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Ob6mias xapakTepucTuKa paboThl

AxryanpHOCTh TeMbl. B HacTosImee BpeMs B CBA3W C PAa3BUTUEM IPOIEC-
COB I/IH(i)OpMaTI/I:SaHI/II/I, I/IH(i)OpMaHI/IOHHO—BbI‘—II/ICJ'II/ITeIH)HbIX cucreMm, cucrem CBA3N
¥ TIepe/Iavu JAHHBIX AKTYATbHBIMU CTAHOBSTCS CETEBbIE MOJIEN, TAK HA3bIBAEMbIE
CeTH MAaCcCOBOTO OOC/IYKUBAaHUs, KOTOPBIE SIBASIOTCS 0000IIEHNEM CHUCTEM MaCCO-
BOIO O0CJIy KVUBAHWUSI.

B kagecTtBe moKazareneit 3¢ dekTUBHOCTH (DYHKIMOHUPOBAHUS CUCTEMBI 00-
CIIy’KUBAaHUSA, T. €. CTEIEHU TPUCIIOCOOIEHHOCTH K BBIMOTHEHUIO 337349, /s KO-
TOPBIX OHA CO3/aHA, Yalle BCEr0 UCIOJIb3YIOTCs MAaTEeMaTUYeCKUe 0XKUIJAHUs CTa-
IMOHAPHOTO CYMMAapHOTO YHCIAa TPEOOBAHUI B CHCTEME, CTAITMOHAPHOTO BPEMEHU
npeObIBaHus TpeOOBaHMS, CTAMMOHAPHOTO BPEMEHM OYKUIAHUS, [IEPUOIA 3AHSITO-
CTH M CBODOJIHOTO TIEPUOIA.

TpeGoBaHus K HOBBILIEHUIO KadecTBa o6cayxkuBanus (QoS) mukTyorcs mo-
TPeOHOCTHIO B HAJEKHBIX CHCTEMAX OOC/IYKUBAHUS C BBICOKON yCTOMYMBOCTBHIO K
c6osim. M3BecrabiM npumepom siBisiercst cooit B cern AT&T B 1990 roay, korga Ha
HPOTSIKEHUH ) 9aCOB CeTh ObLIA HeJ0CTYIHA Gosbieil acty 3xanuit Heo-Mopxa,
9TO HPUBEIO K OOMBIKAM (DUHAHCOBBIM ITOTEPSIM.

CywuiecTByer MHOIO METO/IOB UCCJIE0BAHNS XaDAKTEPUCTUK COBPEMEHHBIX KOM-
MYHUKAIIMOHHBIX cucTeM u cereil. OHA BKIIOYAIOT AaHATUTUYIECKAE U YUCIeHHBIE
METO/Ibl U MIPUMEHSIOTCS B OCHOBHOM J1JIsI TIPOCTHIX CHCTEM C HE3aBACHMBIMU JTAH-
#eiMu. JIpyroit moaxos - 3TO METOAbl MMUTAMOHHOIO MOIE/IMPOBAHUS, CAMBIM
W3BECTHBIM CPeIN KOTOPBIX siBasercs meroq Monre-Kapio.

Lenb10 IMUTATIMOHHOTO MOJIETMPOBAHUSA CUCTEM (CeTeil) 00CIy KUBAHUST OOBIT-
HO ABJIAETCHA ITOCTPOEHME OLIEHKN HEKOTOPHIX CTAMOHAPHBIX WUJIN TIEPEXOAHBIX Xa-
PAKTEPUCTHK, OT KOTOPBIX 3aBHCAT KAIeCTBO CUCTEMBI (CETH) C TOYKH 3DEHUH
nonb30oBaTess. [IpumepamMu Takux XapaKTEPUCTUK SBJSIOTCS CTAI[MOHAPHOE Bpe-
MeA 0KUAaHUA 3adBOK B O4Yepeau, BEPOATHOCTH 1IOTEPU 3adBOK IIPDU IIEPErpy3kKe
Oydepa TpeboBaumii, BEPOSTHOCTH MIPEBBINIEHNsT MHTEPBAIA OKUIAHNS 3asiBKU B
oYepes, BEPOSTHOCTH TepenosHenns: Oydepa /10 TOro, KAk CHCTEMa CTAHET IIy-
ctoii m .. IIpm 3TOM OLIEHWBAEMBIE XaPAKTEPUCTUKHU O9€Hb MaJIbl (OpsiIKa 1077
W HUXKE), CJIeZ0BATENBHO mpuMmeHenne meroma Monrre-Kapno Tpebyer commkom
MHOTO BPEMEHU Jjisi MOy YeHNsl Pe3yIbTaTa C BBICOKOM TOYHOCTHIO.

ITosromy axkryanbHON 3ajaqeil siBjsieTcst pa3pabOTKa MeTOHO0B YCKOPEHHOIO
WMHUTAITMOHHOTO MOJETUPOBAHUS /sl OIEHUBAHUS BEPOSTHOCTEH DPETKUX COOBI-
tuii. OCHOBHAS M/iest 3aK/II0YAETCS B M3MEHEHUN CTATUCTUIECKOTO MTOBEIEHUST UC-
XOJIHOTO TIPOIECCa Tak, 9To6bI pegkoe cobbiTme ctaso 0osee BeposTabiM. Cymie-
CTBYET IBa OCHOBHBIX TTOIXOMA!

1. RESTART/memod pacujensenus: BBOOUTCS IIOCJIEN0BATENHHOCTD BJIOXKEH-
HBIX MOAMHOYKECTE MHOXKECTBA COCTOSHHH ITPOIECCa W yPOBHH, ¢ KOTOPBIX
JOCTUKEHUE PEJIKOIN0 MHOYXKECTBa CTaHOBMTCH 6GoJiee BeposiTHbiM. Ilpu 10-
CTUXKEHUHN KaxKI0TrO0 ypOBHH HpOI/ICXOI[I/IT 3aHyCK Cpa3y HECKOJIbKUX KOHI/Iﬁ
IpoIecca.



2. Memod cywecmeennoti 6b160pKU: 32 CIET M3MEHEHUs] BEPOSITHOCTHONW MEPHI
penkoe coObITHE CTAHOBUTCS H0OJI€€ BEPOSITHBIM.

Crnenyer OTMETUTH, 9TO HECMOTPs HA OOJIBIION WHTEPEC K METO/IaM, OCHOBAH-
apiM Ha BerBnenmm mpomecca (RESTART, meronm pacmernnienust), B HACTOSIIEE
BpeMda BOIIPOC O CTATUCTUYECKUX CcBOMICTBAX OOEHOK OCTaeTCd B 3HAYUTEJILHOM
CTemeHN OTKPBITHIM. VI3BECTHO, UTO OIIEHKA BEPOSITHOCTHU TEPENOTHEHHS Odepe-
JIU TIPU WCMOJIb30BAHUN METOA PACIIEIIEHUS /It MAPKOBCKUX CHCTEM SIBSIETCS
necmemennoit. OnHako, TOALKO OrpanudeHHsiii ksiacc cucrem suna M/M/- mo-
JKeT OBITh OMMCAH MapKOBCKHUM mporieccoM. Bostee TOro, cocTosaTeIbHOCTD OIEHKN
¥ JOBEPUTE/IFHOE OIEHWBAHNE Ha OCHOBE METOA PACIIEIIeHUus B O0IIeM CIydae
TOXKE SABJISETCS OTKPBITON m1pobsremoii. VccaenoBanme cOCTOATEIBHOCTH U ACAMII-
TOTUYIECKONW HOPMAJIbHOCTHU OIEHKW JIJIsT QIAIITHBHOTO MHOTOYPOBHEBOTO METOIA
pacmenienus Ob10 numb HegasHo (2005 r.) TPOBEAEHO It HEKOTOPOTO y3KOTO
KJIACCA MAaPKOBCKHX IIPOIECCOB.

