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Tema 17. energetikuli Tanafardobani wredis 

parametrul reaqtiul elementebSi 

MmTeli rigi gansakuTrebuli Tvisebebi gaaCniaT para-

metrul reaqtiul elementebs, romelTa an tevadoba C(t)  

an induqciuroba L(t)  droSi icvleba. qvemoT parametru-

li marTvadi kondensatoris magaliTze naCvenebi iqneba, 
rom gansazRvrul pirobebSi aseTi elementebi SeiZleba 
gamovidnen ”Suamavlis” rolSi, romlebic energiis 
nawils gadascemen gare mmarTveli wyaroebidan, e.w. 
datumbvis generatorebidan wredebs, romlebic atareben 
sasargeblo signals. am principzea dafuZnebuli 
signalebis parametruli gaZliereba, romelic 
Seiswavleba momdevno paragrafSi. 

17.1. kavSiri kondensatoris tevadobasa da dagrovil 
energias Soris. 

reaqtiul parametrul wredebSi mimdinare procesebis 
gasarkvevad ganvixiloT C  tevadobisa da  Semonafenebs 

Soris 0x  daSorebis mqone brtyeli kondensatori, rome-

lic damuxtulia 0U  Zabvamde. kondensators aqvs gancal-

kevebuli muxti 0q = CU . 

davuSvaT, rom RreCo Semonafenebs Soris meqanikurad 

gazrdilia 0x dx  sididemde (RreCos gazrdiT kondensa-

toris tevadoba mcirdeba). Ggadaadgileba xdeba eleqtru-
li velis im Zalis sawinaaRmdego mimarTulebiT, 
romelic iswrafis daaaxlovos Semonafenebi. Aamitom gare 
Zalebi asruleben raRac dadebiT muSaobas da velis 
energiis maragi kondensatorSi izrdeba. 

imisaTvis, rom miviRoT raodenobrivi Sefasebebi, 

SevniSnoT, rom kondensatoris sawyisi energia 2E = q / (2C) . 

Tu tevadobam miiRo nazrdi dC , maSin energiis nazrdi 

                   
d

d d
2

2

q C
E = - C = -E

C2C
,          (5.21) 

ramdenadac gamtarobis deni ar gvaqvs da muxti q  ar 

aris Secvlili. C  tevadobis gamoTvliT cnobili 

formuliT Bbrtyeli kondensatorisaTvis 0 0C = ε S / x  ( S - 

Semonafenis farTobia, 0  -Eeleqtruli mudmiva 



wrfivi sistemebi (tavi V) 

 

 136 

9 12
0 10 / (36 ) 8.842 10     f/m ), gvaqvs tevadobis fardobi-

Ti nazrdis Semdegi gamosaxuleba d d 0C / C = - x / x , saidanac 

kondensatoris energiis nazrdi   
d

d
0

x
E E

x
 . 

 rogorc mosalodneli iyo, eleqtruli velis 
energiis maragis gasazrdelad sistemaSi aucilebelia 
gare faqtorebis xarjze SevamciroT damuxtuli 
kondensatoris tevadoba. 

17.2 rxeviTi konturis parametruli aRgzneba 

 Tu muxtis sidide q  mudmivia, maSin SeuZlebelia 

mivaRwioT energiis uwyvet mowolas izolirebul 
kondensatorSi misi tevadobis perioduli cvlilebiT 
raRac saSualo mniSvnelobis irgvliv. Ddatumbvis gare 
wyaro, romelmac daasrula dadebiT muSaoba drois 
monakveTze, roca tevadoba mcirdeboda, kondensatoridan 
ukan miiRebs energiis zustad igive porcias tevadobis 
gazrdis procesSi. amitom periodis manZilze 
gasaSualoebuli datumbvis energia iqneba nulis toli. 

sxva suraTi SeimCneva rxeviT sistemaSi, sadac Zabva 
kondensatorze icvlis niSans nulze gadasvlisas. 

ganvixiloT vargisi rxeviTi konturi, romelic 
Seqmnilia mudmivi induqciurobiT L , parametruli teva-

dobiT C(t) da  danakargebis winaRobiT 

R (nax. 17.1). davuSvaT, rom konturSi raime 
gziT aRgznebulia sakuTari rxevebi. 
ugulebelvyofT ra rxevebis amplitudis 
umniSvnelo Semcirebas danakargebis gamo, 

CavTvaloT, rom mCU  aris kondensatorze 

Zabvis amplituda, romelic  
nax. 17.1   icvleba droSi sakuTari rxevebis sixSiriT 

01 / LC sak . Aaq 0C tevadobis saSualo mniSvnelobaa. 

