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IMMPEJMCJIOBHUE

Teopust MaccoBOro o0CITy)KMBaHHsI — 3TO MaTEeMaTHYECKOE HCCIIEI0BAHUE
TaKUX CUCTEM, B KOTOPLIX B CHy‘laﬁHble MOMCHTBI BpEMCHU MOCTYTIAOT Tpe60—
BaHMs (M3BHE WJIM M3HYTPH cucTeMbl). OHHM JOJDKHBI OBITH OOCITY>KEHBI CHUCTe-
MOH Ha HEKOTOpOM NpuOope, NpUYeM [UIMTEIBHOCTh 00CITY)KMBaHHS B 00ILEM
cilyyae cirydaiHa.

[Ipupona TpeGoBaHMH M MX OOCITY>KHMBAaHUs 3aBUCHT OT KOHKPETHOTO BHJa
cucteMsl. [lepBble 3amaun TEOPUH MacCOBOTO OOCITY>KHUBaHHS OBLTH PaccMOT-
peHbl coTpynHUKOM KomeHrareHckod Tene(oHHOH KOMIIAaHWU ITAaTCKUM Yyde-
HeIM A.K. Dpmararom (1878 — 1929) B nepuon mexay 1908 u 1922 romamu. It
3a1aun OBIIM BBI3BAHBI K XKHU3HHU CTPEMIICHHEM YIOPSA0YUTH paboTy TenedoH-
HOW CeTH M pa3paboTaTh METOJIBI, TO3BOJIIOIINE 3apaHee PacCUUTATh Ka4eCTBO
oOciry)uBaHHs MOTpeOUTeNeld B 3aBUCUMOCTH OT YHUCIA HCIIOJIB3YyEeMbIX YCT-
poiictB. Eciau mon TpeGoBaHMSAMHU MOHMMAaTbh, HAllpUMep, OTKa3bl AJIEMEHTOB
CHUCTEMBI UJIM CTAHKOB U COOTBETCTBCHHO I10/ 06CJ'ly)Kl/IBaHl/leM HX 3aMCHY WJIN
PEMOHT, TO MHOTOYHCJICHHBIE 33/1a4M HaJIS)KHOCTH MOYKHO pPEIIaTh METOIaMH
TEOPHUU MacCCOBOTO OOCITYKUBaHUSL.

Ouenp MHOTO 33724 M3 Pa3HbIX 00JacTeld TEXHHKH W SKOHOMHKH YHAeTcs
c(hOpMyIHPOBATE W PEIINTH C MOMOIIBI0 TEOPHH MAaCcCOBOTO OOCITYKHBaHU
METOJaMH COBPEMEHHOH MaTeMaTWKH. B KadecTBe mpUMEpOB MOXHO Ha3BaTh
pa3IHYHbIC TEXHUYECKUE MUCHUTUINHBI (CBS3b, BRIYHCIUTENbHAS TEXHUKA, TEX-
HUKa U3MEPEHHH, yIpaBlIeHNEe U aBTOMAaTHYECKOE PETyIUPOBAHKE), OpPraHn3a-
LUIO TIPOM3BOJICTBA, TOPTOBIH, TPAHCIIOPTA, 3APABOOXPAHEHISI, BOCHHOTO JIeNa.
BruBisatoTcst Bce HOBBIE cepbl MPUMEHEHHsT ObICTPO pa3BHUBAIOLICHCS TEOPUHU
MaccOBOTO 00CITYKHBaHHSI.

[ToTrpeOHOCTH NMPAaKTUKKM MPHUBEIN K HEOOXOIUMOCTH YBEJIMYEHHs BBIIYC-
KaeMbIX BBICIIEH IIKOJION CIEUATNCTOB, BIAJACIOIINX OCHOBAMU TEOPUH BEPO-
STHOCTEH, MaTeMaTHYECKON CTaTUCTUKH, TEOPUH CIIyYalHBIX MPOLIECCOB U He-
KOTOPBIMH CHELMATIbHBIMU pa3/ielaMi COBPEMEHHON MPHKJIIaTHOI MaTeMaTHKH.

MoHorpadguu Mo Teopuu MaccoBoro ooOcmyxkuBanums [1-3, 5-7, 9-11]
CJIOKHBI [UTS TIEPBOHAYANBHOTO M3YYEHUs, a B yueOHOU mureparype [4, 8, 13]
aKIEHT JeNlaeTcs Ha HM3JIOKEHHE TaKMX pPas[elioB TEOPHH, KaK aCHMITTOTHYE-
CKHE€ METO[IBI, TOJTyMapKOBCKHE MPOLECCH, CTATUCTHKA CHCTEM MacCOBOTO 00-
CIIy)kKMBaHUs. B TO XK€ BpeMs aHaIMTHYECKOE peIleHHe 3aJad MaccoBOTO 00-
cnyxuBanus [12, 14] obnamaer psaoM MONOKUTEIBHBIX KadecTB, KOTOPBIX HE
HUMCIOT ApPYTU€ MCTO/JblI HMCCICAOBAHHA: OHO HE IMPUBA3aHO K OIPCACIICHHBIM
YUCJIOBBIM 3HAYCHHUAM NapaMETPOB CUCTEMbI O6Cﬂy)KI/IBaHI/ISI, IIO3BOJIACT HAXO0-
JUTH ONITUMAJIbHBIC PCHICHUA U A€J1aTh 06u11/1e 3aKJIIOYCHU.

B cBsi3u ¢ 3TUM OCHOBHas 3aja4a IPeaaraéMoro yu4eOHOro rmnocoOus co-
CTOUT B U3JIOKECHUU Hanbosee 00INX METOJI0B aHAJTUTHYECKOTO HCCIIEIOBAHMS



CHCTEM MAacCOBOTO OOCTYXHMBaHHUS C MOAPOOHOCTHIO, HEOOXOAUMOW IS Tep-
BOHAYaJIbHOTO M3y4EHHUS.

B nepBom paznene y4eOHOTO IOCOOMS TAFOTCSl OCHOBHBIE MTOHSATHS U OIpe-
JIeJIeHNs] TEOPUU MacCOBOTO OOCIY)KMBaHHMsI, BBOAATCS MoKa3aresu d(HeKTrB-
HOCTH CHCTEM paccMaTpuBaeMoro kjacca. Bropoil pasmen mnocesmieH ¢op-
MaJIbHOMY ONHMCAHMIO M HCCIIEJOBAHHIO OCHOBHBIX THIIOB CHCTEM MacCOBOTO
00CITy)KMBaHHUs C HCIIOJIb30BAaHMEM MaTEMaTHYeCKOro armapara MapKOBCKHX
CIly4alHBIX IPOIIECCOB C HENPEPHIBHBIM BPEMEHEM M JHCKPETHBIMH COCTOS-
HUSIMH. AHAIM3 CHENHAIBHBIX CHCTEM MacCOBOTO OOCITYXHMBaHHMS Ha OCHOBE
MapKOBCKHX ITPOIIECCOB COCTABIISIET COJEP)KaHNE TPETHETO paszerna nmocodus. B
YETBEPTOM pa3feiie M3JIAralTcs aHATUTHYECKHE NPHEMBbI, KOTOPbIE TPUBOASAT
peasibHbIe IpoLecchl (YHKIMOHUPOBAHMS CUCTEM MAacCOBOI'O OOCITY)KHBaHHMS K
MapKOBCKHM.

Hacrosiniee nocodue npenHasHaueHo, MpexJie BCEro, Uil CTYJEHTOB, 00Y-
YaIOUIMXCS 110 CHEHUATBHOCTSAM "ABTOMATH3MPOBAHHBIE CUCTEMBI 00PaOOTKH
nHdopmanuu 1 ynpasieHus" u "MHPOpMaLMOHHBIE CUCTEMBI U TEXHOJIOTHH".
B T0 Xe Bpems Ui MOHMMAaHUs U ITPUMEHEHHS M3JI0KEHHOTO MaTepualia J10c-
TATOYHO 3HAHMH, IOJyYEHHBIX IPU WU3YHYEHUH TUCLUILIMH OOIIEHHKXEHEPHOTO
LUKJIA (JUCKPETHOM MaTeMaTHKU, TEOPHU BEPOATHOCTEH, MaTeMaTH4eCcKOH cTa-
TUCTUKH M TEOPHUH CIy9daiHbIX mporueccoB). IIo3ToMy OHO MOXXET OBITH pEeKo-
MEHJJOBAaHO TaK)K€ CTYAEHTAM CTapIINX KypCOB IIUPOKOTO KPyra TEXHHYECKUX
1 SKOHOMUYECKHUX CIIEIMAIBHOCTEN W HAaIlPaBIEHHH TTOATOTOBKH.



1. OBIIAA XAPAKTEPUCTUKA CUCTEM MACCOBOI'O
OBCJIY KUBAHUA

1.1. OcHOBHBIE 3JIeMeHTbI CHCTEM MacCOBOT0 00CIYKUBAHUS

JIrobast cucrema maccoBoro obciyskuanust (CMO) MoxeT BKIIIOYaTh B ce-
0s1 cremytomue MeMeHTH (puc.l): BXoaammii moTok TpedoBaHuil (WK 3asIBOK)
Ha 00CIy’)XKUBaHHE, ouepeib, 00CITyKHBAIOLIEe YCTPOHCTBO, COCTOSILEE U3 TIPHU-
60poB (MM KaHAJIOB) OOCIYXKMBAHMUS, BEIXOIIIINN MOTOK. DTO MOTOK TpeOoBa-
HUH, TOKUAAONNX cucTeMy. TpeboBaHMs 3TOTO MOTOKA MOTYT OBITH 0OCITyXe-
HBI IPUOOPAMU CHCTEMBI B HE 0OCITYKEHBI.
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Bxoosawuii nomox (00un uiu Heckoibko nomokKo8) MPeACTaBisieT co00i co-
BOKYITHOCTH TpeOOBaHUH, KOTOPHIE MOCTYIAIOT B CHCTEMY OJHO 3a IPYTHM B
KaK#e-TO MOMEHTHI BpEMEHH U HY)KIAI0TCSA B 00CITy)KUBaHHH.

Ecmu ¢ Touku 3peHns oOcmyXxuBaHUs Bce TPpeOOBaHNS OKA3bIBAIOTCS PABHO-
MPaBHBIMH, TO TaKOW IMOTOK XapaKTEpU3yeTCS TOJBKO MOMEHTaMH BPEMEHHU
MTOCTYTIJICHUS TPEOOBAHMH 1 HAa3BIBACTCS OAHOPOAHBIM.

OMHOPOIHBIN MOTOK HA3bIBACTCS CTAIIMOHAPHBIM, CCIIH €0 XapaKTEePUCTH-
KM HE 3aBUCST OT BpeMeHH. B 4aCTHOCTH, HHTEHCUBHOCTD (IUIOTHOCTB) CTaI[HO-
HApHOTO MOTOKa A (cpemHee gucio TpeOoBaHUi, moctymatonmx B CMO B enu-
HUITY BpEMEHH) JOJDKHA OBITh IIOCTOSTHHOM.

Eciu TpeboBaHms MOCTYyNalOT Ha 0OCTYKHUBaHKWE IOOINHOYKE, TO TaKOil 1mo-
TOK TpeOOBaHMI HAa3bIBACTCS OPAUHAPHBIM.

Ecmu TpeboBaHus MOCTYMAIOT Ha 00CITYKHUBAHUE YePe3 PaBHBIC MPOMEKYT-
KM BPEMCHHM, TO TMOTOK TPcOOBaHUN HA3BIBACTCS PEryJSIpHBIM. PerynsphHbie
MTOTOKU CPABHUTEIBHO PEIKO UCHOIB3yroTcs B Teopur CMO. D10 00BsICHAETCS
HUX CBOICTBOM ‘‘HEOrPAaHHMYEHHOTO MOCIEACHCTBUS’, KOTOPOE 3aKII04aeTcs B
TOM, YTO [0 MOMEHTY HOCTYIUICHUS TPeOOBaHUs MOTOKA MOXKHO IIPEICKa3aTh
OyayIiee ¥ BOCCTAHOBUTH MPOIILIOE 3TOTO IMTOTOKA.

Ecmu TpeboBaHMs MOCTYMAalOT B CIydailHbIe MOMEHTBHI BPEMEHH, TO, Ode-
BHJHO, TIPOMEXYTKH BPEMEHH MEXKIy STUMH MOMEHTaMH SBISIOTCS CIydaii-
HBIMH BEJINYHHAMH.



IToTok TpeboBaHMii Ha3bIBACTCS PEKYPPEHTHBIM (MM IIPOCTHIM MPOLIECCOM
BOCCTAHOBIICHUS), €CIHM OH CTAllMOHAPEH, OPIUHAPEH, a UHTEPBAJIbl BPEMEHH
MEXAy MOMEHTaMH IOCTYIUICHUS! TPeOOBaHUW NPENCTaBISAIOT cOOOW He3aBu-
CHUMBIC cnyqaﬁﬂme BCJIMYMHBI C OIMHAKOBBIM ITPOU3BOJILHBIM PACHPCACICHUCM.

[IpuBenem npumMep peKyppeHTHOTO MOTOKA.

TexHUYeCKHil IeMEeHT (CKakeM, MHKpOcXxeMma) paboTaeT HENpephIBHO JI0
CBOEro OTKa3a (BBIX0/a U3 CTPOs); OTKA3aBIINil 3JIEMEHT MTHOBEHHO 3aMEHsIET-
cs1 HOBBIM. EcM OTAENIbHBIE IK3EMILIAPBI AEMEHTA BBIXOAAT U3 CTPOsl HE3aBU-
CHUMO JpyT OT JIpyTa, TO MOTOK OTKa30B (OH K€ “TOTOK 3aMEH” WJIH ~’BOCCTa-
HOBIICHHIA ") OyJIET peKypPPEHTHBIM.

PexyppeHTHBIII TOTOK SIBIISIETCS] YaCTHBIM CIy4aeM IOTOKa C OrpaHUYeH-
HBIM NoceeiiCTBHEM.

[ToTokoM ¢ OTpaHWYCHHBIM IMTOCIIEACHCTBHEM HA3bIBAETCS JIO0OM MOTOK, y
KOTOPOI'0 MHTEPBAJIbl BPEMEHU MCKIAY MOMCHTAMU MMOCTYIJICHUS Tpe60BaHPII71 -
HC3aBUCUMBIC CHy‘iaﬁHble BeauuuHbl. M3 3TOro OIpeaAcC/ICHUA CJICAYCT, YTO B
MOMEHT MOCTYIUICHHsI TpeOOoBaHus OyAylllee MoBelleHne npouecca (IoCTyIuie-
HUSI TpeOOBaHMIT) B BEPOSITHOCTHOM CMBICIIE HE 3aBUCHUT OT HPOLLIOTO.

O4eBHUIHO, YTO, €CIIM UHTEPBAIIbl BPEMEHH MEXIYy MOMEHTAMHU MOCTYILIe-
HUSI TpeOOBaHUI MMEIOT IOKa3aTesbHOe (IKCIIOHEHINAIBHOE) paclpe/ieieHue,
TO TaKOH MOTOK MpEeACTaBIsieT cOO0M YaCTHBINA CIydald peKyppEeHTHOTO MOTOKA.
Ero Ha3pIBaloT MyacCOHOBCKHM, ITOCKOJIBKY YHCIIO TPeOOBaHMH, MOCTYIIAIO-
IMUX Ha OoOCTyXMBaHWE 32 (PUKCHPOBAHHBIH NPOMEKYTOK BPEMEHH, B 3TOM
Cilyyae UMEeT AMCKpeTHoe pacnpenenenue [lyaccona.

Lemyro raMmMy peKyppeHTHBIX HOTOKOB MOXHO ITOJyYUTh “IPOCEHBaHUEM’
IIyaCCOHOBCKOTO ITOTOKA.

Ilycts, HampuMep, B KaKoe-TO YUPEKICHUE MOCTYMaeT IyaCCOHOBCKUI I0-
TOK ITOCETUTENEH, a Y BX0Jla CTOUT “CTpak’, HAIPaBIAIOLINHN IepBOro MOCETH-
TeNs — K IEPBOMY CTOJY, BTOPOTo — KO BTOPOMY CTONY | T.A. Eciau cTomnoB n, T0

(SIN13

Ha Ka)XIbId U3 HUX MOCTYMAeT TaK Ha3blBaeMbIi “MOTOK DpJIaHra n-ro nopsia-
Ka”.

Takum 00pa3oM, OTOK DpIiaHTa 1-TO TOPSIKA MOIY9aeTCs U3 MTyacCOHOB-
CKOTO, €CJIM COXPAaHHUTh B MTOTOKE KAXKI0€ /-€ TpeOOBaHHE, a IPOMEXKYTOTHBIE —
BEIOpACHIBATE.

O4eBHIHO, YTO ITyaCCOHOBCKHM MOTOK €CTh HU YTO MHOE, KaK IMIOTOK DpJiaH-
ra MepBOTO MOPsIKA.

[IpakTdeckn Hanbosiee YaCTO BXOMAUIMI MOTOK TpeOOBaHUM mpesmnoara-
ercst myaccoHoBCKUM. OH urpaet B Teopurt CMO npuMeEpHO Takylo Ke poJb,
KaK M HOpPMaJIbHOE paclpe/iefiecHue B TEOPHH BeposTHOCTeH. Jleo B TOM, 4TO
CyMMHUpPOBaHHE (HAIOKEHHE) TOCTATOYHO OOJBIIOrO YKCIA CIIy4alHBIX IOTO-
KOB IIPY HEKOTOPBIX YCIOBUSX MPUBOJUT K TyaCCOHOBCKOMY MOTOKY.

B Hauboiee o0meM ciyvae BXOASIINA MOTOK TPEOOBAHHUN XapaKTepH3yeT-
cs:

bl
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e ugypcioM TpeboBaHMK (KOHEUHas WM OECKOHEYHass COBOKYITHOCTB
TpeOoBaHUM);

® pacrpelelieHHEM BXOJSIIEro MOTOKa (pacrpeleseHUeM IMPOMEXYTKOB
BPEMEHH MEX]ly MOMEHTaMH ITOCTYIUIEHHS TPeOOBaHMiA);

® XapakTepoM TpeOoBaHHil (0IMHOYHBIE — IPYIIIOBbIE, OJJHOPOHbBIC — He-
OJTHOPOJTHEIC);

® ITOPUTMOM IOBeAeHHs TpeboBaHuii, 3acTaBmmx CMO 3aHATOH (0KH-
JlaHne OOCITY)KMBAHMS, O’KHJIAHNE C OTPAaHWYCHHUSIMH, HEPUCOEINHEHHE K OUe-
penu, yXOI U3 CHCTEMBI).

Ouepedv (00HA UMU HECKOAbKO odepedeli) XapaKTEPU3YeTCs: KOTUISCTBOM
MeCT OXHIaHUA (JUIMHON ouepenr): oT 0 0 o0 ; MOPSAKOM, IO KOTOPOMY OXKH-
Jaromue TpeOoBaHMWS HANPABIAIOTCS Ha 0OCIy)XHWBaHHE (AUCIUILIMHON odepe-
).

OCHOBHBIE BH/IbI TUCLUIIIHHBI:

HarpapjeHUe TPeOOBaHUIA IO ONpe/IeIEHHBIM IpHOopaM;
oyepe.b B OPSKE MMOCTYIUICHNS] TPEOOBaHUH;

TpeboBaHue, OCTYNHUBIIEE MTOCIEAHNM, 00CITY)KUBACTCSI IIEPBBIM;
ClTyJalHbII BEIOOP Ha 00CITy>KHBaHUE;

TIPUOPHTET.

Paznugaror 1Ba BaXKHBIX IIPUOPHUTETHBIX MPaBHUIA:

1. AGcomroTHBIN (TIpephIBAIOIINI) IPUOPUTET: MIPH IMOCTYIUICHHH TpeOoBa-
HUSI BBICOKOTO NPHOPHUTETA MPEPHIBACTCS 00CITy)KUBAaHUE TPEOOBAHUSA HHU3KOTO
IIPUOPUTETA, E€CIIH TaKoe uMeeTcsa. PaccMaTpuBaroT ciydan aOCONIOTHOTO IMpU-
opuTeTa C MOTEePsIMH, aOCOIOTHOTO MPHOPHUTETA C AOOOCITy)KUBAaHHEM U a0CO-
JIIOTHOTO TIPHOPUTETA C 00CITy>)KUBAHUEM 3aHOBO.

2. OTHOCHTENBHBIA MPUOPHUTET: TPeOOBAHKHE BHICOKOTO IPHOPUTETA 3aHH-
MaeT IIepBOe MECTO B OYEPE/IH, U HE POUCXOIUT HUKAKUX NPEPhIBAHUN.

BblnensioT Takke: CTaTHYeCKHe IMPUOPHUTETHBIE MNpaBWiia, NMPH KOTOPBIX
npuoputeT (aOCONIOTHBIN WM OTHOCHTEJBHBIN) Ha3HayaeTcsl 10 Havana o0-
CITy’>)KUBaHUs (3apaHee); IMHAMUUYECKHE NTPHOPUTETHBIE NPAaBMIIa, IPU KOTOPBIX
BBIOOP NMPHOPHUTETA 3aBUCHT OT TEKYIETO COCTOSHMS CHCTEMBI, HalpuMep, OT
KOJIMYECTBA )K€ MMEIOIINXCSI MIIM 0)KUAAIOIINX 00CTy >KUBaHUS TpeOOBaHMUIA.

Obcnyscusarowee ycmpoucmeo — MX YHACIO MOXET OBITh JOOBIM: OT 0
J0 0.

OCHOBHOI XapaKTEePUCTHKOH (HYHKIMOHUPOBAHHS IPHOOPa SBISSTCS BpeMs
oOciryuBaHus TpeOOBaHHS 3TUM NPUOOPOM. 3aMETUM, YTO STOT MOKa3aTejb
XapaKTepu3yeT He KauecTBO OOCIYXHMBaHMs, a JIMIIb IPOIYCKHYIO CIOCO0-
HOCTh. Bpems oOciyxuBaHus TpeOOBaHUs PUOOPOM B OOIIEM clydyae — Ciy-
yaliHas BenuuuHA. [Ipy 3TOM CUMTAIOT, YTO MPOJOJDKHTENLHOCTH 00CITyKHUBa-
HUSI pa3HBIX TPEOOBAHMH JaHHBIM IPHOOPOM €CTh CITydaiHbIe BEJINYUHBI C OJI-
HUM M TE€M >Xe 3aKOHOM pacmpezaeneHus. Eciu Bpems oOcimyXuBaHHS 110/1aB-
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JISOMEN JacTh TpeOOBaHW Majo M TOJBKO IJISi CPAaBHUTEILHO HEOOJBIION
gacTu TpeOOBaHMN BENMKO, TO ATOT 3aKOH pacHpeAeieHHs SBIIETCS MOoKaza-
TCJIIbHBIM.

B ciydae moka3aTenhHOTO BpeMEHH OOCTYXXHBaHHSA T IDIOTHOCTH pacrpe-
JIeTIEHHS. BEPOSITHOCTEMN

flt)=pe™, u>0,0<t<w, (1.1)
a GyHKIHUS pacrpeneIeHus

t
F(t)=Pr<1)= J.ue_”tdt =1-e ™.
0
IIpu 3TOM MaTeMaTHUECKOE OKHAAHNE

o0
M= u.[te_“tdt = y
n
0
W, cnenoBarensHO, TapaMeTp L B BeIpakenuu (1.1) umeer npocToid ¢pusn-

YeCKHI CMBICII: 00paTHas ero BeIMYMHA paBHA CPEAHEMY BPEMEHH 00CITyKHBa-
HUs TpeboBanus nprubopom. [TosToMy B MTeparype L 4acTo Ha3bIBAIOT MPOM3-
BOJIUTENEHOCTBIO TIPHOOpA.

[Tpy noka3aTeIbHOM PACIpPENEICHUH BPEMEHH OOCITy)KHBaHHUS BCE TeOpe-
THYECKHE PACCYKACHUS CYLIECTBEHHO YNPOLIAIOTCA. MHOTHE OKOHYATeIbHBIE
pe3yabTaThl OKa3bIBAIOTCS CIPABEAIMBBIMH M JUIS IPOU3BOJIBHOTO 3aKOHA pac-
HpeneneHus, HO C TeM e CPeJHUM BpeMeHeM oOcimyxuBaHus. [losTomy B Teo-
pPHH MaccOBOIO OOCIY)XMBaHHUSI OOBIYHO JIENIAIOT JIOMYIEHUE, 4TO BpeMs 00-
CITy)KMBaHUsI PACIpPEIENICHO 110 [T0Ka3aTeIbHOMY 3aKOHY.

B naunbonee obuiem ciydae oOCITyXHBArOIee YCTPOMCTBO XapaKTepU3yeT-
cs:

®  YHCJIOM 00CITY)KUBAIOLIMX TPUOOPOB;

® pachpeleNeHUIMH JUIMTENBHOCTEH OOCITY)XHUBaHHs TPeOOBaHUH STHMH
npubopamu;

® 0COOCHHOCTSIMH OpTaHU3aIMK OOCTYXHBaHUS (OOCIYXMBaHWE OIWHOY-
HBIX TPEOOBAaHMH WIIM IPYIIIOBOE OOCITY>KHBaHUE;, MPHUOOPHI 0OCIYKUBAaHHS C
OJMHAKOBBIM HIJIM PA3IMYHBIM PACIPEAEIEHHEM BPEMEHHU OOCITyKHMBaHUSI; IIe-
PEMEHHOE WM NIOCTOSIHHOE YUCIIO 00CIIYKHMBAIOIIMX IPHOOPOB; ClieNUaIbHBIE
1 o0ure npuOOpbl 00CITYKUBAHHMS);

® CTPYKTypo# (mapajiesbHble MPHOOPHI, MOCICIOBATEIBHBIC MPUOOPHI,
crienyaibHble KOMOMHAIMM MOCJIEAOBATENIFHBIX W TapajuleNIbHBIX MPUOOpPOB
00CITy)KMBaHUSA).

Buvixoosawuii nomox (00un uau Heckoabko nomokos) OJHONW CUCTEMBI Macco-
BOTO OOCITY)KHBAaHHS MOXET CIY)XUTh MOJHOCTBIO WJIM YaCTHYHO BXOJSIIUM
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MMOTOKOM TpebGoBaHUH st npyroil cuctembl. CyIIECTBYIOT TaKXe CHCTEMBI
MaccOBOT0 00CITy)KHBaHUsI, B KOTOPBIX BXOASALIMN MOTOK TpeboBaHuil (hopmu-
pyeTcs u3 BIXozsuiero. B aTux ciydasx umeeT OOJbLIOE 3HAYEHHE HCCIIENO-
BaHUE CTPYKTYPHI BBIXOSIIETO MOTOKA.

1.2. IlyaccoHOBCKHii MOTOK TpeGoOBaHUIA

O603naunM uepe3 X(¢) uncino TpeOOBaHUMH, MOCTYAONINX B CHCTEMY Mac-
COBOTO OOCITyXHUBaHUS 32 TpoMexyTok Bpemeru (0, ¢). Eciu TpeGoBanus mo-
CTYIAIOT Ha 00CTy)KHBaHUE B CITydaifHbIe MOMEHTHI BpeMeHH, To X(¢) — cirydaii-
Has QYHKLHS, OHA U3 BOSMOXKHBIX pealn3aliii KOTOPOH MOKa3aHa Ha puc. 2.

Oynkuus X(f), 04eBHIHO, TPUHUMAET

X TOJBKO MEIbIC HCOTPULATCIILHBIC 3HAYC-

HUS U SIBJISIETCSl HEeYObIBaroLel pH BO3-
pacranun Bpemenu t. OHa ompezessier

) —_—

] HEKOTOPYIO BPEMEHHYIO IOCIIe0BaTeNb-

] — HOCTBH COOBITHH, WJIH, KaK IPUHSITO FOBO-

1 T PUTh B TCOPHHM MAacCOBOTO OOCIYXHBa-
I v

i 1 1, 13 14 HUS, TOTOK TPEOOBaHHI.

Puc. 3 [Hanee, ecnu HE OroBOPEHO IMPOTHUB-
HOE, TPEIIoNIaraeTcsi, 4YTO BXOJSIIUH
MIOTOK TpeOOBaHM 00J1alaeT CIeTYIONIMMH TPEMS CBOMCTBAMHU:

1) BeposATHOCTH NOCTYIUIEHUS k TpeOoBaHMH B mpomexyTke BpemeHu (0, f)
paBHa BEPOATHOCTH IOCTYIUICHUS k TpeOOBaHMII B JTI00OM APYTOM IIPOMEXYTKE
BpeMeHH (o, a+f) TOH kKe MPOJOIDKUTENFHOCTH. DTO CBOWCTBO IMOTOKA HAa3bIBa-
eTcsl CTalMOHApHOCThI0. OHO BBIPAXKAET HEM3MEHHOCTb BEPOSITHOCTHOIO pe-
)KMMa IT0TOKa BO BPEMEHHU;

2) BEepOATHOCTb HOCTYIUICHUS kK TpeOOBAHUI B CHCTEMY I1OCJE MPOHU3BOJIb-
HOT'O MOMEHTA BPEMEHH fj HE 3aBHCHT OT TOT'0, KOTJa M CKOJIbKO IOCTYITHIIO
TpeOOBaHMH JI0 3TOr0 MOMEHTa BpeMeHHU. Takoe CBOHCTBO MOTOKA HA3bIBACTCS
«OTCYTCTBHEM THoOcHeneiicTBs». M3 Hero cremyer B3aMMHas HE3aBUCHMOCTD
MOCTYIUICHUS] TOTO WJIM MHOTO 4Kcia TpeOOBaHMI Ha 0OCITy>)KUBaHUE B Hellepe-
CEKArOIINECs TPOMEXYTKH BPEMEHH;

3) BepOATHOCTH MOCTYIUICHHUS O0Jiee OHOTO TpeOOBaHMS 32 MaJbIi IpoMe-
XKYTOK BpeMeHH Af €CTh BelIW4HHa 00Jiee BHICOKOTO MOPSIIKA MAJIOCTH, YeM Af.
3TO CBOMCTBO MOTOKA HA3BIBAETCS] OPJAMHAPHOCTHIO M BBIPAXKaeT MPAKTHUECKYIO
HEBO3MOXHOCTh OJIHOBPEMEHHOTO TIOCTYTIIEHUS [IBYX MU Oonee TpeOoBaHuUil.

[ToTok TpeOoBaHNMH, yIOBIECTBOPSIIOMINI JBYM ITOCICAHUM IIEPEUNCICHHBIM
CBOHCTBaM (OTCYTCTBHE TOCIEICHCTBHS, OPAUHAPHOCTH), HA3BIBAETCS ITyacco-
HOBCKMM. Eciu moTok oGnauaeT BCEMU TpEMs CBOﬁCTBaMH, TO OH HAa3bIBACTCA
MIPOCTEHIIINM.



O603HaunM uepe3 Py(f) BEpOSTHOCTh MOCTYIUICHHS B CHCTEMY MacCOBOTO
oOciry>)knBaHUSI POBHO k TpeOOBaHMU 3a MPOMEXYTOK BPEMEHH f, T. €. MOJO-
KM P, (t) = P(X (t) = k). Ecau A — mioTHOCTh (MHTEHCHBHOCTB) IIOTOKA TPebo-
BaHMH, T. €. CpeHee 4YKciao TpeOOBaHMH, NOCTYNAIOMINX HA 00CIYXKHBaHHE B
€/IMHMILy BPEMEHH, TO IS ITyaCCOHOBCKOTO MOTOKA MPU MAJIOM /i MOXKHO 3aITi-
carsb:

B(n)=0, k=2,3,..; B(h)=~Ah, By(h)=1-Lh.

OT1crofa, BOCIOJIB30BABUIMCh TEOPEMOW  YMHOXXEHHSI — BEPOSTHOCTEH

HE3aBUCUMBIX COOBITHH, TOIY4HM:

Fole+h)=Fo(t)Po () = Py (e)(1—-2h):;
P (e h)= P(e)Py () + ey ()R (1) +

+ P (O)Py () + .. = B ()1 = 1)+ Py (ke > 1

120)07
Bylt+h)-Fylt
JEDS R
Bl + ”h)— B0 L p () rp k=1,
[epexoxs k npeneny npu 7 — 0, morydaem:
P(t)=-ARy(e) PL(e)= 1B (e)+ APy (e) k> 1. (1.2)

Jomyctum, 4To K Ha4aJabHOMY MOMEHTY /=0 He MOCTYIHJIO HU OAHOTO Tpe-
OoBaHus, T. €. PO(O): 1, P, (0): 0, k=1, 2, ... Torma pemreHnue CUCTEMbI TUd-
(hepeHIMaTBHBIX ypaBHeHUH (1.2) MOXKHO 3amucaTh B BUAE

Ry(t)=e; (13)

t
P(t)=ne™ [ Py (t)at. (1.4)
0
Pewas pexyppentHoe cootnomenue (1.4) nocnenosarenbHo i k=1,2, ... u
yuuThIBas npu 3ToM (1.3), Haxogum:

B(r)=nee™;

by 22—\t
Pz(f)=( t)2!e ;
R AR
Pk(t):(m)k—!e. (1.5)

ITo ompenenenuro MmareMatndeckoro oxunanus us (1.5)
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()= Sam )= 3l e

k=1 k!

i—1
—M z( ) A,
= (e-1)
T. €. CpEeIHEe YUCIIO0 Tpe60BaHI/II/I, MOCTYHAIOUINX Ha 00CITYXHBaHHUE 32 BPEMH ¢,
paBHO Af.
®opmymna (1.5) maet pacmpeneneHne BepoITHOCTEH uncina TpeOoBaHUH, MO-
CTYHAIOUIMX HAa OOCITY)XKMBAaHUE 3a JAHHBIN NPOMEXYTOK BpeMeHH f. Bmecro
3TOT0 MOXKHO TI0JIb30BaThCS PACIPEAEICHHEM BEPOSITHOCTENH NMPOMEXKYTKA Bpe-
menu T’ MCXKAY ABYMA MOCICAOBATCIbHBIMU MOMCHTAMU MOCTYIIJICHUSA Tpe6o—
BaHM. DTO pacnpeiesieHHe oJIy4aeTcst aBToMaTuaecku u3 popmyast (1.5) npu
k=0. B camom pene, BenuunHa Py(f) MO ONpeNeseHnIO0 paBHA BEPOSTHOCTH
P(T>t) Toro, uro cimy4aliHas BeIM4YMHA [ MPEB30MIET £, TO3TOMY MOXKHO 3aITH-
cartb

F()=P(T <t)=1-P(T >t)=1-¢M. (1.6)
OTCIOH& JUIA COOTBGTCTByIOHleﬁ IINIOTHOCTHU BepOHTHOCTCﬁ HnMEEM
fO)=Fe)=re™, (1.7)

T. €. JUTUTEINbHOCTh MHTEPBaJa BPEMEHH MEXAY ABYMs IOCIENOBATEIbHBIMHU
MOMEHTaMH ITOCTYIUICHNI TpeOOBaHHUH MTyaCCOHOBCKOTO ITOTOKA MMEET MOKa3a-
TesIbHOE pacnpeneneHue. [Ipu stom
—\t —\t 1
MT = jzx di=Lpr= j -] e Mar =L
A py )2

Takum 00pa3zoM, MareMaTHYECKOE OXKHUAAHNE ITPOMEXKYTKAa BPEMEHH MEXKIY
JIByMSI TIOCJIEJOBATEIbHBIMI MOMEHTAaMH TOCTYIIIICHHH TpeOOBaHUH paBHO 00-
paTHOW BeJMYMHE MHTCHCHBHOCTH MOTOKa TpeOOBaHMH. JTOrO M CIIEIOBAIO
OKHJaTh, TaK KaK SICHO, YTO CPEAHSSA HPOJOIDKUTEIBHOCTE BPEMEHH MEXKITY
JIByMsl TIOCIIEIOBATEIBHBIMH MOMEHTAMH IOCTYIUICHHs TpeOOBaHMH HOJIKHA
OBITh paBHa OOpAaTHOI BENMYMHE OT CPETHETO YHCia TPeOOBaHMIA, MOCTYIIAI0-
IIMX B €IUHUIY BPEMEHH.

