2. YN CJIOBBIE MHO2KECTBA

2.1. MHo>XecTBO Bcex BemecTBeHHbIX 4duces (R)

Mpb1 He Oyzem IbITAThCs ONPEAEIUTh NOHSATHE "BEIIECTBEHHOE YKC/I0", CYnTasi, YTO HEKOTOPOE MPEICTABIEHUE
YUTATENb O HEM y2Ke uMeeT (B 4aCTHOCTHU, 3HAET, YTO KAaXK/I0€ BEIIECTBEHHOE YUCIIO0 N300parkaeTcsi TOUKOM Ha YUCIOBOM
ocu). Kak npasusio, Mbl Oy1eM UMETh JeJI0 CO CIEAYIONMMU JacTaMu R:

1) [a,b] = {z | a < £ < b} — 3aMKHYTBI! NPOMENKYTOK, UIH CECMEHT;

2) Ja,b[={z | a < < b} — OTKPHITHI} TPOMEIKYTOK, WJIN UHTEPBAJ;

3) nomyunrepsai |a,b] = {z | a < z < b};

4) nonyunrepsan [a, b= {z |a < z < b};
3mecs a,be R, a <b.

Ceppesnoe npexynpexaerne. Iuraresno, HECOMHEHHO, NPUXOMIOCh U IPUIETCS B NAJbHEHIIEM IOIb30BATH-
Csl KOMIOBIOTEPOM JIjIsi BbIYUCTICHUHA. MbI canTaeMm HEOOXOIMMBIM IOAYEPKHYTh, ITO JIIOOOH KOMIBIOTED paboTaeT He
C MHOXKECTBOM BCex BemecTBeHHbx uucen (R), a mumb ¢ Konewnotd (1 HE 09eHB GONBIION) €ro 4acThI0 — TAK HA3BI-
BAEMBIMU MOWUHHOLMY TUCTAME. YdeT 3T0ro (Haxra noMoker u30exKATh MHOIMX JOCAZHBIX OIMOOK IIPU PELIeHHUY
BBIYMC/IMTE/bHBIX 33/4a4. 1109TOMy Mbl HACTOSITEILHO PEKOMEH/yeM O3HAKOMUTHCs ¢ MAIIMHHBIMM YUCIAMU XOTs Obl
o IIpuioskeHnto K 9TOi KHUTe.

Brenem Tenepnb pacuiupenmoe mmosicecmso seuecmseenuns wuces (R), koropoe nonydaercs nobasienuem k R
ABYX 3JIEMEHTOB:
—00 (munyc beckonenwnocms) u + 0o (naroc beckonewnocms),

re. R = RU{—o00,+00}. DTn s51eMeHTHI He SIBISIOTCS, KOHEYHO, BEIECTBEHHBIMY YHCIAMH.
Huxecnenyromue npasusa obpamenust ¢ 3JeMEHTaMU MHOXKeCTBa R BBOAATCs 1o onpeesieHuto (1oz & 31eCh
[MOHMMAETCsl IIPOU3BOJILHOE BELIECTBEHHOE YUCIIO):

—00 <& < +00; T+ (—00) = —00; &+ (+00) = +00;
(—00) + (—00) = —00;  (400) + (+00) = +00;
(+o0) + (—o0) He ompenesieHo!
x>0=z-(+oo0) =%00; 2<0=z-(+o0)= Foo;
0-(+o00) He ompeneneno!

(—00) - (—=00) = (+00) - (+-00) = +00;

(—00) - (+00) = —00; ﬁ =0.

‘ Henurh HA HYJb Haxke B R Hesb3si! ‘

Onpegenenne. [lycrts X — menycrast yacts R. Eciu cymecTByer Takoe BemecTBeHHOE YUCI0 M, 9TO 1Jist BCSIKOTO
z € X spmonusercs aepasencTso £ < M (B X Her umcna, Gosbimero, uem M), TO roBopsT, 9T0 MHOXKECTBO X 02paru-
weno ceepry, a aucno M HazwpBAIOT eeprHet 2panuyet MEOXKecTBa X . (O6GpaTuTe BHUMAHWE HA TO, YTO HEPABEHCTBO
necmpozoe!)

