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Tavi 2.  mudmivi denis rTuli wredebis  

       gaangariSebis meTodebi 

 
qvemoT moyvanili mudmivi denis rTuli wredebis (wre-

di Sedgeba NS Stoebidan, aqvs Nk kvanZi da Nd denis 
wyaro) gamoTvlis meTodebis formulebi gamoiyeneba maSi-
nac, roca wredi Seicavs Zabvis da denis wyaroebs. MmeTo-
debis gamoyeneba SeiZleba im kerZo SemTxvevebSic ki, 
roca wredi Seicavs mxolod Zabvis an denis wyaroebs. 

rTul wredSi saZiebeli denebis ricxvi, rogorc wesia, 
emTxveva Stoebis ricxvs. maT dasadgenad ZiriTadad iyene-
ben omis da kirxhofis kanonebs. 

rTuli wredebis meTodebis didi raodenoba ganpirobe-
bulia urTierTdamoukidebeli gantolebebis Sedgenis  
odenobT. rac naklebi Sedgenili gantolebiT da marti-
vad SesaZlebelia amoixsnas dasmuli amocana, miT ufro 
misaRebia meTodi.  

 

2.1. kirxhofis kanonebis gamoyenebis meTodi 

 
pirvel rigSi dgindeba ucnobi denebis ricxvi, rome-

lic tolia NS - Nd. TiToeuli StosaTvis irCeva dade-
biTi mimarTuleba. 

kirxhofis pirveli kanonis gamoyenebiT Sedgenili 
urTierTdamoukidebeli gantolebebis ricxvi kvanZebis 
ricxvze erTiT naklebia (Nk - 1). (bolo kvanZis gantole-
bebi gamomdinareobs wina Sedgenili gantolebebis alge-
bruli jamidan, amitom misi Sedgena kargavs azrs). 

kirxhofis meore kanonis gamoyenebiT Sedgenili urTi-
erTdamoukidebeli gantolebebis ricxvi udris  
                                    K = NS – (Nk – 1) - Nd .            (2.1.) 

gantolebis Sedgenisas kirxhofis meore kanoniT asar-
Cevia damoukidebeli konturebi, romlebic ar Seicaven 
denis wyaroebs.  

kirxhofis pirveli da meore kanonebiT Sedgenili gan-
tolebebis saerTo raodenoba udris (NS - Nd) ucnobi 
denebis ricxvs.  

ganvixilod magaliTi (ix. nax. 2.1.) . wredi Seicavs NS = 
6 Stos da Nk = 4 kvanZs. vinaidan urTierTdamoukidebeli 
kvanZebis ricxvi (Nk – 1) = 4 – 1 = 3 , xolo konturebis 
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ricxvi  K = NS – (Nk – 1) - Nd = 6 – (4 – 1) = 3 , maSin Sed-
geba sul eqvsi gantoleba.  

kirxhofis 
pirveli kano-
nis gamoyene-
biT pirveli 
sami kvanZisaT-
vis miviRebT  
sam gantole-
bas:  
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

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iii
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rogorc avRni-
SneT zemoT,   
kvanZi 4-isTvis 
gantolebas ar 

                     nax. 2.1                 ar vadgenT, 
vinaidan is gamomdinareobs pirveli sami gantolebis Sek-
rebiT da amitom misi dawera zedmetia. 

konturebis Semovlis mimarTulebis gaTvaliswinebiT 
kirxhofis meore kanonis gamoyenebiT  miviRebT; 


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Edti
Cdt

di
Lirdti

C

Eir
dt

di
L

dt

di
Lir

EEir
dt

di
Lirdti

C
dti

Cdt

di
Lir

 

aseTi saxiT Cawerili eqvi gantolebidan Sedgenil gan- 
tolebaTa sistemis amoxsna (maT Soris sami diferencia-
luri gantolebaa) rTulia. 

am sistemis gamartiveba SesaZlebelia kompleqsuri aR-
ricxvis da Sesabamisi  sidideebis aRniSvnebis SemotaniT 
[1].  
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  2.2. maqsvelis konturuli denebis meTodi 

 
konturuli denebis meTodi iZleva saSualebas Sevam-

ciroT gantolebebis raodenoba da daviyvanoT K ricx-
vamde, romelic ganisaZvreba formuliT (2.1.). 

unda aRiniSnos, rom konturuli denebi pirobiTad Se-
motanili sidideebia da amitom realurad ar arseboben! 

meTodis azri emyareba im Tvisebas, rom deni nebismier 
StoSi ganisazRvreba damokidebeli konturuli denebis 
algebruli jamiT.  