@opmynsl (1.6) u (1.7) npencTaBaAIOT 3aKOH paclpeieleHusl BeposSTHOCTEN
JJI1 UHTEpBaJia BPEMCHU HE TOJIBKO MEXKIAY ABYMSA IMOCICAOBATCIbHBIMHU MO-
MEHTaMH IOCTYIUICHUS! TPEOOBAaHUH, HO W MEXIy NPOU3BOJIBHBIM (DPUKCHPO-
BaHHBIM MOMEHTOM BPEMEHHU M OJIDKaWIIMM MOMEHTOM IOCTYIUICHHsSI TpeOo-
BaHMs. JleiicTBUTENBHO, ecin T — MHTEPBaJ BpEMEHH MEXKIYy IBYMS I10CIIEJ0Ba-
TEJIbHBIMM MOMEHTAaMHM IOCTYIUICHHSI TpeOOBaHWH, a T — MHTEpBall BPEMEHHU
0CIIe TOCTYIUIEHHS TIOCIIeTHETO TPeOOBaHMs B CUCTEMY, TO (pyHKIUS pacipe-
nenenus Fi(¢) octaBmierocst vHTepBana BpeMenu 7 —t B cuiy (1.6)

11



)= P(r—c<t |75 )= PL=T<0l>T)

P(T > 1)
_P(r<T<r+t)_F(r+t)—F(r)_
P>t 1-F(t)

—A —Alt+1
:et;h(t):l_e—m :F(t),
e

cleloBaTeNibHO, (DYHKIMS paclpeleieHUs] OCTaBIIEerocsi WHTEpBana BpEMEHH
Tt coBnasiaet ¢ PyHKLHMEW pacrpeeseHns] BCero nHTepaaia Bpemenu 7.

Takum 06pa3oMm, JUIs ITyacCOHOBCKOTO ITOTOKA MOKHO YTBEp)KIaTh, YTO 3a-
KOH pacrpellelieHdss WHTEpBajla BPEMEHH OT MPOU3BOJILHOTO MOMEHTA #; 110
MOMEHTA TIOCTYIUICHUS ONMKalIIero TpeOOBaHUS B CHUCTEMY MacCOBOIO 00-
CITy>KHBaHUS HE 3aBHCHUT OT TOTO, IIOCTYIIJIO WM HET TpeOOBaHHE B MOMEHT .
DTO clieyeT U3 CBOMCTBA OTCYTCTBUSI MOCHEACUCTBUS, SBISIOLIETOCS OCHOB-
HBIM JJIS1 ITyaCCOHOBCKOTO MTOTOKA.

1.3. Tunsl cucrem odcnyxuBanus. Kpatkasa cumBonka

CyIecTBYIOT CIEAYIOIINE TUITBI CHCTEM MacCOBOTO OOCITY KUBaHHUS.

CucrteMbl ¢ 0TKa3aMu (OTePsIMU) — TPEOOBAHUS, KOTOPBIC MTPH MOCTYILIC-
HHUH HE HAXOZAT HU OJHOTO CBOOOJHOTO IpUdopa, TEPSIFOTCS.

Cucrembl ¢ 0:KHAAHHEM — BO3MOXKHO OXKHMJaHUE JUIs JII000ro yucia tpedo-
BaHMH, KOTOPbIE HE MOTYT OBITh OOCITY>KEHBI Cpasy.

KoMOnHHpOBaHHBIE CHCTEMBI C OKHIAQHUEM M IOTEPSMH (CHCTEMBI 0XKH-
JIaHus ¢ orpaHuueHusMu). Harpumep, 0’KuaaTh MOKET TOJIBKO KOHEYHOE YHC-
70 TpeOOBaHMH, OmpeensieMoe KOHEUHBIM YHCIIOM MECT OXHiaHus. TpeOosa-
HHE MOET TepATHCS U TOTJa, KOTJa BpeMs OJKHIAHHS WM NpeObIBaHUS B CHC-
TeME IPEBBIIACT 3aIaHHBIEC TPAHHIIBL.

IIpuopuTeTHBIE CHCTEMBI — ITOCTYMAIOIINE TPEOOBAHNS UMEIOT PA3IIHUHbIC
JIMYHbIE TPHOPUTETHI.

MHoroga3Hble cucTeMbl — 00CIYKHBaHHE COCTOUT U3 HECKOJIBKHX IOCIe-
JTIOBATEJIbHBIX 3TAIOB WK “(az”.

Jpyroi#l BaxHbIM Kjlacc cHUCTeM — Tak Ha3blBaeMble 3aMkHyThle CMO. B
OTJIMYME OT HE3aMKHYTHIX (TOBOPSAT “OTKPBITHIX’) CHCTEM MAacCOBOI'O 00CIiy-
JKMBaHUSI B 3aMKHYTBIX CHCTEMaX BXOJAIIMHA IIOTOK TpeboBaHuUil hopMupyercs
n3 BeIxogsero. K takum cucreMam OTHOCATCA U TaK Ha3bIBae€MbIE CeTH Mac-
COBOr0 00CTyKUBAHUS.

CeTp MaccoBOTO OOCITY)XKHBaHHUS MPENCTABISAET COOOH COBOKYIHOCTH KO-
HEYHOTo 4rciia M oOCITyKMBAIOIINX IIEHTPOB, B KOTOPBIX LHUPKYIUPYIOT COO0-
IIEHNS, MEPEXOAAIINe B COOTBETCTBHM C MAapIIPyTHOW MAaTpHIEH U3 OIHOTO
neHrpa B apyroi. Ilog neHTpoM 00CIyKMBaHNS TOHUMAIOT CHCTEMY MacCOBOTO
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00cITy)KHBaHUS, COCTOAMIYIO U3 A OAMHAKOBBIX TpHOOpPoB (1< 4 <o ) u Oyde-
pa oobeMoM C (0<C<w). [Ipu A =1 meHTp Ha3bIBACTCS OJHOIUHCHHBIM,
mpu A =0 — OECKOHEYHOIMHEHHBIM.

PaccmoTpuM mpuMep CeTH MaccoBOTO OOCTYXHMBAaHUS, SBITIOMICHCS TPO-
CTeHIIe MOIeNbi0 MyITBTHIIPOrpaMMHOit DBM (puc.3).

A IHpEYIMpVRIIEG [T 0T PAMD
Beop HoBOro samarma 71 M
:I:l:l:l] @ =

UeHTpamHeEn P
nponeccop

Y oTpoHCTER
EEOMA - BEEOJA

Puc. 3
Koneunoe uncio N mporpamm (CooOIIeHHiT), COOTBETCTBYIOIINX yYPOBHIO
MYJBTUIIPOrPAMMHUPOBAHUS, COTJIACHO BeposiTHOCTSIM P (i =1, M ) noodepen-

HO oOpalaercs K OfHOMY U3 M LEHTPOB 0OCITyKUBaHUSL.

OO6cmy>xuBaroIuii IeHTp / MoAenupyeT paboTy LEHTPAIBHOIO IpoLeccopa,
a HeHTpsl 2, 3, ..., M NmpeacTaBisAIOT IPYINY BHELIHMX 3allOMMHAIOIIMX yCT-
POWCTB.

Jnst KpaTKo# XapaKTepHCTHKH CHCTEM MacCOBOTr0O oOciyskuBaHust Kennan
BIIEpBBIC BBEJI CHMBOJIMKY, KOTOpas onpasjaia ceds. 3/10KuM ee B HECKOJIBKO
pacIIMpeHHOM BHIE.

CHUMBOJIMKA UCIIONB3YET MATh Pa3psiioB: MEPBbIN I XapaKTePUCTUKH BXO-
JSIIIET0 MOTOKa OJHOPOAHBIX COOBITHI, BTOPOH IS XapaKTEepHCTHKU 0OCIy-
JKUBaHUSL, TPETUH ONpeseieT OCOOCHHOCTH CTPYKTYPBI CUCTEMBI, B 4ETBEPTOM
paspsiae QUKCHPYIOTCS OCOOCHHOCTH OYepead, MATHIH paspsi BBOIAMUTCS I
OIUCAHHUS IPUOPUTETHBIX CHCTEM MAaCCOBOTO OOCITyKHBAHUSL.

B nepBom u Bo BTOpoM paspsipax cumBonamu M, D, E,, G obo3Haua-

IOTCSI COOTBETCTBEHHO JKCIIOHEHIMAIBHOE, DPEryJIsipHOE, 3PJIAHTOBCKOE A-TO
MopsiIKa ¥ TIPOM3BONBHOE pacnpeneneHus. Crpenka Hax OyKBOW yKasbIBaeT,
YTO HCCIEIyeTCsI MHOTOMEPHBINA CITydail (BXOJISIIUI MOTOK €CTh CyMMa HEKO-
TOPOTO YKCIa OTOKOB PAa3IMYHBIX TPeOOBaHUI M pacIpeneieHus JITUTEIbHO-
cTeit o0y )kuBaHus TPeOOBAHUI pPa3HBIX IOTOKOB PA3IUYHE).

Ecimn B NEPBOM paspgaae CTOUT OAUH U3 NEPCUMCIICHHBIX BbIIIE CHMMBOJIOB,
TO 3TO O3HAYAET, YTO BXOIALIUM IOTOK PEKYPPEHTHBIA C COOTBETCTBYIOLLUM
pacmpenieieHueM HHTEPBAJIOB MEXJAY MOMEHTaMU IMOCTYIUIEHHS TpeOOBaHUHU.
Kaxnplii 13 BBEJEHHBIX BBIIIE CHMBOJIOB BO BTOPOM paspsje O3HAYAET, 4TO
pacrpezeneHue JIUTEIIbHOCTH 00CITy )KUBaHUS IMEET YKa3aHHBIN BH/I.

Tpetnit paspsa conepkut uucio obcmyx)uBatomux npudopos (1, 2 u t. 11.).
Ecmu B 3TOM pa3psiae HamucaHa JaTWHCKas OykBa (m, ¢ U T. 1I.), TO 3TO O3HAYa-
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€T, YTO YUCJIO PUOOPOB MOXKET ObITh MPOHU3BOJILHBIM M PacCMaTpuUBaeTcs 00-
Ui cayyai.

B derBepTOoM paspsne yka3plBaeTCs YHMCIO MECT IJI OXKHIAHUA (MakKCH-
MalibHas JuinHa ouepenn): 0 — cucrema c moTepsiMu 0e3 oxupanus; 1, 2 u T. 1.
— CUCTEMaA C OTpaHUYCHHBIM YHUCJIOM MECT IJISA OKUJaHUA. B CJIydyac CUCTEMBI C
OECKOHEYHBIM YHCIIOM MECT OXKMAAHHS CTaBST CHUMBOJ ““00” WM, YTO dHallle,
OITyCKalOT B CUMBOJIMKE YE€TBEPTHIH pazpsil.

B msiTom paspsiie (U1 IPHOPUTETHBIX cucTeM) Gukenpyercst cumBoa f7

i=0,1,2; j=0,1. Ecmm i=0, TO ocymecTBiseTcsl 00CITy>)KuBaHHe 0e3 MpH-

opurera, Ipu i =1 B CHCTEME UMEETCSI OTHOCUTEIbHBIA IIPUOPUTET, i =2 03-
HauaeT HajJu4yue aOCOJIOTHOTO MpHOpUTETA (T.€. HKHUH MHIIEKC YKa3bIBaeT Ha
xapakTep mpuopurera); j =0 yKa3pBaeT, 4To TpeOOBaHME, 3acTaBIIee BCE

MecTa 3aHATBIMH, TepsieTcsl, j =1 — BHOBb NpHOBIBIIEE TpeOOBaHUE BHITECHSET

TpeOoBaHKE C HU3IIMM IPUOPUTETOM.

OnucaHHas CUMBOJIMKA HE IIO3BOJISIET YYECTh BCE MBICIUMBIE 0COOCHHOCTH
CMO, nosToMy OHa 4acTo JOIOJIHAETCS CIOBECHBIMU OlMcaHusMu. Hanpumep,
rosopar: “cuctema D/M /1 ¢ HeHameKHBIM 0GCTYKUBAIOIMM TPUGOPOM”. DTO

03HAYaeT, YTO BXOJIINN IMOTOK TpeOOBaHWH pETYJSIPHBIH, OOCITy)XKHBaHUE
MIPOM3BOANTCS T10 TOKA3aTEIbHOMY 3aKOHY, CHCTEMa OJHOKaHAJIbHAs (OJHOIIH-
HelfHas1), Kakaoe TpeOoBaHUe, Mpoxomdliee depe3 OOCITyKHBAIOMIMNA MPHOOP
(oH oztuH), OOCITY>KHUBaETCs HE TOCTOBEPHO (C HEKOTOPOH BEPOSITHOCTHIO), a pa3
CHMBOJI B YETBEPTOM pa3pszie OMyILEH U MATOro pas3psaa HET, TO CHCTEMa He-
MPUOPUTETHASA C OKUIAHUEM.

1.4. Tloka3aTtesn 3¢p(PeKTHUBHOCTH CHCTEM MACCOBOr0 00CTY:KHBAHUS

PabGora cucrem mMaccoBoro oOCITy)KMBaHHMS MOXKET paccMaTpHBaThCsl KakK C
TOYKH 3peHHs opranuzaropoB (BmazenbleB) CMO Tak M ¢ TOYKH 3peHHs 00-
CITy’)KMBaeMbIX KIMEHTOB. C MEepBOM TOUKH 3pEHHS JKENATeNFHO ‘BBEDKATh W3
CHCTEMBI BCE, YTO BO3MOXKHO M NOOUTHCS TOTO, YTOOBI €€ KaHAIbl OBUIH Tpe-
IenbHO 3arpykeHbl. C TOYKM 3pEeHHsl KIMEHTOB JKENATeNFHO BCEMEpPHOE
YMEHBIIEHUE OUepeseH.

B cBs131 ¢ 3THM TIpH pelIeHnH 3a1a4 ONTHMHU3ALUN B TEOPUH MacCOBOTO 00-
CITy>)KHBaHUSI HEOOXOIUMBI “CHCTEMHBIN MOJX0A”, TOJTHOE U KOMIUIEKCHOE pac-
cMOTpeHue Beex “3a” u “mpotus”. [TosTOMy B 33auax MacCoOBOro 00CITyKHUBa-
HUS HE BBIACIISAIOT KAKOr0O-JMOO OJHOTO MoKaszaTess 3(PPEKTHBHOCTH, a Cpasy
CTaBAT 3TH 3a/la4U KaK MHOT'OKpUTEPpUAJIbHBIC.

[Mokazatenu 3¢)(HeKTUBHOCTH CUCTEM MAaCCOBOTO OOCIYXKMBaHHS 3aBUCST OT
Tpex Ipymin (GaKkTopoB:

® XapaKTepUCTHK KayecTBa U HAZEKHOCTH CUCTEMBI;
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® DHKOHOMHYECKHX IIOKa3aTesel, XapakTepu3youux paboTy cucremsl (ee
CTOMMOCTH, TPYIOBBIX 3aTpaT 00CIIyKHBAIOIIEr0 IIEPCOHANA, YOBITKOB, CBA3aH-
HBIX C HECBOEBPEMEHHBIM 00CITYKMBaHHEM H T.11.);

® 0COOCHHOCTEH CHTyallud, B KOTOPOH J3KCILTyaTHpPyeTcsi cucteMa (mapa-
METPOB II0TOKa TPeOOBaHUi, OrpaHUYEHHUH Ha JUIMHY OYEPEeaH U T.I.).

K unciy Hambonee yacto TIpHMEHsEMBIX MoOKazateneld 3¢ddexkTuBHOCTH
¢dynkponnpoBanusi CMO oTHOCATCS ClieyonIye:

1) BeposTHOCTH P, TOro, 4TO OOCIY>KMBaHHEM TPeOOBAaHUI B cUCTEME 3a-

HATO k TpuOOpoB. DTO Hambollee MONHAs XapPaKTEPUCTHKA, YaCTHBIMH CIY-
YasMU KOTOPOH ABJIAIOTCA: BEPOATHOCTb F}) TOTO0, 4TO BCEe PUOOPHI CBOOOIHEL;
BEPOSITHOCTh P, TOTO, YTO BCE MPUOOPHI 3aHATHI, TA€ 1 — YUCIO MPHOOPOB B
CMO. DTta xapakTepruCTHKa B CHCTEME C OTKa3aMHU Ha3bIBAETCS ~BEPOSTHOCTHIO
0TKa3a” Py, a B CMO ¢ okuiaHueM — “BEPOSTHOCTBIO OXKUAAHUA T ;

2) cpenHsas AuuHA ouepenu M, T.. MAaTEMaTH4ecKOe OXKHMIAHUE 4HUCIIA
TpeOOBaHUH, O)KUIIAIONIMX HaYasa 00CITy )KUBAHUS;

3) cpemHee 4yHCIO TPeOOBaHHM, HAXOIAIIUXCS B CUCTeME (KaK OOCTYXKH-
BaeMbIX, TaK U CTOALINX B odepenn) M, ;

4) cpenHee 4UCIIO CBOOOAHBIX OT 00CITyKUBaHUS IPUOOPOB M3 ;

5) ko3 ULUEHT IPOCTOs 00CTyKUBAOWUX IPHUOOPOB &3 = M5 /n ;
6) cpenHee 4ucio npudOPoB, 3aHATHIX 0OCITy)XKUBaHHEM M 4 ;

7) k03¢ UINEHT 3arpyKEHHOCTH MPUOOpPoB &4 =M 4 /n

8) cpennee Bpemsi MO oxxupaHus B odepeny, T.€. MATEMaTHYECKOE 0XKUAa-
HHUE BpeMeHu 0 oXuIaHus Hadasia 00CITy)KHBaHHUS;

9) BEpOATHOCTH TOTO, YTO BpPEMs MPEOBIBAHUS TPEOOBAaHHUS B OYEepEIU HE
MPOITUTCS OOJIBINIE ONPEICICHHONW BEITHMYUHEI, P(e < t), t>0. O4yeBUIHO, YTO

9Ta XapaKTEePUCTHKA SBJISETCS 3HaUeHHeM (GyHKIMU pacnpenenenus F(f) Bpe-

MEHH OXKHIaHHA B QUKCUPOBAHHBII MOMEHT BPEMEHH 1;
10) BeposITHOCTH TOTO, YTO YHUCIIO TPEOOBaHUH B OYEPEIH, 0KUAAIOIINX Ha-

0
yaga o0CIyKUBaHUs, OOJbIIE HEKOTOPOro 4ucia, P, = ZPk . OroT noka-
k=m+1
3arenb 0cOOEHHO HEOOXOIUM TIPH OLEHKE BO3MOXKHOCTEH pa3MmerneHus Tpebo-
BaHWH NMPHU OTPAaHWIEHHOCTH BPEMEHH IS OXKUIaHMS.

Kpome nepedncieHHbIX KpUTEpHeB MPH OLEHKe 3(G(PEKTHBHOCTH CHCTEMEI
MaccOBOTO OOCITy>KUBaHUSI MOTYT OBITb HCIIOJIb30BaHBl CTOMMOCTHBIE IOKa3a-
TEIH:

Cos — CTOUMOCTH 00CITYKMBaHUS KOXKOT0 TPEOOBAHHS B CHCTEMC;
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Cox — CTOUMOCTB TIOTEPb, CBA3aHHBIX C IPOCTANBAaHNEM TPEOOBAaHUI B Ove-
penu B eIMHUIYY BPEMEHH;

Cy — CTOUMOCTB yOBITKOB, CBA3aHHBIX C YXOJJOM M3 CUCTEMBI TPEOOBaHUIA;

C; — CTOMMOCTH JKCIUTyaTallid KaKAOro Mpudopa CHUCTEMbl B €IMHUILY
BpEMEHU;

C,x — CTOMMOCTb €AMHHIIBI BPEMEHH MPOCTOSI MPUOOpa CUCTEMBI.

st BeIOOpa onTuManbHbIX mapamerpoB CMO 1o SKOHOMHYECKHUM IOKa3a-
TEJISIM MO>KHO HCIIOJIB30BaTh (PYHKINIO CTOMMOCTH TIOTE€Ph B CUCTEME:

—  Z7IsI CHCTEMBI C 0)KUAaHHEM (p(n) = (Coli +CpyMs+Cr My )T ,
rae T — MHTEpBal BPEMEHU;

—  JUIA CHUCTEMBI C OTKa3aMH (;)(n) = (C WMy +Cy an)T ;

- JUIA CMEIIAHHBIX CUCTEM MaCCOBOT'O OGCJ’Iy)KI/IBaHI/I}I

@(n) = (CyeM3 + CoueM + Cypyh+ CM )T .

Ipu pemeHNH HEKOTOPBIX 3aad LEIeCO00PAa3HO MOJIb30BATHCA KPUTEPHEM
OKOHOMHUYECKOH  A(P(EKTUBHOCTH  CHUCTEMBI ~ MaccoBOro  OOCIy)XHBa-
Hud E = p,gACT —(p(n), rane C — skoHOMHIYECKUH 3 deKT, MOTyIeHHBIH pH

00CITy>KBaHUHU KaXJIOTO TpeOOBaHUS; P, — BEPOSTHOCTH OOCILYKUBAHUS Tpe-

OOBaHUA.

2. OCHOBHBIE THIIBI CUCTEM MACCOBOI'O
OBCJIY KUBAHUS

B pasnene paccMaTpuBaIOTCS CHCTEMbI MACCOBOTO OOCITY>KUBAHUS B MPE/-
MOJIO)KEHUH ITyaCCOHOBCKOTO BXOJSIIErO IMOTOKA M IMOKA3aTeNIbHOr0 3aKOHa
pacrpezeneHus Kak BpeMeHH 0oOCiy)KHBaHHs TPeOOBaHMWit, TaK M JPYTHX CIIy-
qaiiHeIX (hakTopoB paboTel CMO. Takne CHCTEMBI MacCOBOTO OOCITYKMBaHUS
Ha3bIBAIOT MAPKOBCKUMH, TIOCKOJIbKY MPOLIECChl UX (YHKIMOHUPOBAHUS SIBIISI-
I0TCA MAapKOBCKHUMU CJIy‘IaIZHbIMH nmpoueccaM € HEOPEPBIBHBIM BPEMCHEM U
JUCKPETHBIMH COCTOSIHUAMH. JlJI1 HMX XOopouio pa3paboTaH MaTeMaTH4eCKUi
amnmnapar 1 1noJydyeHbl aHAJIUTUYCCKUC PCIICHUS.

2.1. CucreMbl MacCOBOI0 00CTY:KMBAHHUS € OTKA3aAMH

ITycTp cucrema MaccoBOro OOCITY)KMBAHUSI COCTOWT U3 /1 OJHOTHITHBIX 00-
CITy’KHBAIOIIUX MPHOOPOB M B 3Ty CHUCTEMY IOCTYIAET ITyaCCOHOBCKHH MOTOK
OJHOPOJHBIX TpPeOOBaHMH C MHTEHCHBHOCTHIO A. llpenmnomnoxkum mamee, 4To
BpeMs OOCITY)KMBaHUS KaKAOTO TPEOOBAHUS KAXIBIM IPHOOPOM MOJUUHSIETCS
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MIOKa3aTeIbHOMY 3aKOHY € mapameTpoM [ Eciu okasbiBaercs, 4To Bce 00ciy-
)KUBAOLIKe MPUOOPHI 3aHATHI, TO TPeOOBAaHUE MOTydYaeT OTKA3 U MOKHAALT CHC-
TeMy HeoOCTy)KeHHbIM. Takue CHCTEMbI MacCOBOI0 OOCITY)KUBAHUS Ha3bIBAIOT-
¢S cCUCTeMaMH C OTKa3aMH (WJIM CUCTEMaMU C ITOTEPSIMHU).

[pexne Bcero BeiBeneM cucteMy AU QGepeHMaIbHbIX YPaBHEHUH sl Be-
POSTHOCTH py(f) TOTO, YTO B CUCTEME B MOMEHT BPEMEHHU { HaXOAUTCS Ha 00-
ciyxuBaHuu k tpedoBanuii (k = 0, 1, ..., n). Cpasy xe 3aMeTHM, YTO B JIFOOOH

n
MOMEHT BPEMEHH { JIOJDKHO BBIIOJHATHCS YCIOBHE HOPMHUPOBKHU Z Pr (t) =1.
k=0
DTO HENOCPEACTBEHHO CIEeIyeT W3 TOro, YTO B JIOOOW MOMEHT BPEMEHH ! B
cHCTeMe HaxoauTcs Ha obciyxuBanuu nmbo 0, mubo 1, mubo, HakoHew, 7 Tpe-
OOBaHMIA.
ITo popmyiie MOJIHOM BEPOATHOCTU

pile+h)= ﬁpi(t)pik(h% (2.1)

rae pi(h) — ycinoBHas BEpPOSTHOCTH TOTO, YTO Yepe3 MPOMEKYTOK BpeMeHU /i
OynmeT oOciyXUBaThCsl kK TpeOOBaHUI, eclii BHa4ane 00CIyKHUBAIOCh i Tpebo-
BAaHUH.
Bynem cumtath s moctaroyHo ManmeM. Tak Kak paccMaTpUBAaeMBIH MOTOK
TpeOOBaHUH — MyaCCOHOBCKHIA M €ro INIOTHOCTh PaBHA A, TO MOYHO HAIIHCATh:
Py(h)=1h+0(h); (2.2)
Py (h)=O(h), (2.3)
rae Ps,(h) — BEpOSTHOCTH TOTO, YTO B T€YEHHE IMPOMEKYTKAa BPEMEHH /1 B CHC-
TeMy Ha OOCITy)KUBaHHE ITOCTYIIMT HE MEHee m TpeOOBaHUA, O(h) — BEJIMYUHA
6oJiee BBICOKOTO IOPSi/IKa MAJIIOCTH, 4YeM /. BeposiTHOCTh 1moCTyIuIeHus B Teue-
HUE MPOMEXYTKA BPEMEHH /i B CHUCTEMY TOYHO OJHOTO TPeOOBaHHS pPaBHA
Ah+O(h) (em. dopmyast (2.2), (2.3)).
Hanee, ncnonb3ys GyHKOUIO pacnpeneieHus F (t): 1-e™ Bpemenu 06-
CITy’)KUBaHUsI T, MOAYMHSIOIIErOCs IOKa3aTelIbHOMY 3aKOHY C HapaMeTpoM L,

Juts BeposiTHOCTH P (T <h) Toro, 4to TpeboBaHUe OyneT 00CIyKEHO 3a BpeMs,
MeEHbIIIee /1, HaXO UM

P(h)=1-e™ = uh+0O(h), (2.4)

OTKyZa
P(tyh)= e, (2.5)
[IpaBas gacTh cooTHOMIEHH (2.5) paBHa BEpOATHOCTH TOTO, YTO BpeMsi 00-

CIIy’)KUBaHUsI MPEB30MIET /i, T. €. BEPOSTHOCTH TOTO, YTO HHU OJUH 3aHATHIH
mpubop He ocBoboauTCA 3a Bpems A. CiemoBaTesbHO, ecii Ha 00CITy)KUBaHUN

17



HaXOoJHTCsl kK TpeOOBaHMIiA, TO BEPOSTHOCTh TOTO, YTO HU OJIUH U3 k 0OCITYKU-
BaIOIINX IPUOOPOB HE OCBOOOIUTCS 3a BpeMsl /1, IO TeOpeMe YMHOKEHHS BEpPO-
SITHOCTEH HE3aBUCHUMBIX COOBITHI paBHA e, IIosTOMY AJ1s1 BEPOSITHOCTH TOTO,
4TO 3a Bpems s OCBOOOAUTCS XOTsA Obl OMUH W3 k MPUOOPOB, MOIydaeM

1—e M = wkh+O(h). A Tak Kak BepOATHOCTH OCBOGOXIEHHS MBYX H Gojee

npubopoB 3a Bpems /# paBHa O(h), TO BEPOATHOCTH OCBOOOXKICHHMSI 32 BpeMs /
TOYHO OJTHOTO U3 k IprOOPOB paBHA
wkh +O(h). (2.6)

Haiinem dopmysl mist yenoBHBIX BepositHOcTer py(h). [lyets py(h) = P(A),
rae coOsiTHe A 03HA4YaeT, YTo B CHCTEME depe3 BpeMs /i He OyIeT HH OJHOTO
TpeboBaHUS NPU YCIOBHUH, YTO B HAYaJIbHBI MOMEHT B HEH Takke HE ObLIO
TpeboBanuii. OueBUAHO, COOBITHE A MOXKHO IPEACTABUTH B BHJE CYMMBI HECO-
BMECTHBIX COOBITHIA:

A = Al + A2A3 + A4A5 5 (27)
rzie A; 03HaYaeT, YTO 3a BPeMs /s HE TMOCTYIIIIO HU OJHOTO TpeOoBaHus; A, — 3a
BpeMsI /i TIOCTYIIIIIO OJHO TpeboBaHue; A3— 3T0 TpeboBaHHe OyIeT 00CIyKEHO
JI0 OKOHYaHHs pacCMaTpUBaEeMOTO IPOMEXYTKA BpeMEeHHU /; A4 — 3a BpeMs h
MOCTYNMIIO 6oJiee OAHOTO TPeOOBaHNUS; A5 — ITH TPeOOBAHHS OyIyT OOCITY>KEHBI
JI0 OKOHYaHUSI pacCMaTPUBAEMOT0 IIPOMEKYTKA BPEMEHH /.

Ho u3 dopmyn (2.2) — (2.4) cnenyer:

P(4)=1-2h+O(h), P(4y)=nrh+O(h), P(43)=ph+O(h), P(44)=O(h),
P(ds)=0(n).

Orcrona 1 u3 (2.7), UCHOIB3Ys TEOPEMBI CIIOKEHUST BEPOSITHOCTE HECOBME-
CTHBIX COOBITHH M YMHOXEHHS BEPOSTHOCTEH HE3aBHCHUMBIX COOBITHI, HaxXo-
JIIM

pool)=P(d)= P(4))+ P(4y )P(s) + P4y )P(4s ) =
=[1 =2+ O(R)]+ [Mh + O(R)]- [wh + O(R)]+ O(R)O(R) = 1 = R + O(h).

TakuM 00pa3oM, BEPOSTHOCTH IOCTYIUIEHHS B IPOMEXYTOK BpPEMEHH
(¢, t + h) m tpeboBanmuit (m =1, 2, ...) 1 UX OOCITy’)KHUBaHHUSA B ITOM K€ IIPOMeE-
JKyTKe IMeeT 0ojiee BBICOKHI MOPSIOK ManocTH, 4eM /. [To 3Toif mpuanHe 3Ty
BEPOSATHOCTHYIO KOMIIOHEHTY MBI Jlajiee sIBHO BBIIHCHIBATh He OyeM, CuuTas ee
conepxaieiics B cumboie O(/).

Iycte k — i > 2. Torma pu(h) paBHa BEpOATHOCTH TOTO, YTO B CHCTEMY 3a
BpeMs s TIOCTYNHT Ha 00CITy)XHBaHWE HE MEHee AByX TpeOOBaHMIA, H, CIeI0Ba-
TeJNBHO, 1o (opmyiie (2.3)

2.8)

pu(h)=0(n),i<k-2. (2.9)
Ecnu e i — k > 2, To py(h) paBHa BEpOSTHOCTH TOTO, YTO 3a BpeMsl s CHC-
TEeMy TOKHHYT HE MEHee IBYX OOCIYyXEHHBIX TpeOOBaHUIA, U, CIIEI0BATEILHO,
o hopmyne (2.4)
18



pih)=[nh+Om)f* =0(h)izk+2. (2.10)
Benmuuna py+,(h) ¢ TounocTeio 10 O(/) paBHA BEPOSTHOCTH TOTO, YTO B

CHCTEMY 3a BpeMs /1 TOCTYNIUT Ha 00CITy’)KHBaHHE OJHO TpeOOBaHUE, T. €.
Pris1(h)=2h+0(h),0< k(n. 2.11)
AHaNOrn4HO BeJIHYMHA Py () ¢ TouHOCTBIO 10 O(/) paBHa BEPOSITHOCTH
TOTO, 4TO 33 BpeMs /i OCBOOOTUTCS TOYHO OAWH MPHOOP H3 k, U, CICIOBATEIb-

HO, corJIacHo (2.6)

prs-1(h)=wkh+0O(h),0<k<n. (2.12)
Ecin B cucTeme B HEKOTOPBI MOMEHT BPEMEHH ! HAXOIUTCS Ha 00CITyXKH-
BaHMHU k TpeOOBaHWH, TO B MOMEHT ¢+/ B 3TOH CHCTEME MOXKET OKa3aThCs JIIO-
60e umco TpeGoBaHui OT 0 10 7, M OITOMY MOXKHO 3aIHCATh Y i (h)=1.

i=0
Otcroaa u u3 popmya (2.9) u (2.10)
Pk (1) =1=pp 1(h)= P 1 (1) +O(h). O <k <n (2.13)
WK, IPUHUMAs BO BHUMaHue cootHomeHus (2.11) u (2.12), nomydaem
pii(B)=1=Ah—pkh+O(h) 1<k <n-1. (2.14)

Haxkonen, yuutsiBasi, 9To p,, ,+;(7)=0 (B cucreme He MOXXET HAXOIUThCA n+1
TpeOOBaHUH, TaK KaK pacCMaTPUBACTCS CUCTEMa C OTKa3aMH U B HEW MMeeTcs
TOJIBKO 71 IPUOOPOB), U3 cooTHomIeHuH (2.13) u (2.12) momydyaem

Poun(R)=1=pkh+O(h). (2.15)
[oncrasum Teneps oueHku (2.8) — (2.15) mns py(h) B dopmymy (2.1), mo-
JY4HM:
polt+h)= po(X1=21n)+ py (e} +O(n);
pelt+h)= peoy(ePht py (X121 —pkh)+
+ POk +1)r+0O(R) 1<k <n-1;
Py (t + h) = Pn—1 (t)?uh +Dn (t)(l - “nh)+ O(h)'
3/1ech B KaXJIOM YPaBHEHUH BCE WICHBI, COJCPIKAIINEC MHOXKHUTEIEM BEIHU-

uynHy O(h), 00beaArHEHBI BMECTE U 0003HaYeHBI TeM ke cumBosioM O(4).
3anumem cucremy (2.16) B Buze

pole+h)=polt) = =2po(t)+upy (¢)+O(1)

20 g (0 Guskipeo)+
+ulk+ 1)p(c+l (()+o() 1<k <n-1

M = A1 (£) = np,, (1)+ O(1)

rae cumBoll O(1) 03HaYaeT BEIMIHUHY, CTPEMSIYIOCS K HYJTIO TIpu i — 0.
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Cucrema pa3sHOCTHBIX ypaBHeHu# (2.17) B mpexnene mpu 74 — 0 mpeBpama-
eTcsl B cucteMy auQQepeHnrnanbHbIX YPaBHEHHUI:

Po(t) = Ao (t)+ 1y (1)
()= Ay ()= (o k) (1) +
+p.(k+1)pk+1(t), 1<k<n-1
pl”l (t) = xpnfl (t)_ Wlpn(t)
Ecnu npennonoxurs, 4yTo B HavyanbHbI MOMeHT =0 B cucreme HeT Tpebo-
BaHHM, TO OJyYUM HAYAIIHBIC YCIIOBHS:
10(0)=1;,(0)=0;...; p,,(0) = 0. (2.19)
Xotsi cucreMa OOBIKHOBEHHBIX Au(depeHIranbHblX ypaBHeHud (2.18) c
HaydaJbHBIMU ycJIoBUAMH (2.19) u sBnseTcd IMHENHOHN, MPUYEM C MOCTOSIHHBI-
MH KO3 HULIMEHTaMH, HAWTH €€ TOYHOE, T.. aHAJIMTHYECKOE, PEIICHUE B SB-
HOM BHJE Ipu /m>2 B O0ILIeM cilydae HEBO3MOXXHO. KoHe4HO, IpH KelaHuH
cucremy (2.18), (2.19) Bcerna MOXKHO PEHINTH C OO0 CTEIIEHBIO TOYHOCTH
YHCIIEHHO, HanpuMmep MetooM Pynre — Kyrra. OiHaKO YHCIIEHHOE PEIICHUE C
TOYKHU 3PEHHs KaYECTBEHHOTO aHalM3a MPEACTABISIET W3BECTHBIE HEyI00CTBa.
BMmecre ¢ TeM KauecTBEHHOE HCCIEJOBaHUE pelleHud cucteM auddepeHiu-
ANBHBIX YPaBHEHHIA, BO3HUKAIOIINX B TEOPHU MACCOBOTO OOCITY>KUBaHUSI, BECh-
Ma KeJaTesbHO.
PaccmoTpum Gosee moapoOHO dacTHBIN cirydail cuctemsl (2.18), (2.19) mpu
n=2, u=1, A=2. B atom cny4ae cucrema (2.18) npuHumaeT Buj

(2.18)

Po=-2po+ D15
p1=2po=3p1+2py; (2.20)
P2 =2p—2p;.