Ecnu gucia ¢ onucaHHBIM BBIIIE CBOMCTBOM HE CYIIECTBYET, T.€. KAKOE ObI MbI HU B3SJITH BEIECTBEHHOE YUCIIO,
BO MHOXkecTBe X Haiigercs: 6G/bIee YUCI0, TO TOBOPST, YTO MHOXKECTBO X HE 02PaHUYEHO C8EPLY.

Teomerpuyeckun X mpencTaBisieTCss MHOXKECTBOM TOUYEK BeIeCTBEeHHON ocu. Ecau M — BepxXHsIsT TPAHUIA, MHO-
>xecTBa X, TO npasee Touku M nem Touek n3 X.

fAcuo, uro nr060e uuciio, O6bIee BepXHEN IPAHULIBI MHOXKECTBA, TaKXKe OyIeT BepxHeil rpaHumeil 3Toro MHO-
JKeCTBa. YuurbiBasi mpaBuio £ € R = z < +00, yCTaHOBJIEHHOE B ﬁ, cllefyeT CUYMTATh +00 BEpPXHei rpaHunei
soboit Herycroit wactu R. Ecsu xxe X He orpaHmyeHo CBepXy, TO y HEro HeT BepxHuX rpanui u3 R u +00 Oymer ero
€IMHCTBEHHOIT BepXHEil IPAHULIEH.

AnayornyHo onpenessieTcss OrpaHUYEeHHOCTh CHU3Y HeIycTol JacTu R U ee HUXKHsIsSI TPAHUIIA.

OTMeTI/IM, YTO HE€ BO BCAKOM HENTYCTOM MHOXKECTBE BEIHIECCTBEHHBIX YUCEI €CTh HaH60JIbIlIee YUCJI0. HOK&)KeM,
HaNpUMep, YTO B UHTEPBAJIE HET HAUOOJBIIErO YUCIIA.
JeiicTBuTesnbHO, BO3bMeM Jr060e 4ucio & u3 UHTepBaja |a, b[. Torma

= €]a, b= (x-;b e]a,b[) A (x;_b >:z:>.




B 10 e BpeMsi M0ICHO NOKA3aMY, “mo | cpeu BepXHUX rpaHuI To6oro HemycToro MEoxkectsa X C R ecTh HanMeHn-
masi. Ee HasbBaoT mounotl eeprheli epanuyed nnn eeprueli zpanvio MHOXKecTBa X 1 0603HAYAOT cuMBOJIOM sup(X)
(ot ;arunckoro supremum). Ipu sTom ecim X orpanudeno ceepxy, 1o sup(X) € R, unaue sup(X) = +o0.
AHaJIOrMYHO BBOAUTCS MOHATHE MowHol Huoched epanuyb, (Huscred 2panu) MHOXKeCTBa — HAMOOJIbIIEH U3 ero
HIKHUX rpaHnl. HukHIo0 rpads MHOXKecTBa X 0603Ha4aror cumsosioM inf(X) (or marunckoro infimum).
OrMernM, 94TO KOI/ja B MHOXKECTBE €CTh HANOOJIbIIee (HAMEHBINee) YUCII0, OHO, OYEBUIHO, U SIBJISIETCS BEPXHe
(HM>KHEH) IPAHBIO 9TOIO MHOXKECTBA.

2.2. MHoXecTBO Bcex KoMiuieKcHbIx gucea (C)

W3BecTHO, 9TO Kazkmas TO4YKa M, jexKamasi B INIOCKOCTH, B3AUMHO OJHO3HAYHO OIPEIE/ISeTCs CBOUMU JeKap-
TOBBIMH KOOPJIMHATAMU: yHOPsIJOYEHHO# Tapoii BemecTBenHbIx aucen (z,y) (puc. 2.1)%:

Puc. 2.1

VYenoBumMest, 9TO B 9TOM MyHKTE OyKBa 2z (KaK C MHIEKCOM, Tak u 6e3) OymeT 0003HAYATh YHOPSIZOUYEHHYIO TIapy
BEIECTBEHHBIX 4ncesi. VI3BeCTHO Takke, YTO KaXKI10# Touke M B3aMMHO ONHO3HAYHO COOTBETCTBYET HAIIPABJIEHHBIN
orpe3ok OM.

