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Anomauis—Haseneno napamMeTrpu, fKi 103BOJSIOTH
npoaHainizyBatu Tpadik, 10 MNPOXOAMTb Yy KOMII’IOTEpHIi
Mepe:Ki, MOXKIMBHIl BIUIMB HAa HUX JJIsi OanaHCyBaHHs Tpadiky
Ta NMPOrHO3YBaHHsI NEPEBAHTAKEHb B KAHAJIAX 3B'SI3KY Mepex
JJIs1 MiIBHIIEHHsI 3aXMINEHOCTi, sikocTi mepenayi ingopmanii Ta
epekTHBHOCTI  (GYHKIiOHYBaHHSI  KOMI'OTEPHHUX  MeEpEeK.
3anponoHoBaHi cmoco0M MapmpyTH3amii s ONTHMAJIBLHOIO
posnoainy Tpagiky B Mepekax AAaHUX TaKOXK MOXKYTh
3a0e3nme4ynTH [JOCTaTHiH piBeHb sikocTi cepicy (QoS) s
KOPHCTYBa4iB, II0 € OAHi€I0 i3 TiI00aJbLHHUX mNpodsieM IpH
nepenadi Tpagiky. OcHoBHa BuMora QoS B 0iib1IOCTi BUNAAKIB
€ YHUKHEHHSl BepPXHIX MeK 3aTPMMKH Ha 1LIAXy. BusHadeHo
OCHOBHI mpo0;1emMu npu nepenadi Tpadiky, Taki Ak HepiBHOMipHe
HaBaHTaxeHHs Mepexi. /st edpeKTMBHOr0 BHKOPHCTAHHS
pecypciB Mepesk, NPONOHYEThCSI BHKOHYBAaTH  Iepepo3Noiij
nakKeTiB npu nepegadi Tpadgiky Ha pisHi MmapmpyTn y crmocodw,
SIKi  J03BOJISIIOTH YHUKHYTH KOJIMBAJIBHOTO e()eKTy B
JUHAMIYHIH Mepesxi.

Abstract- The work presents options that allow you to analyze
the traffic that passes through the computer network, the
possible impact on traffic balancing and forecasting of overloads
in networks of communication networks for increase of security,
quality of transmission of information and efficiency of
functioning of computer networks. The proposed methods of
routing for optimal traffic distribution in data networks can also
provide a sufficient level of quality of service (QoS) for users,
which is one of the global problems in transmitting traffic. The
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basic requirement of QoS in most cases is to avoid the upper
limits of the delay in the path. The main problems in transmitting
traffic, such as uneven network load, are identified. For efficient
use of network resources, it is proposed to redistribute packets
when transmitting traffic to different routes in ways that avoid
the oscillatory effect in a dynamic network.

Knwuoei cnosa: mpaghix, onmumizauia nomoxy, ounamiunicms,
banancysanna, aAkicmv nepeoaui mpagixKy, Komn’romepna
Mepeoica, anbmepHamueHi Mapuipymu. .
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I.  BCTVIITA IIOCTAHOBKA 3ABJIAHHS
Y 6aFaTOKaHaJ'H>HI/IX MEpEKax YK€ 4aCTO TPaIIA€TbCA
CI/ITyaHiH 3a AKOT HeBHI/Iﬁ 3B'H30K HEIO0CTAaTHbBO

BHUKOPHCTOBYETHCS TaM, JIe OCHOBHA MaricTpaibHa JIHIS MOXKe
MaTu TepEeBaHTKEHHS 3B'I3Ky. BUHHMKHEHHS TaKoOro CTaHy
Mepexi abo il OKpeMuX KaHaJiB BiOyBa€ThCsl TOMY, IO
MPOTOKOJIH MapIIp yTu3arii 1GP npu BUSBJICHHI
HAMKOPOTHIOTO NUISAXY HaJACHJIAIOTh Tpadik Ha HHOTO, HE
BpPaxoBYIOUH IHII MapamMeTpu AMHAMIYHOI Mepexi, Taki sK
BUMOTH J10 TpadiKy, 3aBaHTAKEHICTh KaHAIB TOILO.
TrafficEngineering (TE) - me TtexHika, sika goromarae
MaHINyTIOBaTH ITOTOKOM — TIaKeTaMu iHQopmarilii,, o0
JIOCSATTH OLNbII PIBHOMIPHOTO PO3MOALTY Tpadiky MO BCIM



Mapuipyram Ta nuisixam. BMiHHA «mpumymryBata» Tpadik
NpsSMYBaTH TEBHUM IIIJIIXOM, JIO3BOJISIE  MaKCHMAaJbHO
BUKOPHCTOBYBAaTH ICHYIOUY €MHICTh MEpEXi, CIPOIIYIOUH,
OJTHOYACHO, nepenauy Tpadiky.

