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TPEBYEMA4 CKOPOCTbDb OBCJIY2KNUBAHUST
AJId HEOOHOPO/IHOTI'O TPA®PUKA

Cumoposa O.11.%, XoxJsioB FO.C.**
*TBepckoit TOCYIAPCTBEHHDBIH YHUBEPCUTET, . TBEpH
*MI'Y um. M.B. Jlomonocosa, r. Mocksa

Hocmynuaa 6 pedaryuro 13.04.2021, nocae nepepabomxu 30.04.2021.

B nanmoit pabore HaMu MOTyYeHBI TPAHUIBI I CKOPOCTH OOC/TYKHBa-
HU$ [IPU HEKOTOPbHIX OIPDAHMYEHUSIX HA XAPAKTEPUCTUKYU OOC/Iy2KUBAHUA B
HEOTHOPOIHON MO BXOMSAIIEro Tpadnka, OCHOBAHHON Ha CyMMe He3a-
BUCHMBIX (DPAKTAJIBHOTO OPOYHOBCKOTO IBUKEHUS W CHMMETPUIHOTO (—
yCTOWYMBOro ABuKeHus JleBu ¢ pasubiMu Kodddunmentamu Xepcra Hi
u Hy = 1/a. Xopoio u3BecTHO, 4TO i IIPOLECCOB, PUPAIIEHHU KOTO-
PBIX UMEIOT THXKEJIbIe XBOCTBI, METOIbI Paciera 3HPeKTUBHON IPOILyCKHOIT
CITOCOOHOCTH, OCHOBAHHBIE HA, MPOU3BOAAIIEH (DYHKIMH MOMEHTOB BXOIS-
IIIEro MOTOKA, He TpuMeHnMbl. OTHAKO CYIECTBYIOT MPOCTHIE COOTHOIEHUS
MEXK/Iy XapaKTEPUCTUKAMHU TIOTOKA, CKOPOCThIO 0Ocay:kuBauus C' u BEPO-
srHoCcTsiMu £(b) nepernosiHeHus Jjisi KOHEYHOro u GeckonedHoro Oydepa, u3
KOTODbIX 1pu uxkcupoBanHoM 3uadenun €(b) MoxkHO Bbipasurs C.

KuroueBbie ciroBa: hppakTaibHOE OPOYHOBCKOE IBUKEHUE, (—yCTONINBOE
neukenne JleBu, MOmen CMEmMaHHOTO TpaduKa, OMEHKA XaPAKTEPUCTUK
Ka4IeCcTBa O0C/IyKUBAHUS, BEPOATHOCTD MMEPEMOJHEHNsI, CKOPOCTh O0CIIY KU~
BaHULA.

Becmuux Tel'y. Cepus: IIpuxaadnas mamemamura. 2021. M 2. C. 56-67.
https://doi.org/10.26456 /vtpmk616

BBenenne

CoBpeMeHHbIE CUCTEMbL TEJIEKOMMYHUKAIMK, HOCTPOCHHBIE 110 IIPUHITUILY ACHHXPOH-
HOM TIepeladn JAHHBIX, JOMYCKAIOT OOCTYKUBAHKUE 3AITTPOCOB C COBEPITIEHHO PA3IMIHbBI-
Mu TpeOOBAHUSAMY K XAPAKTEPUCTUKAM CETH, BKJIIOYAs OOBIYHYIO W MAKETHYIO TIPO-
[IyCKHBIE CIIOCOBHOCTH, 3aJ€PXKKY B Iepelade, JKUTTep (APOXKAHWE) UM BAPUALMIO
3a/1epKKU OTHOCHTEIbHO COcemHux (ppeiiMoB, OEPCTHOCTH MM HOPMUPOBAHHYIO MAaK-
CUMAJIbHYTO OUTOBYIO CKOPOCTD ¥ IIPOYEE. ITO MPUBOJUT K TOMY, YTO B PAMKAX OJHOIO
CeTEBOTO COEeTMHEHMS KJIMEHT MOYKET OJHOBPEMEHHO OTIIPABJIATH Ha CEPBEP KaK «JIET-
KU€» 3a8BKU, BKJIIOYAs TMOYTOBBIE WJIM T'OJIOCOBBIE COODINEHWs, MAJIOTPEOOBATEILHBIE
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K 3a/IepKKaM, JKUTTEePy Win OEPCTHOCTH, TAK U «TSKEJIbley 3asiBKH, TAKAE KAK ON—
line urpol, BUACOKOH(EPEHITNH, TPOCMOTP (PUIBMOB, Jjisi KOTOPBHIX TAKHE HapaMeTPbI
KpaitHe Baxkubl. B cumy sroro momens Ilyaccoma, ¢ yCcrmexom MCHOJIB30BABINASACS MPU
MOJIE/TUPDOBAHNY HATPY3KU W CETEBHIX KOHMUTYPAIHil AjId OOBIIHBIX TOTOCOBBIX CHCTEM
CBSI3U, B CJIOXKUBITTUXCS YCIOBUSAX OKA3BIBAETCS KPaliHe HECOCTOATETbHOM.

