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Beedenue

Jna TeneKOMMYHHKAITUOHHOM KOMIIAHMM BAXKHO HMMETh BO3MOXKHOCTH 0OOOCHOBATH
HaIpaBJIEHWE CBOEr0 pa3BUTHUA C TOYKH 3PEHUs PACIIMPEHHUS KOJIMYECTBA U KauvyecTBA
MpeZIOCTaBIsAeMbIX ycayr. Kakmada ©3 NOpefoCcTaBiIsieMbIX YCIYT MOTEHIIUAIHHO CO3/1a€T
Pa3INYHYI0 HHTEHCUBHOCTh HArpy3Ku. [Ipu 5TOM KJIMEHTHI, IOIYYaIOIe O{HOTUITHBIE YCIIyTH
B CWIy CBOEr0 pasjuyus [0 BO3PACTy, IO BHAAM HOPOGECCHOHATIBHOU JeATeIbHOCTH,
MPUHA/IJIEKHOCTH K TEeM WIM WHBIM COIUAJIBHBIM TPyIIIaM, OUYEBHIHO, OYAyT CO371aBaTh
Pa3JINYHYyl0 HATrPy3Ky Ha TeJIeKOMMYHUKAIIMOHHYIO cucteMy. OOIIee 4YHCI0 aKTHBHBIX
KJIMEHTOB TAKXKe ABJISETCA CyYalHOU HECTAIMOHAPHOU BEJIMYNHOU, U IPOTHO3UPOBATh B 3TUX
YCJIOBUSX XapaKTep HArpy3KH C JIOCTATOYHOM /ISl MPAKTHUKH TOYHOCTHIO CTAHOBUTCS OYEHb
c103kHO. OTCYTCTBHE TOYHBIX OI€HOK IIapaMeTPOB HArpy3KH, TO ecTb TpaduKa, 3aTpy/IHSAET
ONTHUMUBAINIO COCTaBa CETEBOTr0 OOOPYAOBAaHUSA M IPUBOAUT K YIIYIIEHHONW KOMMEPYECKOU
BBITOJIE. OueBuUIHO, YTO 3adaua uccaedosaHus napamempos mpaguxa
MeneKOMMYHUKAYUOHHOL KomnaHuu, npedocmasasioweil. 00HOBPEMEHHO HEeCKOAbKO U008
yeaye, 8asemest akmyaabHou.
IHocmanoexa 3adauu

Haunbosnee 5¢¢eKTUBHBIM CIIOCOOOM HCCIENOBAHUS IPOIECCOB, ITPOUCXOJSAIIAX B
TEJIEKOMMYHUKAIMOHHBIX CUCTEMAX, SIBJISIETCSA KOMIIBIOTEPHOE MMUTAIIIOHHOE
mozenupoBaHue. Jlo 80-x rooB XX Beka OCHOBHBIM BUJIOM YCJIyT, KOTOPBIN ITPEAOCTABIISAIICS
abonenTaMm, 6puta Testedonus. [Ipu MogeTnpoBaHuH Tee(OHHBIX CUCTEM CBS3H JIJIS OMHCAHUS
BXOJTHOTO Tpa(rKa IPUMEHSICS ITPOCTEUIINI MOTOK, 3a7]aBa€MbI CEMEUCTBOM BEPOSATHOCTEN
Pi(t) moctyrmienus i (i = 0...0) BBI30BOB B MPOMEKYTKE BpeMeHH t. BEpOsSTHOCTh MOCTYIIEHUS |
BBI30BOB JIJIs ITPOCTEUIIIETO TIOTOKA 32 OTPE30K BPEMEHH t OIpeziesisieTcs U3BECTHOU (hopMy.101l
Ilyaccona [6, 8]:

Py =Alen B

rae )\ — IIapaMeTp II0TOKa, XapaKTepH3y10H1Hﬁ HWHTEHCUBHOCTD IIOCTYIIJIEHUA BBI3OBOB.

