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winasityvaoba 

 

 

      Tanamedrove sazogadoebrivi cxovreba warmoudgenelia eleqtruli 

energiis gamoyenebis gareSe. misi miwodebis Sewyveta sazogadoebis mier 

aRiqmeba, rogorc stiqiuri ubedureba – forsmaJoruli situacia. 

yovelive is, rac saWiroa adamianis materialuri da sulieri moT-

xovnilebebis dasakmayofileblad – sakvebi, tansacmeli, sacxovrebeli, 

transportisa da komunikaciebis saSualebebi, radio, televizia, janmr-

Telobis dacva da ganaTleba, xorcieldeba eleqtruli energiis farTo 

gamoyenebiT. es aixsneba eleqtruli energiis mTeli rigi upiratesobebiT 

sxva saxis energiasTan SedarebiT. kerZod, gacilebiT iolia eleqtruli 

energiis miReba da gardaqmna sxva saxis energiad, misi Sors manZilze 

ekonomikurad gadacema da ganawileba momxmareblebs Soris, eleqtruli 

energiis gardaqmnis procesis Serwyma sxva teqnologiur, rig 

SemTxvevebSi unikalur, procesebTan. 

       dReisaTvis, eleqtruli energia da mravalferovani eleqtruli 

mowyobilobebi farTod gamoiyeneba mrewvelobaSi, transportze, kavSir-

gabmulobaSi, soflis meurneobaSi, sayofacxovrebo miznebisaTvis da 

mniSvnelovnad amsubuqebs adamianis Sromas, zrdis Sromis nayofierebas, 

saSualebas iZleva urTulesi sawarmoo procesebis marTvisa da 

avtomatizaciisaTvis. am fonze cxadia, rom srulyofil eleqtroteqnikur 

ganaTlebas aqvs Zalzed didi mniSvneloba sainJinro-teqnikuri dargis 

yvela donis specialistebisaTvis maTi nayofieri moRvaweobisaTvis. 

       eleqtruli energiisa da eleqtrul mowyobilobaTa praqtikuli 

gamoyenebis Semswavlel mecnierebas zogadad eleqtroteqnika ewodeba. igi 

Seiswavlis eleqtromagnitur movlenebs da Sesabamis eleqtrul mowyo-

bilobebs, dakavSirebuls eleqtruli energiis warmoeba, gadacema, gana-

wilebasa da moxmarebasTan. eleqtroteqnikuri mecniereba saerTod moi-

cavs iseT sauniversiteto kursebs, rogoricaa eleqtruli wredebis Teo-

ria, elmzomeloba, eleqtrodinamika, eleqtronika, eleqtruli manqanebi 

da aparatebi, eleqtruli sadgurebi da qvesadgurebi, eleqtruli qselebi 

da sistemebi, maRali Zabvis teqnika, gamoTvliTi teqnika, kompiuteruli 

teqnologiebi, telekomunikacia, radioteqnika da sxva. 

       eleqtruli wredebis Teoria aris pirveli eleqtroteqnikuri 

disciplina, romelic iswavleba msoflios TiTqmis yvela universitetis 

sainJinro-teqnikur fakultetebze. igi warmoadgens wrfivi eleqtruli 

wredebis Teorias, romelic aris fundamentaluri sauniversiteto kursis 

- eleqtroteqnikis Teoriuli safuZvlebis pirveli nawili. 

      eleqtruli wredebis Teoriis sagnis daniSnulebaa gaacnos momaval 

specialists eleqtroteqnikuri terminologia, saerTaSorisod miRebuli 

aRniSvnebi da simboloebi, ZiriTadi kanonebi, eleqtrul wredebSi mim-

dinare eleqtromagnituri procesebis analizisa da angariSis meTodebi. 

es sagani aris winmswrebi disciplina zemoTmoyvanili sauniversiteto 

sagnebisaTvis. 
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       winamdebare saxelmZRvanelo Sedgeba ToTxmeti Tavis, mravalric-

xovani naxazisa da cxrilisa da oTxi danarTisagan. igi moicavs infor-

macias eleqtruli wredis aqtiuri da pasiuri elementebis, maTi para-

metrebisa da maxasiaTeblebis, eleqtruli wredis kanonebis Sesaxeb. masSi 

Sesulia mudmivi da cvladi denebis wredebis Teoria, martivi da rTuli 

wredebis angariSis meTodebi, rxeviTi konturebis Teoria, samfaza denis 

wredebis klasifikaciisa da angariSis meTodebi. saxelmZRvanelo Seicavs 

agreTve, arasinusoiduri cvladi denis wredebis Teorias, gardamavali 

procesebis angariSis meTodebs, oTxpolusebis, grZeli xazebisa da 

filtrebis Teorias. saxelmZRvaneloSi gadmocemuli Teoriuli masala 

farTod aris ilustrirebuli ZiriTadad kompiuteriT amoxsnili maga-

liTebiT. TiToeuli Tavis bolos moyvanilia amosaxsneli amocanebi da 

amgvarad, igi SeiZleba gamoyenebuli iqnes praqtikuli mecadineobebi-

saTvisac. 

      saxelmZRvanelos danarTebSi moyvanilia sacnobaro masala maTema-

tikuri formulebisa da matriculi algebris elementebis saxiT. danar-

Tebi Seicavs agreTve informacias kompiuteruli programebis MATLAB -is 

da -is Sesaxeb. maTi gamoyenebis efeqturoba eleqtruli wredebis 

TeoriaSi ilustrirebulia amoxsnili magaliTebiT. es masala saSualebas 

iZleva gaZlierdes kavSiri saxelmZRvanelosa da virtualur kompiu-

terul laboratoriul bazas Soris, laboratoriuli da praqtikuli 

mecadineobebis Sesasruleblad kompiuteruli teqnikiT.  

PSpice

     SemoTavazebul saxelmZRvaneloSi gaTvaliswinebulia saqarTvelos 

teqnikur universitetSi eleqtruli wredebis Teoriis kursis swavlebis 

mravalwliani mdidari gamocdileba. igi srulad Seesabameba eleqtruli 

wredebis Teoriis sagnis swavlebis programas. 

      avtorebi gamoxataven did madlierebas saqarTvelos teqnikuri uni-

versitetis eleqtroteqnikisa da elmowyobilobaTa diagnostikis sas-

wavlo-samecniero mimarTulebis TanamSromlebis devi Zelurisa da nino 

jaSis mimarT saxelmZRvanelos grafikuli nawilis momzadebis saqmeSi 

gaweuli daxmarebisaTbis.  

       avtorebi did madlobas uxdian agreTve saxelmZRvanelos redaq-

tors, saqarTvelos mecnierebaTa erovnuli akademiis wevr-korespondents, 

profesor a.didebuliZes, recenzentebs: saqarTvelos teqnikuri universi-

tetis profesors g.qevaniSvils da asocirebul profesors k.wereTels 

wignis redaqtirebisa da recenzirebis procesSi gaweuli didi Sro-

misaTvis.  

       avtorebi madlierebiT miiReben yvela SeniSvnas da saqmian 

winadadebas.          
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Tavi I. ZiriTadi cnebebi da ganmartebebi. eleqtruli wredis 

elementebi 

1.1  eleqtruli deni, Zabva da eleqtro mamoZravebeli Zala (emZ) 

 
eleqtruli wredi ewodeba iseTi mowyobilobaTa erTobliobas, ro-

melic Sedgeba eleqtruli energiis wyarosagan, gadamcemi mowyobilobisa 

da momxmareblisagan. 

 eleqtruli energiis wyaroebs miekuTvnebian galvanuri elementebi, 

akumulatorebi, Termoelementebi, generatorebi da sxva mowyobilobani, 

romlebSic mimdinareobs qimiuri, molekulur – kinetikuri, siTburi, 

meqanikuri da sxva saxis energiis gardaqmna eleqtrul energiad. 

eleqtruli energiis momxmareblebs anu, rogorc maT uwodeben 

datvirTvebs, miekuTvneba eleqtruli naTurebi, eleqtrogamaxureblebi, 

eleqtruli Zravebi da sxva mowyobilobani, sadac eleqtruli energia 

gardaiqmneba sinaTlis, siTbur, meqanikur da sxva saxis energiad. 

eleqtruli wredebis TeoriaSi ansxvaveben aqtiur da pasiur 

elementebs. aqtiur elementebs miekuTvneba eleqtruli energiis wyaroebi: 

denisa da Zabvis wyaroebi. pasiur ementebs ki miekuTvneba winaRobebi, 

induqciuri da tevaduri elementebi. Sesabamisad arCeven aqtiur da 

pasiur wredebs. aqtiuri wredebi Seicaven eleqtruli denisa da Zabvis 

wyaroebs, xolo pasiuri wredebi ki mxolod pasiur elementebs. 

eleqtruli wredebi iyofa wrfiv da arawrfiv wredebad. wrfivi 

eleqtruli wredis SemTxvevaSi, misi calkeuli ubnebis eleqtruli wina-

Robebi, induqciurobebi da eleqtruli tevadobebi ar arian damo-

kidebuli wredSi denebisa da Zabvebis mniSvnelobaze an mimarTulebaze, 

xolo arawrfivi eleqtruli wredis SemTxvevaSi ki, misi Tundac erTi 

romelime ubnis winaRoba, induqciuroba an tevadoba damokidebulia am 

ubanSi denis an Zabvis mniSvnelobaze an mimarTulebaze. 

eleqtrul wredebSi mimdinare eleqtromagnituri procesebis aRwera 

SesaZlebelia eleqtromamoZravebeli Zalis (emZ), eleqtruli denisa da 

Zabvis cnebebis saSualebiT. 

eleqtrul wredebs, sadac wyaroebidan eleqtruli energiis miRebis, 

gadacemisa da momxmarebelSi gardaqmnisas adgili ara aqvs drois 

mixedviT denisa da Zabvis cvlilebas, uwodeben mudmivi denis wredebs. 

 eleqtruli deni warmoadgens eleqtruli muxtebis mimarTul, mowes-

rigebul moZraobas da misi sidide ganisazRvreba, rogorc gamtaris 

ganivkveTSi drois erTeulSi gadatanili muxtebis raodenoba. mudmivi 

denis SemTxvevaSi  
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t
qI =                                                                        1.1 

sadac  aRniSnavs eleqtrul muxts, romelic SeiZleba iyos rogorc 

dadebiTi, aseve uaryofiTi. 

q

im SemTxvevaSi, rodesac deni cvalebadia droSi, maSin (1.1) 

damokidebuleba gamoisaxeba diferencialur formaSi: 

dt
dqi = ,                                                           1.2. 

sadac i aRniSnavs denis mniSvnelobas drois mocemul momentSi anu mis 

myisa mniSvnelobas. liTonisgan damzadebul gamtarebSi eleqtruli deni 

warmoadgens Tavisufali eleqtronebis nakads (gamtarobis deni), xolo 

gazebSi da eleqtrolitebSi (marilxsnarebi, mJavebi, tuteebi) – erTi 

mimarTulebiT dadebiTi ionebis da sawinaaRmdego mimarTulebiT 

uaryofiTi ionebis moZraobas (gadatanis deni). arsebobs agreTve 

wanacvlebis deni, romelic warmoiqmneba dieleqtrikebSi polarizaciis 

dros an sicarieleSi eleqtruli velis cvlilebiT. 

damuxtuli nawilakebis (eleqtronebis, ione-

bis) nakadi warmoSobilia eleqtruli veliT, ro-

melic damyarebulia mocemuli wredis energiis 

wyaros mier. eleqtrul velSi moTavsebuli niv-

Tiereba, romelic uzrunvelyofs denis SedarebiT 

Tavisufal gatarebas, warmoadgens dengamtar masa-

las. rogorc wesi, liTonebSi didi raodenobiT 

aris Tavisufali eleqtronebi, amitom vercxli, 

oqro, spilenZi, alumini da sxva liTonebi warmo-

adgenen karg gamtarebs 
        masalebs, romelTac aqvT mcire eleqtruli 

gamtaroba, cnobilia, rogorc saizolacio masale-

bi anu dieleqtrikebi. vakuumi (sicariele) aris 

erTaderTi srulyofili dieleqtriki. sxva masa-

lebi, magaliTad mina, keramika, rezina, qaRaldi, haeri, merqani, qarsi da 

sxva arian arasrulyofili dieleqtrikebi.  

andre – maria amperi, 

1775 – 1836,  

frangi maTematikosi da 

fizikosi 

gamtarSi Tavisufali eleqtronebi gadaadgildebian energiis wyaros 

uaryofiTi momWeridan dadebiTi momWerisken, Tumca denis dadebiT mimar-

Tulebad miRebulia, pirobiTad, sawinaaRmdego mimarTuleba, e.i. wyaros 

dadebiTi momWeridan uaryofiTi momWerisaken.  
 erTeulTa  sistemaSi muxtis erTeulia kuloni (C) (S. kulonis 

pativsacemad), drois erTeulia wami (s) da denis erTeulia amperi (A) (a.m. 
amperis xsovnis ukvdavsayofad). 

SI
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 vinaidan erTi eleqtronis muxtia gamtarSi 1A  denis gav-
lisas saWiroa, rom mis ganivkveTSi erTi wamis ganmavlobaSi gadiodes 

  raodenobis eleqtroni. 

C19106021.1 −⋅

181024.6 ⋅
eleqtro mamoZravebeli Zala aris energiis wyaros ZiriTadi maxasi-

aTebeli da ganisazRvreba, rogorc energiis wyaros gareSe Zalebis (var-

dnili wylis, SekumSuli orTqlis, qimiuri reaqciis Zalebis) mier Sesru-

lebuli muSaoba erTeuli dadebiTi muxtis gadasatanad wyaros uaryo-

fiTi momWeridan dadebiT momWerze. es sidide aRiniSneba " " asoTi da mi-
si mimarTuleba naCvenebia isriT, romlis wveri Seesabameba dadebiT mom-

Wers (+), da bolo uaryofiT momWers (_).  

e

 eleqtrul velSi E  daZabulobiT  muxtis gadaadgilebisas  man-
Zilze velis Zalebis mier Sesrulebuli muSaoba                                                          

q l
.Elqw ⋅=

or wertils Soris l  manZilze  muxtis gadatanisas Sesrulebuli mu-

Saobis fardoba muxtis sididesTan warmoadgens eleqtrul Zabvas (poten-

cialTa sxvaobas) an Zabvis vardnas am wertilebs Soris   

q
wv =                                               1.3                        

aleqsandro antonio volta,  

1745 – 1827,  

italieli fizikosi 

erTeulTa  sistemaSi Zabvis iseve, rogorc 
emZ–s erTeulia volti (V) (a.a. voltas pativsa-

cemad), romelic warmoadgens muSaobis (energiis) 

erTeulis - joulis kulonTan fardobas. Zabvis 

vardnas da dens aqvT erTi da igive mimarTuleba. 

SI

Tu sxeulze eleqtruli muxtis usasrulod 

mcire nazrds Seesabameba energiis usasrulod 

mcire nazrdi  dw, am sxeulis Zabva (potenciali) 

.
dq
dwv =                                      1.4               

am sididis namravli eleqtrul denze   dt/dq

p
dt
dw

dt
dq

dq
dw ==⋅  

aris energiis cvlilebis siCqare anu simZlavre, e.i. Zabvisa da denis 

namravli     
                                                         vip = .                                                                  1.5         

erTeulTa  sistemaSi simZlavris erTeulia vati (W) voltisa da 

amperis namravli an joulis Sefardeba wamTan. 

SI

energia, rogorc drois funqcia, warmoadgens simZlavris gansazRv-

rul integrals   
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                                                                                                                       1.6 ∫=
t

pdtw
0

.

mudmivi denis wredebisaTvis eleqtruli deni, Zabva da emZ aRiniSneba 

asomTavrulebiT  da cvladi denis wredebisaTvis – patara asoebiT 

 
E,V,I

evi ,, .
magaliTi 1. 0.6 mm diametris spilenZis gamtarSi 

gadis 5 amperi deni. rogoria gamtaris ganivkveTSi 

eleqtronebis gadaadgilebis siCqare, Tu eleq-

tronis muxtia kuloni da spilenZisaTvis 

Tavisufali eleqtronebis raodenoba 1 mm

19106,1 −⋅
3 

moculobaSi  Seadgens ? 
19105 ⋅=N

amoxsna: gamtarSi denis simkvrive 

2
2 /12.2

3
mmA=

.0
6.0

s
i

⋅
==

π
δ

)s

mm( 2

. 

Tu eleqtronebis gadaadgilebis siCqarea v , 

maSin gamtaris erTeul farTSi  drois er-

TeulSi (  gadaadgilebuli eleqtronebis mier ga-

datanili muxtis raodenoba iqneba  imave dros, es sididea 

denis simkvrive. e.i. SeiZleba davweroT, rom 

/mm(

)
)s

)C(.vN 191061 −⋅⋅

jeims – preskot jouli, 

1818 – 1889, 

 ingliseli mecnieri. 

                      s
mm.

.
.v..vN 2650

1061105
1221221061 1919

19 =
⋅⋅⋅

=⇒=⋅⋅ −
−   

pasuxi: eleqtronebis gadaadgilebis siCqarea .   s/mm.2650
                   

1.2. eleqtruli winaRoba 

 

nivTierebis eleqtrul velSi moTavsebisas Tavisufali eleqtronebi, 

ganicdian ra velis Zalovan zemoqmedebas, iwyeben moZraobas da ejaxebian 

atomis sxva nawilakebs. maTi kinetikuri energiis nawili gardaiqmneba 

siTbur energiad.  

wredis iseT idealizirebul elements, romelic axasiaTebs eleqtru-

li energiis siTbur energiad gardaqmnis process ewodeba eleqtruli 

winaRoba. 

 

 
 
 
 
 

 - 12 -



 
 
 
 
 
 
 

nax.1 

v v

i

i

R

i
0 0

constR = constR =

)a )b )c

eleqtrul gamaxurebel mowyobilobebs, varvarebis naTurebs, reosta-

tebs da sxva mimRebebs aqvT liTonis gamtarebi, romlebic xasiaTdeba 

rezistoruli parametriT - eleqtruli winaRobiT R . eleqtruli winaRo-

bis grafikuli simbolo naCvenebia nax. 1.1a – ze. erTeulTa  sistemaSi 
eleqtruli winaRobis erTeulia omi (Ω). 

SI

rodesac eleqtruli winaRoba ar aris damokidebuli denze an Zabva-

ze gvaqvs wrfivi winaRoba da misTvis Zabvasa da dens Soris damokide-

buleba (volt – amperuli maxasiaTebeli) gamoixateba koordinatTa saTa-

veSi gamavali wrfiT, naCvenebi nax. 1b – ze. Tu eleqtruli winaRoba damoki-

debulia denze an Zabvaze saqme gvaqvs arawrfiv winaRobasTan. misi volt 

– amperuli maxasiaTebeli gamoisaxeba arawrfivi wiriT, romelic naCve-

nebia nax. 1c-ze. arawrfiv winaRobas varistors uwodeben.  
       eleqtruli winaRobis Sebrunebuli sidide eleqtruli gamtarobaa. 

igi aRiniSneba  asoTi. . erTeulTa  sistemaSi gamtarobis 

erTeulia simensi ( ). 

G R/G 1= SI
S

l  sigrZis da  ganivkveTis mqone gamtaris eleqtruli winaRoba            

gamoiTvleba Semdegi formuliT: 

s

                                                          ,
s
lR ρ=                                                                          1.7    

sadac  ρ - gamtaris masalis kuTri winaRoba (erTeuli sigrZis da erTeuli 

ganivkveTis mqone gamtaris winaRoba). masalis kuTri winaRoba damokide-

bulia masSi Tavisufali eleqtronebis raodenobaze, romelic SedarebiT 

didia liTonebisaTvis da umniSvnelo dieleqtrikebisaTvis. gamtaris kuT-

ri winaRoba da Sesabamisad, eleqtruli winaRoba damokidebulia tempera-

turaze 

([ ,1 1212 TTRR −+= )]α                                                             1.8 
 sadac   R1- winaRoba dabal temperaturaze, 

         R2- winaRoba maRal temperaturaze, 

         T1 – dabali temperatura,  

                  T2 – maRali temperatura, 

α - masalis temperaturuli koeficienti. 
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    liTonebs aqvT dadebiTi temperaturuli koeficienti, e.i. liTonisa-

gan damzadebuli gamtaris winaRoba izrdeba misi gaxurebisas. amave dros 

grafitis temperaturuli koeficienti uaryofiTia. aseve uaryofiTi tem-

peraturuli koeficienti aqvT eleqtrolitebs. N1.1 cxrilSi mocemulia 

zogierTi gamtari da saizolacio masalis xvedriTi winaRoba. 

                                                             cxrili  N1.1 
        
N 
     

a) gamtari masala kuTri winaRoba 

200C temper. -ze 
*10-8  mΩ

temper. koeficienti 

200C temper.-ze *10-4  

1 alumini 2.69 40.3 

2 brinjao 6 - 8 20 

3 grafiti 7000 - 5 

4 vercxliswyali 95.8 8.9 

5 vercxli 1.64 38 

6 volframi 5.5 47 

7 kala 11.5  

8 konstantani 49 0.1- (-0.4) 

9 manganini (54Cu; 12 
Mn; 4Ni) 

42 – 44 0.25 

10 niqromi (80Cu; 
20Cr) 

108.5 1.4 

11 spilenZi 1.72 39.3 

11 platina 9 – 15.5 36.7 

12 rkina 9.8 65 

 b)saizolacio 

masala 

kuTri winaRoba 

200C temper. –ze 
fardobiTi dieleqt-

rikuli SeRwevadoba 

1 qarva 5*1014 4,5 – 8 

2 bakeliti 1010 4 – 4.6 

3 mina 1010- 1014 4 – 10 

4 qarsi 5*1011 5.4 

5 rezina 1010 2.6 – 3 

6 faifuri 1014 7 

    

magaliTiN2. 2.258 mm diametris 0.5km sigrZis spilenZis sadenisagan 

daxveulia mudmivi denis Zravis aRgznebis gragnili. gamovTvaloT misi 

winaRoba 20
0C da 400C temperaturebis dros. 

amoxsna: N1.1 cxrilis mixedviT spilenZisaTvis   da 

. 

mΩρ 81072.1 −⋅=
4103.34 −⋅=α
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     Sesabamisad, winaRobebi 20
0C da 400C temperaturebze iqneba: 

                   

[ ] [ ] .30.2)2040(103.34115.2)(1

15.2
14.3

45001072.1

4
1212

8
1

Ωα

Ωρ

=−⋅+=−+=

=
⋅⋅

⋅⋅==

−

−

TTRR
s
lR

TtT

T
 102..258

6-2
  

    pasuxi: gragnilis winaRoba 20
0C  aris   2.15 Ωda 400C – 2.30 .                         Ω

 
1.3. omis kanoni 

 

georg saimon omi,  

1787 – 1854,  

germaneli fizikosi. 

1826 w germanelma mecnierma g. omma Camoayaliba 

kanoni, romlis Tanaxmad gamtarSi gamavali denis 

sidide pirdapirproporciulia masze modebuli 

Zabvisa da ukuproporciulia misi eleqtruli 

winaRobisa  

.
r
vi =

Gvi =

                                                   1.9 

 gamtarobis cnebis gamoyenebiT igive 

kanonisTvis gveqneba  

.                         1.10 

 eleqtruli winaRobisaTvis myisa simZlavre 

iqneba 

           

                                           1.11                        .22 GvRivip ===
e.i. es sidide mudam dadebiTia, rac niSnavs, rom eleqtruli wredis 

rezistoruli elementi yovelTvis moixmars eleqtrul energias energiis 

wyarodan. 

magaliTiN3. eleqtruli uTo ori saaTis ganmavlobaSi moixmars 0.9 

kvtsT eleqtroenergias. gamovTvaloT misi Tburi elementis winaRoba, Tu 

uTos nominaluri Zabvaa 220 volti. 

    amoxsna: uTos simZlavre 

.05.2
220
450).(450

36002
3600109.0 3

A
v
piWt

t
wp ===⇒=

⋅
⋅⋅==  

elementis winaRoba iqneba 

..
.i

vR Ω=== 3107
052

220
 

    pasuxi: uTos elementis winaRobaa 107.3  .Ω
 

 
 
.   
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1.4. eleqtruli energiis wyaroebi 

 

eleqtruli energiis wyaro warmoadgens wredis aqtiur elements da 

SeiZleba warmovadginoT ori modeliT – emZ (Zabvis) an denis wyaroTi 

imisda mixedviT Tu ra TanafardobaSia energiis wyaros Siga winaRoba da 

mimRebis winaRoba. wyaros ZiriTadi maxasiaTebelia volt-amperuli anu 

gare maxasiaTebeli.  

Zabvis wyaros ZiriTadi parametrebia emZ  da Siga winaRoba . misi 

sqematuri aRniSvna naCvenebia nax. 1.2a-ze. wyaro gadascems energias mimRebs 
ZabviT . Tu Zabvis wyaros Siga winaRoba is warmoadgens idealur 

wyaros. wyaros momWerebze Zabva ar aris damokidebuli mimRebSi gamaval 

denze, e.i. misi gare maxasiaTebeli warmoadgens abscisaTa RerZis 

paralelur xazs. Tu wyaros Siga winaRoba gansxvavebulia nulisagan 

gvaqvs realuri Zabvis wyaro. misi gare maxasiaTebeli aris daxrili xazi, 

romlis gantolebaa 

e sR

)(tv 0≈sR

                   .                                1.12 iRev s−=
idealuri da realuri Zabvis wyaroebis volt-amperuli maxasiaTeb-

lebi naCvenevia nax. 1.2b.  

−

+

)t(ve

sR

e

v

i0

0=sR

0≠sR

)a )b
 

                                                                          Fnax.1.2 
denis wyaros miekuTvneba is wyaroebi, romelTa Siga winaRoba gaci-

lebiT didia, vidre mimRebis winaRoba. misi grafikuli aRniSvna gansxva-

vebulia Zabvis wyaros aRniSvnisagan da naCvenebia nax. 1.3a –ze. denis way-
ros ZiriTadi parametrebia wyaros deni  da Siga gamtaroba , romel-

Ta sidideebi ar aris damokidebuli wyaros momWerebze modebuli Zabvis 

sidideze. imisda mixedviT, Tu rogori sizustiT unda Catardes el. wre-

dis angariSi, denis wyaros gamtarobas, romelic Cveulebriv Zalian mci-

rea, xSirad ugulebelyofen an amateben gare wredis gamtarobas. amgva-

rad, idealizirebuli denis wyaro es iseTi denis wyaroa, romlis Siga 

winaRoba usasrulod didia.     

SI SG
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)t(v

i

si sG

)a )b
 

                                                                    nax. 1.3                                                   
denis wyaro awodebs energias mimRebs deniT . vinaidan idealuri 

denis wayrosaTvis mimRebis deni ar aris damokidebuli wyaros Zabvaze, 

Sesabamisi gare maxasiaTebeli warmoadgens abscisaTa RerZis paralelur 

wrfes. realuri denis wyarosaTvis mimRebSi gamavali deni 

)(ti

)0( ≠sG

                                                                                                                       1.13 ,Gvii s −=

sadac  G – mimRebis gamtaroba. Sesabamisi grafiki (realuri wyaros gare 

maxasiaTebeli) naCvenebia nax.1.3b-ze. 
Zabvis wyaro muSaobs uqmi svlis reJimSi, rodesac misi gamomavali 

momWerebi gaxsnilia, e.i.  da wyaro muSaobs mokled CarTvis reJimSi, 

rodesac gamomavali momWerebi damoklebulia da gamosavali Zabva . 
msgavsad, denis wyaro aris uqmi svlis reJimSi, rodesac gamosavali 

momWerebi damoklebulia, e.i.   

0)( =ti
0)( =tv

siitv == ,0)( .
ganxiluli energiis wyaroebi warmoadgenen wredis aqtiur elemen-

tebs da maT uwodeben damoukidebel wyaroebs. 

arsebobs agreTve e. w. damokidebuli anu marTvadi wyaroebi, romel-

Ta ZiriTadi parametrebi wyaros emZ an wyaros deni damokidebulia wre-

dis sxva ubnis Zabvis an denis mniSvnelobaze. Sesabamisad gvaqvs: 

a) ZabviT marTvadi Zabvis wyaro (ZmZw); 
b) deniT marTvadi Zabvis wyaro (dmZw); 
c) deniT marTvadi denis wyaro (dmdw); 
d) ZabviT marTvadi denis wyaro (Zmdw). 

            Sesabamisi simboloebi naCvenebia nax. 1.4-ze.   

+
−

v

i

vα iβ iγ vµv+
−

i

 
nax. 1.4 
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viliam Sokli,  

1910 – 1989

 

valter brateini 

1902 – 1987

jon bardini 

1908 1991

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

amerikeli mecnierebi – nobelis premiis laureatebi, tranzistoris 

gamomgoneblebi
 
 

 

eleqtruli energiis damokidebuli wyaroebi farTod gamoiyeneba na-

xevargamtaruli xelsawyoebis – tranzistorebis eleqtruli modelirebi-

sas. 

1 . 5 .  i n du q c i urob a  

 

cnobilia, rom moZravi damuxtuli nawilaki warmoSobs magnitur 

vels. Sesabamisad, deniani gamtaris irgvliv iqmneba magnituri veli, 

romlis intensiuroba damokidebulia denis sidideze – rac metia denis 

Zala, miT Zlieria mis mier Seqmnili magnituri veli. magnituri velis 

intensivoba fasdeba veqtoruli sididiT B, romelsac magnitur induqcias 

uwodeben. erTeulTa  sistemaSi misi erTeulia tesla . SI ( )Ts
magnituri veli vizualurad SeiZleba warmovadginoT magnituri ind-

uqciis wirebiT, romelTa nebismier wertilSi gavlebuli mxebi emTxveva 

am wertilSi agebuli magnituri induqciis veqtors.  

wrfivi deniani gamtaris magnituri velis induqciis wirebi warmo-

adgenen koncentrul wrewirebs, centriT gamtaris RerZze. maTi erTob-

lioba hqmnis magnituri velis suraTs, naCvenebs nax. 1.5-ze.     
deniani koWis (solenoidis) magnituri velis suraTi  naCvenebia nax. 

1.6-ze. magnituri induqciis wirebis mimarTuleba ganisazRvreba marjvena 

xraxniani burRis wesiT, romlis mixedviTac, Tu burRis saxeluris brun-

vis mimarTuleba emTxveva koWis xviebSi denis mimarTulebas, maSin burRis 

gadaadgileba Seesabameba magnituri velis mimarTulebas.   
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i i

B

B

B

B
r

B
r

 

 

 

 

 

 

 

                                                              
                                   nax.. 1.5                                                        Fnax.1.6 

magnituri velis aRsawerad gamoiyeneba magni-

turi nakadis cneba. nax. 1.7 –is mixedviT usasru-

lod mcire magnituri nakadi  usasrulod 

mcire zedapirSi  aris 
Φd

sdBd

ds

jeims klark maqsveli, 

1831 – 1879, 

 ingliseli maTematikosi 

da fizikosi. 

rr
⋅=Φ            ,                                        1.14 

sadac sd  - veqtori, romlis sigrZe  farTis 

tolia da mimarTulia  zedapiris  normalis 

gaswvriv.  

ds
s N

 

 

 

                    
 
                                   

S ds

Bn

ds

B
rN

r

α

                                                       
     nax.1.7. 

         magnituri induqciis veqtoris B  nakadi  zedapirSi aris: s
                                                         .∫=Φ sdB rr

                                                          1.15  

 magnituri nakadis erTeulia veberi (Wb), erTeulTa  CGSM sistemaSi 
ki maqsveli (Wb 10=  

maqsv). 
saerTod, nax.1.6 –s mixedviT koWis xviebi Sebmulia sxvadasxva sidi-

dis magnitur nakadTan. amitom magnituri velis aRsawerad nakadis cneba 

sakmarisi ar aris da sargebloben magnituri nakadSebmis cnebiT, rome-

lic warmoadgens koWis xviebis da maTTan Sebmuli magnituri nakadebis 

namravlebis algebrul jams. nakadSebmis erTeulia veberi-xvia. rogorc 

eqsperimenti aCvenebs koWis nakadSebma proporciulia masSi gamavali 

denis 
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                             ,iL ⋅=ψ                                 1.16 

sadac  L – induqciuroba. misi erTeulia henri (H). eqsperimenti aCvenebs, 

rom induqciuroba damokidebulia koWis (gamtaris) formis da geomet-

riuli zomebis (geometria) da im garemos Tvisebebze, sadac myardeba 

magnituri veli 

                        ),( µgfL = ,                              1.17      

sadac  µ = µr µ0  -  garemos absoluturi magnituri SeRwevadoba, 
 µr -  fardobiTi magnituri SeRwevadoba (uganzomilebo sidide), 

 µ0 = −⋅ −

m
H7104π magnituri mudmiva (absoluturi SeRwevadoba sicari-

elisaTvis). 
praqtikaSi farTod gavrcelebuli tipis N raodenobis xviebis mqone 

koWisaTvis  

 

 

 
 

c a

nax.1.8 

induqciuroba ganisazRvreba Semdegi empiriuli formuliT: 

                    
cba

NaL
1096

255.0 22
0

++
=

µ
.                           1.18            

induqciurobis grafikuli simbolo naCvenebia 

nax. 1.9a haerSi an sxva araferomagnitur garemoSi 

moTavsebuli koWis an konturis induqciuroba ar 

aris damokidebuli denze an Zabvaze da mudmivi 

sididea. aseTi koWis ZiriTadi maxasiaTebeli – 

veber-amperuli maxasiaTebeli warmoadgens koordi-

natTa saTaveSi gamaval wrfes (nax. 1.9b). 
aseTi koWa aris eleqtruli wredis wrfivi 

elementi, romlis parametri – induqciuroba saSua-

lebas iZleva gaTvaliswinebuli iyos wredis ubnze 

Seqmnili magnituri veli da masSi mimdinare 

procesebi.  

Tu koWis irgvliv garemo feromagnituria, e.i. 

garemos magnituri SeRwevadoba da Sesabamisad 

induqciuroba damokidebulia magnituri velis 

intensivobaze, misi veber-amperuli maxasiaTebeli ar aris wrfe. aseTi 

elementi arawrfivia (nax. 1.9c), misi parametri - induqciuroba cvalebadi 

sididea da damokidebulia elementSi gamavali denis sidideze.  
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L
constL = var=L

jozef henri 

1797 – 1878 

amerikeli mecnieri 



 
 
 
 
 
 
 
                                                                      nax.1.9 
    magaliTi 4. nax.1.8-ze naCvenebi koWis geometriuli zomebia: a=50mm, 
b=10mm, c=15mm. koWis xviaTa ricxvi N=100. koWa garemoculia feritiT, 

romlis fardobiTi magnituri SeRwevadoba .r 80=µ  gamovTvaloT koWis 

induqciuroba. 

    amoxsna:   .mH.)()(.
cba
Na.L r 1861

1015101010910506
1001050801042550

1096
2550

333

2232722
0 =

⋅⋅+⋅⋅+⋅⋅
⋅⋅⋅⋅⋅⋅=

++
= −−−

−−πµµ
 

    pasuxi: koWis induqciurobaa 1,186  .mH
 

1 . 6 .  urTi erTi ndu q c i urob a  

 

     ganvixiloT ori koWa urTierTganlagebuli ise (nax.1.10), rom pirve-

li koWis magnituri nakadi , warmoSobili deniT , nawilobriv Sebmu-

lia pirveli koWis xviasTan  da nawilobriv meore koWis xviasTan        
1Φ 1i

11Φ 12Φ

                                                                                                 1.19 .12111 Φ+Φ=Φ

msgavsad, meore koWis magnituri nakadi , ganpirobebuli deniT , 

nawilobriv Sebmulia meore koWis xviasTan  da nawilobriv pirveli 

koWis xviasTan  

2Φ 2i

22Φ

21Φ

                                                                                                 1.20 .21222 Φ+Φ=Φ
 

 
 
          
 
 
 
                                                                                                               

12Φ
21Φ

22Φ11Φ

1

                                                              nax. 1.10 
i i2

1N  raodenobis xviebis mqone pirveli koWis nakadSebma iqneba 

 ,)( 211121111 ψψψ ±=Φ±Φ= N                                            1.21 

 msgavsad,  xviebis mqone meore koWis nakadSebma 2N
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.)( 122212222 ψψψ ±=Φ±Φ= N                                           1.22  

 aq 11ψ  da 22ψ  arian TviTinduqciis nakadSebmebi, 12ψ  da 21ψ  - 

urTierTinduqciis nakadSebmebi. 

         Tu urTierTinduqciis da TviTinduqciis nakadebs aqvT erTi da igive  

mimarTuleba (1.21) da (1.22) gantolebaTa marjvena nawilSi unda Caiweros 

dadebiTi, winaaRmdeg SemTxvevaSi – uaryofiTi niSani. 

eqsperimentis mixedviT urTierTinduqciis nakadSebma pirveli da 

meore koWebisaTvis      
                            ,, 1121222121 iMiM == ψψ                                       1.23 

sadac  - urTierTinduqciuroba, romelic damokidebulia 

koWebis xviaTa ricxvze, maT geometriul zomebze, formaze, urTieTganla-

gebaze da maTi ganTavsebis garemos magnitur SeRwevadobaze 

MMM == 2112

                                            ).,( µgfM =                                                      1.24 
urTierTinduqciurobis erTeuli msgavsad induqciurobisa aris henri 

(H).        
 

1.7. eleqtromagnituri induqciis kanoni 

 

1831 wels ingliselma fizikosma m. faradeim 

aRmoaCina eleqtromagnituri induqciis movlena – 

erT-erTi umniSvnelovanesi movlena, romelzec 

aris damyarebuli mravali eleqtroteqnikuri 

mowyobilobis moqmedeba. Sesabamisi kanonis 

Tanaxmad konturis magnituri nakadSebmis 

nebismieri cvlilebisas, masSi induqcirdeba emZ, 

romelic tolia uaryofiTi niSniT aRebuli nakad-

Sebmis cvlilebis siCqarisa         

.
dt

de ψ−=                                             1.25 

am formulaSi uaryofiTi niSani miuTiTebs, 

rom induqcirebuli emZ iwvevs iseTi mimarTulebis 

dens, romelic ewinaaRmdegeba misi aRmZvreli 

mizezis yovelgvar cvlilebas.  

maikl faradei,  

1791 – 1867,  

ingliseli qimikosi da 

fizikosi 

aRniSnuli gamoxatavs e. lencis mier formulirebuli eleqtromag-

nituri inerciis princips, romlis Tanaxmadac induqciurobis Semcveli 

eleqtruli wredi inerciulia. 

TviTinduqciis nakadSebmis cvlilebisas koWaSi aRiZvreba TviTinduq-

ciis emZ 
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                                            .
dt
diL

dt
de L

L −=−=
ψ

                                                    1.26                

 aq igulisxmeba, rom  constL =
 koWis momWerebze Zabva iqneba 

.
dt
diLev LL =−=

)0=R

                                                           1.27 

es formula amyarebs damokidebulebas Zabvasa 

da dens Soris idealuri koWisaTvis (  da 

gviCvenebs, rom Zabva koWis momWerebze propor-

ciulia denis cvlilebis siCqaris. is saSualebas 

iZleva agreTve ganisazRvros koWaSi gamavali deni, 

rodesac cnobilia Zabva mis momWerebze. 

                         ,)0(1

0
L

t

L
L

L idtv
LL

i                                    1.28                        +== ∫
ψ

sadac  iL(0) aris denis mniSvneloba, rodesac  t=0 
        urTierTinduqciis nakadSebmis cvlilebisas 

koWebSi aRZruli urTierTinduqciis emZ-ebi aris 

emil qristianis Ze lenci 

1804 – 1865 

baltieli germaneli 

fizikosi 

                                   ., 1
2

2
1 dt

diMe
dt
diMe                                          1.29 MM −=−=

2 aq  aris pirvel koWaSi aRZruli urTierTinduqciis emZ da e - 

meore koWaSi aRZruli urTierTinduqciis emZ. aqac igulisxmeba, rom 

. eleqtrul wredebSi urTierTinduqciis emZ gawonasworebuli 

unda iyos Sesabamisi Zabvis vardniT. 

Me1 M

constM =

parametri induqciuroba saSualebas iZleva gaTvaliswinebul iqnes 

is faqti, rom Sesabamisi wredis elementis irgvliv Seqmnil magnitur 

velSi grovdeba energia. 

myisa simZlavre induqciur elementSi 

                                         i
dt
diLivp LL ==                                                       1.30 

da magnitur velSi dagrovili energia iqneba     

                                                  .
2

2

00

LiLididtpw
tt

LL == ∫∫                                                  1.31 

amgvarad, imisda miuxedavad deni dadebiTia Tu uaryofiTi, magnituri 

velis energia yovelTvis dadebiTia da proporciulia denis kvadratis. 
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1 . 8  t e v adob a  

 

eleqtruli wredis ubani, sadac grovdeba energia eleqtrul velSi, 

xasiaTdeba parametriT – eleqtruli tevadoba, romelic ganisazRvreba, 

rogorc muxtis  fardoba ZabvasTan 

                                                      .
v
qC =                                                                     1.32 

tevadobis erTeulia farada (F). misi grafikuli aRniSvna mocemulia 

nax. 1.11a-ze. tevadoba ZiriTadi parametria kondesatorisa, romelic war-

moadgens ori erTmaneTisagan izolirebuli gamtari sxeulebis erTob-

liobas. kondensatoris damuxtvis dros erT-erT sxeulze dagrovili 

muxtebis raodenoba   Tu tevadoba ar aris damokidebuli Zabvaze an 

muxtze, gvaqvs wrfivi tevadoba da misi ZiriTadi maxasiaTebeli – kulon-

volturi maxasiaTebeli gamoisaxeba wrfiT, romelic gadis koordinatTa 

saTaveSi. winaaRmdeg SemTxvevaSi gvaqvs arawrfivi tevadoba, romlis 

kulon-volturi maxasiaTebeli gamoisaxeba mrudi wiriT (nax. 1.11 b) 

.Cvq =

 

 

 

 

 

 

 

 

                                    a)                                                   b) 
                                                                     nax..1.11                                                                                                 

kondensatoris tevadoba damokidebulia gamtari sxeulebis geomet-

riul zomebze, formaze, urTierTganlagebasa da saizolacio masalis 

absolutur dieleqtrikul SeRwevadobaze  
                                                           ,),( εgfC =                                                             1.33  

sadac rεεε 0=  - absoluturi dieleqtrikuli SeRwevadoba, F/m  
- eleqtruli mudmiva (absoluturi dieleqtrikuli SeRwevadoba sicarie-

lisaTvis). 

12
0 1085.8 −⋅≈ε

    rε - fardobiTi dieleqtrikuli SeRwevadoba. 

magaliTad, brtyeli kondensatoris tevadoba SeiZleba gamovTvaloT 

Semdegi formuliT   

                                                              ,
d
sC ε=                                                                  1.34 

 

v 

=C var

q

=C const

0
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sadac  – kondensatoris firfitis farTi, s
        – firfitebs Soris manZili.  d

davamyaroT damokidebuleba tevadobis densa da Zabvas Soris. 

tevadobaSi gamavali deni  

 .)(Cv
dt
d

dt
dqi ==                                                           1.35 

 Tu tevadoba ar aris damokidebuli droze         

                                                              .
dt
dvCi =                                                                  1.36 

e.i. tevadobis deni proporciulia Zabvis cvlilebis siCqaris. teva-

dobis Zabvis gansazRvris mizniT gamoviyenoT formula cqv = , saidanac 
Zabva tevadobaze     

                                                       ∫ +=
t

CC vidt
C

v
0

,)0(1                                                         1.37 

sadac  - sawyisi Zabva tevadobaze, rodesac .  )0(cv 0=t
tevadobis eleqtrul velSi dagrovili energia   

.
2

2

0 0

CvCvdvdtpw
t t

CC === ∫ ∫                                                     1.38 

e.i. es energia dadebiTia da proporciulia Zabvis kvadratis. 

    magaliTi 5. brtyeli sahaero kondensatoris firfitebis zomebia 

 firfitebs Soris manZilia  gamovTvaloT kondensatoris 

tevadoba. rogori iqneba kondensatoris tevadoba, Tu firfitebi 

izolirebuli iqneba keramikiT, romlis fardobiTi dieleqtrikuli 

SeRwevadoba 

.mmx5020 .mm.20

?r 7500=ε  

    amoxsna: sahaero kondensatoris tevadoba 

.pF.
.

.
d

sC r 2544
1020

105020110858
3

612
0 =

⋅
⋅⋅⋅⋅⋅== −

−−εε
 

    keramikis izolaciis SemTxvevaSi kondensatoris tevadoba 

.nF.
.

.
d

sC r 88331
1020

105020750010858
3

612
0 =

⋅
⋅⋅⋅⋅⋅== −

−−εε
 

    pasuxi: sahaero kondensatoris tevadobaa da keramikis 

izolaciis gamoyenebis SemTxvevaSi -  

pF.2544
.nF.88331
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1.9 erTeulebi da maTi jeradebi 

 

eleqtruli wredis pasiuri elementebisaTvis eleqtruli winaRobis, 

induqciurobis da tevaduri parametrebis Zabvasa da dens Soris miRebuli 

damokidebulebebi maTi ukeT aRqmisaTvis SeiZleba warmodgenili iqnes 

kompaqturad Semdegi cxrilis saxiT: 

                                                                                                                                  cxrili N1.2 
      P 

      parametri          

grafikuli 

simbolo 

ZiriTadi 

formula 

Zabvasa da dens 

Soris 

damokidebuleba 

       
       energia 

eleqtruli winaRoba 

(gamtaroba) 

R an G 

 
 

 
RiV =  

 

GvIGiV
RviRiV

==
==

;/
/,

 

 
Rtiw 2=  

 induqciuroba 

(urTierTinduqciuroba) 

L  an M 

 
 
 

 
Li=ψ  

dtLdiV /=   

∫ +=
t

ivdt
L

i
0

)0(1  
2

2Liw =  

 

 

tevadoba 
C 

 
 
 

 
 
Cvq =        

dt
dvCi

vidt
C

v
t

=

+= ∫ ;)0(1

0  

 

2

2Cvw =  

      eleqtrul sidideTa SI sistemis erTeulebi, maTi simboloebi 

Tavmoyrilia N1.3 cxrilSi. 

                                                                                                                               cxriliN1.3 
eleqrtuli 

sidide 

simbolo erTeuli abriviatura 

muxti q kuloni C 
deni i,I amperi A 
Zabva v,V volti V 
eleqtromamoZrav

ebeli Zala (emZ) 

e,E volti V 

simZlavre p,P vati W 
energia w,W jouli J 
winaRoba R omi Ω 
gamtaroba G simensi S 
induqciuroba L henri H 
tevadoba C farada F 
dro t wami s 
sixSire f herci Hz 
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    sainJinro praqtikaSi farTod gamoiyeneba N1.3 cxrilSi mocemuli 

sidideebis jeradi sidideebi, magaliTad, miliamperi, kilovolti, 

megavati, milihenri, mikrofarada da sxva. N1.4 cxrilSi mocemulia am 

sidideeTa Sesabamisi koeficientebi da simboloebi. 

 
                                                                                                                                  cxrili  N1.4 
koeficienti, romelzec 

mravleba erTeuli 

sidide 

                 dasaxeleba simbolo 

1012 tere T 
109 giga G 
106 mega M 
103 kilo k 
102 hecto h 
10 deka da 
10-1 deci d 
10-2 centi c 
10-3 milli m 
10-6 micro µ 
10-9 nano n 
10-12 pico p 
 
       amocanebi: 

1.1. gamovTvaloT gamtaris ganivkveTSi  denis gatarebisas 2.5 wamSi A.i 23=
   gadatanili muxtebis raodenoba kulonebSi da eleqtronebSi. 

1.2. gamovTvaloT 550m spilenZis gamtaris winaRoba, romlis diametria 

0.5mm. 
1.3.  ganivkveTis aluminis gamtaris winaRobaa  tempe-

raturis dros. gamovTvaloT gamtaris sigrZe da winaRoba  tempe-

raturisas. 

mm.x 5210 Ω80 C020
C070

1.4. gamovTvaloT rezistorebis winaRobebi. romelTa gamtarobebia  

   .S,S.,mS.,S 75025354250µ  
1.5.ganvsazRvroT Zabva, romelic saWiroa 10 ΩM .winaRobaSi 150 Aµ  denis 

   gasatareblad. 

1.6. gamovTvaloT deni, romelic gadis  rezistorSi Zabvisas. Ωk16 V32
1.7. ojaxSi CarTulia dReRamis ganmavlobaSi 120W simZlavris personalu-

ri kompiuteri saSualod 4sT ganmavlobaSi da  simZlavris 

varvarebis naTura – saSualod 8sT ganmavlobaSi. eleqtruli energiis 

W60
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tarifia 15 TeTri/kvatsT. gamovTvaloT ojaxis mier erT weliwadSi  

eleqtrul energiaSi gadaxdili Tanxis raodenoba. 

1.8.haerSi ganTavsebuli 500 xviis mqone koWis (nax.1.3) zomebia:  

. gamovTvaloT am koWis magnituri velis energia, 

rodesac masSi gadis 50mA sididis deni. 

,mma 50=
mmc,mmb 3012 ==

1.9. 40 xviis mqone koWis induqciurobaa ra iqneba misi induqciuroba, 

Tu xviaTa ricxvs gavzrdiT 55-mde. 

.mH80

1.10. brtyeli sahaero kondensatoris firfitis zomebia 30X40 mm, maT 

Soris manZili – 0.1 mm. gamovTvaloT kondensatoris tevadoba. rogor 

Seicvleba es sidide, Tu firfitebs Soris movaTavsebT mikanitis 

saizoliacio firfitas? 
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Tavi II. elqtruli wredebis topologia. kirxhofis kanonebi 
 

2.1. elqtruli wredebis topologia 

       
eleqtruli wredis analizi, Cveulebriv swarmoebs grafikuli gamo-

saxulebis mimarT, romelsac eleqtruli wredis sqema ewodeba. 

eleqtruli sqema Sesdgeba wredis yvela elementis standartuli, 

grafikuli simboloebisagan da gviCvenebs maTi SeerTebis Tanmimdevrobas. 

eleqtruli wredis ubani erTi an ramdenime elementiT, romlebSic 

gadis erTi da igive deni, warmoadgens Stos. maTi ricxvi aRiniSneba " " 

asoTi. Sto energiis wyaroTi aris aqtiuri Sto da wyaros ararsebobis 

SemTxvevaSi – pasiuri Sto.  

b

wredis SeerTebis wertils, sadac Tavs iyris sami da meti Sto, 

ewodeba kvanZi. maTi raodenoba aRiniSneba " " asoTi. PSpice programaSi 
kvanZad ganixileba agreTve eleqtruli wredis ori elementis SeerTebis 

wertilic (ix. danarTi d4). 

n

wredis Caketil nawils, romelic Seicavs ramodenime Stos, konturi 

ewodeba. Sto SeiZleba iyos mosazRvre da aramosazRvre. Sto, romelic 

Sedis mxolod erT konturSi, warmoadgens aramosazRvre Stos, 

winaaRmdeg SemTxvevaSi mosazRvre Stos. konturi, romelic Seicavs 

mxolod erT aramosazRvre Stos aris damoukidebeli konturi. maTi 

raodenoba aRiniSneba " " asoTi.  m
nax. 2.1-ze naCvenebi eleqtruli wredis sqema Seicavs  Stos,  

kvanZs da  damoukidebel konturs. aqtiuri Stoebi Seicavs  
wredis elementebs  da  elementebs . pasiuri Sto 

 Seicavs elementebs . sqemaze kvanZebia  da damoukidebeli 

konturebi   da .  

3=b 2=n
2=m bca −−

111 ,, CRn bda −− 222 ,, LRe
ba − 33 , LR ba,

acba −−− abda −−−
 

 

 

  

 

 

 

nax..2.1 

•

b

a

2

1e

1i
3i

2i

1R

 

R

2L

3R

3L

dc 
• ••

+ 
− 

C1

e2

  eleqtruli sqemidan cxadia, rom calkeul StoSi CarTul 

elementebSi gadis erTi da igive deni, anu isini SeerTebulia 

mimdevrobiT. aseve Tu yvela Sto mierTebulia erT wyvil kvanZTan, e.i. 

erTi da igive Zabvaze, CarTuli arian paralelurad.      
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SevcvaloT eleqtrul sqemaze wredis elementebi Sesabamisi wirebiT. 

miviRebT wredis ConCxs, romelsac araorientirebuli grafi ewodeba (nax. 

2.2a). amave dros, Tu vaCvenebT StoebSi denebis pirobiT mimarTulebebs, 

miviRebT orientirebul grafs. misi magaliTi naCvenebia nax. 2.2 b-ze.       

a

)a

a

bb

)b  
nax. 2.2 

grafze, msgavsad eleqtruli wredisa, gvaqvs Stoebi, kvanZebi da 

konturebi. isini gamoiyeneba eleqtruli wredebis topologiuri 

Tvisebebis aRsawerad, romlebzec ar moqmedebs wredis zomebis Secvla, 

dagrexva an raime sxva saxis deformireba. magaliTad, SemaerTebeli 

sadenebis dagrZeleba,  damokleba an formis Secvla iZleva sxvadasxva 

topologiur struqturebs (nax. 2.3). zogierTi maTgani, gansakuTrebiT 

xSirad gamoiyeneba eleqtroteqnikaSi. Sesabamis eleqtrul sqemebs (nax. 

2.4) aqvT sakuTari saxelebi: ) T -s a
magvari, b ) П – s magvari, ) kibisebri, d ) boguri, ) gisosis magvari.    c e
 
 
 
 
 
 

 

nax.  2.3 
 

)c)b)a

)e

)d  
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nax. 2.4 
 

 eleqtruli wredis analizis dros gamoiyeneba topologiuri cnebe-

bi: qvegrafi, xe, qorda da sxva. qvegrafi warmoadgens grafis nawils. gra-

fis xe aris StoTa iseTi erToblioba, romelic aerTebs yvela kvanZs da 

amave dros ar warmoqmnis Caketil konturs. qorda aris Sto, romelic 

amoRebulia grafidan xis formirebisaTvis. xeze yvela qordis datana mas 

gardaqmnis grafad. 

 
 

nax. 2.5 
nax. 2.5-ze naCvenebia nax. 2.2-ze warmodgenili grafis xeebi. ase, rom 

grafisaTvis, romelic Seicavs b  raodenobis Stos da  kvanZs, qordebis 
raodenoba iqneba , e.i. damoukidebeli konturebis raodenoba. 

n
)1( −−= nbm

        
2 . 2  k ir x hof i s  k a no n e b i  

 

kirxhofis kanonebi gamoiyeneba ganStoebuli 

eleqtruli wredebis angariSisaTvis. maT safuZ-

velze SeiZleba SevadginoT gantolebaTa sistema, 

romelic srulad gansazRvravs nebismieri konfi-

guraciis eleqtruli wredis muSaobis reJimebs. 

eleqtruli wredis gantolebaTa sistemis amoxsniT 

moiZebneba calkeul StoebSi gamavali denebi da 

Zabvebi wredis elementebze.  

gustav robert kirxhofi, 

1824 – 1887,  

germaneli fizikosi 

kirxhofis pirveli kanoni. amyarebs damokide-

bulebas denebs Soris kvanZisaTvis. am kanonis Ta-

naxmad denebis algebruli jami kvanZisaTvis nulis 

tolia: 

∑
=

=
n

k
ki

1
.0

+=

                                                   2.1 

am gantolebaSi denebi dadebiTia, Tu isini mimarTulia, davuSvaT, 

kvanZidan da uaryofiTi niSniT, Tu mimarTulia kvanZisaken. rodesac 

kvanZTan mierTebulia denis wyaro, gantolebaSi igive wesiT Caiwereba 

denis wyaros denic. 

nax. 2.1-ze naCveneb sqemaze  kvanZisaTvis , e.i. i . am-
gvarad, kirxhofis pirveli kanoni gamoxatavs denebis balanss da SeiZ-

a 0321 =++− iii 321 ii
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leba asec CamovayaliboT: kvanZSi Semavali denebis jami tolia kvanZidan 

gamomavali denebis jamis.  

kirxhofis meore kanoni amyarebs damokidebulebas emZ-sa da calkeul 

ubnebze Zabvebs Soris konturisaTvis. am kanonis Tanaxmad, konturisaTvis 

emZ-is algebruli jami tolia konturis calkeul ubnebze Zabvebis algeb-

ruli jamisa:        

                                                                                                                        2.2 .
1 1
∑ ∑

= =

=
n

k k
kk ve

 raime konturisaTvis am kanonis safuZvelze gantolebis Sedgenisas 

saWiroa avirCioT nebismierad konturis Semovlis dadebiTi mimarTuleba.  

magaliTad, saaTis isris moZraobis mimarTuleba. emZ da Zabvebi, romelTa 

mimarTuleba emTxveva konturis Semovlis mimarTulebas, Caiwereba dadebi-

Ti niSniT, winaaRmdeg SemTxvevaSi – uaryofiTi niSniT. nax. 2.1-ze naCveneb 

sqemaze  da   konturebisaTvis gveqneba: acba −−− abda −−−

                                   

⎪
⎪
⎭

⎪⎪
⎬

⎫

−−+=−

++++= ∫

.
dt
diLiR

dt
diLiRe

,iR
dt
diL)(vdti

C
iRe

t

C

3
333

2
2222

33
0

3
311

1
111 01

                                       2.3 

    magaliTi 2.1. nax. 2.6-ze naCvenebi eleqtruli sqemisaTvis  

   gamovTvaloT  da  denebi. SevadginoT simZlavris 

balansis gantoleba. 

;VE 20=

;.R Ω= 421 ..R Ω= 3313 1I 3I

    amoxsna: kirxhofis pirveli kanonis Tanaxmad  

31331 80020 I.III.I =⇒=−+ . 

kirxhofis meore kanonis Tanaxmad 

3311 RIRIE += . 

1R

−
+

3R 320 I.

1I

3I

E

 
nax.2.6 

     amocanis pirobis Tanaxmad 

.A.I.I

;A.
.

II..I.I..I.I

9230480

15386
253

2025333142803314220

31

333331

=⋅=

==⇒=⋅+⋅=⋅+⋅=
 

      energiis wyaroebidan moTxovnili simZlavreebi iqneba: 
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.W.....PP
W.....I.RIEIPP

RR 5310833115386429234

53108331201538692342020
22

31

2
333121

=⋅+⋅=+

=⋅⋅+⋅=⋅+=+
 

   energiis wyaroebidan moTxovnili simZlavre unda udrides momxmareb-

lebis msimZlavres, e.i. simZlavreTa balansis gantoleba iqneba: 

...
;PPPP RR

5310853108
3121

=
+=+

 

 

 

2.3.  induqtorebi da kondensatorebi mimdevrobiT da paralelurad 

 

davuSvaT ramdenime idealuri induqtori (koWa) SeerTebulia mimdev-

robiT (nax. 2.7) 
 
 
 
 
 

 nax.  2.7 
kirxhofis meore kanonis Tanaxmad     

           ,2121 dt
diL

dt
diL

dt
diL

dt
diLvvvv nn ek

=+++=+++= LL                               2.4 

sadac ekvivalenturi induqciuroba 

                                                                                              2.5 .
1
∑

=

=
n

k
kLL

ek

induqtorebis paraleluri SeerTebisas (nax. 2.8) kirxhofis pirveli 

kanonis Tanaxmad nulovani sawyisi pirobebisas gveqneba:   

1Li

v
1v

2v nv

2L nL

1L

i

v

1i 2i ni

2L nL

 
 
 
 
 
 
 
 

nax. .2.8 

            ,1111

21
21 ∫∫∫∫ =+++=+++= vdt

L
vdt

L
vdt

L
vdt

L
iiii

n
n

ek

LL                       2.6  

sadac ekvivalenturi induqciuroba  

                                             .11
1
∑

=

=
n

k kLL
ek

                                                               2.7      

exla ganvixiloT ramodenime idealuri kondensatori, SeerTebuli 

mimdevrobiT, rogorc es naCvenebia nax. 2.9-ze. 
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1C
i

v 1v 2v nv

2C nC

nax. .2.9 
kirxhofis meore kanonis safuZvelze nulovani sawyisi pirobebisas   

             ,1111

21
21 ∫∫∫∫ =+++=++= idt

C
idt

C
idt

C
idt

C
vvvv

n
n

ek

LL                                 2.8 

sadac 

                                                            .11
1
∑

=

=
n

k kCC
eq

                                                                    2.9 

         kondensatorebis paraleluri SeerTebisas (nax. 2.10) kirxhofis 

pirveli kanonis Tanaxmad   kvanZSi Semavali deni   
 
 
 
 

nax. 2.10 

1C

i

v
1i 2i ni

2C nC

                ,2121 dt
dvC

dt
dvC

dt
dvC

dt
dvCiiii nn ek

=+++=+++= LL                               2.10 

sadac ekvivalenturi tevadoba 

                                                                                                                         2.11 .
1
∑

=

=
n

k
eq CC

ek

amocanebi:  
2.1. nax. 2.11-ze mimdevrobiT aris SeerTebuli Zabvis wyaroebi E1=50V,                        

E2=150V da E3=200V, agreTve winaRobebi R1=5Ω, R2=15Ω, R3=20Ω, R4=10Ω. 
gansazRvreT deni da Zabva TiToeul winaRobaze.. 

1R
1E 2R

2E
3R

3E
4R −

+

nax.2.11 
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2.2.gamoTvaleT ekvivalenturi induqciuroba Semdegi mimdevrobiT 

SeerTebuli induqtorebisa: 0,5H, 250mH, 1.2H da 50mH.    
2.3. gamoTvaleT ekvivalenturi tevadoba Semdegi mimdevrobiT 

SeerTebuli kondensatorebisa: 0,1µF, 550mF, 50⋅103pF da 0,05µF. 
2.4. nax.2.12-ze naCvenebi eleqtruli wredi  Seicavs Zabvis wyaros da 

rezistorSi gamavali deniT marTvad Zabvis wyaros. gamoTvaleT 

rezistorSi gamavali deni. 

−
+

−
+

V30 03I

Ω10

0I

 
nax.2.12 

2.5. nax.2.13-ze naCvenebi wredisaTvis gamoTvaleT Sesavali winaRobebi  

               da  momWerebis mxridan. ba − dc −
Ω250

Ω100

Ω50

Ω50

Ω100
a

b

c

d
 

nax.2.13 

 2.6. nax.2.14-ze naCvenebi sqemisaTvis .. 
gamoTvaleT StoTa denebi da SeadgineT simZlavreTa balansis 

gantoleba. 

R;R;R;VE Ω=Ω=Ω== 561550 321

1R

−
+

3R
1150 I.

1I

3I

E

2R

 
nax. 2.14 
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Tavi III. mudmivi denis wredebis analizi 

 

3.1.  mudmivi denis martivi wredebi  

 martivi ewodeba eleqtrul wreds, romelic gardaqmnebis Sedegad 

daiyvaneba eleqtrul wredze erTi energiis wyaroTi da erTi ekviva-

lenturi  mimRebiT. nax. 3.1-ze naCvenebi martivi eleqtruli wredi Seicavs 

erT Zabvis wyaros da ramodenime mimdevrobiT SeerTebul rezistors, 

romlebic SeiZleba Seicvalos ekvivalenturi rezistoriT.  

E

I 1R 2R nR

 

nax. 3.1 
marTlac, kirxhofis meore kanonis Tanaxmad  

                                                                                    3.1 ,21 ek
IRIRIRIRE n =+++= L

sadac mimdevrobiT SeerTebuli rezistorebis ekvivalenturi winaRoba  

                                                                                                                   3.2 ∑
=

=
n

k
kRR

1
.

ek

Tu wredi Seicavs  raodenobis paralelurad SeerTebul rezis-

tors, ise rogorc naCvenebia nax. 3.2, sasurvelia visargebloT gamtarobis 

cnebiT.  

n

 
      nax. 3.2 

kirxhofis pirveli kanonis Tanaxmad   
                                                              3.3 ,2121 ek

EGEGEGEGIIII nn =+++=+++= LL

sadac paralelurad SeerTebuli rezistorebis ekvivalenturi gamtaroba 

                                                                                                                  3.4 .
1
∑

=

=
k

kGG
ek

ekvivalenturi winaRoba iqneba  
                                                         .1 ekek GR =                                                            3.5        

 Tu ori rezistori aris SeerTebuli paralelurad 
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                                    .
11

11

21

21

2121 RR
RR

RRGG
R

+
=

+
=

+
=ek                                               3.6 

 

3.2 Zabvisa da denis gamyofebi 

 

    Zabvis gamyofi ori mimdevrobiT SeerTebuli winaRobiT  fiqsi-

rebuli gamosavali ZabviT (nax.3.3) saSualebas iZleva gamosavalze 

miviRoT Zabva , romelic naklebia Sesaval Zabvaze .    

21, RR

2V 1V

2V

1V

I

2R

1R

 
nax. 3.3 

  Zabvis gamyofis gamosavali Zabva 

                                            .
21

2
22 RR

RVIRV
+

==
1

                                                                  3.7                             

1I
V

I

2G1G
2I

 
nax. 3.4 

 denebi rezistorebSi iqneba 

       

⎪
⎪
⎭

⎪⎪
⎬

⎫

+
=

+
===

.

