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1. AHAJIMTUYECKUE METOAbI MOAEJINPOBAHUSA CUCTEM

MACCOBOI'O OBCIIY KUBAHMUSI.
1.1. Crpykrypa CMO

PaccMmoTpum B KadecTBe MpuMepa CTpyKTypy MHorokanaiasHoit CMO c ouepe-
IIbIO:

Kanaib!r o0cnyxuBanus

X Ouepenp Y

Puc. 1. Crpykrypa MHOrokananbHoii CMO ¢ odyepenbio

CMO coaep>KuUT HECKOJIbKO KaHaJOB OOCTY)KMBAaHMS, COSAMHEHHBIX O BXO-
nam mapasiensHo. Mexay Bxonom CMO X u kaHamamMu OOCTY»KHBaHHS TOMEIICH
010K "odepenp", B KOTOPBIM MOMEIIAIOTCS 3asBKH, €CIIM BCE KaHAJbl 00CTyKMBaHUS
3aHSTHI.

Ilomox 3assox. 1loTok 3asBOK X, mocTymaromuid Ha BXox peanpHou CMO,
ONpENEIIAETCS KOHKPETHOM CUTyallMeld W B NPUHLUIIE HeynpasiseM. [Ipu mocrpoe-
Huu Marematudeckod monenu CMO HeoOXOauMO MOCTPOUTh U MOJENh MOTOKA 3a-
ABOK. B kauecTBe MO/ieNI MOTOKA 3asiBOK MPUHUMAETCA CIIy4ailHbIN Ipoliecc (mocie-
JOBATEJIbHOCTDh CIYyYalHbIX BEJIMYUH C 33JIaHHBIM PAcpeeICHUEM ), ONIPEAEIIIOIINNA
Clly4aiiHble MOMEHTBI BPEMEHU MOCTYTUJICHUS 3asBOK.

Kananvt obcnysrcueanus. 3assBKM TOCTYNAOT HA BXOJBI CBOOOJHBIX KAaHAJIOB
obcnyxxkuBanusi. Kaxmas 3asBka 0OCIYy)KMBAaeTCs B OJHOM KaHaJe OIPEJEICHHOE
BpeMsi, Ha3biBaeMoe BpeMeHeM obcmyxkuBaHusi. CMO MOXKeT BKITIOYaTh OJIUH KaHaI
obcmyxxkuBanusi (ogHokaHaidbHass CMO) miM HECKOJIBKO KaHAIOB (MHOTOKAaHAJIbHAS
CMO).

Ilomox obcnyxcusanus. Bpemsi 00CayKUBaHUS KaX]I0M 3aBKU OIpeessieTcs
MMOTOKOM OOCTY>KUBaHUS, KOTOPBIA C MaTEMaTUYECKON TOUYKH 3PEHUS aHAJIOTHYCH
MOTOKY 3asIBOK.

Ouepeow. B ctpykrypy CMO MoxeTr BxoauTh 00K "ouepens". Odepenn xa-
paKTEepU3yeTCsl YMCIOM MECT OXHUAaHus i 3asBok. B Mmogenu CMO B ouepenu 3a-
NOMHHAIOTCS MOMEHTBI BPEMEHHU MOCTYIUIEHUs 3asiBKU. Odepenb MOXKET ObITh KO-
HEYHOM, TOr/ia B cilydyae mepenoiaHeHus 3asBku Tepstorcs (CMO ¢ noTepsamu) wid
6eckoneunoi. CymectByror CMO 6e3 ouepenn.
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Crpykrypa CMO 00BIYHO XapaKTEepPU3YETCsl MOCIEAOBATEIILHOCTHIO U3 YEThI-
pex cumBosioB {A, B, n, m}, rne A u B - COOTBETCTBEHHO MOTOK 3asBOK M MOTOK 00-
CIIy’KHUBaHHUSI, N © M - COOTBETCTBEHHO YMCJIO KAHAJIOB U YHCIIO MECT B OUEPE/IH.

Cocmosanus. Matematudeckas moaenb CMO oTinuyaeTcss OT CXEMbl, Mpe-
ctaBiaeHHOU Ha puc. 3.1. Mogenr CMO nMeeT KOHEYHOE YUCIIO AUCKPETHBIX COCTO-
STHUH So, S1, ..., Spam -

CocrostHue Sy O3HaydaeT, 4TO B cUcTeMe HeT 3asBOK. CocTosiHue S; 03Hayaer,
YTO B CHCTEME OOCITy)KMBAETCSl OJ[HA 3asBKa, ouepean mycta. CocrosiHue Sy - 00Cy-
KUBAETCA N 3a5BOK, ouepeb mycra. COCTOSAHUE S 141, - O0CTYKHUBAETCS N 3aBOK U B
ouepeau ojHa 3asiBKa. COCTOSHHUE Spim, - 0OCIY)KMBaeTCA N 3asBOK U B OYEPEAH M
3assBoK. CHCTeMa IMOJIHOCTBIO 3all0JIHEHA 3asBKaMH, MOATOMY odepeaHas 3asiBKa Oy-
JET OTOpOIIEHA.

CocrostHust Sg, Sy, ..., Sp+m SABISIOTCS TUCKPETHOW CIy4allHOW BEITMYWHOM.
KaxxnoMy cocTosiHHIO Sj COOTBETCTBYET BEPOSATHOCTD ITPEOBIBAHUS B 3TOM COCTOSIHUU
Pi.

3ameuanue. Mogenu CMO coOTBETCTBYEeT MareMaTudeckas Mojenb - Map-
KOBCKHI MTPOLIECC C HEMPEPHIBHBIM BPEMEHEM.

1.2 IucuunjnHa o0cay;KuBaHusI

B CMO c ouepenpio CymIECTBYIOT pa3fiMyHbIE JUCHUILUIMHBI OOCITY>KUBaHUS
(mopsimox oOCTy>)KUBaHUS) 3asABOK, TOCTYIHUBIIMX HA BXO/I:

Obcnyacusanue 6 nopsioke nocmynienus 3assox (FIFO, First In First Out),

Obcnyoacusanue 6 nopsioke, oopamuom nopsoxy nocmynienus sasisox (LIFO,
Last In First Out).

Obcnyscusanue no npuopumemam. Kaxmoi 3asBKe B o4epequ 3apaHee Mpu-
cBaMBaeTCs MpUOpUTET (ompeneneHHoe 4ucio). IlepBoil oOcyKUBaeTCs 3asBKa U3
ouepenn, UMeEIolas MakCUMalbHbI mpuoputet. [Ipuopurer ObIBaeT aOCOIIOTHBHIM
Wi oTHOcUTenbHBIM. Eciiu B ouepenns CMO ¢ aOGCOMOTHBIM MPUOPUTETOM MOCTYTIa-
€T 3asiBKa C MPUOPUTETOM, MPEBHIIIAIONIAM MPUOPUTET OOCITYKUBAEMOMN 3asiBKH, TO
oOcny>KUBaHUE TPEKpAIIAeTCs] U HAYMHAETCS 0OCIYy)KMBAaHUE MOCTYMUBIIEH 3asBKH.
Ecnu B ouepens CMO ¢ OTHOCUTETBHBIM TPUOPUTETOM TIOCTYIIAET 3asiBKA C IPUOPH-
TETOM, TPEBBIMIAIOIIAM IPUOPHUTET OOCTYKUBAEMOW 3asBKH, TO OOCTY)KHBAHHUE TTO-
CTYNHBIIICH 3asBKU HAYMHACTCS TIOCIC OKOHYAHMS OOCTYKUBAHUS TCKYIIEH 3asIBKH.

Cnyuatinsiii nopsook oocayxcuseanusi. Beioupaercs ciydaitHbIM 00pa3oM OjHa
U3 3a59BOK B OUYCPE/IN.

Obcnyocusanue 6 nepsyro ouepedv 3asa80K ¢ MUHUMATbHLIM 8peMeHeM 00CaY-
Jrcusanus. ITo o4eHb dIPPEeKTUBHAS JUCIUIIIMHA 00CITY>KUBAaHUS, TIO3BOJISIONIAS MHU-
HUMU3UPOBATH CPEHEE BpeMs MpeObIBaHUS 3asBOK B cucTeme. OHaKo B OOJBIIMH-
CTBE MPAKTUYECKUX CITy4aeB BpeMs 00CITyKHMBaHUS 3apaHee HE U3BECTHO.



1.3. Xapakrepuctuku CMO

B mporecce mMoaenupoBaHus HEOOXOIUMO ONPEISIUTh KOJTHMYSCTBEHHBIC Xa-
pakrepuctuku CMO, no3Bosisitonye oleHuTh X padboty. [1oTok 3as1Bok U MOTOK 00-
ciyxuBanust B mojiern CMO - nocienoBaTeIbHOCTH CIy4alHbIX BenurH. [loaTomy
I omnpeneneHus xapakrepucTuk CMO TpUMEHSIOT METOJIbI TEOPUU BEPOSTHOCTEH
¥ MaTeMaTUYECKON CTATUCTHKH.

OOBIYHO MPEACTABIIAIOT UHTEPEC chaeaytonue xapakrepuctuku CMO:

Porx - BEPOSATHOCTH MOTEPH 3asIBKH M3-32 3aHITOCTH O4Yepenn (BEpOSATHOCTh OT-
Kaza),

A - TIpoITyCKHas CIIOCOOHOCTD - Cpe/lHee KOJTUIECTBO OOCITY)KCHHBIX 3asiBOK B
SIMHUITY BPEMCHH,

Kep - CpeIHEe KOIMYECTBO 3aHATHIX KaHATIOB 00CIY KUBAHH,

lep - CPEHSASA [UINHA OYepEear

tox - CpeIHEe BpeMs OKUIaHUS 3asIBKOM 00CITyKMBaHUS B OUEPE/IH.

1.4. TloToku 3asiBOK M MOTOKH 00CJIY;KMBAHUSA

B ananutnueckux mozgensax CMO mpuUMEHSIOT NpOCTEHUIINE MOTOKU, B KOTO-
PBIX MHTEPBAIBI MEXKIY MOCTYIUICHUSIMH 3asSBOK MOAYMHEHBI 3KCTIOHEHIIUATBHOMY
nnu [TyaccoHOBCKOMY 3aKOHY.

B sKkcnioHEeHIIManbHOM MOTOKE WHTEPBAIBI MEXTy MTOCTYIUICHUSMHU OTACIIBHBIX
3as1BOK MOIUMHSIIOTCS 3aKOHY € IJIOTHOCTBIO pacnpeesieHus p(t) = Ae My dbyHKIHEH
pacnpenenenns F(t) = 1 - e *™. Cpenmsis [InHAa HHTepBaIa MEKLY 3asBKaMu (MaTe-
MaTUYECKOE OKUJIaHUE) JJI SKCIIOHEHIUAIBLHOTO TOTOKA PABHO

M() = [ tp(t)dt = [ Atedt =1/ .

rac A - HTHTEHCHUBHOCTB IOTOKA.
I[chepcnﬂ JJIL SKCIIOHCHIIMAJIBHOI'O IIOTOKA paBHA

D(t) = [ (t= MDY p(t)dt =1/27 .

ITepeunciuM CBOKMCTBA YKCIIOHEHIIMAJIBHOTO MOTOKA 3asBOK.

CyMMapHBIii MOTOK 3asBOK, MOJYYEHHBIH OOBbEIMHEHHEM KOHEYHOTO 4YHCia
AKCIIOHEHIIUAJIBHBIX 3aKOHOB C Pa3IMYHBIMU MHTEHCUBHOCTSIMHU A , SBJISETCS IKCIO-
HEHIIMAJIbHBIM IOTOKOM C MHTEHCHUBHOCTBIO

N
=1
IToTok 3asBOK, HOJIy‘-IeHHHf/'I paspeKCHUEM 3KCIIOHCHIHUAJIIBPHOTO 3aKOHA, IIPpH

KOTOPOM 3asiBKH UCKIIFOYAKOTCA U3 ITOTOKA C BEPOATHOCTBIO P, ABJIACTCA SKCITIOHCHIIU-
AJIBHBIM ITIOTOKOM C MHTCHCHUBHOCTBIO }\,p
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BaXHOCTh 3KCMOHEHIIMAIBHOTO MOTOKa B MojienupoBanuu CMO onpeaensiet-
Cs HE TOJIBKO BO3MOXXHOCTBIO HA €r0 OCHOBE M0JIy4aTh aHAIUTUYECKUE PELICHUS, HO
U XOpOIIMM COBHAJCHUEM C MPAKTUKOW. MHOrue peanbHO Hab01aeMble MOTOKHU 3a-
aBOK B pa3ziau4Hbix CMO OM3KH K SKCITOHEHITUAIBHOMY TTOTOKY.

