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Beryn

PoGouwnii 30mUT MICTUTh TEOPETUYHI MUTAHHS 1 MPAKTUYHI 3aBJIaHHS 3
temu: «KomriekcHi uncia». PoOo4uii 301MT T0MOMOKE BHKJIa/adyaM OpraHi3yBaTH
CaMOCTIfHE 3aCBO€HHSI MaTepiayly 1 MOTOYHHUIA KOHTPOJIb 3HAaHb CTYJEHTIB. JlaHuii
30MIMT OKaX€ CYTTEBY JOMOMOTY CTYJIEHTaM IPH BUKOHAHHI JOMAIIHIX 1 TUIOBHUX
PO3paxyHKOBHUX 3aBJlaHb, a TaKOX JOMOMOKE IMIArOTYBAaTUCA 1O KOHTPOJBHOT
pobdotu,  Tecty, 3amiky abo icmury.  [lpusHaueHuid Ans  CTYIAEHTIB BCIX
CHeIIaIbHOCTEH JEHHOI 1 3a049HOi (hopM HaBuaHHS. Takox Oyae KOPUCHHUM ISl YUHIB
CTapIlIMX KJaciB CepeHbOI IIKOJHU, Ta CIyXauiB JIOBY3IBChKOI MiAroToBku y BH3,
AK1 0a)KaloTh PO3IIMPUTH Ta MOTJIMOUTH CBOI 3HAHHS 3 MATEMATHKH, Ta MAalOTh 3a
METy MIJBUIIUTH MaTEMaTUYHY KYyJbTYPy 1 HABUUTHUCS JIOTIYHO 1 IOCIHIJOBHO
3aCTOCOBYBaTH HaOyT1 3HAHHS.

Po6ounii 301MT CcKIaaeThes 13 TEOPETUUHUX MUTAaHb, MPAKTUYHOI YACTUHH,
CaMOCTIfHOI poOOTHM 1 TECTOBHX 3aBJaHb. [EOPETHYHI MHUTAaHHA MO  TEMi
«KoMIutekcH1 4yucna» NpU3HAYCHI JJIS CaMOMEPEBIPKU 3aCBOEHHS TECOPETHUYHOIO
Marepiany. [IpakTuyHa 4acTMHU MICTUTh MNPUKIAAU 3 po3B’s3kamu. CamocTiiiHa
poOoTa Mae LIIb 3aKPINUTH MPAKTUYHI HABUYKH PO3B’SA3yBaHHS 3ajad. TecToBi
3aBJaHHS JJO3BOJISIOTH NMEPEBIPUTH 3aCBOEHHS MTPAKTUYHUX HABUYOK B PO3B’SI3yBaHHI
3amady no Temi «KomiurexkcHi umcia». TecTu ckiaameHl Tak, IO BIAMNOBIAI HA HUX
MOKHa OTpUMAaTH 0e3 0COONMMBUX OOYMCIEHBb, OJJHAK , € 1 TAKU TECTH, B SKUX IS
OTPUMAaHHS BIAMOBII TpebOa BUKOHATH JCsKI OOUMCIICHHS Ha mamnepi.

Teopiss KOMIUIEKCHHX YHCENT € CKJIAJOBOI0 YacTHMHOI Kypcy  « DBwuma
MaTeMaThKay B TEXHIYHUX By3ax 1 MPUITyCKa€e TIMOOKE 3HAHHS 1 OCHOB, a TaKOX
METO/IB 1 MPUHOMIB, SIKI 3aCTOCOBYIOTh IIPH PO3B’SI3yBaHH1 LIMPOKOrO Kjacy 3ajad
AK aNreOpaidHoro Tak 1 FeOMETPUYHOTO 3MICTY.

KomriekcHi uncna y3arajibHIOIOTh TOHSTTS JAIMCHOTO YKcia 1 € 3aBepIIaIbHUM
€JIEMEHTOM Y IUTICHIH 1 CTPOTiil JIOT14HIM KOHCTPYKIIIi MOHATTS YUCIa.

CTyaeHT NOBMHEH 3HAaTH: O3HAYEHHS KOMIUIEKCHOIO YHCIIA; TIE€OMETPUUYHY
IHTEpHpeTaLiio KOMIJIEKCHOTO YMCia; OCHOBHI onepalii 3 KOMIJIEKCHUMH YHUCIIaMU B
pizaux ¢dopmax; Gopmyny Myaspa, Eiinepa 1 popmyny kopeHsn -ro cremneHs 3
KOMIUIEKCHOI'O YHCIIA.

CTyAeHT NOBUHEH BMITH: MPEACTABISTH KOMIUIEKCHI YHMCJIa HAa T€OMETPUYHIM
IUIOLIMHI; 3HAXOJUTH MOIYJb 1 apryMEHT KOMIUIEKCHOTO YHWCJa; BHKOHYBATH
omepauii HaJ KOMIUIEKCHUMHU YHCIaMH B aireOpaiyHidi, TPUTOHOMETPUYHIA 1
MOKa3HUKOBUX (popmax; 3actocoByBaTu popmyny Myaspa i ¢hopmyiny KOpeHs N -To
CTENEHS 3 KOMIUIEKCHOTO YHCJIA.



1 TEOPETUYHA YACTHUHA

1.1 Ilepumnii piBeHb

1.1. IITo Ha3uBaETHCS YSIBHOKO OJUHHUIICIO?

1.2. 1o Ha3UBA€THCS YUCTO YSIBHUM YHUCIOM?

1.3. Sk Burnsgae anredpaiuna ¢opma KOMIUIEKCHOTO Yncia?

1.4. Sk BurnAgae TpPUroHOMETpHYHA (hOpMa KOMIUIEKCHOTO yuciia’?

1.5. Sk Burnsgae nokazHukoBa ¢popMa KOMIUIEKCHOTO Yncia?

1.6. Slke KOMIUIEKCHE YMCIIO HA3WBAETHCS CIPSHKEHUM JO JAHOTO KOMILIEKCHOIO
gucna?

1.7. SIxe KOMIUIEKCHE YMCJIO HA3WBAETHCS NPOTUIIEKHUM JO JAHOIO KOMIUIEKCHOIO
yucua?

1.8. B sskoMy pa3i IBa KOMILJIEKCHUX YKCJIa HA3UBAIOTHCS PIBHUMU?

1.9. Illo Ha3uBaeTHCS AIMCHOIO YACTUHOIO KOMIUIEKCHOTO YKciia?

1.10. IIlo Ha3uBa€eTHCS YABHOK YaCTHHOK KOMIUIEKCHOTO yucia’?

1.11. Hammumite popmyny Eitnepa.

1.12. Hamumite popmyny Myaspa.

1.13. Hanuiite popMyay KOPEHS N-TO CTENEHS 3 KOMIUIEKCHOTO YHCIIA .

1.14. SIxa reomeTpruyHa iHTEpHIPETAIlis KOMIUIEKCHOTO YKclia?
1.15. SIx reoMeTpUYHO IHTEPIPETYETHCA KOMIUIEKCHE YHUCIIO, CTIPSKEHE 10 TaHOTO?

1.16. Sk TEOMETPUYHO IHTEPIPETYETHCS KOMILIEKCHE YMCIO0, MPOTUIEKHE 0
JIaHoro?
1.17. CdopmymroiiTe mpaBUiiO JOAaBaHHS KOMIUICKCHHUX 4YHCEI B alreOpaiuHiit
bopmi.
1.18. CdopmymroiiTe mpaBUiIO BiJHIMAHHS KOMIUIEKCHHUX YHCEI B ajreOpaiuHiit
dbopmi.
1.19. ChopmymnroiiTe MpaBUJI0 MHOKEHHSI KOMIUIEKCHUX YHUCEJI B TPUTOHOMETPUYHIN
dbopmi.

1.20. CopmyroiiTe mpaBUiIo 1JICHHS KOMIUIEKCHUX YKces B anreOpaiuHiil ¢gopmi.



1.21. Ilo Ha3uBaeTHCA MOAYJIEM KOMIUIEKCHOIO YUCIa?

1.22. B saxuii cnoci®6 omHEe KOMIUIEKCHE YMCIIO B anreOpaidydiil ¢popMi TIIUTHCS Ha
1H111E?

1.23. B sskoMy pa3i KOMILJIEKCHE CIPSHKEHHS Yrcia JOPIBHIOE JaHOMY YHUCTy?

1.24. Yomy nopiBHIOE 70OYTOK KOMIIJIEKCHOTO YKCIIa 1 HOTO CIIpsKEHOT0?

1.2 Jipyruii piBeHb

2.1. Skoro € niiicHa YacTMHA KOMIUIEKCHOTO YHCiia y TPUTOHOMETPUYHIN popmi?

2.2. SIxoro € ysiBHA YaCTHHA KOMILIEKCHOTO YHCJIa Y TPUTOHOMETpUUHIN hopmi?

2.3. Bupenits nepury popmyiy Myaspa.

2.4. BuBenith GopMyily KOPEHS N-rO CTENEHs 3 KOMIUJIEKCHOTO YHCIIA.

2.5. JloBeniTh, 110 ONepallisi MHOKEHHSI KOMIUIEKCHUX YUCEN B ainreOpaiuHiil popmi €
KOMYTaTHUBHOIO.

2.6. JloBeniTh, 110 omepanis MHOXEHHS KOMIUIEKCHUX YUCEN B TPUTOHOMETPHUYHIM
(bopMi € KOMYTaTUBHOIO.

2.7. JloBeniTh, 110 omnepallis MHOKEHHsI KOMIUIEKCHUX YHCeN B anreOpaiudiil dopmi
€ ACOLIATUBHOIO.

2.8. JloBeniTh, 110 orepallis MHOKCHHSI KOMIUIEKCHUX YHCET B TPUTOHOMETPHUYHIN
(hopMi € acoIiaTUBHOIO.

2.9. JloBeniTh, 110 omnepalliss MHOXXEHHSI KOMIUJIEKCHUX YUCeNl B TTOKa3HUKOBINA (hopMi
€ KOMYTaTUBHOIO.

2.10. loBeniTh, 1m0 omepallisi MHOYKEHHS KOMIUIEKCHUX YHCeN B TIOKa3HUKOBIHM opMi
€ aCOILIIaTUBHOIO.

