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MeTepOyprckmni rocyaapCTBEHHbIN YHUBEPCUTET MyTer COOOLLEHNS

Nmnepatopa AnekcaHgpa |
A. A. MypasuoB

BoeHHad akagemua ceasn M. Mapuwana Cosetcrkoro Coto3a C. M. byaeHHoro

CUHTE3 NOTOKOBOW CTPYKTYPbl TPAHCMNOPTHOW CETU CBA3M
C NCNoJib3OBAHUMEM MMUTALUMNOHHOIO MOAEJIMPOBAHNSA

PaccmarpuBaercs GopMupoBaHre IMUTAIIMOHHON MOJIENTH MyTEM CHHTE3a MOTOKOBOH CTPYKTYPHI

Y UMHTAIOHHOTO aIapara CHCTeM MaccoBoro oOcirykuBaHus Ha sizbike GPSS Word, mosBonstomiee
OIIPE/IeJIUTD TaKNe MapaMeTphl KaueCTBa TPAHCIIOPTHOHN CETH, KaK MaTEMAaTHIECKOE OJKHIaHNE 3a1ePiK-
KH{ TIAKeTOB, €€ CPEIHEKBAAPATUIHOE OTKIOHEHHE, & TAK)Ke THCTOIPAMMY PacIpeesICHHs 3a1ePKKH
NPEIOKEHHON K PaCCMOTPEHHIO CEeTH CBA3H. Kpome 3Toro, Moziesb Mo3BOJISET ONPEACIUTh YIaCTKH
CETH, KOTOpble HEOOXOIUMO MOJCPHU3UPOBATh, YTOOB! YAOBIETBOPUTH MOTPEOHOCTD MMOJIB30BATENCH B
KaueCTBEHHBIX MOKa3aTeJsIX CETH CBS3H.

HMmMuTanroHHOE MOJSITHPOBaHHUE, TEICKOMMYHUKAIIMOHHBIE CeTH, TakeTHas kommyTarust, GPSS Word.

C yBenuyeHHeM MOTPeOHOCTH B BHICOKOCKO-
POCTHOM JIOCTYTIE K MH(POPMAIMOHHOH cpesie B
3HAYUTEIBHOM CTETICHH YBEINYHMIACh Harpy3Ka
Ha COBPEMCHHBIC TPAHCIIOPTHBIC CCTH, BO3HUKIIA
KEeCTKHE TpeDOBaHMS K MOKa3aTelsiM KauecTsa 00-
ciayxuBanus B ceTd. OnHako TpeOyeTcs He TONBKO
OIPEACIUTh TEeKyIlee (POEKTUPYEMOE) COCTOSI-
HHE TPAHCIIOPTHOM CETH, HO U PACCMOTPETH €e

BO3MOKHOCTb COXPAHSTh 33/1aHHbIE KAYE€CTBEHHbIE
MOKa3aTesl ¢ yBeJIUYEHHEM IOTOKOB HAarpy3KHu.

CeronHs i onpeeNeHNs BbIIIeyKa3aHHbIX
MoKa3aTesiel UCIOJIb3YIOT:

* U3MEPEHUS U CTAaTUYECKUIN aHaN3 peaslb-
HOU ceTu (€CIU CeTh Mepeiaull JaHHbIX yKe T0-
CTPO€HA M HAaXOAMUTCS B MPOLECCE PA3BUTHUSA);

* HaTypaJbHOE MOJIEIIMPOBAHUE;
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* MaTeMaTH4YeCcKOe MOJICIMPOBAHUE;

* IMUTAIIMOHHOE MojienupoBanue [3].

