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JOCJIIIKEHHS TAPAMETPIB QOS HA IMITAIIMHINA MO/IEJII
T'BPUIHOI CUCTEMH CYITYTHUKOBOT O 3B’SI3KY

Pospobnena imimayitina moodenv nepedaui inghopmayii no cemepocentiil meaieKoMyHIKAYIiUHIl
mepedxci Ha Npuxiadi 2iopudHoi cucmemu CYNnymMHUK0B020 38 53KY. IIposedeno mooentosamts
MYTbIMUCEPBICHOI MepedCi 3 BUKOPUCTNAHHAM NPOZPAMHO20 3a0e3nedenH s, o 3a0e3neuye Kepyeam-
HL NPOOYKmMueHicmio 0jisi Komn'tomepruux mepedic i 3acmocynxie — OPNET. Pezyromamu mooenio-
8aHHA pobomu 2IOpUOHOI cucmemu CYNYMHUKOBO20 38 A3KY NOKA3ANU GNIUE XAPAKMEPUCTUK
ammocghepu ma Harawimysans oo1a0HaHHA mepedci Ha napamempu QOS, maxi Ax po3nodin cmyau
NPONYCKAHHSA, 3aMPUMKA i 8apiayii 3ampumKky npu eUKopucmanti ioeokongpepeny-36'a3xy, VOIP,
HTTP. Ha ocnosi ompumanux pe3yibmamieé mMooeno8anHs 0as 8l0eOKOHpepery-36'13Ky CYKVNHA
nikosa sampumka He nepesuwuna 3uavenus 0,4 c i zanuwanacs nocmiunor npubausto 0,38 c,
nikoee 3HauenHs eapiayii 3ampumKu 20710¢06020 nakemy 6yro Gauzbko 0o 0,08 ¢, a nomim
smenuwunacs 0o 0,025 ¢%, mpemminns mano nixose smavenns npubausno 0,0045 ¢ nid uac
3a6MUpanHs 8 00w, Wo He nepesunye sumocu 00 napamempie QOS.

Kniouoei cnosa: cynymnurkosa mepeaca, DVB, npiopumem, sampumxa, napamempu QoS, OPNET.

AKTyaJIbHiCTh 3a1a4vi JOCTiIxKeHHsI. Y 3B’S3Ky 3 HEOOXITHICTIO MOCTIMHOTO MOIIYKY
ONTUMAJIBHUX apXITEeKTYpHUX MOOYH0B, BU3HAYECHHS XapaKTEPUCTUK Ta HAJAIITYBaHb Cy4YaCHHUX
TeTEPOreHHUX TEJICKOMYHIKAIlIMHUX Mepex Tepel NpPOCKTYBAIbHUKAMHU CTOITh 3aBJaHHS
JOCITIHKEHHST 0COOIMBOCTEH IIMX MEPEXK 3a JOTIOMOTOI0 IMITaIliiHOTO MOieroBaHHs [1].

Jlokanizamis 3amaui gocaimkeHHsi. Mera po0OoTu mossirae B TOCIDKEHHI 0COOIMBOCTEH
MPOEKTYBAaHHS 1 (PYHKLIOHYBaHHsS I'€TEPOr€HHOI MEpeXi MpHU Imepenadi pi3HOro TUIy Tpadiky Ta
oro KoMOiHaIii HUISXOM IMITAIlifHOTO MOJACIIOBaHHS. JlJsd JOCSATHEHHS METH IIOCTaBJICHI
HACTYITHI 3a/a4i:

— po3poOuTH iMiTalliiiHy MOJIeNb nepeaayi iHpopMallii o reTeporeHHii TeneKoMyHiKaliiH1i
mepexi Ha npukinanai ['CC3,;

— peanizyBatu MOJIeIb B cepenouiii moaenoBanHs OPNET,;

— BUKOHATH aHAI3 OTPUMaHMX Pe3ylbTaTiB 1 JaTH BIAMOBIIHI pEKOMEHAAIIII.

