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I'maBa 9. CTATUCTUYECKOE MOJEJIHUPOBAHUE
ITAPAMETPOB KOHCTPYKIIUU U
TEXHOJOI'MYECKUX IMTPOLHECCOB

9.1. CtaTucTHYECKOE MOJEJUPOBAHNE KAK METO/
HCCJEJOBAHUA MAPAMETPOB KOHCTPYKIMHA
U TEXHOJOTMYeCKHUX MPOLeccoB

Kak ormMeuanoch panee, OOJBIIMHCTBO NMEPBUUYHBIX MapaMeTPOB B
KuTPOC saBnsworcsa canyvyailHnsiMu. [Io 3TOM mpuyYMHE ClIy4YalHBIMU SIB-
JSI0TCA U BBIXOJAHBIE apaMeTpbl. YTOOBI HcCeq0BaTh NOBEJEHUE KOH-
CTPYKLUUH HMIM TEXHOJOTMYECKHUX MPOLECCOB, HAAO HAOIOAATH U3-
MEHEHHE UX BBIXOJHBIX IapaMeETPOB.

HNcnonp30BaHne i1 3TUX LEJNEW pPEaJbHbIX KOHCTPYKUUU HIH
TEXHOJIOTUYECKUX MPOLECCOB B OOJBIIMHCTBE CIy4aeB 3KOHOMHUYECKHU
HE ONpaBJAaHO MJHU 3aTPYJHEHO MO TEXHUYECKHUM M JPYyruM coobpaxe-
HUSIM. D(Q(PEKTUBHBIM CIOCOOOM pEIIEHUs yKa3aHHBIX 3aJay sBISETCSH
UMHUTALUOHHOE (CTATUCTUUYECKOE) MOJEIUPOBAHHUE.

I[Ipy UMUTAaMOHHOM MOJEJIMPOBAHHUHU IOJYYaKOT CIydalHBIE pea-
JU3alUyu MIEPBUYHBIX napamMeTpoB. Mes 3Tu peanu3anuu U 3Has MaTe-
MAaTUYECKYIO MOJE€Ib KOHCTpYKUUU POY HIM TEXHONOTHMYECKOTO MpPO-
necca, MOXHO NPOCIEIUTh KAaK H3MEHSAETCS HUX BBIXOJHOW IapaMmeTp.
MHOroKpaTHO NOBTOpAKOIIEECS UMUTAMOHHOE MOJEIUPOBAHUE MOXKET
ObITh HAa3BAaHO CTATUCTUYECKUM, TaK KaK 00 HCCIEIyeMOM BBIXOJHOM
rapaMeTpe IOJYy4arT CTaTUCTUYECKHE AaHHbIe. Mcmonb3ys mosiydeH-
Hbl€ JaHHBbIE, MPU HEOOXOJAMMOCTH MOXKHO OI[€HUTb OCHOBHBIE CTaTH-
CTUYECKHE XapaKTEPUCTUKHU BBIXOJHOIO IlapaMeTpa — CpeJHee 3Haude-
HUE U CPEHEE KBAAPATUYECKOE OTKJIOHEHHUE.

CraTtucTuuyeckoe MOAEIUPOBAHUE IApaAMETPOB JOJIKHO BBINOJI-
HATBCSA C YYETOM CIYYaMHOCTH IapaMeTpOB, JHANAa30HOB MX BO3MOXK-
HbIX 3HAYEHHUW W 3aKOHOB pacupegeieHusd. JIcHo, 4To yeM Ooiblue pea-
AW3alUid MEePBUYHBIX MapaMeTpPOB Mbl NOJYYHJIHU, TeM OOJbLIE CTa-
TUCTUYECKHUX JAaHHBIX OyaeM uUMeTb U O BbIXOAHOM. CienoBaTelibHO,
NOCTOBEpHEe OyIyT OmNpelesieHbl OCHOBHBIE XapaKTEPHUCTUKHU BBIXOJ-
HOTI'O mapamerpa.

[Ipy UMUTALMOHHOM (CTaTUCTUYECKOM) MOJEIMPOBAHUU HMHUTH-
PYIOTCS BEPOATHOCTHBIE XapPAKTEPUCTUKHU U CBA3U IapaMeTpoOB, IOITO-
MY TaKO€ MOJEJIUPOBAHHUE HA3BIBAIOT TAKKE BEPOSITHOCTHBIM.

[lIupokoe BHenpenue DBM co3pano xopomue NpeaAnOChIIIKA JJIs
CTAaTUCTUUYECKOTO MoJeiaupoBaHus napametrpoB B KuTPOY. Hanuuue
B COCTaBe MaTeMaTudeckoro obecmeueHus OonbmuHcTBa OBM 610-
JUOTEYHBIX MPOTrpaMM MHOJYYEHHs CIy4dalWHBIX 4YyUCeNl (AATYUKOB CIY-
YaWHBIX YHMCEN) MO3BOJSIET OBICTPO pelIaTh MPHUKJIAJHbIE UHXKEHEPHbIE
3ala4yu.
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9.2. OCHOBBI MOJACJTHUPOBAHUSA CJAYYAUHBIX MapaMeTPOB

3HaYeHusl CcJyd4alHOro mnapamMeTpa HNpeACcTaBISIOT co00il uucia.
Ecnu cinydaliHblli mapaMeTp sABJISIETCS HENPEPBIBHBIM, UTO U UMEET Me-
CTO B OOJIBIIMHCTBE CJIyyaeB, 3TH YHUCJIAa MOXHO paccMaTpuBaTh Kak
JUCKpPETHBIE OTCYETHl clydalHoro mapamerpa. CraTucTHYeCcKOe MoOJe-
JUPOBAHUE NAapaMEeTPOB COCTOUT B I'€HEPUPOBAHUU CIy4YalHBIX YHUCEI,
OpUYeM OHHU JOJIKHBI OBITh MOJYYEHBl C Y4E€TOM XapaKTEpUCTHUK Ila-
paMeTpoB (CpEeJHEro 3HaAYEHHUs U CPEJHEro KBaJApaTU4eCKOTO OTKJIOHE-
HUS) U 3aKOHOB HUX pacHpeIeIeHus .

I[lonyyeHne HUCTHUHHO CIy4aWHBIX YHCEI SBIIETCA JOCTATOYHO
CJIOKHOU 3aJayeil, IOATOMY B MHKEHEPHON NPAKTUKE OTPAHUUYUBAIOTCH
NOJYYEHHUEM IMCEBAOCIYyUYalHBIX (MIOYTH CIAYYAaWHBIX) YHUCEN, KOTOPbIE B
OCHOBHBIX YepTax MOX0KHU HA UCTUHHO CIIy4YalHBIE.

ANTOPUTMBI U NIPOTPAaMMBbl MO3BOJSAIOT MOJy4aTh Yalle BCEro Ciay-
yailHple 4yucJia r, paBHOMEPHO pacmnpeneseHHbie B uHtepBase (0...1),
au0o0 4uciaa X, C HOPMAaJbHBIM pachpelleieHueM, MaTeMaTUYECKHUM
oxuaanuem m=0, U CpeIHUM KBaJpaTUYECKUM OTKIOHEHUEM G = I.
I'paduku nuotHocTEW M QyHKUUH pacnpeneseHuss Uil yKa3aHHBIX CHy-
YallHBIX YMCEJ MoKa3aHbl HA puc.9.1 u 9.2.

Ar w(r wh)
X
T T T T T T >
> 3 2 40 1 2 3
0 1 r
CONRE :
1
05 [---------------- .
| x
0 0 I T T I T T T >
0 1 4 2 4 0 1 2 3
Puc.9.1. I'padukn niaoTHocTH Puc.9.2. I'padpuku niaorHocTn
pacnpesejieHusi 4 pyHKIHH pacnpenegaeHuss 1 QYHKIUH
pacnpeneJaeHus 1l PABHOMEPHO pacnpeaejeHus st HOPMAJIbHO
pacnpeJeJeHHBIX CJOYyYalHbIX YHCeJ pacnpeaeleHHbIX CJIy4aliHbIX
B uHTepBaJe (0...1) ynces ¢ napamerpamu m=0, o=1

[IceBpociyyailHble paBHOMEPHO pacHpepeleHHble 4YHciaa B HH-
tepBasie (0...1) va 9BM mnonyuyaroT 0OBIYHO ¢ MOMOIIbI BCTPOCHHBIX
byHKuui unm O6ubnuoredHblx noamnporpamm. Hampumep, B beiicuk-
uHTepnperarope — 3T0 (GyHKUUs RND, B anrOpUTMHUYECKOM SI3bIKE
[Tackanp — 310 QPyHKUUA random, B PopTpaHe, OPUEHTUPOBAHHOM Ha
9BM EC, — nmoagnporpamma RANDU.
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BeluncinurenbHble alropuTMbl nojnyudeHuss Ha OBM mnceBnpociy-
YyalHBIX paBHOMEpPHO pacrpeneieHHbiXx B uHTepBane (0...1) cnyuyaillHbIX
yucea nmoapoOoHo paccMoTpeHbl B paborte [35].

[IceBpocnyualiHbple HOPMAJbHO pacHpeleTeHHbIE CIy4YalHbIE YHC-
na ¢ napamerpamMu m = 0 u 6 = | moayyarT U3 paBHOMEPHO paclpeje-
JEHHBIX, HanpuMmep, mo popmyne [33]

20
x, =0,7745967| > r.—10 |
i=l1
rjae r; — NCEBAOCIYyYalHbIE YHUCa C pABHOMEPHBIM 3aKOHOM pacmpeje-
nenue unteppase (0...1).

B BeiunMcauTENbHBIX cUcTeMaX MHorux OBM HopwmalibHO pacnpe-

neeHHble yucha ¢ napamerpamu m = 0 u 6 = 1 moxydaroT no popmyie

12
X, =216,
i=1

Cnyualinbpie 4yucla, pacnpeaelecHHble MO APYTrUM 3aKOHaAM, MOTYT
OBITh MOJYUYEHBl C NOMOIIbI AHAJIUTUYECKUX MpPeoOpa3oBaHUN U3 paB-
HOMEPHO pacHpelleIEHHbIX ciayyailHbix uyucena B auamnaizone (0...1) unwm
M3 HOPMAJbHO paCHpPEIEIEHHBIX CIYyYalHBIX YHUCEN C IapamMeTpamu
pacupeaenenuss m = 0 u o =1 [33].

9.3. MoaeanpoBaHue CHOYYalMHBIX YHCEJ C
HOPMAJILHBIM pacrnpejaejeHueM

Jng MmonenupoBaHUS YHUCEN C HOPMAJbHBIM pacHpeleIEeHUEM HC-
IIOJIb3YIOT PAaBHOMEPHO paclpeaeieHHbIe CllydalHble Yhciaa B QUanas3o-
He (0...1). BeruncnurenbHble aJTOPUTMBI MOJYUYEHHSI YUCEN C HOPMaJb-
HBIM pacnpeieIeHUEM OCHOBAHBI HAa peaJn3alUM NPSIMOTr0 METOAA HIH
METOJE, UCIOJIB3YIIEM HEHTPAIbHYIO IPEICIbHYIO TEOPEMY.

