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PE®EPAT

[TosicuroBasibHa 3amucka: 61 c., 10 puc., 3 Tabxa., 11oaaTOK, 25 MTKEpEN.

O06'exT mocnipKeHHs: 6a30Ba TEXHOJIOT1SI B MYJIbTHCEPBICHIN MEpexKi.

Merta poOOTH: 30UIBIIECHHS MPOMYCKHOI CHPOMOXHOCTI MYJIBTHCEPBICHOT
Mepexi Ha ocHOBI TexHousorii DWDM 3a paxyHOK BIOCKOHAJEHHS CTPYKTYPHOI
CXEMH ONTUYHOI a0OHEHTCHKOI JIiHIT 3B’ SI3KY.

Meroau TOCHIJKEHHS: TEOpPisl CUCTEM Ta MEpPEX MacoOBOr0 OOCIyroBYBaHHS,
AHANITUYHUNA METOJ JOCHIKESHHS.

B nepmioMy po3aini  OpoBeAEHO aHa3 Ta TOPIBHAHHS — TEXHOJIOTIH
CHEKTPAJIbHOTO VYIIUIbHEHHS KaHaTIB, 30KpeMa TEXHOJIOTIT MYJIbTUIIICKCYBAHHS
KaHaJIIB MO JOBXUHI XBUJI1 Ta HIJILHOTO XBUJIBOBOTO MYJIbTUIIIICKCYBaHHS.

B cnemianbHiil YacTWHI 3ampONOHOBAHO TEXHIYHE pIIMIEHHS Uil YCYHEHHS
mpoOIeMHU TOCTIMHO 3pOCTal0UOro OpaKy CMYTH YacTOT B ONTHYHHUX JIHIAX 3B’SI3KY.
[IpoBeneHO pPO3POOKY CTPYKTYpPHOI CXeMHU aO0OHEHTCHKOTO MPHCTPOIO ONTHYHOI
aboHeHTCchKoi JiHii 3B a3Ky. [lokazana mepeBara 3amporoHOBAHOTO MPUCTPOIO MEepe]]
B)KE€ ICHYIOUMMU TTPUCTPOSMH.

B exkoHOMIuHIN YacTWHI TPOBENCHUN PO3PAXyHOK BUTpPAT HAa BBEICHHS Ta
HaJAIITYBaHHS BIOCKOHAJICHOI JIiHIT 3B’S3Ky Ta pO3paxyHKH BUTPAT HA PEMOHT JIIHIH
3B’ SI3KY.

[IpakTruHe 3HaYEHHS OJIEPXKAHUX PE3YJIbTATIB MOJSATAE B TOMY, 1110 3MEHIIICHA
CMyra ONTHYHUX JIOBXHUH XBWJIb, 10 3aiiMae ojHa JiHisg. Po3poOnieHuid mpuctpii
301JIBIIIY€ MPOMYCKHY CIIPOMOKHICTh HUMPOBUX OaraToKaHaJIbHUX CHCTEM Iepejadl,
MPU3HAYEHUX N1 POOOTH B MYJIbTUCEPBICHUX MEPEKAX.

XBUJIIEBE MVIJIbTUIUIEKCYBAHHSA. MEPEXA ABOHEHCBKOI'O
JIOCTYITY. OITHWYHA  ABOHEHTCBHKAI  JIIHII. KOI'EPEHTHUI
I[MEPEJABAY. CMVYT A OIITUYHUX JTOBXWH XBUJIb.



PE®EPAT

[TosicuutenpHas 3anucka: 61 c., 10 puc., 3 Tabin., 1 1ogaToK, 25 HCTOUYHHKA.

OO®beKT nccienoBanus: 6a30Basi TEXHOJIOTHS B MYJIbTHCEPBUCHOM CETH.

Llens paboThI: yBeNIMUYEHHUE MTPOMYCKHONM CIIOCOOHOCTH MYJIBTHCEPBUCHOU CETH
Ha ocHOBe TexHosorun DWDM 3a cuer coBepUIEHCTBOBaHUS CTPYKTYPHOM CXEMBI
ONTUYECKON a0OHEHTCKOU JIMHUU CBS3U.

Meroabl ucciaeAoBaHMs: TEOPUS CUCTEM M CETell MaccoBOTo OOCITy>KUBaHUS,
aHAJIMTHYECKUI METO]I UCCIIEI0BAHMUS.

B nmepBo#l riaBe mpoBENEH aHAIW3 U CPABHEHUE TEXHOJIOTHUH CIIEKTPAJIBHOTO
VIUIOTHEHUSI KaHAJIOB, B TOM YHUCJIE€ TEXHOJIOTUU MYJIbTUIIEKCUPOBAHUS KAHAJIOB IO
JUIMHE BOJIHBI M INIOTHOTO BOJHOBOI'O MYJIBTUIIJIEKCUPOBAHUS.

B crennanbHOM 4acTH MPEIOKEHO TEXHHUYECKOE PEUICHUE NI YCTPAHECHUS
po0IeMbl TOCTOSHHO PACTYIIEr0 HEXBATKHU IMOJOCHI YACTOT B ONTHYECKUX JTUHUSIX
cBs3u. lIpoBeneHa pa3paboTka CTPYKTYPHOM CXeMbl aOOHEHTCKOTO YCTpPONCTBa
ONTUYECKOW aOOHEHTCKOM JmHMM CBsi3H. [lokazaHa MPEeUMYIECTBO MPEIaraeMoro
YCTPOWCTBA MEPEN yKE CYHIECTBYIOIIMMHU YCTPOUCTBAMH.

B 3KOHOMMYECKON 4YacTHM NPOU3BEIACH pacueT 3aTpaT Ha BBOJ U HACTpPOMKa
YCOBEPUICHCTBOBAHHOM JIMHUU CBSI3U U PACUYETHI 3aTPaT HA PEMOHT JIMHUMN CBSI3H.

IIpakTHyeckoe 3HaYEHUE IMOITYYEHHBIX PE3YJIbTATOB 3AKIIOYAETCS B TOM, UTO
YMEHBIIIEHHAsl T[0Jl0ca ONTHUYECKHX JJIMH BOJIH, 3aHUMAeT OJHAa JIMHUSL.
Pa3paboTaHHoe yCTpONCTBO YBEIUUYMBAET MPOMYCKHYIO CIOCOOHOCTh LU(PPOBBIX
MHOTOKAaHAJIBHBIX ~ CHUCTEM  TMepenaud, TMpeJHa3HAYeHHbIX i paboThl B
MYJIbTUCEPBUCHBIX CETSX.

BOJIHOBOE MVIJIbTUIIJIEKCMPOBAHUE. CETb ABOHEHTCKOTI'O
JIOCTYIIA. OIITUYECKASI ABOHEHTCBHKAS JIMHUS. KOI'EPEHTHBINU
[MEPEJATYHUK. ITOJIOCA OITTUYECKUX JIJIMH BOJIH.



ABSTRACT

Explanatory note: 61 p., 10 figures, 3 tables, 1 appendix, 25 sources.

Object of research: basic technology in multiservice network.

The purpose of the work is to increase the bandwidth of the multiservice
network based on DWDM technology by improving the structural scheme of the
optical subscriber line.

Methods of research: the theory of systems and networks of mass service,
analytical method of research.

In the first section, the analysis and comparison of spectral sealing
technologies, in particular wavelength multiplexing technologies and dense wave
multiplexing were conducted.

The special part proposes a technical solution to eliminate the problem of the
ever increasing shortage of bandwidth in optical communication lines. The
development of the block diagram of the subscriber unit of the optical subscriber line
is carried out. The advantage of the proposed device is shown in front of already
existing devices.

In the economic part, the calculation of the cost of input and adjustment of the
advanced communication line and the calculation of costs for repair lines.

The practical value of the results obtained is that a reduced band of optical
wavelengths occupying a single line. The developed device increases the bandwidth
of digital multichannel transmission systems designed for operation in multiservice
networks.

WAVE MULTIPLEXESSION. NETWORK OF ABONENS ACCESS. OPTICAL
SUBSCRIPTION LINE. COHERENT TRANSMITTER. STRIP OF OPTICAL
WAVES.



CIIMCOK YMOBHHMX CKOPOYEHb

BOJI3 — BosIOKOHHO-ONTUYHA JIHIS 3B’ SI3KY;
BOCII — B0oJIOKOHHO-ONITUYHA CUCTEMA TIepeIadi;
OB — onThyYHE BOJIOKHO;

OM — onTUYHUN MYJIBTHUILIEKCOP;

AN — access network;

DWDM - dense wavelength division multiplexing;
NGN — next generation network;

TDM — time division multiplexing;

WDM — wavelength division multiplexing.
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BCTVII

BonokonHo-onTHYH1 JiHIT 3B'SI3Ky — 1€ BHUJ 3B'S3KYy, NMPU SIKOMY 1H(opMarris
MEePEIAETHCS MO0 ONTUYHUX XBHJIEBOJAX, BIJIOMHUX ITi/I HA3BOIO "ONMTHYHE BOJIOKHO'.
OnTuyHe BOJIOKHO B JIaHUW 4Yac BBAXKAETbCS 32 HAWJOCKOHAMIIHUM (I3UYHUM
CepeloBUIIIEM Il Tepenayi  1HQopMarii, a TaKoX HaUNmepCHeKTUBHIIINM
CepeZIOBHILIEM JUIsl Tepefadl BEJMKUX MOTOKIB i1H(popMallii Ha 3HA4HI BIACTaHI.
[lincTaBu Tak BBa)KaTH BUTIKAIOTH 3 Py OCOOIMBOCTEH, 1110 MPUTAMaHHI ONTUYHUM
XBUJIEBOJIAM.

1. 1IupoKOCMYroBICTh ONTHYHUX CHUTHAIIB, OOYMOBJICHA HaJ3BUYANHO
BHCOKOIO 4acToToro Hecydoi (Fo=10"" T'). Lle 03Ha4ae, mo Mo onTudHiil TiHii 3B's3Ky
MOJHA IepesiaBaTi iHpopMaliio i3 mBuakicTio mopsaka 10'* 6it/c a6o Tepabit/c.
[HIIMME cioBamMu, 1O OJIHOMY BOJIOKHY MOKHA Tepenatd ojHodacHo 10 MITbHOHIB
Tene(OHHUX PO3MOB 1 MUIBHOH BimeocurHadiB. IIIBuakicTh mepemadi JaHUX MOXKE
OyTu 30UIbllIEHa 3a paxyHOK Imepenadl iHpopmaiii Biipa3y B JABOX HampsMax,
OCKIJIbKU CBITJIOBI XBUJII MOKYTh TIOIIUPIOBATHUCS B OJTHOMY BOJIOKHI HE3aJIEKHO OJIHA
Bil onHOI. KpiM TOro, B ONTHYHOMY BOJIOKHI MOXXYTh MOIIMPIOBATUCS CBITJIOBI
CUTHAJIM JIBOX PI3HUX TMOJSApHU3alliid, 10 J03BOJSE TOABOITH MPOIMYCKHY
CIIPOMOXKHICTh OINTUYHOTO KaHamy 3B'sa3ky. Ha cChOrOmHIIIHINA J€Hb MeXa 110
HIUTBHOCTI NepeAadl iHpopMallli o ONTUYHOMY BOJIOKHY HE JIOCSTHYTA.

2. Nyxe mane (B MOPIBHSIHHI 3 1HIINM CEPEAOBHINEM) 3aTyXaHHS CBITIOBOTO
CUTHay y BOJIOKHI. JlabopaTopHi DOCHIIKEHHS MOKa3aJid, 110 Ha OCHOBI TaKHUX
BOJIOKOH MOXYTh OyTH CTBOpEHI JIiHII 3B'SI3KYy 3 pereHepaliiHuMu JUITHKaMH 4epes
4600 kM. ipu MIBUKOCTI niepeaadi mopsaky 1 ['6it/c.

Po3R’s30k  3amadyi  MOAANBIIOrO 3pOCTAaHHS TPOMYCKHOI CIPOMOYKHOCTI
BOJIOKOHHO-onTHuHUX cucteMm mepeaadi (BOCII) muisixoM 3017bIIEHHS MIBUAKOCTI
nepenaui 3a gornomororo TDM (Time Division Multiplexing) oOMexXyeTbCsl He JULIe

TEXHOJIOTIYHUMH CKJIAJIHOIIAMHU TPHU €JIEKTPOHHOMY YacOBOMY YILIUIbHEHHI, aje 1
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OOMEKEHHSMH, BUKIMKAHUMH YaCOBOIO (XPOMAaTUYHOIO) ITUCIEPCIEI0 ONMTUYHUX
IMITYJIBCIB B MIPOLIEC] X MOIIKMPEHHS B ONTHYHOMY BosIokHI (OB).

Bkazane Bulle 3aBIaHHs YCIHIIIHO BUPIIIYETHCA 32 JOMOMOIOK) ONTHYHOIO
MYJIBTUIUIEKCYBAHHS 3 PO3AUICHHSAM MO JIOoBXkHHaX XBWIb — WDM (Wavelength
Division Multiplexing). CyTb 11bOr0 METOY IOJISITAE B TOMY, IO m 1H(POpMAIIHHUX
1IU(PPOBUX MOTOKIB, IO MEPEHOCATHCS KOKEH Ha CBOIM HECYUll ONTHUYHIN XBHII A,,, 1
K1 pO3HECEHI B MPOCTOPi, 3a JOMOMOTOI0 CIEIaIbHUX MPUCTPOIB - ONTHUYHUX
MyJnbTUILIEKCOPiB (OM) - 00'€IHYIOTHCS B OIMH ONTUYHUM MOTIK Ay A, TICIS YOTO
BiH BBOJIUTHCS B ONTUYHE BOJIOKHO. Ha mpuiimanbHiii CTOPOHI TPOBOAUTHLCS 3BOPOTHA
oriepartis 1eMyJIbTUILICKCYBaHHS.

OnTtuynHi mapametrpu cucteM WDM periamMeHTYIOThCS pPEKOMEHAAIlISIMU, B
SAKUX BHU3HAYEHI JIOBKUHU XBUJIb 1 ONTHUYHI YAaCTOTH JJISl KOXKHOI'O KaHaly. 3TiJHO
UM PEKOMEHaIlisiM, 0araTOXBUJIbOBI CUCTEMU Mepeiadl MpaloTh B 3-0My BiKHI
npo3opocti OB, ToOTO B nmiama3oHi JoBXkWUH XBWiIb 1530-1565 Hm. Jlng mwsoro
BCTAHOBJICHUH CTaHAAPT JOBXKHH XBUJIb, IO € CITKOI ONTHYHWUX YacTOT, B SIKIH
PO3IHKCaH] periiaMeHTOBaHI 3HAUYCHHS ONTUYHUX YacTOT B Jiama3oHi 196,1-192,1 TT'n
3 inTepBasiamu 100 I'T 1 moBxkuHU XBUJb, - 1528,77-1560,61 uMm 3 intepBaiom 0,8
oM. CraHpapt ckiagaetbesi 3 41 JOBXMHM XBWIl, TOOTO po3paxoBaHuil Ha 41
CHEKTpaJIbHUN KaHal. AJie Ha TpakTUIl BHUKOPUCTOBYEThCS 39 KaHamiB 3
MPEICTABIICHOI CITKH YaCTOT, OCKIJIBKU JIBA KPailHIX HE BUKOPUCTOBYIOTHCS, OCKIIBKU
BOHU 3HAXOJSThCA HA CXHJIaX YACTOTHOI XapaKTEPUCTUKU ONTUYHUX T1JCHUITIOBAYIB,
BXKMBAaHUX B cucteMax WDM.

OcTraHHIM 4YacoM BCTAHOBWJIACS YiTKAa TEHJEHIIS 3MEHIIEHHS YacTOTHOTO
1HTepBady MK crnekrpanbHuMHU Kanamamu 10 50 I'Tm 1 waBite mo 25 I'Tt, mo
MPU3BOJUTH 10 HIUIBHINIOIO PO3TAlIyBaHHS CHEKTPAIbHUX KAHAIIB Y BIJBEICHOMY
nianazoHi J0BXWH XBWIb (1530-1565 uwm). Take yuIiibHEHHS OTPUMAO Ha3BY
DWDM (Dense Wavelength Division Multiplexing). OueBupno, mo DWDM

BUKJIMKAHE TMPArHeHHSAM 30UIbIIMTH KUIBKICTh KaHaliB, 10 MepealoThCsl.
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Bim3naunmo Takok, mo Ha maHmii 4yac aOpesiatypa DWDM 3akpimunacs 1 s
cUCTeM 3 O0araToXBWJIbOBUM VINUIBHEHHSM, B SIKHX YAaCTOTHHM I1HTEpBaT MIXK
kaHaizamu gopiBHioe 100 I'T.

Ha manwmii gac B ycrarkyBaHHI cucTeM 3B'si3ky 3 DWDM, po3paxoBanux st
nepenadi g0 32-x KaHamiB, psaa GipM 3acTocOBYe JTOBXHUHY XBUJl 1510 HM, a JesKi -
1625 HM. Ane 13 301IBIIIEHHSIM KIJIBKOCT1 KaHaJiB, 0 TepeaaroThes A0 128 1 Oiablie
BUHHUKAE HEOOX1THICTh OCBOEHHSI OUTBII JOBTOXBHJIHOBOI YACTKH ONTUYHOTO CIIEKTPY,
30kpeMa L-nuanaszona (a6o 4-te BikHO mpo3opocTi OB), B sKiuii BXOAUTH JOBXHHA
xBWI 1625 HM.

CrBopenHst cucteM nepenadi DWDM 3ymMoBUIO pO3pOOKYy WLIJIOTO Py SK
aKTUBHMX, TaK 1 MAaCUBHUX KBAaHTOBUX 1 ONTUYHUX €JIEMEHTIB 1 MPUCTPOIB 3
BHUCOKOCTaOUIbHUMU napameTpaMu. Croau BiJHOCSTHCS HANIBIPOBIJHUKOBI Ja3€pH 3
BY3bKOIO CHEKTPAJIbHOIO HIMPUHOIO JiHIi BumpomiHioBaHHs (MeHmie 0,05 HM) npu
ctabiapHOCTI He ripiie = 0,04 HM. BOJOKOHHO-ONTHYHI ITiICUIIIOBaYl MMOBHHHI MaTH
CTaOUIbHUI KOE(ILIEHT MOCUJIEHHS, Mally HEPIBHOMIPHICTh KOe(ILi€HTA M1JCUICHHS,
(< £ 0,5 n1b) y BchoMy crHeKTpaabHOMY Jiana3oHi MIACWJICHHS 1 PAJl 1HIIUX
xapaktepuctuk. Cepel MACUBHUX €JEMEHTIB HaWOLIbII BaXXJIMBUMHU € OINTHUYHI
MYJIBTITIEKCOPH/ AEMYIbTUIUIEKCOPH JJIS BETUKOI KUIBKOCTI KaHaJliB TPH PoOOTi B
oJIHOMY BikHi mpo3opocTi (1530-1565 um). Po3naz 1o 10BKHUHI XBUJIl IIUX CIEMEHTIB
He noBuHeH nepeBuiyBatu 0,05 HM. Taka cTaOUIbHICTD 3a0€3ME€Uy€eThCs )KOPCTKOIO
TEeMIIepaTypHOIO CTa01Ti3alli€l0 [IUX €JIEeMEHTIB 3 TOYHICTIO He Tipiie + 1°c.

Bci ynHHUKH, 1110 PO3IIISIHYTI BULIE, POOJISATH aKTYalbHOIO PO3pOOKY ONTHYHOI
JHIT 3B'3KY 31 HIUIBHUM XBHJIEBUM MYJIbTUIIIIEKCYBAHHSIM.

Meroto kBamidikaiiHoi poOOTH € 301IBIICHHS MPOIYCKHOI CIIPOMOXKHOCTI
MYJIBTUCEPBICHOI Mepeki Ha 0CHOBI TexHojorii DWDM 3a paxyHOK BJ0CKOHAJICHHS

CTPYKTYPHOI CX€MHU ONTHUYHOI a0OHEHTCHKOT JIiHi1 3B’ S3KY.
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1 CTAH IIMTAHHS. IIOCTAHOBKA 3ATAYI

1.1 Iepexia 70 Mepek HACTYITHOTO MOKOJIIHHS

Huni wHa puHKOBOMY mpocTopi 1HMOpPMALIMHUX TOCIYT MEpexi
nepeBaHTakeHl. BoHM mepeBaHTakeHI Oarato 4YucelbHUMH iHTepdeiicamu
KIIIEHTIB, MEPEKEBUMHU IIAPAMH Ta KOHTPOJIIOETHCSA 3aHAATO BEIUKOIO KIJIBKICTIO
CHCTEM YIIpaBIiHHSI. A KOXHa CIyx0a mparHe JO CTBOPEHHS BIACHOI MEpexi.
Benuki excrityaraiiiiHi BUTpaTH MiAMITOBXYIOTh OMEPATOPIB J0 MOIIYKY PIIIEHb,
[0 TMOJETIIyIOTh (PYHKIIIOHYBaHHS, TpPH 30€pEKEHHI MOXIJIMBOCTI CTBOPEHHS
HOBUX CIyxk0 Ta 3a0e3lneueHHs CTaOUIbHOCTI ICHYIOUHX JDKepell MpHOYTKY,
MOAIOHUX MOBHHUX CITYXKO.

Tyt Brepuie 3’SBIASETHCA TEPMIH «MEPEXA HACTYITHOTO/HOBOTO MOKOJIHHS
(NGN - Next Generation Network), To06TO Mepexka, sika © ONTHMaILHO
3aJI0BOJIbHSIA TOTpeOaM onepaTopiB B MMiJIBUILIEHHI PUOYTKIB.