1.5. AHasnuTHYeCKast MOJeJb CHCTEMbI MAaCCOBOT0 00CTYKMBAHUS

MHorue BakKHbIE PE3yJbTaThl, CBA3aHHBIC C (PYHKIMOHUPOBAHHUEM CHCTEM
MaccoBoro oociyxuBanus (CMO), mosydeHbl IpU MOMOIIM aHATIUTHYECKUX MOJe-
nei. Hambomnee pacnpocTpaHeHbl U U3y4eHbl MapKOBCKHE MOJI€NIU, OCHOBAHHBIE Ha
MaTeMaTHUYecKOM anmnapare MapKOBCKMX CIy4YalHBIX IPOLIECCOB C HEMPEPBIBHBIM
BPEMEHEM.

1.5.1 CocTOoSIHUA M MHTEHCUBHOCTH IMOTOKA COOBITHI

byaem cuutath, uTo CMO HMeeT KOHEUHOE YUCIIO JUCKPETHBIX COCTOSTHUM S1,
Sz, Ss,..., Sy, IPU ATOM MPOLIECC MEPEXO0/IAa U3 OJHOTO COCTOSHUSA B IPYro€ MPOUCXO-
JIUT MTHOBEHHO B JIIOOOM CiIy4alHbIII MOMEHT BpeMEHHU (Bpems HempepbiBHO). Ciy-
YaWHBIN IIPOLECC NEPEX0/1a CUCTEMBI U3 OJHOIO COCTOAHUSA S B APYTO€ COCTOSTHUE S;
Ha3bpIBaeTCsi MapKOBCKHM, €CIIU NIEPEXOHA BEPOATHOCTD Pjj 3aBUCUT TOJBKO OT Te-
KYLIEro COCTOSIHHSI CHCTEMBI M HE 3aBUCHUT OT IPOLUIBIX COCTOSTHUM.

Jlnst moctpoeHnss MapKkOBCKOM MOJENIN BBIYMCIUTEILHON CHUCTEMBI HEOOXOIU-
MO ONPEJIETUTh BCE BOZMOXHBIE COCTOSIHUSL CUCTEMBI M TIOKa3aTh AOMYCTUMBIE TIepe-
XOJIbl U3 OJTHOTO COCTOSIHMS B Jipyroe. [ 3Toro crpoutcs rpad cocTosiHui, B KOTO-
POM COCTOSIHUSI 0003HAYAIOTCS KPYKKAMHU, a MEPEXO0/IbI - CTPEIKAMHU.

I'pad, npeacTaBieHHbIA Ha 3TOM PUCYHKE, COJAEPKUT 5 COCTOSHMIA U 8 mepe-
X0z0B. [ Kak[oro nepexoja ykasaHa HHTEHCUBHOCTD IIOTOKA COOBITHH Ajj, (M3Me-
psiercs B 1/cek), onpenensdonias Nepexo i CHCTEMbI U3 COCTOSIHHA S; B COCTOSIHHE S;.

At—0

rae pjj (t, t + At) - BEposSTHOCTb IIEPEX0Ja U3 COCTOSIHUSA 1 B COCTOSIHUE | 3a BpeMs (t, t
+ At).

\24 A35

Puc. 2. I'pad cocrosauit MapkoBckoi Moaenu
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Ecnu cimydaiiHbIM IPOLECC SIBISAETCS CTAMOHAPHBIM, TO MHTEHCUBHOCTD ITOTO-
Ka COOBITUI HE 3aBUCUT OT BPEMEHU U ONPEEIIAETCS COOTHOLIEHUEM

At—0

1.5.2. YpaBuenus Kosmoroposa

[Iepexon MapkoBCKOW MOJENIN U3 OJHOIO COCTOSIHHS B APYrO€ ONpPENEIACTCs
cuctemoit auddepeHnmanbHbiXx ypaBHeHn KommMoropoBa. BrIiBog 3Toi cHCTEMBI
YpaBHEHUH MPUBEAEH B Kypce JIEKIMI. 3aluiIeM 3Ty CUCTEMY Ha KOHKPETHOM IpHU-
Mepe MapkoBCKOro mpoiecca ¢ rpadom, MpeACTaBICHHBIM Ha PUC. 2.

B kaxaplii MOMEHT BpEMEHHU t CHCTEMa HAXOAMUTCS B OTHOM U3 COCTOSIHUU S €
BeposATHOCTHIO pi(t). [Ipuaanum Bpemenu manoe npupaiueHue At. 3a 310 Bpemst cH-
CTEMa MOXET OCTaTbCA B IMPEKHEM COCTOSHUU WIM IEPEUTH B HOBOE COCTOSIHHE.
IIpoBenem pacyeT BEpOATHOCTEN NEPEXOAA ISl ITOM CUTYALUH.

Cucmema naxooumcs 6 cocmosinuu S;. CuCTEMa OCTaHETCS B 3TOM COCTOSTHUM
C BEpOSITHOCTBIO Py(t).

BeposTHOCTH TOrO, YTO CHUCTEMA YHIET M3 ITOTO COCTOSIHUS B COCTOSIHHUE Sy,
paBHa Di(t) A2 At.

BeposaTtHoCcTh TOTO, YTO cHUCTEMa TMeperIeT U3 COCTOSIHUS S, B COCTOSIHHE S,
paBHa pg(t) 7\21 At.

OOBeauHssE 3T COOTHOIIEHUS, MOJIYYUM BEPOSITHOCTh TOTO, YTO CHCTEMa Oy-
JIeT HaXOJAUThCS B COCTOSIHUM S; B MOMEHT BpeMeHH (t + At)

P1(t + At) = p1(t) - pa(t) Ao At + pa(t) Aoy At;

Beposamuocms moco, umo cucmema ocmamemcsi 8 cOCMosHuu Sy yeeauuusa-
emcs 3a cuem 8epoAmHOCmU nepexooa u3 cocmosauus S, (3Hax + ) u ymeHvuwaemcs
3a cuem yxooa 6 cocmosinue Sy (3HaK - ).

[Tepenuimem 3T0 ypaBHEHHUE B CIEIYIOIIEM BHE

P, (t + At) —P, (t)
At

= pz (t)}\'zl - p1 (t)}\‘lz’

B pesynbraTe npenensHoro nepexoja npu At — 0 B JI€BOM 4acTH 3TOr0 ypaB-
HEHUsI MOJIyYUM TTPOU3BOIHYI0. Toraa

dp. (t
F:;t() - pz(t)}\'zl — P, (t)}\‘lz;

DTO mepBO€ ypaBHEHUE CHUCTEMbI, OMPEIEISAIONee U3MEHEHHE BEpPOSTHOCTH
P1(t) HAXOXKIEHUSI CUCTEMBI B COCTOSTHIH S; BO BPEMEHH.

Cucmema naxooumcs 6 cocmosanuu S,. BeposSTHOCTb TOTO, UTO CHCTEMa OCTa-
HETCS B 9TOM COCTOSIHUH, paBHA Pa(t).
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BCPOHTHOCTB TOT'0, UYTO CHUCTEMA yﬁz[eT N3 5TOro COCTOAHUA B COCTOSAHUA Sl, S3
151 S4 paBHa pg(t)}nglAt + pz(t)}L23At + pz(t)7\,24At .

BCPO}ITHOCTI) TOIro, 4To cucremMa HGpGﬁI{GT U3 COCTOSIHUM Sl u S5 B COCTOsSHHE
Sg paBHa pl(t) }\,12 At + p5(t) 7\,52 At.

O6T)GILI/IHH}I 9T COOTHOLICHMHS, IMOJIYUYUM, BEPOATHOCTL TOI'0, YTO CHUCTEMA 6y-
AC€T HAXOOUTHCA B COCTOAHUHU Sg B MOMCHT BpCMCHHU (t + At)

Pa(t + At) = pa(t) + pa(t) A2 At + ps(t) Asp At - P2(t) Aoy At -

- P2(t)Aa3At - Pa(t) Aag At .

B PE3YIbTATE IMOJIYYHM BTOPOC YPABHCHUC CUCTCMbI ypaBHeHI/Iﬁ KOHMOFOpOBa

dp(;t(t) = pl(t)}\'lz +Ps (t)}‘sz —p, (t)(7\‘2l + }‘23 + }\‘24);

AHQJIOTMYHO MOJyYMM OCTaJIbHBIE YpaBHeHUsI Kosmoroposa.

dp,(t

pdgt() = pz (t)7\'23 + p4 (t)7‘*43 - p3 (t)k35;
dp, (t

p(jt() =P, (t)}“24 —P, (t)(}\‘43 + 7\‘45);

dp. (t

F:j:l() =P, (t)k45 P, (t)kas —Ps (t)kSZ;

Cucrema nuddepeHunanbHbIX ypaBHeHU KoamMoroposa onuceiBaeT AUHAMU-
Ky IIEpEX0/1a CUCTEMBI U3 OJHOTO COCTOAHMSA B Apyroe. [IoHATHO, 4TO M1 MHTETpH-
POBaHUS ATOM CUCTEMBbI HEOOXOJMMO 33JaTh HayaldbHBIE YCJIOBHS, T.€. HEOOXOIUMO
3a1aTh BEPOSITHOCTH HAXOKJICHUSI CUCTEMBI B ONPENCIICHHBIX COCTOSIHUAX B HAadajlb-
HbIA MOMEHT BPEMEHU.

JlokazaHo, 4TO B cHCTEMaxX ¢ KOHEUYHBIM YHCIIOM COCTOSIHUM, B KOTOPBIX U3 OJI-
HOTO COCTOSIHMSI B JIIO0O€ IPYyro€ MOYKHO MEPENTH 32 KOHEYHOE YMCIIO 1IaroB, Cyllle-
CTBYET CMAYUOHAPHBLU pedHcUM pabomul, B KOTOPOM MEPEXOHbIE BEPOSTHOCTU CTa-
HOBSITCSI IOCTOSIHHBIMU U HE 3aBUCAT OT BpeMeHU. CTalMOHapHOE COCTOSIHUE JTIOCTH-
raercs MpH JUIMTENbHON paboTe cucTeMsbl (t — 00) U HE 3aBHCHUT OT pacHpeesieHus
IIEPEXOIHBIX BEPOATHOCTEN B HAYaJIbHbIM MOMEHT BpeMeHH. /[ uccienoBanus cra-
[IMOHAPHOI0 peXxuMa HeoOX0UMO B cucTeMe ypaBHeHui KoimoropoBa npupoBHATH
IIPOM3BOJIHBIE B JIEBOW YaCTH K HYJIIO.

2P, (O%, ~P(OXA, =0

J=i J#i

Zpl =1

Jlist MapkoBckoit Mojienu ¢ Tpad)oM COCTOSIHHIA, IPUBEACHHBIM Ha PUC. 2, CH-
crema ypaBHeHUM KoiaMoroposa sl CTaAIMOHAPHOTO PEXMMA UMEET CIIEIYOIIUN
BU/T

C YCJIOBUEM

p27\‘21 - p17‘12 =0;

pl}\‘lz + ps}‘52 -p, (}\‘21 + }\’23 + }\’24) =0;



pzkzs + p47”43 - p37‘35 =0;

pz}\‘24 —P, (}‘*43 + }\‘45) =0;
p47\'45 + p37‘35 - p57‘52 =0;

C IOITOJIHUTCIIbHBIM yCJ]OBI/IeM
P, +pP, +p,+p, +ps =0;

3ameuanue. dta cucrema u3 6 anreOpanyeckux ypaBHEHUM C 5 HEM3BECTHBIMU
SIBJISIETCS JIMHEWHO 3aBUcUMOM. [ToaTOMY 0/1HO J1t0060€ ypaBHEHHE MOXKHO OTOPOCHUTB.
B pesynpraTe pemenus cucteMbl ypaBHeHHH KoamoropoBa HaxomguTcs (GyHKIIHS
pacupeesicHus BEPOSITHOCTEW AUCKPETHOM CIIYYaHOW BEJIIMYWHBI, OIPEICIISIONICH
BeposiTHOCTHU NpeObiBannst CMO B Ka)KJIOM COCTOSIHUH.

3HayeHueE C.B. 1 2 3 4 5

BepostHOoCTb P1 P2 P3 P4 Ps

3ameuanue. JIONOJHUTEIBHOE YCIOBUE B CTAIMOHAPHOW CHUCTEME YpPaBHEHUI
KonmMoropoBa mnoka3pIBatOT MOJHOTY 3HAYEHUW AUCKPETHOW CIyYalHOW BEJIMYWHBI,
omnpenenstoniei BepossTHocTU mpedbiBanust CMO B KaKJI0M COCTOSIHUU.

1.5.3. OgnoxkananbHass CMO c ouepenbo

[Tycts Ha Bxon ogHokaHanbHOU CMO (n =1 - yncno KaHaJIOB, M - YUCIO MECT
B OYepear) TOCTYNaeT IKCIIOHEHITMATBHBIA MOTOK 3asBOK. BpeMs oO0cCiTyXKuBaHUS
3asBkM B CMO - ciydaiiHasi BEIM4MHA, PaCIPEACIICHHAs 110 SKCIOHEHINAJIBHOMY 3a-
KOHY.

