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BCTVII

JIo KOpHOpaTHBHUX €JIEKTPOHHUX KOMYHIKAIIIMHUX MEpeX MOXKHA BIIHECTU
CJICKTPOHHI KOMYHIKAIIMHI MEpexXl MiIIPUEMCTB, BIJIOMCTB, KOMIIaHIM OpraHiB TOIIO,
K1 TIO CYTI € JIOKAJIbHUMH MEpPexkaMu, TOOTO HE € MEPEKaMH 3aralbHOTO KOPUCTYBaHHS,
Ta SKi MOOYJOBaHI BIAMOBIIHO 10 KOPIOPATUBHUX BUMOT, IO BPaxOBYIOTh IEBHY
crenudiky IISJIBHOCTI MMANPHEMCTB, BIJIOMCTB, KOMIIaHIH, oOpraHiB Toio. Aule,
HE3Ba)KaI0YM Ha 11€, BEJIMKI KOPIIOPATUBHI MEPEXKi, SKIIO BOHH 33 I0BOJIHHSIIOTH BUMOTaM
JI0 MEpEeX 3araJlbHOr0 KOPUCTYBaHHS, MOXKYTh BHKOPHUCTOBYBATHCS 1 JJISI PO3BUTKY
MEpEX 3arajbHOTO KOPUCTYBAHHS, IO J03BOJIIE OTPUMYBATH JTOJATKOBUM MPUOYTOK.
OpHIEIO 3 TAKUX MEPEK € MEpPEeXka TEXHOJIOTYHOTO 3B’ SI3KY 3aJII3HUYHOTO TPAHCIIOPTY,
0CcOOJMBO Ti 1i CErMEHTH, fAKI MOOYJOBaHI 3 3aCTOCYBAaHHSAM TEXHOJOTIT KOMYyTallii
MaKeTIB Ha OCHOBI Ha OCHOBI MpoTokoiy [P — iHTerpampHa Mepexa TEeXHOJOTIYHOTO
3B’3Ky. TakuMm dyumHOM Tema poOoTH «Po3poOka KOPMOPATUBHOI EJIEKTPOHHOI
KOMYHIKAI[IITHOT Mepexki» € aKkTyallbHO0, sika repefdadae B XOJA1 CBOITO BUKOHAHHS
PO3B’sI3yBaHHS 3a/1a4 JOCIIAHUIIBKOTO Ta/ab0 1HHOBAIIITHOTO XapakTepy.

Y Xoml IATOTOBKI Ta BIKOHAHHA po0OTH aBTopoM OylIa BIKOpIHCTaHA
iHQOopMaIiA, ¥ TOMY HICII TeKCT, (OPMYII, PICYHKI, CXEeMI, alrOpHIMH, MeTOIHKII
MIpOBeleHHs aHAaNi3y, JOCIiKeHb, BII3HAYeHHS [eBHIIX XapaKTepIICTIK, apaMeTpiB Ta
BIXLIHIIX JIaHHX, PO3paxyHKIB TOIIO, IO MICTHTECA Y [DKepenax [l — 25], HaBeIeHIX ¥
CIOIICKY BHKODPICTAHIIX DKepel, a TakokK iHdopmarmid, oTpHMaHa B pe3yibTaTi
KOHCY/IBTYBAHHA 3 KepIBHIKOM poOOTH, HAayKOBIIMII, HayKOBO-IeJaroridTHIMII
MNpalliBHIKAMII Ta IHIINIMII ocodaMIl, $SKa € HeoImyOIiKOBAHHMII aABTOPCHKIMII
HAIpPaIOBAHHAMI, JO3BOJIEHIIMII 111 BHKOPIICTAHHA aBTOPY i€l poOOTH BIKIIOIHO P

BIIKOHAHHI TINBKII ITi€l poOOTIL.



1 PO3POBKA CXEMU KOPIIOPATUBHOI EJIEKTPOHHOI
KOMYHIKALIIMHOT MEPEXI 3AJII3BHUYHOI'O TPAHCIIOPTY HA OCHOBI
TEXHOJIOI'II ETHERNET TA ITPOTOKOJIY STP

1.1 Opranizaiisi KUIbIIEBUX CEIMEHTIB B MEpPEKl TEXHOJOTIYHOIO 3B’S3KYy Ha

ocHOBI TexHoJorii Ethernet

TunoBa Mepeka CKIagaeThbest 3 KIHIEBOTO 00JIaqHAHHS (KOMITIOTEPIB), 3'€ THAHUX
CepeZOBUIIEM Tepeaayl JaHuX 1 CIeliali30BaHUM MEPEKHUM 00JIaTHAHHIM, TaKUM SIK
MapHIpyTU3aTOPHU, KOMYyTaTOPH.

Jlana AUISIHKA IHTETPAJIbHOI MEpEeX1 TEXHOJOTTYHOrO 3B'SI3KY 13 BY3JIaMH, B SIKIi
roioBHUM € By301 A (pucynok 1.1). Ha kokHOMY BY3J1i pO3MilllEHHH KOMYTaTop, a Ha
TOJIOBHOMY BY3J11 iX OyJie 2, OA1H 3 HUX pe3epBHUM. Jlo KOMyTaTopiB MpU€eHAHI MOJEMHU.
J1o KpaifHiX KOMYTaTOpIB MiAKIIOYAEThCS MybTUIiekcop SDH no BuTiit nmapi.

Takum ynHOM Mu Oyayemo KuiblieBy Mmepexy Ethernet. ¥V mepexax Ethernet
KOMYTaTOpU MIATPUMYIOTh TUIBKH JE€PEBOBUIHI 3B'A3KH, SIKI HE MICTATH mHeTenb. Lle
O3Hayae, 110 JUIsl OpraHizailii albTepPHATUBHUX KaHAIIB MOTPIOHI 0COOIMBI MPOTOKOIH 1
TEXHOJIOT1 110 BUXOISATh 32 paMKH 0a30BHX, 70 AKuX BiaHOcUThCs Ethernet.

OnuH 3 METOMIB, 10 BUKOPUCTOBYETHCS [JIsi MIJIBUILECHHS BIIMOBOCTIMKOCTI
KOMIT'FOTEPHOI MEpEeki, — MPOTOKOJ TMOKpHBaro4yoro aepera Spanning Tree Protocol
(STP).

[IpoTtokon mokpuBarouoro jpepeBa Spanning Tree Protocol (STP) Oys
po3pobnenuii kommaniero Digital Equipment Corporation. Incturytr IEEE cTBOpHB
BlIacHy Bepcito nporokony STP, nazpany 802.1d. OcHoBHe 3aBmaHHs1 npoTokoiay STP
MOJIATa€ Yy BUKIIOUCHHI 3aIMKJICHHS B Mepexax Ha piBHI 2 (MOCTHM 1 KOMYTaTOpH).
[Iporokon STP mepenbavae mocTiHUIT MOHITOPUHT MEPEXi JJIsi 3HAXOJDKEHHS BCIX

3B’SI3KIB 1 YCYHEHHS 3al[UKJICHHS 34 paXyHOK BIAKITIOYEHHS HAUIUILIKOBHX 3B’ SI3KIB.
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1.2 Opranizaiisi KigblIeBUX cerMeHTiB B Mepexi Ethernet 3 BukopucranusM

nporokoiny STP

Posrnsaemo cxemy (pucyHok 1.2), mo ckmamaerbcs 3 11 komyraropis. Iloptu

KOMYTATOPiB 1 BAPTOCTI IIJIAXIB BKa3aHi Ha I[bOMY PUCYHKY.

61

100 100

72

Pucynok 1.2 — ITouaTkoBa cxema

1. Bubupaemo KopeHeBuii komyTartop. BaprocTi nuisixiB Big Oyab-sSKOro
KOMYTaTopa JI0 KOPEHEBOr0 MarOTh OyTH MiHIMalbHi. OTXKe, MPOXOHKCHHS IaKETiB
yepe3 BUCOKOIIBUJIKICHI MOPTH (BapTocTi nuisxiB 100) HaM He BUT1IHE.

Takum 4MHOM, B J1aHi CXeMl BUT1JIHO, abu Tpadik MPOXOJUB Yepe3 TMraduTHI
nopTHu (BapTOCTI NUISXIB 4), TO/I1 OTPUMYBATUMEMO HAMMEHIITY CyMapHY BapTiCTh BCHOTO
nuiaxy. Orxke, sk kopeHeBud (ROOT) komyraTop BuUTrigHO BUOpaTtH 1-ii KOMyTaTop.
Homy i npucBoroemo Haitumii mpioputet (10). Bei Oro mOpTH CTAa0Th MPU3HAYCHHUMH
d (designated). A npyromy komyTtaTopy (2) IPUCBOIOEMO TPOXHU HIKUYH# nipioputeT — 15,
BiH Oyne pezepBHUM. Pemrti komyTtaTopiB npucBoroemo npioputer 100. Cxema Habepe

BUTJIATY, SIK Ha pUCYHKY 1.3.
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Pucynok 1.3 — Cxema miciisi IpUCBOEHHS TPIOPUTETIB

2. Po3paxyemMo BapTICTh NUISAXIB JJII KOXXHOTO MOPTY Ha KOMyTaTopax, IO

3aTTUIITAITACS.
1) komyTaTop Neb6:
Port 1 mae Bapricth 4, Port 2 mae Bapticts 204 (4+100+100);
2) komyTtarop Ne7:
Port 1 mae Baprticts 104 (4+100), Port 2 mae BapTticts 104 (4+100).

3. Ockinpku y 1-ro KOMyTaTOpa MOpTH MPHU3HAYCHI, OTXKE, MOPTHU 1, 2 KOMyTaTopa

2, mopt 1 xomyTtaropa 6, 1 mopt 2 komyTraTtopu 3 MarTh 0yt KopeHeBumu R (ROOT).

Ane y koMyTaTopa He MOXe OyTH IBOX KOPEHEBUX MOPTIB, OTKE, B KOMYTAaTOPi 2 OJIUH 3

noptiB (1 abo 2) mae OyTu anbTepHATUBHUM. KOpEeHEBUM 3aJIMIIAETHCS MTOPT, BAPTICTh

JIOPOTH 70 SKOrO0 MEHIa. Y HalloMy BHIMAJAKy BapTOCTI PiBHI, OTXKE, KOPEHEBUM

3QJIMIIAETHCS TMOPT 3 HAWMMEHIIUM HOMEPOM, TOOTO mMepIuii, a JIpPyrorw Ccrae

anbTEepHATUBHUM. Bce 11e BUHO Ha pUCYHKY 1.4.
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100 100 {7} - paccTosiHe [0 KOPHS

Pucynok 1.4 — Cxema Mepexi miciisi BU3HAYEHHS] KOPEHEBUX MOPTIB

4. TTopt 2 xomyTaTopa 6 1 mopt 2 komytarop3 3 cratoTh npuzHaueHumu (d). s
pelTH KOMYTaTOPIB CIIIYEMO 32 TUM K€ MPUHLUIIOM. Y PE3ysbTaTi cxeMa HaOupae

BUTJISIAY, SIK HA pUCYHKY 1.5.
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PosrnsiHemo  koHirypamito  komyrtaropa  D-Link.  Bigmosigne — MeHio

HayamryBaHHs npotokory 802.1d mokazano Ha pucyHky 1.6

D-Link

Building Networks for Peaple e 1.7 ® acimin - 192.168.0133
"i Tools - p Logout
* DES-2108 - -
&) @System | 802.1D Spanning Tree Configuration
—|-{f& Configuration
-51802.1Q VLAN 802.10 Spanning Tree @ Enabled ¢ Disabled
80213 Management WLAN
Trunk
IGMP Snoagping STP Global Settings
Spanning Tree Bridge Priority (0 - 65535) [ 9 Root Bridge [ 00:00:00:24:01:F1:44 53
Port Mirroring
Baos Bridge Max Age (6 - 40 sec) Root Port [ nig]
- [58 Security Bridge Hello Time (1 - 10 sec) Root Path Cost | ]
- [ Wonitaring
Bridge Forward Delay (4 - 30 sec) Apply |
From Part To Port Fath Cost{l- 65535) Priarity{0 - 255) STP per part Enable/Disable Refresh |
m = [ s A 19| | 128] [Enable =] apply |
Fort Fath Cost Priority State o
01 18 128 Disahle
0z 18 128 Disahle
03 14 128 Forward
04 18 128 Disahle
0s 18 128 Disahle
06 18 128 Disahle
o7 19 128 Forward
08 14 128 Forward d|

Pucynok 1.6 — Kondirypartis npotokoiy 802.1d komyratopa D-Link

VY Hamnii cxemi po3riisHEMO KomyTatop 1, BiH ke € KopeHeBuM. Horo

KoH(irypaitito onumiemMo B Tabmumii 1.

