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b f LIeHTp AUCTAHLMOHHOMO 06YyYEHNS 1 NOBbILLEHMS KBanuduKaLmm
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a CWCTEMHbIV aHanu3

AHHOTaUMA

MeToanyeckne ykasaHus npegHasHadeHbl ans 6akanas-
pOB MO HarpasneHuto noarotoskn 221700 CtaHgapTusa-
Unst U METPOSIOT KA.

MeyaTaeTcs No peeHNo METOANYECKON KoMmuccun da-
KynbTeTa «[pnbopocTpoeHne n TeXHNYECKoe perynmnpo-
BaHue».

ABTOpBDI

JoueHT kadenpsl «YnpasneHne kadectsom» AMTY, K.T.H,
3ybpunuHa EneHa MuxainnoBHa;

3aBeayowmnin kadegpon «ObuieTeXxHUYECKMe AUCLMNIN-
Hbl» BenCXA, A4.T.H., npodgeccop [lacTtyxoB AnekcaHap
['eHHaabeBwnY;

3aBeayowmn kadeapon «Ynpaenenune kadectsom» ArTY
A.T.H., npodeccop Anmntpos Banepuii MeTpoBnuy.
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BBEAEHUE

Uenb paGOTbI - HpMOGpeCTM KOMNETEHUMMN MOoAENNpPOBaHUA
npoueccoB Ha OCHOBe MoAENUPOBaAHMUN CUCTEM MaACCOBOIO 06CJ'IY)KVI'
BaHUA.

1 MOAE/INPOBAHUE CUCTEM MACCOBOIO
OBCJ/TY)XXUBAHUA

CucreMbl MaccoBoro 06cny>xmBaHust MoryT 6bITb ABYX TUNOB —
C OTKa3aMu 1 C oxungaHumem (C o4epeabio).

B cuctemax ¢ oTkasamu 3asiBka, NOCTyNMBLUAs B MOMEHT, Koraa
BCE KaHasbl 3aHsTbl, MOKWAAET CUCTEMY W B AasibHeNweM npouecce
He yJyacTByeT. B cuctemax € oxuaaHveM 3asBka, NOCTynuBLIAs B MO-
MEHT, KOrAa BCe KaHasbl 3aHsTbl, CTAaHOBUTCS B ovepeab U NpuHUMa-
eTCs K 06CNyXXMBaHWIO, KakK TONMbKO 0CBO6OANTCS OAMH M3 KaHAsoB.

OCHOBHbIMM MapaMeTpaMu CUCTEMbI MAaccoBOro 06CnyXusaHus
ABNAIOTCS:

N — 4YNCNO KaHanos;

A — VHTEHCVMBHOCTb MOTOKa 3asBOK (CpeAHee 4ucio 3asiBOK,
NoCTynaroLWwmx B eAUHNLY BpEMEHW);

H — TpOU3BOAMTENBHOCTb KaXAOro KaHana (cpegHee 4ucno
3a9BOK, 0OCNYy>XVMBaeMbIX KaHafoOM B eAuHULY BpeMeHu), a Takxke
orpaHuyeHus (4nvHa oyepeam, Bpems npebblBaHUS 3asiBKU B o4epeam
n ap.).

CBegeHns AaHHOro pasfena OTHOCATCA TOMbKO K cucTeMam
MaccoBOro 0BC/yXXMBaHWsl, B KOTOPbIX BCE MOTOKU CO6bITUIA, NepeBo-
ASlMe CUCTEMY U3 COCTOSIHUS B COCTOSIHWE, SIBASIKOTCS MyaCCOHOBCKM-
Mn (notokamu 6e3 nocneacteui). Ons MaTeMaTUYECKOro OnmucaHusl
Takux NPOLECCOB MpPUMEHSIETCS annapaT MapKOBCKMX CiyYalHbIX
NpoLEeccoB.

CoctaBnenune anddepeHuManbHbiX ypaBHeHUM Konmoroposa
AN MapKOBCKMX CMCTEM MAacCOBOro 0b6Cny>XWBaHMS MPOUM3BOAMTCA MO
npasunam, U3NoXeHHbLIM paHee.

Mpumep 1.

PaccmaTpuBaeTcs TpexkaHanbHas cucTeMa MaccoBoro 06cny-
XUBAHUS C OTKazaMW. VIHTEHCMBHOCTb NOTOKa 3asBOK A, MHTEHCUB-
HOCTb noTtoka obcnyxusaHna g CoctasuTb AuddepeHumanbHble
YpaBHEHMSI COCTOSIHUI CUCTEMBI.