PesyabTaT nociaigkeHb. ['eTeporeHHi Mepexi 3B'SI3KY — € Mepexi, fKi CKIAJaroThCs 3
IBOX a00 EKUIbKOX CHCTEM 3B'A3KY, 10 MPALOIOTh MPU LIbOMY CIIUIBHO, Ul HAaJaHHS HEOOX1THUX
TEJIEKOMYHIKAI[IHHUX TOCIYr KIHIIEBOMY KOpUCTyBaueBi. Ha ChOTOIHINIHIA JeHb ICHYE BEJIHKe
PO3MaiTTs TeTeporeHHux Mepex. OTHUM 3 MPHUKIAAIB JAaHUX MEPEXK € reTeporeHHi CyMmyTHUKOBI
cucremu 3B's3ky (['CC3), siki BAKOPHCTOBYIOTh CyHYTHI/IKOBl Ta Ha3eMHi kaHanu 3B'13Ky. [CC3 €
Iy)Xe THYYKHUMH 1 03BOJIAIOTH CTBOPIOBATH MEPEXKI, 10 BiAMOBINAIOTH HAMKOPCTKIIIMM BUMOTAM 1
HA/IAI0Th IHUPOKUNA CHEKTp MOCIYT 3 Mepejaadi rojocy, Bifeo, JaHUX B Oyab-skid komOiHarii. Ha
puc.l mpencraBieHWi NpUKIan TOOYIOBH TiOPHIHOI CYNMYTHHKOBOI CUCTeMH 3B’s3Ky [2, 3.
VY poGori [4] aBTOpaMu JOBENEHO, 110 BUKOPUCTAHHS ITOPUTMY «3Ba)KCHA CIpaBEIUIMBA Yepra»
IpYU HAJIANITYBaHHI apaMeTpiB MapUIpyTH3aTOpa J1a€ 3MOTY 3MEHIIUTH BTPATH AAHUX 3 BHCOKUM
NpIOPUTETOM, YYTIMBUX A0 3aTpuMOK. OTxe, camMe Takuid alropuTM OOpaHO A peaiizaiii
imMiTaniHoi Moieni nepeaadi iHpopMmallii Mo reTeporeHHii CymyTHUKOBIH cUCTEMI 3B'SI3KY.
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CynyTHUK 3B'A3KY

CynyTHHKOBRHIA KaHan
: MpuiiMansHa cynyTHHKOES

aHTEHA
e L
IHTEPHET \« DVB./ Nnara
s ] :
= g W N
MNpoeanpep kombinoBaHoro | Cepaep : MK : nK

Aocryny

—
:.lﬂ_] MapwpyTHIaTop

Micueeui IHTepHeT-npoeaigep

Pucynok 1 — Apxirektypa riOpuaHoi CHCTEMH CYITyTHUKOBOTO 3B’SA3KY

VY Mozeni, Mo po3poOIISETHCS MAKETH MPUHMAIOTHCS 3 I-r0 TOPTY, MOTIM PO3OMBAIOTHCS HA
NpIOPUTETHI Ki1acH (BHCOKHA, CepeaHiil, HU3bKHIi) BIAMOBITHO 10 THITy MEPEKHOTO MPOTOKOIY Ha
miicTaBi agpec mpu3HaueHHs U kepena. [laker oOpoOIs€ThCS MPOTATOM MEBHOTO Yacy, IO
3aJ1a€ThCSI CHCTEMHUM TOJIMHHUKOM. PO3MizHaBaHHS MPIOpPUTETY, pO3MILICHHS B OJHY 3 3-X 4epr i
o0pobka mpotsarom 3amgaHoro uacy. IlepeBaroro o0paHoi Moneni € MDKIIATHOPMEHHICTh
KOMyTaliiHoro oOJagHaHHS Ipyroro i Tperboro piBHiB. Ha puc. 2 mpeacraBiena Onok-cxema
pOoOOTH aIrOpUTMy 0OPOOKH CITpaBeNIMBOI 3BaYKEHOT UeprH.