OHpe,He.HI/IM CJIO2KEeHue yHOpHﬂO‘IeHHI)IX Hap BEIIECTBCHHBIX YHCEJI HpaBI/IJIOM
21 = (21,41), 22 = (T2,y2) => 21 + 22 = (21 + T2, 41 + ¥2).

—  —
IIpu sToM cooTBercTByIOIUe HampasaeHHble oTpe3ku OM; u OMy CKIaIBIBAIOTCS U3BECTHBIM CIOCOOOM — IO
npaBwiIy mapasiienorpamma (puc. 2.2).

.CL'1 T2 x

Puc. 2.2

QOueBugHO, YTO IIPHU JIHOOBIX 21, 22, 23

21+ 2z =z2a+21; 21+ (224 23) = (21 +22) + 23

I Bripaskenne "MOKHO MOKa3aTh, 4T0"31eCh 1 masee 03HaYaeT: "MbI He MOXKEM MM He XOTHM IPHBOJUTE JOKA3aTeILCTBO. VIHTepecyo-
AMCS IIPEJOCTABJISIETCS BO3MOXKHOCTH 03HAKOMHUTHCSI C HUM 110 6osiee mojnHbIM Kypcam'.
2Taxum 06pa30M, IIIOCKOCTH MOXKHO PACCMATPHUBATEH KAK FeOMETPHYECKYI0 MHTEPIPETAINIo IeKAPTOBa mpoussenenus R X R = R2.



(C.TIO}KGHI/IG YOOPAJOYECHHBIX TTaP BEIIECTBEHHBIX YUCEJT KOMMYTAaTUBHO U aCCOHHaTI/IBHO).
Y mmooicenue YOOPAIOYECHHBIX TMap BEIIECTBEHHBIX YUCEJI ONIPEAe/IAeTCA IMMPaBUJIOM

2122 = (21,91) - (T2,92) = (2172 — y1y2), (T1Y2 + T291)) -

Vb6enurech, 9TO0 yMHOKEHUE KOMMYTATHBHO, ACCOIUATURHO U JUCTPUOYTUBHO OTHOCUTEIHHO CIIOMKEHUS.
N3z6aBuMcst 0T HEOOXOAMMOCTH MOBTOPSTH JJIMHHOE CJIOBOCOYeTaHue "yIopsiioueHHas Tapa BEIEeCTBEHHBIX Y-
cen'u 3aMeHnM ero 6osiee KOPOTKUM "KOMILIEKCHOE 9nciIo’.

Omnpenenenne. JekaproBo npoussenenrie Rx R ¢ onpeesieHHBIME B HEM BBIIIIE JBYMSI OTIEPALIASIMU — CJIOKEHUEM
U YMHOXKEHUEM — 0yZeM Ha3bIBATb MHOHCECTNEOM BCEL KOMNAEKCHOLL YUCEA, & €T0 JIEMEHTHI — YIOPSJOUYEHHbIEe Taphbl
BEIIECTBEHHBIX IHUCEI — KOMNALKCHUMU %UCAaMU. MHOXKECTBO BCeX KOMILIEKCHBIX dnces 0003Hadaercs: cumsotom C.

dopTpaH M BCE CPeabl KOHEYHOTO TOJb30BATENs, NMPEJIHASHAMEHHBIE JIJIsi PEIIeHUs BBIYUCIUTEIbLHBIX 3334,
"3uaror" KoMmIekcHbIe ynciaa u "ymeor" paborars ¢ Humu. [loaTomy He cienyer cTapaThesi BCeraa ' mpuBOIUTh
BBIpAXKEHMsT K BelecTBeHHO ¢opme".

