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Tema 10. sixSirulad-gamorCevadi wredebi viwrozolo-

vani zemoqmedebisas 

tipiur situaciaSi, magaliTad, modulirebuli signa-
lebis miRebisas, sasargeblo signali miewodeba sixSi-
rulad-gamorCevadi xazovani filtris Sesasvlelze, 
romlis speqtralur simkvrives aqvs mkveTrad gamoxatuli 
maqsimumi wredis gatarebis zolis sazRvrebSi. amasTan, 
rogorc wesi, rxeviTi konturis rezonansuli sixSire 
emTxveva gadamtani sixSiris rxevebs (simetriuli awyoba). 

Sesasvleli radiosignalis speqtri rom yofiliyo mka-
crad SezRuduli sixSireTa ariT, romlis sazRvrebSi 
ucvleli iqneboda filtris gadacemis sixSiruli koefi-
cienti, maSin gamosasvleli signali iqneboda Sesasvleli 
signalis masStaburi asli. magram sixSirulad-gamorCeva-
di sistemis asm  da fsm gardauval araidealurobas miv-
yavarT gamosasvleli signalis damaxinjebisaken. qvemoT 
ganixileba meTodi, romelic iZleva saSualebas vipovoT 
viwrozolovani rxevebiT aRgzebuli sixSirulad-
gamorCevadi wredebis gamosasvleli gamoZaxilebi.  

10.1. ZiriTadi Tanafardobebi 

 ganvixiloT nebismieri viwrozolovani wredi, romlis 

gadacemis sixSiruli koeficienti ( )K j gansxvavebulia 

nulisgan sixSiris RerZis 
0  wertilis garemoSi. viva-

raudoT, rom Sesasvlel signali aris viwrozolovani 

(kvaziharmoniuli) rxeva speqtris centraluri 
0  sixSi-

riT. es niSnavs, rom formulaSi 

    0Re
j t

u t U t e
   


Ses Ses                (2.40) 

kompleqsuri momvlebi  U t
Ses aris gacilebiT ufro neli 

funqcia, vidre 
0cos t  rxeva. avRniSnoT Sesabamisoba sig-

nalebsa da maT speqtrebs Soris:    u t S Ses Ses , 

   U t G 
Ses Ses , amasTan (wigni “eleqtruli signalebi” 

Tavi V, gv.136, (5.51)) Sesasvleli signalis speqtri da misi 
kompleqsuri momvlebi Sebmulni arian Semdegnairad: 

     0 0

1 1

2 2
S G G        Ses Ses Ses  
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 aqedan, xazovani wredebis analizis speqtraluri me-
Todis gamoyenebiT, miviRebT gamosasvleli signalis Sem-
deg gamosaxulebas                                     (2.41): 

         
0

0 0

0

1 1

4 4

j t j tu t G K j e d G K j e d        
 







     gam Ses Ses
 

 pirvel integralSi cvladis 
0     Canacvlebis 

Semdeg, SevasruloT misi gardaqmna:  

   

     0

0

0

0

1

4

1
.
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j t

j tj t

G K j e d

G K j e d e





   











 



  

  
     
  





Ses

Ses

      (2.42) 

 analogurad, 
0    Casmis gamoyenebiT, gardavqmnaT 

(2.41) is meore integrali: 

   

     0

0

0

0

1

4

1
.

4

j t

j tj t

G K j e d

G K j e d e





   













 

  
    
  





Ses

Ses

      (2.43) 

 SevniSnoT, rom (2.42) da (2.43) gamosaxulebebis marjvena 
nawilebi aris komleqsurad SeuRlebuli. amis garda (2.24) 

safuZvelze  0K j     aris viwrozolovani wredis ds-

eqvivalentis gadacemis sixSiruli koeficienti. amitom  

      0
1

Re .
2

j tj tu t G K j e d e










   
     

   
gam Ses ds

 

 am gamosaxulebidan Cans, rom gamosasvleli signalis 
kompleqsuri momvlebis saxe Seesabameba gamosaxulebas 

     
1

.
2

j tU t G K j e d








   
gam Ses ds

        (2.44) 

maSin gamosakvlevi sistema 
SesaZlebelia warmovidginoT 
nax.10.1-ze moyvanili saxiT 
 
  

          nax. 10.1 
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 maSasadame, gamosasvleli signalis kompleqsuri mom-
vlebi warmoadgens droSi nela cvlad rxevas speqtralu-

ri simkriviT         G G K j   gam Ses ds
.               (2.45) 

 sixSirulad-gamorCevad sistemaSi viwrozolovani sig-
nalis gavlis amocanis amosaxsnelad saWiroa dasawyisSi 
vipovoT Sesasvleli kompleqsuri momvlebis zemoqmedebis 
rezultati sawyisi sistemis ds-eqvivalentze, xolo Sem-
deg gadavideT gamosasvleli signalis povnaze 

