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optikuri satransporto qselis agebis

zogierTi aspeqti

kaxa xoStaria, iuri modebaZe, levan kaxeli

saqarTvelos teqnikuri universiteti

reziume

telekomunikaciis ganviTarebis Tanamedrove etapi xasiaTdeba paketur komutaciaze

dafuZnebuli, axali tipis, e.w., NGN qselis koncefciis SeqmniT, romelSic transportirebisa da

servisis miwodebis funqciebi gancalkevebulia erTmaneTisagan. statiaSi aseTi tipis qselebisaTvis

gaTvaliswinebuli multiservisuli satransporto platformis ganxilvisa da saqarTvelos

telekomunikaciis sivrceSi gavrcelebuli satransporto teqnologiebis gaTvaliswinebiT,

naCvenebia, rom gardamaval etapze, paketuri da TDM teqnologiebis Tanaarsebobis pirobebSi

mizanSewonilia, satransporto modelis (Ethernet/SDH/OTN) gamoyeneba, Tu Ethernet trafikis

siCqare ar aRemateba 1 gbt/wm; xolo Tu siCqare aris 10 gbt/wm, an meti,  maSin – (Ethernet/OTN).
rac ganpirobebulia imiT, rom gamoyenebuli sinqronuli satransporto modulis maqsimaluri

tevadoba aris STM-64, (10gbti/wm), xolo erTi gbiti/wm siCqaris Ethernet nakadis

ganTavsebisaTvis saWiroa VCTn struqtura, romelSic unda gaerTiandes 7VC4.
sakvanZo sityvebi: telekomunikacia; optikuri, satransporto qselebi, SDH,  DWDM,

Ethernet teqnologiebi.

1. Sesavali

ocdameerTe saukunis pirveli aTwleuli xasiaTdeba telekomunikaciis sistemebis

ganviTarebis arnaxuli tempebiT, ramac gamoiwvia axali tipis, paketur komutaciaze dafuZnebuli,
e.w., NGN (Next Generation Network) qselis koncefciis Camoyalibeba, sadac transportirebisa da

servisis miwodebis funqciebi gancalkevebulia erTmaneTisagan [1].

amis gamo, saWiro gaxda moqnili, saimedo, multiservisuli satransporto platformis
Seqmna sxvadasxva satransporto teqnologiis (SDH, ATM, OTN, Ethernet (EoT), T-MPLS, da a.S.)

erTi saerTo bazisis safuZvelze gasaerTianeblad. marTlac, NGN koncefcia, garkveulwilad,

gulisxmobs mravaldoniani satransporto qselebis doneebis Semcirebas or ZiriTad donemde: IP
over DWDM (dense wavelength division  multiplexing). swored mas Tvlian optikuri qselebis

perspeqtiul teqnologiad. erTi SexedviT, internet trafikis intensiuri zrda pirdapir

miuTiTebs IP teqnologiis gansakuTrebul rolze, ris gamoc swored amisTvisaa saWiro qseluri

infrastruqturis optimizeba. amisaTvis ki saWiroa servisisa da satransporto doneebis

gamaerTianebeli teqnologia (ujredi) da srulad optikuri marSrutizatoris Seqmna, rac jer

ver xerxdeba. aq aRniSnuli ujredis rolSi moiazreba MPLS (Multiprotocol Label Switching), ufro

sworad, misi satransporto nairsaxeobebi (T – MPLS da GMPLS).
mTlianad paketur qselebze gadasvlamde, gamoiyeneba rogorc paketuri, ise TDM

teqnologiebi da amitom mizanSewonilad migvaCnia, maTi saerTo satransporto bazisis ganxilva.

miTumetes, rom saqarTveloSi Zalze gavrcelebulia SDH qselebi, romlebic  jerjerobiT,

warmoadgenen, ZiriTad satransporto saSualebas.

