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 sagani "telekomunikaciis sistemebi" gaTvaliswinebulia 

saqarTvelos teqnikuri universitetis kavSirgabmulobis 

fakultetis telekomunikaciis specialobis  bakalavriatis  

saswavlo gegmiT da igi ikiTxeba me-5 (10 krediti), me-6 (10 

krediti), me-7 (10 krediti) da me-8 (5 krediti) semestrebSi.  

 winamdebare leqciebis konspeqti moicavs me-5 semestrSi 

gadasacem 56 saleqcio saaTze gaTvlil masalas. amave semestrSi 

tardeba praqtikuli mecadineobebi 56 saaTis ganmavlobaSi da 

sruldeba 3 damoukidebeli samuSao, romelTa variantebi da 

Sesrulebis nimuSebi warmodgenilia literaturaSi [8]. 
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S e s a v a l i 
 
 

 adamianTa moRvaweobis mizania materialuri da sulieri 

Rirebulebebis Seqmna, sazogadoebrivi urTierTobebis srulyofa, 

rac ganisazRvreba sazogadoebis wevrTa cxovrebiseuli 

moTxovnebiT. 

 materialur faseulobaTa Seqmnisa da sazogadoebis 

wevrebisaTvis momsaxurebis gawevis procesebs warmoeba ewodeba. 

nebismier warmoebas ki Sromis iaraRebis, nedleulisa da muSa 

Zalis garda Wirdeba adamianTa mravali Taobis mier dagrovili 

informacia, romelic inaxeba adamianTa maxsovrobaSi, wignebSi, 

dokumentebSi, damaxsovrebis Tanamedrove mowyobilobebSi 

(kompiuterebSi) da a.S. 

raime procesis, movlenis, faqtis an sagnis Sesaxeb cnobebs 

informacia ewodeba. sityva "informacia" laTinuri warmoSobisaa 

da niSnavs "ganmartebas", "gadmocemas", "gacnobas". 

 informaciis arsebobas maSin aqvs fasi, Tu igi 

xelmisawvdomia adamianebisaTvis misi siSoris miuxedavad. amis 

gamo warmoiqmna informaciis damaxsovrebis, Senaxvisa da 

manZilze gadacemis aucilebloba. 

 cnobilia, rom informaciis 80…90 %-s adamiani Rebulobs 

mxedvelobis organos, xolo 10…20 %-s _ smenis organos 

saSualebiT. mgrZnobiarobis danarCeni organoebi (Sexeba, gemo, 

suni) adamians jamSi aZlevs 1…2% _mde informacias. amrigad, 

adamianis mxedvelobisa da smenis organoebi nervul sistemasTan 

erTad warmoadgens tvinSi informaciis miwodebis ZiriTad 

arxebs. tvinidan informaciis gacema aseve xdeba nervuli 

sistemisa da Semsrulebeli organoebisagan (piri, kidurebi) 

Sedgenili arxebiT. maTgan ZiriTads warmoadgens bgeriTi arxi, 

romelic mTavrdeba xmis kvanZebiT. aRniSnuli kvanZebis 

garkveuli rxevebi garemos gadaecema calkeuli bgerebis, 

sityvebis da winadadebebis saxiT da adamianTa smeniTi organos 

mier aRiqmeba rogorc laparaki. informaciis gadacemis erT-erTi 
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mTavari arxia agreTve xelebi, romelTa saSualebiTac adamiani 

wers an xatavs da am xerxiT gascems informacias.  

adamianebisaTvis informaciis gacvla iseTive bunebrivi 

moTxovnilebaa rogorc kveba, sunTqva, Zili da a.S. informaciis 

gacvla ki niSnavs mis gadacemasa da miRebas, rac xorcieldeba 

informaciis wyaros, misi gadacemis saSualebebisa da mimRebis 

arsebobis SemTxvevaSi. garda aRniSnulisa, dReisaTvis 

informaciis gadacema an gacvla xorcieldeba sxvadasxva 

mowyobilobebisa da procesebis distanciuri marTvisa da 

kontrolis sistemebSi, kompiuterul qselebSi da sxva. Tumca 

umTavresad informaciis ZiriTad mimRebsa da momxmarebels mainc 

adamiani warmoadgens. 

bunebrivia, rom adamianTa fiziologiuri SesaZleblobebiT 

(magaliTad, xmis kvanZebi an mxedvelobis organo) arsebuli 

informaciis gadacemis saSualebebi ver wyvets didi moculobis 

informaciis Sor manZilze gadacemis problemas. misi 

gadawyvetisaTvis adamianma Seqmna eleqtrokavSiris 

(telekomunikaciis) teqnikuri saSualebebi _ satelekomunikacio 

teqnika, romelsac farTod iyenebs rogorc yoveldRiur 

cxovrebaSi, aseve mecnierebis, kulturis da warmoebis 

ganviTarebisa da saqmiani urTierTobebisaTvis. 

sazogadoebis ganviTarebis dRevandeli done da tempebi 

ganapirobebs  mzardi raodenobis informaciis Senaxvis, 

damuSavebisa da gadacemis aucileblobas, ris gamoc dRes 

sazogadoebis erT-erT umTavres amocanas srulyofili 

satelekomunikacio sistemebis Seqmna warmoadgens. 

amrigad, telekomunikacia warmoadgens teqnikur bazas, 

romelic uzrunvelyofs erTmaneTisagan Sors myof adamianebs an 

mowyobilobebs Soris informaciis gadacemas da miRebas. 

informaciasa da telekomunikacias Soris iseTive msgavsebaa, 

rogorc gadasatan tvirTsa da transports Soris. kerZod, 

telekomunikaciis saSualebebi araa saWiro, Tu informacia ar 
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arsebobs, iseve rogorc araa saWiro transporti tvirTis 

ararsebobis SemTxvevaSi.   

kavSirgabmulobis dargis saerTaSoriso konvenciis 

Sesabamisad telekomunikacia ganimarteba rogorc "…SekveTebis, 

signalebis, werilobiTi teqstis, gamosaxulebebisa da bgerebis 

an nebismieri saxis Setyobinebis gadacema, gamosxiveba da miReba 

sadeniani, radio, optikuri an sxva eleqtromagnituri sistemebis 

saSualebiT". amrigad, telekomunikacia moicavs agreTve radio 

da satelevizio mauwyeblobasac, romlebic adre 

telekomunikaciisagan ganyenebulad…ganixileboda, vinaidan maTi 

saSualebiT, rogorc wesi, informacia momxmarebelTa farTo 

wrisaTvis  gadaicema mxolod erTi mimarTulebiT. 

eleqtrokavSiris (telekomunikaciis) warmoSobas safuZveli 

Cauyara  XYIII  da XIX saukuneebSi eleqtrul da magnitur 

movlenebTan dakavSirebulma umniSvnelovanesma aRmoCenebma. maTi 

erT-erTi upirvelesi gamoyeneba iyo SetyobinebaTa gadacema 

eleqtruli energiis saSualebiT. 

eleqtrokavSiris yvelaze uZvelesi saxea satelegrafo 

kavSiri (1832 w.). berZnuli sityva "telegrafi" niSnavs "Sors 

weras" an "manZilze weras". faqsimiluri kavSiric erT-erTi 

yvelaze "xandazmuli" saxea. sityva "faqsimile" niSnavs "msgavsis 

gakeTebas".  pirveli  faqsimiluri  aparati italieli fizikosis 

j. kazelis mier Seiqmna 1855 wels. SedarebiT gvian Seiqmna 

satelefono kavSiri. pirveli mowyobiloba, romelic xmovan 

Setyobinebas gardaqmnida eleqtrul signalad, amerikelma 

mecnierma a.g.belma gamoigona 1876 wels. berZnuli sityva 

"telefoni" niSnavs "xmas Soridan". 

XIX saukunis me-2 naxevarSi Teoriulad damtkicda 

eleqtromagnituri talRebis arseboba, romlebsac udidesi 

siCqariT SeuZliaT Ria sivrceSi (eTerSi) gavrceleba. am 

garemoebam mecnierebs misca radios da SemdgomSi televiziis  

Seqmnis saSualeba. satelevizio mauwyebloba warmoiqmna XX 
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saukunis dasawyisSi. sityva "televizia" niSnavs "manZilze 

xedvas". 

monacemTa gadacema, gazeTis furclebis gadacema da 

videosatelefono kavSiri warmoadgenen satelegrafo, 

faqsimiluri da satelevizio kavSirebis nairsaxeobebs. isini 

warmoiSva XX saukunis Sua xanebSi. 

garda zemoT aRniSnulisa, kacobrioba dRes farTod 

iyenebs telekomunikaciis iseT saxeebs, rogoricaa: 

telekonferencia, videokonferencia, videoTvalTvali, 

eleqtronuli fosta, personaluri radiogamoZaxeba, video 

moTxovniT, xmovani fosta, mauwyeblobisa da satelevizio 

programebis Canawerebis gadacema da miReba, teleteqsti da sxva. 

Tavdapirvelad signalebis gadacema xorcieldeboda 

mxolod boZebze dakidebuli an gruntSi Cadebuli metalis 

sadenebis saSualebiT. magram gamtarebis gruntSi Cadeba an 

sayrdenebze dakideba yvelgan SeuZlebelia. am mdgomareobidan 

gamosavali gamoCnda maSin, rodesac Teoriulad damtkicda 

eleqtromagnituri talRebis arseboba, romlebsac udidesi 

siCqariT SeuZliaT Ria sivrceSi gavrceleba. am garemoebam 

mecnierebs misca radios Seqmnis saSualeba, ramac safuZveli 

Cauyara radiokavSiris Tanamedrove (radiosareleo, 

Tanamgzavruli, trankinguli, fiWuri da sxva) sistemebis Seqmnas. 

gansakuTrebul aRniSvnas imsaxurebs informaciis 

gadacemisaTvis gamoyenebuli uaxlesi teqnologia _  boWkovan-

optikuri kabelebi, romlis danergvis zrdis maCveneblebi 

ganpirobebulia im upiratesobebiT, romlebic maT gaaCnia sxva 

mimmarTvel sistemebTan SedarebiT, kerZod: didi 

gamtarunarianoba, rac umniSvnelovanesi maCvenebelia 

Tanamedrove msoflioSi gadasacemi informaciis raodenobis 

zrdis maRali tempebis pirobebSi; signalebis mcire mileva; 

gareSe  eleqtromagnituri xelSeSlebisagan daculoba; maRali 

saimedoba;  mcire Rirebuleba, gabaritebi da wona. 
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telekomunikaciis gansaxorcieleblad dRes adamianebi 

iyeneben sxvadasxva saSualebebs _ metalis sadenian gamtarebs da 

maTi saSualebiT konstruirebul eleqtrul kabelebs, Ria 

sivrces, anu eTers (radiokavSiri) da boWkovan-optikur kabelebs. 

pirvel SemTxvevaSi informaciis gadacema xorcieldeba 

eleqtruli signalebis (eleqtrokavSiri), meore SemTxvevaSi _ 

radiosignalebis (radiokavSiri), xolo mesame SemTxvevaSi _ 

sinaTlis sxivis saSualebiT, romelic vrceldeba boWkovan-

optikur kabelebSi (optikuri kavSiri).  "telekomunikaciis" 

cnebaSi SeiZleba samive SemTxvevis gaerTianeba, ris gamoc igi 

manZilze informaciis gadacemis procesis amsaxvel 

yovlismomcvel terminad SeiZleba miviCnioT. Sesabamisad 

metalis sadeniani wredebiT signalebis gadacemis process 

SeiZleba vuwodoT eleqtrotelekomunikacia, radioxazebiT 

signalebis gadacemis process _ radiotelekomunikacia, xolo 

boWkovan-optikuri kabelebiT signalebis gadacemis process _ 

boWkovan-optikuri telekomunikacia. 
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1. zogadi cnobebi informaciis 

   gadacemis Sesaxeb 

 

              1.1. Setyobinebebi da signalebi 

 

 cnebasTan "informacia" arsis mixedviT axlosaa cneba 

"Setyobineba". Setyobineba aris informaciis gamosaxvis  

(warmodgenis) forma, romelic mosaxerxebelia misi manZilze 

gadacemisaTvis. sxvanairad rom vTqvaT, Setyobineba ewodeba 

raime materialuri obieqtis an fizikuri procesis Sesaxeb 

arsebuli cnobebis erTobliobas. xedvis unari adamians 

saSualebas aZlevs aRiqvas informacia uZravi an moZravi 

gamosaxulebebis formiT, romlebsac optikuri Setyobinebebi 

ewodeba. smenis unari ki iZleva informaciis aRqmis saSualebas, 

romelic warmoadgens haeris nawilakebis meqanikur rxevebs, 

romlebsac bgeriTi Setyobinebebi ewodeba. adamiani aRiqvams 

(ismens) rxevebs, romelTa sixSire 16…16000 hc diapazonSia (erTi 

herci tolia wamSi erTi rxevisa). 

 optikuri Setyobinebebis magaliTebia: teqsti, werili,  

foto, satelevizio gamosaxuleba da sxva. 

 bgeriTi (xmovani) Setyobinebebis magaliTebia laparaki da 

musika. laparakisas informacia Cadebulia ara marto sityvis 

SinaarsSi, aramed mis intonaciaSi, tembrSi, ritmSi da a.S. musika 

aseve Seicavs informacias, vinaidan mas SeuZlia Secvalos 

adamianis emociuri mdgomareoba. 

 dokumenturi Setyobinebebi daitaneba da inaxeba garkveul 

gadamtanebze (xSirad qaRaldze).  

 gamosaxulebebisa da bgerebis formebiT warmodgenili 

Setyobinebebi bunebrivia da isini mosaxerxebelia adamianTa 

Soris urTierTobisaTvis. Tumca Tanamedrove pirobebSi saWiro 

xdeba rogorc adamianTa urTierToba eleqtronul gamomTvlel 

manqanebTan (kompiuterebTan) gamosaxulebebisaTvis , aseve 

urTerToba kompiuterebs Soris. kompiuteri ki, rogorc wesi, 
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aRiqvams informacias niSnebis (asoebis, cifrebis da sxva 

simboloebis) formiT, romelTaganac dgeba Setyobinebebi 

informaciis matareblebze (perfofirebi, perforukebi, magnituri 

firebi, disketebi da sxva) maTi dataniT. kompiuterebisaTvis 

gankuTvnil an maTgan miRebul Setyobinebebs monacemebs 

uwodeben. maSasadame, monacemebi warmoadgenen Setyobinebebs, 

romlebic gankuTvnilia kompiuterul sainformacio sistemebSi 

damuSavebisaTvis. 

 Setyobinebis informaciuli parametri _ esaa parametri, 

romlis cvlilebaSia "Cadebuli" informacia. bgeriTi 

Setyobinebebis informaciul parametrs warmoadgens bgeriTi 

wnevis myisa mniSvneloba, vinaidan yvela bgeriTi Setyobineba 

warmoadgens im bgeriTi rxevebis erTobliobas, romlebic haerSi 

qmnis bgeriT wnevas. es ukanaskneli ki bgeris ZiriTadi 

raodenobrivi maxasiaTebelia. optikuri Setyobinebebis 

informaciuli parametrebi axasiaTebs gamosaxulebaTa ubnebis 

optikur Tvisebebs. uZravi gamosaxulebebis informaciuli 

parametria arekvlis koeficienti. gamosaxulebis didi arekvlis 

koeficientis mqone ubnebi, anu gamosaxulebis is ubnebi, 

romlebic areklavs dacemuli sinaTlis nakadis umetes nawils, 

adamians eCveneba naTeli, xolo mcire arekvlis koeficientis 

Sesabamisi ubnebi _ bneli. moZravi Sav-TeTri gamosaxulebebis 

(kerZod satelevizio gamosaxulebebis sikaSkaSis Semdgenis) 

informaciuli parametria ekranis ubnebis naTebis sikaSkaSe. 

dokumenturi (teqsturi) SetyobinebebisaTvis da monacemebisaTvis 

ki  informaciis matareblebs warmoadgens niSnebi, romlebisga-

nacaa Sedgenili Setyobineba. 

 informaciuli parametrebis cvlilebis xasiaTis mixedviT 

arCeven uwyvet da diskretul Setyobinebebs.      

 uwyveti ewodeba Setyobinebas, Tu mis informaciul 

parametrs garkveul sasrulo intervalSi cvlilebis procesSi 

SeuZlia miiRos am intervalSi arsebuli usasrulo raodenobis 

mniSvnelobebidan nebismieri mniSvneloba. xmovani Setyobineba 
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uwyvetia, vinaidan bgeris wnevas garkveul intervalSi SeuZlia 

miiRos usasrulo raodenobis mniSvnelobebidan nebismieri 

maTgani. aseve uwyvetia mravaltonuri gamosaxulebebis Sesabamisi 

Setyobinebac, vinaidan arekvlis kuTxesa da ubnebis sikaSkaSes 

Seesabameba MmniSvnelobaTa usasrulo simravle.   

 diskretuli ewodeba Setyobinebas, Tu misi informaciuli 

parametri garkveul sasrulo intervalSi cvlilebis procesSi 

Rebulobs mxolod am intervalSi arsebuli sasrulo 

raodenobis mniSvnelobebidan nebismier erT-erT mniSvnelobas. 

diskretuli Setyobinebebs warmoadgenen dokumenturi (teqsturi) 

Setyobinebebi da monacemebi, vinaidan aseTi Setyobinebebi 

warmodgeba niSnebis garkveuli sasrulo da cnobili 

nakrebisagan (magaliTad, alfabetis asoebisagan).    

 rogorc cnobilia, kavSirgabmulobis amocanas warmoadgens 

SetyobinebaTa gadacema wyarodan mimRebamde. im SemTxvevaSi, 

rodesac Setyobineba Cawerilia garkveul matarebelze, 

(magaliTad, qaRaldze), misi mimRebamde mitana SesaZlebelia 

transportis ama Tu im saxeobiT (safosto kavSirgabmuloba). 

informaciis gadacemis aseTi meTodi yovelTvis mosaxerxebeli 

araa misi dabali siCqarisa da, aqedan gamomdinare, 

araoperatiulobis gamo. bunebrivia, rom bgeriTi Setyobinebis 

gadacemac Sor manZilze SeuZlebelia Ria sivrceSi misi energiis 

swrafad milevis gamo. garda amisa, sakmaod mcirea misi 

gavrcelebis siCqare (daaxloebiT 333 m/wm). aseve SeuZlebelia 

optikuri Setyobinebebis Sor manZilze gadacemac damxmare 

saSualebebis gamoyenebis gareSe.    amitom napovnia da farTod 

gamoiyeneba SetyobinebaTa swrafi gadamtanebi (signalebi), 

romlebic gamoiyenebs fizikur procesebs da romlebsac 

garkveuli siCqariT SeuZlia gadalaxos manZili (sivrce) wyarosa 

da mimRebs Soris. aseT procesebs ki warmoadgens 

eleqtromagnituri rxevebi (eleqtruli signalebi), romlebsac  

SeuZlia gavrceleba rogorc gamtariani, aseve ugamtaro (Ria 

sivrce) xazebiT sinaTlis siCqariT (300000 km/wm). maSasadame, 
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damxmare eleqtruli fizikuri procesebis gamoyenebiT 

uzrunvelyofili xdeba garkveuli informaciis matarebel 

SetyobinebaTa uswrafesi gadacema. rogorc aRniSnuli 

msjelobidan Cans, aucilebeli xdeba araeleqtruli bunebis 

Setyobinebebis (akustikuri rxevebi, sinaTlis nakadi) gardasaxva 

Sesabamis eleqtrul signalad. 

 fizikur process, romelic asaxavs gadasacem Setyobinebas, 

signali ewodeba. gadasacem signalSi Setyobinebis asaxva 

uzrunvelyofili xdeba procesisaTvis damaxasiaTebeli romelime 

fizikuri sididis (signalis informaciuli parametris) 

cvlilebiT. maSasadame, SetyobinebaTa gadamtanebad, rogorc 

wesi, gamoiyeneba eleqtruli energia, anu informaciis gadacema 

Sor manZilze xdeba eleqtruli signalebis saSualebiT. amitom 

kavSirgabmulobis Sesabamis saxeobas eleqtruli kavSiri 

(telekomunikacia) ewodeba. 

 nebismieri Setyobinebis gadacema SeiZleba warmovidginoT 

rogorc droSi ganSlili procesi. gamosaxulebaTa Sesabamisi 

Setyobinebebi amave dros sivrculicaa, Tumca maTi 

momxmareblisaTvis miwodeba droSi ganSlilad xorcieldeba 

(kinoSi uZravi gamosaxulebebi, anu kadrebi ekranze aRibeWdeba 

wamSi 25 kadris siCqariT (gamosaxulebis kadruli ganSla), 

xolo televiziaSi,  garda kadruli ganSlisa, gamoiyeneba 

agreTve gamosaxulebis striqonuli ganSlac), rac SesaZlebels 

xdis maT gadacemas Sor manZilze.  amitom signalis ganmarteba 

SeiZleba Camoyalibdes Semdegi saxiTac: fizikur realobas, 

romlis cvlilebac drosa da sivrceSi asaxavs gadasacem 

Setyobinebas, signali ewodeba. aRniSnulidan gamomdinare, 

nebismieri signali grafikulad SeiZleba warmovadginoT e.w. 

droiTi diagramis saxiT, romelic gviCvenebs eleqtruli 

signalis romelime parametris (Zabva, deni, simZlavre) cvlilebas 

droSi. 

 eleqtruli signalebi, iseve rogorc Setyobinebebi, 

SeiZleba iyos uwyveti an diskretuli. diskretuli signalebis 
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kerZo SemTxvevas warmoadgens cifruli signalebi. amasTanave 

unda aRiniSnos, rom vinaidan signalebi drosa da sivrceSi 

gavrcobili (ganSlili) procesebia, amitom isini SeiZleba iyos 

uwyveti an diskretuli rogorc droSi, aseve misi parametrebis 

mniSvnelobaTa mixedviT. Tu signali uwyvetia rogorc droSi 

aseve mniSvnelobaTa mixedviT (sur. 1.1), maSin aseTi signali 

uwyvets anu analogurs warmoadgens (magaliTad, signali, 

romelic asaxavs garemos temperaturis cvlilebas dReRamis 

ganmavlobaSi). Tu signali diskretulia droSi, xolo uwyvetia 

mniSvnelobaTa mixedviT, maSin saqme gvaqvs mxolod droSi 

diskretul signalTan (magaliTad, signali, romelic asaxavs 

garemos temperaturis monacemebs diskretizaciis Td periodiT 

daSorebul drois fiqsirebul momentebSi,  Tumca am dros 

temperaturis mniSvneloba sasrulo intervalSi drois mocemul 

momentSi SeiZleba iyos  usasrulo raodenobis mniSvnelobebidan 

erT-erTi). aseTi signalis droiTi diagrama SeiZleba 

warmovadginoT rogorc 1.2 suraTze warmodgenili grafikis, 

aseve 1.3 suraTze naCvenebi perioduli  impulsebis mimdevrobis 

saxiT (periodia Td). im SemTxvevaSi, rodesac signali droSi 

uwyvetia, xolo mniSvnelobaTa mixedviT diskretuli (sur. 1.4), 

maSin aseT signals dakvantuls uwodeben (magaliTad, signali, 

romelic droSi uwyvetad asaxavs dReRamis ganmavlobaSi garemos 

temperaturis cvlilebas, rodesac temperaturis mniSvnelobebi 

mrgvaldeba dakvantvis ∆  bijiT daSorebul mniSvnelobebamde). 

SesaZloa, rom signali diskretuli iyos rogorc droSi, aseve 

mniSvnelobaTa mixedviT. aseTi signali (sur. 1.5) wmindad 

diskretuls warmoadgens da igi cifruli signalebis jgufs 

SeiZleba mivakuTvnoT. cifruli signalis erT-erT nimuSs 

warmoadgens impulsur-kodurad modulirebuli (ikm) signali 

(sur. 1.6), romelic ordoniania da misi  zeda da qveda doneebi 

aRniSnulia cifrebiT (simboloebiT) 1 da 0. simboloebis 

gameorebis periods taqtur periods (Tt) uwodeben. realur 
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sistemebSi mezobeli simboloebi erTmaneTisagan daSorebulia 

garkveuli Tp intervaliT (pauziT) rogorc es 1.6 suraTzea 

naCvenebi. 

 rogorc zemoT aRniSnulidan Cans, SetyobinebaTa Sor 

manZilze gadasacemad aucilebelia maTi gardasaxva eleqtrul 

signalad, rasac axorcielebs gadamcemis pirveladi gardamsaxi 

(bgeriTi SetyobinebebisaTvis _  mikrofoni, gamosaxulebebisaT-

vis _ satelevizio an videokamera, satelegrafo Setyobinebisas _ 

telegrafis aparatis gadamcemi nawili, fototelegrafuli 

kavSirisas _ Sesabamisi aparatis eleqtrooptikuri analizis 

mowyobiloba da sxva). gadamcemis pirveladi gardamsaxis 

gamosasvlelebze formirebul signals pirveladi signali 

ewodeba. bunebrivia, rom mimReb mxares  gaTvaliswinebuli unda 

eleqtruli signalis gardasaxva  SetyobinebaSi, rac 

xorcieldeba mimRebis pirveladi gardamsaxiT (telefoni, 

televizoris kineskopi, satelegrafo aparatis mimRebi nawili da 

sxva). 

 pirveladi analoguri signalebi SeiZleba gadaices 

analoguri saxiT (dRemde eqspluataciaSia gadacemis analoguri 

sistemebi), Tumca dReisaTvis farTo gavrceleba pova gadacemis 

cifrulma meTodebma (signalebis cifruli saxiT gadacemis 

meTodebma) maTi mTeli rigi upiratesobebis gamo analogur 

meTodebTan SedarebiT. es garemoeba ki aucilebels xdis 

pirveladi analoguri signalebis diskretizacias, dakvantvas da 

kodirebas, anu Sesabamisi cifruli signalis formirebas. 

cifruli signalis erT-erT yvelaze gavrcelebul saxes ikm 

signali warmoadgens (sur 1.6). 
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1.2. telekomunikaciis sistemis ganzogadebuli                

struqturuli sqema 

 

 rogorc cnobilia, telekomunikaciaSi Setyobinebebis 

gadamtans warmoadgens eleqtruli signalebi, romelTac SeuZlia 

gavrceldes garkveul areSi. amis gamo gadamcemSi Setyobineba 

gardaisaxeba eleqtrul signalad, xolo mimRebSi _ piriqiT. am 

operaciebis Sesasruleblad saWiroa Sesabamisi teqnikuri 

mowyobilobebi, romlebic signalebis gavrcelebis aresTan 

erTad qmnis telekomunikaciis sistemas. 

 telekomunikaciis sistema ewodeba im teqnikuri 

saSualebebisa da gavrcelebis aris (mimmarTveli garemos) 

erTobliobas, romelic uzrunvelyofs SetyobinebaTa gadacemas 

wyarodan mimRebamde.  

 telekomunikaciis sistemis ganzogadebuli struqturuli 

sqema warmodgenilia 1.7 suraTze. 

 

                            

                      telekomunikaciis sistema  

                             

                       telekomunikaciis arxi 

 

 

   Sw      S-s     gad.       xazi         mimR.    s-S     Sm  
 

            gadamcemi                             mimRebi 
           mowyobiloba      xelSeSlebis     mowyobiloba 

                                  wyaro   

                   

 

  sur. 1.7. telekomunikaciis sistemis ganzogadebuli 

                         struqturuli sqema 

 

 

 Setyobinebis wyaros (Sw) gamosasvlelze arsebuli 

Setyobineba Setyobineba-signali (S-s) gardamqmnelis saSualebiT  

gardaisaxeba pirvelad eleqtrul signalad, romelic yovelTvis 
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mosaxerxebeli araa (zogjer ki SeuZlebelicaa) kavSiris xaziT 

uSualo gadacemisaTvis. amitom pirveladi signalebi gadamcemis 

(gad.) saSualebiT gardaisaxeba meoreul (saarxo) signalebad, 

romelTa maxasiaTeblebi kargadaa SeTanxmebuli kavSiris xazis 

(mimmarTveli garemos) maxasiaTeblebTan.  

 telekomunikaciis (kavSiris) arxi ewodeba teqnikuri 

mowyobilobebis (gardamqmnelebis) da gavrcelebis aris 

(mimmarTveli garemos, anu kavSiris xazis) erTobliobas, 

romelic uzrunvelyofs garkveul manZilze erTi signalis 

gadacemas. 

 telekomunikaciis arxebsa da sistemebs, romlebic 

gamoiyeneben gavrcelebis xelovnur ares (metalis gamtarebi, 

optikuri boWko) sadenians uwodeben, xolo kavSiris arxebsa da 

sistemebs, romlebSic signalebi gadaicema Ria sivrceSi _ 

radioarxebsa da radiosistemebs uwodeben.  

sadenianiani xaziT organizebul kavSiris arxs sxvanairad 

kavSiris wreds uwodeben, xolo usadenoTi organizebuls 

(radioarxi) _ kavSiris lulas. 

maSasadame, kavSiris wredi ewodeba kabelSi moTavsebuli 

(sakabelo wredi) an sayrdenebze dakidebuli (sahaero wredi) 

sadenebis erTobliobas, romelic gamoiyeneba erTi eleqtruli 

signalis gadasacemad. arsebobs 2-, 3- da 4-sadeniani wredebi. 

 kavSiris xazis gamosasvlelidan signalebi miewodeba 

mimRebis (m) Sesasvlels, xolo Semdeg signali-Setyobineba (s-S) 

gardamqmnelis gavlis Sedegad aRdgenili Setyobineba _ 

Setyobinebis mimRebs (Sm). SetyobinebaTa wyaros da mimRebs 

Cveulebriv adamianebi warmoadgenen, Tumca maTi roli SeiZleba 

Seasrulon mimwodebma, avtomaturma mowyobilobebma da 

kompiuterebma.  

 realur pirobebSi signalebis gadacemis rTuli da 

mravaletapiani procesi mimdinareobs mravali xelSeSlis 

zemoqmedebis pirobebSi, romlebic amaxinjebs signalebs da 

Sedegad auaresebs kavSiris xarisxs. xelSeSlad miiCneven 
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sasargeblo (informaciul) signalze nebismier zemoqmedebas, 

romelic cvlis signalis informaciul parametrs. 

telekomunikaciis sistemebSi signalebze momqmedi xelSeSlebi 

sxvadasxvagvaria warmoSobisa da fizikuri Tvisebebis 

TvalsazrisiT. xelSeSlebis wyaro SeiZleba iyos rogorc 

sistemis SigniT (sxvadasxva xmaurebis saxiT), aseve mis gareTac 

(atmosferuli pirobebi, sxvadasxva eleqtroteqnikuri 

mowyobilobebiT gamowveuli xelSeSlebi). xelSeSlebis yvela 

wyaro 1.6 suraTze pirobiTad gaerTianebulia.  

 amrigad, sistemis mimRebs miewodeba signali, romelic 

SeiZleba xelSeSlebiT iyos damaxinjebuli. Setyobineba ki, 

romelsac Rebulobs mimRebi, rac SeiZleba srulad unda 

Seesabamebodes wyaros mier gacemul Setyobinebas. am pirobis 

Sesruleba SesaZlebelia mxolod im SemTxvevaSi, roca 

telekomunikaciis sistemis yvela elements gaaCnia maRali 

xelSeSlamdgradoba.  

 telekomunikaciis sistemebSi gamoiyeneba Setyobinebis 

signalad (da piriqiT) gardamqmnelebi, romlebic sxvadasxva 

saxisaa agebisa da muSaobis principis TvalsazrisiT, rasac 

gansazRvravs gadasacemi Setyobinebis saxe da xasiaTi. optikuri 

Setyobinebebis gadasacem sistemebSi aseT mowyobilobebs 

warmoadgens fotoeleqtruli gardamqmnelebi da sxva 

maregistrirebeli mowyobilobebi. xmovani (bgeriTi) 

Setyobinebebis gadacemis sistemebSi gamoiyeneba Sesabamisad 

akustikur-eleqtruli da eleqtroakustikuri gardamqmnelebi. 

 gardamqmneli mowyobilobebi SeiZleba asrulebdes rogorc 

pirdapir (uSualo), aseve pirobiT gardaqmnebs. 

pirdapiri gardaqmnisas Setyobinebisa da signalis 

informaciuli parametrebi icvleba erTi da imave kanoniT. 

magaliTad, akustikur-eleqtruli gardamqmnelis (mikrofonis) 

gamosasvlelze eleqtruli signalis cvlileba srulad asaxavs 

mis Sesasvlelze bgeriTi wnevis cvlilebas. 
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      pirobiTi gardaqmnisas Setyobinebisa da signalis 

informaciul parametrebs Soris kavSiri pirobiTia. am 

SemTxvevaSi gamoiyeneba kodebi, romlis drosac Setyobinebis 

yoveli niSanigadamcemSi gardaiqmneba eleqtruli impulsebis 

garkveul kombinaciad, xolo mimRebSi aRniSnuli kombinaciiT 

ganisazRvreba Sesabamisi niSani. Kkodebi gamoiyeneba diskretuli 

Setyobinebebis signalad gardaqmnisaTvis. 

