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DWDM  sistemis ZiriTadi parametrebi 

kaxa xoStaria, iuri modebaZe, levan kaxeli 

saqarTvelos teqnikuri universiteti 

reziume 

naCvenebia problemebi, romlebic Tan axlavs DWDM teqnologiaze dafuZnebuli 

OTN-OTH satransporto qselebis danergvas, romelTa saSualebiTac SesaZlebeli gaxda 

optikuri boWkos maqsimalurad efeqturi gamoyeneba. ganxilulia DWDM sistemebis 

ZiriTadi parametrebi, romelTa gaTvaliswinebac aucilebelia aRniSnuli qselebis 

daproeqtebisas. 

sakvanZo sityvebi: DWDM-sistemebi. DWDM-parametrebi. satransporto qselebi. 

EDFA maZlierebeli. OSNR. BER.  
1. Sesavali 

Tanamedrove telekomunikacia warmoudgenelia optikuri qselebisa da sistemebis 

gareSe. swored maT ganapirobes uzarmazari tevadobis cifruli nakadebis gadacemis 

SesaZlebloba.                           

yoveldRiurad izrdeba moTxovna sxvadasxva tipis momsaxurebaze, rogorc 

tradiciuli, aseve internet momsaxurebis CaTvliT, rac axal moTxovnebs uyenebs 

kavSiris Tanamedrove qselebsa da momsaxurebis xarisxs. amasTanave, satelekomunikacio 

mowyobilobebis srulyofa da Tanamedrove qselebis ganviTareba iwvevs qselebis agebis 

procesis garTulebas, did kapitalur danaxarjebs maT Seqmnasa da eqspluataciaze. 

ITU-T-s rekomendaciebiT gaTvaliswinebulia oTxi satransporto modeli: SDH, 

ATM, Ethernet  da OTM-OTN satransporto qselebi. aqedan yvelaze universaluria 

OTN qseli, romelic DWDM  teqnologiis gamoyenebis bazaze iZleva optikuri boWkos 

maqsimalurad gamoyenebis SesaZleblobas, ramac saSualeba mogvca gadaasacemi cifruli 

nakadebis tevadobis naxtomiseburi zrdis. es teqnologia dafuZnebulia talRis sgrZis 

mixedviT multipleqsirebis meTodze. amis Sedegad SesaZlebeli gaxda optikuri boWkos 

racionaluri gamoyeneba, romelmac migviyvana erTi boWkoTi aseulobiT didi tevadobis 

arxebis gadacemaze.        

aSkaraa aRniSnuli meTodis upiratesoba TDM multipleqsirebasTan SedarebiT, 

sadac Sesasvleli standartuli dabalsixSiruli arxebi sinqronulad multipleqsirdeba 

gadacemis erTian maRalsiCqarian arxSi. am meTodiT kavSiris arxis gamtarunarianobis 

gazarda SesaZlebelia formirebuli arxis bituri siCqaris gazrdiT, rac aZvirebs 

aparaturas da arTulebs gadacemis protokolebs. amisgan gansxvavebiT DWDM saSualebas 

iZleva, xazis gamtarunarianoba gaizardos ise, rom ar Seicvalos arsebuli eleqtronuli 

mowyobilobebi. xazSi axali arxis damateba xdeba axali talRis sigrZis gamoyenebis 

saSualebiT, arsebul arxebTan Seuxeblad. arxebis erTmaneTTan sinqronizacia ar aris 

aucilebeli da TiToeul arxSi gadacema xdeba damoukidebeli protokolis saSualebiT. 

magram, DWDM sistemebSi muSaobis unaris Sesabamisi donis SenarCuneba gacilebiT 

rTulia mis winamorbed sistemebTan SedarebiT. maTgan gansxvavebiT DWDM sistemaSi 
yvela parametri, romelic moqmedebs mTlian sistemaze, unda gaizomos da Sefasdes 

TiToeul talRis sigrZisaTvis. amitom, sakiTxebi qselis dagegmvis meTodebis 

damuSavebisa da misi efeqturobis gazrdis, gansakuTrebul mniSvnelobas iZens. 
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optikur-boWkovani sistemebi inergeba yvelgan, maT Soris saqarTveloSic. maTi 

srulyofili dagegmareba da eqsploatacia moiTxovs optikuri fizikisa da satransporto 

sistemebis da qselebis agebis principebis safuZvlian codnas. es sakiTxebi 

gansakuTrebulad mniSvnelovania Cveni qveynisaTvis, radgan mas satelekomunikacio 

TvalsazrisiT, gaaCnia satranzito funqcia, rogorc evropa-aziis SemaerTebel qveyanas 

