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Tavi II. determinirebuli  signalebis zemoqmedeba     
sixSirulad-gamorCevad sistemebze 

   radioteqnikaSi misi Camoyalibebis pirvelive nabijebi-
dan farTo gamoyeneba hpova  sasargeblo signalebis gamo-
yofam sixSirulad-gamorCevadi sistemebis daxmarebiT. 
aseTi wredebi gamosasvlelze atareben mxolod im sixSi-
rian rxevebs, romlebic moTavsebulia SedarebiT viwro 
zolSi raime centraluri sixSiris garSemo. sasargeblo 
signalis sixSiruli filtracia gansakuTrebiT efeqturia 
im SemTxvevaSi, Tu dasamuSavebeli signali sakmarisi 
xarisxiT viwrozolovania. viwrosixSiruli signalebis 
magaliTebs warmoadgenen sxvadasxvagvari modulirebuli 
rxevebi, romlebic ganxilulia saxelmZRvanelo 
”eleqtruli signalebi”, Tavi 4 -Si. 

Tema 8. sixSirulad-gamorCevadi wredebis zogierTi 

modelebi 

Uumartives zolovan filtrs warmoadgens rxeviTi kon-
turi, romelic Seqmnilia ,L C da R elementebiT. (nax.8.1-ze 
moyvanilia paraleluri rxeviTi konturis ekvivalenturi 
sqema). 

wredebis TeoriaSi dawvrilebiT Sei-
swavleba momdevrobiTi da paraleluri 
konturebi [3]. dawvrilebiTi gamoTvle-
bis gareSe gavixsenoT ZiriTadi 
debulebebi, romlebiTac vixelmZRvane- 

     nax. 8.1         lebT SemdgomSi. 
 

P8.1. paraleluri rxeviTi konturis 
sixSiruli maxasiaTeblebi 

rezonansuli sixSiris 
1

LC
 rez midamoebSi mocemuli 

rxeviTi sistema SeiZleba aRwerili iyos eqvivalenturi 
sqemiT, romelic Sedgeba ,L C  elementebisa da aqtiuri 

rezonansuli winaRobis       R Qrez            (2.1) 

paraleluri SeerTebisagan, sadac 
L

C
   -konturis maxa-

siaTebeli winaRobaa, Q _ rxeviTi sistemis vargisianoba. 



Tavi II. determinirebuli  signalebis zemoqmedeba     
sixSirulad-gamorCevad sistemebze 

 

 70 

   konturis Tvisebebi ganisazRvreba misi Sesasvleli wi-
naRobis  damokidebulebiT sixSireze. argumentis saxiT 
mosaxerxebelia gamoviyenoT uganzomilebo ganzogadebu-

li aSla               ( ).Q



 

 
rez

rez

   (2.2) 

amasTan Sesasvleli winaRoba       ( ) .
(1 )

R
Z j

j







rez
     (2.3) 

Tu 1Q  , maSin viwro zolSi rezonansuli sixSiris 

siaxloves ganzogadebuli aSlis gamosaTvlelad unda 
visargebloT miaxloebiTi formuliT:  

2 ( ) 2 ( )Q Q f f

f

 




 
 

rez rez

rez rez

.   (2.4) 

paraleluri rxeviTi konturis asm gamoisaxeba egreT-
wodebuli rezonansuli mrudiT. Tu vargisianoba sakmaod 
maRalia, maSin rezonansuli mrudi praqtikulad simetri-

ulia rez  sixSiris mimarT. rezonansuli mrudis ganto-

leba       
2 2 2

( ) .
1 4 ( ) / )

R
Z j

Q


  


 

rez

rez rez

  (2.5) 

sixSireTa  RerZze (hc) intervals wertilebs Soris, 

romlebSic Z  mcirdeba Rrez mniSvnelobidan 0,707
2

R
R

rez

rez
 

mniSvnelobamde,   ewodeba  konturis gatarebis zoli:           

                      0.707

f

Q
 

rez
.         (2.6) 

   ganasxvaveben gatarebis zolis absolutur da fardo-

biT mniSvnelobebs  
Q

f
ffS r

a  12   da 
Qf

S
S

1


r

a
f . 

rezonansuli sixSiris mimarT paraleluri konturis 
winaRobis modulis aSlisas mkveTri dacema saSualebas 
gvaZlevs gamoviyenoT es wredi signalebis sixSiruli 
filtraciisaTvis. 
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magaliTi 2.1. paraleluri rxeviTi konturi parametrebiT 

