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Jlexuusa 1.

NMoHaTMe MapkoBCKOro
criydamHoro npouecca. lNotokum
COObLITUN.

Y4eOHbIE BONPOCHI.
1. MapkoBCKHe IPOLECCHI.

2. IToTOKH COOBLITHIA.

1. MapkoBcKHe IPOLECCHI.

OnpepgeneHue. Cny4anHbin npovecc,
NpOTEKaoLWMUN B CUCTEME, HA3bIBAETCS MaPKOBCKUM,
ecnn agna  nwoboro  MOMeHTa  BpemeHu  to
BEPOATHOCTHbIE  XapaKTEpPUCTMKM npouecca B
Oyaywiem  3aBUCAT TOMBbKO OT €ro COCTOSHUSA B
OaHHbIA MOMEHT tO 1 He 3aBUCAT OT TOro, Korga u Kak
cucTemMa npuLuinia B 3TO COCTOSHME.




[MycTb B HACTOALLNA MOMEHT to cuctema
HaxoguTCcs B onpeaeneHHoOM CoCTosiHUM So (puc.1)
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Puc.1 K noHaTuio MapKkoBCKOro cny4yamHoro
npouecca

B MOMEHT to n3BECTHO COCTOsIHME CUCTEMBI SO
N BCA NpeabicTopus npouecca, T.e. Bce, 4YTO 6bINo
npu t<to. Hac nHtepecyet byayuiee(t>to).

Ecnu npouecc MapkoBCKU, TO NpeackasbiBaThb
ero pasBuMTUE MOXHO, TONbKO Y4MTbiBasi HacTosiLLee
COCTOSIHME CcUCTeMbl SO, He Y4uTblBas ero
npegpicTopuio.  MHaye dhopMynunpys, B MapKkoBCKOM
npouecce «Oyayliee 3aBUCUT OT MPOLUIIOFO TOJSbKO
Yyepes HacTosiLeey.

Ha npaktuke mMapkoBCKME MpoLecchbl B YACTOM
Buae OOblMHO He BCTpevalTCsi, HO Hepeako
NpUMXoaMTCa WMeTb Jeno C npoueccamun, Ons
KOTOPbIX BMMSIHEM npeabiCTopum MO>HO
npeHebpeyb. pn NX n3ydeHMM MOXHO C YCreXom
NPUMEHSITb MapKOBCKME MOAENMN. .



B ncecnegoBaHnn onepaunu oonbLuoe
3HayYeHne WMEKT TaK Ha3blBaeMble MapKOB8CKUE
rnpoueccbl €  OUCKPEMHbLIM  COCMOSIHUEM U
HernpepbI8HbIM 8PEMEHEM.

OnpepeneHwe. Mpouecc Ha3blBaeTCcs
NPOLLECCOM C HEMNpepbiBHbIM BPEMEHEM, €CIu
MOMEHTbI BO3MOXHbIX MEPEXOA0B N3 COCTOSIHUSA B
cocTosiHMe  He  bukcmpoBaHbl  3apaHee, a
HeonpenerneHbl, Cry4vanHbl, €Cnn nepexon MoXeT
OCYLLECTBUTLCS, B MPUHLMNE, B NOOOA MOMEHT.

2.MMoTOKN coObITUMN.

OnpeneneHue. [NoTokom cobbITUN
Ha3blBAaeTCA  MOCneaoBaTeNlbHOCTb  OAHOPOAHbIX
cobbITU, cnegylowmnx OAHO 3a APYrMM B KakuMe-TO
CnyyYyanHble MOMEHTbl BPEeMeEHW. Hanpumep, NOTOK
%I:BIC’I»\(/)IBOB Ha TenedOHHOW CTaHuuK; NOTOK cOoeB

[MOoTOK COBLITUN MOXHO HarnNsAgHO M300pasunTb
paooM Tovek Ha ocu  BpemeHn Ot, npuyem
NONOXeHNe nx criydamHo (puc.2).

—

AF-crpsiess EnrerEs

Puc.2 lNMoTok cobbiTun



BaxxHOM XxapakTepucTukom nmnoToka CcobbITUN
SABMNAETCA €ro WHTEHCMBHOCTb — CpefHee 4ucrio
CobbITMI, NpUXoAsWEecs Ha €eauHULY BPEMEHM.
MHTEHCUBHOCTb MOXET BOblTb Kak NMOCTOAHHOM, TaK U
nepeMeHHON, 3aBUCSLLEN OT BPEMEHM t.

Onpegenenne. [lOTOK COObITUM Ha3blBaeTcH
ApoCTENLLMM (MNU CTauMOHapPHbIM MYyaCCOHOBCKUM),
€Cnv OH obnagaeT cpasy Tpemsi CBOMCTBaAMU:

- CTauMOHapeH,
- OpAVIHapEH,
- NocneaencTBuS.

[lna npoctenwero notoka ¢ WHTEHCUBHOCTLIO
A wuHTepBan T wmexagy cobbITUSMM UMeeT Tak
Ha3blBaeMoe rnokasaTesnbHoe pacrnpeneneHue:

Pt)=1-e™*
C NMNJIOTHOCTbIO BEPOATHOCTH
f)="e-t (>0) (1)
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Puc.3 - lokasatenbHoe pacnpegeneHne



BennynHa A B oopmyne (1) HasbiBaeTc
napamMeTpoM nokKasaTesnbHOro 3akoHa. Ecnwu
nHTepBan T mMexay cobbITUsMU

T <1/, (2)
TO Takom MHTEepBall Ha3blBalOT KOPOTKUM.

[na npocTtevlero rnotoka XxapakTepHo,
YTO KOPOTKME WMHTEpBasibl MeXay cobbITusiMu
bornee BepoOATHbI, YeM ANUHHbIE; = 63 %
NPOMEXYTKOB BpPEMEHU MexXay CcobbITuaAMn
NMEKT ONVHY MeHbLUe cpeaHen, paBHou 1/ A.

9

Takum obpasom, npeanonoXxeHne o AencTBUM
Ha BbIYUCINIUTENbHYIO CUCTEMY MPOCTENLLEro NoToKa
3as8BOK co3faeT Gonee Tsxernble YCnoBus OnA ee
paboTbl, YeM MNpu APYrMx MNOTOKax, YTO MO3BOMSET
cynTaTh pesynbTaTbl aHanusa BC ans npocteniumx
NMOTOKOB 3as1BOK bonee HaaeXHbIMMW.
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B pacueTtax, cBsfi3aHHbIX C MOTOKaMW COObLITUIA, OYEHb YOOGHO
nonb30BaTbCs MOHATMEM «3fIEMEHTa BEpPOATHOCTU». PaccMoTpuM Ha
ocu Ot npocTeMWwNiA MOTOK C WHTEHCUMBHOCTBIO U MPOU3BOSIBLHO
pPacnosioKeHHbIN 3NEMEHTaPHbIA Y4acTOK BpeMeHHU dt.

OnpeneneHMe. 3nemMeHToOM BEPOATHOCTU Ha3blBaeTCHA
BEPOATHOCTb MNomnagaHnda Ha 3TOT Yy4YaCTOK XOTA Obl OoAgHoro cobbITuA
NOTOKa.

Py = At 3

TO €eCTb AOnd I'IpOCTGVILUGI'O NOTOKa J3JIEMEHT BEPOATHOCTU paBEH
WHTEHCMBHOCTWU TMOTOKa, yMHO)KeHHOIZ Ha [OJIMHY 3N1eMeHTapHOoro
ydacTKka.

OnemeHTt BE€pPOATHOCTN WU3-3a OTCYTCTBUA nocnegencTems,
COBEpLUEHHO HE 3aBUCUT OT TOre, CKOJ1IbKO CcoObITUI 1 Korga NnosiBNSNNCh

paHee. F(x) :_Zpi log, R
i=1
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Jlekuus 2.
YpaBHeHusas Konmoropoga.

Y4eOHBbIE BONIPOCHI.