[Ipu npssmMoM MeTOonEe MOJECIMPOBAHHUSA HCIOJB3YIOTCA CIELUANb-
Hble (HOpMYJIBl, MO3BOJSAIOINIMNE NpPeoOpa3zoOBbIBATh Mapy HE3aBUCHUMBIX
paBHOMepHBIX B auana3oHe (0...1) yucen r; u r, B mapy HEe3aBUCHUMBIX
HOPMAaJIbHBIX YUCEH Z| U Z3:

z, =+/—2Inr cos 2,
z, == 2Inr s 2w

[lonmy4yaeMble yHuClla z; U Z; SBIAKTCSI JUCKPETHBIMU NPEACTABUTE-
JSMHU HENPEPBIBHOW HOPMAJbHO PACHPEAECICHHOMN CIYy4YalHOU BEJIHUYU-
Hbl C MaTeMaTH4YecKUM oxunanueMm M(z) - O u cpeaHuM KBajpa-
TUYECKUM OTKJIOHEHUuEM 6(z)=1, T.e. ciiyuallHOM BEJIUUYUHBI C MapaMeT-
pamu m = 0 u o = 1, Ha3pIBaeMOil OOBIYHO CTAHJAPTHOWU HOPMAJBHO
pacnpeneieHHOW CIyYahHOW BEJIUYUHOM.
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MeTon 4YyBCTBUTEJEH K KOppEIsSUHH 4Yucen r; U rp. Junsa yBe-
PEHHOTO HUCKIIOUYEHUS BO3MOYKHOU KOPPEISAUUU PABHOMEPHBIX YHUCEI ¥
U 7, UX IeJeCO000pa3Ho MoJiyyaTh ¢ MOMOIIBIO Pa3JIUUYHBIX MPOTPAMM.

HopmansHO pacnpenelieHHY CIy4YalHYK BEIMYUHY X C MPOU3-
BOJILHBIMU MapaMeTpaMu m U G MOJIy4aloT, UCTIOJB3Yysd GOopMyTTy

X =0z + m, (9.2)

rae z — cTaHJapTHasi HOPMAaJbHO pacHpeneleHHas  ciydailHad
BenuunHa (m =0 uoc = 1).

[loscauM Temepbp METOX MOAEIUPOBAHUS, MCHOJB3YIOMIUN IEH-
TpaJIbHYIO MpeaeNbHyo Teopemy. CorimacHo 3To TeopeMe cyMMma J0cC-
TaTOYHO OOJBIIOTO KOJMHYECTBA OJMHAKOBO pacHpe/eIeHHBIX CIydai-
HBIX BEJIIMYUH UMEET 3aKOH paclpeaeneHus, OMU3KUNH K HOPMaJIbHOMY.

PaccMoTpuM cymMMy #n HE3aBUCHUMBIX CIIydalHBIX BEJIMYHUH

ri(i=1, ..., n) c pABHOMEPHBIM paclpegaeIcHUECM:
x = . (9.3)
i=1

B cooTBeTCcTBHHM C TeOpeMaMHu O CIOXEHUH MATEMATUYECCKUX OXKHU-
JaHUM U JUCHEepCUuil HE3aBUCUMBIX CIIy4aWHBIX BeAWYUH [7] nas x
MOJKHO 3aIluCcaTh:

n
m X = Z m ri = nm r
=1
, " ; , [ (9.4)
6, =) 6,,="n6
i=1 )
rape€e m, 1 6 — MAaTEMATHUUYECCKOC OXKHNOAAHUEC U CpeI[Hee KBaﬂpaTquCKoe

OTKJIOHEHHE PAaBHOMEPHO pPACHPEAECIECHHON CIy4YalHOU
BennuuHbl B nuana3one (0...1);

my, Ox — MAaTCMATH4YCCKOC OXHNAAHHUC U CPCAHCKBAAPATHYCCKOC
OTKJIOHCHHC X.

[IpoHOopMHEpYyeM cCAy4YaWHYH BEJIWYHHY X TaKUM o00pa3zom, 4TOOBI
MOJIYYUTh CTAHIAPTHYK HOPMAaJIbHO PAaCHpPEICIECHHYI CIy4YalHYHK Be-
au4yuHy z ¢ napamerpamu m=0 u ¢ = 1. s 3TOro Bocnojib3yemcs BbI-
paxeHueM

z = —. (9.5)
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[TogctaBuM B naHHyw ¢opmyny BeipaxkeHue (9.3) u (9.4), nony-
qAM

Lo i . (9.6)

N3BecTtHO [7], 4TO AJIE paBHOMEPHOTO pachnpeaeieHus B UHTEepBa-
ae (0...1)cnyyaliHON BEJIUYUHBI

m,=0,5 o,=
r M M v .
2~/3
C y4eTOoM 3TOr0 MOJYUYHUM:
n
Y orp—n/2
i=1
z = : (9.7)
~n /12
Uem Oounbine ciaraeMbix B BeIpaxkeHuu (9.7), Tem nydiie npu-
ONMKEeHUE K HOpMaJlbHOMY 3aKkoHy ¢ nmapamerpamu m = 0 u 6 = 1. Uc-
cJeloBaHUS MOKa3alid, 4To npu n=12 mMeToq o0ecneuyrnBaeT JOCTATOUYHO
xopotmee npubnmxkenue. @opmyna (9.7) B 3ToM ciaydae IpUHUMAET BU]

12
z=2r—6. (9-8)

i=1

Yucna x, uMeromue HOpPMalbHOE pachpejielieHue C JIObBIMH Ta-
paMeTpamMu m, U Gy, MOJYyYalT, KakK

12
x=0.z+m,=06,.r—-6)+m,. (9.9)
i=1

9.4. MeToAbI MOJYYECHHUS CAYYANHBIX YHCEJ C JHOOBIM
3aKOHOM pacnpeaeJieHUus

OCHOBHBIMU METOJIaMH, UCIOJb3YEMBIMU Ha MPAKTHKE, SBISIOTCS
cleayoume:

oOpaTHOTrO NpeoOpazoBaHUs;

oT0opa (MCKJIIOUYCHUS);

Henmana;

MOJEIMPOBAHUS C MOMOIIBIO MOPATKOBBIX CTATUCTHK;

CyNneprno3ulluu.

DTHU METOJBI MOAPOOHO paccMOTpeHHl B [35].

[Tosscuum wmetom oOpatHoro mnpeoOpazoBanusi. OH OCHOBaH
Ha TeopeMe: eciM CcliydallHas  BeJWYHMHA X HMEET TMJIOTHOCTh
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pacnpenenenus w(x), ToO pacupegeleHne clydyailHON BEIUUYUHBI ¥

r=F(x)= jfw(x)dx (9.10)

— 0

Oynet paBHOMepHBIM B untepnaine (0...1).

Ecnu ¢ynkuusa F(x)HenpepbiBHa, TO CYWECTBYeT oOparTHas eil
dyukuus F'(r). TlosToMy, 4TOGB MOIYYHTH YHCIO, NPHHAMIEKAIIEE
Cliy4yallHOW BeJNMYMHE C MIOTHOCTHIO pacupeneneHus w(x), HyXHO pe-
muTh ypaBHenue (9.10) oTHOCHUTENBHO

x=F'(r). (9.11)

I'paduueckas mHTepmpeTanus MeToja obpaTHOro mpeoOpa3zoBa-
HUA MOHSATHA U3 puc.9.3.

KonkpeTHsili cmoco® pemeHus
ypaBHenus (9.10) BeiOupaetcs
NpU PaCCMOTPEHUHU CBOUCTB (PyHK-
nuu w(x). HMHorma okxa3bsiBaeTCH,
IF—-————————== 4yTo pa3pemuTh ypaBHeHue (9.10)
OTHOCHUTEJBHO X HE npem-
r CTaBJsieTCSd BO3MOXHBIM, HaINpH-

Mep, Korja uHTerpaas oT w(x) He
= = - BBIPAXKACTCA Yepe3 dJICMEHTAPHbBIC

Puc. 9.3 K nosicHeHUto MeToAa byHKIHM.
obpaTHoro npeo6pasoBaHusa ITonyuuThs yaoOHBIE IS BBIYMC-
aeHuss GOpMyJbl TMO3BOJSIET am-

npokcumanusga GyHKIUN w(x) uau
F(x) MHOTOYJIEeHAMU U psAJaMHu.
Takum oO6pa3zoM, €cClii Mbl XOTUM MOJEJIUPOBATH ClydyalHbIC YUCIa
¢ ¢yHknueu pacnpeaesenus F(x), To MOXHO MOCTyNaTh Tak:
1) cMonenupoBaTh 4YHCIO 7, UMEIOIIEEe paBHOMEpPHOE pacnpeiene-
Hue B auamnaszone (0...1);
2) yuciao ¢ 3aJaHHBIM 3aKOHOM paclpeleleHUNd TMOJy4YUTh IO
bopmysie oOpaTHoro npeobpazoBanus (9.11).

x=F"'(r).

MIpumep 9.1. [lonyuutp MeTOAOM O0OpaTHOTO TNpeoOpa3zoBaHUS
bopmMyny Ans MOJAECTUPOBAHUSA CIYUYaWHBIX YHUCET C DKCHOHEHIIHAb-
HBIM pacupeaeeHuEeM, MIOTHOCTh pacIpeeeHUs IJIsI KOTOPOTO

w(x)=re™; x=0; A>0.
Pemenne. 1. [To popmyne (9.10) nonyuaem

r=F(x)= Iw(x)dx = J‘Xe_xxdx =l-e™
0 0
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2. Pemaem MOJIYYCHHOC YPABHCHHUC OTHOCHUTCIIbHO X!

1
=——In(l-r).
¥ == In(l-r)

Ecnu BenuuuHa r paBHOMEpPHO pacnpenesieHa B untepsaiue (0...1),
To u (l— r) Takke paBHOMEpPHO paclpelieeHa B TOM € HHTEpBale.
[ToaTOMY nast MOAENUPOBAHHUSA YHUCEI X C DKCIIOHEHUMAJbHBIM pacrpe-
JE€JIEHUEM MOJXHO MOJb30BaThCs 00Jiee KOMNAKTHBIM BhIpaXE€HUEM

x=—1—1nr.

B 1a61.9.1 MNpUBCACHBI BBIYHUCIIUTCIIBHBIC AJITOPUTMBI IMOJIYUYCHUA

CIy4YauHBIX

qHUCCIl

C 3aKOHaMH

pacnpeaesieHus,

IUPOKO HC-

NOJIb3YEMBIMH MPU MPOEKTUPOBAHUMN KOHCTPYKIHUN U TexHoJoruu POY.

Tabmauma 9.1

BrluncauTtenbHble aATOPUTMBI NOJYUYEHU CIy4YalHBIX uyuces [33]

3aKkoH pacmnpenaene-

MartemMaTu4eCcKOe BBIPAXKEHHUE

Cnoco6 mnonyue-

napaMeTpaMu m U ©

HUS CIyYaHBIX MIOTHOCTH pacTpeaeeHus HUS  CIyYaWHBIX
qHcen qucell
> 1 a < X < b !
PaBHomMepHBIH B wx) =13 , S X3 X = (b — CZ)I’ +a
uHTepsane [a, b] Ba x<a wm x>b
9
HopmanpHbIil C (x—m)? '
1 T X =x,0+m
MPOU3BOJIBHBIMU 26

W(X) = me

DKCMOHEHIUAJIbHBIH
C mapaMeTpoMm A

w(x)=ke ™, x>0

1
x'=——In(l-r
(L =r)

Jlorapudmuuecku
HOPMAaJbHBIN C Ia-
paMeTpaMu m U G

(Inx—m)?

