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[IpaBuna opopmienusi m BHINMOJIHEHHsI KOHTPOJbHBIX padoT

[Ipu BHINOTHEHUH KOHTPOJIbHBIX paboT HEOOX0IUMO CTPOTO MPUIEPKUBATHCS YKA3aHHBIX
HYoke mpaBun. PaboTel, BBITIOHEHHBIE 0€3 COOMIOAEHHA OJTHX TIPAaBUI, MOTYT OBITH
BO3BPALLICHBI CTYACHTY U1l NepepabOTKH.

1. Kaxpas koutposibHas pabota HO/KHA OBITh BBINOJHEHA B OTIACJIBHOW TETpagd B
KJIETKY, YePHUJIAMU TEMHOI'0, HO He KpacHOro npera. Jlo/uKHEI OBITH TIONIS IMUPUHON 4-5 cMm
JUTSI 3aAMEYAHUN PEIIEH3EHTA.

2. Ha turyspHO# cTpaHuiie 00JI0KKHA TETPaaM J0J/DKHBI ObITh SICHO HamucaHbl (paMuiius
nperogasaresisi, dhaMuwikugd UM U OTUECTBO CTyleHTa; yueOHblii HOMep (mudp) cryneHra;
Ha3BaHWE AMCIIUIUTMHBI, HOMEpP KOHTPOJBHON padOThl; HOMEp BapWaHTA; HA3BaHWE Y4EOHOTO
3aBEJICHUS; aJIpecC CTYACHTA.

3. B xoH1e paboThl HEOOXOAMMO yKa3aTh UCIIOIB30BAHHYIO JIATEPATYPY, MOCTABUTH YHCIIO
M pacmmcaThbCes.

4. B KOHTpOJIbHYIO PadOTy JO/DKHBI OBITH BKIIFOUEHBI BCE 3a7a4M BapuaHTa. KOHTPOJIbHbBIE
paboThl, copepikalue HE BCE 3aJlayM 3a/laHMsA, a TAKKE 3a/Jladd HE CBOEI0 BapwaHTa, HE
3aCUMTHIBAIOTCS.

5. Pemenns 3ama4 He0OX0AMMO pacmosaraTh B OPSAKE HOMEPOB, YKAa3aHHBIX B 3aJJaHUSX,
COXpaHsist HOMepa 3a/1a4.

6. [lepen pelneHueM KakaoW 3ajadd HAIO MOJHOCTBIO 3amucaTh €e yciioBue. Permenue
3aJ1a4 CIeayeT u3jlaraTh noaApoOHO, OOBSICHAA M MOTUBHUPYSA BCE ASHCTBHS MO XOAY PEIICHUS U
nenast He0OXOAMMBbIE PUCYHKH.

7. Tlocnie mosydeHHsA TPOPEUEH3UPOBAHHOW PabOTHl ¢ 3aMEUaHHUAMH, CTYJSHT JOJIKEH
y4eCTh CICNaHHBIC PEIEeH3eHTOM 3ameuanud. Pabora mo 3amedyaHusM BBIMOJIHACTCS TOCITE
3aMEe4YaHuil peneH3eHTa. BHOCHUTP W3MEHEHMs B HANMCAHHBIA [0 PELEH3UPOBAHUS TEKCT
KOHTPOJIbHOM pa0OThl HE JOIMYCKAETCs.

8. B kaxaoM 3ajaHWM KOHTPOJBHOW paldOTHl CTYIEHT BBITIOJHACT TPHUMEPHI IMYHKTA,
HOMEpP KOTOPOTO COOTBETCTBYET mocieaHel uudpe mmdpa 3a4eTHOW KHUMKKH CTYIEHTA.
Hanpumep, cryaent ¢ mmdpom 99 — MC - 2085 Beimonnser 3agaum Ne 5; 15; 25... u T.1.
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§1. MapkoBckHe nen# ¢ KOHEYHBIM YHCJIOM COCTOSTHHH H JHCKPETHBIM BPEeMEHEM.

[IycTh HekoTOpas cucTemMa S MOKET HaXOJUThCSA B OJHOM M3 COCTOAHUH KOHEYHOro (Mau
CYETHOI'0) MHOKECTBA BO3MOIKHBIX COCTOAHHM S), S,,..., S, @ MEPEXo/1 U3 OJHOTO COCTOSHUA B
APyroe BO3MOJKEH TOJBKO B OIPEACTICHHBIC Oucxpemﬂble MOMEHTBEI BpPEMEHHU [y, I, I3, ...,
Ha3blBaGMble MAZAMU .

Ecnu cucrema nepexoauT M3 OJHOIO COCTOSHUSA B APYro€ CIIy4ailHO, TO TFOBOPST, YTO
MUMEET MECTO CAYUANHBIIL NPOUECC C OUCKPCHHBIM 8PCMEHEM.

CnydaifHBIN TIPOIIECC HA3BIBAETCST MAPKOBCKUM, €CITH BEPOATHOCTH MEPEX0/1a U3 JMod0oro
COCTOsAHMA S; B JH000€ COCTOsAHME Sj HE 3aBUCUT OT TOrO, KaK M Korja cucrema S nonajia B
cocrosaue S; (T.e. B cucTreMe S OTCYTCTBYET MOC/IEACTBHE). B TakoM citydae roBOpAT, YTO
(PyHKIIMOHMPOBAHKME CUCTEMBI S ONUCHIBASTCA OUCKpemHOil yenvio Mapkoea.

[Tepexoapl cucTeMBbl S B pa3jiMuHbIe COCTOSHUA YI00HO M300paxaTh ¢ MOMOIIBIO rpada
cocrosinuit (puc.l).

o) 5 %
oA EF\\
8 1S
@ 0 )
07 03
Puc. 1

Bepumanasl rpada Si. Sy, S; 0003HauarOT BO3MOMKHBIE COCTOSAHUA cHcTeMbl. CTpelka,
HaIpaBJIEHHAsA M3 BEPIIMHBL S; B BEPIIMHY S; 0003HayaeT mepexon S; — Sj; YMCI0, CTOsAILIEE
pAIOM CO CTpenKol, 0003HavYaeT BEIMUMHY BEpPOATHOCTH JTOoro mepexomga. Crpenka,
3aMBIKAIOIIAsCs Ha [-TOM BepmmHe rpada, 0603HavaeT, 9To CUCTEMA OCTAETCsS B COCTOSHHUH S; C
BEPOATHOCTBIO, CTOALIECH Y CTPEJIKHU.

['pady cucremel, comepiKanieMy n BEPIINH, MOXKHO IMOCTABUTH B COOTBETCTBUE MATPHILY
NXn, DIEMEHTAMU KOTOPOM SABJIAIOTCSA BEPOATHOCTH MEPEXOJO0B pjj MEKAY BepmmHamH rpada.
Hanpuwmep, rpad Ha puc.l onmceiBaeTcst MmaTpunei F:

0,7 01 02
P=[04 0 06 |,
02 05 03

Ha3bIBACMON Mampuyeli 6epoamHocmeil nepexo006. INeMEeHTbl MATPUIIBI Pii YAOBIETBOPAIOT
YCIIOBUSIM:

0<p, <L (1.1)
2.p;=1 (1.2)
j=1

Ycnosue (1.1) - oO6pruHOE CBOMCTBO BepoATHOCTEH, a yciosue (1.2) (cymma saneMeHTOB
mo00M cTpeniky paBHa 1) o3Hauaer, yTo cuctema S 00s3aTeNbHO MO0 MEPEXOAUT UX KAKOr0-TO
COCTOsIHUA S B IPYTO€ COCTOSIHUE, JTMO0 OCTAETCs B COCTOSHUU ;.
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DNeMEHTBl MAaTPULBl P;; TAOT BEPOSATHOCTHU MEPEX00B B cHCTeMe 3a 0JuH war. [lepexon

Si — S 3a 1Ba 1mara MOKHO PacCMaTpUBaTh KAK MPOMCXOAANIMA HAa MEPBOM wiare us S; B
HEKOTOPOE ITPOMEKYTOYHOE COCTOAHUE Sy U HA BTOPOM Luare u3 S B S;. Takum oOpaszom, Juis
3J€MEHTOB MaTPHLIbI BEPOATHOCTEH IepexoaoB U3 .S; B S 3a JBa LIara MOTyYuM:

(2) _ i
Pj kzpr'kpfg" (1.3)
-1

(m)
B ol6mem cnywyae mepexoga S — S 3@ /m Warop JUis 3J€MEHTOB P, ~ MaTPHIbI
BEPOATHOCTEN NMEepPexoA0B crpasemBa Gopmya:

(nr 1y (m=1)
g prkpk; . 1<i<m. (1.4)

[Tonaras B (1.4)/=1mu/=m- 1 nonyuynum /Ba SKBUBAJCHTHBIX BbIPAKECHUS U1 P ;jm)

i

(m) __ (m-1),
Py = ; :pfﬁpig ; (1.5)
=1
(m) _ (m-1)
Py = Zp;k Py (1.6)
k=1

Ilpumep 1. /14 rpada Ha puc.l HaliTU BEpOSTHOCTH Nepexoa CUCTEMbI U3 COCTOSIHUS S

B COCTOSIHUE S, 3a 3 miara.

M _

Pemenne. BepositHocts mepexoma S, — S, 3a | mar pasra Py, = Py, = 0,1 Haiizem

2 "
BHAYANE P\ , HCTIONB3YSI ¢opmyny (1.5), B koTopoii momaraem m = 2.
[Homyuum:
;

pf%) Zplkpkz =pPpt Dt Pyt PP, =07-01+01-0+0,2-05=0,17

k=1
(2)
AHaJTOrH4IHO P12 Zpup )

s 2
Kak BuaHO u3 3T0# (hOpMyIbI, B JOMOIHEHHE K Pi;) HEOOXOMMMO BBIMHCIIATH TAKIKe

(2) (2) .
Pan A Py

3

ptzi) Epzkpkz =P21P12 t PuPyp +PnP3 =04-0,1+0-0+0,6-0,5=034.
";

pg) = Zpikp}d = P31Pi2 + P3Py + P33Py =0-0,140,5:0+0,3-0,5=0,15

TaKHM obpazom
P2 =p, p? + p,pP + pp? =0,7-0,17 +0,1-0,34 + 0,2 - 0,15 = 0,183,

Oteer: Bepoaraocts nepexona 81— S, mocne Tperbero mara pasna 0,183,
[TycTh cucTeMa S OMMCHIBAETCS MATPULIEH BEPOATHOCTEN nepexoaos



_pnplz ---- P 1
P P2Py--Pay
_pnlan """ P nn _|

(m) o (m)
Ecim  0003Haumth uepes P Marpuily, SJI€MEHTaMH KOTOpOM sBisotes [Py -

BEPOATHOCTH MEPEXOA0B U3 Si B Sj 3a M maros, TO CrpascJIiBa (bopmyna
pPo=pm (1.7)

m
rje Matpuia P mosryyaercst yMHOKEHUEM MaTpHILbl I camy Ha celst m pas.

A
Hcxomnoe coCTOsSTHUE CUCTEMBI XapaKTCPHU3YETCA 6EKMOPOM COCRIOAHUA CUHCHIEM bl Q
(HEIBBIB&GMBIM TaKKE COXACmUYeCcKUM BGKmOPOM).

Q = (q1: qza---:Qn )5
€ (j-BEPOATHOCTh TOTO, YTO MCXOOHBIM COCTOSHHEM CHCTEMBI SABJIAETCA S COCTOSHHUE.
Ananornuso (1.1) u (1.2) cnpaBeainBbl COOTHOLIEHUS

0<g<l; 24=1
i=1

~(m) _ (m nt) m
Obo3ra9nM Yepes Q“ = (fh”),q; >---nf1,(, ))

(m)
BEKTOP COCTOAHUA CHUCTEMLI ITOCIIE /n 1aros, rAae q j = BEPOATHOCTb TOI'O, UTO IIOCIIE M
IIarOB CUCTEMa HAXOAUTCA B S; cocTosHUH. Toraa crpaBewinBa Gopmysa
T (1.8)

Ilpumep 2. Haiit BEKTOp COCTOAHMA CHUCTEMBI, M300paKCHHBIM HaA pHC.l Mmocae aByX
[11aroB.

Pemenne. Mcxomnoe cocrosnue cucremsl xapaktepusyercs sekropom O=(0,7; 0; 0,3).
[Tocne mepsoro mara (m = 1) cucrema nepeiiner B coctosanue O

0,7 0,1 0,2
0P =0-P=(0,7,0;0,3)-{04 0 0,6|=(07-0,7+0-0,4+0,3-0,2;0,7-0,1 +
02 05 03

+0-0+0,3-0,5,0,7-0.2+0-0,6+0,3-0,3) = (0,55; 0,22; 0,23).

(2
[Tocne BTOPOTO miara CUMCTEMa OKaKETCA B COCTOAHHUA Q 22

0,7 0.1 0.2
0V =0-P=(0,7,0,03)-{04 0 0,6 |=(0519;017;0311)
0,2 05 03

Otser: CocTosiHue CHUCTEMBI S TMOCHE ABYX IIAroB Xapaktepusyercsa Bektopom (0,519;
0,17,0,311).

[Ipu pemennn 3agad B npumepax 1, 2 npeanosaranocs, 4T0 BEPOATHOCTH NEPEXooB P
OCTAlOTCA TOCTOSHHBIMM. [aKkWe MapKOBCKWE WENMW Ha3bIBAIOTCS CcMauuoHapusimu. B
MPOTUBHOM CJTy4ae MapKOBCKas 11€Mb Ha3bIBACTCA HECHAUUOHAPHOIL.
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§2. MapkoBcKkHe HenH ¢ KOHEYHBIM YHCJI0M COCTOSTHHI M HeMpePbIBHBIM BPEMEHeM.