125, 6Q L  mkhn awyobilia sixSireze frez =8 mhc. Kkonturi 

aigzneba harmoniuli denis wyaroT; Ggamosasvlel signals 
warmoadgens Zabva konturze. gansazRvreT, ramdenjer iqneba 
Sesustebuli signali 8.1 mhc sixSireze rezonansul sixSireze 
signalTan SedarebiT. 

amoxsna: moTxovnil rezonansul sixSireze asawyobad aucile 

belia gamoviyenoT kondensatori tevadobiT 
2 2

1

4
C

Lf


rez

= 66pf. 

konturis rezonansuli sixSire 
L

R Q
C

rez = 37.69  38 kom. 

(2.4) formulis mixedviT ganzogadebuli aSla 8.1 mhc sixSi-

reze,                 
2Q f

f





rez

=3.125. 

gamosasvleli signalis amplituda gansaxilvel wredSi 
konturis Sesasvleli winaRobis modulis proporciulia. 

radgan                       
2

1
,

1

Z

R 


rez

  

zemoT napovni   mniSvnelobis CasmiT vrwmundebiT, rom am 

signalis amplituda 8.1 mhc sixSireze Seadgens rezonansul 
sixSireze amplitudis 0,305. am cifrs Seesabameba uaryofiTi 

gaZliereba (Sesusteba) 20lg0.305 = -10.3db. 

mocemuli sistemis amplitudur-sixSiruli maxasiaTebeli 
gamosaxulia nax. 8.2 

 
nax. 8.2 

moyvanili mrudi Seesabameba paraleluri rxeviTi konturis 

asm-s parametrebiT 125, 6Q L  mkhn, C  66pf. 



Tavi II. determinirebuli  signalebis zemoqmedeba     
sixSirulad-gamorCevad sistemebze 

 

 72 

Gganxiluli rxeviTi konturi warmoadgens viwrozolovan 
sixSirulad-gamorCevad sistemas, vinaidan gatarebis zolis Se-

fardeba rezonansul sixSiresTan    0.707 1
1

f Q


 

rez

 

 
xSirad iyeneben paralelur rxeviT konturebs arasru-

li CarTviT. gare wredebi SeiZleba CairTos an induqciur 
(ix. nax. 8.3), an tevadur (ix. nax. 8.4) elementebTan gam-
yofis Sua wertilidan gamomyvaniT, Sesabamisad. aseTi 

                
              nax. 8.3                         nax. 8.4 

konturis Sesasvleli winaRoba gamoiTvleba formuliT 
(2.3), romelSic saWiroa CavsvaT rezonansuli winaRobis 

sidide  2 ,R k Qrez Car  sadac _ kCar  konturis CarTvis koe-

ficientia. moyvanili sqemebisaTvis kCar  gamoiTvleba Sesa-

bamisi formulebiT    2

1 2

L
k

L L



Car     da    1

1 2

C
k

C C



Car . 

8.2 rxeviTi konturis maxasiaTeblis  nul-polusuri 
warmodgena 

Ooperatoruli meTodis farglebSi paraleluri 
danakargebiani rxeviTi konturis dinamikuri Tvisebebi 
SeiZleba aRiweros misi Sesasvleli gamtarobis 

1 1
( )Y p pC

R pL
  

rez

 an Sesasvleli winaRobis mocemiT 

2

1
( ) .

1( )
( )

p

CZ p
pY p

p
R C LC

 

 
rez

           (2.7) 
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SevniSnoT, rom 
1

LC
 rez.0  aris danakargebis gareSe 

konturis rezonansuli sixSire da 
1 1 1

R C QC L
QC

C


  

rez

 

Q




rez.0
. gadavweroT (2.7) gamosaxuleba Semdegnairad: 

2 2

( )

( )

p

CZ p

p p
Q






 
rez.0

rez.0

. 

Mmocemul operatorul winaRobas aqvs erTaderTi 
nuli roca 0p  da ori kompleqsur-SeuRlebu-

li polusebi wertilebSi koordinatebiT (ix. 
nax. 8.5) 

       1
1,2 2

1
42

p j
QQ


  

rez.0

rez.0 .  (2.8) 

polusebi ganlagebulia  marcxena naxevar 
nax. 8.5   sibrtyeSi (sistema mdgradia) da miT ufro ax-

losaa warmosaxviT RerZTan, rac maRalia konturis var-
gisianoba. Uukanaskneli Tviseba  warmoadgens saerTos 
sixSirualad-gamorCevadi sistemebisaTvis. 