[IpobGaemarnyHe BUKOPUCTaHHS CTaHAAPTHUX MPOTOKOIIB
MapuIpyTu3alii mojsrac B TOMY, 110 BOHH HE BPaXxOBYIOTbH
MaKCHMaJIFHO BCI MOXIIMBI TNapamMeTpu Mepexi B PEeKUMI
peaJbHOro 4acy, He 3AIMCHIOIOTH IOCTIHHOTO KOHTPOJIO 3a
CTaHOM MEpEeKi.

Sk mucraHmifiHO-BeKTOpHI mporokonmu — RIP, Tak i
MIPOTOKOJIM 3 YypaxyBaHHsAM crany kanHaiiB (OSPF, IS-IS,
NLSP) mepematots iHpOpMAIliF0 IO BY3JIaM MeEpexi,
BUKOPHCTOBYIOYM  BUSIBJIIEHI ~ HAaWKOpOTIII  OUISIXH 3
BIJIMIOBIIHUM  ypaxyBaHHSM NeBHUX MeTpuk. OOpanmii
MPOTOKOJIAMH CTaHYy KaHANIB HaWKOPOTHIMH IIJISX MOXKHA
BBXAaTH OUIBII palliOHATBHUM, SKIIO B PO3pPaxyHOK
NPUAMAETbC 10 YBard HOMIHaNbHA NPOIMYCKHA 3JaTHICTh
KaHaJIiB 3B 513Ky, BEIMYMHA Ta HAsSBHICTh 3aTPUMOK B MEPEXIi,
ado MeHII palioHaJbHUM, SKII0O B OCHOBY PO3PaxyHKY
HAaKOPOTHIOr0  NUIAXY  MOKJIAAEHO JIMIIE  KUIBKICTh
MPOMDKHUX BY3JTiB MDK BY3JIOM BiJIpaBICHHS Ta BY3IIOM
Miclst IpU3HAYECHHS.

Kpim TOro, MuTTEBE pearyBaHHs Ha HETaTHBHI 3MIHU B
poboTi Mepexi 3 METOW NPUHHATTS  pilIeHHI 3
nepeHanpanieHds Tpadiky AO3BOJIUTH BHPIMIMTH IMpolieMy
HEpiBHOMIPHOTO HaBaHTa)KEHHSI.

[mwxunipunar T1padiky (TE) nmomomarae edektuBHiie
BUKOPHCTOBYBAaTH MEPEKEBI PECYpCH, 30KpeMa CTBOPUTH
YMOBH OanaHcyBaHHs HaBaHTaKEHHS, 3ano0iranHs
MEPEBAHTAKEHHIO Ta CEPEAHBOT 3aTPUMKH.

Amnai3 n1ociipkeHb MoKasas, 0 NpodieMy OaaHCyBaHHS
Tpadiky Ta 3a0e3MeueHHs SKOCTI HOro Iepeaadi B MOBHOMY
00cs131 He BUPILIEHO.

HaocHogizarpononoBanoimMoaeniMepexxeBororpadixy [1]
¢ yHKIIOHATTbHA3AISKHICTEPO3MIp YO yepaBinnponyckHoi3na
THOCTIKaHATyilTapaMeTPiBBXiTHOrOTPadiKyI03BOAENPU3aTaH
nxpo3Mipax0ydepHoinaM ' ATiimpOITyCKHOT3IaTHOCTIKAHATYBH3
HaYaTUIPAHUYHOJIOIyCTUMEHABAHTAXKEHHIBMEPEIKI.

OpHuM 13 crocoOiB  MIABUINEHHS  pIBHS  SKOCTI
00cayropyBanHs Tpadiky € BUOIp HAMOLIBII paIfioHATEHOIO
LUIAXY JUIs1 HOTO HalpaBJIeHHS dyepe3 Mepexy.[2]

II. 3ACTOCYBAHHS 3AXO/IB BILJINBY HA TPA®IK, 1110
MEPEJAETHC B MEPEXI

Jlist Oyab-SKUX BIUTMBIB Ha IIOTOKH iH(pOpMAIIii 3 METOIO iX
ONTHMI3aIlil HEOOXIAHOI Ta MEPUIOYSPTOBOI0 3aMaucio €

BH3HAYCHHSA IapaMeTpiB SAKi  XapaKTepu3yroTh Tpadik.
IMomanmpIuuii aHami3 AacTh MOXIIMBICTH Mi3HATHCS, Ha SKi
rapaMeTpy MOYKHA BIUIAHYTH.

