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S e s a v a l i 
  
  
      telekomunikaciis qselebisa da sistemebis umTavres elements 

warmoadgens SemaerTebeli garemo (telekomunikaciis xazi). 

telekomunikaciis Tanamedrove xazebi _ es aris grandiozuli nagebobebi, 

romlebic Seicavs gavrcelebis aresa da rTuli eleqtronuli 

mowyobilobebis kompleqss da isini uzrunvelyofs sxvadasxva saxeobis 

signalebis gadacemas saWiro mimarTulebiT da saWiro manZilze. am 

funqciis Sesrulebis sirTule gasagebi gaxdeba, Tu warmovidgenT, rom 

telekomunikaciis xazebis sigrZe aTasobiT kilometrs SeiZleba aRwevdes, 

isini SeiZleba gadiodes sxvadasxva klimaturi pirobebis zonebSi da 

mudmivad imyofebodes sxvadasxva bunebrivi movlenebis zemoqmedebis 

pirobebSi. telekomunikaciis xazebiT signalebis xarisxiani gadacema 

SesaZlebelia mxolod im SemTxvevaSi, Tu maT gaaCnia garkveuli Tvisebebi 

da parametrebi, romlebic praqtikulad damokidebuli araa weliwadis 

drosa da muSaobis pirobebze. garda amisa, xazebs unda gaaCndes 

garkveuli saimedoba da meqanikuri simtkice mravali aTeuli wlis 

ganmavlobaSi. am pirobebis Sesruleba sakmaod rTul teqnikur amocanas 

warmoadgens, ris gamoc telekomunikaciis Tanamedrove xazebi _ metalis 

sadeniani sakabelo, sahaero, boWkovan-optikuri Tu radioxazebi _  

ZviradRirebuli nagebobebia (maT wilad modis telekomunikaciis sistemis 

Rirebulebis 70...80%). amis gamo telekomunikaciis qselebisa da sistemebis 

mSeneblobisas gansakuTrebuli yuradReba eqceva telekomunikaciis xazebis 

ekonomiurobasa da maTi gamtarunarianobis efeqturad gamoyenebis 

sakiTxebs.   

      aRniSnulidan gamomdinare, telekomunikaciis qselebisa da 

sistemebis Seqmnis dawyebidanve arsebobs didi interesi   mravalarxiani 

sistemebis Seqmnisa, romlebic uzrunvelyofs telekomunikaciis erTi 

xazis saSualebiT rac SeiZleba meti arxebis organizebas da Sesabamisad 

sxvadasxva saxis  (telefonis, telegrafis, monacemTa gadacemis, 

televiziis da sxva) signalebis erTdroul da urTierTdamoukidebel 

gadacemas.  

       



1. mravalarxiani telekomunikaciis safuZvlebi 

  
1.1. telekomunikaciis xazebis gamoyenebis ekonomikuri 

efeqturoba 
  

      telekomunikaciis xazebiT organizebuli arxebis (erTdroulad 

gadasacemi urTierTdamoukidebeli signalebis) raodenoba ganisazRvreba 

jgufuri (mravalarxiani) signalisa da xazis Sesabamisi parametrebis 

TavsebadobiT, romelTa Soris upirvelesia signalebis informaciis 

raodenoba da xazis gamtarunarianoba.  

      rogorc cnobilia, telekomunikaciis sistemebSi ZiriTad 

standartul arxs warmoadgens tonaluri sixSiris (ts) arxi, romelTa 

raodenobiTac ganisazRvreba sistemis dasaxelebac. magaliTad, 

mravalarxiani analoguri sistema K-300 uzrunvelyofs 300 ts-is arxis 

organizebas (300 telefonis signalis erTdroul da 

urTierTdamoukidebel  gadacemas)  erTi  xazis  saSualebiT, ИКМ-480 

 cifruli sistema _ 480 ts - is arxis organizebas da a.S. bunebrivia, rom 

telefonis signalze (misTvis sistemaSi gamoyofilia 4 khc zoli) ufro 

metad informaciuli, magaliTad, Sav-TeTri televiziis signalis 

gadacemisaTvis, romlis sixSiruli zolis sigane 6 mhc-ia, Sesabamis 

analogur mravalarxian sistemaSi (magaliTad, K-1920 analogur sistemaSi) 

unda gamoiyos minimum 1500 (4khcx1500=6mhc) ts-is arxi (1500 telefonis 

analoguri signalis nacvlad gadaices televiziis erTi analoguri 

signali). minimum 1500-ze meti ts-is arxis gamoyofa imitomaa aucilebeli, 

rom signalis informaciis raodenobasa da Sesabamisi arxis 

gamtarunarianobas, garda signalis sixSiruli zolis siganisa, 

gansazRvravs agreTve signalisa da xelSeSlebis simZlavreTa fardobac 

(ix. Sesabamisi gamosaxulebebi kursis 1-li nawilis konspeqtSi), rac ufro 

didi unda iyos televiziis signalisTvis. amis gamo televiziis 

analoguri signalis gadacemisaTvis saWiroa 1800 ts-is analoguri arxis 

gamoyofa.  igive principi samarTliania Sesabamisi cifruli 

signalebisTvisac, romelTa Sesabamisi arxebis gamtarunarianobebia 64 

kbiti/wm da 108 mbiti/wm, ris gamoc Sav-TeTri televiziis erTi cifruli 



signalis gadacemisaTvis saWiroa telefonis 1700-de cifruli arxi 

(108mgbiti/wm / 64 kbiti/wm ≈ 1700). 
     telekomunikaciis mravalarxiani sistemiT organizebul ts-is arxebis 

raodenobas sistemis tevadobas uwodeben. 

      telekomunikaciis mravalarxiani sistemis umTavres teqnikur-

ekonomikur maCvenebels warmoadgens erTi arxis Rirebuleba, romelic 

gadaiangariSeba magistralis sigrZis erT kilometris mimarT. mas erTi 

arx-kilometris Rirebulebas uwodeben. telekomunikaciis mTliani 

sistemis Rirebuleba ki misi eqspluataciis gaTvaliswinebiT iangariSeba 

gamosaxulebiT 

                                                 Carx.km = C / NL ,                                                 ( 1 ) 

      sadac N sistemis mier organizebuli ts-is arxebis raodenobaa, L _ 

magistralis sigrZea km-Si. formulidan Cans, rom rac ufro meti ts-is 

arxia organizebuli telekomunikaciis mravalarxiani sistemiT, miT ufro 

naklebia erTi arx-kilometris Rirebuleba da, Sesabamisad, miT metia 

telekomunikaciis xazis gamtarunarianobis gamoyenebis efeqturoba.  

      im SemTxvevaSi, rodesac telekomunikaciis erTi da igive xazi 

gamoiyeneba N damoukidebeli Setyobinebis erTdrouli gadacemisaTvis 

SetyobinebaTa N wyarodan SetyobinebaTa N mimRebamde, miiReba sistema, 

romelsac mravalarxiani (N-arxiani) sistema ewodeba (sur. 1). 

 



 

sxvadasxva Setyobinebis erTdrouli da urTierTdamoukidebeli 

gadacemis mizniT TiToeuli maTganis gadacema xorcieldeba mravalarxiani 

sistemis sxvadasxva arxebiT. 

mravalarxiani sistemebis erTi xaziT urTierTdamoukidebeli 

Setyobinebebis amsaxveli signalebis erTdroul gadacemas signalebis (da 

Sesabamisi arxebis) dayofas uwodeben. sistemis gadamcem nawilSi 

ganxorcielebul proceduras sxvanairad signalebis (arxebis) 

SemWidrovebas (damkvrivebas), xolo mimReb nawilSi ganxorcielebul 

proceduras _ gancalkevebas uwodeben.  

      1-li suraTis mixedviT gadamcem sadgurSi sawyisi N raodenobis 

pirveladi signali ci(t)  (i = 1, 2, ... N) , romelTagan TiToeuli maTganSi 

asaxulia Sesabamisi wyarodan miRebuli Setyobineba, miewodeba Sesabamis 

gardamqmnelebs (gi), romlebic am signalebidan aformirebs  N raodenobis 

saarxo vi(t) signalebs, romelTa gaerTianebiT (SemWidrovebiT) miiReba N-

arxiani jgufuri anu saxazo signali v(t). gadamcemis gi gardamqmnelebi 

signalebis sixSiruli dayofis principze momuSave analogur sistemebSi 

Seicavs modulatorebsa (m) da saxazo zolur filtrebs (zf), xolo 

droiTi dayofis principiT momuSave cifrul sistemebSi _ droiT 

diskretizators (amplitudur-impulsur modulators _ aim).   rogorc 

cnobilia, signalebis formirebis, damuSavebisa da xazSi gadacemis 

etapebze  aparaturuli xmaurebisa da gareSe xelSeSlebis zemoqmedebis 

Sedegad (maTi erToblioba 1-l suraTze aRniSnulia n(t)-Ti) saxazo v(t) 

signali damaxinjebuli v'(t) saxiT miaRwevs mimRebamde. amis gamo mimRebSi 

jgufuri v'(t) signalidan gamoyofili saarxo vi'(t) da aRdgenili c'(t) 

signalebi gansxvavebuli aRmoCndeba gadamcemSi formirebul saarxo vi(t) da 

sawyis ci(t) signalebTan SedarebiT. mimRebSi xdeba N-arxiani jgufuri 

(saxazo) v'(t) signalidan saarxo vi'(t) signalebis gamoyofa  gi  

gardamqmnelebis  saSualebiT, romlebic signalebis sixSiruli  dayofis 

analogur sistemebSi zolur filtrebs (zf) warmoadgens, xolo droiTi 

dayofis cifrul sistemebSi _ diskretizatorebs (d). saarxo vi'(t) 

signalebidan sawyisi ci'(t) signalebis aRdgena signalebis sixSiruli 



dayofis analogur  sistemebSi xorcieldeba demodulatorebisa (dm) da 

qveda sixSireebis filtrebis (qsf), xolo droiTi dayofis cifrul 

sistemebSi _ qveda sixSireebis filtrebis saSualebiT (qsf).   imisaTvis, 

rom mravalarxiani sistemis mimRebma SeZlos calkeuli Setyobinebis 

Sesabamisi signalebis ganawileba, es ukanasknelni gadamcemSi unda 

aRiWurvos erTmaneTisagan ganmasxvavebeli niSnebiT. Tanamedrove 

mravalarxian analogur  sistemebSi ganmasxvavebeli niSnebiT aRWurva  

ZiriTadad xorcieldeba signalebis sixSiruli dayofiT, xolo cifrul 

sistemebSi _ maTi droiTi dayofiT. pirvel SemTxvevaSi TiToeuli 

Setyobinebis Sesabamisi signalis sixSiruli zoli gadamcemSi gadaitaneba 

sxvadasxva sixSirul zolSi, xolo meore SemTxvevaSi signalebis 

kodirebuli diskretuli mniSvnelobebis (anaTvlebis) simboloebis 

(bitebis) gadacema xdeba erTmaneTis mimdevrobiT diskretizaciis 

intervalis (periodis) drois sxvadasxva momentebSi. gadamcemSi 

signalebisaTvis erTmaneTisagan ganmasxvavebeli niSnebis miniWeba, xolo 

mimRebSi maTi gancalkeveba (dayofa) xorcieldeba damxmare ξi(t) signalebiT, 

romlebic signalebis sixSiruli dayofis analogur sistemebSi ƒi sixSiris 

harmoniul (sinusoidur), xolo signalebis droiTi dayofis cifrul 

sistemebSi diskretizaciis Td periodis mqone sworkuTxa impulsebis 

mimdevrobas warmoadgens.  

