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leqcia 4 

Tema 2. signalebis speqtraluri warmodgena 

gansxvavebuli sistemebis orTogonaluri funqciebis 
Soris, romlebic  SesaZlebelia gamoyenebul iqnes radio 
teqnikuri signalebis bazisebaT, gansakuTrebuli afgili 
ukavia harmoniul (sinusoidalur da kosinusodalur) 
funqciebs. harmoniuli signalebis mniSvneloba ganpirobe-
bulia rigi mizezebiT. kerZod: 

1. harmoniuli signalebi invariantulia gardaqmnebis 
mimarT, romlebsac anxorcielebs stacionaruli xazovani 
eleqtruli wredebi. Tu aseTi wredi aRigZneba garmoniu-
li rxevis wyaros meSveobiT, maSin signali wredis gamo-
savalze rCeba harmoniuli igive sixSiriT, magram Sesava-
li signaliss mimarT gansxvavebuli mxolod amplitudiT 
da faziT. 

2. garmoniuli signalebis generirebis teqnika Sedareb-
iT martivia. 

Tu raime signali warmodgenilia gansxvavebuli sixSi-
ris harmoniuli rxevebis jamad, maSin amboben, rom  gan-
xorcielebulia am signalis speqtraluri daSla. harmo-
niuli signalis calkeuli komponentebi warmoadgenen mis 
speqtrs. 

2.1. perioduli signalebi  

droSi ganmeorebadi procesis maTemaTikuri modeli 

aris periodiuli signali  s t  Semdegi TvisebebiT: 

   , 1, 2, ...s t s t nT n                    (2.1) 

sadac T  -  signalis periodia (ix. nax. 2.1 da 2.2). 
 

 

            nax. 2.1                    nax. 2.2 

amocana mdgomareobs imaSi, rom vipovoT aseTi signa-
lis speqtruli Slili. 
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2.2. furies mwkrivi 

drois  2, 2T T  monakveTSi SemovitanoT ortonormi-

rebuli bazisi Sedgenili harmoniuli funqciebis  jeradi 
sixSireebiT:  

0 1

2 3

4 5

1 , 2 sin 2 / ,

2 cos2 / , 2 sin 4 /

2 cos4 / , 2 sin 6 /

. . . . . . . . . . . . . . . .

u T u T t T

u T t T u T t T

u T t T u T t T

  

   

   

                             (2.2) 

am bazisidan nebismieri nu  akmayofilebs periodulobis 

(2.1) pirobas. amitom, am bazisSi  s t  signalis ortogona-
luri daSlis Semdeg, anu Tu gamoviTvliT koeficientebs  

 , ,m mc s u                        (2.3)  

miviRebT sreqtrul daSlas   

          
0

m m

m

s t c u t




 ,                     (2.4) 

romelic WeSmaritia mtel usasrulo drois RerZe. 
(2.4) saxis rigs ewodeba mocemuli signalis furies ri-

gi. SemovitanoT mimdevrobis ZiriTadi 1 2 T   sixSire, 

romelic qmnis periodul signals. daSlis koeficiente-
bis gamoTvlisas (2.3) formulis  gamoyenebiT, furies 
mwkrivis saSualebiT SeiZleba warmovidginoT sxvadasxva 
sixSiris mqone harmoniuli, n -s jeradi, rxevebis jamis  

saxiT:      0
1 1

1

( ) ( cos( ) sin( )
2

n n

n

a
s t a n t b n t





                  (2.5) 

sadac:              
2

0

2

2
( )

T

T

a s t dt
T



    

          
2

1

2

2
( )cos( )

T

n

T

a s t n t dt
T



          (2.6) 

        
2

1

2

2
( )sin( )

T

n

T

b s t n t dt
T



    

zogad SemTxvevaSi perioduli signali Seicavs mudmiv 
mdgenels da harmoniuli rxevebis – harmonikebis usasru-

lo krebuls, romelTa sixSireebi 1, 0,1,...n n n    .   
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mimdevrobis ZiriTadi sixSireebi 1  sixSiris jeradia. 

luw signals gaaCnia mxolod kosinusoidaluri, xolo 
kent signals - sinusoidaluri mdgenelebi. 

TiToeuli harmonika SeiZleba aRiweros misi amplitu-

diT nA  da sawyisi faziT n . maSin furies mwkrivis 

koeficientebi SeiZleba gamoviTvaloT formulebiT: 

                         2 2

cos

sin

,

n n n

n n n

n n n

n
n

n

a A

b A

A a b

b
tg

a





 









    

xolo furies mwkrivis eqvivalenturi formula iqneba: 

           0
1

1

( ) ( )
2

n n

n

a
s t A cos n t





     , (2.7) 

romelic, zogjer, gamosayeneblad ufro moxerxebeli 

aris.  