davuSvaT, kondensatoris tevadoba periodulad icvle-
ba Semdegnairad (nax. 17.2) : orjer sakuTari rxevebis 
periodis manZilze drois im momentebSi, roca Zabva 
kondensatorze eqstremaluria, tevadoba naxtomiseburad 
mcirdeba sididiT ΔC . dabruneba sawyis mdgomareobaSi, e. 
i. tevadobis dadebiTi sxvaoba gadis nulze. 
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aseTi datumbvis dros SesamCnevi 
xdeba energiis erTmimarTulebiani  
miwola rxeviT konturSi. marTlac, 
gare Zalebis muSaoba, romelic 
sruldeba tevadobis uaryofiTi 
sxvaobebis momentebSi, yovelTvis 
dadebiTia Semonafenebze Zabvis niS-
nis miuxedavad. tevadobis dabruneba 
sawyis mdgomareobaSi  dasruldeba 

    nax. 17.2        drois momentebSi, roca Zabva konde-
nsatorze nulis tolia, e. i. energiis xarjvis gareSe.  
  Gaq gaTvaliswinebulia, rom energia miewodeba konturs 
orjer sakuTari rxevebis periodSi 

Tu 

1 1
2 2

2 2
max mC 0 mC 0E = U (C +ΔC / 2) U C  

kondensatorSi dagrovebuli maqsimaluri energiaa, maSin 
(5.21) formulis Tanaxmad sakuTari rxevebis periodis 
manZilze sistema miiRebs datumbvis energias 

                 2
max 0 mCE = 2E ΔC / C =U ΔCdat .  (5.22) 

amave dros konturSi danakargis (dan.) saSualo 
simZlavre 

 
1 1 1

=
2 2 2

2 2 2 2
m mC mCP I R U R / ρ U / ρQdan = = ,    (5.23) 

sadac R Q . (mxedvelobaSi miiReba 01/ Ckonturis ). 

energia, romelic rxevis T periodSi danakargis saxiT 
ifanteba rezistorze, Seadgens sidides 

                    2
mC 0E P T =U C π / Qdan dan  .                     (5.24) 

Tu sruldeba toloba     E Edat dan ,                        (5.25) 

maSin datumbvis wyaros moqmedebis xarjze xdeba 

konturSi danakargebis kompensacia. Tu E Edat dan , maSin 

sistema xdeba aramdgradi da rxevebis amplituda 
konturSi eqsponencialurad gaizrdeba, e.i. moxdeba 
rxeviTi sistemis parametruli aRgzneba. (5.22) da (5.24)-dan 
gamomdinareobs Tanafardoba, romelic gansazRvravs 
tevadobis fardobiTi cvlilebis kritikul mniSvnelobas: 
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                           0C / C / Q  kr .              (5.26) 

ΔCkr  mniSvnelobebi, rogorc wesi, didi ar aris. maga-

liTad, 200C = pf = 100Q  parametrebiani konturis para-

metruli aRgznebisaTvis sakmarisia gvqondes = 0.63ΔC  pf. 
marTvadi tevadobis mqone konturis aq moyvanili kerZo 

magaliTis analizi Catarebulia daSvebiT, rom datumbvis 
signali icvlis kondensatoris tevadobas orjer 
sakuTari rxevebis periodis manZilze. Mmagram advilad 
davinaxavT, rom rxeviTi sistemis parametruli aRgznebis 
efeqti SesamCnevi iqneba maSinac, roca datumbvis arahar-

moniuli Zabvis ZiriTadi sixSire / , 1,2,...n n   dat sak . 

mniSvnelovania mxolod, rom datumbvis signalis speq-

trSi arsebobdes sakuTari mdgeneli sixSiriT 2sak .  

(es aris moTxovnebi datumbvis generatoris mimarT, romlic 
uzrunvelyofs rxeviTi konturis parametrul aRgznebas) 

Pparametruli generatoris muSaobisaTvis moiTxoveba 
agreTve, rom aRgznebis procesSi konturis sakuTar 
rxevebsa da datumbvis generatoris rxevebs Soris adgili 
hqondes mkacr fazur Tanafardobebs. sakmarisia davZraT 
datumbvis signali faziT periodis naxevarze, rom 
tevadobis dadebiTi sxvaoba aRmoCndeba drois im 
momentebze, roca Zabva kondensatorze gadis 
eqstremumebze. amasTan parametruli kondensatori ukve ki 
aRar miawodebs energias konturs, aramed  daiwyebs 
damatebiTi rezistiuli datvirTvis rolis Sesrulebas. 

17.3. kavSiri Zabvasa da dens Soris araparametrul 
kondensatorze. 

ganvixiloT wredi (nax. 17.3), romelsac qmnis signalis 

Zabvis wyaro )mu(t)=U cos(ω t+φs s  da marTvadi 

kondensatori, romlis tevadoba icvleba 
droSi harmoniuli kanoniT datumbvis 
sixSiriT: 

    )]0C(t)= C [1+ βcos(ω t+φdat dat ,  (5.27) 

 nax. 17.3    sadac   aris koeficienti, romelic axasia-

Tebs tevadobis modulaciis siRrmes. 
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vinaidan muxti kondensatorze  q = C t u , deni wredSi 

d d
(t)

d d

sin( )cos( ) sin( )

cos( )sin( ) (5.28)

0 m 0 m

0 m

C u
i u C

t t

C U ω t+φ ω t+φ -ω C U ω t+φ -

βω C U t+φ t+φ



 

  

 



dat dat dat s s s s s

s dat dat s s

 