MHuoro4ucieHHble MPAKTUYIECKHE HCCIEIO0BAHUs TpadUKa B PA3HBIX CETAX CBA3M
BBISIBUJIU CJIEYIOIIAE XaPaKTEPHbIE OCOOEHHOCTH, HE YKJIAJAbIBAIOIMIMECH B TPAJIUIIH-
OHHBbIE MapKOBCKME MOJENHN: camoronodne u moaryio mamsarh [4, 8]. CamomnomoGHbrit
TpaduK 00aTAET CXOKUMU XAPAKTEPUCTUKAMY HA JIFOOBIX BPEMEHHBIX MACIITA0AX,
B CHJIy 9€ro ero TPYAHO MPEeICKa3bIBaTh. Jloyirast maMsaTh WjIu CUJIbHOE TTOC/IeIeCTBIE,
MPOSABJIAIONIEECS B MEJIEHHOM YOBIBAHUW KOPPEJISIUOHHON (DYHKIMH, 03HAYAET, 9TO
repeiada OHOIO «Tsi?KeJI0ro» COODIIEeHNs, CIIOCOOHA BbI3BATH 33/I€PKKU WJIM OTKA3 B
00CIIyKUBAHUU JPYIUX KJIUEHTOB ¢ bosiee «aérkumuy 3asgBkamu. Cepbé3nast HeJ0O0EH-
Ka peajibHON HArpy3KW MPUBOIUT K 3HAYUTE]HHOMY YXYIIIEHWIO KAYECTBA, OOCITYKU-
Banusg (Qo0S), oTKazaMm Mo/ab30BaTENeH OT YCIyTr JAHHOIO ONEPaTopa W HOTepe JOXO/Ia
JUTst TIob3oBaTeneit u omneparopos. IIpumepom spasierca c6oit B ceru AT&T B 1990
roly, KOIjia Ha MPOTsiKeHnwu 9 9acoB OHA ObLIa HEZOCTYIHA OOJbIIEdl YacTu 34aHui
Hero-Iopka, 4ro obephysoch B urore 60ibmuMu (PUHAHCOBBIMU IIOTEPAMH.

Haubosee nmomyasipHbIMU MOJEJISIMEA JIJIT COBPEMEHHOTO TPAMHUKA SIBJIAIOTCS P00~
HOe OPOYHOBCKOE JIBMXKEHWE U yCTONInBOe /Brkenne Jlepn. Kak mokazasm mccieoBa-
HUS$ 9TH MPOIECCHI TECHO CBA3aHBI CO CKOPOCTHIO COEIMHEHUS Y/IAJEHHBIX HCTOYHUKOB C
CcepBepoOM: TIPH OBICTPOM COENMHEHUN IOIydaeM IpOobHOe OPOYHOBCKOE IBHKEHUE, TIPH
MeJieHHOM — ycroituuBoe apuxkenue Jlesu [10, 13]. Caenyer ormerurs, uro ¢pax-
TaJgbHOE OPOYHOBCKOE IBUYKEHUE — 3TO CAMOMOIOOHBIM TPOIECC C AJIUHHON TaMITHIO
¥ JETKUMHU XBOCTAMW, & YCTONYMUBOE NBHUKEHWE JIeBM MMeeT He3aBUCHUMBbIE MPUPAIIE-
HUS U TsKEbIe XBOCThI. CBOMCTBA 9TUX MOJEJNeH JOCTATOIHO XOPOIIO UCCJIET0BAHBI U
MIPE/IJTOZKEHBI METO/IbI OIIEHKU BEPOSATHOCTE!H MEPETOIHEHUS U IIOTEPb HATPY3KHU, IJTHHDI
ouepesieil, 3ajepxKku B nepepade [1,2,6,7,9,11].