      mravalarxiani sistemebis klasifikaciis dros safuZvlad miiReba 

satelefono arxi. amitom mravalarxiani sistemis arxebis raodenoba 

ganisazRvreba im satelefono arxebis raodenobiT, romelTa organizeba 

xdeba telekomunikaciis erTi xaziT.  Sesabamisad sistemis dasaxelebaSi 

miTiTebuli cifri aRniSnavs sistemis mier erTi satelekomunikacio xaziT 

organizebuli satelefono arxebis raodenobas. magaliTad, sabWoTa 

warmoebis B-3,  B-12, K-60, K-120, K-300,  K-1800,  K-1920,  K-3600,  K-5400  da K-

10800  mravalarxiani analoguri sistemebi uzrunvelyofs erTi 

satelekomunikacio xazis saSualebiT Sesabamisad 3, 12, 60, 120, 300, 1800, 

1920, 3600, 5400 da 10800 telefonis analoguri signalis erTdroul da 

urTierTdamoukidebel gadacemas, anu aRniSnuli raodenobis tonaluri 

sixSiris (ts) arxebis gaerTianebasa (gadamcemSi) da  dayofas (mimRebSi) 

signalebis (arxebis) sixSiruli dayofis safuZvelze. SevniSnoT, rom 



sistemis dasaxelebaSi aso B  aRniSnavs, rom Sesabamisi sistema 

gankuTvnilia sahaero xazebisTvis, xolo aso K _sakabelo xazebisTvis. 

aseve ИКМ-12,   ИКМ-15,   ИКМ-30, ИКМ-120,  ИКМ-480  da  ИКМ-1920 

mravalarxiani cifruli sistemebi (plezioqronuli cifruli ierarqiis 

Sesabamisi sistemebi) uzrunvelyofs erTi satelekomunikacio xazis 

saSualebiT Sesabamisad 12, 15, 30, 120, 480 da 1920 telefonis cifruli 

signalis erTdroul da urTierTdamoukidebel gadacemas, anu aRniSnuli 

raodenobis telefonis cifruli arxebis gaerTianebasa da dayofas 

signalebis (arxebis) droiTi dayofis safuZvelze. amJamad ukve danergili 

sinqronuli cifruli ierarqiis (sci) Tanamedrove teqnologia da 

boWkovan-optikuri xazebis Seudareblad maRali gamtarunarianoba iZleva 

gaerTianebuli cifruli satelefono arxebis raodenobis TvalsazrisiT 

gacilebiT mZlavri cifruli nakadebis (STM-1, STM-4, STM-16 da STM-64  

satrasporto modulebi) formirebisa da gadacemis saSualebas signalebis 

(arxebis) droiTi gaerTianebisa da dayofis safuZvelze.            

       

1.2. mravalarxiani telekomunikaciis ganxorcieleba arxebis 
wrfivi dayofiT 

       

    1.2.1. arxebis dayofis umartivesi meTodebi 

 

      telekomunikaciis erTi wredis saSualebiT ramdenime signalis 

gadacemisaTvis gawonasworebuli bogiris gamoyenebis SesaZlebloba 

aixsneba me-2 suraTis saSualebiT. Tu xazis sadenebis winaRoba Zs1 = Zs2 = 

Zs  da Z1 = Z2 = Z3 = Z4 = Z0L, maSin me-2 suraTze warmodgenili sqema qmnis 

gawonasworebul bogirs, romlis mxrebis winaRobebia Z0  da  Z0 + Zs.  ab da 

a'b wertilebs Soris pirveli wyaros (w1) mier Seqmnili potencialTa 

sxvaoba nulis tolia da, Sedegad, w1 wyaros c1(t) signali ar moqmedebs m2 

mimRebze. analogiurad w2 wyaros c2(t) signali aseve ar moqmedebs m1 

mimRebze. amrigad, bogiris idealuri balansirebis SemTxvevaSi erTi 

wredis gavliT SeiZleba urTierTdamoukideblad gadaices ori 

Setyobineba (mocemul SemTxvevaSi wredi samsadeniania, romlis mesame 



sadenia miwa). praqtikaSi bogiris idealuri gawonasworeba SeuZlebelia, 

ris gamoc arxebs Soris warmoiqmneba urTierTxelSeSlebi. 

      gawonasworebuli bogiris meTodiT Seqmnili signalebis gadacemis 

damatebiT gzebs xelovnur wredebs uwodeben. xelovnur wredebs iyeneben 

distanciuri kvebis denebisa da damatebiTi satelefono saubrebis (kerZod, 

samosamsaxuro kavSiris organizebisaTvis) gadasacemad da agreTve 

satelegrafo kavSirisaTvis.      

  

  

  

  

  

  

  

  

  

  

  

sur. 2. gadacemis sqema gawonasworebuli 
bogiris meTodis gamoyenebiT 

  

      praqtikulad xelovnuri wredis gamoyenebiT telegrafireba 

xorcieldeba madiferencirebeli transformatorebis gamoyenebiT (sur. 3). 

telegrafis aparatebs rTaven madiferencirebeli transformatorebis 

saxazo xviebis Sua wertilebSi. gansaxilvel sqemaSi orsadeniani wredis 

asimetriuloba miwasTan SedarebiT da aseve gamWoli asimetriuloba iwvevs 

bogiris balansirebis darRvevas. am SemTxvevaSi satelegrafo wredi 

satelefono wredSi warmoqmnis did xelSeSlebs. maTi SemcirebisaTvis 

yovel sadgurSi satelegrafo aparatebis mimdevrobiT rTaven qveda 

sixSireebis filtrebs, romlebic axSobs 100...150 hc-ze meti sixSireebis 

satelegrafo denebis Semdgenebs. amiT miiRweva agreTve im xelSeSlebis 

donis Semcireba, romlebic aRigzneba paralelur wredebSi. "saSualo 



wertiliani" sqema SeiZleba farTod iqnas gamoyenebuli kavSiris 

magistralebze distanciuri kvebis denebis gadacemisaTvis (sur. 4).  

  

  

  

  

  

  

  

  

  

sur. 3. telegrafirebis sqema xelovnuri wredis gamoyenebiT 

  

      ori fizikuri orsadeniani wredis SemTxvevaSi madiferencirebeli 

transformatorebis saSualebiT SeiZleba mesame (damatebiTi) xelovnuri 

satelefono wredis organizeba (sur. 5). xelovnuri wredis 

transformatorebis Sua A wertilebSi SeiZleba CairTos satelegrafo 

aparatebi. 

       gawonasworebuli bogiris meTodiT signalebis dayofa ver wyvets 

didi raodenobis arxebis SemamWidrovebeli sistemebis agebis problemebs. 

xelovnuri wredebi ufro srulyofili mravalarxiani aparaturis agebis 

meTodebTan erTad gamoiyeneba rogorc damxmare saSualeba. 

  

  

  

  

  

  

  

  

  

  

sur. 4. distanciuri kvebis sqema:  ms _ momsaxure sadguri; 
as _ aramomsaxure sadguri 



  

  

  

  

  

  

  

  

sur. 5. xelovnuri satelefono wredis sqema 

  

  

1.2.2. wrfivad dayofadi signalebi 

  

       1-l  suraTze warmodgenili N-arxian sistemaSi saarxo [vi(t)] i=1, 2, ... N 

 signalebis dayofa xorcieldeba im niSanTvisebebis safuZvelze, 

romlebiTac isini aparaturis gadamcem nawilSi aRiWurveba  

modulatorebSi (mi _ Mi)  maTi gardaqmnis (gi) Sedegad:  vi(t) = Mi [ci(t)] i=1, 2, ..., N. 

 

       ganvixiloT aditiuri wrfivi mravalarxiani sistema, romelSic 

jgufuri v(t) signali miiReba saarxo signalebis ajamviT  _ v(t) = ∑vi(t), 

xolo signalebis damyofi mowyobilobebi (mimRebSi CarTuli 

gardamqmnelebi _ gi)  Φk saarxo filtrebis saxiT warmoadgenen wrfiv 

oTxpolusebs, anu  Φk  operatorebi wrfivia. aseTi sistemis saarxo vi(t) 

signalebs vuwodoT wrfivad dayofadi signalebi da gavarkvioT, Tu ra 

TvisebebiT unda xasiaTdebodes wrfivad dayofadi signalebi.  

      CavTvaloT, rom jgufuri v(t) signalis xazSi gadacemisas 

damaxinjebebi da xelSeSlebi ar arsebobs. am SemTxvevaSi saarxo 

signalebis dayofis operaciis aRmwer gamosaxulebas aqvs Semdegi saxe: 

                                               N  

vk(t) = Φk[ ∑vi(t)] , 
                                                                                                   i=1

saidanac Φk  operatoris wrfivobis gamo 

                                                                                                                        N  

vk(t) =  ∑ Φk[ vi(t)] .  



                                                                                           i=1

            aqedan gamomdinare, 

 

 

 

 

  

saarxo signalebis dayofa unda ganxorcieldes nebismieri pirveladi 

ci(t) signalisaTvis. ase magaliTad, satelefono aparaturaSi saarxo 

signalebis dayofa unda moxdes miuxedavad imisa, Tu rogoria abonentis 

xmis xmamaRloba, sityvebis warmoTqmis manera da sxva. k-uri arxis Mk 

 gardamqmneli (modulatori) SesaZlo pirveladi signalebis C simravlidan 

yovel maTgans gardaqmnis Sesabamis saarxo vi(t) signalad. Vk-Ti aRvniSnoT 

k-uri arxis saarxo signalebis simravle. 1-l gamosaxulebaSi Semavali 

saarxo vk(t) signali warmoadgens am simravlis elements, anu: vk(t)∈Vk, 

sadac ∈ _ mikuTvnebis niSania. analogiurad aRniSnulisa n –uri arxis  Mn 

  gardamqmneli pirveladi signalebis C simravles gardaqmnis n –uri arxis 

saarxo signalebis Vn  simravled da a.S.  

      saarxo signalebis Vk   (k=1, 2, ..., N)  simravles vuwodoT wrfivad 

gancalkevebadi, Tu  gamosaxuleba ( 1 )  samarTliania yoveli am simravlis 

yvela saarxo signalisaTvis. wrfivad dayofadi signalTa simravleebis 

Tvisebebi ganisazRvreba Semdegi TeoremiT: 

      imisaTvis, rom signalebis V1, V2, ..., VN simravleebi iyos wrfivad 

dayofadi, aucilebeli da sakmarisia, rom es simravleebi iyos wrfivi da 

isini ar kveTdnen erTmaneTs. 

