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leqcia 24 

5.3. viwrozolovani signalebi 

 aseTi saxis radioteqnikuri signalebi warmoiSveba six-
Sirul -amorCeviTi wredebis da xelsawyoebis gamosasvle-
lebze. gansazRvris Tanaxmad, signals ewodeba viwrozo-
lovani, Tu misi speqtruli simkrive nulidan gansxvavebu-
lia mxolod signanlis sixSirul intervalebis  zRvre-

bSi, romelic Seqvnilia 
0

  wertilebis midamoebiT, ama-

sTan unda sruldebodes  piroba 
0

1   .  

 rogorc wesi, SesaZlebelia CavTvalod, rom  
0

  six-

Sire, romelsac ewodeba saydeni sixSiruli signali, 
emTxveva speqtris centralur sixSires. magram zogad 
SemTxvevaSi misi amorCeva sakmaod nebismieria. 

5.3.1. viwrozolovani signalis maTematikuri modeli 

 rogorc cnobilia (ix Tavi II), Tu  
1

f t - dabalsixSiru-

li signalia, romlis speqtri Tavmoyrilia nulovan six-

Siris midamoSi, maSin, sakmaod didi 
0

  mniSvnelobisas, 

maSin    
1 1 0

coss t f t t    rxevas eqneba viwrozolovani signa-

lis yvela aucivlebeli piroba, vinaidan misi speqtri 

aRmoCndeba koncentrirebuli 
0

  wertilis midamoSi. 

viwrozolovani iqneba signalic    
2 2 0

sins t f t t  , romelic 

gansxvavdeba Tanamamravlis faziT. viwrozolovani signa-
lis zogadi maTemaTikuri modeli SesaZlebelia miviRoT 

Tu SevadgenT xazovani kombinacias saxiT    
     

0 0
cos sins ss t A t t B t t    .              (5.25) 

 funqciis orive Sesavali drois funqciebi   
sA t  da 

 
sB t  arian dabalsixSirovanebi im azriT, rom maTi far-

dobiTi cvlileba sakmarisad mcirea maRalsixSirovani 

rxevis periodSi  
0

2T   . miRebulia, mocemuli 
0

 say-

deni sixSiris  mniSvnelobisas,  
sA t  ewodeba funqcia 

sinfazuri amplitudiT, xolo  
sB t - viwrozolovani  s t  

signalis funqcia kvadraturuli amplitudiT.  
 sinfazuri da kvadraturuli amplitudebi SesaZlebe-
lia gamovyoT aparatuli xerxiT. namdvilad, vTqvaT gva-
qvs gadamamravlebeli mowuobiloba (ix. nax. 5.14). mis erT 
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Sesasvleze miewodeba viwrozolovani 

 s t  signali, xolo meore Sesasvlelze – 
damxmare rxeva,  romelic droSi icvleba 

0
cos t  kanoniT. gadamamravlis gamosas-

vlelze miiReba signali 

     2

0 0
1cos sin 2

2s su t A t t B t t   gam
  

   nax. 5.14        
0 0

1 1 1cos2 sin 2 .
2 2 2s s sA t A t t B t t      (5.26) 

 gadamamravlebelidan gamomavali signali gavataroT 
dabali sixSiris filtrSi (dsf) nax. 5.15, romelic aRCobs 

0
2  rigis sixSireebs. naTelia, 

rom filtris gamosasvlelze 
iqneba dabalsixSiruli sinfa-
zur amplitudis proporciuli 

 
sA t  rxeva. 

 Tu erT-erT gadamamravle   
     nax. 5.15               belis Sesasvlelze mivawodebT 

damxmare 
0

sin t  rxevas, maSin aseTi sistema  s t  viwro-

zolovani signalidan gamoyofs mis kvadraturul   
sB t  

amplitudas. 

5.3.2. viwrozolovani signalebis kompleqsuri warmodgena 

xazovan eleqtrul wredebis TeoriiaSi farTod gamoi-
yeneba kompleqsuri amplitudebis meTodi, romlis mixed-
viT harmoniuli rxeva gamoisaxeba rogorc kompleqsuri 
funqciis namdvili da warmosaxviTi nawilebi: 

   

   

0 0

0 0

0 0

0 0

cos Re ,

sin Im .

j j t
m m

j j t
m m

U t U e e

U t U e e

 

 

 

 

 

 
 

droze damoukidebeli sidides 0j
mU U e


  ewodeba 

harmoniuli rxevis kompleqsuri amplituda. 
fizikuri TvalTva xedvidan viwrozolovani signalebi 

warmoadgenen kvaziharmoniul rxevebs. (kvazi niSnavs “TiT-
qmis” an “msgavsi”) SevecadoT ise ganvazogadoT kompleq-
suri amplitudebis meTodi, rom am meTodis farglebSi 
aRiweros (5.25) saxis signalebi. 