OHako KOMOMHUPOBAaHHBIE MOneau Tpaduka, yuurbiBaoonme sce Tpu 3¢ derra —
JOJTYI0 TAMSTh, TSYKEJIbIE XBOCTHI M CAMONOI00WME W3y4YEHBI HE CTOJIb XOPOIIO. DTO
ocTaBJisieT OOJIBITIOE MOJIE I MAJbHENINNX UCC/IeI0Banmii. B paMkax JaHHON cTarbu
OyZyT TOy9YeHbl BEPXHNE U HU2KHWE TPAHUIIBL /I CKOPOCTH O0CTyKUBaHUs Tpaduka
MIPH 33JAHHOM BEPOSITHOCTH TepenoHeHus OydepHoil maMsaTH.

1. Heo6xoanmbie mMOHATHSA

Kak ormedasnoch BbIIE, CAMOIIOIOOHBIE MPOIECCHI HAXOMAAT IIMTUPOKOE MPUMEHEHUE
TPHU MOJEJINPOBAHUN BXOJSAIINX TMTOTOKOB B CJIOYKHBIX TEJIEKOMMYHUKAITMOHHBIX CHUCTE-
Max. Huxke MBI TPpUBOINM OMpeIesieHre MOJOOHBIX TPOIECCOB M ONMMCHIBAEM WX OCHOB-
HbI€ CBOMCTBA.

1.1 Yemotivuswie pacnpedeaerus u npoyecco, Jlesu

Omnpegenenne 1. Cayuatinoid npoyecc Y = (Y(t), t> O) HA3BLBAEMCA NPOUECCOM
Jlesu, ecau 8vinostensv. Ycao8usa:

1. Y(0) = 0 nowmu naseproe;
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2. Y umeem nesagucumvie u 00nopodnvie (N0 6peMEHL) NPUPGULEHUL;
3. Y aeasaemca cmoracmuuecky HenpepvierviMm;

4. mpaexmopuu Y Henpepu.enbv, CNpasa u uMenm KOHeuHble Npedevt CAe6a NpPu
t>0.

B cuny HE3aBHCHMOCTH M OOHOPOIHOCTH IPHUPAIICHUI, PACIPEIETICHHE IIPOIECCa
Y TOMHOCTBIO M eIMHCTBEHHBIM O0pA30M OMpenessieTcs pachpejaesnennem c.B. Y (1),
KOTOpOE 00JIaJaeT CBOMCTBOM OE3TPAHWIHON JIEJIMMOCTH.

Oupegenenune 2. Ilpouyecc Jlesu B = (B(t), t > 0) nasweaemcs GPOyHOBCKUAM
JBIDKEHUEM, ecau dasn amobwx t > 0, h > 0 caywatinaa seaunwuna B(t + h) — B(t)
umeem z2ayccosckoe pacnpedeenue co cpednum 0 u ducnepcueti o2 - h.

IIpu 0?2 = 1 GpoyHOBCKOE JBUKEHHE HA3LIBAIOT CandapmmHbLM. HeTpyaHo moka-
3aThb, 9YTO

v(t,s) = Cou(B(t), B(s)) = o min(t, s).

Omnpegenenne 3. Pacnpedesenue eeposmuocmets F' nazvieaemces yCTOMIUBBIM, €CAU
0ast Mobux H.0.p.c.6. X1, Xo, X3, umerowur pacnpedeserue F u a06b1x nososcumens-
HWOT a1 U as cyuwecmsyrom az > 0 u ¢ € RY maxue, wmo

CL1X1 + a2X2 i a3X3 + C,

d
2de CuMB0OA = 03HAYAET PABEHCNBO MO PACTPEIEAEHUID.
Ecau ¢ = 0 das ecex ai,as > 0, mo pacnpedeserue HA3b6a€MCA CTPOrO yCTOM-
YUBBIM.