,

21

2
2

21

1
111

GG
GII

GG
GIG

G
IVGI
ek                                           3.8 

magaliTiN3.1.  nax. 3.3 -ze R1=50Ω da R2=150Ω. Zabvis gamyofis formulis 

saSualebiT gamovTvaloT gamosavali Zabva, Tu Sesavali Zabva 100V. 
       amoxsna: 

                                                .75
15050

150100
21

2
12 V

RR
RVV =

+
=

+
=    

          pasuxi: Zabvis gamyofis gamosavali Zabvaa  .75V
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magaliTiN3.2 nax.. 3.4-ze   G1=0.01S da G2=0.04S. denis gamyofis formulis 

gamoyenebiT gamovTvaloT rezistorebSi gamavali denebi, Tu deni wredis 

ganuStoebel nawilSi aris  2.5A. 
       amoxsna:    

                                              
.0.2

04.001.0
04.05.2

,5.0
04.001.0

01.05.2

21

2
2

21

1
1

A
GG

GII

A
GG

GII

=
+

=
+

=

=
+

=
+

=
 

       pasuxi:  .0.2,5.0 21 AIAI ==
 

3.3 mimdevrobiT an paralelurad SeerTebuli Zabvisa da  

denis wyaroebi 

ramdenime mimdevrobiT SeerTebuli Zabvis wyaro SeiZleba Seicvalos 

erTi ekvivalenturi Zabvis wyaroTi, romlis ekvivalenturi emZ kirhofis 

meore kanonis Tanaxmad aris calkeuli emZ-ebis algebruli Gjami da Siga 

winaRoba - calkeul wyaroTa Siga winaRobebis ariTmetikuli jami.. 

 

1R 1E
I

2E

2R

3E 3R

ekE

ekR

V V

 
nax. 3.5 

nax. 3.5-ze naCvenebi sqemisaTvis ekvivalenturi emZ  

                                                                                                3.10 321 EEEE +−=
ek

da ekvivalenturi wyaros Siga winaRoba 

                                                                                                 3.11 .321 RRRR ++=
ek

Tu ramdenime denis wyaro aris SeerTebuli paralelurad (nax. 3.6)  

 

ekI

II

V
1SI

1G SI 3SI
3G2G2

ekG

 

 

 V
 

 

 

nax. 3.6 
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maTi ekvivalenturi denis wyaros parametrebi ganisazRvreba kirxhofis 

pirveli kanonis safuZvelze: ekvivalenturi wyaros deni ganisazRvreba, 

rogorc calkeuli wyaros denebis algebruli jami  

321 sss IIII +−=ek
                                      3.12 

da misi Siga winaRoba – calkeul wyaroTa Siga 

gamtarobebis ariTmetikuli jami.   

Tomas alva edisoni, 

1847 – 1931, amerikeli 

gamomgonebeli 

                                  3.13 .321 GGGG ++=ek

Zabvis wyaroebis paraleluri SeerTebisas ek-

vivalenturi Zabvis wyaros parametrebis gansaz-

Rvrisas saWiroa, TiToeuli Zabvis wyaro Canacv-

ldes Sesabamisi denis wyaroTi Semdegi 

formulebis gamoyenebiT: 

.1;
k

k
k

k
k R

G
R
EI ==                         3.14 

amgvarad, miRebuli denis wyaroebi Canacvlde-

ba ekvivalenturi denis wyaroTi da bolos, es 

ukanaskneli - Sesabamisi Zabvis wyaroTi. 

analogiurad, ramdenime denis wyaros mimdevrobiT SeerTebisas saWi-

roa es wyaroebi Canacvldes Sesabamisi Zabvis wyaroebiT da ganxilul 

iqnes mimdevrobiT SeerTebuli Zabvis wyaroebis ekvivalentur wyarod 

gardaqmnis amocana.  

 

3.4. kibismagvari eleqtruli sqema                                                

          kibismagvari eleqtruli sqemis konfiguracia (3.8a) mogvagonebs kibes, 

romelic Seicavs alternatiul, grZiv  da ganiv  

elementebs. 

531 ,, RRR 642 ,, RRR

a

V

a b

2R

4R

VV

VV

3R 1R
1R1R

1R1R

2R

2R2R
3R3R 5R

56R4R6R

acRbcR3bcR

a
)a

ba

b

)b

)d )e

cc

ccc

)c

a

 
nax. 3.8 

 - 39 -



 ekvivalenturi (wredis Sesavali) winaRobis gansazRvris dros mizan-

Sewonilia wredis gardaqmna daviwyoT yvelaze daSorebuli ubnidan. nax. 

3.8a-ze es aris mimdevrobiT SeerTebuli  R5 da R6 winaRobebi. maTi 

ekvivalenti  

6556 RRR +=  

paralelurad aris mierTebuli R4 winaRobasTan (nax. 3.8b) da maTi 

ekvivalenti  

.
564

564

RR
RRRbc +

=  

      nax. 3.8c-ze  R3 da Rbc SeerTebulia mimdevrobiT da maTi ekvivalenti  
.3,3 bcbc RRR +=  

      nax. 3.8c-ze  R2 da R3,bc SeerTebulia paralelurad da maTi ekvivalenti  

.
,32

,32

bc

bc
ac RR

RR
R

+
=  

da bolos nax. 3.8e-ze winaRobebi R1 da Rac  SeerTebulia mimdevrobiT. maTi 

ekvivalenti – wredis Sesavali winaRoba 

acRRR += 1ek  

 
         

3.5 winaRobebis varskvlavis samkuTxedad da  

piruku gardaqmna 

 

eleqtruli wredis angariSis gamartivebis mizniT zogjer mizanSewo-

nilia wredis ubani varskvlavad SeerTebuli (nax.3.9a) winaRobebiT 

CavanacvloT, samkuTxedad SeerTebuli (nax.3b) winaRobebiT (an piriqiT) im 

pirobiT, Tu wredis danarCen nawilSi muSaobis reJimi ar Seicvleba. 
                             
 
 
 
 
                                                    
 
 
                                                    a)                                           b) 

1

1

2

2

3

3

1R

2R3R

31R 12R

23R

nax. 3.9 
winaRobebis varskvlavSi 1 da 2 kvanZebs Soris CarTulia mimdev-

robiT    da  winaRobebi, xolo winaRobebis samkuTxedSi igive kvanZebs 1R 2R
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Soris CarTulia paralelurad R12 da R23+R31. gardaqmnis ekvivalenturobis 

pirobis Tanaxmad  

                                               .
)(

312312

312312
21 RRR

RRRRR
++

+
=+                                                           3.15 

msgavsad, 2 da 3 kvanZebisaTvis gveqneba 

                                                 
312312

123123
32

)(
RRR

RRRRR
++

+
=+                                                          3.16 

da 3, 1 kvanZebisaTvis  

.
)(

312312

231231
31 RRR

RRRRR
++

+
=+                                                         3.17             

am sami gantolebisagan Semdgari sistemis amoxsniT 
321 ,, RRR  ucno-

bebis mimarT miviRebT varskvlavad SeerTebuli winaRobebis saangariSo 

formulebs, rodesac samkuTxedad SeerTebuli winaRobebi cnobilia 

 .::
312312

3123
3

312312

2312
2

312312

3112
1 RRR

RRR
RRR

RRR
RRR

RRR
++

=
++

=
++

=              3.18 

igive gantolebaTa sistemis amoxsna ucnobi winaRobebis R12, R23, R31 
mimarT iZleva samkuTxedad SeerTebuli winaRobebis saangariSo 

formulebs:   

.;;
2

13
1331

1

32
3223

3

21
2112 R

RRRRR
R
RRRRR

R
RRRRR ++=++=++=    3.19 

magaliTiN3.3  nax. 3.10-ze naCveneb, martivi eleqtruli wredis sqemaSi 

 momWerebze moqmedebs  80V Zabva. gamovTvaloT Eekvivalenturi wina-

Roba  da wredis ganuStoebel nawilSi gamavali (Zabvis wyaros) deni. 
ba −

abR

                                             
                                                                                    

V80
Ω60 Ω40

Ω80

Ω88

1 2
•

 
 
 
 
 
 

nax. 3.10 

a

3

I

b
•

Ω100

+
−

           1, 2 da 3 kvanZebs Soris CarTulia samkuTxedad winaRobebi 100Ω, 60Ω 
da 40Ω. maTi ekvivalenti varskvlavis winaRobebi iqneba: 

Ω=
++

⋅=Ω=
++

⋅=Ω=
++

⋅= 12
6040100

6040;20
6040100

10040;30
6040100

10060
321 RRR  
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Sedegad, nax. 3.10-ze naCvenebi sqema gardaiqmneba nax. 3.11-ze naCveneb 

sqemad:   
            
                                                                         
 
 
 
 

nax. 3.11 

V80

Ω30
Ω12

Ω80
Ω88

1 2
•
a

3

I

b
•

Ω20
•

•

+
−

       ekvivalentur sqemaze ori paraleluri Stoa: 

erTi – winaRobiT  20+80=100Ω da meore winaRobiT 
12+88=100Ω. Sesabamisad, paralelur StoTa ekviva-

lenturi winaRobaa 50Ω  da wredis ekvivalenturi 

winaRoba 

Carlz uitstoni,  

1802 – 1875,  

ingliseli mecnieri. 

.80Ω=5030 +=
ek

R  
energiis wyaros deni iqneba    

.1
80
80 AI ==  

         pasuxi: wredis ekvivalenturi winaRobaa 80  da 
Zabvis wyaros deni – 1A.       

Ω

 

 

3 . 6  bo guri  wr ed e b i  

boguri wredi, romelsac uitstonis bogirsac uwodeben, xSirad gamo-

iyeneba mzomelobiT teqnikaSi. eleqtruli winaRobis gasazomi bogiruli 

wredis sqema naCvenebia nax. 3.12-ze. mas aqvs Zabvis wyaro (E), mzomi 

xelsawyo – indikatori (galvanometri) da oTxi mxari winaRobebis saxiT, 

romelTagan erTi ucnobia (gasazomi)  

Rx da danarCeni sami R1, R2,, R3 – cnobili winaRobebi.. aqedan  R3  
cvalebadi winaRobaa (reostati).  
  
 
 
 
 
 
 
 
 
                                                                        
                                                                nax. 3.12 

c

d

a

1R 1I

b

G

3I

2I XI

3R

2R
XR

E +
−
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winaRobis gazomvisaTvis reostatis mcocis gadaadgilebiT miiRweva 

galvanometris nulovani Cveneba. es niSnavs, rom  da  kvanZebs aqvT 

erTnairi potencialebi.  da  StoebSi gadis erTi da igive deni 

 aseve  da  StoebSic gadis erTi da igive deni . 

vinaidan SegviZlia davweroT 

b d
ba − cb −

.21 II = ba − cd − 43 II =

,0=bdV

                                                 , .                                                        3.20   3311 RIRI = 321 xRIRI =
       am tolobebis erTimeoreze gayofiT miviRebT, rom 

.3

2

1

xR
R

R
R

=                                                                      3.21 

       ucnobi winaRobis sidide 

                                                     .
1

32

R
RRRx =                                                                      3.22 

magaliTiN3.4. gamovTvaloT uinstonis bogiriT gasazomi rezistoris 

winaRoba, Tu  R1 = 1kΩ , R2= 10kΩ da reostatis winaRoba bogiris gawonas-
worebis Semdeg Seadgens R3= 1.242 kΩ  

amoxsna:            .42.12
0.1

10242.1
1

2
3 Ω=== k

R
RRRx  

pasuxi: gasazomi winaRoba  .42.12 Ω= kRx

 

3.7 operaciuli maZliereblebi 

 
termini operaciuli maZlierebeli (om) SemoRebul iqna j. ragazzinis 

da misi kolegebis mier 1947w, rodesac isini muSaobdnen analog-

kompiuteris Seqmnaze aSS –s Tavdacvis nacionalur centrSi.    

eleqtruli wredebis Teoriis TvalsazrisiT om warmoadgens wredis 

aqtiur elements da moqmedebs, rogorc marTvadi energiis wyaro, maga-

liTad, ZabviT marTvadi Zabvis wyaro. om asrulebs maTematikur opera-

ciebs: mimateba, gamokleba, gamravleba, gayofa, diferencireba da integri-

reba, ris gamoc mas ewoda operaciuli maZlierebeli. om-is  gamoyenebiT 

SesaZlebelia mudmivi da cvladi denis maZliereblis, aqtiuri filtre-

bis, harmoniuli da marTkuTxa rxevebis generatorebis, cifrul-analogur 

gardamqmnelebis, komparatorebis da sxva eleqtronuli mowyobilobebis 

realizacia. 

struqturulad om Sedgeba rezistorebis, tranzistorebis, kondensa-

torebis da diodebisagan, romlebic moTavsebulia erT saerTo korpusSi 

da ewodeba integraluri mikrosqema. nax. 3.13 –ze naCvenebia om-is grafi-

kuli simbolo samkuTxedis saxiT, magaliTad, rusuli warmoebis mikro-

a
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sqema К140УД7 rva fexiT. aq 2, 3 aris Sesavali mainversirebeli da pirda-

piri (aramainversirebeli) momWerebi, eleqtruli energiiT kvebis dade-

biTi (7) da uaryofiTi (4) momWerebi, erTi gamosavali (6) da erTi Tavi-

sufali (8) momWeri, agreTve balansirebis (1, 5) momWerebi. am naxazis mixe-

dviT kirxhofis pirveli kanonis safuZvelze SegviZlia davweroT: 

          .                             3.23            −+ +++= iiiii 210

om - is analizis dros kvebis wyaros denebi  xSirad ar miiReba 

mxedvelobaSi.  

−+ ii ,

1

2

3

4 5

6

7
8

1i

2i

+i

−i

0i7140УДК

1v

2v

0v
SR

dAv
+

− 0R

−
+

 
a) b) 

nax. 3.13 

nax. 3.13 b–ze naCvenebia om-is ekvivalenturi sqema, sadac gamosavali 

nawili warmodgenilia ZabviT marTvadi Zabvis wyaroTi, romelic mimdev-

robiT aris SeerTebuli maZliereblis gamosaval winaRobasTan .  

aris maZliereblis Sesavali winaRoba mainversirebeli (-) da pirdapiri 

(+) momWerebis mimarT. e.i. Sesavali signali, modebuli pirdapir 

(aramainversirebel) momWerze iqneba igive polarobis, rogorc gamosavali 

signalis, maSin rodesac Sesavali signali, modebuli mainversirebel 

momWerze iqneba gamosavali signalis sawinaaRmdego polarobis. 

0R
S

R

maZliereblis Sesavali diferencialuri Zabva 

            ,                             3.24 12 vvvd −=

sadac  - Zabva mainversirebel Sesaval momWersa da damiwebas Soris,  1v
    - Zabva pirdapir Sesaval momWersa da damiwebas Soris. 2v
om SeigrZnobs ZabvaTa sxvaobas Sesaval momWerebs Soris, amravlebs 

am sxvaobas gaZlierebis A koeficientze da warmoqmnis  Zabvas gamosa-

val momWersa da damiwebas Soris 

0v

            .                        3.25 )( 120 vvAAvv d −==

gaZlierebis A  koeficients uwodeben uqmi svlis anu sakuTari gaZ-

lierebis koeficients, romelic warmoadgens operaciuli maZliereblis 
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parametrs, rodesac maZliereblis Sesaval da gamosavals Soris raime 

gareSe ukukavSiri ar arsebobs. 

cxril #3.1-Si mocemulia realuri da idealuri maZliereblis 

zogierTi parametris mniSvnelobebi 

 

                                                                 cxrili #3.1   

parametri realuri maZlierebeli idealuri 

maZlierebeli 

uqmi svlis 

gaZlierebis koe-

ficienti, A  (decibeli) 

    

85 1010 −  

100 - 160 

 

∞  

Sesavali winaRoba,  
S

R Ω− 135 1010  ∞  

gamosavali winaRoba, 

 0R
10 - 100  Ω 0 

kvebis wyaros Zabva 5 – 24V  

ukukavSiri xorcieldeba maZliereblis gamosavali momWeris dakavSi-

rebiT mainversirebel momWerTan rezistoris saSualebiT. gamosavali Zab-

vis Sesaval ZabvasTan fardobas uwodeben ukukavSiriani (Caketili 

konturiani) om gaZlierebis koeficients. unda aRiniSnos, rom ukukavSi-

riani maZliereblis gaZlierebis koeficienti ar aris damokidebuli uqmi 

svlis gaZlierebis koeficientze. 

om-is gamosavali Zabva ar aRemateba kvebis wyaros Zabvas, e.i gamosava-

li Zabva damokidebulia da SezRuduli kvebis ZabviT. nax.3.14-ze naCvenebia, 

rom om-ma SeiZleba imuSaos sam reJimSi: 

1. dadebiTi gajerebis, rodesac ; wyvv =0

2. wrfiv, rodesac  ;vvv wywy ≤≤− 0

3. uaryofiTi gajerebis, rodesac . wyvv −=0

0v

dv
0

wyv

wyv−

reJ.dadeb.gaj.

eJ.uary.gaj.r

 
nax.3.14 
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Tu diferencialur Sesaval Zabvas  gahyavs om wrfivi reJimidan 

igi gajerebul reJimSi muSaobs da gamosavali Zabva an . 

dv

wyvv =0 wyvv −=0

idealuri om-is parametrebi mocemulia #3.1 cxrilSi da sqema – 

nax.3.15-ze. vinaidan Sesavali winaRoba usasruloa  

                  .                              3.26 00 21 == i,i

1v
12 vv =

1i

2i
dv

0v
+

+
−

−

 
nax.3.15 

Sesaval momWerebs Soris Zabva 

             .                      3.27 2112 0 vvvvvd =⇒=−=
(3.26) da (3.27) pirobebi aris mniSvnelovano om-is Semcveli eleqtru-

li wredebis analizisaTvis. 

Sv
2v

1i

2i

0v+

+
−

−

1v

1R
ukR

1

 
nax.3.16 

magaliTisaTvis ganvixiloT om-is muSaoba invertorul reJimSi. 

nax.3.16-ze pirdapiri Sesasvleli damiwebulia ( . Sesavali Zabva  

modebulia mainversirebel momWerze  winaRobis gavliT. ukukavSiris 

rezistori  CarTulia mainversirebel da gamosaval momWerebs Soris. 

gamoviyvanoT gaZlierebis koeficientis gamosaxuleba. 

)(v 02 =
Sv

1R

ukR

kirxhofis pirveli kanonis Tanaxmad (1) kvanZisaTvis gveqneba 

                  
uk

S

R
vv

R
vv

ii 01

1

1
21

−
=

−
⇒= .                          3.28 

idealuri om-Tvis (3.27) pirobis Tanaxmad  (pirdapiri 

momWeri damiwebulia) gveqneba: 

021 == vv

                
uk1

S

R
v

R
v 0−=  anu 

S

uk v
R
R

v
1

0 −= ,                       3.29 
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e.i. om-ma moaxdina Sesavali signalis polarobis inversireba. gaZlierebis 

koeficienti iqneba 

                         
1

0

R
R

v
vAv

S

S

−== .                              3.30 

nax. 3.17-ze naCvenebia om-is Canacvlebis sqema, romelic Seicavs ZabviT 

marTvad Zabvis wyaros.  

Sv 0v

+

−

1R +
−

S

uk v
R
R

1

 
nax.3.17 

      amgvarad, om-is Zabvis gaZlierebis koeficienti aris ukukavSiris 

winaRobis fardoba Sesaval winaRobasTan, anu gaZlierebis koeficienti 

damokidebulia mxolod om-is gare elementebze.    

    amocanebi: 
3.1. gansazRvreT mimdevrobiT SeerTebuli winaRobebis  6kΩ, 20Ω, 

0.05MΩ da 300mΩ ekvivalenturi winaRoba. 
3.2.  150V emZ-is mqone idealuri Zabvis wyarosTan mimdevrobiTaa 

mierTebuli winaRobebi:: 50Ω, 200Ω, 450Ω da 1300Ω. gamoTvaleT deni, Zabva 

TiToeul winaRobaze da energiis wyarodan moTxovnili simZlavre. 
3.3. gansazRvreT 4000Ω winaRobis reostatis mcocis mdebareoba, 

romelic mas unda eWiros, rom 12V Sesavali Zabvis SemTxvevaSi 

uzrunvelyos 9V gamosavali Zabva. gamoxazeT Sesabamisi eleqtruli sqema. 
3.4. gamoTvaleT paralelurad SeerTebuli winaRobebis 10Ω, 20Ω, 5Ω, 

30Ω ekvivalenturi winaRoba. 
3.5 gamtarobis meTodis gamoyenebiT nax. 3.18-ze naCvenebi sqemisaTvis 

gamoTvaleT deni wredis ganuStoebel nawilSi da 150Ω winaRobis mqone 
rezistoris mier moTxovnili simZlavre. 
                                     .  
 
 
 +

−
V

Ω250 Ω150 Ω100 Ω200

Ω10

Ω30

Ω25

Ω40

A10

 50
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                       nax 3.18                                                                                  nax 3.19 

 
3.6. nax.3.19-ze naCvenebi sqemisaTvis gamoTvaleT 40Ω winaRobaSi 

gamavali deni, 30Ω winaRobis simZlavre da Zabva 10Ω winaRobaze. 
3.7. nax.3.20-ze naCvenebi sqemisaTvis gamoTvaleT Sesavali winaRoba, 

deni wredis ganuStoebel nawilSi da Zabva 25Ω winaRobaze. 
                                  
 
 
                                                                      
 
 
 
 
 c

G
2I

Ω500
XR

E
Ω300Ω100

+
−

V150

Ω50 Ω50 Ω10

Ω75 Ω25 Ω40

+
−
+
−

               nax. 3.20                                           nax. 3.21 

 
CavTvaloT, rom nax. 3.21-ze naCvenebi sqemisaTvis bogiri balansirebulia. 

gamoTvaleT   winaRoba. XR
3.8. nax. 3. 22-ze naCvenebi sqemisaTvis gamoviyvanoT  denis gamosaxu-

leba. 

xI

+
−

xI

wV xIβxR
R

 
nax. 3.22  

3.9. PSpice programis gamoyenebiT gansazRvreT nax.3.23-ze naCvenebi 

sqemisaTvis Stoebis denebi da kvanZuri Zabvebi.  

−Ω2

Ω2Ω2

Ω1V15

XI
XI2

  
nax.3.23                                                                             
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Tavi IV. erTfaza sinusoiduri cvladi denis wredebi 

 

4.1.  sinusoiduri emZ–is generireba 

 
 eleqtruli energiiis warmoeba, gadacema da ganawileba xdeba cvla-

di denis danadgarebiT da mowyobilobebiT. yovelive es xorcieldeba 

cvladi denis generatorebis, transformatorebis, energiis gadamcemi 

xazebisa da gamanawilebeli qselebis saSualebiT.. 
zogadad, cvladi deni ganisazRvreba, rogorc eleqtruli deni, rom-

lis sidide da mimarTuleba icvleba drois mixedviT. kerZod, Tu deni 

icvleba periodulad sinusis kanoniT mas uwodeben sinusoidur dens (nax. 

4.1a). zogjer, deni periodulia, magram icvleba arasinusoiduri kanoniT. 

Sesabamisi grafiki naCvenebia nax.4.1b.  
 
 
 
 
 
 
 
 
 
 

                                             a)                                                                           b) 
nax. 4.1 

sinusoiduri denis gamomwvevia sinusoiduri emZ, gamomuSavebuli 

cvladi denis generatoriT, romlis sqematuri naxazi naCvenebia nax. 4.2-ze.  
generatoris moqmedeba damyarebulia eleqtromagnituri induqciis movle-

naze da gardaqmnis perveladi Zravis (hidravliuri an orTqlis turbina, 

Sigawvis Zravi da sxva) meqanikur energias eleqtrul energiaT. igi Sed-

geba uZravi nawilis – statorisagan da masSi ganTavsebuli mbrunavi nawi-

lis – rotorisagan. am ukanasknelis gverdiT cilindrul zedapirze 

damagrebulia eleqtromagnitebi (polusebi), romelTa brunvis Sedegad 

warmoiqmneba mravalpolusa mbrunavi magnituri veli. eleqtromagnitebis 

gragnilebi SeerTebulia erTmaneTTan da rotoris RerZze damagrebuli 

sakontaqto rgolebis da musebis gavliT maTSi miedineba mudmivi deni 

energiis gareSe uZravi wyarodan. statoris Siga cilindrul zedapirze 

gaTvaliswinebulia grZivi Rrmulebi, romlebSic ganTavsebulia manqanis 

ZiriTadi muSa gragnili - statoris gragnili.  

 

i

0
t

i

0 t
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                                                                              nax. 4.2 
rotoris brunvisas warmoqmnili mbrunavi magnituri veli gadahkveTs 

uZravi statoris gragnils da aRZravs masSi emZ-s. polusebis boloebs 

aqvT specialuri forma, rac uzrunvelhyofs statorsa da poluss Soris 

sahaero RreCoSi magnituri induqciis ganawilebas polusis RerZis mi-

marT kosinusis kanoniT da Sesabamisad, statoris gragnilSi induqci-

rebuli emZ icvleba drois mixedviT (nax.4.3) sinusis kanoniT:  
 

                                   
                          
 
 
 
 
 
 
 
 
 
 
 
                                                          nax. 4.3 

                                            ),sin( em tEe Ψ+= ω                                                               4.1 

sadac  e  - emZ-s myisa mniSvnelobaa drois t  momentisaTvis, 
             Em ,  aris amplituda (maqsimaluri mniSvneloba) da ψ  - sawyisi faza. 

drois umcires intervals, romlis ganmavlobaSic emZ asrulebs erT 

srul rxevas, periodi ewodeba da aRiniSneba T asoTi. am sididis Seb-

runebul sidides sixSires uwodeben. 

.1
T

f =                                                                        4.2 

 

0

T

t

e

mE
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sixSiris erTeulia herci  (Hz.). sinusoidur 
emZ-s aqvs sixSire 1 herci, Tu misi periodi erTi 

wamis tolia. msoflios umetes qveynebSi komer-

ciuli (eleqtroenergetikis) sixSirea 50 Hz da 

zogierT qveynebSi 60 Hz. komerciuli sixSiris 

cvladi denis generireba swarmoebs eleqtroman-

qanuri generatorebiT. SedarebiT dabali (ram-

denime kHz-mde) sixSiris deni generirdeba eleqt-

ronulmilakebiani an naxevargamtaruli genera-

torebiT. ufro maRali sixSireebi generirdeba 

specialuri eleqtronuli mowyobilobebiT da ga-

moiyeneba radioteqnikaSi, televiziaSi, zemaRali 

sixSireebis teqnikaSi da sxva.  
       sidide ( )et ψω + – sinusoiduri sididis faza 

(argumenti), xolo fπω 2= - fazis cvlilebis siC-

qare (kuTxuri siCqare), romlis erTeulia radiani gayofili wamze ( )s
rad . 

ganmartebis Tanaxmad kuTxuri siCqare, romelsac kuTxur sixSiresac 

uwodeben, aris drois erTeulSi Semowerili kuTxe      

./2 srad
T
πω =                                                               4.3  

 damokidebuleba generatoris rotoris brunvis siCqares n  (br/wT), 

emZ-s sixSiresa da rotoris wyvil polusTa ricxvs p  Soris aseTia:  

.60
P

fn =                                                                    4.4 

 e. i. Tu Hzf 50=  da 3000,1 == np br/wT; an Tu Hzf 50= da ,p 2=  

1500=n br/wT da a.S. 
analogiurad, sinusoiduri deni da Zabva SeiZleba warmodgenil iqnes 

Semdegi gantolebebiT:: 

      
⎪⎭

⎪
⎬
⎫

Ψ+=

Ψ+=

),sin(

)sin(

vitmVv
itmIi

ω
ω

                                                       4.5 

sadac  ida v  – denisa da Zabvis myisa mniSvnelobebi, 
           Im da Vm – denisa da Zabvis amplitudebi, 
           iψ  da vψ – denisa da Zabvis sawyisi fazebi.. 
       Zabvisa da denis sawyis fazaTa sxvaoba aris Zvris kuTxe Zabvasa da 

dens Soris 
.iv ψψϕ −=                                                                      4.6 

henrix rudolf herci, 
1857 – 1894, 

germaneli fizikosi. 
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Tu 0=ϕ  Zabva da deni fazaSia da rodesac πϕ =  isini arian urTierT 

sawinaaRmdego fazaSi.  unda aRiniSnos, rom mudmivi deni an Zabva SeiZleba 

CavTvaloT, rogorc nulovani sixSiris mqone sinusoiduri deni an Zabva.  

magaliTi 1. 50Hz sixSiris sinusoiduri emZ-is amplitudaa 300(V). 

davweroT am emZ-is gantoleba da gamovTvaloT misi kuTxuri sixSire, 

periodi da myisa mniSvneloba, rodesac mst 3= . 

 

      amoxsna: 

    kuTxuri sixSire s/radf 3145022 === ππω   

    periodi  .02.050/1/1 sfT ===   

    emZ-is myisa mniSvneloba iqneba 

).(314sin300 Vte =  

emZ-is myisa mniSvneloba mst 3=  momentisaTvis  

)(6.242)103314sin(300 3 Ve =⋅⋅= −
.  

           

4.2 cvlad periodul eleqtrul sidideTa moqmedi da 

 saSualo mniSvnelobebi 

 

cvladi perioduli eleqtruli denis moqmedi mniSvneloba warmoad-

gens mis saSualo kvadratul mniSvnelobas periodis ganmavlobaSi da 

ricxobrivad iseTi mudmivi denis tolia, romelic mocemul drois 

intervalSi mocemul winaRobaSi gamoyofs iseTive raodenobis siTbos, 

rogorsac cvladi perioduli deni. marTlac, cvladi denis T  periodis 

ganmavlobaSi R  winaRobaSi gamoyofili siTburi energia aris  

                           Rdti
T

∫
0

2
.                                  4.7 

    igive drois intervalSi I  mudmivi denis mier igive winaRobaSi gamo-
yofili siTburi energia iqneba RTI 2

. am sidideTa tolobidan                                                  

                                               .
0

22 ∫=
T

dtRiTRI                                                                4.8 

mudmivi deni       

,1

0

2∫=
T

dti
T

I                                                              4.9 

romelic am formulis Tanaxmad amave dros warmoadgens i  cvladi  denis 

saSualo kvadratul anu moqmed mniSvnelobas. analogiurad ganisazRvre-

ba cvladi perioduli emZ-is da Zabvis moqmedi mniSvnelobebi     
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,dte
T

E
T

∫=
0

21
  .1

0

2∫=
T

dtv
T

V                                     4.10 

       rodesac es sidideebi icvleba sinusis kanoniT : 

;707.0
2 m
m I

I
I ≈=        ;

2
mE

E =        .
2
mV

V =                              4.11 

       cvladi denis ampermetrebiTa da voltmetrebiT izomeba eleqtrul 

sidideTa moqmedi mniSvnelobebi. aseve cvladi denis mowyobilobaTa 

teqnikuri monacemebi, rogorc wesi, Seicavs informacias mowyobilobis 

nominaluri densa da Zabvis moqmed mniSvnelobebze. 

        periodul eleqtrul sidideTa saSualo mniSvneloba ganisazRvreba, 

rogorc am sidideTa saSualo periodis ganmavlobaSi. radgan harmoniuli 

funqciis saSualo mniSvneloba periodis ganmavlobaSi nulis tolia, 

amitom sinusoidur eleqtrul sidideTa saSualo mniSvneloba ganisaz-

Rvreba dadebiTi (an uaryofiTi) naxevarperiodis ganmavlobaSi. amgvarad, 

sinusoiduri denis saSualo mniSvneloba aris:  

.636.02sin2 2/

0
mmm

T

IItdtI
T

I ≈== ∫ π
ωsS                                      4.12 

         msgavsad, sinusoiduri Zabvisa da emZ-is saSualo mniSvnelobebi iqneba  

⎪
⎪

⎭

⎪
⎪

⎬

⎫

==

==

∫

∫

.EtsinE
T

E

,VtsinV
T

V

mm

/T

mm

/T

π
ω

π
ω

22

22

2

0

2

0

sS

sS

                                               4.13   

         cvladi denis wredebis analizis dros gamoiyeneba mrudis formisa 

da amplituduri koeficientebi. mrudis formis koeficienti sinusoiduri 

denisaTvis                                          

..
/I

I
I
IK

m

m 111
22

≈==′ π
sS

f                                            4.14 

msgavsad ganisazRvreba mrudis formis koeficienti Zabvisa da emZ-

isaTvis. 

amplituduri koeficienti sinusoiduri denisaTvis iqneba 

             ..
I
IK m 4112 ≈==′

a
                         4.15 

msgavsad ganisazRvreba amplituduri koeficienti sinusoiduri 

Zabvisa da emZ-isaTvis. 
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magaliTi .2. erTnaxevar periodiani cvladi denis gammarTvelSi denis 

amplitudaa 5 A . gamovTvaloT gamarTuli denis moqmedi da saSualo 

mniSvnelobebi, mrudis formisa da amplituduri koeficientebi. 
 
amoxsna: cvladi denis gammarTveli dens atarebs mxolod erTi mimar-

TulebiT, rogorc es naCvenebia nax. 4.4. Sesabamisad, (4. 9) formulaSi 

integrirebis zeda  
                                      
 
 
 
 
 
 
 
 
 
 
                                                               
 
 

nax. 4.4 
zRvaria 2/T    da gamarTuli  denis moqmedi mniSvneloba iqneba 

.A.ItdtsinI
T

I m
/T

m 52
2

1 2

0

22 === ∫ ω  

        msgavsad, gamarTuli denis saSualo mniSvneloba  

.A.IdtintSI
T

I m
/T

m 5911 2

0

=== ∫ πsS  

       gamarTuli denis mrudis formisa da amplituduri koeficientebi 

iqneba  

.
I
IK,.

/I
/I

I
IK mi

m

m

av

i
f 25712 ===== aπ  

 
4.3 sinusoidur sidideTa warmodgena kompleqsuri ricxvebiT 

 

kompleqsur ricxvTa meTodi, romelic Seqmna C. p. Steinmecma, war-

moadgens SedarebiT martiv da efeqtur saSualebas cvladi denis wrede-

bis damyarebuli reJimebis analizisaTvis. es meTodi amartivebs maTema-

tikur moqmedebebs eleqtrul sidideebze, rac  ganpirobebulia imiT, rom 

msgavsad sinusoiduri eleqtruli sididisa, romelic xasiaTdeba ampli-

i

0 t

mI
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tudiT da faziT, Sesabamisi kompleqsuri ricxvic xasiaTdeba ori sidi-

diT: moduliT da argumentiT.  

kompleqsuri ricxvi asocirdeba kompleqsur sibrtyesTan, romelsac 

qmnis namdvil da warmosaxviT ricxvTa RerZebi.    
 
 
 
 
 

                                                                      nax. 4.5 
miRebulia, rom namdvil ricxvTa RerZi 

aRiniSnos ""+  da warmosaxviT ricxvTa RerZi 

"j"+ , sadac 1−=j . nax. 4.5-ze OA veqtori sig-

rZiT A  adgens α  kuTxes namdvil ricxvTa 

RerZis dadebiT mimarTulebasTan da gansaz-

Rvravs A&  kompleqsuri ricxvis mdebareobas 

kompleqsur sibrtyeze. am veqtoris gegmilebi 

namdvil da warmosaxviT ricxvTa RerZebze 

aRiniSneba "a"  da "b"  asoebiT da warmoadgenen 

kompleqsuri ricxvis algebruli saxis kompo-

nentebs, xolo α,A  - misi maCvenebliani da po-

laruli formis komponentebs: 

.AAejbaA j
.

αα ∠==+=                               4.16 
 kavSiri kompleqsuri ricxvis algebrul da maCveneblian (polarul) 

formas Soris aseTia: 

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

±=

+=

=
=

− .
a
btn

,baA

,sinAb
,cosAa

1

22

πα

α
α

                                                   4.17 

kompleqsuri ricxvi SeiZleba Caiweros trigonometriul saxeSic da 

misi kavSiri maCveneblian formasTan gamoisaxeba eileris formuliT: 

                   .sinjAcosAAe j ααα +=                       4.18 

α kuTxis gamsazRvrisas Tu 00 >> b,a  

.
a
btn 1−=α  

0

b−

α

A&

*
A

b+

a
+

Carlz proteus Steinmeci, 

 1865 – 1923,  

germaneli maTematikosi da 

inJineri 
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 rodesac  00 >< b,a  

a
btn 1−−= πα  

  Tu 00 << b,a  

.
a
btn 1−+= πα  

 Tu 00 <> b,a                                   

.
a
btn 12 −−= πα  

 

 magaliTi 3. gadaviyvanoT kompleqsuri ricxvebi 

0000 6020108285506012 ∠∠∠−−∠ ,,,  algebrul saxeSi. 

 

amoxsna: 

       

..j)sin(j)cos(
;.j.sinjcos

;.j.sinjcos
;.j)sin(j)cos(

31710602060206020
4197108108108

348912285502855028550
41066060126012

000

000

000

000

−=−+−=−∠

+=+=∠

+−=−−=∠−

−=−+−=−∠

 

kompleqsuri ricxvis SeuRlebuli ricxvi aRiniSneba varskvlaviT da 

geometriulad gamoisaxeba misi sarkiseburi anarekliT kompleqsur sibr-

tyeze, rogorc es naCvenebia nax. 4.5-ze.  

α∠=+= AjbaA
.

 ,     .
*

α−∠=−= AjbaA                                      4.19       
     SeuRlebuli kompleqsuri ricxvi gamoiyeneba simZlavreTa angariSis 

dros.  
      α kuTxe aiTvleba saaTis isris sawinaaRmdegod namdvil ricxvTa Rer-

Zis dadebiTi mimarTulebidan. Tu CavTvliT, rom es kuTxe proporciulia 

drois ψωα += t  , e.i. OA veqtori brunavs saaTis isris sawinaaRmdego 

mimarTulebiT mudmivi kuTxuri siCqariT ω , SegviZlia davweroT Semdegi 

kompleqsuri funqcia ),tsin(jI)tcos(IA imim ψωψω +++=&  romlis warmosaxviTi 

nawili warmoadgens sinusoidur dens   )tsinIAImi im

.
ψω +=⇒ ( . 

amgvarad, mbrunavi veqtoris )t(I im ψω +∠  gegmili warmosaxviT ricxv-

Ta RerZze drois nebismier momentSi gamosaxavs sinusoidur dens. mbru-

navi veqtoris mniSvneloba 0=t  momentisaTvis gamosaxavs denis kompleq-

sur amplitudas  

,
.

m
j

m IeI i =ψ                                                               4.20 
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romelic adgens iψ kuTxes namdvil ricxvTa RerZis dadebiT mimarTule-

basTan. 

magaliTi 4. gamovsaxoT sinusoiduri Zabva )45sin(150 otv += ω  )(V  da misi 
SeuRlebuli polarul, eqsponencialur da algebrul formebSi. 
amoxsna: polarul formaSi: 

),V(V
.

o
m

.
45150∠=   

.

o
m

*
).V(V 45150 −∠=  

eqsponencialur formaSi: 
.

j
m

.
),V(eV

o45150=       ).V(eV
oj

m

*
45150 −  

algebrul formaSi: 

);V(,.j.sinjcosV oo
.

05160051064515045150 +=+=  

).V(,.j.V m

*
51065106 −=  

 
 

4.4. maTematikuri moqmedebebi kompleqsur ricxvebze 

ori kompleqsuri ricxvi SeiZleba Seikribos grafikulad texilis an 

paralelogramis meTodiT. nax. 4.6-ze naCvenebia Semadgeneli denebis 

kompleqsuri amplitudebi da maTi jami, miRebuli texilis meTodiT.  
                                     
 
 
 
 
 
 
 
 
 
 
     
                                                                     nax. 4.6 

kompleqsur ricxvTa meTodis gamoyenebisas kompleqsur ricxvTa 

Sesakrebad an gamosaklebad, saWiroa es ricxvebi daiweros algebrul 

saxeSi da calcalke Seikribos an gamoakldes  namdvili da warmosaxviTi 

nawilebi. 

),()()()( 21212211

.

2

.

1 bbjaajbajbaAA ±+±=+±+=±                              4.21  
kompleqsur ricxvTa gamravlebis an gayofisaTvisMumjobesia es ric-

xvebi warmovadginoT polarul an maCveneblian formaSi. maTi namravli 

0

mI3
&

j+
mI&

mI3
&

mI 2
&

mI 2
&

mI1
&

+
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iqneba isev kompleqsuri ricxvi moduliT, romelic Tanamamravli komp-

leqsuri ricxvebis modulebis namravlia da argumentiT, romelic Ta-

namamravl kompleqsur ricxvTa argumentebis jamia 

             .)(
..

βαβα +=⋅=⋅ jjj ABeBeAeBA                                                 4.22 
 kompleqsur ricxvTa gayofis SemTxvevaSi  

.)(
.

.

βα
β

α
−== j

j

j

e
B
A

Be
Ae

B

A
                                                        4.23     

e.i. 
..

: BA  aris kompleqsuri ricxvi moduliT B/A  da argumentiT α - β . 
kompleqsuri ricxvis asaxarisxeblad moduls avaxarisxebT da 

arguments vamravlebT xarisxis maCvenebelze 

                   ,k
n

A)A(,nA)A( nnnn ⎟
⎠
⎞

⎜
⎝
⎛ +∠=∠= παα 2

11
&&                      4..24 

sadac  )n(,,,,k 1210 −= K  

     SevniSnoT, rom  

   .je;je;e;e;jj;AAA /j/jjj −===−=−==⋅ −±
•

2222 111 ππππ&          4.25 

magaliTi 5. mocemulia sami kompleqsuri ricxvi: 2020 jA
.

+=  , 

12030 −∠=
.
B   da .010

.
jC +=  SevasruloT Semdegi moqmedebebi:     

.

..

C

BA         da           .

..

A

CB . 

amoxsna: 

gadavweroT samive ricxvi polarul formaSi 

oA 453.28
.

∠= ,         ,12030
.

oB −∠=      .010
.

oC ∠=  
miviRebT; 

.759.84
010

12030453.28
.

..

o
o

oo

C

BA −∠=
∠

−∠⋅∠=                

..
.A

CB o
o

oo

.

..

165610
45328

01012030 −∠=
∠

∠⋅−∠=  
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4.5 sinusoiduri deni winaRobas, induqciurobasa da tevadobaSi 

davuSvaT, rom aqtiur winaRobaSi deni aris .sin tI m ω  (nax.4.7a ). Zabva 
winaRobaze omis kanonis Tanaxmad 

,tsinVtsinRIiRv mm ωω ===                                                 4.26 

sadac Zabvis amplituda  .mm RIV =  am tolobis  2  -ze gayofiT miviRebT, 

rom  RIV =     an kompleqsur saxeSi ,
..
IRV =   

 
 
 
 
 
 
 
 
 
 
 
          

nax. 4.7 

sadac 
.

V  da 
.
I  aris sinusoiduri Zabvisa da denis kompleqsuri moqmedi 

mniSvnelobebi, anu SemoklebiT kompleqsuri Zabva da kompleqsuri deni. 
myisa simZlavre, rogorc myisa Zabvisa da myisa denis namravli  

).2cos1(sin 2 tVItIVivp mm ωω −==⋅=                                   4.27 

 am sidides aqvs ucvleli komponenti VI da cvalebadi komponenti  
tVI ω2cos , romelic icvleba sixSiriT ω2 . denis, Zabvisa da simZlavris 

myisa mniSvnelobaTa grafikebi naCvenebia nax. 4.7b-ze. nax. 4.7c gviCvenebs 
kompleqsuri Zabvisa da denis amsaxvel veqtorebs. maT erTobliobas 

veqtoruli diagrama ewodeba. naxazis Tanaxmad Zabva da deni faziT 

Tanxvdenili sidideebia anu fazuri Zvris kuTxe 0=ϕ . 
        exla ganvixiloT idealuri koWa (induqtori), romlis aqtiuri wina-

Roba nulis tolia da warmoadgens sufTa induqciur datvirTvas (nax. 
4.8a). 
 
 
 
 
 

v

)a(

)b(

I& V&

p,i,v

t

p

i
v

)c(
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nax 4.8 
miviRoT, rom induqtorSi gamavali deni sinusoiduria  tI m ωsin .  maSin 

TviTinduqciis emZ iqneba 

).90sin(cos o
mmL tEtLI

dt
diLe −=−=−= ωωω                             4.28 

Zabva induqtorze 

),90sin(cos o
mml tVtVev +==−= ωω                                  4.29 

sadac  .mLmm IXLIV == ω  

 sidides LX L ω=  ewodeba induqciuri winaRoba da misi erTeuli, 

msgavsad aqtiuri winaRobisa, aris omi. es aris sixSiris proporciuli 

sidide, romliTac induqtori uwevs winaaRmdegobas masSi sinusoiduri 

cvladi denis gatarebas. induqciuri winaRobis Sebrunebul sidides 

induqciuri gamtaroba ewodeba. igi aRiniSneba LB  asoTi da izomeba 

simensebSi. rogorc (4.29) gamosaxulebidan Cans deni induqciurobaSi 

CamorCeba Zabvas mis momWerebze 
090 - iT. gantolebis 2  gayofiT miviRebT 

omis kanons induqciurobis Semcveli wredis ubnisaTvis 

LIXV =                                                            4.30  
an kompleqsur formaSi 

LXjIV
...

= ,                                                        4.31 
vinaidan kompleqsuri denis gamravleba j -ze niSnavs kompleqsuri denis 

mobrunebas 
090  kuTxiT saaTis isris sawinaaRmdego mimarTulebiT.. 

 simZlavris myisa mniSvneloba 
tVIttIVvip mm ωωω 2sinsincos ===                                   4.32 

 amgvarad, am sidides aqvs mxolod cvladi komponenti, romelic 

icvleba harmoniuli kanoniT ormagi sixSiriT. wredis am elementSi 

adgili ar aqvs energiis disipacias (gafantvas garemoSi). is iRebs 

i
L

LV

)a )c

V&

E&

I

)b

p,i,v

p

i

v

t
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energias wyarodan, agrovebs magnitur velSi da Semdgom ubrunebs 

energiis wyaros. nax. 4b-ze naCvenebia myisa denis, Zabvisa da simZlavris 

grafikebi, xolo nax. 4c-ze – veqtoruli diagrama kompleqsur sibrtyeze, 

sadac Zabvis veqtori win uswreba 
090 kuTxiT denis veqtors. am 

ukanasknels CamorCeba 
090 -iT emZ-is veqtori, anu Zabvisa da emZ-is 

veqtorebi urTierTsawinaaRmdego fazaSia. 

exla ganvixiloT idealuri kondensatori, romlis momWerebze mode-

bulia sinusoiduri Zabva. Tu kondensatoris tevadoba constC = , masSi 

gamavali deni     

        ).
2

sin(cos πωωω +=== tItVC
dt
dvCi mm                                    4.33 

.
1 c

mm
m X

V

c

V
I ==

ω

                                                    4.34 

 sidides CX c ω/1=  aqvs winaRobis ganzomileba da uwodeben tevadur 

winaRobas, xolo mis Sebrunebul sidides – tevadur gamtarobas. igi 

aRiniSneba CB asoTi da izomeba simensebSi. (4.34) tolobis 2  -ze gayofiT 

miviRebT omis kanonis gamosaxulebas wredis ubnisaTvis tevadobiT 

cX
VI =                                                          4.35 

anu kompleqsur formaSi 

                 
cjX

VI
−

=
.

.

                                                    4.36    

myisa simZlavre 
.2sincossin tVItItVvip mm ωωω =⋅==                        4.37 

 
 
 
 
 
 
 
 
 

 
                 a)                                                       b)                                                                   c) 
                                                                  nax.4.9 

i
C

v

p,i,v p

0

v

ti

I&

V&
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aqac myisa simZlavres aqvs mxolod ormagi sixSiris mqone cvladi 

mdgeneli. wredis es ubani periodulad iTxovs energias wyarodan, 

agrovebs mas kondensatoris eleqtrul velSi da Semdgom ubrunebs 

energiis wyaros. nax. 4.9-ze gamosaxulia tevadobis grafikuli simbolo 

(a), myisa denis, Zabvisa da simZlavris grafikebi (b) da veqtoruli 

diagrama (c), romelic aCvenebs, rom deni win uswrebs Zabvas )(90
0
kuTxiT. 

  

 

4.6 mimdevrobiT SeerTebuli R,L, C wredi 

mimdevrobiT SeerTebuli R,L,C wredis sqema naCvenebia nax.4.10-ze.  
 
 
 
 
 
 
 
 

nax. 4.10 
      kirxhofis meore kanonis Tanaxmad  

∫++=++= .1 idt
cdt

diLRivvvv CLR                                    4.38 

       sinusoiduri denis da Zabvebis SemTxvevaSi SesaZlebelia SemovitanoT 

kompleqsuri denisa da kompleqsuri Zabvebis cnebebi  

,Ij
dt
di .

ω⇒    ∫ ⇒ .
j
Iidt
.

ω
                                 4.39 

(4.38) integro-diferencialuri gantolebis nacvlad miviRebT Semdeg 

algebrul gantolebas 

).1(1 .....

Cj
LjRII

cj
ILjIRV

ω
ω

ω
ω ++=++=                                4.40      

      sidides 

ϕ

ω
ω jZeZ

c
LjR

I

V ==−+=
−

)1(.

.

                                          4.41 

ewodeba kompleqsuri winaRoba da formula 

−

=
Z
VI

.
.

                                                        4.42      

gamoxatavs omis kanons kompleqsur formas. sidide 

i R L

CV
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.)1( 2222 XR
c

LRZ +=−+=
ω

ω                                4.43 

warmoadgens   srul winaRobas da Sesabamisi simbolo naCvenebia nax.4.11a-ze. 
sidide 

c
LXXX CL ω

ω 1−=−=                                          4.44 

aris wredis reaqtiuli winaRoba. kompleqsuri winaRobis argumenti war-

moadgens fazuri Zvris kuTxes Zabvasa da dens Soris da ganisazRvreba 

Semdegi formuliT  

.

1
1

R
C

L
tn ω

ω
ϕ

−
= −                                               4.45 

         kompleqsuri Zabvebisa da denis amsaxveli veqtorebi naCvenebia 

veqtorul diagramaze nax. 4.11b. 
   
 
 
 
 
 
 
 
                                                                         nax. 4.11 

veqtorul diagramaze naCveneb abc∆  Zabvebis samkuTxedi ewodeba, 

saidanac  

,)VV(VV CLr
22 −+=    ,cos

Z
R

IZ
IR

V
VR ===ϕ      .sin

Z
X

V
VV CL =

−
=ϕ                 4.46 

Zabvebis samkuTxedis gverdebis I  denze gayofiT miiReba winaRobebis 

samkuTxedi. 

 Tu, CL XX > , rogorc es naCvenebia nax. 4.11-ze, wredis reaqtiuli wina-

Roba dadebiTia da deni CamorCeba Zabvas ϕ  kuTxiT da wredi atarebs 

aqtiur – induqciur xasiaTs. Tu CL XX < , wredis reaqtiuli winaRoba uar-

yofiTi sididea, deni win uswrebs Zabvas ϕ  kuTxiT da wredi atarebs 

aqtiur – tevadur xasiaTs. rodesac CL XX =  wredis reaqtiuli winaRoba 

nulis tolia da sruli winaRoba aqtiuri winaRobis tolia ).RZ( =  es 
niSnavs, rom Zabvebi induqciurobasa da tevadobaze urTierTsawinaaRmde-

go fazaSia, aqvT toli amplituda da erTmaneTs akompensireben. Sedegad 

wredis Zabvis reaqtiuli mdgeneli nulis tolia. wredis Zabva faziT 

i Z

V

LV&

a

CV&

RV&

V&
CV&

CL VV && −

C I&
ϕ

)a )b
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emTxveva dens )( 0=ϕ  da tolia aqtiur winaRobaze Zabvisa. am SemTxvevaSi 

amboben, rom wredSi adgili aqvs Zabvebis rezonanss. es movlena ganxi-

lul iqneba VI TavSi. 

magaliTi 6. koWa aqtiuri winaRobiT Ω2 @da induqciurobiT mH.3180  

SeerTebulia mimdevrobiT kondansatorTan tevadobiT F. µ3666  da kvebis 

wyarosTan ZabviT V120  sixSiriT kHz5 . gamovTvaloT konturSi gamavali 

denis moqmedi mniSvneloba da Zabvebi koWisa da kondensatoris mom-

Werebze. 

amoxsna: 

 konturis sruli winaRoba: 

Ω=⎟
⎠
⎞

⎜
⎝
⎛

⋅⋅⋅⋅
−⋅⋅⋅⋅+=+= −

− 3855
1036661052

110318010522
2

63
33222

0 .
.

.XRZ
π

π . 

konturSi gamavali denis moqmedi mniSvneloba 

.A.
.Z

VI 28422
3855

120 ===  

koWis sruli winaRoba 

( ) Ω=⋅⋅⋅⋅+=+= − 7425310318010522 233222 ..XRZ LL π  

Zabva koWis momWerebze 

V...IZV LL 37983742328422 =⋅== . 

Zabva kondensatoris momWerebze 

V.
.

.IXV CC 420111
1036661052

128422 63 =
⋅⋅⋅⋅

⋅== −π
 

   
4.7 paralelurad SeerTebuli G-L-C wredi 

 

       nax. 412-ze naCvenebia eleqtruli wredis sqema paralelurad SeerTe-

buli koWiT )( L,R  da kondensatoriT )(C . kirxhofis pirveli kanonis 

Tanaxmad  

⎪⎭

⎪
⎬
⎫

++=

++=

∫ .
dt
dvCvdt

L
Gvi

,iiii CLG

1                                                        4.47    

        sinusoiduri Zabvisa da denebis SemTxvevaSi bolo gantoleba 

kompleqsur formaSi iqneba:  
 
 
 

                                                     

                                                    nax.4.12 

i

Gi Li Ci

CLGV
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).Cj
Lj

G(VVCjV
Lj

VGI
.....

ω
ω

ω
ω

++=++= 11
                                  4.48 

      sidide 

ϕω
ω

jYeC
L

jGY
V

I −

−
=−−== )1(.

.

                                             4.49 

warmoadgens kompleqsur gamtarobas. Sesabamisad  

−
= YVI

..

 ,                                                                    4.50 

gamosaxavs omis kanons cvladi denis wredisaTvis kompleqsur formaSi. 

kompleqsuri gamtarobis moduli warmoadgens wredis srul 

gamtarobas.  

.)1( 22 C
L

GY ω
ω

−+=                                                        4.51   

sruli gamtarobis grafikuli simbolo naCvenebia nax.4.13a-ze. kompleqsuri 

gamtarobis warmosaxviTi nawilis koeficienti warmoadgens reaqtiul 

gamtarobas. 

                                    C
L

BBB CL ω
ω

−=−= 1
                                                      4.52  

kompleqsuri gamtarobis argumenti gamoiTvleba Semdegi formuliT:  

.

1
1

G

C
Ltn

ω
ωϕ

−
= −                                                            4.53 

       nax. 4.13 b-ze warmodgenilia veqtoruli diagrama, sadac mocemulia 

kompleqsuri Zabvisa da denebis amsaxveli veqtorebi. veqtorul diag-

ramaze abc∆  aris denebis samkuTxedi, romlis gverdebis gayofiT V  

Zabvaze miiReba gamtarobebis samkuTxedi.   

;)( 22
CL IIIaI −+=           ;22 bGy +=                                    4.54    

  
 
 
 
 
 
 
 
 
 
 
 

                        nax. 4.13 

i
y

V&
)a

CI&

LI& CI&

aI&

CL II && − V&

GI&

a b

c

)b
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;cos
Y
G

VY
VG

I
I a ===ϕ          ;sin

Y
B

Y
BB

I
II CLCL =

−
=

−
=ϕ               4.55 

 Tu  CL BB > ,  0>B  da wredis Sesavali deni CamorCeba Zabvas ϕ  kuTxiT 

da wreds aqvs aqtiur – induqciuri xasiaTi.  rodesac ,CL BB <   0<B  
Sesavali deni win uswrebs wredze modebul Zabvas ϕ  kuTxiT da wreds 

aqvs aqtiur – tevaduri xasiaTi. im SemTxvevaSi, rodesac CL BB = , wredis 

reaqtiuli gamtaroba 0=B  da sruli gamtaroba GY =  minimaluria 

(aqtiuri gamtarobis tolia). es niSnavs, rom induqciuri da tevaduri 

denebi tolia, urTierTsawinaaRmdego fazaSi arian da erTmaneTs 

akompensireben. Sedegad dens wredis ganuStoebel nawilSi aqvs mxolod 

aqtiuri mdgeneli da fazaSia wredis ZabvasTan )( 0=ϕ . wredSi adgili 

aqvs denebis rezonanss, romelic  ganxiluli iqneba VI TavSi.  
 

magaliTi 7. 

Fµ350  kondensatori, 10.0 Ω rezistori da koWa H.030  induqciurobiT 

mierTebuli arian paralelurad cvladi denis generatorTan ZabviT V120  

da sixSiriT Hz50 . gamovTvaloT calkeul StoTa gamtarobebi )G,B,B( LC , 

reaqtiuli gamtaroba ),B(  kompleqsuri denebi wredis ganuStoebel 

nawilSi da calkeul StoebSi, sruli gamtaroba da denis myisa 

mniSvneloba wredis ganuStoebel nawilSi. 

amoxsna: 

gamtarobebi 

;110.0 SmCBC == ω   ;106.01 Sm
L

BL ==
ω

  ;100.0
10
11 Sm

R
G ===   

;0045.0 SmBBB CL −=−=  
kompleqsuri denebi calkeul StoebSi 

.A.GVI ooo
.

G
.

0120100120 ∠=∠⋅∠==        .902.139011.00120
..

AjBVI ooo
Cc ∠=∠⋅∠==  

.9072.1290106.00120)(
..

AjBVI ooo
LL −∠=−∠⋅∠=−=  

kompleqsuri deni wredis ganuStoebel nawilSi 

 .A....IIII oooo
LCG

.
292011290721290213012 ∠=−∠+∠+∠=++= &&&  

 sruli gamtaroba 

 .10008.0)( 22 SmBBGY CL =−+=  

denis myisa mniSvneloba wredis ganuStoebel nawilSi 

  )29.2314sin(01.122 oti +⋅= . 
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4.8. aqtiuri, reaqtiuli, sruli da kompleqsuri simZlavreebi 

 

simZlavre gansazRvravs energiis gardaqmnis temps. cvladi perioduli 

denis wredebSi myisa simZlavre vip = . aqtiuri simZlavre aris myisa 

simZlavris saSualo mniSvneloba periodis ganmavlobaSi 

∫∫ ==
TT

.vidt
T

pdt
T

P
00

11
                                                         4.56   

aqtiuri simZlavris erTeulia vati )W( . sinusoiduri cvladi denis 

wredSi aqtiuri simZlavre 

∫ =Ψ+Ψ+=
T

imvm ,cosVIdt)tsin(I)tsin(V
T

P
0

1 ϕωω                                4.57 

sadac Zvris kuTxe Zabvasa da dens Soris .iv Ψ−Ψ=ϕ  

         sidides ϕcos  simZlavris koeficienti ewodeba, romelic metad 

mniSvnelovani sididea eleqtroenergetikaSi, igi izomeba fazometriT. 

vinaidan  IRV =ϕcos  an VGI =ϕcos  aqtiuri simZlavre mudam dadebiTia 

da SeiZleba daiweros, rogorc GVRIP 22 == .  

Tu eleqtruli wredi Seicavs reaqtiul (energiis damagrovebel) 

elementebs, adgili eqneba energiis rxevas energiis wyarosa da wreds 

Soris. rxevadi energiis maqsimaluri mniSvneloba   
ϕsinVIQ = .                                                                         4.58   

 am sidides reaqtiuli simZlavre ewodeba, SeiZleba iyos dadebiTi an 

uaryofiTi da misi erTeulia voltamperi reaqtiuli - vari )Var( . 
reaqtiuli simZlavre dadebiTia CamorCenili denis dros )(sin 0>ϕ  da 

uaryofiTi sididea winmswrebi denisas. vinaidan IXV =ϕsin  da VBI =ϕsin  

reaqtiuli simZlavre SeiZleba daiweros, rogorc .22 BVXIQ ==                                            
       Zabvisa da denis moqmed mniSvnelobaTa namravli aris sruli 

simZlavre 

                    .22 YVZIVIS ===                                                                4.59    
sruli simZlavris erTeulia voltamperi )VA( . aqtiuri, reaqtiuli 

da sruli simZlavre SeiZleba warmovadginoT e.w. simZlavris marTkuTxa 

samkuTxediT, romlis hipotenuzaa sruli simZlavre da kaTetebi – aqtiu-

ri da reaqtiuli simZlavreebi.  
kompleqsuri simZlavre warmoadgens kompleqsuri Zabvisa da kompleq-

suri denis SeuRlebulis namravls  

              .jQsinjVIcosVIVIeVIeeIVeIVS i)(jj
.

j
*..

iviV +=+===⋅== Ψ−ΨΨ−Ψ ρϕϕϕ          4.60 
amgvarad, kompleqsuri simZlavris namdvili nawili aris aqtiuri 

simZlavre da warmosaxviTi nawili – reaqtiuri simZlavre. 
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4 . 9 .  orpolus a  wr ed e b i  

 

orpolusa warmoadgens ori momWeris mqone eleqtrul wreds 

(nax.4.14a),  romelic SeiZleba Seicavdes nebismieri raodenobis eleqtrul 

elements. imisda mixedviT Seicavs Tu ara energiis wyaroebs igi SeiZleba 

iyos aqtiuri an pasiuri orpolusa. nax. 4.14a – ze oTxkuTxediT naCvenebia 

pasiuri oTxpolusa, romelic SeiZleba warmodgenili iqnes ekvivalen-

turi parametrebis mqone erTerTi mimdevrobiT an paralelurad SeerTe-

buli modeliT. am modelebis Sesavali kompleqsuri winaRoba da 

gamtaroba   

ϕjZejXR
I

VZ =+==
− .

.

;                                                      4.61   

       .1
.

.

ϕjYejBG
ZV

IY −

−
−

=−===                                                 4.62 

 Tu reaqtiuli winaRoba )B(,X 00 >> , orpolusa warmoadgens induq-

ciuri xasiaTis mqone datvirTvas da misi modelia nax. 4.14 b,c da Tu 

)B(,X 00 <<  , orpolusa warmodgens tevadur datvirTvas da misi modelia 

nax. 4.14d,e. rodesac 0=X  orpolusa warmoadgens sufTa aqtiur dat-

virTvas. 

      orpolusas modelis ekvivalenturi parametrebi SeiZleba ganisaz-

Rvros angariSiT an eqsperimentulad. parametrebis cdiT gansazRvrisas 

gamoiyeneba nax. 4.15-ze naCvenebi sqema, romelic Seicavs ampermetrs,  
voltmetrs da vatmetrs denis, Zabvisa da simZlavris gasazomad.  
 
 

 
 

nax. 4.14 
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orpolusas ekvivalenturi Sesavali sruli winaRoba ganisazRvreba 

voltmetrisa da ampermetris Cvenebebis mixedviT 

I
VZ =ek                                                              4.63  

da simZlavris koeficienti gamoiTvleba vatmetris, voltmetrisa da 

ampermetris Cvenebebis mixedviT 

.
VI
Pcos =ϕ                                                          4.64 

      ekvivalenturi aqtiuri winaRoba da gamtaroba gamoiTvleba Semdegi 

formulebiT:  

                        22 V
PG;

I
PR == ekek                       4.65 

da ekvivalenturi reaqtiuli winaRoba da gamtaroba iqneba: 

;RZX 2
ekekek −±= 2            .GyB 2

ek
2
ekek −±=                         4.66 

mniSvnelovania am formulebSi swored ganisazRvros niSani )(+  an 

)(− . amisaTvis "s"  gamomrTveliT CavrToT wredSi mcire sididis tevadoba 

C . Tu ampermetris Cveneba Semcirda orpolusas aqvs induqciuri xasiaTi 

)( 0>ϕ  da Tu piriqiT, ampermetris Cveneba gaizarda, orpousas, rogorc 

datvirTvas, aqvs tevaduri xasiaTi )( 0<ϕ .           
       aqtiuri simZlavre SeiZleba CavweroT, rogorc 

                                             ;G
I
VRGVRIP 2

2
22 =⇒==            4.67 

 
 

nax. 4.15 
   Sesabamisad, kavSiri aqtiur winaRobasa da gamtarobas Soris iqneba:       

                                     2y
GR =        anu       .2Z

RG =                            4.68 

     msgavsad, reaqtiuli simZlavrisaTvis gvaqvs: 



 - 70 -

                                             .2

2
22 B

I
VXBVXIQ =⇒==                          4.69 

     Sesabamisad, reaqtiul winaRobasa da gamtarobas Soris kavSiri aseTia:     

                                      2Y
BX =      anu    .2Z

XB =                             4.70   

amgvarad, debuleba, gamtaroba aris winaRobis Sebrunebuli sidide, 

samarTliania mxolod mudmivi denis wredebisaTvis. cvladi denis wredi-

saTvis maT Soris damokidebuleba ganisazRvreba (4.68) da (4.70) 

formulebiT.  

