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Pa3paboTuuK MeToANUYeCKHX YKa3aHUH

Nyvauna HO.B., DOLIeHT, K.T.H. @%"
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1. Cucrembl ¢ 0OTKa3aMHU
B kauectBe mnoxkazareneit sddextuBHocT CMO ¢ oTkazamu Oynem
paccMaTpuBaTh:
A — abCOMOTHYI0 MPOMYCKHYIO crmocoOHocTh CMO, T.e. cpemHee 4ucio
3asIBOK, 00CTY)KUBAEMbIX B €IMHUILY BPEMEHH,
Q — OTHOCHTENBHYIO TPOMYCKHYIO CIIOCOOHOCTh, T.€. CPEIHIOI JIOJIIO

MPUILEIIINX 3a5BOK, 00CITYyKMBAEMbIX CUCTEMOM;

Pome BEPOSITHOCTh OTKa3za, T.€. TOro, 4ro 3asBka mnokuHer CMO

HEO0OCTY>KCHHOM;
k — CpEIHEE YKCIIO 3aHATHIX KaHAJOB (151 MHOTOKaHAIBHON CUCTEMBI).
1. 1. OngHokaHa/IbHAS CHCTEMA ¢ 0TKA3aMH
PaccmoTpum 3agauy. Mmeercs oauH KaHai, Ha KOTOPBIA MOCTYIIAET MOTOK
3asBOK C MHTEHCUBHOCTBHIO A. I[OTOK OOCHyXMBaHHSI UMEET MHTECHCUBHOCTH (.
CucremMa S mMeeT JBa COCTOSHUS. So — KaHan cBOOOJIeH, Si— KaHaj 3aHaT. Haitu
npejeabHbIE BEPOSITHOCTH COCTOSIHUM CUCTEMBI U TIOKa3aTeau €€ 3(PPEeKTUBHOCTH.

Pa3meuennslii rpad cocTosTHUM Mpe/ICTaBIIEH Ha CJIE]T PHC.

s 4 —
R B >

B nmpengenpHOM  cTallMOHApHOM  peXUME CHCTEMa  aireOpandecKux

YPaBHEHUU ISl BEPOSITHOCTEW COCTOSTHU UMEET BUJL;
{lpo = up,
HPy = AP, , (8)
T.€. CUCTE€Ma BBIPOXKIAETCS B OJHO YpaBHECHHUE. Y UUTHIBA HOPMUPOBOUYHOE
ycioBue Po+p1= 1, Haitaem u3 (8) npenesbHbIe BEPOSITHOCTH COCTOSIHUMN

__H A
/1+,u; ' /1+y’ (9)

Po

KOTOPBIC BBIPAXKAIOT CPCIHCC OTHOCHUTCIIBHOC BPCM: Hpe6I)IBaHI/I${ CHCTCMBI

B COCTOSHMM S (Korga kaHai cBoOozeH) W S; (KOTrma KaHajid 3aHsT), T.€.



OTIPEIEISIIOT  COOTBETCTBEHHO TMPOMYCKHYIO CHOCOOHOCTHh Q cucCTeMbl U

BePOHTHOCTBOTKaBaRWK

Q= A f: J7e
, (10)
A
" Atu (11)
AOCONIOTHYIO ~ TIPONYCKHYIO  CHOCOOHOCT  HalaeM,  YMHOXHB

OTHOCHUTENBHYIO MPOMYCKHYIO0 CIOCOOHOCTh Q HA MHTEHCHBHOCTH MOTOKA 3asBOK

A

Pl
Aty (12)
IIpumep. U3BecTHO, YTO 3asBKM Ha Telne(OHHBIE NEPErOBOPHI B
TEJIEBU3UOHHOM aTeJIbe MOCTYIAIT ¢ UHTEHCUBHOCTHIO A, paBHOM 90 3a8BOK B yac,
a Cpe/HsIs MPOJIOJKUTEILHOCTD pa3roBopa 1o tenedony t,s = 2 mud. OnpenenuTsb
nokazarenu sddexktuBHOCTH padoTsl CMO (TenedoHHON CBSI3M) MPU HATWYUU
OJIHOTO TeIe(OHHOTO HOMEPA.
Pemenue. Umeem A=90 (1/4), t,; =2 MuH. VHTEHCHUBHOCTH IOTOKa
oocnyxuBanuit  u=1/t,;~1/2=0,5(1/mun)=30(1/4). Ilo (10) oTHOCHTEILHAS
nponyckHas criocooHocts CMO Q=30/(90+30)=0,25, T.c. B cpeaHeM TOJIbKO 25%

NOCTYNAIOIIMX 3agBOK OCYILECTBAT MEPeroBopsl 1o TenedoHy. COOTBETCTBEHHO

BEPOSITHOCTh OTKAa3a B OOCITY>KMBAaHUU COCTABUT I30%20,75 (cm (11)). AbBcomtoTHas
nponyckHas cnocooHocth CMO 1o (12) 4=90-0,25=22,5, T.e. B cpelHEM B Hac
OynyT oOcmykeHbl 22,5 3adBKM Ha neperoBopbl. OUeBHIHO, YTO MPHU HAJIUYHUH
TOJBKO OJHOTO TeiaedoHHoro Homepa CMO OyneT MIoXo CHPaBISITHCS C TIOTOKOM

3asBOK.