B cBe3mu ¢ 3TuM, akTyaabHOU 3a/1adeil ABIAETCS UCCIeI0BAaHUE CTAT. CBOMCTB
OLIEHKU B METOJIe pacuierienus. A TakKe, UCCIEI0BAHUAE TTPUMEHUMOCTH METO/IA
JJ151 HEMAPKOBCKUX IIPOLECCOB 00CIIy KUBAHMUSI.

B mammoi#t paGoTe 0CHOBHOE BHUMAHUE YIAEISIETCS CACTEMaM OOCITYKUBAHUS,
KOTOPBIE XapPAKTEPU3YIOTCSA MYyaCCOHOBCKUM BXOIHBIM MMOTOKOM M ITPOM3BOBHO
pacIpeseseHHON IJINTeIbHOCTBIO 00CIy>KMBAHUS IIPU OJHOM OO0C/IyKHBAIOMIEM
KaHale, a Tak¥Xke cucreMam obmero suga (1. e. cucremam M/G/1, GI/G/1 B cum-
Bosmke Kenmanna), rje mponece ogepenn He ABIsSeTCa MAPKOBCKAM.

OCHOBHBIMI/I MeTOJaMu B AUCCEPTALIUN ABJIAIOTCA METO PEreHEePATUBHOTO MO-
Je/TMPOBAHMS, KOTOPHI MPUMEHNM TAaKKe B CIydae 3aBUCHUMBIX ITUKJIOB PereHe-
paruu, U MeTOJ PACIIEILICHS.

Ilens gucceprammnoHHoii paboThI 3aK/II0YAETCS B PA3PabOTKE METOAA YCKO-
PEHHOTO PEreHepaTUBHOTO MMUTATMOHHOTO Mozenuposanusa (YPUM) u nocrpoe-
HUU Ha €r0 OCHOBE COCTOATEJ/IBHBIX U aCUMIITOTUYIECKHN HOPMaAJIBHBIX OLEHOK BEPO-
STHOCTHU IEPErpy3KN B OJHOKAHAJIBHBIX CHCTEMax oOciayxwuBanus. B pabore pe-
MAIOTCS CJIEIYIONe OCHOBHBIE 33 1a49H.

1. Pacmwmpurh 006s1acTh NpUMEHEHUs] METO/a PACIIeNeHnsi, MoAnduInpoBan
WCXOHBIN aITOPUTM JIJIsi MOJIE/TMPOBAHMUS TIPOIECCa HATPY3KH.

2. TlocrpouTh COCTOATENBHYIO OLEHKY CTAIMOHAPHON BEPOSITHOCTH TIEPErPY3-
KU B OJIHOKAHAJILHOM cucTeme od1ero suaa, merogom ¥ PYIM niis mporeccos
o4Yepes i U Harpy3Ku.

3. O6ocHOBATH ACHMITOTHUYECKYI0 HOPMAJIBHOCTH OIEHKW CTAIMOHAPHON Be-
POSITHOCTHU HEPErpy3KU, & TaK»Ke OLEHKU BEPOsiTHOCTHU IIPEBBINIEHUA 3a/1aH-
HOI'O YPOBHS HA ITUKJIE PEereHepamuu, IOCTPOeHHBbIX MeTomoMm Y PUIM, mia
MIPOITECCOB OYEPeIn M HATPY3KH.

4. VcememoBarh IUCTIEPCHIO ONEHKH TIPH 3aMEHe HEMAPKOBCKOTO TIPOTIECCA 06~
penu B cucreme M/G/1 Ha Bnoxennyio nens Mapkosa.



5. UccnenoBars BiansiHUe 3aBUCUMOCTH [UKJIOB pereneparnuu B meroge ¥ PYIM
HA TOYHOCTH JOBEPUTEIHHOIO OIEHUBAHMS.

Hay4ynast HoBu3Ha paboThl 3aK/II09a€TCA B TOM, YTO [JIsi UCCJIEI0BAHUS
CBOWCTB OIEHKU BEPOATHOCTH MEPErPY3KU B METOJIE PACIIEINJIEHUS BIEPBBIE TIPU-
MeHAeTCA TeOpI/IH peFeHepaHI/II/I.

IIpu mocTpoeHUU OIEHOK BEPOSITHOCTU MEPErpy3Ku B HEMAPKOBCKON CUCTEME
o6cnyxuBanua M /G /1 meTomoM pacmenienns MpuMeHeH METO/T BIIOKEHHOMH IIeTH
Mapxkosa.

ObocHoBaHA COCTOATEIHLHOCTh U ACUMIITOTUYECKAsT HOPMAJIBHOCTD OIEHKH, 0~
JIYYEHHOHN B TPAIUIIMOHHOM METOJe PACIIEIIEHNS, /1JIs PEreHePUPYIOMKUX POIec-
COB.

Pacmupena 06/1acTh NpUMEHEHHs METOA PACIIENJIEHUs Ha CIydail OIeHKH
CTAIMOHAPHONW BEPOSTHOCTU IEPErpy3KH, a TAK¥Ke Jjisd MPOBEIEHUs MOIEIUPO-
BaHUsl MIporecca Harpy3ku. Pa3zpaboraHo nmporpamMMHoe o0ecriedeHue Jijist OLeHU-
BaHUs BEPOATHOCTU TEPErpy3KH Jjisl MPOIECCOB OYEPEear W HArPYy3KH B CUCTE-
max M/M/1, M/G/1, GI/G/1, a Tak e UHTEPBAJIBLHOIO OLEHUBAHUS METOIOM
VYPUM.

IlpakTuyecKyo LEHHOCTh B pPaboTe MPEJCTABIAET MOCTPOEHHAs] DPEreHe-
paTUBHASA MOJIEIb TPAEKTOPUIA MPOIECCa, IMOIYYeHHBIX METOIO0M PACIIEIICHNS, a
TaK>Ke MeTO HOCTpOeHI/IH COCTOATEIbHBIX 1 aCUMTOTUYECKI HOpMaJ’IbeIX OLEHOK
BEPOSITHOCTHU JOCTUYKEHMS BHICOKOI'O YPOBHS Ha IUKJIE DEreHEePAIMHA U CTAIMOHAD-
HOW BEpOSITHOCTHU TIEPErpy3KH [IPU MOJEIUPOBAHUM ITPOIIECCOB 0UYEPEeId U BPEMEeHU
OXKUJTAHWS.

ITosioxkeHusi, BbiIHOCUMBIE Ha 3amuTy. Ha 3a1uTy BEIHOCATCS CIEIYIOIue
[IOJIOXKEHUS .

1. PaspaboraH MeTOJ yCKOPEHHOIO PEreHePaTUBHOIO UMHUTAIMOHHOIO MOIEIH-
posanus (YPUIM).

2. IlocTpoena cocTosiTebHAS OTEHKA CTAIIMOHAPHON BEPOSITHOCTH MTEPErPY3KH,
noJrydaemast merogom Y PIM.

JlokazaHa COCTOATENBHOCTH OIEHOK, IOCTPOEHHBIX MeTomaoM Y PVIM.

4. PaspafoTaH aaropuTM MOCTPOEHUS COCTOITEIHHON OTIEHKH BEPOSITHOCTH I1e-
PErpy3Kd U BEPOATHOCTHU JOCTUYXKEHWS 3aJaHHOTO yPOBHS HA IMKJIE pere-
HEPaMKM POLECCOM OYEPeay U LPOLeccoM Harpy3ku B cucremax M/G/1,
GI/G/1. PazpaboTan KOMILIEKC IPOrPaMM JJIsi TOCTPOEHHS OTIEHOK.

5. TIpe[JioXKeH MeTo/, yMeHbIIEeHHs! JAUCIIEPCUU OLIEHKU /15l IPOLECCA 0Yepe/in
B M/G/1 na ocHoBe BoxeHHON nmenu Mapkosa.

