AHaJsuTnyecKast reoMeTpust
Mojyne 2. AHamuTdeckas reoMeTpus Ha
IIJIOCKOCTH M B IIPOCTPAHCTBE
Jlekiinga 2.3

Anborarus

[TonsgTIE KOMILIIEKCHOTO YuCIa. [ eoMeTpuiueckoe n300parkeHne KOMILIEKC-
HbIX dnces. PopMbl 3allMCH KOMILJIEKCHBIX YHCeJI: ajiredOpanvecKasi, TPUIO-
HOMeTpHUYecKasd, mokasarebHast. JleiicTBusi Ha [ KOMIIJIEKCHBIMU UMCJIAMU:
CJIOYKEeHME, BBIYUTaHue, JeJIeHre, BO3BeJIeHIE B CTelIeHb, U3BJIeYeHe KOPHSI.

1 KoMijiekcHble 9ymncia

B coBpemeHHO# MaTeMaTuKe, IOMUMO JeHCTBUTELHBIX YNUCE]I, HC-
MOJTB3YIOT KOMILJIEKCHBIE YHCJa, MOTPEOHOCTh B KOTOPBIX BO3HUKJIA B
XVI Beke B ¢BgA3M ¢ HEOOXOAUMOCTBIO ONPEACINTb KOPEeHb U3 OTPHIlA-
TEJILHOTO YUCJIa, 8 UMEHHO v/ —1 IpH peleHnn KBaJIpaTHbIX ypaBHEHU
C OTPHUIATEIbHBIM JTUCKPUMIHAHTOM.

MHuOoKecTBO Bcex KOMILIEKCHBIX dnces obosnadaercs oOyknoii C'. Yuce-
J10 v/ —1 obo3Haumm OyKBOIi ¢ 1 CTaJIM Ha3blBaTh MHUMOM €aMHUIIEHH:

i=v—1,i¢=-1,3=2i=—i,d=3-i=1, ..

Onpedenenue

KoMILIeKCHBIM 9MCJIOM 2 Ha3bIBAETCs BhIpazkeHue Buga a+bi, rie
a n b — jeficrBuTeNbLHbIE YnCIa, a ¢ — MHUMas eJunnia. [Ipun srom gaucio
@ Ha3bIBAETCsI AeMICTBUTEJIbHON YaCThIO Yic/a z 1 0003HadaeTcs: ez,
a 41cja0 b — MHIMOI 4acTbhio 1 obo3Havdaercsd Imz.

Ecim a = 0, To KOMILIEKCHOE YUCI0 2 = bt Ha3bIBalOT YMCTO MHHU-
MBIM.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Onpedenerue
Yucna z = a+bi u Z = a— bi, oTingaromniuecs Juilb 3HAKOM MHUIMOIT
YaCTHU, HA3bIBAIOTCS KOMILJIEKCHO COITPSIXKEHHBIMU.

Ipumep. Paccmorpum kBagpaTHoe ypasHerne z2 — 2z + 5 = 0. Ero
nuckpumunant D = 22 — 4.5 = —16, VD = /—16 = V16 - /—1 = 4i.

Kopun — 219 = 1 &= 27 — KOMINUIEKCHO COIPAKEHHbIE THCIIA.

Onpedenenue
Samnch KOMIUIEKCHOI'O YHC/ia B BUJE 2z = a + bl Ha3bIBaeTcs aJjreo-
pamvdeckoii (popMoOil 3aIINMCU KOMILIEKCHOI'O ULCIA.

Onpedenenue
JIBa KOMILIEKCHBIX YHCIa 21 = a1 + b11 U 29 = a9 + byt HA3BIBAIOTCH
paBHBIMU, €CJIH PaBHLI UX JIEACTBUTEIbHBIE 1 MHUMBIE YaCTH: a1 = (9,

by = by.

Onpedenenue
CyMMOIii IByX KOMILIEKCHBIX YHCEeT 21 = a1 + b1t U 29 = as + bot
Ha3LIBACTCS KOMILICKCHOE UHCJIO
Z=2z1+ %2 = (a1 + CLQ) + (b1 + bg)i,
a PaA3HOCTBIO - KOMILJIEKCHOE IHC/IO
Z =21 — 29 = (a1 — CLQ) + (bl — bg)’t

Onpedenerue
IIpouzBegeHneM [1BYyX KOMILIEKCHBIX 9HCEI 21 = a1 + b1l 1 29 =
a9 + bot HA3BIBAETCS KOMILIEKCHOE YHCJI0, OIPEJeIsieMoe PaBeHCTBOM
Z=2129 = (alag — blbg) + (a1b2 + agbl)i.

Hannast dpopMysia MmosydaeTcd myTeM OOBITHOrO0 apuMeTHIeCKOro
HEePEMHOYKEHUS JIBYX JIBY 9JICHOB:
Z=21"29 = (CL1 + bli)(QQ + bQZ) =
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

= a1as + arbat + asbyi + bybyi* =
= (a1ag — b1ba) + (a1be + azb)i.

