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droiTi da talRuri multipleqsirebis sistemebis

(TDM, WDM) Sedareba energetikuli potencialis mixedviT

mamuka CxaiZe

saqarTvelos teqnikuri universiteti

reziume

naSromSi warmodgenilia Tanamedrove gadacemis cifruli boWkovan-optikuri droiTi

multipleqsirebis TDM (Time Division Multiplexing) da talRuri multipleqsirebis WDM
(Wavelength Division Multiplexing) teqnologiebis SedarebiTi analizi energetikuli potencialis

(biujetis) mixedviT. biujetis TvalsazrisiT talRuri multipleqsirebis sistemas droiTTan

SedarebiT upiratesoba gaaCnia mxolod SedarebiT dabal siCqareebze (STM-1, STM-4, Sesabamisad –

0.155, 0.622 gbt/wm siCqaris sazRvrebSi), rac aixsneba talRuri multipleqsirebis sistemebSi

gamoyenebuli damaboloebeli da Seyvana-gamoyvanis multipleqsor/demultipleqsorebis mier

Setanili damatebiTi mileviT.

sakvanZo sityvebi: gadacemis cifruli boWkovan-optikuri sistema. optikuri kabeli.

multipleqsori. demultipleqsori. droiTi da talRuri multipleqsireba. fotodiodi.

energetikuli potenciali.

1. Sesavali

ganvaxorcieloT Tanamedrove gadacemis cifruli boWkovan-optikuri droiTi

multipleqsirebis TDM (Time Division Multiplexing) da talRuri multipleqsirebis WDM
(Wavelength Division Multiplexing) sistemebis Sedareba sistemis energetikuli potencialis

(biujetis) mixedviT. Sedareba movaxdinoT [1,2] gamoyenebuli midgomis Sesabamisad.

p-i-n fotodiodis mgrZnobiaroba (deteqtirebadi optikuri simZlavris minimaluri done)

iangariSeba formuliT [3]:
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sadac,
2

p i ni   - xmauris denis saSualo kvadratuli mniSvnelobaa, romelic

gamoiTvleba formuliT [4]:
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maSin, p-i-n fotodiodis mgrZnobiaroba iqneba:
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zvaviseburi fotodiodis (zfd) SemTxvevaSi deteqtirebadi optikuri simZlavris minimaluri

done iangariSeba formuliT [3]:
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zfd Sec. (4)

sadac,
2

p i ni   (3) formuliT aris gansazRvruli.

gamovTvaloT p i nP   da Pzfd mgrZnobiarobis mniSvnelobebi Semdegi monacemebiT: sinaTlis

siCqare 299792c  m/wm, plankis mudmiva
-34h=6.624 10 jouli/hc, eleqtronis muxti

-19e=1.602 10 kuloni, SecdomaTa albaTobis parametri QSec. , romelic damokidebulia SecdomaTa

alabaTobis mniSvnelobaze gadacemis cifrul boWkovan-optikur sistemebSi (gcbos) (roca
910P Sec , 6Q Sec ), talRis sigrZe TDM sistemisaTvis 1.3  mkm-s da 1.55  mkm-s,

xolo WDM sistemisaTvis (WDM sistemis modifikaciaSi gamoyenebuli sixSireebis Sesabamisad)
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1528.77 1559.19   nm, koeficienti, romelic fotodeteqtorze dacemuli fotonis energiis

proporciulia
h c

A Q
e 
    

Sec vt/a, bolcmanis mudmiva
231.38 10k   jouli/kul,

temperatura 273.15T  , fotodiodis winaswari gamaZliereblis da montaJis jamuri tevadoba

0.5С  pf, velis tranzistoris xmaur-faqtori 1.5nF  , fotodeteqtoris kvanturi

efeqturoba 0.8m  , personikis integralebi 1ln 0.5 , 2ln 0.55 , 3ln 0.085 , velis

tranzistoris daxriloba
340 10mS   sm, koeficienti, romelic axasiaTebs fotomimRebis

