
ნუგზარ ღომიძე 

 

 

 

 

 

ukabelo kavSiris sistemebi da  

misi organizaciis principebi 

(ლექციათა კურსი) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2010 



 -4- 

             Sinaarsi 

                                                                                                     

Sesavali ------------------------------------------------------------------------------------------ 4  

Tavi I. ukabelo kavSiris sistemebi --------------------------------------------------------- 7 

§1.1 Sesavali radiotalRebis TeoriaSi -------------------------------------------------- 7 

§1.2   ukabelo kavSiris saxeebi da organizaciis principebi  ----------------------- 15 

§1.3 ukabelo kavSiris sistemebi MMDS -------------------------------------------------- 27 

§14   ukabelo kavSiris sistemebi LMDS --------------------------------------------------- 28 

§1.5 ukabelo kavSiris optikuri arxebi FSO -------------------------------------------- 33 

§1.6  Tanamgzavruli kavSiri ---------------------------------------------------------------- 38 

Tavi II. antenuri sistemebi ------------------------------------------------------------------ 45 

§2.1 Sesavali antenebis TeoriaSi ---------------------------------------------------------- 45 

§2.2 antenuri maxasiaTeblebi -------------------------------------------------------------- 51 

§2.3 mravalelementiani antenebi ukabelo kavSiris sistemaSi --------------------- 55 

    

     

 

 

 

 

 

 

 



 -5- 

Sesavali 

radiolokaciuri sadgurebis SesaZleblobebis gafarToeba 

ise rom Semcirdes radiolokaciuri SemCneviToba da miRebuli 

signalis xmauris foni warmoadgens yvelaze rTul amocanas 

Tanamedrove radiolokaciaSi. dRes–dReobiT cifruli 

radiolokatorebis Seqmnam da farTo sixSirul zoliani 

zondirebadi signalis danergvam mniSvnelovnad gazarda interesi 

am problemis mimarT [1]. radiolokaciuri sistemebi sizustisa da 

gazomvebis SesaZleblobebis gazrda pirdapir dakavSirebulia 

zondirebuli signalis struqturis sirTulesa da sixSiruli 

zolis gafarToebasTan. ლექციათა კურსი eZRvneba Tanamedrove 

ukabelo kavSiris sistemebs, misi organizaciis principebs, 

saxeebs, formebs.  

pirvel TavSi ganxilulia ukabelo kavSiris sistemebis 

saxeebi, formebi gakeTebulia maTi SedarebiTi analizi da 

perspeqtivebi. $1.1–Si warmodgenilia radiotalRebis sixSiruli 

dayofis sqema, naCvenebia TiToeuli sixSiruli diapazonis 

praqtikaSi gamoyenebis areali, daniSnuleba da gaanalizebulia 

grZeli, mokle da ultra mokle talRebis gavrcelebis 

meqanizmi, rogorc dedamiwis zedapiris gaswvriv aseve 

ionosferos gavliT, Seswavlilia radiotalRebis gavrcelebaze 

bunebrivi faqtorebis: mzis gamosxivebis, dedamiwis dRe-Ramuri 

brunvis, atmosferuli da klimaturi pirobebis gavlena [11,13]. 

$1.2–Si ganxilulia ukabelo kavSiris saxeebi, ganxilulia 

repiterebis, kontroliorebis da xmaurmxSobi filtrebis 

daniSnuleba, funqcia [2,8,9,15]. $1.3–Si, $1.4–Si, $1.5–Si Seswavlilia 

ukabelo kavSiris mravalarxiani, lokaluri da optikuri 

sistemebi, detalurad ganxilulia  sistemebis dadebiTi da 

uaryofiTi mxareebi. Seswavlilia ukabelo kavSiris sistemebis 
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arqiteqtura, droSi mdgradoba da Sedarebulia am sistemebis 

uwyveti moqmedebis dro. ukabelo kavSiris sistemebis sxvadasxva 

saxeoba sxvadasxva sixSiris radiotalRebze funqcionirebs, 

amitom bunebrivia mniSvnelovania iseTi protokoluri 

standartis uzrunvelyofa, romelic sxvadasxva saxis ukabelo 

kavSiris sistemebis erTmaneTTan dakavSirebis saSualebas 

mogvcems [3-6]. $1.6–Si ganxilulia Tanamedrove Tanamgzavruli 

sistemebi, geostacionaluri da moZravi Tanamgzavrebis mTeli 

sistema dedamiwas yvelaze mZlavr radiovarskvlavad aqcevs. 

Tanamgzavruli sistemebis diferenciaciis gziT naCvenebia, rom 

kavSiris mdgradoba damokidebulia mTel rig parametrebze, maT 

Soris ki erT-erT maTgans warmoadgens kargad da sworad 

SerCeuli antena an antenuri sistema [3-4].      

 samagistro Sromis meore TavSi Seswavlilia antenuri 

sistemebi, romlebic SesaZlebelia gamoyenebuli iqnas ukabelo 

kavSiris organizaciisas. daxasiaTebulia gZeli, mokle da 

ultramole talRovani antenebi, maTi mimarTuli qmedebis 

diagramebi, gaZlierebisa da mimarTuli qmedebis koeficientebi 

da sxva ($2.1) [12]. $2.2-Si ganxilulia antenuri maxasiaTeblebi, 

romlebic mecnierTa intensiuri dakvirvebisa da Seswavlis qveS 

moeqca, rogoricaa: antenuri sistemis gabnevis efeqturi 

ganikveTis Semcireba, antenur sistemebze sxva gareSe 

eleqtronuli mowyobilobebis uaryofiTi gavlenis Semcireba da 

sxva. gamoTvlilia nebismieri moculobisa da formis n  

elementiani antenis veli dakvirvebis wertilSi, romelic 

fraun-hoferis zonaSi imyofeba [7-10]. $2.3-Si Seswavlilia gareSe 

dabrkolebebis (xmauris) gavlena sasrgeblo signalze. xmaurs 

warmoqmnis dabrkolebebi, kerZod radioeleqtronuli 

mowyobilobebi da sxva gamomxivebeli wyaroebi. ganxilulia e.w. 
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“inteleqtualuri” antenis modeli, romelic funqcionirebs 

samagistro SromaSi damuSavebuli algoriTmis Sesabamisad [13-15]. 

naCvenebia, rom rogorc algoriTmi aseve am algoriTmis 

Sesabamisad moqmedi antena mdgradia gareSe dabrkolebebisadmi, 

maT Soris moZraobisadmi. Catarebulia ricxviTi eqsperimenti 10 

elementiani modificirebuli antenis magaliTze da 

formirebulia mimarTulebis diagrama signalis miRebis reJimSi 

dabrkolebaTa sxvadasxva ricxvisaTvis [16].       
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Tavi I  

ukabelo kavSiris sistemebi 

 

$1.1. Sesavali radiotalRebis TeoriaSi 

radiotalRebi – eleqtromagnituri rxevebia, romlebic 

vrceldebian sivrceSi sinaTlis siCqariT, Tavis mxriv sinaTlec 

eleqtromagnituri talRaa. radiotalRebs sivrceSi gadaaqvs 

energia, romelsac asxivebs eleqtromagnituri rxevebis 

generatori. radiotalRebi warmoiqmneba eleqtruli velis 

cvlilebis Sedegad, magaliTad: roca gamtarSi gadis cvladi 

eleqtruli deni an roca sivrceSi gaielvebs naperwkali, e.i. denis 

Tanmimdevruli impulsebi. eleqtromagnituri gamosxiveba 

xasiaTdeba sixSiriT, talRis sigrZiT da gadatanili energiis 

simZlavriT. eleqtromagnituri talRis sixSire gviCvenebs Tu 

ramdenjer icvleba eleqtruli denis mimarTuleba wamSi, 

Sesabamisad, ramdenjer icvleba sivrcis yovel wertilSi 

eleqtruli da magnituri velis sidide. sixSire izomeba hercebSi 

(hc), romelic germaneli mecnieris henrix rudolf hercis 

sapativcemulod daerqva. 1 hc – aris erTi rxeva wamSi, 1megaherci 

(mghc) milioni rxeva wamSi. viciT ra, rom eleqtromagnituri 

talRebis siCqare sinaTlis siCqaris tolia SeiZleba vipovoT 

sivrcis im mezobel wertilebs Soris manZili, romlebSidac 

eleqtruli (magnituri) veli imyofeba erTsa da imave fazaSi. am 

wertilebs Soris manZils talRis sigrZe ewodeba. talRis sigrZe 

ganisazRvreba talRis gavrcelebis siCqaris fardobiT talRis 
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sixSiresTan. talRis sigrZis ganmartebidan gamomdinare 1 mghc 

sixSiris eleqtromagnituri talRis sigrZe 300 metria. sixSiris 

gazrdiT talRis sigrZe mcirdeba da piriqiT sixSiris SemcirebiT 

talRis sigrZe izrdeba. talRis sigrZis sidides Zalian didi 

mniSvneloba aqvs radiosistemis antenis SerCevisas, radganac 

swored talRis sigrZeze aris damokidebuli antenis sigrZe. 

eleqtromagnituri talRebi Tavisuflad vrceldeba haerSi an 

kosmosur sivrceSi (vakuumSi, plazmaSi), magram Tu maT gavrcelebis 

gzaze SexvdebaT liTonis mavTuli, antena an nebismieri sxva 

gamtari nivTiereba, maSin eleqtromagnituri talRa gadascems 

dabrkolebiT mis energias, ris Sedegadac am gamtar nivTierebaSi 

warmoiqmneba cvladi eleqtruli deni. cxadia gamtari nivTierebis 

mier ar STainTqmeba talRis mTeli energia, talRis energiis nawili 

airekleba gamtari nivTierebis zedapiridan. ai swored aseT 

princips efuZvneba eleqtromagnituri talRebis gamoyeneba 

radiolokaciisas. eleqtromagnituri talrebis kidev erTi 

sasargeblo Tviseba aris dabrkolebebis garSemovla, magram es 

SesaZlebelia mxolod maSin, roca dabrkolebebis (gamtari 

nivTierebis) zomebi mcirea vidre talRis sigrZe an misi rigisaa. 

magaliTad: imisaTvi, rom aRmovaCinoT TviTmfrinavi lokatoris 

radiotalRebis sigrZe unda iyos TviT lokatoris geometriul 

zomebTan SedarebiT mcire (10 metrze mcire). Tu sxeulis zomebi 

didia vidre talRis sigrZe, maSin mas SeuZlia aireklos talRa, 

Tumca ara yovelTvis magaliTad, amerikuli TviTmfrinavis «Stealth» 

SemTxvevaSi eleqtromagnituri talRebi ar airekleboda, 

risTvisac am TviTmfrinavs uCinari TviTmfrinavi Searqves.  
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energia, romelic gadaaqvs eleqtromagnitur talRas 

damokidebulia generatoris (gamomsxiveblis) simZlavreze da 

misgan daSorebaze. mecnierulad es ase SeiZleba CamovayaliboT: 

energiis nakadi gamavali erTeulovani farTobis gavliT 

pirdapirproporciulia gamosxivebis simZlavrisa da 

ukuproporciulia gamomsxiveblamde manZilis kvadratisa. es ki 

niSavs, rom kavSiris siSore damokidebulia gadamcemis 

simZlavreze. amave dros igi kidev ufro Zlierad aris 

damokidebuli wyaromde manZilze. magaliTad mzis 

eleqtromagnituri gamosxivebis energiis nakadi dedamiwis 

zedapirze Seadgens 1 kilovats kvadratul metrze, xolo saSualo 

talRovani radiosamauwyeblo sadguris simZlavre kvadratul 

metrze Seadgens ramodenime aTass da SesaZloa ramodenime milion 

vats.  

radiotalRebs (radiosixSireebs), romlebis gamoiyeneba 

radioteqnikaSi 10 000 m (30 khc) dan – 0,1m (3000 ghc) – mde diapazoni 

ukaviaT. es aris eleqtromagnituri talRebis farTo speqtris 

nawili. radiotalRebis Semdeg (talRis sigrZis Semcirebis an 

sixSiris gazrdis Sedegad) miiReba siTburi an infrawiTeli sxivebi, 

Semdeg modis xiluli sinaTlis viwro diapazoni, Semdeg 

ultraiisferi, rentgenis da gama sxivebi. yvelaferi es 

eleqromagnituri talRebia, romlebic erTmaneTisagan 

gansxvavdebian mxolod talRis sigrZiT da Sesabamisad sixSiriT. 

Tumca mTeli am speqtris warmodgena ise TiTqos maT Soris raime 

mkveTri sazRvaria SeuZlebelia, es dayofa pirobiTia. isini 

erTmaneTSi gadadis uwyvetad erTidan meoreSi, xolo zogierT 
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SemTxvevaSi ki erTmaneTs faraven. radiotalRebis mTeli speqtri 

saerTaSoriso SeTanxmebis Sesabamisad dayofilia Semdeg 

diapazonebad:  

sixSiruli 
diapazoni 

diapazonis dasaxeleba diapazonSi talRis 
dasaxeleba 

talRis 
sigrZe 

3–30 khc Zalian dabali sixSireebi miriametruli 100–10 km 

30–300 khc dabali sixSireebi kilometruli 10–1 km 

300–3000 khc saSualo sixSireebi heqtometruli 1–0.1 km 

3–30 mgc maRali sixSireebi dekametruli 100–10 m 

30–300 mgc Zalian maRali sixSireebi metruli 10–1 m 
 

300–3000 mgc ultra maRali 
sixSireebi 

decimetruli 1–0.1 m 

3–30 ghc zemaRali sixSireebi santimetruli 10–1 sm 

30–300 ghc zRvrulad marali 
sixSireebi 

milimetruli 10–1 mm 

300–3000 ghc hipermarali sixSireebi decimilimetruli 1–0.1 mm 

 

magram es diapazonebi zalian zogadia da Tavis mxriv dayofilia 

ubnebad, romlebSidac Sedis e.w. radiosmauwyeblo da satelevizio 

diapazonebi, dedamiwis zedapiruli da aviaciuri, kosmosuri da 

sazRvao diapazonebi, diapazoni monacemTa gadacemisaTvis da 

samedicino diapazoni, radiolokaciisa da radionavigaciis 

diapazoni da a.S. yovel radiosamsaxurs gamoyofili aqvs Tavisi 

kuTvnili sixSiruli diapazoni an fiqsirebuli sixSireebi.  

es dayofa Zalian daxlarTulia, amitom Zalian bevri samsaxuri 

iyenebs sakuTar „Sida“ terminologias. Cveulebriv diapazonTa 

aRsaniSnavad moZrav dedamiwiseuli kavSirisas sargebloben 

Semdegi dasaxelebebiT:  

termini 
sixSiruli 
diapazoni 

ganmarteba 

mokletalRovani 
diapazoni  

2–30 mghc 
gavrcelebis Taviseburebebis gamo Ziritadad 

gamoiyeneba Soreuli kavSirebisas. 

«Citizen – Band» 25.6–30.1 mghc 

samoqalaqo diapazoni, romeliTac SeiZleba 

sargeblobdnen  kerZo pirebi. sxvadasxva qveyanaSi 

am diapoazonSi gamoyofilia 40–dan 80–mde 

fiqsirebuli sixSire (arxi). 