3acTtocyBaHHsT OOMEXEHb Ha IIapaMeTph  IPOIECIB

KEpYBaHHS B MEpEXax, 110 PETYIOI0THCI Ha OCHOBI METO/IB
NPUAHATTS. pillleHHS BUOUPAETHCI TAaKUM YWHOM, MI00
3a0e3MeunTH MaKCHUMalbHE 3HA4YEeHHs IIOKa3HHWKIB: 4Yacy
peaxIii, MPOIMYCKHOI 3JaTHOCTI Ta MiHIMaJIbHE 3HAYCHHS
3aTPUMKH T€pefadi MakeTiB, YpIBHOBAXEHHS Ta 3HUIKECHHS
KoeillieHTy 3aBaHTa)KEHHS KaHaIY.
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Sk 3a3Havanocs padimie, MPOTOKOJIM MapIIpyTH3amii
pobora sKHMX 30cepelkeHa Ha Iepenadi Tpadiky 1O
HAaKOpOTHIOMY  WIIAXY, K  HAaclHiOK  OTPHMAaEMO
TIEPEBAaHTAXKEHHS! OCHOBHOTO IIUIAXY, a IHIII MEpeXeBi BY3JIH
MPOCTOIOBATUMYTHB ~ PEXKUMI  OYiKyBaHHA.  THIOBUM
MIPUKJIaZIOM CHTYallil Hee()eKTHBHOI'O BUKOPUCTaHHS PECYPCiB
€ Mepexa 3 TomoJjoriero, 300paxena Ha puc.l.Tpadik Oyme
pyxartucst mo Mapuipyry 1-4-7, He QUBISYUCH Ha ICHYBaHHS
aNIbTEepHATUBHUX MapuipyriB 1-2-5-7 ta 1-3-6-7. bink1ie Toro,
X04 1 OCHOBHHH MapHIpyT € HaWKOpOTIIUM 3 TOYKU 30pYy
KITBKOCTI TMEpPEeXOMiB uepe3 BY3JIOBI MapIIpyTH3aTOPH, e
a0COJIIOTHO HE 03HAYa€, IO BiH € ONTHMAaIbHUM, OCKIIBKU HE
BpaxoBaHi Hi CyMapHa IIBUAKICTh HABAaHTA)KEHHS Ha KaHAIH,
Hi NIPONYCKHA CHPOMOXHICTH KaHanmy. Ilpu mapanensHoMy
BUKOPHCTaHHI BCIX MapuUIPYTiB, CHUTYyalliiiHa KapTUHA
HaBaHTaXeHHs Oyjie OUIbII BpiBHOBaKEHA.

o
—

x

Puc. 1. HeedexTnBHE BUKOPHUCTAHHS pPECypCiB MEpexi

Hapasi, m1s MOBHOTH TpOBEINEHHS aHaji3y HEeoOXiIHO
BUIUIMTH OCHOBHI XapaKTEpHCTHKH Mepex. B 3aranpHOMy
Mepeka XapaKTepHU3YeThCsl TAKUMH MapaMeTpaMHu:

. KIUJIBKICTh iH}opmartii (KiBKiCTh
repefaBaHoro  NOTOKY; IIBUAKICTH —Tmepemadi  Ta
KiJbKicTh Tpadiky, 110 ovikye Ha repenady).

° 3aXOJIM 3 OI[IHKH SIKOCTi (HACKUTBbKHU IIBUIKO,
ONTHUMAIBHO Ta 0e3 BTpar BiOyBAE€ThCsS BUKOPUCTAHHS

pecypciB s nepenadi padiky).

. kyacudikaniii 3axoau (KU BHUI Tpadiky

TepenaeThes ).

Kinbkicts
JIAaHUX,9aCOBUMH
CIPOMOXKHICTIO.

OOcsT aHUX BHPAXKAETHCS y BU3HAUYEHHI CyMapHOL
LIBHAKOCTI MOTOKY, HIO TPENCTaBIsI€ COOOI BHMIpIOBAHHS
KUIbKOCTI Tpadiky, SKUH TPaHCIOPTYIOThCS Yepe3 IEeBHY
TOYKY B BU3HAYECHH TIEpio/1 Hacy.

