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MOIEJIUPOBAHUE OJHOKAHAJIBHBIX CUCTEM
MACCOBOI'O OBCJIIYKUBAHUSA C OTKAZAMHU

Hear um 3amauyum JgabopatopHoro 3aHaTus (1a0OpaTOpHOM
patdoThI):

Heab padoTbl — U3y4YeHUE METOJOB MOJCIUPOBAHUA CUCTEM
MacCOBOTO OOCIY>KMBaHHS, TPUMEHSIEMBIX JUIsl MPOBEICHUS HayYHBIX
UCCICIOBAaHUNW W  MOpUOOpPETEHHWE TMPAKTUYECKUX  HABBIKOB  UX
HUCIIOJB30BAaHUS, HCCIIENOBaHUE C HOoMoIblo OBM oJHOKaHAIBHBIX
cuctemMbl MaccoBoro oOcnyxuBanuss (CMO) ¢ myacCOHOBCKUM
BXOJIHBIM  IIOTOKOM H  3KCHOHCHIMAIBHBIM  pPACHPEICICHUEM
JUTUTELHOCTH O0CITYKUBAHUS 3asBOK.

3amaum padoTHI.

»  Ilo3HaKOMHUTBECS C OCHOBHBIMHM IIOHSTHSIMH METOHOJIOTHH
MOJECTUPOBAHMUSA CHCTEM MAaCCOBOTO OOCTY)KMBaHHS, MPUMEHSICMBIC B
HAYYHBIX UCCJIEIOBAHUSAX;

»  M3yunth Ki1acCU(UKAIIUIO METOJOB MOJCIUPOBAHUS STaIlbl
IIOCTPOECHUS MOJEIIEH;

»  M3yunth QyHKIUM M 3HAYCHHEC MOJICIMPOBAHHUS B IPOIECCE
MO3HAHMS,

>  Breigenurs crocoObl  KJaccuukanuu  Mojesen 51
pa3BepPTHIBAHUS TEOPUN;

»  H3yunth 0COOCHHOCTH TEOPETHUYCCKOTO YPOBHS MPOBEICHUS
HCCICIOBAHNM;

»  OOOCHOBaTh CTPYKTYPHBIC KOMIIOHCHTBI MOICIHPOBAHUS
CHUCTEM MacCOBOTO OOCITY>KUBAHUS;

»  HM3yunTh BO3MOXHBIC CTPYKTYPHBIC CXEMBI ITOCTPOCHHS
CHUCTEM MaCcCOBOI0 OOCITY>KHBaHHS;

»  Tlo3HakOMHTBCS C aIrOPUTMaMH IpoIlecca IMOCTPOCHUS U
Ha3HA4YCHUS MOOCIICH;

»  IlpoaHanu3upoBaTh U 000CHOBATh MIPEUMYIIECTBA
MIPUMEHEHHUS MOJICIMPOBAHUS B TIPOIecce pa3pabOTKH.

Ilnanupyemsie pe3yjbTaThl 00yueHus (popmMmupyeMblie 3HAHUS, YMEHUS,
HABBIKHA M KOMIICTCHIIUM):

Koo u mnaumenosanue unouxamopa O00CMudICeHUs KOMNEmMeHYuu,
3aKpensienHo20 3a OUCYUNTUHOU.
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OIIK-1.1 Hcnonp3yer maTteMaTHdecKue, €CTECTBEHHOHAY4YHbIE

U COLIMAJIbHO-D)KOHOMHYECKHE METO/IbI B MPO(EeCCUOHATBLHOM IEATETbHOCTH,

OIIK-1.2 Pemraet HecTangapTHbIe MpodeccuoHaabHbIC 33/1a4d, B TOM YHUCIIE
B HOBOI WJIM HE3HAKOMOM cpejie M B MEKIUCIMILIMHAPHOM KOHTEKCTE, C
MPUMEHEHUEM MAaTEMAaTUYECKUX, €CTECTBEHHOHAYYHBIX COIIMAIbHO-
HKOHOMHUYECKHUX U MPOGECCUOHAIBHBIX 3HAHUN;

OIIK-1.3 TIpoBoAUT TEOPETHUUECKUE U IKCIIEPUMEHTATBHBIE UCCIEAOBAHUS
00BEKTOB MPOPECCUOHAIBHON ACSATENBHOCTH, B TOM YKCIIE B HOBOU UITH
HE3HAKOMOU CpeJie U B MEXKIUCITUTIIIMHAPHOM KOHTEKCTE.

H606XOIII/IMI)Ie MaATCPUAIBHO-TEXHUIECCKOEC 060pyn0BaHne H

MaTepHaJIl)I:
1. Kitacc IIDBM - Athlon 64 X2-2.4: Cel 2.4, Cel 2.6, Cel 800.

2.  Mynstumenna  uentp:  HoytOyk ~ ASUS  X50VL  PMD
T2330/14"/1024Mb/ 160Gb/ cym-ka/mpoektop inFocus IN24+ .

3. Dxpan moOunbsHBIN Draper Diplomat 60x60

4. loctyn B ceTb IHTEpHET.

Illkajla oueHMBAHUST W KPUTEPUMH OLCHUBAHUSA BBINOJHEHHOH
NMPAKTHYECKOIl padoThI:

. MaxkcumanbHbIi
MuHuMansHbIN 0asmt
dopma KOHTPOJIS Oan

Oay1 | mpumeyaHue | Oayl | HpUMeEYaHue
1 2 3 4 3)
JlabopatopHoe 3ausTHe Ne 2 Beimonnun, Brimonnun
OCHOBBI MOJICTTUPOBAHUS CUCTEM 6 |HO «HE 12 |m
MacCOBOTO 00CITY>KHBaHUS 3aIUTHID) «3aIIUTHI

Ilian mpoBegeHust J1a0OPATOPHOrO0 3aHATHA (J1A0OPATOPHOM
padoThI)

3AJAHUA JJIA BBIITIOJIHEHUSA PABOTbBI

3aoanue 1

[Iycte omHokananbHass CMO ¢ oTkazamMu MOpPEACTaBIAET COOOM
OJIMH TIOCT €XKEIHEBHOTO OOCITY>KMBaHUS JJIi MOWKHA aBTOMOOWIIEH.
3asBKa — aBTOMOOWJIb, MPUOBIBIIMNA B MOMEHT, KOTJa IIOCT 3aHST,
mojydyaeT OTKa3 B  oOCHyXuBaHWU. VHTEHCHBHOCTH  IOTOKa
apromobuner A = 1,0 (aBromoOunb B  yac). Cpennss
MPOJAOJDKUTENIBHOCTE 00CTykuBanus —1,8 vaca. [loTok aBTOMOOUIICH U
MIOTOK OOCTYKMBaHUS SABJISIOTCS MPOCTECUIIINMHU.
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MeToauka npoBeaenusi padorsl (B Microsoft Excel)

1. Omnpenenute B YCTAHOBUBIIEMCS PEXKUME MPEACIbHbBIC
3HAYCHHUS:

a) OTHOCUTEIHLHON MPOMYCKHOM CIIOCOOHOCTH (;

0) aOCOIFOTHOM IIPOITYCKHOM CIIOCOOHOCTH A

B) BepoATHOCTH oTKa3a Potk;

2. CpaBHute (aKTHUYECKYI0 TPOMYyCKHYIO0 crnocooHocth CMO ¢
HOMUHAQJIBHOHM, KOTOpass Obuta OBI, €CAM OBl KaXAbIi aBTOMOOWIIb
obcnyxkuBaycss ToyHo 1,8 yaca M aBTOMOOMIIM CjeI0Bajd OJUH 3a
Ipyrum 0e3 rnepepoipa.

3. [IpoBeauTe CTaTUCTUUYECKOE MOJEIUPOBAHUE 3a/1auu, JJIS Yero
HEOOXOJMMO COCTaBUTh TMPOIEAYPY MOJACIUPOBAHUS CIy4allHOTO
mpoIecca MOCTYIUICHUSI U OOCTY>KMBAaHUS 3asiBOK, MPUHSIB CIEIYIOIIHNE
o0o3Hauenus. [lepemennsie:

POSt — YKCIIO MOCTYMUBIINX 3aSBOK,

Otk — yncIT0 0TKa30B B 0OCITYKUBaHUH,

obsl — gnco 06CITyKEHHBIX 3asBOK.

®Oynknus k1 = rn_post() ciayuyaliHeiM 00pa3oM NpUHUMACT
3HaueHUsT OoT | 1o 60 W CIyXuT I8 MOJEIMPOBAHUS Mpolecca
NOCTyIUIeHHs 3asgBoK. OTcCYeT BpeMEHH BeIeM B MHUHYTax W
MOJCIUPYEM KaK IUKII ¢ TlapameTpoMm t. Tak kak B cpeaHEM MOCTYIaeT
OJIHa 3asBKa B yac, To cooniTue k1 = 1 o3Hauaer, 4To 3asiBKa MOCTYIHIIA
B CMO. Bpems oOciyxuBaHusi onpeneiseTcsi mepeMeHHou time_obsl,
KOTOpas MHUIIHAIM3UPYETCS KaK ciydaiiHasi BeIMUMHA, pacipeacieHHas
no 3akoHy Ilyaccona ¢ marematuyeckum oxkuaanvem (108 muu = 1,8
yaca). BpeMs oxoHYaHHS OOCIYy>XMBaHHUS 3asiBKM XpaHUTCA B
IIEPEMEHHOM tokon.

Ecnu tokon = 0, TO kaHanm oOcCHyXKUBaHUS CBOOOJCH, W 3asBKa,
noctrynusias B CMO, Oynet o0ciykeHa (obsl = obsl + 1).

Eciu t okon >0, TO mocTynmmBIIas 3asBKa MOJy4aeT OTKa3, YTO
buxcupyercs kak otk = otk + 1, a BenuunHa t okon YOBIBAECT C KaXKIbIM
IIUKJIOM Ha OAHY MHHYTY (t okon = t_okon — 1).
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CocTaBbTe CXEMY aJropuTMa pEIICHHS, 3a7aB

MPOJIOKUTENBHOCTh paboTel CMO B MuHyTax, Hampumep, 480 MUHYT
(8 yacoB), U HallUTE €€ MapaMeTPhI.

