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n.1 Acmopuyeckas cripaeka

[TOHSTME KOMMSIEKCHOrO 4YmMcrna BO3HMKMNO U3 MPaKTUKM U TEOPUU PELLEHUS
anrebpanyecknx ypaBHEHUMN.

C KOMMMEKCHbIMU Yncramm BrnepBble MaTteMaTUKN BCTPETUITNUCH MPU pPeLLIEHNN
KBagpaTHbIX ypaBHeHun. Bnnotb go XVI Beka marematukm Bcero mupa, He
HaxoOs NpUemMsIeMOro TOfIKOBaHUA ANs KOMMMEKCHbIX KOPHEN, BO3HUKABLUMX Mpu
peLeHnn KBagpaTHbIX ypaBHEHUN, OOBABNANN UX NOXHLIMUA U HE NPUHUMAaNU BO
BHUMaHMeE.

KapaaHo, 3aHUMaBLUMNCA peLUEeHUEM YypaBHEHUW 3-U U 4- cTeneHen Obin
OOAHUM W3 MEPBLIX MaTeMaTUKOB, dOpMasibHO OMNepupoOBaBLUNX KOMMIIEKCHbLIMUN
yucnamm, XoTss X CMbICI BO MHOIOM OocTaBarcs Ans Hero HEACHbIM.

CMBbICIT KOMMMEKCHbIX YnCcesl pasbsCHUIT APYron UtarnbsHCKU matemaTtuk P.
Bombennn. B cBoen kHure «Anredbpa» (1572 r.) oH BnepBble U3NOXWn npasuna
AEVNCTBUN HAO KOMIMMEKCHBbIMM YncramMmn B COBPEMEHHON popMeE.

Bmecte ¢ T1tem, Bnnotb Ao XVIII Beka, KOMMNMNEKCHble 4ucna cyuTanu
«BooOpaxaembiMn» N b6ecnone3HbiMn. VIHTEPECHO OTMETUTb, YTO AaXKe TaKou
BblgaloWMMNCA MaTeMaTUK Kak [lekapT, OTOXOeCTBNABLUMN EUCTBUTENbHLIE YMCa
C OTpe3KaMun YNCIoBOW NPSAMON, cuUTan, YTo ANsl KOMMNMEKCHbIX YNCEST HE MOXET
ObiTb HMKAKOro pearnbHOro WUCTOSMIKOBAHMWS, W OHW HaBEYHO OCTaHyTCH
BoOOpaxxaemMbiM1, MHUMbIMWU. AHANOIMMYHbIX B3rNA40B NpuaepXuBanncb Benukme
MaTemMaTukm HbloToH v JlendHuy,
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JlInwe B XVIII BEKE MHOrME 3agadn mMaTeMaTUYECKOro aHarmsa, reoMeTpumn,
MEXaHUKN TpeboBanun LWNPOKOro MPUMEHEHUS onepaunn Hag KOMMMNEKCHbIMU
yucrnamm, YTO co3gano  ycrnoBuss Ons  pa3paboTku  UX  reoOMeTpPUYecKoro

NCTOJTKOBaAHUA.

B npuknagHeix pabotax Janambepa n dunepa B cepeanHe XVIII Beka aBTopbl
NnpeacTaBnsaloT NPOM3BONbHbIE MHUMbIE BENUYMHLI B BUAE z=a+ib, 4To no3sonseT
n3obpaxkaTtb Takme BESIMYUHbI TOYKaMM KOOPAMHATHOWM MNIocKoCTU. MIMeHHO 3Ta
MHTepnpetTauma Obina wucnonb3oBaHa [ayccom B paboTe, MOCBSLLEHHON
nccnegoBaHMIO peLleHnin anredbpanvyeckoro ypaBHEHNS.

A Tonbko B Havane XIX Beka, korga yxe Obifia BbIACHEHA POSflb KOMMMEKCHbIX
yucen B pasnnyHbiX 0bnactax mareMmaTuku, Obina paspaboTaHa o4eHb NpocTas u
eCTeCTBEHHasi WX TreoMeTpuyeckaa UWHTepnpeTauusi, no3BONnMBLLUAA YACHUTb
reoMeTpUYECKnU CMbICI ornepaunmn Hag KOMMNEKCHbIMU YuCcramMu.

