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AHOTAIISA

AKTyaJbHiCTb  po0OTH. Y  Cy4YacHOMY  CBITI  IIBHUJIKOTO  PO3BUTKY
TEJICKOMYHIKaIlIMHIX TEXHOJIOT1H BUHUKAE TOTpeda y CTBOPEHHI MEpexK, 10 3a0e3MeuyIoTh
e(eKTUBHUN 3B'SI30K 13 BUCOKOIO SIKICTIO OOCIYyrOBYBaHHS, HU3bKHMMH BHUTpAaTaMH Ta
THY4YKOl0 MaciutaboBaHicTio. [P TenedoHiss € onHi€l0 3 HAWOUIbII MEPCHEKTHUBHUX
TEXHOJIOT1H JJ11 MOOYAOBH BIPTyaJIbHUX TEJIEKOMYHIKAI[IHHUX MEPEXK, OCKIIIBKH JO3BOJISIE
3HAYHO 3HU3UTHU BUTPATH HA KOMYHIKAIIi1, CIPOCTUTH YIPABIIHHSI MEPEKEIO Ta POLITUPUTH
MO>KJIMBOCTI 1HTErpauii pi3HOMaHITHUX CEPBICIB. 3aMiHa TPAJULINHUX TeJIe(HOHHUX MEPEK
mepexxamu [P TenedoHii BikpuBaE IMIMPOKI MOMKIUBOCTI JUIsi KOPHOPATUBHOTO Ta
IPUBATHOT'O CEKTOPIB, CIIPUSAIOYH EKOHOMIYHOMY PO3BUTKY Ta €()EKTUBHILIINA KOMYHIKaLIii.
JocnipkeHHss B 00JIacTI NMPOEKTYBAaHHS TAKUX MEPEX € aKTyalbHUM KpPOKOM J0
3a0€3Me4eHHs IOCTYITHOTO Ta SKICHOTO 3B'SI3KY.

Mera poOoTtu: ouiHKa e(EeKTUBHOCTI (YHKI[IOHYBAHHS MPOEKTY BIPTYaJIbHOI
TeJIeKOMYHIKalliifHOi Mepexi [P Ha oCHOBI aHaIi3y TapaMeTpiB 3aTPUMOK.

Ctpykrypa ta o6car podoru. O6’em naHOi poOOTH CTAHOBHTH: 05 CTOPIHKH
IpyKoBaHOro Tekcty. PoOora MicTuTh BCTyH, 3 pPO3AUIM, BUCHOBKH Ta CIIMCOK
BUKOPHUCTAHUX JIKEPE.

Pozninu kBamidikauiiftHoi poOoTH:

e [lepmmii po3ail MICTUTH 3arajbHI TEOPETHYHI B1IOMOCTI 3 Teopii MoOyAOBH
MEPEXK 3aralIbHOTEXHOJIOTTYHOTO 3B’ SI3KY.

e VY apyromy po3aul pO3TJASHYTO apXITEKTypy 1 TEXHIYHUM CKiIajd TeJie(hOHHUX
Mepex Ha 0cHOBI TexHouzorii [P Tenedonii.

e Tperiii po3aIT MICTUTh PO3POOKY CXEMH MEPEXi, METOIUKY PpPO3pPaXyHKY
napaMmeTpiB TMOTOKY JaHUX, MOPIBHSHHA OTPUMAHMX TEOPETUYHUX Ta MNPAKTUYHHUX
pe3ynbTaTiB.

Metoan paociaigmxenHsi. Y JOCHIPKEHHI BHKOPHUCTaHI METOAM MaTEMaTHYHOTO
MOJICITFOBaHHS, aHATITUYHUMA MAXIT JUISl PO3paxyHKY IapaMeTpiB Tpadiky Ta SKOCTI

oOciyroByBanHs. i1 moOyAOBH apXiTEKTypH Mepexki 3aCTOCOBAHO CHCTEMHHUHN MiAXi,



KWW BKJIIOYAE PO3IIIS TEXHIYHMX KOMITIOHEHTIB MEPEXK1 Ta aHajli3 CTaHJIapTIB MPOTOKOJIIB
1 KOZeKiB. Y po0OOTI pO3rIsSJaEThCI METOJMKA PO3PAXyHKY 3aTPUMKU Ha PI3HUX eTarax
0o0OpoOKHM TakKeTiB, 30KpeMa MpH IHKAMCYJALii, JAEKOMMpecii, PO3MOBCIOHKEHHI, IO
J03BOJISIE  OLIIHUTHU 3arajibHy 3aTpUMKY Ta O0O0paTh ONTUMAaJbHI MapaMeTpu s
3a0e3MeyeHHs SIKOCTI 00CITyTrOBYBaHHS.

