMaTH'IeCKOe O.>KHAaHHe rrpOH3Be,ll;eHHH He3aBHCHMbIX CJIy

'IaHHbIX BeJIH'IHH paBHO rrpOH3Be,ll;eHHIO MaTeMaTH'IeCKHX o.>KH,ll;a

HHH CJIyqaHHbIX COMHO.>KHTeJIeH: 

M(n xkJ = nM(Xk)· 
k.1 k.l 

Me 0U a H a HerrpepbIBHoH CJIyqaHHoH BeJIH'IHHbI X - 3TO Ta

Koe 3Ha'IeHHe Me(X) 3TOH CJIyqaHHOH BeJIH'IHHbI, AJIH KOToporo 
BbIIIOJIHHeTCH yCJIOBHe P{X < Me(X)} =P{X > Me(X)} =0.5. Me

,lI;HaHa HBJIHeTCH KopHeM ypaBHeHHH F(Me(X») =0.5 (pHC. 1.5). 
,LlJIH 0603Ha'IeHHH Me,ll;HaHbI HCrrOJIb3yeTcH TaK.>Ke 60JIee rrpocToH 

CHMBOJI x o.s ' T. e. Me(X) =xo.s' 

f(x) 

xo XO.5 

F(x) 
1.0L----------------- :=---

xXO.5 

PHC. 1.5. Me,nHaHa HenpephlBHoA CJI}"laAHOA BeJIH'lHHhI. 
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j(x) = maxj(x) 
x 

M 0 iJ a CJIyqaHHOH BeJIHqHHbI X - 3TO TaKoe 3HaqeHHe Mo (X) 
3TOH CJIyqaHHoH BeJIHqHHbI, npH KOTOpOM <PYHKI.urn BepOHTHOCTH 
(B .n;HCKpeTHOM CJIyqae) HJIH nJIOTHOCTb BepOHTHOCTH (B HenpepbIB
HOM CJIyqae) .n;OCTHraeT MaKCHMYMa (pHC. 1.6, a). I ,LJ:JIH 0603Haqe
HHH MO.n;bI HCnOJIb3yeTcH TalOKe 60JIee npocToH CHMBOJI X, T. e. 

Mo (X) == X. Mo.n;a HBJIHeTCH HaH60JIee THnHqHbIM, HaH66JIee qaCTO 
Ha6mo.n;aeMbIM npH 3KcnepHMeHTax 3HaqeHHeM CJIyqaHHoH BeJIH
qHHbI, T. e. 3HaqeHHeM, KOTopoe .n;eHcTBHTeJIbHO HBJIHeTCH HaH6o
JIee «MO.n;HbIM». 

a
p(x) P2 = maxp(x) j(x) 

.t=2<X<6 

0 I 2 3 4 5 6 x "0
"- x x 
x 

6
j(x) t. 

I j(x) =minj(x) 
x 

o v 
X x 

PHC. 1.6. Mo,na (a) H aHTHMo,na (6) cJlyqaHHoH BeJlH'IHHbI. 

A H mUM 0 iJ a HenpephIBHOH «aHTHMo.n;aJIbHOH» CJIyqaHHoH Be
JIHqHHbI X - 3TO TaKoe 3HaqeHHe X3TOH CJIyqaHHoH BeJIHqHHbI, 
npH KOTOpOM ee llJIOTHOCTb BepOHTHOCTH f(x) .n;OCTHraeT MHHHMy
Ma (pHC. 1.6, 6). 

Y o.n;HoBepIIIHHHoro, CHMMeTpHqHOrO OTHOCHTeJIbHO npHMoH 

x = a pacnpe.n;eJIeHHH, Mo.n;a paBHa a H COBna.n;aeT C Me.n;HaHoH H 
MaTeMaTHqeCKHM O:>lCH.n;aHHeM (eCJIH nOCJIe.n;Hee cYII.J;eCTByeT): 

Mo (X) = Me (X) = M(x) (pHC. 1.7, a). Ypacnpe.n;eJIeHHH C npa
BOCTopoHHeH aCHMMeTpHeH Mo (X) <Me (X) < M (X), a y pacnpe

.n;eJIeHHH C JIeBOCTOpoHHeH aCHMMeTpHeH M(X) < Me(X) < Mo(X) 
(pHC. 1.7, 6). 

I Mo,na JlBJIlIeTCJI eCTeCTBeHHOH xapaKTepHCTHKOH QeHTpa pacnpe,neJleHHJI cny
'IaHHOH BenH'IHHLI JIHllIL B cny'laJlx TaK Ha3LIBaeMLlX o,nHOBepWHHHLlX (O,nHOMO
,naJILHLlX) pacnpe,neneHHH. MMeHHO TaKHe pacnpe,neneHHJI paCCMaTpHBaJOTCJI B ,naH
HOM CnpaBO'lHHKe. MHorOBepllIHHHOCTL (MHorOMo,naJILHOCTL) pacnpe,neneHHJI 
06LI'IHO CBH,lleTenLCTBYeT 0 CYlQeCTBeHHOH HeO,llHop0,llHOCTH HCCJle,nyeMoH COBO
KynHoCTH CTaTHCTH'IeCKHX ,naHHLlx. 
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a 6 

113 < 0 
/1'\ Sk < 0 

/ I \ 
/ I \ 

// I \
/ I \ 

I \ 

-:;;1 Y 

//

II ",,/
I '__ ,1' 

j(x) 

/~\I \ 
I \I \ 

o x x o x tx x 
xO.5 

PHC. 1.7. XapaKTepHcTHKH aCIIMMeTPHH pacnpe,neJleHHH BepoHTHocTeH cnyqaHHoH 
BenH'IHHbI. CooTHollIeHHe Me~ MaTeMaTH'IeCKHM OXCH,llaHHeM X, Me,nHaHoH Xo l H 

MO,nOH X. . 
a - CHMMeTPH'lHbIe pacnpe,neJIeHHJI; 6 - HeCHMMeTPH'lHLIe pacnpe,neJIeHHJI. 

3MnHpHqeCKHM nYTeM yCTaHOBJIeHO, qTO MaTeMaTHqeCKOe O)l{H

.n;aHHe, Me.n;HaHa H MO.n;a O.n;HOBepIIIHHHOrO pacnpe.n;eJIeHHH C YMe
peHHOH npaBOCTOpOHHeH aCHMMeTpHeH CBH3aHbI Me)K,lly C060H CO

OTHOIIIeHHeM X - X :::: 3(x - X O.5 )' 

XapalCmepucmulCa paCCeJlHUJI - 3TO qHCJIOBOH napaMeTp, 

xapaKTepH3yroII.J;HH CTeneHb paCCeHHHH B03MO)J(HhIX 3HaqeHHH CJIY

qaHHOH BeJIHqHHbI OTHOCHTeJIbHO ueHTpa ee pacnpe.n;eJIeHHH. K 
qHCJIy XapaKTepHCTHK paCCeHHHH OTHOCHTCH: .n;HCnepCHH, Cpe.n;Hee 

KBa.n;paTHqeCKOe (CTaH.n;apTHOe) OTKJIOHeHHe, Cpe,l{HHHOe (BepOHT

HOe) OTKJIOHeHHe H K03<P<PHUHeHT BapHaUHH. 
,l{U en epc UJI CJIyqaHHoH BeJIHqHHbI X - 3TO MaTeMaTHqeCKOe 

O:>KH.n;aHHe KBa.n;paTa OTKJIOHeHHH 3TOH CJIyqaHHOH BeJIHqHHbI OT ee 
cpe.n;Hero 3HaqeHHH: 

:t (x - X)2 p(x), X -ueJIOqHCJIeHHaH; 

D(X) =M [(X - X)2] = x;,o
f(x - X)2 f(x) dx, X - HenpepbIBHaH. 

.....l
,LJ:HcnepcHH CJIyqaHHoH BeJIHqHHbI X xapaKTepH3yeT pacceHHHe 

3TOH CJIyqaHHoH BeJIHqHHbI OTHOCHTeJIbHO ee cpe.n;Hero 3Haqe

HHHX. 

,LJ:HcnepcHH CYMMbI HeKOppeJIHpOBaHHhIX CJIyqaHHbIX BeJIHqHH 

paBHa CYMMe ,l{HcnepCHH CJIyqaHHbIX CJIaraeMhIX: 

D(ixk) = iD(Xk). 
k.1 k.1 
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CpeaHee ICeoapomu"teclwe (cmOHaOpmHoe) omICAOHe
Hue CJIyqaHHOH BeJIH'IHHbI X - 3TO rrOJIO)I(HTeJIbHOe 3HaqeHHe 
KBa,n;paTHoro KOpHH H3 ;:{HCrrepCHH 3TOH CJIyqaHHoH BeJIHqHHbI: 

cr(X) == cr x =.jD(X). 

CpeaUHHoe (eepORmHoe) omICAOHeHue HerrpepbIBHOH 
CJIyqaHHOH BeJIHqHHbI x; HMeIOmeH CHMMeTpHqHOe pacrrpe

~eJIeHHe, - 3TO qHCJIO E, y~OBJIeTBOpHIOmee yCJIOBHIO 
P(IX-xo.sl<E) =P(lx-xo.sl>E)=0.5 (pHC. 1.8). 

I(x) 

o x 

PHC. 1.8. Cpe~HHHoe (BepoHTHoe) OTKJIOHeHHe E CJIyqaHHoH BeJIHqHHbl X 

K03cj;cj;Ul{ueHm eopuol{UU CJIyqaHHOH BeJIHqHHbI X - 3TO 
OTHOllIeHHe cpe~Hero KBa,n;paTHqeCKoro OTKJIOHeHHH cr x 3TOH CJIy
qaHHOH BeJIHqHHbI K ee Cpe~HeMY 3HaqeHHIO i: 

V = cr x 
x HJIH vx=~.100%. 

X X 

K03<P<PHU:HeHT BapHaU:HH HCrrOJIb3yeTcH B KaqeCTBe XapaKTe
pHCTHKH pacceHHHH TOJIbKO HeOTpHu:aTeJIbHbIX CJIyqaHHbIX BeJIH

qHH.
 

K eo Hm UA b nopR aIC 0 P (P-IC eo Hm UA b) HerrpepbIBHOH CJIY
qaHHOH BeJIHqHHbI X - 3TO TaKoe 3HaqeHHe X 3TOH CJIyqaHHOH 

p
BeJIHqHHbI, ~ KOToporo BblIlOJIHHeTCH yCJIOBHe P(X < X ) = p. 

p 
KBaHTHJIb Xp HBJlHeTCH KopHeM ypaBHeHHH F(xp) = P (pHC. 1.9).
 
KBaHTHJIb xo.s rrOPMKa p = 0.5 Ha3bIBaeTCH MeaUOHOU,
 

xo.s == Me (X). KBaHTHJIH X02S H XO.7S Ha3bIBaIOTCH COOTBeTCTBeHHO 
HUJlCHeu H eepxHeu ICeopmuAblO, KBaHTHJIH XO.l' XO.2, ... , XO.9 

_ 
ael{uARMu, a KBaHTHJIH xo.OI> XO.02 , ••• , XO. - npOl{eHmUARMU

99 
(rrepBaH rrpou:eHTHJIb, BTOpaH rrpou:eHTHJIb H T. ~.). 

Pa3HocTb X O.7S -XO.2S Me)l(Jly BepXHeH H HIDKHeH KBapTHJIHMH 
Ha3bIBaeTCH uHmepICeopmuAbHblM poccmORHueM. Cpe~HHHoe 
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I(x) 

o x xp 

F(x) 
1.0 1------------------ _;.;::- 

p 

o x xp 

PRC. 1.9. KBaHTHJIb nOPMKa P (p-KBaHTHJIb) CJl)"IaHHOH BeJI~RHbl X 

(BepOHTHoe) OTKJIOHeHHe E paBHO rrOJIOBHHe HHTepKBapTHJIbHoro 

paCCTOHHHH: E = (XO•7S - X 02S )/2 (CM. pHC. 1.8). 

B MaTeMaTHqeCKOH CTaTHCTHKe Hap~ C rrOHHTHeM «KBaHTHJIb» 

llIHpOKO HCrrOJIb3yeTcH rrOHHTHe «KpHTHqeCKOe 3HaqeHHe» (KpHTH

qeCKaH TOqKa) pacrrpe~eJIeHHH. 

Kpumu"tecICuM 3Ho"teHueM nopRaICO p (ICpumu"tecICuM 
3HO"teHueM, coomeemcmeylOlqUM eepORmHocmu p) pacrrpe

~eJIeHHH HerrpepbIBHoH CJIyqaHHoH BeJIHqHHbI X Ha3bIBaeTCH 

qHCJIO x(p)' y~OBJIeTBOpHIO.l.Ilee yCJIOBHIO P(X > x(p» = p. KpHTH
qeCKOe 3HaqeHHe (KpHTHqeCKaH TOqKa) x(p) HBJlHeTCH KopHeM 

ypaBHeHHH F(x(p» = 1- P (pHC. 1.10, 0). KpHTHqeCKHe 3HaqeHHH 
(KpHTHqeCKHe TOqm) H KBaHTHJIH O~Horo H Toro xe pacrrpe~e

JIeHHH CBH3aHbI rrpOCTbIMH COOTHOllIeHHHMH: x(p) =x 1- p H 

x p =x(l-p) (PHC. 1.10,6). 
Bo MHorHX rroc06HHX rro MareMaTHqeCKOH CTaTHCTHKe 

rrOPMOK KpHTHqeCKOH TOqKH 3a,n;aeTCH B rrpou:eHTax. ITPH 
3TOM BMeCTO TepMHHa «KpHTHqeCKaH TOqKa rrOPMKa p» HC

rrOJIb3yeTcH TepMHH «100p-rrpou:eHTHaH TOqKa». HarrpHMep, KpH

THqecKyIO TOqKY rropMKa P = 0.05 Ha3bIBaIOT 5-rrpou:eHTHoH KpH
THqeCKOH TOqKOH. 

HO"tOAbHblU MOMeHm S-lO nopRaICO (HO"tOAbHblU 
MOMeHm nopRaICO S, s-u HO"tOAbHblU MOMeHm) CJIyqaH
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HOH BeJUI'IHHhl X - 3TO MaTeMaTH'IeCKOe OXH,lJ;aHHe S-H CTe
rreHH 3TOH cnyqaHHoH BenHqHHhl: 

... 
LX'p (x), X - nenOqHCneHHaJI; 
...0 

m,(X) =M(X') =) ... 

Jx' f(x) dx, X - HerrpepbIBHaJI. 

F(x)j a ~ 
I r-----

I-p 

o x(p) x 

6f(x) 

o X(p) X 

XI_ P 

PHC. 1.10. KpHTH'lCCKOC 3Ha'lCHHC (KPHTH'ICCKaJI TO'lKa) nOpR,nKa p pacnpcAcneHIDI
 
BCpORTHOCTCA: HcnpepbIBHoA: CJIY'laAHOA: BCJIH'IHHhI (0); COOTHOWCHHe MCJK,IlY KBaH


THnblO x, H KPHTH'IeCKoA: TO'lKoA: xl') (6).
 

l.(eHmpallbHblil MOMeHm S-ZO nopRa"a (14eHmpallbHblil 
MOMeHm nopRa"a S, S-U 14eHmpallbHblU MOMeHm) cnyqaHHoH 
BenH'IHHhI X - 3TO MaTeMaTH'IeCKOe OXH,lJ;aHHe S-H CTeneHH neHT

o 

pHpOBaHHOH CnyqaiiHOH BenH'IHHbI X = x -X: 

~,(X) =M(X') =M[(X -X)'] = 

... 
L(x - X)' p(X), X - nenOqHCneHHaJI; 
...0 

= 

J(x - i)' f(x) dx, X - HerrpephlBHaJI. 

HaqanbHhle H neHTpanbHhle MOMeHThl CBR3aHbI Me)l(,[(y C060H 

COOTHOlIIeHHRMH: 

2 " - m - m2 - m - x-2,m2 =~2 +m~ =D.. +x ; r2 - 2 I - 2 , 

m3 =~3 +3~2ml +mt; ~3 = m3 -3m2ml + 2m l
3; 

m4 = ~4 + 4~3ml + 6~2m~ + m:; ~4 = m4 - 4m3ml + 6m2m~ - 3m:; 
, , 

m, = LC:~'-kmt; ~, = L(-I)kC:m'_kmt; 
k~O k=O 

mO = ~O = 1; ml =x; ~I =0. 

):lmI nenOqHCneHHoH CnyqaHHOH BenH'IHHhl Xc rrpOH3BO,llRIUeH 
<pyHKUUeH CP .. (t) crrpaBe,WIHBhl Cne,l{yIOIUHe COOTHOlIIeHHR: 

m (X) =M(X) =X = dcp .. (t)1 =cp~ (1);

l 

dt '.1
 

m2 (X) = cp~'(I) + cp~ (1); ~2 (X) =D(X) = cp~ (1) + cp~ (1) - [cp~ (1)]2;
 

m3 (X) =cp~' (1)+3cp~ (1)+cp~(1);
 

m4 (X) = cp~ (1) + 6cp~'+ 7cp~ (1) + cp~(I).
 

EcnH rrpH HeKOTopOM HaTYPanbHoM r BenH'IHHa M(IXI') < 00, 

TO rrpH Bcex HaTYPanbHbIX S ~ r HMeIOT MeCTO Cne,l{yIOIUHe COOTHO

lIIeHHR: 

m, (X) = (-i)' d '~tY) 1'.0 = (-i)' X~) (0); 

d' (
~,(X) = (-i)' ~ t) = (-i)'X~')(O); 

dt' '.0 .. 

x.. (t) = til m,(.;) t' +o(t'); 
,=0 s. 

X/t) = til ~,(~) t' +o(t'),
,.0 s. 

r.lle X. (t) = e /liX.. (t) - xapaKTepHCTHqeCKaJI <pyHKUHR neHTpHpo
.. 0 

BaHHoH cnyqaHHoH BenH'IHHbI X = X - x; o(t') - 6eCKOHeqHO Ma
naJI rrpH t ~ 0 <PyHKUHR 60nee BhlCOKoro rropR,llKa ManOCTH, qeM t'. 
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K03¢¢uu,ueHm aCUMMempUU (aCUMMempUJl) paCnpe.lle
JIeHIDI C.JIyqaHHOH Beml'IHHbI X 

Sk(X) = Jl3 (X) . 
[cr(X)] 3 

Y paCnpe.lleJIeHHH, CHMMeTpHqHOrO OTHOCHTeJIbHO npHMOH 
y = XO.s, K03<P<PHU;HeHT aCHMMeTpHH Sk paBeH HyJIIO. OH nOJIO)I(H
TeJIeH, eCJIH ,llJIHHHaH qaCTb (<<XBOCT'» KpHBOH paCnpe.lleJIeHIDI pac
nOJIO)J(eHa CnpaBa OT u;eHTpa paCnpe.lleJIeHIDI, H OTpHu;aTeJIeH, eCJIH 
«XBOCT,) KpHBOH paCnpe.lleJIeHIDI JIe)I(HT CJIeBa OT ero u;eHTpa 
(CM. pHC. 1.7). 

K03¢¢U U, ueHm 3Kcu,ecca (3KC u,ecc) pacnpe.lleJIeHIDI CJIy
qaHHOH BeJIHtIHHbI X 

Ex(X) = Jl4 (X)
[cr(X)] 4 - 3. 

K03<P<PHU;HeHT 3Kcu;ecca xapaKTepH3yeT «OCTpOBepllIHHHOCTb» 
pacnpe.lleJIeHIDI C.JIyqaHHoH BeJIHqHHbI. 3Kcu;ecc HOpMaJIbHOro pac
npe.lleJIeHIDI paBeH HyJIIO. IIOJIO)I(HTeJIbHbIH 3Kcu;ecc OGbl'IHO YKa
3bIBaeT Ha TO, qTO paCCMaTpHBaeMoe pacnpe.lleJIeHHe HMeeT GOJIee 

BbICOKyIO H GOJIee OCTpYIO BepllIHHy, qeM COOTBeTCTBYIOI.u;ee HOp
MaJIbHOe pacnpe.lleJIeHHe. OTpHu;aTeJIbHbIH 3Kcu;ecc YKa3bIBaeT, KaK 
npaBHJIO, Ha GOJIee HH3KyIO H GOJIee TIJIOCKyIO BepllIHHy, qeM y CO
OTBeTCTBYIOI.u;eH HOpMaJIbHOH KpHBOH (pHC. 1.11).1 

f(x) f(x) 

.- ~ 

o x o 
PHC. 1.11. XapaKTepHCTHKH oCTpoBeplllHHHoCTH (3KCI.\ecca) pacnpe,!{eJIeHWI Bepo


HTHocTeH cnyqaHHoH BeJIWHIHhI X
 

1CpaBHeHHe npOH3BO,!{HTCH CHOPMllJIbHbIM pacnpe,!{eJIeHHeM, HMelOlIIHM TaxylO 
lICe ,l{HCnepCHIO, xax y paCCMarpHBaeMoro pacnpe,!{eJIeHHJI. 
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1.2. COOTHOWEHMR ME>KAY PACnPEAEllEHMRMM 

Cl>YUKIUlB CJI)"laiiHLIX BeJIII'IHH. IIycTb y = <p(X) - 3a,llaHHaH .lle
TepMHHHpOBaHHaH (HeCJIyqaHHaH) <PYHKlJ;IDI. ECJIM npH Ka)J(,llOM no
BTOpeHHH HCnbITaHIDI, C KOTOpbIM CBH3aHbI CJIyqaHHble BeJIHqHHbI 

X H Y, peaJIH3aU;HH X H Y 3THX C.JIyqaHHbIX BeJIIfqHH Y.llOBJIeTBOpH
IOT yCJIOBHIO Y = <p(X), TO rOBOpHT, qTO CJIyqaHHaH BeJIHtIHHa Y HB
JIHeTCH <pYHKlJ;HeH CJIyqaHHoH BeJIHqHHbI X CHMBOJIHqeCKaH 

3anHCb <PYHKlJ;HOHaJIbHOH 3aBHCHMOCTH CJIyqaHHoH BeJIHtIHHbI Y OT 
CJIyqaHHoH BeJIIfqHHbI X HMeeT CJIe.llYIOI.u;HH BHJ];: Y = <p(X). 

3HaH 3aKOH paCnpe.lleJIeHIDI CJIyqaHHoH BeJIIfqHHbI X (<PYHKlJ;HIO 
pacnpe,n:eJIeHIDI F(x) HJIH TIJIOTHOCTb BepOHTHOCTH !(X», MO)J(HO 

HaHTH 3aKOH paCnpe.lleJIeHIDI CJIyqaHHoH BeJIHqHHbI Y (<PYHKlJ;HIO 
paCnpe.lleJIeHIDI G(y) HJIH TIJIOTHOCTb BepOHTHOCTH g(y». B TOM 

CJIyqae, KOr.lla <PYHKlJ;IDI y = <p (X) .llH<p<pepeHU;HpyeMa H cTporo MO
HOTOHHa, CnpaBe,llJIHBbI CJIe,llYJOI.u;He COOTHOllIeHHH: 

G(y) = P(Y < y) = {F(\jI(y», eCJIH y = <p(x) B03paCTaeT; 

1- F(\jI(Y», eCJIH y = <p(x) y6bIBaeT, 

H 

g(y) =G'(y) = !(\jI(y»I~Y)1 = !(\jI(y»~'(y)l, 

r.lle X =\jI(Y) - <PYHKlJ;IDI, oGpaTHaH HCXO.llHOH <PYHKlJ;HH y =<p(x) 
(pHC. 1.12). fpaHHU;bI a.', WoGJIaCTH B03MO)J(HbIX 3HaqeHHH CJIyqaH

HOH BeJIHqHHbI Y onpe.lleJIHIOTCH C nOMOI.u;bIO <POPMYJI: 

0.'= {<p(a.), eCJIH y = <p(x) B03paCTaeT; 

<p(~), eCJIH y = <p(x) yGbIBaeT, 

H 

W= {<p(~), eCJIH y =<p(x) B03paCTaeT; 

<p(a.) , eCJIH y = <p(X) y6bIBaeT. 

y y 

W W ,I
I 

y Y 11---,,--- I 
I I 

Y<yi : 
" I _ 

t---- a' a' ~---r---, .X > Ij/(y) 
I I 

X< Ij/(y) 

o a x =Ij/(y) x o a x = Ij/(y) p x 

PHC. 1.12. K onpe,!{eJIeHHIO 3aKOHa pacnpe,!{eJIeHWI cl>YHKUHH CJIY'laHHOro 
apryMeHTa. 
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B TOM cJIytlae, eCJUI npH KCDK,LI,OM HCnblTaHHH peaJIH3a.QIDI (X, y) 
CHCTeMbl CJIyqaHHbIX BeJIHqHH (X, Y) B .u;aHHOM HCnbITaHHH H pea

JIH3a.QIDI Z CJIyqaHHoH BeJIHqHHbl Z B 3TOM xe HCnblTaHHH CBH3aHbl 

Me)l(,l(y C060H COOTHOllIeHHeM Z = <p(X,y), TO npHHHTO roBOpHTb, 
qTO CJIytlaHHaH BeJIHqHHa Z HBJlHeTCH <PYHK.QHeH CJIyqaHHbIX BeJIH

qHH X H Y. (3.u;eCb Z = <p (X, y) - 3a.u;aHHaH .u;eTepMHHHpOBaHHaH 

<PYHK.QIDI .u;Byx apryMeHTOB). CHMBOJIHqeCKaH 3anHCb <PYHK.QHO
HaJIbHOH 3aBHCHMOCTH CJIyqaHHoH BeJIHqHHbl Z OT CJIyqaHHblx Be
JIHqHH XH Y HMeeT BH,ll: Z = <p(X,Y). 

ECJIH <PYHK.QIDI Z = <p(X, y) onpe.u;eJIeHa BO BCeX TOqKaX 06JIacTH 
B03MO)I(JIbIX 3HaqeHHH CHCTeMbl CJIytlaHHbIX BeJIHqHH (X, Y) H HMe

eT B 3TOH 06JIaCTH HenpepbIBHble qaCTHble npOH3BO.u;Hble nepBOrO 
nOpH,llKa, TO llJIOTHOCTb BepOHTHOCTH CJIyqaHHoH BeJIHqHHbl Z 
onpe.u;eJIHeTCH <pOpMyJIOH 

g(Z) = 1/(\jI(Z,y)'y)lmv~~Y)ldY, (1.1) 

eCJIH <PYHK.Q~ Z = <p(X, y) CTPoro MOHOTOHHa OTHOCHTeJIbHO X, HJIH 
<POPMYJIOH 

g(z) = jI(x, \jI(Z,X»/mv<Z, x)/ dx, (1.1a)
_'" 8Z 

eCJIH <PYHK.QIDI Z = <p (x, y) cTPoro MOHOTOHHa OTHOCHTeJIbHO y. 
3.u;eCb X = \jI(Z, y) H Y = \jI(Z, x) - <PYHK.QHH, 06paTHble HCXO.u;HOH 
<PYHK.QHH Z = <p(X, y). 

B Ba)l(JIOM .llJIH npaKTHKH qaCTHOM cJIytlae, KOr.u;a CJIyqaHHaH Be
JIHqHHa Z = X + Y npe.u;CTaBJIHeT C060H CYMMy .u;Byx He3aBHCHMbIX 
CJIyqaHHblx BeJIHqHH X H 1', llJIOTHOCTb BepOHTHOCTH CJIytlaHHOH 
BeJIHqHHbl Z onpe.u;eJIHeTCH COOTHOllIeHHeM 

'" 
g(Z) = flx(z- y)l/y)dy = flx(x)/y(z-x)dx. (1.2) 

(3Ta <popMYJIa HBJIHeTCH qaCTHblM CJIyqaeM <POPMYJI (1.1) H (1.1a) 

npH Z =<p (x, y) =x + y). MHTerpaJI (1.2) Ha3blBaeTCH cBepTKoH 
(KoMn03H.QHeH) <PYHK.QHH llJIOTHOCTH Ix (x) H I y(y). 

IIapaMeTpLl 3aKOUa pacnpe.u;eJleHHJI. $opMYJIa, 3a.u;aIOIIIaH 3aKOH 
pacnpe.u;eJIeHHH CJIyqaHHoH BeJIHqHHbl (<PYHK.QHIO BepoHTHoCTH, 

llJIOTHOCTb BepOHTHOCTH H T. n.), 06H3aTeJIbHO co.u;ep)KHT XOTH 6bl 

O.u;HH napaMeTP. IIapaMeTPbl 3aKOHa pacnpe.u;eJIeHIDI cJIytlaH

HOH BeJIHqHHbI npHHHTO .u;eJIHTb Ha TPH OCHOBHbIX BH,lla, HMeIOIIIHX 
BnOJIHe onpe.u;eJIeHHblH <pH3HqeCKHH HJIH reOMeTPHqeCKHH CMblCJI. 

3TO TaK Ha3blBaeMble napaMeTPbl nOJIOXeHIDI, MacllITa6a H <P0PMbl: 

napaMemp nO/lO:JK:eHUJl J.1 - napaMeTP, xapaKTepH3YIOlUHH 
nOJIOXeHHe 06JIaCTH B03MO)I(JIbIX 3HaqeHHH CJIyqaHHoH BeJIJltIHHbI 

Ha qHCJIOBOH OCH (06blqHO 3TO a6C.QHcca «.QeHTPaJIbHOH TOqKH» 

3TOH 06JIaCTH HJIH ee JIeBaH rpaHH.Qa); 
napaMemp Macwma6a A -napaMeTP, onpe.u;eJIHIOIIIHH Mac

llITa6, B KOTOpOM H3MepHeTcH 3HaqeHHe CJIyqaHHoH BeJIHqHHbl; 

napaMemp rjJOPMbl e - napaMeTP, onpe.u;eJIHIOIIIHH <pOpMy 
rpa<pHKa <PYHK.QHH llJIOTHOCTH (<pOpMy KpHBOH pacnpe.u;eJIeHIDI) H 

.u;pymx <PYHK.QHH, xapaKTepH3YIOlUHX pacnpe.u;eJIeHHe CJIyqaHHoH 
BeJIHqHHbI. 

ECJIH He06xo.u;HMO no.u;qepKHyTb, qTO pacnpe.u;eJIeHHe CJIyqaH
HOH BeJIJltIHHbl X 3aBHCHT OT napaMeTPoB J.1, A, e, Tor.u;a ,llJIH 060
3HaqeHHH 3TOH CJIyqaHHOH BeJIHqHHbl HCnOJIb3yeTcH CHMBOJI 

X(J.1,A,e), a,llJIH 0603HaqeHIDI ee <PYHK.QHH pacnpe.u;eJIeHIDI - CHM

BOJI F (x; J.1, A, e). B Tex CJIyqaHX, Kor.u;a H3 KOHTeKCTa HCHO, 0 KaKOHx 
CJIyqaHHoH BeJIHqHHe u.u;eT pe%, HCnOJIb3yeTcH 60JIee npOCTOH 

CHMBOJI F(x; J.1,A,e). Cxo.u;Hble CHMBOJIbI npHMeHHIOTCH U.llJIH 060

3HaqeHIDI .u;pYfHX <PYHK.QHH - <PYHK.QHU BepOHTHOCTH, <PYHK.QUH 
llJIOTHOCTH H T. n. TaK, HanpUMep, <PYHK.QIDI pUCKa (uHTeHcuB
HOCTb) HenpepbIBHoH CJIyqaHHoH BeJIJltIHHbl X(fl,A,e) 0603HaqaeT
CH CUMBOJIOM Ax(X;fl,A,e) HJIH CUMBOJIOM A(X;fl,A,e). 

CJIe.u;yeT 3aMeTHTb, qTO B Tex CJIytlaHX, Kor.u;a HMeIOTCH npOqHO 

YCTaHOBUBllIHeCH TPa.u;H.QUH 0603HaqeHIDI napaMeTPOB nOJIoxe
HIDI, MacllITa6a U <pOpMbl, BMeCTO CUMBOJIOB fl,A,e MOryT 6blTb HC
nOJIb30BaHbl H .u;pyrHe CHMBOJIbI. TaK, HanpUMep, napaMeTP Mac

llITa6a HOpMaJIbHOrO pacnpe.u;eJIeHIDI, KaK npaBHJIO, 0603HaqaeTCH 
CHMBOJIOM cr. 

Tun pacnpe.u;eJleHUH. Pacnpe.u;eJIeHHe CJIyqaHHoH BeJIUqUHbl 

Y = aX + b, nOJIyqeHHoH nYTeM JIUHeHHOro npe06pa30BaHIDI CJIy
qaHHOH BeJIHqHHbl X, OTJIJltIaeTCH OT pacnpe.u;eJIeHIDI CJIyqaHHoH Be

JIHqHHbl X TOJIbKO napaMeTPaMU nOJIOXeHHH H MacllITa6a (3.u;ecb 

a> °U b - nocToHHHble). IIapaMeTP <pOpMbl (eCJIH TaKOBOH cyme
cTByeT) B pe3YJIbTaTe JIHHeHHoro npe06pa30BaHIDI He U3MeHHeTCH. 

JIHHeHHaH <PYHK.QIDI y = <p (x) = ax + b, npe06pa3YIOlUaH nOJIoxe
HHe U MaCllITa6 pacnpe.u;eJIeHIDI, CTporo MOHOTOHHa H HMeeT 06

paTHYIO <PYHK.QHIO x =\jI(Y) =(y - b)/a. 
B TeopHH BepoHTHocTeH llIUpOKO HCnOJIb3yeTcH TaKoe nOHHTue, 

KaK «THn pacnpe.u;eJIeHIDI». CymHOCTb 3Toro nOHHTIDI 3aKJIIOqaeTCH 

B CJIe.llYIOIIIeM: pacnpe.u;eJIeHIDI BepOHTHOCTeH CJIyqaHHbIX BeJIJltIUH 
X U Y Ha3bIBaIOTCH 0 aHom un HblM U, eCJIH cymecTBYIOT nOCTOHH

Hble a >°H b, TaKHe qTO pacnpe.u;eJIeHIDI CJIyqaHHbIX BeJIJltIHH Y U 
aX + b COBna.u;aIOT. 

IIycTb X (0, 1) 0603HaqaeT cnyqaHHYIO BeJIJltIHHY C napaMeTPOM 

nOJIOXeHIDI fl paBHblM HYJIIO U napaMeTPOM MacIIITa6a paBHblM 

e.u;UHlII.1;e, a X (fl, A) - CJIyqaHHYIO BeJIHqHHY Toro xe caMoro THna C 

napaMeTPOM nOJIOXeHIDI fl H napaMeTPOM MacllITa6a A. Tor.u;a 
CnpaBe,ZVIUBbl CJIe.llYIOlUue COOTHOllIeHIDI: 

X(fl, A) - fl +U(O, 1), X(O, 1) _ X (fl, A) - fl 
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(3arrHCb X - Y0603HaqaeT, qTO C.rryqaHHble BeJ!HqHHbI X H YHMeIOT 

O.n;HO H TO )I(e pacrrpe.n;eJIeHHe, T: e. HMeIOT O.n;HHaKOBble <pyHKUHH 
BepOHTHOCTH, <pyHKUHH pacrrpe.n;eJIeHHH H Torr.); 

. _ (X -Il .) . _ 1 (X -Il . ).F(x, Il, A) - F -A-' 0, 1, f(x, Il, A) - if -A-' 0, 1 , 

1 (X -Il) .A(X; Il, A) =i A -A-; 0, 1, X(t; Il, A) =e'~1 X(At; 0, 1); 

X p (Il, A) = Il + Ax p (0, 1). 

3.n;ecb X p (Il, A) - KBaHTHJIb rroPMKa P c.rryqaHHoH BeJIHqHHbI X, 
rrapaMeTp rrOJIO)l(eHHH KOTOpOH paBeH Il, a rrapaMeTP MaCIIITa6a pa
BeH A. 

1.3. CHMMETPWiHblE, CMEl14EHHblE H YCELtEHHblE 
PACnp~EnEHHR.CMECHPACnp~EnEHHM 

CUMMeTpll'lHWe pacnpe.n;eJIeHHJI. Pacrrpe.n;eJIeHHe HerrpepbIBHOH 
CJIyqaHHoH BeJIHqHHbI XHa3bIBaeTCH cUMMempUltHblM, eCJIH KpH

BaH pacrrpe.n;eJIeHHH f (X) :nOH CJIyqaHHoH BeJIHqHHbI CHMMeTP~Ha 
OTHOCHTeJIbHO rrpHMOH X = xo.s' T. e. pacrrpe.n;eJIeHHe CHMMeTP~
HO, eCJIH f(x O•5 -I) = f(xo.s + I) (pHC. 1.13, a). Y CHMMeTPHqHbIX 

pacrrpe.n;eJIeHHH MaTeMaT~eCKoeO)l(H,lJ;aHHe (eCJIH OHO cymecTByeT) 
COBrra.n;aeT C Me.n;HaHoH H MO.n;OH (aHTHMo.n;OH): 

M(X) =Me(X) =Mo(X) 

(i = X O.5 = x). 

<I>yHKUHH pacnpe.n;eJIeHHH F (x) CHMMeTPHqHOrO pacnpe.n;eJIeHHH 

y.n;OBJIeTBOpHeT yCJIOBHIO F(xO.5 -I) = 1- F(xO•5 + I) (pHC. 1.13, 6). 
B rrpaKTHqeCKHX rrpHJIO)l(eHHHX .n;OBOJIbHO qaCTO BCTPeqaIOTCH 

CHMMeTPHqHble pacrrpe.n;eJIeHHH, <pyHKUHH IIJIOTHOCTH f(x) KOTO

PbIX HBJIHeTCH qeTHOH <pyHKUHeH (HarrpHMep, CTaH,D;apTHOe HOp
MaJIbHOe pacrrpe.n;eJIeHHe HJIH pacnpe.n;eJIeHHe CTbIO.n;eHTa). ~ Ta

KHX pacrrpe.n;eJIeHHH CrrpaBe,lVIHBbI COOTHOIIIeHHH: 

f(-x)=f(x), F(-x)'=I-F(x); (1.3) 

_ = -xp' (1.4)x 1 p 

'" Ta6JIHIJ,bI Bcex pacrrpe.n;eJIeHHH C qeTHOH <pyHKUHeH IIJIOTHOCTH 
COCTaBJIHIOTCH TOJIbKO,lVIH rrOJIO)I(HTeJIbHbIX 3HaqeHHH apryMeHTa. 

llPH orrpe.n;eJIeHHH 3HaqeHHH <pyHKUHH pacnpe.n;eJIeHHH H<PyHKUHH 
IIJIOTHOCTH TaKHX pacnpe.n;eJIeHHH ,lVIH 0TPHlJ,aTeJIbHbIX 3HaqeHHH X 

HCnOJIb3YIOTCH <POPMYJIbI (1.3). 
M3 <POPMYJIbI (1.4) CJIe.n;yeT, qTO ,lVIH BbJqHCJIeHHH KBaHTHJIeH 

pacnpe.n;eJIeHHH C qeTHOH <pyHKUHeH IIJIOTHOCTH BO BceM .n;HanaJO

He H3MeHeHHH HX nopMKa p (T. e. OT °.n;o 1) BnOJIHe .n;OCTaTOqHO 
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a 
f(x) 

xo 
XO.5 

6 

=~=================----I - F(xO.5 + I) / I 
I 
I 
I 
I 
I0.5 I 
I 
I 
I 
I 
I 
I 

,.. 

I 

1-+-1---\ 

o xx 

PHC. 1.13. CHMMeTIHNHoe pacnpeneJIeHHe. 

HMeTb Ta6JIHUY KBaHTHJIeH JIHIIIb,lVIH P ~ 0.5. llpH p < 0.5 KBaHTHJIb 

orrpe.n;eJIHeTCH C nOMOlUbIO <POPMYJIbI X p = -x1_p ' 

PaccMOTPHM c.rryqaHHYJO BeJI~HHY X, <pyHKUHH IIJIOTHOCTH KO

TOpOH HBJIHeTCH qeTHOH <PYHKIJ,HeH, H CJIyqaHHYIO BeJIHqHHY 
Y = X 2 • ~ 3THX c.rryqaHHbIX BeJI~HH cnpaBe,lVIHBbI cJIe,D;YJOlUHe 

COOTHOIIIeHHH:1 

fx(x) =lxlfy(x 2 
), fy(Y) = Jy f«.fY); 

Fx(x) =1[1 +Fy(x 2 
)], Fy(Y) =2Fx(.fY) -1; 

_ 2 
Yp - X(I+P)/2' 

CMeIUeHHwe pacnpeAeJIeHHJI. Ha npaKTHKe .n;OBOJIbHO qaCTO 

rrpHxo.n;HTCH HMeTb .n;eJIO co CJIyqaHHbIMH BeJIHqHHaMH BH.n;a 

13TH cPOpMyJIbl HcnOJIb3YlOTCJl BTJI. 3 CnpaBOQHHKa npH yCTaHOBJIeHHH CBJl3H 
Mel1m)' F-pacnpeneJIeHHeM cI>HllIepa-CHeneKopa H t-pacnpeneJIeHHeM CTblOneHTa. 
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Y == c + X, rrpe.lJ;CTaBJIHIO~HMHC060H CYMMy rrOJImKlfTeJIbHoil: rro
CTOHHHOH (KOHCTaHTbI) C H CJIyqaHHOH BeJIH'IHHbI.¥, y KOTOPOH 
JIeBaH rpaHHua 06JIaCTH B03MOXHbIX 3Ha'IeHHH a == O. ! 

<I>YHKUHH BepOHTHOCTH Py(y) H Px (x), $YHKllHH pacrrpe.lJ;eJIe
HHH Fy(Y) H Fx(x), l1JIOTHOCTH BepOHTHOCTH /y(Y) H /x(X) H, Ha
KOHeu, $YHKUHH pHCKa Ay(Y) H Ax (x) CJIyqaHHbIX BeJIH'IHH YH X 
CBH3aHbI Me:JK.DY C060H CJIe)J;yIO~HMH COOTHOIlIeHHHMH: 

py(Y) == Px(Y -c), Fy(Y) == Fx(Y -c), 

/y(Y) ==/x(Y-c), Ay(Y) ==Ax(Y-C), 
(y ~ c). 

KPHBaH pacrrpe.lJ;eJIeHHH cJIyqaHHoH BeJI~HHbI Y = c + X rrpe.lJ;
CTaBJIHeT c060il: KPHBYIO pacIlpe.lJ;eJIeHHH HCXO.lJ;HOH CJIyqail:HoH Be

JIH'IHHbI .¥, C.lJ;BHHYTYIO 6e3 .lJ;e$opMaUHH Ha c e.lJ;HHHU «BrrpaBo. 
(pHC. 1.14). Il03ToMy pacrrpe.lJ;eJIeHHe CJIyqaHHoH BeJI~HHbI YHa
3bIBaeTCH CMel/4eHHblM pacnpeaelleHueM, a rrOCTOHHHaH c _ 
napaMempoM Ca8uza, HJIH CMel/4eHueM. 

f(xHg(y) 

f(x) ...... 
v , 
I , 

I 
I 

I 
I 

x" 
o c y 

F(x)TG(Y) 

I -----------------------:.-;;-.-- ~:;::::-o--.........
 
... ...
 

F(x)/"
 
't 
I
 

I
 
I
 

I
 
I
 

I
 

x... "" 
I 

o c y 

PHC. 1.14. CMCmCHHOC pacnpe.llCJlCHHC. 

I TaK, HanpHMCp, cnylfaHHoc BpCMlI Y nepe.llatfH Tenerpa4lHoro C006meHHlI 
CKJ1~IBaCTClIH3 BpCMCHH ,nCpC.Ila'lH CJlyllCe6HOH '1aCTH (3arOJlOBKa) C006meHHJI, 
O.l{HHaKOBoro )VIJI BCCX C006meHHH, nepe.llaBaCMbIX B .IlaHHoH JlHHHH CB1I3H, H cny
'IaHHOrO BpCMCHH X nCpC.Ila1fH TeKCTa C006meHHlI, KOTopoe 3aBHCHT OT CJlY1faHHO
ro 'IHCJla CHMBOlIOB (3HaKoB) B 3TOM C006meHHH. 
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OCHOBHbIe xapaKTepHCTHKH cnyqail:Hoil: BeJI~HHbI Y = C + .X:
C

rrpOH3BOM~aH $YHKUHH <p y(t) == t <p x(t); 
xapaKTepHCT~eCKaH$YHKUHH Xy(t) == eiC'Xx(t); 
MaTeMaTH'IeCKOe O)KH)J;aHHe y == C + x; 
Me.lJ;HaHa Yo.s == C + x o.s ; 
MO.lJ;a y == c + X. 

Ha'IaJIbHbIe MOMeHTbI CJIyqail:HbIx BeJI~HHY == c + X H X CBH3a

HbI Me:JK.DY c060il: CJIe.lJ;YIO~HMH COOTHOIlIeHHHMH: 
2m2 (y) == m2 (X) + 2m l (X)c + c ; 

m3 (y) == m3 (X) + 3m2 (X)c + 3m! (X)c 2 + c 3; 
4m4 (y) == m4 (X) + 4m 3 (X)c + 6m2 (X)c 2 + 4m l (X)c 3 + c ; 

• 
m.(Y) == 2:.C:mk(X)C·-k. 

k=O 

UeHTPaJIbHbIe MOMeHTbI CJIyqail:HoH BeJIH'IHHbI Y == c + X He 
3aBHCHT OT CMe~eHHH c H COBrra.lJ;aIOT C COOTBeTCTBYIO~HMH 

ueHTpaJIbHbIMH MOMeHTaMH HCXO.lJ;HOil: CJIyqail:Hoil: BeJIH'IHHbI X: 

~.(y) == ~.(X). 

B 'IaCTHOCTH, 

D(Y) == ~2 (y) == ~2 (X) == D(X). 

3aMe'laHHH. 1. TepMHHbI «CMe~eHHoepacrrpe.lJ;eJIeHHe», «rra

paMeTP C.lJ;BHra» «<CMe~eHHe») HCrrOJIb3YIOTCH TOJIbKO B Tex CJIyqa
HX, KOr.lJ;a $opMYJIa, 3a.lJ;aIO~aH 3aKOH pacrrpe.lJ;eJIeHHH HCXO.lJ;HOH 

(HeCMe~eHHOH) HeOTPHuaTeJIbHOH CJIyqaHHoH BeJIH'IHHbI X, He 
HMeeT rrapaMeTpa rrOJIO)J(eHHH. MCrrOJIb30BaHHe 3THX TepMHHOB 

rrpHMeHHTeJIbHO K CJIyqaHHoH BeJIH'IHHe X, HMeIO~eH rrapaMeTp 
rrOJIO)J(eHHH, JIHilieHO KaKOrO-JIH60 CMbICJIa. 

2. IlpH onpe.lJ;eJIeHHH oueHOK rrapaMeTPOB CMe~eHHoropacrrpe
.lJ;eJIeHHH MeTO.lJ;OM MOMeHTOB CJIe.lJ;yeT rrOMHHTb 0 TOM, 'ITO Ha'IaJIb

HbIe MOMeHTbI (B TOM 'lHCJIe MaTeMaT~eCKoeO)KH)J;aHHe) CJIyqaH

HOH BeJIH'lHHbI Y He COBrra.lJ;aIOT C COOTBeTCTBYIO~HMH Ha'IaJIbHbI
MH MOMeHTaMH HCXO.lJ;HOH (HeCMe~eHHOH) CJIyqaHHoH BeJIH'IH
HbI XI 

I TIPH Ol.\eHKe napaMeTpoB pacnpe.llelIeHHlI MeT0.llOM MOMeHTOB .IlOBOlIbHO 'fac
TO .Il0nYCKaIOT cJle.llYlOmylO OllIH6Ky: H3 CnpaBO'fHHKa BbIDHCblBalOT COOTHOIIleHHe, 
YCTaHaBJlHBalOmee CB1I3b MaTeMaTH'feCKOrO OllCH,IlaHHlI pacnpe.lleneHHlI paCCMaTpH
BaeMoro THna C napaMeTpaMH noro pacnpe.lleneHHlI, H npHpaBHHBalOT MaTeMaTH
'feCKOe OllCH,IlaHHe BbI60pO'fHOMy Cpe.lJ,HeMy HCCne.llyeMoH CMemeHHOH cny'faHHOH 
BenH'fHHbl, COBepIIleHHO He Y'fHTbIBali npH 3TOM, 'fTO B CnpaBO'fHHKaX npHBO.llJlTCli 
4lopMynbl, onpep;eJlJllOmHe MaTeMaTH'feCKOe OllCHp;aHHe HeCMemeHHOH cny'faHHOH 
BenH'fHHbl (T. e. BMeCTO ypaBHeHHlI C+ X(;4.,,8) = y. COCTaBJlJlIOT H pernalOT ypaBHe
HHe x(;4." 8) = y. ). 
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Yce'leuuwe pacnpeJl,eJIeHHJI. IlpH pemeHHH HeKOTOpbIX 33,Aaq H3 
paCCMOTpeHIDI HCKJIIOqaIOTCH 3HaqeHIDI CJIY'IaiiHOH BeJIHqHHbI .x: 
He npHHaAJIe)KamHe HHTepBaJIy (a, 13).1 PacnpeAeJIeHHe TaKoii yce
qeHHOii CJIyqaiiHoii BeJIHqHHbI C 06JIaCTbIO B03MO)KHbIX 3HaqeHHii 

(a, 13) Ha3bIBaeTCH ycelleHHblM pacnpeiJelleHueM. I1JIOTHOCTb 
BepOHTHOCTH yceqeHHOrO paCnpeAeJIeHIDI, COOTBeTCTBYIQmerO HC

XOAHOMy pacnpeAeJIeHHIO C <PYHKI.J;Heii llJIOTHOCTH I(x), OnpeAeJIH
eTCH <pOpMyJIOH 

npH X < a, X > 13; 
I(x; a, 13) = {O I(x) npH a S x S 13, 

F(J3) - F(a) 

rAe F(x) - <PYHKI.J;IDI pacnpeAeJIeHIDI HcxoAHoro (HeyceqeHHoro) 
pacnpeAeJIeHIDI (pHC. 1.15, a). YceqeHHe MO)KeT 6bITb KaK AByCTO
pOHHHM, TaK H OAHOCTOpOHHHM. IlpH yceqeHHH TOJIbKO CJIeBa 
13 =00, npH yceqeHHH TOJIbKO cnpaBa a =-00. CTeneHb yceqeHIDI xa
paKTepH3yeTcH BepoHTHoCTbIO P{X

HCX 
f£ (a, J3)} = 1-[F(J3) -F(a)] 

TOro, 'ITO HCXOAHaH (HeyceqeHHaH) CJIyqaHHaH BeJIHqHHa XHCX OKa
)KeTCH BHe HHTepBaJIa (0.,13). YceqeHHOe pacnpeAeJIeHHe OnpeAeJIH

eTCH napaMeTpaMH HCXOAHoro pacnpeAeJIeHIDI H TO 'I K a M H Y C e 
qeHHH a H 13. 

<l>YHKI.J;IDI pacnpeAeJIeHIDI F (X; a, 13) yceqeHHOrO paCnpeAeJIe
HIDI CBH3aHa C <PYHKI.J;Heii pacnpeAeJIeHIDI F (X) HCXOAHoro pacnpe
AeJIeHIDI COOTHOmeHHeM (pHC. 1.15, 6) 

o npH X S a; 

F(x' a. A) = F(x) - F(a) npH a S X S A· 
, ,p F(J3) - F(a) P,{

1 npH X >13. 

Y CeqeHHOe pacnpeAeJIeHHe npeACTaBJIHeT C060H yCJIOBHOe pac

npeAeJIeHHe HCXOAHOii CJIY'IaHHOH BeJIHqHHbI X npH yCJIOBHH, 'ITO 

a < X S 13: 
F(x;a.,J3) = P(X < x/a < X S 13). 

<l>YHKI.J;IDI BepOHTHOCTH yceqeHHOrO AHCKpeTHOrO (ueJIOqHCJIeH

Horo) paCnpeAeJIeHIDI 

o npH X < a, x> 13; 
p (x;a,J3) = {~ p(x) npH X = a, 0.+ 1, ... , 13, 

I TaKaJI cHTya~HJI, HanpHMep, HMeeT MeCTO npH OT6p,aKOBKe BTynoK, ,Z:UiaMeTp 
KOTOpblX MeHbwe a HnH 60nbwe /3 ~HaMeTp KOTOpblX He yxna,zJ;b1BaeTCJI B none AO
nycKa [a, /3l). 

f(x;a, ~) a 

xo a ~ 

F(x; a,~) ------------7 I .............. _.
1~------------- ... } ... 

... ... 
,/ 

/ 

F(x;a, ~) / 
,/ 6 

I 

/"F(X) 
,I,, 

"
 

"
 
~ 

/... 
o a x 

PHC. 1.15. YceqeHHOe pacnpe,neJIeHHe. 

rAe p(x) - <pyHKI.J;IDI BepoHTHoCTH HcxoAHoro (HeyceqeHHoro) 

pacnpeAeJIeHIDI; Y = P(a S X HCX S 13) - BepoHTHoCTb Toro, 'ITO HC

XOAHaH (HeyceqeHHaH) cJIY'IaHHaH BeJIHqHHa X HCX non3,AeT B HHTep

BaJI [a, 13].
CMecB pacnpeJl,eJIeHBH. PaCCMOTpHM CJIY'IaHHble BeJIHqHHbI Y H 

Z C H3BeCTHbIMH llJIOTHOCTHMH BepOHTHOCTH II (y), 12 (Z) H <PYHK
UIDIMH pacnpeAeJIeHIDI FI (y), F2 (z). IlycTb CJIyqaHHaH BeJIH'lHHa Y 
CBH3aHa C HeKOTopbIM KOMllJIeKCOM yCJIOBHH «1», a CJIY'IaHHaH Be
JIH'lHHa Z - C KOMllJIeKCOM YCJIOBHH «2» (T. e. BCHKHH pa3, KorAa B 

xOAe HcnbITaHIDI peaJIH3yeTcH KOMllJIeKC yCJIOBHH «1», peaJIH3yeTcH 
OAHO H3 B03MO)KHbIX 3HaqeHHH CJIyqaiiHoH BeJIH'lHHbI Y, a npH pe
aJIH3aUHH KOMllJIeKCa yCJIOBHii «2» peaJIH3yeTcH OAHO H3 B03MO)K

HbIX 3HaqeHHH cJIY'IaHHOH BeJIH'lHHbI Z). IlpeAnOJIO)KHM, 'ITO B 

6eCKOHeqHOH nOCJIeAOBaTeJIbHOCTH He3aBHCHMbIX HcnbITaHHH pea

JIH3aUHH KOMllJIeKCa yCJIOBHH «1» qepeAYIOTcH CJIyqaHHbIM 06pa30M 
C peaJIH3aUIDIMH KOMllJIeKCa yCJIOBHH «2». IlpHqeM BepoHTHoCTb 

Toro, 'ITO npH OqepeAHOM HcnbITaHHH 6YAeT peaJIH30BaH KOMllJIeKC 

yCJIOBHH «1», paBHa 1t1> a BepoHTHoCTb Toro, 'ITO 6YAeT peaJIH30BaH 
KOMllJIeKC yCJIOBHH «2», paBHa 1t 2 (1t 1 + 1t 2 = 1). BbITIOJIHHB 6ecKo
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- - -

HeqHOe qHCJIO TaKHX HCnbITaHHH, nOJIyqHM CM e Cb peaJIH3a~HH 
CJIyqaHHblx BeJIWIHH Y H Z, B KOTOpOH ~OJUl peaJIH3a~HH CJIyqaH

HOH BeJIHqHHbI Y paBHa 7t I' a ~OJUl peaJIH3a~HH CJIyqaHHoH BeJIH
qHHbI Z paBHa 7t 2 . By~eM paCCMaTpHBaTb nOJIyqeHHYJO TaKHM 06
pa30M CMeCb KaK reHepaJIbHYJO COBOKYTIHOCTb 3HaqeHHH HOBOH 
CJIyqaHHoH BeJI~HHbI X Tor~a TIJIOTHOCTb BepOHTHOCTH CJIyqaHHoH 
BeJIHqHHbI X(T. e. TIJIOTHOCTb BepOHTHOCTH CMeCH C.JIyqaHHbIX BeJIH
qHH Y H Z) onpe~eJUleTCH ¢>OPMYJIOH 

I(x) = 7tt/1 (x) + 7t 2 / 2 (x). 

Ha pHC. 1.16 ~ npHMepa npHBe~eH rpa¢>HK ¢>YHKUHH TIJIOTHO
cm I(x) CMeCH ~BYX HOPMaJIbHbIX pacnpe~eJIeHHH- pacnpe~eJIe
HHH II (x) C napaMeTpaMH: XI = 3.5, a I = 1, 7t 1 = 0.6 H pacnpe.n.eJIe
HHH 12 (x) C napaMeTpaMH: X2 = 5.5, a 2 = 1.5, 7t = 0.4.

2 

f(x) 
0.4 

0.3 

0.2 

0.1 

o 10 II x 

f(x) 

0.3., 

0.2 

0.1 

o 9 10 II x 

PRC. 1.16. CMecb pacrrpe~eJIeHRH.
 

!,(x): Xl =3.5, cr, =1.0, n. =0.6; j,(x): X, =5.5, cr, =1.5, 1t, =0.4.
 

<l>YHKUHH pacnpe.n.eJIeHHH H xapaKTepHCT~eCKaH ¢>YHKUHH CMe
CH ~BYX pacnpe~eJIeHHH onpe.n.emnOTCH COOTHOllIeHHHMH: 

F(x) = 7t[FI (x) + 7t 2F; (x); 

xAt) = 7t I Xl (t) + 7t 2X2 (t). 

OCHOBHble qHCJIOBble xapaKTepHCTHKH TaKOH CMeCH: 

MaTeMaTHqeCKOe O)l(Jf,ll.aHHe x =7t[Y+7t2Z; 

~HCnepCHH a; = 7t l m2 (Y) + 7t 2m2 (Z) - X2
• 

B 06meM cJIyqae, Kor~a reHepaJIbHaH COBOKYTIHOCTb 3HaqeHHH 
CJIyqaHHoH BeJIHqHHbI X npe.n.CTaBJIHeT C060H CMeCb 3HaqemiH n 
He3aBHCHMbIX CJIyqaHHbIX BeJIHqHH Xl> X 2 , ... , X : n 

n n n 

I(x) = L>klk(x), F(x) = 2: 7t kFk(X), Xx(t) = 2: 7t kXk(t); 
k=1 k=1 k-I 

n n ( n )2X=2: 7t kXk' a;=2: 7t km2(Xk)- 2: 7t kXk , 
k-I k=l k=l 

r.n.e 7t k - BepOHTHOCTb peaJIH3a~HH KOMTIJIeKCa yCJIOBHH «k», C KO
TOPbIM CBH3aHa CJIyqaHHaH BeJI~HHa Xk (<<y.n.eJIbHbIH BeC» peaJIH3a

~HH CJIyqaHHOH BeJI~HHbI Xk B CMeCH; k = 1, 2, ... , n). 

1.4. O....EHHBAHHE nAPAMETPOB 

.lVrn 60JIbllIHHCTBa paCnpe~eJIeHHH, paCCMOTpeHHbIX B Cnpa
BOqHHKe, .n.aHbI O~eHKH napaMeTpOB, nOJIyqeHHble MeTO~OM MO
MeHTOB (MM) H MeTO~OM MaKCHMaJIbHOro npaB~ono~06HH 
(MMIT) . .D:JIH HeKOTOpbIX paCnpe~eJIeHHH npHBe.n.eHbI O~eHKH, 
OCHOBaHHble Ha HCnOJIb30BaHHH BbI60pOqHbIX KBaHTHJIeH. ,ZJ;JIH 

0603HaqeHHH O~eHOK, nOJIyqeHHbIx MeTO~OM MOMeHTOB, HCnOJIb

3yeTcH COKpameHHaH 3anHCh OMM. O~eHKH MaKCHMaJIhHOrO 
npaB~ono~06HH0603HaqaIOTCH a66peBHaTYPOH OMIT: 

O~eHKH napaMeTpOB pacnpe.n.eJIeHHH 0603HaqaIOTCH TeMH )Ke 
caMhIMH CHMBOJIaMH, qTO H o~eHHBaeMhle napaMeTpbI, HO C Bepx

HHM HMeKCOM B BH,IJ;e 3Be3~OqKH (*). TaK, HanpHMep, CHMBOJI J.1' 
0603HaqaeT BhI60pOqHYJO O~eHKY napaMeTpa nOJIO)KeHHH J.1, a CHM

BOJI A.' - o~eHKY napaMeTpa MacllITa6a A.. 
O~eHHBaHHe napaMeTpOB pacnpe~eJIeHHH CBH3aHO C HCnOJIh30

BaHHeM BbI60pOqHbIX .n.aHHhIX H BhI60pOqHhIX (3MnHpHqecKHX) 

qHCJIOBhIX xapaKTepHcTHK. B Ta6JI. 1 npHBe.n.eHhI YCJIOBHble 0603Ha
qeHHH BhI60pOqHhIX 3HaqeHHH H BbI60pOqHhIX qHCJIOBhIX xapaKTe

pHCTHK, HCnOJIb3yeMbIX B CnpaBOqHHKe. 3.n.ech TaKXe C06JIIO.n.eH 

npHH~Hn, comaCHO KOTOpOMY BhI60pOQHhIe QHCJIOBhIe xapaKTepH
CTHKH 0603HaQaIOTCH TeMH)Ke caMhIMH CHMBOJIaMH, QTO H Teope

THQeCKHe QHCJIOBhIe xapaKTepHCTHKH, O~HaKO B OTJIHQHe OT no

CJIe~HHX BhI60pOQHhle QHCJIOBhIe xapaKTepHCTHKH OTMeQeHhI Bepx

HHM HH~eKCOM B BH,IJ;e 3Be3.n.OQKH. 
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YCJIOBHOe 
0603HaQeHHe 

n 

Xl' X 2 ,· .. , X n 

x, 

X(IP X(2P"" X(.) 

Xl') 

X(I) 

X(.) 

• 

X 

x' 

S2, 

S, 

30 

TepMHH WlH Onpel\eJIeHHe 

06'beM Bhl60PKH 

CJIy'laAHaJl: (HeyrropJl:.no

'1eHHaJI:) Bhl60pKa o6'beMa n 

i-'If 3JIeMeHT CJIyqaHHo'lf BhI

60PKH 

YrrOpJl:.l\O'leHHaJl: Bhl60pKa 

06'beMa n (BapHaUHOHHhlH 

PJl:.ll) 

~'lf 3JIeMeHT 

HO'lf Bhl60PKH 

HOrO pJl:.lla) 

yrropJl:.llO'leH

(BapHaUHOH

MHHHMaJIbHhI'lf 3JIeMeHT 

Bhl60PKH 

MaKCHMaJIbHhlH 3JIeMeHT 

Bhl60PKH 

CHMBOJI Bhl60pO'lHO'lf (3M

rrHpH'leCKo'lf) '1HC1IOBO'lf xa

paKTepHCTHKH 

Bbl6opO'lHOe Cpe.nHee cny

'1a'lfHo'lf Be1IH'IHHbl X 

Bhl60pO'lHOe cpe.nHee reo

MeTPH'leCKOe 

Bhl60po'IHaJI: .nHcrrepCHJI: 

CJIY'la'lfHO'lf BeJIH'lHHbl X 

Bhl60pO'lHOe cpe.nHee 

KBa.l\paTH'leCKOe (CTaH.l\apT

Hoe) OTlOIOHeHHe CJIyqa'lfHO'lf 

Be1IH'lHHbl X 

Ta6JIHua 

OnHCaHHe H npHMeQaHHe 

qHCJIO 3JIeMeHTOB B Bhl60pKe 

IIocJIe.noBaTeJIbHocTb n He3aBH

CHMhIX peaJIH3aUH'lf CJIyqa'lfHO'lf Be

JIH'lHHhI X 
i-JI: peaJIH3aUHJI: CJIyqa'lfHo'lf BeJIH

'1HHhI X 

Bhl60pKa, 3JIeMeHThi KOTOpO'lf 

pacrrOJIO)/(eHbI B rrOpJl:.llKe HX B03pa

CTaHHJI: (Hey6h1BaHHJI:), T. e. 

XU) :5: x(2) :5: ••. S x(.) 

i- 'If rro BeJIH'lHHe 3JIeMeHT Bhl60PKH 

XU) =minx, 
l~l~" 

X(.) =~~X, 

CTaBHTCJI: Ha MeCTO BepXHerO HH

.neKCa CrrpaBa OT OCHOBHOrO 6YKBeH

HOrO 0603Ha'leHHJI: COOTBeTCTBYIO

IUe'lf '1HC1IOBO'lf XapaKTepHCTHKH (CO

OTBeTCTBYIOIUero rrapaMeTPa). YKa

3blBaeT Ha OueHO'lHblH XapaKTep 

rrapaMeTpa, rrOMe'leHHOrO 3THM CHM

B01IOM 

Bhl60pO'lHaJl: OueHKa MaTeMaTH'Ie

CKOrO O)/(H.l\aHHJI: i CJIyqa'lfHo'lf Be1IH

'1HHhI X: 
1 •.

X=- LX, 
n 1-1 

Cpe.nHee reOMeTPH'IeCKOe 3JIeMeH

TOB Bhl60PKH 

X =~XI X2·. .. ' X. 

HeCMeIUeHHaJI: Bhl60pO'lHaJI: oueH

Ka .nHcrrepCHH D, CJIyqa'lfHo'lf BeJIH

'1HHhI X: 

S 2 1 ~( -')2,=--L., X,-X 
n -1'_1 

Bhl60pO'lHaJl: OueHKa Cpe.nHerO 

KBa.l\paTH'IeCKOrO (CTaH.napTHOrO) 

OTlOIOHeHHJI: cr, CJIY'la'lfHoA BeJIH'IH-

HhIX: S, =..JSf 

T a 6JI H Ua 1 (npOaOJ/:JICeHue) 

YCJIOBHOe 
o603HaQeHHe TepMHH HJIH onpe.neJIeHHe OnnCaHHe H npHMe'laHHe 

v, Bhl60pO'lHblH K03cPcPHUH Bbl60pO'lHaJI: oueHKa K03cPcPHUH

eHT BapHaUHH HeOTPHuaTeJIb eHTa BapHaUHH v, HeOTJlHuaTe1IbHOH 

HoA cJIyqa'lfHoA Be1IH'IHHhI X CJIY'la'lfHo'lf BeJIH'lHHhI X: v; =S'/x' 

D', BbI60pO'lHaJl: .nHcrrepCHJI: CMeIUeHHaJI: Bhl60pO'lHaJI: oueHKa 

CJIyqa'lfHo'lf BeJIH'lHHhI X .nHcnepcHH D, CJIyqaHHoA BeJIH'lHHhI 

X: 

D ' _ 1 ~ ( -')2,--L.,X,-X 
n 1-1 

X; Bhl60po'IHaJI: KBaHTH1Ib no Bbl60pO'lHaJI: oueHKa p-KBaHTH1IH 

pJl:.llKa p (Bhl60po'IHaJI: p-KBaH x, HenpepblBHo'lf CJIyqaHHOH BelIH

THJIb) CJIY'laAHo'lf Be1IH'lHHhI '1HHbl X: x; =x(r)' r.ne x(r) - r-H 
X 3JIeMeHT yrropJl:.llO'leHHo'lf Bbl60PKH 

(r-JI: rrOpJl:.nKoBaH CTaTHcTHKa); 

r =Lnp + 0.5J H LQ J - ueJIaJI: '1aCTb 

'1Hena Q. R01Iee TO'lHhlH pe3Y1IbTaT 

.naeT cPoPMY1Ia 

x; =x(r) + [X(rTI) -x(r)J(np -r), 
r.ne r = lnpJ. 

E' Bhl60pO'lHOe cpe.nHHHoe BbI6opo'IHaJI: OueHKa cpe,D,HHHoro (ae
(BepOJl:THoe) OTK1IOHeHHe poJI:THoro) OTK1IOHeHHJI: E HerrpephIBHoti 

CJIyqaAHoA BeJIH'lHHbl X cnyqaitHo'lf BelIH'IHHbI XC CHMMe1pH'l

HOti Iq)HBOH pac~eneHHJI:: 

E' =(X'(O.7l) - X·(O.2l» / 2 

m;(X) Bhl60pO'lHblH Ha'laJIbHhI'lf Bbl60pO'lHaJI: oueHKa s-ro Ha'laJIb

H1IH MOMeHT rrOpJl:.llKa s (s-A Bbl60 HOro MOMeHTa m,(X) cnyqatiHoti Be

m; PO'lHhIA Ha'laJIbHblA MOMeHT) JIH'lHHbl X: 
CJIY'laHHOil Be1IH'IHHbl X 

'(X) , 1 ~ ,m, =m, = L.,x, 
n 1.1 

~~(X) Bbl60pO'lHhlA ueHTpanb Bbl60pO'IHaJI: OueHKa s-ro ueHTpaJIb

H1IH Hbl'lf MOMeHT rropJl:.llKa s (s-'lf HOro MOMeHTa ~,(X) CJIY'latiHo'lf Be

~~ Bhl60pO'lHbl'lf ueHTpaJIbHhlH 1IH'lHHhI X: 
MOMeHT) cnyqa'lfHo'lf BeJIH'lH

HhiX 
'(X) , 1 ~ ( -')'~, .. ~, = L., x,-x 

n '-I 
Sk*(X) Bbl60pO'lHbl'lf K03cPcPHUH Bbl60pO'lHaJI: OueHKa K03cPcPHUH

HJIli eHT aCHMMeTPHH (BbI60po'l eHTa aCHMMeTPHH Sk(X) CJIyqa'lfHOH 

Sk HaJI: aCHMMeTPHJI:) CJIY'la'lfHo'lf BeJIH'lHHbl X: . 
BeJIH'lHHhI X 

Sk'(X) .. Sk'=~;(X)/S; 

EX*(X) Bhl60pO'lHhlii K03cPcPHUH Bhl60pO'lHaJI: oueHKa K03cPcPHUH
HJIH eHT 3Kcuecca (Bbl60pO'lHhI'lf eHTa 3Kcuecca Ex (X) CJIyqa'lfHo'lf Be
Ex 3Kcuecc) CJIyqa'lfHo'lf Be1IH'IH JIH'lHHbl X: 

HhI X Ex'(X) .. Ex' =~:(X)_3 
(S;)2 
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1.5. rEHEPHPOBAHHE CnY~AMHblX~HCEn 

CAyrtOUHblMU (nCeeoocAyrtOUHblMU) rtUCAOMU C 3a,n;aH
HbIM 3aKOHOM pacnpe,n;eJIeHWI Ha3bIBalOTCH qHCJIa, nOCJIe,n;OBaTe
JIbHOCTb KOTOpbIX 06JIa,n;aeT CTaTHCTHqeCKHMH CBOifcTBaMH, TaKH
MH xe KaK CTaTHCT~eCKHe CBOHCTBa nOCJIe,n;OBaTeJIbHOCTH He3a

BHCHMbIX peaJIH3aUHH C.rryqaHHOH BeJIHqHHbI, nO,n;qHHHlOmeHCH 
3TOMy 3aKOHY pacnpe,n;eJIeHWI. B TepMHHax MaTeMaTHqeCKOH 
CTaTHCTHKH nOCJIe,n;OBaTeJIbHOCTb CJIyqaHHbIX qHCeJI C 3a,n;aHHbIM 

3aKOHOM pacnpe,n;eJIeHWI npe,n;CTaBJIHeT C060H CJIyqaHHYlO BbI

60PKY H3 reHepaJIbHOH COBOKYllHOCTH, pacnpe,n;eJIeHHOH no 3TOMy 
3aKoHy. 

llpH paCCMOTpeHHH aJIrOpHTMOB reHepHpOBaHWI (cPOpMHpOBa
HWI) CJIyqaHHbIX qHCeJI C 3a,n;aHHbIM 3aKOHOM pacnpe,n;eJIeHWI B 

CnpaBOqHHKe HCnOJIb3YlOTCH npHBo,n;HMbIe HHxe TepMHHbI H 
YCJIOBHbIe 0603HaqeHWI. 

llocJIe,n;oBaTeJIbHOCTb rl , r2 , ••• , ri ,... He3aBHCHMbIX peaJIH3aUHH 
CJIyqaHHoH BeJI~HHbI R, pacnpe,n;eJIeHHOH paBHOMepHO B HHTepBa
JIe (0, 1), Ha3blBaeTCH cmoHoopmHou poeHoMepHou nocAeoo
eo meA bHOC m b10 H 0603HaqaeTCH CHMBOJIOM {r;}. CHMBOJI r (HlIH 

ri ) 0603HaqaeT O,n;HO H3 CJIyqaHHbIX qHCeJI CTaH,D;apTHOH paBHOMep

HOH nOCJIe,n;OBaTeJIbHOCTH. 3anHCb r := rand; (HlIH ri := rand;) 03Ha
qaeT o6parueHHe K ,n;aTqHKy CJIyqaHHbIx qHCeJI ()lCq) HJIH K 

CTaH,D;apTHOH no,n;nporpaMMe,D;JIH cPOpMHpoBaHWI nceB,n;oCJIyqaH
HbIX qHCeJI (Cll llCq), paBHOMepHO pacnpe,n;eJIeHHbIX B HHTepBaJIe 

(0, 1). Ha 6JIOK-cxeMax aJIrOpHTMOB reHepHpOBaHHH CJIyqaHHbIx 
(nceB,n;oc.rryqaHHbIx) qHCeJI C 3a,n;aHHbIM 3aKOHOM pacnpe,n;eJIeHHH 

o6parueHHe K ,n;a~HKY CJIyqaHHbIX qHCeJI (HlIH K CIT ITCq), paBHO
MepHO pacnpe,n;eJIeHHbIX B HHTepBaJIe (0, 1), H306paxaeTcH B BH,D;e 

onepaTopa ~ 

~
 
llocJIe,n;oBaTeJIbHocTb CJIyqaHHbIx qHCeJI up U2 , ... , Up ... , npe,n;

CTaBJIHlOruHX C060H He3aBHCHMbIe peaJIH3aUHH cTaH,n;apTHoH HOp
MaJIbHOH CJIyqaHHoH BeJIHqHHbI U, Ha3bIBaeTCH Cm 0 H00 pm H0 U 
HOpMOAbHOU nocAeooeomeAbHocmblO H 0603HaqaeTCH CHMBO
JIOM {ui } • CHMBOJI U (HJIH uj ) 0603HaqaeT O,n;HO H3 CJIyqaHHbIX qH

ceJI TaKOH nOCJIe,n;OBaTeJIbHOCTH. 3anHcb u:= norm; (HlIH Ui := norm;) 

03HaqaeT o6parueHHe K CTaH,D;apTHOH no,n;nporpaMMe,D;JIH nOJIyqe
HWI CTaH,D;apTHbIX HOPMaJIbHbIX c.rryqaHHbIx (nceB,n;oCJIyqaHHbIX) qH
ceJI. 

EOJIbIIIHHCTBO aJIropHTMOB reHepHpOBaHHH CJIyqaHHbIX qHCeJI, 
npHBe,n;eHHbIX B CnpaBOqHHKe, peaJIH3yeT taK Ha3bIBaeMbIH CTaH

,n;apTHbIH cnoco6 HMHTaUHOHHoro Mo.n;eJIHpOBaHWI ,n;HCKpeTHbIX 
CJIyqaHHbIx BeJI~HH. CyruHOCTb :nora cnoco6a 3aKJIlOqaeTCH B 

CJIe,n;YlOrueM. B KaqeCTBe Oqepe,n;HoH peaJIH3aUHH ueJIOqHCJIeH

HOH CJIy<faHHOH BeJIHqHHbI X C PH,llOM pacnpe,n;eJIeHWI 

Pi =P(X = i), i = 0, 1, 2, ... , 6epYT ueJIoe qHCJIO x, y,n;OBJIeTBOpH

IOruee yCJIOBHIO 

Po +Pl+···+Px-l ~r<po +Pl + ···+Px' 

me r - Oqepe,n;Hoe c.rryqaHHoe qHCJIO CTaH,D;apTHOH paBHoMepHoH 

nOCJIe,n;OBaTeJIbHOCTH {ri }· 

B 60JIbIIIeH qaCTH aJIrOpHTMoB reHepHpoBaHWI c.rryqaHHbIX qH

ceJI C HenpepbIBHbIM 3aKOHOM pacnpe,n;eJIeHWI HCnOJIb3yeTcH cno

co6 06paTHOH cPYHKUHH (npeo6pa30BaHHe H. B. CMHpHoBa). ITPH 
HCnOJIb30BaHHH 3Toro cnoco6a B KaqeCTBe Oqepe,n;HoH peaJIH3aUHH 
CJIyqaHHoH BeJIHqHHbI X C 3a,n;aHHoH cPYHKUHeH pacnpe,n;eJIeHWI 

F (x) HCnOJIb3yeTcH qHCJIO Xi' HBJIHIOIIleeCH KopHeM ypaBHeHWI 

Xi = F-1(lj), 

r,n;e X = F- 1(r) - cPYHKUWI, 06paTHaH cPYHKUHH F (X). 
B pH,lle aJIrOpHTMOB reHepHpOBaHWI CJIyqaHHbIX qHCeJI C Henpe

pbIBHbIM 3aKOHOM pacnpe,n;eJIeHWI, npHBe,n;eHHbIX B CnpaBOqHHKe, 
HCnOJIbJOBaH cnoco6 HCKJIlOqeHWI (cnoco6 HeHMaHa) H pa3JI~
HbIe Mo,n;HcPHKaUHH cnoco6a cynepno3HUHH. ITO,n;po6Hoe onHca
HHe pa3JI~HbIX cnoco60B reHepHpOBaHWI CJIyqaHHbIX qHCeJI C 3a

,n;aHHbIM 3aKOHOM pacnpe,n;eJIeHWI npHBe,n;eHO B MOHorpacPWlX [14], 
[37], [40], [43] H [47]. 

1.6. TA&nHI..l,b1, TEXHHKA BbI~HcnEHHM 

Ta6nM~bI 

B noco6HH ,n;aHbI CCbIJIKH TOJIbKO Ha OTeqeCTBeHHbIe MaTeMaTH

qeCKHe Ta6JIHUbI. 
,[lJIH xapaKTepHCTHKH TOqHOCTH Ta6JIHU HCnOJIb3YlOTCH 0603Ha

qeHWI BH,D;a mD HlIH mS, r,n;e m - HaTYPaJIbHOe qHCJIO. CHMBOJI mD 
03HaqaeT, qTO 3HaqeHHe Ta6yJIHpOBaHHOH cPYHKUHH ,n;aHO C TOqHO
CTbIO,n;O m ,n;eCHT~HbIX 3HaKOB nOCJIe 3allHTOH, a CHMBOJI mS CBH

,n;eTeJIbCTByeT 0 TOM, qTO Ta6JI~HbIe 3HaqeHWI,n;aHbI C m 3HaqaruH

MH UHcPpaMH.
,llnH 0603HaqeHWI npe,n;eJIOB H IIIara H3MeHeHWI apryMeHTa Ta

6YJIHpOBaHHOH cPYHKUHH H ee napaMeTpOB HCnOJIb3yeTcH COKpa
rueHHaH 3anHCb BH,D;a o(o)b. TaKaH 3anHCb OTHOCHTCH KO BceM BeJIH
qHHaM OT o,n;o b BKJIIOqHTeJIbHO C IIIarOM H3MepeHWI O. TaK, Ha

npHMep, 3anHCb 

X =0(1)10, ').. =0.1 (0.2) 0.9; 5D 

03HaqaeT, qTO Ta6JIHua co,n;epXHT 3HaqeHWI Ta6yJIHpOBaHHoH cPYHK
UHH, COOTBeTCTBYlOruHe 3HaqeHWlM apryMeHTa X =0,1,2, ... ,9,10 
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H 3HaqeHIDlM napaMeTpa A. =0.1,0.3, ... ,0.7,0.9; Ta6JIH'lHble 3Ha
qeHIDI npHBeAeHbI C TOqHOCTbIO AO IDIToro 3HaKa nOCJIe 3aWITOH. 

TeXHMK8 BW~McneHMM 

IIpH onHcaHHH TeXHHKH BhI'IHCJIeHHH OCHOBHoe BHHMaHHe YAe
JIeHO HCnOJIb30BaHHIO Ta6JIHIJ; paCnpeAeJIeHHH. IIpH 3TOM paCCMaT
pHBaIOTCSI TOJIbKO Ta6JIHIJ;bI OTeqeCTBeHHbIX H3AaHHH.,[(mI 60JIb

IIIHHCTBa AHCKpeTHbIX paCnpeAeJIeHHH npHBeAeHbI peKYPpeHTHble 
cPOPMyJIbI .wrn BblqHCJIeHIDI BepOSlTHOCTeH 

p(x) = P(X = x), x = 1, 2, ... 

,[lJISI HeKoTopbIX HaH60JIee BIDKHbIX pacnpeAeJIeHHH npHBeAeHbI 
aHaJIHTH'leCKHe BblpaxeHIDI H paJJIH'lHble annpoKcHMHpYI01I.J;He 

cPOPMYJIbI .wrn BblqHCJIeHIDI 3HaqeHHH cPyHKI.J;HH pacnpeAeJIeHIDI H 
KBaHTHJIeH, KOTopble MO)I{HO HCnOJIb30BaTb npH paCqeTax Ha 3BM. 
DOJIee nOAP06HbIe CBeAeHIDI no 3TOMy Bonpocy npHBO.IlHTCSI B [42], 
[44] H [45]. 

1.7. YKA3ATEIlb 0603HA'tEHMH 

ODHCaHHe H npHMeqaHHJITepMHH HJIH ODHCaHHe 
YCJlOBHoe 
0603Haqe

HHe 

<I>YHKllHJI. YCTaHaBJIHBaIOlllaJl CBJl3b 

Mex,ny B03MOXHbIMH 3Ha'ieHIDlMH x = 0, 
1•... lleJIO'lHCJIeHHo'l: CJIY'lmHo'l: BeJIH'lH

Hbl X H BepOJITHOCTJlMH nOJlBJIeHIDI 3THX 

3Ha'leHH'l: p(x) = P(X= x) 
IIpeJ{eJI OTHOllIeHHJI BepOJlTHOCTH nona

J{aHIDI HenpephIBHo'l: CJIY'la'l:Ho'l: BeJIH'lH

Hbl X B HHTepBaJI (x. x + Ax) K MHHe Ax 
3TOro HHTepBaJIa, cTPeMJIllle'l:cJI K HYJIIO: 

f(x) = Jim P(x < X < x + Ax) 
&.-+0 Ax 

<I>YHKllIDI Bepml'mOCTH 

lleJIO'lHCJIeHHo'l: CJIy

'Ia'l:Ho'l: BeJIH'lHHhI X 

IIJIOTHOCTb BepOJlTHO

CTH, HlIH <PYHKUIDI ITJIOT

HOCTH. HenpephlBHo'l:· 

CJIY'la'l:Ho'l: BeJIH'lHHbl X 

p(x). 
P.(x). 
p(x; 14, ;l..) 
px{x; 14, ;l..) 

f(x), 
f.(x). 
f(x; 14. ;l..), 
Ix (x; 14, ;l..) 

<I>YHKllIDI, 3Ha'leHHe KOTOpo'l: npH KWK

J{OM x paBHO BepOJlTHOCTH TOro, 'ITO CJIY

'ImHaH BeJIH'IHHa X npHMeT 3Ha'leHHe. 

MeHbllIee x: 

F(x) =P(X < x) 

<I>YHKllIDI pacnpeJ{eJIe

HIDI CJIY'lmHo'l: BeJIH'lH

HblX 

F(x). 
Fx{x), 
F(x; 14. ;l..), 
Fx{x; 14, ;l..) 

f(x) 
A.(x) =1- F(x) 

<I>YHKllIDI. onpeJ{eJIJleMaH paBeHCTBOM <I>YHKllHJI pHCKa (HH

TeHCHBHOCTb) Hen p e

Phi B H 0 'l: CJIY'la'l:Ho'l: Be

JIH'lHHhI X 

;l..(x). 
;l...(x) 
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YKa3aTeJIb 0603Ha'leHH'l: (npOOOllxeHue) 

YCJlOBHOe 
o603Haqe

HHe 
TepMHH KITH ODHCaHHe ODHCaHHe H npHMeqaHIDI 

<II.(t) 

x.(t) 

M(X). 
x. 
m.(X) 

ms(X). 
ms 

I4s(X). 