Tabmumg 1 — Spanning Tree Configuration

Bridge Priority 10
Bridge MaxAge 32
Bridge HelloTime 5

Bridge Forward Delay 17
From Port 01
To Port 05
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1.3 Hocnimxenus podotu cxemu mepexi Ethernet 3 BUKOpUCTaHHAM MPOTOKOITY

STP mpu pi3HUX BHIAX MOMIKOIKEHb

Posrasiuemo pucyHok 1.7, Ha SIKOMy cTajiocsi MOIIKOKEHHSIM Kabento Mix 11 3

KOMyTaTopaMu. BHacnmiok I1bOTr0 BIAHOBHUTHCS 3a0iiokoBaHWil mopT (2 mopt 4

KOMYyTaTopa).
-—
—
44 e C‘J‘ {108 {208 308
S 4 3 L 15) s 2 1‘; 100 9100 lqoo 11100
100 | 100 100 | 159 |, 100 3 2 4 100 100 100
2 1 1 2 1rooT 3 102 2 1 2 1 2 1
R d R d R d d A4 =l d R d R d R d R
5 |d 5
d d
4
R
6 1
| 2000 | e
.'\"ﬁ.“ Y .:u A
d
100 100
72

e | 100

Pucynox 1.7 — Cxema npu nomkokeHi kademto Mk 1 1 3 koMyTaTopamu

Posrnsaemo pucyHok 1.8, Ha AKOMY CTaJIOCs MOUIKOKEHHSIM Kabemnto Mix 11 6

KOMyTaTopaMu. Y HaCIiJOK IIbOTO0 BiJHOBUTHCS 3a0j0KOBaHWK mopT (2 mopt 7

KOMYTaTopa).
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—
8 {108 {208 308
8 9 10 11
100 100 100 100 100 100
100
12 2 1 2 1 2 1
R d R d R d R
304 72043 104
-

Pucynok 1.8 — Cxema npu nomkoaxeH1 kadento Mk 1 1 6 koMmyTaTopamu

Posrnsaemo pucyHok 1.9, Ha KoMy cTalIOCS TOIITKOKEHHIM Kabearo Mk 2 1 8
KOMyTaTOpaMH, B HACIIAOK LBOrO BIAHOBUTHCA 3a0iokoBaHuii mopt (2 mopt 10

KOMyTaTopa).

Pucynox 1.9 — Cxema npu nomkopkeHi kabermo Mixk 2 1 8 koMyTaTopaMu
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2 OPTAHI3ALIA BIPTYAJIBHUX MEPEX VLAN B MEPEXI
TEXHOJIOI'TYHOT'O 3B’S13KY HA OCHOBI TEXHOJIOI'II ETHERNET

VLAN (Virtual Local Area Network) — BipTyanpHa JOKajlbHAa KOMII'IOTEpHA
Mepexa) — € TPYIOK KIHIIEBUX MPHUCTPoiB (Komm’roTepiB, IP-tenedoniB Tomo) 3
3araJbHUM Ha0OpOM BHUMOT, IO B3a€EMOJIIOTH TaK, HIOM BOHM MPUKPIIIICHI JO OJHOTO
JIOMEHY, He3aJIeXkHO BiJl iX (izuuHoro posramryBanua. VLAN mae Ti cami aTpuOyTH, SIK 1
¢di3nuHa JOKaNIbHA MEpEeXka, aje JO3BOJIAE€ KIHIEBUM CTaHLISIM OyTH 3rpyNOBaHUMU
pa3oM, HaBiTh SIKIIO BOHM HE NEepeOyBalOTh Ha OJHOMY MEPEKEBOMY KOMYTATOPI.
Pexondirypartis mepexi Moxke OyTh 3poOieHa 3a  JIONMOMOIOK  IIPOTrPaMHOIO
3a0€e3Me4eHHs 3aMICTh (DI3UYHOTO MEPEMIILIEHHS TPUCTPOIB.

106 ¢i3uuHo peanizyBaTu (3MozentoBaTn) ¢hyHKIioHanbHICTH VLAN HEeoOXiaHO
3aCTOCOBYBATH OKpeMi MepexkeBl Kabel 1 komyTaTtopu st KoxHoi okpemoi VLAN, 110
€ HENPUUHATHUM Ha npaktull. OgHaK, Ha BIAMIHY BiJ (PI3UYHHUX BUIIIIEHUX MEPEX,
koMyTaTop 3 pyHKIisIMH VLAN nuiTh NpOMyCcKHY 3/1aTHICTh CEpeIOBUIIA MIEpeiadl MK
KOXHOIO BIpTyalibHOIO Mepexe. Komyratop 3 pynkmisimu VLAN nporpamHo peanizye
HACTPOIOBAHHS MOPTIB KOMYTaTOpa, MO3HAYA€ KaJapu npu BXo i B Mepexky VLAN, momryk
MAC anpec 1 BunaneHHs TeriB nmpu Buxomi 3 VLAN.

VLAN, ski cTBOpeHi, 00 3a0e3MmeyuTd TMOCHyTH CEerMeHTalli, 3a3Buyai
HAJAI0ThCI KOMyTaTopamu B KoH(irypariii jsokansHoi Mepexi. VLAN 3abe3neuyroTh
Kpally MaciiTaboBaHICTh, O€3MEKy Ta YMPaBIIHHSI Mepexkero. MapupyTuzatopu B
tonosioriix VLAN 3a0e3neuyroTh ¢uibTpailito, O€3MeKy, y3arajJbHEHHS ajpec Ta
ynpaBiiHHS TpadikoM. 3a BU3HAYEHHSIM, KOMyTaTOpU HE MOXKYTh 3’ €qnyBaTu [P-Tpadik
MK Mepexxamu VLAN, Tak gk 1e Oyae NOpYHIEHHSM LUTICHOCTI IIMPOKOMOBHOIO
nomeny VLAN. Ile € kopucHUM, SKIIO XTOCh X0U€ CTBOPUTH KiJIbKa MEPEX 3-Tr0 piBHS
Ha TOMY X Komytaropi 2 piBHs. Hampuxkman, skmo cepsep DHCP minkmrodenuii 10
KoMyTatopa Oyjae oOCIyroByBaTH XOCT, SKMW HaJIAllITOBaHUN Ha OTpuMaHHs cBoro IP

anpecy Bix cepsepa DHCP. 3a momoMororo BipTyallbHUX JTOKATBHIUX MEPEK MOMKHA JIETKO
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PO3IUTUTH MEpexy Tak, o0 By3nu He BUKOpHCTOBYyBanmu Iieil cepsep DHCP i
OTPUMYBAJIH JIOKAJIbHI aipecH, ad0o OTpUMYBaIH afpecy 3 iHmoro cepsepy DHCP.

BipTyanbHi JoKanbHI Mepexi 2-TO PIBHS € BaXJIMBUMH, MOpiBHAHO 3 IP-
nigMepexami, siki € Mepeskamu 3-1o piBHs [Ipu Bukopuctanni VLAN, MokHa ynpaBisiTu
naketamMu Tpadixy. Mepexxi VLAN 3a0e3nedyroTh THYUYKICTb, 100 aganTyBaTHCS 10
3MiH y MEpEXi BUMOTaM 1 JI03BOJIIIOTh CIIPOIIEHE aIMIHICTPYBaHHS.

Buxopucrtaemo 4oTupH pi3HUX BHIa BIpTyaJIbHUX MEPEXK, Y KOXKHIH 3 MEPEX € CBiH
MPIOPUTET Ta BIATIOBIIHUM THI iH(POpMAIIii Sika epeTaeThC:

1) mpiopurer 1 — TMN — ciry>x60Ba iHpOpMallist KOTpa Ma€ HEBEITUKUH 00’ €M, aie
noTpiOHa U1l PYHKI[IOHYBAHHS MEPEKI;

2) npioputet 2 — OT3 — onepaTUBHO-TeXHOIOTTUHUI 3B’ 130K (IP-Tenedomnis).

3) npioputer 3 — 3T3 — 3arabHO-TEXHOJOTIYHUH 3B’ SI30K.

4) npioputeT 4 — KOMIT IOTEPU KOPUCTYBAUIB.

[ToOynoBaHa iHTEerpanbHa HU(POBOI Mepexka 3B°3Ky Ha OCHOBI npotokoiny STP 3

BUKOpUCTaHHAM BipTyanbHuX Mepex VLAN nokas3ana Ha pucyHky 2.1.
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Jlo BipryanbHoi mepexi VLAN 1 3 mnpuopiterom 1 (mepemada cimy:k60BOi

iHpopmartii TMN) BXOASTh 7 MOPTIB CEMHU Pi3HUX KOMYTATOPIB (PUCYHOK 2.2).

viD | WLAN 1

VLAN Name | MpMoprTET 1 | (Nama should be less than 20 characters)

Pucynok 2.2 — JlonaBanns HOBoi BipTyanbHOT Mepexi VLAN 1 3 mpuopiterom 1

Jlo BipTyansHoi Mepexi VLAN 2 3 mpioputerom 2 (OnepaTuBHO-TEXHOJIOTIYHUIN

3B’S130K) BXOJATH 7 TIOPTIB CEMH Pi3HUX KOMYTaTOpPiB (PUCYHOK 2.3).

VD WLAN 2

WLAM Marrmie | MpWopiTeT 2 | {Name should be less than 20 charachers)

Pucynox 2.3 — JlogaBanus HOBO1 BipTyanbHOI Mepexxi VLAN 2 3 npuopiterom 2

Jlo BipTyanbHOi Mepexxi VLAN 3 3 mnpioputeroM 3 (3arajibHO-TEXHOJOTTUHHI

3B’S130K) BXOJSThH 7 TIOPTiB CEMH Pi3HUX KOMYTaTOPiB (PUCYHOK 2.4).
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VD | LAN 3 |
VLAMN Name | MpMapiTeT 3 | (Name should be less than 20 characters)

[ ai_§ e o & s 8
)
{

Pucynox 2.4 — JlogaBanust HOBOi BipTyanbHO1 Mepexki VLAN 3 3 mpuopiterom 3

Ho BipryanbHoi Mepesxxi VLAN 4 3 npuopiteroM 4 (KOMIT'I0T€pU KOPUCTYBAUIB)

BXOJISITh 7 TIOPTiB CEMH Pi3HUX KOMYTAaTOpiB (PHCYHOK 2.5).

VID | WLAN 4 ]
VLA Mamie | MpMopiTeT 4 | (Name should be less than 20 characters)

Al o) O

[ al_F & & & o

o O o O ©o o O
(cancel [ Apply |

Pucynox 2.5 — JlogaBanus HOBO1 BipTyansHO1 Mepexxi VLAN 4 3 mpuopiterom 4
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3 PO3POBKA CXEMMU KOPIIOPATUBHOI EJIEKTPOHHOI
KOMYHIKALIIMHOI MEPEXI 3AJII3BHUYHOI'O TPAHCIIOPTY 3
BUKOPUCTAHHSIM TEXHOJIOTI'II IP-TEJIE®OHIT

Po3pobiena cxema KOPHOPATHBHOI EJIEKTPOHHOI KOMYHIKAIIMHOI Mepexi
3aJI3HUYHOTO TPAHCIOPTY Ha OCHOBI mpoTokony |IP Ta Texnonorii IP-tenedonii —
IHTErpajJbHOI MEPEXKI TEXHOJIOTTYHOTO 3B’ 53Ky 3aJII3HUYHOTO TPAHCIOPTY IMOKa3aHa Ha
pUCyHKYy 3.1.

KonTponep 30uu abo npuBpatauk (Gatekeeper) - nmpuctpiit B Mmepesxi IP-tenedomnii
3a cranaapTom H.323, sike BUCTymna€ B SIKOCTI LIEHTPY 0OPOOKH BUKIJIMKIB BCEPEIMHI CBOET
30HU 1 BUKOHY€ HalBaXKJIMBilI (YHKIII yIPaBIiHHS BUKIHKaMU. 30Ha B Mepexi H.323
BU3HAYAETHCS K CYKYIHICTh BCIX TEpPMiHANIB, IUIO3IB 1 MPUCTPOI KEpyBaHHS
koH(pepenuissmu (MCU) mig ynpaBiaiHHSIM JaHOTO KOHTPOJIEpa 30HU.