JToMy MaTtemaTuka obsizaHa [ayccy, onybnukosaswwemy B 1831 I cBOO

paboty no Teopunm uucen. Tem cambiM Obln MOMNOXEH KOHEL, COMHEHUSM B
3aKOHHOM M MOMEe3HOM NPUMEHEHUN KOMMIEKCHOMO Yncna.
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n.2 OcHoB8HbIe NMNoOHSIMUSs

KomnnekcHbIM YucsioM z HasblBaeTCsA BblpaXkeHue Buga z=a+ib, roe a v

b — peiicTBUTENbHbIE uncna, | — MHUMas eOuHuya, KoTopas onpedenseTcs

[Mpn 3TOM YNCNO a Ha3bIiBaeTca delicmeumesibHOU YacmbHO 4ucna z
(a = Re z), a b - MHUMOU yacmsbro (b = Im z).

Ecnn a=Re z=0, 1o uncno z 6ygetr yucmo MHUMbIM, ecnu b=Im z=0, 10O
4yucno z byaoet delicmeaumeribHbIM.

Uucna z=a+ib v z = a —ib Ha3bIBalOTCA KOMMIEKCHO — COMNMPsiXXeHHbIMU.

[1Ba KOMMNMNEKCHbIX Yncna z]=a]+ib] " 22=a2+ib2 Ha3bIBaOTCA pPa8HbIMU, ECI
COOTBETCTBEHHO PaBHbl UX OEeNCTBUTENbHbIE N MHUMbIE YacTu:

b,=b,

KomninekcHoe 4ucro paBHO HYIO, €eCJin COOTBETCTBEHHO pPaBHbl HYJIHO
OENCTBUTENBbHAA U MHUMasi YacTu

a,=a,

a=b=0.
Takke KOMMMEKCHblE YMcna MOXHO 3anucbiBaTb, Hanpumep, B Buae z=x+iy,
z=u-+tiv.

conepxaHue



n.3 Fleomempu4yeckoe usobpaxeHue KOMIMIIeKCHbIX Yucerl

Bcakoe  KOMMNnekcHoe 4ucno z=x+iy MOXHO Wn306pas3nTb Toukon M(x;y)

nnockoctn xOy Takon, 4to x = Re z, y = Im z. W, HaoboporT, kaxayto Touky M(x,y)
KOOPAWHATHOM NIIOCKOCTM MOXHO paccMmaTtpuBaTtbh kak o6pa3 KOMMIEKCHOro Ymcna

z=Xx+1y (pucyHok 1).

y M(x; y)

0 X X
PucyHok 1

[1110CKOCTb, Ha KOTOPOW M300pakatoTCsl KOMMIEKCHble 4ucna, Ha3blBaeTCS
KOMIMJIeKCHOU NMJ/IOCKOCMbIO.

Ocb abcumcc Ha3biBaeTcs delicmeumesibHOU OCbFO, TAK KAk Ha HEW nexar
aencTeuTenbHble yucna z=x+0i=x .

Ocb opavHaT HasblBaeTCad MHUMOU OCbH, Ha Hen nexaT MHUMble
KOMMAeKcHble yucna z=0+yi=yi.
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X E—

YacTo BMeCTO Touek Ha MnockocTu 6epyT ux paduyc-sekmopsl ¥ = OM,
T.€. BEKTOpPbI, Hayanom kotopbix cryxuT Todka O(0,0), koHuom M(x,y) .

N
OnvHa BekTOpa 7, U300pakatoLero KOMMSIEKCHOE 4YMCNO Z, Ha3blBaeTcs
ModysieM 3TOro Yucrna n obosHavaeTcs | z| unm r.

BGJ'IVI‘-IVIH% yra Mexay nonoXxuTtesibHbIM HarnpasJiEHNEM OEVNCTBUTENBHON OCU
N BEKTOPOM 7, |/|306pa>i<a+0|.|.u/|M KOMIJTIEKCHOE 4YNCJ10, Ha3blBA€TCA apcyMeHMmMOM

3TOro KOMMIEKCHOro Yncna, obosHavaetca Arg z unum .

