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kompleqsuri  ricxvebi 

 

 
          kompleqsuri ricxvebi warmoadgens namdvili ricxvebis ganzogadoebas.  

      kompleqsur ricxvebs da  kompleqsuri cvladis funqciebs mniSvnelovani 

roli eniWebaT fizikasa da maTematikis sxvadasxva dargSi.   

 

 
                   

$ 1. kompleqsuri ricxvebis ganmarteba 
 
 
 
             ganvixiloT simravle, romlis elementebsac warmoadgens namdvil 

ricxvTa dalagebuli wyvilebi da aRvniSnoT ase  ba, .   ba,  da  ab,

elementebi gansxvavebulia, Tu ba  . magaliTad, Cveni simravlis 

elementebi iqneba  0.0 ,  0,1 ,  12,1 .   11,ba  da  22 ,ba  iTvleba tolad, 

maSin da mxolod maSin, roca  

                              
21 aa       da    .21 bb   

                  axla SemovitanoT namdvil ricxvTa wyvilebis simravleSi 

algebruli operaciebi:  Sekreba da gamravleba. 

             
           11,ba  da  22 ,ba  elementebis jami vuwodoT  2121 ; bbaa   elements. 

                  

            11,ba  da  22 ,ba  elementebis namravli ki wyvils     21212121 ; abbabbaa   .               

 
            amrigad, Cvens mier Semotanili operaciebi ganisazRvreba Semdegi 

tolobebiT: 

                 11,ba +  22 ,ba =  2121 ; bbaa                1  

                 11,ba .  22 ,ba  =  21212121 ; abbabbaa         2  

 
          kompleqsuri ricxvebi ewodeba namdvil ricxvTa dalagebul wyvilebs, 

romelTaTvisac Sekrebisa da gamravlebis operaciebi gansazRvrulia  1  

da  2  formulebiT.  

               kompleqsur ricxvebs xSirad aRniSnaven erTi asoTi z an  -Ti. 
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$ 2.  Sekrebis da gamravlebis operaciaTa Tvisebebi 

                 
 

     1.   
2221 zzzz   

     2.    21 zz  + 3z =  321 zzz   

     3.   
21, zz  ricxvebisTvis  z  ricxvi iseTi, rom  

2
1 zzz  , am ricxvs 

ewodeba 
2z  da 

1z  ricxvebis sxvaoba.    

     4.   
21zz =

12 zz  

     5.      321321 zzzzzz   

     6.   
21, zz  ricxvebisTvis  z  ricxvi iseTi, rom  21 zzz  , am ricxvs 

ewodeba 
2z  da 

1z ricxvebis ganayofi da aRiniSneba ase 
1

2

z
z . 

      0.0  kompleqsur ricxvze gayofa ar SeiZleba. 

     7.      3121321 zzzzzzz     

             yvela zemoT CamoTvlili Tviseba mtkicdeba wina paragrafSi 

mocemuli  1  da  2  formulebiT.  

                
               121212 ; bbaazzz       4    
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
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
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z   5  

               
           Ees  formulebi gvaZlevs kompleqsuri ricxvebis gamoklebisa da 

gayofis wesebs.  

 
            Sekrebisa da gamravlebis SemoRebuli operaciebi saSualebas 

gvaZlevs, kompleqsuri ricxvebi ganvixiloT rogorc ganzogadoeba 

namdvili ricxvebisa, xolo namdvili ricxvebi - rogorc kompleqsuri 

ricxvebis kerZo SemTxveva. marTlac, ganvixiloT ara yvela kompleqsuri 

ricxvi, aramed mxolod  0,a  saxis. Sekrebis, gamravlebis, gamoklebis da 

gayofis  0a  formulebidan naTlad Cans, rom am tipis ricxvebze 

moqmedebebis Sedegad miiReba amave tipis ricxvi. Ggarda amisa,  0,a  saxis 

ricxvebze moqmedebis wesebi mTlianad emTxveva namdvil ricxvaTa 

ricxvebze Sesabamis moqmedebaTa wesebs. amasTan dakavSirebiT  0,a  

kompleqsur ricxvs aigiveben a  namdvil ricxvTan:   0,a =a . magaliTad, 

  20;2  .  