Nmeer MecTO 0YeBMIHOE B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEIKIY TOYKAMH IIOCKOCTH M KOMILIEKCHBIMU
ugncnamu. Paccmorpum gacts C, COOTBETCTBYIOIIYIO TOYKAM, JIEXKAIIMM Ha, OCH abciuce. Bee 9TH KOMILIEKCHBIE IHCTIa
VMEIOT HYJIEBYIO BTODPYIO KOMIIOHEHTY Tapbl. lIIoKarkeM, UTO 3TO MHOXKECTBO 3AMKHYMO OMHOCUMENLHO 0nepayudi
CAOIHCEHUA U YMHOHCEHUA, T.€. 9TO CYMMa U IPOU3BEIEHNE YUCeJ U3 ITOTO MHOXKECTBA HAXOAATCA B HEM JKe:

21 = (1’1,0)/\22 = (.Z'Q,O) = 21+ 22 = (.’171 —|—IE2,0)/\21 -2y = ($1.CL'2,0).

Buano, uro dakTrUecku MbI ONEPUPYEM JIHIIb C MEPBBHIMU KOMIIOHEHTAMHU AP, COOTBETCTBEHHO CKJIAIBIBASI
WM TIEPEMHOXKAsI X KAK BEIIECTBEHHBIE YUC/IA. DTO JAeT OCHOBAHUE OTOXKIECTBUTH KoMILiekcHoe ducyio (z,0) € C ¢
BEIIECTBEHHBIM YnciaoM ¢ € R, 1 B manbHelmemM He pa3inydaTh UX.

ITpu TakOM COTJIAIIEHUN KayKJ0e KOMILIEKCHOE YUCI0 2 = (&,Y) MOKET ObITh MPEJCTABJIEHO B BUJIE

z=(,y) = (2,0) + (y,0) - (0,1). (2.2.1)
Eciu BBectu o6osunadenue i = (0,1), o (2.2.1) nepenumercs 601ee KOMIAKTHO:
z=z+y-i wm z=x+1i-y. (2.2.2)

Bripaxkenue (2.2.2) nasbiBaior aazebpauyeckoti opmoti KOMILIEKCHOrO 4ucia. TouKy, 0003HAYAOILY IO Y MHOXKE-
HHUE YaCTO OMYCKAIOT U NMIIYT Z = & + iy = % + yi. [0BOpsT, 9TO & — BEIIECTBEHHAs YaCTh KOMILIEKCHOTO YUC/IA
Z =T+ iy, a Yy ero — MHAMAs 4aCTh (HE CTOUT JOWCKUBATHCS UCTOPUYECKUX IPUYUUH IMOSIBJICHUs] TAKUX HA3BAHWN —
nponie 3alIOMHUTb UX U II0JIb30BATbCA I/IMI/I)
[Tummy T
z = Re(z) = Re(z + iy), y=Im(z)=1Im(z+ iy).

(Re u Im — coxpamenus or Real — Bemecrsenustit u Imaginare — MEuMBbIi).
Herpyauo 3amerutsb, 9uro u3 "Tabiunbl yMHOXKeHUs1" KOMILIEKCHBIX YHCEJT CYIIECTBEHHO TOJBKO OHO TIPABUIIO

1" =14-1=-1

(MBI HasteEMCST, YTO YUTATENb YOEXKEH B OTCYTCTBUY 6EULECMEEHHO20 YUCTIA, KBAIPAT KOTOPOIO OTPHULIATENIEH, U HAle-
eMCs1, 9TO 9Ta YBEPEeHHOCTD y HEro coxpanutcs. Bo m3beskanue HesopasyMenuit cienosaso 6b1 mucats (0,1)2 = (—1,0).
Onnako ymobree macaTh i2 = —1, ¥ Tak MUITYT BCe).

Cdopmynupyem mpaBusia BHINOTHEHUS apUPMETHIECKUX OMEPAINi ¢ KOMILIEKCHBIMYM YUCIAMU, 33JaHHBIMU B
asnrebpanyeckoit gpopme.