 

 

1.3.  gadacemis doneebi 

 

telekomunikaciis teqnikaSi eleqtruli signalebis 

parametrebis (simZlavre, Zabva da deni) gazomvis absolutur 

erTeulebTan (magaliTad, vati, volti, amperi) erTad farTod 

gamoiyeneba agreTve fardobiTi (logariTmuli) erTeulebi maTi 

gamoyenebis moxerxebulobis gamo. aseTi erTeulebiT 

gansazRvrul sidides signalis dones an gadacemis dones 

uwodeben. 

arxis an traqtis romeliRac i-r wertilSi signalis 

gadacemis  fardobiTi done arxis (traqtis) sxva j-ri wertilis 

mimarT ewodeba i-r wertilSi signalis energetikuli Si 

parametris (simZlavris P, Zabvis U da denis I ) mniSvnelobis j-r 

wertilSi amave parametris  Sj mniSvnelobasTan fardobis 

logariTmul gardasaxvas. gardasaxvis wesi ganisazRvreba 

formuliT 

            P=mLoga(Si/Sj), 

sadac m _ masStaburi koeficientia, xolo  a  _ logariTmis fuZe. 

im SemTxvevaSi, rodesac arxis (traqtis) romeliRac i-r  

wertilSi Si parametris Sefardeba xdeba etalonur S0 

sididesTan, maSin aRniSnuli gamosaxulebiT  gansazRvrul 

dones absoluturi done ewodeba.  
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 Tu logariTmis fuZea 10, maSin signalis donis 

ganzomilebaa decibeli (db). am SemTxvevaSi simZlavris, Zabvisa 

da denis fardobiTi doneebi decibelebSi arxis (traqtis) i-r 

wertilSi j-ri wertilis mimarT ganisazRvreba Semdegnairad: 

    PP ij = 10 Lg (Pi/Pj);       PUij = 20 Lg (Ui/Uj);       PIij  = 20 Lg (Ii/Ij) ,          (1.1) 
 
xolo absoluturi doneebi: 

    PP io = 10 Lg (Pi/Po);      PUio = 20 Lg (Ui/Uo);     PIio  = 20 Lg (Ii/Io),           (1.2)  

sadac Po, Uo da Io etalonuri simZlavre, Zabva da denia (Po = 1 mvt, 

Uo = 0,775 v, Io = 1,29 ma). aRniSnul etalonur sidideebs Soris 

Semdegi Tanafardobaa: Uo = Po/ Io,  Uo = Io Zo, sadac Zo = 600 omi. 

garda decibelebisa (db), gadacemis doneebi SeiZleba 

gaizomos neperebSi (np), romelic dRes praqtikulad ar 

gamoiyeneba. am SemTxvevaSi logariTmis fuZea neperis ricxvi 

(gamoiyeneba naturaluri logariTmi). Sesabamisad, signalis 

simZlavris, Zabvisa da denis fardobiTi da absoluturi doneebi 

neperebSi  ganisazRvreba Semdegnairad: 

 

PP ij = 0,5 Ln (Pi/Pj);        PU ij =  Ln (Ui/Uj);         PI ij  =  Ln (Ii/Ij) , 
 
            PP io = 0,5 Ln (Pi/Po);       PU io =  Ln (Ui/Uo);        PI io  =  Ln (Ii/Io). 
 

nepersa  da decibels Soris Semdegi damokidebulebebia: 

1np = 8,686 db; 1db = 0,115 np. 

sxvadasxva parametrebis fardobiT an absolutur doneebs 

Soris SeiZleba damyarebul iqnas urTierTkavSiri. kerZod, Tu 

visargeblebT, magaliTad, simZlavris fardobiTi donis 

decibelebSi ganmsazRvreli  gamosaxulebiT, maSin misi 

SemdegnairiEgardaqmniT miviRebT damokidebulebas simZlavrisa 

da denis fardobiT doneebs Soris:   

 

PP ij=10Lg(Pi/Pj)=10Lg(IiZi /IjZj)=10Lg(Ii/Ij)+10Lg(Zi/Zj)=PI ij+10Lg(Zi/Zj). 
 
 analogiurad SeiZleba vaCvenoT, rom: 
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PP ij = PU ij _ 10Lg(Zi/Zj);     PU ij = PI ij + 20Lg(Zi/Zj); 
 

PP io=PI io+10Lg(Zi/Zo);    PP io = PU io_10Lg(Zi/Zo);     PU io= PI io +20Lg(Zi/Zo). 
 
 im SemTxvevaSi, rodesac fardobiTi doneebis gansazRvrisas 

Zi = Zj ,  xolo absoluturi doneebis gansazRvrisas _  Zi=Zo   

(Zo=600 omi),  maSin: E  

PP ij = PU ij= PI ij    da    PP io = PU io= PI io. 

SeiZleba damyardes agreTve damokidebulebebi parametrebis 

fardobiT da absolutur doneebs Soris. kerZod;                     

PP ij =10Lg(Pi/Pj)=10Lg(Pi/Po /Pj/Po)=10Lg(Pi/Po) _10Lg(Pj/Po) = PP io _ PP jo. 
 
 analogiurad: 

 

PU ij = PU io _ PU jo        da        PI ij  = PI io _ PI jo . 
 
 maSasadame, arxis an traqtis romeliRac i-r wertilSi 

parametrebs fardobiTi done j-ri wertilis mimarT 

ganisazRvreba rogorc aRniSnul wertilebSi gazomili 

absoluturi doneebis sxvaoba, rac praqtikaSi signalebis 

doneebis gamoyenebis praqtikulobaze metyvelebs. kerZod, Tu i-r 

da j-r wertilebSi signalis simZlavreebis fardobaa, magaliTad, 

100, maSin simZlavris Sesabamis absolutur (gazomvis) doneebs 

Soris sxvaoba iqneba 20 db.    

cxadia, rom zogadad   Pij =  _ Pji. 

 absoluturi doneebis daniSnulebaa gadacemis doneebis 

gansazRvra gamzomi xelsawyoebis (donis maCveneblebis) 

saSualebiT. maSasadame, absoluturi doneebi gaizomeba donis 

maCveneblebiT, gazomvis Sedegebi warmoadgens gazomil 

(absolutur) doneebs gadacemis arxis (traqtis) ama Tu im 

wertilSi.   

 donis gazomvisaTvis SedarebiT xSirad gamoiyeneba 1.8 

suraTze warmodgenili etalonuri generatoris sqema. 
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                 Rg     1                         2 

                       

                                                

                                                                

               Eg      U11                                          U22          Rd   

  
 

 

 

                       1                  2  

                  ZSes                                             Zgam    

 

      sur. 1.8.  etalonuri generatoris sqema 

  

 aRniSnul sqemaSi gamosakvlevi obieqtis (magaliTad, 

romeliRac oTxpolusas) Sesasvlels miuerTdeba gamomcdeli 

signalis generatori, romlis parametrebi mTlianadaa cnobili, 

anu cnobilia generatoris gamosasvleli winaRoba Rg, mis mier 

ganviTarebuli eleqtromamoZravebeli Zala (emZ) Eg (an Zabva 

obieqtis Sesasvlelze U11) da obieqtis Sesasvleli winaRoba 

ZSes. obieqtis gamosasvlels miuerTdeba iseTi Sesasvleli 

winaRobis mqone donis maCvenebeli, romelic datvirTvis Rd 

winaRobis nominaluri mniSvnelobis tolia. am dros realuri 

datvirTva gamorTulia. gadacemis doneebis gazomvisas 

gamomcdelis rols umTavresad asrulebs erTsixSiriani 

sinusoiduri generatori, romlis sixSirec aseve unda iyos 

cnobili, xolo sawyisi faza, rogorc wesi, ar fiqsirdeba. 

 im SemTxvevaSi, rodesac gamomcdeli generatoris Siga 

winaRobaa 600 omi da igi aviTarebs 1,55 v-is tol 

eleqtromamoZravebel Zalas (emZ), maSin datvirTvis Rd 

winaRobaze gazomil dones gazomvis dones uwodeben.     

 (1. 2) gamosaxulebebis ukugardaqmniT miviRebT: 

 Pi = P0100,1P
P i0 ;         Ui = U0100,05P

Ui0
 ;            Ii = I0 100,05P

Ii0

 maTi saSualebiT gadacemis traqtis i-r wertilSi signalis 

simZlavre, Zabva da deni SeiZleba gamovTvaloT simZlavris, 

Zabvisa da denis absoluturi doneebis gamoyenebiT.  
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1.4.  doneTa diagrama 

 

 satelekomunikacio xazebiT signalebis gadacemisas adgili 

aqvs energiis danakargebs, ris gamoc SemoaqvT muSa milevis 

cneba, romelic decibelebSi ganisazRvreba Semdegi gamosaxu-

lebiT: 

                                          am = 10 Lg (P1 / P2),        db                    (1.3) 
 
sadac P1  simZlavrea, romelsac aviTarebs signalis wyaro masTan 

SeTanxmebul winaRobaze, anu idealur SemTxvevaSi, xolo   P2  

simZlavrea, romelsac es wyaro aviTarebs realur (araidealur) 

pirobebSi.  

 signalebis milevis gamo aucilebeli xdeba maTi 

gaZliereba  kavSiris xazis gaswvriv ganlagebul Sualedur da 

damaboloebel punqtebSi, rac analogur sistemebSi xorcieldeba  

momsaxure da aramomsaxure maZliereblebSi, xolo cifrul 

sistemebSi _  momsaxure da aramomsaxure regeneratorebSi.  

 muSa milevis msgavsad ganixileba muSa gaZlierebis cneba: 

 

                       sm = 10 Lg (P2 / P1),        db                                   (1.4) 
 
 telekomunikaciis sistemebis daproeqtebisa da eqspluata-

ciis dros aucilebelia signalis donis cvlilebis codna 

gadacemis traqtis sxvadasxva wertilSi, romelic grafikulad 

gamoisaxeba doneTa diagramis saSualebiT, anu grafikiT, 

romelic gviCvenebs signalis gazomili anu absoluturi  

doneebis ganawilebas kavSiris xazis (traqtis) gaswvriv (sur. 1.9).  

 1.9 suraTze warmodgenili gadacemis arxi Sedgeba 

gadamcemis maZliereblisagan (mgad), xazis sami monakveTisagan 

(ubnisagan), romelTa sigrZeebia l1 km, l2 km da l3 km, ori 

Sualeduri, anu saxazo maZliereblisagan (mS1 da mS2) da mimRebis 

maZliereblisagan (mmimR). aRsaniSnavia, rom cifrul sistemebSi 

maZliereblebis funqcias iTavsebs regeneratorebi. doneTa 

diagramaze 1-iT da 2-iT aRniSnulia wertilebi, romlebic 
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Seesabameba signalis dones Sesabamisad maZliereblebis 

Sesasvlelebsa da gamosasvlelebze. SevniSnoT, rom Sualeduri 

(saxazo) gaZlierebis (regeneraciis) punqtebi SeiZleba iyos 

rogorc momsaxurebadi (punqts emsaxureba specialistTa 

personali), aseve aramomsaxurebadi (am ukanasknelTa eleqtruli 

kveba xorcieldeba momsaxure punqtidan distanciurad).  

 

          mgad             mS1              mS2             mmimR 
     Ses                                                       gam       

   

                 l1           l2           l3
 
 P, db      2              2             2         
     

                  
 PSes                                                  

              1                                                                            l, km
 Pgam                                                    2       an  
                                                                                
 

 

                          1   

                                         1              1      Ad  

 Px                                         

 

 

sur. 1.9. doneTa diagramis agebis principi 

 

 wertilebSi 1 signalis minimalurad dasaSvebi done 

ganisazRvreba xelSeSlis donesTan (Px) SedarebiT signalis 

donis (Ps) saWiro gadametebis (gadaWarbebis) sididiT, romelsac 

xelSeSlebisagan daculobas (Ad) uwodeben da igi decibelebSi 

ganisazRvreba ase: 

                               Ad = 10 Lg (Ps / Px) = Ps _ Px,  db                (1.5) 

 

sadac PsP da Px Sesabamisad signalisa da xelSeSlis 

simZlavreebia, xolo  Ps  da  Px  _ maTi doneebi. 

 arxis Sesasvlelsa (Ses)  da gamosasvlelze (gam)  signa-

lis doneTa sxvaoba gansazRvravs signalis narCen milevas (an). 

igi yvela muSa milevisa da yvela muSa gaZlierebis (yvela ubnis 

milevisa da yvela maZliereblis gaZlierebis) jamebs Soris 
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sxvaobis (arxis Semavali da gamomavali signalebis doneTa 

sxvaobis) tolia:  

                   n-1                n

                              an =  Σ ami  _ Σ  smk  = PSes  _ Pgam  ,   db              (1.6)   

                                              i =1                 k =1 

  

 rogorc 1.9 suraTidan da ukanaskneli gamosaxulebidan 

Cans, maZliereblebis (regeneratorebis) raodenoba erTiT metia 

xazis ubnebis (gaZlierebis, regeneraciis ubnebis) raodenobaze, 

xolo Sualeduri maZliereblebis (regeneratorebis) raodenoba 

ki erTiT naklebia ubnebis raodenobaze, rac gasaTvalis-

winebelia doneTa diagramebis agebisaTvis saTanado gaangari-

Sebebis Catarebisas.  

 

1.5. pirveladi signalebis parametrebi da              

maxasiaTeblebi 

 
 satelekomunikacio signalebis aRwera aucilebelia 

gadacemis procesSi maTi adekvaturi damuSavebisaTvis. vinaidan 

nebismieri eleqtruli signali warmoadgens droSi cvlad 

process (ix. §1.1), amitom igi  aRiwereba garkveuli droiTi 

funqciiT, romlis gansazRvriTac gansazRvruli iqneba signalic.  

yvelaze martivia signali, romelic icvleba sinusis kanoniT. mas 

sinusoiduri anu harmoniuli ewodeba. telekomunikaciis 

realuri signalebi ki rTulia, magram nebismieri maTgani 

SeiZleba warmovadginoT harmoniuli Semdgenebis (harmonikebis) 

erTobliobiT (jamiT):  

                                                                              ∞  

                                        u(t) =  Σ Ui Sin(2πƒi t + φi),                                          (1.7) 
                          

i=1 

 
sadac:   Ui,   ƒi  da φi    i-ri harmonikis amplituda, sixSire da fazaa 

Sesabamisad. 

 signalis Sesabamisi Semdgenebis erTobliobas am signalis 

speqtrs uwodeben.  
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 signalis speqtris sigane ewodeba sixSireTa intervals, 

romelic moicavs signalis yvela Semdgens.  

signalis aseTi sruli aRwera yovelTvis saWiro araa. 

zogjer sakmarisia signalis aRwera ramodenime parametriT, 

romlebic axasiaTebs mis ZiriTad Tvisebebs telekomunikaciis 

xazebiT gadacemis TvalsazrisiT. 

 uwyveti (analoguri) signalebis ZiriTad parametrebs 

warmoadgens maT mier dakavebuli sixSiruli zolis (speqtris) 

efeqturi sigane ∆ƒs (sxvanairad mas sixSireTa efeqturad gada-

sacemi zoli SeiZleba vuwodoT), saSualo simZlavre PsaS, dina-

mikuri diapazoni D, pik-faqtori Q da informaciis raodenoba Ia. 

 sixSireTa zolis efeqtur siganes (∆ƒs) uwodeben signalis 

speqtris ZiriTad nawils, romelic unda gadaices arxiT am 

signalis mimRebSi maRali xarisxiT aRdgenis mizniT. ∆ƒs=ƒz - ƒq , 

sadac ƒz da ƒq Sesabamisad signalis zeda (maqsimaluri) da qveda 

(minimaluri) zRvruli sixSireebia.  teqnikur literaturaSi ∆ƒs-s 

xSirad signalis speqtris efeqtur siganes uwodeben. 

arCeven amplitudur da energetikul speqtrebs. pirvel 

SemTxvevaSi speqtruli diagramis ordinatTa RerZze gadazomi-

lia signalis harmonikuli Semdgenebis (harmonikebis) amplituda, 

xolo meore SemTxvevaSi _ simZlavre. abcisTa RerZze ki gadazo-

milia harmonikebis sixSireebi. 1.10 suraTze warmodgenilia 

signalis amplituduri speqtris grafikuli gamosaxvis nimuSi.  

                    S  
 

 

 

 

                    0       

                      ƒq       ∆ƒs         ƒz    ƒ, khc
 

sur. 1.10. signalis amplituduri speqtris 

warmodgenis nimuSi 

 signalis saSualo simZlavre PsaS ganisazRvreba drois 

garkveul (magaliTad, erTi saaTis ganmavlobaSi) simZlavris 
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gazomvis Sedegebis gasaSualebiT. gasaSualeba saWiroa imis gamo, 

rom signalebis simZlavre droSi icvleba. 

 signalis dinamikuri diapazoni D warmodgenas gvaZlevs 

signalis simZlavris SesaZlo cvlilebis diapazonze arxis 

erTsa da imave wertilSi: 

                             D = 10 Lg(Pmaqs / Pmin) = Pmaqs – Pmin , db              (1.8) 

 

 garda dinamikuri diapazonisa, zogjer iyeneben parametrs, 

romelsac pik-faqtors uwodeben. igi gviCvenebs Tanafardobas 

signalis maqsimalur da saSualo simZlavreebs Soris: 

 

                            Q = 10 Lg(Pmaqs / PsaS) = Pmaqs – PsaS , db              (1.9) 
 

analoguri signalebisaTvis informaciis raodenoba Ia 

ganisazRvreba Semdegi gamosaxulebiT: 

 

                               Ia = ∆ƒsLog2(1+PsaS/Px),       biti/wm                (1.10)  
 

sadac ∆ƒs signalis speqtris siganea, xolo Px _  arxSi momqmedi 

xmaurebis simZlavre, romelic kavSiris xarisxis ganmsazRvrel  

mniSvnelovan parametrs warmoadgens.  

 diskretuli (maT Soris cifruli) signalebisaTvis 

umTavres parametrs warmoadgens gadacemis siCqare, romelic 

gamoiTleba drois erTeulSi (magaliTad, erT wamSi) gadacemuli 

impulsebis raodenobiT. Tu erTi impulsis xangrZlivobaa Ti, da 

impulsebi gadaicema erTmaneTis miyolebiT (pauzis gareSe), maSin 

gadacemis siCqare 

B=1/Ti   ,   imp/wm  (bodi). 

 siCqaris erTeuls sxvanairad bodi ewodeba. maSasadame, 

bodi aris erT wamSi gadacemuli impulsebis raodenoba. igi 

gamoiyeneba telegrafisa da monacemebis gadacemis signalebi-

saTvis. 
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 cifrul signalebSi gadacemul impulsebs simboloebs an 

bitebs uwodeben, amitom signalis gadacemis siCqaris 

ganzomilebaa biti/wm. 

 rogorc ukanaskneli gamosaxulebidan Cans, gadacemis 

siCqare ukuproporciulia impulsebis xangrZlivobisa. 

praqtikulad aseTi signalebis speqtruli Semdgenebis 

(harmonikebis) ZiriTadi energia Tavmoyrilia sixSireTa 

diapazonSi, romelic ar aRemateba 1/Ti–s. vinaidan 1/Ti aris 

diskretuli signalis gadacemis siCqare, amitom rac ufro metia 

igi, miT ufro meti sixSiruli zolia saWiro am signalebis 

gadacemisaTvis. 

 cifruli signalebis informaciis raodenoba 

 

                    l 

                      Ic= _Ft ∑ pi Log2 pi , ���biti/wm ,                ����(1.11) 
                                       i = 1

 
sadac: Ft diskretul mimdevrobaSi mniSvnelobaTa gameorebis, 

anu taqturi sixSirea (Ft=1/Tt); l_ dakvantvis doneebis (signalis 

dasaSvebi mniSvnelobebis) raodenobaa, xolo  pi _ i-uri donis 

mniSvnelobaTa albaToba. 

 1.11 suraTze warmodgenilia cifruli signalis nimuSi, 

roca l=4. 

                                         U      

                                    a4

                                       a3    

                                       a2

                                       a1                                                                                           

                                                  Tt             ti              t         
                               

sur. 1.11. oTxdoniani cifruli signalis grafiki 

 

 

 

 

 



 30

 im SemTxvevaSi, rodesac sxvadasxva donis mniSvnelobebi 

TanabaralbaTuria, e.i. rodesac pi =1/l , maSin 

                                 Ic=FtLog 2 l ,    biti/wm                             (1.12) 
 rodesac saqme gvaqvs ikm signalTan (ix. sur.1.6), maSin l=2. 

amitom Iikm=Ft. maSasadame, ikm signalis informaciis raodenoba 

ricxobrivad taqturi sixSiris tolia.  

 ZiriTad telesakomunikacio signalebs warmoadgenen: 

telefonis, xmovani mauwyeblobis, faqsimiluri, televiziis, 

telegrafis, monacemebis gadamcemi signalebi. ganvixiloT maTi 

parametrebi da maxasiaTeblebi. 

 

 

1.5.1. telefonis signali 

 

telefonis signali miekuTvneba metyvelebis signalebis 

jgufs. metyvelebis bgera warmoiqmneba filtvebidan haeris 

nakadis salaparako kvanZebsa da pirisa da cxviris RruebSi 

gavlis Sedegad. arsebobs metyvelebis bgerebis ori ZiriTadi 

tipi _ vokalizebuli da aravokalizebuli. vokalizebuli 

bgerebi warmoiqmneba salaparako kvanZebis rxevis Sedegad egreT 

wodebul ZiriTadi tonis ƒo sixSireze (ix. sur. 1.12, sadac 

warmodgenilia metyvelebis signalis simZlavris speqtruli 

Sedgeniloba)., romelTa mniSvnelobebi moTavsebulia 50…80 hc-

dan (basi) 200…250 hc-de (qalis an bavSvis xmebi) sazRvrebSi. 

ZiriTadi tonis impulsebi Seicavs 40-de harmonikas (2ƒo,…,nƒo), 

Tanac maTi amplitudebi  sixSiris zrdasTan erTad mcirdeba 

daaxloebiT 12 db-iT oqtavaze (1-li grafiki). SevniSnoT, rom  

oqtava warmoadgens sixSireTa zols (diapazons), romlis zeda 

sixSire orjer metia qvedaze. amrigad, 2ƒo harmonikis amplituda 

12 db-iT metia 4ƒo  harmonikis amplitudaze da a.S. laparakisas 

ZiriTadi tonis sixSire icvleba mniSvnelovan sazRvrebSi. 
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 laparakis aravokalizebul bgerebs aqvs xmauris xasiaTi.  

 filtvebidan haeris nakadis salaparako kvanZebis, pirisa da 

cxviris Rrus meSveobiT gavlis procesSi warmoiqmneba 

laparakis bgerebi, romlis speqtris Semdgenebis simZlavre 

sxvadasxvaa (sur. 1.12-is me-2 grafiki). maRali simZlavris areebs 

formantebi ewodeba. laparakis sxvadasxva bgerebi Seicavs 

oridan oTxamde formantas. telefonis signalis maRali 

simZlavre xasiaTdeba xmamaRlobis doniT, garCevadobiT, xmis 

bunebrivi JReradobiT da xelSeSlebis dabali doniT. es 

faqtorebi gansazRvravs satelefono arxebisadmi wayenebul 

moTxovnebs.  

 ganvixiloT telefonis signalis ZiriTadi parametrebi. 

 rogorc aRniSnuli iyo, telefonis signali metyvelebis 

signalebis erT-erTi saxeobaa. metyvelebis signalis 

energetikuli speqtri _ es aris sixSireTa are, romelSic 

Tavmoyrilia signalis ZiriTadi energia (sur. 1.13): 

  G=10 Lg(П2(ƒ) / П0
2 )∆ƒ, 

sadac: П2(ƒ)_xmis wnevis saSualo kvadratis speqtruli 

simkvrivea; П0
2 _ smenadobis zRvaria (igi warmoadgens xmis 

minimalur wnevas, romlis SegrZnebasac iwyebs normaluri smenis 

mqone adamiani 600…800 hc sixSireTa zolSi); ∆ƒ=1 hc.. 
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zogadad, laparaki warmoadgens farTozolovan process, 

romlis speqtri ganfenilia 50…100 hc-dan 8…10 khc-mde, zogierT 

SemTxvevaSi ki 20 khc-Mde. dadgenilia, rom satelefono 

kavSirisaTvis laparakis xarisxi sruliad damakmayofilebelia 

misi speqtris 300…3400 hc diapazonSi SezRudvis SemTxvevaSi, 

vinaidan am dros bgerebisa da frazebis garCevadoba Sesabamisad 

90% da 99%-ia da uzrunvelyofilia JReradobis naturaloba. 

amitom ITU-T _is rekomendaciiT (Telecommunication Standartization 

Sektor of International Telecommunication Union _ telekomunikaciis 

saerTaSoriso kavSiris telekomunikaciis standartizaciis seq-

tori) telefonis signalisaTvis aRniSnuli diapazoni (ƒq=300 hc, 

ƒz=3400 hc, ∆ƒtlf.s=3100 hc) miRebulia speqtris efeqtur siganed. 

aseTi SedarebiT viwro diapazoni ki iZleva telekomunikaciis 

xazebis gamtarobis unaris efeqturad gamoyenebis saSualebas.    

    telefonis signalis SemTxvevaSi saSualo simZlavris 

cnebis Semotana aixsneba im garemoebiT, rom es signali asaxavs 

mikrofonis win bgeris wnevis cvlilebas: mosaubre adamiani xan 

uwevs xmas, xan laparakobs Cumad an akeTebs pauzas. Sesabamisad 

signalis rxevis amplituda xan izrdeba, xan mcirdeba da xanac 

nulis toli xdeba. Tumca saSualo simZlavre garkveuli drois 

ganmavlobaSi misi gasaSualebisas garkveul sidides 

warmoadgens.   
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 ITU-T_is rekomendaciiT satelefono Setyobinebis aqtivobis 

intervalSi telefonis signalis saSualo simZlavre wertilSi 

nulovani gazomvis doniT Ptlf.saS = 88 mkvt.  vinaidan satelefono 

kavSiris SemTxvevaSi abonenti Tavis TanamosaubresTan saSualod 

saubrobs arxis dakavebis saerTo drois  mxolod garkveuli 

nawilis (daaxloebiT 50%) ganmavlobaSi da, garda amisa, 

calkeul sityvebsa da frazebs Soris arsebobs pauzebi, amitom 

satelefono signalebisaTvis damaxasiaTebelia erT-erTi 

mniSvnelovani parametri, romelsac  aqtivobis koeficients 

uwodeben (η=0,25...0,35). igi warmoadgens arxis gamosasvlelze 

signalis simZlavris zRvrul mniSvnelobaze gadaWarbebis drois 

fardobas arxis dakavebis saerTo drosTan. amitom 

Ptlf.saS=88η=22 mkvt. Tu gaviTvaliswinebT imasac, rom 

satelefono kavSiris arxSi laparakis signalis garda SeiZleba 

gadaices marTvis, nomris akrefisa da sxva signalebi, amitom 

telefonis signalis saSualo simZlavred miRebulia 32 mkvt. 

