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METO/] MOJEJIOBAHHS TAPAMETPIB MEPEXI IEPEJIAYI JAHUX JJIS i
MOJIEPHI3AIIII

IIpeameToM TOCITIKEHHS B CTATTI € MPOILIEC Nepeadi JaHuX B TPAHCIIOPTHUX Mepexkax 3B’s3Ky. MeTa podoTu — po3poOka MeToy
MOJICTTIOBAaHHS MapaMEeTpiB Mepex mepenadl JNaHuX, sSKUi Jae 3MOTy (OpMali30BaHO MPEACTABUTH THapamMeTpu (DYHKIIOHYBaHHS
MEpeKi Ui MOJCTIOBAHHS ii TMOBEIIHKM 3 ypaxXyBaHHAM JUHaMiKH Tpagiky. B craTTi BUpILIYIOTBCS HACTYIHI 3aBJIaHHS:
OOTIpyHTYBaHHS B@XJIMBOCTI MOJEpHI3allii Mepex mepenadi JaHUX Ha MPHUKIAAl 3pOCTaHHSA IX BHKOPUCTAHHS, BU3HAYCHHS
HEOOXITHOCTI CTBOPEHHSI CaMe aBTOMAaTH30BaHOTO 3aco0y UL MOJICIIOBAHHS, HAa BIJAMIHY BiJl 3aJy4eHHsS TCXHIYHUX CIICIaJiCTIB;
BHOIp piBHIB aOCTpakIiii Mepexi Imepenadi JaHUX IS 11 MOJETIOBAHHS; BH3HAUCHHS MaTEMaTHYHOIO amapary Ml OOYHMCIICHHS
rapaMeTpiB MOJeJl; pO3poOKa MeTOJy MOJECTIOBAaHHS Mepexi Iepeiadi TaHWX. BHKOPHCTOBYIOTBCS Taki MeTOAW: OCHOBH
CHCTEMHOTO aHaji3y, MeTOox iMiTamiifiHoro MmopemoBaHHI. OTpuMaHO HacTynHI pe3yabTathm: Hamano mpornozoBanmii rpadik
3pOCTaHHs 00CATIB Tpadiky 32 KaTeropissMi Ta y3arajbHeHa Jiarpama. 3po0JIeHO BHCHOBOK, 110 3pOCTaHHs Tpadiky BiIOYBa€eThcs y
FeOMETpUYHIN mporpecii. Byma omiHeHa MojepHi3allis Mepexi 3 ypaxyBaHHSIM pPI3HHX BHIIB BUTpaT. 3pOOJCHO BHCHOBOK IIPO
noTpedy PUHKY B aBTOMATU30BaHOMY IHCTPYMEHTI MMPOCKTYBAHHS Ta MOJAEPHI3aIlii Mepexi. PoO3risHyTI pi3HI CIOCOOM MOICTIOBAHHS
JMHAMIYHUX CHCTEM; BH3HAYCHHUH CIIOCIO CTBOPEHHSI MOJIENi TPAHCTIOPTHOI MepesKi 3B’s13Ky. PosrisiHyTa cemupiBaeBa mozens OSI ta
HaBe/ICHO BJIACHY IHTEpIpeTanito ocotumBocteld ii piBHIB. Bynu oOpaHi YoTHpH HIKHI PiBHI Li€l MOJeNi, y SIKOCTI piBHIB abcTpaKmii
MOJICITIOBAHHS, BU/ILJICHI OCHOBHI XapaKTePUCTUKH TPAHCIOPTHOI Mepexi 3B 513Ky, IKUMH OyJie orepyBaTH Moelb. OyHKIIOHYBaHHS
HIDKHIX PIBHIB TPaHCIIOPTHOI MepeXi 3B’s3Ky (opMaii3oBaHO y BUIIIAI OKPEMHX MaTeMaTHYHHX MOAeNel Ta (Gopmys, Ha OCHOBI
SIKUX OIIMCAaHUH METOJ MOJIENIIOBaHHs (DYHKIIH TpaHCIOPTHOT Mepexi 3B’s13Ky. byin BU3HaueHi criocoOM 3acTOCYBaHHS IIbOTO METOLY
JUIST MOJIEPHI3alii TOIMOJIOTIi TPaHCIIOPTHOT Mepeki 3B’s3Ky. BucHoBkM: TakuM 4YWHOM, CTBOPEHO HOBHH METOJ MOJCITIOBAHHS
TPAHCIOPTHOI MEPEeXi 3B’ 53Ky, SIKHI YIOCKOHATIOE, Ta CIPOLIYE MPOLEC CTBOPEHHS, a00 MOJEepHi3alii Mepexi, o 1a€ MOKIHBICTh
3HAYHO 3MEHIIMTH KOIITH HA MPOCKTYBAHHS TOIOJIOTIT MEpeXi, Ta MiBUIIATH YTHIII3aLliIO0 il pecypciB.

KurouoBi ciioBa: mepexa mepeiadi JaHHX; IMIiTAIliiiHe MOJETIOBAaHHS; CHCTeMHa AnHamika; moaenb OSI; ¢isuunuii piBeHb;
KaHaJbHUH pIBEHb; MEPEKEBUI PiBEHb; TPAHCIIOPTHHUHN piBeHb; Tpadik.

Beryn

CphOroieHHs ~ XapaKkTepHU3YeThCS  MaCIUTAOHUMH
3MiHAMH y IIOAEHHIN JIOJCHKINH JIsNTBHOCTI, HacamIepes
Ma€ThCsl Ha YyBa3l 3POCTaHHS JIIOACHKOI AKTUBHOCTI Yy
Mepexi Internet, abo BHUKOPHCTaHHS  JIOKAIBHHX,
KOpHOpaTHBHUX Mepex. Lle cTBoproe BennuesHy noTpedy
B OHOBJICHI ICHYIOUHMX MEPEX SIK Ha IIPOrpaMHOMY TaK 1 Ha
¢izmgHOMY piBHAX. Bymp sika MoOIeEpHI3allisi Mepexi €
CKJIaIHUM Ta KOIITOBHUM IIPOIIECOM, TOMY BHPIIICHHS
3aja4l 3MEHIICHHS BapTOCTI MoJepHi3alii Mepexi €
JKUTTEBO HEOOXiTHUM JUis Oyap SIKOro Oi3HeCy, SKUi
Oaxxae onrTuMizyBatm cBoi BuTpartd. Llg mpaus
NPUCBSIYEHA OJHOMY 3 BapiaHTIB BHPILIEHHS BKa3aHOI
3ajadi.