Pexomenmanii moxo BUKOPUCTAHHS Ta pe3yJbTATH BIPOBA:KeHHs. Pe3ynbTaTu
poOOTH MOXYTh OyTH BHMKOPHUCTaHI MPH MPOEKTYBaHHI KOPHOPATUBHUX 1 MPUBATHUX
BIPTyaJIbHUX TEJIEKOMYHIKAlIMHUX MEpeX Ha OcHOBl TexHosorii [P  Tenedonii.
3anponoHOBaHa METOJIMKA J03BOJIE ONTUMI3ZYBAaTH 3aTPUMKY B MEPEXKI, 10 MiABHUIILYE
AKICTH Mepenadi rojJocoBoro Tpadiky Ta 3arajgpHy e(eKTHBHICTh Mepexi. BrpoBamkenHns
PO3p00IIEHOT METOIUKH JO3BOIUTH 3a0€3MECUUTH HAAIHHY SKICTh 00CITyTOBYBAaHHS, 3HU3UTHU
BUTpPATH HAa CTBOPEHHS 1 OOCITYyroByBaHHS MEpEXi, a TaKOK CTBOPUTH MAacIITA0OBaHY 1

THYYKY TEJIEKOMYHIKaIliiHY 1HPpaCTPyKTypy.



ABSTRACT

Relevance of the work. In today’s world of rapidly advancing telecommunications
technology, there is a growing need for networks that ensure efficient communication with
high service quality, low costs, and flexible scalability. IP telephony is one of the most
promising technologies for building virtual telecommunications networks, as it enables a
significant reduction in communication costs, simplifies network management, and expands
the possibilities for integrating various services. The replacement of traditional telephone
networks with IP telephony networks opens up wide opportunities for both corporate and
private sectors, promoting economic development and more efficient communication.
Research in the area of designing such networks is an important step towards providing
accessible and high-quality communication.

Objective. To assess the efficiency of a virtual IP telecommunications network design
by analyzing delay parameters.

Structure and scope of the paper. This work comprises 65 pages of printed text and
includes an introduction, 3 chapters, conclusions, and a list of references.

Sections of a master's thesis:

e The first chapter presents general theoretical information on the theory of
constructing general technology communication networks.

e The second chapter examines the architecture and technical composition of
telephone networks based on IP telephony technology.

e The third chapter provides the network design, methodology for calculating data
flow parameters, and a comparison of theoretical and practical results.

Research methods. The study employs methods of mathematical modeling and an
analytical approach to calculate traffic parameters and service quality. A systematic
approach was used to construct the network architecture, which includes examining the
technical components of the network and analyzing protocol and codec standards. The work

presents a methodology for calculating delay at various stages of packet processing,
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including encapsulation, decompression, and distribution, allowing for the assessment of
total delay and selection of optimal parameters to ensure service quality.
Recommendations for use and implementation results. The results of this work
can be applied in the design of corporate and private virtual telecommunications networks
based on IP telephony technology. The proposed methodology optimizes network delay,
which improves the quality of voice traffic transmission and the overall efficiency of the
network. Implementing this methodology will help ensure reliable service quality, reduce
the costs of network creation and maintenance, and establish a scalable and flexible

telecommunications infrastructure.
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Beryn

3 po3BUTKOM 1H(MOPMALIHUX TEXHOJOTIH Ta 30UIBIICHHAM OOCSTIB TEepeaaHux
JTaHUX 3pOocTae MoTpeda y BIPOBAKEHHI HOBUX DIIICHb IS 3a0€3MeUeHHs HAIIHHOTO
3B’s3Ky. [P Tenedonis, sika 6a3yeTbcsi Ha NMPHUHIMIAX TIEpenadl Trojiocy 4Yepe3 Mepexi
MaKeTHOT KOMYTaIllli, CTa€ OJIHIEI0 3 KIIOYOBUX TEXHOJOTIM Cy4aCHUX TEJICKOMYHIKAaIliH.
Bona 3abe3neuye ehekTUBHUI, EKOHOMIYHUN 1 THYYKHIl croci0 KOMYyHIKalli, SKUi, Ha
BIIMIHY B1Jl TpaIUIIINHUX TeJe(OHHUX MEPEXK, J03BOJISE IHTETPYBATH P13HI MYJIbTUMEIIMHI
CEpPBICH, 3HWKYE BUTPATH HA 3B’SI30K 1 CIIPOILLYE YIIPABIIHHSA MEPEXKEIO.

