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O0mas xapakTepuCcTHKA padoThI

AKTYaJbHOCTb TeMbI HcCIeIoBaHusA. B Teopun MaccoBoro obciyxuBaHUs
OCOOCHHBIN HMHTEpPEC BCETAA BBI3BIBAIM CHCTEMBI MAacCOBOTO OOCTYKHBaHUS
(CMO) ¢ Toro wim WMHOTO pOAa OTPAHMYCHHUSMH Ha YIIPABIIONINE MapaMeTphI
cucteMbl. Jlemo B MJaHHOM cCllydae 3aKiI0YacTcss B TOM, UYTO CHCTEMBI C
Pa3ITUYHBIMH OTPAHUYCHNSIMH BECHMa YacTO BOCTPEOOBAHBI IIPU PELICHUH CaMOTo
pa3HOro pojaa NMPUKIAIHBIX 337124 B CaMbIX Pa3JIMYHBIX, IOPOH BecbMa HaJeKO
OTCTOSIIMX JPYr OT Apyra MpeIMeTHbIX oOmacTax. B dactHocTH, K Takum
MpPEJIMETHBIM 00JIaCTSM MOXKHO OTHECTH KaK TPAJAMIHOHHO CBSI3aHHYIO C TEOpHEH
MacCOBOT0 OOCITy)KMBaHUs JIOTHCTHKY, TaK W Takue HHHOBAIMOHHBIE 00JacTH
COBPEMEHHBIX NPWIIOKEHUH, Kak, Hampumep, Teopus Tenerpaduka, Teopus
TEJNICKOMMYHHKALH 1 MHOTHE JPYyTHE.

Cpenu 3a1a4 ¢ OrpaHUUCHHUSAMH BBIICISIETCS KIIAcC 33/1a4 C OTPaHWYCHHSIMH,
HaKJIa[bIBAEMBIMH Ha CpefHee BpeMs NpeOBIBaHMS IIOCTYNUBIICH B CHCTEMY
3aBKM KaK B OUYepeld B OXMAAHMM Hadana OOCITyKHBAaHUS, TaK M B CHCTEME
MacCOBOT0 OOCTY)KMBaHUS B IIEIOM (KaK B OYEpENIH, TaK M MO O0OCITyKUBAaHUEM).
T'oBopst apyrumu cinoBamu, B CMO IaHHOTO THIAa YacTb 3asBOK SIBIISIOTCS Tak
Ha3bIBAEMBIMH «HETEPIICIIUBBIMU» 3asBKaMM, KOTOpBIE, IOJ0XKAAaB HEKOTOPOE
BpeMsi, MOT'YT YHTH 00 U3 o4eper, MO0 U3 CUCTEMBbI, B TOM YHCIIe HAXO/I5Ch Ha
craguu obciyxuBanus [1-2]. Mojenu Takoro THma, OZHAKO, SIBISIFOTCS HaMeHee
M3YYE€HHBIM KJIaCCOM CHCTEM MacCOBOTO 00CTyKuBaHUs cpeau Bcex TunoB CMO.

BcenencTBre BBIIEH3IIOKEHHOTO 3a/a4a MOCTPOSHHSI 3aMKHYTOW M BHYTpPEH-
HE HEMPOTHBOPEYMBON MaTeMaTHYECKOH MOJEIN CHCTEMbI MacCOBOTO OOCITYXkH-
BaHMS C HETEPIICINBBIMI» 3asiBKAMH SIBJISCTCS aKTyaJIbHOM.