1. YpaBuenus Kosmoroposa st
3aJJaHHOU CUCTEMBI.



[TyCTb TEeXHMYeckoe YCTPOMCTBO S COCTOUT U3
ABYX Y3510B, KaXXablh U3 KOTOPbIX B CryYanHbIi MOMEHT
BPEMEHN MOXET BbIATU W3 CTPOs, MNocne 4ero
MFHOBEHHO  HaA4MHAeTCs  PEMOHT  y3na, Toxe
NPOAOIKAWMNCA 3apaHee Hen3BecTHoe, CrlyyYanHoe
BpeMS.

BO3MOXHble ~ COCTOSIHUSE ~ CUCTEMbI  MOXHO
nepeyncnuTb:

S, — oba yana ncnpasHsbl;

S, - NepBbIn y3ern peMOHTUPYETCH, BTOPOUW UCMNPaBEH;
S, - BTOPOW y3ern peMOHTUPYETCH, NepBbIA UCNPAaBEH;
S; — oba y3rna peMOHTUPYITCS.

I'Iepexo,u,bl CNCTEMDbI n3 COCTOAHUNA B
COCTOdAHMNE rnpouncxogAaT npaktn4eCckn MrHoBeHHO, B
CﬂyanIHble MOMEHTbI BbIXO4a U3 CTPOA TOIo WK
Apyroro ysJjia Ui OKOH4aHnAa peMoHTa.

Mpn aHanuse criyyaHbIX MPOLIECCOB C
ANCKPETHBLIMU COCTOSIHUSIMU YAOOHO MONb30BaTbCH
rpacpom COCTOSIHUIM, B KOTOPOM COCTOSIHUS CUCTEMBI
N300paxalTcss  OKPY)XHOCTSIMA, a  BO3MOXHble
nepexodbl U3 COCTOSIHME B COCTOSIHME — CTPEerkamu,
COENHSAIOLLMMWN COCTOSHUS.



B MOMeEHT to n3BecTHO CoCTOosiHME CUCTEMBI SO
N BCS MpeabiCTopus npouecca, T.e. BCe, YTO ObINo
npu t<to. Hac nHtepecyet byayuiee(t>to).

['pad cocToAHMI AN pacCCMOTPEHHOIO BbilLe
npumMmepa n3obpaxkeH Ha puc.4.

!
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Puc.4 'pad cocTosHun

Crpenka, HanpaBneHHasa n3 S, B S; o3Ha4aet
nepexos B MOMEHT OTKa3a MepBOro yamna; CTpenka,
HanpaBneHHas obpaTHo, 3 S; B S, - nepexon B
MOMEHT OKOHYaHUA peMoHTa 3Toro y3na. OcTtanbHble
CTPEenkM 06 BACHAKTCSA aHanorM4yHo.

BykBon p; o06o3HayeHa - MHTEHCUMBHOCTb
peMoHTa i-ro y3na.

BepoATHOCTBIO i-f0  COCTOSIHUSI Ha3blBaeTCs
BeposaTHOCTb Pi(t) Toro, 4To B MOMEHT t cucTema
Bynet HaxoauTbcsa B cocTosHUM S, . O4eBUOHO, YTO
ans nwoboro MoOMeHTa CymMMa BCEX BEPOSTHOCTEWN
COCTOSAHUN paBHa equnHMLe:

Y R®-1 (4)



CoctaBum ypaBHeHusi KornmoropoBa Ansi 3agaHHOW
CUCTEMBI.

PaccmoTpym ogHY U3 BEPOATHOCTEM COCTOSIHUN,
Hanpumep Py(t). 3To BEpOATHOCTb TOro, YTO B MOMEHT t
cuctemMa ByaeT B COCTOSAHUM S,.

Mpuoagum t manoe npupaweHne At n Hangem Py(t+At)
— BEPOATHOCTb TOro, YTo B MOMeHT (t+At) cuctema byget B
COCTOSAIHUM S,,.

MponsontTn 3TO0 MOXET Tpemsi cnocobamu: nnbo B
MOMEHT t cucTemMa yxe Obina B COCTOAHUM S, a 3a Bpems At
He BbiLLa U3 HEro;

nMbo B MOMeHT t cuctema 6bina B COCTOSHMM S;, a 3a
Bpems At nepeluna u3 Hero B S,

nMbo B MOMEHT t cuctema bbina B COCTOSHUM S, a 3a
Bpems At nepewuna u3 Hero B S,,.

Hangem BEPOATHOCTb nepBsoro BapuaHTa.
BeposTHOoCTb TOro, 4To B MOMeEHT t cuctema 6bina B
COCTOSHUM S, paBHa P(t).

OTy BEPOATHOCTb HYXHO YMHOXWTb Ha BEPOATHOCTb
TOro, YTO, HAXOAMBLUUCL B MOMEHT t B COCTOSIHUM S, cucTema
3a BpemMs At He nepenaeT N3 Hero B Apyroe COCTosHME.

CyMmMapHbIM MOTOK COBLITUN, BbLIBOAALMN CUCTEMY U3
COCTOAHUSA S, ByaeT NpocTenLnii, C UHTEHCUBHOCTbLIO
(A 1+ ).

3HauunT, BEPOATHOCTb TOro, YTo 3a Bpemsa At cucrema

BbINOET U3 COCTOSAHUA S,, paBHa ( A+ A,)* At; BEeposaTHOCTb
TOro, 4to He BbIngeT: (1-( A,+A ,)* At).

OTclofa BepoOATHOCTb MepBOro BapuaHta pasHa Py(t)*
(1- (0 o +2 )" Ab).



BeposTHoCcTb BTOporo BapuaHta pasHa (A *At*P,(t));
TpeTbero (A ,*At* P,(t)).
CknagbiBas BEpPOATHOCTM BCEX BAPMAHTOB, NOMYYMM:
Po(t+Af)= Po(t)* [1-(A 1 + A p)* Afl+ & At Py(t)+ A *At* P(t)  (5)
Packpoem kBagpaTHble CKOOKW, nepeHecem Py(t) B
NEeBY0 4YacTb 1 pa3genum obe Yactu Ha At:

(P, (t+dt)- Py (1))
At

=P (t) 1, =P (1)- (4, +4,) + P, (1) - 11, (6)

YctpemuB At K HyntO, NONy4YnM:

dP
T::Pl'ﬂ1+Pz'ﬂ2_Po'(ﬂ'1+ﬂ“z) (7)
OT0 nepBoe ypaBHeHne KonmoropoBa. AHanoOrMyHo
COCTaBIATCA U CrefyoLlme ypaBHEeHMS.

Cdhopmynumpyem Tenepb obLiee npaBuo COCTaBneHUs
ypaBHeHun Konmoroposa.

B neBon 4yactu Kaxgoro M3 HUX CTOUT npomn3soaHas
BEPOATHOCTUN AAHHOIo COCTOAHUA.

B npaBou yactn — cymma npovsBeaeHnn BepoSTHOCTEN
BCEX COCTOSIHUM, W3 KOTOpbIX WOYT CTPENKM B [aHHOe
COCTOSIHME, Ha WHTEHCMBHOCTU COOTBETCTBYIOLIUX MOTOKOB
COBbLITUN, MUHYC CyMMapHas WMHTEHCMBHOCTb BCEX MOTOKOB,
BbIBOASLLMX CUCTEMY M3 AAHHOIO COCTOSAHUA, YMHOXEHHas Ha
BEPOATHOCTb JaHHOIO COCTOSAHUS.

