TeopuA
MHMDOPMaLMOHHbIX
[ipoueccoB n CUctem

Tema Ned4: MeToabl onucaHust

NEeTEPMUHUPOBAHHBIX U CJIYYAMHBIX

POEeCcCOB B HHPOPMAIIMOHHBIX
cucremMax




CopepxaHue

~ Oco6eHHOCTM MoJe/IMpoBaHUsA Cay4vam

npoLeccos.
~ CobbITuA. CayvamHble BENMUYMHDI.
~ C/lyYanHble NpoLecchl.

~ MoJenmpoBaHue caydYamHbiX NPOLLECCOB.




O6BbEKTbl MOAETMPOBAHUA

JleTepMMHUPOBaHHbIE

CtoxacTmnyeckume

BbluncnurenbHas cuctema — 3T0 AUCKPETHbIN AeTePMNHUPOBaHHb

O0OBbEKT.

CXEeMOW.

Yrcno cocToaHUM
CUCTEMbI KOHEYHO.
[lepexoabl CTporo
onpeAeneHbl

Ymcno cocTosHMM
CMCTEMbI KOHEYHO
[Mepexoabl onpeaeneHsl
HEKOTOPbIM C/ly4alHbIM
3aKOHOM

[Mpn mogenupoBaHuK peLlaeTcs 3agada onncaHma nooboro
obbeKkTa AUCKPETHON AeTePMUHUPOBAHHOMU

Yrcno cocToaHUM
6EeCKOHEeYHO
JAMHaMMKa napamMeTpoB
CTpOro onpejeneHa

Ymcno cocToaHuM
6EeCKOHEYHO
AMHaMMKa napamMeTpoB
33/1aeTCH CAyYamHbIMMU
dYyHKUMAMM



OCHOBHbIE€ BOMPOCHI

- [IUCKpeTU3aums HENpepbIBHOM 3aJa4m

- CX0AMMOCTb = annpoKCMMaUUs
+ YCTOMYMBOCTb

- OnTMMmMsayma an rOpUTMa

- OnucaHue CTOXacTMYECKOM 3a/jauM KaK AeTepMUHMPOBAHHOM

~ Kak Boob6Lle BbIYNEHMTb
3aKOHOMEPHOCTU B
«CJly4YanHoOU» cUTyaumm?

- AJEeKBaTHOCTb: Korga u novemy
pelleHne AeTePMMHUPOBAHHOM
3aJa4M «MoJIe3HO> AJ1A
PeLlEeHNsA CTOXaCTMYECKOM.




CopepxaHue

~ OCOB6EHHOCTU MOAENMPOBAHMS CAYYaMHDI

NpoL,eccos.
~ Co6biTMA. CayvyauHble BeJIMYUHDI.
~ C/lyYanHble NpoLecchl.

~ MoJenmpoBaHue caydYamHbiX NPOLLECCOB.




HeKoTopble onpeaeneHus

Coovimue — BcakHil (aKT, KOTOPBIII B PE3yIbTaTe OIBITA MOKET

IIPOM3ONTH WIH HE IIPOU30ITH.
\

Bepo;zmuocmb COOBITHS €CTh YHCJICHHAs MCpa CTCIICHII 0OBEKTHBHOII

BO3MOKHOCTH 3TOTO COOBITHSL.
\
Ecmu YCIOBHA OIIbITa MOI'YT OBITh BOCIIPOH3BCACHBI MHOI'OKPATHO, TaK

4YTO B IIPHHIHIIC OCYIICCTBIMA IC/Iasd CCPHA OAIMHAKOBBIX H He3acucuMbIX IPYT
OT apyra ncnmrannﬁ, TO BEPOATHOCTD COOBITHS A MOJKET OBITHh BBIUICJICHA:

P(A)=m/n

€ n — OO0IIEee YICIO0 B3alIMHO HCKIHOYARIINX ApYyT Apyra HCXO0J0B; 7 — YHCIIO
HCXO0J0B, KOTOPBIC IIPHBOJAT K HACTYILICHHEO COOBITHA A.




