I'JIABA 3
BBEJAEHHUE B TEOPUIO CUCTEM MACCOBOI'O
OBCJIY’ KUBAHUA

3.1. Knaccupukanus cucteM MaccoBOro 00C.Iy:KuBaHus

Hctopruuecku Teopusi CUCTEM MAacCOBOT'O OOCITY>KUBaHMS OepeT HAyajao OT
paboT, B KOTOPBIX paccMaTpuBaliach MpoodsieMa Meperpy3ku TeiaedOHHBIX
JUHUM, BecbMa 00OCTpuBIIasca B Hadaine 20-To CTOJIETHS, B YaCTHOCTHU
paldoT JaTckoro yueHoro A. Dpianra, otHocammxcs Kk 1908 — 1922 rr.
TepMuHn meopus maccogoco obcayscusanus ObU1 BBEIEH POCCUMCKUM Ma-
TemaTukoM A.S. XunumubiM. B 3apyOexHOl nuTepatype OOBIYHO HC-
IOJIB3YETCS Ha3BaHue ucciedosanue onepayuti (Operation Research).
CoBpeMeHHOEe 00IIIECTBO U COBPEMEHHBIE TEXHOJOTMU HE MOTYT 00ONTHUCH
0€e3 pa3BETBICHHON CETH CUCTEM MAacCOBOT0 oOciyxuBaHusi. Hecmotps Ha
UX pa3zHooOpasue, BCE 3TU CUCTEMBbI UMEIOT OOIIMe YepThl U OOIIKE MPO-
0JieMbl, HanOOJIee BaXXKHOM M3 KOTOPBIX SIBJIIETCA IpodsieMa ouepeneit. Mc-
TOYHUKOM TOJOOHBIX MPOOJIeM SIBIISIETCS CIYYalHBIM XapaKTep MPOHCXO-
JTSIIMX B HUX siBlieHUH. Hampumep, ciiydyaeH MOTOK BBI30BOB, MOCTYIMAlO-
X Ha Tele(OHHYIO CTaHIMIO, Clly4yallHa IJIMTEIbHOCTh Teae(OHHOTO
pasroBopa. Ciy4yallHOCTH NPUHLIMUIHAIBLHO HENb3s YCTPaHUTh, HO HX
MOXHO JOJDKHBIM 00pa3oM y4ecTh JUIsl PallMOHAJIbHOW OpraHu3alu CUC-
TE€M MacCOBOT'0 OOCITY>KUBaHUSI.

JIro0ast cucteMa MaccoBOTO OOCTYKUBaHUS TIPeAHA3HAYEHA JIJISI BBITIOJIHE-
HUS HEKOTOPOTO MOTOKA 3asBOK. B poiin 3asBKU MOKET BBICTYNATh IMOSB-
JIEHWE KJIMEHTa B OaHKe WM OMJIETHOM Kacce, BOSHUKHOBEHUE HEUCIIPaB-
HOCTH B YCTPOMCTBE, IOSABJICHUE YaCTULbl B cueTunke ['eirepa-Mromepa
u T.1. O0cnyXKHBaroLIKe eIUHUILIBI (HaIpuMep, paboTaroliue KacChl B 3aj1e
WJIU OTIepaTOpPhl B OaHKE) HA3BIBAIOTCS KaHAJaMH OOCITyKUBaHUSI.

OpmHa U3 BO3MOXKHBIX KJIacCHU(PUKAIIUNA CHCTEM MAacCOBOTO OOCTY>KMBaHMS
(CMO) nokazana Ha puc.3.1. B atoil kiaccudukanum AOCTATOYHO Bax-
HBIM SIBJISIETCSA UX pa3/eICHUE Ha CHCTEMBI C OTKa3aMH U CHUCTEMBI C OUe-
penpio. B cucteme ¢ oTkazamu, €CiM BCe KaHaAJbl OOCITYyKUBAHUS 3aHATHI,
3asiBKa MOJIy4aeT OTKa3 (HarpuMep, KOPOTKUE T'YJIKH B TeIe(POHHOU TPYO-
K€) ¥ BBIXOJUT M3 UTPhl. B cucteMe ¢ ouepenpo Mpu HEBO3MOKHOCTH 00-
CIIY>)KMBaHHMS 3asiBKa BCTAE€T B O4YEpE]b M OXKHJAACT, ITOKa HE OCBOOOIUTCS
KaKOW-TM00 KaHall 0OCyKHUBaHUs (HapUMep, B TPYyOKe pa3iaeTcs «KIu-
Te oTBeTa»). Ouepean Toxke ObIBAIOT pa3HbIMU. B 4aCTHOCTH, OHM MOTYT
OBITh HEOTPAHUYCHHBIMH (3asiBKA PAHO WJIU MO3HO OyAeT 00CITyKeHa, ATO
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TOJIBKO BOIIPOC BPEMEHHU, HO OTKa3a He OyAeT) WU OrPaHUYCHHBIMH, B KO-
TOPBIX TIOCJIC TOSBJICHUS B OYEPEON OMPENEIECHHOTO YhCiia 3asSBOK Clie-
IyrolIasi 3asBKa mojydaeT oTkas. Oduepean ¢ OTHOCUTEIbHBIM TIPHOPHUTE-
TOM TPEIIOJIaraloT 0OCIyKUBAaHUE MPUOPUTETHOW 3asBKU BHE OYEpeIU
nocie 3agepuieHuy 00CIYIHCUBAHUSL MmeKyueli 356Ky, a odepean ¢ abco-
JFOTHBIM TIPUOPUTETOM JTAXKE Npepvlearom o0CHydlcusanue mexyueli 3as16-
Ku (BEpOSATHO, Bbl CaMH MOJKET€ MPHUBECTU MPUMEPHI U3 KU3HU, 3aMeua-
TenbHO 00001eHHbIe ¢pazoit k. Opysnna «Bce XKUBOTHBIE paBHbBI, HO
HEKOTOPBIC JKUBOTHBIC pagHee TPYTUX»).