2672

1
— ¢
OX~N 27T

w(x) = , x>0

r_ ecxH+m

Beilibynna c mapa-
MeTpamMu p u ; B —

¥ P

x' = [—11n(1 —r)]"P
p

kodppuuuent w(x)=ppxPle ™ x>0
bopMBI
B 1a61.9.1 npuHATH cienymiue 0003HAYCHUS:
X — TEeKyllee 3HAa4Y€HHUE CIy4YalHOW BEIWYMHBI (CIy4yalHOTO mapa-
MeTpa);
x' — cinydyalHO€ YHCJIO;
¥ — paBHOMEPHO paclpelieIEHHOE CJy4YalHOe YHUCJI0 B JUana3zoHe
(0...1);

Xy — HOPMaJIbHO paclpeleIEHHOE clydyallHOe YHUCIO ¢ TapaMeTpaMHu

m=0wuo=

1.
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9.5. MoaeJupoBaHue TUCKPETHBIX CIAYy4YaWHBbIX
BeJNYHH

I[IycTh x ciyyailHasi TMCKpETHAs BeIWYMHA, HAIPUMEDP, KOJIHUUYECT-
BO O0TKa3oB POV 3a kaneHnapHslii mepuoa. bygem cuuTaTh, 4TO OHA
NPUHUMACT 3HAYCHHUS X; ¢ BEPOSATHOCTAMU p;, i =1, ..., k-

3aKOH pacnpelelieHUusl CIy4YalHOW JAUCKPETHOW BEJIMYHHBI MOXKET

OBITH IPEJCTaBJICH PIIOM pacupeneneHus (1a6m.9.2).
Tabnuma 9.2
Psap pacnpeneneHuss TUCKPETHON CIyYalWHOW BEJIHYHUHBI

Xi X1 X2 X

Pi P1 %) Pk

3nech x; <x; <...<X; — 3Haye€HUA, KOTOPbIE NIPUHUMAET X C

BEPOSATHOCTSIMHU P, P2, ..., Pr COOTBETCTBEHHO.
OyHKUHUS pacnpeneseHuss CIy4YauHOW NUCKPETHOW  BEJIUYUHBI
MOYXET OBITH MOJIydeHa KakK

F(x)=0 mpu x<x;; F(x,,)=> pi;s s=1,.,k.
i=1

2T
| B EnEnRE TR OYyHKIUSA pacnpeieacHus Jo-
PIPHD} . | 00 JNUCKpETHOW CciydalHOMU
! ! : BCJIMYMHBI €CTh  pa3pbIBHAA
P1HP2 - ! ! o1

! . . : yneHuatas GpyHkuusa. Ckauku
Pl T : : 3TOW (QPYHKIHUU MPOUCXOISAT B
— : : TOYKaX, COOTBETCTBYIOIIUX
¥ . vV ' ’ »3HAYECHUSAM CJIYy4YalHOW BeEJU-

X1 2 B o x(k)  x(kt) YUHLI ¥ PABHBI BEPOATHOCTAM

3TUX 3HaueHuul (puc.9.4).
Puc.9.4. ®ynkuus pacnpeneneHus
AUCKPETHOW BeJTHYHMHBI

CnyyaiiHyl0 JAHUCKPETHYIO BEJIHWYHHY X C 3aKOHOM pacIlpejene-
HUS F(x) MOXHO CMOJEIMPOBATh C MOMOIIBIO 0OpaTHOro npeodpa3oBa-
Hus (9.11).

N3 popmynsr (9.11) cnenyer, 4To 4MCIO X C 3aKOHOM paclpene-
neHus F(x) paBHO Xx;, T1e UHAEKC S ONpPEENsIeTcsd HEPABEHCTBOM

s—1

2. pPSr<) p.
i=1

i=1
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Torma mpocTeWIIMN BBIYMCIUTEIBHBIM AJITOPUTM MOJAEIUPOBAHUSA
CIy4YalHON NUCKPETHOU BEJIMYUHBI UMEET CICAYOUUN BUL:

l.ecom r < p; = x = x,;, uHaue

2.ecrm ¥ < py+ p, > X = Xx,, WHa4e

S
S.ecmu r <) p,—> x=x,, HHaYC (9.12)
i=1
ko1
k—1l.ecom r <) p,—> x=x,_,, uHaue
i=1

k.x=x,.

9.6. MoaeanpoBaHHue COYYalMHBIX YHCEJI
¢ OMHOMHUHAJBHBIM pacnpeaejeHUEM

Ecnu npou3BOAUTCS n HE3aBUCHUMBIX ONBITOB, B KaXXJOM M3 KO-
TOPBIX COOBITUE A TOSABISIETCA C BEPOSTHOCTHIO p, TO BEPOSATHOCTH TO-
ro, 4To coObITHE 4 MOSIBUTCS POBHO m pa3, BeIpaxaercsa Gopmynon

p,,=C'p"q"", (9.13)

m

rneqg =1-p.

OTta QopMmysa ONUCHIBAET, KaK paclnpelensoTcs BEpOSTHOCTHU
MEXJY BO3MOXHBIMU 3HAYEHUSMU HEKOTOPOU CIy4aWHOUW BEIUUYUHBl —
KOJIMYECTBA MOSABICHUN COOBITUS A B 1 ONBITAX.

B cBs3um ¢ Ttem, uro BeposTtHocTH P,,, Mo GopmMe ImpeacTaBISIOT
co6oi#l uneHsl pa3noxeHnus oOumHoma (¢ + p)" pacupeneneHue BEpPOSITHO-
cret Buaa (9.13) Ha3piBalOT OMHOMUHAJIBLHBIM paclpeeIcHUEM.

Kosppunuenrsr C,' moacuuTsiBaroT mo Gpopmyie

!
cr=—=>" (9.14)

Cml(n-m)!”

bUHOMUHANIIBHOE paclpeieeHne NPUMEHUMO, HAIPUMEpP, K TaKO#
CJIly4allHOW JUCKPETHOW BEJIHMYMHE, KAK KOJMYECTBO m OTKa3aBIIUX
POV npu ucnbiTaHUK 1 3K3EMIUISIPOB 3TOT0 YCTPOUCTBA.

Jns MoaenupoBaHUs CIy4YyalHBIX yucesl ¢ OMHOMUHAJbHBIM pac-
NPEACICHUEM MCHOJIB3YKOT IIOCJIEI0BATEIbHOCTh CTAHAAPTHBIX pPaB-
HOBEPOSATHBIX uyucena. CXxeMy HE3aBUCUMBIX HUCHBITAHUHN JIETKO MOJe-
JUPOBATH MYTEM MMUTALUU MOCIEAOBATEIBHOCTH COOBITUH A;:

A, =(r,<p) i=1,.., n. (9.15)
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Ecnu moncuuraTh KOJMYECTBO COOBITHI, MMEBIIUX MECTO NpHU
n-KpaTHOM HCIIOJIb30BaHUU BbIpaxkeHus (9.15), To monyuum peanusa-
WY MTapaMeTPOB M ¢ OMHOMUHAJIBHBIM paclpeaeICHUEM.

Ykazanuas mporeaypa MoJeJIupoBaHUsS yaoOHa ais HEOONbIIUX
3HauyeHU n. Jlng OOABIMIMX 3HAYEHUW 7 MOXKHO HCIOJIB30BAaTh HOP-
MaJbHYI aNNpOKCHUMAIlUI OWMHOMHHAIBLHOTO 3akoHa. Ilpu sTom ma-
paMeTpbl HOpMaabHOTO 3aKOHA M,, U G, HaJ0 NPUHATH, KAK

M, =np; o, =+np(l-p). (9.16)

Ecau p npu Oonpmiux n MMeET MOPANOK, OMU3KUU K 3HAYEHHIO
1/n, nu6o p < 0,1, OMHOMHMHAJILHOE paclnpejesieHne CXOJUTCS K pac-
npeaenenuto [lyaccona ¢ mapamerpom A = np .

9.7. MoaeaupoBaHue CJHAYYalHBIX YHCea C
pacnpenejsenuem Ilyaccona

PaccmoTpum mpoctedmuii moTok coOwituii. Hampumep, mpume-
HUTEJIbHO K TEXHOJOTHH, — ITO OJIOKM ammapaTypbl, CXOASAIIHE C yya-
CTKAa HAaCTPOWKM MOCJIE MX JAUATHOCTUPOBAHUS U PEryJHUPOBKHU. Brinme-
JUM  TNPOU3BOJBHBIM  y4aCTOK
mInHOM T (puc.9.5).

N Ha pwuc.9.5 Toukamu Ha Bpe-

R v MEHHOM OCHU MOKa3aHbl MOMEHTHI

0 t BBIXOJA C YydYacTKa HAaCTPOMKH
T o6nokoB. Ecim moTok moauuHs-

Puc. 9.5. K nosicHennio pacnpeneneHus cred  yCIoBMAM - CTalMOHApHO-
IMyaccona CTH, OPAMHAPHOCTH MU OTCYTCT-

BUS IMOCJIEICUCTBUS (cM.

pa3n.8.2), To yucio O6JI0KOB, COMIENIINX C y4acTKa HACTPONKHU Ha Bpe-
MEHHOM HWHTEpBalie T, pacmnpeneyieHo no 3akoHy Ilyaccona ¢ martema-
TUYECKUM OXHJTaHHEM

a = AT, (9.17)

rae A — MIOTHOCTh MOTOKA OJIOKOB, BBIXOAANIMX C y4acTKa HACTPOUKH
3a €IMHULlY BPEMECHHU.
BeposaTtHocTts TOTO, UTO 32 BpeMs T COWJET POBHO m OJIOKOB,
paBHa

(A7) o

P(0)="

(9.18)

MonennpoBaHue CiIyd4alHBIX YHMCEJI, pacHpeAeNEHHBIX MO 3aKOHY
[IyaccoHa co 3HaYeHUEM MaTEMaTUYECKOTrO OXMJAHUS a@ = AT, MOXHO
BBIMOJIHUTH CJeAYIUM o0pazoM. MoaenupyeM NocieqoBaTEIbHOCTh
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paBHOBeposiTHbIX Ha wuHTepBaie (0...1) uucen. IlepemnHoxaem cie-
AYIOLME OJTHO 3a APYTUM YHCJa U MPOBEPSIEM yCIOBHUE:

N A
[1r<e™. (9.19)
i=1
Onepanno yMHOXKEHHUSA NPOJOJKAEM 0 T€X MOP, NOKA YKAa3aHHOE
ycJioBHE HE OyJeT BBINOJHEHO. Torja mojiyuuM cliydaiHOE 4YHCIO M,
OTHOcAlIeeca K pacupenenennto [lyaccona:

m=N — 1.

9.8. MoaeaupoBaHue KOppeJUPOBaAHHBIX
CJAYYalHBIX MAPAMETPOB C HOPMAJbHBIMH
pacnpeaeieHUSIMHU

[Ipy monydyeHuun peajn3aluMid 3HAYEHUM JBYX 3aBUCHUMBIX Iapa-
METPOB HallpuUMep X U z, OyJAeM MOJIb30BAaThCS T'MIIOTE30H O HOpPMaJb-
HOM pacHpelIeleHUH dTUX IapaMeTpOB U, KPOME TOro, IMpEeAINoaararTh,
4YTO U3BECTEH KOAPPUIMEHT MapHON KOPPENAUU MEKAY HUMHU.

Jlng monenupoBaHUs pealu3alud IBYX CIy4YaWHBIX KOpPpEIUPO-
BaHHBIX MEXJIy €000l mapaMeTpoB B 3TOM CJydae BOCIOJb3yeMcCs
byHKIIMEeH YCIOBHOW MJIOTHOCTH paclpeiesieHus napaMmeTpa z, Kotopas
uMmeeT Buna [7]

w(z/x)=

1 {Z—M(Z)_r x—M(x)

1
G(z)w/27t(1—rx22)exp 20-r2) o(2) 7 o(x)

rae M(x), M(z) — MareMaTUu4eCcKue OXKUJAHUA MTapaMeTPOB X U Z;

} . (9.20)

o(x), o(z) — cpeaHWe KBaJpaTHUYECKHUE OTKJIOHCHHUS TNapaMmerT-
pOB X H z;
Vyz — k03P PunMeHT mapHOU KOPPEAAIUA MEXY X U Z.

