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AHAINU3 MOOENEN ONUCAHUA TPADUKA

Tposeden ananuz mooeneli onucanus mpagura. Paccmompenvl nyacconosckuil u npumMumusHbill ROMOKU mpaghu-
ka. Ipusedenvt modenu Ianvma u Spnanea. [poananusuposanvt camonodobuvie ((hpaxmanvrovle) Mooen mpaguxa.
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BBepeHue

IlocTanoBKka MpoGJeMbl M AHAJIU3 JHUTEPATYPBI.
[NpoBeneHHbIiT aHaMM3 padOTHI MAKETHOH W Tene(hOHHOMH
CETH MOKa3aJl, YTO MOMEHTHI BPEMEHH TOCTYIICHUSI MaKe-
TOB WJIY 3aHSITHS JINHUI TIPEICTaBIIAIOT HEKOTOPBIi HaOop
CITyYalHBIX YHCeNl. JTH YHUclia 00pa3yloT HeyObIBAIOIIYIO
CITy4aliHyl0 TOCIEI0BAaTENbHOCTh, KOTOPYIO MPUHATO Ha-
3bIBaTh CIy4alfHBIM MOTOKOM. [ onMcaHust TakuX MOTO-
KOB MOYXHO HCIIOJIb30BaTh JIMOO MOHATHE PacIpe/ieeHNs
KOJIMYECTBA COOBITHH, NPUXOMAIINECS HA BHIOPaHHBIE
ONpeJIeNIeHHBIM 00pa30M MHTEPBaJIbl BPEMEHH, JIHOO pac-
NpefiefieHue MHTEpBaJla BPEMEHU MEXITy COCEIHHMH CO-
ObITHsIMU. B TIepBOM ciTydae MoJeNb MOTOKa JaeTcsl pac-
MIpe/IelIeHUeM JIMCKPETHOM CIy4ailHON BEJIMYHMHBL, a BO
BTOPOM - HETIPEpBhIBHOM CiydaifHoN BemuuuHBL. Teopus
CITy9alHBIX TIOTOKOB BBIJENSET CIICAYIOLINE TPHHIUITH-
anpHble coiictBa [1 — 3]. CrammoHapHOCTh — HE3aBUCH-
MOCTbh BEPOSITHOCTHBIX XapaKTEPUCTUK OT BpeMEHH. Tak
BEPOSITHOCTH TMOCTYIUICHHS OIPEIENIEHHOr0 Yhcia COObI-
THH B MHTEpBaJic BPEMEHH, UTMHOMN t VIS CTAlMOHAPHBIX
TIOTOKOB HE 3aBHUCUT OT BHIOOpa Hayaja ero M3MepeHUs.
[NocneneiicTBre — BEPOSTHOCTH TTOCTYIUICHUSI COOBITHII B

UHTEPBAJIE (tl,tz) 3aBHCUT OT COOBITHI NMpOMCIIEAIINX

110 MoMeHTa t;. OpIUHAPHOCTh — BEPOSITHOCTh TOCTYILIE-
HUS IBYX M OoJiee COOBITHIA 32 OECKOHEYHO MaJlbIii MHTEp-
BaJl BpeMEHH At €CTh BeJIMYMHA OSCKOHEYHO Maiasi, 0o-
Jiee BBICOKOTO TIOPSI/IKa MAJIOCTH, 4eM At .

BaxxHelmyMy YUCIEHHBIMHU TapaMeTpaMH CIIy-
YaiiHOr0 MOTOKA SIBJISIIOTCS MHTEHCHBHOCTH IOTOKa M
rapamerp 1oToka. J[1s opJuHapHBIX TOTOKOB OHH COB-
MasIatoT, a Ui HEOPIUHAPHBIX TH BEIMYMHBI pa3jinya-
torcs. Llenbl0 cTaThbW SBISETCS aHAIHN3 CYIIECTBYIO-
X MOjieJiel moTokoB [3].

