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[losicHuTEeNnbHAA 3alIMCKa

JlanHoe y4ueOHOe mocobue pa3paboTaHO IS CTYICHTOB IO CHEIAATLHOCTH
151001 «Texuonorus MamuHoctpoeHus», 190604 «TexHudeckoe oOCTyKHMBaHUE
Y PEMOHT a».

[Tocobue «KoMIUIEKCHBIE YHCIIa» COCTAaBIEHO B COOTBETCTBUU C
tpeboBanusimu OI'OC CIIO  yka3zaHHBIX crnenuaibHOCTE. B Xone uzyuenus
JAHHOM TeMbl y CTYACHTOB (QopMUPYIOTCS oOume u npodeccuoHanbHbIe
komneteHuu: OK 4; OK 5; OK 8; IIK 1.4; IIK 1.5; IIK 3.2.

MGTOI[I/I‘ICCKOC rmocobue 1o pasaciy «KoMIiekCHbBIEC Ynciay.

Henocrarok yueOHOM JuTepaTypsl MO Kypcy «OJIEMEHThI BBICIISH
MaTeMaTUKW» BBI3BIBAIOT TPYAHOCTH B YCBOCHHE JHUCIHUIUIMHBI MaTeMaTHKa.
OcobeHHo MHOro IMpoOJieM BO3HUKAET Yy CTYACHTOB, KOTOpBIE IPOMYCKAIOT
3aHATHA. YUEeOHUKHU 10 JIAaHHOMY IPEIMETY WM OYCHb TPYIHBI IS CTYJIEHTOB,
WM HE OCBEHIAIOT IOJHOCTBHIO MpOTrpaMMHBIN MaTepuan. JlaHHoe mocoOue
HAIMCAaHO TI0 JCUCTBYIOIIEH MporpaMMme Kypca, MPUBEICHBI MPUMEPHI PEIICHUS
3a/1a4, OCBEIIEH HEOOXOIUMBIH TECOPETUUECKUUA MaTepuall. YueOHOoe mocoOue o
Teme «KoMmIuIekcHBIE Ynciia» MOMOXKET CTYACHTaM B YCBOCHHE JAaHHOM TEMBI, a
TaK K€ TPETo/1aBaTe 0 B MOJATOTOBKH K 3aHSATHSM.



3amayu, NpUBOAAIINE K BOSHUKHOBEHHIO BhIpa)keHusi Bujaa a + bv—1

Pemras ypaBaenus x° — 2 + 2 = (0, noinyyaem

Ziv4—8_2i\/—4_2+2\/—1_1

X1,2 = 5 5 > +v-1

Beipaxkennss 1 +vV—1 u 1 —+v—1 MBI HE npuayMannd, OHU BO3HUKIHA B
Ipolecce pelleHus ypaBHEHUs. B nanpHeiiiemM Mbl yBUIUM, 4YTO B anredpe

BCTPEUAIOTCS U JAPYTHE JACHCTBUS, PUBOIINE K BhIpaXXeHUIO BUAa a + bv—1 ,

rne a u b pneiictButenbHble Yucia. OcoOEHHOCTb BbIpakeHus a + bv—1
3aKJIIOYAETCSl B TOM YTO B HErO BXOJUT KBaJIPAaTHBIM KOPEHb U3 MUHYC €IUHMIIBI,

T.€. cuMBOJI V—1. DTOT CUMBOII \/—_1 IIOKa AJis1 HaC HC MMCCT CMBICJIA, TAK KaK
KBaI[paTHblf/'I KOPCHb H3 OTPpHLOATCIBHOI'O YHCIa HC MOXCT PaBHATLBCA HHU
IMOJIOKUTCIIBHOMY, HU OTPHULATCIbHOMY YHCIIY, HU HYJIO, T.C. HC MOXKCT PABHATHCA
HHUKaKOMY I[GIZCTBHTGHBHOMY qUCIIy. OTKaSLIBaTBCH, HN3y4aTb BBIPpAXCHHUA BHOA