8.3.Mmcire rxevebis rezonansuli gamaZlierebeli 

mocemuli viwrozolovani sistema iTavsebs gamaZliere- 
blis da wrfivi sixSiruli filtris  
funqciebs. mcire rxevebis rezonansuli 
gamaZlierebelis principialuri sqema moy-
vanilia (nax. 8.6): 

rezistorul-tevaduri datvirTvis mqo- 
ne gamaZliereblisgan (ix. Tavi 8) gansxva-
veba imaSi mdgomareobs, rom aq eleqtro-
nuli xelsawyos datvirTvad gamodis 
paraleluri rxeviTi konturi; konturis 
CarTva zogad SemTxvevaSi SeiZleba iyos  

nax. 8.6       arasruli.  
Canacvlebis eqvivalentur sqemasTan mimarTviT (nax. 8.7)     
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vxedavT, rom deni kompleqsuri amplitudiT 
.

SU Ses , romel-

ic modis marTveli wyarodan, gadis winaRobaSi 

( )
( )

( )

i

i

Z j R
Z j

Z j R








ekv  da qmnis masze 

Zabvis vardnas, warmoadgens gama-
Zliereblis gamosasvlel signals. 
Amartivi gardaqmnebi gviCvenebs -  

      nax. 8.7        [ix. formula (2.3)] , rom                

 ( )
1

R
Z j

j







rez.ekv

ekv
ekv

   (2.9).    aq      

1
i

R
R

R

R





rez

rez.ekv
rez

   (2.10) 

_ gamaZliereblis konturis eqvivalenturi winaRobaa  
rezonansis dros wyaros Siga winaRobis gaTvaliswinebiT; 

(eqvivalenturi ganzogadebuli  aSla)  

1
i

Q

R

R

 



ekv
rez

.  (2.11) 

(2.11) formulis Tanaxmad eleqtronuli xelsawyos rxeviT 
sistemaze maSuntirebeli zemoqmedebis Sesasusteblad ga-
maZliereblis gatarebis zolis gafarToebis gareSe saWiroa 

SevamciroT rezonansuli winaRoba Rrez , konturis arasruli 

CarTvis gamoyenebiT 
 

SeiZleba CavTvaloT, rom Siga winaRobis gavlena 
mdgomareobs imaSi, rom rxeviTi sistemis vargisianoba 
mcirdeba da toli xdeba eqvivalenturi vargisianobis. 

ramdenadac gamaZliereblis gamosasvlelze 
harmoniuli signalis kompleqsuri amplituda 

U SZ U  
eqv Sesgam , mocemuli mowyobilobis gadacemis 

sixSiruli koeficienti      ( )
1

SR
K j

j









rez.ekv

eqv

eqv

  (2.12) 

aqedan gamomdinareobs Sesabamisad rezonansuli 
gamaZliereblis asm da fsm: 

2 2 2
( )

1 4 ( ) /

SR
K j

Q


  


 

rez.ekv

ekv rez rez

 ,  (2.13) 



 eleqtruli wredebi 

 

 75 

( ) [2 ( ) / ]K arctg Q       ekv rez rez .  (2.14) 

magaliTi 2.2. gamaZlierebels, romelic awyobilia nax. 8.6 

sqemis mixedviT, aqvs Semdegi parametrebi: frez =28 mhc, 95Q  , 

430  om, 0.6k CarT , 20S  ma/v, 15iR  kom. gansazRvreT 

gaZlierebis koeficientis moduli rezonansul sixSireze da 
gamaZliereblis gatarebis zoli. 

rxeviTi sistemis rezonansuli winaRoba 
2 0.36 0.43 95 14,71R k Q    rez CarT kom. 

konturis eqvivalenturi winaRoba rezonansis dros  
tranzistoris maSuntirebeli moqmedebis gaTvaliswinebiT 

14,71/ (1 14.71/15) 7.43R   rez.eqv kom. 

gamaZliereblis awyobisas  rezonansze amitom (2.12)-dan 
gamomdinareobs, rom gaZlierebis rezonansuli koeficienti 

20 7.43 148.6,K SK   rez rez.eqv  

an logariTmul erTeulebSi 

20lg 43K  rez rez db 

gamaZliereblis gatarebis zols 0,707 doneze vsazRvravT 
formuliT (2.6): 

(1 ) / 0.58
i

R
f Q

R
   

rez

0.707 rez mhc. 