Ecnn cucrema S MOXKET NEPEXOMUTh B JAPYro€ COCTOAHME CJydaHbIM 00pasoM B
[POW3BOJIBHBI MOMEHT BPEMEHH, TO TOBOPAT O CAYYAHUHOM Npoyecce ¢ HenpepvliéHvIM
gpemeneMm. B OTCYyTCTBHHM MOCIENEWCTBUA TaKOW TPOLECC HA3BIBACTCS HENPEpbigHOIl
MapKo6cKoii yenvio. IIpu 3TOM BEPOSTHOCTH MEPEXOAOB S; — S; wist MoOkIX / 1 j B Mmoot
MOMEHT BPEMEHHU PAaBHBI HYJIO (B CHJIY HEMPEPLIBHOCTHA BpeMeHu). [1o 3Tol mpuunHe BMECTO
BEPOATHOCTH Tepexofa [jj BBOAUTCA BEJIMUYMHA Ajj - NJIOMHOCHb 6€POAMHOCIU Nepexoda u3
COCTOSIHUA Sj B COCTOSIHHE S, ONpeesnseMas Kak mpeaer

Ay (1) = lim v _;_ (i ). 2.1)

Ecnu BeMuMHBI Ajj HE 3aBUCAT OT [, TO MAPKOBCKMI{ IPOLIECC HA3BIBACTCA OOHOPOOHBIM.
Ecmu 3a BpcMA Al cucTeMa MOKET M3MEHHUTh CBOE COCTOSIHME HE 0OoJjiee 4eM OIHH pa3, TO
TOBOPAT, 4TO CHAyYalHBIH TpOIecC SBISETCA OpOUHApHuIM. Benmuumny A Ha3pIBalOT
UHMeEHCUEHOCIMbIO nepexooa cucteMmsbl u3 S; B S;. Ha rpade cocTosHui CHCTEMBI YUCIICHHBIE

3HAYECHUA Ajj CTABAT PSAZOM CO CTPEJIKAMH, TMOKA3bIBAIOIIMMM TMEPEXO/bl B BEepHIMHBI rpada
(puc. 2).

M= 82
/ ‘\132 -
?\.21:2
S] Aas=4 S3
Puc. 2

3HasT MHTEHCUBHOCTH [MEPEeXOJ0B MOXKHO Haltu Benuuusbl pi(f), pa(l),..., pu(l) -
BEPOATHOCTH HAXOKAEHUS CUCTEMBI S B cocTosHusx S, Ss,. .., S, coorsercreenno. [Ipu aTom
BBINOJIHAETCS YCIOBHE

D.p,(0)=1 2.2)
=1

Pacrnipe/ie/ieHHe BEPOATHOCTEH COCTOAHMH CHCTEMBI, KOTOPOE MOMKHO XapaKTepH30BaTh
sekropom (1) = (p,(1), py(1),..., p,(1)), HaspiBaeTCA CMAUUOHAPHBIM, €CTH OHO He

3aBHCHT OT BPEMEHH, T.€. BCE KOMIIOHEHTHI BEKTOpPA P ABIIAIOTCSA KOHCTAaHTAMH.

Cocrosanunsa S; 1 S HA3BIBAIOTCA COOOU{AIOU{UMUCA, SCITA BO3SMOKHBI TIEPEXOBI S; <> S (Ha
puc. 2 cOOOMIAIOIIMMUCS SIBJISIOTCS COCTOSTHUS S U S, a 81, S3 1 S, S3 TAKUMH HE SIBJISFOTCS ).

CocrosHue S; Ha3BIBACTCS CYU4ECIMBEHHBIM, €CIIH BCAKOE S; , JOCTHKUMOE U3 S;, ABIAETCA
coobmarommmes ¢ S;. CocTtosHue S; Ha3bIBACTCA HECYU|EeCMEEHHbIM, SCIIH OHO HE ABIIACTCS
CYLIECTBEHHBIM (Ha pHC. 2 CYIIECTBEHHBIMH SBIITFOTCS COCTOSHUS S| U S5).

Ecnu cymecTByIOT npeaebHbIe BEPOATHOCTH COCTOSHUN CUCTEMBI

p, =limp, (1), (j=Ln) (23)

HE 3aBUCAIIUE OT HAYAIILbHOTO COCTOAHUA CUCTEMbI, TO TOBOPST, UTO IIPH t — 00 B CHCTEME
YCTAHABJIUBAETCSA CHIAUUOHAPHBIN PEHCUM.



Cucrema, B KOTOpOM CYIIECTBYIOT mpejeiibHbie ((puHAIbHBIC) BEPOATHOCTH COCTOSHUMN
CHUCTEMBI, HAa3bBIBACTCA IP200UUECKONl, A TIPOTEKAIOMMA B HEW CIydailHeIii MpoIecce
IP2OOUUECKUM.

Teopema 1. Eciu §; — HecyiecTBEHHOE COCTOSIHHE, TO

lim p, (1) =0, (2.4)
[—w
T.e. MPH t — o0 CHCTEMA BBIXOIUT U3 JIFOOOr0 HECYIIECTBEHHOIO COCTOSHUS (/11 CHCTEMBI
Ha puc. 2 !1_{2 Ps(1) =0, 1k S5 HecymecrsenHoe cocTORHME).

Teopema 2. UtoObl cucTeMa C KOHEYHBIM YHMCIOM COCTOSHUN HMeENla eOUHCHIBEHHOoe
npeoesibHoe pacnpeoesieHue BEPOATHOCTEN COCTOAHUM, HEOOXOAUMO U JOCTAaTOYHO, YTOOBI BCE
ee CYIIeCTBEHHbIE COCTOSIHHS COOOM{anucy Mexay coOoi (cucreMa Ha pUC.2 YIOBJIETBOPSET
TOMY YCJOBHIO, T.K. CYIIIECTBEHHBIE COCTOSHUSA S U 5> cO00ImaoTes Mex Iy coboi).

Ecnu cnyyalinelii npouecc, NpouCXOAAIIUMid B CHCTEME C JAMCKPETHBIMU COCTOSHUAMH
ABJIACTCS HEMPEPHIBHOM MAPKOBCKOU LIEMbBIO, TO M1t BepoaTHOCTEH pi(1), pa(1),..., pu(l) MOKHO
COCTaBUTh CHUCTEMY JIMHEHHBIX AuddepeHunanbHbIX YpaBHEHUI, HA3bIBAGMBIX VPAGHEHUAMIU
Koamozopoea. 1lpu cocraBieHuM YpaBHEHUUN YJI0O0HO MOIb30BAThCA TIpadoM COCTOAHUMI
cucteMmbl. PaccmoTpum nostyuenue ypasHenuit KoiMoroposa Ha KOHKPETHOM [IPUMEDPE.

IIpumep 3. 3anucate ypasHenus Koamoroposa it cucteMsl, n3o0pakeHHON Ha puc.2.
Haiiti ¢uHanbHbIe BEPOSTHOCTHU JIJIS COCTOSITHUIA CHUCTEMBI .

Pemienne. Paccmorpum BHauane BepummHy rpada ;. BepostHocTts pi(f + Af) TOrO, 9TO
cucreMa B MOMEHT BpeMenu (/ + Af) Oyner HaXOQUTbCA B COCTOSHUU S) JAOCTHraeTcs JBYMs
croco0amu:

a) cMCTEMa B MOMEHT BPEMEHH 7 ¢ BEPOATHOCTBIO pi(f) HAXOAWIach B COCTOSHUMU S| M 32
masioe Bpems Al He mepeliia B cocTosiHue S,. M3 coctosanms ) cuctema MoKeT ObITh BeIBEACHA
[OTOKOM MHTEHCHBHOCTBIO A1y, BEPOSATHOCTb BBIXOJA CHCTEMBI M3 COCTOAHHUA S 3a Bpems Af
[pU 3TOM pPaBHA (C TOYHOCTHIO JI0 BEJIMUUH OoJiee BBICOKOIO Mopsjka Majoctu o Af) 4, At a

BEPOSTHOCTh HEBBIXOAA M3 coctosHus S; Oyner pasua (1 - A; Af). Ilpu 3TOM BEpOATHOCTH
TOTO, YTO CHCT€Ma OCTAHETCA B COCTOAHMHM ), COrJIaCHO TeopeMe 00 YyMHOXKEHUU
BeposaTHOCTeH Oy et pasua pi(1) (1 - Ay A).

0) cucreMa B MOMEHT BpeMeHM [ HaXOAWIachb B COCTOSIHMM S M 3a Bpemsi Al moj
BO3/ICHCTBHEM MOTOKA ;| TIEPEIITa B COCTOAHUE S| C BEPOATHOCTBIO Ay Af. BeposaTHocTs TOTO,
4TO crcTemMa OyJIeT HaXOJIUTHCS B COCTOSIHUH S paBHA py(1) Ay At

B) CHCT€Ma B MOMEHT BPEMEHM [ HAXOIWIACh B COCTOAHMU S3 M 3a Bpems Al moa
BO3/ICHCTBHEM MOTOKA /3] TIEPEIILTa B COCTOAHUE S| C BEPOATHOCTHIO A3 Af. BeposaTHoCTh TOTO,
4TO cucTeMa Oy/IeT HAXOIUThCs B COCTOSIHUU S| paBHA ps(1) 43 Al.

[To Teopeme Cl10KEHUS BEPOSITHOCTEN MOJTYUUM

pi(t+ A =pi(0) (1 = hia A + pa(8) (1 = Aoy A1) + p3(6) (1 — A3y A), =
pit+ A7) - pi(t) = (-p1(0) Mz + pa(1) Aa1 + p3(0) As1) A=
P(1+A)-pi(t) _

A ==Mapi(t) +A10a(1) + A3105(1).
[epexoms k npeaeny At — 0, nomyuum
%: e s Bl B b B s 2.5)
AHaNOTMYHO, paccMaTpuBas BepiuHbl rpada S; u S , MOIyuYnuM ypaBHEHHS
Do b= Ayt ps, (2.6)
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dp,

dt

K ypapuenusm (2.5) — (2.7) cnemyer noGasuth ypaBHenue (2.2), uMeromniee B JaHHOM
cirydae BUI

= —(4Ay + 43 ) ps. (2.7)

PLEPy =L (2.8)

Ypapaenne (2.8) BBIMOIHACT POJIb HOPMHUPOBOYHOTO YCJIOBHA, HAKIAABIBAEMOrO Ha
BEPOATHOCTH ;.

Pemenue cucremsl ypasHenuid (2.5) — (2.8) B 3aBUCHMOCTH OT BPEMEHH MOKHO HaWTH
00 aHATUTHYECKH, JNUO0 YMCICHHO € YyYeTOM HayalbHbBIX YCIOBUH. Mbl HaiijeM JuIlb
(punanbHBIE BEPOATHOCTH pj, KOTOPBIE [0 ONPEAEIEHUIO IPH [ — 0 HE 3aBUCAT OT BPEMEHH.
[Tpu stom B (2.5) — (2.7) dp/dt =0 (j = 1, 2, 3). [loayuuBimmecs npu 5TOM TpH anreOpandeckux
yPaBHEHUS SIBJISIIOTCS OJHOPOIHBIMU, MO3TOMY OJHO M3 HUX MOXHO 0oTOpocuth. OTOpoCcHM,
HampuMep, YpaBHEHUE, nofyuaromeecs u3 (2.6), a BMeCTO Hero 3amnuinem ypasHenue (2.8). B
pe3ysibTaTe CUCTEMa ypaBHEHHIT Ul ()MHATIBHBIX BEPOSTHOCTEH MPUMET BH]I

— AP+ Ay Py + 4405 =0,

pt pt ps=l
(A + 43, )ps =0.

W3 mocnenHero ypaBHEHUA CIIEAYET, uTo p; = (. Pemas ocTaBiimecs ypaBHEHUA, TOJTYUYUM
pi=2/3, pp=1/3.

= 2.
OTBeT: BEKTOP COCTOSHMS CUCTEMBI B CTAITMOHAPHOM pPEXUME PaBeH P = (§ : 5,0).

C yueroMm paccMOTpPeHHOro mnpumepa chopmysupyeM oOlIee NPaBUIO COCTABJICHUS
ypaBHenui Konmmoroposa:

B neBoii wacTM KakKIOro M3 HUX CTOMT IPOM3BOJHASA BEPOATHOCTH KAaKOro-To (J-ro)
cocrosiHusA. B mpaBoil wacTtu - cymMMa IPOU3BEACHHMI BEPOSTHOCTEN BCEX COCTOSHUH, U3
KOTOPBIX WIYT CTPEIKH B JaHHOE COCTOSHHE, HA MHTEHCUBHOCTH COOTBETCTBYIOIIUX MOTOKOB,
MHUHYC CyMMapHas WHTEHCHBHOCTH BCEX TMOTOKOB, BBIBOIAIIMX CHUCTEMY W3 JaHHOrO (/-ro)
COCTOSIHMSA, YMHO)KEHHAs Ha BEPOSITHOCTh JIAHHOTO (/-I0) COCTOSIHHUA.

§3. IIpoueccn poxkaeHus: u rudesim.

Tak wasbiBaeTCs MMMPOKHI KJIacC CIIyHYalHbBIX MPOLECCOB, MPOUCXOAMIUX B CHCTEME,
pa3medeHHbIH rpad) COCTOSHIUE KOTOPO# N300pakeH Ha puc. 3.

Aoy Ao
o+

e g i

SO S[ 82 Sg-l So

-
-

TP

F N
F 3

Ko L H2 Hg2 Hg-1

Puc. 3

3meck BeNMWUUHBI Ao, Ai,..., Ag| - MHTEHCHBHOCTH TEPEXOJOB CHCTEMBI M3 COCTOSHUS B
COCTOSIHHE CJIeBa HAmNpaBo, MOMKHO MHTEPHPETUPOBATh KAaK HWHTEHCHMBHOCTH POXKJICHUs
(BO3HUKHOBEHHA 3a5BOK) B CUCTEME. AHAIIOTMYHO, BETUYUHBL Lo, U 1,..., 1 o.] = AHTEHCUBHOCTH
MePex0/I0B CUCTEMBl M3 COCTOSTHUS B COCTOSIHHE CTpaBa HAJeBO, MOXXHO MHTEPHPETHPOBAThH
KaK MHTEHCUBHOCTH IUOeITH (BBITIOJTHEHUS 3a55BOK) B CUCTEME.

11



[TockoybKy BCE COCTOSAHHSA ABIAIOTCA COOOIIAIIMUMHUCA U CYIIECTBEHHBIMH, CYIIECTBYET
(B cuiy Teopemsl 2) mpeaenbHoe (puHATBHOE) pacmpenesieHne BEPOSTHOCTEH COCTOSHHIA.
[Tonyuum popmysasl uist hUHAITBHBIX BEPOSTHOCTEM COCTOSHUM CUCTEMBI.