Hcnone3ys  paBeHCTBO pz(t)zl— pO(t)— pl(t), HCKIIFOYAM H3 BTOPOTO

ypaBHeHHsI cucTeMbl (2.20) QyHKIHIo py(f), Torma, oTOpacsiBasi TPEThE ypaBHE-
HHE, 0JTy4aeM:
! R A
Po=-2po+p1;p1 =—5p +2.
Pemrenne 3To# cucTeMbl, KaK JIETKO TPOBEPHUTH, UMEET BHJ]

12, 2 s 22
Po(f)—5+3e +159 aPl(t)—S 5‘3

-5t

Kpowme Toro,
2 2 _ 4 _
pz(t) e

) 15
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1,0

0,8

Aty
0.4t/

0,2/ 20

0 02 04 06 08 L0 1,2 14 16 18 20
Puc. 4
Ha puc. 4 pynxmus N (t): Dl (t)+ 2p;y (t) paBHA CPEIHEMY YUCILYy 3aHATBIX

oOciyxuBaromux npuoopos. B paccMaTprBaeMoM citydae, HaUnHas ¢ MOMEHTa
t =1,5, IpaKTUYECKHU YCTAHABIIMBAETCS CTALMOHAPHBIA PEKUM, ONPEAEISIEMBbII
o popmymam
po = lim py(t)=0,2; p; = lim p(t)=0,4; p, = lim p,(t)=0,4. (2.21)
t—0 t—w t—0

Pemenne (2.21) Ha3pIBaeTcsl CTaMOHApHBIM pelIeHHeM cucteMsl (2.20).
OHO COOTBETCTBYET TaK HAa3bIBAEMOMY COCTOSHHIO PaBHOBECHS, XapaKTepH-
3yeMOMY TOCTOSIHCTBOM BO BPEMEHH BCEX BEPOSTHOCTHBIX IOKa3aTeNled cuc-
TEMBI MacCcoOBOro o0ciyxkuBaHus. [Ipu 3TOM, 4TO BechbMa IpUMEYaTelIbHO, 3TO
pelLIeHre He 3aBHCHUT OT MCXOIHOIO paclpeneieHHs BepOosTHOCTeH Yucia Tpe-
OoBaHmii B cucteme, T.e. oT BenmmurH py(0), p1(0), p(0). DToT dakT nmeer mnst
TEOPUH MacCCOBOr0 00CITyKHBaHHUS HEOLIGHUMOE 3HaYECHHE.

Kak yxe oTMeuanoch, HalTH SBHOE aHAIMTHUYECKOE pEIIEHHE CHCTEMBI
(2.18) mpu mpou3BOIBHOM 1 B 00IIeM cilydae HEeBO3MOXKHO. OIHAKO CTaIHo-
HapHOE pEIeHUE STOM CHUCTEMBI, €ClIM OHO CYILECTBYET, HalTH Jierko. Jleiict-
BUTEIBHO, Monaras lim py (t): Pr-k=0,1,....,n n nepexons K npeneny B aud-

t—0

(bepennpanbHoi cucteme (2.18) mpu ¢ — o0, moaydaeM yxke aareOpandyecKyro
CUCTEMY:

0=-Apy +upy;
0=Apj_y = (h+k)pg +nulk+1)pjp 1<k <n-1; (222)

0=Apy_| —unp,.
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Jns ynpomenus 3ammcu cucteMsl (2.22) pa3menuM KaKaoe ee ypaBHEHHE
Ha |, ¥ BBeieM o0o03HadeHne a=\/|l. B pe3ynprate Oymem uMeTh:
0 =—apy + py;
0=opy_y —(a+k)py +(k+1)pgip, 1 <k <n—1; (2.23)
0=0p, 1 —np,.

Ipennonoxum, 4YTO po U3BECTHO. Torja, MCIOJB3YS IOCIEIOBATEIHHO
ypaBHEeHHsI cucTeMsl (2.23), noxydaem:

pP1 = 0po;
1 2
P2 =E[—0LP0+(0‘+1)P1]= azpo;
3
1
P2 Zg[—apl +(a+2)p,]= a;,?O

1 BooOIIIE JyIs JII000T0 £ < 1t
i =0k po k. (2.24)
Uro0b1 u30aBuThCS B hopMmyiie (2.24) oT py, @ 320[THO U ONPEACITHUTE Py, UC-

n
HOJIb3yEM YCIOBUE HOPMUPOBKU Z pr =1, copasemmmBoe TakkKe H IpH

k=0
t = o . [loacTaBisist B 3TO yCIOBHE BMECTO Py MIPABYIO YacTh paBeHCTBa (2.24),
n ok |
TIoJTydaeM p ZF =1, oTKYNIA Py = ——. (2.25)
k=0 " o
o k!
Haxownen, u3 ¢popmyi (2.24) u (2.25) okoHYATETBHO HAXOIUM
k
k!
P =°L—/k,k=o, L. (2.26)
- o
i—o K

®opmysl (2.26) HaspiBatoTcs GopMyiaaMu Opianra. OHM JalOT SBHOE aHa-
JIUTUYECKOE PELICHUE ISl CTAlMOHAPHOTO pacipe/ieieHus BEpOSITHOCTEH Yuc-
Jla TpeOOBAHMUM, HAXOASAIINXCS HAa 0OCITY’)KUBAaHUH B CHCTEME C OTKA3aMH.

3aMeTHM, 4TO NPSIMOIL Iy Th HOIYUYSHUS CTALHIOHAPHOTO PELIEHHs U3 HecTa-
LHOHAPHOTO MpH ¢ —> o (KaK 3TO ObLIO CAeNaHo Ml ciydas n=2, u=l, A=2)
NPaKTHYECKU HCKIIIOYAETCs M3-32 TEXHWYECKHX TPYIHOCTEH, BO3ZHHKAIOIINX
IIPU HaXOXJICHUHM HECTAllMOHAPHOTO pelIeHus cucteMsl (2.18) B sIBHOM BUjE.
BmMecre ¢ TeM Ha npakTHKe 0OBIYHO MHTEPECYIOTCS HMEHHO yYCTaHOBHBIIMMUCS
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BO BpEMEHH (T. €. CTallMOHAPHBIMHM) BEPOSTHOCTHBIMH XapaKTEPUCTUKAMHU
(YHKIMOHHPOBAHMS CUCTEMBI MaCCOBOTO OOCITYKUBAHUS.

Jlyis paccMaTpuBaeMON CHCTEMbI C OTKa3aMH HaWOOJIBIIMKA MHTEPEC Mpe-
CTaBJISIET BEPOSITHOCTh OTKAa3a, T. €. BEPOSATHOCTb TOTO, YTO B MOMEHT ITOCTYII-
JIEHUsI OuepeIHOr0 TpeOOBaHMs Ha 00CITy )KMBaHKE BCE IIPUOOPHI OYAYT 3aHSTHI:

o /n! a”
Pork = Pn = n /k =Po 1’ (227)
o n:

K=o k!

U CpeIHee YUCIIO MPHOOPOB, 3aHATHIX 06cny>1<HBaHHeM:

all-p,) (2.28)

My = ikpk Poz(

=1 k— 1)’

Pn XapaKTepU3yeT MOJIHOTY OOCIYXHBAaHUS BXOJIIEro NOTOKa, My — CTeleHb
3arpy3KH CHCTEMbI MacCOBOTO 00CITy)KUBaHUSI.

Mpumep. ABTomarnueckas tenedonnas cranuus (ATC) umeer naTh TMHUHA
cBsi3U (IATh OOCIyXMBAIOIIMX MprHOopoB). OUEeBHIHO, YTO MOMEHTHI ITOCTYII-
nenust Ha ATC tpeGoBaHMH, T. €. 3aBOK Ha COeMHEHUE ¢ aDOHEHTOM JUIsl Be-
JICHUS] Pa3roBOPOB, PAaBHO KaK M MPOJOIDKUTENFHOCTD 3TUX Pa3rOBOPOB, SIBIIA-
10TCS cirydaifHpIMA. [Ipearnonoxum, 9To TOTOK TpeOOBaHMI — ITyaCCOHOBCKHM C
WHTEHCHBHOCTBIO A=2 BBI30Ba B MUHYTY W BpEMs KaXIOI'O pa3roBopa UMeeT
MI0Ka3aTeJIbHOE paclpe/ieieHne ¢ MaTeMaTHYeCKUM OXXHJaHueM 1/|l paBHBIM
1,5 mun. [Ipenmomaraercs, 4to TpeOOBaHUE MOIyYaeT OTKAa3, €CIIM B MOMEHT
ero nmocrymieHns Ha ATC Bce mATh TUHAN CBSI3M 3aHATHL. B 3TOM ciydae n=5,
o=A/u=2-1,5=3 u, cienoBaTenbHO, I BEPOSTHOCTH TOTO, YTO TeIe(OHHBII
pasroBOp C MEPBOTO BHI30BA HE COCTOUTCS, COTTIACHO dopmye (2.27)

37 /51

Ps= 5 3k —0,11.

o K

CpenHee 4mCIO 3aHATHIX JHHUN BO Bpems pabotsl ATC ompexennm 1o
¢dopmyne (2.28): N=3 (1—0,11) =2,67 nuauu. [losToMy K03 dHUIHEHT 3arpy3-
ku nuHUH cBa3u gaHHou ATC &4 =M, /n=2,67/5=0,53, a xoaddunuent
npocrost &3 =1-0,53=0,47 .

Paboty paccmotpernoit ATC Bpsa 1M MOXKHO CUMTATh YAOBIETBOPUTEIH-
HOM, TaK KaK CTAaHLUS HE COCIUHACT ¢ aDOHEHTOM B cpenHeM B 11% ciyuaes
(ps = 0,11). OueBuaHO, 9TO TMpOITyCKHYIO criocoOHOCTh ATC TipH JaHHBIX A U [
MOYKHO YBEJIMYUTb TOJBKO 33 CUET YBEINUCHHUS YHCIIA JIMHUH CBS3H.

Haiinem, CKOJNBKO HY>KHO HCIOJB30BaTh JIMHUW CBSI3H, YTOOBI YBEJIUYUThH

npomyckuyo crocooHocts ATC B 10 pas, T.e., 4ToOBI BEpOSITHOCTb OTKa3a B
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coequHEeHUN ¢ aboHeHTOM He mpeBocxommia 0,011. J[ns storo, mcmoms3ys
dopmymy (2.27) ¢ o = 3, cocTaBuM TabNHILy:

n 1 2 3 4 5 6 7 8
Dn 0,750 0,529 0,346 0,206 0,110 0,052 0,022 0,008
Ortcroa cienyer, uto eciu npoektiupoBaTb ATC [yis JaHHBIX 3HAYCHUI A U1
lL Tak, 9TO OHa CMOXXET OJHOBPEMEHHO OOCIYXXHBATb BOCEMB pPa3rOBOPOB
(n=8), To TombKO B 0,8% ciryuaeB OyneT MONy4YeH OTKa3 M3-3a 3aHATOCTU BCEX
BOCHBMU JIMHUM CBSI3H.

2.2. CucreMsl ¢ 0€CKOHEYHBIM YHCJIOM MPUOOPOB

PaccMoTpum crcTeMy MaccoBOro oOCITy>KMBaHUSI, OTIIMYAIOIIYIOCS OT pac-
CMOTPEHHOW B NIpEABIAYIIEM II0/pa3jesie TOJbKO TEM, YTO YHCIO OOCITYKH-
BAaIOIIMX MPUOOPOB HEOTPAHUYEHHO, T.€. 7 =00 . ECTECTBEHHO CUUTATh, YTO
npu 710001 MHTEHCMBHOCTH BXOJSALIETO MOTOKAa BCEe TpeOOBaHMUsI, MMOCTYIIAIO-
IIMe B CUCTEMY, HaYMHAIOT HEMEIUIEHHO OO0CIy)KUBAThCs, MOO B paccMaTpu-
BaeMOM cCHCTEME BCeraa MMEIOTCsl He3aHsThle MpuOopkl. TakuM obpasom, eciu
B CHCTEME C OTKazaMH o4epe]b U3 TpeOoBaHWil He oOpasyeTcs MpocTo U3-3a
TOT0, 4TO TPEeOOBAHUsI MOKUIIAIOT CUCTEMY, KOTJa B HEW BCe MPUOOPHI 3aHATHI,
TO 3[IECh OYEPE/lb HE BO3HUKACT TI0 IPYroi MpHUUYHHE.

IMockoNMbKY MPEIIION0KEHUSI OTHOCUTEIHHO BXOASIIEr0 MOTOKA TPEOOBAHUIA
W BpeMeHH OOCIY)KMBaHHUSI 3TUX TPEOOBAHMI OCTAIOTCS TE€ XK€, YTO M JJIsl CIIy-
4asi, pACCMOTPEHHOT'O B MPEABIAYIIEM Mojpa3zene (IPOMEXYTKA BPEMEHH Me-
KIy MOMEHTaMHU IIOCTYIUIEHHsS TpeOOBaHWI HE3aBUCHMbI M HMMEIOT MOKa3a-
TEJILHOE paclpe/ieieHle ¢ MapaMeTpoM A, IPOMEKYTKH BpeMeHH 00CITyKHBa-
HUSI OTUX TPEOOBaHMH TaK)Ke HE3aBHCHUMBI M UMEIOT M0Ka3aTesIbHOE pacipeie-
JICHWE, HO C IapaMeTpoM [l), TO ISl HAXOXKACHHS py(f) 3[eCh MOXKET OBbITh HC-
nmojp30BaHa cucremMa (2.18), 3a HCKIIOYEHHEM IIOCIIEAHEr0 €€ ypaBHEHHS,
MMEIOLIEr0 CHEeUUANbHBIA BHJ W3-32 OTPAHMYEHHOTO YHCIa O0CITY)KHBAIOIINX
pudOpoB.

OTtbpaceiBasi 310 ypaBHeHue u nonaras B (2.18) k >18mecto 1<k <n-1,
NoJy4aeM

o) ==hpo(t)+upy (1)
Pic(t) = 2y (6) = (04 k) p (6) 4l + 1)y (1) K 2 1.

Cucrema (2.29), B omyimuue ot aHamorndHoin (2.18), nMeeT OeCKOHEUHBIH
nopsigok. OJJHAKO OTCYTCTBUE MOCIIEIHEr0 3aMbIKAIOLIET0 YPaBHEHUS CICLH-
aNBPHOTO BHJA MO3BOJIAET HAMTH ee sSBHOE aHaIUTHYecKoe perieHue. Ho Mbr

3TOro gmenaTb He OyleMm, MOCKOJbKY Hac MHTEPECYeT TOJIBKO CTAIMOHApHOE
pemenue. ETo MOXHO HOIYYHTE MPEAETBHBIM MEPEX0I0M IPH 1 —> o0 B (2.26):

(2.29)
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of /Kt

Pk :n—OLk,kZO,l,...(CX,ZX/M).
im0 K
B pesynbrare
k_—a
o= lim p(£)=25— k=0,1,... (2.30)
t—0 k!

IIpumep. IlycTe Ha HEKOTOPYIO CTAHLMIO HEOTJIOKHON MEIULIMHCKOW IO-
MOIIM TIOCTYIAIOT 32 Yac B CPEIHEM J[Ba BBI30Ba Bpadeil. MOMEHTHI MOCTYILIE-
HHS 3THX BBI30BOB, OYEBH/HO, SABISAIOTCS CIyYalHBIMU Beln4uHaMH. [Ipeamno-
JIO>KUM, YTO HIOTOK BBI30BOB BPAueil SBIACTCS IyaCCOHOBCKHM H, CIIEI0BATENb-
HO, XapaKTepH3yeTcs TOIBKO OJHHUM IapaMeTpoM. B Hamiem ciyuae 3ToT mapa-
MeTp A=2 BBI30BaM B 4ac. bynem cuurarth, 4To 1mocie MOoJIy4eHHsI KaKA0rO BhI-
30Ba CTaHIMs HEMEIUICHHO BBICBUIAET Bpaua K OOJBHOMY, a BpeMs, 3aTpaydu-
BaeMoOe Ha OKa3aHWE MEIMLUHCKOW IMOMOIIM U IOPOTY B 00a KOHIIA, UMEET I10-
Ka3aTeJIbHOe paclpelielieHle ¢ MaTeMaTHYeCKUM oxuaanueM 1/p =1,5 u.

CocrosiHMEe J1TaHHOH CHCTEMBI MacCOBOTO OOCIYKMBaHHS OIPEAEISIETCS KO-
JINYECTBOM Bpauei, HaXOMAIIMXCsI Ha 00CIyKuBaHuH (BKJItOo4Yas gopory). O6o-
3HAUYUM 4Yepe3 pj BEPOSTHOCTH TOTO, YTO B YCTAHOBHMBILIEMCS! PEeXHME Ha 00-
CIIy’)KUBaHUM HaxonsTcs k Bpaueil. Tak kak B HamieM ciyyae A/u=2-1,5=3, to

1 _
cornacHo ¢opmyne (2.30) p, =F3k e ,k=0,1,... Hmwxe npuBencHsl 3Haue-

HUS p;, HAlJICHHBIC 10 3TOH (opmyJie:
k 0 1 2 3 4 5 6 7 8 9
Pk 0,050 | 0,149 |0,224 | 0,224 | 0,168 | 0,101 | 0,050 | 0,022 | 0,008 | 0,003

OTcroza BUIHO, YTO HanboJjiee BEPOSTHBIMU SBJISIIOTCS COCTOSHUS, MIPU KO-
TOPBIX 3aHATHI OHOBPEMEHHO J[Ba WU TPH Bpauda. BeposTHOCTh TOro, 4YTO HU
OoIUH Bpauy He Oyxer 3ausT, paBHa 0,05. CiemoBarelbHO, BEPOSITHOCTH TOTO,
YTO XOTsI ObI OJIMH Bpay HAXOAMUTCS Ha 00ciykuBaHuH, pasHa 0,95.

Ecmu mipu Toi1 ke cpenHeil mpoIOoIKUTEIEHOCTH 00CTy)KHBaHUS BEI30BOB B
€MHHIly BPEMEHH IOCTYIAeT MEHbIIE (HampuMep, B CPEJHEM OJHMH BBI3OB 3a
9ac), TO MOIYIAIOTCS CIIEAYIONINE 3HAYCHUS Py

k 0 1 2 3 4 5 6
Pk 0,223 0,335 0,251 0,126 0,047 0,014 0,003

BD,CC]) YK Haubosee BEPOATHBIM ABJISACTCA COCTOSIHUC, TPU KOTOPOM 3aHAT

TOJILKO OJIMH Bpau. BeposaTHOCTH TOTr0, 4TO BCe Bpauu OyAyT HE 3aHSTHI, paBHA
0,223.
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2.3. CucreMbl MaCCOBOT0 00CTYKMBAHHUS € O:KUAAHHEM

PaccMoTtpum orisiTh, Kak M B 1mozpasz. 2.1, cuCTeMy MaccoBOTro 00CIy KHBa-
HU, COCTOALLYIO M3 KOHCYHOI'O0 4YUCJa n OJHOTHUIIHBIX O6CJ'Iy)KI/lBaIOLHI/IX npu-
6opos. Ho TpeboBaHue, 3acraBiiee Bce 00CITyKUBAIOLIME MPUOOPHI 3aHITHIMU,
HE TIOKU/IaeT CUCTEMY, a «CTAaHOBHUTCS» B OUepellb U XKJET, IOKa ero He 00ciy-
JKUT OJIMH U3 0cBoOOMBIIMXCS MpubopoB. Pasymeercs, B cucreme ¢ 6eckoHeu-
HBIM YHCJIOM OOCITY>KHUBAIOLIIMX NPUOOPOB TaKasl CUTYyaliss BOSHUKHYTh HE MO-
HKET.

Kak 0o0bran0, OymeM mpearmonaraTb, YTO BXOIAIINNA MOTOK TPeOOBAaHUH sIB-
JISIETCSl ITyaCCOHOBCKUM C MHTEHCHBHOCTBIO A, @ MPOIOJDKUTEIBHOCTh KaXKI0Tr0
00CITy)XMBaHHS KaXXIbIM IPHOOPOM IOTYMHSACTCS ITOKa3aTeIbHOMY 3aKOHY C
napamerpoM L. IIpu 3TOM NIPOXOKHTETBHOCTH OOCITYKHMBaHUS, paccMarpu-
BacMble alpUOPHO, CUMTAIOTCS CTOXAaCTHYECKHM HE3aBUCUMBIMH KakK APYr OT
Jpyra, Tak ¥ OT MOMEHTOB ITOCTYIICHHS TPeOOBAHHI B CHCTEMY.

O6o3HaunM depe3 py(f) BEPOATHOCTh TOTO, YTO CHCTEMa HAXOAWTCS B CO-
CTOSSHUU k, T. €. BEPOATHOCTH TOT'O, YTO B CUCTEMC B MOMCHT BPCMCHU t HAaxo-
JITCSL Ha OOCITYy>)KUBAaHUM U B ouepeny (eciaH TakoBas UMeeTcs1) kK TpeOOBaHMH.
Ecmu k£ <n, 10O B cucTemMe HET 04Yepen M YUCIIO CBOOOIHBIX OT 0OCITYKUBaHU
npubOpOB paBHO 71-k. JIeTKO BUAETH, 4TO HPHU k<n (HYHKIUOHUPOBAHHE TAHHOM
CHCTEMBI COBIA/aeT ¢ (PyHKIMOHMPOBAHMEM CUCTEMBI C OTKa3aMH, PacCMOT-
peHHoii B mojapasn 2.1, u, cneaoBareabHo, BETUUUHBI po(t), pi(?),..., Pu1(f) yAOB-
JIETBOPSIIOT IEPBBIM ypaBHEHHAM cHCTeMBI (2.18):

Po() = =1po )+ 1y (1) 231)
Pi(6)= a1 (0) = (h+ k)pi () + ke + D) () 1<k <n-1. - (2.32)

[Mocnennee ypaBueHue cucteMsl (2.18) 31ech He UCTIONB3yETCS, TAK KaK OHO
COCTaBJICHO B MPENIOJIOKEHNH, YTO MEPEX0Ji CHCTEMbI M3 COCTOSIHUS 1 B CO-
crostHue n+1 HeBo3MoxeH. C Ipyroif CTOPOHBI, paccMaTpuBaeMasi CHCTeMa C
OXKHIAHUEM MOKET HaXOIUThCA B 1000M cocTossauu k=0, 1, ...

O06o3HaunM uepe3 p;(h) BEpOITHOCTH IEepexoa CUCTEMBI U3 COCTOSIHUSA i B
COCTOSIHUE k 3a BpeMms /1, T. €. YCIOBHYIO BEPOSITHOCTH TOTO, YTO Yepe3 BpeMs /i
B CHCTE€ME Ha 00CIy)KMBaHHH ¥ B OKMJAHHH ero OyIyT HaXOIHUThes k TpeboBa-
HUH, €cJIM BHaJajle Ha O0CITy)KMBAaHUHU U B O’KHJAHUH €ro HaXOIHUIIOCh i TpeOo-
Banuii. Torma, paccyxmas Tak ke, Kak B moxapasza. 2.1, mns mroboro k=>n
HOJTy4aeM:

pi(h)=0(h).|i—k| > 2; (2.33)
Piri(h)=nn+0O(h), (2.34)
Prste(h)=nwh+0(h), (2.35)

rae O(h) — 6eckoHEeYHO Majas 0osee BRICOKOTO OPSIIKa MAJIOCTH, YeM A.
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Dopmyiet (2.33) u (2.34) coBmamawT ¢ COOTBETCTBYIOIIMMH (HOpMyJIaMu
nozpasa. 2.1, (2.35) samensier popmyny py.q, k(h) = (k+ 1)uh+0(h) , IOJTy4€eH-
Hyto B mozapazn. 2.1 mis CMO c oTkazamMu M oTpaxaeT TOT (akT, 4To IpH
k=n B cucteMe C 0XKUAAHUEM, HAXOIIEHCA B COCTOSIHUU k+1, nmeercst He
k+1,a n 3aHATBIX IPHOOPOB.

Janee u3 ycioBus HOpPMHPOBKH Z Dik (h)zl u paseHcTB (2.33) — (2.35)

i=0
HaXOJUM
pik(h)=1=pi i 1(h)= prss1(h)+O(h)=1—nph—1h+O(R).  (2.36)

Ioxcrapinsas Teneps paBeHcTra (2.33) — (2.36) B hopMyity MOJHONH BEposT-
HOCTH pilt+h)= 3 pile)pi (), MeeM pilt+h)=praEhn+
i=0

+pi (t)(l —nph —kh)+ Ph+1 (t)nuh + O(h), orkynanpu h— 0

P (6)= hpgy (€)= 0+ n)pye (6)+ mispy (). K = . (2.37)
Tonaras lim py ()= p; ¥ nepexos K mpesienty Iy ¢ — 00 B yPABHEHUAX
t—0

(2.31), (2.32), (2.37), nonydaeM OECKOHEUHYIO CHUCTEMY YyXKE alreOpanvdecKux
YpaBHECHHMH:

0=—Apg +upy;
0 =2ppy =+ k) + 1k +1)pyyy, 1<k <n—1; (2.38)
0 =Apj_y = (h+n)py +nupian, k> n.
Jlist yrpoIieHust 3alucy paseinM Kakaoe ypasHenue cucremsl (2.38) Ha [
Y BBeIeM 0003HAYCHUE O=A/|l, B PE3YJIBTATE IMOTyIUM:
0=—apy+ py;
Ozocpk_l—(a+k)pk +(k+1)pk+1,lsk3n—l; (2.39)
0= opyy —(o+n)py +npyiy, k= n.
op,_1—kp, 1<k <m;
Ecau nonoxuts zj; = Ph—1 =Pk To cucrema (2.39) mpumer
Opj_1 —hpy.k = n,
Bunz; =0;z; —z;, 1 =0,k >1,0tkyna z; =0,k >1. A 3To0 03HayaeT, 4TO

o
kp, 1<k <m; ;Pk_blﬁkﬁn;
Opp—1 = npes k> wi pp =9
T —pr_1,k>n.
npk1

Pemas mocienoBaTenbHO 3TH PEKYPPEHTHBIE COOTHOLICHUS, ITOJTyIaeM
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Otk

Fpo, 1<k< n;
' . (2.40)

Pr = k—n
oot
" P n!nk_n Po,k = 1.

Jlns onpenenenus py UCHOAb3YEM YCIOBUE HOPMUPOBKU
o0
Z pr =1, (2.41)
k=0

O3Hayaromee, 4ro 0OCIy)XHMBaroIIas CHCTEMa W B YCTAaHOBUBIIEMCS PEXHUME
HaXOJIUTCS B OJJHOM M TOJIBKO B OJJHOM M3 BO3MOXKHBIX cocTosiHmii 0, 1, ...

U3 (2.41) u (2.40)

n-1_k n o k—n
pol T+ L (E] -1 (2.42)

im0 K on T\ n

Ecnu Bemonnsercs ycCi10BUE
a<n, (2.43)

© k—n ® k
o o 1 n
TO Z (_j = Z(_j P u, cJIeIOBaTEILHO,

k=n\"! k=0\"

» "Z_lock+oc” n
ol ¥+
i k! nln-a

=1.

Takum 00pa3oM, BEPOSTHOCTh TOTO, YTO B CHCTEME C OKHIAHHEM UIS CTa-
[IMOHAPHOTO PEeXUMa He OYIeT HaXOIUThCS Ha OOCIYKABAHMU HH OIHO TPeGo-
BaHUE, MOYKHO HAWTH 1O QopmMyJie
-1

nflak o
o= T & | (2.44)
07| 2 =)

BeposITHOCTB K€ TOro, YTO B 3TOM CHCTEME Ha 00CIy)KMBaHWUHU OyIeT HAaXO-
JIUTHCS k(k > 1) TpeOOBaHUH, MOKHO HaiTu 110 Gopmynam (2.40), (2.44).

I[pu n=1, T. e. B cirydae, KOraa CUCTEMa MacCOBOTO OOCITy>KHUBAHHSI COCTO-
UT TOJNBKO W3 omHOrO mTpubopa, u3z dopmyn (2.40) u (2.44)
pr=af(l-a)k=0,1,..

Ecmu ycnoBue (2.43) He BBIIOIHSETCS, TO TEOMETPHUYECKas MPOTPEeccHs B
KBaJIpaTHBIX CKOOKax B (2.42) pacxomuTcs. ITO 03HAYaeT, uyTo py—=0, a Takke B

cuny (2.40) p=0, k =1, 2, ... Takum obOpa3om, eciu ycioBue (2.43) He BBINOI-
HACTCA, TO BEPOATHOCTH TOT'O, YTO B CHUCTEMC HaxXOJUTCA Ha 06CJ'Iy)KI/IBaHI/ll/I
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m000e KOHEYHOE YHUCII0 TPeOOBaHUM, IIpU ¢ — 0o paBHa HyJ0. IHBIMU citoBa-
MH, TIpH HapymeHud ycioBus (2.43) manuHa odepen Ipu ¢ — © CTAHOBUTCS
OecxoHeuHOM. Cucrema sIBHO He CIIPABIISIETCSI ¢ 00CITy)KUBAHUEM.

3ametuM, 4TO (2.43) BBINOJHAETCS, €CIM MMEeT MECTO IO KpaiHell Mepe
OJTHO U3 CIIEIYIOUIMX TPEX YCIOBUI: HHTEHCUBHOCTH A BXOJSIIEr0 IMOTOKA JJOC-
TATOYHO MaJia; CpejiHee BpeMsi 00CIyXHMBaHHs /L KaXIoro TpeOOBaHUS Kax-
JBIM TPUOOPOM JOCTATOYHO MAJIO; YMCIO MPUOOPOB 7 JOCTATOYHO BEJIHKO.
[lanee Oynem npeamnosarars, 4o ycioBue (2.43) BBIITOIHEHO.

@opmyssl (2.40) MO3BOJISIOT JIETKO HAWTH CIIEIYIOIINE CPETHUE XapaKTepH-
CTHKH (PyHKIIMOHMPOBAHMS CUCTEMBI MacCOBOTO OOCITYKUBAHUS C OXKHMJaHUEM:
M) — cpenHIO AIMHY OYepean, T. €. MaTeMaTHIECKOe OXKHAAHUE YHCiIa Tpeho-
BaHUI, OKUIAIONINX Havyana oOCIyXuBaHUS; M, _CcpemHee Yucio TpeOOBaHMIA,
HAXOJALINXCS B cHCTeMe (KaK 00CITy’)KHBAaeMBIX, TaK M CTOSAIINX B O4epenn); Ms
— CpemHee YHCIO CBOOOIHBIX OT OOCTyXMBaHUS HpUOOpPOB. JleiicTBUTENBHO,

0 w o
ucnons3ys gpopmyny Y o' = (—2, 0 < o <1, mosTy4aroIyiocst B pesysibraTe
i=0 I-a

muddepeHpoBaHns paBEeHCTBA ZOLi =1/ (1 - OL) Y YMHOXKEHHS pe3ysbTara Ha
i=0
o, 1 popmysl (2.40), HaxoauM:

M, = i(k—”)l?k=po—7n i(k—n)(gjkz

k=n+1 * o k=n+l
n o n+i 0 i
= A Zi(g) :pnzi[ﬁ) =, (2.45)
n n

2 b
2o i=0 o
nfl1-—
n

© nflk i © o k—n
My = kpi = po ZFQ + Pn zk(—j =
k=1 k=17 k+n \1

n-1 Otk 0 . Oci
=po}£m+l?n2(”+l{;j =

i=0
n-1 _k
a Pl
Po +—+M1 5 (246)
k 1(k_1)! 1 a
n
n—l1 n—ln_k i
M3 = Z(i’l—k)pk = pO ZT(X . (247)
k=0 k=0 "°



OTH cpeHUE XapaKTEPUCTHKU MOKHO HCIIONIb30BATh IJIsI BEIOOPA JIyIIEro
BapuaHTa INPHU NPOEKTHPOBAHMU CHUCTEMBI MaccoBOro oOcmyxuBaHusA. Ilpu
3TOM B OOIIEM ClIydae MCXOJAT M3 YCJIOBUS MMHMMH3AILUU MOJHBIX IOTEPh 3a
CUeT OXUAAHUA B O4Yepear W Ipoctos npubopos. Hampumep, uucno n npubo-
POB C DKOHOMHUECKOH TOUKU 3pEHUsI €ECTECTBEHHO ONPENEIATh U3 YCIOBUS MH-
HUMyMa (QyHKIOHH (p(n)z CoxMq+CyMsz,tne C,y —YyIEIbHBIE H3OEPIKKU
npoctost TpeboBanus B ouepenu; C,; — yA€JIbHbIE U3AEPKKU IIPOCTOS NPHOO-
pa.

®opmyinbl (2.40) MO3BOJISIOT JIETKO BBIYMCIUTH BEPOSTHOCTH T TOTO, YTO

BCC n 06CJ'Iy)KI/IBaIOHII/IX HpI/I60pOB 3aHsATHI. I[eﬁCTBHTGHBHO, HCIOJIb3Yd TCOPEC-
MY CJIOKCHUSL BepOHTHOCTeﬁ HCCOBMCCTHBIX CO6I:ITPII>1, nojxyvyacm

0 nnpo ® (o k pooc”
- =——2\"| Ty 2.48
i kgnpk n! kzn(n) (n—l)! (n—(x) ( )

TakuM 00pa3oM, BEPOSITHOCTH TOTO, YTO BCE MPUOOPHI OKAXKYTCS 3aHSTHIMH
W, CJeNOBaTeJIbHO, TPEOOBAHUIO MPHUIETCS BCTaTh B OYEpEeib, PaBHA MPABOi
gacTu paBeHcTBa (2.48). Haue 3Ty BEpOATHOCTH HA3BIBAIOT BEPOSTHOCTHIO
oxkunanus. [y cpaBHEHHMs HAIllOMHUM, YTO B CJIydae CHUCTEMbI C OTKa3aMH,
PacCMOTPEHHO# B mopas. 2.1, BEpOATHOCTh TOTO, YTO BCE 7 0OCTYKHBAIOIUX
MPUOOPOB OKAXYTCS 3aHATHIMU («BEPOATHOCTH OTKA3a»), OMPEHCISACTCS IO

. — n
dopmyne: pyc = poo /nl
OnHaKo I CHCTEM C

FI:I:I OXXHJJaHUEM BCPOATHOCTD
OXUAaHUusA T HUIpacT MCHb-

b Iy pojib, 4YeM aHaJI0rnu4-
Hagd BCJIMYMHA — BEPOAT-

HOCTb OTKAa3a Poy I CHC-
TeM C oTkKazamu. J[emo B
TOM, 4YTO Ja)K€ INpH 3Hade-
HUSIX T, OJIM3KHUX K €IUHULIE,
1-1 (YHKIMOHUPOBAaHUE CHCTe-

MBI MacCOBOTO OOCITyKHBa-
! HHUSI MOXET OBITh NPHU3HAHO

YAOBIETBOPUTEIBHBIM, €CIIN

TOJBKO BpeMs OXHOaHus O
Havasia 00CIy )KMBaHMs [UIsl IOJaBJISIONIel yacTh TpeboBaHuid Maiio. B cBsizu ¢
STHM JIJIsl CUCTEMBI C 0)KH/IaHHEM Ba)KHOE 3HaYeHHe UMeeT (YHKIMS pacipese-
nenus F(f) BpeMeHH OXKUIAHUsS, WM, YTO TO JK€, BPEMEHH IIpeObIBaHUS B OUe-
penu. Ota GyHKIMS UMeeT BU (puc. 5):

Puc. &
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)= 1- Tce_(”“_x)t; 10,
0, t<0.