B nannoii pabote paccMOTpUM UMUTALMOH-
HO€ MOJIeJMPOBaHNE, BHIOIHIEMOE Ha JJIEK-
TPOHHO-BBIYUCIUTENBHBIX MamuHax (OBM),
KOTOPOE B HacCTOsIIee BpeMsl SIBJIAETCs Harnbosee
3} deKTUBHBIM METOZOM MOTyYSHUS HHPOPMa-
IIMM O NMOBEJECHUH CHCTEMbI U JIHCTBEHHOCTH
aJITEPHATUBHBIX BAPUAHTOB €€ MOCTPoeHUs [1].
Hanpumep, MOXXHO BBIIETHTH:

* OTCYTCTBUE CYILECTBEHHbIX BIOXKEHUHU B
npuoOpeTeHne 000pyaOBaHUS I MOJEITHPO-
BAaHUs CETH;

* THOKOCTB — T. €. MOXKHO JINOO paccMaTpUBaTh
BCE MPOLIECCHI CUCTEMBI IS IOTyYEeHHs TOUHBIX
pe3yabTaToB, MO0 BBOAUTH PAMKH, YIPOIIA0-
M€ MOJENb, AJIs ONpPEAEIeHNs OpsAAKA UHTeE-
pecyIoNMX MoKazaTese, 1160 MOAEIUPOBaTh
UHTEepecyomue GparMeHTHl CeTH;

* CIIOCOOHOCTh OBICTPO MEHATh MOTOKH Ha-
TPY3KH U MIPUHLHUIIEI 00CTYKMBAaHUS TTAKETOB;

* MaKCHMaJIbHOE MPUOIMKEHHUE pe3ynbTara
MOJIETIUPOBAHUS K IEHCTBUTENBHOCTH BILIOTb JI0
JeTaIn3al|1 IIPOLECCOB.

B kauecTBe mpuMepa cocTaBUM UMHTALIOH-
HYI0 MOZIeJTb (PyHKIIMOHUPOBAHUS TPAHCIIOPTHON
CETH U OIIPE/ICIIUM OCHOBHBIE I10KA3aTENIU Kaye-

CTBa 00CITY’KMBAHHS KITMEHTOB, TAKHE KaK CPeIHSS
3aJIepKKa, TEBUALIS 3a]ICPHKKH, a TAKKE YKaKEM
HauOoJjee 3arpy’kKeHHbIE y3JIbl B JaHHON CETH.

ITocTanoBKA 3aga4u

[TycTb 3a1aHa TeJEKOMMYHHUKAIIOHHAS CETh
(TKC) B Bune rpada G (puc. 1), rne 4 = {a}
npescTaBisieT coboit MHOXKeCTBO y3710B TKC, a
B = {b.} — muoxectBo pedep TKC. B o0mem
Ccllydae HarpasJeHHe nepeiayn HHOpMaLHH 110
JIMHUSAM CBSI3U, KOTOPBIE COCIMHSIOT TPE/ICTaB-
nennsie y3ib6l TKC, nByHanpaBieHHO, U COOT-
BercTBytomwmi rpad cetu TKC sBnsercs Heopu-
SHTUPOBAHHBIM. TaKk)ke MCXOTHBIMH JJTAHHBIMU
JUIS. IMUTAMOHHOTO MOJICIUPOBAHUS SBIISIOT-
Csl IOTOKOBAs CTPYKTYpa CyLIECTBYIOLIEH ceTH,
KoTOpas 3a7ana B Buje rpada (puc. 1), cBepxy
pebep KOTOpOoro yKa3aHa JUIHa JIMHUU, CHU3Y —
Harpyska Ha JanHoe peopo. [Ipeamnonoxum, uto
IUIsL TEJICKOMMYHHKAIIMOHHOW CETH TIepeaun
JAHHBIX TpeOyeTcs ONMpeAeIuTh MapaMeTphl Ka-
4ecTBa 00CITyKUBAHHSA U1l HEOOXOAUMOI K pea-
misaiuu K11 ot y3ia a, K y3iy a, Co CKOPOCThIO
10 M6/c. Kpome 3TOT0, YCTaHOBHM TEXHOJIOTHIO
niepeiauk TPaHCTIIOPTHOM CEeTH.