B craumonapHbIX YCIOBMSX Il KaXKJIOTO COCTOSIHUSI MOTOK, BTEKAIOWIUH B JIAHHOE
COCTOSIHUE JOJUKEH PaBHATHCA TOTOKY, BBITEKAIOUIEMY W3 JAHHOTO COCTOSHUA. Takum
o0pa3zoM, UMeeM:

JUUISL COCTOSTHHS S

Do rolAt = pi-uoAt; = Ao po = o pi;
JUTSL COCTOSTHHUA S
pr (A + o)At = pydoAt + prpy At,; = (A + o) p1 = Ao po + P

[Tocnennee ypaBHEHHE C YUETOM MPEAbIIYLIETO MOKHO NMPUBECTU K BUAY 4] P = Uipa.
AHANOrMYHO MOKHO MOJYYUTh YPABHCHHUS /1A OCTAJIbHBIX COCTOSIHUM cucTeMbl. B pesysibrare
MOJIYYUTCS CUCTEMA YPABHECHHUIA:

uopn = HoPys
APy = 1Py,
34 Pr = Hi Pras (3.1)

;{’g—]pg—l = #g—lpg:
(PotP+..+p, =L

[Tocnennee ypasuenue B (3.1) sBisercs oueBUAHBIM ycioeueM (2.2). Pemenue cucreMsl
ypaBHeHu# (3.1) umeer BUI;

-1

by, Johy | akds | Ao Ay

My Mol Ju['llul,u: Moyt - /ug—l
A . ) i44 Aoy Ay
By=— Py Pa=— o B Byiek P, =—glp0‘ (3.3)
L Lo 1, Mo fy 1 HoHy---Heg-

§4. OcHOBHBIE MOHATHS U KJIACCH(PHKALIUS CHCTEM MACCOBOro 00C/IyKHBAHHSL.
IIpocreiimmii MOTOK 3asIBOK.

3aaexoii (v mpedoeaHuem) HA3BIBACTCA CHPOC HA YAOBJIETBOPEHUE KaKOH-THO0
noTpeOHOCTH (anee MOTPEeOHOCTH TPEANONaratoTcss OJHOTHUIIHBIMHU). BrIMOSHEHHE 3aiBKH
HA3bIBACTCS OOCAYHCUBAHUEM 3ASIBKU.

Cucmemoit maccoeozo oocayyucueanua (CMO) HazpiBaeTcs mo0as cucrema s
BBITIOJTHEHUA 3a9BOK, MOCTYMAOIIMX B HEE B CIyJaifHbIC MOMEHTHI BPDEMEHHU.

[Toctymnienue 3asBku B CMO HasbiBaetcst codvimuem. IlocnenoBarenbHOCTs COOBITUH,
3aKJIIOYAIOIINXCS B MOCTYTUIeHUA 3asiBOK B CMO, Ha3bIBaeTCS 6X00AMUM NOMOKOM 3aABOK.
[TocnenoBarejibHOCTh COOBITHI, 3aK/THOYAKOLIMXCS B BhINOJAHEHUHM 3asBoK B CMO, Ha3biBaeTcs
BHIXO0AMUM NOMOKOM 3AABOK.

[Totox 3asBOK HA3BIBACTCS MPOCHMENMUM, €CIIM OH YJOBJIETBOPSET CJIeIyIOLIUM
YCIIOBHSIM
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1)omcymcmeue nocnedeiicmeus, T.¢. 3a4BKA MOCTYNAIOT HE3ABUCHMO JIPYT OT JPYTa;

2)cmayuoHapHocms, T.€. BEPOSTHOCTh TMOCTYIUIEHHS JAHHOTO YMCIIa 3adBOK Ha MOOOM
BPEMEHHOM OTpe3Ke [f1, 73] 3aBUCHMT JIMIIb OT BEJIMYMHBI 3TOrO OTPE3Ka M HE 3aBUCHT OT
3HAQUEHUs [}, YTO IO3BOJIAET IOBOPUTH O CPEIHEM 4YHUCJIE 3asBOK 3a €AUHUIY BPEMEHH, A,
HA3bIBAEMOM WHMEHCUBHOCMbI) HOMOKA 3(560K,

3)opounaprocme, T.e. B mobdoii momeHT BpeMeHn B CMO mocTymnaer IWIms 0JIHa 3asBKa,
a MOCTYIUIEHHUE OJJHOBPEMEHHO ABYX M 00Jjiee 3asiBOK MPEHeOpeKUMO Maslo.

JInst mpocreiiniero moroka BeposATHOCTH pi(f) nocrymierus B CMO poBHO / 3asBOK 3a
BpeMs ! Beruucnsgercs no hopmyire

1
pi(ty= e, (.1

T.€. BEPOATHOCTH pacnpejencHsl no 3akoHy llyaccona c¢ mapamerpom Af. [lo 3toi
OPUYMHE NPOCTENILNHA TOTOK HA3bIBACTCS TAKIKE HYACCOHOBCKUM NONOKOM.

Oyukuus pacnpenenenus [F(f) ciaydaiilHOro wuHTEepBaia BpeMeHH 1 MEKIy JIBYMs
MOCIeIOBATEIFHBIMY 3aBKaMHM 10 onpenenenuto pasHa (1) = P(1T < t). Ho P(T<t)=1 - P(1>t),
rae P(1 > 1) — BEpOATHOCTB TOr0, YTO CJAEAYIOLIAs Mmociae nocieanei 3asBku nocrynur 8 CMO
0 WCTEUeHHH BpemeHu f/, T.e. 3a Bpemsa / B CMO He nocrynut HM oaHa 3asBka. Ho
BEPOATHOCTH ITOTO COOBITHA HaxoauTes u3 (4.1) mpu i = 0. Takum oOpazom,

P(T 2 1) = py(H)=e™ (4.2)
u Hp=1-2" (4.3)
[TnotHOCTH BeposaTHOCTH (1) ciyuaiinon BenmunHbl /' onpeaensercs Gopmynoi
f()=F/(1)=de™, (1>0),

4 MATEeMaTHYCCKOC OXHIAAHHUC, AHUCHEPCHA H CPCOHEC KBaJAPAaTHYCCKOC OTKIIOHCHHEC
cnyqaﬁﬂoﬁ BCJIMYHUHDbI TpaBHbI COOTBETCTBCHHO

|
M(T) =L _f_)(’f')zl—:; o(l)=—. (4.4)

i’ A A

IIpumep 4. B cnipaBounoe Gropo oOpamaercs B cpeaneM 2 yenoseka 3a 10 munyt. Haiitu
BEPOATHOCTH TOTr0, 9TO 3a 30 MUHYT 3a CTIPaBKOM 0OpaTHUTCS:

a) 4 gyenoBeka, 0) He MeHee 3-X YEJIOBEK.

Pemrenne. MHTEHCHBHOCTh MOTOKA 3asBOK paBHa A = 2/10 mmm = 02[mun’]. s
pemenns ucnonas3yem dopmyay (4.1), rae monaraem ¢ = 7' = 30 MunyT; 11 MyHKTA (a) | = 4,
s myHkTa (0) 1 =3,4,5.... .

(0,2+80)° g . 6"

a) P,,(T)—4—!e —Ee

0) npu peleHuH STOro IyHKTa LE1eco00pa3sHO HCMHOJb30BaTh IPOTHBOMOIOKHYIO
BEPOSTHOCTH:

S~ 0,134

2
PL(T)=1-P(T)=1~(P(T)+P(T)+P,(T))=1-(e® +1—61’e . +%e'6)z1—0,062=0,938,

IIpumep 5. B mpubope umerorcs nsa 6;0ka, padoTaONIMX HE3aBUCHMO JAPYT OT Apyra.
Bpemst Ge3oTka3Hoit paboThl oOmpeaesisieTcss MokKa3areabHbiM 3akoHOM. CpeiHee Bpems
0e30Tka3HOit paboTel 1-ro 6moka — ¢ = 2 roaa, 2-ro — £, = | rog. HaliTi BEpOSATHOCTH TOTO, UTO
3a 1,5 roga: a) He OTKaKeT HU OJMH U3 OJIOKOB; 0) OTKaKET TOJIBKO 2-i1 010K, B) OTKaKyT 00a
OJ10Ka.

Pemenne: B kauectBe COOBITMA BBICTYNAET HEUCIIPABHOCTH KakOro-to  Onoka.
BepositHoctb p (1) McnpaBHOCTH i-ro GII0Ka B TEYEHHE BPEMEHH ! onpejensercs hopMyIioi
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(4.2), T.e.
plgy = g~ ™, plilfg) = o ¥t
roe A\ = 1/t = 0,5[1“0;{'1], h=1/t,= 1[1"0,1:['1].
BepostHocTH mcnipaBHOCTH OJIOKOB MO McTeueHud Bpemenu f = 7' = 1,5 roma OyayT paBHEI
COOTBETCTBEHHO

pm — ¢~ = g5 5 04T, p@ = =4 — o115 5 0203
Beposarnocts TOro, 4ro 3a Bpems 1 i-id OJIOK BBIMIET W3 CTPOS, SABIACTCA MPOTUBOIOJIOKHOU
sepostroctsio P (1)

pV =1-p"(T)~1-0,472=0,528,

p? =1- p®(T)~1-0,223=0,777.

O6o3nauum yepes A, B, C coObitus, ¢urypupyroue B nyHkrax (a), (0), (B) COOTBETCTBEHHO U
YUUTBIBAsA, 4TO ONOKM padOTAIOT HE3aBUCUMO JIPYT OT APYTra, HANAEM:

a) p(4)=p(T)- p(T)~0,472-0,223 ~ 0,1,

6) p(B)= p"(I')-pP(T)~ 0,472 -0,777 ~ 0,367;

B) p(C)=p"(7)-p»(I')~ 0,528 -0,777 ~ 0,41.

Kananom oécnyycueanusa wnaspiBactcsa ycrpoiicteo B CMO, oOcnyskuBaromee 3asBKy.
CMO, conepskariee OIUH KaHaJl 00CIYKUBAHUS, HA3bIBAETCSI OOHOKAHAIBbHOIL, a COJiepIKaIiee
6omnee oaHOTO KaHana 00CIy KUBAHUS — MHOOKAHANbHOIL (HAanpuMep, 3 KacChl Ha BOK3ale).

Ecmm 3asBka, moctynaromas B CMO, MOXKET MOMy4YuTh OTKa3 B OOCITYKMBAaHUHU (B CHIY
3aHATOCTH BCEX KAHAIOB OOCITY’KUBAHMS) U B Cllydae OTKa3a BbIHY»KJeHa nokuHyte CMO, 10
takas CMO naspiBaeTcs CMO ¢ omkazamu (npumepom takoir CMO mosxket cimyxuth ATC).

Ecmm B ciydae oTka3a B 00C/IyKMBaHMM 3asBKM MOTYT BCTaBaTh B o4epeapb, To Takue CMO
HazbiBatoTcss CMO ¢ ouepeovro (vmu ¢ oxcudanuem). Ilpu stom pazmuuaror CMO ¢
02paHUYeHHON W HeozpanuueHHoil odvepennio. [Ipumepom mepBrix CMO MOXKET CIyKWThH
MOUKA /ISl aBTOMAIIMH ¢ MAJIEHBKOM CTOSHKOM /151 O’KUAIONIAX MAIIUH, @ IPUMEPOM BTOPBIX
CMO moskeT cimyKUTh OUIIETHAA Kacca WiTd METPOITOIUTEH.

Bosmosxkubl Takke CMO cMelmaHHOro TUra, Korjaa, HarpuMep, 3asiBKa MOXET BCTaBaTh B
OYepe/ib, €CIIH OHA HE OYEHDb BEIINKA, 1 MOYKET HAXOJUTHCA B OYEPEaN OrPAHUYCHHOE BPEMS U
yiiti u3 CMO nHe o6cmyKeHHOIA.

Paznmuuaror CMO otkpsiToro u 3amknyroro tuna. B CMO omkpsimozo tuna notok
3agBOK He 3aBucHT 0T CMO (OuseTHbIe Kacchl, ouepens B OynouHoii). B CMO 3amkHymozo
Tuna 00C/Ty)KMBACTCsA OrPAHUYEHHBIA KPYI KIMEHTOB, @ YUCIIO 3asBOK MOJKET CYLIECTBEHHO
3aBuceTh oT cocrossaua CMO (Hanpumep, Opurana ciecapeil — HaJIaTIUKOB, 00CTYKHBAOIIHX
CTaHKH Ha 3aBOJIE).

CMO MoryT Takike pasaInyuarbCa N0 OUCUUNAUHE O00CAYHCUEAHUA: OOCITYKUBAIOTCA JIN
3a5BKY B TIOPAAKE MOCTYIVICHHA, CITydaiiHbIM 00pa30M HJTH BHE O4epe/in (C IPHOPUTETOM ).

CMO  omnuchHBAKOTCA  HEKOTOPHIMU  IAapamMeTpaMH,  KOTOPbIE  XapaKTepPH3YIOT
3 PEKTUBHOCTH padOTHI CUCTEMBI.

n —yucao kananoe 6 CMO:,

4 — unmencuenocmy nocmynienua ¢ CMO 3aa60k;
U~ UHMEHCUBHOCHb 00CYHCUBAHUA 3AABOK,

p = My — ko3appuuyuenm 3azpysku CMO,;

m — YUCA0 Mecm é ouepeou;
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Do~ 66POAMHOCL OmMKa3a 6 oocyycueanuu nocmynueuien 6 CMO 3aagku;
O = Pose - BEpOATHOCTH oOchyxuBanug mnoctynusiieir B CMO 3asBku (omHocumensHasn
nponyckuasa cnocoonocmes CMO); npu 3TOM

O = Pposc = 1 = pox; 4.5)
A — cpennee umcio 3asgBOK, obcmyxmBaeMbix B CMO B eaunuily BpemMeHU (abdconiomuas
nponyckuasa cnocoonocms CMO)

A=\0; (4.6)

Lewo - CpEOHee uucno 3aa60k, naxonammxca 8 CMO;
n, - cpeonee uucno kauaioe 8 CMO, 3aHATBIX 00CTyKMBaHUEM 3asBOK. B TO ke BpeMs 3TO
Losc - cpeonee uucao 3aaeo0k, oocnyxupaeMbix CMO 3a enuHuny BpemeHd. Benuuuna 7,

onpeaciI€TCAd Kak MaTEMaTHYCCKOEC OKHIaHHC CJ'IY'-IEIﬁHOl'O YHUCIAa 3aHATBIX OGCH}/}KHBB.HHCM n
KaHaJIOB:

n m
=M@= k-p.+Ynp,.., (4.7)
k=1 i=1
rmae Pk' BGpOHTHOCTB CHUCTEMEI HAXOOHUTECA B Sk- COCTOS[HHH;

K, =n;/n -Koyppuuuenm sanamocmu Kanaoe,

lox = CPEOHEe 8pema oxcudanua (00Cny KuBaHuA) 3a48KU € ouepeou,

V = 1/l - UHMEHCUBHOCIMb NOMOKA YX00Q 3AA60K U3 0Uepeou.

