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BBEAEHUE

Lenb paGOTbI - I'IpVIO6peCTM KOMNeTeHuMmn mMoaennpoBaHunsa npo-
LeccoB Ha OCHOBE MOAENNUPOBAaHUN CUCTEM MaCCOBOIo 06CJ'IY)KMBaHM$I.

1 MOAEJINPOBAHUE CUCTEM MACCOBOIO
OBCNY)XXUBAHUA

CucTeMbl MaccoBOro 06CITy>XMBaHMSI MOTyT 6blTb ABYX TUMNOB — C
OTKasaMu 1 C oXknaaHuem (C odepeapto).

B cuctemax c oTka3amu 3asiBKa, MOCTYMNMBLUAS B MOMEHT, KOrAa BCe
KaHasibl 3aHSTbl, NMOKUAAET CUCTEMY M B Aa/bHEWLLEM MPOLECCe HE yyacT-
ByeT. B cuctemax ¢ oxuaaHueM 3asBKa, MOCTYMMBLUAS B MOMEHT, Korga
BCE KaHasibl 3aHATbl, CTAHOBUTCS B oYepeab M NPUHMMAETCS K 06CnyxmBa-
HUIO, KaK TONbKO 0CBOHOAWUTCS OAUH M3 KaHAsoB.

OCHOBHbIMM MapaMeTpaMn CUCTEMbI MAacCOBOI0 OBCNYXXMBAHUS SIB-
NATCS:

1 — 4YNCNO KaHanoB;

A — VHTEHCMBHOCTb MOTOKa 3asiBOK (CpeaHee YMCo 3asiBOK, MOCTY-
naroLux B eAMHULY BPEMEHN);

JH — NPON3BOANTENBbHOCTb KaXXAoro KaHana (cpegHee 4ncro 3asiBoK,
00CNy)XMBaeMbIX KaHasioM B eAvHUUY BPEMEHM), @ TakKXkKe OrpaHuWyeHust
(anvHa ouyepean, BpeMs npebbiBaHMs 3asiBKU B ovepean v ap.).

CBeaeHust AaHHOMO pa3fenia OTHOCSATCS TOSIbKO K CUCTEMaM Macco-
BOrO 06CNy>XMBaHWs, B KOTOPLIX BCE MOTOKWM COOLITUIA, NepeBoasLnNE CU-
CTEMY M3 COCTOSIHUSI B COCTOSIHUE, SIBASIOTCS MYyaCCOHOBCKMMM (MOTOKaMM
6e3 nocneacTteuit). [ns MaTeMaTUUYeCKOro OMMCaHMsl TaKuX MpoLIeccoB
NPUMEHSIETCS annapaT MapKOBCKMX Cy4YalHbIX NPOLECCOoB.

CoctaBneHne auddepeHumanbHblx ypaBHeHUA Konmoroposa Ans
MapKOBCKMX CUCTEM MacCOBOr0 OBCNYXXMBaHUS NMPOW3BOAUTCS MO MpaBu-
NlaM, U3NOXEHHbIM paHee.

Mpumep 1.

PaccmaTpuBaeTcs TpexkaHanbHas cucTeMa MaccoBoro obcnyxuBa-
HUS C OTKazaMn. MHTEHCMBHOCTb MOTOKA 3asiBOK A, MHTEHCMBHOCTb NMOTOKA
obcnyxmBaHust . CoctaBuTb AnddepeHumnanbHble YpaBHEHUSI COCTOSIHUIA
CUCTEMBI.
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PewieHue.

BO3MOXHbIE COCTOSIHUS CUCTEMBI:

Sy — BCe KaHaslbl CBOOOAHbI;

S;— 3aHAT OAWH KaHan, aBa cBOBOAHBbIX;
S, — 3aHSTbl AHA KaHana, oauH cBoboaeH;
S; — 3aHATbI BCE TPWU KaHana.

Ipad coCTosHWUIA NOKa3aH Ha puc. 1.