/,Is 

Me (X), 

xo.s 

IIpOH3BOJ{JllllaJI <PYHK- \ 

llIDI lleJIO'lHCJIeHHOH CJIY

'Ia'l:Ho'l: BeJIH'lHHbl X 

)(apaKTepHCTH'leCKaH 

<PYHKUIDI CJIY'la'l:Ho'l: Be

JIH'IHHbl X 

MaTeMaTH'leCKOe 0:lKH

J{aHHe (cpeJ{Hee 3Ha'le

HHe) cnyqa'l:HoH BeJIH

'IHHbl X 

Ha'laJIbHblH MOMeHT 

s-to nopJIJ{Ka (Ha'laJIbHbl'l: 

MOMeHT nOPMKa s. S-H 
Ha'laJIbHbl'l: MOMeHT) CJIY
'Ia'l:Ho'l: BeJIH'lHHbl X 

UeHTPaJIbHblH MOMeHT 

s-ro nopJIJ{Ka (lleHTPaJIb

Hbl'l: MOMeHT nopMKa s, 
HlIH s- 'l: lleHTPaJIbHbl'l: MO

MeHT) CJIY'la'l:Ho'l: BeJIH

'lHHbI X 

MeJ{HaHa HenpephIBHo'l: 

~aHHo'l: BeJIH'IHHhI X 

<I>YHKllIDI J{e'l:cTBHTeJIbHOH nepeMeHHoH 

t. npeJ{CTaBJIJlIOlllaJI C060H MaTeMaTH'le
X 

CKoe mKlf,llaHHe CJIY'lmHoH BeJIH'lHHbl t : 

<II.(t) = M(tX) = L 
~ 

t·p(x).ltl $1 
••0 

<I>YHKllIDI J{eHCTBHTeJIbHOH nepeMeHHo'l: 

t. npeJ{cTaBJIJlIOlllaJI c060'l: MaTeMaTH'le

CKoe O)lQf,ll;aHHe CJIY'lmHOH BeJIH'lHHhle/tx: 

X.(t) = M(e/tX) = 

~ 

L e'1%p(x). X - J{HcKPeTHlUf, 

..0 

=jle l1%f(x)dx. X - HenpepblBHaH 

LXP(X). X - J{HcKPeTHlUf,
 

M(X) = •.:0
j_~Xf(X)dx, X - HenpepblBHaJI 

MaTeMaTH'IeCKOe O)lQf,ll;aHHe cJIY'laHHoH 

BeJIH'lHHbl X s :
 

ms(X) = M(X S
) =
 

L XSp(x), X - J{HCKPeTHlUf, 

••0jI= X Sf(x) dx. X - HenpepbmHaH 

MaTeMaTH'IeCKOe O)lQf,ll;aHHe CJIY'la'l:HoH 

BeJIH'IHHbl x' =(X -X)': 

~ I4s(X)=M[(X-X)')= 

j
L (x - X)S p(x). X - J{HCKpeTHlUf,


.-0 
= I(X - X)S f(x)dx. X - HenpepblBHaJI 

TaKoe 3Ha'leHHe xo.s HenpepblBHoH CJIY

'ImHo'l: BeJIH'lHHbl X. MJI KOTOporo Bbl

nOJIHJleTCJI yCJIOBHe 

P(X < xos) = P(X > xo.s) =0.5 

MeJ{HaHa xo.s JIBJIJIeTCK KopHeM ypaBHe

HIDI F(xo.s) =0.5 
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YKlI3aTeJIb 0603Ha'leHHil: (npoiJOA:JlCeHUe) 

YCJlOBHOC 
0603Ha'le

HHe 
TepMHH HJIH OnHCaHHe OIIHCaHHe H npHMe'laHHJI 

Mo (X), 
i 

x 

D(X), 
D., 
a.2
a(X), 
a. 

v. 

E 

x, 

XC,) 

Sk(X), 
Sk 
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Mo~a CJIY'laHHoH BeJIH
'1HHbl X 

AHTHMo~a HerrpepblB
Hoil: CJIY'lail:Hoil: BeJIH'IH
Hbl X 

}:{HcrrepCIDI cJIY'lail:Hoil: 
BeJIH'lHHbl X(BTOpoA l.{eH
TpaJIbHblH MOMeHT CJIy

'1aAHoil: BeJIH'lHHbl X) 

CpeP;Hee KBap;paTH'Ie
CKoe (cTaH,D;apTHoe) OT
KJIOHeHHe CJIY'laAHoil: Be
JIH'lHHbl X 

K03<P<PHl.{HeHT BapHa
l.{HH HeoTpHl.{aTeJIbHoil: 

cJIY'lail:Hoil: BeJIH'lHHbl X 

CpeP;HHHoe (BepORT
Hoe) OTKJIOHeHHe cJI}"Iail:
HOil: BeJIH'lHHbl X 

KBaHTHJIb rrOPRAKa P 
(p-KBaHTHJIb) HerrpepblB
Hoil: CJI}"IaAHoil: BeJIH'IH
Hbl X 

KpHTH'IeCKOe 3Ha'leHHe 
(Iq>HTH'IeCKaR TO'lKa) rro

PRAKa p HerrpepblBHoil: 
CJIyqail:Hoil: BeJIH'lHHbl X 

K03<P<PHl.{HeHT aCHM
MeTpHH (aCHMMeTpIDI) 
pacrrpep;eJIeHIDI CJIyqail:
HoA BeJIH'lHHbl X 

TaKoe 3Ha'leHHe i CJIyqail:HoH BeJIH'lH
HbI X, rrpH KOTOpOM <PYHKllIDI BepORTHO
CTHp(X) (BP;HCKpeTHOM CJIyqae) HJIH IIJIOT
HOCTb BepORTHOCTH f(x) (B HerrpepbIBHOM 
CJI}"Iae) rrpHHHMaeT CBoe MaKCHMaJIbHOe 
3Ha'leHHe 

TaKoe 3Ha'leHHe X «aHTHMOp;aJIbHoil:. 

CJIY'lail:HOil: BeJIH'IHHbl X, rrpH KOTOpOM 
IIJIOTHOCTb BepORTHOCTH f(x) 3TOH CJIy

'1ail:Hoil: BeJIH'lHHbl p;OCTHraeT cBoero MH

HHMYMa 

MaTeMaTH'leCKOe O)l(H,lJ;aHHe KBaApaTa 
OTKJIOHeHIDI CJIY'laAHoil: BeJIH'IHHbI X OT 
ee cpep;Hero 3Ha'ieHIDI X 

D(X) '" J.l2(X) =M[(X - X)2] 

ITOJIO)lO{TeJIbHOe 3Ha'leHHe KBap;paTHoro 
KOpHR H3 p;HcrrepCHH: 

a(X) '" a. = ~ D(X) 

OrnollIeHHe CTaH,D;apTHOro OTKJIOHeHIDI 
a. HeOTpHl.{aTeJIbHoil: CJIyqail:Hoil: BeJIH'IH
Hbl X K ee cpe,D;HeMY 3Ha'leHHIO x; 

v. = a./x HJIH V. = (a./X) ·100 % 

XapaKTepHCTHKa pacceRHIDI HerrpepblB
HOH CJIY'laHHoil: BeJIH'IHHbI X C CHMMeT
PH'lHblM pacrrpep;eJIeHHeM. lJHCJIO E YP;OB
JIeTBOpReT yCJIOBHIO 

P(I X - xo,ll < E) = 

= P(I X - xo.ll > E) = 0.5 

TaKoe 3Ha'leHHe x, 3TOH CJIyqaHHoH Be
JIH'IHHbl, P;JIR KOToporo BblrrOJIHReTCR 
YCJIOBHe P(X < x,) = p. KBaHTHJIb x, RB

JIReTCR KopHeM ypaBHeHIDI F(x,) = p 

lJHCJIO xV), yp;OBJIeTBOpRlOllIee yCJIOBHIO 

p(X > Xc,») = p. KpHTH'IeCKaR TO'lKa xC,) 
RBJIReTCR KopHeM ypaBHeHIDI F(xC'» = 
= 1 - p. }:{JIR x, H xC,) crrpaBeAJIHBbI COOT

HOllieHIDI xC,) =x1_" x, =x(l-,) 

Sk(X) = J.ls(X) 
[a.(X)]s 

YKlI3aTeJIb 0603Ha'leHHH (npoiJoAJlceHue) 

YCJlOBHOe 
0603Ha'le

HHe 
TepMHH HJIH OnHCaHHe OnHcaHHe H npHMe'l3HHll 

Ex(X), 
Ex 

X-Y 

\V(X; J.l) 

o/(X; J.l) 

cp(X) 

l1>(X) 

l1>O(X) 

r(u) 

r(X, u) 

[(x, u) 

K03<P<PHJ..\HeHT 3KCl\ec
ca (3KCl.{ecc) pacrrpep;eJIe
HIDI CJIyqaHHoH BeJIH'IH
Hbi X 

Ex(X)- J.l.(X) -3= J.l.(X)_3 
[a.(X)]· [D(X)]2 

3arrHCb X - Y 03Ha'iaeT, 'ITO CJIY'lail:Hble 
BeJIH'IHHbl X H Y HMelOT OP;HO H TO lICe pac
rrpep;eJIeHHe, T. e. HMelOT op;HHaKOBble 

<PYHKllHJl: BepORTHOCTH, <PYHKUHH pacrrpe
p;eJIeHIDI, <PYHKllHH IIJIOTHOCTH H T. rr. 

Crrel.{HaJIbHble <PYHKl.{HH 

<I>YHKllIDI BepoRTHoCTH 
pacrrpep;eJIeHIDI ITyaccoHa 

}:{orrOJIHeHHe <PYHKllHH 
pacrrpep;eJIeHIDI ITyaccoHa 
p;o ep;HHHl.{bl 

ITJIOTHOCTb BepoRTHo
CTH (<PYHKllHR rrJIOTHO
CTH) CTaH,D;apTHOro HOP
MaJIbHOrO pacrrpep;eJIeHIDI 

<I>YHKllHR pacrrpep;eJIe-/ 
HIDI CTaH,D;apTHoro HOp-
MaJIbHOrO pacrrpep;eJIeHHR 

<I>YHKllIDI JIaIIJIaca 

faMMa-<PYHKllIDI (3il:JIe
pOB HHTerpaJI BToporo 
pop;a) 

HerrOJIHaR raMMa

<PYHKllIDI 

OTHOllIeHHe HerrOJIHoil: 
raMMa-<PYHKllHH 

\V(X; J.l) = P(X = x) = J.l' e-" 
x! 

rp;e X - CJIyqail:HaR BeJIH'lHHa, pacrrpep;e

x) = e-' L ~, 

JIeHHaR rro 3aKoHY ITyaccoHa C rrapaMeT
POMJ.l 

• I 

o/(X; J.l) = P(X ~ 
1_% ,. 

ilJIOTHOCTh BepORTHOCTH HOpMaJIbHOrO 
pacrrpep;eJIeHHR C MaTeMaTH'leCKHM 0)10{

p;aHHeM J.l = aH CTaH,D;apTHblM OTKJIOHeHH
eM a =1 

cp(x)= ~e-("/2) =exp(-x2 /2)/.fi1t
,,27t 

<I>YHKllIDI pacrrpep;eJIeHIDI HOPMaJIbHO
ro pacrrpep;eJIeHHR C rrapaMeTpaMH J.l = aH 
a = 1: 

1 • 
l1>(x) = .fi1t _~e-(tl/2)dt 

1 • 
l1>o(x) =- Je-(tl/2)dt

.fi1t o 

r(u) =Jto-I e-tdt = k O Jto-I e- kJdt 
o 0 

r(X, u) = Jto-1e-t dt 
o 

[(x, u) = r(x, u) 
r(u) 

37 



YCJlOBHOC
 
0603Ha'lC-
 I TCPMHH H!IH OnHCaHHC 

HHC 

B(u, v) I EeTa-<PYHKUHJI (3HJIe~ 
POB HHTerpaJI nepBOrO 
pOAa) 

B.(u, v) I HenOJIHaJl 6eTa-<pyHK-

UHJI 

[.(u, v) I OTHOmeHHe HenOJIHOH 
6eTa-<pyHKUHH 

Ij/(a) I IIcH-<pyHKUHJI (AHraM-
Ma-<pyHKUHJI) 

w(Z) I I1HTerpaJI BepOJlTHOCTH 
KOMllJIeKCHOrO apryMeHTa 

Jo(Z) I <1>yHKUHJI EecceJIJI nep-
BOrO pOAa HYJIeBOrO no

PllAKa 

Io(z) I MOAH<PHUHpOBaHHaJI 
<pyHKUHJI EecceJIJI HYJIe
BOrO nOPJlAKa (<pyHKUHJI 
EeccCJIJI nepBOrO pOAa 
HYJIeBOrO nOPllAKa, MHH
MOro apryMeHTa) 

F(a, b; c; Z) I fHnepreOMeTpH'IeCKaJl 
<pyHKUHJI 

M(a, b; Z) I Bblp0JK,ZJ;eHHaJl rHnep

reOMeTpH'IeCKaJl <PYHK
UHJI nepBOrO pOAa (<pyHK
UHJI KYMMepa) 
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YKa3aTeJIb 0603Ha'leHHH (npoiJoIIJICenue) 

YCJlOBHOC 
OIIHCaHHC H npHMC'IaHHlI TCPMHH H!IH OnHCaHHC0603Ha'lC

HHC 

<1>yHKUHJI napa60JIH'leD,(z)B(u, V) =
1Jto- 1(1- ty-1dt = r(U)r(V). 

CKOro UHJIHHApa o r(U + V)' 

B(u, V) =B(v, U)
 

B.(u, V) = Jto
-

I(1 - 1).-1 dt
 
1;(a) ,lJ.3eTa-<pyHKUHJI PHMa

o 
Ha
 

I.(u, V) =B.(u, V) B (u, V);
 3KcnOHeHUHaJIbHaJI 
(nOKa3aTeJIbHaJl) <PYHK

exp(x) 

I.(u, V) = II_.(v, u) 
UHJI 

(a) =d [In r(a)] =r' (a).
 
Ij/ da rca)'
 

1j/(1) =-y =-0.577 215 664 90 ... , LxJ 
rAe y - nOCTOJlHHaJI 3AJIepa (x) 

_ '( 2; ,l )w(z) = ell + ~ !e' dt . 
LXt1 • 
t_..Jo(z) =- Jcos (Z sina)da = 

lt .o ITxt1 • 
t ...= - Jcos (zcos a) da 

lt o • 

Io(Z)=! je±zcasada 
lt o 

mD 

F(a, b; c; z) = mS 
2=1 + ab ~ + a(a + l)b(b + 1) t +
 

c 1! c(c + 1) 2 !
 
a(a + l)(a + 2)b(b + 1)(b + 2) t 3
 

+	 +... = x = a(O)~c(c + 1)(c + 2) 3!
 

= r(c) i rea + n)r(b + n) z· ;
 
r(a)r(b) ••0 r(c + n) n!
 

F(a, b; c; z) = F(b, a; c; z)
 n! 

n!! 
a Z a(a + 1) Z2

M(a,b· z)=1 + --+--- + ... 
, b 1! b(b + 1) 2! 

C".a(a + l)(a + 2)···(a +n -1) Z· 
... +	 + ... 

b (b + l)(b + 2) ... (b + n -1) n! 

YKa3aTeJIb 0603Ha'leHHH (npoiJoIIJICenue) 

OnHCaHHC H npHMC'IaHHlI 

D,(z) = 

_ ~ r (- p/2) (p . 1. Z2)
--V--;7" r«I_p)/2)M -"2'-"2'2 

1;(a)=Lk-· 
t-I 

exp (x) = e' --

CneUHaJIbHble MaTeMaTH'IeCKHe 3HaKH 

HaH60JIbwee ueJIoe 'IHCJIO, He npeBOCUeJIaJI 'IaCTb 'IHCJIa x 
xOWIll~ee x 

(x) =Lx + 0.5JUeJIoe 'IHCJIO, 6JI1il1cm
wee K x .


L x t = x.. + x .. +1 + ... + X.
 
CYMMa
 to .. 

.
IIpoH3BeAeHHe IT Xi = X'" x.+ 1 . .. x" 

t ... 

CTasHTCJI Y npasOH BepXHeH 'IaCTH CHM

oueHKH 'IHCJIOBOH xapaK
CHMBOJI Bbl60pO'lHOH 

BOJIa COOTBeTCTBYJOllIeH 'IHCJIOBOH xapaK

TepHcTHKH HJIH napaMeT repHCTHKH (COOTBeTCTBYJOllIero napaMeT

pa pa) 

YKa3aTeJIb TO'lHOCTH I 3Ha'leHHJI <pyHKUHH j{aHbI C TO'lHOCTblO 
3Ha'leHHH Ta6YJIHpOBaH AO m-ro AeCJITH'IHOrO 3HaKa nOCJIe 3anJ1

HOH <pyHKUHH TOH 

YKa3aTeJIb TO'lHOCTH I 3Ha'leHHJI <pyHKUHH AaHbl C m 3Ha'la-
3Ha'leHHH Ta6YJIHpOBaH ll\HMH UH<ppaMH
 

Hoii <pyHKUHH
 

YKa3aTeJIb npeAeJIOB 3anHCb x = a(0) ~ 3KBHBaJIeHTHa JanHCH 

(a, ~) H wara li H3MeHeHHJI x =a, a + Ii, a + 2li, ... , ~
 
3Ha'leHHH BeJIH'lHHbI x
 

<1>aKTOpHaJI n!=1·2·3· ... ·n 

n!! = { 1 ·3·5· (2k + 1), n = 2k + 1;
Cy6<paKTOpHaJI 2 . 4 . 6 . 8 2k, n =2k 

"tIHCJIO	 CO'leTaHHH H3 n C" = n! =c'-"
 
• m!(n - m)! •
3JIeMeHTOB no m 



rnABA 2. AHCKPETHblE (u.enO'fHCnEHHbIE) 
PACnPEAEnEHHSI 

2.1. AMCKPETHOE PABHOMEPHOE PACnPEAEIIEHME 

1 .
PH,lJ; pacnpe,lJ;eJIeHIDI p(X) = -, x = 0, 0 + 1, ... ,0 + n -1, 

n 
r,lJ;e 0 - napaMeTP nOJIOXeHIDI (JIeBaH rpa
HHua 06JIaCTH B03MO)I(HbIX 3Ha'leHHH cJIY
'1aHHOH BeJIH'IHHbI); n - napaMeTP Mac
lIITa6a ('1HCJIO pa3JIH'IHbIX B03MOXHbIX 
3Ha'leHHH CJIyqaHHoH BeJIH'IHHbI); OJ n 
ueJIble, n ~ 2 (pHC. 2.1) 

0, x ~ 0; 
F(x) = k + 1, 0 + k < x ~ 0 + k + 1,<I>YHKUIDI
 

pacnpe,lJ;eJIeHIDI { n k = 0,1, ... , n - 2'
 
1, x> 0 + n -1 '
 

a
<j>x(t) = t (1- tn)IlPOH3BOWIlUaH 

n(1- t)<PYHKUIDI 

lat (1 lnt 

XapaKTepHCTHtIeCKaH Xx (t) = e - e ) 

<PYHKUIDI 

- n-l
MaTeMaTH'IeCKOe x=o+-

O)l(H,ZJ;aHHe 2 

MO,lJ;a HeT 

D _ n 2 -1,[lHcnepcIDI x - - 
12 

CTaH,ZJ;apTHOe crx=~ 
OTKJIOHeHHe 2../3 

1(;;2-=1
K03<P<PHUHeHT 

Vx =(20+n-l)V~-3-
BapHaUHH 

ACHMMeTPIDI Sk = 0 

3Kcuecc Ex =-1.2-~ 
n2 -1 

2n2 + 3(20 - l)n + 1 ( 1)
Ha'lam.Hble m2 = 6 +00-, 

MOMeHTbI 
n 3 + 2(20 - l)n 2 + (60 2 

- 60 + l)n 
m3 = + 

4 
+ 0(02 

- 1.50 + 0.5), 

6n 4 + 15(20 -1)n 3 + 10(602 
- 60 + l)n 2 + 

m4 = ~ 

30 
+ 300(202 

- 3a + l)n - 1 2(2 2 1) 
~ ~ +0 0 - 0+ 

L(eHTPam.HbIe ~3 = 0, 
MOMeHTbI 

(n 2 - 1)(3n2 
- 7) 

~4 = 240 

p(x) 

I 
n 

o a a+1 a+n-I x 

PIIC. 2.1. ~ BepollTHOCTH ,IlHcKpeTHoro paBHOMepHoro pacnpe.lleJIeHHll. 

THnH'IHaH HHTeprrpeTaUHH: X - '1HCJIO, BbI6paHHoe Ha
y,lJ;aqy H3 n ueJIbIX tIHCeJI, npHH3,WIexalUHX HHTepBaJIY [OJ 0 + n -1]. 

reHepMpOB8HMe cny'l8MHblx '1MCen 

XI = Lnrl J+ o. 
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2.2. PACnpE,q,E1T£HME nYACCOHA 

x 

PH.D; pacnpe,neJIeHWI p(X) =; e-I', X = 0,1, 2, ... , 
x. 

r,ne napaMeTP Il - MaTeMaTHqeCKOe o)l(JfJla
HHe (J.1 > 0) 

O, X ~ 0; 
<1>YHKUWI F(x) = e-I' ±Il i 

k < X ~ k + 1,
{pacnpe,neJIeHWI i:O i!'	 k =0, 1, 2, ... 

ITpoH3BOWlmaH <p x (t) = el'(t-l) = exp (Il(t - 1») 
cl>YHKUWI 

XapaKTepHCTlflIeCKaH X.X (t) = exp (Il(e il 
- 1») 

cl>YHKUIDI 

MaTeMaTHqeCKOe X = Il 
O)l(JfJlaHHe 

LIlJ,	 Il - He ueJIoe; 

Mo,na -I},
x = : Il- ueJIoe{ 

AHcnepcWI Dx = Il 

CTaH,napTHOe CJ x = ~ 
OTKJIOHeHHe 

1 
K03cl>cl>HUHeHT v =-

BapHaUHH x~ 

Sk=_1ACHMMeTPWI 

~ 
1 

3Kcuecc Ex =-
Il 

HaqaJIbHble m2 = Il + 1l
2

; 

MOMeHTbI ml = Il + 3112 + Ill; 
2 3 4 m4 = Il + 711 + 611 + 11 

2
UeHTPaJIbHble III =Il; 114 =Il+ 31l ;
 

MOMeHTbI
 Oil 
Il. = (S-I)IlIl._2 +Il 0;1 

p(x)p(x) 
0.40.4 J.l > I - He ueJloe0<J.l<1 

J.l= 0.9 1 J.l = 1.8
0.30.3 

0.2 0.2 

O.L0.1 x 

-o 2 3 4 5 x 0 1 2 3 4 5 6 7 x 
" "x x 

p(x) l 
0.2 • • 

J.l> 1- ueJloe 
J.l=3 

0.1 

0 I	 2 3 4 5 6 7 8 9 x 
" "xI x2 

PHC. 2.2. l1>yHKUIDI BepOJITHOCTH pacnpe.lleJleHIDI IIyaccoHa. 

THnHqHaH HHTepnpeTaUHH: X - qHCJIO C06bITHii CTaUHO
HapHoro op,nHHapHoro nOTOKa 6e3 nOCJIe,neiiCTBWI (nyaccoHoBCKO
ro nOTOKa) B HHTepBaJIe cl>HKcHpoBaHHOii AJIHHbI; Il - MaTeMaTH
qeCKOe O)l(JfJlaHHe qHCJIa C06bITHii (Cpe,nHee qHCJIO C06bITHii) B 
paCCMaTPHBaeMOM HHTepBaJIe (pHC. 2.2). 

COOTHoweHMA Me)KAY pacnpeAeneHMAMM 

1. CYMMa S He3aBHCHMbIX nyaccoHoBCKHX CJIyqaiiHbIX BeJIHqHH C 
napaMeTPaMH Ill' 1l2"'" Il. no,nqHHHeTCH 3aKoHy ITyaccoHa C na
paMeTPOM Il = III + 112 + ... + Il •. CnpaBeAJIHBO H o6paTHoe yTBepJK
,neHHe: eCJIH CYMMa He3aBHCHMbIX CJIyqaiiHbIX BeJIIflIHH pacnpe,ne
JIeHa no 3aKoHy ITyaccoHa, TO KaJK,noe CJIaraeMOe pacnpe,neJIeHO no 
3TOMY JKe 3aKOHY. 

2. Pacnpe.lleJIeHHe ITyaccoHa TeCHO CBH3aHO C nOKa3aTeJIbHbIM 
(3KcnoHeHUHaJIbHbIM) pacnpe,neJIeHHeM H pacnpe,neJIeHHeM 3p
JIaHra. ITYCTb TI , T2 , ••• , Tm - MOMeHTbI nOHBJIeHWI C06bITHii CJIy
qaiiHOrO nOTOKa, HanpHMep nOTOKa COo6meHHii, OTKa30B H T. n.; 
XI X 2 , ••• , X m - CJIyqaiiHble npOMeJI(yTKH BpeMeHH MeJK.nY 3THMH 
C06bITWIMH; N(t) - qHCJIO C06bITHii CJIyqaiiHoro nOTOKa B cl>HKCH
pOBaHHOM HHTepBaJIe BpeMeHH [0, t] (pHC. 2.3). 

N(t) 
( r-Xtr Xr1c r Xm 1c 

- ~ 

! ~ 
o	 t

T. T2 Tm- I T,n 
PHc. 2.3. IIyaccoHoBcKHA nOTOK CJIY'laAHhlX C06hITHH. 

KpecmUKaMU 0603HaQeHhI C06h1TIDI cJIY'l:aAHOrO nOTOKa. 
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ECJIH CJIY'IaHHble Bemf'IHHbI XI' X 2 , ••• , X m He3aBHCHMbI H 
KIDK,.ll;aJI H3 HHX pacnpe.lleJIeHa no nOKaJaTeJIbHOMY 3aKOHY C O.llHHM 
H TeM xe napaMeTPOM MaCIIITa6a A, TO CJIY'IaHHOe 'IHCJIO N(t) CO
6bITHH nOTOKa B HHTepBaJIe <pHKCHpOBaHHOH ,llJIHHbI t nO.ll'IHIDIeTCH 
3aKOHY TIyaccoHa C napaMeTPOM ~ = At, a CJIyqaHHaJI BeJIH':IHHa 
Tm = XI + X 2 + ... + X m HMeeT pacnpe.lleJIeHHe 3pJIaHra nopMKa 
m CnapaMeTPOM MacllITa6a A. TIPH nOM HMeeT MecTO paBeHCTBO 

P{N(t) ~ m} = P(Tm < t). 
3.)lrnI nyaccoHoBCKOH CJIY'IaHHoH BeJIH':IHHbI X(~) H CJIY'IaHHOH 

BeJIH'IHHbI Z(2(1 + k»), HMeIOIIJ;eH x2 -pacnpe.lleJIeHHe Cv = 2(1 + k) 
CTeneIDIMH CBo6o.llbI, CnpaBe,llJIHBO COOTHOIlleHHe 

P{X(~) ~ k} = P{Z(2(1 + k» > 2~} 
4. Pacnpe.lleJIeHHe TIyaccoHa HBJIHeTCH npe.lleJIbHbIM ,llJIH 6HHO

MHaJIbHOrO, 0TPHuaTeJIbHoro 6HHOMHaJIbHOrO H rHnepreOMeTPH'Ie
CKoro pacnpe.lleJIeHHH. 

5. TIPH BhI60pe Me)((,lly nyaccoHoBCKOH, 6HHOMHaJIbHOH H OTPH
uaTeJIbHOH 6HHOMHaJIbHOH MO.lleJIHMH MOXHO nOJIb30BaTbCH CJIe.llY
IOIIJ;HMH CBoHcTBaMH 3THX MO.lleJIeH: 
6HHOMHaJIbHaJI - .llHCnepCHH MeHbIlle Cpe.llHerO 
nyaccoHOBCKajI - .llHCnepCHH paBHa Cpe.llHeMY 
0TPHUaTeJIbHaJI 6HHOMHaJIbHaJI - ,llHCnepCHH 60JIbIlle Cpe.llHerO 

O~eHMBaHMe napaMeTpoB 

~. = x·=! ±x; (MM; MMll). 
n 1-1 

TIO.upo6Hble peKOMeH,llaUHH no onpe.lleJIeHHIO oueHOK H .llOBe
pHTeJIbHhIX rpaHHU ,llJIH napaMeTPa pacnpe.lleJIeHHH TIyaccoHa npH
Be.lleHhI B [29]. 

rSHSpMpOBaHMe cny'laMHblx 'IMCen 

AJI r 0 p HTM 1 peaJIH3yeT cTaH,llapTHbIH cnoco6 HMHTaUHOHHO
ro MO.lleJIHpOBaHHH .llHCKPeTHhIX CJIyqaHHbIX BeJIH':IHH. AJI r 0
pHTM 2 OCHOBaH Ha CBH3H nyaccoHoBCKoro pacnpe.lleJIeHHH Cno
KaJaTeJIbHhIM H 3pJIaHroBcKHM pacnpe.lleJIeHHHMH (CM. pHC. 2.3). 

Ta6nM~bI 

1. [13, c. 395-423, Ta6JI. VI, VII]. llpHBe.lleHbI 3Ha'IeHHH <PYHK
)( '" )( 

UHH ",(x;~) = e-I' !:..- = p(x) H q,(x;~) = e-I' L !:..- = P(X ~ x)
x! 1.)( x! 

,llJIH ~ = 0.1(0.1)15; 16(2)30; 40(10)100; 4D. 
2. [2, c. 298-306, Ta6JI. 5.3]. AaHbI 3Ha'IeHHH BepOHTHOCTeHp(x) 

,llJIH ~ = 0.1(0.1)15; 6D. 

AnropHTM 2AnrOpliTM 

PHC. 2.4. DJIOK-CXeMbl anropHTMoB reHepHpOBaHHJI nyaccoHoBCKHX CJIY'laAHbIX 
'lHceJI. 

3. [16, c. 89,90, Ta6JI. 1.1.2.5]. TIpHBe.lleHbI 3Ha'IeHIDI BepOHTHO
CTeH p(X),llJIH ~ = 0.1(0.1)1.0; 1.5(0.5)5.0; 6(1)10; 6D. 

4. [6, c. 259-261, Ta6JI. 9.3]. AaHbI 3Ha'IeHHH BepoHTHocTeH 
P(X ~ x) .llJIH ~ = 0.001(0.005)0.100; 0.2(0.1)1.0; 1.2(0.2)2.0; 
2.5(0.5)5.0; 6(1.0)10; 4D. 

5. [3, c. 238-241, Ta6JI. 29a, 296]. AaHbI 3Ha'IeHHH BepOHTHO-
CTeH p(x) H P(X ~ x),llJIH ~ = 0.1(0.1)3.0; 4(1)10; 5D. 

TeXHMKa BbI'IMCneHMM 

BepOHTHOCTH p(x) nyaccoHoBCKoro pacnpe.lleJIeHHH MOXHO BbI
'IHCJIHTb C nOMOIIJ;bIO peKYPpeHTHOH <pOpMyJIbI p(x) = p(x -1)~, 

-12 (0)·--1' xx - , , ... , r.lle P - e . 
TIPH BbI':lHCJIeHHH BepOHTHOCTeH BH,lla P(m1 ~ X ~ m2 ) MOXHO 

HCnOJIb30BaTb Ta6JIHUhI 3Ha'IeHHH <PYHKUHH P(X ~ x) H P(X ~ x), 
npHBe.lleHHhIe B [13], [6] H [3]. 

TIPH ~ > 9 pacnpe.lleJIeHHe TIyaccoHa MOXHO annpoKcHMHpO
BaTb HOPMaJIbHhIM pacnpe.lleJIeHHeM CMaTeMaTH':IeCKHM O)((H,llaHH
eM ~ H .llHCnepCHeH ~: 

( ) 
__1 (x - ~) _ <1> (x + 0.5 - ~) _ <1> (x - 0.5 - ~). 

p x - ~cp ~ - 0 ~ 0 ~ , 

_ 19-. (m2 + 0.5 - ~) (m l - 0.5 - ~)
P(ml ~ X ~ m2 ) - 'Vo ~ - <1>0 ~ , 
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r.n;e <p(X) = ~ e-x'/2 - rmOTHOCTb BepmITHOCTli CTaH;:J;apTHoro 

v21t 1 x , 
tHOpMaJIbHOrO pacrrpe.n;eJIeHlUl; <l>o(x) = r;;- Je- /2 dt - <PYHK

V21t 0
llWl JIarrJIaca. 

B CliCTeMe CliMBOJIbHOH MaTeMaTHKli DERIVE HMeIOTCH <PYHK

llHH POISSON_DENSITY(k, t) = e-t ~k! H POISSON_DISTRI

k t i 

BUTION (k, t) = Le-t -:r (CM. [41], yrHJIHTbI PROBABIL.MTH). 
i=O 1 • 

2.3. PACnPEAEllEHME &EPHVnnM 

PH,1l pacrrpe.n;eJIeHWI	 p(x) = pX (1- p) I-x, X = 0, 1, 
r.n;e p - rrapaMeTp <pOPMbI (0 < P < 1) 

O, - X ~ 0; 

cI>YH~W1	 F(x) = 1 - p, ~ 1;°< X
 
pacrrpe.n;eJIeHWI {


1, x> 1 

IlpOH3BOM~aH <p x(t) =q + pt, q =1 - p 
<PYH~W1 

itXapaKTepHCTlfqeCKaH	 Xx(t) = q + pe 
<PYH~W1 

MaTeMaTHqeCKOe x=p 
O)f(H,IJ;aHHe 

{O, 0< p < 0.5;~ 
Mo.n;a X= 

1, 0.5 < p < 1 
llHcrrepcWI	 Dx = pq 

CTaH;:J;apTHOe ax = fii 
OTKJIOHeHHe 

K03<P<PHllHeHT 
Vx =l


BapHallHH 

Sk = q - pACHMMeTpWl 

fii 
1 

3KCllecc	 Ex =--6 
pq 

HaqaJIbHble = P 
MOMeHTbI 

m2 = m3 = m4 

46 

UeHTpaJIbHble f,13 = pq(q - p), f,14 = pq(l- 3pq) 
MOMeHTbI 

THrrHqHaH HHTeprrpeTallHH: X - qHCJIO ycrrexoB B O.n;H
HOqHOM HcrrbITaHHH nepHYJIJIH C BepOHTHOCTbIO ycrrexa p H BepOHT
HOCTbIO Hey.n;aqH q = 1 - p.l 

p(x) 
1.0 

o<p < 0.5 

p(x) 
1.0 

0.5 0.5 

0.5 <p < 1 

o t x o t 1 x 
1\ _ 

- 1\X X	 X X 

PRC. 2.5. <1>YHJmIDI BepORTHOCTH pacrrpe.o;eJIeHIDI EepHYJIJIH. 

IlocJIe.n;oBaTeJIbHOCTb He3aBHCHMbIX HCrrbITaHHH nepHYJIJIH (cxe
Ma EepHYIl/lU) JIe)KHT B OCHOBe TaKliX lleJIOqHCJIeHHbIX pacrrpe.n;eJIe
HHH, KaK 6HHOMHaJIbHOe, reOMeTplfqeCKOe H OTpHllaTeJIbHOe 6HHO
MHaJIbHoe. «MexaHH3M» B03HHKHOBeHWI 3THX pacrrpe.n;eJIeHHH 
orrpe.n;eJIHeTCH TeM crroc060M, KOTOpbIM «06pbIBaeTCH» rrOCJIe.n;OBa
TeJIbHOCTb HcrrbITaHHH nepHYJIJIH. 

EUHOMuaAbHoe pacnpeaeAeHue HMeeT MeCTO B Tex CJIyqaHX, 
KOr.n;a rrOCJIe.n;OBaTeJIbHOCTb HcrrbITaHHH nepHYJIJIH 06pbIBaeTCH rro
CJIe rrpOBe.n;eHWI <pHKCHpoBaHHoro qHCJIa n HCrrbITaHHH. IlpH 3TOM 
rro.n; 6HHOMHaJIbHOH CJIyqaHHoH BeJIHqHHOH X rrOHHMaeTCH qHCJIO 
ycrrexoB B cepHH H3 n HCrrbITaHHH nepHYJIJIH. 

reOMempUJteclCue pacnpeaeAeHUJl B03HHKaIOT rrpH 06pbIBe 
cepHH HcrrbITaHHH Cpa3y)ICe rrOCJIe rrepBoro ycrrexa. IlpH 3TOM pac
CMaTpHBaIOTCH .n;Be CJIyqaHHble BeJIHqHHbI: CJIyqaHHaH BeJIlfqHHa 
X - qHCJIO Hey.n;aq, rrpe.n;IIIeCTBOBaBIIIHX rrepBOMY ycrrexy, H CJIY
qaHHaH BeJIlfqHHa Y - qHCJIO HcrrbITaHHH .n;o rrepBoro ycrrexa 
(BKJIIOqaH H caM ycrrex). 

Ompuu,ameAbHoe 6UHOMuaAbHoe pacnpeaeAeHue HMeeT 
MeCTO B Tex CJIyqaHX, Kor.n;a rrOCJIe.n;OBaTeJIbHOCTb HCrrbITaHHH 06
pbIBaeTCH cpa3y)ICe rrOCJIe m-ro ycrrexa. IlpH 3TOM paCCMaTpHBaIOT
CH .n;Be CJIyqaHHbIe BeJIHqHHbI: CJIyqaHHaH BeJIlfqHHa Z - qHCJIO He

y.n;aq, rrpe.n;IIIeCTBOBaBIIIHX m-MY ycrrexy, H CJIyqaHHaH BeJIWIHHa 
W - 06~ee qHCJIO HCrrbITaHHH .n;o m-ro ycrrexa (BKJIIOqaH m-H 
ycrrex). 

I «l1:crrLITaHHe EepHyJIJIH» - BepoRTHoCTHLIH 3KcrrepHMeHT C .u;ByMR B03MOll(
HLIMH HCXO.z:\aMH: «ycnex» H «HeY.z:\a'la». BepoRTHoCTL ycnexa B O.z:\HHO'IHOM HcnLI
TaHHH paBHa p H He MeHReTCR OT HcnLITaHHR K HcnLlTaHHIO (BepORTHOCTL p ycnexa 
'IaCTO Ha3LIBalOT napaMempOM ucnblmaHUR EepHYllJlU). 
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reHepMpOBaHMe cny'taAHblX 'tMcen HaqaJIbHble m2 = np [(n -1)p + 1],
 
MOMeHTbl m J = np[(n -1)(n - 2)p2 + 3(n - l)p + 1],


r:= rand; 

eCJIH r < p, TO x: = 1; 

HHaqe x:= O. 

2.4. &MHOMMA11bHOE PACnPEAEIlEHME 

PM pacrrpe,neJIeHIDI p(x) =C;p%qft-%, X =0, 1, ... , n, 

n ~ 1 - ueJIoe, 0 < p < 1, q = 1- p 

'0, x ~ 0; 

~ C1"'" F( ) - i ft-I k < x ~ k + 1,-vYHKUIDI x - L..J ftq ,
 
pacrrpe,neJIeHIDI ;=0 k =0, 1, ... ,n - 1;
 

.I, x> n 

IlpoH3Bo,lunUaJI <p%(t) = (q + pt)ft
 
cPYHKUIDI
 

XapaKTepHCTHlIeCKaJI x% (t) = (q + pelt) ft
 

cPYHKUIDI
 

MaTeMaTHqeCKOe x = np
 
o:xrn.n;aHHe
 

A {L(n + l)pJ, (n + l)p - He ueJIoe; 

Mo,na x = (n + l)p - I,} ( 1)n + p - ueJIoe 
(n + l)p, 

.ll:HcrrepcIDI D% = npq 

CTaH,llaPTHOe cr % = ~npq
 
OTKJIOHeHHe
 

K03cPcPHUHeHT v% = rq
 
BapHaUHH V~
 

q-p 
. ACHMMeTPIDI Sk = c= 

vnpq 

1- 6pq
3Kcuecc Ex =- 

npq 
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m4 =np [(n -1)(n - 2)(n - 3)pJ + 
+ 6(n -1)(n - 2)p2 + 7(n -1)p + 1], 

[ 
q dm,]

m..1 = np m, + Ii dp 

L(eHTPaJIbHbIe IJ.J = npq(q - p), 

MOMeHThI 1J.4 = npq[l + 3pq(n - 2)] 

THrrHqHaH HijTeprrpeTaUHH: 1) X- qHCJIO ycrrexoB B ce
pHH H3 n He3aBHCHMbIX HCrrbITaHHH EepHYJIJIH C BepOHTHOCTbIO 
ycrrexa p H BepOHTHOCTbIO Hey,naqH q = 1 - P B KaJIGlOM HCrrbITa
HHH; 2) X - qHCJIO MeqeHbIX 3JIeMeHTOB B c.rryqaHHoH BbI60pKe C 
B03BpameHHeM 06'beMa n, H3BJIeqeHHOH H3 reHepaJIbHOH COBOKYII
HOCTH o6'beMa N, co,nepxameH M = pN MeqeHbIX 3JIeMeHTOB. 

ap(x) p(x) 

x 
r• 

0.1 t-

0.3

0.2

0.4t" p>n/(n+ I) 

I 6 

0.4 p < I/(n + I) 

0.3 

0.2 

0.11: 

0 2 3 4 x 012 3 4 x 
A 
X A 

X 

6 2 
p(x) p(x)I/(n + I) <p < n/(n + I) I/(n + I) <p < n/(n + I) 

0.4 (n + I)p - He ue.rroe 0.4 (n + I)p - ueJIoe 

0.3 0.3 

0.2 0.2 

0.1 0.1 x 
r 

0 I 2 3 4 x 0 2 3 4 x 
A A A 
X XI x2 

PIle. 2.6. CIlYHXUWI sepoJITHOCTH 6HHOMHlllIbHOro paenpcme.rreHWI. 

IlapaMetp&l paenpe,lleneHWI: a - n = 4, p" 0.18; 6 - n = 4, p = 0.82; 8 - n = 4, 
p = 0.5; l - n = 4, p = 0.6. 
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COOTHoweHMA Me)l(AY p8cnpeAeneHMAMM 

1. L(.JuI 6HHOMHaJIbHbIX pacnpe,n;eJIeHHH C napaMel'paMH n, p H n, 
1- P cnpaBeMHBbI COOTHOIIIeHlUI: 

p (x; n, p) = p (n - x; n, 1 - p); (1) 

P{X(n;p) ~ x} = 1- P{X(n; 1- p) ~ n - x -I}. (2) 
2. CYMMa S He3aBHCHMbIX 6HHOMHaJIbHbIX CJIyqaHHbIX BeJIJfl{HH C 

napaMel'paMH n j , p (i = 1, 2, ... , s) no,n;qHIDIeTCH 6HHOMHaJIbHOMy 
3aKOHy pacnpe,n;eJIeHIDI C napaMel'paMH v, p, r,n;e 

v = nl + n2 + .. , + n•. 
3. L(.JuI 6HHOMHaJIbHOH CJIyqaHHoH BeJIHqHHbI X(n, p) H CJIyqaH

HOH BeJIHqHHbI Y(2(x + 1), 2(n - x»), HMeIOIIIeH F-pacnpe,n;eJIeHHe 
<I>HIIIepa-CHe,n;eKopa C qHCJIOM CTeneHeH cBo6o,n;bI VI = 2(x + 1), 
v 2 = 2(n - x), cnpaBeMHBo paBeHCTBO 

P{X(n, p) ~ x} = 1 - P{Y(2(X + 1), 2(n _ x») ~ p(n - x) } = 
(1 + x)(1- p) 

= P{Y(2(n - x), 2(x + 1» < (1 + x)(l- P)}.
p(n - x) 

4. ITPH n ~ cx:J, P ~ 0, TaK ~o np = J.1 =const, 6HHOMHaJIbHOe 
pacnpe,n;eJIeHHe Cl'peMHTCH K pacnpe,n;eJIeHHIO ITyaccoHa C napaMeT
pOM J.1. 

5. CBH3b 6HHOMHaJIbHOrO pacnpe,n;eJIeHIDI C reoMel'pHqeCKHM H 
ol'pHuaTeJIbHbIM 6HHOMHaJIbHbIM pacnpe,n;eJIeHIDIMH paccMoTpeHa 
B n. 2.3, 

6. ITPH BbI60pe Me)K,I{y 6HHOMHaJIbHOH, ol'pHuaTeJIbHOH 6HHO
MHaJIbHOH H nyaccoHoBCKOH Mo,n;eJIHMH MO:>KHO PYKOBO,n;CTBOBaTb
CH CJIe,n;Y!OIIIHMH CBoitcTBaMH 3THX Mo,n;eJIeH: 

6HHOMHaJIbHaH - ,n;HcnepCIDI MeHbille cpe,n;Hero
 

nyaccoHOBCKaH - ,n;HcnepCIDI paBHa cpe,n;HeMy
 

Ol'pHuaTeJIbHaH 6HHOMHaJIbHaH - ,n;HcnepCIDI 60JIbIlIe cpe,n;Hero 

.0 14 e H M B 8 H Men 8 p 8 MeT p 0 B 

MeTO,n; MaKCHMaJIbHOrO npaB,n;ono,n;o6HH. OueHKH 
MaKCHMaJIbHOro npaB,n;ono,n;o6IDI napaMel'poB n H p onpe,n;eJIHIOTCH 
nyTeM peilieHIDI CHCTeMbI ypaBHeHHH 

n.p • = x·; 
%""",-1 v x. (3)k{ L -.- = -mln(I--.),

k-O n - k n 

r,n;e V k - qHCJIO 3JIeMeHTOB BbI60PKH XI' x2 , ••• , x ' npeBblIIIaIOIIIHXm 
k; X max = max (x. , x2 , •.'., x m ) - MaKCHMaJIbHbIH 3JIeMeliT BbI6op
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KH; x· - BbI6opOqHOe cpe,n;Hee. ECJIH n·, nOJIyqeHHoe npH peIIIe
HHH CHCTeMbI (3), 60JIbille x max ' TO B KaqeCTBe oueHKH napaMel'pa n 
peKOMeH,n;yeTCH B3HTb ueJIoe qHCJIO, 6JIIDKaHillee K n°. ECJIH )ICe 
n·< X max , TO B KaqeCTBe oueHKH n CJIe,n;yeT B3HTb x ' max 

B TOM cnyqae, Kor,n;a napaMel'p n H3BeCTeH, OMIT napaMel'pa p 
onpe,n;eJIHeTCH no <l>opMyJIe p. = x·/n . 

MeTo,n; MOMeHTOB: 

• (X")2 • S2 
n =-- P = 1__% 

x·- S2 x·
% 

ITPH x·< S; oueHKa n· CTaHOBHTCH Ol'pHuaTeJIhHoH. 3TO YKa3bI
BaeT Ha TO, qTO B ,n;aHHOM KOHKpeTHOM CJIyqae 6HHOMHaJIbHaH MO
,n;eJIb HenpKMeHHMa (CM. 3aMeqaHHe 6 0 BbI60pe 6HHOMHaJIbHOH, 
nyaccoHoBCKOH H Ol'pHuaTeJIhHOH 6HHOMHaJIbHOH Mo,n;eJIH). 

ITO,n;po6Hble peKOMeH,n;aUHH no onpe,n;eJIeHHIO oueHOK H ,n;OBe
pHTeJIbHbIX rpaHHU MH napaMel'pOB 6HHOMHaJIbHOrO pacnpe,n;eJIe
HIDInpHBe,n;eHbI B [34]. 

reHepMpOB8HMe cnY't8MHbIX 'tMcen 

AJlrOpl1TM AJlrOpl1TM 2 AJlrOpl1TM 3 

PHC. 2.7. 6J10K-CXeMLI anrOpHTMOB reHepHpOBaHWI 6HHOMHlIJIbHLIX CJIy'{aitHLIX 
'UlceJl. 

AJI r 0 p H T M 1 peaJIH3yeT CTaH,n;apTHbIH cnoco6 HMHTaUHOHHO
ro Mo,n;eJIHpOBaHIDI ,n;HCKpeTHbIX cnyqaHHhIX BeJIJfl{HH. 
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AJI r 0 pH T M 2 HMHTHpyeT cepHIO H3 If HCnbITaHHH EepHYJIJIH C 
BepOHTHOCTbIO ycnexa p. 

AJI r 0 pH T M 3 HCnOJIb3yeT CBH3b 6HHOMHaJIbHOrO pacnpe.n;eJIe
HIDI C reOMeTplflIeCKHM pacnpe.n;eJIeHHeM 2 (pacnpe.n;eJIeHHe <I>ap
pH). feOMeTpHqeCKHe CJIyqaHHble qHCJIa CYMMHPYIOTCH.n;O TeX nop, 
nOKa HX CYMMa He npeB3oif.n;eT n. tIHCJIO CJIaraeMbIX MHHyC e.n;HHH
~a H eCTb 6HHOMHaJIbHOe CJIyqaHHoe qHCJIO. HHbIMH CJIOBaMH, B 
KaqeCTBe Oqepe.n;Horo 6HHOMHaJIbHOrO CJIyqaHHoro qHCJIa HCnOJIb
3yeTcH qHCJIO x = k - 1, r.n;e k - MHHHMaJIbHOe qHCJIO, y.n;OBJIeTBO-Ie 
pHIOIIIee yCJIOBHIO LYI > n. (3.n;ecb Yi - CJIyqaHHoe qHCJIO, npH

1.1 

Ha.n;JIexaIlIee nOCJIe.n;OBaTeJIbHOCTH CJIyqaHHbIX qHCeJI C reOMeTpH
qeCKHM pacnpe.n;eJIeHHeM 2). llPH MaJIbIX P aJIropHTM 3 pa60TaeT 
6bICTpee aJIrOpHTMa 1. 

Ta«SnM~bI 

1. [2, c. 284, 285, Ta6JI. 5.1]. llpHBe.n;eHbI 3HaqeHIDI BepOHTHO
CTeH p(x) .n;JIH n = 5(5)30 H P =0.01; 0.02(0.02)0.10(0.10)0.50; 5D. 

2. [6, c. 266-272, Ta6JI. 9.5]. )laHbI 3HaqeHIDI BepoHTHocTeH 
P(X ~ x) .n;JIH n = 2(1)25 H P = 1/16(1/16)8/16; 4D. 

llpH p > 0.5 .n;JIH BblqHCJIeHHH BepoHTHocTeH p(x) H 
P(X ~ x) CJIe.n;yeT HCnOJIb30BaTb <pOpMyJIbI (1) H (2). 

TeXHMKa BbI~McneHMM 

llOCJIe.n;oBaTeJIbHble 3HaqeHIDI BepoHTHocTeH p(x) CBH3aHbI Mex

.n;y C060H COOTHOIIIeHHeM
 

p n+l-x	 " p(x) = p(x - 1) - , x = 1, 2, ... , n, r.n;e p(O) = q . 
q x 

TIPH BbNHCJIeHHHX, CBH3aHHbIX C 6HHOMHaJIbHbIM pacnpe.n;eJIe
HHeM, MOryT 6bITb HCnOJIb30BaHbI COOTHOilieHIDI: 

x 

P(X ~ x) = LC~pi(l- p)"-I = 
;=0 

= II_p (n - x, x + 1) = 1 -	 I p(x + 1, n - x); 

" 
P(X ~ x) =LC~pl(l- p)"-I = 

I=x 

= Ip (x, n - x + 1) = 1 - II_p (n - x + 1, x); 

p(x) = P(X =x) =4 (x, n - x + 1) - 1;, (x + 1, n - x) = 

= II_p (n - x, x + 1) - II_p (n - x + 1, x), 

r.n;e Ix (u, v) = 1 j l u-
I (l - 1)"-1 dl - OTHOIIIeHHe HenOJIHOH 6e

B(u, v) 0 

Ta-<PYHKllHH.	 . 
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llpH npq > 9 6HHOMHaJIbHOe pacnpe.n;eJIeHHe MOXHO annpOKCH
MHpOBaTb HOPMaJIbHbIM pacnpe.n;eJIeHHeM C MaTeMaTlflIeCKHM O)I(H
.n;aHHeM np H .n;HcnepcHeii npq : 

p(x) =:: _1_ cp(x - np ] =:: ~o(x + 0.5 - np ] _ ~o(x - 0.5 - np ]; 
. ~npq ~npq ~npq ~npq 

_ ..... (m2 + 0.5 - np ] _ ..... (m l - 0.5 - np ].P(ml ~ X ~ m2 ) - 'Vo ~ 'V o ~ , 
. v~q v~q 

p
P(X ~ m) =:: .!. + ~o(m +~ ].n

2 npq 

MaKcHMaJIbHaH a6COJIIOTHaH oIIIH6Ka nOCJIe.n;Hero npH6JIHXeH

Horo paBeHcTBa MeHbille 0.140/~npq. 
B [20] HOPMaJIbHaH annpOKCHMa~IDI .n;onycKaeTcH npH MeHee 

xeCTKHX YCJIOBIDIX: npq > 5 H 0.1 ~ p ~ 0.9. 
TIPH p < 0.1 MOXHO nOJIb30BaTbCH nyaccoHoBCKHM npH6JIHXe

HHeM: 

p(x) =:: (np~X e-"P ='V(x;np); 
x. 

P(m ~ X ~ m ) =:: ~ (np)i e-"P _ ~ (np) I e-"P = 
I 2 L..J., L..J., 

I-m, I. l=m,+1 I . 

= 'P(ml ; np) - 'P(m2 + 1; np) . 

(0 <PYHKI.lHHX 'V(x; Jl) H 'P(x; Jl) CM. n. 2.2 «Pacnpe.n;eJIeJrne TIy
accoHa»). 

B CHCTeMe CHMBOJIbHOH MaTeMaTHKH DERIVE HMeIOTCH <PYHK
~HH 

BINOMIAL_DENSITY (k, n, p) = C:ple(l- p),,-Ie 
H 

BINOMIAL_DISTRIBUTION (k, n, p) = 
Ie 

= LC~pi(l- p)"-I, k = 1,2, ... , n 
1_0 

(CM. [41], YTHJIHTbI PROBABIL.MTH). 

2.5. rEOMETPM'tECKME. PACnPEAEnEHMR 

2.5.1. rEOMETPM'tECKOE PACnPEAEIlEHME 1 

PH,D; pacnpe.n;eJIeHIDI	 p(x) = pqx, X = 0, 1, 2, ... , 
r.n;e 0 < p < 1, q = 1 - p 
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O, x ~ 0; 
<I>YH~IDI F(x) = k I
 

pacnpe):{eJIeHIDI {1 - q +, : ~ x ~ k + 1,
 
- 0,1,2, ...
 

ITPOH3BO.llHI.UaH <II x (t) = _P
<PYH~IDI 1- qt
 

XapaKTepHCTHtIeCKaH 'Xx(t) = p.
 
<PYH~IDI 1 - qe ll
 

MaTeMaTHtIeCKOe X = !{ 
o~aHHe p 

Mo):{a X =0 

,L:{HcnepcIDI D =!L 
x 2 

P 

CTaH,l{apTHOe 0" = jq
x 

OTKJIOHeHHe P 

K03<P<PHl.{HeHT V = _1_
 
BapHal.{HH x jq
 

ACHMMeTPIDI Sk = 1 + q 
jq 
2 

3KCl.{eCC Ex = L + 6 
q 

HatIaJIhHLIe m q(q + 1) m _ q(q2 + 4q + 1)
2 

= 
2MOMeHTLI p ' 3 - p3 ' 

m = q(q3 + llq2 ,+- llq + 1)
4 p4 

QeHTPaJIhHhIe ~3 = q(q + 1), ~ = q(q2 + 7q + 1)
 
MOMeHThI p3 4 p4
 

THnHtIHaH HHTepnpeTal.{HH: X - tIHCJIO Hey):{atIHhIX HC
nhITaHHit: BepHYJIJIH, npe):{lIIeCTBOBaBIIIHX nepBOMy ycnexy; p - Be
pmITHOCTh ycnexa; q = 1- p - BepOHTHOCTh Hey.l(atIH B O.l(HHOtIHOM 
HCnhITaHHH. 

IT p H M e tI a H H e. feOMeTPHtIeCKOe pacnpe):{eJIeHHe 1 - e.l(HHCT
BeHHoe l.{eJIOtIHCJIeHHoe pacnpe):{eJIeHHe, 06JIa):{aIOI.Uee CBOHCTBOM 
omcymcm6UJl nOCileOeUCm6UJl: npH JII06hIX l.{eJIhIX m, n ~ ° 

P(X ~ m + n/X ~ m) = P(X ~ n). 
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p(x) 

0.4
 

p =0.4, x =1.5, Dx =3.75
 
0.3 

0.2 

0.\ 

I 
0 2 3 4 5 6 7 8 x 

p(x) 

0.6 

0.5 
p =0.6, x=0.67, Dx =1.\ 

0.4 

0.3 

0.2 

0.\ 

I 
0
A _ 

2 3 4 5 x 
X X 

PlfC. 2.8. <I>}'HKIUUI BepORTHocrn reOMelpHtieCKoro pacrrpeileJIeHHR 1. 

B 3TOM CMhICJIe reOMeTPHtIeCKOe pacnpe):{eJIeHHe 1HBJIHeTCH ):{H
CKPeTHLIM aHaJIorOM nOKaJaTeJIhHOrO (3KcnOHeHl.{HaJIhHoro) pac
npe):{eJIeHIDI. 

COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

COOTHOIIIeHHH reOMe'rpHtIeCKoro pacnpe):{eJIeHHH 1 C 6HHOMHaJIh
HLIM H 0TPHl.{aTeJIhHhIM 6HHOMHaJIhHhIM pacnpe):{eJIeHHHMH pac
CMaTPHBaIOTCH B n. 2.3. 

0l.48HMBaHM8 napaM8TpOB 

p' = -d- (MM; MMIT) 
x + 1 
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reHepMpOBaHMe cny'laAHblx 'IMCen 

l Inri J 
XI = In(I- p) 

TeXHMKa BbI'IMCneHMA 

IlocJIe,ZJ;oBaTeJIbHhIe 3HatIeHHH BepOHTHOCTeH p(X) CBH3aHhI 
Me~ C060H COOTHOIlIeHHeM 

p(X) = p(X - l)q, X = 1, 2, ... , 
f,ZJ;e p(O) = p. 

2.5.2. rEOMETPM'tECKOE PACnPEAEJlEHME 2 
(PACnPEAEJlEHME Q)APPM) 

PH,ll; pacnpe,ZJ;eJIeHHH	 p(y) = pqY-l, Y =1, 2, ... ,
 
f,ZJ;e °< p < 1, q = 1 - p
 

O, y ~ 1; 
<I>YHKl.{HH F(y) = 1- qk, k < y ~ k + 1,

pacnpe,ZJ;eJIeHHH	 { 
k = 1,2, ... 

pi
IlpOH3BO,ZJ;HIItaH (I) - 

<Py -1-ql
$YHKl.{HH 

XapaKTepHCTHtIeCKaH ly(/) = p
 
$YHKl.{HH e-It -q
 

- 1
MaTeMaTHtIeCKOe y=


oxrn,n;aHHe
 p 

MO,ZJ;a	 y = 1 

D - q):lHcnepcHH	 y - p2 

(J -CTaH,ZJ;apTHOe y --
JQ 

OTKJIOHeHHe p 

K03$$HUHeHT vy =JQ 
BapHaUHH 

ACHMMeTPHH	 Sk = 1 + q 
JQ 

E p2
3Kcuecc x=-+6 

q 
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_ q2 + 4q + 1 m = q + 1HatIaJIbHble 2 p2 ' m3 - p3
MOMeHTbI 

q 3 + l1q2 + llq + 1 
m. = p. 

q(q + 1) q(q2 +7q+l)
IJ;eHTPaJIbHble 113 Il. = ------:-- p3	 p.MOMeHTbI 

THnHtIHaH HHTepnpeTaUHH: Y - \lHCJIO He3aBHCHMbIX 
HcnbITaHHH EepHyJIJIH ,ZJ;O nepBOfO ycnexa (BKrrlOtIaH H nepBbIH 
ycnex); p - BepOHTHOCTb ycnexa; q = 1- p - BepOHTHOCTb Hey,ZJ;a
tIH B O,ZJ;HHOtIHOM HcnhITaHHH. 

p(y) 

0.4 p =0.4, ji =2.5, Dy =3.75 

0.3 

0.2 

0.1 
Yl 'i'r
1\ 

0 I 2 3 4 5 6 7 8 9 y 

p(y) 

0.6 

p =0.6, y= 1.67, Dy = 1.1 
0.5 

0.4 

0.3 

0.2 

0.1 

o I T2 3 4 5 6y 

Y 
PRc. 2.9. c:I>YHK1IIDI BepOJITHOCTH reOMeTPH'leCKOrO pacrrpe,lleJIeHIDI 2. 
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COOTHoweHMR MelKAY pacnpeAeneHMRMM 

1. CJIyqall:HaH BeJIH'lHHa X(p), HMeIOmaH reOMeTpHtIeCKOe pac
IIpe~eJIeHHe 1, H CJIyqall:HaH BeJIH'lHHa Y(p), HMeIOmaH reOMeTpH
tIeCKOe paCIIpe~eJIeHHe 2, CBR3aHbI ~pyr C ~pyrOM paBeHCTBOM 

Y(p) = X(p) + 1. 

2. CooTHolIIeHHe Me:xmy reoMeTpH'leCKHM paCIIpe~eJIeHHeM 2, 
6HHOMHaJIbHbIM H OTpHuaTeJIbHbIM 6HHOMHaJIbHbIM paCIIpe~eJIe
HHRMH paccMoTpeHbI B II. 2.3. 

O~eHMBaHMe napaMeTpoB 

• 1 
p (MM; MMIl).y. 

reHepMpOBaHMe cny'taMHblx 'tMcen 

l lnr; J+1.
Yl = In(l- p) 

TeXHMKa BbI'tMcneHMM 

IlOCJIe~OBaTeJIbHble 3HatIeHHR BepoRTHocTell: p(y) CBR3aHbI 
Me:xmy co6oll: COOTHOlIIeHHeM 

p(y)=p(y-l)q, y=2,3, ... , 

r~e p(l) = p. 

2.6. OTPHl4ATEnbHOE &HHOMHAJlbHOE PACnpE.qEnEHHE 

2.6.1. OTPHl4ATEnbHOE &HHOMHAJlbHOE PACnpE.qEnEHHE 1 

p~ paCIIpe~eJIeHHR p(z) = C:+m_1pm q t , z = 0,1,2, ... , 

r~e m ~ 1 - ueJIoe, °< p < 1, q = 1 - p 

O, z ~ 0; 
cI>YHKUHR F(z) = m ~ C; I k < z ~ k + 1, 

pacrrpe~eJIeHHR {p LJ I+m-I q, k °1
;=0 = , ,2, ... 

IlpoH3Bo~maH cP t (t) =L! qt r 
• <PYHKUHR 
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XapaKTepHCTHtIeCKaH 

<PYHKUHR 

MaTeMaTH'leCKOe
 
O)l(Jf,lJ;aHHe
 

Mo~a 

.ll:HcIIepCHR 

CTa~apTHoe 
OTKJIOHeHHe 

K03<P<PHUHeHT 
BapHaUHH 

ACHMMeTpHR 

3Kcuecc 

Ha1JaJIbHble 
MOMeHTbI 

QeHTpaJIbHble
 
MOMeHTbI
 

Xt(t) = ( p )m
1- qe lt 

- mq
Z=

p

l(m ~ l)qJ (m - l)q - He ueJIoe; 

z= ...:...(m_-_l)_q - 1} (m - l)q _ ueJIoe
P , 

(m -1)q P
 

p
 

D =_m_q>z 
t 2

P, 

J;;;q 
crt =p 

1 v =-tJ;;;q 

Sk = 1+ q 
J;;;q 
p2 6 

Ex=-+->O 
mq m 

mq(mq + 1)m2 = --="":""-7---' 
p2 

mq[m2q2 + (3m + l)q + 1]m3 = ---=-~--=---~_.....:.....::._....:.
p3 

mq[m 3q 3 + (6m 2 + 4m + l)q2 + 
m4 = ~ p4 

+ (7m + 4)q + 1] 
~ 4 

P 

mq(q + 1) 
113 = 3 ' 

P 

mq[q2 + (3m + 4)q + 1]
114 = p4 
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a 6
p(z) p(z) 

0.4 (m - I )/m < p < I 0< p < (m - I)/m 
q(m - I )/p - He uenoe 

0.3 

0.2 0.2 

0.1 0.1 

~ ----.......ro'
 .~ 
A
o 

_ 
t 2 4 6 z 0 2 t4 6 8 IOz 

Z Z Z 
A 

z 

6 
p(z) I 

o< P < (m - I )/m 

q(m - 1)/p - uenoe0.2 I 

0.1 

"-""""""'-."'---"eI o 2 t 4 6 8 10 12 z 
2\ 22 Z 

PHC. 2.10. <I>YH~HR BepOJITHOCTH o-rpHuaTeJIbHOrO 6HHOMHaJIbHOrO 
pacnpe,lleJIeHHR 1. 

IIapaMe-rpbl pacnpe,lleJIeHHR: a - m = 4, p = 0.8; 6 - m = 4, p = 0.55; 6 - m = 4, 
p =0.5. 

THrrHqHaH HHTeprrpeTaUHH: Z - qHCJIO Hey.n:aqHbIX HC

rrbITaHHH EepHYJIJIH, rrpe.n:lIIeCTBOBaBIIIHX m-MY ycrrexy; P - BepO
HTHOCTb ycrrexa; q = 1 - p - BepOHTHOCTb Hey.n:aqH B O.n:HHOqHOM 
HcrrbITaHHH. 

COOTHoweHMR MelKAY pacnpeAeneHMRMM 

1. OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe 1 orrHCblBaeT 

pacrrpe.n:eJIeHHe CYMMbI m He3aBHCHMbIX CJIyqaHHbIX BeJIHqHH, K1UK
.n:aH H3 KOTOpbIX HMeeT reOMeTpHqeCKOe pacrrpe.n:eJIeHHe 1. B 3TOM 

CMbICJIe OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe HBJUleTCH 
.n:HCKpeTHbIM aHaJIOrOM pacrrpe.n:eJIeHHH 3pJIaHra. 

2. llpH m = 1 OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe 
COBrra.n:aeT C reOMeTplfqeCKHM pacrrpe.n:eJIeHHeM 1. 

3. CYMMa S He3aBHCHMbIX CJIyqaHHbIx BeJIlfqHH Z (m;, p), HMelO

IUHX OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe 1 C rrapaMeT
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paMH mj> p (i = 1,2, ... , s), HMeeT OTpHuaTeJIbHOe 6HHOMHaJIbHOe 
s 

pacrrpe.n:eJIeHHe 1 C rrapaMeTpaMH m = L m; H p, T. e. 
;=1 

Z(ml' p) + Z(m2 , p) + ... + Z(m" p) - Z(m, p). 
CrrpaBe):{JIHBO H 06paTHOe yrBep)l():{eHHe: eCJIH CYMMa He3aBHCH

MbIX CJIyqaHHbIX BeJIHqHH HMeeT OTpHuaTeJIbHOe 6HHOMHaJIbHOe 

pacrrpe.n:eJIeHHe 1, TO Ka)I():{Oe CJIaraeMOe TO)f(e HMeeT OTpHua
TeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe 1. 

4. COOTHOlIIeHHH OTpHuaTeJIbHOrO 6HHOMHaJIbHOrO pacrrpe.n:eJIe

HHH C 6HHOMHaJIbHbIM H reOMeTpHqeCKHM pacrrpe.n:eJIeHHHMH pac
CMOTpeHbI B rr. 2.3. IIpH BbI60pe Me)l():{y OTpHuaTeJIbHOH 6HHOMHaJIb
HOH, 6HHOMHaJIbHOH H rryaccoHoBCKOH Mo.n:eJIHMH MO)f(HO PYKO
BO.n:CTBOBaTbCH CJIe.n:ymIUHMH CBOHCTBaMH 3THX Mo.n:eJIeH: 

6HHOMHaJIbHaH - .n:HcrrepCHH MeHblIIe cpe.n:Hero 

rryaccoHOBCKaH - .n:HcrrepCHH paBHa cpe.n:HeMY 

OTpHuaTeJIbHaH 6HHOMHaJIbHaH - .n:HcrrepCHH 60JIbIIIe cpe.n:Hero 

5. ECJIH CJIyqaHHbIe BeJIHqHHbI Xl' X 2 , ••• He3aBHCHMbI H HMelOT 
JIorapH<pMHqeCKOe pacrrpe.n:eJIeHHe 1 C rrapaMeTpOM p, a He3a
BHCHMaH OT HHX cnyqaHHaH BeJIlfqHHa N pacrrpe.n:eJIeHa rro 3a

KOHy llyaccoHa C rrapaMeTpOM ~, TO cnyqaHHaH BeJIlfqHHa 

X = Xl + X 2 + ... + X N HMeeT OTpHuaTeJIbHOe 6HHOMHaJIbHOe 

pacrrpe.n:eJIeHHe C rrapaMeTPaMH m = - Jl/lnp H P (rrpH N = 0, X = 0). 
6. llycTb CJIyqaHHaH BeJIlfqHHa Z rro.n:qHHHeTCH 3aKoHy llyacco

Ha co cnyqaHHbIM rrapaMeTPOM A, KOTOpblH B CBOlO oqepe.n:b rro.n:

qHHHeTCH 3aKoHy 3pJIaHra rropMKa v C rrapaMeTpoM MacIIITa6a 0, 

HMelOIUeMY IIJIOTHOCTb BepOHTHOCTH !,.JA.) = OV A.v-Ie- SA ,
(v-I)! 

A. > 0, 0 > O. Tor.n:a cnyqaHHaH BeJIlfqHHa Z HMeeT OTpHuaTeJIb

Hoe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe C rrapaMeTpaMH m = v H 

P = 0/(1 + 0). 
8. OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n:eJIeHHe HBJIHeTCH 

rrpe.n:eJIbHOH <pOpMOH pacrrpe.n:eJIeHHH lloHa (CM. rr. 2.10.2). 
9. llpH m ~ 00, q ~ 0 H mq ~ ~ OTpHuaTeJIbHOe 6HHOMHaJIbHOe 

pacrrpe.n:eJIeHHe arrrrpOKcHMHpyeTcH pacrrpe.n:eJIeHHeM IIyaccoHa C 

rrapaMeTpOM Jl. 

O~eHMBaHMe napaMeTpOB 

MeTO.n: MOMeHTOB: -. 
m' = (Z')2 , z 

P =~2'
~S-" z - z Sz 
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CJIe.n;yeT 3aMeUlTb, 'ITO rrpH S; < Z· 3TH <pOpMyJIbI .n;aIOT COBep
IIIeHHO HerrpHeMJIeMble pe3YJIbTaTbI: m' < 0 H p' > 1. 3TH pe3yJIb
TaTbI CTaHOBHTCH rrOHHTHbIMH, eCJIH BCrrOMHHTb, 'ITO OTPHu;aTeJIb
HaH 6HHOMHaJIbHaH· MO.n;eJIb rrpHMeHHMa TOJIbKO rrpH D{ > Z. 

MeTO.n; MaKCHMaJIbHOrO rrpaB.n;orro.n;06HH: 

- rro .n;aHHbIM BbI60PKH orrpe.n;eJIHIOT OTHOCHTeJIbHble '1aCTOTbI 

('1aCTOCTH) 

p; = p' (Z = i), i = 0, 1, 2, ... , F; = p' (Z ~ k) = L
00 

p; 
I-k 

H BbI60pO'lHOe cpe.n;Hee Z';
 
- peiliaH OTHOCHTeJIbHO p' ypaBHeHHe
 

In (1 + p') = i _. F; ,
 
*-1 £. + k-l
 

p' 
HaxO.n;HT ou;eHKY p' rrapaMeTPa P = (1 - p)/p; 

- HCrrOJIb3yH 3TY ou;eHKy, orrpe.n;eJIHIOT ou;eHKH rrapaMeTPoB m H p: 
m' =z'/p', P·=l/(1+P·). 

KOM6HHHpoBaHlIbIH MeTO.n;: 

- rro BbI60pO'lHbIM .n;aHHbIM orrpe.n;eJIHIOT BbI60pO'lHOe cpe.n;Hee 

z· H ou;eHKY p~ BepOHTHOCTH Po = P(Z = 0); 
- peiliaH OTHOCHTeJIbHO p' ypaBHeHHe 

p' z· 
In (1 + p') = - In p~ , 

HaxO.n;HT ou;eHKY p' rrapaMeTPa P = (1- p)/p; 
- HCrrOJIb3yH 3TY ou;eHKy, orrpe.n;eJIHIOT ou;eHKH rrapaMeTPOB m H p: 

m' = z· /p', p' = l/(1 + p'). 

B TOM CJIyqae, Kor.n;a rrapaMeTP m H3BeCTeH, ou;eHKa rrapaMeTPa 
p orrpe.n;eJIHeTCH rro <poPMYJIe 

p' = m/(m + z') (MM). 

IIo.n;p06Hble peKOMeH.n;aU;HH rro orrpe.n;eJIeHHIO ou;eHOK H .n;OBe

pHTeJIbHbIX rpaHHU; .n;JUI rrapaMeTPOB 0TPHu;aTeJIbHOrO 6HHOMHaJIb
Horo pacrrpe.n;eJIeHHH rrpHBe.n;eHbI B [34]. 

reHepMpOB8HMe cnYlf8MHblX IfMcen 

I 

AJIrOpHTM 1 peaJIH3yeT CTaH.n;apTHbIH crroc06 HMHTaU;HOHHO
ro Mo.n;eJIHpOBaHHH .n;HcKpeTHbIX CJIyqaHHbIX BeJIHlJ:HH. AJIrOpHTM 

2 HCrrOJIb3yeT CBH3b 0TPHu;aTeJIbHOrO 6HHOMHaJIbHOrO pacrrpe.n;eJIe
HIDI C reoMeTPHlJ:eCKHM pacrrpe.n;eJIeHHeM 2. 
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AJIrOpHTM AJIrOpHTM 2 

Puc. 2.11. DJIOK-CXeMhI anrOpHTMOB reHepupOBaHKJI CJIY'{aRHhIX 'IKCeJI, KMeIOIl(KX 
0TPKuaTe1IbHOe 6KHoMHanbHoe pacnpeAeJIeHHe 1. 

TeXHMK8 BbllfMcneHMM 

IIOCJIe.n;OBaTeJIbHbIe 3Ha'leHHH BepOHTHoCTeii p(z) CBH3aHbI .n;pyr 
C .n;pyrOM COOTHOIlIeHHeM 

m-l+z . m
p(z) =p(z-l) q, z =1, 2'00" p(O) =p . 

Z 

IIpH BbI'lHCJIeHHHX, CBH3aHHbIX C 0TPHllaTeJIbHbIM 6HHOMHaJIb

HbIM pacrrpe.n;eJIeHHeM, HCrrOJIb3YIOTCH CJIe.n;YIOIllHe COOTHOIlIeHHH: 

P(Z ~ z) = II_p (z, m) = 1- Ip (m, z); 

P(Z s; z) = I p (m, Z + 1) =1- I 1- p (z + 1, m); 

P(Z = z) = Ip(m, z + 1) - Ip(m, z) = II_p (z, m) - II_p (z + 1, m). 

)lmJ: BbI'lHCJIeHHH BepOHTHOCTH P(Z s; z) MO)l(}{O HCrrOJIb30BaTb 

arrrrpoKcHMHpYIOIllYIO <poPMYJIY 

P(Z S; z) :::: <1>(-r), 
r.n;e 

9z + 8 9m-l 
---0 [ ]1/3z+1 m mq. 

't' = 3 ~02 /m -l/(z + 1)' 0 = p(z + 1) , 

<1>( 't') - <PYHKI.J;IDI pacrrpe.n;eJIeHHH cTaH.n;apTHOro HOpMaJIbHOrO pac
rrpe.n;eJIeHHH. 3Ta <poPMYJIa 06eCrre'lHBaeT BbICOKyID TO'lHOCTb. 
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2.6.2. OTPMl4ATEJlbHOE &MHOMMAJlbHOE PACnpE,qEJIEHME 2 
(PACnpE,qEJIEHME nACKAIlSl) 

PH,ll pacnpe,IJ;eJIeHIDI p(w) = C:_~/pmq",-m, 

w = m, m + 1, m + 2, ... , 

m ~ 1 - u;eJIoe, °< p < 1, q = 1 - p 

O, w ~ m;
 
C1>YHKI.J;IDI F(w) = Ie .
 

m m-l I 

pacnpe,IJ;eJIeHIDI {p tt Cm-I+i q , m + k < w ~ m + k + 1, 
k = 0,1,2, ... 

fIpOH3BO.wnu;aR Cj>", (I) = (~)m
 
<PYHKI.J;IDI 1- ql
 

XapaKTepHCTJlqeCKaR X",(/) = ( 
e-,I

p )m
 
<PYHKI.J;IDI -q
 

MaTeMaTHqeCKOe w=m
 
O)l(Jl,lJ;aHHe p
 

m - q _ He u;eJIoe;lm;qJ ~ p ,. 
'W;,~

MO,IJ;a w = ~m - q -1, } (~, 
·~tp , m - q _ u;eJIoe 
~~ 

m -q p .'~~ 
p 't~

..•.\~ 

. ):n" 

,llHcnepcIDI D", = mq ! 

p2 

cr - j;;qCTaH,IJ;apTHoe '" - -
OTKJIOHeHHe p 

K03<P<PHU;HeHT v", =~ 
BapHaU;HH 

ACHMMeTPIDI Sk = q + 1 
j;;q 

2 
3Kcu;ecc Ex =L+i 

mq m 

m2 
m(q + m) _ m[q2 + (3m + 1) + m2]HaqaJIbHble 

p2 ,m3 - p3MOMeHTbI 
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m[q3 + (7m + 4)q2 + 
m.= ~ p. 

+ (6m2 + 4m + l)q + m3] 
~ . 

p 

mq(q + 1) mq[q2 + (3m + 4)q + 1]
l(eHTPaJIbHble ~3 = , ~. = p3 p.

MOMeHTbI 

THnHqHaR HHTepnpeTaU;HR; 1. W - o6mee qHCJIO HcnbI
TaHHH EepHYJIJIH,IJ;O m-ro ycnexa (BKJIlOqaR H m-H ycnex); p - Be
pORTHOCTb ycnexa; q = 1 - p - BepoRTHoCTb Hey,IJ;aqH B O,IJ;HHOqHOM 
HCllbITaHHH. 2. W - BpeMR O)l(H)laHHR m-ro ycnexa B cxeMe EepHYJI
JIH C BepORTHOCTblO ycnexa p (npH yCJIOBHH, ~o Ha peaJIH3aU;HIO 
O,IJ;HHOqHOrO HCnblTaHIDI 3aTPaqHBaeTCR O,IJ;Ha e,IJ;mmu;a BpeMeHH). 

a 6 
p(w) 0< p < (m - I)/m(m- I)/m <p < J p(w) I 

0.4 q(m - I)/p - He ueJIoe 

0.3 

0.2 0.2

III 0.1 ~0.1 .I~ 
'i'--'i" = = = = 

0 2 4 t 6 8 10 w 0 2 4 6 t8 10 12 14 w 
A _ A _ 

WW W w 

6p(w) I 
0< P < (m - I)/m 

q(m - 1)/m - ueJIoe0.2 I 

0.1 

L.JUJ 
0 2 4 6 t 8 10 12 14 16 w 

A A _ 

w,wzw 

PHc.2.12. <I>}'HICUHJI BepOHTHOCTH OTpHllaTeJIbHOrO 6HHOMHaJIbHOro pacnpe,lleJIeHHJI 2. 

IIapaMeTphI pacrrpe,lleJIeHHJI: a - m =4, p =0.8; 6 - m =4, P =0.55; 6 - m =4,
 
P =0.5.
 

COOTHOWeHM'A Me*AY pacnpeAeneHM'AMM 

1. Pacnpe,IJ;eJIeHHe fIaCKaJIR onHCbIBaeT pacnpe,IJ;eJIeHHe CYMMbI 
m He3aBHCHMbIX CJIyqaHHbIX BeJIJlqHH, KaJIC,llaR H3 KOTOpbIX HMeeT 
reOMeTPHqeCKOe pacnpe,IJ;eJIeHHe 2 (pacnpe,IJ;eJIeHHe C1>appH). 
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2. IIpH m = 1 pacnpe,n;eJIeHHe IIacKaJUI COBna,n;aeT C reoMel'pH
qeCKHM pacnpe,n;eJIeHHeM 2. 

3. CnytIajiHaH BeJI~HHa W(m, p), HMeIOmaH pacnpe,n;eJIeHHe 
IIacKaJUI C napaMel'paMH m, p, CBH3aHa co CnytIajiHoji BeJI~HHoji 
Z(m, p), HMeIOmeji OTpHll;aTeJIbHOe 6HHOMHaJIbHOe pacnpe,n;eJIe
HHe 1 C napaMel'paMH m, p, OqeBH)l;HbIM COOTHOlIIeHHeM W(m, p) = 
= Z(m, p) +m. 

4. CYMMa S He3aBHCHMbIX CnytIajiHbIX BeJI~HH W(m , p), HMeIO
l 

mHX pacnpe,n;eJIeHHe IIacKaJIH C napaMel'paMH m" p (i = 1, 2, ... , s), 

HMeeT pacnpe,n;eJIeHHe IIacKaJIH C napaMel'paMH m = L• m H p.
l 

lEI 

5. COOTHolIIemffi: Mex,n;y pacnpe,n;eJIeHHeM IIacKaJUI, 6HHOMHaJIb
HbIM, reoMel'p~ecKHM H Ol'pHIJ;aTeJIbHbIM 6HHOMHaJIbHbIM pacnpe
,n;eJIeHHHMH paCCMOl'peHbI B n. 2.3. 

6. mrn CJIyqajiHoji BeJI~HHbI W(m, p), HMeIOmeji pacnpe,n;eJIe
HHe IIacKaJUI C napaMel'paMH m, p, H CJIyqajiHoji BeJIHqHHbI 
X(u, v), HMeIOmeji 6eTa-pacnpe,n;eJIeHHe C napaMel'paMH U, v, cnpa
BeMHBbI CJIe,n;yIOmHe COOTHOlIIeHHH: 

P{W(m,p)~w} = P{X(w - m,m) < 1- p} = 

= 1- P{X(m, w - m) < pl. 

014eHMBaHMe napaMeTpOB 
\ 

( -')2• W • w (M)m = 2 -. , P = 2 _. M . 
Sw + W Sw + W 

B TOM CJIyqae, KOr,n;a napaMel'p m H3BeCTeH, OIJ;eHKa napaMel'pa 
p onpe,n;eJIHeTCH no <popMYJIe 

p' = ~ (MM). 
w 

reHepMpOBaHMe cny'laMHblx '1MCen 

WI = ZI + m, 
r,n;e ZI - CnytIajiHoe qHCJIO H3 nOCJIe,n;OBaTeJIbHOCTH CJIyqajiHbIX qH
ceJI, HMeIOmHX Ol'pHIJ;aTeJIbHOe 6HHOMHaJIbHOe pacnpe,n;eJIeHHe 1 C 
napaMel'paMH m, p. 

TeXHMKa BbI'IMCneHMM 

IIOCJIe,n;OBaTeJIbHble 3HaqeHHH BepoHTHocTeji p(w) pacnpe,n;eJIe
HHH IIacKaJUI CBH3aHbI COOTHOlIIeHHeM 

w -1 
p(w) = p(w -1) --, w = m + 1, m + 2, ... , r,n;e p(m) = pm. 

w-m 
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IIpH BbIqHCJIeHIDIX, CBH3aHHbIX C pacnpe,n;eJIeHHeM IIacKaJUI, 
MO)KHO HCnOJIb30BaTb CJIe,n;YIOmHe COOTHOlIIeHHH: 

P(W ~ w) = II-p (w - m, m) =1- I p (m, w - m); 

P(W ~ w) = I p (m, w - m + 1) =1 - II_p (w - m + 1, m); 

P(W =w) = I p (m, w - m + 1) - I p (m, w - m) = 

= II_p(w - m,m) -II_p(w -m + I,m). 

mrn BbNHCJIeHHH BepOHTHOCTH P(W ~ w) MO)KHO HCnOJIb30BaTb 

annpOKCHMHpYIOmYIO <p0PMYJIY 

P(W ~ w) == <1>(.), 

r,n;e 
9(w-m)+89m-1 

--a [ ]1/3't= w-m+1 m a= mq . 
3 ~~ _ 1 ' p(w - m + 1) , 

m w -m + 1 
<1> ( 't) - <PYHKIJ;HH pacnpe,n;eJIeHHH CTaH,ll;apTHOro HOpMaJIbHOrO 
pacnpe,n;eJIeHHH. 