OcHoBHas 4YacTb

PaccMOTpuM CYIIECTBYIOIINE MOJIENIH IIOTOKOB.

IIpocTeiimmii MOTOK — 3TO CTALMOHAPHBIN OpaU-
HapHBIHA MOTOK 0€3 MOCIeAeHCTBISA (CTAlMOHAPHBIH ITyac-
COHOBCKHH 1OTOK). OH 3ajaercs HaOOpOM BepOsITHOCTEH

P:

] (t) TIOCTYIUIEHUSI 1 COOBITHII B IIPOMEXYTKE BPEMEHH,

JuiHOH t . [lyacCOHOBCKME MOTOKH IIMPOKO MPUMEHSIIOT-
csl B KauecTBE MOjIeJel peabHBIX IMOTOKOB Onarosiapst

TOMY, 4TO OGJ'IaZ[a}OT OYEHb Ba)KHBIM CBOMCTBOM aJ[IUTHB-
HOCTH. MOXXHO Takxke PaclICIUIATD HyaCCOHOBCKI/Iﬁ ITOTOK
C MHTEHCUBHOCTBIO A Ha m ITyaCCOHOBCKUX C MHTCHCUB-

HOCTAMHU A . JJJIst 3TOr0 Hazio ompenenuTs MONHYO CIIy-
YaifHyl0 cucTeMy U3 m COOBITUH V) C BEpOSTHOCTAMU
Py (t), HACTYIUICHHE KaKIOro M3 KOTOPBIX OylIeM CUH-
Tath (pakroMm mepexiroyeHus Ha k-oe Hampasnenue. [Ipu
HOCTYIUIEHUH KaXKI0r0 HOBOro coObITHst C; B ITyaCCOHOB-
CKOM TIOTOKE Oy/ieM HaXOJMTh COBMECTHOE COOBITHE (Jie-
KapTOBO MPOU3BEIICHHUE) [Ci X Vk] U OTHOCHUTB €ro K K -

My moToky. Kaxnplii 13 o0pa3oBaHHBIX TaKUM 00pa3oM
m IIOTOKOB OyZEeT IMyacCOHOBCKUM C WHTEHCHUBHOCTHIO
A = Apk - Ha puc. 1 npommumocTpupoBaHo paciieruieHne

" CIIMIHUE ITyaCCOHOBCKHUX ITOTOKOB.

Pl ,'7L1=P1'7v
A P1p2:P3) P2 k2=p2~k\\>
—_—, > —_— > —»
_\A}\G =p3'7\4/—>

P3
Puc. 1. CoxpaHeHue TyaCCOHOBCKOTO XapakTepa
P O0ObEMHEHNH U PACIIEIUIEHNH TIOTOKOB

IlyacconoBckuii moTok. OGOOIIEHNEM TIpOCTEiilLIe-
IO TIOTOKA SIBISIETCS HECTAlMOHAPHBIN ITyaCCOHOBCKUM
MOTOK. J[J1st 5TOro moTOKa COOBITHIA HE BHIMOIHIETCS CBOI-
CTBO crampoHapHocTH. OnpesienuM BeposTHOCTh MOCTYII-
JICHUsI POBHO 1 COOBITHII B MHTEpBaJie (to,to + t) ¢ Imo-

MOIIBIO (PYHKIMH CPEAHETO YMCia COOBITHI Ha 9TOM WH-
TepBaje.
to +t
Mtorto +t) = | Ax)dx
to
WA CpelHeN MHTEHCHBHOCTH Ha 3TOM MHTEpBaJe
A(tg.to +t)/i.
Taxkast BEpOsSTHOCTB 3a/1a€TCs KaK

[k(to,t.o + t)T e(to,t0+t) .