[neonoriyHi npyUHIMIN NOOYI0BH MEPEXK1 HOBOTO MOKOJIHHSA HACTYIIHI:

. no-Tepiie, MAKIIOYEHHS 0 MEPeki Mae OyTH MaKCUMAaJIbHE MIPOCTUM
1 3py4yHUM, 0€3 BUKOPUCTAaHHS MPOMIXKHHMX CHUCTEM, MPU LbOMY BHKOPHCTAHHS
TPaJMIIIITHO BXKMBAHUX MPOTOKOJIIB 1 CEPBICIB Ma€ OYTH JIOCTYIHE B KOJIUIITHHOMY
00'emi;

. MO-JIpyTe CIoYaTKy OynyeTbes 0a3oBa MakeTHA TPAHCIIOPTHA Mepexa
Ha 0a31 KOMIT'IOTEPHUX TEXHOJIOTIH, M0 3a0e3MeuyioTh BIAMOBIIHY SKICTb,
HAJIIAHICTh, THYUYKICTb 1 MaCIITa0OBaHICTh, a MOTIM MOBEPX IIi€1 MEepexkKi OyAy€EThCS
NOTY>KHUI KOMIUIEKC CEpBICIB.

VY pesynbrari BCi iHGOpMaIliitHi TOTOKH IHTETPYIOTHCS B €MHY MEPEKY.

Mepexa NGN - 11e BigkpuTa, CTaHAapTHA NakeTHa 1HPPaACTPYKTypa, sKa
31aTHA €(QEeKTUBHO MIATPUMYBATH BCIO HIMPUHY ICHYIOUMX JOJATKIB 1 MOCIYT,
3a0e3Mneuyroun HeOoO0XiHy MAcIITa0OBAaHHICTh 1 THYUYKICTh JO3BOJISIIOYM pearyBaTu
Ha HOB1 BUMOT'H 1O (DYHKIIIOHAJILHOCTI 1 MPOMYCKHIA CIIPOMOKHOCTI.

Mepexi NGN maroTh BIANOBIIaTH HACTYITHUM BUMOTaM:
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. 1HTerpallis B iCHyr0OUy MEpPEeKy oreparopa, MiATpUMKa He JIMIIe HOBOL
TPAHCTIOPTHOT TEXHOJIOTI1, ajie 1 3BUYHOT MOJIeJIi YIPaBIiHHS;

. MOBHICTIO MOJyJIbHA apXITEKTypa 3 MOMJIMBOCTSAMH TreorpadgidyHoro
PO3MOILTY 1 pe3epBYBaHHS;

. MOJKJIMBICTh THYYKOTO 30UIBIICHHS MPOJYKTUBHOCTI  IUIIXOM

npua0aHHs JIIeH311 1 ToJaBaHHS B CUCTEMY CEePBEPIB;

. MOJKJIMBICTh BIPOBAKEHHS HOBOT'O BHUIJIALY IMOCIYT B MiHIMalbHI
TEPMIiHH;
. BIJIMOBIHICTh BUMOT'aM 3aKOHOJIABCTBA MPO apXITEKTYPY MEPEKi.

MoxnuBocti Mepexk NGN:

. 3abe3neyeHHs] CTBOPEHHs, PO3TOPTAaHHSA 1 YIpPaBIiHHSA OYIb-SIKOTO
BHUJTY CTY>KO (B1JIOMHUX 1 I1[e HEBIJIOMHX);

YiTke po3auIieHHS MK (QYHKIISIMU CITYKO 1 TPAHCIIOPTHUMH (QYHKIISIMH, 3
TUM, 1100 3a0e3MeYuTH PO3'€MHAHHS CIYXKO 1 MEpeX, IO € OJHIM 3 OCHOBHHX
xapakrepuctuk NGN.

. HananHs K ICHYIOYMX, Tak 1 HOBUX CIIYXO0, HE3QJICKHO BiJ THUMA
BUKOPHCTOBYBAHOT MEPEXKI 1 JOCTYITY.

. OYHKIIOHAIBHI €JIEMEHTU TIOJITUKUA YIpPaBJIiHHS, CEaHCIB, Mejia,
pecypciB, JOCTaBKH CHy»KO0, Oe3rermi 1 Tak Jaidl MarTh OyTH PO3MOALICHI IO
1H(PaACTPYKTYpl, BKIIFOUAIOUH SK ICHYIOY1, TaK 1 HOB1 MEPEXKI.

. 3nilficHeHHsT MDKMepexkeBoi B3aemoii (interworking) mixk NGN 1
icHytounmMu mepexxamu, Takumu ik TOOIL, HCUC, CIIC 3a 1onomMororo nuito3is.

. [TinTpyMKa THX, IO ICHYIOTh 1 «Ipu3HaYeHHUX i podotu Ha NGN»
KpallOBUX MPUCTPOIB.

. Bupimenns mpobnem wirpaiii MOBHUX CIyKO B 1H(QpacTpykTypy
NGN, sikocTti o6ciyropyBanHs (QoS), 6e3neku.

. VY3aranbHeHa pPYXJIMBICTb, $IKa JIO3BOJIUTH 3a0€3MEYUTH CyMiCHE
HaJaHHSA TIOCIYT KOPHUCTyBayaM, TOOTO KOPHCTYBad PO3TIIAIYEThCS SK €IUHA
oco0a Mpu BUKOPUCTAHHI HUM PI3HUX TEXHOJIOTIM JOCTYIy, HE3QJIEKHO Bij TOTO,

K1 IPUCTPOT BIH Ma€ B CBOEMY PO3IOPSII>KEHHI.
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ITepeBarn NGN:

. HananHs cydacHUX BUCOKOIIBUAKICHUX CEPBICIB.

. MacmtaboBaHiCTb.

. CyMicHICTD 3  MDKHApOJAHHMMH  CTaHJApTaMy, JOCTyHo  IIO

3arallbHONPUUHATUM 1HTep(delicam (Takum, sik Ethernet), miaTpumka TpagumiiHux

MepexeBux TexHosori (ATM, FR 11n.).

. MynapTHIIPOTOKOIBHA MiITPUMKA (TIPO30PICTh 1 THYUKICTD).

. Ynpasninus tpadixom (Traffic Engineering).

. Pe3epByBaHHS CMYTH POITYCKAHHS.

. Knacudikauis BuaiB Tpadiky.

. VYrpasninus sikicTio o6cnyroByBanus (QOS).

. Jockonain mexaHi3mu 3axucty (Hanpukiaa, MPLS Fast Reroute).

s xoHuemnuig nepeadayae CTBOPEHHSI HOBOI MYJIbTHCEPBICHOI MEpeXi, PU
bOMY 3 HEIO 3/IIMCHIOETHCS 1HTErpallisl ICHYIOUMX CIY>KO HUIIXOM BUKOPUCTaHHS
pO3MOoIIeHOT mporpaMHoi KomyTtailii (softswitches). OCHOBHUM MpUCTpOEM st
rojiocoBux nocayr B Mepexxax NGN e Softswitch — Tak Ha3uBaeTbcsa nporpaMHui
KoMyTaTop, sikuii kepye VoIP cecisimu. Takox BaxXJIMBOIO (PYHKITIEIO TPOTPAMHOTO
KOMyTaTtopa € 3B'S30K MepeXk HacTynHoro mnokojiiHHs NGN 3 icHyrouumu
tpaauiiitaumu  mepexamu TOOII 3a paxyHok curHanpHOro(SG) 1 wmemnia-
nu1t031B(MG), iK1 MOKYTh OyTH BUKOHAH1 B OJJHOMY MPUCTPOI.

Next Generation Network Bumarae BIZMOBUTHUCS BiJ] MPUHLHUITY KOMYTallii
KaHaJliB, TaK K OYJIO IOBEJEHO, 1110 HAW3PYYHINIUM € TPUHIIUIT KOMYTallii TaKeTiB
(xagpiB, ¢peitmiB 1 T. A.). Omxe, NGN npornoHye HOBUW NPUHUUIT MOOYAOBH
CUCTEM 3B A3KY.

[Tonin cucremu 3B’S3Ky, B JaHUM dYac MPOBOJUTHCS MO TNPUHIUILY
«KOPUCTYBa4 — Mepexa». B pesynapTari [bOTO 3’SBISIOTHCA JIBa TOHSTTS
TPAHCTIOPTHOT MEPEKI Ta Mepexi noctymy (puc.1.1).

TpancrioptHa Mepexka NGN — 11e MO€IHaHHS MEPEKEBUX E€JEMEHTIB, IO
3abe3reuytoTh nepenady Tpadiky. B Toil yac, sk Mepexa AOCTYIy € MO€THAHHSIM

MEPEKEBUX EJIEMEHTIB, II0 3a0e3MeuyloTh JOCTYNl abOHEHTIB /0 TPaHCHOPTHOI
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MEpexXi 3 METOK OTpUMaHHS Mmociayr. HalOiapn po3MOBCIOKEHHI TEXHOJIOTIT
tpancnoptHux Mepexx: SHD ( a uitkime NGSHD), ATM, MPLS/IP, Frame relay,
DWDM (WDM), marictpansuuii Ethernet.

TexHosorii A0CTyIy € OUIBII YHUCETbHUMH, aJKe BKIIIOYAIOTh B cede 1
TpaaumiitHi aboHeHTchki TexHojorii. A came: PDH, ISDN, aGoneHTChKHI
Ethernet, IP, xDSL ta VDSL, FTTx/PON, Wi-Fi, WiMAX, WLL, HPNA, CATYV,
HDTYV, Fiber Channel.

GSM/CDMA

Mepexa aocryny

Pucynox 1.1 — TpancriopTHi Mepexi Ta MEPEXi TOCTYITy

B ocnoBy konnemnmii NGN 3aknazeHa iies Mpo CTBOPEHHS YHIBEpCATbHOT
Mepexi, sika O J03BOJIsIIa IEPEHOCUTH Oy/Ib-sKi BUAM 1H(OpMaIlii, Takl sSK: MOBa,
BiJico, ayaio, rpadiky 1 Tak Jaji, a TakoX 3a0e3rmeuyBaTh MOXJIUBICTh HaJaHHS
HEOOMEXKEHOTO CIEKTPY 1H(POKOMYHIKAIIMHUX TMOCIYT. ba30BUM MPUHITUIIOM
koHneniii NGN € BigauUleHHS OJWH B OAHOrO (QYHKIIN NEepeHECeHHs 1
KOMyTalii, GyHKLIA yIpaBiIiHHSA BUKIMKOM 1 PYHKI[IH yIIpaBIiHHS MOCIyraMu.

Mepexxa NGN moske OyTu mojijieHa Ha YOTHPHU PiBHI:
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- piBeHb noctynmy A (Access), 3a0e3mnedye MOCTyHn KOPHUCTYBauiB 10 PECYpCIB
MEpPEexKi;
- piBeHb TpaHcnopty T (Transport) € OCHOBHUM pecypcoM Mepexi, 3abesneuye
nepeaady iHdopmarii BiJ KOpUCTyBaya, 10 KOpUCTyBaya.;
- piBeab C (Control) sBIs€THCS HOBOIO KOHIICTIIEI0 KOMYTAaIlii, 0 0a3yeThcsl Ha
BUKOPHUCTaHHI TEXHOJIOT1i KOMIT I0TepHOi TenedoHii Softswitch. 3aBnanHsM piBHSA
YIOpaBIiHHS KOMYTAIl€l0 1 Tepefadero € oOpoOka iHdopmarii curHamizanii,
MapIIpyTH3allisi BUKIUKIB 1 YIIPaBIiHHS MOTOKAMU;
- piBeHb S (Service) BU3HaUa€ 3MICT 1HGOPMAIIIITHOTO HATIOBHEHHS MEPEXKI.

PiBeHp ympaBiiHHS MOCAYyraMd MICTHTh (PYHKIII YOpPaBJIIHHS JIOTIKOIO
MOCJIYT 1 JOJATKIB 1 € PO3MOALICHOI0 00UMCITIOBAILHOIO CEPENIOt0, IO 3a0e3neuye

HACTYIHI MOTpeOu:

. HaJaHHS 1HOOKOMYHIKAIIHHUX MOCTYT;

. yIpaBJIiHHS NOCIYraMu;

. CTBOPEHHSI 1 BOPOBAKEHHSI HOBUX MOCIYT;
. B32€MO/IISI PI3HUX MOCIIYT.

['onoBHUM 3aBIaHHSM Ha PiBHI JIOCTYIy € OpraHi3ailisi IMUPOKOCMYTOBOTO
JOCTYMy JJisi aDOHEHTIB Ta MIJKIIOYEHHS iX 70 TpaHcmopTHoro pecypcy NGN.
Jlnst BupimieHHs 1€l 3a1a4di MOXKHa BUKOPHUCTOBYBATH PIi3HI TEXHOJOTIi, IO €
KOHKypeHTaMu. OJHHMM 13 BapiaHTIB pIlIEeHHS MOXe OyTH BUKOPUCTaHHS
po3raiy>keHHs1 JJokaiabHOi Mepexi Ethernet Ta migkitoueHHsS B Hil KOPUCTYBadiB
Ha KOXHOMY ToBepci. Lle pimenHs 38’ s3aHe 3 BUTpaTaMu Ha MPOKIIAJICHHS KaOelto
B CE€pEAMHI NPUMIILIECHHS.

Sx anmpTepHaTHMBa ICHY€ TaKOX 1 IHIIE pPIIIEHHSA, a caMe€ BUKOPUCTAHHS
icHytouux TeneonHux map Ta TexHoyorii ADSL 2+. B Takomy Bumamky
tenedonHa napa nepeMukaeTbesi 3 ATC Ha cranuiinuii npuctpiid nocryny ADSL
2+ (DSLAM).

[lle onnum BapianToM Moxe OyTu TexHosoriss Wi-Fi. Oneparop Mepexi

JIOCTYIy MO€ PO3BEPHYTH Ha TMOBEPX MPHUMIIICHHS XOT-cTomu cuctemu Wi-Fi
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00’eIHYIOUM iX B OHY MEpEeXy Ta MiAKIIOUMBIIM iX yepe3 komyTtaTop Ethernet o
TPAHCTIOPTHOT MEPEXKi.

3aBIaHHSAM TPaHCHOPTHOTO PIBHA € KOMyTallisg 1 Mpo3opa mepenaya
iH(opMallii kopucTyBaya.

Takox OHOIO 3 BUMOT JI0 TPAHCIIOPTHUX MEPEXK € MOXKIUBICTH Tepesadi
pizHOpigHOrO Tpadiky. [[ro BUMOTry MarOTh 3aJ0BOJIBHATH HE TUIBKH HOBI, ajie ¥
TpaauIiIAHI TEXHOJOT1 TpaHCHOPTHUX Mepex, Hanpukiag NGSDH (puc. 1.2). {ns
nepenaui pizHopigaux gannx NGSDH mae chopmyBaTu (pikcoBaHOi UM 3MIHHOT
MPOITYCKHOI cipoMOoskHOCTI. Ha ¢i3znuHOMY piBHI MOXe OyTH BOJIOKOHHO-ONTHYHA
miHig 3B’s3ky (BOJI3), ab0 BOJIOKOHHO-ONTHYHA JIIHISA 3B’S3KY 3 TEXHOJOTIEIO
MYJIbTUILIEKCYBaHHS 110 ToBxkuH1 XBuwil (DWDM). 3 cuctem nepenadi TyT MOXYThb

OyTu BukopucTaHi TpaauiiitHi cuctemu SDH Ta ontruni cucremu nepeaadi OTN.

&9 | om
Monocoeas > = W= # Fonocosan
ceTb m m - o —(29'-—4 o
. —— ~— ) NGSDH
DWDM DWDM
} NGSDH NGSOH a’ WOM
ﬁa-;_‘ a) !.'r'..'!!
MNaxeTHan MNaxeTHan
cers cote
lonocosan | l'onoaaﬂ o't
CeTb SDH | | 7] / i SDH ceTh NGSDH |
l !
m DWDM ; WDM
- - 1 owou - g}
MNakerHan 6) MaxerHas
CeTh ceTe

Pucynok 1.2 — BapianTu noejHaHHSI TAKETHOI'O Ta MOBHOTO TpadikiB B
TpaHCTIOPTHIN Mepexi 3 cuctemoto DWDM: a) - iHTerpaiiisi Mepex Ha piBHI

NGSDH; 6) — interpaiiis mepex Ha piHi DWDM

OxpiM piBHS TPAHCIIOPTHUX MEPEXK U PIBHS Mepex goctymny B moaeni NGN
MIPUETHAHO T IBA PiBHI.
PiBens ynpasininas, abo piBeHb komyTailii. [[iIHHICTh 1[bOTO PiBHSA HACTUIBKU

BakiamBa s koHneniii NGN, mo uacto mig mepexkamu NGN po3yMirOTh
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BUKJIIOUHO TexHoorii Softswitch ta IMS (IMS - anrn. I[P Multimedia Subsystem)
MyJIBTUMEIiHA miacucTemMa Ha 6a3i mpoTtokoiy IP).

VYcrarkyBanHs  Softswitch B3aemomie 3 0OaraTbMa KOMIIOHEHTaMH B
TeJEKOMYHIKalliiHIi cucTteMi. Y BepXHiil yacTUHI Ha pucyHKY (puc. 1.3) nmokaszani
Taki (PyHKIIOHANBHI OJOKH: cucTemMa TapHudikarii, miuaTtdopma Mmociayr 1 A0AaTKiB,
a TaKOX Mepexa 3araabHokaHanbHO1 curHamzaiii (3KC). MoxkiuBuil BUX1] yepe3
mepexxy 3KC na By3on ynpaninag mociayramu (Services Control Point — SCP),
0 BXOJWTH 0 CKJIQAy IHTEICKTyaJIbHOI MEpexKi, II€ 03BOJSE JTOMOBHUTH
MOCJIYTH 1 JOJaTKH, JOCTYIHI aboHeHTaMm Oe3mnocepeaHbo uepe3 Softswitch,

IHTENEKTyAIbHUMH MOCITYTaM.

SCP
YCayTH H
NP0 KEHHA
Cucrema
TapHPHKALMH
Softsvatch / MGC
l ;
MGCF | MGCP Cere OKC
!
+— MG —
g TPOTII . g TPOII
H OpYTHE : H ApYTHE
CETH Cets IP, ATM CETH

Pucynok 1.3 — YcrarkyBanus Softswitch

[TynkTupHOIO JiHI€0 Ha puc. 4.3 noka3zaHui 3B'a30k Softswitch 3 makeTHOO
MEpexXero, fKa, SK MpaBuiio, 06a3yerbcst Ha TexHosorisix [P 1 ATM. Ilaketna
Mepeka 00poOJiie OCHOBHY YacTUHY TpadiKy TeIeKOMYHIKaliiMHOI CHCTEMH.
[lepexing 10 Mepexi 3 KOMYTAIl€I0 MaKeTIB JOIIIBHO 3AIHCHIOBATH IUISIXOM
MOCTYTOBOI €BOJIIOLIIT TEJIEKOMYHIKAIIIHOT CUCTEMH.

PiBeHp mocimyr BUHHMK B pe3yJibTaTi INIMOOKOro MPOHHUKHEHHS B cdepy
TEJEKOMYHIKalllil CydacHUX MapKeTUHTOBHX iAeil. PaHiie, Tpagumiiiai Mmepexi He

JaBaid IIUPOKOTO JOCTYIYy 10 HajaHHS pi3HOMaHITHUX mociayr. NGN HaBmaku
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PO3BHUBAETHCS B HANPSIMKY PO3LIMPEHHSI CHEKTPY MOCIYr. bBiiblly 4YacTuHy
JISUTBHOCTI OTNepaTopiB 3B’s3Ky 3aliMae MapKETHHT MOCIYT, KU BKJIIOYa€e B ceOe
KOHIIEMI[I10 ()OpMYBaHHS HOBUX IOCIYT, peaji3allilo HOBUX KOHIICHIN, MPOaaxy
nociyr. Bece nepeniyeHe Haziano nociayraMm oCOOJIMBOTO 3HAYEHHS, 1 1€ BUMAaraio
BUJIUTUTH iX 10 okpemoro piBHsA Mozaeni NGN.

PiBeHb ympaBiiiHHS MOCIyraMu J03BOJISIE€ peali3yBaTH CreuiKy MOCIyT, 1
3aCTOCOBYBaTH OAHY 1 Ty K TIpOrpamy JIOTiKA TIOCIYTH HE3aJIeKHO BiJ THUIIA
tpancnoptHoi mepexi (IP, ATM, FR 1 Ttomy moni6ue) i cmocoly aocTymy.
HasiBHICTH 1THOTO PIBHS J03BOJISIE TAaKOXK BBOJUTH Ha MeEpexkl Oyab-sKi HOBI
nociyru 0e3 BTpydaHHs y (PYHKIIOHYBaHHS 1HIIMX piBHIB. J[aHWI1 piBEeHb MOXe
BKJIIOUATH Oe3Iiy HesanexHux mijgcucteM ('Mepex mociyr"), mo 0a3yroThCs Ha
PI3HUX TEXHOJIOTISIX, IO MaloTh CBOiX aOOHEHTIB 1 110 BUKOPUCTOBYIOTH CBOIi

BHYTPIIIIHI CHCTEMH aJIpecali.