a + bv—1 jgump moToMy, 94TO CHMBOJ V—1 HE ecTh NIEHWCTBHTEIBHOE YHCIIO,
O3Hayajgo Obl JIOMYCTUTHh OYEHb OOJIBIIOE TOPMOXXEHHE B PA3BUTHH aJIreOphl,

pa3sBUTHS ee METO/0B. YueHHe o uhciax Buaa a + bv/—1 u Teopus, passuthe Ha
OCHOBE JTOT0 YYEHHs, OKA3aJUCh MOLIHBIM CpPEICTBOM, IO3BOJIMBIIMM YCIEUIHO
pElINTh KPYMHEHNIINE TEOPETUUECKUE U MPAKTUUECKUE NMPOOIEeMbl. DTH TEOPUU C
OTPOMHBIM YCIIEXOM IIPUMEHSIOTCS B DJIEKTPOTEXHUKE, TMAPOMEXAHUKE, TEOPUHU
YOPYTOCTH ¥ BO MHOTHX JIPYI'HMX OTIEJIaX €CTECTBO3HAHUS U TEXHUKE.

Auiredpandeckas (popMyJia KOMILIEKCHOTO YHCJIA

Bripaxxenne a + bi , rae a u b nelcTBUTENbHBIE Yuciaa U [ =V—1 —
MHUMas €IWHWIA, HasbiBaeMas KOMIUIEKCHBIM YHMCJIOM, 3aldcaHHas B
anreOpanyeckout popme.

Uucno a Ha3pIBaeTcsa JCHCTBUTEIBHOM YacTbiO, @ bi - MHMMOM 4YacCThIO
KOMINIEKCHOI'O yuciia a + bi.

KoMruiekcHbIe Yrciia o OnpeeICHUI0 CUUTAOTCS PaBHBIMU HYJIIO TOTA M
TOJIbKO TOoraa, korna a = d = 0.

W3 atoro ompeneneHus CleayeT, 4TO KOMIUICKCHBIC uncia a + bi u ¢ + di
PaBHBI APYT IPYTY TOT/Ia U TOJIBKO, KOTIa OJJTHOBPEMEHHO a@ = c u b = d.

KommnekcHpie uncia Buga a + 0i 0TOXISCTBISIIOTCS C JICHCTBUTCILHBIMU
yucjiaMd, a HMMEHHO cuuTaercs, 4ro a + 0i = a. Takum oOpazom, mroboe
JEVCTBUTEIBHOE YHUCIIO MOKHO pACCMATPUBATH KaK YACTHIN CIy4al KOMILUIEKCHOTO



yucia. Yucio Buga 0 + bi Ha3pIBaeTCa YMCTO MHUMBIM U curTaercs, uro 0 + bi =
bi.

JIBa KOMIUIEKCHBIX 4ncia a + bi u a — bi Ha3pIBaIOTCS CONPSKEHHbIMH.

FeOMeTpnquKoe n306pameﬂne KOMIIVICKCHBIX YHCEJI

KaxoMmy KOMIUIEKCHOMY 4YUCTYy Z = @ + bl COOTBETCTBYET €IWHCTBEHHAS
napa JeHCTBUTENbHBIX umcen (a;b), koTopyro MoxkHO wu300pa3uTh B BUJE
toukuM (a; b)Ha KOOPAWHATHON TIIIOCKOCTH.

[Ipumepsr:
z1 =2+ 3i => M4(2;3),
Z; =0 =20 => M,(0; —2),
z3 = 3 => M3(3;0).

}.JI.
4 4+
Ms(2;3)
3t .
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Pucynox 1

Tak Kak KaxJIOW TOYKHM KOOPJWHATHOW IUIOCKOCTH COOTBETCTBYET
€IMHCTBEHHBIN PaJNyC-BEKTOP, TO MOXKHO JaTh KOMIUIEKCHBIM YHCIIOM U JIPYTYIO
F€OMETPUYECKYI0 MHTEPHPETALUI0: KaXJ0€ KOMIUIEKCHOE 4YHuCIo  Oyner
M300paxkaThbCsi BEKTOPOM, JISKAIIUM B KOOPAUHATHOM TIJIOCKOCTH.