PewueHue.
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BO3MOXHbIE COCTOSIHUSI CUCTEMbI:

Sy — BCe KaHarbl CBO60AHbI;

S;— 3aHAT OAWH KaHan, ABa cBOBOAHBbIX;
S, — 3aHaTbl AHA KaHana, oauH cBoboaeH;
S3— 3aHsTbl BCE TPU KaHana.

Ipad coCTosHWUIA NOKa3aH Ha puc. 1.

A A A
S0 S1 SZ S3

H 2p 3p

Puc. 1. I'pad cocTosiHua ans npumepa 1

PasmeTtnm rpad. Ecnm cnctemMa HaxoauTcs B COCTOSIHMM S, TO
NOCTynMBLUAs 3asiBKa, NEPEBOAMT ee B S; C MHTEHCMBHOCTbIO A. Ecnn
CUCTEMA HaxoaMTCa B COCTOSIHAM S;, TO NOCTYNMBLUAs 3asiBKa NepeBo-
OUT ee B S, C UHTEHCMBHOCTBIO A 1 T.4. lNepexoa cucTeMbl B 06paTHOM
HanpaBneHun 6yaeT npu creayowmx ycnosusx. M3 S; (3aHaT oanH
KaHan) cucrema nepemnget B S, Toraa, KorAa 3akOHUYUTCS 06Cny>KuBa-
HVe 3asiBKW, 3aHMMAlOLLE 3TOT KaHas. MHTEHCMBHOCTb 3TOr0 MOTOKa
cobbiTnit L. Ecnm obcnyXmMBaHMEM 3aHATO [Ba KaHana, To MOTOK CO-
6bITWI, NEpPeBOASLLMIA CUCTEMY U3 S, B S;, BYAET BABOE MHTEHCMBHEE,
T.€. paBHbIM 24. AHANOMM4YHO MOTOK COBLITUIA, NEPEBOASLLMNIA CUCTEMY
u3 S3;B S, 6ynet paBeH 3.

PasmetuB rpad coctosHuiA (puc. 1) M nonb3yscb 06WMM npa-
BWJIOM, COCTaBUM ypaBHeHUsi KonMoropoBa Anst BEPOSITHOCTEN COCTO-
AAHWUIN CUCTEMBI:

d ™
AP

dp,

1 —=—(A . A 2u- ;

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

%=—(i+2u)-pz+i-pl+3u-p3: >

dp,

D _ 3,.p,44-p,

dt M- Py P, )

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

PelweHne ypaBHeHWin TMna (1) 06bl4HO BbINMOMHSIETCA Ha IBM.
Mpu 3TOM 6yayT nonyyeHbl BEPOSTHOCTU COCTOSIHWIA Kak (YHKUMK
BpeMeHn. B 6onbluMHCTBE criyyaeB 6blBaeT AOCTaTOYHbIM 3HaHWe
npefenbHbIX BEPOSITHOCTEN COCTOSIHWN, XapaKTepu3YHOLWMX YCTaHo-
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BMBLLUIACS pPEXMM paboTbl CMCTEMbI MAcCOBOrO 0b6CnyXuBaHUa (npu
t—00). [lna 3TOrO COrnacHoO mpaeBuy cnefyeT neBble YacTu ypaBHe-
HWUI (NPOM3BOAHBIE) MOSIOXUTb PaBHbLIMU HYMIO U PEWNTb MOMYyYeH-
HYIO TakuM 06pa3oM CUCTEMY JIMHEWNHbIX anrebpanyeckmx ypaBHEHMIA.

B Tabn. 1 npuBeaeHbl pasMeyeHHble rpadbl COCTOSHUIA HEKOTO-
pbIX TUMOB CUCTEM MACCOBOro 06CNY>XMBaHWS W MpeaenbHble BeposT-
HOCTM COCTOSIHMIM 3TuX cucteM. CoctaBneHue avddepeHumanbHbIX
YPaBHEHWUIA COCTOSIHUIA CUCTEMbI MPU HaNMUYMM pa3MedeHHoro rpada
paccMOTPeHbl HaMK paHee.