AHaJii3 my0Jiikaniii Ta MocTaHOBKA 3aBJaHHA

Jis  MOAETMIOBaHHS  MEpPEX  3aCTOCOBYIOTBHCS
iMiTaIiifHI MOJIENI, SKi OJUISIOTECS HA YOTUPH OCHOBHHX
TUIH: JAUCKPETHO-TIONIAHI MOJENi, MOJET CHCTEMHOI
JUHAMIKH, MOJEIIOBAHHS IMHAMIYHUX CHCTEM Ta areHTe
MojeoBanns [1, 2].

CucTteMHa TUHAMIKA € TIOTYKHUM IHCTPYMEHTOM JUISI
JOCTi/DKeHHST JTUHAMIYHUX TPOIECiB, SKUHA JIO3BOJISIE
MOJICITIOBATH CKJIAJHI CUCTEMH 31 3BOPOTHIM 3B’ SI3KOM (HA
BUpPOOHUIITBI, B colliymi, Tomo). IIporecm B Takomy
BHIIAIKy 300pa)keHi y BWIIAAI JiarpamM, CKIaJeHUX 3i
MO3UTHBHUX Ta HETaTHBHHUX 3BOPOTHIX  3B’S3KiB.
OcobnuBa yBara MpHUIIISETHCS caMe MOJCIIOBAHHIO ITUX
3B’s13KiB [3].

[py  OUCKpETHO-MOAIMHOMY MOJCTIOBaHHI, Ha
BIIMIHY BiJi MOJICIIOBAHHS CHUCTEMHOi JWHAMIKH, BCS
yBara OpUAUISETBCA a00 mepexoiaM BiJ Moili A0 momil

(nonie-opieHToBaHa  Monenp), abo  BiA  OAHOTO
TUCKPETHOTO TPOMDKKY dYacy M0 iHmoro (mporec-
OpI€HTOBaHAa  MOJICINB). et Tunm  iMiTamifiHOTO
MOJICIIIOBAHHS 3aCTOCOBYETbCS y pasi, SKIIO CTaH

CHCTEMHU 3MIHIOETECS MHUTTEBO Y BIIIOBITHI IPOMINKKHU
gacy. Taka mozenmb Moxe OyTH 300pakeHa y BUIIIAII
rpady moxniit [4].

MopentoBaHHS ~ JUHAMIYHUX ~ CHCTEM  JIO3BOJISIE
ONMUCaTH TIPOLECH Yy BHUIUIAL aireOpaidyHuX pIBHSIHb,
ITOPUTMIB, OJIOK-cXeM Ta AuepeHLiiiHuX PpIBHSIHb
[5-7].

AreHTe MOJENIOBaHHs OIepye MOHATTAM "areHtr' -
0 € JIeIKOI CYTHICTIO, sIKa MOXE IPOSIBISTH
aKTHUBHICTb, Ma€ CBOIO TOBEIIHKY, MOXE IIpHIMATH
pilIEHHS Ha OCHOBI IIOTOYHOTO CTaHy CHCTeMH. Take
MOJICITIOBAHHS ~ BHKOPHCTOBYIOTH IS 300pakeHHS
JICLEHTPATI30BaHNUX, IHTENEKTYaJbHAX  CHCTEM  JUIS
OTpUMAaHHS iH(opMarii 010 B3aeMOIil it
ckanoBux [8].

Jnst  cumynsamii  poGoTm  Mepexi  meperadi
JlaHUX  Haiyactime 1 3  HaWOUIBIIUM  yCHiXoM
BHUKOPUCTOBYIOTBCS MOJEJI MEPIIOro Ta TPEThOTO THIIIB -
JMUCKPETHO-TIOMIHHI Ta MOAENi JIWHAMIYHHX CHCTEM.
v Harmin mpari MH 3aCTOCYEMO MOJEIIb
JUHAMIYHUX ~ CHCTEeM  OCKUIBKM 1€ JIO3BOJIUTH
Jerme mepeHecTd Mojeni y iHdopmauiiiHy cuctemy
JUIst MO/IEITIOBaHHS Ha 004HCITIOBAIBHIN
TexHini [9].

Tomy wMeror0 crarti € po3poOka  MeTomy
MOJICTIIOBAHHS TIapaMeTpiB MepeX Iepenadi JaHuX,
KU mae  3MOTy  (OpMaii3oBaHO  TPEICTaBUTH
napameTpu HUKHIX piBHIB (YHKITIOHYBaHHS
Mepexi Ui CTBOpPEHHS  iMmiTamiiiHOi  Momemi  ii
MOBEiHKH 3 YpaxyBaHHIM JUHAMIKH TpaQiky.
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B cratTi BUpIlIyIOTECS TaKi 3aBJaHHs:
1. oOrpyHTYBaHHSI BayKIMBOCTI MOJIEpHi3allil Mepex

mepefadi  JaHWX ~ HA  OPHUKIAAI  3pOCTaHHA  iX
BUKOPHCTAHHSI,
2. BU3HAYCHHS HEOOXiOHOCTI CTBOPCHHS caMe

aBTOMATH30BAaHOTO 3ac00y IS MOJEIOBAaHHS, HA BIAMIiHY
BiJI 3ay4eHHS TEXHITHHUX CIICIIAIICTIB;

3. BuOip piBHIB aOCTpakilii Mepexi mepeiadi JaHUX
JUIS 11 MOJICTIFOBAHHS,

4. BU3HAYEHHS  MAaTEMAaTHYHOIO
00YHCIIeHHS TapaMeTpiB MOAENI;

5. po3poOka MeTOIy MOJICIIOBAHHS MEPEeXi mepenadi
JIaHHX.

amapary Uit

OOrpyHTYBaHHS BasKJIHBOCTi 3pOCTaHHS 00CHATY
Tpagiky

3pocTaHHs JIFOACHKOI aKTUBHOCTI y Mepexi Internet
MOXHa HasIBHO IIPOJICMOHCTPYBATH, ONMPAIOYNCH HA JaHi
3 pi3HEX Kepen, Takux sk: Ericsson, Cisco Ta iHmIi.
3BITH IMX KOMIAHI JEeMOHCTPYIOTh TEIEPIlIHE Ta
MIPOTHO30BaHe HaBaHTAKECHHS Ha MEpeXi rmepeaadi TaHux
Y pi3HHX MEPCHEeKTUBaX, B TOMY YHCII, i3 KJIaCTEPH3ALIE0
3a THUNAMHM HaJaHUX ITOCIyr Ta cepiciB. Hampuxian
HacTymHa TicTorpaMa, y3sta 3 pjomnosini Ericsson,
JIEMOHCTPYE, 1110 3pOCTaHHs TpadiKy € HEPIBHOMIPHUM Ta
B mepiog 3 2016 mo 2022 pik miuaHyeTbCs 3pOCTaHHA
HacamIepes Bineo-, ayaioTpadiky, a Takox Tpadiky
comianbHUX Mepex (puc. 1) [10].