HeKoTopble onpeaeneHus

HeckoIbKo COOBITHII 00pa3yIOT HOJIHYIO 2pynny coovimuil, €Cil B
pe3yIbTaTe OIBITA JOKHO HEMIPEMEHHO MOSBUTHCI XOTS OBI OJTHO I3 HIIX.

Z POy bpymna () —

Heckoapko COOBITHIT HA3BIBAIOTCI HECOBMECMHLIMU B JTaHHOM OIIBITC,
CCJIII HHKAKIIC IBa I3 HIIX HC MOTI'YT ITIOABHTBCA BMCCIC.

P(4,nA,)=0 Vi#j

CoOBITHS HA3BIBAIOTCS He3AGUCUMBIMU, €CIIH TIOSBICHIIE OJHOTO H3 HIX
HE 3aBHCHT OT TOT'0, IPOM3OILIH JIH APYTHe COOBITHA.

P(4,UA)=P(4)+P(4) Vi#]




HeKoTopble onpeaeneHus

CayyainHon 6enuduHONl HA3BIBACTCS BEINYIHA, KOTOpas MOKET
IIPHHIMATh TO IJIN HHOE 3HAUCHIE, Hel36eCmHoe 3apaHee.

Cry4aiiHbI€ BEIHMYHHBI MOTYT OBITh IBYX THIIOB:

¢ THCKpeTHbIe (MpepbiBHbIE), IPIHIMAIMIINE TOJIBKO OTACIEHHBIE APYT
OT Jpyra 3Ha4eHN, KOTOPbIE MOKHO IIPOHYMEPOBATH;

e HellpepbIBHbIe (aHAJIOTOBBIE), KOTOPBHIE MOIYT IPHHUMATh THO00E
3HA4YEHIE I3 HEKOTOPOTO IIPOMEKYTKA.

3axonom pacnpedenenus caAy4auHOU 6eIUYUHBI HA3BIBACTCS BCSIKOE
COOTHOIIIEHIE, YCTAaHABJINBAIOIIEE CBA3b MEKIY BO3MOKHBIMH 3HAYCHISIMI
CIIy4YailHOI BEIMYNHBI I COOTBETCTBYIOIIINMI UM BeposSTHOCTAMH. [Ipo caydaii-
HYIO BEJINYHHY TOBOPSAT, YTO OHA IMOUYIHEHA JaHHOMY 3aKOHY pacIlpeIeICHIS.

X:x,%,.x, p;=PX=x) (=1n)

n
n
Z p; =1 B ciydyae IONIHO# rPYMITbl HECOBMECTHBIX COOBITHH

i=l1



Pacnpepenenue cayyamHou

BEJIMYUNHDI

~  JIUCKpeTHas cayyariHas Beuy) :
pizf(xi) (l=1,n)

= AHaJivii nacuruc

X
P a 1
> Tp3 ‘\\ pl
y 25 ;
Py
> rp1
> X

X X5 X3 ces X
- Hel'lpeprBHdH CJ1yHdMHAA BEJIMHMHA

~ BepoATHOCTb KaxKaoro
KOHKPETHOro 3Ha4YeHuA

paBHa HyJ0 - 7777

n




PacnpeaenexHme cny4amHou
BEJIMYMHDI

Dyukuus pacnpeoeiieHus eeposmuocmen (I OPOCTO  (PYHKIIA
pacrpeneneHnsd) F(x) caydailHoil BelImduHbl X IIPEACTaBISET COOOId
séeposamHocms TOTO, YTO CIy4allHas BeINMYNHA X IPHMET 3HAUCHIE MEHBIIEE,
YeM HEKOTOPOE 3aJaHHOE 3HAYCHIIC X \

)= PCY € x)

F(x)a
CBoiicTBa GQYHKIHH pacnpeaejleHHs:

1
® €CIH X; > X;, TO F(x;)2 F(x,); ﬁ
o F(=o0)=0;

® [(4o0)=1. 8
e Pla<x<b)=F(b)-F(a).