            amis mere namdvil ricxvTa simravle SeiZleba ganvixiloT rogorc 

kompleqsur ricxvTa simravlis qvesimravle.  
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             b;0  saxis kompleqsur ricxvebs ewodeba warmosaxviTi.  1;0  wyvils 

ewodeba warmosaxviTi erTeuli da i  asoTi aRiniSneba. Ggamravlebis 

formulis  gamoyenebiT   advili   Sesamowmebelia  rom     )1;0)(0;(;0 bb  =bi ,  

A E     i22;0      da      i1;0  . 

 

                        

$ 3.  kompleqsuri ricxvebis Caweris algebruli forma 
 
 
 
          nebismieri  baz ;  saxis kompleqsuri ricxvi SeiZleba warmovadginoT 

Semdegi saxiT:           .1;00;0;;00;; bababaz   miviRebT   biabaz  ;   

am Canawers ewodeba   kompleqsuri ricxvis Caweris algebruli forma. 

          a  namdvil ricxvs ewodeba bia   kompleqsuri ricxvis namdvili 

nawili, xolo b  namdvil ricxvs  _ warmosaxviTi nawili. 

          zemoT gamoTqmuli mosazrebebidan gamomdinareobs kompleqsur 

ricxvebze moqmedebaTa Semdegi wesebi: 

           1. ori kompleqsuri ricxvi z bia   da dicw   tolia maSin da 

mxolod maSin, roca ca   da db    anu, roca tolia namdvili da 

warmosaxviTi nawilebi. 

             SevniSnoT, rom metobisa da naklebobis cnebebi kompleqsuri 

ricxvebisTvis ar ganisazRvreba. 

           2. axali aRniSvnebiT Sekrebis formula Caiwereba ase:  

               idbcadicbia )()()(          (1) 

           3. algebruli formiT mocemuli kompleqsuri ricxvebis namravli 

moicema Semdegi saxiT: 

                icbadbdacdicbia )())((       (2) 

              Tu davuSvebT, rom 0 ca  da 1 db , miviRebT mniSvnelovan 

tolobas 1ii , anu 2i =-1.             (3) 

 
            kompleqsur ricxvebs bia   da bia  , anu ricxvebs, romlebic mxolod 

warmosaxviTi nawilis niSniT gansxvavdebian ewodebaT SeuRlebuli 

ricxvebi.  SeuRlebuli ricxvebis jami da namravli namdvili ricxvebia. 

           ganvixiloT kerZo SemTxveva: davuSvaT, ,0,  ba   maSin miviRebT 

namdvili ricxvis kompleqsur ricxvze gamravlebis wess: dicdic   )(  

           algebruli formiT Cawerili kompleqsuri ricxvebis gamoklebisa 

da gayofis operaciebi gamoisaxeba Semdegi formulebiT: 

                 
i

ba

cbad

ba

bdac

bia

dic

ibdacbiadic

2222

)()()(

















        (4) da (5) 
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            bolo formulaSi Tu ,,0  ba  miviRebT kompleqsuri ricxvis 

namdvil ricxvze gayofis wess: 

                  i
dcdic





 

           gayofisas formula (5)-is nacvlad umjobesia visargebloT Semdegi 

wesiT: mricxvelic da mniSvnelic gavamravloT mniSvnelis SeuRlebulze. 