2.7. rHnEPrEOMETPH~ECKOEPACnPEAE11EHHE 

C X cn-x 
PH)]; pacnpe,n;eJIeHHH p(x) = M N-M, X =a, a + 1, ... ,~, 

Cn 
N 

r,n;e N, M, n - IJ;eJIbIe HeOl'pHIJ;aTeJIbHbIe
 
'IRCJIa (M ~ N, n ~ N),
 
a = max(O, M + n - N), ~ = min(M; n)
 

O, ' x ~ a; 
1 a+k 

C n I<I>YHKIJ;HH F(x) = -"C I - a + k < x ~ a + k + 1,
n L.. M N-M' 

pacnpe,n;eJIeHHH {CN i=a k = 0, 1, ... , ~ - a-I; 
1, x > ~ 

(N _M)(n) 
IIpoH3Bo,l:VImaH <Px(t) = N(n) x 

<PYHKIJ;HH 
P n(k)M(k) t k 

x ~ (N _ M _ n + k)(k) k! = 

(N - M)(n) 
= N(n) F(-n, -M;N -M -n + l;t), 

r,n;e a(X)=a(a-1)(a-2) ... (a-x+1); 
F(a, b; c; t) - rnnepreoMel'pHqeCKaH <PYHK
IJ;HH C napaMel'paMH a, b, c 
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(N _M)(n)
XapaKTepHCT~eCKaH Xx(t) = . , x m = nM [(n -I)(n - 2)(n - 3)(M -I)(M - 2)(M - 3) +

<PYHKUIDI
 
p n(k)M(k) e/lk
 4 N (N - I)(N - 2)(N - 3) 

x L (N _ M _ n + k)(k) k! 6(n - I)(n - 2)(M -I)(M - 2) 7(n - I)(M - 1) 1]k=a + + +
(N - I)(N - 2) N - 1 

\- (N - M)(n) F(-n -M; N _ M _ n + 1; eil )
- N(n) , 

UeHTpaJIbHble MOMeHThI 
- Mn

MaTeMaT~eCKoe X= nM(N - M)(N - 2M)(N - n)(N - 2n)
NOJKH,ll;aHHe 113 = N 3 (N -I)(N -2) = 

= (N - 2M)(N - 2n) D .l(M + I)(n + I)J (M, + I)(n + 1) _ He u:eJIoe; 
N(N-2) x'N+2 ' N+2 

(M + I)(n + 1) 11MOAa X= = nM(N -M)(N -n) {N 3 (N + 1) -6nN2 (N - n) + N + 2 -, (M + I)(n + 1) _ u:eJIoe 114 N 4 (N -I)(N - 2)(N - 3)(M + I)(n + 1) N + 2
 
N +2
 + 3M(N - M) [n(N - n)(N + 6) - 2N2 

]} 

D = nM(N -M)(N -n) a 6llHcrrepCIDI 
x N 2 (N -1) p(x) 10 < (M + I)/(N + 2) < I/(n + I) p(x) In/(n + 1) < (M + I)/(N + 2) < 1 

0.5 

cr = ..!- ~nM(N - M)(N - n) 0.4CTaHAapTHOe 
N N-IOTKJIOHeHHe 

0.3 

(N -M)(N -n) 
0.2K03<P<PHU:HeHT 

Vx =1/ nM(N -1)BapHaU:HH 
0.1 

Sk = (N - 2M)(N - 2n).JiiTACHMMeTpIDI 
(N - 2)~nM(N - M)(N - n) 

2
Ex = N (N -1) x p(x) II/(n + I) < (M + I)/(N + 2) < n/(n + I) p(x) II/(n + I) < (M + I)/(N + 2) < n/(n + I)3Kcu:ecc 

n(N - 2)(N - 3)(N - n) 
0.4 

x [N(N + 1) - 6n(N - n) + 6n(N - n)(5N - 6) _ 6] 
0.3 

M(N -M) N 2 (N -1) 
0.2 

0.1 _ nM [(n - I)(M - 1) 1]HalJaJIbHhIe m2 -- + ,
N N-IMOMeHTbI 

0.5 

0.4 

0.3 

.. 0.2 

0.1 

3 4 x o 2 3 
x 

8 2 

M + I)(n + I)/(N + 2) - He UeJloe (M + 1)(n + 1)/(N + 2) - QeJloe 
0.4 

0.3 

0.2 

1\11 • 
0.1 

43 xo 2 3 4 x o 
PRC. 2.13. <I>}'HKUHJI BepOHTHOCTH fHlIepreOMeTPH'IeCKoro pacnpe,ueJIeHHJI.nM [(n - I)(n - 2)(M - I)(M - 2) 3(n -I)(M -1) 1]

3 + + ,m = N (N - I)(N - 2) ITapaMeTPbI pacnpe,ueneHHJI: a - N =28, n =4, M =4; 6 - N =28, n =4, M =24; 
6 - N=28, n=4, M=14; z - N=28. n=4, M=17. 

N -1 
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THnHqHaH HHTepnpeTaUHH: X -qHCJIO MeqeHblX 3JIe
MeHTOB B BbI60pKe 6e3 B03BpallleHHH 06'beMa n, H3BJIeqeHHOH H3 
reHepaJIbHOH COBOKYIIHOCTH 06'beMa N, co.n;epXallleH M MeqeHbIX 
3JIeMeHTOB. 

COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

1. [HnepreOMeTPHqeCKOe pacnpe.n;eJIeHHe 06JIa.n;aeT onpe.n;eJIeH

HOH CHMMeTpHeH OTHOCHTeJIbHO CBOHX napaMeTpOB. ITpHBe.n;eHHbIe
 
HH)Ke TO)((,Il;eCTBa BbIpaxalOT 3Ty CHMMeTpHIO:
 

p(X;N, n,M) =: p(x;N, M, n) =: p(n -x;N, n,N -M) =: 

=: p(M - x; N, N - n, M) =: 

=: p(N -n -M + x;N, N -n,N -M); (1) 
P(X ~ x; N, n, M) =: P(x; N, n, M) =: P(x; N, M, n) =: 

=: P(N - n - M + x; N, N - n, N - M) =: 

=: I-P(n -x -I;N, n,N -M) =: 

=: 1 - P(M - x-I; N, N - n, M), (2) 

r.n;e P(x; N, n, M) = 1, eCJIH n - x-I HJIH M - x-I OTpHuaTeJIbHO. 
B cJIy'Iae He06xo.n;HMOCTH yx:a3aHHhIe TO)((,Il;eCTBa MOXHO npHMe
HHTh HeCKOJIbKO pa3. C nOMOlllblO TO)((,Il;eCTB (1) H (2) «PYHKIJ:HH 
p(x; N, n, M) H P(x; N, n, M) JI1060ro fHnepreOMeTpHqeCKOrO 
pacnpe.n;eJIeHlUl MOXHO BbIpa3HTb qepe3 cooTBeTcTBYIOlllHe «PYHK
UHH rHnepreoMeTpHqeCKOrO pacnpe.n;eJIeHHH C napaMeTpaMH, y.n;OB
JIeTBOpHI0111HMH yCJIOBHHM °~ X ~ M ~ n ~ N 12. 

2. ITPH N ~ 00 H «pHKcHpoBaHHhlX n H p = MIN fHnepreo
MeTp~ecKoe pacnpe.n;eJIeHHe CTpeMHTCH K 6HHOMHaJIbHOMY pac
npe.n;eJIeHHIO C napaMeTpaMH n, p (3TO 03HaqaeT, qTO eCJIH 06'beM n 
BbI60PKH MaJI no cpaBHeHHIO C 06'beMOM N reHepaJIbHOH COBOKYII
HOCTH, TO BbI60pKa 6e3 B03BpallleHHH MaJIO OTJI~aeTCH OT BbI60p
KH C B03BpallleHHeM). 

O~eHMBaHMe napaMeTpOB 

ITPH H3BeCTHbIX N H n oueHHBaeTCH M: 

M· (MM),= (x· ~) 

r.n;e (0) - ueJIoe qHCJIO, 6JIH)KaHIIIee K qHCJIy o. 
B KaqeCTBe OMIT napaMeTpa M HCnOJIb3yeTcH HaH60JIbIIIee ue

JIoe qHCJIO, He npeBbIIIIalO111ee x· (N + I)/n. ECJIH qHCJIO 
x· (N + I)/n - ueJIoe, TO B KaqeCTBe OMIT napaMeTpa M MOXHO 
HCnOJIb30BaTh JIH60 qHCJIO x· (N + I)/n -1, JIH60 qHCJIOx· (N + I)/n. 
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reHepMpOBaHMe cnY'Ia~HblX 'IMCen 

PRC. 2.14. DJIOK-CXeMa lIJII'0pHTMa reHepHPOBaHIDI rnnepreoMeTpH'leCKHX
 
CJIY'laAHWC 'fRcen.
 

AJIrOPHTM HMHTHpyeT npouecc «pOpMHpOBaHHH CJIy'IaHHOH BbI
60PKH 6e3 B03BpallleHHH 06'beMa n H3 reHepaJIbHOH COBOKYIIHOCTH 
06'beMa N, cO.n;epXallleH M MeqeHbIX 3JIeMeHTOB (pHC. 2.14). 

Ta6nM~bI 

1. [13, c. 424-443, Ta6JI. VIII]. ,uaHhI 3HaqeHHH BepOHTHOCTeH 
p(x) H P(X ~ x) .n;mI N = 2(2)24, n = I(l)Nj2, M= I(I)n, 
x = I(I)M; 4D. JJ:;rn BbNHCJIeHHH 3HaqeHHH BepOHTHOCTeH p(x) H 
P(X ~ x) npH ,ZJ;pyrHX B03MOXHhIX COqeTaHHHX N, n, MH x CJIe.n;yeT 

nOJIh30BaThCH «popMYJlaMH npHBe.n;eHHH (1) H (2). 
2. [6, C. 458-478, Ta6JI. 18.1]. IIpHBO.n;HTCH 3HaqeHHH BepOHTHO

CTeH p(x) H P(X ~ x) .n;JIH N= 2(1)20, n = I(I)Nj2, M= I(I)n, 

x = I(I)M; 6D. 

TeXHMKa BbI'IMCneHMM 

IToCJIe.n;OBaTeJlbHbIe 3HaqeHHH BepOHTHOCTeH p(x) rHnepreOMeT

pHqeCKOrO pacnpe.n;eJIeHHH CBH3aHhI COQTHOIIIeHHeM 

(n + 1 - x)(M + 1 - x)
p(x) =p(x - 1) , x =a + 1, a + 2, ... ,~, 

x(N -M -n + x) 

r.n;e 

a = max (0, M + n - N), ~ = min(M,n), 
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P(O) = (N - M) !(N - n) ! 
p(a.) = (N - M _ n)! N! ' eCJIH 0 > M + n - N; 

{ p(M + n - M) = M !n !
(M + n _ N) !N !' eCJIH 0 < M + n - N. 

,lVuI BbI'IHCJIeHIDI BepOHTHOCTeH p(X) MO:xrnO HCrrOJIb30BaTb CJIe.llY
IOmHe rrpH6JIIDKeHHbIe lPOPMYJIbI: 

- rrpH D% > 9 

X+0.5-X)P(x; N, n, M) == P(X ~ x; N, n, M) ::= 0.5 + <1>0 a% ' ( 

r.lle X = nM/N H a x = ~nM(N - M)(N - n) /(N -1) IN; 

- rrpH n ~ O.IN H M ~ O.1N
 
Jlx
 

p(x) == p(x; N, n, M) ::=	 -e-f1 , 

x! 

r.lle Jl = nM/N; 
- rrpH n < O.lN 

p(x) ::=C:p%qn-x, 

r.lle p = M / N H q = 1 - p; 
x 

P(x' N n M) - "cmrom (1- ro)n-m, " -L...J n , 
m=O 

r.lle ro = (2M - x)/( 2N -	 n + 1). 
YKa3aHHble Bblme arrrrpOKcHMaIIHH .lleHCTBYIOT Bpa3JIH'lHbIX 06

JIaCTHX H3MeHeHIDI rrapaMerpOB fHrrepreoMerpH'leCKOrO pacrrpe.lle
JIeHIDI H rr03TOMY, KaK rrpaBHJIO, He 3aMeWIIOT .llpyr .llpyra. 

TIPH Bcex N ~ 25, He3aBHCHMO OT 3HaqeHHH n H M, xopomHe 
pe3YJIbTaTbI .llaeT 6eTa-arrrrpoKcHMaIIIDI 

P(x; N, n, M) ::= II_~ (n'-x + c, x - C + 1), 

r.lle	 I%(u, v) - OTHomeHHe HerrOJIHOH 6eTa-lPYHKIIHH; 

~ = N(n + M -1) - 2nM. 
N(N - 2) , 

n'= nM(M - 2)2(N -n)(N -M) ; 
(N -1)[(N - M)(N - n) + nM - N][N(n + M -1) - 2nM] 

nM(M -1)(n -1)
C =	 ...,....,....,--~-'::-::-~-=-----'----__. 

(N -1)[(N - M)(N - n) + nM - N] 
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B CHCTeMe CHMBOJIbHOH MaTeMaTHKH DERIVE HMeIOTCH lPYHKIIHH 
clecn-Ie 

HYPERGEOMETRIC_DESITY(k, n, m, j) = mr;-m 
j 

H 

HYPERGEOMETRIC_DISTRIBUTION(k, n, m, j) = 

Ie C I cn-I 
= " m j-", 

L..J C" ' 
I-a j 

r.lle a. = max (0, m + n - j)(CM. [41], ytHJIHTbI PROBABIL.MTH). 

2.8. OTPMI+\TEllbHOE rMnEPrEOMETPM'tECKOE PACnPEAEIIEHME 

2.8.1. OTPMI+\TEllbHOE rMnEPrEOMETPM'tECKOE 
PACnPEAEIIEHME 1 

CX cM-m 
p(X) = :-m-x, 0 ~ x N - M,PjIJl pacrrpe >:+m-I ~ 

.lleJIeHIDI CN 

r.lle N, M, m - IIeJIble HeOrpHIIaTeJIbHble 
'IHCJIa, Y.llOBJIeTBOpHIOmHe yCJIOBHIO m ~ M ~ N 

M(m) N-M (m + k -1)(Ie)(N _ M)(Ie) tie 
TIpoH3BO,llHmaH <p % (t) = -(-) L (Ie) - = 

lPYHKIIIDI N m Ic-O (N - m) k ! 
M(m) 

= N(m) F(m, - (N - M); - (N - m); t), 

r.lle F(a, b; c; t) - fHrrepreOMerpWleCKaH lPYHK
IIIDI 

XapaKTepHCTH'leCKaH lPYHKIIIDI 
M(m) 

X% (t) = N(m) F(m, -(N - M); -(N - m); e") 

- N-MMaTeMaTWleCKoe x=m--
M +1O:>KH,ZJ;aHHe 

m -1'l(N - m -IJMO.lla M + 1) M _ 1 ' (N - M + 1) M -1 - He IIeJIoe; 

m-l_ 1 }x = {(N - M + 1) M -1 , m -1
(N - M + 1)-- - IIeJIOe 

m -1	 M -1 
(N -M + 1) M -1 
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D = m (N + 1)(N - M)(M - m + 1),[{HcnepCIDI 
% (M + 1)2 (M + 2) 

CTaImapTHOe c:r = _1_ ~m(N + 1)(N - M)(M - m + 1) 
OTKJIOHeHHe % M+l M+2 

v% m + 1)= ,!(N + 1)(M K03<P<PHUHeHT
 
BapHaUHH m(M + 2)(N - M)
 

Sk = (2N +1-M)(M +1-2m)~ACHMMeTPIDI 

(M + 3)~m(N + 1)(N - M)(M + 1- m) 

1
3Kcuecc Ex = x 

m(N + I)(N - M)(M + 3)(M + 4)(M + 1 - m) 
x {6N 2 [M 3 

- M 2 (5m - 4) + M(5m 2 -16m + 5) + 

+ 11m 2 -11m - 2] - 6N[M4 - M 3 (5m - 3) + 

+ M 2 (5m 2 -11m + 1) + M(6m 2 + 5m - 3)

-11m2 + 11m - 2] +Ms -M4(6m + 1) + 

+ 3M 3 (2m 2 
- 5) - M 2 (6m 2 

- 42m + 23) 

- 2M(18m 2 -12m + 5) + 12m(m -I)} 

HaqarrbHhIe MOMeHTbI 

m(N -M)
 
m2 = ", .. ~M + 2) [N(m + 1) - m(M + 1) + 1],
 

m3 = m(N -M) {N 2 (m 2 + 3m + 2) -N(m + 1) x 
(M + 1)(M + 2)(M + 3)
 

x [M(2m + 1) + 3(m -1)] + M 2m2 +
 

+ M(3m 2 
- 3m -1) + 2m2 

- 3m + 1 },
 

m(N -M)
m = - x 
4 (M + 1)(M + 2)(M + 3)(M + 4)
 

x {m 3 [M 3 
- M 2 (3N -6) + M(3N 2 -12N + 11)


- N 3 + 6N 2 -11N + 6] -6m2(N+ 1) x
 

x[M2 -M(2N - 3) + N 2 
- 3N + 2] -m(N + 1) x
 

X [4M 2 -M(15N + 2) + llN2 -5N -6]

-(N + 1) [M 2 
- M(6N + 5) + 6N(N + 1)] }
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UeHTPaJIbHbIe 113 = m(~ _+ 1)(~ ~ M)(M + 1- m) x 

MOMeHTbI 

x (2N + 1- M)(M + 1- 2m), 

m(N + 1)(N - M)(M + 1- m) 
114 = (M + 1)4(M + 2)(M + 3)(M + 4) x 

x {3N 2 [M 2 (m + 2) -M(m 2 + 4m - 4) + 

+ 5m 2 
- 5m + 2] - 3N[M 3 (m + 2) 

- M 2 (m 2 + 5m - 2) + M(6m 2 
- m - 2) 

-5m2 +5m-2]+M4 -3M 3 (3m+l) + 

+ 3M2 (3m 2 
- 2m - 3) -M(3m2 + 3m + 5) + 

+ 6m(m -1) } 

THnHqHaH HHTepnpeTaUHH: X - qHCJIO HeMeqeHbIX 3JIe
MeHTOB B BbI60pKe 6e3 B03BpaIIJ;eHlUl, co.n;epXaIIJ;eH m MeqeHbIX 
3JIeMeHTOB, H3BJIeqeHHOH 1'13 reHeparrbHOH COBOKYIIHOCTH 06'beMa 
N, co.n;epXaIIJ;eH M MeqeHbIX 3JIeMeHTOB. 

o t1 2 3 4 x 
x x 

8p(x) p(x) 

o 

. 
2 

. I !. (N - M + I)(m - I)I(M - I) !. N - M I !.(N-M+ I)(m-I)I(M-I)!.N-M 
(N-M+ I)(m-I)I(M-I)-He lIenoe (N - M + I)(m - I)I(M - I) -llenoe

0.3 . 0.3 . 

0.2 0.2 

0.1 0.1 

x x 
PMC. 2.15. cI>YHJmIDI BepOHTHOCTH orpMuareJlI>Horo nmepreoMerpH'leCKOrO 

pacnpe.a;eneHIDI 1. 

napaMerphl pacnpeJ\eneHHJI: a - N =12, M =8, m =2; 6 - N =6, M =2, m =2; 
~ - N =8, M =4, m=2; z - N =10, M =6, m=3. 

75 

p(x) 
0.4 

0.3 

0.2 

0.1 

a 6p(x)
O«N-M+ I)(m-I)I(M-I)< I IN - M < (N - M + I)(m - I)I(M - I) < N - M + I

0.4 

0.3 

0.2 

1\ 0.1X 



COOTHoweHMR MeJKAY pacnpeAeneHMRMM 

1. L(mJ: CJIy'IaIDloit BeJIHtlliHhI X(N, m, M), HMeIOIUeH OTpHItaTe.JTh
Hoe rHrrepreOMeTPHqeCKOe pacrrpe.lleJIeHHe C rrapaMeTPaMH N, m, 
M, H CJIyqaHHoH BeJIHqHHhI Z (N, n, M), HMeIOIUeH rHrrepreOMeT
pHqeCKOe pacrrpe.lleJIeHHe C rrapaMeTPaMH N, n, M, CrrpaBe.llJlHBO 
COOTHomeHHe 

P{X(N,m,M) ~ n -m} = P{Z(N, n, m) ~ m } = 
=I-P{Z(N,n,M)~m-I} =I-P(m-I;N,m,M). (1) 

3TO COOTHomeHHe rr03BOlliIeT HCrrOJIh30BaTh Ta6JIHU;hI rHrrepreo
MeTPHqeCKOrO pacrrpe.lleJIeHWI (Ta6JIHU;hI <PYHKIJ;HH P(x; N, n, M» 
.lllliI rrpOBe.lleHWI paCqeTOB, CBH3aHHhIX C OTpHu;aTeJIhHhIM rHrrepreo
MeTPHqeCKHM pacrrpe.lleJIeHHeM 1. 

2. IIpH N ~ co,M ~ co,N - M ~ co, TaK qTO MIN ~ p H 
(N - M )/N ~ q(p + q = 1), OTpHu;aTeJIhHOe rHrrepreOMeTpHqe
CKoe pacrrpe.lleJIeHHe CTPeMHTCH K 0TPHu;aTeJIhHoMY 6HHOMHaJIhHO
MY pacrrpe.lleJIeHHIO C rrapaMeTPaMH m, p. 

O~eHMBaHMe napaMeTpoB 

IIpH H3BeCTHhIX N H m ou;eHHBaeTCH rrapaMeTP M: 

M· = mN - ~. (MM). 
m-x 

reHepMpOBaHMe cnY'taMHblx 'tMcen 

J{a 

PHC. 2.16. BJIox-cxeM8 anrOpHTM8 reHepHpoB8HID1 C1I}"IaAHhlX '!HCeJI, HMeJOIUHX
 
OTpJm8TeJIbHoe nmepreoMeTplfllecxoe p8crrpe,neJIeHHe 1.
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TeXHMKa BbI'tMcneHMM 

1. IIOCJIe.llOBaTeJIhHhle 3HaqeHWI BepOHTHOCTeH p(x) CBH3aHhI 
Me)K,lly C060H COOTHomeHHeM 

(m -1 + x)(N - M + 1- x)
p(x)=p(x-I) (N 1 ,x=I, 2, ... ,N-M, 

x -m + -x) 

r.lle p(O) = M !(N - m) !/[N !(M - m) !]. 
2. mrn o6JIerqeHWI paCqeTOB, CBH3aHHhIX C OTpHu;aTeJIhHhIM rH

rrepreOMeTPHqeCKHM pacrrpe.lleJIeHHeM 1, MO)I{HO HcrrQJIh30BaTh Ta6
JIH:QhI rHrrepreOMeTPHqeCKOrO pacrrpe.lleJIeHWI (CM. <poPMYJIY (1». 

2.8.2. OTPMl4ATEllbHOE rMnEPrEOMETPM~ECKOE 

PACnPEAEllEHME 2 

PH,ll pacrrpe.lleJIeHWI p(y) = P(Y = y) = ey"'_~le:_-,'"
eM 

N 

m ~ y ~ N-M +m, 

r.lle N, M, m - u;eJIhle HeOTPH:QaTeJIh
Hhle qHCJIa, Y.llOBJIeTBOpHIOIUHe yCJIOBHIO 
m~M~N 

M("') 
IIPOH3BO.llHIUaH cpy(t) = t'" N("') F(m,-(N -M);-(N -m);t) 

<PYHKIJ;WI 

M("')
ilmXapaKTepHCTHqeCKaH 'X.y(t) = e N("') F(m, - (N - M); 

<PYHKIJ;WI 

-(N - m); ell) 
- N +1MaTeMaTHqeCKOe y=m--

OXH,llaHHe M +1 

m -1
IN;~~+Ij. . N -'- - He u;eJIoe; 

M -1 
A

MO.lla Y= N m-I 
, N m - 1 _ u;eJIoeM -1 

M-IN m-I +1 } 
M-I 

D = m (N + I)(N -M)(M  m + 1)
.lJ.HcrrepcWI 

y (M + 1)2 (M + 2) 
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cr = _1_ Im(N + 1)(N -M)(M -m + 1)CTaH,ZJ:apTHOe
 
OTKJIOHeHHe y M+IV M+2
 

(N -M)(M -m + 1)
K03cPcPHQHeHT vy =
 

BapHaQHH
 m(M + 2)(N + 1) 

Sk = (2N + 1 - M)(M + 1 - 2m) ~ ACHMMeTpIDI
 

(M + 3)~m(N + 1)(N - M)(M + 1- m)
 

3KCQeCC 

1fu= x 
m(N + 1)(N - M)(M + 3)(M + 4)(M + 1 - m) 

x {6N 2 [M 3 
- M 2 (5m - 4) + M(5m 2 -16m + 5) + 

+ 11m 2 -l1m+2]-6N[M4 -M 3 (5m-3)+
 

+ M 
2
(5m 2 -11m + 1) + M(6m 2 + 5m - 3) -11m2 + 11m - 2] +
 

+M S 
- M 4(6m + 1) + 3M 3 (2m 2 

- 5) - M 2 (6m 2 - 42m + 23) _
 

- 2M(18m2 -12m + 5) + 12(m -1) } 

m(N + 1) [(m + I)(N + 2) 1]HatIaJIbHble m2 = - ,
 
MOMeHTbI M + 1 M + 2
 

m = m(N + 1) {(m + I)(N + 2) x 

3 M+l M+2 

x [(m +~~ + 3) -3] + I} 

m = m(N + 1) {(m + I)(N + 2) x 

4 M+l M+2 

x [(m + 2)(N + 3) (m + 3)(N + 4) _ 6) + 7] -I} 
M+3 M+4 

QeHTpaJIbHble MOMeHTbI 

m(N + I)(N - M)(2N + 1- M)(M + 1- m)(M + 1- 2m) 
J.13 = (M + 1)3(M + 2)(M + 3) 
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= m(N + 1)(N -M»(M + I-m) {3N 2 [M 2 (m + 2)
J.14 (M + 1)4(M + 2)(M + 3)(M + 4) 

- M(m 2 + 4m - 4) + 5m 2 
- 5m + 2] - 3N [M 3 (m + 2) 

- M 2 (m 2 + 5m - 2) + M(6m 2 
- m - 2) - 5m 2 + 5m - 2] + 

+ M 4 - 3M 3 (3m + 1) + 3M2 (3m 2 
- 2m - 3)

- M(3m 2 + 3m + 5) + 6m(m -I)} 

THrrHtIHaH HHTeprrpeTaQHH: Y - 06'beM BbI60PKH 6e3 
B03BpameHIDI, co.n;epxameH m MetIeHbIX 3JIeMeHTOB, H3BJIetIeHHOH 
H3 reHepaJIbHOH COBOKYIIHOCTH 06'beMa N, co.n;epxameH M MetIe
HbIX 3JIeMeHTOB. 

a 6 
p(y)p(y) IO«N-~+ I)(m-I)/(M-I)< I N - M < (N - M + I)(m -I)/(M - I) < N - M + I 

0.4 0.4 

0.3 0.3 

0.2 0.2 

0.1 0.1 

o 2j3456y o
 
Y
 

I
8 2 

p(y) II s, (N- M + I)(m -I)/(M -I)S,N- M+ I p(y) II s, (N- M + I)(m - I)/(M - I) s, N- M 

eN - M + I)(m - I)/(M - I) - He llenoe (N - M + I)(m -.I)/(M - I) -l1enoe 

0.3 0.3 
0.2 Q2

f IV I I0.1 0.1 

o o 

PRC. 2.17. <IlYHICLlHll BepOHTHOCTH oTpHl~aTeJIhHoro rHnepreoMeTpH'IeCKOrO 
paCnpeAeJIeHHll 2. 

llapaMeTpbl pacnpeAeJIeHHlI: a - N =12, M =8, m =2; 6 - N =6, M =2, m = 2; 
6 - N =8, M =4, m = 2; z - N =10, M =6, m =3. 

COOTHoweHMSI Me)l(AY pacnpeAeneHMSlMM 

1. CJIyqaHHaH BeJIHtIHHa Y(M, m, M), HMeIOmaH OTpHQaTeJIbHOe 
rnrrepreOMeTpHtIeCKOe pacrrpe.n;eJIeHHe 2, CBH3aHa co CJIyqaHHOH 
BeJIlfqHHOH X (N, m, M), HMeIOmeH OTpHQaTeJIbHOe rnrrepreOMeT
plfqeCKOe pacrrpe.n;eJIeHHe 1, OtIeBH.n;HbIM COOTHOmeHHeM 

Y(N,m,M) = m + X(N,m,M). 
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2. )lmI CJIyqaHHoH BeJIHqHHbI Y(N, m, M), HMeIOrn;eH OTpHlla
TeJIbHOe rHrrepreoMel'p~ecKoe pacrrpe.ueJIeHHe 2 C rrapaMel'paMH 
N, m, M, H CJIyqaHHoH BeJI~HHbI Z(N, n, M), HMeIOrn;eH rHrrepreo
Mel'p~eCKoe pacrrpe.ueJIeHHe C rrapaMel'paMH N, n, M, CrrpaBeAJIH
BO COOTHOIlleHHe 

P{Y(N, m,M) ~ n} = P{Z(N, n,M) ~ m} = 

=1- P{Z(N, n, M) ~ m -1} = 

= 1- P(m -1; N, n, M).	 (2) 

3TO COOTHOIlleHHe rr03BOJIHeT HCrrOJIb30BaTb Ta6JIHllbI rHrrepreo
Mel'p~eCKoro pacrrpe.ueJIeHWI (Ta6JIHllbI <l>YHKllHH P(x; N, n, M» 
AJIH rrpOBe.ueHWI paCqeTOB, CBH3aHHbIX C Ol'pHllaTeJIbHbIM rHrrep
reOMel'pHqeCKHM pacrrpe.ueJIeHHeM 2. 

3. IIpH N ~ 00, M ~ 00, N - M ~ 00, TaK ~o M/N ~ P H 
(N - M)/N ~ q (p + q = 1), Ol'pHllaTeJIbHOe rHrrepreOMel'pHqeCKOe 
pacrrpe.ueJIeHHe 2 Cl'peMHTCH K Ol'pHllaTeJIbHOMY 6HHOMHaJIbHOMy 
pacrrpe.ueJIeHHIO 2 (pacrrpe.ueJIeHHe IIacKaJIH) C rrapaMel'paMH m, p. 

O... eHMBaHMe napaMeTpOB 

IIpH H3BeCTHbIX N H m OlleHHBaeTCH rrapaMel'p M: 

M· = m(N.+ 1) -1 (MM). 
y 

reHepMpOBaHMe cny'laMHblx 'IMCen 

y = m + x, 

r.ue x - eJIyqaHHoe qHCJIO, rrpHHaAJIeXarn;ee rrOCJIe.uOBaTeJIbHOCTH 
CJIyqaHHbIX qHCeJI, HMeIOrn;HX ol'pHllaTeJIbHOe rHrrepreOMel'p~e

CKoe pacrrpe.ueJIeHHe 1 C rrapaMel'paMH N, m, M. 

TeXHMKa BbI'IMCneHMM 

1. IIOCJIe.uoBaTeJIbHbIe 3HaqeHWI BepOHTHOCTeH p(y) CBH3aHbI 
Mex.uy C060H COOTHOIlleHHeM 

, () ( 1) (y -1)(N - M + m + 1- y)py =py-	 ,
(y - m)(N + 1- y) 

y = m + 1, m + 2, ... , N - M + m, 

r.ue p(m) = M !(N - m) !f[N !(M - m) !]. 
2. )lmI 06JIerqeHWI paCqeTOB, CBH3aHHbIX C OTpHllaTeJIbHbIM rH

rrepreOMel'p~eCKHMpacrrpe.ueJIeHHeM 2, MOXHO HCIIOJIbJOBaTb Ta6
JIHllbI rHrrepreoMel'pmeCKoro pacrrpe.ueJIeHWI (CM. <l>opMyJIY (2». 
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2.9. norAPMCS»MMIo4ECKOE PAcnPEAEllEHME 

2.9.1. norAPMCS»MMIo4ECKOE PAcnPEAEllEHME 1 

1 pX
p(x) =-- -, x =1, 2, ... ,PHA pacrrpe.ueJIeHWI In q x 
r.ue 0 < p < 1, q = 1 - P 

0, x ~ 1, 

Ie<1>YHKllWI	 F(x) = i k < x ~ k + 1, 
pacrrpe.ueJIeHWI {c:L-. ,

i~l	 I k = 1, 2, ... , 

r.ue c = -ljln q 

<p x(t) = -c In(l - pI)IIpoH3BOAHIUaH 
<l>YHKllWI 

il 
XapaKTepHCTHqeCKaH Xx(t) = -c In(l- pe ) = 

<l>yHKllWI 
= 1-c In [1 -£ i: (it),1e ] 

q Ie~l k. 

- p
MaTeMaTmeCKoe x =c

q
O)l(H)laHHe 

x= 1Mo.ua 

D = cp(1 - cp)
 
)lHcrrepCHH x
 q2 

~cp(l- cp)
 
CTaHAapTHOe cr 

x 
= q


OTKJIOHeHHe
 

K03<l><l>HllHeHT Vx = ~ 
cp 
1 -1
 

BapHallHH
 

Sk = 1 + p-3cp+ 2 (cp) 
2
 

ACHMMel'pWI
 
(l - cp) ~ cp (1 - cp) 

Ex = 1+ 4p + p2 -(7 + 4p) cp + 12 (cp) 
2 

_6(Cp)l 
3KCllecc cp(l- cp)" 

_cp _cp(l+p) _cp(l+4p+p2) 
HaqaJIbHbIe m2 - -2' ml - l ,m4 - 4 

q q	 q
MOMeHTbI 
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Cp [1 + P - 3cp + 2(Cp) 2 ] ~eHTpaJIbHbIe ~3 = ,q3MOMeHTbI 

cp [1 + 4p + p2 - 4(1 + p)cp + 6(Cp)2 _ 3(cp) 3]
~4 = 

q4 
IIpH M e q a H H e. B HeKOTopbIX HCTOqHHKax 3TO pacrrpe.n;eJIeHHe 

Ha3bIBalOT cjJUUUp08CKUM pacnpeOeJleHUeM no JlOeapucjJMUlte
CKOMy PJlOY. 

p(x) 
0.8 

0.7 

0.6 

0.5 

p = 0.4 

x=l,x=\.3 

0.4 

0.3 

0.2

O.lru 
0 3 4 5 6 x 

p(x) 

0.5 

0.4 

p = 0.8 

x= I, x= 2.5 

0.3 

0.2 

0.1 

o I 2 3 4 5 6 7 8 9 10 X 

PRC. 2.18. ¢YHIQ.\IDI BepOJlTHOCTII ilorapRIPMlflIecKoro pacnpe.lleJIeHIDI 1. 

COOTHoweHMII MelKAY pacnpeAeneHMIIMM 

JIorapH<l>M~ecKoe pacrrpe.n;eJIeHHe 1 C rrapaMeTpOM p HBJIH

eTCH rrpe.n;eJIbHbIM )J;JIH OTpH:u;aTeJIbHOrO 6HHOMHaJIbHOrO pacrrpe
.aeJIeHHH 1 B CJIe.llYIOIUeM CMbICJIe: eCJIH CJIyqatf:HaH BeJI~HHa 
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Z(m, q) HMeeT OTpHuaTeJIbHOe 6HHOMHaJIbHOe pacrrpe.n;eJIeHHe 1 C 
rrapaMeTpaMH m, q, TO 

k 

lim P{Z(m,q) = k/Z (m, q) > O} = --p-, 
M-+'" kIn q 

k = 1, 2, ... , p = 1 - q. 

Ol(eHMBaHMe napaMeTpoB 

O:u;eHHBaHHe rrapaMeTpa p MeTo.n;OM MOMeHTOB ocyrn;eCTBJIHeTCH 
rryreM pemeHHH ypaBHeHHH 

p' -.---=----- - x (1)
(1-p')ln(1-p') - . 

K TaKOMY )l(e ypaBHeHHIO rrpHBO,ll,HT H MeTO,ll, MaKCHMaJIbHOrO 
rrpaB.n;orro.n;o6HH. 

IIPH pemeHHH ypaBHeHHH (1) B KaqeCTBe HaqaJIbHOrO rrpH6JIH
:lKeHHH MO:lKHO HCrrOJIb30Ban BeJIHqHHY p' =1 - p~ Ix', r.n;e 
p~ - Bbl6opOqHaH oueHKa BepoHTHoCTH PI =P(X =1). 

IIPH x· < 25 .llJIH o:u;eHKH p MO:lKHO HCrrOJIb30BaTb rrpH6JIH:lKeH

HyIO <POPMYJIY 
• 1 1p ~ - . 

1 + [(%- ~:. }x' -1) + 2}n x· 
IIpH6JIH:lKeHHYIO o:u;eHKY rrapaMeTpa p MO)I(HO rrOJIyqHTb rryreM 

o6paTHotf: HHTeprrOJIH:U;HH .n;aHHbIX, rrpHBe.n;eHHbIX B Ta6JI. 2.1. 

Ta6JIRua 2.1 

Ta6mma 3Ba'leud 4l~ x =-p/[(l- p) In(l- p)] 

p 0 1 2 3 4 5 6 7 8 9 

0.0 1.0050 1.0102 1.0154 1.0207 1.0261 1.0316 1.0372 1.0429 1.0487 

0.1 1.0546 1.0606 1.0667 1.0730 1.0794 1.0858 1.0925 1.0992 1.1061 1.1132 

0.2 1.1204 1.1277 1.1352 1.1429 1.1507 1.1587 1.1669 1.1752 1.1838 1.1926 

0.3 1.2016 1.2108 1.2202 1.2299 1.2398 1.2500 1.2604 1.27l1 1.2821 1.2934 

0.4 1.3051 1.3170 1.3294 1.3421 1.3551 1.3687 1.3825 1.3968 1.4116 1.4269 

0.5 1.4427 1.4591 1.4760 1.4935 1.5117 1.5306 1.5503 1.5706 1.5919 1.6140 

0.6 1.6370 1.6611 1.6862 1.7125 1.7401 1.7690 1.7994 1.8313 1.8650 1.9005 

0.7 1.9380 1.9778 2.0200 2.0649 2.1128 2.1640 2.2189 2.2779 2.3416 2.4105 

0.8 2.4853 2.5670 2.6566 2.7553 2.8648 2.9870 3.1244 3.2802 3.4587 3.6656 

0.9 3.9087 4.1991 4.5531 4.9960 5.5686 6.3424 7.4560 9.2208 12.5255 21.4976 

0.99 21.4976 23.3755 25.6818 28.5896 32.3821 37.5591 45.0968 57.2087 80.2947 144.6201 
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reHepMpOB8HMe cny'l8MHblX '1MCen 

PHC. 2.19. linoK-cxeMa an:ropHTMa reHepHpOBaHHlI cnyqaAHblX "HCeJI, HMelOmHX
 
JIOrapH<pMK'leCKOe pacnpeAeJIeHHe 1.
 

ArrropHTM pearrH3yeT CTaH,D;aPTHbIH crroco6 HMHTanHOHHOrO MO
,lleJIHpOBaHlUl ,llHCKpeTHbIX CJIyqaHHblX Bemf'IHH. 

TeXHMK8 BbIliMCneHMM 

IToCJIe,llOBaTeJIbHble 3HaqeHlUl BepOHTHOCTeH p(x) JIorapHlpMH
QeCKOrO pacrrpe,lleJIeHHH 1 CBH3aHbI COOTHOIIIeHHeM 

x-I
p(x) = p(x -1) - p, x = 2, 3, ... , 

x 

r,lle p(I) = -p/ln q. 

2.9.2. nOrAPMCStMwiECKOE PACnPEAEnEHME 2 

x + 1PH,ll pacrrpe,lleJIeHHH p(x) =Iogm--, x =1, 2, ... , m - 1, 
x 

r,lle m ~ 3 - neJIoe 
MaTeMaTMeCKoe X =m -I-log", (m -I)!

O)lQf"llaHHe 

MO,lla x= 1 
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)l;HcrrepcHH D" = 2(m -1) log", (m -I)! 

1- [Iog m(m -1) !]2 -log", (ii k 2k
- ], 

k~2 

HaQarrbHble m2 = (m - 1)2 - log m (IT k 2k
-

1J' 
MOMeHTbl kz2 

m-l ) 
m3 = (m _1)3 -Iogm ,IT k 

( 

m-l 4 )m = (m - 1)4 -logm n kk -(k-l)44 
( 
k~2 

p(x) 
m=50.4 
X =2.03. cr,,_ =1.08 

0.3 

0.2 

0.1 

o 2 3 4 x 
p(x) 

m=80.4 
X =2.90, crx = 1.92 

0.3 

0.2 

0.1 

o I 234 5 6 7 x 

PRc. 2.20. tI>yH~HlI BepORTHOCTH JIOrapH<pMK'leCKoro paCnpeAeJIeHHJI 2. 

O~eHMBaHMe napaMeTpOB 

OneHHBaHHe rrapaMeTPa m MeTO,llOM MOMeHTOB OCYIUeCTBJUIeT
CH rryreM peIIIeHHH ypaBHeHHH 

m· -_1_. In «m·-I)!) = x· + 1. 
lnm 

ITpHBe,lleHHOe ypaBHeHHe ,llaeT rrpH6mDKeHHoe peIIIeHHe, TaK 
KaK He yqHTblBaeT Toro, QTO m· ,llOJIXHO 6blTb neJIblM. 
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reHepMpOBaHMe cnYlfaMHblX IfMcen 

~ 
PHC. 2.21. EJIOK-CXCMa anropHTMa reHcpHpOBaHIDl CJl)"IaitHbIX qHCCJI, HMCJOmHX
 

JIOrapH<pM~cCKOCpacrrpCJlCJICHHC 2.
 

TeXHMKa BbllfMCneHMM 

IIpH BbJlIHCJIemlHX, cml3aHHbIX C JIOrapH<pMWleCKHM paCrrpe,lJ.e-

JIeHHeM 2, Moryr 6blTb HCrrOJIb30BaHbi <POPMYJIbI rrepeXO,lJ.a: 

log m a =In a/In m H log m a =19 a/lg m. 

2.10. PACnPEAEnEHHE nOHA 

2.10.1. PACnPEAEnEHHE nOHA 1 

Pl,l,U pacrrpe,lJ.eJIemlH 

p(o) = r(r + c)(r + 2c) ... [r + (n -1)c] ; (1) 
(b + r)(b + r + c)(b + r + 2c) '" [b + r + (n -1)c] 

( ) =ex b(b + c) ... [b + (x -1)c] r(r + c) ... [r + (n - x -1)c] 
p x " ,

(b + r) (b + r + c) ... [b + r + (n -1) c] 
x = 1, 2, ... , n - 1, 

p(n) = b(b + c)(b + 2c) ... [b + (n -1)c] 
(b + r)(b + r + c)(b + r + 2c) ... [b + r + (n -1) c]' 
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r,lJ.e n > 0, b > 0, r > 0, C - ueJIbIe 'IRCJIa. IIa
paMeTp c MoxeT 6bITb OTpHuaTeJIbHbIM, O,lJ.Ha
KO OH ,lJ.OJI)KeH Y,lJ.OBJIeTBOpHTb yCJIOBHIO 

b + r + c (n - 1) > ° 
- nb nb 

MaTeMaTWleCKoe x = -- =-, r,lJ.e m = b + r 
OXH,lJ.aHHe 

MO,lJ.a x= 

)J;HcrrepCIDI 

CTaH,lJ.apTHOe 
OTKJIOHeHHe 

K03<P<PHUHeHT 
BapHaUHH 

ACHMMeTpIDI 

3Kcuecc 

Ha'laJIbHbIe
 
MOMeHTbI
 

nb {n 2 b2 

m = 3 

m = 
4 m(m + c)(m + 2c)'(m + 3c)
 

+ b [(7n - 4)r2 + (18n 2 
- 5n -1)rc + lln 3c 3

] +
 

+ r 3 + (7n -1)r2 c + (12n -1)nrc2 + 6n 3c3} 
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b +r m 

l(b - c)(n + 1) J' (b - c) (n + 1) _ He ueJIoe; 

m - 2c m- 2c 

(b - c)(n + 1) -1 }
 
m -2c (b - c) (n + 1) _ ueJIoe
 

(b - c)(n + 1) ,
 m - 2c
 
m -2c
 

D = nbr(m + nc)
 
x m2 (m + c)
 

nbr(m + nc) 

m +c 

V = ,I r(m + nc)
 
x nb(m + c)
 

Sk=(r_b)m+2nc m +c
 

m + 2c nbr(m + nc)
 

Ex = (m + c) x
 
nbr(m + 2c)(m + 3c)(m + nc)
 

x {(m + 2nc)(m + 3nc)(m 2 
- 3br) + 

+ m(n -1)[cm 2 + 3br(m + nc)]} - 3 

nbrn(b + c) + r]
m2 = l ,
 

m(m + c)
 

2 2+ b[(3n -1)r + 3n2c] + r + 3nrc + 2n 
2 
c } 

,
m(m + c)(m + 2c) 

nb {n3b3+ b2 [(6n 2 - 4n+l)r+6n3c] + 



Alul HaqaJIbHbIX MOMeHTOB cnpaBeMHBa peKYPpeHTHaJI q,opMyJIa 

mal = __1_ ±[nbC; - (b - nc)C;+J - CC;+2 ] m.-i> S = 1, 2, ... 
m + sc ;;0
 

nbr(m + nc)
UeHTpaJIbHbIe 
MOMeHTbI 

a 6 
p(x) 10 < (h - c)/(h + , - 2£') < l/(n + I) p(x) In/(n + I) < (h - c)/(h + , - 2£') < I 
0.5 0.5 

0.4 0.4 

0.3 0.3 

0.2 0.2 

0.1 0.1 

4 5 x o 234 5 xx 
6' 2 

p(x) "/(n + I) < (b - c)/(b +, - 2c) < n/(n + I) p(x) /I/(n + I) < (b - c)/(b +, - 4') < n/(n + I) 
(b - c)(n + 1)/(b + , - 2c) - He /.lC1loe (b - c)(n + I)/(b + , - 2<) - /.lCllOC 

0.3 

0.2 0.2 

03 

1tlJ0.1 
O.I~ 

0 I 2 3 4 5 x 0 I 2 3 4 5 X 

PMC. 2.22. <IlYHIaUIJI BepOJITHOCTH pacrrpe,nen:eHllJl DoAa 1. 

IIaplIMeTphI pacnpeJ\eneHWI: a - n =5, b =3, r =20, e =1; 6 - n =5, b =140, r =20, 
e =1; 6 - n =5, b =12, r =20, e =1; l - n =5, b =20, r =20, e =L 
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COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

1. llpH C = 0 pacnpe.lleJIeHHe lloMa COBna,JJ;aeT C 6HHOMHaJIbHbIM 
pacnpe.lleJIeHHeM C napaMeTpaMH n, p = b/(b + r). 

2. llPH c = -1 pacnpe.lleJIeHHe lloMa COBna,JJ;aeT C rnnepreOMeT
pHqeCKHM pacnpe.lleJIeHHeM C napaMeTpaMH N = b + r, n, M = b. 

3. llpH b = r = c pacnpe.lleJIeHHe lloHa COBna,JJ;aeT C .llHCKpeT
HbIM paBHoMepHhIM pacnpe.lleJIeHHeM C napaMeTpaMH a = 0, n. 

4. ECJIH b ~ 00, r ~ 00, TaK qTO p = b/(b + r) = const H 
y = c/(b + r) ~ 0, TO pacnpe.lleJIeHHe lloMa CTpeMHTCH K 6HHOMHaJIh
HOMy pacnpe.lleJIeHHIO C napaMeTpaMH n, p. 

5. ECJIH n ~ 00, b/(b + r) ~ 0, c/(b + r) ~ 0, nb/(b + r) ~Il H 
nc/(b + r) ~ all; f.lle a > 0 H Il > 0 - nOCTOHHHhle, TO pacnpe.lleJIe
HHe lloMa CTpeMHTcH K oTpHuaTeJIbHoMy 6HHOMHaJIhHOMY pacnpe
.lleJIeHHIO C napaMeTpaMH m = l/a H p = 1/(1 + all) (CM. n. 2'.6). 

reHepMpOBaHMe cnY'IaMHbiX 'IMCen 

I I 
(**) 

PRC. 2.23. BJIOK-CXeMa aJIropHTMa llJopMHpoBaHIUI CJI)"laHHhIX '1HCeJI, HMeIOmHX 
pacrrpe,lleJIeHHe IIoAa 1. 

AJIroPHTM peaJIH3yeT CTaH,llaPTHblM cnoco6 HMHTaUHOHHOfO 
MO,D;eJIHpOBaHHH .llHcKpeTHbIX CJIyqaMHbIX BeJI~HH. BepOHTHOCTb 
Po =P(X =0) BhNHCJIHeTCH no q,opMYJIe (1) (onepaTop (*». 
<1>YHKlIHH a(x) BbNHCJIHeTCH no q,opMYJIe a(x) = (n - 1- x) x 
x [b + (x - 1) c] / {x [r + (n - x)cJ) (onepaTOp (**». 
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TeXHMKa BW~MCneHMA 

llOCJIe,lJ;OBaTeJIbHble 3HaQeHWI BepOHTHocTeit: p(X) paCnpe,lJ;eJIe
HlliI lloita 1 CBH3aHbI COOTHOIIIeHHeM 

== ( -1) (n + 1 - x)[b + (x -1)c] == 1 2 ( ) P x P x	 ,x " ... , n.
x[r + (n - x)c] 

BepoHTHoCTb p(O) Bbl'IHCJIHeTCH no $opMyJIe (I).EcJIH n MaJIO 
no cpaBHeHHIO C m = b + T, TO 

p(x) ::::C:p%(1_p)n-%, X ==0, 1,o .. ,n,
 
r,lJ;e p == b/(b + r).
 

2.10.2. PACnpEAEIlEHME nOAA 2 
(nPEAEIlbHAR CbOPMA) 

PM pacnpe,lJ;eJIeHlliI p(O) == (1 _ ~Il) l/a ' 

Il%	 (1 + a)(l + 2a) ... [l + (x -1)a]p()x - XT (1 + all) (X+l/a) , 

X ~ 1, 2, ... , r,lJ;e Il > 0, 0 < a < 1 

IIPOH3BO,lJ;Hlll;aH cp % (t) == [l - all(l - t)rl/a
 

. $YHKlI,IDI
 

XapaKTepHCTH'IeCKaH ;(%(t) == [l - all(l - eit wI/a 
$YHKlI,lliI 

-MaTeMaTHQeCKOe X == Il
 
O:lKH,lJ;aHHe
 

A _ {LJ1(l - a)~, Il(l - a) - He ueJIoe; 
MO,lJ;a x - Il(l - a) 1 }, Il(l - a) - u;eJIoe 

Il(l- a) 

,[lHcnepclliI D% == Il(l + all) 

CTaH,lJ;apTHoe 0" % == ~Il(l + all) 
OTKJIOHeHHe 

all
K03$$HUHeHT v%	 == +IlP

BapHaU;HH 

Sk == 1 + 2allACHMMeTpllil 

~Il(l + all) 

13Kcu;ecc Ex == + 6a
 
Il(l + all)
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HaQaJIbHble m2 == 1l[1 + (a + 1)1l], 
MOMeHTbI 

m3 == Il[l + 3(a + 1)1l + (2a 2 + 30. + 1)1l 2 
], 

m4 == Il[l + 7(a + 1)1l + 6(20. 2 + 30. + 1)1l2 + 

+ (60. 3 + Ua 2 + 60. + 1)1l 3 ] 

UeHTpaJIbHbIe 113 == 1l(1 + all)(1 + 2all), 
MOMeHTbI 

114 == Il(l + all)[3Il(l + all)(l + 20.) + 1] 

PaCCMaTpHBaeMoe pacnpe,lJ;eJIeHHe HBIDIeTCH npe,lJ;eJIbHOM cPop
MOM pacnpe,lJ;eJIeHlliI lloMa 1 npH n ~ a::>, nb/(b + r) ~ Il H 
nc/(b + r) ~ all. 0 TOJIKOBaHHH Ha H3bIKe CJIyqaMHbIX npou;eCCOB 
CM. [49]. 

p(x)
 
0<1-1 < 1/(1 - a)
0.4 

0.3 

0.2 
a == 0.25, 1-1 == 1 

0.1 

234 5 6 x 

p(x) I 1-1 > 1/(1 - a), 1-1(1 - a) - He ueJIoe 
0.2 

a == 0.25, 1-1 == 3.27 
0.1 -x x 

• ;-••••••• + •1lI 
o I 2 3 4 5 6 7 8 9 10 II 12 x 

p(x) 1-1 > 1/(1 - a), 1-1(1 - a) - ueJIoe 
0.2 

a == 0.25, 1-1 == 4 

0.1 

o	 I 2 3 4 5 6 7 8 9 10 II 12 13 x 
PHC. 2.24. <1>}'HKUKJI BepOHTHOCTH pacnpe.u;eneHKJI IIoil:a 2. 
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X 

COOTHoweH"R Me*AY pacnpeAeneH"RM" 

1. llpe.ueJIbHaH ¢OpMa pacrrpe.ueJIeHIDI lloRa rrpe.uCTaBJUleT CO
GOR OTpHl.J;aTeJIbHOe GRHOMRaJIbHOe pacrrpe.ueJIeHRe 1 CrrapaMeTpa
MR m = 1/0. R P = 1/(1 + o.Jl). 

2. llpR 0. = 1 rrpe.ueJIbHaH ¢opMa pacrrpe.ueJIeHIDI lloRa COBrra,UaeT 
CreoMeTpWIecKHM pacrrpe.ueJIeHReM 1 CrrapaMelPOM p = 1/(1 + Jl). 

3. llpR 0. ~ °paccMaTpRBaeMoe pacrrpe.ueJIeHRe CTpeMRTCH K 
pacrrpe.ueJIeHRJO llyaccoHa CrrapaMeTpoM Jl. 

Ol.l.eH .. BaH .. e napaMeTpOB 

, S2 -,, -, 0. _ x-x
Jl = x , (MM).

(X')2 

reHep"pOBaH .. e cny ... aMHblx ..... cen 

b:=I-u; 
c:=j.1/(1 +Uj.1); 

p:=(l +Uj.1r1/ct; 
I 

PRC 2.25. DnoK-cxeMa anropJITMa reHepRpOBaHIDI cnyqaAHhlX QHCen, RMelO~HX 
pacrrpe.neneHHe IIoRa 2. 

ArrropRTM peaJIR3yeT CTaH,UapTHbIR crrocoG RMRTaI.J;ROHHOro MO
.ueJIRpOBaHIDI .uRCIqJeTHbIX CJIyqaRHblX BeJIWIRH. 
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TeXH"Ka Bbl ..... cneH .. M 

IlOCJIe.uOBaTeJIbHble 3HaqeHIDI BepOjiTHOCTeR p(x) CBji3aHbI CO
OTHOIlleHReM 

Jl 0. (X - 1) + 1
p(x) =p(x -1) -- , x =1, 2, ... ,

1 + o.Jl 

r.ue p (0) = (1 + o.Jl) -l/a . 

2.11. A3ETA-PACnPEAEnEHME (3AKOH 4Mn(2)A-3CToynA) 

- 1 -(p+\) _ 1 2 ° PM pacrrpe.ueJIeHIDI px-( ) x ,X-" ... ,p>,
~(p + 1) 

., 
r.ue ~(o.) = L k- a 

- .u3eTa-¢yHICI.J;IDI PR-
MaHa k~\ 

o, x :s 1; 
(J>yHICI.J;IDI F(x) = 1 i>-(p+l) , k < x :s k + 1, 

pacrrpe.ueJIeHIDI {~(p + 1) ;=\ k = 1,2, ... 

1 ., t X
 

llpoR3BO,UHII.J;aH Cj)x(t) = ~/ . n L x P+\
 
¢yHICI.J;IDI X=\
 

eitx 

XapaKTepRCTRQeCKaH x.x(t) = ~/ 
1 

n L
., 

xp+1
 
¢yHICI.J;IDI x=\
 

x = ~(p)MaTeMaTWIeCKoe ~(p + 1)' p> 1
O)lGf,lJ;aHRe 

Mo.ua x = 1 

D = ~(p -1) ~ (p + 1) - ~2 (p) > 2
,[(RcrrepCIDI 

x ~2 (p + 1) , p 

~~(p -1) ~ (p + 1) _ ~2(p) 
I CTaH,UapTHOe cr = p>2 

x ~ (p + 1)OTKJIOHeHReI 

~(p -1) ~ (p + 1) _ 1 
K03¢¢RI.J;ReHT Vx 

~2(p)BapRaI.J;RR 
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ACHMMeTpIDI 
O~eHMBaHMe napaMeTpOBSk = ~(p - 2) ~2(p + 1) - ~ (p)[3~(p -1) ~ (p + 1) _ ~2(p)] 

[~(p -1) ~ (p + 1) - ~2(pW/l ' OueHHBaHHe napaMeTpa p MeTOAOM MOMeHTOB OCYI..QeCTBJIHeTCH 
p>3 nyreM peweHIDI ypaBHeHIDI 

~(p.) -.
 
3Kcuecc Ex = 2 [~(p - 3) ~3(p + 1) 

1 
=X 

~(p. + 1)l) _ ~2 (p)] 

- 4~(p - 2) ~ (p) ~2 (p + 1) _ 3~2 (p -1) ~2 (p + 1) + ,llm:I npH6JIHXeHHOro peweHIDI 3Toro ypaBHeHIDI MoxeT 6bITb 
HCnOJIb30BaHa Ta6JI. 2.2.+ 12~ (p -1) ~2(p) ~ (p + 1) - 6~4(p)], p> 4 

OueHKa MaKCHMaJIbHOrO npaBAOnOA06ID1 p. napaMeTpa p HBJIH

eTCH KopHeM ypaBHeHIDI
HaqaJIbHble m = ~(p - 1) p > 2' m = ~(p - 2) p > 3'
 

MOMeHTbI 2 ~(p + 1)' '3 ~(p + 1)' ,
 ~' (p. + 1) 1 n - =- L Inxl , 

n 1=1m = ~(p - 3) > 4' m = ~(p - s + 1) > S
 

4 ~(p + 1)' P , • ~(p + 1) , P
 BnOJIHe npHeMJIeMYIO TOqHOCTb peweHHH 3Toro ypaBHeHHH 
MOXHO nOJIyqHTb C nOMOI..QbIO Ta6JI. 2.3.UeHTpaJIbHble MOMeHTbI 

Ta6JIHua 2.2_ ~(p - 2)~2(p + 1) - ~(p) [3~(p -1) ~ (p + 1) - 2~2(p)] > 3
J.13 - ~3(p+l) ,p , 

_ ~(p - 3) ~3(p + 1) - ~(p) {4~(p _ 2) ~2(p + 1) _ ~ 

J.14 - ~4(p+l) 

-3~ (p) [2~(p -1) ~ (p + 1) _ ~2(p)] }
 
~ p>4


~4 (p + 1) , 

IT p H Me q a H H e . .ll3eTa-paCnpeAeJIeHHe HCnOJIb3yeTcH B 3KOHO
MHKe AJIH onHcaHIDI qHCJIa CTpaXOBbIX nOJIHCOB, npHHa.n;JIeXaI..QHX 

OAHOMy JIHUY, H B JIHHfBHCTHqeCKHX HCCJIeAOBaHIDIX AJIH onHcaHIDI 
pacnpeAeJIeHIDI qHCJIa nOBTopeHHH OAHOfO H Toro xe CJIOBa B AO
CTaTOqHO .n;JIHHHOM OAHOpOAHOM TeKCTe. 

p(x) p = 1.5, x =1.569 p(x) I p =3, x =1.111 
1.0 1.0 

0.8 0.8 

0.6 0.6 

0.4 0.4 

0.2 
0.2L1L 

0 2 3 4 5 6 x 0 I 2 3 4 x
 
x" x"
 

PRC. 2.26. <1lYHKI:\IU1 BepOJITHOCTH .n:3eTa-pacrrpe.n:eJIeHIDI. 

~ 
~(p + 1) 

p 
~(P) 

~ + 1) 
p 

~(P) 

~(p + 1) 
p 

~) 

~+1) 
p 

~) 

~(p + 1) 
p 

1.01 5.848 1.21 2.419 1.41 1.931 1.61 1.702 1.81 1.566 

1.02 4.952 1.22 2.381 1.42 1.915 1.62 1.693 1.82 1.560 

1.03 4.449 1.23 2.345 1.43 1.901 1.63 1.685 1.83 1.555 

1.04 4.105 1.24 2.311 1.44 1.887 1.64 1.677 1.84 1.550 

1.05 3.847 1.25 2.279 1.45 1.873 1.65 1.669 1.85 1.543 

1.06 3.642 1.26 2.249 1.46 1.860 1.66 1.662 1.86 1.539 

1.07 3.473 1.27 2.220 1.47 1.847 1.67 1.654 1.87 1.535 

1.08 3.331 1.28 2.193 1.48 1.834 1.68 1.647 1.88 1.530 

1.09 3.208 1.29 2.167 1.49 1.822 1.69 1.640 1.89 1.525 

1.10 3.100 1.30 2.143 1.50 1.811 1.70 1.633 1.90 1.520 

1.11 3.006 1.31 2.119 1.51 1.799 1.71 1.626 1.91 1.516 

1.12 2.921 1.32 2.097 1.52 1.788 1.72 1.619 1.92 1.511 

1.13 2.844 1.33 2.075 1.53 1.778 1.73 1.613 1.93 1.501 

1.14 2.275 1.34 2.054 1.54 1.767 1.74 1.607 1.94 1.503 

1.15 2.711 1.35 2.034 1.55 1.757 1.75 1.600 1.95 1.499 

1.16 2.653 1.36 2.015 1.56 1.747 1.76 1.594 1.96 1.495 

1.17 2.599 1.37 1.997 1.57 1.737 1.77 1.589 1.97 1.491 

1.18 2.549 1.38 1.980 1.58 1.728 1.78 1.583 1.98 1.487 

1.19 2.503 1.39 1.963 1.59 1.719 1.79 1.577 1.99 1.483 

1.20 2.459 1.40 1.946 1.60 1.710 1.80 1.571 2.00 1.479 
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\",i'~. 

Ta6JIlfua 2.3 
::',,; I 

p 
_ i;'(P) 

CJ.p + 1) 
p -~ 

CJ.p + 1) 
p -~ 

CJ.p + 1) 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

0.7 
0.8 
0.9 
1.0 

9.441 
4.458 
2.808 

1.990 
1.505 
1.186 
0.961 
0.796 
0.669 
0.570 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

0.490 
0.425 
0.372 
0.327 
0.289 
0.256 
0.228 
0.204 
0.183 
0.164 

2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

0.1340 
0.1100 
0.0914 
0.0761 
0.0637 
0.0535 

0.0451 
0.0382 
0.0324 
0.0276 

T

IlplfMe'laHlfe. Ilplf P > 4 BeJIlf'IlfHa _ ~'(p + 1) '" ~ 
~(p + 1) 1 + 2P+1' 

reHepMpOBaHMe cny~aiiiHblx ~MCen 

• 

PlfC. 2.27. DJIOK-CXeMa anroplfTMa reHeplfpOBaHIDl cJIY'IaAHhIX'IlfCeJI, lfMeIOllllfX
 
,ll3eTa-pacnpe,lleJleHlfe.
 

:11) 
~. 

ArrropHTM peaJIH3yeT CTaH.n.apTHbIH crroco6 HMHTaUHOHHoro MO I' 

.n.eJIHpOBaHIDI .n.HCKpeTHbIX CJIyqaHHbIX BeJIWlHH. 

Ta6nM"'bI 

[14, c. 614, 615, Ta6JI. 23.3]. ITpHBe.n.eHhI 3HaQeHIDI.n.3eTa-cPYHK
UHH l:;(n) .llJllI n = 2(1)42; 20D. 

TeXHMKa BbI~McneHMM 

ITPH BbNHCJIeHHH BepO.SITHOCTeH p(x) MO)KHO HCrrOJIb30BaTb pe
KYPpeHTHYIO cP0PMYJIY 

IJP+1 
p(x) =p(x -1)

( 
x: ,x = 2, 3. .. , 

r.n.e p(l) = l/l:; (p + 1). 

2.12. PAcnpEAE11EHME &OPE11R-TAHHEPA 

r x-r-1 -ax x-rPH.D. pacrrpe.n.eJIeHIDI ( ) X apx = e ,
(X - r)! 

X = r, r + 1, ... , 

r.n.e r ~ 1 - ueJIoe, °< a < 1 

<1>YHKUIDI pacrrpe.n.eJIeHIDI 

O, x:s;; r, 
k-r 1 k < x:s;; k + 1,F(x) = re-ar L ~i e-al (r + i)1-1,{ 
1=0 I. k = r, r + 1, ... , 

ITPOH3BO,ZVI!UaH <Px(t) = rt re-ar i (at~k e- ak (r + k)H 
cPYHKUHH k-O k. 

.. k 

<P x (t) = re(/I-a)r L~ e(iI-a)k (r + k) k-1 

cPYHKUIDI 
)(apaKTepHCTWleCKaH 

r' k.O k . 

r
MaTeMarnQeCKOe 

X = I-a
OXH,UaHHe 

4 P. H. Ba,ll3HHCKHH 97 
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Mo.n;a IIpH r= 1, r= 2, a TalOKe rrpH ar < ea. 
Mo.n;a pacrrpe.n;eJIeHIDI X = r. 
IIpH ar > ea. Mo.n;a HaxO.n;HTCH B HHTepBaJIe 
(Il - 1, Il), r.n;e Il - KopeHb ypaBHeHHH 

!:=!. ( Il ) ,+1.5 
Il Il _ 1 =ae I-a. 

J) _,l(HcrrepcIDI ar 
% -- 

(I- a) 3 

1~CTaHJlapTHoe 
a% = I-a V~OTKJIOHeHHe 

K03<P<PHUHeHT 
v% =~r(l~a)BapHaUHH 

ACHMMeTpHH Sk = 1 + 2a l- a
 
1- a ar
 

Ex = 6a 2 + Sa + 13Kcuecc 
ar(l- a) 

HaqaJIbHhIe m2 = 
J4 

r 
" '1 

[r - (r - l)a]
, 

MOMeHThI 

m3 = r 5 [r 2 
- (2r2 - 3r -1)a + (r -l)(r _ 2)a 2],

(1- a) 

m = r [r3-(3r3-6r2-4r_1)a+ 
4 (l-a)7 

+ (3r 3- 12r2 + 7r + 8) a 2- (r -l)(r - 2)(r _ 3) a 3] 

ar
UeHTpaJIbHbIe 113 = '" a)5 (1 + 2a),

MOMeHTbI 

114 = ar 7 [1 + (3r + 8)a - 3(r - 2)a 2]
(1- a) 

THIIHqHaH HHTepIIpeTaUHH. Ha BXO.n; O.n;HOKaHaJIbHoii: 
CHCTeMhI MaCCOBoro 06CJI}')KHBaHHH C rrOCTOHHHbIM BpeMeHeM 06

98 

CJI)')KHBaHIDI IIOCTYIIaeT cTaUHoHapHbIii: IIyaccoHoBCKHH IIOTOK 3as1
BOK. 3a BpeMH 06CJI)')KHBaHIDI O.llHOH 3as1BKH Ha BXO.ll CHCTeMbI rro
CTYIIaeT B Cpe.llHeM a 3as1BOK (0 < a < 1). B 06I.QeH yrropH,llOqeHHOH 
Oqepe.llH HaxO.llHTCH r 3as1BOK, O)l(J{)J;aIOIllHX HaqaJIa 06CJI)')KHBaHIDI 
(r ~ 1). CnyqaHHasI BeJIH'IHHa X - qHCJIO 3as1BOK, 06CJIY)KeHHbIX 
cHcTeMoH K MOMeHTY JIHKBH,llaUHH Oqepe.llH (HHbIMH CJIOBaMH, X 
qHCJIO 3as1BOK, 06CJIY)KeHHbIX 3a BpeMH «paccaCbIBaHIDI» Oqepe.llH, B 
KOTOpOH rrepBOHaqaJIbHO HaxO.llHJIOCb r 3as1BOK). PaCCMaTpHBaeMOe 
pacrrpe.lleJIeHHe HMeeT MeCTO rrpH JII060M COqeTaHHH HHTeHCHBHO
CTH'A. BXO,llHIllero IIOTOKa H BpeMeHH 06eJI)')KHBaHHH 't, Y.llOBJIeTBO
pHIOI.QeM yeJIOBHIO 0 < A't < 1 (a = A't - rrpHBe.lleHHasI HHTeHCHB
HOCTb BXO,llHI.Qero IIOTOKa 3as1BOK, HJIH epe.n;Hee qHeJIO 3as1BOK, 

rrOCTYIIaIOIllHX B cHcTeMY 3a BpeMH 't 06CJI)')KHBaHIDI O.llHOH 3aHB
KH). 

p(x) 
0.8 

0.7 

0.6 
p(x)0.5 ar < eO., ~ =, a, < eO., ~ = r 

0.4 ,=2, a=O.1 0.4 , =2, a =0.5 

0.30.3 

0.2 0.2
 

x x 0.1
0.1 ~r~ • .L 

00 4 5 xo 123 o 6 7 8 9 10 II x 
p(x) 

