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leqcia 19 

4.2 signalebi kuTxuri modulaciiT 

SeviswavloT modulirebuli radiosignalebi, 
romlebic miiReba imis xarjze, rom gadamtani harmoniul 

rxevaSi 0( ) cos( )mu t U t  gad  gadasacemi Setyobineba ( )s t  

cvlis an sixSires  , an sawyis fazas  ; amplituda mU  

rCeba ucvleli. ramdenadac harmoniuli rxevis argumenti 

( )t t    , romelsac ewodeba sruli faza, gansazRvravs 

fazuri kuTxis mimdinare mniSvnelobas, aseTma signalebma 
miiRes kuTxuri modulaciiT signalebis saxelwodeba. 

4.2.1. kuTxuri modulaciis saxeebi 

a) fazuri modulacia 

davuSvaT dasawyisSi, rom sruli faza ( )t  dakavSire-

bulia ( )s t  signalTan damokidebulebiT:  

0( ) ( )t t ks t   ,        (4.19) 

sadac 0  - sixSiris mniSvnelobaa sasargeblo signalis 

ararsebobisas; k  - proporciulobis raime koeficienti. 
modulacias, romelic pasuxobs  (4.19) Tanafardobas, 
fazuri modulacia (fm) ewodeba:  

0( ) cos[ ( )].mu t U t ks t 
fm

        (4.20) 

Tu signali ( ) 0s t  , maSin fm-rxeva warmoadgens 

martiv harmoniul rxevas. ( )s t signalis mniSvnelobebis 

gazrdiT sruli faza ( )t  izrdeba droSi ufro swrafad, 

vidre wrfivi kanoniT. mamodulirebeli signalis mniSvne-
lobebis Semcirebisas xdeba 

droSi  siCqaris zrdis ( )t  

vardna. Nnax. 4.5 naCvenebia fm-
signalis grafikis ageba: 
1 – mamodulirebeli dabalsi-
xSiruli signali; 2 – aramo-
dulirebuli harmoniuli 
rxeva; 3 – signali fazuri 
modulaciiT. 
  drois momentebSi, roca  

           nax. 4.5               ( )s t  signali aRwevs eqstrema- 
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lur mniSvnelobebs, absoluturi fazuri Zvra fm- sig-
nalsa da aramodulirebul harmoniul rxevas Soris 
aRmoCndeba mcire. Aam fazuri Zvris zRvrul mniSvnelobas 
uwodeben fazis deviacias  . zogad SemTxvevaSi, roca 

( )s t signali icvlis niSans, miRebulia gairCes fazis 

deviacia zeviT maxks z  (roca   0s t  ) da fazis 

deviacia qveviT minks q (roca   0s t  ) 

veqtorul diagramaze  mudmivi sididis gamomsaxveli 
veqtori Seasrulebs brunvas aramudmivi kuTxuri 

siCqariT. Msignalis myisieri sixSire ( )t  kuTxuri modu-

laciiT ganisazRvreba rogorc sruli fazis pirveli 
warmoebuli drois mixedviT: 

d
( )

d
t

t


  ,                    (4.21) 

ase, rom          ( ) ( ) .

t

t d const   



                  (4.22) 

b) sixSiruli modulacia 

signalis sixSiruli modulaciisas (sm) ( )s t  da ( )t   

sidideebs Soris arsebobs Semdegi saxis kavSiri 

0( ) ( ).t ks t                  (4.23) 

amitom         0( ) cos[ ( ) ].

t

mu t U t k s d  



  sm        (4.24) 

zogadi saxis, formula (4.23) mixedviT, sm-signalis 
bunebrivi parametrebi warmoadgenen: sixSiris deviacia 
zeviT maxks z  da sixSiris deviacia qveviT minks q . 

kuTxuri modulaciiT tipiuri 
signalis oscilograma moyvanilia nax. 
4.6-ze. 

  nax. 4.6       Tu ( )s t –sakmarisad gluvi funqciaa, 

maSin fm- da sm- signalebis gare oscilogramebi ar 
gansxvavdebian.  
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4.2.2. erTtonaluri signalebi kuTxuri modulaciiT  

fm- da sm-signalebis analizi maTematikuri Tvalsazri-
siT ufro rTulia, vidre am-rxevebis gamokvleva. Aamitom 
ZiriTadi yuradReba daeTmoba umartives erTtonalur 
signalebs. 

erTtonaluri sm-signalis SemTxvevaSi myisieri 
sixSire 

            0 0( ) cos( )t t      , 

sadac   – signalis sixSiris deviaciaa. (4.17) formulis 
safuZvelze aseTi signalis sruli faza 

                  0 0 0( ) sin( ) ,t t t


  


    


 

sadac 0  – raime mudmivi fazuri kuTxea. 

aqedan Cans, rom sidide        /m    ,       (4.25) 
romelsac ewodeba erTtonaluri kuTxuri modulaciis 
indeqsi, warmoadgens aseTi signalis fazis deviacias, 
gamosaxuls radianebSi. 

simoklisaTvis davuSvaT, rom droSi ucvleli fazuri 

kuTxeebi 0 0 0   , da sm-signalis myisieri mniSvneloba 

gamovsaxoT Semdegi saxiT 

      0( ) cos( sin )mu t U t m t  sm      (4.26) 

erTtonaluri fm-signalis Caweris analizuri forma 
iqneba analogiuri. amasTan mxedvelobaSi unda gvqondes 
Semdegi: sm- da fm-signalebi iqcevian sxvadasxvanairad 
modulaciis sixSirisa da mamodulirebeli signalis 
amplitudis cvlilebisas. 