PaccmarpuBas (GyHKIHIO YCJIOBHOW MJIOTHOCTH pacHpeaeeHus
(9.20), MOXHO YBUJETbH, YTO A3TO €CTh (PYHKIUS MJIOTHOCTHU paclupeie-

JeHHUs AJs HOpMallbHOTO 3aKOHa ¢ mapameTpamu He M(z) u o(z), a c
MaTeMaTUUYECKUM OXKHJIaHUEM

M(z/x)=M(z)+r, o(z) [x—M(x)] (9.21)
o(x)

U CpCAHUM KBAaJAPATHYCCKUM OTKIOHCHHCM

6(z/x)=0(z):/1-r2. (9.22)

[IycTs cnyyaliHOE YHMCIO X, MMEIOIIEee HOpPMalbHOE pachpenaene-
Hue ¢ mapamerpamu m = M(x) mu o = ¢ (x), yxe moiayudeHo. Tormga
IJIsi TMOJNydeHUs CJIy4alHOTO 4YWcia z, HMEKIIEro HOPMajlbHOE
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pacnpenesieHue ¢ napamerpamMu m = M(z) u 6 = 0(z) U KOppeJIUPOBAH-
HOTO C x, HeoOxoaumMo mo popmynam (9.21) u (9.22) npousBecTu cMme-
neHue napameTpoB M(z) u 6(z) ¢ yueToMm Kod3puinmeHra mapHo Kop-
pelsiuuu, a 3aTeM BOCIHOJb30BAaThCsA JATYUKOM (IOANPOTPaMMOif)
bopMUpOBaHUSA CAYYaWHBIX HOPMAJIbHO paclpeeIieHHBIX YUCEN ¢ Ta-
pametrpamu m = M(z/x) u 6 = o(z/x).

@opMmylibl (aITOpUTM) NoJdydyeHUuss ¢ noMmoubio DBM peanuzanuu
3HAYCHUN ABYX CIy4YalHBIX MapaMeTpPOB X M z, PACHPEEIICHHBIX IO
HOpPMAaJIbHBIM 3aKOHAM MW KOPPEIUPOBAHHBIX MEXIYy CO0O0H, MOTyT
OBITh MpUBEACHBI K BUAY [14]

20
x =0,7745967 (3. 'V —10)c(x) + M (x); (9.23)

i=1

z= 0,7745967(%;.(2) —10)5(z)\1-r2 + M(2)+r,, GEZ; [x—=M(x)], (9.24)

i=1 OoX

1 (2 o
rac I”l-(), v, "— TMOCNIEeIOBaTECIbHOCTHU CIIY4YauWMHBIX PABHOMCPHO pacC-

npeneneHHbx yucen B nuamnaszoHe (0...1), monydeH-
HBIC COOTBETCTBEHHO B IEPBOM M BTOPOM IHUKJIAX.

9.9. [lonyyeHne KOPPEJHPOBAHHBIX CJAYUYAHHBIX
napaMeTpoB ¢ JIOOBIMHU 3aKOHAMH
pacnpeaesieHUs

[IpennaraeTcss YHUCIEHHBIM aJTOPUTM TOJYUYEHHUS C MMOMOIIbIO
OBM koppeianpoBaHHBIX MapaMeTpOB C JIOOBIMH 3aKOHaMHU paclpeje-
neHuss. OCHOBHBIC MPUHUUIIBI, TOJOXEHHBIE B €r0 OCHOBY, ObIU cdop-
MyJupoBaHbl B pabote [36]. CyTh COCTOUT B CIACAYIOUIEM.

[IycTs TpeOyeTcss MONYUYHUTh n Map CIydyallHBIX MapaMeTpoOB X H Z
C TUIOTHOCTAMU pacmupeaeiaeHus w(x), w(z) u KodxpPUIHUEeHTOM MapHOUH
KOppeasiuu r.

Brauajsie He3aBUCUMO T€HEPUPYIOTCS # 3HAUYCHUN MapaMeTpoOB X U
Z C MIOTHOCTAMU pacnpeaeneHus w(x) u w(z), UCHOIAB3YS AN ATOTO
npueMbl, ONMCaHHbIE BbIIe U Gopmynasl Tabn.9.1. B pesynpTare mno-
Jy4aloT JBE COBOKYMHOCTH CIy4YalHBIX YHCEJ, @ UMEHHO:

Xi, I = 1, 2, R VAN I = 1, 2, ey I

[loncuuThiBalOT, Kakoe 3Ha4eHUE KodpPUIHEeHTa NapHOU KOP-
peasuuu ¥ UMeeT MeCTO MexXay x; u z; (i=1,2, ..., n) 3a cdeT 4YUCTO
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ciaydaHbIX npuuuH. [loas3yroTcs dopmyoi

il(xi —m )z, —m.)

.= , (9.25)
(n—-1)o o,
rae  x; z; — i-¢ 3HAYeHHE IapaMeTpa X M COOTBETCTBYMOIIEE €My
3HAYEeHHUE MMapaMeTpa z;
my, m, — MaTeMaTHYCCKHE OXHITAHUA X U Z;
Gy, O, — CpeJHHE KBaJAPaTHYCCKHUE OTKJIOHECHHS X H Z;
n — KOJIHMYECTBO Iap X U Z.

[MIpennonoxum, 4T0 K0dHOUIUEHT 7,, OKa3aJiCsi paBeH 3HAYECHUIO
R. Jlanee nmpoBepsAeTCSA yCIOBUE

IR-r|<e, (9.26)

raie € — BbIOpaHHas abcoJiloTHas omuOKa oOecrmeuyeHus 3aJaHHOTO
3Ha4YeHus Kod(ppuumeHTa napHOU KOppeasiLuu 7.

Ecnu ycnoBue (9.26) BBINOJHSAETCS, TO YHUCTO CIy4alHO MEXKIY
napaMeTpamMu x ¥ z obecmeuyuBaeTcsa 3aJaHHOE 3HaueHUE Kodpduuu-
eHTa kKoppensauuu r. KoHedHO, BEPOSITHOCTh TAKOTO COOBITHUS OJIM3Ka K
Hynto. Eciu ycinoBue (9.26) He BBINOJHSIETCS, TO MOCTYMAIOT CIEIYIO-
UM oO6pazom.

[locnenoBaTtenbHOCTh (MHIEKCAIMIO) 3HAYEHHUM MapaMmMeTrpa X B
najlbHEWIIEeM HE U3MEHSAIOT. 3HAUECHUS K€ MmapaMmeTpa z ciaydyalHbIM 00-
pa3oM MEHSIOT MECTaMHU U KaXIbli pa3 MOJACUUTHIBAIOT MO Qopmyie
(9.25) kodbbUTIMEHT MapHOW KOPPEHSIIUH Fy,.

[lepecTaHOBKM 3HaYeHUU nmapameTrpa z (Ha30BEM UX UTEpPALUSIMHU)
BBIMOJIHSAIOT 0 T€X MOP, MOKa HE OyJEeT BHIMOJHATHCS YCIOBHE

v, —r|<e. (9.27)

Ha mepBoi#l mTepamuu U3 psjga LEJbIX YUCENT OT €AWHHIB J0 7
clIy4alHbBIM 00pa3oM BHIOMpAIOT JABa uuciia, Hanpumep [ u m (I # m).

DneMeHTBl [ U1 m COBOKyHHOCTH z; (i=1, 2, ..., n) MEHSIOT Mec-
tamMmu. C y4eToM D3TOH NMEpEeCTaHOBKH MOJCUYUTHIBAIOT 3HAYCHUE KO-
bunrenTa Koppeasuuu r,, U nposepstoT ycioue (9.27). Ecau onHo
BBIMIOJIHSAETCSI, TO MOCTaBJIEHHAs 3ajadya pemeHa. [Ipu HEBBINMOJIHEHUU
ycioBus (9.27) aHanu3upywT, NpUOJUKAET JU HOBOE 3HAYECHHE KO-
sbdunrenTa KOpPEasluu 7, K 3aJJaHHOMY 3HAUYEHHUIO 7.

Ecnu nma, To mepectaHoBka /[-TO U m-TrO0 3JEMEHTOB Kak OBl yT-
BepxknaeTcsa. Ecnm BhIMOJNHEHHas MEepecTaHOBKA DSJIEMEHTOB YyJalseT
HAacC OT 3HAYCHHUSA 7, TO [-W W m-U DIEMEHTHI BO3BpPAIIAIOTCSA Ha CBOH
MecTa.
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[To ananoruum ¢ mepBOMl UTepalnuedl BBIMOJHSAIOT BCE MOCIENYIO-
mue. UtepanmoHHblii mpolecc 3aKkaHYMBaeTCsd, Kak TOJIbKO OyJeT BbI-
noJiHeHo ycyioBue (9.27).

MN3BeCTHO, YTO MaKCHUMAJbHOE YHMCJIO HENOBTOPSAIOLMUXCSA Iepe-
CTAaHOBOK M3 HaTypalbHbIX uucena 1, 2,..., n paBHo n!. [loaTomy wure-
PALlMOHHBIM MpOLECC HE HMMEET CMbICIa MNPOJNOJIKATh AJS HTEepauui,
npeBblIalONMX 3HauyeHue n!. B Takux ciyyasXx Hago HPU3HATh, 4YTO
Opu OTPAHMYECHHOM 4YHCJE Hap 3HAYEHUH X M z JOCTUYb Tpebyemoro
kodppuuuenta koppedasuuu r Npu BbIOpaHHOW omuOKe €& HE Hpen-
CTaBJSIETCA BO3MOXKHBIM.

YkpynHeHHas CTPYKTypHas CXema ajJropuTMa peaju3aluu Olu-
caHHoro aaroputma Ha OBM npuBenena Ha puc.9.6.

[Tosicnenune GQyHKIMOHANBHBIX YaCTEeH CTPYKTYPHOU CXEMBI 1aHO B
Ta61.9.3.

Tabauma 9.3
[losscHeHUs QyHKIMOHAIbHBIX YacTeil CXEeMBbl aJlTOpUTMA
Howmep ¢pyHK-
MOHANBHOM Ioscuenune
4acTH
1 BBoa 3amaHHBIX 3HAYEHHUN apaMeTPOB 7, € U 1
2,3 He3aBucumoe reHepupoBaHue MapaMeTpPOB X U z UM Ke UX
BBOJ ¢ Ki1aBuatypsl DBM
4, 8 Opranuzanus cyeTa 4MUcJa UTEpALHUI
5 [Toncuer mo ¢popmyne (9.25) HavyanbHOTO 3HAUYEHHUA K02 Du-
HUEHTAa NapHON KOPPEISAUU MEXKAY X U Z
6 IIpoBepka ycnoBus Buna (9.26)
7 'enepupoBaHue ABYX I€JbIX PaBHOMEPHO paclpeneleHHBIX
yucen [ u m u3 nuanaszona (l...n), npuuem [#m
9 [IpoBepka menecooOpa3HOCTH MPOJOIKEHHUSI UTEPALUOHHOTO
npouecca
10 CoobuieHue 0 HEBO3MOXHOCTH oOecneueHus 3aJaHHOTO 3Ha-
YyeHUS KOdPPUIIMEHTA KOPPEISIIMHUHA 7 C OIMMHUOKON €
11 [Tlepemena MmecT /-TO WU m-TO 3JIEMEHTOB COBOKYIHOCTH Z;
(i=12,...,n)
12 IIpoBepka ycnoBus Buna (9.27)
13 YTouHeHHe, mNpuHOJMIKAEeT JU HACc 3HadyeHHe Kodpdunmenra
7y: B JAHHOW UTEepalUM K JOCTUXKEHHUIO 3aJaHHOTO 3HAYECHUS 7
14 Bo3Bpamenue /-ro W m-ro 23JIEMEHTOB COBOKYNHOCTHU Z;
(i=1,2,...,n) Ha CBOH MecCTa
15 IIpucBoeHME TEKYLIErO 3HAYEHUS 7y, €r0 HAa4YaJIbHOMY 3Ha4e-
HUIO
16 IleyaTs pe3yabTaTOB B Cllydyae yCIEUIHOTO PEIIEHUS NOCTAB-
JEHHOHU 3a7a4u
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16 v
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9 '
@ na
1 HET

A 4
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<
> 1
<

[, m; l#m
v
IT =IT+1

z(l) & z(m)

R=r.