     SevniSnoT, rom simravle wrfivia, Tu igi Seicavs misi elementebis 

nebismier wrfiv kombinacias. magaliTad, Tu romeliRac  X simravlis 

elementebia  x1   da  x2 ,  maSin X  wrfivi simravlea, Tu  (ax1 + ax2) ∈ X, sadac a1  

da  a2  nebismieri mudmivebia. kerZod, signalebis simravle wrfivia, 

romelTa sixSiruli speqtrebi ar Seicavs ƒmaqs sixSireze maRal 

Semdgenebs. marTlac, Tu x1(t)   da  x2(t)  aseTi signalebia, maSin a1x1(t) + a2x2(t)  

signalic ar Seicavs  ƒmaqs-ze maRal sixSireebs. SevniSnoT agreTve, rom 



simravleebi urTierTgadaukveTavia, Tu maT garda nulovani (x=0) 

elementisa ar gaaCnia arcerTi saerTo elementi.  magaliTad sixSiris 

mixedviT urTierTgadaukveTavia simravleebi iseTi signalebisa, romelTa 

speqtrebi ganlagebulia sixSiruli diapazonis sxvadasxva 

urTierTgadaukveTav ubnebSi. 

      (Teoremis damtkiceba motanilia literaturaSi [1, 2] ).  

cnobilia, rom wrfivi urTierTgadaukveTavi simravleebis elementebi 

wrfivad damoukidebelia. aRniSnuli Teoremidan gamomdinareobs, rom 

saarxo signalebis wrfivi dayofis uzrunvelsayofad aucilebeli da 

sakmarisia maTi wrfivad damoukideblobis pirobis Sesruleba. 

v1(t),  v2(t), ..., vN(t)  funqciebi wrfivad damoukidebelia, Tu maTi 

wrfivi kombinacia  a1v1(t) + a2v2(t) + ... +aNvN(t)  igivurad nulis tolia 

mxolod a1 = a2 = ... = aN = 0  SemTxvevisaTvis. imisaTvis, rom dadgindes, aris 

Tu ara v1(t),  v2(t), ..., vN(t)  funqciebi 0≤ t ≤T  SualedSi wrfivad 

damoukidebeli, ganixilaven Semdeg ganmsazRvrels (determinants) , 

romelsac agreTve gramas ganmsazRvrels uwodeben: 

  

  

  

  

  

  

  

  

  

  

me-2 gamosaxuleba dadebiTia, Tu vi(t) funqciebi wrfivad 

damoukidebelia, da igi nulis tolia, Tu isini wrfivad damokidebulia.  

magaliTad,  A0,  A1t,  A2t2 , ...,  ANtN
  funqciebi (A0,  A1,  A2

 , ...,  AN koeficientebi 

namdvili ricxvebia) wrfivad damoukidebelia. amitom aseTi saxis 

signalebi wrfivad dayofadia da isini SeiZleba iqnas gamoyenebuli 

telekomunikaciis mravalarxiani sistemis saarxo signalebad. 



orarxiani sistemis magaliTze vaCvenoT, Tu rogor SeiZleba aigos aseTi 

saarxo signalebis dayofis (gancalkevebis) sqema. vTqvaT 0 ≤ t ≤ T 

intervalSi saarxo signalebis saxeebia: v1(t) = A0 da v2(t) = A1t. am 

SemTxvevaSi  sistemis mimRebi nawilis damyof (ganmacalkevebel) 

mowyobilobas miewodeba jgufuri (saxazo) orarxiani signali v(t) = v1(t) + 

v2(t) = A0 + A1t.  misgan saarxo v1(t)  da v2(t) saarxo signalebis gamoyofis 

mizniT pirvel rigSi movaxdinoT  v(t)-s gawarmoeba, ris Sedegadac  

miviRebT: v'(t) =A1. amis Semdeg  ki vipovoT miRebuli  warmoebulis integrali 

zeda cvladi sazRvriT:  

  

  
  

 

 
  

      amrigad, jgufuri v(t) signalidan gamoiyo meore saarxo v2(t) signali. 

amis Semdeg pirveli saarxo v1(t)  signalis miReba SesaZlebelia jgufuri 

v(t) signalidan v2(t)-s gamoklebiT. amrigad sistemis mimRebi nawilis 

damyofi mowyobilobis sqema ganxiluli SemTxvevisaTvis SeiZleba 

warmovadginoT Semdegi saxiT (sur. 6).  

  
   

  

  

  

  

  

  

  

  

  

  

      ganvixiloT meore magaliTi, rodesac v1(t)=sinωt, v2(t)=sin(ωt+ϕ) da 

v3(t)=sin(ωt+ψ). advili saCvenebelia, rom es funqciebi wrfivad 

damokidebulia. marTlac am SemTxvevaSi SeiZleba SeirCes iseTi nulis 



aratoli a1, a2 da a3 koeficientebi,  romlebisTvisac a1sinωt + a2sin(ωt+ϕ) + 

a3sin(ωt+ψ) = 0. kerZod, es igiveoba Sesruldeba maSin, rodesac a1=1,   

a2=sinψ/sin(ϕ−ψ) da a3=sinϕ/sin(ψ−ϕ). amis gamo aseTi signalebis wrfivi dayofa 

SeuZlebelia da amitom wrfivi mravalarxiani sistemis saarxo signalebad 

maTi gamoyeneba dauSvebelia. 

   

1.2.3. arxebis sixSiruli dayofa 

  

rogorc aRniSnuli iyo wina paragrafSi, im SemTxvevaSi, rodesac 

jgufuri (saxazo) v(t) signalis Semadgeneli N raodenobis saarxo vi(t) 

signalebis ( i = 1, 2, ... , N N) sixSiruli zolebi urTierTgadaukveTavia, 

maSin aseTi signalebi wrfivad dayofadia. maSasadame, Tu erTi da igive 

sixSiruli zolis mqone pirvelad ci(t) signalebs telekomunikaciis 

sistemis gadamcem nawilSi specialuri mowyobilobebis _ sixSireTa 

gardamqmnelebis (modulatorebis _ m) saSualebiT gadavitanT sxvadasxva 

urTierTgadaukveTav sixSirul zolSi (vaformirebT saarxo vi(t) 

signalebs) da Semdeg maT gavaerTianebT da vaformirebT jgufur v(t) 

signals (v(t)=∑vi(t)),  maSin sistemis mimReb nawilSi v(t) signalidan saarxo 

signalebis dayofa (gancalkeveba) SesaZlebeli iqneba zoluri filtrebis 

saSualebiT, romelTa gatarebis zoli emTxveva Sesabamisi saarxo vi(t) 

signalis sixSirul zols jgufur v(t)  signalSi. gadamcemSi saarxo vi(t) 

signalebis gaerTianebisa da mimRebSi maTi dayofis zemoTaRweril meTods 

arxebis (signalebis) sixSiruli gaerTianebisa da dayofis meTods 

uwodeben. 

arxebis dayofis sixSiruli meTodis gamoyenebisas yoveli gadasacemi 

signalisaTvis jgufur (saxazo) v(t) signalSi gamoiyofa mkacrad 

gansazRvruli sixSiruli zoli. rogorc cnobilia, telekomunikaciis 

erTi da igive saxis signalebs erTnairi sixSiruli zoli gaaCnia, 

magaliTad, 0,3...3,4 khc _ telefonis signalebs, 0,03...15 khc _ xmovani 

mauwyeblobis signalebs maTi maRalxarisxiani gadacemisas da a.S. pirvel 

SemTxvevaSi ƒq=0,3 khc da ƒz=3,4 khc, xolo meore SemTxvevaSi ƒq=0,03 khc da 

ƒz=15 khc. signalebis sixSiruli speqtrebis gadatanis principi 



ilustrirebulia me-7 suraTze, sadac sawyisi ci(t) signalebis sixSiruli 

zolis (speqtris) sigane ∆ƒs=ƒz_ƒq, xolo jgufuri v(t) signalis sixSiruli 

zolis (speqtris) sigane ∆ƒjg=ƒ'N_ƒ1. 

  

N 

 zemoT aRniSnulidan gamomdinare, mravalarxiani sistemis gadamcemma 

sawyisi signalebis erTi da igive sixSiruli zoli unda gadaitanos 

sxvadasxva urTierTgadaukveTav sixSirul zolebSi, romelic gamoiyofa 

jgufur (saxazo) signalSi satelekomunikacio xazSi TiToeuli 

Setyobinebis gadacemisaT-vis.  amrigad, gadamcemi qmnis mravalarxian 

(jgufur, saxazo) v(t) signals, romelSic calkeuli arxebis vi(t)  signalebi 



 (i=1, 2, ..., N), erTmaneTisagan gansxvavdeba sixSiruli zolis (speqtris) 

mixedviT. sistemis gadamcemSi speqtrebis gadatana urTierTgadaukveTav 

sixSirul zolebSi xorcieldeba sawyisi ci(t) signalebiT gadamtani 

(damxmare) ξi(t) signalebis modulaciiT. amitom Mi modulatoris 1-l 

Sesasvlelze Semavali sawyisi ci(t) signali mamodulirebelia, me-2 

Sesasvlelze Semavali gadamtani ξi(t) signali _ samodulirebeli, xolo 

gamomavali saarxo vi(t) signali _ modulirebuli. sistemis mimRebSi 

jgufuri v(t) signalidan zoluri filtrebis (zf) daxmarebiT saarxo vi(t) 

signalebis gamoyofis (gancalkevebis) Semdeg demodulatorebis (di) me-2 

Sesasvlelze miwodebuli damxmare ξi(t) signalebis daxmarebiT 

xorcieldeba saarxo vi(t) signalebis speqtrebis ukugadatana, anu sawyisi 

ci(t) signalebis aRdgena bunebriv (Tavdapirvel) sixSirul diapazonSi. 

SevniSnoT, rom modulatorebisa da demodulatorebis moqmedebis 

principebi erTmaneTis identuria.  

aRniSnuli sakiTxi ganvixiloT erTi signalis magaliTze. davuSvaT, 

rom sawyisi c(t) signalis droiT diagramas aqvs saxe, romelic naCvenebia 

me-8a suraTze. rogorc cnobilia, nebismieri rTuli formis signali 

SeiZleba daiSalos harmoniul Semdgenebad (harmonikebad). Tu sawyisi  c(t) 

 signali warmodgeba n raodenobis harmonikis (sixSiruli Semdgenebis) 

saxiT, maSin igi analizurad SeiZleba Caiweros Semdegi saxiT: 

                             n 

                              c(t) = ∑ UcjCos (ωjt + ϕj ) ,                                                               ( 3 ) 
                            j=1    

sadac  ωj  sawyisi signalis j-ri harmonikis wriuli (kuTxuri) sixSirea  

(ωj = 2πƒj ) ., xolo  Ucj    da ϕj _  imave harmonikis amplituda da sawyisi fazaa 

Sesabamisad.    sistemis gadamcemi nawilis modulatoris 1-l Sesasvlels 

miewodeba sawyisi c(t) signali, xolo me-2 Sesasvlels _ gadamtani ω 

 sixSiris signali  ξ(t), romelic analizurad Caiwereba Semdegi saxiT: 

  

                  ξ(t) = Uξ Cos(ωt + ϕ) ,                                 ( 4 )  

         



sadac   ω = 2πƒ.  ganxilul SemTxvevaSi gadamtanis sawyisi faza ϕ=00  (sur. 