CMDO

1 A

OAHO — MHOTI'0 —
KaHaJ/JIbHas KaHaJbHadA
C C
OTKa3aMu ouepeabro

OrpaHUYCHHOM HEOrPaHMYEeHHOM

" —

—

00bIYHOI;
NPUOPHUTETHOM (C a0COMIOTHBIM WITH

OTHOCHUTEJILHBIM [PHOPUTETOM)

Puc.3.1. Knaccugukanus cucteM MacCoBOT0O 00CITyKMBaHHUS

CucreMbl MaccoBOTO OOCIY)KMBaHUSI BCETNa SIBJISIIOTCS MHOTOKPHUTEpU-
abHBIMU: OHHM XapaKTepU3YyITCA Habopom mokazarene 3pPeKTUBHOCTH.
OTO cpellHee YHUCIIO 3asiBOK, KOTOPBIE CHUCTeMa OOCITY>KMBAET B €AUMHUILY
BpPEMEHU, CPEAHEE YUCIIO 3aHATHIX KaHAJIOB OOCIYyKUBaHUS, CPEJIHEE YHC-
70 3asIBOK, HAXOJSIINXCSA B OYEPEIU, U CPEHEE BPEMs CTOSHHUS B OUYepe-
1M, TOJIS 3asIBOK, TOMYYAIOUINX OTKa3, U JIOJIS 3asBOK, HAUMHAIOIIUXCS 00-
CIIy’KMBAThCS HEMEIJICHHO, U Ap. MoJienrpoBaHre TaKuX CUCTEM METO/1a-
MU TEOpHUH 1ierieid MapkoBa MO3BOJISIET MPOTHO3UPOBATH ATH MOKA3aTeNN U
BBISIBJISITh IIYTH UX YIyUIICHUSI.
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3.2. OcHOBHbIE MOHATHS U MPOCTEHIIIHE MOIEIH

HamoMHuM, 49TO Ciay4aillHBIM IIPOLIECCOM HA3bIBAKOT IMPOLECC IMEPEXOA
CUCTEMBI U3 OJTHUX COCTOSIHUM B Apyrue, MPOTEKAINIUE CIy4aiiHbIM 00pa-
30M. MBI paccMaTpuBaeM MPOLECCHl C JUCKPETHBIMU CIyYallHBIMU CO-
CTOSTHUSIMHU, KOTJla CHUCTeMa XapaKTepHu3yeTcsi HaOOpOM 3TUX COCTOSHHH,
TO €CTh JTUCKPETHBIM MPOCTPAHCTBOM COCTOSIHUH.

PaccMoTpuM OCHOBHBIC TIOHSTHSI Ha MPUMEpPE PAOOThI HEKOTOPOTO YCT-
poiicTBa (puc.3.2), KOTOPOE MOXKET HaXOAUTHCS B IByX COCTOSTHUSAX: pabo-
Taet (coctosHue 1) u peMoHTUpyeTCs (COCTOSIHUE 2).

OKOHYAHUE
OTKa3
€MOHTA
Pabora PemoHT p Pabora
epexon nepexon
TOSIHH TOSIHH
COCTOSIHHE (coGBITHE) COCTO e (cobbiTHE) ~ €OCTO e