 

    amocanebi: 

4.1. sinusoiduri cvladi deni warmodgenilia gantolebiT: )A(tsini 31432= . 
gamovTvaloT cvladi denis amplituda, sixSire, periodi da myisa mniS-

vneloba momentisaTvis s.t 050= . 
4.2. varvarebis naTuris simZlavrea W100 , rodesac is mierTebulia qselSi 

ZabviT V120  da sixSiriT Hz50 . gamovTvaloT naTuris winaRoba da 

davweroT masSi gamavali denis gantoleba.   
4.3. Hz,V 50440  parametrebis mqone qselTan mierTebuli momxmareblis sim-

Zlavrea kW.010 . gamovTvaloT denis amplituduri da moqmedi mniSvnelo-

bebi, datvirTis winaRoba. davweroT sinusoidur denisa da Zabvis ganto-

lebebi.         
4.4. H.21  induqciurobis mqone idealuri koWa mierTebulia qselTan ZabviT 

V200 , sixSiriT Hz50 . gamovTvaloT induqciuri winaRoba, denis moqmedi 

mniSvneloba da koWis magnitur velSi dagrovili energiis pikuri 

mniSvneloba. 
4.5. cvladi denis generatoris )( kHz,V 10180  momWerebTan mierTebulia Fµ100  

tevadobis kondensatori. ganvsazRvroT tevaduri winaRoba, denis moqmedi 

mniSvneloba da kondensatoris eleqtrul velSi dagrovili energiis 

pikuri mniSvneloba. 

4.6. induqtori, kondensatori da rezistori SeerTebulia mimdevrobiT da 

kvebas Rebuloben kHz1  sixSiris mqone generatoridan. induqtoris 

aqtiuri winaRobaa Ω3  da induqciuroba mH.30 . rezistoris winaRobaa 

Ω2 da kondensatoris tevaduri winaRoba _ Ω5 . Tu wredis kompleqsuri 

denia )A(0305∠ , gamovTvaloT kompleqsuri Sesavali winaRoba, kompleq-

suri Zabva generatoris momWerebze da wredis TiToeul elementze. 

4.7. generatorebi emZ-iT )V()tsin( 05010060 +  da )V)(tsin( 070100100 +  Seer-

Tebulia mimdevrobiT Ω40  rezistorTan, induqtorTan Ω10  induqtiuri 

winaRobiT da kondensatorTan Ω30  tevaduri winaRobiT. gamovTvaloT 
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kompleqsuri winaRoba, deni da simZlavre. gamovxazoT veqtoruli diag-

rama masStabSi agebuli denisa da Zabvebis veqtorebiT. 

4.8. wredi, Semdgari paralelurad SeerTebuli Ω4  rezistoris, Ω2  te-

vaduri winaRobis mqone kondensatoris da Ω6  induqciuri winaRobis mqo-

ne koWisagan, kvebas Rebulobs generatorisagan emZ-iT V240 , sixSiriT 

Hz50 . gamoxazeT eleqtruli wredis sqema da gamoTvaliT kompleqsuri 

gamtaroba da deni wredis ganuStoebel nawilSi. aageT masStabSi veqto-

ruli diagrama yvela denisa da Zabvis CvenebiT. dawereT Zabvisa da wre-

dis ganuStoebeli nawilSi gamavali denis myisa mniSvnelobaTa gamosa-

xulebebi. 



Tavi V. rTuli wredebis  damyarebuli sinusoiduri 

reJimebis analizi 

5.1. universaluri meTodi 

 

rTuli ewodeba eleqtrul wreds, romelic Seicavs erTze met ener-

giis wyaros da ramdenime Stos da kvanZs. aseTi wredis gardaqmna martiv  

wredad erTi energiis wyaroTi da erTi mimRebiT SeuZlebelia. aseTi 

wredis analizisaTvis saWiroa gamoviyenoT specialuri meTodebi univer-

saluri, konturuli denebis, kvanZuri Zabvebis, zeddebis (superpoziciis), 

ekvivalenturi generatoris da sxva. erT _ erTi maTgani - universaluri 

meTodi, damyarebulia kirxhofis kanonebis uSualo gamoyenebaze. meTodi 

saSualebas iZleva gaangariSebuli iqnes nebismieri konfiguraciis da 

sirTulis eleqtruli wredi. ganvixiloT es meTodi nax.5.1-ze naCvenebi 

wredis magaliTze. igulisxmeba, rom wredis aqtiuri da pasiuri ele-

mentebis parametrebi mocemulia da eleqtruli denebi da Zabvebi icvleba 

drois mixedviT sinusis kanoniT. naxazze kvanZebis ricxvi  da Stoe-

bis ricxvi  (idealuri denis wyaros Semcveli ubani usasrulod di-

di winaRobis gamo aris wredis gawyvetili ubani da ar ganixileba, ro-

gorc Sto).  

4=n
6=b

1I

a
b

1E

2I

6E 2E

3I

4I 5I

6I

1Z

c

6Z

5Z4Z

3Z

2Z

+
−

+
−

+
−

sI&

d

 

nax. 5.1 
vinaidan StoTa ricxvi eqvsia, saZiebel ucnobTa raodenobac eqvsia da sa-

Wiroa daiweros kirxhofis kanonebis safuZvelze eqvsi gantoleba. aqedan 

kirxhofis pirveli kanonis mixedviT  gantoleba da kirxhofis 

meore kanonis safuZvelze damoukidebeli konturebisaTvis  ganto-
leba. saZiebeli denebia    da  . 

31 =−n
3=m

54321 I,I,I,I,I &&&&&
6I&
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gantolebaTa sistemis Sesadgenad saWiroa: 

1. miviRoT pirobiTad StoebSi denebis mimarTuleba;  

2. SevirCioT konturebis Semovlis dadebiTi mimarTuleba saaTis 

isris an sawinaaRmdego (naCvenebia naxazze). 

amgvarad kirxhofis pirveli kanonis mixedviT gveqneba Semdegi ganto-

lebebi: 

                                               kvanZisaTvis    ,  a 0341 =+−+ SIIII &&&&

          kvanZisaTvis      ,                                                  5.1 b 0654 =+−− III &&&

                                               kvanZisaTvis     .       c 0352 =++ III &&&

 kirxhofis meore kanonis safuZvelze -  

                          konturisaTvis   abda −−− ,44661161 ZIZIZIEE &&&&& −−=−  
        konturisaTvis bcdb −−− ,ZIZIZIEE 55226626

&&&&& +−=−            5.2             

                                 konturisaTvis   acba −−− .0 335544 ZIZIZI &&& +−=  

3.  amovxsnaT miRebul gantolebaTa sistema. 

 
magaliTi 5.1. nax.. 5.2 – ze naCvenebi wredisaTvis  

;.)j(Z;Z;VE;Z;VE Ω∠=+=Ω=∠Ω== 0
32

0
211 1353504030290501100 &&  

universaluri meTodis gamoyenebiT gamovTvaloT StoebSi gamavali 

denebi. 

+
−

+
−

 

                                                                          nax. 5.2 
amoxsna: 

gantolebaTa sistema iqneba: 

⎪
⎭

⎪
⎬

⎫

∠=∠⋅+⋅

=∠⋅+⋅

=−+

.905013.53502

,10013.53501

,0

00
32

0
31

321

II
II

III

&&

&&

&&&

 

am sistemis amonaxsni iqneba: 
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,1
1 ∆

∆
=I&        ,2

2 ∆
∆

=I&     ,3
3 ∆

∆
=I&  

sadac                            

,68.255770
13.535029050
13.53500100

110
,52.5221.151

13.535020
13.535001

111
0

00

0
1

0

0

0 ∠−=

∠∠

∠
−

=∆∠−=

∠

∠
−

=∆  

               

,10.265568
13.535090500
13.53501001

101
0

00

0
2 ∠−=

∠∠
∠

−
=∆  ,14206

905020
10001

011
0

0
3 ∠−=

∠
=∆  

    
StoebSi gamavali denebi iqneba 

5770 ∠ 25.68° 

).A(..
..

I

);A(..
..

.I

);a(..
..

.I

0
0

0

3

0
0

0

2

0
0

0

1

5238361
525221151

14206

42268236
525221151

10265568

84261638
525221151

68255770

−∠=
∠
∠=

−∠−=
∠

∠=

−∠=
∠

∠=

&

&

&

 

 
5.2. konturuli denebis meTodi 

 
rTuli wredebis angariSisas konturuli denebis meTodiT wredis 

gantolebebi iwereba mxolod kirxhofis meore kanonis safuZvelze da 

Sesabamisad miiReba, rom TiToeul damoukidebel konturSi miedineba e.w. 

konturuli deni saaTis isris an sawinaaRmdego mimarTulebiT. rogorc 

wesi, konturul denad miiReba Sesabamisi aramosazRvre Stos deni. 

amgvarad, kirxhofis meore kanonis safuZvelze Sedgeba  raodenobis 

gantoleba. miRebuli gantolebaTa sistemis amoxsniT ganisazRvreba kon-

turuli denebi. StoebSi gamavali denebi ganisazRvreba, rogorc 

Sesabamisi konturuli denebis algebruli jami. amgvarad, mniSvnelovnad 

mcirdeba gamoTvlebis moculoba. ganvixiloT es meTodi nax. 5.3-ze 

warmodgenili sqemis magaliTze.  

"m"
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+
−

+
−

+−

1Z 2Z

 

                                                                       nax.5.3 

      angariSi swarmoebs aseTi TanmimdevrobiT: 

1. gardavqmnaT denis wyaroebi (Tu eleqtruli wredi Seicavs aseTebs) 

ekvivalentur Zabvis wyaroebad. 

2. ganvsazRvroT saWiro gantolebebis raodenoba formulidan 

 ).n(bm 1−−=
3. SevirCioT StoTa denebis mimarTulebebi da aramosazRvre StoTa 

denebi miviRoT Sesabamis konturul denebad. 

4. kirxhofis meore kanonis safuZvelze SevadginoT gantolebaTa 

sistema konturuli denebis mimarT. 

5. amovxsnaT miRebuli gantolebaTa sistema. 

  6. aramosazRvre StoTa denebad miviCnioT Sesabamisi konturuli denebi. 

mosazRvre StoTa denebi gamovTvaloT, rogorc Sesabamisi 

konturuli denebis algebruli jami.  
nax. 5.3-ze naCvenebi sqemisaTvis gantolebaTa saWiro raodenoba iqneba: 

( ) ( ) 31461 =−−=−−= nbm . 

damoukidebeli konturebia . Sesabamisi konturuli 

denebia .

abcabcda,abda da

332211 I,I,I  

am denebis SerCeuli mimarTulebebi naCvenebia sqemaze (nax.5.3). 

kirxhofis meore kanonis Tanaxmad: 
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⎪
⎭

⎪
⎬

⎫

=−+++

+=−+++

+=++++

.)(

,)(

,)(

362241146333

5263351165222

5143352245111

EZIZIZZZI
EEZIZIZZZI
EEZIZIZZZI

&&&&

&&&&&

&&&&&

                                            5.3 

SemovitanoT Semdegi aRniSvnebi: 

                        

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

=+=+=

==−====
++=
++=
++=

.,,
,,,

,
,
,

33352225111

431136322352112

46333

65222

45111

EEEEEEEE
ZZZZZZZZZ

ZZZZ
ZZZZ
ZZZZ

&&&&&&&&

                                  5.4 

sadac  332211 ,, ZZZ  - konturebis sakuTari kompleqsuri winaRobebi, 

               132312 ,, ZZZ -  konturebis saerTo kompleqsuri winaRobebi,   
                    - TviToeli konturisaTvis  emZ-is algebruli jami. 

332211 ,, EEE &&&

SevniSnoT, rom saerTo winaRoba dadebiTia, Tu mosazRvre StoSi kontu-

rul denebs aqvT erTnairi mimarTuleba, winaaRmdeg SemTxvevaSi saerTo 

winaRoba uaryofiTi sididea.  am aRniSvnebiT (5.3) gantolebaTa sistema 

miiRebs Semdeg saxes:  

                       
⎪
⎭

⎪
⎬

⎫

=++

=++

=++

.

,

,

33333332223111

22233322222111

11133312221111

EZIZIZI
EZIZIZI
EZIZIZI

&&&&

&&&&

&&&&

                                                    5.5 

am sistemis amoxsniT ganisazRvreba konturuli denebi   

romlebic imavdroulad arian Sesabamisi aramosazRvre StoTa denebi   
,I,I,I 332211

                                                                         5.9 ,111 II && = ,222 II && = .333 II =&

danarCeni Stoebis denebi ganisazRvreba, rogorc Sesabamisi kontu-

ruli denebis algebruli jami  

,33114 III &&& +=                                                   5.10   ,22115 III &&& += .33226 III &&& −=

magaliTi 5.2. konturuli denebis meTodis gamoyenebiT gamovTvaloT 

nax.5.4-ze naCvenebi sqemisaTvis ampermetris Cveneba, Tu 

.VE;VE;jZ;jZ:Z;jZ 0
5

0
46321 90100301004322 ∠=∠=Ω−Ω=Ω=Ω−= &&  
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+−

A

•
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•

•

1Z

6Z

3Z

2Z
4E& 5E&11I&

33I&

22I&

 

nax.5.4 

amoxsna: 

damoukidebeli konturebis sakuTari kompleqsuri winaRobebi iqneba: 

.jZ;jZ;jZ −=−=−= 332211 422  

damoukidebeli konturebis mosazRvre kompleqsuri winaRobebi aris: 

.Z;jZ;Z 040 312312 ==  

damoukidebeli konturebis jamuri emZ-ia: 

 

 

.V)j(EE
;VjEE

;V)j(sinjcossinjcosE

508630100

10090100

5086301003010090100901003010090100

0
433

0
522

000000
11

+=∠==

−=∠−=−=

+−=−−+=∠−∠=

&&

&&

&

gantolebaTa sistema konturuli denebis mimarT iqneba: 

.jI)j(IjI
,jIjI)j(I

,jIIIj

508640

1004420

5086002

332211

332211

332211

+=⋅−+⋅+⋅
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&&&

&&&

&&&

 

es sistema matricul formaSi iqneba: 
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anu BIA =⋅ , saidanac denebis matrica BAI ⋅= −1
. aq  aris 

1−A A  matricis 

Sebrunebuli matrica.  programa MATLAB -is gamoyenebiT gveqneba:        
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+−
=>>

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−
=>>

16222002701
540526756812

000043000025

5086
100

5086

40
4420

002

 

amgvarad, konturuli deni  ).A(...j.I 0
22 328564447129540526756812 −∠=−=&

pasuxi: ampermetris Cvenebaa  ).A(.447129
denis wyaroebis ekvivalentur Zabvis wyaroebad gardaqmna SeiZleba 

gamovricxoT, Tu denis wyaroebis denebs miviRebT Sesabamis konturul 

denebad. am meTodis sailustraciodD ganvixiloT Semdegi magaliTi: 

magaliTi 5.3. nax. 5.5-ze naCvenebi eleqtruli wredi Seicavs sinusoi-

duri  denis wyaros deniT da sinusoiduri Zabvis wyaros 

 wredis  

AI s
005∠=&

.VE 09020∠=&

−

+

sI&

E&

11I&

33I&

22I&

Ω4

Ω− 2j

Ω− 2jΩ8

Ω10j

 
nax.5.5 

parametrebi naCvenebia sqemaze. gamovTvaloT calkeul StoebSi gamavali 

denebi. 

amoxsna: 

miviRoT, rom pirveli konturis konturuli deni . 

danarCeni konturebisaTvis gveqneba: 

AII s 505 0
11 =∠== &&

.I)j(jIj
,IjjI)j(

0885102

902025244

3322

0
3322

&&

&&

⋅++⋅−⋅

∠−=⋅+⋅+−
 

miRebuli gantolebaTa sistema matricul formaSi iqneba: 

⎥
⎦

⎤
⎢
⎣

⎡−
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
+

−
50

30
882

244

33

22

j
j

I
I

jj
jj

&

&
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anu  BIA =⋅ , saidanac denebis matrica BAI ⋅= −1
. 

programa MATLAB -is gamoyenebiT gveqneba: 

[ ]
[ ]

⎥
⎦

⎤
⎢
⎣

⎡
+
−

=

=>>
−=>>

+−=>>

9412205882
5294300005

5030
882244

.j.
.j.

I

B*)A(invI
;j;jB

;jj;jjA

 

saZiebeli konturuli denebia 

.A...j.I
,A...j.I

0
33

0
22

0155590239412205882

2235120265294300005

∠=+=

−∠=−=
&

&
 

calkeul StoebSi gamavali denebi iqneba: 

aqtiur winaRobaSi  .A..I 0
22 2235120264 −∠=−Ω &

aqtiur winaRobaSi  .A..I 0
33 0155590238 ∠=−Ω &

induqtorSi  .A...j.IIj 0
3311 0045159549412205882510 −∠=−−=−−Ω &&

zeda kondensatorSi  .A..j.jIIj 0
2211 90529535294352943552 ∠==+−=−Ω− &&

qveda kondensatorSi _  =5.0000-Ω2j 3322 II && − j 3.5294-2.0588- j 2.9412=7..20 -67.78∠ 0 A . 

 

5.3. kvanZuri Zabvebis meTodi 

 

rTuli wredebis analizisas, Tu erTiT Semcirebuli kvanZebis ricx-

vi naklebia damoukidebeli konturebis ricxvze, mizanSewonilia gamovi-

yenoT kvanZuri Zabvebis meTodi. am dros wredis gantolebebi unda Sedges 

mxolod kirxhofis pirveli kanonis safuZvelze, sadac fundamentaluri 

cvladebi iqneba kvanZuri Zabvebi. gantolebaTa sistemis amoxsniT gani-

sazRvreba kvanZuri Zabvebi da maTi saSualebiT StoTa denebi.  

kvanZuri Zabvebis meTodi naxulobs efeqtur gamoyenebas rTuli 

elqtruli sistemebisa da eleqtronuli wredebis analizis dros, 

rodesac erT kvanZTan (damiwebul kvanZTan) mierTebulia didi 

raodenobiT Sto. ganvixiloT es meTodi nax. 5.6-ze warmodgenili 

sqemisaTvis, sadac sami kvanZia. Sesabamisad unda Sedges ori gantoleba 

kirxhofis pirveli kanoniT pirveli da meore kvanZebisaTvis ZabvebiT 

. 21 V,V &&
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−
+

−
+

 
                                   nax.5.6  

kvanZuri Zabvebis gantolebebi SeiZleba gamartivdes, Tu Zabvis wya-

roebs CavanacvlebT ekvivalenturi denis wyaroebiT da srul winaRobebs 

CavanacvlebT Sesabamisi sruli gamtarobebiT Semdegi formulebis gamo-

yenebiT:  

                                 .
Z

Y,
Z
EI s

1==
&

&                                                              5.11 

amgvarad, nax.5.6-ze naCvenebi sqema SeiZleba CavanacvloT misi 

ekvivalenturi nax.5.7-ze warmodgenili sqemiT  

 
nax.5.7 

davuSvaT, rom 1 da 2 kvanZebis potencialebi aRemateba damiwebuli 0 

kvanZis potencials. ukanaskneli miviRoT nulis tolad. es niSnavs, rom 

pasiur StoTa denebi mimarTulia damiwebuli kvanZisaken. kirxhofis 

pirveli kanonis Tanaxmad gveqneba  

⎪⎭

⎪
⎬
⎫

=−++

=−++

.)(

,)(

221124222

112213111

s

s

IYVVYVYV
IYVVYVYV
&&&&&

&&&&&
                                                 5.12 

SemoviRoT Semdegi aRniSvnebi 

            
⎭
⎬
⎫

++=
++=

.
,

124222

123111

YYYY
YYYY

                                                          5.13
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am sidideebs kvanZebis sakuTari kompleqsuri gamtarobebi ewodeba. 

sidides  kvanZebis saerTo gamtaroba ewodeba. am aRniSvnebiT 

gantolebaTa sistema (5.12) miiRebs Semdeg saxes:  
2112 YY =

.
2222211

1122111

⎪⎭

⎪
⎬
⎫

=+−

=−

s

s

IYVYV
IYVYV
&&&

&&&
                                                   5.14  

gantolebaTa sistemis amonaxsni aris:  

,, 2
2

1
1 ∆

∆=
∆
∆= VV &&                                             5.15 

sadac 

.
IY
IY

;
YI
YI

;
YY
YY

S

S

S

S

221

111
2

222

121
1

2221

1211

&

&

&

&

−
=∆

−
=∆

−
−

=∆      5.16      

StoebSi gamavali denebi ganisazRvreba omis an kirxhofis meore kanonis 

gamoyenebiT 

⎪
⎪
⎪
⎪
⎪

⎭

⎪
⎪
⎪
⎪
⎪

⎬

⎫

==

−=⇒=−

−=⇒+=

−=⇒+=

4

2
4

3

1
3

5

21
55521

2

22
22222

1

11
11211

,

,

,

,

Z
VI

Z
VI

Z
VVIZIVV

Z
VEIVZIE

Z
VEIVZIE

&
&

&
&

&&
&&&&

&&
&&&&

&&
&&&&

                                                        5.17 

zogad SemTxvevaSi, rodesac eleqtruli wredi Seicavs  raodenobis 

kvanZs,  raodenobis kvanZuri Zabva ganisazRvreba Semdegi gantolebaTa 

sistemidan:  

n
1−n

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

=+−−−−

=−−−+−

=−−−−

−−−−−−−−

−−

−−

.

,

,

1,11,113,332,221,11

221,21233222211

111,11133122111

nsnnnnnnn

snn

snn

IYVYVYVYV

IYVYVYVYV

IYVYVYVYV

&&LLL&&&

LLLLLLLLLLLLLLLLLLLLLL

LLLLLLLLLLLLLLLLLLLLLL

&&LLL&&&

&&LLL&&&

               5.19  

am sistemis amonaxsni -uri kvanZuri ZabvisaTvis iqneba k

,1,
1,1

2
22

1
11 ∆

∆
++

∆
∆+

∆
∆= −

−−
nk

nsn
k

s
k

sk IIIV &LL&&&                                       5.20 
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sadac  aris kofaqtori, romelic miiReba sistemis mTavari determinan-

tidan  -uri svetis da -uri striqonis amoSliT da miRebuli determi-

nantis gamravlebiT  ( -1 )

km∆

k m
k+m

 .   aris k -ur kvanZTan mierTebuli denis 

wyaroebis denebis algebruli jami, sadac wyaros deni Caiwereba “+” 

niSniT, Tu wyaros deni Sedis kvanZSi da “_“ niSniT, Tu wyaros deni 

gamodis kvanZidan. 

skkI&

magaliTi 5.4. gamovTvaloT yvela Stos deni nax.5.^6-ze naCvenebi sinu-

soiduri denis wredisaTvis, Tu 

( )Ω+=Ω=Ω=
Ω=Ω=∠=Ω=∠=

10201010
155030150010100

554

32
0

21
0

1

jZ,jZ,jZ
,jZ,.Z,VE,.Z,VE &&
 

amoxsna: 

ekvivalenturi denis wyaroebis denebi da gamtarobebi iqneba:  

Sm
.Z

Y;A
.Z

EI

;Sm
Z

Y;A
.Z

EI

s

s

0
0

2
2

0
0

0

2

2
2

0
0

1
1

0
0

0

1

1
1

02
050

1130300
050
30150

01
01

110100
001
0100

∠=
∠

==∠=
∠
∠==

∠=
∠

==∠=
∠
∠==

&
&

&
&

 

danarCeni Stoebis sruli gamtarobebi iqneba:  

.S..
jZ

Y

;S.
Z

Y;S.
Z

Y

0

5
12

0
0

4
4

0
0

3
3

562604470
1020

11

9010
9010

11900670
9015

11

−∠=
+

==

∠=
−∠

==−∠=
∠

==
 

kvanZebis sakuTari gamtarobebi aris: 

.S...j..j..jYYYY
,S...j..j..jYYYY

0
124222

0
123111

242042080042020040102
7840441087004102004006701

∠=+=−++=++=

−∠=−=−+−=++=
 

kvanZebis saerTo gamtarobebi aris: 

.S...j.YY 0
2112 562604470020040 −∠=−==  

kvanZuri Zabvebis gantolebaTa sistema iqneba 

1V&  1.004 ∠  -4.780- 0.0447 ∠ -26.562V& 0=100 0∠ 0 , 

1V& 0.0447 ∠ -26.560+ 2.04 2.242V& ∠ 0=300 30∠ 0. 

kvanZuri Zabvebi aris                     
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.06.2749.148
)56.260447.0(24.204.278.4004.1

010056.260447.03030078.4004.1

;8.416.102
)56.260447.0(24.204.278.4004.1

56.260447.03030024.204.20100

0
2000

0000
2

2

0
2000

0000
1

1

VV

VV

∠=
−∠−∠⋅−∠

∠⋅−∠−∠⋅−∠=
∆
∆

=

∠=
−∠−∠⋅−∠

−∠⋅∠+∠⋅∠=
∆
∆

=

&

&

 

StoebSi gamavali denebi iqneba: 

.A....)....(Y)VV(I
;A..,..YVI

;A....YVI;AII;AII ss

0000
12215

000
424

000
113

0
22

0
11

162179725625044700627491488416102
0611785149010062749148

8416102018416102303000100

∠=−∠⋅∠−∠=−=

∠=∠⋅∠==

∠=∠⋅∠=∠=∠=

&&&

&&

&&&&&&

 

zog SemTxvevaSi mizanSewonilia kvanZuri Zabvebis meTodis gamoyeneba 

Zabvis wyaroebis ekvivalentur denis wyaroebad gardaqmnisa da gamtaro-

bebis Semotanis gareSe. sailustraciod ganvixiloT Semdegi magaliTi.  

magaliTi 5.5. nax.5.8-ze naCvenebi sqema Seicavs sinusoiduri emZ-is 

wyaros  da kondensatorSi gamavali deniT marTvadi denis 

wyaros .   gamovTvaloT kondensatorSi gamavali deni. 

VE 0020∠=&

xs II && 2=

   amoxsna: 

kirxhofis pirveli kanonis Tanaxmad pirveli da meore kvanZebisaTvis 

gvaqvs: 

.I
j
V

j
VV

,V
j

VV
.j

V

x 02
24

0
10

20
452

212

1211

=−+
−

=
−

−
−

+
−

&
&&&

&&&&

 

E&
xI&2Ω− 52.j

xI& Ω4j

Ω2j

Ω10

1V& 2V&

 
nax. 5.8 

es gantolebaTa sistema SeiZleba ase gadavweroT: 

.VV
,V.jV.j

01511
2052511

21

21

=+

=++
&&

&&)(
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anu matricul formaSi 

⎥
⎦

⎤
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +
0
20

1511
52511

2

1

V
V.j.j
&

&
. 

BAV 1−= . 

visargebloT programa MATLAB -iT. 

⎥
⎦

⎤
⎢
⎣

⎡
−−

+
=

=>>
=>>

+=>>

4000.42000.13
0000.60000.18

*)(
];0;20[

];1511;5.2*5.1*1[

j
j

V

BAinvV
B

jjA

 

saZiebeli kvanZuri Zabvebi aris 

.V...j.V
,V..jV

0
2

0
1

3198911344213
43189718618
∠=−−=

∠=+=
&

&
 

kondensatorSi gamavali deni 

.A..
.

..
.j

VI x
0

0

0
1 4310867

9052
43189718

52
∠=

−∠
∠=

−
=

&
&  

 

5.4. eleqtruli wredebis Teoremebi.  

zeddebis (superpoziciis) principi 

 

eleqtruli wredis Teoremebi zeddebis (superpoziciis), Tevenenis, 

nortonis da sxva)  da zemoT moyvanili ekvivalenturi gardaqmnebi war-
moadgenen damatebiT saSualebebs angariSis meTodebis srulyofisaTvis. 

erT_erTi maTganis, superpoziciis Teoremis (principis) arsi Sem-

degSi mdgomareobs: nebismieri wrfivi sistemisaTvis (eleqtruli, meqa-

nikuri, siTburi, akustikuri da sxva) ramodenime zemoqmedebis rezultati 

warmoadgens calkeul zemoqmedebaTa rezultatebis algebrul jams. am 

principze dafuZnebuli eleqtruli wredis angariSis meTods zeddebis 

meTodsac uwodeben da gamoiyeneba ori an meti energiis wyaros Semcveli 

wrfivi eleqtruli wredebis angariSisaTvis. am meTodis Tanaxmad anga-

riSoben calkeul StoebSi gamaval nawilobriv denebs, gamowveuls wre-

dis emZ-iT cal-calke. Stoebis denebs gansazRvraven, rogorc Sesabamisi 

nawilobrivi denebis algebrul jams. angariSs vawarmoebT Semdegi Tan-

mimdevrobiT: 

- amovrTavT wredidan energiis wyaroebs, garda erTisa, Siga winaRo-

bebis (gamtarobebis) SenarCunebiT. am gziT miRebuli erTi energiis 
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wyaros Semcveli wredi gaviangariSoT da gamovTvaloT calkeuli 

Stoebis (nawilobrivi) denebi. angariSs gavimeorebT imdenjer, ramden 

energiis wyarosac Seicavs saangariSo wredi. 

- gamovTvaloT Stoebis denebi, rogorc angariSis calkeul etapebze 
miRebuli nawilobrivi denebis algebruli jamebi.      
gamoviyenoT zeddebis meTodi nax. 5.9-ze naCvenebi eleqtruli wredi-

saTvis, romelic Seicavs or sinusoidur Zabvis wyaros.   

1E& 2E&

1Z
2Z

3Z

1I& 2I&3I&

 
nax.5.9 

gamovrToT meore emZ-is wyaro da nax. 5.10-is mixedviT viangariSoT 

pirveli emZ-is wyaros mier gamowveuli nawilobrivi denebi winaRobebis 

Sereuli SeerTebisas. 

1E&

1Z
2Z

3Z

'I1
& 'I 2

&'I3
&

 

nax.5.10 

.;;
32

2
13

32

3
12

31

31
1

1
1 ZZ

ZII
ZZ

ZII

ZZ
ZZZ

EI
+

′=′
+

′=′

+
+

=′ &&&&
&

&                          5.21 

nax. 5.11-is mixedviT SevinarCunoT meore emZ, pirveli amovrToT da 

viangariSoT nawilobrivi denebi msgavsad wina etapisa Semdegi 

formulebiT:  

2E&

1Z
2Z

3Z

''I1
&

''I 2
&

''I3
&

 

nax.5.11 
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31

1
23

31

3
21

31

31
2

2
2 ;;

ZZ
ZII

ZZ
ZII

ZZ
ZZZ

EI
+

′′=′′
+

′′=′′

+
+

=′′ &&&&
&

&                              5.22 

StoebSi gamavali denebi gamovTvaloT, rogorc Sesabamisi nawilob-

rivi denebis algebruli jamebi:  

                                        5.23   .III;III;III '''''''''
333222111
&&&&&&&&& +=−=−=

magaliTi 5.6. superpoziciis meTodis gamoyenebiT ganvsazRvroT amper-

metris Cveneba nax.5.12-ze mocemuli sqemisaTvis. 

−
+

−
+

A

V0605∠ V03010∠

AI&

Ω− 6jΩ4j

Ω10 Ω2

 

nax. 5.12 

     amoxsna: 

     amovrToT meore Zabvis wyaro da miRebuli sqemisaTvis (nax.5.13a )  

−
+

A

−
+

A

V0605∠ V03010∠

''I A
&'I A

&

Ω− 6j Ω− 6jΩ4jΩ4j

Ω10Ω10 Ω2Ω2

 
                                    nax.5.13              )a )b

ampermetrSi gamavali nawilobrivi deni iqneba: 

.A.
jj

I '
A

0
0

15052
64

605 ∠=
−

∠=&  

analogiurad, pirveli Zabvis wyaros amorTvisas miRebuli sqemisaT-

vis (nax.5.13  ampermetrSi gamavali nawilobrivi deni iqneba )b

.A
jj

I ''
A

0
0

1205
64

3010 ∠=
−

∠=&  

ampermetris Cveneba  
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.A...j..j..j..III ''
A

.
AA

000 883130833350334522511652120515052 −∠=−=−++−=∠−∠=−= &&&

      pasuxi: ampermetris Cvenebaa 3.1 A . 

 

 

5 . 5 .  T e v e n e n i s  T eore m a  

 

Teveninis Teoremis Tanaxmad rTuli wredi erTi romelime ubnis 

mimarT SeiZleba Seicvalos ekvivalenturi emZ-is wyaroTi emZ-iT  da 

Siga winaRobiT 

TE&

TZ . eleqtruli wredis angariSis meTods, damyarebuls 

Teveninis Teoremaze ekvivalenturi generatoris meTodsac uwodeben da 

aqvs efeqturi gamoyeneba iseTi rTuli wredebis angariSisas, rodesac 

saWiroa ganisazRvros deni mxolod erT StoSi. magaliTad nax. 5.14 -ze 

naCvenebi sqemisaTvis  StoSi gamavali denis gamosaTvlelad Stos 

marcxniv arsebuli eleqtruli wredis nawili unda CavanacvloT 

ekvivalenturi generatoriT (nax. 5.14b ) da saZiebeli deni gamovTvaloT 

miRebuli martivi wredisaTvis. Teveninis ekvivalenturi emZ tolia 

wredis uqmi svlis Zabvisa  da b  momWerebs Soris, romelic SeiZleba 

ganisazRvros cdiT datvirTvis winaRobis  gamorTviT an angariSiT 

Semdegi formulis saSualebiT:               

a
ba −

a

dZ

             .Z
ZZZ

EVE ab 3
321

1

++
==

&
&&

T                                                   5.24 

d
Z

d
Z

 

                                                   a)                                                                    b) 
                                                                      nax. 5.14 

ekvivalenturi Zabvis wyaros Siga winaRobis gansazRvrisaTvis saWi-

roa isev gamovrToT datvirTva  StoSi, gamovrToT Zabvis wyaro , 
magram SevinarCunoT wredSi misi Siga winaRoba da ganvsazRvroT wredis 

ba − 1E
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Sesavali winaRoba  momWerebidan. naxazze naCvenebi SemTxvevisaTvis es 

sidide SeiZleba gamovTvaloT formuliT: 
ba −

321

213
4 ZZZ

)ZZ(ZZZ
++

++=T  .                                              5.25                        

datvirTvaSi gamavali saZiebeli deni  

.
ZZ

EI
dT

T

d +
=

&
&                                                       5.26 

magaliTi 5.7. gamovTvaloT nax.5.14-ze naCvenebi wredisaTvis  

datvirTvaSi gamavali deni, Tu  

dZ

..jZ,.Z,jZ,Z,)j(Z,VE Ω=Ω=Ω−==Ω+=∠= 6126712043050 4321
0

1 d
& . 

   amoxsna: 

ba −  momWerebis mimarT wredis Teveninis ekvivalentis parametrebi aris:  

;V..
jj

Z
ZZ

EE 0
3

31

1 7123727
243

50 −∠=
−+

=
+

=
&

&
T  

.).j.(
jj

)j()j(.
ZZ

ZZZZ Ω−=
−+

−⋅++=
+

+= 612592
243

243671
31

31
4T  

  datvirTvis deni iqneba: 

.A..
.j.j.

..
ZZ

EI 0
0

691236410
612612592

7123727 −∠=
+−

−∠=
+

=
dT

T

d

&
&  

 

5.6. nortonis Teorema 

 

am Teoremis Tanaxmad (msgavsad Teveninis Teoremisa) wredis garkveu-

li ubnis mimarT mTeli danarCeni wredi SeiZleba Canacvlebul iqnes 

ekvivalenturi denis wyaroTi Sesabamisi Siga gamtarobiT, rac xSirad 

saSualebas iZleva mniSvnelovnad gavamartivoT rTuli wredis angariSi. 

nax. 5.15 -ze naCvenebia eleqtruli wredis sqema, sadac  momWerebs 

marjvniv arsebuli rTuli wredis nawili ukve Canacvlebulia misi 

nortonis ekvivalentiT 

a ba −

nornor Y,I& . nax. 5.15 -ze naCvenebia igive wredis 

sqema gaTiSuli  (uqmi svlis) da damoklebuli datvirTviT (mokled Car-

Tvis reJimi). 

c,b
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norI&
norI&norI&

a aa

b b b

norYnorYnorY
dY

 

                                                        )a )b )c
nax.5.15 

     Tu Teveninis ekvivalentis parametrebi gansazRvrulia (uqmi svlis 

reJimidan), nortonis ekvivalentis parametrebi iqneba: 

            .
Z
EI;

Z
Y

T

T

nor

T

nor

&
& == 1

                             5.27 

 magaliTi 5.8. nax.5.15-ze naCvenebi sqemisaTvis  ,AI 0104∠=nor
& ,S.Y 02020 −∠=nor   

S.Y 0401670 −∠=d . gamovTvaloT datvirTvis deni da Zabva, agreTve aqtiu-

ri da reaqtiuli simZlavreebi. 

      amoxsna: 

nortonis ekvivalentis Siga gamtaroba da datvirTva CarTulia parale-

lurad. maTi ekvivalenturi sruli gamtaroba  

;S....Y 000 07729361104016702020 −∠=−∠+−∠=ek  

   denis gamyofis formulis Tanaxmad datvirTvis deni 

;A..
..

.
Y
Y

II 0
0

9208461
0772936110

401670 −∠=
−∠
−∠==

ek

d

nord
&&  

   Zabva datvirTvis momWerebze 

;V..
.

..
Y
I

V 0
0

0

083907611
401670
9208461 ∠=

−∠
−∠==

d

d

d

&
&  

    datvirTvis kompleqsuri simZlavre 

..j.....IVS 151367159208461083907611 00 +=−∠⋅∠== dd
&&&  

pasuxi: datvirTvis aqtiuri simZlavrea 15.67W  da reaqtiuli 

simZlavre – 13.15VAr . 
 

5.7. mimdevrobiT SeerTebuli urTierTinduqciiT 

dakavSirebuli koWebi 

 

nax. 5.15-ze naCvenebia mimdevrobiT SeerTebuli urTierTinduqciiT 

dakavSirebuli ori koWa Tanxvdenili (  da Semxvedri ( ) SeerTebisas.   )a b
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2R

1R

∗

∗ 1L

2L

MV

I&

2R

1R

∗

∗ 1L

2L

M

I&

 
                                            a)                                              b) 

                                                               nax. 5.15 

Tanxvdenili SeerTebisas kirxhofis meore kanonis safuZvelze SeiZ-

leba davweroT 

          
dt
diM

dt
diLiR

dt
diM

dt
diLiRv +++++= 2211 ,                              5.27                        

romelic kompleqsur formaSi iqneba: 

      [ ] TanZI)MLL(jRRIV &&& =++++= 22121 ω ,                              5.28 

sadac     
[ .)MLL(jRRZ 22121 ++++= ]ωTan                                    5.29 

mimdevrobiT Semxvedri SeerTebisas (nax.5.15b ) wredis gantoleba 

iqneba  

             
dt
diM

dt
diLiR

dt
diM

dt
diLiRv −++−+= 2211 ,                               5.30 

romelic kompleqsur formaSi iqneba   
[ ] SemZI)MLL(jRRIV &&& =−+++= 22121 ω ,                             5.31 

sadac 

         [ .)MLL(jRRZ 22121 −+++= ]ωSem                                     5.32             

nax. 5.16-ze naCvenebia veqtoruli diagrama koWebis mimdevrobiT-

Tanxvdenili SeerTebisas. naxazze  aris kompleqsuri Zabva pirveli 

koWis momWerebze da  - kompleqsuri Zabva meore koWis momWerebze. 

nax.5.17-ze agebulia veqtoruli diagrama koWebis mimdevrobiT - Semxvedri 

SeerTebisas. 

1V&

2V&
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MjI ω&

1RI& I& I&1RI&

2RI&

2RI&

1LjI ω&
MjI ω&

MjI ω&

MjI ω&

1V&

2LjI ω&

2LjI ω&

1LjI ω&

V&

2V&

1V&
2V&

V&

 
                                      nax.5.16                                                                   nax.5.17 

urTierTinduqciurobas xSirad gansazRvraven eqsperimentiT. arse-

bobs misi gansazRvris ori meTodi.  

pirveli meTodis gamoyenebisas sargebloben or cdiT. pirveli cdis 

dros orve koWas aerTeben erTmaneTTan mimdevrobiT-Tanxvdenilad, 

rogorc es naCvenebia nax.5.18-ze. zomaven denis da Zabvis moqmed 

mniSvnelobebs da aqtiur simZlavres. formulebis saSualebiT  

2R

1R

∗

∗ 1L

2L

M
A W

V

 
                                                                           nax.5.18 

2
21

2
221 )RR(ZX;

I
PRR;

I
VZ +−==+= Tan

                        5.32  

gamoTvlian wredis ekvivalentur srul, aqtiur da reaqtiul winaRobebs. 

meore cdaSi koWebs aerTeben mimdevrobiT-Semxvedrad. igive xelsawyoebis 

Cvenebebisa da formulebis gamoyenebiT angariSoben ekvivalentur srul, 

aqtiur da reaqtiul  winaRobebs. Tu mxedvelobaSi miviRebT, rom 

ekvivalenturi Tanxvdenili da Semxvedri reaqtiuli winaRobebi 

SemX

)MLl(X
),MLL(X

2
2

21

21

−+=
++=

ω
ω

Sem

Tan
                        5.33  

koWebis urTierTinduqciuroba ganisazRvreba maTi  sxvaobidan 
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      .
XX

MMXX
4

4 SemTan

SemTan

−
=⇒=−                  5.34 

urTierTinduqciurobis gansazRvris meore meTodis gamoyenebisas 

erTerT koWas ampermetris gavliT aerTeben sinusoiduri Zabvis 

wyarosTan, xolo meore koWis momWerebTan aerTeben didi Siga winaRobis 

mqone voltmetrs, romlis Cveneba iqneba 12 MIV ω= . aq  aris ampermetris 

Cveneba. Sesabamisad koWebis urTierTinduqciuroba iqneba 

1I

           .
I

VM
1

2

ω
=                             5.35 

magaliTi 5.9. ori mimdevrobiT SeerTebuli koWis urTierTinduqciu-

robis gansazRvrisaTvis gamoyenebul iqna nax.5.18-ze naCvenebi sqema. 

mimdevrobiT _ Tanxvdenili SeerTebisas xelsawyoTa Cvenebebia:  

. koWebis mimdevrobiT _ Semxvedri SeerTebisas xelsaw-

yoTa Cvenebebia: . cvladi denis sixSirea .  

,VV 1201 =

WP,AI 60010 11 ==

WP,AI,VV 86412120 222 === Hz50
   amoxsna: 

pirveli cdisas wredis sruli, aqtiuri da reaqtiuli winaRobebi 

iqneba:  

                 .4.10612;6
10
600;12

10
120 222

1
2

1122
1

1
1

1

1
1 Ω=−=−=Ω===Ω=== RZX

I
PR

I
VZ  

wredis sruli, aqtiuri da reaqtiuli winaRobebi meore eqsperimen-

tisas 

                   Ω=−=−=Ω===Ω=== 8610;6
12
864;10

12
120 222

2
2
2222

2

2
2

2

2
2 RZX

I
PR

I
VZ   

koWebis urTierTinduqciuroba iqneba 

.mH...XXM 911
5024

08410
4

21 =
⋅⋅

−=−=
πω

 

              
5 . 8 .  tr a n s form atore b i  

 

transformatori warmoadgens statikur mowyobilobas, romelsac ar 

gaaCnia moZravi nawilebi da gamoiyeneba cvladi denisa da Zabvis  

gardasaqmnelad sixSiris Seucvlelad. misi moqmedeba damyarebulia 

eleqtromagnituri induqciis movlenaze, kerZod, urTierTinduqciisa da 

TviTinduqciis movlenebze. is uzrunvelyofs ori wredis eleqtrul 

ganmxoloebas.  

 - 91 -



nebismier transformators gaaCnia minimum ori gragnili, ganTavse-

buli saerTo gularaze. erTi gragnilis parametrebia , mierTebulia 

energiis wyrosTan da iwodeba, rogorc pirveladi gragnili. meore 

gragnilis parametrebia , mierTebulia datvirTvasTan  da iwodeba, 

rogorc meoreuli gragnili. pirvelad da meoreul gragnilebs Soris 

arsebobs mxolod urTierTinduqciuri kavSiri urTierTinduqciiT 

11 L,R

22 L,R
d

Z

M , 

ganxorcielebuli urTierTinduqciis magnituri nakadSebmiT. Tu tran-

sformatoris gularas (romelSic miedineba urTierTinduqciis magnituri 

nakadi) magnituri SeRwevadoba mudmivi sididea, mowyobilobas uwodeben 

wrfiv transformators da masSi mimdinare eleqtromagnituri procesebi 

aRiwereba wrfivi diferencialuri gantolebebiT.   

1I& 2R1R

∗

∗

1L 2L

M

2I&
•

•

LZ2V&1V&

 
                                                                             nax.5.19 

pirveladi da meoreuli gragnilebis konturebisaTvis kirxhofis 

meore kanonis safuZvelze Sedgenili gantolebebi iqneba:  

⎪⎭

⎪
⎬
⎫

=+++

=++

.ZIMjILjIRI
,VMjILjIRI

0212222

121111

d
&&&&

&&&&

ωω
ωω

                                            5.36  

Zabva datvirTvis momWerebze 

                                            .)jXR(IZIV ddd +== 222
&&&                                                     5.37 

amgvarad (5.36) sistemis meore gantoleba miiRebs Semdeg saxes 

[ ] .MjI)XL(j)RR(I 01222 =++++ ωω &&
dd                                      5.42 

am gantolebis datvirTvis denis mimarT amoxsniT da misi CasmiT (5.36) 

sistemis pirvel gantolebaSi miviRebT: 

1
22

1
1111 V

)XL(j)RR(
MjIMjLjIRI &

&
&& =

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+++
−++

dd ω
ωωω                             5.43 

an 

,V))XX(j)RR((I 1111
&& =∆−+∆+                                           5.44 

sadac 

 - 92 -



2
2

2
2

22
2

2
2

2
2

22
2

)XL()RR(
M)XL(

X,
)XL()RR(

M)RR(
R

dd

d

dd

d

+++
+

=∆
+++

+
=∆

ω
ωω

ω
ω

               5.45   

 
R∆  da X∆  aris meoreuli wredis pirvelad wredSi Setanili aqtiuri da 

reaqtiuli winaRobebi. 

Sesabamisad pirveladi gragnilis deni 

)( 11

1
1 XXjRR

VI
∆−+∆+

=
&

&  .                                           5.46 

sidide  

      ekek 1111
1

1
1 jXR)XX(jRR

I
VZ +=∆−+∆+==
&

&
                         5.47 

warmoadgens transformatoris Sesaval ekvivalentur winaRobas. ekviva-

lenturi aqtiuri winaRoba mudam metia pirveladi wredis aqtiur 

winaRobaze , Tu , rac ganpirobebulia meoreuli gragnilis 

wredSi energiis disipaciiT. rac Seexeba ekvivalentur reaqtiul 

winaRobas, es sidide naklebia pirveladi gragnilis reaqtiur winaRobaze 

, Tu . am dros datvirTvas aqvs aqtiur-induqciuri 

xasiaTi.  deniT Seqmnili magnituri nakadi Semxvedradaa mimarTuli  

deniT Seqmnili magnituri nakadis mimarT (meoreuli gragnilis deni 

axdens ganmamagnitebel moqmedebas). ekvivalenturi reaqtiuli winaRoba 

metia pirveladi gragnilis reaqtiul winaRobaze , Tu dat-

virTvas aqvs aqtiur-tevaduri xasiaTi. am dros meoreuli gragnilis mier 

Seqmnili magnituri nakadi Tanxvdenilia pirveladi gragnilis magnituri 

nakadis, e.i. meoreuli gragnili axdens damamagnitebel moqmedebas.  

11ek RR > ∞≠dZ

)XX( 11ek < 0>∆X

2I 1I

)XX( 11ek >

transformatoris gantolebaTa sistema (5.36) gadavweroT Semdegi 

saxiT: 

        
.ZIMj)II()ML(jIRI

,VMj)II()ML(jIRI
02212222

1211111

=+++−+

=++−+

d
&&&&&

&&&&&

ωω
ωω

                5.48 

am gantolebaTa sistemis Sesabamisi eleqtruli wredis sqema naCvene-

bia nax.5.20-ze. vinaidan aq denebi  da Zabvebi  igivea, rac 

transformatorSi, mas transformatoris ekvivalenturi sqema ewodeba. 

21 I,I &&
21 V,V &&

 - 93 -



 

 

 

1V&
2V&

1I& 21 II && +
2I&

1R 2RML −1 ML −2

M
d

Z

 

nax. 5.20 

rogorc naxazidan Cans ekvivalentur sqemaze pirveladi da meoreuli 

gragnilebis konturebi eleqtrulad dakavSirebulia da maT Soris 

arsebuli  urTieTinduqciuri kavSiri gaTvaliswinebulia parametrebSi. 

konturebs Soris arsebuli magnituri kavSiris xarisxi fasdeba 

kavSiris koeficientiT 

              .
LL

Mk
21

=                                 5.49 

     davuSvaT, rom 100 2121 ≈=≈≈ LL/Mk,R,R . maSin (5.35) sistema miRebs 

Semdeg saxes: 

                                     5.50 
.LjIVMjI

,VMjILjI

2221

1211

ωω
ωω

&&&

&&&

+=−

=+

am sistemidan ganvsazRvroT  da . miviRebT: 1V& 1I&

            
.I

cLj
VI

,VcV

2
1

1
1

21

1 &
&

&

&&

−=

−=

ω
                             5.51 

transformators, romlisTvisac sruldeba nebismieri datvirTvisas 

piroba 

            cconst
V
V

==
2

1                               5.52 

srulyofili transformatori ewodeba. 

feromagniturgulariani transformatorisaTvis pirveladi gragni-

lis induqciuroba sakmaod didi sididea da SeiZleba CavTvaloT, rom 

. e.i. SeiZleba CavTvaloT, rom (5.51) sistemis meore gantolebaSi  ∞≈1L

            2
1

1 1 I
cL

V
<<

ω
.                                 5.53  
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    amgvarad, (5.51) sistemis magier gveqneba: 

            2121
1 I
c

I,VcV &&&& −=−= .                            5.54 

transformatori, romlisTvisac sruldeba es pirobebi, warmoadgens 

idealur transformators. misi Sesavali winaRoba 

            dS Zc
I

c

Vc
I
VZ 2

2

2

1

1

1 =
−

−==
&

&

&

&
.                           5.55 

amgvarad, idealuri transformatori saSualebas iZleva SevcvaloT 

mocemuli winaRobis sidide, miuxedavad winaRobis xasiaTisa.                          

magaliTi 5.10. nax.5.19-ze naCvenebi transformatorisaTvis  

  gamovTvaloT Zabva 

datvirTvis momWerebze.  

,VV 0
1 9060∠=&

,R Ω= 41 .Z,R,X,X,X M Ω==Ω=Ω=Ω= 100518 221 d

   amoxsna: 

transformatoris gantolebebis (5.36) mixedviT, gveqneba 

.IjI)j(I
,jI)j(I
01050

906084

212

0
21

=⋅+⋅++

∠=⋅++
&&&

&&
 

meore gantolebidan ganvsazRvroT  1I&

)j(IjI 51021 += &&  

da CavsvaT pirvel gantolebaSi. miviRebT: 

.jA.
j

I;jjI)j)(j(Ij 60
1001

606084510 222 −≈
+

=⇒=+++ &&&  

Zabva datvirTvis momWerebze 

.Vj.ZIV 0
2 9061060 −∠=⋅−== dd
&&  

pasuxi: Zabvis moqmedi miSvneloba  datvirTvis momWerebze aris 6V . 

 

    amocanebi: 

5.1. kirxhofis kanonebis gamoyenebiT gamoTvaleT Stoebis denebi nax.5.21-

ze naCvenebi rTuli wredisaTvis, Tu 

 ,VE,.Z,VE 0
21

0
1 9050500100 ∠=Ω=∠= &&  .A.I,)j(Z,.Z s

0
32 3021604051 ∠=Ω+=Ω= &  
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−
+

−
+

−
+

−
+

 
 
                                              nax.5.21                                                   nax.5.22        
5.2. konturuli denebis meTodiT gansazRvreT nax.5.22-ze naCvenebi wredis 

Stoebis denebi, Tu  

    
.Z,)j(Z

,)j(Z,VE,V)j(E,VE
Ω=Ω+=

Ω+=∠=+=∠=
354015

30103070101200120

32

1
0

32
0

1
&&&

 

5.3. kvanZuri Zabvebis meTodis gamoyenebiT amoxseniT 5.1 amocana. SeadgineT 

simZlavreTa balansis gantoleba. 
5.4.zeddebis meTodis gamoyenebiT gamoTvaleT yvela Stos deni nax. 5.23-ze 

naCvenebi sqemisaTvis, Tu Ω+==−∠∠= )j(ZZ,VE,VE 30503010060100 21
0

2
0

1
&  

da .  Z Ω= 1003

−
+

−
+

−
+−

+

 

                                                nax.5.23                                              nax.5.24 

5.5 kvanZuri Zabvebis meTodis gamoyenebiT gansazRvreT yvela Stos deni 

nax.5.24-ze naCvenebi sqemisaTvis, Tu 

.jZ,Z,Z,Z,ZZ,VE,VE Ω=Ω=Ω=Ω=Ω=∠=∠= 10050150251004520025 654321
00

1
&&

  

5.6. nax.5.25-ze naCvenebi eleqtruli wredi Seicavs denis da Zabvis 

wyaroebs, agreTve ZabviT marTvad denis wyaros. wredis aqtiuri da 

pasiuri elementebis parametrebi mocemulia naxazze. PSpice programis 
gamoyenebiT gansazRvreT  Zabva . XV&
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XV. &30

−
+

A0605∠ V03010∠

Ω− 6jΩ4j

Ω10 Ω2
XV&

 
nax.5.25 

5.7. Teveninis Teoremis gamoyenebiT gansazRvreT nax.5.26-ze naCvenebi sqe-

misaTvis datvirTvis deni, Tu Ω=Ω−∠= 15050100200 21
0

1 jZ,)jj(Z,VE&  da 

.)j(Z Ω+= 205d  

−
+

dZ

 
 

nax.5.26                                                                  nax.5.27 

5.8. wrfivi  transformatoris datvirTvaa .)j(Z Ω−= 105d  gamoTvaleT Zabva 

datvirTvis momWerebze  (nax.5..27), Tu   

 da 

2V&

Ω=Ω=ΩΩ=∠= 701542100120 2211
0

1 L,R,L,R,VV ωω& Ω= 20Mω . 

5.9. nax.5.28-ze naCvenebi wrfivi transformatorisaTvis gamoTvaleT 

Sesavali winaRoba da Sesavali deni, Tu 

Ω=Ω+=Ω−=∠= 540301006090160 21
0

1 jX,)j(Z,)j(Z,VV M
&  da datvirTvis 

winaRoba .)j(Z Ω+= 6080d  

1Z 2ZM

Ω20j Ω40j
dZ

1V&

 
nax.5.28 
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Tavi VI. rezonansuli movlenebi 

6.1. Sesavali 

 rezonansuli movlena warmoadgens raime struqturis fizikur mdgo-

mareobas, rodesac maszed moqmedi gareSe Zalis sixSire tolia struq-

turis sakuTari sixSirisa. am movlenas SeiZleba hqondes adgili samSe-

neblo konstruqciaSi, manqana _ danadgarebSi, eleqtrul wredebSi da 

sxva, sadac man SeiZleba gamoiwvios dazianebebi, avaria da sxva ara-

sasurveli Sedegi. sxva SemTxvevaSi es movlena sasargeblod gamoiyeneba, 

magaliTad, radioteqnikaSi, televiziaSi, lazerul da sxva teqnikaSi.  
eleqtrul wredebSi arCeven rezonansis or formas: Zabvebis da 

denebis rezonanss. ganvixiloT TiToeuli maTgani.      
                         

6.2. Zabvebis rezonansi 

saerTod, induqciurobis da tevadobis Semcvel eleqtrul wredebSi 

rezonansi ganisazRvreba, rogorc sinusoiduri damyarebuli reJimi, 

rodesac Zabva wredis Sesaval momWerebze da Sesavali deni faziT 

erTmaneTs emTxvevian.  
davuSvaT, rom nax. 6.1-ze naCvenebi mimdevrobiT SeerTebuli  

wredis kompleqsuri winaRoba 

CLR ,,

                    ).1( CjLjRZ ωω −+=                                                        6.1 

                                         
                                                                           

V

i R L

C
 
 
 
 
                                                                       nax.6.1 

rodesac wredis parametrebi SerCeulia pirobidan CL ωω 1=  wredis 

sruli winaRoba minimaluria RZ = , igi warmoadgens sufTa aqtiur 

datvirTvas, romlis reaqtiuli winaRoba nulia. dens aqvs maqsimaluri 

mniSvneloba da faziT emTxveva Zabvas wredis momWerebze   

                                                    R
VI = .                                                                    6.2 

wredSi adgili aqvs Zabvebis  (mimdevrobiT) rezonanss. amgvarad, 

Zabvebis rezonansis pirobaa 

                     ,11
0

0
0 LCCL =⇒= ωωω                         6.3  

sadac  0ω  - rezonansuli kuTxuri sixSirea. 
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     Ffardobas                

                                     Q
R

CL
R

C
R

L
=== 00 1 ωω

                                                    6.4                      

konturis vargisoba ewodeba da warmoadgens wredis Tvisebas – hqondes 

gansxvavebuli maxasiaTeblebi sxvadasxva sixSiris dros. rezonansuli 

reJimi SeiZleba damyarebul iqnes sixSiris, induqciurobis an tevadobis 

cvlilebiT. rezonansuli sixSire gamoiTvleba (6.3) formuliT, xolo 

induqciuroba da tevadoba - Semdegi formulebiT:  
                       Lo=1/ω C ;        Co=1/ω L.                                                              6.5  

       sidides C
L=ρ  aqvs winaRobis ganzomileba da ewodeba konturis 

maxasiaTebeli (talRuri) winaRoba. 
magaliTi 1. koWa induqciurobiT da aqtiuri winaRobiT  

SeerTebulia mimdevrobiT kondensatorTan da Zabvis wyarosTan ZabviT 

200V da sixSiriT . gamovTvaloT kondensatoris tevadoba da denis 

moqmedi mniSvneloba rezonansis dros. ganvsazRvroT agreTve konturis 

vargisoba, maxasiaTebeli winaRoba da koWis magnitur velSi dagrovili 

energiis maqsimaluri mniSvneloba. 

mH1 Ω5

kHz5

       amoxsna: 

   rezonansuli tevadoba     

.  ( ) F
Lf

C µ
ππ

01.1
1010504

1
4

1
3322

0
20 =

⋅⋅
== −  

      denis moqmedi mniSvneloba 

.40
5

200
0 A

R
VI ===  

   vargisoba 

.28.6
5

10500022 3
0 ⋅== ππ

R
LfQ  

   magnituri velis energia 

 

.6.1
2

)240(10
2

232

JLIW m
M =⋅==

−
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6.3. mimdevrobiT SeerTebuli R, L, C wredis 

sixSiruli maxasiaTeblebi 
 

eleqtruli wredis winaRobebisa da gamtarobebis, agreTve Zabvasa da 

dens Soris Zvris kuTxis funqcionalur damokidebuleba sixSirisagan 

sixSiruli maxasiaTeblebi ewodeba.  

    ,1,, CXLXconstR CL ωω === .
1

,)1( 22

R
CL

arctgCLRZ ωω
ϕωω

−
=−+=            

6.6                        
 Sesabamisi grafikebi naCvenebia nax. 6.2. 

 
                                                                            

 
 
 
 
 
 
 
 
 
 
 

nax. 6.2 

0ω ω0

LX

CX

constR =

X

Z

R,X,Z 

 
 
 nax. 6.2. 

 aqtiuri winaRoba R  ar aris damokidebuli sixSireze da Sesabamisi 

sixSiruli maxasiaTebeli warmodgenilia abscisaTa RerZis paraleluri 

wrfiT. induqciuri winaRoba  proporciulia sixSiris da Sesabamisi 

grafikia wrfe, romelic gadis koordinatTa saTaveSi. tevaduri winaRoba 

 ukuproporciulia sixSiris da gamosaxulia meoTxe kvadratSi moTav-

sebuli hiperboliT. reaqtiuli winaRoba 

LX

CX
X  induqciuri da tevaduri 

winaRobebis algebruli jamia. es maxasiaTebeli kveTs abscisaTa RerZs 

rezonansul sixSireze 0ω . am sixSireze sruli winaRoba Z  minimaluria 

da tolia aqtiuri winaRobis.  
rezonansul sixSireze naklebi sixSireebisas 0ωω <  tevaduri wina-

Roba sWarbobs induqciurs, wreds aqvs tevaduri xasiaTi da fazuri Zvris 

kuTxe uaryofiTia. sixSiris zrdiT fazuri Zvris kuTxis absolituri 
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mniSvneloba mcirdeba da nulis toli xdeba rezonansul sixSireze. 
sixSiris momdevno diapazonSi 0ωω >  induqciuri winaRoba sWarbobs 

tevadurs da fazuri Zvris kuTxe dadebiTia. sixSiruli maxasiaTeblis 

grafikebi idealuri da realuri  konturebisaTvis naCvenebia 

nax. 6.3-ze. 

)0( =R )0( ≠R

 ϕ

2
π

0

 
 
 
 
 
 
 
 
 
 
 
  2

π−

0≠R

0ω ω

0=R

nax.6.3 
 ganxiluli  wredis aqtiuri, reaqtiuli da sruli gamta-

robebi, rogorc sixSiruli funqciebi, iqneba: 

CLR ,,

         ,
)1(

)(
22

CLR
RG

ωω
ω

−+
=                                6.7 

         ,
)1(

1
)(

22

CLR
CL

B
ωω

ωω
ω

−+

−
=                                6.8 

          .
)(

1)(
ω

ω
Z

Y =                                      6.9 

    nax. 6.4 a-ze naCvenebia aqtiuri gamtarobis sixSireze damokidebulebis 

grafiki, xolo nax. 6.4 b-ze sixSiruli maxasiaTeblis )(ωB grafikebi 

idealuri da realuri konturisaTvis.                 )0( =R )0( ≠R
          vinaidan deni da Zabvebi wredis elementebze damokidebulia wina-

Robebze (gamtarobebze) es sidideebi )(),(),( ωωω CL VVI , rogorc sixSiris 

funqciebi, warmoadgenen agreTve sixSirul maxasiaTeblebs. 
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a) b) 

ω

G

0

R
1

22 XR
RG
+

=

ω0ω

ω0ω0

B

0=R

0≠R
0=R

                                        nax.6.4 
         nax. 6.5 naCvenebia am funqciaTa grafikebi, im SemTxvevisaTvis, rode-

sac Semavali Zabvis moqmedi mniSvneloba sixSiris varirebisas ucvlelia. 
 