6. Paszpaboran ajaropurm [I0BEPUTEIBHOIO OLUEHWBAHUS CTALMOHAPHON BEpO-
SITHOCTU TI€PErPY3KHA W BEPOSITHOCTH JIOCTUZKEHWs 33/[AHHOTO YPOBHS Ha
LUKJIE C YYETOM 3aBUCUMOCTH IIMKJIOB PEreHepaIuu, 10JIy9eHHbIX METOI0M
YPUM. ITokazano, 4T0 3aBUCUMOCTH [UKJIOB CYIIECTBEHHO BJIMSET HA TOY-
HOCTH JIOBEPUTETLHOIO OIIEHUBAHMSI.



Casa3p paboThl ¢ HayYHBIMHU IIpOorpaMMamMu, Temamu. Pabora noamepxa-
Ha Poccuiickum @onyiom PyHmaMeHTATbHBIX uccaenoBanuii, rpanTsr 04-01-00671,
04-07-90115, 07-07-00088.
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3,4,5,6, 7, 8 u resuce 2 noknamos [9, 10]

Crpykrypa u 06bem paboTsbl.

Iuccepramumonnast paboTa COCTOUT U3 BBEAEHUS, Y€THIPEX TJIAB, 3AK/IIOUCHUS U
crimcka gureparypbl. Obmuit 06bem auccepraruu coctasasger 117 crpanum. Crm-

COK JINTePATypPbl BK/IIOYAET 72 HAUMEHOBAHUS.



Conepxxkxanne paboThI

Bo BBegeHum orparkeHa aKTyaJbHOCTH PAbOTHI, IOCTABIEHA IIETH HCCIE0-
BaHMs, 00OCHOBAHA HOBM3HA PAOOTHI, CHOPMYSIMPOBAHBI TIOJIOXKEHUS, BEIHOCUMBIE
HA 3ALIUTY, IOKA3aHA IPAKTUYeCKas [IEHHOCTH [IO/IYI€HHBIX Pe3y/TbTaTOB.

B nepsoii riiaBe paccMmarpuBaeTcs IpobieMa OleHUBAHUS BEPOSTHOCTH Pe/l-
kux coObiTuil. Tpebyercss mOCTPONTH OLEHKY BEPOSITHOCTH

’y::/I(xGA)f(x)dac:EI(XGA):P(XGA),

rae X - clydaiiHAdg BeJUMHHA C IJIOTHOCTBHIO f (), IPpUHMMAIOMAA 3HAYCHUS U3
muoxkecrsa B, A C E, I(X € A) - unaukarop. Ecimu v & 0, 10 cobuirue {X € A}
HA3bIBAIOT pedkum, a MHOKECTBO A pedkum mHoxcecmeom.

Jaetcst 0630p CyIMIECTBYONUX METOIOB UMUTAIIMOHHOTO MOIETUPOBAHUSI, TIPH-
MEHAEMBIX [1JId OLECHUBAHWUA BepOHTHOCTeﬁ Heperpy3km O4Y€Hb MaJIOTO IIOPsAIKaA.
K HuM oTHOCSATCS METOT KIACCHIECKOTO0 MMATAIIMOHHOTO MozeupoBanns MomrTte-
Kapno (MK), a Tak»Ke COBpEMEHHBIE METOJIBI YCKOPEHH020 MOJEAUDOSAHUA; METOT,
cymecrBennoit Beioopku, RESTART, meron pacmenienns.

IIpu oneHMBAHWE BEPOSATHOCTEH OYE€HB MAJIOro MOpsafKa (Hampumep, 10720 g
Mmenbmie), kaaccmaecknii meron MK cranosurca nesaddexktusen. Onenka 4 cTpo-
urcst B GopMe BBIOOPOYHOIO CPESHEro

N
N 1
F=5 2 I(Xn €A
n=1
l_IoaTOMy7 npu crpemsieann Y — 0 orHOCHTEIBHAS ommbKa OLEHUBAHMSI

o VVar(®) V=P 1
A= =N TR

Takwum 06pa3omM, 9TOOBI JOCTUTHYTH 33JaHHONH TOYHOCTH HPU MAJIbIX 3HAYEHUSX

BEPOSTHOCTH Y TpeOyeTcst OrpOMHBIH pa3mep BoIOOpKH N, M 3HAYUTETHHO BO3PAC-
TaeT BpeMsd MOAE/JIMPOBAHUWA.

Mero cymecTBeHHON BHIDOPKM OCHOBAH HA W€ ClejIaTh PeaKoe codbiTre 60-
JIee BEPOSAITHBIM, T. €. YCKOPUMb MOJIETMPOBAHKE 33 CIeT M3MEHEHNs Mephl (BBIO0Opa
HOBOW IJIOTHOCTH f(m)) Hosast tioraocTs f(x) BBIOMPAETCS C LEJIbI0 MUHUMU3HU-
POBATH JMCIEPCUIO OLIEHKHU.

Db derTUBHOCTD METO/1a HANPSAMYIO 3aBUCHAT OT yJAAYHOTO BBIOOpPA f(:c) Om-
TumanbEbi BRGOD f(2) Bo3MOKken npm m3sectom 7y (torma Var(y) = 0), . e.
KOrJa pemeHne MOXKHO TOJIyYUTh aHAJIUTUYIECKU. 'ZI;J'IH CJIO?KHBIX CUCTEM, I'/le aHa~
JINTUYECKOE PEIIeHUE MOJIYyYUTh HEBO3MOXKHO, MCIOJIb30BAHUE METOIA HE BCErIa
npuBoanT K ymenbmennio aucnepcnn. st wexkoropwx f(z), Var(n(f)) — oo.
B 3TOM CB#3U, MHOT'ZIa BBHITOJHEE BOCIIOJIB30BATHCA CTaHAAPTHBIM METOJ0M MOJIe-
muposarust MK, wem HaliTH "X0pomy0” MI0THOCTh f(:c)



Meron, pacmennenuss u merogq RESTART ssasitorcs merogamum yCKOPEHHO-
0 UMHUTAUOHHOTO MojieinpoBanusi. CyTh 060UX METOIOB COCTOUT B PA3/IE/IEHUN
IPOCTPAHCTBA COCTOSTHUH TIporecca Ha M BJIOYKEHHBIX TOAMHOXKECTB, IPAHUIBI KO-
TOPBIX HA3bIBAT Nopozamy (yposusamu) Li, i € [0, M]. TIpn nocrukennu Heko-
TOPOTO YPOBHS, TPAEKTOPHUS IIPOIECCA PACIIEILISETCS HA HECKOIHKO TPACKTOPHUIi-
nmoToMKOB. Te M3 HUX, KOTOpPhIE JOCTUTHYT CJIEAYIOUIEro yPOBHs, TOXKe Oy/yT pac-
merieHbl. MexX Iy moporaMu TpaeKTOPHUs TMPOIECCa MOIETIUPYETCS CTAHIAPTHBIM
meromom MK. Takmm o6pa3om, mpu yBeIWdeHWM KOJIWYECTBA TPAEKTOPHIl, yBe-
JIMYUBAECTCA MIaHC JOCTU2KEHUA PEAKOro MHOXKECTBA. B (bOpMyJ'Iy OLOEHOK BXOIHUT
MHOYKUTE/h, KOMIIEHCUPYIOIINI NCKYCCTBEHHOE PA3MHOXKEHNE TPAEKTOPHIA.

B merone RESTART Bce TpaekTopun, KpOMe OHOMN, 00PBIBAIOTCS IIPU TIEPECe-
uernn (CBEPXy-BHM3) yPOBHSI, C KOTOPOTO OHM cTapToBau. [Ipeamonaraercs, 9To
BCE TPAEKTODPWH MPOHYMEpPOBaHBL. lanee Momenupyerca TOMbKO oaHa (Kak mpa-
BIJIO TIOC/IEHSASA) TPAEKTOPHUSA, KOTOpad OyJeT PaCIIENIaThCA PH TEPEeCeIeHnn
J1I000T0 yPOBHSI.