10

r, €F /

14

z(m) <> z(1)

/ ITeuats pe- /
3YJILTATOB

Puc.9.6.YKkpynHeHHasi CTPYKTYPHasl cXeMa ajJiropurma
NMOJIYYEeHHUS]I KOPPEJUPOBAHHBIX CJAYYAHHBIX MapaMeTPOB
¢ JI00BIMH 3aKOHAMU pacnpeJejeHHus
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Hanee mpuBoautcs nporpamma aias [IDBM, peanusyrwomas onu-
caHHBIU anroputM. [IporpamMmma HamucaHa Ha s3bIike belicuk. [{nsg yno06-
CTBa aHaj®W3a 2TOW MPOTpaMMbl YHUTATENAMHU, B Tab01.9.4 HaH CHUCOK
UJICHTU(PHUKATOPOB MEPEMEHHBIX, YUYAaCTBYIOIIUX B MpOTrpaMMe, U UX IO-
ACHEHUE.

I[IpuBenenHas mnporpaMMma COOTBETCTBYET CJlydyaln BBOJa IHepe-
MEHHBIX X U z ¢ KnaBuatypsl OBM. BHauane BBOAATCS n 3HAYEHUM Ila-
pameTpa x, a 3aTeM IlapaMeTpa z, IPUYEM i-My 3HAUYEHUIO X CTAaBUTCSH B
COOTBETCTBUE [-€ 3HAUYCHUE Z.

[Tporpamma 1 MOAENUPOBAHUS KOPPEJIUPOBAHHBIX MapaMeTpPOB
C TI00BIMH 3aKOHAMH paclnpeaeneHus

2 INPUT N: DIM X(N), A(N)

3 INPUT RS: INPUT EP

4 FORI=1TO N: INPUT X(I): NEXT I: FOR I = 1 TO N: INPUT
Z(1): NEXT I

6 FORI1=1TO N: A(I) = X(I): NEXT I: GOSUB 500: XM = AM:
SX = SIG

7 PRINT XM, SX

8 FORI=1TO N: A(I) = Z(I): NEXT I: GOSUB 600: ZM = AM: SZ

SIG

9 PRINT ZM, SZ

11 IT=0:P=1:FORI=1TO N: P=P*[: NEXT I: PRINT P

12 GOSUB 520: RR = R: PRINT "R nau. =" RR

13 IF ABS(RR-RS)<=EP THEN RXZ = RR: GOTO 200 20 FORI1=0
TO N: A =RND(N): NEXT I

22P=1:FORI1=1TO N: P=P*[: NEXT I: PRINT P

30 L = INT (N*RND(1)+1)

40 M = INT(N*RND(1)+1)

50 IF L =M THEN GOTO 40

60 A=Z(L): B=2Z(M): Z(L) =B: Z(M) = A: IT =1T+1

65 IF IT>P THEN 207

70 GOSUB 520: RXZ =R

80 E = ABS(RXZ-RS): IF E <= EP THEN 200

100 DEL = ABS(RR-RS): IF E>=DEL THEN 190

110 PRINT "UTEPALIUA" IT;: PRINT "R=" RXZ;: PRINT " —
yaada

111 RR =RXZ: GOTO 30

190 PRINT "HUTEPALUA" IT;: PRINT "R=" RXZ; PRINT "— He-
yaada

195 PRINT "CTAPOE" R =" RR: Z(L) = A: Z(M) = B: GOTO 30

200 PRINT "UTEPALIUA" IT;: PRINT "R=" RXZ;: PRINT
" — ycnex
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202 PRINT "BbIBOJI KOPPEJIMPOBAHHLBIX IIAPAMETPOM
I[TOITAPHO" :PRINT " "

205 FOR 1=1 TO N: PRINT I;". ";: PRINT X(I); Z(I): NEXT I: GOTO
210

207 PRINT "OGecneuuts 3aganHoe R HeBo3MOkKHO"

210 END

500S=0: FORI=1TON:S=S+A(I): NEXT I: AM =S/N

510 S=0: FORI=1TO N: S =S+(A()-AM)*(A(I)-AM):NEXT I:
SIG=S/(N-1)

512 SIG = SQR(SIG): RETURN

520 S=0: FOR II =TO N: S = SHX{D)~XM)*(Z(11)-ZM): NEXT II

521 R =S/(SX*SZ*(N-1))

522 RETURN

Tabnuua 9.4

ITosscaenus nmapaMeTpoOB BBIYHUCIUTCIBbHOTO aJITOpPUTMa U IIPpOTrpaMMBbl OJIA 9BM

O6o3HaueHHE
napaMmeTpa
B BBIYUCIIH- B IIpoTpamMme CMbIcT mapameTpa
TEJIBbHOM all- 9BM
TOPHTME
n N Yucno map x u z
Xi, Zi X(I), Z(1) i-€¢ 3HAauYe€HUE X HW COOTBETCTBYIOINIEE €My
3Ha4YeHHUEe MmapamMeTpa z
My, Oy XM, SX Cpennee 3HaYeHHWE M CpeaHee  KBajapa-
TUYECKOE OTKJIOHEHHE X
m,, 0 ZM, SZ Cpennee 3HaueHHE U cpenHee KBaj-
pa-
TUYECHOC OTKJOHCHHEC Z
r RS 3anaHHoe (Tpebyemoe) 3HaueHUEe KOdpPpuuu-
€HTa MAapHOW KOPPEIAIUU MEKAY X H Z
€ EP 3amaHHas mWorpemHOCTh (omubka) obec-
neyeHus Tpedyemoro r
n! P 3uayenue n! (n-pakTopuan)
IT CueTtunk 4yuciaa wuTepanuil (IepecTaHOBOK
3JIEMEHTOB COBOKYMHOCTH Z;)
[, m LM Homepa »sneMeHTOB coOBOKynHoctu z; (i =
l,..., n), MeHsIeMBbIe MeCTaMH B TEKyIIeHu
UTEepanuu
R RR Havanpaoe 3HaueHue kod3pduUIIMEHTA KOP-
pEeNSAUUN MEXKAY X U Z
Pz RXZ 3HadeHue Kodp(UIHMEHTA KOPPEISIIMHH Me-
KAy X U z B TeKyIIel UTepanuu
— Z(L), Z(M) [-m M m-1i DIEeMEHTHI z, MEHAEMbBIE MECTaAaMH
B TEKyLUU UTEpaluu
— E 3naueHne |r, —r|
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[Ipogomxenue Ta6n.9.4

A

DEL

A(N)

A

M, SIG

Monyne pa3HOCTU MEXJY MOCJEIHUM 3Haue-
HUEeM KodhDUIIMEeHTa KOPPEASIUH Fy,, YIaU-
HBIM C TOYKH 3pEHUS IBUKCHHSI K TpeOyeMoMy
3HAYCHHUIO z, U CAMUM 3HAYCHUEM F

MaccuB pa3MEPHOCTBIO 7, HCIIOJIB3YEMBIN B
MONNpoTpaMMe OINpEeNIeHUsT CPEJAHUX 3Hade-
HUU W CpeIHUX KBaJpaTHUUYECKUX OT-
KJIOHEHHUUN X U Z

i-e 3HaueHue mMaccua 4

CpenHee 3HaUYE€HHUE U CpeJlHEE KBaJApaTHUYECKOE
OTKJIOHEHUE, HalIEHHbIC MO pe3yJbTaTaM CTa-
TUCTHUYECKOW 00paboOTKH 3I€eMEHTOB MaccuBa A
Kosdpdunuent xoppensuum Mexay x U 7,
MOJCYUTHIBAEMBIH B COOTBETCTBYIONIECH MO/ -
nporpamMmme

BcnomorarenbHas mepeMeHHas, HCIOJb3ye-

Mas B MoANporpammax

B kauecTBe mpuMepa UITIOCTPAIMH BBHIMOJIHEHUS PaCCMOTPEHHOH
nporpaMmsbl BBoguinock 10 3HaueHuit napameTpoB x u z (1ab61.9.5).

Tabmnuua 9.5

JlanHble 0 mapaMeTpax X U z A0 peajiu3aluu aJlropurMma

Ho-
Mep

2

3

4 5 6 7 8 9 10

3,45

3,7

4

3,1 3,5 3,9 3.4 3,8 3,2 3

1,9

1

1,3

1,45 | 1,55 2 1,2 1,5 1,1 1,8

R =

Kosddbuuuent napHoi Koppeasiiuu MEXAY X U z UMEET 3HaUCHUEe

KOPPEIUPYEMBIMH .
Koppensiuuonnoe mnoJjie mapaMeTpoB AJS 3TOTO ciydas MOKa3aHO
Ha puc.9.7, a.
CraBuiach 3ajadya ¢ NOMOIIbK nporpammel ais OBM, peanu-
3yroleil npeajgoxeHHbll B padoTe aJiTOPUTM, MOJNYUYUTh I X U z (CM.
Ta01.9.5) ko3P PuuHEeHT napHON KOppeasuuU

0,001 , T.e. OHM B JAAHHOM cJyuae SBJISIOTCI NPAKTUUYECKHU HE-

r=20,9

c omuOKOM €, HE MpeBbImatoneit 3uauvenus 0,05.




282

=)

\]

\O]

[E—

Puc.9.7. KoppeasinuoHHOe MoJie mnapaMeTpoOB:
a — 10 peaju3aluu aJropuTMa; 6 — mocJje peaju3aluu ajJropurma

Hns pemenus »>Toit 3anauu Ha 9BM morpeboBanace 32 urepanuu.
[Tonyuyeno 3HaueHue kKod3hUIMEHTAa KOPPEIAIUN MEXKIY X U Z, paBHOE
0,92. 3HayeHHUss x M z, COOTBETCTBYIOIIHE ATOMY CJIyyalo, 3alUCaHBbl
nomnapHo B Ta61.9.6.

Tabnuma 9.6
3HaquI/IH Hap HapaMeTpOB X U Z IIOCJIC peaJII/I3aI_[I/II/I aJIFOpI/ITMa
Homep ma- |, 2 3 4 5 6 7 8 9 10
pEHI
x 34537 | 4 | 3.1 |35 3934|3832 3
2 13 15| 2 |11 {14as] 19 [1s5] 1.8 1 | 1.2

Puc.9.8. KoppeassiuuoHHbIEe MOJA X U T
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Koppensiumonnoe moJsie x U z, NOCTPOEHHOE MO JaHHBIM Ta01.9.6,
nokaszaHno Ha puc.9.7, 6.

Ha puc.9.8 moka3zaHbl KOppeJsSIUOHHBIE MOJSA X U zZ, MOJYyYEHHBIE
IJIS IpYyTUX 3aJlaBaeMblX 3Ha4€HUNU KO3 PUIHUEHTOB KOPPEISILUU.

3anaBaeMble 3Ha4eHUSA KOIDPUUIMEHTOB KOppENSIIUU, MOTPEell-
HOCTHM UX o0OecrnedeHus, peajbHO NoJydyeHHble Ha DOBM 3HaueHus r,
YHUCI0 UTEpaIii, 32 KOTOPOE JOCTHTHYTO TpeOyeMoe 3HaueHHE KO-
GULMEeHTOB, a TaKXXe HOMEpa PHUCYHKOB C BHUIAMH KOPPEIAIHOHHBIX
nojei ykazansl B Ta061.9.7.

Tabmauma 9.7

P€3y.HI>TaTBI HCIOJb30BAHHUA AJITOPHUTMaA

Tpebyemoe | Omubka |[Tonyuennoe| Ywucino HOMCeI;HpHOC]\ZHKa
3HAYCHUE r € 3HA4YEHUE ¥ |uTepanuu A
KOPPEISILUOHHOTO MMOJIs
-1 0,05 -0,995 42 9.8, a
-0,6 0,05 -0,62 15 9.8, 6
0,6 0,05 0,55 19 9.8, 6
1 0,05 0,96 76 9.8, ¢

9.10. UccaenoBanue BHIXOJHBIX MapaMeTpPoOB
PJY u TexXHOJOrH4YeCKHUX NMPOIECCOB
MeToaomMm Moute-Kapio

Panee oTrmeuanocp, 4TO K BEPOSITHOCTHOMY MOJEIUPOBAHUIO OT-
HOCHUTCS METOJl CTATUCTUYECKUX HuchnbiTaHuM (Metona Moute-Kapno) c
HUCIIOJIb30BAHUEM MaTeMaTuyeckux wmonaenern POY wunm TtexHono-
TUMYECKUX NPOLUECCOB.