Monb3ydAcb 9TUM nNpaBuroM, MOSyYUM YpaBHEHUA
KonmoropoBa ansi pacCMOTPEHHOW CUCTEMbI S:



dP,

7;:})1-/114-]32-/12—])0-(21+ﬂ,2)

dP

7;:})0'/’11+P3'/12_R’(/11+/12)

dP,

“E=R ALt BB Gt p) O
P,

E:E.lz+P2.ll_P:3.(lLll+ﬂ2)°

UToObl pewmnTb 3TV ypaBHEHUS U HAWTU BEPOSATHOCTU
COCTOSAAHMIA, HEOOXOAMMO 3a4aTb HayarbHbIE YCITOBUS.
10

KonmoropoBa mMOMOXWUTb pPaBHbIMA HYMO W  peLnTb MNOMNyYEeHHYHo
cucTeMy Yxe He auddepeHumansHblX, a NMHEeRHbIX anrebpanyeckmx
ypaBHeHun. [ns Hawewn cuctembl OHW OyayT BbIrMsSAeTb CreayroLum
obpasom:

Py >+ Py u=Po* (b + 1)

Po* A+ Py * pu=P* (uy+ 1)) )
Po* Aot Py * i =Py* (L + )
Pyr* Aot Py * A =Pg* (g + k)

[Ona pelweHnss aTon cuctembl HEODXOOUMO BOCMOMb30BATLCS
HOPMUPOBOYHLIM ycnosueMm  Py+P+P,+P; = 1.

11



Jlexuus 3.

Ba3oBble COOTHOLUEHMUS1 CUCTEM MAacCOBOro
obGcnyxunBaHuA: cxema rubenm un
pa3MHoXeHus, bopmyna JiutTna. 3agava
SpnaHra.

Y4eOHbIC BONIPOCHI.
1. Cxema ru6enun n paamMHoOXeHus.
2. ®opmyaa JlurTaa,
3. 3amaua JpJanra.

pad cocTostHUM Onsa  CXembl rnMdenu wu
pa3MHOXEHUs1 UMEeEeT Bua, NokasaH Ha puc. 5.

M

ogjogje
L, THa

Ky

Puc.5 - Cxema rmbenu n pasmHOXeHUs



OcobeHHOCTb 3TOro rpaca B TOM, 4YTO BCe
COCTOSIHNUSA CUCTEMbI MOXHO BbITSIHYTb B OOHY LLENOYKY, B
KOTOPOW Kaxkgoe W3 cpefHuX cocTtosHunm (S,, S,, ...,S, ;)
CBsiI3aHO MpsiMOM U OBpaTHOM CTPENKOW C KaxablM K13
COCeHNX COCTOAHMMA — npaBbiM W NIEBbiM, a KpauHue
coctosHna (S, ,S,) — TONMbKO C OOHUM COCEOHUM
COCTOSIHUEM.

TepmuH «cxema rmbenn n pasmMHOXeHUs» BedeT
Ha4ano oT buonornyecknx 3agad, rge nogodbHOM cxemomn
OnuCbIBaeTCA N3MEHEHNE YNCINIEHHOCTW NMONYNALMUMN.

[Monb3ysacb rpacdomMm puc.5, coctaBuM M peLnm
anrebpanyeckne ypasHeHnsa Kupxroda ans duHanbHbIX
BEPOSATHOCTEN COCTOSIHUN.

[Ana coctoaHnsa S
Po 4= P11y (10)
Ana coctosHusa S;:
Py (1 1+ A )=Pg 4 1 +P; 11
Nnu, c yuetom ypaBHeHus (10), ons coctoaHna S,
OKOHYaTernbHO:
Py A5,=Pyu,
OueBunaHO, AN COCTOSAHUSA S, NONYYUM:
P, A5=Psu,
N3 ypaBHeHUsA ons coctosHua S, Bbipa3um P, yepes
Po: P

L (11) 4



C y4etom (11), nonyumum ana BepoAaTHoCTU P!

pzzpl.ﬁzu.po (12)
Hy  Hy My
C yvetom (12), ona Pg:

3 0
Hy - Ho s

N Boobue, ana ntoboro k (ot 1 4o n)

PK — ﬂ’k ﬂ’k—lﬂ'l 'PO
oo - My

(14)

Takum obpasom, BCe BEPOSATHOCTM COCTOSIHUWN
BblpaxkatoTca vepes P

[logctaBMB 3TUM  BbIpa@XEHUS B HOPMUPOBOYHOE
ycnosue (4) v BblHeca P, 3a ckobky, nonyynm:

A2 A oA h
Po=£1+ﬂ“1+ 2 gD "1""%1J (15)
o By i N R ]

[Mony4eHHble opMyrbl O4eHb MOSIe3Hbl NpU
peleHnn npocTenwmnx 3agady Teopun MaccOBOro
obcnyxuBaHus.



2.®opmyaa Jlurriaa.

BbiBegem dopmysny, CBA3bIBAKOLLYKO CpefHee 4ucro
3agBok L., Haxogswmxca B CUCTEME  MaCcCOBOro
obcnyxmBaHusa, U cpefHee BpeMsa npebbiBaHMA 3asiBKM B

cucteme W,

Paccmotpum nobyto CMO un cBs3aHHble C Hek [ABa
NOTOKa COObITUN:

X(t) — uncno 3aaBok, npubbiBLMX B CMO g0 MOMeHTa t;
Y(t) — uncno 3anBok, noknHyswnx CMO go momeHTa t.

Ob6e yHKUMKN SBNAIOTCA CryYaWHbIMU N MEHSHOTCS
CKaykoM (yBENUYMBAIOTCHA Ha e4uHMLY B MOMEHTbI NMPUXOO0B
N yxoaoB 3asBoK). Bug dyHkumm X(t) u Y(t) nokasaH Ha puc.6

7

x(@) y@

N

% T

Puc.6 K BbiBoagy dhopmynbl Jinttna
O6e nuHuKM - cTyneH4aTble, BepXHAA — X(t), HUKHAS —
Y(t).
[ns noboro momeHTa t nx pasHoctb Z(t)=X(t)-Y(t) ectb
He 4TO MHOe, KaK Yncno 3aaBok, Haxogawmxesa B CMO. Korga
nnHumn X(t) n Y(t) cnuBatoTcs, B CUCTEME HET 3asiBOK.



PaccmoTpum o4eHb 60MnbLION MPOMEXYTOK BpeMeHn T
N BbIYUCITUM OS19 HEero cpefHee YUcro 3asiBOK, HaxodsALmxcs
B CMO. OHO 6ymeT paBHO WHTerpany oT dyHkumm Z(t) Ha
9TOM NPOMEXYTKe, AeNIeHHOMY Ha ANUHY MHTepBana T:

1T
Lo, =—=|Z(t)dt
cucm T'([ () (16)

WHTerpan npeacraBnder cobon He 4YTO WMHOe, Kak
nnowanb ourypbl, 3alITPUXOBAHHOW Ha puUC. 6, COCTOoSLEN U3
NPSIMOYTOSIbHUKOB BbICOTOW, PaBHOWM €OUHULE U OCHOBaHWEM
i

[MoaToMy, MOXHO cYMTaTh, YTO

! Z(t)dt :thi’ 17

roe cymma pacnpocTtpaHAeTCd Ha BCe 3aABKU, npullegLline 3a

Bpems T.
9

PaccmoTpum oveHb 60MNbLLION NPOMEXYTOK BpeMEHN T
N BbIMMCIMM ONSA HEro cpegHee YMcro 3asBOK, HaxOAsLMXCS
B CMO. OHo GyaeT paBHO wHTerpany oT dyHkumu Z(t) Ha
9TOM NPOMEXYTKe, AeNeHHOMY Ha ANnHY nHTepsana T:
l T
L =—|Z()dt
cucm T'([ () (16)

MHTerpan npeactaBnsieT cobon He 4YTO WMHOe, Kak
nnowanb ourypbl, 3aITPMXOBAHHOW Ha pUC. 6, COCTOsILLEN U3
NPAMOYrOfIbHUKOB BbICOTOW, PaBHOM eauHULE U OCHOBaHWEM
t.