«Low Band» 33–50 mghc moZrav obieqtebTan kavSiri dedamiwaze.  
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umd  136–174 mghc 
SedarebiT gavrcelebuli diapazoni moZrav 
obieqtebTan dasakavSireblad. 

dd 400–512 МГц 

decimetruli talRebi, xSirad mas umd diapazonSi 

aerTianeben da gulisxmoben, rom umd diapazoni 

moqceulia 136–dan 512–mde. 

«800 mghc» > 
806–825 da 

851–870 mghc 
mobiluri kavSirebi.  

 

radiotalRebi gamosxivdeba antenis gavliT da vrceldeba 

sivrceSi eleqtromagnituri velis energiis saxiT. miuxedavad imisa, 

rom sxvadasxva radiotalRebis buneba erTnairia, maT gavrcelebaze 

mniSvnelovnad aris damokidebuli is Tu rogoria talRis sigrZe.   

dedamiwa radiotalRebisaTvis warmoadgens eleqtroobis 

gamtars (Tumca arc Tu karg gamtars). dedamiwis zedapiris 

maxloblad gavrcelebisas radiotalRebi TandaTanobiT sustdeba. 

es ganpirobebulia imiT, rom eleqtromagnituri talRa dedamiwis 

zedapirze aRZravs eleqtrodenebs, razedac ixarjeba energiis 

nawili. e.i. energia STainTqmeba dedamiwis mier, amasTan miT ufro 

Zlierad rac ufro naklebia talRis sigrZe (didia sixSire). garda 

amisa talRis energia sustdeba kidev imis gamoc, rom gamosxiveba 

vrceldeba sivrcis yvela mimarTulebiT. rac ufro Sors imyofeba 

mimRebi wyarosagan miT ufro mcire energia gadaecema mimReb antenas. 

grZeltalRovani samauwyeblo sadgurebis mier gadacemuli 

signalis miReba SeiZleba ramodenime aTeuli aTasi kilometris 

manZilze. saSualotalRovani sadgurebi gamoiyeneba aTasamde 

kilometris farglebSi, rac Seexeba mokle talRebs – maTi energia 

mkveTrad klebulobs wyarodan moSorebisas.  

100 metrze naklebi talRis sigrZis talRebi saerTod ar 

gamoiyeneba Soreuli kavSirebis dasamyareblad. magram mokle da 

ultramokle talRebis Semdgomma gamokvlevebma aCvenes, rom isini 
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swrafad miileva, roca vrceldebian dedamiwis zedapiris gaswvriv. 

gamosxivebis vertikalurad zemoT mimarTvis SemTxvevaSi, mokle 

talRebi airekleba da brundeba ukan. jer kidev 1902 wels 

ingliselma maTematikosma oliver hevisaidma (Oliver Heaviside) da 

amirikelma inJiner-eleqtrikosma artur edvin kenelim (Artur Edwin 

Kennelli), praqtikulad erTdroulad iwinaswarmetyveles, rom 

dedamiwis zedapirs gars akravs haeris ionizirebuli fena - 

bunebrivi sarke, romelic ireklavs eleqtromagnitur talRas. 

dedamiwis ionosferos unda gamoewvia radiotalrebis gavrcelebis 

siSoris zrda pirdapiri xedvis manZilTan SedarebiTac ki. 

eqsperimentalurad es winaswarmetyveleba dadasturda 1923 wels. 

radiosixSiruli impulsebi gadaecemoda vertikalurad zeviT 

arekvlis Sedegad miiReboda ukan dabrunebuli signalebi. 

gadacemuli impulsebis miRebis drois Sualedis gazomvis gziT  

SesaZlebeli gaxda gaezomaT simaRle da amreklavi fenebis 

raodenoba.  

ionosferodan arekvlili mokle talRebi brundeboda ukan 

dedamiwaze ise, rom CrdilSi eqceoda e.w. “mkvdari zona” - 

ramodenime aseuli kilometri, talRa airekleboda dedamiwis 

zedapiridan da kvlav miemarTeboda ionosferosaken, saidanac 

xelmeored irekleboda da a.S. ase mravaljeradi arekvlis gziT 

radiotalRas SeuZlia ramodenimejer gars Semouaros dedamiwis 

sferos.  

dadasturebulia, rom arekvlis simaRle pirvel rigSi 

damokidebulia talRis sigrZeze. rac ufro moklea talRa miT 

ufro did simaRleze xdeba misi arekvla da Sesabamisad didia 
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“mkvdari zona”. es damokidebuleba samarTliania mxolod speqtris 

mokletalRovani diapazonisaTvis (daaxloebiT 25-30 mghc). kidev 

ufro mokle talRebisaTvis ionosfero gamWvirvale xdeba da 

maSasadame arekvlas adgili ar aqvs.              

arekvla damokidebulia ara mxolod sixSireze, aramed dRe-

Ramur periodzec, radganac ionosfero ionizirdeba mzis energiis 

xarjze. cxadia Ramis dadgomasTan erTad is TandaTanobiT kargavs 

amrekl bunebas. ionizaciis xarisxic aseve damokidebulia mzis 

aqtiurobaze, romelic icvleba weliwadis sxvadasxva periodis 

mixedviT, aseve wlidan wlamde 7 wliani ciklis mixedviT.      

ultra mokle diapazonis radiotalRebi mniSvnelovan wilad 

hgavs sinaTlis sxivs. isini praqtikulad ar airekleba 

ionosferodan, Zalian umniSvnelod faraven dedamiwis zedapirs da 

vrceldeba praqtikulad pirdapiri xedvis mimarTulebiT. amitom 

ultramokle talRebis gavrcelebis siSore ar aris didi. Tumca 

maT gaaCniaT garkveuli upiratesoba radiokavSirisas. radganac umd 

talRebi vrceldeba pirdapiri xedvis mimarTulebiT, amitom 

SeiZleba raiosadgurebis ganTavseba 150-200 km manZilze 

erTmaneTisagan. maSasadame SesaZlebelia ramodenime aseTi 

sadguris mier erTi romelime konkretuli sixSiris mravaljeradi 

gamoyeneba moxdes. decimetruli da 800 mghc sixSirisa da meti 

diapazonis talRebis Tvisebebi kidev ufro axlosaa sinaTlis 

sxivis TvisebebTan. Tu gavixsenebT rogor aris mowyobili fanari, 

SeiZleba kargi analogiis moyvana. sinaTle fanaris centrSi 

ganTavsebuli naTuridan rom warmoiqmneba airekleba 

reflaqtoridan da ikribeba viwro konis saxiT, romelic SeiZleba 
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mivmarToT nebismieri mimarTulebiT. daaxloebiT aseTi ram 

SeiZleba gavakeToT maRalsixSiruli eleqtromagnituri talRebis 

SemTxvevaSidac. SeiZleba isini SevkeriboT sarkeebiT - antenebiT da 

gavagzavnoT viwro konis saxiT. cxadia dabalsixSiruli 

talRebisaTvis aseTi antenis Seqmna SeuZlebelia, radganac Zalian 

didi iqneboda aseTi antenis zomebi (didia talRis sigrZe, xolo 

antenis diametri ramdenjerme didi unda iyos talRis sigrZeze). 

mimarTuli gamosxivebis realizebam kidev ufro  efeqturi gaxada 

radiokavSiris ganxorcieleba. mimarTuli gamosxiveba sxva 

gadamcem-mimReb sistemebs nakleb dabrkolebebs uqmnis, garda amisa 

mocemuli siSoris kavSiris ganxorcieleba SesaZlebelia mcire 

simZlavris gadamcemi sadgurebiT. 

maRalsixSiruli radiotalRebis fokusirebis SesaZleblobam 

maTi gamoyenebis arialic gazarda da dRes am diapazonis talRebi 

farTod gamoiyeneba radiolokaciisas, radiosarelevo kavSirisas, 

Tanamgzavruli mauwyeblobisas, monacemTa ukabelo gadacemisas da 

a.S.   

aRsaniSnavia, rom talRis sigrZis kidev ufro SemcirebiT 

izrdeba talRis atmosferoSi milevis procesi. kerZod 1 sm-ze 

naklebi sigrZis talRis gavrcelebaze gavlenas axdens iseTi 

movlenebi, rogoricaa: nisli; wvima; Rrubeli, romlebic SeiZleba 

iqces seriozul dabrkolebad da Zlier SezRudon kavSiris siSore.  
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$1.2. ukabelo kavSiris saxeebi, organizaciis principebi 

(terminebi ) 

ganasxvaveben kavSiris simpleqsuri da dupleqsuri saxeebs. 

simpleqsuri radiokavSirisas - gamoieneba erTi sixSire signalis 

rogorc  gadacemis, aseve miRebis dros. igi aris ekonomiuri, 

martivi da gasagebi.  dupleqsuri kavSirisas  –   radiokavSiri 

xorcieldeba erTdroulad or sixSireze. erT sixSireze 

xorcieldeba miReba, meoreze ki gadacema. am principze muSaoben 

satelefono sistemebi. es kavSiri ar gamoirCeva ekonomiurobiT, 

atarebs rTul xasiaTs. SeiZleba Segvxvdes naxevraddupleqsuri 

radiokavSiri (orsixSiriani simpleqsi) – aseTi radiokavSiri 

xorcieldeba ori sixSiris gamoyenebiT. signali miiReba erT 

sixSireze, xolo gadacema xorcieldeba meore sixSireze. 

abonenti drois erT momentSi SeiZleba imyofebodes an miRebis 

reJimSi, an gadacemis reJimSi. msgavsi kavSiri ar aris 

ekonomiuri, Tumca umravles SemTxvevaSi aucilebelia.  

Cveulebriv kavSiris uzrunvelyofisas mniSvnelovania 

Soreuli obieqtebis urTierTdakavSireba, magram kavSiris 

siSore samwuxarod SezRudulia fizikis kanonebiT. rogorc 

cnobilia, Cveni planeta warmoadgens sferos, romlis simrudis 

radiusi ar iZleva saSualebas ganvaxorcieloT kavSiri 

horizonts miRma. cnobilia, rom Cveulebriv pirobebSi 

portatiul radiosadgurebs Soris kavSiri xorcieldeba 5 km 

manZilze. am manZilis gazrdis mizniT iyeneben 

retransliatorebs. retlansliatori aris mowyobiloba, 

romelic miiRebs radiosignals da gadascems mas. kavSiris 

siSoris gasazrdelad mizanSewonilia gadalaxuli iqnas 
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dedamiwis sferuli formiT gamowveuli dabrkolerbebi, 

romelic SeiZleba ganxorcieldes ramodenime gziT, kerZod  -

mimRebi antenis simaRleze atanis Sedegad. retransliators 

SedarebiT didi dafarvis zona gaaCnia, roca igi dayenebulia 

dedamiwis xelovnur Tanamgzavrze, magram radgan dedamiwis 

xelovnur Tanamgzavrze retransliatoris damontaJeba, rogorc 

wesi did xarjebTan aris dakavSirebuli, amitom dedamiwis 

zedapiris maxloblad retransliatorebs amontaJeben xelovnuri 

an bunebrivi simaRlis obieqtebze (Senobebze, mTebze, anZebze). 

praqtikulad arc erTi Tanamedrove kavSiris sistema ar 

xorcieldeba retransliatoris gareSe. ganvixiloT kavSiris 

ganxorcielebis principi retransliatoris gavliT.  

retransliatori uwyvetad gadascems miRebul signalebs 

(saqme gvaqvs dupleqsur kavSirTan), amitom is muSaobs 

sxvadasxva sixSireebze, Sesabamisad abonentebis radio 

sadgurebSic unda iqnas gamoyenebuli igive sixSireebi. radgan 

yvela abonentis radiosadgurs fiqsirebuli gadamcemi da 

mimRebi sixSire gaaCniaT, amitom maT Soris pirdapiri kavSiri 

SeuZlebelia.  

retransliatori uwyvetad asxivebs miRebul signals, xolo 

abonentis radiosadgurSi miReba/gadacemis reJimebi erTmaneTs 

enacvleba. drois erT momentSi an vsaubrobT, an vusmenT. rac 

ufro didia retransliatoris mgrZnobiaroba, simZlavre da 

maRla aris damontaJebuli antena, miT ufro didia dafarvis 

zona, xolo kavSiri ki mdgradia.   

magram davuSvaT, ar gvaqvs sakmarisi raodenobis Tavisufali 

sixSiruli diapazoni (es praqtikaSi xSiri SemTxvevaa), maSin 

SeiZleba SemovifargloT simpleqs meTodiT. aseT SemTxvevaSi 
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abonomentebis mimReb/gadamcem mowyobilobebSi adgili aqvs 

miRebisa da gadacemis sixSireebis daprogramebas, xolo 

retransliatoris rolSi SeiZleba gamoyenebuli iqnas Cveulebrivi 

saabonento radiosadguri. aRsaniSnavia, rom am radiosadgurs 

erTdroulad ar SeuZlia miiRos da gadasces signali. es mas arc 

moeTxoeba, Tumca romc moeTxovebodes praqtikulad 

SeuZlebelia.  aseT retransliators – simpleqsurs uwodeben da 

misi muSaobisaTvis saWiroa specialuri mowyobiloba – 

simpleqsuri retransliatoris kontroliori. kontroliori 

warmoadgens e.w. cifrul magnitofons, romelic Caiwers miRebul 

Setyobinebas manam sanam es Setyobineba iarsebebs eTerSi (an sanam ar 

damrTavrdeba lenti). signalis dakargvis Semdeg kontroliori 

gadarTavs radiosadgurs gadacemis reJimSi da Cawerili 

Setyobineba gadaicema eTerSi. ase, rom sakmarisia erTi sixSire da 

Sesabamisad erTi aradupleqsuri radiosadguri.  

 am meTods simartivisa da siiafis miuxedavad gaaCnia 

seriozuli uaryofiTi mxarec. abonenti xarjavs dros, 

Setyobinebis formirebisaTvis, xolo Semdeg elodeba mis eTerSi 

gadacemas. amitom im radiosadgurebSi, romlebSidac gamoyenebulia 

simpleqs meTodi daixarjeba orjer meti dro, vidre daixarjeboda 

dupleqsur meTodze momuSave radiosadgurebSi . 

sruli dupleqsisas gamoiyeneba ori sixSire. abonementebis 

radiosadgurebi drois erTsa da imave momentSi imyofebian miRebisa 

da gadacemis reJimSi, telefonebis analogiurad. vinaidan sruli 

dupleqsi adamianisaTvis xelsayrel maneraSi xorcieldeba, 

amitom igi gamoyenebis TvalsazrisiT gacilebiT mosaxerxebelia, 
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magram dupleqsis gamoyenebas mniSvnelovnad arTulebs da aZvirebs  

Sesabamisi danadgaris SeZena.  

Tanamedrove bazarze Znelad Tu moiZebneba seriozuli 

mwarmoeblebis mier damzadebuli sadgurebi, romlebic muSaoben 

diapazonTaSoris dupleqsze. mas Cveulebriv „kros-diapazonian“ 

dupleqs uwodeben. Tumca rig SemTxvevaSi gvxvdeba rigi cnobili 

firmebi, romlebic „kros-diapazonian“ dupleqsze momuSave 

radiosadgurebs uSveben, aseTia magaliTad kargad cnobili 

iaponuri kompania „Alinco“.     