Onpedenerue
YHacTHBIM OT JIeJIEHUS [IBYyX KOMILIEKCHBIX 4dncen z; = aj + byt
U 29 = a9 + byl Ha3BIBAETCsT KOMILIEKCHOE UHCJIO, OIPee/isieMoe PaBeH-

CTBOM )

21 a + bll ai1as + b1b2 CLle — albg .
z = — = - =
Zo  ag+ boi a3 + b3 a3 + b3

Hannast bopmyJia 1moJrydaeTcst ImyTeM YMHOXKEHUsT YUC/IUTE ] 1 3Ha-
MeHaTess Ipo0u 21 /29 Ha UUCJI0, CONPSIKEHHOE 3HAMEHSITETIO, Zs.

IIpumep. Boimonnum apudmerndeckne JeiicTBIsI HaJl KOMILIEKCHBIMI
qyucygaMn 21 = 1 — 11 29 = 3 + 2¢:

a)z1+20=01—-1)+B+20)=14+3)+i(—-1+2)=4+74;

)21_22 (1—-4)—B3+2i)=(1-3)+i(-1—-2)=—-2— 3i;

B) =(1—-4)-34+2i)=1-3+1-2i—3i—i-21=>5—1;

. 1—z'_(1—2’)-(3—22’)_3—22’—&'—2 1 5,

22_3—|—22 (3+2)-(3-2) 9-6i+6i+4 13 13"

|w

2 T'eomerpuyeckoe n3odbparKeHne KOMILJIEKC-
HbIX YHCeJI

Besikoe KOMILIEKCHOE 91C/I0 2 = a + b MOXKHO n300pa3uTh Ha, ILJIOC-
koctu Oxy B Buje Touku A(a,b) uin ee paguyc-sektopa OA.

Onpedenerue
Toukam, jiexkanum Ha oct Ox, COOTBETCTBYIOT JefiCTBUTE/IbHbIE TIC-
a (b=0), mosromy ocb Ox Ha3BIBAIOT AEMCTBUTEIBHON OCBHIO.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’
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Onpedenenue
Toukam, jiezkarum #Ha oct Oy, COOTBETCTBYIOT YHCTO MHUMBIE THCIA
(a = 0), mosTomy ocb Oy HA3BIBAIOT MHUMOM OCBIO.

Onpedenenue

[I1ocKOCTh, Ha KOTOPOil M300parKaioTcs KOMILJIEKCHBIE UNCTIa, Ha3bl-
BalOT IMJIOCKOCTHIO KOMIIJIEKCHOIN IEPEMEHHOMN 111 KOMIIJIEKCHOM
IJIOCKOCTBIO.

Takum ob6pa30M, Ha OCH X PACIIOJIAraloTCs JIeHCTBUTEIbHBIC YUCTIA, a
Ha OCH Y — YNCTO MHHUMBIE.

Onpedeaenue

MoyaeM KOMILJIEKCHOTO Ync/ia 2 = a -+ bi Ha3bIBaeTCsl MOJLYJIb BEK-
TOpAa, COOTBETCTBYIOIIETO 3TOMY YHCILY.

O6osnauenwue: 7, |z|.

.
Borancnenue: r = |OA| = va? + V2.

Onpedenenue
AprymMeHTOM KOMILIEKCHOT'O YUC/Ia 2 = @ + bi HA3bIBAETCS BEJINIH-
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Ha yIJIa MEXK/Iy MOJIOZKUTEIbHBIM HallpaBJeHneM JeficTBUTEIbHO ocn 1
BEKTOPOM, M300ParKAOIIIM 9TO IHCJIO.
Oboznauenue: @, Argz.

vt 4

R ,
NN

O a x

AprymenT KoMILIeKCHOro uncia z = 0 He onpejieser. ApryMeHT KOM-

ILJIEKCHOTO ducia z # (0 gBJIgeTCss MHOTO3HATHO BEJININHOI:
Argz = argz+ 2mn (n € Z),
rjie arg z — rJlaBHOe 3HaYeHWe aprymeHTa, —7m < argz < m. Jljsd
PAKTUYIECKIX PAacueTOB U3 MHOXKECTBa 3HaUeHUil aprymenTa Argz B oc-
HOBHOM BBIOHMPAIOT €ro IJIaBHOE 3HAUYEHHE arg z, KOTOPOe OIIPEJIe/IsieTCsI
110 popmy.ie:
arg z = arctg(b/a) + 7k,

ryie k BbIOUpaeTcs MO MPaBUIY:
ec/I 2 HAXOAUTCA B 1-0if Wan 4-0i1 4eTBePTAX KOMILIEKCHOI IIJTOCKOCTH,
To k = 0;
eCJIN Z HAXOJUTCS BO 2-0if 9eTBEPTH KOMILIEKCHON TIJI0CKOCTH, TO k = 1;
ecJIi 2 HaXOJUTCs B 3-eff 4eTBepTH KOMILIEKCHOM IJI0cKocTH, To k = —1.

