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Annomayusn

benvkoe /I.B., Eoemckasa E.H., Hezamoea JI.B., Edemckan T.A. Ananuz nomepsv nakemos
npu nepedaue UDP-mpagpuxa. Ilocneonue uccredosanusi nakemnoeo mpaguka noxazai, ymo
9mMo - PpakmanvHwlll npoyecc u e2o mpaouyuoHuvie Mapkoeckue mooenu ¢ KpamrKo8peMeHHOU
namamoio Hexoppekmubvi. [losmomy 0ns nosviuenus xauvecmea oocayxcusanus (Q0S) saswchou
3a0auetl A61AEMC AHANU3 COBPEMEHH020 mpaguka Komnviomeprvlx cemel. OOHUM U3 Kpumepues
QOS moorcem Ovimb KOMUUECMBO NOMEPAHHLIX NpU nepedaye naxkemos. B oaumHou cmamve
npeocmasienvl pe3yibmamsl CMAmuUCmu4yecko20 aHamusd  npoyecca nomepb NAKemos npu
nepedaue UDP-mpaguxa.

BeleHue

MHuorouncneHabie uccnenoBanus [1,2] Tpaduka KOMIBIOTEPHBIX CETEl CBHUICTEIHCTBYIOT
O TOM, YTO OH HMMeeT 0coOylo (ppakTanbHYIO CTPYKTypy. B mporecce mepenaun BO3HHUKArOT
OoJIbIIIME BCIJIECKH MPH OTHOCUTEIBHO HU3KOM CpeqHeM ypoBHe Tpaduka. JlaHHOe sBIeHHE,
3HAYUTEIBHO BIHAIONIEE HAa TIOTEPU U 3aJIePKKHU MAKETOB, HE YUUTHIBACTCS KJIACCHUECKON TeOopuei
tenerpaduka. Pacuer mapaMeTpoB cHcTEeMBbI pacnpenenaeHus HHPOpMAIUY, peIHa3HAYeHHON s
00paboTku ceTeBoro Tpaduka, Mo KIaCCHUECKUM (opMyinaM TaeT HEKOPpPEKTHBIE, HEOMPAaBIaHHO
ONITUMHUCTUYECKHE DPE3YJIbTaThl. ANTOPHUTMBI 00paOOTKH TpaduKka, CO3JaHHBIE i pabOTHI C
MPOCTEHUIIINM MOTOKOM Hed(ppeKTUBHBI 1 (hpaKTaTbHBIX TOTOKOB.

[TosiBieHrEe HOBBIX CBOMCTB ceTEBOrO Tpaduka, HEOOXOAMMOCTH 0OECHeueHUs] BHICOKOTO
KadecTBa OOCTYKMBAHHUS TPWIOKEHUH, JENal0T aKTyaJlIbHBIM CTATUCTHUYECKHH aHaJIH3 CETeBOTO
Tpaduka.

Ilenbto HacTosimeil pabOThI SABISETCS MCCIEAOBAaHUE CTPYKTYpHI TpauKa, HalpaBIE€HHOE
Ha BBIBJICHHWE €r0 XapaKTepHbIX ocoOeHHocTel. l3ywaercss mpolecc MmoTeph MAaKeTOB NpHU
nepenaue UDP-Tpaduka.

B pabote pemarorcs crieayrouie 3aJadyd: OLEHUBACTCA IUIOTHOCTH paclpeesieHus,
aBTOKOppensiuuonHas QyHkus (AK®D), sHepreTHUecKuil CIeKTp M3y4aeMOro BPEMEHHOTO psija,
OTIpEeNIeNAeTCsl CTENEeHb (paKkTaNbHOCTH (TOKazaTenb Xepcra). B mccienoBaHuu MCHOIB30BATUCH
nporpammsl Fractan u Statistika.

1. Peanusanus cereBoro tpaguka

Jlnis u3ydeHusi BRIOpaHa OJ[HA M3 peanu3anuii ceteBoro Ttpaduka [3], momydernas B 2007
rojay B yauBepcutete ropojaa Hamonu (Mtanus). CoryiacHO JIMIIEH3UU JaHHBIE CBOOOTHO TOCTYITHBI
s aHanmsa. M3MepeHuss MpoBOIWIMCH Kaxable 10 mwmmmcekyHna, momydeHo cseime 12 000
oTcuetoB. M3mepsinock kosmuecTBo notepsHHbix UDP-makeToB o6beMoM 512 0aifT, oTHpaBUTENb
umen ADSL-noctyn (640 Kbps), Ha cropone moaydarens - 100 Mbps Ethernet, onepanuonnas
cuctema LinUX Ha Kaxaod H3 CTOpoH, ckopocth meperadn 100 pps. Todeunas auarpamma
M3y4aeMOTO BPEMEHHOTO psijia oka3aHa Ha pucyHke 1.- KomnuectBo noteps nipu nepegaue UDP-
[IaKETOB