Sesabamisad, telefonis signalis saSualo done gazomvis 

nulovani donis wertilSi 

    

Ptlf.saS  = 10 Lg  (32 mkvt /1 mvt) = _ 15 db0. 
P 

telefonis       signalis      maqsimaluri      simZlavre  

Ptlf.maqs=2220 mkvt (+3,5db0), minimaluri simZlavris diapazoni 

Ptlf.min=0,222…0,7 mkvt, romlis sazRvrebis Sesabamisi doneebia 

_6,5 db0 da _1,6 db0. amitom misi dinamiuri diapazoni da pik-

faqtori (1.8) da (1.9) gamosaxulebebis mixedviT Sesabamisad 

tolia: Dtlf≈35…40 db, Qtlf≈14 db (Ptlf.saS = 88 mkvt).  

 telefonis  signalis informaciis raodenoba unda 

gamoiTvalos aqtivobis η koeficientis gaTvaliswinebiT, ris 

gamoc (1.10) gamosaxuleba miiRebs Semdeg saxes:  

                 Ia = η∆ƒtlf.Log2(1+Ptlf.saS/Px),       biti/wm         (1.13) 
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sadac ∆ƒtlf=3100 hc, Ptlf.saS=88 mkvt, η=0,25…0,35. rac Seexeba 

xmaurebis Px simZlavres, unda aRiniSnos, rom igi SeiZleba 

ganvixiloT rogorc kavSiris arxSi gadacemuli signalis 

wrfivi da arawrfivi damaxinjebebisa (rac arxis 

maxasiaTeblebiTaa ganpirobebuli)  da gareSe wyaroebidan arxSi 

momqmedi xelSeSlebis erToblioba. wrfivi damaxinjebebis 

Sedegad icvleba Tanafardoba speqtruli Semdgenebis 

(harmonikebis) rogorc fazebs, aseve amplitudebs Soris. pirvel 

maTgans uwodeben fazo-sixSirul, xolo meores _ amplitudur-

sixSirul damaxinjebebs. adamianis smenis mniSvnelovani 

Taviseburebaa fazo-sixSiruli damaxinjebebisadmi mcire 

mgrZnobeloba. amplitudur-sixSiruli damaxinjebebi ki cvlis 

metyvelebis tembrs, rac warmoadgens JReradobis naturalobis 

dakargvis mizezs. arawrfivi damaxinjebebi  iwvevs harmonikebisa 

da kombinaciuri sixSireebis warmoSobas, rac aRiqmeba xrialis 

saxiT da mniSvnelovnad moqmedebs kavSiris xarisxze.  

kavSiris xarisxis erT-erTi mniSvnelovani maCvenebelia 

damaboloebel aparaturebamde miRweuli xelSeSlebis Px 

simZlavre. satelefono kavSirisas mis dasadgenad 

iTvaliswineben Semdeg garemoebas: metyvelebis (maT Soris 

telefonis) signalebis gadacemisas erTi da igive simZlavris, 

magram sxvadasxva sixSiris xelSeSlebi kavSiris xarisxze 

sxvadasxvagvar gavlenas axdens adamianis yuris mgrZnobiarobis 

sixSiruli damokidebulobis gamo. imisaTvis, rom 

gaiTvaliswinon  es gansxvaveba, gazomvebis dros xelSeSlebs 

atareben specialur oTxpolusaSi (egreT wodebul amwon 

psofometrul filtrSi), romelsac gaaCnia adamianis yuris 

Sesabamisi sixSiruli maxasiaTebeli (berZnuli sityva "psofos" 

niSnavs xmaurs). aseTi filtris gamosasvlelze xelSeSlebis 

gazomil simZlavres psofometruls uwodeben, romelsac 

iTvaliswineben angariSebis Catarebisas. 1.14 suraTze 
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warmodgenilia psofometruli filtris sixSiruli  

maxasiaTebeli satelefono kavSirisaTvis (1-li mrudi), romelic 

gviCvenebs signalis psofometruli donis (Ppsof) sixSireze 

damokidebulebas. xmaurebis simZlavris saSualo done 

psofometrul erTeulebSi 0,3…3,4 khc diapazonSi 2,5 db-iT (anu 

1,78-jer) naklebia maTi momqmedi mniSvnelobebis gazomvis Sedegad 

miRebul donesTan SedarebiT. sidides 2,5 db (1,78) uwodeben 

psofometrul koeficients. 

 

 

satelefono kavSiris xarisxze xmaurebis gavlena 

xasiaTdeba Semdegi monacemebiT: nulovani gamzomi donis 

wertilSi  xmaurebis 10000 pvt-is (1 pvt=10-12 vt) toli 

simZlavrisas xmaurebi TiTqmis ar SeimCneva. 100000 pvt-is 

SemTxvevaSi  maTi  garCeva   jer   kidev   SesaZlebelia,  xolo  

106 pvt-isas laparakis garCevadoba gaZnelebulia da kavSiris xa-

risxi aradamakmayofilebelia. maSasadame, vinaidan ∆ƒtlf=3100 hc, 

Ptlf.saS=88 mkvt,   η=0,25…0,35  da Px=100000 pvt, amitom Itlf.a=8000 

biti/wm=8 kbiti/wm.  
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1.5.2. xmovani mauwyeblobis signalebi 

 

mauwyeblobis (radiomauwyebloba, televiziis xmovani 

a samauwyeblo gadacemis 

signal

                                           cxrili 1.1    

 

Tanxleba) programebis gadacemisas Cveulebriv bgeris wyaroa   

musikaluri instrumentebi da adamianis xma. mauwyeblobis 

pirveladi eleqtruli signalebi warmoadgensarastacionaluri 

SemTxveviTi procesis realizacias. 

1.1. cxrilSi warmodgenili

ebis dinamiuri diapazonis monacemebi. misi gansazRvrisas 

maqsimalurad miCneulia done, romlis gadaWarbebis albaTobaa 

2%, xolo minimalurad _ done, romlis gadaWarbebis albaTobaa 

98%.   

        

     signalis saxeoba     dinamiuri  

    diapazoni 

D,        db 

diqtoris sityva 

                

 45…55 

 

uli kiTxva mxatvr

                     

mcire vokaluri da instrumentaluri 

ansamblebi 

 

simfoniuri orkestri 

     25…35 

…    40…50 

 

    

 

   65-de   

 

mauwyeblobis signalis saSualo simZlavre mniSvnelov-

ganmavlobaSi gasaSualebisas _ mauwy.saS= 2230 mkvt, xolo 1 wamis 

ganmavlobaSi gasaSualebisas _ mauwy.saS= 4500 mkvt. imave 

wertilSi maqsimaluri simZlavre Pmauwy.maqs= 8000 mkvt.  

 

nadaa damokidebuli gasaSualebis intervalze. nulovani gamzomi 

donis  wertilSi  mauwyeblobis  signalis  saSualo simZlavre 

1 saaTis ganmavlobaSi gasaSualebisas Pmauwy.saS= 923 mkvt, 1 wuTis 

P

P

 mauwyeblobis  signalis  sixSiruli  speqtri ganfenilia 

10-dan 20000 hc diapazonSi. Tumca aRwarmoebis xarisxisadmi 

wayenebuli moTxovnebis Sesabamisad mauwyeblobis 
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signalebisaTvis gamoyofili sixSireTa zoli SeiZleba 

SeizRudos. sakmaod maRali xarisxis (1-li klasis mauwyeblobis 

arxebi)  SemTxvevaSi efeqturi zoli ∆ƒmauwy=0,05…10 khc, 

saukeTeso xarisxis (umaRlesi klasis arxebi) SemTxvevaSi _ 

∆ƒmauwy=0,03…15 khc. 

satelefono kavSiris msgavsad mauwyeblobis arxebSi 

xelSe

informaciis raodenobis gamosaTvlel 1.10 

gamos

1.5.3. faqsimiluri kavSiris signali 

   … 

 miluri kavSiri ewodeba uZravi gamosaxulebebis 

Slebis simZlavre fasdeba psofometrul erTeulebSi. 

psofometruli filtris maxasiaTebeli mauwyeblobisaTvis 

naCvenebia 1.14 suraTze (me-2 mrudi). xelSeSlebis psofometruli 

done mauwyeblobis signalebisaTvis 6 db-iT maRalia auwonav 

(efeqtur) mniSvnelobasTan SedarebiT. ITU-T _is rekomendaciiT 

sixSireTa 0,05…10 khc diapazonSi mauwyeblobis programebis 

aRwarmoebis maRali xarisxi miiRweva xelSeSlebis 

psofometruli simZlavrisas, romelic  nulovani gamzomi donis 

wertilSi ar aRemateba 16000 pvt-s (Ppsof.mauwy= _48 db0). am 

sididis Sesabamisi dasaSvebi xelSeSlebis auwonavi donea 

Px=4000 pvt. 

Tu 

axulebaSi SevitanT mauwyeblobis signalis parametrebs 

(∆ƒ=10000 hc, PsaS.mauwy=923 mkvt da Px=4000 pvt), maSin miviRebT 

mauwyeblobis analoguri signalis informaciis raodenobis 

Sefasebas zemodan: Imauwy.a=180000 biti/wm. 

 

 

 

faqsi

(naxatebi, naxazebi, fotosuraTebi, teqstebi, gazeTebis gverdebi 

da a.S.) gadacemas telekomunikaciis arxebis gamoyenebiT. 

pirveladi faqsimiluri signalebi miiReba eleqtrooptikuri 

analizis Sedegad, romelic mdgomareobs gamosaxulebis 
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elementaruli farTobebidan arekvlili sinaTlis nakadis 

eleqtrul signalad gardasaxvaSi. es elementaruli farTobebi 

yalibdeba sinaTlis mcire laqis fokusirebiT, romelic 

gadaadgildeba gamosaxulebis zedapirze. mimRebSi miRebuli 

eleqtruli signali iwvevs garkveul fizikur zemoqmedebas, 

romelic aferadebs Caweris matareblis elementarul farTobebs, 

ris Sedegadac miiReba gadasacemi gamosaxulebis asli. 

 pirveladi faqsimiluri signalis sixSiruli speqtri 

irveladi faqsimiluri 

signal

xulebebis gadacemisas miiReba rTuli 

formi

ri 

signal

(l+1)(2l+1).                               (1.14) 

ganisazRvreba gadasacemi gamosaxulebis xasiaTiT, ganSlis 

siCqariTa da gasaanalizebeli laqis zomebiT. pirveladi 

faqsimiluri signalis naxatis maqsimaluri sixSire ƒnax SeiZleba 

gamoiTvalos, Tu CavTvliT, rom originali warmoadgens 

urTierTmonacvle Sav da TeTr zolebs, romlebic ganSlis 

mimarTulebis perpendikularulia. amave dros am zolebis sigane 

tolia gasaanalizebeli laqis siganisa.  

ITU-T _is mier rekomendirebulia p

is maqsimaluri sixSiris 3 varianti: ƒfaqs.maqs=1465 hc, 

ƒfaqs.maqs=1100 hc da ƒfaqs.maqs=732 hc, rac, cxadia, Seesabameba 3 

sxvadasxva xarisxs (Sesabamisi faqsimiluri aparatebi muSaobs 3 

sxvadasxva siCqareze). 

realuri gamosa

s pirveladi signali, romlis energetikuli speqtri 

Seicavs 0-dan ƒfaqs.maqs sixSireebs. gamosaxulebaTa xasiaTidan 

gamomdinare isini iyofian Strixul (gaaCnia mxolod 2 gradacia 

_ TeTri da Savi) da naxevartonur (mravalgradaciul) gamosa-

xulebebad. am ukanasknelTa dinamiuri diapazoni Dfaqs≈25 db. 

Tu CavTvliT, rom mravalgradaciuli faqsimilu

is l raodenobis gradaciebidan TiToeulis albaTobaa 1/l 

(gradaciebi TanabaralbaTuria), pik-faqtoris gamosaangariSebeli  

1.9 gamosaxuleba miiRebs saxes: 

                                             Q=10Lg 6l 2/
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 Tu l=16, maSin pik-faqtori Q=4,5 db. 

faqsimiluri kavSiris SemTxvevaSi xorcieldeba gamosa-

xulebaTa ganSla striqonebisa da yovel striqonze calkeuli 

elementebis saxiT (sxvagvarad SeuZlebelia gamosaxulebis 

manZilze gadacema) da, garda amisa, gamosaxulebaTa sikaSkaSis 

gradaciebis raodenoba l sasruloa, amitom faqsimiluri signali 

cifruli  signalebis jgufs miekuTvneba, ris gamoc misi 

informaciis raodenoba gamoiTvleba 1.12 gamosaxulebiT. kerZod, 

Tu gaviTvaliswinebT, rom Ft=2ƒfaqs , maSin  Strixuli 

(orgradaciuli _ l=2)  da 16-gradaciuli (l=16) 

gamosaxulebebisaTvis informaciis raodenoba Sesabamisad tolia: 

Ifaqs.c=2,93x103 biti/wm da Ifaqs.c=11,7x103 biti/wm. 

 arxSi xelSeSlebis arseboba iwvevs aRdgenil 

gamosaxulebaze wertilebisa da gadRabnebis warmoqmnas. kavSiris 

xarisxi damakmayofilebeli iqneba im SemTxvevaSi, Tu 

faqsimiluri signalisa da xelSeSlis maqsimalur doneebs 

Soris sxvaoba iqneba daaxloebiT 35 db-is toli. 

faqsimiluri kavSiris erT-erT gavrcelebul saxeobas 

warmoadgens gazeTebis gverdebis gadacema, risTvisac gamoiyeneba 

specialuri maRalsiCqariani faqsimiluri aparatebi, romlebic 

uzrunvelyofs gazeTis gverdebis aslebis maRal xarisxs 

gamosaxulebis simkveTris mniSvnelovani gazrdis  (gasaana-

lizebeli laqis siganis 0,04…0,06 mm-de Semcirebis) xarjze. 

signalis maqsimaluri sixSire am SemTxvevaSi ƒmaqs.faqs=180 khc, 

xolo gadacemis dro _ 2,3…3,5 wT. gazeTis gverdebis 

gamosaxuleba Strixuli, anu orgradaciulia (l=2). amitom 

Sesabamisi signalis informaciis raodenoba Igaz=360 kbiti/wm. 
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1.5.4. televiziis signali 

  

 telemauwyeblobis arxebiT xorcieldeba moZravi 

gamosaxulebebis gadacema. rogorc cnobilia, kinoSi moZravi 

gamosaxulebebis ekranze aRwarmoeba xdeba kinofiridan uZravi 

gamosaxulebebis (kadrebis)  25 hc sixSiriT miwodebis gziT, anu 

kinoSi gamoiyeneba gamosaxulebaTa kadruli ganSlis principi. 

televiziaSi ki,  garda kadruli ganSlisa, xorcieldeba 

TiToeuli kadris ganSla striqonebad (e.w. striqonuli ganSla). 

CvenTan arsebuli standartis Sesabamisad satelevizio 

gamosaxulebis kadrSi striqonebis raodenoba Z=625.  

televiziaSi, iseve rogorc kinoSi, 1 wamSi gadaicema 25 kadri 

(n=25). imisaTvis, rom gamosaxulebaTa mimRebi milakis 

(kineskopis) ekranze gamoiricxos cimcimis efeqti, miRebuli 

standartiT iTvaliswineben e.w. striqongamotovebiT ganSlas, 

rodesac aRniSnuli 625 striqoni gadaicema ori naxevarkadris 

(velis) saxiT (TiToeuli naxevarkadris xangrZlivobaa 1/50 wm) 

Tavdapirvelad kenti (1-li naxevarkadri), xolo Semdeg luwi (me-

2 naxevarkadri) striqonebis gadacemiT. 1 wm-is ganmavlobaSi 

ganSlis striqonebis raodenoba N=nz=15625. erTi striqonis 

gadacemis dro Ts=64 mkwm. 

 striqonebsa da kadrebs Soris drois SualedebSi  unda 

Caqres kineskopis ganmSleli sxivi. garda amisa, unda 

ganxorcieldes mimRebi (kineskopi) da gadamcemi (satelevizio 

kamera) milakebis sxivebis sinqronizacia. amitom gamosaxulebis 

signalis garda saWiroa damxmare mmarTveli impulsebis 

(Camqrobi da masinqronizirebeli) gadacema. eleqtrul signals, 

romelic Seicavs gamosaxulebis signalsa da mmarTvel 

impulsebs, srul satelevizio signals uwodeben.  

 maSasadame, gamosaxulebis yoveli striqoni (Ts=64 mkwm) 

Seicavs aqtiur (rodesac gamosaxulebis ganmSleli sxivi araa 

Camqrali) da pasiur (rodesac ganmSleli sxivi Camqralia) 
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nawilebs. aqtiuri nawilis xangrZlivobaa Tsa=52 mkwm, xolo 

pasiurisa _  Tsp=12 mkwm.   

satelevizio signalis (videosignalis) speqtri 

damokidebulia gadasacemi gamosaxulebis xasiaTze, Tumca 

speqtris struqtura ZiriTadad ganisazRvreba ganSliT. analizi 

gviCvenebs, rom satelevizio signalis speqtri xasiaTdeba 

energiis TavmoyriT striqonebis sixSiris harmonikebis (ƒs, 2ƒs,…) 

midamoebSi (ƒs=15625 hc). 1.15 suraTze naCvenebia videosignalis 

speqtri, romelic miRebulia uZravi gamosaxulebis ganSlis 

Sedegad. igi diskretulia, Seicavs mudmiv Semdgens, agreTve 

Semdgenebs, romlebic jeradia naxevarkadrebis (velebis) ƒv=50 hc 

da ƒs –isa da misi harmonikebis sixSireebisa da Semdgenebs, 

romelTa sixSireebiaO mƒs±nƒv ,  m,n=1,2,3,….  

   G    

 

 

 

            

     ƒv                   ƒs                        2ƒs               ƒ       

                 ƒs_ ƒv                     ƒs+ ƒv           2ƒs_ ƒv                   2ƒs+ ƒv  

 

sur. 1.15. uZravi gamosaxulebis videosignalis speqtri 

 

 sixSiris zrdis kvalobaze videosignalis speqtruli 

Semdgenebis energia mcirdeba. eqsperimentuli gamokvlevebiT 

dadgenilia, rom Sav-TeTri gamosaxulebebis videosignalebis 

TiTqmis mTeli energia Tavmoyrilia sixSireTa zolSi 0...1,5 mhc, 

Tanac ZiriTadi energia Tavmoyrilia 200...300 khc zolSi. doneTa 

sxvaoba videosixSireebis mTel speqtrSi aRwevs 38...40 db-s, Tanac 

0-dan 200 khc monakveTze doneTa cvlileba Seadgens daaxloebiT 

20 db-s. 0-dan 300...500 khc SualedSi signalis energia 

koncentrirebulia striqonebis sixSiris mƒs harmonikebis 
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irgvliv. … mƒs da (m+1)ƒs mezobel harmonikebs Soris 

intervalebis SuaSi signalis simZlavre imdenad mcirea, rom 

SeiZleba arc gaviTvaliswinoT. sixSiris zrdasTan erTad 

koncentraciis es areebi ifanteba. 

videosignalis speqtris efeqturi nawilis umaRlesi 

(maqsimaluri) sixSire ƒtlv.maqs=6 mhc. 

feradi telexedvis sistemebSi gadasacemi gamosaxuleba 

specialuri Suqfiltrebis saSualebiT nawevrdeba 3 erTferovan 

(wiTel _ R, mwvane _ G da lurj _ B) gamosaxulebad. wiTeli, 

mwvane da lurji sxivebidan Titoeuli maTgani xvdeba Sesabamis 

gadamcem milakSi, ris Sedegadac formirdeba 3 feriTi signali _ 

ER, EG  da EB. mimReb mowyobilobaSi 3 erTferovani gamosaxulebis 

ajamviT xdeba gadacemuli feradi gamosaxulebis aRwarmoeba. 

feradi televizia Tavsebadi unda iyos Sav-TeTr 

televiziasTan. es ki imas niSnavs, rom, jer erTi, SesaZlebeli 

unda iyos feradi gadacemebis monoqromuli (Sav-TeTri) 

televizorebiT da, meorec, Sav-TeTri gadacemebis  feradi 

televizorebiT miReba. feradi televiziis signalis speqtris 

sigane unda iyos iseTive, rogoricaa Sav-TeTri televiziis 

signalis speqtri, raTa SesaZlebeli iyos maTi gadacema erTi da 

imave arxiT. es pirobebi sruldeba pirveladi ER, EG  da EB 

signalebis specialuri damuSavebiT. maTgan formirdeba 

sikaSkaSis (Sav-TeTri gamosaxulebis Sesabamisi) signali 

EY=0,3ER+0,59EG+0,11EB. igi gadaicema sixSireTa mTel 0...6 mhc 

zolSi da uzrunvelyofs feradi da Sav-TeTri televiziebis 

Tavsebadobas.  ferebis  gadasacemad  xdeba ori fersxvaobiTi 

(ER-Y da EB-Y) signalis formireba. TiToeuli maTganis gadacemi-

saTvis saWiroa 1,5 mhc siganis sixSiruli zoli. 

saqarTveloSi gamoyenebuli satelevizio sistema sekam-is 

SemTxvevaSi formirdeba fersxvaobiTi signalebi DR= _1,9ER-Y da 

DB=1,5EB-Y. signalebis amplitudisa da polarobis aseTi SerCeva 

uzrunvelyofs kompromiss optimalur kodirebasa da mimRebis 
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simartives pirobebs Soris.  DR da DB  signalebi 

striqongamotovebiT gadaicema erTmaneTis mimdevrobiT da 

amasTanave isini amodulireben 4,43 mhc sixSiris damxmare 

gadamtan rxevas. am dros fersxvaobiTi signalebis speqtri 

"Caiwereba" sikaSkaSis signalis maRalsixSirul areSi (sur.1.16). …  

            G            

                

               sikaSkaSe             

                 feradoba 

               

              0       3     4,3    6      ƒ, mhc 

sur. 1.16. feradi televiziis videosignalis speqtri 

                          

ganvixiloT satelevizio sistemaSi gamosaxulebaTa 

xarisxze xelSeSlebis zemoqmedebis sakiTxi. xelSeSlebis 

zemoqmedeba iwvevs kineskopis ekranze naTeli da bneli 

Strixebisa da laqebis warmoSobas. mniSvnelovani xelSeSlebisas 

ekranze gamosaxulebas Cans TiTqosda mocimcime naTeli da 

bneli wertilebiani gamWvirvale fardis ukan. Zlieri 

fluqtuaciuri xelSeSlebi amcirebs gamosaxulebis 

kontrastulobasa da simkveTres da Sedegad sikaSkaSis garCevadi 

gradaciebis raodenobas. sxvadasxva sixSiris xelSeSlebi 

aRiqmeba sxvadasxvanairad Tvalis mgrZnobiarobis sixSiruli 

damokidebulebis gamo. amasTan dakavSirebiT xelSeSlebis 

xelSemSleli moqmedebis Sefasebisas maT atareben specialur 

amwon filtrSi (psofometrul filtrSi), romlis sixSiruli 

maxasiaTebeli iTvaliswinebs Tvalis mgrZnobiarobis sixSirul 

damokidebulebas. 1.17 suraTze warmodgenilia amwoni filtris 

sixSiruli maxasiaTebeli Sav-TeTri televiziisaTvis. aseTi 

filtris gamosasvlelze xelSeSlis efeqturi mniSvneloba 

sixSireTa 0...6 mhc zolSi gazomvisas 9 db-iT naklebia mis 

SesasvlelTan SedarebiT.  
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     Ppsof., db  

             0    

           _20         

           _40     

              0,01   0,1      1       10   ƒ, mhc 
  

   sur. 1.17. amwoni filtris sixSiruli maxasiaTebeli   

               Sav-TeTri televiziisaTvis 

 

fardoba signali/xelSeSla ganisazRvreba rogorc 

gamosaxulebis signalis dinamiuri diapazonis fardoba 

xelSeSlis momqmed mniSvnelobasTan amwoni filtris 

gamosasvlelze. ITU-T _is rekomendaciiT satelevizio signalis 

awonili fluqtuaciuri xelSeSlisagan daculoba unda iyos 

aranakleb 57 db-isa, xolo Tanabari speqtris mqone auwonavi 

xelSeSlisagan _ aranakleb 48 db-isa. signali/xelSeSla 

fardobis aseTi sididisas kineskopis ekranze adamiani ansxvavebs 

sikaSkaSis daaxloebiT 100 gradacias. Tanamedrove satelevizio 

sistemebSi moiTxoveba gacilebiT maRali xarisxis 

uzrunvelyofa, rodesac sikaSkaSis garCevadi gradaciebis 

raodenobaa 256. gradaciebis aseTi raodenoba sruliad 

sakmarisia imisaTvis, rom aRdgenil gamosaxulebaze ar 

SeimCneodes Strixuli efeqti, anu gradaciis erTi donidan 

mezobel doneze gadasvla TvalisTvis aRiqmebodes rogorc 

uwyveti gadasvla.                                                                  

zemoTaRniSnulidan gamomdinare da agreTve Tu CavTvliT, 

rom sikaSkaSis yvela 256-ve gradacia TanabaralbaTuria, 

SeiZleba ganvsazRvroT satelevizio signalis dinamiuri 

diapazoni, pik-faqtori da informaciis raodenoba (informaciis 

Semcveloba): 

                                 D=10Lgl2≈ 48 db;                          (1.15) 

                       Q=10Lg6l2/(l+1)(2l+1)≈ 12,8 db;                   (1.16)        

                    Itv.a=2ƒmaqsLog2l≈ 96x106  biti/wm.                 (1.17)  
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l=100-Tvis: D≈40 db; Q≈4,8 db; Itv.a≈80x106  
biti/wm. 

 

 

1.5.5. telegrafisa da monacemTa gadacemis signalebi 
 

pirveladi telegrafisa da monacemebis gadacemis 

signalebs Cveulebriv aqvT orpolaruli (sur. 1.18a) an 

erTpolaruli (sur. 1.18b) sworkuTxa impulsebis mimdevrobis 

saxe. impulsebis Ti xangrZlivoba ganisazRvreba bodebSi (wamSi 

impulsebis raodenobiT) gazomili B siCqariT. taqturi sixSire 

Ft=1/Ti  ricxobrivad SeiZleba gadacemis B siCqaris toli iyos, 

rac samarTliania mxolod ordoniani (orobiTi) 

mimdevrobisaTvis (magaliTad, ikm signalisaTvis). mravalpo-

ziciuri kodis (magaliTad, mravaldoniani impulsebis) 

SemTxvevaSi aRniSnuli damokidebuleba irRveva.  

                U 

              +AA  

 

                  Ti  Ti                 t        a)       

              _A 
                   
 

                U 
          D    A 
  

                          Ti  Ti                 b)  
                                          t 
 
sur. 1.18. telegrafisa da monacemebis gadacemis signalebi 

 

dadebiTi  da  uaryofiTi  impulsebis  gamoCenis  p(+A)   da  

p(_A) albaTobebi, agreTve impulsebs Soris Statistikuri 

kavSirebi ganisazRvreba informaciis wyaros TvisebebiT. xSirad 

p(+A)=p(_A)=0,5 da mimdevrobis impulsebi statistikurad 

damoukidebelia.   

telegrafis signalis gadacemisaTvis saWiro sixSireTa 

minimaluri  ∆ƒ zolis gansazRvrisaTvis mxedvelobaSia misaRebi 

Semdegi garemoeba: sworkuTxa impulsebis daumaxinjebeli 
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gadacemisaTvis saWiroa sixSireTa usasrulod ganieri zoli. 

Tumca yuradReba unda mieqces im garemoebas, rom aseTi 

signalebis gadacemisas aucilebeli araa mimRebSi impulsebis 

daumaxinjebeli aRdgena, anu maTi formis SenarCuneba. am dros 

informaciis aRdgenisaTvis sakmarisia mxolod impulsebis niSnis 

dafiqsireba orpolaruli signalis SemTxvevaSi da impulsis 

arsebobis an ararsebobis dafiqsireba _ erTpolaruli signalis 

SemTxvevaSi. aRniSnulis uzrunvelyofa SesaZlebelia, Tu 

satelekomunikacio arxis sixSiruli maxasiaTeblebi uaxlovdeba 

idealuri dabali sixSireebis filtris maxasiaTeblebs. am 

SemTxvevaSi orobiTi signalis sixSireTa efeqturi zoli 

∆ƒ=0,5Ft=0,5B, rac samarTliania mravaldoniani impulsuri 

signalebisTvisac.  

realur arxebSi sixSiruli damaxinjebebis arsebobisas 

aucilebelia impulsuri signalebisaTvis gamoyofili sixSireTa 

zolis ramdenadme gafarToeba. am SemTxvevaSi xSirad miRebulia, 

rom  ∆ƒ=Ft=B. 

 
 

1.5.6. pirveladi analoguri signalebis 

cifruli saxiT warmodgenis Taviseburebani 

 

 mTel msoflioSi telekomunikaciis ganviTarebis ZiriTad 

tendencias warmoadgens kavSirgabmulobis qselebis 

cifrovizacia, romelic iTvaliswinebs qselis agebas signalebis 

gadacemisa da komutaciis cifruli meTodebis bazaze gadacemisa  

(gcs) da komutaciis cifruli sistemebis saSualebiT. es aixsneba 

gadacemis cifruli meTodebis mniSvnelovani upiratesobebiT 

analogur meTodebTan SedarebiT, kerZod: 

 maRali xelSeSlamdgradoba. informaciis cifrul formaSi 

warmodgena iZleva Sesabamisi signalebis kavSiris xazebSi 

gadacemisas maRali albaTobiT maTi regeneraciis (aRdgenis) 

saSualebas, vinaidan cifrul signalSi mniSvnelobaTa 

raodenoba mcirea (magaliTad, ikm signalSi maTi raodenobaa 2), 
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romelTa xelSeSlebiT damaxinjebis SemTxvevaSic ki maTi 

zustad aRdgenis (regeneraciis) albaToba maRalia. es garemoeba 

mkveTrad amcirebs xelSeSlebisa da damaxinjebebis gavlenas 

informaciis gadacemis xarisxze. 

 informaciis gadacemis siSoris gazrdis SesaZlebloba anu 

gadacemis xarisxis susti damokidebuleba kavSiris magistralis 

sigrZeze. gadacemis cifruli meTodebis es Taviseburebac 

dakavSirebulia regeneraciis Sualedur da damaboloebel 

punqtebSi signalis maRali albaTobiT zustad aRdgenis 

SesaZleblobasTan. regeneraciis yoveli ubnis sazRvrebSi 

gadacemuli signalebis damaxinjebebi Zalze mcirea. Sor 

manZilze signalebis gadacemisas regeneraciis ubnis sigrZe da 

regeneratoris aRWurviloba praqtikulad iseTive rCeba, 

rogoricaa signalebis mokle manZilze gadacemisas. magaliTad, 

kavSiris xazis 100-jer gazrdisas informaciis gadacemis 

ucvleli xarisxis SenarCunebisaTvis sakmarisia regeneraciis 

ubnis sigrZis Semcireba mxolod ramdenime procentiT. 

 arxebis parametrebis stabiluroba. arxebis parametrebis 

(narCeni mileva, sixSiruli da amplituduri maxasiaTeblebi da 

sxva) stabiluroba da identuroba ZiriTadad ganisazRvreba 

signalebis analogur formaSi damuSavebis mowyobilobebiT. 

vinaidan aseTi mowyobilobebi Seadgenen gcs-ebis mowyobilobebis 

Zalze mcire nawils, amitom aseT sistemebSi arxebis 

parametrebis stabiluroba mniSvnelovnad maRalia analogur 

sistemebTan SedarebiT. amas xels uwyobs agreTve gcs-Si misi 

CatvirTvis calkeuli arxebis parametrebze gavlenis ararseboba.  

 diskretuli signalebis gadacemisaTvis arxebis gamtaruna-

rianobis efeqturi gamoyeneba. diskretuli signalebis gcs-is 

jgufur traqtSi uSualo Seyvanisas maTi gadacemis siCqare 

SeiZleba miuaxlovdes jgufuri signalis gadacemis siCqares. Tu, 

magaliTad, am dros gamoyenebuli iqneba erTi satelefono, anu 

tonaluri sixSiris (ts) arxis Sesabamisi droiTi poziciebi, 
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maSin gadacemis siCqare daaxloebiT 64 kbiti/wm-ia maSin, rodesac 

analogur sistemebSi igi Cveulebriv ar aRemateba 33,6 kbiti/wm_s. 

 kavSiris cifruli qselis agebis SesaZlebloba. gadacemis 

cifruli sistemebi komutaciis cifrul sistemebTan sistemebTan 

erTad warmoadgens kavSiris cifruli qselis safuZvels, 

romelSic signalebis gadacema, tranziti da komutacia 

xorcieldeba cifrul formaSi. amave dros arxebis parametrebi 

praqtikulad araa damokidebuli qselis struqturaze, rac 

iZleva moqnili ganStoebuli qselis agebis saSualebas, romel-

sac maRali saimedoobisa da xarisxobrivi maCveneblebi gaaCnia. 

 maRali teqnikur-ekonomikuri maCveneblebi. signalebis 

cifrul formaSi gadacema da komutacia iZleva aRWurvilobaTa 

erTian aparaturul plaTformaze realizebis saSualebas. es, 

Tavis mxriv, iZleva aRWurvilobis (mowyobilobis) damzadebis 

Sromatevadobis, misi Rirebulebis, moxmarebuli energiisa da 

gabaritebis mkveTrad Semcirebis saSualebas. garda amisa, 

mniSvnelovnad martivdeba sistemebis eqspluatacia da maRldeba 

maTi saimedooba. 

 garda zemoT ganxiluli Rirsebebisa, unda aRiniSnos 

signalebis cifruli formiT gadacemisa da damuSavebis iseTi 

mniSvnelovani upiratesobebi analogur meTodebTan SedarebiT, 

rogoricaa: mravalarxiani jgufuri signalis formirebis 

simartive; signalizaciis simartive; Tanamedrove cifruli 

teqnologiebis gamoyenebis SesaZlebloba; gadacemisa da 

komutaciis sistemebis integracia; momsaxurebis sxvadasxva sa-

xeobebis Tavsebadoba; telekomunikaciaSi kompiuteruli teqnikis 

farTod gamoyenebis SesaZlebloba; informaciis sxvadasxva 

algoriTmebiT damuSavebisa da daSifvris SesaZlebloba da sxva.  

 informaciis gadacemisa da damuSavebis pirveli cifruli 

meTodi – impulsur-koduri modulacia (ikm) cnobilia 1937 

wlidan, xolo specializirebuli cifruli kompiuterebi _ 1939 

wlidan. miuxedavad amisa, telefonis gamogonebidan (1875 w.) 