[MoaTOMy, MOXHO CYMTaThb, YTO

)
! Z(t)dt :1Zti’ a7
rae cyMMma pacnpocTpaHseTcsl Ha BCe 3asBKy, npulieaLlne 3a

Bpems T.
10



PaccmoTpum o4eHb 60MnbLION MPOMEXYTOK BpeMeHn T
N BbIYUCITUM OS19 HEero cpefHee YUcro 3asiBOK, HaxodsALmxcs
B CMO. OHO 6ymeT paBHO WHTerpany oT dyHkumm Z(t) Ha
9TOM NPOMEXYTKe, AeNIeHHOMY Ha ANUHY MHTepBana T:

1T
Lo, =—=|Z(t)dt
cucm T'([ () (16)

WHTerpan npeacraBnder cobon He 4YTO WMHOe, Kak
nnowanb ourypbl, 3alITPUXOBAHHOW Ha puUC. 6, COCTOoSLEN U3
NPSIMOYTOSIbHUKOB BbICOTOW, PaBHOWM €OUHULE U OCHOBaHWEM
i

[MoaToMy, MOXHO cYMTaTh, YTO

)
! Z(t)dt :thi’ 17
roe cymma pacnpocTtpaHAeTCd Ha BCe 3aABKU, npullegLline 3a

Bpems T.
10

Pasgenum npaByto 1 neByt Yactb (17) Ha AnvHy uHTepsana T,
nonyymm c yyetom (16):

Lcucm = i ztl
U (18)
Pasgenum n ymHoXuM npasyto Yactb (3.18) Ha MHTEHCUBHOCTD :
L oL St (19)
cucm TA, ;

Ho BenunumHa TA eCTb He 4TO MHOE, KaK CpeHee YNCIIo 3asBOK,
npvwenwmnx 3a spems T. Ecnun mbl pasgenym cymMMmy BCeX BpeMeH t; Ha
cpegHee 41Cho 3asBOK, TO NONyYuM cpefHee BpeMsi NpebbiBaHNs 3asiBKM

B cucteme W
L =A-W ,

cucm cucm

cucm-*

OTtkyga nonyyaem copmyny Jlinttna

W :l.L (20)

cucm cucm
ﬂu 11



dopmyna mokassiBaeT, uro Ans nwobdon CMO, npwu
nobom  xapakTepe noToka 3adBOK, nNpu  niobom
pacnpegeneHnn BpeMeHu obcnyxuBaHus, npu nobon
ancumnnuHe obcnyxuBaHus cpegHee Bpemsa npebbiBaHus
3a8BKM B CUCTEME pPaBHO CpeaHEMYy YMCy 3asBOK B
cucTeMe, OeNeHHOMY Ha MHTEHCUBHOCTb MOTOKa 3asBOK.

ToyHOo Takum e ob6pa3om BbIBOAUM BTOPYHO
dopmyny JluTtna, cCBA3bIBAOWY CcpegHee  Bpems
npebbiBaHna 3asBkM B odepean W, W cpedgHee 4ucno
3aABOK B oyepeam L

W =

oy

L (21)

oy

N |

12

3.3apauya JpJanra.

[MycTb MeeTcs n KaHanoB, Ha KOTOpble MOCTynaeT MOTOK
3a81BOK C MHTEHCMBHOCTbLIO A. MOTOK 0BCnyXmBaHUS O4HUM
KaHanomMm WMeeT MHTEHCUMBHOCTb u (BenuuuHa, obpaTHas
cpefHeMy BpeMeHu obcrnyxusanus t,,). Hantn dpuHanbHbie
BeposATHOCTU cocTosiHu CMO, a Takke XapaKTepuUCTUKK ee
3P PEKTUBHOCTMU:

A — abcConTHYIO MPOMNYCKHYH CMNOCOBHOCTbL, TO €eCTb
cpeaHee 4uCNo 3asiBOK, OOCNy)XMBaemblX B eauHUUY
BPEMEHMN;

Q — OTHOCUTENbBbHYK NPOMYCKHYH CMOCOBHOCTb, TO €CTb
CpeOHIo  JOoM  npuweawmx 3asBok, 0bcnyXmBaeMblx
CUCTEMOMN;

POTK - BEepoOATHOCTb OTKa3a, TO eCTb TOro, 41O 3asdABKa

noknHeT CMO HeobcnyXeHHoW;
— CpefHee YMCnOo 3aHATbLIX KaHamnoB. 13



CocTtosiHMe cucTteMbl MaccoBoro obcnyxumBaHus S
Oyaem HymepoBaTb MO 4YUCNY 3asABOK, HaxXOAALUMXCA B
cucteme (B OaHHOM Criyyae OHO CcOBMagaeT C 4MCroM
3aHATbLIX KaHanoB):

Sy — B CMO HeT H1 04HON 3asBKY;

S, - B CMO HaxoauTcs ogHa 3asiBka (OAMH KaHan 3aHsaT,
ocTarnbHble CBOOOAHDI);

Sy - B CMO Haxoautca k 3asBok (K kaHanoB 3aHATHI,
ocTarnbHble CBOOOAHbI)

S, - B CMO HaxogAaTtcs n 3a8BOK (BCE N KAHAMNOB 3aHsThI).

14

padp coctoaHun CMO BbIrISAUT  cnegyowmnm

obpasom (puc.7):
A 3

WL e+l (r-Dp MM

), Y
*p S

Puc.7 — 'pad coctoaHmnin mHorokaHansHon CMO
C OTKasamu

Pasmetm 3TOT rpad — npocTaBuM Yy CTpernokK
WHTEHCMBHOCTU MOTOKOB COBLITUA. IHTEHCUBHOCTM NOTOKOB A
BCE OOWHAKOBbl, 4YTO €CTeCTBEHHO, Tak kak Ha CMO
OencTByeT OAMH W TOT e BHELWHWA MOTOK 3adBOK Ha
obcnyxusaHue.

15



NHTeHcnBHOCTHU xe NMOTOKOB obcnyxmBaHus
YBEMMYMBAKOTCA C KaXAdbIM 3aHATbIM KaHarnoMm. A Tenepb,
3Has BCE WHTEHCUMBHOCTW, BOCMOSb3YEMCS YK€ TFOTOBbIMM
dopmynamum aOna  (uUHanbHbIX BEPOSATHOCTEN B CUCTEME
rméenun-pasmHoxeHus. lNonyynm:

2 3 k n \7t
P, = 1+£+ ;LZ+ }“3+...+ ik+...+ A (22)
u 2u 3u 7 nty"
ﬂ/ lﬂ
UneHbl pasnoxexHusa — , ..., : OyayT npeacTaBnsATb
MU nly"

cobon koadpdpuumeHTbl nNpu Py B BblpaxeHuax ana P,, P,
P

(3.23)
16
R = % R
2
== 2/1—/12 P,
P (23)
Po=—+R
k!
I:)n = A : I:)0
nly"

3ameTum, 4TO B popmynbl (22), (23) UHTEHCUBHOCTU A
N 1 BXOOAT HE NO OTAENbHOCTU, a TOMbLKO B BUAE OTHOLLEHUSA
Al u. O6o3HauYUM

=P 3.24
P &Rz



n ©Oygem HasbiBaTb BENUYMHY p MpPUBEOEHHON
MHTEHCUBHOCTbLIO NOTOKa 3asBOK. Ee cMmbicn - cpegHee 4ucno
3as8BOK, npuxogsillee 3a cpedHee Bpems ob6CnyXunBaHus
ogHon 3asiBkK. [Monb3yaAcb 3TUM 0B03Ha4YeHMEM, nepenuLLem
dopmynbl (22), (23) B BUAE:

2 k n\ 7t
P0 :[]_+p+p2I+...+p+...+pJ

k! n!
Pl =p- Po
2
P, :,07 Po
2! (25)
k
P, =% P,
Pn = p : PO
n! 18

®opmynbl  (25) Ona  (puHanNbHbBIX BEPOSATHOCTEWN
COCTOSIHMM HasblBalOTCA opMynamn JIpriaHra - B 4YecCTb
OCHOBaTesNs TEOPUN MaCCOBOIo OBCNY>KMBAHUS.