Savi zRvis regionSi, sadac iqmneba axali magistralebi sakmaod didi tevadobis 

informaciuli nakadebis gadasacemad. amasTanave, is ar awarmoebs Tanamedrove aparaturas 

da qselebis agebisas iyenebs sazRvargareTidan Semotanil teqnologiebs, rac kidev ufro 

zrdis sworad dagegmarebisa da qselebis Semdgomi ganviTarebis rols Tanamedrove 

satelekomunikacio teqnologiebis safuZvelze 

DWDM sistemebis gamoCenisTanave Tavi iCina seriozulma problemam, kvalificiuri 

personalis naklebobam, rac dResac problemad rCeba, gansakuTrebiT iseTi patara 

qveynisaTvis, rogoricaa saqarTvelo. iseve rogorc mTel msoflioSi, saqarTveloSic 

inergeba uaxlesi teqnologiebi, momsaxure personali ki araa saTanado doneze 

momzadebuli. aucilebelia amas mieqces yuradReba. saWiroa, rom telekomunikaciis 

specialobis studentebma da am dargSi momuSave personalma specialobis normalurad 

asaTviseblad icodes ucxo ena (inglisuri, rusuli), radgan mkiTxvelis swrafad 

uzrunvelyofa qarTul enaze gamoSvebuli literaturiT rTulia. Tumca am mimarTulebiT 

idgmeba nabijebi, magram Znelia fexi auwyo dargis ganviTarebis temps.   . 

mocemuli statiis mizania, sxvadasxva ucxouri teqnikuri literaturis (statiebis, 

wignebis) mimoxilvis safuZvelze, im problemebis warmoCena, romelic 

gasaTvaliswinebelia OTN-DWDM optikuri satransporto qselebisa da sistemebis 

ganxorcielebisas. statiis SezRuduli moculobis gamo vcdilobT yuradReba 

gavamaxviloT mxolod uZiriTades sakvanZo sakiTxebze.  

2. ZiriTadi nawili 

   DWDM sistemis Semadgeneli calkeuli komponentebis maxasiaTeblebiT 

ganisazRvreba Semdegi parametrebi: 

1. gadacemis siCqare.  

sistemis gadacemis siCqare (tevadoba) ganisazRvreba formuliT 

                           Csist.=Narx.x Carx.,  

sadac Narx. aris arxebis raodenoba, xolo  Carx. erTi arxis siCqare. 

sixSiruli intervali arxebs Soris ganisazRvreba IIU-T-s rekomendacia G.692-is 
mixedviT. ZiriTadad arsebobs ori sixSiruli gegma: 

a. 100 ghc (Δλ≈0,8 nm); 40 talRa 1528,77(196,1 thc)-dan 1560, 61 nm (192,1 thc)-is 

CaTvliT.  

b. 50 ghc (Δλ≈0,4 nm), 80 talRis sigrZe. 

garda amisa, arsebobs kidev sixSiruli gegma  High-Dense WDM, HDWDM,         25 
ghc (Δλ≈0,2 nm); bevrad ufro mkacri moTxovnebiT. 

2. lazeruli gadamcemis simZlavre da stabiloba.  

cxadia, sasurvelia es parametrebi iyos maRali, amasTanave, signalis simZlavre ar 

unda iyos imdenad didi, rom gaCndes arawrfivi movlenebis negatiuri gavlena boWkoSi. 

3. lazeruli gamosxivebis wyaros modulaciis siCqare. 
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4. EDFA maZliereblis gaZlierebis koeficienti. 

muSa diapazonSi susti signalebisaTvis, igi unda iyos maqsimalurad didi da 

stabiluri. 