1.2 Konrienitist MyJbTUCEPBICHUX MEPEK

CyTHiCTh MEpeXl HOBOTO TIIOKOJIHHS TOJNsrae y Tepexoil  Bil
OaratoratoOpMHOCTI 10 MpPOocToi Ta e(EeKTUBHOI  Mepexi, po3poOJaeHOl
CHeIiajgbHO IS TOTO, 100 HajaBaTH BCl BUAM TMOCHYT. 3 TOTJSAY TEXHOJOTI
nepexij BiJ TPaAUIIHHOI MEPEXKl 10 Mepeki HOBOTO IMOKOJIIHHS € MEePEeX0A0M BiJ
OKpPEMOT0 ICHYBaHHS MEpPEXI 3 KOMYTAII€I0 KaHaIIB 1 MEPEeXi 3 KOMYTAIE
MaKeTIB 0 MYJbTUCEPBICHUX MEPEeXK, 110 3M10H1 (PYHKIIIOHYBATH SIK B MEPIIOMY,
TaK 1 B APyroMy pexXumax KoMyTailii. ¥ pe3ynbTaTi MOKHa 0JIepkKaTH MEpExi, 1110
MPUCTOCOBaHI 10 BCiX BUAIB mociyr. llumm mepexamu Oyne Habarato Jieriie
KEepyBaTH, 1 BOJHOYAC KOHTPOJIb 3a SKICTIO MOCIYT BEJIMKOI MIpOIO Mepensie 10
CaMUX KJTIEHTIB.

PosrnsHemMo BIIacCTUBOCTI MYJIBTUCEPBICHOI Mepexi, il CTPyKTypy 1
apxXiTeKTypy KepyBaHHS. [[aMo XapaKTepUCTHKYy OCHOBHHM TE€pPMiHAM.

Mepexa 3B'si3ky HactynHoro mnokoidiHHA (NGN) - koHuemnuis noOyaoBH

MEpeX 3B'S3Ky, IO 3a0e3MeuyloTh HaJaHHS HEOOMEXEHOro Habopy MOCHyr 3
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THYYKMMH MOXJIMBOCTSIMHU MO iX YIPaBIIHHIO 1 CTBOPEHHIO HOBHUX TIOCIYT 3a
paxyHOK yHiQikamii MepeXeBHUX pillleHb, sKa NPUIYCKAE peati3aliio
YHIBEpCAIbHOI TPAHCHOPTHOI Mepexki 3 PO3MOAUICHOI0 KOMYTAIlIEI, BUHECEHHS
GyHKIIIA  HagaHHA TIOCAYr Yy KIHIIEBI MeEpeeBl BYy3JIM 1 IHTerpamioo 3
TPaIUIIHHUMHU MEpEKaMH 3B'3KY.

MynbTHCEpBICHA MEpPEkKa - Mepexka 3B'SI3KY, siKa 00y I0BaHa BIAMOBIIHO 3
KOHIICTIIIIEI0 MEPEXi 3B'S3Ky HACTYIHOTO TOKOJIIHHS, IO 3a0e3rnedye HaJaaHHS
HEOOMEXKEHOTO HabOpy TOCIYT.

MynpTUIIPOTOKOJIbHA MEPEXa — TPAHCIIOPTHA MEpeXka 3B'A3KY, 1110 BXOAUTH
JI0 CKJIaay MYJBTHCEPBICHOI Mepexi Ta 3abe3leuye MEepEeHECeHHs PI3HUX BUJIIB
1H(DOopMaIlii 3 BAKOPUCTAHHIM PI13HUX MPOTOKOJIIB Mepeadyi.

Mepexa noctymy (Access Network — AN) — wmepexa 3B's3Ky, IO
3a0e3nedye MiJKIIOUYEHHS] TEPMIHAIBHUX MPUCTPOIB KOPUCTYyBaya 1O KIHIIEBOTO
By3J1a MYJIbTUIIPOTOKOJIBHOT MEPEXKI.

Ha cporoguimHiii  JA€Hb  PO3BUTOK  1HPOKOMYHIKAUIMHMX  MOCIYT
3MIIACHIOETHCS, B OCHOBHOMY, B paMKax KOMIT'FOTEpPHOI Mepexl IHTepHeT, qoctyn
JI0 TIOCIIYT SIKOi BUKOHYETHCS 4Yepe3 TpaaMiliitHl Mepexi 3B's3ky. IIpore y psmi
BUMAJKIB MOCAyrd [HTEepHeT, 3Bakaloun Ha OOMEXKEHI MOXJIMBOCTI i
TpaHCHOPTHOT 1H(GPACTPYKTYpH HE BIAMOBIAAIOTE CyYaCHUM BHMOTaM, IO
NPEA'ABIISIIOTECS 10 TMOCAYr 1H(OpMAIITHOTO CycHiibCTBA. Y 3B'SI3KY 3 IIUM
PO3BUTOK 1H(OKOMYHIKALIMHUX MOCIYr BUMAarae pillleHHS 3a1ad e()EeKTUBHOTO
yOpaBmiHHI  1HQOpPMAIIMHUMH  pecypcaMd 3  OJHOYACHUM  PO3IIUPEHHSIM
(YHKLIOHAJIBHOCTI MEpEeX 3B'SI3Ky. Y CBOIO Uepry, L€ CTUMYJIOE TMPOIEC
1HTerpaiii [HTepHeT 1 Mepex 3B'S3KY.

JIo OCHOBHMX  TEXHOJOTIYHUX  OCOOJIMBOCTEH, M0  BIAPI3HAIOTH
1H(HOKOMYHIKAIIIHI MOCIYTH BIJl MOCIYT TPaJAMIINHUX MEPEX 3B'A3KY, MOXHA
BIJIHECTH HACTYIIHI:

- 1H()OKOMYHIKaIlI}HI MOCIYTH BUSABIIAIOTHCSA HA BEPXHIX piBHIX Mozeni OS],

TOJ1 SIK IOCIIYTH 3B'SI3KY HaIaIOThCS HA TPETbOMY, MEPEKEBOMY PiBHI;
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- OblIiCTh  1H(QOKOMYHIKAIIMHUX  TOCHYT  IPUITYCKAa€  HASBHICTh
KIIEHTCHKOI Ta CEpBEpHOI YACTHH; KIIEHTCbKA 4YacCTHHA pealli3yeThCs B
YCTaTKyBaHHI KOPHCTYBauya, a CEpBEpPHA — Ha CHELIaJIbHOMY BUAUICHOMY BY3JI
MEpPEXKI, 1110 HA3UBAETHCS BY3JIOM CITYKO;

- 1H(QOKOMYHIKaIlIiHI TOCIYTH, K TMPaBUJIO, MPUITYCKAIOTh Iepeaady
MYJbTUMEAINHOI 1H(pOpMaLlli, SKa XapaKTepU3ye€TbCs BHUCOKUMH IIBUJIKOCTIMHU
nepeaavl 1 HECUMETPUYHICTIO BX1THOTO 1 BUX1THOTO 1HQOPMAIIIITHIX OTOKIB;

- 7S HajaHHA 1H(OOKOMYHIKAIIMHUX MOCIYyr YacTo HEOOXiJHI CKIafHI
0araToToukoB1 KOH(ITypallii 3'€HaHb;

- a8 1HQPOKOMYHIKAUIMHMX TOCIYr XapaKTepHa pPi3HOMaHITHICTh
NPUKJIAJHUX TPOTOKOMIB 1 MOMKJIMBOCTEH IO KEPYBAaHHIO MOCIyraMH 3 OOKYy
KOpHCTYBaya;

- g ineHtudikanii a0OHEHTIB 1H(QPOKOMYHIKAIMHUX TOCIYyT MOXeE
BUKOPHCTOBYBATHUCS JIOJIATKOBA ajpecallisi B pamMKax JaHOi 1H(POKOMYHIKaIIHHOT
MOCITYTH.

butbmiicte 1HQPOKOMYHIKAUIMHUX TOCIYT € <«JI0JaTKaMmH», TOOTO IXHS
(GYHKIIOHATBHICT PO3MOAUICHA MIX YCTaTKyBaHHSAM IOCTadyajJbHUKA TOCIYTH 1
KIHIIEBUM YCTAaTKyBaHHSIM KOpHUCTyBauda. SK HacimigoK, (QYHKIIi KIHIIEBOrO
YCTaTKyBaHHS TaKOX IMMOBHHHI OyTH BIJIHECEH1 N0 CKJIany 1H(POKOMYHIKAIIHHOT
MOCJIYTH, 0 HEOOX1THO BPaXOBYBATH IPH iX PEriIaMeHTAallli.

J1o 1HPpOKOMYHIKAIIHHUX TOCITYT MPEA'sIBISIOTHCS HACTYITHI BUMOTH:

- MOOLJTBHICTB TTOCIIYT;

- MOXKJIMBICTh THYYKOTO 1 IIBUJIKOTO CTBOPEHHSI HOBHUX TOCIYT;

- rapaHTOBaHa SKICTh MOCTYT.

Benukuit BB Ha BUMOTH 70 1H(QOKOMYHIKAIIIHHUX MOCTYT HAJa€ MPOIIeC
KOHBEPTEHIIii, [0 TPU3BOJIUTH 0 TOTO, 110 1HPOKOMYHIKAIIHHI TOCIYTH CTAIOTh
JOCTYITHUMH KOPUCTYBadaM HE3aJIEKHO BiJl CIOCOOIB AOCTYITY.

bepyun 10 yBaru posriisiHyTi 0COOJMBOCTI 1H()OKOMYHIKALIITHUX TOCIYT,

MOYTbh OyTH BU3HAYEH1 HACTYIHI BUMOTHU JI0 MEPCIEKTUBHUX MEPEX 3B'SI3KY:
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- «MYJBTICEPBICHICTBY, MiJ SKOK PO3YMIETHCS HE3AJICKHICTh TEXHOJIOTIH
HAJIaHHA MOCIIYT BiJl TPAHCIOPTHUX TEXHOJIOTIH;

- IIUPOKOCMYTOBICTBY», TIJ SIKOIO PO3YMIETHCS MOXKJIMBICTh THYYKOI 1
JWHAMIYHOI 3MIHM IIBUJKOCTI Tiepejadi iH@opwmarlii B IIMPOKOMY Jiala3oHi Y
3aJIe)KHOCTI Bl MOTOYHUX MOTPEd KOPUCTyBaya,

- «MYJBTIMEIIMHICTB», T SKOK PO3YMIETbCS 3AaTHICTh Mepexi
nepeaaBaTH  0araTOKOMIIOHGHTHY iHdopmarito (MoBa, JaHl BiIeo, aymio) 3
HEOOXITHOIO CHHXPOHI3AIEI0 IMX KOMIIOHGHT Yy peaJbHOMYy dYacl Ta
BUKOPHCTOBYBaHHSM CKJIaHUX KOH(DIryparii 3'eJHaHb;

- «IHTEJIEKTYaJbHICTb», MIJ SKOK PO3YMIETHCS MOXIIMUBICTh KEpyBaHHS
IOCIYTOl0, BUKIMKOM 1 3'€eqHaHHSIM 3 OOKy KOpHCTyBada abo0 IOCTadajbHUKA
HOCIIYT;

- «IHBAapIaHTHICTb JIOCTYIy», MiJ SKOK PO3YMIETbCS MOKJIIUBICTb
Oprai3ailii IOCTYITy 10 IOCIIYT HE3aJIeKHO BlJ] BUKOPUCTOBYBAHOI TEXHOJIOT];

- «, MIJ KO PO3YMIETHCS MOKJIMBICTh y4YacTl AEKUJIBKOX OINEpaTopiB B
MpoIleCcl HaJaHHs MOCIYTH Ta PO3JUICHHS iXHbOI BIAMOBIAAIBHOCTI BIJMOBIIHO /10
o01acTi AISIBHOCTI.

[cHyrOUl Mepexi 3B'A3Ky» 3arajJbHOTO KOPUCTYBAaHHS 3 KOMYTAII€I0 KaHAJIB
1 KOMYTAIll€l0 TaKeTIB y JaHWW 4Yac HE BIAMOBIJAIOTH TMEPEPaxXOBAHUM BHUIIE
BUMoram. OOMexeH1 MOKIMBOCTI TPAAULIITHUX MEPEX € CTPUMYIOUUM YUHHUKOM
Ha LUISIXY BIPOBA/DKEHHS HOBUX 1H(OKOMYyHIKaliiiHux nociayr. HapoiryBaHHs
00'eMiB HaJAIOTHCS 1HPOKOMYHIKAIIWHUX MOCITYT MOXE€ HETaTUBHO MO3HAYUTHCS
Ha TOKa3HHUKaX SAKOCTI OOCIyrOBYBaHHS BHMKJMKIB 0a30BHX MOCIYT ICHYIOUHX
Mepex 3B's3Ky. Bce e BUMylllye BpaxoBYBaTH HasiBHICTH 1H()OKOMYHIKAI[IHHUX
MOCJIyT TPHW TUJIaHYBaHHI CIMOCOOIB PO3BUTKY TPAMUIIMHUX MEPEkK 3B'S3KY B
HaIpsiMi CTBOPEHHS MYJIbTUCEPBICHUX MEPEK.

NGN xapaktepusyeTbcs TaKUMHU (HyHIAMEHTAIBHUMH actiekTamu [1]:

o nakeTHa mepeaaya;
o po3auieHHs  (QyHKIIH  mocTadalbHMKAa  MOCIAYr  Ta  omeparopa

TeJIEKOMYHIKaIli};
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J HiATPUMKA IITUPOKOTO CIIEKTPY MOCIYT, MPUKIAICHb 1 TEXHOJIOTIN: 3B’ SI30K
y pealpHOMY 4Yaci, TMOTOKOBa Iiepeaaya, 3B’S30K HE Y peallbHOMY daci,
MYJIBTUMEN1a-TIOCITYTH;

o ITUPOKOCMYTOBHUH 3B 30K 3 MOTPIOHOIO HACKPI3ZHOKO SIKICTIO 1 MPO30PUMHU

> .
3 €JHAHHAMMH,

o B3a€MO/IIS 3 ICHYIOUMMH MEpEeX)aMH uepe3 BIAKPUTI IHTepdeiicy;

o PYXJIUBICTh a0OHEHTA;

o HEOOMEXKEHMI TOCTYIT KOPUCTYBaya JI0 MOCTYT Pi3HUX NPOBAMIEPIB;

) €IMHI1 XapaKTePUCTUKU JIJIsL OJHIET 1 TI€T K MOCTYTH, 1110 HAJIA€ThCS PI3HUMHU
IIPOBANICPaMHU;

o KOHBEPTEHIIIsl (DIKCOBAHOTO 1 PyXOMOTO 3B’ SI3KY.

bazoBum mpunnunom kouuemmii NGN € BigauleHHS Ipyr Bif Apyra
(GyHKLIA MepeHeceHHs 1 KoMyTauli, (yHKLIM KepyBaHHS BHUKIMKOM 1 (DYHKIII
KEepPYBaHHSI TOCTyTaMH.

®dynkuioHanbHa Moaenb Mepexx NGN, mo npencrasieHa Ha puc. 1.4, mae
TPH PIBHS:

- TPAHCTIOPTHUI P1BEHb;

- pIBeHb K€pYBaHHS KOMYTAIIIEIO 1 Iepenayeto iHpopMailii;

- PIBEHb KE€PYBaHHS MOCIyTaMH.

3amauero TPAHCIOPTHOTO pIBHA € KOMyTallis 1 Tmpo3opa Tmepeaada
1H(popMallli KopucTyBaya. 3aJadyero piBHS KepyBaHHSA KOMYTALIEO 1 TEepeayero €
oOpoOka 1H(opMalii cUrHami3alii, MapHIpyTH3alis BHUKIMKIB 1 KEpyBaHHS
noTokamu. PiBeHb KepyBaHHs MOCTyraMu Ma€e (DyHKIIIT KepyBaHHS JIOTIKOIO MOCTYT

1 JOJIaTKIB 1 € PO3MOIJIEHUM OOYUCITIOBAIBHUM CEPEIOBHUIIIEM.
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Pucynok 1.4 — @ynkiionansHa Mojaenb Mepesxk NGN

Bin 3a0e3neuye:

- HaJIaHHS 1H(POKOMYHIKAIIHHUX TIOCITYT;

- KEpYBaHHS MOCITyTaMH;

- CTBOPEHHS 1 BIIPOBAKECHHS HOBUX TTOCIIYT;

- B3a€MOJIII0 PI3HUX TOCIYT.

JlaHuii piBeHb M0O3BOJISIE peani3yBaTH cHenudiky Mmociayr 1 3aCTOCOBYBaTH
OJIHY 1 Ty K IIPOTpaMy JIOT1KM NOCIYTH HE3aJIEKHO BIJ TUILY TPAHCIIOPTHOI MEpexi
(IP, ATM, FR i T. iH.) 1 ciocoOy noctymy. HasiBHICTh IIbOTO PIBHS J03BOJISE TAKOXK
J0/1aBaTH 0 Mepexl Oyab-sKI HOBI MOCIYru 0e3 BTpy4daHHS Yy (PYHKLIOHYBaHHS
IHIUX piBHIB. PiBeHb KepyBaHHS TMOCIYraMHd MOXE BKJIIOYATH MHOXKUHY
HE3AJIeKHUX MIACUCTEM («MEpeX TOociIyr»), o 0a3ylThCsl Ha PIZHHUX
TEXHOJIOT1SIX, 1[0 MAalOTh CBOiX aOOHEHTIB 1 BUKOPUCTOBYIOTh CBOi, BHYTpIIIHI
CHUCTEMH aJipecartii.

PosrasiHeMo apxiTekTypy Mepexi 3B'sI3Ky, 10 MOOyJoBaHa BIANOBIIHO 3
konremniiero NGN [1]. OcnoBy Mepexi NGN ckiangae yHiBepcaiabHa TpaHCIIOPTHA
Mepexa, sika peanidye QyHKIII TpPaHCIIOPTHOTO pIBHS 1 PIBHA KEpyBaHHS
KOMYTAIII€EIO 1 ITepeiayeto.

Jo cxmany Tpancnioptaoi Mepexi NGN MOXXyTh BXOJIUTH:

- TPAH3UTHI BY3JIM, [0 BUKOHYIOTh (YHKIIIT TEPEHECEHHS 1 KOMYyTallii;

- KIHIIEB1 BY3JIH, IO 3a0€3MeUy0Th JOCTYIl A0OHEHTIB 10 MYJIBTUCEPBICHOI

Mepexi;
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- KOHTpPOJIEpW CUTHaJi3alli, SKi BUKOHYIOTh (PyHKIII 0OpoOku iH(opmarii
CUTHaII3allli, KepyBaHHS BUKIUKAMH 1 3'€THAHHIMHU;

- NUIIO3U, 10 JO3BOJISIIOTH 3AIMCHUTH MIIKIIOYEHHS TPaJAUIIIHHUX MEpex
3B'A3KY.

KonTponepu curnamizamii MOXyTh OyTH BHHECEHI B OKpEMi MPHUCTPOi, IO
MpU3HAYCH1 TUISt 00CITyrOByBaHHSI JEKUTBKOX BY3JIiB KOMYTaIIii.
BukopucToByBaHHS 3arajJbHUX KOHTPOJIEPIB JO3BOJISIE PO3TISAATH X SIK €IUHY
CHUCTeMY KOMyTallii, po3noiieHy mo mepexi. Take pilieHHS HE TUTbKU CIIPOIILY€E
QITOPUTMU BCTAHOBJICHHS 3'€JlHaHb, ajié 1 € HaWOUIbIl EKOHOMIYHUM JIs
OIIEpaTOPiB 1 MOCTAYAIBHUKIB MOCIYT, TaK K J03BOJISE 3aMIHUTU TOPOT1 CUCTEMHU
KOMYyTaIlii BEJIMKOTO 00’€My HEBETUKHUMH, THYYKUMH 1 JOCTYITHUMHU 32 BapTICTIO
CUCTEMaMHU.

[Ipu3HaueHHAM TPAHCIOPTHOI Mepexi € HaJaHHS IOCIyT TMEPEHECEHHS.
Peanizamisi 1HQOKOMYHIKAIIHHUX TOCIYT 3I1ACHIOETHCS Ha 0a3l BY3JIB CIIykO
(SN) 1/a6o By31niB kepyBanHs nociayramu (SCP).

By3nmu SN € yctaTkyBaHHSIM MMOCTa4yajJbHUKIB MOCITYT 1 MOXKE PO3MJIsiAaTUCS
SK CepBep MOAATKIB JJisi 1HPOKOMYHIKAIIMHUX TOCIYT, KIIEHTChKA YaCTHUHA SKUX
peani3yeTbcsl KIHIEBUM YCTaTKyBaHHSIM KopucTyBada. By3znu SCP BUKOHYIOTH
byHKIII{ KepyBaHHS JIOT1KOIO 1 aTprOyTamu nociayr. CyKynHICTh AEKUTBKOX BY3JIIB
CIy>K0 ab0 By3JiB KepyBaHHS MOCIYraMH, siKi MpU3HAYEHI JJIS HaJaHHsS OJHI€T 1
Ti€l K TIOCIYTH, CTBOPIOIOTH IIaTGopMy KepyBaHHs mociayramu. Jlo ckmamy
m1aThOpMU TaKOK MOXKYTh BXOAHWTH BY3JIM aJMIHICTPATUBHOTO KEPYBAHHS
NOCJIyraMu 1 cepBepu pi3HMX JoaaTkiB. KiHIEB1 By3iaM TpaHCHOPTHOI Mepexi
MOXXYTh BUKOHYBaTH (DYHKIII1 BY3JB CIy»KO0, TOOTO cKiax (yHKIIH TpaHUIHHUX
BY3JIiB MOK€ OyTH pO3IIMPEHUN 32 paxyHOK JOJaBaHHS (PYHKI[I HaJaHHS TOCTYT.
Jis moOynoBM TakuX BY3JIB MOXE BHKOPHCTOBYBATHCS TEXHOJIOTiS THYYKOI
komyTauii (Softswitch).

