Jlekmusa Ne 4.

Pacuér moka3sarejied HaJAEKHOCTHU
00bCKTOB TEIUIOOHEPIeTUKU INPH
IPOEKTUPOBAHUU HA OCHOBE TEOPUH
CJIYYAHHBIX IIPOIECCOB
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OCHOBHbIE MOJIOKEHUS TEOPUU CITYUYAHHBIX

MpOECCoB [

Chyuaunoiu npouecc - taxas
GyHKIMS, KOTOpasi IPH JIIOOOM
(MKCUPOBAHHOM 3HAYEHUU
HEMPEPHIBHOTO apryMEHTAa SABJISETCS
CIIy4YalHOU BEJIIMYHUHOM.

MHTEHCUBHOCTD
OCHOBHBIC ITOJIOYKCHUS nepexoaa
v ducno cocTogHuil 00bEKTAa
KOHEYHO.
n [ ]
v COCT?SIHI/ISI HECOBMECTHBI MEXKTY Z p.(t) :1; 12192,_ Nk
co0oi1. L

i
v Ilepexon u3 cOCTOAHUS B COCTOSTHUE A . _1_ .
pl.j(Atj—/ll.jAt, ql.j(At)—l pl.j[Atj,

OCYIIECTBIISIETCS 32 KOHCUHBIU

FPOMCIKYTOK BpeMCHH 1 p,(At)+q(An)=1.

XapaKTEpU3yeTCsI BEPOSTHOCTHIO
mepexosa p,



MAapKOBCKHUX CIIYYaWHBIX IMPOLIECCOB:

-
.
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: L dt
Cucrema ypaBHEHUH
Kommoropoga

PacuéT nmokazarejien HAAEKHOCTH

IPOCKTUPYEMOI0 00BbEKTA
Teopernueckue 0CHOBBI pacuéra

YCl10BYSI MPUMEHEHUS TEOPUU

SKCIIOHEHIIUAIIBHOCTE ITOTOKA COOBLITHH;

Iepexoa n3 COCTOAHUA B COCTOAHUC
3aHMMAaET KOHCYHBIN HHTCPBAJI BPCMCHU,

HHTCHCUBHOCTD IICPCXOA0B HC 3aBHUCHUT OT
MOMCHTA CIo Haydaja,

CyMMa BEPOITHOCTEN HAX0KIICHUS B = —/N..D. . D.:
y p : : p,t u 7 p ;
Pa3INYHBIX COCTOSHUSX B JI000H MOMEHT d {
BPEMEHU paBHA €UHMIIE. S




Mopgeab pacyeéra HAJAEKHOCTH 00bEKTOB NPU
ropsiyeM pe3epBUPOBAHUM IJIEMEHTOB
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PacyéTr HaAEKHOCTH 00HEKTOB NPHU XOJIOTHOM

pe3epBUPOBAHMH 3JIEMEHTOB

0.95
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MareMaTudeckass MOIeJbL HATECKHOCTH
00beKTA

fdp
0 __ 5
=—Au Do + oD, + A D55
dt
dp
1 __ -
= —A, D5 + Ao, Py
< dt
dp
2 _ .
E 2 _Azopz _ )“23p2 + )"Izpl > §,— paboToCmoCOOHOE COCTOSIHKE;
Jd §', — COCTOsSIHME CKPBITOTO OTKA3a,
& — — )"30 o },23 D> §, — COCTOSIHME BOCCTAHOBJIEHHS MOCIIE
dt OTKa3a;

S, — COCTOsTHHE TOTOBHOCTH K padoTe.
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Pe3ysbTarhbl OLEHKH HAAEKHOCTH 00bEKTA

z 0001

0TK
0,00075
0,0005

0,00025

Pe3yJbTarhbl N0JAYYCHBI HPU CJACAYIONEH CX0AHOU MH(MOPMAIIMMN:

)‘0 1= 0,0001 — wuHTeHCHBHOCTH OTKa3a, 1/4;
3.12 =10 - UHTEHCHUBHOCTH O0OHAPY:KeHHUA 0TKAa3a, 1/4;
120 = Ay = 0,1 — HHTEHCHBHOCTH BOCCTAHOBJIEHHS, 1/4;

/']‘3 0= — UHTEHCHUBHOCTH NPUTOTOBJICHUSA K AeCTBUIO, 1/4;



PacueT mokasarejiel HAAEKHOCTH NMPOECKTUPYEMOI0

00bLeKTAa
Maremaruyeckasi MOIeJIb HAICKHOCTH YCTAHOBKM KaK

MPYKTYPHO CJI0KHOI0 00be CTpyKTypHas cxema

[TpyHuMnrnansHas cxema

— ra3oTypOUHHOIO
ra3oTypOHMHHOTO 3H;y11“)0 6II0Ka
6 O : _
OHEPIrO0JIOKa " 1 @e CAVTETA B?ﬂl—)|rr,:[ --=-3 10 Hamols| X