®opwmyia [IyaccoHa ¢ 1OCTaTOYHOU /JIs1 TPAKTUKH TOYHOCTHIO OMUCHIBAET Tesie(OHHYIO
Harpy3Ky ©W IIO3TOMY YCIIE€INIHO IIpDHUMEHAJIACb IIPDU IIPOEKTHPOBAHHMHW HW MOZAEC/JIUMPOBAHUUN
TeJ'Ie(I)OHHBIX CHCTEM CBA3U. OILHaKO C ITIOABJIEHHEM I1€PCOHAJIbHBIX KOMIIBIOTEPOB H, OCO6eHHO,
yciayr MyJIbTUMEOana, XapaKTep Tpaq)mca B TEJIEKOMMYHUKAIIMOHHBIX CETAX HN3MEHUJICA
KOpeHHBbIM 00pa3zoM. Ha mpakTuke, Ipu aHaIu3€e HATPy3KHU B KOMIIBIOTEPHBIX CETSAX C TAKETHOU
KOMMYyTaIyen, ObLJI0 3aMeUeHo, YTO B Tpadrke MPUCYTCTBYIOT MAYKH [TAKETOB W HAOIIOAAI0TCSA
JIOJITOBPEMEHHbBIE 3aBUCHUMOCTH, ITO3TOMY TPadUK yKe HE MOKET OBITh KOPPEKTHO OIHUCAH C
oMot 3akoHa [lyaccona. B 90-x r.r. 6bLI0 yCTAaHOBJIEHO, UTO TPA(GUK B COBPEMEHHBIX CETAX
CBA3U MMeeT (PPaAKTAIBHYIO CTPYKTYpy U 0OJiee TOYHO 33/1aeTcs CIyYalHbIM CaMOIOI00HBIM
mporeccom [1— 3, 5, 8].

OCHOBHBIMH OTJIMYUTETHHBIMU CBOHCTBAMH CaMOTI0I00HOTO TpaduKa sBJIOTCA [3]:

1. MegieHHOE YOBIBAHUE TUCIIEPCUH TIPY YBEJTUUEHUH IIEPUO/IA HAOTIOAEHUS;



2. Hasimyue 70ITOCPOYHOM 3aBUCUMOCTH (TIOC/IEIECTBYA);

3. ®yIyKTyanMOHHBIA XapaKTep CIIEKTPa MOIHOCTH.

MaTeMaTH4YeCKH JIUCKPETHBIA CaMOTIOZOOHBIN IPOIECC OIPEAEISETCS CIIeAYIOIINM
obpazom: Ilycts 3azan BpemeHHoOU npounecc X={X,, n€Z*}. OupenesnmM ApPyrold BpeMeHHOU
nporece XM={X,M, neZ*}, KOTOpPBIH HA30BEM a2pe2UPOBAHHbBIM, TOJYIEHHBIH IyTEeM
yCpenHeHUsT BpPEMEHHOro Ipormecca X Ha HelepPeCceKalluecss COCEICTBYIONUEe OJIOKHU

JUIMHOU M:
1 nm
= XX @
m i=nm—(m-1)

CymiecTByeT nABa Kjacca CaMoOIOIOOHBIX IIPOIECCOB: TaK Ha3blBaeMble TOYHO
caMoI0/100HbIE U ACUMIITOTUYECKH CAaMOIIOT00HBIE ITPOIIECCHI.

[Tpouecc X Ha3bIBaeTcs TOYHO camMomoAo0OHBIM ¢ mapamerpoMm [ (0<fi<1) eciau st
M € Z* BBINOJHAIOTCA ycsioBuA (3) u (4).

XM =

Var[ X
« nucnepcus Var[X ™] = % ; 3)
« pynknua asrokoppensamuu R(k, X ™) = R(k, X). (4)
ITapamertp S cBsA3aH ¢ mapameTpoM Xepcra H cieayronum cOOTHOIIIEHUEM:
p=2(1-H). ®)
CymiecTByeT Jpyrodl KjacCc caMONOAOOHBIX IIPOIECCOB — TaK Ha3bIBAEMBIX

aCUMIITOTHYECKH CaMOIOAOOHBIX mporeccoB. IIpomecc X Ha3bIBa€TCA aCUMIITOTHYECKH
CaMOTIO/TOOHBIM, €CJTH JIJIST OOJIBIIUX K, TIPH M — oo BBITIOJIHAIOTCSA ye1oBus (6) u (7).

Var[X] .
— (6)

« pynknua asrokoppensamuu R(k, X ™) - R(k, X) . @)

Hawnbosiee TOYHBIM CBOHMCTBOM CaMOMOOOHBIX IPOIECCOB SABJISIETCS TO, YTO (PYHKIIHA
ABTOKOPPEJISIIUK HE BBHIPOK/IAETCA IIPH M — ©©, B OTJIMYHME OT CTOXACTHYECKUX IIPOIECCOB, I/Ie
R(k, X ™) - 0 mpu m — .