[Tpumepsr:

z,=3—2i © M(3;-2) @ OM, = (3; -2)



Z, = 4i © M,(0;4) © OM, = (0;4)

Z3 = =2 & M3(—2;0) & OM; = (—2;0)

Pucynok 2
JleiicTBMSI HAI KOMILVIEKCHBIMH YHCJIAMHU B ajireOpandeckoi popme

1 CreneHn MHMMOM eXHHHUIBI

i=V=1,ir= (VoI) = -1, = i%xi=—i,i* = i?%i2 = (-1) + (1) = 1
Tak kak eguHUIlA B JH0601”4 CTEIICHU pPaBHA EIUHUIBI, TO i =1. [ToaToMy
39 =i3¢%i3=1%(—i) =—i , (3 ocratox orneneHus uucna 39 ma 4);i”%° =

i? = —1 (3 octaTok OT JieeHus yncia 726 Ha 4) u T.1I.

2 CioxeHHue KOMILICKCHBIX YMCeJl

Omnpenenenne: CyMMON KOMIUIGKCHBIX 4ucenl a + bi u ¢ + diHa3bIBaOT
KoMmIutekcHoe yucio (a+c)+(b+d)i. Dto onpenencHue MoaCKa3BIBAECTCS MIPABUIAMMU
JNEeWCTBUHN ¢ OOBIYHBIMHA MHOTOWJICHAMM.

Ipumep Ne 1. (=3 +5i)+ (4 —8i) =—-3+5i+4—-8i=1-3i.

pumep Ne 2.(—=7 +20) +3i+ (4 =50 +2i=—7+2i+3i+4—5i+2i =
3+ 2i.

3 BoluntaHue KOMILIEKCHBIX YHCeJI

Onpenenenne: Pa3HOCTHIO KOMIUIEKCHBIX umcena a+bi u C+di Ha3wiBaeTcs
KoMILIeKCcHOe unciio (a-c)+(b-d)i.



Ipumep Ne 1. (=5 4+ 2i) = (3—=5i) =—-54+2i—3+5i=-8+7i
IIpumep Ne 2. (3 —4i) — (34+4i) =3 —4i—3 —4i=-8i
4 YMHOKeHHe KOMILUIEKCHBIX YHCeT

Ol'[peI[eJICHI/ICI YMHOXEHHUE KOMILJIEKCHBIX YHCEII YCTAaHABJIIMBACTCA C TAKUM
PacucToM, YTOOBI:

1) uncna a=bi m c+bi MoxHO OBUIO TEpeMHOXaTh, Kak ajareOpamdyecKue
JIBYXYJICHBI.

2) umcio | odaagaer cBoicTBOM i2 = —1
[Tpumep Ne 1. 2i * 3 = 61

[Mpumep Ne 2. 3i*4i=12i?>=-12(3ameTuM, YTO IPUYMHOKCHUE JIBYX YACTO MHUMBIX
YHCeI OTYy4aeTCs AeHCTBUTEFHOE YUCIIO);

IMpumep Ne 3. (34+2i)(1 —i) =3*1+3(—-i)+2i*x1+2i*x(—-i)=3-3i+
2i—2i?=5—i

Ipumep Ne 4. (3 + 2i)(3 — 2i) =9 — 6i + 6i — 4i* = 9 + 4 = 13 (3ameTHM, 4TO
IEPEMHOKAIIUCh  CONPSDKEHHBIE KOMILIEKCHBIE YHCIIA, B pE3ylIbTaTe dYero
HOJIYYMIN I€HCTBUTEIBHOE YUCIIO);

[Ipumep Ne 5. Ilpym mepemMHOKEHUH KOMIUIEKCHBIX YHCENI MOYKHO HCIIOJIb30BaTh
(bopMyJIbl COKPAIEHHOTO YMHOXEHUS:

1) (a+ b)(a—b) =a’— b
2) (a + b)? =a’+ 2ab + b3
3) (a — b)?=a?— 2ab + b?,
Q) (2—-i)’=4—-4i+i*=3 —4i;
b) (4 + i) =16 + 8i + i = 15 + 8i;
0)(3—GB+i)=9—i2=10.
JleeHne KOMIUICEKCHBIX YHCeJI

Onpenencaue: Pa3fgenuTh KOMIUIEKCHOE uucio a+bi  (gemumoe) Ha

KOMIUTIEKCHOE uKciio C+di (IeuTeNb)-3HauuT HalTH TOYHOE Yncio X+Yi (4acTHoe),

a+bi .
KOTOPOCE, 6y)1yt11/1 ITIOMHO>KECHHOEC Ha ACINTECIb, 1acT ACIUMOE, T.C. —— = X + yiL =

c+di
> (c+di)(x+yi) =a+ bi
Ha npakTtuke yacTHOE ya00HEe HAXOIUTh CACIYIOIINUM 00pa3oM:

[Mpumep Nel. (7 — 4i): (3 + 2i).



7—4i :
Hpob6n 3757 YMHOKHM Ha 9HCIIO 3-21, conpsiKEHHOE 3HAMEHATEIO0, TOJIYYHM:

(7—40)(3—2i) 21—14i+12i+8i® 13—26i

= =1-2i
(3+20)(3 — 2i) 9 —4j? 13
. o T2H50 _ (-2+45()(=3+4i) _ 6-8i-15i+200° _ —14-23i _ 1 . ., o
IIprmep Ne 2. —3-4i  (—3-40)(-3+4i) 9-16i* 25 25( 14 —231)

5-2i  (5-20)i _

5i-2i® _ 245 _ 2

—=—=i

[Tpumep Ne 3

31 3ixi 3i? -3 3
H3Bieuenue KBaJApaTHbIX KOpHeﬁ U3 KOMIIVICKCHBIX YHCEJI

H€O6XO,Z[I/IMO HN3BJICYDb KBaﬂpaTHbIﬁ KOPCHb K3 KOMIUICKCHOTO YHCJIa

Z = a + bi, oH ABIIETCS TOXKE KOMIUIEKCHBIM YHCIIOM, T.. Va + bi = x + y. Ilo
OIpeie]IEHHI0 KBAApaTHOro KopHs mmeeM (x + yi)? = a + bi => x?+ 2xyi +
y?i? = a + bi. Ucnons3ys onpeeicHrue paBeHCTBA KOMITJICKCHBIX YHUCET, IMEEM:

{x2+y2=a
2xy =b

Pemas CUCTCMY ypaBHeHHﬁ, Haxoaum I[GﬁCTBHTGJIBHBIG 3HAYCHUI X H Y .
HaHOMHI/IM, qTo KBaI[paTHBIﬁ KOPCHb U3 KaKoT0-JIM0O0 YMCJIa UMECT JABa 3HA4YCHU,

T.. Vva + bi = +(x + yi)
[Ipumepsr:
DNVE=42=>22=4y(-2)% = 4;

2)V—4 = VA Y = 42i => 202 = —4u(-2)2 = -4

DV5+12i=+(x+yi)=>(x+yi)2=5+12i =>x+ 2xyi —y2 =5+
12i.

I/ICHOHI:BYH PAaBCHCTBO KOMIIJICKCHBIX YUCCJI, ITOJIYHACM !

{ X2 — yz =5
2xy =12
moa00poOM).