A A A
S0 S1 SZ S3

H 2p 3p

Puc. 1. I'pad cocTosHus ansa npumepa 1

PasmeTnm rpad. Ecnm cnctemMa HaxoauTCcs B COCTOSIHUM S, TO
NOCTynMBLUIAs 3asiBKa, MEPEBOAUT ee B S; C MHTEHCUBHOCTbIO A. Ecnu
CUCTEMA HAaXOAWUTCA B COCTOSIHUM S;, TO MOCTYNMBLLASA 3asiBKa Nepeso-
OMT ee B S; C UHTEHCMBHOCTLIO A 1 T.4. lNepexoa cucteMbl B 06paTHOM
HanpasneHun 6yaeT npu cnepylowmx ycnosusx. U3 S; (3aHAT oaunH
KaHan) cuctema nepemnger B S, Torga, Koraa 3akoH4YMTCst 06CnyxmBa-
HWe 3asiBKW1, 3aHMMaloLLei 3TOT KaHan. MHTEHCMBHOCTb 3TOro MoToKa
cobbiTvin w. Ecnn obcnykuBaHMeM 3aHATO fBa KaHana, To MOTOK CO-
6bITUI, NepeBoasWMI cucTeMy U3 S, B S;, ByAeT BABOE MHTEHCUBHEE,
T.€. paBHbIM 2. AHANOMMYHO NOTOK COOLITUIA, NEpeBOASILNIA CUCTEMY
u3 S3;B S, 6ynet paBeH 3.

PasmeTuB rpacd coctosiHuii (puc. 1) M nonb3ysicb 06WwMM npa-
BWJIOM, COCTaBWM ypaBHeHWs KonMoroposa Ansi BEpOSITHOCTEN COCTO-
SAIHUWA CUCTEMBI:

d )
%=—/1-p0+/1~p1;

dp,

1 _-_(2 . A 21U ;

at (A+u)-p+A-py+2u-p, (1)
d

%:—(l+2ﬂ)-p2+ﬂ,-pl+3ﬂ-p3; >

dp,

—S =-3u-p,+A-p,.

dt e Ps P, D

HauanbHble ycnosus (npu =0): py=1; p;=p-=p3=0.

PeweHune ypaBHeHMn Tuna (1) 06bIYHO BbLINOMHSETCH Ha DBM.
Mpu 3ToM 6yayT nosiydeHbl BEPOSITHOCTM COCTOSIHUIA Kak hyHKLMK
BpeMeHn. B 6onblumHCTBE CriyyaeB 6blBaeT AOCTaTOYHBIM 3HaHWe
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npeaenbHbIX BEPOSTHOCTEW COCTOSIHWUM, XapaKTepuaytowmx YcTaHo-
BMBLUMICS peXuM paboTbl CUCTEMbI MaccoBOrO 0bcnyxusaHus (npu
t—00). [lnsa 3TOro cornacHo npaswiy cieayeT fieBble YacTu ypaBHe-
HWI (NPOV3BOAHbLIE) MONIOXWTb PaBHBIMU HYMIO W peLnTb MNOyYeH-
HYIO TakuM 06pa3oM CUCTEMY JIMHEWHBIX anrebpanyecknx ypaBHEHWUN.

B Tabn. 1 npuBeaeHbl pasMeyeHHble rpadbl COCTOSIHUIA HEKOTO-
pbIX TUMOB CUCTEM MACcCOBOro 06CNyXuBaHus U npefenbHble BEPOST-
HOCTU COCTOSIHMIA 3Tux cucteM. CocTaBneHue auddepeHumanbHbIX
YPaBHEHUIA COCTOSIHWIA CUCTEMbI MPU HaNMUMKM pasMeyeHHoro rpada
paccMOTpeHbl HaMKU paHee.

[ns oueHkn 3pdEKTUBHOCTU CUCTEM MACCOBOro 0bCnyxuBaHus
(Npn £—00) MOXHO BOCMOJIb30BaTbCS AaHHbIMM Tabn. 2, B KOTOPOA
AN pa3nnyHbIX nokasatenen 3hekTUBHOCTU AaHbl pacyeTHble ¢op-
Mysnbl. MNpefenbHble BEPOSTHOCTU COCTOSIHWMM CMCTEM MaccoBOro 06-
CYXXUBAHMS, UCMOSb3yeMble B pacdeTHbIX dopMynax Tabn. 2, Haxo-
ASTCS U3 COOTHOLWWeEHUI (15) — (20) Tabn. 1. Ans KpaTKOCTK 3anucu B
Tabn. 1 n 2 obosHauveHbl: p=A; X=p/n.