PacnpeaenexHune cny4amHou
BEJIMYMHDI

Ilnomunocmo pacnpedenenusn eeposmuocmeint f(x) onpeaeIseTcs Kak
npou36o00Has 0T GYHKIINH pacipeneaceHusa F(x) mo x:

» \
f)=F(x) =2

J(x)4

dx

F(x)= [f(x)dx
o __

> X
0

CBolicTBa ILTOTHOCTH paclpeae/IeHus:

® IUIOTHOCTD paclpeaeIeHns ecTh GYHKUHS Heompuyamenvras: f(x)=0;
e IHTErpal B OCECKOHEYHBIX IIpeaeaX OT IUIOTHOCTH pacIpeaeIcHIS

PaBEH eouHuye:

Tf(x)dx=1.




MOMEHTbI

CJlydanMHOM Be/IMYMHDI
Hauanonoit momenm s-20 nopsaoka o [X |

)
> n
A w o o
Y %" b — JUIS TICKPETHOII CIIy4allHOI BEINMYNHBI;
i=1
=
o [X]=1""
jxs f(x)dx — a1s HempephIBHOII CIydailHOIl BEIHMYIHBI.
—00

.
= pamemamuueckKoe oxxcuoarnue

M[X]=o[X]

>

Ilenmpanvuotit momenm s-20 nopaoka [.[X ]

] n
Z(x,. -M[X]))’ p, — U JUCKPETHOII CIIy4ailHO BETMYNHEI;
i=1

BIx1=4"

f (x—M[X]) f(x)dx — 19 HEMPEPBIBHOII CIyYaiiHOII BETIIIHEL.




MoOMeHTHI
CJIy4aMHOM BEJIMYMHDI

= Mamemamuueckoe 0)6CUOAHUE — CDEOHEB3BECULCHHOE
suavenue cryyainou sen M[ X ]= o[ X ]

= Mucnepcus — pazbpoc 3HaueHul ciy4auHou eludUHbl
OMHOCUMENLHO MAMEMAMIIULCKN20 NuriN Ly

DIX]=4,[X]
=~ Cpeonexeadpamuunoe OmKJioOHeHUE

o[X]=+D[X]

=~ Koappuuuenm seapuauuu
vix]=2

M[X]




TunoBble pacnpeaeneHna

- Pacnp ak -
Pk=P(X=k)=Fe S (e=0,1,2...)

\

1€ a — HEKOTopas MOJOKHTEIbHAs BeINYNHA, Ha3bIBaeMas napamempom
pacnpenenenus Ilyaccona.

~ [eoMeTpuuecKkoe pacnpeaeneHune

pr =P(X =k)=p*(1-p) (k=0,1,2,...)

TIe p - napamemp pacupenencHusa (0 <p <1)



TunoBble pacnpeaeneHna

~ PaBHOMepHoe pacnpejeneHue

~ JKCMOHEeHUMasibHoe
-0

pef (M =l-e "ye f(x)=ce™, i

a>0 x21 v, [X]=1

IKCn

0

k-1

. F(x)=1-¢">

i=0
o020 k=12 %20

(ax) a(ax) ™ .
7 1ar fi ()= ((kic)l)! e




CopepxaHue

~ OCOB6EHHOCTU MOAENMPOBAHMS CAYYaMHDI

NpoL,eccos.
~ Co6biTHa. CaydYyamHble BEMYMHDI.
~ C/Qly4yaMHble npoueccsl.

~ MoJenmpoBaHue caydYamHbiX NPOLLECCOB.