Mobile traffic by application category per month (ExaBytes)
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Puc. 2. IIporao3oBanmuii rpadik 3poctaHHs 00cATiB Tpadiky

MoskHa 3poOUTH BHUCHOBOK, IIIO 3pocTaHHs Tpadiky
BiIOYBA€THCSA y TeOMETpU4YHil mporpecii. OgHak € e
OllHA XapaKTePUCTHKa, SKa € KIIYOBOK — Ie
KiIactepusaiis Tpadiky HE 3a TUIIOM MEepPeIaHuX TaHHX, a
3a pO3MOIIIOM TMepemadi JaHuX Ha A00y, TOOTO Tak
sanwmii "Busy-hour Internet traffic” [11].

Kowmmanis Cisco mporHo3ye 3poCTaHHS IHOTO
Tpadiky Ha TpeTUHY Oinblie HDX yBech iHImMH Tpadik. Lle
3pOCTaHHs MPUCYTHE HE TUIBKH Yy MOBCSIKICHHHX
aKTUBHOCTSX y Mepexi Internet, ane it y cdepax 0Oi3Hecy,

Mobile traffic by application category
CAGR 2016-2022 (percent)
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Puc. 1. [Iporro3oBanwuii rpadik 3pocTaHHs 00csTiB Tpadiky 3a
KaTeropisiMu

Ta gy GUTBIIOT MOBHOTH PO3YMIHHS ITi€l TIpOoOIeMHU
Ericsson HaBOIUTHh HE TUIBKH BITHOCHI, aje # KOHKPETHI

s likely to form a major part of file sharing traffic in addition to the identified application type 'video'

mUGpH  TPOTHO30BAHOTO  3POCTAHHS  HAaBaHTa)KCHHS
(puc. 2) [10], a came:
? : 2022
In 2022, video will 69 ExaBytes
account for around
75% of mobile
data traffic

TOOTO KOPHOPaTUBHUX Mepexax. 3rigHo 31

CTaTUCTHYHUMU TiporHo3amu kommanii Cisco y mepiof 3
2017 mo 2021 poKw, BUKOPHUCTAHHS BimeOKOH(DEPEHIiit
3YMOBHTH HOTPiHHE 3pOCTaHHS TpadiKy y KOPIOPATHUBHUX
Mmepeskax [12].

Uepes 11e mocTae 3aKOHOMIpHE TIMTAaHHS 301TBIIEHHS
MOTYKHOCTEH KOMIT FOTEPHUX Mepex. Alle, SKI0 TPEH]
ChOTO/IHI 3aaloTh Taki MepexeBi TexHosorii sik GRID
oOurcieHHs, a00 XMapHI CXOBHUINA JaHUX, TaKi OYCBHIHI
NUTaHHA sK (I3MYHA MOJEpHI3allisl KaHaNiB 3B’S3KY,
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no0yzoBa Mepexk Ta iHIIE, BUPINIYEThCS JOCHUTH JO0POTO
Ta y 0aratbOX BHNAAKax HaUIMIIKOBO. Lls curyamis
MPU3BOANTE 10 30iNBIICHHS BAapTOCTI BUKOPUCTAHHS
KOMIT FoTepHUX Mepex [13].

HaBememo mmdpw, sKi XapakTepu3yIOTh BTpPaTH
KOMITaHili TIpH HEONTHMAJILHOMY BHKOPHCTAHHI PECypcy
KOMIT'IOTEpHHX Mepek. [IpuOnmM3Hi BHTpaTH Ta JOXig
OyJl0 OIlIHEHO Ha OCHOBI aHalli3y peaJlbHO ICHYIOYHMX
¢ipm. Hanpuxnan, y kommnawii npaigorots 100 mronei, siki
BUKOPHUCTOBYIOTh 80 cTalioHapHHX Ta 15 mopTaTMBHUX
pobounx Mmicup. Takox BUKOPUCTOBYETHCS 3 cepBepH, sKi
oOciyroBytoth npocty Ethernet mepexy 3 aekinbkoma
KOHLIEHTPAaTOpaMHK Ta MOCTaMH. SIKIIO NPUHHATH, IO
IOJICHHUH TOXi] Ha OHOTO CHiBpoOiTHUKA AopiBHIOE 300
momapam CIIA, Ta BTpaTH Uepe3 MpoCToi Ta
IepeBaHTAKCHHS Mepexi JOPIBHIOIOTH 2%,
PpO3paxoByrOUH poOoUiil mepion y pori piBHHN 220 THSM,
MO>KHa OTpUMATH MPUOJIM3HI (PiHaHCOBI BTpatH — 132 THC.
nmonapiBe CIIIA. Jns 36imblneHHs eheKTHUBHOCTI poOOTH
MEpexi, BJIACHUKMA  KOMIIAHII  3BEpHYJIHCS 10
KOHCQJITUHTOBOi (ipMM 3 TaKMX NHTaHb, Ta OyJ0
BupimeHo nepeiitn Ha 100 Mb/s xomyrtoBany Ethernet
Mepexy. MogepHizalis Mepexi Oyna omiHeHa 3
ypaxyBaHHSM HAacCTYITHUX BUTpAT:

1) 2 noBux cepsepa (40 THc. q0napis);

2) 2 minensii #a I13 (4 Tuc. monapis);

3)2 JoKepena 6e3mepepBHOTO
(3 trc. monapis);

4) 100  HOBHX
(5 tuc. monapia);

5) 1 craumist kepyBauHs (7 THC. TONAPIB);

6) 6 komyraropiB 10/100  Gigabit
Ha 24 nopta (18 THc. nonapis);

7) 1 noBmii RAS (1 tuc. monapis);

8) 2 croiiku st komyTtatopis/RAS (5 tuc. nomapis);

Ycporo MojepHizaiis Oyae KomTyBaTH 83 THC.
nonapiB CIIIA, ame He Oynm BpaxoBaHI BHTpAaTH Ha
KOHCANTHHT Ta HAaBYAHHSI MEPCOHANy, a Ili BHUTPATH
MOXYTh CSATaTH TPETHHU YCIiX BUTPAT, y CEPEIHBOMY
Takdil TPOEKT KomTyBaB Ou Bim 40 THc. noiapiB 3a
MpoeKTyBaHHA, Ta Bim 20 THC. momapiB 3a HaBYaHHS
mepcoHany. TakuM YHHOM TIOBEpHCHHS IHBECTHIIIN
(Return  on  Investment, ROI) ©6e3 3amyueHHA
KOHCQJITUHTOBOI KOMTIaHii MOYKHA OYiKyBaTH MPHOJIH3HO
4yepes:

ROI =83/132 ~ 0.63 poky, T00TO 6-8 MicsIIiB.