HUnmencusenocmo nomoka 3asaeox Ha Bxoje CMO paBna A (1/cex).

Cpeonee spems obcayacusanus 3aa6Kku 0003HaAUUM - {6, OOpaTHas BeIMUYMHA
K CpeIHEMY BPEMEHH OOCIY)KHUBAHUS ONPEICISCT UHIMEHCUBHOCMb NOMOKA 00CTy-
arcusarus | = 1/ toge;. ITa BETUUMHA XapaKTEPU3yeT CPETHEE YUCIIO 3asBOK, KOTOPOE
MOKET OOCITYKUTh CUCTEMA B €IUHUILY BPEMECHH.

Onpenenum cocrtossaust CMO S;

Sy - cucTema cBoOOHA, 3aIBOK HET, OUEPE/IN HET;

S; - cucreMa 00CITy)KMBAET OJIHY 3as1BKY, OUepEIU HET;

S, - cucreMa 00CITy>)KHBAET OJIHY 3asBKY, B OUEPEIN OJHA 3a5BKa;

S m+1 - cucTtema oOCITy>)KMBAET OJIHY 3asBKY, B OUEPEAH - M 3asBOK.
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Puc. 3. I'pad cocrosamit onHokanansHoit CMO ¢ ouepenibro

Bepxnue ctpenku Ha 3TOM Tpade MOKa3bIBAIOT MPOIECC MPUXO0]a 3asiBOK,
HUKHHE CTPEIIKU - POIecC 00CTyKUBaHHUS 3aBOK.
3anumeM ypaBHeHHs: KoaMoroposa it 5TOM CUCTEMBI

— APy +up; =0;

— APy —uPg + APy +up, =0;
— APy —upP, + APy +up3 =0;
—AP3 —HP3 + AP, + Py =0;

Po+PL+Pr+P3+Py+--=4

[locne pemeHus NepBbIX YPaBHEHUN CUCTEMBI, IIOJTYYHM

<
u

HOI[CTaBHM 9TH BCPOATHOCTH B IIOCJICAHCC YCIIOBUC, ITOJTYYUM

2 m-1
Po +(ﬁ)po +(ﬁ) Po ++(ﬁ) Po =1

W3 atoit popmynsl HaxoauMm p0

o =1L 2 (3 ok ()

Kosgppuyuenm 3aepysxu u xosgppuyuenm npocmoss CMO. BeposiTHOCTH Po
COOTBETCTBYET COCTOSTHUIO Sp, a 3TO MO OMPEIEICHUI0 BEPOSITHOCTh TOTO, YTO CUCTE-
Ma CBOOOJTHA U HE 0OCITYy’)KWBAET HH OJTHOW 3asBKH. Torma pg - BEpOSITHOCTh MTPOCTOSI
CMO, unmu kodddurment npocrosi. [loatomy BenwunHa Py, = 1 - Py - BEpOSATHOCTH
3arpy3ku CMO unn k03 GUITMEHT 3arpy3KHu.
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CMO c beckoneynotl ouepeowio.

[Tyctb ouepens B CMO Geckoneuna (m = 8). Torga 3HaMeHaTeNb B TPEIbITY-
et popmyne mas p0 sBaseTcs reoMeTpuueckoi nporpeccueit. Ecou (A/n) < 1, To
PSII CXOUTCS M €T0 CyMMa paBHA

2 m
S=14+2+M)"+---+ () +---=_1;

OT0 MO3BOJIAET 3aMUCaTh BhIpAXEHHUE I BEPOATHOCTU Po. ITO KodpuineHt

MIPOCTOS.

—1/S=1-"-
po=1/S=1 "t

Torna ko3 HULMEHT 3arpy3KH paBeH
— — A
Psar =1- Po = E<1’

Beposmnocms omkaza. B CMO ¢ koueurnoti ouepeodvio CyleCTBYET BEpOSIT-
HOCTh COCTOSIHMSI, B KOTOPOM OYe€peIHasl IPUILIE/IIIas 3asBKa HE MOXKET ObITh 00CTY-
KEHA. DTO TOCJIEIHEE COCTOSHUE Spi1. 1103TOMY BEpOATHOCTH OTKAa3a Porx PAaBEH
BeposiTHOCTU TTpedbiBanusi CMO B 3TOM COCTOSTHUMU.

+1_

Pomc =Pmas1 =(m+1)-(ﬁ)" ,

B CMO ¢ 6eckoneunoti ouepedsbto BEpOATHOCTHh OTKAa3a paBHA HYJIIO, €CJIH

A
=< 1
p3ar 0

3ameuyanue. YcnoBue p,,r < 1 sBnserca ¢pyHaameHTanbHbIM B Teopuu CMO.
Ecnu npuHATH, 4TO A = L WU Psyr = 1, TO BEPOATHOCTH OTKA3a
=(m+1)-1>1,

Pomc

npeBbIIaeT equHuILy, 4To aenaer CMO HepaboToCoCOOHOM.

IIponycknas cnocoonocmo CMO. J1ist CMO c 110001 CTpYKTYpOU nponyckHast
cnocodbHocmb A - KOTMYECTBO OOCTY)KEHHBIX 3asBOK, MOKUJIAIONINX CUCTEMY, B €U~
HuUlly BpemeHH. [IpomyckHasi crmocCOOHOCTh paBHA KOJWYECTBY BXOJSIINX 3asBOK B
€IMHUITY BPEMEHH, YMHOKEHHOE Ha BEPOSITHOCTh TOTO, UTO 3asBKa Oy/1eT 00cTyKeHa

A=\-1-p )

Cpeonee uucno 3asa60k, Haxooswuxcsa 6 CMO.

B cucreme ¢ KOHEUHON odYepebl0 B KaXKIbIi MOMEHT BPEMEHH MOXKET OBITh
OJ[HO U3 CIIEAYIOIINX COCTOSIHUM:

Sp: B cucteme 0 3asBOK;

S;: B cucteme 1 3asBKa B KaHayie 00CTy>kuBaHus u 0 3as1BOK B oUepe/iu;

S,: B cucteme 1 3asBKa B KaHase oOCIy>KUBaHUs U | 3asiBKa B OUEpeiu;

S3: B cucteme 1 3asBKa B KaHalle OOCTY)KUBAHUA U 2 3asIBKH B OYEPE/IH;
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S m+1: B cucteme 1 3asBka B KaHasie OOCITyKMBaHUS M M 3asBOK B OUEPEIH;

Howmep coctostnust S ¢ cootBeTcTBYeT unciy k 3asBok, Haxozmsuuxcst B CMO.
BeposaTHOCTB 3TOr0 COCTOSIHUSL paBHA Pk.

Yucno 3aaBok, Haxoasumxcss B CMO, sBiseTcss IUCKPETHOM clydallHOW BeJH-
YUHOM CO clienyromei GyHKIMeH pacipeaesIeHus] BEpOosSTHOCTEN

3HayeHueE C.B. 0 1 2 m+1
BeposiTHOCTB pi Po P1 P2 Pn+1

Cpennee yncno 3agBox B CMO n., paBHO MaTEMaTUYECKOMY OXXHMJAHHIO STOU

CIIy4alHOW BEJIMYUHBI m-1
Ny =0-Pg +1:Py +2:Py oot (M+D) Py = D K-y
k=1

WA . 1n2 A3 M+ m+1 (}L)k
Nep =10+ 2:(2)"+3-(1)" +-(m+D)- (%) =kz=‘1k-.M ,

Hnst cucmemsbl ¢ beckoneurnou ouepeovio ( m — o) 3Ta Gopmysa MpeBpaaeT-
csl B yOBIBAIOIIIYI0 TEOMETPUUECKYIO Mporpeccuio. B aTom citydae cpeanee yucio 3a-

saBOK B CMO paBHO
cp o H/ ( H),
Cpednee uucno obcnyscusaemvix 3aa60k. B KaHaie oOCIyXUBaHUSA OJHOKA-
HajgbHOM CMO MOkeT 00CIyKMBaThCSl OJHA 3asiBKa WMJIM HU OJHOM 3asBKH. DTOMY
COOTBETCTBYET CJEAYIOIIas TUCKPETHAs ClyyaliHas BeJIMYnHa

3HayCHME C.B. 0 1
BeposTHOCTb py Po P1

Cpennee uuciao oOCIy>KMBAEMBIX 3asBOK N,; PABHO MAaTEMATHUYECKOMY OXKHJIa-
HUIO 3TOW CIIyYalHOW BEJINYHUHBI

Ng, =0-Pg+1-py =3

Cpeonss onuna ouepeou. Cpennss JUIMHA OYEPENH Iy PABHA CPETHEMY YHCITY
3a5BOK B CHCTEME N, 33 BBIYCTOM CPEIHETO YHCIIa 00CTYKHBACMBIX 3a5BOK. K

Choon =2 43 () 4. H™ =3 k()

lop=Nep = Nog =2 (5)" +3-(2)" +-+-(M+1)- (%) =Yk )
k=2

B omnokanansHOit CMO c Oeckoneunoil ouepedvio CpelHssS NIHMHA OUYepPEean

2 .
rcp = (i:) /(1_ﬁ)1

paBHa

Cpennsisi nmuHa O4Yepeld Pe3KO BO3pacTaeT MpH CTpemyieHnH KodhduimeHTa
3arPY3KH Psyr K CIIUHHUIIE.

A .
psar _E_>1’
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JI1st psar OOTTBINIE emuauIIBI paboTa CMO HEBO3MOXKHA.

3ameuanue. Mbl paccMaTpuBaeM TOJIBKO MPAKTUYECKU 3HAYUMBIN cmayuonap-
Holti pescum padbotel CMO, B KOTOPOM TEPEXOHbIE BEPOSATHOCTH MEPECTAIOT 3aBU-
CeTh OT BPEMEHH U CHCTEMa MOXKET paboTaTh CKOJb YroAHO aoiro. Jlis uccienoBa-
HUS NnepexooH020 pedxcuma HEOOXOIUMO YHUCJICHHO PEeIIuTh cucTeMy auddepeHIu-
aNbHBIX ypaBHeHH KomMoropoBa u mpoaHaan3upoBaTh rpauKud U3MEHEHUS Tepe-
XOJTHBIX BEPOSTHOCTEH BO BpEMEHH, KaK 3TO OBLJIO TTOKa3aHO BHIIIIE.

Cpeonee spems npedvisanus 3aseku 6 CMO. B cranmonapHoMm pexume pado-
Tbl CMO ( psar <l ) MHTEHCUBHOCTH BXOJIHOTO U BBIXOJHOTO IMOTOKOB PaBHBI MEXY
co0oii 1 paBHHI A. [IycTh B CTaIlMOHAPHOM PEXHME CPEIHEE YHUCIIO 3aIBOK B CHCTEME
B CIIMHMIlYy BPEMEHHM PaBHO N, Torma cormacHo TeopeMe JIuTTna cpennee Bpems
npeoriBanust 3a1Bku B CMO - T, paBHO

CHUCT

Tener =Nep /A5

Teopema JIutTna mokazaHa ajis JIF0OOTO pachpeieseHUs] MOTOKa 3asiBOK U MPHU
J000M pacrpeieICHUH BpeMEHH 00CITyKUBaHUS.

st CMO ¢ 6eckoHeuHOM o4epebio ATy (GOpMyTy MOKHO MEpenucarh B clie-
IYIOLLEM BUE

_ 1 .
TCI/ICT - “(1_}\4/“) !

AHQJIOTUYHO MOXXHO 3anucath GopMyily JUisi CPEIHEro BPEMEHU MpPeObIBAHUS
3asBKU B ouepeau T, B o0miem cioyuae

Toy =Tep A5
Jst CMO ¢ 6eckOHEYHOU 04epeabIo MOTYyYUM
A

04 2 J
po(1-A/p)
Ot HopMyIIBI TTO3BOJISIOT ONMPEACTUTh CPeaHEE BpeMs 0OCITy>KUBAHUS 3asIBKH
CMO - ty6c, U3 CHEAYIONIETO COOTHOLICHUS

T

CHUCT —

t06CJ'I + Toq;

1.5.4. Muorokanaiasnasa CMO c ouepeabio

[TycTth Ha Bxoa MHOrokaHainbHOM CMO (n - 4KMciio KaHAJIOB, M - YACIO MECT B
odepe/id) MOCTYMaeT SKCIOHCHIIMATBHBIN MOTOK 3asBOK. JJIUTETLHOCTh 0OCTYKUBA-
HUS 3a4BKM B KoM kaHasie CMO - ciydaiiHasi BEJIMYMHA, TaKXKEe pacrpeesieHHas
[0 AKCHOHEHIMAJIBbHOMY 3aKOHY. MHTEHCHMBHOCTh MOTOKA 3asBOK OJMHAKOBA MJISI
KaKJI0TO KaHana u paBHa A (1/cex), cpemHee Bpemsi OOCTY>KUBAHHS 3aiBKU - toge.
OOparHasi BeIMYMHA K CpeAHEMY BpPEMEHH OOCTY>KUBAHUSI OMpPENeIsieT WHTCHCUB-
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HOCTh MOTOKA 00CITYyXKUBaHUA W = 1/ tyse;, XapaKTEPU3YIOIIEE CPETHEE YUCIIO 3asBOK,
KOTOPOE MOKET 0OCITYy)KHTh CHCTEMa B CIMHHUITY BPEMEHHU.