P(tg,tg +t) = o
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Poszeumox padiomexniunoeo zabesneuenns, ACY ma 36 ’s3xy Iosimpsnux Cun

Mopzens B BUJIE HECTAI[MOHAPHOTO ITyaCCOHOBCKOTO
IIOTOKa MOXKET B HEKOTOPBIX CIydasix MOXKET OTpa3UTh
nioBezieHre Tpaduka Oonee anexkBarHo. Hanpumep, Hamm-
yne BHH (Bpemenn HanOonbliell Harpy3ku) MOXKET OBITh
OTPa’KEHO POCTOM CpelHeN MHTEHCHUBHOCTH B OIpEeseH-
HOE BPEMS CYTOK.

IIpUMHTHBHBIN MOTOK. DTOT ITOTOK COOBITHI MOX-
HO CUUTaTh CBOEOOPA3HBIM HECTALIOHAPHBIM ITyaCCOHOB-
CKMM TIOTOKOM C MapaMeTpoM IIOTOKA, 3aBHUCSIIUM OT CO-
CTOSIHMSL CHCTEMBI, Ha KOTOPYIO MOCTYIAeT JaHHBINA MOTOK.
Ecmu 0603HaunTh cocTosiHre cucteMbl 0 < k < N, To [yt
MIPUMHUTHBHOT'O TIOTOKA T10JIaratoT

A=Ay =oc(N—k).
CpenHee 3HaYeHHE NTapaMeTpa IPHUMHUTHBHOIO MOTOKAa MO-
KeT ObITh HAaWIICHO uepe3 paclpeleiieHle BeposSTHOCTEN

COCTOSIHHSI 00CITY)KHMBAIOIIEH CHCTEMBI {pk} ;

_ N
A= Py
k=0

Yarire BCero Moeib MPUMHUTABHOTO MOTOKA HCIONb-
3yeTcs MPY OMUCAHUN OOCTY)KUBAHHS HECKOJIBKHX HE3aBH-
CHMBIX OJITHAKOBBIX ITYaCCOHOBCKHMX HWCTOYHHKOB OJTHOM
cucremoil. CyMMapHBI MyaCCOHOBCKHIA TIOTOK Ha BXOJE
CHCTEMBI TIPH 3TOM MOKET OBITh OIMHCAH CYMMOM ITOTOKOB
Ka&KIOr0 W3 HCTOYHMKOB. CyMMapHas WHTCHCHBHOCTH
(paBHasi TapameTpy IOTOKAa B CHIY OPIMHAPHOCTH) IPU
9TOM JIOJDKHA OMpPENeNsIThCsl CYMMOM WHTEHCUBHOCTEH
Ka&)KIOr0 W3 TIOTOKOB. [Ipy momydeHMH OOCITY>KUBAaHHS
COOBITHS OT KaKIOr0 M3 TaKMX WCTOYHWKOB, JAHHBIA HC-
TOYHHMK MCKITIOUACTCSA W3 YMCIa CO3JAIOIIMX HArpy3Ky Ha
cucreMy. Eclii OTOXAECTBUTH COCTOSTHAE CHCTEMBI C YHC-
JIOM MCTOYHHKOB, TOJYYHBIIHX OOCITY)KABAHHC B TAHHBIA
MOMEHT BPEMEHH, TO MOYKHO HICIIOJIb30BaTh 3HAYCHHUE

}\‘k = (X,(N - k)

KaK MHTCHCHBHOCTH TTOTOKA, MOPOKICHHOIO HCTOYHHKAMH,
HE TMONYy4YMBIIMMH OOCTyxuBaHusl. CpeaHsii HHTCHCHUB-
HOCTh Ha OJIMH UCTOYHHUK OYJICT OMPENeIAThCA KakK

e
N

Monenb TPUMHUTHBHOTO TMOTOKA YIOOHA UIA Tpel-
CTaBJICHUs JIMCKPETHOM HArpy3Kd OT MHOI'MX HCTOYHHKOB
HE3aBHCHMBIX ITyaCCOHOBCKHX TIOTOKOB 3asBOK, IJIC MHTCH-
CHBHOCTH BXOJIHOTO TIOTOKa YMEHBIIIAETCs] CKauKoOOpas3Ho.
COBOKYIHAs HArpy3Ka OMPEAeNIeTCs] CyMMOM ITOTOKOB. [2].