Puc. 1. IToTokoBast CTpyKTypa paccMaTpuBaeMoi CETH
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C pa3BUTHEM TEIEKOMMYHHUKAIIMOHHOTO 000-
PYAOBaHUs CTANO 1e7ec000pa3HO UCIIOIb30BaTh
TEXHOJIOTHIO NTAKETHOH nepenadu nHdopmanuy,
TaK KaK JAHHOE CEMEWCTBO TEXHOJIOTUN UMEET
BBICOKYIO THOKOCTb, MacIITa0MPYEeMOCTb CETH,
a TaK)K€ MEHBILYI0 CTOMMOCTb 110 CPABHEHUIO C
CHHXPOHHOM nepeaueii nupopmarmu. Hanboms-
nIee pacnpoCTPaHEHHUE MOIYYHIN CEMEUCTBO
IIPOTOKOJIOB U TEXHOJIOTUI MEpeiady JaHHBIX —
TCP/IP/Ethernet.

O0beKT MOaeTUPOBAHUS

Jlns manbHEHIIero MoJeIUPOBAHUS TaKKe
TpeOyeTcs ONpeIeNTUTh CIIOCO0 MPOXOXKICHUS TTa-
KeTa uepe3 y3en oopaborku uadopmarwu. [pen-
TIOJIOXKHM, YTO B KaXJI0M y37e (puc. 1) pacmono-
’KeH KoMmyTarop ¢ obmeit munoi (backplane).
JIaHHBIN THIT KOMMYTaTOPOB UCIIOJNB3YET IS
CBSI3U TIOPTOB MPOLIECCOPOB BBICOKOCKOPOCTHYIO
IIMHY, KOTOpasi QYHKIIMOHUPYET B PEIKUME pa3-
JIeTICHUS] BPEMEHH.

[Tocne Toro xak maHHBIE TPeoOPa3ylOTCs B
MPUEMIIEMBIN JUTS TIEpelauul 1o IUHE hopMaT
(naxonsce B Oydepe uHTepdeiica, mpuHSBIIE-
O TaKeT), OHU TIOMEIIAIOTCS Ha IINHY U Jajiee
nepeaarTes B MOPT HazHadeHH. [IponsBoau-
TenbHOCTh backplane muHBI B COBpeMEHHBIX
KOMMYTaropax, 110 KpaiHe Mepe, B eCAThb pa3
MIPEBOCXOJUT MPOU3BOIUTEIHLHOCTE Hanboee
CKOPOCTHOTO MHTepdeiica paccMaTpruBaeMOro
obopynoBanus [5]. B pamkax paccMOTpeHHOTO
MpHUHIKTIA 00pabOTKU MAKETOB C IEIBI0 YIIPO-
[ICHHUS] MOJEIUPOBAHUS, MPEATONOKIM, YTO
MOJIeNTb KOMMYTaTopa TPAHCIIOPTHOM ceTH OyIeT
CoIepIKaTh TOJIBKO HEOTPaHUYEHHBIH 110 00beMy
Oydep unTEpdeiica, mepenaromero NakeTsl B
JMHUI0, TaK KaK B COBPEMEHHOM KOMMYTaI[H-
OHHOM 000pY/IOBaHHH 3aJIepXKKa Ha 00pabOTKyY
MaKeTa MUHUMAJbHA |, KaK MPaBHJIO, TIOCTOSH-
Hasi KOMMYTAIMOHHAs MaTPHIIA B HECKOJIBKO pa3
MPEBOCXOIUT CKOPOCTh CAMOTO MPOU3BOIUTEIh-
HOTO MHTepdeiica, a cIeoBaTeNIbHO, 3a/IePIKKa
Ha mepexoj makera ot Oydepa MPUHUMAOIIETO
uHTepdeiica k Oydepy nepenaroero Takke Mu-
HUMAJIbHA.

