Ypox Ne49 1-MJI 16.11.2024
Tema : KoMIIeKcHBIE YHCIA
CPOK CJIAYM 10 17.11.2024

Mpbl HUKOrAa He cTald Obl PasyMHBIMH, €CHH OBl
UCKJIIOYMJIM YUCIIO U3 YETIOBEYECKON MPUPOIBI.

I1aTon

1) Yro Takoe yucjo?
Uucno — abcTpakiys, UCTob3yeMast JjIsl KOJTMYECTBEHHOM XapaKTePUCTUKU OOBEKTOB.
2) Korjaa Bo3HMKJIM yKcJIa?

Yucna BO3ZHUKIN CIIC B HepBO6BITHOM 06H_I€CTB6 B CBA3H C HOTp€6HOCTBIO HIOHCﬁ CUHNTaThb
MpeaAMCTHI. C TeuenueMm BPpCMCHU 110 MCPC pPa3BUTHUA HAYKU UYHNCIO IIPCBPATUIIOCH B

Ba)KHEHIIIEe MaTEMAaTUYECKOE TIOHSITHE.
3) Kakue BubI 4nicesl BAM U3BECTHBI?
HatypanbHbie, 11enble, pallioOHaJIbHbIE, 1EMCTBUTEIIbHbBIC
A) Kak nosiBUIIMCh HATYpaJbHbIE Yynciia?
Wx nosiBiieHne CBsI3aHO C HEOOXOIMMOCTBIO BEJICHUS CUeTa IPEIMETOB.
MHOKECTBO HATYpaIbHBIX YHcell 0003HavyaeTcs asaTuHckon oykBoir N ={1,2,3,....}
b) Kak nosiBuiuch nessble yncia?

Yto0b! m0b0e ypaBHEHHUE X+a=B HMEJIO KOPHH, MOJOKHUTEIBHBIX YUCET HEIOCTATOYHO U

IIO3TOMY BO3HHUKACT HOTpe6HOCTI) BBCCTHU OTPULATCIBbHBIC YHCJIA U HYJIb.
Yenosek IMpUuHiCJ]I K BbIBOAY, YTO HGO6XOI[I/IMO PaCiupCHUC IIOHATHUA YUClIA.

MHO€eCTBO LEJIBIX YUCET COCTOUT U3 TPEX YaCTEN — HATypaJbHbIC YMCIIA, OTPULIATEIbHbBIE
1enple yncia (MpOTHUBOMOJOXKHBIE HATypalibHbIM 4uciam) U uucio 0. Llenbie uwncna

o0o03HavarTCs JaTnHCKOW OykBon Z={...-3,-2,-1,0,1,2,3,....}.



B) Kak nosiBunuch panuoHajabHble ynciia?

OnHa W3 TPUYUH BBEACHUS DPALMOHAIBHBIX YHCEN O00yCJOBIeHa TpeOOBaHUEM, UYTOOBI
BCAKOE JMHEITHOE ypaBHEHHE ax = b ObUIO pa3pemuMo T.K. B OOJacCTH LENbIX YHCEl
JUHEHHOEe YpaBHEHHE pa3pelnMo JMIIb B TOM cilydae, Korja b 1enuTcs Haleno Ha a.

m

PanrionanbHbIe YKClIa — 3TO YUCTIA, IPEICTABUMBIC B BUJIE IPOOU # | TJIe m — II€JI0€ YHCIIO,
a n — HarypajbHOe uucio. [ 0003HAYEHUs palMOHATBHBIX YHCEN HCIOJIb3YeTCs

natuHckas OykBa Q. Bce HaTypanbHble M 1enble yucia — palMoHaibHble. B kaudecTBe

IIPUMEPOB PALMOHANIBHEIX YHCE]T MOKHO IpusecTh: 2,7, 3
B) Kak nosiBuiuce gelicTBUTEIbHbIE Yucia?

