Jlexis 2

KoMiuiekcHi yucjia

MHoOXHHaA OIMCHUX YUCEI MO3HA4aeThbcsd R, a MHOXHMHA KOMIUIEKCHHX YHCEN
no3Havaethes yepe3 C.

O3HaveHHs1. KomniexkcHe uucio — 1€ BUpa3 BUTISLY:

z=x+1iy (1)
ne x,y - niicHi yucna (x, y € R), a i - CHMBOJI, 1[0 HA3UBAETHCS YSIBHOIO OJUHUIICIO, TII0

BU3HAYAETHCSA YMOBOKO i- = —1.
ITpuknanym KOMIUIEKCHUX YKucen: z, =3+2i, z,=9-5i, z,=10, z,=7i

®opmyna (1) Ha3uBaeThcs ajredpaivHo0 (OpMOI0 3aMUCY KOMILJIEKCHOTO
yucaa. Yucao x - Ha3uBa€eTbCs J1IMCHOIO YaCTHHOIO KOMIUIEKCHOTO YHCTa Z,  YUCIO Y
HA3MBAETHCS YSBHOIO YACTUHOIO KOMIUIEKCHOTO uncia z. CUMBOJIYHO 1X MMO3HAYAIOTh
TakK:

x=Rez, y=Imz.

Mpumirka. Cnijg mam’TaTh, MO ysIBHA YaCTHHA OYAb-SIKOTO KOMIUIEKCHOTO YHCTIa
€ uncno aivicae. Hampukman, Im(4 —7i ) =—7.

Byab-sike aificHe YMCIIO MOXKHA PO3IIISAIaTU SIK KOMIUIEKCHE YHCIIO, B SIKOTO ysIBHA
yactuHa nopiBHioe 0. Crpasal, ipu Imz =0 Maemo z = x.

KommuiekcHe uncio z =iy, B skomy Rez =0, Ha3uBarOTh CyTO ySIBHUM YUCJIOM.

Osnavenns. KommiekcHe uncno z=x+iy =0, Toai i TUIbKU TO1, Ko x =0 1
y=0.

Os3HaveHHs. /[Ba KOMIUIEKCHUX YHCIA z =X +iy U z=x-— iy, AK1 BIIPI3HAIOTHCA

JIMIIC 3HAaKOM YHBHOT YaCTHHHU, HASUBAIOTHECA CHIPAKCHUMMU.

OsHavenns. /[Ba KOMIUIEKCHMX 4uCla z, =X, +iy;, U Z, =X, +I), BBaXaroTb
PIBHUMU 1 3aIIUCYIOTh Z; = Z,, TOA1 1 TUIBKHU TOAL, KO X, =X, 1 }, =), .
Ipumirka. Xo4ya MY BU3HAYWIH, IO 3HAYUTD Z, = Z,, 3AIIUC, HAIPUKIAL, Z, < Z,

HE Ma€ CEHCY, TOMY [0 KOMIUIEKCHI YK CJia HEMOYKHA TIOPiBHIOBATH !



Ipuxaan. Poss’s3aTy kBajgpaTHe piBHAHHA: x° —2x+10=0.

Pos3s’sa30k: Po3B’spkeMo 11€ KBaJipaTHE PiBHSIHHSA Yepe3 TUCKPUMIHAHT:
D=h—dac=(-2)" -4-10=4-40=-36;
. —b+\D _2%-36 _2++36-N-1 _2+6-i _
’ 2a 2 2 2
(Harasmaemo, mo i° =—1. Ili3Hile nokaxemo, 1110 J—-1=1i mae npa 3Hauenus i i (—1)).

1+£3i

Orxe piBHsHHES x° —2x +10=0 Mae na kopens x, ==1+3i u x, =1-3i.

Lle¥i mpukiag UIIOCTPYE TEOPEMY B SIKIM CTBEPIKYETHCSA, IO SIKIIIO MHOTOYJIEH Ma€e
KOMILJIEKCHUM KOPIHb, TO OH M€ 1 KOMIUJIEKCHO CIPSDKEHHUM KOPIHb.