PemmB cucremy ypaBHEeHH, nMeeM X=3, Yy=2 (3TO MOXKHO c/ielaTh

Nwmeem, V5 + 12i = +(3 + 2i). D10 MoxHO nposeputs: (3 + 2i)? =9 +
12i —4=5+12

. . x?—y?=-15
4)V—=15—8i = +(x + yi) :>{xy=—4
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Pemenue aToii cucteMsl sBistorcs uyncia X=1, y=-4. T.e. V—15 — 8i = +(1 — 4i)

Pemienne kBaapaTHbIX YpaBHEHUH, KOOPPUUMEHTAMH B KOTOPBIX SABJISIOTCH
KOMILJIEKCHBIE YHCJIA

Bcenomuum Gopmyny 1uist HaX0XKASHHSI KOPHEH KBaJApaTHOTO YPaBHEHUS

ax’+ bx*+c=0

—b +VB? — 4ac
X1,2 = 2a

Mbl ee mpuUMEHsTIM IS JEHCTBUTENBHBIX KO3 duiumentos. Ona
UCIIOJIB3YETCs U I KOMIUJIEKCHBIX YUCEIL.

PaccmoTpum 310 Ha npuMepax:

1) Pemnts ypaBHeHue x2 — 4x + 13 = 0

Pemenue: D = b*—4ac =16 —4 13 = —36 < 0 , ciaenoBarenbHO, KOPHSIMHU
ATOr0 YPaBHEHHUS SABJISIOTCA KOMIUIEKCHBIC uncia. Haiiem ux:

4i\/—36i_4i6i_2+
2 2 0=

X1,2 =

[TpoBepka: IloactaBuM B JaHHOE ypaBHEHHUE BMECTO X KOMIUIEKCHOE YHUCIIO
2430, umeem: (2+30)2—4*(2+3i)+13=0=>4+12i—-9-8—-12i+
13 =0 => paBeHCTBO BBINOJHAETCS, CIEIOBATEIbHO, 3TO YHCIO SBISIETCA
KOpPHEM YpaBHEHUS. AHAJIOTMYHO MMPOBEPSETCS U BTOPOU KOPEHbD.

2) Pemmm ypaBuenue x> — (5 — 2i) x x + 4 — 8i = 0.

KosdduipentaMy B IaHHOM YpaBHEHHME SIBJISETCS KOMIUIEKCHBIE YHCIIA:
a=1,b=—(5-2i),c =4 —8i. Illpumensiem (opMyiy KOpPHEW KBaIPATHOTO
ypaBHEHUS, UMEEM:

(5—2i) +/(5—2i)2 —4* (4 —8i)
2
_(5—2i)i\/25—30i—4—16+32i_(5—2i)i\/5+12i
B 2 B 2

X1,2 =

W3Bnedem KBaapaTHBIN KOpeHb U3 yncia 5 + 12i; V5 + 12i =
+(x + yi) =>
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x2_y2:5
2xy =12

VB F 120 = +(3 + 2i).

[Tomywaem: x; =(5_2i)2ﬂ= 4, x5 =W= 1-—-2i

=>x =3,y =2,me.

3) Pemum ypaBuenune x*— (3 —2i) *x+5—i = 0.

Haxoaum auckpumuHanT D = b’ —4ac = (3 —2i)? —4(5—-i) =9 —12i —
4 —-20+4i=-15-8i.

WM3BiekaeM KopeHb u3 yrciaa V15 — 8i = +(x + yi) =>

{xz —y?=—15
xy = —4

[Tog6opom Haxoaum, uto x = 1,y = —4,m.e.V—15 — 8i = +(1 — 41i).
Brraucisiem KopHH ypaBHEHUS:

3—2i+1—4i _ 3—2i—1+4i _
X1 = > =2—-3[,x, = > =141

Tpuronomerpudeckasi ¢opMa KOMILIEKCHOT0 YHMCJIA

KommnekcHoMy umcny z =a + bi B TpsAMOYroJIbHOM CHUCTEME KOOpPJWHAT
COOTBETCTBYET eAMHCTBeHHAas TodkaM (a; b)u eTuHCTBEHHBIH paInyc-BEKTOP

OM = (a; b).

M (a;b) it

Pucynok 3

[Tonoxenne touku M(Bektopa OM) Ha ™JIOCKOCTH MOXET OBITH 3aJaHO
noJiipHbIMU ~ koopauHatamu  (@; 7). Ecmm  Touke M(@;T) COOTBETCTBYET
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KOMILIEKCHOE YHUCIIO Z = a + bi TO T Ha3bIBacTCSI MOAYyJIeM H 0003HAYaETCH:
T =|z| = |a+ bi| =Va*+ b>.
Vroa ¢ Ha3pBaeTCsS apryMEeHTOM 4YHCIa Z W 0003HAYaeTCsAQ = atgz: @ =

b
arctg —.