Cy4amHbIM npoLecc

CHY‘IaﬁHBIﬁ I[Iponccc HAXOANTCA B HCKOTOPOM cocmoAHuu, CCIHI OH
ITOIHOCTBIO OIIHCBIBACTCA 3HAYUCHIIAMII IICPCMCHHBIX, KOTOPBIC 3aJdr0T 5TO
COCTOSHIIC. \

HpOI_ICCC COBCpIIaAcT nepexoo H3 OJHOI'O COCTOAHHA B JApPyroc, cCCJII
OIINCBIBAOHOIIIC €C IICPCMCHHBIC H3MCHAIOTCA OT 3HanHHfI, 3aJa0Inx OJHO
COCTOSHHC, HAa 3HAYUCHIIA, KOTOPBIC OIIPCACIAROT APYTIoC COCTOAHIIC.

\

CquaﬁHBIﬁ I[Iponccc COCTOHUT B TOM, 4YTO € TCUCHHCM BPCMCHI IIPOICCC
IICPCXOTHUT I3 OJHOI'O COCTOAHHA B JIPYIOC 3apdaHee He 136eCIMHOoe COCIMOAHIUE.




Cy4amHbIM npoLecc

Ecian MHOXKECTBO COCTOfIHHﬁ, B KOTOPBIX MOZKCT HAXOIHTHBCA IIPOICCC
cyeémHoe, TO €CTh BCE BO3MOKHBIC COCTOSHIS MOTYT OBITH IIPOHYMCPOBAHEI, TO

COOTBETCTBYIOIINII IIPOIECC HA3BIBACTCA CAYUAUHLIM HPOUECCOM C OUCKPem-
HOIMU COCMOSAHUAMU TIH TIPOCTO OUCKPEMHBIM CAYYAUHBIM NPOUECCOM.

Ecan MHOKECTBO COCTOSHUIT HE MOKET OBITh IIPOHYMEPOBAHO, TO IMEEM
CAVUYAUHBIIL Npouecc ¢ HENPepul6HbLIMU  COCMOSAHUAMU TUIL  IIPOCTO
HenpepuIGHbIIl CAYYANHBII npoyecc, 1711 KOTOPOTro XapaKTepeH IUIaBHBII Iepe-
X0 M3 COCTOSHHS B COCTOSHIE UM KOTOPBIH 3agaéTcsi B BHJE HEMPEPBIBHOI
(YHKIIIH BpEeMEHII.




Cy4amHbIM npoLecc

CanyyallHplil IIpoliecc Z(f) Ha3bIBACTCH CAYHAUHOIM NPOUECCOM C
OUCKPDEMHVIM 6pPeMeHeM, €CIIII TEPEXOoabl N3 COCTOSHHSA B COCTOSHIE
BO3MO’KHBI TOJIBKO B CTPOTO onpeodeieHHbvie 3apanee uKCUposaHHvie MOMeHmbvl
6pemeHril, KOTOPbIe MOKHO IIPOHYMEPOBATD: 7, 1,,....

Ecmu IIPOMCZKYTOK BPCMCHH MCKIY IICPCXOdaMHl I3 COCTOAHHA B
COCTOSIHIE SABISACTCA cayyaiiHbiM 1 IEPEXOJ BO3MOKEH B 00011 3apaHeC HC
HN3BECTHBIII MOMEHT BPEMCHH 7, TO IIPOLIECC HA3BIBACTCA CleqaﬁHblM npoueccom
C HENPEepoLIGHOLIM 6PEMEHEM.