KonTtponep 30Hu - HEO0O0B's13k0BUM KOMIOHEHT Mepexi H.323, oqHak, sKIo BiH
MPUCYTHIN B MEPEXK1, TO TEPMiHAJIH 1 IIJTI03U TOBUHHI BUKOPUCTOBYBATH MOTO MOCTYTH.

Pi3H1 pingaaku 30HU Mepexi H.323 moxyTh OyTHM TEpUTOpPIaIbBHO PO3HECEHI 1
3'€JHYBaTUCA OJMH 3 OJAHMM 4epe3 MapuipyTu3atopu. OCHOBHUM HPOTOKOJIOM, SIKUN
BUKOPHUCTOBY€E KOHTpoJiep 30HU € H.225.

OcHoBHI (hyHKIIII:

1) TpaHCHSAIIs aapec - MePEeTBOPEHHS BHYTPIILIHIX ajapec i Tene)OHHUX HOMEpPIB
dbopmary E.164 B agpecu npotokoiis [P;

2) ymOpaBiiHHS JOCTYNOM - aBTopu3aiis npoctymy B H.323 wmepexi s
KOPHUCTYBayiB 3a J01moMororw RAS;

3) ympaBIiHHS CMYTrOl0 NpPONYyCKaHHS - J03Bi1 abo 3a00poHa 3amuTyBaHOi
TEPMiHAJIOM CMYTH MPOITyCKaHHS;

4) MapIIpyTHU3aIlisi CATHAILHUX MMOB1IOMIIEHb M1 TepMiHAJIAMH, PO3TAIIIOBAHUMH
B OJiHIN 30HI. [TpuUBpaTHUK MOKE OpraHi30ByBaTH CUTHAJIBHHM KaHa Oe3M0ocepe/IHbO
MDK TepMiHamamMu ab0 peTPaHCIIOBATH CUTHAIBHI TTOBIOMIICHHS BiJI OHOTO TEPMIHATTY

IO 1HIIIOTO.
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JlomaTkoBi QyHKITIT:

1) ynmpaBmiHHS TPOLIECOM BCTAHOBICHHS 3'€THAHHS - TMPH JIBOCTOPOHHIM
KOH(pepeHIli NMpUBpPaTHUK 3JaTHUM OOpOOJATH CIIy»KOOBI IMOBIAOMIICHHS IPOTOKOJTY
curHamizamii Q.931, a Takox MOXKe CITy>KUTH PETPAHCIATOPOM TaKUX MOBIAOMIICHB BiJl
KIHIIEBUX TOYOK;

2) aBTOpH3aIlis 3'€IHAHHS - JOMYCKAETHCS BIIXUICHHS MPUBPATHUKOM 3aIMTy Ha
BCTAHOBJICHHS 3'€THAHHS,

3) ynpaBiliHHS BUKIMKAMH - IPUBPATHUK MOXKE BIJICTE)KYBATH CTaH BCIX aKTHBHUX
KIHIIEBUX MPHUCTPOIB, IO O3BOJISE YIPABISATH BUKJIMKAMU, 3a0€3MEUyI0UN BUIIJICHHS
HEOOX1IHOT CMYTd MPONMYyCKaHHS 1 OajaHC 3aBaHTaXXEHHS MEPEXKEBUX PECYpCIB 3a
paxyHOK Iepeajpecallii BUKJIMKIB Ha 1HII TEPMIHAIM Ta IMUTIO3U 30HU. 30HA B MEPEXI
H.323 Bu3HaudaeTbcd K CYKYNHICTh BCIX TEPMIHAJIB, LUIIO31B 1 MPUCTPOI KEPyBaHHS
koH(pepenuissmu (MCU) mig ynpaBaiHHSAM JaHOTO KOHTPOJIEpa 30HHU.

[IpuBpaTHuK BUKOHYE (DYHKIIT ympaBiaiHHS 30HOIO Mepexi IP-tenedonii, B aky
BXOJSTh TEPMIHAIM, IIUTIO3U 1 TPUCTPOI KEPYBAHHS KOH(EPEHLISIMHU, 3apEeCTPOBaHl y
1boro npuBpatHuka. Ciig 3BEpHYTH yBary Ha Te, 10 kKomyTatopu kajapiB Ethernet i
Mapuipytuzatopu mnaketiB [P He € mepexeBumu enemeHtamu H.323, Tak sik BOHU
MpaIolTh Ha KaHaJbHOMY a00 MEpEeKEeBOMY pIBHSX BIAMOBIIHO, B TOM Hac, SK

obnagnanas H.323 mpaiitoe Ha npukiagHoMy piBHI cTeky mpotokoiiB TCP/IP.
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4 TIPOLIEYPY KEPYBAHHS BUKJIIMKAMU B EJIEKTPOHHIN
KOMVYHIKALIMHINA MEPEXI IP-TEJIE®@OHIT

[IpoBeaemMo NOCHIIKEHHS MPOUEAYp KEpyBaHHsS BUKIMKAMHU (BCTAaHOBJICHHS Ta
po3puBYy 3’€iHaHHS) B Mepexi [P-tenedonii 3a pi3sHUMU MPOTOKOIAMHU.

PosrnsHemMo BHIIaJOK BCTAaHOBJIECHHA 3’€qHaHHS aboHeHTiB [P-tenmedonii
(kopucTyBauiB) 0e3 MpUBpaTHHKA, SIK TOKa3aHO Ha PUCYHKY 4.1.

Buxnukaroue oOnagHaHHS HaJACWIae€ 3aluT 3'€AHaHHS Setup Ha BiIOMY
TPAHCTIOPTHY aJpecy CUTHAIBHOTO KaHaly BUKIMKYBAHOTO 00NagHaHHA. BukinkyBaHe
oOyagHaHHs BianmoBigae Ha Setup mosigomienHsaMm Call Proceeding, a motim - Alerting.
BHKIMKYBaHOMY KOpPUCTYBady JA€TbCs Bi3yallbHHM a00 aKyCTHMYHUW CHUTHAJI TIPO
BXITHUW BUKJIMK, a BHUKJIMKAIOUOMY - IHJIMKAIS TOTO, IO KOPUCTYBad, SIKUU
BUKJIMKAETHCS HE 3aWHATHI 1 OTPUMY€E CUTHAJ BUKJIMKY. SIK TUTBKM KOPHUCTYBad, IO
BUKJIMKAETHCS MPUNME J3BIHOK, NepefaeThes moBimoMiieHHs Connect 13 3a3HaYEHHSIM
TPaHCIOPTHOT ajJipecu Kepyrouoro kaHany H.245 Bukinukarodoro oOiagHaHHS, MiCIs

4Oro BIIKPUBAETbCA Kepyrounid kanain H.245.

IP ten. 1 IP ten. 2
TCP(SYN) )
192.168.2.5 ) TCP SYN(ACK) 192.168.2.30
TCP(ACK)

Y

CS:SETUP OPEN LOGICAL CHANEL H.225 » | BcTaHoBReHHA noriyHoro
< CS:ALERTING H.225 3’eAHaHHSA(NPOTOKOM
< CS:SETUP OPEN LOGICAL CHANEL H.225 H.245)
UDP > ]
Upp Mepenava paHux

CS:RELEASE COMPLETE H.225(H.245) -
TCP(FIN ACK)

TCP(ACK)
TCP(FIN ACK)

TCP(ACK)

A A A

A

ncyHoK 4.1 - Jliarpama BCTaHOBJIEHHA 3’ € qHaHHsS a0oHeHTIB [P-Temedonii
Pucy 4.1 ’ 0 IP

(kopucTyBadiB) 0€3 MPUBPATHUKA
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[Ticast BIAKPUTTA KEpyHOYOro KaHally BUKOHYIOTHCS BCl MPOIEIypH, OMHCaHI B
NEepIIOMY BHUMAAKY: OOMIH JaHUMHU NpPO (PYHKIIOHATbHI MOXKIMBOCTI, BHU3HAYEHHS
BEIy4oro / BEACHOTO OOJaHAHHS, BIAKPUTTSA OJHOCIPSMOBAHUX JIOTTYHUX KaHaiB.
Jlami BigKpUBa€eThCS PO3MOBHA cecis. Bukimukarode o0naHaHHS KOPHUCTyBada Iepenae
MOBHY iH(QopMallito, ynakoBany B naketu RTP / UDP / IP, na tpancnoptny agpecy RTP-
KaHally 00JIalHAaHHSA BUKJIMKYBAaHOTO KOPUCTYyBaya, a BOHO, Y CBOIO UEpry, mepenae
MOBHY 1H(OpMaLlil0 Ha TpaHCTOpTHY anapecy RTP-kanany oGmagHaHHS BUKIUKAIOUOTO
KOpHUCTYyBaya.

[Ticns 3akiHYeHHS PO3MOBHOI a3y MOYMHAETHCS (ha3a pyHHYBaHHS 3'€THAHHS.
OOslamHaHHA KOpUCTyBaya, LIO IHILIIOE PO3'€AHAHHS, NPUIIMHSIE Mepeaadyy MOBHOI
1H(dopMaIrii, 3aKkpuBae JIOT1UHI KaHAJH 1 TIEpeJIae 1Mo KEPYIOUOMY KaHAITy MOB1IOMIICHHS
H.245 endSessionCommand, 110 o3Ha4ae 0a)kaHHsI KOPUCTYBaya 3aBEPUINTH 3'€ THAHHSI.
Ouikyetbcst noBimomieHHs: endSessionCommand Bia 3ycTpiuHOTO OOJagHAHHS, MICIs
yoro Kkepyrounid kaHanm H.245 3akpuBaerbcs. HacTynmHuM KpokoM mepenaerbes
noBigomiieHHs Release Complete, 1 cUrHANTbHUI KaHaT 3aKPUBAETHCA.

KopucryBau, sikuii orpumaB komanay endSessionCommand Bix kopucTyBaua,
KWW 1HILIIOBAaB PO3'€HAHHS, MOBHUHEH MNPUIIMHUTU Teperadyy MOBHOI 1H(opmaii,
3aKpHUTH JIOT14HI KaHaH 1 nepenatu nosimomieHHs endSessionCommand. [ani, skiio
CUTHAJIbHUIA KaHal 3aJMIIMBCS BIIKPUTUM, TEepeacThcsi ToBiIoMIIeHHS Release
Complete, curHanbHUIl KaHal 3aKPUBAETHCSA, 1 OOCITYTOBYBaHHS BUKIMKY BBA)KA€THCS
3aBEPIICHUM.