1.2. MHOroOKaHaJbHASl CHCTEMA C OTKA3aMHU
PaccmoTpum  knaccuyeckyro 3amady Opradra. Mmeerca N kaHainoB, Ha

KOTOpBI€ MOCTYIAET MOTOK 3asiBOK C MHTEHCHUBHOCTHIO A. [ToTOK 0OCTy>KUBaHUMN



KaXXIOro KaHalla MMEeT WHTEHCHUBHOCTh . HallTm mpenenbHble BEpOSTHOCTU
COCTOSIHHM CHCTEMBI U TToKa3aTeian ee 3PGEeKTUBHOCTH.

Cucrema S (CMO) umeer cienyromuye COCTOSHUS (HyMEpyeM UX IO YUCITY
3a5BOK, HAaXOAAIIUXCS B cHCTeMe): Si, Sy, ..., Sk, ..., Sp, TIe Sk — COCTOSHUE
CHCTEMBI, KOTJIa B Helt HaxoauTes K 3as1BOK, T.e. 3aHATO K KaHAJIOB.

JIiss MHOTOKaHalNbHOUW (N KaHAJOB, HA KOTOPHIE MOCTYMAaeT MOTOK 3asBOK
UHTCHCUBHOCTH A, TIOTOK OOCIYXKHBaHHUS MUMEET MHTEHCUBHOCTH i) CMO Ttakxke
MOKHO HAWTH TMpeAeTbHBbIC BEPOSITHOCTH COCTOSHHM CHCTEMbI M TIOKa3aTelld ee
sapdpexruBHOCcTH. Cuctema S (CMO) umeer creayrolue cocTosSHUs (HyMepyeM Hx
M0 YHCITy 3asABOK, HAXOMSIIMXCA B CHCTeME): Si, Sy, ..., Sk, ..., Sn. 3Aech Sk —
COCTOSIHHE CHCTEMBI, KOT/1a B Hell HaxoauTcst K, T.e. 3aHsATo K KaHaIoB.

I'padp coctossnuii CMO, COOTBETCTBYIOIIMN Tporieccy rudenu u

Pa3MHOKCHUA I/I306pa)KGH Ha CIICAYIOIICM PUCYHKC!

s P s M Szf‘...ﬂ LIV N
o P n
T TR N T

[ToTok 3asBOK TEPEBOJAUT CHUCTEMY U3 JIIOOOTO JIEBOTO COCTOSIHUSI B
cocenHee npaBoe. MHTEHCUBHOCTh MOTOKA OOCIYKMBaHUs, HAO0OPOT MEPEBOAUT
CUCTEMY M3 JIFOOOTr0 MPABOTrO COCTOSIHUSI B COCETHEE JIEBOE.

JIist 5TOM 3ajaud B CTAIlMOHAPHOM pEXUME ODpIaHrOM ObUIM HaWJEHBI

CJIeaAyromue 3aBUCUMOCTU:

1. BeposATHOCTB TOTO, YTO 0OCTYKUBAHMSI 3aHATHI K KaHAJIOB:
1
p* I
Pr = wik' ,k = 0.,1.,...,1?
1
2 o F
Pl (13)
k_A

e H | A — IIOTHOCTH TIOTOKA 3a5BOK;

N — gncno kaHaioB (IPUOOPOB),
1
p=—
o6c — TApAMETP 00CITYKMBAHUSL OTHUM MPUOOPOM (KaHAJIOM).
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2. YactapiMu cygasmu (1) OymyT:

a) BEpOSITHOCTh TOTO, UTO BCE 0OCITYKMBAIOIIME IPUOOPHI CBOOOTHBI

(14)

0) BEpOSATHOCTH TOTO, YTO BCE MPHUOOPHI 3aHATHI. DTO OJHOBPEMEHHO U

BCPOATHOCTL OTKasza B 06CJ'IY)KI/IBaHI/II/I BHOBbL IIOCTYIIMBHIICTO Tp€6OBaHI/I$I B

CUCTEMY:
Za k
p —_nt__,. 2
omK iik pO nl
o k! (15)
3. Cpennee YUCITO npudopoB, 3aHATBIX 00cCITyKUBaHUEM
n n pk
N3 :kak :ZF Po-
k=0 k=0 -
N
Ky="2
4, KoadduimenTs! 3arpy3ku npudopon n
5. CpenHee  4YMCIIO  KaHAJIOB, CBOOOJHBIX  OT  OOCTY)KHMBaHHS

No:nz_l(n_k)'pk Zp (n k) “Po

k=0

N

K, =
6.

No
KoadduumeHT npoctost kaHaIOB: N . OueBuaHo N,+No=n

Jannble (GopMyJIbl DpilaHTra CIPaBEJIMBbI AJIs IPOU3BOJIBLHOTO a0COJIIOTHO

HENPEPHIBHOTO 3aKOHA pacrpeesieHus: 00cnyKuBaHus (MpU yCIOBUU KOHEYHOCTH
€ro MaTeMaTUYECKOT0 0XKHJIaHUs).

Ipumep. Onenuts padory ATC, xoropas mmeer N =5 JUHUI CBA3MU

[Ipeamonaraem, 4To MOTOK TpeOOBAaHWUW MPOCTEUIINNA C MHTEHCUBHOCTHIO A = 2

BBI30BA/€/I.BpEMECHH. [TpoaomKUTENBHOCTD pPa3roBOpOB pacrpeseneHa
HKCHOHEHIMAIILHO, IPUYEM to5.= | €1I. BpeMeHU

Pemenue. Onpenenum KodpGUIHEHT 3arpy3ku p = Au = A* tos

BepOHTHOCTB TOI'0, 4TO BCC JIMHUH CBsI3HU CBO60)1HBI

= 2.