Veroiiuusble pacrpeeenus abCoMIOTHO HEMPEPBIBHBI, HO 3a MCKJIIOYEHHEM TPeX
CHeNUaIbHBIX CIydaeB: o = 2 (rayCcCoBCKOe pacupejenenue), « = 1 (pacupejesenue
Komm), o = 0.5, 8 = 1 (pacupenesenue JleBu) y ux mOTHOCTEH HET SBHONO AHAJIM-
THYECKOrO BhIpaskeHus. [I03TOMy Takue pacupemeneHus 3aJai0T ¢ HOMOIIbIO COOTBET-
CTBYIOIIMX XaPAKTEPUCTUICCKUX (DYHKIMIA:

exp{—aa|t|0‘ (1 —1if8 sign(t) tg (”7"‘)) + i/uuf}7 ecmm  « # 1,
EeitX —

exp{—a|t| (1 + B2 sign(t) In |t|> + iut}, ecin =1,

rae 0 < a < 2 — nokazaresb ycroituusocru; S € [—1,1] — napamerp acummerpuu;
o > 0 — napamerp maciraba; u € R' — napamerp cusura.

IIpu 8 = 0 umeeM CUMMETIPUYHOE OTHOCUTEJIBHO [ yCTOHYMBOE PACILpEIE/IeHHE,
XapakTepucTuieckas QYHKIUsS KOTOPoro npu i = 0 uMeeT Bun

Ee™X = exp{—o®|t|*}.

XapakTepucTudeckas SKCIHOHEHTA (v ONPEe/sieT CKOPOCTh YOBIBAHUS XBOCTA
pacupegesienus. [Ipu a = 2 umeem HopmaavHoe pacnpedensenue — €IMHCTBEHHOE W3
YCTONYINBBLIX 3aKOHOB C KOHETHBIMHU MATEMATUYECKUM OXKUIaHmeM u aucrepcueii. [Ipn
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0 < a < 2 pacupegesenue X uMeer madsicéavili T0CM, MOCKOJIbKY IpU & — 00 (CM.,
Haupumep, [12])

r
PX>z)~Cq-0%-(1+p) 27 C’a:sin(%)~ﬂ. (1)
™
Ecmm 0 < o < 1, p = 0wu B = 1, To cayuaitnasg Benuauna X MOJOKUTETHHA

¢ BepoarHOCTbIO 1. ToBOpsit, 4ro ciydaiiHas BeauduHa X uMeeT cmandapmuoe —
ycmotnueoe pacnpedeserue, ecan = 0wu o = 1.

Iloste3n0 OTMETHUTH CeayIoNTee BaKHOE CBOMCTBO: €C/in C.B. X HMEeT —yCTOHINBOe
pacmpenenenne ¢ napaMerpom 0 < o < 2, To a4 jgiodboro 0 < v < a,

E|X,|" <o um E|X,|" = o0.

IMosTomy mpu 0 < v < 2 gucnepcust ¢.B. X U MOMEHTHI MTOPSAIKA 7y > @ OECKOHEUYHBI U,
kpome toro, pu 0 < a < 1 maremarnyeckoe oxxuganue C.B. X TaKKe DECKOHEUTHO.

Ounpenenenne 4. Cayuwatimoti npoyecc L, = (Lo(t), t = 0) wnazweaemcs
a—ycmotuusom npoueccom Jlesu, ecau amo npoyecc Jlesu maxot, wmo Ly (1) ume-
em sadannoe a—ycmotinusoe pacnpedesenue.

Ecim o = 2, p = 0, To BHOBb uMeem OPOYHOBCKOE nBUKeHue 5.

B.M. 3osorapes yka3aj Ha HHTEDECHYIO CBS3b MEXKJy YCTOWYMBBIMH 3aKOHAMH C
pasubivu « ( [14], Teopema 3.3.1).

Teopema 1. Fcau Y, umeem cummempuunoe o1—ycmotinugoe pacnpedesenue,
0 < a1 < 2, Yy umeem odnocmoponmee as—ycmotinusoe pacnpedeaenue, 0 < ag < 1,

1/0(1 o
mozda c.6. Y =YY, UMEET, CUMMEMPUYHOE (1] - Qo —YCMOUNUBOE PAcpedeseHue.