2. AHAIU3 IVIOTHOCTH pacnpeaeeHus
B sTOM paszaene BBINOIHEH aHAIN3 IUIOTHOCTH pactpeneneHus. OLeHKka MpOBOIUTCA Ha
OCHOBAaHMM THUCTOTPaMMbl OTHOCHUTEJIBHBIX 4YaCTOT, MOKa3aHHOW Ha pHUCyHKe 2. BusyanbpHbIii
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aHaJlu3  MO3BOJSIET  CleNaTh BBIBOJ, UYTO H3y4aeMbld BpPEMEHHOH psii HE MOAYMHSAETCS
HOPMAaJIbHOMY PaclpeIesICHHIO.
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Pucynox 2.- [I10THOCTB pacnpeneneHus mporecca noTepb MakeToB
3. AHaJIN3 aBTOKOPPEISILMOHHON PyHKIMHU
B stoM pa3zmene HeEoOXOAMMO ONpPENeNuTh  O0JaJgaeT BPEMEHHOW  Psi MEIJICHHO
yOBIBAIOIIEH 3aBUCHUMOCTBIO WIM  OBICTpO  yObIBaromel 3aBucuMocThio. [Ipomecc ¢ MVY3
XapaKTEePU3yeTCsl aBTOKOPPEIAIIMOHHON (PYHKIIUEH, KOTopasi yObIBACT MO CTENEHHOMY 3aKOHY TIPH
YBEJIUYCHUU BPEMEHHOM 3ajiepkku (nara). B ommuue ot mpouecca ¢ MY3, nporecc ¢ ObICTpO
yobiBaromieit 3aBucumocteio (bY3) obmanaer sxcnoHeHnmansHo cnagaromeid AK®. Beraucienne

N-7 _ _
2. (Xj = X)(Xjsk = X)
AK® BBINONHEHO C TOMOMLIBIO NporpamMMbl Fractan 4.4 mo dopmyse r(k) ==L

(N-7)o(X)

rie X - BeIbOpouHOe cpemHee pama X, o2(X) - BeIOOpouHas muchepcus pama X, k=0,1,...
ABTOKOppensimoHHas (YHKIUS BpEMEHHOTO Psijia IpUBEJeHA Ha PUCYHKE 3. DTO KoyieOaTeIbHbII
nporiecc, KOTOPBI He oOpalaercs B HOJb MPH OOJBIINX 3HAYEHUSAX kK, YTO TOBOPHUT O MEAJICHHOM
yoeiBanun AK® u mpucyrctBun MVY3 B uccrnegyemom tpaduke. Heo6XonmumMo OTMETHTH, YTO
IIPOLIECC TOTEPh IMAKETOB TECHO KOPPEIMPOBAH C MPOLECCOM HX 3aJEpKKU (BPEMEHHOH psl
3anepkkn UDP-makeroB oOGbemom 512 0Oaiit mpuBeaeH B [3]). Ha pucynke 4 mnoxazaHbl



aBTOKOPPEISLIUOHHbBIE byHKIIH MOTEPh u 3aJIepiKeK
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Pucynok 3.- AK® npouecca noreps makeTo

ABTOKOPRENALMOHHEIE dyHELIMK
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Pucynok 4.- AK® npoueccoB notepsb 1 3aJ1ep>KK1 NaKETOB
4. CnexTpajbHbIN aHAJN3
B »sTOM pasgene BBIMONHEH  pacyeT  SHEPreTHYECKOro CIEKTpa HCCIELyeMOro
BpeMeHHOTro psiia. M3BecTHO [4], 9TO B yacToTHOU 0OmacTu MY 3 NpuUBOIUT K CTEIIEHHOMY 3aKOHY
MOBEJIEHUsI CIEKTpalbHOM TUIoTHOCTH mporecca. [Iponecc X obGmamaer MVY3, ecnu ans
ikf

CIEKTPAIIbHOM TIOTHOCTH S(f)=>r(k)-e BBIIIOJIHAETCSL yclaoBHUE S(f)~ £70. L,(f)+C,, THE
k

f >0,i=+v-1, 0<b<4 u L, - MEUIEHHO M3MEHSIIOIIAsICS B HyJe (QyHKIHS, C, = const.
DHEPreTUYeCKUui CIEKTp UCCIeNYEMOTO BPEMEHHOTO psjia TToKa3aH Ha pucyHke 5. Jlunus
aNMPOKCHUMAIIMH TIOCTpoeHa s f —0 1o dopmyre S(f)=fP.107. TIpouecc ¢ MVY3 obnamaer

CIIEKTPAIBHOW IJIOTHOCTBIO C OCOOCHHOCTBHIO B HYJIE: CIHEKTpalibHas IUIOTHOCTh CTPEMHUTCS K
OECKOHEYHOCTH, TI0 Mepe TOro Kak 4actora f crpeMuTcs k HyII1o.
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Pucynok 5.- CexTpanpHas INIOTHOCTH MpOIiecca NOTEPh aKETOB

