Модуль: Комплексные числа (M6)
Цель: понятие комплексного числа. Действия над комплексными числами.
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	УЭ1
	Комплексные числа
[image: image1.png]= KoMmnaexcHbM YUCAOM 2 HA3BIBAETCS YNOPAOOYEHHAsT mapa maeh-
CTBUTEJIbHBIX 4uCes1 (T;y), IEPBOE U3 KOTOPBIX I HA3BIBAETCS €ro
deticmeumenbHroti 4acmsvio, a BTOPOE YUCJIIO Y — MHUMOT 4acmbio.
Ob6o3nauenue: z = r+1y.CuMBOJI ¢ Ha3bIBaeTCA MHUMOT edunuyet.

Ecau £ = 0, To 4ucyio 0 + 1y = 1y HA3BIBAETCA “UCINO MHUMbBIM, E€CJIN
y = 0, To uncyo x + 1 - 0 = T 0TOXKIECTBJISETCA C NEeHCTBUTEIbHBIM YHCJIOM
T, & 9TO 03HAYAET, 4TO MHOXeCTBO R me#cTBUTEIbHBIX YHUCEJI ABJISIETCA MOM-
MHOXecTBoM MHOXecTBa C Bcex koMmImiekcHbIX ynuceJ, T.e. R C C.

Yucsio0 r Ha3bIBaeTCst JeHCTBUTEJIBHON 4aCThbl0 KOMILJIEKCHOT'O YHCJIa, 2 U
obo3Hayaercsa T = Re z, a y — MHuUMo# 4acThlo, ¥y = Im 2.

= IIBa KOMILJIEKCHBIX YUCJIA 21 = X1 +1Yy1 U 22 = T2 +1Y2 HA3bIBAIOTCA
PABHHIMU TOTA U TOJIBKO TOTOA, KOTIa PaBHBI UX OeicTBUTEIbHbBIE
YaCTH ¥ paBHbl UX MHHMBbIE 4acCTH, T. €.

I, = T2,
Y1 = Ya2.

IIBa KOMIIJIEKCHBIX YHCJIA 2 = T + 1Y U Z = T — 1y, OTJINYaIoUHecs
TOJIbKO 3HAKOM MHHMMOI 4aCTH HA3BIBAIOTCS COTNPAHCEHHBIMU.

21=z2(=>{

Bcsakoe KOMIJIEKCHOE YHCJIO 2 = T + 1Y MOHC-
Ho u30bpazumvd mowkot M (x;y) mnockoctn Oxy
Takoit, uto £ = Re z, y = Im 2. 1 HaoboporT.

IL;1ockocTh, HA KOTOpPOH M300paXKalTCA KOM-
IIJIEKCHbIE YHCJIA HA3bIBAETCA KOMNAEKCHOU TILJIOC-
KocTblo (ee Takxke oboszHauaoT C). Ocp abcuucc
Ha3bIBaeTCA deticmeumenvHroti ocvbo, a OChb OpIM-
HAT — MHUMOT. Puc. 112

KoMmiekcHoe 4nuciio z = x + 1y MOXHO u300pa-
aTb U C MOMOIIbIO paguyc-BekTopa ¥ = OM = (z;9).

IlnuHa BeKTOpa T, n300paxkalolero KOMILJIEKCHOe 9uCJIo z (cM. puc. 112),
Ha3bIBAETCSA MOJY.AeM ITOTO YUCJIa u 0003HAYaeTCA |z| uin 7. Monyas r = |z|
OIHO3HAYHO ompenessaercsa no popmyJie

= |z| = V22 + y2. (1.1)





[image: image2.png]BesnmunHa yryia Mexay IMOJIOXKHUTEJbHBIM HalpaBJieHHeM OelcTBUTE Ib-
HOM OCH UM BEKTOPOM 7, M300paxKaloliM KOMILJIEKCHOE YHCJIO, HA3bIBAeTCsI
ap2yMeHmMoM ITOrO YUCJIa, 0003HaYaeTcsa Arg z.

ApryMeHT KOMIIJIEKCHOIO 4UCJIa 2z # 0 BeJInuMHA MHOrO3Ha4YHaA: Arg z =
= argz + 2km, k = 0,+1,%,2,..., roe argz =  — 24a6H0€ 3HAY%EHUE aAD-
2yMenma, 3aKJIIOYEHHOE B MPOMeEXYyTKe (—7; 7|, To ectb —7 < argz < 7.
Apryment kommiekcHoro yucya z = 0 = 0 + ¢0 He onpeneJien.