ATe, SIKIO 3aTydaTH KOHCANTHHTOBY (ipMy, MOXKHA
BTpatutH me 60 tuc. gomapis, Ta orpumatu ROI piBHUM
1.1 poky, To6TO 12-14 MicsiiB.

TakuM 4MHOM MOXXHa HarjiasgHO I00AYNTH MOTpeOy
PUHKY B aBTOMATH30BAaHOMY IHCTPYMEHTI NMPOEKTYBAaHHS
Ta MOJEpHi3alii Mepexi, skui Oum OyB mpocTUM Yy
BHKOPHUCTaHHI, Oe3komToBHUM, abo Hemoporum. Bike
CBhOTOJIHI € JEeKUTbKa MPOTpaMHUX TMAaKeTiB, HAMPUKIAJI
Cisco Packet Tracer, GNS3, Unetlab, Ta inmm, sxi
JO3BOJITIOTE  CIIPOCTHTH ~ poOOTy  aaMmiHicTpaTtopam
Mepexi, He 3aTyJarouy KOHCANTHHIOBHUX (ipM abo iHIIMX
CIIEIiaiCTIB Y IIiH ramysi.

i mporpamHi TPOAYKTH CHOPsSMOBaHI Ha aHami3
MapuIpyTH3alii, pO3NOAULYy MiAMEpPEeX, BOHH MAalOTh
JOCUTh PO3TOPHYTY 0a3zy oOJiaJHaHHS, Ta J03BOJISIOTH

JKHUBJICHHA

MEPEXKEBUX  KapT 10/100

Ethernet

Bi3yasi3yBaTH PO3MOJIT poOOYMX CTaHIIH, KOMYTaToOpiB
MaplIpyTu3aTopiB y Kommauii. AJse Bci  icHyroui
MIPOrpaMHi MaKeTH He JIO3BOJISAIOThH y MMOBHOMY 00Cs31, Ta 3
MOXKITUBICTIO MAacIITa0yBaHHS, IMPOBECTH HaBaHTAXCHE
MOJICIIIOBAHHS MEPEKi, 0OCOOJMBO B YMOBaxX JTHHAMIYHOTO
3pOCTarodoro 4m cragarodoro tpadiky. Llg gactmHa
PHHKY MEpEKEBOTO MOJICIIOBAHHS I € BIJAKPHTOI Ta
IIyKa€ CHUCTEMH, SAKi O JO3BONHIIM CIICHIaTiCTy 3
MIHIMAJIFHOIO MiJTOTOBKOI CIPOEKTYBaTH 3 HyIs, a0o
MO/ICPHI3YBaTH iICHYIOUY MEPEKY.

Metoa Moe/1I0BaHHS XapaKTePHCTHK Tpadiky B
Mepeski nepegaydi JaHux

BpaxoBytoun crenudiky o0'ekta mOCHiIKECHHS, a
caMme - TPaHCIIOPTHOI Mepexi 3B’s3Ky, OyJo NpHiHsTE
PIIICHHS] CKOPHUCTYBATHUCS IMITAIliIHHUM MOJICITIOBAaHHSM,
OCKIJIBKM Taka MOJeNb Yy TOAANBIIOMY MOXe OyTu
OMHCaHA Yy BHUIJSAI AJTOPUTMIB Ta BHKOPUCTAHA [UIs
CKCIIEPUMCHTIB Ha OOYUCITIOBAHIN TEXHIII.

Jnst moOynoBW MoOJENi Mepeki IMOTpiOHO MaTh
(dopMamizoBaHUI OMHC caMoi Mepeki, Ta 11 MOBEIIHKH, 3
I[IEF0 METOI0 HamMu Oyna oOpaHa CeMHpIBHEBa MOJECIh
OSI, sixka MOCTaTHBO NCTATbHO Ta AUGEPEHIIIOBAHO nae
OMHKC YChOMY CIEKTPY (QYHKIIH Mepeki mepenadi NaHUX,

TaKUX SK: MapupyTu3aulis, KepyBaHHSI Tpadikom,
YIPaBJIiHHS TOMOJOTISIMH, Ta 1HIIII.
Jns  copolneHHS  MOZETi, Ta MOXJIHMBOCTI Y

noJaemoMy 30uTpmuTH chepy 11 BUKOPUCTAHHS OyIlo
NPUIHATE pIIEHHS BHKOPHCTOBYBATH JIMIIE YOTHPH
HwkHI piBHI Mozenmi OSI. Lle m03BONUTH BiZOKPEMHUTH
Oe3mocepeIHEO POOOTY MEpEXkKi BiJf OCOOTUBOCTEH NTaHUX,
sSIKi Heto nepenaroThest [14].

Huxue ™Mu  HaBenemo
0COOJIMBOCTEN 1IMX PIBHIB:

- (i3uuHMIi piBEHb Ta KaHAJIBHUH - BIAMNOBIIAIOTH 32
IHCTpYMEHTaJbHI 3ac0o0M, $Ki BHKOPUCTOBYIOTHCS B
Mepexi: CIThOBI ajanTepd, KOMYTaTOpH, peIiTepH,
ONTOBOJIOKHO, KOAaKCialbHI Kabeni TOINo, a TaKoX 3a iX
pO3TalIyBaHHA y CTPYKTYPi MEpEexki - TOMOJIOTII0;

- CIThOBHH piBEHb - BHKOHYE TOOYIOBY MapIIpPYTiB
nepenadi JaHUX BiJl BIATIPaBHUKA JI0 OTPUMYBaya, MMOILITYK
HAMITINIIAX MapIIpyTiB, 1a IEPEBAaHTAKECHb Y MEPEKi;

- TPQHCIIOPTHUH pIBEHb - BIANOBIZA€ 3a PO3MOALT
oOcsriB Tpagiky, skuii Oyae mnepemaHuid 3a pPI3HUMH
MapuipyTaMH, BIHpPAIOYNCh Ha Ty iH(pOpMAIio, SKY
MOJKHa OTPUMATH 3 CITHOBOTO PiBHS.