[Tpu HaNMUUK CBOOOHOTO KaHaJla MIPUXOAAIIAs 3asBKa cpa3y OTIPABIIICTCS Ha
oOcnykuBaHue. Ecii Bce KaHajbl 3aHATHI, TO 3asgBKa CTaBUTCS B odepeanb. Ecim
ouepeb 3alojIHeHA, TO 3asBKa MOIydaceT 0TKa3. [Ipu 0cBOOOXKIEHNN KaHala ¥ HaJTU-
YUU 3a5BOK B OYEpEIU B OCBOOOUBIIHUICS KaHAJ Cpa3y MOMEIIAETCs IepBas 3asBKa
u3 ouepeau. OOCITy)KCHHBIC 3asIBKH ITOKHIAIOT CHCTEMY.

Onpenenum coctosiHusA S 111 MHOrokaHaibHot CMO.

So - cucreMa cBoOOIHA, 3asIBOK HET, OYEPEIN HET;

S; - cucreMa 06CITy)KMBAET 3aBKY B OJTHOM KaHaJIe, OUePEIH HET;

S, - cucreMa 06CITy)KMBaET 3aABKU B IBYX KaHaaX, O4epeu HET;

Sn - cucrema oOcITy>)KMBAET 3asBKH B N KaHAJaX, O4epeIu HET,

Sp+1 -cucTeMa 00CITY)KHMBAET 3asiBKM B N KaHaJIaX, OJIHA 3asBKa B OUEPEIH;

Sh+m - cucTeMa 00CTY)KMBAET 3asBKU B N KaHAJIaX, B OUYepeId HAXOIATCS m 3a-
SIBOK.

JlnvHa oyepeny M MOKET ObITh HEOTPAaHUYEHHOM.
A A A A A

Puc. 4. I'pad cocrosinuii yetpipexkananbHoit CMO ¢ ouepenbio

I'pad cocrossamii MEOrokanapbHOM CMO mnono6en rpadpy CMO (puc. 3) u ot-
JUYACTCS TOJIBKO WHTEHCHUBHOCTSMH TIOTOKAa OOCTY)KHMBaHHS (HWKHUE CTPEIKH Ha
rpade). Ilpu mocTyrieHuu ouepeaHoi 3asBKU (€CIM €CTh CBOOOJHBIE KaHAJbl) CH-
CTeMa MEPEXOJUT B COCEAHEE MPABOE COCTOsIHUE. IHTEHCMBHOCTh MEPEX0/1a BIPaBO
OMpeaesieTcs HHTEHCUBHOCTBIO BXOJIHOTO notoka A. Ilo-mpyromy obcTout aeno c
NOTOKOM o0ciyxuBaHus. Eciau cuctema HaXOOUTCA B COCTOSSHUU S;, TO paboTaer
OJINH KaHaJl | UHTEHCUBHOCTh OOCTYKMBaHUsI paBHa [. B coctosnuu S, napauiens-
HO pa0oTaroT 2 KaHajga U MOdTOMY MHTEHCUBHOCTH OOCITyXHBaHUs paBHa 2. Poct
WHTEHCHUBHOCTH OOCITY>KMBAHUS MPEKPAIAeTCs TOCIe TOTO, KaK BCE KaHaJbl OKa3bl-
BAIOTCS 3aHATHIMH. J[JI1 CUCTEMBI C N KaHAJIAMH MaKCHMaJIbHOE 3HAYECHUE UHTCHCUB-
HOCTH OOCITY>KUBaHUS PABHO N|L.

3anumiem ypaBHeHuss KonmoropoBa 1j1si CTaIlMOHAPHOTO pexuMa paboThl 4-x
kaHainpHOM CMO.
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—Apg+up; =0;
— APy —HPy + APy +2up, =0;
— APy —2up, +Ap; +3up; =0;
—Ap3—3upz +Ap, +4pup, =0;
— APy —4up, +Ap3 +4ups =0;
p0+p1+p2+p3+p4+---=1;

B sTOM mmpuMepe BUIHO, UTO B MEPBBIX 4-X YPAaBHEHHUSIX, CBA3AHHBIX C MIPOLIEC-
COM 3aIrOJHEHMsI KaHAJIOB OOCITYKUBAHUSA, IIPOCIIEKUBAETCS OJJHA 3aKOHOMEPHOCTD, a
B OCTaJIbHBIX YPAaBHEHUSX - IpyTrasl.

Bripaxkas mocienoBaTeabHO BEPOSTHOCTH Pi1, P2, ... » Pn+m YEPE3 Po, MOTYIHM
pelieHue anredpandeckoi cucteMsl ypaBHeHH Koamoroposa
1 K n
) xlp_ ) xlp_ p_% 1p.
=1 | VMo =1 | Mo n—| | ~FO0
g k <n,
n+l k n+m
A 1 151 (A 1
Prot=| TpO’ Prsi = — Wpo; Prsm =] Tpo’
H1 ol W HI ol
st k > n,

BeposaTHOCTh py HAXOAUTCS U3 MOCJIEAHETO YPABHEHUS MOCJE MMOJICTAHOBKHU B
HETOo MPeAbIAYIUX GopMyT

OO FR L 6 A O M

Ha cnenyromieM mare HaxoauM BEPOSITHOCTH Py, P2, ... P n+m-
[IpoBeneM Ha OCHOBE PTHX BBIPAXXEHUN aHaM3 OCHOBHBIX BAapUAHTOB (DYHK-
LIMOHUPOBaHMS MHOTOKaHajibHOM CMO.

Cucmema 6e3 ouepeou (¢ orkazamu) (m = 0).

Bepoamnocms omkasza. Ouepennas 3asiBka, nocrynatwomas B CMO, He o0ciy-
KUBAETCSI, €CIIU BCE KaHAJIbl 0OCITYKUBAHUA 3aHATHI. JTO 3HAUYMT, YTO CUCTEMA HaXo-
TUTCSL B COCTOSIHUM S,. BEpOsTHOCTh HAX0XKIEHHSI CUCTEMBI B 3TOM COCTOSIHUM Pj SIB-
JSIETCsl BEPOSTHOCTHIO "0TKa3a" B 00CTyKUBAaHUU.
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n

A1
pOTK:pn = 7p0’
1}

BeposTHOCTh py COOTBETCTBYET COCTOSIHUIO Sg, O03Hadarouiemy, yro B CMO
HET 3aBOK. ITO K02¢huyuenm npocmos Po.

Benuuuna (1 - po) xapakrepusyet dakt, uro CMO 3aHsTa 00CTyKUBAaHUEM 32a-
SABOK. OTO Koaghuyuenm 3azpy3xu Psar = 1 - Po.

A=%-(1=Ponc);

Ilponycknas cnocobnocms A. DTO KOIWYECTBO OOCIYKEHHBIX 3asiBOK, MOKH-
JAIOIINX CUCTEMY B €IWHHUIYY BpeMmeHHU. [IpomyckHas CcriocoOHOCTh paBHA KOJIMYE-
CTBY BXOJISAIINX 3aIBOK B €IMHUITY BPEMEHH, YMHOKEHHOE Ha BEPOSITHOCTH TOTO, YTO
3asiBKa OyJIeT 00CIyKeHa

Cpeonee uucno 3aa60k Ny, Haxopamuxcsa B CMO. B Tekymuii MOMEHT BpeMe-
HU B cucTemMe MoxeT ObITh 0, 1, 2, ..., n 3asiBOK, IPU 3TOM BCE 3asiBKU O00CITyKMBa-
10TCsl. BeposSTHOCTH TOTO, UTO B CUCTEME HaXOAUTCSA K 3asBOK, paBHa py. CpenHee
YHCJIO 3a8BOK N, PABHO MAaTEMATUYECKOMY O0XKMJIAHHUIO JUCKPETHOM CIIy4aiHOMN Be-
JUYUHBI CO CIICYIONIEeH (GyHKIMEH pacpeiesICHUs BEpOsSTHOCTEN

3HaueHue C.B. 0 1 2 n
BeposTHOCTB pi Po P1 P2 Pn

n
Ny =0-Pg+1-Ppp+2:-Pyte-tn-py =Y K-py;
k=1
Cpednee uucno obcayoscueaemvlx 3asA60K Ny, - MAaTEMaTHYECKOE O0XKHMIAHUE
JUCKPETHOW CIIy4YalHOM BEJMYMHBI "KOJMYECTBO 3aHATHIX KaHAJIOB" CO CIIEIYIOLIEH
(GyHKIMEN pacnpeesieHns BEpOSTHOCTH

3HaueHUE C.B. 0 1 2 n
BepostHOCTB Py Po P1 P2 Pn

Ng,=0-Pog+1-py+---+nN-pg;

B paccmarpuBaemom cinyuae B CMO ouepenu Het, NCPp = Nn03. Cpenuss anu-

Ha OYepear paBHA HYIIIO. 2

Cuctema pabd 0 o <L
paborocnocoOHa, eciiu i

Cucmema c oepanuuennotl ouepeovto (m#0.).

Beposmnocms omrasza. Ouepennas 3aaBka, nocrynaromias B8 CMO, He o0cuy-
KUBACTCSA, ©CIM BCE KaHAIbI OOCTY)KHBAHMS M BCE MECTa B OUepedM 3aHATHI. ITO
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3HA4YUT, 4YTO CHUCTCMA HAXOAHUTCA B COCTOSAHHNU Sn+m. BGPOHTHOCTB HaXO0XACHUA CH-
CTCMBI B 3TOM COCTOSAHHUHU Pp+m ABIICTCA BEPOATHOCTBIO "oTkaza" B O6CJIY)KI/IB8,HI/II/I.

n+m

A 1 .
pOTK = pn+m = m pOl
n nl

BeposTHOCTh py COOTBETCTBYET COCTOSIHUIO Sg, Oo3Hadarouiemy, uro B CMO
HET 3aiBOK. ITO K02¢huyuenm npocmosi Po.

Benuuuna (1 - po) xapakrepusyet gaxt, uro CMO 3ansTa 06CIy’KMuBaHUEM 3a-
SIBOK. DTO KO3¢hhuyuenm 3azpy3xu Psar = 1 - Po.

Ilponycknas cnocobnocms A. ITO KOJWYECTBO OOCIYKEHHBIX 3asBOK, MOKH-
JAIOIINX CUCTEMY B €IWHUIy BpemeHU. [IpomyckHasi criocOOHOCTh paBHA KOJIMYe-
CTBY BXOJSIIIIMX 3asiBOK B €IMHUIY BPEMEHU, YMHOKEHHOE Ha BEPOSITHOCTh TOTO, YTO
3asiBKa Oy/eT 00CiIyKeHa.

A=NL-(1=Por);

Cpeonee uucno 3asneox, Haxojsaumxcs B CMO. B Texymuiit MOMEHT BpeMEHU B
cucteme Moxet ObITh 0, 1, 2, ..., n + m 3agBOK, IPH 3TOM 3agBKH 1, ... n MOTYT 00-
CIyXMBaThCsi, a n + 1, ... n + m MOTYT HaXOAUTHCS B ouepean. BeposTHOCTh TOTO,
4TO B cCUCTeMe HaxomuTcs k 3adBok, paBHa py. CpeqHee 4mCio 3as4BOK N, PABHO Ma-
TEeMaTUYECKOMY OXXHJAHUIO JUCKPETHOW CIIydallHOM BEIWYUHBI CO ClEayroien
dbyHKIIMEH pacpeesieHUs] BEPOSTHOCTH

3HaueHue C.B. 0 1 2 n+m
BeposiTHOCTB py Po P1 P2 Pn+m
n+m
Ny =0-Po+1-Py+2-py+-o-+(N+M)-p= D K-y
k=1

Cpednee uucno obcmyscusaeMvlx 3asa60K Ny, - MaTeMaTHUYECKOE OXKHJIaHUE
JUCKPETHOW CIIy4yallHOM BEJMYMHBI "KOJMYECTBO 3aHATHIX KaHAJIOB" CO CIIEIYIOLIEH
(GyHKUMEN pacnpeiesIeHUsl BEPOSITHOCTH (B COCTOSIHUSAX Sy, ... Spim 00CTyKUBaETCS N
3as1BOK)

3HayeHue C.B. 0 1 n n
BeposaTtHocTh py Po P1 Pn

Mgy =07 Po+1-Py -+ N(Dy + Py +-+ Py
Cpeousia Onuna ouepeou Iy, - MATEMATHYECKOE OXKHUIAHME TUCKPETHOM CITy-
YaifHOM BEJIMUMHEI CO CIEAYIONIeH PyHKIMEeH pacnpeneseHus (B mePBhIX COCTOSTHUSIX
So, ... S, ouepenu HET)

pn+m

3HayeHue C.B.