[ToGynoBa MyJIBTHCEPBICHUX MEpEX IMOBUHHA BIJIMOBIIATU JIBOPIBHEBIN
apxITEeKTypl, 110 CKIAJA€EThCS 3 PEriOHAJBHOTO 1 MaricTpajibHOro piBHIB. lle

CTBOPUTHh YMOBH JJIS TIOBCIOIHOTO BIPOBAKEHHS 1HHOKOMYHIKAIIHUX MOCTYT 1



25

pIlIEHHS 3ajad  3a0e3MeueHHs CTPYKTYpHOI HAIIMHOCTI Ta HOPMYBaHHS
MOKa3HUKIB SKOCTI mociyr. Ha perioHanpbHOMY piBHI MYJbTHCEPBICHA Mepeka
NMOBMHHA 3a0e3MeuyBaTy MIIKIIOUYEHHS a0OHEHTIB 1 HaJaHHS TPAHCIOPTHUX Ta
1H(QOKOMYHIKAIIIHHUX TOCTYT, a TaKOX 3a0e3leuyBaTH MOXJIHMBICTh B3a€MOJIl 3
aHAJIOTTYHUMU TIOCTYraMH 1HIIUX perioHaTbHUX Mepex. Ha marictpaabHOMY piBHI
MYJIbTHCEpPBICHA Mepeka MOBHHHA 3a0e3MeuyBaTH HaJlaHHS MOCIYT TEepeHECEHHS
JUIS B3a€MOJI] MYJIbTHCEPBICHUX PETIOHAIBHUX MEpEeX, a TaKOXK IJs mepeaadl
HAaBAaHTA)XCHHSA BCIX ICHYyIOUHMX Mepex. [lix Mepexero IOCTymy po3yMIieThCs
CUCTEMHO-MEpEeXKeBa CTPYKTYypa, fKa CKIAJAEThCS 3 aOOHEHTHUX JIiHIM, BY3IIB
JOCTYNy 1 CHCTEM Iiepelayi, 110 NpU3HAYEHA JJIg OpraHizaiii MiIKIIYeHHS
KOPHUCTYBAaUiB JI0 PECYPCIB PET1IOHATEHUX MEPEK.

Jist noctyny aboHeHTiB 10 TocyT NGN BUKOPUCTOBYIOTHCS:

- IHTErpoBaHl MepexXl JAOCTyHy, IMIJKIIOYEHI JI0 KIHIEBUX BY3JIB
MYJIBTUCEPBICHOI MEpexi, 10 3a0e3MeuyloTh MiAKIIOYEHHSI KOPUCTYBAviB SIK J10
1€1 MEPEX1, TaK 1 10 TPAAULINHUX MEPEK;

- TpagulliHI Mepexi, aOOHEHTH SAKHUX OTPUMAIOTh JOCTYIl JI0
MYJIBTUCEPBICHOI Mepexki uepe3 By3NH, sKiI MiakiIoueHi g0 uumio3iB (Media
Gateway).

OcobmuBoctsimu NGN, 3 morisiny KepyBaHHS, € Te, IO 11 Mepexi
CKJIaIaTUMYThCSI 3 OUIBII BEJIMKOI KUIBKOCTI PI3HOTHUITHUX KOMIIOHEHTIB YHM
3apa3. Kpim toro, B NGN Oye miarpuMyBaTUCs OlIbIIe YUCI0 1HTEpPENCIB, HIK B
ICHYIOUHX MEpeXax 1 BUIIA MPOMYCKHA CIIPOMOYKHICTb.

ApxitekTypa ynpasmiHHs mepexxki NGN noka3ana Ha puc. 1.5.
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Pucynok 1.5 — Apxitekrypa ynpasiainasa Mepexi NGN

Bona Bu3Hawae BUMOTHM 10 MOJENI CUCTEMH YIpaBIIHHSA. ApXITEKTypa
ynpasmiaHs NGN 3rigno 3 Pekomenpnariiero ITU-T M.3060/Y.2401 (03/06) moxe

OyTH CIIpOE€KTOBaHa Ha YOTHUPU MOJIEINI:

o [IpencraBieHHss MojeN YIIpaBIiHHS O13HEC - MPOLIECAMU;
o [IpencraBienHs GyHKIIOHATBHOI MOJIEN1 YIIPaBIIHHS;

o [Ipencrasnenns iHGOpMAIIITHOT MOIENI YITPaBIIHHS;

o [IpencraBnenns Gpi3MUHOT MOJIET YIIPABIIIHHSL.

VY KoxkHIH 3 MOJIeNIel BpaxOBYIOThCSl aclieKTH Oe3neku, sik camoi NGN Tak 1
1H(pPACTPYKTYpPH CUCTEMU YTIPABIIIHHS.

[lim wac mTpPOEKTyBaHHS CHUCTEMM YIIPABJIIHHS TMEPIIOK BU3HAYAETHCS
(GyHKLIOHATbHA MOJEINb, MOTIM 1H(pOpMaliiiHa, 1, HapewTi, (i3uyHa. bi3zHec-
MpolIeC - 1€ YNHHHK, 1110 BIUIMBAE BIPOJOBXK BCHOTO KUTTEBOTO IUKIIY CUCTEMHU.
[leit mnpomec € iTepaTUBHUM, 1100 3a0€3MEYUTH PO3BUTOK BCIX AacCHEeKTIiB
apXxITEKTypH B Yaci.

OyHKI[IOHAPHA MOJIENb BHU3HA4Ya€ Tepemik (DyHKIN, $KI MOBUHHI
BUKOHYBATUCS B X011 MPOIIECY yIPaBIIHHS.

[adopmariitna Momens omnucye 1HGOPMAIIO YNPaBIiHHS, HEOOXITHY IS
3B’A3Ky MDK OO0’€KTaMHM YIpaBIiHHS TNpU BHUKOHaHHI (yHKUIA 3TigHO 3

(GYHKITIOHATBLHOIO MOJIEIUTIO apXITEKTYPH yIPaBIIHHS.
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di3uyHa MOJIENb OMKCYE Pi3HI CIocoOM peamizarlii GyHKIN yrnpaBiiHHS.
Bonu Moxyte OyTu BTIIEHI B pi3HUX GI3MYHUX KOHOQITyparisx, o
BUKOPHUCTOBYIOTH P13HI MPOTOKOJIM YIIPABIIIHHS.

OgHuM 3 OCHOBOIIOJIOXKHUX TMPHUHIMUIIB, SIKI € OCHOBOIO apXITeKTypHu
ynpaBiiHHsa a1 NGN, € nNpuHIUN OpIEHTOBAHOCTI apXiTEKTYpH YIpPAaBIIHHA Ha
nociyru (SOA- Service-Oriented Architecture).

CepBic-Opi€HTOBHA apXiTEKTypa - 1€ KOMIIOHEHTHA MOJEIb, sIKa 3B’s3Yye€
pi3HI CEepBICH 3a JOIOMOTOI0 YITKO BHU3HAUYECHUX 1HTEp(eNciB Ta yroa Mixk HUMHU.
InTepdelicu BU3HAYatOTHCSl HE3aJEKHUM CIIOCOOOM, 1 HE 3alieXkaTh BiJ anapaTHol
m1aTpopMu, ONepauiifHOi cucTeMu ab0 MOBM MPOrpaMyBaHHs, Ha SKOMY
peanizoBaHuii cepBic. Takuil MiaXiA JO3BOJISIE CTBOPIOBATH IMOCIYTM Ha PI3HUX
CUCTEMaX, Kl B3aEMOJIIOTh OJJHA 3 OJIHOK OJHOMAaHITHUM 1 CTaHJAAPTHUM YHHOM.
SOA Hanae rHydykud MeTOJ KOMOIHYBaHHSA 1 0araropazoBOro BHKOPHUCTAHHS
KOMIIOHEHTIB JUIsl TOOYAOBU CKJIQAHUX PO3MOAIEHUX IPOrPAMHUX KOMILIEKCIB.

l'omoBui mepeBarn SOA: mBuAIIA ajamnTtaiis g0 BUMOr Oi3Hecy, IO
3MIHIOIOTBCSI, CKOPOYEHHSI BHUTpPAaT Ha IHTErPAllll0 HOBUX TOCIYr, a TaKOoX
HIATPUMKY THX, IO 1ICHYIOTh. OcHOBHI 0cO0IMBOCTI SOA:

o HasBHICTh HE3AJIEKHOTO 1HTEpdeiicy MiIX MOocayraMu, HE MOB’S3aHOIO
YKOPCTKO 3 KOHKPETHOIO peatizalli€lo.

o Oynp-sika JaHa Toclyra MOKe MpUAMartd pojib KileHTa abo cepBepa
CTOCOBHO BIJTHOIIEHHS JIO 1HIIIOT MOCIIYTH 3aJIe’KHO BiJl CUTYaIllii;

° napajgurma «3HalTH - MOB’S3aTU - BUKOHATW JJI 3B’ 513Ky MIXK MOCTyTaMH.
Crio>kuBau MOCIYT 3allpolIy€e CUCTEMHUIN peecTp, 10 30epirae CUCOK AOCTYIHHUX
MOCJIYT, K1 BIMOBITAIOTh WOTO KpuUTepisM. SIK TUTBKM Taka MOCIyra 3HaiiJieHa,
3aMOBHUK MIJIKIIFOYAETHCS O MOCIYTH, 110 HajmaeTbest SOA;

. 1HKaINCyJIbOBaHUN JKUTTEBUNH IUKI O00’€KTiB, 1m0 OepyTh yuyacTb B
TpaH3aKIlisAX O13HECY.

SOA mnepenbOayae TpuU OCHOBHI PpOJi: MOCTaYaJbHUK TOCITYru (service
provider), cmokuBau TOCIyTH (service consumer), sIKAi TOTpeOye TMEeBHHUX

GyHKINN, 10 HAJAlThCA TMOCIYrol; CHUCTEMHHUM peecTp mociayr (registry),
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BUCTYIIA€ SIK TTOCEPEIHUK, HaIAl0YU KaTasior 3 1H(popMaIli€o npo BCUISAKI TOCTYTH,
0 TPOIMOHYIOTHCS  PI3HUMH TIOCTadaJbHUKAMH TMOCIyr. Peectp MicTuTh
BUUEpIIHY 1H(OpMAIil0 CTOCOBHO BCIX IOCAyrax, sKy 3000B’si3aHUMN
3apeecTpyBati (omyOJliKyBaTH) B HBOMY IIpOBaifjiep BIAMOBIAHOI IOCIYTH.
CrioxuBay cepBiCy BiAmpaBiisie HEOOXITHUHN 3allUT A0 PEECTPY, SIKUU 3a0e3mnedye
3’€IHAHHSI OTO 3 TIPOBANAEPOM.

Apxitekrypa SOA, miATpUMy€ 3MIHH B MOJIelli BeJIeHHs Oi3Hecy 1 OyayeThCs
TakK, 1100 130JII0BAaTH BIUIMB MOAU(DIKAIT OJJHOTO KOMIOHEHTY Ha PEIITY YaCTUHU
cepenoBuia. PimeHHss Ha 0a31 CcepBIC-OPIEHTOBHOI apXITEKTYpH JO3BOJISAIOTH
BUKOPUCTOBYBATH IE€pPEBAard PO3MOJLJIEHUX MOCIYr 1 3a0€3MeYyrTh B3aEMOJII0
O13HEC-TIPOLIECiB, O3BOJISIOYM OINTHUMI3yBaTH TPOIEC YIPABIIHHA MEPEXEIO.
Apxitektypa SOA mpexacraBieHa Ha puc. 1.6. Enementu, siki po3ramioBaHi B
caMOMYy HH3Y, SBIISIOTH COOOIO JOJATKH, MOB'S3aHI 3 HHUMM CXOBHWINA JAHUX,
ormepariiiny cucremy. Po3ramoBaHuii Ha caMOMy BEpXy pPIBEHb KIIIEHTCHKOTO
1HTEeppeicy MICTUTh pI3HOMAHITHI MEXaHi3Mu OOMiHY 1H(oOpMalie 3
KOpUCTyBauaMH ab0 30BHIITHIMU J10JaTKAMHU.

BaxnuBoto ckiamoBoro apxitektypu SOA € cepeoBHIEe PO3MOILIEHUX
MOBIIOMJICHb  3aMUTIB/BIANOBIICH, 10 PO3TAIIOBAHO MIDX KIIEHTCHKOIO 1
CEpPBEPHOI0 YaCTHHAMH CEPBICHOI cIy>kOu. Sk mokazaHo Ha puc. 1.7, KI€HT
TeHepy€e TOBIIOMIICHHS-3aIUTH 0 cepBepy. CepBep 3HAXOAUTHCS y MOCTIHHOMY
OUIKYBaHHI 3alMTIB, KOJM 3alUT OTPUMAHO, MOYMHAETHCS Horo oOpoOka. Ilicis
Hel cepBep TEHEpy€e IOBIAOMIICHHS-BIAMOBIAL 10 KJIl€HTa. TakUM YUHOM Y
CEpelOBUILI MIATPUMYEThCA TpadiKk MOBIIOMIEHb MK KIIEHTOM 1 CEPBEPOM.
MynbTHCepBICHI MepeXi, BUKOPUCTOBYIOUH €AUHY TPAHCIIOPTHY 1HPPACTPYKTYPY,
MOXXYTh TIEpenaBaTH Tpadik PI3HOTO POAY: TOJIOCOBHM Tpadik, CHUTHAII3ZAINIO,

TpadiK 1aHUX, MyJbTUME1a-TpadiK.
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Knienrcexnit igTepdeiic (IginiaTop SanmuTy CepBiCY/OTPHMYEBAYT CEPEICY)

I

MapmpyTrsanis TlepeTsopenas 3acobn SOA nponecie abo || Mozemosasss
TOBiJOMIEHD IOEiOMTEHb VIIPaBTiEHA EOMIIOSHTHEX i mobyaosa
DOZiaMHE DPHEIAJEHD Iponecis
Cepegosumie posnogLTEeHEX NOEIOMIEHD SATHTIE BiNOBLTeH Peectp
) CEpEiCiE

BT

KonexTopH 10 cepeoBHIIa BHEOHAHER
> ApanTeps JocTyIy A0 OPHENAISHS 1 J3HEX @

OC i cepeaoEHINE EHKOHAHHEA

INoBLoMaCHHS- sarr Mo oM IeHH2- 2a0THT

=3

Knieser  TTOBLAOMICHHS- BLINOBLIS

INosL10MIcHHS- BLNOBL1L Koniesr

Pucynox 1.7 — CepBicHa ciyx0a

Mepexy nepemadi Tpadiky ckiaagae Halip OOYHCIIOBAIBLHUX MPHUCTPOIB
GI13UYHO 1 JIOTIYHO 3B'A3aHUX MK co0oro. dDizuyHa 1HOPACTPYKTypa Mepexi
npU3HayeHa JJid  PO3MOBCIOJKEHHS  (PI3UYHUX CHUTHAJIB, SKU KOAYIOTh
iH(popMaLiliHl TOBIIOMJICHHS. HalBaXIMBIIIMM KOMIOHEHTOM MEpPEXi, 10
CTAaHOBUTH 1i JIOTIYHY 4YACTHUHY, € KOMYHIKaliiiHi mnporokonu. Ilig ixHIM
KEpYBaHHSIM 31HCHIOETHCSI p0OOTa CEPBICHUX CITYXKO.

ApXITEKTypa Mepexi Ma€ CKIagHy I1€papXiuHy CTPYKTYpy 3 HACKUIBKOX
piBHIB (mIapiB). MeTow KOXXHOTO 3 DPIBHIB € HAaJIaHHS TEBHUX THIIB CEPBICIB

PIBHSM pO3TAalllOBaHMM BHUIIE 3a HUX 1 3aXMCT BEpPXHIX pIBHIB BiA Jeranen
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peanizanii uux ceppiciB. PiBens N Ha 0HOMY MPUCTPOI 3a JOTIKOIO 3HAXOAUTHCS B
cTani oOMiHy 3 piBHeM N Ha IHIIOMY MepexkeBomy mnpucTtpoi. Habip 3akoHiB i
yIroJl, IPUUHATHX IPU TaKOMy OOMIHI HA3UBA€ThCS MPOTOKOJIOM piBHA N. VY
pealbHOCTI HISIKOTO OOMIHY JaHUMH HE BiOYBAE€ThCA MK IIapaMd Ha OJHOMY
piBHI. HaToMmicTh KOXEH piBEHb NEpeaac NaHi 1 KOHTPOJIbHY iH(OpMAII0 Ha
piBEHb, IO 3HAXOAMUTHCS MPSMO MiJ HUM, JIOKM HE OyAe JOCATHYTUH HWKYUAN
piBeHb, SIKUW TOMICTUTH 1H(pOpMaIio Oe3nocepeHb0 Ha (I3MYHUN HOCIH A
nepenavi il mo Mepexi. MK KOXHOIO Hapol0 CYMIKHHX IIapiB 3HAXOIUTHCS
cepBicHuil 1HTepderic. Koxuuit 3 N piBHIB OJHI€] cUCTeMHU 3I1HCHIOE OOMIH 3
piBHeM N KIHIIEBOI CUCTEMH, BUKOPUCTOBYIOUH JUIsl IHOTO cepBicu piBHS N-1, npu
IbOMY KOKHHUH 3 IPOMDKHHUX PIBHIB HECE JIaHI BEPXHBOT'O PIBHS yCEpPEIMHI CBOTO
dopmary mnoBigomsieHb. TakuM 4YHMHOM, Ha KOXXHOMY piBHI N mpoueaypa,
BIJIIIPABJISIOUM a00 OJEPXKYIOUM JaHl BiJ piBHIO N 1HIIOI CHCTEMH, HacIpasii
BijnpaBisie iHGopmariito st 0o0poOku Ha piBeHb N-1  cBo€i cucremu,
3a0€3IeUMBIIH JIaH1 CBOEI0 KOHTPOJIBHOIO 1H(OpMAILII€IO.

CtBOpEeHHSI MYJIBTUCEPBICHUX MEPEXK 3IA1MCHIOETHCS Ha 0a31 Pi3HOMaHITHUX
TexHoJsori, sk Ha miaatdopmi [P (IP VPN), Tak 1 Ha 6a31 BUAUIEHHX KaHaJIB
3B's13Ky. Ha marictpansHoMy piBHI HailOuib1I BitoMi TexHozorii [P/MPLS, Packet
over SONET/SDH, POS, ATM, xGE, DWDM, CWDM, RPR.

Benuka yacThHa MaricTpajibHUX MYJbTUCEPBICHUX Mepex OyayeTbcs Ha
ocHOBl TexHozorii POS, DWDM, ski oTpuMaiu 3Ha4yHE PO3MOBCIOJKCHHS, a
takox [P/MPLS, sixi € 0co0M1BO EPCIEKTUBHUMHU TMPU 3HAYHIHN MIHPOTI 00XBATY 1
BEJIMKIM KIJIBKOCTI CHOKHMBaudiB. Arperaiisi Ha piBHI MiCTa BUKOHY€TbCS Ha 0asi
Gigabit Ethernet, ATM, CWDM, IP/MPLS.

SIK TEXHOJIOT1H arperariii 10CTyIy 1 MOCIYT MOX€e BUKOPUCTOBYBATUCS HAO1p
MIJXO0/IB, [0 BU3HAYAIOTHCS BaPTICTIO MIAKIIOUECHHS, HEOOXITHOI MPOITYCKHOIO
CIPOMOKHICTIO KaHaJIIB 1 3a0€3MeUeHHsIM HEOOXITHOI SKOCTI 0OCIyroBYBaHHS, a
TAKOXX BXE€ ICHYIOUOI IHQPACTPYKTYpOK, TOBEPX SKOi  CTBOPIOETHCSA
MynbTUCEpBicHAa Mepexa. lle, manmpukman, Fast/Gigabit Ethernet, ISDN, xDSL,

Mepexi KaOenpHOTO TeneOaueHHs, ONTUYHI a0OHEHTHI Mepexi, Oe3MpoBiaHI
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mepexi Wi-Fi 1 WIMAX. Texunonoris xDSL nns oprasizaiiii BUCOKOIIBUIKICHOTO
JIOCTYIY A03BOJIsSi€E BUKOPUCTOBYBATH BXKE HAsIBHY TEIE(POHHY MEPEKY.

MynbTHUCEpBICHI MepeXi HACTyIMHOTO IIOKOJIHHS MarOTh IlepeBaru Haj
MepeXamMu TPaAMIIHHOI apXITEeKTypH, OCKUIBKM MOXYTh BHKOPHUCTATH €IUHY
TPAHCTIOPTHY 1HGPACTPYKTYPY Ui MepeAadl BCiX TUMIB Tpadiky i ePeKTUBHO ii
BUKOPUCTOBYBATH 3aBJSIKM CTAaTUCTUYHOMY MYJbTUILIEKCYBaHHIO. [HTErparlis
TpadiKy pI3HOPITHUX JAaHUX 1 MOBU JIO3BOJISIE TOOUTHCS SKICHOTO IIiBUIIECHHS
e(peKTUBHOCTI 1HGOpPMAIIHHOI MIATPUMKH YMPABIIHHSA MIANPUEMCTBOM, IMIPH
IbOMY BHKOPHCTOBYBaHHSI IHTETPOBAHOT'O TPAHCIOPTHOTO CEPEIOBHINA JTO3BOJISIE
NOHU3WTH BUTPATH HA CTBOPEHHS 1 EKCIUTyaTaimio Mepexi. MynbThcepBicHA
Mepeka BUKOPUCTOBY€ €IMHUN KaHAJ IJIs Tiepejadl JaHUX Pi3HUX THUIIIB, JO3BOJISE
3MEHIIUTA PI3HOMAHITHICT, THUINB YCTaTKyBaHHS, 3aCTOCOBYBAaTH  €IHHI
CTaHJAApTH, TEXHOJOTll 1 UEHTPaIi30BaHUN  YOPABISATH KOMYHIKALIHHUM
CEpEIOBUILIEM.