0.5 

0.4 
ar> eO., ~ >,ar < eO., ~ =, p(x) ~ 

0.3 , =7, a = 0.1 0.3 , =7, a =0.2 
0.2 0.2 

0.1 0.1 

'i" ~ i- • • • • • + o 7 8 9 10 II 12 x 0 7 8 9 10 II 12 13 14 15 x 

a, > eO., ~ >, 
, = 7, a = 0.3P6~j ~ 

0.2 

0.1 
~~~o :..J:I.~ ........IL..-...L....oIo"",,

o 7 8 9 10 II 12 13 14 15 16 x 

PRe. 2.28. cI>YHXJ-lJUI BepOHTHOeTH paenpe)l;eJIeHIDl J)opeJIjj-TaHHepa. 
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O",eHMBaHMe napaMeTpOB 

IIpH HCnOJIb30BaHHH MeTO.ZJ;a MOMeHTOB CHaqaJIa BblqHCJIHeTCH 
OueHKa napaMeTPa r: 

o l~I+4XO(V:)2 -1+ 0.5]. 
r =	 2(V:)2 

3.aeCb X
O 

- Bbl6opOqHOe cpe.ZJ;Hee; v: =S,)X O 

- Bbl6opOqHblit 
K03<P<PHUHeHT BapHaUHH. 

IIocJIe 3Toro BhNHCJIHeTCH oueHKa napaMeTPa a: 
o 

a 
O =1-~.

-0 

x 

IIpH H3BeCTHOM r oueHKa MaKCHMaJIbHOro npaB.ZJ;ono.ZJ;o6HH na
paMeTPa a Bbl'lHCJIHeTCH no <poPMYJIe 

o 

a O 

= 1- ~o. 
x 

TaKoH :lICe pe3YJIbTaT .aaeT H MeTO.a MOMeHTOB. 

reHepMpOBaHMe cny'taiiHblx 'tMcen 

I I (.) 
i 

PHC. 2.29. lin:oK-cxeMa lIJII'0pHTMa reHepHPoBaHHll CJIY'laHHhIX ,{Hcen, HMelOlllHX 
pacnpe,lleJIeHHe BopeJlll-TaHHepa. 

100 

IIpHMeqaHHH: 1. Ha 6JIOK-CXeMe napaMeTP r pacnpe.ZJ;eJIeHHH 
'6opeJIH-TaHHepa 0603HaQeH CHMBOJIOM p. 2. <1>YHKUHH a(x) 
(onepaTop .) BbIQHCJlHeTCH no <poPMYJIe 

X-P-2 

a(x) = e-a	 ~ _x_ 
x-p ( x-I ) 

Ta6nM"'bI 

[6, c. 311-316, Ta6JI. 9.13). )l;aHbI 3HaQeHHH BepOHTHOCTH 

P(X ~ x).z:lJIH r = 1(1)5, a = 0.01(0.01)0.25; 5D. 

TeXHMKa BbI'tMcneHMii 

IIpH BhNHCJIeHHH BepOHTHOCTeH p(x) MO:lKHO BOCnOJIb30BaTbCH 

peKYPpeHTHOH <POPMYJIOH 
%-,-2 

p(x) =P (x - l)ae-a _x_ __x_ ,x = r + 1, r + 2, ... ,
( )x-r x-I 

a r.ae p(r) = e- ,. 



rnABA 3. HEnPEPblBHblE PACnPEAEnEHMSI 

A. PACnpE,lJ,EflEHJ.1f1 C B03MO)/(HbIMJ.1 
3HAlIEHJ.1f1MJ.1 HA BCEi'! l/Y1CnOBOU OCJ.1 

3.1. HOPMA1IbHOE PACnPEAEnEHME 
(PACnPEAEnEHME rAYCCA-nAnnACA) 

,
1 J"-~) 

IIJIOTHOCTb f(x) =-- e 2,,' = 
BepmITHOCTH a./h 

1 (X - J..L)2) 
= a./h exp 2a2.' -00 < x < 00, 

rAe J..L - napaMeTp nOJIoxemUl (MaTeMa
THqeCKOe O)l(H,f(aHIre); a> ° napaMeTp-
MaCllITa6a (cTaHAapTHOe OTKJIOHeHHe) 

cI>YHKllIDI F(x) = 0.5 + <1>0 ( x ~ J..L). rAe <1>0 (x) 
pacnpeAeJIeHIDI 

<PYHKllIDI naIIJIaca 

a2 (2 J
XapaKTepHC~eCKaH Xx (t) = exp iJ..L( - -2(

<PYHKllIDI 

MaTeMaTWleCKoe x =J..L 
O)l(H,f(aHHe 

MeAHaHa = J..Lx o.s 

MOAa X 
A 

=J..L 

2)l.HcnepcIDI Dx =a

CTaHAapTHOe ax=a 
OTKJIOHeHHe 

CpeAHHHoe E =p.fia ~ 0.6745a 
OTKJIOHeHHe 

102 

ACHMMeTpIDI Sk = ° 
3Kcuecc Ex = ° 
HaqaJIbHble m2 =a 2 + J..L2; m3 =J..L(3a

2 
+ fl2); 

MOMeHTbl m =304 +I,2(6a2 +11 2). m =lIm +(s-l)a2
m4 ,.. ,..,.,.. .-1 .-2 

. 4. s- HeqeTHOe;to' 
UeHTpaJIbHble J..L3 =0, J..L4 =3a , J..L. = 

MOMeHTbI a' (s -1) !!, s - qeTHOe, 

rAe (s -I)!! = (s -1)(s -3) ... 5 ·3·1 

TOqKaMH nepem6a <PYHKllHH IIJIOTHOCTH f(x) HBJUlIOTCH roq

KH x = J..L ±a. 
II p H M e q a H He. HOpMaJIbHOe pacnpeAeJIeHHe C MaTeMaTJlqe-

CKHM O)l(H,f(aHHeM J..L = °H CTaHAapTHbIM OTKJIOHeHHeM a = 1Ha3bI
BaeTCH cmaHaapmHblM HopMallbHblM pacnpeaelleHueM. 
OCHoBHble xapaKTepHCTHKH 3Toro pacnpeAeJIeHIDI: 

1 x, 1 (x 2 JflrrOTHOCTb <p(x) == ~ e- }2 = ~ exp --

BepOHTHOCTH ,,21t"21t 2
 

cI>YHKllIDI <1>( x) = 0.5 + <1> 0(x,),
 
pacnpeAeJIeHIDI rAe <1>0 (x) - <PYHKllIDI naIIJIaca
 

t 2 ( (2)
XapaKTepHCTJlqeCKaH Xx(t) =e- /J. ==exp - 

<PYHKllIDI 2
 

CpeAHHHoe E =p.J2 ~ 0.6745 
OTKJIOHeHHe 

MOMeHTbI m2 =J..L2 = 1; m3 == J..L3 =0; m4 = J..L4 = 3; 
O, s - HeqeTHOe; 

m. = Il. ={(~-1)!!, s _ qeTHoe, 

COOTHoweHMII MelKAY pacnpeAeneHMIIMM 

1. ECJlH CJIY'IaHHaH BeJIH'lHHa X(Il, a) pacnpeAeJIeHa no HOpMaJIb
HOMY 3aKoHy C MaTeMaTHqeCKHM O)l(H,f(aHHeM J..L H cTaHAapTHbIM OT
KJIOHeHHeM a, a cnyqaHHaH BeJIJlqHHa X(O, 1) HMeeT cTaHAapTHOe 

HOpMaJIbHoe pacnpeAeJIeHHe, TO 

X(Il,a)- J..L + aX(O, 1) H X(O, 1) _ X(Il, a) -Il 
a 

n 

2. nHHeHHaH <PYHKllHH La;X/ + b He3aBHCHMbIX CJIyqaHHbIX 
;=1 

BeJIHqHH X/(i = 1,2, ... , n), pacnpeAeJIeHHhIX no HOpMaJIbHOMy 3a
KOny C napaMeTpaMH Ill' a;, nOAqHHHeTCH HOpMaJIbHOMy- 3aKoHy C 

n 

napaMeTpaMH Il =La;ll; + b H a2 =Laia:. 
;=1 
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7 

0.8 

I 1l=3 
0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

4. CYMMa n He3aBHCHMldX, O,l(HHaKOBO pacnpe,l(eJIeHHI>IX HOP
MaJIbHblX cnyqaHHbIX BeJIHqHH Xi (J.1,cr) HMeeT HOpMaJII>HOe pacnpe
,l(eJIeHHe C MaTeMa~eCKHM OJKH,llaHHeM nJ.1 H CTaH,llaPTHI>IM OTKJIO

HeHHeM cr..[;, T. e. 
n 

IX;(J.1, cr) - X(nJ.1, cr..[;). 
ia\ 

5. ECJIH CJIyqaHHI>Ie BeJI~HHbI X\,X2 "",X - He3aBHCHMbI H n 
K3JK,ll;asI H3 HHX pacnpe,neJIeHa no HOpMaJIbHOMy 3aKoHy C 
napaMeTPaMH J.1 H cr, TO HX Cpe,l(Hee apH~MeTHqeCKOe 
(Xl + X 2 + ... + X n )/n nO,!{'lHHHeTCH HOpMaJIbHOMy 3aKOHY pacnpe
,l(eJIeHHH C MaTeMaT~eCKHM O)KH,l(aHHeM J.1 H CTaH,llapTHbIM OTKJIO

HeHHeM cr/"[;. 
6. IlycTh Xl> X 2 - He3aBHCHMble HOPMaJIbHble CJIyqaHHble Be

JI~HHbI C HyJIeBI>IMH MaTeMaTHqeCKHMH OJKH,llaHHHMH, Tor.1la CJIy

qaHHaH BeJI~HHa X\ x21~X; + Xi HMeeT HOpMaJIbHOe pacnpe.1le

JIeHHe. 
ECJIH K TOM)' }ICe D(X\) =D(X2)' TO H CJIyqaHHaH BeJI~HHa 

(X; - Xi )/(X\2 + Xi> rrO,!{'lHIDIeTCH HOpMaJIbHOMy 3aKoHy pacnpe
.1lerreHHH. 

7. CYMMa KBa,npaTOB n He3aBHCHMI>IX CTaH,llaPTHbIX HOpMaJIb
HbIX crryqaHHbIX Berr~HH HMeeT x2-pacnpe.1lerreHHe C n CTeneHHMH 
CBOOO,nbl. 

OqeHMBaHMe napaMeTpOB 

1 ~( -.)2J.1. = x·, cr= - ~ Xi-X (MMIl); 
n ia\ 

J.1. = X , 1 ~( -")2cr =.1--~ Xi -X (MM). 
n- 1 1.1 

reHepMpOBaHMe cny'laiiHblx '1MCen 

ff2 (n n)
XI = - I'I -2 . 

n 1.\ 

3,neCb 'i - CTaH,napTHble paBHOMepHble cnyqaHHble qHCrra; X,
CTaH,llapTHble HOPMaJIbHble crryqaHHble qHCrra. IlpH n =12 3Ta ~op
Myrra npHHHMaeT ocooeHHo rrpocToH BH)]; 

12 

Xi =IT, -6. 
I-I 
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I(x) 

-2 -I 

A(X) 

1.5 

1.0 

0.5 

8 x 
A 
X 

I 
I 
I 
I1l=3, cr= 1 
I 
I
I Y == (X - 1!)/cr 

I 
I 
I 
I 
I 

,_ I 
/' 7... I(x)

',/ I ' ...,
 
I "
 ..........
 

Ol23456x 

PRc. 3.1. lliOTHOCTL BepORTHOCTII H cPYllKUHR pHcxa HOpMaJlLHOro pacrrpelleJIeHHR. 

3. CYMMa He3aBHCHMhIX HOpMaJII>HbIX CJIyqaHHbIX BemfllHH Xi 
(i = 1,2, ... ,n) nO,wIHIDIeTCH HOpMaJII>HOMy 3aKOHY pacnpe,l(eJIe
HHH. CnpaBeMHBo H oopaTHoe YTBepJK,ll;eHHe: eCJIH CYMMa 
Xl + X2+:..+Xn nO,!{'lHIDIeTCH HOpMaJII>HOMy 3aKOHY H cnyqaHHble 
BemfllHHI>I XI' X 2 '''''X n - He3aBHCHMbI, TO K3JK,ll;asI H3 3THX CJIy
qaHHI>IX BeJI~HH HMeeT HOpMaJII>HOe paCnpe,l(eJIeHHe. 
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C rrOMO~bIO <popMYn 

X; = ~-2ln r; sin(2nr;+1), 

X;+l = ~-21nr; COS(2n'i+l) 

H3 .u;Byx CTaH,lJ.apTHblX paBHOMepHblX CJlyqaHHbIX qHCen r/, r;+1 MO)K}fO 
rrOJIyqHTb .n:Ba CTaH,ZJ;aPFHhIX HOPMaJIbHbIX cnyqaHHblX qHCna X;, X + ' 

i 1.z:vrn rrOJIyqeHIDI HOPMaJIbHbIX CJIyqaHHblX qHCen y/ CrrapaMeTPa
MH Il, 0" Hcrronb3yeTcH <pOpMyna 

y; = Il + crx;, 

r.n:e X; - CTaHAapTHble HOPMaJIbHble cnyqaHHbIe qHCna. 

Ta6nHQbI 

1. [2, c. 112-118, Ta6n. 1.1]. ,lJ,aHbI 3HaqeHHH <PYHKI.J;HH pacrrpe
.n:eneHIDI <I>(x) CTaH,lJ.apTHoro HOpMaJIbHoro pacrrpe.n:eneHIDI WUI X = 
= 0.000 (0.001) 3.000; 65 H )l)UI X = 100 (0.01) 5.00; 55. 

C. 119-135, Ta6n. 1.2. IIpHBe.n:eHbI 3HaqeHIDI IIJIOTHOCTH Bepo
HTHOCTH q>(x) CTaH,lJ.apTHOro HOpMaJIbHOrO pacrrpe.n:eneHIDI H ee 
nepBblx IIHTH npOH3Bo.u;HbIX .n:nH X = 0.000 (0.004) 3.00(0.02) 
4.00 (0.04) 5.0 (0.1) 6.0; 6D. 

C. 136, 137, Ta6n. 1.3. ,lJ,aHbI 3HaqeHIDI KBaHTHJIeH nOPHAKa P 
CTaHAapmoro HOpMaJIbHOrO pacrrpe.n:eneHIDI )l)UI p = 0.500 (0.001) 
0.9700 (0.0001) 0.9999; 6D. 

C. 138, Ta6n. 1.4. IIpHBe.n:eHbI 3HaqeHIDI OTHOmeHHH MHJIca 
lj/..(x) WUI X =0.00 (0.01) 3.0 (0.01)10; 5D. 

2. [13, c. 361-368, Ta6n. IIJ. ,lJ,aHbI 3HaqeHHH IIJIOTHocm Bepo
HTHOCTH q> (x) CTaH,lJ.apTHoro HOpMaJIbHOro pacnpe.n:eneHIDI ,lJ,JIH X = 
= 0.000 (0.001) 3.009; 4D. 

C. 369-375, Ta6n. III. IIpHBe.n:eHbI 3HaqeHIDI <PYHKI.J;HH JIaIIJIa
ca <1>0 (x) WUI X =0.000 (0.001) 3.009; 4D. 

B KOHIIe Ta6n. II H III .n:aHbI crpynrrHpoBaHHble 3HaqeHIDI X, 

rrpeBOCXOM~He 3.000, KOTOpbIM cooTBeTcTBYIOT o.n:HHaKOBble 3Ha
qeHIDI <PYHKI.J;HH q>(x) H <1>0 (x); 4D. 

3. [3, c. 9, 10, Ta6n. 1a]. ,lJ,aHbI 3HaqeHHH IIJIOTHOCTH BepOHTHO
cm q>(x) CTaHAapTHoro HOpMaJIbHOrO pacnpeAeneHlUl WlH X = 0.00 
(0.01) 4.50 (0.1) 4.8; 5D. 

C. 11, 12, Ta6n. 16. IIpHBe.n:eHbI 3HaqeHIDI <PYHKIUlH pacnpeAe
neHIDI <I>(x) CTaHAapTHoro HOpMaJIbHOro pacnpeAeneHHJI )1)UI X = 
= 0.00 (0.01) 4.49; 5D. 

4. [16, c. 91, Ta6n. 1.1.2.6.1J. IIpHBe.n:eHbI 3HaqeHHJI IIJIOTHOCTH 
BepOHTHocm q> (x) CTaJmapTJlOro HOpMaJIbHOro pacnpe.n:eneHIDl )l)UI 

X =0.00 (0.01) 4.99; 45. 
C. 92, 93, Ta6n. 1.1.2.6.2. ,lJ;aHbI 3HaqeHIDI <PYHKlUfH JIallJlaca 

<1>0 (x) )l)UI X = 0.00 (0.01) 2.2; 4D H X = 2.2 (0.01) 5.00; 7D. 
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OqeHb rro.n:po6Hble Ta6nHW>I <PYHKI.J;HH pacrrpe.n:eneHIDI H IIJIOT
HOCTH BepOHTHOCTH CTaH,llapTHoro HOpMaJIbHOro pacrrpe.n:eneHIDI 
rrpHBe.n:eHbI B [10], [12] H [14]. 

Bo Bcex Ta6nHIIax 3HaqeHIDI IIJIOTHOCTH BepoHTHoCTH q>(x), <PYH
KUHH pacnpe.n:eneHHH <I>(x) CTaHAapTHOro HOpMaJIbHOrO pacrrpe
.n:eneHIDI H <PYHKIIHH JIaIIJIaca <1>0 (x) rrpHBoMTCH TonbKO ,lJ,JIH 
rrOnO)KHTenbHbIX 3HaqeHHH apryMeHTa x. IIpH 0TPHIIaTenbHbIX 
3HaqeHHHX X cneuyeT rronb30BaTbCH <pOPMYJIaMH q>( -x) = q>(x), 
<1>(-x) = 1-<I>(x) H <1>0 (-x) = -<1>0 (x). 

Ta6nHIIbI p-KBaHTHJIeH up CTaH,lJ.apTHOro HOpMaJIbHOrO pacrrpe
AeneHIDI COCTaBJIeHbI TonbKO WUI nOJIYHHTepBaJIa 0.5 ~ p < 1 (T. e. B 
Ta6nHUax .n:aHbI TonbKO nOnO)I(HTeJIbHble 3HaqeHHH KBaHTHJIeH up)' 
IIpH 0 < P < 0.5 cneAyeT rronb30BaTbCH <P0PMYJlOH up = -u1_p. 

TeXHMKa BbI"IMCneHMM 

IlJrOTHOCTb BepOHTHOCTH f(x;ll,cr), <PYHKUIDI pacnpe.n:eneHIDI 
F(x;Il,O") H <PYHKI.J;HH pHCKa /..(x;ll,cr) HOpMaJIbHOro pacnpe.n:eneHHH 
c rrapaMeTpaMH Il, cr CBH3aHbI C IIJIOTHOCTbIO BepOHTHOCTH q>(X) , 
<PYHKI.J;HeH pacrrpeAeneHIDI <I>(x) H <PYHKI.J;HeH pHCKa /..(x) CTaHAapT
HOro HOpMaJIbHOrO pacnpe.n:eneHIDI COOTHomeHIDIMH: 

f(x; Il, 0") = ~cp1 (X-Il) F(x; Il, cr) = <1> -cr- ,---;;-' (X-Il) 

A.(x; Il, cr) = ;/..( X: Il). 

KBaHTHJIb x p HOpMaJIbHOrO pacrrpe.n:eneHIDI c rrapaMeTPaMH Il, 0" 

BbJt{HCmIeTCH no <poPMYne 

x p = Il + O"Up , 

r.n:e up - p-KBaHTHJIb CTaHAapTHoro HOpMaJIbHOrO pacnpe.n:eneHIDI. 
.z:vrn BbJt{HCneHHH Ha 3BM 3Ha'leHHH <PYHKI.J;HH pacrrpe.n:eneHIDI 

<I>(x) CTaHAapTHoro HOpMaJIbHOrO pacrrpe.n:eneHHH MO)f{}{O Hcrronb
30BaTb <popMyny 

<I>(x) =1-q>(x)(Q\t+QztZ +Q3t3)+E(X), 

r.n:e t =1/0 + px), P = 0.33267, Q j = 0.4361836, Q z = -0.1201676, 
Q 3 = 0.9372980, le(x)1 < lO-s. 

Bonee TOqHOe npH6JIIDKeHHe rroAo6Horo THrra o6eCrre'lHBaeT 
<PoPMYJIa 

<l>(x) =1-q>(x)(b\t + bztZ + b3t 3 + b4t 4 + bsts) + e(x), 
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rAe 
1 = 1/( 1+ pX), p = 0.2316419, 
bl = 0.319381530, b2 = -0.356563782, 

b3 = 1.781477937, b4 = -1. 821255978, 

bs = 1.330274429, IE(X)I < 7.5 .10-8
• 

YAo6HbI AIDI HCnOJIb30BaHIDI npH6mOlCeHHble IPOPMYJIbI, He Tj>e
6YIOlllHe BhNHCJIeHIDI IUIOTHOCTH BepOHTHOCTH q>(X) CTaHAapTHOro 
HOpMaJIbHOrO pacnpeAeJIeHIDI: 

C1>(X) =1-0.5(1+cl x+c2 x 2 +C3X
3 +C4X4 )-4 +E(X), 

rAe =0.196854, C =0.115194, =0.000344, =0.019527,cl 2 c3 c4 
IE(X)I< 2.5.10-4; 

6 )-16
C1>(X) =1-0.5 1- ttd;X; +E(X),[ 

rAe 
d l = 0.0498673470, d2 = 0.0211410061, d 3 = 0.0032776263, 

d4 =0.0000380036, ds =0.0000488906, d6 =0.0000053830, 
IE (x)I<1.5.10-7 

• 

JlmI BbJlIHCJIeHIDI p-KBaHTHJIH Up CTaHAapTHOro HOpMaJIbHOrO 
pacnpeAeJIeHIDI MO)KHO nOJIb30BaTbCH npH6JIIDKeHHbIMH IPOpMYJIa
MH: 

° +01up =1- 0 I 2 +E(p),
 
1+bl l+b21
 

1 =~-2ln(1-p), 00 =2.30753, 01 =0.27061, bl =0.99229,
 

b2 =0.04481, IE(p)I<3·10-3
;
 

co +cl l+c2 1
2 

()u=l- +Ep, 
p 1+ d 1+ d 12 + d 13 

I 2 3 

1= ~-2ln (1- p), Co = 2.515517, c l = 0.802853, c2 = 0.010328, 

IE (p) 1< 4.5 ·10-4, d l = 1.432788, d2 = 0.189269, d3 = 0.001308. 

HHTepecHo pa3JIO)KeHHe AIDI up BHAa 

., 
up = 1IIo;{-ln[1-4(p -0.5)2Jf. 

;zl 

IlepBbIe qeTblpe K031PIPHUHeHTa 3Toro pa3JIO)KeHIDI: 

01 = 1t/2 = 1.57079633, 02 = 0.37068870 .10-1
, 03 = 0.83209445 .10-3

, 

04 =-0.23232430.10-3 
• 
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HCnOJIb30BaHHe nepBbIX qeTbIpeX qneHOB npHBeAeHHoro pa3JIO
)KeHIDI 06eCneqHBaeT Heo6xoAHMYIO AIDI npaKTHKH TOqHOCTb npH 
0.03 < p < 0.97. 

3.2. ABYCTOPOHHEE nOKA3ATESlbHOE PAcnPEAESlEHME 
(PACnPEAESlEHME nAnnACA) 

f(x) = ~ Ae-A\x-I", -00 < x < 00,IlJIOTHOCTb 
BepoHTHoCTH 

rAe ~ - napaMeTp nOJIO)KeHHH (-00 < 
< ~ < 00); A - napaMeTj> MaCIIITa6a (A> 0) 

{O 5e A(x-I') x < II' 
F(x) =' , -,..,<I>yHKUIDI 1_0.5e-A(X-I'), x ~ ~ 

pacnpeAeJIeHIDI
 
Ae A(X-I')
 

A.(x) = 2 _e A(X""1') , 
x< 
-~, 

. 
<I>yHKUIDI {pHCKa A, x ~ ~ 

~ 2 . I 
_A_e,I'

XapaKTepHCTHqeCKaH '1..x(1) = A2 + 12
 
lPyHKUIDI
 

MaTeMaT~eCKoe x =~ 

oXHAaHHe 

MeAHaHa X o.s =~ 

MOAa X=~ 

2 
,[lHcnepcIDI Dx = A2 

.J2 
CTaHAapTHOe G x =T
 

OTKJIOHeHHe
 

E=ln2CpeAHHHoe 
AOTKJIOHeHHe 

ACHMMeTj>IDI Sk = 0 

Ex = 33Kcuecc
 

m = 2 + (A~)2 m = 6~+A2~3
 
HaqaJIbHbIe 2 3 A2

A2 
MOMeHTbI 
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--- ---- ---

24 + 12(Aj.L)2 + (Aj.L) 4 
m4 = 

A4 

s,(~+ j.Ls-2 + +~J s - HeqeTHOe;m = . S! (S-2)!A2 ••. AS-I' 

s '( j.L s J.L s-2	 1 ) 
S-qeTHOes. -:;T +-(s--:--2-)-!A---=-2 +...+AS 'l

O, s - HeqeTHOe; 

I.J;eH'TpaJIbHbIe j.L3 = 0, j.L4 = 24 j.Ls= ~ A4 s- qeTHOe' {MOMeHTbI AS ' 

In2p 0<p<0.5;j.L+---, 

p-KBaHTlUIb 

{ In~(l-p)x,'	 O.5<p<l 
j.L- A ' 

COOTHoweHHR Me)KAY pacnpeAeneHHRMH 

1. Pacrrpe.n;eJIeHHe naIIJIaca C rrapaMeTpaMH j.L, A COBrra.n;aeT C 

pacrrpe.n;eJIeHHeM CJIyqaHHoH BeJI~HHbI j.L + XI - X 2 , r.n;e Xl H X 2 

He3aBHCHMbIe CJIyqaHHbIe BeJI~HHbI, KaJK,llasI H3 KOTOpbIX rrO,ZJ;qH

lUIeTCH rrOKa3aTeJIbHOMY 3aKoHy pacrrpe.n;eJIeHHH C O.n;HHM H TeM }l{e 
rrapaMe'TpOM A. 

2. IIycTb In (x) H Xn (I) - IIJIOTHOCTb BepOHTHOCTH H xapaKTe
pHCT~eCKasI cPYHKIIHH CJIyqaHHoH BeJI~HHbI X, HMelOIIJ;eH pac

rrpe.n;eJIeHHe naIIJIaca C rrapaMe'TpaMH j.L = 0, A =1; IK (y) H XK (I) 
IIJIOTHOCTb BepOHTHOCTH H xapaKTepHCT~eCKasI cPYHKIIHH CJIyqaH
HOH BeJIHqHHbI Y, pacrrpe.n;eJIeHHOH rro 3aKoHy KOIIIH C rrapaMe'Tpa
MH j.L =0, A = 1. Tor.n;a CrrpaBe.n;JIHBbI CJIe.n;yroIIJ;He COOTHOllIeHHH: 

Xn (I) = nlK (I) H In (x) = "21 
XK (x). 

O~eHHBaHHe napSMeTpOB 

j.L' = x', A' =fi (MM). 
S" 

reHepHpOBaHHe cnY'IaMHblX 'IHCen 

lIn rl 
XI =J.L+- -. 

A rl +l 
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f(x) 

1...,/2- 0.8 
Il = 2.0I li\ 

0.7 

0.6 

0.5 

1...2/2 - 0.4 

0.3 

0.2 

-3 -2 -1 0 1	 2 3 4 5 6 7 x 
x" 

A(x) I 
A(x)

1...-0.8 

0.7 

0.6, Il = 2.0, 1...=0.8 Ii 
0.5 

J.../2 - 0.4 f------f--I. 
/1\
 

I I \
 
r I I \
0.3 / I I \ 

, I \ , i \ f(x) 
0.2r!/ I " , ' ,

'" I .... 
~ I '" 

~ I ..... .... ...... 
, -,-I	 r-- --, 

-3 -2 -1 0 1	 2 3 4 5 6 7 x 

PHC. 3.2. IT.n:OTHOCTb BepOllTHOCTH H <lJYJiKUHH pHCKa .usyxcTopoHHero 
nOKll3aTeJIbHOrO pacnpe.llen:eHHll. 
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3.3. PACnpE,qEl1EHME KOWM 

AlliOTHOCTb f(x) == 2 2 ' -00 < X < 00, 
Bep05ITHOCTH n[A + (X -~) ) 

rae ~ - napaMe'Tp nOJIOXeHIDI (MeaHaHa); 
A > 0 - napaMe'Tp MaCIIITa6a (cpeaHHHoe 
OTKJIOHeHHe) 

1 1 x-~
~YHKUIDI F(x) ==-+-arctg-

pacnpeaeJIeHIDI 2 7t A 

~YHKUIDI A(X) == --=- ~_2-----++(x~~ n[.pHCKa 
2arctg (x ~~)] 

XapaKTepHCTlNeCKaH 
4>YHKUIDI 

X",(t) ==exp(i~t-Altl) 

MaTeMaTlNeCKOe 
OXHaaHHe 

HeT 

MeaHaHa X o.s == ~ 

Moaa X==~ 

CpeaHHHoe E==A 
OTKJIOHeHHe 

MOMeHTbI HeT 

7t(2p -1)
p-KBaHTHJIb x p == ~ + A tg 2 

TOQKaMH neperH6a 4>YHKUHH nJIOTHOCTH f(x) HBJUlIOTCH TOQKH 
X==~±A/.Jj. ' 

COOTHoweHMR Me*AY pacnpeAeneHMRMM 

1. OTHoIlleHHe HOPMaJIbHOH CJIyqailHOH: BeJIINHHbI X C napa
Me'TpaMH 0, 0'1 K HOPMaJIbHOH: CJIyqaHHoil BeJI~He Y CnapaMe'Tpa
MH 0, 0'2 HMeeT pacnpeaeJIeHHe KOIIIH C napaMe'TpaMH ~ == 0 H 
A ==0'1/0'2' 

2. CYMMa n He3aBHCHMbIX CJIyqailHbIX BeJIINHH, HMeIOlIlHX 
pacnpeaeJIeHHe KOIIIH C napaMe'TpaMH ~i' AI (i == 1, 2, ... ,n), HMeeT 
TaKXe pacnpeaeJIeHHe KOIIIH CnapaMe'TpaMH ~ == ~I + ~2 + ... +~" H 
A == AI + A2 + ... + A". CnpaBeJl}iHBo H o6paTHoe yrBepx.neHHe: eCJIH 
cYMMa XI + X 2 + ... + X" no,uqHHHeTCH 3aK0HY KOIIIH H cnyqail
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f(x) 

0.8 
I.l=o 

\ 

" ,A. == 0.8 , ... ... 
-------- .... ----.-. 

-4 -3 -2 -I o 2 3 4 x 

I.l = 0, A. == 0.8 

, 
\ 

\ 
\ 
\ 

\f(x) 
\ 

\ ,,
0.1 

0.7 

I 
0.6 

I 
0.5 

.......... _-------
-4 -3 -2 -I 0 I 2 3 4 X 

PRC. 3.3. IInOTHOCTh BepOllTHOCTH R !lJyHKUHlI pRCKa pacnpe,lleJIeHHlI KOIliR. 
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Hble BeJIHqHHbI X I ,X2"",Xn He3aBHCHMbI, TO Kax,n;aH H3 3THX 
C.rryqaUHbIX BeJIHqHH HMeeT paCrrpe.lleJIeHHe KOll!H. 

3. ECl!H c.rryqaUHbIe BeJIHqHHbI X I ,X2"",X He3aBHCHMbI H 
n 

pacrrpe.lleJIeHbI rro 3aKoHY KOlllH C rrapaMeTpaMH Ili> Ai (i = 1, 2, ... ,n), 
n 

TO c.rryqaUHaH BeJIHqHHa X = La,X, + b rro.n:qHHHeTCH 3aK0HY KOIlIH 
;;1 

n n 

C rrapaMeTpaMH Il = La,ll, + b H A= L la,IA;. HHbIMH CJIOBaMH, JIH
;;1 ';1 

HeUHaH <PYHKI.J;IDI c.rryqauHhIX BeJIlfllJm, pacrrpe.lleJIeHHbIX rro 3aK0HY
 
KOIIIH, HMeeT pacrrpe.lleJIeHHe KOlllH.
 

4. C.rryqaUHaH BeJIHqHHa Y =1/X, 06paTHaH c.rryqauHou BeJIH

qHHe X, pacrrpe.lleJIeHHOU rro 3aKoHy KOIIIH C rrapaMeTpaMH )l, A,
 
TaIOKe HMeeT pacrrpe.lleJIeHHe KOIIIH c rrapaMeTpaMH Il' = Il/( 11 2 + A2)

H A'=A/()l2 +A2). 

5. IlycTb Ix (y) H Xx (t) - IVIOTHOCTb BepOHTHOCTH H xapaK

TepHCTHqeCKaH <PYHKIJ:HH CJIyqaHHOH BeJIJilqHHbI X, HMeIOmeH pac

rrpe.lleJIeHHe KOIIIH C rrapaMeTpaMH Il = 0, A= 1; In (x) H Xn (1) 

IIJIOTHOCTb BepOHTHOCTH H xapaKTepHCTHqeCKaH <PYHKIJ:HH CJIyqaH

HOU BeJIHqHHbI Y, HMeIOmeu pacrrpe.lleJIeHHe JIaIIJIaca C rrapaMeT

paMH Il = 0, A = 1. TOf.lla CrrpaBe.llJlHBbI CJIe.llYIOmHe COOTHOIlleHHH:
 

Ix (x) == -
1 

Xn (x) H Xx (1) == 21 (1).nrt 

6. ECJIH CJIY'lauHbIe BemNHHbI X I ,X ,,,,,X He3aBHCHMbI H 2 n 
HMeIOT O.llHO H TO )Ke pacrrpe.lleJIeHHe KOIIIH, TO HX Cpe.llHee apH<p

MeTHqeCKOe (XI + X 2 + ... + X n )/n HMeeT TaKOe)Ke pacrrpe.lleJIe

HHe, KaK H Kax,n;aH H3 c.rryqaHHbIX BeJIHqHH X, (i = 1, 2, ... , n). Ta

KHM o6pa30M, C TOqKH 3peHHH Ou;eHHBaHHH napaMeTpa nOJIO)Ke

HHH )l Cpe.llHee apH<pMeTINeCKOe He 60JIee HH<popMaTHBHo, qeM
 
JII06aH H3 c.rryqauHblX Bel!HqHH XI> X 2 , ... , X n •
 

7. ECJIH X H Y He3aBHCHMbI H HMeIOT O.llHO H TO )Ke pacrrpe.lle
JIeHHe KOIIIH, TO CJIyqauHbIe BeJ!HqHHbI X + X H X + Y HMeIOT 
O.llHO II TO )Ke pacrrpe.lleJIeHHe KOIIIH. 3TO yrBep)f{JleHHe CrrpaBe.ll
JIHBO H.llJIJI CJIY'laUHblX BeJIHqHH: aX + bY, (lal+lbl)X H ([al+lbI)Y. 

1',18. Pacnpe.lleJIeHKe KOIIIH C rrapaMeTpaMH Il == 0, A=1 COBna,l(aeT .'
C pacrrpe.lleJIeHHeM CTbIO.lleHTa C napaMeTpoM v == 1. 

9. C.rryqaHHaH BeJ!HqHHa X:;::)l + Atg<I>, f.lle <I> - CJIyqaHHaH Be
JIJilqHHa, pacnpe.lleJIeHHaH paBHoMepHo B HHTepBan:e (-1t/2, rt/2), 
HMeeT pacrrpe.lleJIeHHe KOIllII C napaMeTpaMH Il, A (pHC. 3.4). 

A 

o Il x x 
PRC. 3.4. BepollTHoCTHllJI cxeMa. IIpHBO.llJllllllJl K pacnpe,ll;eJIeH1UO KOlli.\{. 
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O~eHMBaHMe napaMeTpoB 

O:u;eHKH napaMeTpOB Il, A pacnpe.lleJIeHllil KOilIH onpe.lleJIHIOTC$! 
C nOMOIUbIO BbI6opOqHblX KBaHTHJIeM x; : 

x p• ctg (1tPI ) - xp• ctg(rtP2). xp' - xp• Il == ' I • A == ' 1 

ctg (rtPI) - ctg (1tP2)' ctg (7tPI) - ctg (7tP2) 

f.lle x;, - BbI60pOQHaH KBaHTHJIb nOPMKa P; , i == 1, 2. 
B «CHMMeTpHqHOM» c.rryqae, T. e. npH PI == P < 0.5 H P2 = 1-p: 

• x;+P;_p • (x;_p-x;)tg(rtp) 
(1)Il == 2 ' A:;:: 2 

IlpH P = 0.25 <pOPMYJIbI (1) npHHHMaIOT oco6eHHo npocTou H 
HafJIMHbIH BM: 

• X~.25 + X~.75 A. = X~.75 - X~.25Il=---
2 2 

f.lle X~.25 H X~.75 - Bbl6opOqHble o:u;eHKH rrepBoM H TpeTbeH KBapTH
JIeM CJIyqaMHoH BeJIHqHHbI X. B KaqeCTBe 3THX o:u;eHOK HCrrOJIb3y
IOTC$! 3JIeMeHTbI ynoPMOqeHHOU BbI60PKH 061>eMa n C HOMepaMH 
L(n + 2)/4)J H L(3n + 2)/4J. 

reHepMpOBaHMe cny'laMHblx '1MCen 

x, :;:: Il + Atg (21tr,). 

3.4. PACnPEAE11EHME 3KCTPEMAJ1bHOro 3HA'fEHMR1 

3.4.1. PACnPEAE11EHME MMHMMAJ1bHOrO 3HA'fEHMR 

IlJIOTHOCTb 
BepO$ITHOCTH 

<I>YHKIJ:HH 
pacnpe.lleJIeHHH 

<I>YHKIJ;HH 

f(x) = iexp ( x ~ Il - e(X-tJ.)/Io.). -00 < x < 00,
 

f.lle Il - napaMeTp nOJIO)KeHHH (Mo.n;a); A 

rrapaMeTp MacIIITa6a (A > 0)
 

F(x) = 1-exp (--e(X;t)!Io.)
 

1A(X) = -e(X;t)/lo.pHcKa 
A 

I B HeKOTOpbIX PYKOBOACTBax paCCMaTpHBaeMoe pacnpeAeJIeHHe Hll3blBaeTClI 
pacnpeoelleHueM 3KCmpeMallllHOZO :matteHWI muna 1, HIIH pacnpeOeJleHUeM 'JKcmpe
MallllHOZO 3HatteHWI ry.w6eJUl. 
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0.8 
Il =8.0, A. =2.0 

0.7 

0.6 

0.5 

0.4 

0.3 

f(x) 
.".---,0.2 ... .. ... " ... " ...... " ... " 0.1 ~~~~ '" 

~~ '

o 1 2 3 4 5 6 7 8 9 10 11 12 x 

PHC. 3.5. TInOTHOCJb BepOjfJ'HOCTH H cPyHKUIDl pHcKa pacnpe,neJleHWl MHHHMaJIbHOrO 
3HaQeHWl. 

XaPa.KTepHCTWleCKaH 
<PYHKllIDI 

MaTeMaTHlJeCKOe
 
O)l{Jf):J;aHHe
 

Me,nHaHa 

Mo,na 

JJ:HcnepCIDI 

CTaH,napTHOe 
OTKJIOHeHHe 

ACHMMeTPIDI 

3Kcuecc 

UeHTPaJIbHbIe 
MOMeHTbI 

p-KBaHTHJIb 

COOTHoweHMR 

1. TIYCTb X1'X2 , ... - o.n;HHaKOBO pacnpe.n;eJIeHHble, He3aBHCH
Mble cnyqaitHble BeJIWlHHbI, pacnpe.n;eJIeHHe KOTOpbIX He orpaHWle
HO CJIeBa H HMeeT BH,l]; 3KcnOHeHTbI. Tor,na npH n ~ 00 pacnpe.n;eJIe
HHe CnyqaHHOH BeJIHlJHHbI X = min (Xi) CXO.n;HTC}J K pacnpe.n;eJIe

lSi SnHHIO MHHHMaJIbHOrO 3HalJeHIDI. 
2. TIYCTh X/(o, b) (i = 1,2, ... , n) - n He3aBHCHMbIX c.nyqaHHbIX 

BeJIHlJHH, HMeIO:WHX pacnpe.n;eJIeHHe MHHHMaJIbHOro 3HalJeHIDI C 
napaMeTPOM nOJIO)l{eHIDI 0 H napaMeTPOM MaCIIITa6a b. Tor,ua MHHH
MaJIbHaH H3 3THX CJIY'laHHldX BeJIH'lHH Toxe HMeeT pacnpe.n;eJIeHHe 
MHHHMaJIbHoro 3HalJeHIDI CnapaMeTPaMH ~ = 0 - bIn n H A = b, T. e. 

min [Xi (0, b)] - X(o -bInn, b). 
IS/Sn 

3. ECJIH CJIyqaHHaH BeJIHtlHHa Y HMeeT pacnpe.n;eJIeHHe BeH6YJI
JIa-[He.n;eHKo C napaMeTPOM MaCIIITa6a 0 = 1 H napaMeTPOM <pop
MbI C, TO CJIyqaHHaH BeJIH'lHHa X = In Y HMeeT pacnpe.n;eJIeHHe MH
HHMaJIbHOro 3HalJeHIDI C napaMeTPaMH ~ = 0, A = l/c. 

116 

Xx (I) = r(I + jAt) eil'l (AI tl< 1)
 

i =~-AY,
 
r,ue Y - nOCTO}JHHaH 3fu:Iepa
 
(y ~ 0.57722)
 

X O•5 =~+AInIn2 ~~-0.3665A
 

x =~
 

2
 

Dx = ~ 1..2 ~ 1.64491..2
 

7t
 
cr x = .J6 A ~ 1. 2825 A 

Sk = -1.1395 

Ex = 2.4 

~3 = -2l;(3) 1..3 ~ -2.40411..3 , 

~4 = 3~ 1..4 ~I4.6114A4, 

r.n;e l;(x) - .n;3eTa-<PYHKI.J;IDI PHMaHa 

x p =~+AIn(-In(I-p» 

Me)l(AY pacnpeAeneHMRMM 

f(x) 
0.4 

0.3 

0.2 

0.1 

A.(x) 

12 x012 
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--- ----- ---

----------------------------

f(x) 
0.4 !J.=4.0 

0.3 

0.2 

0.1 

o 2 II 12 x 

014eHMBaHMe napaMeTpOB 

Il' '" x' + 0.4501Sx, ')...: = 0.7797 Sx (MM). 

reHepMpOBaHMe cnYl.IaMHblx l.IMCen 

XI =1l+Aln(-In'i). 

3.4.2. PACnPEAEJlEHHE MAKCHMAllbHOrO 3HA'fEHHR 

IInOTHOCTb f(x) '" iexp [ - X ~ J.l - e-(x-I'l!;' J
BepOHTHOCTH 

-00 < X < 00, 

r,n:e Il - rrapaMeTP rrOJIO)l(eHIDI (MO,n:a); 
').., - rrapaMeTP MacillTa6a (A > 0) 

<I>YHKqIDI F(x) ",exp(-e-(X-I'l/;')
pacrrpe,neJIeHIDI 

X-J.lJexp --A[<I>YHKqIDI 
pHCKa ')..,(x) '" -=-')..,'[e-xp-'('---:e-l::::;::1::::;f1;;;;))X~)'-_ I] 

XapaKTepHCTHqeCKaH iXx(t) ",r(1-i')..,t) e l'l (A/t)< 1)
<PYHKqIDI
 

MaTeMaTHQeCKOe
 X "'J.l+Ay,
O:>KH.!laHHe me y - rrOCTOHHHaH 3itn:epa 

(y I::: 0.57722) 

Me,n:HaHa 
Xo.s =J.l-AIn In2 1:::J.l + 0.3665')..,
 

Mo,n:a
 X=J.l 
2

,[lHcnepcHH 2Dx = ~ A :::: 1.6449A2 

7tCTaI(l(ap1'Hoe 
ax =J6A I::: 1.2825A

OTKJIOHeHHe 

ACHMMeTpHH Sk = 1.1395 

3Kc~ecc Ex = 2.4 
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I.J;eHTpaJIbHbIe J.l3 = 2~(3)A3 I::: 2.4041 ')..,3, 
MOMeHTbI 4

37t 4 6 4J.l4 = 20').., :::: 14. 114').., , 

r,n:e ~(x) - ,n:3eTa-<PYHKIlIDI PHMaHa 

p-KBaHTHJIb x p =J.l-Aln(-lnp) 

TO'll(aMH rrepem5a <PYHKIlHH rrnOTHOCTH f(x) HBJUlIOTCH TOQKH 

3+.J5] _
X = Il =F')..,In -2- :::: J.l + 0.9624A.(

A(X) 
_________ y = I/A

0.5 -~==.==---

0.4 

0.3 
A '" 2.0; !J. = 4.0 

/ , f(x)0.2 
".;; ~ ..............
 ...... ... _0.1 

o I 2 3 4 5 6 7 8 9 10 II 12 

PMC. 3.6. IInomOCTh BepOJITHOCTH H tPYJIICll.IDI pHCKll pacnpe.lleJleHHJI. 
MaKCHMaJlbHOrO 3HaQeHHJI.. 

x 
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COOTHoweHMA Me*AY paenpeAeneHMAMM 

1. IIycTb XI ,X2 , ••• - O.n;HHaKOBO pacnpe.n;eJleHHbIe, He3aBHCH
MbIe cJlyqailHbIe BeJIHtlHHbI, pacrrpe.n;eJIeHHe KOTOpbIX He orpaHHQe
HO cnpaBa H HMeeT BH,lJ. 3KCnOHeHTbI. Tor.n;a rrpH n -? 00 pacrrpe.n;e
JleHHe cnyqailHoil BeJlHqHHbI X =max(X;) CXO.n;HTCH K pacrrpe.n;e

l..s.i '.S.II
JleHHlO MaKCHMaJIbHOro 3HaqeHIDl. 

2. IIycTb X/(a, b) (i = 1,2, ... ,n) - n He3aBHCHMbIX cnyqailHbIX 
BeJlHtlHH, HMeIOIIJ;HX pacrrpe.n;eJleHHe MaKCHMaJIbHOrO 3HaQeHHH C 
napaMeTPOM nOJlOXeHHH a H rrapaMeTPOM MacllITa6a b. Tor.n;a MaK
CHMaJIbHasl H3 3THX cnyqailHbIX BeJIHtlHH Toxe HMeeT pacrrpe.n;eJIe
HHe MaKCHMaJIbHoro 3HaqeHHH C rrapaMeTPaMH I! = a + bin n H 
1..= b, T. e. 

max[X;(a,b)] - X(a +binn,b). 
I:!:;:s:n 

3. ECJlH cJlyqailHasl BeJIHqHHa X HMeeT pacrrpe.n;eJleHHe MaKCH
MaJIbHOro 3HaqeHHH CrrapaMeTPaMH I!, A, TO cJlyqailHasl BeJlHtlHHa 

Y = exp ( - X ; I!) no.n;qHIDIeTCJI nOKaJaTeJIbHOMY 3aKOHy pacnpe.n;e-

JleHHH c napaMeTPOM MacllITa6a A =l. 
4. ECJlH cJlyqailHasl BeJlHqHHa X HMeeT pacnpe.n;eJIeHHe MaKCH

MaJIbHOrO 3HaqeHHH C napaMeTPOM nOJlOXeHHH I! =0 H napaMeT
pOM MacIIITa6a A, TO CJIyqailHasl BeJlHqHHa Y = X + Ain ~ HMeeT 
.n;BoilHoe nOKaJaTeJlbHOe pacnpe.n;eJleHHe C napaMeTPoM nOJIoxe-

HHH ~ H napaMeTPoM MacllITa6a ~ = 1/1.. . 

O,-,eHMBaHMe napaMeTpoB 

I!' =x·-0.4501Sx , A' =0.7797Sx (MM). 

reHepMpOBaHMe enY'IaMHblX 'IMeen 

x/ =I! -Aln (-inr;). 

3.5. ABOAHOE nOKA3ATEIlbHOE PACnPEAEIlEHME 

IIn:OTHOCTb f(x) =Al!exp (-AI! _I!e-Ax
), - 00 < x < 00, 

BepOHTHOCTH r.n;e I! - rrapaMeTP nOJlOXeHHH (I! > 0); 
A - rrapaMeTP MacllITa6a (A > 0) 

;\!, 

«I>yHKUHH F(x) = exp(-I!e-Ax 
) 

pacnpe.n;eJleHHH 
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«I>yHKIUUl 
pHCKa 

XapaKTepHCTHtleCKasl 
q>yHKUHH 

MaTeMamqeCKOe 
OXH,IlaHHe 

MenHaHa 

Mona 

)l.HcnepCHH 

CTaHAapTHOe
 
OTKJlOHeHHe
 

ACHMMeTPHH
 

3Kcuecc
 

UeHTPaJIbHbIe
 
MOMeHTbI
 

p-KBaHTHJlb 

A(X) = Al!exp(-Ax) 
exp (I!e -Ax) -1 

Xx(t) = I!It/Ar(l-i) 

x = .!. (in I! + Y) "" ! (in I! + 0.5772),
A A
 

r.n;e Y- nOCTOHHHasl 3i1JIepa
 

1 1
X =- (In I! -In In 2) "" - (in I! - 0.3665)


Oj A A
 

A Inl! 
x=

A 

D _ 7t 2 1.6449
 
x - 61..2 ""----:;r

cr x =~ _ 1. 2825
 
1..../6--1..-


Sk = 1.1395 

Ex = 2.4 

2£;;(3) 2.4041 37t 4 14.6114 
1!3 =~ "" ----:;r-' 1!4 = 201..4 "" 1..4 

x =_in....:...I!_-_In_(.:...--_In---,Pc..:.)
 
P A
 

COOTHoweHMA MelKAY paenpeAeneHMAMM 

1. ECJlH CnyqailHasl BeJlHtlHHa X HMeeT nBoflHoe rrOKaJaTeJlbHOe 
pacnpe.n;eJleHHe C napaMeTPaMH I!, A, TO cnyqailHasl BeJI~Ha 
Y= X - (In I!/A) HMeeT pacnpe.n;eJleHHe MaKCHMaJIbHOrO 3HaQeHHH 
c napaMeTPOM nOJlOXeHHH 0 H napaMeTPoM MacIIITa6a 1/1...

2. ECJIH cnyqailHaJI BeJlHtlHHa Y HMeeT pacnpeneJIeHHe Beil6YJl
Jla-fHe.n;eHKo c napaMeTPoM MacIIITa6a b H napaMeTPoM <pOpMbI C, 

TO cnyqailHaJI BeJlHqHHa X =-in Y HMeeT .n;BoilHoe rrOKa3aTeJIbHOe 
pacrrpeneJIeHHe C rrapaMeTPOM nOJIOXeHHH I! =1/be H rrapaMeTPOM 
MaCIllTa6a A::: c. 
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f(x) 

Il = 0.2 0.4 

345678x 

f(x) 

0.4 

Il =1.0 

0.3 

f, 

A/Ir
-5 0 5 10 15 X 

PRC. 3.7. IlJIoTHOCTb BepOHTHOCTH .l{BoHHoro rrOK3.3aTeJIbHoro pacrrpe.l{eJIeHHJl. 
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A(X) 

0.7 
A
0.6 

Il = 1.0, A= 0.65 

0.3 

0.2 "/'F' " ,, 
' ...... 

// 

-5 o 5 10 15 x 
PRC. 3.8. cI>YHlru;IDI pRCKa .l{BoAHOro rrOK3.3aTeJIbHOrO pacrrpe.l{eJIeHIDI. 

O~eHMBaHMe napaMeTpOB 

').: = _1t_ <::: 1.28255 

sx.J6 Sx' 

.. "exp (v;~ -Y) •0.56146 exp (1.28255 Iv;) (MM) , 

r.lle y - nOCTOHHHaH 3ibIepa. 

reHepMpOBaHMe cny'laMHblx '1MCen 

1 
X j =-[lnj.1-ln (-Inrj )].

I. 

Ta6nM~bI 

[6, c. 307-309, Ta6JI. 9.12] . .ll:aHhI 3Haqemrn KBaHTHJIeH «CTaH
.llapTH3HpOBaHHoro» .llBoHHOro nOKa3aTeJIbHOrO pacnpe.lleJIeHHH 
(.llBOHHOe nOKa3aTeJIbHOe pacnpe.lleJIeHHe C napaMeTpaMH j.1 = 1, 
I. =1) ,llJIH p =0.0001 (0.0001) 0.0010 (0.0010) 0.0100 (0.0050) 0.100 
(0.010) 0.90 (0.005) 0.990 (0.001) 0.9990 (0.0001) 0.9999; 0.99995; 
0.99999; 0.999995; 0.999999; 0.9999995; 0.9999999; 0.99999995; 
4D. 
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KBaHTHJIb y p rrOpH,lJ;Ka p nBOHHOrO rrOKa3aTeJIbHOro paCrrpeneJIe CpenHHHoe E = Aln 3::= 1.0986 AHIDI C rrapaMeTpaMH J.l, A BLIl.IHCIDIeTCSI C rroMom:bIO cPOPMyJIbl OTKJIOHeHHe 
y p = (In J.l + x p )/A, rne x p - p-KBaHTHllb «cTaHll:apTH3HpoBaHHoro~
 
nBoHHoro rrOKa3aTem,Horo pacrrpe;:J:eJIeHIDI.
 

ACHMMeTpIDI Sk = ° 
3Kcuecc Ex = 1.23.6. nOrMCTM'fECKOE PACnpEnEnEHME 

(An)2
HaqaJIbHble m2 =--+J.l2

, m3 =J.l(A2n2 +J.l2),
3MOMeHTbl

x-J.l)exp -A 4(
IlJIOTHOCTb _ 7(An) + J.l2(2A2n2 +J.l2)= 1 m4 - 15BepoSITHoCTH I(x) = [ (x _J.l)]2

A 1+ exp A 4ACh2( \~J.l)' 
7(An)4 ::= 45.4576A4,[(eHTpaJIbHble J.l3=0, J.l4= -1-5 

-«l < X < 00, MOMeHTbI
 

rne J.l - napaMeTp rrOJIOJKeHIDI (-«l < J.l < 00);
 O, S - HeqeTHOe;
A - napaMeTp MacIIITa6a (A > 0) J.l 

I - {(An)' (2 ' - 2) IB,I, s - qeTHoe, 

rne B, - qHCJIa EepHYJIJIH (B6 = Ij42;
<J)YH~IDI F(x) = 1 = .!.[1 + th(X -J.l)] B8 = -1/30; B IO = 5/66) 

pacnpe;:J:eJIeHIDI l+exp(_X-J.l1 2 n I-pA p-KBaHTHJIb x =J.l-AIn-
p P 

exp(~) Ol.l.eHMBaHMe napaMeTpOB
<J)YH~IDI 

pHCKa A(X) = [ (x -J.l)]
A l+exp A 

J.l' = x', A." = Sx[j ::= 0.5513Sx (MM). 
n 

OueHKH MaKCHMaJIbHOro npaBnonono6ID1 ynOBJIeTBOpSIIOT CHCXapaKTepHCTHqeCKaSI nAt eillt 

X(t) =sh (nAt) TeMe ypaBHeHHHcPYHKl.{IDI i: XI exp(-xi/A') 
MaTeMarnqeCKOe x =J.l A' + izl 1+ exp (-(Xi -J.l·)/A·) _-'

O:llCH,l:(aHHe i: . e~(~Xi/A·? I. " - X , 

MenHaHa izlXo.s = J.l 

AMona X=J.l ~ i: exp(-xtlA.") _ (J.l') 
2 n ;=1 1+ exp (-(x; -J.l·)/A') -exp --:;:.

,[(HcrrepCIDI D = (An) ::=3.2899J} 
x 3 

reHepMpOBaHMe cny'laMHblx '1MCencr _ AnCTaH.llapTHOe 
x - .J3 ::= 1.8138A

OTKJIOHeHHe
 
XI = J.l - A In 1- ri
 

ri
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--

f(x) 

0.8 

ii 
..~ 
'1;' 

4 5 x 

A.(x) y = 1/1.. 
---------------------------~--- ~ 

1.5 

1.0 

11 = 2.0, A. == 0.64 

0.5
 

"''''---- ... f(x)

",'" ... 

. '" ...~~'" ...... ...
 ... ... ... ... ... 

-1 o 1 234 5 X 

PRC. 3.9. IInOTHocTb BepmITHOCTH H 4l!yHKIJ:IDl pRCKa JlOfHCTH'IeCKOfO 
pacnpeJleJleHIDl. 

Ta6nHu.bl 

[6, c. 254-256, Ta6JI. 9.1]. IlpHBe.n;eHbI 3HaqeHIDIlPYHKIJ;HH pac
npe.n;eJIeHIDI G(t) H llJIOTHOCTH BepOHTHOCTH g(t) cTaH):J;apTHoro JIO
rHCTHqeCKOrO pacnpe.n;eJIeHIDI (JIOrHCTHqeCKOe pacnpe.n;eJIeHHe C 
HYJIeBbIM MaTeMaTHqeCKHM O)l(lf,llaHHeM H e.n;HHHqHoif: .n;HcnepcHeif:) 
)];JIH t = 0.00 (0.01) 1.00 (0.05) 3.00; 4D. 

126 

[6, c. 257, 258, Ta6JI. 9.2]. )l,aHbI 3HaqeHHH p-KBaHTHJIeif: CTaH
.n;apTHoro JIOfHcTHqeCKOrO pacnpe.n;eJIeHHH )];JIH p = 0.5 (0.01) 0.900 
(0.005) 0.990 (0.001) 0.999 (0.000 1) 0.9999; 4D H .n;JIH P = 0.99995 
+ 0.999999999; 5-9D. 

TeXHHKa BWQHCneHHM 

<1>yHKIJ;IDI pacnpe.n;eJIeHHH F(x) H llJIOTHOCTb BepOHTHOCTH f(x) 
JIOrHCTHqeCKOrO pacnpe.n;eJIeHHH C napaMeTPaMH A., ~ CBH3aHbI C 
lPyHKIJ;Heif: pacnpe.n;eJIeHHH G(t) H llJIOTHOCTbIO BepOHTHOCTH g(t) 
CTaH.n;apTHOro JIOfHCTHqeCKOrO pacnpe.n;eJIeHHH COOTHOIlleHHHMH 

X- ~1 1 (X - ~ 1 
F(x) =G -a-) H f(x) =~g -a-)'( 

3.7. PAcnPEAElIEHHE '4AMnEPHAYHA 

a.f(x) = , -00 < x< 00,
IlnOTHOCTb 1t ch a. (X - ~) 

BepOHTHOCTH 
me ~ - napaMeTp nOJIOXeHHH (MaTeMa
THqeCKOe OXH.n;aHHe); a. - napaMeTp 

MaCIIITa6a (a. > 0) 

F(x) = ~arctgea(x-~) 
<1>yHKIJ;HH 1t 

pacnpe.n;eJIeHHH 

x(t) = exp (i~t) 
XapaKTepHCT~eCKaH 

lPyHKIJ;HH Ch(;~) 
X = ~ 

o)KH)J;aHHe 
MaTeMaTHqeCKoe 

xo.s = ~Me.n;HaHa 

Mo.n;a x=~ 

D =~ _ 2.4674 
)l,HcnepCHH x A_2 

"tU 
-- 

a. 
2 

1t 1.5708 
CTaH.n;apTHOe 

a 
x 
=-<=:::- 

20. a. 
OTKJIOHeHHe 

E = In tg (31t/8) <=::: 0.8814 
Cpe.n;HHHoe a. a. 

OTKJIOHeHHe 
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---

--------------------- --

f(x) ~ ACHMMeTPIDI Sk = 0 
0.5 

~=4 1:\ 

.'1

'.1 23Kcuecc Ex =
 

0.41- I : \
 Ha'laJIbHhleII m2 =(2:Y +~2, m3 =3~(2:)2 +~3, 
MOMeHTId 

0.3 l- I i \ .11 m4 =5(2:r +6~2(2:Y +~4 
0.21- ',\ ill UeHTPaJIbHhIe ~3 =0, ~4 =5(2:r," ! 

r 
MOMeHTbI 

S - HeqeTHOe;
0.1 I- /1 ! \~ II- 1\ ~'" 

S -'1eTHOe,~. =, (2:)'IE.I, 
r.ue E. - '1HCJIa 3:ib:Iepa (E6 == -61, E 1385,-2 -I 0 2 3 4 5 6 7 8 9 10 x s 
E.o = -50521)

A(X) 

2.0 _ 1 1tP
p-KBaHTHJIb x p -J.l+-lntg 

a 2 
a~ 

1.5 

a = 1.57, ~ =2.01.0 

0.5 
... -- ...............-:,.(X)
 

...... 

, 
\ 

0.2 I-

0.11-

\ ,.........
 
-I o 2 3 4 5 x \'\,,PHC. 3.10. IInOTHOCTb BepOJlTHOCTH H 41YHKUIDI pHCKa pacnpe.zr;eJIeHHlI ,tIaMllepHaYHa. 

'\.\, 
~ 

~, II I I 

-3 -2 -1 0 1 2 3 x 
PHC. 3.n. IInOTHOCTb BepOliTHOCTH cTlUUlapmoro pacnpe.zr;eJIeHIDI tIaMIlepHaYHa (l)
 

H CTaHp;aPTHoro HOpMaJIbHOrO pacnpe.zr;eJIeHHlI (2).
 

llapaMeTpbl pacnpe.zr;eJIeHIDI tIaMnepHaYHa: X =0, cr. =1, a =rr/2, ~ =o.
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O~eHMBaHMe napaMeTpOB 

J.L0 =Xo, aO =~ _1.5708
2S - -S- (MM). 

x x 

reHepMpOBaHMe cnYlfaMHblx IfMcen 

1 nr· 
XI =J.L+-lntg-'. 

a 2 

3.8. PACnpE.qEJ1EHME WAPnbE (PAA rPAMA-WAPnbE TMnA A) 

I1JIOTHOCTb f(x) =~[~(X~J.L)_~I ~(3)(X~J.L)+ 
BepOSITHOCTH 

+~~~(4)(X~J.L)] =~~(X~J.L)x 

X{l+ ~[(x:~r _3(X:~)] + 

+~~[(x:~r _6(X:~)' +3J (1) 

fne J.L - rrapaMeTjJ rrOJIOJKeHIDI, MaTeMaTHtle
CKoe OJKH,D;aHHe; cr - rrapaMeTjJ MaCIIITa6a, 
CTaH,UapTHoe OTKJIOHeHHe; YI - rrapaMeTjJ 

l}>OpMbI, aCHMMeTjJIDI; Y2 - rrapaMeTjJ l}>OPMbI, 
3Kcuecc; ~(x) - rrJIOTHOCTb BepOjJTHOCTH 
CTaH,UapTHOfO HOPMaJIbHOfO pacrrpeneJIeHHjJ; 
<p(s)(x) - S-jJ npOH3BOnH~ IIJIOTHOCTH Bepo

jJTHOCTH ~(x) CTaHnapTHOfO HOPMaJIbHOfO 
pacrrpeneJIeHIDI (s = 3, 4) 

et>YHKUIDI 1 (X - J.L) (X - J.L)F(x) ="2+<1>0 7 -~ -cr- x 
pacrrpeneJIeHIDI 

x { ~ [ ( X : ~)' -1 ] + ~~ [ (x: ~r
_3X~J.L]} 
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f(x) a 
0.6 

!..L =3, cr = 1, Y2 =0 

0.5 

0.3 

0.4 

0.2 

-1 0 1 2 3 4 5 6 7 x 

f(x) I 6 
0.6 

0.5 

O.4l norm(3, I) I \ !..L = 3, cr = 1, YI 

0.3 

0.2 

0.1 

= 0 

-I 01234567 x 
Puc. 3.12. IInOTHOCTb BepOllTHOCTH pacrrpe,D;eJIeHIDI II1apJIbe.
 

mmpUX08aJl KpU8aJl - HOpMaJlbHOe pacrrpe,D;eJIeHUe c rrapaMerpaMu: i =3, cr =1.
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XapaKTepHCTnqeCKaH
 

<PYHKUIDI
 

X(/) = exp(il-ll - (a~)2) [1- i~1 (a/)3 + ;~ (a I) 4 J 
MaTeMaTnqeCKOe x =l-l 

O:JKH,Z(aHHe 

L(HcnepcIDI .. 2D = a 

CTaH,lJ;apTHOe a .. =a 
OTKJIOHeHHe 

ACHMMeTpIDI Sk = Yl 

3KCn;ecc Ex = Y2 

QeH'rpaJIhHhle 3
l-l3=Yla , l-l4 = (Y2 +3)a4,

MOMeHThI 

2('_3)/2 (s) 
_ yJ;, a's(s -1)y 1r 2" ' s - HeqeTHOe; 

l-l, - 2'/2 1 1 
{ v'; a'[1 + 24 s (s - 2)y2 ] re; J. s - qeTHoe 

A(X) 

1.0 

J.l.=3, a= I, 
YI = 0, Y2 =-3 

0.5 

. ~ __ ... f(x) 
';~ ... __ ... "'- ... ../,,,,,, ... 

o 1 234 5 6 x 
PRC. 3.13. <PYHKllIIJI pRCKa pacrrpe.n:e.neHIIJI lIIapJIhe. 
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1.2 

1.0 

0.8 

2
YI 0.6 

0.4 
~ 

~ 

0.2 

2 

",.,.,.--, 
~ \ 

~ \ 
~~ \ 

~ \ 
.~~ \ 

\ 
1 \\ 

\ 
\ ,, 

o 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 

Y2 
PRC. 3.14. OOJIaCTH o.n:HoBepllIHHHhlX ICpHBhlX pacrrpe.n:eJIeHIIJI lIIapJIhe (l) H HeOT

p~aTeJIhHhlX op.n:HHaT 41YHKlJ;HH IIJIOTHOCTH f(x) 3TOfO pacrrpe.n:eJIeHIIJI (2). 

II p H M e q a H H H: 1. Pacnpe~eJIeHHe IIIapJIbe HCnOJIb3yeTcH 
LVHI CfJIaxHBaHIDI 3MnHpnqeCKHX pacnpe~eJIeHHH C YMepeHHblMH 
aCHMMeTpHeH H 3KcueCCOM. 

2. B HeKOTopbIX CJIyqaHX (npH «He6JIarOnpIDITHOMl) COqeTaHHH 

3HaqeHHH napaMeTpOB Y1H Y2) <poPMYJIa (I) ~aeT OTpHuaTeJIbHble 
3HaqeHIDI TIJIOTHOCTH BepOHTHOCTH f(x) Ha «XBOCTax,) pacnpe~eJIe
HIDI. 3TO 06YCJIOBJIeHO TeM, 'ITO ~aHHaH <poPMYJIa Co~ep)J{}IT TOJIb
KO TpH nepBhIX 'IJIeHa paJJIOJKeHIDI fpaMa-IIIapJIbe, T. e. no cyme
CTBy HBJIHeTCH npH6JIHJKeHHOH <pOPMYJIOH. Ha pHC. 3.14 npHBe~eHa 
06JIaCTb 3HaqeHHH napaMeTpOB Y1 H Y2' npH KOTOpbIX TIJIOTHOCTb Be
pOHTHOCTH pacnpe~eJIeHIDI IIIapJIhe HeOTpHuaTeJIhHa. Ha 3TOM JKe 

pHCYHKe YKaJaHa 06JIaCTb 3HaqeHHH napaMeTpOB Yl' Y2' npH KOTO
PbIX KpHBaH pacnpe~eJIeHIDI f(x) HMeeT TOJIbKO O,IUIy BepIIIHHY 

(O~HOMO~aJIhHa). 

5. PACnpE,4EJ1EHMf1 C B03MO)/(HbIMM3HAI.fEHMf1MM 
HA nOflO)/(MTEJ1bHOVt nOflYOCM 

3.9. nOKA3ATE1IbHOE (3KCnOHEH~MAJ1bHOE) PACnPEAE1IEHME 

IlJIOTHOCTb f(x) = Ae -Ax, X > 0, 
BepoSITHocTH 

r~e A  napaMeTp MacIIITa6a, HHTeHCHBHOCTb 
cnyqaHHoH BeJIH'IHHhI ().. > 0) 
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---------------------------------

<I>YHKlJ,IDI F(x) =1-e-A:< 
paCrrpe.lleJIeHIDI
 

<I>YHKlJ,IDI pHCKa
 A.(x) = A. 

A.XapaKTepHCTJlqeCKaH 
'1.(/) =A.-ittPYHKlJ,HH 

- 1MaTeMaTHtIeCKOe x=-
OXH,llaHHe	 A. 

In 2	 0.6931Me.llHaHa x o.s = T ::::: -A.

MO.lla
 x=O 

,llHcrrepcIDI D _ 1 
x --

A.2 

1CTaH,llapTHOe 
ax = i

OTKJIOHeHHe
 

K03tPtPHIUleHT Vx = 1
 
BapHau;1UI
 

ACHMMeTpIDI
 Sk = 2
 

3Kcu;ecc
 Ex =	 6 

2HatIaJIbHhIe	 6 24 s! 
m2 m =:- m =- m =:_= A.2 ' MOMeHThI	 3 A.3 ' 4 A.4 ' , A.' 

UeHTpaJIbHhIe	 2 9 
= s' ' Il,	 ----=- ,,(-1)*113 =: A.3' 114 =: A.4 ' MOMeHTbI	 A.' L. 

k=O k! 
1p-KBaHTHJIb x =--In(l-p)

P	 A. 

II p H Me tI a H H e. IIOKa3aTeJIbHOe pacrrpe.lleJIeHHe _ e.llHHCTBeH
Hoe HerrpephIBHoe pacnpe.lleJIeHHe, 06JIa,llaIOI.Qee cBoifcTBoM om
cymcm8uR nocAeoeucm8uR, T. e. MH JII06bIX X > 0 H X > 0 BhI

o 
rrOJIHHeTcH yCJIOBHe P (X - Xo < xlX ~ xo) =: P(X < x). CBOHCTBO 
OTCyrCTBIDI rrOCJIe.lleHcTBIDI qaCTO Ha3hIBaIOT MapICo8CICUM C80U
cm80M. 
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f(x) 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

l 
0 2 3 4 5 6 7 8 9 10 II 12 x 

A(X) 
0.4 L____ A(X) = A

\ 
\ "0.3 r A=O.4 , 

0.2 " .... f(x) 
........ 

0.1 ....... 
..... _-------._

o I 2 3 4 5 6 7 8 9 10 II 12 x 

PRc. 3.15. IlJIOTHOCTb BepOllTHOCTH H cPYHJCUHll pHCKll nOKll3llTeJIbHOrO 
pacnpe,lleJIeHHll. 

COOTHOW8HMR MelKAY pacnpeAeneHMRMM 

1. IIOKa3aTeJIbHOe pacrrpe.lleJIeHHe TeCHO CBH3aHO C pacnpe.lle
JIeHHeM 3pJIaHra (CM. n. 2.2 H 3.11). 

2. IIoKaJaTeJIbHOe pacnpe.lleJIeHHe HBJIHeTCH tIaCTHhIM CJIY'IaeM 
raMMa-paCrrpe.lleJIeHIDI H pacnpe.lleJIeHIDI BeH6YJIJIa-fHe.lleHKO 
(CM. rr. 3.10 H 3.12). 

3. ECJIH CJIyqaHHaH BeJIH'UlHa X =(Yla)C rrO,llllHHHeTCH rrOKa
3aTeJIbHoMy pacrrpe.lleJIeHHIO C rrapaMeTpoM A. = 1, TO cnyqaHHaH Be
JIJlqHHa Y HMeeT pacrrpe.lleJIeHHe BeH6YJIJIa-fHe.lleHKO C napaMeT7 
pOM MaCIIITa6a a H napaMeTpOM q,OPMhI c. 

Y4. ECJIH CJIY'IaH:HaH BeJIJlqHHa X =e- HMeeT rrOKa3aTeJIbHOe 
pacnpe.lleJIeHHe c rrapaMeTpOM A. = 1/a, TO CJIY'IaHHaH BeJIHtIHHa Y 
HMeeT pacnpe.lleJIeHHe MaKCHMaJIbHOrO 3HaqeHIDI C napaMeTpOM 
rrOJIOXeHIDI paBHbIM HyJIIO H rrapaMeTpOM MacllITa6a paBHhIM a. 
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O~eHMBaHMe napaMeTpOB 

').: = lfi· (MMII, MM). 

B c.rryqae CMemeHHoro nOKa3aTeJIhHOrO pacnpe,D;eJIeHIDI, KOr,D;a
f(y) = Ae-I..(Y-c), Y > c: 

A. =_1c· =min(Yl' Y2'"'' Yn), (MMII);y. - c· 
• -. S c =Y - y' A· = IJSy (MM). 

reHepMpOBaHMe cny'laMHblX '1MCen 

1 
X; =--Inr;.

A 

3.10. rAMMA-PACnpEAEJlEHME 

3.10.1. K11ACCMliECKOE (AByxnAPAMETPM'fECKOE) 
rAMMA-PACnPEAEJlEHME 

IlJIOTHOCTh f( x) = ~xU-le-).x x> 0
r(a) , ,BepOHTHOCTH 

r,D;e A - napaMeTp MacIlITa6a (A > 0); a 
napaMeTp <pOPMhI (a > 0) 

).x 

<I>YHKUHH F(x) =_1_ ftU-le-ldt =I(Ax; a),
 
pacnpe,D;eJIeHIDI r(a) 0
 

r,D;e I(x;a) - OTHOIlIeHHe HenOJIHOH 
raMMa-<PYHKUHH 

XapaKTepHCTHqeCKaH 
x(t) = (A ~ itr

<PYHKUIDI 

MaTeMaruqeCKOe - a
X=

O}KH,D;aHHe A 

~ a-IMO,D;a x=--,a~1 
A 

D _,l(HcnepcIDI a 
x--

A2 

cr _,J;;CTaH,D;apTHOe x--
OTKJIOHeHHe A 
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1
 
K03<P<PHUHeHT v = r 

x vaBapHaUHH 

2 
ACHMMeTpIDI Sk =---= 

.Ja 

3Kcuecc EX=~ 
a 

HaqaJIhHLIe a(a + I) a(a + I)(a + 2) 
m2 = 2 ,m3 = 3MOMeHTLI A: A 

a(a + I)(a + 2)(a + 3) 
m4 = 4 ' A 

a(a+l) ... (a+s-I)m =---'---....:....-------:..---..:.. 
, A' 

2a 3a(a + 2)
I.I;eHTpaJIhHLIe J.13 = i3' J.14 = A4 

MOMeHTLI 

KBaHTHJIh X p raMMa-paCnpe,D;eJIeHIDI Bhl'lHCJIHeTCH nyreM pe
IlIeHIDl ypaBHeHIDI I (A X p; a) == p, r,D;e p - 3a,D;aHHhIH nOpH,D;OK 
KBaHTHJIH (0 < p < I). 

TOqKaMH nepefH6a <PYHKUHH nJIOTHOCTH f(x) HBJIHIOTCH TOqKH 

X = (a -I =F .Ja -I )fA (npH yCJIOBHH, qTO X - ,D;eHCTBHTeJIhHOe no

JIOJKHTeJIhHOe qHCJIO). 

COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

1. IIpH a =1 raMMa-paCnpe,D;eJIeHHe COBna,D;aeT C nOKa3aTeJIh
HhIM pacnpe,D;eJIeHHeM C napaMeTpoM MacIlITa6a A. 

2. ECJIH c.rryqaIDIaH BeJIHqHHa X HMeeT raMMa-paCnpe,D;eJIeHHe C 
napaMeTpOM MacIllTa6a 1 H napaMeTpoM <pOPMLI a, TO c.rryqaHHaH 
BeJIHqHHa Y = X fA HMeeT raMMa-paCnpe,D;eJIeHHe C napaMeTpaMH 
A,a. 

3. IIpH a = m, r,D;e m - ueJIoe nOJIO)I{HTeJIhHOe qHCJIO, raM
Ma-paCnpe,D;eJIeHHe Ha3hIBaeTCH pacnpeiJeAeHueM 3pAaHza no
pJliJ"a m (CM. n.3.11). 

4. CYMMa JII06oro KOHeqHOrO qHCJIa m He3aBHCHMhIX c.rryqaH
HhIX BeJIWIHH C O,D;HHM H TeM xe napaMeTpoM MacIlITa6a A H napa
MeTpaMH <pOPMLI a I' a 2 , ... , a", HMeeT raMMa-paCnpe,D;eJIeHHe C 
napaMeTpOM MacIllTa6a A H napaMeTpOM <pOPMLI a =a I + a 2 + 
+ ... + a",. HHLIMH CJIOBaMH, raMMa-paCnpe,D;eJIeHHe YCTOHqHBO 
OTHOCHTeJIhHO onepauHH KOMn03HUHH 3aKOHOB pacnpe,D;eJIeHIDI. 
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f(x) 
0.5 I \a 'J... = 1.0= 0.5 

0.4 

0.3 

0.2 

0.\ 

r 
0 

f(x) 
0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.\ 

o	 5 \0 X 

PHC. 3.16. IlnOTHOCTb BepoSITHOCTH raMMa-pacnpe.neJIeHIDI. 

5. IIpH a =n12, rJle n ~ 2 - ueJIoe H A =1/2, raMMa-paCnpeJle
JIeHHe COBna)laeT C X2_pacrrpeJleJIeHHeM C n CTeneHHMH CBo6oJlbI 
(CM. n.3.31). 

6. B TOM c.rryqae, KOrJla c.rryqaHHaH BeJIWlHHa X HMeeT raM
Ma-paCnpeJleJIeHHe C «nOJIYUeJIbIM» napaMeTPOM epOPMbI a =nl2 H 
npOH3BOJIbHbIM napaMeTPOM MacIIITa6a A, c.rryqaHHaH· BeJIHqHHa 
Y =2AX HMeeT x2-pacnpeJleJIeHHe IIHpcoHa C n =2a CTeneIDIMH 
CBo6oJlbI. IIpH :nOM CnpaBe)lJlHBO COOTHomeHHe F,,(x; nI2,A) = 
= F(2A x; 2a), rJle F(y; n) = P {X~ < y} - <PYHKUIDI pacnpeJleJIe
HIDI X2_pacnpeJleJIeHIDI. 

7. ECJIH He3aBHCHMbIe c.rryqaHHbIe BeJIWlHHbI X H Y HMeIOT 
raMMa-paCnpeJleJIeHHe C napaMeTPaMH A =1, a =U H A =1, a =v 
COOTBeTCTBeHHO, TO CJIyqaHHaH BeJIWlHHa Z =X I(X + y) HMeeT 
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5	 10 x 

'J...(x) 
2.0 

'J... = 1.0 

y='J...~ _ 
= 1.01.01----- ""a 

o 
PHC. 3.\7. <I>yuKUIDI pHCKa raMMa-pacnpe.neJIeHIDI. 

10	 x 

6eTa-paCnpeJleJIeHHe nepBoro pOJla C napaMeTPaMH <pOPMbI u, V 

(CM. n.3.26). 
8. B TOM CJIyqae, KOrJla CJIyqaHHble BeJIWlHHbI XH YHe3aBHCH

MbI H HMeIOT raMMa-pacnpeJleJIeHHe CnapaMeTpaMH A = 1, a = U H 
A = 1, a = v cooTBeTcTBeHHo, c.rryqaHHaH BeJIHqHHa Z = X IY HMeeT 
6eTa-pacnpeJleJIeHHe BTOPOro pOJla C napaMeTPaMH <pOpMbI U, v 
(CM. n. 3.19). 

9. IlJIOTHOCTH pacnpeJleJIeHIDI JIHHeHHbIX <PYHKUHH aX + b 
c.rryqaHHoH BeJIHqHHbI X; HMeIOIUeH raMMa-paCnpeJleJIeHHe, COCTaB
JIHIOT CneUHaJIbHbIH KJIacc pacnpeJleJIeHHH - TaK Ha3bIBaeMbIH 
«THn III» CeMeHCTBa KpHBbIX IIHpcoHa. 

O~eHMBaHMe napaMeTpoB 

MeTOJl MOMeHTOB: 

A.	 = x· a·=(X·)2 
S2 ' S2 

" 
MeT 0 Jl Ma KCHMa JI b H 0 ron p a BJl 0 n 0 Jl 0 6 HH. IIYTeM 

pemeHHH ypaBHeHIDI In a· - 'I' (a·) =In y onpeJleJIHeTCH oueHKa 
a· napaMeTPa epOPMbI a. IIocJIe 3TOro no <poPMYJIe A· =a •Ix· 
onpeJleJIHeTCH oueHKa A· napaMeTPa MacmTa6a A. 3JleCb 

d [In r(a)] r' (a) 

" 

'I'(a) = =-- - nCH-<PYHKUIDI (JlHraMMa-<PYHKUIDI); 
da ,....:r~(a=)~__ 

y = In (x·lx); x =~Xl ,x2 · ... ·Xn - CpeJlHee reoMeTPHqeCKOe 3JIe
MeHTOB BbI6opIrn. <DYHKUIDI 'I'(a) Ta6yJIHpOBaHa (CM., HanpHMep, 
[14, c.91-94, Ta6JI.6.1]). 
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,UnH Onpe.lleJIeHJUI OueHICH napaMeTpa q>OPMbI a MO)f(HO HCnOJIb
JOBaTb npH6JIIDKeHHbIe q>0PMYJIbI 

0.5000876 +0.1648852y -0.0544274y2 , 0 < Y ~ 0.5772; 
•	 y 

a	 = { 8.898919+9.059950y +0.9775373y2 , 0.5772~y~17. 
Y(17.79728 + 11.968477y + y2) 

reHepMpOBaHMe cnYlfaMHblx IfMcen 

AnropHTM	 AnropHTM 2 

r):=rand; 
ri=rand; 
r3:=rand; 

/a
SI:=rl ; 

s2:=rf(l-a); 

PHC. 3.18. BJlOK-CXeMhI anropHTMoB reHepKpoBaHIDI CJlY'laHHhlX '{KCeJl, HMelOmHX 
raMMa-paCnpe.lleJleHHe. 

faMMa-paCnpe.lleJIeHHe C napaMeTpoM MaCIIITa6a A. H napaMeT
pOM q>OpMbI a (0 < a < 1). 

AJIrOpHTM 1 

1. '1:= rand; '2: = rand; ,):= rand;
 
2 S '- , l/a . S'- r.I!(l-a) .
 

. 1'- I' 2'- 2 , 

3. ECJIH SI + S2 S 1, TO Ha 4, HHaqe - Ha 1; 
4. x:= _ SI In,) 

A(SI +S2)
 
DJIOK-CXeMa aJIrOpHTMa 1 npHBe.lleHa Ha pHC. 3.18, CJleea.
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AJIrOpHTM 2 
1. b:= e/(e + a); 
2. '1 :=rand; '2: =rand; 
3. ECJIH'I < b, TO Ha 4, HHaqe - Ha 6; 
4. v:= ('I/b)l/a; 

v5. ECJIH'2 ~ e- , TO Ha 8, HHaqe - Ha 2; 
6. v:= l-ln«l- '1)/(1- b»; 
7. ECJIH'2 ~ Va-I, TO Ha 8, HHaqe - Ha 2; 
8. x:= vfA.. 
DJIOK-CXeMa aJIropHTMa 2 npHBe.ueHa Ha pHC. 3.18, cnpaea. 
faMMa-pacnpe.ueJIeHHe C napaMeTpOM MaCIIITa6a A. H napaMeT

pOM q>OpMbI a > 1: 
1 

X =Y - -In ('I "2 ..... , m)'
A. 

r.lle Y - CJIyqaHHoe qHCJIO, npHHa,llJIeXamee nOCJIe.llOBaTeJIbHOCTH 
CJIyqaHHbIX qHCeJI {y;}, HMeIOII..J;HX raMMa-pacnpe.ueJIeHHe C napa
MeTpOM MaCIIITa6a A. H napaMeTpOM q>OPMbI a =a - LaJ, m =La J. 
(3.lleCb LaJ- ueJIaH qaCTb qHCJIa a). 

Ta6nMl4b1 

[7}. )l;aHbI JHaqeHHH q>yHKUHH I(x,a), T(x,a) = I(x;a)/x a
, 

l-I(x,a) H R(y, t) = I(x,a) -<I>(y); 7D. 

TeXHMKa BbllfMcneHMM 

Bce Ta6JIHIJ,bI raMMa-q>yHKUHH r(a) orpaH~eHbI JHaqeHHHMH 
apryMeHTa a, npHHa,llJIeXaIUHMH HHTepBaJIY (1 ~ a ~ 2). 3HaqeHHH 
raMMa-q>yHKUHH ,llJlH a < 1H a > 2 BbNHCJIHIOTCH C nOMOIUbIO q>op
MyJI r (a) =r (a + 1)/a H r(a) =(a -1) r (a -1), KOTopbIe CJIe.llYlOT 

HJ q>yHKUHOHaJIbHOrO ypaBHeHHH 3iiJIepa r(a + 1) = a r(a). 
IIpH BbNHCJIeHHH q>yHKUHH pacnpe.lleJIeHHH F,,(x;a,A.) raM

Ma-paCnpe.lleJIeHHH MOryT 6bITb HCnOJIbJOBaHbI Ta6JIHUbI [7}, [9} 
HJIH CTaH,llapTHbIe nO.llnporpaMMbI (CM., HanpHMep, [46}). 

IIpH BbNHCJIeHHH Ha 3BM MOryT 6mb HCnOJIbJOBaHbI q>OpMY-

JIbI: 
s 

r(x + 1) = 1+ L, alxl + & (x) (0 ~ x ~ 1), 
/.1 

a
l 
=-0.5748646, a2 = 0.9512363, a) =-0.698588, 

a
4 

= 0.4245549, as = -0.1010678, 1&(x)l~ 5 .1O-s; 
8 

r(x + 1) =1+ ~);X' + & (x) (0 ~ x ~ 1), 
/=1 
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bl = -0.577191652, = 0.988205891, . b '= -0.897056937,b2 3
b4 '= 0.918206857, bs =-0.756704078, b

6 
= 0.482199394, 

b7 '= -0.193527818, bs = 0.035868343, 1£(x)1 s 3.10-7 ; 

(Ax) a ., (Ax);

F(x; a,A) =--,L(-I); .. , (X>O);
 (1)rea) ;=0 (a + 1)1 • 

F(x;a,A) = (Ax)a e-h [1 + f (Ax); J (x> 0). (2) 
ar(a) ;=1 (a + 1)(a + 2)... (a + i) 

IIpH a > 1 PH.ll (2) CXO.n:HTCH 6bICTPee, 'IeM PH.ll (1). 

B CHCTeMe CHMBOJIbHOH: MaTeMaTHKH DERIVE HMeIOTCH <PYHK
UHH: 

GAMMA(z) = r(z), 

INCOMPLETE_GAMMA(z, w) ,=I(w, z) '=~) je-'tHdt, 
r(z 0 

INCOMPLETE_GAMMA_SERIES(z, w, m) = 

z"m m-n 
-w W 

=e w ~ -r-(z-+-m---n-+-l) 

(CM. [44], ynUIHTbI PROBABIL.MTH). <I>YHKUHH INCOMPLE
TE_GAMMA_SERIES(z, w, m) rr03BOJIHeT BbNHCJIHTb 'IaCTH'IHYJO 
C)'MMy m rrepBbIX 'IJIeHOB pH.lla (2). 

3.10.2. CMEl1l.EHHOE (TPEXnAPAMETPWiECKOE) 
rAMMA.PACnPEAEJ1EHME 

AIInOTHOCTb 
a 

fey) = rea) (y _c)a-Ie-).(y-c) (y < C),
BepOHTHOCTH 

r.n:e A - rrapaMeTP MaCIIITa6a (A> 0); 
a - rrapaMeTP <POPMbI (a > 0); C- rra
paMeTP c.n:BHra (cMemeHHe) 

<I>YHKUHH F(y) =: I(A(Y -c);a) (y> c),
pacrrpe.n:eJIeHHH r.n:e I(x;a) - OTHOllIeHHe HerrOJIHOH: 

raMMa-<PYHKUHH 

XapaKTepHCTHlJeCKaH X(t) = e;CI(~)a 
<PYHKUHH A-It 

MaTeMaTH'IeCKOe y =C+~ 
OXH.UaHHe A 
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a-I
Mo.n:a y = C +-- (a ~ 1)

A 
a

):(HcrrepCHH Dy =2
A 

..fuCTaH,ZJ;apTHOe 0' =A
OTKJIOHeHHe 

y 

2
ACHMMeTPHH Sk = ..fu 

6
3Kcuecc Ex=

a 

a 2 + (2CA + l)a + (CA)2
Ha'IaJIbHble 2m2 =: ' 

AMOMeHTbI 

a 3 +3(cA+l)a2 +[3(CA)2 +3cA+2ja+(cA)3 
m3 = 3 ' 

A 
4a +(4cA+6)a 3 +[6(CA)2 +12cA+ll]a2 + m4 ,= 

4 
~ 

A
+ [4(CA)3 + 6 (CA)2 + 8CA + 6]a + (CA)4 

~ 4
A 

2a 3a(a + 2)
IJ;eHTPaJIbHhIe ~3 ~4 =:=)Y' A

MOMeHTbI 4 

KBaHTHJIb yp raMMa-pacrrpe.n:eJIeHHH BbNHCJIHeTCH rryTeM pellIe
HHH ypaBHeHHH I (A.(y p - c); a) = p, r.n:e p - 3a,uaHHbIH: rropH.llOK 
KBaHTHJIH (0 < p < 1). 

TO'IKaMH rrepern6a <PYHKUHH IIJIOTHOCTH f(x) HBJIHIOTCH TO'IKH 
Y = C+ (a -1:+.Ja -1 )/A (rrpH yCJIOBHH, 'ITO Y - .n:eHCTBHTeJIbHOe 
rrOJIOXHTeJIbHOe 'lHCJIO, rrpeBhImaIOmee C). 

COOTHoweHMR MeJKAY pacnpeAeneHMRMM 

1. CMemeHHoe raMMa-pacrrpe.n:eJIeHHe C rrapaMeTPaMH A, a, C 
OIIHChIBaeT pacrrpe.n:eJIeHHe cJIY'IaffiIoH: BeJIH'IHHhI Y = C+ X, r.n:e 
X - CJIY'IaHHaH BeJIHlJHHa, HMeIOmaH raMMa-pacrrpe.n:eJIeHHe Crra
paMeTPaMH A, a; C- rrOCTOHHHaH BeJIHlJHHa (cMemeHHe). 

2. C)'MMa KOHe'IHOrO 'IHCJIa n He3aBHCHMbIX CJIY'IaHHbIX BeJIH
'IHH, HMeIOmHX CMemeHHoe raMMa-pacrrpe.n:eJIeHHe CrrapaMeTPaMH 
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A,at> C; (i = 1,2, ... , n), HMeeT CMemeHHoe raMMa-pacrrpe,ueJIeHHe
 
C rrapaMeTpoM MacwTa6a A, rrapaMeTpoM cPOPMbI a =a 2 + ... +aft H
 
rrapaMeTpoM C,uBHra C = c1 + c2 +... + cft' T. e. CMemeHHoe raM

Ma-pacrrpe,ueJIeHHe, TaK xe KaK H KJIaCCWleCKoe raMMa-pacrrpe,ue

JIeHHe, YCTOHqHBO OTHOCHTeJIbHO orrepau;HH KOMrro3HUHH 3aKOHOB
 
pacrrpe,ueJIeHIDI. 

OL\eHMBaHMe napaMeTpoB 

o _ 4(S;) 3 4 
a - - AO = 2S; _ 2 

(J.L;)2 -(SkO )2' (J.L;)2 - SySkO 

, 

2(S;)2 2S y-0 _0 

C=Y o =Y - Sko (MM).
J.L3 

OueHKH MaKCHMaJIbHOro rrpaB,uorro,uo6IDI HBJUlIOTCH peweHIDI

MH CHCTeMhI ypaBHeHHH;
 

, " 

1 ft 0 

- I(y; -CO) = ~o , 

n ;=1 '" 

1 ~ ( 0 ( 0) 0-""",lnYi-c)=\jIa -lnA, (3)
n ;=1 

O1 1 Aft-I-o=-0-' 
n ;~I Y; - C a-1 

d[1nr(a)] P(a)
3,uecb \jI(a) = =-- - rrcH-cPYHKUIDI (,uliraMMa-cPYHK

da r(a) 
uIDI). c:I>YHKUIDI \jI(a) Ta6YJIHpOBaHa (CM. [14, c. 91-94, Ta6JI. 6.1]). 

CHCTeMY ypaBHeHHH (3) MO)KHO HCrrOJIb30BaTb TOJIbKO rrpH a > 1. 
IIpH a, 6JIH3KOH K e,uHHHue, CHCTeMa ,uaeT ,uOBOJIbHO HeCTa6HJIbHhIe 
pe3YJIbTaTbI (CM. TpeTbe ypaBHeHHe CHCTeMhI), rro3ToMY ee peKO
MeH,uyeTcH HCrrOJIb30BaTb rrpH a ~ 2.5. 

reHepMpOBaHMe cny'laMHblX '1MCen 

Y; = C + xt> 

r,ue X; - CJI}"laHHoe qHCJIO, rrpHH3,lUleUmee rrOCJIe,uoBaTeJIbHOCTH 
{x;} cnyqaHHhIX qHCeJI, HMeIOmHX raMMa-pacrrpe,ueJIeHHe C rrapa
MeTpaMH A, a; C - rrapaMeTp c,uBHra (cMemeHHe). 
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3.11. PACnpEAEJ1EHHE 3pnAHrA 

3.11.1. PACnpEAEJ1EHHE 3pnAHrA m-ro nOPSIAKA 

- A'" ",-I -lox >0f( )IlJIOTHOCTb X - (m _ 1) !x e ,x - , 
BepOHTHOCTH 

r,ue A - rrapaMeTp Macll1Ta6a (A> 0); 
m - rrapaMeTp cPopMhI, n 0 p 11 iJ 0 " 
pacnp eiJ eA eH U11, ueJIoe nOJIO)l(H'reJIb
Hoe qHCJIO (m ~ 1) 

- -lox "'I-I(AX); -lox I'" (AX);
F()x =1 e --=e., --.,c:I>YHKUIDI 

IsO I . i='" I • pacnpe,ueJIeHIDI 

XaparcrepHCTHlIeCKWI x(t) = (A ~ it) '" 
cPYHKUIDI 

- m 
MaTeMaTHqeCKOe x=

Ao)((H,llaHHe 

x=m-1
Mo,ua 

A 

D =m)J;HcrrepCIDI 2" A

er -.j;CTaMapTHoe ,,- - 
AOTKJIOHeHHe
 
1
 

K03cPcPHUHeHT v" = J;

BapHaUHH
 

Sk = _2_ACHMMeTpIDI .j; 

3Kcuecc EX=~ 
m 

m(m + 1) m(m + 1)(m + 2)
 
HaqaJIbHhIe m2 = 2 ,m3 = 3
A AMOMeHTbI
 

m(m + 1)(m + 2)(m + 3)
 
m4 = 4 '
 

A 

m(m + 1).•. (m + s -1)
m =---'---'-~-_":"" 

I A' 

2m 3m(m + 2)
 
UeHTpaJIbHble !J.3 ="i3' !J.4 = 

A
4


MOMeHTbI
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KBaHTIUIb x p OnpeneJUleTCR KaK KOpeHb ypaBHeHIDI \f (m; 'Axp ) =" 
., i 

=p, rne \f(X; J.1) = e-Il L ~,. <l>YHKI.J.IDI \f(X; J.1) Ta6YJIHpOBaHa (CM. 
i=x I. 

n.2.2). 

COOTHoweHMR MelKAY pacnpeAeneHMRMM 

1. PacnpeneJIeHHe 3pJIaHra nopAAKa m onHCbIBaeT pacnpene
JIeHHe C.JIY'IaHHoH BeJIJilIHHbI X = XI + X2 + ... + X"" npenCTaBJUI
IOIUeH C060H CYMMY m He3aBHCHMbIX CJIyqaHHblX BeJIWlHH, KaJK,lJ:lUI 
H3 KOTOpbIX pacnpeneJIeHa no nOKa3aTeJIbHOMY 3aKoHy pacnpeneJIe
HIDI C OnHHM H TeM xe napaMeTPoM A. 

B 60JIbllIHHCTBe noc06HH no TeopHH BepoRTHocTeH non nOPAA
KOM pacnpeneJIeHIDI 3pJIaHra nOHHMaeTCR qHCJIO m He3aBHCHMbIX 
nOKa3aTeJIbHO pacnpeneJIeHHblX CJIaraeMblX, BXOMIUHX B cYMMY 
X = X I + X 2 + ... + X",. OnHaKo B HeKoTophlX noc06IDIX nOPAAKoM 
pacnpeneJIeHIDI Ha3bIBaIOT qHCJIO, KOTopoe Ha enHHHUY MeHbllIe 
qHCJIa CJIaraeMblX B 3TOH cYMMe (CM., HanpHMep, [39]). 

2. lIpH m = 1pacnpeneJIeHHe 3pJIaHfa COBnanaeT C nOKa3aTeJIb
HbIM pacnpeneJIeHHeM. 

3. PacnpeneJIeHHe 3pJIaHra nopAAKa m RBJUleTCH qaCTHbIM CJIy
qaeM raMMa-paCnpeneJIeHIDI, napaMeTPoM <POPMbI KOToporo HBJUl
eTCH ueJIoe nOJIO)llliTeJIbHOe qHCJIO m (a = m). Bce xapaKTepHCTHKH 
pacnpeneJIeHIDI 3pJIaHra nopAAKa m onpeneJIRIOTCH no TeM xe 
<pOPMYJIaM, qrO H COOTBeTCTByroIUHe xapaKTepHCTHKH raMMa-pac
npeneJIeHIDI (c 3aMeHOH BO Bcex <POPMYJIax a Ha m). 

4. PacnpeneJIeHHe 3pJIaHra TeCHO CBR3aHO C pacnpeneJIeHHeM 
lIyaccoHa (CM. n.2.2). 

5. PacnpeneJIeHHe 3pJIaHra nOPAAKa m + 1 C napaMeTPOM Mac
llITa6a 1..=1 HHOfna Ha3bIBaIOT nOKa3amellbHo-cmeneHHblM 
pacnpeiJelleHueM C napaMeTPOM <pOPMbI m. 

6. PacnpeneJIeHHe 3pJIaHra nopAAKa m HBlliIeTCH HenpepblB
HblM aHaJIOrOM 0TPHuaTeJIbHOrO 6HHOMHaJIbHOrO pacnpeneJIe
HIDI 1 C napaMeTPaMH m, p, KOTopoe OIIHCbIBaeT pacnpeneJIeHHe 
CYMMbl m He3aBHCHMhlX c.JIY'IaHHblX BeJIJilIHH, KaJK,lJ:lUI H3 KOTO
pbIX HMeeT reOMeTPHqeCKOe pacnpeneJIeHHe 1 C OnHHM H TeM 
xe napaMeTPoM p. 

O~eHMBaHMe napaMeTpOB 

" (X")2) _(_1_) A" = ~" (MM),m--- "2' " - s; (V
x

) X 

rne (a) - ueJIoe qHCJIO, 6mDlca1:1mee K a. 
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~McenreHepMpOBaHMe cny~aAHWX 

1
Xi =--In(r1 ·r2 • .. • .r",).

A 

Ta6nM~b1 

Moryr 6bITb HCnOJIb30BaHbl Ta6JIHUbI, npHMeHHeMble npH BbI
qHCJIeHHHX, cBH3aHHbIX C pacnpeneJIeHHeM IlyaccoHa (CM. n. 2.2) H 

raMMa-pacnpeneJIeHHeM (CM. n. 3.10). 

TeXHMKa BbI~McneHMA 

IlpH BbIllOJIHeHHH BblqHCJIeHHH, CBR3aHHbIX C pacnpe.n:eJIeHHeM 
3pJIaHfa, nOMHMO Ta6JIHU HenOJIHOH raMMa-<PYHKUHH [7] MOryr 
6blTb HcnOJIb30BaHbI Ta6JIHUbI <PYHKUHH (CM. n.2.2): 

x 00 i 

'l'(x;J.1) =e-Il ~ H \f(x; J.1) =e-
Il L ~I' 

X. ;=x I. 

<l>YHKUHH 'l'(x; J.1) H \f (x; J.1) CBH3aHbI C llJIOTHOCTbIO BepoHTHO

CTH f(x) H <PYHKUHeif pacnpeneJIeHIDI F(x) 3aKOHa 3pJIaHfa nopAA


Ka m oqeBMHbIMH COOTHolIIeHHHMH:
 

f(x) = A'l'(m -1; 'Ax) H F(x) = \f (m; Ax) (x ~ 0).
 

3.11.2. HOPMMPOBAHHOE PAcnPEAEIlEHME 3pnAHrA 
m-ro nOPSIAKA 

= (Am)'" Z",-Ie->.nu: Z ~ 0f(z)IInOTHOCTb (m -I)! ' '
 
BepOJITHOCTH
 