BeposTHOCTB OTKa3a B 00CITy>KMBaHUU:

k 25
P, =02 =0138. <-=0087,

OMmK n.
CpeniHee 4nCIio 3aHSITHIX JTUHUN CBSI3U:
5 21 22 23 24 25
N.=)>» k 1.—+2. —+3-—+4.—+5.— |- p,.=193 i
3 ; B = m o 3 2 o Po JIMHUAN

KoaddunmenT 3arpy3ku JIMHUIN CBS3U:

K, = N, =@:0,386 ~0,39
n 5

CpenHee 4nciio CBOOOIHBIX JTMHUMN CBSI3U:

N, = nZ(n K)- p, = Zp (5 K. b, =305

Koaddumment npoctost paBeH:

2. CucteMbl MaCCOBOT0 00CIYKUBAHUS C 0KUAAHUEM
B kauectBe mnokazareneil addextuBHocTH CMO C O0XHIaHHEM, KpPOMeE

nokasareyied aOCONMOTHOW A M OTHOCHUTENbHON Q MpPOmyCcKHOM CIOCOOHOCTH,

BEPOSTHOCTU OTKaza P,ux, CPEIHETO 4YHCIa 3aHATHIX KaHAJIOB k (s
MHOTOKAaHAJIbBHOW CUCTEMBI) OyJiIeM pacCMaTpuBaTh TaKXKe CICAYIOMIHE: L yem
CpEIlHEee YMCIIO 3aABOK B CUCTEME; [cuem — CPEIHEE BpEMS MPEOBIBAHMS 3asiBKU B
cucreme; L,, — cpeHee uncio 3asBOK B ouepeau (IauHa ouepean); T,, — cpeaHee
BpeMsl peObIBaHUS 3asBKU B ouepenu; Ps,, — BEPOSITHOCTh TOTO, YTO KaHAJ 3aHAT
(cTeneHb 3arpy3Ku KaHama).
2.1. OnHOKaHAILHASA CUCTEMA C HEOTPAaHUYEeHHOH o4YepeabIo
Ha npakrtuke yacto BcTpeuaroTcs: ogqHokaHanbHbie CMO ¢ HeorpaHUYeHHOU

ouepepio (Hampumep, TeneoH-aBTOMAT).
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Ilycte umeercss omHokananbHass CMO ¢ ouepenplo, Ha KOTOPYIO HE
HAJIO)KCHBI HHUKAKWUE OTpaHWuYeHUs (HU 10 JUIMHE OdYepeau, HH 110 BPEMCHHU
oxunanus). [lotok 3asBok, nmoctymarommx B CMO, nMeeT WHTEHCHBHOCTH A, a
MOTOK OOCTY)KMBaHUS — WHTEHCHUBHOCTh 4. HeoOxommmo HalTh mpenenbHbIC
BEPOATHOCTH COCTOSIHUH U moka3zarenu 3 dexrtuBHoct CMO.

CucreMa MOXKET HaXOJUTCSA B OJTHOM M3 COCTOSHUH Si, Sy, ..., Sk MO YUCITY
3asBoK, Haxomsammxca B CMO: Sy — kaHan cBoOOJEH, S; — KaHall 3aHSAT
(oOcmykuBaeT 3asBKy), O4epeau HET, Sy — KaHaJl 3aHAT, OJHA 3asiBKa CTOUT B
OYepe.y, . .., Sy — KaHal 3aHsAT, (K-1) 3aIBOK CTOST B OYEpPEAM U T.1I.

I'pad cocTostHMT IpecTaBIeH Ha CIEIYIONEM PUCYHKE:

A A A
S, LN s s [P
g S v B v

O10 mnpomecc THOETM UM PA3MHOXKEHUS, HO C OCECKOHEYHBIM YHCIOM
COCTOSIHUM, B KOTOPOM MHTEHCHUBHOCTH MOTOKA 3aBOK paBHA A, 8 UHTEHCUBHOCTD
noToka o0cimykuBaHus u. [IyCTh p €CTh OTHOIIIEHUE CPETHETO YUCIa TPUXOISAIINX
3asiBOK K CpEAHEMY 4YHUCIY OOCIy)KMBaeMbIX 3asBOK (B E€IUHUILy BPEMEHH).
JlokazaHo, yto ecnu p<l, TO mpenenbHble BEPOATHOCTU CYIIECTBYIOT; €CIU K€
p>1, To ouepens pacTeT 10 OECKOHEYHOCTH.