W3BectHbl T 1 @, To AOMN HaxomuMm, 4to a=rcos® u b=r*sine . CiemoBareibHoO,
Zz=a+bi=rx*cos@+ir*sing =r*(cosp +i*singp)- Takas  ¢dopma
3aIlIUCHU KOMIIJICKCHOT'O YHCJia HA3bIBA€TCA TpHI‘OHOMGTpH‘ICCKOﬁ.

Ecnmu koMmIuiekcHoe 4mciio Zz = a + bi maHo B anrebpandeckod ¢opme, TO €ro
JIETKO HM300pa3uTh TECOMETPHYECKH, T.C. ONPEACIMTh  YETBEPTh, B KOTOPOM
HAXOJHUTCS BEKTOP.

1). Beruucisiem moayns z = vVa? + b?

2). B 3aBUCHMOCTH OT 4Y€TBEPTH, B KOTOPOMl PaCIOJIOKEH BEKTOP, apryMEHT ¢
OIIpPENENAETCS CAEAYIOLUM 00pa3oM:

!.IJI.

b
: = arctg |-
M (a:b) ¢ =awtg |a|

Pucynok 4



0)
YR
M(a;b)
s L
a X
Pucynox 5
B)
Yl
/N? -
¢y |0 X
M(a;b)

Pucynox 6

b
¢ =180"— ¢, = 180° — arctg |E|

b
@=180"+ ¢, = 180° + arctg |E|

12



r)
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M(a;b)
Pucynok 7
1)
vk
p=0
0 > X
M(a;b)

Pucynok 8

¢ =360"— ¢, = 360° — arctg |Z|wm

b
= - = — t —
4 %1 aTC.g|a|
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e)
YR
| M(o;b)
®
A .
1] X
Pucynok 9
x)

ik

M(a;O)/

L/

Pucynok 10

=y

o= 180°

14
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@ =270° = —90°

=y

]

dh
-

M(0;b)

Pucynoxk 11

[Ipumepsl: 3anucath KOMIUJIEKCHBIC YHCIIa B TPUTOHOMETPUYECKON (popMme:

1) z=—-1+1
2) Ctpoum TOuKy (a 3aTeM U BeKTop) ¢ Koopaunatamu M(—1; 1).
L ]
2) Bbruucium MOayIb
y t=va2+b*=/(-1)2 + 12 = V2.
X
~ Xl h
! 0 X
Pucynox 12
3) BekTop BO BTOpOI 4eTBEPTH, CICA0BATEIBHO, ApTYMEHT Q=

180° — arctg | =| — arctgl = 180" — 45°= 135

umeem: z = —1 + i = /2(cos135° + i * sin135°).
V3 1.

Z=—7—El
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YR

yan

. 1
\/1° X p=180"+awtg |-—| = 180"+ 30" = 210°
i)
2

i

Pucynoxk 13
V3 1
z= _T_Ei = 1(cos210°+ i * sin210°)
3) z=-3i
YR
=402+ (=3) =3
@ = 270" uau — 90°
z = 3(cos270° + i * sin270°)
= 3(cos(—90°) + i * sin(—90°))
0 X
JM(O;-3)
Pucynok 14

JleliCTBHA HA/l KOMILUIEKCHBIMM YHCJIAMH, 32JAHHBIMH B
TPUTOHOMeTpUYecKoil popme

JlaHb! 1Ba KOMIUIEKCHBIX YHCIIA:
z1 = T1(cos@q + I * sin@,)uz; = 12(cose, +i * sin @,)