8b). amitom: 

                   ξ(t) = Uξ Cosωt .                                      ( 5 )  

rogorc ukve aRvniSneT, mravalarxian (kerZod, N-arxian) sistemaSi 

pirveladi ci(t)  signalebi (i =1,2,...,N)  mamodulirebelia, gadamtani ξi(t) 

signalebi ki samodulirebeli, xolo modulaciis Sedegad miRebuli 

saarxo signalebi _ modulirebuli. gadamtani ξi(t) signalebis parametrebia 

amplituda Uξi, sixSire ωi da faza ϕi. imisdamixedviT, Tu gadamtanis romeli 

parametris modulireba xdeba sawyisi signaliT, ganasxvaveben amplitudur 

da kuTxur modulaciebs. kuTxuri modulaciis nairsaxeobebia sixSiruli 

da fazuri modulaciebi. me-8 suraTze warmodgenilia amplituduri 

modulaciis SemTxveva, ris gamoc amplitudurad modulirebuli (am) anu 

saarxo signalis droiT diagramas aqvs me-8g suraTze warmodgenili saxe 

da igi gamoisaxeba Semdegi formuliT (modulatorSi xdeba pirveladi da 

gadamtani signalebis gadamravleba): 

                          n   

                v(t) = (Uξ + ∑ UcjCos(ωjt +ϕj)) Cosωt  ,                                                  ( 6 )  
                          j =1 

          n 

sadac Uξ + ∑ UcjCos(ωjt +ϕj)    _ am signalis amplitudis cvlilebaa droSi. 

          j=1  

      me-5 gamosaxuleba warmovadginoT Semdegi saxiT: 

                      n   

          v(t) = Uξ(1 + ∑ (Ucj / Uξ)Cos(ωjt +ϕj) Cosωt  ,                                         ( 7 )  
                     j =1 

  

sadac mj =Ucj / Uξ) _ amplituduri modulaciis siRrmea.  

     rogorc trigonometriidanaa cnobili,CosαCosβ=(Cos(α+β) + Cos(α_β))/2. 

amis gamo me-7 gamosaxuleba SeiZleba warmovadginoT Semdegi saxiT:  

               n                          n  

v(t)=UξCosωt+Uξ∑(mjCos((ω_ωj)t _ϕj))/2 + Uξ∑(mj Cos((ω+ωj)t +ϕj))/2 .         ( 8 )  
               j =1                       j =1  

  



      im SemTxvevaSi, rodesac gadamtani sinusoiduri (harmoniuli) rxevis 

sawyisi faza ϕ≠0,  me-8 gamosaxuleba miiRebs Semdeg saxes: 

 

               n                                                             n 

v(t)=UξCosωt+Uξ∑ (mj Cos((ω_ωj)t +(ϕ_ϕj))/2 + Uξ∑ (mj Cos((ω+ωj)t +(ϕ+ϕj))/2 .    ( 9 ) 
                j =1                            j =1 

    

      miRebuli gamosaxulebis saSualebiT SeiZleba davaxasiaToT am 

signalis (saarxo signalis) sixSiruli speqtri. kerZod, me-8 gamosaxulebis 

1-li Sesakrebia gadamtani ξ(t) signali, me-2 Sesakrebi sawyisi c(t) signalia, 

romelic gadatanilia ω_ωj    (ƒ_ƒj) sixSirul zolSi, xolo me-3 Sesakrebi 

aseve asaxavs sawyis signals ω+ωj    (ƒ+ƒj)  sixSirul zolSi. maSasadame, am 

signalis speqtri Seicavs gadamtan sixSires da mis qvemoT da zemoT 

moTavsebul sixSireTa zolebs (qveda da zeda gverdiT sixSireTa zolebs), 

romelTagan TiToeulSi asaxulia sawyisi (pirveladi) signali.  

  

  

  

  

  

  

  

  

  

  

  

  

sur. 8. uwyveti (analoguri) signalis amplituduri modulacia U 

  

      aRniSnulis gaTvaliswinebiT SeiZleba aigos am signalis speqtruli 

diagrama. me-9 suraTze naCvenebia  sawyisi telefonis signalisa (sur. 9a),  

romlisTvisac  ƒq=0,3 khc da ƒz=3,4 khc, da misi Sesabamisi am signalis 

(saarxo signalis) amplituduri speqtris (sur. 9b) diagramebi, rodesac 

gadamtani signalis sixSirea 8 khc. 



  

 

      rogorc me-9 suraTidan Cans, am signalis speqtris zeda da qveda 

gverdiTi sixSiruli zolebi Seicavs erTsa da imave informacias, anu 

informacias sawyisi signalis Sesaxeb. am signalis  satelekomunikacio 

xazSi gadacemisaTvis ganixileba 5 sxvadasxva varianti: 

1.       orive gverdiTi sixSiruli zolisa da gadamtanis gadacema. 

2. erTi gverdiTi sixSiruli zolisa da gadamtanis gadacema. 

      3. erTi gverdiTi sixSiruli zolis, gadamtanisa da meore gverdiTi 

sixSiruli zolis nawilis gadacema.  

      4. orive gverdiTi zolis gadacema gadamtanis gareSe.  

      5. mxolod erTi gverdiTi zolis gadacema. 

      bunebrivia, rom satelekomunikacio xazis gatarebis zolis 

efeqturad gamoyenebis TvalsazrisiT yvelaze ekonomiuria erTi gverdiTi 

zolis gadacemis meTodi, vinaidan am SemTxvevaSi saarxo signalis 

sixSiruli zolis sigane tolia sawyisi signalis sixSiruli zolis 

siganisa. 

      zemoT aRwerili msjelobis safuZvelze SeiZleba davaskvnaT, rom  

mravalarxian (kerZod, N-arxian) sistemaSi signalebis sixSiruli dayofa 

ganxorcieldeba gadamcemSi sxvadasxva arxis Sesabamisi 

modulatorebisaTvis sxvadasxva ƒi sixSiris gadamtani ξi(t) signalebis 

miwodebiT: 

  



 

  

sadac  ωi =2πƒi  . 

amis Sedegad sxvadasxva saarxo vi(t) signali aRmoCndeba sxvadasxva 

urTierTgadaukveTav sixSirul zolSi, rac iZleva gadamcemSi maTi  

 gaerTianebisa (jgufuri mravalarxiani anu saxazo v(t) signalis 

formirebisa) da mimRebSi Sesabamisi gatarebis zolis mqone zoluri 

filtrebis saSualebiT saarxo signalebis dayofis (gancalkevebis) 

saSualebas.  mimRebSi aRdgenili saarxo signalebis sixSireTa 

Tavdapirvel zolSi dabruneba ki SesaZlebelia demodulaciiT. 

demodulaciis Sedegad zeda gverdiTi zolis warmoqmnis gamo sawyisi ci(t) 

signalebis gamoyofa xorcieldeba qveda sixSireebis filtrebis (qsf) 

saSualebiT, romelTa gatarebis zoli zemodan SemosazRvrulia sawyisi 

signalebis zeda zRvrul ƒz sixSireze.  me-10 suraTze warmodgenilia 

telefonis signalebis sixSiruli dayofis principze momuSave samarxiani 

sistemis struqturuli sqema (sur. 10a) da Sesabamisi speqtruli diagramebi 

(sur. 10b) saarxo vi(t) signalebis mxolod qveda gverdiTi zolis gadacemis 

SemTxvevaSi. unda aRiniSnos, rom n(t) xelSeSlebis zemoqmedebis gamo 

mimRebSi miRebuli da aRdgenili c'i(t) signalebi gansxvavdeba gadamcemidan 

gadacemuli da sawyisi ci(t) signalebisagan. SevniSnoT, rom sistemis 

gadamcemsa da mimRebSi gadamtani ξi(t) signalebis formireba xdeba 

gadamtanebis generatorebSi. SevniSnoT agreTve, rom 10b suraTze 

punqtiriT aRniSnulia Sesabamisi filtrebis milevis sixSiruli 

maxasiaTeblebi. 

 



 

 

  

  

  

  



   

  

  



  

 

  
1.3. zogadi cnobebi telekomunikaciis mravalarxiani 

sistemebis agebis meTodebis Sesaxeb 
    
     rogorc cnobilia, arxebis sixSiruli dayofis principze momuSave 

mravalarxian sistemebSi (ms-asd) sxvadasxva arxebis sawyis (pirvelad) 

signalebs saxazo traqtSi gamoeyofa sixSireTa gansazRvruli 

urTierTgadaufaravi zolebi. pirveladi signalebis speqtrebi   saxazo 

traqtis     maTTvis gankuTvnil sixSirul zolSi gadaitaneba gadamcem 

sadgurSi CarTuli modulatorebis saSualebiT. mimReb sadgurSi  arxebis 

gancalkeveba xorcieldeba saarxo zoluri filtrebiT (zf).  sawyisi 

signalebis aRsadgenad ki gamoiyeneba saarxo zf-ebis gamosasvlelebze 

mierTebuli demodulatorebi. 

     modulaciisa da demodulaciis dros sasargeblo sixSirul 

SemdgenebTan erTad warmoiqmneba gardaqmnis gverdiTi produqtebi, 

romelTa umravlesoba CaixSoba modulatorebisa da demodulatorebis 

gamosasvlelebze CarTuli filtrebiT. amrigad, ms-asd-s agebis safuZvelia 

signalebis gardaqmna, romelic xorcierldeba arawrfivi da parametruli 

mowyobilobebiT da eleqtruli filtrebis gamoyenebiT. garda amisa, 



kavSiris siSoris gazrdis mizniT gadacemis sistemebSi gamoiyeneba 

maZliereblebi (m). 

      ms  ageba SesaZlebelia 3 meTodiT; individualuri, jgufuri da 

Sereuli. 

     individualuri meTodis SemTxvevaSi TiToeuli arxi Seicavs 

zemoTCamoTvlil da sxva damoukidebel mowyobilobebs da isini 

damaboloebeli da Sualeduri aparaturebis SemadgenlobaSi meordeba 

imdenjer, ramden arxzecaa gadacemis sistema gaTvlili. 

      jgufuri meTodis SemTxvevaSi TiToeuli arxisaTvis damoukideblad 

gamoiyeneba mxolod damaboloebeli aparaturis zogierTi mowyobiloba, 

xolo damaboloebeli da Sualeduri aparaturebis danarCeni 

mowyobilobebi yvela arxisaTvis saerToa. 