Jlns oLleHUBaHUSA CTENEHH caMorofo0us Tpaduka B ceTu ObLT BBEJIEH mapaMeTp Xepcra
(Hurst), obo3Hauaemsblii OykBOi « H». 3HaueHne H=0.5 03HAa4YaeT OTCYyTCTBHUE CaMOIOA00HOCTH,
a 3HaueHus H OGiu3KHhe K 1 COOTBETCTBYIOT BBICOKOH cTemeHu camorionobusi. McciemoBaHue
TpaduKa peaTbHBIX MYJIFTHCEPBUCHBIX CeTE MOKA3bIBAIOT, UTO 3HAUEHHE MapameTrpa Xepcra
HaxoAuTcs B Auanazoue 0.7 — 0.85.

Jlns oleHWBaHHUsA Iapamerpa XepcTa CYIIECTBYET Psii METOAOB: METOJT abCOTIOTHBIX
MOMEHTOB, OIleHKa BUTT/Ia, MeTO/] mepruoorpaMm, olleHKa Xwiia u p. Bce oHM OT/THYatOTCS
JIDYT OT Jipyra IO CJIO’KHOCTH BBIYMCJIEHHH W TOYHOCTH IIOJIy4aeMOTo pesyjbTaTa. MeTop
a6COJIIOTHBIX MOMEHTOB Ja€T JOCTAaTOYHO TOYHBLIE PE3yJbTaTbl IIPDH HEBLICOKOM 06"1)eMe
BBIUMCJIEHUH. MeTo/Ka IIPOBEPKH CIIEAYIONIAsa: UCXOAHAS I0C/Ie/I0BAaTeIbHOCTh X C JUTHHHOM
N pasgesnsitercs Ha Os0ku ¢ juyimHOM M. Ha rpaHumiax 0Ji0Ka IOCIIEIOBAaTEIbHOCTh HWMEET
cpefHee 3HaUEHHE, OlpeessseMoe hpopmysioi (8).

_ l km
X(k)y== X, k=12,..,[N/m]. (®)
)

M i—(kDm+1

« nucnepcus Var[X ™] =

s kakmoro 6Jioka HEOOXOMMO PacCYUTATh JAUCIIEPCHIO X ™ y maremaTuueckoe
oxkuzanue X IS Bcel mocsemoBaTeIbHOCTH. [locsie 3TOro A1 Kask/Ioro 0JI0Ka OMpe/esisieTcst

MOMEHT N
(m 1 N/m
D =—
) N/m é

B nanHoMm BeIpaskeHUU N=1 (abcoJI0THOE cpesiHee 3HaUYeHue). [lasee crpourcs rpaduk B
sorapudmMuyeckoM Macirabe — 3aBUCUMOCTh A0COJTIOTHBIX MOMEHTOB JIJIs ITOCIIEIOBATETBHOCTH
or m. [Tocse yero mo HaWIEeHHBIM TOYKAM PACCUYUTHIBAETCS ANMIPOKCUMUPYIOMAs MpsMas IO
MEeTO/[y MUHUMAJIBHOTO CPETHEKBAIPATHUECKOTO OTKJIIOHEHUS OT IKCIIEPUMEHTATbHBIX JaHHBIX.
Jlanee HeoOXOAMMO HAWTH YroJl HAKJIOHA AMIPOKCUMUpYIomeld npsmou f. Ilo momyuyeHHOMY
3HAYEHUIO f MOKHO HaWTH KoaddunueHt camononobuocru H=1— f.

X™ (k) - X" ‘ | ©)



Heob6xoaumo, uyToOBI JIJIMHA KaXKA0To 0JI0Ka W 4ucjao 00KOB ObLIn OosbiiuMu. Ecim
MIOCJIEI0BATETLHOCTh — 3TO HE MPOIECC C MEJIEHHO U3MEHSIONIENCA 3aBUCUMOCTBIO, TO HAKJIOH
almpoKCUMUpYIoled JuHUU OyzieT paBeH 0.5. Ecim mporecc camomomo0eH, TOT/Ia HAKJIOH
JIMHUU OyZleT MeHbIIIe 4YeM O.5.

Taxum obpaszom, 1 MO eJINPOBaHUsA Tpaduka COBPEMEHHBIX
TEJIEKOMMYHUKAI[MOHHBIX ~ CHCTEM  PEKOMEHJIyeTCs  HCIOJIb30BaTh  CAMONOOOOHbLLE
cayuaitHble NPoyecewl.

AHanu3 JuTepaTyphl IOKa3bIBaeT, UYTO CYIIECTBYIOT /IBa OCHOBHBIX IIOAXO/JAa B
MOZIEJTMPOBAHUH CAMOIIOA00HBIX ITPOIECCOB:

1. MeTo/1 Ha OCHOBe HCIOJIb30BaHNsA BpoyHoeckoz2o deudxcenus [1].

2. Merog MandeavbOpoma, TpeayCMaTPUBAIOIIUNA HCIOIb30BAHHE HECKOIBKHUX
He3aBUCUMBIX ON-OFF HCTOYHHKOB, y KOTOpPBIX 3aKOH 4YepefOBaHUA BKJIIOUEHHOTO U
BBIKJIIOUEHHOTO COCTOSTHUH pacipesiesieH o 3akony ITapemo [4].

