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BBEAEHUE

Llenb pa6oTbl — nprobpect KOMMNETEHLMW MOAENNPOBAHUS
MPOLIECCOB Ha OCHOBE pacyeTa OAHOPOAHbIX W HEOAHOPOAHBLIX Map-
KOBCKMX Lienen.

1 MOAENb CJZTYYAMHOIO NPOLIECCA C AUCKPETHbIMU
CoCTOAHNAMU N ANCKPETHbIM BPEMEHEM

1.1 OAHOPOAHASA MAPKOBCKASA LENDb

MycTb cucteMa S UMEET 77 BO3MOXHbIX COCTOSIHUIN Sz, Sy, .vsy
S,. O603HaunB Pj; BEPOATHOCTb Nepexoaa CUCTEMbl S§'3a OAWH Lwar u3
COCTOSIHUS S; B COCTOSIHME Sj; MOXEM COCTaBMTb MaTpuly nepexoa-
HbIX BEPOSTHOCTEN. HekoTopble M3 MEepexodHblX BeposiTHOCTEN P
MOryT ObITb, paBHbl HyMO. DTO 03HAYaeT, YTO 3a OAMH LIar nepexoj
CUCTEMBI U3 /-ro COCTOSIHUSI B j-€ HEBO3MOXeH. CyMMa YieHOB, CTO-
AWMX B KaXXA0M CTPOKE MaTpuLbl, AO/MHKHA 6bITb paBHa eauHULE.

A oaHOpOAHOV MapKOBCKO#H Lenn BEPOSATHOCTH nepe-
Xo04a OT Lara K Lary He MeHSIoTCs, T.€. OAHO3HAYHO 3ajaHbl MaTpu-
uen (1).

P, P, .. Plj P
P, P, .. sz v Py

Pl= (
P, P, I:’nj o P

Martpuua nepexoaHsix COCTOSHUY MOXET ObiTb 3aMEHEHA Pa3-
MeYeHHbIM rpagom cocrosiHmi (puc.1). Ha pa3meuyeHHoM rpade co-
CTOSIHWIA NPOCTABNSAOTCS TOMbKO TE NEPEXOAHbIE BEPOSITHOCTM, KOTO-
pble He paBHbl HYJIIO U MEHSKOT COCTOSIHUE CUCTEMBI, T.e. Pj Npu FZj.
BeposTHOCTU Pyy, Pas ... Ha rpade COCTOSHWM He NPOCTaBnsTCS,
TaK KaK Kaxxgas M3 HUX AONOMHSET A0 eAuHULblI CYMMY MepexoaHbIX
BEPOSITHOCTEN, COOTBETCTBYIOLWIMX BCEM CTpesikaM, WUCXOAAWMM U3
[@HHOMO COCTOSIHUS.




HEHTp AUCTAHIOHUOHHOTI'O O6y‘{eHI/IH W IIOBBbIIIE€HHA KBaJ’II/I(l)I/IKaI_II/II/I

CHCTEeMHBIN aHaJIU3

Si ——— S,

53 S4

Puc. 1 — PaaMeyeHHbI rpad COCTOSIHWIA

BepoATHOCTU COCTOSIHMIM, B KOTOPbIX OKaXeTCs cucTeMa nocrne
k-ro wara, onpegensitotcst popMynol

p(K)=3 p, kDR, (i =1.2,...n), 2

roe pi(k-1) - BepossTHOCTb COCTOSIHMSA cuctembl nocne (k-1)-ro
wara.
Hanpumep, nocne nepBoro Lara BEPOSITHOCTU COCTOSIHWUIA 6y-

pl(l) = Pml; p2 (1) = PmZ’* pm (1) = I:>mm’1 pn (1) = I:)mn, (3)
rae Py Prs ... — BEPOSITHOCTU Nepexoda CUCTEMbl U3 Hadaslb-
HOro COCTOSAHUSA B 1-e COCTOosIHME.