Tu visargeblebT trigonometriis cnobili formuliT 

cos sin 1 2[sin( ) -sin( )], x  y = x+ y x- y  (12.28) formulis marjvena 

nawilis pirveli da mesame Sesakrebebis namravlebi 
SeiZleba warmovadginoT, rogorc: 

   

( ) ( )

(1/ 2) [( ) ] [( ) ] , 5.29

sin t + cos t +

sin sin ω t+

   

      



     

dat dat s s

s dat s dat s dat s datt +

 

( ) ( )

(1/ 2) [( ) ] [( ) ] .(5.30)

cos ω t+ sin ω t+

sin ω ω t+ sin ω ω t+



     

dat dat s s

s dat s dat dat s dat s

 

   
 

Sedegad 

 

0

0

0

( ) ( )

(1/ 2) ( ) [( ) ]

(1/ 2) ( ) [( )t )]. 5.31

m

m

m

i t ω C U sin t

βC U cos sin t+

U cos sin

   

    

    

s s s

s dat dat s dat s

dat s dat dat s dat

 

     

     βC

 

Ees gamosaxuleba adgens parametrul kondensatorSi 
denis speqtraluri diagramis saxes. speqtri, garda 
mdgenelisa signalis sixSireze, Seicavs or gverdiT 

rxevas sixSireebiT s dat   da s dat  . 

17.4 saSualo simZlavre, moTxovnili parametruli 
kondensatoriT signalis sixSireze 

 wredebis Teoriidan cnobilia, rom simZlavris raRac 
saSualo nakadis arsebobisaTvis  wyarodan datvirTvisken 
moiTxoveba, rom harmoniul reJimSi densa da Zabvas Soris 
fazis Zvra iyos 900 –isagan gansxvavebuli. 
 (zogadad, saSualo simZlavre, moxmarebuli orpolusas mier, 

gamoiTvleba formuliT P=UI / 2 cosφ , sadac  - densa da 

Zabvas Soris fazaTa Zvris kuTxea). 
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rogorc (5.31) formulidan Cans, denis SemadgenlobaSi, 
romelic gadis parametrul kondensatorSi, yovelTvis 
arsebobs reaqtiuli mdgeneli signalis sixSireze: 

0( ) ( ).mi t C U sin t + rea s s s    

es deni, romelic imyofeba droiT kvadraturaSi 
wyaros ZabvasTan, saSualod ar gamoyofs simZlavres. 
Tumca Sesabamisi datumbvis sixSiris arCevisas SeiZleba 
mivaRwioT denis kidev erTi mdgenelis gaCenas signalis 
sixSiriT. rogorc (5.29) da (5.30) gamosaxulebebidan Cans, 

amisaTvis sakmarisia davuSvaT 2dat s  . maSin dens 

parametrul kondensatorSi eqneba mdgeneli, romelsac 
davarqvaT sasargeblo: 

        0( ) (1/ 2) ( ).mi t C U sin t +  sas s s dat s           (5.32) 

sasargeblo mdgenelis myisieri simZlavre 

2
0

2
0

( ) ( ) ( )

(1/ 2) ( ) ( )

(1/ 4) [ ( ) (2 ).

m

m

p t u t i t

C U cos t sin t +

C U sin t + sin

 

    

   

sas sas

s s s s dat s

s s dat s dat

     

   ω2

 

sasargeblo mdgenelis simZlavre, gasaSualoebuli 
signalis periodSi 

  2
0

0

1
( )d (1/ 4) (2 ).

T

mP p t t C U sin
T

  
s

sas.saS sas s s dat
s

      (5.33) 

17.5. parametruli kondensatoris Canacvlebis sqema  

   formula (5.33) mowmobs imas, rom Sesasvleli signalis 
wyarosa da datumbvis rxevebis generatoris sawyis fazebs 
Soris Tanafardobebis mixedviT saSualo simZlavris mni-
Svneloba SeiZleba iyos rogorc dadebiTi, aseve uaryofi-

Ti. amitom Sesabamisi s  da dat kuTxeebis arCevis dros 

SesaZlebelia reJimi, roca parametrulad marTvadi kon-
densatori iqceva aqtiuri elementis msgavsad, romelic 
ki ar moixmars, aramed, Sesasvleli signalis sixSireze, 
wreds awvdis simZlavres. 
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2 s dat    kuTxis SemotaniT CavweroT kondensator-

Si rxeviTi procesis saSualo simZlavris  gamosaxuleba 

Semdegi saxiT 2 / (2 ).mP U Rsas.saS Sida    

Aaq        02 / ( )R C sinΦSida s     (5.34) 

-Aaqtiuri winaRobaa, romelic Semoaqvs mocemul elements 
wredSi. Pparametruli kondensatoris Canacvlebis sqema, 
romelic imarTeba datumbvis wyaroTi signalis gaorkece-

buli sixSiriT, warmoadgens 0C  tevadobisa 

da RSida  winaRobis paralelur SeerTebas 

(ix. nax. 17.4). imisaTvis, rom es elementi iq-
ceodes ise, rogorc generatori, aucilebe 

 nax. 17.4     lia gvqondes aqtiuri winaRobis uaryofiTi 
mniSvneloba.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