IIycts 21 = 21 + iy1, 22 = 2 + ty2. Torma

21+ 20 = (x1 + iy1) + (z2 + 1y2) = (x1 + x2) + (Y1 + y2);
z1 - 22 = (z1 +iy1) - (2 + 1y2) = (@122 — y1y2) + i(T1y2 + T2y1)-

BuaHo, 9T0 KOMIJIEKCHBIE YUC/IA, CKJIAABIBAIOTCS U MEPEMHOXKAIOTCS KaK JBYy4ieHbl. Hy»KHO TOJIHKO MMOMHUTH,
YTO TIPH NOSIBJICHUY POU3BEJIEHUS | - § €ro CJeJyeT Cpady ke 3ameHuTh ucyioMm (—1). 3amernum eme, 9TO yMHOKEHHE
KOMILJIEKCHOI'O 4YHMCJIa HA BEIIECTBEHHOE BBIIOJIHACTCA TOKOMIIOHEHTHO:

a-(z+iy) = (az) + i(ay).
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Boruntanme KOMILIEKCHBIX YKCENT onpenesaeTcda eCTeCTBEHHBIM 06pa30M:

21— 22 = (@1 +iy1) — (T2 +iy2) = (21 — T2) + i(y1 — y2).

Onpegnenenne. Yucna & + iy v & — 1y HA3BIBAIOTCS CONPANCEHHDBLMY KOMILIEKCHBIMEU yucaamu. [lurmyT
T—iy=c+iy WM I+ 1Yy =2 —1y.

TO‘-IKI/I H.HOCKOCTI/I, COOTBeTCTByIOH.[I/Ie Hape COHpH)KeHHbIX KOMIIJIEKCHBIX ‘-II/ICG.H, CI/IMMeTpI/I‘IHbI OTHOCUTEJIbHO
ocu abcuce.
KOMH.HeKCHI)Ie qucjia C HyJIeBOﬁ MHHMOﬁ 9aCTBIO (HO HaoieMy COIVIAIICHUIO — BEII€CTBECHHbIC qncna), " TOJIBKO
OHH, COBIAJAIOT C CONPSAXKEHHLIMU UM, T.€.
z=zZ<=zeRCC

NmMmeror mecTO O4YE€BUAHBbIC DABEHCTBA:

- (2 + Z) = Re(2); (z=2)=1-Im(2).

1
2

N | =

3ameTum, 94To
z-Z=(x+14y) - (z —iy) = 2% + 97,

T.€. IPOU3BEACHNE MTaPbl KOMIIJICKCHO CONPAXKEHHbIX YHUCEJI PABHO KBAJAPATY PACCTOAHUA OT TOYEK IIJIOCKOCTHU, COOT-
BETCTBYKOIIUX ITUM YUC/IAM, 10 HAYAJId KOOPDAWHAT.

Omnpenenenne. Modysb KOMILIEKCHOTO 9HCIa — 9TO PACCTOSIHME OT HAYAJa, KOODAMHAT O TOYKHU ILIOCKOCTH,
cooTBeTCTBYIOIIeH 3ToMy uuciy. [TumyT
|z +iy| = Va2 + ¢
NmeeT MecTO 0U€BHIHOE HEPABEHCTBO
|21 + 22| < |21| + |22]
(mnvHa TUArOHAM TAPALIEIOrPAMMA, He 6OJIbIe CyMMBbI JJIAH €r0 CMEXKHBIX CTOPOH).

2.3. HOJIﬂpHaSI CuCcTeMa KOOpJAMHAT Ha IIJIOCKOCTH U
3KCIIOHEeHIInaJIbHaA (bopMa 3allMC KOMILJIEKCHOI'O 9YHCJjia

ITonoxxenne Touku M Ha MJIOCKOCTH MOXKHO 33/aTh C IIOMOIIBIO YIIOPSAOYEHHON MAPhl YUCET: T — PACCTOSIHUE
OT HAYaJa KOOPAMHAT 1O ITOH TOUKU U ¢ — yroj (B pajmaHax), OTCIUTHIBAEMBIH [IPOTUB 4aCOBOW CTPEJIKU OT OCU

abcuuece 1o HanpasieHHoro orpeska OM (puc. 2.1).
9Ty yNOpsSIOYEHHYIO IIapy YHCES HA3bIBAIOT NOAADPHLMU KOOPOUHAMaMy TOYKH M; r Ha3LIBAIOT NOAADHLIM
PaduYcom, a O — NOAAPHBIM Y2A0M TOYKH. Ilepexos OT MOJISPHBIX KOOPAMHAT TOYKH K €€ JIEKAPTOBBIM KOODIMHATAM
OCYIIIECTBJISIETCSI 110 (DOPMYJIAM
x=r-cos(p); y=r-sin(p).