Mpumep 1. [ns rpada Ha pucyHKe 2 nonyunM: Py =1—P;y;
Pyy=1—(P33+P34); P33=1-P3;; Ps=1, T.K. Nepexoq B ApYyroe co-
CTOSIHWE HEBO3MOXKEH.

MpumMmep 2. Mpynna u3 YeTbipex aBTOMOGMNEN B npouecce
3KCMNyaTaumm noaBepraeTcs nocnefoBaTesibHbiM Bo3gencTemam (TO,
TP, KP, CO, ATM » T.n.). BO3MOXHbIE COCTOSIHUS FPynnbl aBTOMOOU-
nen (cuctemsl S). S; — Bce aBTOMOBUAM paboTOCNOCO6HbI; S, — Bbl-
Len n3 CTpost OanH aBTOMObWUIb; S; — BBILWAKN M3 CTPOS ABa aBTOMO-
6uns; S; — BbIWNO U3 CTPOS TPU AaBTOMOBUNSA; S5 — BbIWIN U3 CTPOS
BCE aBTOMO6MIN. Pa3MeyeHHbI rpad COCTOSIHUIA CUCTEMBI MOKa3aH Ha
puc. 2.

HaiiTn BeposTHOCTM COCTOSIHMI rpynnbl aBTOMOGWUNEN Mocne
TPEX BO3AENCTBUIA.

PeweHue.

[lo nepBoro Bo3AeWCTBNS BCE aBTOMOBUIN paboTOCNOCOGHDI.

oy
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St

0.25

0.20 0,10

S — S S S
2 | 030 3 0.40 * 1 0.60 °

0,25 0.15
0,10

Puc. 2 — PaameuyeHHsbli rpad COCTOSIHUSI CUCTEMBI
(rpynna aBToMobunen)

M3 rpacda COCTOSIHUIN MMeeM BEpOATHOCTW nepexoda u3 1-ro
COCTOSIHMS! B OCTaslbHblEe:

P12=0,25; P;3=0,20, P14,=0,10; Ps=0,05;

P11=1-(P;>+P;3+P14+P;5)=1-(0,25+0,20+0,10+0,05)=0,40.

AHaNoOrMyHo M3 2-ro 1 NOCNEAYOLNX COCTOSAHMI:

P21=0; P23=0,30; P24=0,25; P>5=0,10; P,,=0,35;

P31=0; P3;=0; P34=0,40; P35=0,15; P33=0,45;

Pa1=0; Pi2=0; Py3=0; Pys=0,60; Py,=0,40;

Ps5;=0; P5;=0; Ps3=0; Ps4=0; Pss=1.

MaTpuua NepexoHbIX COCTOSIHMI UMEET BUA:
0,40 0,25 0,20 010 0,05

0 035 030 025 010

|P|=] 0 o o045 040 015
0 0 0 040 060
o 0 0 o0 1

Tak Kak 4o NepBOro BO3AEWCTBUS BCE aBTOMOGUIM paboTocno-
Co6HbI, To p1(0)=1 1 No3TOMy MoOC/Ne NEPBOro BO3AENCTBUS BEPOATHO-
CTW COCTOSIHMI BYayT paBHbl 3HaUEHMWsIM, B3SITbIM U3 MEPBOA CTPOKU
Matpuubl:  py(1)=0,40; pA1)=0,25 psx(1)=0,20;, p«1)=0,10;
Pps(1)=0,05.