Sesasvleli wredis integraciis siRrmes 20K  , zvaviseburi fotodiodis gamravlebis

koeficienti 10M  .
2. ZiriTadi nawili

droiTi multipleqsirebis SemTxvevaSi damaboloebel da saxazo traqtis saSualedo

traqtebSi arxebis Seyvana-gamoyvana (multipleqsireba/demultipleqsireba) xorcieldeba

eleqtronuli saxiT, romelTac mileva saxazo traqtSi ar SeaqvT. talRuri multipleqsirebisas

damaboloebel multipleqserebs (MUX - Multiplexer) da demultipeqserebs (DEMUX - Demultiplexer),
agreTve saSualedo optikur Seyvana-gamoyvanis multipleqserebs (oSgm) (OADM – Optical Add-Drop
Multiplexer) saxazo traqtSi SeaqvT damatebiTi mileva [6], rac uaryofiTad moqmedebs sistemis

energetikul potencialze.

sistemis energetikuli potenciali: P P  gad. miR. (5)

angariSis dros mxedvelobaSi viRebT, rom multipleqsirebis orive sistemis SemTxvevaSi

optikuri kabeli standartizebulia ITU-T-s rekomendaciebis Sesabamisad, xolo talRuri

multipleqsirebis sistema warmoadgens WDM multipleqsirebis sistemis erT-erT saxeobas,

magaliTad CWDM talRuri multipleqsirebis sistemas.

P P    gad. miR. mult/demult,oSgm (6)

sadac, mult/demult,oSgm - saxazo traqtSi damaboloebeli multipleqsor/

demultipleqsorebis (saxazo traqtis orive mxareze) da Seyvana/gamoyvanis multipleqsorebis mier

Setanili damatebiTi milevaa. damaboloebeli multipleqsorebis milevis mniSvneloba

damokidebulia multipleqsoris tipze da gamoyofili arxebis raodenobaze.  sxvadsxva

teqnologiebis multipleqsorebis tipebi da maT mier saxazo traqtSi Setanili Sesabamisi

milevebi moyvanilia 1-el cxrilSi [5-10].

sxvadasxva teqnologiebis multipleqsorebis tipebi da Sesabamisi milevebi               cxr.1

teqnologia
arxebis

maqsimaluri
raodenoba

arxebs
So- ris
daSo-

reba, nm

danakargebi,
db

gadasasvle-
li mileva,

db

mgrZnobelo
-ba polari-
zaciaze, %

Temperaturuli
koeficienti,

nm/ oC

AWG(Zveli) 32-64 0.8-15 6-8 -5 – -29 2 0.01

AWG(axali) 102-400 0.2-0.8 2.2-6.4 -20 – -33 0.3 araa mocemuli

CG 78 1-4 10-16 -7 – -30 2-50 araa mocemuli

3-DO 262 0.4-250 2-6 -30 – -55 0 araa mocemuli

sistemebis potenciali gaangariSebul iqna gadacemis farTo diapazonSi (40-100 gbt/wm). es

siCqareebi Tanamedrove gcbos-Si am etapze miRweulia (STM-64, 40 gbt/wm; STM-256; 160 gbt/wm-

eqsperimentaluri varianti). winamdebare naSromSi warmodgenilia angariSis Sedegebi 10 gbt/wm

farglebSi. 1-el naxazze moyvanilia multipleqsirebis TDM da WDM sistemebis energetikuli

potencialis (biujetis) damokidebuleba gadacemis siCqareze, p-i-n fotodiodis SemTxvevaSi

(angariSis dros Seyvana/gamoyvanis multipleqsorebis mileva mxedvelobaSi miRebuli ar aris).
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multipleqsirebis TDM da WDM sistemebis energetikuli potencialis (biujetis)

damokidebuleba gadacemis siCqareze, zvaviseburi fotodiodis SemTxvevaSi moyvanilia me-2 naxazze.

nax.1. multipleqsirebis TDM da WDM sistemebis energetikuli potencialis

(biujetis) damokidebuleba gadacemis siCqareze p-i-n fotodiodis SemTxvevaSi

nax.2. multipleqsirebis TDM da WDM sistemebis energetikuli potencialis

(biujetis) damokidebuleba gadacemis siCqareze zvaviseburi fotodiodis

SemTxvevaSi

3. daskvna

amrigad, sistemebis biujetis TvalsazrisiT talRuri multipleqsirebis sistemas droiTTan

SedarebiT upiratesoba gaaCnia mxolod SedarebiT dabal siCqareebze (STM-1, STM-4, Sesabamisad –

0.155, 0.622 gbt/wm siCqaris sazRvrebSi), rac aixsneba talRuri multipleqsirebis sistemebSi

gamoyenebuli damaboloebeli da Seyvana-gamoyvanis multipleqsor/demultipleqsorebis mier