P2.3. signalebis sreqtruli warmodgena 

   radioteqnikaSi orTogonaluri funqciebis bazisad 
iReben harmoniul funqciebs, rac dakavSirebulia maTi 
generaciis simartivesTan, agreTve imasTan, rom signalebi 
invariantulia gardaqmnebis mimarT standartul eleqt-
rul wredebSi.  
   signalis sreqtruli daSla – esaa signalis 
warmodgena sxvadasxva sixSiriani harmoniuli rxevebis 
jamis saxiT. 
   sixSiruli speqtri (anu speqtri) – esaa signalis 
calkeuli harmoniuli komponentebis krebuli. 
   perioduli signalis sreqtruli diagrama – esaa 
furies mwkrivis koeficientebis grafikuri gamosaxuleba 
konkretuli signalisaTvis. 
    arsebobs perioduli signalis amplituduri da fazu-
ri sreqtruli diagramebi. diagramebis horizontalur 
RerZze masStabSi gadaizomeba harmonikebis sixSireebi, 
xolo vertikalur RerZze – maTi amplitudebi (ix. nax. 2.3) 
an sawyisi fazebi (ix. nax. 2.4).  
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             nax. 2.3                   nax. 2.4 

magaliTi 2.1. marTkuTxa formis videoimpulsis  s t  

parametrebia , ,T Ai . funqcia luwia wertilis 0t   mimarT. 

ipoveT furies mwkrivi. 

amoxsna: radioteqnikaSi Tanafardobas 
T

q 
i

 uwodeben impuls-

Ta simeCxre , sadac T aris signalebs Soris periodi, xolo i  

impulsis xangZliobaa. (2.6) formulebis gamoyenebiT vpoulibT 
2

0

2

2
( )

T

T

a s t dt
T



           

2

20
2

2

1
d |

2

a A A
A t t

T q q









  


i
i

i

i i

 , 

22

1
1 1

12 2

1

2 2 2
( )cos( ) cos( ) 2sin

2

2
sin

2

T

n

T

nA A
a s t n t dt n t dt

T T Tn

nA

n



 

 
      



 



 
i

i

i

i

 

 sabooloT furies mwkrivis Cawera mosaxerxebelia Semdegi 
(2.7) saxiT, anu  

1

1

sin( )
( ) 1 2 ( )

n

A n q
s t cos n t

q n q





 
   

 
 . 

 nax. 2.5-2.6 –ze moyvanilia ganxiluli mimdevrobebis amplitu-
duri diagramebi ori kidura SemTxvevisTvis: nax. 2.5 – didi 
mniSvnelobis simeCxris dros, xolo nax. 2.6 – mcire simeCxris 
dros. 

 

         nax. 2.5                    nax. 2.6     
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mniSvnelovani aRiniSnos, rom mokle impulsebi romlebic iS-

viaTad mizdeven erTmaneTs  1q  xasiaTdebian mdidruli speq-

truli  SemadgenlobiT.  
magaliTi 2.1. periodulaT mimdevrul harmoniul signalebis 

impulsebs aqvs saxe 1cosmU t . signali (ix. nax. 2.7) SezRudulia 

0U  doneze (igulisxmeba, rom 0 mU U ). ipoveT furies mwkrivi. 

amoxsna: SemovitanoT specialuri parametri - wakveTis kuTxe 

 , romelic gani sazRvreba TanafarTo-

biT 0cosmU U , saidanac 

 0arccos mU U  . amis Sesabamisad 

2 (ix. nax. 2.7) udris erTi impulsis 

xangZliobas, anu  1 2   i . 

analitikurad impulsebis aseTi mim-
devrobas eqneba saxe 

 
1 0 1cos , .ms t U t U t        

      nax. 2.7           mimdevrobis mudmivi mdgeneli 

     

 

1

1

0
1 0 1 0 1

1 1
cos d cos d

2 2

sin cos .

m m

m

a
U t U t U t U t

T

U

  

  

       


  


 
 

pirveli harmonikis amplituduri koeficienti 

     
1 1 0 1 1

1
cos cos d sin cos .

2

m
m

U
a U t U t t





        
   

 analogurad gamoiTvleba na  harmoniuli mdgenelebi, ro-

ca 2, 3,...n  : 

 2

2 sin cos cos sin

1

m
n

U n n n
a

n n

   
 

 
. 

Cveulebriv miRebuli rezul-
tatebi Caiwereba ase: 

   
0 02 ;m n m na U a U      , 

sadac      
0 1 2, , , ...        

             nax. 2.8             bergis funqciebad wodebuli 

gamosaxulebebia:   
0

1
sin cos   


,    

1

1
sin cos    


, 
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 2

2 sin cos sin cos
, 2,3,...