5. optikuri boWkos maxasiaTeblebi.  

boWkos tipi da maxasiaTeblebi did gavlenas axdens iseT parametrebze, rogoricaa 

gadacemis siCqare, dispersia, arxebis maqsimaluri SesaZlo raodenoba. am ZiriTadi 

parametrebis garda mxedvelobaSi unda iqnas miRebuli sxva faqtorebic: 

I. Secdomebis koeficienti. 

kavSiris xazisadmi wayenebuli moTxovnebi ganisazRvreba Secdomebis koeficientiT 

BER (Bit Error Rate), romelic SeiZleba icvlebodes sakmaod farTo diapazonSi (10-6 _ 10-

12), imisdamixedviT, Tu ra saxis signali gadaicema. aucilebelia, rom DWDM sistemas 
hqondes BER-is dabali mniSvneloba yoveli calkeuli arxisaTvis. imisaTvis, rom 

proeqtirebis etapze ganisazRvros ramdenad Seesabameba optikur-boWkovani xazi qseluri 

gamoyenebis (aplication) moTxovnebs, SeiZleba ganvixiloT kavSiris xazi “P to P„ wyarosa 
da momxmarebels Soris.  

am SemTxvevaSi unda ganisazRvros mimRebis mgrZnobiaroba, romelic gviCvenebs ra 

minimaluri simZlavre uzrunvelyofs BER-is moTxovnil mniSvnelobas. amisaTvis saWiroa 

kavSiris xazis biujetis (yvela komponentSi kargvebis jami) codna gadamcemidan 

mimRebamde. aucilebelia, rom mimRebSi miRebuli signalis done aRematebodes minimalurad 

dasaSveb mniSvnelobas, romelic saWiroa BER-is moTxovnili mniSvnelobis 

uzrunvelsayofad. sxvaobas maT Soris uZaxian kavSiris xazis marags da is ar unda iyos 

10 db-ze naklebi.  

Secdomebis koeficientze did gavlenas axdens signalis simZlavris kargvebis 

sidide, romelic damokidebulia sistemis elementze da manZilze gadamcemidan mocemul 

elementamde. xazis mimarTulebis gansazRvrisas, mTa-varia Sefasdes kargvis sidide. 

optikuri sxivis Seyvanisas optikuri komponentSi simZlavris ZiriTadi nawili 

gadaicema fizikuri arxiT, raRac nawili STainTqmeba, nawili ki airekvleba. signalis 

arekvlili nawilis simZlavre mniSvnelovnad moqmedebs kargvebis sidideze.  

arekvlis ori ZiriTadi mizezi arsebobs: releis gabneva da frenelis arekvla. 

releis gabneva Cndeba boWkos SigniT gadasacemi sinaTlis talRis boWkos 

masalasTan urTierTqmedebis gamo. amitom is damokidebulia boWkos masalis 

Semadgenlobaze da agreTve talRis sigrZeze. gabnevis amplituda daaxloebiT aris -75 db 

1550 nm talRis boWkos 1 metrze da did manZilze misi gavlena SeiZleba iyos 

mniSvnelovani. frenelis arekvlas adgili aqvs sxvadasxva garemos gamyof sazRvarze 

(SemaerTebeli, gamTiSvelebi da sxva), haeris RreCoebis, gardatexvis maCveneblebis 

SeuTanxmeblobis gamo gamyofi sazRvaris orive mxares da sxva. 

arekvlili optikuri signali arasasurvelia da iwvevs mTel rig uaryofiT 

movlenebs: zrdis simZlavris saerTo kargvebs; mniSvnelovnad auaresebs gadamcemi lazeris 

stabilurobas da  sagnal/xelSeSlis fardobas; ukan arekvlili sinaTlis signali 

SeiZleba ganmeorebiT airekvlos pirdapiri mimarTulebiT, arekvlili da dayovnebuli 

kopiebi gavrcelebisas iwveven sirTuleebs demodulaciis etapze, romelsac uwodeben 

mravalsxivian interferencias MPI (Multi-Path Interference); arekvla, romelsac adgili 
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aqvs EDFA maZliereblSi mivyavarT damatebiT mravalsxivian interferenciamde, rac 

mniSvnelovnad zrdis maZliereblis xmaurs. 

arekvlili signalis simZlavre ganisazRvreba arekvlis koeficientis sidi-diT. igi 

ganisazRvreba formuliT: 

                    ORL(Optikal Return Los)=10lg(Pin/Pref), 
sadac Pin – dacemuli sxivis simZlavrea, Pref  – arekvlili sxivis. 

arekvlis koeficienti: 

                             K=10lg(Pref /Pin ).  
rac ufro mcirea arekvlis koeficienti, miT ukeTesia komponentis maxasiaTeblebi. 