JononHuutb Tabn. 1 n 2 ana pasnuyHbix rpadoB.

Mpumep 2.

BbluncnuTenbHas craHums umeet Tpm OBM (n=3). CpeaHsia vH-
TEHCUBHOCTb MOTOKA Ha BbIMNOMIHEHWE PACYETOB — YeTbipe 3asiBKU B
yac (A=4). CpegHee BpeMs pelleHust ogHoW 3adaum t,s=0,5 4. CraH-
uMs NpPUHUMMAET M CTaBWUT B ouvepeab Ha pelleHve He bonee 7=3 3a-
ABOK. 3asiBku, NpubbiBluMe, KOrAa B o4vepenb MOCTaBfeHo 3 3asBKM,
He npuHuMatoTcs (NoNy4YaroT 0TKas). HalTu OCHOBHbIE XapaKTepucTu-
KW CMCTEMbI MaccoBOro 06Cny>xMBaHWs: BEPOSTHOCTb OTKas3a, OTHOCU-
TeNbHYl0 M abCoMOTHYIO NPOMYCKHYK CNOCOBHOCTb, CpeaHee 4ncio
3aHaTbIX 3BM, cpegHee 4uMcno 3as8BOK B oyepeau, cCpefHee BpeMms
oXXmaaHna u npebbiBaHNS 3as1BKN Ha CTaHUMW.

PeweHue.

iIMeeM MHOrOKaHanbHYO CUCTEMY MaccoBOro O6CNyXuBaHUS C
OXMAAHWEM MPU OrpaHUYEHHOM T 4YuCne MECT B ovepeau

MNpeaBapuTENbHO BLIYUCIUM:

H=1/t 6=1/0.5=2 4l ; p=Np=4/2=2; x=p/n=2/3.

Ncnonb3ys dopmynel (19), HaxoanMm:

- BEPOSITHOCTb TOro, 4to BCe DBM cBoboaHbI
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1 1 81

Po = (p)mﬂ 5 (ZT 65
2 3 3 . 2 3 3 5 | a
1+£ pi_'_pi_'.piin 1+2+27+27+27.3 3
123 3 | p 2 23 23 ;2
n 3
- BEPOATHOCTb TOro, YTO BCE TpU 3BM 3aHATbI U TPWU 3a4BKU CTOAT B

ouepeam

P = 2
n

SR

rem 2° 81 32

=p, = 2= =% -0.048.
"Nl Po = Ps 3°.1.2.3 665 665

Mocneaytolime pacyeThbl BbINOAHAEM C NOMOLLbI0 dopMyn Tabn.

2:
OTHoCMTeNnbHas NpornyckHas CnocobHOCTb:
Q=1-ppsn=1-ps=1-0.048=0.952.
A6contoTHas NpPonycKHas CnocobHOCTb:
A=Aqg=40.952=3.808 3a8B0K B 4Yac.

BepoaTHOCTb OTKaza:
Porc=Pm+n=Ps=0.048.
CpeaHee uncno 3asBOK, HAXOASALWMXCA B o4epeau:

1_4E+3§
p_ PP 1-(m+Dy+my 281 7 T3 73 216 _ oo
nn! 1-2)? 31.2:3-665 ;_2). 665
3

CpeaHee uncno 3aHsaTbiX OBM: z =A/u=3.808/2=1,904.
CpefHee 4MCNO 3asBOK, HaXoAsLWMXCS B  BblYUCIUTENBbHOM

cTaHumu:
k=r +z =0,325+1,904=2,229.
CpefHee BpeMsi 0XXMUAAHMS 3asiBKU B OUepeau:
t ox=r /A=216'4/665=0,081 u.
CpeniHee BpeMsi NpebbiBaHMS 3asiBKU B BbIYMCIIUTENbHOWN CTAHLWK:
Eoer=t oxtq/u=0.081+0.952/2=0.557 u,

3A0AHME NS UHANBUAYAJIbHOM PABOTbI

MopaenvpoBaHue CUCTEM MacCOBOIro o6cnyxmBaHunsa

3apaua 1.
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TexHuuyeckasl cucteMa S COCTOUT M3 ABYX Y310B. B cnyyaliHble
MOMEHTbl BPEMEHW KaXkAbli U3 Y3M10B NOOYEPEAHO MOXET BbIATU U3
cTpos (0TKa3aTb), NOC/E YEro Cpasy XKe HaUMHAETCS PEMOHT y3na.