AprymeHT KoMnnekcHoro Yyncna z=0 He onpeaeneH.
ApPrymMeHT KOMMMekcHoro uucna z#( - BenuuMHa MHOro3HavyHas Wu
onpeaensieTcs ¢ TOMHOCTbIO Ao cnaraemoro 27k (k=0,-1,1,-2,2,..) :

Arg z=arg z+2 nk,

a20e arg z - eJlaBHOe 3Ha4YeHuUe apeyMeHma, 3aK/iIt4eHHOEe 6 POMEXYMKe

(-, /.
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n.4 ®opmMbi 3anucu KOMIJIEKCHbIX Yuces

3anucb yucna B Buae z=xtiy HasbiBalwT asieebpauyeckou c¢hopmou
KOMMJIEKCHOro Yncna.

N3 pucyHka 1 BMOHO, YTO X=rcos@, Y=rSing, crieqosBaTternibHO, KOMIMIEKCHOe
Z=Xx+Iy 4ncno MOXHO 3anucaTtb B BUAE:

Z=X+1iy=rcosQ+irsme =r(cose +isin).

Takass dopma 3anucu HasbIBaeTCsd mpu2o0HoMempu4Yeckou ¢opmou
3anucu KOMMJIEKCHOro Yucna.

Moaynb r=|z| ogHO3Ha4HO onpeaenseTcs no opmyre
r=qx"+y°.
AprymeHT ¢ onpegensaercsa u3 oopmMyn

COS =£; sin @ =X; 5400 =2
r v X
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[Mpn nepexoge oT anrebpanyeckon dOPMbI KOMMMIEKCHOIO 4ucna K
TPUrOHOMETPUYECKOM OOCTaTOMHO ONpefennuTb Wb rMNaBHOE 3Ha4YeHue

dprymeHTa KOMMJieKkCcHoro 4Y1nclria, 1.e. CHnUTatb @=arg Z.

Takkak — 7 <argz <, TO U3 POPMYNbl fg@ = b4 nony4aem, 4Yto

X

argz = arctgl - OnNd BHYTPeHHUX Touek [, IV yeTtBepTten;

X

argz = arctgl 4 ANS BHYTPEHHMX TOYeK Il veTtBepTY;
X

argz = arctgl _ g - Ans BHYTPEHHUX ToYek 11l yetBepTM.
X

1 3

lMpumep 1. MNpeactaButb KOMMNEKCHble yncna z, =1+in z, =——+i— B
TPUroHOMEeTpPUYeckomn popme. 2 2
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PeweHue. KomnrnekcHoe 4ucrno z=x+iy B TPUroHOMETpuyeckon dopme

umeeT BUL z=r(cos@ tising), toe r = /x> + y2 , O = arctg 4

X

1) z,=1+i (4ucno z, npuHagnexut [ vetseptv), x=1, y=1.

1

r=4/1> 41> = \/E, Q= arcth =arctgl = %

T .. T
Taknm obpasom, z, = x/i(coszﬂsm Z)

2)z, =—%+—i (4ncno z, npuHapnexut [ yetBeptn) x = ——
o) 2
1 V3 T
r=-— +— | =1, = arctgl—~/3)=-=.
( 2j [2] i g( ) 3
T 27
Takkak z, € [[u.,T0 Argz, =7T+§D=7T—§=?.
( 2t .. 2n&
CnepoBatenbHo, z, =| COS— +iSIn— |.
2 2
Omeem: z, = \/E(COS%—Fi sin %j, 7, = cosTﬂﬂ' sin Tﬂj

\

2

V3

2
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PaccMoTpum nokasaTenbHyto pyHKUMI w=e’, rae z=x+iy - KOMMNSIEKCHOE YNCIIO.

MOo>KHO nokasaTb, YTO PYHKLMS W MOXET ObITb 3anucaHa B BUAE:

xX+iy

w=e ¥ =e" (cosy+isiny)

[1aHHOe paBEeHCTBO Ha3blBAETCH ypaeHeHuemM Jusiepa.