Po3rasitHeMo BUNAJOK BCTAHOBJIEHHS Ta pO3pUBY 3 €AHaHHS aOoHeHTIB [P-

TenedoHii (KOpUCTyBaviB) 3 MPUBPATHUKOM (PUCYHOK 4.2).
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Ten Nel 103 MpuBpaTHrK Ten Ne2 104
IP 192.168.2.5  (3anp.Ha aoct.no (gatekeeper) IP 192.168.2.30
—- me e?K.pec.g{
RAS:admission Request >
- RAS:admission Confirm
< RAS:admission Request
(3amp. Ha BCT.fI0r.KaH.) RAS:admission Confirm >
< CS:setup open logical channel >
£ CS:setup open logical channel >
[} - >
z - CS:alerting
Cz| | CS:alerting
o 5 (BCT.MMOr.KaH.) «—CS:connect open logical channel
& 5| |<e__CS:connectopen logical channel
S O i
i ubP >
- < ubp
26)' - RAS:disangege Request
o RAS:disangege Confirm >
< CS:Release Complete
< CS:Release Complete
RAS:disangege Request >
< RAS:disangege Confirm
N b)
2
5 RAS:admission Request >
iy g < RAS:admission Reject
X
Q@
X
s
azx
Q3
32
=5
=
X m
()
o

UCcyHOK 4.2 - Jliarpama BCTAaHOBJIEHHS Ta PO3PUBY 3’ €aHaHHs B Mepex1 |P-rexedonii 3
Pucynox 4.2 y 3° IP

IIPUBPATHUKOM

Buknukaroue o6nagHaHHs nepenae mosigomiaeHHs ARQ 3 agpecoro aboHeHTa, y
BIJINIOBIJIb HA SIKE MPUBpPATHUK nepenae nosigomieHHs ACF 3 MoBiIOMJICHHSM, 1110 came
BiH OyJle MaplIpyTH3yBaTu cUrHaibHI oBigomiieHHs (Gatekeper routed call signaling), 1
3 3a3HAYEHHSM TPAaHCIOPTHOI aapecu CBOTO CUTHAJIBHOIO KaHaiy. [lami BUKIHMKaro4e
oOnaJiHaHHS NIepeiae Ha el TPaHCHOPTHUH ajpec 3anuT 3'eqHaHHs Setup. [IpuBpaTHUK
nepecusae  MOBIAOMIIEHHS Setup BHUKIMKYBaHOMY OOJQHAHHIO Ta IMepenae
BUKJIMKatouoMy oOmanHanHio moBigomiieHHs Call Proceeding, mio o3nauae, 1o
OTpUMaHOi 1H(opMaIli OCTaTHBO HJisi OOCIYyTOBYBAaHHS BHKIHMKY. BuKiInkaioue

oOnaHaHHS TakoXX BiAmoBimae Ha Setup nosimomieHHsM Call Proceeding. ko
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oONaiHaHHS Ma€ MOXJIMBICTh TPUUHSTH BUKJIWK, BOHO TEPEAaE 3amuT IOMYCKY 0
pecypciB Mepexi ARQ, Ha KUl IPUBPATHUK MOXE BiANMOBicTH miaTBepmkeHHIM ACF
ab0 B1IMOBOIO B JIOITYCKY J10 pecypciB Mepexi ARJ. V nepiomy BUnaaky BUKIUKYBaHE
oOnamHaHHS Tepenae moBigomieHHS Alerting, 1 MPUBpPaTHUK MapUIPYTU3yeE HOTO 10
BUKJIMKAIOUOT0 00J1afHaHHA. BUKIIMKYBaHOMY KOPUCTYBauy MOJAETHCS Bi3yallbHUM a00
aKyCTUYHHI CUTHAJ TIPO BX1IHUN BUKIIMK, @ BUKJIUKAIOYOMY JA€THCS 1HAMKAIIS TOTO, 1110
KOPHCTYBaY, 110 BUKJIMKAETCA HE 3alHATUHN 1 IOMy MOJA€ThCs CUTHAN BUKIUKY. [lpu
BIJIMOBI B JIONYCKY JI0 PECypCiB Mepexi oO0jagHaHHSA 3aKpHBa€ CHUTHAJBHUM KaHal
HUIIXOM Tiepeiadl mpuBpaTHUKyY noBigomieHHs Release Complete.

[Ticms TOro SK KOPHCTYBad, IO BUKIWKAETHCS MPHIAME A3BIHOK, MPUBPATHUKY
nepenaeTbesi nmoBigoMieHHs Connect 3 TPaHCIOPTHOKIO AJPECOI0 KEPYIOUOTo KaHally
H.245 Buknukarodoro obnagHaHHs. [IpuBpaTHUK 3aMiHSIE€ 110 aApecy TPAHCIOPTHOIO
ajpecoro cBoro kepyrwouoro kanamy H.245 1 mepecunae Connect BUKIMKAIOYOMY
oOJaIHaHHIO, TICJIS YOTO BIIKPUBAETHCS Kepyrounii kanan H.245.

[Ticnsa BigkpuTTa Kepyroduoro kaHaimy H.245 mounHaeTrbcsi OOMiH JaHUMH IIPO
GbyHKI10HATIBHI MOKIIMBOCTI O0JIaIHAHHS. Y PO3MVITHYTOMY HAMH BHUIIJKY BC1 KEpYyHOUl
MOBIJIOMJICHHSI, 110 TEPENaIThCS BiJl OJHOTO KIHIIEBOTO OOJIaJHAHHS JI0 1HILOTO,
MapHIpyTU3YIOTbCS TPUBPATHUKOM. TepMmiHamK OOMIHIOIOTHCS — TOBITOMJICHHIMHU
TermlnalCapabilttySet, B SKHX BKa3ylOTbCS MOXJIMBI aJTOPUTMHU JEKOIyBaHHS
npuitHaToi 1H(opmanii. Cnix 3a3HaunTH, o noBizomieHHs TermjnalCapabllHySet
MOBUHHO OyTH TeEpIIMM TOBIJOMIICHHSM, IMEpeJaHuM IO KepyluoMy KaHaly.
OOnagHaHHdA, ske npuiHsuio mnoBigomieHHs TermlnalCapabllitySet Big iHImoro
00J1aTHaHHS, M1JTBEPIKYE 17(0)§0) OTPUMAHHS Mepe1auecto [MOB1IOMJIEHHS
TermlnalCapabllttySetAck.

IToTiM 1HIIIIOETBCA MPOIEAYpa BU3HAUCHHS BEIYy4Or0/BEICHOTO OOJaIHAHHS,
HEOOX1HA NIl BUPIMICHHS KOH(IIKTIB, 10 BUHUKAIOTH MK JBOMA MPUCTPOSIMH TIPU
opranizaiiii KoH(epeHiIlii, KoJu 00uaBa BOHH MOXYTh OyTH aKTUBHUMHU KOHTPOJIEpAMHU
KOH(pepeHIiid, a0 MDK JABOMa MPUCTPOSIMHU, 110 HaAMararThCsS OJHOYACHO BIJIKPUTH
JIBOHATIPABJICHI JIOTIYHI KaHalu. Y XOJl TMPONUEAYPHU TMPUCTPOI OOMIHIOIOTHCS

noBigoMiIeHHAME masterSlaveDetermlnation.
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VY BiAmoBimp Ha oTpuMMaHi moBimoMieHHs masterSlaveDetermination oOuaBa
IPUCTPOI NepeatoTh noBigoMiIeHHs masterSlaveDeterminationAck, B sikux BKazyeTbes,
SIKE 3 IUX MPUCTPOIB € JIJIsl JAHOTO 3'€IHAHHS BEAYUYUM, a SIKE - BEJICHUM.

[Ticast oOMiHy gaHuMH PO (PYHKIIOHATBHI MOXKIIMBOCTI Ta BUSHAYEHHS BEAYYOTO
1 BeICHOTO OOJIaJIHAHHS MOKE€ BUKOHYBATHCS IMPOIIEAYypa BIIKPUTTS OJTHOCIPSIMOBAHUX
JIOTIYHUX KaHaMiB. Y BUMO31 BIAKPUTH JIOTIYHUN KaHaJ (y HAIIOMy BUIAAKY - MPSAMUNA
noriuyaui kaHan) openLogicalChannel o6nagHanss 3a3Ha4yae Bu iHGopMaItii, Skuii Oyie
nepeaaBaTUCs MO bOMY KaHAly 1 aJiTOPUTM KOJYBaHHs. Y HaIIOMY BUIAAKY JOTTYHUUN
KaHal TPU3HAYAE€TbCA  JUISI T[EPEHECeHHS MOBH, TOMY B  IOBIJIOMJICHHS
openLogicalChannel Bxmtouaerbcs mapamerp mediaControlChannel 13 3a3HaueHHSIM
TpaHcnopTHOTo aapecu kaHaimy RTCP, 3a nonomororo sikoro 311HCHIOETBCS KOHTPOJIb
nepenadi RTP naketi. Y Bianosiae Ha noBigomiieHHs: openLogicalChannel oOnagnanHs
noBUHHE Tmepenaty minTBepmkeHHs openlogicalChannelAck, B sxomy BKa3yeTbcs
TPaHCIIOPTHUH aJipec, Ha KU nepeaaBaibHii cTtopoHi ciia Hanacuinatu RTP makern, a
TaKO0K TpaHcnopTHUH anpec kaHainy RTCP.

Jlam BigkpuBaeTbcsl po3MOBHaA cecisi. O0naiHaHHS BUKJIMKAIOUOTO KOPUCTyBada
nepenae MoBHY iHdopmallito, ynakoany B naketu RTP/UDP/IP, na TpaHcnmopTHUM
aapecy RTP-kanamy oO0nanmHaHHS BUKIMKYBAaHOTO KOPUCTYBada, a BUKIUKAHUN
KOpPUCTyBad Tiepenae MOBHY iH(popmallito Ha TpaHcnopTHud aapec RTP-kanamy
oOJlaTHaHHS BUKJIMKAIOUOro KopucTyBaua. 3a gonomororw kaHainy RTCP Bemetwcs
KOHTpOJIb Tiepenaul iHdopmarrii mo RTP kanamax.

[Ticnst 3akiHueHHSI po3MOBHO1 (Da3u MouynHaeThbes daza pyWHYBaHHS 3'€THAHHS.
OOsiaHaHHA KOpPUCTYBaya, L0 1HILIIOE€ PO3'€IHAHHS, MOBUHHA MPUIUHUTHU TEepenavyy
MOBHO1 1H(pOpMaIli, 3aKpUTH JIOTIYHI KaHAIW 1 TEpeJaTH IO KEePyrdoMy KaHAIy
noBigomsieHHs H.245 endSessionCommand, mio o3Havae, MO KOPHUCTYBau XOdYe
3aBepIMTU 3'eqHaHHA. Jlani BiA 3ycTpiuHOTrO OOJaJHAHHS OYIKYETHCS TMOBI1IOMIICHHS
endSessionCommand, micas npuiiomy sikoro kepyroumii xkanan H.245 3akpuBaeThcs.
HacTymHuM KpoKOM, SIKIIO CUTHATBHHA KaHAI 1€ BiIKPUTE, IEPEIAETHCS TTOBITOMIICHHS

Release Complete.
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KopucryBau, sikuit orpumaB komanay endSessionCommand Bix kopucTyBaua,
KWW 1HIIIIOBaB pPYWHYBaHHS 3'€qHAHHS, TOBWHEH MPUIUHUTH Tepeaady MOBHOI
1H(hOopMaIlii, 3aKpUTH JIOTIYHI KaHaau 1 nepeaaTu nosigomieHHs endSessionCommand.
Jlami, SKIIO CUTHAJIBHWA KaHAJT 3aJMIIUBCA BIIKPUTHUM, TMEPEHAAE€THCS TMOBITOMIICHHS
Release Complete 1 curnansHul KaHal 3aKpUBAETHCS.

[Ticnst BuIeonMcaHuX MM KiHIEBE OOJaHAHHS CIIOBIIIA€ MPUBPATHUK IIPO
3BUTHPHEHHS 3apE3€PBOBAHOI CMYTH MPOITYCKAaHHS. 3 IIEI0 METO KOXKEH 3 YYaCHUKIB
3'enHaHHS repenae mo kaHaimy RAS 3anut Buxony 13 3'eqnannst DRQ, Ha sikuii mpuBaTHUK
noBUHEeH BiAmoBictu miATBepkeHHsIM DCF, micas 4oro oOciayroByBaHHS BHKJIHKY
BBAKAETHCSI 3aBEPIIICHUM.