[ToBTOpuTE OmbIT, HanmpuMmep, 50 pa3 B LUKIE 11 TOU K€ CaMOu
npoomkuTebHOCTH paboThl CMO B 480 MUHYT.

Haiinute cratuctudeckne oueHku — xapakrepuctuk  CMO.
YOenurech, 4TO C YBEJIMYEHUEM YMCIAa MOBTOPEHUM CTATUCTUYECKUE
OIICHKHU CTPEMATCS K TCOPETUUECKUM 3HAYCHUSIM xapakTepuctuk CMO.

Brinonnure ananu3 pe3ynbTaToB:

1) npoananu3upynTe pe3ynbTaThbl, MOTYUYCHHBIE TEOPETUUECKUM H
HKCIIEPUMEHTATBHBIM CIIOCO0AMU, CPABHUB PE3YJIbTATHI MEXKAY COOOM;

2) MOCTPONTE HA OJHOU Auarpamme rpadyKu 3aBUCUMOCTH P OT
BPEMEHU OOCIY>XMBAHUS [JI1 TEOPETUYECKHM U OSKCIEPUMEHTAIBHO
MOJYYEHHBIX JAHHBIX IS CIy4yas SKCIIOHCHIUAIBHO PACIPEACICHHOTO
BpEMEHU 00CITY>KMUBaHMUS.

3aoanue 2

OnnokananeHas CMO ¢ oTkazaMu TPEACTaBISIET COOOW OJHY
Tene(OHHYIO JMHUIO. 3asiBKa (BBI30B), MpHUIIEIIas B MOMEHT, KOTJAa
JUHUS 3aHsATa, MOJydaeT OTKa3. Bce MOTOKM COOBITHIl MPOCTEUIINE.
NHTEHCUBHOCTh MOTOKAa BBI30BOB cocTaBisieT (0,95 BbI30Ba B MUHYTY.
Cpennsis TpOAOJKUTEIIBHOCTh PAa3rOBOpPAa COCTABISIET OJHY MUHYTY.
BapuanTbl WHIWBUAyaJIbHBIX 3aJaHUM MpeAcTaBieHbl B Tabm. 1.
BapuaHT MHIMBUAYaIbHOTO 3a/JaHUS BBIOMPAETCS B COOTBETCTBHU C

HOMCpOM CTy,Z[eHTa B CIINCKC prnHI)I.
Tabmuma 1
BapuanTbl HHAMBUIYaIBHBIX 3aJaHUN

Ne 1 2 3 4 5 6 7 8 9 10

BapuaHTa

A 145 1152 |167 |1,71 |1,75 |1,79 |182 |1,84 [191 |1,96

u 2,75 2,85 [294 1297 |3,03 3,05 /3,09 |312 [3,15 |3,19

Ne 11 12 13 14 15 16 17 18 19 20
BapuaHTa

A 198 12,03 [207 |211 |2,13 |2,15 2,17 |2,19 [221 |2,23

u 3,26 331 [3,36 |341 [354 361 [369 [3,7/1 |3,73 |3,79

1. Omnpenenure BepoATHOCTHhIE xapaktepuctuku CMO B
YCTaHOBUBILEMCS PEXUME paOOTHI.




2. IlpoBenute cratuctuueckoe wucneiTanue padorst CMO wu
HaWJUTE CTAaTUCTUYECKUE OLICHKU XxapakTepuctuk CMO.

Tpeoosanus Kk opopmaenuro omuema

OTtuet D0JKEeH coAep)KaTh CIASTYIOMNE TyHKTHI:

1. Tema nmabopaTopHOit pabOTHI.

2. Ilenb paboOTHI.

3. OcHoBHBIC (DOPMYJIBI, METOAWKA BBHITIOJHEHHS W aJITOPUTM
pacyeToB.

4. ITomryueHHBIC pe3yIbTaThl B BHAC TAOIHI], TPA(pUKOB.

5. AHanu3 MOJYYEHHBIX PE3yIbTaTOB.

6. BeiBoj o pabote

7. IIpencraBuTh OTYET
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1. KPATKUE TEOPETUYECKHUE CBEAEHUA

[Ipocrenmeln OIHOKAaHAIBHOW MOJENBID C BEPOATHOCTHBIM BXOJHBIM
MOTOKOM U TPOLEAYypOr OOCTYyKMBAaHHUS SIBISETCS MOJENb, XapaKTepuzyemas
MOKA3aTEIbHBIM PACHpPENCICHUEM KaK JJIUTEIbHOCTEH WHTEPBAJIIOB MEXKIY
NOCTYIUICHUSIMUA TpeOOBaHUM, TaK M ATUTENbHOCTEH oOciyxuBanus. llpu stom
IUIOTHOCTh PaclpenesieHus UIMTENbHOCTE MHTEPBAIIOB MEXKIY MOCTYIUICHUSIMHU
TpeOOBaHMI UMEET BUJL

fit)=2-e7%,

/1€ A — MHTEHCUBHOCTD MTOCTYIIEHUS 3asBOK B CUCTEMY.

ITox MHTEHCUBHOCTBIO MOTOKA TOHUMAKOT:

) = lim M+ 7)

7—0 T

rae m(t, t +t) — cpeHee yuciao coObITHI B HHTEpBae (t, t + t).

[InoTHOCTH pacnpeeneHus AMUTEIbHOCTEN 00CTyKUBAHUS:

fo(t) = p-e"4Y,

/1€ L — MHTEHCUBHOCTb OOCITYKUBAHHUS.

Bbynem cuutaTh, 4TO MOTOK 3asBOK M OOCIYy>KHMBaHMS Mpocrteimue. B aTom
CJIy4ae BBINOJHAIOTCS CBOWCTBA!

cmayuonapuocmu (CpeHee 4YUCIO COOBITHH, BO3JCUCTBYIOIIUX Ha
CUCTEMY, B TCUEHUE €AMHULBI BPEMEHH, OCTAETCS TIOCTOSIHHBIM;

opounaprnocmu (BEpOATHOCTh TMOMAJaHUS HA JJIEMEHTapHbIA y4acTOK
BpPEMEHU JBYX U 0oJiee cOOBITUI peHeOpeKMMO Malia);

omcymcmeue nocneoeiicmeus (JUis MHOOBIX HEMEPECEKAIOMNUXCS yYaCTKOB
BPEMEHU KOJIMYECTBO COOBITHH, MOMAJAONIMX Ha OJWH M3 HHUX, HE 3aBUCUT OT
TOTO, CKOJIbKO COOBITHI MONAI0 HA APYTHE YYACTKH BPEMEHU).

J11st mpocTeiiiiero moToka MHTEHCUBHOCTD A = const.

Ilycte cuctema pabotaer ¢ oTkazamu. HeoOXoaumo omnpeaenuTb
aOCOJIIOTHYI0O M OTHOCHUTEJBHYIO MPOMYCKHYI0 CIOCOOHOCTH cucTteMbl. Cucrema
UMEET Ba COCTOSIHUSL: S — KaHaJl CBOOOJEH U S; —KaHaJl 3aHAT.

O003HaYMM BEPOSITHOCTH COCTOSIHUI:
P,(t)— BepostHocTh cocrostHus S, , P, (t)— BeposTtHOCTH cocrosiHHS S, .

CocraBuM cucremy ypaBHeHui KonmMoroposa:

%po(t):—,i- Po(t) + - P(1),



SRO=-uRO+4RO.

C yuerom Toro, uro P, (t)+ P, (t)=1, pemenne cuctems:
La— A+t

I:)O (t) = At + £ J

A+u A+ u

R(t) =1-F(t).

Jns omHokanamsHOM CMO ¢ oTkazamu BeposiTHOCTE Py (t) ects HE uTO
WHOE, KaK OTHOCHUTEJIbHAS MTPOITYCKHAs CTIOCOOHOCTH CHCTEMBI:
q="F(t)
[To ucredeHun OOJBIIOrO MHTEpBaNia BpeMeHH (mpw t—> o) gocturaercs
CTAIIMOHAPHBIN PEKIM:

_ M
P, = :
A+ u
AOcoitoTHasi TMPOMyCKHasi CHOCOOHOCTh (A) — cpeaHee YHUCIIO 3asiBOK,
KOTOpoe MokeT 00ciyxutb CMO B €IMHUIlY BpEMEHHU:

A=2-P, wm A=—TH
A+ u

BeposiTHOCTh O0TKa3a B OOCITYyXKMBaHUM 3asgBKU OyAeT paBHA BEPOSITHOCTH
COCTOSIHUSL «KAaHAJ 3aHATY:

OTa BeJIMYMHA MOXET OBITh HHTEPIPETUPOBAHA KaK CPEIHSAS JOJS He
O6CJ'IY)KCHHBIX 3as1BOK CpCaU MMOAAHHBIX.

B oOmeM ciydae Moieiab CHCTEMbl MacCOBOIO OOCITY>KMBAHUS
(CMO) 3amaercs ciaeayromie COBOKYIMHOCThIO MHOYKECTB:

Q=(W,UH)Y RA),

rae W — noTok 3asBOK;

U — mnortox oOciyxuBaHusi (ONMHCAHUE WHTEPBAJIOB BPEMEHU
MEXTy Ha4ajJoM U OKOHYaHUEM OOCITY>KMBaHUS 3asIBKH);

H - HakonuTens 3asBOK;

Y — BBIXOJIHOM IOTOK;

R — onepaTtop conpspKeHUs, OTpaKarollinil B3aMMOCBSI3b KaHAJI0B U
HaAKOIUTEJICH;

A — MHOKECTBO OIIEPATOPOB MOBEACHHUS 3a5IBOK.
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CMO mpencraBiasieT coOol  CUCTEMY, BBITTOJIHS IO IO

oOCITy’)KMBaHHUE TMOCTYMAIMMX B HeE€ TpeOOBaHUNW C TMOMOIIBIO
npu6opoB. [Ipu aTom mpuHATO cuuTaTh, 4T0 CMO MOXKET comepxkaTh OT
OJIHOTO JI0 OECKOHEYHOTO YKCIIa MPUOOPOB.

B 3aBucHUMOCTH OT BO3MOKHOCTH OMJIAHHS TOCTYIAIOIINX
TpeOoBaHuil 110 Havaima ooOcayxuBanuss CMO moapas3aensrorcs,
COTJIACHO CXEME, IPUBEACHHON HA PUCYHKE 1.