[Tin Baroio mpiopuTETHOTrO KJIACy pO3yMIEThCS BIZCOTOK HANAHOI Kiacy Tpadiky MpOMyCKHOT
3JITaTHOCTI BiJ MOBHOT MPOIYCKHOT 3JaTHOCT1 BUXiIHOTO iHTepdeiicy. Sk npu 3BakeHOMY, TaK i pH
piopUTETHOMY 0OCIYrOBYBaHH1, Tpadik JUIMTHCS Ha KUTbKa KJIACiB JUISI KOKHOTO 3 SIKUX BEIEThCS
OKpeMa uepra MakeTiB. AJie 3 KO>KHOIO Yeproo 3B'sI3yeThCs HE 11 MPIOPUTET, a BIICOTOK MPOIYCKHOT
3IaTHOCTI BUX1THOTO iHTep(eiCy, 110 TrapaHTYEThCS JaHOMY Kiiacy Tpadiky MpH MepeBaHTAKEHHIX
OTO iHTEpdEeiCcy

Po3paxyHok mapaMeTpiB MOIeJIi Ta CMYTH MPOIYCKAaHHS, 110 BUKOPUCTOBYIOTHCS TP HaJIall-
TyBaHHI  3aCTOCYHKIB B  CEpEJOBHIIl  MOJEIIOBAHHS  3JIHCHIOETBCS 33  HACTYIHUMH
dbopMynamu, siKi BUKOPUCTOBYIOTHCS !

V, =VH +VC +VB;

PVB =VB/V,; M
PVH =VH /V, - p; ’
PVC =VC/V, - p;

OPB = (VB - PVB)/VB;
OPC = (VC - PVC)/VC; (2),
OPH = (VH - PVH)/VH,

ne 11 — npioputer; BII, CII, HII — Bucoxuii, cepenHiii Ta HU3bKuii npiopurety, Vi — 00’em nepena-
Hoi iHpopmanii, VH, C, B — 06’em uepr; PVB, PVH, PVC — 06’em indopmartii 3 BACOKUM, CepeiHIM
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Ta HU3BKUM TPIOPUTETOM; p — TMpolyckHa 3xaartHicTe kanany; OPB, OPC, OPH - cmyra
npoITycKaHHs [uist iHdopMarlii 3 BACOKUM, CEpEeHIM Ta HU3bKUM IpioputeToM [5, 6].

Jns moOynoBU po3poOsieHOi MOJeNi BUKOPUCTAHO CEPENOBMINE Il IMPOEKTYBAaHHS Ta
MOJIENIOBAHHS JIOKAbHUX 1 TIO0AIBHUX MEPEXK, KOMI'TOTEPHUX CUCTEM, JOJATKIB 1 PO3MOIITIEHUX
cucrem — OPNET. I'onosHOO miepeBaroto € te, mo OPNET mo3Bomsie mpoBoauTH iMiTalli0 Moaemi
Mepexi nepefayi JaHMX B MaKCUMaJIbHO HAOMMKEHUX JO pealbHOCTI YMOBax, 30KpeMa €
MO>KJIMBICTh MOJICNIOBATH HE TUTBKM OKPEMI KaHaJH, ajie i BU3HAUYaTH HACKPI3HI 3aTPUMKH Ta IHII1
napameTpu QOS /715 reTeporeHHOT Mepexi, 110 BUKOPUCTOBYE CYITyTHUKOBHH KaHaJ.

B HanamTyBaHHSX CYIyTHHKOBOTO KaHaly oOpaHa TexHosoris DVB Tomy, o Bona ocHoBa-
Ha Ha OJJHOMY 3 HAMMOMYJSAPHIIINX METO/IB CYTyTHHUKOBOTO JOCTYILY JI0 II100ajabHOT Mepexi [nTe-
pHerT, 1o 00'enHye Tpadik AaHUX i Bigeo-Tpadik B 3aranbHUi HUppoBuil motik [7].
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Pucynok 2 — bnok-cxema poOoTH anroputMy Mo/jienni 00poOKH CripaBeINBO1 3BayKEHOT 4epru