TiTqmis 100 wlis ganmavlobaSi telekomunikaciis sistemebi da 
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kompiuteruli teqnika iyo analoguri, anu informaciis 

damuSavebisa da gadacemisaTvis gamoiyeneboda analoguri 

meTodebi. ikm-is intensiuri danergva rogorc kompiuterul 

teqnikaSi, aseve telekomunikaciaSi iwyeba XX saukunis 50-iani 

wlebis dasasrulidan. kerZod, 1959 wels iqmneba meore Taobis 

kompiuterebi tranzistorebis bazaze, xolo 1962 wels 

amerikulma kompaniam Bell System-ma Seqmna 24-arxiani satelefono  

sistema. am periodSi Seiqmna eleqtronuli gamomTvleli 

manqanebis (egm) mesame Taoba (IBM 360, 1963 w.). msgavsi egm-ebis 

Seqmnam gamoiwvia multipleqsirebis (arxebis Seyvana/gamoyvanis, 

anu, sxvanairad,  gaerTianeba/daSlis) iseTi koncefciis Camoya-

libeba, romelic gulisxmobs Semyvan/gamomyvani cifruli 

multipleqsorebis ganviTarebuli sistemebis gamoyenebas rogorc 

komerciuli miznebisaTvis monacemTa cifruli gadacemis 

kompiuteruli sistemebis organizebis, ise lokaluri kompiu-

teruli qselebis SeqmnisaTvis.  gasuli saukunis 70-iani wlebis 

dasawyisidan mikroprocesoruli teqnikis ganviTarebam axali 

mZlavri impulsi misca cifruli meTodebis gamoyenebas 

kompiuteruli teqnikis, telekomunikaciisa da komutaciis 

sferoebSi, ukanasknel periodSi ki _ Tavad kompiuteruli 

teqnikis farTod danergvas telekomunikaciasa da komutaciis 

mowyobilobebSi. 

 signalebis gadacemis cifruli meTodebis zemoaRniSnulma 

upiratesobebma  analogur meTodebTan SedarebiT ganapiroba 

msoflios ganviTarebul qveynebSi SedarebiT mokle vadebSi  

sxvadasxva ierarqiis amerikuli, evropuli, iaponuri da Sereuli 

standartebis cifruli teqnologiebis Camoyalibeba gadacemis 

sxvadasxva standartizirebuli siCqareebiT. es ierarqiebi 

gadacemis 64kbiti/wm, ≈2mbiti/wm, ≈8 mbiti/wm, ≈34mbiti/wm da 

≈139mbiti/wm siCqareebiT, romlebsac plezioqronuli (PDH _ 

Plesiochronous Digital Hierarchy), anu  TiTqmis sinqronuli cifruli 

ierarqiebi ewodeba, farTod gamoiyeneboda da axlac gamoiyeneba 
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sxvadasxva saxis informaciis gadacemisaTvis. gadacemis 

maRalsiCqariani telekomunikaciis sistemebis Semdgomma 

ganviTarebam ganapiroba 2 mniSvnelovani cifruli teqnologiis 

Seqmna. erT-erTi maTgania sinqronuli optikuri qselebi 

(SONET_Synchronous Optical Network), xolo meore _ sinqronuli 

cifruli ierarqia (SDH  _ Synchronous Digital Hierarshy), romelTa 

meSveobiT amJamad SesaZlebelia gadaices 40 gbiti/wm da meti 

siCqaris cifruli nakadebi.  

 zogadad, telekomunikaciis qselis erT-erTi ZiriTadi 

Semadgeneli nawilia satelefono qseli, romelic Sedgeba 

avtomaturi telefonis sadgurebisagan (ats), romlebTanac 

mierTebulia abonentTa damaboloebeli mowyobilobebi, 

satelefono kvanZebisagan, romelTa gavliTac xorcieldeba 

sadgurTSorisi SeerTebebi, da kavSirgabmulobis xazebisagan. 

Tavisi ganviTarebis TiTqmis 150-wlian periodSi satelefono 

kavSiris teqnikam gaiara grZeli gza _ dawyebuli telefonis 

aparatebisa da xelis komutatorebidan (TbilisSi pirveli xelis 

satelefono sadguri amoqmedda 1893 wels) damTavrebuli 

Tanamedrove eleqtronul ats-de. dReisaTvis saqarTveloSi 

intensiurad inergeba telekomunikaciis uaxlesi saSualebebi: 

eleqtronuli cifruli komutaciis sistemebi; mobiluri 

kavSiris sistemebi; plezioqronuli (PDH),  da sinqronuli (SDH) 

cifruli ierarqiis qselebi; sinqronuli optikuri qselebi 

(SONET); gadacemis asinqronul reJimSi (ATM _ Asynchronous 

Transfer Mode) momuSave sistemebi; gadacemis cifruli sistemebi 

analoguri saabonento xazebisaTvis da sxva, rac srulad 

Seesabameba satelekomunikacio teqnikis ganviTarebis tendenciebs 

msoflios mowinave qveynebSi. 

 ukanasknel periodSi ganviTarebul qveynebSi gaizarda 

interesi satelefono qselebis saabonento xazebis efeqturad 

gamoyenebisadmi. naTeli gaxda, rom mxolod analoguri 

satelefono momsaxureba momxmarebels ver akmayofilebs. meore 

mxriv, sakomutacio sadgurebisa da magistraluri xazebis 
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modernizaciam da gadacemis cifrul sistemebze gadasvlam 

warmoSva moTxovnileba axali saxis momsaxurebebze, romelTa 

ganxorcielebis xelisSemSlel faqtorad iqca saabonento xazis 

ubani anu ubani abonentsa da ats-s Soris. 90-iani wlebis 

dasawyisSi gaCnda teqnologiebi, romlebsac SeuZlia nawilobriv 

moxsnas saabonento xazisadmi wayenebuli Tanamedrove 

moTxovnebi. spilenZis ZarRviani xazebis modernizebasTan erTad 

ganviTarda saabonento SeRwevis (mierTebis) qselebi, romlebic 

dafuZnebulia optikuri da radioarxebis gamoyenebaze. amJamad 

saabonento SeRwevis qselebi ise ganviTarda, rom SesaZlebeli 

gaxda momxmareblisaTvis (abonentisaTvis) 2-megabitiani cifruli 

nakadebis miwodeba, ramac dRis wesrigSi daayena axali ATM da 

sxva farTozolovani teqnologiebis gamoyenebis sakiTxi. SDH  da 

ATM  teqnologiebze agebuli qselebi, iseve rogorc gadacemis 

cifruli sistemebi, analoguri saabonento xazebisaTvis amJamad 

inergeba saqarTveloSic. 

 

 

 

 

1.5.7. �pirveladi analoguri signalebis cifruli saxiT 

warmodgena da Sesabamisi cifruli signalebis parametrebi 

 

 wina paragrafebSi ganxiluli signalebis jgufidan 

faqsimiluri, monacemebis gadacemisa da telegrafis pirveladi 

signalebi cifrul signalebs warmoadgenen, vinaidan maT drois 

sasrulo intervalSi mniSvnelobaTa sasrulo simravle gaaCniaT. 

rac Seexeba telefonis, xmovani mauwyeblobis da televiziis 

pirvelad signalebs, isini uwyveti (analoguri) signalebia. 

miuxedavad imisa, rom analogur televiziaSi gamoyenebulia 

gamosaxulebis signalis kadruli da striqonuli ganSla 

(diskretizacia), yoveli striqonis ganmavlobaSi igi mainc 
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uwyveti rCeba, ris gamoc televiziis pirveladi signali 

analoguria. 

analoguri signalebis (misi Sesabamisi droiTi diagrama 

1.19a suraTzea naCvenebi) cifruli saxiT warmodgenisaTvis 

(Sesabamisi ikm signalis formirebisaTvis) unda Sesruldes 

Semdegi 3 ZiriTadi operacia: Td periodisa da mudmivi 

amplitudis mqone sworkuTxa madiskretizirebeli impulsebis 

mimdevrobiT (sur.1.19b) analoguri signalis    droiTi 

diskretizacia (sur.1.19g); diskretizaciis Sedegad miRebuli 

anaTvlebis (elementebis) dakvantva (usasrulo raodenobis 

mniSvnelobaTa Secvla sasrulo raodenobiT, anu mniSvnelobaTa 

mixedviT diskretizacia) (sur.1.19d); formirebuli dakvantuli 

(daim) anaTvlebis kodireba (impulsur-koduri modulacia _ikm) 

(sur.1.19v). kodirebis arsi naturaluri kodirebis SemTxvevaSi 

mdgomareobs SemdegSi: Tu dakvantvis donis rigiTi nomeria N  

(N=0, 1, 2 … 2m-1), maSin:    

                                      m 

                                  N=∑ ai 2m-i      ,                                                         (1.18) 

                    
i=1 

sadac ai _  N-is orobiT kodSi warmodgenis i –ri Tanrigis 

Sesabamisi simboloa (0 an 1).  
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     U, mv 

   Umaqs=3,5 

                3,0 
        2,5 

        2,0 

        1,5 

        1,0 

        0,5 

     Umin=0 
     0    1     2     3     4     5     6     7     8    9   t, mwm 
                                  a) 

     ξ                                  

  

     0    1     2     3     4     5     6     7     8    9   t, mwm 
                                               b) 
   Uaim, mv    

  Umaqs=3,5                                                            7 

        3,0                                                            6    

        2,5                                                            5  

        2,0                                                            4  

        1,5                                                            3   

        1,0                                                            2 

        0,5                                                            1    

  Umin = 0                                                             0  
     0    1     2     3     4     5     6     7     8    9   t, mwm 

                                                   g)  

  Udaim, mv  

  Umaqs=3,5                                                            111        

        3,0                                                            110     

        2,5                                                            101     

        2,0                                                            100                   

        1,5                                                            011     

        1,0                                                            010   

        0,5                                                            001    

    Umin=0                                                             000                  

     0    1     2     3     4     5     6     7     8    9   t, mwm 
             Td                   d) 

 ε, mv �� 

    0                                                                     

     0    1     2     3     4     5     6     7     8    9   t, mwm 
                                  e) 

 Uikm  

                                                                        

     0    1     2     3     4     5     6     7     8    9   t, mwm  

       Tt                         v)  

sur. 1.19. analoguri signalis cifrulad 

gardaqmnis etapebis (safexurebis) ilustracia 
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 1.18 gamosaxulebis mixedviT 1.19 suraTze warmodgenili 

SemTxvevisaTvis, rodesac dakvantvis doneebis raodenoba l=8 

(m=3), dakvantvis doneebis nomrebsa da Sesabamis samTanriga 

orobiT ricxvebs Soris iqneba Semdegi damokidebulebebi: 

 

         N                        a1 a2 a3                                             N                        a1 a2 a3
 

    0             0 0 0                1            0 0 1         

         2             0 1 0                3            0 1 1      

         4             1 0 0                5            1 0 1         

         6             1 1 0                7            1 1 1       

 

 kerZod, Tu N=5, maSin: 
 

  5=a122
 + a221 + a320 = 1x4 + 0x2 + 1x1        (a1=1, a2=0, a3=1). 

  

 rogorc cnobilia, analoguri (uwyveti) signalebis 

diskretizacia gamarTlebulia, Tu dafiqsirebulia pirveladi 

analoguri signalis zeda zRvruli sixSire ƒz. am mizniT 

Sesabamisi signali unda iqnas gatarebuli qveda sixSireebis 

filtrSi (qsf), romlis CamoWris sixSirea ƒz. diskretizaciis ƒd 

sixSire ki SeirCeva diskretizaciis (v. kotelnikovis) Teoremis 

Tanaxmad: 

            ƒd ≥ 2ƒz , anu diskretizaciis periodi Td=1/ƒd  2ƒz . 

toloba dasaSvebia idealur SemTxvevaSi, rodesac 

filtrebis milevis sixSiruli maxasiaTebeli idealuria anu 

sworkuTxaa. praqtikulad filtrebis aRniSnuli maxasiaTebeli  

araa sworkuTxa, ris gamoc praqtikaSi ƒd >2ƒz. miRebulia, rom 

ƒd=(2,3...2,4)ƒz. 1.19 suraTze Td=1 mwm (ƒd=1 khc). 

unda aRiniSnos, rom droiT diskretizacias sxvanairad 

amplitudur-impulsur modulacias (aim) uwodeben, vinaidan am 

dros diskretizatorSi (amplitudur-impulsur modulatorSi) 

sawyisi analoguri mamodulirebeli signaliT xdeba 

samodulirebeli, anu madiskretizirebeli sworkuTxa impulsebis 
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amplitudis cvlileba (modulireba), ris Sedegadac miiReba 

diskretuli, anu amplitudur-impulsurad modulirebuli (aim) 

signali (ix. sur.1.19g).  

aim signalis dakvantvis Sedegad ki miiReba e.w. daim 

signali (dakvantuli aim signali), romlis nimuSic naCvenebia 

1.19d suraTze, sadac dakvantvis doneebis raodenoba l=8 

(doneebis nomeria 0, 1, 2,..., 7). zogadad Tanabari dakvantvisas  

                                     l=(Umaqs _Umin + ∆)/∆.                                                   (1.19) 

 �1.19 suraTze ganxiluli SemTxvevisaTvis �Umaqs=USezR=3,5 mv, 

 Umin =0 mv, xolo ∆=0,5 mv. amitom l=8.  

 Tu dakvantvis dasaSvebi done aiReba Umin –sa da misgan 

dakvantvis ∆ bijiT daSorebuli donis SuaSi (Umaqs_sa da misgan 

dakvantvis ∆ bijiT daSorebuli donis SuaSi), maSin Tanabari 

dakvantvisas dasaSvebi doneebis raodenoba 

                          l=(Umaqs_Umin)/∆.                                               (1.20)    

 sxvaobas aim anaTvlis namdvil (realur) da mis 

dakvantul (daim) mniSvnelobebs Soris dakvantvis Secdomas (ε), 

xolo am Secdomebis erTobliobas dakvantvis xmaurs uwodeben 

(sur.1.19e). vinaidan ganxilul SemTxvevaSi l=8, amitom Sesabamisi 

orobiTi kodis Tanrigebis (simboloebis, bitebis) raodenoba 

m=Log28=3 (sur.1.19v),  sadac simboloebi erTmaneTisagan 

daSorebulia maTi ti xangrZlivobis toli pauziT tp=ti=Tt/2, ris 

gamoc simboloebis mimdevrobis meCxerianoba Q=Tt/ti=2. Tavis 

mxriv, taqturi periodi Tt= Td/3=1/3 mwm. Sesabamisad, taqturi 

sixSire ƒt=1/Tt=3 khc. aqedan gamomdinare, simboloebis (bitebis) 

da pauzebis xangrZlivobebi 1.19 suraTis SemTxvevaSi tolia 

tp=ti=Tt/2=1/6 mwm). SevniSnoT, rom im SemTxvevaSi, rodesac 

simboloebi erTmaneTze mijriTaa miwyobili droSi, maSin ti=Tt 

(tp=0, Q=1). 

 dakvantvis procesSi yoveli aim anaTvlis mniSvneloba 

icvleba uaxlesi dasaSvebi mniSvnelobiT. damkvantavis 

maxasiaTeblebia: dakvantvis doneebis raodenoba l; dakvantvis 
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biji ∆, romelic warmoadgens sxvaobas mezobel dasaSveb 

mniSvnelobebs Soris; SezRudvis Zabva USezR _ anaTvlis 

amplitudis maqsimaluri mniSvneloba, romelic eqvemdebareba 

dakvantvas. Tu ∆=const, maSin dakvantvas Tanabars uwodeben, xolo 

Tu ∆≠const, _ araTanabars. dakvantvis Sedegad warmoiqmneba 

dakvantvis Secdoma _ sxvaoba anaTvlis namdvil da dakvantul 

mniSvnelobebs Soris, romelTa erToblioba qmnis dakvantvis 

xmaurs. Tanabari dakvantvisas dakvantvis Secdoma ar aRemateba 

dakvantvis bijis naxevars. dakvantvis xmauris simZlavre 

Px.dakv=∆2/12. dakvantvis xmaurisagan daculoba 

Ad.dakv=10Lg(Ps/Px.dakv), sadac Ps _ signalis simZlavrea. 

 signalis dinamiuri diapazonis SezRudva xdeba im 

SemTxvevaSi, rodesac  dasakvanti signalis Zabva aRemateba 

zRvrul Zabvas, da maSin formirdeba USezR_is amplitudis toli 

anaTvali (damkvantavis muSaobis aseT reJims mis gadatvirTvas 

uwodeben), rac, Tavis mxriv, iwvevs SezRudvis xmauris 

warmoSobas, romlis simZlavre mniSvnelovnad aWarbebs 

dakvantvis xmauris simZlavres. amis gamo aim signalis 

dakvantvisas miRebuli unda iqnas specialuri zomebi, romlebic 

gamoricxavs damkvantavis gadatvirTvas. 

 Tanabari dakvantvis nakls warmoadgens signalis mcire 

doneebis dakvantvis xmaurisagan mcire daculoba, ris gamoc 

dakvantvis doneebis (da Sesabamisi kodis Tanrigebis) raodenoba 

unda iyos didi. Tanabari dakvantvisas Sesabamis kodSi 

Tanrigebis didi raodenoba ki iwvevs aparaturis sirTules da 

taqturi sixSiris gaumarTlebel gazrdas. es garemoeba   

aucilebels xdis signalebis araTanabari dakvantvas, rac 

gamoiyeneba Tanamedrove gadacemis  cifrul sistemebSi (gcs). 

araTanabari dakvantvis arsi mdgomareobs imaSi, rom signalebis 

mcire mniSvnelobebisaTvis dakvantvis bijs irCeven minimalurs 

da mas TandaTanobiT maqsimaluramde zrdian signalebis didi 
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mniSvnelobebisaTvis. amasTan susti signalebisaTvis Px.dakv 

mcirdeba, xolo ZlierisaTvis _ izrdeba, rac zrdis Ad.dakv _is 

sidides susti signalebisaTvis da amcirebs mas Zlieri 

signalebisaTvis, romlebsac gaaCndaT xelSeSladaculobis didi 

maragi. Sedegad uzrunvelyofili xdeba dakvantvis xmaurebisagan 

signalis daculobis saWiro pirobis Sesruleba signalis farTo 

dinamiur Ds diapazonSi, rac daaxloebiT 40 db-s Seadgens. 

amrigad xorcieldeba Ad.dakv_is gaTanabreba signalis doneTa 

cvlilebis farTo diapazonSi.  

 orobiT sistemaSi kodirebis Sedegad dakvantuli aim 

signalis (daim signalis) yoveli anaTvlis dakvantvis donis 

nomeri (aTobiTi ricxvi) warmodgeba m-Tanriga (m=Log2l) orobiTi 

mimdevrobis saxiT, romlis Sesabamis signals impulsur-kodurad 

modulirebuli (ikm) signali ewodeba (ix. sur.1.19v, sadac m=3 

(l=8)).  

 davadginoT TiToeuli etapis Sesabamisi parametrebi 

telefonis, xmovani mauwyeblobis da satelevizio 

signalebisaTvis. 

1. diskretizaciis sixSiris SerCeva.  

 telefonis signalebisaTvis ƒz=3,4 khc. amitom ƒd>6,8khc. 

miRebuli standartiT ƒd=8khc (diskretizaciis periodi 

Td=1/ƒd=0,125 mwm=125 mkwm).  

 xmovani mauwyeblobis (umaRlesi klasi)  signalebisaTvis 

ƒz=15 khc. Sesabamisad, ƒd=32khc. 

 feradi televiziis sikaSkaSis SemdgenisaTvis (an Sav-TeTri 

televiziis signalisaTvis) ƒz=6mhc. ƒd=13,5 mhc. oridan TiToeuli 

fersxvaobiTi signalisaTvis ƒz=1,5mhc. amitom orives speqtris 

siganea 3 mhc, ris gamoc ƒd=6,75 mhc. 
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2. dakvantvis doneTa raodenobis gansazRvra. 

 metyvelebis signalebis mTel dinamiur diapazonSi 

uzrunvelyofili unda iyos dakvantvis xmaurisagan daculobis 

(Ad.dakv) sidide, romelic unda iyos aranakleb 30 db-isa. 

amisaTvis Tanabari dakvantvisas saWiroa dakvantvis 4096 done 

(l=4096), xolo araTanabari dakvantvisas _ 256 done (l=256).). 

televiziis signalis SemTxevaSi imisaTvis, rom sikaSkaSis 

cvlilebis mTel diapazonSi (Savidan TeTramde) erTi 

gradaciidan mezobel gradaciaze gadasvla adamianis Tvals 

moeCvenos uwyvetad, sruliad sakmarisia 256 gradacia (done). 

igivea samarTliani fersxvaobiTi signalebisTvisac. amitom 

televiziis signalis samive SemdgenisaTvis l=256. 

2. ikm signalis kodis Tanrigebis raodenobis gansazRvra. 

 metyvelebis signalebis Tanabari dakvantvisas l=4096. amitom 

m=Log24096=12. Tumca, rogorc aRniSnuli iyo, aRdgenili 

signalis xarisxis gauaresebis gareSe SeiZleba gamoyenebuli 

iyos araTanabari dakvantva, rodesac l=256, ris gamoc 

m=Log2256=8.    televiziis signalis TiToeuli SemdgenisTvisac 

m=8. 

 2. cifruli signalebis taqturi sixSirisa da gadacemis 

siCqaris gansazRvra. 

 cifrul signalSi diskretizaciis Td periodis (Td=1/ƒd) 

ganmavlobaSi gadaicema m orobiTi simbolo, ris gamoc 

simboloebis gadacemis periodi (taqturi periodi) Tt=Td/m.  

Sesabamisad taqturi sixSire ƒt=mƒd.  

 aRniSnulis gaTvaliswinebiT: telefonis signalisaTvis 

ƒt.tlf=mƒd=8x8khc=64khc; xmovani mauwyeblobis signalisaTvis 

ƒt.mauwy=mƒd=8x32khc=256khc; televiziis signalis sikaSkaSis 

SemdgenisaTvis ƒt.tlv.s=mƒd=8x13,5mhc=108mhc, xolo TiToeuli 

fersxvaobiTi signalisaTvis _ ƒt.f=mƒd=8x6,75mhc=54mhc.  

 Sesabamisi signalebis gadacemis siCqareebi da informaciis 

raodenobebia: Btlf.c=Itlf.c=64kbiti/wm (mas ZiriTadi cifruli 
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nakadi ewodeba); Bmauwy.c=Imauwy.c=256kbiti/wm; Btlv.s.c=Itlv.s.c= 

108mbiti/wm da Btlv.f.c=Itlv.f.c=54mbiti/wm. aqedan gamomdinare, 

televiziis sruli ikm signalis gadacemis siCqare da 

informaciis raodenoba tolia Btlv.c=Itlv.c=Btl.s+2Btlv.f= 

108mbiti/wm+ 2x54mbiti/wm=216mbiti/wm.  

 

 

1.6. telekomunikaciis saxeobaTa klasifikacia 

 

 telekomunikaciis Tanamedrove saxeobaTa pirobiTi 

klasifikacia warmodgenilia 1.19 suraTze. gadasacemi 

Setyobinebebis saxeobaTa mixedviT telekomunikaciis yvela 

saxeoba SeiZleba daiyos xmovani da optikuri Setyobinebebis 

gadamcemebad. SetyobinebaTa daniSnulebis mixedviT 

telekomunikaciis saxeobebi SeiZleba daiyos agreTve 

individualuri da masobrivi xasiaTis saxeobebad. SetyobinebaTa 

miwodebis droiTi reJimisagan damokidebulebiT 

telekomunikaciis saxeebi daiyofa saxeobebad, romelTa 

daniSnulebaa: 1. realur droSi muSaoba; 2. SetyobinebaTa 

miwodeba gadavadebiT (dayovnebiT). 1.20uraTze warmodgenili 

klasifikacia sakmaod pirobiTia, radganac ukanasknel periodSi 

SeimCneva telekomunikaciis saxeobebis gaerTianebis tendencia 

erTian integralur sistemaSi SetyobinebaTa yvela saxeobis 

gadacemisa da komutaciis cifruli meTodebis safuZvelze. 
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          realuri dro                gadavadebuli miwodeba 

             (real time)                                              (non-real time) 
 
      n telekonferencia             n eleqtronuli dokumentebi: 

    realur droSi                 eleqtronuli fosta (e-mail),  
            (chat)                                                        personaluri radiogamoZaxeba  
                                          (paging), telekonferenciebi                
                                                       (news), pozicionireba (GPS)   

                                        n dokumentebi: faqsi, depeSebi  
                                        (telegramebi) 

                                                                     

       � videokonferenciebi          � video moTxovniT        

          (videotelefonia)              (Video on Demand) 
       � videoTvalTvali 

 

       � telefonia                   � xmovani fosta (voice-mail) 
       � audiotelekonferenciebi 

 

       � xmovani mauwyebloba         � xmovani mauwyebloba 

          (pirdapiri reportaJebi)        (Cawerili programebi) 

                                        � avtomaturi informatorebi 
                                                                      

       � satelevizio mauwyebloba   � satelevizio mauwyebloba 

         (pirdapiri reportaJebi)         (Cawerili programebi) 

 

                                        ▲ gazeTebis gadacema 

                                        ▲ teleteqsti  

                                                                        

 

    �, ▲ _ masobrivi xasiaTis Setyobinebebi  

    � , n _ individualuri   xasiaTis Setyobinebebi 

    �, � _ xmovani Setyobinebebi da moZravi gamosaxulebebi  

    ▲, n _ uZravi gamosaxulebebi 

 

 

sur. 1.20. telekomunikaciis Tanamedrove saxeobebi 
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1.7. ZiriTadi cnobebi telekomunikaciis qselebis Sesaxeb 
 
 

 telekomunikaciis qseli warmoadgens teqnikur saSualebaTa 

erTobliobas, romelic uzrunvelyofs SetyobinebaTa gadacemasa 

da ganawilebas. misi agebis principebi damokidebulia gadasacemi 

da gasanawilebeli Setyobinebebis saxeobaze. 

 arsebobs qselebis agebis (topologiis) Semdegi principebi: 

 h"TiToeuli TiToeulTan" (sur.1.21): aseTi qseli saimedoa, 

gamoirCeva operatiulobiT da SetyobinebaTa gadacemis maRali 

xarisxiT. igi praqtikaSi gamoiyeneba abonentTa mcire raodenobis 

SemTxvevaSi; 

 hradialuri ("varskvlavi") (sur.1.22): igi gamoiyeneba 

SezRuduli raodenobis saabonento punqtebis SemTxvevaSi, 

romlebic mcire teritoriazea ganlagebuli;  

 hradialur-kvanZuri (sur.1.23): aseTi struqtura gaaCnia 

qalaqis satelefono qselebs, Tu qselis tevadoba ar aRemateba  

80...90 aTas abonents; 

 hradialur-kvanZuri sakvanZo raionebiT (sur.1.24): igi 

gamoiyeneba didi qalaqebis satelefono qselis agebisas. 
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  sur.1.21. qselis topologia       sur.1.22. qselis topologia 

   "TiToeuli TiToeulTan":                 "varskvlavi": 

  a _ saabonento mowyobiloba      a _ saabonento mowyobiloba 

       (terminali);                        (terminali); 

  Sx _ SemaerTebeli xazi           sx _ saabonento xazi; 

                                       s _ sadguri 
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 sur. 1.23. qselis radialur-kvanZuri topologia:    

a  _ saabonento mowyobiloba (terminali); sx _ saabonento xazi;            

s1,2,3 _ sadgurebi; Sx _ SemaerTebeli xazi 
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sur. 1.24. radialur-kvanZuri qselis topologia sakvanZo 

raionebiT: gSk _ gamaval SetyobinebaTa kvanZi; SSk _ Semaval 

SetyobinebaTa kvanZi 
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 individualur SetyobinebaTa gadacemis uzrunvelsayofad 

aucilebelia abonentebis damaboloebeli aparatebis dakavSireba 

erTmaneTTan.  

 eleqtruli wreds (arxs), romelic Sedgeba ramdenime 

ubnisagan da romelic uzrunvelyofs signalebis gadacemas 

abonentebs Soris, SemaerTebeli traqti ewodeba.  

 eleqtruli wredebis Zebnisa da SeerTebis process arxebis 

komutacia ewodeba. 