O}IHa U3 TIPHUYUH PACHIMPCHUA MHOXCCTBA pPALUOHAJIBHBIX YHUCCI 0 MHOXKCCTBA
ﬂeﬁCTBHTGHBHBIX ypces ObljIa CBA3aHa ¢ TEM, YTOOBI BbIPA3UTh AJIMHY JWAaroHaJIn KBaJApaTa

co ctopoHoii 1. U3BecTHO, 4YTO OHa paBHA V2

JeiicTBUTEeIbHbIE (BelIECTBEHHbIE) YUCIA — 3TO YHUCJIA, KOTOPOE NMPUMEHSIOTCSA A
U3MEPEHUSI HETPEPBHIBHBIX BEIMYMH. MHOXKECTBO JEHCTBUTEIBHBIX YHMCENI 0003HAYaACTCs
naTuHCKoM OykBoM R. JleficTBUTENIBHBIC YKCIIa BKIIOYAIOT B C€0s1 pallMOHAbHbBIE YUCTIA U
uppalyoHalibHbIE unciia. MppalMoHalibHBIE YKMCia — 3TO YKCia, KOTOPBIE MOJYy4YaloTCsa B
pe3yabTaTe BBITIOJHEHHS Pa3IMUHBIX ONepaliuii ¢ pallioHaJIbHBIMUA YHUCIIaMH (HampuMmep,

U3BJICYCHUE KOPHS, BBIUKMCIEHUE JIOTapu(dMOB), HO TIPU DOTOM HE SBISIOTCS

pauroHanbHbIMHU. [IpuMepsl nppalMOHAIBHBIX YUCEI — 3TO V2 , V3 E

BbiBoa: [iIs1 TepEUMCICHHBIX BBIIIE MHOXECTB YHCEN CIPABEIJIMBO CIEAYIOIIEE

NcZc(QcRr

BBICKQ3bIBaHUE:! Ero M0oXHO NpOWJITIOCTPUPOBATH C MOMOIILIO

KpyroB JDijepa.



p,eﬁCTBMTeﬂbele

pauuoHa/ibHble

uenble

HaTypa/ibHble

r) UTO BBI CIBIIIAIN O KOMILJIEKCHBIX YHCax?

PaCCMOTpI/IM KBaJIPpaTHOC YPABHCHUC X2 =—1. OHO HAa MHOXXECTBE I[GﬁCTBHT@JIBHBIX
YUCCII pe]_HeHI/Iﬁ HC MMCCT, TAK KaK CpCau JICI\/iCTBI/ITeJ'H::HBIX YUCCJI HCT TAaKOIro 4wucjia,
KBaJIpaT KOTOPOI'o OTpUIATCIICH.

Takum 00Opa3oMm, JACHCTBUTEIBHBIX YHCEN SBHO HEJIOCTATOYHO, YTOOBI IMOCTPOUTH
TaKyI0 TCOPHUIO KBAJPATHBIX YPABHCHHH, B paMKaX KOTOPOM Ka)10€ KBaJIpaTHOE YpaBHECHUE
ObLI0 OBl pazpemuMo. OTO TPHUBOJUT K HEOOXOJUMOCTH PACHIUPITh MHOMXECTBO
JNCHCTBUTEIIBHBIX YHCENI JI0 MHOXKECTBA, B KOTOPOM OBUIO OBl pa3pemumMo Jiodoe
KBaJipaTHOE ypaBHEHUE. Takoe MHOXKECTBO HA3bIBACTCSI MHOKECTBOM KOMILIEKCHBIX YHCEIT
u obo3Hauaercs C.

MpbI NPUILIA K BBEACHUIO MOHATHS MHUMOM €IMHUALIBI 1=~ 1 T.e. MHOXeECTBO
JNEUCTBUTEIBHBIX YUCEN PACIIUPSAETCS 1O MHOXKECTBA KOMILJIEKCHBIX YUCE 3a CYET
MHUMOU € TUHUIIEI.