[Ipy BenuKOMy 4YMCII KOPUCTYBadyiB B MEpEkXl MOTpiOHA CKIaaHA 1
IHTENIeKTyallbHa CHUCTEMa YIPaBIiHHA. SIKIIO OJHOYACHO TNeEpeAaeThcs Oe3niy
pi3HMX BHUAIB Tpadiky, NpUUOMY JUIsI KOXXHOTO 3 HHUX IMOTpiOHE Oe3yMOBHE
JOTPUMAHHS MapaMeTpiB SIKOCTI OOCIyroBYBaHHS, MOTPIOHE BUKOPUCTOBYBAHHS
CHeIliai30BaHuX 3aco0iB, IO HE JOMYCKAalOTh IEPEBAHTAKEHHS MEPEXi Ta
NOPYIIEHHS! HEOOX1/IHO1 SIKOCTI. ba30BUMHU MOHATTAM MYJIBTHCEPBICHOI MEPEXi €
QoS (Quality Service) 1 SLA (Service Level Agreement), TOOTO SKICTh
oOCIyroByBaHHs 1 yroJia mpo piBeHb SIKOCTI HaJlaHHA mociyr Mepexi. [lepexia mo
HOBUX MYJIBTHUCEPBICHOT MEPEXKI 3MIHIOE CaMy KOHIIEMIIII0 HAaJaHHS MOCIYT, KOJIH
SKICTh TAPAHTYEThCS HE TUIBKM HAa PIBHI JOTOBIPHHX Yyroj 3 MOCTaYyaIbHUKOM
MOCJIyr 1 BHUMOT JOTPUMAHHS CTaHJApTiB, ajge 1 Ha piBHI TEXHOJOTIH 1
OTepaTOpPChKUX MEpek. Mepeka MOBHHHA CAMOCTIHHO YCyBaTH NEPEeBaHTAKEHHS,
ABTOMATUYHO BHPINIYIOYM, YAM MOXXHA TOXXEPTBYBAaTH B PI3HUX BUMAIKAX -
CMYTOIO TIPOITYCKaHHSI, 4aCOM JIOCTAaBKH a00 IUTICHICTIO 1H(OopMaIIii.

Ho cucrem ynpaeninHga NGN mnpea'sBAsSiOTbCS  HACTYIHI  BUMOTH.

HeoOxiaHicTh po3nofuly (QYHKIIH yOpaBliHHA B JEKUIBKOX MEPEXKHUX
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IPUCTPOSX: TMPUCTPOI YIMPaABIIHHA BHUKIMKAMH 1 CEaHCaMHu 3B'A3Ky, HPUCTPOI
MEpexi, 10 BIJAMOBIAAa€ 3a mepeHeceHHs iH(popmalii. 3acTOCyBaHHS BIAKPUTHUX
iHTepdeiciB  ympaBiaiHHS, 110  JO3BOJSIOTH  YIPABISITH  PI3HOTUITHUM
oOnagHaHHAM, sike BXoauTh 10 ckiaagy NGN, 30kpeMa, BHKOPUCTAHHS
CTaHJIaPTU30BAHUX MPOTOKOJIIB YIPABIIHHS, a TAKOXK (POPMATILHUX MOB JIJISI OTIUCY
iHTEep(dEeHCiB.

Crpykrypa cuctem ynpasiiHHd NGN moBuHHa 3a0e3nedyBaTH THYYKICTh
peanizaiii Ta CyMICHICTb 3 IHIIUMH pIIICHHSMH, BHUCOKY HAQAIMHICTh, Ta SIK
PE3YJNIbTAT - AKICTh 0OCITyrOBYBaHHS.

[lone MOTEHLIMHUX KOPUCTYBaYiB MYJIbTUCEPBICHUX MEPEX AY’KE LIUPOKE.
[le Gi3Hec-11eHTpHU Ta QipMH, pO3TAIIOBaHI B OJIHIM OY/iBII1, KPYITHI XOJIJUHTH, 110
MalTh TEPUTOPIATbHO-BUJIATICH] (DisTialy, KOMIIaHii, 110 BUKOPUCTOBYIOTh
BUJIaJIEHI aBTOMATH4YHI TEPMIHAJIM, KOMIAHIi MOOULIBHOrO 3B'A3KY, KOMYTallliiHi
HEHTPH 1 6A30B1 CTAHIIIT IKUX MOXKYTb MIJKIIOYATUCS J0 €IMHOT MYJIbTUCEPBICHOT
MEpEexi.

KonBepreniliss KOMI'TOTEPHUX MEPEXK, IO BEAE A0 MOSIBH MYJIbTUCEPBICHUX
MEpeX, TI0sSiBa HOBUX BJIACTUBOCTEH MeEpeXHOro Tpadiky, HEOOXIAHICTh
3a0€3MeUYeHHs] BHCOKOI SIKOCTI OOCIYroBYBaHHS PpI3HUX KaTeropiil 10/aTKiB,
poONsATH HEOOXIMHMM  PO3pPOOKY HOBUX METOAIB KEpyBaHHS  TpadikoMm

MYJIbTHCEPBICHUX MEPEXK.

1.3 3aranpHi BigomocTi mpo TexHosorito DWDM

Knacuuni 3acobu TenekomyHikaiii (tenerpad, TenedoH) T03BOJSIOTH
nepesaBaTd IO OJHOMY ONTHYHOMY BOJIOKHY JiMiie ojauH curHain. lle He
peHTa0eNbHO.

Cytb HOBOI TexHojorii DWDM (Dense Wavelength Division Multiplexing,
ONTUYHE YIIUIBHEHHS, MYJbTUIUICKCYBaHHS) TOJSITae B TOMY, IO MOYXHA

opraHizyBatu 0€3ni4 pO3AUIBHUX CUTHANIB MO OJHOMY 1 TOMY  ONTHYHHOMY
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BOJIOKHY, IO J03BOJIsiE Oaratopa3oBO 30UIBIIMTH MPOMYCKHY 3/IaTHICTh BXKE
ICHYIOUMX 1 HOBOCTBOPIOBAHUX JIHIH 3B'SI3KY.

Teopetnuni ocHoBU TexHosorii DWDM Oynu 3akiazeHi JOCUTh JaBHO — B
1958 porii, konu 111e ¥ HEe OYyJI0 ONTOBOJIOKOHHOTO 3B'sI3KYy. AJjie Tpeba OyJio Maiike
20-25 pokiB [0 MPaKTHYHOI peaiizallii eJIeMEeHTIB MYJIbTHIUIEKCHUX CHCTEM B
cUCTeMax TeJIeKOMYHIKalii. Baamocs B ofHOMY ONITUYHOMY BOJIOKHI cTBOpUTH 10
KaHaJiB, KOJKEH 3 KHX OyB MPOITyCcKHO 31aTHOCTI 1o 2 ['6iT / C.

Cxema texnozorii DWDM nocuth mpocta 1 «HaO4YHa»: ONTHYHI KaHAJIH
CUTHAJIN «3a0apBIIIOIOTEY» (3MIHIOIOTH TOBXKUHY XBUJII KOKHOTO CHUTHAIY), MOTIM
«3a0apBIICHD» CHUTHAJIU MEPEMIIIYIOTbCS MYJIbTHUIUIEKCOPOM 1 NEepeNalThes B
JHII0, a B KIHIIEBOMY MYHKTI (300py) CHUTHAJIM BHIAUISIOTHCS 3 YCI€l TPyNu «3a
KOJILOPOMY 1 MepeatoThcs a0OHEHTY BIJINMOBIIHO 10 KOJIhOPA.

Texnonoria DWDM no3Boisiie oTpumaTd MacmTabHe 1 peHTadelbHe
PO3LIUPEHHS CMYTH TIportyckanHs kaHaiiB B 100 1 O6ib11e pasis.

Lls TexHOMOTIS TO3BOJISE:

* 30UTBIIMTH B COTHI pa3iB YHUCJIO KIIEHTIB TenerpadHo-TenedoHHUX
KOMIIaH1{, BKIIOYA04H 1 MOOUTHHUH 3B'S30K, a IMOMICIYHUN Tpadik TaKUX MEPEK -
JIO TICTa0auT;

* CTBOPUTH CTaOUIbHY TUIATGOPMY /I peanizallli KOMyHIKAI[iHHUX MOCTYT,
0COOJIMBO, JUIsl HOBUX CUCTEM OpraHizailii MOOIJIbHOTO 3B'SI3KY;

* iepeaaBaTu Tpadik MUPOKOTo Kiacy pimeHs - Bia [P 1o SDH Ta iHmux;

* peai3dyBaTH MOXJIMBOCTI MacIITaOyBaHHS MEpEXKi, IO JIO3BOJIMTH HE
Jy’)Ke-TO 1 TIKIyBaTUCA MPO «3aBTPAIIHbOMY JHI» - TpH 30UIbIICHHI 4YHCIIa
KJIIEHTIB, 1[0 OCOOIMBO aKTyaJIbHO 711 MOOLIBHOTO 3B'SI3KY;

* YOPaBJISATH THYYKO HU3BKO MIBUJKICHUMHU TepudepiiHUMU KaHallaMu 1
BHUCOKOIIBUKICHUMH TrabiTHUMH MOTOKaMH OCHOBHUX MaricTpaiei;

* 30UIBIIMTH MPOMYCKHY 37aTHICTh OCHOBHUX KaHamiB 3 2,5 I'6iT / ¢ 10 50
I'6it/ c;

* HAPOILIYBATH KaHaIM O3 nmepepuBaHHs B poOOTI MEPExi.
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HoBi mociayru MOXyTh BHKOPHUCTOBYBaTH €(PEKTHMBHO KOMEPIIiHI
opranizamii (KopmopaTuBHa po0OoTa), JAep’KaBHI yCTaHOBM (Bigeo- Ta TenedOoHHI
KOH(pepeHIlli, JOKyMeHTO00Ir), HaykoBl opraHizaiii (iHTerparis HayKOBHUX 1
OCBITHIX CUCTEM).

Jnsa THx, KOMy HeIOCTaTHbO TmpomyckHoi 3aaTHOocTi CWDM cucrem
(180I'6iT/c — KpaifHi# MakCUMyM), ICHy€ JBa BapiaHTH TEXHIYHOI peajizarlii:
HApOIIyBaTH KUIBKICTh BOJIOKOH (110 3a3BHYail MOB'A3aHO 3 MPOKJIAJaHHIM
JOJTATKOBUX BOJIOKOH) a00 BUKOPHUCTOBYBATH OLIBII «IIPOCYHYTY» TEXHOJOTIIO
yiriibHeHHS — DWDM.

DWDM (anrn. Dense Wavelength Division Multiplexing — urinbHe
XBUJIBOBE MYJIbTUIUICKCYBAHHS) — TEXHOJIOTIS VIIUIBHEHHS 1H(pOpMaliHHUX
MOTOKIB, MpU SKIA KOXEH MEePBUHHUM 1H(QOpPMAIIHHUIA MOTIK MEPEHOCUTHCS 3a
JIOTIOMOT'OI0 CBITJIOBUX ITyYKIB Ha PI3HUX JIOBKHWHAX XBWJIb, & B ONTHYHOI JiHIT
3B'SI3KYy ~ 3HAXOJUThCA  CyYMapHMM  TpYNoOBUNM  cuUTHaN,  chopMoOBaHUI
MYJIBTUILIEKCOPOM 3 AEKIIBKOX 1H(OPMALIITHUX MOTOKIB .

DWDM - cucremMa yuiiibHeHHs, siKa (PI3MYHO CKIIAJIa€ThCA 3 MPUCTPOIB, 110
reHepyIoTh 1HGOpMaIlitHUN TOTIK (MEIUAaKOHBEPTEPH, MAPIIPyTU3ATOPU, TOIIO)
TpaHCUBEPIB (TIpUIIMaIbHO-TIEpEaBayiB, 10 CTBOPIOIOTH 1H(OpPMALIMHUN TOTIK
HAa  PI3HUX  JIOBXWHAX  XBWJIb), MYJbTUIUIEKCOPIB  (MPUCTPOIB, IO
CTBOPIOIOTH/PO3JUISIOTh TPYMOBUN CBITJIOBUM CUTHAJI) 1 ONTHUYHOTO XBUJIEBOIY
(onroBosioKOHHUK Kabenb). Kpim Ttoro, no ckinaxy DWDM BxoguTh rpymna
KOMITOHEHT, MPU3HAYCHUX NJIs1 T1JCUJICHHS/BITHOBICHHS! TPYMOBOTO CBITIIOBOTO
CUTHAIY.

Kananom Oynemo HazuBaTu iHGOpMAIiiiHUN MOTIK B OAHY CTOPOHY (O/HA
CTOpOHAa «TOBOPUTH» 1H(MOPMAIIHHUN TOTIK, 1HINA I[eHd CaMUU TOTIK «CIIyXaey).
Kanan posramoByeThcsl Ha €IWHIA JUISI HHOTO HECydild, IO Ma€ KOHKPETHO
BU3HAYCHY JOBXUHY XBWI (a00 wacTtory). JlJis CTBOpEHHS OJHI€T MOBHOIIIHHOT
JiHIT 3B'A3Ky HEOOXIJHO BUKOPUCTOBYBATH ABa (DI3MYHMX KaHAIM, 1 II0 3B'A3KY

OyJ1IeMO Ha3UBaTH «IMOBHOIIIHHUN JTBOOIYHUNA KaHATD).
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Orxe, DWDM 1 CWDM 3aiiMaroTbCcsl OAHUM 1 THM € MPOLECOM —
YIIITBHEHHSIM. Y 4YOMY X BiIMIHHICTB? A BIIMIHHICTH B YacCTOTHOI citii (abo B
JIOBKMHAX XBWJIb HECYYMX) HECYYUX TIEPBUHHHX 1H(OpPMAIIMHUX TOTOKIB
(kaHauiB). | B mianmazoHax poOOTH CaMOT'0 TPYIMOBOTO CUTHATY.

VY craggaptaux CWDM cucrtemax BiACTaHb MIX JBOMa CYCITHIMHU
HecyuyuMH (kaHaiamMu) cTaHoBHUTh 1610 - 1590 == 20uMm.

Ha cporoanimuiii ness CWDM cuctemu npaiooTh B aianazoHi 1270HM-
1610uM, npeactasisoun B HboMy 18 okpemux kanamis (1270uM, 1290uM, 1310aM
... 1590uM, 1610HM). Aie B8 DWDM Bce #iie TpoXH Mo-1HIIoMy.

DWDM cucremu mpaifforoTh B ABOX JAlana3oHax, Hapizanux it CWDM
cuctem, B came: mianazoH C (C-Band) 1 mianmazon L (L-Band). liamazon C
3HaXOAUThCs B Mexkax Bia 1528.77um (kanan C61) no 1577.03um (kanan CO1), a
niana3oH L 3HaxoguThes B Mexkax Big 1577.86um (kanam L100) mo 1622.25HM
(xanan L48). XBwiboBa ciTka HepiBHOMIpHa (TOoOTO, BiJICTaHb MIX JBOMA
CYyCIAHIMU KaHaJIaMHU HE 3aBXAu ofHakoBe - Big 0.5HM 1o 0.8HM). Came ToMy B
DWDM cucremMax BHKOPHUCTOBYETHCS HAaWMEHYBaHHS Jlala3oHy 1 HyMepauis
KaHally B I[bOMY fiana3oHi (Hampukian, C35 abo L91). Haouno Bce 3BU4aiiHI
kaHaau DWDM cuctemu npeacTasiieHi Ha puc. 1.8.

Tyt Bimpasy ciia 3poOUTH KIJIbKa 3aCTEPEIKEHb.

[To-nepie aianazoH 3 YMOBHO PO3JUICHUN Ha JIBa «KOJIPHUX J1ala3oHy» -
cuHii (1528umM-15431Mm) 1 uepBonuUit (15470M-1564HM).

[To-npyre, L-gianma3oH TUTBKM TIOYMHAE€ BUKOPHUCTOBYBAaTHUCS, 1 HE BCi
BUPOOHHMKHU MOXKYTh JO3BOJIUTU €001 3p0OMTH 0OnaaHaHHs A L-aianazony.

Binomo, mo mo gpoBxkuHax XBwib po3pizHatu DWDM kananu He3pydHO. A
OCh 0 YaCTOTax — 3py4HO. BUJIHO, 10 PI3HUI MIXK JABOMA CYCITHIMHU KaHAJIaAMH
3aBxau gopiBHioe 100ITw. I, skmo posraspatu miana3zon C (Ha gaHUNA MOMEHT
OCBO€HMH OLIbIIICTIO BUpOoOHUKIB DWDM cuctem), To MOKHa BHBECTH CyMapHY
KUIBKICTh KaHalliB B HbOMY — 61 kanan. Cmig nomatu, mo, sk 1 B CWDM
CUCTEMaX, KOKEeH KaHall — 1e 1H(QopMaliiHui NOTIK B OJHY CTOPOHY, a 3HAYUTh,

JUIsL TIOBHOI[IHHOTO OOMIHY JaHuMU iX HeoOxigHo naBa (30 MOBHOIIHHHUX
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JTYTUIEKCHUX KaHaity B aiana3oHi C 126 - B miana3oHi L, Bcboro - 56 mMoBHOIIHHUX

JTYTUICKCHUX KaHaTy).

CWDM Wavelength Grid as Specified by ITU-T G694.2

O-BAND E-BAND S-BAND C-BAND L-BAND

1270 1290 1310 1330 1350 1370 1390 1410 1430 1450 1470 1490 1510 1530 1550 1570 1590 1610
MM oAM o AM AM M MM MM MM M M DM AMm MM MM DM oam am om

el ) 1 E T T T T |

1250 nm Wavelength 1620 nm

Pucynok 1.8 — C 1 L giamazonun DWDM cuctemu B 3araibHOMY Jliana3oH1

CWDM-cucrewm.

Kpim  3Buuaitnoi  100-rirarepmoBuii  CITKM  BUKOPUCTOBYIOTH  200-
rirarepuoBuil CciTKy (HemapHi kaHanu C-miana3ony). Lle moB'a3aHo 3 TuM, IO
nesika KUIbKicTh BHpoOHMKIB DWDM  oOnagHaHHsS HE 34aTHE BHPOOJIATH
MyJnbTUILIIEKCOpU st 100-rirarepioBuil CITKM, TOMY 110 KOMIUIEKTYIOUl AJid HEl
JIOCUTH JOPOr1 1 MOBUHHI OyTH OuIbil BUCOKOI sikocTi moao 200I' T cucrem. B
JaHI cXxemi YIIIbHEeHHS NpUCyTHIN 31 omHOCHpsiMOBaHWN KaHAl 3B's3Ky abo 15
MOBHOIIHHUX JYTIJIEKCHUX KaHAJIB.

Hyxe piako BukopucToByOThcsi DWDM cuctemu ymrinsHeHHs 3 50-
rirareproBuii citkoro. lle o3Hauae, moO MK JBOMA CYCIAHIMH OCHOBHUMH
kaHajamMu 3BuYaiiHOi 100-rirarepuoBuil CITKM pO3TAlllOBaHUN JOJATKOBUMN
migkaHan. Taki kanHaau HasuBaroThesa Q 1 H: Q — migkaHamm B miama3oHi L
(manmpukian, Q80 - wyactora 188050ITw, nmomxkuua xBuimi 1594.22um), H -

nigkaHaau B giana3oni C (Hanpukmnan, H23 - gactora 19230I'T 1, moBkrHA XBHIII
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1558.58um). ¥V Takux cucteMax yiiuibHeHHs B gianazoni C 3HaxoauThes 61
OCHOBHHMI KaHan 1 61 momatkoBwii, Bchoro — 122 kamamm. Y mianazoni L - 53
OCHOBHHMX 1 53 miznkaHana, Bcboro - 106 xanani. CymapHa NOTY>KHICTh JIOPIBHIOE
122 + 106 = 228 oxHOCHpsMOBaHUX KaHaliB, a00 114 MOBHOIIIHHUX AYTUIEKCHUX
KaHaiy 3B's3Ky. lle O6arato. Aue myxe 1 Aye JOpOTO, TOMY HE 3YCTPI4arOThCS

MIPOEKTH 3 MOBHUM 3aBaHTakeHHIM DWDM cucremu 3 50-I'T'11 ciTkoro.

1.4 BUCHOBOK 10 TIEPIIIOTO PO3ALTY

o «monermenuid BapianT» DWDM cucremu mae 200-rirarepiioBy CiTKy
1 31aTHUM 3a0e3neunTH 15 TOBHOIIHHMX NOYIUIEKCHUX KaHainy B fiama3oHi C,
3aJMIIUBIIN TIpU IIboMy Mictie e ¥ ana 15 CWDM xkananis (1270uM-1510HM,
1590uM, 1610HM);

. crangaptiHa DWDM cuctema mae 100-rirarepiioBuii CiTKy 1 37aTHa
3abe3reunt 30 TOBHOLIHHUX JYIUIGKCHMX KaHaiau B miamazoni C 1 26
MOBHOLIHHUX NYTJIEKCHUX KaHally B Jiama3oHi L, mpu poMy TakoX 3aJIMIIUBIIN
micte me ¥ s 15 CWDM kananis (1270uM-1510aM, 15908M, 16108M);

o noBHa DWDM cucrema wmae S50-rirareproBuii CiTKy 1 37aTHa
3a0e3neunt 60 TMOBHOLIHHMX MAYIUIEKCHUX KaHamy B JiamazoHi C 1 52
NOBHOIIIHHUX JTYIUIEKCHUX KaHAJy B Jlana3oHi L, 3HOBY K 3aJIMILMBIIKA MICLE IIe

i s 15 CWDM kanamis (1270aM-1510aM, 15908M, 1610HM).

1.5 IMocTraHoBKa 3a7a4i A0 APYroro po3aiiay

[TocTifine 30LIBIIEHHS MYJbTUMENIMHOTO TpadiKy VY MaricTpajbHUX
MYJIBTUCEPBICHUX Mepexax MOoTpeOye 30UIbIIEHHS MPOMYCKHOI CIPOMOKHOCTI
JTAHOT MEPEXKI.