1

2

m

BeposTHOCTS py

pn+1

pn+2

pn+m

Fou =1'pn+1+2'pn+2+"'+m'pn+m;
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CpenHss AJMHA OYEpEAM PE3KO BO3pacTaeT Mpu CTpemiieHnu KoddduinenTta
3arpy3KHU Psar K SAUHUILE. _
Psar = 1- Po -1
JU1s psar O0bIe eauHULIBI paboTa CMO B CTallMOHAPHOM PEKUME HEBO3MOXK-
Ha.

Cucmema ¢ b6eckoneuHou ouepedwvto (m = ).

Beposimnocms omxaza. B 0ecKOHEUHON O4Yepeaud MOTYT Pa3MECTUTHCA BCE
npuiieamue 3aaBku. [103ToMy BEpOSITHOCTh OTKa3a paBHA HYJIIO.

BeposTHOCTh py COOTBETCTBYET COCTOSIHUIO Sg, O03Havarouiemy, yro B CMO
HET 3as1BOK. ITO K0aghghuyuenm npocmos Po.

BenuunHa pp HaXxoAWTCA W3 MOCIEAHETO YPAaBHEHHSI CHCTEMbI YpaBHEHHI
KonmoropoBa, B KOTOpoe BXOJAUT CyMMa OECKOHEUHOT0 YMCIIa CaraéMblxX

p0(1+('ﬁ)+('ﬁ 21'++(ﬁ)ﬁr}'+(ﬁ)ﬁ+lnlrﬂ+(i:)n+m 1 +...):1;

m
n nl

B 3TOM ypaBHEHMH KOHEYHOE YHCJIO TMEPBBIX YICHOB CYMMBI CO CTEIEHSIMHU
1,... n cooTBeTCTBYIOT n KaHajgaMm oocmyxkuBanus CMO. OcTallbHbIC YWICHBI CO CTe-
neHsMu n + 1, ...n + m, ... COOTBETCTBYIOT OYepEeaN ¥ QOPa3yIOT YOBIBAIOIIYIO I'e0-
METPHYECKYIO TIPOTPECCHUIO CO 3HaMeHateneM ( = [i: < 1 u mepBelM uneHoM

HOI[CTaBI/IM B MpCAbIAYIIYIO (bOpMy.TIy BBIPAXKCHUC JIA CYMMbI YJICHOB I'CO-
MeTqueCKOﬁ MMporpeCcCru M MoJIydnum (bOpMy.TIy AJIs1 BBIYHUCIICHUA Po.

pol (i LaF A (S e )™ A e )=

Ora GopMyia MO3BOJISET HAMTH BEPOSTHOCTD Po. 3aTEM HAXOIATCS OCTAIbHBIC
BEPOSATHOCTH P1, P2, .. Pn+m, --. 0 GOpMyJIaM, IPUBEIACHHBIM BhINIE. B crcreme ¢
OCCKOHEUHON OuYepebl0 OECKOHEYHOE YHCIIO COCTOSHUN S; M COOTBETCTBEHHO Oec-
KOHEYHAs IOCJIeIOBATeIILHOCTh BeposITHOCTEH { p; }. [locienoBaTeIbHOCTh BEpOSIT-
HOCTEH { p;j } IS COCTOSIHMI, COOTBETCTBYIOIIMX O4YEPEIN, MOHOTOHHO YOBIBACT.
[ToaTomMy mpo0/KaeM BBIYMCICHUE ITUX BEPOSTHOCTEH 10 TEX MOp, MOKa COOTBET-
CTBYIOILICE 3HAYCHHUE Py OKAKETCS MEHBIIIE €, [€ € - IPUHSTAS MOTPEIITHOCTb.

Benuuuna (1 - po) xapakrepusyet dakt, uro CMO 3aHsiTa 00CTyKUBaHUEM 3a-
SIBOK. DTO K0apuyuenm 3a2py3ku Psar = 1 - Po.

Ilponycknas cnocoonocms A. ITO KOJUYECTBO OOCIYKEHHBIX 3asBOK, MOKH-
JAIOIINX CUCTEMY B €AMHUILY BpeMeHU. B cucrteme ¢ OECKOHEUHOM OYepeanlo BCe
MOCTYNUBIINE 3asiBKU OyayT 00cmyxkeHbl. [loaTomy

A=A

Cpednee uucno obcuyocusaemvlx 3asA60K Ny, - MAaTEMaTHYECKOE O0XKHIAHUE

JUCKPETHOM CIIy4ailHOW BEJMYMHBI "KOJMYECTBO 3aHATHIX KAaHAJIOB" CO CIEAYIOLIEH
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(GyHKIMEH pacrpeaeneHus: BEpOsSTHOCTH (B COCTOSIHUAX S, ... Sn+m 00CiTyKUBaeT-
Cs N 3asIBOK)
3HaYEeHUE C.B. 0 1 n n n
BeposaTtHocTs py Po P1 Pn Pn+1 Pr+m

n03 :O.p0+1.p1+...n(pn _|_pn+1_|_...pn+m+...);

B aroit hopmyne B ckoOkax 3amvcaHa 0€CKOHEYHO yObIBarolasi reoMeTpuye-
CKasl MPOTPECCHs C TIEPBBIM YJICHOM 8

;=P - (ﬁ)n(pxl/nu)

g=A/np.
B pesynbprare nonmyuum Gopmyity s BBIYUCICHUS CPEAHETO YKCiIa O0CTYyXKHU-
BaeMbIX 3as1BOK B CMO.

N A R S R L B U 1)
Nos =Po (“)+(“) +(“) 2+(M) 237 (“) (n_z)!Jf(u) (n—1)!(1—k/nu
Cpeoussa Onuna ouepeou Iy, - MATEMATUUYECKOE OXKHUIAHHE TUCKPETHOM CIy-

YaifHOM BEJIMUMHEI CO CIACAYIONICH PYHKIIUEH pacipeaeacHus (B IEPBbIX COCTOSHHUIX
So, ... S, ouepenu HET)

U 3HAaMCHAaTCJICM

3HayeHMeE C.B. 1 2 m

BepositHOCTB py Pr+1 Pr+2 Pn+m ...
Ouepenr B paccMaTpuBaeMOM ciiydae OECKOHEYHA, OJHAKO, CPEAHss JJIMHA
o4epean - KOHEUHOE YHCIIO.

fou =L Ppag +2-Ppp + K- Py g+
JUJ1st BBIYUCIEHUS T,y IPEOOPa3yeM OECKOHEUHBIHN Pl CHEAYIOIUM 00pa3oM
lou = 2Py +3- Pz + - (K+D) Py 4 =Py =P =P =

Pa3zo6bem 31oT psig Ha 1Ba. CyMMy MOJIOKUTENBHBIX WIEHOB 0003HAYUM S;, a
CyMMY OTPHIIATENIbHBIX - Sy,

roq :Sl_SZ'

Boeraucnum cymmy miepBoro psaa S;. [ToactaBum B psan Gopmysisl aiist pg, o-
JIy4uM n
AP 2 3 k
2 (2-X+3-X +4-X +--+(k+1)-x" +--9),
puon!

Si(X) =

rae X=AInu

Psn S;(X) cxoguTcss paBHOMEPHO M MOATOMY €r0 CyMMa SIBJIIETCSI HEPEPhIB-
HOM (yHKIMEH OT X. DTOT PsiJi MOXKHO MOYJIEHHO MHTErpUpOBaTh U quddepeHupo-
BaTh. BEIYMCIMM UHTErpai OT CyMMBI psifia
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i 2 4 k+1
jsl(X)dX:xnpi (X +X3+X 4...X * _|_...);
pon!

B atoii pynkIuen B ckoOKax CTOST WICHBI TEOMETPUYECKOM IPOrpeccruei ¢

IEPBBIM YWIEHOM X2 =(\/n M)Z ¥ 3HamMeHareneM X = A/ N

3anuiieM cyMMy 3TOTO psijia
n

_ APy x° .
[8100dx = et

[Mponuddeperuupyem 31y hopmyity 1Mo X ¥ MoJyduM cymmy psaa Si(X).

n 2
Sl(x = lnpo 2X_X2 )
u n! (1-x)
Bropoii psin S,(X) - reomeTpudeckast mporpeccus ¢ MEePBbIM YWICHOM U 3HaMe-
HaTeNneM X=Alnu
Cymma psana S; paBHa

n
S, — APy x _ A :
2 uw"nt 1= np@-A/ny)’

O6benunsist hopMyIbl Ut Sy U Sy, TOTYYUM

n+1

roq = n+1 A ’
wonnl(1-A/np)
CyMmupyst cpeHee Ynuciio 00CITyKUBAEMBbIX 3asiBOK M CPEHEE YMCIIO 3asBOK B
OYepeaU, IIOJIYIMM CPEJHEE YUCIIO 3aBOK, Haxoamuxcs B CMO ng,,

Nep = Nos + Tl

Cpeonee epems npebwvisanus 3aaexu ¢ CMO. B ctanimoHapHOM pexume pado-
Tl CMO ( psar <1 ) MHTEHCUBHOCTU BXOJHOTO U BBIXOJIHOTO MMOTOKOB PAaBHBI MEX]TY
co0oii 1 paBHbI A. [IycTh B CTallMOHAPHOM PEXHUME CPEIHEE YMCIIO 3a8BOK B CUCTEME
B CIMHUIy BPEMEHHU PaBHO N, Torma cormacHo teopeme JIuTTia cpeanee BpeMs
npeosiBanus 3a1Bku B CMO - T, paBHO

TCI/ICT = ncp /7\"
AHaOTUYHO MOKHO 3amucath GOpMyITy IJISI CPETHETO0 BPEMEHH MPeObIBAHUS
3asBKU B ouepeau T,,. B o0miem cioyyae

Tog =Tep I A

0

DT POpMYJIBI TTO3BOJISIIOT OTPEICIIUTh CPEIHEe BpeMs 0OCITYKUBAHUS 3asIBKU
CMO - tygc,; U3 CHEAYIONIETO COOTHOLICHUS
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T +T

cuer to6cn oq;

B 3axkmarouenue OTMCTUM, YTO IIPOCTBIC AHAJIUTHYCCKHUC PCUHICHUA ITI0JTYYCHBI
TOJIBKO IJIdA HpOCTCﬁMHX CUCTEM MACCOBOI'O O6CJ'IY)KI/IB&HI/I§I C BXOJHBIMHU ITOTOKaMH
3asBOK 3KCIIOHCHIIAJIBHOI'O HUJIN HyaCCOHOBCKOFO THIIOB. HOSTOMy 9TH PC3YJIbTAThI
HCO6XOI[I/IMO pacCMaTpuBaThb KakK HpI/I6JII/I)K€HHLIe U OLCHOYHELIC. B anamutnueckux
MOACIIX HC YIACTCA YUCCTD IIPUOPHUTCTHI 3aABOK, pCAJIbHBIC 3aKOHBI pacnpeﬂeHeHHﬁ,
mpoIriecchl 00pabOTKM 3assBOK B CHCTeME M MHoOroe apyroe. [loaromy B HacTosimiee
BpeMsi OCHOBHBIM MeToA0M aHann3a CMO sBisieTcs UMUTAMOHHOE MOJIEIUPOBAaHUE,
MTO3BOJISIONIEE B YMCICHHOM BHJIC TOJYYNUTh XapaKTEPUCTUKH CHCTEMBI, OJHM3KHE K
pEabHBIM.
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2. YUCJIIEHHBIE METObI MOAEJIHNUPOBAHUSA CMO.

2.1. MogenupoBanne CMO kak MapKoBCKOro npouecca.

BepositHocTh coctosanit CMO MOKHO HalTH B MPOLIECCE YUCICHHOIO MOJIE-
TMpoBaHus MapkoBCKOro rmporecca. PaccmaTpuBaeMblid Jlajee aarOpuTM MOXKET
MIPUMEHSATHCA 7151 TI0ObIX MapKOBCKUX MPOIIECCOB C JUCKPETHBIMU COCTOSIHUSIMU U
HENPEPBIBHBIM BpeMeHeM. MoJIeTMpOBaHuEe BO3MOXHO, €CJIU CIIy4YalHOE BpeMs Iie-
pexoaa CUCTEMBI U3 OJHOTO COCTOSIHUS B IPYTO€ PACOPEAEIIEHO MO 3KCIIOHEHIIUATIb-
HOMY 3aKOHY. B pe3ynbTare 4nClI€HHOr0o MOJAEIMPOBAHUS MOKHO MOJYYUTH TOJIBKO
BeposiTHOCTH cocTostHUM CMO. Octanbhbie xapakrepuctuku CMO onpenensrorces
JOTIOJIHUTEIIBHO 1O (hOpMyJiaM, paCCMOTPEHHBIM BBIIIIE.