[ns koMnnekcHbIX Yncen oyayT cnpaBeanvBbl CreayloLe CBOMCTBA:

1) eZI+Zz - eZleZz ;

3 z\m __ _mz, _
) (e*)" = ™ ;TAe M — Lernoe 4mcro.
Ecnu B ypaBHeEHUM Drnepa nokasaTterib CTENEHU MPUHATbL 3a YACTO MHUMOE
yucrno (x=0), To nony4aem: i .
e’ =cosy+isiny.
[ns KOMMNIEKCHO — COMPSXKEHHOMO YMcna nonyyaem:

e” =cosy—isiny
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A3 aTuX ABYX ypaBHEHUU Nony4vyaem:

4 g .
e’ +e”
cosy=———,
2
<
. e? —e”
siny=———
L 21

ITMK  popmMyrnamm Mosnb3ylTCA O3 HaxoXOeHUs 3HaYeHUn CTeneHeun
TPUTOHOMETPUYECKNX PYHKLUMIN Yepe3 PYHKLUM KpaTHbIX YrioB.

Ecnu npegcrtaBuTb KOMMEKCHOE YMCIO B TPUFOHOMETpUYeckon doopme
z=r(cosp +ising)

N BOCMOMb30BaTLCA hopMmyrnon Jinepa e'’=cosp+ising, TO KOMMNIEKCHOe
YMUCNO MOXHO 3anucaTtb B BUae

z=r e’

[TonlydeHHOE  paBeHCTBO  Ha3blBaeTcH nokalamesibHOU opmMmou
KOMMSIEKCHOrO Yncna.
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nb ﬂe&cmeun Hao KOMIJIeKCHbLIMU YucJsiamu
1) Heucmeussi Ha0 KOMIMJIEKCHbIMU 4Yucsiamu, 3a0aHHbIMU @&
anzebpauyeckol chopme
a) CrioxxeHuUe KOMMJIeKCHbIX Yucer

CyMMoU [BYX KOMIMNEKCHbIX 4YUCES Z]=x]+y]i n z
KOMMJIEKCHOE YMCNO, ONpeaensiemMoe paBeHCTBOM

2,4z, =0 )T 1Y ).

Ceolicmea oriepayuu CrioXXeHUs:
1. z tz =z +zZ

,=X,T),l HasbiBaeTCs

178 A 0
2. (z,+z,)*z,=z,t(z,tz,),
3. z+0=z.

6) BbivumaHue KOMIMJIeKCHbIX Yucesi
BeluntaHue onpegenderca Kak gencteme, obpaTtHoOe CNoXeHUIO.
Pa3Hocmbro OBYX KOMIMMNEKCHbLIX Yucen z P’ 1+y zi n z2=x2+y2i Ha3blBaeTCH

TaKoe KOMIJ1IeEKCHOE 4YNCII0 Z, KOTOpOoeE, 6y,El,y‘-Il/I CJ10O’KEeEHHbIM C ZZ’ AaeT YnNCro Z] n
ornpegendercd paBeHCTBOM

7=z,—2,=(x,— X,)ti(y,— y,).
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8) YMHO)XeHUe KOMIMJ/IeKCHbIX YUcesl

lMpou3eedeHuem KOMMMEKCHbIX Yncen z,=x +y i nz
KOMIMIEKCHOE YMCIOo, ornpeaenseMoe paBeHCTBOM

,~X,Ty,l HasbiBaeTCH

Z2=Z,z _(x y]y2)+l(x y2 Zy])

OTcloga, B YaCcTHOCTU, crieayeT BaXHelLlee COOTHOLLIEeHNE

2= _

Ceolicmea oriepauuu YMHOXEHUS:
1. A o s

2. (zz2,)2,=z(2,2)),

3 z/(z,tz,)=zz,tz 2

3
4. z-1==z.
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2) deneHue KOMMNIEKCHbIX Yuces

[eneHue onpenensieTcs Kak gencreme, obpaTtHOEe YMHOXEHMUIO.

YacTHbIM ABYX KOMMJIEKCHbIX 4Yucern Z] " 22750 Ha3blBA€TCH

KOMMJIeEKCHOE 4YUCIO Z, KOTOpoe 6y,EI,yL-II/I YMHOXEHHbIM Ha Z2, aaeTt 4n1cro Zl’ T.

z -
e. ZL_,ecm zz=z,

A
2
Ecnm I'.IOJ'IO>KI/ITb z.]=x]+y]z, 22=x2+y21;é0, Z=xtyi, TO U3 paBeHCTBa
(x+yi)(x,+iy,)=x, ty i, cnegyer
{xxz — IV =X
XY, + X, =Y.