Ha puc. 3 mapmpyruzarop A BUKOHYE (DYHKIIIT IIIIO3Yy 1O MIAMEPEXKi, 0 CKIAJAETHCS 3
KomyTtaropa A 1 4otupbox cepBepiB. KpiMm Toro, BiH BHCTyNae B poJli HA3€MHOTO TEpMiHANY, a
nigMepexa npeacrasisie [HTepHer. CynyTHHUK € «BY3bKHM MicLIeM» MEpexXi 3a BETHUYUHOIO CMYTH
nponyckaHHs. KIi€eHTH 3amuTyloTh TOCIYTHM Yy CepBepiB, a IMOBITOMIIEHHS MEpeaaloThes 3a
JIONOMOTo10 Tpadiky 3BOpOTHOTO HampsiMky [8]. Jlami mpeacTaBieHi mapaMeTpu IJis 3aCTOCYBaHb,
1110 BUKOPUCTOBYBAJIMCH I1/1 4aC MOJICIIFOBAHHSI.

— BigeokoHpepeHI-3B'130K (npiopuret — 1): Mk kiaieHToM 1 i kiieHToM 8 Ha cepBepax 1 i 4
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NPSIMUIA HAPSIMOK PO3TIOAUICHUH 32 €KCTIOHEHITIaTbHUM 3aKOHOM B cepeinboMy 1o 1000 GaiitiB Ha
KaJIp, a 3BOpoTHIHN — 1o 250 GaiiTiB Ha kaap Ha mBHAKOCTI 30 KaapiB/c B 000X HANPSMKAX;

— VoIP (npiopurer — 2): G.729: mix cepBepoM 1 i kinieHTamu 1 Ta 5 MOBHI TOTOKH PO3MOi-
JIeH1 32 eKCIIOHEHITIAIbHUM 3aKOHOM 13 cepeuboro TpuBamictio 0,352¢, a intepanu tumii — 0,65 c,
mig 9ac MOBHOro NoToky 80-0aliTOBHII makeT, BpaxOBYIOUHM 3aroyioBkH, 3reHepoBanol00 pasiB B
CEeKYH]LY;

— HTTP (upioputer — 3): Mixk cepBepoM 2 i KimieHTaMu 2 i 6 mpsimuii Tpadik, o0 CKIATAEThCS
3 ogaoro nakety B 1000 6aiiTiB i n'aTu nmakeris, piBHOMIpHO po3noaiienux Mix 500 i 2000 Gaiitis,
PO3MOALICHUM 32 eKCIIOHEHIIIAIbHUM 3aKOHOM cepenHiM iHTepBaiioM B 30c, a Tpadik 3BOPOTHOTO
pyxy 3 wictbMa 350-6aiitoBuME nakeramu — 3 inTepBaioM B 30 c;

— FTP (upioputer — 4): Mmix cepBepom 4 i kiieHTaMu 4 1 8 npsimuii 1 3BOpOTHIN Tpadik ckia-
namucst 3 ogHoro 512-6aiiTtoBoro KoHTpoJbHOTO MakeTy i ogHoro 8000-0aifToBOrO makeTy JaHUX
(50 % otpumanux i 50 % BUIAHKMX) PO3MOUICHUM 33 CKCIIOHCHIIIAIBHUM 3aKOHOM CEpPE/IHIM iHTE-
pBasiom B 60 c.

Cepeep 4

Pucynok 3 — Cxema MoJieOBaHHs AJIsl TIOPUIHOT CYITyTHUKOBOT MEpexi
B cepenoBuini OPNET

VYci mapameTpu Ut MoentoBanHs Oyiu oOpaHi 3rinHo i3 pekomenpaniero MCE — R S [9].

[Tix yac MonenoBaHHA OTPHUMaHa HAaCKpi3HA 3aTpUMKa Tpadiky pi3HOTO TUIY 3BOPOTHOTO
HanpsIMKY Bin kiieHTiB 1-4 Ha cepBepax 1-4. JleMOHCTpyeTbCsl OUIBINI TpUBajia 3aTpUMKa 1 BUCOKA
MIHJIUBICTh Tpadiky, sika MPOXOAMUTH YePrd HWKYKMX mpioputeTiB. OTpumani kpuBi (puc.4) moxa-
3YIOTb PO3MOALT 3aTPUMOK JUTSI YOTUPHOX MPiopHUTeTiB Tpadiky. Tpadik 3 HANHIKYUM PIOPUTETOM
BiZluyBa€ Habararo OUIbIIY 3aTPUMKY, HDK Tpadik 3 HANBUIIMM IPIOPUTETOM.

