                             Lleqcia # 4
                      kompleqsuri ricxvebi
1. moqmedebebi kompleqsur ricxvebze,
          2.  kompleqsuri ricxvis geometriuli saxe,
     3. kompleqsuri ricxvis trigonometriuli saxe,                   

     4.  kompleqsuri ricxvis axarisxeba, muavris formula,    

     5.  fesvis amoReba kompleqsuri ricxvidan.
kompleqsuri ricxvebis Semotanis aucilebloba nakarnaxevia Semdegi garemoebiT: namdvil ricxvTa si​m​ra​v​le araa sakmarisi nebismieri namdvilkoefi​ci​e​n​te​bi​a​ni kvadratuli gantolebis amosaxsnelad. MmagaliTad, erT-erTi aseTi gantoleba, romelsac ar aqvs namdvili fesvebi aris    x2+1=0.
a+bi saxis ricxvs, sadac  a da  b namdvili ricxvebia, xolo i –s aqvs Tviseba, rom 
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 kompleqsuri ricxvi   ewodeba.  a –s ewodeba namdvili nawili, xolo  bi -s warmosaxviTi nawili. i–s ewodeba warmosaxviTi erTeuli.
Oor kompleqsur ricxvs a+bi  da c+di   toli ewodeba, Tu maTi namdvili nawilebi tolia da  warmosaxviTi nawilebic toli  a= c   da   b=d.
M a+bi  -s ewodeba kompleqsuri ricxvis algebruli saxe.

                  moqmedebebi kompleqsur ricxvebze
  kompleqsur ricxvebze moqmedebebi gansazRvrulia Semdegnairad:
       (a+bi)+(c+di)=(a+c)+(b+d)i ,

(a+bi)-(c+di)=(a-c)+(b-d)i.      
    (a+bi)(c+di)=(ac-bd)+(ad+bc)i                                                                
                           
[image: image3.wmf]2

2

2

2

2

)

(

)

(

)

)(

(

)

)(

(

d

c

i

ad

bc

bd

ac

i

d

c

i

ad

bc

bd

ac

di

c

di

c

di

c

bi

a

di

c

bi

a

+

-

+

+

=

-

-

+

+

=

-

+

-

+

=

+

+


Tu c+di(0. 
vTqvaT, mocemulia (=a+bi kompleqsuri ricxvi.   a-bi   kompleqsur ricxvs, romelic 
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 simboloTi aRiniSneba, ewodeba ( ricxvis SeuRlebuli. cxadia, rom 
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=(a+bi)+(a-bi)=2a=2Re(,

((-
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=(a+bi)-(a-bi)=2bi=2iIm(,

((
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=(a+bi)(a-bi)=a2+b2
  kompleqsuri ricxvis geometriuli saxe
 (=a+bi kompleqsuri ricxvi gamovsaxoT XOY sibrtyeze M(a,b) wertiliT, e.i. wertiliT, romlis koordinatebia a=Re( da b=Im(. cxadia, rom kompleqsur ricxvs Seesabameba garkveuli wertili XOY sibrtyeze da XOY sibrtyis yovel wertils Seesabameba garkveuli kompleqsuri ricxvi. M(a,b) wertils XOY sibrtyeze ewodeba a+bi kompleqsuri ricxvis afiqsi. rogorc viciT namdvili ricxvebi gamoisaxebian XOY sibrtyeze wertilebiT, romlis ordinatebic 0-is tolia. e. i. wertilebiT abscisTa RerZze. ordinatTa RerZze ganlagdebian wminda warmosaxviTi bi ricxvebi.  koordinatTa saTaves Seesabameba ricxvi 0.

XOY sibrtyes, romelzedac gamoisaxebian kompleqsuri ricxvebi, ewodeba kompleqsuri sibrtye. mis abscisTa RerZs ewodeba namdvili RerZi, xolo ordinatTa RerZs _ warmosaxviTi RerZi. 
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     geometriulad kompleqsur ricxvs  Seesabameba veq​tori, romlis saTave koordinatTa saTaveSia, xolo bolo ko​m​pleqsuri ricxvis afiqsSia, e.i. afiqsis radius-veq​tori. maSasada​me, (=a+bi kompleqsu​ri ri​cxvis namd​vili nawili a da war​mosaxviTi nawilis koe​ficienti b warmoad​genen am radius veqtoris gegmi​lebs na​m​dvil da warmo​sa​xviT RerZebze Sesaba​misad (a da b-s ni​S​nebis mxe​dve​lobaSi miRebiT).

r manZils koordinatTa saTavidan ( ricxvis afiqsamde anu rac igivea, ( ricxvis afiqsis radius-veqtoris sigrZes ewodeba ( ricxvis moduli 
gansazRvreba: (=a+bi kompleqsu​ri ri​cxvis moduli ewodeba 
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 ricxvs da  aRiniSneba |(| simboloTi,                            

                           e.i.              |(| =
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 cxadia, rom |(|(0, amasTanave |(|=0 mxolod maSin, roca (=0. 
gansazRvreba:  ( kuTxes namdvili RerZis dadebiT mimarTulebasa da ( ricxvis afiqsis radius-veqtors Soris ewodeba ( ricxvis argumenti da aRiniSneba arg( simboloTi. SevniSnoT, rom arg(-s aqvs azri mxolod maSin, roca ((0. roca (=0, maSin misi argumenti ganusazRvrelia.