19



Jleknus 4.

OaHokaHanbHaa CMO c HeorpaHM4YeHHOW
oyepeablHo.

Y4eOHbIC BONIPOCHI.
1. OgpHokaHanbHbIe CMO.

2. CpepHee uncno 3asaBok B CMO.

1.0aHokaHanbHbIe CMO.

Ha npaktuke [OBOSIbHO 4acTo BCTpeYalTCs
ogHokaHanbHble CMO ¢ ouyepegbto  (Bpad,
obcnyxuBawLwmin naumeHToB; TenedoH-asToMaT C
ogHon Gyakon; OBM, BbinonHsawwas  3akasbl
nonb3oBarterien).

[Myctb wnmeeTca ofgHokaHanbHas CMO c
oyepedblo, Ha KOTOPYH HE HaNOXEHO HUKaKUX
orpaHn4eHnn (H1 No AnvHe ovepenm, H1U No BpEMEHM
oXunaaHus).



Ha a1ty CMO noctynaeT NOTOK 3asiBOK C
MHTEHCMBHOCTBIO A ; MOTOK  OOCNyXuBaHuMn  mMMeeT
MHTEHCMBHOCTb 1, obOpaTHylo  cpegHeMy  BpeMeHM
o6CcnyXnBaHNS 3a8BKU .

TpebyeTtca HanTn uHanNbHbIE BEPOSTHOCTN COCTOSIHUM
CMO, a Takke xapakTepuCTUKn ee a(ppeKTMBHOCTH:

* Loyem CPEOHEE YNCNO 3asiBOK B CUCTEME;

* W, .- CPeaHee Bpems nNpebbiBaHNSA 3a8BKU B CUCTEME;
* L,,- CpeaHee 4ncno 3asdBOK B ovepenu;

+ W, cpegHee Bpems npebbiBaHWs 3asBKM B ovepean;

* PsaH' BEPOATHOCTb TOro, YTO KaHaln 3aHAT (CTeI'IeHb

3arpys3ku KaHana,.

ABCOSIOTHYIO NPOMNYCKHOMU cnocobHocTn A "
OTHOCUTErNbHYI Q, BbIMUCNATL HET HagoBGHOCTWU: B CuMy TOro,
YTO oyepedb He OrpaHuyeHa, Kaxaas 3asiBka paHO Unu no3aHo
Oyaet ob6ecnyxeHa, NoaTomy A = A, NO TOW Xe npudnHe Q=1.

PeweHue. CocTosiHnAa cuctembl byaem HymepoBaTb Mo 4mcny
3asaBoK, Haxogsawmxcs B CMO:

S,- kaHan csobopeH;
S,- KaHan 3aHAT, oYepean Her,
S,- KaHan 3aHsAT, O[Ha 3asBKa CTOUT B oMepean; 1 T.4.

TeopeTnyeckn YNCNO COCTOSHUA HUYEM HE OrpaHUYEHO.
'pad cocTosaHun nmeet BI/I,D, pmc 8)

G &

Punc.8 I'pacb COCTOFIHVIVI O,D,HOKaHaJ'IbHOVI CMOc
HeorpaHM4YeHHOM o4yepenbio 4



910 - cxema rmbenun u  pasMHOXEHWUA, HO C
6eCKOHEYHbBIM YNCTOM COCTOSIHUMN.

Mo BCeM cTpernkam NoToK 3asiBOK C MHTEHCMBHOCTbIO A
NepeBOAMT CUCTEMY CrieBa HarnpaBo, a crnpaBa Haneeo -
MOTOK 06CNYXMBAHWUIA C UHTEHCUMBHOCTBIO L.

Ecnm A > u, To kaHan ¢ 3asBKaMu He crpaBsrisieTcs,
ouyepenb pacTteT Ao GeckoHeuyHocTu. Ecrnm A < p, To 3agaya
BMOJSIHE paspeLunma.

Bocrnonb3dyemca  popmynamu  ana oMHanbHbIX
BEPOSATHOCTEN M3 CXeMbl Mbenn n pasMHOXEHUs 1 Ans
BGeckoHe4HOoro Yncna coctoaHui. MNMoacumtaem  uHanbHbIE
BEPOATHOCTMU :

Po=A+p+p° +..+p +.)" (30)

Pag B dopmyne (30) npeacrasnsetr cobow
reoMeTpUYECKyH NPOrpeccuto.
N3BeCTHO, 4YTO Npu p< 1 pag cxoauTcs; npu p >
1 psapa pacxogutcs. Tenepb NpeanonoXum, YTO 3TO
ycrioBue BbINONHEHO, M p < 1. Cymmupys
nporpeccuto B (30), nonyyaem

) 1
1+ p+p° +..=—
OTKyda 1-p

Po=1-p (31)



BepoaTtHocTH P, P2-sPr-.. HaMQyTCA  NO
doopmyrnam:
Pr=p"Po ’ p2:p2.p0 e Pe=p% Po A
oTKyAa ¢ ydeToM (31) Hangem okoHYaTenbHO:

p=p-A-p)+ Po=p>-A=p) + s P=p"U-p) . (32)

Kak BugHO, BepoATHOCTUM  p,, p,... ObBpasyT
reomMeTpuYEeCKyo Nporpeccunto co 3HameHartenem . Kak Hu
CTPaHHO, MaKcUMmaribHas U3 HUX P, - BEPOATHOCTb TOrO,
4YTO KaHan 6yaeT BooOLle csoboaeH.

Kak 6bl HM Oblna 3arpyxeHa cuctema c ovepenblo,
eCnn TONbKO OHa BoOOLWE crnpaBnsieTcd C MOTOKOM
3a51BOK, CaMO€e BeposiTHOE 4UCIO 3asiBOK B CuUCTeEMe
OyOeT paBHO HYMIO. 7

2.CpepgHee uncno 3aaBok B CMO.

Hangem cpeaHee uncno 3assok B CMO L.,
CnyyarHaga BenuunHa Z — Yncno 3asiBOK B cUCTEMeE-
MnMeeT BO3MOXHble 3HadeHus 0,1,2,...k,... cC
BEPOATHOCTAMU Do, Py ..., Py.... E€ MaTeMaTnyeckoe
oXvgaHve paBHO

L,,=0-p,+1-p,+2-p, +..+k-p, +...=§;k~ P, (33)
[NMoactasum B (33) BbipaxeHue onsa p, 3 (32):
|-<.l,m,=§1:|<‘p“-(l—p)=p‘(l—p)‘gk-pk’1
[MponsBegeHne  k»  eCTb HWU YTO WHOE, Kak
NMpou3BoaHas No p OT BbIpaXXeHus p K; 3HauuT,

Lcumzp'(l—,o)'i;*p'pk=,D~(l—p)'dd—p-2pk (3.34)

8



Ho cymma B (34) ecTb He 4TO MHOE, Kak cymma
GeckoHeyHO YybblBaloLWEn reoMeTpuyeckon nporpeccum c

NepBbIM YNIEHOM p U 3HAMeHAaTesNeM p; 3Ta CymMma paBHa
1

P

-, ,a@ee npou3BoaHas ) . MopcTaBnsis aTo

BblpaxkeHue B (34), nony4nm:
Len =2 (35)

==
Tenepb npumeHnm copmyny Jlnttna u Hangem cpegHee

BpeMsi NpebbiBaHUS 3asiBKU B CUCTEME:
(3.36)