MapKoBcCKMe npouecchl

CyyaliHbIil Ipoliecc Ha3bIBACTCA MAPKOBCKUM, €CIII BEPOSTHOCTH JIH000-
IO COCTOSIHUA B OyIyIIeM 3aBUCHT TOJBKO OT €r0 COCTOSIHIIS B HACTOSIIEM U HE
3aBIICHT OT TOTO, KOTJIa 1 KaKUM 00pa30M MPOIECC OKA3aJICS B 3TOM COCTOSHIII.
OmnrceiBaronnii MOBEACHIIE CUCTEMBI Mpolecc Z(f) Ha3bIBAeTCs MeNblo

MapkoBsa.
\
JI71s TOro 4TOOBI CIyYallHBIIl MPOLIECC ¢ HenpepuiGHLIM GpemMeHeMm ObLI

MaproGcKuM, HEOOXOINMO, YTOObl HHTEPBAJIBl BPEMEHH MEXKIY COCETHHMI
IepexoJaMil U3 COCTOSHHUS B COCTOSHHE OBUIN PAacHpEeNElICHBl IO KCHNOHEeH-
YUATOHOMY 3AKOHY.

=0T

F;7t)=1-e "

P;(At|7279)=Pr(rg ST< 7y +A7|T27)) =

_Pr(rg Sst<19+AT) F(7r9+AT)-F(79) _ T —o;: AT
Pi(z 27p) 1-F(7g)




MapKoBcCKMe npouecchl

I[JISI OIINCAaHIA MAapKOBCKOI'O CJIy[IaﬁHOFO Ipooecca ¢ JHCKPCTHBIMII
COCTOAHITAMI HCITOJIB3YCTCA CICAYIOIIAA COBOKYIIHOCTD ITapaMCTPOB!
eIICpE'ICHDb COCTOSIHHH El,...,E B KOTOPBIX MOKCT HAXOIHTHCA

W
CIIy4allHbIil IIPOIIECC;
eMATpHIIA NepPeXo0J0B, OIICHIBAIOIIAA IIEPEXObI CIAYYalHOrO Mpolecca
MEXKY COCTOSSHHSIMU B BUJIE:
" wampuyvr eeposmHocmeill nepexoooé Q 1A MPOLECCOB ¢
OUCKDEMHDIM 6PeMeHeM,
" vampuyvl uxHmercusHocmeil nepexoooé G A IPOIECCOB ¢
HenpepviGHLIM 6peMeHeM,
eHavaIbHbIe BepoATHOCTH p,(0),..., p, (0).




MapKoBcCKMe npouecchl

[Tlens MapkoBa Ha3bIBACTCA OOHOPOOHOI, €CII BEPOSTHOCTH MEPEXO/I0B
HE 3aBHCAT OT MOMEHTa BPEMEHH ., I HEOOHOPOOHOU, €CINl BEPOSTHOCTH

IePeXOI0B ABIIOTCS PYHKIISMIL 7, TO €CTh g;; = q;; (k) .

BepoATHOCTII mepeXOJ0B 3aJar0TCs B BHAE KBAIPaTHON Mampuuvl
eéepossmHocmeint nepexoooé Q = [qy- |7, j =1,n], 37II€MEHTBI KOTOPOI YI0BIETBO-

PSIOT YCIOBHAM:
n =
0<gy; <1; Zlq,-j=l (i, i=Ln).
J:

Martpuma, 3J1eMeHTBl KOTOpOIl yAOBJIETBOPAIOT YKa3aHHBIM YCIOBHUSM,
Ha3BIBACTCS CIOXACMUYECKOI.

y




[lpouecchbl ¢ HenpepbIBHbIM
BDEMEHEM

JI71s1 cIydaiiHBIX MPOIEeCCOB ¢ HeMpPepPbIBHBIM BpeMeHeM BpeMs MEKIY
nepexogaMH H3 OJHOIO COCTOSHHS B JAPYroe ciaydaiiHo. DTO O3HayaeT, uTo
BEPOATHOCTH IIE€peXoa I3 OJHOTO COCTOSHIS B APYroe HE MOKET OBITh 3ajJaHa,
IIOCKOJIBKY BEPOSATHOCTh TAKOI0 IEpexojJa TOYHO B IPOM3BOJBHBIII MOMEHT
BpEMEHU { paBHaA HYIIO.