CamononodHubie ((ppakraibHbie) Moaeau Tpadu-
Kka. Bo Bcex paccMOTpEHHBIX paHee MOJIENSIX MTOTOKOB CO-
OBITHI CUHTAJIOCH, YTO BEPOSTHOCTH IOSABIICHHUS CIICTYIO-
IIEro COOBITHS 3aBHCUT TOJIBKO OT BPEMEHH, POLIEIIIEr0
C MOMEHTa COBEpIICHUS MPEbIIYIIEro COObITHS, 1 HE 3a-
BHCHUT OT BCEH INPEIBICTOPUH TOSBIICHUS COOBITHIA paHee.
OmHAaKO B HEKOTOPBIX CITydasX TAKUEC MOJCIH HE MOI'YT
aJICKBaTHO OTPA3UTh PEaIbHBIN MOTOK COOBITHH. [ToaTomy
KpOMe TIOTOKOB 0e3 MOCNeeHCTBIS MPUXOIUTCS paccMar-
pHBaTh U TAaKWE, B KOTOPBIX BEPOSTHOCTH IOSIBJICHUS Clic-
JIYFOIIETO COOBITUS 3aBHCUT OT HACTYIUIEHHS! COOBITHH B

TIPEABITYIIX UHTEPBaax BpeMeHH. TUITIYHBIM IIPUMEPOM
TaKUX TIOTOKOB SIBJISIOTCS TIOTOKW C O'PaHUYEHHBIM T10CTIE-
neiictBreM. Jist HUX 3a/1a€TCsl KOHEYHbIH HA0Op (DYHKIMNA
pacrpeneneHyst I COCEAHNX UHTEPBAIOB T, MEXIy IO-

CTyieHHeM k coObitrii. OJHUM W3 HauOOJee THITHYHBIX
MOTOKOB C OrPaHUYEHHBIM TTOCIIEICHCTBUEM SBJISIETCS CTa-
[MOHAPHBIA TTOTOK C 3amasJblBaHMEM - MOTOK IlambMa.
DYHKIMSA PACTIPENICIICHHS] BEPOATHOCTH [UTsl HHTEPBAIIOB
MEXKIy COCEIHUMHU COOBITHSAME TMoToka [lansMa 3amatorcs

4epe3 YCIOBHYIO BEPOSITHOCTE (t) OTCYTCTBHS COOBITHIA

B MHTEpBAJIC [UIMHOM ¢ €CJTM B HAYaJle STOr0 MHTEpBasa Io-
CTYIaJIO COOBITHE, CIICIYIOIIUM 00pa3oM

1
P (1 <t)= kj.(po (x)dx, k =1;
0
P(te <t)=1-gp(t),k=2;
BHCCB BCIIMUMHA 7\, BbIPAYKACT UHTCHCUBHOCTL I10TO-
Ka U paBHA, KaK OOBIYHO, OOpaTHOW BENTMYMHE CpPEIHErO
NPOMEXKYTKa BPEMEHU MCXKIAY COCCITHUMU CO6I)ITI/IHMI/I.

Ilpu SKCTIOHEHIMANBHON (GYHKIMK @) (t) = ¢ ™ norok

ITaneMa mpeBpaiaercs B ImyaccoHOBCkuiA. WMHorma ero
Ha3bIBAIOT TIOTOKOM JpiiaHra mepBoro nopsiaka. [Ipousso-
I “ipocerBaHue’”’ TOTOKA [TanbMa T.e 0TOpachIBast Kakioe
BTOpOE, KaXKI0€ TPEThE, KAKI0E N-¢ COOBITHE, MONTYyYatoT
MIOTOKH, KOTOpPbIE HA3bIBAIOT MOTOKaMM JpJlaHra BTOPOTO
TIOPSAJIKA, TPETHEro MOpsIKAa M COOTBETCTBEHHO N-TO TO-
psmka. [y motoka Dpradra mopsaka n QyHKIMS pacrpe-
JICJICHUS UMEET BUJT