3 Tpuronomerpuieckasa popma 3aIicii KOM-
IIJIEKCHOT'O YMCJIa

U3 mpstmoyrosibroro Tpeyrosbanka OC' A (M. pUCYHOK BbIIIe) HAXO-
JTM:
a =1rcosy, b=rsinp.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Takum 06pa30M, KOMILIEKCHOE THCJIO 2 MOXKHO 3alliCaTh B BHJIE:
z=a+bi =rcosp+irsinp = r(cosp +isiny),
rJie 7 - MOJLY/Tb KOMILIEKCHOIO YUCJIA Z, ( - OJIMH U3 €ro apryMeHTOB.

Onpedeaenue
Barmce B Bujie z = 7(C0S @ + 7 8in ) Ha3bIBaeTC TPUTOHOMETPHU-
qecKoil (popMoii 3amicu KOMILIEKCHOTO YNCIIA.

IIpumep. 3anncarb KOMILIEKCHOE YUCTIO0 z = 1 — ¢ B TPUTOHOMETPH-
Jeckoit popme.

Pemenmne.

s ancna z umeem a = 1, b = —1. Torna

r=vVa b0 =1/124(-1)" =2,
¢ = arg z = arctg(b/a) + mk = arctg((—1)/1) +7-0 = —7 /4.
Orciona z = v/2(cos(—m/4) + isin(—m/4)).

Apupmemuneckue deticmeus Had KOMNAEKCHBLMU YUCAGMU 6 MPU-
20HOMEMPUYECKOT hopME:
[Iyctb 21 = 1r1(cos @1 + isin@y), 2o = 19(C0OS o + i sin ). Torma

1) /? : ZQTZ rira(cos(p1 + @2) +isin(vr + ¢2)),
2) 2L = “L(cos(p1 — a) + isin(p — 2)).
zZ9 Tro

13 omeparin yMHOYKEHUsT KOMILUICKCHBIX THCET CJCYET, ITO
2" = r"(cosnp + isinny),
TJIe N - TeJI0e TTOJIOYKUTETHLHOE TUCII0. DTO BhIpazkeHie Ha3biBaeTcs (pop-
myJioit MyaBpa.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

4 llokazareabHas popMa 3a1mcu KOMILIEKC-
HOT'O YHCJIA

Ucronb3yst dopmyiy Diijiepa
€'Y = cos ¢ + isin @,
KayKJi0e KOMILJIEKCHOE YHCJIO MOXKHO 3allicaTh B (popMme
2 = re'?,
KOTOPas Ha3blBaeTCs MOKa3aTeJbHOI (popMoOiil 3anmMcu KOMILIEKCHO-
ro 4ucja.

Apupmemuveckue deticmeus Had KOMNAEKCHOIMU YUCAAMU 6 NOKA-
3ameavHotl hopme:
[Iycthb 21 = re'?', 29 = r9e'¥2. Torma
1) 2129 = 7“17“261(801"‘%02)’
2) A _ T ilpi—p)
22 )

5 Kopenb n-oii crenenun

Onpedenenue
KopteMm n-oii creneHu n3 KOMILJIEKCHOTO 9HCTIA
z =r(cos @ +isiny)
HA3BIBAECTCST KOMILJIEKCHOE YHC/I0, OIPE/IE/IIeMOe PABEHCTBOM

2k 2k
Sz = Ur cos P T isinu k=0,1,....n—1.
n

n

Takum obpa3oM, KOpeHb n—0if CTeleHn U3 KOMILJIEKCHOTO YKCJIa UMe-
eT M pa3JnJHbIX 3HadeHuit jisg k= 0,1,...,n — 1.
Ipumep. Haiiti Bce Kopan ypasnenns z° 4+ 1 = 0.

Pemenne.
Heobxonumo naiitu Bee 3nadenus v/ —1.
BanumeM 4ucio z = —1 B TpUroHOMeTpUIecKoil popme:
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

a=—1,b=0r=4/(-1)240=1,p=n.

Orcrona z = cosm + ¢sinw. Torua
w4+ 27k ™+ 27k

VT = cos 2T L iin TEATE L 019,
coS 3 + 2 81n ?i/_, , 1,
1 3
k=0: (\3/—1)1:cosz—l—z'sinz:——l——z’;
3,03 2
k=1 (3—1)2—0057T 3 T fisins 3 7T:cos7r+isin7rz—1;
4 4 D !
k=2 (3—1)3:COS7T+ 7T+isin7r+ 7T:COS?WjLiSin?W:
1 V3
=———
2 2
1 3 1 3
Takum obpazom, v/ —1 = {5 + gi; —1;5 - gz}

Haiinernble KOpHI Ha IJIOCKOCTH:
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