Ipumitka. Yucno KOMIUIEKCHHX KOPHIB MHOTOWIEHa C KOMIUIEKCHUMH
Koe(dilieHTaMu CTEeNeHs 1, BpaXOBYIOUM KpaTHI KOPHI KpaTHY KUIBKICTh pas, JOPIBHIOE
n. IIpu npoMy, yci 4MCTO KOMIUIEKCHI KOPHI (SIKIIIO BOHU €) MHOTOYJICHA C JIHCHUMU
KoeQilieHTaMH MOXHa pO30UTH Ha Mapu CHPSDKEHUX OHAKOBOI KpaTHOCTI. Takum
YUHOM, MHOTOWICH MApHOTO CTEMEHs 3 AIMCHUMHU KOe(IIiEHTAMH MOXE€ MAaTh TUIBKU
napHe YKUCIIO IHCHUX KOPHIB, @ HEMIAPHOTO CTENEHS - TUIbKH HEeMapHe.

['eOMETpUYHO  KOMIUIEKCHE  YHUCIIO Z=X+Iiy
zex by 300paxky€eTbCcsi TOUKOO M (x; y) abo Bexktopom OM .

¢ | [Tnomuua xOy yMOBHO HA3WBAETHCS KOMILJICKCHOIO
| IJIOIIMHOIO 3MIHHOI z, Bich Ox - JIMCHOIO BICCIO, BICh
Oy - ySBHOIO BICCIO.

m

0

ap 2TXW

KomMmmnekcHe yucio, sik aesky Touky M (x;y)Ha KOMIUIEKCHIN TUIOLIMHI, MOKHA
3aJlaTH pajiyCc-BEKTOPOM 7 1 KyTOM IMOBOPOTY (¢ IILOTO BEeKTOpa (TOOTO MOJAPHUMHU
KOOPJAUHATAMH).

A [caytote  ¢Qopmynu, 1o  3B’A3YIOThH
it KOOPJAMHATH TOYKH B JIEKApTOBIH cHUCTEMI
Phommmm g . KOOp/MHAT 3 KOOpAMHATAMM TOUKH B
) | HOJISIPHIN cHCTEeMi KOOpIUHAT:
R X =7rcosQ
o y=rsinQ

[Iepexoassun 10 MONAAPHUX KOOPAMHAT OTPUMAEMO: Z = X + 1) = (rcos (p) +1 (r sin (p)
Takum ynHOM , OyIb-SIKE€ KOMITJIEKCHE YUCIIO MOKe OyTH 3aMMCaHO Y BUTIISII:

z=r(coscp+isin(p), (2)



JIe (0 BUMIPIOETHCS B pajiiaHax 1 1gQ = 2.
X

Bupa3s (2) Ha3uBatOTh TPUTOHOMETPUYHOIO (POPMOIO 3aNIMCY KOMILJIEKCHOTO YUCJIA.

3HaueHHs 7 Ha3MBAalOTh MOAYJEM KOMIUIEKCHOro 4uciaa z. Moaynb

KOMIUIEKCHOTO 4YHCJa II03HA4arTh » abo ‘z‘ 1 00unuciITh 32 (PopMysor

2 2
r:‘z‘:\/x +y°.
KyT ¢, sikuil yTBOpIO€E pajiiyc-BEKTOp 3 JOJAATHUM HampsiMmoM oci Ox, Ha3UBaIOTh
ApryMeHTOM KOMIIJIEKCHOTO YUCIa z 1 O3HA4YaloTh Argz .

MOI[y.TH) KOMIIJICKCHOTI'O Y1 CJIa BU3HAYAETHCA OJHO3HAYHO, 4 ApI'YMCHT C TOYHICTIO

110 IOJTaHKY BUTTISINY 2kTt, ke Z: Argz=o@+ 27wk, k € Z. Cepen HeCKiIHU€HOT MHOYKUHH
3HAYCHb Argz € OJHE 3HAYCHHS, IKE HAJICKUTH B IHTEPBATY (—TE; TC] . Moro HazuBaroTh

I'OJIOBHUM 3HAYCHHAM apryMCHTY 1 MO3HAYAIOTh argz.

Takum unHOM. Argz =argz+2mnk .

: X .
3 ¢popMyn x=rcos@Q, y=rsinQ BUIUIMBAE, IO COSQ=—, SINQ = Y Tobro
r r

apryMeHT ( MO’K€ BH3HAUYATHUCh 13 CIIBBIAHOIICHHS 1g( =-—, 3 ypaXyBaHHSIM TOTO, B

= =<

SIK1M YBEPT1 3HAXOAUTHCSA TOUka M (x; y).
3 OCTaHHBOTO BWILUIMBAE, IO TOJIOBHE 3HAYCHHS APTyMEHTY OOYHCIIOETHCS 3a

dbopmyroro:

arctgl, x>0, (M(x,y)e], IV);
x

n+arctgl, x<0, y>0, (M(x,y)e][)
x

@=argz=1-n+arctg>, x<0, y <0, (M(x,y)e]][)
X




BuxopuctoBytoun dopmyny Eiinepa e’ =cosp+ising i (dopmyry
TPUTOHOMETPHYHOI 3alUCH KOMIUIEKCHOro 4mcia z=r(cos@+ising), orpumaemo

NMOKA3HUKOBY (OpPMY KOMILIEKCHOTO YHCJIA Z !
z=re".

