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Tema 14. modulirebuli radiosignalebis miReba 

 

Aarainerciul arawrfiv elementze sawyisi rxevebis 
jamis miwodebiT, gamosasvlel signalSi SeiZleba 
davakvirdeT yvela SesaZlo kombinaciur mdgenels (nax. 

14.1). Tu aseT gamosasvlel signals 
gavatarebT wrfiv sixSirul fil-
trSi, maSin SesaZlebeli gaxdeba 
gamovyoT gardaqmnili signalis sa-
sargeblo komponentebis mwkrivi. am 
principzea dafuZnebuli mravalric-  

      nax. 14.1         xovani  radioteqnikuri mowyobilo 
bebis, kerZod, modulatorebis muSaoba. 

A14.1. amplituduri modulatoris muSaobis principi 

 amplituduri modulatori ewodeba mowyobilobas, rome 
lic gamosasvlel momWrebze qmnis

0( ) (1 cos )cos ( )mu t U M t t  am
  

saxis am-signals wredis Sesasvlelze harmoniuli gadam-
tani rxevis 

0( ) cos ( )mu t U tgad  gad  da dabalsixSiruli modu 

lirebuli signalis ( ) cosmu t U t mod  mod  miwodebisas. Y     

   yvelaze xSirad amplitudur modulatorebs ageben 
arainerciul arawrfiv elementSi ori signalis  jamis 
speqtris gardaqmnis efeqtis gamoyenebiT. 

umartives amplitudur modulators warmoadgens 
arawrfivi gamaZlierebeli (nax.14.2), romlis gamosasvlel 

 
     nax. 14.2                      nax. 14.3           
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wredSi rezonansuli konturi awyobilia gadamtani 
rxevis sixSireze. Mmodulatoris Sesasvleleze 
miyvanilia Zabva 

       0 0( ) cos cos ( )m mu t U U t U t   Ses  mod  gad   (4.42) 

mocemuli modulatoris muSaobis principi ganimarteba 
nax. 14.3–ze naCvenebi Zabvebisa da denebis oscilogramebiT. 

garkveulobisaTvis miCneulia, rom tranzistoris gamo-
savali maxasiaTebeli aproqsimirebulia ori wrfis 
monakveTebiT. imis xarjze, rom  muSa wertili gadaina-
cvlebs dabalsixSirul modulirebul rxevasTan erTad, 
xdeba gadamtani signalis mokveTis kuTxis uwyveti 
cvlileba. koleqtoruli denis impulsTa mimdevrobis 
pirveli harmonikis amplituda aRmoCndeba droSi ara 
mudmivi. rxeviTi konturi filtravs koleqtorul dens, 
gamoyofs ra gamosasvlelze am-signals, e.i. cvlad 
amplitudiani gadamtan rxevas, romelic modulirebuli 
sasargeblo signalis proporciulia. 

magaliTi 14.1. tranzistors, romelic gamoyenebulia 
amplitudur modulatorSi, aqvs maxasiTebeli gardatexiT 

wertilSi 0.6U Gm v. Mgadamtani rxevis  amplituda Sesasvlelze 

0.4mU gad v, modulirebadi signalis amplituda 0.1mU mod v, 

sawyisi wanacvleba 0 0.6U G v. gansazRvreT amplituduri 

modulaciis koeficienti M . 
sawyisi monacemebis Sesabamisad zRvrebSi  muSa wertili 

wanacvldeba farglebSi 0 0.7mU U mod v-dan 0 0.5mU U mod v–

mde. aqedan vpoulobT mokveTis kuTxis zRvrul mniSvnelobebs: 

max [(0.6 0.7) / 0.4] 1.823arccos    rad, 

min [(0.6 0.5) / 0.4] 1.318arccos    rad, 

koleqtoruli denis pirveli harmonikis amplituda 

proporciulia bergis funqciis 1( )  , romelic icvleba  

1 max max max max( ) (1 / )( sin cos ) 0.657        -dan 

1 min min min min( ) (1 / )( sin cos ) 0.342        -mde farglebSi. 

 Sedegad, gamosasvleli signalis modulaciis koeficienti: 

        1max 1min

1max 1min

0.657 0.342
0.315.

0.657 0.342

I I
M

I I

 
  

 
 

A 
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14.2. analizuri ganxilva. 

  am-signalis miRebis procesi SeiZleba SeviswavloT ana 
lizurad, Tu gamoviyenebT zemoT ganxilul kombinaciur 
sixSireTa Teorias. vTqvaT umartivesi saxis (4.29) maxasia-
Teblis mqone arawrfivi elementis Sesasvlelze moqmede-

bs Zabva: 0 0( ) cos cos ( )m mu t U U t U t   Ses mod gad , amasTan 

0    (nax. 14.4) 

denis Semadgenloba-
Si, romelic gadis or-
polusaSi, SeiZleba ga-
movyoT mdgenelebi six-
SireebiT, romlebic     

nax. 14.4             nax. 14.5     axlosaa 0 -Tan da qmni-

an amplitudur-modulirebul dens                   (4.43):                                               

1 0 2 2( ) cos ( ) cos( ) cos( )m m m m mi t a U t a U U t a U U t      am gad gad mod gad mod

   rogorc cnobilia (ix. signalebis Teoria, Tavi 4), 
gverdiTi rxevebis fardobiTi done gadamtan rxevasTan 
SedarebiT tolia / 2M . 