n—1 .
Plx(m) < t] = 1- ¢ Y (at) /i
i=0

Beenenue mogeneli ¢ mocieneicTBUEM MO3BOISIET OT-
Pa3uTh CBOWCTBA TIOTOKOB C TaMSTBIO, OMHAKO MPUBEICH-
HBIE BBIIlIE TpHBeIeHHbIE Mozienu [lampma u Dpranra oka-
3BIBAIOTCS MAJIOMOIXOASMIIMMY, €CIIH B ITOTOKE COOBITHI
OOHApPY)KUBACTCS TaK Ha3bIBaGMasi JIOJITOCPOYHAS 3aBUCH-
MOCTh WM camorofooue [1]. Baxueiinmm mapamerpoM
XapaKTEPH3YIOIUM “‘CTEeHb” CaMOIOJA00HOCTH CITydaii-
HOTO TIPOLIeCCa, sIBIsIeTCs napamerp Xepcera. 11 BEIoopod-

HOro cirydaiiHoro Habopa X j ( j =1,..., N) MOYKHO OIl-
1 N

penenuTh BRIOOpOYHOE cperHee M = N Z Xy, BBIOO-
k=1

POUHYIO THCHEPCHIO S%\] =

TpalibHOE OTKIOHeHHe D = Z X — M.

OrnpenenuM U3MEHYMBOCTh CITY4aifHOro Tpoliecca Ha
nHTepBajie N Kak HeyOBIBAIOIIYIO (PYHKIIHMIO JUIMHBI WH-
TepBasa

Ry = maxD; —minDj .
1<j<N 1<j<N

XepcroM OBUIO TIOKA3aHO, YTO JyIsl OONBIIMHCTBA €c-
TECTBEHHBIX ITPOLIECCOB OTHOLICHUE
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R_(NY!
S 2
WIN UHa4e log(%} ~ Hlog(%} nipu Oonbimx N.

Benmmunna H nonyunna HazeaHue nmapamerpa Xepcra
u et B uaTepBaie 0,5H < 1,0. [l mporeccos, He 00-
JIaJIAI0NMX CBOMCTBOM CaMONOn00Msl, BEIMUMHA MTapaMeT-
pa Xepcra pasna 0,5. J[ynsi camornomoOHBIX TMPOIIECCOB C
JIONITOCPOYHOM 3aBHCHMOCTBIO ATO MapaMeTp U3MepsieTcsl B
mpeaenax 0,7-0,9. Jlns uccieaoBaHuss TakuX IPOLIECCOB
UCIIONB3YeTCsl MaTeMaTHYeCKHil amnmapar (paKTaabHOTO
aHaJM3a, B YaCTHOCTH, HOPMHPOBAHHOE (ppaKTaibHOE Opo-
yHoBckoe npwkeHue (Fractal Brownian Motion, fBM) c
napamerpoM Xepcra H — cirydaiineiii nporiece, o0najaro-
LM CJIETYFOIIMMH CBOHCTBAMU:

X| HMeeT CTalllOHapHble HOPMAJIBHO pacrpeesieH-

HBIE CITyJaiHbIE TIPUPAIICHUS

Xo =0, X¢p =Xy =0, st mo0bIX t) W t5;

-\ 2H
(th - th) =k |t2 - tl| , JUISL TFOOBIX t] Mty ;
X - HOPMAIIBHO paclIpe/ieNicHHas CilydaifHas BeNH-

YypHAa 1151 Jr0oorot > 0, T.€.