3MmiHa cHUTyamii B Mepexi Impu mepemadi  Tpadiky
BiZIOYBa€ThCsl y KOXKEH MOMEHT 4acy. JlmHamika mepemadi
JIAaHUX 3aJIeKHUTh HE JIMIIE BiJ MIBUAKOCTI (iHTEHCHBHOCTI)
MOTOKY, a W BiA MexaHi3My pyxy iHdopmarllii, 30kpema
MapIpyTy Tpagiky.

iHpopMalii  XapakTepHu3yeTbCI  OOCATOM
MOXITHBOCTSIMH Ta PO YCKHOIO



BumiproBanns 1moToky Tpadiky MoOXe Marh pi3Hi
IHTepIpeTallii, B 3aJIe)KHOCTI BiJ] yMOB, 1110 iCHYIOTb BHUIlle a00
HWKYE 32 MICIIEM BHMIPIOBAaHHS, a TaKOXK O€3MOCepeHbO B
MICI[SIX TIPOBEICHHS BUMIDY.

PosrisiHeMoO cuTyalliro, KoJM B MepeXi HEMae 3aTopiB, sKi
0OMEXyIOTh MIBUJKICTh IOTOKY mepenadi Ttpadiky, Toxi
LIBHKICTH TMOTOKY JIOPIBHIOE iCHYIOUMH KibKOCTi Tpadiky.B
IHIIA cHTYyaIlii, KOJu B Mepexi chopMyBaiach uepra, TO
BUMIPIOBaHUH TIOTIK BHUPAXKAETHCS Y BEIMYHUHI IIPOITYCKHOL
3aTHOCTI BY3bKHUX MICI[b B IIbOMY MTOTOLII.

B TakomMy BuNaaKy JOUUIGHO BU3HAYUTH IIOHATTS
«IOIUTY» B KOMIT'IOTEPHUX Mepexax. OTxke, MONHUT - 1
00csar Tpadiky ab0 MIBUAKOCTI MOTOKY, IO HAIXOIUTh, 3
MeBHUM HaOOpOM YMOB MpPOXOJDKEHHsT 1O Mepexi. Komu
0OMEXEeHHSI MPOIMYCKHOI CIIPOMOXHOCTI MEpeXi BifICYTHE,
(dakTuHUi KoeillieHT MOTOKY B Mepexi Oyne BiAmoBimaru
nonuTy.O/IHaK, y BUNIaJIKaX, KOJIM KiUNbKICTh iHQOpMAIii, sIKY
HEOOXITHO TepeaaTH 4epe3 Mepexy, MEpEeBHIIYE IPOIYCKHY
CIPOMOXKHICTh CaMoi MepeKi, BAHUKAE CUTYaIliss (OpMyBaHHS
4yepry, (aKTUYHI BUMIPIOBaHHS OYIyTh MEHIIUMH HIXK ITOITUT
Ha nepenaday Tpadiky.

III. BI3VAJIBALIS IIPOLIECY YIIPABJIIHHS CMVYI'OHO
ITPOITYCKAHHS 3A AJIbTEPHATUBHUMU MAPILPYTAMMU

Jist  ONTUMAaJbHOTO TPHUHSTTS PINIEHb MiACUCTEMH
KepyBaHHSA 1 aHamizy Ttpadiky, HEOOXITHO mependadynuTu
MOJKJIUBE HABaHTKEHHS B MEPEXi Ha HACTYIHOMY eTarni
nepefadi iHgopmailii, a HE IMICIsA BUHUKHEHHS 3aTOpiB B
Mepexi. BusBieHHs 30UIbIIEHHS IOTOKY  iH(opMarii
MOJKJIMBO Ha TONEpEeIHIX BYy3Jax MEpexi, TOAl MaKeTH. sKi
OyIyTh HAIXOIUTU 3a3Aajeriap OYayTh PO3MOALICHI Ha iHIII
TUJIKM MEpPEeXi, B 3aJIEKHOCTI BiJl IX IPOIMYCKHOI CIIPOMO>KHOCTI
Ta HaBaHTaKEHHS.

Komu Tpadik Oyme po3NOAUICHHH 1O  IHIIUM
KaHasaMm(aJIbTEpHATHBHUM MapuIpyTam), Ha I[bOMY eTarri 0yze
B)XJIMBO OIIHUTU OYIKYBaHWUH MOMUT Ha albTEpPHATHBHHM
MapuIpyT.