      Sereuli meTodis SemTxvevaSi damaboloebeli aparaturis yvela 

mowyobiloba individualuria, xolo Sualeduri aparaturis moWyobiloba 

_ saerToa (jgufuria) gadamcemi sistemis yvela arxisaTvis.  

     erTmaneTs SevadaroT ms-is agebis individualuri da jgufuri 

meTodebi. individualuri meTodiT agebuli ms-is (kerZod, N-arxiani 

sistemis) gamartivebuli struqturuli sqema warmodgenilia me-11 suraTze, 

saidanac Cans rom damaboloebel da Sualedur sadgurebSi aparaturis 

sxvadasxva mowyobilobebis (gardamqmnelebi, filtrebi, maZliereblebi, 

gadamtani sixSireebis generatori da sxva) raodenoba tolia arxebis im 

raodenobisa, romelzedacaa gaTvlili sistema. Tu gaviTvaliswinebT, rom 

saxazo traqtSi arxebs uWiravT mkacrad gansazRvruli sixSiruli 

zolebi, amitom erTi da imave tipis mowyobilobebi sxvadasxva arxisaTvis 

sxvadasxva sixSireze unda iyos gaTvlili. damaboloebeli da Sualeduri 

sadgurebis mowyobilobaTa SemadgenlobaSi yoveli arxisaTvis sxvadasxva 

tipis calkeuli elementebis gamoyenebis gamo isini gamoirCevian didi 

gabaritebiT. garda amisa, TiToeuli arxis mowyobilobaTa 

sxvadasxvatipiurobis gamo ar iZleva aparaturis standartizirebis 

saSualebas, rac arTulebs maT masiur warmoebas da aZvirebs maT. 

mravalarxiani gadamcemi sistemebis individualuri meTodiT ageba 

zRudavs kavSiris siSores da igi iZleva mxolod arxebis mcire 

raodenobis Seqmnis (mcire tevadobis ms-is agebis) saSualebas. es garemoeba 



imiT aixsneba, rom saarxo zoluri filtrebi (zf) gamoiyeneba ara mxolod 

damaboloebel, aramed yvela Sualedur sadgurSic. amitom Sualeduri 

sadgurebis raodenobis gazrdasTan (rac dakavSirebulia kavSiris siSoris 

gazrdasTan) erTad arxis efeqturad gadasacemi sixSireTa zoli 

SeizRudeba, rac, Tavis mxriv, zRudavs Sualeduri sadgurebis raodenobas 

da, amis Sedegad, gadacemis siSores. aseTi sistemebis mcirearxianoba 

aixsneba sixSireTa farTo diapazonSi identuri maxasiaTeblebis mqone 

saarxo zf-is damzadebis SeuZleblobiT. 

      individualuri meTodiT agebuli sistemebis Rirsebebs SeiZleba 

mivakuTvnoT: arxebis raodenobis TandaTanobiTi gazrdis SesaZlebloba da 

Sualedur sadgurebSi arxebis nebismieri raodenobis gamoyofis 

simartive.   

  

  



zemoTaRniSnuli naklovanebani praqtikulad ar arsebobs gadamcemi 

sistemebis jgufuri meTodiT agebisas, romelic gamoiyeneba arxebis 

sixSiruli dayofis principze momuSave Tanamedrove  mravalarxian 

gadamcem sistemebSi. sistemis agebis jgufuri principi warmodgenilia me-12 

suraTze, saidanac Cans, rom am SemTxvevaSi mcirdeba sxvadasxva tipis 

saarxo zf-ebis raodenoba damaboloebeli mowyobilobebis 

SemadgenlobaSi, anu warmoiSveba erTgvarovani maxasiaTeblebis mqone 

filtrebis Seqmnisa da arxebis raodenobis TvalsazrisiT praqtikulad 

nebismieri tevadobis sistemebis agebis SesaZlebloba.  

  

  



       Sualedur sadgurebSi yvela arxis signalebis gaZlierebisaTvis 

erTi maZliereblis arseboba ar moiTxovs amplitudur-sixSiruli 

damaxinjebebis (asd) ZiriTadi wyaros _ saarxo filtrebis gamoyenebas,  

romlebic aviwrovebs arxis efeqturad gadasacem sixSireTa zols. amitom 

SesaZlebelia didi raodenobis Sualeduri maZliereblebis CarTva, anu 

praqtikulad kavSiris nebismier manZilze ganxorcieleba. 

      rogorc zemoTaRniSnulidan Cans, gadamcemi sistemebis am meTodiT 

agebuli Sualeduri aparatura ufro martivia da, Sesabamisad, iaficaa. 

garda amisa, gadamcemi sistemebis agebis jgufuri principi iZleva arxebis 

nebismieri raodenobis mqone damaboloebeli aparaturis mniSvnelovani 

nawilis standartizirebis SesaZleblobas. 

      ms-is agebis jgufuri meTodis arsebiT nakls warmoadgens mTeli 

mowyobilobis dayenebis aucilebloba miuxedavad imisa, Tu arxebis ra 

raodenobaa saWiro drois mocemul momentSi, agreTve Sualedur 

maZlierebel punqtebSi specialuri gamoyofis aparaturis dayenebis 

aucilebloba am punqtis dasakavSireblad magistralis sxva 

punqtebTan.        

ms-asd-s jgufuri meTodiT agebisas gamoiyeneba sixSiris 

mravaljeradi gardaqmna. pirveladi signalebi xazSi gadacemamde 

ramdenimejer gardaiqmneba sixSirulad. mimReb damaboloebel sadgurSi 

xorcieldeba analogiuri ukugardaqmnebi.  

me-13 suraTze warmodgenilia sixSiris mravaljeradi gardaqmnis 

principis amsaxveli struqturuli sqema. pirvel safexurze, romelsac 

individualuri gardaqmnis safexurs uwodeben, erTi da igive sixSiruli 

zolis mqone n1 raodenobis pirveladi signali (ci(t), i=1,2,…,n1) gardaiqmneba 

n1  raodenobis saarxo vi(t) signalad, romlebic ganlagebulia sixSireTa 

urTierTgadaukveTav zolebSi da amrigad qmnis n1-arxian jgufur v(t) 

signals. gardaqmnis me-2 da momdevno safexurebi jgufuria. me-2 safexurze 

erTnairi sixSiruli zolis mqone n2 raodenobis  n1-arxiani signali 

gardaiqmneba saerTo jgufur n1n2-arxian signalad, romelSic n1-arxiani 

Simdgeni (komponenturi) signalebi ganlagebulia urTierTgadaukveTav 

sixSirul zolebSi. Semdeg safexurze n1n2-arxiani  n3 raodenobis erTnairi 



sixSiruli zolis mqone signalebis  urTierTgadaukveTav sixSireTa 

zolebSi gardaqmnis safuZvelze iqmneba n1n2n3-arxiani signali da a.S. 

      n1-arxiani signalebis jgufs arxebis pirvelad jgufs (apj) uwodeben. 

mxedvelobaSia misaRebi is garemoeba, rom pirveladi jgufi SeiZleba 

formirdes sixSiris orjeradi gardaqmniT. am SemTxvevaSi pirveladi 

jgufi aerTianebs ramdenime egreT wodebul winaswar jgufs an masSi 

gamoiyeneba individualuri gardaqmnis ori safexuri. n1n2-arxiani  

signalebisagan Sedgenil jgufs, romelic miiReba n2 raodenobis pirveladi 

jgufebis gaerTianebiT, uwodeben arxebis meoreul jgufs (amj).  n1n2n3-

arxiani signalebisagan Sedgenil jgufs, romelic miiReba n3  raodenobis 

meoreuli jgufebis gaerTianebiT, arxebis mesameuli jgufi (amsj) ewodeba. 

  

  

  

didi raodenobis arxebze gaTvlili ms-ebis damaboloebeli aparaturis 

agebisas SeiZleba gamoyenebuli iyos arxebis meoTxeuli (amTj) da 



mexuTeuli jgufebi   (amxj), romelTagan TiToeuli iqmneba Sesabamisad 

mesameuli da meoTxeuli jgufebis gaerTianebiT.  

      aRniSnuli jgufebis mowyobilobaTa erToblioba warmoadgens 

arxwarmomqmnel aparaturas. sxvadasxva gadamcem sistemaSi es aparatura 

SeiZleba ar Seicavdes yvela zemoTCamoTvlil jgufs. organizebuli 

arxebis raodenobis mixedviT sistema SeiZleba Seicavdes an mxolod 

pirvalad, an mxolod pirvelad da meoreul jgufebs da a.S.  

      gadamcemi sistemis saxazo speqtris formirebisaTvis gamoiyeneba 

kidev erTi jgufuri gardaqmna, romelsac tipiuri jgufebidan erT-erTis 

sixSireTa speqtri gadaaqvs sixSireTa saWiro zolSi. Tumca, Tu tipiuri 

gardamqmneli aparaturis gamosasvlelze signalis speqtri nawilobriv 

mainc emTxveva sixSireTa saxazo speqtrs, maSin aucilebelia gardaqmnis 

ori safexuris organizeba, vinaidan gardaqmnis erTi safexuris 

SemTxvevaSi warmoiqmneba mniSvnelovani damaxinjebebi, rac gamowveulia 

gardamqmnelis gamosasvlelze gardasaqmneli signalis sixSiris gamoCeniT. 

yovelive aRniSnuli naTeli gaxdeba Semdegi magaliTis ganxilvis Sedegad: 

      davuSvaT, rom sixSireTa 60...108 khc speqtri unda gardaiqmnas saxazo 

speqtrad, romlis diapazonia 36...84 khc. jgufuri gardaqmnis erTi 

safexuris gamoyenebis SemTxvevaSi 144 khc gadamtani sixSiriT (sur. 14a) 

gardamqmnelis araidealurobis gamo mis gamosasvlelze, garda 

sasargeblo gardaqmnili signalisa (36...84 khc, romelic mocemul 

SemTxvevaSi warmoadgens qveda gverdiT zols), iarsebebs agreTve sawyisi 

aragardaqmnili signali (60...108 khc). amrigad, 36...84 khc gatarebis zoliani 

filtris gamosasvlelze sixSireTa 60...84 khc zolSi iarsebebs ori 

signali, rac imas niSnavs, rom im arxebSi, romlebsac xazSi uWiravT es 

speqtri, warmoiqmneba damaxinjebebi. maT gasauvnebelyoflad gamoiyeneba 

gardaqmnis damatebiTi safexuri. am mizniT magaliTad SeiZleba 

gamoyenebul iqnas 324 khc gadamtani sixSire. sixSireTa saWiro 36...84 khc 

zoli miiReba gardaqmnis meore safexuris gamoyenebiT,  romlisTvisac  

gadamtani sixSirea 468 khc (sur. 14b). am SemTxvevaSi gardasaxvis orive 

safexurze signalebi gardamqmnelebis Sesasvlelsa da gamosasvlelze 

mniSvnelovnad gansxvavdeba erTmaneTisagan sixSiruli zolis 

TvalsazrisiT da modulatorebis gamosasvlelebze gamoCenili 



aragardaqmnili sawyisi signalebi CaixSoba sixSireTa sasargeblo 

gverdiTi zolebis gamomyofi filtrebiT. 

  

  

  

      jgufuri gardaqmnis gamoyeneba iZleva praqtikulad yvela mgs-Si 

tipiuri gardamqmneli aparaturis gamoyenebis saSualebas. am aparaturis 

saSualebiT standartuli ts-is arxebis garda SeiZleba Seiqmnas 

farTozolovani arxebic, romelTa daniSnulebaa maRalsiCqariani gadacema 

diskretuli informaciisa, gazeTiebis gverdebisa da a.S. 

      mgs-Si sixSiris mravaljeradi jgufuri gardaqmna uzrunvelyofs: 

sixSireTa saxazo zolSi arxebis ganlagebas iseTive SualedebiT, rogorc 

pirvelad jgufSi, sadac mezobeli arxebis speqtrebis gamyofi sixSireTa 

Sualedis sigane minimumamdea Semcirebuli; garda ts-is arxebisa 

farTozolovani arxebis organizebas; saxazo speqtrebis formirebisaTvis 



aucilebeli gadamtani sixSireebis sxvadasxva mniSvnelobaTa raodenobis 

Semcirebas. 

      sixSireTa saxazo speqtrSi TiToeuli arxis speqtris mravaljeradi 

gardaqmniT ganxorcielebuli ganlagebis gansazRvra  mosaxerxebelia 

egreT wodebuli virtualuri gadamtani sixSiris saSualebiT. virtualuri 

gadamtani sixSire ewodeba "warmosaxviT" gadamtan sixSires, romliTac 

sixSireTa sawyisi zoli SeiZleboda gadataniliyo saxazo speqtrSi 

erTjeradi gardaqmniT (gardaqmnis yvela Sualeduri safexuris 

gamotovebiT). virtualuri sixSiris cneba SeiZleba aixsnas me-15 suraTis 

gamoyenebiT.           