Mertoto kBamidikariitHoi po60TH € 301TBIICHHS MPOITYCKHOI CITPOMOXKHOCTI
MyJIBTUCEPBICHOI Mepeki Ha ocHoBl TexHosorii DWDM 3a paxyHok

BJIOCKOHAJIEHHS] CTPYKTYPHOI CXEMU ONTUYHOT aDOHEHTCHKOT JIiH1i 3B’ SI3KY.
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J7is MOoCATHEHHSI OCTABICHOT METH HEOOXiHO PO3B’A3aTH HACTYIIHI 3a/1a4i:

1. Bukonat MopepHi3aIil0 ICHYOUMX IITUPOKOCMYTOBHX MEpPEK
JOCTYMy Ha 0a31 ONTUYHUX TEXHOJIOT1H 3 BUKOPUCTAaHHAM TexHoJorii DWDM;

2.  Po3paxyBaTH OCHOBHI TapaMeTpH XBHJIEBOJHOTO CIEKTPAIBHOTO

MYJIBTUILIICKCOpA.
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2 CIIELIAJIbBHA YACTHHA

Jnst po3poOKM  ONTUMANIbHUX  MEPCHEKTHUBHUX  IUIAHIB — PO3BUTKY
MariCTpaJlbHUX MYJBTUCEPBICHUX Mepex Ha 0asl BOJIOKOHHO-ONTHYHHUX
TEXHOJIOT1M He0OX1AHO BPaxOBYBAaTH MPOTHO3U PO3BUTKY KpaiHH Ta ii €KOHOMIKH.
Bapro ckazatu, mo VYkpaiHa Jemnio BifcTa€e B 001acTi MariCTpaibHUX BOJIOKOHHO-
ONTUYHUX JTiHIH 3B’ 53Ky (BOJI3).

JUis TOanblIoro pPO3BUTKY MariCTpalibHUX MYJIBTHUCEPBICHHX MEPEX
NOTPiOHI BENMKI KamiTaJlOBKJIAJACHHS. 3 1HIIOrO OOKY IIl BUTpATH HE MPUHOCSTH
IIBUJIKOTO TIPUOYTKY.

HaiiGinpm BipOTiAHUM PIIIEHHAM JIJIS I[bOTO € BCTAHOBJICHHS CHCTEM 13
CHEKTPaTbHUM YIIIIbHEHHAM TUIly DWDM.

HeoOxiaHicTh BOPOBAIKEHHSI ONTUYHOI TEXHOJOTII MIUIBHOTO XBUJIEBOTO
mynbTuiiekcyBanHss (DWDM — Dense Wave Division Multiplexing) Ha
MaricTpajibHl MYJbTHUCEPBICHI MEPEXl O0OyMOBJIEHA PSAOM HpUYUH. ['0J0BHOIO
IMPUYHUHOIO € MOCTIHHE 3pOCTaHHS MYJIbTUMEAINHOrO Tpadiky B MyJIbTHUCEPBICHIN
MepexXi 3aBISKH MOIMYJISIPHOCTI TOCIYTH MOO1IBHOTO TOCTYIy B [HTEpHET.

['0OBHMM HEAOJIKOM Takoi JiHII 3B’43Ky € IIMpPOKa CMyra 4acToT, SIKY
3aiimae ozHa JiHis. 1le He 103BosIsE B JaHOMY OOMEKEHOMY ONTUYHOMY Jlana3oHi,
HaIpUKJIad, B OIHOMY a00 X JEKUIbKOX BIKHAX MPO30POCTI ONTHUYHOI'O BOJIOKHA,
30UIBIIUTH KUTbKICTh ONITUYHUX CUTHAJIIB.

Henocrathiii piBeHb MPOMYCKHOI CIPOMOKHOCTI ONTHYHOI JIiHIT MOXHa
301IBIIATH 32 JTOTIOMOTOIO0 TEXHOJIOTIT HIUIBHOTO XBUJIEBOTO MYJIbTHILICKCYBAHHS
DWDM. Jlng uporo AOCTaTHbO y BKE ICHYIOUY aOOHEHTCHKY ONTHYHY JIIHIIO
BIJTFOUMTH Jiesiki KoMmmoHeHTH. CydacHl NMpuiaad CHEKTPaJbHOTO YIIUTbHEHHS
kaHatiB (DWDM) 103BOMSIOTE YIIIJILHIOBATH CUTHAM (KaHAJIW) 3 1HTEPBAJIOM HE
meniie 0,4 aM, T06T0 Ou3pko 50 I'Tu. Ta B nboMy iHTEpBai, BUKOPUCTOBYIOUH
KOT€pPEHTHI METOIM OOpOOKH Ta repeiadl ONTUYHOTO CUTHAITY, MOKHA PO3MICTUTH
3aMICTh OJIHOTO OUIbIIE€ COTHI ONTHUYHHUX UU(POBUX CHUTHATIB 31 HIBUAKICTIO

nepemadi 155 Mo6it/c (STM-1).
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BukopucTanHs 3alIpoNOHOBAHOTO PIlIEHHS Nependayae 3HayHy €KOHOMIYHY

BUTOJy Ta €(p€KTHBHE BUKOPUCTAHHSA BXKE ICHYIOUUX JIIHIN 3B S3KY.

2.1 Crpykrypa Ta XapakKTepUCTUKH ONTUYHOT JIiHIT

Huni icHyro4a MmIMPOKOCMYroBa MepeX JOCTyny Ha 0a3i ONTHYHUX
TEXHOJOTIM 3B’A3KYy CKJIQJAa€TbCsd 3 MYJIbTUIUIEKCOpA,  JAEMYJIbTHILIEKCOPA,
MOJYJIATOpPA, ABOX ONTHYHUX PO3TalypKyBadiB, ABOX ONTHYHUX (DUIBTPIB -
po3rayly/pkyBauiB  (MPUCTPI  CHEKTPaJbHOTO YIIUIBHEHHS KaHaliB), JBOX
MPUCTPOIB MEpeAaydl ONTHYHOTO CUTHAIY, (DOTONETEKTOPY, MiJICUIIIOBaYa, (QUIBTPY
CUTHAITy, BUPIIIYIOYOTO MPUCTPOr0. Jlo Ckiady JiHIT TaKOXK J10AATKOBO BKJIIOYECHI
KOTEpEHTHUW ONTHUYHUM IeperaBad Ta MpuiMad, JIA3epHUM IeTepOJrH, IIPUCTPOL
cTabumizalii 4yacTOTH Ta 3a0e3NeyeHHs BY3bKOi JIiHIT BUIPOMIHIOBaHHS Ja3epy,
ONTUYHUHN MiACUITIOBAY-PO3TalyHKyBay, TPETI MPOCTIp (TPET€e BIKHO MPO30POCTI)
nepeaadl ONTUYHOrO CHUTHANy, JIBa ONTUYHUX PO3railyJKyBadl (CUMETpHYHI),
HECUMETPUYHUI ONTHUYHHUU pO3raayaXyBad, ONTUYHUM MOIyJsTOp, (hopMyBau
ONTUYHOT HECYUYOl YacTOTH, TEHEpATOp IiJl HECy4Oi YaCTOTU Ta 3MilllyBay (cxema
npuBeeHa Ha puc. 2.1).

Jlana aGoHEHTCBKa JIiHIA 3B 3Ky (pUC. 2.1) BXOJHUTH B IBOXSPYCHY MEPEKY
JOCTYITY O MOCHYT 3B’S3KY, NMPHU [[bOMY MYJBTHUIUIEKCOP |, ONTHYHMI nepeaaBayd
2, ONTUYHUM pO3rajyJKyBad 7, NeMyJbTHILUIEKCOp 12, onTtnuHmii mpuiiMad 13,
ONTUYHUN (DUIBTP — po3ranypkyBad 14 po3MillleHi B BY3Ji JIOCTYIY IO TMOCITYT
3B’13Ky. [HImIMKA onTuuHuid (UIBTp — posrainykyBad 3 — B NPOMIKHOMY
MepeXeBOoMy By3imi. Bcl iHIN OMOKM — Ja3epHUid reHepaTtop S, MOIyasTop O,
ONTUYHUHN po3raltyKkyBad 9, ¢pinsTp curnany 10, nemoxynsrop 11, doTomerekrop
15, migcumtoBau 16, Bupimyrouuii npuctpid 17 — Hanexarb 0 anapaTrypu
aOOHEHTCHKOI YCTAaHOBKH.

Byzon noctyny, NpoMiKHUI MepexeBUil By30J1 Ta aDOHEHTChKa YCTaHOBKA
3’€JIHaHI MK cO0010 JIBOMa IMPOCTOpaMH Nepeaadl onTUYHOro curHany 4 ta 8. Lle

ONTHYHHHN KaOEJIb.
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Ontuuni  QuIbTpU — posranykyBadi (mpuctpoi DWDM) MmicTaTh onTUyHI
MCUITFOBAYl JJIsl KOMITGHCAIlli BTPAT MOTYKHOCTI MPU PO3TATYKCHHI CUTHAITY Ta
BTpAT B MPOCTOPI1 MepeIadi MPU BEJIMKIN IOBKUHI JIIHIT 3B’ SI3KY.

["'0JTOBHUM HEIIOJIIKOM TaKoi JIiHIT 3B’S3KYy € IIMpOKa CMyra JOBXKUHHU XBHIII,
Ky 3aiimae onmHa miHiA. lle He A03BOJIIE B TaHOMY OOMEXEHOMY ONTHYHOMY
Jllara3oHi, HampUKIad, OJHOr0 abo X JCKUIBKOX BIKOH ITPO30POCTI ONTHYHOTO
BOJIOKHA, 301IBIINTH KUTBKICTh a00HEHTCHKUX YCTAHOBOK B MEPEXKi TOCTYITY Yepe3
HEMOXJIUBICTh B pamkax TexHoyiorii DWDM 30inpmuT MIBHICTE PO3MIIIIEHHS
ONTUYHUX CUTHAJIIB.

OntuuHi QubTpU — posranyxkyBadi (mpuctpoi DWDM) MicTaTh onTuyHI
MJCUITIOBAYl JJIsl KOMIIEHCallli BTPAT MOTYKHOCTI MPU PO3TATY>KEHHI CUTHAITY Ta
BTpaT B IPOCTOPI Nepeaadil Mpu BETUKIN TOBKUHI JTIHIT 3B A3KY.

Jnst  AOCATHEHHA TMOCTaBJIEHOT LIl —  30UIBLIEHHS  MPOIYCKHOI
CIIPOMOXHOCTI MYJBTUCEPBICHOI MEpeXi, B ICHYIOUy JIHIIO 3B SI3KYy
BKJIIOYAIOEThCA KOTEPEHTHUM ONTHYHUK IEpefaBad Ta MpUiiMad, Ja3epHUU
reTepOIMH, MPUCTPiIM cTabumi3amii 4acTOTH Ta 3a0€3MeUeHHs] BY3bKO1 JIHII
BUIIPOMIHEHHS Jla3epa, TPETii Ta YETBEPTUI ONTUYHUN PO3TaANTyI>KyBay, ONTUYHUN
MiJCUIIOBAY — PpO3Taly/KyBad, HE CHMETPUYHUN ONTHYHUN pO3ralyaKyBad,
TPETiil MPOCTIp TMepenayi ONTUYHOTO CUTHATY, ONTUYHUN MOAYJATOp, hopMyBay
CUTHAJY HECY4Oi YaCTOTH, T€HEPATOpP CUTHAITY IiJ] HECY4Oi YaCTOTH, 3MIITyBay.

OTxe, 3apONOHOBAaHA BJOCKOHAJIIEHA ONTHUYHA A0OHEHTChKA JIHIS 3B S3KY
(puc.2.2) MiCTUTB: MYJIBTUIUIEKCOP 1, APYTUil ONTUYHUN (DUIBTP — PO3TATyIKyBay
3, Opyruil mpocTip mepeAadl ONTUYHOrO curHainy 4, MoayiasTop 6, mepiiuii
ONTUYHUN PO3TAyKyBad 7, TMEPIIMA MPOCTIp mepeaadyl ONTUYHOTO CUTHANY 8,
Opyruil ONTHYHUN posranymxyBad 9, ¢inbrp curHamy 10, gemoxynstop 11,
neMyJbTUIiekcop 12, mnepmui  onTUyHUE (QUIBTp — posranymxyBaud 14,
dotomerexkrop 15, miacwmoBay 16, Bupimyrounii npuctpiii 17, KorepeHTHHIA
ONTUYHUN TiepenaBad 18, ontuyHuid 3mimyBay 19, Tpertiii mpocTip mnepenaui
onTU4YHOro cur”any 20, 4eTBepTH ONTHUYHHUM pO3rainymxyBad 21, ONTHUYHHIA

MOAYJISATOp 22, Ta3epHUIA TeTepoIvH 23, ONTUYHUHN MiJICUITIOBaY — PO3TalyKyBad
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24, HeCUMETPUYHUN ONTUYHUN po3raidy/KyBad 25, popMyBad CUTHATY ONTHYHOI
Hecy4yoi 4acToTH 26, TeHepaTop CHrHaldy IMiJl HeCy4oi 4dacTtoTu 27, MpHCTpiit
cTabimi3allli yacToTu Ta 3a0e3MeueHHsl By3bKOi JIiHIi BUIPOMiHIOBaHHS J1azepy 29,

TpeTiit onTuyHuM posranyxysad 30, 3minrysay 31.

Orrsanuii pinsrp- ‘_ﬂ;c;r-n;i- - —T\;)-,'l\—’":op—- ]
posraaykysay 1 .

refepaTop

Onramnuii ®iawpTp
| POsrAaYORYBaY 2 CHIHALY

Ouruanmnii

posraay/ueygaa 1 ,’le.uoﬂ_mﬂJop

Bux. 2

Omrraanmii g S

[Temyasrunackeop Omruanmii direrp- | Poroneresrop  Hixcwnosay Bupumyu;mu,
i 3 0 i

RN TN R L B |

Pucynok 2.1 — Cxema iCHyr040i a0OHEHTCHKOT JIiHIT

2.2 [lpunHIun po60TH 3aMpONOHOBAHOI ONTUYHOI JIiHIT 3B’ SI3KY

Curnan, npusHaueHWil s naHoi (puc. 2.2) aOOHEHTCHKOI YCTaHOBKH,
IPUXOJIUTH HA BX1J JiHIi 3B’ 3Ky (Bx. 1), koTpuil € BX010M MynbTHUILIEKCOpa 1, B
SKOMY 3/IACHIOETbCA TOEIHAHHS I[OIO CHUTHAIY 3 CUTHaJaMH JJIs  1HIIUX
aOOHEHTCHKUX YCTAaHOBOK Ta YIIIJILHEHHS CUTHAJIIB MO 4acToTi. ['pynoBuil curnan
MOTparuisie Ha BXIiJT KOTEPEHTHOTO mepeaaBada 18, B SIKOMYy  3IIMCHIOETHCS
NEPEeTBOPEHHS €JIEKTPUYHOTO CUTHATY B ONTUYHMMN, a TAKOXK MOXKE 3[1HICHIOBAaTHUChH

00’ eHaHHS JEKUIBKOX ONTUYHUX CUTHAJIB (CIIEKTpaibHE YIIUIbHEHHS KaHaliB). 3
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BUXOJy TMepeAaBadya 18 cHrHam mMOTpamisie Ha BXiJA TEPIIOr0 ONTHYHOTO
posraiykyBada 7 TH Jalli 3 BXOAY/BHXOAY ITbOTO PO3Taldy/KyBada Ha TEPIIUN
BX1JI/BUX1J] TEPIIOTO ONTUYHOTO GiIbTpa — posranymkyBada 14. Hassa
«BX1JI/BUX1/1» 3yMOBJICHA THM, III0 JaHAa TOYKAa HA CXEM1 BHKOPHCTOBYETHCS SIK
BXIJ] IJI1 CUTHAY OJHOTO HAMPSAMKY M SK BUXIJ JJISI CHTHATY MPOTHIICKHOTO
HaIpPSMKY.

[lepmuit ontuyHMil PinbTp — po3ranykyBad 14 Bifcikae OUTbITY YacTUHY
CUTHAIIB, HE Ha3HAYEHUX IS JaHOi a0OHEHTChKOi ycTaHOBKW. CHUTHaJIH, IO
3TAIITUINCS MTPOXOATh MEPIIUI MPOCTIp nepeadi 8, Mo MOE€THYE BY30J1 JOCTYITY
Ta BEpXHIH MPOMDKHUI MEPEKEBUI BY30J1, Ta HAAXOJAUTHh HAa TEPIIANA BXiJ/BUXI]
JPYroro ONTUYHOro (UIbTpa — po3raiyjpkyBada 3, sSIKMM BUJLISE BIAHOCHO HE
BEJIUKY I'PYIly CUTHAIIB, [0 MICTUTh CUTHAJ JUIsl JaHOI aOOHEHTCHKOT YyCTAaHOBKHU.
L{s rpyma curHaiiB MPOXOIUThH APYTUN MPOCTIp mepenadi 4, mo 3’€IHye BEpXHii
Ta HIDKHIA TPOMDKHI MEpPEXEBl BY3JM, Ta HAJIXOIUTh Ha BX1JI/BUXiI APYroro

ONTHUYHOI'O PO3raly>KyBaya 9.

KOrepenTiii . .
ONTHYHHIL OnTHYHHiL OITTHUIINH onTHHUHH
—— S——— PO3CAIVIKYBAY MOAY/IATOP

Bux.1 KOCepenTIHii
OMTHUHKH
npuiiMay

MpHETpidi cTadinizauil
HACTOTH TA ¥LILHENIs
BHIPOMIILIOBANES
Jaazepy

Pucynok 2.2 — 3anpornoHoBaHa ONTUYHA a0OHEHTChKA JIiHIS 3B’ A3KY
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OnTuyHa cMyra MOpONyCKaHHA Ha JAPYroMy BXOJI/BUXOJII ONTUYHOIO
¢biapTpa — po3ranyKyBauda 3 HaOIMKEHA A0 ONTUMAIBLHOTO 3HAYEHHS MOXKIIUBOTO
115 TexHosiorii DWDM. Ha nanwuit yac 1ie 3HadenHs gopiBHioe 0,4 HM 1 OijIbIIIe.

3 BUXOJly JPYroro ONTHUYHOIO po3raidy/pkKyBada 9 3rajana rpymna CUTHAIIB
HAJXOJUTh Ha BX1J ONTHYHOTO 3MilryBada 19, Ha Apyruil BXia SIKOTO HAJIXOIUThH
HE MOJYJhOBAaHE BY3bKO IIOJIOCHE BHMIPOMIHEHHS JIA3€pPHOTO TeTEepOJuHy 23,
4acTOTa SIKOTO KOHTPOJIIOETHCS MPUCTPOEM CTab1Ti3allii 4acTOTH Ta 3a0e3MeueHHs
BY3bKOi CMyTY BHUIIPOMIHIOBaHHS Ja3epy 29. 3 BUXOAy ONTHYHOTO 3MimryBaya 19
yepe3 TpeTil onTtuyHuil posranymkyBad 30 Ta ONTHYHHUNA MIACHIIOBAY —
po3raiyaxyBay 24 cUrHaJl HAAXOJUTh B TPETii mpocTip nepeaayi 20, Mo noeaHye
HUOKHIA TPOMDKHUN MEpPEKEeBHUM BY30J7 3 JaHOK a0OHEHTCHKOIO YCTaHOBKOIO.
Koxna ycraHoBka, 3’€lHaHa 3 IIUM BY3JIOM, OTPUMY€ OJMHAKOBUN HaOIp
1H(pOpMaIIfHUX CHUTHAIIB Ta CHUrHaji JilazepHuid rerepoauna 23. IlimcumoBau —
po3ranyKyBay 24 KOMIEHCYE BTPAaTH NOTY>KHOCTI CUTHAIIB IPU PO3TalyKeHHI Ta
3aTyXxaHHl1 X B TpeTbOMY MpocTopi nepenadi 20.

[Ipuctpiii crabumizamii 4YacToTd Ta 3a0€3MEYEeHHS BY3bKOI CMYTH
BUINIPOMIHIOBaHHS 29 1a3epHOTO TeTepOoArHY 23 MICTUTh BY3bKO CMYTOBI 30BHIIIIHI
PE30HATOPH Ta €JIEMEHTH, 10 3a0€3Meuyl0oTh CTa0UII3aIllli0 TeMIEpaTypH Jia3epy,
NPUTTYIICHHS  BIUIMBY  30BHINIHIX  METAJIIYHMX BIUIMBIB, (a3oBe aBTO
PUCTOCYBAHHSA YacTOTH JIA3€PHOTO rerepoAnHa 23, ska Mae OyTH poO3MilleHa B
LEHTP1 CMYTH IPOIYCKAHHS IPYroro ONTHYHOTO (DUIBTPY — pO3raiyKyBaya 3.

Taka o00poOka KOTEPEHTHOTO ONTHYHOTO CHUTHAIY B  HHXHBOMY
IPOMIXXKHOMY MEPEXKEBOMY BY3Ji JT03BOJISIE YHUKHYTH BHUKOPWUCTAaHHS B KOXKHIH
aOOHEHTCHKIN yCTaHOBII MOKH I11€ HAATO J0poroi amnapatypu (6moku 23 ta 29).

