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Tavi V. signalebis gardaqmna xazovan parametrul 

wredebSi 

xazovani sistemebi, romlebic aRiwerebian droze damo-

kidebuli arastacionaluri sistemuri  T t  operatore-
biT, xasiaTdebian saintereso da sasargeblo TvisebebiT. 
am SemTxvevaSi Sesasvleli signalis gardaqmnis kanons 

aqvs saxe                u t T t u tgam Ses ,                (5.1) 

amasTan sistemis xazovnobis gamo nebismieri 1 da 2  

             
1 2 1 2T t u t u t T t u t T t u t      

 Ses1 Ses2 Ses1 Ses2 . (5.2) 

wredebs, romlebic aRiwerebian (5.1) 
gantolebiT, uwodeben parametrul 
wredebs. es termini aRebulia imis gamo, 
rom aseT wredebSi aucileblad 
imyofeba elementebi droze damoki-
debuli parametrebiT. radioteqnikur 
wredebSi gamoiyeneba Semdegi paramet-

ruli elementebi: rezistori  R t , kon-

densatori  C t da induqciuroba  L t .     
xazovani parametruli sistema gan-    

    nax. 16.1     sxvavdeba imiT, rom is Seicavs rxevebis 
damxmare wyaros (nax. 16.1),romliTac imarTeba elementebis 
parametrebi. 

radioteqnikaSi parametrul wredebs mniSvnelovani 
roli miekuTvneba. es ganpirobebulia maTi unariT, garda-
qmnan Sesasvleli signalebis speqtrebi da mcirexmovani 
parametruli maZliereblis agebis SesaZleblobiT. 

ATema 16.1. signalebis gavla rezistiul  
parametrul wredebSi 

parametrul wreds uwodeben rezistiuls, Tu mis sis-

temur operators aqvs  k t saxe, romelic damokidebulia 
droze da warmoadgens proporciulobis koeficients 

 u tSes  Sesasvlel da  u tgam  gamosasvlel signalebs 

Soris:                    u t k t u tgam Ses .               (5.3)       
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aseTi saxis umartives sistemebSi gamoiyeneba parame-

truli rezistori  R t . kanons, romelic akavSirebs 
Zabvisa da denis myisier mniSvlelobebs, aqvs saxe:      

                        u t R t i t .                    (5.4)      
parametruli rezistiuri elementi (nax. 16.2) SesaZlebelia 

aRiweros aseve droSi cvladi gamtarobiT     1G t R t  

          
                          nax. 16.2     

 16.1.1.  parametruli rezistiuli elementebis realizacia 

praqtikaSi parametruli marTvadi rezistiuli elemen-

tebi Seiqmneba Semdegnairad.  i f u  

volt-amperuli maxasiaTeblis mqone 
arainerciuli arawrfivi elementis or-
polusas Sesasvlelze awodeben ori sig-

nalis jams: mmarTveli  u tm da signalis 

 u ts  Zabvebs. amasTan mmarTveli Zabvis 

amplituda mniSvnelovnad aRemateba sa-
sargeblo signals. deni arawrfiv orpo-
lusaSi SeiZleba Caiweros volt-ampe-
ruli maxasiaTeblis teiloris mwkrivad 
daSliT myisieri mmarTveli Zab 

 nax. 16.3      vis mimarT:  

        21 ...
2

i i u u i u i u u i u u      m s m m s m s          (5.5) 

signalis amplitudas irCeven iseT mcires, rom  (5.5) 

formulaSi SesaZlebelia  u ts signalis meore da ufro 

maRali xarisxebis mqone wevrebis ugulebelyofa. avRni-

SnoT  orpolusaSi  denis nazrdi  i ts , romelic gamowve-

ulia signalis arsebobiT, maSin miviRebT  

             i t i u t u S u t u       s m s dif m s ,             (5.6) 
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sadac maxasiaTeblis diferencialuri daxriloba Sdif  

ganisazRvreba mmarTveli Zabvis “didi” mniSvnelobiT. 
qvemoT SeviswavliT ganxiluli saxis rezistiuri ele-

mentebis mniSvnelovan gamoyenebas. 