Ha »anp,3HaueHHs NONKUTY Ha mepenady Tpadiky Bako
oTpuMaTu Oe3nocepenHbo. SIKIo mepeBaHTaXeHHs iCHye abo
B HaNpsIMKY Tpadiky BHiIte TOUKM BIFBENCHHS 110 Mepexi abo
10 AJIBTEPHATHBHOMY MapIIpyTy, BHUMIpsIiHa IIBUIKICTH
MOTOKY Oyne HIK4a 3a MOTEHIIHHUI TOIUT.
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Puc. 2. JlemoHcTpawis ¢parMeHTy  Mepexi 3 aJIbTEpPHATHBHUMH
Mapupyramu: A — HampsAMOK Tpadiky Mo JaHLi, ¢ BHHHUKIO
nepeBaHTaXKeHHs1 Ha nepexodi R4-R6-R8; B — nampsmok Tpadiky B
Mepexi — aJbTepHaTHBHOTO MapIIpyTy.

Ha puc. 2 300paxeH0 ¢parMeHT MepexXi 3 BHSBICHHIM
3aTPUMOK Ta TEPEepO3NoAiioM Tpadiky Ha He3aBaHTKEHHH
aIbTepHATUBHUN MapIIPYT.

Tak, npunycriumo, mo B Mepexi Ha MapmpyTi A (R1-R4-
R6-R8-R10) Ha nepexoni R4-R6-R8 BUHUKIIO
MIepPEeBaHTAXXEHHS, PEaKIlis Ha Ie — Mepepo3noal1 Tpadiky Ha
anprepHatuBHI Mapuipytu B : R1-R4-R5-R8-R10 Ta R1-R4-
R7-R8-R10.

TexHounorist IHKUHIPHHTY Tpadiky 3IIACHIOE
YIPaBIIHHSACMYTOIOTPOITYCKaHHSI,IKaBPaXOBYE MaKCHMAIbHY
MIPOIMYCKHY CIIPOMOJKHICTB, MiHIMAJIBHY

3aBaHTaXeHiCThiOanaHCyBaHHsIHaBaHTaXeHHsBMepexi. TExan
paBisieTpadiknokaHaiax, eI0CTYITHANPOITYCKHa31aTHICTbMEp
exi. [KuHIpUHTTpad iKy3MeTOI0 0alTaHCYBaHHSIHABAaH TAXKCHHS
MOJKE3MEHITU TUMaKCUMaITbHEBUKOPHCTaHHSUTIHIT 3B'3KY
iniaBHIIMTHE( EK TUBHICTHIIPOITYCKHOI3AaTHOCTI. Yepesre, 11103
HaYyHa3aTPUMKaMO)KEBHHUKH yTHBIIEPEIOBHEHUX3'€ THAHHSX,3
MEHIIEHHKiHIIEBO13aTPUMKHMOKe0 yTHIOCATHYTOSKITOO 19HH
Hpe3yabraTOaaHCyBaHHSHABAHTAXKEHHSI.

3aBnaHHs IHXUHIPUHTY TpadiKy y BU3HAYSHHI MapIIpyTiB
MPOXO/PKEHHsI TMOTOKIB Tpadiky uepes Mepexy, TOOTO
BU3HAYAEThCI TOYHA MOCHIZOBHICTh INPOMDKHHX BY3IIB,
KOMyTaTopiB Ta iHTepdeiiciB. [Ipu npomy BuUOip HUIIXY
ITOBMHEH BIIOYBaTHCA Tak, MO0 pecypcH Mepexi Oyiu
HaBaHTAXKCHI PIBHOMIPHO, a KOXKCH IOTIK OyB 3abe3medycHui
JIOCTaTHIM piBHEM sikocTi oOciyroByBaHHs (QoS).

IV. BU3HAUYEHHS BA3OBUX ITAPAMETPIB 3AJTAUI IHXKUHIPUHTY
TPADIKY

BusHnauaemo mnapamerpu Ta (QOpPMYNIH, SKHUMH OyneMo
orepyBaTH JuIs po3B’si3aHHs 3ana4di T1.
Tak, AMI/c) — cymMapHa MIBUAKICTE 3 ypaxyBaHHSIM BCiX
MOTOKIB Yepe3 MEeBHUI KaHaJl.
e Bu3HayaeMo IPOMYCKHY CHPOMOXHICTh KaHAly Yy
MOXIIMBIH KIJIBKOCTI ITaKeTiB, Mepefanux 3a 1 c:

UB = B/N ¢ (1)

ne B — npormyckHa cipoMOXXHICTh KaHaTy B OiTax 3a CEKyHIY
(6/¢), Npax — CepeHiii po3Mip MakeTy.

e Jlna mTpoBeleHHS BIAHOCHOTO aHAN3y 3arajbHOI
cUTyalii B Mepexi 3acTOCOBYEThCS  Koe(illieHT
3aBaHTQXEHHS KaHaly - p. Tak, BIiH MpsAMO
MPOIIOPIIIHHO ~ 3aJIEKUTh Bil CyMapHOI IIBHAKOCTI
MOTOKY, CEPEIHbOr0 pPO3MIPY MaKeTy Ta OOEpHEHO
TIPOITOPIIIHHO BiJ| MPOITYCKHOT CIPOMOKHOCTI KaHaTy.