JIns BBIYMCIIEHUS TPENEIIBHBIX BEPOSTHOCTEW CIPABEMJIMBBI CIEAYIOLINE
KOTOPBIX Po OyaeT HambOombiiei. 1o o3Hauvaet, yro ecau CMO chpasisieTcs ¢

MOTOKOM 3asiBOK (mipu p<I), To HanboJiee BEPOSITHBIM OYJIET OTCYTCTBUE 3asIBOK B

cucreme. BeipazuMm Jipyrue XxapakTepUCTUKH:

Lo = 2 K- Py = (L= p) Y _ko"

[] CpEIHEE YHUCIO 3aABOK B CHUCTEME: k=1 k=1 [Tpu
L =P

p<1 1-p-

O CpeHee YHUCIIO 3aBOK B OUEPE/IU: P



O cpeaHee HYHCI0 3adBOK, HaxOIAIIHUXCA II0A 06CJ'Iy)KI/IBaHI/IeMZ

Loo' = P3llH = p "
O cCpeiHee BpeMs TpeObIBaHHMsS 3asgBKM B CHCTeMe (Oodepenn):
2
Tcucm = l : LL’HCI'” = L TD’-{ - i : LO’J = p—
A A-0=p) ( A 4-A=P) ). Nannsie GopMyisl HA3BIBAIOTCS

dopmynamu Jlummaa.

IIpumep. B mopry wumeercs oavH Ipuyan sl pasrpy3ku CyHOB.
MHuTeHcuBHOCTh MMOTOKa cynoB paBHa 0,4 cynoB B cyrtku. CpenHee Bpems
pasrpy3Ku OAHOTO CyJHa COCTAaBJIIET ABOE CyTOK. IIpenmonaraercs, yTto ouepenp
MOKET OBITh HEOrpaHMYEeHHON JMHBL. Haiitu noxazarenn 3¢deKTUBHOCTH
paboThI MpUyaa, a TAKKE BEPOSATHOCTh TOTO, UTO OXKUAAIOT pasrpy3ku He Oosee

4yeM 2 CyJiHa.

Pemenue. 3ameTum, 4To p=£:ﬂ~foﬁc:0,4-2:0,8. Tak kak p=0,8 <1, TO
Y7

ouepelb Ha pasrpy3ky HE MOXKET OECKOHEYHO BO3pacTaTb U MPEICIIbHbIC
BEPOSITHOCTH CyILIeCTBYIOT. Haitnem ux.

BeposTHOCTB TOTrO, YTO MpUYaJl CBOOOIEH, KaK ObUIO TOKA3aHO paHee,

po=1—-p=1-0,8=0,2, a BEepoSITHOCTb TOTO, YTO OH 3aHST

P =1-0,2=0,8.

Haiinem BeposiTHOCTM TOTO, 4TO y mpuyana Haxomarcs 1, 2, 3 cynHa, T.e
oxkuarot pasrpy3ku 0, 1, 2 cynHa (3To U €CTh MpeieNIbHbIE BEPOSITHOCTH):

p,=08-(1-08)=016; p,=082-(1-08)=0128; p,=0,8-(1—0,8)=0,1024.

BeposTHOCTH TOTO, YTO OKHUIAIOT Pa3rpy3Ku He Oojee yeM JiBa CyJHa
paBHa:

p = p1 tp2 +p3 = 0,16+0,128+0,1024= 0,3904.

CpenHee 4ucio CyIOB, OXUAAIOUIMX Pa3rpy3Ku (CpelHee YUCIO 3asiBOK B

o4epen)

Cpennee BpeMsi OKUJIAHUS Pa3TPY3KHU (CpeliHee BpeMs MPpeObIBaHUS 3asiBKU

B OYEPE/IN)



1 1
T ==.L =—-32=4 (CyTOK).
oy 2/ o4 0,8 ( yT )
. e, 0,8
CpenHee 4HMCIO CYZOB, HAXOIAIIUXCS Y IpUYana: '—cm:—l 1 08=4
_p —_ y

(cyToK), a cpeHee Bpems IpeObIBaHUs CyHAa Yy MpHUyana:

Tcucm = 1 . Lcucm = i : 4 = 5 CyTOK.
A 0,8

OueBugHO, 4TO S(D(PEKTUBHOCTH BBITPY3KH CYJIOB HeBbicokas. g ee
MOBBIIICHUS HEOOXOMMO YMEHBIIICHUE CPEIHETO BPEMEHHU PAa3rpy3Ku CyaHA tos.,

h1%(s0) YBCJIIMYCHHUEC YHCJIa IPpHUYaIOB N.

2.2. Muorokanajgsabie CMO ¢ HeorpaHU4eHHOH o4epeabio

[Tycts umeercs N-kananpbHas CMO ¢ HeorpaHuueHHOUM ouepenabto. IloTok
3adBOK, nocrynatonmx B CMO, nMeeT MHTEHCUBHOCTH A, a MMOTOK 0OCITY>KUBAaHUS
— MHTEHCHBHOCTH 4. HeoOXomauMo HallTH NpeaesbHblE BEPOSTHOCTH COCTOSHHIA
CMO u nokazatenu ee 3 (HEKTUBHOCTH.

CucreMa MOET HaXOOUTCS B OJHOM M3 COCTOSHUM S1, So, ..., Sk, ..., Sh, ...,
HYMEPYEMBIX TI0 YUCITYy 3asiBOK, Haxoasmuxcst B CMO: Sy — B cucTemMe HeT 3asBOK
(Bce kaHaJIBI CBOOOJIHBI), S1 — KaHAJ 3aHSAT, Sy — 3aHATHI JIBa KaHalla, OCTAIbHbBIE
CBOOOMHEL, ..., Sk — 3aHATO K KaHAJI0B, OCTAIBLHEIE CBOOOMHEL,. .., Sy — 3aHATHI Bce N
KaHAJIOB (OYEpeaU HET); Sp+r — 3aHATHI BCE N KAHAJIOB, I' 3asIBOK B OUYEPE/IH.