     Tanamedrove bazarze uamravi mwarmoebeli korporacia da 

firma awarmoebs radiomakavSirebel sistemebs, magram maT Soris 

erTeulebi Tu moiZebneba, romlebic dupleqs reJimze 

muSaobdnen. praqtikulad yvela dupleqs sadguri gankuTvnilia 

800 mghc diapazonisaTvis. es imiT aixsneba, rom dabal 

sixSireebze SeuZlebelia iseTi zomis dupleqsuri filtris 

Seqmna, rom is moTavsdes radiosadguris portatul korpusSi. 

dupleqsuri filtri – warmoadgens mowyobilobas, romelic 

mimRebsa da gadamcems saSualebas aZlevs erTdroulad 

gamoiyenenon erTi antena.    

moZrav obieqtebs Soris kavSiris dasamyareblad dupleqsurma 

radiokavSirma ver hpova gavrceleba, radgan moZrav obieqtebs 

Soris mouxerxebelia xanrZlivi, satelefono saubris msgavsi, 

kavSiris damyareba. es ZiriTadad samsaxureobrivi kavSiria, romlis 

daniSnulebacaa warmoebis, usafrTxoebis an marTvis sxvadasxva 

organoebis winaSe arsebuli amocanebis gadawyveta.  

vTqvaT SevZeliT sasurveli dafarvis zonis aTviseba da axla 

saWiroa gadavideT servisuli funqciebis realizaciaSi. 
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Cveulebriv servisuli funqciebis  qveS igulisxmeba: abonementebs 

Soris kavSiris ganxorcielebis SesaZlo variantebi, jgufuri 

kavSiri, kavSiri satelefono qseliT, cifruli monacemebis 

gadacema da a.S.  

dafarvis zonis aTvisebis Semdeg mniSvnelovan amocanas 

warmoadgens gamoZaxebis adresacia (gadamisamarTeba) konkretul 

abonementze ise, rom sxva abonementebisaTvis es Setyobineba iyos 

dafaruli. Tu ar miviRebT raime gansakuTrebul zomebs, maSin 

romelime radiosadguris muSaobisas, yvela sxva radiosadguri, 

romlebic amave sixSireze iqneba dayenebuli miiRebs Setyobinebas. 

zogierT SemTxvevaSi SeiZleba am movlenasTan Segueba (magaliTad: 

mcire obieqtis dacva; samSeneblo nageboba; stadioni da sxva), rig 

SemTxvevebSi es aucilebelicaa (taqsis samsaxuri, sapatruli 

policia, Txevadi gazis samsaxuri da a.S.). magram yvela sxva 

SemTxvevaSi Setyobineba unda iqnas mimarTuli konkretuli 

abonomentiken (jgufisaken).   

       konkretul abonementisaken (jgufisaken) gamoZaxebis mimarTvas 

Cveulebriv identifikacia ewodeba. arsebobs identifikaciis 

ramodenime ZiriTadi saSualeba, romlebsac axla ganvixilavT. 

abonementTa identifikaciisaTvis yvelaze xSirad iyeneben 

kodirebis/dekodirebis specialur mowyobilobebs, romlebsac 

xmaurmxSobebi ewodeba. SedarebiT farTo gamoyeneba hpoves 

tonalurma (CTCSS), cifrulma (DCS) da kodurma (DTMF) 

xmaurmxSobebma. ganvixiloT isini cal–calke.  

mowyobiloba – tonaluri xmaurmxSobi (CTCSS). CTCSS 

mowyobilobis mier identifikaciis principi imaSi mdgomareobs, rom 
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saWiro signals „miebmeba“ garkveuli bgeriTi sixSiris toni, 

romelsac subtoni ewodeba. radiosadguris mimRebi aqtiurdeba 

mxolod maSin, roca  miRebul signals Tan axlavs subtoni. aseTi 

sistemebi saWiroebs radiosadgurebSi damatebiTi mowyobilobis 

arsebobas, romlebic CTCSS –is tonebis formirebas da 

gaanalizirebas axdenen. es mowyobiloba SeiZleba iyos 

radiosadgurSi Cadgmuli (CamontaJebuli) moduli an sqemis nawili. 

Cveulebriv CTCSS–is moduli 38-50 tonis formirebas axdens 

TiToeul sixSirul arxze. amdenad  CTCSS–is gamoyeneba saSualebas 

gvaZlevs ganvaxorcieloT sakmarisad gamarTuli radiokavSiri 

jgufebs Soris (iSviaTad individualur abonementebs Soris). rig 

SemTxvevbSi, gansakuTrebiT rTul eleqtromagnitur pirobebSi 

urigo ar iqneba CTCSS xmaurmxSobis gamoyeneba martiv simpleqsur 

meTodebSic. es saSualebas iZleva erTis mxriv nawilobriv daculi 

iqnas sistema gareSe aralegaluri abonementebisagan. magaliTad, 

radiosadguris retransliatori ar gaaqtiurdeba im signalebis 

miRebisas, romlebic ar Seicavs CTCSS xmaurmxSobis saWiro tons.  

subtonebis sixSireebi 300 mghc sixSireze naklebia (67-250 mghc) 

da miRebisas ar ismineba radiosadguris xmamaRlamolaparakeSi, 

radganac ifiltreba specialuri filtrebiT. aRsaniSnavia, rom 

subtonebis gamoyeneba ar iZleva saSualebas gavzardoT sistemis 

tevadoba (abonementTa ricxvi).  drois erT momentSi erT sixSirul 

arxze SeiZleba mxolod erTi kavSiris sensis ganxorcieleba 

(abonementi–abonementi, abonementi–jgufi, jgufi–jgufi). es 

dakavSirebulia imaze, rom radiosadgurs ar SeuZlia erTdroulad 

miiRos erTi da igive sixSiris 2 signali maSinac ki, roca am 
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signalebs gansxvavebuli tonebi gaaCniaT. amitom sistemis tevadoba 

ar aris damokidebuli kavSiris meTodze da identifikaciis 

sirTuleze, is damokidebulia sistemis gamtarunarianobaze.  

mowyobiloba – cifruli xmaurmxSobi (DCS). abonementTa 

(abonementTa jgufis) identifikaciisaTvis gamoiyeneba specialuri 

cifruli gzavnili Setyobinebis dawyebamde. gadacemisas (gadacema 

xorcieldeba PTT Rilakis gaaqtiurebiT) radiosadguri 

avtomaturad axdens cifruli gzavnilis formirebas muSa 

sixSireze, romelic Seesabameba abonents (abonentTa jgufs), 

romlisTvisac aris mimarTuli Setyobineba. mimRebi aqtivizirdeba 

mxolod im SemTxvevaSi, Tu is daprogramebulia mocemuli kodis 

miRebaze, xolo yvela sxva radiosadguri, romlebic imave 

sixSireze muSaoben, iqnebian pasiur mdgomareobaSi. identifikaciis 

organizacia praqtikulad CTCSS mowyobilobis analogiuria. 

cifruli kombinaciis SesaZlo raodenoba Teoriulad usasruloa, 

Tumca standartulad maTi ricxvi 104–s Seadgens.  

abonentis an abonentTa jgufis identifikaciisaTvis gamoiyeneba 

mowyobiloba – koduri xmaurmxSobi (DTMF). radiosadguris 

klaviaturis yovel simbolos Seesabameba garkveuli sixSiris 

bgeriTi toni (Tanamedrove satelefono tonaluri reJimis 

principis Sesabamisad). roca vawvebiT klaviSs radiosadguris 

klaviaturaze formirdeba bgeriTi toni, romelic Semdeg gadaicema 

eTerSi gadacemis sixSireze. gadamcemi aqtiurdeba mxolod im 

SemTxvevaSi, roca is dayenebulia mocemuli kodis miRebisas mis 

CarTvaze. yvela sxva mimRebi, romlebic muSaoben imave sixSireze 

iqnebian araqtiur mdgomareobaSi. DTMF kavSiris 
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ganxorcielebisaTvis radisadgurs unda gaaCndes klaviatura da 

DTMF moduli. aRniSnuli mowyobilobebi (modulebi) abonentTa 

identifikaciis garda gamoiyeneba agreTve gareSe mowyobilobebTan 

kavSirisaTvisac. magaliTad: satelefono interfeisebi; 

distanciuri marTvis pultebi; kontroliorebi da a.S.   

 pirdapiri kavSiri 
arapirdapiri 
kavSiri 

siSoris gazrda dispetCeruli 
radiosadguri 

(simpleqsi an naxevrad 

dupleqsi) 

retransliatori 

(simpleqsi an naxevrad 

dupleqsi) 

identifikacia1 

sistemis SigniT jgufebad 
dayofa CTCSS ან/და DCS 

individualuri gamoZaxeba DTMF (+ CTCSS ან/და DCS) 

jgufuri gamoZaxeba DTMF (+ CTCSS ან/და DCS) 

satelefono gamoZaxeba DTMF (+ CTCSS ან/და DCS) 

marTvispultebiT sargebloba2 DTMF (+ CTCSS ან/და DCS) 

 

pirdapiri kavSiri – warmoadgens kavSiris yvelaze martiv 

SemTxvevas. misTvis damaxasiaTebelia moqmedebis SemosazRvruli  

radiusi, kavSiris organizaciis simartive, minimaluri 

danaxarjebi. aseT radiokavSirebs SedarebiT xSirad iyeneben 

mSeneblebi, lokaluri obieqtebis dacvis samsaxurebi, 

teleoperatorTa jgufebi, masiuri RonisZiebebis 

organizatorebi da a.S. aseT radiokavSirebSi ar gamoiyeneba 

retransliatori, amitom maT gaaCniaT momedebis mcire zona. 

sistemis muSaobisaTvis sakmarisia erTi sixSire. mimRebis 

sadgurebis tipebis mixedviT SesaZlebelia kavSiris ori 

nairsaxeobis arseboba: radiosakavSiri individualuri 

gamoZaxebis gareSe, principi „erTi saubrobs – yvelas esmis“ da 

                                                 
1 იდენტიფიკაციის მეთოდები შეიძლება გამოყენებული იქნას ერთი მეორის თანმიმდევრობით. მაგალითად: ტელეფონით კავშირი 

ხორციელდება DTMF თანმიმდევრობით, მაგრამ დამატებითი დაცვის მიზნით შეიძლება გამოყენებული იქნას CTCSS ან/და DCS 

ტონური მოდულები.  
2 მართვის მოწყობილობებს განეკუთვნება: რეტრანსლიატორები, კონტროლიორები, ხელსაწყოები და მექანიზმები, რომლებიც 

მართავენ რადიოარხს (ტელემეტრია).  
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radiokavSirebi individualuri da jgufuri gamoZaxebebiT, 

romlebSidac SesaZlebelia ramodenime jgufis erT sixSireze 

muSaoba CTCSS, DCS an DTMF meTodebis gamoyenebiT.  

ganvixiloT dispeCeruli kavSirebi. sitva dispetCeri 

gulisxmobs adamianis arsebobas kavSiris organizaciisas. 

abonenti mobiluri telefoniT, gadasatani an stacionari 

radiosadguridan axorcielebs dispetCeruli punqtis 

gamoZaxebas gansazRvrul sixSireze, Semdeg dispetCeri 

gadascems Setyobinebas sxva abonoments imave an sxva sixSireze. 

dispetCeris amocana imaSi mdgomareobs, rom gaakeTos signalis 

retranslireba an gadaanawilos gamoZaxebebi sixSiruli arxebis 

mixedviT. magaliTad: abonentTa erTi jgufi muSaobs 1 sixSireze 

(pirveli arxi), xolo sxva jgufi muSaobs 2 sixSireze (meore 

arxi). saWiroeba moiTxovs kavSiri damyardes am jgufebs Soris, 

magram kavSiri SeuZlebelia. dispetCeruli (mravalarxiani) 

radiosadguris gamoyenebisas informaciis miReba xorcieldeba 1 

jgufidan, vTqvaT pirvel arxze, Semdeg dispetCeri gadarTavs 

sadgurs meore arxze da gadascems informacias eTerSi 2–e 

jgufs. Tu dispetCeri saWiroa mxolod kavSiris siSoris 

gasazrdelad, maSin logikuri iqneba retransliatoris 

gamoyeneba. dispetCeruli punqtis sistemebi SedarebiT xSirad 

gamoiyeneba policiis, saxanZro da saswrafo daxmarebis 

samsaxurebSi, sadac dispetCers marTvis funqciebic evaleba.  

retransliatori garda misi ZiriTadi funqciisa (kavSiris 

siSoris zrda) gamoiyeneba kavSiris rTul sistemebSi. marTalia 

TavisTavad retranlsiatori mxolod miiRebs da gadascems 

signals, magram swored es iZleva uamravi damatebiTi funqciis 

ganxorcielebis SesaZleblobas. gamodis, rom retransliatoris 

saSualebiT signalebi sxvadasxva abonomentebidan Tavs iyris erT 
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adgilas, maSasadame SesaZlebeli xdeba maTi gaanalizeba da Secvla 

gadacemamde. es procesi SeiZleba ganxorcieldes specialuri 

kontroliorebis saSualebiT, romlebic unda miuerTdes 

retransliatorebs. kontroliorebi – sakmarisad rTuli 

eleqtronuli mowyobilobebia, romlebic asruleben bevr 

funqciebs, kerZod: abonentTa identifikacias, sistemis marTvis 

SezRudvas, erTis qselis irgvliv ramodenime sistemis 

gaerTianebas, kavSirs satelefono qselTan da a.S. Cveulebriv, 

konkretuli radiokavSiris qseli ageba mniSvnelovnadaa 

damokidebuli saWiro kontrolioris SerCevaze. dReisaTvis 

gvxvdeba kontroliorebi, romlebic TiTqmis yvela saxis amocanis 

gadawyvetis SesaZleblobas iZleva. maT Soris SeiZleba 

davasaxeloT radiokavSiris qselis organizacia Tavisufali arxis 

avtomaturi SerCevis principiT (gavrcelebuli sityva tranki) aseve 

dadis retransliatorze specialuri trankuli kontroliorebis 

mierTebaze.   

xSirad (Tu yovelTvis ara) kavSiris sistemis agebisas saWiroa 

ganxorcieldes CarTva saqalaqo satelefono qselSi. am amocanis 

gadawyvetis erT–erTi meTodi SeiZleba iyos satelefono 

interfeisis gamoyeneba. satelefono interfeisis muSaobis principi 

imaSi mdgomareobs, rom satelefono xazsa da radiosadgurs Soris 

uerTdeba mowyobiloba, romelic gardaqmnis signalebs 

satelefono xazidan radiosadgurisaTvis gasageb formaSi. xolo 

radiosadguris signalebs ki aniWebs formas da saxes, romelic 

saWiroa satelefono qselis abonomentTa gamosaZaxeblad. ase rom 

saabonento radiosadguris mflobelma sakmarisia akrifos 
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interfeisSi samuSao administratoruli kodi (DTMF akrefiT), 

xolo Semdeg saWiro telefonis nomeri, rom igi SeZlebs nebismier 

abonomentTan dakjavSirebas. imisaTvis, rom gamoviZaxoT 

radioabonomenti satelefono aparatiT, saWiroa avkrifoT 

telefonis nomeri, romelzedac mierTebulia interfeisi, xolo 

Semdeg avkrifoT saWiro radiosadguris nomeri. am meTodis 

dadebiTi mxare aris misi siiafe, SeerTebis simartive, 

SesaZlebloba gamoyenebuli iqnas praqtikulad nebismieri saxis 

radiokavSirebisas, nebismieri radioaparaturiT. uaryofiTi mxare 

ki – martivi SeRwevadobaa sistemaSi. nebismieri radiosadguri, 

romelic  DTMF klaviaturiT aris aRWurvili SeiZleba gavides 

satelefono interfeisze. mosmenili  an gaSifruli iqnas 

interfeiTan SeRwevis paroli.  