Peliasa cuctemy, Haugem 3Ha4YeHUsa x U y:

. XXy + V1V, _ X 50
I 2 20 o 2 2
X, ¥, X, ),
Taknm obpasom,
g=b KXW, Nt TN,

2 2 2 2
Z, X, T, X, + ),
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Ha npaktuke BMeCTO nomny4YeHHOM oopMYyIibl UCMOSb3YIOT Crieayowmnn npmem:
z
YMHOXaIKT 4uCnnTesib U 3HaMeHaTesnb gpobu L ha 4YUCII0, COMPSKEHHOoEe
2
3HameHaTerso («1n30aBnATCA OT MHMMOCTM B 3HaMeHartene»).

Mpumep 2. [aHbl komnnekcHble uyucna [0+8i, 1+i. Hanpem ux cymmy,
Pa3HOCTb, NPOU3BeaEeHNE N YacTHOE.

PeweHue.

a) (10+8i)+(1+i)=(10+1)+(8+1)i=11+9i;
6) (10+8i)—(1+i) =(10-1)+(8—1)i=9+7i;

B) (10+8i)(1+i) =10+10i+8i+8i°=2+18i;

o 1048i _ (10+8i)(1—i) _10-10i+8i~8i° _18-2i

=9—j.
1+i (1+)(1-1) 1-i’ 2
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d) Bo3eedeHue KOMIMJIEKCHO20 4ucsia, 3adaHHO20 8 asizebpauyeckou
¢ghopme 8 n-r0 cmerneHb

Bbinuwem uenble ctTeneHn MHUMOW eOUHULIbI:
i°=i*i=(=1)i=-,

‘=i i=(=)i=—i"=—(-1) =1,

PP =i*-i=1-i=i,

=P . =i =-1utA

B o6uwem Bnae nonyyeHHbIn pedynstaT MOXHO 3anucaTth Tak:

.4 Antl . - 4n+2 c4n+3 -
7 =1 i =1 i =1, (" ==i(n=0,1,2,..).

Mpumep 3. Buiuvicnints 277 .

PeweHue.

1) lpenctaBum nokasatenb ctenenWn B Buae n=4k+/ wn Bocnonb3ayemcs
CBOVICTBOM CTEMEHU C paLMoHanbHbIM nokasatenem z*< 1=(z?)k. 7
Nmeem: 2092=4-523 .
Takum obpasom, i°7%? = #9255 =(j%)’%

nonyuunm i°%%? =]1.

, HO TaK Kak i4:], TO OKOH4YaTeslbHO

Omeem: °%? =].
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MNpn BO3BEAEHUN KOMMMEKCHOro Yncra a+bi Bo BTOPYIO U TPETbIO CTeneHb
nonb3ytoTcss opmynon Ans KBagpata M kKyba cymMmbl OBYX 4YuMcen, a npu

BO3BEAEHUN B CTeNeHb n (1 — HaTypanbHoe uucno, n>4) — dpopmynon GuHoma
HbloTOHA:

(a+bi)”=a”+?a”‘1bi+n(n—_l)a”‘2(bi)2 nn—1(n=-2) »3

bi)” +...+
1.2 1.2.3 (biy

+n(n 11)2 ;n (lli 1)) nk(bl) + -l—(bl)

Ona HaxoxaeHus KodPPMUMEHTOB B 3TOM hopmyrne yaobHO Norb3oBaTbCs
TpeyronbHUKOM [lackans.
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e) N3esredyeHUe KkeadBpPamHoO20 KOPHSI U3 KOMIMJIEKCHO20 Yucsia

KeadpamelM KOPHeM N3 KOMIUIEKCHOIO 4YuUClla Ha3blBaeTCAdA TaKoe
KOMIJ1EKCHOE HYNCI10, KBaApaT KOTOPOro paBeH JaHHOMY.

O603HauMm KBagpaTHbI KOPeHb U3 KOMIMMEKCHOro Yncna x+yi Yepes u+vi,
TOraa no onpegeneHno |/ x + yl =u+Vi.