5. Onpenenenne nokasares Xepcera

B oatom pasmene oneHumBaeTcs Iokasarens Xepcra H, KOTOpwI sBII€TCS Mepou
JUTMTETPHOCTU JIOJITOCPOYHOM 3aBucuMocTu mporecca [4]. 3umauenme H=0,5 yka3piBaeT Ha
OTCYTCTBHE JIOJITOCPOYHOM 3aBUCHUMOCTH. KOppenmsmust MeXIy COOBITUSMH OTCYTCTBYET, PSiJ
ABIISICTCS CIydailHBIM, a He (¢pakTanbHbIM. Uem Ommke 3HadeHne H k 1, Tem BbIme cremneHb
YCTOMYHMBOCTH JOJTOCPOYHOM 3aBUcHMMOCTU. IIpm 0<H <05 BpEeMEHHOM psn ABIAETCA
TPEHIOHEYCTOMUMBBIM (aHTUIIEpCUCTEHTHBIM). OH 0oJiee W3MEHYUB, YE€M CIY4alHbIH pAf,
IIOCKOJIBKY COCTOMT M3 4YacThIX peBEpcoB craa-nmoabeMm. [Ipu 05<H <1 pAx TpeHAOYCTONYMB.
TenneHnus ero U3MEHEHHsT MOXET ObITh CIPOrHO3UpoBaHa. CBs3b MoKa3aTelns Xepera ¢ APYruMHU
(dpakTaTbHBEIMH TTApaMeTpaMy ToKa3aHa B Tadmiie 1.

Tabmuna 1. dpaxTanpHbIe TapaMeTpbl

ITapamerp Pacuernas popmyaa
@pakranbpHas pa3MepHocTh D D=2-H
Koppenauunonnsiit napamerp S B=2(1-H)
CnexTpanbHbIi moka3aTelns b b=2H +1
@pakTaIbHBIN IOKA3aTENb o a=3-2H

Jlnst onpenenenus 3uaueHust H B pabote ucnonb3yercs anroput™ R/S-anannza BpeMeHHBIX
PAI0B, KOTOpBIM BhIMoOJIHAETCS mporpamMMoil Fractan 4.4. IlonydeHHBIN pe3ynbTaT IMOKa3aH Ha
pucynke 6. ITokasarens Xepcra pasen 0,236.

Hcnonp3ys monydeHHOEe 3HaueHWe H =0,236, mo ¢opmysiaM, yKa3aHHbBIM B Tabmuie 1,

omnpeneneHbl  (PpakTalibHble MapameTpsl mpoiecca mnoreps UDP-maketoB: D =1764,8=1528,
b=1472, «a=2528. Ilockonbky BbIONHsETCS ycnoBue 0<H<O0,5, u3yuaemblil psg sBisercs
aHTUTIEpCUCTEHTHBIM. CIIeKTpajbHBIN ToKazarenb b Omu3zok k 1,5, Takoil curHanm Ha3bIBaeTCs
“pO30BBIM LIyMOM .
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Pucynok 6.- Onpeznenenue nokasarens Xepcra
BrIBOABI

B nannoit pabote mist peanuzaimu [3] nporecca nmotepb UDP-makeToB BBITIOTHEH aHAIHN3
IUIOTHOCTH pacIpelieNieHusl, aBTOKOPPEISIMOHHON (QYHKIIMM W DHEPreTHYECKOTO CIIeKTpa.
Haitneno 3nauenne nokaszarens Xepcra. [losydeHsl ciienyromue pe3yibTaThl:

1. N3ydaemplil BpeMEHHOM P HE TOAUYUHSETCS HOPMAIIbHOMY PaclpeieICHUIO.

2. N3yuaemblii BpeMeHHOU psAn HEe 00JafaeT 3KCHOHEHIUanbHO cranatoniein AKO,
CBOWCTBEHHOM CIIy4alHBIM PsIIaM.

3. g nponecca norepb UDP-naketoB Bbmonnsiercs ycnosue 0<H<0,5. M3yuyaemslii

psi sSBISIETCS aHTHIEPCUCTEHTHBIM. CrieKTpanbHBIN Tokas3arenb b 6mm3ok x 1,5. Bpemennoit psn
ABJIAETCA  pO30BBIM LIYMOM .

[lepcrieKTUBHBIM HaNpaBiIE€HUEM AATbHEHIINX UCCIEI0BAaHUN MOXKET ObITh aHAJIU3 CETEBBIX
MPOIECCOB METOJaMHM HEJIMHEHHOW nuHaMuku. [l mnoBbimeHus 3¢dQexkTuBHOCTH pabOTHI
COBPEMEHHBIX TEIEKOMMYHUKAIIMOHHBIX CUCTEM TPeOYyeTCsl CO3/JaHUE MAaTEMaTH4YEeCKHX MOJENEH,
HanboJjiee IMOJHO OTPaKAIOIUX (paKTaIbHBIE CBONCTBA CETEBBIX MPOLIECCOB.
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