B merome pacmernienus TpaeKTOpPUU He OOPBIBAIOTCs, OJIHAKO PACIHIEILTEHIE
BO3MOXKHO TOJIBKO TIPH TI€pecedeHnu Gomee BBICOKUX (M0 CPABHEHWIO C yPOBHEM
crapra) ypoBHEN.

Meron paciiernieansi TPUMEHSIeTCs JTsi OIEHUBAHUS BEPOSTHOCTU TOCTHUKE-
HUsl TIPOIECCOM BBICOKOTO YDPOBHs, 10 Bo3Bpamenus B Hyab. Merogq RESTART
HIpeAHAa3HAYEH J[JId OLUEHUBAHWUA CTaL[I/IOHapHOﬁ BEPOATHOCTHU IIPDEBBINICHUA IIPO-
1eccoM 33JaHHOTO yYPOBHSI.

IIpenmymectsom meroma RESTART u merona pacmenienus aBiasgeTcs CyIie-
CTBEHHOE COKPAIIEHNE BPEMEHH T10JIy Y€HUsi OLIEHKH 110 CpaBHEeHnIo ¢ Merogom MK.
OnHako, CTATHCTHIECKHE CBORCTBA OMEHOK (B MEPBYIO 09€PEb, COCTOATETHHOCTD
M aCUMITOTHYECKAs HOPMATBHOCTD) HEJOCTATOUHO HCCIIETOBAHBL.

Jly1st MAPKOBCKOTO IIPOLECCA JOKA3aHA HECMEIEHHOCTh OneHKu. B obmem ciiy-
qae 3a7ada 000CHOBAHWSI CBONCTB OIEHOK, KaK W 33/i1a9a ONTHMATHLHOTO BHIOODA
MIOPOTOB U KOJMYECTBA PACIIEIIEHHI Ha KayKIOM MOPOTe, OCTAETCsT OTKPBITOMA.

IIpu mozenmpoBaHMM HEMAPKOBCKOIO MPOLECCA, TPAEKTOPHH IIOC/IE PACIIErI-
JIEHWS He SBJISIOTCS HE3ABUCUMBIMHU. JTO MOMKET OBITh NCTOYHUKOM HEYCTONIUBO-
CTHU OTeHKHU. TakKe IpPU JOBEPUTENTHHOM OIEHWBAHWHA HEOOXOIMMO yYeCTb 3aBU-
CUMOCTH MEXKY TPACKTOPUAMU, BOSHUKAOIYIO BCJIEACTBUN PACHIETIJIEHWA.

Bo BTOpOi1 rnaBe gaHbl HEOOXOAWMbBIE OIPEIETEHNUs, CBONCTBA W TEOPEMBI
TEOPUH PEreHePUPYIOIMUX MPoreccoB. OMUCaH METO/T PEreHEPATUBHOTO MOIETUPO-
BaHUA [JI9 TIOCTPOEHUA COCTOATEIBHBIX U aCUMIITOTUYECKN HOPMaAJIBHBIX OLEHOK
CTAITMOHAPHBIX XaPAKTEPUCTUK PETeHePUPYIONIEro MPOIecca Ha OCHOBE pereHepa-
TWBHOH MEHTpaIbHOM npemenbroii Teopembr (PLIIIT).

OHI/ICaHI)I A0CTATOYHbIE YCJ/IOBUA TIPUMEHUMOCTHU PEreHepaTuBHOTO METOda U
JIOBEPUTE/IHHOE PETeHEPATUBHOE OIMEHUBAHNE B HEKJIACCHYIECKOM CIyvae k-3aBUCH-
MBIX TIAKJIOB PEreHepPaIinm.

B TpeTeii riaBe ornmcan Mero yCKOPEHHOIO PEr€HEPATUBHOTO MMUTAIIMOH-
roro mogemuposanns (YPVIM) manerx BepoaTHOCTEH. PaccMarpusaioTcsa nasa cie-



AYIONAX CJIyYalHBIX ITPOIlecca, HeIPEPhIBHBIX CIIpaBa.

e IIponecc ouepenu {v(t), t > 0}, roe v(t) - KOIUYIECTBO 3asIBOK B CHCTEME
B MOMEHT BpeMeHH {, BKJIIOUas 3asiBKY, KOTOpasl 00C/IyKMBAETCsl CEPBEPOM.
Jna cranmmomaproil ogepenn o6o3matwuM caabeiii mpemen v(t) = v (o
ozHavaer cnabyo cxomuMocts P(v(t) € -) = P(v € ) mpu ¢ — o0).

e IIponecc marpy3ku (Bpemenu oxwunanus) {W,, n > 1}, tne W, - Bpems
OXKWIaHUS B Oodepeqn 3asBKu ¢ HOMepoMm n. Obo3naunm W, crammHapHoe
BpeMsi OXKUJIaHWs, KOrJa cymecrByer ciaadbiit npeaenr W, = W

CHagara pacCMOTPUM MPOIECC 09EPE, a 3aTeM, MOAU(MHUIMPOBAB AITOPATM MO-
JeMPOBaHNs, WCCIEIyeM MPOIecCc Harpy3ku. PaccMoTpum cucreMmy 0BCIy KuBa-
must GI/G/1 ¢ Geckoneunnim Gydepom mist oxkuaaOmmx TpeboBaHMil, B npeamno-
noxennn, 910 Ko3ddunment 3arpysku p < 1.

O6o3HaunM ty, m t;, - MOMEHT ITPUXO/IA W yXOJa 3asiBKH ¢ HOMEPOM N, COOTBET-
creenno. Onpegesnm st npouecca ovepean X = {v(t), t > 0} nocsenosarenn-
HOCTh MOMEHTOB pereneparnmu yposas 0 (momentos O-pereneparmm) 7 = (75, @ >
1), r1e MOMEHTBI T; ONPEAEISITCS PEKYPCUBHO:

70=0, 7= ITILl>1111(tn > T - V(tn — 0) = O)

O6o3Haunm o; = T; — Ti—1, ¢ > 1, JJIUHBI IUKJIOB pereneparun yposHs 0.
IMasee OyaeM CTPOUTH TOYEYHBIE OLEHKW J1JIsI CJIEAYIOMNX BEPOSTHOCTEMN:

1. BEPOATHOCTH TOTO, 9TO OUEPEH NOCTUTHET (6OIBIIOro) 3HaMeHnsa L Ha muK-
Jle pere’epanuu, T. €.

®W—p t)y>1L
gl (OggIV()_ ),

2. BEPOATHOCTH TOTO, ITO CTAMOHADHAS OYEpE/Ih IPEBBICAT 3HavYeHwe L, T. e.
2
& =P >1L).

I[Ipu 6ompmux 3HaweHnsx yposrs L sepostHOcTE 7'V 1 v® Mams m Gosee Toro
’y(l) — 0, 7(2) — 0 upu L — o0.

Bo Bropom naparpade jana pereHepaTUBHAs MHTEPIPETALMS METOAA PACIIEN-
nenns. 337392 TMOCTPOEHUS OTIEHKU BEPOSITHOCTU PEJIKOTO COOBITHSI MOXKET OBITH
CBEJIEHA K 3a/a9€e TOCTPOeHnsi (BbIIEJEHNsI) [IMKJIOB PEreHePalnu ¢ NCTIOIh30Ba-
HUEM TEXHUKHN YCKOPEHHOI'0 MOAE/JIMPOBAHUWA.

MeTom moCTpOeHUs MUKJIOB PereHepaIuy Ha OCHOBE PACHIEILIEHUST TIPUBOIATCS
JJIA ;[ByXypOBHeBOfI MOOeJIn (C €IMHCTBEHHBIM U MHOXKECTBEHHBIMUW DACHIECIIJIEHN-
simm). 3arem Meros 0000maeTcs st 06niero Caydasi MHOTOYPOBHEBOW MOmesm
pacImerieans ¢ HECKOJTbKUMHU PACIIeIIeHuSIMA Ha Kaxk0M yposHe. [locTpoennast
MaTeMaTuYecKas MOJEJIb IUKJIOB PEreHePALNm siBJIsieTcst OCHOBOM meroaa Y PUIM.