 
 
 
 
 
 
 
 
               
                                                               

ω

V,I

0ω

I

LV
CV

RV

1ω 2ω0

 

 

 

nax. 6.5 
rodesac sixSire 0=ω  deni nulis tolia da Semdgom izrdeba 

sixSiris zrdasTan erTad, vidre ar miaRwevs maqsimalur mniSvnelobas 

rezonansul sixSireze .0ωω =  sixSiris Semdgom zrdas Tan sdevs denis 

Semcireba da miiswrafis nulisaken usasrulo sixSireze. Zabva aqtiur 

winaRobaze proporciulia denis, amitom sixSiruli maxasiaTeblis )(ωRV  

grafiki imeorebs )(ωI  maxasiaTeblis formas. Zabva tevadobaze nulovani 

sixSiris dros tolia wredis Sesavali Zabvis  da sixSiris 

Semdgomi zrdisas Zabva izrdeba da aRwevs maqsimums sixSireze 

),0( ∞== CXI

1ω , 

romelic naklebia rezonansul sixSireze. sixSiris Semdgomi zrdisas 
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Zabva tevadobaze mcirdeba da rezonansul sixSireze utoldeba Zabvas 

induqciurobaze . sixSiris Semdgomi zrdisas Zabva tevadobaze 

mcirdeba da usasrulo sixSireze miiswrafis nulisaken. rodesac 

)( LC VV =

0=ω  

Zabva induqciurobaze , vinaidan induqciuri winaRoba nulia. six-

Siris zrdisas izrdeba Zabva induqciurobaze da aRwevs maqsimums 

rezonansulze ufro met sixSireze 

0=LV

2ω . sixSiris Semdgom zrdas Tan 

sdevs  Zabvis vardna da usasrulo sixSireze miiswrafis wredis 

momWerebze modebuli Zabvis mniSvnelobisaken.       
LV

 
6 . 4 .  g a t ar e b i s  zoli  

 
nax. 6.6-ze naCvenebia sixSiruli maxasiaTeblis )(ωI  grafiki, sadac 

 aris denis moqmedi mniSvneloba rezonansul sixSireze. sixSireTa 

intervali, romelTa dros denis moqmedi mniSvneloba ar ecema  

doneze dabla warmoadgens konturis gatarebis zols 

0I

0707.0 I

             ,1ωω −= 2gz  an cikluri sixSireebiT  12 ff −=gz                                6.10 

 
                            
                                                                    
 
 
 
 
 
 
 

 

 

 5 η

0I
I

1

nax.6.6 

50,

0
1 2 3 4

7070,

1η 2η

gatarebis zolis sixSireTa zRvrul mniSvnelobebs CaWris anu kuTxis 

sixSireebs uwodeben. maT naxevari simZlavris sixSireebsac uwodeben, 

vinaidan am sixSireebze qselidan moiTxoveba mxolod im simZlavris 

naxevari, romelsac wredi moiTxovs rezonansul sixSireze.   
rezonansuli sixSire aris naxevari simZlavris sixSireTa saSualo 

geometriuli 

                                                .210 ωωω =                                                                6.11       
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unda aRiniSnos, rom konturebisaTvis, romelTa vargisoba , 

rezonansuli sixSire sakmaod kargadaa centrirebuli CaWris sixSireebis 

mimarT. amitom SegviZlia davweroT:   

10≥Q

                            /2/2,
2

gzgz +=−= 001 ωωωω .                                          6.12 
konturis gatarebis zoli damokidebulia vargisobaze. marTlac, deni 

mimdevrobiT SeerTebuli   wredisaTvis  CLR ,,

                             22 )1( CLRI ωω −+=                                                     6.13  

rezonansul sixSireze  gatarebis zolis ganmartebis 

Tanaxmad, zolis sixSireebisaTvis am denebis fardoba    
./0 RVI =

                            
2

1.
)1(2

1
22

0

≥
−+

≥
V
R

CLR
V

I
I

ωω
                              6.14   

anu                                                          

          ,
2

1

211

1

11

1
2

00

0

≥

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
−+

=

⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+ η

η
ωωω

ωω Q
CR

L

L

                     6.15                      

sadac  

fardobiTi sixSire 
0ω

ωη =     da vargisoba .0

R
LQ ω

=              6.16                           

am tolobebis kvadratSi ayvaniT, miviRebT: 

     
2
1

)/1(1
1

22 ≥
−+ ηηQ

            6.17 ( 22 )/1(12 ηη −+≥⇒ Q )
davuSvaT  

( ) 211 22 =−+ )/(Q ηη . 

 
maSin   

 .1
4

1
2
1/1/11)/1( 2

22 +±±=⇒±=−⇒=−
QQ

QQ ηηηηη                       6.18  

miviRoT mxedvelobaSi, rom sixSireebi da maTi fardoba dadebiTi 

sidideebia. maSin 

                   1
4

1
2
1;1

4
1

2
1

2221 ++=++−=
QQQQ

ηη                         6.19  

Sesabamisad, gatarebis zoli 
         ,Q/)( 00121 ωωηηωω =−=−=

2
gz   an  .Q/ff)(ff 001212 =−=−= ηηgz     

6.20 
       nax. 6.7-ze naCvenebia sixSiruli (rezonansuli) maxasiaTeblebi 

)(/ 0 ηfII =  konturis vargisobis sxvadasxva mniSvnelobebis dros.  
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nax.6.7 

η

0I
I

50,Q =

5=Q

2=Q

1=Q

0 1gz 2 3 4

7070,

2gz

rogorc es naCvenebia naxazze, konturis gatarebis zoli damokidebulia 

vargisobaze. konturs vargisobiT aqvs ufro viwro gatarebis zoli 

, vidre konturs vargisobiT  konturs viwro gatarebis 

zoliT aqvs ufro maxvili rezonansuli mrudi da Sesabamisad ukeTesi 

arCeviToba.  

5=Q
gz1)( 1=Q ).( 2gz

magaliTi 2. koWa induqciurobiT da  aqtiuri winaRobiT 

SeerTebulia mimdevrobiT kondensatorTan tevadobiT 

mH5 Ω10
.25.2 Fµ  gamovTvaloT 

rezonansuli sixSire. vargisoba, gatarebis zoli da CaWris sixSireebi. 

     amoxsna: 

   rezonansuli sixSire  

kHz
LC

f 5.1
1025.21052

1
2

1
630 =

⋅⋅⋅
==

−−ππ
 

      vargisoba iqneba 

.71.4
10

005,0150020 =⋅⋅== πω
R

L
Q  

      gatarebis zoli 

.5.318
71.4

15000 Hz
Q
f

===gz  

   CaWris sixSireebi iqneba: 

;.;.

;
..QQ,

1118189950

1
7144

1
7142

11
4

1
2
1

21

2212

==

+
⋅

+
⋅

±=++±=

ηη

η
 

;134915008995.0011 Hzff =⋅== η .166815001118.1022 Hzff =⋅= η  
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6 . 5 .  d e n e b i s  r e zo n a n s i  

nax. 6.8 naCvenebi eleqtruli wredis sqemaSi paraleluradaa SeerTe-

buli rezistori aqtiuri gamtarobiT  idealuri induqtori, induqciu-

ri gamtarobiT  da kondensatori tevaduri gamtarobiT  ganvixiloT 

SemTxveva, rodesac induqciuri da tevaduri gamtarobebi tolia, e.i. 

reaqtiuli  

,G

LB .CB

                                                                                        

V

i

G LB CB

Gi iL Ci 
 
 
 
                                                                  nax. 6.8 
gamtaroba nulia da wredSi adgili aqvs denebis rezonanss. 

denebis rezonansis piroba wredis parametrebiT iqneba: 

                  .11 2
00

0

=⇒= LCC
L

ωω
ω

                                                         6.20 

         amgvarad, rezonansuli sixSire                                  

                  LC/10 =ω                                                                  6.21  
gamoiTvleba igive formuliT, romelic gamoiyeneba Zabvebis rezonansis 

dros. denebis rezonansi, msgavsad Zabvebis rezonansisa, SeiZleba 

damyardes wredSi sixSiris, induqciurobis an tevadobis cvlilebiT. am 

SemTxvevaSic rezonansuli induqciuroba da rezonansuli tevadoba iqneba     
                                                                  6.22 ./1,/1 2

0
2

0 LCCL ωω ==
         sidides 

                           LCc /=γ                                                                   6.23 
aqvs gamtarobis ganzomileba da ewodeba konturis maxasiaTebeli anu 

talRuri gamtaroba. 

denebis rezonansis dros wredis Sesavali sruli gamtaroba  

Zvris kuTxe Zabvasa da wredis ganuStoebel nawilSi gamaval dens Soris 

,GY =

0=ϕ  da adgili aqvs tolobas 

             
L
C

L
LCLC === //1 00 ωω .                                                 6.24                 

induqtorSi an kondensatorSi gamavali denis fardoba wredis 

ganuStoebel nawilSi gamaval denTan aris konturis vargisoba   

               .Q
GG

B
G
B

I
I

I
I cCLCL =====

γ
                                                 6.25 

es sidide gviCvenebs, Tu induqtorSi an kondensatorSi gamavali deni 

ramdenjer aRemateba dens wredis ganuStoebel nawilSi.            
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 magaliTi. 3.  idealuri koWa induqciurobiT Hµ10  da kondensatori 

tevadobiT Fµ4  mierTebulia paralelurad denis wyarisTan Siga gamta-

robiT . gamovTvaloT rezonansuli sixSire, vargisoba, maxasiaTebeli 

gamtaroba da gatarebis zoli. 
mS1

           amoxsna: 

      rezonansuli sixSire 

Hz
CL

f 2.796
10410102

1
2

1
3330 =

⋅⋅⋅
==

−−−ππ
 

      konturis vargisoba 

.20
10

1042.7962
3

6
0 =⋅⋅⋅== −

−πω
sG
CQ  

      maxasiaTebeli gamtaroba 

.02.0
1010
104

3

6

S
L
C =

⋅
⋅== −

−

γ  

       gatarebis zoli iqneba 

.8.39
20

2.7960 Hz
Q
f

===gz  

 
6.6. paraleluri  wredis sixSiruli maxasiaTeblebi CLG ,,

      Ffunqcionaluri damokidebulebebi )(),(),(),(),(),( ωϕωωωωω YBBBG CL  

warmoadgenen paraleluri wredis sixSirul maxasiaTeblebs. 

rogorc cnobilia    
CLG ,,

G = const ;     
L

B
ω
1=       BC = ωC ;       22 )1( C

L
GY ω

ω
−+=                       6.26 

      Sesabamisi mrudebi mocemulia nax. 6.9-ze                        
 
 
                                                                  

 

 

 

 

 

 

 

 

 

0

constG =

LB

CB

Y

B
ω0ω

G,B,Y

nax.6.9 
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aqtiuri gamtaroba  ar aris damokidebuli sixSireze da Sesabamisi 

grafiki warmoadgens abscisaTa RerZis paralelur wrfes. tevaduri 

gamtaroba proporciulia sixSiris da gamosaxulia wrfiT, romelic gadis 

koordinatTa saTaveSi. induqciuri gamtaroba ukuproporciulia sixSiris 

da Sesabamisi maxasiaTebeli warmodgenilia hiperboliT. wredis reaqtiu-

li gamtaroba aris induqciuri, tevaduri gamtarobebis algebruli jamis 

toli da Sesabamisi mrudi hkveTs abscisaTa RerZs rezonansul sixSireze. 

wredis sruli gamtaroba minimaluria rezonansul sixSireze da utol-

deba aqtiur gamtarobas. rodesac 

G

0ωω < wredis reaqtiuli gamtaroba 

dadebiTia da deni wredis ganuStoebel nawilSi CamorCeba Zabvas wredis 

momWerebze )0( >ϕ . rodesac 0ωω >  reaqtiuli gamtaroba uaryofiTia da 

deni win uswrebs Zabvas ).0( <ϕ  usasrulo sixSirisas Zvris kuTxe 

miiswrafis – 900 - ken. sixSiruli maxasiaTeblis )(ωϕ  grafiki naCvenebia 
nax. 6.10-ze SemTxvevebisaTvis  da      0=G .0≠G
 
 
 
 
 

                        
                                     
 
 
 
 
 

 

 

nax..6.10 
 vinaidan sruli da reaqtiuli gamtarobebi damokidebulia sixSireze, 

denebi wredis ganuStoebel nawilSi da calkeul StoebSi damokidebulia 

sixSireze da agreTve warmoadgenen wredis sixSirul maxasiaTeblebs. maTi 

grafikebi naCvenebia nax. 6.11-ze SemTxvevisaTvis, rodesac .         constI =

     .);/1(;;
)/1( 22

CVILVIVGI
CLG

IV CLG ωω
ωω

===
−+

=                         6.27   
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ω

V,I

0ω

V

LI
CI

GI
I

1ω 2ω

 
 
 
 
 
 
 
 
 
 
 
 
                                                                  nax. 6.11 
      sixSirul maxasiaTebels )(ωV  ewodeba agreTve rezonansuli maxasia-

Tebeli. Zabva wredis momWerebze nulis tolia nulovani sixSiris dros. 

sixSiris zrdasTan erTad es sidide izrdeba da rezonansuli sixSirisas 

aRwevs maqsimums. sixSiris Semdgomi zrdisas mcirdeba da usasrulo six-

Sirisas miiswrafis nulisaken. am dros induqciuri gamtaroba miiswrafis 

nulisaken, xolo tevaduri gamtaroba – usasrulobisaken, rac niSnavs, rom 

wredi gadadis mokled CarTvis reJimSi.  

aqtiur gamtarobaSi gamavali denis sixSireze damokidebulebis gra-

fiki imeorebs rezonansuli maxasiaTebelis formas. induqciurobaSi deni 

nulovani sixSiris dros tolia denisa wredis ganuStoebel nawilSi. six-

Siris zrdisas es deni izrdeba da aRwevs maqsimums sixSireze 1ωω = . 

sixSiris Semdgomi zrdisas deni induqciurobaSi mcirdeba, rezonansul 

sixSireze utoldeba tevadobaSi gamaval dens da usasrulo sixSirisas 

miiswrafis nulisaken. 

tevadobaSi deni, rodesac sixSire nulia, nulis tolia vinaidan am 

dros tevaduri gamtaroba nulis tolia. sixSiris zrdasTan erTad 

tevadobis gamtaroba izrdeba da izrdeba masSi gamavali deni. rezonan-

suli sixSiris dros tevaduri deni utoldeba induqciurobaSi gamaval 

dens sixSireze .2ω  sixSiris Semdgomi zedisas tevadobaSi gamavali deni 

mcirdeba da miiswrafis wyaros I  denis mniSvnelobisaken, rodesac six-

Sire xdeba usasruloba.  

 exla ganvixiloT wredi paralelurad SeerTebuli realuri induq-

toriT da kondensatoriT,  rogorc es naCvenebia nax.6.12-ze.  
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                                                                 1R

2R

C
L

 
 
 
 
 
 

nax.6.12 
wredSi adgili aqvs denebis rezonanss Stoebis reaqtiuli gamta-

robebis tolobisas 

                     ,22
2

22
1 C

C

L

L

XR
X

XR
X

+
=

+
                                                                6.28                      

sadac   da  aris realuri induqtoris da kondensatoris aqtiuri 

winaRobebi. rezonansuli sixSire ganisazRvreba Semdegi gantolebidan            
1R 2R

              22
0

2
2

0
22

0
2

1

0

/1
/1

CR
C

LR
L

ω
ω

ω
ω

+
=

+
 ,                                                        6.29                      

saidanac  

                        
2
2

2
1

0
1

R
C
L

R
C
L

LC −

−
=ω                                                                   6.30 

rogorc am formulidan Cans rezonansuli sixSire damokidebulia 

agreTve induqtoris da kondensatoris aqtiur winaRobebze. rodesac 

dasaSvebia simciris gamo am winaRobebis ugulebelyofa, rezonansuli 

sixSire SeiZleba gamovTvaloT cnobili (6.21) formuliT.        
         magaliTi 4. koWa induqciurobiT da winaRobiT  SeerTebulia 

paralelurad tevadobis kondensatorTan da sinusoiduri denis 

wyarosTan deniT da Siga gamtarobiT  gamovTvaloT 

rezonansuli sixSire, vargisoba, gatarebis zoli da Zabva 

kondensatorze.   

Ω100,2mH
nF60

.1,5.2 mSGmAI ss ==

     amoxsna: 

    rezonansuli sixSire (6.30) formulis Tanaxmad, rodesac  iqneba    

: 
02 =R

KHz
L
R

LCRCL
RCL

LC
f 16.12

)102(
100

1060102
1

2
11

2
1

/
/

2
1

23

2

632

2
1

2
2

2
1

0 =
⋅

−
⋅⋅⋅

=−=
−
−

= −−−πππ
. 

   vargisoba aris:: 
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58.4
10

10601016.122
3

63
0 =⋅⋅⋅⋅== −

−πω
sG
CQ . 

     gatarebis zoli iqneba 

.kHz.
.

.
Q
f

652
584

101612 3
0 =⋅−=gz  

       
6 . 7 .  d u a l o b a  

        SevadaroT erTmaneTs nax. 6.13-ze naCvenebi eleqtruli sqemebi. amisaT-

vis kirxhofis kanonebis safuZvelze am wredebisaTvis davweroT integro-

diferencialuri gantolebebis sistema: 

             
 
 

e +  _ 

LRi

C Si V G L C
 
 
                                                                     nax.6.13 

                                         
.)0()0(1

,)()0(1

0

0

s

t

L

t

C

iivdt
L

Gv
dt
dvC

tevidt
C

Ri
dt
diL

=+++

=+++

∫

∫
                                         6.31   

         am sistemis gantolebaTa Soris gansxvaveba mxolod asoiT aRniSvneb-

Sia. pirveli gantolebis induqciurobis, denis, aqtiuri winaRobis, teva-

dobis, sawyisi Zabvis, emZ-is wyaros analogia tevadoba, Zabva, gamtaroba, 

induqciuroba, sawyisi deni, denis wyaro meore gantolebaSi. es CamonaT-

vali SeiZleba ase gagrZeldes: konturi analogia kvanZis, mimdevrobiTi 

SeerTeba – paraleluri SeerTebis, reaqtiuli winaRoba – reaqtiuli 

gamtarobis, sruli winaRoba - sruli gamtarobis, Zabvebis rezonansi – 

denebis rezonansis da a.S. 

    naxazze naCvenebi sqemebi warmoadgenen dualuri eleqtruli wredebis 

sqemebs. eleqtruli wredebis dualobis dadgena mniSvnelovnad aiolebs 

amocanis gadawyvetas, vinaidan SesaZleblobas iZleva amoxsnili amocanis 

Sedegebi gavavrcelod mis dualur amosaxsnel amocanaze.               
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amocanebi: 

6.1. mimdevrobiT SeerTebul  wredSi CLR ,, HLR µ158,16 =Ω=  myardeba 
Zabvebis rezonansi sixSireze. Zabva wredis momWerebze - . gamov-

TvaloT rezonansuli tevadoba, denis moqmedi mniSvneloba, Zabvebi induq-

ciurobasa da tevadobaze da wyarodan moTxovnili aqtiuri simZlavre.        

MHz1 V8

6.2. eleqtruli wredi Sedgeba mimdevrobiT SeerTebuli koWisa  

da kondensatorisagan . Zabva wredis momWerebze -ia. ganvsazRvroT 

Zabva koWis momWerebze, Tu Zabva kondensatorze Seadgens -s. 

),( LR
)(C V35

V120
6.3. mimdevrobiT SeerTebul  wreds rezonansuli sixSirisas 

 miaqvs energiis wyarodan  aqtiuri simZlavre, rodesac deni 

aris . Zabva kondensatorze -ia. gamovTvaloT wredis parametrebi 

    

CLR .,
srad /5000 W1.0
A1.0 V200

.,, CLR
6.4. eleqtruli wredi Sedgeba mimdevrobiT SeerTebuli induqtoris 

)100,10( HLR µ=Ω=  da kondensatorisagan )100( FC µ= . ganvsazRvroT 

rezonansuli sixSire, maxasiaTebeli winaRoba da vargisoba. gamovTvaloT 

deni da  Zabvebi induqtorsa da kondensatorze rezonansuli sixSirisas, 

Tu wredis momWerebze Zabva -ia. . V1
6.5. ganvsazRvroT koWis vargisoba  sixSireze, Tu koWis aqtiuri 

winaRoba da induqciurobaa Sesabamisad.  
kHz10

H02.0,10Ω
6.6. mimdevrobiT rezonansul wreds aqvs aqtiuri winaRoba  da 

CaWris sixSireebi  da . gamovTvaloT induqciuroba, tevadoba, 

rezonansuli sixSire, vargisoba da gatarebis zoli.  

Ωk1
kHz20 kHz100

6.7. eleqtruli wredi Seicavs paralelurad SeerTebul koWas 

  da kondensators ,18( Ω=R )8mHL = FC µ4.5( = ). wredi mierTebulia 

sinusoidur generatorTan ZabviT  da rezonansuli sixSiriT. 

gamovxazoT wredis sqema da gamovTvaloT rezonansuli sixSire. 
V240

6.8. energiis wyaro ZabviT  da sixSiriT awvdis energias 

paralelur wreds, romlis Stoebis winaRobebia  da . 

gamovTvaloT induqciuroba, romelic energiis wyarosTan mimdevrobiT 

SeerTebisas gamoiwvevs wredSi rezonanss. 

V450 Hz60
Ω∠ 03025 Ω−∠ 04012

6.9. denis wyaro  awvdis energias paralelur 

wreds, romlis parametrebia  ganvsazRvroT 

rezonansuli sixSire, koWis da wredis vargisoba da gatarebis zoli..        

)60,6.2( Ω== kRmAI ss

.5.10,106,105 221 mHLRnFC =Ω=
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Tavi VII. samfaza wredebi 

 

7.1. Sesavali 

 
eleqtruli wredebis mravalfaza sistema warmoadgens iseTi erTfaza 

wredebis erTobliobas, romlebSic moqmedebs erTi da igive sixSiris 

mqone erTimeoris mimarT faziT daZruli energiis erTi wyaros mier 

generirebuli emZ-bi. mravalfaza sistemaSi Semaval erTfaza wreds fazas 

uwodeben. Tu fazaTa ricxvi , gvaqvs samfaza sistema, romelic war-

moadgens mravalfaza sistemis yvelaze farTod gavrcelebul saxeobas.  

3=m

unda aRiniSnos, rom eleqtruli energiis gamomuSaveba, gadacema, 

ganawileba da moxmareba xdeba samfaza sistemebis gamoyenebiT, rac 

ganpirobebulia maTi Semdegi upiratesobebiT:    

1. gadamcemi xazebis agebisas miiRweva liTonis mniSvnelovani 

ekonomia sadenebis ricxvis SemcirebiT. 

2. samfaziani deni saSualebas iZleva SevqmnaT mbrunavi magnituri 

veli, romelzec emyareba yvelaze farTod gavrcelebuli samfaza 

asinqronuli Zravis moqmedeba. am Zravs aqvs martivi konstruqcia, 

iafia da saimedoa eqsploataciaSi. 
3. samfaziani sistemis sxva komponentebic – generatorebi, transfor-

matorebi da sxva aseve martivia dasamzadeblad da momsaxurebis 

TvalsazrisiT, ekonomiuria da saimedo eqsploataciaSi. 
samfaziani wredis emZ-bi generirdeba samfaza sinqronuli 

generatoriT, romlis konstruqciuli sqema naCvenebia nax.7.1-ze.  

A

Z

B

X

C

Y

S

0120

N

nax.7.1 
manqana Sedgeba uZravi nawilis – statoris da masSi ganTavsebuli 

mbrunavi nawilis – rotorisagan. statoris RrmulebSi moTavsebulia 

manqanis ZiriTadi muSa gragnili – statoris gragnili, romelic sami 

erTimeoris mimarT sivrceSi  kuTxiT daZruli nawilebisagan Sedgeba. 0120
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am nawilebs generatoris fazebi ewodeba da aqvT toli raodenobis 

xviebi. fazaTa sawyisebia  da boloebi - . naxazze naCvenebi 

manqanis rotori aris orpolusa magniti, romlis brunvisas pirveladi 

amZraviT warmoiqmneba mbrunavi magnituri veli. es ukanaskneli gadahkveTs 

uZravi statoris gragnils da eleqtromagnituri induqciis kanonis 

Tanaxmad aRZravs masSi emZ-bs.                                  

CBA ,, ZYX ,,

                        
7.2. mravalfaza wredebisa da sistemebis klasifikacia 

 

mravalfaziani wredis calkeul fazebSi moqmedi emZ-ebis erToblio-

bas mravalfaza emZ-ebis sistema ewodeba. msgavsad ganimarteba mravalfaza 

Zabvebisa da denebis sistemebi.  

mravalfaza sistemebi klasificirdeba simetriul da arasimetriul 

sistemebad. simetriuls uwodeben mravalfaza emZ-ebis sistemas, Tu maT 

aqvT toli amplituda da daZruli arian erTimeoris mimarT kuTxiT 

mq /2π , sadac  aris nebismieri mTeli ricxvi.  q
samfaziani wredebisaTvis , rodesac  vRebulobT sami 

erTnairi amplitudis mqone erTimeoris mimarT toli (120

)3( =m 1=q
0) kuTxiT 

daZruli sinusoiduri emZ-bis sistemas. Tu erTerTi am ori pirobidan 

darRveulia, gveqneba arasimetriuli samfaza emZ-bis sistema. msgavsad 

ganimarteba simetriuli da arasimetriuli Zabvebisa da denebis sistemebi. 

simetriuli samfaza emZ-ebis sistemis magaliTia: 

                                           7.1 

⎪
⎭

⎪
⎬

⎫

−=

−=

=

)tsin(Ee
),tsin(Ee

,tsinEe

mC

mB

mA

0

0

240

120

ω
ω

ω

am sidideTa droze damokidebulebis grafikebiT da Sesabamisi veqto-

ruli diagrama kompleqsur sibrtyeze warmodgenilia nax. 7.2 -ze.  ba,
      e
 
 
 
 
 
 
 
 
 
                                                                    a.)                                                 b.) 

Ae Ae

01200120

AE&

j+
CE&

Ae

0
+tω

BE&
0120

nax.7.2 
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 rodesac nax. 7.2. -ze warmodgenili veqtorebi , brunaven ra 

saaTis isris sawinaaRmdegod 

b CBA EEE ,,
ω  kuTxuri siCqariT kveTen warmosaxviT 

ricxvTa RerZs TanamimdevrobiT , CaiTvleba, rogorc pir-

dapiri Tanamimdevrobis simetriuli samfaza emZ-bis sistema. Tu , emZ-

bs Soris Zvris kuTxe 240

CBA EEE →→

2=q
0 da gvaqvs fazaTa Tanamimdevroba , 

romelsac ukuTanamimdevrobis simetriul samfaza emZ-bis sistemas 

uwodeben. rodesac  emZ-bi fazaSia da maT ewodeba nulovani Tana-

mimdevrobis simetriuli emZ-bis sistema. aRniSnuli sistemebis veqtoruli 

diagramebi naCvenebia nax. 7.3-ze.  

BCA EEE →→

0=q

AE

1=q
CE

2=q 0=q

CE

CE

AEAE

BE

BE

BE

 
nax.7.3 

msgavsad ganisazRvreba pirdapiri, uku da nulovani Tanamimdevrobis 

simetriuli samfaza Zabvebisa da denebis sistemebi.  

fazaTa Tanamimdevroba SeiZleba davadginoT specialuri xelsawyos 

– fazaTa Tanamimdevrobis indikatoriT, romlis sqema naCvenebia nax. 7.4-

ze.   

mbJutavi kaSkaSa

 

       
nax.7.4 

indikatori Sedgeba ori erTnairi naTurisa da kondensatorisagan. am 

ukanasknelis tevadoba isea SerCeuli, rom misi tevaduri winaRoba ω  

sixSireze tolia naTuris winaRobis. CavTvaloT, rom kondensatoris sa-

deni mierTebulia A  fazasTan. maSin kaSkaSa naTuriani faza iqneba B  

faza da mbJutavi naTuriani -  faza.  C
 samfaza generatori da mimRebi SeiZleba davakavSiroT erTmaneTTan 

sxvadasxva gziT. Tu TiToeul fazas davakavSirebT wyvili sadeniT Sesa-

bamis datvirTvasTan miviRebT eqvssadenian daukavSirebel samfaza siste-

mas, romelsac araviTari upiratesoba ar gaaCnia sadenebis ekonomiis 
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TvalsazrisiT.ApraqtikaSi gamoiyeneba varskvlavad an samkuTxedad dakav-

Sirebuli samfaza sistemebi, sadac  damakavSirebeli sadenebis ricxvi Sem-

cirebulia oTx an sam sadenamde. maTi sqemebi naCvenebia nax. 7.5 da 7.6-ze. 

AE&
−
+

−
+

−
+

BE& CE& AZBZCZ

 
nax.7.5 

CAE& ABE&

BCE&

''BAZ

''CBZ

''ACZ

A

BC

'A

'B 'C
 

                                                                                 nax.7.6 
SesaZlebelia gvqondes agreTve varskvlavi-samkuTxedTan an samkuTxe-

di-varskvlavTan dakavSirebuli samfaza sistemebi.  

mravalfaza wredebis sistemebi klasificirdeba agreTve gawonaswo-

rebul da gauwonasworebel sistemebad. sistema gawonasworebulia, Tu 

misi myisa simZlavre ar aris damokidebuli droze. winaaRmdeg SemTxve-

vaSi gvaqvs gauwonasworebeli sistema.   
                   

7.3. varskvlavad SeerTebuli samfaza wredebi 

nax.7.7-ze samfaza generatoris fazaTa boloebi gaerTianebulia  

kvanZSi, romelsac generatoris neitrali (nulovani wertili) ewodeba. 

N

aseve samfaza  

nax.7.7 

−
+

N 'N

AE&

BE&CE&

AZ

BZ
CZ

AI&

BI&

CI&

NI&

A 'A

B 'BC 'C
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datvirTvis fazaTa boloebi mierTebulia kvanZTan – samfaza datvir-

ls oris 

moqm

s xazur Zabva . e.i. xazuri Zabva 

warm

A VV && −=                  7.2  

nax. 7.8-ze agebulia xazuri da fazuri Zabvebis 

indu

'N
Tvis neitralTan. generatorisa da mimRebis neitralebis damakavSirebel 

sadens 'NN −  neitraluri (nulovani) sadeni ewodeba da masSi gamaval 

dens NI traluri (nulovani) deni. generatorisa da mimRebis fazaTa 

sawyisi wertilebis damakavSirebeli sadenebi ',',' CCBBAA −−−  warmoa-

dgenen xazur sadenebs da maTSi gamavali denebi  denebs. 

generatoris an mimRebis fazebSi gamavali denebi aris fazuri denebi da 

rogorc sqemidan Cans isini Sesabamisi xazuri denebis tolia 
fx

II = . 

generatoris TiToeuli fazis sawyis da bolo werti S

 – nei

 CBA III ,,  – xazur

ed Zabvas fazuri Zabva )(
f

V  ewodeba, aseTebia CBA VVV ,, . msgavsad ga-

nisazRvreba mimRebis fazuri Zabvebi ''' ,, CBA VVV . 

Zabva xazur sadenebs Soris ari i 
x

V
oadgens Sesabamisi fazuri Zabvebis sxvaobas. magaliTad, kompleqsuri 

xazuri Zabvebi generatoris momWerebze iqneba: 

          CCBBCBAAB VVVVVVV &&&&&&& −=−= ,, AC

veqtorebi aqtiur-

qciuri simetriuli datvirTvisaTvis 0>ϕ . tolferda samkuTxed abc -
s amoxsna iZleva damokidebulebas xazur da fazur Zabvebs So s 

simetriuli samfaza sistemisaTvis: 

                  

ri

x
V = .3

f
V                                   7.3                        

                                               

                                      

                                                             
    nax.7.8 

d kvanZisaTvis gvaqvs:       
               7.4 

nax. 7.8

simet d

omis kanoniT 

                                                                                              C BV− b
AV&

&

C

AI&

BCV& B

CV&−

BI&CAV&AV&−

CI&
AB

 V&

α
030 ϕ

.)a .)b

030

A

BI&
CI&

060

I& 
 
  

CV& 
 
 
 
  
                                                                

kirxhofis pirveli kanonis Tanaxma N
                           .CBAN IIII &&&& ++=                                                        

b -ze agebulia xazuri denebis veqtorebi da naCvenebia, rom 

riuli atvirTvisas maTi jami nulia.  

xazuri anu fazuri denebi ganisazRvreba 
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f

f

xf Z
V

II == ,                                          7.5                                     

sadac   aris datvirTvis fazis winaRoba. 
f

Z
 simetriuli datvirTvis pirobebSi 

, ar aris aucilebeli neitraluri 

sadeni ( ) da samfaza oTxsadeniani sistemis 

nacvlad gamoiyeneba samfaza samsadeniani sistema.         

CBA ZZZ ==

0=NI

(7.3) da (7.5) formulebi gamoiyeneba varskvla-

vad SeerTebuli simetriuli samfaza wredebis 

angariSisas, romelic ar gansxvavdeba erTfaza 

wredis angariSisagan. 

magaliTi 1. nax.7.7-ze naCvenebi sqemisaTvis 

samfaza datvirTvis fazebis winaRobebia: Ω∠=Ω∠=Ω= 00 905,604,3 CBA ZZZ . 

gamovTvaloT xazuri da neitraluri denebi, Tu datvirTva ikvebeba 

samfaza qselidan xazuri ZabviT 240V da sixSiriT 50  

nikola tesla,  

1856 – 1943,  

serbi warmoSobis amerikeli 

inJineri. 

amoxsna: 

mkvebavi qselis simetriuli pirdapiri Tanamimdevrobis samfaza 

Zabvebis sistema aris 

,1206.138

,1206.138
,06.1383240

0

0

0

VV
VV

VV

C

B

A

∠=

−∠=

∠==

&

&

&

 

omis kanonis Tanaxmad xazuri denebi iqneba: 

.307.27
905

1206.138

;03465
604

1206.138;02.46
03

06.138

0
0

0

0
0

0
0

0

0

A
Z
VI

A
Z
VIA

Z
VI

C

C
C

B

B
B

A

A
A

∠=
∠

∠==

∠−=
∠

−∠==∠=
∠

∠==

&
&

&
&

&
&

 

neitraluri deni iqneba 
.A.....IIII CBAN

00 30211438307276534246 ∠=∠+−=++= &&&&  

 
           7.4. samkuTxedad SeerTebuli samfaza wredebi 

 

SevaerToT generatoris fazebi samkuTxedad. msgavsad SevaerToT 

mimRebis fazebic. davakavSiroT generatori da mimRebi xazuri sadenebiT 

. miviRebT samkuTxedad dakavSirebul samfaza samsade-

nian sistemas, romlis sqema naCvenebia nax. 7.9-ze.  

'CC,'BB,'AA −−−
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A 'A

B 'BC 'C

ABE&

BCE&

CAE& '
ABZ

'
BCZ

'
CAZ

AI&

BI&

CI&

'
ABI&

'
BCI&

'
CAI&

 

                                                                            nax.7.9 
 sqemaze  xazuri denebia, xolo mimRebis fazebSi gamavali 

denebi –  fazuri denebi. maT Soris kavSiri myardeba kirxhofis 

pirveli kanonis safuZvelze  

CBA III ,,
''' ,, CABCAB III

                                                                                               7.6 
⎪
⎭

⎪
⎬

⎫

−=

−=

−=

.'I'II
,'I'II
,'I'II

BCCAC

ABBCB

CAABA

&&&

&&&

&&&

rogorc sqemidan Cans xazuri da fazuri Zabvebi erTmaneTis tolia 
                                                         7.7 

fx
VV =

nax.7.10-ze agebulia veqtoruli diagrama  simetriuli xazuri da 

fazuri denebisaTvis. 

CI&

CBI ′′− & C
ACI ′′

&
BI&

BAI ′′− &

BAI ′′
&

a

b
ACI ′′− & AI&

030
CBI ′′

&

 
 
 
 
 
 
 
 
 
 
 
                                                                          nax.7.10 
rogorc diagramidan Cans 

                                                                                          7.7 
.'I'I'I

,III

CABCAB

CBA

0

0

=++

=++
&&&

&&&

 samkuTxed -dan samkuTxedis fuZe abc∆ abbc 3= , ase rom damoki-

debuleba xazur da fazur denebs Soris simetriuli sistemisaTvis aris 
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                               fx
II 3= .                                                                  7.8  

fazuri deni gamoiTvleba omis kanoniT 

                              .
f

f

f Z
V

I =                                                                  7.9   

formulebi (7.8) da (7.9) gamoiyeneba simetriuli samkuTxedad Seer-

Tebuli samfaza wredis angariSisaTvis.  
magaliTi.2. nax.7.9-ze naCvenebi samfaza datvirTvis fazaTa sruli 

winaRobebia .309,8010,105 0'0'0' Ω∠=Ω∠=Ω∠= CABCAB ZZZ   gamovTvaloT fazuri 

da xazuri denebi, Tu samfaza generatoris emZ aris 450V da sixSire 50Hz . 
amoxsna: 

simetriuli samfaza emZ-is sistema aris: 

.120450,120450,0450 000 VEVEVE CABCAB ∠=−∠=∠= &&&  
omis kanonis Tanaxmad fazuri denebi iqneba 

.A
Z
EI

,A
Z
EI

,A
Z
EI

'
CA

CA'
CA

'
BC

BC
BC

'
AB

AB'
AB

0
0

0

0
0

0

0
0

0

9050
309
120450

20045
8010
120450

1090
105

0450

∠=
∠
∠==

−∠=
∠

−∠==

−∠=
∠

∠==

&
&

&
&

&
&

 

 xazuri denebi iqneba: 

.A..III
;A..III

;A..III

'
BC

'
CAC

'
AB

'
BCB

'
CA

'
ABA

000

000

000

30396554200459050

331354134109020045

5236311090501090

∠=−∠−∠=−=

−∠−=−∠−−∠=−=

−∠=∠−−∠=−=

&&&

&&&

&&&

 

 
 

7.5. varskvlavad SeerTebuli arasimetriuli  

samfaza wredebis angariSi 

 
nax. 7.7-ze moyvanili varskvlavad SeerTebul samfaza wredSi gvaqvs 

ori kvanZi  da . Sesabamisad, aseTi wredis angariSisaTvis SeiZleba 

gamoviyenoT kvanZuri Zabvebis meTodi. kvanZuri Zabva gamovTvaloT 

Semdegi formuliT   

N 'N

'NNV&

                    ,
YYYY

YEYEYEV
NCBA

CCBBAA

+++
++=′

&&&
&

00                                                            7.10 

sadac  aris calkeul fazaTa sruli gamtaroba, CBA YYY ,,

       - neitraluri sadenis sruli gamtaroba. NY
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 kirxhofis meore kanonis Tanaxmad datvirTvis fazuri Zabvebi iqneba: 
                                                          7.11  000000 ′′′ −=−=−= VEV;VEV;VEV C'CB'BA'A

&&&&&&&&&

da fazuri (xazuri) denebi iqneba 
          .ZVI:ZVI;ZVI C'CCB'BBA'AA

&&&&&& ===                                    7.12  
deni neitralur sadenSi 

         
N

NN
N Z

VI ′=
&

& ,                                                                      7.13 

 sadac   aris neitraluri sadenis sruli winaRoba. NZ
 davuSvaT, rom samfaza Zabvis wyaros xazuri da fazuri Zabvebi 

warmoadgenen simetriul samfaza Zabvebis sistemebs. maSin Zabvebis 

veqtorul diagramas eqneba nax. 7.11 saxe, romelsac topologiur 

diagramasac uwodeben. misi Tavisebureba imaSi mdgomareobs, rom 

eleqtruli wredis nebismier wertils diagramaze Seesabameba sruliad 

garkveuli wertili.  

asimetriuli datvirTvisas, rodesac neitraluri sadenis winaRoba 

nulisagan gansxvavebulia, energiis wyaros fazuri Zabvebi iqneba; 

                                        7.14        
⎪
⎭

⎪
⎬

⎫

+=

+=

+=

.VVV
,VVV
,VVV

'NN'CC

'NN'BB

'NN'AA

&&&

&&&

&&&

 veqtoruli diagramidan cxadia, rom generatorisa da datvirTvis 

neitraluri wertilebi urTierTwanacvlebulia, e.i. am wertilebs aqvT 

sxvadasxva potencialebi. 

varskvlavad SeerTebuli oTxsadeniani samfaza sistemebi gamoiyeneba 

qalaqebisa da dasaxlebuli punqtebis ganaTebis qselebSi, sadac adgili 

aqvs datvirTvis mniSvnelovan asimetrias. 

A

C B

AV&

BV&

ABV&

AV ′
&

CV&

CAV&

CV ′
&

BCV& BV ′
&

N ′

N

NNV ′
&

 

 

 

 

 

 

 

 

 

 

 

 
nax.7.11 

 - 121 -



     . 
 magaliTi 3. nax. 7.8-ze naCvenebi asimetriuli datvirTvisaTvis fazaTa 

winaRobebia: .Z,Z,Z 'C'B'A Ω∠=Ω−∠=Ω∠= 000 02530123015  neitraluri 

sadenis winaRoba  gamovTvaloT xazuri denebi da kvanZuri Zabva 

, Tu generatoris emZ     

.' ∞=NNZ

'NNV .110180,100260,0240 000 VEVEVE CBA ∠=−∠=∠= &&&

amoxsna: 

fazaTa sruli gamtarobebi aris: 

.S.
Z

Y

;S.
Z

Y;S.
Z

Y

'C
C

'B
B

'A
A

0
0

0
0

0

0040
025

11

308330
3012

113006670
3015

11

∠=
∠

==

∠=
−∠

==−∠=
∠

==
 

neitraluri sadenis gamtaroba 
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'

=
∞
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NN

N Z
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YEYEYEV
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0
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=
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  datvirTis fazuri Zabvebi iqneba: 

;V....VEV 'NNA'A
00 3443418975141168240 ∠=−∠−=−= &&&  

.V....VEV
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'NNCC

'NNBB
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 xazuri denebi iqneba: 
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Z
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Z
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Z
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C
C

'B

B
B

'A
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A
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  xazuri denebis jami       
 

 
0041263616156451232312 ≈+−−−+=++ .j..j..j.III CBA

&&&
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7.6. samfaza wredis simZlavre 

 
arasimetriuli samfaza datvirTvis SemTxvevaSi saWiroa calkeuli 

fazisaTvis viangariSoT aqtiuri, reaqtiuli da sruli simZlavreebi. A  

fazisaTvis gveqneba: 

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

=

=

=

AAA

AAAA

AAAA

IVS

sinIVQ

cosIVP

ϕ

ϕ

                                                     7.15   

analogiurad ganisazRvreba simZlavreebi sxva fazebSic. samfaza 

wredis jamuri aqtiuri. reaqtiuli da sruli simZlavreebi iqneba:  

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

++=

++=

++=

CBA

CBA

CBA

SSSS

QQQQ

PPPP

                                                     7.16 

  simetriuli samfaza sistemebis SemTxvevaSi gveqneba: 

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

==

==

==

.phphph

phphph

phphph

IVSS

,sinIVQQ

,cosIVPP

33

33

33

ϕ

ϕ

                                                7.17  

  es sidideebi xazuri ZabvebiT da denebiT Rebuloben Semdeg saxes:

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

=

=

=

.IVS

,sinIVQ

,cosIVP

LL

LL

LL

3

3

3

ϕ

ϕ

                                                    7.18 

amocanebi: 

7.1. daadgineT fazaTa Tanamimdevroba samfaza Zabvebis Semdegi 

sistemisaTvis:   ).10sin(200);230(200);10sin(200 000 −=−=+= tvtvtv CBA ωωω
7.2. gamoTvaleT xazuri denebi nax.7.12-ze naCvenebi simetriuli samfaza 

wredisaTvis 
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−
+ V00230∠

V0120230 −∠V0240230 −∠

Ω− 25 j

Ω− 25 j

Ω− 25 j

Ω+ 810 j

Ω+ 810 j

Ω+ 810 j

 
nax.7.12 

7.3. varskvlavad SeerTebuli generatori da datvirTva qmnian simetriul 

samfaza wreds. generatoris fazis winaRobaa  da datvirTvis 

fazis winaRoba – . xazuri sadenis winaRobaa  

generatoris emZ-I qmnian pirdapiri Tanamimdevrobis simetriuli samfaza 

emZ-is sistemas, romlis 

Ω+ 5.02.0 j
Ω+ 4030 j .2.15.0 Ω+ j

A  fazis emZ  gamoTvaleT xazuri 

denebi da mimRebis fazuri Zabvebi. 

.0400 0VEA ∠=&

7.4. samfaza generatoris emZ-bi qmnian pirdapiri Tanamimdevrobis 

simetriuli emZ-is sistemas. masTan mierTebulia samkuTxedad SeerTebuli 

samfaza datvirTva fazis winaRobiT . gamoTvaleT datvirTvis 

fazuri da xazuri denebi, Tu generatoris fazis emZ . 

Ω+ )48( j

VEA
010100∠=&

7.5. nax. 7.12-ze warmodgenili wredisaTvis gamoTvaleT generatoris da 

datvirTvis jamuri aqtiuri, reaqtiuli, sruli da kompleqsuri 

simZlavreebi. 

7.6. gamoTvaleT 30  simZlavris asinqronuli Zravis xazuri deni, Tu mi-

si simZlavris koeficienti 

kW
85.0cos =ϕ (CamorCenili) da xazuri Zabvaa 440V . 

7.7. gamoTvaleT nax.7.13-ze naCvenebi wredisaTvis xazuri denebi da 

datvirTvis aqtiuri simZlavre. 

A 'A

B 'BC 'C

V00220∠

V0120220 −∠

V0120220∠ Ω− 5j

Ω10j

Ω10
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nax.7.13 

7.8. varskvlavad SeerTebuli samfaza datvirTvis xazuri Zabvaa 440V  

sixSiriT 50Hz , aqtiuri simZlavre 51  da sruli simZlavre 60 . 

datvirTvas aqvs aqtiur-induqciuri xasiaTi. ra tevadobis kondensatorebi 

unda mivuerToT calkeul fazas, rom moxdes simZlavris koeficientis 

koreqcia 0.95-mde? 

kW kVA

7.9. nax. 7.14-ze naCvenebi arasimetriuli samfaza datvirTva mierTebulia 

qselTan simetriuli samfaza Zabvebis sistemiT, xazuri ZabviT 240V . 

gamoTvaleT fazuri denebi da datvirTvis aqtiuri, reaqtiuli da sruli 

simZlavreebi. 

'

'

Ω25j

Ω∠ 03030

Ω40

A

B

C
 

nax.7.14 

7.10. samfaza generatori anviTarebs simZlavres 3.6  simZlavris 

koeficientiT 

kVA
85.0cos =ϕ  (CamorCenili) da awvdis momxmarebels 

2.5 aqtiur simZlavres, rodesac danakargebi TiToeul xazur sadenSi 

Seadgens 80W . gamoTvaleT aqtiuri simZlavris danakargebi generatoris 

fazebSi. 

kW
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Tavi VIII. arasinusoiduri perioduli eleqtruli denis 

wredebi 

 

8.1. Sesavali 

 

ganvixiloT eleqtruli wredebi, sadac moqmedi eleqtruli sidi-

deebi emZ-bi, Zabvebi da denebi drois mixedviT perioduli funqciebia, 

magram gansxvavebuli sinusoidisagan. 

arsebobs ramodenime mizezi, ris gamoc eleqtrul wredSi deni 

SeiZleba iyos arasinusoiduri, magram perioduli sidide: 

• energiis wyaros emZ-is an Zabvis arasinusoiduroba. masTan mierTe-

bul wrfiv eleqtrul wredSic ki denebi da Zabvebi calkeul 

ubnebze arasinusoiduri sidideebia. Cveulebriv, proeqtirebis da 

damzadebis stadiaze yvelaferi keTdeba imisaTvis, rom genera-

toris emZ iyos sinusoiduri. miuxedavad amisa, is Tavisi formiT 

mcired mainc gansxvavebulia sinusoidisagan sxvadasxva teqnikuri 

mizezebis gamo, magaliTad, magnituri nakadis pulsaciiT, gamo-

wveuli statorsa da rotorSi gragnilebis gansaTavsebeli  Rrmu-

lebis arsebobis gamo; 

• wrfiv eleqtrul wredSi deni SeiZleba iyos agreTve arasinusoi-

duri, Tu wredis parametrebi arian droSi cvalebadi 

sidideebi; 

CLR ,,

• eleqtruli wredi Seicavs Tundac erT arawrfiv elements -  ara-

wrfiv winaRobas (naxevargamtarul xelsawyos), koWas feromagnitu-

ri gulariT an arawrfiv tevadobas.   

      
8.1. arasinusoiduri perioduli funqciis warmodgena furies mwkriviT 

 

       arasinusoiduri perioduli denis, Zabvis an emZ-s (zogadad ) 

grafiki naCvenebia nax. 8.1-ze.       
)(tf

T
0

)(tf

t

nax. 8.1 
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funqcia periodulia, e.i. akmayofilebs pirobas .   )(tf )()( tfTtf =+
rogorc maTematikidanaa cnobili perioduli arasinusoiduri 

funqcia SeiZleba warmovadginoT furies mwkriviT, e.i. mudmivi mdgenelis 

da jeradi sixSireebis mqone sinusoiduri mdgenelebis jamiT, romelTac 

harmoniul mdgenelebs anu harmonikebs uwodeben.   
     ,)tksin(A)tsin(A)tsin(AA)t(f kk LL +++++++= ψωψωψω 22110 2                   8.1  

sadac  - furies mwkrivis mudmivi mdgeneli, 0A

 - harmoniuli mdgenelebis amplitudebi,kAAA K,, 21

   kψψψ K,, 21 -harmoniuli mdgenelebis sawyisi fazebi.      
pirveli harmonikis periodi tolia furies 

mwkivad gasaSleli arasinusoiduri funqciis peri-

odis. is iTvleba pirvel anu fundamentur har-

monikad. danarCen harmonikebs, romelTa sixSire 

jeradia fundamenturi harmonikis sixSiris, maRali 

rigis harmonikebi ewodeba.  
furies mwkrivi SeiZleba warmovadginoT sxva 

formiTac. Tu mxedvelobaSi miviRebT, rom 

    
,tkcosCtksinBsintkcosAcostksinA)tksin(A kkkkkkkk ωωψωψωψω +=+=+       8.2 

Jan batist Jozef furie, 

1768 – 1830, 

frangi maTematikosi da 

fizikosi 

sadac 
                              kkkkkk sinACcosAB ψψ ==                                               8.3 
arasinusoiduri perioduli funqcia SeiZleba CavweroT, rogorc 

LL

LL

++++++
+++++++=

tkCtCtCtC
tkBtBtBtBAtf

k

k

ωωωω
ωωωω

cos3cos2coscos
sin3sin2sinsin)(

321

3210                           8.4        

 
8.3. furies mwkrivis koeficientebis gamoTvla analizuri meTodiT 

furies mwkrivis koeficientebi  SeiZleba gamovTvaloT 

Semdegi formulebiT: 
kk CBA ,,0

∫=
T

dttf
T

A
0

0 )(1                                                               8.5 

∫=
T

k tdtktf
T

B
0

sin)(2 ω                                                                8.6 

∫=
T

k tdtktf
T

C
0

cos)(2 ω                                                            8.7 

       sxva argumentis tωα =  SemotaniT formulebi (8.5), (8.6), (8.7) Sem-

degnairad Caiwereba:  
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∫=
π

αα
π

2

0 )(
2
1

o

dfA                                                            8.8 

∫=
π

ααα
π

2

0

sin)(1 dfBk                                                8.9 

∫= ααα
π

dfCk cos)(1                                                        8.10 

Tu saWiroa furies mwkrivis Cawera (8.1) formiT, koeficientebi 

kkA ψ,  SeiZleba gamovTvaloT (8.3) formulebis daxmarebiT: 

    ,
kkk CBA +=                                                              8.11 

     .
k

k
k B

Ctn =ψ                                                             8.12 

kψ kuTxis gansazRvrisas gansakuTrebuli yuradReba unda mivaqcioT 

koeficientebis niSnebs. magaliTad, rodesac 0  maTi far-

doba dadebiTi sididea da kuTxe pirvel kvadrantSia. rodesac 

 maTi fardoba aseve dadebiTia, magram kuTxe mdebareobs 

mesame kvadrantSi. 

kk CB , ,0 >> kk BC

0,0 << kk BC

rogorc (8.5) an (8.8) formulebidan Cans furies mwkrivis mudmivi 

mdgeneli imave dros warmoadgens arasinusoiduri perioduli funqciis 

saSualo mniSvnelobas periodis ganmavlobaSi. 
magaliTi 8.1. gamovsaxoT furies mwkrivi 

...3cos8cos5.....3sin82sin5sin520)( ++−++++= ttttttv ωωωωω  
formuliT, romelic Sedgeba mxolod sinusiani wevrebiT.. 

amoxsna: 

mocemulia, rom   .8,5,8,5,5,20 313210 =−===== CCBBBV
Sesabamisad harmoniuli mdgenelebis amplitudebi  

..CBA

,BA
,.)(CBA

31188

5
07755

222
3

2
33

22

222
1

2
11

=+=+=

==
=−+=+=

 

harmoniuli mdgenelebis sawyisi fazebi 

.45,
8
8

;0,
5
0

;45,
5
5

0
3

3

3
3

2
2

2

0
1

1

1
1

===

===

−=−==

ψψ

ψψ

ψψ

B
Ctn

B
C

tn

B
Ctn
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amgvarad, furies mwkrivi iqneba 
...)453sin(3.11)2sin(5)45sin(07.720)( 00 ++++−+= ttttv ωωω  

 
8.4. furies mwkrivis koeficientebis gamoTvla  

grafo-analizuri meTodiT 

 
rodesac furies mwkrivad gasaSleli funqcia mocemulia grafikis 

saxiT koeficientebi  SeiZleba gamovTvaloT grafo-analizuri 

meTodiT misaRebi miaxloebiT (8.5), (8.6), (8.7) an (8.8), (8.9), (8.10) formulebis 

gamoyenebiT. es miiRweva furies mwkrivad gasaSleli funqciis cxrilis 

saxiT warmodgeniT. am mizniT funqciis periodi saWiroa davyoT n 
raodenobis tol intervalebad ise, rogorc naCvenebia nax. 8.2-ze.  

kk CBA ,,0

                      

)(tf

0

T

t∆ t

                               
                                                                    nax.8.2 
Semdeg ganisazRvreba funqciis mniSvneloba TiToeul intervalze 

ordinatebis aRmarTviT.  koeficienti ganisazRvreba Semdegi miaxloe-

biTi formuliT: 

0A

,)(1)(1
10

0 ∑∫
=

≈=
n

p

T

n
Tpf

n
dttf

T
A                                          8.13 

sadac 

)(
1
∑

=

n

p n
Tpf  

aris funqciis erT periodze aRmarTuli ordinatebis algebruli jami.  

msgavsad, da  koeficientebi SeiZleba gamovTvaloT (8.6) da 

(8.7) formulebiT: 
kB kC

     ∫ ∑
=

≈=
T n

p n
Tkp

n
Tpf

n
tdtktf

T
Bk

0 1
)sin()(2sin)(2 ωω                            8.14 

.)cos()(2cos)(2
10 n

Tkp
n
Tpf

n
tdtktf

T
C

n

p

T

k
ωω ∑∫

=

≈=                              8.15 

angariSis Sedegebi iqneba miT ukeTesi, rac mcirea intervali . t∆
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8.5. furies mwkrivis Semadgenloba funqciis grafikis  

sxvadasxva saxis simetriis dros 

      
arasinusoiduri perioduli funqciis mrudi SeiZleba iyos simet-

riuli koordinatTa sistemis mimarT, rac gansazRvravs furies mwkrivis 

Semadgenlobas. ganvixiloT zogierTi saxeobis simetriis SemTxveva.  

nax. 8.3 a-ze naCvenebia arasinusoiduri perioduli funqciis grafiki, 

simetriuli ordinatTa RerZis mimarT. es funqcia akmayofilebs pirobas  

                         

)(tf

t− t t

)(tf

 
nax. 8.3a 

                                                                                                                      8.16                          )()( tftf −=
da ewodeba wyvili funqcia.                                                       

aseTi funqciis furies mwkrivi Seicavs mxolod mudmiv mdgenels da 

kosinusur wevrebs   
               ,cos2coscos)( 21 LL +++++= tkCtCtCAtf ko ωωω                               8.17 

sadac 

∫=
2

0
0 )(2

T

dttf
T

A                                                          8.18 

         .cos)(4
∫= tdtktf

T
Ck ω                                                      8.19 

nax. 8.3 b –ze naCvenebi mrudi simetriulia koordinatTa saTavis 

mimarT. Sesabamisi funqcia kentia da akmayofilebs pirobas  
          .                                                       .    1.20 )()( tftf −=−

tt− t

)(tf

)(tf−

)(tf

 
                                                               nax. 8.3b 
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am funqciis  furies mwkrivi ar Seicavs mudmiv mdgenels da 

kosinusur wevrebs    
            ...,sin3sin2sinsin)( 321 +++++= tkBtBtBtBtf

k
ωαωωω L           8.21 

sadac 

           .sin)(4
2

0
∫=

T

k tdtktf
T

B ω                                            8.22 

)(tf

T
2

Tt + t
t

)(tf

0

 
nax. 8.3c 

nax. 8.3c –ze naCvenebi mrudi xasiaTdeba naxevarperioduli simetriu-

lobiT, simetriulia abscisaTa RerZis mimarT (uaryofiTi naxevartalRa, 

wanacvlebuli koordinatTa saTavis mimarTulebiT naxevari periodiT, 

warmoadgens dadebiTi naxevartalRis sarkisebur anarekls) da akmayo-

filebs pirobas  

          )()
2

( tfTtf −=+                                                   8.23 

Sesabamisi furies mwkrivi ar Seicavs mudmiv wevrs da wyvil harmo-

nikebs. 

             
,)12cos(5cos3coscos

)12sin(5sin3sinsin)(

12531

12531

LL

LL

+++++++

+++++++=

+

+

tkCtCtCtC

tkBtBtBtBtf

k

k

ωβωωω

ωωωω
        8.24 

sadac 

∫ +=+

2

0
12 ,)12sin()(4

T

k tdtktf
T

B ω                                                    8.25 

.)12cos()(4
12 tdtktf

T
C k ω∫ +=+                                                     8.26 

praqtikulad yvelaze farTod gavrcelebuli formis mrudis mqone 

arasinusoiduri perioduli funqciebia trapeciuli, samkuTxa da swor-

kuTxa (meandris tipis). 

nax. 8.4-ze naCvenebia trapeciuli mrudis forma, romlis Sesabamisi 

funqciis furies mwkrivi Seicavs mxolod sinusur kent harmonikebs 
 

 - 131 -



 ,)5sin5sin
5
13sin3sin

3
1sin(sin

2
)( 222 L+++= ttt

TA
tf m ωωτωωτωωτ

τπ
              8.27 

0

                                                     
Fnax. 8.4 

sadac 
          Am – funqciis maqsimaluri (pikuri) mniSvneloba, 
          Ap – p – pikidan pikamde (gaqaneba) mniSvneloba, 
          T –funqciis periodi,  
           τ - frontis xangrZlivoba.. 
samkuTxa formis mrudis SemTxvevaSi (nax. 8.5a) furies mwkrivis 

formula SeiZleba gamoviyvanoT (8.27) formulidan CasmiT 4/T=τ   

)(tf

mA

T

to

)(tf

mA

T

to a b

 
     a)                  b) 

nax. 8.5 

        )5sin
5
13sin

3
1(sin

8
)( 222 L−+−= ttt

A
tf m ωωω

π
                            8.28 

sworkuTxa formis SemTxvevaSi (nax. 8.5b) furies mwkrivis formula 

SeiZleba gamoviyvanoT (8.27) formulaSi CasmiT  τ  = 0 

    
)5sin

5
13sin

3
1(sin

4

)5sin
5

5sin
5
13sin

3
3sin

3
1sinsin(

2
)( 2

L

L

+++=

=+++=

tttA

tttTAtf

m

m

ωωω
π

ω
ωτ

ωτω
ωτ

ωτω
ωτ

ωτ
π

ω

          8.29                 

1sinlim =
τ

τ
k

k  

vinaidan         
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nax.8.5 b–ze naCvenebi funqciis grafikis ZiriTadi parametrebia 

periodi , maqsimaluri mniSvneloba , impulsis xangrZlivoba , 

intervalis xangrZlivoba b  da fardoba 

T mA a

T
an = , romelsac impulsis 

gamWoloba ewodeba.   
 

8.6. rxevebis cema da modulacia 

 

praqtikaSi gamoiyeneba arasinusoiduri denebi da Zabvebi, romlebic 

ar SeiZleba warmodgenili iyos jeradi sixSireebis mqone harmoniuli 

mdgenelebis Semcveli furies mwkriviT., Tumca es sidideebi garkveuli 

TvalsazrisiT SeiZleba ganxilul iqnes, rogorc perioduli sidideebi. 

maT miekuTvneba rxevebis cema da modulacia. 

rxevebis cema warmoadgens ori rxeviTi procesis superpozicias, 

romelTac aqvT toli amplituda da mcired gansxvavebuli sixSireebi. 

                      .sinsin)( 21 tAtAtf ωω +=                                           8.30 
     maTematikidan cnobilia, rom        

         
2

sin
2

cos2.sinsin 2121
21

ωωωωωω +−
=+ tAtAtA                                   8.31 

da funqcia SeiZleba Caiweros, rogorc )(tf
      .sincos2)( ttAtf ωΩ=                                                   8.32 

sadac          

 ).(,
2

,
2

1212 ωωωωωω
<<Ω

+
=

−
=Ω                           8.33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.8.7 

2

2
21 ωω

π
+

2
21 ωω

π
δ −

=T

t

)t(f

tcosAm ⋅
−
2

2 21 ωω

0
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aRniSnuli rxevebis superpoziciis Sedegi naCvenebia nax. 8.7-ze. re-

zultiuri rxevis sixSirea ω  da amplituda - drois harmoniuli 

funqcia , romlis grafiki moicavs pikur mniSvnelobebs da 

ewodeba rxevebis momvleli. 

tA Ωcos2

nax. 8.7-ze rxevis momvlebi warmodgenilia wyvetili wiriT. rxevis 

cemis kuTxuri sixSire cω  ganisazRvreba momvlebis maqsimumebis raode-

nobiT drois erTeulSi da Sesabamisad periodi - cωπ /2 , romelic war-

moadgens momvlebis periodis naxevars. 
rxevebis cemas aqvs mravali gamoyeneba telekomunikaciaSi. erTerTi 

maTgania sixSiris gazomva regulirebadi sixSiris mqone generatoris 

saSualebiT. am dros gasazomi rxevebisa da generatoris rxevebis zed-

debisas miiRweva rxevebis cema da Sesabamisad gasazomi sixSire aris 

praqtikulad generatoris sixSire.  

rxevebis modulacia warmoadgens ori an meti rxevis kombinacias da 

aseve farTod gamoiyeneba telekomunikaciaSi. zogadad, modulirebuli 

rxeva aRiwereba gantolebiT  
),sin()( ψω += tAtf                                             8.34 

sadac amplituda, sixSire da sawyisi faza cal-calke an yvela erTad 

drois funqciebia.. unda aRiniSnos, rom modulirebul rxevaSi Cndeba 

sixSireebi, romelTac ar Seicavs Semadgeneli rxevebi 

Tu mxolod amplitudaa drois funqcia, gvaqvs amplitudmodulire-

buli rxevebi da maTi warmoqmnis process ewodeba amplituduri modu-

lacia . )(AM
rodesac sixSirea drois funqcia rxevebs ewodeba sixSiremoduli-

rebuli rxevebi . fazis droze damokidebulebisas gvaqvs fazuri 

modulacia   
)(FM

).( MΦ
amplituduri modulaciis SemTxvevaSi (nax. 8.8) zogadad rxevebis 

gantoleba iqneba 

 
              ),sin()sin1()( 0 ψω +Ω+= ttmAtf                                 8.35 

sadac ω - matarebeli rxevebis sixSire, 

       ω<<Ω - momvlebis sixSire, 

       - matarebeli rxevebis amplituda.  0A
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nax.8.8 

0

0A

0mA

t

)t(f

( )tsinmA Ω+10

sidides  ewodeba modulaciis koeficienti. 10 << m
rogorc maTematikidan aris cnobili 

           )).cos()(cos(
2
1sinsin βαβαβα +−−=                                 8.36 

Sesabamisad, (8.35) formula SeiZleba Semdegnairad gadavweroT:  

   [ ] [ ].t)(cos
mA

t)(cos
mA

)tsin(A)t(f ψωψωψω +Ω+−−Ω−++=
22

00
0   8.37 

sidideebs Ω−ω  da Ω+ω , romlebic Cndeba modulaciis procesSi, 

gverdiTi sixSireebi ewodeba.  

 
8.7. arasinusoiduri rxevebis sixSiruli speqtri 

 
eleqtruli wredebis analizis dros xSirad mizanSewonilia eleq-

truli signalebis droiT da sixSirul sivrceSi ganxilva, e.i eleq-

truli sididis droze an sixSireze damokidebulebebis gamokvleva. 

arasinusoiduri rxevebis (Zabvis, denis) sixSiruli speqtri warmoadgens 

harmoniuli mdgenelebis amplitudaTa damokidebulebas sixSireze (am-

plitudur-sixSiruli maxasiaTebeli), romlis grafikuli gamosaxulebaa 

Rerovani (xazebiani) grafiki. sixSiruli speqtri SeiZleba iyos six-

Siris uwyveti an diskretuli funqcia. 
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nax. 8.9 -ze naCvenebia naxevarperiodiani simetriulobis mqone arasi-

nusoiduri perioduli funqciis da Sesabamisi diskretuli sixSiruli 

speqtris  grafikebi. am funqciis grafiki sakmaod gluvia, misi furies 

mwkrivi Seicavs mxolod kent harmonikebs da maRali rigis harmonikebi 

miileva sakmaod swrafad (ikeceba swrafad).. misgan gansxvavebiT, nax. 8.9b-
ze naCvenebi xerxis kbilis formis mqone arasinusoiduri funqciis 

grafikis SemTxvevaSi furies mwkrivi Seicavs mraval harmonikas da aris 

nelad kecvadi.  

a

)(tf

0 t ω ω3 ω5 t

 
nax.8.9a 

 

)(tf

tT3 ω40 ωT2T ω3ω20 ω5  
 

nax.8.9b 
.  