OKOHYaHHUE
peMoHTa

OTKa3

Puc.3.2. CocrosiHus 1 nepexosl B KCIUIyaTalluu yCTPOICTBA

Ilepexon u3 coctosinus 1 B cocTosiHue 2 CBsI3aH C COOBITHEM omKa3s (YCT-
POMCTBO BBINLIO U3 CTPosA). bynem cuuraTh, 4TO MOCIE ATOTO OHO MTHO-
BCHHO HAIPaBJISAETCS B PEMOHT, TO €CTh MepexoauT B cocTosHue 2. [Toce
OKOHYaHMsI PEMOHTAa OHO MTHOBEHHO BO3BpaIaeTcs B paboty (mepexos u3
COCTOSAHMS 2 B cOocTOsiHUE | ¢ coObITHEM oxonuanue pemonma). 11ockomb-
Ky COCTOSIHUSL «paboTaeT» 0 M MOoCJie PpEMOHTa WJIECHTUYHBI, TO rpad co-
CTOSIHUM MO>KHO MPEACTABUTh TaK, Kak 3TO MOKa3aHO Ha puc.3.2 BHU3Y C
IBYMsI TIPOTUBOIOJIOKHBIMU CTpENKaMu rnepexoaoB. OdeBuaHO, 4TO 00a
COOBITHS TIPOMCXOJIAT B CIIydYaiHbIC MOMEHTHI BPEMEHH, KOTOPBIC JUIS O/I-
HOTO KOHKPETHOTO YCTPOHCTBA CIIPOTHO3UPOBATH HEBO3MOXKHO.
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[IpenmnonoxuM, 4TO OJHOPOAHBIE COOBITHUSI CIEAYIOT OJHWH 3a APYTUM B
CJly4ailHble MOMEHTBI BpeMEHH. B 3TOM cilydae MOKHO TOBOPUTH O MOTOKE
COOBITUH. DTO MOXKET ObITh MOTOK OTKa30B YCTPOWCTBA, MOTOK 3aKa30B
TaKCH MO Teae(PoHy, MOTOK BKIIOUEHHUH OBITOBBIX JIEKTPOIPUOOPOB U T.1I.
[lycTb, HanIpUMep, JUCHETYEP TAKCOMOTOPHOTO Mapka (GUKCUPYET MOMEH-
ThI TIOCTYIIJICHUS TeIe()OHHBIX 3aKa30B MEXKIY MOMEHTAMHU BpemeHu t; u t;
(puc.3.3). O603HAYMB 3TH MOMEHTHI B BHJIC TOYCK HAa OCH BPEMECHH, MBI
MOJy4YUM IMTOKa3aHHYIO Ha pHC.3.3 KapTHUHY, IPUBEACHHYIO IS 4-X MOCIe-
JOoBaTeNbHBIX HHEH. Kakaas U3 KapTUH YCIOBHO M300pa)xaeT OJIHY peali-
3aIMI0 TOTOKA 3aKa30B /ISl BEIOPAHHOTO MPOMEXYTKA BpeMEHU. MOMEHTHI
3aKa30B B KaXJOW peanu3aluy Cly4yalHbl, MOTOK COOBITUN MPOSBIISET
CTATUCTHUYECKYI YCTONYUBOCTH: MOJHOE KOJIMYECTBO COOBITHN B JAHHOM
IIPOMEXKYTKE BpEMEHHU ¢J1ab0 MeHseTCs JieHb 0To JHs (8, 7, 9, 7 cOOTBeT-
CTBEHHO).

t, D - coObITHE: CHCTEMa NePexXouT t,
U3 COCTOSIHHSA 1 B COCTOSIHUE ]
1
2
3
4

t t+At
Puc.3.3. K onpenenenuto noroka COObITUN U €r0o MHTEHCUBHOCTH

[Tpu moOSIBJICHUHM COOBITHS CHCTEMAa IEPEXOJHUT M3 COCTOSHHUS | B COCTOS-
Hue |. Het cMbIcaa TOBOPUTH O BEPOSTHOCTH MEPEX0/ia B KOHKPETHBIH MO-
MEHT BPEMEHU: OHA BCET/Ia PaBHA HYJIO B CHIIy HEMPEPHIBHOCTA BPEMEHHU.
Byznem roBoputs 0 BeposTHOCTH nepexona Pij(t; At) He B MOMEHT BpeMeHU
t, a Ha mpoMexyTke BpeMeHu oT t 1o t+At (puc.3.3). OdeBuaHO, YTO ITa
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BEPOSITHOCTh 3aBUCUT OT BeJIMYMHBI At: yem Oosbiine At, Tem OoJbllie Be-
POSITHOCTb TOTO, YTO COOBITUE HACTYMHT, IPUUYEM B IEPBOM MPUOTMHKEHUU
MPOCMaTPHUBAETCS MpsMasl IPOIOPLUOHAIbHOCTE. Eciu pasnenuts Pij(t;At)
Ha At ¥ pacCMOTPETH MpeAE 3TOr0 OTHOIMEHHS npu At—(0, TO MBI IPUXO-
UM K TOHATHIO HJIOMHOCMU 8EPOAMHOCMU nepexooa W UHMEHCUBHO-
cmu NomokKa coovimuii

Py(tAD. (3.0)

B o6mem ciydae Benn4MHA Ajj 38BUCUT OT BPEMEHH (JOCTATOYHO BCIIOM-
HUTHh O TaK Ha3bIBAEMbIX 4acax mukK). OgHako B JajbHEUIIEM MbI OyaemM
paccMaTpuBaTh JUIA IPOCTOTHI TOJIBKO TE CIIydaH, KOTJA Aj MOXKHO CYH-
TaTh MOCTOSIHHOM, TO eCmb CMAayuoHapHbvle CIy4atinble NPOYeccyl.

B paccmoTpenHoM Ha puc.3.2 nmpuMepe HEOOXOJUMO ONEPUPOBATH IABYMS
MJIOTHOCTSIMHM TTOTOKOB COOBITUM: TJIOTHOCTHIO TTOTOKA OTKA30B V U ILIOT-
HOCTBIO TOTOKOB OKOHYaHHs peMoHTa [l X pasmepHocTh — [1/Bpems].
OuyeBHHO, YTO BeIMUMHA 1/v, UMeOIas pa3MEPHOCTh BPEMEHH, XapaKTe-
pU3YeT BpeMsl 4YepeoBaHHUs OTKa30B (MIPOJOJIKUTEIBHOCTh 0€30TKa3HOU
paboThl), a BemuuuHa 1/l — BpeMsl udepeloBaHUs BBHIXOJOB M3 PEMOHTA
(OpOIOKUTENBHOCTh PEMOHTA). TakKe O4YEeBUIHO, YTO BEPOSITHOCTH Iie-
pexoJia U3 OJTHOTO COCTOSIHHS B PYTO€ 3aBUCUT OT At M omnpenieisieTcs Kak
vAt. OnHako B JalibHEMIIEM Mbl OyJeM paccMaTpuBaTh MPOLECCHI, TPOUC-
XOJSIINE B HEKOTOPYIO €AUHHUILY BPEMEHH, U CUUTATh BEPOSITHOCTh Epe-
X0Ja Kak v uiu .