Ipuknaa. /g 3a1aHOr0 KOMIUIEKCHOTO YMCJIa z 3HAWTU: 1) miiicHy 1 ysSBHY
YaCTHUHU; 2) 300pa3uTH YKCJIO HA KOMIUIEKCHOI TUIOIIKHI; 3) 3HAUTH MOJYJIb 1 TOJIOBHE
3HAYCHHS apTryMeHTYy; 4) 3alucaTd 1€ YUCJIO B TPUTOHOMETPUYHIN Ta MOKa3HUKOBIN
dhopmi.

z=-2+23i

1) x=Rez=-2, y=Imz=2/3.

2) |
[T
! r
A ‘RS
2 0 >

3) r:‘z‘quz +° :\/(—2)2 +(2\/§)2 =J16 =4

(p:Tc+arctgl:7t+arctg%:n—arctg\/gzn—g:Z—Tc
x J—

4) TpuroHoMerpuyHa gopma: z = r(cos@ +isinQ);

z= 4(cos2—ﬁ+isin2—7c
3 3

27,
. —1
[Toka3nukoBa opma: z =re”® =4e 3



Jlii HAQ KOMILIEKCHUMH YHCJIaMMH.

J1J1s1 KOMITJIEKCHUX YKCell BU3HAYEH1 Onepallii 1o1aBaHHs, BIIHIMAHHS, MHOKEHHS,
JUNIEHHS, MiJHECEHHS YHCla 10 HATYpPaJbHOTO CTEneHs, JOOyBaHHS KOPEHS 7 -0ro
crenens, e n € N. Pe3ynbpratom 1mux onepariii € KOMIJIEKCHI YnCa.

Jii HaJ KOMIUIEKCHUMU YHCIIaMM,3aJJaHUMH B aireopaiuniii GopMi BUKOHYHOTHCS
3a popmynamu:

Dz 4z, =(x +iy,)+(x, +iv,) =(x, +x,) +i (3, + 3, ).

2)z, -z, :(xl +lyl) —(x2 +iy2) =(x1 —)c2)+i(yl —yz).

3)z-z,= ('xl + ly1) (xz +iy2) = (x1x2 _y1y2)+i(x1y2 +x2y1).

4)ﬁ X+ (xl +iy1)-(x2 _iyZ) _NN TV, BT,

+1 —, 2,70

z, X+, (xz"'iyz)(xz_iyz) - x§+y§ x§+y2

Ane MokHa BHKOHYBATH ,IIll HaJa KOMINICKCHUMHA 4HCJIaMH, KOPUCTYHOUHUCH 3BUYATHUMHU

anreOpaiyHUMHU MPaABUIIAMHU.

Mpuan 1. (2+3i)-(4+6i)=8+12i +12i + 18> =8+ 24i —18 = —10+ 24

3+4i_(3+4i)-(2-51) _6-15i+8i-20° _26-7i
2+5i  (2+5i)-(2-5i) 22— (5i)’ 29

[Tpuxnan 2.

Jiil HaA KOMIUIEKCHMMM YHCJAMH, 33JaHMMH B TPHUIOHOMeTpH4YHiil ¢dopmi

BUKOHYIOTHCS 33 TAKUMH ITPABUIAMH:
)z -z, =71 (cos((p1 +@,)+isin(p, +(p2))

2) j—::—‘(cos((p1 —@,)+isin(g,—9,))

3) z" =r"(cosnp +isinng) - popmyaa Myaspa.

4)%-&( PHME  isin ‘P+2“kj, k=0,12,...(n—1).
n n

Busenemo ¢opmyiny Myaspa. [locnizoBHe 3acTocyBaHHS (OPMYJIM MHOXKEHHS B
TPUTOHOMETPHUUHIN (HOPMI JO3BOJISIE€ 3HAXOAUTH CTENEH1 KOMIUIEKCHOTO YHCIa.
z= r(coscp+isin(p)

2

2> =r*(cos2¢ +isin2¢)

3

z> =r*(cos3@+isin3p)



V3aranpHO04YM oTpuMaemo: z" =" (cos ne+isin n(p) - popmyay Myaspa.