2. ZiriTadi nawili

SDH teqnologiis farTod gavrceleba gamowveulia misi maRali saimedoobiT, marTvis

daxvewili saSualebebiT, sxvadasxva tipis trafikis gadacemis SesaZleblobebiT, romlic

dReisaTvis uzrunvelyofs 40 gbt/wm (STM-256) gadacemis maqsimalur siCqares. saqarTveloSi

ZiriTadad gamoyenebulia STM-4 (622 mgb/wm) da STM-16 (2,5 gbt/wm) sistemebi. informaciul

nakadebze mzardi moTxovnebis dasakmayofileblad saWiro gaxda DWDM sistemebis danergva,

romelic mkveTrad zrdis gamoyenebuli optikuri boWkos gamtarunarianobas. zemoT CamoTvlili

satransporto qselebidan unda gamovyoT OTN, romlis Seqmnamac SesaZlebeli gaxada SDH
teqnologiis moqnilobisa da saimedoobis Sexameba DWDM sistemebTan. misi ZiriTadi daniSnulebaa

paketuri monacemebisa da sistemuri trafikis SeTavseba TiToeuli optikuri arxis monitoringsa

da marTvasTan. OTN qselis struqtura aRwerilia ITU-T G-709 rekomendaciaSi; G.709 - Network
Node Interface for the Optical Transport Network (OTN). aseve, igi eyrdnoba rekomendaciebs: G.798,
G.872, G.873.1, G.959.1.; G.798–Characteristcs of Optical Transport Network Hierarchy Equipment Functional
Blocks; G.872–Architecture of Optical Transport Networks (OTN); G.873.1–Optical Transport Network(OTN):
Linear protection; G.959.1–Optical parameter values for pre-OTN single channel and multichannel inter-domain
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interfaces (OTN physical interfaces). aRniSnulma standartebmaAaRWurva DWDM teqnologia operirebis,

administrirebisa da momsaxurebis iseTive SesaZleblobebiT, rogoric aqvs SDH teqnologias. aman

ganapiroba DWDM-is gansakuTrebuli adgili satransporto teqnologiebSi, radgan mas SeuZlia

uzrunvelyos  praqtikulad SeuzRudavi gatarunarianoba da iqnes gamoyenebuli fizikur doned

nebismieri saxis trafikis maRali xarisxiT gadacemisaTvis. aRniSnuli teqnologiiT Seqmnili

kavSiris xazis mniSvnelovani Tvisebaa, gamWvirvaleba mis mier gadatanili sxvadasxva nakadebis
mimarT. optikuri gamWvirvaleba miiRweva DWDM–is nebismieri arxiT sawyisi kvanZidan

damaboloebel kvanZamde signalis gardasaqmnelad optoeleqtronuli (an piriqiT), mowyobilobebis

gamoyenebis gareSe. aseTi tipis qselebs daerqvaT srulad optikuri mravaltalRiani

satransporto qseli AON (All Optical Networks), dafuZnebuli DWDM-ze, romelic warmoadgens

optimalur satransporto dones NGN qselebisaTvis.

satransporto qselis daproeqtebisas, pirvel rigSi, unda ganisazRvros gadasacemi

servisis saxeobebi. 1-el naxazze mocemulia multiservisuli satransporto platformis

arqiteqtura.  moyvanili servisebidan, zrdis tendenciis mixedviT, mag. saqarTvelosTvis, unda

gamoiyos Ethernet trafiki [2].

nax.1 optikuri multiservisuli satransporto arqiteqtura

multiservisuli satransporto qselebis datvirTvis modelirebiTa da gaangariSebiT

SeiZleba ganisazRvros cifruli traqtebis tevadobebi, talRuri arxebis, virtualuri arxebisa
da traqtebis raodenoba [3]. satransporto qselebi aigeba ITU-T–s rekomendaciebSi

SemoTavazebuli modelebis mixedviT, romelTagan Cvens SemTxvevaSi umTavresia modeli OTN-OTH
(G.872). radgan swored is moiazreba multiservisuli transportirebis mTavar bazisad.

satransporto qseli OTN-OTH warmodgenilia organizaciulad damoukidebeli ori doniT: OTN
qselis done da momxmareblis done. OTN – is Seqmnam SesaZlebeli gaxada SDH teqnologiis

saimedoobisa da moqnilobis SeTavsebaDWDM sistemebis uzarmazar gamtarunarobasTan [4].