Tenep posrisHemMo giarpaMy BCTAaHOBJIGHHS Ta PO3PUBY 3 €IHAHHS TpU

BUKOpHUCTaHHI ipoTokory SIP (pucynok 4.3)

IP kop.1 IP ATC IP kop.2
192.168.0.134 192.168.0.10 192.168.0.121
Requestinvite..,with _ g
session description o 5
INVITE o | T
_— N < 180Ringing(curHanisatlis) K

180Ringing(curHanisauis) - vrHanisans ;
- 200 OK z
< 200 OK B 3

= ACK-Ki >
§ KIHELE CYanLy > ACK-KiHeLb cyaHcy _ :ft;
S e RTP(iHdopmaulis) ; - m
g |:< RTP(iHdiopmanyist) > x
5 < BYE ol
T | BYE =
= 200 OK > o
200 OK > @
bl s
- Q
[se}
o
o

Pucynok 4.3 — Jliarpama BCTaHOBJIEHHS Ta PO3PUBY 3’ €IHAHHS [IPU BUKOPUCTAHHI
y Yy

npotokoiry SIP

ITpoTokonom SIP nepeadaueHo 3 OCHOBHI ClieHapii BCTAHOBJICHHS 3'€THAHHS: 32
y4acTIO TMPOKCi-CepBepa, 3a ydacTHO cepBepa mepeaapecaliii 1 0e3MocepelHbO MIXK

KOpPUCTyBadaMH. Pi3HMIISI MiX TepepaxOBAaHUMU CIICHAPISIMH TIOJISATAE B TOMY, IO T0-
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PI3HOMY 3A1MCHIOETHCS MOIIIYK 1 3aMIPOILIEHHS BUKJIMKYBAaHOTO KOPUCTYBaya. Y MEPIIOMY
BUITAJIKY 111 (DYHKIIIT IOKTamae Ha cebe TMPOKCi-cepBep, a BUKINKAIOYOMY KOPUCTYBAveB1
HEOOXITHO 3HATU TIUIBKM mHocTiHuM SIP-agpec BUKIMKYBAaHOrO KOpHUCTyBaya. Y
JpyroMy BUMAJKy CTOPOHA, 1[0 BUKJIMKAE CAMOCTIITHO BCTAHOBIIIOE 3'€IHAHHS, & CEPBEP
nepeajapecallii JuIle peasizye NEpeTBOPEHHs IMOCTIHHOI aapecu aboHEHTa B HOro
MOTOYHY ajpecy. I, HapelTi, B TpPeThbOMY BUMNAJAKY BUKIUKAIOUYOMY KOPUCTYBAueBl JJIs
BCTAHOBJICHHSI 3'€IHAHHA HEOOXIHO 3HATH TOTOYHY aJpecy BHUKIUKYBAHOTO
KOPHUCTYBaua.

Ha pucynky 4.4 300pakeHa giarpamMa BCTAaHOBJICHHS 3 €IHaHHS MK JBOMa

aO0OHEHTaMHM 3 PI3HUMH IIPOTOKOJIAMH 32 JIOTIOMOTOK0 THYYKOT0 KomyTtaTopa Softswitch.

A6.1192.168.2.5 $S5192.168.2.110 AB6.2 192.168.2.30

RAS:RRQ
RAS:RC

-
-t

\

SIP Request:register

SIP Status: 100 Trying
SIP Status:200 OK
SIP Status: 100 Trying Open logical channel
H.225 CS : set up
H.225 RAS: admission
H.225 RAS:admission request
H.225 CS:alerting

\

A A A

A A

A

SIP status : 180 ringing

A

H.225 CS: connect
Open logical channel

A

Pucynok 4.4 — J{iarpama BCTaHOBJICHHS 3’ €IHAHHS MK IBOMa a0OHEHTaMH 3
pizaumu npotokonamu (SIP, H.323). BukopucToBy€eThCs THYUKHI KOMYTAaTOP

Softswitch

Softswitch - me mpucTpiii kepyBaHHsS Mepexkero HactymHoro nokosmiaas NGN,
NOKJIMKAHE BIJOKPEMUTH (DYHKIIT ynpaBiiHHS 3'€IHAHHSAMU BiJ (DYHKIIH KoMyTallii,
3llaTHE OOCIYrOBYBaTH BEJIHMKY KUIBKICTh A0OHEHTIB 1 B3a€EMOJISITH 3 CepBEepamMu
JOAATKIB, MATPUMYIOYM BIAKpUTI cTaHaapTu. OCHOBHE 3aBJIaHHS - TIOTOKYBATH Pi3HI

NpOTOKOJIM curHami3arii sk Mepex IP-tenedonii (H.323, SIP), Tak i mpu B3aemomii
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Mepexxk KomyTanli kaHamiB 3 [P-mepexamu. 3a paxyHOK IOCTymy IO PI3HHUX MEpEX 1
nojaTkiB, Ha 0a3i Softswitch HabaraTo mpocTiiie opraHi3oByBaTH pi3Hi BUIU MOCIYT i
J0JTATKOBUX BHJIIB 0OCITYTOBYBaHHS:

— MOBHUI Ha01p Cy4acHUX MOCITYT TelaeoHii;

- NPU3HAYCHHSA NPSIMHUX MICBKMX HOMEpIB Ha KOXKHY 3 JiHIM, J03Bi1 abo
3a00poHa MEBHUX BUJIIB BXIJIHOTO / BUXIJIHOTO 3B'SI3Ky Ha HUX, OTPUMAaHHS CTATUCTUKHU
3'€¢THAHB,

- ITUPOKI MOXKJIMBOCTI aKTUBAIIIl 1 JIEaKTUBAIIIl TIOCITYT 1 CEPBICIB HA TIEBHIN
Tene(OHHOI JIHIT 3a JOMOMOIroK KOJMIB aKTHBaIlli, sKi HaOuparThcsa 3 TenedoHy, 3a
nonomoroo WEB-inTepdeiicy, ronocosoro noprany IVR Too;

- rOJIOCOBI CEpPBICH, TaK1 SIK TOJIOCOBA MOIITA, 3 MOMKJIUBICTIO BIANPABICHHS

OTPUMAaHOTO MOBIIOMJICHHSI Ha €JIEKTPOHHY MOIITY a0OHEHTA.
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5 BUSHAYEHHA BUMOI" 10 ITPOJAYKTHMBHOCTI KOMYTATOPIB
ETHERNET

Bu3naunmo BHMOTH 110 TPOAYKTUBHOCTI BimmoBimHo ao [24, 25]. Ogamm 3
BOKJIMBUX KPUTEPIiB MpH BHOOPI KOMyTalliiiHOro obinagHanHsa [P mepex, y ToMy ducii
komyTtaTopiB Ethernet, € iioro mpoykTuBHICTb. [[pOAyKTUBHICTH MEPEKEBOTO MPUCTPOIO
Hal4acTile BU3HAYAIOTh SIK MAKCUMAJIbHY KUTbKICTh KaJpiB (TTAKETiB), 10 HATXOAUTh Ha
BC1 IOT0 TIOPTH, 110 MOKE OOPOOUTH MPUCTPIM 32 OAHY CEKYHY.

Bukopuctanas MepexxeBoro 001agHaHHS 3 MaJIOI0 MPOAYKTUBHICTIO PU3BEJIE A0
3HAQYHUX BTpAT KaapiB (MAKETiB), IO MOXE MPU3BECTH JO HEMOXKJIMBOCTI Mepenayl
iH(dopmarlli, a BUKOPUCTaHHS OOJIaJIHAHHA 3 SIBHO 3aBUIICHOIO MPOJYKTHUBHICTIO €
€KOHOMIYHO HEJIOIILHUM.

S0 B XapakTEepUCTUKAX 00JIaTHAHHS HE YTOUHIOETHCS JIJIS SIKOTO PO3MIpY Kajpa
HABEJICHI 3HAYEHHsS MPOAYKTHUBHOCTI, TO 3a 3aMOBYYBAHHSM BBaXXA€ThbCS, IO Il
MOKa3HUKM BU3HAYEHI JJIS KaJpiB MIHIMaJIbHOTO po3mipy. g texnosorii Ethernet ne
KaJIpu JIOBXKUHOIO 64 Gaiita (6e3 mpeamOynn), 3 mosieMm aanux B 46 OaitT. Bukopuctanus
KaJIpiB MIHIMaJIbHOI JIOBXKUHU TOSCHIOETHCSI TUM, 110 TakKi KaJpu 3aBXJIH CTBOPIOIOTH
HAWOUIBII BaXKUM PEXUM POOOTH OOJAaTHAHHS Y TMOPIBHSHHI 3 KaapaMu OUIbIIOL
JOBXKMHU TIPM OJIHAKOBOMY 00’eMi TepeHOCHMMHX JaHux (y I[bOMY BHUIAJKY
IHTEHCUBHICTb MOTOKY KaJpiB € HAMOUTBIIO).

B TexHiuHiii JOKyMeHTaiii Uil TO3HAYEHHS MPOJYKTUBHOCTI  YacTO
BUKOPUCTOBYIOTh aHTJIOMOBHE cKopoueHHs «pps» — Packets Per Second (makertiB B
CEKYHIY).

3a3HauMMoO, 1O B JEAKHX BHUIAJKaX MPOJYKTUBHICTH MEPEKEBOTO MPUCTPOIO
MO>Ke OyTH BU3HAUEHA IK MAaKCUMAJIbHUNA 00’ €M JJaHUX, SKUH MOKe 00OpOOUTH NpUCTpii
3a OJIHY CeKyHMy. J[aHWil MOKa3HUK MOYKHA PO3paxyBaTH, SIKIO BiIOMi IOBXKUHA KaJApy
Ta KUIbKICTh KaJIpiB (TTAKETIB), IO HAIXOIUTh HA BC1 MOPTH MPHUCTOIO 32 OJHY CEKYHITY.

KpiMm npoyKTHBHOCTI J1s1 001aIHAHHS B IIIJIOMY MOXYTh TAKO 3aCTOCOBYBATHUCH
MOKa3HUKM TMPOAYKTHUBHOCTI JJII OKPEMHX IIOPTIB, MPOIECOPIB Ta 3arajbHOl IIMHU

KOMyTaTopa YW MaplipyTuzaTopa (Takli TOKAa3HUKH YacTO 3aCTOCOBYIOThCS TMpHU
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MOJyJIbHIM OyA0Bi oOnanHaHHs). Hanmpukian, 1HTEHCUBHICTh MOTOKY KaJApiB Ha OJUH
nopt  Ethernet/Fast Ethernet  mapmipytuzatropa He  TOBHHHA  IEPEBUITYyBaTH
MaKCHMAaJIbHO1 IHTEHCUBHOCTI MOTOKY KaJIpiB JIJIsl BIAMOBIIHUX TEXHOJOTIi KaHAJIBLHOTO
piBHs: juisi TexHosorii Ethernet me Oinmpme 14 881 xampiB/c, Ta mJIg TEXHOJOTIT
Fast Ethernet ne Oimpme 148 810 kaapiB/c 11 KaapiB HAWMEHINOI JOBXHWHHU, IO
nopiBHIOE 64 OailiTa (6e3 mpeaMOyn).

Jlasni po3riisHeMO OCHOBHI NOKa3HUKU MPOAYKTUBHOCTI komyTatopiB Ethernet, 3a
BUHSITKOM 3arajibHOi MMPOJIYKTUBHOCTI, siKa OyJia po3IIsIHyTa BUIIIE.

1. HIBuaxicTe inpTpaiii — 1€ MBUIKICTD, 3 TIKOIO KOMYTaTOpP BUKOHY€E HACTYIHI
eTanu oOpoOKM KaJpiB: mpuiloM KaJpy B cBil Oydep, meperisg aapecHoi Tadiaui 3
METOI0 3HAXOJ/DKEHHS TOPTY IS aJpecu NpU3HAYCHHS Kajpy, 3HUIICHHS Kajapy,
OCKUIbKM HOro MOpT MPU3HAYEHHS 1 MOPT JpKepena HalekxaTb OJHOMY JIOTIYHOMY
CETMEHTY.

2. [lIBuAKICTh IPOCYBAHHA — 1€ MBUAKICTD, 3 IKOI0O KOMYyTaTOp BUKOHYE HACTYITHI
eTanu oOpoOKM KaJpiB: mMpuiloM KaJpy B cBiil Oydep, meperisg aapecHoi Tadiaui 3
METOI0 3HAaXO0KEHHS TOPTY IS aJIpeCcH MPU3HAUYCHHS KaJpy, Iiepeaada KaJipy B MEPEKY
yepe3 3HalIeHUH 10 aJIpecHii TabJIMLI MOPT MPU3HAYEHHS.

[IBuakicTes GinbTparii 1 MBHUIKICTh TPOCYBAaHHS 3BUYAWHO BUMIPIOIOTHCS B
Kajipax B CEeKyHAY (pps). SKIIO B XapaKTEpUCTUKAX KOMYTAaTOpa HE YTOUHIOETHCS JUIS
SKOT0 pO3MIpy KaJpy MPUBEEHI 3HAUEHHS BUIKOCTEN (DUIBTpallii 1 IPOCYBaHHS, TO 3a
3aMOBUYBAaHHSIM BBAXAEThCS, IO IIl MOKA3HUKH MAIOTHhCS U1l KaJapiB MiHIMaIbHOTO
po3Mipy.