1. YMHOXeHue
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Z1 % Z; = T(CoSQq + [ * sin @q) * T,(cos@, + i * sin @)
= 71T2(Cc0SQ1 * COSQ, + cOSP1 * Sin@,l + coSP, * Sing4 * i
— sing; * sin @3)
= T1T2((C05(p1 * COS@Q, — Singq * sin ;)
+ (sing, * cos@, + cos@1 * sin ;) * i)
= 17172(cos(@1 + @2) + i * sin(@1 + ¢2))
BriBoa: 1). Ilpy yMHOXEHUM KOMIUICKCHBIX YHCEI MOJIYJIHM MEPEMHOXKAIOTCS, a

apryMEHTBI CKJIaJbIBatOTCs; 2). DOpMysbl MOXHO O0OOIIUTH Ha JIFOOOE YHCIIO
COMHOXXHUTEJIEH.

2. Bo3Benenue B cTeneHb

Ecmm zy =2z, =+z"=1*(cos@ + i *sing), TO HCHONB3ysS G(HOpMYITy
YMHOKCHHS, UIMEEM: Z" = (T * (cos + i * sin go))" = 7(cos@” + i * sin ")

[pumep Ne 1. Boraucsurs (1 + )%

Haiinem TpuroHomeTpudeckyro popmy ducia
z=1+1i= \/2 * (cos45°+ i * sin45°)

@ = arwctyg %arctg1=45°

r=+124+12=42

Pucynok 15

(1402 = (/2(cos45 "+ [ * 5ind5 )

2
= (\/E) * (c0s45°* 20 + i * sin45 * 20)

= 219(c0s900° + i * sin900°)

= 21%cos(2 *360°+ 180°) + i * sin(2 * 360°+ 180°))
= 219(c0s180°+ i * sin180°) = —27°

V3 ) s

[Ipumep 2. Berauciautp (—% + 731
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Haiinem Ttpuronomerpuyeckyto ¢GopMy dHCIA:Z = —% + ?i = cos120°+ i *
sin120°
Yl
- [ (2
_ |3
2 . V31
| ¢ =180"—arctg 5Ty
= 180° — arctgV3 = 180° — 60° = 120°
N :
0 X
1
2
Pucynok 16
) + - 2= (c0s120°+ i * sin120°)12 = c0s120°* 12 + i * sin120°* 12

= c0s1440°+ i * sin1440° = cos4 *360°+ i * sind * 360°
=cos0°+ixsin0°=1
1

3. Jlenenue.
z t1(cosp,s+i*sing,) T

(cosy + i * sinpl)(cosp, — i * sin @?)

72 T(cos@y +i*sing;) T2 (cos@a+ i*sin@?)(cos@, — i * sinp?)
71 (COSQ1 * cOSQ, + sing, * sin @,) + (Sing, * cos@, — cos@, * sin @,)i
RS coS*@, + sin‘p,

T
= T—l * (cos(@1 — @z) + i *sin(@1 — @2))
2

1

BBIBO)IZ Impru  ACJICHUC JBYX KOMINUICKCHBIX YHCCII HWX MOAYIHW JACIATCA, a
ApPryMCHTBI BLIYUTAIOTCA.

HN3BI1evyenue KOPHHA U3 KOMIUVIEKCHOI'0O Y1CJia

Onpenenenue. Kopuem N-oit crenenu, u € N,n = 2, u3 yucja Z Ha3bIBaeTCs
11000€ KOMIUIEKCHOE YUCJI0 U, ISl KOTOPOro U = Z.

Onepannsi HaxOXKIEHUS BCEX KOpPHEW N-OM M3 KOMIUIEKCHOTO 4Yucia Z
HA3BIBACTCS M3BJICUEHHEM KOPHS U Pe3y/IbTaT ee 0003HaUaeTcs "/z .
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3aMeTuM, 4TO KOpEHb N-OM CTENEeHW MMEET N Pa3IMYHbIX 3HAYEHUH (3TO
YTBEPKJIEHUE MPUMEHUMO O€3 J10Ka3aTeIbCTBA.)