['pyna curHamiB, mo HagiWNUIA 3 TPEThOro mpocTopy nepemadi 20
MIPOXOAUTH YETBEPTHUI ONITUYHHUI PO3TalyKyBay 24 Ta HE CAMETPUYHUN ONTUYHUI
po3raiy’)kyBad 25, Ha BUXOJaX SKOTO BIATBOPIOIOTHCS CHUTHAJIM PIZHOTO PIBHAL
CurHan HHU3BKOTO PIiBHS 3 MEPIIOTO BHUXOAY MNPOXOAUTH ¢oToaeTrekTop 15 Ta
niacuiIoBay 16, 1 MOTIM MOTpaIUige Ha NEpIIMid BXia 3MimryBaya 31, Ha Apyruii

BX1J] SIKOTO TOTpAIUIL€ HE MOAYJIHLOBAHWUN CHUTHAJT BiJl T€TEPOJUHA CUTHATY TIiJ
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Hecydyoi yactotu 27. Ha mepmmii Bxij 3MimyBadya 31 moTparuisie JeKuIbKa
CUTHANIIB, aje Ha Bxonl ¢uabTpa curHamy 10 BUAUIAETHCS JHILIE OJUH CUTHAI,
Ha3HAYeHUW I AaHOi ycTaHOBKHM. lle 3a0e3medyerbcsi (uIbTpali€ro OAHIET
OOKOBOi ONTHUYHOI CMYTM YacTOT Micas (OoToAeTeKkTopa, BUOOPOM YACTOTH
rereponrHa 27 Ta UeHTpajdbHOI YacToTu (inbTpa 10, yacToTHa XapaKTepUCTHKA
SKOTO BIATNOBIJIa€ MaKCHUMAJIbHOMY BiJTHOIICHHIO CUTHAJI/IIIYM Ha BXOJ1 BUPIIIYIO
yoro mpuctpoio 17. Hdemonynstop 11 meperBoproe (opmy curHaily A0 BUIY,
3pYYHOTO JJisi poOOTH BHPINIyIOYOTOo TPHUCTporo 17. 30kpema BiH MOXke 1 OyTh
BiIcyTHIM. [Ipy BUKOpHCTaHHI 3ampONOHOBAHOT CMYTH 3B’S3KYy Ui Iepenadi
aHAJIOrOBUX CHUTHANIB BUplmyrounid npuctpii 17 13 cxemu (puc. 2.2)
BUKIJIFOYAETHCS.

Curnan mo Hece iHpopMalio BiJ aDOHEHTa 0 By3Jja JOCTYIY, HAAXOAUTh
Ha Apyruii BXix cMyru (Bx. 2), mo € nepmuM BXoa0oM MoayisTopa 6, Ha ApyTrHii
BX1J] SIKOTO MOTpAIUIs€ CUTHAJ B1Jl FeHepaTopa CUTHAY MiJl HeCcydol 4acToTu 27.
MoynpoBaHUI CUTHAN MiTHECYYOi YaCTOTH 3 BUXOAY MOAYJSATOpa 6 moTparuise
Ha MEepUIMHI BX1J ONTUYHOTO MOAYJSTOpa 22, HA IPYTUi BXIJl SIKOTO MOTpPAIUII€e HE
MOAYJbOBAaHUN ONTHUYHHM CUTHAI 3 BUXO0Ay (opMyBadya CHUTHANy ONTHUYHOT
Hecy4yoi uyacTtoTh 26, Ha BXiJ SKOTO MOTpAIUIL€ CUTHAN 13 JIPYroro BUXOMY
(BUCOKOTO PIBHSI MOTYXXHOCTI) HECUMETPUYHOTO ONTUYHOTO pO3raixyxyBada 25.
ToMy Ha BHUXOJl ONTUYHOTO MOIYJIATOPY 22 (GOPMYETHCS ONTUYHUN CHUTHAI,
HECyda 4acToTa SIKOTO CHIBMAJA€ 3 HECYUOI YaCTOTOIO CUTHAIy Ha BUXOJI By3ja
JOCTYMy, TMPHU3HAYEHOTO JJIA JaHoi ycraHoBkW. Jlami curHam Big aOoHEHTa
MPOXOaUTh nociigoBHo Osioku 20, 24, 30, 9, 4, 3, 8, 14, 7. [Ipu upoMy B O10Kax
24, 3 ta 14 BinOyBaeTbcs 00’ €THAHHS HOTO 3 CUTHAJIAMU B1J 1HIIUX a0OHEHTCHKUX
YCTaHOBOK. 3 BHXOJy MEPIIOTO ONTHYHOTO pO3rajy’KyBaua 7 CUTHAJ MOTpAIUIsLe
Ha BX1J] KOTEPEHTHOIO0 ONTUYHOIO NMpuiiMaya 29, sikuii BUKOHY€e (PyHKII1, 00epHEeH1
GyHKIISIM KOTEPEHTHOTO ONTHUYHOro TepemaBava 18. 3 Buxomy mepenaBaya 28
TPYMOBUN €NEKTPUYHUN CUTHAJ, TPOXOISYH JAEMYJIbTUIIICKCOp 12, po3AiiseThCs
Ha mepumoMy BXxoal JdiHli 3B’sa3ky (Bux. 1) dopmyerbcst curnan, mo Hece

1H(DopMarrito, sKka moTpanuia Ha BXiJ Apyroi JiHii 3B’ s13ky (Bx. 2).
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2.3 Po3paxyHOK OCHOBHHMX IapaMeTpiB XBWJIEBOJHOI'O CHEKTPaJIbHOrO

MYJIBTHILIEKCOPA
B cUCTeMI MIPUCYTHIN XBUJIEBOIHUM CIIEKTPaJIbHUM
MYJIBTHTUICKCOP/IEMY I TUTLICKCOP (iHOMI Ha3UBaIOTh XBUJICBOTHUM

CIIEKTpaJIbHUH aHaJIi3aTop).

BukoHaeMo po3paxyHOK KyTOBOI Aucriepcii B BOJOKOHHO-ONTHYHIN JiHIT
3B’SI3KY.

Po3paxyHku, 110 BH3HA4YalOTh OCHOBHI XapaKTEPUCTUKU XBUJIEBOJHOTO
CHEKTPAILHOTO MYJIBTUIUIEKCOPA/AeMYTbTHILIEKCOPA, BUKOHAHOTO 3

OJHOMOJOBHUX XBI/IJ'IGBOI[iB, MalrOTb BUTJIAA:

D,=h/yxo\b,
ne D, - xyrosa qucmepcis;
b — nucnepciiiHuii MHOKHHUK;
h — mocriiiHa pI3HUI [OBXWUHU MUISIXY MIDK CYCIIHIMH CTYTCHSIMU

(XBUJIEBOJAMU);
X — IIMPUHA CTYIEHIB (KaHATIB);
Y — edeKTUBHUI MOKa3HUK 3aJIOMJICHHS XBUJIEBOY;

A — JOBXHWHA XBHJII Y BAKyyMi.
Hucnepciithuit MHOKHUK (b ) Moke OyTH npeAcTaBiIeHUI B BUTIISIAL
b=Ay-McAy/cA)-AZj(cAy/on;)(onj/cA)
b=06y—A(dAy/d)) (2.1)
Je Nj — MOKa3HUKM 3aJIOMJICHHS CEPEIOBHUIIA, 110 YTBOPIOE XBUIICBOIH;
Ay - pi3HuIs eheKTUBHUX TOKA3HUKIB 3aIOMJICHHS XBHJICBOY;
O\ — MiHiManbHUI iHTEPBAI KyT M JBOMA JO3BOJIEHUMU 110 Pernero
JHISIMHU;

Ay=y1—2,
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71 = 1,59 MKwMm;

12 = 1,49 MKMm;

Ay=1,59-1,49 = 0,1.

BuzHaunMo MiHIMaJgbHHM KyT MIDK JBOMa JO3BOJICHUMH JIHISIMH,
3ahOpMyJI0IO:

Sp=A/Nyx,,

ne A= 5%¥10° mm — JOBKMHA XBUJII Y BAKyyMi;

X0 =6,5 MKM" — IIMPHHA CTYIICHIB (KaHATIB);

N =16 - KUIBKICTh IPOMEHIB, IO IHTEPHEPYIOTH (KaHATIB).

8¢ = 5%107"/16%1,49%10°6,5%10° = 32,3,
AQ=\/yX,,
A = 5%1071/1,49%10%%6,5%10° = 51,6.

3a ¢popmyoro (2.1) BUZHAUMMO JUCTIEPCIHUI MHOXKHUK b;

b =32,3%1,49 *10° - 5107 ((5%107""*1 - 0,1*10° *1)/25%10%% ) = 48,13
*10°,

Busznaunmo MiHIMQJIBHUI IHTEpBal MiX JIBOMa JIO3BOJICHUMH JIHISIMH, 3a
bopmyiioro:

5A=\"/Nhb,

e h = 63.1 MKM - mocCTiiiHa PI3HMI JOBXHHHM HUIAXY MIX CyCIAHIMHU

CTYNEHSIMH (XBUJICBOJAAMHU );
Sh = (51072 /16%63.1¥10°48,13 *10°=0,0001%10"°
Buznaunmo po3iapHy 31aTHICTh XBUJIEBOY 32 (POPMYIIOHO:
R = Nh/Ab
R = 16%63.1%10°%/5%107*63.1¥10°= 4,2 *10"!
Po3paxyeMo criekTpalibHy 001acTh qucnepcii AA:

ALA=A’/hb,
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AN =25%10%%/63.1%10°*48,13 *10°= 0,82*107"2,
Busnaunmo nopsaok crexkrpy K:
K=Ayh/A,
K=0,1%63.1¥10° /5x10™"" = 13%10°
OTxe KyTOBa qucnepceis D, :
D, = h/yxAb,
D, = 63.1%10°% 1,49%10°6,5%10° *5%107"" 48,13 *10° = 27%10%
XBUJIEBOJHI CHEKTPaIbHI MYJIbTUIICKCOPU/IEMYIbTUILIEKCOPU € KIIOYEM

JI0 BUPIIICHHS MPOOJIeMH BUKOPUCTAHHS BCI€i HAJI3BHYAMHO IMIMPOKOI CMYTH

IIPOITYCKAHHS BOJIOKOHHUX CBITJIOIPOBO/IIB.

2.4 TlopiBHsUIbHIM aHaMI3 1CHYIOUOi JIHII Ta JiHIT 3 BUKOPUCTAHHIM

3aIPONOHOBAHOTO TEXHIYHOTO PIIIEHHS

B cucremax 3 DWDM B ontuyHOMYy KaHal 3 SIBJISIOTHCS J10JATKOBI
JKepesa BTpaT — ONTUYHUN MYJIBTUIUIEKCOP Ta AEMYJIbTUIUIEKCOpP. s cyuacHux
MYJIBTHILIEKCOPIB 3aTyXaHHs Ckiagae Bix 1,5 no 5,2 1b Ha kaHaAT — B 3aJIEKHOCTI
B1Jl KUIBKOCTI MYJIbTUIJIEKCOBAHMX KaHATIB. 3aTyXaHHS B MYJbTUILIEKCOPAX MOXKE

TaKOXX 3MIHIOBATHUCA B1A JOBXXHMHHN XBHJI1 )\'m . TCOpeTI/IIIHe 3HAYCHHS 3aTyXaHHS

JUIS. ONTUYHUX MYJIBTUIIEKCOPIB, B 3&JIEXKHOCTI Bl 3HAYEHHS 4YHCJIa KaHaJiB
pPO3paxoBYETHCS 3a (POPMYIIOLO :
ém =((0,99™"0,98) ",

ne 0,99 — xoedimienT BimOuBaHHA Big IWIiBKK; 0,98 — koedimieHT
MPOITYCKAHHS TOHKOILTIBKOBOTO (DiIBTPY.

JInsi MOpiBHSHHS ICHYIOYMX JIHIA Ta 3alpONOHOBAHOrO PIlIEHHS OyneMo
MOCJTIIOBHO HApOIIyBaTH MBUAKICTH Big B | =2,5 I'6it/c mo B , = 40 I'6it/c, Ta
pO3paxoByBaTH JOIYCTUMY BEJIWYMHY 3aTyXaHHd B ONTHYHOMY TPakTl G i,
(OrOKET CUCTEMM ) IS

a) ICHYIO4Oi JIHii;
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0) JIiHI1 3 3aCTOCYBaHHSM 3alPOIIOHOBAHOTO PIIIIEHHS.

YyTauBICTh ONTUYHOTO MPUHMaYda BUSHAYAETHCS 3 (POPMYITH:

Ppin=Aj/Mm V4kT(2nCY)B? (In, /2K+ (In, (2nCY)BF, )/Sy),

ne N, = 0,8 — kBaHTOBa €(PEKTUBHICTH;

A;=4,8 BT/A — xoediLieHT eHeprii Nagaroyoro GoToHa;

C>=0,5 n® —cymapHa €eMKiCTh (hOTOIIOAY;

In, = 0,55; In; =0,085 — inTerpanu I[lepconaka;

F,=1,5 — mym-¢akTop nosb0BOro TpaH3uCTOPY;

Sm =35 * 10~ — kpyTH3HA [OIBOBOrO TPAH3HUCTOPY;

T — Temneparypa;

k — crana bonbimana;

K — xoedimient, njo xapakrepusye rMUOUHY IHTETPYBaHHS B BX1THOMY KOJII
dotonpuiimaya (K =10 — 100).

Po3paxoBani pe3ynbTaTH 3BEACHI BIAMOBIIHO y Tabmumsx 2.1 Tta 2.2.
AHaJIi3yl0ud OTpUMaHa JaHl, MOXKHA CKa3aTH, 110 B CHUCTEMI 3 3alpONOHOBAaHUM
TEXHIYHUM DIIMICHHSM, 3 TOYKH 30pYy 30€peKeHHS OIO/KETy CUCTEMHU (JOBKHUHA
JIUISSHKA pereHepariii) BUIJIsSAae OUIbII MepcrneKTUBHO. OTXe BUKOPUCTaHHS

3aIPOIIOHOBAHOTO TEXHIYHOTO PIIICHHS € JOIIBHUM.

Tabmuus 2.1 — 3aTyxaHHs B ICHYIOY1H JiHIT 3B 3Ky

IIBuakicTh
o 2,5 10 20 30 40
nepenaaui, ['0it/c

KinbkicThb
CIIEKTPATILHO
VIIUTBHEHUX 1 4 8 12 16

KaHaJliB, m

JloBxuHA XBHITI
Ha SIK1i BEIEThCs

nepegava, A MKM 1,29 1,35 1,43 1,49 1,52
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[Tponorxenus Tadmuii 2.1

3aTyxaHHs, 110
BHOCHUTLCS

MYJBbTHILIICKCOPOM

2,5

3,5

3,5

UyTnuBicTh

npuimaya, Ppi, ;5

-27,09

-27,29

-27,54

-27,89

-28

Bromxer cucremn,

nb

21,09

21,29

21,54

21,77

22

Tabnuug 2.2 — 3aTyXaHHs B JIiHIT 3 BAKOPUCTAHHSAM 3alIpOIIOHOBAHOTO TEXHIYHOTO

pIIICHHS

IBuakicTs

nepenayi, ['0it/c

2,5

10

20

30

40

KuekicTs
CIEKTPAJILHO
VIILTbHEHUX

KaHaJiB, m

16

32

64

128

256

JloBKMHA XBHIII
Ha SK1i BEIEThCS

nepegava, A MKM

1,53

1,535

1,54

1,55

1,56

3aTtyxaHHs, 110
BHOCHTD
MYJIBTUILIEKCOPOM
Ta J1e
MYJIBbTHIIJICKCOM,

om

14

YyTnuBiCTh

npuiimaua, Py,

27,09

27,29

27,54

27,89

28

bromxeT cucremu,

nb

26,92

26,85

26,75

26,63

26,52
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2.5 BucHoBkn

B pe3ynbrari mpoOBEACHOTO aHaNi3y iCHYIOUHMX ONTHYHUX a00HEHTCHKHX
JHIA 3B 53Ky, BHUSBIICHO iX HEJOJIKM Ta OCHOBHI MpOOJieMU. 3arporoHOBAHO
e(deKTHBHE PINICHHS M0 BJOCKOHAJICHHIO ONITUYHUX JIiHIA. 3amporoHOBaHA CXeMa
peanizauii JaHoro pimeHHa. OnucaHo NPUHIUI POOOTH BIOCKOHAJIEHOI ONTHUYHOI
aboHeHTCchKO1 MiHii. [IpoBeaeHo oOrpyHTyBaHHS TeXHIYHOTO pimeHHs. [IpoBeneno
MOPIBHAHHA 1CHYI0YOi ONTHYHO] JIiHI{ Ta J1HIT 3 BAKOPUCTAHHIM 3alPOIIOHOBAHOTO

TEXHIYHOTO PIIIECHHS.
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3 EKOHOMIYHA YACTHHA

B xBamidikariiaiii po6oTi Oyia0 pO3TJISHYTE MUTAHHS YIOCKOHAJIICHHS BXKE
ICHYIOUHUX ONTHYHUX a0OOHEHTCHKHUX JIIHIN 3B’SI3Ky, IIJISXOM YIIUTbHEHHS JIOBXHUH
XBWIb, SIKy 3aiimMae onHa IiHiA. /IS JOCSTHEHHS TMOCTaBJiCHOI Il Oyso
3alpOIIOHOBAHE BIIPOBAHKCHHS CIICIialli30BaHOTO ycTaTKyBaHHs. [lpu peamizartii
3allpOTIOHOBAHOTO  PIIICHHS,  MepeadadaeTbcs  BUKOPUCTAHHS  HaWOUIbII

e(eKTUBHUX METO/IIB peopranizailii, Ta JOCBi poOOTH CHEIiaNiCTIB B JaH1# cdepi.

3.1 Bu3HaueHHsS TPYIOMICTKOCTI BBEJICHHS 3alPONOHOBAHOIO PIIICHHS B

ICHYIOYY ONTHUYHY JIHIIO 3B’ SI3KY

Bu3HauuTH TpPYAOMICTKICTh BBEJIEHHS 3alpONOHOBAHOrO pINIEHHS Ta
HaJAIITYBaHHS JIHIT 3B’ 513Ky MOXHA 10 Takii ¢hopmyi:

r=t +t +t

+1t _, 4OJ. -TO/I. 3.1)
o u omr O

Je ¢ — BUTpaTH npaui Ha HiI[FOTOBKy Ta OIMMCAaHHA BU3HAYCHUX 3aBAAaHb,
o

l‘u — BHUTpATH npaui Ha I[OCJ'IiI[)KeHHH AJITOPUTMY BUKOHAHHSA 3aB1aHb,

t — BHTpPATH npaui Ha BBCIACHHsJ HOBOI'O YCTATKyBdHHA Ta
omJj

HaJallITyBaHHS MOJEPHI30BaHO1 JiHI1 3B A3KY.

t 5 BUTPATH MpaIll Ha MIArOTOBKY JOKYMEHTAIII1 1O 3aB/IaHHIO.

KomnoHneHTn BUTpaT mpaill BU3HAYAIOTHCS Ha 0a3l KIJIbKOCTI HAJIAIITyBaHb,
SK1 TIPOBOJSATH MPOBIHI CHEMIANICTH 3 PO3POOKU Ta HAJAIITYBAaHHS BOJOKOHHO-
ONTHUYHHMX JIHIH.

YMOBHa KUIbKICTh HAJIAIITYBaHb BU3HAYAETHCS TAKOIO (POPMYJIOLO;

Q=q-c (3.2)
ne ¢ — WMOBIpHA KUJTBKICTh HAJIAINTYBaHb;

¢ — Koe(DILIeHT CKIAHOCTI poOoTH (BUMIPIOEThCS B Alana3oHi 1,25 ...2, 0);
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3anpornoHoBaHa KUIbKICTh HamamrtyBaHb ¢ =200, KoedillieHT CKIagHOCTI
pobotu 7i=1,3.
0 =200-1,3=260
Orinka BUTpaT mpami Ha MiATOTOBKY Ta OMHCAHHA 3aBIAAHHS BHU3HAYAE€THCS

Ha OCHOBI €KCIIEPTHOI OIlIHKK. B IbOMY BUIIQJIKy ¢ = YOJ. —TOJ.
0

BuTpaTu mpaiii Ha BUBUCHHS ONUCY 3aBJaHHS BU3HAYAETHCS 3 YPaXyBaHHSIM
YTOYHEHb OMUCY Ta KBajidikaiii cremiaiicTa no Gopmyii :

; = 2B
u (75..85k°

40JI. —TOJ. (3.3)

ne B — koedimieHT 30UIbIIEHHS BUTPAT Mpall BHACIIJOK HE JOCTaTHHOTO
ornucanHs 3aBgaHugs B=1,2 ...1,5;

k — xoedimieHT kBamidikamii creuiajicta, 10 BU3HAYAETHCA B
3QJIEKHOCTI BiJl CTaXy poOOTH MO AaHIN CreliaJbHOCTI. BiH CTaHOBUTH MpU CTaxI1
po0OOTH, POKIB:

no 2 —0,8;
Bix2 no 3 —1,0;
Bix3moS5-1,1...1,2;
BinSa07-13...1,4;
Bume 7 — 1,5 ...1,6.
Koediuient 30u1bmenHs Butpat npaui B = 1,2 | xoedimieHnT kBamdikamii
cnemianicta k = 1,6 , ocKiIbKH cTaX poOOTH CTAHOBUTH 16 POKIB.