 qsels, romelic uzrunvelyofs arxebis komutacias, 

ewodeba qseli arxebis komutaciiT (qak). 

 qak-is sakvanZo sadgurebs komutaciis sadgurebi ewodeba. 

 dokumenturi Setyobinebebis gadacemisas, arxebis 

komutaciiT kavSiris ganxorcielebis garda, SesaZlebelia 

kvanZidan kvanZSi SetyobinebaTa etapobrivi gadacema. gadacemis 

aseT xerxs SetyobinebaTa komutacia ewodeba. Sesabamisad, qsels, 

romelic uzrunvelyofs SetyobinebaTa komutacias, ewodeba 

qseli SetyobinebaTa komutaciiT (qSk). 

 qSk-s nairsaxeobas warmoadgens qseli paketebis komutaciiT 

(qpk). am SemTxvevaSi gadamcemi abonentisagan miRebuli 

Setyobineba daiyofa fiqsirebuli sigrZis blokebad (paketebad). 

paketebi gadaicema qseliT (araaucileblad erTi da imave 

marSrutiT) da erTiandeba SetyobinebaSi mimReb abonentze 

gacemamde. Tavis mxriv, qsp-ebi iyofa deitagramul (inglisuri 

sityvidan datagram) da virtualuri arxebis qselebad. 

deitagramul qselebSi TiToeuli paketi ganixileba rogorc 

damoukidebeli informaciuli bloki, Tanac paketebma SeiZleba 

gaiaron qselis sxvadasxva marSrutiT. virtualuri arxebis 

qselebSi paketebis qseliT gadacemamde SeirCeva garkveuli 

TvalsazrisiT optimaluri marSruti, romlis gavliTac Semdgom 

gadaicema paketebi. SerCeul marSrutSi Semavali kvanZebis 

mimdevroba qmnis sakuTriv virtualur arxs. 

 qSk-sa da qpk-s sakvanZo sadgurebs Sesabamisad ewodeba 

SetyobinebaTa (Skc) da paketTa (pkc) komutaciis centrebi.  
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 praqtikaSi SedarebiT xSirad gamoiyeneba rogorc arxebis, 

aseve paketebis komutaciis meTodi. 

 satelegrafo qselebi aigeba radialur-kvanZuri principiT 

qveynis administraciul-teritoriuli dayofis gaTvaliswinebis 

safuZvelze. satelegrafo qselebis damaboloebel punqtebs 

warmoadgenen an kavSirgabmulobis ganyofilebebi, an 

satelegrafo abonentebi, romlebsac gaaCniaT telegrafis 

aparatebi. qsels gaaCnia sakvanZo punqtebis sami done: raionuli, 

saolqo da mTavari. monacemTa gadacemis qsels gaaCnia msgavsi 

struqtura. faqsimiluri kavSiris qseli ki aigeba satelefono 

qselis bazaze. 

 masobrivi Setyobinebebis gadacemis qselebs Soris 

umniSvnelovanesia mauwyeblobis qselebi. 

 mauwyebloba warmoadgens telekomunikaciis teqnikuri 

saSualebebiT saerTo daniSnulebis SetyobinebaTa erTdrouli 

gadacemis process abonentTa farTo wrisaTvis. 

 samauwyeblo programa aris sxvadasxva Setyobinebis 

gadacemis mimdevroba droSi. mauwyeblobis organizacia 

axorcielebs or amocanas _ samauwyeblo programebis 

momzadebasa da programebis miwodebas abonentebze. mauwyeblobis 

qselebisadmi wayenebul ZiriTad moTxovnebs warmoadgens: qveynis 

mTeli mosaxleobis uzrunvelyofa mauwyeblobiT, gadasacemi 

programebis maRali xarisxi, saimedooba da ekonomiuroba.  

 xmovani mauwyeblobis qselebSi programebis ganawileba 

xdeba telekomunikaciis arxebiT, ganStoeba ki _ specialur 

kvanZebSi. xmovani mauwyeblobis qselebi aigeba radialur-

kvanZuri principiT. programebis abonentamde mitanis meTodis 

(saSualebis, xerxis) TvalsazrisiT erTmaneTisagan ganansxvaveben  

radiomauwyeblobasa (programebis gadacema xdeba Ria sivrceSi _ 

eTerSi) da gamtarian mauwyeblobas (programebi gadaicema  

specialuri gamtariani xazebiT an satelefono kavSiris 

xazebiT). 
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 satelevizio mauwyeblobis qselebSi televiziis (tv)  maTi 

ganStoeba _ specialur kvanZebSi. satelevizio mauwyeblobis 

qseli aigeba radialur-kvanZuri principiT. 

 praqtikaSi gamoiyeneba abonentebisaTvis tv programebis 

miwodebis ori xerxi: telemauwyebloba radiosatelevizio 

gadamcemi sadgurebis saSualebiT (saeTero tv) da gamtariani 

telemauwyebloba (sakabelo tv). saeTero televiziis 

Tanamedrove nairsaxeobaa Tanamgzavruli tv saabonento 

danadgarebze telemauwyeblobis  uSualo miRebiT. metruli da 

decimetruli diapazonis radiotalRebis gavrcelebis 

kanonzomiereba zRudavs radiosatelevizio gadamcemi sadgurebis 

signalebis maRali xarisxiT miRebas optikuri (pirdapiri) xedvis 

sazRvrebSi. maRali xarisxiT miRebis zonis gazrdisaTvis 

saWiroa gadamcemi da mimRebi antenebis amaRleba. tipiuri 

radiosatelevizio gadamcemi sadgurebisaTvis, romelTa 

antenebis sayrdenebis simaRle 200...300 m-ia, momsaxurebis zonis 

radiusia 60...100 km. magaliTad, moskovis ostankinos teleanZa, 

romlis simaRlea 536 m, uzrunvelyofs 120...130 km radiusis 

momsaxurebis zonas. 

 gazeTebis gadacemis qseliT maTi gadacema 

uzrunvelyofilia faqsimiluri xerxiT "Газета-2" analoguri 

aparaturis gamoyenebiT, romelic  yofili sabWoTa kavSiris 

teritoriaze eqspluataciaSi iqna gaSvebuli 20 welze didi xnis 

winaT. amJamad ruseTis teritoriaze arsebobs gazeTebis mimRebi 

32 punqti, romlebic Cveulebriv ganlagebulia tipografiebSi. 

arxebis ganStoebis punqti arsebobs centralur 

saqalaqTaSoriso satelefono sadgurSi, vinaidan gazeTebis 

gadacemisaTvis gamoyenebulia satelefono arxebi. gazeTebi 

gadaicema yoveldRiurad 4...5 sT-is ganmavlobaSi. amJamad 

mcirdeba aRniSnuli qselis datvirTva, vinaidan gadacemisaTvis 

analoguri meTodis gamoyeneba srulad ver akmayofilebs 

poligrafistebis Tanamedrove moTxovnebs. amitom gazeTebis 

gadacemis mizniT amJamad ganixileba arsebuli qselis 
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modernizaciisa da, agreTve, sxva qselebis (magaliTad, 

internetis) gamoyenebis SesaZlebloba.  

 istoriuli TvalsazrisiT telekomunikaciis yvela saxeoba 

didi xnis ganmavlobaSi viTardeboda erTmaneTisagan 

damoukideblad, ris gamoc moxda ramdenime 

urTierTdamoukidebeli qselis formireba. amasTanave saerTo 

daniSnulebis qselebi ver audiodnen gadasacemi Setyobinebebis 

moculobas, rac saWiro iyo qveynis normaluri ekonomikuri 

ganviTarebisaTvis da, amitom, zogierTma uwyebam daiwyo sakuTari 

qselis Seqmna. aseTma teqnikurma politikam gamoiwvia teqnikur 

saSualebaTa kidev ufro metad daqsaqsva, xolo qselebis 

erTobliobis efeqturoba qveynis masStabiT rCeboda dabali. 

 XX saukunis 60-iani wlebis dasawyisidan ukve cxadi gaxda, 

rom telekomunikaciis ganviTarebis perspeqtiul mimarTulebad 

unda gamxdariyo qselebis gaerTianeba. SeiZleba gamoiyos 

qselebis gaerTianebis Semdegi winamZRvrebi: gardasaxvis 

meTodebis unifikacia, signalebis gadacemis aucilebloba 

Tanmxvedri mimarTulebebiT, gadacemisa da komutaciis sistemebis 

msgavseba. 

 70-ian wlebSi yofil sabWoTa kavSirSi miRebul iqna 

gadawyvetileba kavSiris erTiani avtomatizirebuli Qqselis 

(keaq)��Seqmnis Sesaxeb, romelsac ar eRirsa damTavreba sabWoTa 

kavSiris daSlis gamo.amJamad es proeqti, romelic asaxavs 

geopolitikuri situaciis cvlilebasa da telekomunikaciis 

sferoSi axal revoluciur miRwevebs, iwodeba ruseTis 

telekomunikaciis (kavSiris) urTierTSekavSirebul qselad (tuq,) 

romelic warmoadgens eleqtrokavSiris saerTo daniSnulebis, 

sauwyebo da qveynis teritoriaze arsebuli sxva teqnikurad 

urSekavSirebuli qselebis erTobliobas maTi sauwyebo 

kuTvnilebisa da sakuTrebis formis miuxedavad da romlis 

marTva xorcieldeba saerTo centralizebuli principiT. mis 

mimarT wayenebul ZiriTad moTxovnas warmoadgens saimedoba da 

ekonomiuroba.  
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 telekomunikaciis urTierTSekavSirebuli qselis teqnikuri 

saSualebebi gadacemis procesSi monawileobs gadasacemi 

Setyobinebebis saxeobisagan damoukideblad. am elementebis 

erToblioba qmnis telekomunikaciis urTierTSekavSirebuli 

qselis pirvelad qsels (sur.1.25), romlis SemadgenlobaSi Sedis 

qselis kvanZebi, qselis sadgurebi da gadacemis xazebi. 

pirveladi qseli Sedgeba calkeuli nawilebisagan: adgilobrivi 

pirveladi qselebi SemosazRvrulia qalaqis an sasoflo raionis 

teritoriiT; Sidazonuri pirveladi qselebi moicavs zonis 

teritoriasda igi uzrunvelyofs zonis SigniT arsebuli 

adgilobrivi qselebis urTierTkavSirs; magistraluri pirveladi 

qseli erTmaneTTan akavSirebs zonur qselebs. 
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sur. 1.25.  telekomunikaciis urTierTSekavSirebuli qselis 

pirveladi qselis struqtura 
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 telekomunikaciis urTierTSekavSirebuli qselis Semadgene-

li yoveli qseli, garda pirveladi qselis saSualebebisa, 

iyenebs am qselis kuTvnil mowyobilobebsac. telekomunikaciis 

urTierTSekavSirebuli qselis meoradi qseli warmoadgens 

teqnikur saSualebaTa erTobliobas, romlebic uzrunvelyofs 

garkveuli saxis SetyobinebaTa gadacemas. mis SemadgenlobaSi 

Sedis: damaboloebeli saabonento mowyobilobebi, saabonento 

xazebi, sakomutacio mowyobilobebi da arxebi, romlebic 

gamoiyofa pirveladi qselidan meoradi qselis organizebisaTvis. 

 uaxloes dromde Cvens qveyanaSi, iseve rogorc yofili 

sabWoTa kavSiris qveynebSi, kavSirgabmulobis saministro 

praqtikulad iyo erTaderTi operatori telekomunikaciis 

sferoSi, romelic Tavazobda momsaxurebis Sesabamis saxeobebs 

organizaciebsa da mosaxleobas. uwyebrivi qselebi 

uzrunvelyofda mxolod organizaciebis Sida moTxovnebs. Tumca 

qveyanaSi ekonomikuri situaciis cvlilebam da msoflioSi 

ganviTarebulma tendenciam, romelic mdgomareobs 

telekomunikaciis qselebisa da saSualebebis saxelmwifos an 

kerZo  subieqtebis mxridan monopoluri mflobelobis 

SezRudvaSi, gamoiwvia kavSirgabmulobisa da fostis Sesaxeb 

kanonis miReba, romelic gansazRvravs kavSirgabmulobis dargis 

demonopolizaciis ZiriTad principebs. es kanoni gansazRvravs: 

kavSirgabmulobis dargSi moRvaweobis samarTlebriv safuZvlebs; 

saxelmwifo xelisuflebis organoTa uflebebs dargis 

funqcionirebisa da ganviTarebis regulirebis mizniT; dargSi 

moRvawe da am moRvaweobis SedegebiT mosargeble fizikuri da 

iuridiuli pirebis uflebebsa da movaleobebs. 

 amJamad saqarTveloSi mraval operators gaaCnia 

kavSirgabmulobis sferoSi moRvaweobis licenzia. abonentTa 

kavSirgabmulobis Tanamedrove maRalxarisxovani momsaxurebis 

moTxovnebi da, Sesabamisad, momsaxurebaTa gadaxdisaTvis maTi 

mzadyofna aformirebs bazris mniSvnelovan seqtors. Tumca mTel 

msoflioSi da, maT Soris Cven qveyanaSi, telekomunikaciis 
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tradiciuli operatorebisaTvis, romlebic aRWurvilia 

uzarmazari raodenobis sakomutacio da arxwarmoqmnis 

mowyobilobebiT, romelTa amogebis vada didia (20 weli da meti), 

Znelia TavianTi qselebis srulmasStabiani modernizacia 

telekomunikaciis momsaxurebisadmi wayenebuli Tanamedrove 

moTxovnebis Sesabamisad. dargSi ganxorcielebuli 

demonopolizacia iwvevs axali agresiuli operatorebis 

gamoCenas, romlebic ibrZvian yoveli potencialuri klientis 

mosapoveblad, izidaven maT ufro dabali fasebiT, momsaxurebis 

ukeTesi xarisxiTa da nairferovnebiT.       

       sauwyebo qselebis operatorebi, Tavisi momxmareblebi-

saTvis momsaxurebaTa gazrdis garda, sxva momxmareblebisTvisac 

gegmaven TavianTi qselebiT momsaxurebas. amJamad SeimCneva 

konkurenciis zrda tradiciul operatorebsa da kavSirgab-

mulobis saSualebaTa alternatiul momwodeblebs Soris, 

romlebic muSaoben energosistemebis, navTobisa da gazis 

gayvanilobebis, rkinigzisa da metropolitenis qselebis bazaze. 

 kavSirgabmulobis dargis demonopolizacia da amis 

Sedegad warmoqmnili konkurencia operatorebs Soris momgebiani 

iqneba abonentebisaTvis, rac Tanamedrove satelekomunikacio 

teqnologiebis ganviTarebis pirobebSi aisaxeba 

telekomunikaciis momsaxurebaTa raodenobis gafarToebasa da 

xarisxis gaumjobesebaze maTi Rirebulebis SemcirebiT. 
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1.8. telekomunikaciis sferos standartizaciis 

organizaciebi 

 

 telekomunikaciis sferoSi standartizaciis 

organizaciebis moRvaweobis mizans warmoadgens erTiani 

saerTaSoriso standartebis Seqmna. erTiani standartebis 

ararseboba iwvevs sxvadasxva mwarmoeblis mier Seqmnili 

mowyobilobebis SeuTavseblobas da, aqedan gamomdinare, 

saerTaSoriso kavSirebis ganxorcielebis SeuZleblobas. 

standartizaciis organizaciebi uzrunvelyofen progresuli 

teqnologiebis ganxilvis pirobebs, oficialuri standartis 

saxiT amtkiceben aRniSnuli ganxilvebis Sedegebs, agreTve 

uzrunvelyofen damtkicebuli standartebis gavrcelebas. 

 standartizaciis organizaciebis muSaobis ganrigi 

standartebis miRebis TvalsazrisiT SeiZleba gansxvavdebodes 

erTmaneTisagan. Tumca es ganrigi msgavsia im TvalsazrisiT, rom  

axali teqnologiebis damuSaveba da ganxilva, standartebis 

proeqtebis damuSaveba, am standartebis yvela an zogierTi 

aspeqtis xmis micema da, bolos, damTavrebuli standartebis 

oficialuri gamoSveba xorcieldeba ramdenime etapad.  

 standartizaciis SedarebiT cnobili organizaciebia: 

 standartizaciis saerTaSoriso organizacia (sso) 

(International Standard Organization – ISO), romelic avtoria 

moRvaweobis sxvadasxva sferos (maT Soris telekomunikaciebis) 

standartebisa. ISO-s wevrebs warmoadgenen standartizaciis 

nacionaluri organizaciebi. ISO-Si monawileoba nebayoflobiTia. 

ISO-s SedarebiT cnobil standarts telekomunikaciis sferoSi  

warmoadgens Ria sistemebis urTierTqmedebis etalonuri modeli.  

 eleqtrokavSiris saerTaSoriso kavSiris (esk) telekomuni-

kaciebis standartizaciis seqtori (esk-t) (Telecommunication  

Standardozation Sector of International Telecommunication Union – ITU-T), 

romelic 1993 wlidan warmoadgens gaerTianebuli erebis 

organizaciis specializirebul organos  (igi memkvidrea 
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telegrafiisa da telefoniis saerTaSoriso sakonsultacio 

komitetisa _ Comite Consultatif International Telegraphique et 

Telephonique – CCITT) _ saerTaSoriso organizacia, romelic 

amuSavebs telekomunikaciis dargis standartebs. ITU-T-is 

standartebs rekomendaciebi (Recommendations) ewodeba. 

rekomendaciebi gaerTianebulia laTinuri anbaniT aRniSnul 

seriaSi.  seriis farglebSi rekomendaciebs eniWeba rigiTi 

nomeri. seriis aRniSvna da rekomendaciis nomeri erTmaneTisagan 

wertiliT gamoiyofa, magaliTad, V.90. garda ITU-T-sa, ITU-is 

SemadgenlobaSi Sedis radiokavSiris seqtori (esk-r) 

(Radiocommunication Sector – ITU-R) da eleqtrokavSiris ganviTarebis 

seqtori (Telecommunication Development Sector –ITU-D). ITU-is 

standartebi praqtikulad moicavs telekomunikaciebis mTel 

sferos.  

 eleqtroteqnikisa da eleqtronikis inJinerTa instituti 

(Institute of Electrical and Electronic Engineers – IEEE), romelic 

profesiuli organiozaciaa da igi amuSavebs qselebis 

standartebs. lokaluri qselebis standartebi (LAN) erT-erTi 

yvelaze cnobili standartebia telekomunikaciebis sferoSi 

miRebuli  IEEE-s standartebs Soris.   

 evropis eleqtrokavSiris standartizaciis instituti 

(European Telecommunications Standards Institute – ETSI) evropuli 

Tanamegobrobis wevri qveynebisaTvis gansazRvravs erTian 

teqnikur politikas telekomunikaciebis sferoSi. ETSI-s yvelaze 

cnobil standarts warmoadgens GSM – moZravi radiokavSiris 

fiWuri sistemis standarti. 

 evropis fostisa da eleqtrokavSiris administraciaTa 

konferencia (Conference of European Posts and Telegraps – CEPT). 

 amerikis standartizaciis nacionaluri instituti 

(American National Standard Institute – ANSI) _ amerikis SeerTebuli 

Statebis (aSS) farglebSi standartizaciis nebayoflobiTi 

jgufebis makoordirebeli organo. igi ISO-s wevria. farTodaa 
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cnobili ANSI-is mier telekomunikaciebisaTvis damuSavebuli 

standarti FDDI. 

 satelekomunikacio mrewvelobis asociacia 

(Telecommunication Industrial Association – TIA)  ANSI-is erT-erTi 

jgufia, romelic uSvebs telekomunikaciebis standartebs. mis 

yvelaze cnobil standarts warmoadgens moZravi radiokavSiris 

fiWuri sistemis aSS-is standarti IS-54. 

 eleqtronuli mrewvelobis asociacia (Electronic Industrial 

Association – EIA) ANSI-is erT-erTi jgufia. 

 aSS-is kavSirgabmulobis federaluri komisia (Federal 

Communication Commission – FCC) – aSS-is samTavrobo organizacia, 

romelic dakavebulia kavSirgabmulobis dargis regulirebiT, 

maT Soris radiosixSireTa speqtris ganawilebiT. 

 internetSi muSaobis regulaciis sabWo (Internet Activities 

Board – IAB) gansazRvravs politikas internetis globaluri 

qselis sferoSi. mis SemadgenlobaSi Sedis ori qvekomiteti: 

sakvlevi _ IRTF (Internet Research Task Force) da standartizaciis _ 

IETF (Internet Engineering Task Force). IAB-is standartebs ewodeba 

"Request for Comments" (RFC) (moTxovna komentarisaTvis). 

 satelekomunikacio mowyobilobebis mwarmoeblebi, 

romlebic dainteresebulni arian raime konkretuli 

teqnologiis swrafi danergviT, aseve qmnian mocemuli sferos 

standartizaciis organizaciebs. magaliTisaTvis SeiZleba 

aRiniSnos iseTi organizaciebi, rogoricaa: forumebi ATM da  

Frame Relay, aliansi Gigabit Ethernet da sxva. 

 Cvens qveyanaSi telekomunikaciis dargSi standartizaciisa 

da regulirebis samuSaoebs atareben saqarTvelos 

standartizaciis, metrologiisa da sertifikaciis saxelmwifo  

komiteti (saqstandarti), transportisa da komunikaciebis 

saministro da telekomunikaciis dargis erovnuli 

maregulirebeli komisia.  
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2. satelekomunikacio arxebi 

 

2.1. satelekomunikacio arxebis maxasiaTeblebi  

da parametrebi 

 
rogorc cnobilia, telekomunikaciis (kavSiris) arxi 

ewodeba teqnikuri mowyobilobebis (gardamqmnelebis) da 

gavrcelebis aris (mimmarTveli garemos, anu kavSiris xazis) 

erTobliobas, romelic uzrunvelyofs garkveul manZilze erTi 

signalis gadacemas. 

telekomunikaciis arxi didi raodenobiT Seicavs 

sxvadasxva mowyobilobebs _ filtrebs, maZliereblebs 

(regeneratorebs telekomunikaciis cifrul sistemebSi), 

gardamqmnelebs, kavSiris wredebs, sakomutacio aparaturis 

elementebs da sxva. aparaturis tipisa da kavSiris magistralis 

sigrZis mixedviT arxi SeiZleba Seicavdes sxvadasxva 

mowyobilobebs sxvadasxva kombinaciiT. magaliTad, qalaqis 

qselis satelefono arxi mowyobilobebis SemadgenlobiTa da 

teqnikuri gadawyvetiT mniSvnelovnad gansxvavdeba 

Tanamgzavruli kavSiris satelefono arxisagan. orive 

SemTxvevaSi saerToa mxolod arxis daniSnuleba: signalis 

gadacema erTi abonentis mikrofonidan meore abonentis 

telefonisaken. kavSiris xarisxi ki unda pasuxobdes 

gansazRvrul moTxovnebs, miuxedavad imisa, Tu romeli meTodi 

gamoiyeneba kavSiris teqnikuri realizaciisaaTvis. imis 

gaTvaliswinwbiT, rom satelekomunikacio arxi uzrunvelyofs 

signalebis gadacemas SetyobinebaTa wyarodan maTi mimRebisaken, 

igi SeiZleba warmovadginoT oTxpolusas saxiT. am oTxpolusas 

Sesasvlels miewodeba signalebi Setyobineba-signali (S-s) 

gardamqmnelis (gadamcemis pirveladi gardamqmnelis) 

gamosasvlelidan, xolo oTxpolusas gamosasvleli mierTebulia 

signali-Setyobineba gardamqmnelis (mimRebis pirveladi 

gardamqmnelis) SesasvlelTan (ix. sur. 1.7).    
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telekominaciis mraval (magaliTad, satelefono kavSiris) 

sistemas moeTxoveba ormxrivi kavSiris ganxorcielebis 

uzrunvelyofa, anu ori urTierTsapirispiro mimarTulebiT 

signalebis erTdrouli da urTierTdamoukidebeli gadacema, 

vinaidan am SemTxvevaSi yovel damaboloebel punqtSi arsebobs  

rogorc SetyobinebaTa wyaro, aseve maTi mimRebi. imis gamo, rom 

satelekomunikacio arxi Seicavs calmxriv mowyobilobebs 

(magaliTad, maZliereblebs), amitom ormxrivi kavSiris sistemebSi     

A da B sadgurebs Soris kavSiris organizaciisaTvis 

aucilebelia  ori erTmimarTulebiani (calmxrivi) arxis 

gamoyeneba, romlebic qmnis ormimarTulebian oTxsadenian arxs, 

romelic   SeiZleba warmovadginoT 2.1 suraTze naCvenebi 

oTxpolusas saxiT. SevniSnoT, rom calmxrivi arxis SemTxvevaSi 

(magaliTad, televizia, radiomauwyebloba) signali vrceldeba 

erTi mimarTulebiT (gadamcemidan mimRebebisaken), xolo ormxrivi 

arxis SemTxvevaSi (magaliTad, satelefono kavSiri) _  orive 

(urTierTsapirispiro) mimarTulebiT. 

 
 

        A                 B 

        A                 B 

                                                                                                                       ormxrivi arxi           
                                              ZSes                             Zgam 

                                                                                                         A        B mimarTulebis 

                                                                                                                    calmxrivi arxi 

                           PSes                                            Pgam 

 
       sadguri A                                                                            sadguri B 
 
 
                           Pgam                                            PSes     

                                                                                                          A        B mimarTulebis 
                                             Zgam                   ZSes                  calmxrivi arxi

        
 

 
                         sur. 2.1. telekomunikaciis ormxrivi arxi 

 

rogorc calmxrivi, aseve ormxrivi satelekomunikacio 

arxebis Tvisebebi ganisazRvreba Semdegi maxasiaTeblebiTa da 

parametrebiT;  
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1. Sesasvleli ZSes  da gamosasvleli  Zgam  winaRobebi da 

maTi gadaxra nominaluri mniSvnelobidan. es gadaxra fasdeba 

arekvlis koeficientiT 

                                 Karekv = (Zn _ Zr)/(Zn + Zr) ,              (2.1)  

an kidev arekvlis milevis sididiT                

                                    aarekv = 20Lg (Zn + Zr)/(Zn _ Zr) ,  db           (2.2) 
 
sadac Zn  da  Zr _ nominaluri da realuri winaRobebia. 

 2. arxis narCeni mileva an. igi warmoadgens arxis 

Sesasvlelsa da gamosasvlelze simZlavris doneebs Soris 

sxvaobas, anu arxis muSa milevas iseT aqtiur winaRobebTan 

arxis Sesasvlelisa da gamosasvlelis mierTebisas, romlebic 

Seesabameba Sesasvleli da gamosasvleli winarobebis nominalur 

mniSvnelobebs. sxvadasxva tipis arxebisaTvis Tanxmdebian 

sacdeli signalis sixSiris mniSvnelobis Sesaxeb, romlis 

saSualebiTac xorcieldeba narCeni milevis gazomva. fizikurad  

narCeni mileva an  gviCvenebs gaZlierebis (regeneraciis) yvela  

ubnis milevebisa da yvela maZliereblis (regeneratoris) 

gaZlierebis jamebs Soris sxvaobas: 

                                        n  - 1      n      

       an = 10 Lg(PSes /Pgam) = PSes _ Pgam = ∑ai    _ ∑Sk ,    db              (2.3)                     
                                          i = 1      k = 1  

 

 3. narCeni milevis arastabiluroba. igi warmoadgens narCeni 

milevis droSi gadaxras misi nominaluri mniSvnelobidan da  

fasdeba  gadaxris saSualo kvadratuli an maqsimaluri 

mniSvnelobiT da dispersiis sididiT. 

 4. narCeni milevis sixSiruli maxasiaTebeli da sixSireTa 

efeqturad gadasacemi zoli ∆ƒs, (ix. § 1.5)  anu sixSireTa zoli, 

romlis sazRvrebSi narCeni milevis gadaxra (∆an)  misi 

nominaluri mniSvnelobidan gansxvavdeba mxolod raime 

dasaSvebi sididiT. efeqturad gadacemuli sixSireTa  zolis 

farglebSi xdeba narCeni milevis misi nominaluri 
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mniSvnelobidan dasaSvebi gadaxrebis normireba. normirebis erT-

erTi SesaZlo varianti mdgomareobs narCeni milevis dasaSvebi 

gadaxrebis "Sablonis" gamoyenebaSi. aseTi Sablonis sanimuSo 

saxe warmodgenilia 2.2 suraTze. 

  

   ∆an, db  

                                                     1     

 

                                                     3      
                                                         
 

 

                                                         ƒ 

                                                     2  

              ƒq                ƒ0                    ƒz 

                                        ∆ƒ 

sur. 2.2. narCeni milevis nominaluri mniSvnelobidan gadaxrebis     

Sablonis sanimuSo saxe: ƒ0 _ sixSire, romelzec ganisazRvreba 

narCeni milevis nominaluri mniSvneloba; ƒq, ƒz  _ efeqturad 

gadacemuli sixSireTa zolis qveda da zeda sazRvrebi; 1, 2 _ 

narCeni milevis dasaSvebi gadaxrebis sazRvrebi; 3 _ narCeni 

milevis gazomili sixSiruli maxasiaTeblis saxe     

   

 narCeni milevis sixSireze damokidebulebis gamo arxSi 

gadacemuli signalebi maxinjdeba. amis mizezi mdgomareobs 

realuri maZliereblebis, transformatorebis, filtrebisa da 

sxva mowyobilobebis parametrebis amplitudur-sixSirul 

damokidebulebaSi.  

 narCeni milevis sixSireze damokidebulebas, romelic 

iwvevs signalebis amplitudur-sixSirul damaxinjebebs, arxis 

amplitudur-sixSiruli maxasiaTebeli ewodeba. 

 5. arxis Semaval da gamomaval signalebs Soris fazuri 

Zvris sixSiruli maxasiaTebeli. rogorc cnobilia, 

telekomunikaciis signalebi rTulia, anu isini warmoadgens 

sxvadasxva sixSiris harmoniuli Semdgenebis, anu sinusoiduri 

rxevebis (harmonikebis) erTobliobas. TiTeuli harmonikis xazSi 
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gavrcelebis dro SeiZleba sxvadasxva iyos, ris gamoc xazSi  

maT Soris Soris warmoiqmneba fazuri Zvra. fazuri Zvris 

sixSireze damokidebulebas arxis fazur-sixSiruli 

maxasiaTebeli ewodeba. misi forma gansazRvravs signalebis 

fazur-sixSiruli (wrfivi) damaxinjebebis xarisxs. 

 imis gamo, rom fazuri Zvris uSualo gazomva rTulia, 

amitom fazuri (wrfivi) damaxinjebebis SefasebisaTvis ixilaven 

dayovnebis jgufuri τ  drois (djd), anu sxvanairadD  gadacemis 

jgufuri drois (gjd) sixSirul maxasiaTebels: 

                   τ=db(ƒ) /dƒ,                                 (2.4)  

sadac b  fazuri Zvraa. 