                    

 
 
 

                $ 4.   kompleqsuri ricxvebis geometriuli interpretacia.  

kompleqsuri ricxvis moduli da argumenti 

 

 
 
            cnobilia, rom namdvil ricxvTa dalagebul wyvilTa da sibrtyis 

wertilTa Soris SeiZleba damyardes urTierTcalsaxa damokidebuleba. 

amisaTvis sakmarisia sibrtyeze SevarCioT koordinatTa sistema da yovel 

dalagebul ),( ba  wyvils SevusabamoT M( ),ba  wertili. Kkompleqsuri 

ricxvebi Cven ganvmarteT rogorc namdvil ricxvTa dalagebuli wyvili, 

romelTaTvisac gansazRvrulia Sekrebisa da gamoklebis operaciebi. 

           es  saSualebas gvaZlevs kompleqsuri ricxvebi ganvixiloT rogorc 

sakoordinato sibrtyis wertilebi. Aam sibrtyes kompleqsur sibrtyes 

uwodeben. abscisaTa RerZs uwodeben namdvil RerZs, xolo ordinatTa 

RerZs -- warmosaxviTi RerZi. 

             xSirad mosaxerxebelia kompleqsuri ricxvi biaba ),(  

ganvixiloT rogorc OM  veqtori. cxadia, rom sibrtyis yovel veqtors 

saTaviT )0,0(O  da ),( baM  boloTi Seesabameba biaba ),(  kompleqsuri 

ricxvi da piriqiT. )0,0(O  wertils Seesabameba nulovani veqtori. 

               kompleqsuri ricxvis veqtorad warmodgena saSualebas gvaZlevs 

geometriuli interpretacia mivceT maTze moqmedebebs. 

 

           kompleqsuri ricxvebis jami geometriulad SeiZleba warmovadginoT, 

rogorc veqtori, romelic im veqtorTa jamis tolia, romlebic Sesakrebi 

kompleqsuri ricxvebis Sesabamisia. 

            gansazRvreba. biaba ),(  ricxvis moduli ewodeba am ricxvis 
Sesabamisi veqtoris sigrZes. 

           z  ricxvis moduli aRiniSneba z -iT. piTagoras TeoremiT advilad 

miiReba, rom biaz   ricxvisTvis  22 baz  .    (1) 

           SeuRlebul kompleqsur ricxvebs aqvT toli moduli. 



 5 

           cxadia, rom kompleqsuri ricxvebi, romlebsac erTnairi moduli 

aqvT, mdebareoben wrewirze, romlis radiusi am modulis tolia, xolo 

centri koordinatTa saTaveSia.  

           geometriulad kompleqsuri ricxvi CaiTvleba mocemulad, Tu 

mocemulia misi moduli da mimarTuleba, magaliTad kuTxe OX  RerZis 

dadebiT mimarTulebasTan.  

           gansazRvreba.     0z  kompleqsuri ricxvis argumenti ewodeba kuTxes 

z  veqtorsa da namdvili RerZis dadebiT mimarTulebas Soris da 

aRiniSneba zarg -iT an )arg( bia  -iT. 

           modulisa da argumentis mocemiT kompleqsuri ricxvi calsaxad 

ganisazRvreba. 0z -is SemTxvevaSi argumenti ar ganisazRvreba, magram 

mxolod am dros moicema ricxvi mxolod Tavisi moduliT. 

           gansxvavebiT modulisa, kompleqsuri ricxvis argumenti calsaxad 

ar ganisazRvreba. magaliTAd, iz 1  ricxvis argumentebia Semdegi 

kuTxeebi: 
4


, 

4

9
, 

4

7
  dazogadad nebismieri kk 


 2

4
 , sadac k  

nebismieri mTeli ricxvia. 

            Nkompleqsuri ricxvis nebismieri ori argumentis sxvaoba aris 2 -is 

jeradi.   

            biaz   kompleqsuri ricxvis namdvili da warmosaxviTi nawilebi 

gamoisaxeba moduliT da argumentiT: 

                      cosra  ,    sinrb   .        (2) 

           amrigad, kompleqsuri ricxvis   argumenti SeiZleba gamovTvaloT 

Semdegi formulebiT: 

 

                      
22

cos
ba

a


  ,    

22
sin

ba

b


  .        (3)   

 
            am formulebidan  kargad Cans, rom yoveli argumenti akmayofilebs 

Semdeg gantolebas:       
a

b
tg   .  

            es gantoleba ar aris  (3)-is tolfasi, mas gaaCnia ufro meti 

amonaxsni, magram saWiro amonaxsnebis amorCeva sirTules ar warmoadgens, 

radgan kompleqsuri ricxvis algebruli formiT Cawerisas kargad Cans, 

Tu romel meoTxedSi mdebareobs es ricxvi.  
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        $ 5.    Kkompleqsuri ricxvis Caweris trigonomertiuli forma. 
trigonometriuli formiT Cawerili  kompleqsuri ricxvebis 

gamravleba da gayofa. 
 