UtoOBl HE BO3BpaIllaThCsl K MPEIEIBbHO MPOCTOMY IPUMEPY, M300paKeH-
HOMY Ha puc.3.4, HaUHEeM MOJEIUPOBAHUE C 0OJIee CI0KHON CUCTEMBI, KO-
TOpas COCTOUT M3 JBYX YCTPOHCTB | W 2, MpOU3BOASAIINX OAHY U Ty XK€
npoaykuuto. Ilycts nepBoe pabomarowee yCTPOWCTBO MPUHOCHUT JOXO]T
1 B equHMIly BpeMeHH, a BTopoe — [,. YcTpoiicTBa B mpoliecce padoThl
MOTYT BBIUTH U3 CTpos (0TKazaTh). I'pad (mpocTpaHCTBO COCTOSIHUI) ATOM
CUCTEMBI TTOKa3aH Ha puc.3.2. OHa MOXKET HAaXOJAUThCS B COCTOSHHUH 1 (ero
BEPOSITHOCTh 0003HAUYCHA KaK S; M 3apaHee HEU3BECTHA, KaK M BEPOSITHO-
CTH OCTAJIBHBIX COCTOSHHI): 00a yCTpoicTBa pabOTalOT; B COCTOSHUU 2:
BTOPOE YCTPOMCTBO pabOTAET, a MEPBOE PEMOHTUPYETCS; B COCTOSIHUM 3:
nepBoe paboTaeT, a BTOPOE PEMOHTUPYETCS; B COCTOSIHUU 4: 00a yCTpOii-
CTBa B peMOHTE (He padoTaroT). Bo3MoxHBIE TTepeXObl MEXKITY ITUMHU CO-
CTOSTHUSIMU TIOKa3aHbl CTPEJIKAMH U CBSI3aHBI C COOBITUSIMU OTKa3a KaxK]10-
0 YCTPOMCTBA U OKOHYAHUSI PEMOHTA KaXJI0TO YCTPOMCTBA. VIHTEHCUBHO-
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CTH TTIOTOKOB 3TUX COOBITHI MOKa3aHbl OyKBaMH OKOJO COOTBETCTBYIOIIUX
CTpEJIOK. 3/1€Ch HE pacCMaTPUBAETCS MEPEXO U3 COCTOSIHUA | B 4, Tak Kak
BEPOATHOCTh OJJHOMOMEHTHOTO OTKa3a JIByX YCTPOUCTB (hopMaIbHO paBHA
HYJIIO, a MPAKTUYECKHU MMPOCTO OYEHBb MaJa.

S
PaGoTatot 00a ycT-
poiictBa 1 u 2

M1 M2
A%1 V2
Sg SS
2-e paboraer 1-e pabGoTaet
1-e B peMOHTE 2-¢ B pEMOHTE
V2 Vi
Hz Ha
Sy

O6a B peMoHTe

Puc.3.4. IIpocTpaHCTBO COCTOSIHUI M BO3MOYKHBIC TIEPEX OB
B CUCTEME C ABYMS yCTPOMUCTBAMHU

Hecmotpst Ha To, uTO Ha rpade COCTOSHHI COOBITHS HE BBITSHYJIHCH B
JUHUIO, KaK B MPEJbIAYIIEH IJ1aBe, 0Y4EBUIHO, UYTO OHU 00pa3yroT Lelb, U,
UCIIONB3YSl TMPUOOPETEHHBIM OMBIT, HETPYAHO IIOCTPOUTH MAaTPHUILY
MEPEXOIHBIX BEPOATHOCTEM TSI ITOU LIETIH.

1- Vi =V, Hq Ko 0 ]
l—u, — 0
p— Vi Hi— Vs ) . (3.2)
vV, 0 l—p, =y Mg
i 0 AP Vq I=p —p, |

bynem HHTEpecoBaThCS TOJHKO YCTAHOBHUBIIUMCS (AaCHUMITOTHYECKHM)
COCTOSIHUEM CHCTEMBI S”, KOTOpO€, Kak ObLIO MOKa3aHO B pa3f.2.2, He
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3aBUCUT OT HAYAJIBHOTO BEKTOpPAa COCTOSIHAS WM ONPEICNACTCA Kak
COOCTBEHHBIM BEKTOp Marpullbl P, COOTBETCTBYIOIIUI €€ COOCTBEHHOMY
YuCIy, paBHOMY enuHuIile. Halas »TOT COOCTBEHHBIM BEKTOp s
3aJaHHBIX V U [, TOJYYMM BEPOSATHOCTH Beex cocrosuuit S, S,°, S3”° u
S,”. 3Has 5TH BEPOATHOCTH, JETKO PACCYMTATh JOXOJ OT SKCILIyaTalluu
000UX YCTPOMCTB C Y4ETOM UX PEMOHTOB:

A= +12)S: "+ .S, + 1S3 (3.3)