Humencuernocmo nepexoda gU H3 COCTOAHHA E,; B COCTOJAHIC Ej OIpcac-

IETCS KaK MPefe]l OTHOMICHIS BEPOATHOCTH mepexona F; (A7) CHCTeMBI 3a

npoMeKyTok BpeMeHH A7 13 E; B E; K IUIIHe 3TOro NpoMeKyTKa:

_ Pi(A7) _
g = i ———— (i,j=Ln; i#j).
At—0 AT

OTcroma cieayer, 9YTO BEPOSATHOCTH IMEpexoja 3a OECKOHEUHO MalIblil
MPOMEKYTOK BpeMeHI A7 paBHa: g;A7 (i # j). BeposaTHOCTh IBYX 1 Oolee

2
IIEPEXOJIOB 3a BpeMsad A7 HMeeT HmopsaaoK (A7)” U BBINIE U NPEANoiaracTcs
OECKOHEUYHO MaJIOI BEIHMYIHOIIL.




I dpepeHUmanbHaga MaTpmua

MHTEHCHUBHOCTH IIEPEXOJ0OB 3aJalOTCAd B BHIE KBAApaTHOIl MaTpPHIIbI
G =[g; |i,j =L n], Ha3pIBaeMOIl Mampuuen UHMEHCUGHOCHEN Nepex000s,
JIHaroHaJIbHbBIE AJIEMEHTBI KOTOPOII OIIPEACISIOTCS U3 YCIOBUA:

n S
Zgy . O (l =19n)a

=
OTKYyJa
n s
&ii =_Zg(] (ia.j:l’n)'
=
J#Fi

Martpuma, B KOTOpoil cyMMa 3JI€MEHTOB B KaKIOIl CTpOKE paBHa HYIIIO,
Ha3bIBaCTCA QuQhpepenuuaivHoml.

y




BeKTop COCTOSSHUM CUCTEMDI

B, ..up By
p;i(@)=Pr{Z(t)=E;}

= CoOCTOSISHUS CUCTEMBI;

n
> BepOﬂTHOCTH HaXO0XKICHHU Zp (f) — l)OCTOﬂHI/II/II
i

i=l1
~ HopMupoBOUHOE yCIIOBUE: P(f) = {Pl (1) 25 (2)

\

Bektop coctosHmii P(t) =1 p;(t)...., p, (f); ABILETCI OCHOBHOII XapakTe-

PUCTHKOI MapKOBCKOTO CiIydailHOro Iporiecca. Ha OCHOBE MOJy9YEHHBIX
3HAUEHHII BEPOSTHOCTEH COCTOSHHII CIyYailHOTO IMpoIllecca, MPOTEKAIOIIETo B
IICCIIEIyEMOIl CHCTEME, MOTYT OBITh pPacCUHTaHbl MPEICTABISIONINE HHTEPEC
pealbHBle XapaKTEPHCTHKH CHCTEMBI, HampHMep IS CHCTEMBI MacCOBOTO
0OCIy’KHBAHIS MOTYT OBITh PacCUHTAHbI JUIIHEI OUepeeii 3asBOK.

y




Jproamyeckme npoueccsl

Ecimn 1o ncredyeHnu 10CTaToqyHo OO0JIBIIIOTO IIPOMCIKYTKa BPCMCHII BCPO-
SITHOCTH COCTOSHUII CIPEMATCA K IIPCACIbHBIM 3HAYCHIAM py,..., P, , HC 3aBI-

CAIINM OT HavaJdbHBIX BeposaTHOCTEN p(0),...,p,(0) 1 OT TEKyIIEro MOMEHTA

BPEMEHH 7, TO TOBOPSAT, YTO CJIy4YaliHBII HPOIECC 00JaTaeT IP200UHUECKUM
ceoiicmeom. Taxkum oOpa3oM, IS IIPOLECCOB, 00JATAIOIINX SProJHYESCKIM
CBOIICTBOM:

lim P(f) = P(e0) =P,

[—o0
rne P=(py,...,p,;) — BEKTOP BEPOATHOCTEIN COCTOSHUIT CHCTEMBI, Ha3bIBA€MBIX

CIMAUUOHAPDHBIMU 6ePOAMHOCIMAMU .