Crenenb pa3padoraHHocTH TeMbl. C TOYKH 3pSHUS] MATEMATHKH OCHOBHAsI
3ajlaya M3y4eHUs] TAKOrO pOJia CHCTEM 3aKJrouaercss B cieayromieMm. Jlaxe s
HanOosiee yIOOHBIX ISl UCCIEOBAHKS MOJIeJeldl MAPKOBCKOTO THIIA, B XOJE pac-
4E€TOB MOSIBIIIIOTCS CyMMBI OSCKOHEYHOTO MM KOHEYHOI'O YWCIa CIaracMbIX, HE
CBOIAIIUECA, OAHAKO, K CYMMaM COOTBETCTBYIOIHUX M'COMETPUICCKUX nporpeccm‘/’l.
Takum 00pa3oM, B JAaHHOM CIIydae JUisi PEeLeHUs] TAaKOro poja 3aady MPUXOAUTCS
an6eraTb K l'lpI/I6J'[I/I)KéHHBIM YUCJIICHHBIM CXE€MaM, B KOTOPBIX KaXJas 4HCIIOBaA
XapaKTCpUCTHUKa 3aJla4i PaCCYUTBIBACTCA OTACIIBHO OT JAPYIUX IIPU IMOMOIIH CyM-
MHUPOBAHHA TIEPBBIX HECKOJBKHX CIIara€MbIX COOTBETCTBYIOIIETO KOHCYHOTO WIN
OeckoHeuHOTO psina. [Ipu 3TOM HEBO3MOKHO, KOHEYHO, MOJTYIHUTh 3aMKHYTOE aHa-
JUTAYECKOE PEIICHHUE 3a7ayl, XOTsI MOXKHO, IYCTh M JOCTATOYHO TPy0O, OICHUTH
OCHOBHBIC XapaKTePUCTUKUA CHUCTEMBI MacCOBOTO OOCITY)XKMBaHHUS ITaHHOTO THIIA.
Jis psina MPUKIAAHBIX 3a/1a4 3TOTO BIIOJIHE XBATAaeT, HO MPH ITOM, KaK MPaBUIIO,
He ynaércs OoJiee NETaabHO U3YYUTh MPOIECCHI, MPOTEKAIOINIUE B CUCTEMaX TaKOro
pona. B cOBpeMEHHBIX YCIOBUSAX OTCYTCTBHE 3aMKHYTOTO aHAUTHYCCKOTO pellie-
HHSI, B paMKax KOTOPOI'O BCE OCHOBHBIC YHCJIOBbIE XapaKTEPUCTUKH CHCTEMBbI pac-
CUYHUTHIBAIIMCH OBI ¢ TpeOYEeMO# TOYHOCTHIO M OBUIM OBI TIPU 3TOM CBSI3aHBI IPYT C
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JPYTOM, SIBJISICTCSL 3HAYUTEIBHBIM IPOOCIIOM B TCOPUH MACCOBOTO OOCITYKUBAHHUS,
TMTOHNMAEeMOH KaK MPHUKJIATHAs 00IACTh UCCIICAOBAHIA.

B cBs3u ¢ BBINIEH3IOKEHHBIM, B paborax [1, 2] BmepBeie ObLTa crenaHa
Oonee WM MEHEE YCIIEIIHAs IONBITKAa HOBOTO TOAXOAa K HM3YYCHHIO CHCTEM
MacCcOBOTO 0OCTY)KHBaHUS C OTPAaHHYCHHUSIMH Ha CpelHee BpeMs 3asBKH B OUepeIU
WK B cucTeMe B riestoM. CMBICT 3THUX paboT 3aKirovaeTes B cieayronieM. FiMenHo,
B pabore [1] GBUTO BIIEpPBBIE MPEMIOKEHO HCIONB30BATh U CYMMHPOBAHHS
PSIOB, HEMOJMAIONIMXCS JO JTOTO COBPEMCHHBIM METOAAM aHaju3a, Tak
Ha3piBacMyl (Qynkiuo . Mutrar-Jlepdnepa mnepBoro mopsiaka, XOpOIIO
W3BECTHYIO CICHUAIUCTaM B OO0JIACTH TEOPUHM (PYHKIUU KOMIUICKCHOTO
MEPEMEHHOTO W HHTErpaIbHBIX MpeoOpasoBanuil. [lpu 3ToM ObLTa BHEPBBIC
OCYILICCTBIICHA TIOJHAsS MareMaThdeckas (opMau3alis COOTBETCTBYIOIIHM
00pa3oM TIIOCTAaBICHHOW 3aJadd, BKIIOYas BBIYUCICHHE MEPBBIX M BTOPBIX
MOMEHTOB COOTBETCTBYIOIINX YHCIIOBBIX XapaKTEPHCTUK CHCTEeMBl. B pabotax [1,
2], omHAKO, COAEPKUTCA peIIeHHE 3aadll C OTPaHWYCHHEM Ha CpeJHee BpeMs
JUIIF B TOM CIlydae, KOTJa BCE IIOCTYNAIONINE B CHCTEMY MacCOBOTO
o0cCIy)XUBaHUs TPeOOBAaHMS, MOXXHO HAa3BaTh «HETEPIICIMBBIMID TPEOOBAHUSIMU
(3asBramu). Mexay TeMm, ¢ TOYKHA 3pEHHS BO3MOXKHBIX IIPWIIOKEHUH, Oojee
HHTEPECHOM MPECTABIACTCS ONPEACICHHBIM 00pa3oM paclIMpeHHas MOCTaHOBKA
3a/1a4n.