K16.1.2. sixSiris gardaqmna 

ase uwodeben modulirebuli signalis transformacias, 

romelic dakavSirebulia misi speqtris gadamtani s  six-

Siris midamodan raime sxva Sualeduri Sva  sixSiris 

midamoSi gadatanasTan. es gadatana sruldeba modulaci-
is kanonis Seucvlelad. 

sixSiris gardamqmneli Sedgeba Semrevisagan 
(parametruli arainerciuli elementi) da heterodinisagan  

(damxmare harmoniuli rxevebis generatori sixSiriT g ), 

romelic asrulebs Semrevis parametruli regulirebis 
funqcias. heterodinis Zabvis zemoqmedebiT Semrevis 
volt-amperuli maxasiTeblis diferencialuri daxriloba 
droSi periodulad icvleba kanoniT  

        
1 2cos cos2 ...S t S S t S t    dif 0 g g         (5.7)      

Tu sixSiris gardamqmnelis Sesasvlelze moqmedebs am-

signalis Zabva    1 cos cosmu t U M t t  s s , maSin gamo-

saxulebebis (5.6) da (5.7) Tanaxmad gamosasvlel denSi 
gamoCdeba mdgeneli 

   

   

   

0

1 1

2 2

1 cos [ cos

1 1cos cos
2 2

1 1cos cos ...]
2 2

mi t U M t S t

S t S t

S t S t



    

    

   

   

     

s s

g s g s

g s g s

 

Sualedur  sixSired miRebulia sixSire    Su g s  

(ix. nax.16.4); Sualedur 

sixSireze deni  i tSu  

aris am-rxeva modula-
ciis igive kanoniT, rac 
axasiaTebs Sesasvlel  

         nax. 16.4                 signals.       
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           
1

1 1 cos cos
2 mi t S U M t t  Su Su            (5.8)  

speqtridan Sualedur  sixSireebTan miaxlovebuli 
sixSireebis gamosayofad gardamqmnelis gamosasvlel 
wredSi rTaven rxeviT konturs, awyobils Sualedur 

uSusixSireze. 

sixSiris gardaqmna xSirad gamoiyeneba radioteqnikur 
xelsawyoebSi – egreTwodebul superheterodinebSi. misi 
struqturuli sqema moyvanilia nax. 16.5-ze    

 

nax.16.5 

anteniT miRebuli signali SesasvlelSi ganTavsebuli 
mafiltrirebeli da radiosixSireebis maZlierebeli (rsm) 
wredebis gavlis Semdeg miewodeba gardamqmnels, romelic 

Sedgeba Semrevis da heterodini-
sagan. gardamqmnelis gamosasvle-
li signali aris gadamtani sixSi-
riT modulirebuli signali. misi 
sixSire udris mimRebis Sualedur 
sixSires. mimRebis ZiriTadi gaZ-
lierebas da mis sixSirul amor-
CeviTobas, anu unars gamoarCios 
sasargeblo signali sxva sixSi-
reebis SeSfoTebebisagan, uzrunve-
lyofs wvrilzolovani Sualedu-
ri sixSiris maZlierebeli (Ssm).   

superheterodinis didi Rirse-
baa – Sualeduri sixSiris ucvle   

       nax.16.6       loba; mimRebis gasawyobad asawyo-
bia mxolod heterodini da zogierT SemTxvevaSi rxeviTi 
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sistema, romlebic arian Sesasvlel wredebSi da 
radiosixSirul maZlierebelSi (rsm). 

aRsaniSnavia, rom sixSiris gardamqmneli erTnairad 

reagirebs    s1 g Su  da    s1 g Su   

sixSireebis signalebze (ix nax. 16.7).    
radioteqnikaSi laparakoben, rom 

SesaZlebelia signalebis miReba rogo-
rc ZiriTad, aseve sarkisebul arxebze. 
mimRebis gawyobis araerTmniSvnelov   

  nax. 16.7        nobis Tavidan asacileblad unda 
uzrunvelvyoT rezonansuri sistemebis iseTi arCevadoba, 
rom saimedoTd CaxSobili iyos sarkisebuli arxis signa-
lebi.  