Paccmotpum mpumep pacdera coctossHUE 3ToM cuctemsl. [lycts v1=0,05;
v,=0,1; Y;=0,1; Up=0,15. IloxcTanoBka »TUX 3Ha4YeHUU B MaTpuny (3.2) u
ompeesieHue €€ COOCTBEHHOTO BEKTOpa I COOCTBEHHOTO YHCJIa, PaBHO-
ro €IWHHIC JaceT CICAYIOIINEe 3HAYCHUs] BEPOSTHOCTEH COCTOSIHUM:
S$,°=0,4; S,°=0,2; S;°=0,2667 wu S,°=0,1333. B wuacTtHOCTH, 00a
yCTpOMCTBa pabOTalOT OJHOBPEMEHHO C BeposiTHOcThi0 0,4, a oba He
padotarot ¢ BeposTHocThio 0,1333. JlomycTum, 4TO mMepBOE padoTaroliee
YCTPOWCTBO TMPUHOCHT B EIWHUIYY BpeMeHU 10Xon [[;=5 ycrnoBHBIX
eauHuil, a Bropoe — noxona J1,=10 equnui. PacueT mo popmyne (3.3) naer,
YTO pEaJbHBIM JOXOJ C YYE€TOM OTKa3a YCTPOWCTB cocTaBigeT 9,33
CTMHUIIBI.

Bbl MoOXeTe CcaMOCTOSITEIBLHO BBINOJHUTh 3TH PacueThl M OICHUTH
BJIIMSIHUE TIapaMeTPOB V U |l Ha BEPOSATHOCTH COCTOSSHUN CHCTEMBI T10 MPHU-
BeJIcHHOW B mpuioxkeHnu nporpamme MCh8. CoBeryem HemocpeIcTBeH-
HBIMH pacueTaMH YOSTUThCs, YTO Ha Pe3yJbTaT BIUICT TOJIHKO COOTHO-
IIICHUE Pa3HBIX V U |4, a HE UX a0CONIOTHBIE 3HAYeHUsA. B gacTHOCTH, eclu
BCE MIPUHSATHIC B IPUMEpE pacuera v U | pa3aeuTh Ha OJTHO M TO K€ YUC-
710, pacmpeciiCHUe BEpOSATHOCTEH He M3MeHHUTCsA. EcTecTBeHHO, 3TH Ta-
paMeTpbl MOKHO M YMHOKHUTh Ha HEKOTOPOE YHCJIO, HO MPU 3TOM HEOOXO-
JTUMO TIOMHHTB, YTO €CIHM XOTsS OBl OJHMH AJICMEHT TIJIaBHOW JHaroHau
MaTpuilbl P cTaHeT MeHbIIe HYJISA, HAPYIIUTCS BBIYUCIUTEIbHAS yYCTOWYHN-
BOCTb.

[TycTh Temeph MBI pacmojiaraéM HEKOTOPHIMH WHBECTHUIIUSIMH B YiIydllle-
HUE PEMOHTA, MTO3BOJISIONTMMHU YBEJIMUUTH OJTHO W3 |l B 1Ba pa3a. Kakoe u3
HUX 1enecoodpa3Ho yBenmnunTh? Ecnu B pacuer BBecTH [;=0,2 (MoaepHU-
3UpYyeM PEMOHT IIEPBOI'0 YCTPOMCTBA), TO PACUCTHHIN JIOXO BO3PACTET JIO
10 yCOBHBIX €IUHMUIL, €ciik BBeCTH [p=0,3 (MOAEpHU3UPYEM PEMOHT BTO-
poro ycrpoicrtpa), To — 10 10,83 equnui. CrnenoBarenbHO, paliOHAIBHO
BJIOKHTH JICHBI'M B MOJCPHHU3AIIMIO PEMOHTA BTOPOT'O YCTPOMCTBA.
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3.3. Muoroxkanaasuass CMO c oTka3zamMu

[lepeiinem K pacCMOTPEHUIO MOJICTUPOBAHUS COOCTBEHHO CHCTEM MAaccCo-
BOro oOciyxuBaHusg. B kaduecTBe mepBOro mnpumepa MpoaHATU3UPYEM
MHorokaHaipbHyto CMO ¢ oTka3zamu, HayaB ¢ TpexkaHaiabHOW. Ee rpad
COCTOSIHUM MOKa3aH Ha pHUC.3.5, rae caMmu COCTOSIHUSI MPOKOMMEHTUPOBA-
HbI BHYTpH A4€eK 1enu. X uucio Ha equHuUIly OOJIbIIe YMCcia KaHaJOB.

S M S; v Ss M Sy
3 cBo0O. :> 2 ¢Bo0o/1. ::) 1 cBoGOI. :> 0 cBoOO.
0 3aHATHI 1 3aHATHI 2 3aHATHI 3 3aHATHI
] (— <—  OTKA3!
u 2 3u

1

IToTomy 4TO BCE paBHO, KAKOM
KaHaJl 0CBOOOUTCS, a UX 2

Puc.3.5. Cxema tpexkanansHori CMO ¢ oTkazamu

B aT0i1 1ienu v 03Ha4aeT MHTEHCUBHOCTD ITOTOKA 3asIBOK Ha 0OCTY)KHBAHHE
(1/v — BpeMs yepeoBaHUs 3a5BOK), a [l — HHTCHCUBHOCTh IIOTOKa 00CITY-

xuBaHug (1/ — Bpemsi 00CTyKMBaHUSI OJHOM 3asIBKH).
Martpunia nnepexoIHbIX BEPOSITHOCTEN IJISI 3TOM LIENU UMEET BUJL

1v pn 0 0
p= v l-v-p 2u 0

0 v lv2u 3p |

0 0 \Y 1-v-3u |

KOTOPBIA JIETKO PacCIpOCTPAHUTh Ha MPOW3BOJIBHOE 4YMClio KaHaioB N.
BeKTOp yCTaHOBHMBIIMXCH BEPOATHOCTEM COCTOAHUN S™ €CTh COOCTBEHHEIIM
BEKTOp JTOM MAaTPHUIlbl, COOTBETCTBYIOIIMI COOCTBEHHOMY YHCIY,
pPaBHOMY €IUHUIIC.