2.11. Busenits Gpopmyny 100yTKy ABOX KOMIUIEKCHUX YHUCEI y TPUTOHOMETPUUHIN
dbopmi.

2.12. Busenith popMyity 100YyTKY ABOX KOMIUIEKCHUX YUCEN y ajredpaiuniil popmi.
2.13. BuBenite popmyiy 100yTKY ABOX KOMILJIEKCHUX YHUCEJ Y TIOKA3HUKOBINA opmi.

2.14. Busenith ¢GopMyiny 4YacTKH JBOX KOMIUIEKCHUX YHCENl Y TPUTOHOMETPUYHIN

dbopmi.



2.15. Busenits (popMyIly 4aCTKU JBOX KOMIUIEKCHHUX YHCEN y anredpaiuHiit popmi.
2.16. Buenith (hopmyiTy 4aCTKH TBOX KOMITJIEKCHUX YHCEJ y MTOKa3HUKOBIHM opmi.
2.17. TlokaxiTh, IO omepalii JoAaBaHHSI 1 MHOXCHHS KOMILICKCHUX YHCEI

M1IKOPAIOTHCS 3aKOHY AUCTPUOYTHUBHOCTI.

2 IPAKTUYHA YACTUHA

2.1 AanreopaiuHa popMa KOMIJIEKCHOTO YK CJIA

Mpuxaagl. 3HalWTH CyMy KOMIUIEKCHUX gucen Z;= 2 + 31 1 2= -3 —1.
Poszé’sizox. 2;+2;=(2+3i1)+(-3—-1)=-1+2i.

Bignosigs: -1+ 2i.

Mpuxnan 2. 3uaiTi 100YTOK KOMIUIEKCHHX uyncen Z;=2 + 31 i z,=-1—1.
Posze’sizox. 21-2,=2+31)+(-1-1)=(-2+3)+(-3-2)i=1-5I.
Bignosigs: 1 — 5i.
Mpuxnan 3. O0uucnuth Z; — 2 , AKmoO 23 =5-2i, 2, =-3 +1.
Posé’sizox. 21-2, = 5-(3)+(-2-1)i=8-3i.
Bignosins: 8 —3i .

5-2i
—3+i

Hpuxnax 4. O6uucIuTH

Pose s, =2 _=6=2)@+) 17 1,

- =-17+01i.
-3+ 10 10 10

Bignosigs: —1,7 + 0,11 .

IMpukaag 5. O6uncoutu a) i2%; 6) il%; )i ; 1) i,
Po36’s30k . a)iB =iz,

6) {02 = j100+2 = j2= 1 -
B)i® =i *3=i3=;
DiEe=io=1.

Bigmosiges: a)i; 6)-1;B)—i; r) 1.



Ipuxnag 6. Po3s’s13aTu piBHSIHHA
2+i)?*-(G-i)x+(2-2i)=0.

Po3zé’azox . 3a hopmynoro KOpeHiB KBaJPATHOTO PIBHSIHHS MAEMO!

50+ \J(5-0)2 —4(2+i)(2-2i) _5-ix4-2i

X =

L2 2(2+i) 4+ 2i
OO0YHCITI0EMO KOPiHb KBaJpaTHHH 13 yucia — 21 , OTpUMAEMO
J22i =+ (1-i).
OTtxe,
_5-i+l-i_6-2i _3-i _5-5i _, ..
Y442 4420 2+ 5 ’
- 5—|—1_+| _ 4 _ 2_ _ 4-2i —08-0.4i.
4+2i 4421 2+i 5

Bignosins: 1—-1; 0,8-041.

Mpuxnaan 7. Po3p’s3atu piBasaass (2 —1) X+ (5+61) y=1—3i
BignocHo niicHUX 3MIHHUX X 1 Y.

Po3zs’s30k . JIiBy yacTUHY pIBHSHHSI MOXHA PO3IJISIAATH, SIK JIESIKE HEBIOME
KOMIUIEKCHE YUCIIO. 3BOJMMO Horo Jo BUTIsAy a + bi 1 oTpuMaemo piBHSHHS, sKe
piBHOCWIBHE naHOMy: (2x+5y )+ (—x+6y)i=1—3i.

Tak ik 1Ba KOMIUIEKCHUX YMCIIa PiBHI TOJI 1 TIIBKH TOA1, KOJIM PIiBHI iX A1MCHI 1 ySIBHI
YaCTUHH, PUXOJIUMO 10 CUCTEMHU:

in + 5y =1,
X + 6y = —3.
s ) _ 21 _ 5
Po3B’ga3y€eMo 110 CUCTEMY, OTPUMAEMO: X = 7 y =57
. . 21 5
BignoBigp: —; - —.
A A 17 17

Ipuxian 8. 3uaiith 3HaueHHs QyHKIii f(x) = x* + 240 (=3+2i)
X

npu X=1-2I.



P036 130K . f-2i) = 1-2i)" + % ~(=3+2i).

O64ucIUMO APYruit 10IaHOK:

2+i  (2+i)@+2i) 5

1-2i  (1-2i)1+2i) 5

O6uncanMo nepuIuii 10AaHOK:
(1-2i)2)?=1-8i—24+32i+16 = —7 + 24i .

TakuM 4uMHOM,
f(l-2i))=(-7+24i))+i—(-3+2i))=—-4+23i.

Bignosiae: —4 + 23i .

Ipuxknax 9. Bukonaiite BKa3aHi Jii.

Po3zs’s30k . O0umMcIMMO 3HaYCHHS IPOOY ? .

1+ @+ 2

1-i (@+i)@-i) 2

OTtxe,

Binnosiab:— 2i .
HNpuxaax 10.  Bigomo, mo z3 =3 +1,2; = 2i. 3HaigiTh:
8
a) 2z 6) |tz |
Z 3z,

Pozé’saz0ok . a) Z 2'_: 2'_(3+I)_ = —0,2+0,6i .
z, 3—-i (3-1)(3+i)

6) (@T P @) 1

3z,

BignoBigs: a)-0,2+0,6i; 0) %

Mpuxnanll. Bigomo, mo z;=1 + 2i, z, = —3i. 3HalAITh:
9



Z; 2z,

7, 3 3i(E-2i)
z, 1+2i  (1+2i)(1-2i)

6) [ﬂf :(1—2i—3j6 _if s

21, 2(-3i) 3¥ 729

Pozé’sazok . a) = 1,2+0,6i .

. . . 8 .
BignoBinb: a)1,2+0,6i; 0) —i.
JIIOBiNb: &) ) 29
Hpuxnanx 12. Tlpu sxkux AiCHUX 3HAYEHHAX X 1Y KOMIUICKCHI YHclia
Z1=X>+Vyi—5 1§ 2= —y —x? i —4i O6yayTh cpssKeHUMH?
i

Pos36’a30k . KommnekcHi uncna 23 = (62 -5)+ (y+7i) i 2= () — (x + 4)i
OyIyTh KOMIUIEKCHO CIIPSKEHUMH, SKIIO BUKOHYIOTBCS YMOBH:

{xz — 5 =-y,
y+7= X2 +4.
Po3B’s13yeMo OTpuMaHy CHCTEMY, 3HAXOIUMO:
x1=2, =1, x=-2, y=1.
Bignosigs: (2;1); (—2;1).

Hpukaan 13. [lpu skux AIMCHUX 3HAYEHHSX X 1 ) KOMIUICKCHI YHCIIa
2

z1=x—1 —4+5i i 7= 2+ 1 —3Xi OymyTh NPOTHIEKHUMHE?

i
Pose’szox .  Kommmexchi uncna z3 = (x —4) + (0% +5) i 2= (% + 1) — 3xi
OyayTh MPOTUIICKHUMH, SIKIIIO BUKOHYIOTHCSI YMOBH:

y2 + 5 =3x,
x—4=—y2 -1.