JlaBaiite nopoOHee TOroBOpHUM 0 Heil M monpodyeM BuIUMCIANTSL: i2, i*, i3, PP,
i2=-1, Torna i*=-1-(-1)=1
i3:(m)3:_1.m:_m=_i’ i5=(~...'r—_1)5= m:i
B Xome ypoka Bbl HOAPOOHEE MO3HAKOMHUTECh C JCHCTBUSAMH HajJ MHHUMOIL
EAVHULEH.

Onp. KoMmieKkCHBIM YHCJIOM Z HA3bIBACTCA YMCIIO BUAA * =% "‘bi, rae ¥ u b_
JNEeUCTBUTENbHBIC YHUCHA, ' —MHUMAA eounuya. Yucio # Ha3bIBACTCA OelcmeumeilbHou

yacmuio (F£2) KoMIUIeKCHOTO uncna 2, umucio ¥ HasblBaeTcs Muumoll uacmovio (Imz)
KOMILIEKCHOI'O Yucja < .

a+8 _ 310 EJUHOE UHMCJIO, a He CIOXEHHe.



[Ipexxae yeM, MbI MEPENIEM K PACCMOTPEHUIO KOMIUIEKCHBIX YHMCEJI, J]aM BaKHBIN
COBET: HE MBITAUTECHh NPEACTABUTH KOMIUIEKCHOE YUCIO «B KM3HW» — 3TO BCE PABHO, UTO
MBITAThCS MPEJICTABUTH YETBEPTOE U3MEPEHUE B HALLIEM TPEXMEPHOM MPOCTPAHCTBE.

Hecmotps Ha TO, 4TO ¢ KOMIUIEKCHBIMU YU CIIAMHU ONIEPUPOBATH HUYYTh HE CIIOKHEE,
YeM C JEeUCTBUTEIBHBIMU, HO 10 Hayana XIX Beka KOMIUIEKCHBIE YMCIIA PACCMAaTPUBAIUCH
KaK O4Y€Hb CJIOKHBIC, TOYTH MUCTUUYECKUE OOBEKTHI.

HcTopusi BOSHMKHOBEHHSI KOMILIEKCHBIX YHCeJI Obljla caMO CII0KHOM cpenn
IpyTrux BUAOB uncell. [lepBoe ux ynoMruHaHWE B UCTOPUM, MOKHO OTHECTH K S0 BEKy 10
Hamel 3pel. Toraa ctyneHnt ['epoH u3 AneKCaHApUu, MbITAACh BEIYUCIUTH O0BEM
UPaMUJIbI CTOJIKHYJICS C TEM, YTO JOJDKEH ObUT B3SITh KBaJIpAaTHBIA KOPEHb U3 PA3HOCTH
81-144. Ho Torga oH moc4MTall 3T0 HEBO3MOKHBIM M OUYE€HB OBICTPO CIAJICS.

«3BE3HBIN Yac) KOMIUIEKCHBIX yucesa HacTal B 1545 rony, Kkoraa uTanbsiHCKUN
mareMatuk Jxuponamo KopaaHo npemyioxkus co3aaTe HOBbIM BUT yncen. OH
NPENOJIOKIII, YTO CUCTEMAa YpaBHEHUH, HE UMEIOIIasi PelleHnuid B 001acTu
JNENCTBUTENIBHBIX YUCET, BIIOJIHE MOKET UMETh PEILICHUEM YK CIIa HOBOU MPUPOABL. TOIBKO
HY>KHO OBLJIO YCIOBUTHCS KaK BCEM JIEMCTBOBATH HAJl TAKUMH YHCIIaAMHU.

A nHazBanue ‘“mHumvle yucna” BBen B 1637 rony (paHiy3ckuil mMaTeMaTHK U
¢dbunocod P. [lekapr.