erT adgilze damontaJebuli retransliatoris gamoyeneba  

yovelTvis ar iZleva saSualebas uzrunvelyofili iqnas dafarvis 

farTo zona. swored aseT SemTxvevebSi iqmneba e.w. mravalzoniani 

sistemebi. mravalzoniani sistema warmoadgens erTzoniani 

sistemebis erTobliobas, romlebic gaerTianebulni arian erT 

saerTo qselSi da specialuri kontroliorebis saSualebiT 

xorcieldeba abonentTa Soris kavSiri, Tumca dasaSvebia adgili 

hqondes sixSirul konfliqtebs (sixSirul konfliqtebs adgili 

eqneba maSin, roca abonenti imyofeba ori an ramodenime 

retransliatoris moqmedebis zonaSi). SedarebiT gavrcelebulia 

trankuli mravalzoniani sistemebi, romlebic muSaoben  MPT 1327 da 

TETRA protokolebze. es sistemebi abonomentebs servisis maRal 

xarisxs sTavazobs (individualuri gamoZaxeba, dinamikuri jgufebi, 
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telefonia, monacemTa gadacema radioarxebze), magram es sistemebi 

agebulebis mixedviT rTulia, Zviria da rentabeluria mxolod 

abonomentTa didi raodenobis SemTxvevaSi (ramodenime aseulidan 

ramodenime aTasasamde). im SemTxvevaSi, roca abonentTa ricxvi ar 

aris didi da isini teritoriulad gadanawilebulni arian 

sxvadasxva mxares, maSin ar aris aucilebloba maRali xarisxis 

kavSiris uzrunvelyofa da SeiZleba gamoyenebuli iqnas kavSiris 

„Cveulebrivi“ mravalzoniani sistemebi. mravalzoniani sistemebis 

upiratesoba aris is, rom igi gamoiyeneba praqtikulad nebismieri 

radiosadgurisaTvis. es sistemebi aRWurvilia CTCSS an DCS 

meTodebiT. mravalzonian sistemebSi abonementis zonebs Soris 

gadaadgilebis probleba gadawyvetilia e.w. roumingis meSveobiT.  

roumingi iTvaliswinebs sxvadasxva zonaSi ganTavsebuli 

radiosadgurebis gamoZaxebas, abonentTa dayofas jgufebad, 

SeerTebas kavSiris sxva qselebTan, maT Soris satelefono qselTan.  

magaliTad, amerikuli firmis Zetron–is kontroliorebi М47МR 

kavSiris mravalmomxmarebliani sistemebis Seqmnis saSualebas 

iZleva, romelic iTvaliswinebs SeerTebas satelefono qselTan. 

kontroliori uerTdeba retransliators da marTavs mis muSaobas. 

yvela kontroliori uerTdeba retransliators mimdevrobiT 4 

gamtari gamoyofili xazis saSualebiT, an kavSiris sxva analoguri 

arxis saSualebiT (es SeiZleba iyos: radiosixSiruli, gamtaruli, 

radioreleuri). yovel zonaSi retransliatoris saSualebiT 

SeiZleba muSaobdes momxmarebelTa ramodenime jgufi. yoveli 

jgufis radiosadguri programirdeba CTCSS–is sakuTari toniT. 

SesaZlebelia sxva zonis radiosadgurTan SeerTeba, risTvisac 
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radiosadguris DTMF klaviaturaze ikrifeba gamosaZaxebeli zonis 

nomeri. DTMF–is saSualebiT SesaZlebelia agreTve konkretuli 

radiosadguris abonentTan individuali gamoZaxebis 

ganxorcieleba.  

amrigad, damoukidebeli abonentTa jgufis CarTva saerTo 

qselSi, konkretuli abonentis an abonentTa jgufis gamoZaxeba 

(identifikacia), gareSe momxmareblebisagan dacva, abonentebis 

marTva centraluri sadispetCero sadguridan, retransliacia da 

dafarvis zonis gafarToeba, monacemTa cifruli qselis farglebSi 

gadacema – yvelaferi es aris arasruli CamonaTvali, romelTanac 

SeiZleba gvqondes adgili kavSiris sistemebis 

urTierTdakavSirebisas. am CamonaTvals Tu davumatebT 

radiosixSireebis deficitis sakiTxs, eleqtromagnitur 

mdgomarebas garemomcvlel sivrceSi da finansuri saSualebebis 

SemosazRvrulobas – gasagebi xdeba Tu ramdenad rTulia 

realobaSi xarisxiani da saimedo kavSiris qselis realizeba.  

 

§1.3. ukabelo kavSiris sistemebi MMDS
*  

          ukabelo kavSiris sistemebi MMDS saSualebas iZleva 

uzrunvelyofili iqnas  farTozoliani radioarxis gamoyeneba 

MMDS-is teqnologiiT. kavSiris kvanZs warmoadgens abonomenti – 

„klienti“. radiokavSiris makavSireblis rolSi gamoiyeneba e.w. 

sakabelo modemi sruli kompleqtiT, romelic Seicavs antenur–

fiderul gadamcem mowyobilobebs. ukabelo kavSiris sistemis 

MMDS –is dadebiTi mxare aris is, rom arsebobs gadacemis maRali 

                                                 
*
  Multichannel Multipoint Distribution Service – mravalarxiani ukabelo samomxmareblo qseli. 
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siCqare; gadasacemi monacemebi konfidencialuria da aseve 

umniSvneloa eqspluataciuri danaxarjebi; klientis ganlagebis 

adgilis Secvla SesaZlebelia  misTvis damatebiTi aparaturis 

SeZenis gareSe; aseve SesaZlebelia mravalarxiani satelevizio 

eTeris miRebis SesaZlebloba. MMDS sistemebi pirvel rigSi 

orientirebulia telemauwyeblobis saWiroebidan gamomdinare, 

romlebSic ar moiTxoeboda ormxriv mimarTuli gadacemebis 

garxorcieleba.  am sistemebis gamoyenebiT Internet–is momsaxureobis 

SeTavazeba momxmareblebisaTvis operatorebis mxridan moiTxovs 

mravali problemis gadalaxvas, romelic adre ar Segvxvedria. es 

aris qseli Semdegi topologiiT „wertili – bevri wertili“ da 

warmoadgens idealur saSualebas didi, masiuri saofise 

centrebisa da sastumroebis momsaxureobis TvalsazrisiT. MMDS 

sistema erTaderT yvelgan mimarTul antenur sistemisagan 

Sesdgeba, romelsac SeuZlia momsaxureobis ganxorcieleba 10 mili 

(16 km) radiusis farglebSi ori arxis gavliT. signalis 

gavrcelebis siCqare 30 mgbiti/wm–Sia TiToeul arxze. magram 

provaiderebs, romlebic Internet–Tan ukabelo kavSiris 

ganxorcielebas axdenen sWirdebodaT saimedo da ekonomiurad 

efeqturi interaqtiuli (e.i. ukuarxis mqone) sistemebi. maT unda 

SeerCiaT mravalmisamarTiani qselis optimaluri protokoli, 

romelic Seqmnida maRalefeqtur, masiur garemos. Sedegad  MMDS–

is farTozoliani qselis farglebSi abonementebs SeeZlebodaT 

eleqtronuli fostiTa da Internet – programebiT sargebloba. 

ukuarxi formirdeba qselis sakabelo sistemis saSualebiT.  

 



Tavi I                                             ukabelo kavSiris sistemebi 

 

 -30- 

$1.4. ukabelo kavSiris sistemebi LMDS
*
 

ganvixiloT ukabelo kavSiris sistema – LMDS. es servisi 

Seiqmna sakabelo infrastruqturis Secvlis mizniT ukabelo 

kavSiriT, imavdroulad mas unda gaezarda informaciis 

ganvladobis unari. mTlianobaSi  LMDS sistemis danaxarjebi 

sakabelo sistemis danaxarjebTan SedarebiT naklebia, xolo 

gadacemis siCqare licenzirebul sixSireebze, kerZod: 10, 26, 28, 38 

mghc–ze aRwevs – 45 mgbit/wm–Si. maRali sixSireebis gamoyeneba 

zRudavs kavSiris siSores, Sesabamisad LMDS–is moqmedebis tipiuri 

radiusi 3-8 km–ia. amave dros yovel zemoTmoyvanil diapazonSi 

dasaSvebi sixSiruli zolis diapazoni aris SedarebiT farTo 

vidre 2,4 an 5 ghc sixSireebze. gadacemis siCqaris zrdas 

ganapirobebs is garemoebac, rom kavSiri myardeba uZrav obieqtebs 

Soris.    

LMDS sistemebSi gamoiyeneba dabali simZlavris mimRebi da 

gadamcemi mowyobilobebi. 2000 wels Sesabamisi teqnologiebis 

bazarze gamoCnda LMDS servisis modificirebuli varianti, 

romelic signalis ormxrivmimarTul gadacemas iTvaliswinebda, 

ramac gza gauxsna aseT sistemebs interaqtiul radiokavSirebSi 

gamoyenebis TvalsazrisiT. SeiZleba vifiqroT, rom swored es 

teqnologia miscems saSualebas milionobiT momxmarebels mTels 

msoflioSi gamoiyenon kavSirisas multimedia monacemebi, radgan 

LMDS–i  Tavsebadia xmovani SeerTebisadmi, Internet–Si muSaobisadmi, 

video konferenc–kavSirebisadmi da sxva tipis maRalsiCqariani 

nakadisadmi. am sistemebis gavrcelebis Semaferxebeli erT–erTi 

                                                 
*
 Local Multipoint Distribution Service – lokaluri ukabelo samomxmareblo qseli. 
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problema – saerTo standartis ar arsebobaSia, romelic mis 

konkurentebs, sakabelo televizias da DSL–teqnologiis 

mwarmoeblebs mogvarebuli aqvs. farTozoliani, fiqsirebuli 

ukabelo momsaxureobis provaiderebma jer–jerobiT ver SeimuSaves 

erTiani standarti. erTni eyrdnobian kombinirebul midgomas, 

romelic efuZvneba veqtorul orTogonalur sixSirul 

multipleqsirebasa da qselebSi monacemTa gadacemis teqnologias 

(VOFDM/DOCSIS), meoreni – eyrdnobian modulaciis sqemebs, 

magaliTad kvadraturuli amplitudis sqemas (QAM), xolo rigi 

provaiderebisa amjobineben dapatentebul teqnologiebs. aseTi 

sxvadasxvaoba jer–jerobiT xels uSlis  LMDS–mowyobilobebis 

farTo danergvas. sabednierod standartizaciis problema 

mogvarebas eqvemdebareba. 1999 wels IEEE – farglebSi gamoCnda muSa 

jgufi 802.16, romelebmac miznad daisaxes standartizaciis am 

sferoSi daamyaron wesrigi. maTi amocanaa Tavi mouyaron 

satelekomunikacio bazarze arsebuli LMDS–teqnologiebs da 

SeimuSaon erTiani standarti. IEEE–s danayofma jgufma 802.16 

yuradReba gaamaxviles sixSirul diapazonebze 28 da 30 ghc, Tumca 

mogvianebiT SeimuSaves axali midgoma, romliTac ganisazRvra muSa 

sixSiruli diapazoni 2,5 ghc.  speqtris es  „dabalsixSiruli“ 

nawili daeTmo sakabelo videos momsaxureobas, romelic 

sabolood Zlier daiCagra Tanamgzavruli televiziis mxridan. 

jgufi 802.16 kidev erT mimarTulebas amuSavebs intensiurad, 

romelic Seexeba speqtris aralicenzirebuli sixSiruli 

diapazonis gamoyenebas. aralicenzirebuli sixSireebis gamoyenebis  

aqtualoba ganpirobebulia imiT, rom licenzirebuli sixSireebis 
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diapazonSi LMDS da MMDS sistemebis mflobelebis ricxvi 

sakmarisad mcirea. mocemul SemTxvevaSi saubari Seexeba 5 da 6 ghc 

sixSireebs. aq  802.16 jgufi aqtiurad TanamSromlobs IEEE–s meore 

jgufTan 802.11. muSa jgufis 802.16 amocanaa radiointerfeisebis 

standartizacia da damatebiTi funqciebis SemuSaveba. IEEE– 

teqnologiis farglebSi 802.16 jgufSi 3 qvejgufi muSaobs, 

romlebic amuSaveben Semdeg standartebs:  

 IEEE 802.16.1 – SeimuSavebs radiointerfeiss sixSireTa 

diapazonSi 10 - 66 ghc; 

 IEEE 802.16.2 – axdenen sxvadasxva farTozoliani ukabelo 

sistemebis Tavsebadobis sakiTxebis damuSavebas; 

 IEEE 802.16.3 – SeimuSavebs radiointerfeiss licenzirebul 

sixSireTa diapazonSi 2 - 11 ГГц. 

dReisaTvis SedarebiT progresi SeimCneva pirveli jgufis 

saqmianobaSi, radgan maTi Sedegebi exeba Tavisufal (jer kidev 

daukavebel) sixSirul diapazons. etalonur modelSi gamoiyeneba 

sami radiointerfeisi. pirveli gansazRvravs kavSirs abonentis 

mimReb/gadamcemsa da bazur sadgurs Soris, amave dros kavSiri maT 

Soris srulad efuZvneba 802.16 standarts. meore – gansazRvravs 

kavSirs abonementis mimReb/gadamcemsa da qselis sadenebTan, 

romliTac isini CarTuli arian qselSi. es aris qselis abonentis 

interfeisi (Subscriber Network Interface, SNI) da bazuri sadguris 

interfeisi (Base Station Network Interface, BNI). am interfeisebis 

Taviseburebebi ar warmoadgens 802.16 standartis ganxilvis sagans, 

Tumca isini CarTulni arian etalonur modelSi imis gamo, rom 

abonementisa da bazuri qselebis (igive rac ATM) interfeisebi 
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gavlenas axdenen radiointerfeisis teqnologiis SerCevaze da 

bolos mesame interfeisi – exeba repiterebis fakultatiur 

sargeblobas. radiointerfeisis specifikacia iTvaliswinebs 

repiterebis an dabrkolebebis garSemovlisaTvis saWiro amrekli 

saSualebebis montaJs. radiosignals gavrcelebis gzaze SeiZleba 

Sexvdes dabrkoleba, amitom amrekli saSualeba da repiteri 

garkveulwilad uzrunvelyofen signalis mier am dabkolebis 

garsSemovlas. 

 ukabelo kavSiris zemoT aRweril sistemebis arqiteqtura 

ganisazRvreba 4 donis protokolebiT. 2 dabali donis protokoli 

Seesabameba etalonuri modelis (OSI) fizikur dones (PHY). swored 

am doneze sruldeba iseTi operaciebi, rogoricaa signalebis 

kodireba da dekodireba, generacia da paketebis saTaurebis waSla 

(sinqronizaciis mizniT), calkeuli bitebis gadacema da miReba. 

fizikuri donis zemoT ganlagebulia protokolebi, romlebic 

akontroleben abonomentebTan, an igive xelmomwerebTan 

momsaxureobis sakiTxebs. MAC–protokolis donis zemoT 

ganlagebulia e.w. konvergenciis done, romlis funqciebic 

damokidebulia SemoTavazebuli servisis xasiaTze. kerZod, masze 

SeiZleba miniWebuli iqnas kadrebis an monacemTa blokebis (PDU) 

inkapsulacia.  calkeul SemTxvevebSi, magaliTad cifrul, audio 

da video–trafikTan muSaobisas SeiZleba konvergenciis donis 

gamotoveba da Sesabamisi nakadi gadacemuli iqnas uSualod 

satransporto doneze. Tumca zeda doneebis momsaxureobebi, 

romlebic PDU struqturas sargebloben, saWiroeben konvergenciis 

donis protokolis arsebobas.   
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§1.5. ukabelo kavSiris optikuri arxebi - FSO
* 

Tavdapirveli FSO - mowyobilobebi uzrunvelyofdnen kavSiris 

siCqares wamSi ramodenime aTeuli megabaitis odenobiT, xolo 

Tanamedrove pirobebSi umravlesi komerciuli produqti 

saSualebas iZleva monacemTa translireba moxdes 45 mgb/wm –dan – 

2,5 gb/wm–de. aRsaniSnavia, rom laboratoriul pirobebSi zogierT 

mwarmoebelma (magaliTad: TeraBeam da Lucent Technologies) ukve SeZlo 

mieRwia siCqaris fantastikur niSnulamde 160 gb/wm.  

aseTi STambeWdavi Sedegis miuxedavad FSO–sistemebis 

komerciuli produqti mxolod gasuli saukunis 90-ian wlebSi 

gamoCnda. magaliTad: mxolod germaniaSi 1996 wels am sistemebze 

moTxovna 16–jer gaizarda wina wlebTan SedarebiT. FSO–

teqnologiis Crdilidan gamosvla ganpirobebulia Semdegi 

mizezebiT. pirvel rigSi Seiqmna aucilebloba realuri 

maRalefeqturi lokaluri da globaluri qselebis Seqmnisa, 

meorec, lazeruli teqnologia gaxda saimedo da gamoirCeoda 

maRali saeqspluatacio periodiT, daaxloebiT 5 da meti weli. 

swored amitom FSO sistemebi gaxda rentabeluri da komerciuli 

TvalsazrisiT gamoyenebadi Tanamedrove sakomunikacio bazarze.  