8.4. mravalkonturiani sixSirulad-gamorCevadi 
sistemebi 

zemoTganxilul erTkonturian viwrozolovan wredebs 
aqvT mniSvnelovani nakli _ mcire sixSiruli arCeviToba. 
es Tviseba mJRavndeba imaSi, rom gatarebis zolis sazR- 
vrebs gareT aseTi wredebis asm miiswrafis nulisaken 
arasakmarisad swrafad. Aamitom gamosasvleli rxeva Sei-
cavs ara marto sasargeblo signals, romlis speqtri 
ganlagebulia asm-is maqsimumis siaxloves, aramed speqt-
riani xelSemSleli signalebis, xmauris da a.S. raRac, 
zogjer mniSvnelovan wils, romelTa speqtri Zevs sakma-
od daSorebiT im sixSiridan, romelzedac awyobilia 
filtri. 

miviswrafiT ra imisken, rom avamaRloT filtrebis 
sixSiruli arCeviToba, mivdivarT mravalkonturian 
mowyobilobebamde, romlebSic xerxdeba miviRoT asm-is 
forma, idealurTan (marTkuTxasTan) miaxloebuli. 



Tavi II. determinirebuli  signalebis zemoqmedeba     
sixSirulad-gamorCevad sistemebze 

 

 76 

umartives mravalkonturian sixSirul-gamorCevad fil-
trs warmoadgens ori dakavSirebuli rxeviTi konturis 
sistema. aseTi mowyobilobis muSaobis principi Seiswa-
vleba wredebis TeoriaSi. 

Nnax. 8.8 -ze gamosaxulia mcire rxevebis rezonansuli 
gamaZliereblis principialuri sqema dakavSirebuli kon- 

turebiT, romlis datvir-
Tvas warmoadgens ori erTna-
iri induqciurad dakavSire-
buli konturis sistema. 

  am sistemis parametrebia 

kavSiris koeficienti 
M

k
L

k   

da egreTwodebuli kavSiris 
faqtori A k Q k . gadacemis 

sixSiruli koeficientis mo- 
duli gamoiTvleba formu    

          nax. 8.8           liT 

                
2 2 2 2

( )
(1 ) 4 )

k ASR
K j

A


 


  

Car rez.ekv
.          (2.15)                 

Aasm-is grafikebi, agebuli (2.15) gamosaxulebis Sesaba-
misad, gamosaxulia nax. 8.9 -ze kavSiris sxvadasxva A  
faqtorebisas. avRniSnoT, rom Tu A >1, maSin rezonansul 
mruds gatarebis zolSi aqvs Cavardna, romlis siRrme 
izrdeba kavSiris faqtoris gazrdiT. 

SeiZleba Seiqmnas sakmaod srulyofili sixSirulad-
gamorCevadi mowyobilobebi erTmaneTTan dakavSirebuli 
rxeviTi sistemebis filtrebis gamoyenebiT. 

U* erT- da orkonturiani gamaZliereblebis asm-is SedarebiT 
SeiZleba SevamCnioT, rom rxeviTi sistemebis toli 
vargisianobisas orkonturian gamaZlierebels aqvs rezonansuli 
mrudis daqanebis meti cicabovneba, e.i. SeuZlia uzrunvelyos 
meti sixSiruli arCeviToba 

ukanasknel xans radioteqnikaSi daiwyes gavrceleba 
sixSirulad-gamorCevadma filtrebma, agebulma axal sqe-
moteqnikur principebze _ egreTwodebuli aqtiuri fil-
trebi (ix.Tavi 14). Ddidi warmatebebia miRweuli sixSiru-
li filtrebis konstruirebis sferoSi, romelTa muSaoba 
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dafuZnebulia myar sxeulebSi ultrabgeriTi talRebis 
gamoyenebaze. radioteqnikis axali sfero, romelmac 
miiRo akustoeleqtronikis saxelwodeba, gviqadis 
miniaturuli da saimedo sixSirul-gamorCevi sistemebis 
momxibvlel perspeqtivebs. 

 
 
 
B 
 
 
 
 
 
 
 
 
 
 

nax. 8.9 