B 1777 rony omun u3 kpynHeummx marematukoB XVIII Beka - JI. Diinep
HPEIOKUIT UCTIOIB30BaTh NIEPBYIO OYKBY (paHIly3CKOro ciioBa imaginaire (MHUMBIHN) ISt

0003HaYeHUA YHCIIa =1 (MHUMOW €IUHULIBI), T.€. i=-1.

DTOT CUMBOJ BOIIIEN BO BeceoOIee ynorpednenue omarogaps K. Nayccy. Tepmun
“komnuexchule yuciaa” Tak ke ObuT BBeneH ['ayccom B 1831 roxny.

CnoBo koMIuIeKe (0T JaTHHCKOrOo COMpPIexus) o3HadaeT CBsI3b, COYCTAHME,
COBOKYITHOCTD IOHSATHH, IPEIMETOB, IBJICHUH H T. JI. 00pa3yroOIIuX eINHOE IeII0e.

Takum 00pa3om, KOMIIEKCHOE YHCIIO 3a/1ae€TCS IBYMS JCHCTBUTEIbHBIMHA YHUCIIAMH.

3ananmue.
Ha3zoBute neiicTBUTENIBHYO U MHUMYIO YaCTH YUCEI:

a) 2-3i
0) 4+6i
B) 3i+9
r) Si

) -91i



e) 12 BriBoa: JIro6oe AeHCTBUTEIBHOE YUCIO MOKHO HAa3BaTh KOMIUIEKCHBIM C
MHHUMOM 4acThto paBHOM (!

222 Kakue 6b16000b1 6bl Modiceme coenamnb, 6bINOJIHUE MO 3a0anue?

1. JleficTBUTENBHOE YUCIO @ MOXET OBITh TaKXKe 3almucaHo B hopme
KoMmIutekcHoro uncia: a+ 01 wm a—0i. Hanpumep, 3anucu 5+01 u 5-0
| 03HAYAIOT OJIHO M TO XK€ YHCIO 5.

2. KommnekcHoe unciio 0+ bi Ha3zbIBa€TCS YuUCmMo MHUMBIM YUCIOM. 3amuch Di
03Ha4aeT To ke camoe, uro u 0+ bi.

3. JIBa KOMILICKCHBIX Ynciaa a+ bi u C+ di cunraroTcst paBHBIMH, €Clii a= C u b=

d.
JeiicTBUSI ¢ KOMIUIEKCHBIMH YHCJIAaMM B ajiredOpandeckoii popme

JleficTBHS ¢ KOMITJIEKCHBIMU YMCIIAMU HE MPEJICTABIISIIOT OCOOBIX CIIOKHOCTEN U
MaJjio YeM OTIUYAIOTCSI OT OOBIYHOMN anreOpshl.

CiokeHre KOMILIEKCHBIX YHCeJI
ITpumep 1
CnoXHUTh 1BA KOMIUIEKCHBIX uuciia Z1=2+5i Z,=4-3i

st Toro 4ToOBI CIIOKHTHh JBAa KOMIUICKCHBIX YHCJIA HYXKHO CJIOXKHTH HX
NIEMCTBUTEIIBHBIE U MHUMBIE YacTH: Z=6+2]

[Tpumep 2
CamocrostensHo: Z1=-4+10i Z,=5+3i Ortser: Z=1+13i

TakuM HEXUTPHIM CHOCOOOM MOXHO HAaWTH CymMMy JIOOOTO KOJIMYECTBA
CJAraéMbIX: IPOCYMMHPOBATH JEUCTBUTEIBHBIE YACTH W IPOCYMMHPOBATH
MHHMBIE YaCTH.