[ns oueHkn 3pdEKTUBHOCTU CUCTEM MACCOBOro 0bcnyxuBaHus
(Npn t—00) MOXXHO BOCMOMb30BaTbCA AaHHbLIMM Tabn. 2, B KOTOPOW
ANs pa3fnnMyHbIX nokasaTenei ahdeKTUBHOCTU AaHbl pacdeTHble dhop-
Mynbl. MpefenbHble BEPOSTHOCTU COCTOSIHWMIM CMCTEM MaccoBoro 06-
CYXXUBAHMS, UCMOSb3yeMble B pacdeTHbIX dopMynax Tabn. 2, Haxo-
JSATCA U3 cooTHoLeHur (15) — (20) Tabn. 1. [Ins KpaTKOCTX 3anuncu B
Tabn. 1 n 2 obo3HauyeHbl: p=A/Y; X=p/n.

JononHuutb Tabn. 1 n 2 ana pasnuyHbix rpadoB.

Mpumep 2.

BbluncnuTenbHas craHums umeet Tpu OBM (n=3). CpeaHas vH-
TEHCMBHOCTb MOTOKA Ha BbINOSIHEHWE PacyYeTOB — YeTblpe 3asBKu B
yac (A=4). CpegHee BpeMs pelleHnst ogHoW 3adaum t,s=0,5 4. CraH-
uMa NPUHUMAET M CTaBWUT B ouvepelb Ha pelleHue He bonee =3 3a-
ABOK. 3asBku, NpubbiBLIME, KOrAa B odepefb MOCTaBAEHO 3 3asBKM,
He npuHuMaloTca (NoNy4YaloT 0TKa3s). HalnTu OCHOBHbIE XapaKTepucTu-
KW CMCTEMbI MaccoBOro 06CNy>KMBaHWA: BEPOSTHOCTb OTKasa, OTHOCU-
TeNnbHYI0 U abCoMOTHYIO NPOMYCKHYK CMOCOBHOCTb, CpefiHee 4uUCo
3aHATbIX DBM, cpegHee uuCNO 3asBOK B O4vepean, cpefHee BpeMms
oXXMaaHna u NpebbiBaHUS 3asBKU Ha CTaHUMW.

PewueHue.

iIMeeM MHOrOKaHasnbHYKO CUCTEMY MaccoBOro 06Cny>KMBaHUA C
OXWAAHWEM NPU OFPaHUYEHHOM T UMCe MECT B o4epeau

MpeasapuTenbHO BbIYUCINM:

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

Ncnonb3ys dopmynel (19), HaxoanM:

- BEPOSITHOCTb TOro, 4To Bce DBM cBob60AHbI

1 1 81
Po = = =" 20122,
2 3 3 T 4 2 3 3 5 | a
1+£+p7+p7+p7.i 1+2+27+27+27.u
TN T ) 2 23 23 [ 2
n 3

- BEPOATHOCTb TOro, YTO BCe Tpu DBM 3aHSATHI U TpU 3asBKU CTOST B
6
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ouepeam
em 2° 81 32

——p = = . =
Pren = mr Po = Pe =351 53 565 665

=0.048.

Mocneaytolme pacyeTbl BbINOAHSEM C NOMoLlbio dopmyn Tabn.

N

OTHocuTenbHast NpornyckHas CnocobHOCTb:
Q=1-ppsn=1-ps=1-0.048=0.952.
A6contoTHast MponycKHas CnocobHOCTb:
A=Aq=4"0.952=3.808 3a5B0K B 4ac.

BepoaTHOCTb OTKaza:
Porc=Pm+n=Ps=0.048.
CpeaHee 4Mcno 3asBOK, HaXOAsALWMXCA B o4epeau:
2 2
pp, 1-(mdyamy 281 145 ¥35 0 16 e
nn! (1- y)? 3.1.2-3-665 (1_3)2 665
3
CpefHee uncno 3aHsaTbiX IBM: 2z =A/u=3.808/2=1,904.
CpenHee YNUCNO 3a4BOK, HaxoAAlunxca B BblUNC/IUTENBHOM
CTaHUun:

F=

k=r +z =0,325+1,904=2,229.
CpeaHee BpeMs OXUAAHUS 3asiBKU B OYepeau:
t ox=r /A=2164/665=0,081 u.
CpepnHee BpeMs Npe6blBaHUs 3as1BKU B BbIYUCIIUTENBHON CTaHLMK:
toer=t oxtq/=0.081+0.952/2=0.557 4.