B uacrHocTn, ayist a3 =2 u 0 < e = /2 < 1 cipaBeymBo

Y £v,/Ys, (2)

rjue C.B. Y7 MMeer CrasHJapTHOe HOPMaJibHOE pacupejeseHue, a c.B. Yo = L, (1) ume-

. d
€T OIHOCTOPOHHEE (v/2—yCTOINYUBOE PACIIPENEICHUE, & CUMBOJI = O3HAYAET PABEHCTBO
KOHEYHOMEDPHBIX PACIIPeIeIeHHIl.

Takzke HaM MOTPeOyeTCs pe3yJbTaT, U3BECTHbIH Kak Teopema Bpeiimana [3].

Teopema 2. Ilycmv X u Y ecmv He3a6UCUMDIE NOAOIHCUTEADHLE CAYYATHDIE BEAU-
YUHDBL U

F(x):=P(X >z)=2"%L(z),  — 00,

2de a > 0, L — medaenno menaowaacs Pynsyua v E(Y ) < 0o das nexomopozo
€ > 0. Tozda daa 6oavwuz > 0

H(z):=P(XY >z)~ E(Y?) - F(z). (3)
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1.2 Camonodobmvie npoueccot

Onpegenenne 5. Caywatnwnd npoyecc Y = (Y (t), t > 0) nasweaemesa camonodob-
Houm ¢ napamempom Xepema H > 0, ecau on ydosaemeopaem ycaouio

d _
Z(t)=cHZ(ct), Vt =0, Ve > 0.
OnauM m3 HanboJIee N3BECTHBIX W HANDOOJIEE TOMYJISIPHBIX TPUMEPOB TAKWX MPOIEC-
COB SIBJISIETCsT IPOOHOE OPOYHOBCKOE [IBUKEHUE.

Onpenenenue 6. /[pobHvm bpoynoscrum deusceruem ¢ napamempom Xepcma H wa-
sweaemca zayccoscrut npouece (B (t),t = 0) ¢ Hyaesom cpedHuMm U KOBAPUGULUOHHOT
Ppynryuet

o2
t,s) = —
1t 8) = 3

ITpu H = 1/2 mbl Bo3BpaimaeMcs K 06bIYHOMY OPOYHOBCKOMY JIBHKEHHUIO.

(12 + 527 = Je = s27), 0< H<1. 4)

OHOPOTHOCTH KOBAPHAIMOHHOM (DYHKIMEH O0YCIABINBAET CAMOIOA0OUEe IPOOHOrO

OPOYHOBCKOI'O JIBUKEHUS
BH((H,) ~ |a\H . BH(t)

U3 (4) rakxke caemyer, uro npu H = 0.5 npupaluenus mporecca He3aBUCUMbI (00bIY-
Hoe GpoyHoBCckoe apuzkenue); npu 0.5 < H < 1 — mpupainenus mpomecca Mmook~
TeJbHO KoppeaupoBanbl; ipu 0 < H < 0.5 — mpupaleHns mporecca OTPUIATETHLHO
KOPPETUPOBAHBI.

AcuMmnroruueckn
1
A(k) = 3 [(k F1)2H 4 (k- 1)2H — 2k2H] ~H(2H - 1) k200 o)

9TO JAET HECYMMUPYEMYIO KOPPEISIHMOHHY IO (DYHKITIIO

> p(k) = o,
n=0

XaPAKTEPU3YIONIYIO0 CBOUCTBO 004201 NAMAMU.

JpyruM mpuMepoM SBIIAETCS (-YCTONYINBOE IBUKeHne JleBn, onpenenerne KOTOpo-
1o OBLITO JAHO BBIIIE. DTOT MPOIECC ABIACTCS CAMOMOI00HBIM ¢ mapamerpom H = 1 / a,
MOCKOJIbKY IIPU & — OO

P(La(t) > z) = P(tl/aLa(l) > )~ ot

HonomHuTeNbHY 10 HHPOPMAIHIO 00 YCTONIUBBIX M CAMOIIOTOOHBIX IIPOIECCaX MOK-
HO Haiity B kuurax [5] u [12].