CocrasiieHue MapuIpyToB
JUIS1 IepeIavu UCCiIelyeMoro noToka

Jlns ucenenyeMoro noToka ONpeAeauM TpH
HE3aBUCUMBbIX MapLIpyTa ¢ OMOILbIO aJTOPUT-
Ma JleHikcTphl, a B KauecTBe Beca pedep Oyaem
UCIIOJIb30BATh JUIMHY JJMHUN IEpeiadl, 3HAUCHUS]
KOTOPBIX YKa3aHbl CBepXy HaJ pebpamu (puc. 1).
[IpousBens HEOOXOAUMbIE PAacCUeThl, HOTYUUM
kparyaiiiue Mapupytel s Kll a a

M ={b1,6;b6,8;b8,10}=19;
M3 ={b1,3;63,7;67,10} = 20;
M ={b1,2;52,3;b3,4;b4,9;69,10} = 30.

OmnpenenyB He3aBUCUMbIE MapUIPYThI, pac-
curTaeM pacnpezaenenus noroka or KII ag,q,,.
Taxoke 1 popmanuzanum «pacuerieHus» uc-
ClIeyeMOro MOTOKa M0 Harpy3kam, oIpeieieH-
HBIM JIJIs1 KaXKJI0TO MapIIpyTa, BEIICHUM BEPOAT-
HOCTh IIepexo/ia OHOTO MaKeTa K OJHOMY M3
Tpex MapupyToB. B urore nomyuum:

V1a1f110 — {b1’6’b6’8’b8,10} = 3,871 M6/C,
P,=0387;

Vzalflm — {b1’3,b3’7’b7’10}: 3,677 M6/C,
P,=0.368;

paae = {bl, 2;b2,3;b3,4;b4,9; b9,10} =
= 2,452 Mb6/c; P,=0,245.

Jlis caenyrouiero 3tamna MoJAEIMpPOBaHUs
TpeOyeTcst ONPENeIUTh 3aAEPKKY IIpH Ieperade
IIAKETOB OT Y3/1a-«OTIPABUTEN» K Y3ITy-«IIpHU-
E€MHHUKY», KOTOpas COCTaBIseT 5 MKC/KM [2].

HNMmutanmnonnas Mmoaesiab
TPAHCMIOPTHOM CETH CBSI3H

Takum oOpa3om, A7 CO3MaHUA UMHUTALMOH-
HOU MOZEIHN OCTAcTCs ONPENEIUTh UCXOMHBIE
JAHHBIE JUIA MOZEIUPOBAHUA — XaPAKTEPUCTUKH
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BXOJIHBIX IOTOKOB, & TAKXKE AUCLUIUIUHY 00CITy-
KMBaHUA JaHHBIX B y3nax ceTtu. Kak u3BecTHo,
Ka)XJ0MY BUIy Tpauka B TEJIEKOMMYHHKAIH-
OHHBIX CETAX CBOWCTBEH CBOW 3aKOH pacrmpe-
JIeJIEHUs] UHTEPBAJIOB MOCTYIUIEHUS MaKETOB.
Tpaduxy, uupkynupyoumeMy B COBPEMEHHBIX
TEJIEKOMMYHUKALlMOHHBIX CETSIX C MaKeTHOM
KOMMYTAIMei, IPUCYILIU CBOWCTBA CaMOIOJIO0-
Ousl, 4TO BKJIIOYAeT B ceOs J10JTOBPEMEHHYIO
3aBUCHUMOCTb, MEJJICHHO 3aTyXaloLIylo JUcIiep-
CHI0, OECKOHEYHBIE MOMEHTBI, PACIIPEACIICHUE C
«TSOKENBIMU XBOocTaMu» (pactpenenenue [lape-
T0, BeiiOyna, HopMabpHOe pacnpereneHue) [4].
B nanHOM nmpumMepe B kauecTBe AEMOHCTpPALMU
BO3MOKHOCTEW HMUTALMOHHOTO MOJIETMPOBAHHUS
OyzieM paccMarpuBaTh XapaKTep UCCIETYyEMOro
[IOTOKA KaK 3KCIIOHEHIMAJIbHbIM, IOTOK Ha-
rpy3ku — [lyaccoHa u cTaTHYECKYIO 3a1€PXKKY B
y3J51aXx 00pabOTKH ¢ HE3HAYUTEILHOM CITydaitHOM
YacThIO.