16.1.3. gardamqmnelis daxriloba 

sixSiris gardamqmnelis muSaobis efeqturoba miRebul-
ia daxasiaTdes gansakuTrebuli parametriT - gardamqmne- 

lis daxrilobiT Sgar . is aris proporciulobis koefici-

enti Sualeduri sixSiris denis amplitudasa da Zabvis 

aramodulirebul signals Soris, anu  /m mS I USu Su s . 

rogorc gamomdinareobs (5.8),       / 2S SSu 1 .          (5.9) 

amgvarad, gardamqmnelis daxriloba udris parametru-
li elementis diferencialuri daxrilobis pirveli 
harmonikis amplitudis naxevars. 

dauSvaT, rom sixSiris gardamqmnelSi Semavali ara-
wrfivi elementis volt-amperuli maxasiaTebeli kvadra-

tulia:    2i t b u  . im SemTxvevaSi, rodesac sasargeblo 

signali ar miewodeba, elementze modebulia wanaclebis 

da heterodinis Zabvebis jami:  cos .mu U U t m 0 g g    

gardamqmnelis diferencialuri daxriloba icvleba 

droSi kanoniT   2 2 2 cos .mS t bu bU bU t  dif m 0 g g    (5.10)  

formula (5.9) –dan Cans, rom mocemul SemTxvevaSi  

                     mS bUSu g .                      (5.11)  

amgvarad, sasargeblo signalis mudmivi mniSvnelobisas 
gardamqmnelis gamosasvleli signali heterodinis Zabvis 
amplitudis proporciulia. 
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magaliTi 5.1. sixSiris gardamqnelSi gamoyenebulia arawrfivi 

elementi (tranzistori) maxasiaTebliT 220i u , parametriT 

20,b  2ma / v . rxeviTi konturis koleqtorul wredSi 

rezonansuri winaRoba 3R rez kom. Sesasvleli ara-

modulirebuli signalis amplituda 50mU s mkv, heterodinis 

Zabvis amplitudaa 0,5mU g v .  ipoveT mU Su - gardamqnelis 

gamosasvlelze Sualeduri sixSiris Zabvis amplituda.  

amoxsna. formula (5.11)-is gamoyenebiT vpoulobT gardaqmnis 

daxrilobas  20 0,5 10mS bU   Su g ma /v . koleqtoris wredis 

Sualeduri sixSiris denis amplituda gamoiTvleba  

0,5m mI S U Su Su s mka . Tu CavTvliT, rom tranzistoris gamosa-

svleli winaRoba sakmarisad didia, ise, rom SegviZlia rxeviT 
konturze misi maSuntirebeli moqmedebis ugulebelyofa, maSin 

vpoulobT 1,5m mU I R Su Su rez mv.  

16.1.4. sinqronuli deteqtireba 

vivaraudoT, rom sixSiris gardamqmnelSi heterodini 
awyobilia zustad signalis sixSireze. amitom 
diferencialuri daxriloba droSi icvleba kanoniT  

 
1 2cos cos2 ...S t S S t S t    dif 0 s s  

aseT xelsawyos Sesasvlelze mivawodoT am-signali 

     01 cos [ cosmu t U M t S t    s s s s , maSin miviRebT sig-

naliT Sepirobebuli gamosaxulebas denisaTvis,  

     
     

 

0

1 1

1 cos [ cos

1 2 cos 1 2 cos ...].

mi t U M t S t

S t S

 

  

    

   

s s s s

s s s

     (5.12) 

kvadratul frCxilebSi moyvanili gamosaxuleba 

Seicavs mudmiv mdgenels 11 2 cosS s , romelic 

damokidebulia fazaTa wanacvlebaze heterodinis da 
Sesasvleli signalis gadamtan signalebs Soris. amitom 
gamosasvlel denSi warmoiSoba dabalsixSirovani 
mdgeneli 
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           
21 2 1 cos cos ;mi t S U M t   ds s s           (5.12) 

es deni proporciulia am-signalis cvladi mdgenelisa.  
   sinqronuli deteqtori ewodeba sixSiris deteqtors, 

romelic muSaobs  g s  pirobebSi; sasargeblo signalis 

gamoyofisaTvis gamosasvlelze CarTulia dabali 
sixSiris filtri (dsf), magaliTad, paraleluri RC  
wredi. 