rne A - napaMeTp MacllITa6a (A > 0); 
m - napaMeTP <pOpMbl, n 0p Jl 0 0K pac
np eo ell eHUJl, ueJIoe nOJIO)i(H.TeJIbHOe 

qHCJIO (m ~ 1) 

F(z) =1-e-).ml 1: (A~~)i = 
<l>YHKUHH i-O I.
 

pacnpeneJIeHIDI
 
= e-).",l ~ (Amd

£..J ., 
i=m I. 

Xl(t) =(~~",
XapaKTepHc~eCKaJl Az-it) 

<PYHKUIDI
 
_ 1
 

MaTeMaTJilIeCKOe z=
A

mKH,ZJ;aHHe 
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~ m-1 m-1_MO,l(a z=--=--z 
Am m 

D _ 1.n:HcnepCIDI x - - 
mA2 

K03<p<pHI.J;HeHT 
)Ix = &1 

BapHaI.J;HH 

2ACHMMeTpIDI Sk=
& 
63KCI.J;ecc Ex=
m 

HaqaJIbHLIe m + 1 (m + 1)(m + 2)
m2 =--2' m3 = 23 

MOMeHTbI mA m A 

(m + 1)(m + 2)(m + 3) 
m4 = m3~ , 

(m +1) '" (m +s -1)m = -'------'----'-__--'
s ms - I }.,: 

2U;eHTpaJIbHbIe	 1J4 =3(m+2)
1J3 = m2A3 ' MOMeHTbI	 m 3').} 

KBaHTIDIb zp onpe,l(eJIHeTCH KaK KopeHb ypaBHeHIDI \¥(m;Amz ) = p
"" i 

=p, r,l(e \¥ (x; IJ) =e -I' L ~,. <1>YHKI.J;IDI \¥ (x; IJ) Ta6YJIHpOBaHa 
;~x 1. 

(CM. n. 2.2). 

COOTHoweHMA MeJKAY pacnpeAeneHMAMM 

1. HOPMHpOBaHHOe pacnpe,l(eJIeHHe 3pJIaHra nOPMKa m onH
CblBaeT pacnpe,l(eJIeHHe Cpe,l(Hero apH<pMeTHqeCKOro 

Z = XI + X2	 + ... + X m 

m 

m He3aBHCHMbIX cnyqaitHbIX BeJIHtIHH, KIDI<llaH H3 KOTOpbIX nO,l(qH
HHeTCH nOKa3aTeJIbHoMY 3aKoHy C O,l(HHM H TeM xe napaMeTpOM A. 

2. CnyqaitHaH BeJIHqHHa Z, HMelOIUaH HOPMHpoBaHHoe pacnpe
,l(eJIeHHe 3pJIaHra 1I0PMKa m, CBH3aHa co cnyqaKHOH BeJIHtIHHOH 
X; pacnpe,l(eJIeHHOH no 3aKOHy 3pJIaHra m-ro nOPMKa, COOTHOIIIe
HHeM Z =Xjm. 
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o	 5 

f(x) 

0.3 

A =0.25, x= 4.0 

0.2 

0.1 

10 x 

PHC. 3.19. IlnOTHOCTb BepOHTHOCTH HOpMHpoBlIHHoro pacnpe,ll,eJleHHH 3pJlaHra. 

3. HOpMHpOBaHHoe pacnpe,l(eJIeHHe 3pJIaHra nOPMKa m onH
CbIBaeT pacnpe,l(eJIeHHe CYMMbI Z =Z I + Z2 + ... + Z m He3aBHCH
MhIX CJIyqaHHhIX BeJIHtIHH Z I ,Z2 , ••• , Z m' KaJK,D:aJI H3 KOTOpbIX pac
IIpe,l(eJIeHa 110 1I0KaJaTeJIbHOMY 3aKoHy C O.nHHM H TeM xe napaMeT
pOMAm. 

4. CYMMa He3aBHCHM:b1X CJIyqaHH:bIX BeJIHqHH, HMeIOIIlHX HOp
MHpOBaHHoe pacnpe.neJIeHHe 3pJIaHra 1I0PMKa mI , m2 , ••• , mn C o.n
HHM H TeM)Ke napaMeTpOM MacIIITa6a A, HMeeT HOpMHpOBaHHoe 
pacnpe.neJIeHHe 3pJIaHra nOPMKa m =m l + .,. + m C TeM )Ke+ m2	 n 
caMbIM napaMerpOM MacIIITa6a A. 

5. IIPH m = 1 HOpMHpOBaHHoe pacnpe.neJIeHHe 3pJIaHra COBlla
.naeT C nOKaJaTeJIbHbIM pacnpe.neJIeHHeM. 

II p H M e q a H H e. IIPH YBeJIHtIeHHH nopMKa m MaTeMaTWie
CKoe O)KH,l(aHHe Z=1/1.. :noro pacnpe.neJIeHIDI OCTaeTCH HeH3MeH

2
HbIM, aero .nHcnepcHH D: = 1/(mA ) CTpeMHTCH K HyJIIO. CJIe.noBa
TeJIbHO, cnyqaHHaJI BeJIHtIHHa Z, HMeIOIIlaH HOpMHpOBaHHoe pac
npe.neJIeHHe 3pJIaHra, «CTaHOBHTCH Bce MeHee H MeHee cnyqaHHOH') 
H B KOHI.J;e KOHI.J;OB BbIpo)l(,l(aeTCH B nOCTOHHHYIO C = 1/1.. .3TO CBOH
CTBO HOpMHpoBaHHoro pacnpe,l(eJIeHHH 3pJIaHra OqeHb y.n06HO B 
npaKTHqeCKHX npHJIO)KeHHHX. OHO n03BOJIHeT, 3a,naBaJlCb Pa3JIHQ
HLIMH 3HaqeHHHMH m, nonyqaTb pa3JIHtIHYIO «CTeneHb CJIyqaHHo
crn. cnyqa}iHoH BeJIHtIHHbI Z - OT «CHJI:bHOji cnyqa.J;l:HocTH') npH 
m = 1 .no nOJIHoro OTCyrCTBHH CJIyqaHHocTH IIPH m = 00. IIPH 3TOM 
nopMOK m HOpMHpOBaHHoro pacnpe.ueJIeHHH 3pJIaHra MO:>KHO 
paCCMaTpHBaTb KaK cBoeo6paJHYJO «Mepy CJIyqaHHoCTH') CJIyqail:
HOH BeJIHqHHbI Z, HCnOJIb3yeMoH B KaqeCTBe BepoHTHoCTHOH Mo.ue
JIH KaKOrO-JIH60 cnyqaHHoro napaMeTpa HCCJIe.nyeMoro 06~eKTa 
(HanpHMep, BpeMeHH IIpOXO)l(,l(eHHH C006I1leHIDI qepe3 CHCTeMY 
CBH3H, BpeMeHH 6e30TKaJHoji pa60TbI TeXHHtIeCKOrO ycrpoitcTBa H 
T. n.). 
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F(x) == 1- _1_ (Ae-IIX -Ile-A.:c)<1>yHKI.J.HH04eHHBaHHe napaMeTpOB A-Ilpacnpe,n;eJIemm 

All 
o (ZO)2) ( 1 ) o 1 ) XapaKTepHCT~eCKaH x(t) = (A - it)(Il- it)m = --sr = (V;)2 ' A =-=;- (MM, 

<PYHKI.J.HH 

_ 1 1_A+1l 
z 

r,ue (a) - IJ;eJIoe qHCJIO, 6JIIDKaHllIee K a. MaTeMaTHqeCKOe x =i+; - All 
O)[(H,l(aHHe 

reHepHpOBaHHe cnY'IaMHblX '1HCen Me,uHaHa xo.s HBJUleTCH KopHeM ypaBHeMe,uHaHa 
HWI Ae-IIX -Ile-A.:c =(A -1l)/2 

1 
Xi = --In(r, ·r2 • '" ·r m ). x = _In....:..(A...:....:/Il~)Am Mo,n;a 

A-Il 

A211 +1l
2 

)J;HcnepCHH D =-+-==-Ta6nH4bl 
x A2 112 (All) 2 

Moryr 6bITb HCnOJIh30BaHhI Ta6JIHIJ;bI, npHMeHJIeMhIe npH BhI ~A2 + 112 

qHCJIeHIDIX, CBH3aHHhIX C pacnpe,ueJIeHHeM IlyaccoHa (CM. n. 2.2) H (J = ~----'-CTaH.n;apTHOe 
x AllraMMa-pacnpe,ueJIeHHeM (CM. n.3.10). OTKJIOHeHHe 

~1l2 
V =~----:- (v < 1)TeXHMKa BbI'IHCneHHM K03<P<PHUHeHT x 

x A+1l
BapHaUHH 

IlpH BhlllOJIHeHHH BhIqHCJIeHHH, CBH3aHHbIX C HOpMHpoBaHHbIM 
Sk = 2(A

3 
+ 1l 

3
)pacnpe,ueJIeHHeM 3pJIaHra, nOMHMO Ta6JIHIJ; HenOJIHOH raMMa ACHMMerpWl (Sk > 0) 

I i (A2 + 112 ) 3/2lPYHKIJ;HH [7] MOryr 6hITb HCnOJIh30BaHbl Ta6JIHIJ;bl lP}'HKI.{HH (CM. 
n.2.2) 

4 4 
x ~ I Ex = 6(A + 11 ) (Ex> 0)3Kcuecc",(x;ll) =e-Il ; H 'f1(x;ll) =e-IlL~" (A2 + 1l2)2

x. i=x 1. 

2(A3 -1l 3
) 6(A

4 
-1l

4
)<I>}'HKl.{HH "'(X;Il) H \ji (x;ll) CBH3aHbI C llJIOTHOCTbIO BepOHTHO m = m =-'----'---'-HaqaJIbHhleCTH f(z) H <PYHKIJ;HeH pacnpe,ueneHHH F(x) HOPMHpOBaHHoro pac 2 (A -1l)(AIl)2' 3 (A -1l)(AIl) 3 ' 

MOMeHThlnpe,n;eJIeHHH 3pJIaHra m-ro nOpH,n;Ka OqeBH.n;HbIMH COOTHOllIeHHH
MH: 24(AS -Ils ) S !(AI+'-Il 1+1 ) 

m4 = m = f(z) =Am",(m -1; Amz) H F(z) ='f1 (m; Amz) (z ~ 0). (A-Il)(AIl)4' , (A-Il)(AIl)' 

2(A3 + 1l 3
)

3.11.3. O&O&I1I.EHHOE PAcnPEAEIlEHME 3pnAHrA UeHTpaJIbHble 113 = (All) 3 
BTOPOrO nOPRAKA MOMeHTbl 

3(3A4 +2A21l2 +31l
4
) 

Iln:OTHOCTb f(x) ==~(e-IlX _e-A.:c) (x ~ 0), 114 :;; (All) 4
 
BepOHTHOCTH A-Il
 

KBaHTHJ1b x, nopH,ltKa p HBJIHeTCH pemeHHeM ypaBHeHWIr,ue A, Il- napaMerphI MacllITa6a (A > 0, Il > 0).
 
IIapaMerpoM <POPMbI ,uaHHoro pacnpe,n;eJIeHHH
 Ae-IIX -Ile-A.:c = (A -1l)(1- p).
MO)[(eT CJIyxHTb OTHOllIeHHe k =iliA 
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f(x) 

0.8 

0.6 

0.4 

0.2 

0.0
 
3
 

A. == I 

0 
6 9 x 

f(x) 

0.2 

A. == 0.2056, ).! == 7.3621, k == 35.81, X == 5, 1 == 0.5 

A. == 0.36, ).! == 0.45, k == 1.25, X= 5, ~ = 2.479 

0.1 

DOL',., ·r· , 1 ~ • 

o 5 10 15 X 

PHe. 3.20. lliOTHOCTh BepOJITHOCTH o606meHHoro pacnpe.lleJIeHWI 3PJIllHra 
BTOporo nopR,llKa. 

COOTHoweHMA Me)lC,AY pacnpeAeneHMAMM 

1. 0606meHHoe pacnpe,ZJ;eJIeHHe 3pJIaHra BToporo nOpH,nKa 
onHCbIBaeT pacnpe,ZJ;eJIeHHe CJIyqaiiHOii BeJIHqHHbI X =XI + %2 , 
npe,ZJ;CTaBJUlIOm;eH C060H CYMMy ,ZJ;Byx He3aBHCHMblX CJIyqaiiHLIX Be
JIHqHH XI H X2 , O,ZJ;Ha H3 KOTOpblX pacnpe,ZJ;eJIeHa no nOKaJaTeJIbHO
MY 3aKoHy CnapaMeTpoM A, a ,ZJ;pyraH - no nOKaJaTeJIbHOMY 3aKoHy
CnapaMeTpoM ~. 

2. IIpH k = ~/A ~ CXl H i = (A + ~)/(A~) = const 0606meHHoe 
pacnpe,ZJ;eJIeHHe 3pJIaHra BToporo nopMKa npH6JIIDKaeTcH K nOKa
3areJIbHOMY pacrrpe,ZJ;eJIeHHIO CnapaMeTpoM paBHbIM l/i. 
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, t , , I I , 

3. IIpH k = 1 0606meHHoe pacrrpe,n,eJIeHHe 3pJIaHra BToporo 
nopH,IlKa COBna,ZJ;aeT Cpacnpe,ZJ;eJIeHHeM 3pJIaHra BToporo nopMKa 
CnapaMeTpoM MaCIIITa6a paBHbIM 2/i. 

O .... eHMBaHMe napaMeTpOB 

. x· ± ~2S; - (X·)2 . x· ± ~2S; - (X·)2
A = , (MM).

~ = (X·)2 -S;S; ± x· ~2S; - (X·)2 

reHepMpOBaHMe cnY'IaMHbiX '1MCen 

1 1 
Xi =-ilnr2i-l -;lnr2/. 

3.12. PACnPEAE11EHME BEMSYnnA-rHEAEHKO 

3.12. 1. KnACCM~ECKOE(ABYXnAPAMETPM~ECKOE) 

PAcnPEAE11EHMEBEMSynnA-rHEAEHKO 
(PACnPEAE11EHME MMHMMAnbHOrO 3HA~EHMSI TMnA III) 

llJIOTHOCTb f(x) =~(~Y-I exp(-(~Y} X>O, 
BepOHTHOCTH 

r,n,e 0 - napaMeTP MaCIIITa6a (X 0 po" 
mepHoe 8peMJI :JICU3HU); C - napa
MeTP <pOPMbI (0) 0, c> 0). IIapaMeTP a 
o6JIa,u:aeT CJIe,D,ylOmHM CBOHCTBOM: npH 
JII060M C >°BepOHTHOCTb P{X < a} = 
= 1- e-I ~ 0.6321 

<DYHKIIIDI F(x) =l_exp(_(~)C) 
pacnpe,n,eJIeHIDI 

<DYHKIIIDI pHCKa A(X) = ~ (~)C-l 

XapaKTepHCTWleCKaH X(t) ~ I + it lexp(itx -m}x ~ 
<PYHKIIIDI 

=i>' o~ r(~+l) 
,=0 s. C 
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MaTeMaTHQeCKOe i=ar(~+I)
O:>KH,llaHHe 

Me,lJ;HaHa xo.s =a(In 2) I/e 

e 
Mo):{a 

Ax=a (C---1r c~1 c ' 

,l{HcrrepcIDI 
Dx =a2[r(~+IJ-r2(}+I)J 

CTaH,ZJ;aPTHoe 
G x =a~r(~+I)-r2(}+I)

OTlOIOHeHHe 

K03<P<PHIl;HeHT v =~r(2/C+l)
 
BapHaUHH x
 r2 (1/C+1) -1 

r(~ +I) -3r(~ +l)r(} +1)+ 2r3(} +1)
ACHMMeTpIDI Sk =-- ,...---__ 

[r(~ + 1) -r2 
+ I)T/ ( } 2 

3Kcuecc 

Ex = r(~+ I) -4r(~ +l)r(~ +1)+ 6r(~ +I)r'(~ +I) -3r'(~ +I) 
[r(~ + IJ-r2G+ IJJ 

HaQa.n:bHbIe 
m2 =a2r(~+I). m3 =a3r(~+I).MOMeHTbI 

m4 =a4r(~+I). m. =O'r(;+I) 
IS4 

II 
_I 

II 
.1 

-

\-

_I 

UeHlpan:bHble ~ 3=a3[r(~ +1) -3r(~ +1)r(~ +1) + 
MOMeHTbI 

+2r3(~ +I)). 

~4 =a4[r(~+I)-4r(~+I)r(~+I)+ 

+6r(~ +1)r2 ( ~ +1) -3r4(~ +1) ] 
p-KBaHTHJIb x 0 [-In (1- p)] I/e=p 

f(x) 

1.0 

0.5 

o 2 3 x 

f(x) 
a=l 

1.0 

c = 2.5 

0.5 ,U /;\ ,, 
-,, a=4 

,, ... ...... ,I I I =r 
0 I 2 3 4 5 6 7 8 x 

Puc. 3.21. II.rrOTHOCTh BepOllTHOCTH pacnpe.lleJIeHIDI BeA6YJlJla-fHe.lleHKO. 
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COOTHoweHMR Me)KAY paCnpeAeneHMRMM 

1. Pacrrpe.n;eJIeHHe BeH6YJIJIa-fHe.n;eHKO c rrapaMeTpOM MaCill
ra6a a H rrapaMeTpOM lPOPMhI C = 1 COBrra.n;aer C rrOKa3areJIbHbIM 
pacrrpe.n;eJIeHHeM C rrapaMeTpoM A. =1/a. 

2. Pacrrpe.n;eJIeHHe Be:f.i:6YJIJIa-fHe.n;eHKo C rrapaMerpoM MaCill
ra6a a H rrapaMeTpoM lPOPMbI C = 2 COBrra.n;aer c pacrrpe.n;eJIeHHeM 
P3JIeSl C rrapaMeTpoM Macillra6a ajfl. 

3. ECJIH CJIyqaHHaSI BeJIH'IHHa X pacrrpe.n;eJIeHa rro 3aKoHy Be:f.i:
6YJIJIa-fHe.n;eHKo c rrapaMeTpaMH a, e, ro CJIyqaHHWi BeJIH'IHHa 
Y =(X/a)' rro.n;qHIDIercSl rroKa3areJIbHoMY 3aKoHY pacrrpe.n;eJIeHIDI C 
rrapaMeTpoM A. =1. 

4. ECJIH CJIyqaHHaSI BeJIH'IHHa X pacrrpe.n;eJIeHa rro 3aKoHy Be:f.i:
6YJIJIa-fHe.n;eHKo C rrapaMeTpaMH a, e, ro CJIyqaHHWi BeJIH'IHHa 
Y =: cln (X/a) HMeer pacrrpe.n;eJIeHHe MHHHMaJIbHOrO 3Ha'ieHIDI, a 
CJIyqaHHWi BeJIH'IHHa Y =-eln (X/a) - pacrrpe.n;eJIeHHe MaKCH
MaJIbHOro 3Ha'ieHIDI C rrapaMeTpaMH I-l = 0 H A. '" 1. 

5. Pacrrpe.n;eJIeHHe BeH6YJIJIa-fHe.n;eHKo Xoporno arrrrpOKcH
MHpyercSl JIOrapHlPMH'IeCKH HOPMaJIbHbIM pacrrpe.n;eJIeHHeM, r. e. 

F(x; a, c) ~ l-exP(-(HJ~ 4> (In(~m) } 

2r.n;e m =x/~, a. = ~ In (1 + v ); X - MareMarH'IeCKOe O)l(H,l{a
HHe; v - K03lPlPHI.\HeHr BapHaI.\HH pacrrpe.n;eJIeHIDI BeH6YJIJIa-fHe
.n;eHKO [21, r. 1, cr6.614]. 

O~eHMBaHMe napaMeTpoB 

Mer o.n; MOM e HrOB. PernaSI orHOCHTeJIbHO e· ypaBHeHHe 

1
.+IJ=I+{V;)2, (1)rC~ +IJ/r2 C
r.n;e v; =S,jx· - BbI6opO'lHbIH K03lPlPHI.\HeHr BapHaI.\HH, HaxO):U1T 
OI.\eHKy e· rrapaMeTpa lPOPMbI e. 

ITo lPopMyJIe 

. -/ r (1~+1)a =X 

BbI'lHCJISlIOT OI.\eHKy a· rrapaMeTpa MaClUTa5a o. )1)rn rrpH6JIIDKeHHo
ro perneHIDI ypaBHeHIDI (1) MO)l{}fO BOCrrOJIb30BaTbCSI ra6JI. 3.1. 
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Ta6JIHua 3.1 

c v, Ie, k, Sk c c v, Ie, k, Sk c 

0.20 15.834 120.000 1901.158 190.113 0.20 1.00 1.000 1.000 1.000 2.000 
0.21 13.579 80.358 1091.206 144.237 0.21 1.20 0.837 0.941 0.787 1.521 
0.22 11.807 56.331 665.080 112.319 0.22 1.40 0.724 0.911 0.660 1.198 
0.23 10.393 41.058 426.712 89.464 0.23 1.60 0.640 0.897 0.574 0.962 
0.24 9.248 30.942 286.141 72.686 0.24 1.80 0.575 0.889 0.511 0.779 
0.25 8.307 24.000 199.359 60.092 0.25 2.00 0.523 0.886 0.463 0.631 
0.26 7.524 19.067 143.600 50.450 0.26 2.20 0.480 0.886 0.425 0.509 
0.27 6.865 15.514 106.495 42.938 0.27 2.40 0.444 0.886 0.393 0.405 
0.28 6.304 12.853 81.029 36.991 0.28 2.60 0.413 0.888 0.367 0.316 
0.29 5.824 10.829 63.064 32.216 0.29 2.80 0.387 0.890 0.344 0.237 
0.30 5.408 9.261 50.078 28.334 0.30 3.00 0.363 0.893 0.325 0.168 
0.32 4.727 7.035 33.255 22.481 0.32 3.50 0.316 0.900 0.285 0.026 
0.34 4.195 5.575 23.391 18.358 0.34 4.00 0.281 0.906 0.254 0.087 
0.36 3.771 4.571 17.240 15.351 0.36 4.50 0.252 0.913 0.230 0.179 
0.38 3.426 3.853 13.203 13.093 0.38 5.00 0.229 0.918 0.210 0.253 
0.40 3.141 3.323 10.438 11.353 0.40 5.50 0.210 0.923 0.194 0.318 
0.42 2.901 2.921 8.475 9.983 0.42 6.00 0.194 0.928 0.180 0.375 
0.44 2.697 2.609 7.037 8.883 0.44 6.50 0.180 0.932 0.168 0.419 
0.46 2.522 2.362 5.956 7.986 0.46 7.00 0.168 0.935 0.157 0.466 
0.48 2.370 2.163 5.125 7.243 0.48 7.50 0.158 0.939 0.148 -0.500 

0.50 2.236 2.000 4.427 6.619 0.50 8.00 0.148 0.942 0.140 -0.534 

0.55 1.965 1.702 3.345 5.431 0.55 9.00 0.133 0.947 0.126 -0.588 

0.60 1.758 1.505 2.645 4.593 0.60 10.00 0.120 0.951 0.114 -0.640 

0.65 1.595 1.366 2.179 3.974 0.65 11.00 0.110 0.995 0.105 -0.669 00 

0.70 1.462 1.266 1.851 3.498 0.70 12.00 0.101 0.958 0.097 -0.700 00 

0.75 1.353 1.191 1.611 3.121 0.75 13.00 0.094 0.961 0.090 -0.741 00 

0.80 1.261 1.133 1.428 . 2.815 0.80 14.00 0.087 0.964 0.084 -0.764 00 

0.85 1.182 1.088 1.285 2.560 0.85 16.00 0.077 0.986 0.074 -0.807 00 

0.90 1.113 1.052 U71 2.345 0.90 18.00 0.069 0.971 0.067 -0.836 00 

0.95 1.053 1.023 1.078 2.160 0.95 20.00 0.062 0.974 0.060 -0.914 00 

OI.\eHHBaHHe rrapaMeTpOB CrrOMOIllbIO 3ro:f.i: ra6JIHI.\bI OCYIIlecrB
JISlercSI CJIe.n:yIOIIlHM 06pa30M: 

- rro BbI60pO'lHOH OI.\eHKe v: K03lPlPHI.\HeHra BapHaI.\HH v:t 
HaxoMr OI.\eHKy e· rrapaMeTpa lPOPMbI e H 3Ha'leHHe K03lPlPHI.\H
eHTa kl =: r{lje + 1); 

- c rrOMOIllbIO lPOpMyJIbI o· =x·1k 1 orrpe.n;elliIIOT OI.\eHKy a· 
rrapaMeTpa Macrnra6a o. 

Mero.n; MaKCHMaJIbHOrO rrpaB.n;orro.n;o6HSI. OMIT 
rrapaMeTpOB a H e orrpe.n;eJlSlIOrcSI rryreM perneHIDI CHcreMbI ypaBHe
HHH: 

•nLx:' 
=: 

1' )1/"e· =: -=-=j:~I-- o· ( -Lx:'. ". n 1=1 
n LX:' Inx j - :~:>:' LlnXI 

;=1 ;=1 ;=] 
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B KaqeCTBe HaqaJIbHorO npH6JIIDKeHIDI MO)KHO B3HTb 3HaqeHHe 
oueHKH napaMeTPa lPOPMbI C, nOJIyqeHHoe C nOMOIIIblO Ta6JI. 3.1. 

OueHKa napaMeTpoB c nOMOIIIblO BbI6opOqHbIX 
K BaH T H JI e if: 

In (In (1 - P2) J 
. In (1- PI) • X;, + X;, 

C = In(X;';X;,) , 0= 1/' /., (2)
(-In(I-Pl») C+(-In(I-P2))IC 

COBMeCTHaH aCHMnTOT~eCKaH 3lPlPeIcrHBHOCTb oueHOK c· H o· , 
nOJIyqeHHbIX C nOMOIIIblO KBaHTHJIeif, MaKCHMaJIbHa (H paBHa 0.64) 
npH HCnOJIb30BaHHH KBaHTHJIeif nOpH,IJ;Ka PI = 0.24 H P2 = 0.93. IIpH 
nOM lPOPMyJIhI (2) npHHHMalOT CJIeUYJOIIIHif BHJl: 

• 2.2711 • X~.24 + X~.93 
C =In(X~.93/X~14)' 0 = (0.2744)1/c'+(2.6593)1/c" 

o u e H K H, 0 CH 0 BaH H hI e Hap a Cn p e U e JI e H H H In X: 

c· = 1C~n(n-1) l o· =exp[! tlnx; _ ~], 
n rn ,21 n ;~I C 

61 ntt In 2 x; - tt lnx/ 

rue y ::= 0.5772 - nOCTOHHHaH 3HJIepa. 
IIoupo6HhIe peKOMeHllaUHH no onpeueJIeHHIO oueHOK H UOBe

pHTeJIbHbIX rpaHHU AJIH napaMeTPoB pacnpeueJIeHHH Beif6YJI
JIa-[HeueHKo npHBeueHbI B [31]. 

reHepMpoa8HMe cny't8MHblX 'tMcen 

x = o(-lnr)lIc. 

IIpH M e q a H H e. B JIHTepaType no TeopHH H3,lle)KHOCTH BMecTO 
napaMeTPa MacIllTa6a 0 06bl'IHO HCnOJIb3YJOT napaMeTP A = 0 -c . 

IIpH 3TOM OCHOBHble xapaIcrepHcTHKH pacnpeueJIeHHH Beif6YJI
JIa-[HeueHKo npHHHMalOT CJIellYJOIIIHif BHJl: 

IlJIOTHOCTb f(x) = Acxc-J exp(-Ax C 
), x> 0 

BepOHTHOCTH 

cI>YHKUHH F(x) = 1-exp(-AxC
) 

pacnpeueJIeHHH 

cI>YHKUHH pHcKa A(X) =Acxc-I 
00 

XapaIcrepHCT~eCKaH X(t) =l+it Jexp(itx-AxC)dx = 
lPYHKUHH o 

= r. i ' r(s/c + 1) 
.=0 s !A'/c 
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MaTeMaTHqeCKOe X =A-I/C r(~+l) 
oJKH,ZJ;aHHe 

_(In 2)I/C
MeUHaHa X O•5 - A 

( l) 'Io./C 
~ c-

Moua X= ~ . c~l 

)J;HcnepCHH Dx =A-2/c[r(~+I)+r2(~+I)] 

HaqaJIbHble m. = A-'/c r(~ + I} S = 1,2, ... 
MOMeHThI 

1 JIIC 
P-KBaHTHJIb x p = -i ln (1-P)[ 

3.12.2. CMElI.-'EHHOE (TPEXnAPAMETPM'IECKOE) 
PACnp~EnEHME~EM&YnnA-1H~EHKO 

IlJIOTHOCTb fly) ~ ~(y ~y. r exp (-( y ~y. J}
BepOHTHOCrn 

Y> Yo, 
rue 0 - napaMeTP MaClIITa6a (0 > 0); C - na
paMeTP lPOPMhI (c > 0); Yo - napaMeTP CUBHfa 
(CM e l/.4e Hue) 

F(YH-expHY~Y'J)
cI>YHKUHH 
pacnpeueJIeHHH 

MaTeMarnqeCKOe Y=Yo +or(~+I)
 
oJKH,ZJ;aHHe
 

MeUHaHa Y 0.5 =Yo +0 (In 2) I/c 

~ (C_1)I/C
Moua Y = Yo + 0 -c- ,c ~ 1 

)J;HcnepCHH Dy =02[r(~+I)-r2(~+I)] 
Te xe, qTO H Y uByxnapaMeTPHqeCKOrO pacnpeACHMMeTPHH
 

H 3Kcuecc ueJIeHHH Beif6YJIJIa-fHeueHKo
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Ha'laJIbHhIe m2 =02r(~+I)+2YoOr(~+I)+Y~, 
MOMeHTbI 

m3 =03r(~+I)+3Y002r(;+I)+ 

+ 3Y~or(l + 1) + y~, 

m" =0"r(~+I)+4Yo03r(~+I)+ 

+ 6Y~02r(~ +1) +4Y;Or(~ +1) +Y: 

UeHTpaJIbHbIe Te )ICe, 'ITO H Y ,nByxrrapaMeTpH'leCKoro pac
MOMeHTbI rrpe,neJIeHIDI BeH6YJDla-fHe,neHKO 

p-KBaHTHJIb Y 
p 

= Yo + a[_ln(l_p)]VC 

COOTHoweHHR Me)KAY pacnpe.qeneHHRMH 

1. CMemeHHoe pacrrpe,neJIeHHe BeH6YJDla-fHe,neHKO C rrapa
MeTpaMH 0, c, Yo orrHCbIBaeT pacrrpe,neJIeHHe CJIyqaHHoH BeJIH'lHHbI 
Y =Yo + X, r,ne X - cnyqaHHasI BeJIH'lHHa, HMeIOmasI pacrrpe,neJIe
HHe BeH6YJDla-fHe,neHKO C rrapaMeTpaMH 0, c; Yo - rrOCTOHHHCUI 
BeJIH'IHHa (cMemeHHe). 

2. ECJIH CJIyqaHHCUI BeJIH'lHHa Y HMeeT CMemeHHoe pacrrpe,ne
JIeHHe BeH6yJDla-fHe,neHKo C rrapaMeTpaMH 0, c, Yo, TO CJIyqaH
HasI BeJIH'lHHa X = [(Y - Yo )/0]" rro,n'lHHHeTCH rroKa3aTeJIbHoMy 
pacrrpe,neJIeHHIO C rrapaMeTpoM MaCIIITa6a A. = 1. 

",.""A(x) 
",."" 

,,""
"",."" 

",."" 

",."
,,"

" 

c = 0.5 ",.,,"" c = 1.50.2 

a = 1.0
 
0.\
 

o \ 2 3 x 

Puc. 3.22. <I>YHICUIDI pHcKa pacrrpe.lleJIeHIDI BeJl:6YJIJIa-fHe.lleHKo. 
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O,-,eHHBaHHe napaMeTpOB 

MeT o,n MOM e H T 0 B. PeillasI ypaBHeHHe 

r ( 7+1) - 3r(7+1) r ( !-+1) +2r3L!. +I} =Sk' , 

[rC~ + 1)- r2 Ll, + l)r~ 
HaxOMT oueHIcy c' rrapaMeTpa <pOPMbI c. MCrrOJIb3yH 3TY On;eHKY, 
orrpe,neJIHIOT oueHIOI rrapaMeTpoB 0 H Yo: 

2 ' y' = -, , 1 
Q' = ~ S"r(~+I)-r'(:. +1) · Y -a r(~+I} 

)lJUI 06JIeNeHIDI paCtIeTOB, CBH3aHHbIX C oueHKoH rrapaMeTpoB 
0, c H Yo' MO)KHO BOCrrOJIb30BaTbCH ,naHHbIMH Ta6JI. 3.1. OueHHBa
HHe rrapaMeTpoB C rrOMombIO ::nOH Ta6JIHlibI ocymeCTBJUleTCR CJIe

AYIOIIIHM o6pa30M: 
_ rro BbI6opO'lHOH oueHKe Sk· K03<P¢mUHeHTa aCHMMeTpHH 

Sk HaxoMT oueHKY c' rrapaMeTpa <pOPMbI c H 3Ha'ieHIDI K03<P<PH
2

liHeHTOB k = r (1 +l/c) H = ~r(2Ic +1) - r (1/c +1);
l 

k2 

_ C rrOMOmbIO <POPMYJIbI 0' =S" Ik2 orrpe,L\eJIRIOT oueHKY 0' 

rrapaMeTpa MaCIIITa6a 0; 
- rro <PoPMYJIe y ~ = y' - 0'k I HaxOMT OlieHKY y ~ CMemeHHR Yo . 
MeTo,L\ MaKCHMaJIbHOrO rrpaB,norro,no6HR. OMIT rrapa

MeTpoB 0, C H Yo orrpe,neJIRIOTCH rryreM peilleHIDI CHCTeMbI ypaBHe

mlli: 

" n2:(Yi-Y~)c· 
" i=al

C = 
" "" 

n2:(y/-y~( In(YI-Y~) - 2:(YI-Y~( 2: In (y/-y~) 
1=1 1=1 1=1 

1 " ]I/c' (3)
Q' = -2: (YI-Y~)[ n 1.1 

" 1. 2:-,
c i=IYi-YO 

(o'r'(C'-l) " 2:(YI-y~)C'-1 
;=1 

1616 P. H. Ba1l3HHcKIlH 



ECJUI OueHIai y~, nO.rryqeHHaH npH peIIIeHHH CHCTeMhI ypaBHe
HHii (3), OKaJKeTCH 60JIbIIIe Y(l) =min(YI'''''Y'')' TO nOJIaralOT, 'ITO 
y~ = Y(t)" TIPH 0 < c < 1 nepBaH nopH,l(KOBaH CTaTHCTHKa Y(l) HMH
eTCH «CBepx311lI1leKTHBHOiil) oueHKoii napaMeTpa c.n;BHra Yo' 

CJIe.n;yeT 3aMeTHTb, 'ITO OMTI peKOMeH.n;yeTCH HCnOJIb30BaTb 
TOJIbKO npH C > 2. 

o u e H KH, 0 CHOB a H H hI e H a KB aHT HJIHX. OueHKH napa
MeTpOB a, C H Yo MOryI' 6hITb no.rryqeHhI rryTeM peIIIeHHH CHCTeMhI 
ypaBHeHHii: 

Y ~ + a· [-In (1- PI)]!/c' = Y;1 '} 
y~ +a·[-In(I-P2)]!/c· =y;~, . 
y~ +a·[-In(I-P3)]!/c· =Y;). 

3Ta CHCTeMa .n;aeT CJIe.n;YIOm;ee ypaBHeHHe .n;JIH oueHKH napaMeT
pa C: 

. Y;, -Y;) [-In(l- PI)]!/c' - [-In (1- P2)]!/c' 
(4)

C = Y;)_Y;) + [-In(l-P2W1c'- [-In(I-P3)]!/c' . 

TIPH BhInOJIHeHHH yCJIOBHH -In (1- P2) = ~ In (1- PI) In (1- P3 ) 
ypaBHeHHe (4) npHHHMaeT 60JIee npocToii BH,IJ; 

C· =.![1n In(I- P3)/In y~,- y~)]. 
2 In (1- P2 ) Y p) - Y p) 

TIO.n;p06Hble peKoMeH,IJ;aUHH no onpe.n;eJIeHHIO oueHOK H .n;OBe
pHTeJIbHhIX HHTepBaJIOB .n;JIH napaMeTpoB CMem;eHHoro pacnpe.n;eJIe
HHH Beii6YJIJIa-[He.n;eHKo npHBe.n;eHbI B [31]. 

reHepMpOS8HMe cny'l8MHblx '1MCen 

Y = Yo + a(-Inr)l/c. 

3.13. nmEP3KCnOHEHLtlllAllbHOE PACnPEAEllEHIIIE 
BTOPOrO nOPRAKA 

TIJIOTHOCTb f(x) = 2p2')..e -2p;'x + 2(1- p)2 ')..e -2(I-p»).% , 
BepO)]THOCTH x ~ 0, (1) 

r.n;e').. - napaMeTp MacIIITa6a (').. > 0); P - na
paMeTp 11l0PMhI (0 < P < 0.5) 
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F(x) =1- pe-2P ;'x_ (1- p)e-2(I-p);.x<I>YHKUHH 
pacnpe.n;eJIeHHH 

')..(x) = 2').. P2 + (1- p)2 e -2(l-2p»).%
<I>YHKUHH pHCKa P + (1- p)e 2(l-2p»).% 

2 
x(t) = 2')..[ p + (1- p)2 ]XapaKTepHCTHtIeCKaH 

2p').. - it 2(1- p)').. - it
I1lYHKUHH 

- 1 
MaTeMaTHtIeCKOe x=

')..O)l(H,IJ;aHHe 

Mo.n;a \ x=0 

,UHcnepCHH D - ~ [ 1 -1]x - ')..2 2p(l-p) 

1 I 1 -1CTaH,IJ;apTHOe O'x =i V2p(1-p)
OTKJIOHeHHe
 

1+ (1- 2p)2 .> 1
 
K0311ll1lHUHeHT vx = 

2p(l- p)BapHaUHH
 

Sk = 3-12p(l- p) + 8p2(1- p)2

ACHMMeTpHH 

~2p(l- p)[l- 2p(l- pW 

Ex= 3[2_11p(l_p)+16p2(1,-p)2-8p 3(I-p)3]
 
3Kcuecc
 

p(l- p)[I- 2p(l- p)]2 

1 3[1- 2p(l- p)]
m - m - ~,-----=---'----:~Ha'laJIbHhIe 

2 - 2p (1- p) ')..2' 3 - 4p2(1- p)2 ')..3 ' 
MOMeHTbI 

3[1-3p(l- p)]m - ---..:...-.-----::........:..---=...:....:. 
4 - 2p 3 (1- p) 3')..4 ' 

m. = 2~~' [)-I + (1- ~)'-I ] 
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3-12p (1- p) + 8p2(1- p)2
IJ,eHTpaJIbHbIe 

J.l3 = 4p2(I_p)2)}MOMeHTbI 

3[1-5p(l-p) +6p2(1_p)2 -2p 3(1_p)3] 
J.l4 = 2p 3(I_p)3 A4 

KBaHTHJIb x p rropg,n;Ka p .sIBlliIeTC.sI KopHeM ypaBHeHIDI 

pe-2P >'x + (1- p) e-2(l-p».x =1- p. 

f(x) 

1.5 It P == 0.05 

A=1.01.0 

o 

0.5 

2 3 4 5 x 

p == 0.4 

p == 0.05 

p == 0.175 

1.5 

0.5 

A(x) 

o 2 3 4 5 6 7 8 9 x 

PHC. 3.23. IlJrOTHocTb BepOlITHOCTH H cPYHKUHJl pHCKa rHnep3KCIIOHeHl.\HaJlbHOrO 
pacnpeAeJIeHIDI BToporo nopJl,!UCa. 
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COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

1. IIycTb XI - CJIyqaHHa.sI BeJIWIHHa, pacrrpe,neJIeHHa.sI rro rro
Ka3aTeJIbHoMY 3aKOHY C rrapaMeTpoM Al = 2pA; X2 - He3aBHCHMa.sI 
OT X I cnyqaHHa.sI BeJIHqHHa, pacrrpe,neJIeHHa.sI rro rroKaJaTeJIbHoMY 
3aKoHy C rrapaMeTpoM A2 = 2(1- p)A; p - BepO.sITHOCTb peaJIH3a~HH 

KOMlUIeKca yCJIOBHH, C KOTOpbIM CB.sI3aHa cnyqaHHa.sI BeJIWIHHa XI; 
(1 - p) - BepO.sITHOCTb peaJIH3a~HH KOMlUIeKca yCJIOBHH, C KOTO
pbIM CB.sI3aHa cnyqaHHa.sI BeJIWIHHa X 2 • Tor,na CMeCb 3THX cnyqaH
HbIX BeJIWIHH HMeeT rHrrep3KcrrOHeHUHaJIbHOe pacrrpe,neJIeHHe BTO
poro rropg,n;Ka C IUIOTHOCTbIO BepO.sITHOCTH (1). 

2. CxeMe, rrpHBOMIQeH K rHrrep3KCrrOHeHUHaJIbHOMY pacrrpe
,neJIeHHIO BToporo rropg,n;Ka, MO)K}lO ,naTb CJIe.nyIOIQee <pOPMaJIH30
BaHHoe orrHcaHHe. IIycTb II H 12 - ,nHcKpeTHble cnyqaHHbIe BeJIH
qHHbI, KaJK.l(a.sI H3 KOTOpbIX MO)KeT rrpHHHMaTb 3HaqeHHe 0 HJIH 1, 
rrpWIeM P(ll = 1) = p, P(l2 = 1) = 1- p H P(ll + 12 = 1) = 1. Tor,na 
eCJIH XI H X 2 - He3aBHCHMble cnyqaHHble BeJIHqHHbI, HMeIOIQHe 
rrOKa3aTeJIbHOe pacrrpe,neJIeHHe C rrapaMeTpaMH AI = 2pA H 
A2 = 2(1- p)A COOTBeTCTBeHHO H He 3aBHC.sIIQHe OT II H 12 , TO CJIy
qaHHa.sI BeJIWIHHa X = l l X I + 12 X2 HMeeT rHrrep3KCrrOHeHUHaJIb
Hoe pacrrpe,neJIeHHe BToporo rropg,n;Ka C IUIOTHOCTbIO BepO.sITHOCTH 
(1). 

3. IIpH P = 0.5 paccMaTpHBaeMoe pacrrpe,neJIeHHe COBrra,naeT C 
rrOKaJaTeJIbHbIM pacrrpe,neJIeHHeM C rrapaMeTpoM A. 

O~eHMBaHMe napaMeTpoB 

A" =_1 '=!(1± (V:)2- 1] 
., p 2 ( ')2 l'x V x + 

reHepMpOBaHMe cnY'IaMHblX '1MCen 

1. r l := rand; r2 := rand; 
1 1

2. ECJIHrl <p,Tox=--lnr2 , HHaqex=- lnr2 • 2pA 2(1- p)A 

3.14. PACnPEAEnEHME MOAynSi n-MEPHOrO 
cny'tAAHOrO BEKTOPA 

f(x) = 1 xn-Ie-x2/(2a2) x> 0IlJIOTHOCTb 
2n/l-la n r(nj2) " BepO.sITHOCTH 

r,ne n - rrapaMeTp <pOpMbI, rrOJIO)KHTeJIbHOe 
ueJIoe qHCJIO; a - rrapaMeTp MaCIIITa6a 

(a> 0) 
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cI>YHKUIDI F(x) == r (~ ~) /r (~) == I(~ ~) 
paCIIpe.n;eJIeHIDI 2a2 

' 2 /. 2 2a2 '2 ' 

r.n;e I(x,a.) - OTHOlIIeHHe HeIIOJIHOH 
raMMa-4>YHKUHH 

XapaKTepHCTHqeCKa~ (I) == (n -1)! D (ial)e-(DI)'/4

X 2 n(l-! r(n/2) -n ,


4>YHKUIDI 

me Dp (z) - 4>YHKUIDI IIapa6oJIHqeCKOrO 
~HJIHH.n;Pa 

r(~) 
MaTeMaTHqeCKOe i == ali 2 

O)KJi)J;aHHe r(~) 
a ~ (n -1)!! 

n- qeTHOe 
== fi (n - 2) !! ' 

{ a !I (n-1)!! n- HeqeTHOeV; (n - 2)!!' 

Mo,n:a x= a.Jn-1 

Jb1crrepCIDI 'Dx =na2 -x2 

CTaH,ll;apTHoe cr x == .Jna2 
- x2 

OTKJIOHeHHe 

2-2
Sk = i x - (2n -1)a2 

ACHMMerpIDI 
D 3/l

x 

Ex = 2i2 [2(2n -1)a2 
- 3i2

] - 2n(n -1)a 4 
3Kc~ecc 

Dx
2 

2HaqaJIbHble m2 ==na , mJ ==(n+1)a2 i, 
MOMeHTbI 

m4 == n(n + 2)a 4
, 

m. = (ali)·r(n;s)/r(%) 
I.I:eHTpaJIbHble llJ == i [2i 2 

- (2n -1)a2 
], 

MOMeHTbI 

114 =i2 [2(n-2)a 2 -3i2 ]+n(n+2)a 4 

f(x) 

0.8 

0.6 

0.4 

0.2 

2 3 4 5 6 xo 

A(x) 

2.0 

1.0 

3 x2o 
PHC. 3.24. IIJIOTHOCTb BepOJITHOCTH H ¢lYHKU;HJI pHCKa pacnpe,l\eJIeHHR MO,l\YJIJI 

n-MepHoro cnyqaHHOrO BeKTOpa. 

COOTHoweHMR Me)l(AY paCnpeAeneHMRMM 

1. ECJIH Xl ,X "",X - He3aBHCHMble CJIY'laHHhIe BeJIWUlHbI,2 n 
paCIIpe.n;eJIeHHbIe IIO HOPMaJIbHOMY 3aKOHY C MaTeMaTHQeCKHM 
OXH,llaHHeM 0 H CTaH,ll;apTHbIM OTKJIOHeHHeM a, TO CJIY'laHH~ Be-

JIHqHHa X = ~X~ + X; +...+X~ HMeeT pacnpe.n;eJIeHHe MO.n;yJIH 

n-MepHoro cnyqaHHOrO BeKTOpa C napaMeTpOM MaCIIITa6a a. MHbI
MH CJIOBaMH, paCCMaTpHBaeMoe paCIIpe.n;eJIeHHe OIIHCbIBaeT pac
npe.n;eJIeHHe MHHhI n-MepHoro CJIyqaHHoro BeKTOpa, Koop.n;HHaTbI 
KOToporo He3aBHCHMbI H no,n:qHIDIIOTCH HOpMaJIbHOMy paCIIpe.n;eJIe

HHIO C napaMerpaMH 0 H a. 
167 166 



2. IIpH a =1 pacnpe,!{eJIeHHe MO,!{YJUI n-MepHoro CJIY'IaHHoro ~.. 
XapaKTepHCT~eCKaH X(t)=I+iatHw(~}BeKTOpa COBJIlmaeT C x-pacrrpe,!{eJIeHHeM IIHpcoHa C n CTeneRJIMH 

<PYHKUIDICBo6o,lJ,bI (CM. n. 3.32). 
3. IIycTb X(a,n) - CJIY'IaHHaH BeJIHqHHa, HMelOllUUI pacnpe,lJ,e

2 ( 2i ~ 2 ]1+ ,J;!eM dur,ne w(z) = e-~ - HHTerpaJIJIeHHe MO,D,yJUI n-MepHoro CJIyqaHHorO BeKTOpa C napaMeTpoM Mac

IlITa6a a; Y(n) - CJIyqaHHaH BeJI~HHa, HMelOrn;aH X-pacnpe,lJ,eJIe

HHe IIHpcoHa C n CTeneIDIMH CBo6o,lJ,bI; Z(n) - cnyqaHHaH BeJIH
 BepOHTHOCTH KOMJIJIeKcHoro apryMeHTa 

X2
qHHa, HMelOrn;aH -pacnpe,lJ,eJIeHHe IlHpcoHa C n CTeneHHMH
 
CBo60,lJ,bI, TOr,lJ,a cnpaBe,llJIHBbI CJIe,D,yIOrn;He YTBep)l{)leHIDI:
 MaTeMa~eCKoe X = aH <=1.2533a 

o:xamaHHe 
X(a,n) - aY(n) - a.JZ(n) , X(I,n) - Y(n) - .JZ(n). 

Me,lJ,HaHa xu.s =a~ln4<=1.1774a 

MO,lJ,a x 
~ 

=aOL\eHMBaHMe napaMeTpOB 

)l.HcnepcIDI Dx =a
2
(2-%}=0.4292a 2 

IIpH H3BeCTHOM n oueHHBaeTCH napaMeTp MaCllITa6a a: 

a" = r(nI2) x" (MM); a" =~!m; (MMII). CTalU\apTHoe cr x = a~ 2 -}:<= O. 6551a 
.J2r«n+l)/2) n OTKJIOHeHHe 

K03<P<PHUHeHT Vx =~~-1<=0.5227 
reHepMpOBaHMe cny'laMHblx 'IMCen BapHaUHH 

ACHMMeTpIDI Sk = 2Jii (n - 3) =: 0.6311 
(4 _n)312x=a~tu;, 

Ex = 6n(4 -n) -16 =: 0.24513Kcueccr,lJ,e u/ - CTaH,lJ,apTHbIe HOpMaJIbHbIe CJIyqaHHbIe qHCJIa (i =1, 2, .. ,, (4 - n)2n). 
JHaqaJIbHbIe m2 = 2a 2 

, mJ = 3~ a =3. 7599a J 
, 

MOMeHTbI 
Ta6nML\bI 

[7]. IIpHBe,lJ,eHbI 3HaqeHHH <l!YHKUHH I(x,a), l-I(x,a), m4 =8a 4
, m, =(a.J2)'r(i+ 1)

T(x,a) = I(x,a)/x" ,R(y, t) = I(x, a) -f1>(y); 7D. 

UempaJILHbIe ~J := aJ(n -3)~:::1 0.1775a J 
, 

3.15. PACnpE,qEllEHHE P3nESl MOMeHTbI 
3n2 

~4 = a 4 (8 - 4) =: O. 597804 

IlJIOTHOCTb f(x) = ~ e-x2 
/(2a 

2
) , x> 0, 

BepOHTHOCTH a p-KBaHTHJIb x p =a.J-2ln(l-p) 

r,lJ,e a - napaMeTp MaCIlITa6a, MO,lJ,a

(a > 0)
 COOTHoweHMII Me)l(AY pacnpeAeneHMIIMM 

<I>YHKUIDI F(x) = 1-e-xl
/(2a 

2
) 

1. ECJIH Xl' X 2 - He3aBHCHMLIe CJIYlIaHHbIe BeJI~HHW, pacpacnpe,lJ,eJIeHHH 
npe,lJ,eJIeHRbIe no HOpMaJIbHOMy 3aKOHY C MaTeMaT~eCKHM o)({H,L{a

1 HHeM 0 H CTIlJUlapTHblM OTKJIOHeHHeM a, TO eJIyqaHHaH BeJIl{qHHa <I>YHKUIDI pHCKa )..(x) =-x 
2 X =~X~ + Xi HMeeT pacrrpe,neJIeHHe P3JIeH C napaMeTpOM MaClli a
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f(x) 
0.6 

0.5 

0.4 

0.3 

0.2 ,,,,
0.1 , 

I 
... ... 

... ~ ... 
I ! T 

0 2 3 4 5 6 7 8 9 x 

A. (x) 

1.0 

0.5 

~~ 

~~-

o 2 3 4 5 6 7 x
 
PRC. 3.25. Iln:OTHOCTb BepOllTHOCTH H clJYHJCl.{HJl pHcxa pacnpe.llelleHIDl P311eR.
 

Ta6a o. HHbIMH CJIOBaMH, pacnpe.ueJIeHHe P3JIeg onHCbIBaeT pac
npe.ueJIeHHe ,llJIHHbI .uBYMepHoro C.rryqaiiHoro BeKTOpa, npBMoyrOJIb
HhIe KOOp.uHHaThI KOTOpOro He3aBHCHMhI H no.uqHHJlIOTCg HOpMaJIb
HOMy 3aKoHY pacnpe.ueJIeHIDI C napaMeTPaMH 0 H O. 

2. Pacnpe.ueJIeHHe P3JIeg BBJlJleTCg qaCTHbIM c.rryqaeM pacnpe
.ueJIeHIDI MO,llyJIJI n-MepHoro c.rryqaiiHoro BeKTOpa (CM. n. 3.14). 

3. CBg3b Me)K,ll}' pacnpe.ueJIeHHeM P3JIeB x- H x2-pacnpe)leJIe 'i 

HIDIMH IIHpcoHa paccMaTPHBaeTCB B n. 3.31 H 3.32. 

O~eHMBaHMe napaMeTpo. 

o• - X_.~ (MM)' • -fi; --~ 1 ~ 2 (MMII).- - , 0 -  -£.JXI 
1t 2 2n I_I 
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reHepMpOBaHMe cny~aMHblx ~Mcen 

X; =0.J-21nr;. 

3.16. 0606~EHHOEPACnPEAEIlEHME P3nESI 
(PACnPEAEIlEHME P3nESI-PAACA) 

IIJIOTHOCTb f(z) = O~ e-(Z'+h')/(2a'>I 0( ~). z ~ 0, 
BepOgTHOCTH 

r.ue 0 - napaMeTP MaCIIITa6a (0) 0); h 
napaMeTP <pOPMbl (h > 0); 10 (z) - MO
.uH<pHUHpOBaHHaJI <PYHKUIDI BecceJIJI HY
JIeBoro nopJl,llKa 

«l In m k 

Cl>YHKUIDI F(z) =1_e-(x+O) L ~ L~' 
pacnpe.ueJIeHIDI m.O m. k.O k. 

r.ue X= Z2 /(202)H 9 =h2/(202) 

MaTeMaTlfqeCKOe z=O~[(l + 9)lo(i) +eI{i)}-O/2,
OXH,llaHHe 

r.ue I j (z) - MO.uH<pHUHpOBaHHaJI <PYHK
UIDI BecceJIJI nepBoro nopJI,llKa 

2
0

Mo.ua Z 
A =- 1;, r.ue 1; - KopeHb ypaBHeHIDI 

h 2 

1;l j (1;)/10 (1;) = :2 1;2_1 

,l(HcnepcIDI D = 202(1 + 9) - Z2z 

HaqaJIbHhIe m2 = 202 (l +9), 
MOMeHThI 

O 2 
m 3 = 30 

3 K[(1 + 29 + ~92 }o(i) + ~9(2 + 9)1{~)] e- / , 

m4 =40 4 [(2 +9)2 - 2] 

COOTHoweHMA MelKAY pacnpeAeneHMAMM 

1. Pacnpe.ueJIeHHe P3JIeB-Paiica onHCblBaeT ,llJIHHY Z .uBYMep
HOro CJIY'laiiHoro BeKTOpa, npgMoyrOJIbHble KOOp.uHHaTbI KOToporo 
gBJlJlIOTCB He3aBHCHMhIMH HOPMaJIbHblMH CJIY'laiiHblMH BeJIHqHHa
MH C o.uHHaKOBblMH ,llHcnepCIDIMH, PaBHblMH 0

2
, H MaTeMaTlfqe
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!(Z) 
0.5 

0.4 
a=1 

0.3 

0.2 

0.1 

~ 
0 2 3 4 5 6 z 

A(Z) 
1.5 

a=1 
1.0 

0.5 

.... .... .... 
........ 

o I 2 3 4 5 6z 

PilC. 3.26. lliOTHOCTh BepOJITHOCTH H ct>yHKUHlI pHCKa pacnpe,neneHIDI P3JJejl-Pa'lca. 

.... --- ........ !(Z) 
.... .... 

YT h = V:X 2 + Y~//---~~~Y)'" 
/ ,.----.......... "
 
/", "\ 

/ /''',. ....", " \ 
I I" .... , \ \ \ 
III" "\ I 
I t,., I I ,,--, \ \, 1 

: I~ / I " I 1 I 1 
- --- 1_- -+--t--:.t"'·'j / } 1 J /
y t- , ,\\\..-'\ ' .... 1_ I II I 

,..- \ -~- \', T ,." / / .....-\- \, , ..... -r- ~ I 

01 " ..., -x _ ' ~// II

" _---_ // 
x 

/ 

'.......... ///
 

...... _-----_ ..... 

PRC. 3.27. BepoJITHOC11faJI cxeMa, npHBO.lVImaJI x pacnpe,neneHHIO P3JJejl-PaJtca. 
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CKHMH O)KH)J;aHHHMH X H Y, Y.llOBJIeTBOpHIOIUHMH yCJIOBHIO 

~X2 + y 2 = h (pHC. 3.27). 
2. IlpH h ~ 0 pacnpe.lleJIeHHe PSJIeH-PaHca CTPeMHTCH K pac

npe.lleJIeHHIO PSJIeH. 

OqeHMBaHMe napaMeTpOB 

Ha pHC. 3.28 npHBe.lleHhI rpa<pHKH <PYHKUHH k) = <p) (v%) H 
k2 = <P2 (v%), n03BOJIHIOIUHe no H3BeCTHbIM MaTeMaTlflleCKOMY O)KH
.llaHHIO i H KOs<P<PHIl;Hemy BapHaIl;HH v% = (1% Ii CJIyqaHHoH BeJIH
qHHbI Z, pacnpe.lleJIeHHOH no 3aKOHY PSJIeH-PaHca, HaHTH napa
MeTPbI SToro 3aKOHa a = k)i H h = k2i. 

reHepMpOBaHMe cny'laMHblx '1MCen 

AJIrOpHTM 1 

z = ~(h + auD + (au2)2 , 

r.lle u) H u2 - CTaH.llapTHhIe HOpMaJIbHhIe CJIyqaHHhIe qHCJIa. 

AJIrOpHTM 2 
1. ,):= rand; '2:= rand; 
2. a:= sin(21t'); (3:= -2 In '2; 

23. z:= ~h2 + 2aha..ffi + a (3 • 

Ta6nMqbl 

1. [1). IlpHBe.lleHhI 3HaqeHIDI <PYHKUHH· Q(u, v) = Jpe-(p1+.1)/2 x 

1/ 

xlo(pv)dp, .llOnOJIHHIOIUeH.llo e.llHHHIl;hI <PYHKUHIO pacnpe.lleJIeHIDI 
CJIyqaHHO:H BemfllHHhI U, pacnpe.lleJIeHHOH no 3aKoHy PSJIeH-PaH
ca C napaMeTPoM MaCllITa6a a = 1H napaMeTPOM <pOPMbI v. 

2. [13). ,llaHbI 3HaqeHIDI TaK HaJhIBaeMoH rjJyHK14UU Kpy208020 

HaKpblmUJI 

2 
W("h) = - 1 JJ exp ( -x + y2) dxdy = 

21t 2
(x_h)1+y 1,s,1 

=1.- JJ exp( (x _h)2 + y2 )dxdy 
21t 2

X1+yl!::,1 

.lJ)UI' =0(0.1) 10 H h = 0(0.1)9.9; 4D. 
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3. [6]. IlpHBeAeHbI 3HaQeHWI cPYHKIJ;HH 
2 

rd DJ 1 ( x + 
2
y2 Jq -,- =- II exp - dxdy = 

( 2 
cr cr 2ncr (x-Dl'+y' >,J 2cr 

1 II (X-D)2 +y2Jdxd=--- exp	 Y
2ncr2 , , , 2cr 2 

x +Y >'d 

JlIDl (r - D )/cr =- 3.9(0.1)4.0 H D/cr =0.0(0.1)6.0(0.5) 10.0(1)20; 3D. 
d 

C1>YHKIJ;HH q (~ ' ~) AOnOJIHHeT AO eAHHHUbI cPYHKIJ;HIO KpyrOBO

ro HaKPbITWI 

r DJ 1 ( x
2 

+ y2 JP ...i..,_ = ---2 II exp 2 dxdy = ( cr cr 2ncr	 2cr
(x- Dl'+y'S-J 

=_1_ II (_ (x _D)2 + y2Jdxd
2 exp 2 y.

2ncr	 , , , 2cr 
x +Y S'd 

TeXHMK8 BWQMCneHMi 

C1>YHKIJ;HH paCnpeAeJIeHHH F(z;a,h) paCnpeAeJIeHHH P3JIeH
Paitca c napaMeTpOM MaCIIITa6a a H napaMeTpOM cPOPMbI h CBH3aHbI 

C cPYHKIJ;WIMH Q(u, V), W(r,h) H q(~ '~) coOTHorneHWIMH 

F(z; a, h) = l-Q(~, ~) = w(~,~) = l-q(~,~} 
,l:LrnI BbJqHCJIeHWI Ha 3BM 3HaQeHHH MOAHcPHUHpOBaHHbIX cPYHK

UHH BecceJIH HYJIeBoro H nepBoro nOPMKa MO)KHO HCnOJIb30BaTb 

CJIeAYIDIIJ;He pa3JIOXeHWI B cTeneHHOH PM: 

z2/4	 (z2/4)2 (z2/4)3 (z2/4)4
I (z) = 1+-- + + + + .... 

o	 (l!)2 (2!)2 (3!)2 (4!)2 ' 

Z [ z2/4 (z2/4)2 (z2/4)3 ]
I (z) = - 1+-- + + + 

I 2 l!2! 2!3! 3!4! .... 

3.17. PAcnPEAEIlEHME MAKCBEIlnA 

2 
f(x)	 = 2x e-x'/(2a'l, x ~ 0,

IlJIOTHOCTb a3 .j'i;
BepOHTHOCTH 

rAe a - napaMeTp MacIIITa6a (a > 0) 

175 



<I>YHIQ{HH 
paCrrpe~eJIeHHH 

XapaKTepHCTHQeCKaH 
tPYHKUHH 

MareMaT~eCKoe 
O~aHHe 

Me~HaHa 

Mo~a 

)lHcrrepcHH 

CTaH.llapTHOe 
OTKJIOHeHHe 

K03tPtPHUHeHT, 
BapHaUHH 

ACHMMeTpHH 

3Kcuecc 

HaqaJIbHLIe 
MOMeHTbI 
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F(x) = 2 [cI>o(~) __x_ e-X >/(2a»] = 
o 0$ 

= 2 [cI>u(~) -~~(~)] 
2

X(t) = (1-0 t 
2)W(~) + iot H, 
>( 2i J~ > Jme w(z) = e-~ 1+ .fi 0 e' dt - HHTer

paJI BepOSITHOCTH KOMIIJIeKCHOro apry
MeHTa 

i = 20 f! ::::: 1.59580 

xo.s ::::: 1.53830 

X= o.fi ::::: 1.41420 

D = 31t - 802 ::::: 0.453502 
x 7t 

ax =0~3-~ :::::0.67340 

- ~31t -1 ::::: 0.4220Vx - 8 

2../2(16 - 57t) ::::: 0.4857 
Sk = (31t _ 8) 3/2 

2
Ex = 1601t -121t - 384 ::::: 0.1082 

(31t _8)2 

m2 = 30 2
, m3 = 8~ 03, m4 = 15a 4 , 

i ', 2 + (S+I);
m, = a .fi -2- ., S - HeQeTHOe; 

{ 
a'(s + I)!!, s- qeTHoe 

QeHTPaJIbHLIe 
MOMeHTbI 

p-KBaHTHJIb 

f(x) 

0.6 

0.4 

0.2 

2)3/2 3
1-13 =03(16-51t);- :::::0.1483a ,(
 

_ 4 151t 2 + 167t -192 _ 06393 4

1-14 - 0 2 -. 0

1t 
xp=omp, 

r~e mp - KBaHTHJIb rropB.D;Ka p pacrrpe~eJIeHIDI 

MaKCBeJIJIa C rrapaMeTpOM MacIIITa6a 0 = 1; mp 

orrpe~eJIHeTCH rryTeM peIUeHHH ypaBHeHIDI 

cI>o(m,) -mp~(mp) =p/2 

32o 

A. (x) 

0.6 

0.4 

f{x) 
, .... -- ..... , a=2

" ," ," ,0.2 ~ , ,, ...... ..... -
Ol2345678x 

PHC. 3.29. IlJIomOCTb uepOllTHOCTH H 4JymcuHll pHCKa pacnpe,lleJleHHlI Max:cBeJl1Ia. 
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Ta6JIHu;a 3.2 

J],JUI npH6JIIDKeHHoro pellIeHIDI 3TOrO ypaBHeHIDI MO){(HO HC
n0Jlb30BaTb Ta6JI. 3.2. 

mp p mp p mp p mp p 
0.1 
0.2 

0.3 
0.4 

0.5 
0.6 

0.7 
0.8 
0.9 

1.0 

0.0003 
0.0021 

0.0070 
0.0162 

0.0309 
0.0516 

0.0789 
0.1128 
0.1529 

0.1987 

1.1 
1.2 

1.3 
1.4 

1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

0.2928 
0.3038 

0.3608 

0.4193 
0.4779 
0.5355 
0.5912 

0.6439 
0.6933 
0.7385 

2.1 
2.2 

2.3 

2.4 
2.5 
2.6 
2.7 

2.8 
2.9 
3.0 

0.7795 
0.8161 

0.8484 
0.8761 

0.9001 
0.9200 
0.9368 

0.9506 
0.9614 
0.9707 

3.1 
3.2 

3.3 
3.4 
3.5 

3.6 
3.7 

3.8 
3.9 

4.0 

0.9778 
0.9834 
0.9877 

0.9909 
0.9934 

0.9953 
0.9966 
0.9976 
0.9984 

0.9989 

COOTHoweHMII Me)l(AY p8CnpeAeneHMIIMM 

1. ECJIH XI' X 2, X 3 - He3aBHCHMble CJIy'IaHHble BeJIWIHHbI, 
pacnpeAeJIeHHble no HOPMll.JIbHOMY 3aKOHy C MaTeMaTHqeCKHM 
O)J(H,IlaHHeM 0 H CTaH,llapTHbIM OTKJIOHeHHeM a, TO CJIy'IaHHaH Be-

JIHqHHa X = ~X~ + xi + xi HMeeT pacnpeAeJIeHHe MaxcBeJIJIa C 

napaMeTPOM MacIIITa6a a. HHbIMH CJIOBaMH, pacnpeAeJIeHHe MaKC
BeJIJIa onHCbIBaeT pacnpeAeJIeHHe AJIHHbI TPeXMepHoro CJIy'IaHHoro 
BeKTOpa, npSIMoyrOJIbHble KOOPAHHaTbI KOToporo SIBJISIIOTCSI He3a
BHCHMbIMH CJIyqaHHbIMH BeJIHqHHaMH, pacnpeAeJIeHHbIMH no HOp
MaJIbHOMY 3aKoHy C napaMeTPaMH 0 H a. 

2. PacnpeAeJIeHHe MaKcBeJIJIa SIBmIeTCSI qaCTHbIM CJIyqaeM pac
npeAeJIeHHR' MO~JISI n-MepHoro cJIy'IaHHoro BeKTOpa (CM. II. 3.14). 

3. CBSI3b Me~ paCilpeAeJIeHHeM MaKcBeIDIa, x- H X2 -pacnpe
AeJIeHIDIMH IIHpcoHa paCCMaTpHBaeTCSI B n. 3.31 H 3.32. 

OqeHMB8HMe napaMeTpoB 

a.-- -'Ji--.06267-'x (MM)' • -fi;- -- J1 ~ 2x - ,a - - L..,x, (MMII).8 3 3n 1=1 I 

reHepMpOBaHMe cnY'I8MHblX 'IMCen 

/ 2 2 2 
X, = VU 31-2 + U 31- 1 + U 31 , 

rAe U 3/- 2 , U 3;-I' U 31 - CTaHAapTHbIe HOpMaJIbHble CJIyqaHHble 'mCJIa. 
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,oi 

TeXHMK8 Bbl'lMcneHMM 

IIJIOTHOCTb BepoHTHoCTH f(x) H <pyHKIlHH pacnpeAeJIeHHH F(x) 
pacnpeAeJIeHHH MaKCBeJIJIa CBH3aHbI C TIJIOTHOCTbIO BepOHTHOCTH 
cp(x) CTaH,llapTHOro HOpMaJIbHOrO pacnpeAeJIeHHH H <pyHKUHeH JIan
rraca <1>0 (x) COOTHOllIeHHHMH . 

f(x) = 2;2 cp(~) H F(x) =2[<1>o(~) -~cp(~)J 

npH BblqHCJIemrnX no 3THM <popMYJIaM MOxmO HCnOJIbJOBaTb Ta6
JIHUhI TIJIOTHOCTH BepOHTHOCTH cp(x) CTaH,llapTHOro HOpMaJIbHOrO 
pacnpeAeJIeHHSI H <PYHKIlHH JIaTIJIaca <1>0 (x) (CM. n. 3.1). 

3.18. PACnPEAEl1EHHE HAKArAMH 

TIJIOTHOCTb f( x) = _2_ (a.Jo. x 20.-
1e-a.x 2/1l x> 0 

r(a.) ~ " BepoHTHoCTH 

rAe ~ - napaMe-rp MaCllITa6a, BTOpOH Ha
qaJIbHbIH MOMeHT (~ > 0); a. - napaMeTp 
lPOpMbI 

F(x) =I(~X2, a.)<l>YHKUHSI 
pacnpeAeJIeHHH 

..,(t) = D (-it ri3)e-P/ 2r(2a.) /(So.)XapaKTepHCT~eCKaH '" 20.- l r(a.) -20. V2;: ,
<pyHKUIDI 

rAe D (z) - lPyHKUHH napa60JIHqeCKOrO p 
UHJIHH,llpa 

x = r(a. +0.5) [
MaTeMaT~eCKoe r (a.) V-;oJKH,IJ;aHHe 

MOAa x= ~ ~ (1- 2~). a. ~ 0.5 
-2

,l.(HcnepcHH Dx =~-x 

Sk= x[4a.x 2 
-(4a.-1)~1 

ACHMMeTPIDI 20. D3fl 
x 

Ex = 2x2 [(4a. -1)~ -30.i21-(2a. _1)~2 
3Kcuecc a.Dx 

2 
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P=I 

1+ 2a _HalJaJIbHhIe m2 == /3, m3 == ~ /3x,
MOMeHThI 

m
4 

== 1+ a /32, 
a 

m == (I)'f2 r (a + 812) 
'a r(a) 

UeHTPaJIbHble -(2-2 4a-l)J.13 ==x l X -~/3 ,
MOMeHTbI 

-2(2(a -1) f.l 3-2) a + 1 f.l2J.14 == X - X +-- I-'I-' 
a a 

f(x) 

1.5 

0.5 

2 3 x 

A(x) 
3.0 

2.0 

1.0 

o 0.5 I 1.5 2 x 

PIlc. 3.30. IlnOTHOCTh BepOHTHOCTH H tPYJIl<UHR pHcxa pacnpe~eneHHB HaxaraMH. 
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KBaHTIDIb x p IIOPMKa p HBJUleTCH KOpHeM ypaBHeHIDI

1(* x;, a ) == p. 

COOTHoweHMA Me)l(AY pacnpeAeneHMAMM 

21. IlpH a == nl2 H /3 == na pacrrpe~eJIeHHe HaKaraMH COBIIMa
eT C paCIIpe.ueJIeHHeM MO~YJIH n-MepHoro CJIyqaHHoro BeKTOpa 
(CM. II. 3.14). 

2. IlpH a == 1 H /3 == 2a 2 paCIIpe~eJIeHHe HaKaraMH COBIIMaeT C 
paCIIpe~eJIeHHeM P3JIeH (CM. II. 3.15). 

3. IlpH a == 3/2 H /3 == 3a 2 paCIIpe.ueJIeHHe HaK~raMH COBIIMaeT 
C pacIIpe.ueJIeHHeM MaKCBeJIJIa (CM. II. 3.17). 

4. ECJIH CJIyqaHHaH BeJIHlJHHa XIIo~HIDIeTcH 3aKOHY HaKara
MH C IIapaMeTPaMH a, /3, TO CJIyqaHHaH BeJIHlJHHa Y == X 2 HMeeT 
raMMa-paCIIpe~eJIeHHe C IIapaMeTPoM MacIIITa6a a//3 H IIapaMeTPOM 
cP0PMhI a. 

O~eHMBaHMe napaMeTpOB 

OueHKa IIapaMeTPa MacmTa6a /3 MeTO~OM MOMeHTOB OIIpe~eJIH
eTCH IIO cPopMYJIe 

• • 1 ~ 2/3 == m2 == - 4-. x / . 
n /=1 

OueHKa napaMeTPa cP0PMhI a HBJUleTCH KopHeM ypaBHeHIIH 

• 2( .) • 
a r a -1 ==v ' 

xr 2 (a·+ 05) 

,[VIH npH6JIIDKeHHOro pemeHIDI 3Toro ypaBHeHIDI MmKeT 6bITb 
HCnOJIbJOBaHa Ta6JI. 3.3. 

reHepMpOBaHM8 cnY'taMHblx 'tMcen 

x ==.[Y, 
r~e Y - cnyqaHHoe lJHCJIO, npHHMJIe:>KaJ.IJ;ee nOCJIe~OBaTeJIbHOCTH 

{y/} cnyqaHHbIX lJHCeJI, HMeIOiuHX raMMa-pacIIpe.ueJIeHHe C napa
MeTPoM MacIDTa6a a//3 H napaMeTPOM cPOPMhI a (CM. n. 3.10). 

Ta6nM~bI 

MoryT 6bITb HCnOJIbJOBaHhI Ta6JIHUhI HenOJIHOH raMMa-cPYHK
UHH [7] H [9] (CM. n. 3.10). 
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1 aOJIHua :5.3 
a Vx a Vx a Vx a Vx 

0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.017 
0.018 
0.019 
0.020 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 

5.632 
5.369 
5.139 
4.937 
4.756 
4.594 
4.447 
4.314 
4.192 
4.079 
3.975 
3.240 
2.801 
2.501 
2.280 
2.107 
1.968 
1.853 
1.755 

O.II 
0.12 
0.13 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 
0.20 
0.21 
0.22 
0.23 
0.24 
0.25 
0.26 
0.27 
0.28 
0.29 

1.671 
1.598 
1.533 
1.475 
1.424 
1.377 
1.334 
1.295 
1.259 
1.225 
1.195 
1.166 
1.139 
1.114 
1.090 
1.068 
1.047 
1.027 
1.008 

0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 

0.990 
0.851 
0.756 
0.686 
0.632 
0.588 
0.553 
0.523 
0.497 
0.475 
0.455 
0.438 
0.422 
0.363 
0.323 
0.294 
0.272 
0.254 
0.226 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
30 

0.206 
0.191 
0.178 
0.168 
0.159 
0.152 
0.145 
0.139 
0.134 
0.130 
0.125 
0.122 
0.II8 
0.115 
0.112 
0.091 

3.19. 6ETA-PACnPEAEIIEHME BTOPOro POM 

1 x uI1JIOTHOCTb 
1 

f(x)=-- = 
BepOHTHOCTH B(u, v) (1 + X)u+v 

r(u + v) U-l(I ) -(U+V) 0 
= r(U)r(v) X + X , x> , 

r,n;e u, v - rrapaMeTpbl <POPMbl (u > 0, V > 0) 

<l>YHKlUUI F(x) = IX/(lu) (U, V),
pacrrpe,n;eJIeHHH 

r,n;e IAu, V) - OTHoweHHe HerrOJIHOH 6eTa
<PYHKUHH 

MaTeMaTWIeCKoe x= U
v-I' v>10JKH.ZlaHHe
 

Mo,n;a i =u-I
 
v+I' u~1 

,llHcrrepcHH Dx = u(u + v-I) 
(v-I)2(v-2)' v> 2 
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IJ.& 

1 u(u + v-I)
CTaH,IJ;apTHOe v>2O'x=v_I v-2OTKJIOHeHHe 

u+v-I 
K03<P<PHUHeHT V ::: x u(v _ 2)' v> 2 

BapHaUHH
 

Sk = 2(2u + v -1) I V - 2 v> 3

ACHMMeTpHH 

V - 3 ~ u(u + v-I) , 

Ex = 6[(v-I)2(v-2) +u(5v-ll)(u+v-I)]
3Kcuecc u(u+v-I)(v-3)(v-4) , 

v> 4 

(u + I)u
HaqaJIbHble m2 = (v -1)(v _ 2)' v> 2;

MOMeHTbI
 

m = (u + 2)(u + 1) u , v> 3;
 
3 (v -1)(v - 2)(v - 3)
 

m = (u + 3)(u + 2)(u + I)u , v> 4;
 
4 (v -1)(v - 2)(v - 3)(v - 4) 

(u + s -I)(u + s - 2) ... u m, = , v> s 
(v-I)(v-2) ... (v-s) 

2u (u + V -1)( 2u + v-I)
lleHTpaJIbHLle j.1 = V > 3' 

MOMeHThI 3 (V -1) 3 (V - 2)(v - 3)' , 

3u(u + V -1)[u2 (v + 5) + u(v + 5)(v -1) + 2(v-I)2] 
j.14 = (v-I)4(v-2)(v-3)(v-4) , 

v> 4 

KBaHTIDlb X p rropMKa P HBJIHeTCJI KopHeM ypaBHeHIDI 
I x/(l+x) (u, v) =p. 

COOTHoweHIUI Me*AY pacnpeAeneHMRMM 

1. CJlY'IaDH8JI BeJlH'iHHa X, HMelOlUaH 6eTa-pacrrpe.n,eJIeHHe BTO
poro po.na C napaMeTpaMH U, v, H CJI}"laiblaJI BeJUf1:IHHa Y, HMelO
IUaJI 6eTa-pacrrpe.n,eJIeHHe rrepBoro po.n,a C TeMH )Ke rrapaMeTpaMH, 
CBJl3aHhI Mex,ny co60A COOTHomeHHJlMH: 

Y X
X=-- H Y=--.

I-Y I+X 
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I 
I 
I 
I 
I 
I 

0.2 Ii I \- u =3, v =I 
I '1' 
II r 
I, I 

,I I
,I I 

0.1"',' I I 
, I

, I 
I 

2. ECJIH U, V - HaTypaJIbHbIe qHCJIa, TO CJIyqaHHYIO BeJIH'IHHY 
X(U, V), HMeIOmyIO 6eTa-paCnpe.u;eJIeHHe BTOpOrO po.u;a C napaMeT- i 
paMH U, V, MO}I(HO npe.u;CTaBHTb B BH,l{e 

X(U, V) =:dJx~., 

r.u;e X~. H X~. - He3aBHCHMbIe CJIyqaHHbIe OeJIH'lHHhI, HMeIO2 
IUHe x -pacnpe.u;eJIeHHe C 'IHCJIOM CTeneHeH CBo6o.u;bI 2u H 2v COOT
BeTCTBeHHO. 

3. ECJIH CJIyqaHHaJI BeJIHqHHa X HMeeT 6eTa-pacnpe.u;eJIeHHe 
BToporo po.u;a C napaMeTpaMH U = 1 H V =«, TO CJIyqaHHaJI Be
JIHqHHa Y =Yo (1 + X) HMeeT pacnpe.u;eJIeHHe IIapeTO C IIapaMeT
paMH Yo, «. 

I(x) 
2.5 

2.0 

1.0 

0.5 
"""--- ~ = 0.5. v = I 

o 0.5 1.0 1.5 x 

I(x) 
0.3 

o 2 4 6 8 x 

PRe. 3.31. fIJIOTHOCTb sePOllTHOeTll 6e'ra-paerrpelleneHHH BTOpOI'O pOlla. 
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01 

f(x) 
a3 

u=l, v=1 

o 2 3 x 

f(x) 

0.3 6 

u =6, v =40.4 

0.3 

0.2 

0.1 

o I 2 3 4 5 6 7 8 9 x 

PIle. 3.32. IlJIoTIloeTb BepOllTIlOeTH 6era-paerrpe.neneHIDI BToporo po.na. 

a - u =1, x=0; 6 - l' = U - 2, .x =1. 

A(x) 
u:= 2, v:= I 

0.3 

0.2 

0.1 

-;&)----------------

u:= 5, v:= 1-'----
024 6 8 x 

PRe. 3.33. <1lYJ{KUKll pHcKa 6eTa-paerrpe.neneHHH BToporo po.na. 
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Ol.l.8HMBaHM8 napaM8TpOB 

• _x·(x·+l)+2· u· =x·(v·-l) (MM).v - 2 ' xx Sx 

r8H8pMpOBaHMe cny'laAHblx '1MCen 

x =---.L
1- Y' 

r.u;e y - CJIY':lajtHoe qHCJIO H3 nOCJIe.u;OBaTeJIbHOCTH {YI} CJIyqaHHbIX 
qHCeJI, HMeIOIUHX 6eTa-pacrrpe.u;eJIeHHe nepBoro po.u;a C napaMeTpa
MH u, V (CM. n. 3.26). 

Ta6nMI.l.bI 

IIpH BbIqHCJIeHHH <PYHKIlHH pacnpe.u;eJIeHIDI F(x) MOryr 6mb 
HCnOJIb30BaHbI Ta6JIH:U;bI OTHOIIIeHIDI HenOJIHojt 6eTa-<PYHKIlHH 
Ix(u, v), npHBe.u;eHHbIe B [8] H [2] (CM. n. 3.26). 

3.20. norAPHCIIMH'IECKH HOPMAnbHOE 
(nOrHOPMAnbHOE)PACnp~EnEHHE 

IIJIOTHOCTb 
BepOHTHOCTH 

1 _[In(xlmll' 1 { 
f(x) = e 2a' = exp [In(x/mW} 

xaili xaili 2a2 
' 

x~o, 

r.u;e m - napaMeTp MaCIIITa6a (Me.u;HaHa); a - napaMeTp 
<POPMbI. qacTo BMeCTO m HCnOJIb3yeTcH .u;pyroH napaMeTp 
MacIIITa6a J.1 =In m - MaTeMaTHtIeCKOe OXH,ZJ;aHHe CJIyqaH
HOjt BeJIHqHHbI In X. IIapaMeTpbI m H J.1 CBH3aHbI COOTHOIIIe

HIDIMH m =exp J.1, J.1 =In m. IIapaMeTp <POPMbI a npe.u;CTaBJIH
eT C060H CTaH.u;apTHOe OTKJIOHeHHe CJIyqaHHojt BeJIHqHHbI 
InX(a> 0). 

<1>YHKIlIDI	 F(x) =i+ <1>o(In (;m») =<1>(In (:/m»)
pacnpe.u;eJIeHIDI 
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MaTeMaT~eCKoe	 x =mea '/2 
OXH,ZJ;aHHe 

Me.u;HaHa	 X O.5 = m 

A _a 2 

Mo.u;a	 x=me 

)l;HcnepcIDI D.	 =m'e"' (e"' -I) =i'[(~)' -1] 
_)2 a 'I, a' - X

CTaH.u;apTHOe cr x =me ~ =x m -1 
OTKJIOHeHHe ~ 

K03<P<PH:U;HeHT 
Vx =~ =~(:r -1 

BapHa:U;HH 

, ~ 
ACHMMeTpIDI	 Sk = (e a + 2) "e a -1 > 0 

3Kc:u;ecc	 Ex = e 4a' + 2e 3a' + 3e 2a'_6 

HaqaJIbHbIe	 m2 -- m2e2a' m
3 

=m 3 e9a '/2 ,,
 

MOMeHTbI
 
m4	 =m 4 e8a

', m, =m'e"a'/2 

UeHTpaJIbHbIe J.13 =m 3(e 3a'_3e a' +2)e 3a'/2, 
MOMeHTbI J.14	 =m4(e6a'_4e3a' +6ea'_3)e 2a' 

p-KBaHTHJIb	 xp = m exp (aup)' r.u;e up - KBaHTHJIb 
nOPHAKa P CTaH.u;apTHOro HOpMaJIbHOrO 
pacnpe.u;eJIeHIDI 

TOqKaMH nepern6a <PYHKIlHH IIJIOTHOCTH f(x) HBJlHIOTCH TOqKH 

X =mexp(-%a' "a~1 + a; )=mexp[% (-30" -la' + 4)1 

COOTHoweHMIII Me)KAY pacnp8AeneHMIIIMM 

1. ECJIH CJIY':laHHaH BeJIHtIHHa X HMeeT JIOrHOpMaJIbHOe pacnpe
.u;eJIeHHe C napaMeTpaMH m, a, TO CJIyqaHHaH BeJIHtIHHa Y = In X 
no.u;qHHHeTCH HOpMaJIbHOMY 3aKoHy pacnpe.u;eJIeHIDI C MaTeMaTHtIe
CKHM OXH,ZJ;aHHeM J.1 =In m H CTaH.u;apTHbIM OTKJIOHeHHeM cr =a. 
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---

2. IIycTb X (m, 0) - c.rryqaHHCUI BeJIH'lliHa, HMeIOI.I.I;CUI JIOrnOpMaJIh
Hoe pacnpe.n;eJIeHHe C napaMeTpaMH m, 0; YeV, cr) - c.rryqaHHaH Be
JIIflIHHa, pacnpe.n;eJIeHHCUI no HOPMaJIbHOMy 3aKOHY C MaTeMaTlflIe
CKlfM OXH,l(aHHeM y H CTaH.n;apTHbIM OTKJIOHeHHeM cr H J.1 = In m. 
Tor.n;a CnpaBe.n;JIHBbI CJIe.n;yIOI.I.I;He COOTHomeHIDI: 

X(m,o) - exp[Y(J.1,o)] - exp[J.1 + oY(O,I)] - m exp[oY(O,I)]; 

InX(m,o) - Y(J.1,o) - J.1 + oY(O,I); 

P{X(m, 0) < x} =P{exp[Y(J.1, 0)] < x} =P{Y(J.1, 0) < lnx} = 

=P {Y(O, 1) < In x ~ J.1}. 

!(x) 
2 

m= I 

o 2 

A(X) 

2 

3 4 x 

o 2 4 6 8 x 
PRc. 3.34. I!JIOTHocTb BepOJlmOCTH H <!>YHKl.\HJl pHCKa JIOrapK<!>MJf1IeCKH 

HOpM3JIbHorO pacnpe1leJIeHHJl. 

3. IIpoH3Be.n;eHHe He3aBHCHMbIX CJIyqaHHbIX BeJIIflIHH X(m"ol)' 
HMeIOI.I.I;HX JIOrHOpMaJIbHOe pacnpe.n;eJIeHHe C napaMeTpaMH ml,.ol 
(i = 1, 2, ... , n), no.n;'IHIDIeTCJI JIOrapHlpMH'IeCKH HO 'MaJIbHOMy 3aKO

HY C napaMeTpaMH m =exp(t lnml ) H 0 = to,2: 

n

IT X(m" 01 ) - X(m, 0). 
1=1 

4. HMeeT MeCTO aHaJIOr ueHTpaJIbHOH npe.n;eJIbHOH TeopeMbI: 
npH C06JIIO.n;eHHH HeKoTopbIX .n;OCTaTO'lHO 061.I.1;HX yCJIOBHH H n ~ 
~ 00 pacnpe.n;eJIeHHe npoH3Be.n;eHIDI n He3aBHCHMbIX nOJIOXlITeJIb
HbIX CJIyqaHHbIX BeJIIflIHH cTpeMHTCJI K JIorapHlpMHqeCKIf HOpMaJIb

HOMy pacnpe.n;eJIeHHIO. 

OqeHMBaHMe napaMeTpoB 

• x -. 
a' " 11+ +(~:)'] (MM), 

1+ (~: J 
m =----r='===::::::;2 

-. 1 ~ S2 1 ~( _.)2r.n;ex =-LJx, H x =--LJ XI -x , 
n 1=1 n -1 1=1 

o· =.1-1-t(lnX, -lnm')2 (MM);m· =exp(~tlnxI} n -1 1=1 

1. n
 

o = - L(lnx, -lnm·)2 (MMII) .
m· = exp(.!. tlnXI), 
n ;=1 n ;=1 

IIapaMeTpbI mHo MOXHO oueHHTb H C nOMOl.I.l;bIO BbI60pOqHbIX 

KBaHTHJIeH: . 
m· =X~.5' o· =0.303978ln X~.95 , 

X O•05 
•

r.n;e X
O

.5 
6 •• 

- BbI OP0'lHaH Me.n;HaHa; XO•05 H XO•95 - BbI60pO'lHbIe KBaH-

THJIH nopJI,UKa p =0.05 H P =0.95 COOTBeTCTBeHHO. 
,llmI: nOBbImeHIDI TOqHOCTH oueHHBaHIDI napaMeTpa 0 MO)KHO 

HCnOJIb30BaTb CJIe.n;YIOI.I.I;HH npHeM: C nOMOl.I.l;bIO <pOpMyJI 

o· = 0.6079571n X,~.5 H O· =0.607957 In X~;95 HaRTH el.I.l;e .n;Be oueH
XO•05 XO.5 

KIf napaMeTpa MacmTa6a 0 H B KaqeCTBe OKOH'laTeJIbHOrO BapHaHTa 

oueHKH B3JITb cpe.n;Hee apH<pMeTlflIeCKoe Tpex oueHoK. 
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IIO.llpo6Hble peKOMeH)laUHlI no onpe.lleJIeHHIO oueHOK napaMeT
pOB JIOrnOpMaJIbHOro pacnpe.lleJIeHIDI H .llOBepHTeJIbHbIX HHTepBa
JIOB)llliI napaMeTPOB 3Toro pacnpe.lleJIeHHH npHBe.lleHbI B [33]. 

reHepMpOB8HMe cny'l8MHblX '1MCen 

x =exp (In m + au) =m exp (au), 

r.lle u - CTaH)lapTHoe HOPMaJIbHoe c.nyqaHHoe qHCJIO, HJIH 

xmexp[a[t,H)J
0 

TeXHMK8 BbIliMCneHMM 

IIpH BbNHCJIeHHHX MOryr 6bITb HCnOJIb30BaHbI Ta6JIHUbI llJIOT
HOCTH BepOHTHOCTH <p(x) CTaH)lapTHoro HOpMaJIbHOro pacnpe.lleJIe
HHH H Ta6JIHUbI lPYHKUHH JIallJIaca <1>0 (x). IIpH 3TOM HCKOMble 3Ha
qeHHH lPYHKUHH pacnpe.lleJIeHHH F(x;m,a) H ITJIOTHOCTH BepOHTHO
CTH f(x; m, a) JIOrnOpMaJIbHOrO pacnpe.lleJIeHHH C napaMeTPaMH m, 
a onpe.lleJIHIOTCH no lPopMYJIaM 

F(x;m,a) ="21 + <1>0 (lnXa-IlJ H f(x;m,a) =ax1 <p (lnXa-IlJ' 

r.lle Il =lnm. 
IIpH MaJIbIX a JIOfHOpMaJIbHOe pacnpe.lleJIeHHe 6JIH3KO K HOP

MaJIbHOMY (CM. pHC. 3.34). IIo3ToMY npH a < 0.13 .llOnycTHMa 
npH6JIIDKeHHaH 3aMeHa JIOfHOpMaJIbHoro pacnpe.lleJIeHHH C na
paMeTPaMH 

2
m, a HOPMaJIbHbIM pacnpe.lleJIeHHeM C napaMeTPaMH 

X =m exp (a /2), a = ma. TaKoH npHeM, HanpHMep, HCnOJIb3yeTcH 
npH HaxO)K,lleHHH KOMno3HUHH HOpMaJIbHOrO H JIOrHOpMaJIbHoro 
pacnpe.lleJIeHHH C MaJIbIM 3HaqeHHeM napaMeTPa lPOPMbI a. 

IIpH a < 0.13 p-KBaHTHJIb JIOfHOPMaJIbHOrO pacnpe.lleJIeHHH 
2 

x p ~ up +~(u; -1) + ~2 (2u; -9up), 

r.lle up - KBaHTHJIb nOPHllKa p CTaH)lapTHoro HOPMaJIbHOrO pacnpe
.lleJIeHHH.. 

3.21. PACnPEAEllEHHE nAPETO 

( J 
"+1 

IInOTHOCTb f(x) = ~ X o ,x> x ,
 
BepOHTHOCTH X o x o


r.lle Xo - napaMeTP nOJIO)l{eHHH, JIeBaH 
rpaHHua 06JIaCTH B03MO)I(HbIX 3HaqeHHH 
(xo > 0); a - napaMeTP lPOPMbI (a> 0) 

190 

at 

C1>YHKUHH F(x) = 1_(XO 
)", x> Xo 

paCnpe.lleJIeHHH x 

a
C1>YHKUHH pHcKa A.(x) = -, x> X o


X
 

- a 1MaTeMaTHqeCKOe x =--xo, a>
 
OXGl,llaHHe
 a -1 

Me.llHaHa xo. = Xo21/"s
 

MO.lla i =xo
 

D _ a
):(HcnepCHH 
x - (a -1)2(a -2) x~, a> 2 

CTaH)lapTHOe ax =~ r;: 
a-1V~' a>2OTKJIOHeHHe 

1
K03lPlPHUHeHT a>2 

V
x = .ja(a - 2)'BapHaUHH 

ACHMMeTPHH Sk = 2(a + 1) ~a - 2, a > 3 
a -3 a 

Ex = 6(a 3 + a 2 - 6a - 2)3Kcuecc 
a(a-3)(a-4) , a>4 

a 2 •HaqaJIbHble a 3 3'm2 =--xo, a > 2, m3 =--xO ,a> , 
a -2MOMeHTbI a-3 

a 4 4 a • 
m4 =--xo' a> ; m. =--xo,a>sa-3 a -s 

2a(a+1) x 3 a>3;UeHrpaJIbHbIe 
113 =(a-1)3(a-2)(a-3) 0'

MOMeHTbI 

3a(3a2 +a+2) 4 4 
114 = x o, a> 

(a -1)4(a -2)(a -3)(a -4) 

Xop-KBaH'rHJIb 
x p = (1-p)1/" 
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COOTHoweHMR MelKAY pacnpeAeneHMRMM 

I. ECJIH CJIyqaiiHaH BeJIHlIHHa T HMeeT 6eTa-paCnpe.aeJIe
HHe BTOpOrO po.aa C napaMeTPaMH U = I, v =a. (T. e. eCJIH f( T) = 
=o.(l + T) -(a+I), 0 < T < (0), TO CJIyqaiiHaH BeJIHlIHHa X =1+ T no.a
qHIDIeTCH 3aKoHy llapeTO C napaMeTPOM nOJIOXeHHH X = 1H napao
MeTPOM <pOPMbI a.. 

2. Pacnpe.aeJIeHHe llapeTO C napaMeTPaMH xo, a. npe.aCTaBJIHeT 
co6oii yceqeHHe Ha HHTepBaJIe (xo,oo) pacnpe.aeJIeHHH llapeTo C 
rrapaMeTPOM nOJIOXeHHH 1 H rrapaMeTPOM <pOPMbI a.. 

3. ECJIH cnyqaiiHaH BeJIHlIHHa X HMeeT pacnpe.aeJIeHHe llapeTo C 
rrapaMeTPaMH xo, A., TO CnyqaiiHaH BeJIHlIHHa Y = (X - Xo)/xoHMeeT 
6eTa-paCnpe.aeJIeHHe BTOpOro po.aa C napaMeTPaMH U = I, V = a.. 

f(x) 

2 
~ 
:1 
:I
 
: I
 
: I
 
I I
 
: I
 
: IU =2 
i \ 
I \ 

I \ 
):

I 
,

,:	 ,
I	 , 

iu =0.5, 
I I 
I I
I ,
 
I ,
 
I ....
 
I ...
 
I
 

Xo =1 

o	 2 3 4 x 

A(X) 
2 

:1	 u =2, Xo =1
II 
: I 
I I 
I I
 
: I
 
: I
 

:I \

\ 
I \ . , 

\f(x) 
\ 

I 

II, 

' .... 
..... _--------

o 1 2 3 4 x 
PIIc. 3.35. IIn:OTHOCTb BepOJITHOCTH H 4lYHKUHJl pHCKa pacnpe.D;eJIeHHJl IIapeTO. 
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L	 iI. 

4. llpeo6paJoBaHHeM y = xolx pacnpe.aeJIeHHe llapeTo C napa
MeTPaMH xo, a. CBO.aHTCH K 6eTa-pacnpe.aeJIeHHIO nepBoro po.aa C 
napaMeTPaMH U = a., V = 1 (CM. n. 3.26). 

5. B CHCTeMe KpHBbIX llHpcoHa pacnpe.aeJIeHHe llapeTo npH
Ha,wIe)I(HT K pac n p e.a eJI e HH H M THn a VI H XI. 

OqeHMBaHMe napaMeTpOB 

MeT o.a MOM eHT0 B. B KJIaCCHlIeCKOM BH.Ile llpHMeHHeTCH TOJIb
KO npH a. > 2. Ou;eHKa onpe.aeJIHeTCH no <popMyJIaM 

" I (-")2 " 1 -"X" a.	 a.	 =1+.1+--2-, Xo =--"- X 
S" a. 

llpH 1< a. ~ 2 HCnOJIb3yeTCH CJIe.LJYlOIllaH MO.aH<pHKaU;HH :noro 
MeTo.aa: 

" nX" - x(l) " (a"ln -I) x(l) 
a.	 = , Xo = 

n [x"- x(l)] o."n 

r.ae X(I) - MHHHMaJIbHbIii 3JIeMeHT BbI60PKH (.aaHHaH MO.aH<pHKa
U;HH MoxeT 6bITb HCnOJIb30BaHa H npH a. > 2). 

MeT o.a M aKCHM a JI b H0 ron p a B.a 0 n o.a 0 6 H H:
 
" 1
 

Xo =x(I)' a. = In (x"/x )'
o

r.ae x" = V'-x-
1
x-

2
-.-.,-x-

n 
- cpe.aHee reoMeTPHlIecKoe 3JIeMeHTOB BbI6op

KH. 

MeT o.a KBaH THJI e ii: 
x" (I-p )l!a'+ X " (I-p )l/a'" In[(I-Pl)/(I-P2)] " p, 1 p, 2 

Xo = 2 
a.	 = In(X~ Ix;,) 

MeT o.a H aHMeH b III HX K Ba.a paT 0 B: 

" -n ~ In X; In[I-P"(X/)]+(~ InX/)(~ In [I-P"(X/)]] 

a.	 = n ( n )2
 
n (InxY - ttInx;
 
tt 

X~ =exp {!;[J.t In[I-P"(x;)]+ i,InX;]}, 
a. ,~I	 1=1 

r.ae p" (x) = p" (X ~ x) - qaCTOCTb (OTHOCHTeJIbHaH qaCTOTa) C06bI
THH (X ~ x), Haii.IleHHaH no BbI60pOqHbIM .aaHHbIM. 
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IlpH H3BeCTHOM X o OueHHBaeTCH rrapaMeTp 1}>0PMbI a: 

a' ==	 _. X' (MM), a' == n 1 (MMIl). 
x - X o 1" 1n 1n - L. XI - Xo 

n ;=1 

reHepMpOBSHMe cnYIfSHHblX IfMCen 

x == x r- I / a 
o	 • 

3.22. PACnPEAEnEHME MOAVnSl HOPMAI1bHOA
 
cnY'lAAHOA BEnM'IMHbI
 

(OTPAJlCEHHOE HOPMAI1bHOE PACnPEAEnEHME)
 

IInOTHOCTb f(x) == _I [exp(- (X _m)2 J+ 
BepOHTHOCTH oili 202 

e	 ( (x +m)2)]+	 xp 2a 2 ,x ~ 0, 

r.n:e m - rrapaMeTp rrOJIOXeHHjJ, MaTeMaTH
1feCKOe o~aHHe HCXO.n:HOIf HOPMaJIbHOIf 
CJIyqaHHolf BeJIJRHHbI; 0 - rrapaMeTp Mac
IIITa6a, CTaHJl:apTHoe OTKJIOHeHHe HCXO.n:
HOIf HOPMaJIbHOIf CJIyqaHHolf BeJIH1fHHbI 
(a > 0) 

<t>YHKUIDI	 x-m) (x+m)F(x) ==<1>0 -a- +<1>0 -a(pacrrpe.n:eJIeHHjJ 

XapaKTepHCTJKqeCK~ X(t) == [ <1> { ; + iat}itm - <1> { ; - iat) e-llm + 
I}>YHKUHjJ 

2 2 
a t	 )+ cos (mt) exp --2] ( 

MaTeMaTH1feCKOe x=	 =20[~ exp(-;::)+:~.(:)] 
O~aHHe 

=2a[<p(h) +h<1>o(h)], 

me <p(x) - IIJIOTHOCTb BeponHoCTH CTaH
.n:apTHoro HOpMaJIbHOrO pacrrpe.n:eJIeHHjJ; 
h ==m/a 
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11::,1111	 11
, 

"ll II 
I~.'Me.n:HaHa Me.n:HaHa X O.5 HBAAeTCH KopHeM ypaBHeHHjJ 

O<1>0 ( X O.5 a- mJ+ <1>0( X .5 a+ mJ== ~ 

a~m;O' 
Mo.n:a x == a 2

{mr" a<m, 

r.u:e r, - KopeHb ypaBHeHHjJ r,cthr, == (m/a)2 

)l,HcrrepcIDI D x ==a2+m2_x2 ==a2(I+h 2 _4k2), 
r.n:e k	 == <p(h) + h<1>o(h) 

Ha1faJThHble	 m2 ==a2(l+h2), 
MOMeHTbI m3 ==2a 3 [(2+h2)<p(h)+(3+h 2 )<1>0(h»), 

m4 ==a 4 (3+6h2+h 4 ) 

UeHTpaJIbHbIe J.13 == 2a 3 [8k 3 - 2h2k -<p(h)], 