[TnotHOCTH pacnpenenenus [lapero 3agaercs GyHKIIUEN BUaA:

alp

f(x)=
(X)ﬂ

3nech: a — mapaMmeTp (OpMBI, XapaKTepU3YyIOIuil, OyAeT Ju pacupefesieHUe WMETh
KOHEYHOe WU 0EeCKOHEUHOEe CpefHee U AUCIEPCHIO;
p — mapamMeTp HIKHEl TPaHUIIBI (MUHUMAJIbHOE 3HAUEHUE CJTyYaiHOU BEJTMUUHBI X).
CooTHoIIIeHne MeXK/Ty ITapaMeTpoM a U mapamMeTpoM Xepcera H 3agaercs ¢popmyoi:

3-«a
H =
. (11)

Bnarozmapst mpocrore 3azaHusA mapaMmeTpa Xepcra Meton MaHenp0poTa  IOTydHT
HaubOJIbIIIEe PACIIPOCTPAHEHHE IPU MOIETUPOBAHUH CAMOITOI00HBIX CTyYaHHbIX POIIECCOB.

VKazaHHbIEe BBIIIIE METOAbl MOJETHPOBAHUA ITO3BOJIAIOT TMOJIYYUTh peayru3aIiiuu
CIyJalfHOTO CaMOITOZIOOHOTO Ipoliecca ¢ JII000H (PUKCUPOBAHHOW CTEIEHbI0 CaMOIIOI00us,
O/THAKO M3BECTHO, YTO MHTEHCUBHOCTh HArPy3KH, CO37[aBa€MOI CEThIO JIOCTYIIA, CYII[ECTBEHHO
U3MEHSIETCS B TEUEHHE CYTOK. ITO OOYCJIOBJIEHO PpAa3JIHYHONH aKTUBHOCTHIO KJIWEHTOB,
MMOJIy4aloIuX KaK OJWHAKOBble, TaK W pa3JINUHble YyCJyTd. PeKoMeHJalui 1Mo BBIOOPY
KOHKDETHBIX 3HaueHHU mapaMerpa Xepcrta H B 3aBHCHMOCTH OT BHAA U KOJHUYECTBA
MPEJIOCTABJISIEMBIX TEJIEKOMMYHUKAITMOHHBIX VCJIYT B HACTOAIlEe BPEMS HET, II03TOMY
npuMeHeHne merona MaHaenbpbpoTa Jjis TeHepHpOBaHUA TpaduKa MyJIBTHCEPBHUCHON CeTU
JIOCTyTIa BOBMOYKHO TOJIBKO JIJIsI IIOJTyUYeHHUsI TPUOIMKEHHBIX OIIEHOK MHTEHCUBHOCTH HAarpy3KH.
CremoBaTesIbHO, /11 TIOCTPOEHUS aJIeKBATHOM MMHUTAIIMOHHON MOJIEJIM CETH JOCTYIIa, 3aaHus
OTHOTO T1apaMeTpa XepcTa He JOCTaTOYHO, a HEOOXOMMO O0eCIeuuTh y4YeT AUHAMUUYECKOTO
U3MEHEHUs HaTPY3KU B TEUEHHE CyTOK, UMEIOIIEr0 MeCTO Ha mpakTuke. [loaTomy, akmyanvHotl
HayuHoll 3adadell siBjisieTcss pa3paboTKa TaKOTO CIocoba MOCTPOEHUs] HMUTAITUOHHON MOETH
CEeTHU JIOCTyIla, KOTopas Obl MO3BOJIMIA HCCIEN0BATh CTEIEHb CaMOIIOAO0OHOCTH BXOJIHOTO
Tpad¥Ka B TEJIEKOMMYHHUKAIIMOHHBIX CETSIX, IOJIYYEHHOTO C yUeTOM PeabHO MPEA0CTaBIsIEMbIX
KJIMEHTaM BUJIOB YCJIYT.

JIJisi  TOCTPOEHHWsT  HUMUTAIMOHHBIX  MOJEJIeH  HCIHOJIB3YIOTCA  pas3IddHbIe
IIpOoTpaMMHBbIE IIPOIYKThI, TJIAaBHBIM TPeOOBaHUEM, /I KOTOPBIX SBJISETCSA BO3MOYKHOCTh HE
TOJIBKO CO3/IaBaTh CJIOKHBIE MOJIeJIM, HO M BapbHpPOBaTh HX IIapaMeTpaMH B IIpOIiecce
MOJIETUPOBAHUS.