Loy~ cpeonee uucio 3aa60k 6 ouepeou (ecnv ouepeap €CTh), OMpEeaesieTcs Kak
MaTeMaTH4eCKOe OJKUJIaHUE CIIyHYailHON BEJIMYMHBI M — YKCIIA 33a9BOK, COCTOAIIUX B O4epean

L,=M(@m)=Yip,.,, (4.8)
i=1
TJI€ Py+i - 6EPOAMHOCHIL HAXO0NHCOCHUA 6 0Yepeol i 3aA60K,
T,.,=Lt., - cpednee epema npeovieanua 3aagku 8 CMO;

T,, =1, -cpeduee epemn npedvieanus 3aa6Ku ¢ ouepedu (ecii ecTs ouepesp),
Hsa otkpeiTeix CMO cripaBeiiiBEl COOTHOIISHUS

_ L L

tChlo — CMO e D"[‘ + g, (49)
A A i

toy, = g (4.10)

HaszbiBaembie (opmynamu JIuTTia ¥ MPUMEHUMBIE TONBKO [UIA CTALMOHAPHBIX MOTOKOB
3asdBOK M 00CIyKUBAHMSL.

Paccmotpum HekoTopsie koHKpeTHBIE TUTBl CMO. [Ipu 3ToM Oyaer mpeamnonaratbes, 9To
IUIOTHOCTh Pacnpesie/ieHuss NPOMEKYTKa BPEMEHM MEKIY [JBYMs I10CIE0BATEIbHBIMU
coObrTusaMu B CMO umeer nokaszarenbHoe pacnpeneneHue (4.3), a Bce HOTOKH SBJISIOTCS
NPOCTEUIITUMH.
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§ 5. Onnokanansnass CMO ¢ oTkazamu.

Pa3meuennsriii rpad cocrosumii ogHokanansHoii CMO nipejicraBiieH Ha puc.4.

l Fall
So |, S,
I
Puc. 4

3nech A M 4 — MHTEHCHMBHOCTb IOTOKA 3asgBOK M BBHINOJHEHUA 3aiBOK COOTBETCTBEHHO.
Cocrosinne cucrembl S, o0O3HAuaeT, 4YTo KaHajl cBOOOAeH, a S; - YTO KaHaj 3aHAT
00CITy)KUBAaHUEM 3aSIBKU.
Cucrema muddepenimanbabix ypasuenuit Konmmvoroposa ans takoit CMO uMeet B (CM.
npumep 3)
dp (1) _
e
dp , (1)

= AP A1)+ 2P, (1)

= Apo(t) — up, (1),

po(t)+p, (f) =1,

rae po(f) u pi(f) - BepoaTHocTd HaxoxaeHusd CMO B coCTOSTHUSX Sy M S COOTBETCTBEHHO.
VYpaBuenuss ia  (QUHAIBHBIX BEPOATHOCTEM py W p; NOJYYHM, TPUPABHUBASA HYIIO
MPOM3BOIHBIC B MEPBHIX JIBYX YPABHEHMIX CUCTEMBI. B pesynbrare momyuum:
1

= = , 5.1
Po T (5.1)

e o M 52
s u+A l+p 324

BepositHOCTE p)y MO CBOEMY CMBICTY €CTh BEPOATHOCTH OOCIYKMBAHMS 3aABKH Pose, T.K.
KaHal sABJIAETCS CBOOOIHBIM, a BEPOATHOCTb p; MO CBOEMY CMBICIY SABJIAETCS BEPOATHOCTHIO
oTkasa B o0cnyskupanuu nocrynawoiieit B CMO 3asBKU Py, T.K. KaHAT 3aHAT 00CITYKUBAHHEM
npenpiaymen 3asBku. Ocrampnbie xapaktepuctukn CMO Haiiaém, paccMOTpeB KOHKPETHBIN
pUMED.

IIpumep 6. Cexperapro aumpexkTopa 3aBoga noctymnaer B cpeaem 1,2 tenedoHHBIX
BBI30BOB B MUHYTY. CpeiHss NpOAO/IKUTENIbHOCTh pa3roBopa cocrasisier 2 MuHyThl. Haiitn
ocHoBHBIE XapakTepucTukn CMO u onieanTh 3(HeKTHBHOCTH €€ paboThI.

Pemrenne: I1o ycinomio A = 1.2 (Mun)”, 4 = 2(mun) ™, otkyna p = Au = 0.6. ITo popmynam
(5.1) u (5.2) Hax0aUM Pose ¥ Porx:

poéc_=p0=L=03625' pomx.=pl=L=O737S-
1+p g 1+ p
Takum o6paszom, oOcayxuBaercs Jmwmme 62,5% 3BOHKOB, UYTO HEIb3sl CUMATATH
yAOBIETBOPUTENbHBIM. AOGCOMOTHAS pomyckHas cnocodnocts CMO
A =70 = }pose = 1,2:0,625(mun)” = 0,75(vun) ",
T.e. B cpeHeM oOciyskuBaercs 0,75 3BOHKA B MUHYTY.
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§ 6. Muoroxkanaasaas CMO c¢ oTkazamm.

[Tycte CMO coziepXuT 1 KaHaJIoOB, HHTEHCUBHOCTh BXOJIAIIErO NMOTOKA 3asBOK paBHa A, a
MHTEHCUBHOCTh OOCIIY/KUBAHUS 3asABKM KaKIbIM KaHajoM paBHa u. PasmedeHHslii rpad
COCTOSIHHM CHCTEMBI M300pakEéH HA pHUC. 5.

/ )

¢ ; A A A BN
Si ke S
B kel T e L ey

So | S1 ke S
Oy]2y23

Ly

<
=
=

Puc. 5

CocrosiHHEe S) 03HAYAET, YTO BCE KaHaJbI cBOOOIHBI, cocTosHue O, (k =1,7) o3nauaer,

4yTo 00CITyKMBAaHMEM 3asBOK 3aHATHl k KaHaioB. [lepexo M3 OJHOr0 COCTOSIHMS B JIPYroe
COCE/IHEE MPaBOE MPOUCXOMUT CKAYKOOOpa3HO 1OJ BO3ACHCTBUEM BXOJAIIETO IMOTOKA 3asABOK
MHTEHCUBHOCTBIO A HE3aBUCHMO OT 4YUCiIa padoTaroluX KaHaiuoB (BepxHue crpenku). [lns
nepexoaa CUCTeMbl U3 OJHOTO COCTOSAHUS B COCEAHEE NEBOE HEBAXKHO, KAKOM MMEHHO KaHaj
ocBoboauTesA. BenuunHa Ay XxapakrepusyeT MHTEHCUBHOCTh 00CyKMBaHUA 3aABOK IIpU padoTe
B CMO k xaHasyioB (HHIKHHE CTPEJIKH).

CpasuuBas rpadsr Ha puc. 3 ¥ Ha pHUC. 5 NEerko yBUAETh, 4TOo MHOTOKaHampHas CMO c
OTKa3aMM SIBJIAETCA YAaCTHBIM CIyYaeM CHCTEMbl POXKICHHS M rubenu, eciad B mNocieaHel

OPUHATE € = N U

{ii =1, (i=0,n-1); (6.1)
# =k +1g, (k=0n-1).

[Tpu sTOM Ui HaXOKJACHHUA (PUHATBHBIX BEPOSATHOCTEH MOKHO BOCIOJIB30BATHCS
dopmymnamu (3.2) u (3.3). C yuétom (6.1) momyunm U3 HUX:

PN Y ;
Py =0+ g Tt n!) , (6.2)
P =
Pe=""Po> (k =1,n). (6.3)

@opmyiel (6.2) u (6.3) HaszbBaroTcs (popMmysaMu DpiiaHra — OCHOBATENsl TEOPHU
MaccoOBOI0 00CITyKUBAHUSL.

BeposarHocTs OTKa3a B OOCITyKMBAaHUHU 3aSBKU Por PaBHA BEPOSTHOCTH TOTO, YTO BCE
KaHaJIbl 3aHATHI, T.€. CUCTEMa HaxXouTCs B cocTossHuM S,,. Takum oOpasom,

]

pomx‘ =pn =;:’—]'p(}- (64)

OTHOCHTENBHYIO NPONYCKHYIO criocoOHocTh CMO Haliaém u3 (4.5) u (6.4):

n

Q:pr_ﬁt‘:]_ponw:]_%‘pﬂ' (65)

ADCOMOTHYIO NPOITYCKHYIO CIIOCOOHOCTD Haitném u3 (4.6) u (6.5):
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(6.6)

A=A-Q=/1(l—’0n-po}

nl

Cpennee 4uClIO 3aHATHIX OOCITY)KMBAHHEM KaHAIOB MOXKHO Haitu 1o (opmyrne (4.7),
OHAKO CHeTaeM JTO Tpomme. Tak Kak KakIbld 3aHATHIA KaHal B EIUHUIYY BPEMEHU
00CITy)KUBAET B CPEHEM L 3aBOK, TO 713 MOKHO HAWTH 1O (hopMyJIe:

_ A p"
P =_=P[l_ | Po]-
7 n!

IIpumep 7. Haiitn onTtumanbHOe 9uCiIO TeaC(OHHBIX HOMEPOB HA MPEANPUATHH, €CIIH

3afBKM HA TEPErOBOPHI IMOCTYMAIOT C MHTEHCHMBHOCTHIO 1,2 3asgBKM B MHUHYTY, a CpPeIHSSA

(6.7)

MPOIOJKUTENBLHOCTE pasropopa mno TenedoHy cocraBuser [,;. =2 muHyTHl. Haiitu Takike
BepoATHOCTH TOoTO, uTo B CMO 3a 3 MUHYTBHI MOCTYIUT: a) TOUHO 2 3aABKH, 0) He Oonee 2-x
3asBOK.

Pemenne. Mmeem: 2 =12 vun™, u =1/t =0,5 mun™", p = A/u=2.4. OnTuManbHOE YHCIO
KaHaioB n Heu3BecTHO. Mcnonb3ys Gopmyisl (6.2) — (6.7) naiiaém xapakrepuctuku CMO npu
Pa3TUIHBIX 3HAYEHUAX /1 U 3arMOTHAM Tadnuiy 1.

Tabmuna 1
n 1 2 3 4 3 6

Po 0,294 0,159 0,116 0,1 0,094 0,092
D 0,706 0,847 0,677 0,406 0,195 0,024
Pose 0,294 0,153 0,323 0,594 0,805 0,976
n_3 0,706 0,367 0,775 1,426 1,932 2,342

K; 0,706 0,184 0,258 0,357 0,386 0,391

A [MHH_I] 0,353 0,184 0,388 0,713 0,966 1,171

OnTuManbHbBIM YHCIIOM TeJIe(hOHHBIX HOMEPOB MOYKHO CUMTATh 1 = 6, KOTJa BHIMOTHACTCS
97,6% 3aaBok. [Ipn sTom 3a kaxayio MUHYTY obOcmykuBaerca B cpeanem 1,171 3asBku. [lms
peleHus 2-ro ¥ 3-ro NyHKTOB 3a/1a4u BOCTob3yeMcs popmyioit (4.1). Umeewm:

a) p:(3): (1,22‘!3); e—l.m SOTTT,

6) p.,0)=p,0B)+ p B+ p,0B)= 0 ol

1,2 32
1412-3,(2-3) e 77~ 003,

§7. Omnoxkanaasaass CMO ¢ orpanuyeHHO JJTHHOI 0Yepeau.

B CMO c¢ orpaau4eHHON OYepeapr0 YHCIO MECT /M B O4YEepead OTrPaHUYCHO.
CnenoBarenpHO, 3asBKa, NOCTYIUBLIAsS B MOMEHT BPEMEHH, KOIJIa BCe MecTa B Ouepenu
3aHATHI, OTKIOHSIeTcsa u okuaaetr CMO. I'pad takoit CMO npeactasiieH Ha puc.6.

A = Ao Ay 2 4
1S 1T S s Sk | M Siwi
ol “u TR )/
Puc.6
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Cocrosanus CMO npencraBisioTes clieayronmm o0pa3om:
So - kaHan o0cmy»KuUBaHUS CBOOOIEH,

S} — KaHaj 00CyKUBAHUS 3aHAT, HO OYEPE/IU HET,

S; — KaHa 00CiTy)KUBaHUsA 3aHAT, B OYEPEIN OJIHA 3asBKa,

Si+1 — KaHaj 00Cy)KMBAHKA 3aHAT, B OUEPE/IH k 3a9BOK,

Sm+1 — KaHaJ1 00CITYKUBAHUSL 3QHST, BCE 7 MECT B OUEPEIH 3aHSTHI.
Jlns monyuenns HeoOXoauMBIX (HOPMYIT MOKHO BOCTIONB30BATBCA TEM OOCTOSTENHCTBOM,
410 CMO Ha puc.6 sSBJISETCS YaCTHBIM CIIy4aeM CUCTEMbl POXKJACHHMS U rudesu (puc.3), eciiv B
nocieaHed npuHATe g =m + 1 n
A=A m=u, (i =0,m). (7.1)
Beipakenus i (pUHAIBbHBIX BEPOATHOCTEH COCTOsHUMA paccmatpuBaemoit CMO MOKHO
Haiiti u3 (3.2) u (3.3) c yuérom (7.1). B pesysbrare nojayuum:

2 m+1 Y1 L=
po=l+p+p +...p™) :]_pﬁ, (7.2)
pe=rpo,  le=1m+1) (7.3)
[Ipu p =1 bopmyiisl (7.2), (7.3) NpuHUMAIOT BU]T
1
po=pi=—m. lk=lmi) (7.4)

[Ipu m = 0 (ouepenau Her) popmyisl (7.2), (7.3) nepexoast B dopmynsl (5.1) u (5.2) nns
onnokaHanbHo CMO ¢ oTkazamu.

[Toctymusmas B CMO 3asBka momy4aer otkas B oocmyxusannn, ecin CMO nHaxoauTtes B
COCTOSIHUU S,,+1, T.€. BEPOATHOCTh 0TKa3a B 00CITy)KWBAHUH 3as5BKH PaBHA

Pow=Pmi1=p"" Do (7.5)
OTtHocuTenpHasa npomyckHad cnocodrHocts CMO pasHa
D =01 = D=0 Pis (7.6)
a abCOMIOTHAS MPOIMYyCKHAA CTOCOOHOCTH PaBHA
A=2Q=0(1-p""py). (7.7)

CpemHee 9MCIIO 3aBOK, CTOALIMX B 04epean Loy, HaxoauTes mo dopmyie (4.8)
Low=1py+2:p3+...4m - pun
1 MOXKET OBITh 3aIIUCAHO B BUJE

1—p"[m-(1- p)+1 .
L, = pt- £ Eﬂ_ )(0)2 ,0) ]'po- (7.8)
[Tpu p = 1 popmyina (7.8) npuHUMaeT B
. m(m+1)
 =——= =1).
= mt2) (p=1) (7.9)

Lose- cpeiHee unciio 3asBok, Haxoagmuxcst B CMO, naxoaures o dopmyiie(4.7)
Lose=1p1+ I'py + 2:p3+...4m Pyt = p1 + Loy
1 MOJKET ObITh 3alMCAHO B BH/IE

B p{l+ - “Pm(f”i(gf)+‘]}pﬂ_ (7.10)

[Ipum p =1, u3 (7.10) momyqum:
. mi+m+2

= mrn . PV (7.11)
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Cpennee Bpems npebsiBanus 3assku B CMO u B ouepeau naxoautces o gopmynam (4.9)
1 (4.10) cOOTBETCTBEHHO.