[Tpu MoznenoBaHHI OTPUMAHO CYKYNHHUH BinmpaBieHHH Tpadik BieOKOH(EpEeHL-3B'I3KY Ta
HACKpi3Ha 3aTPUMKa, Pe3yJbTaTy IPOBEACHOTO MOJICIIOBAHHS MPEICTABICHI HA pHC. 5.
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W Object: Capsep 1
W Annotation: Kecwr 1 -> Cepeep 1
B Object: Capsap 2
B Annotation: Knicer 2 > Capsep 2
B Object: Cepsep 3
B Annotation: Keicsr 3 -> Cepeep 3
Qbject: Cepeap 4
Lc Annotation: Keicer 4 > Capeep 4

Pucynok 4 — HackpizHa 3aTpuMka 1ist Tpadiky pi3HOTO THITY
BiJ KIieHTIB 1-4 Ha cepBepax 1-4
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Pucynox 5 — PesynbpTatu MoentoBanHs 171 Tpadiky BiIeOKOH(EpPEHII-3B I3KY:
1 — cykynHuii orpumanuii Tpadik, 2 — CyKylnHa HacKpi3Ha 3aTpUMKa, 3 — OTpUMaHu# Tpadik
BiJl KJTIEHTa 10 cepBepa, 4 — HaCKpi3HA 3aTPUMKA BiJ] KITIEHTA 10 CEpBepa
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3 puc. 5 BUIHO, 10 CYKYIHA MIKOBa 3aTpUMKa He nepeBuimia 3Hadenns 0,4 ¢ i 3anumanacs
nocriitHoro mpubnnzno 0,38 C, mo IIKOM BiANOBiga€ BCTaHOBJICHMM TNoKa3HMKaM QOS mpu
nepenadi Bigeo-Tpadiky [9].

Ha puc. 6 mpuBeneHi pe3ynbTaTH MOJENIOBAHHS UL TOJI0coBOro Tpadiky Ha cepsepi 1. 3
puc. 6 BUIHO, [0 MaKCMMaJbHAa HACKpI3HA 3aTpHMKa MOBHHX MakeTiB ctaHoBmia 1,5 ¢, a cepenne
3HaueHHs 3anuianocss HabmmkernM 110 0,5 c. [likoBe 3Ha4eHHs Bapiallii 3aTPUMKHU MaKeTy OyJo
ommsbko 10 0,08 ¢, a motim 3menmmmacs 10 0,025 ¢® 1o KiHrs MoxemoaHHs. TPeMTIHHS Mayio
nikoBe 3HayeHHs npuoau3Ho 0,0045 ¢ mix yac 3aBMUpaHHS B JIOLII, a B IHIIKI yac BOHO BapiroBa-
nocst Bin 0,0025 ¢ no 0,002 c, mo He mepeBuiye BUMoru napamerpis Q0S i mepenadi royiocy,
OCKUIBKH 4ac MOIIMPEHHS CUTHAILY 110 CYITyTHUKOBOMY KaHaly 3B'si3Ky CTaHOBUTH 250 Mc, pi3HHULA
B 4aci MK perurikamMu aboHeHTiB He Moxke Oytu meHme 500 mc [9].
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Pucynok 6 — PesynpTatu MmonentoBanns 1ist Tpadiky VoIP:
1 - cykynHuii orpumanuii Tpadik, 2 — CyKylnHa HaCKpi3Ha 3aTpUMKa MaKeTiB,
3 — KOJIMBAaHHS MOCTIIAKETHOI 3aTPUMKH, 4 — TPEMTIHHS

