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leqcia 7 

furies gardaqmnis ZiriTadi Tvisebebi 

viswavleT ra sakmaod martivi, magram xSirad 
Semxvedri impulsuri signalebis speqtruli simkvriveebi, 
gadavideT furies gardaqmnis Tvisebebis sistematur 
Seswavlaze. 

F2.15. furies gardaqmnis wrfivoba 

Ees umTavresi Tviseba formulirdeba ase: Tu gvaqvs 

signalTa raime erToblioba 
1 2( ), ( ),...,s t s t  amasTan 

1 1 2 2( ) ( ), ( ) ( ),...,s t S s t S   maSin signalebis gasaSvalebu-

li jami furies mixedviT gardaiqmneba Semdegnairad: 

( ) ( )i i i i

i i

a s t a S    .   (2.26) 

aq ia nebismieri ricxviTi koeficientebia. 

(2.26)Fformulis dasamtkiceblad unda SevitanoT signa-

lebis jami furies gardaqmnaSi (     0 d
jn t

S s t e t







    (2.16)). 

2.16. speqtruli simkvrivis namdvili da warmosaxviTi 

nawilebis Tvisebebi 
davuSvaT ( )s t signalia, romelic iRebs namdvil mniS-

vnelobebs. Ees speqtruli simkvrive zogad SemTxvevaSi 
aris kompleqsuri: 

    ( ) ( )cos d ( )sin d ( ) ( ).S s t t t j s t t t A jB    
 

 

      

CavsvaT es gamosaxuleba furies uku gardaqmnis 

formulaSi (SegaxsenebT, rom     
1

d
2

j ts t S e






  
 

 (2.18)): 

 
1

( ) ( ) ( ) (cos sin )d .
2

s t A jB t j t    






    

imisaTvis, rom signali, miRebuli aseTi ormagi 
gardaqmnis gziT, darCes namdvili, aucilebelia 
moviTxovoT, rom  

   ( )sin d 0, ( )cos d 0.A t B t     
 

 

  da  
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es SesaZlebelia mxolod im SemTxvevaSi, Tu signalis 

speqtruli simkvrivis namdvili nawili ( )A   sixSiris 

luwi, xolo warmosaxviTi nawili ( )B   _ sixSiris  kenti 

funqciaa: 

( ) ( ), ( ) ( ).A A B B          (2.27) 

2.17. droSi wanacvlebuli signalis speqtruli simkvrive      

davuSvaT, rom ( )s t  signalisaTvis  cnobilia Sesaba-

misoba ( ) ( )s t S  . ganvixiloT aseTive signali, romelic 

aRiZvreba 
0t  wamis dagvianebiT. miviCnioT 

0t  wertili 

drois aTvlis axal sawyisad da aRvniSnoT es 
wanacvlebuli signali, rogorc  

0
0( ) ( ) .

j t
s t t S e

 
                           (2.28) 

damtkiceba sakmaod martivia. marTlac,  0t t cvladis  

SevcliT, anu 0t t x  , miviRebT 

0 0
0 0( ) ( ) ( ) ( ) .

j t j tj t j xs t t s t t e dt s x e e dx S e
   

 
  

 

       

kompleqsuri ricxvis 0exp( )j t moduli  nebismieri 0t -
is dros,  erTis tolia, amitom elementaruli harmoniuli 
mdgenelebis amplitudebi, romlebidanac Sedgeba signali, 
ar aris damokidebuli mis mdebareobaze drois RerZze. 
informacia signalis am maxasiaTeblis Sesaxeb  
Cadebulia misi speqtruli simkvrivis argumentis 
sixSirul damokidebulebaSi (fazur speqtrSi). 

2.18. signalis speqtruli simkvrivis damokidebuleba 

drois gazomvis masStabis amorCevaze 

davuSvaT, rom sawyisi signali ( )s t  eqvemdebareba 

drois masStabis cvlilebas. Ees niSnavs, rom t  drois 
rols asrulebs axali damoukidebeli cvladi kt  ( k raime 

namdvili ricxvia). Tu 1k  , maSin xdeba sawyisi signalis 

“SekumSva”; Tu 0 1k  , maSin signali “iweleba” droSi. 