B merone YPUIM monesimpoBanue IPOUCXOANT 10 IUKJIAM PEre€HEPALNH, KOTO-
pble CTPYIIUPOBAHKI B Ty uku. LIUKIbI perenepariu NpuHaIIeKAT OTHOMY NYy4Ky,



€CJIV OHM MMEKT OBIIYI0 TOYKY paciiensenust Ha nepsom yposue (Li1). Mogesm-
pOBaHUWE TyYKa HAYWHAETCS MPU CTApTe OMHON TpaekTopuu ¢ ypoHs Lo = 0.
Pacmemnisisi TpaekTopuio Ha 33JAHHBIX YPOBHAX Lj, MBI YBEJHMYINM BEPOSITHOCTH
nocruxkenusi yposasi L 8 D := R1Rs - - - Ry pas, rae R; - 4ncjio paciuensienuii Ha
ypoBHe L;.

C TOYKM 3peHus TEOPUU PEreHePALMHU ITO 03HAYAET, YTO BMECTO OJHOIO LIMKJIA
perenepanmu (Kak B Knaccmaeckom mMetoge MK) omauM 3amycKoM MBI reHEpEpYeM
D (3aBucuMbIX) TMKI0B perenepanuu (Tmy9oK).

Ecsnu Tpaexkropus, pacmenusmasics Ha ypoBHe L;, He mocturaer ypoBHs L;i1,
TO OHA, OYEBU/IHO, HE MOXKET PACHIENUTHCA W HA IMOCTEAYIOMUX YPOBHAX Liio,
Lits .... B arom ciyaae dpaktugecku Mol Tepsiem D; := Riy1Riy2 - - Ry mukimos
peresepanuu. Yro0bl 4MCII0 LMKJIOB PEreHepanuu COBIAIAJI0 C KOMIIEHCUDY IOLIUM
MHOXKHUTETEM (MHAYE ONEeHKA He OyJeT KOMIEHCHPOBATHCHA MOTHOCTBIO), MBI CHUH-
TaeM, 9TO Ha CAMOM Jiejie uMeeTcst [D; WASHTUIHBIX ITUKJIOB PEreHeparinm, COBIIa-
JAOIIUX C JAaHHON TPAaeKTOpHUEN.

Wcnonb3yst 3Ty mero, A1t KayKI0i TPAeKTOPHM, CTAPTYIOmei ¢ ypoBHs Lo, MbI
MOJIyYUM IIY90K IUKJIOB, cocTosgmuii u3 D := R; - Ry - - - Ry 3aBUCHMBIX TIHKJIOB
peresepanuu.

BaxHo, 910 (hakTHIECKOE TIOCTPOEHNE TTUKIOB PETEeHEPAIINH IPU MOIETUPOBA-
HUM He TpeOyercs. DTO MpOreaypa HeoOXOAuMa NHIh JTsi (POPMATBHOTO OMHACA-
HUsl PEIEHEPATUBHON CTPYKTYPhI MOAEJIMPYEMOIO IIPOLIECCA C LEJIbI0 0D0CHOBAHUS
CTATUCTUYIECKUX CBONCTB MOJIY9IaEMBIX OMEHOK.

IlocnemoBaTe TbHOCTD IUKJIOB PETEHEPAIH, NToTyYeHHad MeTogoM Y PUM, npen-
crasisieHa Ha puc. 1. Bce mukibl MOXKHO pas3dbuth HA Ry Ipymni 3aBHCUMBIX IHK-

€ > Bl < > Bz BR“ *’

a, a, ¢ Op | Opyy Olg,p

Puc. 1: Pereneparusnast nocjemoBaTeibHOCTH YPOBHS L

JIOB, KaxKJasl rpymia couepxur poeao D < oo umkios. dust nwoboro j € [(1 —
1)D + 1, 4D] nnwHBI THKIOB (vj ABAAIOTCA OJUHAKOBO DPACIDPEIETEHHBIMHA, HO
3aBUCHMBIMU CJlyvafinbivu Beauuunamu, ¢ € [1, Rg]. Beero remepupyercs n =
Ro-Ri1---Ry = Ro - D umknos.

Ha pwmc. 1 BumHO, 9TO MOCTEIOBATETBHOCTh 3aBUCUMBIX TTUK/IOB PEreHEPAITNN
caMa pereHepupyer B MOMEHTH T;.p, ¢ € [0, Rp], Korga crapryer HOBbI 1ydoK
TpaekTopuii ¢ ypoBHsi Lo. IToaromy rocjieioBaTesibHOCTh 3aBUCUMBIX [UKJIOB B~
JISIeTCs pereHepupyomeil. DTo MOKHO HA3BATh BIIOKEHHOM pereneparueil. [lukiist
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BJIOKEHHOH (110 MOMEHTAM CTapTa IyYKOB) DEreHEPAMN SBIAIOTCS HE3aBUCHMbI-
Mu. JIIWHBI TAKUX MUKJIOB - HE3ABUCUMBIE OJIMHAKOBO DACIPEIE/NEHHBIE CIIydaii-
HbIE BeJIMYUHBI (H. 0. P. C. B.), W PaBHBI cymMe n3 D J1jiMH NCXOAHBIX (3aBUCUMBIX )
OMKJIOB, COCTABJISIOINX JAHHBIA MMy90K:

D

Bi= > a;i=1,...Ro.

j=(i—1)-D+1

BMecTo ImKaabl HENMPEPBIBHOINO BPEMEHH, Mbl OyIeM I0/Ib30BAThCS JUCKDET-
HBIM BPEMEHEM, PACCMAaTpPUBas TPAEKTOPUIO B mkaJje “cobbrruit”. Cobvmuem Oy-
JIEM Ha3bIBATH KAXK/10€ M3MEHEHUE BEeJMYHMHBL Ouepenn (mpuxon/yxom).

B cucremax obcmyxuBanus ¢ [lyaccOHOBCKMM BXOIHBIM TOTOKOM 3asaBOK (M /-
/+) BBIIOJIHSIETCS CIIELUAJIBHOE CBOMCTBO, COCTOSIEE B TOM, UTO A0S 3asBOK, KO-
TOPBIE B MOMEHT MPUX0/1a HABIIOAAI0T CUCTEMY B HEKOTOPOM COCTOsiHMM A, coBna-
JaeT B Ipejese ¢ 10JIefl BpeMeHH, KOT1a CHCTeMa HaXOJUTCS B cOTOSHUU A. D10
croiictBo HOocuT Hassanme PASTA (Poisson Arrivals See Time Averages).

B rpernem naparpade npueeseno cobcTBeHHOE J0Ka3aTENHCTBO cBOMicTBa PASTA
OPUMEHTUPOBAHHOE HA CJIy4ail pereHepUPYIONINX IPOIECCOB 00C/TY XKUBAHUS, IMEIO-
IINX CKAQYKHN BBEPX TOJIHBKO B MOMEHTHI tn IIPpUXOda 3adBOK. 'Zl;ﬂﬂ TaKUX IIPOIECCOB
W3BECTHOE CJIOKHOE JIOKA3aTEThCTBO MOXKHO CYIIECTBEHHO YIPOCTHTh. B pabore
ceoiictBo PASTA ucnonb3yercs mpu J0Ka3aTe/IbCTBE PABEHCTBA PEreHepaTHBHOMN
OLIEHKM M OLIEHKH, 110J1y9eHHO merogom Y PTIM.

IIpu momenuposanmu meromom YPIVIM B pabore Tak»xke MCHOIB30BAHO CyO-
9KCIIOHEHIIMAIbHOE pachpenenenre I1apeTro B Ka4eCcTBe PACIpPe/IeIeHUus BPEMEHN
o6cnyxuBanus B cucreme M/G/1 (a Takxke pacupeneneHus: MHTEPBAJIOB MEXKY
npuxonamu) rpebosanuit 8 GI/G/1). BeiGop nannoro pacupesnesnenust 00yC/I0BIIeH
pe3y/ibraTamMu Hab/IIOmeHus 3a pealbHbIM TpaduKkoM B MHOOPMAIMOHHBIX CETSX.
Heobxoanmere ompenenesns mpuBOasATCS B 4€TBEPTOM maparpade.