8.8. arasinusoiduri denis, Zabvis da emZ-is moqmedi da  

saSualo mniSvnelobebi 

 

ganmartebis Tanaxmad cvladi denis moqmedi mniSvneloba 

.1

0

2∫=
T

dti
T

I                                                          8.38 

                                                                                                                                      
Tu denis myisa mniSvneloba warmodgenilia furies mwkriviT  
                   LL )sin()2sin()sin( 22110 kkmmm tkItItIIi ψωψωψω +++++++=       8.39 

maSin 

        8.40 ).sin()sin()(sin
,0,0

2

1

22
0

2
qp

qpqp
qmpmk

k
km tqtpIItkIIi ψωψωψω +++++= ∑∑

∞

≠==

∞

=
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magram 

            [ ] ∫∫ ∫ =+−=+−=+
T

kk

T T

k
TdttkTdttkdttk

00 0

2

2
)(2cos

2
1

2
1)(2cos1

2
1)(sin ψωψωψω    8.41 

da 

                                       8.42 ∫ =++
T

qp dttqtp
0

.0)sin()sin( ψωψω

Sesabamisad 

                .
0

222
2

2
1

2
0 ∑

∞

=

=+++++=
k

kk IIIIII LL                            8.43 

amgvarad, arasinusoiduri denis moqmedi mniSvneloba aris mudmivi 

da harmoniuli mdgenelebis kvadratebis jamidan amoRebuli kvadratuli 

fesvi.  

msgavsad ganisazRvreba arasinusoiduri Zabvisa da emZ-is moqmedi 

mniSvnelobebi 

                        .
0

2∑
∞

=

=
k

kUV                                                          8.44 

                         .EE
k

k∑
∞

=

=
0

2                                                          8.45 

arasinusoiduri denis saSualo mniSvneloba ganisazRvreba Semdegi 

formuliT: 

                               .)(1

0

dtti
T

I
T

∫=sS                                                       8.46 

Tu denis mruds aqvs naxevarperiodiani simetria da deni 

naxevarperiodis ganmavlobaSi ar icvlis niSans, saSualo mniSvneloba 

SeiZleba gamovTvaloT, rogorc 

                         .)(2 2

0
∫=

T

dtti
T

IsS                                                   8.47 

rodesac arasinusoiduri deni ar icvlis niSans periodis 

ganmavlobaSi, misi saSualo mniSvneloba tolia mudmivi mdgenelis  
                                                                                   8.48 .0II =sS

arasinusoiduri denis wredebis analizis dros xSirad gamoiyeneba 

sxvadasxva koeficientebi. maT Soris ZiriTadebia, vTqvaT, ZabvisaTvis: 

mrudis formis koeficienti 

                         ,
sSV
VK v

f =                                                           8.49 

damaxinjebis koeficienti 
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                 ,1

V
VK v

d =                                                          8.50                          

maqsimumis koeficienti    

           
V

VK v
m

max=                                                        8.51 

da harmonikis koeficienti  

                     ,
1

2

2

V

V
K k

k
vi
h

∑
∞

==                                                       8.52 

sadac  aris arasinusoiduri Zabvis maqsimaluri mniSvneloba 

da misi pirveli harmonikis moqmedi mniSvneloba. aRniSnuli koeficien-

tebi SeiZleba Caiweros agreTve arasinusoiduri denis da emZ_isTvisac. 

1max , VV

 
8.9. simZlavre arasinusoiduri cvladi denis wredebSi 

 

arasinusoiduri denis wredis aqtiuri anu saSualo periodis 

ganmavlobaSi simZlavre gamoiTvleba Semdegi formuliT: 

           ..11

00
∫∫ ==
TT

vidt
T

pdt
T

P                                                                8.53 

arasinusoiduri Zabva da deni gavSaloT furies mwkrivebad da   

...................)2sin()sin(
................)2sin()sin(

22110

22110

+++++=
+++++=

imim

vmvm

tItIIi
tVtVVv

ψωψω
ψωψω

 
SevitanoT (8.53) formulaSi. miviRebT: 

[ ]
[ ]..)2sin()sin(

..)2sin()sin(1

22110
0

22110

+++++×

×+++++= ∫
imim

T

vmvm

tItII

tVtVV
T

P

ψωψω

ψωψω                8.54 

vinaidan   

                
,cos

2
)2cos(

)cos(
2
1)sin()sin(

0)sin()sin(

0

00

0

k

T

ikvk

T

ikvk

T

ikvk

iq

T

vp

Tdttk

dtdttktk

dttqtp

ϕψψω

ψψψωψω

ψωψω

∫

∫∫

∫

=++−

−−=++

=++

 
sadac ikvkk ψψϕ −= aris fazuri Zvris kuTxe Zabvisa da denis -ur 

harmonikebs Soris. maSin, (8.54) formula miiRebs Semdeg saxes: 

k

     ...cos.........coscos 22211100 +++++= kkk IVIVIVIVP ϕϕϕ                  8.55 
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amgvarad, arasinusoiduri denis wredis aqtiuri simZlavre aris mudmivi 

da harmoniuli mdgenelebis aqtiur simZlavreTa jami. 

Tu arasinusoiduri Zabvisa da denis furies mwkrivebi ar Seicaven 

mudmiv mdgenelebs, SeiZleba visargebloT reaqtiuli da sruli simZlav-

reebis cnebebiT      

     
....)....)(.....(

.....sin.......sinsin

2
2

2
1

22
2

2
1

222111

++++++++==

++++=

k
kk

kkk

IIIVVVVIS

IVIVIVQ ϕϕϕ
                8.56 

unda aRiniSnos, rom sruli simZlavre 
22 QPS +>  

da sargebloben damaxinjebis simZlavris 
'T  cnebiT, romelic gviCvenebs 

Zabvisa da denis mrudis formebs Soris gansxvavebis xarisxs da  

ganisazRvreba formulidan 

                      .`)( 222 TQPS ++=                                                  8.57 
zogjer arasinusoidur Zabvebsa da denebs angariSis gamartivebis 

mizniT anacvleben maTi ekvivalenturi sinusoidebiT, rac saSualebas 

iZleva gamoviyenoT angariSis kompleqsur ricxvTa meTodi, agreTve ava-

goT veqtoruli diagramebi. ekvivalenturi sinusoidis SerCeva, anu amp-

litudisa da sawyisi fazis gansazRvra SeiZleba ganxorcieldes aqtiu-

ri simZlavreebis gatolebiT da maTi moqmedi mniSvnelobebis ucvlelo-

bis pirobidan realur da ekvivalentur wredebSi. maSin fazuri Zvris 

kuTxe Zabvisa da denis ekvivalentur sinusoidebs Soris ekϕ  ekvival-

entur sinusoidur Zabvasa da dens Soris ganisazRvreba formulidan:   

                                 
VI
Pcos =ekϕ  .                                                  8.58 

     sidides ekϕα cos=  uwodeben simZlavris koeficients. am SemTxvevaSi 

reqtiuli simZlavre ganisazRvreba simZlavreebis samkuTxedidan 

                               .sinVIPS'Q ekϕ=−= 22
 

     unda aRiniSnos, rom maRali rigis harmonikebis arseboba aris sim-

Zlavris koeficientis Semcirebis mizezi, amitom cvladi denis genera-

toris Seqmnisas cdiloben, rom generirebuli emZ-is mrudi rac SeiZ-

leba axlos iyos sinusoidasTan. maRali rigis harmonikebis arseboba 

SeiZleba aRmoCndes romelime harmonikaze Zabvebis rezonansis   mizezi 

da Sesabamisad saxifaTo gadaZabvebisa wredis calkeul ubanze. aseve 

eleqtrogadamcem xazebSi maRali rigis harmonokebis arseboba auaresebs 

satelekomunikacio xazebis muSaobis pirobebs. maRali rigis harmonikebi 

asinqronul ZravebSi qmnian magnitur velebs, rolebic brunaven roto-
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ris brunvis sawinaaRmdegod, amuxruWeben mas da iwveven energiis 

damatebiT danakargebs. 

arasinusoiduri denebi da Zabvebi yovelTvis ar aris arasasurveli 

sidideebi. maT xSirad specialurad qmnian avtomaturi regulirebisa da 

marTvis, radioteqnikuri, eleqtromzomi, eleqtronuli da sxva siste-

mebis mcire simZlavris mowyobilobebSi. 
magaliTi 8.2. mocemulia arasinusoiduri Zabva da deni furies 

mwkrivebis saxiT: 

)()1253sin(29.0)40sin(3

)()50533sin(6)4011sin(9.25
00

`0`0

Atti

Vttv

++−=

++−=

ωω
ωω

  
gamovTvaloT Zabvisa da denis moqmedi mniSvnelobebi, aqtiuri, 

reaqtiuli da sruli simZlavreebi, agreTve ekvivalenturi simZlavris 

koeficienti.   

amoxsna: 

`00`0
3

`00`0
1

222
2

22
22

107112550532028)40(4011

)(31.29.013.29.0
2

3

)(55.1826.43.18
2

6
2
9.25

−=−==−−−=

=+=+⎟
⎠

⎞
⎜
⎝

⎛=

=+=⎟
⎠

⎞
⎜
⎝

⎛+⎟
⎠

⎞
⎜
⎝

⎛=

ϕϕ

AI

VV

 

..
..

.cos

)VA(...VIS
)Var(.)sin(..sin..Q

)W(.)cos(..cos..P
``

``

8280
3125518

535
8423125518

84141071902642028132318
5351071902642028132318

00

00

=
⋅

=

=⋅==
=−⋅+⋅=
=−⋅+⋅=

ekϕ

 

 
8.10. arasinusoiduri denis wredebis angariSi 

 

wrfivi eleqtruli wredebis angariSisaTvis viyenebT superpoziciis 

meTods. am mizniT arasinusoidur emZ-s an Zabvas wredis momWerebze 

(nax.8.10) gavSliT furies mwkrivad 

           ,                     8.59 KK +++++= )()()()( 210 teteteEte k

sadac  aris arasinusoiduri perioduli emZ-s 

mudmivi da harmoniuli mdgenelebi. 

KK ),(),(),(, 210 teteteE k

amgvarad, sqemaze arasinusoiduri emZ-s wyaro icvleba mimdevrobiT 

SeerTebuli mudmivi da sinusoiduri emZ-ebis wyaroebiT. 
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d
R

)(ti

0E

1e 2e ke

−
+)(te

)(ti

dR

 
                                                               nax.8.10 
denis myisa mniSvneloba wredis nebismier StoSi (sqemaze datvir-

TvaSi ) ganisazRvreba, rogorc calkeuli emZ-iT gamowveuli denebis 

myisa mniSvnelobaTa jami. 
dR

gamoviyenoT es meTodi nax. 8.11-ze naCvenebi sqemisaTvis. miviRoT, 

rom wredis momWerebze moqmedi Zabva aris arasinusoiduri perioduli 

funqcia. 

upirveles yovlisa es Zabva warmovadginoT furies mwkriviT:      
...)sin(...)2sin()sin()( 22110 +++++++= vkkmvmvm tkVtVtVVtv ψωψωψω  

)(tv

)(ti

C

R L

 
nax.8.11 

Semdeg miviRoT, rom wredis momWerebze moqmedebs mudmivi Zabva . 

vinaidan kondensatoris winaRoba mudmivi denisadmi usasruloa denis 

mudmivi mdgeneli  

0V

                                                 .00
0 =

∞
=

V
I                                                              8.60 

angariSis Semdgom etapze miviRoT, rom wredis momWerebze moqme-

debs Zabvis ZiriTadi harmoniuli mdgeneli, romlis mier gamowveuli 

deni   

                                                   ),sin( 1111 ϕψω −+= vm tIi                                                8.61 
sadac denis pirveli harmonikis amplituda fazuri Zvris kuTxe 

                                     

.

1

,
)1(

1
22

1
1 R

C
L

tn

C
LR

VI m
m

ω
ω

ϕ

ω
ω

−
=

−+
=

                         8.62 
Semdeg igulisxmeba, rom wredis momWerebze moqmedebs Zabvis meore 

harmonika da mis mier gamowveuli deni   
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                                                  ),sin( 2222 ϕψω −+= vm tIi                                             8.63 
sadac 

                              .2
12

,
)12(

2
22

2
2 R

C
L

tn

C
LR

VI m
m

ω
ω

ϕ

ω
ω

−
=

−+
=                         8.64 

da a. S. denis -uri harmoniuli mdgeneli iqneba  k

                                                   ),sin( kvkkmk tkIi ϕψω −+=                                            8.65  
sadac 

                               

R
Ck

Lk
tn

Ck
LkR

V
I kkm

km ω
ω

ϕ

ω
ω

1

,
)1( 22

−
=

−+
=

                      8.66 
saZiebeli denis myisa mniSvneloba    

....)tksin(I...)tsin(I)tsin(II)t(i kvkkmvmvm +−+++−++−++= ϕψωϕψωϕψω 2221110 2 8.67 
ufro rTuli wredis angariSisaTvis mizanSewonilia kompleqsuri 

meTodis gamoyeneba. magaliTad, nax. 8.12 -ze naCvenebi sqemis momWerebze 

moqmedebs Zabva   

a

...)sin(...)2sin()sin()( 22110 ++++++++= vkkmvmvm tkVtVtVVtv ψωψωψω        8.68 
ganvsazRvroT am ZabviT gamowveuli denis myisa mniSvneloba wredis 

ganuStoebel nawilSi. 

Zabvis mudmivi mdgenelis moqmedebisas reaqtiuli winaRobebi 

 da calkeul StoTa denebis mudmivi mdgenelebi 

iqneba: 
∞=== 221 0 CLL X,XX

)(1 ti

2R

)(tv

)(2 ti )(3 ti

V&

3L
2C

1L

3R

1R 11Z

12Z 31Z

11I&

31I&21I&

 
                                          a)                                                       b) 

nax.8.12 

                                                .0; 20
31

0
3010 =

+
== I

RR
V

II                                                   8.69 

denebis harmoniuli mdgenelebis gamosaTvlelad saWiroa visargeb-

loT kompleqsuri Zabvebis, denebis da winaRobebis cnebebiT. pirveli 
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harmonikisaTvis am sidideTa gamosaTvlelad visargebloT nax. 8.12b-ze 
naCvenebi sqemiT. wredis momWerebze modebuli Zabvis pirveli harmonikis 

kompleqsuri moqmedi mniSvneloba  

                                                                 
.

2
11

.

1
vjm eVV ψ=

                                                        8.70 
calkeul StoTa kompleqsuri winaRobebi 

                             
.;1; 3331

2
2211111 LjRZ

Cj
RZLjRZ ω

ω
ω +=+=+=

                     8.71 
wredis ekvivalenturi (Sesavali) winaRoba pirveli harmonikisaTvis 

iqneba: 

                                                        
3121

3121
111, ZZ

ZZZZ
+

+=ek                                                     8.72 

wredis ganuStoebeli nawilis kompleqsuri deni (pirveli harmo-

nika) 

                                                            .11
11

1,

1

11

.
ϕjeI

Z
VI ==
ek

&
                                                    8.73 

meore da mesame StoebSi kompleqsuri denebi SeiZleba gamovTvaloT 

denis gamyofis formulebiT. 

msgavsad gamoiTvleba denebis meore, mesame da a.S. harmonikebi. 

k-uri harmonikisaTvis gveqneba: 

                                                                    
.

2

.
vkjkm

k
eVV ψ=

                                                       8.74 
  kompleqsuri winarobebi aris: 

                          
.;1; 333

2
22111 LjkRZ

Cjk
RZLjkRZ kkk ω

ω
ω +=+=+=

         8.75 
  ekvivalenturi kompleqsuri winaRoba iqneba:  

                                                         .
ZZ

ZZZZ
kk

rk
kk

32

32
1 +

+=ek                                            8.76 

  kompleqsuri deni 

                                                           .1
1

1

.

1
kj

k
k

k
eI

Z
V

I ϕ==
ek

&
                                              8.77 

 unda aRiniSnos, rom dauSvebelia wredis romelime Stos denis gan-

sazRvra, rogorc calkeuli kompleqsuri mdgenelebis jami maTi gan-

sxvavebuli sixSireebis gamo. rezultiuri deni unda gamoiTvalos, 

rogorc calkeuli mdgenelebis myisa mniSvnelobaTa jami. amitom wre-

dis ganuStoebel nawilSi gamavali denis myisa mniSvneloba ganisaz-

Rvreba, rogorc calkeuli mdgenelebis myisa mniSvnelobaTa jami 
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               ...)sin(....)2sin()sin( 11121211111011 ++++++++= kkmmm tkItItIIi ϕωϕωϕω       8.78 
analogiurad gamoiTvleba denebisa da Zabvebis myisa mniSvnelobebi 

wredis sxva ubnebzec.. 
magaliTi 8.3. koWa aqtiuri winaRobiT 10  da induqciurobiT  Ω

50  mierTebulia Zabvis wyarosTan arasinusoiduri perioduli ZabviT mH

.t.sint.sin)t(v 837621206125230040 ⋅+⋅+=  

gamovTvaloT harmoniuli mdgenelebis cikluri sixSireebi, Zabvisa da 

denis moqmedi mniSvnelobebi da aqtiuri simZlavre. 

 amoxsna: harmoniuli mdgenelebis sixSireebi iqneba: 

.Hzf
.

.f;Hz
.

.f 13
1

1 360
286

837620
286

6125
2

======
π

ω
 

Zabvis moqmedi mniSvneloba aris 

.VVVVV 32612030040 2222
3

2
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2
0 =++=++=  

denis mudmivi mdgeneli 

.A
R
V

I 4
10
400

0 ===  

denis harmoniuli mdgenelebis gamosaTvlelad davweroT Zabvis 

harmoniuli mdgenelebis kompleqsuri moqmedi mniSvnelobebi 

.VV;VV 0
3

0
1 01200300 ∠=∠= &&  

kompleqsuri winaRobebi Zabvisa da denis harmoniuli mdgenele-

bisadmi 
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omis kanonis Tanaxmad denis harmoniuli mdgenelebis moqmedi 

mniSvnelobebi iqneba: 
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VI

0
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1
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denis moqmedi mniSvneloba 

.A.).().(IIII 32266254254 2222
3

2
1

2
0 =++=++=  

aqtiuri simZlavre iqneba 

.W.).(RIP 46927103226 22 =⋅==  
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8.11. denis mrudis formis damokidebuleba wredis xasiaTze 

arasinusoiduri Zabvis dros 

 
 induqciuri koWebisa da kondensatorebis Semcveli eleqtruli 

wredis sruli winaRoba damokidebulia sixSireze da, Sesabamisad, gan-

sxvavebulia sxvadasxva harmonikisaTvis. amitom wredis momWerebze mode-

buli arasinusoiduri Zabvis mrudi gansxvavebulia wredSi gamavali 

denis mrudis formisagan. amave dros wredis ubanze aqtiuri winaRobiT, 

romelic ar aris damokidebuli sixSireze, Zabvisa da denis mrudebi 

identuria. wredis ubanze L  induqciurobiT (nax.8.13 , induqciuri wina-

Roba -uri harmonikisaTvis -jer metia pirvel harmonikaze winaRobas-

Tan SedarebiT. denis pirveli da -uri harmonikis amplitudebi iqneba 

)a
k k

k

Lk
V

I
L

V
I km

km
m

m ωω
== ,1

1 . 

am sidideTa fardobidan 

m

km

m

km

V
V

kI
I

11

1= . 

gamomdinareobs, rom maRali rigis harmonikis Semcveloba, gamosaxuli 

pirveli harmonikis wiliT, denis mrudSi gamoxatulia k -jer sustad, 

vidre Zabvis mrudSi, e.i. induqciuroba asrulebs denis mrudis gamag-

luveblis rols. es naTlad Cans nax. 8.13b -ze, sadac Zabvis mrudi ufro 
metad arasinusoiduria, vidre denis mrudi. 

                     

i L

Lv
)a

iv,

0 i

v

t

)b

 

                                 

nax.8.13 
kondensatoris SemTxvevaSi efeqti sawinaaRmdegoa. 
reaqtiuli elementebis es Tviseba gamoiyeneba specialuri Sesru-

lebis eleqtrul wredebSi, romelTac eleqtruli filtrebi ewodeba. 

zogadad eleqtruli filtri warmoadgens oTxpolusas, romlis 

daniSnulebaa dablokos an gaataros sixSireTa garkveuli zoli. 
nax.8.14 -ze naCvenebia mimdevrobiT SeerTebuli koWa induqciurobiT  a

L , kondensatori tevadobiT  da datvirTva aqtiuri winaRobiT C R . Tu 

iduqciuroba da tevadoba SerCeulia Zabvebis rezonansis pirobidan 
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CqLq ωω /1= .  rigis harmonikisaTvis  ubnis reaqtiuli winaRoba 

nulia da amitom datvirTvaSi dominirebs  rigis harmonika. amgvarad, 

es filtri uzrunvelyofs datvirTvaSi  rigis harmonikis upirates 

gatarebas. piriqiT, nax. 8.14 -ze naCvenebi filtri blokavs datvirTvaSi 

 rigis harmonikis gatarebas, vinaidan iduqciuroba da tevadoba 

SerCeulia denebis rezonansis pirobidan 

q CL −
q

q
b

q
LqCq ωω /1= ,  ubnis 

reaqtiuli gamtaroba nulia, Sesabamisad ubnis reaqtiuli winaRoba 

usasrulobaa datvirTvaSi denis  rigis harmonikisaTvis. 

CL −

q

                                  

0L

dR dR

dR

)c

1v 1v

 
     nax.8.14 

nax. 8.14 -ze naCvenebia eleqtruli filtris sqema, romelic gamoi-

yeneba mudmivi denis eleqtrificirebuli  rkinigzis sakontaqto qselis 

mkvebavi gammarTvel qvesadgurebSi. Zabva gamarTvis Semdeg garda mudmivi 

mdgenelisa Seicavs rig harmoniul mdgenelebsac. filtri datvirTvaSi 

atarebs mxolod denis mudmiv mdgenels da blokavs harmoniul mdge-

nelebs. amisaTvis  parametrebi SeirCeva Zabvebis rezonansis 

pirobidan  

c

CL ,

.1...........;
2

12;1

2
2

1
1

k
k Ck

Lk
C

L
C

L
ω

ω
ω

ω
ω

ω ===
 

wredis momWerebze modebuli arasinusoiduri Zabvis mrudSi 

Semavali harmoniuli mdgenelebisaTvis Sesabamis Stos aqvs nulovani 

reaqtiuli winaRoba da Sesabamisad, ver xvdeba datvirTvaSi.  
    amocanebi: 

8.1. SeadgineT erTtaqta cvladi denis gammarTvelis pulsirebuli 

ZabvisaTvis  furies mwkrivi. 
8.2. SeadgineT ortaqta cvladi denis gammarTvelis pulsirebuli 

ZabvisaTvis  furies mwkrivi. 
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8.3. Zabvis mrudi Seicavs oTx harmoniul mdgenels: 

V),tcostcostcostcos
tsintsintsintsin()t(v
ωωωω

ωωωω
41231526080

48330220100
−−++

+−+−=
. 

CawereT es Zabva mxolod sinusiani wevrebis Semcvel furies 

mwkrivad da aageT amplitudur-sixSiruli speqtris grafiki.  
8.4. induqciur koWaze parametrebiT HL,R µ75020 =Ω=  modebulia arasi-

nusoiduri perioduli Zabva  
  . V),tsin()tsin(tsin)t(v 00 15052060350250 ++++= ωωω

gamoTvaleT denis myisa da moqmedi mniSvnelobebi, aqtiuri simZlavre da 

simZlavris koeficienti, Tu cikluri sixSirea 50Hz . 
 8.5. mimdevrobiT SeerTebuli induqciuri koWa  da 

kondensatori tevadobiT 

)mHL,R( 2025 =Ω=
FC µ40=  mierTebulia arasinusoidur Zabvis 

wyarosTan. gamoTvaleT wyaros Zabvis myisa mniSvneloba, Tu koWis 

momWerebze Zabva tsintsin)t(v ωω 320200 +=k
. kuTxuri sixSire c/rad314=ω . 

8.6. gamoTvaleT datvirTvis parametrebi, Tu misi Zabvisa da denis myisa 

mniSvnelobebia: 

     
.)A(),tsin(tsini
)V(),tsin(tsinv

0

0

36113114377152
201131503773020

−++=

+++=

8.9. nax. 8.15-ze naCvenebi sqemisaTvis ZiriTad sixSireze wredis paramet-

rebia: 

 

 

 
 

 

 

 

 

 

C
L

1R
2R

3R( )tv

nax.8.15 

     .R,R,R,
C

,L Ω=Ω=Ω=Ω=Ω= 205630112 321ω
ω  

     wredis momWerebze modebulia arasinusoiduri Zabva 

     . V)),tsin(tsin()t(v 02034010030 +++= ωω
     gamoTvaleT calkeul StoebSi gamavali denebis moqmedi mniSvne-

lobebi; dawereT wredis ganuStoebel nawilSi gamavali denis myisa 

mniSvneloba; gamoTvaleT wredSi moxmarebuli aqtiuri simZlavre. 
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Tavi IX. gardamavali procesebis angariSi wrfiv  

eleqtrul wredebSi klasikuri meTodiT 

9.1. Sesavali 

 

wina TavebSi ganxiluli iyo mudmivi, sinusoiduri an arasinusoi-

duri perioduli Zabvisa da denis wyaroebis Semcveli Tavmoyrilpa-

rametriani wredebis muSaobis damyarebuli reJimebi. exla ganvixiloT 

procesebi, romelTac adgili aqvs aseT eleqtrul wredebSi erTi 

damyarebuli reJimidan meoreSi gadasvlisas da romelTac amis gamo 

gardamavali procesebi ewodeba. es reJimebi SeiZleba erTmaneTisagan 

gansxvavdebodes eleqtrul sidideTa maqsimaluri mniSvnelobiT, fa-

ziT, mrudis formiT, sixSiriT, wredis parametrebiT an konfiguraciiT.  

eleqtrul wredebSi gardamavali procesebi warmoiqmneba wredis 

mierTebiT an gamorTviT energiis wyarosTan, wredis parametrebis an 

konfiguraciis cvlilebiT da sxva. am operaciebs komutacia ewodeba 

da xorcieldeba CamrTvelis CarTviT, gamorTviT (nax. 9.1a,b) an avariul 

reJimSi mokled CarTvisas. 

↑
ss

)a )b  
nax. 9.1 

gardamavali reJimi warmoadgens xanmokle process da SeiZleba 

grZeldebodes ramodenime wams, wamis meaTeds, meaTaseds, memilioneds 

an ufro naklebs. am reJimSi denebs da Zabvebs SeiZleba hqondeT iseTi 

mniSvnelobebi, romlebic mravaljer aWarbeben am mniSvnelobebs nor-

malur damyarebul reJimebSi. amitomac, am procesis analizs aqvs 

Zalze didi mniSvneloba, vinaidan winaswar SeiZleba dadgindes wredis 

calkeul ubnebze Zabvebisa da denebis saxifaTo zrda, eleqtruli 

signalebis sididisa da mrudis formis damaxinjeba maZliereblebSi, 

filtrebSi da sxva elementebSi gavlisas.  

gardamavali procesis aRZvris mizezia eleqtrul wredSi eleq-

tromagnituri energiis maragis cvlileba, e.i. gardamavali procesi 

SeiZleba aRiZras iseT eleqtrul wredSi, romelic xasiaTdeba energi-

is damgrovebeli parametriT – induqciurobiT an tevadobiT (an 

oriveTi erTad).  

is garemoeba, rom gardamavali procesebi mimdinareobs aramyisie-

rad, aramed garkveuli drois ganmavlobaSi, aixsneba imiT, rom wredis 

yovel mdgomareobas Seesabameba eleqtruli da magnituri velebis ene-

rgiaTa garkveuli maragi. axal reJimze gadasvla dakavSirebulia am 

energiaTa gazrdasTan an SemcirebasTan. 
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rezistorul eleqtrul wredebSi, sadac ar aris energiis damgro-

veblebi, gardamavali procesebi ar aRiZvreba da axali reJimi myardeba 

myisierad. 

zog SemTxvevaSi gardamavali procesi saSiSi da arasasurvelia. 

zog SemTxvevaSi ki igi wredis muSaobis bunebrivi, normaluri reJimia, 

magaliTad, radioteqnikur mowyobilobebSi, avtomaturi marTvisa da 

regulirebis sistemebSi da sxva.    
gardamaval procesebSi eleqtrul wredSi moqmedi denebi da Zabve-

bi warmoadgenen gardamaval denebsa da Zabvebs, xolo maTi moqmedebis 

drois intervali – gardamavali  procesis xangrZlivobas.       
 

9.2. komutaciis kanonebi 

 

zemoT Camoyalibebuli debulebebi imis Sesaxeb, rom eleqtruli 

an magnituri velis energia SeiZleba Seicvalos mxolod naxtomis 

gareSe-mdored, gamoxatavs induqciurobis nakadSebmisa da tevadobis 

eleqtruli muxtis uwyvetobis princips droSi da maT komutaciis 

kanonebi ewodeba. 

 eleqtruli wredebis TeoriaSi cnobilia komutaciis ori  kanoni, 

romlebic gamoiyeneba amocanis sawyisi pirobebis gansazRvris mizniT, 

anu wredSi gardamavali procesis dawyebis momentisaTvis denebisa da 

Zabvebis mniSvnelobebis dasadgenad. komutaciis kanonebis gamoyenebisas 

igulisxmeba, rom komutaciis procesis xangrZlivoba nulis tolia, e.i. 

adgili aqvs myisier komutacias.  

komutaciis pirveli kanoni gamoiyeneba induqciurobis mqone 

wredebisaTvis da mdgomareobs SemdegSi: induqciurobaSi gamavali deni 

ar SeiZleba Seicvalos myisierad naxtomiseburad. Tu komutaciis 

moments SevuTavsebT koordinatTa saTaves 0=t  (nax.9.2) induqciurobaSi 

denis myisa mniSvneloba komutaciamde ( 0−=i ) komutaciis momentisaTvis 

udris induqciurobaSi denis myisa mniSvnelobas komutaciis Semdeg 

)i( 0+= , rac Caiwereba Semdegi tolobis saxiT:  

)(i)(i LL 00 +=− .                                                                                         

0+0−

o

t

 
nax.9.2 

komutaciis meore kanoni miesadageba tevadobis Semcvel eleqtrul 

wredebs da amtkicebs, rom Zabva tevadobaze ar SeiZleba Seicvalos 
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naxtomiseburad, e.i. Zabvis myisa mniSvneloba tevadobaze komutaciamde 

(komutaciis momentisaTvis) tolia Zabvis myisa mniSvnelobisa komuta-

ciis momentis Semdeg, rac gamoisaxeba Semdegi tolobiT:  

)(v)(v CC 00 +=− . 
 davuSvaT induqciurobaSi gamavali deni komutaciis momentSi 

icvleba naxtomiseburad da iZens sasrul nazrds i∆ , maSin magnituri 
velis energiis nazrdic 22 /)i(LWm ∆=∆   sasrulo sididea, rasac adgi-

li aqvs komutaciis dros nulovani drois intervalSi 0=∆t . Sesaba-
misad, am procesisaTvis saWiroa usasrulo simZlavre ∞=∆=∆ 0/Wp mL , 
rac ararealuria. aseve, denis naxtomiseburi cvlilebisas induqciuro-

baSi aRiZvreba usasrulo emZ, romlis gasawonasworeblad saWiro 

iqneboda usasrulo Zabva. 

analogiurad, tevadobis Zabvis naxtomiseburi cvlileba iwvevs 

eleqtruli velis energiis sasrulo nazrds 22 /)v(CWe ∆=∆  drois 

nulovan intervalSi, risTvisac saWiroa usasrulo simZlavre 

∞=∆= 0/Wp eC   da usasrulo damuxtvis (ganmuxtvis) deni, rac aseve 

ararealuria.  

unda aRiniSnos, rom induqciurobis deni dakavSirebulia magnitur 

nakadSebmasTan mψ  da tevadobis Zabva – eleqtrul muxtTan Q . amitom 

komutaciis kanonebis Sesabamisad nakadSebma da eleqtruli muxti ar 

SeiZleba Seicvalos naxtomiseburad. 

aseve, idealuri induqciuri koWis tevadoba da idealuri konden-

satoris induqciuroba nulis tolia. Sesabamisad, aseTi koWis momWere-

bze Zabva da deni kondensatorSi SeiZleba naxtomiseburad Seicvalos. 

komutaciamde )t( 0−=  komutaciis momentisaTvis gansazRvruli 

induqciuri denebisa da tevaduri Zabvebis mniSvnelobebs uwodeben 

wredis damoukidebel sawyis pirobebs. maTi ricxvi tolia wredSi 

mimdinare eleqtromagnituri procesebis aRmweri diferencialuri 

gantolebebis rigis. 

komutaciis Semdeg )t( +=  komutaciis momentisaTvis induqciuro-

bebis Zabvebis, kondensatorebis denebis, rezistorebis Zabvebisa da 

denebis, agreTve maTi warmoebulebis mniSvnelobebs wredis damokide-

buli sawyisi pirobebi ewodeba. es sidideebi ganisazRvreba komutaciiT 

warmoqmnili eleqtruli wredisaTvis kirxhofis kanonebiT Sedgenili 

gantolebebisa da damoukidebeli sawyisi pirobebis saSualebiT. 
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9.3. gardamavali procesebis analizisGzogadi 

 (klasikuri) meTodi  

 

wrfivi eleqtruli wredebis gardamavali procesebis analizis 

zogadi Tanamimdevroba aseTia: 

1. gamoixazos eleqtruli wredis sqema, romelic miiReba komuta-

ciis Semdeg da SeirCes StoebSi denebis dadebiTi mimarTu-

lebebi; 
2. kirxhofis kanonebis mixedviT Sedges wredis gantolebebis 

sistema; 
3. wredis gantolebaTa sistema dayvanil iqnes erT gantolebaze, 

sadac fundamenturi cvladia k-uri Stos deni. gantolebis 

zogadi forma aseTi iqneba:  

               ),(... 011

1

1 tfia
dt
dia

dt
ida

dt
ida k

k
n

k
n

nn
k

n

n =++++ −

−

−                            9.1  

sadac 01 a,aa nn K−  aris koeficientebi, ( )tf – drois funqcia, damo-
kidebuli energiis wyaroebisa da wredis elementebis paramet-

rebze. 

4.  amoixsnas miRebuli diferencialuri gantoleba. 

(9.1) warmoadgens n  rigis araerTgvarovan wrfiv diferencialur 

gantolebas mudmivi koficientebiT, romlis sruli amonaxsni aris k - 
uri Stos gardamavali deni  

                   ,ii)t(i kkk ′′+′=                                                               9.2       

sadac '
ki   aris gardamavali denis iZulebiTi mdgeneli, anu komutaciis 

Semdgomi damyarebuli reJimis deni. es sidide aris (9.1) gantolebis 

kerZo amonaxsni. 
''
ki  aris (9.1) gantolebis Sesabamisi erTgvarovani 

gantolebis  

                 .ia
dt
ida...

dt
ida

dt
"ida k

k
n

k
n

nn
k

n

n 0011

1

1 =′′+
′′

++
′′

+ −

−

−                                         9.3 

sruli amonaxsni. gardamavali denis es mdgeneli arsebobs mxolod 

gardamaval procesSi da mas uwodeben gardamavali denis Tavisufal 

mdgenels.            
(9.3) gantolebis sruli amonaxsni aris eqsponencialuri 

funqciebis jami 
                  ,eA.........eAeA)t(i t

n
tt

k
nααα +++=′′ 21

21                                       9.4 

sadac  nA,A,A K21    - integrirebis mudmivebi, 

             n,, ααα K21   -  Semdegi maxasiaTebeli gantolebis fesvebi:  

                       0........... 01
1

1 =+++ −
− aaaa n

n
n

n ααα .                                        9.5       
Tu eleqtruli wredi Seicavs mimdevrobiT da paralelurad 

SeerTebul elementebs, rogorc es naCvenebia nax. 9.3-ze, mizanSewonilia  
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E

2R1R ′′1R′

1C′

2L1L′

s

1L ′′

3C

2C′

+
−

 
nax.9.3 

angariSis gamartivebis mizniT es elementebi SevcvaloT ekvivalen-

turi elementebiT. magaliTad, ,LLL,RRR 2121 +=+=
21

21
3 CC

CCCC
+

+=  da 

ganvixiloT gardamavali procesi gamartivebul wredSi, romelic 

Sedgeba ori rezistoris, ori induqtorisa da erTi kondensatorisagan 
          

9.4. integrirebis mudmivebis gansazRvra   

 
rogorc zemoT iyo aRniSnuli gardamavali denis an Zabvis Tavisu-

fali mdgeneli SeiZleba warmodgenili iyos, rogorc eqsponencialuri 

wevrebis jami. maTi ricxvi tolia maxasiaTebeli gantolebis fesvebis 

raodenobis. 

nebismieri wredisaTvis kirxhofisa da komutaciis kanonebiT SeiZ-

leba gamovTvaloT: 

1. gardamavali denis ricxobrivi mniSvneloba induqciurobaSi 

)(iL 0− , komutaciamde, rodesac 0−=t .; 
2. gardamavali denis pirveli da Tu  saWiroa maRali rigis 

warmoebulebis mniSvnelobebi, rodesac 0=t .; 
   (9.2) da (9.4) formulebis Tanaxmad k  – uri Stos gardamavali deni 

da misi warmoebulebi iqneba:  
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                      9.6 

gardamavali denis da misi warmoebulebis ricxobrivi mniSvne-

lobebis gaTvaliswinebiT drois 0+=t  momentisaTvis gveqneba 

gantolebaTa Semdegi sistema:      
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                9.7 

gantolebaTa es sistema Seicavs n  raodenobis gantolebas n  rao-
denobis ucnobiT, romlis amoxsniT ganisazRvreba integrirebis 

mudmivebi nA,A,A K21 . 

 
9.5. gardamavali procesebi LR −  wredebSi 

 

miviRoT, rom induqciuri koWa winaRobiT R  da induqciurobiT L   

komutaciis Semdeg mierTebulia energiis wyarosTan ZabviT  ( )tv  (nax. 9.4).  

)(tv

)(ti LR

 
nax.9.4 

kirxhofis meore kanonis Tanaxmad  

)(tvRi
dt
diL =+                                                          9.8   

gvaqvs pirveli rigis araerTgvarovani diferencialuri gantoleba, 

romlis amonaxsni  
                                ,Ae)t(i)t(i tα+′=                                                        9.9      

sadac )t(i′  aris damyarebuli reJimis deni, A  – integrirebis mudmiva, 
xolo α   aris fesvi Semdegi maxasiaTebeli gantolebis:  

                              .,0
L
RRL −=⇒=+ αα                                                   9.10 

 amgvarad,  gardamavali deni iqneba: 

                          .Ae)t(i)t(i
t

L
R−

+′=                                                      9.11 
  sidides τ=R/L  aqvs drois ganzomileba da drois mudmivas uwo-

deben. drois mudmiva es drois is intervalia, romlis ganmavlobaSic 

gardamavali deni icvleba  ≈ 2.71 jer.  
ganvixiloT kerZo SemTxvevebi.   
a) komutaciis Sedegad LR −  parametrebiani induqciuri koWis 

mierTeba mudmivi Zabvis wyarosTan. vipovoT gardamavali denis ),t(i da 
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Zabvebis )t(v),t(v LR  gamosaxulebebi.. (9.11) formulis Tanaxmad 

gardamavali deni  

                   ,)( 0 t
L
R

Ae
R
Vti

−
+=                                                   9.12  

sadac denis iZulebiTi mdgeneli (damyarebuli reJimis deni) 

R/V)t(i'
0=   da komutaciis pirveli kanonis Tanaxmad )(i)(i LL 00 +=− .  

Sesabamisad 

.0 0
0

0

R
V

AAe
R
V R −=⇒+=

−
 

                                               

LRs

0V

 
nax. 9.5  

 sabolood, gardamavali deni 

                             .1)( 0 ⎥
⎦

⎤
⎢
⎣

⎡
−=

−
τ
t

e
R
Vti                                                    9.13 

rodesac 0=t   gardamavali deni nulis tolia da Semdeg izrdeba 

eqsponencialuri kanoniT. rodesac ∞=t  denis Tavisufali mdgeneli 

miiswrafvis nulisaken da gardamavali deni utoldeba damyarebuli 

reJimis dens. Sesabamisi grafiki naCvenebia nax. 9.6 – ze.  

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.9.6 
Teoriulad gardamavali procesis xangrZlivoba usasruloa, 

praqtikulad ki Seadgens τ)( 43 −  da sruldeba maSin, rodesac 

gardamavali deni aRwevs damyarebuli denis mniSvnelobis 97-98 %. 

t

i

0
• •• • • •
τ τ2 τ3 τ4 τ5

R
V 0

R
L=τ
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unda aRiniSnos, rom wredis drois mudmiva SeiZleba ganisazRvros 

grafikulad gardamavali denis mrudze, rogorc mrudis raime 

wertilSi gavlebuli mxebis qveSa monakveTis sigrZe Sesabamis 

masStabSi.  

rac Seexeba Zabvebs winaRobasa da induqciurobaze, gvaqvs:  

                .:1 00
τβτ
t

L

t

R eV
dt
diLVeVRiV

−−
==
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⎤

⎢
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⎣

⎡
−==                             9.14  

msgavsad gardamavali denisa, es Zabvebic icvleba eqsponencialuri 

kanoniT. Sesabamisi grafikebi naCvenebia nax. 9.7 – ze. komutaciis 

momentSi 0=t  Zabva induqciurobaze myisierad icvleba nulidan 0V –de; 

Semdeg is mcirdeba eqsponencialuri kanoniT da utoldeba nuls, 

rodesac ∞=t . rac Seexeba Zabvas )t(vR ,  es sidide izrdeba nulidan 0V   
gardamavali denis msgavsad. 

 
 
 
 
 
 
 
 
 
 
 

nax.9.7 
b) davuSvaT induqciuri koWa komutaciis Sedegad gamoirTveba mud-

mivi denis wyarodan. gamTiSav s kontaqtze naperwklianobis Sesasusteb-

lad sqemaSi (nax. 9.8) gamoyenebulia rezistori. komutaciis Sedegad L  
koWa aRmoCndeba damoklebuli winaRobiT 0RR +  da Sesabamisi diferen-

cialuri  

R

L0R

•
s

0V

•

 
nax.9.8 

gantoleba iqneba:            

.i)RR(
dt
diL 00 =++                                                   9.15 

t0 τ τ2 τ3 τ4 τ5

v

0V

( )tvR

( )tvL
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vinaidan damyarebuli reJimis deni nulis tolia, gardamavali 

reJimis deni Seicavs mxolod Tavisufal mdgenels τ
t

Aei
−

= , sadac 

drois mudmiva 
0RR

L
+

=τ .  

integrirebis A  mudmivas gansazRvrisaTvis gamoviyenoT komutaciis 

pirveli kanoni  )(i)(i LL 00 +=−  . komutaciamde     

                                                 
R
V

AAe
R
V

.
R
V

iL
0

0
00 =⇒==

−
τe.i.  

da gardamavali deni iqneba:  (nax.9.8) 

                                            .)( 0 τ
t

e
R
Vti

−
=                                                          9.16  

Sesabamisi grafiki naCvenebia nax. 9.9-ze                                     
 
 

 

 

 

 

 

 

 

 

 

 

 

nax.9.9 
xSirad, nax. 9.8-ze R  warmoadgens voltmeters induqciur koWaze 

Zabvis gasazomad. es Zabva  

                                           .)()( 0
0

0

τ
t

R eV
R
RtRitv

−
==                                            9.17 

am formulis Tanaxmad SesaZlebelia Zabva voltmetrze R/R0   jer 

aRematebodes Zabvas wredis momWerebze da es mxedvelobaSi unda iyos 

miRebuli xelsawyos dazianebis Tavidan asacileblad.  

magaliTi 9.1. nax. 9.10-ze naCvenebia Sigawvis Zravis anTebis gamarti-

vebuli sqema. naxazze naCvenebi parametrebisaTvis gamovTvaloT Zabva 

sahaero RreCoze, Tu kontaqtis gaRebis droa sµ1 . 

t

i

R
V0

0 τ τ2 τ3 τ4 τ5
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V12

Ω4

mH6

s v

 
nax.910 

amoxsna:  damyarebul reJimSi koWaSi gamavali deni 

,A
R

V
i 3

4
12 ===′ ak

 

romelic komutaciisas nulamde mcirdeba, e.i. .Ai 3=∆  

induqciuri koWis magnitur velSi dagrovili energia 

.mJ)i(LWm 27
2

3106
2

232

=⋅⋅=
′

=
−

 

Zabva sahaero RreCoze 

.kV
t
iLv 18

101
3106 6

3 =
⋅

⋅=
∆
∆= −

−
 

g)  davuSvaT induqciuri koWa LR −  parametrebiT komutaciis 

Sedegad aRmoCndeba mierTebuli sinusoiduri Zabvis wyarosTan ZabviT  
)tsin(V)t(v vm ψω +=  . maSin gardamavali deni iqneba   

                              ,Ae)t(i)t(i
t
τ

−
+′=                                                       9.18    

sadac damyarebuli reJimis deni  

                          

⎪
⎪
⎭

⎪⎪
⎬

⎫

=

−+
+

=

− .
R
Ltn

)tsin(
)L(R

V)t(i v
m

ωϕ

ϕψω
ω

1

22

                                        9.19 

 
  Sedegad  

                    .)sin(
)(

)(
22

τϕψω
ω

t

v
m Aet

LR

Vti
−

+−+
+

=                                        9.20  

komutaciamde deni 00 =− )(iL  da (9.20) formulis Tanaxmad 

     ).sin(
)(

;)sin(
)(

0
2222

ϕψ
ω

ϕψ
ω

−
+

−=⇒+−
+

= v
m

v
m

LR

V
AA

LR

V
              9.21  

amgvarad, gardamavali deni iqneba:  

      .
)(

)sin(
)sin(

)(
)(

222
τ

ω
ϕψϕψω

ω

t
vm

v
m e

LR

Vt
LR

Vti
−

+

−
−−+

+
=                       9.22 

Sesabamisi grafiki naCvenebia nax. 9.11-ze.   
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nax.9.11 
      grafiki agebulia SemTxvevisaTvis, rodesac  2/v πϕψ =− . 
     (9.22) formulis Tanaxmad SesaZlebelia Semdegi daskvnebis 

gakeTeba: 
1. Tu wredis parametrebi isea SerCeuli, rom ϕψ =v , gardamavali 

denis Tavisufali mdgeneli nulis tolia. aseT  SemTxvevaSi 

wredSi gardamavali procesi ar aRiZvreba.  
2. rodesac 2/v πϕψ ±=−  gardamavali denis Tavisufali mdgeneli 

maqsimaluria.  
3. gardamavali denis maqsimaluri mniSvneloba SeiZleba orjer 

meti iyos damyarebuli reJimis denis maqsimalur mniSvnelobasTan 

SedarebiT.  
 

9.6. gardamavali procesebi CR −  wredSi 

 
   davuSvaT kondensatori komutaciis Semdeg mierTebulia energiis 

wyarosTan ZabviT )t(v  , rogorc es naCvenebia nax. 9.12-ze. 

s

)(tv C

R

 
nax. 9.12 

kirxhofis meore kanonis Tanaxmad wredis diferencialuri ganto-

leba iqneba:  

( )ti

( )ti′

( )ti

( )ti ′′

2
πϕψ =−V

t0 τ τ2 τ3 τ4 τ5
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                           ).(tvv
dt

dv
RC C

C =+                                                     9.23 

 am gantolebaSi fundamentaluri cvladia Zabva kondensatorze, 

rac ganpirobebulia tevadobaze Zabvis gatolebis SesaZleblobiT 

komutaciis meore kanonis Tanaxmad da Sesabamisad amocanis sawyisi 

pirobis gansazRvriT. misi sruli amonaxsni aris:           
                           ,Ae)t(v)t(v t

CC
α+′=                                                   9.24 

sadac )t(v'
C   -  damyarebuli reJimis Zabva, 

            A        -   integrirebis mudmiva, 
            α        -  fesvi Semdegi maxasiaTebeli gantolebis: 

                       .1;01
RC

RC −=⇒=+ αα   

Sedegad, gardamavali Zabva iqneba:   

                          .)()( ' RC
t

CC Aetvtv
−

+=                                                  9.25 

sidides τ=RC  aqvs drois ganzomileba da wredis drois mudmivas 

uwodeben. ganvixiloT ramdenime magaliTi.  

a) komutaciis Semdeg kondensatori mierTdeba mudmivi Zabvis wya-

rosTan. iwyeba kondensatoris damuxtva da gardamavali procesis 

bolos aRwevs damyarebul mniSvnelobas 0V)t(v'
C = .   (9.25) formulis 

Tanaxmad gardamavali Zabva iqneba: 

                              .)( 0
τ
t

C AeVtv
−

+=                                                     9.26 
integrirebis mudmiva ganvsazRvroT komutaciis meore kanoniT:  

)(v)(v CC 00 +=− . 

komutaciamde Zabva kondensatorze 00 =− )(vC . Sedegad 

.VA;eV 0

0

00 −=⇒+=
−

τ  
sabolood, gardamavali Zabva  

                                 .1)( 0 ⎥
⎦

⎤
⎢
⎣

⎡
−=

−
τ
t

C eVtv                                                     9.27    

rac Seexeba kondensatoris damuxtvis (gardamaval) dens, is iqneba:   

                                  τ
t

C e
R
V

dt
dvCti

−
== 0)(                                                 9.28 

da gardamavali Zabva R  winaRobaze iqneba: 

                                      .)( 0
τ
t

R eViRtv
−

==                                                    9.29 
 Tanaxmad miRebuli formulebisa, gardamavali deni da Zabvebi  

icvleba eqponencialuri kanoniT da maTi grafikebi naCvenebia nax. 9.13-

ze.  
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nax.9.13 

 rogorc grafikebidan Cans gardamavali procesis xangrZlivoba 

praqtikulad Seadgens τ)( 43 − , Tumca Teoriulad es sidide usasruloa. 

gardamaval procesSi Zabva kondensatorze mdoredDicvleba, maSin ro-

desac gardamavali deni da Zabva winaRobaze icvleba naxtomiseburad.  
gardamaval procesSi wredis mier energiis wyarodan miRebuli 

energia  

.)( 2
0

0
0 CVdttiVW == ∫

∞

 

aris orjer meti kondensatoris eleqtrul velSi dagrovil energias-

Tan SedarebiT. am energiis naxevari grovdeba eleqtrul velSi da 

naxevari gamoiyofa winaRobaSi siTbos saxiT. 
 
b). komutaciis Semdeg kondensatori aRmoCndeba gamorTuli mudmivi Zab-

vis wyarodan da ganimuxteba R  winaRobaze (nax. 9.14).   

C

s
•

0V R

•

 
nax.9.14 

kirxhofis meore kanonis Tanaxmad 
0=+ CviR  

da CasmiT dt/Cdvi =  miviRebT pirveli rigis erTgvarovan diferenci-

alur gantolebas,  

t

i,v

R
V0

0 τ τ2 τ3 τ4 τ5

)t(i
)t(vR

)t(vC

RC=τ

0V
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                        0=+ C
C v

dt
dv

C ,                                                       9.30 

romlis sruli amonaxsni aris: 

                          .τ
t

C Aev
−

=                                                             9.31 

amocanis sawyisi pirobaa 00 V)(vC =−    da (9.31) formulis Tanaxmad 

0

0

0 ; VAAeV =⇒=
−

τ  . 

Sedegad, gardamavali Zabva iqneba:        

τ
t

C eVtv
−

= 0)(                                                             9.32 
Sesabamisad, gardamavali deni  

                         .)( 0 τ
t

C e
R
V

dt
dv

Cti
−

−==                                                     9.33 

gardamavali Zabvisa da denis grafikebi naCvenebia nax. 9.15-ze.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.9.15 
kondensatoris eleqtrul velSi dagrovili energia 22

0 /CVWe =   

mTlianad gardaiqmneba R  winaRobaSi siTbos saxiT. 

.
2

2
0

0

2 CV
RdtiWR == ∫

∞

 

magaliTi 9.2. naxaz 9.16-ze naCveneb sqemaze naCvenebis wredis para-

metrebi. gamovTvaloT kondensatoris eleqtrul velSi dagrovili 

energiis sawyisi mniSvneloba da gamoviyvanoT kondensatoris Zabvis 

cvlilebis gamosaxuleba gardamaval reJimSi. 

R
V0−

t

i,v

0 τ τ2 τ3 τ4 τ5

)t(i

)t(v

0V
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V40

Ω9
s

Ω3 Ω1

Fµ50

 

nax.9.16 

amoxsna: 

komutaciamde Zabva kondensatorze 

.V)(v)(v CC 30
93

94000 =
+

==−  

kondensatoris eleqtrul velSi dagrovili energia komutaciamde 

.mJ.)()(CvW C 522
2

301050
2

0 262

=⋅⋅==
−

e  

kondensatoris ganmuxtvis winaRoba 

.R Ω=+= 1091ek  

ganmuxtvis wredis drois mudmiva 

.ms.CR 50105010 6 =⋅⋅== −
ekτ  

kondensatoris Zabva 

.Vee)(v)t(v t/t
CC

2000300 −− ⋅== τ
 

       g). komutaciis Semdeg kondensatori aRmoCndeba mierTebuli energiis 

wyarosTan sinusoiduri ZabviT )tsin(V)t(v vm ψω += , maSin damyarebuli 

reJimis deni iqneba:  

                           )tsin(I)tsin(

C
R

V)t(i vmv
m ϕψωϕψω

ω

++=++

⎥⎦
⎤

⎢⎣
⎡+

=′
2

2 1
            

9.34         
da damyarebuli reJimis Zabva kondensatorze aris: 

            ).tsin(I
C

)t(v vmC 2
1 πϕψω

ω
−++=′                                      9.35 

gardamavali Zabva iqneba: 

             τπϕψω
ω

t

vmC AetI
C

tv
−

+−++= )
2

sin(1)( .                                     9.36 

komutaciamde Zabva kondensatorze 00 =− )(vC . Sesabamisad, integri-
rebis mudmiva iqneba: 

)
2

sin(1;)
2

sin(10 πϕψ
ω

πϕψ
ω

−+−=⇒+−+= vmvm C
IAA

C
I  

da gardamavali Zabva 
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         .e)sin(I
C

)tsin(I
C

)t(v
t

vmvmC
τπϕψ

ω
πϕψω

ω
−

−+−−++=
2

1
2

1                  9.37 

Sedegad, gardamavali deni 

              .e)sin(I
RC

)tsin(I
dt

dvC)t(i
t

vmvm
C τπϕψ

ω
ϕψω

−
−++++==

2
1           9.38  

nax. 9.17-ze naCvenebia gardamavali denis da misi komponentebis – 

iZulebiTi da Tavisufali mdgenelebis grafikebi ϕψ =v  

SemTxvevisaTvis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        nax.9.17 

  gardamavali Zabvis formulis analizi saSualebas iZleva gavake-

ToT Semdegi daskvnebi: 

1. Tu wredis momWerebze Zabvis sawyisi faza SerCeulia pirobidan  
2/v πϕψ +−= , wredSi gardamavali procesi ar aRiZvreba.   

2. Tu komutaciis momentisaTvis ϕψ =v , kondensatoris gardamavali 

Zabvis Tavisufal mdgenels aqvs maqsimaluri mniSvneloba. 

3. kondensatorze gardamavali Zabvis maqsimaluri mniSvneloba 

SeiZleba orjer aRematebodes damyarebuli reJimis Zabvas. 

 
9.7. gardamavali procesebi  CLR −−  wredSi 

 
miviRoT, rom komutaciis Semdeg induqciuri koWa parametrebiT 

LR −   da kondensatori C  tevadobiT mierTebulia energiis wyarosTan 

ZabviT )t(v  (nax.9.18).  

t0 τ τ2 τ3

)t(i

)t(i

)t(i′

)t(i ′′

ϕψ =V  
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R LS

( )tV
C

 
nax..9.18 

kirxhofis meore kanonis Tanaxmad  

                                     )()0(1 1

0

tVVidt
C

Ri
dt
diL c =+++ ∫ .                                       9.39 

romelic warmoadgens integro-diferencialur gantolebas. gavawarmo-

oT es gantoleba drois mixedviT:. 

                                         
dt
dv

C
i

dt
diR

dt
idL =++2

2

.                                                 9.40 

miviReT meore rigis araerTgvarovani mudmivkoeficientebiani 

wrfivi diferencialuri gantoleba. am gantolebis yvela wevri  

gavyoT L  –ze da SemoviRoT aRniSvnebi 

2
0

1;2 ωδ ==
LCL

R . 

miviRebT gantolebas 

                   
dt
dv

C
i

dt
diR

dt
idL =++2

2

,                                                9.41 

romlis sruli amonaxsni 

)t(i)t(i)t(i ′′+′= , 
sadac )t(i′  aris  kerZo amonaxsni, 

)t(i ''
 aris (9.41) gantolebis Sesabamisi erTgvarovani gantolebis 

sruli amonaxsni (gardamavali denis Tavisufali mdgeneli). 

(9.41) gantolebis Sesabamisi erTgvarovani gantolebaa 

                                             02 ,,2
0

,,

2

,,2

=++ i
dt
di

dt
id ωδ ,                                         9.42 

romlis maxasiaTebeli gantolebaa 

                                                         02 2
0

2 =++ ωδαα .                                               9.43 
maxasiaTebel gantolebas aqvs ori fesvi:  

                              2
0

2
2

2
0

2
1 ; ωδδαωδδα −−−=−+−= .                          9.44 

imisda mixedviT Tu ra TanafardobaSia wredis parametrebi, SesaZ-

lebelia sami SemTxveva:  

a) fesvebi aris uaryofiTi erTmaneTisagan gansxvavebuli 

namdvili ricxvebi;  

b) fesvebia erTmaneTis toli uaryofiTi namdvili ricxvebi; 
g) fesvebia SeuRlebuli kompleqsuri ricxvebi uaryofiTi namd-

vili nawiliT. 
 (9.42) gantolebis sruli amonaxsni iqneba: 
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tt eAeAti 21
21)( αα +=′′  

da gardamavali deni iqneba:   
                                                    tt eAeAtiti 21

21
, )()( αα ++=  ,                                            9.45 

sadac )t(i'  aris denis iZulebiTi mdgeneli da 21 A,A  - integrirebis 

mudmivebi. maT mosaZebnad visargebloT gantolebaTa Semdegi sistemiT: 

                                           
tt

'

tt'

eAeA
dt
di

dt
di

eAeA)t(i)t(i

21

21

2211

21

αα

αα

αα ++=

++=
                                           9.46   

es sistema komutaciis momentisaTvis )t( 0=  miiRebs Semdeg saxes:  

.                                                         
⎪
⎭

⎪
⎬

⎫

++=

++=

==
2211

00

2100

αα AA
dt
di

dt
di

AA)(i)(i

t

,

t

,

                       9.47 

(9.39) gantolebisa da komutaciis kanonebis gamoyenebiT SeiZleba 

davweroT, rom  

L
)(v)(Ri)(v

dt
di)(v)(v)(Ri

dt
diL C

t
C

t

000
000

00

−−
=⇒=++⎟

⎠
⎞

⎜
⎝
⎛

==                 9.48
 

Sedegad  (9.47) gantolebaTa sistemis nacvlad gveqneba:  
 

                           
⎪
⎭

⎪
⎬

⎫

++=−−

++=

=
2211

0

21

000
00

αα AA
dt
di

L
)(v)(Ri)(v

AA)(i)(i

t

,
C

,

                                9.49 

romelic saSualebas iZleva ganvsazRvroT integrirebis mudmivebi 

21 AA Ada . 
 

                       9.8. kondensatoris ganmuxtva induqciur koWaze 

+
−

C
0V

L

R

  
nax.9.19 

davuSvaT, rom winaswar damuxtuli kondensatori ZabviT 

00 V)(vC =−  komutaciis Semdeg ganimuxteba induqciur koWaze parametreb-

iT LR − . wredSi (nax.9.19) damyarebuli reJimis deni 0=)t(i'  da garda-
mavali deni 

tt eAeAti 21

21)( αα += . 
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am SemTxvevaSi 0
0

,

=
=tdt

di . deni komutaciamde 000 ==− )(i)(i   da (9.48) 

formulis Tanaxmad 

L
V

L
vRiv

dt
di C

rt

0)0()0()0(
−=

−−
=

=

. 

am sawyisi pirobebis gamoyenebiT (9.48) sistemidan SeiZleba 

davweroT, rom  

)(

0

21

0
212211

0

2121

αα
αα

−
−=−=⇒+=−

−=⇒+=

L
VAAAA

L
V

AAAA
 

Sedegad, gardamavali deni iqneba:  

                                        )ee(
)(L

V)t(i tt 21

21

0 αα

αα
−

−
−= ,                                         9.50 

gardamavali Zabvebi kondensatorze  da induqciurobaze  

                             )ee(VVidt
C

V tt
C

21
12

1

0 21

0
0

1 αα αα
αα

−
−

−=+= ∫ ,                              9.51 

                                    )ee(V
dt
diLV tt

L
11

21
21

0 αα αα
αα

−
−

−== .                                9.52 

 (9.51) da (9.52) formulebis gamoyvanisas mxedvelobaSia miRebuli, 

rom  

LC
12

021 == ωαα  

rogorc zemoT iyo aRniSnuli gardamavali procesi damokidebu-

lia maxasiaTebeli gantolebis fesvebze. ganvixiloT calkeuli SemT-

xvevebi. a) fesvebi aris uaryofiTi erTmaneTisagan gansxvavebuli namd-

vili ricxvebi. am SemTxvevas adgili aqvs, rodesac 0ωδ >  anu 
LCl

R 1
2

> , 

e.i. ρ2>R . aq 
C
L=ρ   aris konturis talRuri winaRoba. 

vinaidan  01 <α  da  02 <α , agreTve   12 αα > , rodesac ∞<< to  sidide-

ebi  te 1α  da te 2α  mcirdeba 1 dan 0 mde. unda aRiniSnos, rom es eqsponen-
cialuri funqciebi mudam dadebiTi sidideebia da 

te 2α   mcirdeba ufro 
swrafad, vidre te 1α . nax. 9.20-ze naCvenebia am maCvenebliani funqciebis da 

maTi sxvaobis  grafikebi.  
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nax. 9.20 
gardamavali denis mruds aqvs iseTive forma, rac eqsponencialuri 

funqciebis sxvaobis 
tt ee 21 αα −  grafiks da naCvenebia nax. 9.21-ze. konden-

satoris ganmuxtvis dros gardamavali deni ar icvlis mimarTulebas, 

izrdeba nulidan maqsimalur mniSvnelobamde mtt =  momentisaTvis. 

Semdgom, deni mcirdeba nulamde, rodesac ∞=t .  
 
 
 
 

 
 
 
 
 
 
 
 
 

  
 
 

nax. 9.21 

t0

1

te 1α

te 2α

tt ee 21 αα −

0V−

i,v

0V

0

)t(vC

)t(i

)t(vL

)t(vR

mt2

t
mt
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Zabva R  winaRobaze imeorebs gardamavali denis cvlilebis kanon-

zomierebas:  

                                          ( )tee
L

RVRitv t
R 2

21

0 1

)(
)( α

αα
α −

−
−== .                              9.52 

Zabva induqciurobaze 0=t  momentisaTvis naxtomiseburad aRwevs 

mniSvnelobas ( 0V− ) da Semdeg icvleba (9.52) formulis mixedviT. 

Zabva kondensatorze mcirdeba (9.51) formulis mixedviT sawyis 0V  

mniSvnelobidan nulamde, rodesac ∞=t . 

am process ewodeba kondensatoris aperioduli ganmuxtva.  

drois intervalSi mtt <<0  Zabva kondensatorze 0>Cv  da 

ganmuxtvis deni .i 0<  maTi namravli – myisa simZlavre 0<p . es niSnavs, 

rom koWa iRebs energias kondensatoris eleqtruli velidan (nax. 

9.22a ). am energiis nawili grovdema magnitur velSi da danarCeni 

energia gamoiyofa siTbos saxiT R  winaRobaSi.  

                  

R

L
C

                              

R

L
C

                
                           0 < t < tm                                                                          tm < t < ∞                                                                               

           a)                                                                      b)     
nax. 9.22 

drois intervalSi ∞<< ttm  energia aiReba rogorc eleqtruli, 

ise magnituri velebidan da xdeba misi disipacia R  winaRobaSi 

(nax.9.22b ). 
drois momenti mt , romlis drosac kondensatoris ganmuxtvis deni 

aRwevs maqsimalur mniSvnelobas, ganisazRvreba Semdegnairad:   

( ) 0
)(

;0 211
21

21

0 =−
−

−= tt ee
L

V
dt
di αα αα

αα
 

( ) m

m

m
mm t

t

t
tt e

e
eee 12

1

2
21

2

1
21 ;0 αα

α

α
αα

α
ααα −===−  

( )
12

2

1

12
2

1

αα
α
α

αα
α
α

−
=⇒−=

In
ttIn mm

.
 

b) maxasiaTebeli gantolebis fesvebi aris erTmaneTis toli, uaryofi-

Ti sidideebi. am SemTxvevas adgili aqvs, rodesac  0ωδ = , rac niSnavs, 

rom  .22 ρ==
C
LR  amgvarad, fesvebi  δαα −== 21 . 
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vinaidan  (9.49), (9.50) da (9.51) formulebSi mniSvnelebSi Cawerilia 

nuli, gardamavali deni da Zabvebi ganisazRvreba Semdegi ganusazRvre-

lobebidan:  

tt
ttt

te
L

Vte
L

Vtelim
L

Vee
d
dlim

L
V)t(i δα

α

αα

αα

αα ααα
−

→→ −=−=−=
−
−⋅−= 000

211

0 2
1

21

21

21 1
         9.53 

 

)t(eVe)t(V

etelimVee
d
dlimVv

t
t

tttt

C

δα

α
αα
αα

α

δ
α

αα

αα

αα

αα

+=−−=

=−−=
−
−⋅−=

−

→→

1
1
1

1

0
2

0

2
0

21

12

1
0

2

21

21

21

21

             
9.54 

)t(eV
tee

limV
ee

d
dlimVv t

tttt

L δα
αα
αα

α
δ

αα

αα

αα

αα +−=
−

−=
−
−

⋅−= −
→→ 1

1 0
1

0
21

21

1
0

11

121

21

21
. (9.55) 

gardamavali denisa da Zabvebis mrudebi ar gansxvavdeba kondensa-

toris ganmuxtvis a) SemTxvevaSi miRebuli mrudebisagan. ganmuxtvis 

deni aRwevs maqsimalur mniSvnelobas drois momentisaTvis 
δ
1== mtt . 

g) maxasiaTebeli gantolebis fesvebi aris kompleqsuri urTierT-

SeuRlebuli ricxvebi. am SemTxvevas adgili aqvs, rodesac   ρ2<R .  