IIpumep 8 . Marasun nocemaer B cpeaem 90 yenosek B yac. MiMeronuiicss oauH Kaccup
00CITy’)KHBAaE€T B CPEIHEM OJHOIrO Mokymareias B MuHyTy. Ouepems B 3ail 00CITy;KABaHUS
orpanndena 5 nokynarensmu. Ouernts dddexrnsaocts padoter CMO.

Pemenue. Umeem: / = 90 wac”’ = 1.5 mun’, u=1wmun", p=Mu=15 m=5. Tlo
dopmymnam (7.2) u (7.5) HAXOAUM Py ¥ Py

l=p 118
1-p™* 1-(1,5)
Ponc=p"" po=(1,5)°-0,031 = 0,354,

T.€. 35,4% nokynarejeid mojiydyaroT 0TKa3 B 00CAY)KMBAHUHU, YTO HEAONYCTUMO MHOIO.

Cpeanee 9uciio moaei, CTOAMMX B ouepean, HaxoauM o ¢opmye (7.8)

= 0,031,

Po=

5
I witsp - (L5 [50 '}’S)J' l]-0,031c.~,3,457,
(l - 1,5)~
Cpennee Bpemsi npeObiBaHus B ouepe iy HaxoauM 1o dopmyie (4.10)
— L 3,457
r :

oy

= MUH = 2,3 Mun,

2 1,5
T.€. £, HE OueHb GOsbIIOe. VBenuuenue ouepeu o m = 10 naér
Po = 0,0039, pore = 0,0336,
T.. HE IPHBOAUT K 3aMETHOMY YMEHBIIEHHIO OTKa30B B 00ciyxkuBaHuu. BeiBOZ:
HEOOX0MMO MOCAIUTh €II€ OJHOI0 KacCHpa, MO0 yMEHBIIUTb BPEMS 00CTyKMBAHUS KakI0r0
[OKYIaTeJIs.

§8. OnnokanaabHass CMO ¢ HeorpaHH4YeHHOMH oYepeabH.

[Ipumepom takoit CMO mokeT CnyXUTh AUPEKTOP NPEANPUATHSA, BBIHYKICHHBIA paHO
WK MO3HO PellaTh BOMPOCH], OTHOCSIIUECS K ero KOMIETeHIIUH, WIH, HAI[PUMEp, Ouepelib B
Oynounoii ¢ oguuM kaccupoM. ['pad takoit CMO u3obpaxéH Ha puc. 7.

Y

A

A 4

A

Sk+1

A
—>
u

u H oo

Puc. 7

Bcee xapakrepuctuku takoit CMO M0xHO noiyuuts U3 (opMys1 npeiblayero pa3aerna,
nosaras B HUX m— 0. Ilpu 5T0M HE0OXOAMMO pa3nu4arh ABA CYLIECTBEHHO PA3HBIX ClIydas: a)
p=1,06)p<1.B nepsom ciyuae, kak 310 BUIHO u3 popmyi (7.2), (7.3), po =0 u px = 0 (nmpu
BCEX KOHEYHBIX 3HAUEHUsAX k). DTO O3HAuaeT, 4Tto HpH [ — o Ouepelb HEOrPAHUYEHHO
BO3PACTaeT, T.€. OTOT Cyuyall MPaKTHYECKOrO0 MHTEPECa He MPEACTABIIAET.

Paccmotpum ciyuaid, korga p < 1. @opmysnsl (7.2) u (7.3) npu 3TOM 3anuiIyTCsA B BUAE

Po= li'Pa (8.1)
p=p -1=-p)k=12,... (8.2)

[Tockoneky B CMO OTCyTCTBYET OrpaHMUCHHE HA IIUHY Ouepenu, TO Modas 3adBka

MO3KeT OBITh 00CTY)KEeHA, T.€. OTHOCHTEIbHASA TTPOIYCKHAA CIOCOOHOCTh paBHA
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O=pos. = 1. (8.3)
AOGcomoTHasA MPOMYCKHAs CITOCOOHOCTH paBHA

A=1-0=4 (8.4)
Cpennee 4nciio 3asBOK B oUepeay nojryauM u3 popmyJisl(7.8) mpu m — o
.= (8.5)
1-p
CpenHee urciio 00CTyKUBAEMBIX 3a5SBOK €CTh
La=p-0=p. (8.6)
a CpeJHee YuCyo 3a1B0K, Haxoasmmxcss B CMO, paBHO
L=E 0=t (8.7)
l-p
Cpennee Bpemst npeOpiBanus 3assku B CMO u B ouepenu onpenensercs dopmynamu(4.9)

u (4.10).

IIpumep 9. B OunetHoii kacce paboraeT 0auH Kaccup, 00CITYKUBAKOIINI B CPEIHEM JIBYX
nokynareneit 3a oxny munyty. Kasaeii wac B cpeaHem npuxoisat nokynarts Owierst 90
nocetutenei. [Iposectn ananmmus paborsr CMO.

Pewenne. Mmeem: 4 =90 wac” =1.5 mun™", 1 =2 mun ', p = A/u = 0,75. ITo dopmyune (8.1)
HaWIEM pg

po=1—-p=1-0,75=0,25,

T.e. 25% BpeMeHu Kaccup He 3aHUMaeTCA mpoaaxei OmnetroB. CpenHsad MIMHA OYepean

paBHa

B LA (0’?5) =225 TMOKynaress,
l-p 1-0,75
a cpeaHee yucIo nokynaresnei, Haxoasmuxcs B CMO (T.e. y Kaccsl), paBHO
- Y

oMo l—p_l—O,TS_ :
Cpennee Bpems Haxoxkaenus rnokynarens 8 CMO naiiném no ¢gopmyiie (5.9):
5 L — 3

A 15yun”

=2 Mun,

oMo

YTO BIIOJIHE MPHEMIIEMO.

§9. MuorokanajgsHass CMO ¢ orpaHuyeHHO# ouepe/ibIo.

[Tycts Ha Bxox CMO, umeromieii » kaHaJIOB 00CTY>KHBAHHUS, NOCTYIAET IyaCCOHOBCKHIA
MOTOK 3asBOK C MHTEHCUBHOCTBIO 4. UHTEHCHBHOCTH 00CITYKUBAHHS 3asIBKU KAXKIBIM KaHAIOM
paBHaA 4, @ MAKCUMAJIbHOE YMCIIO MECT B ouepeau paBHO m. ['pad Takoi cucreMbl NpeacTaBiieH

Ha puc.8.
W HeT Ouepenb > GCTB
= n ™ s ~
I /. A / i A A
SO < Sq Sn < i S1f1+1 Sn+m
1 2u nu nu nu nu
Puc.8
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So - Bee KaHabl CBOOOIHBI, OUEPE/IH HET;
Si- 3ansThi [ kananos (= 1,n), ouepenn Her;

Si+i- 3aHATHI BCE N KAHAJIOB, B OUEPEIU HAXOIUTCS I 3asBOK (i = m)

CpaBHenue rpadoB Ha PHUCYHKax 3 u 8 MOKa3bIBAeT, YTO MOCJEIHSSI CHUCTEMA SIBJISIETCS
YACTHBIM CJIy4ae€M CHCTEMBI POKICHHUS W T'MOENH, €CIM B HEW CHENarh CIEAYIOLIHUE 3aMEHBI
(JieBpIe 0003HAYCHNA OTHOCATCA K CHCTEME POKACHUA U THOCIHN):

So—> So; Sg = Spams Sk — S, (k = ﬁ) Sk — Sy (k =nn+ m;

A > A (k=0,n+m—ll } ©.1)

;zk—>(k+l)ﬂ, (k:m); ﬂk—)?!ﬂ(k:n,n+m—l) ' -

Boipaxenus uis (pUHAIbHBIX BEPOATHOCTEM Jierko Haiitu u3 dopmyn (3.2) u (3.3) ¢
yuéroM (8.6). B pesynbrare noayuum:

2 n n+l n+2 nem Y7L
poz[l+£+'o—+...+’o—+’o—+f——+...+p } =

2

-

u 2 n n-n n-n n"-nl

i ) p et (9.2)
= 1+£+p_+-“+,0_+,0 ‘1_()0;‘”) .
2 n n-n l1-—pln
px - pr?+l o
pe=topo, lk=ln):  poa="—po.li=1m). (93)

OOpaszoBanue ouepean MPOUCXOAMT, Korga B MOMeHT moctymieHns B CMO ouepeaHoii
3asIBKM BCE N KAHAJIOB 3aHATHI, T.€. KOrJIa B cucTeMe OyeT HaxoauThes aubo n, mubdo n + 1,...,
m6o (n + m — 1)3aaBok. Tak Kak 3TU COOBITUS HECOBMECTUMBI, TO BEPOSATHOCTh 0Opa30BaHUA
OUYEepeM Pyy PABHA CYMME COOTBETCTBYIOLUMX BEPOATHOCTEH Py, Priils- - » Prirm-1:

m-1 " m
p" 1-(p/n)
= =, : 9.4
po'{ ;pnﬂ nl ]_p;n p[} ( )
Otka3 B 00C/Ty>KHBAaHUU 3asiBKH MIPOUCXOJIUT, KOTJA BCE /1 MECT B OUEPE/IH 3aHSTHL, T.€.
pn+m
pamx =pn+m =Tp(}- (95)
n"n
OTHOCHTEIbHAS MPOIYCKHAs CIIOCOOHOCTH PaBHA
pn+m .
Q=p06c=l_pomx=1_ m 'pﬂﬂ (96)
n"nl
a abCcoMIOTHAsA MPOITyCKHAsA CIIOCOOHOCTD —
“A.0=1.1-L" 9.7)
A-2.0 =2 [1 L p,|

CpemHee 4MCI0 3asBOK, HAXOMALUIMXCA B odepenu, ompeaendercsa mo dopmyne (4.8) u
MOJKET OBbITh 3alUCAHO B BUJE

& p = (p/n)" t+m(l-p/n)]
L, —;1;),,” g (= pin} s (9.8)
Cpennee ynciio 3as8BOK, 00caykuBaemMbix B CMO, MoKeT ObITh 3alIHCAHO B BUJIE
L= p (125 9.9)
i n" -nl
Cpennee uuciio 3asBok, Haxopamuxcss 8 CMO, paBHo
Leso = Low + Lige. (9.10)

Cpennee Bpems npeOsiBanus 3asku B CMO u B ouepenu onpenensiercs popmynamu (4.9)
u (4.10).
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[Tpu p = n B popmynax (9.2), (9.4), (9.8) Bozuukaer neonpenenénnocts tuna 0/0. B arom
cIydae, PacKphIBasi HEOTMPEACTEHHOCTh MOXKHO MOTyUHUTh:

L = 1+n+n2+ +nn+nn _1'
Py =Py = F E s ; ;m : (911)
k — n -
pe="ph lk=tu) pu="pi [i=Tm), 9.12)
, n" _
Pouw ™ Pou =M~ P, (9.13)
, n' mm+1)
Lm—>Lm=g-¥po, (9.14)
; no,
Loﬁc‘_>Loﬁc=n'[l_;‘.p0}- (915)

Ilpumep 10. Ha cxknang B cpeaHem mnpuObsiBaeT 3 MamuHel B 4Yac. Pa3rpysky
OCYLIECTBJIAIOT 3 Opurafel rpy34ukoB. CpenHee BpeMs pasrpy3Ku MamuHel - lyac. B ouepenu
B O’KMJIAHHUH Pa3TPy3KH MOTYT HaxoAuThCs He Oomee 4-x mammH. J[ate onenky padorsr CMO.

Pemenne. Mmeem: n =3, A =3 wac’, =1 uac”, p=Au =3, m=4. Tak xak p = n, 10 p, -
BEPOATHOCTh OTCYTCTBUSA MALLIMH HA CKJIAJe, HaX0auM 1o opmyre (9.11):

o2t 3 3 31

T.€. TPY3UMKH pa00TaIOT MPAKTUYECKU Oe3 OTIbIXA.
[To dopmyne (9.5) HaxoauM BEpOATHOCTh OTKa3a B 0OC/Iy)KMBaHUM NMPHUOBIBIIEH HA CKIIAL
MAIIHHBI:

3 3 g Y
pr}=[1+i+ +—+3—-4J —L~0032,

3 1 9
3*.3 31 62

T.e. BEPOATHOCTL OTKa3a HC CTOJIb BCJIMKA. OTHOCHTeJ‘[bHaH TIIpoImyCKHasA CHOCOﬁHOCTb
paBHA

0,145.

L]

pomx=

O =Posc =1 — porx = 1-10,145 =0,855.
Cpennee 4KcIIO MalIMH B 04epeIn Haxoaum 1o gopmyiie (9.14):
3 4.5 1 45
y =———+—=—=~145 MalluH, T.€. CYIECTBeHHO MEeHbIIE M = 4,
32 31 31
Cpennee Bpems npeObIBaHNA MAIIMHBI HA CKIIaze HaxoamM o dopmyie (4.9):

= L, Q (451 0855

lo =—+=—=|—+—+——uac~134uaca, 4YTO CPAaBHHUMO CO CPCIHHUM BpPECMCHEM
' A op \313 1

pa3rpy3ky MamuHbl. MOKHO caenarh BBIBOJI, UTO pasrpy3Ka MAalldH Ha CKJIAJe OpraHn3oBaHa

3((PEKTUBHO.
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§ 10. Muorokanagsaas CMO ¢ HeorpaHHYEeHHOH 04Yepeabio.