3. OcHoBHOI pe3yabTaT

3.1 Onucanue modeau

Bamamum poniece {A(t), ¢ > 0} cymmapHOil HATPY3KH, MOCTYNUBINEH HA y3€J1 CBA3H
B mHTepBase Bpemenn [0, t], Kak

A(t) =mt+ o01Bp, (t) + UQLa(t)7 (5)
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rae m = my+ms > 0 — cpesHasa CKOPOCTb BXOAsAMero notoka; By, = (Bg, (t), t € RY)
ecTb IpobHOe BPOYHOBCKOE JiBHUzKeHHe ¢ TapamerpoM Xepera Hy, Ly, = (Lo (t), t € RY)
€CcTh CUMMETPUYHOE a—yCToiunBoe apuzkenne Jlepn ¢ mapamerpom « = 1/Hs cooTrer-
CTBEHHO.

O6a paccMaTpuBaeMBIX MPOIECCA ABISAIOTCA CAMOMOIOOHBIMI ¢ WHAeKcamMu Hp n
Hy = 1/a. Janee nonaraem, uro 0.5 < Hy, Hy < 1, a npoueccst By, (t), Lo (t) siBus-
JOTCST HE3aBUCHMBIMU.

3.2 I'panuyvt 04 8EPOAMHOCTIU NEPENOAHEHUS OYdepa

ITycrs paccmarpusaemas CMO cocTOUT U3 OJHOIO yCTPORCTBA, C MOCTOSAHHONW CKO-
pocteio obcayxusanus C > 0. Torma maTeHCcHBHOCTH Tpaduka pasua r = C' — m.

O6o3naumm uepe3 Q(t) Tekyuryo Harpy3ky B MomeHT Bpemenwu t. Ecim Q(0) = 0,
10 BesnuuHa (1) yIOBJIETBOPSET CJIEAYIONIEMY YPABHEHHUIO:

Q(t) £ sup (A(t) — A(s) — Ot — s)). (6)

0<s<t

ur CHUCTEMA SABJAETCA yCTOMYMBOM, & y CJAYYalHON BeJUMYHHDI cymie-
I >0 y ;ay ciy t) cy
CTBYeT CTAIlMOHAPHOE pacupelieieHne, OnpeieseMoe BbIpayKeHneM

Q< sup (A(t) - Ct). (7)

t>0

Cpeny MHOrOYMC/IEHHBIX HoKasareseil npoussogurensiocty CMO onHol u3 Bax-
HEAIINX ABJIACTCA 6EPOAMHOCND NEPENOAHEHUA, T.€. BEPOATHOCTH TOrO, 9TO CTAIHMO-
HapHas HEOOC/IyKEHHAsI HArPY3Ka (IJIMHA 0UEPEeH) MPEBLICUT HEKOTOPBIA MOPOrOBbIi
ypOBeHb b, HanpuMmep, pa3Mep Oydepa:

2(b) == P[Q > b). 8)

B paGore [1] 6bna HaiijeHa HUKHSAS aCHMITOTHYeCKas rpanuna g €(b) B npen-
[IOJIOKEHHUH 0 OeckoHeuwnom Oygepe, To ectb npu b — oo

Cy -yt p=(-Hye g [,
_ > 7 ’
(0 =P>0>{ & e i @

1€ KOHCTAHTHI

Cl = Cl(a,Hhaz) — Ca E|Y1|Ot 0.2a H{XH1 (1 _ Hl)a(lle),
02 = CQ(O[, H270'2) = C(x E|Y1|O‘ O.Sc H;H2 (1 o I{Q)oz(lng)7

BBIYUCJIAIOTCA ABHO.

B [6] orMeuasnock, 9TO BepXHsis TPAHUIA IS 6€POATNHOCTIY NEPENOAHEHUS, KOHE -
H020 OYdepa MOXKET OBITH OMpPEEIeHa KaK BEPOSTHOCTh TOrO, YTO CKOPOCTD MPUOBITHS
JIAHHBIX TIPEBBIIIAET CKOPOCTh MX 00C/IyKuBaHus (meperpyska cucremsl). B arom ciiy-
4ae He MPUHUMAETCS BO BHUMAaHMe Hajamdaue OydepHOi MaMaTH U IPEIIOIAraeTCs, ITO
NEPENOTHEHNE IIPOUCXOUT B JIIOOOH MOMEHT, KOIJla CKOPOCTh NPHOBITUS IPEBHIIAET
CKOPOCTH ODCTYKUBAHUS.
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Ha ocHoBanuu BbliieckazaHHoro, ¢ yuérom (2) Mbl uMeeMm
P(Q > b) < P(m +01B(1) + 02La(1) > C) = P (alYl touYi/Ys > r) :
TIe C.B. Y1 UMeeT CTaHIapTHOe HOPpMAJIbHOE pacipeiesenne, a C.B. Yo = La/2(1) nMeeT
OJIHOCTOPOHHEE (v/2—yCTONUUBOE pacipe/e/eHue.