Secdomebis koeficienti BER damokidebulia WDM (DWDM) sistemis aseve erT-erT 

umTavres maxasiaTebelze, OSNR (Optikal-Signalto-Noise Ratio)-ze, romelic gviCvenebs, 

ramdenad aRemateba miRebuli signali xmauris fons TiToeuli arxisaTvis. rac ufro 

didia OSNR, miT ufro advilia signalis miRebuli bitebis identificireba xmauris 

fonze. Senonis cnobili Teoremis Tanaxmad nebismieri mocemuli signal/xmauris OSNR 

fardobisaTvis SeiZleba miRweuli iqnas rac SeiZleba dabali sididis Secdomebis 

koeficienti BER, Tu gamoviyenebT nebismieri umciresi siWarbis xelSeSlamdgrad 

kodirebas. magram praqtikaSi, rac ufro mcirea OSNR, miT ufro rTuli sqemaa saWiro, 

rom miviRoT BER-is moTxovnili mniSvneloba. amdenad DWDM sistemebSi saWiroa 

xmauris dabali donisa da Sesabamisad OSNR-is maRali mniSvnelobis uzrunvelyofa. 

qselis (magistralis) pirveli multipleqseris gamosasvlelze OSNR ar unda iyos 
daaxloebiT 40 db-mde TiToeuli arxisaTvis. kavSiris xazSi OSNR  mcirdeba xazis 

sigrZeze, EDFA  maZliereblis raodenobasa da gadacemis siCqareze damokidebulebiT. 

mimRebis Sesasvlelze OSNR-is mniSvneloba ar unda Camovides 20 db-ze dabla. 

optikuri  EDFA maZliereblebis Seqmnam udidesi roli iTamaSa DWDM sis-temis 
ganxorcielebaSi. SesaZlo gaxda praqtikulad srulad optikuri ma-gistralebisa da 

qselebis Seqmna. amasTan, radgan es ukanaskneli ar axor-cielebs regeneracias, aRadgens 

mxolod signalis amplitudas, xazSi signalis gavlisas grovdeba xmaurebi, romlebic 

ZiriTadad warmoiqmneba optikur maZlierebelSi gaZlierebuli spontanuri emisiiT ASE 
(Amplified Spontaneous Emis-sion), romelic auaresebs signal/xelSeSlis fardobas yvela 

optikur xazSi. 

iq sadac aseTi maZlierebeli gamoiyeneba didi raodenobiT, saWiroa gaZ-lierebis 

koeficientis talRis sigrZeze damokidebulebis gaTvaliswineba, radgan is axdens 

gavlenas sistemaSi signalis speqtris ganawilebis xasiaTze. sistemis gaZlierebis 

koeficienti SeiZleba Seicvalos temperaturis cvlilebis, boWkos fizikuri daZabvis, 

komponentebis degradaciisa da kavSiris qselis konfiguraciis Secvlis gamo. 

OSNR  db-Si unda gaizomos DWDM –is TiToeul arxSi: 

                OSNR=mini[10lg(Pi/Ni+10lg(Bm/Br)], 
sadac _ Pi  - optikuri signalis simZlavrea i-ur arxSi, Br – sabaziso optikuri zolis 

sigane (sixSirisa an talRis sigrZis mixedviT), romelic zogadad 0,1 nm-ia, Ni – xmauris 
simZlavris interpolirebuli mniSvnelobaa xmauris Bm eqvivalentur zolSi, sixSiris an 
talRis sigrZis mixedviT TiToeuli i-uri arxisaTvis: 

                    Ni=[N(λi-Δλi)+ N(λi+Δλi)]/2, 
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sadac Δλ – interpolaciuri wanacvlebaa talRis sigrZis mixedviT, romelic tolia an 

naklebi arxebs Soris intervalis naxevris. 

OSNR aris signalis xarisxis sazomi (kriteriumi) da warmoadgens kavSiris xazis 

umTavres parametrs. optikur qselSi maZliereblebiT TiToeuli arxis gaZlierebis 

koefici-enti damokidebulia arxebis raodenobaze, romelic gadis maZliereblebSi. 

sistemis muSa mdgomareobaze daskvnis gamotana SeiZleba mxolod maSin, Tu gaizomeba 

rogorc mTliani simZlavre signalis, aseve simZlavreebi calkeul arxebSi. daskvnisaTvis 

saWiroa gvqondes sruli speqtruli informacia optikuri signalis Sesaxeb. 