          SemoviRoT aRniSvna 
22

0 δωω −=′ . maSin maxasiaTebeli gantolebis 

fesvebi SegviZlia ase CavweroT:  
θωωδωδδα jej 0

2
0

2
1 =+−=−+−=  

)jej θωωδωδδα −=−−=−−−= 0
2
0

2
2  

sadac πθπδωθ <<−= − 21 /),/(tn '
xolo .   . 

gardamavali denisaTvis gveqneba Semdegi gamosaxuleba:  

              
( )

tsine
L

V

eeee
Lj

V)ee(
)(L

V)t(i

,t
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tjttjt
,

tt ,,

ω
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ωαα

δ

ωδωδαα

−

−−−

−=

=−−=−
−

−=

0

0

21

0

2
2

               9.56 

gardamavali Zabvebi induqciurobasa da tevadobaze iqneba:  

( ) [ ]
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).tsin(eV

eeeeee
j
V)ee(Vv

)tsin(eV
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j
VeeVv
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'
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'
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ω
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ω
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9.57 
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gardamavali deni da Zabvebi icvleba milevadi sinusoidis kanoniT. 

amplituda mcirdeba eqsponencialuri kanoniT. gardamavali denis 

grafiki naCvenebia nax 9.23-ze. 
sidides 0ω  ewodeba miulevadi rxevebis (denis an Zabvis) kuTxuri 

sixSire, xolo sidides   ,ω  - milevadi rxevebis kuTxuri sixSire. 

 sidide            

2
222

0 4
1

222

L
R

LC

T ,
,

−
=

−
== π

δω
π

ω
π

  

warmoadgens milevadi rxevebis periods. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.9.23 
rodesac 0=R  milevadi rxevebis periodi udris miulevadi rxeve-

bis periods LCTT π
ω
π 22

0
0 ===′ . am SemTxvevisaTvis gardamavali denis, 

induqciurobasa da tevadobaze Zabvebis grafikebi naCvenebia nax. 9.24-ze. 
 

 

 

 

 

 

 

 

 

 

 

nax 9.24 

T

t

i

te δ−

te δ−−

0

t0

i,v

)t(vC
)t(vL

)t(i
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Zabvis an denis milevadi rxevebis Sesustebis tempi SeiZleba Se-

fasdes rxevebis dekrementiT:  
,, )( TTt

m
t

m eeIeI δδδ ==∆ +−− ,                                                9.58 

an rxevebis logariTmuli dekrementiT 
,ln Tδζ =∆= , sadac  

L
VIm ,

0

ω
= .   

Tu rxevebis amplitudis Semcirebis tempi arc Tu ise maRalia, 

maSin 0
, TT ≈  da  

                               
Q

RLC
L

RT π
ρ

ππδζ ==== 2
20 ,                                            9.59 

sadac Q  aris konturis vargisoba. 
 
 

9.9. gardamavali procesebi  CLR −−   wredis mierTebisas mudmivi 

Zabvis wyarosTan 

 
vTqvaT mimdevrobiT SeerTebuli induqciuri koWa LR −  paramet-

rebiT da kondensatori C  tevadobiT komutaciis Semdeg erTdeba 

energiis wyarosTan ZabviT 0V  (nax.9.25).  

L

C

S R

 
nax. 9.25 

miviRoT, rom sawyisi pirobebi nulovania .)(v,)(i CL 0000 ==−  
         wredis integro-diferencialuri gantoleba iqneba:  

                                               0
0

)0(1 Vvidt
C

Ri
dt
diL C

t

=+++ ∫ .                                            9.60 

am gantolebis amonaxsni – gardamavali deni iqneba:   

                                  teAeA)t(i)t(i t' 21
21 ++= α .                                               9.61 

am SemTxvevaSi gardamavali denis iZulebiTi mdgeneli 0=′ )t(i  da  

=)(ti teAeA t 21
21 +α . 

 (9.60) gantolebidanD                             

L
vRiV

dt
di C

t

)0()0(0

0

−−
=

=

, 

saidanac mocemuli sawyisi pirobebisaTvis 

L
V

dt
di
t

0

0

=
=

 

da integrirebis mudmivebis gansazRvrisaTvis miviRebT gantolebaTa 

Semdeg sistemas:  
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⎪⎭

⎪
⎬
⎫

+=

+=

2211
0

210

αα AA
L
V

AA

                                             9.62
 

am sistemidan integrirebis mudmivebi iqneba: 

                                             
)( 21

0
21 αα −

=−=
L

VAA . 

Sesabamisad, gardamavali denisa da ZabvebisaTvis gveqneba Semdegi 

formulebi:  

                                        )(
)(

)( 21

21

0 tt ee
L

Vti αα

αα
−

−
=                                               9.63 

                                               )()( 21
21

21

0 tt
L eeVtv αα αα

αα
−

−
=                                            9.64 

                                             012
21

0 )()( 21 VeeVtv tt
C +−

−
= αα αα

αα
 .                                     9.65 

am formulebis Sedareba (9.50), (9.51) da (9.52) formulebTan, 

romlebic gamoyvanilia kondensatoris ganmuxtvis reJimisaTvis, 

SevamCnevT rom gansxvaveba mdgomareobs mxolod niSanSi. 

kondensatoris ganmuxtvis dros deni da Zabvebi Cawerilia uaryofiTi 

niSniT, damuxtvisas ki dadebiTi niSniT. 

aqac kondensatoris damuxtvis procesis xasiaTi damokidebulia 

damuxtvis wredis parametrebs Soris arsebul Tanafardobebze. 

rodesac fesvebi namdvili uaryofiTi sidideebia, kondensatoris 

damuxtvis procesi aperiodulia da Sesabamisi denisa da 

kondensatoris Zabvis grafikebi naCvenebia nax. 9.26 a -ze.  
 

 

 

 

 

 

 

 

 

 

 

 

nax.9.26 
im SemTxvevaSi, rodesac maxasiaTebeli gantolebis fesvebi 

urTierTSeuRlebuli kompleqsuri ricxvebia uaryofiTi namdvili 

nawiliT, kondensatoris damuxtvis procesi rxeviTia da Sesabamisi 

iv,
0V

mt t0

)(tvc

)(ti

)(ti

)(tvc

iv,

0V

0 t
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damuxtvis denis da kondensatoris Zabvis cvlilebis grafikebi 

naCvenebia nax. 9.26b -ze.  

 magaliTi 9.3. nax. 9.27-ze naCvenebia eleqtruli wredis sqema, sadac 

s  komutatoris CarTvis Semdeg wredi aRmoCndeba mierTebuli Zabvis 

wyarosTan ZabviT 125V . gamoviyvanoT kondensatoris Zabvis 

gamosaxuleba, Tu .FCmHL,R µ2667250 ==Ω=  da    

L0V

s R
1i

2i 3i

 
nax. 9.27 

   amoxsna: 

      Zabva kondensatorze 

                  .vvv ''
C

'
CC +=   

am Zabvis iZulebiTi mdgeneli – damyarebuli reJimis Zabva nulis 

tolia, vinaidan kondensatori Suntirebulia induqciurobiT. 

kondensatoris Zabvis Tavisufali mdgenelis mosaZebnad Sevad-

ginoT Sesavali maxasiaTebeli winaRobis gamosaxuleba da gavutoloT 

nuls 

                   0
11
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2

2

=
+

++=
+

+=
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α
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RLRLC

C
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R)(Z . 

am gantolebis fesvebia: 
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s)(

LCCRRC,α
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e.i. 
1

2
1

1 1500500 −− −=−= s;s αα . 

Zabva kondensatorze 

.eAeAvv tt
CC

1500
2

500
1

−− +=′′=  

integrirebis mudmivebi ganvsazRvroT kirxhofisa da komutaciis 

kanonebiT: 

.)(i)(v)(RiV
);(i)(i)(i)(i

C 1250025000
00000

110

3321

=++=+++=
++=+++=+

 

    am sistemidan .A.)(i 5003 =+  

    meores mxriv kondensatoris deni 

)eAeA(
dt

dv
Ci ttC 1500

2
500

1
6

3 1500500102 −−− −−⋅== . 

    rodesac 0+=t kondensatoris Zabva da deni iqneba: 
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).AA(.)(i
;AA)(vC

21
6

3

21

1500500102500

00

−−⋅==+

+==+
−

 

     am sistemis amonaxsnia .AA 25021 =−=  

     saZiebeli kondensatoris Zabva iqneba: 

.V)ee()t(v tt
C

1500500 250250 −− −=  

   amocanebi: 

9.1. avtomobilis anTebis sistemis induqciuri koWis parametrebia 

.mHL,R 205 =Ω=  gamoTvaleT Zabva sahaero RreCoze, Tu akumulatoris 

Zabvaa 12V  da kontaqtis gaxsnis dro - 2 sµ . 

9.2. koWa, induqciurobiT 9 Ω1.2 winaRobiT daH , mierTebulia energiis 

wayrosTan. im momentSi, rodesac masSi gadis A50  deni, komutatoriT 

xdeba misi gadamokleba. gansazRvreT koWaSi denis Semcirebis siCqare. 

rogori iqneba es siCqare, Tu komutaciis momentSi koWaSi gamavali 

deni aris 25 A . 

9.3. mudmivi denis wredi Sedgeba mimdevrobiT SeerTebuli koWisa 

( )R;mHL( Ω== 1050  da rezistorisagan Ω= 301R . Zabva wredis 

momWerebze - .VV 1200 =  komutaciis Sedegad xdeba 1R  rezistoris daSun-

teba. gamoiyvaneT koWaSi gamavali denis gamosaxuleba da aageT misi 

grafiki. 

9.4. gamoiyvaneT kondensatoris Zabvis droze damokidebulebis funqcia 
nax.9.28-ze naCvenebi sqemisaTvis. 

C

1R

2Rs
sI

 
nax. 9.28 

9.5. 200 Fµ tevadobis kondensatoris sruli ganmuxtvisas rezistorSi 

gamoyofili siTburi energia Seadgens erT jouls. ganmuxtvis pro-

cesis dawyebidan 0.06 wamis Semdeg Zabva kondensatorze Seadgenda 5V . 

gamoTvaleT rezistoris winaRoba da kondensatoris Zabvis sawyisi 

mniSvneloba. 

9.6. 50 Fµ  tevadobis 500V -mde damuxtuli kondensatori ganimuxteba 

induqciuri koWiT, romlis winaRobaa 100 mH10 bainduqciuro daΩ . 

gamoTvaleT drois intervali, romlis Semdeg ganmuxtvis deni miaRwevs 

maqsimalur mniSvnelobas, da denis maqsimaluri mniSvneloba. 

9.7. gansazRvreT nax. 9.29-ze naCvenebi wredisaTvis kondensatoris Zabva, 

rogorc drois funqcia. 
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L C

s

sI R

 
nax. 9.29 

 

 

9.8. nax. 9.30-ze naCvenebi sqemisaTvis gansazRvreT gardamavali deni )t(i . 

s

V30

Ω10 Ω60

Ω40

Fµ1

H.52

)t(i

 
nax. 9.30 

9.9. nax. 9.31-ze naCvenebi sqemisaTvis gamoTvaleT 

 )(v),(i,
dt
di),(v),(i C

t
C ∞∞⎟

⎠
⎞

⎜
⎝
⎛++
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s

Ω40
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)t(i
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)t(vC

 
nax. 9.31 



Tavi X. gardamavali procesebis angariSi operatoruli meTodiT 

 

10.1. Sesavali  

wina TavSi ganxiluli iyo Tavmoyrilparametrebian eleqtrul wre-

debSi gardamavali procesebis angariSis zogadi anu klasikuri meTodi, 

rac sabolood diferencialuri gantolebebis amoxsnamde daiyvaneba. am 

meTodis ZiriTadi sirTule integrirebis mudmivebis povnaSi mdgomare-

obs, rac eleqtruli wredis garTulebasTan da Sesabamisad diferen-

cialuri gantolebis rigis amaRlebasTan erTad izrdeba. 

bunebrivia, rom nebismieri maTematikuri meTodi, romelic iZleva 

diferencialuri gantolebis integrirebis procesis gamartivebis saSua-

lebas da ar moiTxovs integrirebis mudmivebis gansazRvras, gamoyenebu-

li unda iqnes eleqtrul wredebSi gardamavali procesebis angariSisaT-

vis.  

aseT meTods, pirvel rigSi, miekuTvneba operatoruli meTodi, roml- 

is arsi imaSi mdgomareobs, rom Cveulebrivi dife-

rencialuri gantolebis amosaxsnelad masSi Sema-

vali drois funqciebi (originalebi), maTi war-

moebulebi da integralebi icvleba Sesabamisi in-

tegraluri (operatoruli) gamosaxulebebiT, rom-

elTa Soris Sesabamisoba myardeba romelime pir-

dapiri integraluri gardaqmnis saSualebiT. amis 

gamo, diferencirebisa da integrirebis operaciebi 

funqcia originalebze icvleba algebruli opera-

ciebiT (gamravleba, gayofa) Sesabamis operatorul 

gamosaxulebebze. Sedegad, diferencialuri ganto-

leba gardaiqmneba algebrul gantolebad. am uka-

nasknelis amonaxsniT -s mimarT da integ-

raluri ukugardaqmnis saSualebiT miiReba sawyisi 

diferencialuri gantolebis saZiebeli amonaxsni 

 originalis mimarT. am meTods operatoruli meTodi ewodeba da mas 

safuZvlad udevs  laplasis integraluri gardaqmna 

)p(F

)t(f

pier simon laplasi, 

1749 – 1827, 

frangi maTematikosi da 

astrologi. 

                                                                                                                10.1 ,)()(
0

dtetfpF pt−
∞

∫=

sadac  aris funqcia-originali (deni, Zabva an emZ) da  ki Sesa-
bamisi operatoruli gamosaxuleba. maT Soris Sesabamisoba Semdegnairad 

Caiwereba:  

)(tf ( )pF

                                                    ),()( tfpF ⇔
sadac simbolo  niSnavs drois funqciasa da kompleqsuri cvladis ⇔

ηδ jp +=  funqcias Soris Sesabamisobas. 
laplasis integrals aqvs sasrulo mniSvneloba, Tu funqcia origi-

nali akmayofilebs dirixles pirobebs da rodesac   0>t
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tAe)t(f α< , 

sadac A  da α  aris raime dadebiTi ricxvebi, romlebic SeiZleba ise 

SeirCes, rom funqcia-originalis moduli izrdebodes ufro nela, vidre 

eqsponencialuri funqcia . unda aRiniSnos, rom realuri denebi da 

Zabvebi akmayofileben am pirobebs.       

tAeα

saZiebeli funqcia-originali ganixileba, rogorc  funqciis 

ukugardaqmna da ganisazRvreba Semdegi formuliT:  
)p(F

                                                       ∫
∞+

∞−

=
δ

δπ j

pt dpepF
j

tf .)(
2
1)(                                                10.2 

 
10.2. mudmivasa da eqsponencialuri funqciis operatoruli 

gamosaxulebebi  

 
davuSvaT funqcia-originali mudmivi sididea . CavsvaT es si-

dide (10.1) formulaSi. integrirebiT miviRebT, rom  
A)t(f =

p
A

p
Ae

p
AdtAepF ptpt =−−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−== ∞−

∞
−∫ )10(1)( 0

0

. 

amgvarad, mudmivas operatoruli gamosaxuleba aris mudmivas fardo-

ba operatorTan 

                                                     
p
AA ⇔     .                                                                 10.3 

Tu funqcia-originali aris eqsponencialuri funqcia  , Sesa-
bamisi operatoruli gamosaxuleba iqneba:   

te)t(f δ=

αα
ααα

−
=

−
−=== ∞−−

∞ ∞
−−−∫ ∫ p

e
p

dtedteepF ptpptt 11)( 0
)(

0 0

)( . 

amgvarad  

                                                  
α

α

−
⇔

p
e t 1  .                                                              10.4 

analogiurad, funqciis operatoruli gamosaxuleba   aris:      te α−

                                               
α

α

+
⇔−

p
e t 1 .                                                                    10.5 

Tu   )( ψωα += tj  

                                      
ω

ψψω

jp
ee jtj

−
⇔+ 1)( .                                                                10.6 
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10.3. pirveli da maRali rigis warmoebulebis operatoruli 

gamosaxulebebi  

 

davuSvaT aris  funqciis operatoruli gamosaxuleba da 

saWiroa moiZebnos funqcia-originalis pirveli rigis warmoebulis  

)p(F )t(f

dt
df  

operatoruli gamosaxuleba. CavTvaloT, rom rodesac  da 

(10.1) formulis Tanaxmad  
)(f)t(ft 00 ==

∫
∞

−′⇔′=
0

)( dtetff
dt
df pt . 

gamoviyenoT nawilobrivi integrirebis meTodi. miviRoT, rom 
  da . gveqneba: dtpedu pt−−= )(tfdv =

∫ ∫−= vduuvudv , 

                       ( )∫∫
∞

−
∞

∞−− +−=−−=′
00

0 ).()0()()()( ppFfdtpetftfedtetf tpptpt                10.7 

amgvarad, funqcia-originalis pirveli rigis warmoebulis operato-

ruli gamosaxuleba  
                                                                                                        10.8 ).(f)p(pF)t(f 0−⇔′

msgavsad, meore rigis warmoebulis operatoruli gamosaxuleba  

                   [ ] ⎥
⎦

⎤
⎢
⎣

⎡ ′
−−=′−−⇔′′

2
2 )0()0()()0()0()()(

p
f

p
fpFpffppfptf .                        10.9 

funqcia-originalis maRali rigis warmoebulis operatoruli 

gamosaxuleba iqneba:  

                            ⎥
⎦

⎤
⎢
⎣

⎡
−⋅⋅⋅−

′
−−⇔

−

n

n
nn

p
f

p
f

p
fpFptf )0()0()0()()(

)1(

2
)( .                             10.10 

nulovani sawyisi pirobebis SemTxvevaSi pirveli rigis warmoebulis 

operatoruli gamosaxuleba iqneba 

           ,                                                10.11 )p(pF)t(f ⇔′
xolo  rigis warmoebulis operatoruli gamosaxuleba  n

                                                     .                                               10.12 )()()( pFptf nn ⇔
 

10.4. funqcia-originalis integralis operatoruli  

gamosaxuleba 

 

gamoviyvanoT  funqciis gansazRvrul integralis operatoruli 

gamosaxuleba  

)t(f

                                                  .dt)t(f)t(
t

∫=
0

ψ   

mxedvelobaSi miviRoT, rom  funqciis operatoruli gamosaxu-

lebaa  . Tanaxmad (10.1) formulisa 

)(tf
)( pF
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∫
∞

−⇔
0

)()( dtett ptψψ . 

aRvniSnoT  );(tu ψ=      ;)( dttfdu = ;dtedv pt−= pte
p

v −−= 1
. nawilobrivi 

integrirebis formulis Sesabamisad 

∫ ∫−= vduuvudv  

                      )(1)(11)()(
0

0
0

pF
p

dttfe
p

e
p

tdtet ptptpt =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−= ∫∫

∞
−∞−

∞
− ψψ .                   10.13 

amgvarad, funqcia-originalis gansazRvruli integralis operatoru-

li gamosaxulebis misaRebad, saWiroa funqcia-originalis operatoruli 

gamosaxuleba gavyoT operatorze. #1 danarTSi mocemulia eleqtrul 

wredebSi gamoyenebuli zogierTi maTematikuri funqciebi da maTi ope-

ratoruli gamosaxulebebi, romelic warmoadgens garkveul sacnobaro 

masalas.  

 
10.5. omisa da kirxhofis kanonebi operatorul saxeSi 

 
nax.10.1 naCvenebia eleqtruli wredis  Sto mimdevrobiT SeerTe-

buli  da  elementebiT.  
ba −

L,R C

a

b C

L

Ri

)t(v

 
      nax. 10.1                    

   kirxhofis meore kanonis safuZvelze gveqneba Semdegi gantoleba: 

                                                )0(1)(
0

c

t

vidt
cdt

diLRitv +++= ∫ .                                  10.14 

   gadavweroT es gantoleba operatorul saxeSi mudmivas , 

funqcia-originalebis  , warmoebulis da integralis CanacvlebiT 

Sesabamisi operatoruli gamosaxulebebiT. miviRebT:   

)(vc 0
),t(v )t(i

P
v

pI
Cp

LipLpIpRIpV C )0(
)(1)0()()()( ++−+= . 

es gantoleba SeiZleba ase gadavweroT: 

                                 ),0(
)0(

)()()( Li
P

v
pZpIpV C −+=                                10.15 

sadac 
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Cp

LpRpZ 1)( ++=                                             10.16 

warmoadgens im operatorul winaRobas, romlis ganzomilebaa omi. am 

aRniSvniT gantoleba (10.15) - dan gveqneba: 

                                          
)(

)0(
)0()(

)(
pZ

p
vLipV

pI

C−+
= .                                    10.17 

es formula gamosaxavs omis kanons operatorul formaSi aranulo-

vani sawyisi pirobebisas. nulovani sawyisi pirobebisas   

omis kanonis formula iqneba:  
0000 == )(v,)(i C

                                               
)(
)()(

pZ
pVpI = .                                                      10.18 

rogorc cnobilia eleqtruli wredis kvanZuri wertilisaTvis kir-

xhofis pirveli kanonis Tanaxmad  

0
1

=∑
=

n

k
ki . 

Tu TiToeuli denisaTvis, rogorc drois funqciisaTvis (10.1) for-

muliT gamovTvliT Sesabamis operatorul gamosaxulebas, maSin 

kirxhofis pirveli kanoni operatoruli formiT iqneba  

                                                         .                                                        10.19 0)(
1

=∑
=

pI
n

k
k

kirxhofis meore kanonis mixedviT gantolebis Casawerad operator-

ul formaSi ganvixiloT nax.10.2-ze warmodgenili sqemis Caketili 

konturi  

1R 1L

2C

2R

3L
3R 3i

4i

1i

4R

2i

6i5i

8i 7i

1e

+
−

4e

 
nax. 10.2 

visargebloT sqemaze naCvenebi konturis Semovlis mimarTulebiT da 

SevadginoT gantoleba eleqtrul sidideTa myisa mniSvnelobebisaTvis. 

gveqneba:  

44
3

333
0

2
2

22
1

11141 )0(1
2

iR
dt
diLRivdti

C
iR

dt
diLiRee

t

C +−−++++=+ ∫ . 

gadavweroT es gantoleba operatorul formaSi:  
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).()0()()(

)0(
)(1)()0()()()()(

44333333

2
2

2211111141
2

pIRiLpIpLRpI
P

v
pI

pC
pIRiLpIpLpIRpEpE C

++−−

−+++−+=+
               10.20 

zogad SemTxvevaSi  

                                                          ∑ ,                                               10.21 ∑
= =

=
n

k

n

k
kk pUpE

1 1
)()(

sadac  aris k-uri Stos momWerebze Zabvis operatoruli gamosa-

xuleba. (10.20) gantoleba SeiZleba ase gadaiweros: 
)p(Vk

),()()()(

)()()()()0(
)0(

)0()()(

4433

2211331141

pZpIpZpI

pZpIpZpIiL
P

v
iLpEpE C

+−

−+=−−++
               10.22 

sadac 

.R)p(Z;pLR)p(Z

;
Cp

R)p(Z;pLR)p(Z

44333

22111
1

=+=

+=+=
 

 ) aris Stoebis operatoruli winaRobebi.  (),(),(),( 4321 pZpZpZpZ

nax. 10.3-ze warmodgenil sqemaSi sidideebi  
P

viLiL C )0(
),0(),0( 3311   SeiZleba 

miviCnioT, rogorc emZ-is damatebiTi wyaroebi da maTi saSualebiT 

gaviTvaliswinoT aranulovani sawyisi pirobebi, magaliTad, gantolebis 

wevri  aris damatebiTi emZ  induqciurobis magnitur velSi dag-

rovili energiis gamo; sidide 

)(iL 011 1L

p
)(vC 02−  aris emZ,  tevadobis eleqtrul 

velSi dagrovili energiis gamo da a.S. 

2C

 
)(1 pE )(1 pZ )0(11iL

)(2 pI

)(2 pZ

P
UC )0(2−

)(33 oiL)(3 pZ)(3 pI

)(4 pZ

)(4 pE +
−

+−

+
−

+−

+

 
    nax. 10.3. 
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10.6. gardamavali procesebis analizi martiv da rTul eleqtrul wredebSi  

operatoruli meTodiT  

 

     ganvixiloT gardamavali procesi nax.10.4-ze naCveneb martiv eleqtr-

ul wredSi nulovani sawyisi pirobisas, e.i rodesac deni 

. 

,t 0=

)(iL 0baSiinduqciuro

0V

R

L

 
nax. 10.4 

omis kanonis Tanaxmad nulovani sawyisi pirobisas gardamavali den-

is operatoruli gamosaxuleba  

)(
)()(

pZ
pVpI = . 

wredis operatoruli winaRoba  
                                                               . LpRpZ +=)(

wredis momWerebze modebulia mudmivi Zava, romlis operatoruli 

gamosaxuleba  

P
VpV 0)( = . 

gardamavali denis operatoruli gamosaxuleba iqneba:  

                                            
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+
−=

+
=

L
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V
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V
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P

11
)(

)( 00 .                                 10.23 

Sesabamisi drois funqcia – gardamavali deni  

                                             ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

− t
L
R

e
R
Vti 1)( 0 .                                                     10.24 

im SemTxvevaSi, rodesac komutaciis Sedegad  wredi aRmoCndeba 

mierTebuli mudmivi denis wyarosTan ZabviT  nulovani sawyisi 

pirobisas ( ) operatoruli deni iqneba  

CR −

0V

00 =)(vC

                                      

.
1

1
1
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+
=
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⎞
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⎝

⎛
+
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=

  .                    10.25 

     Sesabamisi gardamavali deni  
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                                                                  RC
t

e
R
Vti

−
= 0)( .                                                          10.26 

   wredis mierTebisas mudmivi Zabvis wyarosTan ZabviT  

nulovani sawyisi pirobebisas  denis operatoruli 

gamosaxuleba iqneba:  

CLR −− 0V

0000 == )(v,)(i CL

    

;1)(;)(;
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)()( 0
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VpV
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V

Cp
LpRp
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sadac 

22
0

2,2
0 ;1;

2
σωωωσ −===

LCL
R . 

  Sesabamisi gardamavali deni iqneba:  

                                                               .sin)( ,
,
0 te
L

V
ti t ω

ω
σ−=                                                    10.27 

 exla ganvixiloT gardamavali procesebi rTul wredebSi, kerZod 

nax. 10.5-ze naCveneb or konturian eleqtrul wredSi aranulovani sawyisi 

pirobebisas, rodesac  gansxvavebulia nulisagan.   )(v),(i),(i C 000 31

2R

i

1L

1R
3R

3L
2C

21i

S

3i

+
−

1e +
−

3e 2e
+
−

 
 

nax. 10.5. 
miviRoT es sidideebi mxedvelobaSi damatebiTi Zabvis wyaroebis sa-

SualebiT.  Tu maT CavrTavT wredSi, miviRebT nax.10.6-ze naCveneb sqemas.   
konturuli denebis meTodis gamoyenebiT miviRebT gantolebaTa sistemas:  

)()()()()(
)()()()()(

22222211

11122111

pEpZpIpZpI
pEpZpIpZpI

=+
=+

 ,                              10.28 
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2R

1L

1R 3R

3L
2C

S

)(1 pI )(2 pI

)(2 pE)(3 pE)(1 pE
+
−

+
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( )033iL( )011iL ( )
P

VC 02−

 

+
− +

− +
−

 
 

nax. 10.6. 
sadac   da  aris  da   konturuli denebis operatoruli 

gamosaxulebebi; 

)(1 pI )(2 pI )(1 ti )(2 ti

          ,pp LRRLpZ 331111 )( +++= pLR
pC

RpZ 33
2

222
1)( +++=  -  pirveli da meore 

konturebis sakuTari operatoruli winaRobebi;  

pLRpZpZ 332112 )()( +==  - konturebis saerTo operatoruli winaRoba;    

          , )()0()()( 311111 pEiLpEpE ++= )0()(
)0(

)()( 333222
2 iLpE
p

V
pEpE C ++−= -  

konturebisaTvis emZ-ebis operatorul gamosaxulebaTa algebruli jami 

Sesabamisad.  
(10.28) gantolebaTa sistemis amonaxsni aris: 

                         ,
)(
)()(;

)(
)()( 2

2
1

1 p
ppI

p
ppI

∆
∆

=
∆
∆

=                                      (10.29) 

sadac 

)()()()(
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)()(

)( 12122211
2221

1211 pZpZpZpZ
pZpZ
pZpZ

p −==∆ ; 

)()()()(
)()(
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)( 21222211

2222

1211
1 pZpEpZpE

pZpE
pZpE

p −==∆ ; 

).()()()(
)()(
)()(

)( 21111122
2221

1111
2 pZpEpZpE

pEpZ
pEpZ

p −==∆  

 
operatoruli gamosaxulebebis  Sesabamisi funqcia-origi-

nalebis gansazRvrisaTvis saWiroa gamoviyenoT laplasis ukugardaqmnis 

integrali (10.2) an gaSlis Teorema, romelsac qvemoT ganvixilavT.  

)(),( 21 pIpI
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10.7. daSlis Teorema  

 

saZiebel eleqtrul sidideTa operatoruli gamosaxulebebis Sesa-

bamisi funqcia-originalebis mosaZebnad saWiroa operatoruli amonaxsni 

warmovadginoT iseTi racionaluri funqciebis jamis saxiT, romelTa 

funqcia-originalebi cnobilia.  
davuSvaT operatoruli amonaxsni aris Semdegi wesieri wiladi  

                    
01

2
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1
1
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2
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L
 ,                       10.30 

romelSic  da polinomialur gantolebas  nm <
0)( 01

2
2

1
1 =+++++= −

−
−

− apapapapapH n
n

n
n

n
n L                              10.31 

aqvs  raodenobis fesvi . maSin racionaluri funqcia 10.30 
SeiZleba davSaloT elementarul wiladebad da warmovadginoT maTi 

jamis saxiT:  

n nppp ,,, 21 L

∑
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sadac 
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k

k
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−
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−
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k

k ppp
)p(H)p('H
=∂
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vinaidan 
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k
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pp
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saZiebeli drois funqcia  

∑
=

=
n

k

tp

k

k ke
pH
pQtf

1 )('
)(

)( .                                            10.33 

es formula gamosaxavs hevisaidis daSlis Teoremas da Seicavs imden 

wevrs, ramdeni fesvic aqvs (10.31) gantolebas.  Tu gantolebis erTi fesvi 

 Sesabamisi wevri (10.33) gantolebaSi warmoad-

gens gardamavali denis mudmiv mdgenels da amo-

naxsni iqneba: 

01 =p

hevisaidi, 

1850 – 1925, 

ingliseli fizikosi. 

   

 ∑
=

+=
n

k k

k

pH
pQ

H
Qtf

2 )('
)(

)0('
)0()( tpke  .                                10.34 

Tu (10.31) gantolebas aqvs kompleqsuri SeuR-

lebuli fesvebi, Sesabamisi wevrebi (10.33) gantole-

baSi aris aseve SeuRlebuli kompleqsuri sidideebi 

da maTi jami aris namdvili ricxvi.   
rodesac (10.31) gantolebis fesvebi sufTa warmo-

saxviTi sidideebia ( ωω jpjp −== 21 ; ), funqcia-origi-
nali iqneba:  
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)()( ωω

ω
ω

ω
ω             10.35 

   (10.35) gantolebaSi pirveli da meore wevri warmoadgenen funqcia-

originalis sinusoidur komponents. 

magaliTi 10.1. daSlis Teoremis gamoyenebiT vipovoT denis opera-

toruli gamosaxulebis 

23
32

2 ++
+=
pp

p)p(I  

Sesabamisi funqcia originali. 

amoxsna:  

gantolebis  fesvebia  da mocemuli racio-

naluri wiladi Caiwereba Semdegnairad: 

0232 =++ pp 21 21 −=−= p;p
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p
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p
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pp
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2123
32 21

2 +
+

+
=
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1K  mudmivas gamosaTvlelad bolo gantoleba gavamravloT . 

miRebuli gamosaxuleba  -saTvis iqneba: 

)p( 1+
1−=p

1
2
32

1
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analogiurad,  

1
1
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2
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⎦
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⎡
+
+=

−=pp
pK  

saZiebeli funqcia originali iqneba 

tt ee)t(i 2−− += . 

 

magaliTi 10.2. nax.10.7-ze naCveneb wredSi denis wyaros deni izrdeba 

wrfivi kanoniT    davadginoT .)A(t.)t(i 52= R  winaRobaSi gamavali  

denis droSi cvlilebis kanonzomiereba, Tu 

)t(i1
FC,R µ240 =Ω= .   

     amoxsna:  

CR)(ti
 

 
nax.10.7 

( )ti  denis operatoruli gamosaxuleba   

2

5.2)(
p

pI =  

R  da  elementebis paraleluri SeerTebisas ekvivalenturi 

operatoruli winaRoba iqneba  
C
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pZ  

saZiebeli denis operatoruli gamosaxuleba iqneba:  
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3
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saZiebeli  deni iqneba  

( )[ ])A(e.t..)t(i t. 31005123
1 110006450080331 ⋅−− −⋅−= . 

     amocanebi: 

10.1. nax. 10.8-ze naCvenebi wredisaTvis cnobilia, rom  , ,VV 2000 = R Ω=1001

FC,R µ54002 =Ω= . operatoruli meTodis gamoyenebiT gamovTvaloT wre-

dis ganuStoebel nawilSi gamavali denisa da kondensatorze Zabvis myisa 

mniSvnelobebi  komutatoris CarTvis Semdeg. s

0V

s
1R

2R

 
nax. 10.8 

10.2. operatoruli meTodiT ganvsazRvroT gardamavali Zabva , Tu 

komutaciis Semdeg wredi aRmoCndeba mierTebuli mudmivi Zabvis wyaros-

Tan da wredis parametrebia 

)t(v2

VV 1001 = FC,FC,RR ηµ 420250 2121 ==Ω== . 

 

1V

s
1R

2R
)t(v2

 

nax.10.9 

10.3. nax.10.10-ze naCvenebi sqemisaTvis operatoruli meTodiT ganvsazRvroT 

wredis ganuStoebel nawilSi gamavali gardamavali deni, Tu  da 

wredis parametrebia  da . 

VV 250 =

Ω=Ω= 250100 21 R,R mHL 500=
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s
1R

2R L

 
nax.10.10 

10.4. operatoruli meTodiT nax.10.11-ze naCvenebi sqemisaTvis nulovani 

sawyisi pirobebisas gamoviyvanoT induqciurobaze Zabvis gamosaxuleba 

 ).t(vL

VV 100 =

s Ω50. Ω4

H.51F.20

 
nax.10.11 

10.5. operatoruli meTodiT ganvsazRvroT induqciur koWaSi gamavali 

gardamavali deni, Tu  gadamrTveli (nax.10.12)  momentSi gadadis a  
dan  poziciaSi. igulisxmeba, rom wredSi CarTulia mudmivi denis  da 

mudmivi Zabvis wyaroebi. 

s 0=t
b 0I
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R

L

s

0I 0V

a

b

 
nax.10.12 
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Tavi XI. eleqtruli wredebis angariSi impulsuri emZ-is 

zemoqmedebisas   

 

11.1.  impulsuri emZ-ebi da sistemebi 

 
xSirad eleqtrul wredebSi moqmedeben emZ-bi, romelTa moqmedebis 

dro Tanazomadia wredSi gardamavali procesebis xangrZlivobisa. 

aseTi emZ-bi, maT mier gamowveuli denebi da Zabvebi iwodeba impulsur 

emZ-d, denebad da Zabvebad, xolo wredebi, sadac isini moqmedeben – 

impulsur wredebad an impulsur sistemebad.  
impulsuri eleqtruli sidide xasiaTdeba mrudis formiT, 

maqsimaluri (pikuri) mniSvnelobiT, impulsis xangrZlivobiT , 

impulsebis ganmeorebis droiT (periodiT), impulsebs Soris drois 

intervaliT (pauziT)  da sxva. nax. 11.1-ze naCvenebia sworkuTxa , 

samkuTxa  da trapeciis  formis impulsebis Tanamimdevroba.  

imt

int )a
)b )c

       
e

0 t)a

 
 
 
 
 

v

0 t)b

v

0 t)c
nax. 11.1. 

          imisda mixedviT, Tu ra TanafardobaSia impulsis xangrZlivoba, 

intervali da gardamavali procesis dro, impulsuri wredebis 

analizisaTvis gamoiyeneba sxvadasxva meTodebi.  

     rodesac wredSi moqmedi impulsuri emZ-is da gardamavali proce-

sis  xangrZlivoba naklebia impulsebs Soris drois intervalze, wre-

di ganicdis momdevno impulsur zemoqmedebas, rodesac wina zemoqme-

debiT gamowveuli gardamavali procesi ukve damTavrebulia. amitom 

gardamavali procesi SeiZleba gaviTvaloT calcalke TviToeuli 

impulsuri zemoqmedebisaTvis. 

     rodesac gardamavali procesis xangrZlivoba metia impulsur ze-

moqmedebaTa Soris intevalze, momdevno impulsSi gardamavali procesi 

damokidebulia gardamaval procesze drois wina intervalSi. aseTi 

procesebis analizisas gamoiyeneba specialuri meTodebi. erT-erTi maT-

gania meTodi, damyarebuli laplasis diskretul gardaqmnaze, romelic 

gamoyenebadia, Tu impulsuri zemoqmedebebi xorcieldeba erTimeoris 

miyolebiT drois toli intervaliT.   
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11.2. impulsuri funqciebi  

 

eleqtruli wredebis TeoriaSi gamoiyeneba naxtomisebri, wrfivad 

zrdadi, δ  da sxva funqciebi.  
nax. 11.2 a –ze naCvenebia naxtomisebri (safexurovani) funqciis 

grafiki. mas nulovani rigis impulsur funqciasac uwodeben da 

maTematikurad Caiwereba, rogorc  

                                                                               11.1    
⎩
⎨
⎧

≥
<

=
.0,

0,0
)(

ta
t

tS

                  
  

)(tR

0 t)b

)(tδ

0 t)c

 
 
 
 
 

)(ts

0 t)a

a

nax. 11.2 
Tu    gvaqvs erTeulovani naxtomisebri funqcia:  1=a

⎩
⎨
⎧

≥
<

=
0,1
0,0

)(1
t
t

t                                                                 11.2    

       nax.112b-ze naCvenebia wrfivad zrdadi funqciis grafiki, romlis 

maTematikuri forma aris:  

                                                                                          11.3 
⎩
⎨
⎧

≥
<

=
0,

0,0
)(

tkt
t

tR

       safexurovan da wrfivad zrdad funqciebs  Soris kavSiri aseTia:  

                             )t(R)t(S);t(S)t(R
dt
d t

== ∫
∞−

                                              11.4 

δ  funqciis grafiki emTxveva koordinantTa RerZebs da naCvenebia 

nax.11.2c-ze. mas pirveli rigis impulsur (dirakis) funqciasac uwodeben 

da SeiZleba Caiweros, rogorc:  

                                                      11.5 .
0,

0,0,0
)(

⎩
⎨
⎧

=∞
><

=
t

tt
tδ

kavSiri erTeulovan naxtomisebr da delta funqciebs Soris kavSiri   

       ∫
∞−

==
t

tltt
dt

tdl )()();()( δδ                                           11.6 

      δ  funqciis integrirebisas intervalSi   -  ,   vRebulobT: ∞ ∞+

                                                                                                          11.7 .1)( =∫
+∞

∞−

tδ
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11.3. eleqtrul wredSi impulsuri zemoqmedebiT gamowveuli gardamavali 

procesebi 

 

nax. 11.3a-ze naCvenebi wredisaTvis mudmivi emZ  gardamaval pro-

cesSi SeiZleba warmovadginoT erTeulovani naxtomisebri funqciiT: 

0E

)(1)( 0 tEtE = .                                                      11.8 

s

•

0E

•

y(t) )(1)( 0 tEtE =

s

•

•

y(t)+
−

+
−

 
a) b) 

nax.11.3 
Sesabamisad, gardamavali deni nax. 11.3b-ze warmodgenili 

sqemisaTvis iqneba:  

                                                         11.9        
⎩
⎨
⎧

≥
<
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0)(

0,0
)()()(

0 ttyE
t

tytEti

)t(y  funqcias ewodeba wredis Sesavali gardamavali gamtaroba da 

ganisazRvreba, rogorc gardamavali denis fardoba mudmiv emZ (Zabva)-

sTan  

                 
0

)()(
E
tity =                                                             11.10 

 LR −  wredis SemTxvevaSi  ZabviT gamowveuli gardamavali deni 0V

                ⎟⎟
⎠

⎞
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e
R
Vti 1)( 0                                                   11.11 

da gardamavali gamtaroba                     
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⎠

⎞
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                                              11.12 

CR −  wredis SemTxvevaSi 
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e
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= 1)(                                                        11.13 

CLR −−  wredisaTvis 

                ( tt ee
L

ty 21

)(
1)(

21

αα

αα
−

−
= )  ,                                       11.15 

sadac  1α  da  2α   maxasiaTebeli gantolebis fesvebia.  
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davuSvaT, rom wrfivi eleqtruli wredi nulovani sawyisi pirobe-

bisas komutaciis Sedegad mierTdeba mudmivi Zabvis wyarosTan . ma-

Sin, Zabva wredis raime a  elementze  proporciulia  Zabvis 
0V

)t(Va 0V

                          ,                                                            4.16 )()( 0 tkVtVa =

sadac  warmoadgens Zabvis gadacemis funqcias, romelic uganzomi-

lebo sididea da ricxobrivad udris Zabvas  elementze, rodesac 

..  

)t(k
a

)V(V 10 =
magaliTi 11.1. nax.11.4-ze naCvenebi wredisaTvis ganvsazRvroT 

gardamavali denebi, Zabva kondensatorze da Zabvis gadacemis funqcia 

(kondensatorisaTvis), Tu .FC,k.RR µ500121 Ω==  
 

E
C 2R

1R
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nax.11.4 
amoxsna:  

kirxhofis kanonebis safuZvelze mocemuli wredisaTvis 
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       CavsvaT . miviRebT gardamaval gamtarobas da gadacemis 

funqcias: 
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11.4. diuamelis integrali  

 

gardamavali procesebis mesame meTodi, romelic SeiZleba gamovi-

yenoT wrfivi eleqtruli wredebisaTvis, aris diuamelis integralis 

meTodi.  

gardamavali procesebis analizis am meTodSi integrireba xdeba  

cvladis mixedviT, maSin rodesac t  cvladi rCeba drois im momentis 

aRsaniSnavad, romlisTvisac ganisazRvreba wredSi denis myisa 

mniSvneloba.  

x

miviRoT, rom drois  momentisaTvis  Zabva moedeba wredis 

momWerebze, romlis sawyisi pirobebi nulovania (nax.11.7). t  momentisaT-

vis wredSi denis myisa mniSvnelobis gansazRvris mizniT, movaxdinoT 

Sesavali Zabvis mrudis aproqsimacia safexurovani mrudiT. gardama-

vali deni warmovadginoT, rogorc jami denebisa, gamowveuli Zabvis 

sawyisi mniSvnelobiT  da yvela momdevno Zabvis safexurebiT, 

romlebic erTimeoris mimarT droSi arian daZruli. 

0=t )x(v

)(v 0

)(v 0  ZabviT gamowveuli gardamavali denis mdgenelia . 

drois  momentisaTvis wredis momWerebze moqmedebs Zabvis naxtomi  

)t(y)(v 0
xx ∆+

nax.11.7 

tx x∆ )( xxt ∆+−0

( )tv

( )0v

t
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x
vv ∆⋅

∆
∆=∆

                                   xxvx
dx
dvv ∆=∆⎟

⎠
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⎜
⎝
⎛=∆ )('                                              11.17 
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mxedvelobaSi miviRoT, rom drois intervali, romlis ganmavlo-

baSic Zabvis es naxtomi moqmedebs  drois t  momentamde, aris .  xxt ∆−−
  Zabvis naxtomiT gamowveuli gardamavali denis mdgenelis 

gamosaTvlelad drois t  momentisaTvis saWiroa sidide   
gavamravloT gardamaval gamtarobaze  

v∆
xxv ∆)('

                                                                                        11.18 )()(' xxtyxv ∆−−
drois t  momentisaTvis gardamavali deni iqneba:  

                                    ∑ ∆∆−−+= xxxtyxvtyvti )()(')()0()(                        

11.19 
cxadia, rom am jamSi Semavali wevrebis raodenoba damokidebulia 

Zabvis mrudis aproqsimaciis bijze da amocanis amoxsnis sizuste iz-

rdeba bijis SemcirebiT. zRvarSi, Tu sasrulo intervals  

SevcvliT usasrulo mcire sididiT , (11.9) formuliT warmodgenili 

jami Seicvleba Semdegi integraliT    

x∆
dx

∫ ∆−+=
t

xxtyxvtyvti
0

)()(')()0()(                                         11.20 

es formula cnobilia, rogorc diuamelis integrali.  
diuamelis integraliT wrfiv eleqtrul wredebSi gardamavali 

procesis angariSis meTodika aseTia:  

1. mocemuli wredisaTvis ganisazRvros gardamavali gamtaroba; 

2. ganisazRvros funqcia  gardamavali gamtarobis gamosa-

xulebaSi t -s CanacvlebiT 

)xt(y −
xt − -iT; 

3. ganisazRvros wredis momWerebze modebuli Zabvis warmoebuli 

droiT  da masSi t  cvladi Canacvldes -iT;  )t(v' )xt( −
4. formuliT (11.20) ganisazRvros wredis gardamavali deni.  
magaliTi11.1. wredis momWerebze modebulia Zabva  

vipovoT gardamavali denis gamosaxuleba diuamelis integralis 

meTodiT.  

CR − ).1()( 0
ktevtv −−=

amoxsna: 
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R
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1
10 0

0
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0

.

amocanebi: 

11.1. nax.11.8-ze naCvenebi sqemisaTvis ipoveT wredis gardamavali 

gamtaroba da gadacemis funqcia. 
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)t(v2

Fµ1

Ωk2 Ωk4)t(v1

 
nax.11.8 

11.2. nax.11.9-ze naCvenebi sqemisaTvis gamoiyvaneT gardamavali gamta-

robisa da gadacemis funqciis gamosaxulebebi. 

1R 2R

L

)t(v2)t(v1

 
nax.11.9 

11.3. nax.11.10-ze naCvenebi sqemisaTvis gamoiyvaneT gardamavali 

gamtarobisa da gadacemis funqciis gamosaxulebebi. 

1R

2R )t(v2)t(v1
2C

1C

 
nax.11.10 

11.4. gamoTvaleT mimdevrobiT SeerTebuli konturis garda-

mavali gamtaroba, Tu misi parametrebia  

CLR −−
.nFC,mHL,R 5510 ==Ω=

11.5. mimdevrobiT SeerTebuli  wredi erTdeba impulsur 

Zabvaze  

CR −

)t(v

0
imt

mV

t  
nax.11.11 

(nax.11.11), romlis parametrebia . wredis parametre-

bia 

mst,VVm 210 == im

FC,R µ25100 =Ω= . gansazRvreT Zabva kondensatorze.
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Tavi XII. oTxpolusebi 

 

12.1. oTxpolusas gantolebebi 

 

 oTxpolusa warmoadgens eleqtruli wredis nawils oTxi momWeriT anu 

ori wyvili momWeriT. TviT oTxpolusa aRiniSneba marTkuTxediT, romlis 

qveS igulisxmeba nebismieri konfiguraciisa da sirTulis eleqtruli wredi. 

oTxpolusa SeiZleba Seicavdes energiis wyaroebs (aqtiuri oTxpolusa) an ar 

Seicavdes (pasiuri oTxpolusa). vinaidan ekvivalenturi generatoris meTodis 

gamoyenebiT aqtiuri oTxpolusa yovelTvis SeiZleba Canacvldes pasiuri oTx-

polusaTi, SemdgomSi ganvixilavT pasiur oTxpolusebs da miRebuli Sedegebi 

SeiZleba gavavrceloT aqtiur oTxpolusebzec. 

oTxpolusebi klasificirdeba wrfiv da arawrfiv oTxpolusebad misi el-

eqtruli wredis elementebis wrfivobis an arawrfivobis mixedviT. cnobilia 

agreTve Seqcevadi da araSeqcevadi oTxpolusebi. Seqcevad oTxpolusaSi Sesa-

vali da gamosavali konturebis mimarT marTebulia Seqcevadobis piroba, e.i. 

maTi urTierTwinaRobebi (urTierTgamtarobebi) tolia. arsebobs simetriuli 

da arasimetriuli oTxpolusebi. simetriul oTxpolusaSi Sesavali da gamo-

savali momWerebis adgilebis SecvliT wredSi, sadac oTxpolusaa CarTuli, 

Zabvebi da denebi ucvleli rCeba.  

rodesac TiToeuli wyvili momWerebisa mierTebulia Sesabamis energiis 

wyrosTan gvaqvs oTxpolusa ormxrivi kvebiT (nax.12.1). oTxpolusa SeiZleba 

agreTve CarTuli iyos, rogorc saSualedo rgoli energiis wyarosa da 

momxmarebels Soris. 

_
+

_
+

1E&
2E&

1I& 2I&

P

 
nax.12.1 

nax 12.2-ze naCvenebia oTxpolusebi rogorc Sualeduri rgolebi, maga-

liTad, transformatori, eleqtruli energiis gadamcemi an telekomunikaciis 

xazi, boguri sqema.  
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nax.12.2 

        nax.12.3_ze naCveneb sqemaze pasiuri oTxpolusa CarTulia momWerebiT 1 – 

energiis wyarosa da momWerebiT  datvirTvas Soris. 1 – momWerebs 

Sesaval momWerebs uwodeben da energiis wyarosTan erTad warmoqmnian oTxpo-

lusas Sesaval wreds Sesavali ZabviT  da deniT . analogiurad, datvir-

Tvis mierTebiT gamosaval momWerebTan  warmoSobilia oTxpolusas gamo-

savali wredi gamosavali ZabviT

'1 '22 − dZ '1

1V& 1I&
'22 −

'  2V& da deniT . sqemaze energiis nakadi an 

eleqtruli signali mimarTulia oTxpolusas Sesavalidan gamosavlisaken.  

2I&

1I& 2I&

P1V& 2V&
dZ

 
 

nax.12.3 

gamoviyvanoT oTxpolusas gantolebebi nax.12.3-ze naCvenebi sqemisaTvis. 
pasiuri oTxpolusa energiis wyarosa da datvirTvasTan erTad warmoqmnis 

 konturian wreds, romlis gantolebaTa sistemas konturuli denebis 

mimarT aqvs Semdegi saxe:  .    
m
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                                    12.1 

sadac 332211 ,, ZZZ KKK ,,,,, 111312, mmmm ZZZZZ aris damoukidebeli konturebis 

sakuTari da saerTo sruli winaRobebi da   dZIV 22
&& = .   

 - 197 -



  am gantolebaTa sistemis amonaxsni Sesavali da gamosavali denebis 

mimarT iqneba:  
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                                                   12.2    

sadac - (12.1) gantolebaTa sistemis determinanti da -

algebruli damatebebi. am gantolebebSi Semavali fardobebs aqvT gamtarobis 

ganzomileba. SemoviRoT aRniSvnebi 
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maSin (12.2) gantolebaTa sistema Semdegnairad Caiwereba:  
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,                                                      12.3 

 romelsac oTxpolusas Y -parametrebiT Caweril gantolebebs uwodeben. am 

sistemaSi oTxpolusas Sesavali da gamosavali denebi gamosaxulia Sesavali 

da gamosavali ZabvebiT.  
         (12.3) sistema amovxsnaT Sesavalze  V1 da gamosavalze V2 Zabvebis mimarT. 

miviRebT: 
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                                  12.4 

            visargebloT aRniSvnebiT: 
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.                         12.5 

          am aRniSvnebiT (12.4) gantolebaTa sistema miiRebs saxes: 
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romelsac oTxpolusas Z -parametrebian gantolebaTa sistemas uwodeben.     

        xSirad, mizanSewonilia oTxpolusas Sesavali deni da Zabva gamovsaxoT 

gamosavali denisa da Zabvis saSualebiT. amisaTvis (12.6) sistemis meore 

gantolebidan ganvsazRvroT oTxpolusas Sesavali deni   miviRebT:  1I&
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         CavsvaT (12.7) gamosaxuleba (12.6) sistemis pirvel gantolebaSi:  
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           (12.7) da (12.8) gantolebebi SeiZleba CavweroT Semdegi sistemis saxiT:  
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           SevniSnoT, rom 

1=− CBDA                                                             12.11 
          (12.10) sistema aris oTxpolusas gantolebebis sistema A -parametrebiT. am 

sistemaSi aris uganzomilebo parametrebi, xolo  – Sesabamisad 

winaRobisa da gamtarobis ganzomilebis mqone parametrebia.  

CA  da CB  da 

     oTxpolusas Sesavali Zabva da gamosavali deni SeiZleba gamovsaxoT 

Sesavali deniT da gamosavali ZabviT 
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,                          12.12 

romlebic  warmoadgens oTxpolusas gantolebebs, Cawerils H -parametrebiT. 

Tu oTxpolusas Sesavali deni da gamosavali Zabva gamosaxulia Sesavali 

deniT da gamosavali ZabviT gvaqvs G -parametrebiani gantolebebi: 
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       parametrebs hibridul parametrebs uwodeben da gamoiyenebian 

elqtronuli wredebis analizisas. unda aRiniSnos, rom . #12.1 cxril-

Si mocemulia koeficientebs Soris kavSiri gantolebebis erTi formidan 

meoreze gadasayvanad. 
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cxrili #12.1 oTxpolusas gantolebebis parametrebs Soris kavSiri 
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YY

 

B
A

B

BB
D T

1−

∆
−

 

1111

21

11

12

11

1

HH
H

H
H

H
H∆

−
 

2222

21

22

12

22
1

GG
G

G
G

G
G

−

∆

 

A  

21

22

21

2121

11

1
Z
Z

Z

ZZ
Z Z∆

 

21

11

21

2121

22 1

Y
Y

Y

YY
Y

Y −
∆

−

−−
 

DC
BA
 

2121

22

21

11

21
1

HH
H

H
H

H
H

−−

−
∆

−
 

2121

11

21

22

21

1

GG
G

G
G

G
G∆  

H  

2222

21

22

12

22
1

ZZ
Z

Z
Z

Z
Z

−

∆

 

1111

21

11

12

11

1

YY
Y

Y
Y

Y
Y∆

−
 

D
C

D

DD
B T

1−

∆

 
2221

1211

HH
HH

 

GG

GG
GG

GG

∆∆
−

∆
−

∆
1121

1222

 

G  

1111

21

11

12

11

1

ZZ
Z

Z
Z

Z
Z∆

−
 

2222

21

22

12

22
1

YY
Y

Y
Y

Y
Y

−

∆

 

A
B

A

AA
C T

1

∆
−

 

HH

HH
HH

HH

∆∆
−

∆
−

∆
1121

1222

 
2221

1211

GG
GG

 

 

 

Tu oTxpolusas aqvs ormxrivi kveba, ise rogorc es naCvenebia nax.12.1-ze, 

saWiroa oTxpolusas yvela miRebul gantolebaSi gamosaval dens -s 

Seecvalos mimarTuleba. gantolebebi rom ucvleli darCes, sakmarisia niSani 

Seecvalos parametrebs Y

2I

21, Y22, Z12, Z22, B, D. amave dros   Y12=Y21 , Z12 =Z21 
da 1−=− CBDA . 
    magaliTi 12.1. gamovTvaloT Z  parametrebi nax.12.4-ze naCvenebi oTxpolu-

sasTvis.  

Ω− 160j

Ω80jΩ40j1I&

2V&1V&

2I&

 
nax.12.4 

    amoxsna: 

            (12.6) gantolebaTa sistemis mixedviT 
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.I,

I
VZ;I,

I
VZ

;I,
I
VZ;I,

I
VZ

00

00

2
1

2
211

2

1
12

1
2

2
222

1

1
11

====

====

rodesacrodesac

rodesac rodesac

&

&

&

&

&

&

&

&

  

amgvarad,  parametrebis gansazRvris mizniT viyenebT uqmi svlis 

reJims, rodesac Zabvis wyaro gamorTulia da .  

2111 ZZ  da

2V 02 =I

.160)160(;120
)160!40( 1

1
21

1

1
11 Ω−=

−
=Ω−=

−
= j

I
jIZj

jjV
VZ

&

&

&

&
 

1222 ZZ  da  parametrebis gamosaTvlelaT meore uqmi svlis reJims, rodesac 

Zabvis wyaro da : 01 =V 01 =I

.160)160(;80
)16080( 2

2
12

2

2
22 Ω−=

−
=Ω−=

−
= j

I
jIZj

jjV
VZ

&

&

&

&
 

 
12.2. pasiuri oTxpolusas ekvivalenturi sqemebi 

  
nebismieri pasiuri oTxpolusa SeiZleba Canacvldes nax.12.5-ze naCvenebi 

ekvivalenturi  konfiguraciis mqone eleqtruli wredebiT, romlebic 

xasiaTdeba 

Π anT

021021 ,,,, ZYYYZZ Yan  parametrebiT.  

2Y

1Z

1Y0Y 1V&2V&1V& 2V&

0Z2Z
2I&2I& 1I&1I&

 
                                             a)                                                           b) 

nax.12.5 
 davamyaroT damokidebuleba ekvivalenturi wredebis parametrebsa da A  

parametrebs Soris. T  ekvivalentisaTvis (nax.12.5 ) kirxhofis kanonebis 

safuZvelze SegviZlia davweroT:  

a

           
).YZ(IYVY)ZIV(II

VZIZIV

02202022221

222111

1++=++=

++=
&&&&&&

&&&&
                          12.14 

  CavsvaT meore gantoleba pirvelSi. miviRebT::             
             ( ) ( .YZZZZIYZVV 0212120121 1 ++++= &&& )                                      12.15 

SevadaroT (12.15) da (12.14) sistemis meore gantoleba (12.9) gantolebaTa 

sistemas. SevamCnevT, rom  
             =+= BYZA ;1 01 .1;; 02002121 YZDYCYZZZZ +==++               12.16 

 oTxpolusas simetriulobis SemTxvevaSi  Z1 =  Z2  da Sesabamisad A = D. 
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          (12.16) gantolebebidan T  ekvivalentis parametrebi iqneba:  

     ;1;1; 210 C
DZ

C
AZCY −=−=                                             12.17 

          exla ganvixiloT nax.1 2.5b -ze naCvenebi Π -sebri ekvivalenturi sqema. 

kirxhofis kanonebis Tanaxmad oTxpolusas Sesavali wredis Zabva da deni 

iqneba: 

            
( ) ( )

( ) ⎪⎭

⎪
⎬
⎫

+++=++=

++=++=

.YZIYYZYYVYVIYVI
ZIYZVVYVIZV

102210212221111

02202222201 1
&&&&&&

&&&&&&
                               12.18   

          isev (129) da (12.18) gantolebaTa sistemebis Sedareba gviCvenebs, rom 

oTxpolusas  A  parametrebi iqneba: 
            1021021020 ;;; YZDYYZYYCZBYZA =++===                         12.19           

rodesac -sebri oTxpolusa simetriulia , Sesabamisad Π 21 YY = DA = . 
(12.19) gantolebebidan ganvsazRvroT -sebri ekvivalenturi sqemis paramet-

rebi. gveqneba:  
Π

             .;; 210 B
AY

B
DYBZ ==                                                       12.20  

 
12.3. oTxpolusas  parametrebis gansazRvra  

 
 oTxpolusas parametrebi SeiZleba ganisazRvros angariSiT, Tu cnobilia 

misi eleqtruli wredis parametrebi da konfiguracia an eqsperimentulad, 

rodesac Sesavali winaRobebi gamoiTvleba Sesavali denebis, Zabvebis da 

simZlavreebis (fazuri Zvris kuTxeebis) gazomvis Sedegebis mixedviT.    
Sesavali winaRobebis eqsperimentulad gansazRvrisas gamoiyeneba uqmi 

svlis da mokled SerTvis cdebi. oTxpolusas uqmi svlis reJimSi gamocdis 

sqema naCvenebia nax.12.5-ze, sadac gamosavali wredi gaxsnilia  da  

aris nominaluri reJimisagan gansxvavebuli uqmi svlis Zabva da deni.  
)0( 2 =I 1010 , IV

AA W

2V1V

02 =I
A W

2V1V

10I&
A W

2V1V 2V&A

A W

2V1V10V&

 
nax.12.5 

cdis dros Sesavali Zabva  SeirCeva ise, rom gamosavali Zabva iyos 

oTxpolusas gamosavalze nominaluri Zabvis toli. voltmetrebis,  ampermet-

risa da vatmetris Cvenebebis gaTvaliswinebiT, uqmi svlis reJimSi oTxpo-

lusas Sesavali winaRoba iqneba: 

10V
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         ,10

10

10
10

ϕje
I
VZ =                                                               12.21 

sadac                                          .
IV

Pcos
1010

101
10

−=ϕ                                                                12.22 

          oTxpolusas A  parametrebiani gantolebaTa sistemidan (12.9) uqmi svlis 

reJimisaTvis gveqneba: 

,VCI
VAV

210

210

&&

&&

=
=

 

saidanac  

            .10

10

10 ϕje
I
V

C
A =                                                         12.23 

nax. 12.6-ze naCvenebia oTxpolusas mokled SerTvis cdis sqema. mokled 

SerTvis Sesavali Zabva da deni ( ) SeirCeva ise, rom gamosavali deni 

iyos oTxpolusas gamosavali nominaluri denis toli.  
ss IV 11 ,

AA W

1V

2I&
A W

1V

sI1
&

A W

1V A

1A W

2A1VsV1
&

 
nax.12.6 

voltmetris , ampermetrebis  Cvenebebis mixedviT 

SeiZleba dvweroT: 

1V WII  vatmetris da21 ,

             ,1

1

1
1

sj

s

s
s e

I
VZ ϕ=                                                          12.24 

sadac    .cos
11

11
1

ss

s
s IV

P−=ϕ  

 (12.9) gantolebaTa sistemidan mokled SerTvis eqsperimentisaTvis gveqneba:  

,IDI
IBV

s

s

21

21

&&

&&

=

=
 

saidanac 

               .1

1

1 sj

s

s e
I
V

D
B ϕ=                                                                 12.25 

          (12.23) da (12.25) gantolebebis gaTvaliswinebiT simetriuli oTxpolusas-

Tvis gveqneba gantolebaTa sistema oTxi gantolebiT da oTxi ucnobiT:   
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⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

=
=−

=

=

.DA
CBDA

e
I
V

D
B

e
I
V

C
A

sj

s

s

j

1

1

10

1

1

10

10

ϕ

ϕ

                                                              12. 26 

   am sistemis amoxsniT ganisazRvreba oTxpolusas A  parametrebi.  
 Tu oTxpolusa arasimetriulia, e.i. DA ≠ , meoTxe gantolebis Sesadgenad 

saWiroa damatebiTi cda – uqmi svlis an mokled SerTvis, rodesac Sesavali 

da gamosavali momWerebi urTierTmonacvlebulia.  
magaliTi 12.2 simetriuli oTxpolusas eqsperimentuli gamokvlevisas uqmi 

svlis reJimSi ampermetris Cvenebaa  voltmetris -  da fazometris - 

. mokled SerTvis cdis dros xelsawyoTa Sesabamisi Cvenebebia 

gamovTvaloT oTxpolusas 

,1.0 A V200

)75( 0−

.85;16;8.0 0
111 === sss VVAI ϕ A  parametrebi.  

amoxsna:  

         (12.26) gantolebaTa sistemis mixedviT   

DACBAe
D
Be

C
A jj ==−Ω=Ω= − ;1;

80.0
16;

1.0
200 28575 00

  , 

romlis amoxsnis Sedegad miviRebT:  
.76497.0;869.19;965.0995.0 000 mSCBDA ∠=Ω∠=∠==  

  
12.4. madiferencirebeli da maintegrirebeli wredebi 

 

 praqtikaSi xSirad saWiroa ganisazRvros eleqtrul wredSi moqmedi de-

nebisa da Zabvebis warmoebulebi da integralebi, rac SesaZlebelia madife-

rencirebeli da maintegrirebeli wredebis gamoyenebiT. elementaruli madife-

rencirebeli wredis sqema naCvenebia nax.12.7-ze. romelic warmoadgens oTxpo-

lusas winaRobiTa da induqciurobiT (nax.12.7  an winaRobiT da tevadobiT 

(nax.12.7b ).   
)a

)(2 tv

)(1 ti 02 ≈i

)(1 tv )(2 tv

R

L )(1 tv

)(1 ti 02 ≈i

R

C

 
a) b)     

nax.12.7  
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 vaCvenoT, rom es sqemebi namdvilad warmoadgenen madiferencirebel 

wredebs. nax.12.7 -ze warmodgenili sqemisaTvis kirxhofis meore kanonis 

Tanaxmad 

a

               ).(1 tvRi
dt
diL =+                                                          12.27 

          SevarCioT wredis parametrebi ise, rom . maSin  da oTx-

polusas Sesavali deni . Sesabamisad, oTxpolusas gamosavali Zabva 

iqneba: 

RL vv << )(1 tvvR ≈

Rvi /11 =

                 
dt
dv

R
L

dt
diLvtv L

1
2 )( ≈==   .                                                  12.28 

          amgvarad, oTxpolusas gamosavali Zabva proporciulia Sesavali Zabvis 

warmoebulis, e.i. oTxpolusa asrulebs madiferencirebeli rgolis funqcias. 