21122 =512 _ o7 qepecTaHOBKH CIAraeMBIX CyMMa HE MCHSETCS.
BbIuHTaHNE KOMILIEKCHBIX YHCE

[Ipumep 3

Haliti pa3HOCTH KOMIUIEKCHBIX Yceln H, ecian, Z1=10-251 Z,=1-3i



JlelicTBHE aHAJIOTHYHO CJI0KCHUIO, SAUHCTBEHHAs OCOOCHHOCTH COCTOHT B TOM,
YTO BBIYUTAEMOE HY)KHO B3ATh B CKOOKH, a 3aT€M — CTaHIAPTHO PaCKPBITh ATH
CKOOKHM CO CMEHOI 3HaKa:

Z=10-25i -(1-31)=9-22i
[Ipumep 4

Camocrosrenbno: Z1=-5+101 Z,=1+3i OrtBer: Z=-6+7Ii

YMHOKeHHEe KOMILJIEKCHBIX YHCeJl

Hpaeuﬂo YVYMHOINCEHUAL. Kommnnekcuele uncna MCPCMHOKAIOTCA KaK JABYYJICHEI,

2
IMIpHU 3TOM YUYHUTBIBACTCA, YTO i©=-1 .

Ilpumep 5

Haiitu npousBenenue KOMIUIEKCHBIX uncen Zi;=1-1 Z;=3+61 Otser: Z=9+3i

Z1-Zy=ZyZ1 — OT IepeCcTaHOBKH MHOXXHUTEJICH TPOU3BEICHUE HE MEHSCTCS.

[Tpumep 6
CamocrostenbHo: Z1=5-21 Z,=1-4i Ortger: Z=-3-22i

[Ipumep 7
CamocrosrensHo: (2+8i)(2-8i)=22+8
Briox: (a+ bi )(a—bi)=a?+ b2 Cnenopatensno, npouszsedenue 06yx

CONPANCEHHBIX KOMNIEKCHBIX YUCET PABHO 0eUCMBUMENbHOMY NOLONCUMETIbHOMY
yucay.

JleeHHe KOMIIJIEKCHBIX YHCE
JleneHue 9rcen oCymEeCTBIICTCS METOI0M YMHOKEHHs 3HAMEeHATeJIsl U
YHCJIUTEIS HA COMPSIKEeHHOE 3HAMEHATEJII0 BhIPasKeHue.
o 3+i 13 i
[pumep 8 Haiitn — =— + —
4+i 17 17
(YMHOXaeM 4YHCITUTENb U 3HaMeHaTelb Ha (4 -1))

8+i _ 13+26i
2-3i 13

[lpumep 9 Haiitn =14+ 2i

[Mpumep 10  Bwraucnuts: E-(2+7i)(1-i)=-8-7i

6



—-7-12i 13+i
[Ipumep 11 Beruucauts: - — -=-1
—-12471 7—61

Jomamnsas padora

1. danbl aBa KoMIuiekcHbIX unciaa Z1= (10 + 21 ) u Z,=(1 — 61 ). Haiinure ux
CYMMY, Pa3HOCTb, IPOU3BEICHUE U YaCTHOE.

2. IIpoBepbTe MPAaBUIBHOCTD CIICAYIONIUX YTBEPKACHHI:
a) Cymma ¥ pa3HOCTh YUCTO MHUMBIX YHCEJ €CTh YNCTO MHUMOE YHUCIIO.
Jliist mpoBepKHU Bo3bMUTE uncia: Z1=21, Zp=-3I
0) [IpousBeneHne ABYX YUCTO MHUMBIX YHCEII PABHO JCHCTBUTCIIBHOMY YHCITY.
Jliist mpoBepKHu Bo3bMUTE uncia: Z1=-51, Z=3i
B) KBajipaT 4ncTO MHUMOTO YHCIIa PABEH JICHCTBUTCIIBHOMY OTPUIIATEIIBHOMY
YHCITY.
Jliist mpoBepku Bo3bMuTe uncia: Z1=10i
r) [Ipou3BeneHre YMCTO MHUMOT'O YUCIIA HA JICHCTBUTEIFHOE PABHO YHCTO
MHUMOMY YHUCIY.
Jliis TpoBepKHU BOo3bMUTE uncia: Z1=71, Z»=3