I'pad Takoit CMO (puc.9) nonyuaercs u3 rpada Ha puc.8 nipu m — ©

s = ss P s, = & s, M s
< < «——— < «—
U 2u 3u ny nu nu

Puc. 9

Dopmyibl U1 (PUHANIBHBIX BEPOATHOCTEH MOMXKHO IHOJIY4YUTh U3 (POPMYJI /15l N-KAHAJIbHOM
CMO ¢ orpaHu4eHHOH ouepeabio mpu m — oo, [Ipu 3TOM cjaeayeT UMETh B BHJY, 4TO [IPH
p/n>1 BepoATHOCTE py = pi1=...= pn = 0, T.e. odepeap HEOTPaHWYEHHO BO3PACTAET.
CnenoBarenbHO, 3TOT Cly4yail MpaKkTUYECKOr0 MHTEpPECa HE TMPEJACTaBIseT W HHKE
paccmarpuBaercs juib ciaydaid p/n < 1. [lpu m — o u3 (9.2) nomyuum

2 n-l » =
P P P P 1
=1+ + 55—+ .+ . - _ 10.1
& [ 2 (n—l)! (n—l)‘. n—,o] ( )
@opmysibl 11 OCTAJIBHBIX BEPOATHOCTEH HMEIOT TOT ke Buia, 4rto u mis CMO c
OrPaHUYEHHOM OYEPEIBIO:

k S n+i .
pk =%pua (k = lrn);pn+i =p,—pt:9 (f = 13 2) (102)
! n'n!
N3 (9.4) momyuum BeIpa)keHHe I BEPOSTHOCTH 00pa30BaHMS OUEpeIH 3asIBOK:
" om
Po =L p,. (10.3)
n n-p

[Tockosbky ouepejib He OrpaHHYeHa, TO BEPOSTHOCTh OTKa3a B 00CITYKUBAHUH 3aABKH Porx
paBHa HYJIIO

Poix =0, (10.4)
a OTHOCUTEJIbHAS [TPOIYCKHas CrI0cOOHOCTh () paBHA eJMHHULIE:
szm’m: 1 —Porx = 1. (105)
AOcomoTHasA NPONyCcKHas crocoOHOCTh A paBHa
A=10=4 (10.6)

N3 dopmyner (9.8) mpu m — oo NOIyYUM BBIPAXKEHUE [IJII CPEIHEro YHClIa 3asBOK B
ouepeu:

n+l

B, = &

Gy = : : 10.7
I (19.7)
Cpennee uncno 00cayKUBAEMBIX 3asBOK L s ONIpeaensieTcs popmyion
L= p. (10.8)

Cpennee Bpems npeOsiBanuss B CMO u B ouepean onpenenserca ¢opmynamu (4.9) u
(4.10).

[Ipumep 11. MATEHCHBHOCTH MOTOKA MOCETUTENEN CTOMOBOM cocTapnseTr 150 genoBek B
yac. MiMeercs 3 kaccupa, KaxKablii M3 KOTOPBIX OOCIY:KMBAeT B cpeaHeM | moceTuTens 3a
munyty. Haiitu xapakrepucruku CMO.

Pemenne. Umeem: n = 3, = 150 wac! = 2,5 mun’, U = Imun, p =AMy =25.
BeposTHOCTh OTCYTCTBMS IIOCETUTEIICH B CTONOBOM HaxoauM 1o gopmysie (10.1):

2 3 e
Po=[l+%+(z’s) +(2’5) - 5] ~0,0555,

2! 2l 3-2
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T.€. pa0OTHUKH CTOJIOBOM MPAKTHYECKH BCE BpeMs 3aHATHI.
BeposarnocTs 006pazoBanus ouepean

@.5) 3
_@1) .0.0555 ~ 0.87.
Bo=""gqr "3_105 ™ ’
CpeiHee 9nCIIO OCETUTENEH B OUEPEIH

(2,5)" 3

o --0,0555 ~ 4,35 wenoseka,
3 (3-25)

a cpejiHee Yyueso 00CiTy KUBaEMBIX MOCETUTENCH
L,z =~ 2,5ueno6ex .
Cpennee umciio nocerurtesei (00cnyKUBaeMbIX U B 0YEpPe/in) paBHO
Leyo = Low + Loge = 6,35 uyenosex,
T.€. 4yTh OOJIBLLIE OAHOIO MOCETUTEIIS Ha Ka’KA0r0 KacCUpa, YTO ONTUMAJIBHO.
CpenHee BpeMs, 3aTpauMBaeMO€ I[IOCETHTEJEM Ha IojiydeHue o0eaa, HAXOIUM [0

dhopmyme (4.9):

. L 4,35
tt_'MO =—= +Q“ o =

A U 29
4TO COBCEM HEMHOro. Mo’KHO cjaenate BBIBOA, YTO padoTa CTOJIOBOM OpraHu30BaHa

3 exTHBHO.

+ %}wn}f =2 16,

§11. MuorokanajsisHass CMO ¢ orpaHu4YeHHOH ouepeabo N OrpaHUYeHHbIM
BpeMeHEeM 0KHIAHMSI B 0Yepe/Ii.

Otrmuume Takoit CMO ot CMO, paccMoTpeHHOH B §9, COCTOMT B TOM, 4YTO BPeMs
OKuIaaHusi OOCHy)KMBAaHMs, KOrja 3ajiBKa HAXOAMTCS B OYEPEAM, CUYMTACTCA CIIy4yanHOM
BEJIMYMHOM, pacnpeseEHHOM 0 MOKa3aTeIbHOMY 3aKOHY ¢ mapameTpoMm v = /iy, TAe lox -
CpemHee BpeMs OJKUIaHUs 3aSBKH B OUEPE/H, a V - UMEET CMBICT HHTEHCUBHOCTH TIOTOKA yXO0/1a
3asBOK U3 ouepeud. ['pad takoin CMO uzobpaxén Ha puc. 10.

Ouepeau HET Ouepenb
v, Sy
- M a ™
A gl / A 2o A s &y
SO " S‘I [ = Sn Sn+‘l Sn+m

< <« < —— . —

u S S nu-+v nu+2v  numy
Puc.10

OcTanpHpie 0003HAYCHHUA UMEIOT 37€Ch TOT ke cMBICH, 4To U B §9. CpaBHenue rpados
Ha puc. 3 u 10 noka3eiBaer, 4TO MOCJEAHSS CUCTEMA SBJISETCS YACTHBIM CIIy4aeM CHCTEMBI
poxaeHus U TUOENU, eCu B HEW CeNaTh CAeAyIONIne 3aMeHbl (JIeBble 0003HAUEHUA OTHOCSTCS
K CHCTEME POMKACHUS U THOEIIN):
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So — So; Se — Surm; Sk — Sk, f=Ln); Sy = Spsiy k=n+Ln+m).
A A (K=0,n+m—l);
yk_—>(1r+1)-,u, (fr:O,n—l); /,zﬂ,—m,u+(k—n+1)v, (kzn,n+m—l)

Boipakenust i (puHAIBHBIX BEPOATHOCTEN Jjerko Haiith u3 dopmyn (3.2) u (3.3) ¢
yuérom (11.1). B pesyasrare nojyuum:

(11.1)

=1

2 n n

1}9)9

Po= +i+?+”'+j+ - ‘r=J b (11.2)
I=1
p" -
pk=7°p0, (k:],") (11.3)
P ,
Pr=p,—L—  (i=in) (11.4)
[ [(2+1p)
I=1
rae f = v/u. BepostHOCTh 00pa3oBaHus OUEPEIU Py OTIpeesiseTcs (popmyoit
pm:Z_JDnH:pn' 1+Z (115)

"H n+lﬁ

Otka3 B 00C/Iy’>KUBAHHUH 3asBKU MPOUCXOJUT, KOTJA BCE M MECT B OUEpeH 3aHSTHI, T.€.
BEPOATHOCTH OTKA3a B O0CTYKMUBAHUU Pyrx PABHA

Pome = Poom =Py - ———— (11.6)

OTHOCHTEIBbHAS MPOIYCKHASA CTIOCOOHOCTH PaBHA
Y (11.7)

Q =po§c.=l_pomk‘.= _p
(ﬂ+lﬂ)

a abCcoroTHAsA MPOITyCKHaA CITOCOOHOCTH

A=20. (11.8)
Cpennee uynciio 3asBOK, HAXOJAMIUXCS B OYepean, HaX0AuTes 1o ¢opmyJe (4.8) u paBHO:
Ly=3 P =Py 3 — (11.9)

= = H(n+!ﬁ)
=1
Cpennee umnciio 3asBok, oocnyxuBaembix B CMO, Haxoaurtes o (opmyiie (4.7) u paBHo
=Sk p+Snp,, (11.10)
k=1 i=l1

Cpennee Bpemsa mnpeObiBanus 3assku B CMO cknagsiBaeTcss U3 CpeAHEr0 BPEMEHH
OJKUJAHUS B OUEPe/Id U CPEeIHEro BpeMeHu 00CIy)KUBAHUA 3asIBKH, T.€.

tc‘.wo:toéc-’-g:g-i-tm" (1111)
)i
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IIpumepl2. B mapukmaxepckoir paboraror 3 macrepa. 3a 1 yac B mapuKMaxepcKylo
npuxoaat B cpearem 10 yenopek. Cpeanee BpeMst 00CTy)KMBaHUA KJIMEHTA KaXKIBIM MacTepOM
- 20munyT. 3an oxkujaaHus paccudtaH Ha 4 mecrta. CpejHee BpeMs OKHJAaHMs KIMEHTa B
ouepe foy - 10 MunayT. Haitu xapakrepuctuku CMO.

Pemrenne. Mmeem: n =3, m=4, k=10 [aac’'], p =3 [aac™'], p = ¥p =10/3, ,,= (1/6)uaca,
v=1/t=6[uac'], f=viu=2.

[To hopmyite (11.2) Haxoaum pg - BEPOSITHOCTH TOTO, YTO BCE MacTepa CBOOOIHHI:

1 10 1[10}3 1[10 3 1{10]3 10/3 (10/3) (10/3)°
P SsldF—m—s ] — | f=l—| #—| — + ¥ +
13 20103 33 L3 1 (3412 @FE1-200+2-8 41-20512-2)(343'2)

. (10/3)° Iz00433
(G+1-2)3+2-2)(3+3-2)(3+4-2) S

[To dopmyite (11.3) HaxoauM BEPOATHOCTH 3aHATOCTH OJHOIO, 2-X M 3-X MacTEPOB:

», z1-E-0,0433z0,1444; pﬂml L .0,0433~0,2407;
I 3 a3

3
1(10 _
P, =P “5[}] 10,433~ 0,2674

[To hopmyme (11.4) Haxoaum BepOSTHOCTH TOTO, 4TO B o4epean 1, 2, 3, 4 uenoseka:
B (10/3)" ,
Prs =02674: 3~ /5 01783
(10/3)’
3+1:2)(3+2-2)
(10/3)’
3+1-2)(3+2-2)(3+3-2)
(10/3)°
B+1-2)(3+2-2)(3+3-2)(3+4-2)
BepoATtHOCcTh 0TKa3a B 0OCIYyKHBAaHWH paBHA
Porx = P4 = 090095
OTHOCHTEIBbHAS MPOIMYCKHAsA CIIOCOOHOCTH
O = 1-porx = 0,9905,
a abCcoMOTHAA MPOIMyCKHAA CITOCOOHOCTH paBHa
A=20=99[qac],
T.e. mpumepHo 10 denoBek B 4Yac, YTO NMPAKTMYECKHM PABHO MHTEHCHUBHOCTU MOTOKA
MTOCETUTETICH.
CpenHee 4uClIO KIIMEHTOB B ouepean Haitném no dopmyite (11.9):
L..=1:0.1783+2-0,0849+3-0,0314+4-0,095~0.82,

T.e. MeHee oaHOoro uenoseka. CpenHee Bpems NOpeObIBAHUA TMOCETHTENS B
napuKkMaxepckoi Haiaém no gopmyne (11.11):

0 0,9905

. ==4f = 5 MmtH + 10min = 30mun.

Por =0,2674-

~0,0849;

Pois ~0,2674- ~0,0314;

P, ~0,2674.

~0,0095

oMo DN

i
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§12. n- kanaapHas CMO 3aMKHYTOro THIIA ¢ M HCTOYHHKAMH 3a5IBOK.

[Ipumepom Takoik CMO MOKET CIIyKUTh 3aBOJ, UMEIOIMKA /71 CTAHKOB M N Cliecapei—
HataauukoB. TpeOyromumii HajlaJKKM CTAaHOK MO0 cpasy ke OoOCITy’KMBAETCs, €C/ii CBOOOICH
XO0Ts1 OBl OMH U3 clecapeii, Mnd0 0KMAACT HANAIKU B OUepeIn, eCcu Bce ciecapu 3auaTel. [lpu
3TOM IPEII0JIaraeTcs, yro m > n.

Takum oOpa3om, MakcumalibHas [UIMHA oOdYepeau paBHa (m-n). VHTEHCHBHOCTH
00CITy)KHBAaHUS UCTOUHUKOB 3aBOK U = 1/t,6¢, THE to5c - CPEAHEE BPEMsI 00CITY)KUBAHHS 00bEKTa
(MCTOYHMKA 3asBOK). IHTEHCMBHOCTh TOTOKA TPeOOBAHMI KaXk/JI0TO MCTOYHMKA 3asBOK PaBHA
A= 1tps, THE Ilpas - cpeaHee Bpems Oe3oTkasHol paboTel kaxjaoro obwvekra. Ecim non
00Cy)KMBAaHUEM HAXOJATCA kK 0OBEKTOB, TO MHTECHCHUBHOCTH IOTOKa 3asiBOoK B CMO Oyner
paBHa (m - k)A. I'pad taxoit CMO npencrapnen Ha puc.l 1.

mi (m-1)A (m-2)4  (m-n+1)A (m-n)A (m-n)A (m-n)A
= > s > —
So < S, ¢ S; < 2o Sn < Sp i g Sn+(m-n)
u K K u K K K
Puc.11

[TockompKy OYepeap OrpaHW4eHa, TO (MHATBHBIC BEPOATHOCTH TAKOH CHCTEMBI BCETIa
cyuiectBytoT. CpasuuBas rpad Ha puc.ll ¢ rpadom cucremsl pokaeHus u rudenu Ha puc.3
JeTKO YBUAETh, uTo rpad Ha puc.ll momyuaercsa u3 rpada Ha puc.3 B pe3ynbTare CIEIyIONIMX
3aMeH (CieBa HaAXOAATCA 0003HAYCHNA CUCTEMBI POKIACHUA U THOCIH):

Sg — Sot(men); Sk — Sk, (k =0,m — 1);

/’[ﬁ_—)(m—k)/l, (k=(;,”—l} /11;_’(”1_”);'0 (k:n*,—m) (12.1)

L, —> L, (k=0,m—1
C yuérom (12.1) popmysnsr st dunanbHbIX BepostHocTei (4.2) u (4.3) 3anuuryres B BUjie

Py ={l+m,o+m(m—l)p2 t..m(m=1).. m—(n=D)g" +m-(m=1).. [m—~(n=D)]-(m-n)p™" Lflm=rpf™