3HaueHMs IOTOKOB HAarpy3KH HcCCielyeMon
TPAHCIIOPTHOW CETH OmpeiesieHbl Ha puc. 1. Tak-
e MPEANOI0KUM, YTO BCE paccMaTpUBaeMble
uHTepdencel 000pya0BaHus 001 1aI0T MPOM3BO-
JMTENBHOCTBIO, paBHOi 100 M6/c. [lns onpenene-
HUSI MAaTeMaTUYECKOTO OXKUJIAHNSI BPEMEHU MEXKTY
MOMEHTaMU ()OPMUPOBAHUS MTAKETOB 32 OCHOBY
BO3bMEM KaJIp MaKCHMAJILHOTO pa3Mepa, KOTOpbIit
BMecTe ¢ mpeamOynoil nmeet AnuHy 1526 GaidT,
umn 12208 6ur. [leprox cnenoBanus COCTaBIs-
et 12208 out + 96 out = 12304 6uT, a yacrora
KaJ[poB IpH ckopocTu nepenaun 100 Mour/c co-
crasur 1/123,04 mxc = 8127 kaup/c.

HMutanmoHHas Mozelb JF000H CIIOAKHOH cH-
CTEMBI COCTOUT U3 MOJIEJIEH €€ 2IEMEHTOB, a TakK-
e MOJIETIEW B3aUMOJICHCTBUS 3JIEMEHTOB MEXKTY
co0o0ii 1 ¢ 3JIeMeHTaMu BHelHen cpenbl. [Ipu-
MEHUTENBHO K TPAHCIIOPTHON CETH ATU B3aUMO-
neiictus (MH(OPMALIMOHHBIE POLIECCHI B3aUMO-
IENCTBHA) peaan3yloTcs Mo KaHalaM nepegadyn
uHpopmarmu. J{1is perieHus HocTaBIeHHOH 3a/1a-
Y1 TPOU3BE/IEM UMUTAILIMOHHOE MOJIEINPOBAHUE
UCCIIeAyeMOI TPAHCIIOPTHON CETH C MOMOLIBIO
crienmanbHO# porpammel GPSS Word, o6nana-
FOLIEeH MAKCUMAJIBHOM ITPOCTOTON OMHUCAHUS MO-
Aenelt TaHHOTO KJlacca 3a/iad, ¢ UCI0JIb30BaHUEM
MUHHUMAJIBHOTO KOJM4YeCTBa pecypcoB OBM.

VIIpolLIeHHBIN aNropuT™ paboThl IPOTrPAMMBI,
0ToOpakarollell CBOMCTBa paccMaTpuBaeMoil
MOJIeNIU, TIPEACTaBJIeH Ha puc. 2. 3 anropurma
pabOThl IMUTALMOHHOW MOJIETH BUIHO, YTO OHA
0TOOpaxkaeT OCHOBHBIE CBOMCTBA TpedyeMoro
y4yacTKa TPAHCIIOPTHOM CETH C yYETOM BCeX yKa-
3aHHBIX OTPAaHUYEHUH U JOMYLIEHUI. JTO O3Ha-
4acT, 4TO 110 JaHHOMY aJIrOPUTMY MOXKET OBITh
cocrapjeHa nporpamma Ha s3eike GPSS Word.

Taxum 06pazom, oMy4eHHAs: POrpamMMa OTo-
OpakaeT OCHOBHBIE MPOLECCHI, IPOTEKAIOLINE
IPH ITPOXOXKICHUH UCCIIETyeMOro MOTOKa T0 pac-
CMaTpUBacMOM TPAHCIIOPTHOM CETU U COAEPKUT
186 cTpok.