[IpoBe/leHHBIN aHaJW3 IPOTPAMMHBIX CPEACTB IIO3BOJIWI  CHejiaTh BBIBOA O
MepPCIIEKTUBHOCTH MIPOrpaMMHO¥ cpefibl AnyLogic ™ — mpoaykra kommanuu XJ Technologies,
B KOTODOH peasn30BaHbl BCE IOCHEAHHE JOCTH)KEHHS B 00JIaCTM HMHTAI[MOHHOTO
MOJIETUPOBAHUS, B TOM UKCJI€ U HOBBIH METOJ — A2eHMmMHoe modeauposanue. I[Tporpamma
AnyLogic™, B oTyimuWe OT ApPyTHX, JAAaeT BO3MOKHOCTH CeJIaTh IIPOIECC MOAEITMPOBAHUS
HATJISIAHBIM W WHTEPAKTUBHBIM, UTO Ba)KHO /I IMOHMMAHWSA CBSA3M HCXOAHBIX IapaMeTPOB
MojiesTu ¥ 3(pdeKTa BHI3BAHHOTO UX U3MEHEHUeM [7].

Ileab cmamvu cocmoum 8 uccnedo8aHUU — BO3MOMCHOCMU  A0eK8amHo20
Mo0eauposaHus mpa@duka meaeKoMMYyHUKaAUUOHHOU komnaHuu 8 cpede AnyLogic™ 5.4.
Moodeauposanue mpaduxa cemu cesn3u e cpede AnylLogic

C uespro mpoBepku (PYHKIIMOHATBHBIX BO3MOXKHOCTEHN MPOrpaMMHOM cpeasl AnyLogic
ObL1a IOCTpOEHa MOZIEJTh JIaTYHMKaA caMonoA00HOoTo Tpaduka Ha OcHOBe MeToAa MaHieap0poTa,

, mpu x> u a>0. (10)



CTPYKTypa KOTOPOU mpezcTaBiaeHa Ha puc. 1. Mogens coctout u3 50 ON-OFF HMCTOYHHUKOB C
pacmpenenerueM I1apeTo, KOTOpble UMUTHUPYIOT aKTUBHOCTh ADOHEHTOB.

source sinl:
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- [ ] [ e

2RO

ON-OFF HcToYHHKH
KomriectBo - 50
Puc. 1. Crpykrypa mozaenu Mauzaenas6pora B AnylLogic
C momomIpl0 MOCTPOEHHON MO ObUI IPOBENEH psifi SKCIEPUMEHTOB, PE3YJIbTaThI

KOTOPBIX COBHAJIM C BBIBOJIaMH, IIOJIyYEHHBIMH B HMCTOYHMKAx [2, 5]. Ha pwuc.2 mpuBemeHbI
peaim3aryii CreHeprupOBaHHOTO TpaduKa, KOTOPBIE MIOATBEPIK/IAIOT €r0 aueUHbIH XapaKTep.
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Puc. 2. Tpaduk, creHepupoBaHHBIHN B AnyLogic ¢ momoIso Mosiesin ManienpopoTa

OzmHako TakoW MOAXOZ K MOJIEJIMPOBAaHUIO Tpaduka o00JaaeT yKa3aHHBIM BBIIIE
HEJIOCTaTKOM — HEBO3MOXKHOCTBIO yYeTa PeaJbHONH AKTUBHOCTU AaOOHEHTOB, MOJIyYaIOI[UX
pasjindHble YCIAyrd. B YacTHOCTH, MAaHHBIA METO/I HE II03BOJIAET U3MEHATHh BaXKHEUIIINE
rmapaMeTpbl HUCTOYHHKOB HArpy3KH, Takhe KaK CpPefHUU 0ObeM JaHHBIX Iepe/laBaeMbIX B
eVHUI]y BPEMEHH, MaKCUMaJIbHO BO3MOXKHAs CKOPOCTH Ie€peflaud JaHHBIX, pACIpe/iesieHue
WHTEHCUBHOCTU HATPY3KU B TE€UEHUE CYTOK U T.I. ATO JIEJIA€T MOJETh HEeaJleKBaTHOU C TOUKU
3pEHUsI TPENOCTABISIEMBIX YCIYT U SABJISETCA NPUHIUMHAIBHBIM HEJOCTaTKOM JAaHHOTO
crroco6a MOJIeJTMPOBAHUS.