Po3B’g13yeMo oTprMaHny cuctemy, 3HaXO0IUMO:
x1=2, yi=—1; xx=2, y,=1.
Bigmosiae: (2;—1); (2;1).
Hpukaan 14. Tlpu skux O1HCHUX 3HAYEHHSAX X 1) KOMIUIEKCHI YKClia

21= 2X2 —yi —1—? i Z2=y-3+x% —2i 6ynyrs piBHEMHE?

Posé’sizox . KommekcHi umcna ;= (2¢2 -1)+ (3 — y)i, 2z = (»-3) + (x*-2)i

2x? —1= y-3,

OyayTh PIBHUMH, SIKIIO BUKOHYIOTHCSI YMOBH: {3 2_,
-y = X" -2.

10



Po3B’s13yeMo0 oTpruMaHy CHCTEMY, 3HAXOAUMO:
x1=—1, y=4; xx=1, y,=4.
Bigmosiae: (-1;4); (1;4).

2.2 T'eomeTpu4Ha iHTepnpeTalisi KOMIJIEKCHOT0 YHCJIa

Hpukaag 1. 3o00pa3utu rpadidyHO MHOXKHHY BCIX TOYOK KOMIUIEKCHOI TUIONIMHH,
TUIS SIKMX BUKOHYIOTHCSI J1aHI YMOBH:

1) Imz=2; 2) Rez=-1; 3) Im(z+1)=0;
Imz >3
4) Imz>0 ; 5)Rez<3; 6) ;
Rez<2
7) Re(iz)=1; 8) Imi-1 : 9) |z|=1; 10) z=|7| .
z
Po3ze’a30k .
A
1) I3 piBHOCTI Z=X+Yyi i Imz=Yy y
OTpUMaEeMo. Z =X+ 2i .
MHOXHHA TOYOK — MpsiMa Y = 2 2 y=2
(muBUCH pUCYHOK 1) .
>
0 X
Pucynox 1
\_A
2) MHOX1Ha TOYOK — TipsiMa x = —1 _ )
(mMBHCH PUCYHOK 2) |||
w
-1 0 \'
PucyHnok 2

11



3) z+1=(x+1) +yi, Tomy
O=Im(z+1l)=y.

MHuoxuHa To4oK — npsima y =0

(TMBHCH PHCYHOK 3).

NImz>0,z=x+yi, Imz=y.
Otxe,y>0.

MHOX1Ha TOYOK — BEPXHS BITHOCHO

oci OX miBIUIOUIMHA, BKIIOYAIOUHU MIPSAMY

y =0 (muBHCH pUCYHOK 4).

5)Rez<3,z=x+yi,Rez=x.
Orxe, x<3.

MHOXH1Ha TOYOK — JIiBa BIJIHOCHO
npssMoi x = 3 MiBIUIONIMHA, BKIIOYA0YH
npsiMy x = 3(IUBHCH PUCYHOK 5) .

6) Sxmo z =x + yi, TO yMOBH
Imz>3 1 Rez<?2

O3Ha4yaroTh, Mo y>3 1 x<2.

MHOXHWHA TOYOK — YaCTHHA MIBIUIOIINHH,

sKa oOOMeKeHa 3HHM3y TpsSMOI0 ) =3,
3 IpaBa MPsIMOI0 X = 2 , BUKJTIOYAI0YH

BKa3aHi npsiMi (IMBUCH PUCYHOK 6).

12

)/
)/r = O
>
0 X
Pucynok 3
>
0 X
Pucynok 4
F 3
v
ag
Il
s
0 X
Pucynoxk 5
v
|
|
|
|
|
3 |
|
—
of 2
PucyHnox 6



7) Slkmo z=x+yi, T0 IZ=-y +xi,

iymoBa Re (iz) =1 o3Hauae, 1o X
—-y=1, 1.6. y=-1. -

MHounHa TOYOK — ipsimMa y = -1 0 y = |

(muBHCH PUCYHOK 7).

Pucynox 7

8) Slkmo z = x + yi, TO 3a YMOBH, 1110

cyma x?+)? BiZIMIHHA Bif HyJIs, MAEMO 0

1 x ¥ I, Tomy *
i X2+y2 x2+y2’

2y 2=|m1=1.
X“+y Z

b | =

Orxe, —y =x?+y, 3BiJIKH OTPUMAEMO
piBHgHHA }? +y +x2 =0,
abo Pucynox 8

2 2
24p. L4l 1 i2-p: 1 2 _[1).
Y Yo T ’ y+2 X 2

. 1 .
TakuM 4YMHOM, MHOKMHA TOYOK — I1€ KOJIO 3 IIEHTPOM B TOYIII 0(0 ;—Ej paniyca % ,

B sikiit "BukojoTta" Touka (0 ; 0) (auBHCH pUCYHOK 8 ) .

9) |z]?=x*+y%; 3aymoBow |zZ|=1,0mke, x*+y?=1. MHOKHMHA TOUOK —KOJIO
3 lIeHTpoM B mouatky koopausat (0;0) paaiyca 1.

10) 3aymoBoro z=|z|, tomy z2=|z[*,1.6. (x +Vi)>=x?+)?;
2oy 2xyi= Y
2)? - 2xyi=0;
2y(y—xi)=0.

13



Ocrtannst ymoBa o3Havae, mo a6o y=0, abo y—xi=0.

VY mepmioMy BHIIAAKy OTpUMAaeMo piBHSAHHS oci Ox, B APYyromMy BUIAAKY
touky (0;0). BpaxoByrouu, mo Z = | z |, T.0. 0 AiiiCHa YaCTHHA KOMILICKCHOTO
qriclia Z HeBiJ €MHA, TIPUXOJUMO JI0 BHCHOBKY: IITyKaHa MHOKMHA TOUYOK — JIO0JlaTHA
miBBick Ox 3 mouatkoM B Touili (0 ; 0).

Ipuxnanx 2. BkaxiTe, e Ha IJIOMIMHI PO3TAIlIOBaHl TOYKH, IO
BIJIMTOBIIAIOTh KOMIUIEKCHUM YHUCIIaM Z , JUIS SKHAX

1<|z+2-3i|<2.
Poss’sazox . TlpeacraBumo Bupas Z + 2 — 31y BHIIAAI PI3HUIN JBOX
KOMIUIEKCHUX YHCEIT:
2+2-31 =2z —(—2+3i).
Toni crae sicHo, mo piBHICTE | Z — (-2 +3i)|=2

€ PIBHSHHSM KoJja 3 HeHTpoM B Toumi (=2 ; 3) 1
paaiycom 2.

HepiBHocTi | z + 2 31 | < 2
3aJIOBOJILHSIOTh BHYTPIIIHI ~ TOYKH BKa3aHOTO
Kpyra pa3oM 3 TOYKaMH, sIKi JIexKaTh Ha KOJi

|z — (=2 +3i) | =2, Toxi K HEPIBHOCTI

1<|z+2-3i| BsBignoBigae 30BHIIIHSI ;
yacTHHA Kpyra pazaiyca 1, ska KOHIICHTPHYHA :
]
[IEPLLIOMY. : >
Hac wikaBiIATh TOYKH, SIKI 3aJ0BOJIBHAIOTH
OJTHOYACHO: TBOM IIHM YMOBAaM:
1<|z+2-3i|<L2, Pucynox 9

TOMY IIIyKaHa 00JIacTh € IEPETUHOM JIBOX 3HANUJEHUX 00JacTel 1 MpeACTaBiIsie COOO0
KUIbIIE, 1110 MICTUTh TOYKH 30BHIIIHBOTO KOJIA. 110 00Mexye. Tak sk J1iBa HEPIBHICTh
€ CTPOrol0, TO TOYKH BHYTPIIIHBOTO KOJia, 10 OOMEXY€e, HE BXOJAATh B OTPUMAaHY
001acTh (TUBUCH PUCYHOK 9).

Ipukaan 3. BkaxiTh, e HA TUIONIUHI PO3TAIIOBAaHl TOYKH, IO
BI/INIOBIIaf0Th KOMIUIEKCHUM YHCJIaM, SKi 3aI0BOJIBHSIOTh YMOBY: |Z| < |z —2i].