3amevarue. B xaduecTBe 3HaYEHNA apryMEeHTa MOXKHO OpaTh BeJIMYMHY
NpUHALJIEXKAULYI0 MTpoMexXyTKy [0; 27).




[image: image3.png]3anuch 4NCJa z B BUOE 2 = X + 1Yy HA3bIBAIOT aazebpauyeckoli
hopmoli KOMIIJIEKCHOTO YHCJIA.
3anuch 4UCJIa z B BUIE

z =r(cosp + isinyp) (1.2)

Ha3bIBAETCS MPULOHOMEMPUYECKOT PopmoTi.




[image: image4.png]Apryment ¢ ompenesnisierca us GpOpPMYJI COSp = %, sinp = %, roe r =

= /22 + y2. AprymeHT z MOXHO Ha#tTH, UCHOJIb3ys HOPMYJy tg Y = ’%, TaK

Kak —7 < argz < m, TO u3 POPMYJIbl tgy = % HaXOOUM

arctg %, npu z > 0;
Q= argz = arctg%—Hr, npu r <0, y > 0; (1.3)
arctg%—w, npu z < 0, y <O0.
= 3amnuch 4NnCJja z B BUIOE
z=re¥Y wm z=|z|e'?E? (1.4)

Ha3bIBAIOT 7NoKa3ameavHolti @opmoti (AU DKCIIOHEHUHUAJILHOMN)
KOMIIJIEKCHOT'O YUCJIA.




Пример 1.

Комплексное число 
[image: image5.wmf]22
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 изобразить на комплексной плоскости и записать в тригонометрической и показательной форме.
Решение:

[image: image6.png]a) Haxonum Momysib 1 apryMeHT KOMIJIEKCHOIO YHUCJIA 2 =
=2+20.3necbz=2>0,y=2>0, |z] =r =22 + 22 = 2V/2,

@ = arg z = arctg % I . 3naunr,

2421 = 2\/§(cosz +z'sin-;£) = 2\/§ei .

SE]




[image: image7.png]



Задания:

1. изобразить на комплексной плоскости и записать в тригонометрической и показательной форме комплексные числа

2. 
[image: image8.wmf]1)132)53)32
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3. Изобразить на комплексной плоскости

[image: image9.wmf]1)22)arg3)0Im1.5

3

1

3

4)Re15)

4

arg

4

zzz

z

z

z

p

p

p

==£<

ì

£

ï

>

í

<<

ï

î


	Необходимую информацию записать в тетрадь
Решить задания, сдать на проверку.



	УЭ2
	Действия над комплексными числами
[image: image10.png]OcHoBHBIE OeHCTBUA HAJ KOMILJIEKCHBIMHA YUCJIAMU 21 = T1 + ty; U 29 =
= Ty + 1y, 33JaHHBIE 8 a.Azebpauneckoti opme, OIPENEIAIOTCA CIICOYIOMIUMHU
pPaBEHCTBAMH:

(1 + Y1) + (T2 + 9y2) = (21 + 22) +9(y1 + ¥2), (2.1)
(1 + ty1) — (z2 +3y2) = (z1 — x2) +9(y1 — ¥2), (2.2)
(z1 +iy1) - (2 +1y2) = (T122 — y1y2) +i(T1y2 + Y172), (2.3)
1 +1y1 (71 + Y1) (T2 —iy2)  Ti1Za+y1Y2 | . Y1T2 — T1Yo
— = = e =, (2.4)
T2 + 1Y2 (z2 + ty2) (T2 — 1y2) o + Y Ty + Yo

(mpu z9 # 0).




[image: image11.png]IIpu ymMHOXEHMH KOMIIJIEKCHBIX YHCEJI 21 = T1(COS(p; + isiny;) U 29 =
= 19(COS 2 + @ sin @3 ), 3aJAHHBIX B Mpuzoromempuneckoli opme NX MOLYJIH
IIEPEMHOXAIOTCS, & apryMEHTbI CKJIAObIBAIOTCS, T. €.

z1 - 29 =71 - T2 (COS(p1 + 2) + isin(pr + ¢2)).
Orciona ciaenyer gopmyasa Myaspa 0asn 6036edeHURA KOMNAEKCHHIT “UCEs B

HATYPaJIbHYIO CTEeleHb:
n

. n . e
z" = (r(cosp +ising))” =r"- (cosnp + isinny). (2.6)
TesteHne KOMILJIEKCHBIX YHCeJI, 33JaHHbIX B TPUTOHOMeTpuyecKoit popme,
OCYIIIECTBJIsIeTCA TI0 pOopMYyJIe

VA T
= = = . (cos(y1 — p2) +isin(p1 — 02)).
Z2 7'2

Kopenb n-oi crenenn N3 KOMIIJIEKCHOTO YHCJIa UMeeT 71 Pa3JINYHbIX 3HA-
YyeHHnil, KOTOpble HAXOOATCA IO (POpMYyJIe

+ 2k 2k
Yz = Y/r(cosp +ising) = '{/—(cos " +z’sinu),

n
r,uek=0, 1, 2,3,...,n—-1. (2.7)




Пример 2.