BapTo oco6mmBo 3a3HaUMTH CTIOCIO TMpencTaBIeHHS
BXIJJHUX JaHHUX JJIs MOJZIENi, a came, OyJI0 BUKOPHCTaHO
ricrorpamy BXiZHOTO TpadiKy Ha HPOTA3i IESKOro Hacy
(rommuw/nmHi/TrkHi).  Ilpmkmang — Takoi — TicTorpamu
NpUBEJICHNH Ha pHc. 3.

BJACHY IHTEPIIPETAIlit0

8 g 0 11 12 13 14 15 16 17 18 18 0 21 22 23 M

Puc. 3. I'icrorpama posnoainy Tpadiky Ha IpoTs3i 1001
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3a3HaueHMd BHIIEe po3monul  QyHKUIIH Moneli,
JIO3BOJIUTD CIIPOCTUTH YSIBJIICHHS TIPO peajbHy MEPExKy Ta
MIPOBECTH CUMYJIIALIIO i po6oTH. Temep cripoOyemMo OibIr
IETaJbHO  PO3TIIAHYTH  KOXEH 13  [OUX  pIBHIB
(YHKIIOHYBaHHS MOJIEITI.

Oi3uyHMi Ta KaHAIBHUK pIBHI MpPEACTaBICHI Yy
BurIAAl OiHapHOro (HeopieHTOBaHOTrO) rpady, SKHN
300pakeHuit Ha puc. 4.

Puc. 4. HeopienroBanuii rpad, SKuit 300paxka€ TpPaHCIOPTHY MEPEKY

VY sAKocTi BepmvH y35Ti (Qi3W4YHI TPUCTPOT MEPExKi,
Taki  AK:  KOMYyTaTopu,  Maplipyruszatopu,  abo
koM totepu. A pebpa rpady € KaHaTaMu 3B’ SI3Ky MEPExi,
Bara peOpa noszHauae HOro MPOMYCKHY 3/1aTHICTh. PiBeHb
abctpakmii Moke OyTtu Oyap SKHM, IOYMHAIOUH 3
KOPHOPaTHBHOI Mepexi KOMIaHii, Jie y SKOCTi BY3I]iB
OynyTh KOMIIT FOTEepH, 3aKiHIYIOUHU BEJIMKUMU
pETiOHaIbBHUMH MeEpeXaMH JIe BY3JIOM € pETiOHaJbHUIM
a00 pallOHHUI KOMYTaTOP.

Hdns  cumynamii i3 3aCTOCYBaHHSIM — 3aco0iB
MporpaMyBaHHA Takui rpad Moxe OyTH 300pakeHHU y
BUTJISIII MaTpHILl NMPOIYCKHUX 3IaTHOCTEH, /Ie CTOBIII Ta
CTPOKH € BY3JIaMH, a Ha IIEPETHHI 300paKEHO MPOITYCKHY
3[ATHICTh KaHaTy 3B’SI3Ky MK IIMMHU By3iamu. Mojenb
JIO3BOJISIE  CHUMYJIIOBATH  SIK  JAYIUIGKCHY — Tak 1
HAIIBAYIUICKCHY TIepeaady.

Tabmums 1 300pakae  MaTpHIIO TPOITYCKHHUX
3[aTHOCTEH [UTst Mepexi i3 N By3umis [15].
Tabauns 1. Mampuys nponyckuux soamuocmeti
1 2 3 4 5 n
1 * 100 | 1000 | 100 - -
2 100 * 100 - 2400 -
3 | 1000 | 100 * - 100 -
4 100 - - * - -
5 - 2400 | 100 - * -

Jnst cumynanii poOOTH  CITBOBOTO PiBHS, TOOTO
3HAXOJKEHHSI HANIIBUIIINX Ta HAWMEHII 3aBaHTAKCHUX
MapuIpyTiB BHKOPUCTOBYETBCS peatti3allis MOKpalieHOro
anroputmy JledkcTpu.

3anpornoHoBaHa  BepCis  aNrOPUTMY  KOHBEPTYE
MaTpPULIO NPOIYCKHUX 3aTHOCTEH y MaTPUIIO 3aTPUMOK
Ha KaHajJaX MEPexi y 3BOPOTHIN mpomopiiii 3a GopmyIioro:

1
=—, 1
¢ ¢, —df, )
ne dc — 3aTpuMKa Ha KaHali ¢; Cc — MPOIMYyCKHa 3/1aTHICTh

kaHany c; dfc— notik manux Ha KaHasi c.

TakuM 4YMHOM, NPUAHSBIIM 3aTPUMKY Ha KaHaii
3B’S13KY 3a Bary peopa rpady, Mu 3aCTOCOBYEMO aJITOPUTM
JeikcTpy Ui 3HAXOJUKEHHS — HAaWKOpOTIIOTO (3
MiHIMaJbHOIO 3aTPUMKOIO) MapHmIpyTy IJIs Tepeaadi
nanux. OgHaK OJHIE0 3 HAWBAXKIUBIMUX (QYHKITIHA IIHOTO
PIBHS € HE TiJIBKM MOOYNOBa MaplIpyTy Iepenadi AaHHX,
aye ¥ po3nijeHHs iHpopMalii Ha JeKiIbKa OTOKIB TaHUX,
SKi Oy/lyTh HE3aJIE)KHO NepeJiaHi Pi3HUMH MapIIpyTaMH.