I'pad sToit cucTembl H300pakeH Ha PUCYHKE:

A
s s s

1

3

ny

NHTEeHCUBHOCTh TOTOKA OOCIY>KMBaHUS TI0 MEPE YBEIUUECHUS YUCTIa 3asBOK
B CMO or 0 1o n yBenuuuBaercs OT BEIMYMHBI i JI0 BEJIWYUHBI Nu, TaK Kak

COOTBCTCTBCHHO YBCIIMYMWBACTCA YHCJIO KaHAJIOB O6CJ'Iy7KI/IBaHI/I$I. Kor;:[a quCiIo
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3aBOK B CHCTEME OOJIbIIIE N, THTEHCUBHOCTH MMOTOKA 06CJ'Iy>KI/IBaHI/I$I COXPaHACTCA

paHou Nu.

>1
B Tom CclIydyac, Koraa , 04dCpCab HCOTPAHHUYCHHO pPACTCT. N3

=N ke

£<1

COOTHOIICHUs N CJ'IGI[yeT? 4TO MpCACIbHBIC BCPOATHOCTHU CYIICCTBYIOT.

2 n n+l -1
Py =(1+£+p—+...+p—+p—J

2 n  nli(n-p)
p P! P’ P P
o=y P Pe=T P Po=C R . Pra = Po _ Poc = Po

9e ey 9y - 9. 9 96 b
JIns n-xananeHOM CMO ¢ HEOTpaHMYEHHOM OYEPENBI0O MOKHO HAWTH:

0 BCPOATHOCTB TOI'O, YTO 3asdBKad OKAXKCTCA B OUCPCIAN:

n+l

__r
(n-p)-n!

o4

po_

[ CpEeHEE YNCIIO 3aHATHIX KaHAJIOB:

- A
k = — = p
A
O CpCAHCC YUCIIO 3a51BOK B OUCPCOU:
n+1
Lm, — p pO
n-ntL— )2
n .
’
0 CpeaHeeC 4YnCJO0 3asBOK B CUCTCMC:
Lcucm = Lot( +p -
1
O OTHOCUTCJIbHAA BCJIMYHHA 3aTparT, CBA3aHHAA C H3ACPKKAMH Ha

COJACPIKAaHHUEC KaHaJIOB O6CJ'Iy)KI/IBaHI/I$I uc Hp€6BIBaHI/ICM B oUCpcau 3asABOK MOIKCT

OBITh 3a/laHa HAIlPUMEP CIIETYIOIIMM 00pa3oM:

C :i-n+3Toq
A

OMmH

O cpenHee BpeMs TpeOBIBaHMS 3asBKM B OUCpPEAM W CpPEAHEE BpEMs
npeObIBaHMS 3asBKU B CUCTEME BBIYHCIIAIOTCS Takxke 1o Gpopmynam Jutia.

Jlist cucteM C HEOrpaHMYEHHOM ouepenbto npu p<l mrobas 3asBKa,
npuIIeaas B CUCTeMy, OyneT oOCITyKeHa, T.€. BEPOSTHOCTh OTKaza P,,,=0,

11



OTHOCHUTENbHASI MPOIYyCKHasi crnocoOHOocTh Q=1, a abcomioTHas MpOIyCKHas
CIOCOOHOCTH paBHA MHTEHCUBHOCTH BXOJSIIETO MOTOKA 3asiBOK, T€. A=A.

IIpumep. B cynepmapkere K pacyeTHOMY ULEHTPY IOCTYNaeT IOTOK
MOKyIareiae ¢  HUHTEHCUBHOCThIO A=81 dyemoBek B yac. Cpenuss
IPOAOKUTEIBHOCTh 00CITYKUBAHUS KOHTPOJIEPOM-KACCUPOM OJHOIO MOKyIaTes
paBHa t,;.=2 MuH. OnpeeUuTh MUHUMAILHOE KOJIUYeCTBO KOHTPOJIEPOB-KaCCUPOB
Nmin TPU KOTOPOM oOdYepear He Oymer pactd 70 OECKOHEUYHOCTH, W
COOTBETCTBYIOIINE XaPAKTEPUCTUKH OOCITYKUBAHUS ITPU N = Npin.

Pemenwue. [To ycmouto 4=81 (1/4)= 81/60=1,35 (1/mMun). Torna

p:i:z-iogczl,ss-zzzj.

y7]
Ouepens He OyaIeT BO3pacTaTh J0 OECKOHEYHOCTH TPU YCIOBHH, 4TO p/N<l,
T.€. ipu N>p=2,7. Takum 00pa3oM, MUHUMAJIbHOE YUCIIO KACCUPOB Nmin=3.
Haiinem xapakrepuctuku CMO npu n=3. BepoSITHOCTh TOTO, UTO B LIEHTPE
pacueta OyJieT ouepe/b:

pn+1 2’74

= P, = -0,025=0,735.
(n—p)-n! (3-2,7)-3

o4

(Bbruncienue MpeAcsbHBIX  BEPOSTHOCTEM OMyCKaeM, Kak 3apaHee
BbIUUCIEHHbIE, Po = 0,025); cpeaHee dYuciao mMNOKymaTeiaed, HaXOMSIIUXCS B
O4epeIun:

LA, 2,7*-0,025

= =7,35;

nnA—Ly  3.3-27y
n 3

ou

cpeaHee BpeMsl OKUAaHUs B OUEPEIu:

T, = L L, = 1 7,35=5,44 MUH.
A 135

CpenHee unciio MOKynaTenen B y3Jie pacuera:

L. =L, +p=735+27=10,05,

cucm

a cpeaHee BpeMsl HaXOXKIEHUs OKyNaTesiel B LICHTPE pacyera:

Toem= 1 L = L -10,05=7,44 MUH.
A 1,35
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Cpennee  uwucio
MTOKYITaTEJICH:
K=lo p=27
y7]

KOHTPOJIEPOB-KACCUPOB,  3aHATHIX  OOCTY>KUBaHUEM

KOA(PPUIIMEHT (J107151) 3aHIATHIX 00CITYKHBAaHUEM KOHTPOJIEPOB-KACCUPOB:

k,=L_-2"_qg9.

n 3

AOCOII0THAs MPONyCKHAs COCOOHOCTH y3ia pacueta A =1,35 (1/mun), nium

81 (1/4ac), T.e. 81 mokymnarens B 4ac.

Ananus XapaKTCPUCTHUK O6CJ'Iy>KI/IBaHI/I$I CBUACTCIILCTBYCT O 3HAYUTEIILHOU

neperpy3Ke y3ia pacuera Mpy HaJuduu TPEX KOHTPOJIEPOB-KACCUPOB.

2.3. CMO c orpann4yeHHOii ouepeabIo

OTH CUCTEMBI OTINYAIOTCS OT PACCMOTPCHHLIX JIMIIIb TCM, YTO YHCJIO 3as1BOK

B oUcpeau OrpaHU4YCHHO, T.€. HC MOXXECT IIPEBOCXOAUTH HCKOTOPOIo Ynucia M. Ecan

B o4uepeab NOCTyIacT m +1 3asjdBKd, OHA IIOKNAACT CUCTCMY HCO6CHY>K€HHOﬁ, T.C.

noinyyaer otTka3. [IpenenbHble BEPOATHOCTH M TOKazaTenu A(HPEKTUBHOCTU

paccMOTpPUM B TabJIHUIIE.

IHoka3sat OnHokaHaIbHAA MHuorokanaabHasgs CMO ¢
eI CMO c orpaHn4eHHOH OrpaHUYEHHOM O4YepebIo
00C/Iy’KUBAHH oYepeablo
|
[Ipenens 1- i
pen Py =—2 i (1P
1-p P o
HBIC ’ P, = 1+f+..+p|+
_ n
BEPOSATHOCTH Pr=p"Po n n!{l— 'ﬁ]
pzzpz'po,._.’pk:pk'po ,
p P
p1_i'po pk:E'pO
p, =2+ p,
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P = p_ Po

n-n!
gesey
p B pn+r ‘ p
™ nt.n! °. r=1..m
)
BePOHTH PomK = pm+l = pm+l ' pO P _ _ pn+m
omk pn+m nm nl : pO

OCTb OTKa3a

AOcouro
THas
MIPOITYCKHASI

CIIOCOOHOCTH

A=A-Q=4-(1-p™

OTHOCHUT
elbpHas
MIPOIyCKHAas

CIIOCOOHOCTBD

" Po

Q=1-P_=1-£_.p,

OmK

n+m

m

n"-nl

Cpennee
YHUCJIO 3asBOK B

odepenn

2 1—pm~(m+.

L —mp)

L =p2.
RERCETSTE

Cpennee
YHUCJIO0 3asIBOK
o
o0cITy>KUBaHUE
M (cpenHee
YHUCJIO 3aHATHIX

KaHaoB0

L06 =1- Po

Cpennee
YHCJI0 3a9BOK B

CHUCTEMC

Lo = Lo + Ly

cucm o4

cucm

o4

Cpennee
BpeMmsi

npeObIBaHUS

- P)

T

cucm

1
2

L

- P
cucm 2{ . (1_ p)
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3a51BKHU B

CHUCTCMC

Cpennee

BpeMs
peOBIBAHMUSI
3asiBKU B

odepenu

IIpumep. B ycrnoBusx 3amgauu o pasrpy3ke CyAOB OMPEICIUM TOKa3aTeln
3¢ hEeKTUBHOCTH paboThl Mpuyania. M3BeCTHO, YTO MPUXOSIIEee CyIHO MOKHIAeT
npuyan (0e3 pa3rpy3Ku), €Ciiu B 04epe/ib Ha pa3rpy3Ky CTOST Oojiee 3-X Cy0B.

Pemenue. Ilo ycnoButo m =3. HcnonszyeM QopMyiibl, MpUBEICHHBIC

BBIIIIC B Ta6HI/IHG. BCpOHTHOCTB TOI'O, U4TO IIpUYall CBO60I[€HI

1-08
pO = W = 0,297 .

BeposiTHOCTP TOrO, YTO MPUXOIAIIEC CYAHO TOKWHET Tmpuyan oOe3
pasrpy3KHu:

P =08.0,297=0122.

OTHOcHUTENbHAS MPOITYCKHAs CIOCOOHOCTH MpUYaa:

Q=1-P, =1-0122=0878.

AOGcoitoTHas IPOIyCKHast ClIOCOOHOCTh MTpUYaa:

A=1-Q=0,4-0,878=0,351.