Jproamyeckme npoueccsl

Ciry4allHbIIl OPOLECC ¢ QUCKPEmHbIM 6pemeHem O0IANACT 3P2o0uUdecKiM
ceolicmeom, €CIN MaTpUIla BEPOITHOCTEIN IEPEXOJ0B He ABJIAETCH
nepuooudeckoil WIN paszioxcumoil.

Martpuna SBISeTCS pa3/I0KHMOM, €CI OHa MOKET OBITh MPHBEICHA K
OJHOMY U3 CIEAYOIINX BHIOB:

{A 0} {A 0} {A B}
1) ; 2) ; 3) ;
0 D C D 0 D

rae A, B, C, D— HeHyneBbI€ KBaJipaTHbIC IToAMaTpullbl; () — HyJIeBas KBaJpaTHas
[0 IMaTpuIla.




JproamnyecKkume npoueccsl

B IICPBOM CJlIydac COCTOAHHA, COOTBCTCTBYROIIHNC IIOIMHOKCCTBAM A 11 D,
HAa3bIBAIOTCA 3aMKHYTBIMH, TaK KdK CHCTCMA, HAXOIACh B KAKOM-TO COCTOMHIHIII
OJHOI'O H3 3THX IIOAMHOKCCTB, HHKOI'/Ia HC CMOJKCT nepeﬁTH B KaKoe-I1100
COCTOAHHC APYTOI'O IIOIMHOKCCTBA. COCTO)IHH)I, COOTBCTCTBYIOIIHC ITOIMHOKC-
CIBY D BO BTOPOM cCJIydac H IIOIMHOKCCTBY AB TPCTBCM CJIYHYAcC, HA3bIBAKOTCA
HEBO3BPATHBIMH, IIOCKOJIbKY IIOCJIC TOI'O, KaK IIPOLCCC ITOKHHCT 5TH COCTOA-
HIIsI, HCBO3MOJKCH O6paTHBIﬁ I[ICpexoa B HBTH COCTOAHHA II3 COCTOHHIIﬁ,

COOTBCTCTBYIOIINX APYI'HM ITOIMHOKCCTBAM.




Jproamyeckme npouecchl

Martpuna gBiIsSeTcs mepHoAnIecKoii, €ClI OHa MOXKET OBITh IIPHBEJICHA K
BU]IY:

i

CaydaitHbIll IIpoIlecc B ATOM Ciaydae OYAET IO OdYepedau IEpPeXOoanTh I3
COCTOSIHHIT, COOTBETCTBYIOMUX B, B cocTosHUS, cooTBeTCcTBYMOMIIE C.

\




MapKoBCKMe npouecchl C
AUCKPETHbIM BpEMEHEM

I[JBI OJHOPOAHOI'O MApPKOBCKOI'O IIpomecca C MOICKPCTHBIM BpPCMCHCM
BCPOATHOCTII COCTOSIHHII Ha MOMEHT BpEMCHH 7 2

n —
pik)=2pi(k-1)gq; (=Lmk=12,.)
i=l1

Ecim paccmaTpuBaeMblil MapKOBCKII MpolecCe 00JagaeT IProaAndeCcKUM
CBOIICTBOM, TO

n —d
PJ':ZP;"](]' (J=Ln) DD =
i=l i=

Cucrema JTUHEHHBIX alreOpamdecKuX YypaBHEHUM Il pacueTa
CTAIIMOHAPHBIX BEPOSTHOCTEW COCTOSIHMM MAapKOBCKOTO IIPOIECCA, KOTOpas
o0J1a/1aeT €AMHCTBEHHBIM pellleHrueM, eciii Q — aproaudeckas MaTpuiia.