SemovitanoT dabalsixSiruli kompleqsuri funqcia 
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      ,s s sU t A t jB t                      (5.27) 

romelsac ewodeba viwrozolovani signalis kompleqsuri 
movlebi. advilia uSvalod gavsinjoT, rom 

        0
0 0cos sin Res s

j t
ss t A t t B t t U t e

       
 .     (5.28) 

 amgvarad, viwrozolovani signalis kompleqsur movle-
bi asrulebs igive rols, rac kompleq-
suri amplituda ubralo harmoniul rxe-
vebSi. magram, zogad SemTxvevaSi, komple-
qsuri movlebi (ix. nax. 5.16) damokidebu-

lia droze – veqtori  
sU t  kompleqsur 

sibrtyeze asrulebs raime moZraobas, da 
icvleba rogorc moduliT, aseve mimar- 

    nax. 5.16       TulebiT. 
 

magaliTi 5.4. viwrozolovani  s t  signali wamoadgens 

harmoniul rxevas roca 0t   da ro-
ca 0t  ;  0t    drois momentSi sig-
nalis sixSire izrdeba naxtomiT: 

  0 0

0 1

cos , 0,

cos , 0.

U t t
s t

U t t

 
 

 
 

ipoveT  s t  signalis (ix. nax. 
5.17) kompleqsuri movlebi. 

 
    nax. 5.17        
amoxsna:  Tu sayden sixSireT aviRebT 0 , miviRebT 

kompleqsuri  
sU t  movlebis Semdeg gamosaxulebas: 

 
 1 0

0

0

, 0,

, 0.
s j t

U t
U t

U e t
 


 



  

xazi unda gausvaT im garemoebas, rom saydeni sixSiris 
amorCeva ikarnaxeba Casatarebeli gamoTvlebis simartiviT. 
ase, magaliTad, Tu gansaxilavi signalis sayden sixSirad 

aviRebT  0 1 2  , maSin kompleqsuri  
sU t  movlebs eqne-

ba rTuli saxe: 
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0 1
0

1 0
0

exp , 0,
2

exp , 0.
2

s

U j t t

U t

U j t t

   
   

  
 

  
  

 

  

 

5.3.3. fizikuri movlebi, sruli faza da myisieri sixSire 

 formula (5.27), romelic gansazRvravs kompleqsur mov-
lebs, SesaZlebelia warmovidginoT maCveneblian formaSi: 

 

        exp .s s sU t U t j t   
               (5.29) 

aq  
sU t  - drois namdvili arauaryofiTi funqciaa, 

romelsac ewodeba fizikuri movlebi (simoklisaTvis 

xSirad xmaroben ubralod movlebi);  
s t - droSi nela 

cvladebadi wvrilzolovani signalis sawyisi fazaa. 

sidideebi  
sU t  da  

s t  dakavSirerbuli arian sinfa-

zuri da kvadraturuli amplitudebTan TanafardobebiT 

   

   

cos ,

sin ,

s s s

s s s

A t U t t

B t U t t








                                   (5.30) 

saidanac gamomdinareobs viwrozolovani signalis maTe-
matiuri modelis Caweris kidev erTi sasargrblo forma: 

     
0cos .s ss t U t t t                        (5.31) 

imis msgavsad, rogorc radiosignalebis kuTxuri 
modulaciis  Seswavlisas, SemovitanoT viwrozolovani 

rxevis sruli fazis cneba    
0s st t t     da  ganvsaz-

RroT signalis myisieri sixSire, romelic udris sruli 
fazis warmoebuls droSi:  

 
   

0

d d
.

dt d

s s
s

t t
t

 
                    (5.32) 

(5.31) formulis Sesabamisad zogadi saxis viwrozolo-
vani signali warmoadgens rTul rxevas, romelic miiReba 
gadamtani harmoniuli rxevis rogorc amplitudis, aseve 
fazuri kuTxis erTdrouli modulaciiT 
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5.3.4. viwrozolovani signalis fizikuri movlebis Tvisebebi 

(5.30) formulis gamoyenebiT, fizikuri movlebi  
sU t  

gamovsaxoT sinfazuri da kvadraturuli amplitudebiT: 

     2 2 .s s sU t A t B t                  (5.33) 

rogorc zemoT avRniSneT, viwrozolovani signalis 
movlebi ar ganisazRvreba calsaxaT. Tu (5.28) formulaSi, 

0  sixSiris nacvlad aviRebT raime /

0 0      sixSires, 

maSin   s t  unda warmovadginiT saxiT 

   
/
0Re

j tj t

ss t U t e e
    

  

da kompleqsuri movlebis axali mniSvneloba iqneba  

   / j t

s sU t U t e    .                     (5.34) 

 magram amasTan fizikuri movlebi, romelic aris kom-
pleqsuri movlebis moduli, rCeba ucvleli, vinaidan  

 exp j t   gamosaxulebas aqvs erTeulovani moduli. 

 fizikuri movlebis sxva Tviseba mdgomareobs masSi, 

rom drois TiToeul monentSi    
ss t U t . am mticebuleb-

is WeSmariteba uSvalod gamomdinareobs (5.31) formuli-
dan. aq tolobis niSani Seesabameba drois im momentebs, 

roca  
0cos 1.st t      magram amasTan warmoebuli signa-

lebi da misi movlebi emTxvevian:  