sinqronuli deteqtoris gamo-
yenebisas praqtikaSi Sesasvleli 
signalis gadamtani rxevis da 
heterodinis rxevebs Soris unda 
SenarCundes mkacri fazuri Tana-
fardoba.     

yelaze xelsayreli muSaobis 

reJimia 00 s , Tu ki  090 s , 

maSin sasargeblo gamosasvleli 
signali ar iqneba. sinqronuli de 
teqtoris mgrZnobiaroba fazaTa 
wanacvlebasTan mimarTebaSi iZle-
va misi gamoyenebis saSualebas 
or koherentuli rxevebs Soris  

      nax. 16.8        fazaTa Tanafardobebis gasazomad. 
qvemoT moyvanilia sinqronuli generatoris gamoTvlis 
magaliTi 

magaliTi 5.2. sinqronul deteqtorSi gamoyenebulia tranzis-

tori, romlis maxasiaTebeli ( )i i u
k be

aproqsimirdeba ori wrfi-

vi monakveTiT. aproqsimaciis parametrebia: 50S  ma /v, 0,3U  v
d . 

heterodinis Zabvis amplitudaa 1mU g v , mudmivi wanacvlebis 

Zabva  0 0U  . sasargeblo aramodulire-

buli signali amplitudiT  25mU s mkv  

wanacvlebulia faziT heterodinis rxeve-

bidan kuTxiT 045 s . gansazRvreT mudmivi 

denis donis cvlileba sinqronuli deteq-
toris gamosasvlelze, romelic gamoiwvia  
sasargeblo signalma, Tu datvirTvis rezis-

toris winaRobaa  1, 2R  kom.
d       

 nax. 16.9     
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amoxsna. nax. 16.9 mocemuli arawrfivi elementis volt-
amperul maxasiaTebelis diferencialur daxrilobas Seu-

Zlia miiRos mxolod ori mniSvneloba: 
0,

, .

u U
S

S u U


 



m
dif

m

d

d

 

amitom diferencialuri daxrilobis maxasiaTeblis droSi 
cvlileba warmoadgens marTkuTxa videosignalebis periodul 
mimdevrobas. denis wakveTis kuTxes  , romelic gansazRvravs am 
impulsebis xangrZlivobas, vipoviT (ix. ”eleqtruli signalebi” 

Tavi 2) formuliT  

  0
0arccos 72,5 .mU U U    

 gd
 

 
(miaqcieT yuradReba imas, rom wakveTis 
 optimaluri kuTxe (ix. nax. 16.10)  
tolia 900 ). 

     nax. 16.10             S tdif funqciis furies mwkrivad 

daSlisas, gamovTvliT pirveli harmonikis daxrilobas: 

 cos d 2 sin 0,607 30,35
S

S S S





   




   1 ma /v.  

(5.13)-is Tanaxmad denis sasargeblo signali iwvevs 
tranzistorSi denis nazrds 

1
1 cos 0,268

2 mi S U   s s mka. aqedan vpoulobT  mudmivi Zabvis 

donis cvlilebas sinqronuli deteqtoris gamosasvlelze: 

0,32u iR    gam mv.
d  

16.1.5. parametruli rezistoruli elementisagan    
gamosasvleli signalis speqtri 

sixSiruli gardamqmnelis da sinqronuli deteqtoris 
muSaobis analizi gviCvenebs, rom parametruli rezisto-
ruli elementis gamosasvlelze Seiqmneba iseTi speqtra-
luri mdgenelebi, romlebic ar aris am elementis Sesa-
svlelze. 

ganvixiloT (5.3) saxis parametruli gardaqmna speqtra-
luri analizis saerTo poziciebidan. cxadia, rom parame-
truli rezistoruli elementi funqcionirebs, rogorc 

Sesasvleli signalis  u tSes  da mmarTveli rxevebis  f t   

gadamamravlebeli. 
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CavweroT Semdegi Tanafardobebi signalebsa da maT 
furies gardamqmnebs Soris:  