y




MapKoBCKMe npouecchl C
HenbebbIBHbIM BDEMEHEM

JI11 OHOPOIHOTO MapKOBCKOTO MPOIecca ¢ HEMpPEephIBHBIM BpPEMEHEM
BEPOSTHOCTH COCTOSIHIIT Ha MPOI3BOJIBHBIIT MOMEHT BPEMEHII ¢ OMPEICIIIOTCS
113 CHCTeMBI i) (hepeHINaTbHbIX YPaBHEHMUIT:

dp;(t) I

I T
=2 i) gy (j=Lm t>0)
dr 5

C YU€TOM HavaldbHBIX yCIOBHUIl p1(0),..., p,(0).

I[JBI CHCTEM 0O0JIaJaroIIIX SProgmiacCKIM CBOIICTBOM

n n
>, 2igg=0 (j=Ln) > p;i=1
i=1 =1




CopepxaHue

~ OCOB6EHHOCTU MOAENMPOBAHMS CAYYaMHDI

NpoL,eccos.
~ CobbITuA. CayvamHble BENMUYMHDI.
~ C/lyYanHble NpoLecchl.

~ MopaenupoBaHue cslyv4auHbIX NpoOLLEeCCOoB.




MoaenvpoBaHMe MapKOBCKUX
npoLeccos

IIpaBuio 1 (mo rpady nepexoaos). B 1eBoil yacTu KakKI0r0 YpaBHEHUS
3aIlICBIBACTCA BEPOATHOCTH PACCMATPUBAEMOI0 COCTOSAHUSA, YMHOKEHHas Ha
CYMMY HHTEHCHBHOCTEI IMEPEXOI0B M3 JAHHOI'O COCTOSIHUS BO BCE JPYyIue
coctosgHud. [IpaBasg 4YacTe ypaBHEHHUA IMPEACTABIAECT COOOIl CYMMY UJIEHOB,
YIICI0 KOTOPBIX PaBHO YICIY BXOIAIINX B JaHHOE COCTOSHNUE IYT, U KasKIblil
TAaKOIl WIEH IPEACTaBIAECT COOOI MIPOM3BEICHHE HHTEHCHUBHOCTH IIEPEXO0a,
COOTBETCTBYIOILIEH [TaHHOI [yre, Ha BEPOSTHOCTH COCTOSHHA, U3 KOTOPOI'O
HNCXOMUT 3Ta AyTa.




MoaenvpoBaHMe MapKOBCKUX
npoLeccos

Ao Po = 11
(A4 + ) py = Agpo + Mo P2

e\
.
.
.

(A + 13) Pie = A1 Pp—1 T Hje+1 P41

My Py = ﬂ‘n—lpn—l
| Do ¥ P ¥t Py =1




MoaenvpoBaHMe MapKOBCKUX
npoLeccos

IIpaBuio 2 (mo Mmarpuie HHTeHCHBHOCTeH mepexoaoB). /[ Kaxaoro
CTOJIOIIa MaTPHUIlbl MHTEHCHUBHOCTEI IEPEXOJI0B COCTABISIETCS COOTBETCTBYIO-
[[e€ ypaBHEHHE KaK CyMMa IIPON3BEICHNIII MHTEHCHUBHOCTEN IIEPEXOJI0OB Ha
CTaIlIOHAPHYIO BEPOSITHOCTH COCTOSHII ¢ HOMEPOM COOTBETCTBYIONIEH CTPOKI,
[IpIpPaBHEHHAS HYIIIO.




MoaenvpoBaHMe MapKOBCKUX
npoLeccos

— APyt M0, =0
- (A4 +m)p+A4p, + i, p, =0

Y, S
.
.
.

— (A )Py + A Dy + My Py =0

_Aunpn +ﬂn—1pn—l =0
| PoFPrFat B, =1