[lepexin Bij kiacuyHUX TeNeOHHUX MEPEXK 10 Mepex Ha ocHOBI [P Temedonii €
BAXJIMBUM KPOKOM Y PO3BUTKY TEJIEKOMYHIKAUIHHOI 1H(pacTpykTypu. Tpagumiiini
Tene(POHHI MEPEX] MarOTh OOMEXEHY (PYHKIIOHAJIBbHICTh, SIKA HE BIJIOBIJIa€ Cy4YaCHUM
BUMoOraM Oi3Hecy 1 MpuBaTHUX KopucTyBadiB. IP TenedoHis, y cBowo 4epry, A03BOJIsE HE
JMIIE TepeNaBaTh TOJIOCOBUM CHUTHAN, ajle ¥ 1HTerpyBaTu Mepefady Bijeo, OOMIHY
MUTTEBUMH TIOBIIOMJICHHSAMH, 3a0e3redyBaTH KOH(PEPEHI-3B'SI30K Ta I1HINI JOJATKOBI
MOCIYTH, IO 3HAYHO IMMABHUIIYE SKICTh KOMYHIKAIli Ta MPOAYKTHUBHICTH POOOTH B
KOPIIOPATUBHOMY CE€PEIOBUIIII.

[IpoexTyBaHHS BIpTyaJabHOI TEICKOMYHIKAIIIHOI MEpeXi Ha OCHOBI TexHoJjorii [P
TeneoHii € aKkTyaJlbHUM 3aBIaHHSAM, sK€ MOTpeOye BpaxyBaHHS HU3KM TEXHIYHUX 1
apXITEKTYpHUX AacCIEKTIB, TMOB’SI3aHUX 13 3a0€3MEUCHHSIM SIKOCTI OOCIYrOBYBaHHS,
HAJIAHICTIO Ta 3aXUCTOM JaHuX. [ moOynoBu epexkTUBHOT Mepeki HEOOXITHO 3HATH
OPUHIMOM TOOYAOBH TPAAULIAHUX TENePOHHUX MEpPEeX, PO3YMITH OCOOJIMBOCTI
apxitektypu [P Tenedonii, a Takox BpaxoByBaTH cHEIU(IKy PO3PaxXyHKY MapaMeTpiB

3aTPUMKH, 110 JO3BOJIUTH 3a0€3MEUNTH BUCOKY SIKICTh 3B'SI3KY 1 CTa0LIbHY POOOTY MEpEKi.
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BucnHoBknu

Y nmanii aumiuaoMHIM poOoTi Oyj0 PO3INIIHYTO OCHOBHI aCHEKTH IPOCKTYBaHHS
BIPTYyaJIbHOI TeNEKOMYHIKaIliiHOI Mepeki Ha ocHOBI TexHousorii IP tenedonii. ¥V xoxi
JOCTIKEHHST OyJI0 TIpOaHaIi30BaHO MPUHIUMIN TOOYJOBH TPAIULIMHUX TeaehOHHUX
Mepex, a TAKOX JOCIIIIKEHO MPOIEC iIXHbOI €BOJIIOLIIT 0 CYYaCHUX MEPEK, 110 MPAIIOI0Th
Ha ocHOBI [P tenedonii. I{e 1ano 3Mory BUBHaAUUTH KJIIOUOB1 BIIMIHHOCTI Ta TIEpeBaru, siki
Hajae [P TenedoHist MOPIBHSAHO 3 KIIACHYHUMHU TeJIe(POHHUMHU CHUCTEMaMHU.

OcHOBHI pe3yJIbTaTi POOOTH BKIIOYAIOTh:

— AHani3 apXiTeKTypu Ta TEXHIYHOTro ckiany mepex [P temedownii, mo mo3Bommio
BUSBUTU KIJIIOUOBI €IEMEHTH, TakKi $K KOJCKH, NIPOTOKOIM Ta KOMIIOHEHTH JJIst
3a0e3nedeHHs IKocTi 00cayroByBaHHs. BusiBieno, mo IP tenedoHis 103B0s€ IHTETpYBaTH
pI3HI TUIU MYJbTUMEIINHOTO TpadiKy, 3a0e3NeuyroUyu rHy4YKICTh Ta 3HIDKCHHS BUTpaT Ha
KOMYHIKaIli1o.