= A/uB
p=An @

e Po3paxoByeMO 3aTpUMKy TakeTiB y KaHaimi — T, sk
3BOPOTHY BEIUYUHY pizHHIL MPOITYCKHOT
CIIPOMOXHOCTI Ta CyMapHOi IIBUJAKOCTI, IJISI LBOTO
ckopucraeMoch ¢opmynoro (3) mpu AOTpUMaHHI
yMOBH uB # A
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1

T2 A3)
(1B -2)

BusnauaemoM
BiZICOTOKTpadiKy,
IIOMIPOXOUThYEP E3KaHATI3CITIBBITHOIICHHITOBCHOTOTP
agikynociipKyBaHOropparMeHTyMep exi.

. MacuITaOHUHKOe(IIieHT,

M=A1Y A

n

(4)

JIe N — KUTBKICTD 3’ €IHaHb MIXK MapIIpyTu3aropamu (pedep
MDK BEpIIMHAMH).

Jns pospaxyHKkyW - 3BaKEHOI 3aTPUMKH ITaKETiB B
KaHaTi CKOPUCTAETHCA JOOYTKOM (4) MacmTaOHOTO
Koe(iI[ieHTY Ta 3aTPUMKH AKETiB B KaHAaJIi:

W=MxT )

e 3 METOl ONIHKM  3arajlbHOr0  CTaHy  piBHSA

HE3aBaHTAXXEHOCTI KaHaJIiB CKOPUCTAEMOCH
Koe(ilieHTOM IPOCTOIO - T:

T = uB/A (6)

BusHaemMo e(eKTHBHICTh BHUKOPHCTaHHS Mepexi B
MeXaX KOXXHOTO OKpPEMOro KaHaly SK BiIHOIIEHHS
KOoe(iIlieHTY 3aBaHTAXEHHS 10 KOSPII[IEHTY MPOCTOIO:

e=plt (7

Tak i B Mexkax MacmtabHOT XapaKTepUCTUKH BCIX MEPEKi:
2P
n

g
" (®)

V. EKCHEPMMEHTAJIbHI PO3PAXYHKM ITPU BUPIILIEHHI 3AJIAUI
IHAUHIPUHIY TPADIKY

TexHounoris IHKUHIPHHTY Tpadiky 3IIACHIOE
YIPaBIIHHSACMYTOIONPOITYCKaHHSI,IKaBPaXOBYE MaKCHMAIbHY
MIPOIMYCKHY CIIPOMOJKHICTB, MiHIMAJIBHY
3aBaHTaXeHiCThiOanaHCyBaHHsIHaBaHTakeHHsBMepexi. TExan
paBisieTpadiknokaHanax, eI0CTYITHANPOIYCKHa31aTHICTbMED
exi. [IKuHIpUHTTpad ik y3MeTOI0 0alTaHCYBaHHSIHABaH TAXKCHHS
MOJKE3MEHITUTUMaKCUMaJTbHEBUKOPHCTaHHSUTIHIT 3B'3KY
iniaBHIIMTHE( EKTUBHICTHIPOITYCKHOI3AaTHOCTI. YepesTe, 11103
HaYHa3aTPUMKaMO)KEBHHUKH yTHBIIEP EIOBHEHUX3'€ THAHHSX,3
MEHIIEHHKiHIIEBO13aTPUMKHMO>Ke0 yTHIOCATHYTOSKITOO 19HH
Hpe3yabraTOaaHCyBaHHSHABAHTAXKEHHSI.

[IpoBenemo eKCIIepUMEHTAIIbHI PO3paxyHKH
BHUIIIEHABEJCHUX IapaMeTpiB 3a MPUHIMIIOM TEOpii MacoBOTO
ob6ciayropyBanus [3]. Jliag mouaTky HEOOXiTHO BH3HAYUTHU
MOYaTKOBI YMOBH 33/layi: TOMOJIOTIIO MEpPEeXi, IMPOITYCKHI

225

CHPOMOXKHOCTI KaHaJIiB (pHUC. 3), HOTOKH Ta KUTBKICTh MaKETiB
B HUX (Tadu. 1).

Bupiniennst 3a1a4i iHkuHIpHHTY Tpadiky po3riiiHeMOo Ha
MIPUKIIaI1 Mepexi, 300pakeHol Ha puc. 3.