ITpumensis TexHUKY BbIYUC/IeHUil, onucanuyio B pabore [1], upu Gosubimom r B cuity
(3), nomy4gaem

P(Q>b)<P<O’1Y1—|—O'2Y1 Y2>7">:

= By, {P (\/U%JFUSYQ~Y1 >TY2)] =
1
:P(\/Uf—kang Y1 >r> = §P((Uf—|—o§Y2) WAk >r2) ~

-~ Ca/2
2

7"2 —a/Q
: (2) CBE(i[F?) =0y r7, (10)

03

rae C3 = C3(a, 02) = 0.5 Cq o - 05 @ - E|Y1|% — aABHO BBIYMCIAEMAA KOHCTAHTA.

Bepxusig rpammma B (10) ompenensiercss a—yCTOHYIHMBBIM TpPahUKOM, MOCKOIBKY
HMEHHO OH CIIOCODEH Cpa3y «CTeHEePHPOBATLY OYeHb JIMHHYIO 3a8BKYy W BLI3BATDL Ie-
peronHenne KoHeuHo# mamarn. OpakTaabHoe GPOYHOBCKOE IBIYKEHHE BIUAET Ha pe-
3yJILTAT TOJLKO Yepe3 CpeJHee 3HaUeHHUe.

3.3 BepTHAA U HUNCHASL 2PAHUYDL OAA CKOPOCTIU 00CAYHCUBAHUA

Ionarue spexmusnoti nponyckHoti cnocobHOCMU IMUPOKO UCIOIL3YETCA IIPX aHA-
JIN3e XapaKTEePUCTUK CUCTEM MACCOBOTO OOCJIYKUBAHMUS, B YACTHOCTHU, TIO3BOJISIET HAXO-
JIUTH TpebyeMyIo EMKOCTh CepBepa IPH HEKOTOPHIX OrPAHUYEHUAX HA XaPAKTePUCTHKH
00C/IyKUBaHUsl, BKJIIOYas BEPOATHOCTD TepernoHenust Oydepa Wiu CPeIHIon 3a1epiK-
Ky IepeIadu.

Omnpenenenne 3¢ddHEKTUBHON MPOMYCKHONW CIMOCOOHOCTH OCHOBAHO HA TMPUMEHEHUN
Mpon3BOAsAIIell PYHKIMN MOMEHTOB mporecca A(t)

baw(0) = E (eaA(t)) 7

KOTOpas J0J2KHA ObITh KoHedHa 1pu 6 # 0.
XopoIo  W3BECTHO, YTO JJIsi  MPOIECCOB, TMPUPAIIEHUs KOTOPBIX  HMe-
0T  TSXKEIbIE  XBOCTBI, TAaKOH  MOAXOJ HE TNPUMEHHM, MOCKOJbKY  TIPH

H>05
lim 4 (0) = 00, 0 £0.

AJIbTepHATUBHBIA MOAXOM i HAXOXKJIEHHA 3(PMEKTHBHON IIOJOCHI IPOIMYCKAHKS
mozker OpiTb ocHoBaH Ha HepasencrBax (9) u (10), KoTopble 1Py 3a1aHHOIT BEPOATHOCTH
TIEPENOTHEHNST MOXKHO Pa3penTh OTHOCHTEThHO C.
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BadukcupyeMm HEKOTOPOE JIOIyCTHMOE 3HadeHue € > 0 171 BEPOATHOCTH IIEPENo-
senud P(Q) > b). U3 (9) upu mocrarodno 6obimom b ciaemyer, 410

(71)&111 -b%, H, < Ho,
(11)

1

g
()77 p' 1 Hy < Hy.