Setanili damatebiTi mileviT. aqve unda aRiniSnos Semdegi garemoebebi: talRuri

multipleqsirebis sistemebis teqnologiebi dReniadag viTardeba da ixveweba, amitom droiTi

sistemebis miTiTebuli upiratesobac uaxloes momavalSi minimumamde iqneba dayvanili. meores

mxriv, droiTi multipleqsirebis sistemebi iarsebeben da ganviTardebian talRuri

multipleqsirebis sistemebTan erTad da nebismieri progresi, romelic SeiZleba  moxdes  droiTi
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multipleqsirebis ganviTarebis kuTxiT, magaliTad, siCqaris gazrdis mimarTulebiT, imavdroulad

aisaxeba talRuri multipleqsirebis sistemebSi, vinaidan am or sistemas erTi baza da aqedan

gamomdinare, mravali saerTo gaaCniaT.

literatura:

1. Урядов В.Н, Стункус Ю.Б. Сравнение эффективности использования волнового оптического и
временного уплотнения каналов в волоконно-оптических системах. Докл. БГУИР, 2006. с.48-54.

2. Урядов В.Н, Стункус Ю.Б. Оценка  границ  целесообразности использования волнового и
временного разделения каналов в оптических системах передачи. Весцi БДПУ, 2006, №4, с.3, с.5-7.

3. Тсанг У. Техника оптической связи. Фотоприемники. Пер.c англ., М., 1988
4. Алишев Я. В., Урядов В. Н. Перспективные информационные технологии в волоконно-

оптических сетях телекоммуникаций. Мн., 2003.
5. Технологии связи TDM vs WDM. www.teralink.ru
6. Jean-Pierre Laude, Kevin Liddane, Steve Slatter. High-Density WDMs Provide More Bandwidth for

Telecommunications. In “The Photonics Design and Applications Handbook”. 44 Intern. Ed., Laurin Publishing
Co. Inc., 1998.- p. H-222-224.

7. Ding-wei Huang, Tsung-hsuan Chiu, Yinchich Lai. Arrayed waveguide grating DWDM interleaver.-
OFC-2001, Anaheim, Paper WDD80-1.

8. Yoshinori Hibino. High contrast waveguide devices.- OFC-2001, Anaheim, Paper WB1-1.
9. M. Oguma. Flat-top and low-loss WDM filter composed of lattice-form interleave filter and arrayed-

waveguide gratings on one chip.- OFC-2001, Anaheim, Paper WB3-1.
10.Y. Hida et al. 400-channel 25-GHz spacing arrayed-waveguide grating covering a full range of C- and

L-bands.- OFC-2001, Anaheim, Paper WB2-1.

COMPARISION OF TIME DIVISION MULTIPLEXING (TDM) WITH
WAVELENGTH DIVISION MULTIPLEXING (WDM) ACCORDING TO THE ENERGETIC

POTENTIAL (BUDJET) OF THE SYSTEM

Chkhaidze Mamuka
Georgian Technical University

Summary
The article deals with the comparative analysis of modern fiber-optics transmission TDM and WDM

technologies according to the energetic potential (budget). From the budget standpoint, the WDM system has an
advantage over the TDM one only at relatively low transmission rates (STM-1 and STM-4 at the rate of 0.155
Gbt/s and 0.622 Gbt/s, respectively). This can be explained by additional damping caused by terminal and
input/output multiplexors (MUX)/demultiplexors (DEMUX) used in the WDM system.

СРАВНЕНИЕ TDM И WDM СИСТЕМ МУЛЬТИПЛЕКСИРОВАНИЯ ПО
ЭНЕРГЕТИЧЕСКОМУ ПОТЕНЦИАЛУ (БЮДЖЕТУ)

Чхаидзе М.
Грузинский Техничиский Университет

Резюме

В статье представлен сравнительный анализ цифровых волоконно-оптических TDM (Time Division
Multiplexing) и WDM (Wavelength Division Multiplexing) технологий по энергетическому потенциалу
(бюджету). По бюджету система WDM в сравнении с TDM имеет преимущество только на сравнительно
низких скоростях (STM-1, STM-4, соответственно в пределах 0.155 Гбт/с, 0.622 Гбт/с). Это объясняется
дополнительным затуханием, которое вызвано из-за использования в WDM системах оконечных и
входных-выходных мультиплексоров /демультиплексоров.
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