    0Re
j t

u t U t e
   


gam gam                  (2.46) 

 (2.44) toloba Seesabameba sistemis gamosasvleli sig-
nalis povnis speqtralur meTods. tolfasovnad SesaZle-
belia gamoyeneba cnobili meTodebis, magaliTad opera-
toruli meTodis, aseve duamelis integralis meTodis, 
romlis Tanaxmad  

      .

t

U t U h t d  


  
gam Ses ds

             (2.47) 

sadac   h t
ds

 - ds-eqvivalentis impulsuri maxasiaTebelia 

  *dabalsixSirovan eqvivalents, ganxiluls rogorc dinamiuri 
sistema, aqvs ufro dabali rigi, vidre sawyis viwrozolovan 
wreds. amitom gamosasvlelze komleqsuri momvlebis povna war-
moadgens  gacilebiT martiv amocanas. 

10.2. amplitudur-modulirebuli (am) signalis 
zemoqmedeba erTkonturul rezonansul gamaZliereblebze 

 pirvel magaliTad ganvixiloT amocana - erTtonaluri 

am-rxevis     0 01 cos cosu t U M t t  Ses  gasvla erTkoturi-

an rezonansur maZlierebelSi gadacemis sixSirul koefi-

cientiT       
 

.
1

K
K j

j


  




 

rez

rez k

 

  SemovitanoT gasamartivebeli daSveba –CavTvaloT, rom 

rezonansuri sixSire rez  da gadamtani rxevis 0  sixSire 

erTmaneTs emTxveva. aviRoT es sixSire sayden sixSirad, 
miviRebT Sesasvleli signalis kompleqsur momvlebs          

   0 1 cosU t U M t  
Ses ,               (2.48) 

sadac M - modulaciis koeficientia.              
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 gamaZlierebelis ds-eqvivalentis gadacemis sixSiruli 

koeficienti iqneba      .
1

K
K j

j 


 

 

rez

k

ds
             (2.49)  

 gamosasvleli kompleqsuri momvlebi SeiZleba vopovoT  
(2.48) da (2.49), Cveulebrivi kompleqsuri amplitudebis 
meTodis gamoyenebiT, romelic cnobilia wredebis 
Teoriidan:       

   
0

0
2 2

cos ,
1

K U M
U t K U t 


    



 rez

gam rez

k

 

sadac fazuri wanacvleba arctg    k . 

komentari: amoxsnis xerxi martivia imitom, rom Sesasvleli 
kompleqsuri momvlebi aris mudmivi mdgenelis da harmoniuli 
rxevis jami. 
 (2.46) formulis gamoyenebiT Tu miviRebT mxedvelobaSi, 

rom konturis drois mudmiva 2  k ek rez , maSin 

gamaZlierebelis gamosasvleli signali:  

   0 0
2

1 cos cos ,
1

M
u t K U t t 






 
     
  

gam rez        (2.50) 

sadac 2Q   ek rez - rxeviTi kon-

turis ganzogadebuli aSlaa zeda 
gverdiT sixSireze. 
 maSasadame, rezonansuri gama-
Zliereblis gamosasvlelze arse-
bobs rxeva, romelic, momdevno 
amplituduri gaZlierebisas inar-
Cunebs am-signalis erTtonalobas. 
magram gamosasvlelze moduliaci-
is koeficienti naklebia, vidre 

Sesasvlelze:   
21

M
M






gam .  (2.51) 

 amis garda, gamosasvleli signa-
lis momvlebi CamorCeba (nax. 10.2)               

         nax. 10.2       Sesasvleli signalis momvlebs      

t  day   droiT. 
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 magaliTi 2.6. am-signali parametrebiT: modulaciis koefici-

enti 0,8,M  rezonansuli sixSire 6 1

0 5 10    rez wm , 

4 13 10    wm  gadis gamaZlierebelSi, romelic awyobilia gadam-

tan sixSireze. gamaZliereblis konturis eqvivalenturi vargi-

soba 75Q ek . ipoveT Mgam
 da tdag . 

 amoxsna: rxeviTi konturis ganzogadebuli aSla zeda gver-

diT sixSireze 4 6

02 2 75 3 10 5 10Q         ek =0,9 , aqedan 

formuliT 
21

M
M






gam  vpoulobT 
0,8

0,59
1 0,81

M  


gam . 

amrigad, adgili aqvs modulaciis siRrmis sagZnob Semcirebas. 

vinaidan  fazuri wanacvleba ganisazRvreba arctg    k ,xolo 

2  k ek rez
62 75 5 10 ,   maSin 0,9 0.733arctg   rad da mov-

lebis tday dayovneba Seadgens  40,733 3 10 24t     day  mkwm. 