B msirom maparpade onmcano mocTpoeHne COCTOSITE/IbHBIX OMEHOK BEPOSITHO-
creit vV, 4@ mns nponecca ouepeau B 0MHOKAHATBHEIX CHCTEMAX 0GC/TY KUBAHHS.

Pacemorpum nocrpoenne ouenkn gepoamunocmu vV . Banada onennsanns ra-
KO BEPOSITHOCTH SIBJISIETCS TPAAMIMOHHON ijist MeTo/1a pacuierierusi. Kak rpa-
BHJIO, UCCJ/IEZIOBAHNUS CBOMCTB OIEHKHU OrDAHUYEHBI 000CHOBAHMEM HECMEIIEHHOCTH
B CJIy4ae MapKOBCKOI'O IIPOLECCA.

Jl1st KayK70r0 My9Ka BBEJEM CJIy9YafiHbIe BETUYMHbI

1-D
Y; = Z 19 i=1,..., R,
j=(i—1)-D+1

rae 1) =1, ecam ouepenns nocruraer yposrsi L ma j-m mmkie perenepanun. Io-
CJIeJOBATEJIbHOCTh {I(J), j > 1} siBasiercst pereHepaTuBHOMN ¢ NOCTOSIHHOM JIMHOM
mukoB 3; = D, i € [1, Ro] n momenTamu perenepar 7;p,t € [0, Ro], n = RoD.
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PerenepaTuBHBII MeTO JAaeT CJIEAYIONIEE BhIPAYKEHUE 1JIsi ’y(l), ecin Ef1 < oo:

N
@® _ IY/N =EY1/EB =P t)>L
v Ngnoozl / 1/EB1 (ogi)él v(t) > L).
Pereneparusnast onenka %(11) BEPOATHOCTH ’y(l) “MeeT CTAaHAAPTHYIO HOpMy BbI-
GOPOYHOrO CPETHEro

R, n j
o j:01Yj L 79

Tn = R()D = " 5 n = RoD.

CraHgapTHas OIEHKA ’y(l) (Ro) BepoaTHOCTH 7(1) METOIOM PACIIEILICHNUS PaB-
HA

N,
S (R — M1
7 (Ro) RoR1----- Ror

Teopema 1 Quenxa 5 (Ro) sepoammocmu ™ = P(Ogax v(t) > L), noayuen-
St<ay

. ! .
Haa memodom YPUM, cosnadaem ¢ pezenepamuenoli ouenkos 7% ), nocmMpoeHHol

Ha n = RoD yukaax pezenepayuu, m. e.
~(1 1
5D (Ro) = V.

CaencrBue 1 Quenka ’Ay(l)(Ro), nocmpoennan memodom YPUM, asasemca cunv-
RO cocmoamessnol oyenkot sepoammocmu v

JIaHHBIA Pe3yILTAT CUILHO YIIPOIIAET MIPOIIELy Py OlleHuBaHus. B qacTHOCTH, MOXK-
HO 000#THCh 6€3 (PaKTUYIEeCKOTrO MOCTPOEHUs IIUKJIOB pereHepanuu. Vcnosan3oBa-
HUE PEreHepaTUBHON CTPYKTYPhI BIIEPBbIE 000CHOBBIBAET COCTOATEIBHOCTD OTIEHKH

,3,(1).

Ha ocroBe mMeTomoB Teopun ciayvalHbIX OJIyKgaHuil JOKa3aHA

Teopema 2 IIycmv 6 cucmeme M/M/1 ewnosnaemes ycrosue cmayuoHapHo-
cmu p= A/ p < 1. Tozda anarumuueckoe ewpadcerue A 7(1) umeem, 6u0:

L _ L-1
7 =P( max v(t)>L)= %
0<t<aq pl—1
Mopgenuposanue cucremst M /M /1 nokassiBaer xopoutee cornacue merona ¥ PIIM
C aHAJIUTUYECKUM pe3ynbraToMm. B obmactu manbix 3Hadvenuii mopora L < 20 guc-
JICHHBIE 3HAYEHUS TAKXKe COOTBETCTBYIOT (hOPMYJEe U3 TeopeMbI 2.

[IOCTPOMM COCTOATEMBHYIO OIEHKY 6epoamuocmu 2 = P(v > L) nna menpe-
PBIBHOTO W JUCKPETHOTO Ciaydad (T. €. COOTBETCTBEHHO, ONEHKY J0AU 6peMeHu,
KOrjja o4epeih 1PeObIBaeT BbIlIe 33JaHHOI0 ypoBHsi L, u oueHKy doau 3a#460%K,
KOTOPBIE IPUXOIAT B CACTEMY DU BeIMIWHE odepenwn, Gonbmeit L).
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Teopema 3 Ouenka 77(12) sepoammocmu v

P = =

I

zn:/” I(w(t) > L)dt
Zn

i=1 ¥

nocmpoennan no n = RoD yukxaam pezenepayuu, nosyuerHovm memodom YPUM,
ABAAEMCA CMPO20 COCMOAMENDHOTU.

IIpu nepexoze 0T HEIPEPBIBHOIO CJlydast K AUCKPETHOMY, CTPYKTYDPa pereHepaTuB-
HOM noc/Ie0BaTEILHOCTH HE MeHsieTCsi. Mbl 1e/1aeM nepexo/1 OT MIKAJIbl HEIPEPhIB-
HOTO BPEMEHHM K IIKaJse COObIThil (npuzodv./ysodu).
IIycTs Z; - amcno cobpiTmil (MpUxomoB,/yX00B) KOTJAa OYEPeb MPEBBINIAIa
nopor L Ha j-M nmkse pereHepauuu, u & - JJIMHA j-TO LUKJIA, DABHASI GUCILY
. ; S D-Rg
cobbIThit Ha j-M mukse, j = 1,..., D-Ro. Ilocnenosarensrocts {Z; ;-1 (a Taxkxe
a; Y2 B0y apiigercs perenepaTuBHOM U pereHepupyeT B MOMEHTHI T:ip, 1 € [0, Ro
JSj=1 3 )
(em. crp. 77). Yncsio nuKIIOB pereHepanyum paBHO 9nciay my9vkoB Rg. Onpenennm

BTN HbBI
@D @D
YV,‘:: E Zj; ,6, = E g, i:L...,Ro.
j=(i—1)-D+1 j=(i—1)-D+1

Io nocrpoenuso, ciy4vaiinbie seamuannn {Y;} (a rakxe {3;}) siBasiiores u. o. p.
Bamerum, 4To B TepMuHax COObITHH BejanuuHa Y; pasHa umciy cobbrruit {v(t) >
L} ma nydke TpaekTopwuii u Zf:ol Y: = Ny Jnuna nukna §; paBHA KOJTHYIECTBY
BCeX COOBITMII HA TPAEKTOPHUSAX IIyIKA C HOMEDPOM 1.

Ob6uiee umncio cOOBITHI HA BCEX MUKJIAX PEreHEPAlNy PABHO CyMME COOBITHIA,
MPOU30IIEIIINX HA KAXKIOM IHKJIE, T. €.

Ro
Zﬂj = Ngo(Rl"'RM+1) +N91(R2"'RM+1) +-++ Ngyy, Ruyr =1
j=1

Ouenxa seposirroctn ) = P(v > L), nocrpoennas meronom YPUM, B auckper-
HOM CJIy4ae UMeeT BUJL:

Nyt
Zi]\iO[NQi y:z}u Rk]

7 (Nari1) = Rar =1.

Teopema 4 B cucmeme M/G/1 ewnoanaemea pagencmeo

A =4 (Nara),

2de n = RoD.
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CaeacrBue 2 Quenka ﬁ(z)(NMH) 8EPOAMHOCTIU 7(2), NOCMPOEHHAL MEMOJOM
YPUM, asafaemca cmpozo cocmoamenvrot.