CDOpMyJ'IbI Anda HaxoxgeHna u v v UMeroT BU

1 7, 9
U=t—=x+x" +y°,
ﬂ g

1 no
V=E——=— X+ X +y" .
' y

3HaKN ©# U vV BblOMpPAKOT TaK, YTOObI MOSyYEHHbIE U WU V YOOBIETBOPANU
paBeHCTBY 2uv=y .
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lMpumep 4. V3Bnevyem KBaapaTHbIA KOPEHb U3 KOMMMEKCHOro yucna z=35+12i.
PeweHue.

O603HauYMM KBadpaTHbIM KOPEHb W3 4yucna z yepe3 u+vi, TOrga
(u+vi)’=5+12i.

[ockonbKy B JaHHOM cnyvae x=J, y=12, To no cpopmynam (1) nonyvaem:

u2=%G+J¥+4f):%@+L»=%

v2=%F5+JV+Jf):¢

2_o0. _ 2. _ L 2. _. _
u-=29, u1—3, u=-—3; v=4, v]—2, v2——2.

Takum obpasom, HanaeHo ABa 3HA4YEHUsS KBaApPaTHOIO KOPHS: u1+vli=3+2i,
u,tv,i= -3 —2i, . (3Haku BbIGPanN CoracHo PaBeHCTBY 2uV=y, T.e. MOCKOMbKY

y=12>0, TO u N v 0OAHOrO KOMMJIEKCHOIO YMCria OAMHAKOBbIX 3HAKOB.)

Omeem: \/5+12i = i(3 + 2i).
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2) [euicmeusi Had KOMMJIEKCHbIMU YucJlaMu, 3a0aHHbIMU @8

mpu20HomMempu4eckou ¢ghopme

PaCCMOTpI/IM ABa KOMIMJIEKCHbIX YUCI1a z n =z , 3ddaHHbIX B

1 2
TpUroHoMeTpuyeckon popme

z, =r(cosp+ising), z, = p(cosy +isiny).

a) Mpou3eedeHue KOMMIIEKCHbIX Yuces

BbinonHsis YMHOXEHWE vncen z, nz, , nosiydaem

1

7o — r(cosq) + isingo)p(cosy/ + isinl//):

— rp(cosgocosw +icos@siny + isingcosy —sin@siny )=

= rp((cosgocosy/ —sin @ sinl//)+ i(cosgosinl// +sin @ COSl//)),

21 - 25 = rp(cos(@ +y )+ isin(p +y))
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6) YacmHoe d8yx KOMIIIeKCHbIX Yuces

[lycTb 3apaHbl KOMMIEKCHble Yncna  z, 22;é 0.

z
1

PaccmoTpumM 4YacTHOoe —, UMEEM
%
2

z, r(cose+ising) r(cose +isin (p)(cosy/ —isin p)
zZ, p(cosm// +isiny) p(cosy/ o zsml//)(cosy/ = zsml//)

r (cosgocosm// +sinqosin1//)+i(singocos1// +cosq)sin(p)
o cos’ y +sin’ y ’

21— Z(cos(@ — )+ i sin(op - y))
S P
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i . . T
lMpumep 5. [laHbl ABa KOMMMEKCHbIX Yucna z, = x/E(cos— +181n —j,

7. _ 45
z, =2 cos—+isin— | Hangute z,-z,, —
3 3 Zh

PeweHue.

1) Vienoneayss copmyny  z, -z, = (17, Jcos(e, +¢,)+isin(p, +¢,)],
nonyyaem

21’22:\/5’2 COS E‘i‘z_ﬂ: +iSin z‘|‘2—77: o
4 3 4 3

11z .. 1lx
CnepoBaTenbHO, Z,°Z, = Zﬁ(cosﬁﬂsmﬁ}

2) Ucnonbaysa dopmyny 2= i[COS(% —g02)+isin(g01 —Q, )] )
nony4aem Z; K

2_2_2

e cos(z—ﬂ—zjﬂ'sin(z—ﬂ—zj
) 3 4 3 4))

5 .5
CnepoBaTenbHO, — = x/z (cos S +1SIn —nj
Z, 12 12

4 .4 .
Omeem: z = 2| cos— + isin — : 1B coss—ﬂﬂ’sms—ﬂ :
3 3 12 12
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e) Bo3esedeHue KOMIJ1IeKCHO20 yucna, 3adaHHO20 8
mpu2o0HoMempu4Yeckou ¢hopme 8 n-r0 cmereHb

N3 onepauumn yMHOXEHMST KOMMIEKCHbIX YACEN CreayeT, YTo
z°> =zz =r>(cos 2¢ +isin 2¢).
B obwem crnydae nony4mm:
(r(cosqo +isin q)))" =r"(cosn@ +isinn@) (2)
roe 71— Lenoe nonoXxuntenbHoe YMCIo.