Po36 30k . PiBHICTH
|z=2i| =]z]

€ PIBHSHHSIM NIpsiMoi |, sika meprneHauKysIspHa 110 Bipi3ky AB
(A(;0) 1 B(0;2))i npoxoauTh uepe3 Horo cepeauny, T.0. mpsma |
napasnenbHa oci Ox 1 mpoxoauTh 4epe3 Touky (1; 0), Tak sik 13 piIBHOCTI:
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|2-2i° = |x+(b-2)i[* = x* +(b-2)?;

2 .12,
| z[" = |x+yi]";
CHiJTy€ PIBHICTE!
2.2

(y - 2) - y )

a3Hauuth, y=1, T.6. z=x+1i.
Tomy HEPIBHOCTI 3aJ0BOJILHAIOTH TOYKH
MIBIUIOLIMHM, sIKi JiexkaTh Hikde npsamoi | . Touku camoi

npssmoi | He BXOJATh 10 BKa3aHOI 00JIACTi, TaK K JaHa
HEPIBHICTH cTpora (quBuch pucyHok 10).

e
>

Pucynoxk 10

Ipukaan 4. 300pa3uTy Ha TUIONIMHI KOMIUIEKCHI YUCIa Z, K1 33]I0BOJIbHSIOTH

YMOBI: 73 = E : Ya
1+1
. 2 .
_ _ A
Po3e’s30k . L I = Cal) = _a_
1+1 1+1 2
Otmxe, z°=—1i= i®. TakuM uymHOM, 1
22 =-i=1i; 0
(z-i)(Z2+zi+i?) =0; C B
(z—-i)(2+zi—-1) =0;
L —i+V3. -3
=01, = > 1lg = > T.0. Pucynok 11

Ve
2

(\/51

[{um umcnam BignosimawoTe Tpu Touku: A(0;1), B 7;—E

pO3TaIioBadi Ha OJJUHUYHOMY KOJI1 1 IUIATh HOTO HA TPH PIBHI YaCTUHU

(muBHCH pricyHOK 11).

15
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Ipuxnan 5. 3o00pa3zutu Ha IUIOINMHI KOMIUIEKCHI 4YHcia Z, SKI

23—

3aJI0BOJIbHSIOTH YMOBI:  z° = N
3+i

Po3s 5130k . Y A

V3-i _(\/§—i)2 _{Jﬁ—if
B+io 4 |2 )

2 >
X
Z =—3—li, =—£+1|
1 2 2 2- 2 2
Otpumaemo 1Bi TOUKU: B [? : —%j
C(—?;%} (muBHCH prCyHOK 12). Pucynok 12
Ilpuxaan 6. 300pa3uTd MHOXKHUHY TOYOK KOMIIIEKCHOI IUJIOIIMHH, SKi

3a/10BOJIbHSIIOTh YMOBI: “ Z+;“ >0,5.
Z_

Pozé’azox . Jlana HepiBHICTb PIBHOCWJIbHA BHKOHAaHHIO JBOX YMOB!
|z+1| 2 0,5/z-2| i z=2.

SAkmo z=x+yi, ne x 1 y — JIACHI YUCIa, TO OTPUMAEMO HACTYIIHY
HEPIBHICTD:
N2, 2
(x+1)2+y2 > (x=2)" +y ;
4
x2+2x+1+ y2 > lx2—x+1+%y2 ;
%xz +3x+%y2 >0; x% +4x+y2 >0;

(x+2)2 + y2 >4,

16



/

py OM 3 11 pM 11(20) /
p,[[y ) BKJIFOYAa€ MCIKY
y(20)
b PUCYHO 13)

-/

PI/IcyHOK 13
Ipuxaan 7. 300p U MHOXHUHY oM
|2+2i|
3a10BOJILHAIOTH YMOBI: — > 2.
|2-i]
Po3zé’sa30k [laHa He PIBHICTb PIBHOCHJIbHA BUKOHAHHIO JBOX YMOB!
\z+2|\22\z i Z#i
SIKIO TpUITYCTUTH X +yi, TO OTPUMAEMO
HACTYIIHY H piBHi Th:

+(+2)F 2 4P+ (- 1))
A+ A4y +A4>4x2 + 42 -8y + 4

3x2-12y+32 < 0
X*+y?—4y <0; xX*+(@p-2y<4.

Hlykxana 06macTh — KPyT 3 HEHTPOM )1/3 touri (0 ; 2)

paziyca 2, sika BKJIIOYA€ TPAHUIIIO KpyTa 1 BUKIIIOYAE
touky (0,1) (auBHCH prcyHOK 14). 0

N\

Hpuxnax 1. 3naiitu §/—_| .

, . 3 ..
Poze’sazok. —1 = 0057” + |S|n7ﬁ )



OTtxe,
3—” + 27k 3—” + 27k

Uk

-h coszTﬂsinzT , k=0,1,2;

u :cos(£+2—”k)+isin(£+%j, k=0,1, 2.
k 2 3 2 3

Takum 4YuHOM,

T . . T .
U, =COS— +1ISIN— =1,
0 2 2

T 2 .. (7 2z 3
U, = COS| — + — | +isin| =+ — |= ——
1 2 3 2 3 2

(7[ 47[) . (7[ 47[) 3
u~=¢6cosS{ —+—|+1ISIN| —4+ — |= —
2 2 3 2 3 2

Toukn up(0; 1), u [—ﬁ; —1] iu (_ﬁ 1}

2 2 22

BEpIIMHAMH NIPABUJIHHOTO TPUKYTHHKA (UB. puc. 15).

3ayBaxkeHHS: 111 OyJb SIKOTO BIJIMIHHOTO BiJl HYJIA
KOMILJIEKCHOTO Yrcia Z 1 Oylb SIKOTO HaTypaJlbHOTO YHuCia
N>2 KopHI cTemeHs N 13 uWcia Z € BepIIMHAMU

u

- HE
MPaBUJIBHOIO N -KyTHHUKA 3 LEHTPOM B TOYII O(O; O). |
Ile BuniMBae 3 TOro, MO MOAYII BCIX KOpPEHIB N-TO
CTETeHs PIBHI W|Z , @ KYTH MIXK CYCIJTHIMH KOPEHIMU Uy 1
] . o PucyHok 15
BHI — .
kK+1 p n
Mpuxaan 2. BukopucToByro4n TpPUTOHOMETPHUYHY (HOPMY KOMIUIEKCHOTO

Yyucia, BAKOHATH HACTYIIHI J1i:

(BB +1)

a ,
) 1+i

0) (cosz + isinzj-(cosZ — isinzj.
3 3 6 6

18



Po3zeé’azox . a) IlpencrtaBuMO  cHo4aTky — KOXHE

TPUTOHOMETPHUYHIN dopmi:

1-14J3 = 2(0055—+|sm5—”j
3 3
—J§+i = 2(c055—ﬂ+isin5—”j;
6 6
. T . . T
1+1 =4+2|COS—+1SIN— |.
\/_( 4 4)

Toni,
(1—i\/§)(—\/§+i) ) 4(0035;+isin5;j )
L+ . ﬁ(cosjﬂsinj) .
:2\/5(0032 +isin j—Z«/_(\/_ \/_j

= 2(1+1) =2+2i.

13

YuCCJlI B

0) B npomy BUMajaKy Nepiiuii 13 JBOX CIIBMHOXKHHUKIB BXKE MPEJCTABICHO Y
TPUTOHOMETPHUYHIN (opmi. BiTHOCHO Jpyroro CHiBMHOXKHUKA - B JYXKKaX IMepen
CUHYCOM CTOiTh 3HaK MIHYC 3aMICTh MOTPIOHOTO HaM 3HakKa Iuioc. [l mporo mwu
BUKOPUCTAEMO TMAapHICTh 1 HEMapHICTb TPUTOHOMETPUYHMX (YHKIIN KOCHUHYca 1

CUHYCa BIANOBIIHO:

€os (—¢) = C0s (¢) ; sin (—p) = —sin () .
Tom MoxKHa 3ammcari .

T .. T T . T
CoOS— —isin— = cos| —— |+ isin| —— |.
6 6 ( 6) ( 6]

OTtxe,
/A T T
COS—+ISIn COS——isin—
( 3 3)( 6 6}
T .. T T\ .. T
=| COS—+ISIN— || COS| —— |+ISIN| —— | | =
(oo vian oo 5 Jisn( -5 )
—| cosZ +isinZ =£+£i.
6 6 2 2
Bignosings:a) 2+2i ; §+%|

19



(1-iv3) 7 (1+i43)°
(-1+ifs

Po3zs’s30k . Mu 6ynemo BukopuctoByBatu (Gopmyiry Myaspa:

Hpuxknax 3. OGuucauTy:

2N = rn(cos Ng + isin ng).

BianosigHo g0 i€l hopmyinu:
12
12
(1— iﬁ) = ( 2(0055?7[ + isin%D =

_ o2 (COSGOT” + isin GOT”j _ 72 (cos20z +isin20x) = A2

(1+ i\/§)6 = [ Z(COS% + isin%)]6 —

= 26(0056?” + isin%[j =20 (cos2rz +isin2rx) = 26

(-1+ i)12 =[\/§(COS% + isin%jjlz =
- (\/5)12 (COS%TE +1sin %Tﬂj =

— 25 (cosx +isinz)=—25 .

T . . T T . . T
COS= +isin= |- cos= —isin= | =
( 3 3)[ 6 6)

212 4 0f
6

Towmy,

:—(26+1)=—63.

Bigmosigs:— 63 .

Hpukaag 4. 3’scyBaTM TeOMETpUYHE 3HA4YEHHS JOOYTKY ABOX KOMIUIEKCHUX
YHUCEl.

Po3ss’siz0x . Slkmio mpuHalMHI OJTHE 13 JBOX KOMIIIEKCHUX YHCEI JIOPIBHIOE
HYJIIO, TO iX JOOYTOK TakKOX JOPIBHIOE HYIIIO (11e BUIUIMBA€E 3 BIIACTUBOCTCH
KOMIIJIEKCHUX YHCEN).