Jlns ycTpaHeHHsA 3THUX HEIOCTAaTKOB ObLyIa pa3paboTaHa Apyras MoJeJib, peaIn30BaHHAS
Ha OCHOBE (2E€HIMHO20 Memooa Mo0eaupo8aHusn. ATeHTHOe MOJeTUPOBAHUE CBA3aHO C
MIOHATHEM areHT. A2eHm — 3TO HEKOTOpas CYIIHOCTb, KOTOpas 00JaJaeT aKTUBHOCTHIO,
AQBTOHOMHBIM MTOBEZIEHUEM, MOKET IPUHUMATh PELIeHH B COOTBETCTBUU ¢ HEKOTOPHIM HAO0pOM
MPaBWI, MOXKET B3aMMOJIEHCTBOBATh C OKPYKEHHEM U JPYTUMH areHTaMH, a TaKXKe MOXKeT
U3MEHAThCA (9BOTIOMUOHUPOBATH) [5]. Lleb IMOCTpPOEHMsSA areHTHBIX MOJeJIed — IIOJIyYHUTH
mpejicTaBieHue 00 00IIeM TOBEJEHWH CHCTEMBI, WCXOAA U3 MPEANOJIOXKEHUH 00
WHAVUBHUIYAJIbHOM, YaCTHOM IIOBE/IEHUH €€ OTAEeIbHBIX AKTUBHBIX 00BEKTOB U B3aUMO/IEHCTBUU
9TUX OO'HEKTOB B CHCTEME.

B paspaborannoit mogenu (puc. 3) uMeeTcss 3 TPYNIIBI areHTOB. ATEHTaMH B JJAHHOM
MOJZIeJIM  SABJAIOTCA ~ a0OHEHTHl  TEJIEKOMMYHUKAIIMOHHOW  KOMIAHHH,  KOTOPBIM
MIPEJIOCTABJISIOTCSA Pa3JIMYHbIE TUIBI TEJIEKOMMYHUKAITMOHHBIX YCJIYT, IO3TOMY OHH CO3/IaI0T
Pa3JINYHYI0 UHTEHCUBHOCTD HArpy3ku. [Ipu3HakoMm siesieHrs aDOHEHTOB Ha TPYIIIBI MTOCTY KU
MPOITyCKHAsI CIIOCOOHOCTH JIMHUY CBA3U, KOTOPAs COEAUHAET UX TEPMUHAIbBHOE 000PYy/IOBAHUE C
KOHI[EHTPATOPOM. DTO MOXKET TPAKTOBAThCSA, HAIPUMeED, KaK HCIOJIb30BAHUE TPEX PABTUUHBIX
TapuHBIX IUIAHOB OOCIY>KHUBAHUA ¢ (PUKCHPOBAHHOU MAaKCHMAaJIbHOU CKOPOCTBIO IIEpe/ladn
JIAaHHBIX WM KAaK IPEeJOCTaBJIe€HNe Pa3JIMYHBIX BUIOB yCayr. IloBeieHME areHTOB B KaXKAOM
rpynme 3amaeTcsi HaOOPOM XapaKTEPUCTUK: MAaKCUMAJIbHOU CKOPOCTBIO IEepeZlauyd TaHHBIX,



cpefHUM 00BbeMOM IlepefiaBaeMoro Tpaduka 3a CyTKH, XapaKTepoM aKTUBHOCTH abOHeHTa B
TeueHHe CyTOK. AOOHEHTHI pab0TaIOT HE3aBUCHUMO APYT OT APYTa, HO MO OOIIUM IIPaBUJIaM TOHU
TPYIIIBI, B KOTOPYIO OHH BKJIIOYEHBI. Y1 CII0 aO0OHEHTOB WJIU TPYIII B MOJIEJTH MOYKET 33/1aBaThCS
B 3aBUCUMOCTH OT PEAJIbHON CUTYaIlH B TEJIEKOMMYHUKAIIMIOHHON KOMITAaHUH.

HeobxommmMo Takke OTMETHTh, YTO HCHOJIB3YEMBIM TapuQHBIM IUIAH — 3TO HE
€MHCTBEHHBI BO3MOKHBIN NPHU3HAK 00pa30BaHUsA TPyHIl B Mojaenu. biarogaps HMIUpOKUM
BO3MOKHOCTAM areHTHOTO MeTOZa MOJEIUPOBaHUA AabOOHEHThl TaKKe MOTYT OBITh
CTPYIIIIUPOBAHBI II0 MHBIM IIPU3HAKaM (BO3pacTry, mpodecCHOHATBHOU JAeATEIbPHOCTH U T.II.),
YTO, B CBOIO O4Yepesib, JACT BO3MOXKHOCTh 0oJiee /IeTaJbHO y4ecTh B MoJieJIn 0COOEHHOCTU B
MOBe/IEeHNY aDOHEHTOB ¥, COOTBETCTBEHHO, TIO3BOJIUT MOIYYUTH O0JIee TOUHBIE PE3YIbTATHI.