Ha puc. 7 npuseneni pe3ynabrata MoaearoBanHs aust [ntepuer-tpadiky (HTTP). 3 pesynbra-
TiB MOJICJIIOBAHHSI, 110 HABEACHO HA PHC. / MOXHA 3pOOUTH BHUCHOBOK, IO Yac BirYKY CTOPIHOK
(HTTP) BapitoBaBcs Big 2 ¢ jo npudau3Ho 6 ¢. Yac Biaryky o6'exkra — Big mpubimsuo 1 ¢ 1o 4 c.
OTpumani pe3ynbTaTH HE MEPEBHUILYIOTh BUMOTH NapameTpiB QOS mpu BUKOPHCTaHHI CYIyTHUKO-
BOT Mepexi JUId IOCTyly B IHTEpHET, OCKUIbKHM 3HAYEHHS MapaMeTpy 3aTPUMKH MPAaKTUYHO He
oyBae menme 300 Mc, 171 CUMETPUYHOTO CYIyTHHUKOBOTO JOCTYILY THUIIOBA 3aTPUMKa BapilOETHCS
Big 600 mc 1o aekinbkox cekyHa [9].

Pesynpratu MoOAETIOBaHHS 3HAYEHHS CYKYMHOI 3aTpUMKH JUIs Bineo, romocy i HTTP B
IPSMOMY Ta 3BOPOTHOMY HampsiMKax rmokasati B Tabi. 1. Bei pe3ynbraTu npuBesieHi B CeKyH1ax.
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Pucynok 7 — Pesynbratu MmonemoBanns st tpadiky HTTP: 1 — cykynHuii BinnpaBieHui
Tpadik, 2 — cyKynHuit orpuManuii Tpadik, 3 — 3aBaHTaXEHI CTOPIHKH, 4 — Yac BIATYKY CTOPIHKH,
5 — 3aBaHTaXeHi 00’ €xTH, 6 — yac BiATYKy 00’ €xTa

Tabmuus 1 — 3HaueHHs CyKynmHOI 3aTpUMKM I Pi3HUX TUHIB Tpadiky B MOpsIMOMY
(o cepBepiB) Ta 3BOPOTHOMY (BiJT CEpBEPIB) HAMPSIMKAX

BineokoHdepeHI-38 130k VolP HTTP
Cepsep | [o cepBepy | Bincepsepy | Mo cepBepy | Bin cepsepy | Jlo cepBepy | Bin cepsepy
4 0,4702 0,4574 0,5041 0,4322 3,911 1,385
3 0,4098 0,3822 0,5012 0,4398 3,298 1,341
2 0,4021 0,3687 0,4402 0,4271 2,981 1,268
1 0,3785 0,2898 0,4078 0,3471 — —

TakuMm ymMHOM, pe3ynabTaTH, IO MpeacTaBicHi B Tabn.l moka3yoTh, mo Tpadik, Biampasie-
HUH 3 HaBUILOIO TIO3HAYKOIO — npioputeT 1, BiquyBae Ha co0i MEHIIMIA BITUB 3aBMUPAHHS 3 Hali-
HIDKYOIO 3aTpuMKoI0. Tpadik 3 HaHIKYMM MPIOPUTETOM BiUyBA€ 3HAUYHY 3aTPUMKY 1 BigOyBa-
€ThCsI BiKuAaHHs nakeTiB. Lleit mpiopureT, IMOBIpHO, HE MIAXOIUTH AJI 3aCTOCYBaHb, 110 BUMa-
ralTh BEIMKOI CMYT'H IPOITyCKaHHs, siKi BUKopuctoByrots TCP [10].

BucHoBku.

1. Po3p06neHo MO/IEITb Hepez[atn 1H(1)opMaLu1 10 TeTepOreHHIN TeJIeKOMYHIKalIiHIN Mepexi
Ha npukiani ['CC3 B cepenosumi imitaritnoro moaemoBanast OPNET.

2. Pezynpratun monemoBanus pobotn ['CC3 mokaszanyu BIUIMB XapaKTEPUCTUK aTMochepu Ta
HaJIAIITyBaHb OOJIaZIHAHHS Mepexki Ha mapameTpu QOS, Taki K PO3MOALT CMYIH MPOIMYCKaHHS, 3a-
TpHUMKa 1 Bapiallii 3aTpUMKH IPU BUKOPUCTaHHI BiieokoHpepeH-3B'13ky, VOIP, HTTP.