(4.43) formulidan gamomdinareobs, rom mocemul 
SemTxvevaSi gamosasvleli signalis amplituduri 

modulaciis koeficienti   2 1(2 / ) .mM a a U mod   (4.44) 

14.3. signalebis miReba balansuri modulaciiT. 

  amplituduri modulaciis sqemas SeiZleba saxe vucva-
loT ise, rom  mowyobilobis gamosasvlelze miRebul 
iqnas signali gadamtani rxevis CaxSobiT, anu signali 
balansuri modulaciiT (ix. signalebis Teoria, Tavi 4). 

Bbalansuri modulatoris struqturuli sqema warmo-
dgenilia naxazze 14.6. 
aq 0  sixSiris mqone 

gadamtani harmoniuli 
rxeva miiyvaneba ori er-
Tnairi   1am  da  2am  

amplituduri modula-
toris qveda Sesasvle- 
lebze. M 

         nax. 14.6                  modulirebuli signa-
li ( )s t  miewodeba 1am  modulators 1i  invertoris gav-
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liT, romlis gadacemis koeficienti -1 -is tolia. amitom 
modulatorebis gamosasvlelebze miRebuli iqneba signa-
lebi 

1 0

2 0

( ) [1 ( )]cos ,

( ) [1 ( )]cos ,

u t A Ms t t

u t A Ms t t





 

 
     (4.45) 

sadac A  mudmivi koeficientia. 
   invertori 2i  signals ucvlis niSans sapirispiroTi 

ise, rom gamosasvleli signali 

2 1 0( ) 2 ( )cos ( )u t u u AMs t t  gam       (4.46)      

warmoadgens modulirebuli da gadamtani rxevebis 
namravls, e.i. namdvilad warmoadgens balansurad 
modulirebul rxevas. 

1u signalis da 2u  signalis speqtri da rxevebi 

balansuri modulatoris gamosasvlelze moyvanilia nax. 
14.7, 14.8 da 14.9, Sesabamisad: 

 

 
           nax. 14.7        nax. 14.8        nax. 14.9  

14.4. signalebis miReba  kuTxuri modulaciiT.  

30-ian wlebSi edvin armstrongma (1890-1954) SemogvTava-
za kuTxurad modulirebuli radiosignalebis (sm- da fm-
signalebis) miRebis efeqturi meTodi. Aarmstrongis mod-
ulatoris struqturuli sqema moyvanilia nax. 14.10. 

   aq amjamavis erT-erT Se-
sasvlelze miyvanilia signa- 

li 1u , romelic modis ba- 

lansuri modulatoridan 
bm. amjamavis meore Sesas-
vlels miewodeba aramodu-
lirebuli signali fazamab- 

         nax. 14.10              runeblis gamosasvlelidan, 
romelic ucvlis gadamtani sixSiris harmoniuli signa-
lis fazas 900-iT dagvianebisaken. amgvarad, signali moce-
muli modulatoris gamosasvlelze toli iqneba 
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1 0 2 0( ) ( )cos ( ) ( )sin ( ),m mu t U s t t U s t t  gam    (4.47) 

sadac 
1mU da  2mU raRac mudmivi amplitudebia. 

imisaTvis, rom davrwmundeT, rom formula (4.47) namd-
vilad aRwers signals fazuri modulaciiT, ganvixiloT 

am rxevis veqtoruli diagrama (nax. 14.11 
a da b). aramodulirebuli mdgeneli 

2 0sin ( )mU t  aisaxeba 2mU  sigrZis mudmi-

vi OB  veqtoriT. Bbalansurad mod-

ulirebuli signali 
1 0( )cos ( )mU s t t  ai-

saxeba veqtoriT BA . am veqtoris sig- 

  a          b      rZe 
1 ( )mU s t ar aris droSi mudmivi, mag- 

nax. 14.11        ram is yovelTvis OB  veqtoris perpen- 
dikularulia. Ggasagebia, rom rezultiuri veqtori OA  
drois gavlis Semdeg motrialdeba. misi mobrunebis cen-
tri 0  wertilia. fazuri kuTxe ( )t , romelic Sedis 

modulatoris gamosasvlelze signalis sruli ( )t fazis 

gamosaxulebaSi 0( ) ( ) ( )t t t    , cxadia, SeiZleba vipovoT 

Tanafardobidan 1 2( ) ( ) /m mtg t U s t U  . 

Cveulebriv iswrafian miiRon wrfivi damokidebuleba 

( )s t signalsa da ( )t  fazur kuTxes Soris. amisaTvis aye-

neben modulatoris muSaobis iseT reJims, roca 

1 2m mU U , ise rom 

              
1 2( ) ( ) / .m mt U s t U     (4.48) 

am SemTxvevaSi  gamosasvleli signalis myisieri six-
Sire miaxloebiT gadasacemi dabalsixSiruli rxevis war-
moebulis proporciulia: 

           0 1 2( ) ( ) .m mt U s t U   gam          (4.49) 

amgvarad, armstrongis modulatori (4.48) gamosaxu-
lebis Tanaxmad unda muSaobdes modulaciis mcire indeq-
siT, anu sixSiris mcire deviaciiT. imisaTvis, rom dav-
ZlioT es naklovaneba, fm- da sm-signalebis gadamcemebSi 
modulatoris Semdeg iTvaliswineben sixSiris mravalje-
rad gamravlebas. Tu mamravleblis Sesasvlelze sixSiris 
deviacia Seadgens  -s, maSin gamosasvlelze is toli 
iqneba n  , sadac n - gamravlebis jeradobaa. 

 