CucTtembl ¢ Cuctembl ¢ Cuctembl ¢
noTepaAMU oXuaaHueMm HakKonneHuem

Pucynok 1- Knaccudukauus CMO

1.cucmemol ¢ nomepsamu — XapakTepu3yroTCs TEM, UTO TPeOOBaHUS
B CHUCTEME€ TEpPSIOTCSA, €CJIM B MOMEHT IMOCTYIUICHUSI HET HU OJIHOTO
CBOOOAHOTO MpUOOpa;

2.cucmemvl ¢ 0dcUOAHUEeM VIMEIOT HAKOIMUTENb OECKOHEUYHOU
éMkocTH I Oydepusanuu MOCTYNHUBIINX TpeOOBaHUN, IIPH ITOM
OXKHarolne TpedboBaHus 00pa3yoT 0YEPEb;

3.cucmemvl ¢ Haxonumenem KoHeyHOU émkocmu (OXKUITAHUEM U
OTPAaHUYCHUSIMM), XapaKTEPU3YIOTCSI TEM, YTO JIMHA OUepeId HE MOXKET
NpeBbIIaTh  €MKOCTH  HAKOMUTENs; TpH  OTOM  TpeOoBaHWUE,
noctynaroiiee B mnepenosHeHHYI0 CMO (0TCYyTCTBYIOT CBOOOJIHBIC
MecTa I OKUJIaHUs ), TEPSETCS.

BriOop TpeboBaHus U3 ouepeid Ha 0OOCITyKUBAHUE pealnu3yeTcs Ha
OCHOBaHUHU OJIHON W3 BO3MOXXHBIX ITUCIHUILIMH OOCITYKUBaHHS, TaKUX
KaK:

FCFS/FIFO (npuweowuii nepsvim obcaysicusaemcs nepeoim);

LCFS/LIFO (npuweowuii nocieonum obcaysxcusaemcs nepevim);
random (cryuatinwiii 6v160p).


https://ru.wikipedia.org/wiki/FIFO_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/LIFO_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
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B cucremax ¢ oxumgaHueM HaKOMUTEIb B OOIIEM Ccly4ae

MOET UMETh CIOXKHYIO CTPYKTYPY.

OOcnyxuBaemMbli OOBEKT B TEOPUU CHUCTEM  MacCCOBOIO
oOCITy’)KMBaHWs Ha3bIBaeTCs TpeOOBaHWMEM WM 3asiBKOW. B o0rmem
ciiydae moja mpebosanuem (3as6xotl) OOBIYHO MOHUMAIOT 3ANPOC HA
yoognemeopenue HeKomopou nompebnocmu. BaxXHO OTMETUTH, 4YTO
3asiBKH, C TOYKH 3PEHUSI CUCTEMBI, a0CTPAKTHBI: 3TO BCE TO, YTO JKEJIACT
OOCITY>KUThCS, T. €. MPOUTU OMpPEACICHHBIM MyTh B cucTeme. KaHamb
SBJISIFOTCSL TAKKE a0CTpaKIMEe: 3TO BCE TO, UYTO OOCTYKUBAET 3asIBKHU.

Ponp TpeGoBaHUi MM 3a8BOK pPEaTU3YIOT KIMEHTHI, TOCETUTENH,
MOKyInaTeau, TOKYMEHTBI, TOBaphl, cyna u Tak pganee. Cpencrtsa,
00CITyKHBAIOIINE TpeOOBaHUS (3as1BKM), Ha3bIBAIOTCS
OOCITY)KMBAIOIIMMHU YCTPOMCTBAMU WJIM KaHallaMH OOCITy>KUBaHMUS.
Hampumep, ponb KaHajlOB OOCITY>KMBaHUS BBITIOJHSIOT KaCCHUPHI,
CIICIIUATIUCThI, KaHAIBl TeJIe(POHHOU CBS3U, TOBAPOBE/IbI, KOMITHIOTEPHI,
MacTepa-peMOHTHUKH, TOTPY30YHO-Pa3rpy30yHbIle TOYKM Ha 0a3ax
CKJIaJax | T.1.

TpeboBanust (3asBKM) TMOCTYMalOT B CHUCTEMY MacCOBOIO
oocnyxuBanuss (CMO) ciyuaiiHo, o0Opa3ys Tak Ha3bIBaCMBIil
CIIy4aHbIN TOTOK TpeOOBaHUH (3asIBOK).

Ilpeomemom meopuu maccoo2o 00CAyHCUBAHUA  ABISIETCS
YCTAaHOBJICHHUE 3aBUCHUMOCTEH MEXIy XapakTepoM IIOTOKa 3asBOK,
YUCJIOM KaHaJOB OOCITY)XKUBaHUS, MPOU3BOJUTEIHLHOCTHIO OTACIHHOTO
kaHama u A(QPEKTUBHBIM OOCTY)KMBAHHUEM C IEJIbI0 HAXOXKICHUS
HAWJTYUIUX MyTeH YIpaBJICHUS STUMHU MTPOIIECCAMHU.

OcnogHoil 3a0aueil meopuu mMaccogo2o 00CAYHCUBAHUA ABISETCS
U3yUYCHUE PEeXUMa (PYHKIIMOHUPOBAHUS OOCITYKMBAIOLIEH CHUCTEMBI U
UCCJIeI0BaHUE SBJICHUI, BOZHUKAIOIINUX B MPOIECCE 00CITYKUBAHUS.

3amgaun TEOpUU MacCOBOTO 00CITyKUBaHUSI HOCST
ONTUMHU3ALMOHHBIN XapakTep IO OMNPEACICHUI0 TaKOTro BapUaHTa
CHUCTEMBI, IPU KOTOPOM OyJieT obecriedeH MUHUMYM CYMMapHBIX 3aTpar
OT OXuAaHusi oOCIyXUBaHMs, TOTEPh BPEMEHM U PECYpCOB Ha
00CITy’)KMBaHHE U OT IPOCTOEB KaHAJIOB 00CITYKUBaHHUS.

[lenp ximeHTa (3asBKH, TPeOOBAaHWA): 3aTPaTHTh KaK MOXKHO
MEHbIIIE BpEeMEHH, IPOCTauBasi B OUEPE/IH.

Ilenr oOcmyxuBaromieii cucteMbl (0OCTYKHBAIOIIMX YCTPOUCTB,
KaHaJIOB OOCITYy>KMBaHHsA): KaK MOXKHO MECHBIIIE BPEMCHH HAXOJUTHCS B
COCTOSTHUM BBIHY>XKJCHHBIX TTPOCTOEB.
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Llenv ananuza CMQO: oOocmueHymv pazymMHO20 KOMHPOMUCCA
MedHcOy mpeboBaAHUAMU U MOWHOCHLIO 0OCIYIHCUBAEMOU CUCTEMDL.

st aToro paccuuthiBaroTCsl mokazarenu 3¢ dexruHoctn CMO
yepes €€ XapaKTepUCTUKU.

B kauectBe mokazareneit sddextuBHocTH padoter CMO
UCIIOJIB3YIOTCS:

1)  abcomomnas nponycknas cnocoonocms cucmemst (A), T.e.
CpEIHEE YHCIIO 3aABOK, 00CITY)KMBAEMbIX B €TUHUITY BPEMECHH;

2)  omnocumenvhas nponycknas cnocoornocmo (Q), T.e. cpeaHss
JI0JISI OCTYIUBIINX 3a5BOK, 0OCITYKHBA€MBbIX CUCTEMOM;

3) seposmnocms omkaza (Pom), T.e. BEPOSTHOCTh TOTO, YTO
3asiBka mokuHeT CMO He 00CITy’KEeHHOM;

4)  cpeonee uucno 3anamoix kananos (K);

5)  cpeonee uucno 3ansox 8 CMO (Lc);

6) cpeonee epems npedvlsanus 3asexu B cucteme (7¢);

7)  cpeonee wucno 3asaeox 6 ouepeou (LO) - mimMHa odepeu;

8)  cpeonee wucno 3aneox 6 cucmeme (Lcucm);

9)  cpeonee epems npebwvisanus 3asexu B ouepenu (T0);

10) cpeonee spems npebvisanus 3asexu B cucteMe (Tcucm);

11) cmenenwv 3aepysku kanana (P3am), T.€. BEPOITHOCTH TOT'O, YTO
KaHaJI 3aHIT;

12) cpeonee uucno 3as60x, OOCIYy)KMBAaEMbIX B CIUHHUILY
BPEMCHH,

13) cpeonee spems oxcudanus obcysHCUBAHUS,

14) BepoOATHOCTH TOTO, YTO YHUCJIO 3aIBOK B OUCPEIM IPECBBICHT
OTpeJICTICHHOE 3HAUYCHHE H T.II.

CMO moryT ObITh KJIacCH(HUIIUPOBAHBI TT0 IPU3HAKY OpTaHU3aAIUN
oOcy)KMBaHUS HA PUCYHKE 2.
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CMO

v v

| OAHOKaHalnbHble MHOMOKaHanbHele

C OTKa3amMu

C OMMAAHWEM NPK =
OrDAaHWYEHHOHW ovepenmu

C OKWaaHWemM Npu
HeornaHWYeHHOW oYepenu

PucyHnok 2- Knaccudukanus cucteM MaccoBOT0 0OCTy>KHUBAHUS 110
NPU3HAKY OpraHu3aluu 00CITyKUBaHHUS

CucteMbl C OTKazaMM HE HUMEIOT odepeacid. CucreMsl ¢
OKUJAHUEM UMEIOT OUYEPEIH.

3asBKa, IIOCTyIMBIIAs B MOMEHT, KOrJa BCE  KaHaJIbl
00CITyKUBaHUS 3aHSITHI:

o MOKHUIAET CUCTEMY C OTKa3aMUu;

o CTAaHOBUTCA B O4YEpPENb Ha OOCIYXMBAHHE B CHUCTEMAx C
OKHUJIaHHEM TIPU HEOTPAHWYEHHON O4Yepear WU Ha CBOOOJAHOE MECTO
IIPY OTPAHUYEHHOW OYEPEH;

o MOKUJAET CUCTEMY C OXUJAHUEM IIPU OTPAHUYEHHOU
ouepeu, €CJIM B 3TOW 04epeid HET CBOOOTHOTO MECTa.