 
 

            rogorc zemoT vnaxeT: cosra   ,   .sinrb      

                es formulebi akavSirebs kompleqsuri ricxvis namdvil da             

warmosaxviT nawilebs mis modulTan da argumentTan.  

                yoveli biaz   kompleqsuri ricxvi ( )0z  SeiZleba warmovadginoT 

Semdegi saxiT 

                     )sin(cos  irz         (1) 

            sadac  r  aris am ricxvis moduli, xolo  _misi erT-erTi argumenti.  

      (1) formulas ewodeba kompleqsuri ricxvis Caweris trigonometriuli 

forma. 

           imisaTvis rom algebruli formidan gadavideT ricxvis Caweris 

trigonometriul formaze, sakmarisia vipovoT am kompleqsuri ricxvis 

moduli da erT-erTi argumenti. 

           kompleqsuri ricxvis Caweris trigonometriuli forma Zalian 

mosaxerxebelia gamravlebisa da gayofis dros. 

           SevniSnoT, rom ori kompleqsuri ricxvi  )sin(cos 1111  irz   da 

)sin(cos 2222  irz   tolia maSin da mxolod maSin, roca 

Zkkrr  ,2, 2121  , e. i. roca am ricxvebis modulebi tolia, xolo 

argumentebi gansxvavebulia k2 -Ti. 

           CavweroT exla trigonometriuli formiT namravli: 

             )sincoscossinsinsincos(cos 212121212121  iirrzz        an 

 

                   ))sin()(cos( 21212121   irrzz  

 

           Aamrigad, 2121 rrzz  ,  
2121 )arg(  zz +2 k ,  .Zk   

            e. i. samarTliania Semdegi winadadeba:  

            ori kompleqsuri ricxvis namravlis moduli tolia am ricxvebis 

modulebis namravlis, xolo argumenti _ SesakrebTa argumentebis jamis.    

            ganvixiloT ricxvebis gayofa. 

            CavweroT )sin(cos 1111  irz   da )sin(cos 2222  irz   ricxvebis 

ganayofi trigonometriuli formiT. 

 

             ))sin()(cos(
)sin)(cossin(cos

)sin)(cossin(cos
2121

2

1

22222

22111

2

1 








 i

r

r

iir

iir

z

z
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            Aamrigad, ori kompleqsuri ricxvis Sefardebis moduli  am 

ricxvebis modulebis ganayofis tolia, xolo argumenti _ gasayofisa da 

gamyofis argumentTa sxvaobis.   

 

 
 
 
 

$ 6. xarisxSi ayvana da fesvis amoReba 
 
 
 
            ori kompleqsuri ricxvis namravlis formula SeiZleba 

ganvazogadoT  n  Tanamamravlis SemTxvevaSic. maTematikuri induqciis 

meTodiT, advilad miiReba Semdegi Sedegi:  

           n  kompleqsuri ricxvis namravlis moduli tolia TanamamravlTa 

modulebis namravlis, xolo TanamamravlTa argumentTa jami warmoadgens 

namravlis arguments. 

            Aaqedan, rogorc kerZo SemTxveva miiReba formula: 

                 )sin(cos))sin(cos(  ninrir nn    

E       es formula gvaZlevs kompleqsuri ricxvis mTel xarisxSi ayvanis wess: 

 KKK        kompleqsuri ricxvis naturalurmaCveneblian xarisxSi  ayvanisas 

misi moduli adis imave maCveneblian xarisxSi, xolo argumenti 

mravldeba xarisxis maCvenebelze. 

            gadavideT kompleqsuri ricxvidan mocemuli xarisxis fesvis 

amoRebaze.  

             n -uri xarisxis fesvi   ricxvidan ewodeba iseT z  ricxvs, romlis   

n -uri xarisxi  -s tolia.    nn zz ,  . 

             magaliTad, kvadratuli fesvi  -1-dan aris ricxvebi i  da i , radgan 

maTi kvadratebi -1-is tolia.   

