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leqcia 18 

4.1 signalebi amplituduri modulaciiT 

sanam SeviswavlideT modulirebuli signalebis am 
umartives saxes, ganvixiloT mokled zogierTi sakiTxi, 
romlebic exeba nebismieri saxis modulaciis principebs. 

4.1.1. gadamtani rxevis cneba 

idea meTodisa, romelic saSualebas iZleva gadavita-
noT signalis speqtri maRali sixSireebis areSi, mdgo-
mareobs SemdegSi. uwinares yovlisa gadamcemSi 
formirdeba damxmare maRalsixSiruli signali, romelsac  
ewodeba gadamtani rxeva. Mmisi maTematikuri modeli 

1 2,...,( ) ( ; , )mu t f t a a a
gad

iseTia, rom gvaqvs parametrebis raRac 

1 2,...,, ma a a  erToblioba. vTqvaT ( )s t  dabalsixSiruli Set-

yobinebaa, romelic eqvemdebareba  radioarxiT gadacemas. 
Tu, ukidures SemTxvevaSi, miTiTebuli parametrebidan 
erT-erTi icvleba droSi gadasacemi Setyobinebis 
proporciulad, maSin gadamtani rxeva iZens axal Tvisebas 
– is Tavis TavSi Seicavs informacias, romelic 

Tavdapirvelad moTavsebuli iyo ( )s t  signalSi. 

swored gadamtani rxevis parametrebis marTvis 
fizikuri procesi  warmoadgens modulacias. 

radioteqnikaSi farTo gavrceleba hpoves modulaciis 
sistemebma, romlebic gadamtan rxevad iyeneben martiv 
harmoniul rxevas 

0( ) cos( )u t U t  
gad

,            (4.1) 

romelsac gaaCnia sami Tavisufali parametri ,U   da  . 

ama Tu im parametris droSi cvlilebiT SeiZleba 
miviRoT modulaciis sxvadasxva saxeebi.  

A4.1.2. amplituduri modulaciis principi 

Tu cvladi aRmoCndeba ( )U t  signalis amplituda, amas-

Tan danarCeni ori   da   parametri ucvleli, maSin 

gveqneba gadamtani rxevis amplituduri modulacia. 
amplitudur-modulirebuli, anu am-signalis Caweris 
forma aseTia: 

0 0( ) ( )cos( )u t U t t  
am

           (4.2) 
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Aam-signalis oscilogramas aqvs maxasiaTebeli saxe 
(ix. Nnax. 4.1). yuradRebas iqcevs grafikis simetria drois 
RerZis mimarT. (4.2) formulis Sesabamisad am-signali 

aris ( )U t momvlebisa da 0 0cos( )t   harmoniuli Sevsebis      

 
            a                    b                     g 
nax. 4.1. am-signalebi modulaciis sxvadasxva siRrmeebisas: a –  
araRrma modulacia; b – Rrma modulacia; g – gadamodulacia  

namravli. praqtikulad saintereso SemTxvevebis umeteso-
baSi momvlebi icvleba droSi ufro nela, vidre maRal-
sixSiruli Sevseba. 

amplituduri modulaciis dros ( )U t  momvlebsa da 

mamodulirebel ( )s t sasargeblo signals Soris kavSiri 

miRebulia ganisazRvros Semdegnairad: 

  [1 ( )].mU t U Ms t         (4.3) 

aq  mU  mudmivi koeficientia, romelic udris  gadam-

tani rxevis amplitudas  modulaciis ararsebobis dros, 
M - amplituduri modulaciis koeficienti. 

sidide M  axasiaTebs amplituduri modulaciis 
siRrmes. am terminis azri ganimarteba am-sinalebis 
oscilogramebiT, romlebic gamosaxulia nax. 4.1, a-g. 

modulaciis mcire siRrmis dros momvlebis fardo-

biTi cvlileba didi ar aris, e.i. ( ) 1Ms t   drois yovel 

momentSi damoukidebelad ( )s t  signalis formisagan. 