(12.28) formulaSi proporciulobis koeficienti imave dros aris madiferen-

cirebeli wredis drois mudmiva. 
         madiferencirebeli rgolis funqcias asrulebs agreTve nax.12.7b -ze naCve-

nebi sqema. marTlac, kirxhofis meore kanonis safuZvelze  
                                                                                           12.29 11 Riv)t(v C +=

 da gamosavali Zabva   .)( 12 Ritv =

        Tu wredis parametrebi isea SerCeuli, rom , maSin miaxloebiT               

 da oTxpolusas gamosavali Zabva aris: 
CR vv <<

Cvtv ≈)(1

             ,)( 1
12 dt

dv
dt

dvRCRitv C τ≈==                                                                12.30 

sadac RC=τ  aris drois mudmiva. amgvarad, oTxpolusas gamosavali Zabva 

proporciulia Sesavali Zabvis warmoebulis.   
            diferencirebis maRali xarisxis misaRwevad wredis drois mudmiva unda 

iyos mcire sididis, ise mcire, rom Sesabamis drois intervalSi Sesavali 

Zabvis cvlileba iyos umniSvnelo Zabvis pikur mniSvnelobasTan SedarebiT. es 

piroba SeiZleba ase Caiweros:   

          ,1;1 <<<< CRk
R

Lk ωω                                                   12.31 

sadac ωk  aris Sesavali Zabvis umaRlesi rigis harmoniuli mdgeneli.  
            nax. 12.8-ze naCvenebia oTxpolusebi, romelTa gamosavali Zabva garkveuli 

pirobebis Sesrulebisas proporciulia Sesavali Zabvis integralis.  
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02 ≈i

)(1 tv )(2 tvR

L

)(1 tv

)(1 ti 02 ≈iR

C

)(1 ti

 
a) b) 
                nax.12.8 

         nax.12.8 -ze naCvenebi sqemisaTvis kirxhofis meore kanonis Tanaxmad 

Sesavali Zabva  
a

          .)( 1
1

1 Ri
dt
diLtv +=                                                            12.32 

rodesac wredis parametrebi SerCeulia ise, rom , maSin RL vv >>

dt
diLvtv L

1
1 )( ≈  

da oTxpolusas gamosavali Zabva iqneba:        

            ∫≈= .)()( 112 dttv
L
RRitv                                                  12.33 

         amgvarad, oTxpolusas gamosavali Zabva proporciulia Sesavali Zabvis 

integralis. 
         nax.12.8b -ze naCvenebi sqemisaTvis wredis gantoleba iqneba: 

            ∫+= .1)( 111 dti
C

Ritv                                                       12.34 

         Tu wredis parametrebi SerCeulia ise, rom , maSin oTxpolusas 

Sesavali Zabva da Sesavali deni  
CR vv >>

.)()( 1
111 R

tviRivtv R ≈⇒=≈  

         amgvarad, oTxpolusas gamosavali Zabva  

               ∫∫ ≈== .)(11)( 112 dttv
RC

dti
C

vtv C                                           12.35 

         es niSnavs, rom gamosavali Zabva proporciulia Sesavali Zabvis 

integralis da oTxpolusa asrulebs maintegrirebeli rgolis funqcias. aqac, 

kargi xarisxis integrirebisaTvis saWiroa, rom wredis drois mudmiva iyos 

imdenad didi sididis, rom Sesabamis drois intervalSi Sesavalma Zabvam 

Seasrulos cvlilebis erTi sruli cikli mainc.  .  
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12.5. oTxpolusas maxasiaTebeli winaRoba da 

 gadacemis koeficienti 

 
 praqtikaSi xSirad gvxvdeba erTnairi simetriuli oTxpolusebis kaskadu-

ri SeerTeba, e.w. jaWvuri sqema, romelic naCvenebia nax.12,9-ze. am sqemisaTvis 

damaxasiaTebelia ganmeorebadi (maxasiaTebeli) winaRoba CZ . maxasiaTebeli – 

es iseTi winaRobaa, romelic mierTebulia ra simetriuli oTxpolusas gamo-

saval momWerebTan, uzrunvelyofs oTxpolusas Sesavali winaRobis tolobas 

maxasiaTebel winaRobasTan. 

1 2 n CZZ =d

 
nax.12.9 

davamyaroT damokidebuleba oTxpolusas A  parametrebsa da maxasiaTebel 

winaRobas Soris. mxedvelobaSi miviRoT, rom ganmartebis Tanaxmad 

        
2

2

1

1

I
V

I
VZZ C &

&

&

&
=== d  .                             12.36 

maSin simetriuli oTxpolusas gantolebebi A  parametrebiT miiRebs saxes: 

       

⎪
⎭

⎪
⎬

⎫

+=+=

+=+=+=

).AZC(IIAVCI

)BZA(I)
Z

BA(VIBVAV

C

C
C

2221

22221
1

&&&&

&&&&&
                  12.37 

am sistemidan 

BZCZ
AZC
BZA

I
V

CC
C

C =⇒=
+
+= 2

1

1 :.
&

&
 

da maxasiaTebeli winaRoba  

           
C
BZ C =   .                                                                  12.38 

         (12.37) sistemidan oTxpolusas Sesavali da gamosavali Zabvebis (denebis) 

fardoba 

           
geCBA

I
I

V
V

=+==
2

1

2

1
&

&

&

&
                            12.39 

sidides jbag +=  oTxpolusas gadacemis koeficienti (gadacemis mudmiva) 

ewodeba.  aris milevis koeficienti da izomeba neperebSi, b - fazis 

koeficienti da izomeba radianebSi. 

a
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     (12.39) formulidan milevis koeficienti 
2

ln
V
V

a = . rodesac mileva erTi 

neperis tolia oTxpolusas gamosavali Zabva 2.718 jer Sesustebulia Sesaval 

ZabvasTan SedarebiT. 

praqtikaSi milevis koeficienti ufro metad izomeba decibelebSi, 

romelic ganisazRvreba formulidan: 
2

1lg20
V
Va =  . rodesac mileva 

.12.110,1 20
1

2

1 ≈==
V
Vdba                                                                                                                                       

        oTxpolusas  parametrebs pirveladi parametrebi ewodeba. 

maxasiaTebeli winaRoba, gadacemis koeficienti, milevisa da fazis 

koeficientebi aris oTxpolusas meoreuli parametrebi. 

GHAYZ da,,,

 
12.6. oTxpolusebis SeerTebis sqemebi 

 
rTuli eleqtruli wredebis gamokvlevisas maT yofen ramdenime oTxpo-

lusad, romlebic SeiZleba iyos SeerTebuli paralelurad mimdevrobiT , 

mimdevrobiT-paralelurad , paralelur-mimdevrobiT  an kaskadurad . 

),a( )(b
)(c )(d )(e

2N

1N1N 2N

1N

2N

2N

2N

1N 2N

1N

2N

1N

2N

1N

2N

)c

)d )e

)b)a

 
nax.12.10 

tradiciulia, rom wredebis analizis dros paraleluri SeerTebisas 

gamoiyenon  parametriani gantolebebi, mimdevrobiT SeerTebisas - Y Z  paramet-

riani gantolebebi, mimdevrobiT-paraleluri SeerTebisas - H  parametrebiani 

gantolebebi, paralelur-mimdevrobiT SeerTebisas - G  parametrebiani ganto-

lebebi da kaskaduri SeerTebisas - A parametriani gantolebebi. 

 - 208 -



        ganvixiloT ori paralelurad SeerTebuli oTxpolusa , romel-

Ta gantolebebi Cawerilia Y parametrebiT (nax.12.10) da CavanacvloT isini 

ekvivalenturi oTxpolusiT.  

ba NN da

aN

bN

iI&

bV2
&

2I&

biI&

→
2V

→

aV2

bI 2
&

→
1V&

aI 2
&

→
aV1
&

bV1
&

aiI&
→

→

→

→ →

→ → →
 

nax.12.11 

          
bbbbbaaaaa

bbbbbaaaaa

VYVYIVYVYI
VYVYIVYVYI

22212122221212

21211112121111

&&&&&&

&&&&&&

+=+=

+=+=
 

        vinaidan   , agreTve , 

gantolebaTa sistema matricul formaSi iqneba:  
baba IIIIII 222111

&&&&&& +=+= da VVVVVV aba
&&&&&& ==== 22111 ,

.
2

1

22222121

12121111

2

1

2221

1211
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⎥
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⎢
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⎥
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⎢
⎣

⎡
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⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
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V
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V
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V
V
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V
V
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I
I

I
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I
I
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b

b
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a

a
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b

b

a

a

&

&

&

&

&

&

&

&

&

&

&
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         amgvarad, ekvivalenturi oTxpolusas matrica tolia paralelurad 

SeerTebuli oTxpolusebis matricaTa jams.   
        matricebis kaskaduri SeerTebisas (nax.12.11) maTi ekvivalenturi 

matriciT CanacvlebisaTvis saWiroa oTxpolusebis gantolebebi CavweroT 

ba NN  da

A  

parametrebiT: 

aN bN ↓↓ ↓↓↓↓

aI1
&

→→→→→→

1V&

1I&

bV2
&bV1

&
aV2

&
2V&aV1

&

2I&bI1
&

aI 2
&

bI 2
&

 
nax.12.12 

 
     aq 

           ⎥
⎦

⎤
⎢
⎣

⎡
++
++

=⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

babababa

babababa

bb

bb

aa

aa

DDBCCDAC
DBBACBAA

DC
BA

DC
BA

DC
BA

  

aris ori matricis namravli. 
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  amocanebi: 
12.1. nax.12.13-ze naCvenebi oTxpolusasTvis gansazRvreT Z parametrebi. 

 

Ω10

Ω8

Ω6

Ω8 Ω6

Ω3

 

                           nax.12.13                  nax.12.14 

12.2. nax.12.14-ze naCvenebi oTxpolusasTvis gansazRvreT parametrebi. Y
12.3. gamoTvaleT Z  parametrebi nax.12.15-ze naCvewnebi sqemisaTvis. 

↓↓

→
Ω1 2I1I

2V1V Ω4Ω2

Ω2
→

 
nax.12. 15 

12.4.gamoTvaleT  parametrebi nax.12.16-ze naCvenebi sqemisaTvis.  Y

                                            

↓↓

→
Ω5 2I1I

2V1V Ω3Ω2

Ω4
→

 
nax.12.16 

12.5. nax.12.17-ze naCvenebi oTxpolusasTvis gamoTvaleT A parametrebi. 

Ω40Ω10Ω8

Ω6

Ω8 Ω6

Ω3
−
+xI

xI4
xV

xV5

 
                         nax.12.17                                        nax.1218 
12.6. nax.12.18-ze naCvenebi oTxpolusasTvis gamoTvaleT A parametrebi. 

12.7. gamoTvaleT uqmi svlis da mokled SerTvis parametrebi nax, 12.19-ze 

naCvenebi oTxpolusasTvis. 

↓↓

→
Ω100j

2I1I

2V
1V Ω− 200j

Ω80j
→

 
nax.12. 19 
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12.8. simetriul -s magvar oTxpolusas aqvs Semdegi uqmi svlis da mokled 

SerTvis Sesavali winaRobebia  . gamoTvaleT  

ekvivlentis parametrebi. 

T
.600;800 Ω=Ω= insino ZZ T

12.9. nax.12.20-ze ori oTxpolusa SeerTebulia paralelurad. gamoTvaleT 

ekvivalenturi oTxpolusas Y parametrebi. 

Sj5− Sj5
S1

Sj10−

S2 S2

 
nax.12.20 

12.10. nax.12.21-ze ori oTxpolusa SeerTebulia mimdevrobiT. gamoTvaleT 

ekvivalenturi oTxpolusas Z parametrebi. 

Ω10j
Ω− 15j

Ω20

Ω40j 20j−

Ω5

 
nax.12.21 

12.11. nax.12.12-ze  oTxpolusebi SeerTebulia kaskadurad., romelTa ba NN da Z  

da Y parametrebis matricebi aris: 

                 [ ] [ ] .SY;Z ba ⎥
⎦

⎤
⎢
⎣

⎡ −
=Ω⎥

⎦

⎤
⎢
⎣

⎡
=

102
48

54
68

gamoTvaleT ekvivalenturi oTxpolusas Y parametrebi. 
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Tavi XIII. gadamcemi xazebi 

13.1. SesavaliF 

 
gadamcemi xazi warmoadgens gamtarebis sistemas, romliTac eleqtruli 

energia an signalebi gadaicema energiis wyarodan mimRebamde. adrindeli ga-

damcemi xazebi Seqmnili iyo komerciul sixSireebze 50 an 60 Hz samuSaod. Sem-
dgom samkomunikacio sistemebis damuSavebasTan dakavSirebiT  Seiqmna gadamce-

mi xazebi, momuSave audio (20_20000  da radio sixSireebze (100 ).  )Hz GHzkHz 10G−
 Seyursulparametrebian eleqtruli wredebisagan gansxvavebiT, gadamcemi 

xazebi warmoadgenen ganawilebulparametrebian wredebs. Seyursulparametre-

bian eleqtrul wredebSi yovel elementSi Semavali deni gamomavali denis 

tolia, e.i. deni sididiTa da faziT ar icvleba wredis elementis gaswvriv, 

ar aris damokidebuli elementis gaswvriv aTvlili sivrcul koordinataze 

da SeiZleba damokidebuli iyos mxolod droze. 

     ganawilebulparametrebian eleqtrul wredeb-

Si, gansakuTrebiT maRali sixSireebis dros,  dro-

is erTsa da imave momentSi, wredis gaswvriv 

erTidan meore wertilSi gadasvlisas deni (Zabva) 

sxvadasxva iqneba, anu deni (Zabva) damokidebulia 

rogorc droze, aseve wredis gaswvriv aTvlil 

sivrcul koordinataze. aseT wredebSi parametrebi 

 ganawilebulia sivrculi koordinatis 

gaswvriv da iq mimdinare eleqtromagnituri pro-

cesebi aRiwereba kerZo warmoebulebiani diferen-

cialuri gantolebebiT.  

CGLR ,,,

samuel f.b. morze, 

1791 – 1872, 

amerikeli mecnieri, 

telegrafis gamomgonebeli. 

     gadamcemi xazis magaliTebia: eleqtruli ener-

giis gadamcemi xazi, satelegrafo da satelefono xazebi.  

ZiriTadad, aRniSnuli gadamcemi xazebi Sedgeba ori erTmaneTisagan izo-

lirebuli sadenisagan. izolaciad haeris gamoyenebisas gvaqvs sahaero xazebi. 

am formisaa Cveulebrivi satelegrafo, satelefono da energiis gadamcemi 

xazebi.   
gadamcemi xazi SeiZleba Sesrulebuli iyos mravalZarRviani kabeliT, 

romelic Sedgeba aseulobiT Sewyvilebuli izolirebuli sadenebisagan, ro-

mlebic ganTavsebulia damcav tyviis an plastmasis milSi. aseTi xazebi 

gamoiyeneba satelefono komunikaciebSi. kabelebi gamoiyeneba agreTve eleq-

truli energiis gadasacemad. am SemTxvevaSi kabeli (Zalovani) Seicavs didi 

ganivkveTis mqone or, sam an oTx ZarRvs. maRali sixSireebis dros gadamcemi 

xazi sruldeba koaqsialuri kabeliT, romelic Sedgeba izolirebuli cen-
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traluri ZarRvisagan – pirdapiri sadenisagan. es ukanaskneli moculia milis 

formis mqone ukusadeniT (ekraniT).   
             unda aRiniSnos, rom xazi ganxilul unda iqnes, rogorc ganawilebul-

parametrebiani eleqtruli wredi, Tu xazis sigrZe  Tanazomadia masSi 

gavrcelebuli eleqtomagnituri talRis sigrZis, 

l
λ . Tu xazis sigrZe metia 

Tundac 10/λ -ze, xazi unda CaiTvalos, rogorc ganawilebulparametriani 

eleqtruli wredi. 

      gadamcem xazebSi deni da Zabva icvleba gamtaris gaswvriv da Tu 

koordinatTa RerZi  mimarTulia xazis gaswvriv, deni da Zabva ori 

cvladis funqciebia . 

x−0
),(),,( txvtxi

 

13.2. erTgvarovani gadamcemi xazis diferencialuri gantolebebi 

 
          miviRoT, rom  aris erTeuli sigrZis xazis aqtiuri winaRoba,  - 

induqciuroba, - ganivi gamtaroba da - tevadoba. maT xazis xvedriT 

(kuTr) parametrebs uwodeben. xvedriTi parametrebis ganzomileba aris Sesaba-

misi sididis ganzomilebis fardoba sigrZis erTeulTan 

0R 0L

0G 0C

⎟
⎠
⎞

⎜
⎝
⎛Ω

m
F

m
S

m
H

m
,,, .  

     gadamcem xazs, romlis winaRoba da induqciuroba, agreTve sadenebs So-

ris gamtaroba da tevadoba Tanabradaa ganawilebuli misi sigrZis gaswvriv 

erTgvarovani xazi ewodeba. gamoviyvanoT aseTi xazis diferencialuri 

gantolebebi. 

     SevuTavsoT koordinatTa saTave xazis sawyiss . xazis dasawyisidan 

 manZilze gamovyoT usasrulod mcire  sigrZis mqone ubani (nax.13.1).  
)0( =x

x dx

0 x

s dx
x
ii

∂
∂+i

dx

dx
t
vCdxG

∂
∂+ 00

↓

 
nax.13.1 

 erTgvarovani gadamcemi xazis  ubnis winaRoba aris , induqciuroba 

- , gamtaroba -  da tevadoba - .  ubnis dasawyisSi deni aris i . 
sadenebs Soris arsebuli gamtarobisa da tevadobis gamo es deni ganicdis 

cvlilebas da ubnis bolos iqneba:   

dx dxR0

dxL0 dxG0 dxC0 dx
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.dx
x
ii

∂
∂+  

        ubanze denis nazrdi aris  dx

.00 dxC
t
vdxvGdx

x
i

∂
∂+=

∂
∂  

         ubnis momcveli  Sekruli ubnisaTvis kirxhofis pirveli kanonis 

Tanaxmad gveqneba:  
dx s

    dx
x
ii dxC

t
vdxvG-i 000 =⎟

⎠
⎞

⎜
⎝
⎛

∂
∂++⎟

⎠
⎞

⎜
⎝
⎛

∂
∂++  

da am tolobis ze gayofiT miviRebT:  −dx

                           .00 t
vCvG

x
i

∂
∂+=

∂
∂−                                                         13.1 

          msgavsad, Zabvis vardna  ubnis gaswvriv (nax.13.2) dx

                     0 x dx

↓↓ dx
x
vv

∂
∂+

2dv

1dv

v

 
nax.13.2 

.0021 t
idxLdxiRdvdv

∂
∂+=+  

 Caketili konturisaTvis  ubanze kirxhofis meore kanonis Tanaxmad 

gveqneba:   

dx

.0001 =⎟
⎠
⎞

⎜
⎝
⎛

∂
∂++⎟

⎠
⎞

⎜
⎝
⎛

∂
∂++− dx

x
vv

t
idxLdxiRv  

am tolobis gamartivebiTa da ze gayofiT miviRebT:  −dx

                                .00 t
iLiR

x
v

∂
∂+=

∂
∂−                                                             13.2  

 (13.1) da (13.2) aris erTgvarovani gadamcemi xazis diferencialuri 

gantolebebi, romlebic Seicaven denisa da Zabvis kerZo warmoebulebs argu-

mentebiT xt  da . Tavdapirvelad, es gantolebebi gamoyvanili 

iyoEsatelegrafo xazebisaTvis da maT satelegrafo gantolebebsac uwodeben.  

      xazis  SeiZleba warmovadginoT Semdegi sqemiT (nax.13.3), romelsac 

gadamcemi xazis eleqtrul models uwodeben.  
dx
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dx

dxC0dxG0

dxL0dxR0

 
nax.13.3 

                   
13.3. gadamcemi xazis muSaobis damyarebuli sinusoiduri reJimi  

 
       davuSvaT, rom deni da Zabva erTgvarovan xazSi icvleba drois mixedviT 

sinusoiduri kanoniT. maSin SesaZlebelia es sidideebi warmovadginoT 

kompleqsur formaSi    

                                                                                          13..3  
),sin(

),sin(

vm
tj

im
tj

tVeV
tIeI

ψω
ψω

ω

ω

+⇔

+⇔
&

&

sadac  

.
2

;
22

vi jmjmm eVVeIII ψψ === &
&

&  

          kompleqsuri deni da Zabva koordinatis funqciebia, magram ar arian 

damokidebuli ze. mamravli aris drois funqcia, magram damoukidebelia 

-gan. funqciis warmoebulis kompleqsuri gamosaxulebis Caweris wesis 

Tanaxmad  

x
−t tje ω

x

                  
.:

:

00

00

tjtj

tjtj

eIjC
t
vC

dx
Ide

x
i

eIjL
t
iL

dx
Vde

x
v

ωω

ωω

ω

ω

&
&

&
&

⇔
∂
∂⇔

∂
∂

⇔
∂
∂⇔

∂
∂

                                                   13.4  

          yovelive amis gaTvaliswinebiT kerZowarmebulebiani diferencialuri gan-

tolebebi (13.1) da (13.2) gardaiqmneba Cveulebriv diferencialur gantolebebad  

                            
,

,

0

0

IZ
dx
Vd

VY
dx

Id

&
&

&
&

=−

=−
                                                              13.5               

sadac  

                    
000

000 ,
LjRZ
CjGY

ω
ω

+=
+=                                                              13.6  

Sesabamisad kompleqsuri ganivi sruli gamtaroba da grZivi sruli winaRobaa.  

         sidideebi  warmoadgenen gadamcemi xazis pirvelad 

parametrebs. 

000000 ,,,, ZYLRCG  da

 - 215 -



         amovxsnaT (13.5) gantolebaTa sistema kompleqsuri Zabvis mimarT. amisaTvis 

am sistemis meore gantoleba gavawarmovoT iT −x

                             .02

2

dx
IdZ

dx
Vd &&

=−                                                                          13.7  

        (13.5) sistemis pirveli gantoleba CavsvaT (13.7) gantolebaSi. miviRebT:   

                               ,02

2

=− V
dx

Vd &
&

γ                                                                        13.8 

sadac sidides 

    ))(( 000000 LjRCjGZY ωωγ ++==                                            13.9 

ewodeba gavrcelebis koeficienti. igi kompleqsuri sididea    

                             ,βαγ j+=                                                                           13.10 

sadac α - milevis koeficienti, 

       −β  fazis koeficienti.       
            (13.8) aris Cveulebrivi meore rigis erTgvarovani diferencialuri 

gantoleba, romlis amonaxsnia:     

                .21
xx eAeAV γγ −− +=&                                                              13.11 

          aq   A1  da  A2  integrirebis mudmivebia. 
    kompleqsuri deni SeiZleba ganisazRvros (13.5) sistemis meore gantole-

bidan:  

               ( ) ( ,11
2121

00

xx

c

xx eAeA
Z

eAeA
Zdx

Vd
Z

I γγγγ )γ −−−− −=−=−=
&

&                         13.12 

sadac  

                  
00

00

CjG
LjRZ c ω

ω
+
+

=                                                                13.13 

aris gadamcemi xazis maxasiaTebeli anu talRuri winaRoba. am sididis 

erTeulia omi, maSin, rodesac sidideebis γβα da, -s erTeulia . sidideebs 1−m

γβα  da,,cZ -s ewodeba gadamcemi xazis meoreuli parametrebi. 

         ganvsazRvroT integrirebis mudmivebi. vTqvaT, cnobilia kompleqsuri 

Zabva da deni gadamcemi xazis dasawyisSi, sadac . (13.11) da (13.12) 

formulebidan gveqneba:   

11 , IV && 0=x

                    ( 211

211
1 AA

Z
I

AAV

c

+=

+=
&

&

)                                                                  13.14 

          am sistemis amoxsniT miviRebT, rom  
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( )
( )c

c

ZIVA

ZIVA

112

111

2
1
2
1

&&

&&

−=

+=
                                                                  13.15 

           am mudmivebis gaTvaliswinebiT xazis Zabva da deni iqneba:  

               
( ) ( )

( ) ( ) .
2
1

2
11

2
1

2
1

1111

1111

⎥⎦
⎤

⎢⎣
⎡ −−+=

−++=

−

−

x
c

x
c

c

x
c

x
c

eZIVeZIV
Z

I

eZIVeZIVV

γγ

γγ

&&&&&

&&&&&

                                          13.16 

            es gantolebebi SeiZleba ase gadavweroT: 

                
.

22

22

1
1

11

xxxx

c

xx

c

xx

eeIee
Z
VI

eeZIeeVV
γγγγ

γγγγ

−−

−−

++−−=

−−+=

&
&

&

&&&

                                                  13.17 

         anu hiperboluri funqciebis               

  .
2

,
2

xxxx eexsheexch
γγγγ

γγ
−− −=+=                                                 13.18   

     gamoyenebiT   

                  
.1

1

11

xchIxsh
Z
VI

xshZIxchVV

c

c

γγ

γγ
&

&
&

&&&

+−=

−=
                                                              13.19 

           am gantolebebis mixedviT Zabva da deni xazis bolos iqneba:   lx =

.1
1

2

112

lchIllsh
Z
VI

lshZIlchVV

c

c

γγ

γγ
&

&
&

&&&

+−=

−=
                                                               13.20 

            am sistemidan xazis dasawyisis Zabva da deni SeiZleba gamoisaxos ZabviTa 

da deniT xazis bolos:   

    
.2

2
1

221

lchIllsh
Z
VI

lshZIlchVV

c

c

γγ

γγ
&

&
&

&&&

+=

+=
                                                             13.21 

          es gantolebebi msgavsia oTxpolusas gantolebebisa A  parametrebiT  

 
,221

221

IDVCI
IBVAV
&&&

&&&

+=

+=
                                                              13.22    

sadac  

 

lsh
Z

C

lshZB
lchDA

c

c

γ

γ
γ

1
,

,

=

=
==

                                                                 13.23 
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           cxadia, rom gadamcemi xazi warmoadgens simetriul oTxpolusas 

)1;( 22 =−=−= lshlchCBDADA γγ  da is yovelTvis SeiZleba Canacvlebuli iqnes 

 ekvivalentiT.   ΠanT
       magaliTi 13.1.  sigrZis gadamcemi xazi datvirTulia winaRobiT 

. xazis meoreuli parametrebia 

kml 5=
Ω= 400dR 10 144.01414.0;37500 −+=Ω−∠= kmjZ c γ . 

gamovTvaloT Zabva da deni xazis dasawyisSi, Tu sixSirisas  

datvirTvis denia  . 

kHzf 1=

AI 0
2 05.0 ∠=

       amoxsna: 

               

).(7.538.0

);(224633.5413750005.03.2707.1200
);3.541)(5.0;3,2707.1)(5.0

;707.0707.05)1414.01414.0(
;

0
2

2
1

00000
1

00

221

AlchIlsh
Z
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VU
eelsheelch

jjl
lshZIlchUU

c

llll

c

∠=+=

∠=∠⋅−∠⋅∠+∠⋅=
∠⋅=−=∠=+=

+=⋅+=
+=

−−

γγ

γγ
γ

γγ

γγγγ

&
&

&

&

&&&

  

 
13.4. gadamcemi xazis Sesavali winaRoba 

 

            gadamcemi xazis Sesavali winaRobis gamosaxule-

bis misaRebad sakmarisia (13.21) sistemis pirveli 

gantoleba gavyoT meore gantolebaze. miviRebT:   

aleqsandre grehen beli, 

1847 – 1922, 

Sotlandieli warmoSobis 
amerikeli mecnieri – 

telefonis gamomgonebeli. 

,
c

c

ZlthZ
lthZZ

+
+
γ

γ

d

d

22

22
1 c

c

c Z
lchI

Z
lsh

V

lshZIlchV
Z =

+

+
=

γ
γ

γγ
S

&&

&&
                13.24 

sadac datvirTvis winaRoba  

2

2

I
VZ
&

&
=d

02

da

                                           13.25                

        gadamcemi xazi SeiZleba muSaobdes sam reJimSi:  

• uqmi svlis reJimSi, rodesac I ;: ∞== dda Z

• mokled SerTvis reJimSi, rodesac datvirTvis winaRoba ; 0=dZ

• SeTanxmebul reJimSi, rodesac . cZZ =d

            aRvniSnoT uqmi svlis reJimis Zabva da deni xazis dasawyisSi V -

iT. vinaidan deni xazis boloSi nulis tolia (13.24) formulis Tanaxmad 

xazis Sesavali winaRoba uqmi svlis reJimSi iqneba: 

1010 I

                 .1

10

10
10 lth

Z
I
V

Z c γ
==

&

&
                                                                 13.26 
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         mokled SerTvis reJimis SemTxvevaSi Zabva da deni xazis dasawyisSi aris 

. vinaidan Zabva xazis boloSi nulia igive (13.24) formulis Tanaxmad 

xazis Sesavali winaRoba mokled SerTvis reJimSi iqneba:  
kk IV 11 da

                  .
1

1 lthZ
I
VZ c

s

s
ins γ==

&

&
                                                                   13.27 

           SevniSnoT, rom (13.26) da (13.27) formulebis gamravleba gvaZlevs xazis 

maxasiaTebeli winaRobis formulas  

                              kc ZZZ 110= ,                                                                      13.28 

 
           xolo maTi gayofa - lthγ -is gamosaTvlel formulas: 

                             
10

1

Z
Zlth k=γ .                                                                       13..29 

           SeTanxmebul reJimSi, rodesac , Tanaxmad (13.24) formulisa xazis 

Sesavali winaRoba aris ganmeorebadi winaRoba . 

cZZ =d

cZZ =S1

            exla gamoviyvanoT lthγ -is saSualebiT gavrcelebis γ , milevis α  da 

fazuri Zvris β  koeficientebis gamosaTvleli formulebi.  

      hiperboluri tangesis formulis Tanaxmad    

            .
1
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2

2
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γ
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γγ

γγ

γ j
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l
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eelth =

+
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−

                                                           13.30 

          am formulidan SeiZleba davweroT, rom 

          .
1
11 222 ξ

τ

τ
γγηηγ j

j

j
lljjl We
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TeeeTeTee =

−
+=⇒+=− −−                                        13.31 

          Semdgom 

           ( ) .)(
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lnln
2
1;2

1
1ln ljjWWell

Te
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βαξγγ τ
τ

τ

+=+==⇒=
−
+                       13.32 

          amgvarad,  

           
),

2
(1

2
2

2
ln;

2
ln

ξπβπξβ

αα

+=⇒
+=

=⇒=

k
l

kl

WWl
                                                    13.33  

sadac      k=0, 1, 2, … 
 

13.5. dacemuli da arekvlili talRebi 

 

            CamrTvelis saSualebiT mivuerToT gadamcemi xazis sadenebi energiis 

wyaros. xazis dasawyisidan bolosaken gavrceldeba eleqtromagnituri talRa, 

romelic garkveul pirobebSi airekleba xazis mimRebi bolodan da moxdeba 
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misi zeddeba dacemul talRaze. (13.16) sistemis Tanaxmad gadamcemi xazis 

kompleqsuri Zabva SeiZleba warmovadginoT Semdegi jamis saxiT: 

                                                                              13.34 ,ψϕ VVV &&& +=

sadac          
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( ) .

2
1
2
1

11

11

x
c

x
c

eZIVV

eZIVV
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ψ

γ
ϕ

&&&

&&&

−=

+= −

                                                         13.35 

            miviRoT, rom 

             
( )
( ) .

2
1

,
2
1

1111
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η
ψψ

ξ
ϕϕ

j
c

j
c

eVVZIV

eVVZIV

==−

==+

&&&

&&&

                                              13.36               

             gaviTvaliswinoT, rom gavrcelebis koeficienti  
                βαγ j+=  .                                                                     13.37 

            maSin xazis kompleqsuri Zabva iqneba:  
                 13.38 .)(

1
)(

111
xjxxjxxjxjxjxj eeVeeVeeeVeeeVVVV βηα

ψ
βξα

ϕ
βαη

ψ
βαξ

ϕψϕ
+−−−−− +=+=+= &&&

            (13.17) gantolebisaTvis igive proceduris gamoyenebiT da imis 

gaTvaliswinebiT, rom  
                             ,cj

cc eZZ ϕ=                                                                        13.39 
kompleqsuri denisaTvis gveqneba: 

                                                                13.40   ,)(
1

)(
1

cc xjxxjx eeIeeII ϕβηα
ψ

ϕβξα
ϕ

−+−−− −=&

sadac     

                     .; 1
1

1
1

cc Z
V

I
Z
V

I ψ
ψ

ϕ
ϕ ==                                               13.41 

          (13.38) da (13.40) kompleqsuri Zabvisa da denis Sesabamisi drois funqciebi 

iqneba:  

      
).sin(2)sin(2),(

).sin(2)sin(2),(
11
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c
x

c
x

xx

xteIxteItxi
xteVxteVtxv

ϕβηωϕβξω
βηωβξω

α
ψ

α
ϕ

α
ψ
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ϕ

−++−−−+=
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−

−

          13.42 

         (13.42) sistemis pirveli gantolebis pirveli wevri warmoadgens gadamcemi 

xazis Zabvis pirdapir anu dacemul talRas da meore wevri – Zabvis uku anu 

arekvlil talRas. igive sistemis meore gantolebaSi pirveli wevri 

warmoadgens gadamcemi xazis denis pirdapir anu dacemul talRas da meore 

wevri – denis uku anu arekvlil talRas.    

          Zabvisa da denis dacemuli talRebi warmoadgenen drois sinusoidur fu-

nqciebs, romelTa amplituda miileva koordinatis zrdasTan erTad eqspo-

nencialuri kanoniT da maTi faza aris funqcia drois  da koordinatis .. 
x

t x
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          msgavsad, Zabvisa da denis arekvlili talRebi, vrceldeba ra xazis 

bolodan dasawyisisaken, warmoadgenen drois sinusoidur funqciebs, romelTa 

amplituda miileva xazis bolodan dasawyisisaken  koordinatis Semcire-

basTan erTad eqsponencialuri kanoniT da maTi faza aris funqcia drois  

da koordinatis .. fizikurad, dacemuli da arekvlili talRebis amplitu-

daTa mileva aixsneba energiis danakargebiT xazebSi. 

x
t

x

   

X

λ

V

0

xeα

1t
12 tt >

C

V

0
X

λ

xe α−

1t

12 tt >

C

 
a) b) 
                                   nax.13.4 

         nax.13.4a-ze naCvenebia Zabvis dacemuli talRis ga-

nawileba  koordinatis gaswvriv, rodesac is vrcel-

deba marcxnidan marjvniv (xazis dasawyisidan bolos-

ken). nax.13.4b-ze ki naCvenebia Zabvis arekvlili talRis 

ganawileba  koordinatis gaswvriv, rodesac is vrce-

ldeba marjvnidan marcxniv (xazis bolodan dasaw-

yisisaken). dacemul da arekvlil talRebs msrbol 

talRebs uwodeben. xazis boloSi Zabvis arekvlili da 

dacemuli talRebis fardobas Zabvis arekvlis 

koeficienti ewodeba       

x

x

j. g. markoni, 1874 – 1937, 

amerikeli mecnieri - 

radios gamomgonebeli             

     .
2

2

ϕ

ψ

V
V

q
v &

&
=                                                                13.43 

          msgavsad, denis arekvlis koeficienti iqneba: 

                   .
2

2

ϕ

ψ

I
I

q
i &

&
=                                                             13.44 

           xazis boloSi kompleqsuri Zabva da deni aris: 

                    
.; 222

22
222

222

ψϕ
ψϕ

ψϕ

ψϕ

VVcZI
cZ

V
cZ

V
III

VVV

&&&
&&

&&&

&&&

−=⇒−=+=

+=
                       13.45 

            am gantolebaTa jamisa da sxvaobis aRebiT gveqneba: 
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                      ).(2
)(2

2222

2222

cc

cc

ZZIZIVV
ZZIZIVV

−=−=
+=+=

d

d

&&&&

&&&&

ψ

ϕ                                                           13.46 

am sistemis gantolebebis erTimeoreze gayofiT miviRebT datvirTvisa da ma-

xasiaTebeli winaRobebiT gamosaxul Zabvis arekvlis koeficientis formulas: 

                       .
c

c

v ZZ
ZZ

q
+
−

=
d

d                                                                  13.47 

           unda aRiniSnos, rom Zabvisa da denis dacemuli talRebis fardoba 

gadamcemi xazis nebismier wertilSi tolia maxasiaTebeli winaRobis 

                        cZ
I
V

=
ϕ

ϕ

&

&
                                                                       13.48 

da Zabvisa da denis arekvlili talRebis fardoba  

.cZ
I
V

−=
ψ

ψ

&

&
 

          Sesabamisad, denis arekvlis koeficienti 

                          .
v

c

c

i
q

ZZ
ZZ

q −=
+
−

=
d

d                                                              13.49 

           gadamcemi xazis muSaobis uqmi svlis reJimSi , Zabvis arekvlis 

koeficienti , deni xazis boloSi  da Zabva   

∞=dZ

1=vq 02 =I

                                                                                                13.50   .2 22 ϕVV && =

           mokled SerTvis reJimSi , Zabvis arekvlis koeficienti , Zabva 

xazis boloSi  da deni   

0=dZ 1−=vk

02 =V

.2 22 ϕII && =  

          Cveulebriv, gadamcemi xazi warmoadgens energiis wyaros datvirTvasTan 

damakavSirebel saSualedo rgols. rodesac datvirTvis winaRoba gansxvavebu-

lia xazis maxasiaTebeli winaRobisagan, dacemuli talRa mxolod nawilobriv 

STainTqmeba datvirTvis mier da nawilobriv airekleba. arekvlis Tavidan 

asacileblad saWiroa xazisa da datvirTvis SeTanxmeba, e.i. . muSaobis 

aseT reJims SeTanxmebuli reJimi ewodeba. am reJimSi  da xazSi Zabvisa 

da denis arekvlili talRebi ar arsebobs ( ). 

cZZ =d

0=vq

0,0 == ψψ IV

 

13.6. talRis sigrZe da fazuri siCqare 

 

           msrboli talRa xasiaTdeba talRis sigrZiT  λ da fazuri siCqariT c . 
talRis sigrZe aris minimaluri manZili or momdevno wertilebs Soris 

talRis gavrcelebis mimarTulebiT, romelTac aqvT erTi da igive faza 
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(nax.13.4). talRis fazuri siCqare aris rxevis fazis gadaadgilebis siCqare da 

SeiZleva ganisazRvros, rogorc siCqare romliT gadaadgilebisas xazis 

gaswvriv damkvireblisaTvis talRis faza ucvlelia. kavSiri talRis sigrZes, 

periods, fazur siCqaresa da sixSires Soris aseTia: 

                .
f
ccT ==λ                                                                13.51 

            Tu dacemuli talRisaTvis faza mudmivia, es imas niSnavs, rom  
.constxt =−+ βξω  am sididis warmoebuli droiT 

( ) 0=−=−+
dt
dxxt

dt
d βωβξω  

anu fazuri siCqare 

               .
β
ω==

dt
dxc                                                                 13.52 

      magaliTi 13.2. ganvsazRvroT eleqtromagnituri talRis sigrZe 

sixSireebisas 50 M. 50da MHzHz
     amoxsna: 

.6
1050

103,50

;6000
50
103,50

6

8

8

kmMHzf

km
f
cHzf

=
⋅

⋅==

=⋅===

λ

λ
 

         

13.7. aradamamaxinjebeli xazi 

 

           gadamcemi (sakomunikacio) xaziT informaciis gadasacemad saWiroa 

eleqtromagnituri talRa gavrceldes xazis gaswvriv raime damaxinjebis 

gareSe. es Tviseba saSualebas aZlevs satelefono xazs gadasces saubari ise, 

rom misi sixSiruli speqtri iyos erTnairi xazis dasawyissa da boloSi. 

aseTi saxis xazs aradamamaxinjebel xazs uwodeben.  

    gadamcemi xazi rom aradamamaxinjebeli iyos saWiroa milevis koeficienti 

da fazuri siCqare ar iyos damokidebuli sixSireze. am moTxovnebis 

dasakmayofileblad gadamcemi xazis pirveladi parametrebi SerCeuli iyos 

Semdegi pirobidan: 

               
0

0

0

0

C
G

L
R

=                                                                               13.53 

         am dros xazis maxasiaTebeli winaRoba da gavrcelebis koeficienti 

iqneba:  
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,
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0
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jCLjGRCjGLjR

C
L

CjG
LjRZ C

+=+=++=

=
+
+

=
                          13.54 
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           amgvarad, maxasiaTebeli winaRoba da milevis koeficienti ar aris damo-

kidebuli sixSireze. rac Seexeba fazur siCqares, (13.53) pirobis Sesrulebisas 

                 
00

1
CL

c ==
β
ω                                                                     6.55 

da ar aris damokidebuli sixSireze.  

     garda aRniSnulisa, gadamcemi xazi unda muSaobdes SeTanxmebul reJimSi 

( ), ris gamoc xazSi ar iqneba arekvlili talRebi.  cZZ =d

        magaliTi 13.3. gadamcemi xazis pirveladi parametrebia: 

./6;/1;/2;/3 0000 kmnFCkmSmGkmmLkmR ==Ω=Ω= µ . ganvsazRvroT damatebiTi 

induqciuroba, romelic unda CairTos xazSi, raTa is iqces aradamamaxinjebel 

xazad.   
             amoxsna:   

./16218;/18
10

1063
6

9

0

00
0 kmmHLkmmH

G
CRLL ss =−==⋅⋅==+ −

−

 

 

13.8. udanakargo xazi 

 

        fizikurad udanakargo xazi ar arsebobs, magram maRali sixSireebisaTvis 

xazis parametrebis garkveuli mniSvnelobebisas  (R0<<ωL0 and G0<< ωC0) 
danakargebi umniSvnelo aRmoCndes. am SemTxvevaSi maxasiaTebeli winaRoba da 

gavrcelebis koeficienti iqneba:  

             ( )( ) ., 000000
0

0

00

00 CLjCjGLjR
C
L

CjG
LjRZ C ωωωγ

ω
ω

≠++=≈
+
+

=        13.56 

        Sesabamisad, milevis koeficienti da maxasiaTebeli winmaRoba ar aris 

damokidebuli sixSireze. aseve ar aris fazuri siCqare damokidebuli 

sixSireze     

00

1
CL

c ≈=
β
ω  

da udanakargo xazi warmoadgens aradamamaxinjebel xazs. 

          magaliTisaTvis ganvixiloT orsadeniani sahaero xazi (nax.13.5 ). xazis 

induqciuroba da tevadoba gamoiTvleba formulebiT:          
a

)a
2dD

d

)b  
nax.13.5 
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                  ,
2ln

,2ln 0
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d
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d
DL πε
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µ

==                                          13.57 

sadac      - sadenebs Soris manZili, D
        - sadenis diametri, d

)/(1085.8
),/(104

12
0

7
0

mF
mH

−

−

⋅=
⋅=

ε
πµ  

                 xazis maxasiaTebeli winaRoba  

                    
d
d

d
d

C
LZc

2ln1202ln1
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0

0 ===
ε
µ

π
 .                                            13.58 

         es winaRoba praqtikulad aris diapazonSi 300 – 400 Ω. 
                  xazis fazuri siCqare 

                             ./10311 8

0000

sm
CL

c ⋅===
µε

                                              13.59 

              udanakargo xazis meore magaliTia koaqsialuri xazi (nax.13.6 ). 

igulisxmeba, rom  aris centraluri gamtaris diametri da - 

garemomcveli gamtaris (milis) diametri.  xazis induqciuroba da tevadoba 

ganisazRvreba Semdegi formulebiT: 

b

1d 2d

                       ( ),
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2 1

0
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20
0 dd

C
d
dL πεε

π
µµ

==                                              13.60 

sadac   µ – fardobiTi magnituri SeRwevadoba, 
               ε  - fardobiTi dieleqtrikuli SeRwevadoba.. 
           xazis maxasiaTebeli winaRoba  
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2
1

1

2

1

2

0

0

0

0

d
d

d
d

C
LZC ε

µ
εε
µµ

π
===                                               13.61  

           es sidide praqtikulad aris 50 – 75  diapazonSi.    Ω
            fazuri siCqare          

                         .10311 8

0000 µεεεµµ
⋅===

CL
c                                                           13.62 

           vinaidan    µ > 1  da  ε > 1  xazis fazuri siCqare c < 3*108 m/s. 
magaliTi 13.4. gamovTvaloT sahaero xazis fazuri siCqare, Tu: r=1.5mm; 

D=300mm. 
          amoxsna: 
     xazis induqciuroba da tevadoba 
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            fazuri siCqare 
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13.9. eleqtromagnituri mdgari talRebi 

 

         udanakargo xazSi muSaobis uqmi svlisa da mokled CarTvis reJimebSi ar-

is arekvlili talRebi. vinaidan milevis koeficienti nulia dacemul da arek-

vlil talRebs aqvT toli amplituda, maTi kombinacia warmoSobs mdgar tal-

Rebs. mdgari Zabisa da denis talRebi warmoqmnian mdgar eleqtromagnitur 

talRas.  
         mdgari Zabvis da denis talRebi maTematikurad aRiwereba ori perioduli 

funqciis namravliT. erTi maTgani aris xazis gaswvriv aTvlili sivrculi 

koordinatis funqcia, meore – drois funqcia. mdgari Zabvis talRa yovelTvis 

win uswreba an CamorCeba denis talRas 900-iT.  
         gadamcemi xazis wertili, sadac Zabvis an denis talRa nulis tolia    

kvanZi ewodeba, xolo wertili, sadac es sidideebi maqsimumia – talRis si-

burce. amgvarad, xazSi gvaqvs Zabvis kvanZebi da siburceebi, denis kvanZebi da 

siburceebi. 

          gadamcem xazSi mdgari talRebis arsebobisas ar xdeba eleqtromagnituri 

energiis gadacema xazis erTi bolodan meoreSi. amis magier xdeba energiis 

dagroveba xazis TiTeul meoTxedSi. es energia periodulad irxeva sadenebis 

irgvliv arsebul eleqtrul da magnitur velebs Soris.  

    gamoviyvanoT mdgari talRis gantoleba xazis muSaobis uqmi svlisa da 

mokled SerTvis reJimebisaTvis. (13.11) da (13.12) gantolebebi warmoqmnian Sem-

deg sistemas:  
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            SevuTavsoT koordinatTa saTave gadamcemi xazis bolos, rogorc es 

naCvenebia nax.13.6-ze. e.i. . maSin axali koordinata 

iqneba . 

0,,0 ==== ylxlyx da

xly −=
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nax.13.6 

               (13.63) gantolebaTa sistemaSi, rodesac                     
2IIda &&&& === 2, VVlx
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saidanac integrirebis mudmivebi iqneba:: 
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           am integrirebis mudmivebis CasmiT (13.63) gantolebaTa sistemaSi miviRebT:  
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             hiperboluri funqciebis gamoyenebiT es sistema miiRebs Semdeg saxes: 
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             uqmi svlis reJimisaTvis, rodersac  I2=0   
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             udanakargo xazisaTvis ( 0=α )  
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              kompleqsuri denis formulaSi mamravli j Seesabameba sidides . 
090je

              Sesabamisi drois funqciebi 
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         wertilebSi βy=kπ, sadac k = 0, 1, 2, …gvaqvs Zabvas burcobebi da denis  

kvanZebi. 
         xazis muSaobis mokled SerTvis reJimSi Zabva xazis boloSi  da 

(13.67) gantolebaTa sistemidan gveqneba: 
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         udanakargo xazisaTvis   
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          Sesabamisi drois funqciebi aris: 
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         am SemTxvevaSi wertilebSi βy=kπ, sadac k = 0, 1, 2,… gvaqvs Zabvis kvanZebi da 
denis burcobebi. amgvarad gadamcemi xazis  mokled SerTvisas xazis boloSi 

gvaqvs mdgari Zabvis talRebi, romlebic analogiuria denis mdgari talRebisa 

igive xazSi uqmi svlis reJimisas.  
     amocanebi: 
13.1..koaqsialuri kabelis centraluri sadenis radiusi r1=0.25mm da ukusadenis 
(ekranis) radiusi r2=4.5mm. kabelSi gamoyenebuli izolaciis fardobiTi 

dieleqtrikuli SeRwevadoba aris  5.5. gamoTvaleT kabelis maxasiaTebeli 

winaRoba da fazuri siCqare. 
13.2. 5km sigrZis gadamcemi xazis Sesavali uqmi svlisa da mokled SerTvis 

winaRobebi 1kHz sixSireze aris:  .105.467;64535 0
1

0
10 Ω−∠=Ω−∠= kZZ .   

gamoTvaleT maxasiaTebeli winaRoba da gavrcelebis koeficienti.  

13.3.gadamcemi xazis pirveladi parametrebia: 
                 ./8;/5.1;/5.4;/75.3 0000 kmnFCkmSGkmmHLkmR ===Ω= µ          
gamoTvaleT induqciuroba, romelic unda CairTos gadamcem xazSi yoveli 

kilometris Semdeg, rom xazi iqces aradamamaxinjebel xazad.  

13.4. 10km sigrZis gadamcemi xazis meoreuli parametrebia:  

                     .1414.01414.0;37500 10 −+=Ω−∠= kmjZ c γ   xazi damoklebulia da 

ikvebeba sinusoiduri Zabvis wyarodan sixSiriT  1kHz. gamoTvaleT Zabva da 

deni xazis dasawyisSi, Tu deni xazis boloSi         .01 0
2 AI ∠=&
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Tavi XIV. eleqtruli filtrebi 

  

14.1. eleqtruli filtrebis klasifikacia 

 

eleqtruli filtri aris oTxpolusa, romelic Tavsdeba eleqtruli 

energiis wyarosa da datvirTvas Soris garkveuli diapazonis sixSire-

ebis mcire mileviT gatarebis an blokirebisaTvis. sixSireTa zols, ro-

melsac filtri atarebs, filtris gatarebis zoli ewodeba, xolo sixSi-

reTa zols, romelsac axSobs – dakavebis zoli. filtris gatarebis an 

dakavebis zolis zRvrul sixSireebs CaWris sixSireebi ewodeba.  
 eleqtruli filtrebi umTavresad gamoiyeneba telekomunikaciebSi, 

radioteqnikaSi, gardamqmnel teqnikaSi da sxva. 

 cnobilia pasiuri da aqtiuri filtrebi. pasiuri filtrebi Sedgeba 

eleqtruli wredis pasiuri elementebisagan - rezistorebis, induqciuri 

koWebisa da kondensatorebisagan. Tu, garda am elementebisa, filtri Sei-

cavs aqtiur elementebsac (energiis wyaroebs, tranzistorebs, operaciul 

maZliereblebs), mas ewodeba aqtiuri filtri. cnobilia agreTve eleqt-

romeqanikuri, cifruli da mikrotalRuri filtrebi. induqciuri koWe-

bisa da kondensatorebisagan Semdgar pasiur filtrebSi maRal sixSire-

ebze induqciuri koWis induqciuri winaRoba gacilebiT metia mis aqtiur 

winaRobaze, aseve kondensatoris tevaduri gamtaroba gacilebiT metia 

aqtiur gamtarobaze. Sedegad, aseTi mowyobiloba faqtiurad warmoadgens 

reaqtiuli elementebisagan Semdgar filtrs (reaqtiul filtrs).   
eleqtruli filtrebi Cveulebrivad sqematurad warmoadgenen T,Γ  
-s magvar oTxpolusebs (nax,14.1) da maTi analizis dros SeiZleba 

gamoviyenoT oTxpolusebisa da gadamcemi xazebisaTvis gamoyenebuli cne-

bebi gadacemis, gavrcelebis, fazuri Zvris koeficientebis da maxasia-

Tebeli winaRobis Sesaxeb.  

Πan

4Z 6Z

5Z2Z1Z

3Z

2Z

3Z

 
nax.14.1 

        vuwodoT  grZivi winaRobebi, xolo  ganivi winaRo-

bebi. filtrebs, romelTa grZivi da ganivi winaRobebis namravli mudmivi 

da sixSireze damoukidebeli sididea, 

521 Z,Z,Z 643 Z,Z,Z

K  tipis filtrebi ewodeba. Tu es 

namravli damokidebulia sixSireze, filtrs ewodeba warmoebuli 

filtri.   
−m

         sixSiruli maxasiaTeblebis mixedviT filtrebi klasificirdeba da-

balsixSirul, maRalsixSirul, zolovan da gadamRob filtrebad arse-

bobs filtrebi fiqsirebuli an cvalebadi parametrebiT. regulirebadi 
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filtrebi gamoyenebas poulobs radio da telemimRebebSi, sadac xdeba 

mowyobilobis wredis rezonansul sixSireze awyoba. Sedegad, 

filtri atarebs rezonansul (sasurvel) sixSires da axSobs danarCen 

sixSireebs.  

CLR −−

 

14.2. pasiuri filtrebi 

 

nax.14.2 ze naCvenebia  wredi, romelic gamoiyeneba rogorc 

umartivesi pasiuri dabalsixSiruli filtri; nax.14.2 ze naCvenebia misi 

sixSiruli maxasiaTebeli.   

−a RC
−b

0 f
cf

inv
v

inv707.0
R

C

Ggatarebis

zoli

Ses
v gamv

 
a) b) 

nax.14.2 
     maxasiaTebelze  aris CaWris sixSire. am sixSiris zemoT filtris 

gamosavali Zabva . filtris gatarebis zoli . 

faqtiurad, filtri warmoadgens Zabvis gamyofs, romlisTvisac  

cf

Sesgam V.V 7070< cc ff =−= 0gz

                       .
XR

XVV
c

c

22 +
= Sesgam                                                       14.1 

      CaWris sixSirisas gamosavali Zabva . es damokidebuleba 

SevitanoT (14.1) gantolebaSi da amovxsnaT CaWris sixSiris mimarT. mivi-

RebT:  

Sesgam V.V 7070=

                        .
2

1
RC

fc π
=                                                               14.2 

      magaliTi 14.1. viangariSoT dabalsixSiruli  filti, romlis 

CaWris sixSirea .  
RC

Hz500
          amoxsna: miviRoT, rom . (14.2) formulis Tanaxmad             Ω= kR 1

⇒=
1000*2

1500
Cπ

      C=318.5nF. 

 
        nax. 14.3 ze naCvenebia wredi, romelic gamoiyeneba maRalsixSi-

rul filtrad. nax.14 ze naCvenebia am filtris sixSiruli maxasiaTe-

beli. igive TanamimdevrobiT, rogorc wina SemTxvevaSi, gveqneba:  

−a RC
−b
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0 fcf

Sesv.7070

R

C
 

Ggatarebis

zoli

Sesv
gamv

Sesv

 
a) b)  

nax.14.3 

                          .
RC

f
XR

RVV.;
XR

RVV c

cc
π2
17070

2222
=⇒

+
=

+
= gamSesSesgam       14.3 

      amgvarad, CaWris sixSire dabalsixSiruli da maRalsixSiruli 

filtrebisaTvis gamoiTvleba erTi da igive formuliT, magram gamo-

savali Zabvis gamosaTvleli formulebi gansxvavebulia. maRalsixSiruli 

filtris gatarebis zolia .  cc ff,ff <<∞<< 0 - zoli Sekavebisxolo

      zolovani filtri, romlis sqema da sixSiruli maxasiaTebeli naCve-

nebia nax.14.4-ze, warmoadgens mimdevrobiT SeerTebul wreds. am 

wredis rezonznsuli sixSire da vargisoba gansazRvravs filtris gata-

rebis da dakavebis zolebs.  

RLC

0 f1f

v

Sesv.7070

R

C

2f

L
 

Ggatarebis

zoli

Ses
v gam

v

Ses
v

 
a) b) 

                                                                         nax.14.4 
 
       filtris ZiriTadi maxasiaTeblebis – rezonansuli sixSiris, vargi-

sobis, gamosavali Zabvisa da gatarebis zolis saangariSo formulebi 

aris: 

        
s

r

cL

r
sr Q

f,
)XX(R

Rvv,
R

LfQ,
LC

f =
−+

=== gzSesgam 22

2
2

1 π
π

.              14.4 

         filtris tipiuri sixSiruli maxasiaTebeli naCvenebia nax.14.4 -ze. 

filtris CaWris sixSireebia ; dakavebis zolebia  

.  

b

21 ff  da 10 ff <<

ff ∞<<2 da
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 pasiuri filtrebi xasiaTdeba stabiluri maxasiaTeblebiT da 

maRali saimedobiT. maTi gamoyeneba efeqturia SedarebiT maRali 

sixSireebis dros audio sixSireebs zemoT. 

        magaliTi 14.2. miviRoT, rom nax.14.4 -ze naCvenebi filtrisaTvis  
L=50mH, C=127nF, R=57Ω. gamovTvaloT: (a) rezonansuli nsixSire; (b) 
gatarebis zoli; (c) CaWris sixSireebi. 

a

        amoxsna:  

(a)  .kHz
LC

fr 2
1012710502

1
2

1
93

=
⋅⋅⋅

==
−−ππ

   

(b)   .Hz
Q
fBW.

R
LQ

s

rr
s 182

11
200011

57
10502 3

====⋅⋅==
−πω  

(c)    .2091
2

1822000
2

;1909
2

1822000
2 21 HzBWffHzBWff rr =+=+=−=−=  

      
          nax.14.5-ze naCvenebia gadamRobi filtris sqema da misi sixSiruli 

maxasiaTebeli. filtri warmoadgens mimdevrobiT SeerTebul  wreds, 

romlis rezonansuli sixSire da vargisoba, msgavsad zolovani filtri-

sa, gansazRvravs dakavebisa da gatarebis zolebs.  

RLC

filtris ZiriTadi maxasiaTeblebis – rezonansuli sixSiris, vargi-

sobis, gamosavali Zabvisa da dakavebis zolis saangariSo formulebi 

aris: 

Sesv.7070

0
f2f1f

↓

C

L

R Gdakavebis

zoli

Sesv

gamv
Sesv

 
a) b) 

nax.14.5 

  .
Q
f,

)XX()RR(

)XX(R
VV,

R
Q,

LC
f

s

r

CL

CLr
sr =

−++

−+
=== dzSesgam 22

21

22
2

2
1 ω

π
         14.5    

       gadamRobi filtris tipiuri sixSiruli maxasiaTebeli naCvenebia 

nax.14.5b  -ze. filtris gatarebis zolebia . filtris 

dakavebis zolia .                                

∞<<<< ffff 210  da

12 ff −=dz

         magaliTi 14.3. gadamRobi filtrisaTvis gamovTvaloT: ) konden-

satoris tevadoba, romelic uzrunvelyofs  sixSiris blokirebas, 

Tu ;  dakavebis zoli. 

a
kHz85

mHLkR 6021 =Ω= da )b
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          amoxsna:  

a) .pF
)(Lf

C.
LC

f
r

r 58
1060485000

1
4
1

2
1

32222 =
⋅

==⇒= −πππ
   

b) .kHz.
Q
f.

R
LfQ

s

rr
s 35

16
8500016

2000
10608500022 3

1

====⋅⋅==
−

dz
ππ  

     pasiuri filtrebi xasiaTdeba stabiluri maxasiaTeblebiT da maRa-

li saimedobiT. maTi gamoyeneba efeqturia SedarebiT maRali sixSireebis 

dros audio sixSireebis zemoT. )kHzfHz( 3300 <<
 

14.3. aqtiuri filtrebi 

 

msgavsad pasiuri filtrebisa arsebobs dabalsixSiruli, maRalsix-

Siruli, zolovani da gadamRobi aqtiuri filtrebi, romlebic gadacemis 

funqciis polusebis raodenobis Sesabamisad klasificirdeba  pirveli 

da meore rigis filtrebad. dabalsixSiruli da maRalsixSiruli fil-

trebi warmoadgenen pirveli rigis filtrebs. aqtiuri filtrebi Sedgeba 

rezistorebis, kondensatorebisa da operaciuli maZliereblebisagan. 

pasiuri filtrebisagan gansxvavebiT, isini ar Seicaven induqciur koWebs, 

ris gamoc aqvT SedarebiT naklebi gabaritebi da Rirebuleba. garda 

amisa, isini uzrunvelyofilia damatebiTi energiiT wredSi erTze meti 

gadacemis (gaZlierebis) koeficientis misaRwevad da efeqturebia dabali 

sixSireebis dros. maTi gamoyenebis sixSiruli diapazoni zemodan SezRu-

dulia 100 -iT. kHz
     pirveli rigis filtris funqcias (dabalsixSirulia Tu maRal-

sixSiruli) gansazRvravs is, Tu rogor aris SerCeuli misi Sesavali da 

ukukavSiris winaRobebi. 

+
−

Sesv gamv

SesZ
ukZ

 
nax.14.6 

    nax. 14.7-ze naCvenebia dabalsixSiruli aqtiuri filtris sqema, 

romlis gadacemis funqcia 

      
ukukSes

uk

ukuk

ukuk

SesSes

uk

RCjR
R

Cj/R
Cj/R

RZ
Z

V
V)j(H

ωω
ω

ω
+

−=
+

−=−==
1

1
1

1

1

2
&

&
,           14.6 

sadac 
SesSes RZ =  aris Sesavali winaRoba, 
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ukuk

ukuk

uk Cj/R
Cj/R

Z
ω

ω
1+

=  aris ukukavSiris winaRoba.  

+
−

Sesv gamv

SesR

ukR

ukC

 
nax.14.7 

     dabali sixSireebis  ( 0→ω )  an mudmivi denis SemTxvevaSi gadacemis 

(gaZlierebis) koeficienti aris . 
Sesuk R/R−

     filtris CaWris kuTxuri sixSire 

                
ukukCRc

1=ω ,                              14.7 

romelic ar aris damokidebuli filtris Sesaval winaRobaze . es 

niSnavs, rom filtrs SeiZleba hqondes sxvadasxva winaRobis mqone 

ramdenime Sesavali da CaWris sixSire yvela SesasvlelisaTvis iqneba 

erTi da igive. 

SesR

      Nnax. 14.8-ze naCvenebia aqtiuri maRalsixSiruli filtris sqema, 

romlis Sesavali da ukukavSiris winaRobebia 

.RZ

,
Cj

RZ

ukuk

Ses

SesSes

=

+=
ω

1
 

+
−

Sesv gamv

SesR

ukR

SesC

 
nax.14.8 

     amgvarad  filtris gadacemis funqcia iqneba: 

       .
RCj

RCj
Cj/R

R
Z
Z

V
V)j(H

SesSes

ukSes

SesSes

uk

Ses

uk

ω
ω

ω
ω

+
−=

+
−=−==

111

2
&

&
                        14.8 
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         maRali sixSireebis dros, rodesac ∞→ω , gaZlierebis koeficienti 

miiswrafvis sididisaken
Ses

uk

R
R

− . 

     filtris CaWris kuTxuri sixSire gamoiTvleba formuliT: 

                        
SesSesCRc

1=ω .                                 14.9   

magaliTi 14.4. viangariSoT dabalsixSiruli aqtiuri filtri, rom-

lis mudmivi denisadmi gaZlierebis koeficientia 5 da CaWris sixSire 

200  .Hz
     amoxsna: 

    (14.7) formulis Tanaxmad, filtris CaWris kuTxuri sixSire 

     
ukukCRc

12002 =⋅= πω .                            14.10 

      (14.6) formulis Tanaxmad gaZlierebis koeficienti 

                 40 −=−=
Ses

uk

R
R

)(H .                             14.11 

      gvaqvs ori gantoleba sami ucnobiT. SevirCioT ukukavSiris 

tevadoba FC µ1=uk
. maSin ukukavSiris winaRoba iqneba: 

            Ω=
⋅⋅⋅

= − k.R 7960
1012002

1
6πuk

 

 

         amocanebi: 

14.1. iangariSeT dabalsixSiruli pasiuri RC filtri, romelsac eqneba 

CaWris sixSire 800Hz. miviRoT, rom  R=2kΩ. 
14.2. daaproeqteT maralsixSiruli pasiuri RC, romelsac eqneba CaWris 

sixSire  2000Hz. kondensatori  C=80nF.tevadobiT. 
14.3. daaproeqteT maRalsixSiruli pasiuri  filtri, romelsac aqvs 

rezistori winaRobiT  da CaWris sixSire  
RC

Ω= k.R 52 .kHzfc 8=

14.4. daaproeqteT mimdevrobiT-rezonansuli tipis (nax.14.4) pasiuri 

zoluri filtri, romelsac aqvs CaWris sixSireebi . 

filtrSi gamoyenebul induqciur koWas aqvsa induqciuroba da aqtiuri 

winaRoba . 

kHzkHz 25 da15

Ω== 5250 .R,mHL
14.5. gansazRvreT mimdevrobiT-rezonansuli pasiuri gadamRobi filtris 

(nax.14.5) tevadoba, romelic uzrunvelyofs filtris mier DsixSiris 

blokirebas. miviRoT, rom R=1.5kΩ da L=55mH. 
kHz50

14.6. daaproeqteT aqtiuri maRalsixSiruli filtri, romlis gaZlierebis 

koeficienti iqneba 4 da CaWris sixSire . proeqtSi gamoiyeneT kHz2
F. µ10 tevadobis kondensatori. 