C TOYKH 3peHHs MPAaKTUKU ObUTO OB BECbMa MHTEPECHO PAacCMOTPETh TaKOH
BapHaHT IIOCTAHOBKM 3aJauyd, B KOTOPOM TaK HAa3bIBACMbBIC «HETCPIICIUBBIC
3asiBKH MOTYT MMOKHIATh OdYepelb JIMIIb TOrJAa, Korja e JUIMHA MPEBBIIIACT
HEKOTOpOe Harepéa 3aJjanHoe (PMKCUPOBAHHOE YHCIOBOE 3HAYCHUE. JTO 3HAUCHUE
B JanbHEHmMX pacuérax Mbel Oyznem oOo3Hauate OykBoit E . Ilocme Toro, xax
nepea TpeOOBaHMEM, HAaXOJSIIIUMCS B OUepeIN Ha OOCIYXHBaHHE, OCTAIOCh E
3asBOK, TpPeOOBAaHMS TIEPECTAIOT TOKUAATH OdYepeab W B IIOOOM ciydae
MOXKHUIAIOTCS Hadajla OOCITY)KHBaHHSA, TO €CThb IEpexXOIiIT W3 pa3psaga
«HETEPICNUBBIX» B Pa3psAl «TEpIENHUBEIX» TpeOoBaHmil. OcoOeHHOE 3HAYCHHUE
UMEEeT TPU OSTOM BO3MOXHOCTh HW3YyUYCHHs IIOBEJICHHS BTOPHIX MOMEHTOB
COOTBETCTBYIOIIUX BEINYHH, Xapakrepusyromux CMO naHHOro THIIa.

BTopbie MOMEHTHI BBIIICYKA3aHHBIX BEJTMYMH [IPU 3TOM SIBIITIOTCS] OJHUMH K3
OCHOBHBIX YHCJOBBIX XapaKTEPUCTHK CHCTEM MacCOBOTO  OOCITy)KHBaHHS
Pa3IMYHBIX THUIOB. MeEXay TeM Hake s OOJNBIIMHCTBA CHCTEM MacCOBOIO
00CITy)KUBaHHsI C TIPOCTEHIINUM BXOISIIHUM IIOTOKOM 3asSBOK M KCIOHCHIIAATbHBIM
BPEMEHEM HX OOCIYXHBAaHUS AaHAJIUTHYCCKHE (OPMYNIBI 3TUX BEIHYHH
OTCYTCTBYIOT B OITyOJMKOBAaHHOW K HACTOSIIEMY BPEMCHU HAy4YHOH JHTEpaType.
IIpr 5TOM MOMEHTHI BBICIIUX MOPSAKOB CPAaBHUTEIBHO XOPOIIO H3YYCHBI JIHIIHh
JUTsl oAHOKaHaIbHBIX Mozesieid CMO pa3znuuHbIX THIOB. UTO ke KacaeTcs CUCTEM
MacCOBOT0 OOCITY)KUBaHHS C OOJBIINM YHCIOM KaHAIOB, TO B OMYOJMKOBAHHON K
HACTOSIIIEMY BpPEMCHHM HAYYHOH JHTEpaType MOXKHO HAWTH JHUIIb (GOPMYIIBI
BTOPBIX MOMEHTOB HEKOTOPBIX UHCIIOBBIX XapaKTCPUCTHK Ui MOJETH C
HEOTpaHMYEHHBIM 00hEMOM HakomUTENS (B pamMkax kinaccudukanuu M. Kennamna
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— mozens M/M/m). Jlnst Gosiee ke CIOXHBIX MOJAENEH 3TH XapaKTepPHUCTHKH
HEU3BECTHBI, HECMOTpA Ha OONbIIOE KOJMYECTBO paboOT, MOCBAIMIEHHBIX
Pa3IMYHBIM NPHUKIIAIHBIM ACIIEKTaM TEOPHH MAaCCOBOTO O00CITyKHBaHU, U3IaHHBIM
3a mocnegHee BpeMs. VzydeHue 3THX XapaKTepHCTHK, OJHAKO, ITO3BOJISET CoeIaTh
PO BeCcbMa HMHTEPECHBIX M 3HAYUMBIX U1 HPAKTHKH BBIBOJOB O PEXKHMax
(YHKIMOHHPOBAaHHS CHUCTEM Takoro poja. Bcé BbleckasaHHOE B MOJHOW Mepe
OTHOCHUTCS M K CHCTEMaM MacCOBOTO OOCIY)KUBAaHHS C OTPAaHHYCHHBIM CPEIHUM
BpEMEHEM IpeObIBaHUs 3asBKU B OUEpPEIU B OXKHMJAHUH Hadasla 00CITyKMBaHHSL.

Lean nanHoi padoThI 3aKIOYacTC B pa3pabOTKEe aHATMTUYCCKON M MMHU-
TallMOHHON MOJeJNel ISl U3y4YEeHHsI CBOMCTB M XapaKTEPUCTUK CUCTEM MacCOBOIO
00CITy)KMBaHUsI C OTPaHUYCHHBIM CPEJIHUM BPEMCHEM IPCObIBAHUS 3aSBKH B OYe-
penu Ha oOCITy)XHBaHHE B TOM CIIydae, KOTZIa B CHCTEME IMPUCYTCTBYIOT KaK «HE-
TEPIENUBBIEY, TAK U «TEPIIECTUBBIC) 3asBKH.