Tu drois momentebSi, roca ( )s t  signali aRwevs 

eqstremalur mniSvnelobebs, adgili aqvs miaxloebiT 

tolobebs max ( ) 1Ms t   an min ( ) 1Ms t   , maSin laparakoben 

Rrma amplitudur modulaciaze. xandaxan damatebiT 
SemoaqvT zemoT modulaciis fardobiTi koeficienti 

max( ) /m mM U U U z  
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da qvemoT modulaciis fardobiTi koeficienti 
 m min( ) / mM U U U q  

am-signalebi modulaciis mcire siRrmiT radioarxe-
bSi ar aris mizanSewonili gadamcemis simZlavris ara-
sruli gamoyenebis gamo. Aamave dros 100%-iani modulacia 

zemoT ( 1)M z  orjer amaRlebs rxevebis amplitudas 

modulirebuli Setyobinebis pikuri mniSvnelobebisas. Aam 
amplitudis Semdgom zrdas, rogorc wesi, mivyevarT ara-
sasurvel damaxinjebebamde gadamcemis gamosasvleli 
kaskadebis  gadatvirTvis gamo. 

nakleb saSiSi ar aris Rrma amplituduri modulacia  
qvemoT. Nnax. 4.1.g gamosaxulia egreTwodebuli gadamodu-
lacia ( 1)M q .Aaq momvlebis forma wyvets modulirebuli 

signalis formis gameorebas.  

4.1.3. erTtonaluri amplituduri modulacia 

Uumartivesi am-signali SeiZleba miviRoT im SemTxve-
vaSi, roca mamodulirebel dabalsixSirul signals war-
moadgens   sixSiriani harmoniuli rxeva. aseT signals 

0 0 0( ) [1 cos( )]cos( )mu t U M t t     
am

           (4.4) 

ewodeba erTtonaluri am-signali. 
gamovarkvioT, SeiZleba Tu ara aseTi signali warmo-

vidginoT sxvadasxva sixSiriani martivi harmoniuli rxe-
vebis jamad. Kkosinusebis namravlis cnobili trigonome-

triuli formulis (    cos cos 1 2 cos cosx y x y x y      ) ga-

moyenebiT, (4,4) gamosaxulebidan miviRebT  

0 0 0 0 0

0 0 0

( ) cos( ) cos[( ) ]
2

cos[( ) ].
2

m
m

m

U M
u t U t t

U M
t

   

 

      

   

am

   (4.5) 

Fformula (4.5) adgens erTtonaluri am-signalis speq-
tralur Semadgenlobas. miRebulia Semdegi terminolo-

gia: 0 - gadamtani sixSire, 0  - zeda gverdiTi six-

Sire, 0   - qveda gverdiTi sixSire. 

(4.5) formulis mixedviT speqtraluri diagramis age-
bisas saWiroa uwinares yovlisa yuradReba mivaqcioT ze-
da da qveda gverdiTi rxevebis amplitudebis tolobas, 
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aseve am speqtraluri Semdgenlebis ganlagebis simetrias 
gadamtani rxevebis mimarT. 

 erTtonaluri modulacia simetriulia, anu M M M z q   

A4.1.4. am-signalis  energetikuli maxasiaTeblebi 

ganvixiloT gadamtani da gverdiTi rxevebis simZla-
vreebis Tanafardobis sakiTxi. erTtonaluri am-signalis 
wyaro eqvivalenturia harmoniuli rxevebis sami mimde-
vrobiT CarTuli wyarosi: 

    0 0( ) cos( ),mu t U t  
gad

 

    0 0 0( ) cos[( ) ],
2

mU M
u t t    
zg

 

    0 0 0( ) cos[( ) ].
2

mU M
u t t    
qg

 

garkveulobisaTvis davuSvaT, rom 
esenia emZ-is wyaroebi, romlebic Seer-
Tebulia mimdevrobiT da datvirTulia   
erTeul rezistorze. maSin am-signalis  

      nax. 4.2     myisieri simZlavre SeiZleba ricxobri-
vad toli iyos jamuri Zabvis kvadratis:   

2 2 2 2( ) 2 2 2P t u u u u u u u u u u      
am am gad zg qg gad zg gad qg zg qg

   (4.6) 

((4.6) gamosaxuleba Seicavs rogorc sakuTari simZlavreebis 
wyaroebis, aseve urTierTsimZlavreebs, proporciulebs wyvil- 
wyvilad dajqubebuli myisieri Zabvebis namravls). 

imisaTvis, rom vipovoT signalis saSualo simZlavre, 

( )p t sidide aucilebelia gavasaSualoT drois sakmaod 

did T  monakveTze:        

0

1
lim ( ) .

T

T
p p t dt

T
 am

 

advilad davrwmundebiT, rom gasaSualoebisas yvela 
urTierT simZlavreebi mogvcemen nulovan Sedegs, amitom 
am-signalis saSualo simZlavre aRmoCndeba gadamtani da 
gverdiTi rxevebis saSualo simZlavreebis jamis toli: 

2 2 2

[ ]
2 4

m mU U M
p p p p    
am gad zg qb

       (4.7) 

Aaqedan gamomdinareobs, rom 

        
2 2 2 2

[ ] /
4 2 2

m mU M U M
p p p  
zg qb gad

      (4.8) 
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ase rom, 100%-iani modulaciis ( 1)M   drosac ki orive 

gverdiTi rxevis simZlavris wili Seadgens aramodulire-
buli gadamtani rxevis simZlavris mxolod 50%. ramdena-
dac informacia Setyobinebis Sesaxeb Cadebulia gverdiT 
rxevebSi, SeiZleba aRiniSnos simZlavris gamoyenebis 
araefeqturoba am-signalis gadacemisas. 