Hanuuue paspbiBa HENPEPHIBHOCTH M HHTEPBalTa BO3PACTaHUs (YHKIIHH

pacnpenesenus F(f) CBUAETENLCTBYET O TOM, UTO BpeMs O OKHIaHHUs B OYepe-

I SIBJISICTCST CITyYaiiHON BEJIMYMHOM CMeEIIaHHOro Turma, u3 (2.49) ee marema-
TUYECKOE OXKHIAHUC

F()=PO<1)=1-P(0>1)-P(6 = (2.49)

o0 o0 o0
MO = [1dF()=0-(1-n)+ [F'(t)dt = n [l —1) e WP,
0 0 0
OTCIOI[a, HUHTETPUPYA IO 4ACTAM, JJId CPEAHCTI'O BPEMCHU OXKUIAHUA Hadalla
00ciTy)KUBaHUS, TTOTydaeM
ne—(nu—k)t 0 -

[e'e} o0
MO=n| — e 2|y .[e_(””_)‘)tdt =- = I
0 0 nu—>A |, np—»X

MO =n/u(n-a). (2.50)

Kak u crnenoBano oxuaaTh, cpeqHee BpeMs OXKHUIAAHUS Hadaia 00CITyKHUBa-
HUSI OKa3aJloCh IPOIIOPLMOHAIBGHBIM CpPEJHEMY BPEMEHM OOCIyXUBaHUS 1/p
TpeOOBaHUs B CUCTEME U BEPOSATHOCTHU T TOTO, YTO BCE MPUOOPHI 3aHSTHL. 3ame-
THM, 4TO €CJIM YK€ HalJieHa cpeHss JiuHa M, ouepenu, To cpenHee Bpems MO
OKHJIaHWSI B OYEPE.IH JIETKO MOXXHO HaiTi 1o Qopmyine MO = M,/A. [lelicTBu-
TEJIBHO, TIPH YCTAHOBHUBIIEMCS PEXKUME YHCIIO MOKUIAMONINX B €AMHUILY BpeMe-
HU CHCTEMY OOCITy)KEHHBIX TPEOOBaHMH PaBHO YHCIY MOCTYHAMOUIUX B €IMHU-
Iy BpeMEHH B CUCTEMY Ha OOCITy>)KMBaHHE TpeOOBaHHUU. A MOCTyIaeT B CIUHH-
Iy BpeMeHHU A TpeOOBaHUI.

IIpumep. B HEKOTOpON MacTepCcKOW 1O PEMOHTY YacOB UMEETCSl 1 MacTe-
pOB, paboTaOIMMUX C OAWHAKOBOW IPOU3BOJUTENBHOCTHIO. HabmoneHus moka-
3a]1M, 4TO B TEYEHHE pabouero IHS OT HACEJICHHs IIOCTYNAaeT Ha PEMOHT B
cpenneM 30 1T. YaCOB pa3HBIX MapoK, MPHUYEM KaXK/Iblii MacTep 3a OAMH pado-
4Kl JICHb peMOHTUPYET B cpeareM 10 vacoB. OOIiee YUCIO YaCOB y HACCICHUS
BEJINKO U OHM BBIXOAST M3 CTPOsl B CilyyaliHble MOMEHTHI BpemeHHU. llo Bceit
BEPOSITHOCTH, KIMEHTHI MPUHOCST Yachl HAa PEMOHT 0OoJiee MM MEHee paBHO-
MEpHO B TeueHne padbouero JHs (CTAMOHAPHOCTH), HE3aBUCUMO JIPYT OT Jpyra
(oTcyTcTBHE TIOCHENEHCTBYSI) M HE TPyNIaMH B 1Ba U Oojiee denoBeka (OpIu-
HApHOCTBH). 3HAYUT, PAacCMATPHBAEMBIA IOTOK TPEOOBAHWUI MOXHO CUHTATh
ITyaCCOHOBCKHMM, IPHYEM C MHTEHCHBHOCTHIO A = 30 mT. yacoB B paboumii
JICHb.

Bpemsi peMoHTa NMOAABISIONIEH YacTH HEHCIPABHBIX YaCOB CPaBHUTEIHHO
MaJjo (3aMeHa pa3OUTOro CTEKJIA, CTPENIKH | JIp.). B KanmuTanbHOM K€ PEeMOHTE,
TpeOyromeM OO0JIBIIOr0 BpeMEeHH (M3TOTOBIICHHE HECTaHAAPTHBIX AeTalnel s
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MMIIOPTHBIX YacOB, TOYKA OCEH M IIp.), Yachl HY>KAAIOTCSI CPABHUTEIBHO PEAKO.
B cBA3M C 3TUM NpPEeNIONIOKUM, YTO BpeMsi OOCITYXHBaHUS (BpeMs PEMOHTa
4acoB) IOAYMHSAETCS IIOKAa3aTeNbHOMY 3aKOHY, IIpHYeM C IapamMeTpoM
1 =10 mrT. 9acoB B pabo4Mii 1eHb.

[Tpoananusupyem paboTy 3TOW MacTEpCKOW C TOUYKH 3pEHHUSI TEOPUH MAacCCO-
BOT'O O6Cﬂy)KI/IBaHl/Iﬂ. Hpe)Kﬂe BCEro 3aMCTUM, 4YTO JIs BBIIIOJHCHUSA YCJIOBUS
(2.43) HeoOXx0aMMO, YTOOBI B MacTepCKOM OBbUIO HE MEHEE YETHIPEX MacTEpOB.
Ecmu n <4, to ycnosue (2.43) He OyeT BBINONHEHO: 0=A/ = 3< n.

[Tycts B MacTepckoll paboTaeT MUHMMAIBLHO BO3MOXHOE YHCIIO MacTEpOB,
T.e. n = 4. Torna BeposSTHOCTB py TOTO, YTO BCE YETHIPE MacTepa B MOMEHT IO-
CTYIUICHUS] OUYEPEIHBIX YaCOB Ha PEMOHT HE 3aHSThI, MO)KHO HalTH 1O opMyJie
(2.44):

-1

2 43 4
3 3 =0,038.

=\ 4+3+—+—4+—F

Po 2 3 (@ 1){d-3)

Takum 00pa3oM, B TEYEHHE CEMHYAaCOBOrO pabodero [HsS B CPEeIHEM
0,038-7-60~14 MuH Bce 4eThIpe MacTepa CBOOOIHBI.

C npyroii CTOPOHBI, ISl BEPOATHOCTH T TOTO, YTO BCe 4 MacTepa B MOMEHT
MOCTYIJICHUST OYEPEIHBIX YaCOB Ha PEMOHT 3aHSTHI, COTNIACHO (opmyrre (2.48)
uMeeM

4
Lo 00383t o

(4-1)1(4-3)
T. €. BCE MacTepa 3aHSTHI TIOJIOBUHY pab0uero BpEeMEHH.
Krnmenra nHTEpECcyeT, peke Bcero, cpenHee BpemMs MO oxumaHus Hadana
PEMOHTa €ro 4acoB IIOCIIE TOro, Kak OH MX OTHEC B MAacTepCKylo. DTO BpeMs
MOXHO Haiitu o ¢opmyie (2.50):

= ﬂ =0,051 pab. oqust ~ 21 muH.
10(4-3)

PykoBozncTBO MacTepckol, o-BUAUMOMY, IIPEKIE BCETO UHTEPECYET CPE-
Hee 4MCIIO0 4acoB M), OKHJAIOIIUX PEMOHTA, U OOIlee CpPelHee YHCIO YacoB
M,, oxuparomux peMoHTa U peMOHTHpYyeMbIX. 1o dopmymnam (2.40), (2.45) n
(2.46) Haxomum:

4
Pa= 34—'0,038 =013 M, = sz =156 wr.;
' 4(1—3j
4
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2 3
M, =0,038 3+3—+3—' +L3;‘+1,56:4,58 IIT.
1->
4

[IpencraBnser, KOHEYHO, HHTEPEC U CPEAHEE YUCIO M3 MacTepoB, CBOOO-
HBIX OT paboTsl. [To hopmyne (2.47) momygaem
4-0 4-1 4-2

1+ 3+ :
0! 1! 2!

OT0 03HayaeT, 4TO KaXIblii MacTep CBOOONIEH B CpeqHEM OIHY YETBEPTh
pabodero BpeMeHH, T. €. 1,75 4 B JIcHE.

Hdnst n = 5 aHanoruuyHele BbIYMCIEHUS AAOT: py = 0,047; m = 0,24;
MO =5 wmun; M, = 0,35 wr.; M, = 3,37 wt.; M3=2.

CpaBHEHHE BCeX 3THUX PE3YJIFTATOB IMMOKAa3BIBAET, YTO ONTHUMAIHHOE YHCIIO
MacTepoB paBHO 4. Eciu 7 <4, 3T0 03HAYaeT, YTO CO BPEMEHEM Ipyna HEeHc-
MPAaBHBIX YacoB, MOCTYMAIOIIMX B MAacCTEPCKYI0 Ha PEMOHT, OyAeT HEeOoTrpaHu-
YCHHO YBEIMYUBATHCA W, TAKAM 00pa3oM, MacTEepCKas SBHO HE OyIeT Crpas-
JATBCS co cBoei paboroit. Eciut ke 7 >4, TO BBIMTPBILL, MOJTYy4aeMbIld KIIMEH-
TaMu, OyJIeT HECYIIECTBEHHBIM 110 CPABHCHUIO C SKOHOMHUYCCKHUMHU 3aTpaTaMH,
CBSI3aHHBIMU C MTPUBJICUCHUEM JOIOTHUTEIILHBIX MaCTEPOB.

Tak, eclii BMECTO YeTBIPEX HCIOJIb30BATh IATH MACTEPOB, TO CPEIHEE BpE-
Ms OKHMJIaHUSI Hayaja peMOHTa 4yacoB yMeHbuuTcs ¢ 21 go 5 muH. OgHako
BPSII JIK 3TO JACT KaKoe-Tr0O0 MPEUMYIIECTBO KIMEHTaM, TaK KaK PEMOHT B MX
MIPUCYTCTBUH MPAKTUIECKHA BCE PABHO MCKITFOYAETCS M3-3a OOJBIIOTO CPETHETO
BpPEMEHH PEMOHTA OJTHHX yacoB. Bmecrte ¢ TeMm npu n =15 Tonbko 24% pabdoue-
ro BpEMEHH BCE MacTepa MOJHOCTHIO 3arpyKeHbl paOdOTOM, MPUYEM B CPEIHEM
JIBa MacTepa Bce BpeMs CBOOOIHBI. VIHBIMU CIIOBaMH, 3arpy3ka MacTEepOB HU3-
Kasl.

U3 rpadukoB GyHKIMN paciipeneneHust BpeMeHn oxuaanus (cM. Gopmyiry

(2.49)) Hauana peMOHTa YacoB

) 105171 5 0,n=4
F(t)=41-0,24e2% 1 >0,n=5;
0, £<0,n =45,

My = 0,038[ 324 4; 3 -33j =1,007.

(puc. 6) cmemyer, YTO BEPOSITHOCTH
TOTO, YTO BpeMsl OKHMIAHUS Hadaia
PEMOHTa YacOB OKAXKETCSI MEHBILIHUM,
Harpumep 0,1 pab. qus, mpu n=4 u
. . == n =5 coorBercTBeHHO paBHa 0,81 u

0,2 0,3 0,97.

2

Puc. é

33



2.4. 3aMKHYyTBbIe CHCTEMBbI MACCOBOT0 00CTy:KMBAHUS

Jlo cux 1op MbI pacCMaTpPHBAJIM TOJIKO TaKHE CUCTEMBI MacCOBOTO 00CIy-
’KUBAHUS, 11 KOTOPHIX MHTEHCHBHOCTH A BXOMSILETO NOTOKAa TpeOOBaHUH He
3aBUCHUT OT COCTOSIHMSI CUCTEMBI. B 3TOM cilyyae MCTOYHMK TpeOOBaHHMI Haxo-
JIUTCSl BHE CHCTEMbI M TE€HEPHPYEeT HEOrpaHMYEHHBIH NMOTOK TpeOoBaHuil. B
3TOM I0Ipazziesie 00paTUMcsl K CUCTEMBl MacCOBOT'O OOCITY>KUBaHUsI, U1l KOTO-
PBIX 7\, 3aBUCHUT OT COCTOSAHUSA CUCTEMBI, TPUYEM UCTOYHUK Tpe6OBaHHﬁ SABJIACT-
Csl «<BHYTPEHHHM» U TeHEPUPYET OrpaHUYEHHBIN TOTOK TPEOOBAHHH.

Hanpumep, nmycTs B rapaxke MMeeTcsl m aBTOMAlIMH W n(n<m) IUIONIaJ0K
JUIsl pEMOHTA, MPUYEM Ha KaXJOW IUIOIAAKE MOYKET HaXOAUTHCS TOJIBKO OAHA
aBTOMalIWHa. 34eCh aBTOMAIIMHBI — HWCTOYHHKH TPEOOBAaHMH, a PEMOHTHBIC
IUTOIIAKH — OOCIyXHBarolue npuodopsl. HewcnpaBHas aBTOMamInMHa Iocie
obciy)kxnBaHUs (PEMOHTA) HCIIONIB3YETCS IO CBOEMY MPSAMOMY HAa3HAYCHHUIO U
BHOBb CTaHOBHUTCSI IIOTCHIMATbHBIM HCTOYHUKOM BO3HHKHOBEHHS TPEOOBAHUM
Ha oOciyxuBaHue. SICHO, YTO MHTEHCHBHOCTb IIOCTYIUIEHHs TpeOOBaHMI Ha
06CJ'Iy)KI/IBaHI/Ie 3aBUCHUT OT TOI'o, CKOJIbKO aBTOMAalllWMH B [laHH]:lﬁ MOMCHT Ha-
XOOUTCA B 3KCILUTyaTallud U CKOJIBKO aBTOMAllIMH O6Cﬂy)KI/IBaeTCH WK CTOUT B
ouepenu, 0xKuaast 00CTyKUBaHHS.

Wrak, paccMOTpHM CHCTEMY MacCOBOTO OOCITY)KMBaHHS, COCTOSILYIO H3
puOOpOB, KX U3 KOTOPBIX MOXKET OJHOBPEMEHHO OOCIYXKHMBATh TOJIBKO
OJTHO TpeOoBaHUe, MpUYEM, KaKk 0OBIYHO, BpeMsi 00CITy>KMBaHHsI OZHOTO Tpebo-

BaHUS €CTh CITy4aifHas BeM4nHA ¢ QyHKIMEH pactpenencHus F (t) =1-e™.

Bxomsmuii moTok TpeboBaHMi HCXOMUT U3 m(m>n) 00CITyKUBAEMBIX 00B-
€KTOB, KOTOPBIE B CIIy4aliHbIe MOMEHTHI BPEMEHH BBIXOMAT U3 CTPOS U TPEOYIOT
obciyxuBanus. [Ipu 3TOM KaXIbli OOBEKT, HAXOISAIIUICA B IKCILTyaTallHH,
TeHEepPHUPYET HE3aBUCUMO OT JPYTUX OOBEKTOB ITyaCCOHOBCKHII MOTOK TpeOoBa-
HUH ¢ HHTEHCUBHOCTBIO A, TaK YTO €CIU B AKCIUTyaTaIll HaXOIUTCA k 0OBeK-
TOB, TO OOIIHUHT (CyMMapHBI) BXOISIINI ITOTOK IMEET HHTEHCUBHOCTH kL. Tpe-
OoBaHUe, MTOCTYNHUBIIEE B CHCTEMY B MOMEHT, KOTJa CBOOOIEH XOTS OBl OIUH
mpubop, HEMEIJICHHO WAET Ha obciyxuBaHue. Eciam TpeboBaHme 3acTaeT Bce
MpUOOPHI 3aHATHIME 0OCTYKHBaHUEM JIPYTUX TpeOOBaHMUI, TO OHO HE MIOKUAAET
cucreMy (Kak B ClIydae CHCTEM C OTKa3aMH), a CTAHOBUTCS B OYEpeIb M XKJET
JIO T€X TOp, MOKa OJIMH U3 MPUOOPOB HE CTAHET CBOOOIHBIM (KaK B CIIydae CHC-
TEM C OKUJAHUEM).

CHCTEeMBI MacCOBOTO OOCTYKHBaHUS, B KOTOPBIX BXOJSIIUI MOTOK TpeOo-
BaHUI (popMUpyeTCs U3 BBIXOISIIETO, HA3bIBAIOTCS 3aMKHYTHIMU.

Kak u B mogpaszz. 2.3, OyzneM roBOpUTh, 9TO CHCTEMa MacCOBOTO OOCITYKH-
BaHUS HAXOIUTCS B COCTOSIHHU k, €CIIH 001iee 9uciio TpeOoBaHMH, HAXOAIINX-
csl Ha OOCITY)XKMBAaHWHU U B OYepen, paBHO k. s paccMaTprBaeMoi 3aMKHYTOM
CUCTEMBI, 09eBHIHO, kK = 0, 1, ..., m. [Ipu 5TOM eciu cucTtemMa HaXOJUTCS B CO-

34



CTOSIHUH k, TO YHCIO OOBEKTOB, HAXOIAIIUXCS B IKCIUTyaTallud, PaBHO m — K.
3aMeTuM, 94TO U3 3TUX M TOIBKO 3THX M — k 00BEKTOB (hOpMHUPYETCS B TaHHBII
MOMEHT BPEMEHH BXOASALIMI TOTOK TPeOOBaHUIA.

CocraBuM cucremy auddepeHIHaTbHBIX YPAaBHEHUH U BEPOSTHOCTH py(t)
TOTO, YTO 3aMKHYTasi CHCTEMa MacCOBOr0 OOCIy)XKMBaHHSI B MOMEHT BPEMEHH ¢
HaxoJuTcsi B coctostHuu k = 0, 1, ..., m. JI71st 3TON Lieny BBIIHUIIEM PsiIl JIEMEH-
TapHBIX, paHee y)Ke HEOJHOKPATHO BCTPEUABIIUXCS, (OPMYII.

Tak kak BXOAAIIMH OTOK TpeOOBaHMI MO NPEATIOI0KEHHIO SBIIAETCS ITyac-
COHOBCKUM C MHTEHCHBHOCTBIO A, TO BEPOSTHOCTH TOTO, YTO 32 BpeMs /i B CHC-
TeMy MOCTYIIUT k TpeOOBaHUIA,

i
P (h)= (}”Z,) e M, .51
OTCIO/Ia '
By(h)=e™ =1-1h+0O(h), (2.52)
B(h)=rhe ™ = xh+O(h). (2.53)

I[anee, TaK KaK BpeMs T O6CJ'Iy>KI/IBaHI/I${ NOAYUHACTCA IMOKA3aTCJIIbHOMY 3a-
KOHY C HapaM€TpoM L, TO

Plt<h)=1-¢™M; (2.54)
P(t>h)y=e ™ (2.55)

Janee mpuMeHNM CTaHIAPTHBIN KIACCHYECKUH METOII, a IMEHHO B (OpMy-
JIe TIOJTHOM BEPOSITHOCTH

pilt+h)= ip,-(t)p,-k (h) (2.56)

MTOCTICIOBATEIEHO OLIEHUM TIEPEXOIHBIC BEPOSATHOCTH JJIsl PA3IMYHBIX BO3MOXK-
HBIX KOMOWHAIIMH WHACKCOB I U k, MIOJACTAaBUM 3TH OICHKH B (hopmymy (2.56) u
nepenaeM K npenerny npu i — 0. B pe3ynbraTte nony4nM ciexyrolue 4eTbIpe
ciyyast.

Cyuau 1
1= (m—k)h—wkh +O(h),0 < k < n;
1-A(m—k)h—pnh+O(h),n <k <m.

JlelicTBUTENBbHO, MyCTh CUCTEMa B MOMEHT BPEMEHH ! HAXOJMTCS B COCTOSI-
Hun k, 0 <k <n. Torma gyepe3 BpeMs /& OHa OCTAaHETCSI B TOM K€ COCTOSIHHH K,
€CJIM 32 3TO BPEeMsl He MOCTYITUT B CUCTEMY HH OIHO M3 M — k BOBMOXHBIX Tpe-
OoBaHwuit (coObITHE A|) M HE MOKUHYT CUCTEMY HU OJIHO M3 k TpeOOBaHMH, Ha-
XOJSIIUXCS TaM B MOMEHT BpEMEHH { Ha oOciyxuBaHuU (coObiTHEe A,). Ho,
UCTIOJB3Ys TEOPEMY YMHOXKECHUS BEPOSITHOCTEH HE3aBUCHMEBIX COOBITHH U (op-
MyIsI (2.52) u (2.55), momy4yaem:

Pk (k)= (2.57)
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P(4)= (e—“’ )"_k , (2.58)
P(4y)= (e‘“h)k . (2.59)

CrnenoBarenbHO, YIUTHIBAs HE3ABHCUMOCTE COOBITHI A M A, MOXKHO 3aIIHCaTh

()= Pty )= P () =l | ot f
=[1=(m =k W+ O(h)]- [ = whh + O(h)| = 1= (m — k b — wich + O(h). .
Crnyuaii, xorna n <k <m omin4aercsi OT PaCCMOTPEHHOTO (0 <k< n)
TOJILKO TE€M, UTO NPH k > 1 00CIYXUBAIOTCS HE k, a TOJILKO 71 TpeOOBaHMH (Tak
KaK B CHCTEME UMEETCS TOJIBKO 71 00CIY»KHBAIOIIUX MTPUOOPOB, KAXIIBIH U3 KO-

TOPBIX MOXET 0OCITyKMBaTh TOJIBKO OJIHO TPEOOBAHME).
Cnyuaii 2
wkh+O(h),0 < k < n;
)= 2.60
Phk 1( ) {unh+0(h),n£k$m. ( )
JleficTBUTENBHO, CUCTEMA 3a BpeMs /i MepelieT U3 COCTOSAHUA k(O <k<n)

B cocTosiHUE k — 1, eciir 3a 3TO BpeMsI He IIOCTYIHT B CHCTEMY HH OJIHO U3 M — k
BO3MOYKHBIX TpeOoBaHUil (coObITHE A;) W MOKHHET cucteMmy (Oyay4um obciy-
’KEHHBIM) TOJIBKO OIHO U3 KaKHX-110o k oOcimykuBaeMbix TpeOoBaHU (COOBI-
tue A3). Ho no dhopmyne bepryiuu

P(45)= k(l —e W Xe*”h )H = kuh+O(h). 2.61)

[TosTOoMy, yInUTBIBas HE3aBUCHMOCTE COOBITHI A M A3 ¥ HCTIONB3YSI POpMY-
ny (2.58), 3anmmem

Prje-1(h) = P(443) = P(4)P(43) = kph + O(h),
Cryyai, Korja n<k<m, OTJINYAETCA OT  pacCMOTPEHHOI'O
(0 <k< n) TOIBKO TEM, UTO MIPH k > n BepoOATHOCTH P(A3) Toro, 94To 0cBOOO-

JIUTCS TOJIBKO OJIWH KaKOH-TTHOO0 M3 00CTyKHBaeMBIX MPUOOPOB, HE 3aBUCUT OT
k, 1, cnenoBaTenbHO, BMecTo (2.61) cripaBesTMBO PaBEHCTBO

P(A3 ) = n(l —e W Xe_“h T_l =nph+ O(h)
Cnyuau 3
Pris(h)=(m—k\h+0O(h).0<k <m. (2.62)
JleficTBUTENBHO, CHCTEMA 33 BPEMS s IIEpEHIET U3 COCTOSHUS k(O <k< m)

B COCTOSIHUE k +1, €CITi 3a 3TO BpeMsi B CUCTEMY IIOCTYNUT TOJBKO OJHO U3 M —
k BO3MOXHBIX TpeOoBaHUH (COOBITHE A4) M CUCTEMY HE ITOKMHET HU OJIHO W3 k
TpeboBaHuit (coObITHE A,). HO, puMeHss TeopeMy CIIOKEHHS BEPOSTHOCTEH

HECOBMECTHBIX COOBITHI U popmyiy (2.53), momydaem P(A4) = (m - k)?»heikh.
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[TosToMy, yduTHIBasi HE3aBUCHMOCTH COOBITHI A B A4 1 UcTIoNb3ys (2.59),
HMEEM:

Pris1(h)=P(444y)= P(44)P(4;) =

= (m—k)he (e‘“h )k = (m—k)h+0(h)
Cnyuaii 4
pix(h)=0O(h)|i-k|=2. (2.63)
JlelicTBUTENbHO, BEPOSTHOCTh TOTO, YTO 32 BpeMs h B CHCTEMY MOCTYIIST
nBa win Oonee TpeboBaHMs, cornacHo (2.51) mpu k > 2 paBHa O(h) C nmpyroit

CTOPOHBI, BEPOSITHOCTh TOT'0, YTO 32 BPeMs /i CHCTEMY ITOKHHYT J[Ba WK Ooliee
TpeboBaHus, cormacHo (2.54) u TeopeMe YMHOXKEHHUSI BEPOATHOCTEH HE3aBUCH-
MBIX COOBITHH TaKXKe paBHA O(h). [ToaTomMy BEpOSTHOCTH MEpeXoia CUCTEMEI

13 COCTOSIHHMS [ B COCTOSIHHE Kk TIpH |i —k| >2 3a Bpems h TeM Oojee paBHa
O(h).

IToacraBum Temephb mody4yeHHbIE oneHKU (2.57), (2.60), (2.62), (2.63) mns
pu(h) B popmyny (2.56). Torna, Harpumep, ipu k =0 moydnm

polt+1)= po(t)poo(h)+ pi(t)pro(h)+O(h) =
= po(t)1 =M+ O(h)]+ py (e + O(R)]+ O() wmm
polt+h)=po )/ h=—hmpo )+ O(h).

Ilepexons x npeneny npu h — 0, umeem p(')(t): —meo(t)+ upl(t). A Tak
KaK Hac Oy/AyT MHTEPECOBATh TOJIBKO CTAIIMOHAPHBIC PEIICHUS, TO B MOCIIEAHEM
PaBEHCTBE NEPEXOAUM K Ipeseny mpu ¢ — o : 0 =—Ampgy + up;. IIpoens ana-
JIOTHYHBIE paccyxaeHus aist k =1,2,...,m , TOJIy4YUM CIEIYIOUIYI0 OIHOPOJ-
HYIO CHCTEMY aJIre0pandecKnuX ypaBHEHHUH:

0=—ampy + p;;
Oz(m—k+1)otpk_1 —[(m—k)oc+k1pk +
+(k+1)ppygs 0 <k <n (2.64)
0z(m—k+l)ocpk_1—[(m—k30c+n pr +nppi,n <k <m;

0= OPy—1 = MPp-
3necs o =1/, py = lim pk(t),k =0,1,...,m.
t—0

Junst pemienus cucremsl (2.64) BBeJieM HOBBIE IIEPEMEHHBIE!
zp = (m—k)apk —(k+1)pk+1, 0<k<m
zZp = (m—k)ocpk —npi,n<k<m. (2.65)
B HOBBIX mepemeHHBIX cucTema (2.64), Kak JIETKO NMPOBEPHUTH, NIPHUHUMAET
OY€Hb NPOCTON BUJ
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ZO=0;
Zp_1—2z; =0,0<k <m;

Zp-1=0
U UMeeT, OYeBHUAHO, TOJNBKO HyneBoe pemenue z; =0, k=0,1,..,m—1. Cne-
JIOBATEINBHO, paBeHCTBa (2.65) MOYHO nepenuncarhb TakK:
m— k)(x m—k)a
Pral = Pi,0<k<n; pry= Pr-h<k<m.
k+1
OTcro/1a MOCIIEI0BATEILHBIMU ITOICTAHOBKAMHE JIETKO HAXOJAUM
k
mla
———Po.1<k<n;
K(m—k)
=y (2.66)
mlo
Po-n<k<m.

n* ) (m—k)!
BenuuuHy ke pg, Kak OOBIYHO, OIpEIENSEM M3 yCIOBUA HOPMHUPOBKH

Zpk =1 1 mosrydeHHBIX hopmyn (2.66) mns py, k =1,2,..., m . 3Hasg BeposATHO-

m
k=0
CTU Py, k =1,2,...,m , MOKHO BBIYMCIUTH CPEAHION0 JJIMHY OUYepEear
m
My = (k-n)py, (2.67)
k=n
CcpeqHee YHCIO OOCTYXKMBAEMBIX M OKHAAIOUINX OOCIYXHBaHUSA TpeOoBa-
HUH
m
M, = kak, (2.68)
k=1
Cpe/iHee YHCIIO0 CBOOOAHBIX OT 00CITY)KUBaHHUs IPHOOPOB
n—1
My =" (n—k)py . (2.69)
k=0
OTcroza Ierko HaxoIuM KO3 (HUIMEHT MPOCTOST 00CITY)KUBAEMOT0 00bEKTa
<t.31 =M1/m, (270)
KOX((PHUIUEHT UCTIIOIH30BAHUSI OOBEKTOB
&y =1-(M,/m) (2.71)
(2.72)

1 KO3 PUIUEHT ITPOCTOsT 00CTYKUBAIOIIUX MPHUOOPOB
EJ?’ =M 3 /n.

Koadpunuenr &, — BecbMa BayKHasi HHTETPAIbHAsI XapAKTEPUCTUKA 3aMKHY-

TOW CHCTEMbI MaccoBOTro oOcimyxuBaHus. OH XapaKTepU3yeT WHTEHCHBHOCTh

SKCIITyaTald 0OBEKTOB, TaK KaK MPAKTHIECKH PaBEH BEPOSATHOCTU TOTO, UTO
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JTAaHHBIN O0OBEKT B JIFOOOH MOMEHT BpeMeHH ¢ OyIeT HaXOAWTHCS B KCIDIyaTa-
uH, T. €. pabotars. [y ycTaHoBHBIIETOCS pexknma padotst CMO ero MoxHO
BBIUKCIIUTH 110 GopmMyJie

Erx=t1/(t) +1t5), (2.73)
rae 4 =1/A — cpenHee BpeMms 0e30TKa3HOM paboTBl 00BEKTa; f, — cpelHee
BpEMs IIPOCTOSI ITOTO OOBEKTA.

O0o03HaunM, Kak U B mozapasz. 2.3, BpeMs OXKHAAaHWSA B odepean uepes 0.
OueBusiHO, oO1iee BpeMst IpocTosi [ craraercsi U3 BPEMEHU OKUJIAHHS B Ove-
peau 6 M BpeMeHH oOCIyXUBaHHMA T, T. €. /] = 0+ 1. Ilepexons k MaremaTH4e-
CKUM OXKUJIaHUSM, YUUThIBast paBeHcTBa MII =t,; Mt =1/p v onpenenss t, u3
¢dopmyisl (2.73), Haxoaum

MOzMH—Mr:tz—l:tl1_2"2—1:11_&2 L (2.74)
H & n A&

Mpumep. [Tycts ans oOcmykuBaHus (HaJNAJKK) MIECTH OJHOTHITHBIX aBTO-
MaToB BBIIEJICHO JIBA MAacTepa OJMHAKOBOW MPOHM3BOAMTEIBHOCTH. Bpemsi oT
BPEMEHU 3TH aBTOMAThl OCTAHABJIMBAIOTCSA M TpeOyroT Hamanku. [Ipenmonara-
€TCsl, YTO TIOTOK OCTAHOBOK aBTOMATOB SIBISICTCSI [TyaCCOHOBCKHMM, & BPEeMs HX
HaJIaJIKW [TOJUMHSIETCS T0Ka3aTelnbHOMY 3aKoHY. Kaxkplii aBTOMaT OCTaHaBIIH-
BaeTcsl B CPeIHEM OJIMH Pa3 B JIBa yaca, a CpeJHee BPeMs HaJIaJIKU OJIHOTO aB-
ToMaTa oqHUM Mactepom coctapisier 0,4 4. Takum oOpasom, A= 0,5; p = 2,5;
o=A/n=0,2.

Bo3MOXHBI clieAyiomme BapuaHTBl OpraHW3alWU oOcimyxuBaHusA: 1) oba
MacTepa 00CITy)KHBAIOT BCE IIECTh aBTOMATOB, TaK YTO MPH OCTAHOBKE aBTOMa-
Ta ero oOCIyXHWBaeT OAWH W3 CBOOOIHBIX MAacTepoOB; B ATOM ciydae n=2,
m=6; 2) KaKAbIH U3 JBYX MacTepOB OOCIY>XHBAET 110 TPHU 3aKPEIUICHHBIX 32
HUM aBToMara. B atoM cinywae n=1,m=3.

B pesynbrare Bbluucienuit mo gopmynam (2.66) nomyuaem Tabu.l s
[IePBOTO BapyaHTa M Ta0JI.2 I BTOPOTO BapHaHTA.

TaGnuma 1
Yucno Hepaboraro- Ywcao aBTOMATOB, Yucino cBOOOIHBIX
LIMX aBTOMATOB OJKHUJAFOLIMX MacTepoB D
HaJIaJ(K1
0 0 2 0,320
1 0 1 0,384
2 0 0 0,192
3 1 0 0,077
4 2 0 0,023
5 3 0 0,005
6 4 0 0,000
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Tabanuma 2

Yucino Hepaboraro- Yucno aBTOMAToB, Yucao cBOOOAHBIX
XX aBTOMaTOB OXKHAAIOMINX Hallaj- MacTepoB Dk
KH
0 0 1 0,531
1 0 0 0,318
2 1 0 0,127
3 2 0 0,025

Hcnonp3ys 3HaYeHUs p; B Ta0N. | U 2, BEIYUCIUM ISt 000MX BapUaHTOB KO-
3 PUIHEHT TPOCTOsT aBTOMATOB &, KOA(P(UIHMEHT KCIOIb30BaHUsI aBTOMATOB
&, 1 K03 GuIMEHT mpocTosi MacTepoB &;. Haunem ¢ mepsoro Bapmanra. Cpen-
HEC YUCJIO aBTOMATOB, MPOCTAaMBArOUIUX B Ka)i(}lblﬁ MOMCHT B O4Y€pE€AN H3-3a
TOIr0, 4TO MacCTE€pa 3aHATHI HaﬂaﬂKOﬁ ApYyTrux aBTOMAToOB, ONPEACIACTCA I10

6
tdopmyne (2.67): M, = Z(k—2)pk =0,140 . VlupIMK coBaMu, B CpEAHEM M3
k=2

mectd aBTomaToB 0,14 aBromara OyAeT CTOATH B OUEPEIH 10 TeX HOp, MOKa He
0CBOOOHTCS MacTep.

Jist cpeaHero uucia HepabOTAIOUIMX aBTOMATOB, T. €. aBTOMATOB, KOTOPbIE
HAJI&XXHBAIOT M KOTOpPBIE CTOAT B OdYepenud, umeeM corjiacHo (2.68)

6
M, =Y kp; =1109. D10 03HAUAET, YTO B CPEHEM W3 LICCTH aBTOMATOB HE
k=1

paboTaroT HEMHOTO OOJIBINIE OAHOTO.

HaxoHel, cpefiHee 4MCII0 MACTEPOB, HE 3aHUMAIOIINXCS B KKIBIH MOMEHT
BpPEMEHHU HaJIaJKOH aBTOMATOB, ornpezessiercs no Gpopmyde (2.69):

1
M3 = (2-k)p; =1,024.
k=0

Teneps 1o ¢popmynam (2.70) u (2.72) Beruncium koddpunuentst &, &, u
&;. Umeem & =M|/6=0,023, T. e. KaXKIbIil aBTOMAT CTOUT B OYEPEIH B OXKH-
JAHWH Hadana ero omragku npudmmurensHo 0,023 wactu pabodero BpeMeHH.
Jlanee &, =1—-(M,/6)=0,815, T. e. BePOSATHOCTb TOTO, YTO AAHHBII ABTOMAT B
J000l MOMEHT BpeMmMeHu Oymer paborath, paBna 0,815. Hakownern,
&3 =M3/2=0,512, 1. e. KXabIi MacTep CBOOOJEH OT HaNaJKd aBTOMAaTOB
4yTh OOJIbIIIE MOJIOBHHBI paboyero Bpemenu. Kpome toro, mo ¢opmyie (2.74)
HaiiileM cpeliHee BpeMsl O)KUJIaHUsI Havyajia 00CITy KUBaHUS:

1 1-0815 1
=——"———=0,054 9~ 32MuH.
0,5 0815 25

Berancnum ananoruyHo ko3 dunuentsl &, &y, &; u Benuuuny MO mis Bro-

poro BapuaHTa 1 coOepeM IoJIy4eHHbIE Pe3yJIbTaThl B Ta0.3.
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Tab6numa 3

Ioka3zarenu dyHK- Bapuant
LIMOHUPOBAHUS
IlepBsrit Bropoii
& 0,023 0,059
& 0,815 0,784
& 0,512 0,531
MO, muH 3,2 9,1

W3 tabn. 3 3axmodaeM, 4TO IO BCEM MIOKA3aTeJIIM IIEPBBIl BAPUAHT JIyullle
BTOoporo. Hanpumep, nmpocToii aBToMaToB B iepBoM Bapuante Ha 0,059—0,023
= 0,036 paGoyero BpeMeH! MEHBIIIE, T. €. IPOU3BOJUTEILHOCTD TPYyAa Ha OJNH
aBTOMArT B [IEPBOM BapHuaHTe Ha 3,6% OoJibIle, Y4eM BO BTOPOM.