Ab_grup_1*

Komuectso - 10

Ab_grup_2* Concentrator server

0

Komruectso - 30

Ab_ grup 3*

Kommectso -100

Puc.3. CtpykTypa areHTHOU Mozesu B AnyLogic

Hwxke mpencraByiieHbl peanu3anuul Tpaduka, IMOJYYEHHOTO C IOMOIIBI0 areHTHOH
MO/IeJT! 3a OJTHU (pHC. 4 a) u 3a Tpoe (puc. 4 6) MOIETbHBIX CyTOK.
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Puc. 4. Tpaduk, NOJIydeHHBIH ¢ IOMOIIBIO aTeHTHON MO/e N

W3 ananm3za puc.4 BUAHO, yTO TpadUK Tak:Ke Kak U B Mojies i MaHeap0poTra ob1amaer
IIAaYeYHbIM xapaKTepOM, OAHAKO 3aM€THA 3aBUCHUMOCTb MHTEHCUBHOCTU HaI‘py3KI/I oT BpeMeHI/I
cyTok. IlpenBapuTesNbHBI aHAJIN3 Ppe3yJIbTATOB MOJETUPOBAHUA IIOKa3aj, 4YTO TpadukK
obJytazjlaeT CBOMCTBOM CaMOIIOZOOMsI, a IMapaMeTp XepcTa HMeeT 3HaueHue He Hike 80.
ITocTpoeHHast MOZE/b TTO3BOJISIET UCC/IEOBAThH CTENEHh U3MEHEHUsI CaMOIMOA00HOCTH TpadrKa
HpI/I Bapr/IpOBaHI/II/I HapaMeTpaMI/I MoAge/sIn — BHUJOM U KOJIMYECTBOM HpeI[OCTaB.TIHeMBIX
KJINEHTaM TeﬂeKOMMYHHKaHHOHHOﬁ KOMIIaHUHN YC.TIYI‘, YTO MOXKET HpeI[CTaBJ'IHTB I/IHTepeC AJIA



Teopuu Tenerpaduka. I[IparMaTuyeckas 3HAYMMOCTb pe3YyJIbTAaTOB MOJIETUPOBAHUS CETU
moctyna oO0ycIoBJI€HAa BO3MOXKHOCTBIO 0Oojiee TOYHOTO ITPOTHO3UPOBAHMSA JIMHAMUYECKHX
ImapaMeTpoB Harpy3kKu, 4TO ITO3BOJIHUT TeﬂeKOMMYHHKaHHOHHOﬁ KOMIIaHHUH OIITHUMU3HUPOBATDH
CTPYKTYPYy M COCTaB KOMMYTAIIUOHHOTO OOOPYZOBaHUS U, B KOHEUHOM HWTOTE, PEIIUTH JIBE
caMble CJIOKHBIE 33/aud: 00ecleYuTh TpeOyeMoe KauecTBO OOCTy>KMBaHUA KJIWEHTOB U He
YIIYCTUTHh (PUHAHCOBYIO BBITO/Y.

Jlnst mpuMepa ObLTH ITPOBEIEHBI IBA SKCIIEPUMeEHTa. B mepBoMm (puc. 5): pUKCHPOBAIOCH
yncsio abOHEHTOB KakKAOW W3 Tpynn, U MOAOWpasach MPOIYCKHAsA CIIOCOOHOCTH

COEIUHUTEJIbHOU JINHUU «KOHIIEHTPAaTOP-CEPBEP» TaK, YTOOBI BEPOATHOCTh OJIOKHMPOBKH HE
npessblana 2%.
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Puc. 5. 'paduk 3aBUCUMOCTH HEPETPY3KU OT MPOITYCKHOM CIIOCOOHOCTH
COETMHUTETHHOU JIMHUY «KOHIIEHTPATOP — CEPBEP»