I=(m—-n)-p
(12.2)
rae p# 1(m - n),
p.=m(m-1).[m-mn-1}p"- p,, (k=1,_n) (12.3)
p..=p.-(m-nyp, (i=1.m—n) (12.4)

OOpa3oBaHue odepeau MPOUCXOAMUT, KOrjaa B MOMEHT noctymieauda B CMO odepeaHoit
3asBKM BCE /1 KAHAJIOB 3aHATHI, T.€. koraa B CMO Oyaer Haxoautscs nmubo n, mbo (n + 1),...,
6o (n + m - 1) 3asBok. B cuity HecoBMecTHOCTH 3THX COOBITUI BEpOsATHOCTH 00pa3oBaHus
ouepesu P,y OYIET paBHA CYMME COOTBETCTBYIOIINUX BEPOSTHOCTEH Py, Pitls -- - Pl

B e ()
pou ;pnﬂ' pn l—(m—n)p

[Tockonbky OTKa3za B OOCIY>KHBAaHMU 3aBKU HET, TO Pox — 0 M OTHOCUTEIbHAs
OpomnycKHas cnocodHocTs () paBHa

(m=n)-p. (12.5)

O=pPosc =1 —pox=1, (12.6)
a abCcoMoTHAs NPOITyCKHAasA ClIOCOOHOCTh
28



A=r0=A\ (12.7)

CpenHee 4HCIIO 3aHATHIX KAHAJIOB 72, (OHO PABHO g - CPEIHEMY UHMCITy 00CITy >KNBAGMBIX

3asBOK) B JIAaHHOM ClTy4ae Henb3s HaXoAuTh 1o opmyne n, = A/[, MOCKOIBKY COCTOSHUE

CUCTEMBI (IIOTOK 3asBOK» 3aBUCUT OT COCTOSIHMSI CUCTEMbI «YHCIIO OOBEKTOB», M p1; HAIO
HaxoauTh 1o popmye (5.7). B pesynsraTe momyunm:

ny=Y kp, = > k-m(m=-1).. [m-(k-1)]0" - p,. (12.8)
[ k=1
Cpemnee unciio 3asBOK, HaXOAMIIMXCS B ouepean (L,y), Haiaém mo popmyne(5.8):
L,=Yip,=p, pim-n) p (12.9)
i=1 i=1

[TockoJbKY CpejHee Yrcio 00CTy)KUBAEMBIX 3asBOK L,, =7, , TO CPEJHEE YHUCI0 3asABOK,
Haxoasumxcsa 8 CMO, paBHO

Lc.uoza-i-[’ou' (1210)
Cpennee Bpems, mpoBoaumoe 3asaskoit B CMO paBHO

o=t Lo 12.11

EMO ﬁ # Af p' ( . )

[Ipu p = 1/(m - n) B mocneanem ciaaraeMoMm B (12.2) BO3HMKAET HEOMPEAEIEHHOCTh TUIA
0/0. PackpsiBas 3Ty HEONMpPeAEHEHHOCTh W OTMEYasd IITPUXOM COOTBETCTBYIOIINE BEIIMYUHBI,
MOy YHM:

-1
PO . +m(m—12)+m+m(m—l)..._[m—(n—l)] 18y
m—-n (m—n) (m—n)" ‘
, P
Py =m(m—l)..[m—(n—l)]- (m—on)k : (f( = l,n) (12.13)
I (=tm-n) (12.14)
Pou = (m -n)p, (12.15)
o i = (ko) P 12.16
nl=3 k. -mm D Jm - (k1) AT (12.16)
L =%(m _n)m-n+1)p! (12.17)
Cpennee Bpems nipeObiBanus 3as8ku B CMO u B ouepenu onpenensiercs popmynamu (4.9)

u (4.10).

Ilpumep 13. Ilare Tkauumx oOcmyxuBaror 20 TKaukux craHkoB. Cpeanss
MPOOKATENIBHOCTE Oecniepeboiinoit padoTsl cranka-30 MUHYT, YCTpaHCHHE HEHCTIPAaBHOCTH
(oOpbIBaHUs HUTH) 3aHUMAET B cpenHeM 1,5 munytel. Haiitu xapakrepuctuku CMO.

Pemenne. Uneem: n = 5, m = 20, 2 = 1/30 [mun]’, u = 2/3 [mun]", p = Ju = 1/20.
[Tockoabky p # 1(m - n), T0 py Haxoum 1o dopmyae (12.2)
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2 3 4 5
Py = 1+20-i+20-19-[i] +20-19-18-[L] +20-l9-18—17-[i) +20-19‘18-17-I6—(i] +
20 20 20 20 20

15
)
20
15

20

=i

6
+20-19-18-l7-l6-15(2—10} . ~0,1463,

P, = Ds 320-19-18-17-16-[%) -0,1463 ~ 0,085
-BEPOSITHOCTD TOT'0, YTO 3aHATHI BCE TKAUMXHU.
Beposarnocts oOpa3oBanus ouepean Haxoaum mo Gopmyne(12.5):

1_[1_5_j15
20 1
iy z0,()85"—'_'_'_'15"_"""0,25.
Pou 15 20
20

CpezHee 4ucil0 TKaYMX, 3aHATBIX 00C/IyKMBAaHUEM CTAaHKOB HaxouM 1o (opmyie (12.8):

2 3 4
n, ® 1-20-i+2-20-19~ i +3-20-19-18- i +4-20-19-18-17- i +
“ 20 20 20 20

3
+5-20-19-18- 17-16-[%}] }-0,14632 1,65.

Cpennee 9nciio CTAaHKOB, HAXOAALIMXCS B oduepean, HaxoauM mo ¢opmyne (12.9):
L 15 18Y .g.[15Y i5}"
= J1 (2 ]+2 (22 2] +...+15-[{ 22| ]~0785.
o = 0085.[ 1 (20) 2 (20] +3 (20] 4415 (20] ]~ 0785
[Tosnoe 4ucio HepabOTAOIUX CTAHKOB PABHO
L. =n+L, ~165+0785~2435

oMo

§13. 3aganus 1J1st KOHTPOJILHBIX PadoT.

Konrpoasnas pa6ora Nel

1-5. B cucremy maccoBoro obciyxupanus (CMO) moctynaer B cpeaHeM A 3asBok [1/dac].
Haiitu BeposTHOCTB TOTO, 4TO 3a Bpems / [MuH| B8 CMO noctynut:

a) POBHO Kk 3asIBOK;

0) MeHee k 3asBOK;

B) OoJiee k 3as1BOK.

i A=60; t=25; k=4
2. 4 =120; t=2; k=3
3. 4 =40; [=6; k=5
4. 4 =30; t=4; k=4
5. A=150; t=3; k=3
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6—10. VcneIThiBalOT TPU dJIeMEHTa, paboTalOIMUX HE3aBUCHMO JPYr OT japyra. J[JTuTeasHOCTh
BpeMeHHM 0e30TKa3HOW paboThl A/IEMEHTOB pacrpeaeneHa 1mo noka3aTelbHOMY 3aKOHY M paBHA
f1, I, 13 [4ac). HaiiTu BEpOsATHOCTB TOT0, 4TO B MHTEpBajie BpeMeHH [0, /] OTKaKyT:

a) TOJIbKO OJIMH 3JIEMEHT,
0) He Ooiree 2-X IIIEMEHTOB;
B) BCE TPU 3JIEMEHTA.

6. th =20; 1 =150; 13 =40; Lo

7 H=10; t, = 20; 13=25; o=
8. f1=20; f2=8; f3=10; ?.‘,;m{_ﬁ
% (=% lh=4, h=3 Tox=3
10. 1 =10; =135, =4, tiw=13

11-20. PaccmarpuBaercsi cMCTEMa C AMCKPETHBIMU COCTOSHUAMM W JUCKPETHBIM BPEMEHEM
(uens Mapkosa). 3agana MaTpuila BEPOATHOCTEN nepexo/a 3a oaud mar. Tpebyercs:

a) MOCTPOUTH pa3MeUeHHbIN Tpad COCTOAHMIA;

0) HalTHM pacnpeleleHre BEPOATHOCTEH IUIA MEpPBBIX 3-X IIAroB, €CJIM W3BECTHO, YTO B
HayaJIbHbI MOMEHT BpeMeHu (/o = () cucTeMa HaxouIach B j-OM COCTOSIHUU C BEPOSITHOCTHIO

pi(0).

11.
0,7 01 01 01
06 0 02
Ml i ' 0)=0.,8; p,(0)=0.2.
0 035 0,3 pl( ) » 3p2( ) >

0 03 0 07

12.

06 01 01 02
o1 07 0 02
“lo1 01 05 03
0 01 0

Pp2(0)=0,8; p3(0)=0,2.

13.

08 02 0 O
02 05 01 02
02 01 05 02
0 05 0 05

p2(0)=0.4; p3(0)=0.6.

prj|

14.
08 0 01 01
08 01 0 0l
“lo1 o1 02 06
05 0 0 05

P,

Pp1(0)=0,9; p»(0)=0,1.

15.

06 01 02 0]
01 0 o0l
02 01 0
04 01 04 0]

p2(0)=0,7; p3(0)=0,3.

038
Pl =y
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16.

17.

18.

19.

20.

21-30.

09

|06
o7

p

02

0l
0,6
“los
0.4

.|

05
0,6
0,7
038

Hp y H -

0,9
0,2
0.8

2

0,1

p#

07

0,4
‘p%uzzaé

0,5

[Io ycnoeuwsim mpenpiayiuei

6 02 01 0l

02 0 07

0,1

o1 0 0
0 03 0

0 0 08

04 0 0
01 0
01 0 05
03 0 02
04 0 0
01 01 0]

0 0 02

0 0

01 01
0 02 0
02 0

0,1

03
04
02
01

0 0
01 01
02 0
01 03

0,6

0,7

3a1a4u

21(0)=0.8; p4(0)=0.2.

p1(0)=10,9; p2(0)=0,1.

p2(0)=0,7; ps(0)=0,3.

Pp1(0)=0,5; p3(0)=0.5.

Pp2(0)=0,4; p5(0)=0,6.

COCTAaBUTb

CTAllMOHAPHOTO PeIKUMA U HAWTU (PUHAJIEHBIE BEPOSTHOCTH.

31-40. PaccmarpuBaeTcs cucrteMa ¢ AUCKPETHBIMH COCTOSTHUSAMHU M HENPEPBIBHBIM BPEMEHEM.
3amanbl pa3MedeHHbIA rpad COCTOSHUI M MHTEHCHBHOCTU Mepexo/10B. Bee moToku coObiTHiA

npocreimue. Tpedyercs:
a) COCTaBUTh MATPULYY UHTEHCHUBHOCTEH MEPEX0/I0B;

0) cocraButh cucremy auddepenipanbubix ypasHeHui KosiMmoropoBa uisi BEpOATHOCTEH

B) HAWTH MpeaeabHOe pacipeaeseHue BEPOATHOCTEH.

COCTOSIHHH,
31.
Sl é__z___ Sz
N \
4
1 3
1
S3 > S4
2

32.

S

1

N

S;

Sy

32
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33.

1
Sy >l S,
A 3
2 1 2
N
S; 1 21 Sy
35. |
Si < S,
AN
1 2
3
S; € 4 S4
37. 5
Si [< S,
1 4 2 3
/ v
S3 5 Sa
39. 4
%
Si .| S
2
5 | 3
\
S3 7 >l S4

34.
S S,
4
2 1 2
V 3 y
S; Sy
36. 1

Sl FSZ

S3 [ 1 Su

2

38. 4
Sl < / SQ

2

g 2
S5 ] Ss

1

40. 3
S > S,
2 X4 |2
S3 7 2| Sy
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Kontpoabnas padora Ne2

41-50. PaccmarpuBaercs n-kaHaibHas cucrtema MaccoBoro oociykuanus (CMO) ¢ oTkazaMu.
[Torok 3asBOK, nocrynaronmx B CMO, npocredinmii ¢ uateHcusHocTeio A [1/dac]. Cpennee
BpeMsa OOCIy)XKMBaHHS 3adBKM PaBHO [, [MuH|. Bpems oOcnyxuBaHug pacmpeaeneHo o
MOKa3aTeJIbHOMY 3aKOHY. OnpeIeNuTh:

a) YMCJIO KAHAJIOB, MIPH KOTOPOM BEPOSATHOCTH TOT'0, UTO 3asBKA MOJIYUYUT OTKA3, HE OOJIbINE ¢,
0) abCONIIOTHYIO MPOIYCKHYIO criocobHocTs CMO;

B) CpeJIHEe YMCIIO0 KaHAJIOB, 3aHATHIX 00CITy)KMBAaHHEM 3asSBOK;

r) cpeaHee BpeMs npeObiBanms 3asaBku B CMO;

1) CpeJiHee BpeMs MPOCTOA OAHOTO (IMPOU3BOJIEHO B35ATOI0) KaHaIa.

41, =12, 1=12; =007 42. 1=6; =15,  a=0,02.
43. =13, 15=12; =008 4. =7 ts=15, a=0,03.
45. /=19,  1,5=6: o=0,04. 46. =11  tg=12: =005
47. 5 =9; ts=15.  a=0,06. 48. 1=5; ts=30;  a=0,07.
49, /=9: to=12.  a=0,03. 50. i=11:  tg=15. a=0,09.

51-60. PaccmatpuBaeTca n-kaHambHAsA CUcTeMa MaccoBoro ooOcmyxkwuBanusa (CMO) c
okupanueM. [lorok 3agsok, noctymaronmx 8 CMO, npocTeitnimii ¢ ”HTEHCUBHOCTHIO 4 [1/1ac].
Cpennee Bpems 00cy)KMBAHHUSA 3asABKU PABHO /. [MuH|. Bpems oOcnyxkuBanus pacnpeesieHo
M0 MOKa3aTeIbHOMY 3aKOHY. OnpenenuTs:

a) CYLUECTBYET JIM CTallMOHApHbIHA pexxum padborel CMO,;

0) cpeanee yncno 3aaBokK, Haxoaammxcs B CMO,;

B) cpenHee Bpems npeOsiBanus 3assku 8 CMO;

') BEPOATHOCTh TOTO, YTO BCE KAHAJIBI 3aHSTHI,

1) CpeIHee BpEeMs MPOCTOA OAHOTO (MPOM3BOJIBHO B3ATOT0) KaHaja.

51. n=>5 1=18; f,s=15. 52. n=3 A=10; fs=12.
53. n=4 A=5; tos=30. 54. n=5 A=22; tos=12.
55. n=3 A=18; fim= 0. 56. n=4 A=20; tos=1.5.
57. n=>5 A =30; tos=0. 58. n=3 A=14; tis=1.5.
59. n=4 A=19; l,5=0. 60. n=3 A=12; ls= 12.