    G     ganmartebidan gamomdinareobs, rom nz  gantolebis yoveli 

amonaxsni warmoadgens n -uri xarisxis fesvs   ricxvidan. sxva sityvebiT 

rom vTqvaT, imisaTvis, rom amoviRoT  n -uri xarisxis fesvi   ricxvidan, 

sakmarisia amovxsnaT  nz  gantoleba.  

            roca  =0, maSin  nz  gantolebas erTaderTi 0z  amonaxseni 

aqvs. roca  ,0  maSin 0z .  

           amrigad, z  da   SeiZleba warmovadginoT trigonometriuli formiT:  

               ),sin(cos  irz      ).sin(cos  i  

               nz  gantoleba miiRebs saxes 

               ).sin(cos)sin(cos  ininrn     
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          ori kompleqsuri ricxvi tolia maSin da mxolod maSin, roca toli 

aqvT modulebi, xolo argumentebi gansxvavdeba k2 Ti, sadac k  

romeliRaca mTeli ricxvia. Sesabamisad,   

              .2, knr n      anu 

              nr       da  .,
2

Zkk
nn




      

            amrigad,  nz  gantolebis yvela amonaxsni SeiZleba Caiweros 

Semdegi saxiT: 

             )),
2

sin()
2

(cos(
nn

ik
nn

z n
k


     .Zk    

            advili saCvenebelia, rom, roca  1,...,2,1,0  nk   yvela  kz  

gansxvavebulia.  Tu aviRebT ,nk   maSin  miviRebT imave n  kompleqsur 

ricxvebs.  

              e.i. 0 -Tvis arsebobs zustad n  raodenobis n uri xarisxis 

fesvi   ricxvidan. yvela es fesvi miiReba Semdegi forulidan   

   

            )),
2

sin()
2

(cos(
nn

ik
nn

z n
k


      .1,...,2,1,0  nk     (1)     

 

A         am formulidan Cans, rom  yvela fesvs aqvs erTnairi modulebi, xolo 

argumentebi gansxvavebuli  k
n

2
-Ti, sadac k  romeliRac mTeli ricxvia.  

          aqedan gamomdinareobs, rom   ricxvidan  n uri xarisxis fesvebis 

Sesabamisi wertilebi sibrtyeze warmoadgenen im wesieri n -kuTxedis 

wveroebs, romelic Caxazulia wrewirSi radiusiT n   da centriT 

sakoordinato sibrtyis saTaveSi. 

           gavakeToT kidev erTi SeniSvna  n   aRniSvnis Sesaxeb. Cveulebriv  

n   simboloSi igulisxmeba yvela n -uri xarisxis fesvi    ricxvidan. 

magaliTad, 1 -is qveS igulisxmeba simravle, romelic Sedgeba ori 

ricxvisagan:  i  da i . xandaxan  n  -s ganixilaven, rogorc erT 

romeliRac fesvs. Aam SemTxvevaSi aucilebelia mivuTiToT romel 

fesvzea saubari.      

$ 7. algebruli gantolebebi 
 
 
         ganvixiloT n -uri xarisxis gantoleba kompleqsuri koeficientebiT: 

           ,0... 01

1

1  

 zzazaza n

n

n

n      .,0 Nnan            (1) 

           0z  ricxvs ewodeba gantolebis amonaxseni anu fesvi, Tu gantolebaSi                  

z -is nacvlad 0z -is CasmiT miiReba swori ricxviTi toloba. 
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            magaliTad, Semdegi gantolebebi: 

              

0)1(32

0

01

01

7

235

2









ziiz

iizzz

z

iz

 

           warmoadgenen Sesabamisad pirveli, meore, mexuTe da meSvide xarisxis 

algebrul gantolebebs.  

         pirveli gantolebis  fesvia ,1 i  meoresi_ 1 da-1, mesamesi_ ,i       

cxadia, rom 0 aris meoTxe gantolebis fesvi, garda 0-sa am gantolebas, 

rogorc SemdegSi vnaxavT, eqneba kidev eqvsi fesvi. 