IonstpHbIil paaryCc TOYKU OMPENEISeTCs 0 €€ JeKAPTOBBIM KOODIMHATAM TAK2KE OJHO3HATHO:

r=+2z2+y2=|z|

A BOT NONSIPHBII yTOJ ONPEIESIeH JIAIIb ¢ TOYHOCTHIO JI0 [EJIOr0 YMCJIa NepUoIoB CUuHyCa (Kocunyca). leiicreu-
TeJIbHO, Ha PHUC.2.1. BMECTO ¢ C OMHAKOBBIM OCHOBAHMEM MOXKHO HAINCATh

px2m, ptdn,...,0p+2knw, k€ Z.
Nuoraa, 9robpl yCTPAHUTH 3Ty HEOJHO3HAYHOCTD, yCIABIUBAIOTCSA CIMTATD, ITO

0<p<2r mm —-71<p<lmT.

Torna y Ka10# TOYKM TIOCKOCTH (KPOME HAHaJ/a KOODPAMHAT) TOJISAPHBIH yrojl ONpeessieTcs OJHO3HAYHOS.

Jas roukum (0,0) (Ha4aI0 KOOPAMHAT) TONSPHBINA yroa He onpedenen.

3Wnorsa Berpeuatomasnca dbopmyna ¢ = arctg (y/T) HeBepHa, Tak Kak ONpeeNseMbil o Hell yros Bcera Gy/IeT JIeXKaTh B TPOMEXKYTKe
[f%, %] B ®oprpane U B cpejax KOHEYHOI'O MOJB30BATENSI UMEIOTCS (PYHKITUH, BO3BPAIAIOIINE TPABUIBHOE 3HAUYEHHE IOJISIPHOTO YIJIA.
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Mzu1 B 3TOM Kypce HE€ BBOJIUM OI‘paHI/I“IeHI/Iﬁ Ha BEJIUYUHY TIOJIAPDHOTO yTJIa. ‘

IIycTb KOMIIEKCHOE YMCIIO 331aH0 B ayiredpandeckoil hopme. Briparkasi 1eKapTOBbI KOOPAMHATHI TOYKHU Yepe3
TIOJISIPHBIE, TIOJTYYUM

z=z+i-y=r-cos(p)+i-r-sin(p) =|z| (cos(p) + i - sin(p)) .

Bripaxenue z = |z| - (cos(p) + i - sin(p)) . Ha3bBAIOT MpuzoHoMempuneckol PHopmot 3aIuCu KOMILIEKCHOrO
quciia. [IoMsapHBIf yrosl TOYKU MI0CKOCTH, COOTBETCTBYIONMIEH KOMILIEKCHOMY YHCTY, HA3BIBAIOT TAKIKE QP2YMEHMOM
sroro uucia. Humyr arg(z) = ¢.

YuursiBast, 4T0 KOHCTPYKIUs cos(p) + i - sin(yp) Oyer MOCTOSHHO BCTPEYaThCs, BBEAEM JJIs Hee CIENUaJIbHOe
00o3HaueHEe

exp(ip) = cos(p) + i - sin(p)
U yCTAaHOBHM HEKOTOpBIe cBoiicTBa dynkmun exp : R — C (unorga Bmecto exp(ip) mumryT €%, HO MBI TIPeIOYHTACM
9TOrO He JIEJIATH)

1. ezp(0) = cos(0) + i - sin(0) = 1.

1.