2.5. CMelIaHHBIE CHCTEMBI C OKHIAHHEM

B moapasz. 2.3 u 2.4 paccMOTPEHBI CHCTEMBI MacCOBOTO OOCITYKUBAHHS C
OXXHMIAaHUEM, I KOTOPBIX TUIIUYHO Cieayrolee: TpeOoBaHus, OCTYIIAONINE B
CHCTEMY Ha OOCIyXHBaHHE, TIOKHIAIOT €€ TOJIBKO mocie obciyxuBanus. On-
HaKO Ha NPAKTHKE YacTO BCTPEYAIOTCS CUCTEMBI MAacCOBOI'O OOCIY)KHBaHHS C
OXXUIOaHUEM, B KOTOPLIX HMCIOTCA PA3JINYHBIC OIpaHUYCHUs, HAlIpUMEp Ha
BpeMsi ITpeObIBaHUs B Ouepe/iv, Ha BpeMst peObIBaHMsl TPeOOBaHUS B CHCTEME,
Ha JJIMHY o4epeau. Bo3MOXHBI Takxke pa3nnyHble KOMOMHAIMN MTOJJOOHBIX OT-
pannueHuid. Takue cucTeMbl MacCOBOrO OOCIYXKMBaHHS Ha3bIBAIOTCS CMEIaH-
HBIMH CHCTEMaMH C OXHJaHUEM. B CBS3M C 3THM CHCTEMBI MacCOBOTO 00Cy-
KUBaHUSL C OXKUJIAHWEM, PAaCCMOTPEHHBIC B MOApasd. 2.3, MHOTJA Ha3bIBaIOT
YHUCTHIMH CHCTEMaMH C OXKHIaHHEM.

B cmemaHHBIX cHCTEMax MaccoBOro OOCTY>KMBaHHS TpeOOBaHHE, IOCTY-
IMBLIEE B CHCTEMy Ha OOCIy)XKMBaHHE W 3acTaBIlee BCe NMPUOOPHI 3aHATHIMHU,
MOXKET IIOKMHYTbh CHCTEMY U He 00CiIyKeHHbIM. Tak, eciu uMeercs orpaHuye-
HHUC Ha JJIMHY OYepEIH, BRIPAKAIOIICECS B TOM, YTO YUCIIO TPeOOBaHUH, 0KHU-
JIAFOIIMX Havaia o0Ciy)KMBaHHs, HE JOJDKHO IPEBBIILATH 71, TO 0YepPEeTHOE Tpe-
OoBaHHWe, NIOCTYNUBILIEE B CUCTEMY Ha OOCIy)KMBaHHE B MOMEHT BPEMEHH, KO-
rZia Bce MpUOOPHI 3aHATHI U 71 TPEOOBAHUM 0XHMIAIOT 0OCITY>KUBaHUs, 00sI3aHO
MOKMHYTh CHCTEMY, XOTs OHO M He oOciykeHo. Takas cuTyauusi BO3HHKAET,
HalpuMep, B MacTEPCKUX, NpeJHa3sHAYEeHHBIX Ui PEMOHTa KaKHX-TH0O Ma-
IIWH, C OTPAHMYEHHON IUTOIIA b0 U HX XPAHCHHS.

Kcraru 3ameTiM, 4To €CIii JUIMHA OYepear m = o0 , TO CMEIIaHHas CUCTeMa
C O)KHJAHUEM BBIPOXKAAETCS B UUCTYIO CHCTEMY C O)KHIaHHEM, PACCMOTPEHHYIO
B mozpasz. 2.3; B ApyroM KpaiHeM cirydae, Korja mmuHa odepean m =0, pac-
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CMaTpHBaeMasi CMEIIaHHAasI CHCTEMa BBIPOXKIACTCS B CUCTEMY C OTKa3aMu (CM.
noxapasa. 2.1.).

OrpaHuueHre Ha BpeMs NpeObIBaHMS B OYEPEAM BBIPAKACTCS B TOM, YTO
BpeMsi O)KHJaHus TpeOOBaHHEM Hadajia 00CITy)KUBAHUS HE JIOJDKHO MPEBBIIATH
HEKOTOPOU BEJIMUUHBI oy, TI€ foy — IOCTOSIHHAS WK CiIy4aiiHas. MHaue roBops,
€CITH 32 BPEMS £, C TOT0O MOMEHTa, KaK TpeOOBaHHE CTallo B 0Uepe/ib, HE OCBO-
0oanTCS HU ONUH W3 OOCITY)XMBAIOIIUX NPHOOPOB, TO TpeOOBaHHE MOKHUAACT
cucTeMy, XOTs OHO W He obciyxeHo. [Ipeanonaraercs, 4ro eciu npouecc 00-
CIIy>)KMBaHHsl YK€ Ha4aT, TO OH JOBOAMTCS IO KOHIA HE3aBHCUMO OT BPEMEHH
OKHJIaHWS Hadaja oOciykuBaHHsA. Takas CHTyalus MOXXET BO3HHKHYTh, Ha-
IPHUMED, B MAPUKMAXEPCKOW: C OJHOW CTOPOHBI, AEIOBBIE JIFOIU, 3HAIOLINE 1ie-
Hy BpEMEHH, He MOTYT II03BOJIMTH cede HaXOOUThCsA B odepenu Ooiiblie, 4eM
HEKOTOPOE oy . C APYTOil CTOPOHBI, €CIIN YK KIMEHT CEJl B KPECIIO U €0 Havdain
OpUTB, TO OH BPSA JIM YHIET C OJIHOW BHIOPUTOM IIEKOH.

OrpaHuueHne Ha BpeMsi IpeObIBaHusl TpeOOBaHKS B CUCTEME MacCcoBOro 00-
CIIy’)KMBaHUsI O3HA4aeT, 4To obuiee BpeMs NpeObIBaHMs TPEOOBAHMS B CHCTeE-
Me — BpeMs OKHJaHWSI Hadaja OOCITy>KHBAaHHsS ILTIOC BpPeMsI COOCTBEHHO 00-
CIIy>KMBaHUsI — HE JOJKHO IMPEBBINIATE HEKOTOPOH BEIHUUHBI [,,. B mpotus-
HOM cilydae TpeOoBaHHE HE3aBUCHMO OT TOTO, HA4aTo ero o0CIy>XMBaHHUE WM
HET ¥ €CIIM HayaTo OOCIy)XHMBaHHE, TO OKOHYEHO OHO WJIM HET, MOKHAET CHC-
TeMy. Takas cuTyalus MOXKET BO3HUKHYTb, HAallPUMED, B IIPUBOK3AJIBHOM aTe-
JIbEe MEJIKUX yCIyT: acCakup, HECOMHEHHO, NPEIIOUTET 3a0paTh CBOM MUIKaK
C €llle HEe BCEMH BBIBEJICHHBIMH IIITHAMU, YEM OIIO3JaTh Ha MOE3I.

OctaBisAs B CTOPOHE BCE MHOrooOpa3sne CMEIIAHHBIX CHCTEM MAacCOBOTO
00CITyXHUBaHHA, PACCMOTPUM JUIS IPUMEPA CMELIAHHYIO CUCTEMY C OTpaHHue-
HUEM Ha JUIMHY odepenu M BpeMms npeObiBaHus B Heil. Mtak, mycTh Ha BXOJ
CHCTEMBI MacCOBOr0 OOCIY)KUBaHHUS, COCTOSILEH U3 71 OJHOTHUITHBIX PHOOPOB,
MOCTYMAeT MyacCOHOBCKHH MOTOK TPeOOBaHHI C MHTEHCHBHOCTHIO A. Bpewms
o0CIyXHuBaHUA T KaXXAOro TpeOOBaHMS MOJYMHEHO I0KA3aTEIbHOMY 3aKOHY

P(r < t) =1-e™™ . O603HAUNM MAKCHMATBHOE YHMCIIO MECT B OYEPE/IH Uepes3 .
Ecnu B cucTeMe HaX0IUTCs k(k < n) TpeGoBaHMii, TO BCE OHH OOCITYKHBAKOTCH,

npuyYeM Kaxuaoe TpeboBaHHe oxHHM npudopom. Eciu B cucTeme HaxoIUTCs
n+ s(s < m)Tpe6OBaHI/1f/i, TO I10 TIOHSITHOM NPUYMHE 7 U3 HUX OOCITY)KHBAIOTCS,
a OCTaJbHbIE S CTOAT B O4epeau U KIyT Hadaja oOcimykuBaHMA. Ecin BHOBB
npuOBIBIIEE B CHUCTEMy TpeOOBaHME 3acTaHeT B HEH n+ m TpeGoBaHUi
(n HaxomsIIUXCSA HAa 0OCTYKMBAaHUH U /M OXKUIAIOIINX Hadaja 0OCITyKUBAHUS),
TO OHO MOKUAAET CUCTEMY HEOOCITY)KEHHBIM.

[peanonoxum nanee, 4to BpeMs npeObIBaHUsI TpeOOBaHUS B O4YEpeH, 3a-
CTaBILEro B CHCTEME n+s(s < m) IOPYTHX TpeOOBaHMIA, HE JOJDKHO IPEBOCXO-

ITATD oy, THE fyy — CIIydaiiHasl BETHMYMHA, UMCIOIIAs ITOKa3aTeIbHOE pacipese-
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nenue P(t,,<t)=1-¢"" .Takum obpasom, TpeboBaHMe, 3acTaBlIee BCe NPUOOPBI
yKe€ 3aHSATHIMH, MOKHIAET CUCTEMY HEOOCIYKEHHBIM B CIEAYIOUIUX JIBYX CIy-
yasx: 1) ecnu B odepenu CTOUT yKe m TpeOoBaHuUil; 2) ecnu TpeOOBaHUE MPO-
CTaMBaeT B HAIPAaCHOM OXHIAHUM Hayajaa oOCIyXKHBaHHS B cpeqHeM 1/v enu-
HUIl BpeMeHH (B CBSI3M C 3TUM IMapaMeTpy V MHOT/A NPUAAIOT CMBICT MHTEH-
CHUBHOCTH yX0/Ia U3 O4epea HeoOCTyKEHHbIX TpeOOBaHHA).

O0603Ha4nM, KaK 0OBIYHO, Yepe3 py(f) BEPOSITHOCTh TOTO, YTO CHCTEMa Mac-
COBOT0 OOCIY>KHBAaHUS B MOMCHT BPEMEHH ! HaXOIUTCS B COCTOsHUM k. Ha-
IMOMHHUM, YTO 37ICCh Pa3JInYHbIC COCTOSIHUS ONpPENeisitoTcs Tak: 0 — B cucTeMe
HET HHU OJHOTO TPEOOBaHHS H, CTANIO OBITH, BCE IPUOOPEI CBOOOIHEI; kK — B CHC-
TeMe HaxomuTcs k TpeOoBaHWU W Bce OHHM OOCHyxuBaroTcs, k =1, 2, ..., n;
n+S§— B CUCTEME HaXOAUTCS 1+ S TpeOOBaHUii, U3 HUX 1 00CITYKUBAIOTCS, &
S CTOAT B OYEpPEIM B OXKHUIAHWUU OOCTyXuBaHus, s = 1, 2, . . ., m. BepostHocTu
JUTSL BCEX 3THUX BO3MOXHBIX COCTOSHHA CHCTEMBI MAacCOBOTO OOCIYXKHBAaHUS
YIIOBJIETBOPSIOT AU PEPEHIIHATBHBIM YPaBHEHUSIM:

Polt) = =po(t)+py (1)

Pi(t)= Mgy ()= 4+ k) pe () + (k + Dupg () 1 < k < n—1;
Pi(t)=appy (6)=[h+np+ (k= n)v]py (e)+
+[np+(k—n+l)1pk+1(t),n <k<n+m-1I;
p;1+m (t) = Xpn-%—m—l (t)_ (}’lu +m, )pn+n1 (t)

Omyckast BBIBOJ W PEIICHHE COOTBETCTBYIOIIECH CHCTEMBI YPaBHEHHH ISt
YCTAaHOBHBIIIETOCS PEKMMA, TIPUBEIEM OKOHUATEIBHbINH PE3yIIbTAT:

k
a
_— <k<nm
! p()’l—k—na

Pk = ok (2.75)

- Po-n<k<n+m;
n!H(n+i|3)
i=1

n+m

po=1= 2 Pk (2.76)
k=1

rae oo=A/u, B=v/pu.

3HaHMe BEpOSTHOCTEH py;, Kak M paHbIle, MO3BOJISIET BBIYMCIUTH CpPEIHEE
YHCII0 TPeOOBaHMA, HAXOIIIIUXCS B OUepear (JUTMHY OUepesn),
n+m
My = > (k-n)p, (2.77)
k=n+1
Cpe/iHee YHCIo TpeOOBaHM, HAXOIAIINXCS B CHCTEME,
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n+m

My =Y kpy, (2.78)
k=1
CpeiHee YHCII0 CBOOOAHBIX OT 00CITY )KUBaHHUS IPHOOPOB
n—1
My = 3 (n=K)py. (2.79)
k=0

Baxneiimeir XxapakTepHCTUKON KadecTBa OOCIYXHBAaHHS B paccMaTpHBaec-
MOU CHCTEME SIBJISIETCS BEPOSITHOCTh OTKa3a

Porx =1—-(m—M3)/o, (2.80)

rge n—M; — cpemHee 4YHCIO TPUOOPOB, 3aHATHIX OOCIyXKUBaHHEM, a

(n—M3)/a — BepoaTHOCTb oOcityxuBaHus. [Jlpyras BakHeillas xapakrepu-

CTHMKa Ka4ecTBa 00CITy)KUBaHUS — cpeqHee BpeMst MO rnpeObiBaHus TpeOOBaHMS

B OYepey, T. €. CPEIHSIS JUIUTEINEHOCTh OKHIaHHs Havana 00CTy )KUBaHHS.
Ecnu f{f) —1utoTHOCTH BEpOSITHOCTH BpeMeHH 6 HaxoxkJIeHus! TpeOOBaHUS B

ouepe 0 Hauama ero obcmykmusanms, 1o Pt <@ <t+dt)~ f(t)dt. Ho 3a

BpeMsi ¢ HaXOXKJIeHUs] TpeOOBaHUsI B OUeped 3a HUM 00pa3yercsi ouepesb, co-
CTOsIILAsl B CpeHEM U3 Al TpeOOoBaHUil (IO ONMPEIETICHUIO BXOJSILETr0 MOTOKA
TpeboBanuii). [losToMy cpenHee 4ncio TpeOOBaHUMN, HAXOISIIUXCSA B OYepEean
B HHTEpBaJie BpeMeHu (Z,t + dt) , paBHO Atf (¢t)dt .

OTcro/la HEeTOCPEACTBEHHO CIEIYyeT, YTO CpPeJHee YHCIO TpeOOBaHMiA, Ha-
XOMSAIIUXCSA B ouepenu B uHTepBasie Bpemenu (0,00), T.e. MaTeMaTHYECKOE

OXXHJJaHUEC YHCiia Tpe6OBaHHﬁ, OXXHJAaroIUX Hadajia O6CJ'Iy>KI/IBaHI/I$I

0
My = [af (e)dt = AMO wm MO = M /). (2.81)
0

®opmyina (2.81) mo3BOISIET BEIYUCIUTS MAaTEMATHUECKOE OKHIAHUE BpEMe-
HHU O npeObiBaHMs TpeOOBaHUS B odepenu Oe3 3HaHUS 3aKOHa paclpeieneHHs
BEJIMYUHEI 0.

IIpumep. B xpynHblii Mara3sut MoCTYNAIOT U3 Pa3InYHbIX OTAAJEHHBIX XO-
3AHCTB MAIIMHBI C PPyKTaMU. DTH MAIIMHBI IOCTYMAIOT B CIIyYalHbIE MOMEHTBI
BpPEMEHH C IUIOTHOCTHIO A = 4 MaIIMHBI B JIeHb. B Mara3uHe umeercs moaco0-
HOE MOMeIeHNe, IT03BOJIAIONIee XPaHUTh He Ooiee m MaluH (GPYKTOB OIHO-
BPEMEHHO, U 1 Opuraja MmpojaaBlOB OJMHAKOBOM NMPOM3BOAMTENBHOCTH. Bpems
npoJaxu (00CIyKUBaHUS) OAHOW MalIMHBI ¢ PPYKTaMU OIIHOM Opuranou ciy-
YaiiHO u cocTaBisieT B cpexnem 0,5 aHs.

DpPYKTHl — CKOPOIOPTSILUICSA TOBAP U CPOK UX XPAHEHUS 3aBUCUT OT MHO-
I'HX CIy4aiiHbIX (h)aKTOpOB, HAIIPUMEP BHJIA, BPEMEHH, IIPOLIEAIIET0 ¢ MOMEHTa
cOopa QpyKTOB, CTEIICHN UX CO3PEBAHUS, YCIOBHUsI TPAHCIIOPTHPOBKU. [Ipento-
JIOKHM, YTO CPEIHEee JOIYCTHMOE BpeMs XPaHEHHs 3THUX (PYKTOB COCTABISIET
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2,5 nus. DopManbHO, YTOOBI MOKHO OBUIO HCIOJIB30BaTh ()OPMYJIBI, IPUBEICH-
HBIE B ATOM IOJpa3Jierne, Hy)KHO MPEANOIOKHUTh, YTO IOTOK MOCTYIUICHUS aB-
TOMAIINH ¢ PPYKTaMH MTyacCCOHOBCKHIA, a POJIOJIKUTEIBHOCTH 00CTYKHBaHUS
AaBTOMAlIWH U COXPAaHHOCTU COACPKHUMOTO aBTOMAIIWH MNOAYHUHAIOTCA ITOKa3a-
TeJILHOMY pacrpeeneHuto. Ha npaktuke 310, KOHEYHO, MOXKET HE BBITIOJIHSATh-
csi. Hampumep, NpoIOSDKUTENBEHOCTh COXPAHHOCTH CBEXHX (DPYKTOB CKopee
HUMeeT raMMa-pacrpeielieHie, 4YeM rnokaszarenbHoe. OHaKo, KaK IMOKa3alu Co-
OTBETCTBYIOIINE PAcueThl METOJOM CTaTUCTHUECKOTO MOJEIMPOBAHUS, WHTE-
rpajbHBIE XapaKTEPHCTHKU CMEIIaHHBIX CHCTEM C OXKHIAHHEM INPAKTHYCCKH
Majio 3aBHCAT OT BHIA PACIPENCICHNI BpeMeHH 00CITy)XKUBaHHs TpeOOBaHUI 1
BpEMEHM UX MpeObIBaHus B ouepeaud. TakuM oOpasom, A=4; p=2;

v=1/25=04; a=2; p=0,2.
COOTBETCTBYOIIHME PE3yJIbTAThl BBIYUCICHHH, MOJYYCHHBIE MO (opMyiIaM
(2.75)—(2.81) qna n=1;2 u m=1,2;3, npuBeneHHI B Ta0INI. 4.
Tabnuna 4

IMoxkazaTenu n=1
dyHKIMOHK- m=0 m=1 m=2 m=3
pOBaHHs

Py 0,333 0,158 0,090 0,059
)2 0,667 0,316 0,181 0,117

)2 — 0,526 0,300 0,195

D3 — — 0,430 0,281
D4 — — — 0,350

M, — 0,53 1,16 1,81

M, 0,67 1,37 1,97 2,75

M, 0,33 0,16 0,09 0,06
Do 0,67 0,58 0,54 0,53
MO, nueit — 0,13 0,29 0,45

n=

Po 0,2 0,145 0,119 0,105

D1 0,4 0,290 0,238 0,210

§23 0,4 0,290 0,238 0,210

D3 — 0,244 0,225 0,198

Da — — 0,181 0,159

Ds — — — 0,122

M, — 0,21 0,59 0,88
M, 1,2 1,6 2,11 2,47

M; 0,8 0,58 0,48 0,42
Porc 0,4 0,29 0,24 0,21
M6, nueit — 0,06 0,15 0,22

W3 sTolt TabnuIEl ciexyeT, 4To ofHa Opuraga IMpoJaBIOB (n = 1) SIBHO HE

CIpaBHUTCS CO cBOoeW paboToif, nOO B cpemHEM CBBINIE MONOBHHBI (53—67%)
BCEX MOCTymaromux (pykToB He OyleT pacipoiaHo. BeposTHocTh oTkaza B
00CITy)KMBaHUH NIPU HAJIMYHMU ABYX OpHrall NpoJaBLOB ( = 2) YK€ 3HaYUTEIIb-
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HO MeHbIne (21-40%), HO eme cpaBHUTENHHO Benuka. [lo-BHauMoMy, 1eneco-
00pa3HO HCIOB30BATh TPH OPHUTAIbI.

C 1pyroit CTOPOHBI, BEPOSITHOCTh 0TKA3a Py« MEHEE UYBCTBUTENBHA K U3MeE-
HEHUIO BEJIMYMHBI m. [103TOMy eciu coaep)KaHue IOJCOOHOrO MOMEIICHHS
CBSI3aHO C OTHOCUTEIILHO OOJIBIIIMMHU H3JIEPIKKAMH, TO PAIlMOHAIBHO HUCIOJIB30-
BaTh HEOOJNBIINE 3HAYCHUS m, HarpuMep m = 1. BMecTe ¢ TeM moiHOE OTCYT-
cTBHUE MoIco0HOTO ToMerieHus (m = () Takke HEBBITOJHO, TaK KaK MpPU 3TOM
3aMETHO BO3PACTACT BEPOSATHOCTh OTKA3a.

3. CHEIlMAJIBHBIE CUCTEMBI MACCOBOI'O
OBCJIIY’KUBAHUSA

Bce cucTeMbl MaccoBOro 0OCIY)KHMBaHHUS, PACCMOTPEHHBIE B IPEIbIAYILEM
pasnerne, SBISIFOTCS B ONPENENICHHOM CMBICIIE KilacCHuecKMMHU. Bmecte ¢ Tem
cyuiecTByeT OoJblIoe KojguuecTBO paszHoBupHocTed CMO, oTpakaroummx Te
WA WHBIC 3aKOHOMEPHOCTH U OCOOCHHOCTH PaOOTHI pealibHBIX OOBEKTOB HC-
cienoBaHus. J[nsg HUX B paMKax MapKOBCKUX OTpaHUYCHHN TAKXKE IMOJIYYCHEI
aHAIMTHYCCKHE pelIeHus (10 KpallHed Mepe, I YCTaHOBHBIIIMXCS PEXKUMOB).
OxapakTepu3yeM OCHOBHBIC TIOJOOHBIC MOJICITH, UCIIOIb3yeMbIC JIJIS OTHCAHUS
[IUPOKOTO Kpyra MPOU3BOACTBEHHO-3KOHOMHYECKUX U  OPraHH3alUOHHO-
TEXHUYECKUX CHCTEM.

3.1. YnopsiioueHHble CHCTEMbI

o cux mop mpexmonaraigock, 9To Bce 0OCITyKHMBAIOIIME MPHOOPHI paBHO-
NPaBHBI B TOM CMBICIIE, YTO OYEpEAHOE TpeOOBaHHE MOXKET OOCITyKUBATH JIIO-
601 n3 cBoOOAHBIX NPUOOpoB. OHAKO JIerko cede MPeACTaBUTh TaKyl0 CHUCTe-
My MacCoOBOTO OOCIYKHBaHHS, B KOTOPOH BCE MPUOOPHI MPOHYMEPOBAHBI, MPH-
4eM ouepesiHoe TpeOOBaHHE MOXKET 00CIYKHMBaTh JAaHHBIH CBOOOIHBIN IPHOOp
TOJIBKO TIPH YCJIOBHH, €CIM BCE MPUOOPHI C MEHBIIMM HOMEPOM YiKE 3aHATHI
obciyxuBaHHeM. B 3ToM ciyyae BEpOsITHOCTH TOTO, 4TO k MPHOOpPOB OyayT
3aHATHI OTHOBPEMEHHO 00CITy)KUBaHUEM, UMEEM

of /i

Dy = k=12,.., 3.1

=— ,
Dol /il
i=0

rae oo =A/p, A — cpemHee YMCio TPEOOBAHHUIA, MOCTYMAOUINX B CTUHUILY Bpe-

MeHH, 1/p — cpenHee BpeMsi 00CITyKMBaHHs OJTHOTO TPeOOBaHUS.

IIpumep. ITycTs B HEKOTOPBIM rapaxk IOCTYIAET B TEUEHUE CEMUYACOBOIO
pabodero 1HS B CpeHEM JIEBATH 3asBOK Ha IIEPEBO3KH I'PY30B, IIPUYEM CpeIHEe
BpeMs IepeBO30K (BKJIIOYasi BpeMs BO3BpalleHHs B rapax) cocrasiseT 0,7 4.
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INpenmonaraercsi, YTO BCE ABTOMAIIMHBI MPOHYMEPOBAHBI, & OOCITyKHBaHHE
OYepeIHOM 3asIBKH T10 MEPEBO3KE IPy3a OCYIIECTBISIET CBOOOIHAS aBTOMAIIINHA
C HAUMEHBIIMM HOMEpPOM. PesynbTarhl BhIumcicHUN 1o (opmyne (3.1) cie-
nytomme (=9, u=10, a=09):

k 1 2 3 4 5

Dk 0,474 0,176 0,050 0,011 0,002

Ortcioma cienyer, 4to B cpexHeM Toibko 0,2% pabouero BpeMeHH 3arpy-
’KEHBI OJHOBPEMEHHO IISITh aBTOMALIMH. JTO YKa3blBae€T HA TO, YTO Tapaxy
MO’KHO OOOWTHCH MEHBILIHMM, YeM IIATh, KOJIMYECTBOM apToMamuH. Eciu B ra-
paxke UIMEETCsI BCETO TP ABTOMAIIMHBI, TO BEPOATHOCTH TOTO, YTO OUYEPEIHOMY
TpeOOBaHUIO IPUAETCS BCTAaTh B ouepenb, paBHa 0,05. Tak kak 3Ta BEpOATHOCTh
JIOCTaTOYHO MaJia, TO, MO-BUIMMOMY, I'apax<y JOCTaTOYHO UMETh TPH aBTOMa-
mHbl. Takum o6paszom, popmyiia (3.1) mo3Bosua onpeaenuTh He TOIBKO CTe-
TNEHb 3arpy>KCHHOCTHU Ka)K[lOﬁ AaBTOMAalIMHbI, HO W OIITHUMAJIbHOC KOJIMYCCTBO
aBTOMAIIMH, KOTOPOE HY)KHO UMETb JAHHOMY Tapaxy.

CyniecTBYIOT pa3iMyHble 000OLIEHUs] paccMaTpUBAEMOH YIIOPSAOUYCHHON
CHCTEMBI MaccoBOro oOciykuaHus. Harmpumep, vHOra yHopsaouuBaiOT He
OTIENBHBIE TPUOOPHI, a TPYHIBl MPUOOPOB, TaK YTO OYEepenHOE TpeOOBaHUE
HA4YMHAET OOCITY)XKHBAaThCS KaKUM-THOO CBOOOJHBIM MPHOOPOM k- TPYIIIBL,
€CJIM TOJIbKO BCe MPUOOPHI BCEX NPEIBIIYIIUX TPYIIT 3aHATHI.

Iycte 7, — umcno npudopoB B k=i rpynne, a A, — coObITHE, COCTOSAILEE B
TOM, YTO TpeOOBaHME IOJIyyaeT OTKa3 Ha mpudopax k-i rpynmsl. Torma Bepo-
STHOCTh TOTO, YTO OYEpeJHOE TpeOOoBaHME 3acTaHET Bce NPUOOPHI NEPBOM
TPYIIIBI 3aHATHIMH, MOJKHO OIPENENIUTh N0 GopMmysie DpiaHra:

al/n

|

Zoci/i!
i=0

BepositHOCTH TOTO, YTO 3TO TpeOOBaHME 3aCTAHET TAKXKE 3aHATHIMH BCE
IPUOOPHI BTOPOI TPYIIITEI

P(4))= (3.2)

(Irl +r /(1”1 + 1) )'
n+r ai

P(dy4y)= (33)

i-o 1
IMonyuuB oTKa3 B Ipudopax IepBoil U BTOPOH IpyIi, TpeOOBaHUE MOCTYIIA-
eT Ha 00CIIy)KUBaHUE B HPUOOPHI TPETheld IpyIIibl. BeposTHOCTH TOro, 4TO M
34€Cb OHO IOJYYHUT OTKa3, T. €. 3aCTAHCT BCC HpI/I60pBI 3aHATBIMH, MOXKHO OII-
PENENUTE 110 POpMyJIE
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(lrl PR /(1’1 +r+n )'

rn+r+r; Oti

P(dy Ay 43) =
i
ITponomxkast 3TOT mporecc, MOXKHO HAalUTU BEPOSITHOCTh P(A;A;...A;) Toro,
4TO TpeOOBaHKE MPOILIO HEOOCITY)KEHHBIM MOCJIE0BATEIBHO CKBO3b MPUOOPEI
MEPBOii, BTOPOH,..., k-ii rpymmn. 3To MO3BOJILET IO hopMyIie
P(44y...4;)
P4 4y...44_,)
OIIPECTNTh YCIOBHYIO BEPOSTHOCTh OTKAa3a Ha Mpubopax k-i TpymIisl IpH yc-
JIOBUH, YTO TIOJIyYeH OTKa3 Ha MpHOOpax Bcex mpeablaymux k-1 rpymm. 3ame-
THM, YTO BEJIMYHHA l—P(Ak | AlAz...Ak,l) paBHA BEPOSITHOCTH TOT'O, 4TO IPH-

P(Ay | 4 dy.. )= (3.4)

OOpEI k-if TpynmBl 0OCTyKaT TpeOOBaHUE TPH YCIOBHH, YTO OBLT MOJIYYECH OT-
Ka3 Ha mpudopax Bcex MpeaplAymuX k — | rpym.

IIpumep. Ha 3aBosie umeroTcs Ba KpacUJIbHBIX 11€Xa: OCHOBHOM W JOIOJ-
HUTENbHBIH. B OCHOBHOM Iiexe (DYyHKIMOHHPYIOT 4eThIpe KpacHIbHBIE YCTa-
HOBKH, a B JOIIOJIHUTCIIBHOM — JIBC. HpOI/l3BOle/ITe.]'l]>HOCTI) BCCX 3THUX HICCTH
YCTAHOBOK OJIHA W Ta )K€ M B CPEAHEM paBHa 5 u3a./4. 113 MHOTHX 11€XOB 3aBojia
B Cly4yaillHbleé MOMEHTHI BPEMEHU B OCHOBHOM KPaCHUJIbHBIM LIEX MOCTYIAIOT Ha
OKpacKy M3JeNusi ¢ HHTeHCHBHOCTBIO 10 m3z./4. Eciim B MOMEHT mocTyruieHus
Ha OKPacKy OYEpEeJHOrO M3ZEJHs BCE YEThIpE KPacHJIbHbIE YCTAaHOBKH OCHOB-
HOTO II€Xa OKAa3bIBAIOTCSI 3aHATHIMU, TO 3TO M3JEIHE MOCTYIAeT B JOIOJIHH-
TeNBHBIN 1eX. Ecnm npu 3ToM 00e KpachibHBIE YCTaHOBKU JOTIOJIHUTEIEHOTO
I1eXa TaKKe OKa3bIBAIOTCS 3aHATBIMH, TO U3/IEIIHE OCTACTCS HEOKPAILICHHBIM.

3pecs A =10, p=5, =4, n =2, a=2.Ilosromy o dopmynam (3.2) u
(3.3) momyuaem P(4)=0,095; P(44,)=0,012. Do o3mauaer, uto 9,5%
BCEX IOCTYNAIOIINX Ha OKPACKy B OCHOBHOHM LieX H3/ENHH HE OyIyT B 5TOM
Liexe OKpaleHsl, a 1,2% n3aennit BooOIe He OyayT okpatueHsl. Mcrnoab3ys aTu
JlaHHble, cornacHo ¢opmyne (3.4) nmeem P(A2 | A1)= 0,012/0,095=0,127;

WHa4ye roBOpSs, €CIIM U3/eIHe He ObIJIO OKpalleHO B OCHOBHOM IIEXE, TO C BEPO-
satHOcThIO 0,127 0HO HE OyHeT OKpalleHO TakKe W B JOIOJHUTEIFHOM Kpa-
CHIIBHOM IIEXE.

3.2. CucteMbl ¢ NOCTYIJICHHEM IPYNIIOBBIX 3asIBOK
Jlo cux mop mpeanosaragock, YTo TPEOOBAHMS IOCTYNAIOT B CHCTEMY Mac-

COBOTr0 00CITYy)KMBaHHS 110 OJIHOMY, T. €. BXOJSIIUHA MOTOK TpeOOBaHUI — op/u-
HapHbIi. PaccMOTpUM Teneps CHCTEMBI, B KOTOPBIX TpeOOBaHHs IOCTYIAIOT

48



IpyIIaMy, MPUYEM YHCIO TPEeOOBAHMHM B KaXKIOH Ipymme JIu00 MOCTOSHHO,
b0 CIydanHo.

IIpennonoxum:

1) moTok rpymi TpeGOBaHUM SIBISIETCS] TyaCCOHOBCKHUM C MHTEHCHBHOCTHIO
A TPYIII B €MHULYY BPEMEHU;

2) BpeMsi 00CITy)KMBaHHsI KQKAO0TO TPEOOBAHMS B KXKAOH rpyIire HoaYHHe-
HO TIOKa3aTeJIbHOMY 3aKOHY C MaTéMaTHYECKUM OXXuAaHWeM 1/ equHuIl Bpe-

MeEHH,
3) uncno TpeGoBaHUH X B KaXKIOH TPYIIE CIydaifHOe M MMEeT pacipeaene-
HHE BEPOSATHOCTEH

0
P(X=s)=a,, a;>0; >a,=1;
s=1

4) xaxmoe TpeOOBaHWE B IOCTYNHBIICH B CHCTEMY TPYIie HAuWHAET 00-
CIY>KUBATBCSl C OJHOW U TOU K€ BEPOSITHOCTHIO;

5) 94ncino 06CTyKUBAOIIIX IPUOOPOB PABHO /7 U BCE OHU OTHOTHUITHEI,

6) paccmaTpuBaeMasi CHCTEMa MacCOBOTO OOCITY)XKMBaHHUS NPUHAICKHUT K
THUITy CHCTEM C OTKa3aMH; 3TO O3HAYAET, YTO OUepeHOE TPEOOBaHHE MOKUIAET
CHCTEMY HEOOCITyKEHHBIM, €CIIH B MOMEHT €T0 IOCTYIUIEHHs BCE MPHOOPHI 3a-
HATBI.

Jnst Takoi cHCTEMBbI MacCOBOTO OOCIY)KMBaHHS CIIPaBEIMBLI PEKYPPEHT-
HBIC COOTHOIICHMUS

p1 = 0pg,
_kta —ifa 1<k<n-2; (3.5)
Pk+1 k4l Pk k+1 iPk—i>1SHS > .

i=1

ol 0
Pn :_zpnfizas»
iz

s=i
rge oo=A/pW, p, — BEPOSTHOCTb TOrO, YTO B CHUCTEME IIPU YCTAHOBUBILIEMCS
PEeKUME HaXOAUTCS Ha 00CITy)KMBaHUM k TpeOOBaHMH (MM, YTO TO XK€, 3aHATO k

n
npubopos). IIpu 3ToM ycrnoBue HOPMHUPOBKH MMEET BHIT z pr =1. OcHoBHOI
k=0
MHTETrpaIbHOM XapaKTEPUCTUKON IJIsI CHCTEM C OTKa3aMHU SIBISIETCSI BEPOAT-
HOCTb Pore TOTO, YTO TpeOOBAaHHE MOJYUIHUT OTKA3 B oOciykuBaHuu. /s pac-
CMaTpHUBAEMOrO Cllyyas

n ©
Porx =1= kak azkak - (3.6)
k=1 k=1
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IMpumep. Han HeKOTOpO# 3eHUTHOUM Oarapeeit, COCTOsIIEeH W3 TPeX OIHO-
TUIHBIX OPYIWH, B CIy4aiiHbIe MOMEHTHI BPEMEHH MPOJIETAIOT TPYIIIBI CaMOoJIe-
TOB NMPOTHBHHUKA ¢ MHTEHCHBHOCTHIO 10 rpynm/4. Kaxnast rpynmna cocTouT u3
OJIHOTO, JIBYX WJIM TPEX CaMOJIETOB COOTBETCTBEHHO ¢ BepositHocTsimu 0,2; 0,3
u 0,5. Cpennee Bpemsi, HEOOX0AUMOE AJIsl 0OCTpesia OJJHOTO caMoJieTa OJHUM
opynuem, paBHO 3 MuH. OueHNM 3 (QEKTUBHOCTH STOM OaTapeu.