MOMeHThI J.14	 == a 4 [3 + 6h2 + h 4 + 16<p(h)k 

-8(3+h2 )k2 -48e], 
r.n:e k == <p (h) + h<1>o (h) 

KBaHTHJIb x p rroP(~:a_PmH)BJIjJeTC(::;;e)M ypaBHeHHH
 

<1>0 -- +<1>0 = p.
 
o a 

COOTHoweHMSI Me*AY pscnpeAeneHMAMM 

OTpaJKeHHOe HOpMaJIbHOe pacrrpe.u:eJIeHHe C rrapaMeTpaMH m, a
 
orrHCbIBaeT pacrrpe.n:eJIeHHe cnyqaHHolf BeJIJRHHbI X == IYI, r.n:e Y 

CJIyqalfHaH BeJIJRHHa, pacITpe.n:eJIeHHaH ITO HOpMaJIbHOMy 3aKOHY C
 
MaTeMaTH1feCKHM mKH,naHHeM m H CTaHJl:apTHbIM OTKJIOHeHHeM a.
 

O~eHHBSHMe napaMeTpoB 

CHalfaJIa rryreM pellIeHHjJ ypaBHeHHjJ
 

[<p(h') + h'<1>o(h'W (X')2
 (1) 
1+(h')2 == 4m;
 

orrpe.n:eAAeTcH oueHKa h' OTHOmeHHjJ h == m/a. 3aTeM rro l}>opMYJIaM
 
I . 

m2 H m'==o'h'o·==.II+(h')2 

orrpe.u:eJIHIOTCH oueHlCH rrapaMeTpoB m H a. 
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3 

A(X) 

1.5 

1.0 

0.5 

[(x) 

0.4 

m =1.5, a =I0.3 

0.2 

0.1, '. I 

,/" ' ...... 3 ! 
..... ·_L-'" '" 

0.6 -I o 2 3 4 5 x 
m 

PRC. 3.37. BepOJlTHOCTHlUI cxeMa. rrpHBOMllllUl K 0TJl3)KeHHOMY HOpMaJIbHOMY 
pacrrpeneJIeHRIO. 

0.4 1 - OTPaxCHHOC HOpMaJIbHOC pacnpCJleJICHHC; 2 - HCXOJlHOC HOpMaJIbHOC pacnpcJlc

nCHHC c napaMcTPaMH m, a; 3 - «OTPaxCHHas '1aCTb» HCXOJlHOro pacnpCJleJICHHJI. 

,[{mI rrpH6JIIDKeHHOrO perneHIDI ypaBHeHIDI (1) MOXeT 6bITb HC
0.2 

rrOJIb30BaHa Ta6JI. 3.4. 

Ta6JIHlla 3.4 

4 5 x 

m = 1.5, a = I 

h 'V(h) h 'V(h) h 'V(h) h 'V(h) 

0 1/(27t) 1.3 0.1798 2.6 0.2183 3.9 0.2346 
0.1 0.159158 1.4 0.1833 2.7 0.2202 4.0 0.2353 
0.2 0.159195 1.5 0.1869 2.8 0.2220 4.5 0.2382 
0.3 0.1593 1.6 0.1904 2.9 0.2236 5.0 0.2404 
0.4 0.1597 1.7 0.1938 3.0 0.2251 5.5 0.2420 
0.5 0.1604 1.8 0.1971 3.1 0.2265 6.0 0.2432 
0.6 0.1615 1.9 0.2004 3.2 0.2278 6.5 0.2442 
0.7 0.1630 2.0 0.2034 3.3 0.2290 7.0 0.2450 
0.8 0.1650 2.1 0.2063 3.4 0.2301 7.5 0.2456 
0.9 0.1674 2.2 0.2090 3.5 0.2311 8.0 0.2462 
1.0 0.1701 2.3 0.2116 3.6 0.2321 8.5 0.2476 
1.1 0.1732 2.4 0.2140 3.7 0.2330 co 1/4 
1.2 0.1764 2.5 0.2162 3.8 0.2338 

B Ta6JIHue \jf(h) = [<p(h) + h<l>o (h)]2 / (l + h2). 
...... --- ...... [(x)... ...

'" ... ... reHepMpoa8HMe cny'l8MHblX '1MCen ... ... .........
 
x= 1m+ au I = 1m+a(t,r, -6) I, 

-2
 

HJlH Xo I 234 5 X 

PRC. 3.36. IInOTHOCTh BepOllTHOCTH R <PYHI<UIDI pRCKa MO):lyJIJI HOpMaJIbHOtl:
 
cJIY'laJblOtI: BeJIH'IRHLl.
 r,n;e U - CJIY'laHHOe qHCJIO cTaH,n;apTHoH HOpMaJIbHOH rrOCJIe,n;OBa

TeJIbHOCTH. 

196 
197 



Ta6nMlIbi 

IIpH BbItiHCJIeHIDIX MOryr 6bITb HCrrOJIb30BaHbI Ta6JIHU;bI CTaH
)J,apTHOrO HOpMaJIbHOro pacrrpe)J,eJIeHHH H Ta6JIHU;bI <PYHKu;HH narr-
JIaCa (CM. rr. 3.1). 

TeXHMKa BbI~McneHMM 

IlJIOTHOCTb BepOHTHOCTH f(x) OTpaJICeHHOrO HOpMaJIbHOrO pac
rrpe)J,eJIeHHH CBj13aHa C IIJIOTHOCTbIO BepOHTHOCTH cp(x) CTaH,ZJ;apTHo
ro HOpMaJIbHOrO pacrrpe)J,eJIeHHH COOTHOIIIeHHeM 

1[cp (x-m) (x+m)] .f(x) =~ -a- +cp -a-

II p H M e 'I a H H e. B rrpHJIOXeHHHX )J,OBOJIbHO IIIHpOKO HCrrOJIb
3yeTcH OTpaJICeHHOe HOpMaJIbHOe pacrrpe)J,eJIeHHe C rrapaMeTpOM 

rrOJIOXeHHH m = O. HHJKe rrpHBO,WITCH OCHOBHbIe xapaKTepHCTHKH 
3Toro BapHaHTa paccMaTpHBaeMoro pacrrpe)J,eJIeHHH. 

IlJIOTHOCTb. 2 (x--
2

) =-cp -

BepoHTHoCTH aili 2a2 a a


(x)f(x) = --exp 2 , 

x~O, 

r)J,e cp(x) - rrJIOTHOCTb BepOHTHOCTH 
CTaH,ZJ;apTHoro HOpMaJIbHOrO pacrrpe)J,e
JIeHHH 

<1>YHKu;HH F(x) = 2<1>0 (;) 
pacrrpe)J,eJIeHHH 

2 2 
XapaKTepHCTH'leCKaH = [1 - a tX(1) 2<1>0(iat)] exp - -2- )

(<PYHKu;HH 

MaTeMaTH'IeCKOe i = air ::::: 0.7979a
 
O)l(}f)];aHHe
 

Me)J,HaHa X O.5 =aUO ::::: 0.6745a,.75 

r)J,e UO.75 - BepXHHH KBapTHJIb cTaH,ZJ;apT
Horo HOpMaJIbHOrO pacrrpe)J,eJIeHHH 

MO)J,a i =0 

,l];HcrrepcHH 2
D" =a (1-';):::::0.3634a 2 

CTaH,ZJ;apTHOe cr" = a~ 1-'; ::::: O. 6028a 
OTKJIOHeHHe 

198 

\1 

", 

,I 

K03<P<PHU;HeHT v" =~%-1 :::::0.7555 
BapHaU;HH 

ACHMMeTpHH Sk = (4 -1t~J2 ::::: o. 9953 
(1t - 2)3(2 

Ex = 8(1t - 3) ::::: O. 86923Kcu;ecc 
(1t-2)2 

Ha'laJIbHhIe m2 
-
-

2a , m3 
_ 
-

3 [8 _1 5958 3a V;  . a , _ 3 4m4 - a 
MOMeHTbI 

L(eHTpaJIbHbIe 
MOMeHThI 

J.13 =a 3 (;-I)J! :::::0.2180a\ 

J.14 =a 4(3-;_ ~;) ~0.5109a4 
p-KBaHTHJIb x p = aU(I+p)(2 , 

r)J,e U(I+p)(2 - KBaHTHJIb rropJmKa (l + P)/2 
CTaH,ZJ;apTHOro HOpMaJIbHOrO pacrrpe)J,eJIeHHH 

COOTHoweHMA MelKAY pacnpeAeneHIUIMM 

CJIyqaHHaH BeJIH'lHHa X, HMeIOmaH OTpaJICeHHOe HOpMaJIbHOe 
pacrrpe)J,eJIeHHe C rrapaMeTpaMH m = 0, a, H CJIyqaHHaH BeJIH'IHHa Y, 
HMeIOmaH x-pacrrpe)J,eJIeHHe IIHpcoHa C O)J,HOH CTerreHbIO cB06o)J,bI, 
CBH3aHbI MeJK.llY C060H COOTHOIIreHHHMH X - aY H Y - X/a. 

OlleHMBaHMe napaMeTpOB 

• - -0 ~ _ 1 2533 -0 (MM) 0 _ -. ~ 1 ~ 2a - x 2" -. x ,a - x - L..Jx/ (MMII). 
n /Dl 

Ou;eHKa MaKCHMaJIbHOrO rrpaB,llorro)J,06HH COBrra)J,aeT C ou;eHKoii, 
rrOJIyqaeMoii rryTeM rrpHpaBHHBaHHH BbI60pO'lHOrO H TeOpeTH'Ie

CKoro Ha'laJIbHhIX MOMeHTOB BToporo rroPJmKa. 

reHepMpOBaHMe cnY"IaMHblX "IMCen 

x= laul HJIH x= Ia(tr;-6JI· 
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3.23. YCE'fEHHOE HOPMAI1bHOE PACnPEAEllEHME 
(OAHOCTOPOHHEE YCE'fEHME) 

3.23.1. YCE'fEHME cnEBA 

IInOTHOCTb 1 ( (X-m)2)f(x) == r;:\exp - 2 ,x ~ a, 
BepOHTHOCTH ya v 21t 2a 

r.lle a - JIeBaH rpaHHua 06JIaCTH B03
MO)KHhIX 3HaqeHHif CJIyqaifHoif BeJIHqH
HbI (lle6aJl mOilKa yce'leHUJl); m _ 
napaMeTp nOJIO:>KeHIDI; a - napaMeTp

(a -m)MacuITa6a (a> 0) H Y =="21 -cI>0 -a- . 

tIHCJIO 1- y, paBHoe BepOHTHOCTH TOro, 
qTO HCXO.llHaH (HeyceqeHHaH) CJIyqaifHaH 
BeJIHqHHa OKa:>KeTCH BHe HHTepBaJIa 
(a,oo), Ha3bIBaeTCH cmeneHblO yce'leHUJl 

<l>YHKUIDI (x -m) (a -m)JF(x)==:y1[ cI>0 -a- +cI>0 -a-
pacnpe.lleJIeHIDI 

XapaKTepHCTHqeCKaH (a-m.)] xxU) =:y1[1"2-cI>0 -a--zat 
4>YHKUIDI 

2 2 

x exp imt - -2-a t )
( 

MaTeMaTHqeCKOe x == m + E.cp(u), 
O:>KH,llaHHe y 

r.lle cp(u) - nJIOTHOCTb BepOHTHOCTH 
CTaH,llapTHoro HOpMaJIbHOro pacnpe.lle
JIeHIDI; u=(a-m)/a - cmaHaapmu
3up06aHHaJl (ueHTpHpOBaHHaH, HOp
MHpOBaHHaH) mOilKa yce'leHUJl 

Me.llHaHa Me.llHaHa X O.5 HBIDIeTCH KopHeM ypaBHe
HIDI 

cI> (x o.s -mJ= .!. + .!. cI> (a - m)
o a 4 2 0 a 

A a ~ 
x== 

{m, mMO.lla 
a, a>m 

2)lHcnepcIDI D x =a +(x-a)(m-x) 
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Sk == m - X [1- (a - X)2 ]ACHMMeTpIDI
 
cr x Dx •
 

3Kcuecc Ex==--m-x ( m-4x+3a (a-x)2 (m-2x+a»)
D Dx x 

- 2 (- )HaqaJIbHbIe m2 == mx + a + x - m a,
 
MOMeHTbI
 m3 ==mm2 +2a2x+(x-m)a2, 

m4 == mm3 + 3a2m2 + (x -m)a 3, 

m, ==mmH +(s-1)a2m'_2 +(x-m)a'-l 

l(eHTpaJIbHbIe 113 == (m -x)D + (x -m)(a _X)2,x 
MOMeHTbI 114 ==(m-x)1l3 +3a2D +(x-m)(a-x)3,x 

Il, ==(m-x)Il'-1 +(s-1) a21l'_2 + 

+ (x -m)(a _X)'-l 

O~eHMBaHMe napaMeTpoB 

B TOM cnyqae, KOr.lla TOqKa yceqeHIDI a H3BeCTHa, Jl]UI HaxOJK,lle

HIDI oueHOK MaKCHMaJIbHOro npaB.llono.ll06ID1 napaMeTpOB m H a 
MO:>KHO HCnOJIb30BaTb CJIe.llYJOIlIHe peKYPpeHTHbIe COOTHOIIIeHIDI: 

cp(U; ) 
a--,-m/ m.1+1 == x· -a; 05 -cI>o(u;)'- •U, - a/ 

2 2 U; cp (u/)

a;+1 ==D·+(x·-m;+l) -a; 05-cI>0(U,.)•
oX 

3.lleCb m/ H aj - i-e npH6JIH:>KeHHe oueHOK MaKCHMaJIbHOrO 

npaB.llono.ll06ID1 napaMeTpoB m H a; cp(u) - ITJIOTHOCTb BepOHTHO

CTH CTaH,llapTHoro HOpMaJIbHOrO pacupe.lleJIeHIDI; cI>0 (u) - 4>YHK

UIDI JIaITJIaca; x· H D; - BbI60pOqHbIe oueHKH MaTeMaTHtieCKoro 

O:>KH,llaHIDI X H .llHcnepcHH D ' HaH,neHHble no peaJIH3aUHHM yce

qeHHOif HOpMaJIbHOif cnyqaifHoif BeJI~HHbI. 
x 

•
B KaqeCTBe «HYJIeBhIX» (HaqaJIbHbIX) npH6JIH:>KeHHif mo H a~ 

MO:>KHO HCnOJIbJOBaTb BbI60pOqHbIe oueHKH x· H D;. O.llHaKO, yqH

TbIBaH 34>4>eKT JIeBOCTOpoHHero yceqeHIDI, mo JIyqIIle B3HTb He
CKOJIbKO MeHbIIIe x·, a B KaqeCTBe a~ - B3HTb qHCJIO, HeMHoro 
npeBOCXO.llHllIee D;. 

B TOM CJIyqae, KOr.lla TOqKa yceqeHIDI a HeH3Becrna, a 06'beM 
BbI60PKH .llOCTaTOqHO BeJIHK, B KaqeCTBe a MO)KHO B3HTb qHCJIO He

CKOJIbKO MeHbIIIee HaHMeHbIIIero 3JIeMeHTa BbI60PKH x(l)' 
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f(x) 

0.5 

• •x 
• 

m = 3, a = 1 

0.4 

a=2, y=0.84130.3 
x=3.288 

0.2 

0.1 

3 4 5 6 x 
m 

I 

" 
I 
I 
I 
I 
I 

.. _ I 
.. '1, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Y =(x-m)/a 

,,/ I, 

I "
 
I "
 
I "",a , 

• 
I
I 

', .. ..I 

o 2 •3 4 5 6 x 
m 

hc. 3.38. llnOTHOCTb BepOJITHOCTH H cP}'HKl.lHll pHCKa yce'leIDIoro HOpMaJIbHoro 
pacnpeAeJIeHHll (ycneHue clle6o). 

reHepMpOB8HMe cnY't8MHblX 'tMcen 

1. U:= norm; 
2. y:=m+au; 
3. ECJIH Y < n, TO Ha 1, HHaqe - Ha 4; 
4.x:=y. 
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3.23.2. YCE'iEHME CnPABA 

f(x) = 1 exp (- (x -7)2), x s~, 
BepOHTHOCTH ya .j2rt 2a 

IlJIOTHOCTb 

f;::J;e ~ - IIp'aBCUI rpaHHua 06JIaCTH 
• ... u ....B03MO)K}{bIX 3HaqeHHH CJIyqaHHoH 

BeJIlfqHHbI (npasaJl mO'lKa yce'le-
HUJl); m - IIapaMeTp IIOJIO:lKeHHH; 

a - IIapaMeTp MaCIIITa6a (a > 0) H 

Y = 1+ «1>o(~ ~ m). qHCJIO 1- y, paBHoe 

BepOHTHOCrn TOfO, ~o HCXO;::J;HCUl (Hey

CeqeHHCUl) CJIyqaMHCUl BeJIHqHHa OKa

:lKeTCH BHe HHTepBaJIa (-00, ~), Ha3blBa

eTCH em en eHb 10 Y c e 'l eHU Jl 

<I>YHKUHH F(x) =~[~+«1>o[x~m)] 
paCIIpe;::J;eJIeHHH 

XapaKTepHCTHqeCKCUl X(t) =-:;1[12+«1>0 (~-m')J-a--wt x 
<PYHKUHH 

2
a2 t )

X exp imt - -2( 

MaTeMaTHqeCKOe x = m - ~cp(u), 
yO:lKH;::J;aHHe 

f;::J;e cp(u) - IIJIOTHOCTb BepOHTHOCTH 
CTaH,ll,apTHOfO HOPMaJIbHOfO pacrrpe;::J;e

JIeHHH; U = (~-m)/a - cmaHiJapm U
3 Up 0 (J aH H aJl (UeHTpHpOBaHHCUl, HOp

MHpOBaHHCUl) mO'lKa yce'leHUJl 

Me;::J;HaHa Me;::J;HaHa Xo.s HBJIHeTCH KopHeM ypaBHe
HHH 

«1>0( XO;Sa- m) = ±+l«1>o(~ ~ m) 

A {m, ~ ~ m;
MO;::J;a x= 

~, ~ < m 

,ll,HcrrepcHH D", = a2_(~ -x)(m -x) 

203 

o 2 

A(X) 

1.5 

m=3, 
1.0 

a= I, 

a=2 

0.5 



ACHMMeTpIDI Sk :: m - X [1- (x -13)2 ]
 
cr x D
x 

3Kcuecc Ex :: m - x [m _ 4x + 313 _ (13 - X)2 (m - 2x + 13)]
Dx D 

x 

HaqaJIbHbIe m2 :: mx + a2 + (x -m)13,
 
MOMeHTbI
 m3 =mm2+2a2x+(x-m)132, 

m4 ::mm3 +3a2m2 +(x -m)13\ 
m. =mm._I + (s-1)a zm'_2 +(x-m)13s-1 

UeHTpaJIbHbIe ~3:: (m -i)D + (x -m)$ _X)2,x 
MOMeHTbI 

~4= (m -X)~3 + 3a 2D + (x -m)(13 _X)3,x 

~.:: (m - x) ~._I + (s -1) a2~'_2 + (x - m)(13 _x)s-1 

O~eHMBaHMe napaMeTpoB 

B TOM c.nyqae, KOr,lJ,a TOqKa yceqeHIDI 13 H3BeCTHa, .wrn HaxO)K)J,e
HIDI OUeHOK MaKCHMaJIbHOrO npaB,lJ,ono,lJ,o6IDI napaMeTpOB m H a 
MOXHO HCnOnb30BaTh Cne,lJ,yJOIUHe peKYPpeHTHble COOTHomeHIDI: 

u; :: 13 -m; m/+ :: x· + a. cp(u/) 
a·, ' I 

I <1>0 (u/) -0.5' 

a/+I :: D; + (x· - m. )2 + a2 u;cp(u/)
1+1 / 

<1>0 (u;) - 0.5 

3,lJ,eCb m/ H a/ - i-e npH6nIDKeHHe oueHOK MaKCHMaJIbHOro 
npaB,lJ,ono,lJ,o6IDI napaMeTpoB m H a; cp(u) - rrnOTHOCTb BepOHTHO
crn CTaH,llapfHOrO HOpMaJIbHOrO pacnpe,lJ,eneHIDI; <1>0 (u) - 4>YHKUHH 
narrnaca; x· H D; - BbI6opOqHbIe oueHKH MaTeMaTlfqeCKoro O)l(lf 

,lJ,aHIDI xH ,lJ,HCnepCHH Dx' HaH,lJ,eHHble no peaJIH3aUIDIM yceqeHHOH 
HOpMaJIbHOH c.nyqaHHoH BenlfqHHbI. 

B KaqeCTBe cHyneBbIX. (HaqaJIbHbIX) npH6nIDKeHHH mo H a~ 
MOXHO HCnOnb30BaTh BbI6opOqHbIe oueHKH x· H D;. O,lJ,HaKO, yqH
TbIBaH 34>4>eKT npaBocTopoHHero yceqeHIDI, m nyqme B3HTbo 
HeCKonbKO 60nbme x·, a B KaqeCTBe a~ - B3HTh qlfcno, HeMHoro 
npeBOCXO.lUlmee D;. 

B TOM cnyqae, KOr,lJ,a TOqKa yceqeHIDI 13 HeH3BeCTHa, a 06'beM BbI
60PKH ,lJ,OCTaTOqHO BenHK, B KaqeCTBe 13 MOXHO B3HTb qHcnO He
CKonbKO 60JIbmee HaH6onbmero 3neMeHTa BbI60pKH X(II)' 
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f(x) 

0.5 
m :: 3, a:: I, p:: 4 

0.4 

0.3 

0.2 

0.1 

-I o 2 3 6 7 x 

A.(x) 

1.5 

m =3, a =I, P=4 

1.0 

f(x)0.5 
.... 

,,
, -- ,, 

, '1
 

'/
" :I
 

~ I 

:
I

-I 0 I 2 3 4 5 x 
PHc. 3.39. IlJIOTHOCTb BeP0SD'HOCTH H cl>yHXlUfJl pHcxa yce'leHHoro HOpMaJIbHOrO 

pacnpeneJleHIDl (yce'leHUe cnpaBa). 

reHepMpOB8HMe cny'laMHblx 'IMCen 

1. u := nonn; 
2. y := m +au; 
3. EcnH Y > 13, TO Ha 1, HHaqe - Ha 4; 
4. X:= y. 
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3.24. O&PATHOE rAYCCOBCKOE PACnpE,Q,EJ1EHME 
(PACnpE,Q,EJ1EHME BA11bAA) 

IIrrOTHOCTh f(x) = ~exp[-~(~ + ~ - 2)] = 
BepoSITHoCTH V~ 2 Il x 

=) Cll exp [C(X- Il)2] x>O 
27tX 3 2J.LX' -, 

r,ne Il - rrapaMeTp rrOJIOXeHHSI (MaTeMa
THqeCKOe O)l{H,lJ;aHHe); C - rrapaMeTp 
ePOPMbI (C > 0) 

<DYHKUHSI 
F(x) =~+~{(;-IJ~]+pacrrpe,neJIeHHSI 

+ [t-~.((;+l)~)]e' 
MaTeMarnqeCKOe x =Il 

O)l{H,lJ;aHHe 

Mo,na x = ~ (.J9 + 4c 2 
- 3)

2c 
2

11)J;HcrrepcHSI D::::
x C 

IlCTaH,naprnOe crx::::.JC
OTKJIOHeHHe
 

1
K03ePePHUHeHT 
Vx = .JC

BapHaUHH 

3ACHMMeTpHSI Sk =- > 0
.JC 

3Kcuecc Ex = 15 
C 

2 3 
HaqaJIbHhIe 11 11 2 m2 =-(l+C), m3 =-2 (3+3c+c ),

MOMeHThI C C 
4 

m4 = ~ (15 + 15c + 6c2 + C 3) 
C 

311 3 
311 4 

IleHTpaJIhHbIe 113 =-2-' 114 =-(5+c)3MOMeHThI C C 
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f(x) 

1.5 

1.0 

0.5 

11=1 

o 2 3 x 

A.(x) 

3.0 

2.0 

1.0 

o 1 2 3 4 x 
PHc. 3.40. lliOTHOCTL BepOJITHOCTH H <lJYHKUKll pHCKa o6paTHoro rayccoBcKoro 

pacnpeAeJIeHHll. 

IT p HMe q aH He. 06parnoe rayccoBcKoe pacrrpe,lleJIeHHe C rra
paMeTpOM rrOJIOXeHIDI Il :::: 1Ha3hIBaeTcSIpacnpeoeAenueM BaAboa. 

COOTHoweHMR MelKAY pacnpeAeneHMRMM 

1. Cpe,llHee apHePMeTJiqeCKOe n He3aBHCHMhIX ~aHHhIX BeJIH
qHH, HMeIOIIJ;HX o6parnoe rayccoBcKoe pacrrpe,lleJIeHHe C rrapaMeT
paMH Il, c, HMeeT o6paTHoe rayccoBcKoe pacrrpe,lleJIeHHe c rrapaMeT
pOM nOJIOXeHIDI Il H napaMCTpOM !l>OPMhI nco 

2. ECJIH CJIY'lamaSI BeJIHqHHa X HMeeT o6paTHoe rayccoBcKoe 
pacrrpe,lleJIeHHe C rrapaMeTpaMH Il, C, TO CJIY'laHHaSI BeJIHqHHa 
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y = c(X _~)2 /(~X) HMeeT x. 2-pacrrpe,neJIeHHe C qHCJIOM CTerreHeit
 
CBo6o,nbI v = 1.
 

3. IlpH C ---+ 00 H <pHKcHpoBaHHoM ~ o6paTHoe rayccoBcKoe pac

rrpe,neJIeHHe CTPeMHTCH K HOpMaJIbHOMY pacrrpe,neJIeHHIO CMaTeMa

TlfqeCKHM OJlGf,lJ,aHHeM ~ H CTaH,napTHbIM OTKJIOHeHHeM 1.
 

4. ECJIH cnyqaitHaH BeJIHqHHa X HMeeT o6paTHoe rayccoBcKoe
 
pacrrpe,neJIeHHe C rrapaMeTPaMH ~, c, TO rrpH ~ ---+ 00 H ~c =const
 
pacrrpe,neJIeHHe cnyqaitHoit BeJIHqHHbI Y =11X CTPeMHTCH K raM

Ma-pacrrpe,neJIeHHIO C rrapaMeTPOM MaCIIITa6a A. =~c 12 H rrapaMeT

pOM <pOPMbI a =1/2.
 

5. ~ cnyqaitHoit BeJIIfqHHbI X(~,c), HMeIOII.\eit o6paTHoe rayc
COBCKoe pacrrpe,neJIeHHe C rrapaMeTPaMH ~,c, H cnyqaitHoit BeJIHqH
HbI X(l, c), HMeIOII.\eit pacrrpe,neJIeHHe BaJIb,na CrrapaMeTPoM <pOPMbI 
c, CrrpaBe,nJIHBbI CJIe.nyIOII.\He OqeBH,nHbIe COOTHOilieHIDI: I-I 

X(~, c) - ~X(I, c) H X(l, c) - X(~, c)/~. 

O~eHMBaHMe napaMeTpoB 

• -. • 1 (MM) .-. 1 
~=X, C=-.-2 ; ~=X, (MMIl).

(v )x c·= (1 n 1)_1x· - L
n ;~I x; 

reHepMpOBaHMe cny'laMHblx '1MCen 

~ reHepHpoBaHIDI cnyqaitHbIX qHCeJI MOryT 6bITb HCrrOJIb30Ba
HbI MeTO,n HCKJIIOqeHIDI (MeTo,n HeitMaHa) H MeTO,n KyCOqHOit arr
rrpoKcHMaUHH fIJIOTHOCTH pacrrpe,neJIeHIDI (CM. [37, c. 288-290, 
294-296]). 

Ta6nM~b1 

[5] . .llaHbI 3HaqeHIDI <PYHKUHH pacrrpe,neJIeHIDI H fIJIOTHOCTH Be
pOHTHOCTH o6paTHoro rayccoBcKoro pacrrpe,neJIeHHH C rrapaMeTPOM 
rrOJIOXeHHH ~ =1 H rrapaMeTPOM <POPMbI c (pacrrpe,neJIeHHe BaJIb,na 
C rrapaMeTPOM c) AJIH c = 0.01 (0.01)0.1 (0.1)4.0(0.2) 5.0(0.5) 10; 6D. 

IlpHBe,neHbI 3HaqeHHH MO,nbI i pacrrpe,neJIeHHH BaJIb,lJ;a H 3Haqe
HHH fIJIOTHOCTH BepOHTHOCTH 3Toro pacrrpe,neJIeHHH B TOqKe x =i 
,nJIH C = 0.0001(0.0001)0.01(0.01)1.0(0.1)6.0(1)54; 60(10)550; 
800(100)5700; 60000(10000)550000; 6D. 

TeXHMKa BbI'IMCneHMM 

IlpH BbRHCJIeHIDIX MOryT 6bITb HCrrOJIb30BaHbI Ta6JIHUbI pac
rrpe,neJIeHHH BaJIb,na [5]. <1>YHKUHH pacrrpe,neJIeHHH F(x;~,c), fIJIOT
HOCTh BepOHTHOCTH f(x;~,c) H Mo,na i r o6paTHoro rayccoBcKoro 
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pacrrpe,neJIeHHH C rrapaMeTPaMH ~, c CBH3aHbI C <PYHKUHeit pacrrpe
,neJIeHHH F(x; 1, c), fIJIOTHOCTbIO BepOHTHOCTH f(x; 1, c) H MO,nOit 
i B pacrrpe.lleJIeHHH BaJIb,na COOTHOilieHIDIMH: 

F(x; ~, c) =F(;; 1, c). f(x;~, c) =; f(;; 1, c). i r =~B' 

IlpH 60JIbIlIHX X ,nJIH BbRHCJIeHIDI <PYHKUHH pacrrpe,neJIeHHH 
BaJIb,na F(x; 1, c) MOXHO HCrrOJIb30BaTb rrpH6JIHXeHHYIO <poPMYJIY 

F(x; 1, c) :=:1-exp(-~(X-2»)lnX. 

B. PACnpE,lJ,EI1EHJ1fl C B03MO)l(HbIMJ1 3HA I.fEHJ1flMJ1
 
HA OTPAHJ1I.fEHHOM J1HTEPBAJ7E
 

3.25. PABHOMEPHOE (nPRMOyrOnbHOE) PACnPEAEnEHHE 

1
IlJIOTHOCTb f(x) = --, a ~ x ~ ~, 

~-aBepOHTHOCTH 
r,ne a, ~ - rpaHHUbI o6JIacTH B03MOXHbIX 
3HaqeHHit cnyqaitHoH BeJIHqHHbI. JIeBaH 
rpaHHua a 06JIaCTH B03MOXHbIX 3Haqe
HHit cnyqaitHoit BeJIIfqHHbI HBJIHeTCH rra
paMeTpoM rrOJIOXeHHH, a ,nJIHHa ~-a 

o6JIacTH B03MOXHbIX 3HaqeHHit - rrapa
MeTPoM MacIIITa6a 

x-a
<1>YHKUHH F(x)=

~-apacrrpe,neJIeHHH 

1
<1>YHKUHH pHCKa A.(x) =

~-x 

"Ill iale' -e 
XapaKTepHCTlfqeCKaH x.(t) = i~ -a)t

<PYHKUHH 

MaTeMaTHqeCKOe x = 
a 

-2
+~ 

OJKH,lJ;aHHe 

Me,nHaHa X O.5 = 
a 

-2
+~ 

Mo,na HeT 

Dx=~-a)2.llHcrrepcHH 
12 
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J3-aCTaH,llapTHoe cr =-
x 2.J3OTKJIOHeHHe 

J3-aK03<pqm.QHeHT v = 
BapHa.QHH x <.B+a).J3 

J3-aCpe,uHHHOe E=-
OTKJIOHeHHe 4 

ACHMMeTpIDI 

3Kc.Qecc 

HaqaJIbHhIe 
MOMeHTbI 

l(eHTpaJIbHble 
MOMeHTbI 

, 
, 

I 
I' 
II 

p-KBaHTHJIb 

f(x) 

I!(P  a) 

Sk =0 

Ex = -1.2 

J33_ a 3 J34_ a 4 
m - m 

2 - 3(13 -a)' 3 - 4(13 -a)' 

pS-a S pH I -aHI 

m4 = 5(13 -a)' m, = (s + 1)(13 a) 

(13 _a)4
~3 =0, - ,

~4 - 80
 

O,
 s - HeqeTHOe; 
~J = (13 -a)' ,

{ s- qeTHOe
2'(s+l) 

X p =a+(J3-a)p 

!..(x) 
15 

10 

I 
I 
I 5 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o a P x o 0.4 1.4 x 

PRC. 3.41. IInomOCTb BepORTHOCTH H 4J~ pHCKll PaBHOMepHOro 
pacnpe.llenellHR. 

COOTHoweHMR Me)l(AY pacnpeAeneHMRMM 

1. C nOMoIIIblO JIHHeHHOro npeo6pa30BaHHH R = (X - a) /
(13 - a) pacnpe,ueJIeHHe, paBHOMepHoe B HHTePBaJIe [a, 13], CBO,uHTCH 
K pacnpe,ueJIeHHIO, paBHOMepHoMy B HHTepBaJIe [0, 1]. 

2. ECJIH CJIyqaHHaH BeJIHqHHa X HMeeT HenpepbIBHYIO <PYHK.QHIO 
pacnpe,ueJIeHHH Fx (x), TO CJIyqaHHaH BeJIHqHHa R = Fx (X) HMeeT 
paBHOMepHoe pacnpe,ueJIeHHe B HHTepBaJIe [0, 1]. 3TO 06CTOHTeJIb
CTBO llIHpOKO HCnOJIb3yeTcH B HMHTa.QHOHHOM (cTaTHCrnqeCKoM) 
Mo,ueJIHpOBaHHH. 

3. PaBHoMepHoe pacnpe,ueJIeHHe HBJIHeTCH qaCTHbIM CJIyqaeM 
o606m;eHHoro 6eTa-pacnpe,ueJIeHHH (CM. n. 3.26.1). 

4. IIYCTb Xl> X 2 , ... , X. - He3aBHCHMble CJIyqaHHble BeJIHqHHbI, 
HMelOm;He o,uHY H TY xe HenpepbIBHYIO <PYHK.QHIO pacnpe,ueJIeHHH. 
Tor,ua pacnpe,ueJIeHHe ,uP06HOH qaCTH HX CYMMbI CXO,uHTCH K paBHo
MepHOMY Ha HHTepBaJIe [0, 1] pacnpe,ueJIeHHIO. 

5. C pOCTOM qHCJIa n CJIaraeMblX pacnpe,ueJIeHHe cJIyqaHHOH Be-

JIHqHHbI fl2(t R; -!!-) 6bICTpO CXO,uHTCH K CTaH,llapTHoMy HOP
V--; 2;=1 

MaJIbHOMY pacnpe,ueJIeHHIO. (3,uecb R; - CJIyqaHHaH BeJIHqHHa, 
paBHoMepHo pacnpe,ueJIeHHaH Ha HHTepBaJIe [0, 1], i = 1, 2, .. , n). 

6. IIYCTb CJIyqaHHbIe BeJIHqHHbI X H Y HMelOT a6COJIlOTHO He
npepbIBHoe COBMeCTHoe pacnpe,ueJIeHHe. Tor,ua npH t ~ co pacnpe
,ueJIeHHe ,up06HOH qaCTH CJIyqaHHoH BeJIl{qHHbI X t + Y CXO,uHTCH K 
paBHOMepHOMY Ha HHTepBaJIe [0, 1] pacnpe,ueJIeHHIO. 

O~eHMBaHMe napaMeTpOB 

a'=x' -.J3sx , p'=x' +.J3sx (MM), 

a'= x(I) , 13' = x(.) (MMII), 

r,ue x(I) - MHHHMaJIbHbIH H x(.) - MaKCHMaJIbHbIH 3JIeMeHThI BhI
60pKH. 

06e O.QeHKH MaKCHMaJIbHOrO npaB,uono,uo6HH CMem;eHHhIe. He
CMem;eHHhIe OI.{eHKH onpe,ueIDIIOTcH no <popMYJIaM 

, x(.) - X(I) , x(.) - x(l) 
a = X(l) - , 13 =x(.) + , 

n -1 n-l 

reHepMpOBaHMe cnY'IaMHblX '1MCen 

x=a+(p-a)r. 

o reHepHpOBaHHH CJIyqaHHhIX qHCeJI r, paBHOMepHO pacnpe,ue
JIeHHhIX Ha HHTepBaJIe [0, 1], CM. [40], [43] H [14]. 
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3.26. &ETA-PACnpE,Q,EJlEHME nEPBOrO POAA 

3.26.1. KJ1ACCM'fECKOE &ETA-PACnpE,Q,EJlEHME 

I1rrOTHOCTb f(x) =_1_ XU-I (1- x) v-I =
 
BepOHTHOCTH B(u, v)
 

r(u + v) u-I (1 )V-I 0 1= x -x < x <r(u)r(v) , , 

r.n;e u, v - napaMeTPbI <POPMbI 
(u> 0, v> 0); 

B(u, v) = J
I 

r- I (1- fr-I df - 6eTa-<PYHKIJ;HH 
o 

(3H.n:epOB HHTerpaJI nepBoro po.n;a) 
<1>YHKIJ;HH F(x) = Ix (u, v), 

pacnpe.n;eJIeHHH 
r.n;e Ix (u,v) = 1 Ifu-I(1-fr-ldf-

B (u, v) 0 

OTHOIlIeHHe HenOJIHOH 6eTa-<PYHKIl;HH
XapaKTepHCT,KqeCKaH
 

<PYHKIJ;HH
 

(f) -1 ~ u(u+l)...(u+k-l) (if)" -M( "f)
X - +Lo --- U,U+V,I,".1 (U+V)(u+v+l) ...(u+v+k-l) k! 

r.n;e M(a, b; Z) - BbIpO)f{,D;eHHaH mnep
reoMeTPIfl.IeCKaH <PYHKIJ;HH KYMMepa 

MaTeMaTHQeCKOe - u
X=-

O)f(H)J.aHHe u+v
 

Me.n;HaHa Me.n;HaHa xo.s HBmleTCH KopHeM ypaBHe
HHH I 

x05 
(u, v) =0.5 

A u-l u-lMo.n;a X= = __ 
(u -1) + (v -1) u + v - 2 

(u ~ 1, v > 1 HJIH U > 1, v ~ 1) 
AHTHMo.n;a (,lJ;JIH 

v l-u l-uU-06pa:moro x= = _
 
pacnpe.n;eJIeHHH) (1- u) + (1- v) 2 - u - v
 

(u < 1, v < 1)
 

.llHcnepcHH D= uv 
x (u+v)2(u+v+l) 

CTaH,llapTHOe 1 ~ 
ax = u+v V~OTKJIOHeHHe 
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K03<P<PHUHeHT v = I--v 
x • u(u+v+l)BapHaUHH 

Sk'; 2(v-u) ~ u+v+lACHMMeTPHH 
u+ v + 2 uv 

Ex = 6[(u-v)2(u+v+l)-uv(u+v+2)]
3Kcuecc 

uv (u + v + 2)(u + v + 3) 

u(u + 1)
HaQaJIbHbIe m2 = ,

(u + v)(u + v + 1)MOMeHTbI 

u(u + l)(u + 2)
m3 = ,

(u + v)(u + v + l)(u + v + 2) 

u (u + l)(u + 2)(u + 3)m4 = ,
(u + v)(u + v + 1)(u + v + 2)(u + v + 3) 

,-I u +k 
m = rr 

, "=0 u+ v +k 

2uv(v-u)
UeHTPaJIbHbIe ~3 = ,

(u + v) 3 (u + V+ l)(u + v + 2)MOMeHThI 

3uv[2(v-U)2 +uv(u+v+2)] 
~4 =----=---'------'----'-----'--=----

(u + v) 4 (u + V+ 1)(u + v + 2)(u + v + 3) 

KBaHTHJIb x p nopH,lJ;Ka p BbJqHCJlHeTCH nyreM peIlIeHHH ypaBHe
HHH Ix, (u, v) =p. 

COOTHoweHMSI MelKAY pacnpeAeneHMSlMM 

1. IIpH U =V =1 6eTa-pacnpe.n;eJIeHHe COBna.n;aeT Cpacnpe.n;eJIe
HHeM, paBHoMepHhIM Ha HHTepBaJIe [0, 1]. 

2. IIpH U =V =1/2 6eTa-pa.npe.n;eJIeHHe COBna.n;aeT Cpacnpe.n;e
JIeHHeM apKcHHyca C napaMeTPoM nOJIOXeHHH ~ =1/2 H napaMeT
pOM MacIIITa6a .A. =1/2. 

IIpH u = I-a. H vl,= a 6eTa-pacnpe.n;eJIeHHe Ha3bIBaeTCH 0606
U4eHHblM pacnpeiJeAe1l71eM apKcuHyca (CM. n. 3.28). 

i3. EeTa-pacnpe.n;eJIeHHe COOTBeTCTByeT pacnpe.n;eJIeHHIO THna I B 
CHCTeMe KpHBhIX IIHpcoHa. 

4. ECJIH He3aBHCHMbIe c.rryqaHHbIe BeJIIfl.IHHbI Y H Z HMeIOT raM
Ma-pacnpe.n;eJIeHHe C napaMeTPOM MacIIITa6a A. = 1 H napaMeTPaMH 
<POPMhI u H v COOTBeTCTBeHHO, TO c.rryqaHHaH BeJIIfl.IHHa 
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x =Y / (Y + Z) HMeeT 6eTa-paCnpe,lJ;eJleHHe nepBOro p0,lJ;a C napa
MeTpaMH U, v. 

5. ECJlH cJIyqaHHaH BeJIlflIHHa X HMeeT 6eTa-pacnpe,lJ;eJleHHe 
nepBoro pO,lJ;a C napaMeTpaMH U, v, TO cJlyqaHHaH BeJlHqHHa 
Z =X / (1- X) HMeeT 6eTa-paCnpe,lJ;eJleHHe BTOpOrO pO,lJ;a C napa
MeTpaMH U, V, a CJIyqaHHaH BeJlHqHHa U = (1 - X) / X HMeeT 6e
Ta-paCnpe,lJ;eJleHHe BToporo pO,lJ;a C napaMeTpaMH V, u. 

6. CJlyqaHHaH BeJllflIHHa F(m,n), pacnpe,lJ;eJleHHaH no 3aKoHy 
cI>HIIIepa-CHe,lJ;eKOpa C m, n CTeneIDIMH CBo6o,lJ;bI, H cJlyqaHHaH 
BeJlHqHHa X (m / 2, n/ 2), HMeIOrn;aH 6eTa-paCnpe,lJ;eJleHHe nepBoro 
pO,lJ;a C napaMeTpaMH U =m / 2, V =n / 2, CB5I3aHbI MeJK,D;y C060H cJle
,D;yIOrn;HM o6pa30M: 

P{F(m,n) <x} =p{x(m ,!!..) <~} = I mx/(n+mx)(m ,!!..).
2 2 n+mx 2 2 

3Ta lPoPMYJla n03BOJl5IeT HaxO,lJ;HTb 3HaqeHH5I IPYHKIIHH pacnpe
,lJ;eJleHH5I cI>HIIIepa-CHe,lJ;eKOpa C nOMOrn;bIO Ta6J1HIJ, OTHOIIIeHH5I 
HenOJlHOH 6eTa-IPYHKIIHH I(u, v) (CM., HanpHMep, [8]). 

7. CJlyqaHHa5I BeJlHqHHa T(v), pacnpe,lJ;eJleHHaH no 3aKoHy 
CTbIO,lJ;eHTa C v CTeneIDIMH CBo6o,lJ;bI, H cJlyqaHHaH BeJllflIHHa 
X(v/2, 1/2), HMeIOrn;aH 6eTa-pacnpe,lJ;eJIeHHe nepBoro p0,lJ;a C napa
MeTpaMH U = v/2, v = 1/2, CBH3aHbI MeJK,D;y C060H COOTHOIIIeHHHMH: 

P{T(v) < t} =1-~P{X(~,~» v:t2}=I-~Iv/(v+I')(~'~). 

P{IT(v)l< t} = I-P{X (~,~) > v:t2 } = l-Iv/(v+I')(~ ,~J . 
8. )lJI5I 6HHOMHaJIbHOH cJlyqaHHoH BeJllfqHHbI Y(n,p) H cJlyqaH


HOH BeJIlflIHHbI X (y, n - y + 1), HMeIOrn;eH !3-pacnpe,lJ;eJleHHe nep

Boro pO,D;a C napaMeTpaMH U = y, v = n - y + 1, cnpaBe,WIHBO COOT

HOIIIeHHe 

P{Y(n,p)~Y}=P{X(y,n-y+l)<p},y=O,I, ... ,n. 

9. ,ll.Jrn cJIyqaHHoH BeJlHqHHbI Z (m, p), HMeIOrn;eR OTpHlJ,aTeJlb
Hoe 6HHOMHaJIbHOe pacnpe,D;eJleHHe 1 C napaMeTpaMH m, p, H CJlY
qaRHOH BeJllfqHHbI X(u, v), HMeIOrn;eH 6eTa-paCnpe,lJ;eJleHHe nep
BOro pO,lJ;a C napaMeTpaMH U, v, cnpaBe,WIHBbI COOTHOIIIeHH5I 

P{Z(m,p) ~ z} = P{X(z,m) < 1-p} = I-P{X(m,z) < pl. 

10. BeJlH U H V - HaTypaJIbHbIe qHCJla, TO cJlyqaHHYIO BeJllfqH
BY X (U, v), HMeIOmyIO 6eTa-paCnpe,lJ;eJIeHHe nepBoro p0,lJ;a C napa
MeTpaMH U, v, MOXl{O npe,D;CTaBHTb B Bane OTHOIIIeHH5I 

X U v = Z(2u) 
( ,) Z(2u) + Z(2v) 
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r,lJ;e Z(2u) H Z(2v) - He3aBHCHMbIe cJlyqaHHbIe BeJllfqHHbI, HMeIO

lUHe X2-pacnpe,lJ;eJleHHe C qHCJIOM CTeneHeH CBo60,lJ;bI 2u H 2v COOT

BeTCTBeHHO. 
11. BeTa-paCnpe,lJ;eJleHHe nOHBJIHeTCH, HanpHMep, KaK pac

npe,lJ;eJleHHe nopMKoBbIX CTaTHCTHK. ECJlH XI' X2, ... , X n He3a
BHCHMbI H paBHoMepHo pacnpe,lJ;eJleHbI Ha HHTepBaJIe [0, 1] H 
X(ll' X(2),,,,,X(n) - ynoPMOqeHHbIe no B03paCTaHHIO BeJlHqHHbI 
X1' X2,... ,Xn, TO k-H nOpMKOBaH CTaTHCTHKa X(k) HMeeT 6eTa
pacnpe,lJ;eJleHHe nepBoro po,lJ;a C napaMeTpaMH U = k H V:: n - k + 1. 

O~eHMBaHMe napaMeTpOB 

UO =xo[XO(I-XO) -1] VO ::(I_XO)[XO(I-XO) -1] (MM).
S2' S2 

x x 

f(x) f(x)
 
u > 1, v> I (u < v)
4 4 

33 

22 

0.5 x 0o 

f(x) f(x) 
5 5u=l,v>1 

2 

4 4 

3 3 

0.5 

u>l. v=1 

xo 0.5 

Plte. 3.42. IlJIlJJ1IOCTb sePOJITHOCTH 6e'ra-paenpe.neneHWI nepBOro po.na. 
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f(x) f(x) 
3.0 

u> I, ~,< I	 
f(x) f(x)3.0 

2 2u = 1, v> 1	 u> f, v = 1 

2.0 2.0 

1.0 1.0 

0 0.5 I x 0 0.5 I x 
.1 

_I 
.i 

II, I" 

0 0.5 1 x 0 0.5 [ x 

f(x) L f(x) 
3.0 f(x)u < I, v= I 3.0 ~ u = I, v< I I: !(X; ~ 

u < I, v < 1 (u < v) 
2rt	 I! 

2.0 [\ 2.0 

j/ff 
1.0 

o 0.5 I x 0 0.5 I x 

,[\~ u = 0.1, v = 0.9 

o 0.5 I x 0 0.5 1 x 
PHC.	 3.42 (npoOOIlxeHue). 

PHC. 3.42 (npoiJoAxeHue). 

reHepMpOB8HMe CnY'l8MHblX '1MCen 

AJIropHTM 1 (arrrOpHTM l1oHKa): r(u + v) H h = max f(x) = k(u _l)U-' (v - 1)"-1
1. r, := rand; r2 := rand; 3,n;ecb k = r(u)r(v) 

0<>:<1 ( U+ v - 2)u+v-2
2 S .= r 11u. S .= r,'lv • • ,. , , 2' 2 , 

3. ECJIH S, + S2 < 1, TO Ha 4, HHaqe - Ha 1; 
ECJIH rrapaMeTPhI u H V - HaTYPaJIbHhIe qHCJIa, TO)llli:l reHe

4.x:=S,/(S, +S2)' pHpOBaHHH CJIyqaHHb~ qHCeJI MOryr 6hITb HCrrOJIb30BaHhI <t>op-

MYJIhI: 
AJI r 0 pH T M 2 (u > 1, v> 1): 

2 2 21. r, := rand; r2 := rand; In (r, r2 ... ru)	 U, +u2 +...+u2ux = ----.:~-=-----
2.~ :=r,; T\ :=r2h; In (r, ... ruru+, ... ru+V) HJlH X -- U,2 +... + u2u2 + u2

2 
u+' + ... + u2

2(u+v)
3.y :=~"-'(l-~)V-'; 

4. ECJIH T\ S y, TO Ha 5, HHaqe - Ha 1; 
r,n;e U" u2 , ... - CTaH,ZI;apTHble HOPMaJIbHble CJIyqaHHble qHCJIa.5.x :=~. 
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u < I, ~,> I 

u < f, v < 1 (u > v) 

1.0 I \ ~~ U.I.\, V = , 



A(X) A(X)
 
f(x)
 20 20 I 

I
f(x)

u=v>1 1u=v=1 

2 

I 
1 
I 
I 

2 

1 
I 
1 
I 
I 
1 

_I 

10 ,I10 
I 
1 
1 
I 
I 
I 

/1 
/1 

; I 
I 
I 
1 

0 0.5 I x 0 0.5 I XI ,>,I I ,I I I I . , , , i0 0.5 I x 0 0.5 I x A(X)	 A(X) 
_, 20 20

f(x)

u=v<1


f(X; l 
u=v<12 

10 10/1 I
u=I'=~1 

u =v =0..:.......-. :
 
1
 
1
 
1
 

1 1
 
1 1
 
I	 1 ~ ~ I	 1 
I 

1	 

1

1 
0 0.5 I X 0 0,5 I X

I I , I I 1 I I 1 t I 1 I I 1 1 , . I 
1I I 

0 0.5 I x 0	 A(X)0.5	 I x 
20 

!
I 
I 
I 
IPHC, .342 (npOdOJlXeHue). 1, 

10 

I 
I 
I 
I 
I 
I 
I 
ITa6nM~bl 
I 
I 
I 
I 
I1. [8J. IIpHBe.n;eHbI 3HaqeHIDI OTHOmeHIDI HerrOJIHOU: 6eTa-lPYHK I 

llHH Ix(u, v).n;mI X = 0.01(0.01)1; u, V = 0.5(0.5)11(1)50; u ~ V; 7S. u=0.8, v= l // l 
I2. [2, c. 179-181, Ta6JI. 3.3a, 3.36J. )laHhl3HaqeHIDI BcrrOMora I 

TeJIbHbIX lPYHKllHU:, rrpe.n;Ha3HaqeHHhlX .n;mI Bhl'IHCJIeHIDI OTHome u= I, I' =0,8: 
HIDI HerrOJIHOU: 6eTa-lPYHKllHH Ix(u, v). 

[2, c. 182-199, Ta6JI. 3.4J. IIpHBe.n;eHbI 3HaqeHIDI p-KBaHTH
o 0.5 I X 

JIeu: 6eTa-pacrrpe.n;eJIeHIDI.n;mI p = 0.5, 0.25, 0.1, 0.05, 0.025, 0.01, 
0.005, 0.0025, 0.001; VI =2v =1(1)10, 12, 15,20, 24, 30,40, 60, 120 

PHC. 3.43. cJ)yHKllIDI pHCKa 6eTa-pacnpe,l1.eneHWI nepBoro po,l1.a.H V2 = 2u =1(1)30, 40, 60, 120, 00; 5S. 
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TeXHMKa BW~MCneHMM 

EeTa-<PYHKllIDI B(u, v) «CHMMeTpHqHa,) OTHOCHTeJIbHO CBOlfX 
apryMeHTOB: 

B(u, v) =B(v, u). 

OHa CBH3aHa C faMMa-<PYHKllHeH COOTHOIIIeHHeM 

B(u, v) = r(u)r(v) 
r(u + v) . 

ECJIH U H V - HarypaJIbHble qHCJIa, TO 

_ (u -1) !(v -I)!B(u, v) - . 
(u + v-I)! 

Ta6JIHU:bI OTHOllieHIDI HerrOJIHOH 6eTa-<PYHKllHH [8] COCTaBJIeHbI 
,llJIH u ~ v. ):lJuI BbNHCJIeHIDI 3HaqeHHH <PYHKllHH I" (u, v) rrpH u < v 
HCrrOJIb3yeTcH TO)f()leCTBO 

I,,(u, v) == l-/,_,,(v, u). 

11.3 3TOfO TO)f()leCTBa CJIe,D;yeT, qTO P-KBaHTHJIb x(p; U, V) 
6eTa-pacrrpe,UeJIeHIDI C rrapaMeTpaMH u, V H (1- p)-KBaHTHJIb 
x (1- p; v, u) 6eTa-paCrrpe,D;eJIeHIDI C rrapaMeTpaMH v, u CBH3aHbI 
Me)f()ly C060H COOTHOIIIeHHeM 

x (p; u, v) + x (1- p; v, u) !!: 1. 

B CBH3H C 3THM,D;JIH BbNHCJIeHIDI KBaHTHJIeH 6eTa-paCrrpe,D;eJIe
HIDI BO BceM ,D;Harra30He (0, 1) H3MeHeHHH p ,D;OCTaTOqHO HMeTb 
Ta6JIHU:Y KBaHTHJIeH TOJIbKO,D;JIH P ~ 0.5. 

I ):lJuI 06JIerqeHIDI paCqeTOB, CBH3aHHbIX C 6eTa-paCrrpe,D;eJIeHHeM,
I 

CJIe.uyeT IIIHpe HCrrOJIb30BaTb CTaH,D;apTHbIe rrporpaMMHbIe cpe,UCTBa 
3BM (CM., HarrpHMep, [46], CTaH,D;apTHaH rro,UrrporpaMMa BDTR,

I HJIH [41], <PYHKllIDI INCOMPLETE_BETA(x,z,w». 

,I:(mJ: BbIqHCJIeHIDI 3HaqeHHH <PYHKllHH pacrrpe,D;eJIeHHH
l F(x; u, v) = I" (u, v) y'u06HO HCrrOJIb30BaTb pa3JIOXeHHe <PYHKllHHI . 
1 I" (u, v) B PM MaKJIOpeHa 

) = r(u+v) XU [1 ~(I-V)(2-v) ... (i-V);]I "(u,v + U £..J X • (1)
r(u)r(v) U ;=1 (u + i) . i! 

IlpH 0.5 < X < 1 ,D;JIH yCKopeHIDI CXO,UHMOCTH PMa (1) u:e
JIeC006pa3Ho BOCrrOJIb30BanCH pa3JIOXeHHeM <PYHKU:HH 
11-" (v,u) = l-I,,(u, v). IlepBbIe 10 qneHOB pa3JI0XeHIDI (1) 06ecrre
qHBaIOT OTHOCHTeJIbHYIO rrorpelliHOCTb 10\ < 10-4 (paBHOMepHO rro 

u H V), a 14 qJIeHOB pa3JIOXeHIDI 06eCrreQHBaIOT OTHOCHTeJIbHYIO 
rrorpelliHOCTb 101< 10-5 • 
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ECJIH rrapaMeTp <POPMbI v > 1, TO C rrOMOmbIO peKYPpeHTHOH 
<POPMYJIbI 

1I,,(u, v) = f(u+v) x 
U

(1-xr
f(u)f(v) u + I ,,(u + 1, v-I) 

CJIe.uyeT yMeHbllIHTb 3HaqeHHe rrapaMeTpa v TaK, qT06bI OHO CTaJIO 
MeHbIIIe e,D;HHHU:bI (rrpH 3TOM 3HaqeHHe rrapaMeTpa u B03paCTeT, 
qTO TaKXe yCKOpHT CXO,UHMOCTb PMa (1). 

):lJuI BwqHCJIeHIDI p-KBaHTHJIH x(p; u, v) MO)KHO HCrrOJIb30BaTb 
rrpH6JIIDKeHHyIO <pOpMyJIY 

u 
x(p; u, v) :::: U + vexp (2~ ' 

f,D;e 

(0 = u1_P.Jfi+C _ b(C _2 + ~), a = (2u -1)(2v -1), 
a 3a 6 u+v-l 

2 
b = 2(u -v) C = ul-p - 3 

2(u -1)(2v -1)' 6 

ul _ p - KBaHTHJIb rrOPMKa 1- p CTaH,D;apTHOfO HOPMaJIbHOfO pac
rrpe,D;eJIeHIDI, H rrpH6JIIDKeHHYIO <POPMYJIY 

2· z(p; 2u) 
X (p;u, v ) :::: { } ,

2 2(u 2-1) + (u -1) . z (p;2u) - [z(p;2u)P t 
- + z(p;2u) - _ 
t 

1 
f,D;e t = , z(p; 2u) - KBaHTHJIb rrOPMKa P (100(1- p)-rrpo

2v + u-l
 
X2


u:eHTHaH TOtIKa) -pacrrpe,D;eJIeHIDI C v = 2u CTerreHHMH CB060,D;bI. 

3.26.2. O&O&l1.lEHHOE &ETA-PAcnPEAEJlEHME 

IlJIOTHOCTb 

BepoHTHOCTH 

<!>yHKllIDI 
pacrrpe,D;eJIeHIDI 

1 (y-a)U-'(l3-Yr-1 

f(y) = B(u, v) (~_a)u+v-I 
(a < y < ~), 

f,D;e u, v - rrapaMeTpbI <POPMbI (u > 0, v> 0); 
a, ~ - rpaHHU:bI 06JIaCTH B03MO)KHbIX 

HHH cnyqaHHoH BeJImHHbI (a < ~) 
3Haqe

F(y) = Iy-a. (u, v) 
p-a. 
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.-:-----....~ 'p7XapaKTepHCTaqeCKaR 
COOTHoweHMII Me)l(AY pacnpeAeneHMIIMM<PYHKIUUI 

1. 0606meHHoe 6eTa-paCrrpeAeJIeHHe OrrHCbIBaeT paCrrpeAeJIe
!, 

x(t)=[1+i u(u+1) ... (u+k-1) [i(/3-a)t]k]eiat = '1111 

HHe CJIY'laHHoit BeJIaqHHbI Y = a + (/3 -a)X, rrpeACTaBJIHIOmeH CO
'f,l 60H JIHHeHHYIO <PYHKu;HIO cnyq:aHHOH BeJIaqHHbI X; KOTOpaH HMeeT 'I' 

= eiat M(u, u + v; i (/3 -a) t) 

k=1 (U + V)(U + v + 1)... (u + v + k -1) k! 

KJIaCCaqeCKOe 6eTa-pacrrpeAeJIeHHe rrepBoro pOAa C rrapaMeTpaMH 
u, v (/3 > a).

- av + /3uMaTeMaTWleCKoe Y=---=-- 2. ECJIH CJIY'laHHaH BeJIIfClHHa Y HMeeT o606meHHoe 6eTa-pac
OXH,IJ;aHHe u+v npe.n;eJIeHHe C rrapaMeTpaMH a, /3, u, v, TO Cnyq:aHHaH BeJIIfClHHa 

X = (Y -a) / (J3 -a) HMeeT KJIaCCHlJeCKOe 6eTa-paCrrpeAeJIeHHe 
~ a(v-1)+/3(u-1) rrepBoro po.n;a C rrapaMeTpaMH u, v.MOAa Y = --'---'---'----'

u+v-2
 

(u ~ 1, v> 1HJIH u> 1, v ~ 1) Ol.l.eHMBaHMe napaMeTpOB 

a(1- v) + /3(1- u) C JI YlJ a it rr ep BbI it. HeH3BeCTHbI Bce lJeTbIpe rrapaMeTpa:AHTHMoAa (.lL7IH Yv 

= ---'---'----'
2-u-v
 a, /3, u, v.

U-06pa3HOrO pac a) IfcrroJIb3yH BbI6opOlJHbIe ou;eHKH rrapaMeTpOB /31 = (Sk)2 H
rrpeAeJIeHHH) (u < 1, v < 1) 

/3 2 = Ex + 3, BbNHCJIHTb: 
D = (/3 _a)2 uvD:HcrrepcHH 

r = 6(/32 -/31 -1) r 2 
Y (u + V)2 (u + V+ 1) 

3/31-2/32 +6 H E=[/3I(r+2)2 +4]' 

ACHMMeTpHH Sk= 2(v-u) ~U+V+1 4(r + 1) 
u+v+2 uv 

6) HaHTH KOpHH KBa.n;paTHoro ypaBHeHHH Z2 - r Z + E = 0 : 
Ex = 6[(u -V)2(U + v+ 1) -uv(u + v + 2)] 3Kcu;ecc 2 2r - .Jr - 4E r + .Jr - 4Euv (u + v + 2)(u + v + 3) 

ZI = 2 ' Z2 = 2 

HalJaJIbHl>Ie m = r(u+v) ±Ck(/3_a)kaS-k r(u+k) B) ECJIH Sk> 0, TO U= ZI> V == Z2, HHalJe - u = Z2, V = ZI' 
MOMeHThI S r(u) k=O S r(u + v + k) r) HaHTH rpaHHU;bI pacrrpe.n;eJIeHHH: 

s-I s-I-k. 
-"Ck k/fl )S-k n U+l s-L.J sa \p-a +a
 

k=O i=O U+ V+ i
 a = y - ~(U + v + 1) ;Dy , /3 = y + ~(U + v + 1) ;Dy • 

UeHTpaJIbHbIe MOMeHThI 
CJIYlJaH BTOpO H. H3BeCTHa JIeBaR rpaHHu;a a pacrrpe.n;eJIeHHH, 

rrapaMeTphI /3, u, v HeH3BeCTHbI. 
~s =(/3-a)' r(u+v) ±(_1)kC:(_U_)k r(u+s-k) = a) HCrrOJIb3YH BbI6opOlJHbIe ou;eHKH lJHCJIOBbIX xapaKTepHCTHK 

. r(u) k=O U+ v r(u + v + S - k) ml ;; y, m2, m3 , BbIlJHCJIHTb: 

, , 2 2, 3 3 2 3m l = ml - a, m2 = m2 - ami + a, m3 = m3 - am2 + a ml - a . 
k=O u + V i=O U+ V + I U+ V 

= (/3 -a)S[f(_1)kC:(_U)k sff U+ i . + (_1)s(_U)S] 

6) Haitm BcrrOMOraTeJIbHbIe rrapaMeTpbI 

KBaHTHJIb Yp rrOPHAKa P BbNHCJIHeTCH rryreM perneHHH ypaBHe (m')2 m'm'
Al =_1_ H 1..2 =_1_2 .HHH I(yl-a)/(/l_a)(u, v) = p. 

m~ m; 
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IIpH Me tI aHH e. ,l];JIH ynpOll(eHIDI 3anHceH B npHBe.ueHHbIXB) BbJlIHCJIHTb napaMeTpbI cPOPMbI 
Bblille cPOPMYJIax B CHMBOJIax, 0603HatIaIOll(HX BbI60pOtIHble tIHCJIO

2(A I -A2) 2(A 1 -A2)
u = , V = -u. Bble xapaKTepHCTHKH cnyqaHHoH BeJIHtIHHbl Y, onymeH BepXHHH 

1- 2A I + A2 2A2 -AI + AIA2 HH,lleKC ($). 

r) Haitm npaBYJO rpaHHUY pacnpe.ueJIeHIDI 

A ,U+V reHepMpOB8HMe cny'l8MHblX '1MCen 
p =a+ml --· 

U 
Y = a + (~-a)x,

IIpH a = 0 rrpOl(e,l(ypa HaxO)l(JJ;eHIDI napaMeTpOB ~,u, v 3aMeT
HO ynpOll(aeTCH: r.ue x - peaJIH3al(IDI cnyqaHHoit BeJI~HHbI X; HMeIOll(eH KJIacc~e

2 CKoe 6eTa-pacnpe.ueJIeHHe nepBoro po.ua C napaMeTpaMH U, vm 2(A I -A2)AI =~I A2 =m1m2 • (CM. n. 3.26.1).
 
m' m ' u= 

1- 2A 1 + A2 
,
 

2 3 

v = 2(A I - A2) _ u; ~ = m u + V. TeXHMK8 BW'IMCneHMM 
2A2 -AI + AIA2 

l u 
cI>YJ{KIJ.IDI pacnpe.ueJIeHIDI Fy (y) H cPYHKIJ.IDI nJIOTHOCTH I y (y)CJIytIail:: rperHit. H3BeCTHa npaBaH rpaHHl(a ~ pacnpe.ueJIe o60611(eHHorO 6eTa-pacnpe.ueJIeHIDI C napaMeTpaMH a, ~, u, vHIDI, napaMeTpbI a, u, v HeH3BeCTHbI. 

CBH3aHbI c cPYHKIJ.HeH pacnpe.ueJIeHHH F:x: (x) H cPYHKIJ.HeH nJIOTHOa) HCnOJIb3YH Bbl6opOtIHble Ol(eHKH tIHCJIOBbIX xapaKTepHCTHK CTH I:x:(x) KJIaCC~ecKoro 6eTa-pacnpe.ueJIeHIDI nepBoro po.ua Cnaml == y, m2 , m3 , BbI'lHCJIHTl>: 
paMeTpaMH U, v COOTHOilieHIDIMH
 

m; =~-mll m~ =~2-2~ml +m2, m; =~3-3~2ml+3~m2-m3.
 

6) HaHTH BcnOMOraTeJIbHble napaMeTpbl Fy(y) =F:x:( Y - a) =I(y-o.)/(P-o.) (u, v), 
~-a 

(m;)2 m:m~
AI =-- H A2 =-

:,1 m~ m; ly(Y) = _1_1:x:(Y -a).
~ -a ~-a 

B) Bbl'lHCJIHTb napaMeTpbI cPOPMbl 
1,,1 

:1 2(A I-A2) 2(A I-A2)
v = , U = -v. 3.27. nAPA60nH'IECKOE PACnPEAEnEHHE 

1-2AI +A2 2A2-AI+AIA2 

II( r) HaRTH JIeBYJO rpaHHUY pacnpe.ueJIeHIDI I(x) = 6(x-a)(~,-x), a:S;; x :s;;~,IlJIOTHOCTb 
a=~_m:u+v. BepOHTHOCTH (~ -a) 

U r.ue a, ~ - rpaHHl(bl 06JIaCTH B03MOXHbIX 
3HatIeHHH cnyqaHHoH BeJIHtIHHbI (a < ~).

C JI YtI a it tI eTBe p TbI H. H3BeCTHbl rpaHHl(bI a, ~ pacnpe.ueJIe B .uaHHOM cnyqae a - napaMeTp nOJIOHIDI, napaMeTpbl U, v HeH3BeCTHbl. 
xeHIDI; $ - a) - napaMeTp cPOPMbIOl(eHKH napaMeTpOB BbltIHCJIHIOTCH no cPOPMYJIaM 

l,; 

U =Y-a [(y -a)(~ - y) -1], F(x) = a 2(3~ -a) -6a~x + 3(a + ~)X2 - 2x 3 

cI>YHKll.IDI.. (~ _ a) 3 
~ - a O"~ pacnpe.ueJIeHIDI

':~ I 

L j
1,,1 
',"r~-Y[(Y-a)$-Y) ] x(t) =36e'll1 i: [i5~~ a)_I)~\:1,'V=-- 2 -1. XapaKTepHCTHtIeCKaH

I ~-a cry cPYHKIJ.IDI ksO 

8 P. H. Ba.D.JHHCKHll 225224 
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MaTeMaTH'leCKOe 
OXH,l{aHHe 

Me,IlHaHa 

MO,Ila 

,llHcrrepcIDI 

CTaH,L(apTHOe
 
OTKJIOHeHJfe
 

K03<t><t>HlUieHT 
BapHaUHH 

Cpe,IlHHHOe 
OTKJIOHeHHe 

ACHMMeTpIDI 

3Kcuecc 

Ha'laJIhHhIe 
MOMeHTLI 

.QeHTpaJIhHLIe 
MOMeHThI 

p-KBaHTKJIh 

x =a+~ 
2 

X . =a+/3os 2 

x=a+/3 
2 

D% = (/3 _a)2
 
20
 

(J _/3-a 
% - 

2$
 

_ /3 -a
 
V% 

(a+/3)2$ 

E = (J3 -a)sin ~ ~ 0.1736 (/3 - a)
18 

Sk =0 

6Ex = -- ~ -0.8571 
7
 

3a2 +4a/3+3/32

m2 = ---1O~---:'-

m3 = 2a 3 +3a 2/3+3a/32 +2/33 
10 

5a4 +8a 3/3+9a2/32 +8a/33 +5/34
m4 = ,

35 

Ie ,-Ie, C: (/3 -a) a 
m, =61: (2+k)(3+k)

Ie-O 

~3 =0, ~4 = 5~0(/3-a)4 

x p =a; /3 + (/3 - a) sin (3 arcsin (2p -1») 

f(x) 
~ 0.4 

0.3 

0.2 

0.1 

o 2345678 9 x 

A(X) 

1.0 

0.5 

-- .. f(x) 

a = I, 13 = 9 

.... 13.. ... 
o 2345678 9 x 

PHC. 3.44. IInOTHOCTb BepOllTHOCTH H <PYHKUIDI pHCKll napa60nINeCKOrO 
pacnpe.n;eneHIDI. 

COOTHoweHMSI Me*AY pacnpeAeneHMSlMM 

1. IIapa6oJIH'lecKoe pacrrpe,neJIeHHe HBJUIeTCH qaCTHhIM CJIyqaeM 
o606meHHoro 6eTa-pacnpe,neJIeHIDI nepBoro po,Ila rrpH U = 2 H 
V = 2. 

2. ECJIH CJIyqaiiHaH BeJIlflUIHa Y HMeeT 6eTa-paCnpe,IleJIeHHe 
nepBoro po,Ila C napaMeTPaMH U =2 H V =2, TO CJIyqaiiHaH BeJIH
'lHHa X = a + (/3 - a) Y HMeeT napa60JIH'leCKOe pacnpe,IleJIeHHe C 
napaMeTPaMH a, /3. 

O~eHMBaHMe napaMeTpoB 

a' = x' - .j5S%; /3" = x· + $ S% (MM). 

~ 
~I·~ 
I. 'III 

!IIIi'
! . 

, 
I 

ii, 'f:";, 
!! . 
• ,\1

!If
 
~ ,. }J' 
"I~ I 

~"l' 
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••

IIJDY""'IlIl 

reHepHpOBaHHe cny .. aHHblX "Hcen !(x), A(X) 

,I 1.0 ,IIn (rtr2 )x- . ,
-In(r1r2r 3r

4
) I 

I 
I I 
II 

I /l=3, A=23.28. PACnPEAEJ1EHHE APKCHHYCA I 
I I 
I 

I 

I
I 
I I 
I /IlJIOTHOCTb f(x) =---==1 (1) 0.5 
I 
I A(X)./BepOSITHOCTH n: ~).} - (x - /l)2 I /
I 
I(/l - A < x < /l + A), " I _... " ... " I 
I 
I

r.n:e /l - rrapaMeTp rrOJIO)ICeHHR, MaTeMa
ITHqeCKOe O)l(H).l;aHHe; A- rrapaMeTp Mac

1/(n:A) I-------~-------~ llITa6a (A > 0) 
/l-A : /l /l+A 

I 
I i....-------

pacrrpe.n:eJIeHHR 2 n: A 
<I>YHKIJ;HR F(x) =1. + .!.arcsin _X_-_/l 

o 2 3 4 5 x 

XapaKTepHCTHqeCKaH X(t) =ei/l 
l J o(At), PRC. 3.45. I1JIOTHOCTb BepOHTHOCTH R <PYHKUllii pRCKa pacnpeAeJIeHllii apKCHH}'Ca. 

¢YHKIJ;HR r.n:e J o(z) - ¢YHKl(HR Eeccemr rrep
Boro po.n:a HyJIeBoro rrOpH,lJ,Ka COOTHoweHHe Me)KAY pacnpeAeneHHRMH 

MaTeMaTH':IeCKOe x =/l 
1. TIYCTb CJIyqaHHaH BeJIH':IHHa Y pacnpe.n;eJIeHa paBHOMepHO BO:>KH,ZJ;aHHe 

HHTepBaJIe (-n:/2, n:/2). Tor.n;a rrpH JII060M Yo CJIyqaHHaH BeJIH':IHHa
Me.n:HaHa xo.s =/l X =/l + Asin (Y + Yo) pacnpe.n;eJIeHa no 3aKoHy apKcHHyca C rrapa

MeTpoM rrOJIO)ICeHIDI /l H napaMeTpoM MaCTlUTa6a A.AHTHMo.n:a x=/l 2. Pacnpe.n:eJIeHHe apKcHHyca ~lBmreTCR qaCTHbIM CJIyqaeM 6e
A2 Ta-pacnpe.n;eJIeHHR rrepBoro po.n:a (CM. rr. 3.26.1).,IJ;HcrrepCHR D =

x 2 
OqeHHBaHHe napaMeTpOBACTaH,l(apTHOeI ; a x =.fi ~ 0.7071 A 

I OTKJIOHeHHe /l* = x*, A* =.fi Sx (MM). 
ACpe.n:HHHoe E = .fi ~ 0.7071A 

reHepHpOBaHHe CnY'laHHblX "HcenOTKJIOHeHHe 

, ACHMMeTpHR Sk =0 x = /l + Asin [n:(r - 0.5)]. 
3KCn;ecc Ex =-1.5 IlpHMeqaHHe. B [21] B Ka':leCTBe pacnpe.n;eJIeHIDI apKcHHyca 

rrpHBo.n;HTCR pacnpe.n;eJIeHHe C IIJIOTHOCTbIO BepORTHOCrn2 
Ha':laJIbHble 2 A (2 3 2) 1m2 =/l + 2' m3 = /l /l +"2 A , 

f(x) = , 0 < x < 1, (2)MOMeHTbI 
2n:.Jx - x

m4 = /l2 (/l2 + 3A2) + 83A4 
KOTopoe HBIDIeTCH qaCTHbIM CJIY':laeM pacrrpe.n:eJIeHIDI apKCHHYCa C 
IIJIOTHOCTbIO (1) rrpH /l = A =1/2. TaM )ICe paccMaTpHBaeTcR 060634 {O' S - He':leTHOe; 14ennoe pacnpeoellenue aplCcunyca C IIJIOTHOCTbIO BepOHTHOIJ:eHTpaJIbHble /l 3 = 0, --A s-I"/l4 - 8 ' /l. ( ) .. AS S - ':IeTHOeMOMeHTbI crn

S .. " ' 
= sinn:a. -11(1- )11-1 0 1f.11 ( ) X X x, <X<, (3)p-KBaHTHJIb x p =/l+A sin[n:(p-0.5)] 

n: 
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f,Ae a - napaMeTP <POPMhI (0 < a < 1). 3TO pacnpe,AeJIeHHe npe,A

CTaBJUleT C060H He qTO HHoe, KaK 6eTa-paCnpe,AeJIeHHe nepBO


D = (~_a)2 ::::: 0.0417(A _a)2,[(HcnepCHRfO pO,Aa C napaMeTPaMH U =1- a H v =a (CM. n. 3.26.1). Pacnpe,Ae
x 24 I' 

JIeHHe (2) RBJUleTCR qaCTHbIM CJIyqaeM pacnpe,AeJIeHHR (3) npH
 
a = 1/2.
 

~-a 
CTaH,AapTHOe C1 x = r;::;-;::::: 0.2041$ -a) 

3.29. PACnpE.Q,EllEHME CMMnCOHA OTKJIOHeHHe v24 

v = ~ -a ::::: 0.4082 ~ -aK03<P<PHUHeHT 
x .J6(a+~) a+~napHaUHH4(X - a;, a S x S _a_+_~ ; 

IlJIOTHOCTh f( x) - (~- a) 2 .fi -1 
Cpe,AHHHoe E =~(~ -a) ::::: 0.1464(~ -a)BepoRTHoCTH - 4$- x) a +~{ .......::.----'-2' -- S x s~.
 OTKJIOHeHHe 2",2 

(~-a) 2 
ROJIee KOMnaKTHaR 3anHCb IIJIOTHOCTH Be ACHMMeTPHR Sk =0 
pORTHOCTH HMeeT CJIe~IIIHH BH,ll: 

3Kcuecc Ex =-0.6 
f(x) = _2_[1 Ja +~ - 2X1J, a S x s~. 

~-a ~-a m _ 1HaqaJIbHhIe -3(~-a)2 [a4+~4_(a~~)4J 
MOMeHTbI , 

2 

3,Aecb a - napaMeTP nOJIOXeHHR, JIeBaR
 
rpaHHua 06JIaCTH B03MO)J(JfbIX 3HaqeHHH


1 I 
~ I cJIyqaHHoH BeJIHqHHhI X; (~- a) - napa m3 _- 1 as +~s _ (a +~)S]5(~ _a)2 [ 

16 ' 
~ , MeTP MaclIITa6a, ,lI)IHHa 06JIaCTH B03MOX

I HhIX 3HaqeHHH CJIyqaHHOH BeJIHqHHbI
 

m _ 12(X-a)2 -15(~-a)2 [a 6 +~6 _ (a +~)6]asxsa+~. 4 32 ' 
'llYHKIJ;HR F(x) = $ -a)2 ' 2 ' 

pacnpe,AeJIeHHR 1- 2(~ _X)2 a +~{!:I -2 sxs~ a .."2 + ~"2 _ 2(a + ~)"2 
m =4 2 

(~ -a)2 

4(x-a) , (s + 1)(s + 2)$ -afasxsa+~. 
'llYHKIJ;HR pHCKa A(X) = $;a)2 -2(x-a)2' 2 '
 

{ a+~
 (~_ a) 4-2 sxs~ UeHTPaJIbHbIe 113 =0,(~-x) , 114 = 240 ' 
MOMeHTbI 

ial
j XapaKTepHCTHqeCKaR x(t) =_4(e iPI 

/2 - e /2)2
 
O, s - HeqeTHOe;


<PYHKIJ;HR (~_a)2 (2
 
ll, = (~-a)'
 s- qeTHOe{MaTeMaTHqeCKOe i = a +~ 2'-I(S + 1)(s + 2) 

OXH,ll;aHHe 2 

a +A
Me,AHaHa x . = __1'_os 2 _{a+(~-a)H' Os ps 2'1 . IIil\~p-KBaHTHJIb 

1,1xp - rr=:TMO,Aa .i=a+~ 
.!spSI2 ~-$-a)V~--2- , I
2 
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COOTHOWeHIrUI Me)l(AY pacnpeAeneHMRMM 

ECJIH Xl H X 2 - He3aBHCHMbIe CJIyqauHbIe Beml'lHHbI, pacrrpe
.neJIeHHbIe paBHOMepHO Ha 0TPe3Ke [a/2, 1312], TO CJIyqaHHaH BeJIH'!H
Ha X = Xl + X 2 HMeeT pacrrpe.neJIeHHe CHMrrCOHa Ha 0TPe3Ke [a, 13]. 

O~eHMBaHMe napaMeTpOB 

a· = x· - J6sx , 13· = x· + J6s x (MM). 

reHepMpOBaHMe cnYlfaMHblX IfMcen 

l3-a 
x j = a + -2-(r2i- 1 + r2i ). 

IT p H M e q a H H R: 1. CyMMa .nByx He3aBHCHMbIX CJIyqauHblx Be
JIHqHH, pacrrpe.neJIeHHbIX paBHOMepHO Ha 0TPe3Ke [0, 1], HMeeT 
pacrrpe.neJIeHHe CHMrrcoHa Ha 0TPe3Ke [0, 2] C IIJIOTHOCTblO Bepo
RTHOCTH 

12 (x) ={X, 0 S x s 1; 
2- x, Is x s 2. 

2. CYMMa TPex He3aBHCHMbIX CJIyqaUHbIX BeJIHqHH C paBHoMep
HbIM pacrrpe.neJIeHHeM Ha 0TPe3Ke [0, 1] pacrrpe.neJIeHa Ha 0TPe3Ke 
[0, 3] C IIJIOTHOCTbIO BepORTHOCTH 

2x 
Os x s 1;2 '
 

x 2- 3(x _1)2
13 (x) = 1s x s 2; 
2 2 2 

x - 3(x _1)2 + 3(x - 2) , 2 s x s 3. 
2 

3. B 06meM CJIyqae CYMMa n He3aBHCHMbIX CJIyqaHHbIX BeJIH
qHH, pacrrpe.neneHHbIX paBHoMepHo Ha oTPe3Ke [0, 1], pacrrpe.neJIe
Ha Ha 0TPe3Ke [0, n] C IIJIOTHOCTbIO BepORTHOCTH 

In(x)=, 1 ,±(-I)kC:(X-k):-I, Osxsn, 
n -1). k=O
 

O, Z S 0;
 
r.ne z+ = {Z, Z >0. 

B HeKoTopbIX rroc06HRX TaKoe pacrrpe.neJIeHHe Ha3bIBaIOT pac
npeoe;zenueM CUMncona nopRoICa n. 
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f(x) 

0.25 

0.20 I a=1,[3=9 

0.15 

0.10 

0.05 

I:J, I I I I 1 I 

0 I 2 3 4 5 6 7 8 

A(X) 

1.0 
I 

a=1,[3=9 

0.5 

23456789xo 
PHC. 3.46. IInOTHOCTb BepOIlTHOCTH H q,yHlQlHII pHCKll pacnpe,n:eJleHHlI CHMncoHa. 

3.30. YCE~EHHOEHOPMAIlbHOE PAcnPEAEnEHME
 
(ABYXCTOPOHHEE YCE'tEHME)
 

IIJIOTHOCTb I(x) = ~exp (- (x -7)2), a S x ~ 13, 
BepORTHOCTH ya 21t 2a
 

r.ne a, 13 - rpaHHII;bI 06JIacTH B03MO)I(HbIX 3Ha

qeHHH CJIyqaHHoH BeJIHqHHbI (JleBaR H npa

BaR mottICU ycettenUR); m - rrapaMeTP rro

JIOXeHHR; a - rrapaMeTP MaClliTa6a (a> 0) H
 II, 

(
(a-m)l3-m): =<1>0 -a- -<1>0 -a- . 

9 P. H. Bal\3JiHCKJitl 233 Iii 
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qHCJlO 1- y, paBHOe BepmITHOCrn Toro, qTO 
HCXO)J;HaJI (HeyceqeHHaJI) HOPMaJIbHaJI cJlyqali
HaJI BeJlHqHHa OI(aJKeTC~ BHe HHTepBaJIa (a, 13), 
Ha3bIBaeTC~ cmeneHblO ycelteHuJI 

C1>YHKlI;~ 1[ (x - m) (a -m)]F(x) == y <1>0 -a- - <1>0 -a- ,a S x :513 
pacIIpe)J;eJleH~ 

XapaKTepHCTHqeCKaH 
$YHKI.J;~ 

() 1["" (13 - m .) (a -m .)] ( . a
2
t

2 
)X t = y ~o -a- -lOt - <1>0. -a- -lOt exp Imt - -2

MaTeMarnqeCKOe i = m + ~[<p(u) - <p(u2 )], 

OXll,lJ;aHHe y 

r)J;e <p(u) - IDIOTHOCTh BepOmHOCTH CTaH)J;apTHO
ro HOpMaJIbHOro pacIIpe)J;eJleH~; u = (a -m)/a1 
H u2 = (j3 -m)/a - cmaHoapmu3upoeaHHble 
(l.{eHTpHpoBaHHbIe, HOpMHpoBaHHbIe) mOlt" U 
ycelteHUJI 

Me)J;HaHa Me)J;HaHa X O.5 ~BJUIeTC~ KopHeM ypaBHeH~ 

O 
<1>0 ( X .5a- m) == l[<1>0(a: m) + <1>0 (~ ~ m)] 

a, a ~ m;
 
MO)J;a x= m, a < m < 13;


{13, 13:5 m 

1
l\HClIepcHH D.= a'{I +~ [u,~(u,) - u,~(u,)]-1, [~(u,) - ~(u,) l' } = 

== a
2{1 + ~[U)<P(Ul) - U2<P(U2)]}- (i - m)2 

2 2HaqaJIbHbIe m2 = m +a + !!..(2mko +ak), 
MOMeHTbI y 

3 2 m3 =m - 3a m +!!.. [(2a2 + 3m2)ko + 3amk) +a2k2], 
y 

4 2 m4 ==m +6a m2 +3a 4 +!!..[4m(2a2+m2)k +oy 

+3a(a2 +2m2)k) +4a2mk2 +a 3k
3 

], 

r)J;e k i == u: <p (u) - u~ <p (u2 ), i == 0, 1, 2, 3 
234 

~ 

f(x) 

0.6 

0.5 

-I 0 2 3 4 5 x 

m = 2, a= I, 

a = I, P=3.5 

,, 
\, 
" \,,'
l~ 
1 ,,, ,, , ...1 

I , , , ... ... 

0.4 

0.3 

0.2 

0.1 

... " ---l. 

A(X) 

1.5 

m = 2, a = I, 

a=I,p=3.5 

1.0 

0.5 " ... - .. , f(x),,,,,, 
I 
I 

-I o 2 3 4 5 x 

PHC. 3.47. IlJIoTHOCTb BepmlTHOCTH H cPYHKllHH pHCKa yce'leHHoro HOpMaJILHOrO 
pacnpe.lleJIeHIDI (o8yxcmopoHHee ycneHue). 
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3
IJ;eHTpaJIbHhIe 1.l.3 =a [!(k2 -ko)-~kok, +4k g],
 

MOMeHTbI Y Y Y
 

4 
1.l.4 =a [3+!(3k l +k3)-4(k~ +2kOk2)+-;-k~kl-~k;] 

Y Y	 Y Y 

IIpH CHMMeTplPlHOM OTHOCHTeJIbHO m paCnOJIO:lKeHHH TOqeK 
yceqeHIDI a H 13, T. e. npH m - a = 13 - m: 

Y = 2<1>0 (0), r,ZJ;e 0 = (m - a )/a = (13 - m) 1a; 

x	 =XO.5 =X =m; Dx =a2(l-k); 

m2 =m
2

+a2(l-k), m3 =m 3 +3a2m(l-k), 
4 m 4 =m -a 402k+3a2(a2 +2m2)(l-k); 

1.l.3 =0, 1.l.4 =a 4 [3(l-k)-02k], 

r,ZJ;e k = ocp (0)/<1>0 (0). 

O~eHMBaHMe napaMeTpOB 

B TOM CJIyqae, Kor,ZJ;a TOqKH yceqeHIDI a H 13 H3BeCTHbI, MH Ha
XO:lK,ZJ;eHIDI oueHOK MaKCHMaJIbHOrO npaB,ZJ;ono,ZJ;06IDI napaMeTpOB m 
H a MO:xrnO HCnOJIb30BaTb CJIe.lJYIOIUHe peKYPpeHTHhIe COOTHOIIIe
HIDI: 

a	 -m/ l3-m/.
UI/ = , U2/ = ---, 

a/ a/ 

m. =x·+a cp(u2/)-cp(UI/)
1+1 i	 . 

<1>0 (U2/) - <1>0 (Ul/)' 

a/+ = D; + (x· - m. )2 _ a2 U2/cp (U2/) - UI/ cp (ul ·)
I 1+1 i	 I 

<1>0 (U2/) - <1>0 (Ul/) 

3,ZJ;eCb m/ H a/ - i-e npH6JIIDKeHHe oueHOK MaKCHMaJIbHOrO 
npaB,ZJ;ono,ZJ;06IDI napaMeTpOB m H a; cp(u) - IIJIOTHOCTb BepOHTHO
CTH CTaH,llapTHoro HOpMaJIbHOrO pacnpe,ZJ;eJIeHIDI; <1>0 (u) - <PYHK

UIDI JIaIIJIaca; x· H D; - BbI60pOqHhIe oueHKH MaTeMaTlPIeCKoro 

O)f(lf):{aHIDI x H ,ZJ;HcnepCHH Dx , HaJi,n;eHHhIe no peaJIH3aUHHM yce
qeHHOH HOpMaJIbHOH CJIyqaHHoH BeJIlPIHHbI. 

B KaqeCTBe «HYJIeBbIX» (HaqaJIbHbIX) npH6JIIDKeHHH m H a~o 
MO:xrnO HCnOJIb30BaTb BhI60pOqHble oueHKH x· H D;. O,ZJ;HaKO, yqH

TbIBaH 3<p<peKT yceqeHIDI, a~ CJIe,ZJ;yeT B3HTb HeCKOJIbKO 60JIbIIIe D;, 
a MH nOJIyqeHIDI mo He06xo,ZJ;HMO HeMHoro «nO,ZJ;npaBHTb» x· B CTO
pOHy 60JIbIIIerO yceqeHIDI. 
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Ilill,lll! 

,1'1:1 

B TOM CJIyqae, Kor,ZJ;a TOqKH yceqeHIDI a H 13 HeH3BeCTHbI, a 061>
eM BbI60PKH ,ZJ;OCTaTOqHO BeJIHK, B KaqeCTBe a MO:xrnO B3HTb qHCJIO 

HeCKOJIbKO MeHbIIIee HaHMeHbIIIerO 3JIeMeHTa BbI60PKH X(ll' a B Ka
qeCTBe 13 - qHCJIO, HeCKOJIbKO npeBhIIIIaIOIUee HaH60JIbIIIHH H3 3JIe

MeHTOB BhI60PKH X(n)' 

reHepMpOBaHMe cny'laMHblx '1MCen 

1. u:=nonn; 

2. y :=m + au; 
3. ECJIH Y < a, TO Ha 1, HHaqe - Ha 4; 
4. ECJIH y > 13, TO Ha 1, HHaqe - Ha 5; 
5. x:= y. 

r.	 PACnpE,lJ,EJ1EHUfi. UCnOflb3YEMblE 
B MATEMATWIECKOU CTATUCTUKE 

3.31. x2·PAcnPEAEllEHHE nHPCOHA 

IlJIOTHOCTh f(x) = 1 x n/2-1e- x /2, X> 0, 
nBepOHTHOCTH 2 /2 r(~J 

r,ZJ;e n - napaMeTp <pOPMbI, ItUC/lO cme
neH eU C6 0 60 abI, nOJIO:lKHTeJIbHOe ueJIoe 
qHCJIO 

F( ) = r(~,~) =I(~ !!.J
<I>YHKUIDI 

pacnpe,ZJ;eJIeHIDI x r(~J 2'2' 

r,ZJ;e I(x,a) = r(x,a)/r(a) - OTHOIIIe

HHe HenOJIHOH raMMa-<PYHKUHH 

XapaKTepHCTHqeCKaH X(t) = (1 - 2it) -n/2 

<PYHKUIDI 

MaTeMaTHqeCKOe x =n
 
O)f(lf):{aHHe
 

Me,ZJ;HaHa	 X O.5 ::::: n - 0.67 

MO,ZJ;a	 X=n- 2, n ~ 2 

)l;HcnepcIDI D = 2nx 

CTalUapTHoe cr x = J2ii
 
OTKJIOHeHHe
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f(x) 
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f(x) 
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PHC. 3.48. IlnOTHOCTb BepOl'lTHOCTH x2 -paClIpe,lleJIeHHl'I ITHpcoHa. 
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K03<P<PHu,HeHT Vx =~ 
BapHau,HH 

ACHMMeTPWI Sk=j! 
Ex = 123KCu,ecc 

n 
HaqaJIbHhIe m2 =n (n + 2), m3 =n (n + 2)(n + 4), 

MOMeHTbI 
m4 = n(n + 2)(n + 4)(n + 6), 

s-I 

ms =n(n + 2) ... [n + 2(s -1)] =IT (n + 2k) 
k=O 

UeHTPaJIbHbIe III =8n, 114 =12n (n + 4) 
MOMeHTbI 

TOqKaMH rrepern6a <PYHKU,HH IIJIOTHOCTH f(x) HBJISIIOTCH TOqKH 

X = n - 2 =+= ,J2(n - 2) (rrpH yCJIOBHH, qTO X - ,ueHcTBHTeJIbHOe rro

JIO)lQITeJIbHOe qHCJIO). 

COOTHoweHMR MelKAY pacnpeAeneHMRMM 

1. ECJIH Ul> U2 , ... , Un - He3aBHCHMhIe CTaH,llapTHhle HOp

MaJIbHble cnyqaHHbIe BeJI~HHhI, TO cnyqaHHaH BeJIHqHHa U; +
ui + ... + U; HMeeT X, 2_pacrrpe,ueJIeHHe C n CTerreHHMH CB060,ubI. 

2. x,2_pacrrpe,ueJIeHHe C n CTerreHHMH CB060,ubI COBrra,uaeT C raM
Ma-pacrrpe,ueJIeHHeM C rrapaMeTPOM MaCIIITa6a A. = 1/2 H rrapaMeT
pOM <pOPMbI a = n12. 

3. CnyqaHHaH BeJI~HHa X(n), HMeIOlUaH x,2_pacrrpe,ueJIeHHe C n 
CTerreIDIMH cB060,ubI, H CJIyqaHHaH BeJI~HHa Y(1, nI2), HMeIOlUaH 
raMMa-pacrrpe,ueJIeHHe C rrapaMeTPOM MacIIITa6a A. = 1 H rrapaMeT
poM <POPMbI a = n12, CBH3aHbI COOTHOIlleHHeM X(n) - 2Y(I, nI2). 

4. CyMMa He3aBHCHMbIX CJIyqaHHbIX BeJI~HH Xl> X 2 , ... , X k , 

HMeIOIUHX x,2_pacrrpe,ueJIeHHe C nl> n2 , ... , nk CTerreHHMH cB060,ubI 
COOTBeTCTBeHHO, HMeeT x,2_pacrrpe,ueJIeHHe C n =n l + n2 +... + nk 
CTerreHHMH cB060,ubI. 

5. He3aBHCHMble CJIyqaHHbIe BeJI~HHbI X(n) H X(m), HMeIO
IUHe x,2_pacrrpe,ueJIeHHe C n H m CTerreHHMH cB060,ubI COOTBeTCT
BeHHO, CBH3aHbI co CJIyqaHHoH BeJIHqHHOH F(n,m), HMeIOlUeH 
F-pacrrpe,ueJIeHHe <1lHIllepa-CHe,ueKopa C n H m CTerreHHMH cB060
,ubI, COOTHOIlleHHeM 

x(n)/x(m) =mX(n) _ F(n,m). 
-n- m nX(m) 
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6. C.rryqaHHaJI BeJIH'lHHa X(n) HMeeT TaKoe xe pacnpe,UeJIeHHe, 
KaK H C.rryqaiiHaJI BeJIH'lHHa nF(n,oo), T. e. X(n) - nF(n, (0). 

7. C.rryqaHHaJI BeJIHqHHa X(n), HMelOI..U;aJI x2-pacnpe,UeJIeHHe Cn 
CTeneIDIMH cBo6o,UbI, CBH3aHa co CJIyqaHHoH BeJIH'lHHOH T(n), HMe
lOI..U;eH pacnpe,UeJIeHHe CTblO,UeHTa C n CTeneIDIMH cBo6o,UbI, H He
3aBHcHMoH OT T(n) CTaH,UapTHOH HOpMaJIbHOH c.rryqaHHoH BeJIHqH
HOH U CJIe.uyIOI..U;HM COOTHomeHHeM: 

U nU 
T(n)/n = T(n) - X(n). 

8. IlpH qeTHOM n c.rryqaHHaJI BeJIH'lHHa X(n) CBH3aHa co CJIy
qaHHOH BeJIH'lHHOH Y(x/2), pacnpe'ueJIeHHOH no 3aKOHY IlyaccoHa 
C napaMeTPoM Il = x/2, COOTHomeHHeM 

P{X(n) > x} = p{y(1) ~ ~ -1} 
3TOMY COOTHomeHHlO 3KBHBaJIeHTHhI COOTHomeHHH: 

(nx) -(n x)P(x; n) = Fy "2;"2 = 1- 'I' "2;"2' n ~ 2, ueJIoe; 

Fy (k; Il) = P(2Il; 2k), k = 1, 2, ... 

3,Uecb P(x;n) = P{X(n) > x} - HHTerpaJI BepOHTHOCTeH x2-pac-' 
npe,UeJIeHHH; Fy (k; Il) = P{Y(Il) < k} - cPyHKUHH pacnpe,UeJIeHHH 

"" ; 

IlyaccoHa CnapaMeTPoM Il; q,(x; Il) = e-I' L ~, (CM. n. 2.2). 
;=x I. 

9. IlPH n ~ 00 c.rryqaHHaJI BeJIH'lHHa [X(n) - n] /5 CXO,UHTCH K 
CTaH,D;apTHOMY HOpMaJIbHOMy pacnpe,UeJIeHHlO. O,UHaKO 3Ta CXO,UH
MOCTh ,UOBOJIbHO Me.uneHHaJI. fopa3,UO 6bICTPee CXO,UHTCH K CTaH
,UapTHoMy HOpMaJIbHOMy pacnpe,UeJIeHHlO CJIyqaHHaH BeJIHqHHa 
.j2X(n) - .J2n -1· 

reHepMpOBaHMe cny'laMHblx '1MCen 

AJIrOpHTM 1 

2 2 . 2 
X = u1 + u2 + .. , + un' 

r,Ue U; - CTaH,llapTHble HOpMaJIbHhIe CJIyqaHHble qHCJIa (i =1, 2, ... , n). 
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AJIrOpHTM 2 

n- qeTHOe;-2m(Ur;} 
x= 

n- l l!2 )-2m ITr; +u2
, n - HeqeTHoe. 

«
1=1
 

IlpH n = 1 
2

X =u • 

3,UeCb r - CTaH,UapTHhIe paBHoMepHble, U - cTaH;J;apTHble HOP
MaJIbHhIe c.rryqaHHhIe qHCJIa. 

Ta6nM .... bI 

1. [2, c. 140-159, Ta6JI. 2.1a]. .llaHhI 3HaqeHHH HHTerpaJIa Bepo
HTHOCTeH P(x; n) = P(X > x) llJIH n = 1(1)32(2)70; 5D. 

[2, c. 166-170, Ta6JI. 2.26]. IlpHBe,UeHbI npoueHTHble TOqKH 
X2 -pacnpe,UeJIeHHH llJIH n = 1(1)100 H Q =99.95,99.9,99.5,99, 97.5, 
95, 90(10) 10, 5, 2.5, 1, 0.5, 0.1, 0.05 %. 

2. [13, c. 502-504, Ta6JI. XII]. IlpHBe,UeHbI3HaqeHHH cPYHKUHH 
X2 -pacnpe,UeJIeHHH llJIH n = 1(1)20 H x = 1(1)30; 4D. 

[13, c. 505, Ta6JI. XIIa] . .llaHhI 3HaqeHHH KBaHTHJIeH x2-pac
npe,UeJIeHHH nopAAKa p = (1- y)/2 H P = (1 + y)/2 llJIH k = 1(1)30 H 
y =0.99,0.95 H 0.90; 3S. 

3. [3, c. 36-39, Ta6JI. 6]. IlpHBe,UeHhI 3HaqeHHH HHTerpaJIa Be
pOHTHocTeH P(x; n) ,UJIH n = 1(1)15, x =0.0(0.5)20(1)40.0 H 
n =16(1)30, x =3.0(1)10.0(0.5)20.0(1)40(2)64; 3D. 

4. [16, c.94, 95, Ta6JI. 1.1.2.7] . .llaHhI KpHTHqeCKHe TOqKH, co
OTBeTCTBYIOI..U;He BepOHTHOCTHM IX = 0.99, 0.98, 0.95, 0.90(0.10)0.10, 
0.05, 0.02,0.01, 0.005, 0.002, 0.001, llJIH n = 1 (1) 30; 3S. 

06mHpHble Ta6JIHUhI cPYHKUHH x2-pacnpe,UeJIeHHH npHBe,UeHhI B 
[7] H [9]. 

TeXHMKa BbIliMCneHMM 

IlpH n ~ 30 ,UocTaTOqHYIO llJIH npaKTHKH TOqHOCTb 06eCneqHBa
lOT npH6JIHXeHHble cP0PMYJIbI: 

F(x;.) = P{X(.) <X} ~ i +<1>.(-145. ( ~ -1 + 9:)} 
P(x;.) = P{X(.) >x} ~ i -<1>.[-145. ( ~ -1 + 9:)} 
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.,,1
1 
1 

X :::: Ii [1 _ (2] 32 + U 
p 9n PV9ii' 

rAe Up - KBaHTKJIb nOpH,lJ;Ka p CTaH.l\apTHoro HOpMaJIbHOro pac
npeAeJIeHIDI. 

IlpH n ~ 100 MO)KHO nOJIb30BaTbCH 60JIee npOCTbIMH npH6JIH
xeHHbIMH <p0pMYJIaMH: 

F(x;n) :::: ~ + <1>0 (.J2X - .J2n -1), 

P(x;n) :::: ~ -<1>0 (.J2X - .J2n -1), 

xp ::::~(.J2n-l+Up)2. 

IlpH BbNHCJIeHIDIX Ha 3BM MOryr 6bITb HCnOJIbJOBaHbI <POPMY
JIbI: 

P(x; 1) =2[1- <I> (.Ix)], P(x;2) =e -x/2 , 

n - HeqeTHO. -12[1- '"(.Jx) +~ (.Jxt~· (2;~;)!J 
P(x, n) - [ (n-2lf2 ;] 

1+ "" _x_ e-xf2 n - qeTHoe.t (2i)!! ' 

IlpH 60JIbllIHX x (npH x > n) ueJIeC006pa3Ho HCnOJIb30BaTb 
aCHMnTOTW:leCKOe paJJIOXeHHe 

nf2-1 
x -xf2 

( ) 
P(x;n) = "2 (~ [1 + f( -1); (2 - n) ...;(2i - n)].~ I r ~ ~l X 

Iii 2I 
" 

B CHCTeMe CHMBOJIbHOH MaTeMaTHKH DERIVE HMeeTCH <PyHK

UIDI CH_SQUARE (x,v) =I(~;~) (CM. [41], YTKJIHTbI PROBA

BIL.MTH). 

3.32. x·PAcnPEAEJlEHHE nHPCOHA 

IlJIOTHOCTb	 n
f(x) = ') X 

