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Tavi 4. speqtraluri analizi 

wrfiv stacionarul sistemebSi radioteqnikuri 
signalebis gatarebis analizis speqtralur meTodze 
saubrisas,Cveulebriv mxedvelobaSi aqvT maTematikuri 
meTodebis mTeli kompleqsi, romelsac safuZvlad udevs 
sistemis gadacemis sixSiruli koeficientis Tvisebebis 
gamoyeneba. qvemoT konkretul magaliTebze naCvenebia 
speqtraluri meTodis gamoyeneba rogorc sistemis 
reaqciis povnis amocanaSi, aseve gamosasvleli signalis 
ricxviTi Sefasebis problemaSi. 

4.1. ZiriTadi formula  
vTqvaT raime wrfivi stacionaruli sistemis Sesasvle-

lze moqmedebs determinirebuli signali ( )u tSes , romelic 

mocemulia furies uku gardaqmniT 

1
( ) ( )

2

j tu t U e d 






 Ses Ses . 

vivaraudoT, rom sistemis gadacemis sixSiruli koefi-

cienti ( )K j  cnobilia. rogorc damtkicebul iqna, 

exp( )j t saxis kompleqsuri signali warmoadgens ra siste-

muri operatoris sakuTar funqcias, gamosasvlelze qmnis 

elementarul reaqcias ( )exp( ).K j j t   Aam reaqciebis jamiT 

vpoulobT gamosasvleli signalis gamosaxulebas: 

1
( ) ( ) ( )

2

j tu t K j U e d  






 gam Ses    (1.48) 

miRebulia speqtraluri meTodis ZiriTadi formula, 
romelic amowmebs imas, rom sistemis gadacemis 
sixSiruli koeficienti asrulebs  Sesasvlelsa da 
gamosasvlelze signalebis speqtralur simkvriveebs 
Soris proporciulobis mamravlis rols: 

( ) ( ) ( ).U K j U  gam Ses                (1.49) 

amrigad, sixSirul areSi sistemebis analizi 
gamoirCeva SesaniSnavi TvisebiT – signalis gardaqmnis 
efeqti sistemaSi aisaxeba  ubralod gamravlebis 
algebruli operaciiT. 

mxedvelobaSi unda iqnes miRebuli  is, rom speqtra-
luri da droiTi midgomebi erTmaneTis savsebiT 
eqvivalenturia. marTlac, duamelis integrali (1.8) aris 
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( )u tSes  funqciisa da impulsuri maxasiaTeblis ( )h t  naxvevi 

droiT areSi ( )u tgam = ( ) ( )u t h tSes . e.i. gamosasvleli 

signalis speqtraluri simkvrive aris ( )u tSes  da 

( )h t Ffunqciebis speqtraluri simkvriveebis namravli. 

Aaqedan uSualod gamomdinareobs formula (1.49). 
Ggamosasvleli reaqciis povnis speqtraluri meTodis 

praqtikuli Rirebuleba yovel konkretul SemTxvevaSi 
damokidebulia imaze, xerxdeba Tu ara integrireba 
formulaSi (1.8). 

4.2. impulsuri maxasiaTeblebis gamoTvla 

rogorc wesi, wrfivi sistemebis gadacemis sixSiruli 
koeficientis povna  ar iwvevs principialur sirTuleebs. 
Aamitom Tu moiTxoveba sistemis impulsuri maxasiaTeblis 

( )h t  gamoTvla, mizanSewonilia visargebloT speqtraluri 

meTodiT, romlis Tanaxmadac   
1

( ) ( ) .
2

j th t K j e d 






   

magaliTis saxiT vipovoT RC wredis (ix. nax. 4.1)  
impulsuri maxasiaTebeli, romlisTvisac gamosasvlel 
signals warmoadgens Zabva kondensatorze. Aaq 

1
( )

(1 )
K j

j RC






,  amitom 

 impulsuri maxasiaTebeli 

1
( )

2 1

j te
h t d

j RC




 