[TpaBuiio. [ns migHECEHHS KOMIUIEKCHOTO YHCIIa 10 k-TO cteneHs (n € N ) tpebda

MOAYJIb Hi,Z[HCCTI/I A0 N-TI'o CTCIICHsA, a apTyYMCHT IIOMHOXXKHWTH HaA M.

Osnauenns. Kopiub 7-ro cremenst (n € N) 064nCIIOETHCS 38 HOPMYIIOLO:

%z%(coswmmwj, k=012,...(n-1).

n n

3ayBaxkeHHs. KopiHb 7-ro cTeneHsi 3 KOMIUIEKCHOTO YHCJIa z Ma€ 1 PI3HUX 3HAYEHb.
Touku, SKUM BIAMOBITAIOTH 3HAYCHHS 2z, e BEPIIMHAMH MPABWIBHOTO 7 - KYTHHKA,
KUY BIIMCAHUN B KOJIO pajiiyca R = 2y 3 LIEHTPOM B [IOYATKY KOOPJAMHAT.

YA

[Ipuknan. 3HaliTH yci 3Ha4eHHS KopeHs 3/ —1 .
PimeHns.
3BOJIMMO KOMITJIEKCHE YUCJIO z 0 TPUTOHOMETPUYHOI (hopMuU

z= r(COS(p +isin go)

Tyt z=-1.Tonui r:‘z‘:\/x2+y2 =\/(—1)2+(O)2 =1. p=1.

Tpuronomerpuuna popma: z =cosz +isinz.



3acTocoByemMO (popMyITy T BU3HAYEHHS 3HAYCHb KOPEHS:

%:%(cosq”z“kﬂsmq”z“k} k=0,12,...(n—1)
n n

3HaueHHs 33JaHOT0 KOPEHS OTPUMY€EMO 3a (hOPMYJIOHO:

4 T+2xk .. nm+2xk T+2xk .. w+2rk
zk:\ﬁ coOS—— +isin———— |=cos——— +isin———,

ne k=0,1,2,3
T .. T 2 \/5
k=0: z,=cos—+isin—=——+—i,
4 4 2 2
T+2r .. w+2w 3z .. 37 JE ﬁ
k=1: z =cos———+isin——=cos—+isin—=——+—1,
4 4 4 4 2 2
T+4r .. w+4rn S .. S« JE JE
k=2: z,=cos————+isin———=cos—+isin—=—————1i,
4 4 4 2 2
T+6r .. m+6rx Tz .. Ix \/5 \/E
k=3: z,=cos +isin 2 :cosT+zsm = 5 — 5 i.

Bci kopeHi 3HaX0AsAThCs Ha KOJI 3 HEHTpoM y Toulll z =0 1 pafiyc sIKOro JOPIBHIOE
OJMHUIIL, 1 Ha OJHAKOBIN BIACTaHI OAUH B1J OJHOTLO.

JIi1 MHOKEHHSI, AUICHHS, MMIHECEHHS 10 CTeNeHs HaJ KOMIUIEKCHUMH YHCIIaMU MOYKHA
3IACHIOBATH 1 TOJI1, KOJIM BOHM 3a/1aH1 B TOKA3HUKOBIH popmi.
1) Zl -Z2 = ]/‘1 }/‘2 .el((p1+('p2).

zZ n ; _
2) A1 ilomen) o4,
o N
3) 2" ="M,
.o+21k

HUz=r-e " k=012, (n-1).



3acrocyBaHHs.
3a IOMOMOTro KOMIUIEKCHHX 4YMCEI MOKHAa BUBOAMTU (OPMYINH AJIS AIMCHUX

quces.
.. 2 _ 2 . . = 2
(cosq) +zsm(p) =cos” @+ 2isinpcos@—sin” @
3 iHMI0i cTOpOoHU 32 (hopmynoro Myaspa (coscp +isin (p) =C0s2(p+isin2¢.
Tomi cos’ @+ 2isin@cos®—sin® @ =cos2¢ +isin2q.
[TpupiBHSIEMO AI¥CHI 1 YSIBHI YaCTUHU:
cos’@—sin’@=cos2¢p  2sin@cos®=sin2¢.
AHaJIOTIYHO MOKHA OTPUMATH:
( s 3 _ 3 2 . 2 2 33 .
Cos +zs1n(p) =cos” @+3cos” gisin@+3cos@i”sin” @+i”sin” @ =cos3¢Q+isin3@
cos3p =cos’ ¢ —3cos@sin’ @

sin3¢ =3cos” @sin@ —sin’ @