Jlnst foCTHYKEHHS TOCTABICHHOW LIENIH B TUCCEPTALMOHHOM paboTe pemanT-
Csl CIIEAYIOIIHE 3a/]aUn:

1. IocTpoeHre U aHAIU3 MaTeMaTHYECKOH MOJIETH CHCTEMbI MacCOBOTO
OGCJ’Iy)KI/IBaHI/ISI C OFpaHI/I‘IeHHI)IM Cpe}lHI/IM BpCMeHeM Hpe6I)IBaHI/IH 3as4BKH B 04YC-
penu Ha OOCITy)KHBaHHE B TOM CiydYae, KOrJla B CHCTEME IPHUCYTCTBYIOT 3asBKU
)IByX THUIIOB.

2. [TocTpoeHre UMUTAIIMOHHOW MOJENTH CUCTEMBI MacCOBOTO OOCTYXKH-
BaHUA yKaSaHHOI‘O TUIAa OJIA I/I3y‘-IeHI/I$[ q)yHKHI/IOHI/IpOBaHI/ISI CUCTEM TaAKOIo pona
Ha HeCTaHI/IOHapHI)IX yqaCTKax TpaeKTOpI/Iﬁ X OCHOBHBIX YHCIIOBBIX XapaKTepI/I-
CTUK.

Hayunasi HOBM3HA WCCIICIOBAaHWMA, NPEACTABICHHBIX B JUCCEPTAIIMOHHOM
pabote, 3aKIII0YACTCS B CICAYIOMIEM:

1. TpemroxeHa MaTeMaTHYeCKasi MOJIENb OTKPHITON MHOTOKaHAJIHHOH CHC-
TEMBI MaCCOBOTO OOCITY)KHBaHUS C OTPAaHUYCHHBIM CPEIHUM BpEeMEHEeM IMpeObiBa-
HU 3ad4BKHA B O4YE€pE€AN Ha O6CJ'ly)KI/IBaHI/Ie. OCHOBHBIM OTJIIMYHUEM OT HU3YYCHHBIX
paHee Mojeneil CHCTeM TaKOro pojia SIBISIETCS] BIEPBbIE BBEIEHHOE JOMYIICHHE,
3aKIIFOYAOIEECS] B TOM, YTO TaK HAa3bIBACMBIC «HETCPIICIUBBIC» 3aABKH MOTYT I10-
KUaaTb O4€pEaAb JIMIIb TOrJa, KOTAa YMUCJIO 3adBOK B OUYEPCIN MPEBBIITACT HEKOTO-
poe Hamnepén 3aganHoe GUKCUPOBaHHOE 3HaUeHHe E .

2. TlonydeHBl aHAIUTHYECKUE BHIPAKEHUS IS IEPBBIX U BTOPBIX MOMEHTOB
OCHOBHBIX JIUCKPETHBIX W HETIPEPHIBHBIX BEIUYNH, XapaKTEPUIYIONIUX CHCTEMEI C
ouepensmu. K TakuM BeMYMHAM OTHOCSTCS KOJHYECTBO 3aHSATHIX KaHAJIOB 00-
CIIy’)KUBaHUsI B OOCIYKHBAIOIIEM MHOTOKAHAJTbHOM YCTPOICTBE, KOJMYCSCTBO 3asi-
BOK, HAXOJISIIUXCS B OYCPEAH B OXKHJAHUH Havaja OOCITY>KUBAHHS, BPEMs HAXOXK-
JICHHSL OJTHOTO TPeOOBAHUS B OUYEPE/IU, A TAKKE MOJTHOE YHCIIO 3aBOK B CUCTEME U
MOJTHOE BpeMsI MPeObIBaHUS TPEOOBAHMI B CHCTEME B 11EJIOM (KakK B OYepeIH, TaK u
o1 00CITyKUBAHUEM).
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3. IocTpoeHa WMHTAaLMOHHAs CTPYKTypHas MOJENb OTKPBITOH MHOTOKa-
HaJIbHOM CHCTEMBI MacCOBOTO OOCITYKHBAaHHUS C OTPAaHUYCHHBIM CPEIHUM BpeMe-
HEM OXKHMJAHUS 3asBKH B OYEepeId Ha OOCITyKMBAaHHE B TOM CIIydae, €CJIM YHUCIIO
3afBOK B OYEpEIH MPEBBIIIAET HEKOTOPOE 3aJaHHOE 3HaUeHue E , muist mccienosa-
HUS TTOBEICHUH CHCTEM TAaKOTO pOJa Ha HECTAllMOHAPHBIX YYacTKaX TPAEKTOPHH
MX OCHOBHBIX YHCIIOBBIX XapPaKTEPUCTHK.