CnepnoBaTtenkwHo, rpu 8038e0eHUU KOMITIIEKCHO20 Yucria 8 cmereHb Mooy b
803800UMCST 8 MYy X€ cmereHb, a apayMeHm YMHOXaemcsi Ha rokasamersib
cmerieHu.

BelipaxxeHue (2) HasbiBaeTcs g¢popmyrnou Myaepa.
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Abpaxam ge Myasp (1667 — 1754) — aHIMUNCKUA MaTeMaTuK

dopaHLy3CKOro rnpoucxoXxaeHus.
3acnyau Myaepa:

» oTkpbi (1707) doopmyny Myaspa ang Bo3BeOeHUS B CTeneHb (M N3BeYEHUs
KOPHEN) KOMMSEKCHLIX YMNCEN, 3aaHHbIX B TPUTOHOMETPUYECKON PpopMe;

* MepBbl CTan UCMonbL3oBaTb BO3BeAeHME B CTeneHb OeCKOHEYHbIX PAOOB;

«  OOsfbLUIOW BKad B TEOPUIO BEPOATHOCTEN: AOKa3an YacCTHbIA cnyyYan TeoOpeMb!
JTannaca, npoBen BePOATHOCTHOE WCCredoBaHWE asapTHbIX Urp U psga
CTaTUCTMYECKNX JaHHbIX MO HAPO4OHACENEHNIO.

dopmyny MyaBpa MO>XHO MCNonbL3oBaThb ang HaxoXOeHns
TPUTOHOMETPUYECKNX PYHKL MW OBONHOIO, TPOUHOMO U T.4. YInoB.
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Mpumep 6. Haintn copmynbl sin2¢ wn cos2¢.

PeweHue.
PaccmoTpum HEkoTopoe KOMMMEKCHOE YNCMO z = p(cos @ + i Sin @).

Toraa ¢ ofHoN CTOPOHbI 22 = 12 (cos? ¢ + 2i cos @ sin @ —sin’ ).

Mo cpopmyne Myaspa: z° = r*(cos 2¢ +isin 2¢).

MpupaBHMBas, NONY4MM cos 2 +isin 2¢ = cos” ¢ —sin’ @ + 2i cos @ sin .
T.K. ABa KOMIMJIEKCHbIX 4YUCJla paBHbl, €CIiIn paBHbl NX ﬂeﬁCTBMTeﬂbele n
MHWUMbIE 4aCTH, 1O

COS2( = cos” Q— sin” Q,
sIn2¢p = 2sin @ cos Q.

[Tony4unnu nsBecTHble OPMYIbl ABOMHOIO yrna.
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2) NzenieyeHue KOpHS1 n-ou cmereHu U3 KOMI/IeKCHO20 4Yucra

KopHemM n-ou cmeneHU U3 KOMIJIEKCHO20 4ucsla Z Ha3blBaeTcd
KOMIMITEKCHOE YMCIo W, YAOBMNEeTBopsAoLlee paBeHCcTBy W=z, T.e. Vz = w,ecnu
n__
w'=z.

Ecnu nonoxunte  z=r(cosp+ising), a w=p(cosy +isiny), TO, NO
onpegeneHnio KopHsa n gopmyne Myaspa, nonyvyaem

z=w"= [p(COSl// + isinl//)]" = r(cosgo +1sin go).

Otciopa umeem p" =r, ny =@+2nk, ke Z.
¢ + 21k

To ecTb PZW, V =
n

[OSTOMY PaBeHCTBO </Z = W NpUHUMAET BUA

'\'/E=%(cosq)+ 2T + isiannk)

n n

rme k=0,n—1 (r.e.otr0pon-l1).
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Takum obpasom, u3srieyeHue KopHs n-oll cmerneHu U3 KOMII/IeKCHO20 Yucria

Z eceada 803MOXHO U 0aem n pa3srfiu4yHbIX 3Ha4YeHuuU. Bce 3HavyeHuUsi KOpHA n-ou

cmerieHU pacriosioXKeHbl Ha OKPYyXHoCcmu paduyca C UeHmpom 8 Hyrie u

Al
oesiIsim amy OKPYXXHOCMb Ha N pasHbIX Yacmedu.