3AAAHUA ANS UHBUAYANIbHOW PABOTbI

MOJAE/IMNPOBAHUE CUCTEM MACCOBOI'O OBCJTY)XKXUBAHUSA

3apava 1.

TexHunyeckast cUCTEMa S COCTOMT M3 ABYX Y310B. B crydyaliHble
MOMEHTbl BPEMEHW KaXkabli M3 Y3/10B NMOOYEpesHO MOXET BbINTU U3
CTpos (0TKa3aTb), NOC/Ne YEro cpasy Xe HauMHAETCS PEMOHT y3na.

BOo3MOXHbI Crieaytolmne CoCTOSIHUSL CUCTEMBI: Sy - 06a y3na uc-
npaBHbl; S; — NEpPBbIN Y3/ PEMOHTUPYETCS, BTOPOM UCNpaBeH; S; —
BTOPOW Y3€1 PEMOHTUPYETCS], NEPBLIA — UCNPaBeH; S; — oba y3na pe-
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MOHTUPYIOTCS.

MOTOK OTKa30B MHTEHCMBHOCTBLIO A; NMEPEBOAUT CUCTEMY U3 CO-
CTOSIHUA Sy B S;. O6paTHbLIN NEepeBo OCYLLECTBNSIETCS MOTOKOM BOC-
CTaHOBNEHNS NHTEHCUBHOCTBIO ;.

MOTOKM OTKA30B M BOCCTAHOB/IEHUSI CYUTAEM NPOCTEMLLNMHU, @
WHTEpBasibl BPEMEHW MeXAay CObbITMAMM MMEKT 3KCMOHeHUMasibHoe
pacnpefeneHnMe C napamMeTpoM, paBHbIM MHTEHCMBHOCTM COOTBET-
CTBYIOLLEro NOTOKa. AHanorM4yHO OCyLLECTBASIOTCS ApYrMe nepexoabl.

TpebyeTcs:
1) onpegenutb BeposT-
HOCTM COCTOSIHWIA CuCTe-
Mbl Pg, P1, Pz P3 C VC-
Mosib30BaHWEM  ypaBHe-
HMUA  KonmoropoBa M
HOPMMPOBOYHOIO  ypaB-
HeHus;
2) TPYAOEMKOCTb PEMOH-
Ta KaXkaoro ysna;
3) TpyAOEMKOCTb PEMOH-
Ta 060X y310B.
PasMeueHHbI rpad co-

CTOSIHWIA CUCTEMBI S NokasaH Ha puc. 1.
Tabnvua 1 — BapuaHTbl MICXOAHbIX AaHHbIX

3HayeHuns MHTEHCMBHOCTb NOTOKA MHTEHCMBHOCTb NOTOKA
aBy 0TKa30B BOCCTAHOB/IEHUS
A, ut A, ut gy, 4t o, 4t

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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1. Kupnunuynukos A.M. MeToabl NpuKnagHoOW TEOPUM MacCOBOIO

obcnyxuanus / A.M. Knpnnynnkos — KasaHb. M3a-Bo KasaH. yH-Ta.,
2011. - 199 c.

N

BOMPOCHI AJi1 CAMOKOHTPO/JIA

B kakmx cnyyasax npumeHsitoT pacder CMO no Metoay AvHa-
MUKW CpeaHnx?

B yeM 3aKno4aeTCcs CyLWHOCTb MeToAa AMHAMMNKN CpefHUX?
Kakue BEeNMUYMHBLI ABMASAIOTCS XapakTepucTMKaMu CrydainHoi
BENNYMHBI Xi(f) YNCNEHHOCTN eanHUL, (3NEMEHTOB), Haxoas-
LLMXCS B MOMEHT ¢ B COCTOSIHUM €4?

[nsa onpeaeneHns MaTeMaTM4eCcKoro OXMAaHUS U aucrnepcnm
CNyYalHOW BeNMYMHbI HEO0BX0AMMO 3HATb WMHTEHCMBHOCTM
BCEX MOTOKOB COBLITUI, NEPEBOASALLMNX SNIEMEHT WU CUCTEMY
U3 COCTOSIHUS B COCTOSIHUE?

Kakue gencTemns Heo6xoaAMMO MPeanpUHSTL ANS COCTABNIEHUS
anddepeHUnanbHbIX YpaBHEHWUI CPEAHMX UMUCIEHHOCTEN CO-
CTOSIHMI (YPaBHEHUIN AMHAMUKU CPEAHUX)?