1 exp(-£J' x> 0,1 ( -
BepOHTHOCTH 2n/2-1r	 ~ 2 

2 
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cI>yHKIJ;IDI 
pacnpeAeJIeHIDI 

XapaKTepHCTHqeCKaH 

<pyHKIJ;IDI 

MaTeMaTHqeCKoe 

O:x<:H.l\aHHe 

MOAa 

)lHcnepcHH 

ACHMMe'TpIDI 

3Kcuecc 

HaqaJIbHbIe 

MOMeHTbI 

UeH'TpaJIbHbIe 
MOMeHTbI 

x =n 2 
r ( 2"n) 

x=.Jn-l 

2Dx =n-x


2

Sk = x 1- 2n + 2x

DJ/2 
x 

2 2Ex = _2x_-----'('-4n_-_2_-_3_x ) - 2n(n -1) 
Dx

2 

m2 =n, m3 =(n + 1)x,
 

m4 =n(n+2), m. =2'f2r(n;s)/r(~)
 
~3 = x(l- 2n + 2x2),
 

~4 = x 2[2(n - 2) - 3x2] + n(n + 2)
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!IIIIII 

;	 III' 
II'rAe n - rrapaMe'Tp <pOPMbI, ~ U CA 0 em e 

n eH eU C6 0 60 iJ bl, rrOJIOXHTeJIbHOe ue II 

JIoe qHCJIO	 II IIII
2 

(x n) 
F( ) = r 2' 2" = I (~ ~J 

x r(~) 2 '2 ' 

rAe I(x,o.) = r(x,o. )/r (a.) - OTHOllIeHHe 
HerrOJIHOH raMMa-<pyHKIJ;HH 

x(t)= (n-l)! D_ Ut)e- t2 /4, 
2nf2-1r(~) 

n 

rAe D p (z) -
UKJIHH.l\pa 

r(~) 

<pyHKIJ;IDI rrapa60JIW:leCKOrO 

{(n - 1) !! r;= (n- 2)!!V"2' n  qeTHoe; 

(n-l)!! {2
(n- 2)!!V;' n - HeqeTHOe 



f(x) 

0.8 

0.6 

0.4 

0.2 

o 2 3 4 5 6 x 

PRC. 3.49. IlrIOTHOCTb BepOHTHOCTH x-pacnpe~eJIeHHjj IIHpcoHa. 

COOTHoweHMR Me>KAY pacnpeAeneHMRMM 

1. ECJIH Up U2 , ••• , Un - He3aBHCHMble CTaH,ZJ;apTHble HOP
MaJIbHbIe CJIyqaHHble BeJIH'IHHbI, TO CJIyqaHHaH BeJIH'IHHa X = 
= ~U; + U; +...+ U; HMeeT X-pacnpe,ll;eJIeHHe C n CTeneIDIMH CBO

60,ll;bI. 
2. x-Pacnpe,ll;eJIeHHe HBJIHeTCH '1aCTHbIM CJIyqaeM pacnpe,ll;eJIe

HHH MO.uyJIH n-MepHOfO CJIyqaHHoro BeKTOpa (CM. n. 3.14). 
3. IlycTb X(n) - CJIyqaHHaH BeJIH'lHHa, HMeIOIIlaH x-pacnpe,ll;e

JIeHHe C n CTeneIDIMH CBo60,ll;bI; Y(aJ n) - CJIyqaHHaH BeJIH'lHHa, 

HMeIOIIlaH pacnpe,ll;eJIeHHe MO.uyJIH n-MepHOfO CJIyqaHHofo BeKTOpa 
C napaMeTPOM MaCIIITa6a a; Z (n) - CJIyqaHHaH BeJIH'IHHa, HMeIO

2
IIlaH x -pacnpe,ll;eJIeHHe C n CTeneIDIMH CBo6o,ll;bI. TOf,ll;a cnpaBe,ll;

JIHBbI CJIeAYIOIIlHe yTBep)K,lleHHH: 

X(n) - ~Z(n) - Y(I,n) - .!.Y(a,n). 
a 

4. Pacnpe,ll;eJIeHHe CJIyqaHHoH BeJIH'IHHbI X(n), HMeIOIIleH 

x-pacnpe,ll;eJIeHHe C n CTeneIDIMH CBo6o,ll;bI, COBnaAaeT C pacnpe,ll;e-

JIeHHeM CJIyqaHHOH BeJIH'IHHbI ~Y(~,~). f,ll;e Y(~,~) - CJIyqaH

HaH BeJIH'lHHa, HMeIOIIlaH raMMa-paCnpe,ll;eJIeHHe C napaMeTPoM 

MaCIIITa6a A. =1/2 H napaMeTPOM <l>OPMbI a =n/2. 

reHepMpOBaHMe cnY'IaMHblX '1MCen 

AJIfOPHTM 1 
J 2 2 2

X=VUl +U2 + ... +Un , 

f,ll;e u; - CTCI.H.naprnble HOpMaJIbHble CJIyqaHHble '1HeJIa (i = 1,2, ... , n). 
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AJIfOPHTM 2 

III-2In[fir;), n
liil 

- '1eTHOe; 
,~l 

X= 
:i<n-I)!2 ) 

[
1TI r;-2ln + u2 

, n - He'leTHoe. 

IlpH n = 1 
x =N. 

3,l1;eCb'i - CTaH,ZJ;aPTHble paBHOMepHbIe, U - CTaH,ZJ;apTHbIe HOp
MaJIbHbIe CJIyqaHHbIe '1HCJIa. 

3.33. f-PACnPEAEJ1EHME CTblOAEHTA 

I 

IlJIOTHOCTb /(1) ~ r(~]I (1<r;', -00< 1 < 00, 

Iii 

BepOHTHoCTH 1 

.JV:;; r 2, i 

1f,ll;e v - napaMeTP <l>OpMbI, ~ U CA 0 Cmen e I, 

ne ii C 6 0 60 ablJ nOJIOXHTeJIbHOe ueJIoe 

'1HCJIO 

Il;l )Vf2 

XapaKTepHCTH'leCKaH (r) =
(

2.J-; y (l5L)x~ 1tr(i) vf2 ~ ,<l>YHI<IJ:HH 

f,ll;e Yn (z) - <l>YHI<IJ:HH liecceJIH BTOpOfO 

po,ll;a 

XapaKTepHCTHKH i =0, v> 1; t o.5 =; =° 
nOJIOXeHHH 

V 
,[(HcnepCHH D1 =--, v> 2 

v-2 

CTaH,ZJ;apTHOe CJI=~ V , v>2
v-2OTKJIOHeHHe 

ACHMMeTPHH Sk =0, v> 3 
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6
3Kcuecc Ex =--, v> 4 

v-4 

MOMeHThI m3 = /l3 = 0, v> 3, 

3v2 

v> 4,m4 =/l4 = (v-2)(v-4)' 

S - HeqeTHOe;O' 
m.=/l.= 1·3·5· ... ·(s-1) v./2 s - qeTHOe,{ 

(v-2)(v-4)... (v-s) , v>s 
f(t) 
0.4 

-6 -2 0 2 4 6 t 

PRC. 3.50. IIJIOTHOCTb BepOJlTHOCTH pacrrpeAeJIeHRJI CTbIOAeHTa. 

COOTHoweH Mil MelKAY pacn peAeneH Mil M M 

1. IIpH V = 1pacnpeAeJIeHHe CThIOAeHTa COBna.n;aeT CpacnpeAe
JIeHHeM KOIIIH CnapaMeTPOM nOJIOXeHHH /l = 0 H napaMeTPOM Mac
llITa6a A. = 1. 

2. ,l:lmI CJIY'IaHHhIX BeJIHqHH: T(v), HMeIOIUeH pacnpeAeJIeHHe 
CThIOAeHTa C V CTeneIDIMH CBo6oAhI; X(O, 1), pacnpeAeJIeHHOH no 
CTaHAapTHOM)' HOPMaJIhHOM)' 3aKOHy; Z(v), HMeIOIUeH x2 -pacnpe
AeJIeHHe C V CTeneHHMH cBo6oAhI; F(l, v), pacnpeAeJIeHHOH no 3a
KOHy <I>HllIepa-CHeAeKopa C 1, v CTeneIDIMH cBo6oAhI, - cnpa
BeAJIHBhI CJIe,uyIOIUHe. yrBep)K)l;eHHH: 

X(O,l)[T(V)]2 - Z(l) _ [X(0,1)]2 - F(l v). 
Z(v)/v Z(v)/v " T(v) - ~Z(v)/v 
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lIII 

3. ,l:lmI CJIY'IaHHOH BeJIHqHHhI T(v), HMeIOIUeH pacnpeAeJIeHHe 
I!III 

CThIOAeHTa C v CTeneIDIMH cBo6oAhI, H cJIY'IaHHoH BeJIHqHHhI 
F(l, v), pacnpeAeJIeHHOH no 3aKOHy <I>HllIepa-CHeAeKopa C 1, v III 

CTeneIDIMH cBo6oAhI, cnpaBeAJIHBO COOTHOllIeHHe 

P{T(v) < t} = ~[1- P{F(l, v) < t2}]. 

4. ,llmI CJIyqaHHoH BeJIHqHHhI T(v) H CJIY'IaHHOH BeJIHqHHhI 
X (v/2, 1/2), HMeIOIUeH 6eTa-paCnpeAeJIeHHe nepBoro pOAa C napa
MeTPaMH U = v/2 H v = 1/2, cnpaBeAJIHBO COOTHOllIeHHe 

1 { (v 1) v} 1 (v 1)P{T(v)<t}=l--P X -,- <--2 =1--//( I') -,- •
2 2 2 v + t 2 v+ 2 2V 

5. IIpH V ~ C1J pacnpeAeJIeHHe CThIOAeHTa CXOAHTCH K CTaHAapT
HOM)' HOpMaJIhHOMy pacnpeAeJIeHHIO. 

Ta6nM~bl 

1. [2, c.174-176, Ta6JI. 3.1]. ,llaHhI 3HaqeHHH <PYHKUHH pacnpe

AeJIeHHH CThIOAeHTa AJIH v = 1(1) 20 H t = 0.0(0.1)4.0(0.2)8.0; 5D.
 

[2, c. 176]. IIpHBeAeHhI BepXHHe KpHTHqeCKHe (npoueHTHhIe)
 
TOqKH pacnpeAeJIeHHH CThIOAeHTa AJIH v = 1 (1)10 H Q =0.0005,
 
0.001, 0.01, 0.1 %.
 

[2, c. 178, Ta6JI. 3.2]. IIpHBeAeHhI BepXHHe KpHT~e


CKHe (npoueHTHhIe) TOqKH pacnpeAeJIeHHH CThIOAeHTa AJIH
 
v = 1(1 )30(2)50(5)70(10) 100(20) 120(30) 150(50)300(100)500 H
 
Q = 40, 25, 10, 5, 1, 0.5, 0.25, 0.1, 0.05 %; 4D.
 

2. [13, c. 506-508, Ta6JI. XIII]. ,llaHhI 3HaqeHHH <pyHKUHH pac

npeAeJIeHHH CThIOAeHTa AJIH v = 1(1)19 H t =0.0(0.1)2.0(0.2)6.0; 3D.
 

[13, c.508, Ta6JI. XIIla]. IIpHBeAeHhI KpHT~eCKHe TOqKH
 
pacnpeAeJIeHHH CThIOAeHTa AJIH v = 1(1)10 H Q =0.005, 0.025, 0.05;
 
3D.
 

3. [16, c. 96, Ta6JI. 1.1.2.8]. ,llaHhI KBaHTHJlH nOPHAKa 1- a/2
 
AJIH v = 1(1) 10(2) 30 H a = 0.0005, 0.001, 0.0015, 0.0025, 0.005,
 
0.01, 0.0125, 0.025, 0.05; 3D. /
 

4. [3, c. 60, 61, Ta6JI. 9]. IIpHBeAeHhI 3HaqeHHH <PYHKUHH pac

npeAeJIeHHH CThIOAeHTa AJIH v = 1(1) 19 H t = 0.0(0.1)2.0(0.2)
 
6.0(1)8.0; 3D.
 

[3, c.65, 66, Ta6JI. 10]. ,llaHhI KBaHTHJlH nOPHAKa P AJIH
 
v = 1(1)30(2)50(5)70(10)100, 120, 150(50)300(100)500 H P = 0.8,
 
0.9, 0.95, 0.99, 0.995, 0.9975, 0.999; 3D.
 

5. [6, c.28-30, Ta6JI 2.1]. IIpHBeAeHhI KBaHTHJlH nopHAKa P
 
pacnpeAeJIeHHH CThIOAeHTa AJIH v = 1(1)100 (2)150, 200(100)1000 H
 
P =0.75, 0.90, 0.975, 0.99, 0.995; 4D.
 

IIOAPo6HhIe Ta6JIHUhI ITJIOTHOCTH H <PYHKuHH pacnpeAeJIeHHH
 
CThIOAeHTa npHBeAeHhI B [11].
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Bo BCeX Ta6JIHUax: 3Ha'leHHH IIJIOTHOCTH BepOHTHOCTH f(t; v) H
 
I!>YHKUHH paCnpe)leJIeHHH F(t; v) npHBO)lHTCH TOJIbKO JI/lJI nOJIOXGI

TeJIbHbIX 3HaqeHHit apryMeHTa t. IIpH OTpHuaTeJIbHbIX 3HaqeHH
HX t CJIe)lyeT nOJIbJOBaTbCH I!>OPMYJI8MH f(-t;v)::::f(t;v) H
 
F(-t; v) :::: 1- F(t; v).
 

Ta6JIHUbI p-KBaHTHJIeH: tp pacrrpe)leJIeHHH CTbIO)leHTa COCTaBJIe

HM TOJIbKO JI/lJI HHTepBaJIa 0.5 < P < 1 (T. e. B Ta6JIHUax: )laHM TOJIb

KO rrOJIOXGITeJIbHble 3HaqeHHH KBaHTHJIeH: t )' IIpH 0 < P < 0.5 Ha)lO
 
rrOJIbJOBaTbCH I!>OPMYJIOH: t p :::: -t _ p • 

p
 

l 

TeXHMK8 BbIliMCneHMM 

IIpH BbNHCJIeHHHX Ha 3BM MOryT 6LITh HCnOJIbJOBaHbI I!>OPMY

JIM
 

1 1 
-+-arctgt, v::::l;
2 1t 

F(t; V) :::: ~ 1 1 . COS 9 + "3 cos +...+ " 
2 39 ]} 

- + - 9 + Sin 9 2 .4. .( _ 3) , v > 1- HeqeTHOe;,
2 1t ••• V v-z 9{ [ + cos 

1·3 ·... ·(v- 2) 
,

1 t 
2+ 2~' v::::2; 

F(t; v) :::: ~ [1 + !COS 
z 

9 + ..!...l..cos
4 

9 + ... +]1 1. 2 2·4 
- + - Sin 9 1.3 . .( _ 3) , v > 2 - qeTHOe,
2 2 '" V v-z 9+ cos

2 .4 ;, ... (v - 2) 

f)le F(t; v) - I!>YHKUHH pacrrpe)leJIeHHH CThIO)leHTa C v CTerreHHMH 
cB060,UbI H 9 ::::arctg(t/~). 

IIpH 60JIbmHX v CnpaBe)lJlHBa npH6JIIDKeHHaH l!>0pMYJIa 

F(t; v) I':l 21 
+ 4>0 (x), 

f,Ue 4>0 (x) - I!>YHKUHH JIaIIJIaca H x:::: t(1-L)/~1 + ~: • 

IIpH 60JIbmnx t H V S 5 

F(t" v) 1':l1_(Ov +~) 
, tV t v+J ' 

f)le ! 
\1 

01 ;:; 0.3183, 0z :::: 0.4991, 03 :::: 1.1094, 04 :::: 3.0941, Os:::: 9.948; 
'f: 

b l :::: 0, bz :::: 0.0518, b3 ::::-0.0460, b4 ::::-2.756, bs ::::-14.05. 
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KBaHTHJIH nopHllKa p pacnpe)leJIeHHH CTbIO)leHTa C qHCJIOM CTe
neHe:lt CBo6o)lbI V = 1, 2 H 4 onpe)leJIHIOTCH no l!>oPMYJIaM: 

2p-l
tp =tg[1t(p -0.5)], v =1; tp = , v:::: 2; 

- 4cos9 - 4t - , v
p .Jl - 4cosz 9 ' 

f)le 9 :::: [1t + arccos(2p -1)]/3. 

B o6IUeM cJIyqae cnpaBe)lJlHBO CJIeJlYIOIUee aCHMnTOTJIlIeCKOe 
pa3JIOXeHHe 

[1
 gJ(up) gl(Up) g3(Up) ]

tpl':lUp +--+--z-+ 3 +... , 

V V V 

f)le Up - KBaHTHJIb nOpHllKa p CTaH,IJ;apTHoro HOPMaJIbHOfO pacnpe
)leJIeHHH; 

() 
Xl + 1 () 5x 4 + 16xz + 3 

g. x == -4-' gz x = 96 ' 

3x 6 + 19x 4 + 17xz-15 
g3(X) == 384 ' 

x) ;:; 79x 8 + 776x 6 + 1482x 4 -1920xz - 945
(

~ ~1~ 

IIpH 60JIbmHX v cnpaBe)lJlHBa npH6JIIDKeHHaH l!>0pMYJIa 

up
t = 

p '(1 __1)Z _ u; 
4v 2v 

B [41, yTHJIHTa PROBABIL.MTH, n. 15] HMeeTCH I!>YHKUHH 
STUDENT(t, v), n03BOJIHIOIUaH BbI'IHCJIHTb 3HatIeHHe I!>YHKUHH 
A(t; v) == P(ITI< t) (B onHCaHHH 3Ta I!>YHKUHH 0llIH60tIHO Ha3BaHa 
I!>YHKUHe~ pacnpe,UeJIeHHe CTbIO,neHTa). <l>YHKUIliI A(t;v) CBH3aHa 
C I!>YHKUHeit pacnpe)leJIeHIDI CTbIO,neHTa F(t; v) COOTHOmeHHeM 
F(t; v) :::: [1 + A(t; v)] (2. 

3.34. F-PACnpEAEllEHHE 4»HWEPA - CHEAEKOPA 
(PACnPEAEllEHHE AHcnEPCHOHHoro OTHOWEHHSI) 

1 ()11{2 ( ) -(u+v)f2
IlJIOTHOCTh f(x) == !!.. X (uf2)-J 1+ ~x
 

BepOHTHOCTH B(!!.. ~" v v
 
2' 2, 

(x> 0), 
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-----

r~e u - napaMeTp <pOPMbI, qHCJIO CTene
HeH CBo6o~bI qHCJIHTeIDI; v - napaMeTp 
<pOPMbI, qHCJIO CTeneHeH CBo6o~bI 3Ha
MeHaTeIDI; U, v - ueJIble nOJIO)KHTeJIb
Hble qHCJIa 

CI>YHKUIDI F(x) == I ~(~, ~), 
pacnpe~eJIeHIDI v+U:t 

r~e I,,(u, v) - OTHOIlleHHe HenOJIHo}i: 
6eTa-<PYHKUHH 

iVt)XapaKTepHCTHqeCKaR u v 
X(t) = M ( 2' -2; -u ' 

<PYHKUIDI 

r~e M(a, b; z) - BblpOJK,lJ;eHHaJI rnnepreo
MeTpHqeCKaR <PYHKUIDI KYMMepa 

MaTeMaTHqeCKOe - v 2x ==--, v> 
mrrn~aHHe	 v- 2 

Mo~a X = v(u - 2), u';? 2
 
u(v + 2)
 

)];HcnepCIDI	 - 2v
2
(u + V - 2) 4D

" - 2 ,v>
u(v- 2) (v- 4) 

ACHMMeTpIDI Sk = 2(2u +v- 2) [2(V=4) v> 6 
v-6 ~~2)' 

3Kcuecc Ex = 12[(v - 2)2 (V - 4) + u (5v - 22)(u + v - 2)], v> 8
 
u(u + v - 2)(v- 6)(v - 8)
 

2
 

HaqaJIbHble u(u + 2) 4
 
m ( ) (v-2)(v-4)' v>
2 ::"i;

V	 

;MOMeHTbI 

3 
V u(u + 2)(u + 4) 6 

( )m3 ="i; (v-2)(v-4)(v-6)' v> ; 

_ (V)4 u(u + 2)(u + 4)(u + 6) 8' 
m 4 -"i; (v-2)(v-4)(v-6)(v-8)' v> , 

_ (V)' u(u + 2)(u + 6) ... (u + 2s - 2) 2 m, -	 - , v> s 
u (v- 2)(v - 4)(v - 6)... (v - 2s) 

TT	 (V)3 8U (U+V-2)(2U+V-2) 6'~eHTpaJIbHbIe J.13 = - 3 , V > , 
MOMeHTbI u (v- 2) (v-4)(v-6) 

J.14	 ::(~)412U(U+V-2)[U(V+1O)(U+V-2)+4(V-2)2], v>8 
u (V-2)4(V-4)(v-6)(v-8) 

250 

I 

I 

l 'lIIl'i •!iil 
1 

:11 
1 

f(x) I	 
1 

u =1 III
1.0 I- \ I \	 .I 

I 

0.5 

.... --
o	 2 3 4 5 x 

PRC. 3.51. IIJIOTHOCTb BepOllTHOCTR pacnpe.n:eJIeHHlI <I>RllIepa-CHe.n:eKopa. 

COOTHoweHMSI Me*AY pacnpeAeneHMSlMM 

1. KBaHTHJIb Xp (U, V) nOpH,llKa p F-paCnpe~eJIeHHH C u, v CTe
neHHMH CBo6o~bI H KBaHTHJIb X,_ (v,U) nopH,llKa 1- p F-pac
npe~eJIeHIDI C v, U CTeneHHMH cBo6o~bI CBH3aHbI COOTHOIlleHHeM 

X p(u, v) = l/x,_p (v, u). 3TOMY COOTHOIlleHHIO 3KBHBaJIeHTHO COOT
HOIlleHHe F(x; u, v) = 1-F(ljx; v, u). 

ITpHBe~eHHble COOTHOllieHIDI ~eJIaIOT HeH}')KHbIM Ta6yJIHpOBa

HHe F-pacnpe~eJIeHIDI ~ 3HaqeHHH apryMeHTa X < 1. ITPH Heo6
XO~HMOCTH HaHTH 3HaqeHHe <PYHKUHH pacnpe~eJIeHIDI ~ X < 1 
CJIe~eT nepeHTH K 3HaqeHHIO apryMeHTa paBHoMy l/x H BOCnOJIb
30BaTbCH nOCJIe~HHM H3 npHBe~eHHbIXBbIllie COOTHOIlleHHH. ;.':, 

2. ECJIH X: H x; - He3aBHCHMMe cnyqaHHble BeJIHqHHbI, HMe
IOI.UHe x2_pacnpe~eJIeHHe C U H v CTeneHHMH CBo6o~bI COOTBeTCT

BeHHO, TO CJIyqa}i:HaH BeJIlfqHHa
2/ 2X :: Xu U = v Xu 

X;/v UX; ·r,
HMeeT F-paCnpe~eJIeHHeC u, v CTeneHHMH CBo60~bI. 

3. ECJIH cnyqaHHaH BeJIHqHHa X(n,oo) HMeeT F-pacnpe~eJIeHHe 

C napaMeTpaMH u:: n, v = 00, a CJIyqaHHaR BeJIHqHHa Z(n) HMeeT 

X2_pacnpe~eJIeHHe C n CTeneHHMH CBo6o~bI, TO cnpaBeMHBbI CJIe

I

II.... 
~I.UHe COOTHOllieHIDI: 

1
P{X(n,oo) < x} =P{Z(n) < nx}, xp(n,oo) ==-Zp(n), 

n 
1 

1X(n,oo) - -Z(n). 
n	 : 
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4. KBaHTHJIb x p (1, v) rropmu<a p F-pacrrpe.ueJIemul C rrapaMeT
paMH u = 1, v = v CBSl3aHa C KBaHTHJIbIO t(l+p)(2 (v) rropSl.IlKa (l + P)/2 
t-pacrrpe.ueJIeHHSI CTbIO.ueHTa C v CTerreIDIMH cBo6o.ubI COOTHOIIIe
HHeM 

xp (l,n) = [t(l+P)(2(V)]2. 

5. CnyqaHHaSI BeJIWnma X (u, v), HMeIOmaSI F-pacrrpe.ueJIeHHe 
C u, v CTerreHSlMH cBo6o.ubl, CBSl3aHa co CJIyqaHHoH BeJI}f1J:HHOH 
Y(u/2, v/2), HMeIOmeH 6eTa-pacrrpe.ueJIeHHe rrepBoro po.ua Crrapa
MeTpaMH u/2, v/2, COOTHOIIIeHHSlMH 

F(x;u, v) = P{X(u, v) < x} = 

= P {Y (~,~) < ~} = I WI: (~,~) =1- I v (~ ,~); 
2 2 v+ux ~ 2 2 ~ 2 2
 

v Yp (i,~) 
xp(u,v)=- ().u u v 

1-yp 2'2 

ITepBoe H3 3THX COOTHOIIIeHHH HCrrOJIb3yeTcSI )lJUI BbNHCJIeHHSI 
3Ha'leHHH 4>YHKI..{HH pacrrpe.ueJIeHHSI F (x; u, v) C1>HIIIepa-CHe.ue
Kopa CrrOMOmbIO Ta6JIHU HerrOJIHOH 6eTa-4>YHKIlHH. 

6. ECJIH u + V - 'IeTHOe 'IHCJIO, TO F-pacrrpe.ueJIeHHe C rrapa
MeTpaMH U, V CBSl3aHO C 6HHOMHaJIbHblM pacrrpe.ueJIeHHeM C 'lHC
JIOM HCrrbITaHHH n = (U + v - 2)/2 H BepOSlTHOCTbIO ycrrexa p COOT
HOIIIeHHeM 

p{X(U,V) < vp }=1_P{y(U+V-2 p)~ U-2}
u(l- p) 2' 2' 

r.ue Y (n, p) - cJIY'laHHaSI BeJIH'lHHa, pacrrpe.ueJIeHHaSI rro 6HHOMH

aJIbHOMy 3aKoHY CrrapaMeTpaMH n, p.
 

7. F-pacrrpe.ueJIeHHe CBO.uHTCSI K 6eTa-pacrrpe.ueJIeHHIO BToporo
 
po.ua (pacrrpe.ueJIeHHe VI - rro KJIaCcH4>HKaUHH ITHpCoHa).
 

8. ITPH B03pacTaHHH u H v F -pacrrpe.ueJIeHHe rrpH6Jl1OlGleTCSI K
 
HOPMaJIbHOMy pacrrpe.ueJIeHHIO.
 

9. ECJIH XI' X2 , ••• , XIII - BbI60pKa o6'beMa m H3 HOpMaJIbHOH 
reHepaJIbHOH COBOKYIIHOCTH CrrapaMeTpaMH X, cr, a YI' Y2' ... , Y" _ 
Bbl60pKa 06'beMa n H3 HOPMaJIbHOH reHepaJIbHOH COBOKYIIHOCTH C 
rrapaMeTpaMH y, cr, TO CTaTHCTHKa 

_1_~( _ -.)2
L.. XI X 2
 

F = m - 1/~1 =8 x
 

_1_±(y1 _ y·)2 8; 
n -11_1 
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HMeeT F-pacrrpe.ueJIeHHe C1>HIIIepa-CHe.ueKopa C u = m -1 H 
-. 1 ~ -. 1 ~ v = n - 1CTerreHSlMH CBO60.ubI. (3.ueCb X =- L.. X; H Y = - L..Yi 

m ;=1 n ;=1 

Bbl6opO'lHble oueHKH MaTeMaTH'leCKHX O)KHJlaHHH XH YCOOTBeTCT
BeHHO). 

Ta6nM~bI 

1. [2, c. 200-215, Ta6JI. 3.5]. naHbI Q - rrpOueHTHble TO'lKH
 
F-pacrrpe.ueJIeHHSI .IlJlll Q = 50, 25, 10, 5, 2.5, 1, 0.5, 0.1, 0.05 %;
 
u == 1(1)10, 12, 15,20,24, 30,40,60, 120,00; v == 1(1)30,40,60, 120,
 
00; 58.
 

2. [16, c.98-103, Ta6JI.1.1.2.10]. ITpHBe.ueHbI KBaHTHJIH
 
F-pacrrpe.ueJIeHHSI rrop.ll.IlKa P ==0.95 H 0.99 .IlJlll u == 1(1)12, 14, 16,
 
20, 24, 30, 40, 50, 75, 100, 200, 500, 00; v == 1(1)30(2)50(5)70, 80,
 
100, 125, 150, 200, 400, 1000,00; 3S.
 

3. [3, c. 72-80, Ta6JI. 11a, 116, 11B]. naHbI KPHTH'leCKHe 3Ha

'IeHHSI F-pacrrpe.ueJIeHHSI, COOTBeTCTBYIOIUHe BepOSITHOCTH 0 == 0.05,
 
0.025, 0.01 .IlJISI u ==1(1)10, 12, 15, 20, 24, 30, 40, 60, 120, 00;
 
v == 1(1)30, 40, 60, 120,00; 48.
 

4. [6, c. 64-87, Ta6JI. 4.1]. ITpHBe.ueHbI KBaHTHJIH F-pacrrpe.ue

JIeHHSI rrop.ll.IlKa P == 0.5, 0.75, 0.9, 0.95, 0.975, 0.99, 0.995 nnSl
 
u == 1(1)15, 18, 20, 24, 30, 48, 60, 120, 00; v = 1(1)30,40,48,60, 80,
 
120, 00; 58.
 

5. [14, c. 774-777, Ta6JI. 26.9]. ,lJ,aHbI Q - rrpoueHTHble TO'lKH
 
F-pacrrpe.ueJIeHHSI .IlJlll Q =0.5, 0.25, 0.1, 0.05, 0.025, 0.01, 0.005,
 
0.001; u == 1(1)6, 8, 12, 20, 30, 60, 00; v == 1(1)30, 40, 60, 120, 00;
 
3-58.
 

TeXHMKa BblQMCneHMM 

AmI BbNHCJIeHHSI 3Ha'leHHH 4>YHKUHH pacrrpe.ueJIeHHSI F(x; u, v) 
C1>HIIIepa-CHe.ueKopa MOryr 6mb HCrrOJIb30BaHbI CJIe.uYIOIUHe 4>op
MyJIbI: 

• npH u 'IeTHOM 

l j
v v(v + 2) 2
1+-(1--r)+ (l--r) + ... + 
V/ 2 2 2·4F(x' u v) =1- -r = 

, , + v(v + 2) (v ~ u -4) (1- -rYd)/2
 
2 ·4 (u 2)
 

1 + u + v-2 (!..=2) + (u + v -2).(U + V-4)(~)2 + "'+1 
== 1- -r(U+v-2j/2 2 -r 2 4 -r
 

+(u + v - 2)(u + v -=-4)... (v + 2) (1- -rJ("-2)/2
[ 
2 ·4... (u 2) -r 
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11:1' 
Iii ,
:11~1~"Ilg,,I:lIDI BbNHCJIeHIDI p-KBaHTHJIH X (P; u, v) paCnpe~eJIeHIDI <I>H

rnepa-CHe.lleKOpa C U, v CTeneHHMH CBo6o~bI MO~O HCnOJIb30BaTb 
• npH v qeTHOM 

F(x; u, v) = (1- 't)"/2[1 + ~ 't + u(u + 2) 't2+...+ u(u + 2) (u + v - 4) 't(v-2l/2] ....~ 
<P°PMYJIhI:

2 2·4 2·4 (v-2) '"'I
 
x(p; 1, 1) = tg ( ~ );
 

= (1- 't)(U+V-2l /2[1 + u + v - 2 (_'t_) + ... + (u + v - 2) (u + 2) (_'t_)V~2] I 
2
 

2 1-, 2·4· ... ·(v-2) 1-, 'J
 

i' 

l 
" 

1 . 
X (p; 1, v) = [t (1~ p ; v)r; 

x(p;u,l) = [( P. )]"'r~e 't = vj(v + ux); . t 1--, U
2 

• npH u, v HeqeTHbIX (u > 1, v > 1) 

F( ) 2 { . [ e 2 3 2·4· .... (v - 3) V-2]}x; u, v = - e + sm e cos + - cos e + ... + cos e  2 x (p; 2, v) " v [ (I - ~)'fr -I]
n 3 3.5· .... (v-2) 

X (p; u,2) = (_1_ -1)' 
U 2/up2 --1) ! {1+--smV + 1. 2 e+.,,+ }( V 

_ 2 sinecos2 e 3 , 
r,n:e t(p; v) - KBaHTHJIb nop.lllIKa P pacnpe~eJIeHIDI CTblO.lleHTa C v..fitr(V-2) + (v+l)(v+3)' .... (v+u-4)sinu- J e 
CTeneIDIMH cBo6o~bI.2 3·5·... ·(u-2) IIpH ,n:OCTaTOqHO 60JIbillHX U, v MOryr 6bITb HCnOJIb30BaHbIil 

~I ,I npH6JIIDKeHHble <pOPMYJIbI:II = arctg ~ ;x.r~e e
i 
I B qaCTHOCTH: 

x(p;u, v) ..I F(x; 1, 1) = ~ arctg.JX; 
1t ..1 

:1 
I F(x; u, 1) = 2[1- Fc[Jx;u)J F(x; 1, v) = 2Fc(.JX;v) -1; -

(1-2 )(1-2 )+ lu; [!(1_ 2 )2 +(1_2)2 _l] I9u 9v ~4.5 u 9v 9u 4.5uv :1, 

22 )2 u 
( 1- 9v - 4.~v 

r.lle up KBaHTHJIb cTaH,llaprHoro HOpMaJIbHOrO pacnpe.lleJIeHIDI 
nopJl,llKa p;I 

:1 

up. ( 2 )-V{2
J

XI F(x; u, 2) = [2::X; F(x; 2, v) - v ,= 1 1+ 
{ [u...ra+c ( 2 5)]}x(p; u, v) .. exp 2 p a + b c - 3a + 6" ' 

ij 
r~e Fe (t; v) - <PYHKI.lIDI pacnpe~eJIeHIDI CTblO~eHTa C v CTeneHHMH 

I
II 2

cBo6o,n:bI. 2(u - 1)(v - 1) U - v U 3 
mea= b=------- c=~·

IIpH 60JIbillHX U, V <PYHKllHIO pacnpe,n:eJIeHIDI <I>Hillepa-CHe.lle u+v-2' (u-l)(v-l)' 6 ' 
Kopa MO~O annpOKCHMHpOBaTb <PYHKI.J;Hew CTaH,llapTHoro HOp

MaJIbHOrO pacnpe.lleJIeHIDI
 x(p; U, v) "" 

1 2 [z (1 - p; v)]' - (v - 2) Z (1 - p; v) + 4 - y2 + 2u + v - 2- z(1 - P; v)
F(x;u, v) =<1>(Z) H;(U, v) =- + <1>0 (z) +E(U, v), 

V 6 (2tH v-2) u>v;2 
'" < u 2z (1 - P; v) 

r~e v 2z(p; u) U <v, 
2 

u _2 LZ,--,-(f!j'--..u-,-,)l'--..'---="':.-'-(u_--:-2.:-)Z.:..-(,:-:P;.:-'u...!-)_+_4:---.--::-.u 2 2 ( ) , _ +u+ v- -zp'ufE[(1-9~ ]x ~J - ( 1-9~)] 6~+b-~ , 
z = , IE(U, v) I~ 5 .10-4 

•i 

r~e Z (p; n) - KBaHTHJIb nOPMKa P x.2_pacnpe~eJIeHIDI C n CTene1 1 2/3
-+-X 

IDIMH CBo6o.llbI. U V 

l
, I 

I 
~ I 

255254 
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B CHCTeMe CHMBOJIbHOH MareMaTHKH DERIVE HMeeTCH <PYHK
UHH F_DISTRIBUTION(x,u,v), ,llOrrOJIHHIOll{ag <PYHKUHIO pacrrpe
,lleJIeHHH .Ft.x; u, v) <l>HlIIepa-CHe,lleKOpa ,llO e,llHHHUbI: 

F_DISTRIBUTION(x; u, v) =p(X(u, v) > x) =1- F(x;u, v) 

(CM. 141], yrHJIHTbI PROBABIL.MTH). 

3.35. Z-PACnpE.Q,EllEHME Cl»MWEPA 

2uu {2v·{2IlJIOTHOCTb f(z) = eUt (V + e2t ) -(u+»{2, -00 < Z < 00,
BepoRTHOCTH B(~ !)

l2'2 

r,lle u, v - rrapaMeTpbI <POPMbI, em eneHu 
c« 0 60 abI, ueJIbIe rrOJIO:xGITeJIbHbIe qHCJIa 

2t<l>YHKUHH u v) ueF(z) =I~ -,-, r,lle ~ =--2(pacrrpe,lleJIeHHH 2 2 v + ue t 

x(t) = (;J" r(U ;it)r(v; itJXapaKTepHCTHqeCKag
 
<PYHKUHH
 

MaTeMaTHqeCKOe z=t(~-~)0:xGIAaHHe 

MO,lla z=o
 
)J;HcrrepCHH D =.!(! +.!)

t 2 v u 

COOTHoweHMA MelKAY pacnpeAeneHMAMM 

1. ECJIH c.nyqaHHag BeJIHqHHa X HMeeT F-pacrrpe,lleJIeHHe C u, v 
CTerreHHMH CBo60,llbI, TO CJIyqaHHag BeJIHqHHa Z = (In X )/2 HMeeT 
Z-pacrrpe,lleJIeHHe C u, v CTerreHHMH CBo6o,llbI. 

2. <l>YHKUHH pacrrpe,lleJIeHHH F (z; u, v) Z-pacrrpe,lleJIeHHH C 
u, v CTerreHHMH CBo6o,llbI CBH3aHa C <PYHKUHeti: pacrrpe,lleJIeHHH 
F (z; v, u) Z-pacrrpe,lleJIeHHH C v, u CTerreHHMH CB06o,llbI paBeHCT
BOM F(z; U, v) = 1-F(-z; v, u). 3TO COOTHOlIIeHHe rr03BOJIReT Ta6y
JIHpOBaTh Z-pacrrpe,lleJIeHHe TOJIbKO AJIR rrOJIO:xGITeJIbHbIX 3Hne
HHH z. ECJIH Heo6xo,llHMO HaHTH 3HaqeHHe <PYHKUHH pacrrpe,lleJIe
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HHH )])UI OTpHu;aTenbHLlX Z, Ha,nO nOMeHHTb 3HaK y Z H HCnOnb I 

30BaTb npHBe.lleHHOe BbIlIIe COOTHOlIIeHHe. 
3. EcnH cnyqa~HaH BenHlfHHa ZHMeeT Z-pacnpe.lleneHHe C na

paMeTpaMH U, v, TO CJIyqa~HaH BenHlfHHa X =exp (2Z) HMeeT 
F-paCnpe.lleneHHe C TeMH )f(e napaMeTpaMH. 

4. IIPH 60nblIIHX U, v cJIyqa~HaH BenlfliHHa Z, HMeIOIUaH 
Z-pacnpe.lleneHHe c napaMeTpaMH U, v, pacnpe.lleneHa npH6nH)f(eH-

HO HOpMMbHO C napaMeTpaMH Z- ::: -1(1- - -1) H D ::: -1(1- + _1). 
2 v U 

z 2 v U 

IIpHMelfaHHe. Z-pacnpe.lleneHHe 6billO BBe.lleHO B .llHcnepCH
OHHbI~ aHMH3 P. <I>HlIIepoM. IIo ero 3aMbICny OHO .llOR)f(HO 6LInO 
CTaTb OCHOBHbIM pacnpe.lleneHHeM npH npOBepKe CTaTHCTHlfecKHX 
rnnOTe3 B .llHCnepcHoHHOM aHaJIH3e. O.llHaKo B cOBpeMeHHoii MaTe-
MaTHlfeCKO~ CTamCTHKe HCnOnb3YIOT 60nee npocT}'IO cTamcTHKY F 
H CB5I3aHHOe C 3TO~ cTaTHcTHKOH F-pacnpe.lleneHHe <I>HIIIe
pa-CHe,ueKopa. 

,I 

IIPHJIO)J(EHHE I 

rPAcJ)HKH AIlSi BbI&OPA THnA CrnA)l(HBAIOl1.l.ErO 
PACnPEAEnEHHSI BEPOSITHOCTEA 

EcnH BenHlfHHbI bl ::: Sk2 H b2 =Ex - Sk 2 + 2 paCCMaTpHBaTb KaK 
KOOp.llHHaTbI TO'IKH rrnoCKocm Obl b2 , TO PaJRlfliHbIM THnaM pac
npe.lleneHHH Bep05lTHOCTe~ CJIyqaHHbIX BenHlfHH 6y.!lYT COOTBeTCT
BOBaTb onpe.lleneHHble 06naCTH, nHHHH H TO'IKH nepBoro KBa,npaH
Ta 3TO~ rrnOCKOCTH. IIPH 3TOM pacnpe,ueJleHH5IM C.n;BywI napaMeT
paMH lPOPMbI 6y.n;YT COOTBeTCTBOBaTb onpe.n;eJleHHbIe 06naCTH, 
pacnpe.n;eJleHH5IM C O.n;HHM napaMeTpOM lPOPMbI - nHHHH, a pac
npe.n;eneHHHM, He HMeIOmHM napaMeTpa lPOpMbI, - onpe.n;eJleHHbIe 
TOlfKH. Ha pHC. II.l.l, II.1.2 nOKaJaHbI o6J1acTH, JIHHHH H TOlfKH 
rrnOCKOCTH Obib2 , COOTBeTCTBYIOIUHe pacnpe.n;eJIeHH5IM Bep05lTHO
CTeH HenpepbIBHbIX cJIyqaHHbIx BemPIHH, paccMoTpeHHbIX B .n;aH
HOM cnpaBOlfHHKe. 

Ha pHC. II. l. 1 nOKaJaHbI 06JIaCTH, COOTBeTCTBYIOmHe U-, J- H 
«KonOKOJIoo6pa3HoMY» 6eTa-pacnpe.n;eJleHH5IM nepBoro po.n;a. flH
HHH, OT.lleJl5lIOIUaH o6J1acTb J-06pa3Horo 6eTa-pacnpe.n;eJleHH5I OT 
06naCTH «KonoKonoo6pa3Horo» 6eTa-pacnpe.n;eneHHH, COOTBeTcTBy
eT TaK Ha3bIBaeMOMY cmeneHHoMy pacnpeoeAeHulO. 3TO pac
npe.n;eneHHe 51Bn51eTC5I lfaCTHbIM cJlyqaeM 6eTa-pacnpe.n;eneHH5I C 
napaMeTpaMH: U * 1, l.\enoe H v = 1 (rrnoTHocTb Bep05lTHOCTH 3Toro 

u Ipacnpe.n;eJleHH5I !(x) = ux - , 0 < x < 1). 
Ha pHC. II. 1.3 raMMa-pacnpe.n;eJleHHIO, HMeIOmeMY O,uHH napa

MeTp lPOPMbI <1, COOTBeTcTByeT JIHHHH @ . )I(l{pHble TOlfKH Ha 3TOH 
nHHHH COOTBeTCTBYIOT pacnpe.n;eJleHHIO 3pJlaHra H HOpMHpOBaHHO
My pacnpe.n;eneHHIO 3pnaHfa. TOlfKa 13 COOTBeTCTByeT pacnpe.n;eJIe
HHIO 3pJIaHra nepBoro nopMKa (nOKaJaTenbHoe pacnpe.n;eJIeHHe), 
TOlfxa C Koop.n;HHaTaMH (2, 3) - pacnpe.n;eJleHHIO 3pnaHfa BToporo 
nOPMKa H T• .n;. TOlfKa C Koop.n;HHaTaMH (0.4, 2.2) COOTBeTcTByeT 
pacnpe.n;eneHHIO 3pnaHra nOPMKa m = 10. 113 rpalPHKa CJle.n;yeT, 'ITO 
no Mepe yaenHlfeHH5I nopMKa m pacnpe.n;eJleHH5I 3pJIaHra TOlfKH, 
COOTBeTCTBYIOmHe 3TOMY pacnpe.lleneHHIO, nOCTeneHHO npH6JIH)f(a
IOTC5I K TOlfKe 5, cooTBeTCTBYIOIUeH HOpMMbHOMY 3aKoHy pacnpe
.n;eneHH5I. 3TOT lPaKT XOpOlliO cornacyeTc5I C u;eHTpMbHOH npe.n;eJIb
HOH TeopeMo~ TeopHH Bep05ITHOCTe~, KOTOpaH YTBep)f{,llaeT, 'ITO C 
yaenHlfeHHeM 'IHCJIa m He3aBHCHMbIX, o.n;HHaKOBO pacnpe.n;eneHHbIX 
cnaraeMbIX 3aKOH pacnpe.n;eJleHH5I CYMMbI CXO.n;HTC5I K HOPMaJIbHO
MY pacnpe.lleJIeHHIO. 

fpalPHKH, npHBe.n;eHHble Ha pHC. II.1.1-n.1.3, nOMoraIOT BbI
6paTb pacnpe.n;eJleHHe Bep05lTHOCTe~, HaHJIyqlliHM 06pa30M no.n; 
XOJUlmee .n;n5I CrJl~HBaHH5I 3MnHpHlfeCKO~ KpHBOH pacnpe.n;eJIe
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PHC. n.l.2. fpacPHKH AlliI Bbl60pa THrra CrJIlIJKHBalOIUero pacnpe.lleneHHlI. 
2 (j) - OTpWKeHHoe HOpMaJIbHOe pacrrpe.ueneHHe; Q) - pacrrpe.llelleHHe P3JIell-Pirlt

ca; (J) - pacrrpe.lleJIeHHe MO,D;y1lll n-MepHoro CJIY'laHHOrO BeKTOpa; 5 - HOpMa1lb
Hoe pacrrpe.lleneHHe; 9 - pacnpe.lleJIeHHe MaKCBenJIa; 10 - pacrrpe.ueJIeHHe P3JIell; 
11 - OTpaJKeHHOe HOpMaJIbHOe pacrrpeAeJIeHHe c napaMeTpOM rrOJIO:lKeHHlI m = O. 

1 

(J) - pacnpe.lleJIeHHe MO.llYJI51 HOpMaJIbHOH CJIyqaHHOH BeJIH'IHo 
Hb1 (OTPaxeHHoe HOpMaJIbHOe pacnpe.lleJIeHHe); ,.;< . 

PRC. n.1.1. fpacPHKH AlliI Bbl60pa THna CrJI3JKHBalOIUero pacnpe.uelleHIDl. (l) - o606IIJ;eHHoe pacnpe.lleJIeHHe P9JIe5I (pacrrpe.lleJIeHHe P9
JIe5l-PaHca);1 - pacnpe.ueneHHe apKcHHyca; 2 - paBHOMepHoe pacnpe.llelleHHe; 3 - rrapa601lH

'leCKOe pacnpe.lleJIeHHe; 4 - pacnpeAeJIeHHe CHMnCOHa; 5 - HOpMaJIbHOe pacrrpe (j) - paCnpe.lleJIeHHe MO.uyJI51 n-MepHOrO CJIyqaHHOrO BeKTOpa;
 
.ueneHHe; 6 - nornCTHlleCKoe pacrrpe.lleneHHe; 7 - pacnpe.llelleHHe tIaMrrepHaYHa;
 @ - pacrrpe.lleJIeHHe HaKaraMH;
8 - pacnpe.lleneHHe JIaIIJIaca; 9 - pacnpe.ueneHHe MaKCBeJIJIa; 10 - pacrrpe.lleJIe

CJ) - paCrrpe.lleJIeHHe Beii6YJIJIa-fHe.lleHKO;HHe P3nell; 11 - OTpWKeHHoe HOpMaJIbHOe pacrrpe.lleneHHe c napaMeTpoM IIOnOJKe
HHlI m = 0; 12 - .llBoiluoe nOKa3aTeJIbHoe pacnpe.llelleHHe, pacrrpe.ueneHHe 3KcTpe ® - raMMa-paCnpe.lleJIeHHe;
 

MaJIbHOro 3Ha'leHHlI; 13 - nOKa3aTenbHoe pacnpeAeJIeHHe.
 (j) - o606IIJ;eHHOe paCnpe.lleJIeHHe 3pJIaHra BTOpOrO nOp5l)lKa;
®- rnrrep9KCrrOHeHU;HaJIbHOe paCnpe.lleJIeHHe BTOporo nOp5l.llKa;

HIDI. ITPH Bb100pe TIma CrJIIDKlIBaIOIIJ;ero pacrrpe,lleJIeHIDI BMeCTo ® - pacrrpe.lleJIeHHe IIapeTO;HeH3BeCTHbIX '1HCJIOBbIX xapaKTe}JHCTHK bl H b
2 

HCrrOJIb3)'IOTc5I RX 
BbI6opO'IHb1e ou;eHKH b; =(Sk·) H b; =Ex· - (Sk·)2 + 2. To'lKa C @ - 06paTHoe rayccoBcKoe pacnpe,u;eJIeHHe (pacnpe.n:eJIeHHe 
HaMeHHblMH tIo .llaHHbIM Ha6JIIO.lleHIDI KOOp.llHHaTaMH b;, b; HaHO BaJIb,u;a); 
CHTC5I Ha rpa$HK. B Ka'leCTBe CrJIIDKHBaIOIIJ;ero pacrrpe.lleJIeHIDI Bb1 @ - JIOrapH$MH'leCKH HOpMaJIbHOe pacnpe.lleJIeHHe;
6HJlaeTC5I TO pacnpe.lleJIeHHe, B 06JIacTb KOToporo rronaJIa TO'lKa 1 - pacnpe.lleJIeHHe apKcHHyca;
(bl , b;), HJIH xe pacrrpe.lleJIeHHe, «xapaKTepHCTlf1IeCKaH» JIHHH5I ):~ 2 - paBHoMepHoe pacrrpe,u;eJIeHHe;
(HJIH TO'IKa) KOToporo HaxO.llHTC5I 6JIIDKe Bcem K TO'IKe (b;, b;). 3 - rrapa60JIH'IeCKOe pacrrpe.lleJIeHHe;

ITPH rro.ll6ope THrra CfJIIDKHBalOIIJ;ero pacnpe.lleJIeHIDI Bep05lTHO 4 - pacnpe.lleJIeHHe CHMrrcoHa;
cTeii rro rpa$HKaM, rrpHBe.lleHHb1M Ha pHC. II.I.l-II.I.3, CJIe.llYeT 5 - HOpMaJIbHOe (rayccoBcKoe) pacnpe,u;eJIeHHe;
yqHTbIBaTb, 'ITO Bb16opO'lHbIe ou;eHKH b; H b; O'leHb qyBCTBHTeJIb 6 - JIOrnCTlf1IeCKOe pacnpe.lleJIeHHe;
Hb1 K «9KCTPeMaJIbHb1M» 9JIeMeHTaM Bb160PKH H BCJIe.llCTBHe 9Toro 7 - pacnpe.lleJIeHHe lJaMnepHaYHa;
rrO.llBepxeHbI BeCbMa cymecTBeHHOMy pa36pocy. II09TOMy paccMaT 8 - ,u;ByCTopoHHee nOKa3aTeJIbHOe pacrrpe,u;eJIeHHe (pacrrpe.lle
pHBaeMbIe rpa$HKH CJIe.uyeT HCrrOJIb30BaTb C O~TOPO)KHOCTbIO, OCO ,.': 

JIeHHe JIaruIaca);
6eHHo B Tex CJIyqlUlX, KOr.lla '1HCJIO Ha6JIIO,lleHHH He O'leHb BeJIHKO, 9 - pacrrpe.lleJIeHHe MaKCBeJIJIa;HanpHMep MeHbille 200. 

10 - pacrrpe,u;eJIeHHe P9JIe5l;
Ha pHC. II.I.l-II.I.3 HCrrOJIb3)'IOTC5I CJIe.ll)'IOIIJ;He YCJIOBHbIe 11 - OTPIDKeHHoe HOpMaJIbHOe pacrrpe.lleJIeHHe C rrapaMeTPOM0603Ha'ieHIDI pacnpe.lleJIeHHH: 

nOJIOXeHIDI m = 0;
,1'1. 
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IIII(I'~ 
12 - .nBoHHoe nOKa3aTeJIbHOe pacnpe.neJIeHfle, pacnpe.neJIeHfle 

3KCTpeMaJIbHOrO 3Ha'leHfrn; ,III 

13 - nOKa3aTem,Hoe (3KcrrOHeHUl-laJIbHoe) pacnpe.neJIeHl-le. il 
HOMepa pacrrpe.neJIeHI-IH, KOTOpbIM cooTBeTcTByroT «xapaKTepl-l

CTl-l'leCKl-le» JII-IHI-II-I, 06Be.neHbI Kp)')KKaMI-I. 

llPHJIO)[(EHHE 2 

BEPORTHOCTHbiE PACnPEAEllEHMR
 
B CTATMCTM'iECKMX nAKETAX nPMMAp,HblX nporPAMM
 

AIIR n3BM
 

IIo.npo6Hyro CnpaBO'lHyro I-IH<t>OPMaIJ.mo 06 OCHOBHhIX BepmIT
HOCTHLIX pacnpe.neJIeHlliIX MOJKHO HaiiTI-I B CTaTI-ICTl-l'leCKI-IX naKe
Tax npHIOUI,D;HbIX rrporpaMM, TaKI-IX, Hanpl-lMep, KaK STADIA, 
STATGRAPHICS, STATISTICA H SPSS. 3TH rraKeTLI CO.nep)lGiT 
rro.npo6Hble CBe.neHIDI 0 CBOHCTBax BepOJITHOCTHhIX pacrrpe.neJIeHI-IH, 
Hal-l60JIee 'IaCTO I-ICnOJIb3yeMhIX Ha npaKTI-IKe, ycneuIHo 3aMeHJIJI 
TeM caMbIM rpOM03.nKl-le CTaTI-ICTH'IeCKl-le Ta6JII-IUbI. B Ta6JI. II.2.1 
rrepe'lHCJIeHbI pacrrpe.neJIeHIDI, CnpaBO'lHble .naHHbIe 0 KOTOphIX Ha
XOWITCJI B nepe'll-lCJIeHHbIX BbIwe naKeTax. 

Ta6JlH~a n.2.1 

PacnpeneneHHe 

HaJBaHHe lIaKeTa 

STADIA 
v.6.0 

STATGRAPHICS 
v.7.0 

STATISTICA 
v.S.O 

SPSS 
v.8.0.2 

,llKcKpeTHoe paBHoMepHoe - + - -
IIyaccoHa + + + + 
EepHYJIJDI - + - + 
EKHOMHlIJIbHOe + + + + 
[eoMeTPINeCKOe + + + + 
0TPHuareHbHoe 6HHOMHlIJIbHOe + + - + 
[HITepreOMCTPH'leCKOe + - - + 

HOpManbHOe + + + + 
,llByxCTopoHHee nOKa3aTenbHoe - - + + 

(naruIaca) 
KOIllH - - + + 
3KCTPeMlIJIbHoro 3HaqeHIDl + - + -
JIOrHCTH'IeCKOe + - + + 

IIoKa3areHbHoe (3KcnoHeHUK
lIJIbHoe) 

[aMMa

3pJIaHra 

+ 

-
+ 

+ 

+ 
+ 

+ 

+ 
-

+ 

+ 
-

,I ~, 
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Ta6JIHua II.2.1 (npoiJoAJlCenUe) 

PacnpCD.eJIeHHe 

HIl3Bl1HHe naxen 

STADIA 
v.6.0 

STATGRAPHICS 
v.7.0 

STATISTICA 
v.5.0 

SPSS 
v.8.0.2 

Beil6YJIJIa-fHe.lleHKO - + + + 
P::lJIeR + - + + 
TIorapHcPMH1ieCKH HOpMaJIbHOe + + + + 
TIapeTo - - + + 

PaBHoMepHoe (npRMoyroJIbHoe) - + - + 
De-ra - + + + 
HeueHTpaJIbHoe 6eTa - - - + 
TpeyroJIbHOe - + - -

:e-I1HPcOHa - + + + 
HeueHTpaJIbHOe Xl - - - + 
t-CTbIO.lleHTa - + + + 
HeueHTpaJIbHOe t - - - + 
F-~Hlllepa - + + + 
HeueHTpaJIbHOe F- - - + 

naKeT STA TGRAPHICS 

naKeT 06eCrreqHBaeT B03MO)I(HOCTh pa60TbI C rneCTblO .o:HCKpeT
HbIMH H .o:BeHa,n:u;aTblO HerrpepbIBHbIMH pacrrpe.o:eJIeHIDIMH (CM. 
Ta6JI. n.2.l). AmI TOro qT06bI rronyqHTb .o:OCTYII K H)')KHOMy pac
rrpe.o:eJIeHHIO, He06xo.o:HMO: 

• B	 rJIaBHOM MeHIO rraKeTa BbI,D;eJIHTh paJ.o:eJI H. Distribution 
functions (<PYHKUHH pacrrpe.o:eJIeHIDI). 

•	 HaJKaTh KJIaBHrny (Enter). 

Ha 3KpaHe rrOHBHTCH .o:HaJIOrOBOe MeHIO 3Toro pa3.o:eJIa 
(pHC. n.2.l). 

I	 I
DISTRIBUTION FUNCTIONS 

1.	 Distribution Fitting 
2.	 Distribution Plotting 

3.	 Tail Area Probabilities 

4.	 Critical Values 

5.	 Random Number Generation 

PHC. I1.2.1. MeHIO npouc.nyp, HCnOJIb3yeMhlX npH pa60Te C pacnpe.lleJIeHHRMH. 

264 
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npou;e.o:ypbI 3TOro MeHIO HMelOT CJIe.o:yIOIUee HaJHaqeHHe: 
1. Distribution Fitting (rrpOBepKa CorJIacIDI). 3Ta rrpou;e.o:ypa
 

n03BOJIHeT C nOMoIUblO KPHTepHeB nHpcOHa H KOJIMOrOpOBa npo

BepHTb cornaCHe Me)KJly BbI60pOqHbIM pacnpe.o:eJIeHHeM H BbI6paH

HbIM .o:JIH ero CfJlaJKHBaHHH rHnOTeTlfqeCKHM pacrrpe.o:eJIeHHeM.
 

2. Distribution Plotting (rpa<pHKH pacrrpe.o:eJIeHHH). C rrOMO
IUblO 3TOH rrpou;e.o:ypbI MO)I(HO rrocrpOHTb rpa<pHKH CJIe.o:YlOIUHx 
<PYHKUHH, xapaKTepH3YlOIUHX CBOHCTBa BbI6paHHoro pacrrpe.o:eJIe-
HHH: 

• rjJy 11 K l{ UU nJl 0 m 11 0 emu (Density function); 
• rjJy1lKl{UU paenpeoeJle1luJl (Cumulative d. f.); 
• rjJ Y 11 K l{ UU fI bI JIC UfI a 11 UJl (Survivor function) (3Ta <PYHK

U;IDI .o:orrOJIHHeT <PYHKUHIO pacrrpe.o:eJIeHHH .0:0 e.o:HHHU;bI; B 
TeopHH Ha,n:e)I(HOCTH OHa Ha3bIBaeTCH rjJy1lKl{ueii 1IaoeJIC1IO
emu); 

•	 JlOZapurjJMU"teeKoii rjJy1lKU,UU flblJK:Ufla1lUJl (Log. survi
vor function); 

• rjJ y 11 K l{ UU PUeK a (Hazard function). 
3. Tail Area Probabilities (BepoHTHoCTH XBOCTOB). 3Ta rrpou;e

.o:ypa BbItlHCJIHeT 3HaqeHHe <PYHKUHH pacrrpe.o:eJIeHH51 F(x) BbI6paH
Horo 3aKOHa pacrrpe.o:eJIeHIDI, cOOTBeTcTBYlOIUee 3a,n:aHHOMY 3Haqe
HHIO x ee apryMeHTa.

4. Critical Values (KpHTHQeCKHe 3HaQeHHH). ,[(aHHaH rrpou;e.o:ypa 
no 3a,n:aHHOMY rrOPMKY p-KBaHTHJIH BbNHCJIHeT caMY KBaHTIDIb xe 
Bbl6paHHoro pacnpe.o:eJIeHHH. 3Ta rrpou;e.o:ypa HBJIHeTCH 06paTHoH 
no OTHorneHHIO K rrpou;e.o:ype Tail Area Probabilities. 

S. Random Number Generation (reHepHpoBaHHe cnyqaHHbIX 
QHCeJI). 3Ta rrpou;e.o:ypa rrpe.o:Ha3HaQeHa MH reHepHpoBaHHH rro
CJIe.o:oBaTeJIbHOCTH CJIyqaHHbIX (BepHee, rrceB.o:oCJIyqaHHbIX) QHCeJI, 
KOTopble MO)I(HO paccMarpHBaTb KaK He3aBHCHMbIe peaJIH3aU;HH 
cnyqaHHoH BeJIlfqHHbI, rro.o:QHHJlIOIUeHCH Bbl6paHHoMY 3aKOuy pac-
npe,.o:eJIeHHH.

PaccMorpHM HeCKOJIbKO rrpHMepoB, nOHCHJlIOIUHX nOPMoK HC ',' ~ 

nOJIb30BaHIDI rrepeQHCJIeHHbIX BblllIe rrpou;e.o:yp. 
" 

I x

JIpUMep 1. nOCrpOHTb rpa<pHKH <PyHKUHH IIJIOTHOCTH HOpMaJIb
HbIX pacnpe.o:eJIeHHH C rrapaMeTpaMH: Xl =0, cr I =1; x2 =0, cr 2 = 2; 

3 = 2, cr 3 = 1. f,r:,•AmI Toro QT06bI pernHTb 31)' 3a,n:aQy, He06xo.o:HMO: 
I 

! 
• B rnaBHOM MeHIO naKeTa Bbl,.o:eJIHTb pa3.o:eJI H. Distribution!I 4Functions (<pyHKUHH pacnpe.o:eJIeHIDI).

I 
• HaJKaTb KJIaBHIIIY (Enter).I 
• B OTKPbIBrneMcH .o:HaJIOrOBOM MeHIO paJ.o:eJIa H. Distribution :~I

II Functions BbI,D;eJIHTb rrpou;e.o:ypy 2. Distribution Plotting (rpa
I 

<pHKH pacrrpe.o:eJIeHIDI). 
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•	 HaJKaTb KJIaBRrny (Enter). T
1'" 

Ha 3Iq>aHe nO.llBHTC.lI OKHO npoUem'PhI Distribution Plotting C 
nOJIeM BBO.lla Distribution number: (HoMep pacnpe.lleJIeHH.lI), B KO
TOpOM, no YMOJl'laHHIO, 3anHcaH HOMep 14 HOpMaJIbHOrO pacnpe
.lleJIeHH.lI (pHC. II.2.2). 

Distribution Plotting 
II 

Distributions available	 ;,:!i~ 

(1) Bernoulli	 'f?"
(7) Beta (13) Lognormal 

(2) Binomial	 (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang (15) Student's t 
(4) Geometric (10) Exponential (16) Triangular
(5) Negative binomial F	 Uniform(11) (17)
(6) Poisson	 (12) Gamma (18) Weibull 
Distribution number: 14 

PHC. II.2.2. ,[{HlIJIOrOBOe OICHO rrpoue.nyphl Distribution Plotting. ,J, 
..J. 

• B nOJIe BBO.lla Distribution number coxpaHHTb npe,llJIaraeMbIH 
naKeTOM HOMep 14 HOpMaJIbHOro pacnpe.lleJIeHH.lI. 

•	 HaxaTb KJIaBHIIIy (F6). 

B OKHe npoUem'PhI Distribution Plotting nO.llB.lITC.lI nOAA BBO.lla 
Mean (cpe.llHee) H Standard deviation (cTaH,llapTHOe OTKJIOHeHHe), 
npe.llHa3HaQeHHhIe .llJI.lI BBO.lla napaMeTpOB HOpMaJIbHOrO pacnpe.lle
JIeHH.lI (pHC. II.2.3). 

•	 3anOJIHHTb nOJI.lI BBO.lla 3HaQeHH.lIMH napaMeTpOB HOPMaJIbHhIX 
pacnpe.lleJIeHHH, npHBe.lleHHbIMH B yCJIOBIDIX npHMepa (CM. 
pHC. II.2.3). (IIepexo.ll OT O.llHOro nOAA BBo.n;a K .n;pyroMy ocy
meCTWIJleTCJI C nOMombIO KJIaBHIIIeH yrrpaBJIeHH.lI KYPCOpOM H 
KJIaBHIIIH Tab). 

•	 HaxaTb KJIaBHIIIy (F6). 

Distribution Plotting 

Distributions available 

(1) Bernoull i	 (7) Beta (13) Lognormal 
(2) Binomial	 (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang (15) Student's t 
(4) Geometric (10) Exponential (16) Triangular 
(5) Negative binomial (11) F (17) Uniform i_I(6) Poisson	 (12) Gamma (18) Weibull
 
Distribution number: 14
 

Mean Standard deviation
 
0
 1 
0 2
 
2
 1 

PHC. II.2.3. 3arrOJIHeHHe rrorreH BB0.lla rrpoue.nypbI Distribution Plotting. 
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B npaBOH HH)K}JeH qaCTH OKHa Distribution Plotting nOSlBHTCSl 
.n;HaJIOrOBOe OKHO, n03BOAAIOmee Bbl6paTb Hy)K}JYIO <popMy onHca
HH.lI pacnpe.n;eJIeHH.lI (pHC. II.2.4). 

Density function 
Cumulative d.f. 
Survivor function 

Log. survivor function 
Hazard function 

PHC. II.2.4. MeHIO rP0PM npe.llCTaBJIeHHJl HerrpepbIBHoro pacrrpe.lleJleHHJl. 

• B	 OTKpblBIIIeMCSl .n;HaJIOrOBOM OKHe BbI.lleJIHTb CTpOKY Density
 
function.
 

•	 HaxaTb KJIaBHIIIy (Enter). 
OTIq>oeTCSl OKHO C nOAAMH .llJI.lI BBo.n;a napaMeTpOB o<popMJIeHH.lI 

rpa<pHKoB (pHC. II.2.5). TPH BepXHHX nOAA BBo.n;a: Top title (3aro
JIOBOK rpa<pHKa), X-Axis Title (HaHMeHoBaHHe OCM X), Y-Axis Title 
(HaHMeHoBaHHe OCH y) - npe.llHa3HaqeHbI .llJI.lI o<popMJIeHH.lI 3aro
JIOBKa rpa<pHKa H HaHMeHOBaHH.lI oceH Koop.n;HHaT. IIOAA X-axis lo
wer limit (HIDKHSlSl rpaHHIJ;a no OCH X) H X-axis upper limit (Bepx
H.lI.lI rpaHHIJ;a no OCH X) CJIYJKaT.llJI.lI 3a,llaHH.lI rpaHHIJ; HHTepBaJIa, Ha 
KOTOpOM 6y.n;eT nOCTpoeH rpa<pHK. B nOJIe Resolution (pa3peIIIe
HHe) 3a,llaeTC.lI qHCJIO TOqeK, no KOTOpbIM 6y.n;eT CTpOHTbC.lI rpa<pHK. 
qeM 60JIbIIIe QHCJIO TaKHX TOqeK, TeM TOqHee rpa<pHK, BbIBO.n;HMhIH 
Ha 3KpaH, H TeM MeHbIIIe CKOpOCTb BbIBo.n;a rpa<pHKa. IIOAA Le
gends (JIereH.n;bI) npe.n;Ha3HaqeHbI ,llJI.lI YKa3aHH.lI COOTBeTCTBH.lI 
Me)l{,lly THnaMH JIHHHH rpa<pHKoB H napaMeTpaMM KpMBblX pacnpe
.n;eJIeHH.lI, BbIBO.n;HMblX Ha rpa<pHK. 3TH .n;aHHble BbIBO,ll.llTC.lI B npa
BOM BepXHeM yrJIy rpa<pHKa. B paccMaTpHBaeMoM cnyqae KIDK,llOH 
JIHHHH rpa<pHKa COOTBeTcTByeT CBOH Ha60p napaMeTpOB HOpMaJIb
Horo pacnpe.n;eJIeHH.lI - cpe.n;Hee (MaTeMaTMqeCKOe O)KH,llaHHe) H 
cTaH,llapTHOe OTKJIOHeHHJI. B nOJIJI BBO.lla Legends MO)K}JO BBO.llHTb 
H CHMBOJIbHble 3anHCH. 

Distribution Plot Options 

Top title: Prob. Density Fen. 
(2 lines) Normal 
X-Axis Title: X 
Y-Axis Title: prob. density 

X-axis lower limit: -10
 
X-axis upper limit: 10
 
Resolution: 50
 

Legends: '0 1 
o 2
 
2 1
 

PRC. II.2.S. 3arrOJlHeHHe rrOrreH BBO.lla rrapaMeTj>OB rparPHKOB paCrrpe.lleneHHH. 
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<,'I )'T..." 
IIoJUI BBO~a 3anOJIHeHbI CaMHM naKeTOM Ha OCHOBaHHH BBe~eH-;'il' 

HbIX paHee HCXO~HbIX ~aHHbIX. IIPH Heo6xo~HMOCTHMO)KHO H3Me- i 
HHTb 3anOJIHeHHe nOJIeH BBO~a. 

•	 COXpaHHTb 3anOJIHeHHe nOJIeH BBo~a OKRa Distribution Plot 
Options, rrpe.UJIaraeMoe naKeTOM. 

• HaxcaTb KJIaBHIlIY (F6). 

Ha 3KpaHe nOHBHTCH TPH KpHBble HOPMaJIbHbIX pacnpe~eJIeHHH, 
paCCMaTPHBaeMbIX B ~aHHOM npHMepe (pHC. II.2.6). B~OJIb npaBoH 
rpaHHULI 3KpaHa pacnOJIaraeTCH rraHeJIb, HCnOJIb3yeMasI npH MO~H
<pHKan:HH rpa<pHKOB. C rrOMOIIJ;bIO 3TOH rraHeJIH MOXHO yCTaHaBJIH II,;.I,
BaTb HyxHLIe aTPH6YTbI rpa<pHKa: UBeT, H306paxceHHe TO'IeK H JIH \1HHH, pa3Mep rpa<pHKa H T.~. \::,~ 

IIp HMe 'I aH H5.1: 1. qHCJIO nOJIeH BBo~a napaMeTPoB pacnpe
~eJIeHM H HX HaHMeHOBaHHe 3aBHCHT OT BbI6paHHoro pacrrpe.n;eJIe-
HM. TaK, HarrpHMep, .UJIH Toro 'IT06bI 3a.n;aTb 6eTa-pacnpe.n;eJIeHHe, 
Heo6xo.n;HMO BBeCTH .n;Ba napaMeTPa <pOPMLI 3Toro pacnpe.n;eJIe-

Proh. Density Fen. 8 1 
Hor..a..l	 B 2 

2	 1 
11.4 I 

8.3 

,. fv..... 
!
 
jj
 
~	 8.2 

~ r-'\? 
;, 

I \ 
I \8.1 

I . \ 

\I ,) \
~!_.,u, ..;u; -jB t j.....,.....,."'.~._,.~.. ~....",~( ... ;....:! , '! 

-Axes 
-Transfo.... 
-I.in""/Pt,, 
-fi lls 
-Legends 
-Telet 
-Layout 

..Resize 
Rotate 

-Edit 
Restore 

-Special 

-Printer 
-p lotter 
-Slide 
-Metafile 

-Help 
-Quit 

-18 -£, -2 2 {, 18 

x 

PHC. rr.2.6. fpalPHiCH IPYHKI\HH IUlOTHOCTH HOPMaJIbHhIX pacrrpe,lleJIeHHH C rrapa

MeTPaMH: Xl =0, lJ, =I; X2 =0, lJ2 =2; X, =2, lJ, =l.
 

HM - Alpha H Beta, Tor.n;a KaK.UJIH 3a.n;aHM TPeyrOJIbHOrO pacnpe
~eJIeHHH Ha.n;O BBecm TPH rrapaMeTPa - Lower limit (HIDKlUUI rpa
HHn:a pacnpe.n;eJIeHM), Central point (Mo~a) H Upper limit (BepXHIDl: 
rpaHHn:a), H T. LJ;. 

2. Co.n;epxaHHe .n;HaJIOrOBOro OKRa BbI60pa <pOPMbI npe.n;CTaB
JIeHHH pacnpe.n;eJIeHM (CM. pHC. II.2A) TaJOKe 3aBHCHT OT BbI6paH
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I.
HOro pacnpe.n;eJIeHHH. B HeM rrepe'IHCJIHIOTCH TOJIbKO Te <PYHKn:HH, 
KOTopLIe LJ;OCTYTIHbl .UJIH .n;aHHoro pacrrpe.n;eJIeHHH. 

3. IIpon:e.n:ypa Distribution Plotting n03BOJIHeT BbIBO.n;HTb Ha 3K
paH LJ;O IIHTH o.n;HOTHnHLIX KpHBbIX OLJ;HorO H Toro :>Ke pacrrpe.n;eJIe
HHH. HeCKOJIbKO CJIOXHee nOJIy'lHTh Ha O.n;HOM rpa<pHKe pa3HOTHrr
Hble KpHBble o.n;Horo H Toro :>Ke pacnpeLJ;eJIeHHH H .n;a:xce o.n;HOTHnHble 
KpHBble pa3JIH'IHbIX pacnpe.n;eJIeHHH. .[(eJIaeTCH 3TO C nOMOIIJ;bIO 
rrpon:e.llYPbI HaJIO:>KeHHH O.uHOro rpa<pHKa Ha .n;pyrOH (CM. pa3~eJI 
C. Report Writer and Graphics Replay (cocTaBHTeJIh OTlJeTa H BOC
rrpOH3Be.n;eHHe rpa<pHKoB) maBHoro MeHIO, npon:e.n:ypa Splitscre
en/Overlay Plotting (pa3.n;eJIeHHe 3KpaHa/HaJIO:>KeHHe rpa<pHKoB». 

IIpUMep 2. BLI'IHCJIHTb BepOHTHocm 6HHOMHaJIbHOrO PMa pac
rrpe.n;eJIeHM C rrapaMeTPaMH n =5 H P =0.4. 

.[(mI pellIeHHH rrOCTaBJIeHHOH 3a.n;a'IH He06xo.n;HMO: 
•	 B rJIaBHOM MeHlO naKeTa BbmeJIHTb pa3.n;eJI H. Distribution
 

Functions (<PYHKn:HH pacnpe.n;eJIeHM).
 

• HaxcaTb KJIaBHIllY (Enter). 
•	 B OTKpbIBllIeMCH .n;HaJIOrOBOM MeHIO pa3LJ;eJIa H. Distribution
 

Functions BbmeJIHTb npon:e.llYPY 2. Distribution Plotting (rpa

<pHKH pacnpe.n;eJIeHIDl).
 

•	 HaxcaTb KJIaBHIIIy (Enter). 
Ha 3KpaHe n05.lBHTC5.I OKRO rrpon:e.n;ypbI Distribunion Plotting C 

rrOJIeM BBo.n;a Distribution number: (HoMep pacnpe,neJIeHIDl), B KO
TOpOM, rro )'MOJI'IaHHIO, 3arrHcaH HOMep 14 HOpMaJIbHOrO pacnpe
,neJIeHM (CM. pHC. II.2.2). 

•	 B nOJIe BBo,na Distribution number BBecm HOMep 2 6HHOMHaJIb

HOro pacrrpe,neJIeHHH.
 

• HaxcaTb KJIaBHIIIy (F6). 

B OKRe npon:eLJ;ypbI Distribunion Plotting rr05.lBHTCH nOAA BBOLJ;a 
Number of trials ('IHCJIO HcnbITaHHH) H Event probability (Bepom
HOCTb C06LITIDl), npe,nHa3Ha'IeHHble.UJIH BBOLJ;a napaMeTPOB 6HHO
MHaJIbHOrO pacnpe,neJIeHIDl. 

•	 B nOJIe BBo.n;a Number of trials BBeCTH 'IHCJIO 5, a B nOJIe BBO

.ua Event probability - 'IHCJIO 0.4.
 

• HaxcaTb KJIaBHIIIy (F6). 

B npaBoH HH)KHeH 'IaCTH OKRa Distribution Plotting nOHBHTCH 
,nHaJIOrOBOe OKRO, n03BOAAIOmee BbI6paTb HyxHYIO <POPMY onHca
HHH pacrrpe,neJIeHHH (pHC. n.2.7). 

•	 B OTKpblBilieMCH .n;HaJIorOBOM OKRe BbI,lJ;eJIHTb CTPOKY Prob.
 
Mass function (<PYHKn:HH BepomHocm).
 

• HaxaTb KJIaBHIIIy (Enter). 
OTKpOeTcH OKRO CnOAAMH .UJIH BBo.n;a napaMeTPOB o<p0pMJIeHIDl 

rpa<pHKa. 
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Prob. Mass function 
Cumulative d.t. 

Survivor function 
Log. survivor function 

PRC. II.2.7. MeRlo l!>OPM npeACTaBJIeHlffi ARCXpeTHOro pacnpeAeJIeHlffi. 

•	 B cJIY'Iae He06xo,IUIMOCTH BBeCTH HYJKHbIe H3MeHeHIDI B npeA
JIaraeMbIe CHCTeMOH napaMeTPbI 0«p0pMJIeHIDI rpa«pHKa. 

•	 HaxaTb KJIaBHrny (F6). 
Ha 3KpaHe nORBHTCR rpa«PHK 6HHOMHaJIbHOrO PMa pacnpeAe

JIeHIDI C napaMeTPaMH n == 5, P == 0.4 (pHC. II.2.8). 

Prob. Mass Fen. 
Bino.h.1 

5 0.4 

1:1.'1 

0.3 f- -

~ 
~ 

: 
... 
~ .. 

0.2 f

0.1 l 
-

B t ! ! I I' 

D 

I J 

~xcs 

-TransCor.. 
-T.;n"""Pt" 
-F i lIs 
-Legends 
-Text 
-Layout 

-Resize 
Rot.:.te 

-Edit 
Restore 

-Specla I 

-Printer 
-Plotter 
-Slide 
-MetaCile 

-tlelp 
-Quit 

o	 1 z 3 '1 5 

x 

PRC. II.2.8. fpal!>Rx 6RHOMRaJIbHOrO pJl,lla pacnpeAeJIeHIDI c napaMeTPaMR 
n =5, P =0.4. 

,[(mI TOrO qT06bI nOJIyqHTb KOHKpeTHbIe qHCJIOBbIe 3HaqeHIDI Be
pORTHocTeii 6HHOMHaJIbHOro pMa paCnpeAeJIeHIDI, He06xOAHMO: 

•	 HaxaTb Ha KJIaBHaTYPe KJIaBHIIIy (S) (HJIH IUeJIKHYTb JIeBOH 
KJIaBHIIIeH MbIIIIH no nOJIIO Special Ha naHeJIH MOAH«pHKau.HH 
rpa«pHKoB, pacnOJIOXeHHoit y npaBoii rpaHHu.bI 3KpaHa). 

•	 HaxaTb Ha KJIaBHaTYPe KJIaBHrny (I) (nepBaR 6YJCBa KOMaHAbI 
Identify). 

Kypcop MbIIIIH, paHee HMeBIIIHii «poPMY CTPeJIKH, npHMeT «pop
My KpeCTa. 

1:' 

•	 IIoABeCTH KpeCT KYPcopa K TOqKe C KooPAHHaTaMH (0, Po),
 
rAe Po =P(X =0) - BepORTHOCTb TOro, qTO CJIY'IaHHaR BeJIH

qHHa X; pacnpeAeJIeHHaR no 6HHOMHaJIbHOMY 3aKOHY C napa

MeTPaMH n == 5, P == 0.4, npHMeT 3HaqeHHe O.
 

•	 I.IJ;eJIKHYTb JIeBOH KJIaBHIIIeH MbIIIIH. 

TOqKa H3MeHHT u.BeT, a B npaBoH qaCTH 3KpaHa nORBHTCR 3a
nHCb: Row: 1, X: 0, Y: 0.07776. 3TO 3anHCb 03HaqaeT, 'ITO BepORT

HOCTb Po = P(X = 0) = 0.07776. 
IIoBTopRR paccMoTPeHHbIe AeHcTBIDI C KIDKAOH TO'lKOH rpa«pH

Ka, nOJIY'IHM 3HaqeHIDI OCTaJIbHbIX BepoRTHocTeH Px' X = 1, 2, ... , 5, 
06pa3yIDIUHX PM pacnpeAeJIeHIDI CJIY'IaHHOH BeJIH'lHHbI X; KOTO
paR nOAqHHReTCR 6HHOMHaJIbHOMY 3aKoHy pacnpeAeJIeHIDI C napa-

MeTPaMH n = 5, P = 0.4: 

P, 

0.01024 

P4 

0.0768 

P3 

0.2304 

P2 

0.3456 

PI 

0.2592 

Po 

0.07776 

3AeCb Px == P(X = x) - BepORTHOCTh Toro, 'ITO 6HHOMHaJIbHaR 
CJIyqaiiHaR BeJIH'lHHa X npHMeT 3HaqeHHe x. 

llpUMep 3. HaRTH KpHTH'leCKHe 3HaqeHIDI nOPMKa 0.05, 0.025, 
0.01	 x.2 -pacnpeAeJIeHIDI C AeBRThIO CTeneHRMH cB060AbI. 

P e III e H H e. KpHTH'leCKHe 3HaqeHIDI pacnpeAeJIeHIDI nopMKa 
0.05, 0.025, 0.01 eCTb He 'ITO HHoe, KaK KBaHTHJIH nOPMKa 0.95, 
0.975, 0.99 Toro xe pacnpeAeJIeHHR, T. e. 

X(O.05) == X O.95 , X(O.025) == X O.975 , x(o.ol) == X O.99 • 

,[(mI Toro qT06bI HaHTH 3TH KBaHTHJIH, He06xoAHMO: 

•	 B rJIaBHOM MeHlO naKeTa BbI,lI,eJIHTh paJAeJI H. Distribution 
Functions (<<pyHKI.J.HH paCnpeAeJIeHIDI). 

•	 HaxaTb KJIaBHrny (Enter). 

•	 B OTKpbIBIIIeMcR AHaJIOrOBOM MeHlO paJAeJIa H. Distribution 
Functions BbI,lI,eJIHTh rrpou.eAYPY 4. Critical Values (KpHTH'Ie
CKHe 3HaqeHIDI). 

•	 HaxaTb KJIaBHrny (Enter). 

OTKpOeTcR OKHO npou.eAypbI Critical Values C nOJIeM BBOAa Dis
tribution number: (HoMep paCnpeAeJIeHIDI), B KOTOpOM no yMOJIqa
HHIO 3aIIHCaH HOMep 14 HOpMaJIbHOrO paCnpeAeJIeHIDI. 

•	 B nOJIe BBoAa Distribution number BBeCTH HOMep 8 XH-KBaA

paT-paCnpeAeJIeHIDI. 

•	 HaxaTb KJIaBHrny (F6). 
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... B HlUKHeil qaCTH Olilia Critical Values nOHBHTCB nOlle BBo.a De r 
grees of freedom (qHCJIO cTeneHeit CB060.IlbI).!1 

•	 BBecTH B nOJIe BBO.Ila Degrees of freedom 3a,llaHHoe qHCJIO 9it.f 

CTeneHeit CBo6o.IlbI.!~" 

•	 HIDKaTb KJIaBHllIY (F6). I~ 

B HIDKHeit qaCTH OKRa Critical Values nOHllHTCH qeTblpe nOJIH 
BBO.Ila Area at or below (IIJIOIIJ;a,llb B TOqKe H JIeBee). B aKTHBHoit qa
CTH 3THX nOJIeit no YMOJIqaHHIO 3anHcaHbI qHCJIa 0.5. .1,1 

l 
:{~ 

•	 B nepBble TPH nOAA BBO.Ila Area at or below BBeCTH H)')KHble
 
3HaqeHHH nopH,llKa p KBaHTHJIeit (pHC. II.2.9).
 

Critical Values 

Distributions available 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

Bernoulli 
Binomial 
Discrete uniform 
Geometric 
Negative binomial 
Poisson 

(7) 

(8) 
(9) 

(10) 
(11) 

(12) 

Beta 
Chi-sq
Erlang 
Expon
F 

Gamma 

uare 

ential 

(13) 

(14) 
(15) 

(16) 
(17) 

(18) 

Lognormal 
Normal 
Student's t 
Triangular 
Uniform 
Weibull 

Distribution number: 8 

Degrees of freedom: 9 

Area 
Area 
Area 
Area 

at 
at 
at 
at 

or 
or 
or 
or 

below 
below 
below 
below 

0.95 
0.975 
0.99 
0.5 

PRC. II.2.9. 3arrOJIHeHRe rroJIe~ BBO.l\a rrpolle)IypbI "Critical Values». 

•	 HIDKaTb KJIaBHIIIY (F6). 
B HIDKHeit qaCTH OKRa Critical Values, CJIeBa OT K<UK,llOrO H3 BBe

.IleHHbIX 3HaqeHHit nopH,llKa p, nOHBHTCH HCKOMble 3HaqeHHH KBaH
THJIeit (KpHTHqeCKHX 3HaqeHHH): 

X O.95 == X(O,05) =16.9258; X O.975 == X(O,025) =19.0453;
 

X O•99 == X(O.OI) = 21.6676.
 

IIpHMeqaHHH: 1. IIpoue.uypa 4. Critical Values HapH.llY C 
npoue.uypoit 3.Tail Area Probabilities C ycnexoM 3aMeHHeT rpOM03.Il 
KHe Ta6JIHUbI MaTeMarnqeCKOH CTaTHCTHKH. 

2. Bo Bcex npoue.uypax paJ.IleJIa H. Distribution Functions HC
nOJIb3yeTcH aHaJIOmqHbIH nOpH,llOK BbI60pa pacnpe.IleJIeHHH H 3a
nOJIHeHHH nOJIeH BBO.Ila, COOTBeTCTBYIOIIJ;HX BbI6paHHoMY pacnpe
.IleJIeHHIO. 
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IlpUMep 4. C<P0pMHpoBaTb nOCJIe.IlOBaTeJIbHOCTb H3 .IleCHTH CJIy
qaitHblx qHCeJI, paBHOMepHO pacnpe.IleJIeHHbIX B HHTepBaJIe (0; 
1). 

)l)uI <pOpMHpoBaHHH TPe6yeMoH nOCJIe.IlOBaTeJIbHOCTH Heo6xo
.IlHMO: 

•	 B rJIaBHOM MeHIO naKeTa Bbl,lleJIHTb pa3.IleJI H. Distribution 
Functions (<PYHKUHH pacnpe.IleJIeHHH). 

•	 HIDKaTb KJIaBHIIIY (Enter). 

•	 B OTKpbIBllIeMCH .IlHaJIOrOBOM MeHIO paJ.IleJIa H. Distribution 
Functions BbI)leJIHTb npoue.uypy 5. Random Number Generation 
(reHepHpoBaHHe cnyqaHHbIX qHCeJI). 

•	 HIDKaTb KJIaBHIIIY (Enter). 

Ha 3KpaHe nOHBHTCH OKRO npoue.uypbI Random Number Gene
ration C nOJIeM BBO.Ila Distribution number, B KOTOpOM no YMOJIqa
HHIO 3anHcaH HOMep 14 HOpMaJIbHOrO pacrrpe.IleJIeHHH (OKRO npo
ue.uypbI Random Number Generation HMeeT TaKoH xe BH,ll, KaK H 
OKRO npoue.uypbl Distribution Plotting (CM. pHC. II.2.2». 

•	 B nOJIe BBO.Ila Distribution number BBecrn HOMep 17 paBHO
MepHoro pacnpe.IleJIeHHH. 

•	 HIDKaTb KJIaBHllIY (F6). 

B OKHe npoue.IlypbI Random Number Generation nOHBHTCH 
nOJIH BBO.Ila Lover limit (HHXHHH npe.IleJI), Upper limit (BepxHHH 
npe.IleJI), Number of samples (o6'beM BbI6opKH), npe.IlHa3HaqeH
HbIe .IlJIH BBO.Ila napaMeTpOB paBHOMepHoro pacnpe.IleJIeHHH H 
qHCJIa tI1leHOB <popMHpyeMoH nOCJIe.IlOBaTeJIbHOCTH. 3TH nOJIH 
3anOJIHeHbI no YMOJIqaHHIO caMHM naKeTOM (Lover limit: 0, 
Upper limit: 1, Number of samples: 100). IIo.Il nOJIHMH BBO.Ila Ha
XO.IlHTCH nOJIe Seed (HqeHKa), KOTopoe CO.IlepXHT HCXO.IlHOe qHC
JIO (HCXO.IlHyIO KOHcTaHTy) paBHoMepHoH CJIyqaHHoH (TOq
Hee, nCeB.IlOCJIyqaHHoH) nOCJIe.IlOBaTeJIbHOCTH, C nOMOIIJ;bIO KOTO
POH <POPMHPYIOTCH Bce OCTaJIbHble CJIyqaHHbie qHCJIa 3TOH 
nOCJIe.IlOBaTeJIbHOCTH. MCXO.IlHaH KOHCTaHTa .IlOJI)l(Ha 6bITb ueJIbIM 
nOJIOXHTeJIbHbIM qHCJIOM, He npeBbIllIaIOIIJ;HM no BeJI~HHe qHC
JIa 2 147483646. OHa yCTaHaBJIHBaeTCH no YMOJIqaHHIO caMOH 
CHCTeMoii H 06HOBJIHeTCH nOCJIe Kax,lloro 06paIUeHHH K npoue
.Ilype reHepHpOBaHHH CJIyqaHHbIx qHCeJI. IIpouecc 06HOBJIeHHH 
onpe.IleJIHeTCH TeKylUHM BpeMeHeM Ha CHCTeMHOM TaiiMepe 
II3BM. 

•	 OCTIlBHTb 6e3 H3MeHeHHH CO.IlepXHMOe nOJIeH BBO.Ila Lover limit 
H Upper limit. 

•	 B nOJIe BBO.Ila Number of samples BBeCTH qHCJIO 10. 

•	 HIDKaTb KJIaBHIIIY (F6). 
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Ha 3KpaHe rrOHBHTCH 3anpoc Enter variables in which to save the 
samples (<<BBe.n;HTe HWI nepeMeHHoH, B KOTOpOH coxpaHHTb BbI60p
KY»). IIo.n; 3anpOCOM HaxO)J)lTCH nOM BBo.n;a File (¢>afuI) H Variable 
(nepeMeHHaJI). IIaKeT npe)lJlaraeT coxpaHHTb C¢>0pMHpOBaHHYIO 
nOCJIe,llOBaTeJIbHOCTb B pa60qeif o6JIacTH (<l>aiiJIe) WORKAREA B 
nepeMeHHoH SAMPLES. 

•	 HIDKaTHeM KJIaBHIIIH (F6) nO,llTBep.n;HTb COrJIaCHe C npe,llJlo
)KeHHeM CHCTeMbI no coxpaHeHHIO C¢>OpMHpoBaHHoH rraKeTOM 
cJIY'laHHOH nOCJIe,llOBaTeJIbHOCTH. 

B pe3YJIbTaTe nOCJIe,llOBaTeJIbHOCTb CJIyqaHHbIX qHCeJI, C¢>OPMH
pOBaHHaJI naKeTOM, 3anHCbIBaeTCH B pa60~ 06JIaCTb WORKA
REA, B nepeMeHHYIO C HMeHeM SAMPLES. Ha pHC. II.2.lO npHBe
.L\eHO CO.L\ep)I(HMOe pa60qeii 06JIaCTH WORKAREA. 

FILE: WORKAREA 

Row SAMPLES 

1 .264862027 

2 .787888543 

3 .305657230 

4 .942209051 

5 .511257508 

6 .945102616 

7 .465175573 

8 .778779021 

9 .324196141 

10 .232401697 

PHc. II.2.10. IIOCJIen;OBaTeJIbHOCTb CJIY'lafuibIX 'IHCen, paBHOMepHO 
pacnpen;eneHHLIX B HHTepBaJIe (0; 1). 

CJIe,llyeT HMeTb B BH,Ily, qTO ,IlaHHble, 3anHCaHHble B pa6oqyro 06
JIaCTh WORKAREA, coxpaHHIOTCH TOJIbKO B TeqeHHe TeKYJ.D;ero ceaHca 
pa60ThI C naKeTOM. IIpH 3aBepIlIeHHH ceaHca 3TH ,IlaHHble 6eJB03BpaT
HO Tepm<>TCH. B TOM c.rryqae, Kor.ua He06xo,llHMo CoxpaHHTh C¢>OPMH
POBaHHYIO nOCJIe,llOBaTeJIbHOCTh cnyqaiiHbIX qRceJI,llJUI HCnOJIb30BaHWI 
B nOCJIeJlYIOI.UHX ceaHcax pa60ThI C naKeTOM, ee CJle,llyeT 3aIIlIcaTh He B 
pa60qyro o6.JIaCTh WORKAREA, a B KaKOH-JIH60 ¢>aiiJI. 

IIpHMeqaHHe. IIpH ¢>OpMHpOBaHHH 3a,1laHHOH nOCJIe,llOBa
TeJIbHOCTH CJIY'laHHbIX qHCeJI HCnOJIb30BaJIaCb HCXO,llHaJI KOHCTaHTa 
1503238552. IIpH cJIe.llYIOIUej!: nOnbITKe C¢>OpMHpOBaTb nOCJIe,llO
BaTeJIbHOCTb H3 .n;eCHTH CJIY'lajlHI>IX qHCeJI, paBHOMepHo pacnpe,lle
JIeHHhIX B HHTepBaJIe (0; 1), CHCTeMa BBe.n;eT npyrytO HCXO,llH}'IO 
KOHCTaHTY, OTJIWlHyIO OT KOHCTaHThI, HCnOJIb30BaHHOH B HallIeM 
npHMepe, H C¢>opMHpyeT ,IlpyrOH Ha60p CJIY'laj!:HbIX qHCeJI, OTJIWla
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IOIUHHCH .OT npHBe.n;eHHoro Ha pHc.IT.2.1O. )J.rrH Toro qTo6bI rrOJIy
qHTb TOqHO TaK}'IO)ICe nOCJIe.L\OBaTeJIbHOCTb, KaK B ,IlaHHOM rrpHMe
pe, Heo6xo,llHMO rrpH 3anOJIHeHHH nOJIeH BBona OKRa Random 
Number Generation BBeCTH B HqeHKY Seed HCXO,llHYIO KOHCTaHTY 
1503238552. 

naKeT STA TlSTICA 

IIaKeT 06eCneqHBaeT B03MO)J(HOCTb pa60TbI C 1'peMH ,IlHCKpeTHbI
MH H nHTHa,lluaTbIO HenpepblBHbIMH pacrrpe,lleJIeHHHMH. B 
Ta6JI. II.2.2 rrpHBeneHbI HMeHa BC1'poeHHbIX ¢>YHKUHH, C nOMOIUbIO 
KOTOpbIX BbITIOJIHHIOTCH BbIqHCJIeHIDI, CB513aHHble C 3THMH pacrrpe
neJIeHIDIMH. 

.L\HcKpeTHble pacnpellerreHHlI 

Pacnpeaerremre I1lYHKIUlll 
BepOllTHOCm 

I1lYHKUHll 
pacnpeaelleHHll 

IIyaccoHa 
EHHOMHaJIbHOe 
feOMeTpH'leCKOe 

poisson (x, I) 
binom (x, p, n) 
geom (x, p) 

ipoisson (x, I) 
ibinom (x, p, n) 
igeom (x, p) 

PacnpelleneHHe 

HOpMaJIbHOe 
JIanrraca 
KOIIIH 
3KcTPeManbHO

ro 3Ha'leHIDI 
JIornCTH'leCKOe 
IIOK33aTeJIbHoe 

Henpep!>lBH!>le pacnpellerreHHlI 

I I1l)'HKllHll 
IIJIOTHOCTH I I1l)'HKllHll 

pacnpeaerreHHll 

normal (x, m, s) 
laplace (x, a, b) 
cauchy (x, h, q) 
extreme (x, a, b) 

inormal (x, m, s) 
ilaplace (x, a, b) 
icauchy (x, h, q) 
iextreme (x, a, b) 

logis (x, a, b) 
expon (x, I) 

ilogis (x, a, b) 
iexpon (x, 1) 

(3KcnoHeHllH
aJIbHoe) 

faMMa gamma (x, c) igamma (x, c) 

Ta6JIHila II.2.2 

/:YHXlUUI' o6paTHaJl
cPYHKUHH pacnpeae

lleHHll 

vnormal (x, m, s) 
vlaplace (x, a, b) 
vcauchy (x, h, q) 
vextreme (x, a, b) 

vlogis (x, a, b) 
vexpon (x, I) 

vgamma (x, c) 

/' 

I••~!. 

f'
., '(,W"'"

":,11 

,. ~' 

u 
!I· " 
'" I~i' 
~,' t; 

l','.
 
IILI 

Be~6YJI}la-fHe-
n;eHKO 

P:meg 
JIOrHOpMaJIbHOe 
IIapeTo 
EeTa-
X. 2- IIHpcoHa 
l-CTbIOn;eHTa 
F-<IlHlllepa 

weibull (x, b, c, q) 

rayleigh (x, b) 
lognonn (x, m, s) 
pareto (x, c) 
beta (x, n, w) 
chi2 (x, n) 
student (x, df) 
F (x, n, w) 

iweibull (x, b, c, q) 

irayleigh (x, b) 
ilognonn (x, m, s) 
ipareto (x, c) 
ibeta (x, n, w) 
ichi2 (x, n) 
istudent (x, df) 
iF (x, n, w) 

vweibull (x, b, c, q) 

vrayleigh (x, b) 
vlognonn (x, m, s) 
vpareto (x, c) 
vbeta (x, n, w) 
vchi2 (x, n) 
vstudent (x, df) 
vF (x, n, w) 
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,Z:(.Jrn TOrO tIT06bI 3arrycTHTb naKeT STATISTICA, Heo6xo.u;HMO: 

•	 HaxaTb KHorrKY Start (rrYCK), pacrrOJIO)l(eHHyro B JIeBOH qac-
TH rraHeJIH 3a.u;aq CHCTeMbI Windows. 

OTKPOeTCH rJIaBHOe MeHlO CHCTeMbI Windows. 

•	 YCTaHoBHTb YKa3aTeJIb MbUliH Ha IIyHKTe Programs (rrporpaM
MbI) 3Toro MeHlO. 

Ha pa60'IeM CTOJIe CHCTeMbI Windows nOHBHTCH no.u;MeHlO Pro
grams (rrporpaMMbI). 

•	 B rro.u;MeHIO Programs (nporpaMMbI) yCTaHoBHTb YKaJaTeJIb 
MbIIIIH Ha nanKe STATISTICA. 

•	 B OTKpbIBilieMCH rrepe'IHe rrporpaMM, HaxOMIIIHXCH B 3TOH 
rranKe, yCTaHoBHTb YKa3aTeJIb MbIIIIH Ha nporpaMMe STATIS
TICA H HaxaTHeM JIeBOH KJIaBHIIIH MbIIIIH 3arrycTHTb 3TY rrpo
rpaMMy. 

llocJIe 3anycKa nporpaMMbI STATISTICA Ha 3KpaHe rrOHBHTCH 
rrepeKJIIO'IaTeJIb Mo.u;YJIeH naKeTa STATISTICA (STATISTICA Mo
dule Switcher) (pHC. ll.2.11). 3TOT nepeKJIIO'IaTeJIb n03BOJIHeT 6bI
CTpO BbI6paTb JIY)KHbIH CTaTHCTHqeCKHH MO,ZJ;yJIb rraKeTa. llaKeT ro- ~i 
TOB K pa6OTe. "" 

~. Nonparametric~/Distrib. 

~ AN OVAINAN OVA
 

IL.. Multiple Regre~sion
 

~ Nonlinear Estimation
 

14 Time Series/Foreca~ting 

~ Cluster AnalJ'si~ 

I~!~l Data Nanagement/NFN 

~ Factor AnalJ'~is
 