— Po3pobky Meroawku po3paxyHKy NapaMmeTpiB MOTOKY JaHHUX, BKIIOYAIOUU
3aTPUMKY, JDKUTTEP, MPOMYCKHY 37aTHICTh Ta 1HIN (DAKTOpH, 110 BIJIMBAIOTH HA SKICTh
nepeaadi ToJI0COBOro CUrHaTy. MeToMKa J03BOJISIE PO3paxyBaTh 3aTPUMKH Ha KOXKHOMY
etarni oOpoOKM MakeTa Ta OLIHUTH IXHIi CyMapHHUI BIUTHB Ha SIKICTh 3B'A3KY.

— Ilornubnenuii anami3z 3abe3nedyeHHs SKOCTI OOCIyroByBaHHs y Mepexax [P
TeneoHii, BKIOYAOUM MEXaHI3MU PIOPUTETHOCTI, BUKOPUCTAHHS yepr Ta Oydepu3zarii.
byno nokazano, 1o eekTuBHE ynpaBaiHHs TpadikoM 1 HaJaHHS MPIOPUTETY TOJIOCOBOMY
TpadiKy € KIOYOBUMU ISl 3a0€3MeYEHHSI BUCOKOI SIKOCTI 3B’ SI3KY.

— Bukopucranus MmaTeMaTUIHOT MOJIEI JJI TPOTHO3YBAHHS 3aTPUMOK 1 TIPOITYCKHOT
3natHocTi B Mepexi [P renedonii. JlociimkeHHs mokasano, 10 3a YMOBH BUCOKOI KIJIBKOCTI
OJIHOYACHUX 3'€THAHb PE3yJIbTaTh MOJEJl HAOJMKYIOThCA A0 PEATbHUX MOKAa3HUKIB 13
BHUCOKOIO TOYHICTIO. Lle /103BOJIsie MPOrHO3yBaTH MOBEIIHKY MEpPEXi B YMOBAaX PI3HOIO

HABAHTAXEHHS 1 3a0€3MEUUTH HAICKHY SIKICTh 3B SI3KY.
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3aranoMm, BUKOHaHa poO0OTa IEMOHCTPYE, 110 TexHosoris [P renedonii € ehekTuBHUM
Ta €KOHOMIYHO BHT1JIHUM PIIIEHHSM JUIsl CTBOPEHHS BIpTyalbHUX TEJIEKOMYHIKAIIHHUX
MEpeX, 3IaTHUX 3a0e3leyyBaTH BHCOKY SKICTb OOCIYroByBaHHS Ta IHTETpaIliio
MYyJIbTUMEIIMHUX CcepBiciB. MeToIMKa TPOCKTYBaHHS MEpexki, po3polsieHa B paMKax Iiel
poOOTH, [O03BOJISIE CTBOPIOBATH MEpEkKeBl 1HPPACTPYKTypu 3 JOCHTh TOYHHUMU
MOKa3HUKAMHU 3aTPUMKH Ta TPOITYCKHOI 3[JaTHOCTI, IO BiAMOBIIal0Th BUMOTAM CyYaCHHUX
KOMYHIKaIllITHUX CTaHIapTiB.

BrnipoBamxeHHs 3anpONOHOBAHOT METOAUKH MOXKE OyTH KOPUCHUM ISl TIAPUEMCTB
Ta OpraHizarlii, aKi MparHyTh MOJICPHI3yBaTH CBO1 TeJIEKOMYHIKAIIIHI CHCTEMU, 3HUKYIOUN
BUTPATU Ta 3a0e3Meuyrour BHUCOKY SIKICTh 3B’s3Ky. llomanbiie AOCHIIKEHHS Yy IIbOMY
HAIPSIMKY MOXE 30CEpEIUTHUCS Ha po3po0Iill HOBUX METO/IIB 3a0€3MEUYCHHS SIKOCTI 3B’ SI3KY
Ta oNTUMIi3alii yHpaBiaiHHA TpapiKoM Il JOCSATHEHHS 1€ BHIIUX TOKa3HUKIB

MIPOJTYKTUBHOCTI Ta SKOCTI 00CITyTOBYBAHHSI.
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