 

10.3. harmoniuli emZ-is CarTvis impulsis zemoqmedeba 
rezonansul gamaZlierebelze 

Mmraval radioteqnikur sistemaSi (radiolokaciuri, 
mravalarxiani kavSiris sistemebi) sasargeblo informacia 
gadaicema marTkuTxa impulsebis mimdevrobis saSualebiT. 
Ggadian ra rezonansul sixSirulad gamorCevad 
sistemebSi, romlebic Seadgenen radiomimRebi 
mowyobilobebis  ganuyofel nawils, aseTi impulsebi 
ramdenadme maxinjdebian (ix. nax. 10.3).  

 

nax. 10.3 
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imisaTvis, rom SevafasoT am arasasurveli damaxin-
jebebis xarisxi, amovxsnaT gadacemis sixSiruli koefici-

entis ( )
1

SR
K j

j









rez.ekv

eqv

eqv

 (Tavi 8 (2.12)) mqone erTkonturiani 

rezonansuli gamaZliereblis gamosasvlelze signalis 
Sesaxeb amocana, im pirobis dros, rom Sesasvlelze 
moqmedebs signali 0( ) cos( ) ( ).mu t U t t  Ses  

vTqvaT gamaZlierebeli awyobilia matarebel sixSireze 
e.i. 0( )t rez . maSin, am sixSiris arCevisas sayrden sixSi-

red,  kompleqsuri momvlebisTvis miviRebT Semdeg gamosa-

xulebas:                    ( ) ( ).mU t U t
Ses          (2.52) 

(2.49) gadacemis sixSiruli koeficientis mqone wrfiv 
sistemaze (2.52) signalis zemoqmedebis Sesaxeb amocana 
ganxiluli iyo me-8 TavSi RC  wredis gardamavali 
maxasiaTeblis Seswavlisas. Aamitom SeiZleba 
visargebloT cnobili SedegiT da CavweroT 

( ) [1 exp( / )] ( ).m kU t K U t t    
gam rez             (2.53) 

maSin gamaZliereblis gamosasvleli signali 

0( ) [1 exp( / )]cos( ) ( ).m kt K U t t t     gam rezu    (2.54) 

(2.54) formulis mixedviT agebuli grafiki nax. 10.4 naC-
venebia signalis sixSireze awyobili rezonansuli gamaZ-
liereblis gamosasvlelze rxevebis damyarebis procesi 

Ggamosasvleli signalis mimdinare amplituda aRwevs 
stacionaruli mniSvnelobis 

mK Urez  0.9 dones damyarebis 

drois ganmavlobaSi 

2.303 4.606 / .t Q  damy k eqv rez  (2.55)           

  amgvarad,konturis 
maRal vargisianobas 
mivyavarT impulsis 
momvlebis arsebiT damaxin-

jemamde. 

      nax. 10.4  
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10.4. fazomanipulirebadi signalebis  zemoqmedeba 
rezonansul gamaZlierebelze 

rogorc ukve iyo aRniSnuli, Tanamedrove 
radioteqnikaSi xSirad gamoiyeneba signalebi, romlebic 
warmoadgenen harmoniuli rxevebis monakveTebs, romelTa 

sawyisi faza icvleba naxtomebiT drois 
diskretul momentebSi.Mmsgavs signalebs 
uwodeben fazomanipulirebul rxevebs (ix. 
nax, 10.5).  

 aseTi signalebis sixSirulad-gamor-
Cevad wredebSi gatarebis Seswavlisas gan-
vixiloT modeluri amocana  erTkonturi-
an rezonansul gamaZlierebelze, romlis 

  nax. 10.5   Sesasvlelze moqmedebs signali fazis nax- 
tomiseburi cvlilebiTY 0  radianze, roca 0 :t   

0

cos( ) 0,
( )

cos( ) 0.

m

m

U t t
t

U t t



 


 

 

rez

Ses

rez

u        (2.60) 

am signals pasuxobs kompleqsuri momvlebi 

0( ) [ ( ) ( )].
j

mt U t e t
    USes         (2.61) 

duamelis integralis meTodis gamoyenebiT vpoulobT 
gamosasvlelze kompleqsur momvlebs: 

0
( )/

( ) ( ) ( )

t
tm j

K U
t e e d

     


 