B kauectBe wMmepwl 3ddextuBHOCTH 3SKOHOMHUeckol CMO
paccMaTpUBaOT CYMMY IIOTEPHh BPEMEHU:

o Ha 0KUJAHHE B OUEPEH;

o Ha IPOCTOU KaHAJIOB OOCTY>KHUBAHHUSI.

Iloxkazamenu 3ghppexmuenocmu, npumensemoie 011 6cex U008
CMO:

o OMHOCUMENbHAS NPONYCKHAA CHOCOOHOCMb - 3TO CPEIHSS
JIOJIs1 TOCTYHAOIINX 3asiBOK, 00CTY>KMBAEMBbIX CUCTEMOM;

o abCconomMHAsl NPONYCKHASL CHOCOOHOCHb - ITO CPETHEE YUCIIO
3a51BOK, OOCITy’KUBAEMBIX CUCTEMOU B €IMHUILY BPEMEHU;
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. 8EPOSIMHOCHb OMKA3A - BEPOATHOCTh TOTO, YTO 3asBKa
MOKUHET CUCTEMY 0€3 00CTyKUBAHUS;
®  (CpedHee HUCIO 3AHAMBIX KAHALO08 — TIPUMEHUMO IS
MHOTrokaHajibHbIXx CMO.
ITokazarenmn 3ddextuBHOCTH CMO  pacCUMUTBHIBAIOTCS IO
dbopMynaM H3 CIHEIUAIbHBIX CIPAaBOYHUKOB (Tabmuir). McxomHpiMu
JAHHBIMM JIJI1 TaKUX PACUYETOB SIBIISIIOTCS PE3YJIbTAThl MOACIUPOBAHUS

CMO.
Kuaaccudpukanus cucreM MaccoBOro 00CayKMBaHUs

l. Ilo uucny obcnyxcusarouux Kananoe:

1. Oonokananenvie CMO - CMO ¢ oaHHMM KaHaJIOM
00CITyKUBaHUSI.

2.  Mnuocoxananonvie CMO - CMO ¢ HECKOJBLKHMH KaHaJIaMHU
00CITyKUBaHUSI.

I. Ilo eépemenu npebvieanus mpebdosanuit 6 ouepeou 10
Hayaja 00CITyKHMBaHUS

1. CMO c¢ omkazamu - 310 CMO, B KOTOpOH 3asBKa,
MOCTyTaroIas B MOMEHT, KOT/Ia BCE KaHAJIbl 3aHSThI, MOJy4YaeT OTKa3,
nokugaer CMO u B JanbpHeWmieM B Mpolecce OOCIyKUBaHHUS HE
y4qacTByeT (Hampumep, TejepoHHAss CeTh, B KOTOpOW 3asiBKa Ha
teneoHHbI pazroBop nokugaer CMO B ToM ciyudae, Korja KaHai
3QHAT.).

2. CMO c ooxcuoanusmu (ouepeowto) - 3to CMO, B KOTOpOK
3as1BKa, MPUIIIEIIAsi B MOMEHT, KOT/Ia BCE KaHaJIbl 3aHSATHI, HE YXOJUT, a
CTAHOBHTCS B OUEPE/Ib HA 00CITyKUBAHUE.

B cBoto ouepenp CMO ¢ oxuganueM  (ouepenbio)
NOAPA3ACISIIOTCA Ha:

. CMO c¢ oeparuuennoli ouepeowio,

o CMO ¢ HeoepaHuuenHot ouepeosio;

J CMO c oepanuuennvim epemerem odcudanus (MOCTYIUBIIEE
TpeOOBaHME, 3aCTaB BCE YCTPONCTBA 3aHATHIMU, CTAHOBSATCS B OU€pe/lb U
OXHUJAaeT OOCITyKMBaHUA B TEUEHHE OrPAaHUYEHHOro BpeMeHu. He
TOKAABIIUCh OOCIYy>XKHUBaHUSI B YCTAHOBJIICHHOE BpeMs, TpeOOBaHME
MOKHUJIA€T CUCTEMY);

. CMO ¢ HeoepaHuueHHbIM 8peMeEHEM OHCUOAHUS.

1. Ilo npuopumemmnocmu o0cayscueanus



15
1 CMO CO Ccmamucmu4eckum npuopumemom

- CMO, B KOTOpOil O0OCITy>XKMBaHUE WPOU3BOJUTCA B TMOPSIKE
MOCTYIIJICHUS 3asIBOK.

2. CMO c omnocumenvrvim npuopumemom — CMO, B KOTOpOH
3asiBKa BBICOKOTO MPUOPUTETA OXKHUJIAET OKOHYAHMS OOCITyKHMBaHMUS
3asBKM ¢ 0oJiee HU3KUM TpuoputeToM (CMO, rae 6osee BakHas 3asBKa
MOJIYYaeT JIUIIb «JTYYIIEE» MECTO B OUEPE]IN).

3.  CMO c abcomomnvim npuopumemom — CMO, B KoTOpoOii
3asBKa BBICOKOTO MPUOPUTETA TMPHU MOCTYIUICHUH BBITECHSIECT 3aiBKY C
00J1ee HU3KUM MPUOPUTETOM.

4. CMO co cmewannuvim npuopumemom — CMO, B KOoTOpOU
UCIIOJB3YETCS a0COMIOTHBIM TNPUOPUTET, €CIU 3asiBKa C HU3IIUM
NPUOPUTETOM  OOCTy)KHMBajaChb B TEUYEHHWHW BPEMEHH, MEHBIIE
KPUTUYECKOTO, M UCIOJb3yEeTCS OTHOCHUTENIbHBI MPUOPUTET B
MIPOTUBHOM CJTy4ae.

V. Ilo npunyuny oocayxcusanus

1.  CMO c oOciyXKMBaHUEM I10 MPUHLUIY «Hepeblll NPUUen -
nocneoHuti oocnyscern» (Hampumep, CMO ¢ o0OcCiIyKUBaHUEM MO
MPUHIMITY "TIEPBBIA MPUILIET - TIOCTETHUNA 00CTyX)eH").

2. CMO c oOciny>KMBaHHEM IO MPUHITUITY «Hepeblil npuuien -
NOCNIEOHUL OOCTLYHCEH

V. B 3aeucumocmu om cnocoba 2enepayuu 3a:180K

1.  Omxpeimeie CMO — npeactaBisaior CMO, B KOTOPBIX
UPKYJUPYET KOHEUHOE, OOBIYHO MOCTOSIHHOE KOJIUYECTBO TPEOOBAHMUI,
BO3BpAIAIOIINECS B UCTOYHUK MTOCIIE 3aBEPIICHUS] OOCITYKUBAHUSI.

2.  3amxnymeie CMO - CMO, renepupyetr OECKOHEYHOE YHUCIIO
TpeboBanuii. [IpuBenaennas kiaccudukamuss CMO sBISIETCS YCIOBHOM.
Ha mnpaktuke yame Bcero CMO BBICTYNalOT CMENIAHHBIX CHUCTEM.
Hanpumep, 3asBKH 0KUIAIOT HavYaia 0OCTY>KUBAHUS JI0 OMPEEIECHHOTO
MOMEHTa, TOCJI€ Yero CUCTeMa HayuHaeT paboTaTh KaK CHCTEMa C
OTKa3aMH.

Cayuaiinbie mpoueccol. I'pad cocrossnuii. MapkoBCKHe NMPOLECCHI
[Tporecc padoter CMO mipencTaBisieT co00# CiaydaiHbIi poIiecc.

[Ton cny4aliHbiM  (BEpOSTHOCTHBIM WJIA  CTOXACTUYECKUM)
MPOIIECCOM TTOHMMAETCS MPOLIECC M3MEHEHHS BO BPEMEHHM COCTOSHUS
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KaKOH-JIN00 CHUCTCMBI B COOTBCTCTBHUU C BCPOATHOCTHBIMH

3aKOHOMEPHOCTSIMU.

Bynem paccMarpuBaTh MPOLIECCH C JTUCKPETHBIMU COCTOSHUSIMH,
€CIIM ero BO3MOXKHBIE COCTOSHHSA Si, S», ..., Sp MOXHO 3apaHee
NEPEUYUCIINTh, a I[IePEX0]] CHUCTEMbl U3 COCTOSIHHSI B COCTOSIHUE
MIPOMCXOIUT MIHOBEHHO (CKaYyKOM).

[Ipouecc Ha3pIBaeTCAd MPOLECCOM C HEMNPEPHIBHBIM BPEMEHEM,
€CJIM MOMEHTBHl BO3MOXKHBIX IEPEXOJI0OB CHCTEMBI W3 COCTOSIHHUS B
COCTOSIHHE HE (PMKCHUPOBAHBI 3apaHee, a CIydalHbl.

[Iporecc padotet CMO mnpeactasisieT coO0M CirydalHBbIN Mpoliecce
C JUCKPETHBIMU COCTOSHUSIMH M HENPEPBIBHBIM BPEMEHEM. ITO
o3HayaeT, 4to coctosiHne CMO MEHSAEeTCSd CKAa4KOM B CiIy4allHbIC
MOMEHTBI TOSIBIICHUSI KAKUX-TO COOBITHN (HApuUMep, MpUXoJa HOBOU
3asIBKM, OKOHYAHHS OOCTY>KMBAHUS U T.I1.).

Marematuueckuii  aHanmu3  paborel  CMO  cyliecTBEHHO
YOPOIIAETCS, €CIU Hpouecc OSTOW pabOThl TPEACTaBIsET COOOM
MApPKOGCKUI.

Cayuaiinwtii npoyecc Ha3vléaemca MApKOGCKUM WU C/IYYAUHbIM
npoueccom 0e3 nocieocmeus, eciu 0 a0020 MOMeHma gpemeru t,
6E€POAMHOCHIHbBIE XAPDAKMEPUCMUKU npouecca 6 0Oyoyuiem 3a8ucim
MONBLKO Om €20 COCMOAHUA 8 OAHHBIIL MOMEHm Ty U He 3a8uciaAm om
mozo, K020a u KaK cucmema npuuiLia 6 Imo COCmosAHue.