CrMyra nponyckanda Mbjc
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Puc. 3. Tomooris Mepexi 3 BU3HAYEHUMHU CMYyT'aMH IIPOIYCKAaHHSI.

Ha ocHOBi Tormosorii J0CHiKyBaHOT KOMIT FOTEpHOT
MEpeXKi, B SAKOCTI IapaMETpPiB 3a3HAYAEMO IIOTOKH Ta
KITBKOCTI TIAKeTIB, K1 MPOXOMATh Yepe3 Hux. 1li BXimHi maHi,
HEOOXimHI JUId aHaxi3y Ta  TOAAIBLUIMX PO3PAXYHKIB,
3aHOCHMO 110 TaouI. 1..

TABJMLA L. TIOYATKOBI JIAHI 3AJIAUI THKMHIPUHTY
TPADIKY

Ne MoTik Hawern Ne MoTik Ne

(K-cTh)

1 ABEK 19 13 ECFKM 28

2 ABCF 8 14 DGLM 21

3 ABCE 9 15 CFGLM 4

4 ACEK 5 16 ECGLM 15

5 ACFK 9 17 ECFKL 23

6 ACFGL 12 18 BCEKM 9

7 ACGL 5 19 BCFKM 11

8 ADGF 24 20 BCGL 16

9 ADGL 17 21 FKLG 12

10 | ADGC 8 22 DACF 23

11 BADGL 3 23 DGCE 8

12 | CGLM 10 24 FCBE 11

BennuuHy BHUXITHHX TapaMeTpiB
3aHeceMo 210 Tabi. 2.

Ta pO3paxyHKIiB



TABJUIS L. — PO3PAXYHOK OCHOBHUK ITAPAMETPIB TABJIMIIS 1T, — PO3PAXYHOK OCHOBHHUK ITAPAMETPIB
MICJIs TIEPEPO3TIOILTY TTAKETIB
Pedpo B A uB p, % T (ms) M W(ms)
(Mb/s) (®/s) | (p/s)
AB 120 30 [ 103 [37.86 |15.63 004 | 0,625 Peopo | Mp/s) | p,% | T(ms) M W(ms)
AB 39 | 37,86% 15,63 | 0,0404145 |  0,6314767
AC 1,50 54 | 128 [42,19 [13,51 0,055 | 0,748
AC 54 | 42,19% 13,51 | 0,0559585 |  0,7561966
AD 2,40 75| 205 136,59 17,69 0,076 | 0,591 AD 75 | 36,59% 769 | 00777202 | 0,5978477
BE 0,90 30 77 38,96 |21,28 0,030 | 0,654 BE 30 | 38,96% 21,28 | 0,0310881 0,6614486
BC 1,80 64 | 154 |4156 | 11,11 0,065 | 0,729 BC 64 | 41,56% 11,11 | 00663212 | 0,7369027
DG 2,00 81 | 171 [4737 [11,11 0,083 | 0.923 DG 81 | 4737% 11,11 | 0,0839378 |  0,9326425
0,
& 5 5T T3 7578 5236 o095 3209 CE 97 | 75,78% 3226 | 0,1005181 |  3,2425205
CF 119 | 47,98% 7,75 | 0,1233161 | 0,9559385
CF 2,90 129 | 248 52,02 8,40 0,132 | 1,111
CG 72 | 31,17% 629 | 00746114 | 04692541
cG 2,70 62 | 231 126,84 15,92 0,063 | 0.376 FG 40 | 38,83% 15,87 | 0,0414508 |  0,6579488
FG 1,20 40 103 38,83 |[15.87 0,041 | 0,651 EK 33 | 27,50% 11,49 | 0,0341969 0,3930677
EK 1,40 33 | 120 |27,50 |11.49 0,033 | 0,389 FK 73 | 5328% 15,63 | 00756477 | 1,1819948
e 50 5 1137 Teoss Tissa 0085 1576 GL 125 | 66,49% 15,87 | 0,1295337 |  2,0560901
0 2694
GL 220 115 | 188 61,17 [13,70 0,117 | 1,615 KL 33 | 27.34% 10,75 | 0,036269 0,3899939
KM 18 | 17,48% 11,76 | 0,0186528 |  0,2194453
KL 1,50 35 | 128 |2734 |1075 0,035 | 0,385
LM 10 | 5.85% 621 | 00103627 | 0,0643646
KM 1,20 28 | 103 |27.18 |1333 0,028 | 0,382 Beboro CymapHa
aKEeTiB 965 6,36 | 3aTprMKa 13,947133
M 2,00 10 | 171 585 |621 0,010 | 0,063 Poantip Copomin
Beboro 975 648 |Cymapna 14,03 makery | 1,5 3aTpUMKa 08716958
aKEeTiB 3aTpuMKa
03Mip 15 Cepenns 0,8771 BucHOBKH
l'laKe'Ty 3anl/lMKa