Wcnonb3ys cdopmyny (2), HallaeMm BEpOSITHOCTU COCTOSIHWIA Mo-
Cne BTOPOro BO3AenCTBUS:

P1(2)=p1(1)P1,=0,40-0,490=0,160;
PA2)=pi(1)P12+px(1)P2,=0,40-0,25+0,25-0,35=0,188;
P3(2)=p1(1)P13+Px(1)P23+ps(1)Ps3=0,40-0,20+0,25-0,30+0,20-0

,45=0,245;
6
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PA2)=D1(1)P1a#PA1)P24+DP3(1)P3s+Po(1)Pag=
=0,40-0,10+0,25-0,25+0,20-0,40+0,10-0,40=0,222;
Ps(2)=p1(1)P15+PA1)P25+P3(1)Pss+Da(1)Pss+Ps(1)Pss=
=0,40-0,05+0,25-0,10+0,20-0,15+0,10-0,40+0,05:1=0,185.
BeposiTHOCTN COCTOSIHUIA NOCNe TPeETbero Bo3AeUCTBKSA No dop-
myne (2) ébyayt:

P1(3)=p1(2)P1:=0,160-0,40=0,0640;
P23)=p1(2)P124P2(2)P22=0,160-0,25+0,188-0,35=0,1058;
P3(3)=p1(2)P13+PA2)P23+P3(2)P33=
=0,160-0,20+0,188-0,30+0,245-0,45=0, 1986;
PA3)=P1(2)P14#D22)P24+P3(2)P34+PoA2)Psa=
=0,160-0,10+0,188-0,25+0,245-0,40+0,222-0,40=0,2498;
Ps(3)=p1(2)P15+PA2)P25+P3(2)P3s+Du(2)Pss+Ps(2)Pss=
=0,160-0,05+0,188-0,10+0,245-0,15+0,222-0,60+0,185-1=0,3

818.

TakuM 06pa3oM, nocsie TpeX BO3AENCTBUIN BEPOSATHOCTU UCXO-
0B:

— BCe aBTOMO6MNM paboToCNOCO6HbI p:1(3)~0,06;

— OAWH aBTOMO6UIIb BLIMAET U3 CTPOS pA3)~0,11;
— [1Ba aBTOMO6WNS BbIAAYT U3 CTPOS P3(3)=~0,20,
— Tpv aBTOMOGUNIS BbIAAYT U3 CTPOS P(3)~0,25;

— BCe YeTblpe aBTOMOOUNS BbINAYT U3 CTpos  ps(3)=0,38.
OTcrofa MOXHO HalTuW, HanpuMep, BEPOSTHOCTb TOrO, YTO Bbli-
net u3 cTpos He MeHee [BYX aBToOMObMNEN:
Ry 2=p3(3)+p4(3)+ps(3)=0,20+0,25+0,38=0,83He MeHee Tpex aBTo-
Mobunen: Rys;=p4(3)+ps(3)=0,25+0,38=0,63.

1.2 HEOAHOPOAHAA MAPKOBCKASA LENMDb

B HeoAHOpPOAHO MApPKOBCKOWM LIeNW BEpPOSTHOCTU nepexoaa Pj
MEHSIIOTCA OT Lara K wary. [ns Takoi LUenu BepOSTHOCTU COCTOSIHMIA
CUCTEeMbI NMocne K WaroB HaxoasTca no gopmyne

P, (k):zn: p;(k-DPY;(i=12...n), (4)

roe Pij(k) = P(ka)/Si(k_l)) - YC/I0BHAs BEPOSATHOCTb nepexona
CUCTEMBI U3 COCTOSIHUS S; B COCTOSIHME Sj Ha k-M Liare.

MpumMmep 3. MNpuHUMalOTCS YCNOBUSI, 3aAaHHbIE B NpUMepe 2,
HO BEPOSITHOCTM Mepexoda AN TPeX NociefoBaTeNbHbIX BO3AENCTBUI
pasfMyHbl U 3aaHbl TPEMSA MaTPULIAMMU:
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040 025 020 010 005
0 035 030 025 010
PY=l 0 0 o045 040 015
0 0 0 040 060
o 0 o0 o0 1
020 025 030 015 0,0
0 020 040 025 015
|7®|=] 0 o o010 050 040’
0 0 0 030 070
o 0 o0 0 1
005 010 040 025 020
0 005 045 030 020
PP = 0 0 005 055 040
0 0 0 02 080
o 0o 0 o0 1

HallTu BeposSTHOCTM COCTOSIHMIA Tpynnbl aBTOMOBWUNIEN nocne
Tpex Bo3AeNCTBUM.