SeiZleba iTqvas, kavSirgabmulobis sistemaSi optkur 

sistemebs  gaaCnia  upiratesoba. mkvrivi garemos ar arsebobam FSO–

sistemebi, gamoyenebis TvalsazrisiT, mniSvnelovnad gaaiafa. 

magaliTad, aSS–sa da dasavleT evropaSi qalaqSi 2 kilometriani da 

155 mgbaiti/wm–Si siCqaris  FSO–SeerTebis organizireba Seadgens 

                                                 
*
 Free Space Optics - optika Tavisufal sivrceSi. 
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18000 $–s, maSin rodesac, analogiuri optikurboWkovani arxis ageba 

150000-200000$ –s Seadgens.  

FSO–teqnologiis meore pliusi aris is, rom msoflios bevr 

qveyanaSi raime SezRudva an licenzirebuli pirobebi lazerebis 

atmosferoSi muSaobis TvalsazrisiT jer-jerobiT ar aresebobs. 

Es ki imiT aris ganpirobebuli, rom bevri lazeruli 

mowyobilobis muSaobis sixSiruli diapazoni radiodiapazonis 

maxlobladaa 400-600 ghc (radiodiapazonis sazRvrebi regulirebas 

eqvemdebareba). amasTan sinaTlis mkveTri mimarTulebis gamo 

TiTqmis mTlianad gamoricxulia raime damatebiTi Semaferxebeli 

faqtorebi, romlebic SeiZleba gamowveuli iyos sxva ukabelo 

lazeruli sistemebis arsebobiTa da muSaobiT. SedarebisaTvis 

sakmarisia gavixsenoT, Tu ramdenad aqtualuria dReisaTvis 

urTierTSemaferxebeli faqtorebi da diapazonTa gadatvirTva, 

magaliTad 2,4 ghc diapazonSi momuSave radiosistemebisaTvis. es 

diapazoni  farTod gamoiyeneba  IEEE 802.11 teqnologiis mqone 

radiomowyobilobebis mier. TiTqmis yvela ukabelo sistema 

saSualebas iZleva Zlian mcire droSi damyardes kavSiri da 

ukukavSiri. FSO–sistemebi mTlianad gamoricxaven sakabelo 

infrastruqturisaTvis damaxasiaTebel damatebiT Sromas. 

erTaderrTi rac saWiroa – unda ganTavsdes eleqtronuli mimReb–

gadamcemi myar da mdgrad adgilas (Senobis saxuravi, specialuri 

anZa) da ganxorcieldes misi SeerTeba multipleqsorTan/ 

gardamqmnelTan (Cveulebriv is SenobaSi imyofeba), agreTve saWiroa 

mimReb/gadamcem mowyobilobasTan miyvanili iqnas sadenebi kvebis 
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wyarodan. aseTi tipis qselis gamarTva SesaZlebelia mokle droSi 

(sul raRac 1-2 dReSi).  

FSO–teqnologiis kidev erTi dadebiTi atributi aris maRali 

dacva sxvadasxva gareSe CarTvebisadmi. es ganpirobebulia pirvel 

rigSi imiT, rom monacemTa gadacema xorcieldeba Zalian viwro 

sxiviT, rac ganapirobebs gamosvivebis ar arsebobas sxva 

mimarTulebiT, romlebic sinaTlis nakadis mimarTulebis 

diagramaSi ar aisaxeba. meorec, lazeruli sxivi absoluturad 

uxilavia, amitom misi aRmoCena sakmarisad rTuli saqmea. maSinac ki 

Tu vinme aRmoaCens sxivis mimarTulebas da Seecdeba informaciis 

moxsnas specialuri xelsawyoebis saSualebiT, mgrZnobiare mimRebi 

aucileblad daafiqsirebs energetikuli simZlavris dacemas, rasac 

aucileblad mohyveba kavSiris gawyveta, xolo dacvis sistemis 

arsebobis SemTxvevaSi CairTveba gangaSis signali.   

ukabelo lazerul–optikur sistemebs gaaCniaT uaryofiTi 

mxare. specialistebi gamoyofdnen or ZiriTad problemas – 

monacemTa damuSavebis mcire dros, gamomsxivebeli elementis 

(lazeris, „svetodiodis“) moqmedebis Sewyvetas da signalis 

gadacemis siSoris Zlier damokidebulebas amindze. am 

pirobebisadmi FSO–sistemebi mdgradia 99,7%–iT, romelic zogierTi 

samomxmareblo sistemebisaTvis miuRebeli aRmoCnda, magaliTad 

provaideruli qselebisaTvis, radgan msgavsi procentuli 

maCvenebeli miuTiTebda qselis aramuSa mdgomareobaSi yofnas 

weliwadSi 27 saaTis ganmavlobaSi.  

dReisaTvis pirveli problema TiTqmis gadawyvetilia – mravali 

lazeruli diodebi 100 mvt simZlavremde uzrunvelyofen monacemTa 
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damuSavebis mcire dros da gamosxivebis uwyvetobas daaxloebiT 150 

aTasi saaTis ganmavlobaSi (uwyveti 15 weli). FSO–sistemebSi 

gamoyeneba hpoves agreTve APC (Adaptive Power Control) sqemebma, 

romlebic marTaven gamosxivebis simZlavres atmosferuli 

pirobebis Sesabamisad (magaliTad: karg amindSi gamosxivebis 

simZlavre minimaluria). aseTi sqemebi saSualebas iZlevian 

gaxangrZlivdes lazeruli mowyobilobebis sicocxlis 

xangrZlioba da gaizardos misi saimedoba.   

rac Seexebas gadacemis siSoris zrdis gavlenas amindis 

pirobebze jer–jerobiT rCeba aqtualuri. sinaTlis lazeruli 

signalis milevis xelis Semwyobia sveli Tovli, wvima, nisli da 

qari. amasTan nisli (gansakuTrebiT daburuli) CamoTvlilTagan 

yvelaze Zlierad axdens gavlenas FSO–sistemebis siSoreze, 

radganac atmosferoSi dakidebuli wylis molekulebi Zlier 

aferxeben fotonebis moZraobas. sinaTlis gavrcelebas SeiZleba 

xeli SeuSalos Citebmac, romlebic gzas gadauRobaven mas. Tumca 

unda aRiniSnos, rom wvimian amindSi FSO–sistemebi SedarebiT ukeT 

muSaoben, vidre kavSiris radiosarelevo xazebi. es ukanasknelni 

gamoiyeneben 18-64 ghc diapazons. magaliTad, Zlieri wvima (roca 

wvimis done 75 mm/wm–Si) lazerul sistemas saSualebas aZlevs 

gadasces informacia 2 km manZilze, maSin rodesac radio sarelevo 

xazebiT aseTi manZilis dafarva amave pirobebSi SeuZlebelia.  

dReisaTvis FSO–sistemebis saimedobis gazrdis mizniT iyeneben 

sxvadasxva meTodebs, rogoricaa signalis simZlavris gazrda, 

sarezervo radioarxebis gamoyeneba, mravalsxiviani sistemebis 

gamoyeneba da a.S. ase magaliTad mravalsxiviani sistemebi 
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saSualebas iZlevian ramdenjerme gaizardos kavSiris saimedoba, 

Tundac imitom, rom umravles SemTxvevaSi dabrkolebas (Cits, an 

mtveris nawilaks) ar SeuZlia erTdroulad gadauketos gza 

erTdroulad yvela sxivs.  

saintereso SemTxvevas warmoadgens, roca integrirebulia 

ukabelo optika FSO–sistema da radio sarelevo xazi. 

radiosistemebi muSaoben mniSvnelovnad did talRis sigrZeze, 

vidze FSO–sistemebi, amitom maTi kombinireba ukeT gadalaxavs 

daburuli nislis mqone garemos. aseTi kombinaciiT Seqmnili 

mowyobilobis mdgradoba saSualod 1 km manZilze – 99,999%–s 

Seadgens (e.i. weliwadSi sistema aramuSa mdgomareobaSi iqneba 

mxolod 5 wuTi). praqtikam aCvena, rom im regionebSi, sadac wlis 

ganmavlobaSi didi raodenobis naleqi modis (magaliTad londoni, 

baTumi) FSO–sistemebis mravali nairsaxeoba uzrunvelyofs 

stabilur kavSirs 2 km maZilamde.  

ukabelo optikuri kavSiris arxis asagebad saWiroa 

moSorebuli ofisebis SenobebSi ganTavsdes lazeruli 

mimReb/gadamcemi mowyobilobebi pirdapiri xedvis areSi. amasTan 

gare aparatura aucilebelia safuZvlianad damagrebuli iyos, raTa 

vibraciebma (magaliTad, gamvlelma transportma an Zlierma qarma) 

ar daarRvios sxivis fokusireba. optikuri mimReb/gadamcemi 

yvelaze xSirad uerTdeba Sida bloks optikuri kabelis 

saSualebiT (ukidures SemTxvevaSi, SesaZlebelia spilenZis 

mavTuliTac SeerTebis ganxorcielebac). Sida bloki gamtar 

sadenebs uerTdeba sxvadasxva interfeisiT - 10/100/1000 Ethernet, V.35, 

E1/E3, G.703/G.704, OC-12/OC-48 da sxva. Semdeg saqme dadis 
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xelsawyoebis SeZenamde. satelekomunikacio bazarze sxvadasxva 

maxasiaTeblebis mqone FSO–sistemebi arsebobs. magaliTad, 

moSorebul filialebs Soris qselis gaerTianeba da 

maRalsiCqariani kavSiris realizaciis SesaZleblobas iZleva 

xelsawyo LaserBit, romelsac awarmoebs firma LaserBit Communications. 

modeli LB-5000 saSualebas iZleva ganvaxorcieloT 

maRalsiCqariani kavSiri (100 an 150 mbaiti/wm) 5 km manZilze. es 

modeli Seicavs da gamoiyenebs 4 lazerul diods. lazeruli 

mowyobilobis simZlavre regulirebadia 50–dan 150 vt–mde. am 

mowyobilobebis korpusi da detalebi damzadebulia specialuri 

aluminis Senadnobisagan, romelic mowyobilobas unarCunebs 

xangrZlivi eqspluataciis vadas.  

SeiaraRebasa da Tavdacvis sferoSi optikuri teqnologiebis 

mwarmoebeli organizaciebidan SeiZleba avRniSnoT: Vodafone, Sprint, 

Verizon da sxva. cnobilia, rom pirvelad msoflioSi gigabaituri 

optikuri ukabelo qseli gaSvebuli iqna londonSi 1999 wels, sadac 

gamoyenebuli iqna CableFree aparatura.  

saqarTveloSi FSO–sistemebi axla inergeba. vimedovnebT, rom 

maTi masiuri danergva uxaloesi momavlSi ganxorcieldeba.  

                           

§1.6. Tanamgzavruli kavSiri 

pirveli telefonebi Inmarsat iyo mZime da didi zomis. maTi 

saSualebiT mobiluri kavSiris damyarebas sWirdeboda daaxloebiT 

5 wuTi. dRes yvelaferi gamartivda da rogorc Iridium, aseve Inmarsat-

mini-M sistemebi Tavisuflad Tavsdeba jibeSi, maTi saSualebiT 

kavSiri myardeba sul ramodenime wamSi, xolo mobiluri 
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telefonebi Globalstar iwonian 300-400 grams da Zalian waagavs 

tradiciul fiWur telefonebs. Tanamgzavruli telefonebi, 

romlebic mobilur telefonebs waagavs SeiZleba gamoyenebuli 

iqnas xmeleTze mogzaurobisas, xolo SedarebiT didi zomis 

Tanamgzavruli aparatebi Inmarsat (igi Seicavs antenur kompleqs da 

misi wona daaxloebiT 3 kg–ia) SeiZleba gamoyenebuli iqnas 

sakuTari iaxtiT an sxva satransporto saSualebiT mogzaurobisas.  

Inmarsat sistemebSi gamoiyeneba 4 maRalorbitaluri (simaRle 

35 875 km dedamiwis zedapiridan) ekvatoruli Tanamgzavri, 

romlebic mbrunavi dedamiwis Tavzea ganlagebuli. am 

Tanamgzavrebs geostacionaruli ewodebaT, imis gamo rom maTi 

mdgomareoba cis TaRze ar icvleba. erT–erTi aseTi 

Tanamgzavrisaken kavSirisas aucileblad unda  iqnas mimarTuli 

telefonis antena. kosmosSi radiokavSirs Seferxebas aravin ar 

uqmnis, amitom Tanamgzavrebi maRal orbitebzec ki Tavisuflad 

Rebuloben satelefono signalebs 1 vati gamomavali simZlavriT.    

Iridium sistemebSi gamoiyeneba 66 dabalorbitaluri Tanamgzavri 

(simaRle 780 km dedamiwis zedapiridan), romlebic gars Semouvlian 

Cvens planetas sartyelidan sartyelamde sul raRac 100 wT–Si. 

Iridium–is Tanamgzavrebi 40–jer axlosaa abonomentTan, vidre 

Inmarsat–is Tanamgzavrebi. TiTqos da gamomavali simZlavrec aseT 

telefonebs unda hqondes mcire, magram am Tanamgzavrebis swrafi 

gadaadgilebis gamo saWiro xdeba aramimarTuli antenebis 

gamoyeneba. Sesabamisad Iridium telefonebis saSualo gamomavali 

simZlavre 0,5-2 vt–ia.  