Turme,    Tu ( ) ( )s t S  , maSin   
1

( ) ( ).s kt S
k k


       (2.29) 

marTlac, cvladis SecvliT kt x , anu  xt
k

  
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1
( ) ( ) d ( ) d ,

j x
j t ks kt s kt e t s x e x

k




 




 

    

saidanac gamomdinareobs formula (2.29). 
amrigad imisaTvis, rom, magaliTad, SevkumSoT signali 

droSi, misi formis SenarCune-
biT, aucilebelia gavanawiloT  
igive speqtruli mdgenelebi six-
SireTa ufro farTo intervalSi 
maTi amplitudebis Sesabamisi 
proporciuli Semcirebisas (ix. 
nax. 2.20 a da b). 
aq ganxilul sakiTxs mWidrod 

  a             b      uaxlovdeba Semdegi amocana.  

      nax. 2.20         mocemulia impulsi ( )s t , romelic 

 0,i  monakveTze gansxvavdeba   

nulisagan  da xasiaTdeba speq-

truli simkvriviT S( ).      

saWiroa vipovoT “droSi 

Sebrunebuli” signalis ( )s tSeb  

speqtruli simkvrive S ( )Seb , 

romelic warmoadgens sawyisi 
impulsuri rxevis “sarkisebur 
asls”. ramdenadac cxadia, rom 

( ) ( ),s t s t Seb i  amdenad  

( ) ( ) .j tS s t e dt 






 Seb i  

                           cvladis SecvliT x t i   

       nax. 2.21            vpoulobT, rom 

( ) ( ) ( ) ( ).
j j jj xS e s x e dx e S e S
    


   



   i i i
Seb      (2.30) 

2.19. warmoebulis da ganusazrvreli integralis speqtruli 

simkvrive 

davuSvaT mocemulia signali ( )s t  da misi speqtruli 

simkvrive S( ) . SeviswavloT axali signali ( ) /f t ds dt  da 

miznad davisaxoT misi speqtruli simkvrivis  ( )F   povna. 
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gansazRvris Tanaxmad,    
0

( ) ( )
( ) lim .

s t s t
f t







 
  (2.31) 

furies gardasaxva wrfivi operaciaa, rac niSnavs, rom 
toloba (2.31) samarTliania speqtruli simkvriveebTan 

mimarTebaSic. (2.28)-is 0
0( ) ( )

j t
s t t S e

   
 

 gaTvaliswinebiT  

 0

0 0

( ) ( ) 1 exp( )
( ) lim lim ( ).

j t jS e S e j
F S

 

 

  
 

 

 

 

  
     (2.32) 

eqsponencialuri funqciis teiloris mwkrivad 

warmodgeniT: 2exp( ) 1 ( ) / 2 ...,j j        am mwkrivis 

CasmiT (2.32) –Si da pirveli ori 
wevriT SemofargvliT, vpoulobT 

( ) ( ).F j S               (2.33) 
diferencirebisas signalis 

cvlilebis siCqare droSi izrde-
ba. aqedan gamomdinare, warmoebu-
lis speqtris moduls, aqvs didi 
mniSvnelobebi maRali sixSireebis 
areSi sawyisi signalis speqtris 
modulTan SedarebiT. 

formula (2.32) ganzogaddeba n  
rigis warmoebulis speqtris Sem-
Txvevaze. advilia imis damtkiceba, 

rom Tu ( ) d / d ,n ng t s t    maSin  

( ) ( ) ( ).nG j S         (2.34) 
    nax. 2.22        amgvarad, signalis droSi diferen    

cireba eqvivalenturia speqtruli simkvrivis mamravlze 
gadamravlebis ubralo ariTmetikuli operaciisa. amitom 
miRebulia iTqvas, rom warmosaxviTi ricxvi j  warmoa-

dgens diferencirebis operators, romelic moqmedebs 
sixSirul areSi. 

Gganxiluli funqcia ( ) ( )s t f t dt   warmoadgens pirvel-

yofils (ganusazRvrel integrals) ( )f t  funqciis mimarT. 