4.1.5 amplituduri modulacia rTuli 

mamodulirebeli signalis dros 

 praqtikaSi erTtonaluri am-signalebi iSviaTad ga-
moiyeneba. ufro metad realuria SemTxveva, roca mamo-
dulirebel dabalsixSirul signals aqvs rTuli speq-
traluri Semadgenloba. aseTi signalis maTematikuri 
modeli SeiZleba iyos, magaliTad trigonometriuli jami 

1

( ) cos( ).

N

i i i

i

s t a t



         (4.9) 

aq i sixSireebi qmnian mowesrigebul zrdad mimde-

vrobas 1 2 ... N    , im dros roca, i  amplitudebi da 

i sawyisi fazebi - nebismieria. 

(4.9) formulis CasmiT (4.3)-Si, miviRebT 

0 0

1

( ) [1 cos( )]cos( )

N

m i i i

i

u t U M t t  


    am
    (4.10) 

SemovitanoT modulaciis parcialuri (nawilobrivi) 
koeficientebis erToblioba      i iM M          (4.11) 

Dda CavweroT rTuladmodulirebuli (mravaltonaluri) 
am-signalis analizuri gamosaxuleba formiT, romelic 
ganazogadebs (4.4) gamosaxulebas:  

0 0

1

( ) [1 cos( )]cos( ).

N

m i i i

i

u t U M t t 


    am      (4.12) 

speqtraluri gaSla xdeba iseve, rogorc erTtonaluri 
am-signalisa: 

0 0 0 0

1

0 0

1

( ) cos( ) cos[( ) ]
2

cos[( ) ]
2

N
m i

m i i

i

N
m i

i i

i

U M
u t U t t

U M
t

   

 





      

   





am

 (4.13) 
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Nnax. 4.3,a gamosaxulia mamodulirebeli signalis speq-
traluri diagrama, romelic agebulia (4.9) formulis Se-
sabamisad. Nnax. 4.3.b asaxavs mravaltonaluri am-signalis 
speqtralur diagramas, romelic pasuxobs am mamoduli-
rebel rxevas. 

 

           a                        b 
nax. 4.3. speqtraluri diagramebi: a – mamodulirebeli signalis; 
b – am-signalisa mravaltonaluri modulaciisas  

amrigad, rTuladmodulirebuli am-signalis speqtrSi 
gadamtani rxevis gverdiT, aris zeda da qveda gverdiTi 
rxevebis jgufebi. zeda gverdiTi rxevebis speqtri war-
moadgens mamodulirebeli signalis speqtris asls, ro-

melic daZrulia maRali sixSireebis areSi 0 sididiT. 

Qqveda gverdiTi sixSireebis speqtri aseve imeorebs ( )s t  

signalis speqtralur diagramas, magram ganlagdeba sar-

kiseburad gadamtani sixSiris 0 mimarT. 

naTqvamidan gamomdinareobs mniSvnelovani Sedegi: am-
signalis speqtris sigane tolia  mamodulirebeli da-
balsixSiruli signalis  udidesi sixSiris gaormagebuli 
mniSvnelobisa. 

magaliTi 4.1. gansazRvreT mauwyebeli radioarxebis ricxvi, 
romelic SeiZleba moTavsdes 0.5-dan 1.5 
mghc sixSireTa diapazonSi (saSualota-
lRovani samauwyeblo daipazonis daax-
loebiT sazRvrebSi). 

radiomauwyebeli signalebis damak-
mayofilebeli kvlavwarmoebisaTvis au-
cilebelia 100 hc-dan 12 khc-mde bgeriTi 
sixSireebis kvlavwarmoeba. Aamgvarad, 

sixSireTa zoli, romelic miiyvaneba erT am-arxze, tolia 24 
khc. imisaTvis, rom Tavidan aviciloT jvaredini xelSeSlebi 
arxebs Soris, saWiroa gaviTvaliswinoT damcavi intervali 1 
khc siganiT. amitom arxebis dasaSvebi ricxvia N  (1.5-

0.5)106/(25103) = 40.  
    nax. 4.4            nax. 4.4-ze moyvanilia sixSireTa zolebi 

 