  

  

  

     K-60 gadamcemi sistemis pirvel arxs saxazo speqtrSi uWiravs 

sixSiruli zoli 12,3...15,4 khc, romelic warmoiqmneba gardaqmnis sami 

safexuris Sedegad. rogorc me-15 suraTidan Cans, virtualuri gadamtani   

?v=12 khc  sixSiriT  sawyisi  signalis  0,3...3,4 khc zoli saxazo 12,3...15,4 

khc zolSi SeiZleba gadatanil iqnas gardaqmnis erTi safexuriT. advili 

SesamCnevia, rom arxis saxazo speqtrSi virtualur sixSires uWiravs iseTi 

mdgomareoba, romelsac daikavebda nulovani sixSire, Tu is iarsebebda  

sawyisi signalis speqtrSi.  

  



1.4. jgufuri signalebis warmoqmna mravalarxian gadamcem 
sistemebSi 

  
     rogorc cnobilia, yvela ms-is damaboloebeli aparatura aigeba 

tipiuri gardamqmneli aparaturis bazaze. am aparaturis agebisas 

gaTvaliswinebulia ITU-T-is rekomendaciebi, vinaidan man unda 

uzrunvelyos telekomunikaciis rogorc nacionaluri, aseve saerTaSoriso 

qselis organizeba. amitom tipiur gardamqmnel aparaturaSi miRebulia 

standartuli jgufebis warmoqmnis Semdegi meqanizmi: pirveladi jgufi 

aerTianebs ts-is 12 arxs, meoreuli jgufi formirdeba 5 pirveladi 

jgufis gaerTianebiT, mesameuli jgufi _ 5 meoreuli jgufis 

gaerTianebiT, da meoTxeuli jgufi _ 5 mesameuli jgufis gaerTianebiT. 

      TiToeuli jgufis sixSireTa zoli SeirCa ise, rom maTi 

absoluturi da fardobiTi sigane yofiliyo rac SeiZleba viwro. am dros 

mxedvelobaSi miiReboda sasargeblo gverdiTi zolebis gamomyofi 

filtrebis damzadebisa da agreTve Sualedur maZlierebel punqtebSi 

arxebis am jgufebis gamoyofis SesaZlebloba. 

      pirveladi jgufis sixSireTa speqtris absoluturi sigane 

ganisazRvreba ts-is arxis sixSireTa 0,3...3,4 khc zoliT. Tumca mezobeli 

arxebis gadamtan sixSireTa Soris SeirCa 4 khc-is toli intervali.  

mezobeli arxebis sixSireTa zolebs Soris datovebuli  0,9 khc Sualedi 

saWiroa gatarebis zolidan SezRudvis zolSi (da piriqiT) gadasvlisas 

filtrebis milevis maxasiaTeblis saWiro daxrilobis 

uzrunvelyofisaTvis. sxvanairad rom iTqvas, realuri filtrebis 

aRniSnuli maxasiaTebeli araa sworkuTxa, anu gatarebis zolSi maTi 

mileva araa nulis toli, xolo SezRudvis zolSi _ araa usasrulod 

didi. aRniSnulidan gamomdinare, pirveladi 12-arxiani jgufis speqtris 

siganea 48 khc. 

      pirveladi jgufis sixSireTa zoli SeirCa Semdegi mosazrebebidan 

gamomdinare. jgufis sixSireTa speqtris fardobiTi sigane ara marto unda 

iyos rac SeiZleba viwro, aramed igi unda iyos orze naklebi. am 

SemTxvevaSi speqtris yvela SemdgenTa meore da ufro maRali harmonikebi 

da agreTve meore rigis kombinaciuri sixSireebi aRmoCndeba jgufis 

zolis gareT. am moTxovnebis Sesasruleblad sasurvelia jgufis speqtri 



SeirCes SedarebiT maRali sixSireebis areSi, Tumca am SemTxvevaSi saWiro 

iqneboda ufro maRali sixSireebis gadamtanebi, rac gaarTulebda 

sageneratoro mowyobilobas. amitom saWiroa jgufis speqtris daZvra 

ufro dabali sixSireebis areSi. kompromisis Sedegad SeirCa sixSireTa 

60...10 khc zoli, romelSic maxasiaTebelTa sakmaod kargi Tanabroba da 

maRali stabiluroba gaaCnia kvarcul da magnitostriqciul filtrebs, 

romlebic mraval  qveyanaSi gamoiyeneba pirveladi jgufis formirebisas 

Tanamdevi (gamouyenebeli) gverdiTi zolis CaxSobisaTvis. 

      meoreuli jgufis speqtris absoluturi siganea 240 khc, vinaidan igi 

aerTianebs 5 pirvelad jgufs. 5-dan TiToeuli pirveladi jgufis 

sixSireTa zoli jgufuri gardaqmnis safuZvelze gadaadgildeba 

iseTnairad, rom meoreuli jgufis sixSireTa saerTo zoli aRmoCndeba 

312...552 khc diapazonSi. 

      mesameul jgufs uWiravs 812...2044 khc speqtri da igi formirdeba 5 

meoreuli jgufidan maTi jgufuri gardaqmniT. gardaqmnili 60-arxian 

jgufebs Soris gaTvaliswinebulia 8 khc-is toli sixSiruli Sualedebi, 

romlebic aucilebelia Sualedur sadgurebSi 60-arxiani jgufebis 

gamoyofis problemis SEmsubuqebisaTvis. 

      meoTxeul jgufs uWiravs sixSireTa 8516...12388 khc zoli da igi 

formirdeba sami mesameuli jgufis gaerTianebiT erTsafexuriani jgufuri 

gardaqmnis safuZvelze. gardaqmnili 300-arxian jgufebs Soris sixSiruli 

Sualedebia 88 khc, romelTa saWiroeba aixsneba imave miznebiT, romlebic 

aRiniSna mesameuli jgufisaTvis.    

  
  

1.5. arxebis jgufebis speqtrebis formirebis meTodebi 
  
      cnobilia pirveladi jgufis speqtris (60...108 khc) formirebis 

ramdenime xerxi: gardaqmnis erTi safexuriT; gardaqmnis ori 

individualuri safexuriT; individualuri da jgufuri gardaqmnebis 

TiTo-TiTo safexuriT. 

      gardaqmnis erTi safexuris gamoyenebiT pirveladi jgufis speqtris 

formirebisas sixSirulad sxvadasxva 12 saarxo signalis miReba 

xorcieldeba individualuri gardamqmnelebiT, romelTa Sesabamisi 



gadamtani sixSireebia 108, 104, ... ,68 da 64 khc. gardaqmnis sasargeblo 

(qveda gverdiTi) zolebis gamoyofa da Tanamdevi usargeblo produqtebis 

CaxSoba xorcieldeba 12 zoluri filtris (zf) gamoyenebiT  (sur. 16a).  

speqtrebis  gardaqmnis  sqema  warmodgenilia 16b suraTze. amrigad, 12 

pirveladi signali, romelTagan TiToeuls uWiravs 0,3...3,4 khc speqtri, 

gadaitaneba sixSireTa 60...108 khc (ufro zustad 60,6...107,7 khc) speqtrSi.   

  

  

     mimRebSi sixSireTa 60...108 khc zoli saarxo zf-ebiT nawildeba 

miRebis individualuri gardamqmnelebis Sesasvlelebze, romelTa 

gamosasvlelebze individualuri qveda sixSireebis filtrebiT (qsf) 

gamoiyofa sixSireTa sawyisi 0,3...3,4 khc zolebi. 

      gamouyenebeli gverdiTi zolebis CaxSoba imdenad sakmarisia, rom 

arxebs Soris gavlena ar arsebobs, Tu saarxo zf-ebis milevis 

maxasiaTeblis daxriloba  araa  0,07 db/hc-ze naklebi.  sixSireTa 60...108 

khc zolSi aseT daxrilobas uzrunvelyofen mxolod kvarculi, 

magnitostriqciuli an eleqtromeqanikuri filtrebi. am filtrebis 

SedarebiTi siZvire warmoadgens pirveladi jgufis formirebis aRniSnuli 

meTodis naklovanebas. 

       gardaqmnis ori safexuris gamoyenebiT pirveladi jgufis 

formirebisas pirveli gardaqmna (safexuri) xorcieldeba erTnairi 



gadamtani sixSiris (magaliTad 200 khc) gamoyenebiT. gardaqmnis Semdeg 

saarxo zf-ebi gamoyofen sixSireTa erTsa da imave 200...204 khc (ufro 

zustad 200,3...203,4 khc) zols. am zolSi filtris milevis maxasiaTeblis 

saWiro daxrilobas uzrunvelyofs eleqtromeqanikuri filtrebi. 

gardaqmnis meore safexuri xorcieldeba TiToeul arxSi sxvadasxva 

gadamtani sixSiris (308, 304, 300, ... da 264 khc) daxmarebiT. vinaidan 

gardaqmnis pirvel (winaswar) safexurze signalebi gadaitaneba sixSireTa 

sakmaod maRal zolSi, amitom gardaqmnis meore safexuris Semdeg 

sasargeblo da CasaxSobi gverdiTi zolebi sixSirulad erTmaneTis mimarT 

ganlagdebian sakmaod did manZilze. es garemoeba iZleva sixSireTa saWiro 

zoli (60...108 khc) gamoiyos yvela arxisaTvis saerTo qsf-iT (qsf-108). 

pirveladi jgufis formirebis orsafexuriani individualuri xerxis 

ganmaxorcielebeli gardamqmneli mowyobilobis struqturuli da 

speqtrebis gardaqmnis sqemebi warmodgenilia Sesabamisad 17a,b suraTebze. 

       

     pirveladi jgufis formirebis individualuri da jgufuri 

safexurebis erTdrouli gamoyenebisas gamoiyeneba samarxiani 

winaswarjgufebi. pirveladi jgufis formirebis am meTodis Sesabamisi 

gardamqmneli mowyobilobis struqturuli da speqtrebis gardaqmnis 

amsaxveli sqemebi warmodgenilia Sesabamisad 18a da b suraTebze.   

     yoveli samarxiani winaswarjgufuri signali formirdeba sawyisi 

signalebis individualuri gardaqmniT, romlis drosac gadamtani 

sixSireebia 12, 16 da 20 khc. sixSireTa sasargeblo gverdiTi (zeda) zolis 

gamosayofad gamoiyeneba zf-ebi. amrigad, TiToeuli samarxiani jgufis 

Sesabamisi sixSiruli zolia 12...24 khc. pirveladi jgufis sixSireTa 

speqtris (60...108 khc) misaRebad oTxidan TiToeuli 3-arxiani  

winaswarjgufi mieWodeba Sesabamis jgufur gardamqmnels, romelTa 

Sesabamisi gadamtani sixSireebia 120, 108, 96 da 84 khc. gardaqmnis Semdeg 

zf-ebi gamoyofen sixSireTa qveda gverdiT zols. 