~~~
 

PIle. TI.2.11. TIepeKllIO'iaTeJIb MOAYJleA naKera STATISTICA. 

B naKeTe STATISTICA .u;HcKpeTHble pacrrpe.u;eJIeHIDI peaJIH3Y
IOTCH TOJIbKO C nOMoIUbIO BCTpOeHHbIX lPYHKUHR, 3a.u;aIOIUHX lPYHK-

I~' ~HIO BepOHTHOCTH H lPYHKUHIO pacrrpe.u;eJIeHHH BbI6paHHoro .u;HCK
peTHOrO 3aKOHa pacnpe.u;eJIeHIDI. 

HerrpepbIBHbIe pacrrpe.u;eJIeHIDI MOryT 6bITb peaJIH30BaHbI KaK C 
nOMoIIIbIO BCTpOeHHbIX lPYHKUHH, TaK H C nOMOlll,bIO BepOHTHOCT
Horo KaJIbKYJIJlTOpa (Probability calculator), KOTOpbIH HaxO.u;HTCJI B 
MO,ZJ;yJIe Basic Statistics and Tables (OcHoBHbIe CTaTHCTHKH H Ta6
JIH~bI) (CM. pHC. ll.2.11). 

,Z:(.Jrn Toro 'ITo6bI nOJIY'IHTb .u;OCTyII K MO,ZJ;yJIIO Basic Statistics and 
Tables, Heo6xo.u;HMO: 

•	 B rrepeKJIIO'IaTeJIe Mo.u;yJIeH STATISTICA Module Switcher 
BbI,lJ;eJIHTb CTpOKY Basic Statisticsffables (OCHoBHbIe CTaTHCTH
KH/Ta6JIH~bI) (CM. pHC. ll.2.11). 

•	 HaxaTb KHonKY Switch to (nepeHTH B), pacrrOJIOXeHHyro B 
HIDKHeH 'IaCTH nepeKJIIO'IaTeJIH MO,ZJ;yJIeH (HJIH HaxaTb O.u;HO
BpeMeHHO KJIaBHIIIH (Alt) H (S». 

OTKpOeTCH OKHO Basic Statistics and Tables (pHC. ll.2.12). 

PRC. TI.2.l2. .ll:RaJIOrOBOe OKRO MOAYIDl «Basic Statistics and Tables,.. 

•	 B OTKpbIBilieMCH OKHe Basic Statistics and Tables BbmeJIHTb 
CTPOKY Probability calculator (BepOHTHOCTHbIH KaJIbKYJImOp). 

•	 HaxaTb KHOlIKY OK B BepXHeH qaCTH OKHa (HJIH KJIaBHIIIy 
(Enter) Ha KJIaBHaTYPe). 

OTKpOeTCH .u;HaJIOrOBOe OKHO Probability Distribution calculator 
(KaJIbKYJIHTOP BepOHTHOCTHbIX pacnpe.u;e;zeHHR) (PHC. D.2.D). 

B JIeBOR 'IaCTH 3Toro OKHa pacnOJIOXeH cnHCOK paClIpe.u;eJIe
HHH Distribution (pacnpe.u;eJIeHHe).)lnH Toro 'ITo6bI aKTHBH3H
pOBaTb HyxHoe pacnpe.u;eJIeHHe, Heo6xo.u;HMO yCTaHoBHTb xypCop 
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Probabililv Distribution CalculatOl DEi 
Dishihulion rr!nverse,. r;E1i~t a I ~ompute '1:riot ... "~il:r l~w(j"I{jiled'" rCie.ate !iraphCauchv .r (,1 ,C~inu!.atiVep) .E.xit IChi I 
Exponenlial 
Extreme value Deta:/.673648 ~ shapel:'/2 ~ .1.1. 
F ii, 

<IGamma '. p: I· 750000 13 shaPt!2: /2 fit ,'. \' 
II~laplace 

:.1:'log-NOImal »~Oistribution function: ,I,
logistic 
Pareto 
Ravleigh 
t (Student) 
Weibull 
Z (Normal) 

p £iie~~c:~lirig' 

PHC. II.2.13. }];HlIJIOrOBOe OKHO BepOlITHOCTHoro KlIJIbK)'mITOpa 
(Ha'lllJIbHOe COcToHHHe). 

MbIlliH Ha Ha3BaHHe 3Toro pacrrpe)l;eJIeHHH H IIJ.eJIKHYTb JIeBOH 
KJIaBHlIIeH MbIlliH. IIpH 3TOM crrpaBa OT crrHCKa pacrrpe)l;eJIeHHH 
rrOHBHTCH 3CKH3bI rpa<pHKOB <PYHKIUIH rrJIOTHOCTH (Density Func
tion) H <PYHKUHH pacrrpe,n:eJIeHHH (Distribution Function), a Ha)l; 
rpa<pHKOM <PYHKUHH pacrrpe)l;eJIeHHH OTKpOlOTCH rrOJIH BBO)l;a HC
XO)l;HbIX )l;aHHbIX H rrapaMeTpOB BbI6paHHoro pacrrpe,n:eJIeHHH. qHC
JIO rrOJIeH BBO)l;a H HX HaHMeHOBaHHe 3aBHCHT OT BbI6paHHoro 
pacrrpe,n:eJIeHHH. HarrpHMep, rrpH BbI60pe 6eTa-pacrrpe,n:eJIeHHH 
rrOHBJIHlOTC.sI ,n:Ba OKRa BBo,n:a rrapaMeTpoB 3Toro pacrrpe,n:eJIeHH.sI 
shapel (rrapaMeTp <pOPMbI 1) H shape2 (rrapaMeTp <pOPMbI 2) (CM. 
pHC. II.2.13), a rrpH BbI60pe rrOKa3aTeJIbHOrO pacrrpe,n:eJIeHHH _ 
O)l;HO OKRO lambda. 

IIo,n: crrHCKOM pacrrpe,n:eJIeHHH HaxO,n:HTCH <pJIaxoK Fixed Scaling 
(<pHKcHpOBaHHaH llIKaJIa). B TOM c.rryqae, KOr)l;a 3TOT <pJIaxOK yCTa
HOBJIeH, Bce rpa<pHKH, CJIe.n:yIOIIJ.He 3a rrepBbIM, H306paxalOTC.sI B 
TOM xe caMOM MaCllITa6e, q'fO H rrepBbIH rpa<PHK. 3TO rr03BOJI.sIeT 
cpa3Y xe YBM,n:eTb Te H3MeHeHHH rpa<pHKa, KOTopbIe o6yCJIOBJIeHbI 
H3MeHeHIDIMH rrapaMeTpoB pacrrpe,n:eJIeHHH. O,n:HaKo rrpH OqeHb 
60JIbllIHX H3MeHeHHHX rrapaMeTpoB 3TO MoxeT rrpHBecTH K BbIXO,n:y 
HOBOro rpa<pHKa «3a 3KpaH». B TaKHX CJIyqaHX <pJIaxOK CJIe)l;yeT 
C6pOCHTb. 

B BepxHeii: qaCTH OKHa, rrpaBee crrHCKa pacrrpe)l;eJIeHHH, Ha
XO,n:HTCH <pJIaxKH: Inverse (<pYHKUHH, o6paTHaH <pyHKUHH pac
rrpe)l;eJIeHHH), Two-tailed ()l;BYXCTopOHHee), (I-Cumulative p) 
(l-HaKOIIJIeHHaH p), Print (rreqaTb) H Creat Graph (rrocTpoHTb 
rpa<pHK). 
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Ta6JI. II.2.3 rrOHCH.sIeT Ha3HaqeHHe H B3aHMHYlO CB.sI3b <pmlJKKOB 
Inverse, Two-tailed H (I-Cumulative p). 

Ta6JIHua n.2.3 

HCXOiUlaJI LAJcrKBHhle 
BeJIH'IHHa 

<j>JIaJKIQI Pe3YJIhTaT Bhl'IHCJIeHKR 

IIpllMall 3a)];a'la 
I
 
HeT
 p =P(X < z) =F(z) - 3Ha'leHHe <PYHKUHH pac

npe)];eJIeHHlI F(x), BhI5paHHOrO pacnpe)];eJIeHHlI, B 
TO'lKe x = Z 

Two-tailed 

L
p = p(x - z < X < X + z) - BepoHTHoCTb Toro, 

'ITO paccMarpHBaeMaH CJlY'IaltHaH BeJIH'lHHa X no
na)J;eT B HHTepBlIJI (x - z, X + z). 3)];eCb H )];lIJIee 
X - Cpe)];Hee 3Ha'leHHe (MaTeMaTH'leCKOe O:llGU\az 
HHe) paCCMaTpHBaeMotl: CJIyqaltHolt BeJIH'lHHbl X 

(I-Cumulative p) p = P(x + z < X < 00) - BepOllTHOCTb TOro, 'lTO 
paCCMarpHBaeMaH CJIY'laltHaH BeJIH'lHHa X nona)J;eT 
B HHTepBaJI (x + Z, 00) 

Two-tailed p = 1- P(i - z < X < X + z) - BepOlITHOCTb TOro, 
(I-Cumulative p) 'ITO paCCMarpHBaeMaH CJIY'IaltHaH BeJIHtrnHa X He 

nona)J;eT B HHTepBlIJI (x - Z, X + z)I 
05paTHaH 3a)];a'la 

p 

n pH M e 'l aH H H: 1. <I>JIaJlCOK Two-tailed HCnOJIb3yeTcH TOJIbKO npH pa50Te 
C CHMMeTpH'lHhIMH pacnpe,neJIeHIDIMH. 

2. BClIKHH pa3, KOr)];a B nOJIe p BBO.!lHTCH KaKoe-HH6y,!J.b 'lHCJIO, aBTOMaTH
qeCKH aKTHBH3HpyeTcH 4JJIaJlCOK Inverse (B CBH3H C 3THM He COBceM HCHO, JI)IR 

'lero H)'XeH 3TOT <pJIIDKOK). 
B ueHTpe OKHa, no)]; <pJIIDKKaMH, pacnOJIOJKeHbl nOM, npe)];Ha3Ha'leHHbIe 

.lJ;JDI BBo,na HCXO.!lHbIX )];aHHblX H Bbf,lla'lH pe3YJIbTaTa BbI'lHCJIeHltH (B cJIY'lae HOp
MaJIbHOrO pacnpe)];eJIeHIDI - 3TO nOM Z H p). MCnOJIb30BaHHe 3THX nOJIeR 3a
BHCHT OT pelliaeMOH 3ll,LJ,a'lH. TaK, HanpHMep, npH BbI'lHCJIeHHH 3Ha'leHIDI 4Jymc
UHH pacnpe)];eJIeHIDI F(x) B 3a)J;aHHOH TO'lKe x (T. e. npH pellleHHH npHMOH 3a
.!la'lH) nOJIe Z HBJIlIeTCH nOJIeM BBo,na (B Hero BBO,nHTCH 3ll,LJ,aHHOe 3Ha'leHHe x 
apryMeHTa), a nOJIe p - nOJIeM BbI,lJ;aqH pe3YJIbTaTa BbI'lHCJIeHHR (B Hero BbIBO
.!lHTCH BLI'lHCJIeHHOe naKeTOM 3Ha'leHHe 4JYHKUHH pacnpe)];eJIeHIDl F(x) B 3a
)];aHHolt TO'lKe x). npH BbNHCJIeHHH KBaHTHJIH x (T. e. npH pellleHHH 06paTp 
HOR 3ll,LJ,a'lH) nOJIeM BBo,na HBJIlIeTClI nOJIe p (B Hero BBO,nHTCH nOPMOK P KBaH
THJIH), a nOJIeM Bbllla'lH pe3YJIbTaTa - nOJIe Z (B Hero BbIBO)];HTCH KBaHTH.1Ib X )'p 
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Inverse 

--

KBaHTHJIb x p nopll)J;Ka p. Hii rpa<pHKe <PYHKUHH 
nJIOTHOCTH OTMe'leHa TO'lKa xp 

Inverse 
Two-tailed 

-

KBaHTHJIb x(1 + p)/2 nopll)J;Ka (l + p)/2. Ha 

rpa<pHKe <PYHKllHH nJIOTHOCTH OTMeqeHhI TO'IKH: 

-x(1 + p)f2 H x(1 + p)/2 

IInverse 
(I-Cumulative p) 

Inverse 
Two-tailed 
(I-Cumulative p) 

KBaHTHJIb x 1 nOpll)J;Ka 1 -po Ha rpa4JHKe 
<PYHKUHH IUIOTH6'CTH OTMe'leHa TO'lKa x I-p 

KBaHTHJIb x l _p /2 nOpll)J;Ka 1 - p/2. Ha rpa

<pHKe <PYHKUHH ITJIOTHOCTH OTMe'leHbl TOqKH: 

-xl _p /2 H x l - p /2 
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B npaBOM BepXHeM yrny OKRa HaxO,llHTCH KHOnKa Compute (BhI

qHCJlHTb). C nOMOmhIO 3TOit KROnKH nO,llaeTCH KOMaH,lla Ha BhInOJl
HeHHe BhIqHCJleHHit. ITpouecc nOCTPoeHHH rpacPHKOB 3arrycKaeTcH 
HaxaTHeM KHonKH Compute npH BKJlIOqeHHOM <pmlJlGce Creat 
Graph. 

PaCCMOTPHM npHMephl, nOHCHHIOmHe HCnOJlh30BaHHe BepOHT
HOCTHoro KaJIhKYIDITopa. 

iii:.IIpUMep 5. HaitTH HIDKlIIOIO H BepXHIOIO IIHTHnpOueHTHhle TOqKH 
t-pacnpe,lleJleHHH CTbIO,lleHTa C ,lleCHThIO CTeneHHMH CB060,llhI. , 

,1lmI Toro qT06hI peWHTh 31)' 3a,llaqy, He06xo.n:HMO: " 
:" 

• B nepeKJIIOqaTeJle Mo.uyJleit STATISTICA Module Switcher " :'~k,. 
BhmeJlHTh MO.uyJlb Basic Statistics(l'ables. 

•	 HaxaTh KRonKY Switch to. 
•	 B oTKphIBilieMcH OKRe Basic Statistics and Tables BbI)J.enHTh 

CTPOKY Probability calculator. 

• HaxaTb KRonKY OK (wm KJlaBHIIIY (Enter». 
•	 B OTKphIBweMCH OKRe Probability Distribution calculator, B 

cnHCKe pacnpe.n:eneHHit, yCTaHOBHTb KYPCOp MbIIIIH Ha CTPOKe 
t (Student) (t-pacnpe,lleneHHe CThIO,lleHTa) H IUeJlIffiYTb neBoit ,II
KJlaBHweit MbIWH.	 1\ 

',:, 

CnpaBa OT cnHCKa pacnpe,lleneHHit nOHBHTCH 3CKH3h1 rpa<pHKoB 
<PYHKUHH IIJIOTHOCTH (Density Function) H <PYHKUHH pacnpe,llene-
HHH (Distribution Function) t-pacnpe,lleneHHH CTbIO,lleHTa, a Ha,ll 
rpa<pHKoM <PYHKUHH pacnpe,lleneHHH OTKpOeTCH none df (degrees of 
freedom) - qHCJlO cTeneHeH CB060,llhI. 

•	 YCTaHOBHTh cPnIDKKH Inverse, Two-tailed. 

• B none BBo.n:a p BBeCTH qHCnO 0.9, a B none df - qHCnO 10. 

•	 HaxaTb KROnKY Compute. 

B none t, npe,llHa3HaqeHHOM )lIDI BbmaqH pe3ynbTaTa BMqHCne
HHH, nOHBHTCH qucno 1.812460. 3TO H eCTb BepXHHH IIHTHnpoueHT-
HaH TOqKa t-pacnpe.n:eneHHH CTbIO,lleHTa C .n:eCHTbIO CTeneHHMH CBO
60.n:hI, T. e. xto.OS) = 1.812460. B CHJIY CHMMeTPHH t-pacnpe.n:encHHH 
CTbIO.n:eHTa HIDKIDIH: IIHTHnpOueHTHaH TOqKa 3Toro pacnpc.n:encHHH j
x(~.oi} =-1. 812460. 

PC3YJIhTaT BMqHCneHHH MO)I(HO rrpe,llCTaBHTh B rpacPHqCCKOM 
BH,lle. ,1lmI 3Toro He06xo,llHMO: I 

•	 BKJIIOqHTh <pnaxoK Creat Graph. 

•	 HaxaTb KRonKY Compute. 

Ha 3KpaHe nOHBHTCH rpa<pHK <PYHKUHH IIJIOTHOCTH t-pacnpe,lle
neHIDI CTbIO,lleHTa C ,lleCHTbIO CTeneHHMH CB060,llhI H rpacPHK cPYHK
UHH P(-lxl<X<lx\)=1-2(l-Fc<lxl», r.n:e Fc(x) - <PYHKUHH 
pacrrpe.n:eneHHH t-pacnpe.n:eneHHH CThIO.n:eHTa (pHC. IT.2.14). 
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Probability Density Function Probability Distribution Function 

y=student(x;10) p=1.2*(I-istudent(abs(x); I0» 
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0.250 

0.4 

0.125 
0.2 

0.0
 
-3.50 -1.75 0.00 1.75 3.50 -3.50 -1.75 0.00 1.75 3.50
 

0.000 

PRc. rr.2.14. KpKBLle pacrrpelleJIeHIDl CThlOlleHTa c lleCRTblO CTerreHRMH CBo6ollbl. 

PaCCMa'TpHBaeMYIO 3a,llaqy MO)I(HO peWHTb H no-,llpyrOMY. 
• CPaJY xe nocJle aKTHBH3aUHH t-pacnpe.n:CneHHH CThIO,llCHTa, 

He BKJIIOqaH HHKaKHX <pJlaxKOB, BBeCTH B none BBO,lla p qHCnO 0.95. 
(ITPH 3TOM aBTOMamqeCKH BKJIIOqHTCH cPnaxOK Inverse. TaK npo
HCXO)lHT BCHKHit paJ, KOma B none p BBO,llHTCH KaKoe-HH6y)lb qHC
no). 

•	 B none df BBeCTH qH~O 10. 
• HilJICaTb KRonKY Compute. 
B none t BbmaqH pe3ynbTaTa BbNHCJleHHH nOHBHTCH qHCnO 

1.812460. 
B03MoxeH H TaKOH BapHaHT pellIeHHH: 
• CpaJy xe nocne aKTHBH3auHH t-pacnpe,lleneHHH CTbIO,lleHTa 

yCTaHOBHTh <pnIDKKH Two·-tailed H (I-Cumulative p). 
• B none BBO,lla p BBeCTH qHCJlO 0.1. (ITPH 3TOM aBTOMaTuqeCKH 

BKJlIOqHTCH <pnaxoK Inverse). 
• B none df BBeCTH qHCnO 10. 
• HilJICaTb KRonKY Compute. 
B none t BhI,llaqH pe3ynbTaTa BMqHCneHHH nOHBHTCH qHCJlO 

1.812460. 

IIpUMep 6. BhIqHCnHTb BepOHTHOCTH 6HHOMHaJIbHOro pH,lla pac
npe.n:eJleHHH C napaMe'TpaMH n = 5 H P = 0.4. 

B BCpOHTHOCTHOM KaJlbKYJlHTOpe naKeTa STATISTICA v. 5.0 HeT 
,llHCKpeTHbIX pacnpe,lleJleHHH. IT03TOMY Bce BhlqHCneHHH, CBH3aH
HbIe C 3THMH pacnpe,lleneHHHMH, peaJIH3YIQTCH C nOMOmbIO BC'TpO
eHHhIX cPYHKUHH:, 3a,llaIOlUHX cPYHKUHIO BepOHTHOCTH H cPYHKUHIO 
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pacnpe,n:eJIemUl BhI6paHHOrO ,n:HCKPeTHOrO 3aKOHa pacnpe,n:eJIemUl. 
B qaCTHOCTH, Bbl'lHCJIeHIDI, CBH3aHHbIe C 6HHOMHaJIbHbIM pacnpe
,n:eJIeHHeM, BblIIOJIHHIOTCH C nOMOIllbIO BCTpOeHHbIX <PYJIKUHH 

binom(x,p,n)=C:px(l- p)n-x H 

ibinom(x, p, n) = tC~i(l- p)n-i, 
i~O 

X = 0,1, ... , n. 

IT p HMeq aHHe. B aHrJIOH3bl'lHOH JIHTepaTYPe no TeopHH Bepo
HTHOCTeH no,n: <PYJIKUHeH pacnpe,n:eJIeHIDI nOHHMaeTCH <PYJIKUIDI 
F(x) = P(X ~ x). B OTeqeCTBeHHOH JIHTepaTYPe <pyHKUHeH pacnpe
,n:eJIeHIDI HaJbIBaeTCH <PYJIKUIDI F(x) = P(X < x). 

PeIIIeHHe 3a,uaqH HaqHHaeTCH C C03,n:aHIDI nyCToH :,meKTpoH
HOH Ta6JIHI.lhI.):(mI C03,n:aHIDI ::nOH Ta6JIHI.lbI Heo6xo,n:HMO CJIe,n:YIO
IIlee. 

•	 B nepeKJIIOqaTeJIe Mo,n:yJIeH STATISTICA Module Switcher 
BbI,n:eJIHTb MO,n:yJIb Basic StatisticsjTables (OCHoBHbIe CTaTH
cTHKH/Ta6JIHI.lbI). 

•	 HaxaTb KHOnKy Switch to (nepeHTH B), pacnOJIOXeHHYJO B 
HHXHeH qaCTH nepeKJIIOqaTeJIH Mo,n:YJIeH. 

OTKPOeTCH pa60qee OKHO CHCTeMbI STATISTICA (pHC. IT.2.15). 

PRC. IT.2.IS. Pa6o'lee OKRO CRCTeMbl STATISTICA. 

B pa60qeH o6JIacTH OTlq)bIBilierOCH OKHa HaxO,n:HTCH 3JIeKTpOH
HasI Ta6JIHI.la, co,n:epxaIllasI ,n:aHHbIe, KOTopbIe HCnOJIbJOBaJIHCb B 
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npe,n:bIJJ:YI.IleM ceaHce pa60TbI C CHCTeMoH STATISTICA. ITPH nep
BOM 3anyCKe CHCTeMbI aBTOMaTHqeCKH OTKpbIBaeTcH 3JIeKTpOHHaH 
Ta6JIHI.la, co,n:epxaIllM <paHJI ADSTUDY.STA 2Sv * SOc, KOTOpbIH 
BXO,n:HT B Ha60p npHMepoB, nOCTaBJIHeMbIX C cHcTeMoH (HMeHHO 
nOT CJIyqaH H306paxeH Ha pHC. IT.2.15). 

•	 IIo,n:BecTH KYPCOp MbIIIIH K nYJIKTY File (<paHJI) H IIleJIKHYTb 
JIeBOH KJIaBHIIIeH MbIIIIH. 

•	 B MeHIO, OTKphIBilleMcH noCJIe IIleJIqKa MblIIIH, BbI6paTb 
KOMaH,n:y New Data (HoBbIe ,n:aHHbIe). 

OTKpOeTCH OKHO New Data: Specify File Name (HoBbie ,n:aHHhIe: 
onpe,n:eJIHTb HMH <paHJIa) (pHC. n.2.l6). 

(j d:\ 
E5I mathsoft 

':3 stat 
~ examples 
D sepath 
D stbasic 

ecify File Name 

PRC. IT.2.16. OKRO .HOBbIe AaHHbIe: Onpep;emrn. RWI «pafuI~ 
(Ha'laJIbHOe COCTOHHHe). 

•	 B nOJIe BBo,n:a File Name (HMH <paHJIa) OTKpbIBilierocH ,n:HaJIO

rOBoro OKHa New Data: Speciify File Name BBeCTH HMH BIN

DIST.STA. (3TO HMH npe,n:cTaBJIHeT C060H KOM6HHauHIO H3
 
HaqaJIbHbIX <pparMeHToB ,n:Byx CJIOB: binomial (6HHOMHaJIbHoe)
 
H distribution (pacnpe,n:eJIeHHe). MOXHO 6billO 6hI HCnOJIb30

BaTb H KaKoe-HH6y,n:b ,n:pyroe HMH, HanpHMep BD).
 

•	 HaxaTb KHonKy OK. 
B pa60qeH 06JIaCTH OTlq)oeTCH nyCTasI 3JIeKTpoHHasI Ta6JIHI.la, B 

3arOJIOBKe KOTOpOH 3anHcaHbI ee HMH H paJMep: Bindist.sta 
IOv*IOc (pHC. II.2.17). PaJMep Ta6JIHI.lbI IOv*IOc (10 cToJI6I.lOB-ne
peMeHHbIX*IO CTpOK-CJIyqaeB) H HMeHa nepeMeHHbIX VARI, VAR2, 
..., VARIO, KOTopbIe npe,n:nOJIaraeTCH XpaHHTb B Ta6JIHI.le, npe)J)lo
xeHbI cHcTeMoH no yMOJIqaHHIO. 

•	 ,[J;BaxJJ:bI IIleJIKHYTb JIeBOH KJIaBHIIIeH MbIIIIH no HMeHH nepe
MeHHoH VARI. 
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PHC. II.2.17. IIYCTlUI 3JIeKTPOHHlUI Ta6mma WUI 6HHOMHaJIbHbIX BepOHTHOCTeil:. 

OTKpOeTCH ~HaJlOrOBOe OKHO Variable 1 C OKHaMH BBo~a Name 
(HMH nepeMeHHOH), Column width (uIHpHHa cToJI6ua), Decimals 
(qHCJIO ~eCHTHqHbIX 3HaKOB nOCJIe pa3~eJIHTeJIbHOH TOqKH) , Long 
name (MHHHoe HMH) (PHC. II.2.18). 

•	 B nOJIe Name BBeCTH HMH nepeMeHHoH BEPORT. 
•	 B nOJIe Column width BBeCTH ~CJIO 6, a B nOJIe Decimals 

qHCJIO 5. 
•	 B nOJIe Long name BBeCTH 3HaK paBeHcTBa H HMH =Bi

nom(vO-l,O.4,5) <PYHKUHH BepOHTHOCTH 6HHOMHaJlbHOrO pac
npe~eJIeHIDI C 3~aHHbIMH napaMeTpaMH P =0.4 H n =5 (CM. 
pHC. II.2.18). 

PHC. II.2.18. 01010 cneUH<pHKaIUlH nepeMeHHoR .Variable b. 

•	 RaxaTb KHOnKY OK. 
Ra 3KpaHe nOHBHTCH ~HaJlOrOBOe OKHO Ccoo6111eHHeM Expressi

on OK (BblpaxeHHe npaBHJIbHoe) H 3anpocoM Recalculate the vari
able now? (<<IIepeCqHTaTb nepeMeHlIYIO?») (pHC. II.2.19). 

PHC. II.2.19. 

•	 RaxaTb KHonKY Yes. 
3JIeIcrPOHHaH Ta6JIHUa rrpHMeT BM, H306pIDKeHlIbIH Ha pHC. II.2.20. 

113 Ta6JIHUbi CJIe~yeT, qTO 

Po =0.07776, PI =0.25920, P2 =0.34560, P3 =0.23040,
 
P4 = 0.07680, Ps = 0.01024.
 

(CpaBHHTe 3TH pe3YJIbTaTbi C pe3YJIbTaTaMH perneHIDI npHMe

pa 2).
3aMe'laHue. IIPH perneHHH npHMepa 6BbNHCJIeHHe 6HHOMH

aJIbHblX BepoHTHocTeH oCYllleCTBJIHJIOCb C nOMolilblO BCTpOeHHoH 
<PYHKUHH binom(x,p,n), r~e x =0, 1, ... , 5, P =0.4 H n =5. IIPH 
:hOM B KaqeCTBe apryMeHTa 3TOH <PYHKUHH HCnOJIb30BaJlOCb Bblpa
xeHHe vO - 1, r~e vO - HOMep TeKYllleH CTpOKH 3JIeKTPOHHoH Ta6
JIHUbI. TaKHM o6pa30M, npH 3anOJIHeHHH nepBoH CTpOKH Ta6JIHUbI 
(T. e. npH vO = 1) apryMeHT x npHHHMaJI 3HaqeHHe 0 (x = vO - 1 = 
= 1 - 1 = 0), npH 3anOJIHeHHH BTOpOH CTpOKH (T. e. npH vO = 2), 

,,'IOlx 

.07776' 
:25'920 

34560' 
:2304if 
.07680 

01024 
o 0000
0.0000: 
0:0000 
0.0000!!!\-;-; , ....::.~.~<.',;;/"';_. ;'~'.' 

PHC. II.2.20. 3neXTPoHHlUI Ta6JIHua C6HHOMHaJIbHLIMH BepOHTHOCTHMH 
(p =0.4, n =5). 
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apryMeHT x npHHHMaJI 3HaqeHHe 1 (x = vO - 1 = 2 - 1 = 1) H T. A. 
B [35, c. 74, 79, 81, 82, 85-87, 90] B KaqeCTBe «)J)lHHHOro HMeHH» 
HcnOnb30BaJIOCb «HWI» binom(vO,0.4,5). B pe3ynbTaTe HH B OAHOM 
H3 npHMepOB He BbPlHCneHa BepOHTHOCTb Po = P(X = 0). 

IIpUMep 7. HaHTH HIDKHlOlO H BepXHlOlO OAHonpOu.eHTHble TOq
KH XH-KBa,n,paT-pacnpeAeneHHH IIHpcoHa CIIHTblO CTeneHHMH CBO
60AbI. 

,lL1uI peIlleHHH 3TOH 3a,n,aqH Heo6xoAHMO: 

•	 B nepeKnlOqaTene Mo):{yneif STATISTICA Module Switcher 
BbI.llenHTb Mo):{ynb Basic Statistics(fables. 

•	 HaxaTb KHonKY Switch to. 

•	 B OTKpbIBIlleMCH OKHe Basic Statistics and Tables BbI,llenHTb 
CTPOKY Probability calculator. 

•	 HaxaTb KHOnKY OK (HnH KnaBHIuy (Enter». 

•	 B OTKphIBIlleMCH OKHe Probability Distribution calculator, B 
cnHCKe pacnpeAeneHHH, yCTaHoBHTb KypCop MbIIllH Ha CTPOKe 
Chi I (XH-KBa,n,paT-pacrrpe.ueneHHe) H II.J.enKHYTb neBOH KnaBH-
IlleH MbIIllH. 

CnpaBa OT cnHCKa pacnpeAeneHHH nOHBHTCH 3CKH3bI rpa<pHKoB 
<PYHKI.J.HH rrnOTHOCTH (Density Function) H <PYHKI.J.HH pacnpe.uene
HHH (Distribution Function) XH-KBa,n,paT-pacnpe.ueneHHH IIHpcoHa, 
a Ha,n, rpa<pHKoM <PYHKI.J.HH pacnpe.ueneHHH OTKpoeTCH none BBo.ua 
df (deegres of freedom - qHCnO CTeneHeH cBo6o.ubI). 

•	 B none BBo.ua P BBeCTH qHCnO 0.01, a B none df - qHCnO 5. 

•	 HaxaTb KHonKY Compute. 
B none Chi I nOHBHTCH HH:x<:HHH o.uHonpOn;eHTHaH TOqKa 

x(~.O!) = 0.554285 XH-KBa,n,paT-pacnpe.ueneHHH C IIHTblO CTeneHHMH 
CBOOO.ubI. 

•	 B none BBo.ua P BBeCTH qHCnO 0.99. 

.• HaxaTb KHOIIKY Compute. 

B none Chi I nOHBHTCH BepXHHH o.uHonpOn;eHTHaH TOqKa 
xtO.OI =15.088091 XH-KBa,n,paT-pacnpe.ueneHHH C lliITblO CTeneHHMH 
cBo6o.uhI. TaKHM o6pa30M, C TOqHOCTblO .uo TPeThero .ueCHTlfqHOrO 
3HaKa . X(~.OI) = 0.554, XtO.OI) = 15.088. Ha pHC. II.2.21 npHBe.ueHbI 
rpa<pHKH lPYHKn;HH nnOTHOCTH H <pyHKn;HH pacnpe.ueneHHH 
XH-KBa,n,paT-pacnpe.ueneHHH ClliITblO CTeneHHMH cBo6o.uhI. Ha rpa
<pHKe OTMeqeHa BepXHHH o.uHonpOn;eHTHaH TOqKa XtO.Ol) = 15.088. 

IIpUMep 8. C<pOpMHpoBaTb nocne.uOBaTenbHOCTb H3 12 cnyqaH
HbIX qHCen, paBHOMepHO pacnpe.ueneHHhIX B HHTepBaJIe (0, 1). 

,lL1uI <pOpMHpoBaHHH TPe6yeMoH nocne.uOBaTenbHOCTH Heo6xo
.uHMO: 
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T:'\ , Probability Distribution Function Probability Density Function 
p=ichi2(x;5).;~	 y=chi(x;5) 

1.0 '" , 'LiJOI"'" I0.175 , , ( , I 

0.8 
0.131 

0.6 

0.087 
0.4 

0.044 0.2 

0.000 r , ,>Z, I 0.0 1/ , J.' ,I 

0.00 6.25 12.50 18.7525.00 0.00 6.25 12.50 18.75 25.00 

PRC. IT.2.2l. rpaIPmrn IPYHKURR IIJIOTHOCTR R IPYHKURR pacnpe~eJleHIDl 
XH-KBWaT pacnpe~eJleHIDl C IDlTbIO CTeneHJIMR cBo6o~bl. 

\"~II' • C03.uaTb rrycTYlO 3neKTPoHHYlO Ta6nHIJ;y H npHcBoHTb eH HWI, 

' 'i HanpHMep Sample1.
 
:, '
 • Ha naHenH HHcTPyMeHToB HaxaTb KHonKY Cases (cnyqaH).'11;'1 

;1 
, ',~1 •	 B OTKpbIBIlleMcH .uHaJIOrOBOM oKHe BbI6paTb KOMaH.llY Add••. 

(«)lo6aBHTb»). 
OTKpOeTCH OKHO Add Cases (<<)lo6aBHTb cnyqaH (CTPOKH)>» 

(pHC. II.2.22). 

11
i;~

PRC. IT.2.22. OKHO «,ll.o6aBRTb CTPOKH B Ta6Jlauy». 

• B none Number of Cases to Add (qHCnO ,llo6aBJUleMbIX CTPOK) 
BBeCTH qHCnO 2, a B none Insert after Case (<<BCTaBHTb nocne 
CTPOKH») - qHCnO 10. 

•	 HaxaTb KHonKY OK. 
B 3neKTPoHHYlO Ta6nHIJ;y SAMPLE1.STA.uo6aBHTcH .uBe .uonon-

HHTenbHble CTPOKH. 
• )lBa:x<:,UbI menKHYTb neBOH KnaBHllIeH MbIIlIH no HMeHH nepe-

MeHHoH VARI. 
OTKpoeTcH .uHanoroBoe OKHO Variable 1. 

l 
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• B nOJIe Name BBeCTH HMH nepeMeHHoH R (nepBasI 6YKBa CJIO
:;fBa «random» - CJIyqaHHhIH). 

•	 B nOJIe Column width BBeCTH 'IHCJIO 6, a B nOJIe Decimals 
'IHCJIO 5. 

•	 B nOJIe Long name BBeCTH HWI =Rnd(l) reHepaTOpa cTaH)l;ap
THbIX paBHOMepHbIX CJIyqaHHbIX 'IHCeJI (cJIY'!aHHbIX 'IHCeJI, 
pacnpe,lleJIeHHbIX paBHOMepHO B HHTepBaJIe (0, 1». 

•	 HaJKaTb KRonK}' OK. 
•	 B OTKphIBlIIeMCH ,llHaJIOroBOM OKRe STATISTICA HaJKaTb 

KRonK}' Yes. 

Ha 3KpaHe OT06pa3HTCH 3JIeKTPOHHasI Ta6JIHua SAMPLEl.STA, 
B nepBOM cToJI6ue KOTOpOH 3anHcaHhI 12 CJIyqaHHbIX 'IHCeJI CTaH
,llapTHOH paBHoMepHoH nOCJIe,llOBaTeJIbHOCTH (pHC. rr.2.23). 

iYil:f."/,'1.: 

PRC. II.2.23. IIocJIe,noBaTeJIbHOCTb CJIy'lail:HbIX qRCeJI, paBHOMepHO pacnpe,neJIeH

HbIX B RHTepBaJIe (0; I), CcPOPMHPOBaHHWI naxeTOM.
 

llpUMep 9. CcP0pMHpOBaTb nOCJIe,llOBaTeJIbHOCTb H3 15 CTaH)l;apT

HbIX HOPMaJIbHbIX CJIyqaHHhIX 'IHCeJI, T. ~. HOpMaJIbHhIX CJIyqaHHbIX 
'IHCeJI C MaTeMaTH'IeCKHM O)l(H)J;aHHeM 0 H CTaH)l;apTHhIM OTKJIOHe

HHeM 1. 
'{.l
:i!i,

):(.mI cPOpMHpOBaHHH Tpe6yeMoH nOCJIe,llOBaTeJIbHOCTH Heo6xo '.~
,llHMO: 

•	 C03,llaTb rryCTyIO 311eKTPOHHyro Ta611HUY H npHCBOHTb eH HMH 
Sample. 

•	 Ha naHellH HHCTpYMeHTOB HaxaTb KRonK}' Cases (<<clIyqaH»). 

•	 B oTKphIBlIIeMCH ,llHaJIOrOBOM OKRe BbI6paTb KOMaH,lly Add••• !if 
( «,l106aBHTb») . :·,l~.' 

'I 
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• B OTKpbIBlIIeMCH oKRe Add Cases, B nOJIe Number of Cases to 
Add BBeCTH 'IHCJIO 5, a B nOlle Insert after Case - 'IHCJIO 10. 

•	 HaJKaTb KRonK}' OK. 
B 3JIeKTPoHHyro Ta6JIHUY SAMPLE.STA ,l106aBHTcH IDITb ,llO

nOJIHHTeJIbHbIX CTpOK. 

•	 LJ:BaJK,llbI meJIKRyTb lIeBOH KJIaBHlIIeH MbIlliH no HMeHH nepe-

MeHHoH VARI.
 
OTKpOeTCH ,llHaJIOrOBOe OKRO Variable I.
 

•	 B nOJIe Name BBeCTH HMH nepeMeHHoH Z. 
•	 B nOJIe Column width BBeCTH 'IHClIO 8, a B nOlle Decimals 

'IHCJIO 4. 
•	 B nOJIe Long name BBeCTH HMH =Vnormal(Rnd(I),O,I) cPyHK

UHH, cPopMHpyromeH nOCJIe,llOBaTeJIbHOCTb cTaH,llapTHbIX HOp
MaJIbHbIX CJIyqaHHbIX 'IHCeJI, T. e. CJIyqaHHbIX 'IHCell, pacnpe

,lleJIeHHbIX no HOpMaJIbHOMy 3aKoHy C napaMeTPaMH 0 H 1. 

•	 HaJKaTb KRonK}' OK. 
•	 B OTKpbIBlIIeMcH ,llHaJIOrOBOM OKHe STATISTICA HaJKaTb 

KRonK}' Yes. 
Ha 3KpaHe oTo6pa3HTcH 3JIeKTPOHHasI Ta6JIHua SAMPLE.STA, 

B nepBoM cToJI6ue KOTOpOH 3anHcaHbI 15 CJIyqaHHbIX 'IHCeJI CTaH

,llapTHOH HOpMaJIbHOH 

'liDa'a SAMPLE STA 10. '150 

-3,0230, 
2 ,1601 
3 -,8658' 
'4 ,8733 
5 2147 
6 - 0505 
7 - 3845 

1 2589 
,9262 
6638
 

-,9381
 
1, 0756 '
 

13 ,5549
 
14 ,0339
 
15 -,5129
'-:1 ' ." 

nOCJIe,llOBaTellbHOCTH (pHC. rr.2.24). 

1!!I~13.' 

,,~ 

PRC. II.2.24. IIoCJIe,noBaTeJIbHOCTb CTaH,napTHblX HOpMaJIbHbIX CJIy'lattHhIX qHCeJI,
 
C!pOpMHpOBaHHWI naKeTOM.
 

"Ii. IIito.. 1-" 
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B. P8cnpeAeneHHfI C B03MO)/(HbIMH 3H8'1eHHflMH 
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