20



Hexait Temep z3 1 Z» — MOBUIBHI BIAMIHHI BiJl HYJII KOMIUIEKCHI YHUCIA.
3anuieMo iX B TPUTOHOMETPUYHIN (hopmi:

Z; = rp(Cos pp +isSingi), Z, = ry(COS @, +1Sin @y).

[Ipy MHOXEHH1 KOMIUIEKCHHUX YHCEJI B TPUTOHOMETPUUHIN dopmi iX MOmyIi
MEPEMHOXKYIOTBCS, @ apTYMEHTH JIOJal0ThCsl. ToMy, 100 MEepEeMHOXHUTH BiJIMiHHE
BiJl HYJII KOMILJIEKCHE YMCIIO Z; Ha BIAMIHHE BiJ HYJIS KOMIUIEKCHE YHUCIO Z7 ,
HOTPIOHO BEKTOP Z1 PO3TArHYTH (a00 CTUCHYTH) B I'; pa3, a MOTIM OTPUMAHHUI BEKTOP
MOBEPHYTU HABKOJIO TIOYATKY KOOPJIWHAT HA KyT arg Z .

Hpuxaag 5. OOuucauTH BCl 3HAYEHHS 4\/—4 1 300pa3uTu iX Ha KOMIUIEKCHIN
[UIOIIIMHI.

Pozg’azox . Sk BU 3HaeTe, KOPIHb N-TO CTENEHA 13 KOMIUIEKCHOTO Yucia  Z
= I (cos ¢ +1isinp) Mae N pi3HHUX 3HAYECHB, IKI 3HAXOATHCS 32 (HOPMYJIIOFO:

Yz = Q/F(cos¢+—2ﬂk+isin¢+—2”kj ,
n n
ne keZ, k=10,1,2,3,..., n—1.
[IpenacraBumo uucio (—4) B TPUTOHOMETPUUHIN PopMmi:
—4 =4 (cos+isinm).

Tom,

i‘/zzﬂ/ﬂf(cos;zﬂsinn) - %(cos%znkﬂsin%z”kj,ﬂe k=0,1,2 3,4

OTpumaeMoO HACTYIHI YOTUPHU 3HAYEHHS KOPHS YETBEPTOTO CTETICHS 13

yucna (—4):

T . .7 2 2 .
Z.=+2|cos—=+isin— |[=+2| — +i— |= 1+1;
0 \/_( 4 4] V2 2 2)

/4 :ﬁ(cos%rﬂsin%[j:ﬁ —Q +ig = —1+i;

2
2 :\/E(cos%ﬂsin%j:ﬁ(g—igj: 1-1;

(muBHCH prCYHOK 16).
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>
PucyHok 16
Bimnosime: 1+i; —1+i; -1—i;1-1i.
1—-i
Hpukaaxg 6. OOuucauTH: 6 -
J3+i
Po3zé’a30k . [MpencraBumo uucia 1 —1 1 +/3 + 1 B TPUTOHOMETPHYHIH
bopmi:
1-i1= \/E(cos7—” + isin7—ﬂj :
4 4
JB+i=2 (cosz + isinzj :
6 6
Tomy,

- \/2(cos7ﬂ+sin 7”}
6/ 1-1 . 4 4 ) _
N3 +1 2(cos”+sin”j
6 6

22



19—7[+27z'k 19—7Z+27zk

coS 12 +1sin

1
_12/5

Haroun K 3mavenns 0, 1,2,3,4,5, oTpumMaeMo OIiCTh 3HAYECHb INIYKAHOTO KOPEHS:

Z,= ! (coslgﬂ +isin£
0 125 72 72 )
z, = : (cos42” +isin =2
1125 72 ’
Z,= L (00367” +isin—-
2 12 72 ’
1 ( Olr . . 9lr) .
Z,= cos +isin— | ;
3 125 72 72

1 1152 . . 115«
Z, = CcOoS +I1SiIn—— | ;
( 72 72 J

1 ( 1392 . . 13971)
Z. = (WolS +isin——| .
S 125 72 72

Ile 1 € BIAIOBIIb.

Ipukaan 7. 3a 101MOMOror0 KOPEHiB TPETHOro cTeneHs i3 1 , oouncnutu 3«/—8i .

Po3zé’s30Kk . Bigomo, 1m0 Bci 3HaueHHsS KOpeHs N-TO CTEmeHs 13
KOMIJIEKCHOTO YHCJIa Z MOXXHa OTPUMATH MHOXKCHHSM OJHOTO 3 HHMX Ha BCi
3HAYEHHs KOPEeHs N-ro cTerneHs 13 yucna 1 .

OpHe 13 3HaYEHb 3,\/—8i MOXKHa 3HaWTH 0e3MocepeHbO. BOHO JIOPIBHIOE 2i

TaK K

Qi) = -8i.

Temep My 3HAXOIUMO BC1 3HAUYCHHS g’/i :

31 = Ycos0 +isin0 = cos%+ isin% ,

ne kK mpuiimae 3nauenns 0, 1 1 2.

Tomy,
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1 .3
eg=1; e =—-=+i1i—; e
0 1 2 2 2

BEA LS
5 .

2

TakuM YUHOM, OTPUMAITHA TPH 3HAYCHHS JUIS g’/—_8| ;
Zo = 2i-e = 2i; 73 = 2i-er=—3-i ;
2, = 2i-e;= /3 —i
Bignosigs: 2i; —\/§—i : \/§—i .

2.4 Tloka3nnkoBa (pOpMa KOMILJIEKCHOT0 YUCJIA

IMpuxnax 1. 3anucatv KOMITICKCHE YnUCI0 Z=3—41 B MOKa3HUKOBIH (opmi.

Po3zé’azox .  3HaliieMo MOJyJb 1 apTYMEHT KOMILJIEKCHOTO YHUCIIA:

2]=\3"+(~4)" =9 +16 =25 =5 ;

4 4 . i 7iarctgi

go:arctg—g:—arctgg , Toni z=|z|e” =Be 3
. 4
—jarctg —

Bignosigs: zZ =5e 3

Ipukaax 2. 3anucatv KOMILDICKCHE YnCI0 Z =—1+1 B IOKa3HUKOBIiH Hopmi.

Po3zé’azox .  3HalimeMo MOJyIb 1 aprYMEHT KOMIUIEKCHOTO YhCJIa:

r=|z=+2, gp:argz:g%.
3.

OTxe, NOKa3HUKOBI (hOpMa KOMIUIEKCHOTO YUCTA: Z = J2e 4
3.

Bignosigs: zZ = \/Ee 4

ay
Hpuxaan 3. KomiiekcHe 4uciio Zz =20  samucame B moxasmuKoBiit dhopmi.
3HaiiTH iforo anredpaiuny popmy.
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Poszé’azox .  3a dbopmynamu Eitnepa
72=2 cos£+isinz =2 £+1i :\/§+i.
6 6 2 2

Tomy uncino anreépaiunux popmu: Z = \/§ +1 .

BignoBiges: zZ= \/§ +1.
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3 CAMOCTIMHA POBOTA

Ne 1. BukonaiiTe mii 3 KOMIUICKCHUMH YUCIaMH B anreOpaiunii Gpopmi:

1+i3

.5 12,

a) (1+|)(2+I)+E’ 0) 1—i\/§_(1_|) ;
() S () N (%) LN
(3+2i)3 — (2+i)2 1-in—2

Ne 2. Po3p’s3aTu piBHSIHHS BITHOCHO MIACHUX 3MIHHHX X 1)
a) (L+2i)x+(3-5)y=1-3i;
5) 6x—3_/i __ 15 .
S5+21  8x+3yi
B) 2 + 5xi — 3yi = 14i + 3x — 5y.
Ne 3. 3HaiiTh 3HaYCHHS HACTYITHUX MHOTOYJICHIB!
a) x"-5x"+10x"+9x° -4, npux=i;
6) 2x3+3%¥4 x>y +332x2%+)° , mpux=1+i, y=-i’2;
B) 3x3—Ox%y+9x)? -3y, mpux=1+2i,y=2+i.

Ne 4. OOuMcCIUTH HACTYIIHI KBaJpaTHI KOPEHI:

a) +8+6i;6) /3-4i.

Ne 5. Posp’si3ati KBajpaTHi pIBHSIHHS:
a) x>+ (5-2i)x+5(1-i)=0;
6) x*+(1-2i)x—2i=0;
B) 2+H)x*-(5-i)x+2-2i=0.

Ne 6. 3HaifTH BCl KOMIUIEKCHI YHCIIa, KOJKHE 3 IKMX CHPsDKEHE 3 CaMUM CO0O¥0.

Ne 7. Sk 3B’s3aHi MK COOOIO JiBa KOMIUIEKCHUX YHUCIA, cyMa 1 JOOYTOK SIKUX €
MIHACHUMU YuciIaMu?

Ne 8. 3HailTu BCl KOMIUIEKCHI YHCIIA, K1 CIIPSKEHI CBOEMY KYOY.

-2 (1-5i) .