II. arxebis gatarebis zoli.  

multipleqserisa/demultipleqseris efeqturoba ganisazRvreba misi TvisebiT 

moaxdinos erTmaneTisgan Semavali da gamavali arxebis seleqcia. TiToeuli arxis 

gatarebis zoli xasiaTdeba Semdegi parametrebiT: 

1. arxis centraluri talRis sigrZe.  

igi aris saSualo ariTmetikuli mniSvneloba wakveTis zeda da qveda talRis 

sigrZeebis: 

                         (λupper + λlower)/2. 
1-el naxazze naCvenebia ori speqtris Sedareba, romelic asaxavs mcire cvlilebebis 

gavlenas arxis talRis centraluri sigrZis mdebareobaze. cdiloben gadamcemis 

nominaluri talRis sigrZe axlos iyos talRis centralur sigrZesTan. 

 
nax. 1 

 

2. arxebs Soris intervali.  

is Seesabameba WDM-is sixSirul gegmas. yvelaze gavrcelebulia ITU-T-s Tanabari 
sixSiruli gegma, arxebs Soris 100 ghc-iani intervaliT. 

araTanabar intervalebs iyeneben ZiriTadad imisTvis, rom moxdes minimi-zacia an 

aRmoifxvras arawrfivi oTxtalRiani Sereva FWM, romlis drosac boWkoSi gamosxivebis 

arawrfivi urTierTqmedebis gamo or an met sixSireze aRiZvrebian signalebi axali 

sixSiriT. Tanabari intervalebis arxebs Soris axali parazituli signali SeiZleba 

sixSiriT daemTxves sxva arxebis signalebs, rac gamoiwvevs jvaredin xelSeSlebs. 

araTanabari intervalebisas oTxtalRiani Sereva iwvevs damatebiT xmaurebs talRis 

sigrZeebze, romlebic araa gamoyenebuli sasargeblo signalis gadasacemad. 
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3. gatarebis zoli. 

igi ganisazRvreba -3 db-ze (sxva zRvrblur doneebze, Cveulebrivad _ -0,5 db, -20 

db da ufro qvemoT) da aris gadasacemi signalis is nawili, romlis farglebSic yvela 

speqtruli mdgeneli aRemateba gansazRvrul zRurblis dones. magaliTad es zRurbli 

SeiZleba iyos – 3 db maqsimumidan an sigane simaRlis naxevarze FWHM (Full Width at 
Half Maximum). azri ar aqvs gatarebis zolis siganalze laparaks, Tu araa miTiTebuli 

zRurblis done. gatarebis zoli gansazRvravs speqtris im diapazons, romelSic 

mowyobiloba SeiZleba iyos gamoyenebuli efeqturad. 

gatarebis zolis gansazRvra ori an meti zRurbluri doneebisaTvis SesaZleblobas 

gvaZlevs vaCvenoT misi forma sazRvarze, romelic damokidebulia gamoyenebuli filtris 

rigze. gatarebis zolis siganis mniSvnelobebi Zalze did milevaze (-20 db an -30 db) 

sasargebloa DWDM-Si mezobel arxebSi jvaredini xelSeSlebis doneebis 

prognozirebisaTvis. gatarebis zolis siganis konkretuli mniSvneloba damokidebulia 

mezobeli arxebis izolirebis xarisxze, romelic aucilebelia calkeuli qseluri 

gamoyenebisaTvis (trafikis saxeobisaTvis). 