[Ipeanonoxum, 4TO MOJEJb 3aJaHa MAaTE€MAaTUYECKHUM BbIpaxe-
HUEM B BUJAE QYHKIUU

y=0(x,.., x,,1), (9.28)
rae y — BBIXOJHOW MmapaMeTp;
X1, ..., X, — TEPBUYHBIE TapaMEeTPHI;
t — BpeMms (B o0uieM ciiyyae MOXKET TaKKe paccMaTpUBaTh-

Csl KaK MEpBUYHBIMA mapaMmeTp).
[locTtaBuM 3amayy ONpPENENHUTh 3aKOH paclnpeaeseHUuss BBIXOIHOTO
napaMeTrpa y B pa3JINYHbIe MOMEHTBI BpPEMEHHU /, €CJIM U3BECTHHI IIpeJe-
Jbl U3MEHEHUS NEPBUYHBIX TAPAMETPOB X[, ..., X,.
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3adukcupyem Bpemsa t = t;. Bo3pMeM mo oJHOMY ciydailHOMY
3HAUYEHUIO AJs KaXJOTO M3 /N MEePBUYHBIX MapaMeTpoB, MOJYYUM HUX
CIIy4yaHy10 KOMOHMHAIHIO

M

(1 (D
X1, Xy sy X,
rJ1e BEpXHUM MHJIEKC O3HauaeT ee HoMmep. [loncTaBuB 3Ty KOMOMHAIIKIO
B MaTeMaTU4YeCKYI Monenb Buaa (9.28), HalijeM nepBoe 3HAUCHUE BHI-

XonHOTO mapamerpa 3"

[ToBTOpuB mpomenypy MHOJYy4YEeHHUS CIy4yalHbIX KOMOWHAIUN mep-
BUYHBIX MMapaMEeTpOB M MOJACTAaBUB MX B BbipaxkeHue (9.28) N pa3s, no-
JY4YUM PAI

1 2 N
yO @,

OH comep uT HHOOPMAIUIO O CpEeAHEM 3HAYECHHUH BBHIXOJHOTO Ta-
pamMeTpa y, CTENEHU €ro pacCeMBaHUs OTHOCHUTEIbHO CPEJAHEro 3Haue-
HHs, & TaK)XE O 3aKOHC pacnpeAcICHUI A MOMEHTA BPEMECHU ¢ = [y .

Yka3zanHas mnpolienypa MOBTOpsAeTCS g ApYyrux (pukcupoBaH-
HBIX MOMEHTOB BpEeMeHU ¢ =ty + kAt, k=1, 2... ¢ BbIOpaHHBIM Ia-
rom At.

Craructuueckas o6paboTKa pe3yJbTaTOB MOJECIUPOBAHHUS B JaH-
HOM CJIy4a€ COCTOMUT B ONPEIEIECHUU AJS KaXITO0ro MOMEHTA BPEMEHHU
CpEelHEeTO 3HAYE€HUS U CPEIHEr0 KBaJAPAaTUYECKOTrO0 OTKIOHEHHUS BBHI-
XOJTHOTO MapaMeTpa, a TakXKe B MOCTPOCHHUH MJsi HErO0 THCTOTPaMMBI
pacmpenesieHus U moA0Ope TOAXOAAINIEH MOJAEIW 3aKOHA pachpeje-
JEHHUS.

Ha puc.9.9 npuBeneHa ykpynHEeHHass CTPYKTypHas CXe€Ma aliro-
pUTMa peuieHus paccMOTpeHHoW 3anauum Ha DOBM. Ona pa3zpaboraHa B
NPENOJI0OKEHUU, YTO NMEPBUUYHBIE MapaMETPhl SIBIAIOTCSI HEKOPPEIUPO-
BAaHHBIMM M NOJYHUHSIOTCS HOPMalbHOMY 3aKOHY HJIHU 3aKOHY paBHOM
BEPOSITHOCTH. Huke MpUBOISATCS MOSICHEHUS OCHOBHBIX (YHKIIMOHAIb-
HBIX YacTel CTPYKTYpHOU cxeMbl (Tab6i.9.8).

HoctounctBo Metoga MoHTte-Kapno cocTouT B TOM, 4TO OH Ja€T
BO3MOXXHOCTh ONEPUPOBATH 3aKOHAMHU pacCHpe]eieHUs NEPBUUYHBIX HU
BBIXOJTHOTO MapaMeTpoB. DTO MO3BOJSAET MOJYUYUTh PE3yabTaThl, 00Ja-
naromue 0onblned TOCTOBEPHOCTHIO MO CPAaBHEHUIO C METOJlaMH, KOTO-
pbhle ONMEPUPYIOT YHUCIOBBIMU XapaKTEPUCTUKAMU MapaMeTpOB — Cpeli-
HUMU 3HAYECHUSAMHU U CPEJHUMU KBAJPATUYECKUMHU OTKJIOHCHUSIMHU.



1
Hauaino
A 4
2 BBoj ncxogHeIX gaH-

HBIX: 1, N,
my, O, kla
t=1,....n;
tBs At’ tO

3 t=1

4 .

~
Il
—_
A
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10

i=i+1

11

14

Puc.9.9. YkpynHeHHasi CTPYKTYpPHasl cXxeMa ajJirOPUTMa pelieHUd
3agayu Ha IBM meTtoaom MouTte-Kapuao

Brruucnenue y; mo
BbIpakeHHIo (9.28)

;

12
HET
na

Cratuueckas oopa-
00TKa pe3yIbTaTOB
MOJIETTUPOBAHUS IPU
(MKCHPOBAHHOM ¢

)

17 ITeyaTs
pe3YJII>TaTOB

RND-).XI'
13

j=iT
16

t=t+ At
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TabOmnuua 9.8

[TosicHeHuss GyHKIMOHAJBHBIX YACTEH CTPYKTYPHOUH CXEMBI
QJIropuTMa peleHus 3anayu Ha OBM
metonoM Moute-Kapio

Howme
P . [Tosscuenue
GYHKIIHOHAIBbHOM
yacTu
BBoa mcxoaHBIX NaHHBIX: m;, G; U k;, — cpeJlHee 3Ha4YeHue,
2
cpenHee KBaJpaTHUYeCKO€ OTKJIOHEHHE NEepBUYHOTO mapa-
MeTpa M KoJ 3aKkoHa ero pacmupeneineHus (0 — HOpMalbHBIHI
3aKO0H, | — 3aKOH paBHOUW BEPOSATHOCTH); fo, Iz — Hadalb-
HbI1 U KOHEYHBIH MOMEHTHl BPEMEHH, AJII KOTOPHIX OIpe-
JNEeNsII0T 3HaYeHUs mapaMerpa y;
At — BBIOpaHHBIM mAar M3MeHeHUe (QUKCHUPOBAHHBIX MO-
MEHTOB BpPEMEHHU, (n — KOJHUYECTBO MEPBUYHBIX Napa-
MeTpOoB, N — KOJMYECTBO peaju3alnuil BBIXOIHOTO IMa-
pameTpa)
5210 Opranu3zanus UuKiIa No uHAEKCY i. MHAEKCOM yuyuThIBa-
o IOTCSI IEPBUYHBIC MapaMeTpsl X;, i = 1,...,n
4.12.13 Opranuzanus nukia no uHAekcy j. MHmekcom yuyutbsiBa-
b b
I0OTCSl peaJu3alliu BBIXOJHOTO MapamMeTpa y
3.15.16 Omnepartopsl BIOOpa GUKCUPOBAHHBIX MOMEHTOB BPEMEHU
b b
6 Omnepatop BBIOOpa BHUAA 3aKOHA paclpeleleHus mep-
BHUUYHOTO mapameTpa (0 — HOpMaldbHBIA 3aKOH, | — 3aKOH
pPaBHOUM BEPOSTHOCTH)
7 OOpamenue K JaTYUKY HOPMAJbHO pacHpeaeIeHHBIX CIYy-
YalHBIX YuceNl U GOPMHUPOBAHHUE CIYYaWHOTO YHUCTA X;
9 Ob6pameHnue K JAaTYUKy paBHOMEPHO pachnpeneleHHBIX
CIy4alHBIX Yuced U GJOPMUPOBAHHE CAYUYaWHOTO YHUCTA X;
14 Craructuyeckass o0paboTKa pe3yabTaTOB MOJECIHPOBAHUS
BBIXOJHOTO MmapaMeTpa npu GUKCUPOBAHHOM 3HAYECHUHU !
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9.11. MoaeaupoBaHue NPOU3BOJACTBEHHBbIX
NnorpemHocTeil mapamerpos PJY
MAacCOBOI0 MPOU3BOJACTBA

[Ipu ananuse napametrpoB POV Ha sTanme npoeKTUPOBAHUSA MOKHO
BBIJICJIUTH JIBA 3Talma.

Ha nmepBoM sTame Nmpou3BOAUTCS pacyeT HJIU NOAOOP ONBITHBIM
NyTeéM HOMHUHAJbHBIX 3HAYEHUNW NEPBUYHBIX NapaMeTpoB. BriOuparor
TaKue, KOTOpble 00ecrnedyrnBarT TpeOyemble 3HAUEHUSI OCHOBHBIX 3JIEK-
TPUYECKUX MOKa3aTened ycTpolicTBa — BBIXOJHBIX mapaMmeTpoB. [Ipu
3TOM HE YUYUTHIBAOT BO3MOXHOCTH OTKJOHEHUS (PaKTUYECKU TMO-
Jyd4aeMblX MapaMeTpOB OT UX HOMHHAJIbHBIX 3HAYEHUH B pe3yibTaTe
HaJIM4HUs MHOXXECTBA TEXHOJOTMYECKUX (IMIPOU3BOJACTBEHHBIX) MOrpEII-
HOCTEH.

Ha BTOpOM 3Tame aHalu3UPYIOT BIUSHHUE TEXHOJOTMYECKUX IO-
rPEMIHOCTEN IMapaMeTpOB JJIEMEHTOB Ha 3HAYEHHUsA BBIXOJHBIX Iapa-
MeTpoB. Ha mapameTpsl 3J1€eMEHTOB Ha3HayalOT TaKUE MPOU3BOJACTBEH-
HBIC JIOMMyCKH, KOTOpPBhIe 00ecmeunBarT TpedyeMoe KauecTBO (yHKIIHO-
HupoBaHus POVY mo ero BeixonnsM mapamerpam. OnHa u3 3agad, KOTO-
pble BO3BHUKAIT HAa 3TOM 3Tale NpHU NOATOTOBKE MAacCOBOTO MPOU3BO/I-
CTBa, COCTOUT B CJIEIYIOLIEM.

N3BecTHa MaTeMaTudeckas MOJeEJb, KOTOpas CBA3bIBAET j-il BbI-

XOJAHOW mapamMeTp y; ¢ HapaMeTpaMH 2JIEMEHTOB X, ..., X,:
y; = go(xl,..., xn); j=1,.., m, (9.29)
e m — 4YHUCJIO NMPHHATHIX BO BHUMaHHE BBIXOJIHBIX MapaMeTpPOB, Xa-

pakTepu3ywmux GyHKIuoHupoBanue POVY.

Pabora POV paccmaTpuBaeTcs B 3TOM cllydyae CTATUUYECKH B (PUK-
CUPOBAaHHBIM MOMEHT BPEMEHH U IPHU ONPENCICHHBIX 3HAYECHUSAX BXOM-
HBIX CUTHAJOB.