(2.33)–dan formalurad gamomdinareobs, rom pirvelyofi-

lis speqtri              ( ) ( ) / ( ).S F j               (2.35) 

amrigad, mamravli 1/ ( )j  warmoadgens integrirebis 

operators sixSirul areSi. 
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2.20. signalis speqtruli simkvrive integratoris 

gamosasvlelze 
Mmraval radioteqnikur mowyobilobaSi gamoyenebas 

pouloben egreTwodebuli integratorebi _ fizikuri sis-
temebi, romelTa gamosasvleli signali Sesasvleli zemo-
qmedebis integralis proporciulia. ganvixiloT konkre-
tulad integratori, romelic axorcielebs Sesasvleli 

signalis ( )s tSes  gardaqmnas gamosasvlel signalad ( )s tgam  

Semdegi kanonis mixedviT (nax. 2.23): 

1
( ) ( ) .

t

t T

s t s d
T

 


 gam Ses         (2.36) 

aq T 0  _ fiqsirebuli parametria. 
gansazRvruli integrali, romelic 

Sedis (2.36)–Si, aSkaraa, s (t)Ses  signali 

misi pirvelyofilis ori mniSvnelobis 
sxvaobis tolia. erTi gamoiTvleba t    

    nax. 2.23        argumentis dros, xolo meore t T  ar-
gumentis dros. (2.28) da (2.35) Tanafadobebis gamoyenebiT 
vRebulobT Sesasvlelsa da gamosasvlelze signalebis 
speqtrul simkvriveebs Soris kavSiris formulas:      

               
( )

( ) (1 ).
j T

S
S e

j T








 

Ses
gam           (2.37) 

nebismieri sixSireebis dros, frCxilebSi moTavsebuli 
Tanamamravli Semofarglulia, amave dros  mniSvnelis 
moduli wrfivad izrdeba sixSiris zrdasTan erTad. Ees 
mowmobs imas, rom ganxiluli integratori moqmedebs 
dabali sixSireebis filtris msgavsad, anu atarebs 
dabal sixSireebs. Amave dsros is asustebs Sesasvleli 
signalis maRalsixSirul speqtrul mdgenelebs. 

    2.21. signalebis namravlis speqtruli simkvrive 

rogorc cnobilia, signalebis Sekrebisas  maTi 
speqtrebi ikribeba. amasTan signalebis namravlis speqtri 
speqtrebis namravls ki ar udris, aramed gamoisaxeba 
raRac specialuri integraluri TanafardobiT 
TanamamravlTa speqtrebs Soris.  

davuSvaT ( )u t  da (t)  ori signalia, romelTaTvisac 

cnobilia ( ) ( ), ( ) ( )u t U t V    Sesabamisobani. SevqmnaT 
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am signalebis namravli ( ) ( ) ( )s t u t v t  da gamovTvaloT misi 

speqtruli simkvrive. saerTo wesis mixedviT 

                       ( ) ( ) ( ) .j tS u t t e dt 






                  (2.38) 

furies uku gardaqmnis gamoyenebiT gamovsaxoT 

signali ( )t misi speqtruli simkvriviT da Sedegi  CavsvaT 

(2.38-Si)   
1

( ) ( ) ( ) .
2

j t j tS u t V e d e dt   


 



 

 
  

 
   

integrirebis rigis SecvliT gveqneba 

             ( )1
( ) ( ) ( ) ,

2

j tS V u t e dt d   


 

 

 

 
  

 
   

saidanac      
1

( ) ( ) ( ) .
2

S V U d    






                       (2.39) 

integrals, romelic dgas marjvena nawilSi, uwodeben 
V da U  funqciebis naxvevs. SemdgomSi  naxvevis operacias 

simbolurad aRvniSnavT ase: ( ) ( ) ( ) ( ).V U d V U     




    

amgvarad, ori signalis speqtruli simkvrive mudmivi 
ricxviTi Tanamamravlis sizustiT TanamamravlTa speq- 
truli simkvriveebis naxvevis tolia:  

                          1
( ) ( ) ( ) ( ).

2
u t v t V U 


                              (2.40) 

Zneli araa davrwmundeT, rom naxvevis operacia komu-
tatiuria, e.i. uSvebs gardasaqmneli funqciebis  Tanmim-

devrobis rigis Secvlas:     V( ) U( ) U( ) V( ).       

zemoT damtkicebuli Teorema naxvevis Sesaxeb  
SeiZleba Sebrunebul iqnas: Tu raime signalis speqtruli 

simkvrive warmoidgineba namravlis 1 2S( ) S ( )S ( )    saxiT, 

amasTan 1 1S ( ) s (t),   da 
2 2S ( ) s (t),  maSin signali 

s(t) S( )   warmoadgens 1s (t)da 2s (t) signalebis naxvevs, 

magram ara ukve sixSirul, aramed droiT areSi: 

1 2( ) ( ) ( ) ).S s t s d   




     (2.41) 