['pady cocrosiHuii TpexkaHanbHOH CMO MOXHO COMOCTaBUTH CIIEIYIOIIYIO
MaTpUIly UHTEHCUBHOCTEN IEPEX010B MapKOBCKOro Ipolecca.

0O A 0 O

O A O

A= H"iiH= : 2u 0 A
0 0 3u 0

Puc. 5. Marpuua nareHcuBHOCTEN nepexonos a1t CMO

B o0miem ciiyuae moaenupoBanusi MapKoBCKOTO Tpoiiecca pa3MepPHOCTh KBa/I-
paTHOM MaTpUIlbl paBHA KOJIMYECTBY COCTOSHHI M W OHA HE SIBISETCS TPeXJAuaro-
HaJILHOM.

Bynem a1t onpeieIeHHOCTH CUUTATh, YTO CTPOKU U CTOJIOIBI MATPULIBI HyMe-

pytorcs ¢ 0. Torna Aj — MHTEHCHBHOCTB IIEPEX0/a B COCTOSIHUE | IIPU YCIOBUH, YTO
CHCTEMa HAaXOAUTCS B COCTOSHUU I. JIOTMYHO 33/1aTh HAYAJILHOE COCTOSIHUE CUCTEMBI
I=0 (HeT 3asBoK). Torma, ecim | — HOMEp TEKYIIETO COCTOSIHUS, aJTOPUTM MO/IEIIH-

POBaHUS POU3BOIBHOTO MapKOBCKOTO TIpoIiecca padoTaeT CICIYIONIM 00pa3oM:

1.  VYcranoButh Tekyiiee coctossHue | = (0, OOHYJIUTH CYETYHK MOJCIHHOTO
BpPEMEHU | W CUCTYMKH BpeMEHU NpeObiBanus B K-Tom cocTosiauu Ty, K =0, ...m-1, a
TaK)Ke CYETUMK YHCcIia 00CTyKeHHbIX 3asBOK N.

2. Jnis kakaoro coctostaus j =0, ... M — 1 reHepUpyeTcs clydaiiHas BeJIu-
YMHA — BPEeMs JI0 Mepexo/ia U3 TEKYIIEro COCTOSHUSI | B COCTOSIHUE |. DTO BpeMs pac-
CUHMTBIBAETCS 10 (hOpMyIIe 1 |
t.=——>Iu

J
J

rae U — ciay4yaliHOE YKCIIO C PABHOMEPHBIM 3aKOHOM PACHpPEIEICHUs HA HHTEP-
Baje [0, 1). DTo reHeparop Cily4ailHBIX YMCEN C 3KCIOHEHIMAIBHBIM 3aKOHOM pac-

MPEJICNICHNsE ¢ HHTEHCHBHOCTBIO Ajj , IOCTPOCHHBIH 110 METOLY 00paTHOi QyHKIHH.
3. Cpenun TOJy4EHHBIX BPEMEH tj; HaxonuM MUHMMabHOE. Jpyrumu cio-
BaMU HaXOJUM UHIEKC | TAKOH, 4TO JJIs HETO BpeMs tj; MUHMMAaIbHO IIPU U3MEHEHUH
0 <j < m-1. HalizeHHOe MHUHUMAJBHOE BPEMs OTPEACISET EHCTBUTEIBHOE BPEeMs
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Hpe6BIBaHI/I$I CHUCTCMBbI B TCKYIICM COCTOSHHUHA | ¥ TOKa3bIBAET HOBOE ﬂCﬁCTBHTGHBHOG
COCTOSAHHUEC CUCTCMBI J

4.  YBelInuyMBaeM CUETYMK MOJIEIBHOIO BPEMEHM | M CUETUYUK BPEMEHU
NpeObIBAHMS CUCTEMbI B COCTOSIHUM | HA BENUYUHY tj; .

T:T+tij: Ti:Ti+tij;

S. Ecnu | < i, TO yBEIMYHUTH YUCIIO B CYCTUMKE OOCITYy)KEHHBIX 3asBOK N Ha
€AMHULLY.

6.  Ecnu N meHbllle 3aJaHHOTO 4nciaa 00CITYKEHHBIX 3asBOK, TO IEPENTH B

cienyroiee cocrosiHue J. (1 =] ), a 3aTeM nepeiTu K m.2.
Ecnu N paBHo 3anannomy uunciy 3asBok — CTOIL.

ANTOpUTM OmIpenesseT HOBOE COCTOSIHUE, BpeMsl IIepexoaa B KOTOPOE MUHH-
MaJbHO, U ONPEIEIACT, HAXOANUTCS JIM HOBOE COCTOSHHUE BBIIIEC WIM HUXKE INIABHOU
auaroHanu. J{ns mepBoro ciiydass NPUHMMAETCS PELIEHUE, YTO MpHIIa OYepeaHas
3as1BKa, JIJIs1 BTOPOTO — OOCITYKEHHAs 3as1BKA IOKUHYJIa CUCTEMY.

Ha kax1oMm 1miare aaropurma pacueT BpeMEHH 10 ONrbKaiiero nepexoga mpo-
M3BOJIUTCA 3aHOBO. DTO IONMYCTHMO B paMKax Mojenn MapKoBCKOro mporecca, B Ko-
TOPOM YCIIOBHAsl BEPOSITHOCTh MEPEX0/Ja U3 OJHOIO COCTOSIHUS B JAPYroe paBHO Oe3-
YCIOBHOU BeposATHOCTH. lIpenpicToputo B MapKOBCKOM MpOLECCE YYHUTHIBATH HE
HY>KHO.

BeposTHOCTH COCTOSIHUI PacCUMTHIBAOTCS KAK OTHOLIEHUE BPEMEHU, B TE€Ue-
HUE KOTOPOI'o CHCTEMa HaXOAWJIach B JAHHOM COCTOSIHUH, K 00IIIEMY BPEMEHHU MOjie-
JUPOBaHMUS, T.€. T.

=1
Pi T

Jlns ciydaeB ¢ KOHEUHBIM KOJIMYECTBOM COCTOSIHUM M HAKaIIMBaTh MOJIEIIb-
HOE BpeMsl HeoOs13aTelIbHO — Bellb T paBHO cyMMe Bcex Tj.

OueBugHo, yto i ciaydyas CMO BO3MOXKEH MEepexo MpoIecca U3 TEKYIIEro
coCTOsIHUS | TONBKO B JiBa cocequux cocrosuust: | =1+ 1w =i~ 1. D1o no3sonser
YOPOCTUTH AITOPUTM MOJEINpoBanus. PaccMoTpum aBa Gojee MpOCTHIX alropuTMa
moaenupoBanus Ha mpuMmepe CMO ¢ GeckoHEeUHOM 0YepebIO.

[Tpu monenupoBanuu CMO ¢ 6€CKOHEYHOM OUepeIbi0 BOSHUKACT PSIT TPYIHO-
CTEH, CBSI3aHHBIX C OECKOHEYHOM Pa3MEPHOCTHIO MATPHUIbI MHTEHCUBHOCTEH TEepexo-
JIOB.

Pemenue 1.

3aMeTuM, YTO MaTpulla UHTEHCUBHOCTEN nepexoqoB i1 CMO — Ttpexauaro-
HajpHas (puc. 4). B Takoif maTpuile Bce OTIIMUHBIC OT HYJS AJEMEHTHl Pa3MeEIICHBI
Ha JIBYX JUArOHAJISX, MPWJIETAIOMUX K TJIaBHOU. Takum o0pa3om, eciu j =i+ 1, 10
IIepeXo IIPOUCXOAUT K DIEMEHTY |, JIEKalleMy BBILIE INIABHOM JUaroHany (MHTEH-

CUBHOCTh paBHa A). Ecnu j =i—-1, 10 IEePEeX0]] MPOUCXOIUT K 3H€M€HTyj , JIeXKa-
IEMY HUKE TJIABHOM JUArOHaJu.

OTHU NPOCTHIE YCIOBUS MO3BOJISIIOT OMKMCATh MATPUILy MHTEHCUBHOCTEN Tepe-
X0JIOB (DYHKIIMEH SI3bIKA TIPOTPAMMHUPOBAHUS.
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Heo0x0aumMo BRIMUCIATH CydyaifHOE BpeMsl EPEeX0/ia U3 TEKYIEro COCTOSHUS
| Tonmbko B 1Ba coceanux coctosuus: | = 1+ 1 u | =1 — 1. Ilepexoas! B apyrue co-
CTOSIHUSI HEBO3MOYKHBI.

Heo0xoaumMo moAcYUThIBaTh BpeMsl MPEObIBaHUSI CHCTEMBI TOJIBKO B TEX CO-
CTOSIHUAX, KOTOPBIE JOCTUTAJIHNCh B JAeUCTBUTEIbHOCTH. CymMMapHOE BpeMs mpeObl-
BAaHMSI CUCTEMBI BO BCEX JICCTBUTENIBHBIX COCTOSTHUSAX PAaBHO MOJEIIBHOMY BPEMEHHU.

Pemenne 2. BBecTH MCKYCCTBEHHBIE OTPAHMYCHHS HA JJIMHY OYEPEAU U pe-
MIUTh KOHEUHYIO 3aJlauy, 0J00paB B 3KCIEPUMEHTE JOCTATOYHO OOJIbIIYIO (HampH-
Mmep, 40 wim 100) MakcumanbHYyIO JUIMHY odepenu. B mporiecce MojennpoBaHUS
HEO0OXOIUMO MPOBEPSTH, UTO OBl OUEpEb OTPAHUYCHHOW JIJIMHBI MOJHOCTHIO HE 3a-
nosHsiack. Toraa pesyibTaThl MogenupoBanuss CMO ¢ KoHeUHOU ouepenbio OyayT
HOJTHOCTBIO COOTBETCTBOBATh CUCTEME ¢ OECKOHE4HOH ouepenbto. Eciu mocnennee
COCTOSIHHE B OYE€pEeIn JOCTUTAETCsl, HEOOXOIUMO YBEJIMUYUTD €€ JUTHHY.

Xapakrepuctuku CMO, nosrydeHHbIE B PE3yIbTaTe MOJAEIMPOBaHU MapKoB-
CKOI'0 Mpolecca HEOOXOUMO CPaBHUTH C XapaKTEPUCTHKAMU, MMOIYYEHHbIMU B pe-
3yJbTaTe AHAIUTHYECKOTO pacyeTa.

2.2. MopaeaupoBanue CMO no co0bITUSM.

Komnreroteprnoe moaenupoanne CMO Ha ocHOBe MapKOBCKOro mpouecca
BO3MO’KHO, €CJIM MTOTOKU 3aBOK M MOTOKH OOCITY>KMBaHUS pacIpereeHbl M0 3KCIO-
HEHIMAJIbHOMY 3aKOHY. B oOuiem ciydae nisi Mpou3BOJBHBIX paclpeiesieHuil 3TOT
METOJI HE TPUMEHUM.

Jlist mopenmpoBanuss CMO ¢ pOn3BOJIBHBIMU PacIpeAEIICHUSIMU [TOTOKOB 3a-
SBOK U MOTOKOB OOCITYXMBAaHUS MPUMEHSIETCSI METOJI UMUTALIMOHHOTO MOJIEIIUPOBa-
Hust 110 coObITUsAM. CoObITUsIMU B CMO Ha3bIBatOTCSI MOMEHTBI BPEMEHH, KOTJ1a Ooue-
peaHas 3asBKa NPUXOJUT B CUCTEMY U KOrjaa oOCITy:KeHHasl 3asiBKa MOKHUIAET CHUCTE-
My. Jlpyrumu ciioBaMH, 3TO MOMEHTBI U3MEHEHHSI COCTOSIHUSI CUCTEMbI. DTH MOMEH-
Thl 00pPa3ylOT CIUCOK COOBITHI, B KOTOPOM MOXHO BBIACIUTH TEKYILEE COOBITUE U
CHUCKH MPOILIEANINX U OyIyIHuX cOOBITHI. MeTon MMUTAlMOHHOTO MOJEIMPOBAHUS
BKJIFOYAET TMOCJeA0BaTeNbHOE (OPMHUPOBAHUE CIHMCKA COOBITUM W MPOJBHIKEHUE
mpouecca MOJCIUPOBAHUS OT OJHOTO COOBITHS K Apyromy. MojenbHoe Bpems Ipu
MMUTAlHOHHOM MOJEIIMPOBAHUM SIBIISIETCSI 3aBUCMMOM IMEPEMEHHON W H3MEHSAETCA
CKauyKaMH, paBHBIMU WHTEpBajaM BPEMEHU MEXKITY TTOCIICIOBATEIHHBIMI COOBITUSIMH.