3pece A=10, p=20, a=05, n=3, =02, a, =03, a3=0,5,
ag =0, s>3. 13 popmyn (3.5) Haxoaum:

p1=05pg;
1+0,5 0,5

141 2V

Py = % 5(0,.240,3+0,5)+ py(0,3+0,5)+ py0,5] = 0,204 p,.

D= 0,2p0 = 0,75p1 —O,OSpO = 0,325p0,

Otcrofa, HCIONB3ys YCJIOBHE HOPMHPOBKH, monydaeMm: pg = 0,494,
p1=0247, p; =0,160, p; =0,101 u, cienosarensno, no popmyine (3.6)

0,247+2-0,160+3-0,101
Dok =1— =0,24 =24%.
0,5(0,2+2-0,3+3-0,5)

DTO 03HAUaeT, 4To B cCpeiHeM 76% caMoleTOB MPOTHBHUKA OymyT 0OCTpe-
TUBATHCS («OOCITY)KUBATHC») pacCMaTPUBAEMOI THIIOTETHIECKOH OaTapeet.

Pasymeercs, TpeboBaHM MOTI'YT IIOCTYIAaTh IPYNIIAMHU TaKXKe U B CHCTEMax
MaccoBOT0 OOCIY)KMBaHHMSA C OXHAAHHEM (KaK YHUCTHIX, TaK M CMEIIAHHBIX).
Takas cuTyarys MO>KeT BOSHUKHYTb, HAIIpUMeED, TIPH Pasrpy3Ke CyIoB, IPUOHI-
BaroIUX B IOPT HE IO OAHOMY, a KapaBaHaMH W, €CTCCTBCHHO, OKUIAAIOMIUX
HavaJia uX pasrpy3KH B ClIydae 3aHSATOCTU BCEX MPUYAIOB.

PaccmoTrpum, HanpuMep, CMEIIaHHYI0 CUCTEMY MacCOBOTIO OOCITY)KUBaHUS C
OKHMJIaHHWEM, y KOTOPOH MMeeTCsl OrpaHHueHHe Ha BpeMs IpeObIBaHus Tpebo-
BaHWH B Oo4Yepey, IIPHUYEM 3TO BPEMsI NMOAUMHSETCS IT0Ka3aTeIbHOMY 3aKOHY C
napameTpoM V. [Ipearnonoxum aanee, 4To YUCIO TpeOOBaHUH B KaXKA0H rpyIe
MIOCTOSIHHO W PaBHO §, @ B OCTAJIBHOM 3Ta CHCTEMa C OXKHJaHHWEM COBIAJacT C
PacCMOTPEHHON YK€ CHCTEMOH C OTKa3aMM M TPYIIIOBBIM ITOCTYIUICHHEM Tpe-
6oBanwmii. Torma BMecto popmyn (3.5) nmeem:
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p1 = APy,
k+o
P+l =7 Pk 1Sk<s;
k+a
k+o a
=—— P ———Pi—s>» S<k=<n-1
Phat =5y PR e Phes 3.7)
n+a o
Pn+1 = ml’n _n_Jer”_s’
_n+0L+(k—n)B 3 a k> ntl
Pi+1 n+(k—n+1)Bpk n+(k—n+1)ﬁpk_s’ B ’

roe ao=A/p, B=Vv/U; py— BEPOATHOCTH TOTO, YTO BCE 7 NMPHUOOPOB CBO-
OOIHBL,  py (l <k< n) — BEpOSATHOCTH TOTO, 4YTO 3aHATHl k mpuOOpOB;
Dk (k >n+ 1) — BEPOSATHOCTH TOTO, YTO BCE 7 MPUOOPOB 3aHITH U kK —n Tpedo-
BaHHi CTOSIT B ouepenu. [Ipu 3TOM yciioBHe HOPMUPOBKH 37IECh YK€ UMEET BU]]

0
Zpk =1, a BEpPOATHOCTh OTKa3a B OOCITY>XKHBAaHHH MOXHO ONPEACIHUTH II0
k=0

¢dopmyne
Porx =1=My/sa, (3.8)
rae
n n
M4:zkpk+n l_zpk (39)
k=1 k=0

€CTh CpeJHee YHCIIO NPHOOPOB, 3aHIATHIX 00CITYKHMBaHUEM.

pumep. [Tycts B OMONIMOTEKY 32 KHUTaMH 3aXOAUT B cpenHeM 15 uenoBex
B yac, IpUYeM KaXIblii unTarens Oeper aBe KHUTH. B Ombnnorexe mmerorcs
TPH COTPYIJHHKA, KaXIIBI M3 KOTOPHIX OCYIIECTBIISET BbIady OJHON KHUTH B
cpemHeM B TedeHHe 2 MuH. Ecii B MOMEHT NpUXOAa YUTaTeNs B OMOINOTEKY
BCE TPOE COTPYIAHMKOB OKa3bIBAIOTCS 3aHSATHIMU BBIAAYEH KHHUT, TO OH CTaHO-
BUTCSL B OYepelb, NPUYEM CpemHee BpeMsl ero INpeObIBaHUS B OYepend He
JIOJKHO TIPEBBIIIATE 5 MUH.

3mecey A=15, u=30, v=12, n=3, s=2, a=0,5, B =0,4. BepostHo-

CTH p; COCTOSIHHUM, BBIYMCIICHHBIE TI0 (popmynam (3.7), cnenyromue (g k > 8

BEPOATHOCTU p;, HE BBIIUCAHBL, TaK Kak oHU MeHblIe 0,001):

k 0 1 2 3 4 5 6 7
Pk 0,468 0,234 0,176 0,068 0,035 0,013 0,005 0,001

Orcrona, nome3ysce Qopmynamu (3.8) u (3.9), maxomum: M, =0,952;

Porc = 0,048 . Takum ob6paszom, B cpenneM 4,8% noceruteneil MOKUHYT OuO-
JHOTEKy, He mnomyuyuB B Hed kHurH. Koaddummenr 3zarpyxeHHOCTH
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&4 =M4/n 3nech pasen 0,317, T. e. KakAblil cOTpyJHUK OUOIUOTEKU 3arpy-
JKeH B cpenHeM 31,7% pabodero BpeMeHH. DTO CpaBHUTEIBHO HU3Kas 3arpy-
JKEeHHOCTb. [lo-BupmMoMy, B 3TOH OMOIMOTEKE LEneco00pa3HO OrpaHUYUTHCS
JIBYMSI COTPYAHUKAMH.

[TpoBenst aHaOrWYHbIE BHIYMCICHUS Ul 7 =2 TIPH NPOYHMX PaBHBIX yCJO-
BUSIX, HAXOMUM por =0,115; £4=0,442. D10 03Hayaer, yTo mpU IBYX CO-
TPYAHUKAaxX WX CPEIHss 3arpy>KeHHOCTb yBenuuuBaercs 1o 44,2% (Bmecto
31,7% npu n=3), 9TO ¢ SKOHOMUYECKOW TOUKHM 3peHHMs 1ierecoodpasHo. [Ipu
3TOM CpeIHee YHUCIO HEOOCTYy)KEHHBIX YHMTAaTelel TakKe YBEJIHMYMBACTCS IO
11,5% (Bmecto 4,8% mpu n =3). DTa BeIUUMHA BEPOSITHOCTH OTKa3a CpaBHU-
TEJIBHO BBICOKAs M B JIM MOJO0OHOM opraHusaimeil paboTsl OMOIHOTEKH OY-
JIET JIOBOJIFHO HacelleHue.

OpHaKO €ClIM YBEJIMYUTH JOIMYCTHMOE CpelHee BpeMsi NpeObIBaHMs B Oue-
pemu ¢ 5 MuH 710, ckaxkeM, 20 MHH, CO3[]aB COOTBETCTBYIOIINE YCIOBUS IS
YTEHHsI CBEXKHUX KYPHAIOB U Ta3eT, TO, sl =2 ¥ V=3 NpH IPOYUX PABHBIX
YCIOBHSAX, HAXOIUM Por = 0,055; &4 = 0,472 . Takum o6pa3oM, Ba COTpYy-
HUKa MOTYT obecnednTh KHUTaMu 94,5% Bcex MpUXOIsIuX B OHMOINOTEKy dH-
tateneil. [Ipu aToM oHE OyIyT 3arpy:keHsl B cpeaaeM Ha 47,2%.

3.3. Cucremsbl ¢ npudopamMu pa3HoOil NPOU3BOAUTEIbHOCTH

Bo Bcex pacCMOTpPEHHBIX BBIIIE CHCTEMAaX MacCOBOTO OOCTYKHBaHUS MpPel-
10J1arajoch, YTO BCE OOCITY)KMBAIOIIME NPHUOOPHI UMEIOT OMHAKOBYIO MPOM3-
BOJIUTENILHOCTh. PacCCMOTPUM CHUCTEMY, COCTOSIIYIO U3 JIBYX MPUOOPOB, HA KO-
TOPYIO TIOCTYIAET yaCCOHOBCKUM ITOTOK TpeOOBaHUH ¢ mapameTpoM A . Bpems
obciry>xuBaHus TpeOOBAaHUH STUMH MPHOOpPaMU TOAYUHSIECTCS TTOKA3aTEIIEHOMY
3aKOHY, IIPUYEM AJ HepBOro npubopa mapamerp paBeH [y, a I BTOPOro —

Mo (py > py) . Eciin TpeboBanue 3actaet oguH CBOOOAHBIN MPUOOP, TO OHO Ha-

YHHAeT O0CITy>XKUBaThca 3TUM npudopom. Eciu tpeboBanume 3actaer oba mpu-
6opa cBOOOIHBIMHU, TO OHO HAYMHAET OOCITY)KUBATHCSI C PABHOW BEPOSITHOCTHIO
J00BIM U3 3THX npubopos. Eciu TpeboBanue 3actaeT 00a mpuboOpa 3aHITHIMU,
TO OHO CTAHOBUTCA B OYEPCIAb U XKJCT, MOKa HE OCBO60[[I/ITCH OJIHH U3 JBYX
puOopoB.
B aTOoM cityuae jist yCTAaHOBHUBIIETOCS PEXKHUMA:
l1-a

(12[1+(1+y Jao—(1-v )05]
oc(l+y)(1+a—y)

y(1+2a)
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1 0,5
P1ro :—a( +Y)(a+ )P01;
1+2a

Pi1=1=po1 = P10 — Poos

o (1+y )1+ (1+7)a—(1-2)0,5]

y(1+2a)

rme a=A/(uy +12); Y=H2/R15 Poos Pots Pios Piis Pk — BEPOATHOCTH
COCTOSTHMH CHCTEMBI COOTBETCTBEHHO JUIs cityyaeB: 1) o0a nmpubopa cBOOOAHBI;
2) nepBblii TprOOP CBOOOAEH, BTOPOi 3aHAT; 3) MEpBbIil NpUOOp 3aHST, a BTO-
poit cBoboxeH; 4) 06a mpubopa 3aHATHI; 5) B CUCTeMe HaxoauTcs k TpeboBa-
nuii. [Tpu aToM cpennee unciio TpeOOBaHMM, HAXOAAIINXCS B cucTeMe (Kak 00-
CITy’)KUBAE€MBbIX, TaK M CTOSIIUX B OUEPE/IN), MOXKHO BBIYHCIIUTD 10 opMyIie

Pk = poo,k=2,3...,

0
M = por+pro+ 2 kpi =
k=2
_ a1+ (+y)a—(1=v0s] |
y(l+2a)+ a[1+(1+y2}x—(l—yzb,5j

Ipumep. [Ins 3aKxaza jekapcTB B HEKOTOPYIO alTeKy B ClydyallHblE MOMEH-
THI BpEMEHH 3aXOMST B CpeHEeM 24 dernoBeka B yac. B 3Toit anTeke mpuHIMAOT
PEIenTH Ha H3TOTOBJICHUE JICKApCTB 1Ba anTekaps. [1epBoIii n3 HUX odopmiser
B cpenHeM 18 3aka3oB B 4Wac, BTOpPOM e paboraeT MmemieHHee, oGpopMIsis B
cpemHeM ToibKo 12 3aka3oB B 4ac. Ilpm 3TOM HHMKOMY W3 HHUX HE OTHAETCS
MIPEANIOYTEHHE.

3mech A=24; p =18; Hy, =12; o=24/18+12)=0,80;
y=12/18=0,60. [ToaToMy mo mpeapaymuM GopMysiaM Haxoaum po = 0,11;
Po1= O,ll;pl(): 0,08, P11 = 0,70 5 M2: 0,18

Takum o6paszom, 70% pabodero BpemeHun o0a anTekaps OyxyT o(opMIIsITH
3aKa3bl Ha U3TOTOBIICHHE JIEKAPCTB OAHOBPEMEHHO. [Ipu 3TOM ouepenn b0 He
OyzmeT coBceM, JINOO, YTO MEHEE BEPOSATHO, B Ouepeld OyIeT CTOATh OJHH, B
KpailHeM  ciy4ae JBa  4denoBeka. [lepBelii  anTekapb  CBOOOJEH
Pootp01=0,22=22% pabodero BpeMeHH, a BTOPOU — pootp10=0,19=19% paboue-
ro BpeMenu. OHOBpEeMEHHO 00a anTekapsi CBOOOIHBI po=0,11 = 11% paboue-
0 BPEMEHHU.

PaccMotpum enie cucteMy MaccoBOro 0OCITyKHBaHUsI C TPUOOpaMK pa3Hoit
IIPOM3BOINTEIBHOCTH, Y KOTOpOH NpHOOpPH! ynopsiaodeHsl. s pazHooOpasus
uccienyeM cilydail CUCTEMBI ¢ OTKazaMmu. MTak, ImycTh cucTeMa MaccoBOro o0-
CITy’)KUBaHUsI COCTOMT M3 ABYX IIOCIIEOBATEIBHO PACIIOJIOKEHHBIX IPHOOPOB,
MIPOM3BOINTEIBHOCT MIEPBOTO U3 KOTOPBIX XapaKTEpU3yeTCs IapaMeTpoM L a
BTOPOro — W,. Ha mepBblif U3 3THX NpHOOPOB MOCTYIAET MOTOK TpeOOBaHMH C
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nmapameTpoM A. Ecnu mepBeIii mpuOOp OKa3bIBaeTCs 3aHATHIM, TO TpeOOBaHUE
MOCTyTIaeT Ha oOCTyXKMBaHUE Ha BTOpOil mpubop. Eciau u BTOpoi mpubop 3a-
HAT, TO TpeOOBAaHME IOyYaeT OTKAa3 M MOKUAAET CHCTEMY HEOOCTYyKEHHBIM.
B atoM cnyuae umeem:

-1
V1v22+y +y
P11 = Porx = 1+Y1+Y2+M ; (3.10)
1+'Y2
) voll+yi+y . Y1Y22+y +y
Po1 = P11,p10=up11, P00=MP11, (3.11)
1+'Y2 1+'Y2 1+'Y2

rae Yi=w/A, y2=Lo/A.

OueBuiHO, HanboJee MHTEPECHON XapaKTEPUCTUKOW SIBJISIETCS BENWYMHA
Do, PABHAs BEPOSITHOCTH OTKa3a B 00CIy)XMBaHWM TpeOoBaHus. V3 dhopmyiisl
(3.10) HEMmOCPENCTBEHHO CIEAYET, UTO JUISI YMEHBIIEHHS BETUUUHBI Doy, HYIKHO
B34Th B KQU€CTBE IIEPBOTO MPHOOP, MMEIOMINI OOJBIIYIO TPOU3BOIUTEIBHOCTD.
B stom ciydyae Ha BTOpo# npubop Oyzer mocrynark Oojiee peAKHi IMOTOK He-
o0cmyxeHHbIX TpeOoBaHni. OOCIy)HMBaTh kK€ TaKOW MOTOK 0OoJjiee 1enecooo-
pa3HOo mpUOOPOM MEHBIIIEH MPOU3BOAUTEIEHOCTH.

Ipumep. B ymakoBouyHOM IieXe WMEIOTCA [Ba YMAKOBOYHBIX aBTOMATa,
TIEPBEIM U3 KOTOPHIX YIIaKOBBIBAeT B cpeaneM 40 m3nenwii B yac, a BTopoit — 30
n3nenuil B yac. B ciayyalinble MOMEHTBI BpEMEHU HA MEPBbIM aBTOMAT MIOCTYyIa-
eT 1S yakoBKU B cpenHeM 80 m3menuii B yac. Ecnu 3TOT aBTOMAT OKa3bIBaeT-
CA 3aHATBIM, TO U3ACIUE MOCTYNACT JJId YIIaKOBKHU Ha BTOpOﬁ aBToMart. Ecau n
BTOpOﬁ AaBTOMAT OKa3bIBACTCA 3aHATHIM, TO U3ACTINEC OCTACTCA HCYITAKOBAHHBIM.

3neck A=80; w; = 40; w,=30; v,=0,5; v,=0,375. Otcrona no popmyse (3.10)
HaXO0JuM P = 0,44, T. €. 4yTh 11 HE TIOJIOBUHA BCEX W3JIENHIA, MOCTYMAIOIINUX
B LIeX Ha YIaKOBKY, OKa3bIBAETCS HEYIIAaKOBAaHHOW. YIIydlleHus: paboThl yHaKo-
BOYHOTO II€Xa MOXXHO JOOWTHCS, HAIPHMEpP, 3aMEHOW CTaphIX YITAKOBOYHBIX
aBTOMATOB HOBEIMH, 00JIee TIPOU3BOAUTEITBHBIMU.

Tak, ecnu mepBBId YIIAKOBOYHBIM aBTOMAT 3aMEHHUTH HA HOBBIH, IS KOTO-
poro p; = 120, To hopmyna (3.10) mpu v, = 1,5 u v, = 0,375 naet po =0,22, 1. €.
y>Ke TOJBKO MPUMEPHO MATas YacTh U3JENUi He OyIeT YIakoBEIBaThCA. B aToM
ciydae u3 dopmyn (3.11) momyuaem pg, =0,25, p1o = 0,17, poo =0,36, u, ceno-
BaTENbHO, IMEPBHIA YMAKOBOYHBIA aBTOMAT IMPOCTaWBAaeT B CPEOHEM PootpPo1=
0,61=61% pabouero BpeMeHH, a BTOPO# — pootp10=0,53=63% pabouero Bpeme-
HU. OITHOBpEeMEHHO 00a YIaKOBOYHBIX aBTOMAaTa MPOCTaWBaIOT pp=0,36=36%
pabodero BpeMeHH.

Ha HepBin/lI B3I MOKET IMOKa3aTbCsa MapaaOKCAJIbHBIM, YTO IIPU TaKHUX
CPaBHUTENBHO OOJBIIMX IPOCTOSIX YIMAKOBOYHBIX aBTOMAToB 22% wu3nenuit
OCTalOTCSl HEyNaKOBaHHBIMH. [0 3[ech 3aKIoYaeTcsi B TOM, YTO M3JEIHs
MOCTYTAIOT Ha YITAKOBKY HEPETYJIIPHO.
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3aMeTHM, 4TO €C/IM NMOMEHSTh MECTaMH YIaKOBOYHbIE aBTOMATBHI, T. €. Mep-
BEIM CUHTATh MEHEe MPOM3BOIUTEIBHEIN aBTOMaT, To ¢opmyna (3.10) mpu v, =
=0,375 u y, = 1,5 maer py = 0,27. Takum o0pazom, HEYAAYHOE YIIOPAIOICHUE
JIByX yNaKOBOYHBIX aBTOMAaTOB IIPUBOJUT K yBEIMUYEHUIO Ha 5% ducia Heyma-
KOBAHHBIX U3JIEIHM.

3.4. Muoroga3Hble CHCTEMBI

Panee paccMarpuBannch TOJIBKO TAKHE CUCTEMBI MACCOBOTO OOCITY>KUBaHUS,
B KOTOPBIX Kax10e TpeboBaHUe 00CITy)KMBAJIOCh TOJIBKO OJHMM mprOopom. B
HEKOTOPBIX CIIydasx, OJTHAKO, OOCIY>KHBaHHE OJHOTO TPeOOBaHHUS OCYIECTB-
JsIeTCs OCNIeIOBATEIbHO HECKOJIIBKUME IprOopaMu. VIMEHHO cHavaia Ha Ipu-
0opax TepBOi TPYIIIBI OCYIIECTBISETCA MepBas (aza 0OCITyKUBaHHUA JAaHHOTO
TpeOoBaHus, 3aTeM Ha npudopax BTOPOH rpymiibl — BTopasi (asza oOciyKuBaHus
9TOTO K€ TpeOOBaHHA M T. ., TAK YTO TPEOOBAHHE CYUTAETCS OOCITYy>KEHHBIM
TOJIBKO B TOM ClIy4ae, KOT/la OHO HpOizeT yepe3 Bce (a3l 00CTyKHUBaHUS, Ha-
YHHasi C HepBOﬁ. Takue cucTeMbl MacCoOBOI0O O6CJ'Iy)KI/IBaHI/lH Ha3bIBAKOTCsI MHO-
FO(l)a3HbIMl/I, WJIM MHOT'OOTAaIIHbIMH. le/I 9TOM B 3aBUCUMOCTH OT TOI'O, IIOKHUJa-
€T TpeOOBaHME CHCTEMY WIIM CTaHOBUTCS B O4epelb (ECiM BCE OOCITYKUBArO-
mye npuoopsl TaHHOW (a3bl 3aHATHI), UMEEM MHOTo()a3HyI0 CHCTEMY C OTKa-
3aMH WIN C OXKHUJaHUEM.

B npocreiimem ciaydae yncio ¢as paBHO AByM M YHCIIO TPUOOPOB B KKIOH
(ba3oBoii rpymme paBHO eauHHIE. PaccMOTpHM NOJOOHYIO CHCTEMY MacCOBOTO
obcyxuBaHHsl ¢ oxugaHueM. Kak OOBIMHO, NPENIONIOKUM, YTO BXOISAIIUIA
IIOTOK TPeOOBAaHUH SIBISETCS IYaCCOHOBCKMM C IapaMeTpoM A, a Bpems 00-
CITy>KUBaHUsI TIOYMHSETCS TI0KA3aTENbHOMY 3aKOHY C I1apaMeTpoM Ly ISl TIpH-
6opa nepBoi ¢assl u ¢ |, A1 nprbdopa Bropoi ¢assl. Ecin ouepenHoe tpebdo-
BaHHUE Iepell IepBOi WM BTOPOH (ha3aMu 0OCIY)KUBaHHS 3aCTAaeT COOTBETCT-
BYIOIINI IPHOOP 3aHATHIM, TO OHO CTAaHOBUTCS B OY€PE/b U JKJET I0Ka paHee
mocTynusIiee TpeboBaHue He OyaeT oOciIykeHo B JaHHOM (aze. B atom ciryuae
UL yCTAaHOBUBLIETOCS PEKUMa

Payony =0 as? (1= )(1=ay), m.my 20, (3.12)
TA€ Py ., — BEPOSTHOCTH TOTO, YTO B MEPBOH ¢a3ze HaxoguTCA 1y, a BO BTO-
poit — n, TpeboBanuid. [Ipy 3TOM MpeANONararoTCs BHIIOJHEHHBIMH HEPaBEH-
ctBa o =A/py <1; oy =A/p, <1.
BeposaTHOCT IPOCTOS OTHOTO TIEPBOTO TIPUOOPa

A=) po = zalﬁ(l—al)(l—az)ZOtz(l—al) (3.13)
k=1 k=1
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AHaJOrHYHOE BBIPAXEHHE IOJTydYaeM [UI BEPOATHOCTH IPOCTOS OAHOTO
BTOPOTO Ipubdopa:
Py =oy(l-a,). (3.14)
CpenHee 4ncio TpeboBaHMIA, HAXOIAINXCS B TIEpBOi (paze (Ha 0OCTyKIBa-
HUH U B OYEPENIN), MOKHO OIIPEIEIUTH 10 GopMyIie

0 oo o
le Z Z nlpnl,nz :—1_a . (315)
ny=0ny=0 1
AHasiorn4Hasi BeJIu4uHa s BTOpOﬁ (1)3.351 OIIPEACIIACTCA U3 PAaBECHCTBA
sz(lz/(l—(ll), (316)
TaK 4TO CpcAHEC YUCIIO Tpe60BaHPII>i, HaxXoOg1muxcs B paCCManI/IBaeM()ﬁ CHUcC-
TeMe, paBHO N+ N, .

Mpumep. 3 MHOTHX 1IEXOB 1si 00513aTENFHON MPOBEPKH Ha KOHTPOJIBHBIH
MYHKT TOCTYNAOT HEKOTOpbIe M3esus. Tak Kak eXOB MHOTO, TO €CTECTBEHHO
IIPEAIIONIOKUTD, YTO U3/IEIHUS IIOCTYIIAI0T HA KOHTPOJIBHBIN IIYHKT B ClIy4alHbIe
MOMEHTBI BpEMEHH, 00pa3ysi HEOIPaHWUEHHBIH ITyaCCOHOBCKHMH IOTOK Tpebo-
BaHMH. KOHTpOJb M3/1e/Inii COCTONT B TOM, YTO CHayalla 4acTh NapaMeTpoB U3-
JIETNA TOJDKEH MPOBEPUTH KOHTpOJIEp A, a 3aTeM APYIYI0 4acThb MapamMeTpoB
JIOJDKEH MIpoBepHuTh KoHTpoiaep B. Ilpenmonaraercs, 94To Bpems NMPOBEpPKH I1a-
paMeTpoB alpuoOpH HEempecKasyeMo (M3-3a 3aBUCHMOCTH OT MHOTHX CIIy4ai-
HBIX ()aKTOPOB) M HMeET IIOKa3aTelibHOe pacmpezneneHue. CTaTUCTHYECKUH
aHanu3 T0Ka3ajd, 4TO B JaHHBIX ycIoBHAX A =20, p; =50, p,=25.
3necv o =20/50=0,4; o, =20/25=0,8 u, cnegoBarenbHO, 10 (HopMynam
(3.12) — (3.16) maxomum pgy = (1-0,4)1-0,8)=0,12; B =0,8(1-0,4)=0,48;
P2 20,08; Nl =0,67; N2 =4,

Takxum o6pa3zom, 00a KOHTpoOJIEpa OAHOBPEMEHHO HE3aHATHI B cpenHeM 12%
pabodero BpeMEHH, a B OTICIBHOCTU HE3aHSTHI B CPEAHEM: KOHTpoyiep A —
48% u xoHTpousep B — 8% pabouero Bpemenu. Ouepean y KOHTpolsiepa A npax-
THUYECKH HET, a y KOHTpoJiepa B B cpeiHeM 0)KnAaIOT ITPOBEPKH TPU H3IEIHSL.

Ecnu cuctema MaccoBoro o0CIy)KMBaHHUS 3aMKHYTasl ¥, CTAJIO ObITh, YHCIIO

TpeOoBaHMi, MOCTyHalOMMX Ha OOCIy)XKMBaHHE, OIPaHUYEHO YHUCIOM M, TO
BMecTo (opmyisl (3.12) nmeem

(1—oy)1-0p )oy —ap)
(‘11 - 0‘2)(0‘{%2 - 0‘31+2)+ 0‘1“2(“1"“ - 0‘31“ )
IIpu m — o 3Ta PopmyIna, eCTeCTBEHHO, IepexoauT B hopmymy (3.14).
Ecnu paccmarpuBaeTcsi cucreMa MacCoBOTO OOCITY)KHBAHUsI C OTKa3aMH, TO

BMecTo (hopmyiibl (3.12) BEpOsSTHOCTH BCEX BO3MOXKHBIX COCTOSIHUH YHOBIIE-
TBOPAIOT CJIEYIOIUM (GopMyIaMm:

_ M2
pn1,n2 =00y
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1 . 0‘1“% . .
Poo =7~ Pli=————Poos Po1=%2P00>
(1+CX,1)(1+(X,2) (x1+a2

Poo+Po1+Pro+pii=1.
[Ipu 3TOM BepoSTHOCTH OOCIYXHMBaHHs KaXI0ro TpeboBaHus B obeux (a-
3ax (MPOIyCKHAsl CIIOCOOHOCTH CHCTEMBI) MOXET OBITh HaiifieHa M3 paBeHCT-

B3 Posen = 1/ a2 (oo + pio )

Tak, eciii B paCCMOTPEHHOM HPUMEPE MPEAIOI0KUTD, YTO U3CIHS, TIOCTY-
MAKON[Ke HA KOHTPOJbHBIM MYHKT, OCTAIOTCS HEMPOBEPEHHBIMH, KOT/IA OHH 3a-
CTAIOT 3aHATBIM COOTBETCTBYIOIIMH IpHOOp, TO pgo =0,397; p;;=0,085;

o1 =0,318;  p1o =0,200; pyger = 0,75, T. €. B 3TOM citydae Tonbko 75% wu3-
Jenuii OyayT HIPOBEPEHEL.

3.5. CucreMsbl ¢ HAaKONUTeJIeM TPeOOBaHMIA

Ha mpaktuke BCTpe4aroTCsi TaKMe CHUCTEMBI MacCOBOTO OOCIY)KMBaHUS, B
KOTOpBIX TpeOOBaHMS MOCTYMAIOT CHayala B TaK Ha3bIBAEMbIH HAKOIHTEIb, a
3aTeM, I0CIe OKOHYaHUsS 00CITyKUBAHUS MpEeIbIAyIed NapTUH HaKOMBIINXCS
TpeboBaHui, — Ha 00ciyxuBaHue. Takast CUTyalysi BO3HUKAET, HAllpUMep, NpU
00paboTke aerasnei, peJBapuTeNIbHO HAaKAIUTUBAIOIINXCSl B OYHKepe.

PaccmoTpuM cructeMy MaccoBOro 0OCITY)KHBAaHHUS, COCTOSILIYIO M3 HaKOIHU-
TeNst TpeOOBaHUK M OOCTYKUBAIOIIETO MpuOOopa. B HakomuTens mocTymaeT my-
ACCOHOBCKHI TIOTOK TpeOoBaHMi ¢ nmapameTpoM A. Eciu B HakomnuTene nmeercs
yke m TpeOOBaHUH, TO oUepeqHOe TPeOOBaHHE MOTydaeT OTKa3. Bpems obciy-
KUBaHUs PUOOPOM KaXKIOW mapTHU TpeOOBaHMIA, MOCTYNHBIINX C HAKOIHUTE-
JIs1, HOXYMHSCTCS ITOKAa3aTENFHOMY 3aKOHY C IapaMeTpoM L. MOMEHTHI OCTYII-
JICHUA TApTHil HaKOMMBIIMXCS TpeOoBaHMN Ha OOCITY)KMBAIOUIHHA MPHOODP SB-
JSIOTCA CIy4alHBIMU. B 3TOM cilydae BEpOSTHOCTB py TOTO, YTO B HAKOIIUTENE
IPH YCTaHOBHMBLIEMCS PEXKHUME UMEETCsl POBHO k TpeOOBaHUI, MOXKHO oIpene-
JUTH 110 hopmyiie

Otk

W’k ) "
o+
PE=Y (3.17)

(a+1)" '

raec o = Al K. O‘JGBI/I,HHO, BCJIMYMHA p,, paBHAa BEPOATHOCTHU OTKAa3a.

>

3Has BEpPOSTHOCTU py , JErKO HaxOIUM cpeiaHee uuciao M TpeGoBaHUIA,
HaXOJSIINXCS B HAKOTIUTETIE:
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m
M = kak . (3.18)
k=1

Ecimn M << m , TO 3TO 3HAYUT, YTO 3arpy3Ka HAKOMHUTEIs crabdas.

Ipumep. B HEKOTOPOM My3ee MMEETCS TOIBKO OIHMH 3KCKYPCOBOI, KOTO-
pBIit 00CITy>KMBAET TPYIIIBI TYPUCTOB, cOocTOsIIME HE Ooiiee yeM u3 10 yenosex.
Cpennee Bpemsi OOCITy>KUBaHUS TPYIMIIBI TYPUCTOB 3TUM 3KCKYpPCOBOIOM CO-
ctaBysgeT 20 MuH. TypHCTBHI IPUXOAAT B My3eH B claydaiiHble MOMEHTBI BpeMe-
HU B cpenHeM 30 4yenoBeK B yac M XKIYT, MOKa HE OCBOOOIHUTCS SKCKYpPCOBOJ,
€CJIM YUCIIO OXKUIAIOIUX TypUCTOB MeHee 10, UM yXoasT, €Clii HET BO3MOX-
HOCTH IIOTIACTh B My3¢l ¢ ONvkaiiell Tpymmou.

3necs o =A/pu=30/3=10. CnenoBarensHo, mo opmynam (3.17), (3.18)

MeeM:
k 0 1 2 3 4 5 6 7 8 9 10
pr 10,091 10,083 [0,075 0,068 |0,062 |0,056 |0,052 |0,047 |0,042 |0,038 | 0,386
10
uM= kak =6,14. 310 03HauaeT, 4to B cpeaHeM 38,6% TypHUCTOB HE Moma-
k=1

JAIOT B My3€H, a CpegHee UYMCIIO OXXKHAAIONIMX TYypHCTOB paBHO 6,14. Ecim
cpenHee BpeMs OOCITyKMBAHHSI TPYIMIIbI TYPUCTOB COKPATHTb, CKaKeM, BIBOE,
TO p1o = 0,162, T. €. TOnBKO 16,2% TYypHCTOB HE MONANYT B My3€il.

3.6. CucteMBbl €O CMEIIAHHBIM NOTOKOM TpeOOBaHUIA

Jo cux mop MBI paccMaTpUBANId CHCTEMBI MAacCOBOTO OOCTYXKHBaHHUS C
€IMHCTBEHHBIM BXOJIAIIAM MOTOKOM TpeboBaHmid. OZHAKO Ha MPAKTHKE BEChMa
pacmpoCTpaHEeHbI CUCTEMBI MaCCOBOTO OOCITY)KMBaHUS C IBYyMs, TpeMs U Oonee
HE3aBUCHMBIMH BXOJAIINMHU MTOTOKaMH TpeboBauuid. Takume cuCTeMBl Ha3bIBa-
I0TCS CUCTEMaMHU CO CMEUIaHHBIM MOTOKOM TpeboBanuid. [Ipocreiimas cuctema
MacCOBOT0 00CITy)KMBAaHHsI CO CMEIIaHHBIM IIOTOKOM TPEOOBaHMIA, JJIsl KOTOPOM
MOJHOCTBIO pa3paboTaH MaTeMaTHYeCKWil amnmapar, QYHKIHOHUPYET CIEAyIo-
muM obpaszom. B cucremy, cocTosInyro U3 0HOrO 00CITy )KHBAIOLIEro npuodopa,
MOCTYIAIOT HE3aBHCHMO JIpYr OT Jpyra JiBa IIyaCCOHOBCKHX IIOTOKa TpeOoBa-
HUi1; IEPBBIA ¢ HHTCHCUBHOCTBIO A, @ BTOPOil — A,. 3acTaB mpuOOp 3aHATHIM,
TpeboBaHHE M3 IEPBOTO MOTOKA CTAHOBHUTCS B OYEpEb, @ U3 BTOPOTrO IOTOKA
MOKHUIACT CHCTEMY HeoOCTy)XeHHBIM. Bpemst oOciykuBaHHS TpeOOBaHHN W3
000HX TTOTOKOB MOAYUHSIETCS TIOKAa3aTEIIEHOMY 3aKOHY.