3. lns BineokoH(pepeHI-3B'I3Ky CYKYITHA ITIKOBa 3aTpUMKa He nepeBumiuia 3HadenHs 0,4 ¢ i
3anumanacs nocriiaoro npudmusuo 0,38 c. [likoBe 3HaueHHs Bapiallii 3aTPUMKH rOJIOCOBOTO IMaKe-
Ty Gy0 6:1m3bK0 g0 0,08 ¢, a motiM 3menmmacst 10 0,025 ¢ 10 KiHIS MOIENIOBAHHS, TPEMTIHHS
Majo mikoBe 3HaueHHs npubnu3Ho 0,0045 ¢ mix yac 3aBMHUpaHHS B JIOII, a B iHIIMI 9ac BOHO Ba-
pitoBarocs Bix 0,0025 ¢ o 0,002 ¢, mo He nepeBuIye BUMOTH 10 mapameTpiB QOS.

4. IllnstxoM TpOBEAEHHS MOJIEIIOBAaHHS OTPUMaHI pe3yabTaTH, SIKi MOKa3ajH, 110 MPaBUILHO
nii0pani CErMEeHTH 1 TEXHOJIOT1T MepeXi MOXKYTh BUPILIUTH MPOOIEMH, 10 BUHUKAIOTh IPU BUKO-
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pPUCTaHHI CTaHJAPTHUX MOJIeNel mepenadi Tpadiky, a po3po0ieHa iMiTalliifHa MOJeIb MOXKE OyTH
BUKOPUCTAHA JUIsi ONTHUMAJIBHOTO MPOCKTYBAHHS Ta HAJAIITYBAHHS PEabHUX FeTEPOTCHHUX CYIYT-
HUKOBUX CHCTEM 3B SI3KY.

10.
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Hapiiinna no pegaxmii: Pernenzenrt:
12.05.2017 JI-p.TeXH. HayK, aou. Boua O.B.

B.A. Boponaesa, /l.A. ZKykoeckasn

I'BY3 «/loneykuit hayuoHa1bHbLil MEXHUYECKUTI YHUGEPCUMEN>

Hccneoosanue napamempose QO0S Ha uMUMAUUOHHOU MOOenu 2UOPUOHOI  CUCHIEMbL
CHYMHUKOBOIL céa3U. Pazpabomannas uMumayuonHas mooens nepeoavu uHgopmayuu no 2emepo-
2eHHOU MeNeKOMMYHUKAYUOHHOU cemu Ha npumepe UOPUOHOU CUCMeMbl CHYMHUKOBOU CEA3U.
IIposedeno moodenuposanue My1bmucepeuUCHoOU cemu ¢ UCNONb308AHUEM NPOSPAMMHO20 obecneye-
HUsl, Komopoe obecneyusaem ynpasieHue NPouU3B00UMeNbHOCMbIO Ol KOMAbIOMEPHLIX cemell U
npunoxcernuti — OpNet. Pesyrsmamur mooenuposarnus pabomel 2uOpUOHOU cucmemsbl CHYMHUKOBOU
CBA3U NOKA3AMU GIUAHUE XAPAKMEPUCMUK ammocgepvl U HACMPOeK 000pyO008aHus cemu Ha
napamempsi QO0S, makue Kax pacnpedeneHue NOIOCHI HPONYCKAHUS, 3A0epPIHCKA U 8apuayuil
3a0epoicKu npu Ucnoav3osanuu eudeokongepeny-ceazu, VoIP, HTTP. Ha ocnose nonyuenmvix
pe3yibmamos MoOenupo8anus 07 8UOEOKOHGhepeny-ca3U COBOKYNHAA NUKOBASl 3A0epHCKA He
npegvicuna suavenue 0,4 ¢ u ocmasanrace nocmosannou npumepno 0,38 C, nuxosoe 3nauenue
sapuayuu 3a0eprucKku 2010c08020 nakema Guino Gusko k 0,08 ¢, a samem ymenvuwunace 0o
0,025 ¢, dpoacanus umeno nuxosoe snauenue npumepro 0,0045 ¢ npu samupanus & dodicoe, umo
He npegvluiaem mpebosanus k napamempam QOS.

Knroueswte cnosa: cnymnukosas cemo, DVB, npuopumem, 3adepaicka, napamempur Q0S, OpNet.