Cxema anropuTMa UMHUTALIMOHHOTO MOJEIUPOBAHUS MO COOBITUAM IPHUBEICHA
Ha puc. 6.
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IIpunsTHIE 0003HAYECHUS:

Bxoonvle napamempeol:

N — MakcUMalbHOE YHUCIIO BXOJAIIUX 3asBOK (YCIIOBUE OKOHYAHMS MOJIEIU-
pOBaHMUs).

NK — koiM4ecTBO KaHaJOB.

LMAX — MakcuManbHO JOIyCTUMAs JJIMHA OYEPEIH.

Haxannueaemasn cmamucmuxa:

T — TekyIee MOICITLHOE BPEMSI, U3MEHSIONIEECS CKAaYKOM MEXKTy MOMEHTaMHU
BO3HHKHOBEHUS COOBITHI B CHCTEME.

TA — MOMEHT NpHUx0/1a OYEPETHOM 3asiBKH (BpeMs, IpOLIEAIIee C Hayajia MO-
JETUPOBAHUSA).

K — cueT4yuk mpumeanmx 3asBoK.

KS — cdetunk 00cIyKEHHBIX 3a5BOK.

L — TekyIias AjiMHa O4epeu.

LOS — cueTynk 0TKa30B (3asBOK, MOYYUBIIIHUX OTKAa3 B 00CITY>KUBaHUN).

Maccusvi:

OCPJ[i] — npusnak 3ansAToCTH I-r0 KaHaia (0 — kaHai cBOOOACH, | — KaHau
3aHAT).

TD[i] — oxugaeMblii MOMEHT BBIXOJa 3asBKH M3 I-r0 KaHama (Bpems, Mpo-

HIeJIIee ¢ Hauyajaa MOJCIUPOBAHMUS).

TOS[i] — cyeTunk cymMMapHOTO BPEMEHH 3aHSATOCTH I-TO KaHajga — CKOJIBKO
€IMHUI] MOJIEIBHOTO BPEMEHU B TEUYCHHE BCETO MpOIlecca MOJCTUPOBAHUS KaHaI
OBLI 3aHSIT.

TL[M] — cymmapHOe Bpemst peObIBaHHS CUCTEMBI B COCTOSIHHH, KOT/Ia B HEH
poBHO M 3asBoK.

Bcnomocamenvhule enuuunbl:

MIN — Gmmkaiimii MOMEHT BBIX0/1a OOCTY)KCHHOM 3asBKH M3 KaHaja, CAUTas
OT TEKYILIEr0 MOJIEILHOTO BPEMEHHU.

S — HOMep KaHaja, KOTOPbIA B TEKYIEM COCTOSIHUM CHCTEMbI OCBOOOIUTCS
nepBbIM (B MOMEHT BpeMeHn MIN).

DTA — Bpemsi MeXIy NMPUXOJIaMH 3asBOK (TeHepupyeMas B Ipoliecce Moje-
JUPOBAHMS CIIydaiiHasi BEJTMYHUHA).

DTS — Bpems oOciyxuBaHUs 3asBKM B KaHaje (reHepupyemasi B Ipoliecce
MOJICTTUPOBAHUS ClTydaifHasl BEJIMUMHA).

[ns paccmarpuBaemont CMO

DTA:—%lnul,

DTS:—llnu2 =t
y7]

rjae Uy, U, — paBHOMEPHO pacrpezeieHHbie Ha uateppaie [0, 1) caydaiiHpie BeTu4n-
HbI (PEKOMEHJIYETCsl MCIOJIb30BaTh JJI MX TCHEpAllMu JBa HE3aBUCHUMBIX JaTUMKa
ppcu([0,1) ).

B nporecce monenupoBanust B 1t000i MOMEHT BPEMEHH M3BECTHHI MOMEHTHI
HACTYTUICHHSI COOBITHIA JJISi BCEX BO3MOXKHBIX MCTOYHHUKOB (MOMEHT MpPHUXOJa OYe-
PEIHOM 3asBKM M MOMEHTBI OCBOOOXKICHHS Ka)XXI0ro W3 KaHanoB). Ecnu kaHam cBo-

Inu,

ob6cn.
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0oJieH, TO cunTaeTcs (C METbI0 YIPOIIEHUS alrOpPUTMa), YTO 0KHIaeMOe BPEMS €ro
0CBOOOXK/IEHHSI OECKOHEUHO BEIUKO; B MpEJIaraéMoi CXxemMe aJirOpuTMa B KauyecTBe
3aBEI0OMO OOJIBIIIOTO 3HAUEHUS B3ATO YUCIIO 999999.

VYcraHoBka HauadbHBIX 3HaY€HUM (OJIOK 2) COCTOUT B 3arojHeHUU MaccuBa TD
oosbMu ynciaMu (999999), a Bcex nmepeMeHHBIX U JPYTUX MAaCCUBOB — HYJIEBBI-
MU 3HAYEHUSMU. DTO COOTBETCTBYET CUTYallMM, KOT/Ia BCE KaHaJbl CBOOOIHBI U MO-
nenbHOoe BpeMst paBHO ().

biok 3 ompenenseT MOMEHT NPUXOJa OUYEPEIHOMN 3asIBKH, IIPU 3TOM yBEIUYH-
BaETCS CUCTUMK MPHUIICANTNX 3asiBOK K, MOieIbHOE BpeMsT HEe U3MEHSIETCSI.

brok 4 — mpoBepka ycioBHsl OKOHYAHUS MOJCITUPOBAHUS.

broku 7-11 peanu3yrot onpeneneHne HoMepa KaHasla, KOTOPbIi 0CBOOOXK/1aeT-
Csl TIEPBBIM, 1 MOMEHTA €ro O0CBOOOXKIeHUs. [Ipn HaYalbHOM 3aIyCKe CHCTEMBI BCE
KaHaAJIBI CBOOOIHBI, IIOATOMY HOMEpP KaHaja S He BakeH (BOOOIe-TO 3TO OyeT Io-
CJIICAHUN KaHal), a B KauecTBe MOMeHTa ero ocBoboxaeHust MIN Oyner oOHapyxkeHO
3aBEJIOMO OOJIBIIIOE YHUCIIO.

Jlanee mpoMCXOUT MPOBEPKA: KAKO€ M3 COOBITHI HACTYNHT paHbIIe, MPUXO]T
3asIBKM B MOMEHT BpeMeHH [A mim ocBoOOXkIeHHE KaHalia B MOMeHT Bpemenu MIN
(6mmok 12)? Ilpu HavambHOM 3amycKe OJMIKAWIIUM COOBITHEM OKa)KeTCsS MPHUXO 3a-
ABKHU (TaK KaK BCE€ KaHAJIbI CBOOOIHBI) M IPOU30MIET Tiepexo ] Ha 010k 19.

brok 19 ocyiiecTBiseT HaKOIUIEHUE CTATUCTUKH 1O MPEOBIBAHUIO CUCTEMBI B
coctostann ¢ M 3asBkamu. OueBHIHO, YTO M paBHO CymMMe KOJIUYECTBA 3aHATHIX Ka-
HaJI0B (CyMMBI Beex aneMeHToB MaccuBa OCP[i]) u konmyecTBa 3asBoK B ouepeau L.
Ecnmu Tekymiee mMomensHOE BpeMs T, a TIepeXxoj B HOBOE COCTOSHHE MPOU30HICT B
MOMEHT BpeMeHU TA 1o NMpuxoay 3asiBKH, TO B COCTOSHMM M cucTteMa mpoOyaer
(TADT) enuHAL MOJICTTLHOTO BPEMEHH.

biok 20 u3MeHsieT MOJIEIbHOE BpeMs. Temnepb COCTOSHUE CUCTEMBI MOKHO
chopmyIupoBaTh Kak "ouepeaHas 3asiBKa TOJIbKO UTO MPUIILIA B CHCTEMY".

broku 21-24 opraHu3yroT MUK IMOKMCKa cBoOOHOTO KaHana. Eciau cBoOoHbII
KaHaJl HaleH, TO MPOUCXOUT Mepexo ] Ha OJIOK 25 W JOCPOYHBIN BBIXOJ M3 ITUKIIA
TIOKCKA.

biioku 25-26 peanusyroT JEWCTBUSL alropuTMa MOJEIUPOBAHMS B ClIydae, KO-
r71a B CUCTEME €CTh CBOOOJIHBIN KaHal. B 3TOM citydae kaHan OOBSBISIETCS 3aHSATHIM
(610K 25) u cpasy ke pa3bIrphIBaCTCS BpeMsi 00CITy>)KHBaHUs 3asBKU B KaHaie DTS u
MOMEHT ero ocBoOoxaeHus TD[1], paBHBIM TeKyIlleMy MOJICIbHOMY BPEMEHHU T ILTIOC
DTS. Cpasy ke B maccuBe TOS[i] yunuThiBaeTcs ¥ BpeMsi, KOTOPOE 3aHUMAEMbIi Ka-
HaJ IOTPATHT Ha 00CITY)KHBAaHUE 3asBKH.

Ecnm B cucreme HET CBOOOIHBIX KaHAJIOB, TO 3asiBKA TIOMEIAeTCs JIM0O B OUe-
penb, MO0, CIIM OYepeIb Y)KEe UMEET MaKCHUMAJIBHO JIONMYCTHUMYIO JUTMHY, TIOJTy4acT
0TKa3. JTa JoTUKa peanusyercs 0sokamu 27-29.

[Tocne 0O6paboTKM mpuUxoaa odepeaHON 3asBKU B Onokax 19-29 mpoucxomut
nepexo; Ha OJIOK 3, T/Ie MPOUCXOIUT ONpeeieHe MOMEHTa PUX0/1a OYEPETHOM 3a-
SIBKU.
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PaccmoTpum Temeph BapuaHT, KOT/Ia TEKYIEE COCTOSTHUE CHCTEMBI Ta-
KOBO, YTO MPHUXOJ OUYEPEIHON 3asIBKU CIYUYHUTCS TMO33KE, YEM OCBOOOKICHUE
OJIHOTO M3 KaHajoB. [Ipu 3TOM B pe3ynbTaTe BHIIOJHEHUS MOMCKA MEPBOTO
O0CBOOOXKIAOIIIETOCs KaHaila B 010kax 7-11 Oyner omnpenesieH HoMep S KaHa-
Ja, 0CBOOOXKIAIOIIEToCs IepBbIM, 1 MOMEHT ero ocBoboxaenus MIN. Ilepe-
xoJ1 U3 6510ka 12 mpousoiiaeT Ha 610k 13.

bnok 13 upentuuen 6;10ky 19 1 ocyIiecTBIsIeT HAKOTUICHUE CTATUCTH-
KM 110 TIPeOBIBAHUIO CHCTEMBI B COCTOSTHIH ¢ M 3asBKamu.

brox 14 uMuTHpyeT OKOHUaHWE OOCTYXKWBaHUS 3asiBKA B KaHale S.
CueTuyrK OOCITYKEHHBIX 3asBOK YBEJIIMYMBAETCS HA €IUHUILY, a MOJEIbHOE
BpeMsi cTaHOBUTCS paBHBIM BpemeHru MIN BbIxo/a 3asBku U3 kaHana S.

B Onoke 15 ocymiecTBisieTcs: MpoBEpKa HATMUUS 3a9BOK, OKHIAIOLIUX
B OYEpE/IH.

Ecnu 3asBkM B ouepean ecTh, TO OKUJAIONIAs 3asBKa Cpa3y Hampasiis-
€TCsl B TOJIKO YTO OCBOOOJMBIIMICS KaHall S, TeHEpUpYyeTCs Bpems ee 00-
ciyxuBanuss DTS u ompezgensercs MOMEHT OKOHYAHMSI OOCTY>KUBaHUS
TD[S]. CrenepupoBanHoe Bpems DTS yduThIBacTCS TakKe B CTATHCTUKE
BpeMeHu 3aHsaTocTH kKaHana TOS[S] (6oku 16-17).

Ecnu ouepenn mycrta, To KaHain S 0OBSIBISIETCS CBOOOJHBIM U B Kaue-
CTBE MOMeHTa ero ocBoOokaeHus TD[S] ycranaBnuBaercsi 3aBeJOMO 0OJIb-
I10€ YHUCIIO.

Jlist cucteM ¢ OECKOHEYHOM 3TOT alrOpUTM OOBIYHO TOXE MPUMEHUM,
npu 3ToM B LMAX 101KHO OBITh YCTAHOBIIEHO JIOCTATOYHO OOJIBLIOE YUCIIO
(manpumep 100).