BiazHaunmo, 1m0 mBHAKICTh QUIBTpALIi 1 MIBUAKICTh NPOCYBAaHHS MPAKTUYHO Y
BCIX CYYaCHMX KOMYTATOpIB € HEOJOKYIOUOK — KOMYTAaTOp BCTUTAE BIAKUIATH 1
MpOCyBaTH Kaapw B TEeMMi iX HaaxoKeHHA. JlIg KomMyTaTtopiB 3 MOpTamMu
Ethernet/Fast Ethernet TumoBi mBHAKOCTI GinbTpamii 1 NPOCYBaHHS CKJIaIal0Th
14 881 maketiB/c 1 148 810 makeri/c BimmoBimHo. LI 3HavueHHS HamaH1 YIS Kajpy
HaliMeHIIoi JOBXHUHU B 64 Oaiftu (0e3 mpeaMOyiH), 1 BIANOBIIAIOTh MaKCHMAJIBHO

MO>KJIMB1M THTEHCUBHOCTI MOTOKY KaJpiB JAJISl IUX TEXHOJOT1H.
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3. 3aTpuMKa miepenaBaHHs Kaapy — 1€ 9ac, M0 MUHYB 3 MOMEHTY HaJXOJKEHHS
nepioro 6aifTa KaJapy Ha BXITHUI MOPT KOMYTaTOpa 0 MOMEHTY MOSIBU IIbOTO OaiiTa Ha
BUXIJTHOMY TMOPTY KOMYyTaTopa. 3aTpUMKa CKIIQJA€EThCS 3 4acy, 110 BUTPAYAETHCS Ha
Oydepuzarito 0alTiB Kaapy, a TaKOX dYacy, IO BUTPAYAETHCSI Ha OOpPOOKY Kaapy
KOMYTaTOpPOM — TIeperJisil aapecHoi TaOuIll, YXBAJICHHS pIIIEHHs Mpo (GiapTpaliito ado
MPOCYBaHHS 1 OTPUMAaHHS JOCTYIY IO CEPEOBUIIA BUX1THOTO MOPTY.

Benuuuna 3aTpuMKH, 10 BHOCUTHCS KOMYTAaTOPOM, 3aJICKUTH BiJl PEKUMY HOTO
pob6otu. Akino koMyTalisl 31HCHIOETBCS «Ha JHOTY», TO 3aTPUMKH 3BHYANHO HEBEIHUKI 1
ckiagaroTh Bix 10 mxc mo 40 Mkc, a mpu noBHIN Oydepuzarii kaapiB — Big S0 MKC 70
200 mkc (a1 kaapiB MiHIMATBHOL TOBXKUHH ).

JIisi BU3HAYEHHS PO3PAXYHKOBOTO 3HAYEHHS HEOOXITHOI MPOJYKTUBHOCTI
KOMYTaIlIIfHOTO 00JIaIHAHHS B 3arajilLHOMY BUIQJKy HEOOXIJTHO MOOYyBaTU MATPHUIIIO

PO3MO/ILTY IHTEHCUBHOCTI MTOTOKIB MAKETIB M1’k BCIMA MOPTAMH MPUCTPOIO:

ne A, — IHTEHCHBHICTbH NOTOKY MAKETIB BiJl IOPTY 3 HOMEPOM | JI0 OPTY 3 HOMEPOM

j (pucynok 2.1); 4, =0 mpu i = j.
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/,LB. mopt1l ﬂ“Bx. mopt1
[T | [Topt 1
Iopr 4 /
P 1 /14,1 ] ﬁ“B.nopTZ
ﬁ< {
ﬂ’Bx.nopT4 . . 24,3
N . 12'4 /IBX.HOpTZ
AB:OPT__ :_\_ ..... _;
AgaN N\ ITopr 2
HopT 3 \

BX mopt 3 T l B.mopt 3

Pucynox 5.1 —Po3mois1 MOTOKIB MaKeTiB Mk MOPTaMu KOMyTaTopa

P03anYHKOBe 3HAa4YCHHA HGO6Xi,Z[HO.1. HpOIIYKTI/IBHOCTi MOXKC 6YTI/I BHU3HA4YCHO K

po3p z ij ! (5 ' 1)

ne — PO3paxXyHKOBE 3HAYEHHS HEOOXITHOI MPOAYKTHBHOCTI, a Cyma

po3p.
OepeTbes 1Mo BCIM MOPTaM.
SIK110 BiIOMI 3HAYEHHS 3arajbHOl BX1AHOI Ta/ad0 BUX1IHOI IHTEHCHUBHOCTI ITIOTOKIB

KaJIpiB JUIsl KOKHOTO TOpPTY A, A . TO PO3PAaXyHKOBE 3HAUYEHHS HEOOXITHOT

BX.110pT i ! B.IIOPT |

MPOTYKTUBHOCTI MOKE OyTH 3HANACHO SIK

Cpozp. = Z ﬁ’sxnopri (5 2)

abo

po3p Z B.mopTi ! (53)

OCKIJTbKM B MeEXaX OJIHOTO KOMYTAIITHOTO MPUCTPOI0 MPH BiJCYTHOCTI BTpaT

KaJIpiB 3aBXk/IU B1I0YBa€ThCA PIBHIHHS OaslaHCy:

ZleAnopTi = Zﬂ'&nop'ri ! (54)
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CYTb SIKOTO TOJISITA€ Y TOMY, 1110 TIOTIK KaJpiB, HAIIWIIOBIIN HA BX1J IEBHOTO TIOPTa
KOMYTaTopa MpH BIJICYTHOCTI BTpaT Oy/ie 3aBk /A1 CIPSIMOBAHUN HA BUX1J 1HIIIOTO TIOPTAa,
1 TakMM YMHOM, CyMapHa I1HTEHCHUBHICTH IIOTOKIB KaJpiB Ha BCIX BXojax Oyne
JOPIBHIOBATH CyMapHii IHTEHCUBHOCTI TTOTOKIB KaJIpiB Ha BCIX BUXOJIAX.

Bigmitumo, 110 3araibHi BXIJHI Ta BUXiJHI 1HTEHCHMBHOCTI MOTOKIB KajpiB IS

KOXKHOTO TIOPTY 3B’513aHi1 3 €JIeMEHTaMHU MaTpPHIIi HAH CIIBBIJHOIICHHSIMH:

ﬂ“anopTi = Zj’lj ! /IB.noij = IZ/’LIJ '

[TpoAyKTHUBHICT, KOMYTAIlIMHOTO OO0JagHAHHS HE TMOBHMHHA OYyTH MEHIIA HIX
BHU3HAYEHE BUILE PO3PAXYHKOBE 3HAUYECHHS HEOOX1IHOT TPOAYKTUBHOCTI. [Ipn BUKOHAHH1
i€l BUMOTM MOXXHA BBa)XaTH, 110 KOMYyTallliHEe OOJIaHAHHS TMPAIIOE€ B CTAIOMY
HEOJIOKOBAHOMY PEXKUMI, TOOTO BOHO CIIPOMO>KHE MPOCYBATH KaJpH 31 BC1X CBOIX BXO/IIB
Ha BCl CBOI BUXOAM 0e3 BTpaT (B JaHOMY BHIMAJKy BBaXXae€Tbcs, 110 00’eM OydepHOl
naMm’siTi € HECKIHUEHUM ) HeOOMEKEeHUI Yac.

SIKII0 MPOAYKTUBHICTH KOMYTALIIITHOTO 00JIaJHAHHS J03BOJIIE 0OPOOIIATH TOTOKU
Ka/IpiB, 110 HAIXOJSTh Ha BCl MOPTH 3 MAKCHUMAaJIbHOIO IHTCHCHUBHICTIO BIAIOBITHOIO
npoTokoy (Hampukianm, juis TexHosorii Fast Ethernet makcumanbHa 1HTEHCHBHICTB
MOTOKY KaJpiB AOCITAETHCS JJI KaJAPiB HAMMEHIIO1 IOBKUHU B 64 0aiiTa, sika CTAaHOBUTH
148 810 xaapiB B CEKyH]Y), TO BBAXKAIOTh 10 BOHO MIATPUMY€E MUTTEBUN HEOJIOKOBAHUN
pexkuMm. [l MATPUMKHM MHUTTEBOTO HEOJIOKOBAHOTO PEXKUMY MPOIYKTUBHICTH

KOMYTaIllifHOTO 00J1aIHaHHS TOBUHHA OYTH HE MEHIIIE

Z /lmax nopri !
i

ne A — MaKCHMaJlbHa IHTEHCUBHICTh MOTOKY KaJpiB MEBHOI'O MPOTOKOIY

max nopr i

(TexHoJIOTIT), i — HOMEp MOpTa; cyma OepeThes MO BCiM MmopTaM (U1 BCIiX 3HAYCHB | ).
Hanpuknan, skmo komyrtatop Mae 8 mnoptiB Fast Ethernet, To BiH Oyne

MIATPUMYBATH MUTTEBUN HEOJIOKOBAHHMM PEKUM, SKIIO HOTO MPOTYKTUBHICTH Oye HE

MeHIa, Hik 8 mopTiB x148 810 xampis/c =1190 480xkapis/c .

[Ipu BuOOp1I KOMyTaIIHHOTO OOJAJHAHHS MParHyTh, 00 BOHO MPalIOBAJIO B

CTaJIoMy HEOJIOKOBAHOMY PEXHMI, TOMY HOTO MPOJYKTUBHICTh, K OyJI0 3a3HAYEHO
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BUIIE, HE MOBHMHHA OyTH MEHIIA HIK BHU3HAYEHE BHIIE PO3PAXYHKOBE 3HAYCHHS
HEOOX1IHOT MPOAYKTUBHOCTI. AJie TYyT HEOOXIJHO BpaxyBaTH OCOOJHMBOCTI amapaTHO-
mporpaMHOi peamizallii Cy4acHOTO MEpEKeBOro OOJagHAaHHS, SKi MOJATalOTh B
3aJIeKHOCTI peasibHOI MPOJYKTHUBHOCTI OOJIaHAHHS BiJl BUKOPUCTAHHS JOJATKOBUX
(GYHKIIIOHATPHUX MOXJIUBOCTe. ToMy 3 MeTOr TrapaHTyBaHHS 3a0e3MedeHHS
HEO0OX1THOI MPOAYKTUBHOCTI B pEAIbHUX yMOBaxX POOOTH, OCKUIBKH BUKOPHUCTAHHS
(GYHKI[IOHATPHUX MOKJIMBOCTEH MOXKE€ 3HAYHO 3HHU3UTH peabHy MPOAYKTUBHICTD,
NPOAYKTUBHICTh KOMYTAIIHHOTO OOJaJHAaHHS TIOBHHHA TIEpEBUIyBaTH B 4 + 6 pa3iB
pPO3paxyHKOBE 3HAUYEHHS HEOOXITHOI MPOAYKTUBHOCTI. TakumM YHHOM, BHUMOTH [0

MPOJAYKTUBHOCTI KOMYTAI[IHHOTO 001aJiHAHHS MOYKHA BU3HAUUTH SIK

C

KOM.

(4+6)-C

posp. "

BuznauumMo po3paxyHKoOBe 3HAYEHHS HEOOXIAHOI MPOAYKTHUBHOCTI KOMYTaTOpa,
IpU K1 KOMyTaTop Oyze IpaloBaTh B CTAJIOMY HEOJIOKOBAHOMY PEKUMI (B KaJapax 3a
OJIHY CEKyHHy), SKIIO BIJOMa MaTpHUIlsl PO3MOAUTY TOTOKIB KaJIpiB MIDK IMOPTaMH
KOMYTaTopa, €JIEMEHTAMH $IKOI € 1HTEHCHBHOCTI MOTOKIB MaKETIB MIXK BIAMOBITHUMHU

MOPTAMH:

0 100 50 250
60 0 180 120
70 90 0 800
110 140 150 O

3HailieMo po3paxyHKOBE 3HAYEHHS HEOOXIIHOI MPOAYKTHBHOCTI SIK CyMYy BCIX
€JIEMEHTIB MaTpPHUIIl PO3IMOALITY MOTOKIB KaJAPIB Mi>K MOPTAMH KOMYTaTOpa BIJIMOBITHO J10

dbopmynm 5.1:
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Cp03p. = zﬂ’lj -

ij
=0+100+50+ 250 +
+60+0+180+120+
+70+90+0+800+
+110+140+150+ 0 = 2120 kanpis/c.

ne  C,, — pPO3paxyHKOBE 3HAYEHHS HEOOXIZHOI MPOAYKTHBHOCTI, a Cyma

OepeThCsi Mo BCIM OpPTaM.