Teoriidan cnobilia, rom damoukidebeli konturuli 
denebis saerTo raodenoba ganisazRvreba gamosaxulebiT 
NS –Nk + 1 an rac igivea NS – (Nk – 1). 

gantolebebis Sedgenamde unda Catardes Semdegi moqme-
debebi: 

 Anebismierad amoirCieT da aRniSneT damoukidebeli 
konturuli denebi da mimarTulebebi (gaxsovdeT, rom 
wredis nebismier StoSi unda gaiaros erTma kontu-
rulma denma mainc); 

 sasurvelia, rom im konturuli denis mimarTuleba, ro-
melic gadis denis wyaroze, emTxvevodes denis wyaros 
denis mimarTulebas; 

 rekomendaciis saxiT: eleqtruli wredis denis TiTo-
eul wyaroze (maTi raodenoba ki Seadgens Nd) unda 

gadiodes erTi 
ma-inc damoukide-
beli konturuli 
deni;  

 danarCeni kontu-
ruli denebi un-
da gadiodes 
Stoebze, romle-
bic ar Seicaven 
denis wyaroebs; 

 kirxhofis meore 
kanonis gamoyene-
biT SeadgineT     

              nax. 2.2.                     gantolebaTa sis 
                                          tema. 
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ganvixiloT magaliTi nax.2.2. avirCioT StoebSi gamava-
li denebis da konturuli denebis (II , III , IIII ) mimarTule-
bebi (zemoT moyvanili rekomendaciebis gaTvaliswinebiT), 
rogorc naCvenebia naxazze.  

*miaqcieT yeradReba imas, rom denis wyaros Semcvel 

StoSi denis mimarTuleba arCeulia (+ -dan   -saken) da 
konturuli denebis mimarTulebebi am denis mimarTulebis 
Tanxvdenilia. Ees amartivebs gamoTvlebs. 

kirxhofis meore kanonis mixedviT aRniSnuli konture-
bisTvis SevadginoT gantolebaTa sistema: 










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Semdeg CavsvamT mniSvnelobebs da amovxsniT miRebul 
algebrul gantolebaTa sistemas. 

 
2.3. kvanZuri potencialebis meTodi 

 
kvanZuri potencialebis meTodi iZleva saSualebas 

SevamciroT gantolebebis raodenoba da daviyvanoT Nk –1 

ricxvamde (kvanZebis ricxvi minus erTi). 
meTodis arsi mdgomareobs imaSi, rom jer gansaz-

Rvraven yvela kvanZis potencialebs, xolo kvanZebs Soris 
moTavsebul StoebSi gamaval denebs gamoiTvlian omis ka-
nonis gamoyenebiT. 

kvanZuri Zabvebis meTodis gamoyenebisas unda Catardes 
Semdegi moqmedebebi: 

 erT-erTi kvanZis potencials vaniWebT nulis tol 
mniSvnelobas; 

 danarCeni Nk –1 kvanZisaTvis omis kanonis gamoyenebiT 
vadgenen gantolebebs; 

 Tu kvanZSi Semavali Sto (Stoebi) Seicavs  denis wya-
roebs, maSin Tu deni mimarTulia kvanZisaken, is uary-
ofiTi niSnisaa, Tu gamodis kvanZidan - dadebiTi niS-
nis. 

 sxva Stoebis denebi Caiwereba kvanZebs Soris poten-
cialTa sxvaobis gamosaxulebebis gamoyenebis saSua- 
lebiT; 
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 Tu eleqtruli wredi Seicavs Stoebs, romlebSic 
aris Zabvis wyaro da ar aris winaRoba, maSin gan-
tolebaTa ricxvi mcirdeba aseTi nulovani winaRobe-
bis mqone Stoebis ricxviT (Nn ).  Aam SemTxvevaSi gan-
tolebaTa ricxvi Seadgens Nk – Nn  – 1. 

  magaliTi: nax. 2.3.a -ze moyvanili sqemis mixedviT gan-
sazRvreT TiToul StoSi gamavali denis mniSvnelobebi, 
Tu r-is da E-is yvela mniSvnelobebi mocemulia.   