2 2
D(Xp = Xq) = Xz = Xg)™ ~(Xp = Xyg)™ =
2H
=k [ty =ty 7.
IMocnenoBatensHocTh mpupariennii fBM T.e. ero
MPOM3BOJIHASL B OMPE/ICICHHOM CMBICE O00Opa30BBIBACT
(pakransHbIi rayccoBekuid myM (Fractal Gaussian Noise,

fGN). ®pakranbHbIl TaycCOBCKUI IIYM (YEpHBIH IIIyM)
9TO CTaIMOHAPHBIA TayCCOBCKHUNA MPOIIECC C 3aJaHHBIMU

rapameTpamu (m, o’ ) Y aBTOKOPPEISILIMOHHON (yHKIIEH

r(k) = % (e+ 17 =2 i —12H)

Hcxonst U3 caMbIx 00IIMX COOOpaKeHHIT MOXKHO CKa-
3aTh, YTO MapaMeTp XepcTa COXpaHseTcs TIPU CyMMHPOBa-
HHH JII000r0 KOHEYHOT'O YKClia HE3aBUCHMBIX CaMOITOI00-
HBIX TIPOLIECCOB C (DPMKCUPOBAHHBIM TIapaMETPOB CaMOIIO-
nooust. TakuMm 00pa3oM COXPAHSIOTCS BCE BaXKHCUIIIHE
XapaKTepUCTUKH camorofoous.. OHON U3 TaKuX Xapakre-
PHCTHK SIBJISIETCSl BENIMYHMHA BBIOpOca nporiecca. st camo-
MOOOHBIX TIPOLIECCOB XapaKTep BHIOPOCOB COXpaHSETCs
NPH PacCMOTPEHUH TIpoliecca B Pa3iMYHBIX MaciTadax

BpeMeHH. JTO O3HAYaeT, YTO €M MBI OyJIeM 3aliChIBaTh
Harpy3Ky Ha KakoM-JIH0O 3JIeMEHTE C JMCKPETHOCThIO, Ha-
npumep 10 MIITHCEKYHII, TO paccMaTtpuBasi rpaduk m3me-
HEHMs Harpy3Kd BO BpeMeHH Ha uHTtepanax 10 cexynn, 10
MHUHYT WiH 10 4acoB BbI HE 3aMETUTE CYIIIECTBEHHBIX Pa3-
JIMYMIA B TIOBEJICHUH KpHBOI. B 3TOM Citydae camornono0ue
rparKOB MOXKET OBITh OXapaKTepPH30BAHO COOTHOIIEHUEM

y(t) = o y(ij
o

BenmauHy o MOXXHO Ha3bIBaTh KOA(DPUIIMEHTOM CaMo-
momo0Ous HETIPEPBIBHBIX TIporieccoB. Jmsi Hac manee Baxk-
HEHIIIMM M3 PaCCMOTPEHHBIX 37IeCh CBOWCTB CaMOIIOJ00HBIX
TIPOIICCCOB SIBISICTCS TO, YTO TAKKE MPOIIECCHI UIMEIOT BBIOPO-
Chl, BEJIMYMHA KOTOPBIX COXPAHSETCS KAk JyIs arperupoBaH-
HBIX TPOIIECCOB, TAK M TPU CYMMHPOBAaHHH HE3aBHUCHMBIX
CaMOITOTO0HBIX TIPOIICCCOB, T.C. PAaCIIPEIEIICHHE YHCIA COObI-
THI BO BpeMEHH TS TpaduKa, MPEICTABIMOrO CaMOITOI00-
HBIM TPOIIECCOM HOCHT XapaKTep CIOKHOW B3aMMOCBSI3aH-
HOM TIOCNIEOBATENHLHOCTH CITyYalHBIX TaueK MOCTYILUICHHN.
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ANALYSIS OF TRAFFIC DESCRIPTION MODELS
0.V. Vorobyev, O.0. Mozhaev, A.P. Oskolkov

The analysis of traffic description models is conducted in the article. Puasson and Primitive streams of traffic is considered. Mod-
els are resulted Palm and Erlang. The self-similarity (fractal) models of traffic are considered. The parameter of Kherst is certain.

Keywords: aftereffect, self-similarity, ordinariness.
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