 
    A 
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                              danarTi 1. maTematikuri formulebi 

             
kvadratuli gantolebebi 
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hiperboluri funqciebi 
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warmoebulebi 
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gansazRvruli integralebi 
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zogierTi funqciis operatoruli gamosaxuleba 

 

 

funqcia-originali operatoruli gamosaxuleba 
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                               danarTi 2. matriculi algebris  elementebi 

  

   m*n raodenobis gamosaxulebebi, ganlagebuli  mwkrivisa da  svetis 
mqone kvadratul frCxilebian cxrilSi 

m n

                                        d2.1  

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

mnmm

n

n

a.........aa
.......................

a.........aa
a.........aa

21

22221

11211

warmoadgens  zomis matricas. matricis elementi ganlagebulia i -

uri striqonis da -uri svetis gadakveTaze. matricis elementi SeiZleba 

iyos ricxvi, veqtori, mravalwevri da sxva. matrica SeiZleba aRiniSnos 

aseve, rogorc  

mxn ija

j

        [ ] ( ).a,a,a ijijij                                                          d2.2 

       matricas, romlisTvisac striqonebisa da svetebis ricxvi tolia 

, kvadratuli matrica ewodeba. matrica, romlis yvela wevri 

nulia, nulovani matricaa, xolo Tu diagonalis gaswvriv wevrebi 

gansxvavebulia nulisagan – diagonaluri matrica. Tu  

saqme gvaqvs erTeulovan matricasTan. matrica, sadac  aris 

simetriuli matrica. 

)nm( =

12211 ==== nna....aa

jiij aa =

    matrica 

                                          d2.3  

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

100
010
001

erTdroulad aris kvadratuli, diagonaluri, erTeuli da simetriuli. 

    yovel kvadratul matricas  Seesabameba namdvili an kompleqsuri 

ricxvi, romelic warmoadgens matricis determinants   

nxnA

         .

a.......aa
.....................

a......aa
a......aa

Adet

nnnn

n

n

nxn

21

22221

11211

=                              d2.4 

A  matricis determinanti SeiZleba aRiniSnos, rogorc 

         .aDAdet ij=∆==                             d2.5 

     rTuli eleqtruli wredebis analizis dros xSirad saWiroa 

Semdegi gantolebaTa sistemis amoxsna: 

                                  d2.6  

,biaiaia

biaiaia
biaiaia

nnnnnn

nn

nn

=+++

=+++
=+++

K

KKKKKKKKKKK

K

K

2211

22221121

11212111
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romelic Seicavs n  raodenobis ucnobs (Stoebis denebs) da n  
raodenobis gantolebas. es gantoleba matricul formaSi iqneba 

         =                          d2.7 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

nnnn

n

n

a.......aa
.....................
a......aa
a......aa

21

22221

11211

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

ni
..
i
i

2

1

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

nb
..
b
b

2

1

an ufro kompaqturad 

                                           d2.8 ,BAI =
sadac A  aris  rigis kvadratuli matrica, xolo n I  da B  – sveturi 

matricebi. saerTod determinantisagan gansxvavebiT, romelic 

warmoadgens raime sidides (ricxvs), matrica warmoadgens garkveul 

sidideTa simravles. 

    ori matricis Sekrebisas saWiroa SevkriboT Sesabamisi elementebi. 

e.i. Tu A  da  B   matricebis elementebia   Aam matricebis jamuri 

matricis elementebi iqneba 

ijij b,a

           .                                d2.9  ijijij bac +=

    A  matricis raime mudmivaze gamravlebisas saWiroa matricis yvela 

elementi gamravldes am mudmivaze 

          [ ]ijkakA= .                                  d2.10 

    kerZod, rodesac k= - 1 
                    [ ].aA ij−=−                                                                     d2.11 

       amgvarad, matricebis gamoklebisas saWiroa maklebi matrica 

gavamravloT (-1) –ze da namravli mivumatoT sakleb matricas. 

    matricebis gamravlebisas  matrica SeiZleba gavamravloT  

matricaze, Tu 

mxnA qxsB

A  –s svetebis ricxvi tolia B  matricis striqonebis 

ricxvis , e.i. Tu A matricis rigia mxn  da qn = B  matricis rogia , maTi 

namravlis  matricis rigi iqneba mxs .  matricis elementi  

ganisazRvreba, rogorc 

qxs
C C ijc

A  matricis  - uri striqonis elementebis gam-

ravlebiT 

i
B  matricis j -uri svetebis elementebze da miRebuli namrav-

lebis SekrebiT 

                           d2.12 .babababac
nk

k
kjiknjinjijiij ∑

=

=

=+++=
1

2211 KK

         magaliTi d21: gamovTvaloT  matricebis namravli, Tu 3332 xx BA  da

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−−=⎥

⎦

⎤
⎢
⎣

⎡
−

=
021
121
201

B
311
201

3332 xx ;A . 

         amoxsna: 
         am matricebis namravli matricis elementebi iqneba:maTi namravlis 

elementebi iqneba: 
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3031121
4232101
5131111

2021021
4222001

3121011

33232322132123

32232222122122

31232122112121

33132312131113

32132212121112

31132112111111

=+−−+=++=
=+−+=++=
=+−−+=++=

=+−+=++=
=++=++=

=+−+=++=

*)(*)(*bababac
**)(*bababac
*))((*bababac

*)(**bababac
***bababac

*)(**bababac

 . 

    amgvarad 

.CBA ⎥
⎦

⎤
⎢
⎣

⎡
==∗

345
243

 

   raime matricis transponirebuli matrica formirdeba striqonebisa da 

svetebis urTierT SenacvlebiT. magaliTad:  

⎥
⎦

⎤
⎢
⎣

⎡
=

345
243

C  ,       .CT

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

32
44
53

      raime A matricis inversia ganisazRvreba formuliT 

     ,Adet,
Adet

adjAA 01 ≠=−                         d2.13 

sadac  aris adjA A  matricis mierTebuli matrica, romlis gansazRvri-

saTvis saWiroa vipovoT mierTebuli matricis elementebi  ijA A  matricis 

Sesabamis determinantSi  -uri striqonisa da Adet i j -uri svetis amoSliT 

da miRebuli determinantis -ze gamravlebiT. 
ji)( +−1 A  matricis mierTe-

buli matrica formirdeba A  matricis elementebis  -iT CanacvlebiT 

da miRebuli matricis transponirebiT 

ija ijA

                                          (14) [ ] .AadjA T
ij=

      magaliTi d2.2 amovxnaT gantolebaTa sistema 

24
902

5

321

21

321

−=−+
=++−

=++

xxx
xx

xxx
. 

       amoxsna: 

    CavweroT mocemuli gantolebaTa sistema matricul formaSi. gveqneba: 

 sadac  ,BAXBAX 1−=⇒=

.B;
x
x
x

X;A
⎥
⎥
⎥
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⎢
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⎣

⎡
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⎡
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⎦

⎤
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1

 

gamovTvaloT kofaqtorebi 
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.c;c;c

;c;c;c
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    A  matricis determinanti  

.c*c*c*Adet 12021 232221 −=++−=  

    A  matricis mierTebuli matrica 

.adjA

T
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Sesabamisad A  matricis inversia 
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e.i. . 241 321 x;x;x =−=
 

     magaliTi d2.3. matricis inversiis gamoyenebiT amovxsnaT Semdegi 

gantolebaTa sistema 

.yyy
yyy

yy

3
132

1

321

321

31

=−−
=−+

=−
 

     amoxsna: 

    CavweroT mocemuli gantolebaTa sistema matricul formaSi. gveqneba: 

 sadac  ,BAYBAY 1−=⇒=

.B;
Y
Y
Y

Y;A
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gamovTvaloT kofaqtorebi 
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A  matricis inversia iqneba: 
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danarTi 3. programa MATLAB -i da eleqtruli wredebi         

d3.1. programa M MATLAB -i, rogorc kalkulatori 

      termini MATLAB-i warmoadgens abreviaturas sityvebisa 

MATRIX LABORATORY da is ZiriTadad orientirebulia 

matricebze da veqtorebze (masivebze) maTematikuri operaciebis 

Sesasruleblad, signalebze da grafikul vizualizaciaze. 

Tadapirvelad ganvixiloT programa  MATLAB-i, rogorc 

kalkulatori. 

    MATLAB-Si gamoiyeneba Semdegi algebruli operatorebi: 

              +     Sekreba 

- gamokleba 

*     gamravleba    

              ^          axarisxeba 
              /     gayofa marcxnidan marjvniv (a/b niSnavs a:b) 
                            \          gayofa marjvnidan marcxniv (a\b niSnavs b:a) 
     am operatorebiT sargeblobisas saWiroa Command fanjaraSi 

CavweroT brZanebebis Sesatani simbolo >> da Semdeg  davaWiroT 

Rilaks Enter. raime Secdomis koreqtirebisaTvis gamoviyenoT 

Rilaki Backspace. 
      d3.1 cxrilSi mocemulia zogierTi elementaruli 

maTematikuri funqciebis CamonaTvali, romelTac asrulebs 

programa MATLAB-i. 
                                                                                                                 cxrili d3.1  

 ----------------------------------------------------------------------------------------------------------- 

 funqcia             ganmarteba 

 

 abs(x)                                  x-is absoluturi mniSvneloba           
acos, acosh(x)                      arkkosinusi da hiperboluri arkkosinusi 

acot, acoth(x)                     arkkotangensi da hiperboluri arkkotangensi  

angle(x)                               x kompleqsuri ricxvis argumenti radianebSi 

asin, asinh(x)                       arksinusi da hiperboluri arksinusi 

atan, atanh(x)                      arktangensi da hiperboluri arktangensi 

conj(x)                                 x-is kompleqsuri SeuRlebuli 

cos, cosh(x)                         kosinusi da hiperboluri kosinusi 

cot, coth(x)                          kotangensi da hiprboluri kotangensi 

exp(x)                                  eqsponencialuri funqcia 
                                         
imag(x)                               kompleqsuri  ricxvis warmosaxviTi nawili 

log(x) x-is naturaluri logariTmi 

log2(x)                                 logariTmi 2-is fuZiT 

log10(x)                               logariTmi 10-is fuZiT 
real(x)                                 kompleqsuri ricxvis namdvili nawili 

sin, sinh(x)                          sinusi da hiperboluri sinusi  
sqrt(x)  kvadratuli fesvi x-dan 
tan, tanh(x)                         tangensi da hiperboluri tangensi 
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    magaliTi d3.1. gamovTvaloT 

.c;b;a,bcae 642
10

2

−===−= rodesac  

    amoxsna: 

  pirveli brZanebiT mivaniWoT  cvladebs Sesabamisad 2,4 

da -6 mniSvnelobebi. davamTavroT striqoni simboloTi (;). 

MATLAB-s pasuxi ar gamoaqvs, radgan es striqoni mTavrdeba 

wertil-mZimiT. meore brZaneba dat operators mianiWebs  

mniSvnelobas da MATLAB-s gamoaqvs pasuxi _ 64. bolos, mesame 

striqonze iwereba: e  kvadratuli fesvi dat- dan gayofili 10-ze. 

MATLAB-s gamoaqvs pasuxi 0.8. ekranze gveqneba: 

cb,a da

acb 42 −

     >> a=2; b=4; c=-6; 
          >> dat=b^2-4*a*c 
          >>dat= 
                   64 
          >>e=sqrt(dat)/10 
         e=0.8000.  
    sxva maTematikuri funqciebi gamoiyeneba sqrt funqciis 

msgavsad. 

     cxrili1-Si moyvanilia MATLAB-is funqciebis mcire nawili. 

danarCeni funqciebi SesaZlebelia miviRoT onlain reJimSi.. 

daxmarebis misaRebad CavweroT: 

     >>help 
     gamonaTdeba daxmarebaTa grZeli CamonaTvali. imisaTvis, rom 

miviRoT daxmareba konkretuli funqciis, magaliTad, oris 

fuZiani logariTmis Sesaxeb, CavwerT: 

     >>help log2 
      displeize gamonaTdeba daxmarebis mesiji logariTmis Sesaxeb. 

     SevniSnoT, rom MATLAB-i ganasxvavebs nusxur da mTavrul 

simboloebs, magaliTad, sin(x) ar aris igive, rac sin(X).                            
     garda maTematikuri funqciebisa, MATLAB-i saSualebas 

gvaZlevs, vimuSaoT matricebTan da veqtorebTan. magaliTad 

     >> a=[1 -3  6 10 -8 11 14] 
warmoadgens striqon-veqtors. 

     matricisa da veqtorebze moqmedebebi analogiuria.  

magaliTad, 3x3 ganzomilebis matrica Seitaneba striqon-veqtoris 

msgavsad: 

     >> A=[1 2 3; 4 5 6; 7 8 9] 
an rogorc 

     >>A=[1 2 3 
                     4 5 6 
          7 8 9] 

     matriculi operaciebi moyvanilia cxrili d3.2-Si. 
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                                                     cxrili d3.2  

---------------------------------------------------------------------------------------------------------- 

operacia       ganmarteba 

 

 

A’                          poulobs A matricis transponirebul matricas 

det(A)                    gamoTvlis A matricis determinants 
inv(A)          gamoTvlis A matricis Sebrunebul matricas 

eig(A)                    gamoTvlis A matricis sakuTar mniSvnelobebs 

diag (A)                 poulobs A matricis diagonalur elementebs   

 

     amocana d3.2. mocemuli matricisaTvis A=[1 2 3; 4 5 6; 7 8 9] 
gamovTvaloT transponirebuli matrica AB ′= , matricebis jami 

, gamosaxuleba ,  matricis 

determinanti  da inversirebuli matrica , 

matricis sakuTari mniSvneloba . 

BAC += BCAD −= 3 ];[E 4321=
)Edet( 1−== A)E(invG

G )G(eigH =
     amoxsna: 

   gamovTvaloT A matricis transponirebuli matrica: 

     >> A=[1 2 3; 4 5 6; 7 8 9]  
     >> B=A’ 
                B=1  4  7 
                     2  5  8 
                     3  6  9 
         gamovTvaloT matricebis jami: BA da

        >>C=A+B 
            C= 2   6    10 
                  6  10   14 
                  10 14 18 
         gamovTvaloT gamosaxuleba  BCAD −= 3

     >>  C*B^AD −= 3
     DD=372  432  492 

948 1131  1314 

1524 1830  2136 

    gamovTvaloT matricis EE=[1  2; 3  4]  determinanti: 
     >>E=[1  2 
                     3  4] 
      >>det(E)=-2 
         E matricis inversirebuli matrica iqneba:              

         >>G=inv(E) 
          G=-2.0000  1.0000 
               1.5000 -0.5000 
          gamovTvaloT G matricis sakuTari mniSvneloba 

          >>H=eig(G) 
           H=-2.6861 
                 0.1861 
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     cxrilid3.3-Si moyvanilia specialuri matricebi, cvladebi da 

mudmivebi. 

 

                                                        cxrili d3.3 

matrica, cvladi, mudmiva           ganmarteba 

eye                                                                erTeulovani matrica        
ones                                        erTianebis cxrili                                          
zeros                                   nulebis cxrili 

i, j                                                                 warmosaxviTi erTeuli 

pi        3.142 
NaN                                          araricxviTi sidide 

inf                           usasruloba 

eps                                                          Zalian mcire ricxvi 2.2e-16 
rand                                             SemTxveviTi elementi 

      

 
                                              d3.2. grafika MATLAB-Si 

      

     MATLAB-Si organzomilebiani grafikis asagebad unda 

gamoviyenoT Semdegi brZaneba: 

     >> plot (xdata, ydata), 
sadac x data da y data warmoadgens erTsa da imave sigrZis 

veqtorebs, romlebic Seicavs asageb monacemebs. 

     magaliTad vTqvaT, gvinda avagoT grafiki funqciisa     

y=10*sin(2*pi*x)   0-dan 5*pi-mde SualedSi. 

     viZleviT Semdeg brZanebebs: 

     >> x=0:pi/100:5*pi; 
          >> y=10*sin(2*pi*x); 
          >> plot (x,y); 
     amis Semdeg     MATLAB-s gamoaqvs ekranze mrudi, romelic 

naCvenebia nax.d3.1-ze. 
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nax.d3.1 

      MATLAB-Si SesaZlebelia avagoT sxvadasxva grafikebi 

erTad da ganvasxvavoT isini ferebiT. es xdeba formatSi 

plot(xdata, ydata,’color’), sadac feri aRniSnulia cxrilid3.4-Si 

CamoTvlili asoebis mixedviT. 

 

                                                        cxrili d3.4 

---------------------------------------------------------------------------------------------------------------- 

 ferebi                         xazebis tipebi 

 

y       yviTeli                   . wertili 

 
m      mewamuli                     wre 

      

c       cisferi                   * varskvlavi 

 

r        wiTeli                    _ mTliani mrudi 
      
g       mwvane                      : punqtiri 
 

b       lurji                     _ _ Strix- xazi 
 
w      TeTri                      _ . Strix-punqtiri 

 
k      Savi 
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magaliTad,  >>plot(x1,y1,’r’,x2,y2,’b’,x3,y3,’_ _) gamoitans erTsa da 

imave naxazze (x1,y1) grafiks  wiTlad, (x2,y2) grafiks lurjad, 

xolo (x3,y3) grafiks _ Strix-xaziT. 

     MATLAB-Si SesaZlebelia agreTve logariTmuli 

masStabireba. amisaTvis plot brZanebis nacvlad viyenebT Semdegs:

 log log log(y) versus log(x) 
                    semilog xy  versus log(x)  
                    semilog y log(y) versus x 
     samganzomilebiani grafikebis asagebad gamoiyeneba brZaneba 

meshgrid. magaliTad, avagoT grafiki funqciisa z=x*exp(-x^2-y^2) 
areSi -1<x, y<1. vwerT: 

     >>xx=-1: .1:1; 
          >>yy=xx; 
          >>[x,y]=meshgrid(xx,yy); 
          >>z=x.*exp(-x.^2-y.^1); 
          >>mesh(z); 
     MATLAB-i gamoitans zedapirs, romelic naCvenebia nax.d3.2-ze. 

 

 
 

nax.d3.2 

 

 

 

d3.3. programireba MATLAB-Si 
 

     programa MATLAB-i, garda rogorc kalkulatorsa, SeiZleba 

gamoviyenoT Cveni sakuTari programebis Sesadgenad. 
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     davuSvaT saWiroa brZanebis ramodenime striqonis Semcveli  

brZanebis redaqtireba, rac sakmaod mouxerxebelia MATLAB-Si.  
am problemis Tavidan asacileblad unda SevadginoT programa, 

romelic warmoadgens rig-rigobiT Sesasrulebeli brZanebebis 

Tanamimdevrobas. mivceT menius File/New/M-files brZaneba, raTa 

gaixsnas axali faili EEditor/Debugger (teqsturi redaqtori). 

CavweroT programa da SevinaxoT is failSi .m gafarToebiT, 

magaliTad filename.m. rodesac programa Seinaxeba, rogorc M-
faili, gavideT Debugger-dan da davbrundeT  isev Command 
fanjaraSi. CavweroT faili .m gafarToebis gareSe. amis Semdeg     
MATLAB-i gamoitans Sedegs. magaliTad, nax.d3.2-ze gamosaxuli 

grafiki SeiZleba gaumjobesebul iqnas saTauris da RerZebze 

warwerebis damatebiT: 

      x=0:pi/100:5*pi; 
            y=10*sin(2*pi*x); 
            plot(x,y); 
            x label(‘x(in radians)’); 
            y label(‘10*sin(2*pi*x)’); 
            title(‘A sine functions’); 
            grid 
     rogorc ki faili Seinaxeba, rogorc example1.m da gamovalT 

teqsturi redaqtoridan, CavweroT  >>example1 Command fanjaraSi 

da davaWiroT Enter Rilaks, raTa miviRoT nax.d3.3-ze naCvenebi 

Sedegi. 

 

 
nax.d3.3 

 

cxrilid3.5-Si mocemulia damokidebulebis da logikuri 

operatorebi.  
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                                                        cxrilid3.5 

---------------------------------------------------------------------------------------------------------------- 

operatori                                 ganmarteba 

 

< naklebia 

<= naklebia an toli 

> metia 

>= metia an toli 

= = tolia 

~ = .ar aris toli 

& da 

l an 

~ ara 
 
    programis marTvis yvelaze gavrcelebuli operatorebia for da 
if. for, romlebic gamoiyeneba ciklis an ganmeorebadi proceduris 

Sesaqmnelad da aseTi forma aqvs: 

     for x = array 
          [brZanebebi] 
           end 
     if operatori gamoiyeneba maSin, rodesac brZanebis 

Sesrulebamde garkveuli pirobebis Tanxvedraa saWiro. mas aseTi 

forma aqvs: 

if  gamosaxuleba 

   [brZanebebi Tu gamosaxuleba WeSmaritia] 

else 
   [brZanebebi Tu gamosaxuleba mcdaria] 

end 
     magaliTad, vTqvaT, gvaqvs masivi y(x) da gvinda vipovoT y-is 
minimaluri mniSvneloba da misi Sesabamisi x. es SesaZlebelia M-
failis SeqmniT Semdegnairad: 

      % example2.m 
            % This program finds the minimum y value and its corresponding x index 
            x=[1 2 3 4 5 6 7 8 9 10]; %the n-th term in y 
            y=[3 9 15 8 1 0 -2 4 12 5]; 
            min1=y(1); for k=1:10 
            min2=y(k); 
            if(min2<min1) 
                   min1=min2; 
                   x○=x(k); 
               else 
                  min1=min1; 
               end 
             end 
             diary 
             min1, x○ 
            diary off 
     rodesac am programas SevinaxavT, rogorc example2.m, Cven 
SevasrulebT mas Command fanjaraSi da miviRebT, rom y-is 
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minimaluri mniSvnelobaa -2, xolo x-is Sesabamisi mniSvneloba ki 

7. 

             >>example2 
             min1= 
                      -2 
             x○= 
                       7 
     MATLAB-Si muSaobisas gaviTvaliswinoT Semdegi sasargeblo 

rCevebi: 

    • daviwyoT  M-failis striqoni % simboloTi;    
    •pasuxis gamotanis procesis SesaCereblad yoveli brZanebis                 

Semdeg davsvaT wertil-mZime; 

    • gamoviyenoT up da down Rilakebi adre Sesrulebuli  

      brZanebebis ukan dasabruneblad; 

    •Tu  gamosaxuleba ar eteva erT striqonze, gamoviyenoT 

mravalwertili striqonis boloSi da gadavideT Semdeg  

striqonze; 

    •gvaxsovdes, rom MATLAB-i ganasxvavebs mTavruli da 

     nusxuri asoebiT Caweril cvladebs da funqciebs. 

 

 

 

d3.4. mudmivi denis wredebis analizi 

 

     magaliTi d3.3. gaviangariSoT nax.d3.4-ze mocemuli wredi 

kvanZuri   Zabvebis meTodiT. 
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Ω8 A3
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1V 2V
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nax.d3.4 

  

 

 

 

     amoxsna: 
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     kirxhofis pirveli kanonis safuZvelze SevadginoT 

gantolebebi oTxi kvanZisaTvis (garda damiwebuli kvanZisa). 

     pirveli kbanZisaTvis gvaqvs: 

       21
121 2316,
8

0
4

2 VVVVV
−=→

−
+

−
= ; 

     meore kvanZisTvis: 

        ;
224

3 423212 VVVVVVI x
−

+
−

+
−

=  

magram 

           ;
4

34 VV
I x

−
=  

amrigad 
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me-3 kvanZisaTvis 

           ,3212
42

3 432
4323 VVV

VVVV
−+−=→

−
+

−
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xolo me-4 kvanZisaTvis 

            .328
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20 412
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VVVV
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     am gantolebebis gaerTianebiT miviRebT sistemas: 
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      an  

        AV=B. 
      CavweroT es gamosaxuleba MATLAB-Si da ganvsazRvroT 

kvanZuri Zabvebi, romlebic Sedis B veqtorSi: 
>>A=[3 -2 0 0; 
          -1 5 1 -5; 
           0 -2 3 -1; 
           0 -2 -1 3]; 
>>B=[16 0 12 -8]; 
>>V=inv(A)*B 
V= 
      -6.0000 
    -17.0000 
    -13.5000 
    -18.5000 
amrigad V1=-6.0, V2=-17, V3=-13.5 da V4=-18.5 V. 

 

 - 255 -



      magaliTi d3.4. viangariSoT nax.d3.5-ze naCvenebi wredi 

konturuli denebis meTodiT  

  

Ω4

Ω1Ω3

+
−

+
−

Ω10

Ω2 Ω2Ω6

Ω4 Ω4

V6

V12
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3I

4I

a b d f

c e

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.d3.5 

                     

 

      amoxsna: 

SevadginoT kirxhofis meore kanonis safuZvelze gantolebebi 

Semdegi oTxi konturisaTvis: 

     

IIIIIIIIIIIabdfa
IIIIIIaefd

IIIIIIIIbcadb
IIIIIIacba

43213213214

432423

43214312
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an matriculi formiT  
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   an AI=B, sadac I veqtori Seicavs ucnob konturul denebs. 
   CavweroT Sesabamisi operaciebi MATLAB-Si: 
>>A=[9 -4 0 -2; -4 15 -4 -6; 
          0 -4 10 -2; -2 -6 -2 20] 
A= 
      9 -4 0 -2 
     -4 15 -4 -6 
      0 -4 10 -2 
      -2 -6 -2 20 
>>B=[6 -12 12 0] 
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B= 
      6 
     -12 
      12 
        0 
>>I=inv(A)*B 
I= 
   0.5203 
  -0.3555 
   1.0682 
    0.0522 
amrigad, I1=0.5203A, I2=-0.3555A, I3=1.0682A, I4=0.0522A. 
 
 
 

d3.5. cvladi denis wredebis analizi 

 

     cvladi denis wredebis analizi MATLAB-Si msgavsia 

mudmivi denis wredebis analizisa, magram gansxvavebiT aq saqme 

gvaqvs fazorebTan da kompleqsur ricxvebTan. kompleqsuri 

ricxvis warmosaxviTi nawili SeiZleba warmodgenili iyos   

-Ti, romelic aRniSnavs 

ij an

1− -s. amgvarad, kompleqsuri ricxvi 

 SeiZleba Caiweros, rogorc . 

gamoiyeneba agreTve Semdegi  kompleqsuri funqciebi: 

j21+ 212121 *Ii*j +=+=+

     abs(A)          A-s absoluturi mniSvneloba 

     angle(A)        A  kuTxe radianebSi 

     conj(A)         A-s kompleqsuri SeuRlebuli 

     imag(A)        A-s warmosaxviTi nawili 

     real(A) A-s namdvili nawili. 
    magaliTi d3.5. nax.d3.6-ze mocemuli wredisaTvis viangariSoT 

kvanZuri Zabvebi , Tu Zabvis wyaros 

Zabvaa xolo denis wyaros deni  

21 vv  da

),305sin(4 otv −= .5sin8.0 ti =
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                               nax.d3.6 

  

 amoxsna: gadavideT kompleqsur gamosaxulebebze:  
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       kirxhofis pirveli kanonis Tanaxmad pirveli 

kvanZisaTvios 
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meorekvanZisaTvis 
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   matriculi formiT es gantolebaTa sistema Semdegnairad 

Caiwereba: 
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an AV=B, saidanac V=A-1B. MATLAB-Si es operaciebi Semdegnairad 
Caiwereba: 

+
− Ω10 Ω20

H2
Mf20

V i

1 2

 

 

      >>A=[-j 1; -2 (2+j)] 
            A=0 -1.0000i 1.000 
                 -2.0000 2.0000+1.000i 
            >>B=[(3.468-2j); 16j]  

B= 
     3.4680-2.0000i 
     0+16.0000i 
>>V=inv(A)*B 
V= 
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     4.6055-2.4403i 
     5.9083+2.6055i 
>>abs(V(1)) 
ans= 
      5.2121 
>>angle(V(1))*180/pi %converts angle from 
     radians to degrees 
ans= 
     -27.9175 
>>abs(V(2)) 
ans= 
      6.4573 
>>angle(V(2))*180/pi 
ans= 
     23.7973 
amrigad, 

                V1=4.6055-j2.4403=5.212exp(-27.92o) 
                V2=5.908+j2.605=6.457exp23.8o

myisi mniSvnelobebisTvis gveqneba: 

     v1=4.605sin(5t-27.92o) (V),  v2=6.457sin(5t+23.8o) (V). 
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danarTi 4. programa PPSpice 
 

d 4.1. sqemebis ageba PPPSpice-Si 
 

programa PSpice-i Seiqmna kaliforniis universitetis eleq-

truli da kompiuteruli teqnikis departamentSi 1970-ian wlebSi. 

misi versia personaluri kompiuterebisaTvis damuSavda MicroSim 
korporaciis mier 1984 wels da gaxda gamoyenebadi operaciuli 

sistemebisaTvis DOS, Windows, Unix da sxva. PSpice programa 

saSualebas iZleva gavaanalizoT eleqtruli wredi, romelic 

Sedgeba daaxloebiT 130 elementisa da 100 kvanZisagan. wredi 

SeiZleba Seicavdes rezistorebs, induqtorebs, kondensatorebs, 

damoukidebel da damokidebul Zabvis da denis wyaroebs, ope-

raciul maZliereblebs, naxevargamtarul mowyobilobebs, gadam-

cem xazebs da oTxpolusebs. misi saSualebiT SeiZleba Sevas-

ruloT mudmivi da cvladi denis wredebis analizi, SeviswavloT 

gardamavali procesebi, gadacemis funqciebi, SevasruloT furies 

analizi. 

eleqtruli wredebis analiziPPSpice programiT sruldeba sam 

etapad: sqemis ageba, sqemis amuSaveba  da analizis Sedegebis 

daxazva an dabeWdva. ganvixiloT sqemis agebis amocana programaSi 

Schematics. 
SemdgomSi mTel teqstSi TagviT manipulirebis operaciebis 

aRsaniSnavad gamoviyenebT Semdeg terminebs: 

• CLICKL: marcxena Rilakze erTxel dawkapeba 

fragmentis mosaniSnad; 

• CLICKR : marjvena Rilakze erTxel dawkapeba muSaobis 

Sesawyvetad; 

• DCLICKL: marcxena Rilakze orjer dawkapeba 

gamoyofili fragmentis redaqtirebis, an muSaobis 

dasrulebisaTvis; 

• DCLICKR: marjvena Rilakze orjer dawkapeba 

moqmedebis ganmeorebisaTvis; 

• CLICKLH: marcxena Rilakze dawkapeba da SenarCuneba 

arCeuli fragmentis gadasaTrevad; 

• DRAG: TagviT fragmentis Cavleba gadasaTrevad 

(dawkapebis gareSe). 

gavxsnaT programa Schematics (nax. d 4.1). 
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nax. d 4.1 

     sqemis asagebad saWiroa sami operaciis Sesruleba: 1) sqemis 

Semadgeneli elementebis ganTavseba; 2) maTi SeerTeba sadenebiT;  

3) sqemis elementebis parametrebis Secvla. 

1) sqemis Semadgeneli elementebis ganTavseba. sqemis elemen-

tis moZebna xdeba Semdegnairad: 

• xazvis menius misaRebad avirCioT Draw/Get New Part. 
•  gamoviyenoT saxazavis paneli elementis SesarCevad (an 

avkrifoT elementis saxeli, magaliTad R, rezisto-

risTvis PartName velSi. nax. d 4.2-ze naCvenebia wredis 

zogierTi elementis simbolo da saxeli. 
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nax.d4.2 

• davawkapoTPPlace & Close (an Rilakze <Enter>). 
• DRAG gadavitanoT elementi sasurvel adgilas. 

• CLICKR raTa davasruloT ganTavsebis operaciebi. 

     zogjer saWiroa elementis Semobruneba -iT. magaliTad, 

rezistoris mosabruneblad unda avirCioT R elementi da 

davawkapoT Edit/Rotate (an <Ctrl R>). elementis wasaSlelad 
davawkapoT CLICKL elementis asarCevad (wiTeli feri), Semdeg 

davawkapoT EEdit/Cut (an davaWiroT <Delete>). 

o90

 
2) elementebis SeerTeba 

avirCioT Draw/Wire (an <Ctrl-W>) SeerTebis reJimSi 

Sesasvlelad. isriani kursoris nacvlad gamoCndeba fanqriani 

kursori. DRAG-iT gadavitanoT kursori pirvel SesaerTebel 

wertilSi da davawkapoT CLICKL. Semdeg DRAG-iT gadavitanoT 

kursori meore wertilSi da davawkapoT CLICKL raTa wyvetili 

xazi SevcvaloT mTliani xaziT (mxolod mTliani xazebi 

warmoadgens sadenebs). davawkapoT CLICKR raTa davasruloT 
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SeerTebis operacia. SeerTebis operaciis gansaaxleblad davaWi-

roT <Space Bar>. gavimeoroT es procedura manam, sanam ar Sevaer-

TebT yvela elements. SeerTeba ara aris dasrulebuli damiwebis 

gareSe (AGND) (damiwebis gareSe PSpice ar muSaobs). imisaTvis, rom 

SevamowmoT elementebi aris Tu ara namdvilad SeerTebuli, 

meniuSi Options/Set Display Level CarTuli unda iyos Junctions  alami. 

Secdomis SemTxvevaSi SegviZlia wavSaloT elementi an 

SemaerTebeli xazi maTi moniSvniT (CLICKL) da <Delete> Rilakze 

daWeriT. <Ctrl-L> waSlis sqemis ararsebul nawilebs. 

 

3) elementebis maxasiaTeblebis Secvla 

ekranze ganlagebul elementebs avtomaturad eniWebaT 

saxelebi erTmaneTis momdevno ricxvebiT (mag. R1, R2, R3…). garda 
amisa, zogierT elements eniWeba winaswar gansazRvruli mniSvne-

loba. magaliTad, yvela rezistori ganlagdeba horizontalurad 

da eniWebaT mniSvneloba 1 kΩ. Cven SeiZleba dagvWirdes elementis 

saxelis da ricxviTi mniSvnelobis Secvla. 

imisaTvis, rom SevcvaloT R3 saxeli RX-iT, davawkapoT 

DCLICKL R3 teqstze, raTa gamoviZaxoT dialogis fanjara Edit 
Reference Designator. CavweroT axali saxeli RX da davaWiroT OK 
(nax. d 4.3 ).  a

imisaTvis, rom SevcvaloT 1  winaRobis sidide 10Ωk ΩM -iT, 

davawkapoT DCLICKL 1 -ze (ara simboloze), raTa gavxsnaT Set 
Attribute Vallue dialogis fanjara. CavweroT axali mniSvneloba 

10

k

ΩM  da davaWiroT OK(nax.d4.3b ).  
 

                    (a )                         )b(
nax. d4.3 
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sqemis dasabeWdad vawkapebT File/Print/OK. sqemis SenaxvisTvis 

avirCioT File/Save As da CavweroT failis saxeli. davawkapoT OK an 
davaWiroT Rilaks <Enter>. 

magaliTi d4 .1. 

davxazoT nax. d4.4-ze mocemuli wredis sqema programaSi 

Schematics. 
 
 

  
  

              

            
                                  
           

+ 
− 

Ωk5

Ωk2V12

              

     
nax. d 4.4 

amoxsna: Zabvis wyaros ganTavsebisaTvis saWiroa Semdegi 

operaciebi: 

1 Draw/Get New Part (an davaWiroT <Ctrl-G>); 
2. avkrifoT VSRC fanjaraSi Part Browser Basic; 
3. OK (<Enter>); 
4. DRAG operaciiT gadavitanoT elementi sasurvel adgilas; 

5. CLICKL, raTa ganvaTavsoT VSRC  da CLICKR, raTa              

davasruloT ganTavsebis reJimi.  

rezistorebis gansaTavseblad unda SevasruloT Semdegi: 

1.  Draw/Get New Part; 
2. fanjaraSi Part Browser Basic avkrifoT R; 
3. OK; 
4. DRAG; 
5. CLICKL, raTa ganvaTavsoT R1; 
6. CLICKL, raTa ganvaTavsoT R2  da CLICKR, raTa 

davasruloT ganTavsebis reJimi. 

       Semdegi nabiji aris elementebis SeerTeba sadenebiT. 

amisaTvis: 

1.  Draw/Wire; 
2. DRAG operaciiT gadavitanoT kursor-fanqari V1 –is zeda 

nawilSi; 

3. CLICKL, raTa SevuerToT sadeni V1 –is zeda momWers; 
4. DRAG operaciiT gadavitanoT wyvetili xazi zeda kuTxeSi; 
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5. CLICKL, raTa xazi vaqcioT mTlian xazad da ganvaTavsoT 

kuTxeSi; 

6. DRAG operaciiT gadavitanoT wyvetili xazi R1-is 
marcxena mxares. 

7. CLICKL, raTa xazis segmenti vaqcioT mTlian xazad da 

mivaerToT R1-is marcxena momWers; 
8. CLICKR, raTa davasruloT ganTavsebis reJimi. 

       damiwebis Sesatanad saWiroa Semdegi operaciebis Sesru-

leba: 

1.  Draw/Get New Part; 
2. fanjaraSi Part Browser Basic avkrifoT AGND; 
3.  OK; 
4. DRAG operaciiT gadavitanoT elementi sasurvel adgilas; 

5. CLICKL, raTa ganvaTavsoT AGND da CLICKR, raTa 

davasruloT ganTavsebis reJimi. 

        bolo nabiji aris elementebis sidideebis miniWeba an 

cvlileba. imisaTvis, rom V1-s mivaniWoT 12V, saWiroa SevasruloT 

Semdegi: 

1. DCLICKL simboloze V1, raTa gaixsnas PartName dialogis 

fanjara; 

2. davawkapoT DCLICKL DC –ze; 
3. avkrifoT +12V (an ubralod 12) mniSvnelobaTa fanjaraSi; 

4.  Save Attr; 
5. OK; 

        imisaTvis, rom R1-s mivaniWoT 5k mniSvneloba, saWiroa 

Semdegi: 

1. DCLICKL 1k simboloze, raTa gamonaTdes Set Attribute Value 
dialogis fanjara; 

2. CavweroT 5k  fanjaraSi Value; 
3.  OK. 

 
d 4.2. mudmivi denis wredis analizi 

 

d 4.2.1. kvanZuri  Zabvebis gaangariSeba 

 

PSpice saSualebas iZleva, viangariSoT wredis TiToeuli 

kvanZisa da  Stos Zabva da deni. amisaTvis saWiroa ori 

damatebiTi elementi: VIEWPOINT da IPROBE, romelTa simboloebi 

naCvenebia nax. d4.5 -ze Sesabamisad. )(da b)a(
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( )a

( )b

nax. d4.5     

 ganvixiloT maTi gamoyeneba nax. d4.5-ze naCvenebi sqemis 

magaliTze. vasrulebT Semdeg operaciebs: 

1. Draw/Get New Part  (<Ctrl-G>). 
   2.fanjaraSi Part Browser Basic CavweroT VIEWPOINT. 
   3. OK(<Enter>). 
      4.DRAG operaciiT movaTavsoT VIEWPOINT V1-is zemoT da 

mivceT brZaneba CLICKL. 
      5. DRAG operaciiT movaTavsoT VIEWPOINT R2-is zemoT da 

mivceT brZaneba CLICKL 
      6.  CLICKR. 

IPROBE unda CairTos mimdevrobiT erT-erT StoSi. amisaTvis 

gadavaadgiloT R2 QqvemoT. amis Semdeg SevasruloT Semdegi: 

1.  Draw/Get New Part (<Ctrl-G>). 
2. fanjaraSi Part Browser Basic CavweroT IPROBE. 
3. OK(<Enter>). 
4. DRAG operaciiT movaTavsoT IPROBE R2-is zeda mxares da   

davawkapoT CLICKL. 
5. davawkapoT CLICKR raTa davasruloT ganTavsebis reJimi. 

6. SevaerToT sqemis yvela ubani. 

Schematics – Si agebuli sqema miiRebs nax. d4.6-ze naCveneb saxes. 
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nax. d4.6 

     SevinaxoT Seqmnili modeli. davaWiroT Analysis/Simulate, riTac 

avamuSavebT models. miviRebT Sedegs, romelic naCvenebia nax. d 

4.7-ze.  

gamosavali failis misaRebad saWiroa gavxsnaT Analysis/Examine 
Output . modelirebis Sedegebs SeiZleba davakvirdeT aseve 

VIEWPOINT da IPROBE elementebis saSualebiT. 

 

nax. d4.7 
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d 4.2.2. mudmivi denis wredis analizi wyaros sxvadasxva Zabvisas 

 

     davuSvaT, nax. d 4.6-ze naCveneb wredSi wyaros Zabva icvleba 

0-dan 20 voltamde bijiT 1 v. vasrulebT Semdeg operaciebs: 

1. avirCioT AAnalysis/ Setup. 
2. davaWiroT  DC Sweep Rilaks. 

3. avirCioT Name fanjara da CavweroT V1. 
4.  Start Value fanjaraSi  CavweroT 0. 

5. End Value fanjaraSi CavweroT 20. 

6.  Increment fanjaraSi CavweroT 1. 

7. mivceT brZaneba OK raTa davasruloT DC Sweep dialogi da 

SevinaxoT parametrebi. 

8. mivceT brZaneba Close raTa davasruloT Analysis Setup meniu.   
DC Sweep dialogis fanjara naCvenebia nax. d 4.8-ze           

 

nax. d 4.8 

     sqemis amuSavebisaTvis davaWiroT Analysis/Simulate. Schematics 
Seqmnis CamonaTvals (Netlist) da Semdeg aamuSavebs sqemas, masSi 

Secdomebis ararsebobis SemTxvevaSi. gamonaTdeba Orcad  PSpice 
fanjara, romelzec gamoCndeba grafiki, romelzec X RerZi 

gamoyenebulia mudmivi Zabvis cvlilebis diapazonis saCveneblad. 

imisaTvis, rom daixazos zogierTi specifikuri grafiki, 

davaWiroT Rilaks Trace/Add  Orcad  PSpice meniuSi, raTa gavxsnaT 

Add Traces dialogis fanjara. es fanjara Seicavs mrudebs, 

romlebic warmoadgens gamosaval sidideebis (kvanZur Zabvebs da 

Stoebis denebs) grafikebs. movniSnoT mrudebi, romelTa 

gamonaTebac gvinda maTze dawkapebiT da Semdeg mivceT brZaneba 

ok. axali fanjara unda SevarCioT RilakiT Windows/New. mrudis 
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wasaSlelad davawkapoT mrudis saxelze da mivceT brZaneba 

Edit/Delete (an davaWiroT <Enter>). 
       magaliTi d 4.2. nax. d 4.9-ze naCvenebi wredisaTvis vipovoT 

kvanZuri Zabvebi da io deni. 

  
 
 
 
 
 
 
 
 

nax. d4.9 

+ 
− 

1 Ωk12 Ωk12 3

V28
0i

Ωk4 Ωk3
mA7

      amoxsna: sqemis parametrebi warmodgenilia cxrilis saxiT 

(cxrili D4.1), romelic Seicavs elementis dasaxelebas, mis 

parametrs da adgilmdebareobas sqemaSi. 

                                           cxrili d4.1 

elementis 

dasaxeleba 

kvanZebis nomrebi parametris sidide 

1VV −  1 - 0 DC 28  )V(
1RR −  0 - 4 4  Ωk
2RR −  1 - 2 12  Ωk
3RR −  2 - 3 Ωk1  

4RR −  0 - 3 Ωk3  

1II −  0 - 3 )mA(DC 7  

2VV =  2 - 4 0 

 

    sqemis agebis da Senaxvis Semdeg gavxsnaT Analysis/Simulate. 
miviRebT wredis analizis Sedegebs VIEWPOINT da IPROBE 
elementebis saSualebiT (nax. d4.10). es Sedegebi mocemulia 

agreTve d4.2 cxrilSi.  
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nax. d4.10 

                                cxrili d4.2 

kvanZuri 

Zabva, V  

0281 .V =  0132 .V =  0153 .V =  0134 .V =  

Stoebi 0-1-2 2-0 3-2 3-0 
Stoebis 

denebi, 

 mA

1.25 3.25 2.0 5.0 

 
 

             magaliTi d4.3: nax. d4.11-ze naCvenebi sqemisaTvis davxazoT I1 
da I2 denebis grafikebi, Tu mudmivi Zabvis wyaros Zabva icvleba 

diapazonSi 2_10V. 
                                        
                 
                                         

                                   V122 −
                     

                                                                          
                 
                                                    

nax. d 4.11 

     amoxsna: davxazoT wredis sqema da mivaniWoT parametrebs 

mniSvnelobebi, rogorc es naCvenebis nax. d4.12-ze. mivaqcioT 

 
1I 2I

Ωk2

+

X

Ωk6Ωk4

xV4

+−
−+ V

−
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yuradReba ZabviT marTvadi Zabvis wyaros CarTvis sqemas. 

avirCioT AAnalysis/ Setup da SevitanoT Zabvis sawyisi, saboloo 

da bijis sidideebi 2, 10 da 0.5 Sesabamisad. Semdeg avirCioT 

Analysis/simulate. Sedegad gamonaTdeba Orcad PSpice fanjara. 

davaWiroT Trace/add da gamoviZaxoT I(R1) da –I(R3). Sedegad 

miviRebT mrudebs, romlebic naCvenebia nax. d4.13-ze. 

 

nax. d4.12 

 

 

nax. d4.13 

d 4.3. gardamavali procesebis analizi 
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     eleqtrul wredSi mimdinare gardamavali procesebis anali-

zisaTvis saWiroa Sesabamisi diferencialuri gantolebebis amox-

sna. Sedegad miiReba denebisa da Zabvebis gamosaxulebebi, rogorc 

drois funqciebi. PSpice programiT gardamavali procesebis ana-

lizi moicavs sam etaps: sqemis daxazvas,  monacemebis dadgenas da 

wredis amuSavebas. 

 

d 4.3.1. sqemis daxazva 

 

    gardamavali procesebis analizisaTvis programa PSpice-Si  sa-
Wiroa gamoixazos sqema Schematics gamoyenebiT da ganisazRvros 

energiis wyaros parametrebi. programaSi SeiZleba gamoyenebuli 

iyos Semdegi tipis energiis wyaroebi: 

• VSIN, ISIN: milevadi sinusoiduri Zabvis an denis wyaro, 

magaliTad . )60120sin(10)( 2.0 ot tetv −= − π
• VPULSE, IPULSE: Zabvis an denis impulsebi. 
• VEXP, IEXP: eqsponencialurad cvalebadi  Zabvis an denis 

wyaro, magaliTad,  )].5exp(1[6)( tti −−=

• VPWL, IPWL: uban-uban wrfivi Zabvis an denis funqciebi, rom-
lebic gamoiyeneba nebismieri formis signalis Sesaqmnelad. 

     mizanSewonilia, ufro kargad gavecnoT am funqciebs. maga-

liTad VSIN aris milevadi sinusoiduri Zabvis wyaro  
                                      ),)tt(fsin[eVV)t(v d

)tt(
m

d ψπα +−+= −− 20

romlis grafiki naCvenebia nax. d 4.14-ze. mas gaaCnia Semdegi 

maxasiaTeblebi: 
 

 

 

 

 

 

 

 

 

 

 

 

nax. d4.14   

FREQ
1

TD

VOFF

0
05 .

v

VAMPL

s,t

52 .

                                      VOFF - wanacvlebis Zabva, V0;

                                      VAMPL - amplituda, Vm;
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                                       TD - dayovnebis dro wamebSi, td

                                       FREQ - sixSire HhercebSi,f 
                                       DF- milevis koeficienti, α; 
                                        PHASE - faza gradusebSi, ψ. 
       sidideebs  SeiZleba qondes nulovani an sxva 

mniSvneloba. yovelive is, rac naTqvamia VSIN  wyaros Sesaxeb 

samarTliania wyaros mimarTac. 

PHASEDF,TD  da

ISIN
       VPULSE impulsuri Zabvis wyaros gaaCnia Semdegi 

maxasiaTeblebi: 

                    V1 – qveda Zabva; 

                    V2 – zeda Zabva; 

                    TD – drois sawyisi dayovneba; 
                    TR – zrdis dro; 
                    TF – klebis dro; 
                                        PW- impulsis sigane; 
                                        PER – periodi. 
     es maxasiaTeblebi ganmartebulia nax.d4.15-ze. 

nax. d4.15 

TR
PW

TF

TD PER

2V

1V

1

2

3

4

10 s,t

( )V,v

0
5

     eqsponencialur Zabvis wyaros  (nax. d4.16) aqvs Semdegi 

maxasiaTeblebi: 

VEXP

 

 

 

 

 

 

 

 V
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nax. d4.16   
     - sawyisi Zabva; !V
     -Zabvis saboloo mniSvneloba; 2V
     - Zabvis zrdis dayovneba; 1TD
     - frontis xangrZlivoba; !TC
     - Zabvis vardnis dayovneba; 2TD
     - Zabvis vardnis xangrZlivoba. 2TC
     uban-uban wrfivi VPWL Zabvis wyaros SemTxvevaSi (nax. d 

4.17 ) ganisazRvreba wyvilebis TN, VN mniSvnelobebi, sadac VN 
aris Zabva TN drois momentSi, rodesac N=1, 2, ... , 10. magaliTad, 

nax. d4.17 -ze naCveneb SemTxvevaSi  

.  

a

b ;V,T;V,T 42220101 ====
V,T;V,T 24844363 −====

 

 

   

 

 

 

  

 

 

  

 

nax.d4.17 

     wyaros parametrebis SerCevis garda, gardamavali procesebis 

analizisas, saWiroa sawyisi pirobebis dadgena induqciuri koWe-

bisa da kondensatorebisTvis. amisaTvis davaWiroT DCLICKL sim-
boloze raTa gaixsnas PartName dialogis fanjara, velSi IC=  
CavweroT sawyisi piroba.  

 

1TC 2TC2V

1V

2TD
1TD

t0

2V

1V

3V

4V

( )V,v

4

20 4 6 8 s,t

2−
( )b

( )tv

1
tTTT 432

( )a

T
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d4.3.2. monacemebis dadgena 

 

    wyaros SerCevis Semdeg, gardamavali procesebis analizi-

saTvis, saWiroa garkveuli monacemebis dadgena. magaliTad, gvinda 

modelis muSaoba 0 - dan 10 - mde intervaliT bijiT 2 . es 

monacemebi Segvaqvs Semdegnairad: 

ms ns

1. avirCioT Analysis/Setup/Transient, raTa gaixsnas Transient 
Analysis dialogis fanjara. 

2. CLICKL Print Step-ze da CavweroT masSi 2 ns. 
3. CLICKL Final Time-ze da CavweroT 10ms. 
4. CLICKL Step Ceiling-ze da CavweroT masSi 5 sµ . 
5. CLICKL OK/Close raTa SevinaxoT es monacemebi. 

Final Time gansazRvravs muSaobis xangrZlivobas (0-dan 10 -mde). 

Print Step gansazRvravs im drois intervals, ra sixSiriTac 

Sedegebi daibeWdeba gamosaval failSi (output file). Step Ceiling aris 
maqsimaluri drois Sualedi (biji) simulaciis wertilebs Soris. 

Cvens SemTxvevaSi gveqneba 10

ms

s/ms µ5 =2000 wertili. Tu 

momxmarebelma ar icis misaRebi mrudis savaraudo saxe, maSin 

sasurvelia, Step Ceiling mniSvneloba ar iqnas gansazRvruli. am 
SemTxvevaSi PSpice Tavad airCevs mis mniSvnelobas. Tu mrudi 

Zalian texili gamovida, maSin saWiroa CavweroT Step Ceiling-is 
mniSvneloba, romelic daagluvebs mruds. mxedvelobaSi miviRoT, 

rom bijis mcire mniSvneloba iZleva simulaciis met wertils, 

magram samagierod, iTxovs met dros. 

 

d4.3.3. wredis amuSaveba 

 

     sqemis daxazvisa da monacemebis gansazRvris Semdeg saWiroa 

misi Senaxva da amuSaveba. avirCioT Analysis/simulate. Secdomis arar-
sebobis SemTxvevaSi gamonaTdeba fanjara Orcad PSpice. avirCioT 
Trace/add da davawkapoT cvladebze, romelTa naxvac gvinda. 
       Sedegebis naxvis meore gza aris markers fanjris gamoyeneba. 

Cven ganvixilavT mxolod Zabvis da denis markerebs. Zabvis 

markeri gviCvenebs kvanZis Zabvas damiwebuli kvanZis mimarT. denis 

markeri gviCvenebs dens arCeul ubanSi. Zabvis markeris 

gansaTavseblad vasrulebT Semdeg operaciebs: 

      

      1. avirCioT Markers/Mark Voltage/Level. 
            2. DRAG operaciiT gadavitanoT markeri sasurvel kvanZTan.        

3. CLICKL wkapiT ganvaTavsoT markeri da Semdeg 
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 CLICKR dawkapebiT  davasruloT ganTavsebis reJimi. Sedegad 

dauyovnebliv Sesruldeba ori operacia: Zabvis markeri xdeba 

wredis nawili da   Sesabamisi kvanZuri Zabva gamoCndeba Orcad PSpice 
fanjaraSi. denis markeris gansaTavseblad unda SevasruloT 

Semdegi operaciebi: 

1. avirCioT Markers/Mark current into pin. 
2. DRAG operaciiT gadavitanoT denis markeri sasurvel 

adgilas. 

3. CLICKL wkapiT ganvaTavsoT markeri da Semdeg CLICKR 
dawkapebiT davasruloT ganTavsebis reJimi. 

    mniSvnelovania, rom denis markeri ganTavsdes elementis 

kuTxeSi. winaaRmdeg SemTxvevaSi, sistema mas ukuagdebs. markerebis 

wasaSlelad unda avirCioT Markers/Clear All. 
 
    magaliTi d4.4: davuSvaT denis sawyisi mniSvneloba  

avagoT wredis reaqciis mrudi   nulovani Sesavali signalis 

dros (nax. d4.14) SualedSi  

.A)(i 100 =

( )ti
.40 ≤≤ t

 

 

                                     
   

                                                                                                                       
                                                              

   

Ω4

( )ti

i3
H,5

Ω

+
−0

2

 
       

nax. d4.14 

       amoxsna: davxazoT wredis sqema programaSi Schematics (nax d 
4.15). induqciurobisTvis CavweroT sawyisi piroba . 
gamoviyenoT Analysis/Setup/Transient dialogis fanjara, CavweroT 

Print Set = 0.25s, Final Time = 4s. wredis amuSavebis Semdeg miviRebT 

mruds, romelic naCvenebia nax. d 4.16-ze.                           

AIC 10=
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nax. d4.15 

 

nax. d4.16 

   magaliTi d4.5: avagoT damyarebuli Zabvis mrudi 

wredisaTvis nax.17 ( ) drois SualedSi wm. nax. d 4.17 -ze 

naCvenebia  wyaros Zabvis droze damokidebulebis grafiki. 

)t(v0

a 50 << t b

                            
                      
          

      
                                     
            
 

        nax. d 4.17 
         avagoT sqema da mivaniWoT mniSvnelobebi. VPWS Zabvis wyaros 
parametrebis velSi CavweroT Semdegi mniSvnelobebi: 

Ωk10 mH30

Ωk20Fµ50−

( )a

+
Sv

( )
1

b

Sv

12

0 2 t3

+

−
0v
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.V,s.T,V,sT,V,s.
T,V,sT,V,s.T,V,sT,V,nsT,V,T

0800138127371260012
60525040011412313122120101

======
===========

 Analysis/Setup/Transient dialogis fanjaraSi CavweroT Print Step=0.2s 
da Final Step=5s. wredis amuSavebis Semdeg gamoCndeba Orcad PSpice 
Ffanjara. davxuroT es fanjara da davbrundeT Schematics 
fanjaraSi. ganvaTavsoT Zabvis ori markeri, rogorc naCvenebia 

sqemaze (nax.d4.18). davaWiroT <Alt-Esc>, raTa SevideT Orcad PSpice - Si 
da miviRoT Sesavali da gamosavali Zabvebis mrudebi (nax.d4.19). 

 
nax. d4.18 

 
nax.d4.19 

d4.4. cvladi denis wredebis analizi 
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       PSpice-s aqvs SesaZlebloba, Seasrulos cvladi denis wredebis 

analizi AC sweep-is gamoyenebiT erTi sixSirisaTvis, an sixSireTa 

diapazonisaTvis, romelic icvleba wrfivad, dekadebiT an 

oqtavebiT. amrigad Cven SegviZlia gamoviyenoT  AC sweep rogorc 
kompleqsuri analizis, aseve sixSiruli analizisaTvis. 

    maSin, roca gardamavali procesebis analizi tardeba droze 

damokidebulebiT, cvladi denis wredebis analizi sruldeba 

sixSiruli damokidebulebiT. magaliTad, Tu , 

gardamavali procesebis analizi mogvcems v -s droze 

damokidebulebas, maSin, roca  AC sweep gvaZlevs amplitudis da 

fazis mniSvnelobebs. AC sweep gardamavali procesebis msgavsad 

moiTxovs sami tipis operaciis Sesrulebas: (1) sqemis daxazva, (2) 

parametrebis dadgena da (3) wredis amuSaveba. 

)40314sin(10 o+= tv

 

d4.4.1. sqemis daxazva 

 

     pirvel rigSi unda daixazos sqema da ganisazRvros wyaroebi. 

AC sweep iyenebs VAC da IAC tipis wyaroebs. wyaroebis parametrebi 
Seitaneba wina TavSi mocemuli wesebis mixedviT. yoveli 

damoukidebeli wyarosaTvis unda ganisazRvros misi amplitudis 

da fazis mniSvneloba. 

 

d4.4.2 parametrebis dadgena 

 

     davuSvaT, gvinda ganvixiloT cvladi denis wredi sixSireTa 

wrfivi diapazonisaTvis 50, 100 da 150 hc. SevitanoT es 

parametrebi Semdegnairad: 

1. avirCioT Analysis/Setup/AS Sweep raTa gavxsnaT AS Sweep 
dialogi. 

2. dawkapebiT CLICKL Linear X RerZisTvis miviRoT wrfivi 

skala. 

3. CavweroT 3 Total Pts fanjaraSi. 

4. CavweroT 50 Start Freq fanjaraSi. 

5. CavweroT 150 End Freq fanjaraSi. 

6. CLICKL OK/Close. 
wrfivi diapazoni gulisxmobs, rom simulaciis wertilebi 

Tanabradaa ganawilebuli sawyis da saboloo sixSireebs Soris. 

SevniSnoT, rom Start Freq ar SeiZleba iyos noli, radgan es niSnavs 

mudmivi denis wreds. Tu Cven gvinda modelireba erT calke 
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aRebul sixSireze, me-3 punqtSi unda SevitanoT 1, xolo me-4 da 

me-5 punqtebSi davtovoT igive sixSireebi. 

 

d4.4.3. wredis amuSaveba 

 

     parametrebis dadgenisa da sqemis Senaxvis Semdeg, virCevT 

Analysis/Simulate. modelirebis dasrulebis Semdeg sistema 

gamoanaTebs AS analysis finished da qmnis gamosaval fails  
gafarToebiT. avtomaturad amuSavdeba agreTve Orcad PSpice 
programa. sixSireTa X RerZi daxazulia, magram mrudi jer ar 

Cans. avirCioT menius Trace/Add da davawkapoT sasurvel 

sidideebze. aseve, SegviZlia gamoviyenoT denis an Zabvis markerebi 

mrudebis dasaxazad, iseve, rogorc aRwerili iyo wina TavSi. 

avirCioT Markers/Mark Advanced da gamoviyenoT gaumjobesebuli 

markerebi vdb, idb, vphase, vreal, ireal. 
         Tu mrudis garCevadoba cudi xarisxisaa, SegviZlia misi 

gaumjobeseba Analysis/Setup/AC Sweep and Noise Analysis dialogis Total 
Pts fanjaraSi Setanili ricxvis gazrdiT. 

     logariTmuli sixSiruli diagramebi warmoadgens sididis 

mniSvnelobis (amplitudis) da fazis sixSireze damokidebulebis 

grafikebs. am diagramebis misaRebad iyeneben cvladi denis 

wyaroebs, magaliTad, V1, 1 volti sididis ZabviT da nulovani 

sawyisi faziT. mas Semdeg, rac avirCevT Analysis/Simulate da 

amuSavdeba  Orcad PSpice programa, Cven SegviZlia miviRoT Zabvis an 

denis sididis da sawyisi fazis mrudebi iseve, rogorc wina 

TavSi. davuSvaT, gvinda miviRoT V(4) sididis     Bode diagrama. 
virCevT Trace/Add da CavwerT dB(V(4)) Trace Command fanjaraSi. 

dB(V(4)) Seesabameba da radgan V1-is mniSvneloba aris 

erTiani, dB(V(4)) realurad Seesabameba dB(V94)/V(R1:1))-s. dB(V(4)) – 
is mrudis damatebiT miviRebT Bode grafiks decibelebSi. 

))4(lg(20 V

     meore gza, romelic saSualebas iZleva, aviciloT Orcad PSpice 
programaSi muSaoba, aris fsevdoelementebis gamoyeneba da 

Sedegebis gagzavna gamosaval failSi. Cven ukve gamoviyeneT ori 

aseTi fsevdoelementi VIEWPOINT DdaA IPROBE. fsevdoelementis 

dasamateblad avirCioT Analysis/Setup/AC Sweep da  SevitanoT AC 
Sweep maxasiaTeblebi. Semdeg avirCioT Analysis/Simulate. fsevdoele-

mentebSi Setanili denebi da Zabvebi Seinaxeba gamosaval failSi. 

gamosaval fails miviRebT Schematics fanjaraSi Analysis/Examine 
Output velis arCeviT. sxva mniSvnelovani fsevdoelementebi 

CamoTvlilia cxrilSi d4.3. 
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                                                       cxrili d4.3 

IPLOT  mrudi, romelic gviCvenebs Stoebis denebs. 

simbolo irTveba 

mimdevrobiT 

IPRINT 
 

 cxrili, romelic gviCvenebs Stos denebs. 

irTveba mimdevrobiT 

VPLOT1  mrudi, romelic gviCvenebs im kvanZis Zabvas, 

romelzec simboloa mierTebuli 

VPLOT2 mrudi, romelic gviCvenebs ZabvaTa sxvaobebs 

or wertils Soris. 

VPRINT1 cxrili, romelic gviCvenebs Zabvebs im 

kvanZebSi, romlebzec simboloa mierTebuli 

VPRINT2 cxrili, romelic gviCvenebs ZabvaTa sxvaobebs 

or wertils Soris 

 

   magaliTi d4.6: vipovoT deni i  wredSi, romlis sqema mocemulia 

nax. d4.20-ze. 

                          
                           
 

                         
  

 

                     
     

                   

               
           
 

 

 

nax. d4.20 

tcos 25

1 2 3Ω2 H,520

F.250

i2tsin220

Ω4−

i

+

 amoxsna: gavixsenoT, rom  da )tcos(tsin o90220220 −=
3183,02/ == πωf . V1-is maxasiaTeblebi SerCeulia, rogorc 

ACMAG=20, ACPHASE = -90o; xolo IAC-s maxasiaTeblebia AC=5. 
fsevdoelement IPRINT-is maxasiaTeblebia AC=yes, MAG=yes, PHASE 
=ok, REAL= da IMAG =.es aris erTsixSiruli analizi, amitom 
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virCevT Analysis/Setup/AC Sweep Segvaqvs Total Pts = 1, Start Freq = 0.31831 
da Final Freq = 0.31831. vinaxavT sqemas da virCevT Analysis/Simulate. 
gamosavali faili Seicavs:  

FREQ                                         IM(V-PRINT3)                            IP(V-PRINT3) 
3.183E-01                                  7.906E+00                                      4.349E+01 
gamosavali failidan miviRebT . anu 

 
906.7=I o49.43∠

).49.432cos(906.7 o+= ti

 

nax.d4.21 

    magaliTi d4.7: mimdevrobiTi RC wredisaTvis(nax.22) miviRoT 

gamosavali  Zabvis mrudi sixSireTa diapazonisaTvis ov

.101 kHz÷ .41 HCkR µ=Ω= da  

 

                           
 

 

  

                   
                                          

                                  

R

)t(v0

+
−−

+ C

nax. d4.22 

     amoxsna: V1 Zabvis wyaros parametrebad SevitanoT amplituda 

1 V da sawyisi faza 0. vigulisxmoT agreTve dekadaSi 10 wertili. 
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AC Sweep dialogis fanjaraSi avirCioT Analysis/Setup/AC Sweep da 
SevitanoT Total Pts =10, Start Freq =1 da Final Freq=10k. sqemis Senaxvis 
Semdeg avirCioT Analysis/Simulate. Orcad PSpice programis meniudan mi-
viRebT Zabvis mruds (nax.24 ), sadac ordinatTa RerZze gada-

zomilia  Zabva voltebSi. garda amisa, avirCioT am meniudan. 

a
2V

 

nax. d4.23 

 

nax. d4.24(a )  
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nax.d4.24(b )  

Trace/Add da CavweroT  Trace Command fanjaraSi. miviRebT 

logariTmul sixSirul diagramas(nax.24 ), sadac ordinatTa 

RerZze gadazomilia  Zabva decibelebSi. 

))2((VdB
b

2V
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