           , ,u t U u t U f t F    Ses Ses gam gam  

signalebis namravlis speqtris Teoremis safuZvelze 
(ix.”signalebis Teoria” Tavi 2) gamosasvleli signalis 
speqtraluri simkrive warmoadgens naxvevs  

                     
1

d
2

U U F





    




 gam Ses .             (5.14) 

gamoyenebiTi TvalsazrisiT did interess warmoadgens 
SemTxveva, rodesac mmarTveli rxeva 

 f t aris perioduli raime mocemuli 

Tm  periodiT  (ix. nax. 16.11) da Sesa-

Zlebelia warmovidginoT furies 

    nax. 16.11      mwkrivad      jn t
n

n

f t C e






  m ,    (5.15) 

sadac 2 T m m - mmarTveli signalis kuTxuri sixSirea.  

rogorc cnobilia, msgavs araintegrirebad signals, 
sixSiris RerZis diskretul wertilebSi, aqvs nulisagan 

gansxvavebuli speqtraluri simkrivis 
mniSvnelobebi (nax. 16.12):             

      2 n

n

F C n    




   m .   (5.16)     

     nax. 16.12         moyvanili gamosaxuleba CavsvaT (5.14) 
formulaSi, miviRebT parametruli elementis gamosasvle-
lze signalis speqtrs:  

     

   

 

d

d

.

n

n

n

n

n

n

U U C n

C U n

C U n





      

     

 







 





    

    

  



 



gam Ses m

Ses m

Ses m

       (5.17) 
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F16.1.6. strobirebuli signalis speqtri 

(5.17) zogadi formulis analizi mosaxerxebelia Catar-
des praqtikaSi farTod gavrcelebuli sixSiruli 

SemTxvevisaTvis. vTqvaT, mmarTveli funqcia  f t  yoveli 

periodis ganmavlobaSi drois monakveTSi  xangZlivobiT 

m  udris erTs, xolo danarCen drois momentebSi  f t =0. 

radioteqnikaSi signalis gamravlebas msgavsi saxis  
funqciaze ewodeba signalis strobireba.  

advilad davrwmundebiT, rom furies kompleqsuri   
rigis (5.15) koeficientebi gansaxilavi mastrobirebeli 

 f t  funqciis mimarTebaSi gamoisaxeba Semdegi saxiT: 

          
 

/2

/2

sin /1 1
d ,

/

jn t
n

n q
C e t

T q n q
















  
m

m

m
m

         (5.18) 

sadac q T  m m - mastrobirebeli mimdevrobis simeCxrea. 

   am rezultatis (5.17) Casmis Semdeg miviRebT strobire-
buli signalis speqtralur simkvrives  

           
 

 
sin /1

.
/n

n q
U U n

q n q


  







 gam Ses m          (5.19) 

nax. 16.13 moyvanilia speqtris transformacia idealuri 
dabal sixSirovani signa-
lis strobirebisas (ix. 
“eleqtruli  signalebi” 
Tavi 5): a - mastrobirebuli 
xelsawyos gamosasvlelze 
signalis droiTi diagrama; 
b – gamosasvleli signalis 
speqtraluri simkrive.   

grafikebi moyvanilia im 
SemTxvevisTvis, rodesac 
mmarTavi signalis sixSire 

m  gacilebiT aRemateba 

Sesasvleli signalis spe-
qtris zeda sixSirul 

zRvars z . 

        nax. 16.13           
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SeiZleba SevniSnoT, rom strobirebuli signalis 
speqtrSi Seiqmneba sawyisi rxevebis “aslebi”-s usasrulo 
ricxvi.     

 yoveli aseTi “asli” lokalizirdeba wertilebis 

n m ,  n  0, 1, 2, . . . siaxloveSi, romlebic Seesabameba  

sixSiris generatoris ZiriTad harmonikebs. generatori ki 
marTavs mastrobirebel mowyobilobas. n  nomris zrdas-
Tan erTad speqtraluri mdgenelebis intensivoba vardeba 

mamravlis    sin / / /n q n q    proporciulad. 