3500

Bo BTOpOM JKcIlepUMeEHTe, MOZEIUPOBAJIACh INPOTHUBONOJIOXKHAA — 3a7ada —
¢dbukcrpoBasachk IPOITyCKHasl CIIOCOOHOCTh COEIMHUTENIBHOM JINHUN «KOHIIEHTPATOP-CepBep» U
OTPEEISIOCh MAaKCUMAIBHO BO3MOXKHOE YHCJIO aOOHEHTOB KaXK/IOW U3 TPYHIl TaK, YTOOBI
BEPOATHOCTh OJIOKMPOBKH Takke He mpeBblmana 2%. [Ina mpumepa Ha puc.6 IMOKa3aH
pe3yJIbTaT MOAETUPOBAHUSA JJIs IEPBOU IPYNIIIBI aDOHEHTOB.
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Puc. 6. 'paduik 3aBUCUMOCTH IIEPETPY3KU OT KOJTMUECTBA AOOHEHTOB MEPBOH TPYIIIIBI

AT JKCIIEPUMEHTBI HE MCUEPIIbIBAIOT BCEr0 IIOTEHIIKMAJIAa alr€HTHOTO MOJAE/IMPOBAaHUA, a

JIMIIb IIPpUBOAAT IIPHUMEPBI €ro BO3MOYKHOCTEH JJId  pelleHruA TUWIIOBBIX 3aJad TEOpHHUu
TeseTpaduka.

Buteoout

1. CymiecTByOIMA TOAXOA K  MOJEJTUPOBAHUIO Tpaduka B  COBPEMEHHBIX
TeJ'IeKOMMYHI/IKaI_II/IOHHBIX CeTAax, OCHOBaHHBIﬁ Ha METoAeE MaHI[eJ'IB6pOTa, II03BOJIAET HO.TIy‘-II/ITB
CaMOTIO/TOOHBIA CJIyYaWHBIA ITPOIIECC, OTHAKO peajindyeMasi TaKUM 00pa30M MOJEb SBJISIETCS



HeaZIeKBaTHOU C TOYKHU 3PEHUS yueTa apaMeTpPOB PeayibHOTO TpaduKa.

2. AnexBaTtHas HNMUTAIIIOHHAS MOJIEIb MYJIbTHCEPBUCHOM ceTu  JAO0CTyIa
TEJIEKOMMYHUKAITMOHHOW KOMITAaHUU MOYKET OBITh peayin30BaHa HAa OCHOBE METOZa areHTHOTO
MOJI€JINPOBAHUs, UTO IO3BOJISET HCC/IEI0BaTh HapaMeTpbl TpaduKa C y4ETOM PeaTbHOTO
KOJIMYECTBAa W BHU/IA IIPEJIOCTABJISAEMBIX YCJIYT, 00ecreunTh O0Jiee TOUHOE IPOTHO3UPOBAHHE
HWHTEHCHUBHOCTHU HArpy3KH.

3. [IporpammMuast cpema AnyLogic™ Ha OCHOBE MeETO/la areHTHOTO MOJETNPOBAHUS
IIO3BOJIAET CO3JaBaThb aZicKBaTHbIE€ UMHUTAIIMOHHBIE MOAEJIN TE€JIEKOMMYHUKAIIMOHHBIX CUCTEM, C
BO3MOXHOCTBIO 3aJlaHUA IIPONM3BOJIbBHBIX XaPAKTEPHUCTHUK HMCTOYHUKOB I/IHCI)OpMaI_II/II/I " OII€EHKU
cTemleHH caMomnofo0HocTH Tpaduka. ITO, B CBOIO OUYEpedb, JIeJIaeT BO3MOMKHBIM ISt
TeﬂeKOMMYHHKaHHOHHOﬁ KOMIIaHU U O6OCHOBBIBaTB Tpe6yeMme ImapaMeTpbl KOMMYTAallTUOHHOI'O
060py/1013aH1/m CUCTEMBI CBA3H, B 3aBHCHUMOCTH OT YHCJ/IAa ITIOTEHIIHMAJIBHBIX a6OHeHTOB, BHUAA
MIPEZI0CTABIISIEMBIX UM YCIYT U TPeOYyeMbIX XapaKTEPUCTHUK KAaueCTBa 00CITyKUBAHUS.
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AGENT BASED MODELING OF THE TRAFFIC TO TELECOMMUNICATION COMPANY

One of the most efficient methods of the study of the traffic of the
telecommunication systems is computer simulation modeling. The existing

I.A. SIDORENKO approaches to modeling self-similar traffic do not possess sufficient
L.V. SOLDATOV flexibility for building of the identical simulation models multi-service

networks of the access. In article is considered agent based method of
Belgorod State University modeling of the traffic to network of the access, which possesses beside

advantage in contrast with existing methods of modeling.
e-mail: sidorenko@bsu.edu.ru
Key words: simulation modeling, self-similar traffic of
telecommunications, agent based modeling, the traffic to network of the
access, application AnyLogic.