61-70. PaccmatpuBaeTca n-kaHampHasg cucreMa wmaccoBoro oOcmykmpanus (CMO) c
OKHZAHUEM M OTPAHUYEHHEM Ha JIMHY ouepenu. Umcno mecT B odepenu pasHO 7. IIoTok
3asiB0K, moctynatrommx B CMO, mpocteiiunii ¢ nHTeHCUBHOCTBIO /4 [1/uac]. Cpemaee Bpems
oOciy>kUBaHUsI 3asBKM pPaBHO [, [muH|. Bpems oOciyxuBaHusi pacrpeiesieHo 1o
MOKA3aTeIbHOMY 3aKOHY.

61.n=4; m=3;1=06; t,c = 40. Onpenenuts:

a) Cpe/IHee YUCIIO 3a4BOK, HAXOAAIIMXCS 10 00CITy KMBAHUEM

0) BEPOATHOCTH TOTO, YTO 3asiBKa cpasy ke Oyaer npuHata K 00C/1y KUBaHUIO,
B) BEpOATHOCTH TOTO, uTo B CMO Oyzer He 6omee 2-X 3as9BOK.
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62.n=3,m=4;1=8; t,c=15. Onpenenuts:

a) BEpPOSITHOCTB TOTO, YTO 3asBKA MOJYYUT OTKA3 B OOCTY/KUBAHUH,
0) cpeaHee YNCII0 KaHAJIOB, HE 3aHATHIX 00CITYKUBAHUEM

B) cpeaHee BpeMs npedbiBanus 3asasku B CMO,;

63.n=4,m=2;A=4; t,c = 60. OnpenenuTh:

a) cpeanee yuciio 3asBok B CMO,;

0) cpenHee BpeMs npeObIBAHUS 3as5BKH B 0UEPE/IH;

B) BEPOSATHOCTH TOTO, UTO Oy/IeT MpocTanBaTh He Hosiee OTHOTO KaHama.

64.n=3,m=3;1=06;t,c=20. Onpeneurs:

a) OTHOCUTETBHYIO NTPOMYCKHYIO criocodHocTs CMO;

0) cpeliHee YMCIIO KaHAJIOB, 3aHATHIX 00CITY KMBAaHUEM 3asBOK;
B) cpeHee BpeMs npebriBanus 3assku 8 CMO.

65.n=3;m=4;1=9; 1,5 = 20. Onpenenuts:

a) abCOMOTHYIO NIPONYCKHYIO criocobnocts CMO;

0) cpezHee YMCIIO 3asBOK B OUEpe/IH,

B) BEPOATHOCTH TOTO, UTO He Dosee 2-X KaHAIOB OyAyT 3aHATHI 0OCTYKUBAHUEM 3aSBOK.

66.n =3, m=3;/1=35, t,s = 30. Onpenenurs:

a) BEPOATHOCTH TOTO, YTO 3asABKa MOJYUYUT OTKA3 B OOCTYKUBAHUU,

0) cpeaHee YKuCIIo 3asgBOK, HAXOAAIIMXCS 1101 00CTy KHMBAHUEM,

B) BEPOATHOCTH TOTO, YTO MEHEE 2-X 3asiBOK OYIyT HAXOJAUTHCSA B OUYEepPE/Id HAa 00CITy JKUBAHHE,

67.n=2:m=4;A=06; t,c = 15. OnpenenuTn:

a) CPe/IHEE YUCIIO CBOOOIHBIX KaHAJIOB,

0) BEpOATHOCTH TOTO, UTO 3asBKa Oy et npuuaTra B CMO;

B) BEPOATHOCTH TOro, 4ro 3asBka, nocrynusmas B CMO, BcraHer B odepear Ha
o0cnyKuBaHUE.

68.n=4.m=3;1=5;t,:=30. Onpenenuts:

a) cpeJIHeE YMCIIo 3adBOK, Haxoadmmxcsa B CMO;

0) BEPOATHOCTH TOT'O, YTO 3asiBKa cpasy ke Oyaer npunata K 00Ci1y KUBaHUIO,

B) BEPOSATHOCTH TOTO, YTO He Oomee 2-X KaHAIOB OyJeT 3aHATO 00CTY KNBAHUEM 3aSBOK.

69.n=4,m=3;1=9; l,s =20 . Onpeaenurs:
a) abCOMOTHYIO MPOMYCKHYIO CITOCOOHOCTE;

0) cpenHee Bpems npeObiBanus 3assBku B CMO,;
B) CpPEJ/IHEE YMCIIO 3a9BOK B OYEPE/IH.

70.n=3:m=4; L=06;t,s=15. OnpeaeauTs:

a) OTHOCHUTEIBHYIO IIPOIyCKHY10 crocodnocts CMO;
0) cpennee BpeMs OKUIAHUA 3a5BKH B OUEPEIH;

B) CPEIHEE YMCIIO 3aHATHIX KAHAJIOB.
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71-80. PaccmarpuBaercsi n-kaHajbHas cucrema wMaccoBoro obciyxkuBanus (CMO) 6Ges
OTpaHWYEHUS HA JUTMHY OYEepeaH, HO C OrpaHNYEHUEM HA BPEMS OKHIAAHUA. 3asfBKa OXKUIAET
00CTy>kKMBaHUS B CPEIHEM [,y [MUH], a 3arem nmokuaaeTr CMO. IToTok 3adBOK, NOCTYNAKOIIUX B
CMO, mpocreiinuii ¢ UHTEHCUBHOCTHIO /4 [l/uac|, cpeanee Bpemsi OOCIyKMBAaHUA 3asBKU
paBHO g [MuH].

71.n=4; A=8; t5=15; tyx= 5. Onpeacnurs:

a) aOCOJTIFOTHYIO TIPOMYCKHYIO criocobnocts CMO;

0) cpenHee YKCIO 3aSBOK B OUEPE/I;

B) BEPOSITHOCTh TOr'0, YTO B ouepeau OyayT HaXOUThCs He Oosiee 2-X 3asBOK.

72.n=3; A=06; tosg=30; t;x= 15. OnpenenuTs:

a) CpeIHEe YMCIIO 3aABOK, HAXOIALIMXCS MO 00CITY KUBAHUEM,

0) BEPOATHOCTH TOTO, YTO 3asiBKA YHJIET U3 04EPean He 00CITy KEHHOM;

B) BEPOSITHOCTH TOTO, YTO MeHee 3-X 3asBOK OyAyT HAaXOAMTHCS B OUYEepPEIM Ha 0OCITyKUBAHHE.

73.n=4; A =9; tos=20; t,x= 10. Onpenenuts:

a) BEPOATHOCTH TOTO, UTO 3asABKa OyaeT oOcmyKeHa;
0) cpennee Bpems npedsiBanus 3asa8ku B CMO;

B) CpeJ/IHEee YMCIO CBOOOIHBIX KaHAJIOB.

74.n=3; 1=10; tis=15; tox= 12. Onpenenuts:

a) cpeJIHee YMCIIO 3asiBOK, Haxomdmmxcsa B CMO,;

0) BEPOATHOCTH TOTO, YTO 3asBKa cpasy ke OyaeT npuHaTa K 00C/IyKHUBAHUIO,
B) CpeaHee BpeMs MPOCTOsA KaHasa.

75.n=3; 4 =8; ty5=30; 1= 10. Onpenenuts:

a) cpeaHee YUCIIO 3a4BOK B OUSPEIH;

0) abconmoTHYIO MPONMyCcKHYIO crocobrHocts CMO;
B) cpejaHee BpeMs npeObiBanus 3asaBku B CMO.

76.n=4; 1=10; ts=15; tox= 6. OnpenenuTs:

a) Cpe/IHee YUCIIO 3aHATHIX KaHAJIOB;

0) OTHOCHUTENIBbHYIO NPONYCKHYIO criocobHocTs CMO;
B) Cpe/iHee BPEMS OJKHIAHUS 3aBKU B OUEPEIH.

77.n=3; A=06; tys=20; lox= 12. Onpenenus:

a) BEPOATHOCTH TOTO, YTO 3asABKa cpa3y e OyaeT mpuHATa K 00CITyKUBAHMIO,
0) cpeaHee YKUCIIO 3asBOK, HAXOASIIMXCS 1101 00CITY KHUBAHUEM,

B) BEpOsATHOCTH TOro, uro B CMO Oyiet He Oosee 4-X 3asBOK.

78. n=4,A=12:ts=12; lox= 6. OnpeaenuTh:

a) BEPOSITHOCTh TOT0, uTO 3asiBKa yiaeT 3 CMO He obcityKeHHOI;
0) cpennee Bpems npedriBanus 3ai8ku B CMO;

B) Cpe/IHEe YMCIIO KaHAJIOB, HE 3aHATHIX 00C/IyKHBAHHUEM.
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79.n=3; A=15; tes= 12; tox= 5. Onpenenuts:

a) cpeanee yucio 3asBok B CMO;

0) cpeaHee BpeMs MPOCTOs KaHaja,

B) BEPOSITHOCTb TOTO, 4TO OyZET IpocTauBarh He Ooliee OIHOro KaHasa.

80.n=4;1=10;15=12; t,x= 3. OnpeaenuTs:

a) OTHOCHUTEIBHYIO IIPOITyCKHY10 cnocobnocts CMO;

0) cpennee Bpems npedbianus 3aseku B CMO;

B) CpeHEE YHCITO KAHAJIOB, 3aHATHIX 00CITY)KUBAHHEM 3aSTBOK.

81-90. PaccmarpuBaercs n-kanajibpHas cucrema MaccoBoro oociyskupanus (CMO) 3amkHyTOrO
TUMA ¢ M WCTOUYHMKaMU 3asBOK. [loTok 3asBok, moctymarommx B CMO, mpocreimmii ¢
MHTEHCUBHOCTEIO A [1/49ac], cpenree Bpemst 00Cy KMBAHUS 3asBKH PaBHO [5 [MUH].

8l.n=2.m=7,1=3;t,=15. Onpenenuts:

a) cpeIHee YUCIIO 3a1BOK, HAXOMAIIMXCS MO 00CTyKUBAHUEM;

0) cpeaHee BpeMs OKUIAHUA 3a5BKU B OUEPE/IH;

B) BEPOATHOCTh TOrO, YTO HE MEHee 4-X HCTOYHHMKOB OyayT HAXOJHMTHCA B AKTHBHOM
COCTOSIHHU.

82.n =3, m=8; 1=2; tos = 20. Onpeaenuts:

a) CpeHee YMCIIO 3a9BOK B OUEPE/IH;

0) cpe/iHee BpeMs IPOCTOSI UCTOYHHUKA;

B) BEPOATHOCTh TOTO, YTO HE 0Oojice S5-THM HCTOYHHUKOB OYJyT HAXOAWTHCA B MaCCUBHOM
COCTOSTHHUH.

83.n=2,m=8;,4i=1; t,s=30. Onpenenutsb:

a) cpeanee yucio 3aasok B CMO;

0) BEpOATHOCTH TOTO, YTO MOCTYIHBILIAS 3aiBKa cpa3y ke OyIeT NpuHATa K 00CIyKUBAHUIO;
B) BEPOSITHOCTh TOT'O, YTO HE MeHee 4-X 3as1BOK OyIyT 0’KUJaTh B OUepeId Ha 00CTyKUBAHUE.

84.n=3.m=7,1=2;ts=15. Onpenenurs:

a) cpe/IHee YUCJIO0 NMPOCTAanBAIOIIUX KaHAJIOB,

©) BEpPOATHOCTH TOTO, YTO MOCTYMHUBIIAs 3asBKA BCTAHET B OYCPEb JJIA OKUAAHWAA Hadaia
00CTy )KMBaHHUA,

B) BEPOSITHOCTH TOr0, 4TO OyJIeT IpocTanBaTh He 00Jiee OJHOro KaHaJia.

85.n=4;,m=8,1=3;t,;;=12. Onpenenuts:

a) cpe/iHee YUCIIO 3aHATHIX KaHAIOB,

0) cpeaHee BpeMsi IPOCTOs KaHaia,

B) BEPOSATHOCTH TOTO, 4TO 00Jice 2-X UCTOYHUKOB OYIyT HAXOIUTHCS B aKTHBHOM COCTOSHHH.

86.n=3.m=7,1=4;t,s = 10. Onpe1eUTh:

a) BEPOSITHOCTh TOT'0, YTO MPOU3BOIbHBIA UCTOYHUK HAXOAUTCA B AKTUBHOM COCTOSHUH
(k03¢ puHEeHT rOTOBHOCTH);

0) cpenHee BpeMs npedpiBanus 3asi8ku B CMO:;

B) BEPOSITHOCTb TOTO, 4TO B 0uepeu Ha oOciyxuanue Oyaer Oosee 2-X 3as1BOK.
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87.n=3,m=8;,1=3; 1= 10. Onpenenuts:

a) cpeaiHee YMCIIO 3asgBOK B OUSPE/IH;

0) BEPOATHOCTH TOTO, YTO TMOCTYNHMBUIAS 3asBKAa HEMENIEHHO OyJeT TNpHHATA K
00CITy )KUBAHUIO;

B) BEPOATHOCTH TOTO, YTO 3aHATHI BCE KAHAJIBI.

88.n=2;m=8;,1=2; t,c = 12. Onpenenurn:

a) Cpe/IHEE YUCIJIO UCTOYHUKOB, HAXO/AIIMXCA B TACCUBHOM COCTOSIHUU,

0) BEpOSATHOCTH TOTO, YTO TMOCTYNHBINAS 3asBKA BCTAHET B OUepe/b Ui OXKHJaHWUS Hauaja
00CTy)KMBAHUA,

B) BEPOSITHOCTh TOr0, YTO B OYepeid Ha 00CIyKMBAHUE OKaKeTCsi He OoJiee 3-X 3asBOK.

89.n=4,m=7,A=06; t,c="17,5. Onpenenurs:

a) BEPOATHOCTB TOTO, YTO MPOU3BOJIBHBIN UCTOYHUK HAXOIUTCS B aKTUBHOM COCTOSIHUH
(ko3¢ pureHT rOTOBHOCTH);

0) cpeaHee YMCIIO MPOCTAMBAIOIINX KAaHAJIOB,

B) CpeIHEE BPEMs 0KUIAHUS 3asBKU B OYEPE/IH.

90. n=3; m=8; 1=9; t,s = 4. OnpeaenuTs.:

a) cpeiHee YMCIO 3aHATHIX KaHAIIOB;

0) cpezHee BpeMsi IMPOCTOs KaHaia,

B) BepOATHOCTH TOr0, 4t0 B CMO Oyer meHee 6-Tu 3asBOK.
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