 

            amovxsnaT gantoleba kompleqsur ricxvTa simravleSi _ niSnavs 

vipovoT am gantolebis yvela fesvi. 

           Ppirveli xarisxis algebruli gantolebis zogadi saxea: 

                   ,001  aza     .01 a  

           aseT gantolebas cxadia aqvs erTi da mxolod erTi amonaxseni             

.
1

0

0
a

a
z   

           meore xarisxis gantolebis zogadi saxea: 

                ,001

2

2  azaza    02 a  

           marcxena mxaris gardaqmniT miiReba: 
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           am formulas iseTive saxe aqvs, rogoric namdvili koeficientebis 

SemTxvevaSi, magram radgan kompleqsur ricxvTa simravleSi kvadratul 

fesvs yovelTvis aqvs azri, 0D  SezRudva Zalas kargavs, ufro metic 

diskriminanti SeiZleba aRmoCndes kompleqsuri ricxvi, xolo am 

ricxvebisTvis metoba-naklebobis cneba saerTod araa gansazRvruli. 

 
 
          gadavideT 3n -is SemTxvevaSi (1) gantolebis amonaxsnTa ganxilvaze. 

          1799 wels udidesi maTematikosis karl gausis mier damtkicebuli iqna 

Semdegi Teorema: 

          Nnebismier algebrul gantolebas kompleqsur ricxvTa simravleSi 

aqvs erTi mainc fesvi.  

          Aam Teoremas uwodeben algebris ZiriTad Teoremas.  

     G      gausis Teoremaze dayrdnobiT advilad mtkicdeba, rom (1) gantoleba 

SeiZleba warmovadginoT Semdegi saxiT: 
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21
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kn zzzzzza


  

            sadac kzzz ,...,, 21 _ romeliRac kompleqsuri ricxvebia, xolo 

k ,...,, 21 _iseTi  naturaluri ricxvebia, romelTa jami n _is tolia.    

aqedan Cans, rom mxolod da mxolod  kzzz ,...,, 21  ricxvebi  iqnebian  (1) 

gantolebis amonaxsnebi. Tu SevTanxmdebiT, rom amonaxsns CavTvliT 

imdenjer, ra jeradobac aqvs, miviRebT gausis Teoremis Semdeg 

formulirebas: 

           yovel n - xarisxis algebrul gantolebas kompleqsur ricxvTa 

simravleSi gaaCnia zustad n  fesvi.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

      Tu pirveli da meore xarisxis gantolebaTa fesvebis  povna sakmaod 

advilia, samagierod mesame da meoTxe xarisxisTvis fesvTa formulebi 

sakmaod rTulia da maTi gamoyeneba mizanSewonili ar aris, xolo meoTxe 

xarisxze zeviT msgavsi formulebi saerTod ar arsebobs. 

           kerZo SemTxvevaSi gantolebis specifikidan gamomdinare SeiZleba 

amoixsnas maRali xarisxis gantolebebic.  

            magaliTad,  (1) formula meeqvse paragrafidan saSualebas gvaZlevs 

amovxsnaT Semdegi gantoleba:   .00  aza n

n  

            mTelkoeficientebiani gantolebis amosaxsnelad xSirad 

sasargebloa Semdegi Teorema: 

            mTelkoeficientebiani algebruli gantolebis amonaxsnebi 

warmoadgens Tavisufali wevris gamyofebs. 

           am Teoremis damtkiceba sakmaod advilia. vTqvaT, kz  -

mTelkoeficientebiani gantolebis mTeli fesvia, maSin  
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1

1  

 akazaka n

n

n

n  

 A     aqedan 1

1

0 ...( akaka n

n   ), rac niSnavs, rom k  ricxvi aris 0a -is gamyofi. 
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