~360-1,2

t = =3,38.
u  80-16
Butpatn mpami Ha BBEJACHHS Ta HaJAIITyBaHHsS 3allpPOTIOHOBAHOTO

yCTaTKyBaHHS JIJIs MOJIEpHI3allii JIiH1i 3B’A3KY, 1110 BUBHAYAETHCS 32 POPMYJIIOIO:

.o
oML (4..5)k

360

t =
omJj 5'1,6

, 9OJI. —TOJI. (3.4)

=45, 4oJI. —TOJI.
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Butpatu mparii mo miAroToBIll JOKYMEHTallli MO0 BHU3HAYEHOMY 3aBJaHHIO

BU3HAYAIOTHCS TT0 (POPMYIIL:

L =tap+tao,qon. —TOJI. 3.5)
Ae i, - TPYAOMICTKICTb MOIIYKY HEOOXITHHX MaTepiaiis,
P
t =L , 4OJI. —TO/I. (3.6)
op  (15..20)k
360
ty, = =11,25, 4oJ1. —TO/I.
P~ 2016 8

HeoOxinHO TakoX BHU3HAUUTH BUTpATH Npalll Ha pelaryBaHHA, JPYKy Ta
oopMIIeHHS JOKYMeHTallii. BusHauaeTbcs 3a Takoro (GopMyoro:

t. =075t

, YOJI. —TOI. 3.7)
00

op
too =0,75-11,25=38,44 , doiu. —To7.
ty =11,25+8,44=19,69, qoiu. —Tog.
Buxonsum 3 pe3yabTaTiB  BCIX MPOBEACHUX PO3PAaXyHKIB, IIyKaHa
TPYJOMICTKICTb BBEJAEHHS B ICHYIOUYY JIHIIO HOBOIO YyCTaTKyBaHHS Ha

HaJAIITyBaHHS MEpPexki Oy/ie JOPIBHIOBATH:

t=2+338+45+19,69 =70,07 , 40J. -TOJ.

3.2 Bu3HaueHHd BHTpPAT Ha BBEICHHSI Ta HaJAlITyBaHHA HOBOIO

CTATKYBAHHS V BXKE ICHYIOUY JIIHIIO 3B’ 3K
y y y yroay y

KamiTanbHi BUTpaTu Ha BBEICHHSI Ta HAJAIITYBAHHS HOBOTO YCTAaTKYBaHHS B

ICHyI04y JIHIIO 3B’SI3Ky K »CKIaJacTbCsl 3 BUTPAaT Ha 3apoOiTHY IUIATHIO
CHELIICTIB, 5Kl MPOBOASATh BBEACHHS Ta HANAIITYBaHHS HOBOTO YCTAaTKyBaHHS
By; Ta BUTPAT Ha BapTICTh HOBOT'O YCTAaTKYBaHHS By, , 110 BBOAUTBCSA B ONTUYHY
a0OHEHTCHKY JIHIIO 3B’ SI3KY.

Kp =Bj3; + By, TPH. (3.8)
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3apobitHa muiatHs croemiamictiB 3 BOJI3  Bu3HauaeThcss 3a  TakKoro

dbopmyIor0:
By =t-Cpp, TPH. (3.9)

ne ! — 3arajgbHa TPYJAOMICTKICTh BBEJCHHS Ta HAJAIITYBAaHHS HOBOTO
yCTaTKyBaHHS, sIKa MOxe OyTH Bu3HadeHa 3 popmynu (3. 1 —3.7);

C,p — CepenHs rOJWHHA 3apo0iTHA IUIATHA CIICLIAIICTA 3 HAPaXyBaHHAMH,
I'PH./TOJI.

Cepenns 3apoOiTHa TMJaTHS ClHeLiaiicTa 3 HapaxyBaHHSAMH Ha (GOHI
3apo0iTHOI TuiaTHi 3a Micslb ctaHoBuTh 10188 rpH. Ilpm 40 — ka roauHHIN
pobouiii Hean micaunuii poua poboyoro vacy aopiBHioe 160 rogunam. Takum

YUHOM CEpe/IHs TOJIMHHA 3apO0ITHA IJIATHS CTAHOBUTH:
Cp=10188/160=63,68 rpH.
B3;=70,07 *63,68 = 4462,06 rpH./TOx.
Bapricte HOBOro ycTrarkyBaHHS, IO BBOJUTHCA B ICHYIOUY JIHIIO
BHU3HAYAETHCS 32 (POpMyIIOI0:

Byy = ¥ Bar*Bucy* Brepy

1€ B, — BapTICTb Ja36pHOIO r€TEPOAUHY;
Bjcy — BapTICTh IPUCTPOIO CTAOLII3ALIT YACTOTH Ta 3a0€3NEUYEHHS BY3bKO1
CMYTH BUIIPOMIHIOBaHHSI J1a3epy;
Bcpy — BapTICTh T€HEpATOpa CUIHAY I1J HECY4Oi YaCTOTH.

By = 4650 + 6700+5340 = 16 690

OTxe, KamiTajabH1 BUTPATH OyAyTh CTAHOBUTH:

E; =4462,06 +16,690 =21 152, 06 rpH.

3.3 ButpaTu Ha pEMOHT YCTaTKyBaHHS

Po3paxyHOK BUTpaT Ha PEMOHT yCTaTKyBaHHS BU3HAYAETHCS IO (POPMYIIi:

Bpem= By *B/100%.
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ne B — BiACOTOK Ha MpOoQIIaKTUKY Ta PEMOHT ycTaTKyBaHHs (9%).

Bpem= (16 690)*9%/100% = 1502,1 rpH.

3.4 ExoHomiyHa e(EKTHUBHICTb BIJ 3alPOIIOHOBAHOTO YJAOCKOHAJICHHS

ONITUYHOI JiHIT 3B’ 3Ky

[Ipu po3paxyHKy €KOHOMIUYHOI €(EeKTUBHOCTI BiJi BUKOPHCTAHHSA
3allPOIIOHOBAHOTO TEXHIYHOTO pIIICHHS B TOPIBHSAHHI 3 0a30BUM PpO3IIITHEMO
CTOpa3oBe 30UIbIICHHS KIJIbKOCTI A0OHEHTChKUX YycTaHOBOK (N) Ha AUISHIN
Mepex1 JOCTyIy, ToOTO N:

N = 62500,
X04a B pO3IJIIHYTOMY BUIIAJIKy YCTATKyBaHHS J03BOJISIE 1 OLIbIIIE.

B Ttabmumi Ttabmuus 3.1 mpuBeneH1 pe3ysNbTaTH PO3PaxyHKY BapTOCTI

JUISTHKA MEPEXK1 JIOCTYMY B PO3PAaXyHKY Ha OJHOTO aOOHEHTa CZ/N. [Ipu ubomy

KUTbKICTh BepxHiX (NA) Ta HUKHIX (Ng) IPOMDKHUX MEPEKEBUX BY3J1B 00OpaHO 3

YMOBU MIHIMYMY BapTOCTI (CZ) TUITHKA ~ MEpeXl JOCTymy SIK  JIJIst
3aMpONOHOBAHOIO, TaK 1 JIJIs1 6a30BOr0 BapiaHTy.

OxpiM 3rajaHuxX BuULIE, B TaOJWIl BUKOPUCTOBYIOTHCA HACTYIIHI

MO3HAYEHHSI a3 — CTOPOHA KBAJpaTy — IUISTHKU BUILOTO SIPYCY; ‘M‘(‘&f) — cMyra
JIOBXKWH XBWJIb (4acToT) mpuctpois DWDM.

Bapricte minsHKM Mepexi JAOCTYIy B pO3paxyHKY Ha OJHOTO aOOHEHTa

CZ/N, OTpUMaHa B pe3yJibTaTl BUKOPUCTAHHS 3alpONOHOBAHOTO TEXHIYHOTO
piteHHs, craHoButh 1 — 1,5 Tuc. y. 0., mo B 4 — 5 pa3u OuIble aHDK IS

aHAJIOTTYHOI TIJITHKY MIPU BUKOPUCTaHH1 0a30BOTO BapianTy (Tabd. 3.1, m. 3 Ta 4).
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Tabmuis 3.1 — Pe3ynbrat po3paxyHKy

No CA |[Cb as DWDM

11/ N tic.y.0. | NA | Nb | km | AL | Af ) CY/N
I HM | [To | Muny. | Tuc.y.

0. 0

1 62500 50 | 50 | 29 | 14 | 0,5 | 0,63 | 82 63,8 1,0
2 62500 | 100 | 150 | 39 5 10,721 1,28 | 166 93 1,5

3 625 - 50 16 | 25|04 | 52 3,0 4,8
4 625 - 100 11 3 104 52 3,7 5,9

3.5 BucHoBku

OCHOBOIO BU3HAYEHHSA EKOHOMIYHOI e(EeKTUBHOCTI B JaHiii poOOTI €
MOPIBHSHHS BapTOCTI NPOKJIAJKH HOBUX ONTUYHUX a0OHEHTCHKUX JIHIN 3B’ 513Ky Ta
BJIOCKOHAJICHHSI BXKE ICHYIOUMX JIiHIA. Po3ymMHe pileHHs mojisirae B BU3HAYEHHI
BUTpPAaT Ha TMPOKJIAJAKY HOBUX JIIHIM Ta Ha TpUAOAaHHS KOMIIOHEHTIB IIO
BJIOCKOHAJICHHIO ICHYIOUHX.

B manomy po3gini OyB mpoBeneHUN pO3paxyHOK BUTpAT Ha BBEICHHS Ta
HaJAIITyBaHHS BJIOCKOHAJEHOI JiHIT 3B 53Ky, mo ckianmu 21152, 06 rpu. Takox
OyJu TIPOBEACH1 PO3PaxXyHKH BUTPAT HA PEMOHT JIHIM 3B 53Ky, 1m0 ckiaaau 1502,1

rpH. Po3paxoBaHO BapTiCTh MIJISSHKH MEPEXl JOCTYIy B PO3PaxXyHKY Ha OJHOTO

aborenra C2/N, OoTpUMaHa B pe3yJIbTaTi BUKOPUCTAHHS 3alpONOHOBAHOIO
TEXHIYHOTO pIIIEHHs, CTaHOBUTH 1 — 1,5 TucC. y. 0., o B 4 — 5 pasu OiIbIle HIX

JUTSL aHAJIOT1YHOI JUISTHKY TTPU BUKOPUCTaHHI 6a30BOTO BapiaHTy.
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BHUCHOBKU

VY kBamidikaiiiiHii poOOTI po3riIsHYTI 0co0IMBOCTI TexHoJorii DWDM.
Po3risiHyTo npuUHIMIN TO00Y10BU MYJIBTUCEPBICHUX MEPEK.

B xoxa1 pobotu po3pobieHa My IbTHCEPBICHA MepeXka 31 MIIJTLHUM XBHJICBHM
MYJIBbTUILUIEKCYBaHHSIM.  3allpOlNOHOBaHAa  CTPYKTYpHa  CXe€Ma  ONTHYHOI
aboHEHTCHKOT JiHIT 3B’ s13Ky. TexHIUHM pe3yabTaT 3alporOHOBAHOI JiHI{ MOJIATae
B 3MCHIIEHHI CMYTH ONTHYHHUX JOBXHH XBWIb, IO 3aiiMae OJHA JIiHIS.
[TocTtaBneHa mMeTa JOCSTA€ThCS THUM, IO B JIIHIIO 3B’S3KY BKJIIOYEHI KOTEPEHTHI
nepejaBayd Ta npuiiMad, JIa3epHUM TeTEpOJMH, MPUCTPOi cTadLIi3aIlli YacTOTU Ta
3a0€e3MeUeHHs] BY3bKO1 JIiHII BUIPOMIHIOBAHHS Jia3epa, ONTHYHI PO3rally>KyBaul,
ONTUYHUN M1 JICHITIOBaY-PO3TallyIKyBad, HECUMETPUYHUIN ONTUYHUN
po3raiayXxyBad, ONTHYHUN MOIyIATOp, (OpMyBad CHTHATY ONTHYHOI HECYdOi
4aCTOTH, FEHEPATOp CUTHAIY IiJ HECY4Ol 4YaCTOTH, 3MIIIyBay.

[IpoBeneHO TEXHIKO-€KOHOMIYHE OOIPYHTYBAaHHS PO3POOKHU 3 PO3PAXYHKOM
OCHOBHHMX €KOHOMIYHUX MOKa3HUKIB. [lo3WTMBHMII e(peKT BiJ BUKOPHCTAHHS
3aMpONOHOBAHOI OMTUYHOI JIiHI1 3B’S3KY TOJISITA€ B 3MEHIIIEHHI CMYTH YacTOT, 110
3aiimae omHa miHig. lle mo3Bonse 3HAYHO 30UIBIINTH KUIBKICTH aOOHEHTCHKUX
YCTAaHOBOK B MEPEX1 JOCTYIy TMpPU BUKOPUCTAHHI 3aJlaHOTO OOMEKEHOTO
Jllana3oHy JAOBKHUH XBUJIb. CydacH1 MPUCTPOI CIEKTPAIBLHOIO YIIIJIBHEHHS KaHaJIB
(DWDM) n03BOJSItOTh BUKOHATH YUIUIbHEHHS ONTHYHUX CUTHAIIB (KaHaTIB) 3
iHTepBaigamu He MeHI 0.4 HM, To0TO pubiuzHo 50 I'T1. Ane B oMy iHTEpBaT
IpyU BUKOPUCTAHHI KOTEPEHTHHX METOAIB OOpOOKM 1 mepeaadl ONTUYHOTO
CUTHAITy, MO’KHA PO3MICTHTH 3aMICTh OJTHOTO ORI HIK CTO ONTHYHUX ITU(PPOBUX
CUTHAJIIB 31 MBUAKICTIO iepeaadi 155 Moit/c.

Po3poOnenuii mpuctpii po3paxoBaHo Ha poOOTy y ckiaal uudpoBux
OaratokaHaJbHUX CHCTEM Tepeadi, MpU3HAYCHUX ISl pPOOOTH B MYJIbTUCEPBICHUX

MepeKax.
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JIOIATOK A. Hepenik noxymentis KBAJIIOIKALIIMHOI POBOTU
1 TlosicHroBanbHa 3amucka Ha 60 cTopiHKax.
2 Marepianu kBajidikaiiitHoi poOOTH Ha ONTUYHOMY HOCII:

— IlosacHioBanbHa 3anucka Ctpuxak M.I.doc

— TIpesenTaris.pptx
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JNOJATOK b. Biaryk kepiBHUKa €KOHOMIYHOTO PO3JALITY

KepiBHuk po3ainy Pomanrox H.M.

(miamuc) (mpi3Buine, iHiIiamm)
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JIOIATOK B. BIIT'YK KEPIBHUKA KBAJII®OIKAIIIHOI POBOTU

BIAT'YK
Ha kBajidikaiiitny poOoTy crymneHs 6akanaBp cTyjaeHTa rpynu 172-163ck-1
Crpumxak M.I'. Ha Temy:
«Y 1OCKOHAJICHHS] MYJIbTHCEPBICHOT MepeXKi 3B’SI3KY 3 IIUIBHUM XBUJICBUM
MYJIbTUTUIEKCYBAHHSIM

Merta kBamiikamiitHoi po60TH — 301IbIIEHHS MPOMYCKHOI CIPOMOYXKHOCTI
MYJIBTUCEPBICHOI Mepexi Ha ocHoBl TexHonorii DWDM 3a paxyHok
BJIOCKOHAJICHHS CTPYKTYPHOI CXEMU ONTUYHOT aDOHEHTCHKOT JIiHIT 3B’ SI3KY.

OOpana Tema € aKkTyaJbHOIO Y 3B'SI3KY 3 THM, 1110 Ha CbOTOJHIIIHIA JI€Hb
icHye motpeba B ymuibHeHHI i Ha3Boro DWDM (Dense Wavelength Division
Multiplexing). OueBuano, mo DWDM Bukinkane mTparHeHHSIM 30UIBIIUTH
KUIbKICTh KaHajiB, IO MepefaroTbes. Ha manuii yac B ycTaTKyBaHHI CHUCTEM
3B'si3ky 3 DWDM, pospaxoBanux juisi nepefadi qo 32-x KaHamiB, psia (ipm
3aCTOCOBY€E NOBXKUHY XBWIl 1510 HM, a meski - 1625 M. Ale 13 30UIbIICHHSIM
KUIBKOCTI KaHalliB, 110 MepeaaroTbest A0 128 1 Ouiblile BUHUKAE HEOOXIIHICTH
OCBOEHHS OUIBII JTOBFOXBHJIBOBOI YACTKH ONTHYHOTO CHEKTPY, 30Kpema L-
nuamna3oHa (abo 4-te BikHO mpo3opocTi OB), B sikiuél BXOJIUTH JOBXKHHA XBUJI
1625 am.

B kBanigikaiiiiHiii pod0TI pO3MISIHYTO po3po0KYy MYJIBTHCEPBICHOI MEpEXI
31 IIUTBHUM XBUJICBUM MYJIBTHUILIEKCYBAHHIM. 3alpOMOHOBAHO CTPYKTYPHY CXEMY
onTUYHOT abOHEHTCHKOI JiHIi 3B’sI3Ky. TeXHIUHMI PEe3yNbTaT 3ampPONOHOBAHOI
JiHII ToJIIrae B 3MEHIIEHHI CMYTH ONTHYHHUX JOBXHH XBHJIb, IIIO 3aliMa€ OJIHA
JHIA.

Odopmiienns kBamidikaiiitHoi poOOTH BUKOHAHO Ha BIAMOBIAHOMY PiBHI 1
BIJIMOBIIa€ BUMOTaM, III0 NP ABISIIOTHCS 0 poOIT MaHoi KBamdikaiii. B minomy
kBamdikairiitHa poboTa cTyrneHs 0akagaBpa MOBHICTIO 33JOBOJIbHSIE BUMOTaM, IO
pea'siBISIOTHCS 1 3aCIYTOBY€E OI[IHKHM «BIIMIHHO», a il aBTop, Ctpmxkak Map’sHa
['puropiBHa npuUcBO€HHS KBadi(iKalii TEXHIYHOTO (PaxiBIsl B ramy3i eJIeKTPOHIKH
Ta TeJIEKOMYHIKaIliil.

KepiBauk kBanidikaiiitnoi podoTu, 1ou. Marpo B.I.
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JOJATOK I'. Penensis

PELIEH3IA
Ha KBaji(ikaiiitHy poOoTy cTymneHs 6akagaBp cTyAeHTKH rpynu 172-163ck-1
Crpmxak M.I'. Ha Temy:
«Y 1OCKOHAJICHHS] MYJIbTHCEPBICHOT MepeXi 3B’ SI3KY 3 IIUIBHUM XBUJICBUM
MYJIbTUTIIEKCYBAHHSIM))

[IpencraBnena Ha pereHsito kpamiikariiiHa poOora BukoHaHa Ha 60
MAIIMHOMUCHUX CTOPIHKAX 1 CKJIAJAEThCS 3 BCTYIY, TPHOX PO3JALIIB 1 BUCHOBKY.
KBanigikariiitna po6ota cryaentku rpynu 172-163ck-1 Ctpukak M.I'. Bukonana B
MMOBHOMY 00Cs131 BIJIIIOBIJTHO JI0 3aBJIaHHS.

Pobora mnpucBsiueHa OAHOMY 3 BaXJMBUX HAIPSMKIB IIOB’S3aHUM 3
ONTUYHUMH  ckiagoBuMu Mepexi NGN. Po3mmpeHHs CHEKTpy MOCHYT,
MaciTabyBaHHs 1HPPACTPYKTypu Ta o0csaru Tpadiky, MO0 MOCTIMHO 3pPOCTAIOThH
CIOHYKAaIOTh /10 PO3B‘SI3aHHA  HAYKOBOT'O 3aBJAaHHSA MOKPAILIEHHS MPOIMYCKHOI
CIIPOMOXHOCTI TOTOKOBOTO Tpadiky B MYJIBTHCEPBICHUX MEpPEKax 3a paxyHOK
YAOCKOHAJICHHS  MYJBTHUCEpPBICHOT  Mepexi 31  HIIJIBHUM  XBHJICBUM
MYJIbTUILUIEKCYBaHHSAM. TOMy 3ampornoHoBaHa TeMa KBami(ikamiitHoi poOOTH Mae
IpaKTHYHE 3HAYCHHS Ta, 0€3yMOBHO, € aKTyaJIbHOIO.

[103UTHBHI CTOPOHH:

1. 3MICT poOOTH BIJANOBIAAE 3aBIaHHIO. [[OCHIIKEHO MYJIbTUCEPBICHY
MEPEXY 31 MITLHUM XBUJIEBUM MYJIbTHILUICKCYBaHHSIM.

2. [IpoananizoBaHO OCHOBHI1 MOJeNl ONTHUYHUX CKJIAJIOBUX
MYJIBTUCEPBICHUX MEPEXK 31 NIUIHHIUM XBHIJIEBUM MYJIbTUIIIICKCYBAaHHSM.

3. [IpoBeneno anamiz (akTopiB, 110 BHU3HAYAIOTh €(QEKTUBHICThH
1H(DOpMaIIHHO-TEIEKOMYHIKAI[IHOT MEPEXKI.

4. TekcT BHKIANIEHO TPaMOTHO, MOCHioBHO. CHopmMynb0BaHO HITKI Ta

3MICTOBHI BUCHOBKH. [ padpiunmii marepian opopmieHo AKiCHO.
Henonikn:

1. baxxano Oyno © po3poOUTH MOPIBHATH 3alpONOHOBAHY ONTHYHY
JHIIO 3 IHIIMMH 1CHYFOUHUMH.
2. baxxano Oyno © OIIIHUTU TMApaMeTpU SKOCTI OOCIYrOBYBaHHS

MOTOKOBOTO Tpaiky Ha OCHOBI 3aITPOTIOHOBAHOTO TEXHIYHOTO PIillICHHS.
BigzHaueHni 3ayBakeHHS HE BIUIMBAIOTh Ha 3arajbHy I[IO3UTHUBHY OILIHKY
KBaiQikaiiitHoi poboTH.

B uinmomy kBamidikamiiina poGoTa cTymeHs 0OakaidaBp IOBHICTIO
3aJI0BOJIbHSIE BUMOTaM, 110 MPEJI'ABIISIOTHCA 1 3aCIIyTOBY€E OLIHKH «BIIMIHHO », a 11
aBTop, Ctpmwxkak Map’ana ['puropiBHa, NpuUCBOEHHS KBadidikaiii TEXHIYHOTO
(axiBId B raiay3i eIeKTPOHIKH Ta TEJIEKOMYHIKaIliH.

Penensenr,

(miamnuc)