Pe3yabTaThl MOEJIMPOBAHUA

[Tocne IMUTAIMOHHOTO MOJIEUPOBAHUS TIPO-
rpamma GPSS Word BbiaeT cranaapTHBIN OTYET,
B KOTOPOM B (popMe TaONMHIbl YKa3aHbl KOIHYe-
CTBO TaKETOB, MPOIIEANINX Yepe3 KaxKabli 010K,
CTaTUCTHKA UCIIONB30BAHU Y3II0B, @ TAKXKE CTa-
TUCTHKA HUCTIONB30BaHUs Oy(depa HHTepQErcoB.

W3 ananmza oryera GPSS Takxke MOXHO OT-
METHTh, YTO HA MOMEHT OKOHYAaHHs MOJIEJIUPO-
BaHuA B Oy(epe nnTepdeiica 1 y3ma 3 ocranoch
251837 makeToB, 4YTO TOBOPUT O HU3KOM MpPO-
IMYCKHOH crocOOHOCTH MHTEp]ErcoB MEXaY
y3IaMu a, ¥ a,. JIanHbIi pe3ynbTar TakKe Moj-
TBEpKAaeT K0d(DOUIIMEHT UCTIONb30BAHMS J1aH-
HOTO MHTepdeiica, ToKe BXOIAUIMI B OTYET
GPSS Word, paBasiii 1. Tak kak MOTOK Harpy3Ku
NPEBBIIIACT MPOIMYCKHYIO CIIOCOOHOCTH IaHHO-
ro y3na, ouepesib B Oydepe unrepdeiica 1 yzna
a, OyZleT pacTu ¢ yBEIMYEHUEM BPEMEHHU MOJIE-
nupoBaHus. B maHHOM ciyuae Tpebyercs aubo
nepepacnpeaenuTb MOTOKOBYIO CTPYKTYPY HUC-
XomHOTO Tpada, 1100 YBEIUUUTD MPOIYCKHYIO
CIOCOOHOCTH pedpa.

[Iporpamma GPSS Word no3Bonser ctpo-
UTh THCTOTPAMMBI IO 3aJJaHHBIM U3MEPSIEMBIM
BeMuMHaAM. B Haem npumepe Mbl GUKCHpOBa-
JM BpeMsl IPOXOXKJICHUS UCCIIeyeMOro TOTOKa
1o KaxaoMy MapmpyTty. Ha puc. 3 otobpakena
TUCTOrpaMMa BPEMEHH TPOXOXKICHUS UCCIIeLye-
MOTO MOTOKa 0 MOJEIUPYEMOM TPaHCHOPTHON
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COSE[HHPIC HCCIIENYEMOrO ITOTOKa

Y

PacierieHue nccneayemMoro moToka
Ha TpH MapHipyTa

\

’ IIpucoenue napamerpy P1 3nadenns 3

ITpucoenue napamerpy P1 3nauenns 1 ‘ ’ ITpucoenue napamerpy P1 3nauenns 2 ‘

Co3sjlanme noToka
Harpysku BeTBH b1,2

Co3aaHue oToKa
Harpy3ku BeTBu b1,3

Co3aaHue oToKa
Harpy3ku BeTBH b1,6

4 4 4
Bxox B 6ydep Bxox B 6ydep
unrepdeiica 1 (Vzen 1) unrepdeiica 3 (Vzen 1)

Bxopx B 6ydep
unrepdeiica 2 (Vzen 1)

t _=>TIporycKHO# ClIOCOOHOCTH KaH;

obp

O6paboTka 1-ro TpaHzaxTa. )
all

O6paboTka 1-ro TpaHsakra.
1,5,=> TIpomyckHoii CrocoOHOCTH KaH all;