PaccmoTpuM Goltee HHTEpECHBIH cydaii, Koraa TpeOoBaHUS 000MX MTOTOKOB
JIOJDKHBI OBITH B KOHEYHOM CUETe OOCIY>KEHBI, IpHYeM TPeOOBaHUS MEPBOTO
MMOTOKA MMEIOT a0COJIOTHBIN MPHOPHUTET B OOCITY)KHBaHUH. JTO O3HAYACT Cle-
JIyIoIliee: eCli MPH MOCTYIUICHNH TpeOoBaHHUS U3 JH0O0TO MOTOKA MPHUOOp CBO-
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6o1eH, TO 3TO TpeOoBaHWE HAYMHAET HEMEIUIEHHO OOCITY)KHBAaTBCS;, €CIH Ke
pubop 3aHAT, TO TpeOOBaHKUE U3 BTOPOTO MOTOKA CTAHOBUTCS B OYEPEb B JIIO-
OoM ciydae, a TpeOOBaHHE U3 MEPBOTO, T. €. IPUOPUTETHOTIO MOTOKA, — TOJIBKO
IIPY HAJIMYUM paHee MOCTYMHMBIIMX HEOOCITy)KEeHHBIX TpeOOBaHHW M3 IEPBOTO
MOTOKA, BKIIIOYas Clojia MU TpeOOBaHMe, Haxozsiieecss Ha oOcmyxuBanuu. Eciu
K€ TAKOBBIX HET U, CTAJIO OBITh, B OYEPEH CTOST TOJIBKO TPeOOBAHUS U3 BTOPO-
IO MOTOKa M Ha 0OCIY)XMBaHUN HAaXOIUTCS TakkKe TpeOOBaHHE M3 BTOPOTO IIO-
TOKa, TO 3TO TPeOOBAaHHE CHUMAETCS C OOCIY>KMBAHUS HE3aBHCHUMO OT TOTO,
CKOJIbKO BPEMEHH OHO TaM HaXOIWJIOCh, M HAUWHAET OOCITyXHMBaThCcs TpeOOBa-
HUE U3 IepBoro (MmpuopuTeTHOro) motoka. [locne ocBoOoXkmeHUs mpudbopa Ha
o0ciTy)kKHBaHUE MOCTYIAaeT TO TpeOOBaHME MPHUOPUTETHOTO ITOTOKA (€CITH TaKo-
BOE€ UMEETCS ), BpeMs OKUIaHUS KOTOpOro HanbosbInee. TpeOoBaHUS U3 BTOPO-
r0o MOTOKAa MOCTYHAIOT Ha 00CIY>KHBAaHHUE TOJBKO IPU YCIOBUH, €CIIU HET 0XKHU-
JIAIOIIMX TPeOOBaHMH NMPHOPUTETHOro nortoka. IIpu sToM cpenu TpeGoBaHMI
BTOPOTr'0 IOTOKa coOJoAaeTcsi oObIYHas qucuuuinHa oyepenu: «IlepBeiM npu-
1IeJ, MepBbIM U TOCTymnail Ha oOcity)kuBaHHe». B yacTHOCTH, TIEpBBIM Ha 00-
CIy’)KUBaHUE ITIOCTyNaeT TO TpeOOBaHHE M3 BTOPOTO IOTOKA, OOCITy>KHBaHUE
KOTOPOT0 OBIJIO MPEPBAaHO MOSBIECHUEM TPEOOBAHMUS U3 IPUOPUTETHOTO ITOTOKA.

3aMeTHM, YTO CHUCTEMa C OTHOCHTEIBHBIM HNPHOPUTETOM B OOCITY>KUBAHUH
OTIMYaeTCd OT pPaccMaTpUBaeMOil CHCTEMBI C aOCOJIOTHBIM ITPHOPHTETOM
TOJIBKO TEM, 4TO TPeOOBaHME M3 MPHOPUTETHOTO MOTOKA, 3aCTaB MPHOOP 3aHA-
TBIM OOCTY)XKHBaHHEM TpeOOBaHUS M3 BTOPOTO (HEIPHOPHTETHOTO) IOTOKA,
KIIET OKOHYaHMsA ero oOciyxuBaHua. Hampumep, XoTst B OMIETHOH Kacce WH-
BaJINABl BOMHBI MPOITyCKAIOTCA BHE OUYEPENH, MPOLECC MPOJaKH OMIIETOB Ode-
pEeIHOMY MacCaXHupy HE MPEPHIBACTCS NP TOSIBICHUN HHBAIHIA.

EcrecTBeHHO cunTaTh, 4TO B OOLIEM Cilydae cpeHee BpeMsi 00CIy KUBaHHUs
TpeOOoBaHMI M3 Pa3HBIX MOTOKOB HeoanHakoBo. O6o3HauuM depes 1/ cpea-

Hee BpeMs 00cTy)kKuBaHUS TPeOOBAHUH, UMEIOMNX A0CONIOTHBIN MIPHOPUTET, a
yepe3 1/, — aHANOTMYHYIO BEJMYMHY I TpeOOBaHMH U3 BTOPOro (HElpu-

OPUTETHOT0) TIOTOKA.
s paccMaTpruBaeMoi CHCTEMBI MacCOBOTO OOCITY>KMBaHUS MPECTaBIISIOT

uHTepec M| — cpeaHee YMCIO TpeOOBaHUH W3 NPHUOPUTETHOIO MOTOKA, HAXO-
JIuXcst B ouepenu; M, — cpeaHee 4Hucio TpeOOBaHMM M3 HEMPHOPUTETHOTO
IIOTOKA, HAXOAAIUXCA B cucTeMe, 0., — cpeqHee BpeMs 0XKUIAHUSL B OUepeH

’I‘pe6OBaHI/I$I H3 MPUOPUTETHOI'O0 IMOTOKA, GO)K — CpeAHEC BpPEMs OXUAAHUS B

ouepeny TpeOOBaHUS U3 HEIIPUOPUTETHOIO OTOKA.
Ecnu BeimonHseTcs ycnosue o +0, <1, Tae o) =A;/y, oy =Ay/Hy, TO
U yCTaHOBHBILETOCS PeXKUMA CHPABEIIUBbI GOPMYJIbI
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eom:Tl; GOXZE—“—z. (319)
Hpumep. OOyBHas MacTepcKas C OJHUM MacTepOM OCYIIECTBISET OOBIU-
HBIA ¥ CPOUYHBIN (B IPUCYTCTBHHU 3aKa3unKka) peMOHT 00yBu. Ilpu mocTyrienun
3aKa3a Ha CPOYHBIM PEMOHT OOBIYHBIA PEMOHT MpepbiBaeTcs. B cpenneM B Hac
MOCTyTIaeT OJHA Tapa 00yBH HA CPOYHBIA PEMOHT U TPHU Mapbl 00yBH Ha 0ObIU-
HbIA peMOHT. Ha OOBIUHBIA PEMOHT OJHOW Mapbl MacTep 3aTPavyuBacT B CPEJ-
HeM 15 MUH, a Ha CPOYHBIH (0OBIYHO MENKHI) — 3 MUH.
3nece A =1 A, =3; p =20; Hy=4 u,  CIIeIOBaTEeNIbHO,

oy =1/20=0,05; oy =3/4=0,75. Tak kak o;+a, =0,05+0,75<1, T0 1O
dhopmynam (3.19) Haxoaum:

2
M, :&:0,0026; M, __ 075 (4 005 -38;
1-0,05 1-0,05-0,75 201-0,05
. 0,0026 38 1

O = ] 4~0,16 MuH; 0, —T—Z:I,O2qz61 MUH.

Taxum 00pa3om, Ui CPOYHOIO PEMOHTA CpeHEE BpeMsl OKHIAaHUS B Ode-
pexnu cocrasysier 0,16 MUH (T. €. IPaKTUYECKH HUKAKOW ouepenu HeT), a At
00br9HOTO — 61 MHH.

3.7. CucteMbl ¢ HeHaAe:KHBIMH 00CJIYKUBAIOLIUMHA NPUOOpaMu

Ha mpakTuke BCTpedaroTcs: CHCTEMBI MaCCOBOTO OOCITYKHUBaHUS, B KOTOPBIX
Kax10e TpeOoBaHue, MPOXOAIIee Yepe3 00CIyKUBAIOLIMN TPUOOD, 00CITYKH-
BaeTCsl He JIOCTOBEPHO, a C HEKOTOPOW BepOsATHOCTHIO p. Ecnu mogobHas cuc-
TEMa €CTh CUCTEMa C OTKa3aMH, COCTOsIIas U3 7 OJHOTHIIHBIX HPHUOOPOB CO
CpeIHHM BpEeMEHEM OOCITy>KUBaHHA 1/, Ha KOTOPYIO MOCTYIIAET IMTOTOK TPeOo-

BaHWH C MHTEHCUBHOCTBIO A, TO BMECTO KJlacCHUeCcKoi (opMynbl Dpianra

Pogen = 1= Pork > (3.20)
o | & at -
TAC Porc = ZF , A=A/l , UMeeM
k=0 K
Po6en = Pogen " P - (3.21)

[

JleHiCTBUTENBHO, BEPOSTHOCTD Pyge.; TOTO, UTO TpeboBaHue OyneT obciry-

JKEHO II0 TEOpeME yMHOXEHHsI BEPOSITHOCTEH HE3aBUCHMBIX COOBITHH, paBHA
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TIPOM3BEJICHUIO BEPOATHOCTH P 5. TOTO, 4TO TpeboBaHUE OyIET MPHHATO K
00CITy)KMBaHHIO, HA BEPOSTHOCTh p OOCIY)KMBAHHMS 3TOTO TPEOOBAHMSI.
Takum o6paszom, npu p <1 BepoOATHOCTH 0OCITY>KUBAHUS H, CIEIOBATEIBHO,

MPOITYCKHAsI CTIOCOOHOCTh CHCTEMbI YMEHBILIAIOTCS 110 CPABHEHHIO C PacCMOT-
PEHHBIM B moapa3n. 2.1 KiraccuueckuM ciaydaeMm p =1.

IIpumep. B aTenbe npokaTa UMEETCs] BOCEMb MOJIOTEPOB, KaXKAbIA U3 KOTO-
pBIX OepeTcs Ha MPOKaT B CpeAHEM Ha JIBa AHA. B cpenHeM B aTenbe 3a MOI0Te-
pamu 0OpamIarTcs MATH YEeNOBEK B JI€Hb. BEpOSATHOCTH TOTO, YTO B3ATHIA Ha
MIpOKaT moyiorep OyaeT ucpaBHO paboTtaTsh, paBHa 0,95.

3mece n=8;A=5; u=0,5; p=0,95, orkyna mo gopmynam (3.20), (3.21)

HaxOaUM p;6cJ1 =0,76; Ppyge, =0,76-0,95=0,73. Takum oOpasom, areinbe

npokara B cpeiHeM Ha 73% oOecrieunBaeT HacesleHHe nojiotepamu. Eciu Obl
9TH TIOJIOTEPHI BPEMsI OT BPEMEHHU HE BBIXOJIWIIM U3 CTPOsl, TO HAacelleHHe ObUIO
Ob1 o0ecrieueHo MU Ha 76%.

PaccMoTpuM Terneps Takue CUCTEMBI MacCOBOTO OOCITYXHMBaHHS, B KOTOPBIX
OTKa3aBllIMe NMpUOOPHI PEMOHTHPYIOTCS B Ipouecce (pyHKIMOHUPOBAHHS CHC-
tembl. IIycTh B cucTeMy MaccoBOro OOCIY)KMBaHHS, COCTOSIIYIO U3 71 OJIHO-
TUIHBIX TPHUOOPOB, MOCTYIACT MYaCCOHOBCKHU MOTOK TPeOOBaHUN C HMHTEH-
CHUBHOCTBIO A. Bpems obciyxuBanust TpeOOBaHUI KaxbIM IPHOOPOM I10I4H-
HSIETCS 1T0KA3aTeJIbHOMY 3aKOHY C napameTpoM L. IIpuOopsl B ciydaiiHble MO-
MEHTBI BPEMEHH BBIXOJISIT U3 CTPOSI KaK TOr/a, KOT[a OHH CBOOOIHBI, TaK U TO-
r71a, KOrla OHHU 3aHATHI 0OCITyKHBaHHEM TpeboBaHMs. HencrpaBHBIE IPHOOPEI
cpa3y ke MOCTYMAIT B PEMOHT, TaK YTO BMECTO TOT0, YTOOBI 00CTYKUBATh, 3TH
MpUOOPBI caMH HaYMHAIOT 00CTyXHMBaThCS. Bpems paboTel kaxmoro mpubopa
CIIy4aifHO W MOMYUHSIETCS TIOKA3aTeNbHOMY 3aKOHY ¢ napamerpoM . OqHOBpe-
MEHHO B PEMOHTE MOXET HaXOJWTHCS TOJBKO OJIUH MPHOOP, TAK YTO €CIH
HUMEIOTCSI IPYTHe HeHCIpaBHble MPUOOPHI, TO OHHU CTOAT B o4yepenu. OTpeMoH-
TUPOBaHHbBIE MPUOOPHI MOTYT TaKXKe BBIXOJHUTH U3 CTposi. CyMMapHbIi MOTOK
OTKa30B ellle HE PEMOHTHUPOBAaHHBIX U PEMOHTHPOBAHHBIX (BO3MOXXKHO MHOIO-
KpaTHO) NpUOOPOB IPEAIoJaraeTcsi IyacCOHOBCKUM C TapaMeTpoMm ¢. Eciu
pudop OTKa3ai BO BpeMs 0OCITy>KUBaHUs TpeOOBaHUs, TO 3TO TpeOOBaHHE Te-
psieTcs (Iaxe eclii IMEIOTCSI CBOOOIHBIC UCTIPABHBIE IIPHOOPHI).

PaccmoTrpum cHavana cucreMy ¢ oTkazamu. B aTom ciydae TpeGoBaHMe Te-
psieTCsl, €CJIM B MOMEHT €ro MOCTYIUICHHSI B CHCTEMY HET HH OJIHOrO CBOOOJIHO-
ro ucmpaBHOro npubdopa. Eciau umeercs Toabko oauH mpudop (n=1), To s
TaKOW CHCTEMBI B CIIy4ae yCTAaHOBHMBLIETOCS PEXHMMa CIIPABEIUINBBI (JOPMYJIBI:
My

;P
A+ q)(+g)+yh

T = Wo:l_ﬂl;m:( 0o=1=p1, p =pr+m;

q+y
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=L pomc=p 41 (3.22)
A
TJIE T; — BEPOATHOCTb TOTO, YTO MPUOOP HEUCIIPABEH; Ty — BEPOATHOCTH TOTO,
4TO pUOOpP UCIIPaBEH; p; — BEPOSITHOCTH TOTO, YTO MPUOOP 3aHAT 00CITYKHBa-
HHUEM; py — BEPOSITHOCTH TOTO, YTO NPUOOP CBOOOJIEH; p' — BEPOSTHOCTH TOTO,
4TO NMpHOOp IMO0 HEHCHpaBeH, JIMOO 3aHAT 00CITy)KUBaHUEM; p" — BEPOSITHOCTD
TOTO, YTO TPEOOBAaHHE MOKHWHET CHUCTEMY HE IOJIHOCTBIO OOCITY)KEHHBIM H3-32
BBIXOZIa M3 CTPOS NPHOO0PA; Py — BEPOATHOCTH OTKa3a B 00CITY KUBaHUH.
IIpumep. B ciyyaiiHple MOMEHTBI BpEMEHU K MO€YHOW yCTaHOBKE MOIBE3-
JKafOT B CPEIAHEM YEThIpe aBTOMAIIMHBEI B 4ac. CpeqHss MpOU3BOANUTEIBHOCTh
MOEYHOH ycTaHOBKH cocTaBisier 10 aBromamnvH B yac. B cirydaiiHple MOMEHTHI
BPEMEHHM MOEYHasi yCTaHOBKA BBIXOJUT M3 CTPOS B cpeaHeM jaBa pasa 3a 100 g
pabotsl. IHBIME cllOBaMH, CpefiHEe BpeMsl HapaOOTKU MOEYHOH yCTaHOBKH Ha
oIMH 0TKa3 paBHO 50 4. Bpemsi, HeoOXoauMOe J1JIsi PEMOHTa MOEYHOH yCTaHOB-
KH, cIy4ailHOe U cocTaBisieT B cpenHeM | 4. Ecnu aBTomamnHa nmoabse3xaer K
MOEYHOM YCTaHOBKC B TOT MOMCHT, KOIr'la YCTaAaHOBKA 3aHATa WIN HaXOJUTCA B
PEMOHTE, TO OHA ye3KaeT HeBBIMBITOM. 3nech A =4; n=10;¢=0,02; y=1, u3

p

dopmyn (3.22) HaXOAUM:

nFﬂ:o,ozo; P = 41 =0,281;
1+0,02 (1+0,02)10+0,02)+1-4
, " 2.0,281
P =0,28140,020 = 0301; p :w:o,om;

Porx =0,301+0,001 = 0,302 .

CrnenoBatenbHo, B cpenHeM 30,2% aBTOMaIINH HE OyIyT BBIMBITHI MOCYHOU
ycranoBkoi. VI3 Hux Tompko 0,1% — 1o mpuyMHE BBIXOAA U3 CTPOS MOEYHOH
YCTAHOBKH BO BpPeMsI MOMKH. DTO yKa3bIBaeT Ha TO, YTO Y3KUM MECTOM SIBIISIET-
Csl He IJ10Xasi Ha/Ie)KHOCTh MOGYHOW YCTaHOBKH, a €€ IIePEerpyKEHHOCTb.

IlepeiineM Teneps K ApYyroMy BapuaHTY pacCMaTpUBAEMOM CUCTEMBI C He-
HaJIS)KHBIMHM NIPUOOpaMu — K CUCTEME C OXKuaaHueM. B atoM ciywae TpebGoBa-
HHE HE TEepseTCs, a CTAHOBUTCS B OYEPEb, €CIIM B MOMEHT €ro MOCTYIUICHHUS B
CHCTeMYy HET HU OJJHOTO MCIpaBHOTo npudopa. O4eBUIHO, 3Ta CUCTEMA MOXKET
OBITH KaK C OrpaHWYECHHEM Ha JJIMHY O4YEepEIH, BPeMs NPEObIBaHMS B OUEpeH
WIN CHCTEME, TaK 1 0e3 orpaHuueHui. i onpeneneHHoCTH pacCMOTPHM CITy-
Yail ¢ OrpaHWYEHHEM Ha JUIMHY OY€pelH, KOTrJa B OYepeu MMEeTCsl TOJIBKO m
MmecT. Tak kak OpMyJIbI Ul MPOU3BOJIBHBIX 7 U M TPOMO3JKH, TO MPUBEIEM
(hopMyJIBI TOJBKO AJISL YACTHOTO ciy4as n=1, m =2 W yCTaHOBHBLIETOCS pe-
JKHMa!

1 A Y

= ; = s M=
Po o+’ +o (u+q)ﬂ0 " (q+Y)
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2 3
P1=0py; Prp =0 pg; p3 =0 Pg,
M =(pi+py+p3)mg; My=M+py+2ps3; (3.23)

P =qM/N; pore=p3+p .
31ech py— BEPOSATHOCTB TOTO, YTO MPUOOP CBOOOJIEH; P - BEPOSITHOCTH TOTO,
YTO NMPHOOP 3aHAT U OYePeb OTCYTCTBYET; p; — BEPOSITHOCTH TOTO, YTO IIPHOOP
3aHAT M MMEETCSl OJHO TpeOOBaHWE B OYEPEAH; p3 — BEPOSTHOCTH TOTO, YTO
npubOp 3aHAT M UMEIOTCS 1B TpeOOBaHUs B ouepenn; M — cpefHee Yucio Tpe-
00BaHMH, HAXOJAIIUXCA HA 00CIy>)KUBaHUU; M, — CpeaHee YUciIo TpeOOBaHuUi,

n

HaXOMALIUXCS B CUCTEME; T(), Porc » P HMMEIOT TOT XK€ CMBICII, YTO U IUI CHC-

TEMBI C OTKa3aMH.

I[Ipumep. B O3BM B ciryyaiiHble MOMEHTHI BpEMEHH MOCTYHAIOT It o0Opa-
60TkH 00KM MHPOpPMALINK HEKOTOPOH CTPYKTYpBI C IUIOTHOCTHIO JBa OJOKa B
yac. Bpems o6pabotku ogHoro 6noka nHpopmaru Ha 9BM B cpenHeM paBHO
10 munH. MHOTIAa DBM BBIXOAMT U3 CTPOS, IPUYEM CpeJHEee BpeMsl ee HapadoT-
KM Ha OWH OTKa3 paBHO 3 4. CpemHee ke Bpems peMoHTa OBM cocraBisieT
15 mun. Bo BHemHe# mamsati DBM MOTyT OJHOBpEMEHHO XpaHHUTHCS He Oolee
IByX OJIOKOB MH(OpPMAIMH, TaK YTO €CIM O4YepemaHOH 010K MH(pOpMALUH II0-
CTyIIaeT B TOT MOMEHT, Korga B DOBM yxe nBa 65oka nH(MOpMAIUN OXKHIAIOT
00paboTkH, To OH TepseTcs. biok uHdopmanuu Tepsiercst Takke U B TOM CIIy-
Yae, KOrjia Bo Bpems ero oopadorku OBM naet cOoii.

3peck A=2, p=6, g=1/3, y=4.Tosromy cornacuo (3.23) p, = 0,668;

p1 =0,228; p, =0,078; p3 =0,026; M =0,307; M, =0,440; p" =0,051;
Porx =0,077.

Takum obpasom, B cpeaneM 7,7% OiokoB uHbOpMaImu He OymeT oopado-
TaHo: u3 HUX 5,1% 3a cyer c6boss DBM Bo Bpems oOpaboTku u 2,6% 3a cyer
OTCYTCTBHUSI MecTa BO BHeIIHel rmamstu OBM s XpaHeHHs cBbILIE IBYX OJ10-
koB uH(popmanuu. CpenHee ynciio 0JIOKOB MH(OpMannK, HaXOISAIMXCS OO
Ha 00paboTKe (BO BHYTpeHHeH mamsati DBM), mbo Ha XxpaHeHHH (BO BHEIIHEH
namsata O9BM), pasro 0,44.

3.8. CucreMsl ¢ rpynnoBbIM 00CTy;KMBAHHEM

B HEKOTOpBIX cHCTEMaX MacCOBOTO OOCTYKMBaHUS MOCTyNHBIIEE TpeOoBa-
HUE HAYMHAIOT 0OCIYKHBATh Cpa3y HECKOJBKO MPUOOPORB. B mpocTeiiieM ciy-
Yyae MOCTYIHBIIEe TPeOOBAaHME HAYMHAIOT OOCIY)KHUBATh HE3aBHCHMO APYT OT
Jpyra cpasy Bce n MMEIOIIUXCS B cHcTeMe NPHOOPOB, U 00CITy)KUBaHUE ITOTO
TpeOOBAaHUS CUMTACTCS 3aKOHUYCHHBIM, KaK TOJIBKO OKAaHYMBACTCS €ro 00CIy-
KHBAHUE OJNHUM W3 MPHUOOPOB. 3aTeM OCYIIECTBISCTCS aHAIOTUYHOE TPYIIIO-
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BOe OOCIyXHBaHHE CIIEAYIOIIET0 TPeOOBaHUS (€CIM TaKOBOE MMEETCs) U T. I.
Ecnmu Bpemst oOcimyKuBaHHUS KaXKIOTO TpeOOBaHMUSA KaXKABIM MPHOOPOM IMOTIH-
HSIETCSl TIOKa3aTeJIbHOMY 3aKOHY C MapaMeTpoM |, TO TaKas CHCTeMa JKBHBa-
JICHTHA CUCTEME C OJIHUM MPHOOPOM, 0OCITYKUBAIOIIMM KaxI0€¢ TpeOOBaHKE B
TEYCHHEC BPEMEHH, MOTUYHMHSIONICTOCS MOKA3aTeILHOMY 3aKOHY C IapamMeTpoM
nu. VHaye roBopsi, cpeiHee BpeMs IPYIIIOBOr0 00CIYKUBaHUS yMEHbBIIACTCS B
n pa3. [Toatomy [uisi cucteM ¢ o00HO# OpraHu3anyeil rpymnmnoBoro 00CITyKu-
BaHUs MPUMEHUMBI COOTBETCTBYIOIIHE PaHEE PACCMOTPEHHBIC (POPMYIIBI, €CITU
B HUX OACTAaBUTb €ANMHHUILY BMECTO 7, U njL BMCCTO [L. B YaCTHOCTH, IJIA KjiacC-
CHUYECKOM IyaCCOHOBCKOM CHCTEMBI C OTKa3aMH, WUMCIOIIEH mapaMeTpsl (B
OOBIYHBIX 0003HAUCHUSX) A, 71|L, L, BMECTO (GOPMYJIbI DpiiaHra

A/ u)'1/n!
OTKZH(L (3.24)
3 (/)17 k!
k=0
uMeeM
Alnp
= 3.25
Porx I+A/p (3.25)

3aMeTl/IM, 4YTO ONMCaHHas OpraHu3alus rpyrninoBoro O6CJ'Iy)KI/IBaHI/Iﬂ BEICT K
YMEHBILEHHUIO TPOMYCKHON CIIOCOOHOCTH CUCTEMBI MAaCCOBOI'O OOCITY)KUBaHUSI.
DTO cieayeT U3 TOro, 4YTO mpaBas 4acTh (opmyJbl (3.24), Kak JIETKO MpPOBe-
PUTH, BCErIa MEHbIIIE TpaBoi YacTu GopmMyisl (3.25).

PaccMoTpuMm apyroil BapuaHT OpraHu3alii TPYIIIOBOTO OOCITY)KMBaHHS
TpeOOBaHuUi, IPU KOTOPOM YBEIIUYUBACTCS MPOIMYCKHAsI CIOCOOHOCTh CUCTEMBI
MaccoBoro obcnyxuBanus. [IycTh 3T0 OyZET OMATh MyaCCOHOBCKAsi CHCTEMa C
OTKa3zaMH, UMeIoIast mapaMeTpsl A, W, #. OOCITy)KMBaHHE TPOU3BOJUTCS Cpasy
BCEMHU 1 MPHUOOPaMH, HO, B OTJIMYKE OT TOJIBKO YTO PACCMOTPEHHOTO CiTydas,
3[1eCh BHOBb IMOCTYIHBIIEE TPEOOBaHHE HE IOJyYaeT OTKAa3a, €CIM B CUCTEME
YK€ HaXOJUTCsl TpeOOBaHKE Ha TPYIIIOBOM OOCIYKUBaHHH.

OO0cny)xuBaHUE B 3TOW CHUCTEME OpraHu30BaHO Tak. Eciu mocrymnuBiiee B
cucrteMy TpeOOBaHHE 3aCTaeT BCe MPUOOPBI CBOOOJHBIMH, TO OHO HAYMHAET
00CITyKMBaThCsl, IPUYEM BCEMH 71 IPHOOPaMK OJTHOBpEeMEHHO. [Ipu aToM, Kak u
B TOJIBKO YTO PaCCMOTPEHHOM Cily4yae, CpellHee BpeMs 0OCIIy)KUBaHUSI YMEHb-
maercs B # pa3. [locie okoHUaHMs1 00CITYKMBaHMS BCE /7 IPUOOPOB CTAHOBATCS
OJTHOBPEMEHHO cBOOOJHBIMU. Ecim moctynuBiee B cucreMy TpeOoBaHHUE 3a-
CTaeT TaM paHee MOCTyIHBIIEE APYroe TpeOOBaHKE, TO OHO TaKKe MPUHUMAET-
cs Ha obOciyxuBanue. [Ipu 3TOM yacTh npubopoB (0e3pa3MUIHO KaKHX) IPO-
JIoJbKaeT 00CITy)KMBaTh paHee MOCTyNuBIIee TpeOOBaHUe, a JAPyras 4yacth Ha-
YuHAaeT OOCITy)XHBaTh BHOBH NpHOBIBIICe TpeOoBanme. Takum oOpa3zom, yxke
n1Ba TpeOOBaHMS 0OCITY>KUBAIOTCS BCEMH 71 IPHOOpaMH.
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B of6mem cimydae, ecnm HOBoe TpeOOoBaHHWE 3acTaeT B CHCTEME Kk
(k =0, l,...,n—l) paHee NPHOBIBIINX TPeOOBaHUH, OHO MpPUHHMAeTcsi Ha 00-

CIIy)kKMBaHHe. DTO O03HauaeT, yTo k+1 TpeGoBaHUil 0OCITYy)KUBAIOTCSI BCEMH 7
mpudopaMu, IPUIEM paclpeeneHne n IpruoopoB mo k+1 TpeGoBaHUSAM TIPO-
n3BONBHO. [Ipr 3TOM BakHO, 4TOOKI Bee n MPUOOPOB ObLIH 3aHATH. Ecim HOBOE
TpeOOBaHME 3aCTaeT B CHUCTEME 1 paHee NMPUOBIBIIMX TpeOOBaHMM, TO OHO MO-
Jy4aeT OTKa3 M MOKHUIAET CUCTEMY HEOOCITy>KeHHbIM. Takue CHCTEMBI MHOTZA
Ha3bIBAIOTCSl CHCTEMaMH C MOJHOW B3aMMOIOMOINBI0 MEXIy mpubopamu. B
HUX OCBOOOJMBILASICS NOCIIE 00CITY)KHBaHUsI KaKOro-Inbo TpeOoBaHUs rpyIina
pUOOPOB MPHCOEIUHSETCS K OOCIY)KUBAaHUIO NPYTHX TpeOOBaHUM, Haxous-
LIUXCSl B CUCTEMe. DTO 03HAYaeT, YTO €CIM B JJaHHBIII MOMEHT B CUCTEME HMe-
eTcst XoTst Obl 01HO TpeOOBaHKE, TO BCE MPHOOPHI OYIyT 3aHATHI €T0 0OCITYKH-
BaHueM. B aTom ciydae Bmecto gopmyisr (3.25) nmeem:

L};;l, ecim A # my,
- (nu{k) -1 (3.26)

Porx =
T ec A =mu

[pennonoxum Tenepb, 4TO B pacCMaTpUBaeMOi CHCTEME MacCOBOTO 00-
CIIy’)KUBaHUSI C TIOJIHOW B3aMMOIIOMOIIBIO MEXKIY NMPHOOPAMHU UMEETCSI /1 MECT
it oxuzanus. Toraa eciau odepenHoe TpeOOBaHKE 3aCTaeT B CUCTEME 11 paHee
NpUOBIBIIMX TPeOOBaHUI, TO OHO yX€ HE MOJydYaeT OTKa3a, a CTAHOBHUTCS B
ouepeb ¥ 0XKHUIaeT OCBOOOXKAECHHS XOTs ObI OJTHOTO 13 IPHOOPOB.

B o6mem ciydae, ecnu HOBOe TpeOOBaHME 3acTaeT B CHCTeME n+k
(k =0,1,..., m—l) paHee MpUOBIBIINX TPEOOBAaHUI, OHO CTAHOBUTCS B OYEPE.b.

Haxonen, ecnu HOBoe TpeOOBaHHME 3acTaeT B CUCTEME 7+ m TpeOOBaHUi, TO
OHO TIOJTyYaeT OTKa3 ¥ MOKUIACT CUCTEMY HEOOCITy )KEHHBIM.

JUis Takoil CMEIIAaHHOW CHUCTEMBI C OTpaHMYCHHEM Ha JUTUHY OYepely W
MTOJTHOW B3aWMOIIOMOIIBI0 MEXIY OOCITYKUBAIOIIAMHU TPUOOpPaMU BMECTO
(3.26) nmeem:

np/A—1 )
Tl [Se) 0541 K;tmu,
Porx = (nu/i\‘) -1 (3.27)
_ eclm A =mp
n+m+l

Ipu sToM cpenHee Bpems NpeObIBaHUs TPEOOBAHUS B OUEPEaN, HaIPUMEp
IUI CiTydas A = 1|l , MOKHO OTIPEIENHTh 10 GopmyIe
m(m +1)

MO =———"—.
2Mn+m+1)

(3.28)
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IIpumep. B ciyyaliHple MOMEHTBI BPEMEHU B IOPT IS PAa3rPy3KU NpUya-
JTUBAIOT OapKu; B CpEeOHEM IIecTh Oapk B yac. B mopty mmerorcst Tpu Opuraist
IPY34YHMKOB, KaXJasi U3 KOTOPBIX pasrpyxaer 0apxy B cpeaHeM 3a 0,5 4. Oue-
penHas Oap)ka HauMHAET PasrpykKaTbCs, €CIM B IOPTY MEHee Tpex Oapxk, cTa-
HOBHTCS B Ouepe/lb, €Cl B NOpTy MeHee (3+4) Oapk W, HAKOHEI, MOKUAACT
MOPT HEepas3rpy>KeHHOH, eciin B opTy Haxoxutcst (3+4) 6apku, U3 KOTOPHIX TPH
pasrpy’KaroTcs U YeThIPE 0XKUAAIOT PasTpy3Ku.

Ecmu pasrpyska 6apx opraHr30BaHa 110 PUHIIHITY ITOJIHOW B3aMMOIIOMOIIH
MeXIy Opuragamu, To 1o dpopmyse (3.27) umeem (A=6, n=3, u=2, m=4)
Porx = 1/(3+4+1) = 0,125, 1. e. B cpeanem 12,5% Oapx He OyzneT pasrpyxarb-
cs B 3ToM 1opty. Ilpm 3tom cormacHo (3.28) cpemHee BpeMs HaxXOXKACHUS B

44+1) 5
2-6(3+4+1) 24

3ameTuM, YTO eciu Kaxkgas Oapxka OymeT pasrpyKaTbCs TOJBKO OJHOU
6puranoi, To py = 0,145, 1. e. Ha 2,5% Goble OTKA30B.

ouepenu Oapxx MO = 9~ 12,5 MuH.

4. MAPKOBU3UPOBAHUE MOJIEJIEM MACCOBOI'O
OBCJIY KUBAHUS

B GonpmmHCTBE NMpakTHYECKH MHTEPECHBIX 3a/ad MOTOKU COOBITHH, Iepe-
BOJISIIIIE CUCTEMY M3 OJTHOTO COCTOSIHUS B IPYTO€, MOTYT OBITh C IOCTATOYHOM
TOYHOCTBIO alMpPOKCHMHUPOBaHbI moTokaMu [lyaccona. B atom ciydae nporecc,
MPOTEKAIOIINH B CHCTEME, Onaroiapsi 3aMEHE pealbHbIX IIOTOKOB ITyaCCOHOB-
CKHUMH CBOJHTCSI K MAPKOBCKOMY, T.€. CTAHOBUTCS IIPOLIECCOM O€3 TocienecT-
BUSL.

[pexncraBnenne mporecca (GpyHKIMOHUPOBAHHUS CUCTEMBI B BHJE MapKOB-
CKOT0 CITy4aifHOTO MpoIiecca ¢ HEMPEPhIBHBIM BPEMEHEM I03BOJIIET IPUMEHUTh
JUIs ONHUCaHus Tpouecca ee (QyHKUMOHMPOBAaHMS ammnapar OOBIKHOBEHHBIX
muddepeHManbHBIX ypaBHEHNH (IpUMEpbl MapKOBCKHUX MOJENIEH MaccoBOTO
00CITy)KMBaH!s IPUBEICHBI B IIPEBIAYIINX pa3/ienax).

CaezneHne amnupuieckoro npouecca ¢pyHkiponnpoBanusi CMO kK MapKoB-
CKOMY IIyTE€M 3aMEHBI pealIbHbIX MOTOKOB IIyaCCOHOBCKUMHM IIPHBOJIUT, €CTECT-
BEHHO, K HEKOTOPBIM IOTPEIIHOCTSIM, BEJIMUMHA KOTOPBIX 3aBHCHUT OT CTETICHH
HOCNENCHCTBUS PeabHBIX MOTOKOB. B OONBLIIMHCTBE MPAKTHYECKUX CIydacB
3TH MOTPEIIHOCTH HEBEIWKH M HE MPEBBIMAIOT IOTPEHIHOCTEH B HCXOMHBIX
JaHHBIX, BO3HHUKAIONIMX IPH CTATUCTHYECKOH 0O0pabOTKe peanbHBIX MOTOKOB.
OjHaKO MHOT/Ia UMEIOT MECTO Clly4dad, KOrja MOTOKU COOBITHI, IIepeBOIsIIUE
CHUCTEMY U3 OJHOTO COCTOSIHHS B JPYTOE, SIBJIAIOTCS NMOTOKAaMH C OrpaHHUYEH-
HBIM NIOCJIEeeHCTBHEM, 3aMEHUTh KOTOPBIE ITyaCCOHOBCKUMH BO3MOJKHO JIMIIb B
Ka4yecTBe IEPBOTO MPUOIIIKEHNSI.

66



[TosToMy HEOOXOIUMO PACCMOTPETH BOIPOC O TOM, KAaKUM 00Pa3oM y4ecTh
MOCTIeIefiCTBHE TIOTOKOB TaK, YTOOBI Mporecc (QyHKIIMOHHUPOBAHHUS CHCTEM
MOXHO OBUIO ONHCAaTh MO-NPEXKHEMY B BHJIE MApPKOBCKOI'O Ipoliecca ¢ Hempe-
PBIBHBIM BPEMEHEM M JAUCKPETHBIM YUCIIOM COCTOSTHHH.

B nanHOM pa3nene paccMaTpuBaeTca MPOCTONH METOA, KOTOPBIH B HEKOTO-
PBIX CIIy4asXx MOXKET OBITh IOJIE3eH B CHTYaIMsIX Takoro poxa. B atom merone
UCTIONIB3YIOTCSl IBA CBOWMCTBA IOTOKA ODpJaHra, COCTOSIIMX B TOM, 4TO, BO-
NIepBBIX, MOTOK DpilaHra — IMOTOK C OrpaHHYeHHBIM MOCIeleHCTBUEM U, BO-
BTOPBIX, 3aKOH pPAacHpeielieHus MPOMEXYTKAa BPEMEHH MEXKIy COOBITHSIMH B
MMOTOKE DpJaHTa sBISETCS KOMIIO3WIMEH MOKa3aTeNbHBIX 3aKOHOB pacrpesie-
JICHHUS.