Globalstar da ICO sistemebSi gamoiyeneba Tanamgzavrebi, romlebic 

ekvatorisadmi 52 da 45 gradusebiT brunaven. Globalstar sistemaSi 
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gaerTianebulia 48 Tanamgavri. isini dedamiwas wres artyamen 114 

wuTSi (simaRle 1414 km dedamiwis zedapiridan). meore ICO sistemaSi 

gaerTianebulia 10 Tanamgzavri, dedamiwas wres artyamen 12 sT–Si 

(simaRle 10 355 km dedamiwis zedapiridan). am sistemebze momuSave 

mobiluri telefonebis gamomavali simZlavre ar aRemateba fiWuri 

mobiluri telefonebis simZlavres (0,5 vt).  

   TiTqos da am Tanamgzavrebma unda moicvas mTeli dedamiwa, magram 

TeTri laqa mainc arsebobs, sadac Tanamgzavruli signali ar 

vrceldeba. magaliTad, Inmarsat sistema principulad ver muSaobs 

dedamiwis CrdiloeT da samxreT polusebze, agreTve polarul 

wreze (radganac geostacionaruli Tanamgzavrebi am wertilebidan 

ar Cans). aseve SeiZleba iTqvas Globalstar sistemis Sesaxebadac, 

romlebic jer–jerobiT aseve ver gvTavazobs kavSirs CrTiloeT da 

samxeT polusebis maxloblad. gamodis, rom mxolod Iridium–sistema 

gvTavazobs realurad globalur sistemas, romelic 

uzrunvelyofs pentagonis armiis globalur mobilurobasac.  

Tanamgzavruli sistemebis gavliT abonomentTa dakavSirebas 

uzrunvelyofs specialuri sadgurebi dedamiwaze, romlebic yvela 

kontigentze aris gaSlili. maT funqciebSi Sedis abonomentis 

kontroli, salaparako drois gaTvaliswineba da gansazRvra 

kavSirze gasuli abonomentis kreditis moqmedunarianobisa. manam 

sanam es samsaxurebi arkveven abonentis kreditTan da salaparako 

drosTan dakavSirebul sakiTxebs, abonoments mouwevs lodini 

daaxloebiT ramodenime aTeuli wamis odenobiT.  

Iridium–sistemebSi kavSiri mobiluridan mobilurisaken 

xorcieldeba mxolod Tanamgzavris gavliT. magram aseTi sufTa 
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zaris ganxorcielebas SeiZleba uzrunvelyofdes 4 sadguris 

erToblioba. Inmarsat sistemebSi zari Tanamgzavruli 

telefonebidan analogiur telefonze xorcieldeba signalis 

ormagi svlis xarjze, roca signali jer midis kosmosSi, iqedan 

brundeba ukan dedamiwaze, muSavdeba da miemgzavreba kvlav 

kosmosisaken, xolo Semdeg gadaecema adresatis telefons. swored 

amitom, Tanamgzavrulidan, Tanamgzavrul telefonze 

kavSirisaTvis Inmarsat sistemebSi 2 jer metia gadasaxdeli. is faqti, 

rom Inmarsat sistemiT sargeblobisas saWiroa warmodgena viqonioT 

Tu ra aris ganedi da grZedi, vicodeT kompasiT sargebloba, ar unda 

arTulebdes am sistemiT sargeblobas Tundac arasruli 

ganaTlebis mqone adamianebisaTvis. arsebobs feradi ruqebi 

azimutisa da momsaxure Tanamgzavris daxris kuTxis gansazRvris 

mizniT. an kidev SeiZleba ubralod davatrialoT aparati an 

gavaqanoT antena, daviWiroT ukeTesi signali da ganvaxorcieloT 

kavSiri, magram Tu adamiani mogzaurobs avtomanqaniT an sxva 

satransporto saSualebiT, maSin satransporto saSualebaze 

SeiZleba dayenebuli iqnas amindis mimarT mdgradi universaluri 

antenuri kompleqsi, romelic TviTon ipovnis Sesaferis 

Tanamgzavrs da uzrunvelyofs kavSirs. arsebiTad unda ganvasxvavoT telefoni 

e.i. aparati, romliTac vsaubrobT an gadavcemT cifrul informacias, satelefono arxisagan. swored 

amitom  Iridium–i, iseve rogorc yvela sufTa Tanamgzavruli 

satelefono sistemebi arc ki moiazreba Inmarsat– monacemTa 

gadacemis sisitemebis konkurentebad. dReisaTvis Inmarsat-M4 da 

Inmarsat-B sistemebi uzrunvelyofen kavSiris siCqares 64 kbiti/wm da 

ramodenimejer aRemateba Iridium–is (4,8 mgbiti/wm) da Globalstar–is (9,6 
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mgbiti/wm) siCqares. ramdenadac iafi ar unda iyos 

dabalorbitaluri sistemaSi kavSiri maRalorbitalur sistemaSi 

kavSirTan SedarebiT, sul erTia umjobesia  Inmarsat sistemiT 

sargebloba, radgan monacemTa gadacemisaTvis daxarjuli droc 

cxadia aseve TanxasTan aris dakavSirebuli. vTqvaT mocemuli 

samagistro Sromis eleqtronuli versiis zoma Mirosoft Word–is 

formatSi Seadgens 150 kbaits. es informacia Tanamgzavruli 

kavSirisas 4,8 kbiti/wm siCqariT gadaicema sul 4 wT–Si, xolo erTi 

cifruli fotosuraTis gadacemas (300 kbaiti– 1,5 mgbaiti) SeiZleba 

dasWirdes 1 sT–me dro.  

Inmarsat sistemebSi monacemebis saxiT SeiZleba gadacemuli iqnas 

aramxolod teleqsebi da faqsebi, aramed telegramebi saWiro 

safosto misamarTisaTvis, survilisamebr SeiZleba visargebloT 

maRalsiCqariani ISDN- telefonebiT, romlebic gamoiyeneba ara 

mxolod sityvebis gadasacemad, aramed gamosaxulebis 

gadasacemadac.  

fiWuri sistemebi GSM da CDMA, Tanamgzavruli sistemebi 

Globalstar, Iridium, Inmarsat, agreTve radiotelefonebi DECT 

deklarireben srul konfidencialobas da eTeris gareSe pirTa 

mxridan mosmenis SeuZleblobas. Iridium sistemebSi 

gaTvaliswinebulia damrekavis adgilmdebareobis ganmsasazRvravi 

sistema. magaliTad, Tuki Tanmimdevruli zarebis rigi 

xorcieldeba erTmaneTisagan sakmaod moSorebuli wertilebidan, 

miuxedavad imisa imyofebian Tu ara isini strategiuli adgilis 

maxloblad, sistema rTavs gangaSs da iwyeba potendciuri oreulis 

moZebna. Inmarsat–sistemis bazur variantSi gamoiyeneba 
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kriptokodireba, amave dros Tu momxmarebels aqvs saidumlo 

informacia man SeiZleba SeiZinos seriuli kriptobloki, Tumca 

aseTive kriptoaparatura unda hqondes informaciis mimReb 

adresatsac, winaaRmdeg SemTxvevaSi is ver SeZlebs daSifruli 

informaciis dekodirebas. mocemul SemTxvevaSi  Inmarsat sistema 

qmnis e.w. „gamWvirvale arxs“, romelsac aRar Sifravs da ar axdens 

kodirebas, radgan ukve kodirebulia. Tu momxmarebels ar surs 

gamoiyenos standartuli kriptoaparatura da algoriTmebi, maSin 

nebismieri satelefono qselidan SeuZlia gadavides monacemTa 

gadacemis reJimSi da movxdinos informaciis kodireba 

damoukideblad cnobili kriptoalgoriTmebis gamoyenebiT.  

Tanamgzavruli zaris Rirebuleba damokidebulia abonomentis 

adgilmdebareobaze. Tanamgzavrulidan Tanamgzavrul telefonze 

darekvisas Tanxas ixdis rogorc damrekavi aseve adresati, Tumca 

magaliTad saqarTvelodan Inmarsat an Iridium satelefono aparatze 

darekvisas Tanxas ixdis mxolod damrekavi abonomenti. Zalian bevr 

qveyanaSi zarisaTvis Tanxas ixdis mxolod damrekavi da imis da 

mixedviT Tu sad rekavs 1 wT salaparako drois Rirebuleba 

sxvadasxvaa. Tanamgzavruli telefonidan darekvisas  Inmarsat 

aparatze Tanxa ar aris damokidebuli adresatis 

adgilmdebareobaze da jdeba 3$, xolo Iridium da Globalstar aparatebze 

darekvisas meryeobs 1$–dan – 3$–mde (damokidebulia imaze Tu ra 

gziT vrceldeba signali adresatamde).  

axali Tanamgzavruli sistemebis mwarmoeblebi aqcents akeTeben 

maTi sistemebis masiurobaze da fiWuri satelefono sistemebisadmi 

Tavsebadobaze. gamodis dualuri aparatebi, SemuSavebulia 

roumingis specialuri tarifebi, SemoRebulia zarebis 
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diferencirebuli gadasaxadi, gamoiyeneba saerTo SIM–baraTebi da 

a.S. mTels msoflioSi bazuri  GSM da CDMA sadgurebis gamarTva 

raTqmaunda rTulia, Tumca SeiZleba Ria kosmosSi gasvla am 

sadgurebidanac Tu moxdema maTi Canacvleba maralteqnologiuri 

satelekomunikaciao aparaturebiT, romlebic uzrunvelyofen 

kavSirs yovelTvis da yvelgan.  

kacobrioba popovis pirveli radiodan sakmaod Sors wavida da 

gadaaqcia Cveni mze erT did radiovarskvlavad, aiTvisa TiTqmis 

yvela saxis radiotalRa da mWidrod miuaxlovda telefonebis 

sruli personifikaciis sakiTxs. dReisaTvis teqnikurad 

SesaZlebelia miviRoT ara mxolod piradi (sicocxlis bolomde) 

saidentifikacio nomeri, aramed satelefono da radioaparaturebis 

saidentifikacio nomrebic.  

Sors ar aris dro roca nebismieri momxmarebeli ara mxolod 

sul raRac wamebSi miiRebs Tavis aseul megabait informacias, 

aramed gadascems da miiRebs maRalxarisxian satelefono da 

satelevizio kavSirs samyaros nebismieri wertilidan.   
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Tavi II 
antenuri sistemebi  

 

§2.1. Sesavali antenebis TeoriaSi  

 
 antena warmoadgens mowyobilobas, romelic gankuTvnilia 

radiotalRebis miRebisa da gamosxivebisaTvis. gadamcemi antena 

maRali sixSiris eleqtromagnitur rxevebs gardaqmnis 

gamosxivebuli radiotalRebis energiaSi. rogorc cnobilia 

cvladi eleqtruli deni warmoadgens eleqtromagnituri talRebis 

wyaros. cvladi eleqtruli denis es Tviseba  pirvelad maqsvelis 

Sromebis safuZvelze, daadgina hercma me-19 saukunis 80–ia wlebSi. 

mimRebi antena ki asrulebs Sebrunebul funqcias – is 

radiotalRebis energias gardaqmnis energiad, romelic 

warmoiqmneba mimRebi antenis rxeviT konturSi. antenis forma, 

zomebi da konstruqcia damokidebulia gamosxivebuli an miRebuli 

talRis sigrZeze.  

bevri gadamcemi antenisaTvis gamosxivebis intensioba 

damokidebulia gamosxivebis mimarTulebaze. antenebis es Tviseba 

grafikulad gamoisaxeba mimarTulebis diagramiT, romelic 

gviCvenebs gamosxivebuli talRis eleqtruli velis daZabulobis 

damokidebulebas mimarTulebis maCvenebel kuTxeze. antenebis erT–

erTi ZiriTadi maxasiaTebeli parametri aris  mimarTuli qmedebis 

koeficienti, romelic gviCvenebs Tu ramdenjer unda gvzardoT 

gamosxivebis simZlavre, rom mocemuli realuri (mimarTuli) antena 

SevcvaloT aramimarTuli (izotropuli) anteniT, rom eleqtruli 

velis daZabuloba ucvleli darCes. cxadia realurad, miRebuli 
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talRis energiis nawili ikargeba antenis gamtarebze da 

izolatorebze, xolo nawili ki STainTqmeba da gaibneva 

garemomcvlel sivrceSi. amitom antenuri sistemebis meore ZiriTad 

maxasiaTebel parametrs warmoadgens gamosxivebuli talRis 

simZlavris fardoba gamtarunarianobasTan da mas antenis margi 

qmedebis koeficients uwodeben (mqk). antenis mqk–s namravli 

mimarTuli qmedebis koeficientTan iwodeba antenis gaZlierebis 

koeficientad (gk). mimRebi antena garda imisa, rom xasiaTdeba 

mimarTuli qmedebis koeficientiT, mqk–Ti da gaZlierebis 

koeficientiT, xasiaTdeba agreTve mimarTulebis diagramis 

formiTac. mimarTulebis diagrama gamosaxavs antenis mier mimRebi 

mowyobilobis SesasvlelSi warmoqmnili emZ–is damokidebulebas 

talRis mosvlis kuTxeze. iTvleba, rom miRebis wertilSi velis 

daZabuloba ar aris damokidebuli talRis mosvlis kuTxeze.  

antenebis agebis Teoria da meTodebi eyrdnoba elementaluri 

vibratoris gamosxivebis Teorias. elementaluri vibratoris qveS 

vgulisxmobT gamtars, romlis sigrZec bevrad mcirea 

gamosxivebuli talRis   sigrZesTan SedarebiT aseTi vibratoris 

mimarTulebis diagramas vibratoris RerZze gamaval sibrteSi 

gaaCnia rvianis forma (nax.2a), xolo perpendikularul sibrtyeSi 

wris forma (nax.2b). elementaluri vibratorisaTvis mimarTuli 

qmedebis koeficienti 1,5 –ia tolia (saubaria hercis vibratorze). 

amrigad, nebismieri antena SeiZleba ganxiluli iqnas, rogorc 

hercis vibratorta erToblioba.  

 pirveli praqtikuli, arasimetriuli radio antena 

SemoTavazebuli iyo popovis mier 1895 wels. arasimetriuli 
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vibratori warmoadgens grZel vertikalur mavTuls, romlis qveda 

mxare damiwebasTan erTad mierTebuli iyo mimReb moywobilobasTan 

(nax.3). aseTi vibratoris mimarTulebis diagramas vertikalur 

sibrtyeSi gaaCnia naxevrad rvianis forma, xolo horizontalur 

sibrtyeSi wris forma. rogorc cnobilia, vertikaluri 

arasimetriuli vibratori uzrunvelyofs dedamiwis zedapiris 

gaswvriv uwyvet gamosxivebas, amitomac mas radiokavSirebisas 

dResac farTod iyeneben greli da saSualo talRebis SemTxvevaSi.   