  

  

       samarxiani jgufebis Semotana winaswari gardaqmniT iZleva 

sasargeblo gverdiTi zolebis gamosayofad LC tipis SedarebiT iafi  

saarxo filtrebis gamoyenebis SesaZleblobas. sixSireTa 12...24 khc 

diapazonSi es filtrebi maTi SedarebiT mcire gabarituli zomebis 

pirobebSi uzrunvelyofs milevis maxasiaTeblis saWiro daxrilobas. 

jgufuri zf-ebis movaleobas aseve asrulebs LC tipis filtrebi. aq am 

filtrebis gamoyeneba SesaZlebelia imitom, rom am SemTxvevaSi  

Semsubuqebulia moTxovnebi filtrebis milevis maxasiaTeblis daxrilobis 

mimarT sixSireTa sasargeblo da CasaxSob gverdiT zolebs Soris 

mniSvnelovani sixSiruli Sualedis gamo. 

  



  

  

      pirveladi jgufis speqtris formirebis yovel meTods gaaCnia Tavisi 

Rirsebebi da naklovanebebi. gardaqmnis ori safexuri iwvevs xelSeSlebis 

gazrdas damaxinjebebs arxebSi. es garemoeba iwvevs agreTve jgufis 

mowyobilobis elementebis raodenobis gazrdas da,Sesabamisad, mis siZvires. 

Tumca gardaqmnis ori safexuris SemTxvevaSi SeiZleba gamoyenebul iqnas an 

erTi da imave tipis saarxo filtrebi, ris gamoc aseve erTi da imave tipisaa 

arxebis maxasiaTeblebi, iafia warmoeba da martivia mowyobilobis 

eqspluatacia, an damzadebis TvalsazrisiT martivi da iafi mxolod 3 

sxvadasxva tipis saarxo filtri. gardaqmnis erTi safexuris SemTxvevaSi 

saWiroa SedarebiT Zviri da maRali amorCeviTobis mqone 12 sxvadasxva saarxo 

filtri. 

pirveladi jgufis speqtris formirebis meTodis SerCeva 

ganisazRvreba mravali faqtoriT, romelTa Soris upirveles yovlisa unda 

aRiniSnos jgufis mowyobilobis calkeuli kvanZebis damzadebis 

teqnologia da Rirebuleba. 



rogorc zemoT iyo aRniSnuli, meoreuli jgufi formirdeba 5 pirveladi 

jgufisagan jgufuri gardaqmnis erTi safexuris gamoyenebiT (sur. 19a).  

  

  

gansaxilvel SemTxvevaSi SeiZleba formirdes an ZiriTadi an 

inversiuli speqtri, rac damokidebulia gadamtani sixSireebis SerCeul 

mniSvnelobebze. meoreuli jgufis ZiriTadi speqtris formirebaSi 

monawileobs gadamtani sixSireebi, romelTa mniSvnelobebia 420, 468, 516, 

564 da 612 khc, xolo inversiuli speqtris formirebisaTvis gamoiyeneba 

gadamtani sixSireebi 252, 300, 348, 396 da 444 khc (sur. 19, b da g). sixSireTa 

sasargeblo gverdiTi zolebi (ZiriTadi speqtris formirebisas _ qveda, 

xolo inversiuli speqtris formirebisas _ zeda) gamoiyofa LC 

elementebze Sesrulebuli zf-ebiT. am filtrebis mcire amorCeviToba 

CaxSobis zolSi Seesabameba maTi winaRobis nel cvlilebas, ris gamoc maT 



paralelur SeerTebas axorcieleben ganmxoloebis mowyobilobis (gm) 

saSualebiT (sur. 19a). 

mesameuli jgufis speqtri (812...2044 khc) formirdeba 5 meoreuli 

jgufis ZiriTadi speqtris erTsafexuriani jgufuri gardaqmnis 

safuZvelze (sur. 20). gadamtani sixSireebi isea SerCeuli, rom meoreuli 

jgufis gardaqmnil speqtrebs Soris darCes 8 khc-is toli sixSiruli 

Sualedi. gardaqmnis Semdeg sixSireTa gverdiTi zolebi gamoiyofa LC 

elementebze agebuli zf-ebiT.  

   

  

      meoTxeuli jgufis speqtri (8516...12388 khc) warmoiqmneba 3 mesameuli 

jgufis erTsafexuriani jgufuri gardaqmniT. Sesabamisi  gadamtani 

sixSireebia 10560, 11880 da 13200 khc (sur. 21). sasargeblo gverdiTi zolebi 

gamoiyofa LC elementebze agebuli zf-ebiT. 

  

   



1.6. arxebis sixSiruli dayofis principze momuSave 
mravalarxiani sistemebis saxazo speqtri 

  
      arxebis sixSiruli dayofis principze momuSave mravalarxiani 

sistemebis (ms-asd) saxazo speqtris sasazRvro sixSireebis SerCevisas 

aucilebelia mimmarTveli garemos tipis gaTvaliswineba. ase magaliTad, 

mimmarTveli garemos rolSi koaqsialuri kabelis gamoyenebisas saxazo 

speqtris qveda zRvrul sixSires arCeven gare xelSeSlebisagan maRali 

daculobis uzrunvelyofis pirobidan gamomdinare, xolo zeda zRvruli 

sixSire ki ganisazRvreba ms-is mier organizebuli ts-is arxebis 

raodenobiT. Tumca maZliereblebis realizaciis SemsubuqebisaTvis 

cdiloben saxazo speqtris fardobiTi zolis Semcirebas. amitom didi 

raodenobis arxebis SemTxvevaSi qveda zRvruli sixSiris SerCeva uwevT 

gacilebiT ufro maRla im sixSiresTan SedarebiT, romelzedac ukve 

iwyeba koaqsialuri kabelis gare milis maekranebeli zemoqmedeba, 

romelic ganpirobebulia zedapiruli efeqtiT. Sesabamisad izrdeba saxazo 

speqtris zeda zRvruli sixSire. amasTanave saWiroa imis gaTvaliswineba, 

rom zeda zRvruli sixSire gansazRvravs ms-is teqnikur-ekonomikur 

maCveneblebs. kerZod, rac ufro maRalia zeda zRvruli sixSire, miT ufro 

naklebia gaZlierebis ubnis sigrZe.  

      CamoTvlili faqtorebis safuZvelze SeirCeva mravalarxiani 

sistemebis speqtrebi koaqsialuri kabelis gamoyenebisas. pirvelad qselSi 

momuSave sistemebis saxazo speqtris zRvruli sixSireebis mniSvnelobebi 

warmodgenilia 1-l cxrilSi. 

  

 

  

  



  sistemebi, romlebSic mimmarTvel garemos koaqsialuri kabeli 

warmoadgens, erTzoliani da oTxsadeniania. gamonaklisia K-120 sistema da 

wyalqveSa kabelebze momuSave sistemebi, romlebic aigeba orsadeniani sa 

orzoliani principiT. K-120 sistemis saxazo speqtri erTi mimarTulebiT  

60...552 khc-ia, xolo me-2 (uku) mimarTulebiT _ 812...1304 khc. dReisaTvis 

koaqsialuri kabelebis magistralebze iyenebes telekomunikaciis 

sistemebs, romlebisTvisac sabazos warmoadgens K-10800 sistema. mis 

safuZvelze aigeba  K-5400  da  K-1800 sistemebi. am sistemebis saxazo 

speqtrebi SeirCa ara marto zemoT CamoTvlili mosazrebebis safuZvelze, 

aramed arxebis jgufebis tranzitis gardamqmneli aparaturis gamoyenebis 

gareSe ganxorcielebis SesaZleblobis gaTvaliswinebiTac. am sistemebis 

saxazo speqtrebi warmodgenilia me-2 cxrilSi.  

  

  

aRniSnuli sistemebis saxazo speqtrebis warmoqmna xorcieldeba 

meoTxeuli jgufebis gamoyenebiT. K-1800 sistemis saxazo speqtris zeda 

meoTxeuli jgufi emTxveva K-5400  da  K-10800 sistemebis saxazo speqtrebis 

qveda jgufebs,  xolo K-5400 sistemis saxazo speqtri mTlianad emTxveva 

K-10800 sistemis saxazo speqtris qveda naxevars. aseTi speqtrwarmoqmna 

iZleva arxebis jgufebis tranzitis ganxorcielebis SesaZleblobas 

uSualod saxazo speqtrSi. 

      is sistemebi, romlebisTvisac mimmarTveli garemo simetriuli 

kabelia, erTzoliani da oTxsadeniania. simetriuli kabelebis 

konstruqciis Taviseburebaa kabelis wyvilebs Soris mniSvnelovani 

gardamavali urTierTgavlenebis arseboba.  axlo boloze gavlenaTa 

aucilebeli daculobis uzrunvelyofis mizniT sxvadasxva mimarTulebiT 



signalebis gadasacemad sxvadasxva kabeli gamoiyeneba, anu simetriul 

kabelebze agebuli magistralebi orkabeliania. 

      Soreul boloze arsebuli urTierTgavlenebi zRudavs saxazo 

speqtris zeda sixSiris SerCevas. es urTierTgavlenebi izrdeba sixSiris 

zrdasTan erTad da maTi Semcireba SesaZlebelia simetrirebiT, magram, 

rogorc magistralebis mSeneblobis praqtika gviCvenebs, 260 khc-ze ufro 

maRal sixSireebze saWiro daculobis miRweva Zalze Znelia gardamavali 

xelSeSlebis dagrovebis gamo, rac gansakuTrebiT mniSvnelovania didi 

sigrZis magistralebisaTvis. amitom simetriul kabelebze momuSave 

sistemebis saxazo speqtris zeda zRvruli sixSire 252 khc-is tolia. qveda 

zRvruli sixSire SeirCeva 12 khc-is toli. 12 khc-ze ufro maRal 

sixSireebze SesamCnevi xdeba simetriuli kabelis milevis sixSiruli 

maxasiaTeblis cicaboba, mniSvnelovnad icvleba aqtiuri Semdgenebis 

sixSiruli damokidebuleba da izrdeba talRuri winaRobis reaqtiuli 

Semdgenis mniSvneloba. amis Sedegad, 12 khc-is toli qveda zRvruli 

sixSirisaTvis msubuqdeba amplitudur-sixSiruli maxasiaTeblis koreqciis 

da kabelisa da aparaturis winaRobaTa SeTanxmebis problemebis 

gadawyveta. aRniSnulidan gamomdinare, gamoiyeneba sixSireTa 12...252 khc 

diapazoni. romelSic ganTavsdeba 60 arxi da romelic warmoadgens K-60 

sistemis saxazo speqtrs. 

      magistralebze ukve Cadebuli simetriuli kabelebis saSualebiT 

ufro didi raodenobis arxebis organizebisaTvis damuSave4bulia sistema 

K-1020C,   romelic  muSAobs kabelis ereT-erT oTxeulze sixSireTa 

312...4636 khc speqtrSi. amave kabelis sxva oTxeulebze ki muSaobs K-60П 

 sistema. K-1020C  sistemis mier sixSireTa im speqtris gamoyeneba, romelic 

ar gadaikveTeba K-60П  sistemis speqtrTan, xsnis am sistemebs Soris 

saxazo gadasvlebis arsebobis,   xolo kabelis  oTxeulSi  mxolod erTi 

K-1020C sistemis muSaoba _  252 khc-ze maRal sixSireebze kabelis 

simetrirebis aucileblobis problemas.   

      feradi metalisagan damzadebuli sahaero xazebiT signalebi 

gadaicema 150 khc-de zolSi, vinaidan masze ufro maRal sixSireebze 

SeimCneva grZeltalRiani radiosadgurebis Zlieri zemoqmedeba. foladis 

sadenebiani sahaero xazebiT kisignalebi gadaicema 31 khc-de zolSi, 



vinaidan ufro maRal sixSireebze mniSvnelovnad izrdeba mileva. aqedan 

gamomdinare, pirvel SemTxvevaSi erTi wrediT organizdeba 15 arxi, 

risTvisac erTdroulad gamoiyeneba B-12-3  da  B-3-3 sistemebi, xolo meore 

SemTxvevaSi _ 3 arxi (B-3-2  an  B-3-3c  sistemebi). ori sistemis gamoyeneba 

iZleva telekomunikaciis ufro moqnili da eqspluataciisaTvis 

moxerxebuli sqemis Seqmnis saSualebas. es sistemebi aigeba orsadeniani da 

orzoliani principiT. B-12-3 sistemaSi signalebi pirdapiri mimarTulebiT 

gadaicema sixSireTa 36...84 khc zolSi, xolo ukumimarTulebiT _ 92...143 khc 

zolSi.  B-3-3    (B-3-3c)    sistemaSi  _ Sesabamisad sixSireTa 4...16 khc da 

18...31 khc  zolebSi.  sixSireTa 0,3...2,94 khc  zolSi organizdeba orzoliani 

samosamsaxuro kavSiris arxi.      