Teopernueckasi U mMpaKkTHYecKasi 3HAYUMOCTH PadoThl. PaspaboranHas
MOJIETIb U TOJYyYEHHbIE B JUCCEPTALMOHHON paboTe GOpMyibl Uil BBIYUCICHHS
BEPOATHOCTHBIX M YHCIOBBIX XapakTepuctuk CMO, mpenHasHadeHbl Ui paspa-
OOTKM W pelIeHNs] MHOTOYHCIICHHBIX 3a/lad B Pa3IMYHBIX NMPEAMETHBIX 00JacTsX,
MMEIOIINX OTHOIICHHE K ONTHMAJIbHOMY YIPABJICHUIO CUCTEMaMU MacCOBOTO 00-
CITy’KMBAHUS C OTPAaHWYEHHBIM CPEJIHIM BPEMEHEM NPEObIBaHMS 3asIBKH B OUEpean
Ha oOcmyxwuBaHue. [1o100HBIE MaTeMaTHYECKHE MOJENHN TO3BOJIAIOT IO H3BECT-
HBIM 3HAYCHUSIM HHTEHCHBHOCTH BXOZHOTO MOTOKA 3asBOK PACCUNUTATh pas3IHIHbIC
HapaMeTpsl, XapaKTepU3yOIHe NMPOU3BOAUTENLHOCT CUCTEMBI, & TAKXKE B Kax-
JIOM KOHKPETHOM CITydae MCCIIEA0BaTh X MMOBEACHUE IPY M3MEHEHUH HAarpy3KH Ha
CHCTEMY CO CTOPOHBI BXOJTHOTO ITOTOKA.

PesynpTatel AuccepTalMoOHHON paGOTHl OBLIM MCIIOIB30BAHbBI AJIS HAWIyd-
el opraHu3aIy 00CITyKMBAHUS KIMEHTOB B CETH CaJOHOB PO3HUYHOM TOPTOBIH
koMmnanuu «RBT.ru». Maremarudeckass MOzielb, IPEJICTaBICHHAs B JuUccepTalU-
OHHOHM paboTe, MO3BOJISET JOCTATOYHO TMOKO OMUCAaTh OOBEKTHI OA00HOTO poja,
MOCKOJIbKY B HEH yYUTBIBAETCS TOT (DAKT, YTO MPU JUINTEIBHOM OKUJAHUH B OYe-
penu 4acTh MOTEHIMAJIbHBIX KIMEHTOB MOXET MOKHHYTh MECTO TOPTOBJIH, HE JO-
KHUJasCh Havdaia oociyxuBaHus. [IpuHATEIE B COOTBETCTBUY C YKa3aHHBIMH PEKO-
MEHIALUUsIMHA Mephl MO3BOJIMIIM COKPAaTHTh (DMHAHCOBBIE W3JIEPKKH KOMIIAHHH,
BBI3BAHHBIC HEONPABJAHHBIM YMEHBIIEHHEM KOJIMYECTBa KIMEHTOB IIPH BO3pacTa-
HHUH Harpy3KH CO CTOPOHBI BXOJJHOTO TIOTOKaA.

MeTonoJiorusi 1 MeTOABI HcCCJeA0BaHUs. B nuccepranmoHHOi padote
MIPUMEHSIOTCS METOJ0JIOTHA X METOIBI TEOPHH MacCOBOTO 0OCTYKMBaHUS, TEOPUHU
BEPOSITHOCTEH, TEOPUM MAapKOBCKUX CIIy4alHBIX IIPOLECCOB, MaTEeMaTHYECKOMN
Teopuu TeseTpaduka.

IToJ10:keHNsA, BHIHOCUMBIE HA 3ALIUTY.

1. OCHOBHBIE BEPOSITHOCTHBIE XapPAKTEPUCTUKHU paccMarpuBaemoir CMO,
B TOM YHCII€ BEPOSTHOCTH CTALMOHAPHBIX COCTOSIHUM CHCTEMBI, BEPOSTHOCTh €€
TIOJTHOTO TIPOCTOSI U BEPOSITHOCTH OJKUJIAHMS 3asIBKOI Hauasia 00CIy )KUBaHHUSI.

2. AHaTUTHYECKUE BBIPAXKEHUS JUIsl IEPBBIX U BTOPHIX MOMEHTOB OCHOB-
HBIX JUCKPETHBIX M HEMPEPHIBHBIX BEJIMYMH, XapaKTEPU3YIOLUIUX CUCTEMBI C O4e-
peasiMu.