           
0 0 0cos sins s s s ss t U t t t t t U t t t                       

movlebis cnebis mniSvneloba ganpirobbulia imiT, rom 
radioteqnikaSi farTod gamoiyeneba specialuri mowyobi-

lobebi – amplituduri deteq-
torebi (demoduliatorebi), (nax. 
5.18) romlebsac aqvT unari zus-
tad aRiqvan viwrozolovani sig-
nalis movlebi. 

 
        nax. 5.18 

5.3.5. viwrozolovani signalis myisieri sixSiris Tvisebebi 

Tu signalis kompleqsuri movlebi warmoidgineba veq-
torad, romelic ucvleli kuTxuri   siCqariT brunavs 

kompleqsur sibrtyeze, anu      exps sU t U t j t    
 , maSin 
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(5.32) gamosaxulebis Sesabamisad viwrozolovani signalis 

myisieri sixSire droSi mudmivi sididea: 0s   .  

SegviZlia vamtkicod, rom msgavsi signali warmoadgens 
kvaziharmoniul rxevas, romelic modulirebulia mxolod 
amplitudiT, magram ara fazuri kuTxiT, kerZod, Tu erT 

erTi amplitudebidan sA  an sB  igivurad gardaiqmnebian 

nulSi, maSin drois nebismier momentSi myisieri sixSire  

 0s  . 

zogad SemTxvevaSi myisieri sixSire droSi icvleba 
kanoniT 

 
0 0 2 2

d
arc .

d

s s s s s
s

s s s s

B B A A B
t tg

t A A B
  

 
   


           (5.35)     

5.3.6. kavSiri signalis speqtrebs da misi kompleqsuri 

movlebis Soris  

 vTqvaT  
sG   - viwrozolovani  s t  signalis (ix. nax. 

5.19) speqtruli simkrivis kompleqsuri movlebia, romel-

sac, Tavis mxriv, gaaCnia speqtruli  S  simkrive. Znelia 
ar aris davinaxoT, rom  

    0Re d
j t j t

sS U t e e t
 







      

          0 0
1 1

d d
2 2

j t j t

s sU t e t U t e t
   

 

   

 

      

   nax. 5.19              0 0

1 1
.

2 2
s sG G   







          (5.36) 

 maSasadame, viwrozolovani signalis speqtruli 
simkrive SesaZlebelia napovni iyos kompleqsuri 

movlebis gadataniT nulovani sixSiris midamodan 0  

wertilebis midamoSi gadataniT. yvela speqtruli 
mdgenelebis amplitudebi orjel mcirdeba; uaryofiTi 
sixSireebis areSi speqtris misaRebad gamoiyeneba 
kompleqsuri SeuRlebis operacia. 
 formula (5.36) sasargebloa imiT, rom viwrozolovani 
signalis cnobili speqtris mixedviT SesaZlebelia 
vipovoT misi kompleqsuri movlebis speqtri, romelic 
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Tavis mxriv, gansazRvravs mis fizikur movlebs da 
signalis myisier simkrives.  

(fizikuri movlebi namdvilad “moavlebs” viwrozo-
lovan signals da mas gaaCnia aseTi rxevis myisieri 
amplitudis azri nax. 5.19) 
 

magaliTi 5.5. roca 0  , viwrozolovan namdvil  s t  
signals (ix. nax. 5.20), gaaCnia speq-
truli simkrive, romelic arasime-

triulia  0  sixSiris mimarT:  

 
 0

0

0 0
1

2

0, 0 ,

, .
bS

S e
 

 


 
 

 
 



 

amoxsna: (5.36) formulis 
safuZvelze kompleqsuri movlebis    

         nax. 5.20        speqtruli simkrivea 

 
0 0

0, 0,

, .
S b

G
S e 




 


 


                               

                          furies uku gardaqmnis gamoye 
                         nebiT, vpoulobT mis kompleqsur    
                         movlebs 

   

 
0 0

0

d .
2 2

b jt

s

S S
U t e

b jt




 



 
 

                             

                          gamosakvlevi signalis simfazu   
                          ri da kvadraturuli amplitude- 
                          bis mosanaxaT, gamovyoT namdvili      
          nax. 5.21       da warmosaxviTo nawilebi:  

                                                   
 

 
 

0 0

2 2 2 2
; .

2 2
s s

bS tS
A t B t

b t b t
 

   
 

  gansaxilavi signalis fizikuri movlebi 

                                 0

2 2
.

2
s s

S
U t U t

b t
 

 

  

   myisieri sixSires      
0 0 2 2

d
arc

d
s

t b
t tg

t b b t
     


 

udidesi mniSvneloba aqvs roca 0t  , anu   
0

1
.s t

b
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  s t  rxevis oscilograma (ix. nax, 5.22) 
warmoadgens simetriul radioimpuls 
droSi aramudmivi Sevsebis sixSiriT.  
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 