Buviuucnenue xapakmepucmux CMO. 110 OKOHYaHUM MOJEIUPOBAHUA
OCHOBHbIE XapakTepucTUku CMO MoOryT OBbITh MOJTYYEHBI CIAEAYIOIUM 00pa-
30M:

1. BeposiTHOCTH TIpeObIBaHUS B COCTOSIHUH, KOTJa B CHCTEME POBHO |
3as1BOK, ONPEIENSAETCS KaK JO0JS BPEMEHH, B TEUEHHE KOTOPOrO B CHUCTEME
OBLTO | 3aIBOK, B 00IIIEM BPEMEHHU MOJICTUPOBAHHUS:

TL[i]
i = =
T
2. BeposiTHOCTh OTKa3a — J0JIs1 3asIBOK, MOJYYUBIIINX OTKa3, B 00IIeM
KOJIMYECTBE 3a51BOK: LOS
pOTK. = N
3. IlpomyckHasi ClIOCOOHOCTh — KOJIMYECTBO OOCITY>KHBAEMBIX B €I1-
HUIlY BPEMEHHU 3asIBOK: KS

4, CpeILHee KOJIMYCCTBO 3aHATHIX KaHAJIOB MOXKHO OIIPCACIIUTD KaK OT-
HOIICHUA CYMMAPHOI'0 BPpCMCHH 3aHATOCTH BCCX KaHAJIOB K 06meMy BpEMCHHU
MOACIUPOBAHUA:
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NK
> TOS[i]

5. CpGI[HCe BpEM:A OXKHMAAHUA B O4YCPCAU MOKHO OIIPCACINTL KaK
CYMMApPHOC BPCM:A OXKHUAAHUSA 3a4BOK B OUCPCAH, OTHCCCHHOC K KOJIMYCCTBY
BXOOAIIINX 3as1BOK. Ecmu B — »3T10 BpCMs, IPOBCACHHOC BCCMHU 3asiBKAMH B
CHUCTCMC, U C— BpCM:, IMPOBCACHHOC BCCMH 3dasIBKaMU B KaHaJIaX, TO UX pa3-
HOCTb — BpEMsI, IPOBCACHHOC BCCMU 3asBKaMH B OUCPCAU. Torna

LMAX+NK N K _
B= > m-TL[m], C=>D TOS[i], t, =N
m=0 ; i=1
6. CpeI[HSI}I JJIMHA 0O4YCPpCaAU MOIKET OBITh BBIYHCIIEHA KaK MaTeMaTH4Ye-
CKOC OKNAAHHNC KOJIHNYCCTBA 3as4BOK B OUCPCAN B IIPOICCCC MOACINPOBAHUA:
NK+LMAX

NKALMAX T i) ZTL[i].(i — NK)

rcp. — Z (I—NK)= i=NK+1 =
i=NK+1

[Tony4yennsie o 3tuM dopmynam xapakrepuctukn CMO HeoOxoaumMo
CPaBHUTH C XapAKTEPUCTUKAMH, MOJYUEHHBIMU B PE3YJIbTATE aHAIUTHYECKO-
ro pacyera.
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3. HOPAJOK BBIITOJIHEHU A JIABOPATOPHBIX PABOT

JlabopaTopHasi paboTa COCTOUT U3 IBYX YacTeu. :
IlepBas yacrTb:

CocraBiieHHe U AaHAJIMTHYECKOE PellleHHe CTAIIMOHAPHOI0 BAPpUAH-
Ta ypaBHeHuii Kosmoroposa 1isi AByX BapHAHTOB HMHIMBHIYAJbHOIO
3aaHUA:
e OpgnokananpHasgs CMO (myHKT 12 kaneHaapHOTo IU1aHa) u
e MunorokanansHags CMO (nyHKT 13 KaJIeHIapHOTO MIaHa).
J1Jist KaX10r0 BapuaHTa HEOOXOAUMO:
CocraButh ciucok cocrossuuii CMO;
Hapucosats rpad coctosauii CMO;
CocTaBuTh U pEMINTD CUCTEMY ypaBHEHHM KoamMoroposa;
Paccuutars cnenytomune ocHOBHbIE XapakTepuctuku CMO:
BepoaTHOCTH HAXOKIEHUSI CUCTEMBI B KQXKJIOM COCTOSIHUM;
BeposTtHocTh 0TKa3a;
Koaddumment npocros;
Koaddumment 3arpysku;
[IponyckHasi cCmoCOOHOCTb;
Cpenunee uncino 3asBoK, oociyxuaemoe B CMO;
Cpennsis JyiMHa 0Yepeiu;
CpenHee KOIMYECTBO 3aHATHIX KaHAJIOB,;
Cpennee Bpems npeObiBanus 3asBku B CMO;
Cpennee Bpems IpeObIBaHUS 3aBKU B OUEPEIH;
ITo pe3ynbTaTaM aHATUTUYECKOTO PELICHUSI COCTABIISIETCSl KPATKUM OT-
YeT, KOTOPbIM HAMPABIISIETCS. HA MPOBEPKY MPENOJABATEIIO.
[Tocne mpoBepkH MPaBUIBLHOCTH PACUYE€TOB M HWCIPABICHUS ONIMOOK
MPOBOAUTCS TECT HAa 3HAHUE TEOPETUUECKOr0 MaTepuraa.

BOONOURWNE S o o e

©

Bropas yacrs:

Yucaennoe monenuposannu CMO i AByX BAPDHAHTOB MHAWBH-
AYaJbHOT0 3aJaHHUS, PACCMOTPEHHBIX B NIEPBOIl YACTH 3aJAHMS .
e OpnokananpHasgs CMO (myHKT 21 KaneHAapHOTro IiaHa) u
e MuorokananbHast CMO (nyHKT 22 KaJIeHJapHOTO IJIaHa).
MopnenrpoBaHue MPOBOAMUTCS IO MpPOTrpaMMaM, MPEIOCTaBICHHBIM
IIPENOIaBATEIIEM.
HeoOxoaumo coctaBuTh TabiMily, B KOTOPOH CPABHUThH XapaKTEPUCTHU-
k1 CMO, nosry4eHHbIE B PE3YJIBTATE aHATTUTUYECKOTO U YHCIEHHOTO pacyera.
ITo pe3ynbpTaTam YMCIEHHOTO PELICHMS] COCTABISETCS KPaTKUUA OTYET,
KOTOPbIN HaIpaBJsieTCs] Ha MPOBEPKY MPENoJaBaTEeIO.
[Tocne mpoBepkH MPaBUIBLHOCTH PAcuye€TOB M HUCIPAaBICHUS OUIMOOK
MPOBOJUTCS TECT HAa 3HAHWE TEOPETUYECKOT0 MaTepuala, B YACTHOCTH Ha
3HaHUE aJTOPUTMOB YHUCIEHHOTO MoaenupoBanus CMO.
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OtyeTnl AOJIKHBI COACPKATh!

1.

A O

Ncxonnsie nannabie 15 MoaenupoBanus CMO B cOOTBeET-
CTBHUHM C BAPUAHTOM 3aJIaHMUS;

Crucoxk cocrosgauit CMO;

I'pad cocTostnuit CMO;

Vpapaenus Koimoropoga;

Bepostaoctn HaxoxaeHuss CMO B KaKJ10M COCTOSIHUH;

OcHoBubie xapaktepuctuku CMO, nonydyeHHbIe aHATUTHYE-
CKH,

OcHoBHble xapakTepuctuku CMO, Noy4eHHbIE YHCIIEHHO,

AHanu3 NOJYy4YEeHHBIX pEe3yIbTaTOB.
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3AJJAHUA
K JabopaTopHoil pabote «MoaenupoBanue oHoKaHaIbHON CMO»
(gactb 1)
Ne | lnuna oue- | UaTencuBHOCTh | Cpennee Bpe- | MeTo YMCIEHHOTO
penu MOTOKA 3asIBOK | Msl OOCIIyKU- | MOJICIIMPOBAHUS
A BaHMs 1/
1 3 1.5 0.5 MapkoBCcKHil TIp-C
2 5 1 0.5 MapkoBCcKHil TIp-C
3 4 2 0.3 MapkoBckuii ip-c
4 3 1.5 0.3 MapkoBcKHil Ip-C
5 4 2 0.25 MapkoBckuil p-c
6 5 2.5 0.2 MapkoBckuit ip-c
7 3 1.5 0.25 MapkoBCKHil IP-C
3AJAHUA
K JJabopaTopHOi pabote «MoaenupoBanue MHOrokaHaibHOU CMO»
(dactb 2)
No | Yucno | JlimnHa NutencuBHocth | Cpennee Bpe- | MeTop yucieH-
KaHaJIOB | OUepeu | MOTOKA 3asiBOK | MsI OOCIY>KH- | HOTO MOJIEIH-
A BaHus 1/p pOBaHus
1 2 <3 2 1 ITo coObITHSIM
2 3 <2 1 2.5 ITo cobpITHSIM
3 3 0 3 1.2 ITo coOpITHSIM
4 4 0 2 2 ITo coObITHSIM
5 2 00 2 0.8 ITo cobpITHSIM
6 3 ) 1.5 1.6 ITo coOBITHSIM
7 2 <3 1.5 1.5 ITo cobpITHSIM
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KoHTpobHbIE BOIPOCHI.

[aiite onpenenenne MapKOBCKOTO MPOLECCA C TUCKPETHBIM BPEMEHEM.

CocTaBbTe MaTpUIly EPEXOAHBIX BeposiTHOCTEN pazmepHocTH 4 X 4 nins MapkoB-
CKOTO IIpoliecca ¢ IUCKPETHBIM BpeMeHeM. UuclieHHble 3HaYeHMsI IEPEXOIHBIX Be-
POSITHOCTEN OIPEAEIINTE CAMOCTOATEIBHO.

Kakum cBoiicTBOM 007a1aeT cymMMa MEPEeXOAHBIX BEPOSTHOCTEH, 3alIMCAHHBIX B
CTPOKaxX MaTpPULbI IEPEXOJIHBIX BEPOSATHOCTEN ?

KakoB Matemarnueckuil ((hM3MYECKHii) CMBICI 3TOTO CBOWCTBA C TOYKH 3PEHUS
TEOPUU BEPOATHOCTEMN?

Hapucyiite rpad nepexooB ajsi COCTABICHHON B M. 2 MaTpPHUIIBI MEPEXOIHBIX Be-
POSITHOCTEH.

[anite onpenenenue MapKoBCKOIo Iporecca ¢ HENPEepbIBHBIM BPEMEHEM.
CocTaBbTe MaTpUIly IEPEXOJAHBIX UHTEHCUBHOCTEW pazMmepHoctu 4 X 4 nnsa Map-
KOBCKOI'O IIPOIECCa C HENPEPHIBHBIM BpeMeHEM. UHCIeHHbIE 3HAUYEHUs Mepexo/I-
HbIX UHTEHCUBHOCTEH ONpPENEIUTE CAMOCTOATEINBHO.

KakoBbl pa3MepHOCTH BEPOSITHOCTH U HHTEHCUBHOCTU NTOTOKA COOBITUI?
Hapucyiite rpad nepexonoB s MapKoBCKOTo mpolecca ¢ MaTpuleii MHTEHCHUB-
HOCTEH, COCTaBJIICHHOM B II. 7.

Hapucyiite ctpykTypHyto cxeMmy ojHoKaHaibHOH CMO ¢ ouepenbo.

CocraBbte cnmcok coctosiHuii CMO, nMeromei oiuH KaHall 00CTy)KUBaHUS U TPH
MecCTa B OUepe/u.

Hapucyiite rpad mepexonoB minst CMO, uMeromield oauH KaHal OOCTyKHBaHHS U
TPHU MECTa B OUepeu.

3anmummre cucreMy auQQepeHnnanbHbpIX ypaBHeHHH KommoropoBa st 3Toi
CMO.

3aiaiiTe U MOSICHUTE CMBICIT HAYaIbHBIX YCIIOBUM JIJISl TOW CHCTEMBI.

Pa3z6epute MOHATHS MEPEXOTHOTO U CTALMOHAPHOTO PeKUMOB paboTel CMO.
3anummuTe BapHaHT CTAIMOHAPHOW cHCTeMbl ypaBHeHUU KommoropoBa mmst 3Toid
CMO. Kakoe ycnoBHue 3aMEHsI€T HadaJlbHBIE YCJIOBHS B CTallMOHAPHOW CHCTEME.
Kakoli cMbICTT UIMEET 3TO YCIOBUE C TOUKH 3PEHUS TEOPUU BEPOSTHOCTH.

Pemmre cranmonapnyro cucremy Konmoroposa s atoit CMO.

Paccuuraiite ocHoBHBIE XapakTepuctuku CMO.

ITpoBenuTe uncnenHsiil pacuet 3toro Bapuanra CMO 1no ofHOHN U3 IporpaMM 4uc-
JeHHOro MojenupoBaHusi. CpaBHUTE pe3yabTaThl AHATTUTHYECKOTO M YHCIEHHOTO
pacueTos .