4. izolireba da Soreuli jvaredini xelSeSlebi FEXJ (Far-Fnd Crosstalk).  
zogadad arxebis erTmaneTTan da Soreuli jvaredini xelSeSlebisgan izolireba 

gansazRvravs mocemuli arxis signalis Sesustebis dones sxva arxebSi, sadac es signali 

ar aris ZiriTadi signali. igi ganisazRvreba formuliT 

                        Isolation=min10lg[Pini(λi)/Pontj(λi)], 

sadac  Pini(λi)  aris i arxis Sesasvleli signalis simZlavre λi  talRis sigrZeze, Pontj(λi) ki i 
arxis signalis simZlavre λi  talRis sigrZeze j arxSi. 
   jvaredini xelSeSlebi gansazRvraven ramdenad aRemateba ZiriTadi arxis Sesasvleli 

signalis simZlavris done λi  talRis sigrZeze jamuri signalis simZlavres, romelic 

moxvda araZiriTad arxebSi: 

                                              Crosstalk=10lg[Pinj(λi)/Σ Pontj(λi)]. 
                                                                                  j≠i 

5. simZlavris pikis araTanabroba arxis speqtrSi. 

igi aris simZlavris cvlilebebi gatarebis zolis maqsimumebis midamoebSi.  
6. arxebis erTgvarovneba. 
is warmoadgens   gadasacemi  simZlavris  donis  cvlilebis  zomas  an  

Setanil kargvebs arxidan arxSi multipleqsireba/demultipleqsirebisas. 
7. polarizebis movlenebi. 

igi aris kargvebi, romelic dakavSirebuli polarizaciis procesze PDL 
(Polarizacion Dependant Loss) da polarizaciis modur dispersiaze (Polarization Mode 
Dispersion), romelic aRiZvreba gamosxivebis ori urTierTperpendikularuli Semadgenlis 
sxvadasxva siCqariT gavrcelebis gamo. 

8. Setanili kargvebi IL (Insertion  loss) sistemis romelime komponentis gamo. 
igi ganisazRvreba: 

                                 IL=10lg(Pin/Pout). 
  9. mimarTuleba (Directivity) anu jvaredini xelSeSlebi axlo boloze NECT 

(Near-End Cross Talk). 
igi aris mravalportiani mowyobilobis izolirebis sazomi da aris mul-

tipleqsirebis mniSvnelovani maxasiaTebeli 
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                          Direchivityj=min10lg[Pini(λi)/Poutj(λi)].       

zemoT CamoTvlili parametrebis garda, aucilebelia optikuri boWkoSi mimdinare 
movlenebis Seswavlaganxilva, romelTagan SeiZleba gamovyoT oTxi ZiriTadi movlena, 

romelic auaresebs WDM sistemis maxasiaTeblebs: qromatuli dispersia, polarizaciuli 
moduri dispersia da arawrfivi optikuri efeqti. 

3. daskvna 

rogorc zemoT moyvanili ganxilvidan Cans, optikuri satransporto qselebis 

ganviTarebis dRevandel etapze aSkara upiratesoba aqvs OTN-OTH satran-sporto qsels, 

romelic DWDM  teqnologiis bazaze uzrunvelyofs optikuri boWkos SesaZleblobis 
bevrad ufro efeqturad gamoyenebas sxva teqnolo-giebTan SedarebiT. 

amasTanave, DWDM sistemebis ganxorcielebisas ufro mkacri moTxovnebi waeyeneba 
satransporto sistemis (qselis) rogorc calkeuli komponentebis parametrebs, optikuri 
boWkos CaTvliT, aseve mTliani sistemis parametrebs, romelTa ZiriTadi nawili aris 
ganxiluli mocemul statiaSi. aRniSnuli parametrebis srulyofilad gacnobierebis 

gareSe SeuZlebelia DWDM teqnologiebze dafuZnebuli qselis (magistralis) sworad 
daproeqteba da saimedo eqspluatacia.  
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THE MAIN PARAMETERS OF DWDM SYSTEMS 
Xoshtaria Kaxa, Modebadze Iuri, Kaxeli Levan 

Georgian Technical University  
Summary 

The article represents problems arising during implementation Transport Network 
OTN-OTH, based on DWDM technology, through with it became possible the best use of 
optical fiber. The basic parameters of DWDM systems, which should be considered in the 
design of such networks, are discussed in the paper as well.     
             

ОСНОВНЫЕ ПАРАМЕТРЫ DWDM СИСТЕМ 

Хоштариа К., Модебадзе Ю., Кахели Л. 
Грузинский технический университет 

Резюме 

Показаны проблемы, сопровождающие внедрению транспортных сетей OTN-
OTH, основанных на технологии DWDM, с помощью которой стало возможным 
максимально эффективное использование оптического волокна. Рассмотрены основные 
параметры DWDM систем, которые следует учесть при проектировании таких сетей.   