[Ipumep MapKOBCKOTO Mpoliecca: B KA4ECTBE CHUCTEMBI S MOXKET
paccMaTpuBaThCAd CYETYMK B TakcU. COCTOSIHUE CUCTEMBI B MOMEHT t
XapaKTepU3yeTcss YUCIOM KHUJIOMETPOB (JI€CATHIX JOJIEM KHUJIOMETPOB),
MPOMAECHHBIX aBTOMOOUJIEM J0 AaHHOTO MOMeHTa. IIycTh B MOMEHT ¢,
CUETYMK TIOKa3bIBaeT S,. BepoATHOCTH TOro, 4To B MOMEHT [ =(,
CYCTYMK TIOKWXET TO WIM HWHOE YHCIO KWIOMETPOB (TOYHEE,
COOTBETCTBYIOIIIEE YUCIIO PYyOJIeit) S;, 3aBUCUT OT Sy, HO HE 3aBUCUT OT
TOTr0, B KAKHE€ MOMEHTBI BPEMEHU U3MEHSJIMCh MOKAa3aHMs CYETYUKA O
MOMEHTA £j.

MHorue npouecchl MOKHO MPUOIUKEHHO CUYUTATh MAPKOBCKUMHU.
Hampumep, mpormecc wurpsl B IIaxMarhl; CHCTEMa S— TpyIna
maxMatHbix (Quryp. CoCTOSIHUE CHUCTEMBbI XapaKTepPU3YeTCsl YUCIOM
buryp npoTUBHHUKA, COXPAHUBIIMXCS HA JJOCKE B MOMEHT L.

BeposTHOCTh TOrO, 4TO B MOMEHT © > f; MaTepUaJIbHbIA MEPEBEC
OyJZleT Ha CTOPOHE OJIHOTO U3 MPOTUBHUKOB, 3aBUCHUT B TIEPBYIO OUYEpEIh
OT TOTO, B KAKOM COCTOSIHUM HaXOJUTCS CUCTEMa B JAHHBIM MOMEHT (g,
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a HE OT TOro, KOra M B KakOM IIOCIIEIOBATEIbHOCTH HACUC3JIN

(buUryphl C JOCKU 0 MOMEHTA to.

[Ipy aHanmm3e  ciy4alHBIX IIPOLECCOB C  JUCKPETHBIMH
COCTOSIHUSIMU ~ yA0OHO moJib30BaThcsi rpadom coctostHuid. ['pad
COCTOSIHMI OMUCHIBAET (PYHKIIMOHUPOBAHHE CHUCTEMBI OOCTY>KMBaHUS
KaK MEPEXOJIbl U3 OJHOI'O COCTOSIHUS B JAPYro€ MOJ JECHCTBUEM MOTOKA
3asIBOK M MX o0ciykuBaHus (puc.3).

Ao > Ao
Aoy An2
S1 Sz
/‘"'13 /'1",23
2o . il

Pucynok 3. I'pad cocrosinuii ciyqaitHOTo mpoiiecca

IIpn 3TOM COCTOSIHUS CHUCTEMBI n300paxaroTcs
NpsIMOYTOJIbHUKaMU  (KpY>KKaMH), a BO3MOJKHbIE TMEPEXOJbl U3
COCTOSIHUSI B COCTOSIHUE — CTpEJIKaMH (OPUEHTUPOBAHHBIMHU JTyTaMH),

COEIMHSIOIMMH COCTOSHHUS.

Jlnst moctpoenus rpada cocrostauii CMO HE00X0IUMO:

® COCTaBUTH NEPEUYECHb BCEX BO3MOXKHBIX cocTOssHUI CMO;

e oTOOpa3uTh TpadUUeCKH TEPEUUCICHHBIE COCTOSHUS W
BO3MOXKHBIE U TIEPEXObl MEXKIY HUMU CTPEIIKAMH;

® YCTAaHOBUTH BECOBbIE  KOIP(UIIMEHTHI, T.€. MPUIUCATH
YUCJIOBBIE 3HAYCHUS WHTCHCUBHOCTEH MepPEX0/I0B,
ONpe/e/isIEeMble  WMHTCHCUBHOCTBIO  TOTOKAa  3asBOK WU
WHTEHCUBHOCTBIO UX O0CTY>KUBAHUS.
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Crtpenka, HampaBjeHHas, U3 COCTOSHUI S, B S;, O3HaydaeT

NepeEX0]] CUCTEMBI B MOMEHT OTKa3a MEPBOro y3ia, u3 S;B S;— Mepexo
B MOMEHT OKOHYaHMSI PEMOHTA 3TOT0 y3Ja.

B rpade oTcyTCTBYIOT CTpenku w3 S; B S; M W3 S;B S,. OTO
OOBSACHSETCS TEM, YTO BBIXOJBI Yy3JIOB W3 CTPOS MPEANojararoTcs
HE3aBUCUMBIMH, JpYr OT Jpyra H, HaOpuMep, BePOATHOCTHIO
OJTHOBPEMEHHOT'0O BBIXOJa U3 CTPOS JABYX Y3JI0B (IIEPEXO] U3 S5;B S3) WIH
OJTHOBPEMEHHOT'O OKOHYAHHSI PEMOHTOB JIBYX y3JI0B (IIEPEX0JI U3 S3B S;)
MO>KHO MPEeHeOpeYb.

IToToxku coObITHI

IToToxom COOBITHH CIEYET paccMaTpuBaTh KaK
MOCJIEIOBATEIbHOCTh OJHOPOAHBIX COOBITUHM, CIEAYIOIIUX OIHO 3a
JIPYTUM B CITy4aiiHble MOMEHTBI BpEMEHU (HaNpUMeEp, MOTOK BHI30OBOB Ha
Teae(pOHHON  CTaHIMK, TIOTOK OTKa30B  KOMIIBIOTEpPA, TOTOK
MOKYyIaTeNeH u T.11.).

Ilomok xapaxkmepu3zyemca UHMEHCUBHOCMbIO ) — 4ACMOMOl
noaenenusn coovimuii, nocmynarouiux ¢ CMO ¢ eOunuuy epemenu.

[ToTok cOOBITHIT HA3bIBAETCS PETYIISIPHBIM, €CIIA COOBITUSI CIIETYIOT
OJIHO 3a JIPyTUM 4Yepe3 ONpeIeICHHbIE paBHbIE MPOMEXKYTKH BPEMEHHU.

[ToTok CcOOBITHI HA3BIBACTCA  CMAYUOHAPHLIM, €CIIH  €TO0
BEPOSITHOCTHBIE XapaKTEPUCTUKHU HE 3aBUCAT OT BpeMeHU. B wacTHoCTH,
MHTEHCUBHOCTh CTAIIMOHAPHOTO IMOTOKAa €CTh BEJIMYMHA IOCTOSHHAS:
Alt) = A.

[ToToK COOBITHIT HA3BIBAECTCSI HOMOKOM 6€3 nocae0cmaust, eCiau AJis
THO0BIX JBYX HEMEPECEKAIOMINXCSl YYAaCTKOB BPEMEHU T;, U T; YHUCIO
COOBITHH, TONAAAIOIIMX HA OJIMH U3 HUX, HE 3aBUCUT OT YKCIIa COOBITHIA,
nonajarolyx Ha Apyrue.

[ToTok CcOOBITUI HA3bIBACTCS OPOUHAPHLIM, €CIIA BEPOSITHOCTH
MomnajaHusl Ha Majblil (dJIEMEHTapHBIN) y4acTOK BpeMeHH At AByX H
0osee cOOBITUM MPEHEOPEKUMO Majla IO CPABHEHHUIO C BEPOSITHOCTHIO
nonajanuvsi OJHOro coObiTHs. [lOTOK OpauMHapeH, eclu COOBITHS
MOSIBIISIFOTCS. B HEM MOOJUHOYKE, a HE TPYIIIaMH.

[ToToK COOBITHI Ha3BIBACTCS npocmeuum (Ui CmayuoOHaApHbIM
NYaccoHOB8CKUM), €CIIM OH OJHOBPEMEHHO CTallMOHAPEH, OPAMHAPEH U
HE UMeeT mocieaAcTBus. Ha3BaHue «mpocTeiiuiiy oObsICHAETCS TeM,
yro CMO ¢ mpocTelimmrmMu NoTOKaMUu UMEET HauboJiee MpocToe
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MAaTEMaTHYICCKOC OIIMCaHHC. PGF}’J’IHpHBIﬁ IIOTOK HC ABJIACTCA

MPOCTEUIINM, TaK Kak 00JIafaeT MOCIEICTBUEM: MOMEHTHI TMOSBICHUS
COOBITHI B TAKOM MOTOKE JKECTKO 3a()UKCUPOBAHBI.

[Ipu HanmoxkeHuu (CyNneprno3uli) JOCTATOYHO OOJIBIIOrO YKcia N
HE3aBHCUMBIX, CTAllMOHAPHBIX W OPIAUWHAPHBIX IMOTOKOB (CpPaBHUMBIX
MEXIy COOOM MO0 MHTEHCUBHOCTAM A+ (i = 1,2,...,n), MOJy4aeTcs MOTOK,
OJIM3KUN K TMPOCTEHIlIeMy C HWHTEHCUBHOCTBHIO A, pPaBHBIM CymMe
WHTEHCUBHOCTEN BXOJISIIUX MMOTOKOB, T.€.

n

=1

[lycTh ciydaitHas BenuunHa X BBIPaXaeT YKUCIIO COOBITUM (TOYEK),
MOMAJAIOMMNX  HAa  MPOU3BOJIBHBIA  NPOMEKYTOK  BPEMEHH T
(paccMmaTpuBaeTCs MPOCTEHIITNIN TTOTOK COOBITH).

Torma, BEpOATHOCTh TOrO, YTO 3a BPEMs T MPOU30MIET POBHO M
coObITHI onpenensieTcs 1no 3akony [lyaccona u paBHa:

P(X _ m) _ (z:l)rrr

E—E.r
)
rac AT = a - MaTeMaTH4eCKOe OXHNJaHUue cnyqaﬁHoﬁ BEJIMYMUHEI X.
B YaCTHOCTHU, BCPOATHOCTL TOI'O, YTO 3a BPCMA T HC HpOHSOﬁI{GT

HU 0JIHOTO coObITHs (M = (), paBHa:
P(X=0)=e*

IIpoueccsl rudeu U pa3MHOKEHUSA

B Tteopum maccoBoro oOCIyXHWBaHUS IMIMUPOKO PACHPOCTPAHEH
CIIEHUAIBHBIM KJIACC CIIyYalHBIX IPOLECCOB - TAaK Ha3bIBAEMBbIC
npoyeccvl eubenu U pasmMHodceHus. ITO HA3BAHUE CBSI3aHO C PSIIOM
OMOJIOTUYECKUX 3ajJad, TJI€ 3TOT MPOIECC CIYKUT MaTeMaTHUYEeCKOU
MOJIETBI0O U3BMEHEHUS] YUCIICHHOCTH OMOJIOTUYECKUX TOMYJISIIIUA.