Hanpgem cpenH%“aqlggﬁ%saﬂBOK B oyepeau L., byaoem
paccyxaaTb Tak: Y4CNO 3asiBOK B 0Mepean paBHO YnNCITy 3asiBOK B
CUCTEME  MMHYC  4YMCNO  3asiBOK,  Haxogswmxcs  nopg
obcnyxmBaHnem. 3HaunTt (no npasuny CrnoXeHus
MaTeMaTUYECKNX OXMAAHWUN), CpeaHee YNCIO 3asiBOK B ovepean
L., paBHO cpegHemy u4ucry 3asdBoK B cucteme L., MUHYC

cpeaHee 4Yncrio 3adaBOK noa O6CJ'Iy)KI/IBaHVIeM. o

Ho cymma B (34) ecTb He 4TO MHOe, Kak Ccymma
BGeckoHeyHO yOblBalOLWEen reomMeTpuyeckon nporpeccun c

nepBbIM 4YIE€HOM p U 3HaMeHaTelleM p; 3Ta CyMMa paBHa
1

5, aee nponBoaHas a7 - Moacraensis 370

BblpaxkeHue B (34), nony4mm:
Loen =72 (35)

-2
Tenepb npumeHnm copmyny JInttna u Hangem cpegHee
Bpems NpebbiBaHNA 3asiBKU B CUCTEME:

(3.36)

Hangem cpe,uHefemgqﬁ%saﬂBOK B oyepeau L,,. byaem
paccyxxaaTb Tak: YACNO 3asBOK B 0MepeaM pPaBHO YMCIy 3asBOK B
cMCTeMe  MWHYC  4YMCo  3asBOK,  Haxogsawuxcs  nopg
obcnyxuBaHueM. 3Haunt (no npasuny CINOXEeHUS
MaTeMaTU4eCKuxX OXuaaHun), cpegHee YMCno 3asiBOK B ovepeamn
L,, paBHO cpegHeMy u4ucny 3asiBoK B cucteme L., MUHYC

cpeaHee Yncno 3asiBok Non 06cnyXMBaHUEM. .



Jlexuus 5.

MHorokaHanbHaa CMO ¢ HeorpaHU4YeHHOW
oyepeablo.

Y4eOHbIC BONIPOCHI.
1. MHorokaHanbHasa CMO.

2. CpepHee uncno 3asaBok B CMO.

1.0aHokaHanbHbIe CMO.

AHanornyHo ogHokaHanbHon CMO pelwlaeTcs 3agada
0 MHorokaHanbHon CMO ¢ HeorpaHM4YeHHOW o4Yepenbio.
Hymepauus kaHanoB- onaTb MO YMCNY 3asiBOK, HAXOOALLMNXCA
B ouepean:

Sy~ BCe KaHanbl cBOOOAHBI;

S,- OOMH KaHarn 3aHAT, oMepeaun HeT;
S,- 3aHATO ABa kaHana;

S,- 3@aHATO N KaHarnos;

S, .- 3aHATbI BCE N KaHANoB, OAHa 3asiBka CTOUT B
ovepeau;

Sn+r' 3aHATbI BC€ N KaHaJ10B, I 3adBOK CTOUT B o4vepenu;

2



Ha a1ty CMO noctynaeT NOTOK 3asiBOK C
MHTEHCMBHOCTBIO A ; MOTOK  OOCNyXuBaHuMn  mMMeeT
MHTEHCMBHOCTb 1, obOpaTHylo  cpegHeMy  BpeMeHM
o6CcnyXnBaHNS 3a8BKU .

TpebyeTtca HanTn uHanNbHbIE BEPOSTHOCTN COCTOSIHUM
CMO, a Takke xapakTepuCTUKn ee a(ppeKTMBHOCTH:

* Loyem CPEOHEE YNCNO 3asiBOK B CUCTEME;

* W, .- CPeaHee Bpems nNpebbiBaHNSA 3a8BKU B CUCTEME;
* L,,- CpeaHee 4ncno 3asdBOK B ovepenu;

+ W, cpegHee Bpems npebbiBaHWs 3asBKM B ovepean;

i PsaH' BEPOATHOCTb TOro, YTO KaHaln 3aHAT (CTeI'IeHb

3arpys3ku KaHana,.

n

A L T Ao AL
2]

pooo2n 3 oap oap T omd”
[ | |

6e3 ouepeau C ouepeabto

Pwuc.9 Npad coctoaHmnin mHorokaHansHon CMO c
HeorpaHU4YeHHOM ovYepeabto

'pad cocTosiHM nokasaH Ha puc.9. 'pad ecTb cxema
mbenn un pasMHOXEHUSA, HO C OECKOHEYHbIM 4YUCIIOM
COCTOSAAHUMN.

EcTecTBeHHOE YCMOBME CYLUECTBOBAHUS (PUHAMBHbIX
BeposiTHocTel- - <1. Ecnn 53!, oyepedb pacteT [0
GeckoHeYHOCTU. MPeAnonoXUM, YTO YCroBHME “<1 BbINOMHEHO,
N PUHANbHbIE BEPOSITHOCTY CYLLECTBYIOT.



MpumeHsa  dopmynbl  Ans  cxembl mbenu  un
pPa3MHOXeHUs, Hangem 9T duHanbHble BepOoATHOCTU. B
BblpaXeHun ansa P, OyaeT CTosiTb psaf YNEeHOB, coaepXallnx
gakTopuanbel, nawc cymma 6GeckoHeyHo  ybbiBatoLLen
reOMETPUYECKON MPorpeccun co 3HameHarenem ~. Cymmupys
ee, Hangem

,0 p2 pn pn+1
po=(+=+r  + —+ L)

o2 n!l n(n-p)

K - (42)

_P. _P. _P.
Py = Poes P =2 Poes Py =~ Pos

n+l n+r

P
Pu1 = ' *Pos-s Poir = 5
n-n. n

“ Dgsee
-n!

Tenepb Havngem XapaKkTepUCTUKU
agpektBHocT CMO. W3 Hux rnerdye Bcero
HaxoOuUTCSA CpefiHee YMCIIO 3aHATbIX KaHanoB

= A

k:7:p
I

(3T0 BOOOLLE cnpaBeanueo ana nwbon CMO c
HeorpaHM4YeHHOM o4Yepeablo).

Hanpem cpegHee 4yncrno 3adBOK B CUCTEME
Lcucm VI CPEOHEE YNCNO 3a4BOK B ovepeau L.

N3 HuUXx nerye BbMUCNIUTL BTOpPOE MO
cdbopmyne “"2"P;  BBINMOMHASA COOTBETCTBYHOLLME
npeobpasoBaHnss Mo obpasuy ofHOKaHaNbHON
CMO ¢ HeorpaHM4eHHOM ovepenbio, NoMyYnM:

P p, (42)
6

Ll)‘l = 2
n-nk@- p/n)?



MpubaBnas K HemMy cpeHee YNCIo 3aABOK MNOA
obcnyxunsaHmemM (OHO >Xe- cpefHee YUCNO 3aHATbIX
KaHanos) -, ,nony4aem:

Lowen =Low + 2 (43)
Hena BbipaxeHue ana L., n L,, Ha A , no dopmyne
Nlwttna nony4um cpegHue BpemeHa npebbiBaHUSA
3asBK1 B 0Mepeaun U B CUCTEME:

2.CpepgHee uncno 3aaBok B CMO.