 6. arxis wrfivi damaxinjebebi. igi ganisazRvreba narCeni 

milevisa da fazuri Zvris sixSiruli maxasiaTeblebiT (ix. me-4 

da me-5 punqtebi). zog SemTxvevaSi (magaliTad, televiziis 

signalebis gadacemisas) arxis wrfivi damaxinjebebis Sefaseba 

mosaxerxebelia arxis impulsuri reaqciis saxeobis an arxis 

gardamavali maxasiaTeblis mixedviT. am SemTxvevaSi xdeba iseTi 

parametrebis normireba, rogoricaa gardamavali maxasiaTeblis 

frontis xangrZlivoba, amonavardnebis sidide da sxva.  

 maSasadame, damaxinjebebs, romlebic warmoiqmneba signalis 

Semdgenebis amplitudebsa da fazebs Soris Tanafardobis 

darRvevis  da agreTve narCeni milevis signalis Semdgenebis 

sixSireze damokidebulebis gamo, wrfivi damaxinjebebi ewodeba. 

 7. arxis arawrfivi damaxinjebebi. igi ganpirobebulia arxis 

amplituduri maxasiaTeblebis arawrfivobiT, romlebic warmoad-

genen arxis gamosasvlelze signalis simZlavris (Zabvis) absolu-

turi donis (Pgam)MM damokidebulebas arxis Sesasvlelze signa-

lis simZlavris (Zabvis) absolutur doneze (PSem), romelic izo-

meba gazomvis signalis romelime winaswar gansazRvrul  

sixSireze, an aRniSnul sixSireze arxis narCeni milevis (an) 

damokidebulebas Semavali signalis doneze (PSem). 2.3 suraTze 

naCvenebia am maxasiaTeblebis sanimuSo saxe.  
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     Pgam, db                              an, db   

 

 

 

 

                        PSem, dbP                      PSem, dbP 

    

sur. 2.3. arxis amplituduri maxasiaTeblebis sanimuSo saxe 

  

 maSasadame, amplituduri maxasiaTeblebis arawrfivoba 

iwvevs arxSi gadacemuli signalis arawrfiv damaxinjebebs, 

romelTa warmoqmnis mizezebi SemdegSi mdgomareobs: mimRebSi 

signalis aRdgenisas mis SemadgenlobaSi sawyisi harmonikebis 

garda SeiZleba aRmoCndes damatebiTi harmonikebi arxSi 

arawrfivi mowyobilobebis arsebobis gamo, romlebsac arawrfivi 

amplituduri maxasiaTeblebi gaaCnia.  

 aRniSnulidan gamomdinare, arawrfivi damaxinjebebi 

ewodeba arawrfivi mowyobilebebis gamo arxSi damatebiTi 

harmonikebis warmoSobiT gamowveul damaxinjebebs.  

 arawrfivi damaxinjebebis ararsebobisas Semavali signalis 

donis garkveuli nazrdi iwvevs gamomavali signalis donis 

nazrds  imave  sididiT  da  amitom  amplituduri maxasiaTebeli  

Pgam =ƒ(PSem) warmoadgens koordinatTa RerZebisadmi 450-iT daxril 

wrfes (ra Tqma unda RerZebze erTi da imave masStabis 

SemTxvevaSi). amplituduri maxasiaTeblis am kanonidan gadaxveva 

axasiaTebs arxis mowyobilobebis maxasiaTeblebis arawrfivobiT 

gamowveul signalis arawrfiv damaxinjebebs. 

 amplituduri maxasiaTeblis mixedviT SeiZleba mxolod 

uxeSad SevafasoT arawrfivi damaxinjebebi. maTi ufro zustad 

Sesafaseblad gamoiyeneba arawrfivi damaxinjebebisa da 

arawrfivobis milevis koeficientebis cnebebi (parametrebi): 
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                  ∞     

               ∑ U2
ri   

  kar. =     i=2
          ;       aar. = 20 Lg(1/gar.) ,          (2.5)  

                  U1 

sadac U1 _ signalis ZiriTadi  harmonikis Zabvis moqmedi 

mniSvnelobaa;  Uri _ signalis me-2, me-3 da a.S. harmonikebis Zabvis 

moqmedi mniSvnelobaa, romlebic warmoiqmneba arxis 

arawrfivobis gamo. 

 xSirad iyeneben agreTve harmonikebis mixedviT 

arawrfivobis milevis parametrs:  

             aar.i = 20 Lg (U1/Uri) = PU1 _ P Uri ,      db                                 (2.6)  

 7. gadasacemi signalis sixSiris cvlileba. 

 8. xelSeSlebis done (simZlavre) wertilSi nulovani 

gazomvis doniT. 

 9. nulovani gazomvis donis wertilSi signalis simZlavris 

saSualo da pikuri (dasaSvebi) doneebi da arxis dinamiuri 

diapazoni. 

                   Darx = 10 Lg(Ps.maqs /Px) = PPs.maqs_  PPx , db              (2.7) 

sadac  Ps.maqs _ signalis maqsimaluri dasaSvebi simZlavrea; Px _ 

auwonavi xelSeSlebis simZlavrea, romlebic mikuTvnebulia 

nulovani gazomvis donis wertilisadmi;  PPs.maqs   da  PPx ki 

Ps.maqs-isa da   Px-is doneebia.  

 10. signalisa da xelSeSlis simZlavreTa fardoba (Ps/Px) 

an xelSeSlebisagan daculoba. 

           Ad= 10 Lg((Ps/Px) = PPs_  PPx ,     db            (2.8) 

 xelSeSlebisagan daculoba SeiZleba Sefasdes signalis 

saSualo simZlavris xmaurebis simZlavresTan SefardebiTac. am 

SemTxvevaSi 

          Ad= 10 Lg(Ps.saS/Px) = PPs.saS_  PPx ,   db          (2.9) 
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 11. arxis gamtarunarianoba.  

 analoguri arxebisaTvis gamtarunarianoba  

           C = ∆ƒsLog2 (1+Ps.saS/Px) ,    biti/wm             (2.10) 

sadac ∆ƒs _ sixSireTa efeqturad gadasacemi zolis siganea; 

Ps.saS _ signalis saSualo simZlavrea da Px _ xelSeSlebis 

auwonavi saSualo simZlavrea gazomvis nulovani donis 

wertilSi. 

 unda aRiniSnos, rom ukanaskneli gamosaxuleba iZleva 

arxis gamtarunarianobis Sefasebas zemodan, vinaidan igi 

Tanabari speqtris mqone gausis xelSeSlebis SemTxvevaSi 

samarTliania arxisaTvis damaxinjebebis gareSe. 

 diskretuli arxebisaTvis gamtarunarianoba ganisazRvreba 

Semdegi gamosaxulebiT: 

                    l 

                      C= _Ft ∑ pi Log2 pi , ���biti/wm ,                ����(2.11) 
                                       i = 1

sadac: Ft diskretul signalSi mniSvnelobaTa gameorebis, anu 

taqturi sixSirea (Ft=1/Tt); l _ diskretuli signalis doneTa  

raodenobaa, xolo  pi _ i-uri donis mniSvnelobaTa albaToba.  

 im SemTxvevaSi, rodesac sxvadasxva donis mniSvnelobebi 

TanabaralbaTuria, e.i. rodesac pi =1/l , maSin 

                             C=FtLog 2 l ,    biti/wm                             (2.12) 
    
 konkretul SemTxvevaSi, rodesac cifruli arxiT gadaicema 

ikm cifruli signali (ix. sur.1.6 da sur. 1.19v), maSin l=2. amitom 

C=Ft. Tavis mxriv ki, rogorc cnobilia, taqturi sixSire 

ricxobrivad cifruli signalis gadacemis siCqaris tolia.  

amitom cifruli  arxis gamtarunarianoba  ricxobrivad 

Sesabamisi cifruli signalis taqturi sixSirisa da gadacemis 

siCqaris tolia, anu C=Ft=B. (erTmaneTs SevadaroT signalisa da 

arxis parametrebis Sesabamisi gamosaxulebebi).  
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 unda aRiniSnos, rom satelekomunikacio arxebis 

zemoTmotanili parametrebis (sixSireTa efeqturad gadasacemi 

zolis sigane, dinamiuri diapazoni, xelSeSlebisagan daculoba 

da gamtarunarianoba) warmodgenili Sefasebebi  minimalurad 

dasaSvebi zRvruli mniSvnelobebia, rac imas niSnavs, rom arxis 

parametrebis mniSvnelobebi unda aRematebodes Sesabamisi 

signalis Sesabamisi parametrebis mniSvnelobebs, ukidures 

SemTxvevaSi uzrunvelyofili unda iyos maTi toloba.   

 ZiriTad satelekomunikacio signalebs warmoadgenen: 

telefonis (tonaluri sixSiris _ ts), xmovani mauwyeblobis, 

faqsimiluri, televiziis, telegrafis, monacemebis gadacemis 

arxebi. maTgan tonaluri sixSiris (ts) arxebi miCneulia 

telekomunikaciis gadamcemi sistemis tevadobis erTeulad da 

isini ZiriTadad gamoiyeneba telefonis signalebis gadasacemad. 

Tumca maTi saSualebiT SeiZleba gadaices faqsimiluri, 

telegrafis da monacemTa gadacemis signalebi.   

 

2.2. tonaluri sixSiris standartuli arxi 

  
 telekomunikaciis nebismieri sistema da misi Sesabamisi 

aparatura iseTnairad unda aigos, rom maTi saSualebiT 

nebismieri signalis gadacemisas uzrunvelyofili iyos kavSiris 

saWiro xarisxi. amave dros TiToeuli tipis signalis 

gadasacemad araracionaluria misi Sesabamisi specialuri arxis 

Seqmna. mizanSewonilia, rom damuSavdes iseTi sistema da 

aparatura, romelic aformirebs nebismieri signalis gadacemisa-

Tvis gamosadeg unificirebuli, standartuli arxebis nakrebs. 

 satelekomunikacio teqnikis ganviTarebis gariJraJze 

saerTaSoriso da saqalaqTaSoriso arxebiT, rogorc wesi, 

gadaicemoda mxolod satelefono Setyobinebebi. amJamadac 

satelefono kavSiri Seadgens telekomunikaciis yvela saxeobis 

umetes nawils. amitom telekomunikaciis Tanamedrove sistemebSi 

ZiriTad standartul arxad miCneulia arxi sixSireTa efeqturad 
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umetes nawils. amitom telekomunikaciis Tanamedrove sistemebSi 

ZiriTad standartul arxad miCneulia arxi sixSireTa efeqturad 

gadasacemi zoliT  300...3400 hc (0,3...3,4 khc), romelic telefonis 

signalis speqtris Sesabamisia. am arxis maxasiaTeblebis 

normireba xdeba iseTnairad, rom misi saSualebiT SesaZlebeli 

iyos gadacema faqsimiluri, telegrafisa da monacemTa  

gadacemis signalebisa, anu yvela im signalisa, romelTa 

informaciis raodenoba I ar aRemateba arxis C  

gamtarunarianobas. aseTi tipis arxs tonaluri sixSiris arxi 

(ts arxi) ewodeba.  

 rogorc cnobilia, ts arxi ormxrivia  da igi Seicavs 

orsadenian daboloebasa da oTxsadenian traqts. maTi 

SeTavsebisaTvis ki aucilebelia ganmxoloebis mowyobilobis 

(diferencialuri sistemis _ difsistemis (ds)) gamoyeneba. 

orgamtarian daboloebebSi CarTuli damagrZeleblebi (signalis 

milevis ganmaxorcielebeli mowyobilobebi) uzrunvelyofen 3,5 

db-is tol milevas da maT tranzituli mozyobilobebi ewodeba. 

ts-is arxis maxasiaTeblebis normireba xdema ITU-T-is 

rekomendaciebis M seriiT.  

 ganvixiloT ts-is arxis ZiriTadi maxasiaTeblebi da 

parametrebi.    

 ts-is arxis standartul wertilebSi simZlavris normire-

buli (nominaluri) gazomvis doneebia (sur. 2.4): arxis Sesa-

svlelze _ 0 dbP, arxis gamosasvlelze _ -3,5 dbP, oTxgamtariani 

traqtis Sesasvlelze _ -13 dbP, oTxgamtariani traqtis gamosas-

vlelze _ 4,3 dbP, tranzituli damagrZeleblis Sesasvlelze _  

-3,5 dbP, da arxis gamosasvlelze _ -7 dbP. 

 ts-is arxis Sesasvleli Z Ses da gamosasvleli Zgam 

winaRobebis nominaluri mniSvneloba  600 omia. maTi nominaluri 

mniSvnelobidan gadaxris koeficienti  Karekv ar unda 

aRematebodes 10%-s. 
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                         -13 dbP    ts arxi     +4,3 dbP

                           

                             db                    db                          

       

              0 dbP                                                          -7 dbP      

                     db           ds           ds          db      

                       -3,5 dbP                         -3,5 dbP                                                             
                           db                   db     

                                    

                                   ts arxi 

                          +4,3 dbP              -13 dbP

                           

sur. 2.4. ts-is arxis gazomvis nominaluri doneebi: 

db _ damagrZelebeli; ds _ difsistema 

 

 ts-is arxis narCeni mileva an Seadgens 7 db-s. misi gadaxra 

0,95 albaTobiT ar unda aRematebodes 2,2 db-s. 

 ts-is arxis sixSireTa efeqturad gadasacebi zoli (segz) 

_ esaa zoli, romlis ganapira ƒq =0,3 khc da ƒz =3,4 khc 

sixSireebze narCeni mileva an 7 db-iT (1 np-iT) aRemateba an-is 

mniSvnelobas ƒ0=800 hc sixSireze. ts-is arxis narCeni milevis 

nominaluridan (7 db) gadaxris (∆an) sixSiruli maxasiaTebeli 

unda moTavsdes Sablonis sazRvrebSi (sur. 2.5) tranzitebis 

maqsimaluri raodenobis (12 kvlavgadacemis ubnis) SemTxvevaSi. 

 xmovani (bgeriTi) signalebis gadacemisas fazosixSiruli 

damaxinjebebi arc Tu ise arsebiTia. magram vinaidan ts-is arxebi 

agreTve gamoiyeneba faqsimiluri kavSirisa da monacemebis 

gadacemisaTvis, amitom mniSvnelovani fazosixSiruli 

damaxinjebebi ts-is arxebisTvisac dauSvebelia. amitom 

normirdeba gadacemis jgufuri τ drois (gjd)  gadaxra  1900 hc 

sixSireze 2500 km-iani erTi tranzituli ubnisaTvis (sur. 2.6). 

rogorc wina paragrafSi iyo aRniSnuli, τ-s sxvanairad 

dayovnebis jgufur drosac uwodeben. 
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      ∆an, db  

                                                        

             8,7 
                                                           
          4,3                                                   

          2,2       

 

                     0,4   0,6              2,4   3,0      ƒ, khc 

         -2,2                                                 

                 ƒq =0,3           ƒ0 =0,8                ƒz=3,4 

                                        ∆ƒ =3,1

sur. 2.5. analoguri ts-is arxis narCeni milevis gadaxris 

normirebis Sabloni 

 

                 τ, mwm 
                  3     

                 2 

                 1  

                 0                                   ƒ, khc         
                  0,4   0,8    1,4    2     2,4    3    3,3       

sur. 2.6. ts-is arxis gadacemis jgufuri drois 

gadaxrebi (gjd) 

  

 ts-is arxis arawrfivi damaxinjebebis koeficienti kar erT 

tranzitul ubanze 800hc sixSiris denis gadacemis nominaluri 

donis SemTxvevaSi ar unda aRematebodes 1,5%-s (1%-s me-3 

harmonikisaTvis). amave dros amplituduri maxasiaTebeli 

normirdeba Semdegnairad: erT tranzitul ubanze arxis narCeni 

mileva nulovani gazomvis wertilSi unda iyos mudmivi  0,3db 

sizustiT 0,3...3,4 khc diapazonis nebismier sixSireze gazomvis 

signalis donis –17,5-dan +3,5 db-de cvlilebisas. gazomvis 

signalis donis momatebisas 8,7 da 20 db-de narCeni mileva unda 

Semcirdes aranakleb 1,75 da 7,8 db-iT Sesabamisad. 

 ts-is arxis gamosasvlelze informaciuli signalis garda 

arsebobs xelSeSlebi, romlebic mimReb boloSi ganisazRvreba  
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gazomvis nulovani donis wertilSi. maSin Sesabamisi auwonavi 

simZl;avre Px=87000 pvt-s. 

 ts-is arxebisaTvis xdeba agreTve arxSi signalis saSualo 

da pikuri (maqsimaluri) simZlavreebis normireba. nulovani 

gazomvis donis wertilSi signalis simZlavris saSualo 

mniSvneloba Seadgens 32 mkvt-s (PsaS=32 mkvt), xolo maqsimaluri 

_ 2220 mkvt-s (Pmaqs=2220 mkvt). aRniSnulidan gamomdinare da imis 

gaTvaliswinebiT, rom ts-is arxisaTvis ∆ƒ = ƒz _ ƒq = 3400 _ 300 = 

3100 hc, (2.10) gamosaxulebis safuZvelzeF SeiZleba Sefasdes ts-is 

analoguri arxis gamtarunarianoba C≈ 25x103 biti/wm.  

 gadacemis cifruli da optikuri sistemebiT organizebuli 

ts-is standartuli arxebi ufro maRalxarisxiania, vidre meta-

lis sadeniani sakabelo da radiokavSiris sistemebiT organize-

buli ts-is analoguri arxebi. amitom ts-is cifruli arxebis  

rig maxasiaTeblebs gaaCnia Semdegi ganmasxvavebeli niSnebi: 

  ts-is cifruli arxebisaTvis amplitudur-sixSiruli 

damaxinjebebis normebi ITU-T-is mier mocemulia Sablonis saxiT 

(sur. 2.7). Tu erTmaneTs SevadarebT cifruli da analoguri ts-

is arxebis narCeni milevebis dasaSveb gadaxrebs (ix. sur. 2.5), 

maSin SeiZleba aRvniSnoT, rom cifruli arxebisaTvis normebi 

ufro mkacria. igive SeiZleba iTqvas fazosixSiruli 

damaxinjebebis Sesaxebac (sur. 2.8). 

 cifruli ts-is arxebisaTvis SemoaqvT damatebiTi 

maxasiaTebeli, romelic afasebs dakvantvis xmaurebs. igi  

warmoadgens signali/ (dakvantvis xmauri)Qfardobis (sxf) 

signalis doneze damokidebulebas (sur. 2.9).     
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∆an, db                                   τ, mwm 
                                         0,5      
     1,5                                        
                                         0,4  
     1,0  
                                         0,3  
     0,5  
                                         0,2 

            1      2      3      ƒ, khc 
    -0,5                                     0,1                             

                                               0,6  1       2  2,6  3 

                                                                ƒ,khc 
    

sur. 2.7. cifruli ts-s arxis narCeni    sur. 2.8. cifruli ts-s arxis 
milevis  gadaxrebis Sabloni            gjd-s dasaSvebi araTanab- 

                                                robis Sabloni 

              sxf, db                    33                     
                   35                           27     
                   30 
                     25                                 22   

                     20    

                     15   

                     10  

                      5  

                       0  -5 -10 -15 -20 -25 -30 -35 -40 -45  P, db 
 

sur. 2.9. signali/(dakvantvis xmauri) fardobis 

(sxf) signalis doneze damokidebuleba 

 

 garda aRniSnulisa, cifruli arxebisaTvis erT-erTi 

mniSvnelovani  maxasiaTebelia simboloebis (impulsebis) forma, 

romelic idealur SemTxvevaSi sworkuTxa unda iyos, rac 

praqtikulad gamoricxulia. ITU-T-is rekomendaciiT ti 
xangrZlivobis realuri (namdvili) impulsis forma unda 

moTavsdes SablonSi, romelic warmodgenilia 2.10 suraTze, 

sadac ti _ impulsis nominaluri xangrZlivobaa, xolo U _ misi 

nominaluri amplituda. 

 SevafasoT ts-is cifruli arxis (cifruli satelefono 

arxis) gamtarunarianoba C. rogorc 1.5.7 paragrafSia naCvenebi, 

telefonis   cifruli   signalis   informaciis  raodenoba  

I=64 kbiti/wm.   cifruli  signalis  informaciis  raodenoba I 

da  Sesabamisi  arxis  gamtaruanarianoba  C  fasdeba  identuri  
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                                1,2ti 
                    1,2UU       

                    1,1U 
 

                       U   
 

                    0,9U        

                    0,8U    
 

                    0,5U                  0,6ti 
 

                                 0,8ti    
                    0,1U           

                                  ti  
                    0 
                         

                   -0,1U          
 

                   -0,2U          2ti    
 

 

sur. 2.10. Sabloni, romelSic unda moTavsdes 

cifruli signalis impulsi 

 

 

gamosaxulebebiT, rac Cans 1.12 da 2.12 gamosaxulebebis 

urTierTSedarebis Sedegad. maSasadame, C=I=64 kbiti/wm. 

SevniSnoT, rom cifruli sistemebis ierarqiaSi aseT arxs 

ZiriTad cifrul arxs, xolo Sesabamis nakads _ ZiriTad 

cifrul nakads uwodeben. 

 

2.3. farTozolovani  standartuli arxebi 

 

 telekomunikaciis Tanamedrove aparaturebSi, garda ts-is 

arxebisa, gaTvaliswinebulia ts-is arxebTan SedarebiT ufro 

maRali gamtarunarianobis mqone arxebis, anu farTozolovani 

(jgufuri) arxebis Seqmna, romlebic yalibdeba N raodenobis ts 

arxebis gaerTianebiT (am SemTxvevaSi saqme gvaqvs iseTi 

mravalarxiani sistemisa da Sesabamisi aparaturis agebasTan, 

romelic aerTianebs  N  ts-is arxs). unda aRiniSnos, rom rogorc 

analogur, aseve cifrul mravalarxian sistemebSi 

gasaerTianebeli ts arxebis N  raodenoba standartizirebulia. 
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magaliTad, analoguri mravalarxiani sistemebisaTvis jgufur 

v(t) signalSi gaerTianebuli saarxo vi(t) signalebis 

(gasaerTianebeli arxebis) standartizirebuli raodenobebia:L   

N=3 (winaswarjgufuri analoguri arxi); N=12 (pirveladi 

analoguri arxi); N=60 (meoreuli analoguri arxi); N=300 

(mesameuli analoguri arxi) da a.S. garda amisa, mravalarxian 

analogur sistemebSi SesaZlebelia agreTve ts-is 1920 da 3600  

arxis gaerTianeba, ris Sedegadac aseTi farTozolovani arxebiT 

SesaZlebeli xdeba mauwyeblobisa da televiziis signalebis 

gadacemac ki. EsaerToevropuli standartis cifruli 

mravalarxiani  sistemebisaTvis _N= 1 (ZiriTadi cifruli arxi), 30 

(pirveladi cifruli arxi) ; 120 (meoreuli cifruli arxi); 480 

(mesameuli cifruli arxi); 1920 (meoTxeuli cifruli arxi) da 

a.S. didi gamtarunarianobis boWkovan-optikuri xazebis 

gamoyenebis SemTxvevaSi amJamad SesaZlebeli gaxda ufro mZlavri 

(STM-1, STM-4, STM-16 da STM-64) cifruli nakadebis gadacema. 

 2.1 cxrilSi warmodgenilia farTozolovani analoguri 

standartuli arxebis eleqtruli maxasiaTeblebi. 
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                                                      cxrili 2.1 
      

                                           arxi 

      parametri         winaswar- pirveladi  meoreuli    mesameuli   

 

 

                        jgufuri 

 efeqturad gadasacemi   12,3...23,4    60,6...107,7   312,3...551,4    812,3...2043,7 
 sixSiruli zoli, khc  

 Sesasvleli da gamo- 

 sasvleli winaRobebi, 

        omi                  600         150          75           75    

 signalis gazomvis 

 nominaluri done Sesas- 

 vleli/gamosasvleli,     

         dbP0              -36/-14      -36/-23       -36/-23       -36/-23  

 narCeni mileva, db         -22          -13          -13          -13    

 narCeni milevis 

 sixSiruli maxasia- 

 Teblis dasaSvebi 

 araTanabroba             ±0,87        ±0,87        ±0,87        ±0,5    

 gjd-is dasaSvebi 
 gadaxrebi (monoto- 
 nuri Semdgenis             40          10            5          0,25  
 mixedviT), mkwm          (13...23 khc) (65...103 khc) (330...530 khc)  (900...1900  

                                                                khc)     

 signalis saSualo 

 simZlavre wertilSi  

 nulovani gazomvis 

 doniT, mkvt                96          348          1920        9600  

 auwonavi xelSeSlebis 

 dasaSvebi simZlavre  

 25000 km sigrZis ma- 
 gistralis wertilSi 

 nulovani gazomvis 

 doniT, mkvt                0,8          3,16          16          80     

 gamtarunarianoba 

 25000 km sigrZis ma- 

 g istralze, kbiti/wm       82             330           1650       8500  

 

 telekomunikaciis cifrul sistemebSi qselis traqtebis 

organizaciisaTvis gaTvaliswinebulia specialuri mowyobiloba.  

jgufuri cifruli signali, romelic formirdeba ierarqiis ama 
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Tu im safexurze, gadaicema cifruli nakadebis droiTi 

gaerTianebis Semdegi safexurisaken an miewodeba saxazo traqtis 

mowyobilobas. ierarqiis ori mosazRvre safexuris mowyobi-

lobebis SeerTebis wertilebs qselur pirapirebs uwodeben. im-

pulsebis forma qselur SeerTebebSi sworkuTxaa. 

 jgufuri cifruli nakadebis (da Sesabamisi arxebis) 

parametrebi ITU-T-is rekomendaciebiTaa gansazRvruli da isini 

plezioqronuli cifruli ierarqiis (pci) saerToevropuli 

standartis pirveladi, meoreuli, mesameuli da meoTxeuli 

safexurebisaTvis warmodgenilia 2.2 cxrilSi.  

                                                       cxrili 2.2 

 

                                           arxi 

      parametri        pirveladi  meoreuli   mesameuli  meoTxeuli 

                        
 gadacemis siCqare da 

 misi fardobiTi  

 arastabiluroba,          2048        8448         34368        139264  

     kbiti/wm              (1±5x10-6)     (1±30x10-6)        (1±20x10-6)       (1±15x10-6) 

 informaciuli arxebis 

 raodenoba                  30          120          480          1920     

 nominaluri winaRoba, 

        omi                  120*         75**         75**         75**   

 impulsis amplituda, 

         v                    ±3        ±2,37          ±1            1  

 impulsis xangrZli- 

 voba, nwm                   244          59          14,55      7,18 an 3,59      

 SemaerTebeli xazebis 

 mileva, db                 0...6         0...6          0...12           -        

 

 SeniSvna; * _ simetriuli Sesasvleli. ** _ arasimetriuli 

Sesasvleli. 

 

 

 

 amJamad ukve danergili  Tanamedrove teqnologia (sci _ 

sinqronuli cifruli ierarqia) da  boWkovan-optikuri xazebis 

Seudareblad maRali gamtarunarianoba iZleva gacilebiT 

mZlavri cifruli nakadebis formirebisa da gadacemis 
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saSualebas. sci-is  safexurebis (doneebis) Sesabamisi cifruli 

nakadebis siCqareebi da modulebis dasaxeleba warmodgenilia 2.3 

cxrilSi. 

 

 

    

                                                   cxrili 2.3 

                        

             done          moduli         gadacemis siCqare   

 

        

               1            STM-1                     155,520 mgbiti/wm 
                

               2            STM-4                     622,080 mgbiti/wm 
     

               3            STM-16                    2488,320 mgbiti/wm 
   

               4            STM-64                    9953,280 mgbiti/wm 
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2.4. telekomunikaciis signalebisa da arxebis 

maxasiaTeblebis Sepirispireba 
 

 

 SevadaroT erTmaneTs pirveladi signalebisa da Sesabamisi 

arxebis maxasiaTeblebi. amisaTvis signalebis ZiriTadi 

parametrebi Tavmoyrilad warmovadginoT cxrilis saxiT 

(cxrili 2.4).  