67


http://elib.psuti.ru/ifte09_to7_no1/Semenov_Bartaschevich_Chernih.pdf
http://immod.gpss.ru/files/2011/124.pdf/

ISSN 2075-4272  Hayxoei npayi [JonHTY. Cepisn: «Obuucnosanpbha mexHika ma asmomamu3ayis» MNe 1(30)’2017

V. Voropaeva, D. Zhukovska

Donetsk National Technical University

The study of QoS parameters on the simulation model of a hybrid satellite communication
system. Investigation of QoS parameters on the simulation model of a hybrid satellite communica-
tion system was made. In connection with the need to constantly search for optimal architectural
designs, determine the characteristics and settings of modern heterogeneous telecommunications
networks, designers are faced with the task of investigating the features of these networks through
simulation. In this paper, an imitation model for the transmission of information on a heterogene-
ous telecommunications network is developed using the example of a hybrid satellite communica-
tion system. A multi-service network was simulated using software that provides performance man-
agement for computer networks and applications - OPNET. To implement the simulation model for
transmitting information over a heterogeneous satellite communication system, the algorithm
"weighted fair queue” is used, because when configuring the parameters of the router it allows re-
ducing the loss of data with a high priority sensitive to delays. The chosen technology of DVB, in
connection with the fact that it is based on one of the most popular methods of satellite access to the
global Internet, which combines traffic data and video traffic into a common digital stream. The
simulation results showed that traffic sent with the highest mark-priority 1, experiences a lesser ef-
fect of fading with a low delay. A longer delay and high variability of traffic passing through
lower priority queues are demonstrated. In addition, with overload, traffic with a lower priority is
experiencing more pressure than traffic with a higher priority. Traffic with the lowest priority
experiences a significant delay and packets are discarded. As a result, for the videoconferencing,
the cumulative peak delay did not exceed 0.4 s and remained constant about 0.38 s. The peak value
of the delay variation of the voice packet was close to 0.08 s2, and then decreased to 0.025 s2 until
the end of the simulation, the peak jitter value was approximately 0.0045 s with rain fade, and the
rest of the time it varied from 0.0025 s to 0.002 S, which does not exceed the requirements for QoS
parameters. By performing the simulation, results were obtained that showed that properly selected
segments and network technologies can solve the problems that arise when using standard traffic
transmission models, and the developed simulation model can be used for optimal design and
tuning of real heterogeneous satellite communication systems.

Keywords: satellite network, DVB, priority, delay, QoS parameters, OPNET.

Boponaea Bikropia SkiBHa, VYkpaina, 3akiHumna JloHeubkui
HAI[IOHAJIbHUN TeXHIYHUW YHIBEPCHTET, K.T.H., JOLEHT, IPOPEKTOp 3
HaykoBo-niegarorivaoi pobotu JIBH3 «JloHeubkuil HallioHaTHHUI
TexHiuHMi yHiBepcuTeT» (w1 lllubankosa, 2, M [TokpoBchk, JJoHens-
ka 00:1., 85300, Ykpaina).

OCHOBHUI1 HampsIMOK HAayKOBOi MisJIBHOCTI — Cy4acHa Teopis
tenerpadika, oNTUMIZalLiA TENEKOMYHIKAIiMHUX Ta iH(opmMaiiiiHo-
KOMYHIKAI[IHHUX CUCTEM 1 MEPEXK.

KykoBebka  Jlap's  OuekcanapiBHa,  YkpaiHa,  3akiH4mHIa
JloHeUbKMiA HALlIOHALHUN TEXHIYHUN YHIBEPCUTET, acmipaHT Kade-
pu aBTOMaTHKH 1 TerekomyHikaniid. JIBH3 «/lonenpkuii HaiioHa b-
HUuil TexHiuHud yHiBepcuteT» (1. IlInGankoBa, 2, M. TTOKpOBCHK,
Jonerpka 06i1., 85300, Ykpaina).

OcHoBHe OCHOBHMI HampsSMOK HAyKOBOi NISUIBHOCTI — ONTHUMAJIbHE
yhnpaBimiHHS — TpadikoM B  TETEPOTEHHHX  TEIEKOMYHIKAIiHHUX
Mepexax.
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