2. leap(ip)| = (cos®(¢) + sin*(p)) "

8. ewp(ip) - eap(iv) = (cos(p) + i - sin()) - (cos() + i - sin(1))) =
= (cos(p)cos(th) — sin(p)sin(1h)) + i - (cos(p)sin(®) + sin(p)cos(s)) =
— cos(ip + 1) + i - sinp + ) = eap (i(pp + 1)) -

4. Tlonaras B (3) % = ¢, mnomydaem

(ezp(i))” = exp(2ie)
u, aHajoru4Ho, juis moboro n € N (exp(ip))” = exp(iny)

5. Tonarasis (3) ¥ = —p, mnomyyaem
exp(ip) - exp(—ip) = exp(0) = 1.
Orciona exp(ip) #0 u  (exp(ip)) ' = exp(—iyp).

Ncnonn3ysi BBemeHHOE 0003HAUEHME, Oy 1€M 3alUCHIBATH KOMILJIEKCHOE YMCJIO TAKXKE B BUJIE

2= |2] - eap (i - arg(2))

U HA3BIBATDH 3TO BBIPAXKEHUE IKCTIOHEHYUUAALHOT PopMOoti 3aITUCH KOMILJIEKCHOTO 9HCIA.
IIpu arom, ecnu 21 = |z1| - exp(ipr) u 22 = |22| - exp(ipz), TO

21 - 22 = |21] - |22| - exp (i(p1 + 2)) -

HpI/I YMHO2KE€HUHN KOMIIJICKCHBIX 9HCEJI UX MOAYJIN IIEPEMHOXKAKTCA, & aPI'yYMEHTbI CKJIaAbIBAIOTCA.

BeeneM omepanuio mejieHrsS KOMILIEKCHBIX 9rCeI. Ha30BeM YaCTHBIM OT JEICHHs 2] HA 2z TAKOE KOMILJIEKCHOE
quCJjI0 zZ, 9TO 2 - 22 = Z1.-
QueBugHo, uTo nipu 25 =0, 229 = 0 gus sroboro z € C.

‘ HOE)TOMy, KaK 1 BO MHO2KECTBE BCIIECTBEHHBIX YUCEJI, ACJICHUE Ha HYJIb HE OIIPEAEJICHO. ‘

2
Ouesnano Takxke, 4To ecm 22 #0u 21 =0, 10 2 = 3L = 0.

IIycts Temeps zo # 0. 3ammmmeM mesmMoe, AeIUTeIb U 9aCTHOE B 9KCIIOHEHINAILHOM dhopMe:
21 = |z1| - exp(iv1), 22 =|22|-exp(ivs), 2z =|z|-exp(iyp).
Torma mo omnpeneeHno
|2] - [22] - exp (i + @2)) = |21] - exp(icpr).

Orcrona
|z| - |22| = |21], @+ 2 =1+ 2km, k€ L.
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Taxum obpazom,

z

2| = H © =1 — 2+ 2km, k€L,
2

1 9aCTHOE OIIpeaeadeTCd € JMHCTBEHHBIM O6pa3OM:
_ a1 |21]

= =-—-exp(i — o+ 2kw)) = — -exp (s — .
29 |22| p( (901 ®2 ﬂ-)) |22| p( (801 902))

Ecnu nenvMoe u nenuresib 331aHbl B aredpandeckoil popMe, TO 9aCTHOE HAXOASAT TaK: YMHOMXKAS YUCIUTENb U
3HaMEeHATeJb Apobu % Ha, Z3, IMeeM

2wty _ (@t iyn) - (22 —dye) _ 322 H Y1y PP R Y
2 @iy (vitiy) - (T2 —iy2) 75+ o3 +y;

144 _ (1+4)-2+3) _ 1 5.
Hpuwep. 2-31 22132 =-13t 13"

2.4. YpasHenue 2" = c. KBagparHoe ypaBHeHUE
Iycts ¢ = || - exp(ip) # 0 — 3amannoe KoMIUIeKcHOe umncio. Haiinem Bce kopHm ypasuenmsi z" = c. Bynem
MUCKATh UX B HKCIIOHEHIMAJIBbHON (opme.
Iycrs z = |z]| - exp(i)). Torma
|2|" - exp(iny) = |c| - exp(iep).