B cucreme M/G/1 onenxy 4® (Nas11) MOKHO HCIIOTB30BATH KAK IS HELPEPHIB-
HOTO, TaK ¥ JJIsi TUCKPETHOrO BpeMeHH. B ciydae cucreMbl Gosree obmiero Buma
GI/G/1 ouenky ’y(z)(NMH), nocrpoeHnyio merogom YPUM, M0XKHO UCHO/IB30-
BaTh TOJMBKO [JIsl TUCKPETHOIO BPEMEHH.

Pesynbrarsl Mogenmuposanus cucremsl M /M /1 nokazanu, aro meron YPUM
JIaeT OLEHKY, KOTOPasi OY€Hh XOPOIIO COTJIACYETCS ¢ aHAIMTUYIeCKOH (hopmystoi
7(2) = pE*l B ToM uncne B 06nacTH MaIBIX 3HAMEHHH L.

Ecnan nponece He SIBASI€TCS MapPKOBCKMM, TO TPAEKTOPWU TIOCJIE PACIIETLIe-
HUsl sABJAIOTCH 3asucumbiMu. B cucreme M/G/1 npouecc ouepenn He ABIseTCs
MapKOBCKHM. B MOMEHT mpuXo/ja 3asiBKU OCTAETCS HE3ABEPIIEHHOE BpeMsi 0BCIIy-
JKUBAHWSI C HEM3BECTHBIM PACIPEIEIEHNEM W, TIO3TOMY, MOCJe PACIIENJIEHUS] TPa-
eKTopum 1pouecca Oyayr 3aBUCUMBIMU. DTa 3aBUCHMMOCTH MOXET 3HAYMTEIHLHO
[OBJ/IASAITH HA UCIEPCHIO OIEHKU.

st ycrpanenus nauaO# npobsemsl npu mogeauposanuu cucremst M/G/1,
MOXKHO HPUMEHUTH MeTOJ BJIOKeHHON menm Mapkosa. Bmecto memapkoBckoro
nponecca v(t), t > 0, mogemupyerca menb Mapkosa {v,;}, v, = v(t;), rae t;, -
momenth yxoma. dusi coxpanenns suma onenok 4 (Ro), 5 (Nas11), mpebyercs
BHECTH M3MEHEHUs B ajroputm meroma Y PYIM.

YcaoBue pacuiernvienusi: Ecii B MOMEHT yXofa 3asiBKU TPAEKTODPUs, CTap-
ryfomast B obsiacru G; = [Li, Lit1), nepecexkia Hekoropsiii yposenb Lk, i +k <
M + 1, To oHA pacmenasiercs: Ha H?zl Ri+; rpaexropmii (Ra41 = 1).

VI3meHeHue yCI0BUI PACIIEITIEHNs] I03BOJISIET JIEMKO [OJCYUTATH KOMIIEHCUDY-
omuilt MHOXKUTEIL B (POPMYJIax J1JIsi OLEHOK ’3/(1)(R0) u ’3/(2)(NM+1), HE3aBUCUMO
OT paCIIEnJIeHn# Ha TOM WJIM MHOM YPOBHE, a 00IIee 9MC/I0 NUKJIOB MO-TIPEKHEMY
paBuo n = RoD.

st cpaBHenus pe3ysbraToB dkcnepumenta B cucreme M/G/1 ¢ cy6Gokcnonen-
OUaJIbHBIM DaCIIpe/ie/IEHNEM MHTEPBAJIOB 06Cﬂy)KI/IBaHI/IH S UCIIOJIB3YyeTCA aCUMII-
ToTHUUIeCKasi (POpMyTa

k
P(u>k)~#/kP(S>y)dy7 k — oo,
=p) Jo
e A - NHTEHCUBHOCTh IIPUXO0JI0B, MHTEHCUBHOCTH 3arpy3ku p < 1. Pedymbrars
MMHUMTAITHOHHBIX KCIIEPUMEHTOB ITOKA3bIBAIOT XOPOIIYIO OJIM30CTh OIEHOK, MOIY-
qeHHbIX MeTogoM ¥ PVIM ¢ ucnonb3oBanueM BI0XKeHHOM nenu MapKoBa K pe3yib-
TaTaM, HOJIy9IEeHHBIM 110 (POpMyJie, & TaKyKe 0oJiee CTAOMIIBHOE IIOBEJEHUE OLEHKN
10 CPABHEHUIO C OOBIYHBIM METOIOM pacIierierus. [Ipu 3ToM BBIATDHINT B TUC-
IIePCUU OIEHKU COCTABIAET 2-3 MOPAIKA.
Meroj pacmerjieHust MPUMEHSIeTCs TPEMMYINECTBEHHO [JIs [EJI0YNC/IEHHOTO
IIPOIIECCa, IJIe CKAYKU UMEIOT 3HadeHusd +1. B TakoM ciydae paciiernieHus MOXKHO
MPOBOIUTH TOYHO HA KaZXKIOM 33JIAHHOM YpPOBHE L.
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Auropurm Merosa MOXKHO MOAMMUIMPOBATH JJjisi OLEHKU BEPOsITHOCTEHN, aHa-
normanbix vV, 4?| HO OmpemeTeHHBIX IS IPOIECCA BPEMEHH OMKHIAHUS (ma-
IPYy3KH).

Takast 3aga4a paccmorpena B nmectom naparpadge. B repmurax nponecca Ha-
rpy3ku v - BePOATHOCTB TOro, 9TO HATPY3KA IIPEBBICHT (DHKCHPOBAHHBLA ypO-

senb L B Teuenue mmukia perenepanun, 1. e. v = P( nax W, > L). Beposr-
0<n<aq
nocts 7® = P(Wa > L) - BeposATHOCTS IpEBbIIIEHHs CTANMOHADHOI HAIDY3KOil

snavenus L, tne Wy, = W
Iponecc narpysku gaxe B cucreme GI/G /1 siBasiercs nennio Mapkosa u yzo-
BJIETBOPSIET PEKYPPEHTHOMY COOTHOIIEHUIO JImHmm

Wt = Wa+Xn)", n>1, W1 =0,

rme Xn = Sp — Tn, Tn = tn — th—1 - UHTEPBAJ MEXIAy TpUXogaMu n-it u n — 1-i
3asBOK, Sy, - Bpems 00C/IyKUBaHUSA N-f 3asBKHU. 3a OJIMH CKAY0K MPOILECC MOXKET
repecedb HECKOJIBKO MOPOroB L; MexkIy AByMsI TOC/IEI0BATEIbHBIMU PACIIEILIe-
HUS.

st mocrpoenust oueHok ucrnosb3yercs meron Y PUM ¢ rakum ke yciaoBuem
pacierienunsi, Kak u Jjis Cydasi BJIOXKeHHON nenm MapkoBa, TOIBKO pacluer.ie-
HIE TTPOUCXOIUT B MOMEHT IPUXOA.

B cucreme M /M /1 Bepubl cooTHOMIEHUS

3 = P(We > L) = pe~ A=k

1 — ple~(W=NL (1)
7(1) = P(Ogr?lagil Wn > L) = (1 — Zi,(H,A)L
CpaBHeHI/Ie OILIEHOK, TIOJIYYEHHBIX IIPpU MOZAEJIMPOBAHUU IIPpOLECCA HAI'PDY3KHU METO-
mom YPUIM, n 3Ha49erHnii, BBIYUCIEHABIX M0 anamuTuaeckuM dbopmyram (1) moka-
3aJ10 XOPONIyIo TOYHOCTh MeToga Y PYIM.

st 6osee caoxubix cucrem M/G/1, GI/G/1 6bu10 nposeneHo cpaBHeHne
OIIEHOK, TOJy4ueHHBIX MeTomoM ¥YPVIM, ¢ omeHkamu, NOCTPOEHHBIMU KJIACCUYe-
cknM meronom MK. Hwucsrennple S5KCHEPUMEHTHI TOATBEPXKIAOT OIN30CTH JABYX
oneHok, ogaako merog MK maer 6onbmyro gucnepeuio. IIpu srom Bpemst momenn-
poBauus meromom MK cymecTBeHHO (HA HECKOTHKO MOPSIKOB) MPHU JOCTATOTHO
OosibmioM L mpeBbINIaeT BpeMst MOZeanpoBaHus meromom Y PYIM.