PeweHue.

BeposiTHOCTU COCTOSIHWMIM NOC/E NePBOro BO3AENCTBUSI bepeM n3
nepBo CTPOKW  MaTpuubl:p;(1)=0,40; ps(1)=025; p3(1)=0,20;
P«(1)=0,10; ps(1)=0,05.

BepoATHOCTU COCTOSIHMIN MOC/e BTOPOro BO3AEMCTBUS HAaxXoauM
no dopmyne (4):

Pi(2)=pi(1)P1%=0,40-0,20=0,080;
PA2)=pi(1)P157+ps(1)P21? =0,40-0,25+0,25-0,20=0,150;
PA2)=pi(1)Pi5?+DA(1)Ps5? +ps(1)P3f? =
=0,40-0,30+0,25:0,40+0,20-0,10=0,240,

P2)=p1(. 1)P14(2) +P(- 1)P24(2) +Ps3( 1)P34(2) +P4(- 1)P44(2) =
=0,40-0,15+0,25-0,25+0,20-0,50+0,10-0,30=0,252;
Ps(2)=ps(1)P, % +P(- 1)P25( 2 +Ps3( 1)1"3! 2 +P4(1)P. P +Ps(- 1)P55( =
=0,40-0,10+0,25-0,15+0,20-0,40+0,10-0,70+0,05-1=0,278.

AHanornyHo no dopmyne (4) HaxoaMM BEPOSTHOCTU COCTOSIHUI
rnocrne Tpex BO3AENCTBUIA:
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pi(3)=p:(2)P;/?=0,080-0,05=0,004;

PA3)=pi(2)P1S7 +p:(2)P247 =0,080-0,10+0,150-0,05=0,0155;

P3(3)=p1(2)P. 7 +PA2)P P +P3(2)P; ()=

=0,080-0,40+0,150-0,45+0,240-0,05=0,1115;

PA3)=Di(2)P1f” +PA2)P2f7 +P3(2)Psf? +p(2)Psf? =

=0,080-0,25+0,150-0,30+0,240-0,55+0,252-0,20=0,2474,

Ps(3)=p1(2)P. ra +P(- 2)/022(3) +P3(2)P 287 +P4(2)P. Pe +Ps(- 2)P22(3) =

=0,080-0,20+0, 150-0,20+0,240-0,40+0,252-0,80+0,278-1=0,6
216.

Mocne Tpex BO3AENCTBUIN BEPOSITHOCTM UCXO/IOB:
— BCe aBTOMObMN ocTaHyTcs pabotocnocobHbiMn  py(3)=0;

— 0AMH aBTOMOBMIIb BLIMAET U3 CTPOS
P2(3)=0,02,

— [Ba aBTOMO6MNS BbIAAYT U3 CTPOS
pP3(3)=0,11;

— Tpwv aBTOMOBUSISI BbIMAYT U3 CTPOS
P4(3)=0,25;

— BCe YeTblpe aBTOMOOUIS BbIMAYT U3 CTPOS

Ps(3)=0,62.