Hangem cpeaHee uncno 3assok B CMO L.,
CnyyarHaga BenuunHa Z — Yncno 3asiBOK B cUCTEMeE-
MnMeeT BO3MOXHble 3HadeHus 0,1,2,...k,... cC
BEPOATHOCTAMU Do, Py ..., Py.... E€ MaTeMaTnyeckoe
oXvgaHve paBHO

L,,=0-p,+1-p,+2-p, +..+k-p, +...=§;k~ P, (33)
[NMoactasum B (33) BbipaxeHue onsa p, 3 (32):
|-<.l,m,=§1:|<‘p“-(l—p)=p‘(l—p)‘gk-pk’1
[MponsBegeHne  k»  eCTb HWU YTO WHOE, Kak
NMpou3BoaHas No p OT BbIpaXXeHus p K; 3HauuT,

Lcumzp'(l—,o)'i;*p'pk=,D~(l—p)'dd—p-2pk (3.34)

8



Ho cymma B (34) ecTb He 4TO MHOE, Kak cymma
GeckoHeyHO YybblBaloLWEn reoMeTpuyeckon nporpeccum c

NepBbIM YNIEHOM p U 3HAMeHAaTesNeM p; 3Ta CymMma paBHa
1

P

-, ,a@ee npou3BoaHas ) . MopcTaBnsis aTo

BblpaxkeHue B (34), nony4nm:
Len =2 (35)

==
Tenepb npumeHnm copmyny Jlnttna u Hangem cpegHee

BpeMsi NpebbiBaHUS 3asiBKU B CUCTEME:
(3.36)

Hanpgem cpeAH%mqlﬁﬁ%saﬂBOK B oyepeau L., byaoem
paccyxaaTb Tak: Y4CNO 3asiBOK B 0Mepean paBHO YnNCITy 3asiBOK B
CUCTEME  MMHYC  4YMCNO  3asiBOK,  Haxogswmxcs  nopg
obcnyxmBaHnem. 3HaunTt (no npasuny CIOXeHuns
MaTeMaTUYECKNX OXMAAHWUN), CpeaHee YNCIO 3asiBOK B ovepean
L., paBHO cpegHemy u4ucry 3asdBoK B cucteme L., MUHYC

cpeaHee 4Yncrio 3adaBOK noa O6CJ'Iy)KI/IBaHVIeM. o

Uucno 3asBok nog obcnyxuBaHMem MoXeT ObiTb nmMbo Hynewm
(kaHan cBobogeH), nMMbo eauHuuen (kaHan 3aHAT). MaTtemartudeckoe
OXMOaHWe TakoW CryYyamHOW BeNUYMHbI PaBHO BEPOATHOCTM TOrO, 4YTO
KaHan 3anat (P,,,). OveBngHo, P,,, paBHO 1 MUHYC BEPOATHOCTb P, TOro,
4YTO KaHan cBoboaeH:

P?GH :1_p0:p (37)
CnepoBaTesibHO, CpeaHee YnCno 3asiBOK Nod 06CnyX1BaHUEM pPaBHO

L.=p (38)
Otclopa L =L

N OKOH4YaTeJ1bHO

=it (39).
o N
Mo cdopmyne JluTTna Hagem cpegHee Bpemsi NpebbiBaHWs 3asBKU B

oyepeau:

__r 40
" AA-p) (40)

10



Jlexkuus 6.

AHanus metoooB cnyvYamHoOro gocrtyna K
kaHany B JIBC. Metoab! Anoxa.

Y4eOHbIC BONIPOCHI.

1. Cnocobbl gocTyna K obowen cpege
nepepayu.

2. Metoabl Anoxa.

1.Cnocobbl gocTtyna K obLwen cpene nepenaym

[Byms OCHOBHbIMM cnocobamu foctyna K obuien
cpede nepefadv  ABMAKOTCA  ynpasnseMbid  OOCTyn C
NpUMEHeHNeM onpoca M criyvyarHbli goctyn. B cBow oyepeab
CYLLeCTBYIOT pasfuyHble TUNbl CTpaTerMnm CriyYanHoro
gocrtyna.

MeToap! CﬂyHaIZHOFO AOCTyna NOJIHOCTbIO
AJeueHTpann3oBaHbl. [Monb3oBaTenbL MOXeT nepegaBaTb Korga
yrogHo, JnLb C HEe3Ha4YnTelrlbHbIMA orpaHn4YeHunsaMH,
3aBucAalimMmmn oT MeToda aocrtyna.

MN3-3a cny4yamHOCTM MOMEHTOB BPEMEHU, B KOTOPbIE
nonb3oBaTENN MOryT PELINTbL HayaTb nepeaady, He3aBUCUMO
OT MeToJa He MCKM4YeHa BO3MOXHOCTb TOro, YTo ABa Unu
HECKONMbKO Monb3oBaTene MoOryT BbIATU Ha CBS3b B
nepecekawLmecs NPOMEXYTKN BPEMEHMU.



310 npueoanNT K CTOJIKHOBEHUAM
(konususim), KOTOpble CHayana [AdoSfKHbl ObITb
pacrno3HaHbl, a 3aTem pa3peLleHbl.

an YBEJIMHEHNN HaArpy3kmn YyBeJIMYMBaAETCA U
BEPOATHOCTb KONMn3um, 4To npmBoanT K BO3MO>XHOM

HeyCTOVI‘JMBOCTM pa6OTbI paccMmaTpmBaeMbIX
MEXaHU3MOB.

B pes3yribTaTte npon3BoaUTESIbHOCTb
orpaHn4mBaeTcs HEKOTOPbIM MaKCMallbHbIM

3HAa4YEHNEM, MEHbLUMM MPOMNYCKHOM CMNOCOBHOCTMU
KaHana, n 3TO 3Ha4YeHWe B KaXk4OM Crlyyae 3aBuCuT
OT MepBOHaYyanbHOroO MexaHuM3Ma [Joctyrna wu
anropntTMma paspeLleHust Konnusnin.

1.MeToagbl Anoxa.

PaccmoTpum gBa npoctenwmx Tuna crparterum
cnyyamHoro  gocryna: qucmyro  Asoxy u
CUHXPOHHYI0 Arnoxy .

Yucmas Anoxa

OTa cxema cCHadana Obina npumeHeHa Ans
goctyna K obuwemy kaHany  COTpyAHMKamu
[[aBanckoro yHueepcuteTa B Havane 1970-x rogos.

[lo aTon cxeme nonb3oBaTenb, XenawLwmn
nepefatb coobuieHne, genaet 3TO Koraa YrogHo.

B pesynbTarte MOryT HanoXuTbCsi BO BPEMEHU
ABa  WNMU  HECKOMbKO  cooOuleHun,  Bbi3BaB
CTOJIKHOBEHME (KOSNN3KIo).



Pacno3HaBaHme Konmnmamm n coodLleHne o0 HUX
nocTpagaBLlLUMM MOSib30BaTENSIM B NepBOHaYanbHOM
cucteme Anoxa HanpaeBnsnucb MO paguvo  Ha
LEeHTpanbHbIA MNYHKT.

Takke 3TO MOTrT10 OCYLLECTBJIATbCA
nPMMEHEHNEM MNOJNOXKNTETTbHbIX I'IO,EI,TBGp)K,EI,eHVIIZ B
co4veTaHnn C nepepbiBOM.

Mpwn OBHapyXeHUn CTONKHOBEHMS
nocTpagaBluve CTaHUMW NpeanpUHUMAIOT MOMbITKM
MOBTOPHOW nepefayn NOTEePSHHOro COObLLEHUS, HO
OHM [OOMMKHbl pacnpedensTs BpeMsi  MOMbITOK
crny4yalHbiM  obGpasom, crnenys HEKOTOPOMY
anroputmy, yMeHbLLaLeMy BO3MOXHOCTb

BO3HNKHOBEHUNA HOBOIO KOHCbJ'IVIKTa. .

CtpaTterna poctyna tmna Yuctas Arnoxa nossonsieT
nobuTbcs NponsBoauTeENbHOCTN camoe bonbuee 1/2e ~ 0,18
NPOMYCKHOM CNOCOBHOCTM KaHana.

Beegem cHavyana HekoTopble onpegereHus. 3a AocTyn
K kaHany coctasatotrca N craHuun. CrtaHuus nepejaet, B
cpedHeMm, A NakeToB B CeKyHAY (MHTEHCUBHOCTbL obpalleHnin K
ceTu).