4.1. IloToxu JpiaHra u UX CBOMCTBA

[Torokom Dprnanra k-ro mopsizika Ha3bIBae€TCS OPAMHAPHBIA CTallMOHAPHBIH
IIOTOK C OrpPaHHUYCHHBIM MOCIEAECHCTBIEM, Y KOTOPOT'O IPOMEXKYTKH BpeMeHHu T’
MEXAY COOBITHSMH B IIOTOKE SIBIISIIOTCS CyMMaMH CIy4ailHBIX BEJIMYHH, pac-
MIPEAEIeHHBIX 110 T0Ka3aTeIbHOMY 3aKOHY C IapaMeTpoM A.

ITosicaum 310 ¢ moMoOIIBIO puc. 7.

OGo3nauum uepe3 E cobbitus, cootsercT-  p_1 2 34 36 7§ 9
BYIOIII€ ITyaCCOHOBCKOMY IIOTOKY, H ! ! !
NPEANOJIOKUM, YTO OHH MPOHYMEPOBAHBI \ ' :
B MOPSIIKE MX TOSBICHHS, HAYMHAS C He- E* 1 ﬁ é
KOTOPOTO MCXOIHOTO MOMeHTa. ITycth E Puc 7

— COOBITHS, ONpeneIsieMble CIIETYIOUIIM

obpazom: E’ HACTyIaeT B MOMEHT TOSBJICHUS COOBITHI £ ¢ HOMEPOM, KpaTHBIM
k. Torya MOTOK, COCTOSIIMI M3 MOCIeI0BATENLHOCTH coObITHIA E , 1 Gy/er 1o-
TOKOM JpiaHra k-ro nopsika. B yacTHocTH, Ha prCyHKe NPHBEAEH MOTOK Op-
naHra npu k = 3. OueBuaHO, pu k = 1 ©UMeeM HCXOTHBIN MMyaCCOHOBCKHI IMO-
TOK, JUISI KOTOPOTO NPOMEKYTKH BpeMeHH 1 MeXay COOBITHSIMH B MOTOKE pac-
TIPEENIEHBI 110 3aKOHY C TJIOTHOCTBIO

f(e)=ne™, (4.1)
rzie A — napaMeTp rmoToka.

[TpomexyToK BpeMeHH Mexay #-M | (n+k)-M COOBITHAMH B TIOTOKE DpiaH-
ra paBeH CyMMe k NMPOMEKYTKOB BPEMEHH MEXIY COOBITHSIMH B ITyaCCOHOB-
ckoM noToke. ClieZioBaTeIbHO, HCKOMBIN 3aKOH SIBJISETCS k-KpaTHOH KOMIIO3H-
et 3akoHa (4.1), IIOTHOCTE pacTpeeeHus ero UMeeT BUJ

k—1
VAGE %e‘“ : 4.2)
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rae k — IOpsIIOK MOTOKa DpIiaHTa, A — INIOTHOCTh HCXOJHOTO ITyacCOHOBCKOTO
MOTOKA.

3aKoH pacnpeeNieHns ¢ TUIOTHOCTHIO (4.2) Ha3bIBae€TCs 3aKOHOM DpliaHra k-
r'o TOPSIIKA.

B kadectBe mpumMepa Ha puc. 8 MPHUBEICHBI 3aKOHBI pacrpeneineHus fi(f)
mstk=1,2,3,6,11,26 npu A = 1.

I/I3BCCTHO, YTO MOTOK Ha3bIBACTCA IMMOTOKOM C OIrpaHUYCHHBIM HOCHeﬂeﬁCT-
BUEM, €CJIM MPOMCKYTKH BPEMEHU MCEKAY MNOCICAO0BATCIbHBIMU CO6])ITI/I}1MI/I

At [PECTABIAIOT coboit
h=l1 HE3aBUCUMBIE CIy4YalHbIE
0.8 70 BEJIMYMHBI. CrenoBa-
1/1 TEJIbHO, MOTOKH DpliaH-
0.6 ra— TOTOKH C OTpaHH-
D4l K YEeHHBIM MOCHeNeNCTBHU-
: €M, TaK KaK [POMEKYTKH
fK RIS /¥ 25t Bpemenu T MexIy 0(3)7651-
0.2 \&é \< ,____‘4 TUSMHU, SIBJISIICH CyMMaMu
— HE3aBHUCHUMbIX cllydyau-
0 5 10 15 2 325 30 35t HBIX BEJIMYMH, HE3aBHUCH-
Puc. & MBI MEXITy COOOM.

MaremaTiueckoe OXKHMJaHWE U AUCIEPCUS] MPOMEXKYTKa BPEMEHH MEXIy
COOBITHSIMH B TIOTOKE DPIIaHTa k-TO TOPSIKA OTIPENENIIOTCS (OPMYITaMu

mp=k/N, Dy =k/32. (4.3)
U3 stux Qopmyn momydaem, 9TO IS 3aKOHA DpIlIaHTa J0OOTO MOopsaKa
CIIPaBEUIUBO COOTHOIIECHUE My, = ADy .

[InotHOCTH mOTOKA Opnanra A; oOpaTHa BeIMYMHE MATEMATHYECKOTO
OXHUIAHUS My

Ay =Mk, (4.4)
re A — mapameTp ImoKa3aTelIbHOTO 3aKOHa.
W3 (4.3) u (4.4)
my =1/Ay, Dy =1/kA3 . (4.5)

C yuaetoM (4.4) BeIpasuM fi(t) 9epe3 MIOTHOCTD Ay :

_ [kAk]ktk_l e*k/\kt )

fk(t)— (k—l)!

3akonsl fi(f) mpu A,=1 s k=1, 2, 3, 6, 11, 26 noka3zaHsl Ha puc. 9.

[Ipu MOCTOSHHON IIOTHOCTH TOTOKAa A;, MaTeMaTHYECKOE OKHIaHUE HE 3a-
BUCHT OT MOPSJKA MOTOKA k, a JAUCIEPCUS] C BO3PACTAHUEM k HEOTPAHHMUYCHHO
yObIBaet, npu k — o u Dy — 0 (cm. (4.5) u puc. 9).
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Takum o0pazom, MOTOK DpiaHra o0nanaeT IEeHHBIM CBOHCTBOM, KOTOpOE
COCTOWT B CIIEAYIOIIEM: PH HEOTPAHHYCHHOM YBEIHYCHHH HOPSIKa MOTOKa k
1 TIPH TTOCTOSTHHOW TUTOTHOCTH A OH MPHONMKAETCS K PETYIIPHOMY ITOTOKY C
MOCTOSTHHBIMH MHTEPBAJIAMH BPEMEHH MEXIY COOBITHUSIMH, paBHbIMH 1/A;, a
IUIOTHOCTPH pactpeneieHus fi(f) mpu k — oo obparmaercs B O-QyHKIHIO B TOUKE
t=1/ Ak.

OTO CBOICTBO MOTOKOB JpJiaHTa MO3BOJSIET MPH PA3NUYHBIX A MOIydaTh
MIPAKTUYIECKH JIOOYIO CTENEHb IMOCIEACHCTBHS MMOTOKAa — OT IIOJIHOTO OTCYTCT-

BUs mocueneicTeus (K =

£t =1) nmo xectkoil (¢yHK-
i 4 Aml LAOHAJIBHOM CBA3U MEXIY
1332 A 2 k MOMEHTAMH  IOSIBJICHUS
' cobbITuii (mpu k — ).
A LK At Takum 00pa3oM, HOPSIOK
0,99 P 5 jnuy
7t MOTOKA k MOXKET CIYXXHTh
0.66 Kak OBl Mepoi mocienei-
’ / / SAC AL CTBHS, MMEIOIErocs B
0.33 IIOTOKE. 3aMETHM, dYTO
JaXe TP k —> o0 TOTOK
/ / N~ OpnaHra ocTaercsi IMOTO-

0 0 1,0 1,5 20 25 30 35 t

KOM C OTpaHNYCHHBIM

Puc. 9 o
MOCIEACUCTBUEM.

OnpenenrmM acHMMETPHIO Sy 3aKOHA DpJiaHra:

Se=nas WD - (4.6)

A€ Wy, — TPETHIl HCHTPALHBIA MOMEHT PACHIPE/ICICHH S Sil(D).

B cBoio ouepenn, iy, = oy, —3mk(Dk —m,% )+ Zmi , TOE O, — TPETHH Ha-

YaJIbHBII MOMEHT pacnpeueneﬂnﬂ 1),
jt fie(e)dr = _[t3 M“t ‘“. 4.7)

Bepem uHTerpait mo 4actsM, MOCIE Yero MOIydaeM Oy, = k(k+ 1)(k +2)/ 2.
[ToncTaBinss mogy4YeHHbIE BEIPAXKEHUS B (4.6) M IPOU3BOASI HECIOXKHBIE TTPE00-

pasoBaHus, noiryyaeM Sy =2/ Jk . Jist mokasarenbHOro 3akoHa (k= 1) Sy=2

Tpu k — o lim S; = lim 2/vk =0.
k—o0 k—o
Taxum 06pa3oM, IIpH yBETMUEHUH MTOPSIKA TIOTOKA K CKOIIEHHOCTH pacipe-

JCICHNUA TTOCTCIICHHO HMCYEC3a€T, PpACHPEACIICHUE CTaHOBUTCA 0oJyiee CHMMET-
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pUYHBIM. 3aKOH JpiiaHra Jr000T0 MOpsIKa UMEET MOJOKUTETFHYI0 aCHMMET-
pHIO.
Onpenenum dKcuecc pacupeneseHus fi(f)

€y, = My /( Dy, )]—3, 4.8)

I [y, — 9CTBEPTHII LEHTPATLHEIN MOMEHT pacnpeseneHus fi(?),

M, = O, —4myou, +6m/%0ck2 —_’ym;i1 . 4.9)
HavanpHbIC MOMEHTBI OTIPENICIIUM aHATIOTHYHO (4.7):
ay, =k(k+1)(k+2)(k+3)/2%, oy =klk +1)(k+2)/%°, oy, =k(k+1)/2>.
IToacrapinss mony4yeHHble BeipakeHus B (4.9) u (4.8) u mpou3BoAs HECIOXK-
HBIE TPe00pa30BaHUsL, OIydacM &y, =0/k.

Jns mokazarenbHoro 3akona (k = 1) &, = 6. C ysemmuennem k &,

YMEHBIIAETCS U B Mpezesne mpu k — oo &y, >0 (Tak Kak 3aKOH DpJaHra Mmpu

k — 00 aCUMIITOTHUYECKH CTPEMUTCSl K HOPMaIbHOMY 3aKkoHy). IIpenenst u3me-

HEHHA €, = 6+0. CienoBaTenbHO, 3aKOH DpiiaHra Jr00ro mopsaka Bceraa

HMEET IOJI0KUTSIbHBIA OKCIeCC.

I/ICHOJ’IL3yH 3aBUCHUMOCTD YHUCJIOBBIX XAPAKTCPUCTUK WU CTCICHU nocneﬂef/i—
CTBHA IIOTOKa 9pnaHra OT MopdAKa MMOTOKa k, paccMoOTpuM CIroco0 3aMeHbI pe-
AJIBHBIX ITOTOKOB C OI'PaHUYCHHBIM HOCHCHCﬁCTBHeM IIOTOKaMH 3pJ1aHra pas-
JIMYHOTO IOpsAaKa.

4.2. 3amMeHa peaJIbHBIX NOTOKOB MOTOKAMM JPJIaHra

[Ipon3BosEHBIE TIOTOKU C OTPAaHUYEHHBIM ITOCIIEICHCTBHEM, BCTPEUAIOIIHe-
Csl HA MPAKTUKE, MOYKHO 3aMEHUTH MOTOKAMHU JpJIaHra ¢ TEMH K€ MaTeMaTH4ie-
CKUM OXKUJaHHEM U JIUCIIEPCUEl MPOMEXKYTKa BPEMEHH MEXIY COOBITHUSIMH B
MOTOKE.

[lycth, HapuMep, B pe3yIbTaTe CTATUCTHYCCKONH 00pabOTKU MPOMEXKYTKOB
BPEMEHHU MEKIY COOBITUSME B IIPOU3BOJBHOM ITOTOKE C OTPAaHUYECHHBIM TIOCIIE-
JIEHCTBAEM TIONYYEHBI OIEHKU IJIST MAaTEMaTHYECKOTO OKUAAHUS M TUCIICPCHU
T-m.=2,D.,=1.

3aMeHUM 3TOT MTOTOK IMMOTOKOM JpJlaHra ¢ TEMH K€ XapaKTepucTukamu. U3
(4.3) mony4aeMm k = mg /D, , otkyna k = 4.

Takum 00pa3oM, IPOU3BOIBHBIN MOTOK ¢ OTPAHUYCHHBIM TOCIIEICHCTBUEM
C MaTeMaTHYECKUM OKHJaHWEM IPOMEXYTKa BPEMEHH MEXIy COOBITHAMU M1, =
= 2 u gucnepcueit D, = 1 MOXHO 3aMEHUTH IMMOTOKOM JpJiaHra 4-ro MopsKa ¢
IUIOTHOCTBIO A = 2.

Cnez[yeT 3aME€TUTDB, YTO TaKasd 3aME€HA BO3MOKHA IIPH YCIIOBUU
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D <m?. (4.10)

BBuay (yHKIHMOHATIBHOW 3aBUCHMOCTH MEXly MaTeMaTHYECKUM OXKHAHH-
€M M JIUCIIepCHel B IOTOKe DpliaHra pacCMOTPEHHAs 3aMeHa BO3MOYKHA HeE JIJIst
JOOBIX 3HAYEHWI MaTeMaTHYeCKOTO OXHMIAaHUsS m, W AWUCIepcud D, mpowus-
BOJILHOTO TIoTOKa. Hampumep, mpu m. = 2, D, = 1,6 nonydaem k = 2,5, T.c.
npoOHoe 3HayeHue k. Takum oOpa3oM, HCHONB3Ysl JIUIIL PACCMOTPEHHBIE MOTO-
Ky DpIiaHra, He BCETr/la YIAeTCsl PeabHBIi MOTOK C OTPAHMYCHHBIM MOCIIEACH-
CTBHEM 3aMEHHTh PACCMOTPEHHBIMU MOTOKamu Jpianra. OJHAKO CyIIECTBYET
KJIaCC TMOTOKOB, TaK Ha3bIBaeMble 00OOIIEHHbBIE TOTOKH JPJaHra, C MOMOIIBIO
KOTOPBIX MOXKHO 3aMEHHUTbH JHO0OW pealbHbI MOTOK C OrPaHUYEHHBIM MOCIIe-
JIEHCTBHEM, C JIFOOBIM MaTeMaTUYECKUM OXHIAHHEM U JHCIEPCHEH, eClu Co-
omoneno ycmosue (4.10).

OO600IIeHHBIM TTOTOKOM JpJlaHra Ha3BIBAeTCA MOTOK, Y KOTOPOTO IIpOMe-
KYTKH BpeMEHH 1 MeXIy COOBITHSIMU SIBJISIIOTCSI CYMMaMH CIIy4ailHbIX BeJu-
uynH T}, TOJYUHSIONINXCS MMOKA3aTeIbHOMY 3aKOHY paclpeselieHus ¢ pasjind-
HBIMHU TIApaMETPaMU A;.

Jlyist 00001IIEeHHBIX 3aKOHOB DpJiaHra BBeaeM obo3HaueHue f*(¢). Torma 3a-
KOH pacrpenefeHus ¢ IIOTHOCTHIO

k k k
* —At
Fu0=| T e 110, -
=l Ji=l =1
OyzeM Ha3bIBaTh 00OOLICHHBIM 3aKOHOM JpJlaHra k-ro rnopsijika.

OmnpeeiiM YUCIOBbIE XapPAKTEPUCTUKU 3aKOHA f*i(f) — MaTeMaTHYecKoe
oxunanue m*;, mucrepcuto D*,, acummeTpuio S*; u aKciecc € *

Xp
B obmem cirydae mis 0000IIEHHOTO 3aK0HA DpiaHra k-To mopsiaka f*(t) ¢
napameTpamu A; (i =1, 2, ..., k) MaTeMaTHYeCKOEe OXKHJaHHE
N k k k
m k:znki Hki, 4.11)
Jj=li=1 i=1
i#j
JICTICPCHS
" k k ) k 5
D k:znki Hki, (4.12)
j=li=1 i=1
i#j
ACMMETpUS
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J=li=1

i
JKCLEecC
2
. k ko, k ko
o =62 IT% /| 211
j=li=1 j=li=1
i j i j

PaccmoTpuMm HekoTOpble CBOHCTBa OOOOIIEHHBIX 3aKOHOB OpiaHra. s
MIPOCTOTHI BO3bMEM 0000IIEHHBIH 3aKOH JDpiiaHra 2-ro nopsaKa

7\‘ >\‘2 ( —7\.11 —7\2[)
—e .
£ (0)= Y
OueBUHO, IPH Ay = A = A fz* () = f(9), rne fo(f) — 3akoH Dprnanra 2-ro
HOpsIIKa.
pu X, > ©
; * ; Aoy ( -t _ _—h t) 77» t
lim t)= lim —=——|e "' —¢™ "2 1
7»2—)00](‘2() 7“2_)00}\‘2_}\‘] fl()

rze fi(f) — nmokasaTeabHBIH 3aKOH C HApaMeTpoM A;.
B3
EcrecTBeHHO, IpU A WU A,, CTpeMAIUXCA K HyT0, f5 (1) = 0.

ITpu paccmoTpeHnu 00OOIIEHHBIX 3aKOHOB JpiaHra 0ojiee BBICOKOTO II0-
psiiKa BBIABIIIIOTCS HEKOTOPBIE JIOMOJIHMTEIBbHBIE CBOMcTBa. PaccmoTpum m3-

*
MEHEeHHe 000O0ILEHHOI0 3aKoHa DpllaHra TPeTbero mopsaka f3 (t) mopu usme-

HEHUH [TapaMeTpPoB Ay, Ay M Aj:
—7\,1t e—?»zt e—)»:;l

% e
=MAsA ’
fi)=hikats (7L2_7‘1)(7‘3_7“1)-'—(}‘1_7“2)(7‘3_7‘2)+(}‘1_7‘3)(7L2_}L3)

OueBUIHO, IPH Ay = Ay = A3 f;(t) = f3(f). Ecmm Ay # Ay, a A3 > o,
o lim f5()=f3(). Ecm xe A = Xy, HO Ay # A, TO
}\3 —>0

limk f3* (t)= f3*(1)(t), rae f*0)(f) — 00o0ImeHHblH 3aKk0H DpnaHra 3-ro no-
3k

psizika, y KOTOpOro JIBa Mapamerpa 13 TpeX PaBHbI MEXy COOOM.
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Ecmu nns f3*(1)(t) HONOXKUTh A = Ay, TO lim f3*(1)(t)=f3 (¢), ecmm xe
7»1 —)7»2

A — 0,10 lim f;c(l)(f)= ft).
7u1—>00

IIpumem 1y1st 000OIIIEHHBIX 3aKOHOB DpJlaHTa ¢ HECKOJLKUMH PaBHBIMU T1a-
pameTpamu A, cienyromme o6o3HaueHus: f*(f) — Bce k mapamMeTpoB A; pa3HbIE;
S*uk2)(f) — 1Ba mapameTpa paBHBI A, OCTaJIbHBIE k-2 IapaMeTPOB A; pas-
HBIE; [*43)(f) — TpU MapaMeTpa paBHBI A, OCTalbHbIE k-3 IapaMeTpoB A; pas-
HbI€; f*(1)(f) — k-1 mapamerp paBHBI A, OAUH NapaMeTp A; OTJIHYEH OT OCTallb-
HBIX; fi(f) — BCe mapamMeTpbl paBHbI MEXIy co00H, T.e. A; (i = 1, 2, ..., k) paBHBI
Ao.

Hcnons3ys 3Ti 0003HAYEHUS, BCE MIPEBPAIIEHIsI 000OIIEHHBIX 3aKOHOB Dp-
JIaHTa [IPU U3MEHEHUH 11apaMeTpoB A; MOXKHO Ipe/IcTaBuTh B Buze puc. 10. Ile-
PEXoBI cIeBa HalpaBo, 0003HAYECHHBIC HA CXeME FOPU30HTAIBHBIMH CTPEIIKa-
MH, TPOUCXOAAT IPU OJHOM U3 A; — Ao. Ilepexons! cieBa HampaBo, 0003Ha-
YEeHHBIC Ha CXEME BEPTHKAIbHBIMH CTPEIIKAMH, HPOUCXOMAT, KOrJa OJHH H3
apaMeTpoB A; —> o, T.€. IPH HOHWKEHUH NOPsAKa 3aKOHOB DpJIaHra, Ipu STOM
KOJIMYECTBO PaBHBIX IapaMeTpoB A ocTaercs mpexHuM. Ilepexozpl cnpaBa
HaJieBO, 0003HaYCHHbBIC BEPTUKAJIBHBIMH CTPEJIKAMHU, POUCXOMIAT, KOrIa OAUH
U3 MMapaMeTpoB Ay — oO,IIPH 3TOM TaKXKe IOJy4acTcs MOHMKEHUE TopsIKa 3a-
KOHa DpIaHra.

W3 paccMoTpeHHs CBOMCTB 000OIIEHHBIX 3aKOHOB DpJlaHra MO>KHO CHeTIaTh
B&KHBIA IJIsI TPAKTHKU BBIBOA: IPH MOCTOSIHHOM IUIOTHOCTH MOTOKA DpJiaHra
A¥*;, a cleIoBaTeIbHO, IPH IOCTOSHHOM MaTeMaTHYECKOM OXXKHIAHUH M *;, n3-
MEHsSl HapaMeTPBl A; OT Ay TO 00, MOYKHO ITIOJYYUTh Pa3IH4HbIC 3HAYCHHS JHC-
nepcuu D*. Ilpu 3ToM Hanbonee y100HBIM B IPAKTHIECKOM OTHOIICHUH SIBJISI-
eTcs 0000IeHHBII 3aKk0H DpnaHra f*)(f), y KOTOpOro Bce MapaMeTphl PaBHEI
Ao, KpOME OJHOTO A;. Bappupys 9TH mapameTpsl Ipu MOCTOSHHOM MaTeMaTH4e-
CKOM OXXUJJaHUHU m*k, MOXXHO MOJIYUYUTH Pa3IMYHbIC 3HAUCHUA AUCIICPCUN D*k'

Hcnone3ys 3To CBOMCTBO, MOKHO pealibHBIE MMOTOKH C OIPaHUYEHHBIM TI0-
ClleIeCTBUEM 3aMEHATh IIOTOKaMU DpJIaHra ¢ TEMH )K€ MaTeMaTHYeCKUM 0XKH-
JTaHWEM W JMCIEPCHEll NMPOMEXyTKa BPEMEHH MEXIY COOBITHUSIMH B IOTOKE.

ITpu sTOM, 0OJHAKO, HEOOXOIUMO COONIOAATH YCIOBHUE m;% / k<D, < m,% .

U3 Beipakennii (4.11) u (4.12) HETPYAHO MOIYUYHUTH O0IEe BEIPAKEHUE JIIS
MaTeMaTH4ECKOTr0 O)KUIAHHS M JIUCTIEPCUH 3aKOHA f*;)(?):

% k=1 +A
m k(1)=(>\)1$, (4.13)
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. (k=12 +23
D)=
1740

Torga mopsa0K 3aMeHbI PEaTbHOTO TIOTOKA C OTPAaHUYEHHBIM MOCIEACHCT-
BHUEM C MAaTEMAaTUYCCKUM OXXKUIAHUEM m, U qucrepcueit D, 0000IIeHHBIM 10~
TOKOM DpiaHra f*y(f) ¢ TeMH ke XapaKTepUCTUKAMH CBOJUTCS K CIIEIyoIIe-

My.

(4.14)

Puc. 10

Omnpenensercs MOPSAOK MOTOKa DpiiaHra k = mf / D, . lpobHOe 3HaueHue k

OKPYIIIETCS B OOJIBLIYIO CTOPOHY.
U3 Beipakenus (4.13) umeem
A =g (I—k+hgm,). (4.15)
IMoncrasnss (4.15) B (4.14) n npousBoAs HECIOXHBIE NPeoOpazoBaHus,
)7»% —2(1=k)mrg +k(k—1)=0, orkyma

M ) 2 o L e )
b (mcz_Dc)

HOJTy4aeM mc2 -D,
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IToncraBus 7“01 u 7“02 B (4.15), momy4ynm qBa 3HAYCHUS 7”11 "u 7“12 . Taknm

00pa3oM, 171 ONHHMX U TeX Ke 3HaueHWi m, u D, momyudaem 3akoH [¥)(f) ¢
IBYMsI Pa3IMYHBIMHA COYETAHISIMH TapaMEeTpPoOB A; U Ag: (7‘11’ 7“01 ), (Xlz,

7¥02 ), mpu atoM m*; =m,., D*,=D,.

Mertoz, ¢ MOMOIIBIO KOTOPOTO MOJYYEHO pachpenesieHne Jpiianra, noacKa-
3BIBAET CIIOCOO MOJIEIMPOBAHUS ITPOLIECCOB C OTPAaHMYECHHBIM ITOCIIEICHCTBHEM,
P KOTOPOM ITIOTOKH, TIEPEBOJISIINE CHCTEMY M3 OJHOTO COCTOSHHS B JpYroe,
SIBIITEOTCS TIOTOKaMU DpJaHra (M. puc. 7).

[Ipeamnonoxum Ui KOHKPETHOCTH, YTO cOOBITHA E 0003HAYaloT Iporecc
MIEPEXOJJ0B CHCTEMBI M3 COCTOSIHUSI B COCTOSIHUE, YHCIIO COCTOSIHHUM CHCTEMBI
pPaBHO k W mporiecc MPOTEKaeT CIEAYIOMmMMM o0pa3oM: 1) B KaKIBIi MOMEHT
BpEMEHHU CHUCTEMa MOXET HaXOJUTHCS TOJBKO B OJJHOM M3 k COCTOSTHHI; 2) chc-
TeMa MOCJIeIoBaTeIbHO MPOXOAUT cocTostHus 1, 2, ..., k. Bpems npeOpiBanus
CUCTEMBI B KaXXJOM COCTOSHHMHU PacIpeilejeHO MO I[O0Ka3aTeIbHOMY 3aKOHY C
napaMmeTpom A = kA;.

I[J'II/ITCH])HOCTIJ Hpe6I)IBaHl/ISI CHCTEMBI BO BCEX k COCTOSAAHHUAX COOTBETCTBYET
MIPOMEXKYTKY BPEMEHHU MEXIy COOBITUAMU E*, 3TH COOBITHS 1 00pa3yroT MOTOK
Oprnanra.

Takoe pa3OneHne KaXJ0ro COCTOSIHUSI CHCTEMBI Ha k COCTOSIHUIN MO3BOJISIET
IIPOJIEMOHCTPUPOBATh BaHBIN (akT. Ilycte n*(f) m n(f) — cooTBETCTBEHHO
yrcna mosBieHus cooertnit E* u E 3a Bpemst ot 0 mo ¢. [IyaccoHOBCKMiA mpo-
mecc 7(t) SBIAETCS MapKOBCKHM, Tporecc 7*(f), HampoTHUB, HEMapKOBCKHUIA:
BEPOSATHOATH TOTO, UTO 1 *(f)dt = j pm ycmoBuu n*(f) = i, 3aBHCUT OT MOMEHTA
MOSABJIEHUSI MOCJIEHETO COOBITUS B MOTOKE £*, cienoBaTeabHO, OT TOTO, B Ka-
KOM M3 k COCTOSIHMI HaxoJuTcs cuctema [oT 3HadeHus n(t)]. CiaemoBaTelbHO,
pa3OueHne KaxI0ro COCTOSHHUSI CUCTEMBI HA K COCTOSIHMI ITO3BOJIAET CBECTH
UCCIIeyeMBIi Mpolecc K MapKOBCKOMY #(f), KOTOpBIH Ooiiee ynoOeH Iuis uc-
CJIeIOBaHUSL.

4.3. MapKOBCKl/Ie MOJ€/IM MPoueCcCoB ¢ OrpaHNYCHHBIM
nocjeaeiicTeueM

PaccmoTrpuM croco0, MO3BOJSIOMNI B HEOOXOAUMBIX CIIyYasX OMHCHIBATH
mporecchl (PYHKIIMOHUPOBAHUS CHCTEM YpPAaBHEHHAMHU IJISI MapKOBCKOTO TIPO-
I[ecca ¢ HelpephIBHBIM BPEMEHEM M TUCKPETHBIM YHCIOM COCTOSHHH MPH TO-
TOKax COOBITHI, UMEIOIINX OTPaHUYCHHOE TocieeicTBre. B kadecTBe moTo-
KOB C OTpaHMYCHHBIM IOCIIeIeHiCTBHEM OyAeM pacCcMaTpHBaTh TOJIBKO MOTOKU
OpiaHra, cuuTas, 4YTO IPOU3BOJIBHBIA CTallMOHAPHBII MOTOK C OrpaHUYEHHBIM
MOCJICICHCTBUEM BCErla MOXHO 3aMCHUTH OOOOIICHHBIM IOTOKOM JpjaHra
Croco00OM, paCCMOTPEHHBIM B mopasi. 4.2.

75



PaccMoTpuM muCKpeTHBIA MapKoBCKHi mporecc (puc. 11), cocTosHUs KO-
TOPOTO COCTaBIISIOT MHOXKECTBO X = {X,, X1, ..., X,}. BBeZleM B paccMoTpeHue
HOAMHOXECTBO Z = {Yp Y,} ¥ TPaH3UTUBHOE NOJAMHOXECTBO COCTOSHMH Y =
= {xl, X2y eney x,,_l}.

| | | M | Ay
X
N L] | 7 e = B ] ™ |

Puc. 11

Oco0eHHOCTh JaHHOTO IPOLIECCa COCTOUT B TOM, YTO KaXKJ0€ M3 IOJMHO-
KecTB Y M Y, IMEeT eJIMHCTBEHHOE COCTOSHUE, U JUIs ONPENeIEeHHOCTH OyaeM
CuMTaTh, 4To Yg= {xo}, ¥, = {x,}. CocTosiHME X SABNAETCSA BXOJHBIM, a X, — BbI-
XOJHBIM COCTOSTHHEM JJISl IOAMHOXKECTBa Y.

BBenem crenyromee orpaHndeHHE: NMPOLECC OMyXKIaHUSA IO COCTOSIHUSIM
MOJMHOXECTBA ¥ BO3MOKEH TOJIBKO B OJJHOM HAMPAaBICHUU: X| —> X,

B nepByro ouepens, Hac OyAeT MHTEpECOBATh 3aKOH PACHPEIEIICHHS BpEMe-
HU T ipeOBIBaHNS B TPAaH3UTHBHOM MTOIMHOKECTBE COCTOSHUH Y TIPH YCIIOBHH,
9TO BpPEMsI OTCUMTHIBAETCSI OT MOMEHTa Hadana Oly>KAaHHs Ipolecca U3 COo-
CTOSIHHS X( O MOMEHTa BBIXOJa IOIecca U3 COCTOSHUN MOIMHOXECTBA Y, T.c.
JI0 MOMEHTa Iepexo/ja Mpolecca U3 COCTOSIHUS X, B COCTOSIHHE X,, IOAMHOXe-
cTBa Y.

Cucrema muddepeHMaNbHbIX YPaBHEHUH U1 ONpEAEeNeHUs 3aKOHA pac-
NpeaesieHusl BpeMeHU 1 UMEET BUJ

Ppolt)==2opo(t).

pi(t) =21y (t)+ 2o po(t), (4.16)

.
Pn (t) = 7\'nflpnfl(t) :
HauvanpHoe yclioBUe Uil HHTETPUPOBAHUS 3TOH cucTeMbl AuddepeHians-
HBIX YPaBHCHHUIA: pO(O) =0, pl-(O) =0G=12,...,n).
PemnB cucremy muddepennmansHbix ypaBHeHn# (4.16) u Halas BeposT-
HOCTb p,(f), MOXKHO OIIPENENNTh TUIOTHOCTh pacHpeiesieHus CIIydyaiHO! BeJu-

L]
aunet T f(¢)= pn(t).

PaccmoTpuM YacTHBIN caydaid, KOTAa mporece OMyXIaHUS 10 COCTOSHHSIM
MPOCTEHIINH, TOrAa BCe MHTEHCUBHOCTH A; TIOTOKOB SIBJISIFOTCSI TIOCTOSIHHBIMU
BEJIMYMHAMH.

3nech ciy4aiiHas BelMuMHA T — BpeMs MpeOBbIBaHKS B TPAH3UTUBHOM IOJI-
MHOKECTBE COCTOSHUM Y — SBJIAETCS CyMMOM CIIydallHBIX BEJIWYMH T;, PacHpe-
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JIEJICHHBIX TI0 MTOKa3aTeIhbHOMY 3aKOHY C mapaMeTpaMu A;. OYeBHIHO, 3aKOH
pacupeneneHus ciaydyaiiHOM BeJMYMHbI 1 — KOMIIO3ULMS [I0KA3aTEIbHbIX 3aKO-
HOB pacIpelelieHHs] C TapaMeTpaMu A;, CIEIOBAaTENbHO, ABIsETCS 0000IIeH-
HBIM 3aKoHOM Dpinanra. [Topsmok 3akoHa DpiaHra onpenensieTcs KOIHIeCTBOM
cocTosiHUi ToaMHOXkecTBa Y. [l n-1 cOCTOSHMI MOAMHOXKECTBa Y HMeeM
00001IeHHBIN 3aK0H Dpianra (n-1)-ro nopsiaka f*,.1(¢).

Jlyiss paccMaTpUBAaEMOro 4acTHOI'O Cllydasi, TAKMM 00pa3oM, 3aKOH pacrpe-
JIeJICHMs] CIly4ailHOM BeJMYMHbI I MOXKHO HAWTH, HE MHTEIPUPYsS CUCTEMY
ypaBHeHui (4.16).

OTMETHUM TO BaXXHOE JUTA MPAKTUKU O0OCTOSITEIBCTBO, O KOTOPOM peub IIlIa
panbuie. OHO COCTOUT B TOM, YTO €CJIM TPAH3UTHBHOE MOJMHOMKECTBO COCTOS-
Hui Y NpencTaBuTh B BHMIE OJHOTO OOOOIIEHHOro cocrosHus X (puc. 12),

BpeMms IpeObIBaHus B 7 KOTOPOM OII-

An-
Ijxn N =] L %, penensercs 3aKoHOM DpJjaHra, TO
| | | MpOLECC, MPOTEKAIOMIMN B 5TOM Mpe-
Pae. 12 00pa30BaHHOM MHOKECTBE COCTOS-

auid X = {xo, X, X,}, OyJeT yxe He
MapKOBCKHM, a IIPOIIECCOM C OTPAaHIMYCHHEBIM ITOCIICICHCTBHEM.

CrpaseinBo o0patHOe yTBepxkaeHue. Ecinu nMeeM mpoiece ¢ orpaHuyeH-
HBIM  [OCJIEACHCTBUEM, COCTOSHHS KOTOPOTO  COCTaBJISIET MHOXKECTBO
X = {X9, X, X,}, TO JaHHBIA TPOIECC C OTPAHUYEHHBIM IIOCIEAECHCTBHEM
MOJKHO TPEJICTABUTH B BUJIE MAapPKOBCKOTO CIy4aifHOTO MpoIlecca ¢ MHOMXECT-
BOM cOCTOSIHMI X = {xq, X[, ..., X,.1, X,} TYTeM BBEACHHs [OMOIHUTEIBHBIX CO-
crosaui x; (i = 1, 2, ..., n-1). IIpu 3TOM NPOU3BONEHBIE TIOTOKH TEPEXOIOB
MPOLIECCa U3 COCTOSIHUSI B COCTOSIHUE 3aMEHSIIOTCSI TOTOKaMU DpIiaHra COOTBET-
CTBYIOIIETO MOPAIKA, & COCTOSHUE X NPEICTABISETCS B BUJE TPAH3UTHBHOIO
MHOECTBA COCTOSIHUN Y = {X1, X3, ..., X,.1}. B 3TOM cirygae mporecc ¢ orpanu-

YEHHBIM TOCIIEICHCTBHEM MOXET ObITh OmucaH AudepeHInaIbHbBIMU ypaBHe-
HusiMu (4.16).
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