3. MmuranmonHas Mo/iesib OTKPHITOW MHOTOKaHAJIBHOW CHCTEMBI MacCo-

BOIo O6CIIy)KI/IBaHI/Iﬂ C OTpaHUYCHHBIM CPCIHUM BPEMCHEM OXHWAAHUA 3aABKH B
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ouepeny Ha OOCITy)KMBaHHE B TOM CIydae, €CIHM YHUCIIO 3asBOK B OYepeIU NPEBHI-
IIaeT HEKOTOPOE 3aaHHOE 3HaueHne E .

4, Kommnieke mporpaMM B HMHCTPYMEHTAIBHOW Cpele MMHUTAIHOHHOTO
moxemupoBanus GPSS World mis u3ydenus HecTanmOHapHBIX PEXUMOB (DYHK-
[IMOHUPOBAHUS PACCMATPUBACMBIX CHCTEM MAacCOBOTO OOCITY)KMBAaHHUS U IOBeJe-
HHS HX OCHOBHBIX XapaKTePUCTHK BO BPEMEHHU.

CreneHb [0CTOBEPHOCTM M anpodauus pe3yJbTaToB. J[OCTOBEpHOCTH
pe3yJbTaTOB, MOJYYEHHBIX B JUCCEPTAllMH, CIEAYET U3 MPUMEHSEMBIX CTPOTHX
MaTEMAaTHYECKUX METOJOB TCOPHHM  MAacCOBOTO  OOCIY)KUBaHUS, TCOPHH
BEPOSATHOCTEH, TEOPUHM MAPKOBCKUX CIIy4ailHbIX MPOLIECCOB M MaTeMaTH4YECKOMH
TEOpUH TeJeTpa(uKa, CTPOTOCTHIO MPOBEIACHUS MAaTEMAaTHYCCKUX BBIKIAOK MU
mpeoOpa3oBaHUl, a TakXKe CpaBHCHHEM C pe3ylbTaTaMH WMUTAIMOHHOTO
MOJAEIUPOBAHUS COOTBETCTBYIOLIUX MIPOLIECCOB.

OCHOBHBIE Pe3yJIbTaThl AUCCEPTAIMH JOKJIAIBIBAINCH HA CIEAYIONINX Hayd-
HBIX KOH(EPCHIUIX:

1. XXIX Mexnynaponnas HaydHast KoH(epeHus «MaTeMaTHIecKue MeTo-
JIbI B TEXHHUKE U TexHonorusix MMTT-29», Caparos, 2016;

2. | MexayHaponHas Hay4HO-nipakTHdeckas koHgepeHuus «IIpodiaemsl
pa3BUTHA COBpEMEHHOU Haykm», [lepmsp; 2016;

3. IX MexnyHapoHasi HayqyHO-TIpakTuueckas koHpepeHuus «CoBpeMeHHOe
COCTOSIHHE W TEPCIEKTHBBI WHHOBAI[MOHHOTO pa3BUTUs Hedrexumumn», HinkHe-
KaMck, 2016;

4. XXX MexayHnaponHas HaydHas KoH(epeHnus «MaTeMaTHIeCKHue METo-
IieI B TexHuKe U TexHonorussx MMTT-30», Cankt-IletepOypr, 2017;

5. MexnyHapoHas HaydHO-TIpakTHdeckast koHdepeHuns «TenaeHunu pas-
BUTUS JIOTUCTUKU U YIPABJIEHUS LETIAMHU MTOCTaBOK», Kazanb, 2017;

6. MexnyHaponHas HaydHO-TIpakTHUeckas KoH¢pepeHuus «HoBas Hayka:
UCTOpHS CTaHOBJIEHHS, COBPEMEHHOE COCTOSHHE, NEPCIIEKTUBBI pa3BUTHs», CTep-
nuaramak, 2018.

CTpykrypa u 00béM padoThl. [JuccepTaniionHast paboTa COCTOUT U3 BBEJE-
HUSLYETHIPEX TJIaB, 3aKIIOYCHUS], BKIIIOYAIOIIEr0 WTOTH JIaHHOTO HCCIIE0BaHUS,
PEKOMEH/IAIMHU | MIEPCIIEKTUBBI JlallbHEHIIIeH pa3pab0oTKy TEMBI, CIIMCKA UCTIONB30-
BAaHHOW JMTEepaTypsl W NpuioxeHus. Jluccepranus Hamewarana B 1,5 MeXCTpod-
HBIX MHTEpBala, MoJHbI 006&M 134 crpanuusl, Bkiodas 64 pucynka u 1 Tabmu-
1y. bubnmorpaduyaeckuii cimcok cocTout u3 92 IUTEpaTypHBIX HCTOYHHKOB.