O1uiHMMO BUMOTH 10 NPOTYKTUBHOCTI KOMyTaTOpa (B Kaapax 3a OJHY CEKYHIY). 3
METOI0 T'apaHTyBaHHs 3a0€3MeUeHHsI HEOOX1AHOI MPOJTYKTUBHOCTI B PEAILHUX YMOBaX
poOOTH € JOLUIBHUM, 00 BUMOTH 0 IMPOJYKTUBHOCTI KOMYTaTOpa MEPEBHUILYBAIU
pO3paxyHKOBE 3HaueHHs HeoOXx1aHoi mpoxyktuBHocTi C = 2120 xaapis/c B 4+ 6
pasiB:

AC. <C. <6C

posp. posp. !
4.2120<C_, <6-2120,
8480 kanpis/c < C  <12720 kanpis/c .

TakuM 4yuHOM, JOLIJIBHO BHUOpAaTH KOMYTATOp 3 MPOAYKTHUBHICTIO HE HUXKYE
8480 xagpis/c 1 He Bume 12720 kampis/c. IlpumiTka: KOMyTaTOp 3 MPOTYKTHUBHICTIO
outbmoro Hixk 12720 kaapis/c Takox OyAe MpalioBaTH B CTAJIOMY HEOJIOKOBAHOMY
pexumi, aie BHOIp KOMyTaTopa 31 3HAYHO 3aBUIINCHOI0 MPOAYKTHBHICTIO €
HEOOTPYHTOBAHUM Ta €KOHOMIYHO HEJIOUIJIBHUM.

BusnaunMo po3paxyHKOBE 3HAYEHHS MaKCHUMaJbHOIO 00’€My JaHUX, SKH
KOMYTaTOp MOBUHEH OyTH CIIPOMOXHUN 0OpOOUTH 3a OJHY CEKYHIY JUIsl TOTO, 100 BiH
MpaioBaB B CTajJoMy HEOJOKOBAaHOMY pEXKHMI, a TaKOX OLIHUTH BHUMOTH J0
MPOIYKTUBHOCTI KOMyTaTtopa (B 00’eMi JaHUX 3a OAHY cekyHAay). [lpu mpoBeneHHi
PO3paxyHKy BUKOPUCTOBYBATH MiHIMalbHY AOBXUHY Kajapa Ethernet, a mpeamOyioro Ta
MDKKaJIPOBUM 1HTEPBAJIOM 3HEXTYBATH.

BukopuctoByroun po3paxyHKOBE 3HAaY€HHS HEOOXIMHOI MPOJYKTHUBHOCTI

C.. =2120 xagpiB/c BH3HAUMMO pPO3pPaXyHKOBE 3HAYEHHS MaKCHUMAaJIbHOIO 00’eMy

KO!

JIAaHUX, AKMA KOMYTATOp MOBMHEH OYyTH CIIPOMOKHUM 00poOuTH 3a 0fHY cekyHay D,
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JUTsL TOTO, OO BiH TPAIFOBaB B CTAJOMy HEOJIOKOBAHOMY PEKHMi, BPAXOBYIOUH, IO

Eth

MiHIMaJbHa JoBxuHa Kaapa Ethernet L ctanoButh 64 Gaiira:

min
D, =C,, -8 L. =2120-8-64=11-10° 6it/c.

3 MeTOI0 rapaHTyBaHHS 3a0e3MeyeHHs] HEO0OX1IHOT MPOAYKTUBHOCTI B pealbHHUX

yMOBax poOOTH € JOIIBHUM, 00 BHMOTH [0 MPOAYKTUBHOCTI KOMyTaTopa

NEPEeBUIIYBAIA PO3PAaXyHKOBE 3HAYCHHS MAaKCUMAJIBHOTO 00’€My JaHUX, SAKHHA

KOMYTaTOp MOBUHEH OyTH CIIPOMOKHUN 00poOUTH 3a ofHy cekyHny D B4 + 6 pa3sis:

po3p.

AC. <C. <6C

posp. poap. !
4-11-10°<C_ <6-11-10°,
4,4-10° 6ir/c < C_ <6,6-10° Gir/c.

Takum 4MHOM, JOIUILHO BUOpPATH KOMYTATOP, SIKUM CHPOMOKHHM 00poOUTH 32
onHy cekyHay Bix 4,4 MOiT no 6,6 MOIT (3 ypaxyBaHHSM CIY>KOOBHUX IOJIB Kajpa
Ethernet).

BuznauumMo po3paxyHKOBE 3HaUEHHSI HEOOX1THOT TPOTYKTUBHOCTI KOMyTaTopa (B
KaJpax 3a OJIHy CEKyHIYy), OpH fAKId KoMyTaTtop Oyjae mpaiioBaTd B CTaJIOMYy
HEOJOKOBAHOMY PEXKHMI, SKIIO BiAOMI 3HAYEHHS BXIJHOI Ta BHUXIJHOI 1HTEHCUBHOCTI
MOTOKIB KaJpiB JUIsl KOXKHOTO TOPTY KomyTraropa (Tabmuis 5.1), a Takoxk OLIHUMO

BUMOTH JI0 TPOJTYKTUBHOCTI KOMyTatopa (B KaJpax 3a OJIHY CEKYH]Y).

Tabmuug 5.1 — [TapameTpu MOTOKIB KaApiB s pukiany 4

Howmep nopty [HTEeHCUBHICTH MMOTOKY KaJApiB, KaJAPIB/C:
KOMyTaropa BX1JTHOTO BUX1JTHOTO
1 400 240
2 360 330
3 960 380
4 400 1170




40

OCKIUJIBKH B1IOMI 3HAYEHHS 3arajibHOI BX1JIHOI Ta BUX1IHOI IHTEHCUBHOCTI IOTOKIB

KaJIpiB JUIsl KOXKHOTO TOpTy Komyrtaropa (A, ..., 4

B,mpTi) TO PO3pPaxXyHKOBE 3HAYCHHS

HEOOX1HOT MPOJYKTUBHOCTI MOXXE€ OYTHM 3HAWACHO SIK CyMa IHTEHCHMBHOCTEH BCiX

BX1HUX 200 BCIX BUXIJHHUX MOTOKIB BIAMOBIIHO 10 dhopmyd 5.2, 5.3:

Crop. = Z/?'Bx.nopﬂ =400+ 360+ 960 + 400 = 2120 xaapis/c,

C. =Y 4. . =400+360+960+400=2120 xanpis/c.
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BMCHOBKHA

1. Po3pobnena cxema KOPHOpPAaTHBHOI €JIEKTPOHHOT KOMYHIKAIIHHOI Mepexi
3aJII3HUYHOTO TpaHCHOPTYy Ha ocHOBI TexHoJorii Ethernet Ta mporokomy STP.

2. 3A1iCHEHO:

1) oprasni3ailiro KUTBIICBIX CETMEHTIB B MEPEXKi TEXHOJIOTIYHOTO 3B’ 513Ky HA OCHOBI
texuouorii Ethernet;

2) opranizamilo KiTbIIEBHX CerMEHTIB B Mepexi Ethernet 3 BukopucTaHHAM
npotokony STP;

3) opranizaiiito BipryaibHux Mepe:k VLAN B Mepeski TEXHOJIOT1YHOTO 3B’ 513Ky Ha
ocHoB1 TexHoJiorii Ethernet.

3 Po3pobka cxeMu KOPHOPATUBHOI EJIEKTPOHHOI KOMYHIKAIIHHOT Mepexl
3aJII3HUYHOTO TPAHCIIOPTY 3 BUKOPUCTAHHSAM TexHoJorii [P-renedomnii.

4 HaBeneHo mpolieaypu KEpyBaHHS BUKJIMKAMH B €JIEKTPOHHIN KOMYHIKaIllitHIN
Mmepexi [P-tenedonii.

5. Buznaueni Bumoru 10 npoaykTuBHOCTI komyTaTtopiB Ethernet.
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Homatok A
CALL MANAGEMENT PROCEDURES IN THE ELECTRONIC
COMMUNICATION NETWORK OF IP TELEPHONY

We will conduct a study of call management procedures (connection establishment
and termination) in the IP telephony network using various protocols.

Consider the case of establishing a connection of IP telephony subscribers (users)
without a gatekeeper, as shown in Figure A.1.

The calling equipment sends a Setup connection request to the known transport
address of the signaling channel of the called equipment. The called equipment responds
to Setup with a Call Proceeding message, and then Alerting. The called user is given a
visual or acoustic signal of an incoming call, and the calling user is given an indication
that the called user is not busy and is receiving a call signal. As soon as the called user
accepts the call, a Connect message is sent indicating the transport address of the H.245

control channel of the calling equipment, after which the H.245 control channel is opened.

IP ten. 1 IP ten. 2
TCP(SYN) )
192.168.2.5 ) TCP SYN(ACK) 192.168.2.30
TCP(ACK)

Y

CS:SETUP OPEN LOGICAL CHANEL H.225 » | BcTaHoBReHHA noriyHoro
< CS:ALERTING H.225 3’eAHaHHSA(NPOTOKOM
< CS:SETUP OPEN LOGICAL CHANEL H.225 H.245)
UDP > ]
Upp Mepenava paHux

CS:RELEASE COMPLETE H.225(H.245) -
TCP(FIN ACK)

TCP(ACK)
TCP(FIN ACK)

TCP(ACK)

A A A

A

Figure A.1 - Connection establishment diagram of IP telephony subscribers

(users) without a gatekeeper
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After opening the control channel, all the procedures described in the first case are
performed: exchange of data about functionality, determination of master / slave
equipment, opening of unidirectional logical channels. Then a conversation session
opens. The calling user equipment transmits speech information packed in RTP / UDP /
IP packets to the RTP channel transport address of the called user equipment, and it, in
turn, transmits speech information to the RTP channel transport address of the calling
user equipment.

After the end of the conversation phase, the phase of connection destruction begins.
The user's equipment, which initiates the disconnection, stops the transmission of speech
information, closes the logical channels and transmits the H.245 endSessionCommand
message on the control channel, which means the user's desire to end the connection. An
endSessionCommand message from the opposite equipment is expected, after which the
H.245 control channel is closed. The next step is a Release Complete message and the
signaling channel is closed.

The user who received the endSessionCommand command from the user who
initiated the disconnection must stop the transmission of voice information, close the
logical channels and transmit the endSessionCommand message. Next, if the signaling
channel remains open, a Release Complete message is transmitted, the signaling channel
is closed, and the call service is considered complete.

Let's consider the case of establishing and breaking the connection of IP telephony

subscribers (users) with the gatekeeper (Figure A.2).
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Figure A.2 - Diagram of connection establishment and termination in the IP-telephony

network with a gatekeeper

The calling equipment sends an ARQ message with the address of the subscriber,
in response to which the gatekeeper sends an ACF message with the message that he will
route signaling messages (Gatekeeper routed call signaling) and indicating the transport
address of his signaling channel. The calling device then sends a Setup connection request
to this transport address. The gatekeeper forwards the Setup message to the called
equipment and sends the Call Proceeding message to the calling equipment, which means
that the received information is sufficient to service the call. The calling equipment also
responds to Setup with a Call Proceeding message. If the equipment is capable of

accepting the call, it transmits an ARQ network resource admission request, to which the
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gatekeeper can respond with an ACF acknowledgment or an ARJ network resource
admission denial. In the first case, the called equipment transmits an Alerting message,
and the gatekeeper routes it to the calling equipment. The called user is given a visual or
acoustic signal of an incoming call, and the caller is given an indication that the called
user is not busy and is given a call signal. When access to network resources is denied,
the equipment closes the signaling channel by sending a Release Complete message to
the gatekeeper.

After the called user accepts the call, the gatekeeper is sent a Connect message with
the transport address of the H.245 control channel of the calling equipment. The
gatekeeper replaces this address with the transport address of its H.245 control channel
and forwards Connect to the calling equipment, after which the H.245 control channel is
opened.

After the opening of the H.245 control channel, the exchange of data on the
functionality of the equipment begins. In the case we have considered, all control
messages transmitted from one end device to another are routed by the gatekeeper.
Terminals exchange TermlnalCapabilttySet messages, which specify possible algorithms
for decoding received information. It should be noted that the TermjnalCapabliHySet
message must be the first message transmitted over the control channel. Equipment that
has received a TermlnalCapablitySet message from other equipment acknowledges its
receipt by sending a TermlnalCapabllttySetAck message.