  
1.7. mravalarxiani  sistemebi arxebis sixSiruli 

gancalkevebiT 
  

1.7.1. arxwarmoqmnis standartuli aparatura 

  
     arxebis sixSiruli gancalkevebis principze agebuli 

telekomunikaciis yvela gadamcemi  sistemisaTvis arxwarmoqmnis aparatura 

tipiuria, rac iZleva maTi damzadebisa da eqspluataciis gamartivebisa da 

gaiafebis saSualebas. am aparaturas agreTve arxebis maformirebel 

mowyobilobas uwodeben.  

      Sigasasadguro montaJisa da komutaciis gamartivebis mizniT 

arxwarmoqmnis aparaturas ganalageben Semdeg dgarebze: individualuri 

gardaqmnebis dgari (Стойка индивидуальных преобразователей _ СИП); 

 pirveladi gardamqmnelebis dgari (Стойка первичных преобразователей _ 

СПП); meoradi gardamqmnelebis dgari (Стойка  вторичных преобразователей _ 

СВП) da sxva. dgarebis konstruqcia blokuria, rac tipiuria gadamcemi 

sistemebisaTvis. 

      individualuri gardaqmnebis dgari СИП_300 Seicavs mowyobilobas, 

romlis daniSnulebaa tonaluri sixSiris (ts) 300 arxis Sesabamisi 

sawyisi signalebis (0,3...3,4 khc) 25 pirveladi jgufis speqtrSi (60...108 khc) 

gardaqmna gadamcemSi da ukugardaqmna mimRebSi. СИП_300-is erT-erTi arxis 

mowyobilobis gamartivebuli struqturuli sqema warmodgenilia 22-e 



suraTze. jgufis sxva arxebis mowyobiloba analogiuria. isini 

erTmaneTisagan gansxvavdebian mxolod gadamtani sixSireebis 

mniSvnelobebiTa da saarxo filtrebis gatarebis zoliT.    

  

  

  

        pirveladi jgufis speqtri (60...108 khc) formirdeba erTsafexuriani 

individualuri gardaqmniT. gardamqmnelebi agebulia gaZlierebis reJimSi 

momuSave tranzistorebze. gamoiyeneba balansuri sqemebi. sasargeblo qveda 

gverdiTi zoli gamoiyofa eleqtromeqanikuri zoluri filtriT (zf). am 

filtrebis paraleluri SeerTeba xorcieldeba ganmxoloebis 

mowyobilobis (maZliereblis mcireSesasvleliani winaRobasTan (3 omze 

naklebi) mimdevrobiT mierTebuli 150-omiani rezistorebis) saSualebiT. 

aseTi saxis mierTeba gamoricxavs paralelurad SeerTebuli filtrebis 

gamosasvleli winaRobebis urTierTgavlenas. 

      pirveladi jgufis donis avtomaturi regulatoris (dar) 

muSaobisaTvis maZliereblis Sesasvlels miewodeba 84,14 khc-iani  

sakontrolo sixSiris (ss) deni. didi Zabvebis SemzRudveli (S) gadacemis 

traqtSi CarTulia jgufuri mowyobilobebis SesaZlo gadatvirTvis 



uvnebelsayofad. damagrZeleblebi (d) ki uzrunvelyofs gazomvis doneebis 

saWiro mniSvnelobebs. 

      miRebis traqtis Sesasvlelze CarTuli reJeqtoruli filtri (rf) 

axSobs 84,14 khc sakontrolo sixSiris (ss) dens. tonaluri sixSiris 

 maZlierebeli (tsm) miRebis traqtis gamosasvlelze uzrunvelyofs 

gazomvis donis nominalur mniSvnelobas, xolo aucileblobis SemTxvevaSi 

_ koreqtoris (k) saSualebiT ts arxis amplitudur-sixSiruli 

maxasiaTeblis (asm-АЧХ) koreqcias . miRebis traqtis danarCeni 

elementebis daniSnuleba analogiuria gadacemis traqtis Sesabamisi 

elementebis daniSnulebisa. 

      gadacemis traqtis Sesasvlelze da miRebis traqtis gamosasvlelze 

gazomvis doneebia –13 da +4 dbs0 Sesabamisad, xolo gadacemis traqtis 

gamosasvlelze da miRebis traqtis Sesasvlelze _ Sesabamisad –34 da –25 

dbs0. 

      mauwyeblobis arxis organizebis mizniT СИП_300-Si 

uzrunvelyofilia sami an ori ts-is arxis gaerTianebis SesaZlebloba.  

urTierTqmedebis signalebis denebi gadaicema 2100 hc sixSireze. 

      mrewveloba  uSvebs  Semdegi  tipis  dgarebs: СИП-300, СИП-ГО-252, 

СИП-ГО-252-ГЗ, СИП_144, СИП-ГО-120 da СИП-ГО-120-ГЗ. СИП-ГО-252 dgarze 

ayeneben 21 pirveladi jgufis formirebisa da sageneratoro 

mowyobilobebs. sageneratoro mowyobiloba saWiro gadamtani sixSireebiT 

uzrunvelyofs mocemul da 4 СИП-300 dgarebs. Tu am dgarze moTavsebulia 

agreTve mimwodebeli generatori (mg), maSin dgaris dasaxelebas emateba ГЗ 

(Генератор задающий _ mimwodebeli generatori). 

            СИП_144, СИП-ГО-120 da СИП-ГО-120-ГЗ tipebis dgarebi arasruli 

kompleqtaciisaa da isini gamoiyeneba SedarebiT mcire raodenobis arxebis 

organizebisaTvis. am mizniT gamoiyeneba agreTve adre agebuli dgari 

СИП_60, romelic Seicavs 5 pirveladi jgufis speqtrebis formirebis 

mowyobilobas. СИП_60-is erT-erTi arxis mowyobilobis gamartivebuli 

struqturuli sqema warmodgenilia 23-e suraTze.  

  



  

  

pirveladi jgufis sixSireTa speqtri formirdeba gardaqmnis erTi 

safexuris saSualebiT. СИП_300-gan gansxvavebiT aq gamoiyeneba sixSiris 

pasiuri balansuri gardamqmnelebi da magnitostriqciuli zoluri 

filtrebi (zf). paralelurad CarTuli zf-is Sesasvleli winaRobebis 

reaqtiuli Semdgenebis kompensacia xdeba makoreqtirebeli konturebiT (mk), 

romelTa rezonansuli sixSireebia 54,5 da 120,3 khc. gadacemis traqtSi 

tonaluri sixSirisa (ts) da mauwyeblobis signalebis Seyvana 

xorcieldeba araTanabarmxriani diferencialuri sistemebis (dsa)  

saSualebiT.  

      pirveladi  jgufebis traqtebis warmoqmnis kompleqti (КОТ-ПГ _ 

Комплект образования трактов первичных групп) iZleva pirveladi qseluri 

traqtis Seqmnis saSualebas, romlis nominaluri zolia 60...108 khc. КОТ-

ПГ-Si gaTvaliswinebulia 84,14 (84,08) khc sakontrolo sixSiris (ss) denisa 

da qseluri kontrolis sixSireebis (60,4 da 107,9 khc) denebis Seyvanisa da 



CaxSobis da agreTve qseluri traqtis amplitudur-sixSiruli 

maxasiaTeblis (asm-АЧХ) koreqciis SesaZlebloba. 

      КОТ-ПГ-s gamartivebuli struqturuli sqema warmodgenilia 23-e 

suraTze. gadacemis traqtSi sakontrolo (ss)  da qseluri kontrolis 

sixSireTa Seyvana da mimReb traqtSi maTi ganawileba araTanabarmxriani 

difsistemebis (difa) saSualebiT. gazomvis ds-ebi iZleva ss-is donis 

kontrolisa da specialurad Seyvanili sixSireTa meSveobiT traqtis 

eleqtruli maxasiaTeblebis Semowmebis saSualebas kavSiris darRvevis 

gareSe.  

      reJeqtoruli filtrebi (rf) xels uSlis gadacemis traqtSi 

sakontrolo da gazomvis sixSireTa moxvedras. damagrZeleblebi (d) 

uzrunvelyofs gazomvis doneebis saWiro mniSvnelobebs da traqtis wina 

da momdevno elementebis SeTanxmebul CarTvas. lokaluri moqmedebis 

cvladi koreqtori daniSnulebaa amplitudur-sixSiruli maxasiaTeblis 

koreqcia. miRebis traqtis maZlierebeli akompensirebs koreqtoris 

mizeziT gamowveul milevas. КОТ-ПГ Tavsdeba pirveladi jgufebis 

traqtebis warmoqmnis dgarze. 

  

  

  



      pirveladi jgufebis gardaqmnis kompleqti iZleva gadacemis traqtSi 

5 pirveladi jgufisagan ZiriTadi meoreuli jgufis (312...552 khc) 

warmoqmnis, xolo miRebis traqtSi _ ukugardaqmnis saSualebas. 

kompleqtebi Tavsdeba pirveladi gardaqmnis dgarze (СПП – стойка 

первичного преобразования).   

            24-e suraTze naCvenebia meoreuli jgufis (mj) warmomqmneli me-3 da 

danarCeni oTxidan erT-erTi pirveladi jgufis (pj) mowyobilobis 

struqturuli sqemebi, vinaidan Sedgenilobis TvalsazrisiT oTxidan 

TiToeuli jgufis mowyobiloba identuria. gadacemisa da miRebis 

traqtebis mesameuli jgufis mowyobilobaSi CarTulia reJeqtoruli 

filtrebi (rf-104,14 khc). gadacemis traqtSi rf uvnebelyofs ss-is (411,86 

khc) denze individualuri gardamqmneli mowyobilobis SesaZlo 

xelSeSlebis gavlenas, xolo miRebis traqtis rf uzrunvelyofs ts-is 

arxebis dacvas ss-is gardaqmnis produqtebis xelSeSlebisagan dacvas.      
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