     U krez

gam

k

       (2.62) 

roca 0t   (2.62) formulidan gamomdinareobs, rom 

( )/
( ) ,

t
tm

m

K U
t e d K U

 




 



   U krez

gam rez

k

  (2.63) 

e.i. fazis naxtomis momentamde gamaZlierebeli imyofe-
ba harmoniuli aRgznebis stacionarul reJimSi. Tu 0t  ,         

maSin  

0

0

( )/ ( )/

/ /

( )

[ (1 )].

jt t
t tm m

t tj

m

K U K U e
t e d e d

K U e e e


   

 

 
 

   

 

 

   

  

 U k k

k k

rez rez

gam

k k

rez

   (2.64) 
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avRniSnoT, rom roca 0t   (2.63) da (2.64) gamosaxulebebi 

gvaZleven erTnair Sedegs: (0) .mU K U 
gam rez  Tu / 1kt   , maSin 

0( ) ( ),mU t K U exp j 
gam rez , e.i. gardamavali sistemis dasrulebi-

sas sistema gadadis axal stacionarul mdgomareobaSi, 
romelic gansxvavdeba sawyisisagan 

0
  radianis toli 

fazuri ZvriT. 
Kkompleqsuri momvlebis modulis gamoTvlisas, 

vpoulobT gamosaxulebas gamosasvleli signalis 
momvlebisaTvis roca 0t  : 

 
1/2

2/ / /2 2

0 0( ) [ (1 )cos ] (1 ) sin .
t t t

mt K U e e e
  

 
  

    U
k k k

gam rez    

(2.65) 
(aiReba kvadratuli fesvis dadebiTi mniSvneloba) 

praqtikaSi xSirad gamoiyeneba  signalebi 0180 -iani 
fazuri manipulaciiT. Aam kerZo SemTxvevaSi 

( ) 2 ( / ) 1 .mt K U exp t   Ugam rez k  

aq gamosasvleli signalis amplituda xdeba nulis 
toli 0t  drois momentSi, romelic warmoadgens  

02 ( / ) 1 0,exp t   k  

gantolebis fesvs, saidanac 0 0.693t  k  (ix. nax. 10.6).  (2.67) 

0t drois momentSi Sesasvleli signali sabolood ”aqrobs” 

rxevebs, romlebic arsebobs konturSi fazis naxtomamde 
nax. 10.6 moyvanilia rezonansuri maZliereblis gamosas-

vleli signalebi aRgZnebuli Ffazomanipulirebadi signa-
lebis gavlis Semdeg. naCvenebia fizikuri momvlebis damo-

kidebuleba uganzomilebo 
parametrze /t k  fazuri 

0  ori Zvris: 1 – roca 

0 = 0180 ; 2 roca  0 = 090  

mniSvnelobisas. 

Tu 0

0 180  , maSin gamo-

sasvleli rxevis amplitu-
da dasawyisSi mdored  
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          nax. 10.6      mcirdeba nulamde, xolo       
Semdeg kvlav izrdeba Tavdapirvel  donemde konturis 
ramdenime rigis drois mudmivas intervalis ganmavlobaSi. 

Ffazomanipulirebadi signalebis mimRebebis proeqtire-
bisaTvis pirvelxarisxovan interess warmoadgens gamaZli-
ereblis gamosasvlelze myisieri fazis cvlilebis 
kanoni. gamosasvleli kompleqsuri momvlebis CaweriT 

formiT ( ) ( ) [( ( )],t t exp j tU U
gam gam gam  (2.64) formulidan gvaqvs 

myisieri fazis (rad) Semdegi gamosaxuleba: 
2/ / /

0 0( ) arg[(1 )cos (1 ) sin )].k k kt t tt e e j e            gam    (2.68) 

   marjvena nawilis pirveli Sesakrebi gvaZlevs mudmiv 
fazur Zvras, romelic ar asrulebs principialur rols.  

nax. 10.7 gamosaxulia mru-
debi, romlebic aRweren 
gamaZliereblis gamosas-
vlelze signalebis myisi-
eri fazis cvladi nawi-
lis damokidebulebas 
uganzomilebo parametrze 

/t k . 
0

0 180   aris gadagvare-

buli SemTxveva; aq gamosasvlelis faza icvleba naxtomi-
seburad 0t t  drois momentSi [ix. formula (2.67)]. 0 -is 

sxva mniSvnelobebisas ki gamosasvlelze signalis faza 
icvleba droSi uwyvetad. 

 gamaZliereblis gamosasvlelze rxevebis faza 
myardeba konturis drois mudmivas rigis drois 
monakveTze.  

 
 