Tobro nesika KinbkicTh iH(opManii Oyne moxineHa
Mbk k wMapmpyramu y mnpomnopuii BiInmoBimHIH 10
B)XJIMBOCTI MapIuIpyTy, SKa B CBOIO 4epry 3aJeXKHTh BiX
KUJTBKOCTI 3HAaXO/KEHb IIHOTO MAapHIpyTy Mg dYac ix

momyky. Tomi  MokHa — o0UHMCIMTH  KOEQiIlieHT
BUKOPHCTAaHHS MapiipyTy K
n
K, ==&, 2

ge N, — KUIbKiCTh 3HAXO/KeHb Mapuipyty K mim dac
MOIIYKY MapIIPYTiB; | — KiMBKICTh MPOBEACHUX iTepaLiit
CUMYJIAIIIT.
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Buxomsun 3 mporo  MoJenb CITBOBOTO
piBHA  po3moxaunse  KUIbKiCTh  iHQopMmamii  Mix
3HAWICHUMH MapIpyTaMu 3a HACTYITHOIO
(dopmyoro:

dijk = KUk R;, (3)

ne df;, — KinbkicTh jganux, ska mae OyTH mepejaHa Mo
MapuipyTy K y Mexax j BUMOTH Ha mepenady nanux; R;—

BAMOra Ha Iiepefady JaHuX; KUk —  KoedirieHT

BHKOPHCTAHHS MapuipyTy K.

CuMysitist poOOTH TPaHCTIOPTHOTO PIBHS JTO3BOJISE
TepenaBaTd 4YacTUHY TOTOKY MaHHX Y 3aJIeXKHOCTI BiJ
HaBaHTaXXCHHS Mepexi B IiaoMy. ToOTo, AKIO Mepexa
MepeBaHTaKEHA, JIeAka KUTbKICTh JaHUX OyJe BiIKIIaacHa
Ha HACTYNHY iTepamilo CHMYJLii, JOMOKH Mepexa He
nepeiine B cTabinmpHui craH. Came iHTepmperauis
GYHKIIH ~ TpaHCIIOPTHOTO PIBHA 1 €  HOBHU3HOIO
3alpONOHOBAHOTO METOY.

OyHKUIOHYBaHHS MEpEeXi, a caMe PO3IOALTY JTaHUX
y Hiif, Moxe OYyTH MNPEACTaBICHO 3a JIOMOMOIO0
PI3HUIICBHUX PiBHSIHb:

df

df, .., +df

vt — Wi Ji+l (4)

ne df j"'i ,1— e TIOTIK JaHuX, sIKMi He OYB mepemaHuil 3a
notpedu j, 3a i itepauito cumynsnii; dfji+1— e MOTIK
JaHuX, sKUi He OyB mepenaHuii 3a motpebu j, 3a i
iTepauito cuMyJsiiii, Ta OyB IepeHeceHHH Ha HACTYIHY
iTepariiro.

OOcsr paHux, sIKi MalwOTh OyTH TIepeHeceHi Ha
HACTYIIHY 1TEpallif0 PO3PaxOBYEThCS HA OCHOBI 3aTPUMKHU
Ha KaHaJi 3B’s13Ky 13 hopmynu (1).

ToOTO y pa3si mepeBaHTaXCHHS Ha KaHAIl 3B’SI3KY
BHPAaXOBYEThCSA  KOC]IIEHT  TepeBaHTaXCHHS, e
KOEQIIEHT TO3BOJSE OLWIHUTH CTYIIIHb ITEPEBaHTAKCHHS
KaHaly 3B’ SI3KY.

TP
Ky =1-K, —¢, ()

¢ df,
ne K, - mnepesanrtaxenns ma kamami C; TP —
MakCHMallbHa TIPONyCKHA 3HATHICTh KaHany c; Ki —
Koe(DillieHT  MaKCUMAJIGHOTO  HAaBAaHTAXEHHS,  SKHIA
3a/1a€ThCS Tepe]] TOYaTKOM CHUMYJIAIil, BiH BHU3HAYAE
MaKCUMAallbHO  JIOYCTHMY  3aBaHTAXCHICTh  KaHAJIB

Mmepexi; dfc — e moTik naHux, kUil Mae OyTH TepeaaHuii
10 KaHaly .

OckinbKu cecii nepeaavi JaHUX MOAUISIOTH PECYpCH
Mepexi MiXk co0010 HEpPIBHOMIPHO - HACTYITHUM €TaIioM €
oTpuMaHHs KoedilieHTy yTHii3auii pecypciB KaHaly
KOHKPETHOI BUMOTOI0 Ha Tiepe/jauy JaHuX.

df .

K, =—%, 6
i ©

pi(& KUI — BiHHOCHa BCJIMYMHA BUKOPUCTAHHA KaHATy HJIsL

umoru J; dfj — moTik manmx ski mepenae cecis j; dfc —
YBEChH IOTIK IaHUX Ha KaHaJi C.

JIis BU3HAUCHHS BaNiHOTO OOCITY JaHUX, SIKi
MOXYTb OyTH TmiepelaHi BHMOTOK | Ha 1 iTepauii,
BHUKOPHUCTOBYIOTHCS HACTYITHI OOUHCICHHS:

df; =df, — K, df,, ™

ne df j— II& CKOPEKTOBAaHWH MOTIK JaHWX IUIS BEMOTH J

OJIMH C MapIIPYyTiB SKOi TIEPeBAaHTAKYBaB OJUH 3 KaHAJIIB
3B 3Ky MeEpEexi; dfjf MOTIiK JaHUX, SKUA Mae OyTH

nepenanuii 3a norpetoto j; df;, — 3a dopmynoro (3), ue

HOTIK JaHUX 10 Mapumpyry K Bumorm |, sKuii

MIepeBaHTAXY€e KaHaJ 3B 3Ky C; KOC — 3a popmymnomno (5),

11e KOeQiIlieHT MmepeBaHTAKESHHS KaHAITY 3B’ SI3KY C.

OcTaHHIM eTanoM (QYHKIIIOHYBaHHS TPAHCIIOPTHOTO
PiBHS € pO3paxyHOK KITBKOCTI iHpopMarii, sska Mae OyTu
BiJIKJIaJICHA HA HACTYITHY iTepalliro:

df; =df, —df;, ®)

ne df i KUTBKICTh JaHUX, SIKI HE 3MOIJIM MEPEIaTHCs 110
MapmpyTy K BHMOTH j 4epes3 MepeBaHTaXKCHHs KaHAIY
3B’A3KYy C; dfj— CKOPEKTOBaHMH TOTIK JaHHX II0

MapmpyTy K BHUMOTH j, SIKHii TepeBaHTa)XyBaB OAWH 3
kananip 38’s3ky c; df,— 3a dopmynoro (3), ue morix

JaHUX [0 MapupyTy K BHMOTH j, SIKMH MEepeBaHTaXye
OJIVH 3 KaHAIB 3B 53Ky C.