antenebis erT–erTi mniSvnelovani maxasiaTebeli parametria, 

agreTve,  gamosxivebis winaaRmdegoba SCR . roca vibratoris sigrZe 

/ 4L  , maSin gamosxivebis winaaRmdegobis qveS gulisxmoben 

gamosxivebuli simZlavris fardobas vibratoris qveda boloze 

gazomili denis Zalis kvadratTan. rac ufro didia SCR , miT ufro 

didia gamosxivebuli simZlavre (vibratoris mocemuli 

wertilisaTvis), maRalia mqk, farToa sixSireTa zoli da mcirea 

eleqtruli velis daZabulobis amplituduri mniSvneloba, 

romelic warmoiqmneba mavTulis – vibratoris zedapirze. radgan 

velis maqsimaluri daZabuloba ar SeiZleba aRematebodes garkveul 

mniSvnelobas, rom ar moxdes garemomcvleli haeris ionizacia an 

izolatorebis rRveva, amitom rac ufro didia  SCR  winaRmdegoba, 

miT ufro didi simZlavre unda „mivitanoT“ antenamde. SCR  

winaaRmdegoba izrdeba /L  fardobis zrdasTan erTad. Tu 

gavzrdiT vibratoris diametrs vnaxavT, rom gaizrdeba sixSiruli 

zoli da Semcirdeba velis maqsimaluri daZabuloba. garda amisa 

SesaZlebelia rom gamoviyenoT ramodenime paralelurad 

SeerTebuli aseTi vibratorebis sistema. am gziT gamtarebis 
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paraleluri SeerTebis saerTo winaRobis msgavsad mcirdeba 

talRuri winaRoba.  

grZeli talRebis diapazonSi antenaTa srulyofa maTi 

geometriuli simaRlis zrdis proporciulad xorcieldeboda. 

yvelaze maRali aseti antena 300 metrsac ki Seadgenda. formaTa 

SerCevis gziT miRebuli iqna Т–magvari, Г–magvari da qolgiseburi 

antenebi (nax.4). mimarTuli qmedebis koeficienti aseTi 

antenebisaTvis  3–is toli gaxda. mogvianebiT  –talRis sigrZis 

Semcirebis gziT gamartivda antenebis mSenebloba. 30–ian wlebSi 

grZeli talRebis diapazonSi (200 m - 2000 m) daiwyo vertikaluri, 

dedamiwisagan izolirebuli, maRal anZaze damontaJebuli,  

arasimetriuli vibratoris gamoyeneba. maT mogvianebiT antena–anZis 

saxelwodeba SemorCaT. antena–anZis mimarTuli qmedebis 

koeficienti icvleba misi simaRlis  –talRis sigrZesTan 

fardobis mixedviT. roca es fardoba 0,63–is toli garda aRmoCnda, 

rom mimarTuli qmedebis koeficienti  maqsimaluri anu 6–is toli 

iyo.  Tuki samuSaos mixedviT am diapazonSi saWiro xdeba mimarTuli 

gamosxivebis miReba an gadacema, maSin iyeneben SedarebiT rTuli 

formis antenebs (nax.5), romlebic Cveulebriv Sesdgeba 2 

vertikaluri arasimetriuli vibratorisagan, romelTagan erTi 

maTgani uSualod ikvebeba gadamcemidan da warmoadgens aqtiur 

vibrators, xolo meore masTan sivrciT eleqtromagnituri 

kavSiris gziT aRigzneba (pasiuri reflaqtori). aqtiuri 

vibratoridan gamosxivebuli talRa interferanciaSi Sedis 

pasiuri reflaqtorebidan gamosxivebul talRebTan da Sesabamisad 

mimarTulebis diagrama icvlis formas, xolo mimarTuli qmedebis 
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koeficienti TiTqmis 2–jer izrdeba erTvibratoriani antenis 

mimarTuli qmedebis koeficientTan SedarebiT.     

200-550 m radio samauwyeblo diapazonSi farTod gamoiyeneba e.w. 

antifedinguri antena, romelic uzrunvelyofs eleqtromagnituri 

velis milevis Sesustebas, romelic ganpirobebulia antenidan 

mcire manZilze (40-60 km) saRamoTi da RamiT. milevis efeqti 

ganpirobebulia ionosferodan arekvlili talRisa da dedamiwis 

zedapiris gaswvriv gavrcelebuli talRaTa interferenciiT. 

saSualo talRur diapazonSi sargebloben CarCos formis mqone 

antenebiT da e.w. magnituri antenebiT.  Tumca SesaZlebelia CarCos 

formis mqone antenisa da vertikaluri simertiuli vibratoris 

sxvadasxva kombinaciiT miRebuli iqnas aseve kargi Sedegi.   

mokletalRur diapazonSi antenis ageba damokidebulia 

kavSiris siSoreze. mcire manZilze (ramodenime aTeuli km) kavSiri 

xorcieldeba uSualod dedamiwis zedapiris maxloblad 

gavrcelebuli talRebiT. am manZilebze xSirad iyeneben 

vertikalur arasimetriul vibrators, romelic analogiuria 

saSualo da grZeli talRebis vibratorisa. SeiZleba gamoyenebuli 

iqnas agretve vertikaluri simetriuli vibratori, xolo did 

manZilebze (50-100 km) kavSiri xorcieldeba ionosferodan 

erTjeradad an mravaljeradad arekvlis gziT. am manZilebze 

xSirad sargebloben horozontaluri, simetriuli vibratoriT 

dReRamuri da wliuri uwyveti kavSiri mokle talRebze saWiroebs 

talRis sigrZis xSir cvlilebas. dRisiT, zafxulSi da maRali 

mzis aqtivobis periodSi kavSirisaTvis saWiroa SedarebiT mokle 

talRis sigrZis talRebi, vidre RamiT, zamTarSi da dabali mzis 
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aqtiobis periodSi.  amitom mokle talRur diapazonSi uwyveti 

wliuri kavSiris Sem,TxvevaSi sargebloben diapazonuri antenebiT, 

romlebic gankuTvnilia farTo sixSiruli diapazonisaTvis da ar 

saWiroebs raime gadawyobas.  erT–erTi aseTi antenaa simetriuli 

horizontaluri vibratori, romelic cnobilia dipolis 

saxelwodebiT .am antenas gaaCnia mcire talRuri winaaRmdegoba, ris 

Sedegadac misi Semavali winaaRmdegoba mcired aris damokidebuli 

talRis sigrZeze. aseTi antenis mimarTuli qmedebis koeficienti 6-

12 farglebSia.  garda amisa gamoiyeneben agreTve sinfazur 

antenebsac (nax.6), romelic warmoadgens simetriuli 

vibratorebisagan Semdgar brtyel bades.  sinfazuri antenebisaTvis 

mimarTuli qmedebis koeficienti ramodenime aseuls da SeiZleba 

1000–ac ki aRwevdes, xolo mqk daaxloebiT 1–s uaxlovdeba. 

sinfazuri antenis garda gamovyofT agreTve rombisebur antenebs, 

romelTa mimarTuli qmedebis koeficienti 20-200–ia, xolo mqk - 0,5-

08 . 

 metrul da decimetrul diapazonSi gamoiyeneba 

mravalsarTuliani, paneluri, xvreluri da sxva tipis antenebi 

moqmedebis zonia gazrdia mizniT am diapazonSi momuSave antenebi 

montaJdeba 100-300 m da ufro maral simaRleebZe. mimarTuli 

qmedebis koeficienti daaxloebiT 6–dan ramodenime aTeulamde 

meryeobs. msoflioSi yvelaze ufro maRali satelevizio anZis 

simaRle 533 m–ia da igi moskovSi mdebareobs.    

zemaRali sixSiris antenebi moicavs decimetrul, 

santimetrul da milimetrul diapazonebs. gamoiyeneba 

radiosarelevo kavSirisaTvis, radiolokaciaSi, kosmosuri 
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kavSirebisas, radioastronomiaSi da a.S. am diapazonebSi farTod 

gamoiyeneba sinfazuri antenebi, ruporuli antenebi,  linzuri 

antenebi, paraboluri antenebi, ruporul–paraboluri antenebi, 

orsarkiani antenebi, spiraluri antenebi (nax.7-8) da sxva.   

 

§2.2. antenuri maxasiaTeblebi   
 

bolo periodSi antenebis maxasiaTeblebis gaumjobesebis 

mizniT adgili aqvs intensiur kvlevebs. samecniero Sromebi am 

mimarTulebiT eZRvneba sxvadasxva daniSnulebisa da tipis 

antenebis gambnevi Tvisebebis optimizacias, kerZod ki gabnevis 

efeqturi farTobis Semcirebas. am sakiTxebisadmi didi yuradReba 

upirveles yovlisa ganpirobebulia antenebis gabnevis 

maxasiaTebeli parametrebis gavleniT Tanamedrove SeiaraRebisa da 

samxedro teqnikis radiolokaciuri obieqtebis „SemCneviTobaze“, 

romlebic Tavis mxriv aRWurvilia radioeleqtronuli 

mowyobilobebis farTo speqtriT. meore mniSvnelovani faqtori, 

romelic adasturebs eleqtromagnituri talRebis antenuri 

sistemebis mier gabnevis Seswavlis aqtualobas, aris antenuri 

sistemebis gabnevis efeqturi ganikveTis gavlena 

radioeleqtronuli mowyobilobebis  funqcionirebis xarisxze [11].  

antenuri sistemebis gabnevis efeqturi ganikveTis Seswavla, 

mniSvnelovania Tanamedrove SeiaraRebisa da samxedro teqnikis 

ukeT gamarTvis TvalsazrisiT. Teoriuli da eqsperimentaluri 

gamokvlevebi antenebis mier eleqtromagnituri talRebis gabnevis 

sakiTxSi gviCvenebs, rom SedarebiT didi gabnevis efeqturi 

ganikveTiT gamoirCeva e.w. mkveTrad mimarTuli aperturuli 
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antenebi (linzuri, sarkisebuli, ruporuli da sxva), Sesabamisad 

didi gabnevis efeqturi ganikveTis gamo mkveTrad mimarTuli 

antenebisaTvis damaxasiaTebelia didi energetikuli danakargebi 

signalis miRebisas, radganac dacemuli talRis mniSvnelovani 

nawili airekleba da gaibneva sivrceSi. praqtika aCvenebs, rom 

mravalfunqcionirebadi kompaqturad ganlagebuli 

radioeleqtronuli sistemebi urTierT zegavlenas axdenen 

erTmaneTze, rac ganpirobebulia signalis arekvliT mezobeli 

antenebidan, xolo zogierT SemTxvevaSi adgili aqvs 

gauTvaliswinebel radiodabrkolebebs, rac ganapirobebs swored 

antenuri sistemis gabnevis efeqturi ganikveTis mniSvnelovan 

sidides. am TvalsazrisiT aqtualuri aris agreTve antenis gabnevis 

maxasiaTeblebis gavlenis Seswavla maxloblad ganlagebul 

antenebTan eleqtromagnitur Tavsebadobaze [14].  

antenur sainJinro praqtikaSi antenis gabnevis efeqturi 

ganikveTis gamosaTvlelad miRebulia formula [12].  

2 2
2

2
4

4

eff

s eff A A

S
S G G


 


                                                    (2.1) 

sadac effS - antenis efeqturi farTobia;   - talRis sigrZea; 2

AG  - 

antenis mimarTulebis koeficientia. 

arsebuli TiTqmis yvela praqtikuli kvlevebi midis Sedegze, 

rom antenaze brtyeli eleqtromagnituri talRis dacemisas 

gabneul energias gaaCnia ori mdgeneli A SE E E  , romlebsac SeaqvT 

mniSvnelovani wvlili antenis gabnevis efeqturi ganikveTis 

sidideze. pirveli komponenti – antenuri komponentia da Sesabamisi 

gabnevis efeqturi ganikveTis mdgeneli ganpirobebulia antenur–

fiderul traqtze arsebuli araerTgvarovnebebze talRis 
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arekvliT, xolo meore komponenti – struqturuli komponenti, 

gansxvavebiT antenuri komponentisa ganpirobebulia antenis 

ZiriTad elementebze warmoqmnili denebiT. (2.1)–li gantoleba ar 

warmoadgens zust gantolebas gabnevis efeqturi ganikveTisaTvis, 

radgan is ar iTvaliwcinebs bevr efeqtebs, maT Soris gabnevis 

antenur da struqturul mdgenelebs Soris kavSirs, Tumca is 

SeiZleba gamoyenebuli iqnas aperturuli antenebis gabnevis 

efeqturi ganikveTis struqturuli mdgenelisaTvis.  

 amocana dadis antenuri sistemis mier Soreul zonaSi 

gamosxivebuli velis povnaze. maqsvelis gantolebebis saSualebiT 

grinis funqciis meTodiT miviReT velis komponentebi 

gamomsxivebeli  V moculobis mier sivrcis nebismier  , ,r x y z  

wertilSi: 

  1 2( ) ( ) ( ) ( ) ( )
4

x x x y zE F r J x x F r x x J y y J z z J dV
ik

 


               

  1 2( ) ( ) ( ) ( ) ( )
4

y y x y zE F r J y y F r x x J y y J z z J dV
ik

 


               

  1 2( ) ( ) ( ) ( ) ( )
4

z z x y zE F r J z z F r x x J y y J z z J dV
ik

 


               

sadac:  

 
2 2

1 3

1
exp( )

ikr k r
F r ikr

r

  
   

 
2 2

2 5

3 3
exp( )

ikr k r
F r ikr

r

 
   

rac unda rTuli formis antena gvqondes, is SeiZleba 

warmovadginoT elementalur vibratorTa erTobliobis saxiT. 

Tuki gamovTliT erTi romelime L  sigrZis vibratoris mier 

gamosxivebuli velis komponents sivrcis rimelime wertilSi da 
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CavTvliT, rom es vibratorebi avseben sivrces garkveuli 

geometrioli figuriT, maSin integrireba am sivrciT gvaZlevs 

rezultirebul Sedegs, romelic gveqneboda n raodenobis 

vibratoris erToblivi moqmedebis Sedegad.  

gamovTvaleT erTi konkretuli vibratoris mier gamosxivebuli 

velis gamosaxuleba: 

0

0

( , , ) ( ) ( , )
4

ikr
e

E r i I F d
r

      




   ,                                    (2.2) 

sadac:   ( , ) exp sin cos sin sin cosF ik x y z           . gamoTvlebi gviCvenebs, 

rom n –raodenobis antenis L  sigrZis vibratorTa kompleqsis mier 

gamosxivebuli velis mniSvneloba Soreul zonaSi gamoisaxeba 

formuliT:  

0

2
10 2

(2 1) cos cos

( , , ) sin ( 1)

(2 1) 2 cos

nN
ikr n

n

L
n I

iL
E r e

r L
n

 
  

  









 
  

   
 

  
 

 ,           (2.3) 

miRebulia agreTve gabnevis efeqturi ganikveTis gamosaxuleba 

gabneuli velis antenuri mdgenelisaTvis. gabneuli velis 

komponentebis gamosaxulebebis miRebisas gamoyenebulia grinis 

meTodi, romelic arsebuli analitikuri modelebisagan 

gansxvavebiT saSualebas gvaZlevs gamoTvlebi vawarmooT ara 

mxolod martivi geometriuli figuris mqone antenebisaTvis.  