A master/slave determination procedure is then initiated to resolve conflicts
between two devices in a conference where both may be active conference controllers, or
between two devices trying to open bidirectional logical channels at the same time.
During the procedure, the devices exchange masterSlaveDetermInation messages.

In response to received masterSlaveDetermination messages, both devices transmit
masterSlaveDeterminationAck messages, which indicate which of these devices is the
master and which is the slave for this connection.

After exchanging data about functionality and defining the master and slave
equipment, the procedure for opening unidirectional logical channels can be performed.

In the requirement to open a logical channel (in our case - a direct logical channel), the
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openLogicalChannel equipment specifies the type of information that will be transmitted
over this channel and the coding algorithm. In our case, the logical channel is intended
for language transfer, so the openLogicalChannel message includes the
mediaControlChannel parameter indicating the transport address of the RTCP channel,
which is used to control the transmission of RTP packets. In response to an
openLogicalChannel  message, the equipment SHOULD transmit an
openLogicalChannel Ack, which indicates the transport address to which the transmitting
side should send RTP packets, as well as the transport address of the RTCP channel.

Then a conversation session opens. The equipment of the calling user transmits the
speech information packed in RTP/UDP/IP packets to the transport address of the RTP
channel of the equipment of the called user, and the called user transmits the speech
information to the transport address of the RTP channel of the equipment of the calling
user. The RTCP channel is used to control the transmission of information over RTP
channels.

After the end of the conversation phase, the phase of connection destruction begins.
The user's equipment, which initiates the disconnection, must stop the transmission of
speech information, close the logical channels and transmit the H.245
endSessionCommand message over the control channel, which means that the user wants
to end the connection. Next, an endSessionCommand message is expected from the
opposite equipment, after receiving which the H.245 control channel is closed. The next
step, if the signaling channel is still open, is a Release Complete message.

The user who received the endSessionCommand from the user who initiated the

destruction of the connection must stop the transmission of speech information, close.
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Figure A.3 — Connection establishment and termination diagram when using the

SIP protocol

The SIP protocol provides 3 main scenarios for establishing a connection: with the
participation of a proxy server, with the participation of a forwarding server and directly
between users. The difference between the listed scenarios is that the search and invitation
of the called user is carried out differently. In the first case, these functions are performed
by the proxy server, and the calling user only needs to know the permanent SIP address
of the called user. In the second case, the calling party independently establishes a
connection, and the forwarding server only implements the conversion of the subscriber's
permanent address into his current address. And, finally, in the third case, the calling user
needs to know the current address of the called user in order to establish a connection.

Figure A.4 shows a diagram of establishing a connection between two subscribers

with different protocols using a flexible Softswitch.
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Figure A.4 — Connection establishment diagram between two subscribers with
different protocols (SIP, H.323). A flexible Softswitch switch is used

Softswitch is a next-generation NGN network management device designed to
separate connection management functions from switching functions, able to serve a large
number of subscribers and interact with application servers, supporting open standards.
The main task is to coordinate different signaling protocols of both IP telephony networks
(H.323, SIP) and when channel switching networks interact with IP networks. Due to
access to various networks and applications, it is much easier to organize various types
of services and additional types of services on the basis of Softswitch:

- a complete set of modern telephony services;

- assignment of direct city numbers to each of the lines, permission or
prohibition of certain types of incoming / outgoing communication on them, obtaining
connection statistics;

— wide possibilities of activation and deactivation of services and services on
a certain telephone line with the help of activation codes dialed from the phone, using the
WEB interface, voice portal IVR, etc.;

— voice services, such as voice mail, with the possibility of sending the

received message to the subscriber's e-mail.



53

Jonatox B
Te3u nomoineit 83 CTyneHTChKa HAYKOBO-TEXHIYHA KOH(EPEH sl YKpaiHChKOTO
JepKaBHOTO YHIBEPCUTETY 3ali3HUYHOTO TpaHcmopTy (XapkiB, 2023). — Xapkis:

VipJIY3T, 2023p.

[.Lbynanuesa (601-n1TT), HY «IlonTaBchbka
nositexHika im. FOpisa Kongpatioka»

KepiBuuk — noi. O.C. XXyueHko

PO3POBKA KOPITOPATUBHOI EJJEKTPOHHOI KOMYHIKAIIITHOTI
MEPEXI

JIo KOpHOpaTHUBHUX €JIEKTPOHHUX KOMYHIKAIIMHMX MEpeX MOXKHA BIJHECTH
CJICKTPOHHI KOMYHIKaIIiHI MepeXi MIIPUEMCTB, B1JIOMCTB, KOMIaHI# OpraHiB TOIIO,
K1 TI0 CYTI € JIOKAJIbHUMH MEpeXaMu, TOOTO HE € MEPEXKaMU 3aralbHOT0 KOPUCTYBaHHS,
Ta Kl MOOYJOBaHI BIAMOBIHO JO KOPIOPATHUBHUX BUMOT, IO BPaxOBYIOTh MEBHY
cnenu@iKy JISIBHOCTI MIANPUEMCTB, BIJOMCTB, KOMIIAHI{, OpraHiB TowIO. AJe,
HE3Ba)Kal04M Ha 11€, BEJIMK1 KOPIIOPATUBHI MEPEXKI, SKIIIO BOHU 33/I0BOJIHHSIOTh BUMOTaM
70 MEpEX 3arajlbHoro KOPUCTYBaHHS, MOXYTb BUKOPHUCTOBYBATHCS 1 JUISl PO3BUTKY
MEpPEX 3arajlbHOTO KOPHUCTYBaHHS, IO J03BOJSE OTPUMYBATH JOJATKOBUIN MPHUOYTOK.
OpHi€IO 3 TAKUX MEPEXK € MEPEeka TEXHOJIOTIYHOTO 3B’SI3KY 3aII3HUYHOTO TPAHCIIOPTY,
0COONMBO Ti 1i CErMEHTH, fKi MOOYIOBaHI 3 3aCTOCYBAaHHSAM TEXHOJOTIi KOMYTallii
MAKeTIB HAa OCHOBI Ha OCHOBI MpoTOkoy IP — iHTerpanbHa Mepeka TEXHOJOTTYHOIO
3B’s13Ky. PO3MISINarOThCs TUTaHHS PO3POOKM 1HTErpalibHOT MEPEXi TEXHOJOTIYHOTO

3B’SI3KY 3aJII3HUYHOTO TPAHCIIOPTY HA OCHOBI MpoToKoy IP.



54

Homatox C

PIdy BHEILOL]
() CHHIRhAY MAPH “HY2L THEY “LHAIOT
Ay
1’ BEATHETA] HiAds [ 1T (09 LHATAL Y
HEHOHHE

edioren eLoood eHUMENI(IIrEEy

REIAIOW TOHHIMEMIHAWOM
10oHHOod 13212 JoHgHLedondoy eMoodeog

HImeNIHANOMaUaLl BL inHodLNars woenoae edradey

wedoiledraoy] Euloy] HaNI EIHNALILON EXIIeLro] [» 1aiiadagil HHEICEHOTIRE
HHIB N, HMARH BL HLIEDO 0RLMdaLHIjY



55

dl1S AvoMoliodu el 39usdy] ILIOVOHX3L ISOHI0 BH
ANEE 8E€ OJOHhLIOVOHX3L DKadaW 10HaredlalHl DKadaw exHBINYy



56

a8 L
— Dy
8

o
20 “_' 7

wadaw xuHaveArdia wsHHeLUdoNME € 41 S
Avoxoliodu 180H20 exxadaw esoddun eHavedialHl eHavgodeod



57

HNHopaval-d| WeHHeLOMdoxmns € ANEE 8E
OJOHAh|JOVOHX3L1 DKadaw joHqredialH] ewaxd eHavgodeod



58

W HOEE T

P TRT T T T [ 1 TR Y

I |_|n-|.I'FI:I:I'I'!I'|l

-
S
o I W -
m = m_
AT R T T T i He ey =8 o |7 =
. TR = =
i Uk "1 3
1 i e L B e T
T ERE R T =
||m_ﬂu.m.=u.nﬂ!iﬂm|! WL Ll T T | { =W B0A 138 P TR
» WIRL) TR BV H .
" e 1.
FETEELINL A 4 el e o at el me e T EELTRL 1
POl fard L] IR =T I E LTRSS LT

woxuHLEdaudu € 1HODawaL
-d| adaw 8 BHHEHD'3 £ Asndeod el sHHavaoHeLws ewedsely



59

-
=

2l o S

'l 4H 2
M | I. ............... M“-_.m .......... - B I M
= - TETIEROQEHId L E il &
P o THTTERTT T, L H - |_ =
u *-l-l-l-l----Mllll““‘:‘l{l“ ----------------- - H
g AIHER TNaH-HNOY - 8= Tl || T BT £
= - Wi G2 =

(1] -

-] HiDoDE -

” - | ErTiee e Ao i e |

Bl M 1 | —— 1

m N LD E S LIS S

a Upa  aude gsonbagy
LEL'0 8O 5L GG PaL E6E ¥E1 0 BOL E6

Z dow Jj ALY 4l L g gl

dis Avroxoiodu HHeLYWdOHKME
mdu sHHeHT3 € Asndeod el sHHavsoHeL)S ewedield



60

(B EITETE T |
N =L L <0 e . 4 R

L o
T EF gl - ENES JdIS
| R A "] d
D L2 L | s R B m
USEIUPR Sy GZF M
— on oY R
jpuueys Eaboj el 0 T BOTET] 1T =NETE ars -
TRt || —
» o1 EN O 4 [~ [ *
. | st pranbay) d1s
= el ShH
O TS |
OE Z B9} TELE T O 0Ll 2L TELES T ZESL TEL Oy

Yarumsyos doretAwor HMHhAHI
ByaL3Agoyndonmg "(EZE'H dIS) vwevoroLodu HWHHEL
£ MWEBLHOHOgE EWOSYT ¥IW BHHEHT £ EHHawvaoHeLw s ewedsely



61

[ TRTUIDOTE OHLIINOR0ES BE MISHEIOIHALIO0M! 3 OCEMRRIILSATOMN CHORATTIIGRE OHRKHE 15 ROOLRLAINON dI06T AR TIDesd
ANORRR0N010M AOURL) § resomed arA0 Woger 3 MAIS OTLT] WIH OO GRdHSIENATod s doauximwas esrosndy
e oZcoy Jmmm a6 1 dwdiuN Ogrg AnwmM 3 QBEEER&: t dorerimoy mradoims OHMUIINON ‘ot IKDee )

saudren o2 215 oS 8&3.8»
cr_ 95 "Dz

9% D% OF
wedo .. pd Atrex o712 = ") neosEuNATOdD JOHRTTNOMME FEHMGAES 2008HAXRE O IeRdmisadan
SAOLRAAMON  UDOHEIESArodn oF JUoMER QoI xlz:__i. 3 ogod xeeond XEvad € L0HIIERATOdn  JOHITNOOOH
BLnaataore narelunder ccoran £ (Armdsso Ao v xedrex o) edozesmoy waosenredrody o moram oKuEmg

wezdou mada our sriradag wreds ¢ poommrArod yoommogoss mmssaene ascedxndeod - <o
yedret gTIT =0+ 051+ 0Fl +011+
00RO 06Ol T
*OTITORI~O+ 0O+
TSt O0ST OOl 0~
L
-YL="0
wdorvrlmoy widon war mdree
arvoron Avwouced mmdien SRR X104 A X HaoRsuNAredn OETTX00NH YRRMAES aoRivedsod owaryeRg

"0 051 ort o8t
08 0 085 0L
otL 1 0 09
05T 05 DOI O
Ao 100! 1T BOLUITNE XIS HILONUL HINOLON (LSOMERISIINT 3 JONE HIELHILS ‘wdaiur o

mreadon wik sxcdrex srvozon Avtroasod mndies ERors omos (ARl Anro s xedoey ) maread Seoseoronoen Aeoreld
8 wvsomdy iy dorurimoy grey 1de wdorrLinoy LOoHSILNArody IOErX00aH KHabre Je0MHAXuIOd orimeHIEg

wuiayl3 sidorerAwon wioHsuiATodu oY Jowns BHHIhEHENUY