4.2.3. fm- da sm- signalebs Soris gansxvaveba 

fm- da sm- signalebs Soris arsebobs principuli 
gansxvavebebi:  
1.   fazuri Zvra fm-signalsa da aramodulirebul rxevas 

Soris ( )s t -s proporciulia, im dros, roca sm-signali-

saTvis es Zvra gadasacemi Setyobinebis integralis 
proporciulia; 

2.  sixSiruli modulaciisas sixSiris deviacia   

proporciulia dabalsixSiruli signalis amplitudis. 
amave dros sidide   ar aris damokidebuli mamodu-
lirebeli signalis sixSireze.  
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    fazuri modulaciis SemTxvevaSi misi indeqsi m  
aRmoCndeba dabalsixSiruli signalis amplitudis 
proporciuli misi sixSirisagan damoukideblad. rogorc 
amis Sedegi, sixSiris deviacia fazuri modulaciisas 
(4.25) formulis Sesabamisad sixSiris zrdasTan erTad 
wrfivad izrdeba. 

 
magaliTi 4.2. radiosadguri, romelic muSaobs 

mokletalRovan diapazonSi 0f =80 mhc gadamtani sixSiriT, 

gamoasxiebs fm-signals, modulirebuls sixSiriT F  15khc. 

modulaciis indeqsi m =12. vipovoT zRvrebi, romelSic icvleba 
signalis myisieri sixSire da signalis maTematikuri modeli. 

amoxsna:   
1.  amocanis pirobidan gamomdinare sixSiris deviacia 

Seadgens 51.8 10 180f mF     khc. 

   amgvarad, modulaciisas signalis myisieri sixSire 

icvleba zRvrebSi min 0f f f   80 - 0.18 = 79.82 mghc-dan 

max 0f f f    80 + 0.18  = 80.18 mghc-mde. 

2.  vinaidan  signalis maTematikur models, droSi ucvleli 
fazuri kuTxeebiT 0 0 0   , aqvs saxe   

0( ) cos( sin )mu t U t m t   , maSin 

   0

7 4

cos[2 12sin(2 / )]

cos[2 8 10 12sin(2 1.5 10 )]

m

m

u t U f t f m t

U t t

 

 

      

     
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mU  ucnobis sidide ar axdens gavlenas myisier 

sixSiris mniSvnelobaze.  
    vinaidan erTtonaluri kuTxuri modulaciis indeqsi 

/m    , maSin cxadia, rom  / 2m f m      .  

F f m   

aqedan Cans, rom sidide        /m    ,       (4.25) 
romelsac ewodeba, warmoadgens aseTi signalis fazis 
deviacias, gamosaxuls radianebSi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* 1. amplituduri modulaciis principebze agebulia 
mravali radiomauwyebeli sistema 

 2. amplituduri modulaciisas ar xerxdeba gadasacemi 
signalebis farTo dinamikuri diapazonis uzrunvelyofa 
N            

modulacia 
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am-signali da misi momvlebi 
 
momvlebi da Sevseba 
 
 
amplituduri modulaciis koeficienti 

 
 
amoxseniT amocana 3 
 
Tu amplituda orjer izrdeba, maSin simZlavre 

izrdeba oTxjer 
 
gadamodulacia 
 
erTtonaluri modulacia simetriulia, 

e.i. M M M z q  

 
rogorc cnobilia 
 
 
amoxseniT amocana 1 
 
(4.6) gamosaxulebaSi arian rogorc wyaroTa sakuTari 

simZlavreebi, aseve urTierTsimZlavreebi, romlebic 
proporciulia myisieri Zabvebis 

 
amoxseniT amocana 5 
 
furies mwkrivisagan gansxvavebiT sixSireebi ara aris 

savaldebulo iyvnen erTmaneTis jeradni 
 
modulaciis parcialuri koeficientebi 
 
amplituduri modulaciiT signalis speqtris 

struqtura  
 
sruli faza 
 
fazuri modulacia 
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fazis deviacia 
 
myisieri sixSire 
 
sixSiruli modulacia 
 
 
kuTxuri modulaciis indeqsi  
 
amoxseniT amocanebi 6 da 7 
 
gansxvaveba sm- da fm-signalebs Soris 

 