CpenHee 41CIO Cy10B, OKUAAIOIINX Pa3TPY3Ku:

L _og 1708 -3+1-3:08)]

, 861.
o (1-0,8%?)(1-0,8)

CpenHee BpeMsi 0KUIAHUS Pa3TPY3KHU:

r. =t -1 0gs1-1076.
A 08

CpemHee YHCIio CYI0B, HAXOAAIIMXCS Y IpAJaa:
L. =L, +L,,=0861+(1-0297)=1564.

cucm

Cpennee Bpemst peObIBaHUS CyHA Y TTpUYANa;

15




1

1
T,.,.=—L,.,=—-1564=1955 CyTOK.
cucm ﬂ, cucm O 8 yT

2.4. CMO c orpaHn4eHHbIM BpeMeHeM 0:KHIaHUs

Ha mnpakTthke 4acTO BCTPEYarOTCSI CUCTEMBI C OTPAaHUYEHHBIM BpPEMEHEM
OKMJAHUs, HaIpUMEpP, TOPOACKHE TPAHCHOPTHBIE CHUCTEMBI, B KOTOPBIX
MACCaXUPBl OXKUAAIOT TPAHCIIOPTHOTO OOCITYKMBAHMUS JAHHBIM TPAHCHIOPTHBIM
CPEICTBOM OrpaHUMYECHHOE BpEMs, a Jajleeé MOTYT IPEAINOYECTb APYyrod BUJ
TPAHCIIOPTA, TEXHOJIOTUYECKHE CHUCTEMBI, B KOTOPBIX JUIMTEIBHOE OXHUIAHUE
00pabOTKH ChIpbS MPUBOJUT K TMOTEpPE KayecTBa MPOAYKIHH B CHUCTEMax
ONEpPaTUBHOIO YIPABJICHUSA, KOI/Ia Ba)KHA CPOYHOCThb Nepeaud MHQOpMaIuu M
T.J.

B mpocreldmmx MareMaTH4eCKUX MOJEIAX TaKMX CUCTEM IPEANOJaracercs,
YTO 3asiBKa MOXET HAXOAUTCSA B OYEPEIU CIIy4YalHOE BPEMS, PaCIpEleICHHOE 10
ITOKA3aTEJIbHOMY 3aKOHY C HEKOTOPBIM IapaMeTpoM 7, T.€. MOKHO CUUTATh, 4YTO
KaXkaast 3asBKa, CTOSALIAasl B O4epean Ha 00CIIy>)KUBaHHE, MOXKET MIOKUHYTh CUCTEMY
C UHTEHCUBHOCTBIO .

Kpome paccmorpennsix CMO, CyllecTBYIOT €1l€ U 3aMKHYTbIE CUCTEMBI, Y
KOTOPBIX BXOJSIIMNA NOTOK CYIIECTBEHHO 3aBUCUT OT cocTostHuil camoii CMO.
Jnsa 3amkHyTBIX CMO XapakTepHO OTpaHWYEHHOE YHCIO HUCTOYHUKOB 3asBOK,
OpUYeM KaKJblii UCTOYHHMK OJIOKHpYeTCs Ha BpeMsi OOCIYKUBaHUS €ro 3asiBKU
(T.e. OH HE BBIJAET HOBBIX 3asBOK). [IpUMEpPOM MOXKET CIyX UTh CHUTYyalHs
rOpOJICKOro mnapka aBToOyca, KyJa TMOCTyHaloT Ha PEMOHT HEUCIIPABHbIE
TPAHCIIOPTHBIE CpEACTBA C MeECT »HKCIuTyaTanuu. Yem Oosbiie aBTOOYCOB
HaXOJATCA B COCTOSSHUM PEMOHTA, TEM MEHbILE aBTOOYCOB SKCIUTYyaTUPYIOTCS U
TEM MEHbILIE MX WHTEHCUBHOCTbH MOCTYIUIEHHMS Il peMOHTa. B Takux cucremax
npu KoHeuHOM uucie coctosHud CMO mnpenenbHble BEPOSITHOCTH OYyAyT
CYLIECTBOBATh MPH JIIOOBIX 3HAYECHHUSIX HMHTEHCUBHOCTEH ITOTOKOB 3asiBOK H

00CITy)KUBaHHIA.

3. OCHOBBI CTATHCTHYECKOTO MOAETHUPOBAHUS
16



Paccmotpennsie panee meroanl aHanmmn3za CMO KOppeKTHBI B TOM Ciydvae,
KOT/Ia BCE TIOTOKH COOBITHH, TEPEBOMSIINE MX U3 COCTOSHUS B COCTOSHUE,
ABIAIOTCS Tpoctedmumu. [lpu HapylieHun STUX TpeOOBaHUN aHAIUTUYECKHUX
METOJIOB JUIsl TaKUX CHUCTEM HE CYIIECTBYeT. B 3Toil cuTyanuu HCHOJIB3YIOT
YHUBEPCAIbHBIA METOJ] CTaTUCTUYECKOTO MOJECIMPOBAHUSA WM, MeToa MoHTe-
Kapo.

OCHOBBI 3TOr0 METOJIa COCTOUT B TOM, YTO BMECTO AHAIUTUYECKOTO
OMMCAHMS OOCTY>KMBAIOIIEH CUCTEMBI C TMOMONIBIO JaTUYMKA CIy4YalWHBIX YHUCEN
MPOU3BOJIUTCSI UMUTALIMS CIIy4alHOTO MpoIecca.