U3 coornomenus (10) s konednoro 6ydepa npu GUKCUPOBAHHOM 3HAYECHUU Be-
posiTHOCTH TIepenosiHeHus €1 > 0 MbI IOJTy9aeM I'PAHUILY

C<m+<c3)i. (12)

€1

Ha uepsbiit B3rasy rpanuna (12) Moxker HOKa3aThCd 3aBBIIIEHHOMN, IOCKOJIbKY Ha-
nwaue 6ydepa, KOTOpoe 37eCh He MPUHAMAETCS BO BHAUMAHUE, MO3BOJISIET CIIAXKUBATH
paziuYane MeXK/y WHTEHCUBHOCTSMU TOCTYTIeHUsT W o0ciykuBanusi tpaduka. s
MapKOBCKUX MOJIeJIeit 3TO AeCTBUTEIbHO TaK.

Ho camomonobmbrit Tpaduk, B 0OCOOEHHOCTH (—yCTONYNBOE ABUKEHHUE JIeBu, Xapak-
Tepu3yeTcs CUIbHON Baprabe TbHOCTHIO OTHOCUTETHHO CPeIHeH HHTEHCHBHOCTH ITOCTYII-
JIEHUSI, BCJIEJICTBUE Yero Ieperpy3ka CUCTeMbl (eC/i OHA BO3HUKAET) CKOPee BCEro 1po-
JIATCS JIOBOJIBHO JIOJITO, JIjIsl TOrO, YTOOBI BBI3BATH IepernosiHeHne. B srux ycioBusx
HEOOXOIMMa, TOCTATOYHAST MPOMYCKHAS CIIOCOOHOCTH, YTOOBI TapAHTUPOBATH BEPOSIT-
HOCTB TIEPETOJIHEHNS, HE TPEBBIIIAIONIYIO £7.

Kpowme Toro, ysenuuenne pa3zmepa 0ydepa BbIIe OMpeaeeHHOTO YPOBHS BbI3LIBAET
3a7epKKU MEPEIaddl U JKUTTEP, KOTOPbIE HE KeJATETbHBI IPU TPAHCIAINN BUIE0—
JAHHBIX. B 9TOM Cilydae BazKHYIO POJIb OISTh K€ UTPAET MPOIYyCKHASA CIIOCOOHOCTD.

3akJiloueHne

B mannoii crarbe ObLIN MOy YeHBI TPAHUIIBL IS MPOITYCKHOM CIIOCOOHOCTH B YCJIO-
BUSX CAaMOIOI000r0o Tpaduka, IpeacTaBIAONero codoif CyMMy HE3aBUCHUMBIX (pak-
TAJIBHOIO OPOYHOBCKOI'O JIBU2KEHUS U (—yCTONIUBOrO JIBUKeHus JIeBu ¢ pa3HbIMU 110~
KazareaamMu Xépcra.

BwIBO COOTBETCTBYIONIMX MPAHUI] OCHOBAH HA, IIPOCTHIX COOTHOIIEHUAX MEKIY Xa-
PAKTEPUCTAKAMY MOTOKA, CKOPOCTHIO OOCIYKWBAHWSA M BEPOATHOCTHIO MEPEIOJTHEHHUS
JIJIsl KOHEYHOTO U OeCKOHETHOro Oydepa. ITO MO3BOJSET PACCUUTHIBATD HEOOXOIUMBIE
nmapamerpbl CHCTEMbI, OMMPASCh JHIIb HA OAuH mHapamerp QoS.

[Monyuennnie pe3yabraThl MOTYT OBITH TOJIE3HBI TP Pa3pabOTKe MEXaHW3MOB
YIPABJIEHUS W KOHTPOJIS [IJIi COBPEMEHHBIX BBICOKOCKOPOCTHBIX CEeTeil TEeIEKOMMYHU-
KaIlWu.
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In this paper we analyse the nonhomogenous traffic model based on sum of
independent Fractional Brownian motion and symmetric a—stable Levy pro-
cess with different Hurst exponents H; and Hs = 1/a and present bounds
for the required service rate under QoS constraints. It is well known that
for the processes with long—tailed increments effective bandwidths are not
expressed by means of the moment generating function of the input flow.
However we can derive simple relations between the flow parameters, ser-
vice rate C' and overflow probabilities €(b) for finite and infinite buffer. In
this way it is possible to find required service rate C' under a constraint on
maximum overflow probability.
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