OTxe yBech IpOliEC MOJEIIOBAHHS MOXKHA OITHCATH
HACTYIIHUM YHHOM: €KCIepT Hamae iHdopMarii momo
MPOTHO30BAHOTO HABAHTAXKECHHS HA IPOEKTOBAHY MEPEXKY
BIIPOJIOBXK JIESIKOTO 4Yacy, KOPHUCTYBAa4 CHCTEMH MO/IEIIOE
JIesIKy TOITIOJIOTiI0 MEpeXi 3a JIONOMOTOI0 Bi3yalbHOTO
IHCTpYMEHTY Ta T[IOYMHAE IPOLEC CUMYJILil 3a
JIOTIOMOTOI0  BUILIE3a3HAYEHOI0 MeToay. MaremarnuHa
MOJIeTb, SIKa MOXke OyTH peani3oBaHa Yy BHIVISII
aBTOMATH30BaHOT iH(GOPMALIHHOI CHUCTEMH, IOETAITHO
NPOBOJUTH ~ OOYMCIEHHS Ta  HaJgae  KOPUCTyBauy
iHpoOpMallil0 PO CTaH Mepexi Ha KOXHIM irepanii, a
caMe, KiJIbKICTh NepelaHuX AaHHX, 3aTPUMKH Ha KaHaJlaxX
3B’S13Ky, HAaBaHTa)XEHHS Ha Mepexy, Tompo. Ilicus
3aKiHYCHHA pPOOOTH CHMYILAMil, KOPUCTYBad MOXKE
NPUMHATH pIMIEHHS TPO 3aTBEPIUKEHHS MOTOYHOTO
MPOEKTy Mepexki abo Mpo MepenpoeKTYBaHHS TOIOJIOTII.
[TepenpoekTyBaHHS MOXe OyTH BHKJIMKaHE THM IO
MOTOYHUM IPOEKT TOMOJIOTii TPAaHCIOPTHOI Mepexi
3B’SI3Ky HE 37aTeH 0OpOOWTH HalaHy KUIBKICTh 3aIUTIB,
abo HaBMAaKKM HE ONTHUMAaJBbHO BHKOPHUCTOBYE peCypCH
Mepexi, Mo TNPU3BOAUTH [0 HAJIMIIKOBOCTi, Ta
30UTKOBOCTI TAKOTO MIPOEKTY.

BucHoBku

Y cBoOiifi mpami MH  3ampONOHYBAIM  METOJ
IMITalifHOTO MOJICIIOBAHHA MEpEeXi Iepenavi JaHWUX,
SKHiA, Ha 0a3l CIIOCTepEeXKeHb, Ta aJIrOPUTMIB poOOTH
HWKHIX piBHIB Moxaeni OSI, mo3Bossie maTu BinMOBii Ha
HACTYIHI TMTaHHSA: 4M  Oylde CTpyKTypa Mepexi
CcTaOlIBHOI0 Ta yBECh CHEKTp oOmagHaHHA Oyne
BUKOPHCTOBYBATHCS 3 MaKCHMAlIbHUM HaBaHTaKEHHSIM,
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Ta 3aMOBHUK HE BTpaTHTh NMpHOYTOK. MeTon n03BOJISIE
(opManbHO TPEICTABUTH XaPAKTEPUCTUKU (Pi3HYHOTO,
KaHaJIbHOTO, MEPEXKEBOr0 Ta YaCTKOBO TPAHCIIOPTHOTO
piBHiB Mozmemi OSI, ne y SKOCTI BXITHHUX JIaHUX
BUKOPHCTOBYETHCS JAMHAMIKA HABAHTAXKCHHS Ha MEPEKY
YIPOAOBXK Yacy.

I3 3acTOCYBaHHSAM 3alPOIIOHOBAHOTO METOIY MOXKHA
CTBOPHUTH 1H(POPMAIIHHO-MOACITIOIYY CHCTEMY, fKa O
JI03BOJIMJIa TMPOBECTH CHMYJIALIIO Iepefadi JaHuX Yy
Mepexi Ha  TpOTA3l  TEBHOTO  BIAPI3KYy  dYacy.
I3 ¢dopmanizoBanux Buiue (QyHKUIH BUAHO, IO Mepexa
OIMCaHa JIMIIe AEeKIJTbKOMAa XapaKTepUCTUKaMU Ta IrHOpye
Taki Qakropu, SK NOMWIKM Ha piBHI HojAaTKiB, abo

(dopmar camux AaHHX, SKI MalOTh OyTH IepeiaHi TOIIO,
e B CBOI0 YEprold € BOAHOYAC 5K MPOOIEMOIO
nmaHoi Moneni Tak 1 ii mepeBaror, OCKIIBKH J03BOJISE
OLMBbII THYYKO MacmTaOyBaTH MeEpeKy Ta HaBiTh
BUKOPDHCTOBYBaTH  I[f0  MOJENIb  JUIA  CHUMYJISIIi
IHIIUX ~ TPaHCIOPTHUX 3agad. HacTymHuM — eTamom
pO3pOOKM  ITi€l  TEXHOJIOTII CTaHe  MiATBEPKCHHS
aJeKBATHOCTI MOJENi peanpHill TOBEmIiHINI Mepexi
nepenayi JaHuX.

3anpornoHOBaHU METO/, a TaKoXX HOro Iojaiblia
peaizawis y BUIJISAI HPOTPaMHOTO KOMIUIEKCY JIO3BOJIUTD
CYTTE€BO 3MEHIIUTH BapTiCTb Ta CIPOCTUTH IIPOLEC
MO/ICpHi3allil KOMIT IOTepHOI Mepexi.
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METO/]] MOJAEJIMPOBAHUS TAPAMETPOB CETHU INIEPEJIAUU JJAHHBIX J1JIS1
EE MOJEPHU3AILIUU