OTN qselis done Sedgeba fizikurad da logikurad dakavSirebuli sami qvedonisagan

(nax.2): garemo, romliTac gadaicema signalebi talRis sigrZis mixedviT gancalkevebiT OTS
(Optical Transmission Section); OMS (Optical Multiplex Section); OCh (Optical Channel). OTN qselis
struqtura aRwerilia ITU-T-s rekomendaciaSi G.709, Network Node.

Interface for Optical Transport Network. OTN warmoadgens multiservisul baziss Tanamedrove

satelekomunikacio qselebisaTvis. mis dadebiTi mxareebia: qselis gamWvirvaleba, romelic miiRweva

DWDM nebismieri arxiT sawyisi kvanZidan daniSnulebis kvanZamde signalis opto-eleqtronuli

gardaqmnis gareSe; igi Tavsebadia arsebul teqnologiebTan; gaaCnia Secdomebis koreqciis (FAC-
Forward error correction) meqanizmi: 3R regeneraciis meTodi, rac mniSvnelovnad amcirebs qselis

elementis Rirebulebas.
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nax.2 SeerTebebi OTN satranmsporto qselSi

OCh - optikuri arxis Sre uzrunvelyofs signalis gamWvirvale gadacemas miuxedavad am

ukanasknelis formatisa. OMS asrulebs sxvadasxva talRis sigrZis mqone optikuri signalebis

multipleqsirebas da gadacemas erTi saerTo arxiT. OTS pasuxismgebelia  sxvadasxva formatis

signalebis identificirebasa da transportirebaze.

klientis signalis gadacema xdeba safexurebis mixedviT:
1. pirvel safexurze klientis signals emateba TavsarTi (OH), ris Semdegac iqmneba sakuTar

TavsarTiani bloki–Optical channel payload unit (OPU). igi uzrunvelyofs sxvadasxva formatis

asinqronul da sinqronul signalebis ganTavsebas OTN qselSi.

2. meore safexurze xdeba Optical channel data unit (ODU)-s formireba. misi TavsarTi Sedgeba
marTvis baitebisagan. igi pasuxismgebelia optikuri arxis monitoringze da Sesabamisi saavario

signalebis generirebaze.

3. mesame safexurze ODU-ze Semdgomi TavsarTisa da FEC – is damatebiT miiReba optikuri

arxis satransporto erTeuli - OTU (Optical channel Transport Unit). (nax.3).

TavsarTis Semdgomi damateba qmnis `maskirebul” optikur arxs (Och)-s,   romelic

gadaitaneba gansazRvruli `feris” gadamtaniT. sxvadasxva optikur arxebze TavsarTebis damatebiT

yalibdeba  multipleqsirebis (OMS) da gadacemis (OTS) seqciebi, romliTac SesaZlebeli xdeba

`gaferadebuli” arxebis marTva satransporto qselis farglebSi. sabolood Camoyalibebuli Och-s
(nax.3) TavsarTi, romelic uzrunvelyofs OTN – is marTvasa da kontrols, Sedgeba oTxi

qvestruqturisagan: OPU, ODU, FAS 0 Frame Alignment Signal. e.i. warmoadgens markers, romelic

miuTiTebs kadrisadmi mikuTvnebas. klienti SeiZleba iyos nebismieri arsebuli protokoli: Sonet,
SDH, Ethernet… standarti G.709 uzrunvelyofs rogorc sinqronuli, aseve asinqronuli

`markirebi”-s reJims.