Orcrona
|z]" =|c|; np =@+ 2rk, keL.
TTo3TOMY BCE KODHH YDABHEHUS! HMEIOT OJIMH M TOT e MOAYJIb |2| = |c|!/™, a ux apryMeHTb BHIMUCIAIOTCS 1O
2k
dopmyae 1y, = %, keZ.
Jlerko Buzgers, uro mpu k = 0,1,2,...,n — 1 moay9arTcs n pasausHsT KOpHEH ypaBHeHusi. Touku, n306parka-

FOIIE TH KOPHH, JIEKAT HA OKPY KHOCTH C IEHTPOM B Hauaje KOOPAMHAT i PaamycoM |c¢|'/™ u nemsT 31y OKpy»KHOCTH
HA, N PABHBIX YaCTeEil.

B 1o xe Bpemsi ipu m € Z  Yp4mn = Yr + 2mn. IlosToMy Bcem 3HadeHusiM k, JAIOMUM OJUHAKOBBINA OCTATOK
IIPU JIeJIeHUN Ha N, COOTBETCTBYET ONUH U TOT »Ke KopeHb. CJie0BaTeIbHO, IPYTUX KOPHEH HeT.

3ameuanue. Ilpu ¢ = 0 kopum ypasHenus cauBaorces: 2z, = 0, k= 0,1,...,n — 1). . Msr 6ygem cuurarsb, 9TO
ypaBrenue 2" = () TakKe UMeeT POBHO 7 KOPHEH (KaXKIblil U3 HUX PaBeH HYJIO).

Pettum Teneps KBagpaTHOE ypaBHEHUE
az’? +bz+¢=0; a,b,ceC, a#0.

IIponenaem ToxkmecTBeHHOE TPEOOPA3OBaHTE

2 2 b b 2 C b 2
az"+bz+c=alz"+22—+|—) +——(=— -
2a 2a a 2a

06038a49MB \
W=zt G=<i> .
2a

nosyunm ypasrerne W2 = G, umeromee, Kak ObITO OKA3aHO BbIIMIE, 1Ba KOpHaA (conajatonme npu G = 0).
MbI IIOKa3aJid, 9YTO BCAKOE€ KBaJAPATHOE ypaBHeHHe unMeeT POBHO ABa KOMIIJIEKCHBIX KOPH. PaCCMOTpI/IM 0CO60
cilyyaii, KOraa 9ucia a, b, ¢ — BemecrBeHHble. BO3MOXHBI TpU BapuaHTA:

2
1.G=(i> ~2>0. Torma |G|=G, arg(G)=0,
2a a

27
==

Wi = G 2exp(0) = (G2, Wa = |G| 2eap(im ) = —|G['/* wm
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_ =b+Vb? —4dac —b— Vb2 —4ac
n 2a ’

z1 2= 2a

(ypaBHEHEE MEET IBA, PA3AUNHHIT 6EULECTNEEHHHIL KODHS).

b 2
QGZ(—> —E:O Toma W1:W2:O, 21 =Rk = ——
2a a

(ypaBHeHmE MMEET IBA COENAJAOUUT EULLCTNEEHHDLL KODHS).
BapuanTs: 1 u 2 ObLin u3y4eHbI B IMIKOJIE.

2
3.G= (i> ~£<0. Torma |G| = -G, arg(G) =,
2a a

3
il

Wy = |G|1/26mp(ig) =i|G|'/2, W2 = |G| ?exp( >) = —i|G|"? wm

—b + iv/4ac — b2 ; —b—iv/4ac — b2
== 5 2 ==
2a 2a

(ypaBHEHEE UMEET JBA PASAUNHBIT KOMNAEKCHO COMPANCEHHHLT KOPHS).

21

Bameuanme. meroT MecTo Tak HasbiBaeMble (hopmyiabl Buera! (mposepsiorcss BeramcIeHnem):

c
Z1t2=——, 21-22=—.
a a

4®pancya BUET (1540-1603) — bpaHIy3cKuii MaTeMaTHK.