                                                      cxrili 2.4 
 

       signalis saxeoba        ƒq,     ƒz,     D,     Ad,       I,  
                              khc   khc    db    db     biti/wm  

 

     telefonis analoguri           

     signali                  0,3    3,4     40    21       8x103

     mauwyeblobis analo- 

     guri signali             0,05    10      65    48     180x103            

     faqsimiluri signali 

     120 striqoni/wm-iT    

     gadacemis siCqaris  
     dros:             

        naxevartonuri          0    1,465    24    35      11,7x103       
        Strixuli              0     1,465    -     35      2,93x103   
        gazeTis gverdebis 

        gadacema                0     180     -     35      360x103    

     televiziis signali       0     6000    40    57      80x106  

     monacemTa gadacema        0     0,5Ft    -     20        Ft 

  

 2.4 cxrilSi Ad warmoadgens signalis donis xelSeSlebis 

donisagan gadaWarbebis sidides (xelSeSlebisagan daculobas), 

romlis drosac uzrunvelyofilia kavSiris saWiro xarisxi. 

cxrilSi telefonisa da mauwyeblobis  signalebisaTvis Ad-s 

mniSvneloba Seesabameba xelSeSlebis fsofometrul (awonil) 

dones, xolo faqsimiluri da televiziis signalebisaTvis _ 

auwonav dones. monacemebis gadacemis orobiTi (cifruli) 

signalisaTvis Ad Seesabameba xelSeSlebis albaTobas px=10
-6. 

gazeTis gverdebis gadacemis signalis monacemebi ki Seesabameba 

erTi gverdis daaxloebiT 3 wT-is ganmavlobaSi gadacemas. 
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 2.4 cxrilSi motanili monacemebis Sepirispireba Sesabamisi 

standartuli (unificirebuli) arxebis maxasiaTeblebTan rigi 

mniSvnelovani daskvnebis gakeTebis saSualebas. 

 ts-is arxi SeiZleba gamoyenebuli iyos telefonis,  

faqsimiluri da monacemTa gadacemis signalebis gadasacemad. 

telefonis signalebis gadacemisas gamoiyeneba daaxloebiT 30% 

ts-is arxis gamtarunarianobisa (I=8000 biti/wm,  C=25000 biti/wm). 

es garemoeba iZleva ts-is arxis gamtarunarianobis efeqturad 

gamoyenebis saSualebas, vinaidan laparakis signalebis pauzebSi 

SeiZleba damatebiT gadaices monacemTa an faqsimiluri 

signalebi. am SemTxvevaSi ts-is arxi laparakis gadacemisaTvis 

gamoiyeneba mxolod drois im SualedebSi, rodesac mis 

Sesasvlelze arsebobs laparakis signali, anu laparakis 

(bgeriTi) signalis aqtivobis SualedebSi. danarCen dros ts-is 

arxiT xorcieldeba monacemTa an faqsimiluri signalis 

gadacema. 

 garda amisa, unda aRiniSnos, rom telefonis signali 

gamoirCeva mniSvnelovani siWarbiT, romlis mocileba iZleva ts-

is erTi arxiT ramdenime satelefono Setyobinebis gadacemis 

SesaZleblobas. am mizniT gamoiyeneba e.w. vokoderebi (sityvidan 

voice coder – xmis koderi), romlebic gadamcemSi aanalizeben 

laparakis pirvelad signalebs, maTgan gamoyofen monacemebs 

laparakis ZiriTadi parametrebis  Sesaxeb, riTac amcireben 

signalSi arsebul siWarbes (anu axdenen signalis efeqtur 

kodirebas), xolo mimRebSi axdenen laparakis signalis 

sinTezirebas (aRdgenas).  laparakis signalis aRniSnuli   

ZiriTadi parametrebia ZiriTadi tonis sixSire da abonentis 

salaparako traqtis maxasiaTeblebi. ZiriTadi tonis sixSire 

icvleba mdored da iseTi sixSiriT, romelic ar aRemateba 10 hc-

s. Sesabamisad, signalebi, romlebsac gadaaqvT informacia am 

cvlilebebis Sesaxeb, anu e.w. signal-parametrebi 

viwrozolovania. gamokvlevebiT dadgenilia, rom signal-

parametrebis speqtris sigane 25...30 hc-ia, xolo mimRebSi 
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aRdgenisaTvis maTi ricxvi ar unda aRematebodes 10...15-s. amrigad, 

yvela signal-parametris gadasacemad unda gadaices 10-de 

satelefono Setyobineba. aseTi tipis parametruls uwodeben. 

siWarbis Semcirebis TvalsazrisiT ufro meti efeqturobiT 

gamoirCeva e.w. fonemuri vokoderebi, romelTa moqmedebis 

principi imaSi mdgomareobs, rom gadamcem mowyobilobaSi 

laparakis pirveladi signalis  analizis Sedegad xdeba 

fonemebis amocnoba. TiToeul fonems Seusabameben romelime 

kodur signals, romelic gadaicema satelekomunikacio arxiT. 

mimReb mowyobilobaSi miRebuli koduri signalebis saSualebiT 

ki xdeba fonemebis sinTezireba. fonemebis raodenoba sxvadasxva 

signalebisaTvis sxvadasxvaa, magram igi ar aRemateba 60-s. amitom 

maTi kodirebisaTvis sakmarisia eqvsTanriga orobiTi kodi. 

vinaidan fonemebis warmoTqmis sixSire ar aRemateba 10 hc-s, 

amitom fonemuri vokoderis koduri signalis gadacemis siCqare 

iqneba araumetes 60 biti/wm-sa.       

 faqsimiluri signalebis (gansakuTrebiT Strixuli 

gamosaxulebebis) gadacemis drosac gamoiyeneba arxis 

gamtarunarianobis daaxloebiT 10%. amasTan dakavSirebiT 

warmoiqmneba Strixuli gamosaxulebebis gadacemis siCqaris 

mniSvnelovani gazrdis problema. Tumca mxedvelobaSia misaRebi 

is garemoeba, rom gamosaxulebis ganSlis siCqaris gazrdisas 

izrdeba signalis energetikuli speqtris zeda zRvruli sixSire 

(suraTis sixSire). es garemoeba iwvevs seriozul teqnikur 

siZneleebs signalis speqtris ts-is arxis efeqturad gadasacem 

sixSirul zolTan SeTanxmebisas. garda amisa, faqsimiluri 

kavSiris SemTxvevaSi mniSvnelovan rols asrulebs arxis fazuri 

damaxinjebebi, romelic zRudavs gadacemis siCqares. amis Sedegia 

arxis dayovnebis jgufuri τ  drois (djd) sixSiruli 

maxasiaTeblis koreqciis aucilebloba.    

 pirveladi cifruli Setyobinebebis (monacemTa gadacema, 

satelegrafo kavSiri) SemTxvevaSi gadacemis SesaZlo siCqare 

izRudeba arxis gamtarunarianobiT. amasTanave gadacemis maRali 
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(10...15 kbiti/wm-is rigis) siCqareebis miRweva dakavSirebulia rig 

seriozul teqnikur siZneleebTan. mocemul SemTxvevaSi, iseve 

rogorc faqsimiluri kavSirisas, aucilebelia arxis wrfivi 

(fazo-sixSiruli da amplitudur-sixSiruli) damaxinjebebis 

koreqcia maRali sizustiT da signalis gardaqmnis specialuri 

mowyobilobebis damuSaveba, romlebic uzrunvelyofs signalis 

speqtris arxis efeqturad gadasacem sixSireTa zolTan 

SeTanxmebas, narCeni milevis kompensaciasa da signalis sixSiris 

cvlilebas.  

 farTozolovani arxebi SeiZleba gamoyenebul iqnas 

cifruli Setyobinebebis maRali siCqariT gadacemisaTvis. Tumca 

arxi gamtarunarianobis Sesadari siCqareebis miRweva moiTxovs 

rigi iseTi amocanebis gadawyvetas, romlebic analogiuria 

zemoTCamoTvlili  amocanebisa. 

 gazeTis  gverdebis gadacemis signalebi gadaicema 

meoreuli farTozolovani arxebiT. erTi gverdis gadacemis 

xangrZlivoba daaxloebiT 3 wT-ia. meoreuli arxis 

gamtarunarianobisa (1650 kbiti/wm) da signalis informaciis 

raodenobis (360 kbiti/wm) Sedareba gviCvenebs, rom am 

SemTxvevaSic arsebobs gadacemis siCqaris amaRlebis 

SesaZleblobebi. siWarbis Semcireba da signalis optimaluri 

kodireba iZleva gazeTis gverdebis pirveladi farTozolovani 

arxebiT gadacemis saSualebas siCqaris Seumcireblad. 

 winaswarjgufuri arxisefeqturad gadasacemi sixSiruli 

zoli (11,1 khc) sakmarisia mauwyeblobis signalebis 

gadacemisaTvis. Tumca winaswarjgufuri arxis gamtarunarianoba 

(82 kbiti/wm) gacilebiT naklebia mauwyeblobis signalis 

informaciis raodenobaze (180 kbiti/wm). signalis fiqsirebuli 

sixSiruli zolisa da saSualo simZlavris SemTxvevaSi arxis 

gamtarunarianoba SeiZleba gaizardos mxolod xelSeSlebis 

simZlavris Semcirebis xarjze. aqedan gamomdinare, mauwyeblobis 

programebis gadacemisaTvis gankuTvnili arxSi unda CairTos 

xelSeSlebis Semamcirebeli mowyobilobebi.  mxedvelobaSia 
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agreTve misaRebi is garemoebac, rom mauwyeblobis signalis 

saSualo simZlavre (923 mkvt) mniSvnelovnad aRemateba 

winaswarjgufuri arxis saSualo dasaSveb simZlavres (95 mkvt). 

yovelive aRniSnulis gaTvaliswinebiT vaskvniT, rom 

mauwyeblobis signalebis gadasacemad saWiroa specialuri arxi. 

 televiziis signalis sixSireTa zoli da informaciis 

raodenoba (informaciuli Semcveloba) mniSvnelovnad aRemateba 

mesameuli farTozolovani unificirebuli arxis Sesabamis 

parametrebs. amitom televiziis signalebis gadacemisaTvis 

aucilebelia specialuri satelevizio arxi. 

 unda aRiniSnos, rom rogorc mauwyeblobis, aseve 

gamosaxulebaTa (kerZod, televiziis) signalebisaTvis 

damaxasiaTebelia mniSvnelovani siWarbe, romelTa 

SemcirebisaaTvis (idealur SemTxvevaSi _ mocilebisaTvis) 

SeiZleba gamoyenebuli iqnas amJamad ukve damuSavebuli da 

damuSavebis stadiaSi arsebuli mTeli rigi meTodebisa, 

romlebic iZleva dabali ierarqiis arxebiTac ki maTi xarisxiani 

gadacemis saSualebas. 
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3. telekomunikaciis xazebi 

 
3.1. telekomunikaciis sakabelo da sahaero xazebi metalis 

gamtarebis safuZvelze 

 
 rogorc 1.2 paragrafidan Cans, telekomunikaciis sistemis 

erT-erT mniSvnelovan nawils warmoadgens telekomunikaciis 

xazi. telekomunikaciis arsebuli xazebi signalebis 

gavrcelebisaTvis gamoyenebuli arisagan damokidebulebiT 

daiyofa sadenian da radioxazebad. 1-l SemTxvevaSi signali 

vrceldeba daxurul garemoSi (eleqtruli da boWkovan-optikuri 

kabelebi), xolo me-2 SemTxvevaSi _ Tavisufal garemoSi (eTerSi).  

 telekomunikaciis xazebs moeTxovebaT Semdegi pirobebis 

Sesruleba: kavSiris ganxorcieleba praqtikulad moTxovnil 

manZilze; farTozolovneba da sxvadasxva saxis Setyobinebis 

gadacemisaTvis maTi gamoyenebis SesaZlebloba; wredebis 

daculoba urTierTgavlenebisagan, gareSe xelSeSlebisagan da 

fizikuri zemoqmedebebisagan (atmosferuli movlenebi, korozia 

da sxva); xazebis parametrebis stabiluroba, kavSiris mdgradoba 

da saimedoba; telekomunikaciis sistemis ekonomiuroba. 

 terminebis "sadeni", "kabeli" da "telekomunikaciis (kavSi-

ris) xazi" gamoyenebisas xSirad urTierTaRrevas aqvs adgili.  

 sadeni _ konstruqciuli elementia, romelic warmoadgens 

izolirebul safarSi moqceul ama Tu im konstruqciis gamtars 

(gamtarebs).  

 kabeli _ dasrulebuli konstruqciaa, romelic Sedgeba 

saerTo ekranirebul, damcav da sxva saxis garsacmSi moTavsebul 

erTi an ramdenime mavTulisagan. 

 telekomunikaciis (kavSiris) xazi _ sainJinro nagebobaa, 

romelic Sedgeba garkveul geografiul trasaze Cadebuli 

kabelisagan da romelic aucileblobis SemTxvevaSi aRWurvilia 

gareSe zemoqmedebisagan dacvis mowyobilobebiT (elvaganmmuxtve-

lebi, damcvelebi da sxva), agreTve gaZlierebis da regeneraciis 

punqtebiT. 
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 ganvixiloT telekomunikaciis sadeniani xazebi. umartives 

SemTxvevaSi sadeniani xazi aris fizikuri wredi, romelic 

metalis ori gamtaris wyvilisagan iqmneba. konstruqciisa da 

gamtarebis urTierTganlagebis TvalsazrisiT arCeven simetriul 

da koaqsialur sadenebsa da satelekomunikacio 

(eleqtrokavSiris) kabelebs (sur. 3.1). 

gare gamtari 

izolacia 

ekrani 

gamtarebi 
i

           a)               b) 

sur. 3.1.  simetriuli (a) da 

tipiuri 

 

 simetriuli sadeni Sedgeba

TvalsazrisiT ori absolutu

gamtarisagan. ucxour wyaroebSi

wyvils" (Twisted Pair – TP) uwod

(shielded) da araekranirebul (unshie

 koaqsialuri (inglisuri si

sadeni warmoadgens or cilind

erTi cilindri _ mTliani Si

moTavsebuli meore Rru cilind

erTmaneTisagan izolirebulia di

 amJamad uSveben kabelebis f

erTmaneTisagan gansxvavdeba dani

gruntSi Cadebis pirobebiT, eqspl

 3.2 suraTze naCvenebia magis

nili sabWoTa warmoebis КМБ-8/7

kabelis konstruqciaSi gaTval
Siga gamtar
koaqsial

saxeebi 

 eleqtr

rad e

 mas x

eben. ga

lded) sim

tyvidan

rs SeTa

ga gamt

rSi (ga

eleqtri

arTo no

Snulebi

uatacii

tralur

 kabeli

iswinebu
dieleqtrikuli 

masala
uri (b) sadenebis 

uli da konstruqciuli 

rTnairi izolirebuli 

Sirad "xveul (dawnul) 

nasxvaveben ekranirebul 

etriul sadenebs. 

 co-axial _ TanaRerZuli) 

vsebuli RerZiT, Tanac 

ari _ koncentruladaa 

re gamtarSi). gamtarebi 

kuli masaliT. 

menklaturas, romlebic 

T, gamoyenebis sferoTi, 

Ta da sxva monacemebiT. 

i qselisaTvis gankuTv-

s konstruqciis nimuSi. 

lia sxvadasxva tipis 
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ramdenime koaqsialuri wredi, ramdenime simetriuli wyvili da, 

agreTve, calkeuli izolirebuli ZarRvebi. es ukanasknelni 

Cveulebriv gamoiyeneba teqnologiuri miznebisaTvis. 

 

javSanis 

firi 

gare safari 

ZarRvebi 

simetriuli 

wyvilebi 
koaqsialuri 

wyvilebi 

 

 

sur. 3.2. КМВ-8/7 kabelis konstruqcia 

 

 telekomunikaciis sahaero xazebs  maizolirebeli safari 

gamtarebs Soris ar gaaCnia. am SemTxvevaSi izolatoris rols 

haeris fena asrulebs. gamtarebs ZiriTadad amzadeben 

bimetaluri folad-spilenZis (an folad-aluminis) mavTulisagan. 

foladis mavTulis Siga diametri Cveulebriv 1,2...4 mm-ia, 

spilenZis (aluminis) gare fenis (Sris) sisqea 0,04...0,2 mm. 

mavTulebi ekideba xis an rkinabetonis sayrdenebze faifuris 

izolatorebis saSualebiT. sahaero xazebSi gamoyenebuli 

sixSiruli diapazoni ar aRemateba 150 khc-s.   

 eleqtruli kabelebis klasifikacia ZiriTadad 

xorcieldeba Semdegi niSnebis mixedviT: konstruqcia 

(simetriuli da koaqsialuri _ ix. sur. 3.1); gamoyenebis sfero 

(magistraluri, zonuri, adgilobrivi (Sigasaqalaqo da sasoflo) 

da sasadguro); gadasacemi signalis sixSireTa speqtri 

(dabalsixSiruli _ 10 khc-de da maRalsixSiruli _ 10 khc-ze 

zeviT); Cadebisa da eqspluataciis pirobebi (sahaero, miwisqveSa, 

wyalqveSa da satelefono kanalizaciaSi Casadebi). 
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 kabelebis klasifikaciisa da maTi gamoyenebis 

moxerxebulobis mizniT isini aRiniSneba asoebisa da cifrebis 

kombinaciebiT, romelTac kabelis marka ewodeba. kabelis markis 

asoebi gviCvenebs mis konstruqcias, gamoyenebis sferos, 

ZarRvebisa da gularas izolaciisa da damcavi safaris tipebs, 

xolo cifrebis jgufi _ kabelis tevadobas da, garda amisa, 

simetriuli kabelebisaTvis _ ZarRvebis Segrexis tips. 

eleqtruli kabelebis markireba da maTi ZiriTadi tipebis 

daxasiaTeba ixiliT literaturaSi [6].                                               

 kabelebis gadacemis parametrebis dasaxasiaTeblad 

mxedvelobaSi unda iqnes miRebuli is garemoeba, rom kabelebSi 

eleqtromagnituri energiis gadacema xasiaTdeba xazis gaswvriv 

energiis gadacemiTa da sakabelo wredebs Soris energiis 

urTierTgadasvliT. xazis gaswvriv energiis gadacemas 

axasiaTeben gadacemis pirveladi da meoreuli parametrebiT, 

xolo sakabelo wredebs Soris energiis urTierTgadasvlas _ 

gavlenis pirveladi da meoreuli parametrebiT. 

 gadacemis pirveladi parametrebia: aqtiuri winaRoba R; 

sruli induqtivoba L, romelic warmoadgens kabelis gamtarebis 

Siga LS da gamtarTSoris Lg induqtivobebis jams; gamtarTSorisi 

tevadoba C; izolaciis gamtaroba G, romelic axasiaTebs energiis 

danakargebs wredis saizolacio masalebSi. 

 gadacemis meoreuli parametrebia: talRuri winaRoba Zt; 

eleqtromagnituri energiis milevis α, fazis β da gavrcelebis γ 

koeficientebi da eleqtromagnituri energiis gavrcelebis 

siCqare V.  

 gadacemis pirveladi da meoreuli parametrebis analizi da 

maTi gaangariSebis meTodika warmodgenilia literaturaSi [6].  

 garda aRniSnul literaturaSi warmodgenili masalisa 

unda aRiniSnos Semdegi: milevis koeficienti (α, db/km) damokide-

bulia gamtarebisa  da saizolacio masalebis Tvisebebze. sauke-

Teso Tvisebebi (mcire winaRoba) gaaCnia spilenZsa da vercxls. 
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milevis koeficienti damokidebulia agreTve gamtarebis 

geometriul zomebze. didi diametris mqone simetriul kabelebs 

gaaCnia mcire milevis koeficienti. koaqsialuri kabelebis 

milevis koeficienti damokidebulia gare da Siga gamtarebis 

diametrebis Tanafardobaze (sur.3.3). sxvadasxva gare 

masalisaTvis optimaluri Tanafardobebia: spilenZisaTvis _ 3,6; 

aluminisaTvis _ 3,9; tyviisaTvis _ 5,2.  

 Zalze mniSvnelovan maxasiaTebels, romelic gansazRvravs 

gadamcemi satelekomunikacio sistemis farTozolovnebas, 

warmoadgens milevis koeficientis sixSireze damokidebuleba 

(sur.3.4). Tu gansazRvrulia zRvruli milevis koeficienti αzRv 

(Cveulebriv igi ganisazRvreba maZliereblebis an regenerato-

rebis SesaZleblobebiT), maSin mocemul koeficients Seesabameba 

sistemis gatarebis zRvruli sixSire fzRv. sistemis gatarebis 

zoli ar aRemateba gatarebis zRvrul sixSires. 

 gavrcelebis drois (V, km/mwm) sixSiruli damokidebuleba 

naCvenebia 3.5 suraTze. sixSiris zrdasTan erTad gavrcelebis 

dro izrdeba da uaxlovdeba vakuumSi sinaTlis gavrcelebis 

siCqares Vs≈ 300 km/mwm. es parametri damokidebulia agreTve 

kabelSi gamoyenebul dieleqtrikze.  

 

α, db/km                            α, db/km  

                                         

                                   αzRv 

 

 

                D/dopt          D/d                                         ƒzRv              ƒ, hc 

    sur. 3.3. koaqsialuri kabelis       sur. 3.4. metalis kabelis mi- 

    milevis koeficientis damokide-      levis koeficientis sixSiru- 

    buleba gamtarebis diametrebis           li damokidebuleba 

            fardobaze 
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            V, km/mwm  

               Vs        

 

 

                                                   

                                            ƒ, hc 

sur. 3.5. eleqtromagnituri talRis 
gavrcelebis siCqaris sixSiruli 

damokidebuleba 

 

 talRuri winaRoba (Zt, omi) _ winaRobaa, romelsac xvdeba 

eleqtromagnituri talRa erTgvarovani xazis gaswvriv arekvlis 

gareSe gavrcelebisas, anu iseT pirobebSi, rodesac gadacemis 

procesze gavlenas ar axdens SeuTanxmeblobebi xazis boloebSi. 

simetriuli kabelis talRuri winaRoba damokidebulia kabelis 

tevadobisa da induqtivobis xvedriT mniSvnelobebze. 

koaqsialuri kabelebisaTvis talRuri winaRoba  

                                           Zy  = (Z Ln (D/d))/2π,                                                 (3.1) 

sadac Z _ dieleqtrikis talRuri winaRobaa, D da d _ gamtarebis  

gare da Siga diametrebia. 

 simetriuli kabelebisadmi wayenebuli moTxovnebi 

gansazRvrulia ITU-T G.603 rekomendaciaSi. simetriuli kabelis 

ZarRvis diametri Cveulebriv 0,4...1,2 mm-ia. rogorc wesi, 

simetriuli kabelebi Cveulebriv gamoiyeneba sixSireTa 10 mhc-de 

zolSi. koaqsialuri kabelebis ZiriTadi parametrebi 

warmodgenilia 3.1 cxrilSi.  

����                                                 cxrili 3.1   

                            gamtaris   ITU-T-s       sixSireTa    

        kabelis tipi         diametri  rekomen-       samuSao 

                                  mm       dacia         zoli  

                                                          mhc                              

         mini_kk               0,7/2,9       G.621                   0,2...20               
       K 

      mciregabarituli kk    1,2/4,4       G.622                  0,06...70 
 

      normalizebuli kk      2,6/9,5       G.623         0.06...300 
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3.2. eleqtromagnituri Tavsebadobis problema 

 

 telekomunikaciis xazebis wredebi mudmivad imyofeba 

sxvadasxva warmoSobis gareSe eleqtromagnituri zemoqmedebis 

qveS. gamoyofen gareSe velebis wyaroebis or ZiriTad jgufs: 

 1. Siga wyaroebi, romlebic warmoadgens telekomunikaciis 

mocemuli xazis mezobel fizikur da xelovnur wredebs; 

 2. gare wyaroebi, roblebic rogorc energetikulad, aseve 

konstruqciulad ar arian dakavSirebuli telekomunikaciis 

mocemul xazTan. 

 warmoSobis mixedviT xelSeSlebis gare wyaroebi, Tavis 

mxriv, iyofa or jgufad: 

 1. bunebrivi _ elvasTan dakavSirebuli ganmuxtvebi, mzis 

radiacia da sxva; 

 2. teqnogenuri (adamianis mier Seqmnili) _ maRali Zabvis 

gadamcemi xazebi, radiosadgurebi, rkinigzis eleqtroficire-

buli xazebi, samrewvelo sawarmoebis eleqtruli qselebi da 

calkeuli energotevadi mowyobilobebi. 

 gareSe eleqtromagnituri velebi telekomunikaciis xazebSi 

induqciiT warmoSoben xelSeSlebs, romlebic ara marto 

amcireben kavSiris xarisxs, aramed zogjer aRagzneben did 

Zabvasa da dens, romlebic iwvevs telekomunikaciis xazisa da 

aparaturis rRvevas (daSlas). aRniSnul zemoqmedebebs 

telekomunikaciis xazis wredze eleqtromagnitur zemoqmedebebs 

an ubralod zemoqmedebebs uwodeben. es problema saerToa 

telekomunikaciebis yvela sistemisa da mowyobilobisaTvis da 

mas eleqtromagnituri Tavsebadoba ewodeba. misi arsi imaSi 

mdgomareobs, rom satelekomunikacio sistemebisa da 

mowyobilobebis daproeqtebis, mSeneblobisa da eqspluataciis 

procesSi aucilebelia Semdegi ori urTierTgamomricxavi 

moTxovnis gaTvaliswineba: 
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 1. satelekomunikacio sistemebis normaluri muSaobisaTvis 

uzrunvelyofili unda iyos maTi dacva gareSe 

eleqtromagnituri zemoqmedebisagan; 

 2. dasaproeqtebeli mowyobilobebisa da sistemebis mier 

warmoqmnili eleqtromagnituri velebis sxva sistemebsa da 

mowyobilobebze gavlenis doneebi SeizRudos dasaSvebi 

mniSvnelobebiT. 

 gavlenis pirveladi parametrebi ganisazRvreba wredebs 

Soris eleqtruli (K12) da magnituri  (M12) LkavSirebiT, romelTa 

fizikuri arsi ganxilulia literaturaSi da romlebic 

Sesabamisad gamoisaxeba winaRobisa (omi) da gamtarobis (sm _ 

simensi) erTeulebSi [6].  

 urTierTzemoqmedebebis donis raodenobrivi Sefasebisas 

Cveulebriv ganixilaven or _  zemomqmed  da zemoqmedebis qveS 

myof wreds. pirveli maTgani eleqtromagnituri velis Semqmneli 

wredia, xolo meore – wredi, romelSic inducirdeba 

xelSeSlebi (sur. 3.6). xazis axlo bolos uwodeben mas, 

romelzedac mierTebulia generatori, xolo Soreul bolos _ 

mas, romelzedac mierTebulia wredis datvirTva. Sesabamisad 

ganixileba wredebSi signalebis simZlavreebi: P10 _ zemomqmedi 

wredis axlo boloze; P1L _ zemomqmedi wredis Soreul boloze; 

P20  _ zemoqmedebis qveS myofi wredis axlo boloze; P2L _ 

zemoqmedebis qveS myofi wredis Soreul boloze. 

 eleqtromagnituri urTierTgavlenebiT gamowveuli 

gardamavali xelSeSlebisagan daculoba raodenobrivad rigi 

maCveneblebiT  fasdeba,  maT Soris  gardamavali  mileviT xazis  

axlo boloze A0 (Near End Cross Talk – NEXT)  da gardamavali 

mileviT xazis Soreul boloze AL (Far End Cross Talk – FEXT ). 

isini ganisazRvreba Semdegi gamosaxulebebiT: 

                             A0 = 10 Lg(P10/P20)    da     AL = 10 Lg(P1L/P2L).                (3.2) 
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                  P10      zemomqmedi wredi  P1L 
  

 

 

 

 

     

                  P20    zemoqmedebis qveS       P2L    
                       myofi wredi     

                    

sur. 3.6. wredebis urTierTgavlenis ilustracia 

 

 gardamavali xelSeSlebisagan daculoba warmoadgens 

wredis mocemul wertilSi sasargeblo (zemoqmedebis qveS myofi) 

signalisa da xelSeSlis (zemomqmedi signalis) simZlavris 

doneTa sxvaobas: 

                                                   Adac. = PP s _ P x.                      (3.3)PP 

 

 gardamavali mileva xazis axlo boloze A0, gardamavali 

mileva xazis Soreul boloze AL da gardamavali 

xelSeSlebisagan daculoba Adac. warmoadgens gavlenis 

meoreul parametrebs. 

 gavlenis pirveladi da meoreuli parametrebis analizi, 

maTi gaangariSebis meTodika da agreTve urTierT da gareSe 

gavlenebisagan sakabelo xazebis dacvis RonisZiebebi 

warmodgenilia literaturaSi [6].  

 metalis sadeniani mimmarTveli sistemebiT cifruli 

signalebis gadacemisas saWiro xdeba orobiTi ikm signalidan 

samobiTi signalebis (saxazo kodebis) formireba, rac 

ganpirobebulia xazebis konstruirebisa da mSeneblobis 

TaviseburebebiT sxva mimmarvel sistemebTan SedarebiT. es 

sakiTxebi ganxiluli iqneba telekomunikaciis sistemebis kursis 

Semdeg nawilSi.   
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3.3. telekomunikaciis boWkovan-optikuri xazebi 

 

 ukanasknel xanebSi telekomunikaciaSi farTod gamoiyeneba 

informaciis gadacemis axali teqnologia, romlis drosac 

signalebi gadaicema optikur SuqgamtarebSi gamavali sinaTlis 

sxivis saSualebiT.  

 telekomunikaciis boWkovan-optikuri xazebi (tbox) 

gamoirCeva mTeli rigi arsebiTi upiratesobebiT metalis 

kabelian xazebTan SedarebiT. es upiratesobebia: didi 

gamtarunarianoba, mcire mileva, mcire masa da gabaritebi, 

maRali xelSeSladaculoba, usafrTxoebis saimedo teqnika, 

praqtikulad urTierTzegavlenis ararseboba, xangrZlivi 

eqspluataciis SesaZlebloba, siiafe, romelic ganpirobebulia 

konstruqciaSi feradi metalebis ararsebobiT. 

 ra Tqma unda, tboxs-s gaaCnia rigi naklovanebebisa, 

kerZod: 

 1. telekomunikaciis xazebis Seqmnisas saWiroa maRali 

imedianobis aqtiuri elementebi, romlebic eleqtrul signals 

gardaqmnis optikurSi da piriqiT da agreTve mcire milevis 

uzrunvelmyofi da CarTva-gamorTvis didi resursis mqone 

optikuri SemaerTeblebi (koneqtorebi). telekomunikaciis xazis 

aseTi elementebi unda  damzaddes maRali sizustiT, ris gamoc 

maTi warmoeba Zviria;      

 2. optikuri boWkoebis montaJisaTvis saWiroa ZviradRirebu-

li preciziuli teqnologiuri danadgari;  

 3. optikuri kabelis dazianebisas (gawyvetisas) misi 

aRdgenis xarjebi  metia metalis gamtariani kabelebis aRdgenas-

Tan SedarebiT. 

 miuxedavad amisa, tbox-is upiratesobebi imdenad 

mniSvnelovania, rom isini praqtikaSi farTod gamoiyeneba. 

 satelekomunikacio (maT Soris boWkovan-optikuri) xazebiT   

signalebis gadacema emyareba eleqtromagnituri velis Teorias, 

romlis Tanaxmadac eleqtromagnituri talRa warmoiqmneba 
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cvladi eleqtruli da magnituri velebiT Sesabamisad axali 

magnituri da eleqtruli velebis formirebisas sivrcis mezobel 

areebSi da am velebis gavrcelebiT sivrceSi. 

 eleqtromagnituri talRebi vakuumSi vrceldeba sinaTlis 

siCqariT (v0 = 300000  km/wm), xolo fardobiTi dieleqtrikuli 

ε  da  magnituri µ  SeRwevadobis mqone garemoSi talRis 

gavrcelebis siCqare 

                                                          v = v0 /√εµ   .                                                 (3.4) 

 umartives SemTxvevaSi eleqtromagnituri talRa aRiwereba 

gamosaxulebiT: 

                                                      U=U0Sin(ωt − ϕ),                                              (3.5) 

sadac: U0   talRis amplitudaa; ω kuTxuri sixSirea hercebSi (hc); 

ϕ fazuri kuTxea gradusebSi an radianebSi.  Tavis mxriv ω=2πƒ, 

sadac ƒ rxevis sixSirea hercebSi. rxevis ƒ sixSiresa da Τ 

periods (wamebSi) Soris ki Semdegi damokidebulebaa ƒ=1/Τ.  

 garda aRniSnuli parametrebisa, eleqtromagnituri talRis 

mniSvnelovan maxasiaTebels warmoadgens talRis sigrZe 

λ, romelic talRis sivrcul periods warmoadgens, ris gamoc is 

izomeba manZilis erTeulebSi. 

 rxevis ƒ sixSires, talRis λ sigrZesa da gavrcelebis v 

siCqares Soris Semdegi damokidebulebaa: 

                                                            v = ƒλ .                                                         (3.6) 

 eleqtromagnitur talRebs gaaCnia usasrulo speqtri, 

romlis nawili aTvisebulia telekomunikaciis signalebis 

gadasacemad (cxrili 3.2). 

 rogorc 3.7 suraTidan Cans, xiluli optikuri gamosxiveba 

moTavsebulia talRebis 380-dan (iisferi) 780-de (wiTeli) nm  

sigrZis diapazonSi, romelic esazRvreba SedarebiT mokle 

talRebis mxridan ultraiisfer gamosxivebas, xolo SedarebiT 

grZeli talRebis mxridan _ infrawiTels. boWkovan-optikur 

xazebSi  gamoiyeneba optikuri diapazonis eleqtromagnituri  

talRebi, romlebic talRaTa infrawiTel diapazons miekuTvneba 
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da  romelTa  sigrZe moTavsebulia 800_1600 nm (nanometri) 

diapazonSi. amasTan upiratesoba eZleva 850, 1300 da 1550 nm 

sigrZis talRebs.  