SedarebiT martivi da iafia mkveTrad gamoxatuli aperturuli 

antenebis ageba. mimarTuli qmedebis koeficienti izrdeba 

elementTa raodenobis zrdasTan erTad.  
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§2.3 mravalelementiani antenebi 
ukabelo kavSiris sistemaSi 

 

efeqturad SerCeuli antenuri sistemis gamoyeneba erT-erTi 

saSualebaa nawilobriv mainc gaumjobesdes kavSiris xarisxi da 

siSore. mraval arxiani ukabelo kavSiris sistemebiT (Wireless 

Personal Area Networks - WPAN) sargeblobisas, mniSvnelovania, Tu 

ramdenad farTod da yovlis momcvlelad faravs antenis mier 

gamosxivebuli eleqtromagnituri talRebi sivrces. saWiroa 

gaTvaliswinebuli iqnas gadamcemi arxebis (“sxivebis”) 

erTmaneTze uaryofiTi gavlena da gaizardos gamtarunarianoba. 

garda amisa, uzrunvelyofili iqnas gadamcemi antenebis 

mdgradoba gareSe moZravi da uZravi  dabrkolebebisadmi 

(“xmaurisadmi”), romelsac qmnis sxvadasxva sixSiruli 

diapazonisa da simZlavrisa moZravi (uZravi) eleqtromagnituri 

velis wyaroebi [7-9].   

gareSe dabrkolebebis gavlenis Seswavla sasargeblo 

signalze warmoadgens erT-erT seriozul problemas 

Tanamedrove ukabelo kavSiris sistemebSi. mocemul samagistro 

SromaSi warmodgenilia e.w. “inteleqtualuri antenis” 

modifikacia, romliTac is mdgradi xdeba moZravi 

dabrkolebebisadmi. ZiriTadi idea imaSi mdgomareobs, rom 

antenis mier miRebul signalze edeba damatebiTi SezRudvebi, 

romlebic sasargeblo signalis miRebis aris gafarToebas iwvevs 

da zRudavs xmaurmsgavsi signalis miRebis ares. SemoTavazebuli 

algoriTmi eyrdnoba sasargeblo da xmaurmsgavsi signalebis 

mosvlis kuTxeebis Sefasebis meTods [10].    

arsebobs bevri algoriTmi, romliTac SesaZlebelia 

miviRoT “signalisa” da “xmauris” kargi Tanafardoba [9-11]. 



Tavi II                                                    antneturi sistemebi 

 

 -57- 

statiaSi warmodgeli algoriTmi kargad TanxvdenaSia nebismier 

sxva algoriTmTan. SevniSnoT, rom “inteleqtualuri antenebi”, 

romelebic adaptirdebian signalebis mosvlis kuTxeebis 

Sefasebis safuZvelze gamoiyeneba eriqsonisa da samsungis 

firmis mobilur telefonebSi. “inteleqtualuri antenis” 

moqmedebis principi SeiZleba ase warmovadginoT: signalisa da 

xmauris mosvlis kuTxeebis Sefaseba; momxmarebelTa 

identifikacia da mimarTulebis diagramis formireba miRebisa 

da gadacemis reJimSi.   

sasargeblo signalisa da xmauris mosvlis kuTxeebis 

Sefaseba da identifikacia SesaZlebelia ganxorcieldes kargad 

cnobili keiponis meTodiT, an kidev proeqciuli meTodebiT 

ESPRIT, Unitary ESPRIT [7-11]. Cveni amocanaa signalebis mosvlis 

kuTxeebze dayrdnobiT movaxdinoT mimarTulebis diagramis 

formireba.    

vTqvaT mocemuli gvaqvs M -elementiani wrfivi 

eqvivalenturi antena. antenis mier gamosxivebuli signali, 

drois nebismier t momentSi, avRniSnoT s

 - veqtoriT. saWiroa 

Sesruldes piroba / 1signali xmauris s . movaxdinoT antenis mier 

miRebuli signalis sivrciT-kovariaciuli matricis Sefaseba 

W  *ss , sadac s warmoadgens s -is ermiturad SeuRlebuls. es 

ukanaskneli SeiZleba asec warmovadginoT:  

* 2ˆ ˆŴ AA I  ,                       (3.1) 

sadac: 

       nÂ a ,a ,a ...,a     
 sg1 xm1 xm2 xm ,

   
2 d 2 d

a 1,exp i sin ,....exp i M 1 sin
      

               
, 
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sg , xm - warmoadgens “signalisa” da “xmauris” mosvlis kuTxeebs. 

2   ”xmauris” intensivobaa, I - erTeulovani matricaa,  talRis 

sigrZea, n - gareSe dabrkolebaTa ricxvia, d - antenis elementebs 

Soris manZilia. (1) formulaSi “xmauriT” ganpirobebuli 

damatebiTi wevris 2 I  SemoRebuli iqna Ŵ  sivrce-kovariaciuli 

matricis singularobis aRmofxvris mizniT.  

signali, romelic miiReba antenis gamosavalze – sasargeblo 

signalia. igi SeiZleba warmovadginoT ase:  

 *ˆS W a(θ)s , 

Sesabamisad miRebis reJimSi mimarTulebis diagrama SeiZleba 

ganvsazRvroT gamosaxulebiT:  

2
*ˆG(θ)= W a(θ)a(θ) .                         (3.2) 

vTqvaT antena uwyvetad avsebs raime V  moculobas. maSin 

antenis mier gamosxivebuli eleqtromagnituri veli sivrcis 

nebismier A V  wertilSi, SeiZleba warmovadginoT rogorc V  

moculobaSi uwyvetad ganawilebuli eleqtruli eJ

 da 

magnituri mJ

 denebis mier Seqmnili btyeli eleqtromagnituri 

velebis superpozicia [13]: 

 
 

   
 

3

e,m

V

3

e,m

V

exp ik R r
E(r, t) M R exp(i t)d d R

4 R r

exp ik R r
H r, t M R exp(i t)d d R

4 R r

 


 


 




 








                 (3.3) 

e 0 e e m

0

m 0 m m e

0

1
M i J graddivJ rotJ

i

1
M i J graddivJ rotJ

i







   

   

                    (3.4) 

sadac VR ; 3 Vd R d - moculobis elementia, ck / - talRuri 

ricxvia, c sinaTlis siCqarea vakuumSi.    
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(3.3) da (3.4) formulebis safuZvelze SeiZleba Teoriulad 

SevafasoT V  moculobaSi uwyvetad ganawilebuli antenuri 

sistemis mimarTuli qmedebis koeficienti signalis miRebis 

reJimSi [13]: 

 

 

 

 

2

22

0

ef ef2 2
22

0

E t
dt d

t1 1
G(θ 0) S S

c c
E t dt d





  

 
 









 
 

   



 

 

              (3.5)  

sadac ( )  - signalis speqtria.  

pirdapiri da ukumimarTulebiT signalis gavrcelebisas 

(miReba-gadacemis reJimi) adgili aqvs “sxivis” wanacvlebas 

kuTxiT, romelic ganpirobebulia garemos sixSiruli 

dispersiiT. igi SeiZleba gamovsaxoT formuliT: 

f
arcsin sin

f

  
   

  

gad

miR

,                         (3.6) 

sadac fgad da fmiR - Sesabamisad mzidi signalis sixSirea 

gadacemisa da miRebis reJimSi.  

praqtika aCvenebs, rom mravalfunqcionirebadi kompaqturad 

ganlagebuli radioeleqtronuli sistemebi urTierTgavlenas 

axdenen erTmaneTze, rac ganpirobebulia signalis arekvliT 

mezobeli antenebidan, xolo zogierT SemTxvevaSi adgili aqvs 

gauTvaliswinebel radio dabrkolebebs [14,15]. es dabrkolebebi 

ganapirobebs swored antenuri sistemis gabnevis efeqturi 

ganikveTis zrdas. antenur sainJinro praqtikaSi antenis gabnevis 

efeqturi ganikveTis gamosaTvlelad miRebulia formula [15]:  

2 2
2 2

2
4 G(θ)=G (θ)

4

eff

s eff

S
S


 

 
   ,                                       (3.7) 
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sadac effS - antenis efeqturi farTobia;   - talRis sigrZea. (3.2)-e 

formulis gaTvaliswineba (3.7)-Si saSualebas gvaZlevs 

SevafasoT nebismieri geometriuli formis antenis gabnevis 

efeqturi ganikveTi.  

 

ricxviTi eqsperimenti da modelireba 

Catarebuli iqna ricxviTi eqsperimenti wrfivi, 10 

elementiani antenis mimarTulebis diagramis formirebis mizniT. 

CavTvaleT, rom mzidi signalis sixSire 500 mghc-ia, xolo 

antenis elementebs Soris manZili talRis sigrZis naxevris 

tolia. sasargeblo signalis mimarTulebad arCeuli iqna 

antenis aperturisadmi gavlebuli normali. xmaurmsgavsi  

dabrkolebebi ki am normalisadmi 040  da 060  gradusian kuTxes 

adgendnen. (3.1) da (3.2) meore formulebis safuZvelze 

formirebuli iqna mimarTulebis diagrama dabrkolebaTa 

sxvadasxva ricxvisaTvis. naCvenebi iqna, rom antena SedarebiT 

efeqturia gareSe dabrkolebebis ar arsebobisas ( n 0 ), xolo 

dabrkolebebis ricxvis zrda n 1, 2  iwvevs efeqturobis 

Semcirebas (ix. nax.9). klasikur algoriTmebTan SedarebiTi 

analizidan vadgenT, rom warmodgenili algoriTmi SedarebiT 

mdgradia moZravi (uZravi) dabrkolebebisadmi. 

 

daskvna  

amrigad, ukabelo kavSiris sistemebis MMDS, LMDS da FSO 

SedarebiTi analizi cxadyofs, rom arsebobs rigi faqtorebi, 

romelebsac saWiroa yuradReba mieqces konkretuli sixSiruli 

diapazonis signalis gadacemisas, kerZod: damoukidebeli 

abonentTa jgufis CarTva saerTo qselSi, konkretuli abonentis 
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an abonentTa jgufis gamoZaxeba (identifikacia), gareSe 

momxmareblebisagan dacva, abonentebis marTva centraluri 

sadispetCero sadguridan, retransliacia da dafarvis zonis 

gafarToeba, monacemTa cifruli qselis farglebSi gadacema – 

yvelaferi es aris arasruli CamonaTvali, romelTanac SeiZleba 

gvqondes adgili kavSiris sistemebis urTierTdakavSirebisas. am 

CamonaTvals Tu davumatebT radiosixSireebis deficitis 

sakiTxs, eleqtromagnitur mdgomarebas garemomcvlel sivrceSi 

da finansuri saSualebebis SemosazRvrulobas – gasagebi xdeba 

Tu ramdenad rTulia realobaSi xarisxiani da saimedo kavSiris 

qselis realizeba.  

Teoriuli da eqsperimentaluri kvlevebi gviCvenebs, rom 

SedarebiT didi gabnevis efeqturi ganikveTiT gamoirCeva e.w. 

mkveTrad mimarTuli aperturuli antenebi (linzuri, sarkisebuli, 

ruporuli da sxva). didi gabnevis efeqturi ganikveTis gamo 

mkveTrad mimarTuli antenebisaTvis damaxasiaTebelia didi 

energetikuli danakargebi, radgan talRis mniSvnelovani nawili 

airekleba da gaibneva sivrceSi.  

samagistro SromaSi SemuSavebulia algoriTmi, romelic 

gareSe misaReb signals ramdenadme mdgrads xdis gareSe 

dabrkolebisadmi – “xmaurisadmi”. es ki warmoadgens erT-erT 

seriozul problemas Tanamedrove ukabelo kavSiris sistemebSi. 

ganxiluli algoriTmi morgebulia mravalelementiani 

aperturuli antenis models. Sedegad miRebulia e.w. 

“inteleqtualuri antenis” modifikacia, romelic mdgradia 

moZravi dabrkolebebisadmi. ZiriTadi idea imaSi mdgomareobs, 

rom antenis mier miRebul signalze edeba damatebiTi 

SezRudvebi, romlebic sasargeblo signalis miRebis aris 
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gafarToebas iwvevs da zRudavs xmaurmsgavsi signalis miRebis 

ares. miRebulia “signalisa” da “xmauris” kargi Tanafardoba. 

warmodgeli algoriTmi karg TanxvdenaSia nebismier sxva 

algoriTmTan. signalis miRebis reJimSi formirebulia 10 

alementiani antenis mimarTulebis diagrama dabrkolebaTa 

sxvadsxva ricxvisaTvis.  

msgavsi modifikaciis antenebi miniaturuli zomiT 

Tavisuflad SeiZleba gamoyenebuli iqnas fiWur 

kavSirgabmulobaSi.   
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დანართი 1 

 

 

ნებისმიერი ფორმის 

გამომსხივებელი მოცულობა 

წყარო ( , , )x y z    

დაკვირვების წერტილი 

( , , )x y z  

x  

y  

z  

xJ  

zJ  

zJ  

ნახ.1 nebismieri formisa da moculobis gamomsxivebeli sistemis (antenuri 

sistemis) veli dakvirvebis ( , , )x y z  wertilSi.  
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დანართი 2 

 

გრძელ ტალღოვანი ანტენები 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ნახ.3. გ) ვერტიკალური არასიმეტრიული 

ვიბრატური. ბ) მიმართულების დიაგრამა 

ჰორიზონტალურ სიბრტყეში გ) მიმართულების 

დიაგრამა ვერტიკალურ სიბრტყეში. 

 

ნახ.2 ა) ჰერცის ვიბრატორი. ბ) მიმართულების 

დიაგრამა ჰორიზონტალურ სიბრტყეში გ) 

მიმართულების დიაგრამა ვერტიკალურ 

სიბრტყეში. 
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ნახ.4. T-ს ფორმის მქონე ანტენა. 1-გამომსხივებელი; 

2-ჰორიზონტალური ნაწილი; 3-იზოლატორები; 4-

დამიწების სისტემა; 5-მიმღებთან შესაერთებელი 

სამაგრები. 

ნახ.5. ა) გრძელი და საშუალო ტალღების 

ანტენა. 1-აქტიური ვიბრატორი; 2-

პასიური რეფლაქტორი; 3-შემაერთებელი 

სამაგრები; ბ) მიმართულების დიაგრამა 

ჰორიზონტალურ სიბრტყეში.  
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დანართი 2  

 

მოკლე ტალღოვანი ანტენები 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

ა) 

ბ) 

გ) 

ნახ.6. ა) მოკლე ტალღების სინფაზური ანტენა. 1-

გამომსხივებელი დიპოლური ელემენტი; 2-

აპერიოდული რეფლაქტორი;  3-იზოლატორი ბ) 

მიმართულების დიაგრამა ვერტიკალურ და 

ჰორიზონტალურ სიბრტყეში 

ნახ.7. მსრბოლი ტალღის ანტენა. 1-

ვიბრატორი; 2-იზოლატორი; 3-კვების 

სადენები;  4,5-რეზისტორები. 
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დანართი 3  

 

ულტრამოკლე ტალღოვანი ანტენები 

 

 

 

 

 

 
 

 

 

 

 

 

ნახ.8. ა) რუპორული ანტენა; ბ) ლინზური ანტენა; გ) პარაბოლური ანტენა; დ) პარაბოლური ანტენა; 

ე) რუპორულ-პარაბულური ანტენა; ვ) ორსარკიანი ანტენა; ზ) ხვრელური ანტენა; თ) სპირალური 

ანტენა; ი) ლოგოპერიოდული ანტენა.  
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დანართი 4  

 

 

 

 

 

 

 

 

 

 

 

 

 

  )(G  ,  db   

 ,    

00  040  
080  040  080  
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0  

40  

80  

120  

ნახ.9. 10 elementiani antenis mimarTulebis diagramma 

signalis miRebis reJimSi 2,1,0n  SemTxvevebisas. 
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