Ne 9. OOumcmur; ——M—— —
@+nH@+3n
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Ne 10. 3HalTH IIACHI 3HAYeHHS 3MIHHUX X 1 Y, SIKi 33/I0BOJIBHSAIOTH PIBHSHHIO
(5x+3yi)+(2y—xi)=3—i .
Ne 11. Posw’szatu pisHsaEs: (4 + 3i)2x+ (4 —3i)y=—-7+ 1201,

e x 1 y MMCHI Yncha.

Ne 12. Po3p’s3aTu KBajpaTHE PIBHSHHS:
72— (2+4i)z—(7—4i)=0.
Ne 13. [ToOynyitTe TOUKH, K1 300paXkaloTh JaH1 KOMILJIEKCHI YuCa:

2;=1+2i; z,=-3; z3=2i. 3HalifiTh pajaiyCH i apryMeHTH KOMILICKCHUX YHUCEIL.

Ne 14. 300pa3uTu Ha KOMIUICKCHIN TUIOIIMHI MHOKHHY TOYOK Z, sIK1 33JI0BOJIBHSIOTh
yMOBaM:

2<|z—i|<4,
a) 0)|z+1-i|=|z-1+1].
0<Rez<?2;

Ne 15. 3HaliTH TPUTOHOMETPUYHY (DOPMY KOMIUIEKCHOTO yucia S — Si.

Ne 16. OGuucmurn = -1.

Ne 17. Hexaii z :1—i\/§, 22 :3«/§+3i. OOuwncauTy:

1
z 30 2,
a) 21-22; 0) Z—; B) (21-22) ; T) 52— .

2 2

[E
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4. TECTOBI 3ABJIAHHA
Nel. Moayib KOMIUIEKCHOTO YHCIa Z TEOMETPUYHO O3HAYAE :

A b B r
. : : . CyMy KBaJIpaTiB
JOBXHUHY BIJICTaHb BI1]{ BIJICTaHb B1]1 "
. IV . IPOEKIIH TOYKH
pazalyca-BeKTopa | JIHMCHOI OCl 10 YSIBHOI OC1 10 . )
Z Ha JIMCHY 1
B TOYKY Z TOYKH Z TOYKH Z

ySIBHY OC1

No2. ApryMeHTOM KOMIUIEKCHOTO YHClia Z T€OMETPUYHO O3HAYa€ KyT MIXK JOJAaTHUM
HAIPSIMKOM TIIBOCI 1 pajilyCOM-BEKTOPOM B TOYKY Z , SIKIIO BBa)XaTHU MOBOPOT Bif
M1BOCI JI0 BEKTOPA :

A b B r
JIHCHOIO, 32 | J1HACHOIO, IPOTH YSIBHOIO, 3a YSIBHOIO, ITPOTH
TOJUHHUKOBOIO | TOJUHHHKOBOI TOJJMHHUKOBOIO TOJTUHHUKOBOT
CTPUIKOIO CTPUIKH CTPUJIKOIO CTPUIKH

Ne3. SIKII0 KOMIUIEKCHE YHCI0 Z = X+ Yi, TO ‘Z‘ = ...

A b B r

JX+Y X+y X2 +y° X+ y?

Ned. TTpy MHOXEHHI KOMIUIEKCHUX YMCEJI B TPUTOHOMETPUYHIM a00 MOKAa3HUKOBIM
(dbopmax ix MOJIyJIl IEPEMHOXKYIOThCS, @ APTYMEHTH. ..

A b B T
MIEPEMHOKYIOThCS JUIIATHCS JIOJTA0THCS BITHIMAIOThCS

Ne5. TIpu nineHH1 KOMIUIEKCHUX YHUCENT B TPUTOHOMETPUYHIN a00 MOKa3HUKOBIH
(dopmax ix MOyl IUISATHCA, & APTYMEHTH. . .

A b B I
MIEPEMHOKYIOThCS JUIIATHCS JIOJAIOTHCS BITHIMAIOThCS
T
—I
2

Ne6. KommiekcHoMy ducity Z=2€ B TIOKAa3HUKOBIA (opMi BIAMOBIAAE

KOMIUIEKCHE YHCIIO B ajreopaiuniit ¢popmi:

A b B I
2i i 2+ % 2+ %
2 2
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Ne7. ®opmynoro Eiinepa HazuBaeTbest popMyiia BUIY:

A

b

B

I

oM _

-1

e '¢:sin¢+i003¢

e P Cos@ +ising

e '"?=sin Ip + cosip

Ne8. BkaxiTh popmyiy, sika € popmyinoro Myaspa.

A b B r
_ i(p—27zk
. n_ N _ign .
. Z =z e, N, — n -
e'?=cosp +ising d */__Wﬂe ’ e 'P=cosp—ising
Vnell
< vn>2,nel k=0,(n-1)
Ne9. ei =...
A b B r
e(cosl+isinl) cosl+isinl 1-(cose+isine) ie
Nel0. [ToctaBuTH y BiiMOBIAHICTS QYHKINT COSZ  QopMyiy.
A b B I
eIZ . e—IZ eZ _ e—Z eZ n e—Z eIZ n e—IZ
2i 2 2 2
Nell. BubGepits BipHy (hopmyiy.
A b B T
i=—1 i2=-1 i=1 iZ=—1

Nel?2. BkaxiTh TPUTOHOMETPUYHY (POPMY 3aMHCy KOMIUIEKCHOTO YKCIA.

A

b

B

I

r(cosg—ising)

r(cosg+ising)

r(sinp—icosg)

r(sing+icosg)
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Nel3. BxaxiTh, CKUIBKM PI3HUX KOMIUIEKCHUX YHCENI OTPUMAEMO B pe3yJbTari

HiI[HGCﬁHHSI qyucna | J0 BCIX MOJKJIMBHX HaTypaJIbHUX CTEIICHIB.

A

b

B

r

OJJHC

ABa

YOTUPH

0e3nig

i
Neld. Brxaxiteh (GopMydy MHOXKEHHS KOMIUIEKCHUX YHCEl z)=ne "1 1
i
— 2
22 = r2e .
A b B r
i(fp + ) i((pco ) i(qo + ) i((p —¢ )
1 72 172 1 72 1 72
(rlrz)e (rlrz)e (r1+ rz)e (rlrz)e
. . o) . i,
Nel5. Bkaxite popMyily AUJIEHHS KOMIUIEKCHUX YMCET 2 =1e "1 z,=re <.
A b B I
r i((p +@ ) r i((p(p ) ( ) r i((p — )
[_1]e 1 72 {_1]e 172 (r_r )el PPy 1\l 72
r r 1" "2 I

2

2

2

Nel6. 3a sxor0 GopMyIIOr0 OOUYHCITIOETHCS N -a CTEMiHb KOMIUIEKCHOTO Yucia Z.

A

b

I

|z[" (singn +icosen)

|z[" (cosgn +isingn) |z

lz[" (cosgn —isingn)

Nel7. CopsbkeHMM KOMIUIEKCHUM YUCIIOM JUTs uncia Z=2—31 €:

A

b

r

2

-3

4-9i

2+3i

Nel8. TpuroHoMeTpU4HO POPMOIO KOMILICKCHOTO ynciaa Z=3+4i € uuco:

A

B

r

o isn{aremg)
S| cos aI’COS§ +1SIn arcosg

w3l

5003(—

ol

30




: . : /s
Nel9. 3anuiiTe KOMIJIEKCHE YUCIIO0, SKIIO HOTr0 MOYJIb TOPIBHIOE 3, apryMEHT 3

A

B

I

3+£i
3

T 4
3| cos— +1sIn—
( 3 3)

%(cos3+isin3)

Ne20. 3amucaTu KOMIUIEKCHE YHUCJIO0, SIKIIO MOro JiicHa YacTHHA JOPIBHIOE \/§ , a

ysIBHA YaCTHHA JOPiBHIOE (-3).

B

A
J3-3i

3
\/§+3i

3—+/3i

r
3+\/§i

Ne21. 3naliT 3HAYCHHS BUPA3y (3—

i)(2+3i).

A b B I
3+4/3i 9+7i 3+7i 5-2i
No22. 3uaiity 3HadeHHs Bupasy (2+4i)—2(i+4) .
A b B r
2(—3+i) 6+ 6i 4 6—2i
Ne23. Ckinbku KopeHiB Mae piBHsHHS 2 —6=07
A b B I
JBa OJIUH YOTUPHU TpH
No24. Buaiitn 27, sxio z=3+2i.
A b B
13(0030 2arctgg+ Isin0, 2arctg gj COS—— +1iSin— 5+12i
2arcigg Hising.zarcla NER T

Ne25. 3agane KOMIUIEKCHE YHUCIIO Z = 5e2I . Moro ysiIBHA 4YaCTUHA JIOPIBHIOE :
A b B T
2 21 5sin2 5co0s?2

31




T .. T . -
Ne26. 3amaHe KOMIUIEKCHE YHCIIO Z:3(COS§+ISIn§j . Moro miticHa 4yactuHa

TOPIBHIOE:

N w (>

33in£
3

N | = |

Ne27. BkaxxiTh KOMITJIEKCHE YHCIIO, SIKE 3aMucane B anredpaiuniii popmi.