1
n

n n n
n

n n

    
   

  
roca    

  bergis funqciebis grafikebi moyvanilia nax. 2.8 -ze 

2.4. furies mwkrivis kompleqsuri forma 

perioduli signalis sreqtruli daSla SeiZleba 
moxdes sabaziso funqciebis sistemaSi, romlebic Sedgeba 
kompleqsur maCveneblebiani eqsponentebisagan warmosaxvi-
Ti maCveneblebiT: 

 
 1exp

, 0, 1, 2, . . .k

jk t
u k

T

  
    
  

       (2.10)     

 am bazisis  funqciebi periodulia Т periodiT da 
orTonormirebulia drois monakveTze [-T/2,T/2], vinaidan  

   
2

2

11
, d d

02

T

j m n x
m n m n

T

m n
u u u u t e x

m n


 

 


   

 
 

roca

roca
. 

maSin, kompleqsuri signalis normis gaTvaliswinebiT, 
nebismieri perioduli signalis furies kompleqsuri 
mwkrivi miiRebs saxes 

  1
1

n

jn t
ns t c e

T






     koeficientebiT   1

2

2

1
d

T

j t
n

T

c s t e t
T

 



  . 

Cveulebriv gamoiyeneben Semdegi formiT Caweras: 

      1

n

jn t
ns t C e






    ,                            (2.11) 

  1

2

2

1
d

T

j t
n

T

C s t e t
T

 



  .                 (2.12) 

gamosaxuleba (2.11) warmoadgens furies mwkrivs kompleq-
sur formaSi. 

formulis Tanaxmad  signalis speqtri Seicavs kompone-

ntebs sixSiris uaryofiT naxevarRerZze, amasTan n nC C
  . 

(2.11) rigSi Sesakrefebi uaryofiTi da dadebiTi sixSire-
ebiT gaerTiandebian wyvilebad, magaliTad:  

   

 

1 11 1

12 cos

n nj n t j n tjn t jn t
n n n n

n n

C e C e C e C e

C n t

      
   

  
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   maSasadame, uaryofiTi sixSire – ara fizikuri cnebaa, 
aramet maTematikuri, romelic gamo-
mdinareobs kompleqsuri ricxvebis 
warmodgenis xerxidan. dadebiT six-
Sires Seesabameba veqtori, romelic 
brunavs saaTis isris TanxvTenili 
mimarTulebiT (ix. nax. 2.9), xolo 
uaryofiT sixSires – veqtori, ro-
melic moZraobs sawinaaRmdego mima-
rTulebiT.   
          

       nax. 2.9         

2.4. furies mwkrivis trigonometriuli forma 

gamoTvlebisas gasaTvaliswinebelia eqsponencialuri 
funqciebis kavSiri trigonometriul funqciebTan 

                 )sin()cos( 11

1 tnjtne
tjn





                             

                    
1 1

1cos( )
2

jn t jn t

n t e e
  


    

                   
2

)sin(

11

1

ee
tjntjn

tnj








   

   eqsponencialuri warmodgenis SemTxvevaSi signalis 
speqtri Seicavs harmonikebs sixSireTa RerZis uaryofiT 
RerZis areze. am dros unda gaviTvaliswinoT, rom 
uaryofiTi sixSire maTematikuri da ara fizikuri cnebaa, 
ganpirobebuli kompleqsuri ricxvebis warmodgeniT. 

imis gaTvaliswinebiT, rom    

                                  
2

1
cos

1

0

1

2 
T

k dttk
T

 , 

   

 

1 1

0

1

0

1
cos cos 0,

1
cos 0,

T

m n

T

k

m t n t dt
T

k t dt
T

   

 

  

 





 

sadac mda n  – mTeli ricxvebia, romlebic warmoadgenen 

k  ricxvis kerZo mniSvnelobebs, SeiZleba vaCvenoT, rom: 

 
2

2
20

10

1 1

4 2

T

k

k

a
S t dt A

T





       
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Tu funqcia S(t) warmoadgens, magaliTad dens eleqtrul 
wredSi, maSin es gamosaxuleba joul-lencis kanonis Ta-
naxmad, saSualo simZlavris proporciulia, romelic 
STainTqmeba am wredSi. Aaqedan gamomdinare, saSualo sim-
Zlavre wredSi, romelSic gadis deni, warmoadgens drois 
rTul periodul funqcias, tolia yvela harmonikis saSu-
alo simZlavreebis jams. 

miRebuli gamosaxulebis marjvena nawilis jami, war-
moadgens usasrulo mwkrivs. magram, romeliRac nomridan 
dawyebuli, harmonikebis amplitudebi imdenad mcirea, rom 
SeiZleba maTi ugulebelyofa da praqtikulad realuri 
perioduli procesi warmoadgens funqcias Semofargluli 
speqtriT. sixSireTa intervals, romelic Seesabameba Se-
mofarglul speqtrs, ewodeba speqtris sigane. 

 
  signalebis speqtruli analizis mokled gadmocemuli 

Teoria saSualebas gvaZlevs gavaanalizoT signalebis 
gavla radioteqnikur wredebSi, mowyobilobebsa da 
sistemebSi. 
 
 
 
 
 
 
 
 
 
 
 
 