Mpumep 7. HaitTn Bce sHadenns 3/1+i/3.

PeweHue.

BHauane npeacraBum uncno z =1+ i\/g B TPUrOHOMETPUYECKON hopMme.

B naHHoM criyyae x=1[, y= \/g Takum obpasom, r =+/1+3 = \/Z =

3 T
Q= arcth = arctg~3 = =
T .. T
CnepoBatenbHo, 2z =2| cOS—+isin— |.
- y +2nk . . @+ 2nk
Ncnonb3ys bopmyny ’{/F(COS @ +1S1n @) = \/;(COSQDT +1S1n gDTj,

roe k=0,1,2,...,(n-1), nmeewm:
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z+27rk E+27rk

3\@=3\5 cos3 +isin

\ J
3anuwem Bce 3Ha4YeHud 3\/22

npu k=0, z, =3«/§(cosg+isin%);

,k=0,1,2.

npn k=1, z, = f(cos—+isin7—ﬂj,
9 9
1 !
npn k =2, z, =3\/§(cosﬂ+ismﬂ}
9 9
; T .. T 3 T . I
Omeem: z, =32 cos§+zsm§ ) 2 =32 cos?+zsm? ;

% :3{/5 cosB—ﬂJrisinB—n :
; 9 9
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Bonpocbl onsa camoKOHTpons

1. CdopmynupynTe onpeaeneHme KOMMNIEKCHOro Yymcna.

2. Kakoe KoMnnekCcHOe 4YMCro HasblBAaeTCS YNCTO MHUMbIM?

3. Kakne gBa KOMMIEKCHbLIX YMCra Ha3bIBaOTCA CONPSKEHHBIMUN?

4. OOBLACHMTE, 4YTO 3HAYUT CNOXUTb KOMIMJEKCHble 4Yucna, 3adaHHble B
anrebpanyeckon popme; YMHOXUTb KOMIMMNEKCHOE YMNCMNO Ha AENCTBUTENBHOE.
5. O6bACHMUTE nMpUHUMN OENEHUs KOMMJEKCHbIX 4ucen, 3agaHHbiX B
anrebpanyeckon opme.

6. 3anuwwute B 0buiem Buae Uenblie CTeENeHN MHUMOW €OUHULbI.

7. YTo 03HayaeT Bo3BeAeHNE KOMIMIIEKCHOIO Yncra, 3agaHHoro anrebpanyeckou
dopmom B cTeneHb ( N- HaTyparibHOe YnNCho)?

8.  PacckaxuTte Kak n3obpa)katoTcsli KOMMMNEKCHbIE YMCa Ha MMOCKOCTM.



9. Kakag dopma 3anucu HasbiBaeTCsad TPUTOHOMETPUYECKOM opMom
KOMMJ1EKCHbIX Yncen?

10. Cdbopmynupynte onpegerieHMe Moayns u aprymeHta KOMIMNEKCHOro
yucna.

11. CdopmynupymnTe npaBuio YMHOXEHUS KOMMSIEKCHbIX YMCen, 3arnmcaHHbIX
B TPUrOHOMETpPUYEeCKon dpopme.

12. Cdhopmynupynte npaBuiio HaxXOXAEHUS YACTHOMO ABYX KOMIMIIEKCHbIX
yucen, 3a4aHHbIX B TPUFOHOMETpMYeCcKon oopme.

13. Cdopmynunpynte npaBunio BO3BEAEHUS B CTEMEHN KOMMIIEKCHbIX YMCen,
3aJlaHHbIX B TPUFOHOMETPUYECKON dhopMe.

14. Cdhopmynupynte npaBurio MU3BIIEYEHUS KOPHA N-OM  CTENEHUn un3
KOMMJIEKCHOrO Yncna, 3agaHHoOro B TPUroHOMeTpuyeckomn doopme.

15. Pacckaxute o 3Ha4eHuUn KOPHA N-OM CTeneHn u3 eauHuubl U o cdepe

ero nNpnMeHeHu4.