B kadecTBe HMCXOAHBIX JaHHBIX JOJKHBI OBITh H3BECTHBI BEPO-
ATHOCTHBIE XapaKTE€PUCTUKHU OTKIOHEHUHN (PaKTUUECKOTO 3HAYEHUS X; OT
€ro HOMHUHAJIBHOTO YPOBHSA X;4oy. B Ka4€CTBE TAKOI'O OTKJIOHEHUS BBI-
cTymaet Ax; = X; — Xyom, UM Ax;/ X;. YKa3aHHBIC XapaKTEPUCTUKH MOTYT
OBITh MOJIy4E€HBl 3KCHEPUMEHTAIbHO, MYTEM KOHTPOJIA OOJBIIUX Map-
TUH DJIIEMEHTOB, HMJIM HAa OCHOBAHHUU TEOPETHUYECKHX COOOpaxeHui,
NOJb3ysACh JOKYMEHTAIMEH HA JIIEMEHTHI.

B pe3ynbTare peumieHHs HYXKHO HAWTU BEPOSITHOCTHBIE XapakTe-
PUCTUKHM BBIXOAHBIX nmapameTrpoB POY. OpgHol H3 TakuxXx XapakTepHu-
CTHUK SBJSETCS BEPOATHOCTb MOMaJaHUs BBIXOJHOTO MapamMeTpa B 3a-
NaHHBIM JHANa30H OT Vjmin A0 Vjmax. DTa BEPOATHOCTb ONpPEIAEIAET
NPOLEHT BbIXOJAA TOJHBIX M3AEIMNH IO BBIXOJHOMY IapaMeETpy ;.
I[IpuemneMoro ans NpPakKTUKH 3HAYEHHsS MNPOLUEHTA BHIXOJA TOJHBIX
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U37eUil MOXHO JOOUTHCS MyTEM HM3MEHEHHUS HOMHUHAIbHBIX 3HAYCHUU
napaMeTpoB dJEeMEHTOB, Bujaa GyHkuuu (9.29), 1.e. cTpykTtyps POV,
XapaKTEPUCTUK OTKJIOHEHHUHN M JOINYyCKOB MapaMeTpoOB 3JeMeHTOB. Ta-
KHe 3a7a4yu MOTYT ObITh 3 (HEKTUBHO pemeHbl METOJ0M BEPOSTHOCTHO-
ro MOJEJUPOBAHHUA.

BeposATHOCTHOE MOAEIHPOBAHUE BBINOJHAKT B COOTBETCTBUHU CO
cxemo#, ¢pparMeHT KOTOpO# moka3aH Ha puc.9.10.

I[Ipu peanu3anum BEPOSITHOCTHOTO MOJEIUPOBAHUS, COTJIACHO
puc.9.10, MaTeMaTU4E€CKONU MOJEIbI HE YUYHUTHIBAIOTCS BPEMEHHBIE H3-
MEHEHHUSI XapaKTEPUCTUK MOJAENM (BHJa MAaTEMaTHYECKOTO BbIpa)XEeHUS
unu ee kodpduuuenton). Peanuzanus merona BKIOYAET CIEAYIOUIHE
STaMBbl:

MOJEIUPOBAHUE MTAPAMETPOB 3JIEMEHTOB B COOTBETCTBUU C HX 3a-
KOHAMU pAaCHpEAETEHUs; €CJIM MapaMeTpbl 3JEMEHTOB 3aBUCUMBI, TO
NOJYYEHHE HMX CIy4YallHbIX 3HAYEHUU JOJIKHO BBINOJHATHCS COTJIACHO
YCIOBHBIM 3aKOHaM pacHpelelieHus. DTa 3ajada peuleHa W OlKMCaHa B
autepatype [14] NpUMEHUTENBHO K KOPpPEJIHMPOBAHHBIM IapaMeTpam,
pacrnpeeseHHbIM 10 HOPMAaJdbHBIM 3aKOHAM;

MHOTOKpPAaTHOE BBIYMCIEHUE 3HAYEHUN BBIXOJHOIO MapaMeTpa JJis
KOMOUWHAIMU CIy4YalHbIX 3HAYEHUN MapaMeTpOB 3JEMEHTOB;

CTaTHCTHUYECKYI0 00pabOTKy pe3yJbTaTOB MOJEIMPOBAaHUS, KOTO-
pasi mO3BOJISIET:

1) moCTpoUTh TUCTOTpAMMy M MOA0OpaTh 3aKOH pacHpeaeieHus
BBIXOJTHOTO MapaMeTpa;

2) paccuuTaTh BEPOSATHOCTh MOMNAaJaHUs BBIXOJAHOTO MapaMmeTpa B
3aJJaHHble TpaHUIBI (JONYCK);

3) paccuuTaTh OTKJOHEHHUS BBIXOJHOTO IMapaMeTpa, COOTBETCT-
BYIOIIHE 3aJaHHOW BEPOSITHOCTH €r0 NOIAaJaHus B MOJYUYEHHBIN auana-
30H.

Uucno HEoOXOMUMBIX peanu3anuii N BeIOMpaeTcs B 3aBUCUMOCTH
oT TpeOyeMOl TOYHOCTHU MOJAEIUPOBAHUS MU MOXKET OBITh ONpPEAEIECHO
npueMaMu, ykazaHHbIMU B pabotax [16, 22].

IIpumep 9.2. BoixoaHo#l mapamerp ABasieTcd pyHKUUEH OBYX He-
3aBUCUMBIX apaMETPOB X| U X; U BbIpa)KaeTcsi MaTEMAaTU4YECKON MoJe-
JbIO

y=x +x,+xx,, (9.30)

rae x; =10B£5% — umeer paBHOMepHOE pacmpeneleHre B mpejeiiax
HOJIST AOMYyCKa;
X, =30B*+10%— umeer HOpManbHOE pacmpeecHuE.
TpebyeTcss MONYyYHTh MaTEeMaTUYECKHE BBIPaXKECHHS IS MOJIENIH-

pOBaHHA CIyYallHBIX MapaMeTpPOB X; M X, M MOJCUUTATh 3HAUYECHUE ) B
nepBoil peanuzanuu npouecca (00beKra).
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DopMUPOBAHKE CITyYAUHBIX YUCET
C PaBHOMEPHBIM pacrpeieICHUEM

1 1
1 1
1 1
I 1
1 I
1 1
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1 1
: B untepnaie (0, 1) [Tomyuenne
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Puc.9.10. CTtpykTypHasi cxeMa BepPOSITHOCTHOT O
MOJeJHPOBAHUSA
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Pemenue. 1. OnpenensieM npeaenbHble TPaHUYHBIC 3HAUCHUS Ta-
paMeTpa x;: HUXKHSAS rpaHuna xy = 9,5B, Bepxusaa — x;5 = 10,5B. Mo-
JNEJIUPYyEM PAaBHOMEPHO pachnpeaesieHHble 3HaYEHHs MmapamMeTrpa x; , Uc-
nons3ys Gopmyny, npuBeaeHHyt B Tabua. 9.1. [Tonyuum

X, = (X, — X, )7+ X, =7 +9,5; re(0...1). (9.31)

2. OmnpenensieM npenesibHbie 3HadeHHUs apaMmeTpa x,. Huxhee
OTKJOHEHHE X,y = 27B, BepXxHee npeaesibHOe OTKIOHEHHUE X5 = 33B.

[IpennosnaraemM, 4To BCE 3HAUEHUS X, JiexkaT B npeaenax =£3c(x;,)
OT HOMHUHAJIBbHOTO 3HAYEHUS X340y » KOTOPOE COBMAJAET C MaTeMaTUYe-
CKHUM OXuganueM M(x;) = Xonou-

Torga matemaruueckoe oxugaHue paBHo M(x;) = 30B. Ilonb3y-
sACh "IIPAaBUJIOM TPEX CUTM'", BBIUHCISIEM CpeIHEE KBAAPATHYECKOE OT-
KJIOHEHUE mapaMeTpa x,. [lonyuum

Xos = Xouon 33 =30

O(X,) = =
(x3) 3 3

1 B.

MonenupoBaTh 3HauY€HHUs HapaMeTpa X, C HOpPMaJbHBIM pac-
npejejeHueM B HalaAeHHBIX mpexaenax ot 27 go 33 B MoxHO mo ¢op-
MyJie

X, = xy0(xy)+ M (x,)=xy +30; —3<xy<43, (9.32)

e Xy — peajiu3allud HOPMaJIbHO pacHpelesIeHHbIX CIy4YalHbIX YHCe
¢ napametrpamu m = 0, o = 1.
3. IlpeamnosioxuMm, 4YTO MOJAEIUPOBAHUE IMEPBHIX 3HAYEHUHN IO-
ClIeZJOBAaTEJLHOCTH paBHOMEpPHO pacrpenesieHHbXx B uHTepBaie (0...1)
YHuCeJl ¥ U HOPMaJIbHBIX CTAHJIAPTHBIX YUCEJ Xy J1aJ]0:

r=0,307; xyg = —-0,460.

[Io »TUM 3HAa4YE€HHUSM BBIUUCISIEM X; M X,, IMOJIb3YSACh BbIpaXe-
HusiMu (9.31) u (9.32) coorBercTBeHHO. [Tonyuum

x1 =9,807 B; x, = 29,54 B.

[ToncraBasiem pe3ynabTathl B mMojaenb (9.30) u monyuaem mepBoe
3HaYeHHe BBIXOAHOTro mapamerpa y'''= 329,046.

AHAJOTUYHO MOTYT OBITH NOJYYEHBI 3HAYCHHUS BBIXOJHOTO Iia-
pameTpa y IS Ipyrux peanusanui npoiecca (o0bexTa).

B paccmarpuBaemMom mnpumMepe KOMOHMHAUuUs CilydalHBIX mapa-
METPOB X; U Xp, @ TaKKe€ 3HAaYEHHUE BBIXOJHOr0 MapamMeTpa ) C IeJbIo
WIITIOCTpalMu ObUIM MOJIYy4€HBI MYTEM PYYHOTO pacuera. B peanbHBIX
CUTyaluiaX BECh MPOLECC MOJAEIUPOBAHUS [€JIeCOO0OpPa3HO NPOBOJUTH C
ucnoinb3oBanueM OBM.
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9.12. MoaenupoBaHue HaJAeKHOCTH PDY

[Ipu pemeHuu HmpakTHYECKHUX 3ajay MO OOECHEYEHHUIO M OLEHKE
noKa3areseld HaJexXHOoCTH POY aHamuTHueckue pacdeThl OKa3bIBAIOTCH
BE€CbMa TPYyAOEMKUMH, THUOO0 HMMHU BOOOmIE HENb3s MOIb30BaThCsA. B
3THUX CJy4yasiX MOCTAaBJEHHBIEC 3aJauyu yA00HO pelaTh MOJAEIUPOBAHUEM
Ha OBM.

byaem mpenmnonaratb, uto POY umeer MuHuMalibHy0 (GYHKIHO-
HaJIbHO HEOOXOJUMYI CTPYKTYpPY (T.€. pe3epBUpPOBaHUE OTCYTCTBYET),
a 3iueMeHThl B POY ¢ TOUYKkM 3peHHUs HAJEKHOCTU COCAUHEHBI MOCIEN0-
BaTenbHO (puc.9.11).