Tu strobirebuli impulsis xangZlivoba miiswrafis 
nulisken, maSin yvela speqtraluri mdgenelis intensioba 
utoldeba erTmaneTs da gamosasvlel signala ar eqneba 
foTliseburi forma.  

16.1.7. modulatorebi da deteqtorebi parametruli 
rezistorebis elementebis bazaze 

gadamamravleblis erT-erT Sesasvlelze gadasacemi 

signalis proporciuli  s t  signalis, xolo meore Sesa-

svlelze – armodulirebuli 0cos t  saxis rxevis miwode-

bisas, gamosasvlelze miviRebT amplitudurad modulire-

bul balansur signals     
0cosu t s t t

bm
. 

aseTi xelsawyo advilad gardaiqmneba modulatorad, 
romelic Seqmnis am-signals orive gverdiTi zolebiT da 
araCaxSobili gadamtani rxevebiT. Tu pirvel signals da-
vumatebT mudmiv mdgenels, miviRebT: 

     01 cosu t Ms t t 
bm

. 

parametruli gadamamravlebeli elementis gamoyenebiT 
SesaZlebelia SevqmnaT xelsawyo nebismieri saxis 
modulirebuli signalebis misaRebad – am, sm an fm. pa-

rametruli modulatoris 
muSaoba efuZneba imas, rom 
modulirebuli radiosig-
nalebi, warmoadgenen ra vi-
wrozolovan rxevebs, uSveben 
maT warmodgenas (ix. “sig-
nalebis Teoria” Tavi 5) Sem-

degi saxiT:            (5.20)   

    nax. 16.14                    
0 0cos sin .u t A t t B t t  mod            
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zogadi saxis parametruli modulatoris  struqturu-
li sqema moyvanilia nax. 16.14-ze. xelsawyo Seicavs or 
gadamamravlebels, invertors da sumators.  mamoduli-

rebel signalebs warmoadgenen simfazuri  A t  da kvad-

ratuli  B t  gamosasvleli signalis kompleqsuri momv-
lebis mdgenelebi. 

gadamtani 0 sixSiris rxeva (5.20) gamosaxulebis mixed-

viT miewodeba gadamamravleblebis Sesasvlelebs 900 fa-
zuri wanacvlebiT. umartives SemTxvevaSi, rodesac 
moiTxoveba am-signalis miReba, SesaZlebelia gamoviyenoT 
sqemis mxolod erTi, magaliTad, zeda arxi (ix. nax. 16.14). 

sinqronuli deteqtoris magaliTze Cven ukve gavecaniT 
parametrul deteqtors. zogad SemTxvevaSi aseTi modu-
latori warmoadgens gadamamravleblis da dabali six-
Siris filtris (dsf) kaskadur SeerTebas. gadamamrav-
leblis erT-erT Sesasvlelze miewodeba gasadeqtirebadi 

signali  u tSes , meore Sesasvlelze miwodebulia pe-

rioduli mmarTavi Zabva    
1

cosn

n

f t A n t




 m ,  amasTan, 

mmarTavi generatoris sixSire unda iyos mTelricxovan 

damokidebulebaSi gadamtan sixSiresTan:  0 /m k  sa-

dac  1, 2, ...k  . 

am pirobis Sesrulebisas gamosasvleli signalis Se-
madgenlobaSi iqneba dabalsixSiruli mdgenelebi, ganpi-

robebuli mmarTavi Zabvis k -uri harmonikiT. ase, rom am-

signalis      01 cosmu t U Ms t t Ses  demodulaciisas 

miviRebT         1 1 .
2 k mu t A U Ms t 

ds
     

    Tu demodulacias eqvemdebareba 

   
0cos ,mu t U t ms t   Ses  saxis  kuTxuri modulaciis 

signali, maSin     1 cos .
2 k mu t A U ms t

ds
 

    parametruli demodulatori ZiriTadad gankuTvnilia 
radiosignalebis koherentuli damuSavebisaTvis, magram 
misi gamoyeneba SesaZlebelia am-, sm- an fm-rxevebis de-
teqtirebisas. 