FEC – is damatebiT xdeba Secdomebis winmswrebi koreqcia. igi saSualebas iZleva,

aRmovaCinoT da gavasworoT gadacemis garemos parametrebis fizikuri gauaresebis gamo gamowveuli

bituri Secdomebi, romlebic SeiZleba daiyos wrfiv (mileva, xmauri, dispersia) da arawrfiv

(oTxtalRiani Sereva,  jvaredini fazuri modulacia) damaxinjebad. misi gamoyeneba saSualebas

gvaZlevs kavSiris dagvekargavad miviRoT SedarebiT dabali xarisxis signali. amis gamo OTN – s

aqvs simZlavris 5 db-iani maragi da saregeneracio ubnis 20 km-Ti gazrdis SesaZlebloba.

telekomunikaciis satransporto qselebis ganviTareba xdeba satransporto teqnologiebisa

da modelebis funqciuri SesaZleblobebis integraciis gziT [4]. amis Sedegad, Seiqmna

universaluri multiservisuli platforma eleqtruli da optikuri interfeisebiT, arxebisa da

paketebis eleqtruli da optikuri komutaciiT.
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3. daskvna

imis gaTvaliswinebiT, rom IP trafikis ZiriTad gadamtans paketur satransporto

infrastruqturaSi warmoadgens Ethernet-i, xolo saqarTveloSi yvelaze gavrcelebulia SDH
qselebi, DWDM sistemebis  danergvisas,  yvelaze  mosaxerxebel  satransporto

platformad gvesaxeba me-4 naxazze naCvenebi modeli.

nax.4. satransporto platforma

amrigad, saqarTvelos masStabebiT qselis Seqmnisas, mosaxerxebelia gigabitiani Ethernet-is
gamoyeneba Semdegi safexurebiT: Ethernet/SDH/OTN da 10 gbt-iani Ethernet – isaTvis, gadasacemad

optimaluria E o OTN-OTH.
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SOME ASPECTS OF THE CONSTRUCTION OF OPTICAL TRANSPORT NETWORKS

Khoshtaria K., Modebadze I., Kaxeli L.
Georgian   Technical  University

Summary
The current stage of development of telecommunications is characterized by the creation of a concept  based  on

packet  switching  network  of  a  new  type, NGN, in  which  the functions of  transport and services are separated from each
other. In the article, based on the examination, intended for such networks, multiservice platform, and taking into account the
spread in Georgia's telecom transport technologies, it is shown that the transition, when coexist packet and TDM
technologies, an appropriate use of transport models  are-(Ethernet/SDH/OTN) If the speed Ethernet traffic flow does not
exceed 1 Gbt/s, and - (Ethernet/OTN), if this rate is equal to or greater than 10 Gbt/s. That is because the maximum use of
capacity  Synchronous Transport  Module –STM 64 (10 Gbt/s), and Ethernet flow rate of 1 G/s is needed VCTN structure
consisting  of 7 VC4.

НЕКОТОРЫЕ АСПЕКТЫ  ПОСТРОЕНИЯ ОПТИЧЕСКИХ ТРАНСПОРТНЫХ СЕТЕЙ

Хоштариа К., Модебадзе Ю., Кахели Л.
Грузинский Технический Унивурситет

Резюме
Современный этап развития телекоммуникации характеризуется созданием концепции, основанной на

пакетной коммутации, сети нового типа NGN, в которой транспортная и предоставления услуг функции отделены
друг от друга. В статьи, на основе рассмотрения, предназначенной  для таких сетей мультисервисной платформы и с
учётом распространённых в телекоммуникационной сфере Грузии транспортных технологиий, показано, что на
переходном этапе, когда сосуществуют пакетная и TDM технологии, является целесообразным использование
транспортной модели (Ethernet/SDH/OTN), если скорость трафика Ethernet потока не превышает 1 Гбит/с, и -
(Ethernet/OTN), если эта скорость равна или больше 10 Гбит/с. Что обусловлено тем, что максимальная
использованная емкость синхронного транспортного модуля – STM 64 (10 Гбит/с), а для Ethernet потока со
скоростью 1 Гбит/с нужна VCTN структура, состоящая из 7 VC4