                                                         cxrili 3.2 
 
talRaTa 

diapazoni 
talRis 

sigrZe 

 λ, m 

rxevis 

sixSire 

ƒ, hc 

 
gamoyenebis sfero 

dabalsixSi-

ruli 
 
  107 _ 104

 
   30 _ 3x104

radionavigacia; 

radiosatelegrafo 

kavSiri 
maRalsixSi-

ruli: 

 

grZeli; 

saSualo; 

mokle; 

ultramokle 

  104 _ 1 
 

  104 _ 103 

  103 _ 102 

  102 _ 10 
  10 _ 1 

 3x104   
_ 3x108

 

 3x104
 _ 3x105

 3x105
 _ 3x106

 3x106
 _ 3x107

 3x107
 _ 3x108 

 

radiomauwyebloba;     

kosmosuri radiotele- 

komunikacia; televizia; 

radiolokacia; 

radiosareleo kavSiri 

da sxva 

zemaRali six-

Siris (zms): 

 
decimetruli; 

santimetruli; 

milimetruli 

1 _ 10-3 
 
 
  1 _ 10-1

 10-1 _ 10-2

 10-2 _ 10-3

 3x108
 _3x1011

 
 
 3x108

 _ 3x109

 3x109
_ 3x1010

 3x1010
_3x1011

radiomauwyebloba; 

kosmosuri radiotele- 

komunikacia; televizia; 

radiolokacia; 

radiosareleo kavSiri 

da sxva 

optikuri: 

 

infrawiTeli; 

xiluli; 

ultraiisferi 

103  
_ 20x1010

 
103  

_ 75x107

75x107 
_4x107

4x107
_20x1010

 3x1011
_15x1017

 
 3x1011

_ 4x1014

 4x1014
_75x1014

 75x1014
_15x1017

telekomunikaciis boW- 

kovan-optikuri siste- 

mebi; medicina; kvantu- 

ri radioeleqtronika 

 

 

ultra-                   
iisferi   xiluli        infrawiTeli diapazoni  
diapa-     diapazoni 

zoni    

 

 

           300          600          900          1200          1500  λ, nm 
                                       

                                    optikuri kavSiris diapazoni 

 

      

 sur. 3.7. eleqtromagnituri talRebis saxeobaTa ganawileba 

 

 

 optikuri boWko (ob) mzaddeba iafi masalisagan _ 

kvarculi minisagan SeTavsebuli RerZebiani da gardatexis 

sxvadasxva koeficientis mqone cilindrebis saxiT. Siga 
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cilindrs gulanas (Core) uwodeben, xolo gares _ garsacms 

(Cladding). optikuri boWkos gaswvriv optikuri gamosxivebis 

gavrcelebis principi emyareba gardatexis sxvadasxva 

maCvenebliani garemoebis sazRvrebidan sinaTlis arekvlas (sur. 

1.32).  

 

                           orfeniani boWko 

            

            gadamcemi                               mimRebi 

                                                                      

sur. 1.32. optikuri gamosxivebis gavrcelebis ilustracia 

 

 sruli arekvlis kuTxe, romelsac agreTve kritikulsac  

uwodeben, romlis drosac ori garemos sazRvarze dacemuli 

gamosxiveba gare garemoSi SeRwevis gareSe airekleba srulad, 

ganisazRvreba gamosaxulebiT 

                                               θkr = arcCos(n2/n1),                                              (3.7) 

sadac n1  da n2 _ Sesabamisad gulanasa da garsacmis gardatexis 

maCveneblebia, Tanac n1> n2. gamosxiveba boWkoSi Seyvanili unda 

iyos RerZis mimarT θkr-ze naklebi kuTxiT. 

 gulanas gardatexis maCveneblis profilis saxeobis mixed-

viT erTmaneTisagan ganasxvaveben safexurovan da gradientul 

optikur boWkoebs (ob). safexurovani ob-Tvis gulanas gardate-

xis maCvenebeli mudmivia (sur.3.8,a). gradientuli ob-Tvis ki 

gulanas gardatexis maCvenebeli mdored icvleba radiusis 

gaswvriv misi maqsimaluri mniSvnelobidan gulanas RerZze 

garsacmis gardatexvis maCveneblis mniSvnelobamde (sur.3.8,b).  
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      n                                                               n                
            n1                                                                                                   n1                         

                                                                                                                                                           
                    n2                                                                                                 n2 
 

              D/2      D    d, mkm              D/2           d, mkm 

 

                a                                 b 

      D    

sur. 3.8. safexurovani (a) da gradientuli (b) optikuri 

 gardatexis maCveneblis profilebi 

 optikur boWkoSi (ob) erTdroulad SeiZleba arsebobdes 

talRebis (modebis) ramdenime tipi. modur maxasiaTeblebze 

damokidebulebis TvalsazrisiT gardatexis safexurovanprofi-

liani optikuri boWko iyofa or _ mravalmodian da erTmodian 

saxeobad. 

 modebis raodenoba damokidebulia normirebuli sixSiris 

mniSvnelobaze. normirebuli sixSire 

 

                  V = (Dπ√n1
2 _ n2

2 ) /λ ,                                         (3.8) 

sadac D _ ob-s gulanas diametria, xolo λ _ talRis muSa 

sigrZe. erTmodiani reJimi xorcieldeba im SemTxvevaSi, rodesac 

V<2,405. winaswar gansazRvrul da SedarebiT mcire sidideebs 

warmoadgens talRis muSa sigrZe da gardatexis maCveneblebs So-

ris sxvaoba δn=n1_n2. ob-ebisaTvis Cveulebriv δn =0,003…0,05. ami-

tom erTmodiani boWkoebis gulanas D diametri mcirea da igi mo-

Tavsebulia 5...15 mkm diapazonSi (Cveulebriv D udris 9-s an 10-s). 

mravalmodiani boWkoebisaTvis D  diametri 50 mkm-is farglebSia 

(cveulebriv D tolia 50-is an 62,5-is). yvela tipis ob-saTvis 

garsacmis diametri 125 mkm-ia. damcavi safaris diametri _ 500 mkm. 

im kabelis gare diametri, romlis boWkoTa raodenobaa 2...32, 

yvela damcavi garsacmisa da elementebis gaTvaliswinebiT  

Cveulebriv Seadgens 5...17 mm-s. 



 111

 ob-s mileva ganisazRvreba masSi STanTqmisa da 

gamosxivebis fantvis danakargebiT. STanTqmiT ganpirobebuli 

danakargebi damokidebulia masalis sisufTaveze, xolo fantviT 

ganpirobebuli danakargebi _ masalis gardatexis maCveneblis 

araerTgvarovnebaze.      

 ob-s mileva araerTgvarovania sxvadasxva sigrZis 

talRebisaTvis. ob-s milevis α koeficientis damokidebuleba 

talRis muSa sigrZeze naCvenebia 3.9-e suraTze. am 

damokidebulebas aqvs sami minimumi, romlebsac gamWvirvalobis 

fanjrebs uwodeben. istoriulad pirvelad aTvisebuli iqna 

gamWvirvalobis pirveli fanjara talRis muSa sigrZeze, 

romelic 0,85 mkm-s Seadgens. swored talRis am sigrZisaTvis iqna 

damzadebuli pirveli naxevargamtaruli gamomsxiveblebi 

(lazerebi da Suqdiodebi) da fotomimRebebi. pirvel fanjaraSi 

milevis koeficienti maRalia da igi Seadgens erTeul 

decibelebs kilometrze (db/km). mogvianebiT Seiqmna talRis did 

sigrZeebze (1,3 da 1,55 mkm) momuSave gamomsxiveblebi da 

fotomimRebebi. telekomunikaciis Tanamedrove sistemebSi 

Cveulebriv gamoiyeneba me-2 an me-3 fanjara, romlebsac milevis 

mcire koeficienti gaaCnia. Tanamedrove teqnologia iZleva iseTi 

ob-ebis damzadebis saSualebas, romlebisTvisac milevis 

koeficienti decibelis measedi nawilis rigisaa kilometrze.  

    

           α, db/km    

    

                 3 
       

                  1  

                 0,5                                                   

    

                         0,85          1,3          1,55      λ, mkm 

sur.3.9. ob-s milevis koeficientis speqtruli maxasiaTebeli 
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 optikuri boWkos meore umTavres parametria dispersia, 

romelic warmoadgens optikuri signalis speqtruli da moduri 

Semdgenebis droSi fantvas. arsebobs dispersiis sami tipi: 

 1. moduri dispersia damaxasiaTebelia mravalmodiani 

boWkosaTvis da igi ganpirobebulia didi raodenobis modebis 

arsebobiT, romelTa gavrcelebis dro sxvadasxvaa.     

 2. materialuri dispersiis arseboba ganpirobebulia 

gardatexis maCveneblis talRis sigrZeze damokidebulebiT. 

 3. talRsataruli dispersiis arseboba ganpirobebulia 

modis SigniT mimdinare procesebiT da igi xasiaTdeba modis 

gavrcelebis siCqaris talRis sigrZeze damokidebulebiT. 

 vinaidan optikuri gamosxivebis wyaroebi asxivebs talRis 

sigrZeTa garkveul speqtrs (Suqdiodebi _ 15...80 nm-s, lazerebi _ 

0,1...4 nm-s), amitom dispersia iwvevs boWkovan kabelSi 

gavrcelebuli impulsebis gafarTovebas da, amis Sedegad, 

signalebis damaxinjebas. gafarToeba ganisazRvreba Semdegnairad: 

                  τ = √Tgam
2 _ TSes

2  ,                       (3.9) 
'   

sadac TSes da Tgam _ impulsebis xangrZlivobaa ob-s Sesasvlelsa 

da gamosasvlelze. gafarToebis ganzomilebaa nanowami 

kilometrze (nwm/km). Sefasebisas iyeneben termins gatarebis 

zoli (∆ƒ ≈ 1/τ). igi warmoadgens 1km sigrZis optikur boWkoSi  

impulsis gavlisas misi gafarToebis Sebrunebul sidides da 

misi ganzomilebaa megaherc-kilometri (mhc·km). gatarebis zolis  

ganmartebidan Cans, rom dispersia zRudavs kavSiris siSoresa da 

gadacemuli signalebis zeda sixSires. 

 Tu mravalmodian boWkoSi sinaTlis gavrcelebisas, 

rogorc wesi, Warbobs moduri dispersia, erTmodiani 

boWkosaTvis damaxasiaTebelia dispersiis mxolod bolo ori 

saxeoba. erTmodian kabelSi talRis 1,3 mkm sigrZeze materialuri 

da talRsataruli dispersiebi akompensirebs erTmaneTs, rac 

uzrunvelyofs umaRles gamtarunarianobas. 
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 sxvadasxva tipis optikuri boWkoebisaTvis mileva da 

dispersia sxvadasxvaa. erTmodian boWkoebs gaaCnia milevisa da 

gatarebis zolis saukeTeso maxasiaTeblebi. Tumca gamosxivebis 

erTmodiani wyaroebi ramdenjerme Zviria mravalmodianebTan 

SedarebiT. erTmodian boWkoSi ufro Znelia gamosxivebis Seyvana 

ob-ebis mcire zomebis gamo. amave mizeziT erTmodiani boWkoebis 

gadabma mcire danakargebis uzrunvelyofiT Znelia. aseve Zviria 

erTmodiani kabelebisaTvis optikuri gasarTebis montaJi. 

 ufro mosaxerxebelia mravalmodiani boWkoebis montaJi, 

vinaidan maTi gulanas zomebi ramdenjerme aRemateba erTmodian 

kabelebSi arsebul gulanas zomebs. mravalmodiani kabelebisaT-

vis martivia optikuri gasarTebis montaJi SeerTebis wertilSi 

mcire danakargebis uzrunvelyofiT. mravalmodian boWkoebze 

gaTvlilia gamomsxiveblebi talRis 0,85 mkm sigrZeze, romlebic 

iafia da mzaddeba farTo asortimentiT. magram mravalmodiani 

boWkoebisaTvis talRis aRniSnul sigrZeze  mileva Seadgens 

3...4db/km da SeuZlebelia misi mniSvnelovani gaumjobeseba. mra-

valmodiani kabelebis gatarebis zoli aRwevs 800 mhc·km-s, rac 

misaRebia telekomunikaciis lokaluri qselebisaTvis, magram 

arasakmarisia magistraluri xazebisaTvis. erTmodiani kabelebis 

gatarebis zolma SeiZleba miaRwios 5000 mhc·km-de.                 

 msoflioSi amJamad arsebobs sxvadasxva daniSnulebis 

boWkovan-optikuri kabelebis (bok) damamzadebeli  ramdenime 

aTeuli firma. bok-is warmoebisas ganmsazRvrel parametrebs 

warmoadgens eqspluataciis pirobebi da telekomunikaciis xazis 

gamtarunarianoba. bok-ebisadmi wayenebuli ZiriTadi moTxovnebi 

motanilia  ITU-T-is G.650 seriis rekomendaciebSi. 

 eqspluataciis pirobebis mixedviT amzadeben samontaJo, 

sasadguro, zonur da magistralur kabelebs. pirveli ori tipis 

kabelebi gaTvaliswinebulia Senobebisa da nagebobebis Siga 

gayvanilobisaTvis. isini kompaqturi, msubuqi da, rogorc wesi, 

mcire samSeneblo sigrZisaa. zonuri da magistraluri kabelebi 
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gankuTvnilia sakabelo komunikaciis WebSi,  gruntSi da wylebSi 

CadebisaTvis, agreTve eleqtrogadamcemi xazebis sayrdenebze 

dakidebisaTvis. am kabelebs aqvs gare zemoqmedebisagan damcavi 

saSualebebi da or kilometrze meti samSeneblo sigrZe. 

 telekomunikaciis xazis didi gamtarunarianobis 

uzrunvelyofis mizniT amzadeben iseT bok-ebs, romlebsac didi 

raodenobiT (8-de) gaaCnia mcire milevis uzrunvelmyofi 

erTmodiani boWkoebi, xolo gamanawilebeli qselebis kabelebi 

qselis segmentebs Soris manZilis mixedviT SeiZleba Seicavdes 

144-de rogorc erTmodian, aseve mravalmodian boWkoebs. 

 boWkovan-optikuri kabelebis (bok-is) damzadebisas 

ZiriTadad gamoiyeneba ori saxis konstruqcia _ konstruqciebi 

elementebis Tavisufali gadaadgilebiT da konstruqciebi 

elementebs Soris myari kavSiriT. 

 arsebobs bok-is konstruqciebis mravalricxovani 

kombinaciebi, romlebic gamoyenebuli masalebis did 

asortimentTan erTad iZleva iseTi kabelis SerCevis saSualebas, 

romelic saukeTesod akmayofilebs proeqtis yvela pirobas, maT 

Soris moTxovnebs Rirebulebis TvalsazrisiT. 3.10-e suraTze 

warmodgenilia optikuri kabelis konstruqciis nimuSi. 

 

sur. 3.10. optikuri kabelis konstruqciis nimuSi: 

1_ optikuri boWko, 2_ polieTilenis milaki, 3_Zaluri elementi, 

4 da 5 _ Siga da gare polieTilenuri garsacmebi 

 

 optikuri kabelebis samSeneblo sigrZeebis gadabma 

(SeerTeba) xorcieldeba specialuri konstruqciis sakabelo 

quroebis saSualebiT. 
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 gacilebiT vrceli informacia telekomunikaciis 

sistemebSi boWkovan-optikuri xazebis gamoyenebis TaviseburebaTa 

Sesaxeb warmodgenilia literaturaSi [7]. 

  boWkovan-optikuri mimmarTveli sistemebiT cifruli 

signalebis gadacemisas gamoiyeneba sxvadasxva saxazo kodebi, 

romlebic ganxiluli iqneba telekomunikaciis sistemebis kursis 

Semdeg nawilSi.   

 

3.4. sakabelo sistemebi 

 

 amJamad telekomunikaciis sadeniani xazebi farTod 

gamoiyeneba lokalur qselebSi. telekomunikaciis aseTi xazebi 

standartizirebulia da maT struqturirebul sakabelo 

sistemebs (sss) uwodeben. cnobilia specialuri TR41.8.1 

qvekomitetis EIA/TIA-568, TSB-36 da TSB-40 standartebis 3, 4 da 5  

sss-is kategoriebi. gamtarebis ZiriTadi parametrebia: 

 _ horizontaluri kabelebis sigrZe _ araumetes 90 m-isa 

kabelis tipis miuxedavad; 

 _ gamoyenebisaTvis dasaSvebia 4 tipis kabeli: 100 omi 

talRuri winaRobis mqone araekranirebuli xveuli wyvilebisagan 

damzadebuli 4-wyviliani kabeli; 150 omi talRuri winaRobis 

mqone ekranirebuli xveuli wyvilebisagan damzadebuli 2-

wyviliani kabeli; 50 omi talRuri winaRobis mqone koaqsialuri 

kabeli; boWkovan-optikuri kabeli, romlis boWkoebis diametria 

62,5/125 mkm. 

 _ SemaerTeblebis tipebi:  8-kontaqtiani moduluri _ RJ-45; 

4-kontaqtiani (IEEE 802.5 standartis mixedviT); koaqsialuri BNC; 

optikuri kabeli araa gansazRvruli; 

 _ yovel samuSao adgilze magrdeba aranakleb ori 

rozetisa; 

 _ kabelebis gaSla unda Seesabamebodes topologias 

"varskvlavi". 

 sss-is zogadi struqturuli sqema naCvenebia 3.11 suraTze. 
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   aqtiuri       aqtiuri            aqtiuri 
  danadgari     danadgari         danadgari    

   Senobebs  ob  Senobebs  ob, sk sarTulze sk rozeti sk 

    Soris         SigniT            kavSiri- 

   kavSiri-        kavSiri-           saTvis   

   saTvis          saTvis   

    1500 m                500 m             90 m            5 m 
     

  ubani Senobebs  vertikaluri    horizonta-B   samuSao adgi-   
       Soris        ubani          luri ubani    lis kabeli 

          zogadi sakabelo sistema               (patch cord) 
 

sur. 3.11. struqturirebuli sakabelo sistemis (sss) struqtura:  

ob _ optikuri boWko; sk _ simetriuli kabeli; 

 

 

3.5. telekomunikaciis radioxazebi 

 

 telekomunikaciis (eleqtrokavSiris) radioxazebSi 

(radiokavSiris xazebSi) eleqtromagnituri talRebis 

gavrcelebis ares umravles SemTxvevaSi (kosmosur aparatebs 

Soris kavSiris saxeobis garda) warmoadgens dedamiwis 

atmosfero. 3.12 suraTze naCvenebia dedamiwis atmosferos 

gamartivebuli agebuleba.   

 dedamiwis atmosferos agebuleba realurad ufro rTulia 

da trofosferod, stratosferod da ionosferod  misi dayofa 

sakmaod pirobiTia. fenebis simaRleebi miaxloebiTia da isini 

sxvadasxvaa dedamiwis sxvadasxva geografiuli wertilisaTvis. 

atmosferos masis daaxloebiT 80% Tavmoyrilia trofosferoSi 

da 20% _ stratosferoSi. ionosferoSi atmosferos simkvrive 

Zalze mcirea da massa da kosmosur sivrces Soris sazRvari 

pirobiTia, vinaidan atmosferos kvali gvxvdeba agreTve 400 km 

simaRlezec ki. miRebulia, rom atmosferos mkvrivi fenebi 

mTavrdeba daaxloebiT 120 km simaRleze. 
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                         kosmosuri sivrce 

       120...400 km  

 

                       70 km              ionosfero                   

 

            50 km                   

            

                      40 km           stratosfero    

        10...12 km      

                   10...12 km           troposfero  

                                                            

 

sur. 3.12. dedamiwis atmosferos agebuleba 

 

 radiokavSiris xazi Sedgeba gadamcemisagan (igi, Tavis 

mxriv, Seicavs gadamcem antenas, romelic gamoasxivebs 

radiotalRas), radiotalRebis gavrcelebis garemosagan 

gadamcemidan mimRebamde da mimRebisagan, romelic, Tavis mxriv, 

Seicavs radiotalRebis mimReb antenas. 

 radiotalRis sigrZe λ = v /ƒ  (ix. 3.8 gamosaxuleba), sadac ƒ _ 

rxevis sixSirea hercebSi (hc), xolo v = v0= 3x108  
m/wm.  

 3.13 suraTze warmodgenilia radioxazis tipiuri saxe. xazi 

SeiZleba Seicavdes or damaboloebel sadgurs. aseTi 

radioxazebis magaliTia masiuri xasiaTis SetyobinebaTa 

gadacemis qselebi (satelevizio da radiomauwyeblobis qselebi). 

radioxazi SeiZleba Seicavdes ramdenime Sualedur mimReb-

gadamcem sadgurs (ase aigeba gadacemis radiosareleo sistemebis 

xazebi). 

  

 

 

 

        damabolo-         Sualeduri              damabolo-    
      ebeli sadguri       sadgurebi             beli sadguri 

 

sur. 3.13. radioxazis tipiuri saxe 
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 radiotalRebis klasifikacia da maTi gavrcelebis xerxebi 

warmodgenilia 3.3 da 3.4 cxrilebSi. radiotalRebis diapazone-

bad dayofa dadgenilia radiokavSiris saerTaSoriso reglamen-

tiT (ITU-R). decimilimetrul talRebs (ix. cxrili 3.4) 

sxvanairad optikur talRebsac uwodeben da igi iyofa 

infrawiTel (sixSireTa diapazoni 300...400 ghc, talRis sigrZe 

0,75...1 mm), xiluli sinaTlis (400...750 ghc, 0,4...0,75 mm) da 

ultraiisfer (750...3000 ghc, 0,1...0,4 mm) talRebad.  

 Tavisufal sivrceSi radiotalRebi sworxazovnad 

vrceldeba. gadamcemi sadguris (igi, rogorc wesi mdebareobs 

dedamiwis zedapirze) antenis mier gamosxivebuli radiotalRebi 

manam, sanam miaRweven mimReb antenamde, zogadad rTul gzas 

gadis. miRebis wertilSi velis daZabulobis mniSvnelobaze 

gavlenas axdens mravali faqtori, romelTagan ZiriTadia: 

 1. eleqtromagnituri talRebis arekvla dedamiwis 

zedapiridan; 

 2. atmosferos ionizirebul fenebSi (ionosferoSi) 

gardatexa (arekvla); 

 3. gafantva atmosferos qveda fenebis (troposferos) 

dieleqtrikul araerTgvarovnebebSi;  

 4.  dedamiwis sferuli formiT gamowveuli difraqcia, ris 

gamoc grZeli da saSualo talRebi gars uvlian dedamiwas 

amoburculobaze. 

 garda amisa, miRebis wertilSi velis daZabuloba 

damokidebulia talRis sigrZeze, dedamiwis atmosferos mziT 

ganaTebulobaze da agreTve rig sxva faqtorebze. 
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                                                      cxrili 3.3 

                  

      radiotalRebis        radiotalRebis           kavSiris   

         saxeoba          gavrcelebis ZiriTadi        siSore, 

                                xerxebi                km 

 

     miriametruli da     difraqcia.                 aTaseulebamde.  

    kilometruli (zegr-  dedamiwidan da ionos-     aTaseulebi  

    Zeli da grZeli)      ferodan arekvla  

 

     heqtometruli         difraqcia.                 aseulebi.     

    (saSualo sigrZis)     gardatexa ionosferoSi   aTaseulebi 

 

 

     dekametruli          gardatexa ionosferoSi   aTaseulebi    

     (mokle)                da arekvla dedamiwidan  

 

     metruli da ufro     Tavisufali gavrceleba   aTeulebi. 

     mokle                  da dedamiwidan arekvla   aseulebi 
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         cxrili 3.4 

 
     radio-         radio-     radio-     diapa-  sixSireTa  radio- 

     talRebis      talRebis  talRebis  zonis   diapazoni sixSire- 

     saxe            tipi       diapazoni  nomeri              Ta saxe- 

                                 (talRis                          oba 

                                  sigrZe) 

 

  

  miriametruli  zegrZeli    10...100 km      4      3...30 khc    Zalze 

                                                                 dabali 

                                                           (Zds_ОНЧ)   
 
  kilometruli   grZeli      1...10 km       5     30...300 khc   dabali  

                                                            (ds _ НЧ) 
 
    heqtometruli  saSualo    100...1000 m     6     300...3000 khc saSualo 

                                                                 (ss _ СЧ)         
 
  dekametruli    mokle       10...100 m      7      3...30 mhc   �maRali 

                                                            (ms_ВЧ) 
 
  metruli                       1...10 m       8�    30...300 mhc �Zalze  
                                                                 maRali 

                                                                                                                                  (Zms_ОВЧ) 
 
    decimetruli                 10...100 sm     9     300...3000 mhc ultra- 

                                                                                                                                    maRali 

                                                                                                                                  (ums_УВЧ) 
                              
   santimetruli   ultra-��     1...10 sm      10      3...30 ghc  zemaRaliA                 

                                                                 (zms_СВЧ)  
                                       mokle                                                                                                
   milimetruli�                 1...10 mm       11    30...300 ghc  ukidure-� 

                                                                 sad maRa- 

                                                            li                       

                                                                                                                                  (ums_КВЧ) 
            
   decimilimet-                  0,1...1 mm       12   300...3000 ghc hipermaRa- 

  ruli                                                            li  

�                                                                (hms_ГВЧ) 
 

                                                                    
 
 SeniSvna: ОНЧ – очень низкие частоты; НЧ _ низкие частоты;  СЧ – средние  
частоты;  ВЧ - высокие частоты;  ОВЧ – очень высокие частоты;   УВЧ _ 
ультравысокие частоты;  СВЧ _ сверхвысокие частоты;  КВЧ – крайне высокие 
частоты;  ГВЧ – гипер высокие частоты. 
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 grZeli da saSualo talRebis diapazonebSi muSaobs 

radiomauwyeblobis sadgurebi didi simZlavris gadamcemebiT 

(150...500 kvt) did manZilze gadacemisaTvis da SedarebiT naklebi 

simZlavris (30 kvt-de) gadamcemebiT _ ramdenime aseul 

kilometrze mauwyeblobisaTvis.  

 ramdenime aTeuli metri sigrZis mokle radiotalRebs 

SeuZlia arekvla naxevrad gamtari garemosagan _ 

ionosferosagan. mravaljer airekleba ra ionosferosagan da 

dedamiwis zedapirisagan, mokle talRebs SeuZlia gars 

Semouaron dedamiwas, ris gamoc maTi gavrcelebis siSore 

SeuzRudavia. Tumca mokle talRebis gavrcelebis pirobebi 

Zalze arastabiluria ionosferos mdgomareobis aramudmivobis 

gamo, vinaidan masSi eleqtronebis koncentracia damokidebulia 

maTi fenis (Sris) simaRleze dedamiwis zedapiridan da igi 

icvleba mzis sxivebis zemoqmedebis cvlilebasTan erTad. 

ionosferos sxvadasxva fenidan arekvlili mokle talRebi 

SeiZleba miRebis adgilas (mimRebSi)  erTdroulad moxvdes 

sxvadasxva gziT (sxvadasxva sxiviT). mravalsxivianobiT 

gamowveuli interferenciisa da gavrcelebis pirobebis 

cvlilebis Sedegad mimRebSi moxvedrili mokle talRebi Zlier 

Sesustebuli iqneba. 

 mokle talRebis diapazonSi muSaobs didi raodenobis 

radiomauwyeblobis sadgurebi, ramac SeiZleba gamoiwvios 

urTierTxelSeSlebi sadgurebs Soris. mokletalRiani 

radiokavSiris xazebis organizebisaTvis SeiZleba gamoyenebul 

iqnassixSireTa SezRuduli zolebi (araumetes 5...6 khc-isa). aseT 

zolebSi SeiZleba 3 an 4 telefonisa da 6 telegrafis arxis 

organizeba. mcire gamtarunarianobisa da dabali saimedobis gamo 

radiokavSiris mokletalRiani xazebi  ZiriTadad gamoiyeneba 

Znelad misadgom, daSorebul da moZrav (mobilur) obieqtebTan 

kavSirisaTvis. mokletalRiani xazebis Rirsebaa maTi organizebis 

simartive da gadamcemebis mcire simZlavre Soreuli kavSiris 

ganxorcielebis SemTxvevaSi. 
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 radiokavSirisaTvis gamoyenebul ZiriTad diapazonebs 

warmoadgens decimetruli da santimetruli talRebis 

diapazonebi. aseTi talRebisaTvis ionosfero gamWvirvalea da 

amitom isini vrceldeba sworxazovnad rogorc dedamiwis 

zedapiris gaswvriv, aseve kosmosur sivrceSi,oRond am 

diapazonebSi radiotalRebis mdgradi gavrceleba SesaZlebelia 

mxolod pirdapiri xedvis farglebSi. amitom am talRebis Sor 

manZilze gadasacemad aucilebelia retranslatorebis 

gamoyeneba. 

 decimetruli talRebis gavrcelebaze gavlenas axdens 

troposferos Sre, romelic araerTgvarovan garemos 

warmoadgens. troposferos araerTgvarovneba ki iwvevs misgan 

arekvlili talRebis gafantvas, ris gamoc maT SeuZlia  1000 km-

de gavrceleba, romelic bevrad aRemateba pirdapiri xedvis ares.  

 telekomunikaciis ZiriTad radioxazebs radiosareleo 

xazebi (rsx) warmoadgens, romlebic muSaobs santimetruli 

talRebis (zemaRali sixSiris _ zms), zogierT SemTxvevaSi ki 

decimetruli talRebis (ultramaRali sixSiris _ ums) 

diapazonSi. telekomunikaciis radioxazebi (radiokavSiris 

xazebi) iyofa pirdapiri xedvis, troposferul, ionosferul da 

meteorul xazebad, agreTve telekomunikaciis xazebad dedamiwis 

xelovnuri Tanamgzavris (dxT) gamoyenebiT. radiokavSiris 

xazebiT xorcieldeba kavSiris damyareba moZravi radiokavSiris, 

kerZod, profesionalur (trankingul),  fiWuri kavSiris, 

personaluri radiogamoZaxebisa da umavTulo telefonebis 

sistemebSi.     
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