QL

i
Bxox
VIIPAB A0 e 1
(ympaznaromiee i | tppa
BO3JeIICTEHE) , :
2 X‘r
4 L -
Brixox

TeILIOR 0H
YHePIrHH

__(2'7‘0+2'7"1+7‘2+7"3+7"4+7"5+2‘7‘6+7\'7+7”0p)'p0+“0'p1+lvll'p2+(”2"‘|~l3+|~l4+H5+|~l7+|~lop)'p4+|~l6'p3

—(7~o+uo)'p1+2-7»o~p0+2-uo-p4

D(t>p):= _(;b]+]J1)‘p2+2'7\,1~p0+2.“1.p4
Cucrema ypaBHEHU hs 1) 23+ 2267y +2- 16 py
KOJIMOFOpOBa u3+u4+u5+2~u6+u7+uop)'P4+7»0'p1+7~1~p2+(7»2+7»3+7»4+7~5+7»7+lop)'p0+7»6-p3

K 1.0 K; 1,0 -
' Ko7} InmieHT roToBHOCTH 1\0"1"1’1!1}"11‘1“ TOTOBHOCTH
T'T B pexime T'TS B pexime
0,9995|- TeILT0 CHAGKe HILs YIEKTP 0 CHAGKEHHA
0,9995 N—

0,9990 S

'\

. : P = Pesynbrarel perieHus 10 15 20 tu

0,9985
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MpakTnuyeckan paboTta Ne4
" PacyéTt koadpcuyneHTa rotroBHOCTU aHeprobnoka "

chom{an HI-I@OPMm: - DPHHIOHINOHaNIbEHaA CEEeMa 3Hepr06.nor<a;
- CPEOHHE HapaSOTKH JO OTKaza H CPEOHEE BPENMA
EOCCTAaHOEBJIEHHA 3NEMEHTOE IIOCIE OTKaza.

Yacre 1. Moederupyemca cumyaius: oba KoTlnoarperata NOOKIIOYEHE K
[MaBHOMY HapolpoBony. Pacxold napa Ha TypboarperaT MoXeT BHTE
obecredeH OQHHM KOTIOAIPEraToOM IIPH Er0 HOMHHANEHOH HarpysKe.
3TO NO3BONAET pacCMaTPHEATE OJHH H3 KOTIOATPETATOR, KakK
HaxXOOAIHHCA E B HAIPYXEHHOM PEIEPEE

IlpmnpnmansHaa cxema sHeprobiioka:
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IlpucBoeHre NCXOTHOU MH(pOpPMALIUU

I'pad cocrosumi sHeprobioka: eupuasnm zopaueze (HaipyHcenHozo) peseped

2A1
° i A,

AL

COCTOAHMA 3Heproodnoka: so - paboTocnocofHOe COCTOAHKWE

aHeprofinoka;
S, - 0TKa3 O4HOMD KOTNOArperara;

S,- 0TKa3 ABYX KOTNOArperaTos;
S, - 0Tkas TypGoarperaTa.

Cpenuee Bpema besoTkasHoH paboTrl (4): 11:=4500 12 = 5000

CpefHee BpeMA BOCCTAHOBIEHHUA (4): wl =1000 2 =650




3ajaHue HAYAJBbHBIX YCJIOBUM

WHTEeHCHBHOCTH nepexonos:

g g

A =222x10  A2=2x10

3 3

pl=1x10 ° p2=1538x%x10

Bexrop p comepXHT HaYaNbHEE '-(2.11-100) + |.|1-p1 = n-po + |.|2-p3_
2Ha4YEHHUA BEPOATHOCTEH

HaXOXJOEHHA ODBEKTA B KAXIOM 5 s [("'1 i ll)pl] et
HX HETHPEX COCTOAHUH. (t.p) = ~2plpy + M p,
(Cyatata gcex HARARbHOIX IHAYSHL

DoRxcHa Bl PagHa eduruye.) —Hdpy + A py

D - MaTpuLa 3HaYeHWd Nepebix NPOM3IBOAHLIX.
£ - MaTpULa pesyneTaToB pelleHus CUCTEMBI
AnchhepeHUranbHbIX YpaBHeHWd, cTonbugl
n:=0. rows(Z) - 1 KOTopofl COAEPHAT 3HAYEHUA MCKOMBIX




Ko3ad(pMLuMeHT roTOBHOCTH 3Heprodnoka c
UCnonb30BaHMEM KOTNOArperaToB B peXume ropsvero
(HarpyxeHHoro) pesepBa

0.87

0.73

Zv. 1 06

1
KoacgpMunmeHT roToBHOCTHU 3HEeprooOnoka c
Ucnonb30BaHUEM KOTHoarperaTtoB B peXxume ropsavero

(Harpy>keHHOro) pesepBa

(M3sMeHeHbl HavYanbHble YCroBUA)

0 500 1000
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2000




BiusiHue HavYaJbHBIX YCJOBMH HA
MmoKa3arejin HaAAEKHOCTH

BekTop p comep;KHUT HaualbHbIE
3HAUEHHA BepPOSITHOCTell
HaXO0XKJIeHHsA 00BheKTa B KaKJoM
X YETHIPEX COCTOSTHHIA.