I'pad cocrosiHUi mpoiiecca rudenu U pa3sMHOKEHUS TIPEICTaBICH
Ha pucyHke 4. [lepexopl MOTYT OCYILIECTBISATHCS U3 JTH0OOOT0 COCTOSTHUS
TOJIBKO B COCTOSIHUS C COCEJHUMHM HOMEpPAMH, T.€. U3 COCTOSHUSA Sy
BO3MOXKHBI TIEPEXO0bl JIMOO B COCTOSIHUE S;_;, JIMOO B COCTOSHUE Sg. ;.
Bce moToku cOOBITHH, TEpPEBOMASIIME CUCTEMY MO CTpesikaMm rpada,
MPOCTEUIINE C COOTBETCTBYIOIIUMU UHTEHCUBHOCTIIMHU Ay 1.1 WIHA Ay q g
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Pucynok 4 - I'pad cocrossHuii nporecca rudeian 1 pa3MHOKEHUS

PaccmoTpeHo ynopsiio4eHHOE MHOXKECTBO COCTOSIHUM CHCTEMBbI

So, 51,55, Sy r, S,

B cooTBETCTBMHM ¢ MPaBWJIOM COCTaBJICHHS ajreOpandecKux
YPaBHEHUM JJIs1 PEACIBbHBIX COCTOSIHUNA MOJTYYUM:

IUTIST COCTOSIHUS S0 Ag1Pg = A10P1s

IUTSL COCTOSTHUS 10 (A5 + A1), = Ag1P0 + 421D,

KOTOPOE€ MPUBOJUTCS K BUNY: A12P; + A51P;

AHaJOTUYHO, 3alHCBIBAIOTCS YPABHEHUA JUI  IPEACIbHBIX
BEPOSTHOCTEN JIPYTHX COCTOSIHUHA, MOKHO TIIOJIYYUTh CJIECAYIOIIYIO
CUCTEMY YPABHCHUM:

o

-,
Twd

01Po 101,
1201 = 4210,

Twl

Ap—1Pr—1 = A k—1Pks

lVi]:— 1.1:'p11—1 = "1-1:.1:—1'101:'

K a10i1 cucteme no0aBisieTCss HOPMUPOBOYHOE YCIIOBUE:
Potpi+p+-+p, =1
Pemaﬁ I[aHHYIO CI/ICTeMy, MOKHO HOJIyLII/ITI)Z

D = (1+Ac:-1 +A12f*t-::-1 " _|_fL::—1.:u: ---412%1)
o — q r q ’
1

A0 Az1l10 Apn—1 - A21410
_ Mox _ Miafpy _ An_1, 2401
Igj. T 4 p':}-'lﬂz T 4 1 pc‘-"" -'IG]‘ 4 1 4 p':}'
A10 Az10 nn—1 21410

Onsokanaanuasga CMO ¢ oTkazamMu
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Ucnonb3yercs onnokadaiabHast CMO ¢ oTkazaMu

u mnokazarenu ee 3PHEKTUBHOCTH (OCHOBHBIE XapaKTEPUCTHUKU €€
paboThI, ONEPAIIMOHHBIE XapaKTEPUCTUKH ).

Nmeercs oaMH KaHajl, HAa KOTOPBIA MOCTYIIAET ITOTOK 3asBOK C
WHTEHCUBHOCTBIO A. [loTOK O0OCHmyXMBaHUSI MMEET WHTEHCHUBHOCTH |L.
[Ipenmnonaraercs, 4To BC€ MOTOKM COObITHH, mnepeBoasue CMO wu3
COCTOSIHMSI B COCTOsIHME, OynyT mpocrteimmmu. Halitu mpenenbHbie
BEPOSITHOCTU COCTOSIHUIM CUCTEMBI U TTOKa3aTeu €€ 3P(HEeKTUBHOCTH.

B kauectBe noka3zareneit 3pdexTuBHOCTH 0HOKaHalbHOU CMO c
OTKa3zamu OyJlyT pacCMaTpUBATHCS:

A - abCOMOTHYIO MPOITYCKHYI0 ciocoOHOCTE CMO;

Q - OTHOCUTEIBHYIO IPOMYCKHYIO CITIOCOOHOCTB;

Pomi - BEPOATHOCTH OTKa3a.

Pa3meuennsbIit rpad cocTOsIHMI MPEICTaBICH HA PUCYHKE 5.

A

A\ 4

S s,

A

1]

Pucynok 5. Ognokananenass CMO ¢ oTkatamu

S, - KaHaJ1 00CTyXKUBaHUsI CBOOO/ICH;
S, - KaHaJl 00CITyKUBAHUS 3AHIT:
A - THTEHCUBHOCTE IIOTOKA 3a5BOK;
L - ”HTCHCUBHOCTD ITOTOKA 0OCITYKUBaHUSI.
B mpenenpHOM cTalMOHApHOM pPEKHUME CHCTEeMa ajareOpandecKux
ypaBHEHUN UMEET BUJI:
{im = Up1
pps = Apg
T.€. CUCTEMa BBIPOKJIa€TCS B OJTHO ypaBHEHHE.
YuuTeiBas, YTO0 P, + pP; HAXOMIATCA TIPEJeTbHBIC BEPOSTHOCTH

COCTOSHUU;

o H
Po A+#JP1 2+

KOTOpPBIE BBIPAKAIOT CPEIHEE OTHOCUTEIIBHOE BpeMsi MPeOBIBAaHUS
CUCTEMBbI B COCTOSIHMU S,, KOTJla KaHall CBOOOJEH, U S;, KOrjJa KaHal
3aQHST, T.€. ONPEIEIAIOT COOTBETCTBEHHO OTHOCUTEIBHYIO MPOIMYCKHYIO
CcrocOOHOCTh QQ CHCTEMBI U BEPOSATHOCTH OTKA3a:
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oo u
Q= rhare =
A+ A+ U
AOcomroTHas MMPOITyCKHAsI CIIOCOOHOCTh paBHA!
A= A0

Muorokanaabsnasa CMO ¢ oTkazamu

PaccmatpuBaetcs kinaccudeckas 3aj1adya JpiaHra.

Nmeercs N kaHanoB, HA KOTOpPBIE MOCTYIIAET IOTOK 3aiBOK C
MHTEHCUBHOCTBIO A. [lOTOK 0OCITYy>KMBaHUM KaXJOrO0 KaHalla HMEET
MHTEHCUBHOCTh . HaWTu mnpenenpHble BEPOSITHOCTH COCTOSIHUU
CUCTEMBbI U MoKazaTeau ee 3(PPHEeKTUBHOCTH.

B kagectBe nmokaszareneit r¢ppexTuBHOCTH MHOTOKaHanbHOU CMO
C OTKa3amu OyJIeT pacCMaTpUBAThC:

A - abCOIIOTHYIO MPOIYCKHYI0 criocooHocTh CMO;

Q - OTHOCUTENBHYIO MPOMYCKHYIO CLIOCOOHOCTB;

Pomi - BEPOSITHOCTB OTKAa3a;

ks~ CPEAHEE YUCIIO 3aHATHIX KAHAJIOB.

Pa3zMeudeHHbIi Tpad) COCTOSTHUM MPEACTaBICH Ha PUCYHKE O.

A A A A A A

5o < 51 . ¢ o Sk — ...— Sn
H 2u 3u Ky (k+1)p  nu

Pucynok 6 - MuorokananeHasgs CMO ¢ oTkazamu
S, - Bce kaHaJbl cBOOOAHEL, K = 0;

S, - 3aHAT TOJBKO OAMH KaHal, Kk = 1;

S, - 3aHATHI TOJBKO ABa KaHaua, K = 2,

S,- 3aHATHI K KaHAJIOB;

S, - 3aHATHI BCe N KaHAJIOB

[IpenenbHbIE BEPOSITHOCTH 3a7at0TCsl OpMyJIaMU DpJlaHra:
- -1

p0=(1+p+p—+---+p—) :

2! n!
rac g = :_.! — MHTCHCHUBHOCTDb HAI'PY3KH KaHaAJIa,
| | | pz | | .p]! |
Po = PlPo,P2 = E‘DG' W Pn = Tl Po
n
P g

oTH FLUC' ’
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OnnokananabHasg CMO ¢ orpaHUYeHHON JJIMHOH O4Yepeau

PaccmarpuBaercs ongHokaHainbHass CMO ¢ okuaaHuEM, B KOTOPYIO
MOCTYyNaeT MPOCTEUIIMNA TMOTOK 3asBOK C HHTEHCUBHOCTBIO A;
WHTCHCUBHOCTh OOCIYy>XKMBaHHUS |, (T.. B CpPEIHEM HENPEPHIBHO

o A
3aHATBIM KaHall 6YI[€T BbIAAaBaATh g = —O6CJ'IY)KCHHBIX 3asjBOK B CAUHULY
i

(BpeMeHnm).

JImuTenbHOCTh  OOCIYyKMBAaHHMS -  cllydailHas  BEJIMYMHA,
NOAYMHEHHAs NTOKA3aTEeIIbHOMY 3aKOHY PACIPEACICHUS.

[ToTox 00CIyXKUBaHUS SBIAETCS MPOCTEUIINM I1yaCCOHOBCKUM
MTOTOKOM COOBITHH.

3asBKa, MMOCTYNMBIIAsA B MOMEHT, KOTJla KaHaJl 3aHAT, CTAHOBUTCS
B ouepeb U OXKUAACT 00CITYKUBAHUA.

KosmmuecTBO MeCT B ouepeny OrpaHUYEHO YHMCIOM M, T.€. €Ciu
3as1BKa IPUIILUIA B MOMEHT, KOTJIa B OYEPEIU YK€ CTOSAT M-3as1BOK, OHA
NOKHJIA€T CUCTEMY HE OOCITYKEHHOMU.