IIycte Bce BepostHocTH S, So”, S3° m S, onpeneneHsl. PaccMoTpum
pacCUuThIBAEMbIE TI0 HHM OCHOBHBIC XapaKTEPUCTUKU 3(PHEKTUBHOCTU
paboThl cucteMsl. [Ipexe Bcero, BeanunHa Sp=S, (Sy+1 B 00IIEM citydac)
MPEACTaBISIET COOOM BEPOSTHOCTh OTKa3a B OOCIYXHWBaHWU — OJHY U3
BOKHEUIIINX XapaKTEPUCTUK CUCTEMBI, KOTOPYIO JKEJIaTeIbHO MMETh KakK
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MOXHO MeHbIle. COOTBETCTBEHHO, Ss=1-Sgp mpenacraBiaser co0oi
BEPOATHOCTh TOTrO, YTO TMOCTYNMBIIAs 3asBKa OyJeT TMpuUHATAa K
OOCITy’KMBaHUIO. Ty BEPOSTHOCTh JKEJATEIbHO HMETh KaK MOXHO
OoJbIIIE.

[IpousBeneHne Sgv MaeT MHTEHCUBHOCTH IMOTOKAa OOCITY)KEHHBIX 3asiBOK.
Tak KaK KaXXIbIi 3aHATHIA KaHaAT 00CITYyKHUBAET B €AUHUIY BPEMEHHU |l 3as-
BOK, TO, Pa3/ieJIUB UHTEHCUBHOCTh MOTOKA OOCITY>KEHHBIX 3asBOK Ha |l, TO-
JIYYHUM CPEIHEE YUCIIO 3aHATHIX KaHAIOB SsV/U mimu (1-Sy1)v/H. CooTBet-
CTBEHHO JOJISI 3aHSTHIX KAaHAJIOB MOJy4aeTcs JEJCHUEM YKCIIa 3aHSATHIX
KaHaJIoB Ha ux oouiee yucio N.

C momoIipIo IpuBEACHHONW B IpritokeHUH rporpamMmmbl MCh9 BeimoauM
HEKOTOpPHBIE pacueThl MHOTOKaHanbHOM CMO ¢ oTkazamu.

ITycte v=0,15 1/mMun (cpeaHee Bpemsi yepeaoBaHuUs 3asiBOK 6,67 MuH) u
U=0,05 1/Mun (cpeanee BpeMms oOcayXkuBaHus oaHOM 3asBku 20 MuH). Ha
puc.3.6 oKazaHO paclpeiesICHUe BEPOSITHOCTEH COCTOSHUS IS Pa3jiny-
HOTO YMCJIa KaHAJIOB, T/i€ Ha rpaduKax TEMHBIM LIBETOM BbIJI€JICHA BEPO-
ATHOCTh OTKa3a.

S| S|
05— 07—
04 3 kaHana 04 4:KaHaJ1a
03p--k---d--1 | ------------ - 0.3 festeemmdommadere b oo .
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1 2 3 4 i 1 2 3 4 5 i
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0S5 ———F———"— 0SS
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PIREE N | WA A R T NI
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Puc.3.6. PacnipeneneHre yCTaHOBUBIIUXCSI BEPOATHOCTEM COCTOSIHUS
pH pa3audHoM ducie karamos (v=0,15; u=0,05)
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3aBUCUMOCTb BEPOSITHOCTH OTKa3a OT YMCJIa KAHAJIOB MOKa3aHa Ha puc.3.7,
a ocHOBHbIE xapakTepuctuku CMO npuBeneHs! B Ta61.3.1.

Sr

0.05

Puc.3.7. 3aBuCUMOCTb BEPOSITHOCTH OTKa3a OT YKCJIa KaHAJIOB

(v=0,15; u=0,05)

Tabnuua 3.1
OCHOBHBIE XapaKTEPUCTUKH MHOTOKaHaIIbHOM CMO ¢ oTkazamu
MIPY Pa3IUNYHOM YHCJIE KAaHAJIOB

Yucao KaHaJIOB 3 4 6

BepositHOCTh OTKa3a 0,35 0,21 0,06
BepositHOCTh 00CTY>)KUBaHUS 0,65 0,79 0,94
Jloms 3aHATBIX KaHAJIOB 0,65 0,60 0,47

dopManbHO yBETWYEHUE BEPOSTHOCTU OOCITYKHUBAHUSI JOCTUTAETCS yBe-
JUYEHUEM YHUCJIAa KaHAJIOB, HO MPH 3TOM CHUXKAETCA JI0JS 3aHATHIX KaHa-
noB. Hampumep, npu BecbMa BBICOKOW BeposiTHOCTH oOciyxuBanus 0,94
IpU LIECTU KaHajiax 0oJjiee MOJIOBUHBI KAHAJIOB B CPEIHEM OKAa3bIBAIOTCS
HE3aHATHIMU. 37€Ch HEOOXOoAuM OoJiee AETalbHBIM aHalu3 C Y4YETOM
CTOMMOCTH KaXXJI0ro KaHaya. BeposTHOCTh 0OCHy>XKMBaHUSI PacTET U MpHU
yBeauYeHun | (yMEHBIIEHMH BPEMEHU OOCIY>KUBaHUS, TOYHEEe, MpHU
YMEHBIIEHUH OTHOILIECHHS V/[l, HO BEJIMYMHA V CUUTAETCS 3aJaHHOM), OJI-
HAaKO M 3TO TpeOyeT MOBBIIIEHUS TEXHUYECKOM OCHAIEHHOCTH KaHaJIOB
W/WJIA TIOBBIIICHUS KBaTM(UKAIMK ONEPATOPOB, YTO Takke TpeOyeT Jo-
NOJIHUTENIbHBIX MHBECTULMI. TeM He MeHee ONHCaHHas MOJENIb MOXKET
CIIyKHUTb 0a301 JJIs1 TEXHUKO-PKOHOMUYECKUX OILEHOK.
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3.4. Onpnokananbnasa CMO c ouepeabio