(Cymma ecex HaAUATbHBIX 3HAYEHUTT —
00IHCHA DbINIL PAGHA eOuHLIje.)

| |
1000 1500




CpaBHeHuUe pe3yabTaToB pacuéra st

HAIPY/KEHHOI'0 U HCHAIPYKEHHOI'0 pe3epBa

HarpymexLHmﬁ (ropsiumii) peseps

0.75

Henarpy:xeHHbIN (X0JI0HBbII) pe3eps

0.7
0 500 1000 1500
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Brieogsr:
1. KosdduuueHT roTOBHOCTH 3Heproblioka NpH HaXOXIAEHHH OOHOIO H3

KOTIIOArPEraToE B XONONHOM PESEPEE BEIIE H COCTARNAET K = 0.7
3To MOXHO OOLACHHUTE

2. ITpu yEENHYeHHH BpEMEHH BOCCTAHOBIEHHUA KOTIOArPEraTac ... 4 40 ... 4
xo3hdHIHEHT FOTOBHOCTH 3Heprobiokxa

3. IIpu yMeHEIIEHUH CpegHER HapaboTKu Bo oTKaza Typboarperarac ... ¥ o ...
Kos3)DHUHEHT FOTOBHOCTH 3sHeprobioxa

4. Ecny B HadalbHEH MOMEHT EPEMEHH 3HEproblIoK ¢ BEPOATHOCTRIO ...
HaXOOUTCAE COCTOAHHH ..., TO KO03DOHIHEHT FOTOBHOCTH

+
Hecnedoeums:

1. Bniuanue BpeMeHH BEOCCTAHOBJEHHA KOTIOArperaTa H Typboarperara Ha
Ko3pPHIIHEHT F'OTOBHOCTH.
2. Hamenenue cpegHe HapaboTKH Jo 0TKa3a Ha BENHYHHY KosbduuHeHTA
FOTOBHOCTH.
3. BnuAnue Ha4anbHEX COCTOAHHH 3Heproblloka Ha NOKasaTElH HalEKHOCTH.
PezynmeTaThl HCCJIeJOBAHHSA OTPAa3HTH B BBIBOJIAX.
v
A
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[ Abpg - ZMppg Py E Py
Bektop P cogepsxut HavanbHele -pl-[lp + ) + Mg+ Hpepy
3HAYEHWA BEPOATHOCTEH Dit,p) =
HaxoXgeHna oBbekTa B Kaxgaom -pz-(pip + Mp) + Py 2 Mp + payd-ptp
WX YETBIPEX COCTOAHMM.

(Cymma ecex Ha4yanbHbIX 3Ha4eHUl

~py (1o + 2 ptp) + pyAp + pyhtp
domxHa bbimb pasHa eduHuue.)

D - matpuua aHaueHui nepebIx NPOM3BOAHBIX.

Z - matpuua peaynLTaToB PeLLEHUA CHCTEMb!

AndidepeHunantHelX YPaBHeHUH, cTonbuel

KOTOPOW COAEPKAT 3HAYEHHA HCKOMBIX
DY HKLUMA.
Z = tifixed(p,0,200,200,D)

- npouedypa peweHus cucmemsl duppepeHuUanbHbIX

ypaeHeHul
n:=10.tows(Z) - 1

Pesynbram peweHnA npeacraBnedHbl Ha PUCYHKaX

IPYUUL UBUL B

g



Pe3yabTarbl BBIYUCICHUSA

2l 0.051
093 0.0504

0.89 0.0498
zn, 1 0385 Zn =3
= ) 00492
0.74 :

& 0 50 100 150 200 s 0 50 100 150 200

Zn 0 zn 0
BepoatHocTb paboTtocnocobHoro BepoaTHocTb oTKa3a Typboarperarta u
COCTOAHWA CHCTEMbI cucTeMbl nonayun nana 4yenes POY:

0.01
0.008
0.006

zn 4
_U 004
0.002
0

0.2
0.16
0.12

0 S0 100 150 200
Zn 0

BepoaTHocTb monHoro oTka3sa
(rypboarperara wnu aByx Tpybonpo-
BOAOB OAHOBpPEMEHHO).