Bo3MOXHbI criegyowme CoCTOsSIHMS CUCTEMbI: Sy - 06a y3na wmc-
npaBHbl; S; — NEPBbIN Y3en PEMOHTUPYETCS, BTOPO UCNpaBeH; S, —
BTOPOW Y3€1 PEMOHTUPYETCS, NEPBbI — UCNPaBeH; S; — oba y3na pe-
MOHTUPYIOTCS.

MOTOK OTKa30B MHTEHCMBHOCTBIO A; NMEPEBOAUT CUCTEMY M3 CO-
CTOsIHUA Sy B S;. O6paTHbIN NepeBoA OCYLLECTBASIETCS MOTOKOM BOC-
CTQHOBJIEHMS] MHTEHCUBHOCTBLIO ;.

MOTOKM OTKA30B M BOCCTAHOBJIEHUSI CYMTAEM MPOCTENLLNMY, A
MHTEPBANbl BPEMEHN MEXAY COBbITUAMU UMEIOT 3KCNOHEeHUManbHoe
pacnpefeneHne ¢ napaMeTpoM, PaBHbIM MHTEHCMBHOCTU COOTBET-
CTBYIOLLErO NOTOKA. AHA/IOMMYHO OCYLLECTBASIOTCA Apyrue nepexoasbl.

TpebyeTtcs:
1) onpenennTb BEPOSITHOCTU COCTOSIHWIA CUCTEMbI Pg, P1, P2 P3 C VIC-
Mosib30BaHWEM ypaBHeHWI KoiMoropoBa M HOPMUPOBOYHOIO YpaBHe-
HUSI;
2) TPYAOEMKOCTb PEMOHTA KaXXaoro y3na;
3) TPyAOEMKOCTb peMOHTa 060MX Y3/10B.
PasMeueHHbIi rpad cOCTOSAHWUI CUCTEMBI S MoKasaH Ha puc. 1.

Tabnvua 1 — BapmaHTbl UCXOAHBIX AaHHbIX

3HayeHus MHTEHCMBHOCTb NOTOKA MHTEHCMBHOCTb NOTOKA
aBy OTKa30B BOCCTAHOBJ1EHUS
)\1/ q-l )\21 q-l M1, q-l M2, q-l

0 0,5 3,0 1,5 4,0
1 1,0 2,5 2,0 3,5
2 1,5 2,0 2,5 3,0
3 2,0 1,5 3,0 2,5
4 2,5 1,0 3,5 2,0
5 0,5 3,0 1,5 4,0
6 1,0 2,5 2,0 3,5
7 1,5 2,0 2,5 3,0
8 2,0 1,5 3,0 2,5
9 2,5 1,0 3,5 2,0
a Y B Y
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BOMPOCHI AJ1I1 CAMOKOHTPOJIA

1. B kakux cnyyasx npumeHstoT pacdetr CMO no meTtoay AuHa-
MWUKWN CpeaHnx?

2. B uyeM 3akno4aeTcs CyWHOCTb MeToAa ANHAMUKKN CpeHuX?

3. Kakue BennuuHbl SBMSIOTCS XapaKTEPUCTMKAMKU CrydYalHOM
BE/IMUUHbI X (1) YNCNEHHOCTN eanHuL (3N1eMEHTOB), Haxo-
JSLLNXCA B MOMEHT ¢ B COCTOSIHUM €4?

4, Ons onpegeneHvsl MaTeMaTUYecKoro OXuaaHus 1 gucnep-
CUM CJTyYaliHON BENMWUYMHBI HEOBXOAMMO 3HaTb MHTEHCUBHO-
CTW BCEX MOTOKOB COBLITUIA, NEPEBOASIUNX JIEMEHT WM CU-
CTEMY V3 COCTOSIHUSI B COCTOSIHME?

5. Kakue peictBus HeobxoaMMO NpeanpuHsaTb ANs CocTaBre-
HUst AncddepeHumanbHbIX YPaBHEHUA CPeaHUX YUCIEHHO-
CTel COCTOSHUIA (YPaBHEHWUI AMHAMUKN CPEAHMX)?