 

 
            a                              b 
                         nax. 2.3. 
amoxsna:   wertili 3 –is potenciali miviRod nulis 

tolad SevadginoT gantolebebi kvanZuri potencia-
lebis meTodis gamoyenebiT. kirxhofis pirveli kanonis 
Tanaxmad, Sesabamisad, 1-sa da me-2 kvanZebSi Semavali da 
gamomavali  denebis mniSvnelobaTa jami udris nuls. ami-
tom omis ganzogadebuli kanonis gamosaxulebis (1.1)  ga-

moyenebiT miviRebT: 0
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xolo kvanZi 2-is .0
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am gantolebaSi ori ucnobia ( 1  da 2 ), maSasadame maTi 

povna ar gagviWirdeba. amis Semdeg vipovoT denebi 
calkeuli StoebisaTvis omis kanonis gamoyenebiT. denebis 
mimarTulebebi moyvanilia nax. 2.3.b-is grafze (wredis gra- 
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fi aris eleqtruli sqemis iseTi gamosaxuleba, rodesac 
yvela Stoebi Secvlilia xazebiT, Zabvis wyaroebi da-
moklebulia, xolo denis wyaroebi garTulia. grafSi 
inaxeba sqemis yvela toti da kvanZi).

 
2.4. zeddebis (superpoziciis) meTodi 

 
Tu eleqtrul wredSi mocemuli sidideebia Zabvis 

wyaroebis emZ-ebi, denis wyaros denebi, maSin wredis ne-
bismier konturSi (StoSi)  Ii deni, wredSi moqmedi emZ-ebis 
cal-calke, damokidebeli moqmedebiT gamowveuli Sesaba-

misi denebis algebruli jamis tolia( nni IIII  ...2211 ). 

mxedvelobaSi unda viqonioT, rom roca vangariSobT 
erTi generatoris moqmedebiT aRZrul denebs, maSin sxva 
Zabvis wyaroebi Seicvlebian mokled CarTuli monakveTe-
biT (Zabvis wyaroebis Sida winaRoba udris nuls rSida=0, 
amitom E=0), xolo sxva denis wyaroebi gamoirTvebian 
(denis wyaroebis Sida winaRoba usasrulod didia, amitom 
I=0). amasTan sqemis generatorebis winaRobas vinarCunebT. 

MmeTodis arsi mdgomareobs SemdegSi: 

 rTul sqemas vanawevrebT martiv sqemebad Semavali emZ-
is raodenobis mixedviT; 

 TiToeuli danawevrebuliani damoukidebel sqemisaTvis 
Semogvaqvs denebis mimarTulebebi da vangariSobT erTi 
damoukidebeli emZ-iT aRZruli denebis mniSvnelobebs 
yvela StoSi; 

 saZiebeli denebis misaRebad TiToeuli StoSi yvela 
miRebul denis mniSvnelobebs algebrulad vkrebT. 

MmagaliTi. nax. 2.4. –ze moyvanilia eleqtruli wredis             
sqema. vipovoT I1, I2 da !3   denebi.  
  movaxdinoT moyvanili sqemis danawevreba or martiv sqe-
mad, vinaidam sqemaSi mxolod ori e.m.Z-aa. meTodis mixed-
viT TiToeuli sqemis gaangariSebiT StoebSi miRebuli 
denebi unda SevkriboT algebrulad anu miviRebT 

N .;; `̀
3

`
33

`̀
2

`
22

`̀
1

`
11 IIIIIIIII   es meTodi gamoi-

yeneba mxolod denebis da ara simZlavris gamosaTvle-

lad, romelic Seicavs kvadratul parametrs (P=rI2). 
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nax. 2.4. 
 

2.5. gardaqmnis meTodebi 
 

gardaqmnis yvela SemTxvevisaTvis erTi sqemis Canacv-
leba sxva sqemiT, an misi eqvivalenturiT ar unda iwvev-
des denebis an Zabvebis Secvlas im wredis ubnebSi, rom-
lebSic gardaqmnas adgili ar hqonda. 

mimdevrobiT SeerTebuli winaRobebi SeiZleba 
Seicvalos misi eqvivalenturi erTi winaRobiT, romelic 

udris am winaRobebis jams. 




n

k

krr

1

ek .  

mimdevrobiTi SeerTeba niSnavs, rom yvela winaRobaSi 
erTi da igive deni gadis.  

paralelurad SeerTebuli winaRobebi SeiZleba 
Seicvalos misi eqvivalenturi erTi winaRobiT, romelic 

ganisazRvreba formuliT  




n

k krr
1

11

ek

.  

paraleluri SeerTeba niSnavs, rom yvela winaRoba 
mierTebulia mxolod erT wyvil kvanZTan. 

kerZo SemTxvevaSi ori winaRobis ekvivalenturi winaR-

oba gamoiTvleba formuliT: 
21

21

rr

rr
r


ek . 