Skmo mpoaHaiizyBaTH KOE(IlieHT 3aBaHTaXKEHHS KaHaTy,
Ha Mapuipyrax, skuii Bkitouae yaHky CE, 0aunMo BHCOKHI
piBeHb 3aBaHTaxeHHsA Mepexi — 75,78 %. Cepen HaOopiB
MOTOKIB 3HAiIEMO Taki, KOTpi MpPSAMYIOTh BiJ OJHI€T Ti€i Xk
MOYaTKOBOI TOYKM TOYOK JIO TOTO JK CaMOTo MiCId
npusHadeHHst 4depe3 janky CE. Tak, takum HabopoM € —
ECFKM (28 mnak)ra ECGLM (15 mnak). IIpoanamizyemo
MapIIpyTd 3a MPOMYCKHOI CIPOMOXHICTIO Mepexi Ta
repepo3mnoaiaeMo Tpadik s BpiBHOBAKEHHS.

Po3paxyeMo MpoOMycKkHI CIPOMOKHOCTI KaHATIB IS
ECFKM ta ECGLM:

BECFKM:l ,5 Mb/s +2,9Mb/S +1 ,6Mb/S +1,2Mb/S :7,2Mb/S
BECGLM:l ,5 Mb/s +2,7Mb/s +2,2Mb/s +2Mb/s :8,4Mb/s.

[TapameTpu MepeXEeHUX IOTOKIB JO3BOJAIOTH HE JIHIIE
BU3HAYaTH 3aBaHTKEHHS CHCTEMH B LUIOMY, a W Ticis
BIIPOBA/DKEHHS  TEBHUX 3MiH JIOCSTHYTH  ITOKpAIeHHS
pe3ynbTary nepenadi iHopmarii 3 MEHIIMMH 3aTpUMKaMH, 3
MIHIMJIPHAM  TIEPEBaHTAKEHHSIMH MEPEXKEHHX IOTOKIB Ta
PIBHOMIPHOTO PO3IOILTY

Y wmapmpyrax ECFKM - 28 makeriB, a ECGLM - 15
MaKeTiB, OCTaHHIM Mapmpyr Mae OBy MPOIYCKHY
CIPOMOXHICTh, TOMY 4acTHUHY mnakeTiB Mapuipyry ECFKM
nepe Hanpasumo o Mapupyry ECGLM, orpumaemo ECFKM
- 18 makeriB, a ECGLM - 25 maxetiB. 3MiHH 3aHECEMO 0
Tabi. 3.
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JlocnimkeHHIMETO IBBILTUBYHaTIEpenadyrpadiky Ta
napameTpiB  BKOMIT FOTEpHIMepexi € HalOUIbIl HEOOX1THIM
JUTs13a0€311eY eHHSASKOCT], 0allaHCyBaHHI Ta0I TUM i 3atliinepeiayi
iH(popMartii.OcoOIMBOBAKIMBYP OJIBLIEBIAIrpae IIAPOOOTHCED
BiCiB, 10320 €31e4 yIOThIIepe1ad yMyJIb TUMeAIHHOTOTpadikaiTp
agikapeasbHOTrOYACY.

TakuMYNHOM,aKTyaJIbHOK€3a1a4ap03pOOKHUTaaHATI3yMET
ONliBOATaHCYBAaHHSI HAaBaHTAXECHHsS Ta IHXXKUHIPHHTY Tpadiky,

SIKIBPAXOBYIOTHXapaKTEPUCTUKHU MaKeTiB iH(popMmarrii
13aBaHTa)KEHHSKO)KHOTOBY3J1aTaBCIEICHCTEMHU 3arajiom.
3anponoHOBaHUil  CrmoOCi0  BHM3HAUEHHS  aJbTEPHATUBHHUX

MapuIpyTiB Ta MEpPepo3NOAil 4YacTUHH Tpadiky 3 OUIbII
3aBAHTQKEHOI TUIKM Ha MEHII 3aBaHTaKEHY, H03BOJISIE
BUPIIMUTH  NpOOJEMy HaAMIPDHOTO HaBaHTAXKEHHS Ha
BHU3HAYCHUI HAUKOPOTIINH Ta ONTUMAaIbHUHN IUIAX..
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