B kauectBe nokaszarenei 3¢ hekTuBHOCTU oJiHOKaHanbHOM CMO ¢
OTPaHUYECHHON JJIMHOMN ouepenn OyJeT pacCMaTpPUBATHCA:

A - a0COIIOTHYIO MPOIYCKHYI0 criocooHocTh CMO;

Q - OTHOCUTEIBHYIO MPOMYCKHYIO CIIOCOOHOCTH;

Pomi - BEPOSITHOCTH OTKA3a;

Lcuem - CpEIHEE UHUCIIO HAXOIAIIUXCS B CHCTEME 3asIBOK;

Teuer - CpeHEE BpeMs IpeObIBaHUS 3a9BKU B CUCTEME;

Loy - CpeaHsisl JJIMHA OYepeu;

Tou - cpeaHee BpeMs OXKUIAHUS B OUEPENN;
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PazmeueHnHbI rpad COCTOSIHUU MpEICTaBJICH Ha
pUCYHKE 7.
A 2 2 2
s [ s (s [ s
u L ! u

Pucynok 7 - OgnokananpHasgs CMO ¢ orpaHM4eHHON JIMHHOW OYepein

S, - KaHaJl 00CITyKUBaHUS CBOOO/ICH;

S, - kaHa oOCIy>KUBaAHUSI 3aHST, HO OUEPEIU HET;

5, - KaHaJl 00CITyKUBAHMS 3aHAT, B OUepeIv CTOUT 1 3asBKa;

S,, KaHaa oOCIIy>KUBaHHUsI 3aHST, B O4EPEaU BCE M 3asBOK, JIF0Oas
cleayromas 3asaBKa MoJIydyaeT OTKas3.

BeposATHOCTH COCTOSIHUM ONPEAEITAIOTCS YPAaBHEHUSIMU:

Po=1+p+p*+-+pm™ )7

Otcroga moydaem, 4To ecyiu g = 1, 1o

1-p
Po = 1— ||l:|,:r7f:+2
Torma ocranpHbIE TpeAeiIbHBIE BEPOSTHOCTH HAXOIATCA TIO
dbopmynam:

m+1.

D1 = PPePz = P Pos- 1 Pmrs =P P

Ecim p =1, TO

o 1
Po = m+ 2
Pn:n'rx = P = 'pm-'-l'pﬂ-
Q =1- PI:III-{.
A=40
m+1
JiE‘n::{n:'r = Z n-p,
n=og
JL'n:;{n:'r
I::»{u:r = T
A
Jl—-mf(im—mp+1) )
“ - Po,CIU p #
L _ (1 _ 'D)‘,_ pi} p
= m(m+1) 4
Tm 12y S =
L.,
Tl:u'-: =
A
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MuorokanaabHas CMQO ¢ orpaHu4eHHO# JJIUHOU oUepean

Hcnonw3yercst N - KaHAJIbHAs CHCTEMa MacCOBOT0 OOCTY>KMBaHMUS
C OXHUJAHUEM, B KOTOPYIO IIOCTYIIAET IPOCTEHIIUN IIOTOK 3asBOK C
WHTEHCUBHOCTBIO A; HHTEHCUBHOCTH OOCTY>KMBaHUS | (T.€. B CpPEIHEM

(V) A
HCIIPCPBIBHO 3aHATBIM KaHaJl 6y,Z[eT BblaBaTb [ = " O6CHy}K€HHBIX
L

3a51BOK B €JIUHUILY (BPEMEHM).
JInmutenbHOCTh  OOCIYKUBaHHMS -  ClydyailHas  BeJIMYMHA,
MOAYMHEHHAS NTOKA3aTEeIbHOMY 3aKOHY paclpeAeIeHUs.

[ToTox 0OCIyXUBaHUS SIBIAECTCS MPOCTEUIINM ITyaCCOHOBCKUM
MIOTOKOM COOBITHH.

3asiBKa, MOCTYNUBINAsi B MOMEHT, KOTJa BCE€ N KaHAJIOB 3aHSTHI,
CTAaHOBUTCS B OU€pelb U OXHUJAeT 00cIyxuBanus. KoauuecTBo MecT B
odepear OTPAHWYCHO YHCIOM M, T.€. €CIW 3asiBKAa NPUULJIAa B MOMEHT,
KOrJa B OUYEpEIN YK€ CTOAT M - 3asBOK, OHA MOKHUJAET CHCTEMY HE
00CITYKEHHOM.

B kauectBe moka3zareneit 3pdexTuBHOCTH oHOKaHabHOU CMO c
OTpaHUYEHHOU JJIMHOW o4yepenn OyAeT paccMaTpUBATHCS:

A - abGconroTHas npomnyckHas cnocoonocts CMO;

Q - oTHOCUTEBHAS MPOMYCKHASI CHOCOOHOCTB;

P, - BEPOATHOCTh OTKa3a;

F,.- BEpOSITHOCTh OOpa30BaHUs OUepe/Iu;
K.s: - CPETHEE YMCIIO 3aHATHIX KAHAJIOB;
L ycr - CPEJTHEE YHCIIO HAXOIAIIMXCS B CHCTEME 3a5BOK;
T..cx- CpEHEEe BpeMsi IPeObIBaHUS 3asBKU B CUCTEME;
L, - cpenHss IMHA OYEpe.iu;
T,. - cpeliHee BpeMs OKUIAHUS B OUEPEIN.
Pa3zMeudeHHbIi Tpad) COCTOSTHUM MPEICTaBIICH Ha PUCYHKE 8.

A A A A A

A
ce— —)p — . —P
5“ 51.1_1 5“—"-.
.. n n ¢ .. — nTm

Se [ Sy >
< «— . <
| I 2u ng | nu nu |
|
O4epenu HeT OuepenH ecTh

Pucynok 8 - MuorokananpHass CMO ¢ orpaHM4€HHON JJIIMHHON
ouepenu
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S, - Bce KaHaJIbI CBOOOHBI;

S; - 3aHAT TOJBKO OJIMH KaHAaJI;

S,, - 3aHATHI BCE N KAHAJIOB;

Sp+1 - 3aHATHI BCE 71 KAHAJIOB U OJHA 3asBKa B OUEPE/IN;
Sp+m - 3aHATHI BCE 1 KAHAJIOB ¥ BCE M MECT B OUEPE/IU.
IIpenenbHBIE BEPOSATHOCTH COCTOSIHUAM:

2 ) . Bm
o p? p]. p1.+1 1 — (—:]
v =(l1+—4+—4+ ...+ — 1 . n -1
Po= (7% 7 TR
S , P
By = 0P,z = 21 Doy s = .y Do
n+1 n+2 P]!+I?‘I

Py = nn! Poi Pnez = WPC‘J oy Prnem = e Pao

n+m

P

OTK ~ p1:+m -

nmn! Po

BeposatHocTh 00pa3oBaHus ouepeau:

m—1 p” 1 — (]E)T-'"
PI:ILZ = Z Pn+i = F 'TPG
=0 n
OTHOcuTeNbHAS MPONYCKHAS CIIOCOOHOCT:
Q =1- PDIR
AOcoIr0THAS MPOITYCKHASI CIIOCOOHOCTB:
A= A0

Cpez(Hee YUCJIO0 3aHATHIX KaHAJIOB:

Koz = —=p0
U
CpeI[Hee YqUCJIO0 3asBOK, HAXOIAIIUXCA B OYCPCAN:

e O
o= T rm’ (1 _;ﬂ—:)z Do

Cpennee BpeMsi 0)KUJaHUSI B OUEPEIU:
Lo
T — o=

o= 1

Cpennee 4ucio 3aBOK B CUCTEME:
Leyer=Low+ Kaan
Cpenunee Bpemst npeObiBanus 3asiBku B CMO:

CHCT
I:}{u:r =

A

OnnokananbHasgs CMO ¢ HeorpaHM4YeHHOU oUYepeabIo
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Nmeetcs OJHOKaHaJIbHas1 CHCTCMa MacCOBOTI'O

OoOCITy>)KMBaHUSI C HEOTPAHMUUYCHHOW OYEpe/Ibl0, B KOTOPYIO TOCTYIAET
MPOCTEUIINA TOTOK 3asBOK C HWHTEHCHUBHOCTBHIO A; HHTEHCHUBHOCTH
oOcnmykuBaHus [l (T.e. B CPEIHEM HEMPEPHIBHO 3aHATHIN KaHal Oynaer

A
BBINABATh p = — 00CITy>KEHHBIX 3asSBOK B €IMHUITY (BpEMEHH).
i

JInmutenbHOCTh  OOCIYKUBaHHMS -  ClydyailHas  BeJIMYMHA,
NOAYMHEHHAS NTOKA3aTeIbHOMY 3aKOHY paclpeeeHuUs.

[Totok oOcnyXuBaHUs SBISETCS MPOCTEUIINM IyaCCOHOBCKUM
MIOTOKOM COOBITHH.

3asBKa, MOCTYNHBIIAA B MOMEHT, KOrJja KaHajl 3aHST, CTAHOBUTCS
B OYEpE/b U 0XKUJAET 00CTy KUBAHUS.

B kaudectBe nokaszareneit 3¢hekTuBHOCTU oHOKaHaIbHOM CMO ¢
OTpaHWYEHHOM JJIMHOU o4Yepean OyAeT pacCMOTpPEHA:

A - abcomoTHagnpoIyckHas cnocooHocts CMO;

O - OTHOCHUTEbHAS NPOITYCKHAsI CIOCOOHOCTB;

F,1 - BEpOSAATHOCTh OTKAa3a;

F,.- BEpOATHOCTh 00pa30BaHUS OUEPEIH;

L ;icx - CPEIIHEE YHUCIIO HAXOISIINXCS B CUCTEME 3a5BOK;

T..cx- CpEIHEE BpeMsi IPEeObIBAHUS 3asBKU B CUCTEME;

L, - cpenaHsisa NJIMHA OYEPE]IH;

T, - cpeaHee BpeMs OKUJaHUS B OUEpEIu.

Pa3zMeudeHHbIi Tpad) COCTOSTHUM MpeACTaBIICH Ha pUCYHKE 9.