O6paborka 1-ro TpaHzaxra.
t _=>TIpomycKHOM! CIIOCOOHOCTH KaHA:
oop

° v

3ajiepKKa pacpoCTpaHEHHs
curnanos o BOJIC 41,6

v

3ajepiKKa pacipoCTpaHeHu st
curnanos o BOJIC 51,3

IIposepka P1=2

v

3asiepKKa pacIpoCTpaHeHHs.
curnanos o BOJIC 1,2

ITposepka P1=3

AHaJIOrMYHOE TPOXOXKIACHHE
HCCIIelyeMOoro oToKa yepes ab u a8

<
<

Bxon B 6ydep
unrepdeiica 1 (Vzen 10)

3anecenue B Tadnuiy |
Obpaborxa 1-ro Tpansakra. 3HAYCHUS BPECMCHU
1,5, TIpomyckHoif criocoGHoCTH KaHan - —
v TPaH3aKTOM MOJEIN
no 1-my Mappyty 3anecenue B TaOIHILy 2

3ajepkKa pacpoCTpaHEHHs 3HAYCHUS BPEMCHU

curnanos o abouenrckoit BOJIC 1 km TIPOXOK/ICHU S
* TPAH3aKTOM MOJIEIIH

10 2-My MapupyTy

3anecenue B Tabauiyy 3

3HA4YCHUSA BPEMECHU
NPOXOKIACHUA

TpaH3aKTOM MO/

10 3-My MapuipyTy

3anecenye B Ta0HILy 4 3HAUYCHUS
BPEMEHHU ITPOXOKIACHU A TPAH3AKTOM
MOJIEJIH II0 BCEM MapIupyTam

v

KOHBH BBIITOJTHEHU A MOJEIIH TIOCJIE
npoxoxzaenus 100 000-ro tpansakra

Puc. 2. Anroput™ paboThel MoaenH, pa3padorannblii s s3eika GPSS Word
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CETH, IIPU 3TOM CPEIHSAA 3aepXkKKa COCTaBUIA
757,742, a ee nucnepcus 69,341 enunuir mo-
JEeIbHOTO BpeMeHH. Tak Kak eqMHUIA MOJEIIb-
HOTO BpeMeHH paBHa 107° peabHON CEKYHIbIL, TO
MOXHO YTBEPKIATh, YTO 10 33JaHHON ITOTOKOBOU
CTPYKTYyp€ I10 IEPBOMY MapLIPyTy IIPOUJIET I0-
TOK ¢ 3a71ep>kkoit 0,7 mc u otkinonenuem 0,07 mc.
W3 ructorpamMMel Ha puc. 4 BUIHO, UTO 3aA€PK-
Ka pacTeT MPONOPLUUOHATIBHO BPEMEHU MOJE-
aupoBaHus. [ rucTorpaMMel Ha puc. 5 MOX-
HO OTMETHUTH 3aJIepKKy B 1,1 MC U gucnepcuto
B 0,1 Mc. [Ipu 3TOM MOXHO CPaBHUTH JAHHBIE
PpE3yIbTaThI C pe3yJbTaTaMu, TOMYyYEHHbIMHU JUIS

HIepBOTO MapipyTta. BenmunHa 3a1epKku Tpe-
TBETO MapiIpyTa OOJIbIIIE, YTO OOBICHIETCS €ro
Oonblel JUIMHON. YBenndyeHue ke JUCHepCuu
CBSI3aHO C HAJIMYKMEM JIOMIOIHUTEIBHOTO y371a 00-
paboTku nHPOPMAITHH, a TAKKE ¢ OOJIBIICH Ove-
pensto B Oyepe unrepdeiico mappyTa.