A b B r
3. 2i 3 2 3+2i 2
—i—-—= —+ = ——+ =i
2 2 2 2 3

Ne28. 3amane KOMIUIEKCHE YHCIIO

z=—-e+ir. Chopsokene MHomy

JIOPIBHIOBATHU:
A b B T
e+ir —e—Ir e—ir —e+ir
1+3i )
Ne29. VaBrHa yacTiHa 4ncia — OyJie TOpIBHIOBATH:
A b B I
i —i 1 1+i

Ne30. 3amaHe KOMILIEKCHE YHCIIO Z:2i+\/§. ChpspkeHe oMy z oyne

JOPIBHIOBATH

A

b

2i —/3

—2i—+/3

B
2i+\/§

r
—2i++/3

Ne31. VaBHa yacThHa yncia

4—2i

2+i\/§

OyJie TOpiBHIOBATHU:

—i2

B
N




Ne32. 3anane KommekcHe wmcao Z=1+i%3 . CopspkeHe Homy z Oyne
TIOPIBHIOBATH:

A r

b B
1-i¥3 1-i33 1+i%3 _1+i33

Ne33. CkiibkH 3HaYE€Hb Ma€ §/§?

A b B I
0e3mnig OJIHE TpHU 8
Ne34. 3ajaHe KOMIUICKCHE YUCIIo Z =1 — (‘/E . CnpsixeHe oMy z OyJle JOpIBHIOBATH:
A b B I
i+42 -i-42 —i+42 z=i+42

2+i\/§

Ne35. JlificHa yacTHHA YHclia OyJlie JOpIBHIOBATH:

A b

B
2 1 J2 i2

Ne36. 3HaueHHs BUpazy %/ COS% + iSin% OyJie TOpiBHIOBATH:

A b
E+27zk E+27zk z+27rk £+27zk
3| cos2—— +isin-2 , c0s2— _jsin-2 ,
6 6 3 3
k:O,l,Z k:Olllz
B r
—£+27zk —£+27zk z+27zk E+27zk
%/I cosz—+isin2— , cosz—+isin 2 ,
3 3 3 3
k=012 k=012
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Ne37. 3naueHHs BUpa3y (1+ I\/§) OyJie TOpIBHIOBATHU:

A b B T
512 612 -512 -612
Ne38.CripocTuTH BUpa3 z,-2,, SIKIIO Z, = Z(COS% +1isin %J ,
Z,= \/5(0033—”+ isin3—7[J.
7 7
A b

T . . T
24/2| cos= +isin =
( 2 2)

2

14

2
2ﬁ(cosii4+isin3l]

B I
137 . . 13« 137 . . 13x
2| COS——+1SIn—— 2N2| coOsS——+1sin——
\/_( 14 14 j \/_( 14 14 j
. . =8
Ne39. BuxopuctoBytouu dpopmyny Myaspa, 3HAUTH (\/E +iv2 ) :
A b B r
0 16 1 256

Ned0. 3uaiitn z, - 7, , sxkmo z, =(cosz +isinz) , z, :i/g(cos?%ﬂﬂsins?”j.

A

b

i/g(cosloT”—isin

-10x

J

“

372 .. 37
COS——+1SIn——
7 7

I

“

B
(3% j . (3% j
cos| —+x |—ISIh| —+ 7
7 7

(371 j . (371 j
cos| =+ 7 |+isin| ==+ 71
7 7
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Ne4l. [TimHecTn BUpa3 10 CTETCHS (1— I\/§) )

A b B r
729 64 8 512
. L T, . T 3 3r
Ned?2. 3uaiitn — , KO Z, =2| COS—+ISIN— |, Z,= V2| cos== +isin==
Z, 2 2 7 7
A b
Zﬁ(coslﬂsinij ( - . —7[)
2| cos— —isin—
S V2| cos 14
B r

N

— cos—— isin—
( 14)

—\/E(cos(%—:%ﬂj+ isin(z—3—”

2 7

)

8
Ne43. O0uucintu (—\/E—i\/a) : Zﬁ(cosﬁﬂsin%j.

A

b

B I

22

-128

16 256

Ned4. . 3gaiitu 4

, SIKITIO

1

2y =(cosz+isinz), z, :%(00537”+isin377[j.

b

(o))

I

%(cos%ﬂsin%j

%F wy wy
COS—— —isin——
5 7 7
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Ne4d5. Bupas lil JIOP1BHIOE :
I —

b B r
T . T .. T 37 .. 37
5! = cos— +isin— Cos— —isin—
Ned6.  3anmane KOMIUIEKCHE YHCJIO B  TPUTOHOMETPHYHIN

3r .. 3r . )
7= \/§ (0037 +isin 7 . Topi fioro moxasHUKOBI popMa Ma€ BUTIISI:

A B B T
e 2 J3+e 2 3e 2 €

Ned'/. 3anncatu KOMIUIEKCHE YUCTIO Z = \/§ —1 B TPUTOHOMETPHUHIH (opMmi.

A b
5 or . . brx . -
C0S-g-F1sih—= 2(cos—+isin—j
6 6
B r
T . . T T .. T
2 cos(——)ﬂsm(——j 2| cos| —— |+isin| ——
6 6 3 3
Ned8. O0uncnutu ﬁ,sncmo 2,=2-1,2,=1+1i.
ZZ
A b B r
2+2i 3—i 1,5-0,5i 0,5-0,5i

Ned9. BkaxiTh cyMy KOpeHiB piBHSHHSA X +6X +16 =0 Ha MHOXHH] [] .

A

b

B

I

16

6

-6

6i
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Ne50. O6uucnauTtu argz, Ko zZ =

4(coszzo° +isin 220°)

1,5(coszo°+isinzo°) '

A b B I
110 10_72- £ 110
9 9 -
Ne51. 3anrcat KOMITIEKCHE YUCI0 Z =—2 B MOKa3HUKOBIH Gopmi.
A b B I
Zi i i i
962 2e 2e —2e
Ne52. O6uncauT 2_+| + Im%.
21-1 I
A b B I
J2e 4 J2e4 J2e 4 e 4
Ne53. BkaxiTh cyMy BCiX 3HAYECHb M .
A b B T
242 + 22 22 242 0

Neb54. 3gaittu BinmcTtanb Mixk ToukamMu 1+41 1 3—-2I .

A

B

&2

210

é"‘]
N

Nes5. O6uuncautu

2(cos2r +isin2z)

—6i

(@)
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Z
NeS6. 3anumiite B anreOpaiuHiii Qopmi 3HAa4YeHHS BHpazy 1—3 , SIKIIO
£2
zl_cos5+|sm5,z2 e .
A b B r
1 1 61 —6 12i
8

NeS7. BxkaxiTh, SK Ha IUIOIIMHI PO3TAalllOBaHI KOMIUIEKCHI 4ucna z, =2i—2,

A b B I
y BEpIIUHAX y BEpIIMHAX y BEpPIIIUHAX
PIBHOCTOPOHHBOTO | PIBHOOEIPEHOTO MPSIMOKYTHOTO | Ha OJIHIM MpsMiii
TPUKYTHHUKA TPUKYTHUKA TPUKYTHHUKA

NeS8. OOumcnutu 1oiomty (irypu, sika yTBOPIOETbCS MHOXHHOIO TOYOK

-1<Imz<2

0<Rez<l'
A b B I
1 3 6 8

Rez(L+2i)° - (i-3)

Ne59. 3anumrite B anrebpaiuniii popmi 3HaUCHHS BUpa3y

1+5i—(4—i)
A b B T
3 1. . . .
—7+?| —-0,16 +0,12i —0,6+1i —0,4+0,3i
Ne60. O6umcuTh argz, sikmo argz =10°.
A b B I
170° 10° -10° -170°

38



Ne61. 3amwmcatu

KOMIUICKCHE YHCIIO Z=

-5i+5

3r .. 3
V2| cos== +isin
( 4 4

J B MOKAa3HUKOBINA

dhopmi.
A b B r
TT . TT . T :
—1 —I1 ——I Seﬂ'l
52e4 5e 2 5e 2
9
Ne62. O6unciautu Rez, sximo z = [—? — IEJ .
A b B T
1 [ -1 0

Ne63. 3naiiTh KoOpAWHATH TOYKH M, 1m0 300paxye KOMILUIEKCHE YHCIIO

i +2el7
7=— .
1+1
A b B I
(-0,5,15) (L) (~1.5:1) (L-2)
Ne64. O6uncnuT argz, sIKIo Z = L+ 5 -
T
Ii
J2e 3
A b B I
z _z Az z
3 6 12 12

A b B I
T T Y4

—-— — — 0
6 6 6

39



Ne66. O0uncnuru |Z

, IKIIO Z =

71
Z

A b B I

Ne67. 3akiHUMTh paBUIIbHE TBEPUKCHHS: AKkujo 2, =2—1, Z,=-2+1,mo...