IIpeqMeTOM HCCIEIOBaHUS B CTaThe SBIAETCS IMpoOLECC NMEpeAadd NaHHBIX B TPAHCIOPTHHIX ceTax cBs3u. Lleab padorbr —
pa3paboTka MeToJia MOJCIMPOBAHUS IapaMeTpPoOB CeTell Ieperaydl MaHHbBIX, KOTOPBIA JaeT BO3MOXHOCTH (HOPMaM30BaHO
HpEICTaBUTh MapaMeTpbl (QYHKIMOHUPOBAHUS CETH Ul MOJEIMPOBaHMs e€ IMOBEICHHS C y4eTOM JHHAMHUKH Tpaduka. B cratee
pemraloTcs CleAylomue 3aadyd: OOOCHOBaHME BAXKHOCTH MOJCPHU3AIMM CeTeH Nepefauyn NaHHBIX Ha IIPEMEpe pocTa HX
HCTIONB30BAHMS; ONpe/elIeHHe HeOOXOANMOCTH CO3/JaHMs MMEHHO aBTOMATH3HPOBAHHOTO CPEJCTBA ISl MOJEIMUPOBAHMS B OTIINIHE
OT TPUBJIECYECHUS TEXHUYECKUX CIICIMAINCTOB; BHIOOpP YpOBHEHW aOCTpakKIMM CETH Iepenadd NaHHBIX Uil €€ MOJIEIUPOBAHMS;
OIIpeIeIeHne MaTeMaTHIeCKOro ammapaTra Uil BBIUMCICHHS MapaMeTpoOB MOJENH; pa3pabOTKa MeTOAa MOJEIHPOBAHUS CETH
neperadyn JaHHBIX. VICMONB3yIOTCA Takue MeTOAbI: OCHOBBI CHCTEMHOIO aHajlHM3a, METOA HMMUTALMOHHOTO MOJEIHPOBAHMS.
[Mony4eHs! crenyrome pe3yJabTaThl: [IpegocTaBieHO MPOTHO3MPOBAHHBIM rpaguk pocta 00beMOB Tpaduka MO KaTEropusM U
o0obmieHHas muarpamma. ChenaH BBIBOJ, YTO pOCT Tpaduka HPOMCXOAMT B TEOMETPUYHOI mporpeccuu. bbina oleHeHa
MOJIEPHU3ALMS CETU C YUYETOM Pa3HbIX BUIOB 3aTpaT. ChenaH BBHIBOA MPO MOTPEOHOCTh PHIHKA B aBTOMAaTU3UPOBAaHHOM HMHCTPYMEHTE
MIPOEKTHPOBAHUS M MOJEPHU3AIUHU CeTH. PacCMOTpeHBI pa3iuyHble CIOCOOBI MOAEIUPOBAHMS THUHAMHUYECKHX CHUCTEM; OMNpeleleH
croco0 co3JaHMs MOJENH TPAHCIIOPTHOHW ceTH cBs3u. PaccMoTpena cemmypoBHeBas mozenb OS| m mpuBemeHa coOcTBeHHas
HHTepHpeTanus ocodbeHHocTell e€ ypoBHeH. Bruti BEIOpaHBI YeThIpe HIDKHUX YPOBHS 3TOH MOJIEIH, B KaueCTBE yPOBHEH a0bcTpakuun
MOJIENIUPOBAHMSI, BBIIEIECHH OCHOBHBIE XapaKTEPUCTHKH TPAHCIIOPTHOW CETH CBSA3M, KOTOPBIMH OyIeT ONepHpoOBaTh MOJEINb.
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OyHKIIMOHNPOBAaHUE HIDKHUX YPOBHEW TPaHCIOPTHOI ceTH CBA3M (pOpMann30BaHO B BHJAE OTAENHHBIX MaTeMaTHIECKUX MOJACNICH 1
(GopMyI, Ha OCHOBE KOTOPBIX OIMCAaH METOJ MOIENMPOBAHWS (YHKIHUH TPAHCIIOPTHOW CeTH CBS3W. Bymm ompeseneHbl criocoObI
MIPUMEHEHHs] 3TOTO METOJa ISl MOJECPHU3AMK TOIOJIOTHH TPAHCIIOPTHON ceTH CBs3H. BwiBoabl: Takum o0pa3oM, co3maH HOBBIH
METOJ] MOAEIUPOBAHUS TPAHCIIOPTHON CETU CBSI3HM, KOTOPBIH YCOBEPIIEHCTBYET M YHPOIIAET MPOIECC CO3AAHUS WM MOAEPHH3ANN
CETH, YTO JaeT BO3MOXKHOCTh 3HAYMTEIBHO CHU3UTH 3aTPaThl Ha MPOEKTHPOBAHUE TOMIOJOTHH CETH, a TAK)Ke MOBBICUTh YTUIN3ALUIO
€€ pecypcoB.

KiioueBbie cjioBa: ceTh Nepeiayy JaHHbIX; HIMUTALMOHHOE MOJICITMPOBAHMS; CUCTEMHas AuHaMuKa; Mozaenb OSI; pusuuecknii
YPOBEHB; KaHAJILHBIH YPOBEHB; CETEBOH YPOBEHb; TPAHCIOPTHEIH YPOBEHb; TpaduK.

METHOD OF MODELLING THE PARAMETERS OF DATA COMMUNICATION
NETWORK FOR ITS UPGRADING

The subject matter of the article is data communication in a transport network. The goal is to develop the method of modelling the
parameters of a data communication network, which enables formalizing network parameters to simulate its behaviour taking into
consideration dynamically changing traffic. The following tasks were solved in the article: the significance of upgrading data
communication nets was substantiated using their increasing growth as an example; the need to create an automated tool for
modelling, in contrast to the involvement of technical specialists, was determined; the abstraction levels of the data communication
net were selected for its modelling; a mathematical apparatus was determined for calculating model parameters; a method for
modelling data communication net was developed. The following methods were used — the basics of system analysis, the simulation
method. The following results were obtained: The predicted graph of the traffic growth by categories as well as the generalized chart
was presented. The conclusion was made that traffic grows exponentially. The upgrade of the network was assessed taking into
account various types of costs. The conclusion was made that the market demands an automated tool for net designing and upgrading.
Various methods for modelling dynamic systems were considered; a method for creating a model of transport network was selected.
The seven-level OSI model was considered and the authors' interpretation of the features of its levels was given. Four lower levels of
this model were chosen as the abstraction levels of modelling, the main characteristics of the transport network for using by the model
were singled out. The operation of the lower levels of the transport network was formalized in the form of separate mathematical
models and formulas, which formed the basis for describing the method of modelling the transport network functions. The ways of
applying this method to upgrade the topology of the transport network were specified. Conclusions. Thus, the new method of
transport network modelling was developed; this method improves and simplifies the net development or upgrade, which, in turn,
enables reducing the costs for designing the net topology and improving the recycling of network resources.

Keywords: data communication net; simulation modelling; system dynamics; OSI model; physical layer; channel layer;
network layer; transport layer; traffic.