ITycTs: z=a+ bi = t(cosp + i * sing) = t(cos(@ + 2mk) + i * sin(¢p +
27k)). Tlocneansst 3amiCh Ha3bIBACTCS TOJIHOW TPUTOHOMETPHYECKOH (hopmoii
KOMIUTEKCHOTO YHCJa, T.K. €CJAM K apryMEeHTy MpUOaBUTh IEI0€ YHCIIO, TO
3Ha4YeHUe QyHKIUH SIND COS He MeHsETCs. )

[ToaTomy:

Nz = \r(cos(p + 2mk) + i * sin (¢ + 2mk)

n o+2nk | @+ 2k
= r*(cosT+L*smT)

Jasas s K 3rauenns ot 0 mo n-1 (k=0,1,2,3....,n-1), momydaem N 3HAYEHHH \/Z

Ipumep Ne 1. Haiitu V1

Kopenr umeer 4 3HaueHus (1Ba W3 HUX Mbl 3HaeMm, uro +1), Haiinem Bce 4
3HaueHud. 3anuiieM z = 1 B TpuroHomMeTpuueckon popme:

1 =1 * (cos2nk + isin2mk)

Wmeem: V1 = 3/1(cwywi2mn + i x sin2mk) = V1 = (cos% + i * sin ?)
[Tomoras k = 0,1,2,3, nonyyum:

Ug=cos0°+i*xsin0°=1

7T+. - 7T "
Uy =CoS=+i*sins =1
2 2

Uy = cOSTT + 1 * sinm = —1
37‘[+_ - 3m )

Uu=cos—+i*sin—=—i
2 2

Ipumep Ne 2. Haiitu Vi

3amMeHuM 4uciio Z=| B TpuroHomeTpudeckon popme:

i =1 (cos (§+ 2mk ) + i * sin (g+ 21k ))
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T omk

Nmeem :Vi = 3\/1 * (cos (% + 2mk) + i * sin (g + 2nk)> =1x (cos #i—+
ST 2+2mk3

[Tonoras k = 0,1,2, nonyuum

n . .m V3 1 1 :
uo—cosg+L*smg—7+L*§—§(\/3+L)

5 5 Vi1 1 _
ul—cos€n+1*smgn——7+l*§—§(—\/3+1)

3 tixsi 3 0—i .
= —_ E3 —_ = —_— ] = —
u=cosgm+ixsinom I i

IToka3areabHasi (l)opMa KOMIIJICKCHOTI'0 YHCJIa

dopmyna Ditnepa YCTaHaBJIMBAET 3aBUCHUMOCTD MEXKIY
TPUTOHOMETPUUECKOH (HOPMOI KOMIUIEKCHOTO 4YHCIA Z = COSQ + 1 * Singp ¢
MOKa3aTelIbHbIM BbIpakeHHeM 1 , T.e. cos@ + i * sing = 1 (o6ocHOBaHHE 3TOU
(bopMyJIbl Ta€TCsl B TEOPUU PSAOB).

Nmeem: z = a + bi = 1(cose + i * sing) = 11.

[locnenHsisi 3amuMch Ha3bIBAETCS MOKa3aTeIbHOM (OPMON KOMILIEKCHOTO
yrcna. OHa ynoOHa MpH BBINOJHEHUWU psiia olnepalnuel HaJ KOMIUIEKCHBIMHU
yucnamu. [Ipumep Ne 1. Haiitu nokazarensHyto ¢popmy uncna z = 1 + i

YR
M(1;1)
zz\/a2+b2=\/12+12=\/§
Q= arctgg = arctgl = 2=45°
0 a 4
J
0 X
Pucynox 17

Umeem: z=1+1 = /Z(COS%-I- i *Sin%) = 2*x14
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[Tpumep Ne 2. HaiiTu nokazaTenbHyto ¢popMy uucna z = —V3 — i

YR

T= /(—3)2 +(-1D*=2

= 7+ arct |_1|— MY
p=r arcg_\/g_;r c=CT=

an

T

=y

Pucynoxk 18

7
z=—V3—1i=2(c0s210°+ i *sin210°) = 2 = [210° = 2[eni
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