3ALAHVE ONS UHOUBUAYAJIbHOW PABOTDI

Tpy aBTOMOBUNS B CNOXHBLIX AOPOXHbIX YCTOBUSX COBEPLUAIOT
nepeBo3ku rpy3oB. Kaxabll U3 HUX MOXET BbIMTW U3 CTpos. Bbiwes-
WM U3 CTPOSi aBTOMOBMIIb Cpasy e HayMHaeT PeMOHTUpoBaThbCs. B
npouecce akcnayatauum 6binn nposegeHsl TpyU 06CNY>KMBAOLWMX BO3-
AeNcTBus (TEKYLWMN WU KanuTanbHbIA peMoHTbl). [aHHas cucteMa
(cuctema S) MOXET HaxXoAUTbCA NOCneaoBaTeNbHO B HECKOSIbKUX CO-
CTOSIHUSAX. S; — BCE TPW aBTOMOBUNS HEUcrnpasHbl U PEMOHTUPYIOTCS;
S, — 0OMH aBTOMOOMNb UCMpaBeH, ABa PEMOHTUPYIOTCS; S; — ABa aB-
TOMO6UNS UCMpaBHbl, OAMH PEMOHTUPYETCS; S, —BCe Tpu aBToMobuns
ncrpasHbl.

Tpebyetcs:
1) cchopMMpoBaTb MaTpULy MEPEXOAHBLIX BEPOSITHOCTEN CO-
CTOSIHUI CUCTEMB;

2) BbIYMC/TUTb BEPOSATHOCTM COCTOSIHUI CUCTEMbI — «TPU aB-
TOMOBUNS»;

3) onpefenuTb BEPOSATHOCTb TOrO, YTO UCMPaBHLIMKU SABMS-
I0TCS HE MEHee [BYX aBTOMOBWUNEN M PEMOHTUPYETCS He Bonee oAHO-

9
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ro aBToMobuns.
Pa3MeueHHbI rpad COCTOSIHMIN CUCTEMBI NMOKa3aH Ha puc. 3.
BapvaHTbl UCXOAHbLIX BEPOSITHOCTEN COCTOSIHUM MpEeACTaB/eHb
B Tabn. 1.

Py P2 Py

Si

\4
wn
S}
y
w2
w
N
=

Puc. 3 — PaaMeueHHbI rpad COCTOSIHWUS CUCTEMBI «TPU aBTOMO-

buna»
Tabnvua 1 — BapmaHTbl UCXOAHbIX AaHHbIX "
3Ha4veHus MepexoaHble BEPOSITHOCTU COCTOSIHWM
aBy P11 Py P13 ) Py3 P33

0,37 0,10 0,15 0,10 0,40 0,40

0,34 0,12 0,16 0,15 0,36 0,45

0,31 0,14 0,17 0,20 0,32 0,50

0,28 0,16 0,18 0,25 0,28 0,55

0,25 0,18 0,19 0,30 0,24 0,60

0,22 0,20 0,20 0,35 0,20 0,65

0,19 0,22 0,21 0,40 0,16 0,70

0,16 0,24 0,22 0,45 0,12 0,75

0,13 0,26 0,23 0,50 0,08 0,80

O INO|UN|hA|WIN|H|O

0,10 0,28 0,24 0,55 0,04 0,85

a B Y

* . BeposaTHOCTU P4, Pys, P34 — QononHMTL A0 1 Npu noctpoe-
HUW MaTpULbI.
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BOMPOCHI AJ1i1 CAMOKOHTPO/JIA

1. ﬂaﬁTe MaTeMaTU4ECKOE onpeaeneHmne nioTHOCTU BEPOATHO-
10
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CTW CObbITHS.

2. CdopmMmynupyiiTe npaBuio Ansi coctaBneHus anddepeHum-
arnbHbIX ypaBHeHU KonMoroposa.

3. Jaitte onpeaenexune v rpadmyeckyto TpakToBKY MpocTeLle-
ro (MyaccoHOBCKOro) noToka CobbITUit.

4. MpuBeanTe 06bACHEHUE MOHATUIO «MNpeaesbHbIE BEPOSITHO-
CTW COCTOSIHUIA».

5. 3anuwunTe HOPMUPOBOYHOE YpPaBHEHWE AN BbIYUCIEHMS
npeaenbHbIX BEPOSTHOCTEN COCTOSIHUM,

6. CchopmynupyiTe npaBuio ANs BblYMCIEHNS NPeaesbHbIX Be-
POSITHOCTEN COCTOSIHUIA CUCTEMBI.
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