B uerBeproil rinaBe uccienyercss aCUMITOTHYECKAsT HOPMAJIbHOCTh COCTO-
SATEIbHBIX OIEHOK, IOIy9eHHBIX B riaBe 3. [lpuBemenst popmynsr aist mocTpoe-
HUA JOBEPUTEJIHBHOTO MHTEPBAJIA BEPOATHOCTU JOCTUXKEHNA 3aJaHHOT0 YPOBHA HA
OUKJIE DEreHEPAIMHN U CTAIMOHAPHON BEPOSTHOCTH HMEPEIOJIHEHHUS [1JIsI IIPOIECCOB
oYepeau W HAarpy3KH.

B nepsom maparpade crpontcst JoBepuTEIbHAS ONEHKA BEPOSTHOCTEN HA IUK-
JIaxX pereHepanuu, Koropsie mozgenupyiorcs merogom ¥ PUM. Tlpu nocrpoennn
OTEHKU JIMCIIEPCUH HEODXOINMO YUUTHIBATH 3aBUCUMOCTH, BOSHUKAIONINE MEXKIY
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OUKJIAMH B Iyd9Ke. UMCjIo my4vkoB paBHO R, B kaxkgom myuke D = Ry .- Ry
IUKJIOB, 00IIee KOTUIeCTBO TIUKJIOB [P MOJIeIMPOBaHUN paBHO N = Ry - D.
HpI/I JA0BEPUTEJIBHOM OLIEHWMBAHUUN BEPOATHOCTH

P( max v(t)>L)=~" = EY,/D,

0<t<aq
(toueunas cocrosrensuan onenxa 4 = 4V (Ry) koropoit crponres merozom
YPUM npu n = Ry - D) ans Kaxka0ro my9dKa BBOIAMTCA C/IydaiiHAA BEJTUTHHA

i-D
Y= > 1Y, i=1,..R,.
j=(i—1)-D+1

Iycrs EY? < oco. Ina Ry muxmos perexepamuan (npu o; = D u @; = D) necwme-
menHas onenka vg, aucrepcun Var(Y: — D - ~W) pasna:

Ro
vre =1/(Ro—1) > _(Yi=D-4")% Ro > 1.

=1

Boipaxkenne mma 100(1 — §)% moBepuTebHOTO MHTEpPBAIA UMEET BHT:

o, #/EE D0
7 Do (Ro = 1) ’
rae zs ynosnersopsier yeaosuio P(N(0,1) < z5) = 1 — §/2, a Todeunas oueHka

’y(l) crpourcst merogom Y PUIM.
Jlns mosepuTensHOro ouenusanus BepostHocTd Y2 = P(v > L) onpemens-

OTCd BETUYINHBIL

i-D D
Yii= >, & Bi= >, aj i=1,...,R,
j=(i—1)-D+1 j=(i—1)-D+1

rae & - uncyao coberrmii Korga ouepenp mpesbimasa nopor L Ha j-m mukie. Boi-
paxenwne qnga 100(§ — 1)% moBepuTenbHOTO MHTEPBATA UMEET BUJL:

o, DR 5@,
7(2) + _
VRo(Ro — 1) - Bg,
a Toueunas onenka 52 = ’?(2)(NM+1) CTPOUTCSE METOIOM PACLIEIJICHUS.

st cucrembr M/G/1 nosepnresibHbIil MHTEPBAJI MOXHO 3anucarh B Gosee
yIOOHOM 7171sT BEIYUCIeHU dhopMe:

oy 7Py B S (- 402
5
Nars1v/(Ro — 1)
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Bo Bropom maparpade ucciemoBana posb 3aBUCHMOCTH IIUKJIOB PEreHEPALINN
IIPU TTIOCTPOEHUU JIOBEPUTETbHBIX MHTEPBAJIOB C UCIIOIb30BaHueM Metoza ¥ PUIM
nust Bepositaoct 4 = P( max v(t) > L). Iluxisl B nmyuxkax 3aBUCUMBL U JUC-

0<t<a

nepcust 02 = VarZ, = Var(Y1 — ny(l)) uMeeT BAJ,

D D-(-1)
=D Var(IM)+2>" > EIVI V)~ ()2 . D(D - 1).

j=2 i=1
Ilycrs aj - 9nciio penkux coObITMIT HA §-M IIyd9Ke.

Teopema 5 IIpu n = RyD — oo umeem mecmo cxodumocms ¢ 6. 1
o2
o
2de

Ro
. a2, 2 —1
vn =4 = D-GY)" + = ulor 1),

2
k=1

U 0UenKa ’y(l) 8EPOAMHOCTNY ’y(l) cmpoumea memodom YPUM.

st mccsiefoBaHMs BKJ1A/1a 3aBUCUMOCTH [UKJIOB BHYTDH IIy9YKa B JIJIMHY JOBEPU-
TeJIPHOT0 MHTEPBAJIA BBOAATCS BEJUIUHEL A - IOJOBUHA JIUHBI JOBEPUTEILHOTO
HHTEPBAJIA C YI€TOM 3aBHCAMOCTH U A; - IOI0BUHA JOBEPUTEIHHOIO HHTEPBAIA
6e3 y4era 3aBUCHMOCTH (T. €. €CJIM CYMTATH IWKJIbI B IIy9YKE HE3aBUCHMBIMH).

ycrs © = A102 /7(1) - TOYHOCTH BBIMUCJICHAS JOBEpUTENbHO mHTEpBana (1%
or vM), my = |A — A1]102/4Y - norpemmocts onenusanua (8 % or vV) B
ciydae, ecyid npenedpedb 3aBUCUMOCTHIO LIMKJIOB PereHepaluu.

Teopema 6 IIycmo z5 ydosaemeopaem ycaosuro P(N(0,1) < zs) =1 —9/2, u
BBIMOAHACTNCA T > 1/'3/(1), mozda cnpasedaueo COOMHOULEHUE

10422
z24Mn’

10°23
CnencrBue 3 Ilpu ycaosuu ’y(l)n > _22'5’ 2de z € (0, 100] evnoanaemes
x

% € (0.9, 1].

YHucieHHbIE SKCIIEPUMEHTHI ITOKA3aJIM, YTO 3aBUCHMOCTD CYIIECTBEHHO BIIHASET HA
JUIMHY JTIOBEPUTEIHHOTO WHTEPBAJIA. (TOYHOCTH BBIMUCJIEHUH T MPAKTUIECKU COB-
nazaer co 3aadermneM y). [Ipu n, onpegenaeMom yCaoBHEeM TOCTUKEHUS & TIPOIEH-

1
ros st A or snauenus vY | snauenme A; 6usko k mymo (1. e. = & 0). B cayuae

A
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HPEHEGPE)KQHI/IH 3aBUCUMOCTHIO BHyTpI/I nyqKa TOYHOCTH BbIYUCJ/IEHUA HpaKTI/I‘—Ie—
CKU COBIAJAET ¢ OMMUOKOMN oneHuBaHusi. HanpuMep, B IpOBEIEHHBIX SKCIIEPUMEH-
rax 4Mn ~ 10°. Bcan @ = 10, 25 = 1.96, rorma Aq/A < 0.061 u y/x ~ 0.938.

B 3aksro4eHnn npeacraBiieH KPATKUI [I€PEeYeHb PE3yIbTaTOB, MOy Y€HHBIX
B XO/€ UCCJIEIOBAHUI B paMKaX JUCCEPTAIIMOHHON pabOTHI.
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