BennumHa 1/m npeactasnser cobon  NpOMnyCKHYHO
crnocobHoCTb kaHana (u) B nepefaBaeMblX NakeTax B CEKyHAY.
PaccmoTpyM 4acTHbIM  criydan, Npu  KOTOPOM BCe
nepefaBsaemble coolOweHns (nakeTbl) MMEKT CpegHIo
AJNIMHY, COOTBETCTBYIOLLYIO M eAMHMLaM BpeMEeHU nepeaayu.
Byoem cuuTtatb, YTO WMHTEHCUBHOCTb Harpyskm S
(3KBMBANEHTHO p - HOPMWUPOBAHHOM MO W  Harpyske)
Xapakrepusyet ncnosnb3oBaHne KaHana BHOBb

nocTtynawwmmm naketamm S =p =NAm
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CtpaTterna poctyna tvna Yuctas Anoxa nosBonsieT
[obuTbCcs NponsBoguTenbHOCTN camoe bonbuwee 1/2e ~ 0,18
NPOMYyCKHOM CNOCOBHOCTM KaHana.

BennumHa 1/m, KoTopas obo3HavaeTcs u,
npencraBnseTr cobon NpOonyckHy CNOCOOHOCTbL KaHana B
nepefaBaeMblX Naketax B cekyHay. Takum obpasom, NA/u =
NAm - oOTHOCUTEeNnbHOE WCMNofb30BaHWE KaHamna, wunm
NPOM3BOAMTENBHOCTb, HOPMWPOBaHHAs OTHOCUTENBHO L.

O6Lwasa WMHTEHCMBHOCTb MaKeToB, NepefaBaeMbiX B
KaHan, BKM4Yas BHOBb reHepupyemble U NepegaBaeMble
MOBTOPHO, UMEET HEKOTOPOE 3HaveHne A’ > A (M3-3a KONnmM3unm
OT Kaxgoro kKomnbkoTepa OyaeT nepepaBaTbca OGonblie
coobuieHmn u3-zda HeobxogMMOCTM BO30OHOBMSATbL MOTOK).

Torga aktuyeckass MHTEHCUBHOCTb Harpysku, wunu
Mcnonb3oBaHMe KaHana, ABnseTcsa napametTpoMm G, KOTOpbIN
paBeH G = NA’m.

PaccmoTpum TunnyHoe coobLueHne OnmMTenbHOCTBI0 M,
NMokas3aHHOe Ha PUCYHKe 22.

m
b=

I'ml
(P

BpeMA

Puc .22 CtonkHoBeHMe OBYX COOBLLEHNI

OHO noaBepraeTcs  CTOMKHOBEHWD C  OpPYrUMm
cooblleHneM, ecnu 3TM ABa CcoobLieHus OyayT HanoXeHbl
O[HO Ha Apyroe B Moboi ToYKe.

Jlerko 3ameTuTb, Nepegsuras NyHKTMpPHOE coobuieHne
BO BpPEMEHW, YTO CTONIKHOBEHWE MOXET MpPonU3onTn B
NPOMEXYTKE  BPEMEHU  MPOAOIDKUTENbHOCTBID  2mM  C.
BepoATHOCTL TOro, YTO B MPOMEXYTKE 2mM C He npousonger

CTONIKHOBEHUS, paBHa e2NAM'm=g-2G
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OtHoweHne S/G npeacTaBnsieT OO COOBLWEHMA U3
yucna nepegaBaeMblX B KaHar, KOTOpble NMPOXoaaT YCMeLHo.
OTO uMcno [OMKHO ObiTb pPaBHO BEPOSITHOCTM OTCYTCTBUS

CTOJTIKHOBEHUM. Takum obpasom ypaBHeHue
NPOU3BOAUTENBHOCTUN ANA YNCTON ANOXK:
S = Ge 26, (4.11).
30ecb S - HOPMUpPOBaHHas MNPOM3BOAUTENBHOCTb

(cpegHAs CKOpPOCTb MOCTYNSEHUS MNaKeToB, [AefleHHad Ha
MakcumarneHyt0  npoussoguTenbHoctb 1/m), a G -
HOpMUPOBaHHas MponyLieHHas Harpyska. Takum obpasom, S
— Hes3aBucumas nepemeHHas, a G - ee yHkuusa. [paduk
3aBucumoctm G OT S wuMeeT BMAO [OBY3HAYHOW KPUBOW
(pnc .23).

>

G(HOpMMpOBaHHaﬂ nponyLeHHas Harpyska)

1 Q.2

0.3 >

S(HOpMVIpOBaHHaﬂ NPOV3BOANTENBHOCTb)

Puc.23 XapakTepucTtmka npon3BoanTenbHOCTY;
Uuncrtaa Anoxa
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OTtmeTum, 4yto S nmeeT makcumym S = 0,5e1~ 0,18 npwu
G = 0,5. Cyaa no dopmyne (4.11) unn KpuBOW Npu Marnomn
NnocTynaroLen Harpyske S CTONIKHOBEHUS MPOUCXOAAT peako U
G=~S.

Korpga S HauvHaeT pactn, npubnmwkasacb K
MakcumarieHoMy 3HadeHuto 0.18, 4ucro  CTOSIKHOBEHWUW
BbICTPO yBENMUYMBAETCH, YTO BeJeT B CBOK oyepedb K pocTy
BEPOSTHOCTM CTONKHOBEHUS. Cuctema tepsieT yCTONYNBOCTD,
S nagaer, a G yBenuunBaeTtcsa 40 60MbLINX 3HAYEHWUM.

CuHxpoHHasi Anoxa

MakcnmansHo BO3MOXXHast NPOn3BOANTENBHOCTb
CXeMbl 4nCTOM AnOXM MOXET OblTb yOABOEHAa C MOMOLLbIO
NPOCTOro npMemMa nasmeTKM LUKasnbl BPEMEHN U pa3peLUeHns
Nonb30oBaTENAM HayMHaTb MNOMNbITKA Nepedadn coobduieHun
TOMbLKO B Havane Kaxaoro BPEMEHHOro MWHTEpBana m

(paBHOro ANMTENBHOCTU COOBLLEHMS). "

Ota cxema  Tpebyer, 4Ttobbl paboTta  Bcex
nonb3oBaTenen cuctembl ©Oblla CUHXPOHW3NPOBaHa BO
BpemeHn. [Mpumep paboTbl TakoM CUCTEMbI MNOKasaH Ha
pucyHke 4.24, Ha KOTOpPOM OAHO coobuieHne nepenaHo
yCreLHo, a ¢ ApyrMMm nponsoLusio CTONKHOBEHME.

Wenemaan
nepetaMa {CTONKHOBEHHE

FH % EpEMA
| ﬁ/ im o dm

Ka.HaJILHbIE
HHTEPEAIIEI

PucyHok 4.24-epepaya npy CMHXPOHHOW Anoxe
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[MockonbKy coobuieHna MoryT ObiTb nepeaaHobl
TONbKO B pPa3MEYEHHble TMPOMEXYTKN BPEMEHWU,
CTOJIKHOBEHUSI MPOMCXOOAT NULIb Korga ogHa Wnu
HEeCKOJSTIbKO MOMbITOK Nepeaadn COBEPLUAKTCS B TOM
Xe MPOMEXYTKe.

BepodaTHOCTb ycnewHon nepegayun 3agaetcs B
Buae eC, a nponsBOAUTENBHOCTb ANSA CUHXPOHHOWN
Anoxu nmeert B1g

S = Ge®C,
HopmupoBaHHas npou3BoAUTENBHOCTE S

JOCTUraeT MakcumarnbHoro 3Hadyenma l1l/e ~ 0,368
npu G = 1.

13

3aBMCNMOCTb NponyLLEeHHON HarpysKku oT
NPOM3BOAUTENBHOCTU ANS CUHXPOHHOM AnNOXM nokasaHa Ha
pucyHke 4.25, rge oHa cpaBHMBAEeTCA C COOTBETCTBYHOLLEN
3aBMCMMOCTbIO 418 YNCTON ANoXu.

A

»

CuHxpoHHas Anoxa

Yucras Anoxa

G (HOpMMpOBaHHasi MPONYLLIEHHas Harpyska)

0.3

1
»
S (HopMUPOBAHHaR MPONIBOANTENBHOCTE)

Puc 4.25-XapakTepuctunka npomsBoanTESNTbHOCTY;
CuHxpoHHasa Anoxa
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