OcHoBHOe cogep:kaHHe padoThI

BBeaenue BKIIOYaeT B ce0s aKTyallbHOCTh TEMbI MCCIICIOBAHUS; CTCIICHb &
pa3pabOTaHHOCTH; LENH W 3aJa4yd IUCCEPTALMOHHOTO HCCIICNOBAHMS, HAYYHYIO
HOBH3HY; TEOPETHYECKYIO ¥ NMPAKTHYECKYIO 3HAYMMOCTh PabOThl; METOJOJIOTHIO U
METOMBI HCCIICIOBAHUS; MOJOXKEHHs, BBIHOCHMBIC Ha 3alIHTY; CTCICHb JOCTOBEP-
HOCTH 1 anpoOanuio pe3yabTaToB PabOTHI.

IlepBas rjaBa MOCBSIIEHA H3YYCHHUIO BEPOSTHOCTHBIX XapaKTEPUCTHUK
CHCTEM MAacCOBOTO OOCITYXHBaHUSI C OrpPaHMYCHHBIM CpPEIHHM BpEMEHEM
npeObIBaHUS 3asBKH B OYEPEIH.

B naparpage 1.1 ocyiiecTBiieHa ITOCTaHOBKA 3afa4yd AJsl Ooyiee MPOCTOro
cilydas OJHOKAHAJIBHOH CHCTEMBI MaccoBOro oOcmyxuBaHus. [lomydeHsr
3amucaHHble npu nomomn ¢yHkuu . Mutrar-Jlebdpepa mepsoro mopsiaka
AQHATMTHYECKHE BBIPAKCHHS  JUIS BEPOSATHOCTEH CTAI[MOHAPHBIX COCTOSHMH
CHCTEMBI M BEPOSITHOCTH €€ MOJHOTO MPOCTOSA, B TOM ClIydae, KOTAa TpeOOBaHUs B
CHCTEME OTCYTCTBYIOT.

B maparpade 1.2 ocymectBieHa oOmas IOCTaHOBKA 3aJadd I
MHOTOJINHENHOU (MHOTOKaHAJIBHOM) CHCTEMBI COOTBETCTBYIOIIETO THIIA.
Ilomydensr oOmme  BeIpaKEHHS 1T COOTBETCTBYIOIIMX  BEPOATHOCTEH
CTAaIlMOHAPHBIX COCTOSHUIN CHCTEMBI, KOTOPBIE UMEIOT BU]
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— ¢yskuus I'. Mutrar—Jleddaepa nepBoro mopsinka. B aTux BbIpakeHHAX p -

nprBeAEHHAS WHTCHCUBHOCTH MOTOKA 3asBOK (TpeOOBaHMIl), MOCTYMAIOMINX B CHC-
TeMy, KOTOpasi TIOKa3bIBAET, CKOIBKO TPEOOBAHMH B CPEAHEM MOCTYIMIO B CHCTE-
MY MaccOBOTO OOCITy’>KMBaHHMS 3a CpeHEE BPeMs 0OCITyKUBAHUS CHCTEMOH OJHON
3afBKHM, M - YHCIO OOCIYKHBAIOUIMX KaHAJIOB B MHOTOKAHAJIBHOM YCTPOMCTBE.
[Tapametp B mpu 3TOM IpeacTaBiIAeT COOO0H MPHUBEAEHHYIO HHTEHCHBHOCTD yX0/1a

«HETEPIENUBBIX)» 3afBOK M3 OYEPEnH, TO eCTh IMOKAa3BIBAET, CKOJIBKO B CPEIHEM
3asiBOK IMOKHIAET Odepens HEOOCIYXCHHBIMH 3a CpeIHee BpeMs OOCIyKHBaHUS
CHCTEMOU OJNHON 3asBKU. Benmuuumna o.=p /B, OYEBHAHO, MOKA3LIBAET, KAKOE

CpeHEee YHCJIO 3asiBOK IOCTYIAET B CHCTEMY 3a CpelHee BpeMs IpeObIBaHHSA B
ouepeny OJHOW «HETepHeTnBOi» 3asBKHU. [loka3aHo, YTO B MpENENBbHOM Cilydae,
KOT/Ia YHCJI0O KaHAJIOB B OOCITY>KHBAIOIIEM MHOTOKAHAJIFHOM YCTPOMCTBE PaBHO
€IMHMIIE, 3TH BBIPAXKCHHS CBOAATCS K IIOJIyYSHHBIM BbIIIe B ITaparpade 1.