3akiaoueHue
Pesynbrarel MOIETMPOBaHUS HE TPOTHBOPEYAT

U3BECTHBIM 3aKOHOMEPHOCTSM PacCIpelesICHHs
IIOTOKOB B TPAHCIIOPTHOM CETH CBs3U. Mozenb

TIMEM1

Mean: 757.742

S.D.C69.31
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Puc. 3. Pacnipenenenre BpeMeHU MPOXOKISHHS TAKETOB UCCIIEAYEMOTO IIOTOKA
0 MIEPBOMY MapLIpyTy MOAETH

TIMEM2

Mean: 12801374.387

5.D.: 7363996.014
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Puc. 4. Pactipenenenne BpeMeHU NPOXOKCHHS TAKETOB UCCIIEAYEMOTO TIOTOKA
10 BTOPOMY MapLIPyTy MOJEIU
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TIMEM3

Mean: 1107.525

S.D.: 96.689
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Puc. 5. Pactipenenenre BpeMeHH NPOXOXKICHHS TAKETOB UCCIIEyeMOro MOTOKa
10 TPETHEMY MapLIPYTy MOJEIN

TaKKe [10Ka3aJla YyBCTBUTEILHOCTh K OCHOBHBIM
(axTopam, BIMSIOIIUM Ha pacipe/ieieHue MoTo-
KOB B C€TH, TAKUM KaK JUIMHHA ITyTH MapIlIpyTa,
CyMMapHas Harpy3ka Ha y3jaX, COOTHOLIEHHE Ha-
rpy3Ka — IPOIyCKHas ClIOCOOHOCTh UHTEpdelica
u apyrue. Monens mpoieMoHCTpUpoBaja Mac-
mMTabHPyeMOCTh C TOYKH 3PEHUSI KaK Pa3MepoB
CETH, TAK U KOJIMYECTBA U BUI0B TCHEPATOPOB Ha-
rpy3ku. Kpome storo, cpena GPSS Word o6iana-
€T JMCKPETHO-COOBITUITHBIM CUCTEMHBIM XOJ0M
BPEMEHH, IO3TOMY YBEIMYEHUE MacIITab0B CETU
710 MaclTaboB pealbHbIX CeTeH He MPUBEIET K
POCTY peasbHOTO0 BPEMEHU MOJEIMPOBaHUS Ha
OBM, Tak KaKk OHO 3aBHCHUT TOJLKO OT KOJIHYe-
CTBa FEHEPHPYEMBIX [TAKETOB B MOJIEIH.

NmuraioHHble MOZIENN TPAHCIIOPTHBIX CETEN
CBSI3M MOXKHO HMCIIOJIb30BaTh B KAUECTBE METO/IU-
K{ ONTUMH3ALMY TIJ1aHa PacIipe/eIeHNs I0TOKOB,
I7I€ Ha KaXKJI0M UTepaly ONPEeNsIIoTCs y4acTKH
CETH, BBI3bIBAIOILUE JETPalalliI0 Ka4eCcTBa cep-
BUCOB, IIPEAOCTABIAEMbIX KJIMEHTaM, YTO JAET
HOBBIE HCXOJHBIE JJAaHHBIE JUISI OCIEAYIOMIHNX
M3MEHEHUH B pacCMaTpUBAEMOH CETH.

ITonBoas uror, cienyer OTMETUTh, YTO UMU-
TallMOHHAsl MOJIEJIb MO3BOJIAET BOCIIPOU3BECTH
BeChb nporecc GyHKIHMOHUPOBAaHUS J11000i cu-
CTEMBI C COXPAHEHUEM JIOTUUECKOM CTPYKTYPBI,
CBSA3U MEXKIY SABICHUAMH H IT0CIIEI0BATEIBHOCTD
UX MPOTEKaHHs BO BPEMEHH, yuecTb 00JbII0e

KOJIMYECTBO pealibHbIX JAeTaneil (yHKIMOHUPO-
BAaHUsI MOJIETUPYEMOTo 00bekTa. ViMuTaronHas
MOJIeTTh HE3aMEHUMA Ha CTAHSIX MPOEKTUPOBA-
HHS U MOJICPHU3AIIH CHCTEM.
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