    (1.50) 

            nax. 4.1       
gamoviyenoT naSTa meTodi da CavTvaloT, rom   

kompleqsuri cvladia. integrirebis konturi (1.50)-Si 
Seqmnilia mTeli namdvili RerZiT Im 0  da sakmaod didi 

radiusis mqone 1C  rkaliT, romelic SeiZleba Seikras 

rogorc zeda, aseve qveda naxevarsibrtyeebSi. 
integralqveSa funqcias (1.50)-Si aqvs erTaderTi marti- 

vi polusi wertilSi koordinatiT 
j

RC
 p  (ix. nax. 4.2a) 

am wertilSi  integralqveSa funqciis naSTi 
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( )
1

t

j t RCe e
res

j RC jRC



 




 


 

 
                a                             b 
                         nax. 4.2 
vipovoT funqcia ( )h t  roca > 0t . amisaTvis movaTavsoT 

rkali 1C  zeda naxevarsibrtyeSi, radgan swored am 

SemTxvevaSi rkalis radiusis zrdasTan erTad funqcia 

exp( )j t  eqsponencialurad miiswrafis nulisaken. zRvarSi 

konturuli integrali toli iqneba integralis 
gamoTvlis mxolod namdvili RerZis gaswvriv (1.50) 
formulis Sesabamisad. (am SemTxvevaSi Caketili konturis 
SigniT intergaqveS mdgom funqcias gaaCnia erTaderTi ubralo 
polusi) 

koSis Teoremis Tanaxmad, kompleqsuri cvladis 
funqciidan konturuli integrali tolia 2 j ricxvis, 

gamravlebuls yvela polusSi integralqveSa  naSTebis 
jamze, romlebic mdebareoben integrirebis konturis 
SigniT. Aamgvarad, 

1
( )

t

RCh t e
RC



   roca t 0 .       (1.51) 

Tu moiTxoveba impulsuri maxasiaTeblis povna, roca 

< 0t  (ix. nax. 4.2b), maSin integrebis konturi unda Seikras 
qveda naxevarsibrtyeSi, sadac integralqveSa funqcias 
saerTod ara aqvs polusebi da amitom  

                    0h(t) =  roca < 0t .             (1.52)   
RC -wredis impulsuri maxasiaTeblis grafiki, agebuli 

(1.51) da (1.52) formulebis mixedviT warmoadgens mruds, 
gawyvetils t=0  dros (nax. 4.3.) 
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Ggawyvetili funqciebis warmodgena konturuli 
integralebis saSualebiT warmoadgens maTematikur xerxs, 
romlebic farTod gamoiyeneba Teoriul kvlevebSi.  

 
nax. 4.3 

RC -wredis impulsuri maxasiaTeblis grafikis saxe. 

4.3. signalis gamoTvla sistemis gamosasvlelze. 

speqtraluri meTodis gamoyenebis magaliTis saxiT 
amovxsnaT zemoTganxilul RC -wredSi Zabvis eqsponencia-

luri videoimpulsis 0( ) exp( ) ( )u t U t t  Ses  (ix. nax. 4.4) 

gasvlis amocana.    M 
mocemul SemTxvevaSi Sesas-

vleli signalis speqtraluri 

simkvrive 0( )
U

U
j


 




Ses  da amo-

cana daiyvaneba Semdeg gamosaxu-
lebaSi Semavali integralis 
gamoTvlaze  

       nax. 4.4 

0 exp( )
( )

2 (1 / )(1 )

U j t d
u t

j j RC

 

   






 gam  

elementarul wiladebad integralqveSa funqciis alge-
bruli nawilis daSliT, gvaqvs  
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1 1 1

(1 / )(1 ) 1 1 / 1

RC

j j RC RC j j RC



      

 
   

     
.  

mrgval frCxilebSi moTavsebul SesakrebTa struqtura 
saSualebas gvaZlevs uSualod gamoviyenoT RC -wredis 
impulsuri maxasiaTeblis  gamoTvlisas miRebuli Sedegi 
da CavweroT amonaxsni roca t 0 : 

))]/(exp()[exp(
1

)( 0 RCtt
RC

U
tu 


 


gam     (1.53) 

marTlac, roca <  0t          0)( tugam .  (1.54) 

RC wredis gamoZaxilis grafiki eqsponencialuri saxis 
videoimpulze moyvanilia nax. 4.5-ze 
 

 
  
                                          nax. 4.5 
miaqcieT yuradReba massze, rom  RC wredi agluvebs 

Sesasvlel signals 