PaccMoTpuM OJTHOKaHAJIBHYIO CUCTEMY MacCOBOTO OOCITY>KUBAHUSI C OTpa-
HUYEHHOU ouepenbto. OrpaHUyYeHHE OCYIIECTBIISIETCS MO YHUCTY 3asiBOK,
CTOSIIIUX B OYEPEAU, TO €CTh MO YUCTY M MecT B ouepenu. [Ipumepom Ta-
KOM CHCTEMBI MOKET CITYKHUTh aBTO3aIllpaBOYHAs CTAHIIUS, UMEIOIas OJHY
KOJIOHKY (OJIMH KaHaJl OOCIyKWBaHUSA) U IUIOIIAJKy, HA KOTOPOW OJIHO-
BPEMEHHO MOTYT HaXOJUThCs He Oojee M mamuH. Ecoum Bce mecra Ha
TJIOIIA/IKE 3aHAThI, OYEPETHON aBTOMOOWIIb, MOABE3KAIOMINN K CTAHITUH,
BBIHYXJIEH [MPOEXaTh MUMO.

I'pad) cocTostHUM TakOM CHCTEMBI C O4Yepe/lbl0 Ha 3 MecTa INoKa3aH Ha
puc.3.8. B Takol cucteme 4uciI0 BO3MOXHBIX COCTOSHHM paBHO M+2, TO
€CTh 5 B pacCMaTpUBAEMOM NpUMeEpe. XapaKkTep COCTOSTHUN OIUCAH BHYT-
pu siueek Ha pucyHke. Kak u panee, 3/1eCb V — HHTEHCUBHOCTh IMOTOKA I10-
CTyHaIoIMX 3asBOK (TOABE3KAIONIMX aBTOMOOWNEH), a || — WHTEHCHUB-
HOCTh TOTOKa OO0cCiyXuBaHusi. OOpaTHbIE UM BEIMYUHBI MPEICTABISIOT
cpeaHee BpeMsi MEXIy MOSBICHUSMHU aBTOMOOWIEH U CpelHee Bpems 3a-
MpaBKH aBTOMOOMJISI, COOTBETCTBEHHO.

S
v \ \ >
Sq _V'\ S, BN Ss N S | 3ansr
CBooOog. P 3anar /1—_|/ 3anar P 3anar [ Ouep.=3
Ouep.=0 \.E Ouep.=0 \E Ouep.=1 \'E Ouep.=2 % Mecr Her!

Puc.3.8. Cxema ognokananbHOM CMO ¢ orpaHUYeHHON O4epeIbio

Martpunia nepexoaHbIX BEPOSITHOCTEN TAKOW CUCTEMBI UMEET BU]L

1-v 0 0 0
v l-v.p 0 0
P=| 0 v l-v.u 0 |, (3.5)
0 0 v  l-v-p pn
| 0 0 0 v l-p|

KOTOPBIM HAINlOMUHAET BHUJ TEPEXOJAHOW MATPUIbLI I KOHBEKTUBHOWU
muddysuu (2.14) npu v¢=0.
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[lycTh penieHne kak COOCTBEHHBIM BEKTOp MaTpuilbl P 115 COOCTBEHHOTO
YpCla eOuHuya MOAYIEHO W MBI 3HAEM BEPOSATHOCTH BCEX COCTOSHMMI S;”,
S,", S5, S;7 m Ss”. PaccuMraeM HEKOTOPBIE CTATUCTHYECKHE
XapaKTEPUCTUKU 00pa30BaBIICHCS B 3TOM CUCTEME OUYEPEIH.

Uwucio 3as9BOK, CTOSAIMINUX B OYEPEaH, CBA3aHO ¢ cocTosHusmH 3,4, ... m. C
BEPOSITHOCTELIO S3” B OUEpENH CTOUT OZHA 3asiBKa, C BEPOATHOCTBIO Sy -
nBe U T.J1. O4EeBUIHO, YTO CPEAHEE YUCIIO 3a5IBOK B OUEPEN OIMPEICIIUTCSA
CIEIYIOIIUM 00pa3oM:

N =Y ks, (3.6)

[Ipy IJIOTHOCTH IIOTOKA 3as(BOK V CpEIHEE BpEeMsS CTOSHHUS 3asBKH B
OYepeIH COCTABUT

D kSt
=Nl (3.7)
A% A%

Kak u paHee, pacnpenesnieHue BEPOATHOCTEW COCTOSIHHSI 3aBHCUT TOJBKO
OT OTHOIIEHUS V/|l, HO BeJIMYMHA T YK€ 3aBUCHUT OT IUIOTHOCTH MOTOKA
3as1BOK.