[image: image12.png]Halitu 27 + 22, 21 — 22, 21 * 29, %, eciin 21 =14+ 21, 29 =2 — 1.




Решение:

[image: image13.png]Q Hcnonesysa dpopmyssr (2.1)-(2.4), Haxooum:
21 +22=014+2)+(2-13) =3+1;
z1—z0=(14+2)—(2-1i)= -1+ 3i;
z1oze= (1420 (2-14) =2—i4+4i - 2" =4+ 3;

2 (1+2)(2+35) _ 5

— =1

22 (2-9)(2+1) 5




Пример 3.

[image: image14.png]Hatita (—1 — iv/3)15.




Решение:

[image: image15.png](Q 3Banumem yucio z = —1 —iv/3 B TpuronoMerpuyeckoit popme:

|z|=r=\/1+3=2,argz=go=tg£—(__—{§2—7r=—%7r, T. €.

~1-iV3= 2(cos(—%7r) +isin(—%7r)).

ITo dopmysie Myaspa (2.6) umeem

(-1-4V/3)1 = [2(cos(—%7r) + z’sin(—%ﬁ))]l5
= 215 . (cos(—107) + i sin(—10m)) = 2!5(1 + 0i) = 2'% = 32768.




Пример 4.

[image: image16.png]PemuTs ypaBheHne z°+32 = 0 Ha MHOXeCTBe KOMIIJIEKCHBIX YHCEJI.




Решение:

[image: image17.png](Q Ilepenumem ypaprenue B Buge z = v/ —32. Yucso (—32) npexn-
CTaBUM B TPUrOHOMeTpuuyeckoh dpopme:

—32 = 32(cds T + isin ).




[image: image18.png]ITo dopmyate (2.7) Haxooum

z = 1/32(cosm +isinm) = 2 (cos l +527rk +isin ~ +527rk),

rne k=0,1,2,3,4.
ITonarasa k = 0,1, 2,3, 4, nosy4um

20 = 2(cos% +isin %) ~1,6180 + 1,1756 -,

2(cos 2T tisin ?”) ~ —0,6180 + 1,9021 - 4,
2(cosT +isinm) = —2,

(cos M o isin ?”) ~ —0,6180 — 1,9021 - i,

2(cos— + i sin ?) ~ 1,6180 — 1,1756 - 4.

Puc. 115

HalineHHBIM KODHSIM ypaBHEHHMsi COOTBETCTBYIOT BEpPIIHHBI
NPaBUJIbHOTO MATUYTOJIbHUKA, BIMCAHHOrO B OKPYXHOCTH PaInyCca
R = 2 c uenTpom B HadaJjie KoopauHaT (puc. 115). @




Задания:
[image: image19.png]10.2.3. Bbruncaurs: 10.2.4. BquHCJInTb

a) (1—1)- (=34 2i); a) g gz + 15232,

6) LE2 4+ (1-i)2, 6) i2 + i3 +i* + 45,




[image: image20.png]10.2.12. Haiitu nelicrBuresibHbIE pEllIEHUsT YPABHEHUA:
a) (1+iz+(1—-1d)y=3-—1;
6) z+y+izy =1.




[image: image21.png]10.2.14.

10.2.15.

10.2.16.
10.2.17.

1+ 4)<°
Beraucauts ——Z(Z——L——W
(1—=14)"% —i-(

i-(1419)°*
14 iv/3\20
BbIYHCIUTD ( 7 a ; ) .

Haiiti Bce 3Hauenus xopHs V/ —1 + iv/3.

Pemutb ypabrenue 22 +1 = 0.




[image: image22.png]10.2.18. MN306pa3nth Ha pUCyHKe MHOXECTBa TOYeK 2 KOMIJIEKCHOI obJia-
CTH, YIOBJIETBOPAIOUINX YCJIOBHIO:

a) 1<2-2<2,
—\/_ Imz <
6) |z—z|:|z+z|,
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