A 3 B T
4) 3) 2) 1)

Ne68. BrkaxiTh 3HaYCHHS KyOIUHOTO KOpPEHsS 13 KOMIUIEKCHOrO 4mciaa Z=-8i, sKe
Mae€ I0JIaTHY YSBHY YacCTHHY.

A B B r
i —1+i 2+2i 2i

Ne69. OGuuncnuty z, + Z,, KO Z, = 4(cos%Z +isin 2?7[) 2, = Z(COS%Z +isin 4?7[}

A b B I
—1+4/3i 6i _3+4/3i 6
Ne70. O6uucautu Rez, sxmo z = (—Zi +1)(i + 3) .
A b B T
0 5 1 -5
Ne71. Po3B’si3aTu kBajpaTHe piBHsAHHS X~ —10X+41=0.
A b B I
5+4i;5-4i —5+4i;-5-4i 5+2i;5-2i 2+51;2-5i

Ne72. 3naiftu AiiicHi 3Ha4YeHHS X 1 Y 13 YMOBM PIBHOCTI JBOX KOMIUIEKCHHX

ancen 5X—2y+(Xx+y)i=4+5i.

A

b

X=2,y=3

Xx=3,y=2

x=4y=4




Ne73. O0uucnuru | +1

7+i10+i12.

A b B I
0 1 -1 [
Ne74. 3HaiaiTh MOAYTh KOMIIEKCHOTO YUCHIA Z = e4 + 7l :
A b B I
€ e’ —e' -1
Ne75. BkaxiTh ysIBHY YaCTHHY KOMIUIEKCHOTO YUCia L -
o V2(1-i) 7y
2e4
A b B I
g 242 V2 |
Ne76. O0unciutu ImE, SKIIO Z = i8 + f;?: .
—al
A b B I
-1 1 -1,6 1,6

Ne77. 3HaiiTi Bci 3HaueHHs mapaMeTpa a B piBHAHHI 2X° +15X* +ax—12=0 3a

YMOBH, 1110 KOPEHEM PIBHSHHS € YHUCIIO — 3
.
—I

2¢ 3

Ne78. BkaxiTh 100yTOK KOOpAMHAT TOYKM M, sika 300paxye KOMIUJIEKCHE YHCIIO
S_1

5 -

2+1
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o

B

|

-1

- !

Ne79. 3naiitu cymy JAIMCHUX 3HauY€Hb

2, =2X—2Yyi,2, =Y+ X+ € COpsHKECHUMHU.

X1y, TpH SAKUX

KOMIUIEKCHI 4YHCIIa

A b B T
1 -1 0 §
2
Ne80. O6uuciautu Imz, axmo z = % .
—al
A b B T
1 -1 1,2 -1,2
Ne81. OOunciutu 1+ i2 + i3 +...i15.
A b B T
i —i 1 -1

Ne82. BkaxiTh cyMy BCIX MIHCHUX YHCEN X1 Y, IpU SKAX KOMIUICKCHI YUCIa

zlz(x—i)2+y2, 2, =12+ yi+i pisHi .

b

B

r

A
1

-1

1,2

-1,2

Ne83. BkaxiTh [00yTOK KOpEHIB pPIBHSIHHS
KOMITJIEKCHUX YHCEIL.

x*-5x*-36=0 mHa MHOXHHI

A b B I
36 -36 9 -9
Zf 6 o 2r . . 2« ig :
Ne84. O0uunciutu 2—3 + Z3 + 81, Ko Zl = B(COS? +1sIn ?j, 22 =3e 9, Z3 =1+1.
2
A b B T
36 -36 9 -9

Ne85. O0uucnuTu oty Girypu, 1o oOMexeHa MHOKMHOK TOUYOK
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T cargz< X
4 4
A B B T
7’ T 2 J52

A b B I
elZ _ o2 ol _a~Z ol 4 o2 oz oz
2i 2 2 2
Ne87. AunreOpaiuna ¢opma KOMILIEKCHOTO 4YHCHa
Z ,300pa’k€HOT0 Ha MaJIFOHKY
Ay
s JIOP1BHIOE:
i -
| Xx
|
|
7= - -2
A b B r
z2=4-2i z=—4-2i z2=2-4i z=-2-4i

: 2 :
Ne88. Jlns xBagparHoro piBHsHHS Z- — 2Z + 5 =0 Bkaszatu BipHE TBEpKECHHS

PO KOPEH .
A b B r
2,=-1-2i;2,=1-2i | 2, =-1-2i;2,=-1+2i | 2, =1+2i;2,=1-2i | kopeHiB HEMaE

Ne89. BuOpaTu MHOXKMHY TOYOK TUIOLIMHHU, SK1 3aJI0BOJIbHSIIOTH OJJTHOYACHO

T
nBoM ymoBam 2 < |7|< 4; —ESargzso.
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Ne90. /Ins kommuiekcHux yucen z, =1—2i 1 z, =2—3i BKa3aTH BipHHII pe3ybTar

2 J—
- +2, -2
oneparii 1 12
274
A b B r
4—i —4—i 4+ 5-3i

5 BUIIMOBII

5.1 CamocrTiiina podora

Nel a)2+i; 6)E+—3i; B)E—ii; r) 2ivt,
2 2 159 318
4 5 3 3
(_,2. T 1 . _1._ T o2 42 .
Ne2. d) (-] 6 (13 (19 (2 [-2ima) » @2

Ne3. a)l; 06)2; B)6+6I.

Komenmap. Y npuxkinanax 0) 1 B) HEOOXITHO CIOYATKY 3BEpHYTH (opMyiu
Ky0a cymH 1 Ky0Oa pi3HHMIII BIAMTOBIIHO.

Ne 4, a) £(3+i);0) =(2-i).
Ne5 a)-2+i;-3+1i; 06)2i;-1;8)1-1; 0,8-041i.
Ne 6. Muoxuua miicanx uncen R .

Ne 7. IIi uncna abo oOuaBa aiticH1, a00 CIIPSIKEH]1 OJIUH OJTHOMY.

Ne8 O0:;1:-1:i;-i.

Ne 9. -15+5i.

Ne 10. X:E, :—3.
17 17
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Nell x=3,y=-2
Nel2. z,=3+2i; z,=-1+2i.

Nel3. =5, g =arctg2;r,=3,p, =71, =2,¢, :%

Ne 14. KomeHTap: a) mepiia HEpIBHICTh CUCTEMH — JiBa KOHIEHTPUYHHUX KOJia
paaiycamu 2 1 4; npyra HEpiBHICTb cucTeMu — AB1 psiMi X =0;X=2. 0) psima Yy =X .

Ne 15. z=5\/§(cos7%+isin7%j .

Ne 16. Komemmap. 3actocyBatm (opmMylTy KOPEHsSN-rO CTemeHs , Je
r=1L,¢=7,n=6k=0,12,34,5.

Ne 17. a) 6(\/§—i) ; 0) —%i : B) 12° ; 1) cxopucratucss GopMyno0 KOpeHs N -To

CTCIICHAI.

5.2 TecToBi 3aB1aHHA

Howmep Ne | Ne | Ne
3aBJaHHS

No [ No [ Ne [ Ne [ Ne [Ne [ No [ Ne | Ne | Ne
5 6 7 10 |11 (12 (13 |14

(o]

w
W~ =Z

Bigmosine |A |b | T r YA B |b |Bb (I [T |B |[B |A

Howmep No | No [ Ne [ Ne | Ne [No | No [Noe [ Ne | Ne | Ne |[No | No | Ne
3amanHs |15 |16 |17 |18 |19 (20 |21 |22 |23 |24 |25 |26 |27 |28

Bigmosizs |I°” |B | |A |B |A |b |A |B |B (B |A |I'” |b

Howmep No | No [ Ne [ Ne [ Ne [No | No [No [ Ne [ Ne | Ne |[No | No | No
3apmannsa |29 |30 |31 |32 |33 |34 |35 |36 |37 |38 |39 |40 |41 |42

Bignosinip | B |I°' |[A |B |B |b |b |[B |A |I'" [ |A |b |b

Howmep Noe [ Ne | Ne [ No [Noe | Ne [ Ne [ Ne [Ne |Ne |[Ne | Ne | Ne |Ne
3apnaHHsa |43 |44 |45 |46 |47 |48 |49 |50 |51 |52 |53 |54 |55 |56

Bigmosins |I°” | |A |B |[B |B |[B |b |B |A (I’ |B |A |b
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Howmep No | No [ Ne [ Ne [ Ne [No | No [No [ Ne [ Ne | Ne |[No | No | Ne
3apmanHs |57 |58 |59 |60 |61 |62 |63 |64 |65 |66 |67 |68 |69 |70
Bignosins |I°” | |B |B |I" | |A | |A |B |A |I' |B |b
Howmep No [ Ne | Ne [ No [No | Ne [ Ne [ Ne [Ne |Noe [Ne | Ne | No |No
3apmanns | /1 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 (82 |83 |84
Bigmosinek |A |A |A |B |A |B |[A |B |A |B | | |b |T
Howmep Ne [ Ne | Ne | Ne [Ne | Ne

3aBmands |85 |86 |87 |88 |89 |90

Bigmosine | b |A |b |B |IU |B
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