Ha puc.3.9 nokazansl pe3yabTaThl pacueTa COCTOSHUNA U HEKOTOPBIE Xa-
PaKTEpUCTUKU OTHOKaHATBHOM CMO ¢ OrpaHMYEeHHOU OYEPEIbIO.

Si L NLI =2:2; TL =|4,4 el Bp. | Si4 N_=5; T =10em Bp. |-
e I NN 1 10 B B
PRS- | — { oafidtoidt] |
03 -prtf fo e e
e [ ogfiiini |
RIS o | S— TS .
I ol

1T 2 2 4 5 i 172 3 4 5 68 7 8

Puc.3.9. Pacnipenenenre yCTaHOBUBIIUXCSI BEPOATHOCTEW COCTOSHUS U
XapaKTEPUCTUKU OUYEPEIH JIJIsl OTPAHUUICHHON O4epeIn
Ha 3 (cieBa) u 6 (crpaBa) MeCT
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Pacuersl BbmosiHeHbl 11 v=0,5 1/MuH (BpeMs uyepeqoBaHUs 3asBOK —
2 muH) 1 P=0,25 1/mMun (Bpems oOCITyXKUBaHUS — 4 MUH), TO €CTh JJIS OT-
HomeHust v/pu=2. CrneBa moka3aHbl pe3yjbTaThl JJIsi O4Yepeau B 3 MecTa.
BepositHocTh 0TKa3a B o0cinyxuBanuu paBHa 0,516 (BepoATHOCTh 00CITy-
x)uBanusi — 0,484), cpenHee 4HMCIIO 3asBOK B ouepenu — 2,2, a cpejaHee
BpeMs CTOSIHUSL B ouepenu (oxkuaaHusi oociyxkuBanusi) — 4,4 mun. Urto
IPOU30MAET, €CIIN YABOUTH YUCIO MECT B ouepeau? OKa3bIBaeTCs, YTO BE-
POSATHOCTBH OTKa3a CHU3UTCS Bcero 10 0,502, To eCTh MOYTH HE U3MEHUTCH.
3aTo 4KCIo 3asIBOK B OUEPE/Id BO3PACTET 10 5, a Cpe/iHee BpeMsi 00CITYKHU-
BaHus — 0 10 muH. [losTOMY yBennyeHHe MECT B OUepeId COBCEM HEA(-
(hEKTUBHO.

Ha puc.3.10 noka3zaHo, KaK BIMSIET HA BEPOSITHOCTh OTKa3a N3MEHEHUE OT-
HOILIEHUS V/[l, YMEHBIIEHUE KOTOPOrO MpPH 3aJaHHOM V COOTBETCTBYET
YMEHBIICHUIO MPOAOKUTEIBHOCTH OOCITYXKUBAHUS 3asiBKU. 31E€Ch 3aBU-
CUMOCTh Tropasfo Oojee cuibHas, U S,
YMEHBILIEHUE 3TOr0 OTHOLUEHUS SIBISETCA
3((DEKTUBHBIM CPEACTBOM YIydIICHHS 00-
CIIyKUBAHUSI. 04
KoMnbroTepHOE MOAENIMPOBAHUE NPOLEC-
ca B ogHokaHaibHOM CMO ¢ ouepennto

BBl MOXETE BBIMOJHUTH C MOMOIIBIO MPHU-
BEJCHHOM B MNPWIOKEHUU NpOrpamMmbl 01
MCh10. ]
MO>XXHO OTMETUTH, YTO NJII MHOTUX MpPHU- |
BEJICHHBIX BBIIIE€ MPUMEPOB CYIIECTBYIOT
AHAJIUTUYECKUE PELICHUS, IO3BOJISIONINE
PacCUUTHIBATh OCHOBHBIE XapaKTEPUCTUKH
CUCTEM N0 TOTOBBIM (QopMyjaM. 371€Chb 3THU PEIICHUS HE MNPUBOMASTCS
yYMBIILIEHHO. ONMCaHHBIA KOMIBIOTEPHBIA AITOPUTM pacyeTa CTaloHap-
HOT'O pAacCHpeiciiCHUusT BEPOATHOCTEM COCTOSIHUM B CHUCTEMAax SBJSETCSA
YHUBEPCAJIbHBIM JIJI BCEX 3a]a4, B TOM UYHWCIIE U JUIS T€X, Y KOTOPBIX aHa-
auTudeckux pemenuit HeT. [Ipu noctpoennu moaeneir CMO HeoO6X0auMo
JUIIb U300pa3uTh Ipad BO3MOMKHBIX COCTOSIHUNM CHUCTEMBI CO CTpEJIKaMu
JOMYCTUMBIX MHEPEXOJ0B MEXAY COCTOSHHSIMU M IMOCTPOUTH COOTBETCT-
BYIOLIYIO €EMY MaTpHUIy NIEPEXOIHBIX BEPOATHOCTENU. BCrO OcTanbHyrO pa-
00Ty KOoMMmbIOTEp OepeT Ha ceOsi, ¥ BaM JIMIIb HEOOXOAMMO MPOAHAIU3U-
pOBaTh MOJYYEHHbIE PE3YIbTAaThl U HCCIECIOBATHh BIMSHUE HAa HUX Mapa-
METPOB CUCTEMBI.

0.2

v/
Puc.3.10. 3aBucUMOCTh BEpO-

SITHOCTH 0TKa3a B CMO
¢ ouepenbio B 3 Mecrta oT v/
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