IIpy uMUTAUMOHHOM
MOJEJIUPOBAHUU B IMAMSITH
OBM nns kKaxaoro »die-

MEHTa C y4€TOM €ro 3aKo-
Puc.9.11. IlocaenoBarejibHOE COeAUHEHHE Ha pachnpejeleHus Bpeme-
JuaemeHTOB B PJY (1 — ko1n4ecTBO)

1 2 n

— e —

HU (HapaOOTKH) 1O OTKasza
MOJIy4alT CJIy4alHO€ 3HAa4Y€HUE BPEMEHH A0 oTkasza t;, i =1, ..., n. C
y4eToM NpuHATON Monaenu (cMm. puc.9.11) cuuraror, uro orkasz POV B
j-# peanu3aluu HAacTymaeT MpPH OTKa3e XOTsS OBl OJHOTO W3 1 DIIEMEH-
ToB. [loaTOMYy 3a MOMEHT (Bpemsi) oTkasza Bcero POV B j-ii peanuzanuu
NPUHUMAIOT MUHUMAaNbHOE clydaiiHoe BpeMs a0 oTkasza V), i = 1,..., n,

MOJIyYE€HHOE€ IJs i-T0 3JeMeHTa B j-U peanu3auuu POY. Takum nytem
nojqyudarwT N peanuzanuit POV u, cinemoBarenbHo, N 3Ha4ueHUU BpeMme-
HHU 10 oTKaza POY B uenom ¢, j = 1,2, ..., N.

KonuuecTBeHHBIE OKa3aTeau HaxexHocTu POV onpenpensior ny-
TEM CTAaTHCTHYECKON 00paboTku Bcex N 3HaAUCHUN BPEMEHH IO OTKa3a
POV ¢, j=1,...,N.

Cpennee BpeMs A0 oTkaza (cpegHee BpeMs 0e30TKa3HOM paboOTHI)
POV onpenenstor, kak

N
Ty =21,/ N. (9.33)
-

BepO}ITHOCTB 0Ce30TKa3HOH pa6OTBI 3a 3aJaHHOC BpEMs f3 BBIYUC-
JAKT IO BBIPAXKCHHUIO

P(t3)=—N_N(Z3), (9.34)
N
rae N(t;3) — xonudyectBo POV, oTkazaBmux 3a Bpems f3 (Ha MHTEpBaje

BpeMeHH OT ¢t = 0 1o t = 13).
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Hns onpenenenus N(t3) HEOOXOAUMO, UCTOAb3YSl PE3YIbTAThl MO-
NEJIUPOBAHUS, MOACUYUTATh, CKOJIBKO 3K3eMIiIsipoB POV umerT 3Haue-
HUEC BPEMEHM 0 OTKa3a {; MCHbIICEC, YEM 3aJaHHOC BpEMHA 3.

VYKpynHeHHas CTPYKTypHas cXeMa alilloOpuTMa MOJAEIUPOBaHUSA
HajgexHocTu POY na OBM npuBenena Ha puc.9.12.

NMuTanuoHnHoe (CTAaTUCTUYECKOE) MOJAEIUPOBAHUE HAJEKHOCTHU
POY, nans koTopelX cnpaBeaiauBa npeicTaBieHHas Ha puc.9.11 mo-
J€Jib, MOXHO BBIYUCIHUTH C MOMOIIBI0 mporpammbl aias DBM, onucan-
HOU B [34].

[Ipu cratuctudyeckomM moaenupoBaHuu POY, mMeromux pe3epBu-
pOBaHME, OCHOBHAA TPYAHOCTb COCTOHUT B NOJYYEHUHU MOJEIHU, MO KO-
TOpOi BeIOMpaeTcsa MOMEHT oTka3a POY B nenowm.

Tabmauma 9.9

[TosicHeHUs PyHKIMOHAIBHBIX YacTeH CTPYKTYPHOH CXeMBbl
aJropuTMa MoJaeIupoBaHus HanexHocTu POY na DBM

Howmep
byHKIIMOHATB- Ilossicuenue
HOHM YacTH

1 I[ToaroToBka k paboTe reHepaTropa paBHOMEPHO paclpeelicH-
HBIX clydailHbIX yucen B quamaszone (0...1)

2 BBon ucxomubix nmanubix (M]]), 3amammux yclIOBUS MOJACIH-
pOBaHUS: KOJMYECTBA BJIEMEHTOB B cocTtaBe PDY konuuecTBa
peanu3anuit mporecca (cmomenupoBaHHbIX PDOV); mudbopwma-
MU O BHUJAX 3aKOHOB pacHpeliejJeHUs BpPEMEHHM /0 OTKas3a
3JEMEHTOB U IMapaMeTpax 3THUX 3aKOHOB

3,10, 11 Opranuzanus HUKJIAa MO NEPEMEHHOUN j, SBASIOMIEHCS CUETUYHU-
KOM KOJIMYECTBA CMOJAEIUPOBAHHBIX POY

4,6, 7 Opranuzanus HUKJIa MO NEPEMEHHOUN I, SBASIOMIEHCS CUETUYHU-
KOM KOJHMYECTBA 3JISMEHTOB B cocTaBe POY

5 [TonyuyeHue ciayyalHOTO 3HAa4YeHHS BPEMEHHU A0 OTKaza OIS i-
ro 3JieMeHTa B j-# peanuzanuu POY

8 I[Touck snemeHTa B j-l pealiu3alud, UMEIOIIET0 MUHUMAJIbHOE
3HAYE€HUE BPEMEHU J0 OTKa3a, U NPUCBOEHHUE A3TOr0 3HAYECHUS
pPaauoOd’IEKTPOHHOMY YCTPOMCTBY, CMOAEIHUPOBAHHOMY B j-i

peanu3anuu

9 BriBon Ha medaTh (3KpaH AUCIIEsS) HOMEpPAa CMOJAEIUPOBAHHO-
ro POV (Hmomepa peanuzanuu) ¥ 3HAUYCHUS €r0 BPEMEHH [0
0TKa3a

12 Craructuyeckass ob6paboTka pe3yiabTaTOB MOJACIUPOBAHUSA H

onmpeeIeHUEe MoKa3aTeJde HaJeKHOCTH

13 [IeuaTs pe3ynpTaToB
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(0...1)
!
2 [ "Bsox UIIL /
3 }
j=1
v
b i=1 +
5 t ‘
T
HET
i=g=1
8 Aa

1}:]‘[1111(31 ""’tﬂ)

9 Il
/Heqa'rb i IJ,-/
10 11

Her —
}:)‘:1

12 Aa
Crarucruvec-
Kasa obpaborka

13 IleuaTts
pesyJIbTaTOB

Puc.9.12. CtpykTypHaa cxema anroputma mogenupoBaHusA
HagexHocTn P3Y Ha 3BM

[Ipu OTCYTCTBUM pPE3EPBUPOBAHUS U CHPABEIIUBOCTU CXEMBI, MO-
Ka3aHHOU Ha puc.9.11, Mmonens onpeneneHuss MoOMeHTa oTka3za POY BbI-
CTyNaeT B BUJE BbIpAXKECHUS

i () () (/)
t; = min {tlf 57 et } (9.35)

rae ;/ — Bpems 1o oTkasa i-ro IeMeHTa, MOJy4YeHHOE s j-i peann-
3anuu POYVY.
Mopenu omnpeaeneHuss MOMeHTa oTka3za POV B ciydae Hanuuus
pe3epBUPOBAHUS OINPEAECNSAIOTCA KaK BHJIOM pe3epBUpPOBaHUSA (IIOCTO-
SHHO€ WU 3aMEIICHUEM), TaK U KOHKPETHOUN cTpyKTypoi POVY.
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B cnydae mocTOsSSHHOTO pe3epBH-
B

A
Pesepaupyenmi poOoBaHuA, PaCcCMOTPCHHOTO B

F—] yaen — pa3n.5.27-5.28, 3a MOMEHT HacTymJje-

HUS OTKa3a MpUHUMAaETCS BpeMs, KO-

Puc. 9.13. PesepBupyembiii y3e rma pe3epBUPYEMBIH y3ed He Oyhaer

obecrmeynBaTh HaJIU4yMe  3aJlaHHBIX

CBOUCTB (PE3MCTUBHBIX, E€MKOCTHBIX,

NONYNPOBOASANINX, YCUIUTEIBHBIX U T.A.) MEXAY TOYKAMH DJICKTpHUUE-

ckolt cxemnl (puc.9.13).

B caydae pe3epBuUpoBaHHUS 3aMEIICHHEM CJIEIyeT paccCMaTpHUBATh

KOHKPETHYI CXEMy pacueTa HAJCKHOCTH U C YYETOM ITOH CXEMBI IO-
Ayd4aTh MOJEJb ONpeJAecCHUS MOMEeHTa oTka3za POV B menom.
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JAKJIIOYEHHUE

[TlepciekTUBBl NMPUMEHEHUS B KOHCTPYUPOBAHUM U TEXHOJOTHUH
POV mnpukmagHblXx MaTeMaTHYE€CKUX METOJOB, M3YUYEHHUIO KOTOPBIX B
OCHOBHOM OBIJI MOCBSIIEH YUEOHUK, BUAATCS B CIENYIOUIEM:

1) mcnonp30BaHUM M ajanTalUM paHee pa3pabOTaHHBIX MaTeMa-
TUYECKUX METONOB K PEHICHUIO MOUCKOBBIX M INPOECKTHBIX 3a1a4 B KOH-
CTPYUPOBAHUMU U TEXHOJOTUH. [IpuMepoM 3TOro sBIsETCA MCIOJIb30Ba-
HUE TEOPHUH UTP U TEOPUU CTATUCTUUYECKHUX PELICHUI;

2) pa3paboTke MaTeMaTUUYECKOTO aHAJIM3a U CHUHTE3a 00BEKTOB U
NpOIECCOB, OPUEHTUPOBAHHBIX HA YHCJIEHHBIE METOJbl pPEUICHUS MNpU-
KJIaJHBIX 3a/Ja4; TOJYKOM K dTOMY MOCIYKHUJIO OBICTPOE pa3BUTHUE BBHI-
YUCIUTEIbHON TEXHUKM M CTPEMUTEIBbHOE MOBBIIIEHHE €€ NPOU3BOU-
TEJIbHOCTH;

3) co3aHUM MPHUKJIAAHBIX MAaTEMATUYECKUX MAKETOB aBTOMATHU3H-
POBAHHOTO aHaliM3a U CHHTE3a pPEUIEHUN Ha OCHOBE CYUIECTBYIOIIHUX U
HOBBIX MAaT€MaTHYECKUX METO/0B;

4) pa3zpaboTke HNPUEMOB MaTEMaTHYECKOTO MOJAEIUPOBAHUSA, OT-
AUYAIUXCS MaJoll TPYJOEMKOCTbIO (YHUCIOM ONBITOB) 3KCIHEPUMEH-
TAJIBHBIX UCCIENOBAHUNA U BBICOKOW JOCTOBEPHOCTHIO ONKUCAHMUS KOHCT-
PYKTOPCKO-TEXHOJOTMYECKUX PEMIEHU.

Yka3zaHHbIE BBIIIE HAIPaBJIEHUS MO3BOJSIIOT B 3HAUYUTEIBHOU CTe-
INEHU COBEPIIEHCTBOBATh HOBYI TEXHOJOTHI MPOECKTUPOBAHUS KOHCT-
pyKuui u tTexHoyioruit POY, cyniHOCTh KOTOPOM 3aKJIOYAETCA B 3aMEHE
00bEKTa MPOECKTUPOBAHUU €Tr0 MATEMAaTUYECKOW MOJEJIbI0 U €€ Hccle-
noBaHuU ¢ moMoubio DBM. 3aecyr pu3ndeckuii SKCOIEPUMEHT UCIOJb-
3yeTcs JIMIb AJIs NOJYyYEeHUS] MaTeMaTUYeCKON MOJEIH yCTPOUCTBA UIIU
TEXHOJIOTMYECKOT0 Mpoliecca, a B JajJbHellIeM 3aMeHseTCSd BBIYUCIIU-
TENbHBIM. JTO NMO3BOJIAET HA cTaguu co3nanus POV, ncnone3ys OBM u
ee 0oJpUIMEe BBHIYMCIUTEIbHBIE BOBMOXKXHOCTH, OTPAabOTaTh MPOEKT C Le-
JbI0 MOBBIIMIEHUS €r0 KauecTBa U MOTPEOUTENbCKUX CBOWCTB Ha HTale
DKCIJIyaTalHH.