A A

A A
Se 5 s, > """ "s

m

P
<«

2
_> ..
—
K 7, H M M
Pucynok 9 - OgnokananpHas CMO ¢ orpaHMYEeHHON JJIMHHOW OYepeaun

S, - KaHa)1 00CTyXKUBaHUsI CBOOO/ICH;

S, - KaHaJl 00CITyKUBAaHUS 3aHIT, HO OYePEIN HET;

S, - KaHaJ 00CTy)KMBaHHUS 3aHAT, B OUSPEIH CTOUT | 3asiBKa

S, - KaHAJT 00CTYKUBaHUS 3aHAT, B OYEPEIU BCE M 3as5BOK;

[TockonbKy OrpaHMYCHHE Ha JJIMHY OYepead OTCYTCTBYET, TO
a00asi  3asBKa  MOXET OBITh  OOCHyXeHa, T03TOMY Pz = 1,
OTHOCUTEJIbHAsI TPONMYyCKHass CcHnocoOHOCThY =P, =1—F,. =0, a
a0CoII0THAs TPOIyCKHas crocoOHoCcTh 4 = A0 = X,
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IIpenenbHbBIE BEPOSATHOCTH:

P = .pm(]_ — 'm);'m =0,1,2,...

CpeI[Hee YUCJIO 3asBOK B OUCPCIU:
0’

1-p

L ——

o=

CpCI[Hee YHCJIO 3as4ABOK B CUCTCMC:

LE:{EI:LDLZ—‘_IQZIL
—p

Cpennee BpeMsi 0KUAaHUS 00CTYKUBAHUS B OUEPE]IN:
T _ LD‘:

o= 1

Cpennee BpeMsi mpeObIBaHUS 3asIBKH B CUCTEME:
T _ LE}{ET

CHCT
A

Ecim A > p, To ouepenp OyneT MOCTOSHHO YBEIUYMBATHCS.
Haunbonpemmiit uatepec npeacrasisier CMO npu A < .

MuorokanaasHasgs CMO ¢ HeoOrpaHM4eHHOW 04epelblo

Hcnons3yercs «N- KaHalbHAsI CUCTEMA MacCOBOTO OOCTY>KMBAHUS
HEOIPaHUYEHHOW OYEpPEe/ibl0, B KOTOPYIO MOCTYNAET MPOCTEHIITNNA TTOTOK
3aBOK C MHTEHCUBHOCTBIO A.; HHTEHCUBHOCTh OOCIYyXKHMBaHUS | (T.C. B

CpeOHEM HENPEPHIBHO 3aHATHIM KaHal OyAeT BbllaBaTh p = :T
00CITy>KEHHBIX 3asBOK B €IMHUILY (BPEMEHHN ).

JIMUTEeTbHOCTh  OOCHY)KMBaHWSI -  ClydallHas  BEJIMYMHA,
MOJYMHEHHAs NTOKA3aTeIbHOMY 3aKOHY pacipeaeeHus.

[Totok oOcCIyXuBaHUS SBISETCS MPOCTEUIIMM ITyaCCOHOBCKUM
MOTOKOM COOBITHH.

3asiBKa, MOCTYNUBIIAsi B MOMEHT, KOTJla BC€ N KAaHAJIOB 3aHSATHI,
CTAHOBUTCS B OUEPE/lb U 0XKUJIACT OOCITYKUBAHUS.

B kauecTtBe noka3zareneit 3pdekTuBHOCTH 0HOKaHalbHO CMO c
OTpaHUYCHHOM JIIMHOU ouepeau OyAeT pacCMOTpEHa:

A - abcomoTHas MpoIyckHas crnocooHocTs CMO;

Q - oTHOCHUTEIBHAS MPOMYCKHASI CIOCOOHOCTB;

P« - BEpOATHOCTh OTKA34;

P,.- BepOATHOCTh 00pa30BaHUS OUEPEIH;

k.. - CpEIIHEE YUCIIO 3aHATHIX KaHAJIOB;
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Lewer - CpEIHEE  4YHCIO HaxOIALIMXCS B CUCTEME 3aBOK;

T.iex- CpEIIHEE BpEeMs TPEOBIBAaHUS 3a5IBKU B CUCTEME;

L. - cpeHssa NJIMHA OYEPE/I;

T, - cpeiHEe BpeMs OKUIAHUS B OUEPENIN.

Pa3meuennslit rpad coctosiHmii npeacTabieH Ha pucyHke 10.

A A A A A A A
> > > L, .. —p ..
30 < 31 — .- — Sn < 5"‘14— . 5-“-—-‘-‘14—..
\ Iz 2u ny Jnu| nu nu nu |
! Y
O4epenu HeT OxepenH ecTe

Pucynok 10 - Muorokananenas CMO ¢ orpaHU4€HHON INTMHHOW
odepenu

S, - Bce kaHaJbl cBOOOIHEL, K = 0;

S, - 3aHAT OJMH KaHAaJ, OCTaJIbHBIE CBOOOIHBI K = 1;

S, - 3aHATHI BCe N KaHAJIOB, ouepeau HeT K = n;

S,+1 - 3aHATHI BCE 1 KAHAJIOB, 0OHa 3asBKa B ouepeau, K =n + 1;

S,+m - 3aHATHI BCE 71 KAHAJIOB, I 3asBOK B oduepenu, K =n + 1;

[TockonbKy OrpaHMYECHHE Ha JJIMHY OYEepeaud OTCYTCTBYET, TO
a00asi  3asiBKa  MOXET OBITh  OOCHy)XKE€Ha, TO0ATOMY Pz = 1,
OTHOCUTEJIbHAsI TPOIMYyCKHasi CrocoOHOCcTh @ =P, =1—=F..=0, a
a0COJIFOTHASI TPOMYCKHAS CTOCOOHOCTh A = AQ = 4,

IIpenenbHbIE BEPOATHOCTH:
-1

,"j pz 'D]!—l p]! l

o={1+—-+=—+---4+—t+—-
Po ( 12 m—1! nl 1 —n)
PP
By = 0P,z = 21 Doy s = .y Do

n+1 n+2 n+m
Pr+1 =W'P.::-J Pn+2 =wpaj oy Pnem =Wm;
BepositHOCTh 00pa3oBaHus ouepeu;
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A
Ecnu p < n, To nporecc odcinyxuBaHusi ycronuus. Eciu p = n —
CMO paboTaeT HEeyCTONYHBO.

KOHTpO.]'I])H])Ie 3aJaHusA U BOIIPOCHI

1. ITo kakuM TIpU3HAKAM KJIACCU(PUIIUPYIOTCS CUCTEMBbI MAaCCOBOTO

oO0CIyKMBaHUS?

2. Kakme mokazaTenw  HCHONB3YIOTCS IS OINUCAHUSA
b pexTUuBHOCTH GyHKIIMOHUPOBAHUS CUCTEM MacCcOBOTO
o0CIyKMBaHUS?

3. Iloctpoiite rpadbl coctosHuil nis MHorokanaiasHo CMO c
OTKa3aMH,.

4. Kakxoit pexum pabotei CMO xapakTepu3yrooT MOpeaeiibHbIE
BEPOATHOCTH COCTOSSHUM M TIPU KaKUX YCIOBHUSIX OTH BEPOSTHOCTH
CYIIECTBYIOT

5. Iloctpoiite rpad cocrossHuii Jsi MHOrokaHaiabHou CMO ¢
OTPaHUYCHHBIM BPEMEHEM OKUJIAHUS B OUepeiu

6. [TocTpoiite rpad cocrosiHuii 1151 3amkayToit CMO.

7. YTo sABIsSETCS OCHOBOM MOCTPOCHUS JIFOOOH Teopuu?

8. Kakue crnocoObl MOCTPOSHUSI HAYYHBIX TEOPUM CYIIECTBYIOT?

9. [lepeuncnure AJIEMEHTHI, COCTABJISIFOLLINE OCHOBY
TEOPETUUECKON MOJIEIIH.

10. ChopmynupyiitTe onpenesieHue HayYHOTO UCCIIeT0BAHUSI.

11. Kak MoxkHO KiacCU(PUIIMPOBATH HAYYHBIE MCCIEAOBAHMUS, B
3aBUCUMOCTHU OT IPUMEHSIEMBIX METOO0B?

12. CdopmynupyiiTe, Kakyl pojb 3KCIEPUMEHT HMEET B
(bopMUPOBaHUYU HAYYHOTO 3HAHUS?
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13. Chopmynupyiite 0COOEHHOCTH AMITUPHUIECKOTO

UCCIIETOBAHUSL.

12. Kakasi CBsA3b CYIIECTBYET MEXKJYy HAyYHbIM ITO3HAHUEM U
Hay4YHBIM UCCIIEIOBAaHUEM?

14. Kakoe 3Hauye€HHE HMEET TEOPUS B MPOILECCE HAYYHOIO
MO3HAHUS?

15. Kak ocymecTBisieTcst KiiaccuuKaiys HayqYHbIX UCCIeI0BaHUMN
B 3aBHICUMOCTH OT MECTa MPOBEICHUS?

16. Chopmynupyiite stansl npoeaeHus HUP.

17. Kak ocyiecTBisieTcst KiiaccupuKalys HayqYHbIX UCCIeI0BaHUN
110 YPOBHSIM 3HAYUMOCTH?

18. Kakas wuHdopmanuss MOXKET ObITh HU3BJICUCHA U3
DKCIIEPUMEHTA?

20. Kakume cmocoObl CyIIECTBYIOT JUIsl TOCTPOCHHS Hay4YHBIX
TEOpHUii?

21. {ante kpatkoe onucanue mogenu CMO ¢ oTkazamu.

22. KakuMu mokasaTessiMU XapaKTepu3yeTcs: GyHKIIMOHUPOBAHHE
CMO c orkazamu?

23. Kak paccuutbiBaeTcst BEpoSITHOCTH PO?

24. Kak paccuuThIBaeTCs BEpOATHOCTH P17

25. YTo Takoe OTHOCUTEIIbHAS MPOITYCKHAs CLIOCOOHOCTh?

26. Uto Takoe aOCOJOTHAS MPOITYCKHAasi CIOCOOHOCTH?

27. YeMmy paBHa BEpOSTHOCTb OTKa3a 00CIy>KUBAHUS 3aIBKHU?

28. IIpuBeaute npumepsl CMO ¢ oTkazamu.
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