rogorc naxazidan Cans,

                                a=rcos(, b=rsin(.
maSasadame,

a+bi=rcos(+irsin(=r(cos(+isin().

                kompleqsuri ricxvis trigonometriuli saxe
Tu kompleqsuri ricxvis algebrul (=a+bi saxeSi SevitanT  a=rcos(,   b=rsin(.  mniSvnelobebs, miviRebT, rom 

a+bi=rcos(+irsin(=r(cos(+isin().

 kompleqsuri  ricxvis aseT saxes r(cos(+isin() ewodeba kompleqsuri ricxvis trigonometriuli saxe,  sadac r =
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vTqvaT  
(=r1(cos(1+isin(1)     da       (=r2(cos(2+isin(2).

    vnaxoT rogoria kompleqsur ricxvTa namravlis  trigomometriuli saxe. 
              ((=r1r2(cos(1cos(2+isin(1cos(2+ icos(1sin(2+i2sin(1sin(2)=

                   =r1r2[cos(1cos(2-sin(1sin(2+ i(sin(1cos(2+cos(1sin(2)]=

                   =r1r2(cos((1+(2)+isin((1+(2)),


            
e. i. |((|=|(||(|       da        arg((()=arg(+arg(.

vipovoT ( kompleqsuri ricxvis SeuRlebulis da Sebrunebulis trigonometriuli saxeebi. 
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e.i.  |
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|=|(|    da     arg
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= _ arg(.

(SevniSnoT, rom r(cos( - isin() aris (-s SeuRlebuli, magram es ar aris misi trigonometriuli saxe, radganac trigonometriul saxeSi namdvil da wminda warmosaxviT nawilebs Soris aucileblad unda iyos niSani `+).

vTqvaT ((0,
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e.i. |(-1|=|(|-1 da arg((-1)= _ arg(.

vnaxoT axla rogoria kompleqsur ricxvTa ganayofis trigonometriuli saxe.    
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maSasadame, 
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                      kompleqsuri ricxvis axarisxeba, muavris formula    
 davamtkicoT e. w. muavris formula
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damtkiceba formula davamtkicoT maTematikuri induqciiT. roca n=2, maSin 
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fesvis amoReba kompleqsuri ricxvidan

vTqvaT n naturaluri ricxvia. n-uri xarisxis fesvi (=r(cos(+isin() kompleqsuri ricxvidan ewodeba (=((cos(+ +isin()  kompleqsur ricxvs (Tu ki aseTi sazogadod arsebobs), romelic 
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 simboloTi aRiniSneba da is Tviseba aqvs, rom βn=(α, e. i. 
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vTqvaT, rom aseTi β ricxvi arsebobs, maSin muavris formulis Tanaxmad gveqneba:
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 aris dadebiTi r ricxvidan fesvis ariTmetikuli mniSvneloba. amgvarad, Tu ki arsebobs (1) Tvisebis mqone β kompleqsuri ricxvi, maSin mas eqneba saxe:

                    β=
[image: image34.wmf]n

r



 EMBED Equation.3  [image: image35.wmf]÷

ø

ö

ç

è

æ

p

+

j

+

p

+

j

n

k

2

sin

i

n

k

2

cos

.                        (2)
e.i.

                                
[image: image36.wmf]÷

ø

ö

ç

è

æ

p

+

j

+

p

+

j

=

j

+

j

n

k

2

sin

i

n

k

2

cos

r

sin

i

(cos

r

n

n

,         

aq k nebismieri mTelia, magram k-s gansxvavebuli mniSvnelobebisaTvis saZiebeli fesvis mniSvnelobebi rodia gansxvavebuli.  SeiZleba  vaCvenoT, rom Tu k-s mivaniWebT mniSvnelobebs: 0, 1, 2, ..., n-1, maSin miviRebT fesvis n gansxvavebul mniSvnelobas. (marTlac, vTqvaT 0(k1<k2(n-1, maSin
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 argumentebi ar gansxvavdebian 2(-s jeradiT; maSasadame, roca k=k1 da k=k2, Sesabamisi fesvebis mniSvnelobebi gansxvavebulia.

vTqvaT, axla k nebismieri mTelia, maSin
k=nq+r, 0(r(n-1 (q da r mTeli ricxvebia) da 
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e. i. k-s da r-is Sesabamisi fesvebis argumentebi gansxvavdebian 2(-s jeradiT; maSasadame, k-s Sesabamisi fesvis mniSvneloba igivea rac r-is Sesabamisi fesvis mniSvneloba).

amgvarad, n-uri xarisxis fesvi kompleqsuri ( ricxvidan yovelTvis arsebobs da mas aqvs n  gansxvavebuli mniSvneloba, romlebic miiReba  (2) formulidan, roca k=0, 1, 2, . . . , n-1 .

gansxvavebuli mniSvneloba aqvs n-uri xarisxis fesvebs ricxvidan 1. (2) formulis Tanaxmad,
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