50 100 150 200

Zn,O

BepoaTHocTb 0TKa3a oAHOrO
M3 TpybonpoBoAoBs ;




BLIBOJILI IO DadOTE

Uccnedosame:
. BAMAHME M3MEHEHMA BPEMEHW BOCCTAHOBNEHUA OAHOMD W3 3NEMEHTOE HA BEPOATHOCTL
bezoTkazHoW paboTbl CUCTEMI.
. BAuAHMe uameHeHuA cpedHero epemedu besoTkazHoW paboTel 0AHOMO U3 3NEMEHTOR Ha
BEPOATHOCTE Be30TKazHOW paboTel CUCTEMBI.
. Bauanue xonogHoro u ropavero pezepeupoeadua POY Ha nokazaTenu HagexHoCTH
CUCTEMBI.
. BAMAHMe NoaKNKYEHUA ON0ONHUTENBHOM MAaruCTPan Napa Ha NOKasaTenu HafEeXHOCTH
CUCTEMBI.
Pe3ynbTatbl HCCneaoBaHWA 0TPa3nTb B BbIBOAAX.

BbiBoabl:

1. BE30TKA3HOCTh CMCTEMBI NPOMBILNEHHOMD TENNOCHABXEHUA 0BECNEYMBARTCA C
BEPOATHOCTBLIO PO =079 .

2. BEPOATHOCTb NOMHOMD 0TKa3a cucTembl cocTaenAeT [

3. MpK YEENMYEHWMK BPEMEHKW BOCCTAHOBNEHWMA TypAoarperaTa Ao ... Y BEPOATHOCTE
Be30TkasHOW padoTel M3MEHAETCA M CTAHOBMTCA PABHOM

4. Npu yeeNUM4eHWM CpeaHero BpemeH Be3oTkasHoM pafoTel TPYGONPOBOADE
BEPOATHOCTL BE30TKA3HOM paboTel CTAHOBMTCA PABHOM

9. Echv POY pepxaTtb B XONOAHOM PE3EPBE, TO

6. ECnyM AONONHUTENBHD NPONOKWTE TPETEH NMHWKD NOAEYKM Napa K NOTPeOMTENWD, TO ...




Ilpumep: Maremaru4eckass MOAeJIb U Pe3yJabTaThbl
PacyY€éTa HAIEKHOCTH CUCTEMbI CMAa3KH Ta30TYpPOMHHOIO

3Heproodoka (I'TI)

CTPYKTYPHAA CXeMAa CHCTeMbBI CMA3KH

@

ar  on
CH

TBM3

) @ (@

VI HO AV HO BOMBCCo

[ —Ao-p0+M0-p4+|:u5+uk6-(k6—l)+pk0-(k0—l) Py ) .
o[ioe (=) S (o= )] re [0y g Y ory ey | K L0
Tho+wov mig: =17y + ho- (2-ke) - po+ 2oy 0,9999999
i 8] e Mo By
{3 +23) -py+ A3 py+ 2 13- p, 0.9999998

D(t.p) =
-My4- Pyt A3 - Pyt A4-p0+}us-(3—k6—k0)-p5+7\,7-(3—k6—k0)-p6+)»0-p2

{xs 3 ks k +u5+uk6-(k6—1)+uko.(ko—l)]-p5+xs-(a—ko—ké)-po...
[u5+ M- (k =2 uko-(ko—l)]-p4

0,9999996

-[x7-(3-k0-k)+u7+uk (k6-1)+pko-(ko-l)]-p6+x7-(3-k0—k6)-p0... 0

+2-[u7+uk6 (k—1)+uk (ko—l):l-p4

0,9999997 . P

|
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3aKkJII0UYCHHUE

Pacuér HagE€XKHOCTH MPOCKTUPYEMBIX OOBEKTOB SHEPIETUKU
MOXET OBITH BBIIIOJHEH C IIOMOIIBIO CIICIIUAIBHO
pa3pabOTaHHBIX MAaTEMATHYECKHUX MOJICICH Ha OCHOBE TEOPUH
MAPKOBGCKUX C/IYUAUHDBIX NPOUECCOB.

Jl1s pacuéra mokasarenel HaJaéKHOCTH TpeOyeTcs
onpeeeHHas CX0aHasi UHMopMaIus, 0€3 KOTOPOH pacuéT
HEBO3MOJKECH.

[1yTéM CpaBHEHUSA PACCUUTAHHBIX 1 HOPMATUBHBIX
[oKasaresien HaJIeXKHOCTU OCYIECTBIISIETCS KOHTPOJIb
JOCTUTHYTOI'O YPOBHS HaJIEKHOCTH IIPOECKTUPYEMOT0 00BEKTA.

MeTto/iMKa Ha OCHOBE MApPKOBCKHX CIy4YalHBIX MPOIECCOB
MIO3BOJISIET OCYIIECTBIISITh YACTUUHBIN CUHTE3 00BEKTA C
TpeOyeMbIM YPOBHEM KauyeCTBaA.
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