B pesynpraTe sSTOrO0 mosiydaeTcs KaxXKIblii pa3 HOBas, OTJIMYHAs OT
NPEABIIYIIUX peanu3alus CIy4ailHOTO Ipouecca. OJTH peaiu3aldd  MOKHO
MCIIOJIB30BaTh KaK CTATUCTUYECKHE JIaHHBIC, KOTOPbIE MOTYT OBITh 00pabOTaHbI
METOJaMU MaTEMaTUYECKON CTaTUCTUKH.

[Tocne Toro, kak Takasi oOpabOTKa MpPOU3BEAECHA, MOTYT OBITh IMOIYYECHBI

NPUOJIMKEHHO JIFOObIE XapaKTEPUCTUKH OOCITYKUBAHHUS.

4. TlpakTH4yeckoe NpuMeHEeHHEe TEOPUH MACCOBOI0 00CTyKUBAHUSA

[IpakTyeckoe  NpUMEHEHHE  TEOPUM  MAacCOBOrO  OOCITYKHBaHUS
MPEANoaraer:

1. BHIOOp  TMOAXOJAIIEH  MaTeMaTUYeCKOW  MOJENM,  aJeKBAaTHO
MPEACTABIISAIONICH peallbHyI0 cCUCTeMY (HE0OXO0IUMO MCCIIeI0BaTh OrPAaHUYCHUS, B
paMKax KOTOPBIX MPUMEHHUMBI PE3yJIbTaThl TEOPUM MACCOBOTO OOCITY>KUBaHUS,
WHaue yOpOINAIoIMe TMPEANOJIONKEHUsI MOTYyT ObITh TpyObl, a TMpoIecc
MO/ICIUPOBAHUSI HEKOPPEKTHBIM );

2. BHEJpEHUE TOYUYCHHBIX PE3YJbTATOB HAa KOHKPETHOM OOBEKTe (s
KOHCTPYUPOBAHUSI WM YCOBEPIICHCTBOBAHUS OOCTY>KMBaroIie cucrtemsl, Jlis
Yero MOKET IMOHAI00MTHCS ONTHUMHU3AIMOHHAS MOJCID ).

B skoHOMMUYECKHX CHCTEMaX MacCOBOr0 OOCITYKUBAHUS YacTO MPEBATUPYET
CTOMMOCTHBIN XapakTep. DTH MOJEIM MAacCOBOTO OOCITYKMBAaHUS HAMPABIICHbI Ha

ornpezeneHre Takoro ypoBHsa ¢yHkunonupoanuss CMO (koTopslit 3aaercs a1bo
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CKOPOCTBIO OOCITY>KHMBaHHUA, JMOO YHCIOM OOCITYXHBAIOIIMX NPUOOPOB), MPHU
KOTOPOM JJOCTUTAETCSA «KOMIIPOMHUCCY» MEXIY IByMS TTOKA3aTEIISAMMU:

1. mpuObLIbIO, MOTYYaeMOM 3a CUET OKa3aHHBIX YCIYT (CBSI3aH C CTEIEHBIO
(GYHKIIMOHATFHOW aKTUBHOCTH CHCTEMBI);

2. moTtepsMU NpHUOBLUIM, OOYCIIOBJIEHHON 3aJepKKaMU B IPEIOCTABICHUU
ycayr (cBsi3aH ¢ npedsiBanneM CMO B COCTOSIHMM MPOCTOSI UIIM HECTIOCOOHOCTBIO
CHCTEMBI YJIOBJIETBOPUTH BCE IOTPEOHOCTH B 0OCITYKUBAHUN).

ITo Mepe TOro, Kak 3aTpathl, CBA3aHHBIE C OOCIYKUBAHUEM, YBEIMUECHUEM
¢bynkuonansHo MomrHoctd CMO, Bo3pacTaloT H3-3a TOBBIIICHUS YPOBHS
0OCITy’)KMBaHUSs, BRIPQXKCHHbIE B YKOHOMUYECKUX TEPMUHAX MOTEPH, CBA3AHHBIE C
OXuJaHueM (COKpalleHue TNpeObIBaHUA KIUEHTOB B  OYEpPEaH), JOJIKHBI

YMCHBIIATBCA.

M

YpoEEHE 0BCNYHKHEAHWA

Ha rpaduke ¢yHkiuii ypoBHS 0OCTY>KUBaHUS M300PaKEHBI CIETYIOIIHNE
KpUBBIE:

A — 3a1aeT CTOMMOCTb OXKHJIQHHUS,

B — croumocth oOecrniedeHHs] (DYHKIIMOHMpPOBaHUSA OOCTYKUBAIOLIEH
CUCTEMBI;

b — cymMapHbId CTOMMOCTHBINA MTOKAa3aTeNb;

M — onTUManbHBIA YPOBEHb OOCITYKUBAHHUS.

N3 paccMOTpEeHHBIX JABYX CTOMMOCTHBIX IOKa3aTeled TpPYyAHEE BCEro
OLICHUTDH «LEHY» OXKUAAHUS, T.K. B KAUE€CTBE KIIMEHTA MOT'YT BBICTYINAaTh HE TOJIBKO,
HaIlpuMep, MOJIOMAHHbIE CTaHKW, HO W JIIOAM B OYEPEend IMPOJIOBOJIBCTBEHHOTO

MarasuHa.
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