B maparpade 1.3 momryueHo aHATUTHYECKOE BBIPaKCHUE IS BAYKHEUTIICH Be-
POSITHOCTHOH XapaKTEPUCTUKU CHUCTEMBI C OKHIAHWEM — BEPOSTHOCTH OKHIAHMS
Hayana 0OCJIy)XMBaHUS MOCTYNHUBIICH B CHCTEMY 3asBKOH, TO €CTh BEPOSTHOCTD,
TOTO, YTO MOTYNHBIIEE B CHCTEMY TpeOOBaHME HAWAET Bce KaHaJbl 00CTY)KUBAHHMS
3aHATBIMU!

om0 o O (2] (2 2 r( )y

m
Tae Poocuod (O):(m—ril_)l—(r:g—p) - M3BECTHAs BEPOATHOCTH OXKMJAHHUA OOCIyKHBa-

HUS 3asBKOM Kiaccuueckod Mozaean M/M/m. TToka3zaHo, 4TO MPU MajibIX 3HAYEHH-
SX TmapaMeTpa [, TO eCTh KOTJIa YHCIIO «HETepIIENMBBIX» 3asIBOK MAll0, BEPOST-
HOCTB O’KHJIaHUS BEAET ceOsl Kak

Poseuo (B)= Poocuo (0) 1—(%)E (m _pp)z - p(fnm_+p2)f )B it

31ech xKe N3ydeHO MOBEACHUE ITOH BEIHMYMHBI B HEKOTOPBIX APYTHX MPEIEITbHBIX
CiTydasix, He0OXOIUMBIX JJIS JalbHEHIINX PacuéToB.

Bropas riiaBa mocBsiieHa N3y4EHUIO OCHOBHBIX YMCIIOBBIX XapaKTEPUCTUK
JIICKPETHBIX BEJIWYMH, XapaKTepPH3YIOIIMX MPOLECCH, NPOTEKAIONIIe B CUCTEMax
MacCOBOr'0 00CITy )KHBaHHSI.

B mnaparpage 2.1 mnosydeHsl oOuIye BBIP@KEHHS AJsL CPEIHETO 3HAYCHUS
(MaTeMaTH4YeCKOro OXKMUIAAHUS) YUCIIa 3aHATHIX KaHaJIOB

M =p—(M=p)[ Poreuo(0)— Pomeuo ]
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COOTBETCTBEHHO  Juisi  KO3((uuueHTa  3arpy3kd  CHCTEMBI ~ MaccOBOTO
obcmyxuBaHusa. B 3TOM ke maparpade MoiTydeHBl aHATUTHYECKHE BBIPAKCHMS,
OIIMCHIBAIOIINE BTOPOH MOMEHT (IMCIIEPCHIO) YMCIIa 3aHSITHIX KAHAJIOB B CHCTEME
JAHHOTO THIIA!

cfl’zn =p—p pODiCu()_(m_m) (p—m) .

B maparpade 2.2 BpIUmCcIeHO cpemHero ymcia TpeOOBaHUMN, OAHOBPEMEHHO
HAaXOIIIUXCSA B OYEpPeAU B OXUAAHWHM Hadana oOCIy)KHUBaHUS (CpeNHssA JIMHA
ouepen),

=2 Poxo®) 1 (217 (10 ) 50 oo

KOTOpast SBISIETCSI ONHOM W3 BAaXHEHIINX XapaKTEPUCTHK CHUCTEM MacCOBOTO
o0CIyXMBaHHA C OXHIaHUEM. Taxke B 3TOM maparpade coAep KUTCs MOTOOHBIH
BBIBOJL (OPMYJ COOTBETCTBYIOIETO BTOPOrO MOMEHTAa 4HCJIAa TpPeOOBaHWH,
HaXOASIIUXCS B OYEpPEIH B OKMIAHWHM Hadajga oOCITy)KMBaHUS, O0IIee BHIPAKEHHE
KOTOPOTO UMEET BU

of =—p(‘r’;ﬁd)§°) m+p—[%jE[m+p+E(m—p)] +
P Posaio [—S(m—P)i (1_ mlipﬁj_iz'

B maparpade 2.3 momydeHBI CTATUCTHYECKHE XapaKTEPUCTHUKU UIA OOIIEro
gucia TpeOOBaHWA, OJHOBPEMEHHO HAXOMISIIUXCSI B CHCTEME MacCOBOTO
obcmy)KuBaHusl JaHHOTO THMAa. TO €CcTh HaWJeHO, BO-TIEPBBIX, CPEIHEE YHCIIO
TpeboBaHWH, OJHOBPEMEHHO HAXOSAIIUXCS B CHCTEME B 1IEJIOM

E
k= p+Ma(0) 1{2) +
m—p m

J{% (m-p)-E }[ Poseio ()= Poeuo 1.

U BO-BTOPBIX, JWCIEpCHsl OOWIEro 4Yucia 3asBOK, HAXOIAIIUXCS B
paccmatpuBaemoit CMO
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