Sereulad SeerTebuli winaRobebis Secvla ekvivalen-
turi winaRobiT. (Sereuli SeerTeba niSnavs mimdevrobiTi 
da paralelurad SeerTebuli winaRobebis SeuRlebas). 

samkuTxedad SeerTebuli winaRobebis pirdapir varsk-
lavurad SeerTebul winaRobebze (ix. nax. 2.5.) da Sebrune-
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bul gardaqmnis formulebs aqvs saxe, sadac g Stos gam-
tarobaa [2]: 

 
 
 
 
 
 
 
 

nax. 2.5. 
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2.6. eqvivalenturi generatoris meTodi 

 
ekvivalenturi generatoris meTodis gamoyenebiT wre-

dis nebismier ab StoSi I denis mniSvnelobis dasadgenad 
ganixilaven wredis nawils, romelic mierTebulia am 
StosTan, raime eqivalenturuli generatoris saxiT Eg 
emZ-iT da winaRobiT rg (nax. 2.6.a) .  

saZiebel StoSi r = r1+r2  da  E1 da  E2  emZ-iT deni ga-

moiTvleba omis kanonis gamoyenebiT: 
21

21

rrr

EEE
I






g

g
. 

eqvivalenturi generatoris emZ-is Eg gamosaTvlelad 
sakmarisia ganvixiloT wredi ab Stos gareSe (uqmi svlis 
reJimi nax. 2.6.b.) am SemTxvevaSi Uu.s.= Eg .  

Tu davamoklebT   eqvivalenturi generatoris  a  da  b 

kvanZebs  nax. 2.6.g da 2.6.d, maSin 
.g.m.C

g
g

I

E
r  . 

vinaidan eqvivalenturi generatoris emZ ganisazRvreba 
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uqmi svlis da mokled CarTvis reJimebSi, amitom zogjer 
mas uwodeben uqmi svlis da mokled CarTvis meTods. 

 

nax. 2.6. 

2.7. Canacvlebis meTodebi 

2.7.1. ramdenime paraleluri Zabvis generatoris erTi  
        eqvivalenturiT Canacvlebis meTodi 

 
Tu gvaqvs ramdenime paralelurad momuSave da erT 

datvirTvis r winaRobaze CarTuli Zabvis generatorebi E1, 
E2,. . . , En  emZ-iT  da  r1, r2, . . . , rn  Sida winaRobebiT, ma-
Sin isini SegviZlia SevcvaloT erTi eqvivalenturi gen-
eratoriT Ee emZ-iT da re Siga winaRobiT.  amasTan  
 
 
 
 
 
 
 
 
 
 
 

 
nax. 2.7. 
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
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deni datvirTvis r winaRobaSi  
e

e
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I


 , xolo TiTo-

eul totSi deni  
k

k
k

r

UE
I


 ,   sadac U = Uab = Ir. 

 
2.7.2. ramdenime paraleluri denis generatoris erTi  
        eqvivalenturiT Canacvlebis meTodi 
 
Tu gvaqvs ramdenime paralelurad momuSave da erT 

datvirTvis r winaRobaze CarTuli denis generatorebi I1, 
I2,. . . , In  denebiT  da  g1, g2, . . . , gn  Sida gamtarobebiT, 
maSin isini SegviZlia SevcvaloT erTi eqvivalenturi 
denis generatoriT, romlis deni I udris denebis alge-
brul jams, xolo Siga gamtaroba g calkeuli generato-  

                     
                               
                           

nax. 2.8.           
 rebis gamtarobebis  jams: 


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2.8. kompensaciis da nacvalgebis principebi  

Pkompensaciis principebi. eleqtruli wredis nebismieri 
winaRoba StoebSi denebis gadanawilebis Seucvlelad 
SeiZleba Secvlil iqnes emZ-iT, romelic ricxobrivad 
Sesacvlel winaRobaze Zabvis vardnis tolia da mimar-
Tulia denis sapirispirod. 

nacvalgebis principebi. xazovan eleqtrul wredSi, 
romelic Sedgeba winaRobebisagan, Zabvis da denis wyaro-
ebisagan, Sesabamisi urTierTgamtarobebi  glk = gkl  tolia. 

am principidan gamomdinareobs: Tu raime rTul wredSi 
emZ E imyofeba ab totSi da aRZravs I dens igive wredis 
sxva  cd  totSi, maSin am emZ-is gatanisas cd  totSi is ga-
moiwvevs ab totSi igive I dens. 


