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I'TABA 5. IOHATUE MHOXECTBA.
YN CJIOBBIE MHOXKECTBA

§ 1. [lonsiTne Mmuo:xkecTBa. Onepannyu Hax MHOKECTBAMH

OnanM U3 (QyHIAMEHTATBHBIX MOHSITHH MAaTeMaTHKU SIBISETCS
NOHATHE MHOXXECTBA. MHOJMCecmeo — COBOKYIMHOCTb HEKOTOPBIX
00BEKTOB, 00BEANHEHHBIX 110 KaKOMY-TH00 npu3Haky. O603Ha4aoT
MHOeCTBA 3arjiaBHBIMHU JATHHCKUME OykBamu A, B, C u T.1.; ux
9JIEMEHTBI — CTPOUYHBIMH @, D,C W T.1.

MHOX€ECTBO MOKET COCTOSITh U3 YHUCEN, TOUEK, MPSMBIX U T. 1.,
Ha3bIBAEMBIX neMeHmamu MHOJHCECmEa. Hamnpumep,
C= {0,1,2,3,4,5,6,7,8,9} — MHOXK€ECTBO OJIHO3HAYHBIX YHCEJL.

MHOXeCTBO, KOTOpOE HE COAEP)KHT 3JEMEHTOB, HAa3bIBAIOT
nycmuim ¥ 0003Ha4a0T CUMBOJIOM .

MHOXecTBO, cozepikalee BCe BOSMOJKHBIE MHOJKECTBA, Ha3bl-
BAETCSA yHUBEPCANbHBIM U 0003HauaeTes 2.

Ecnu kaxnplil s1emMeHT MHOXecTBa M sBISIETCS 3JIEMEHTOM
MHOXecTBa K , TO TOBOPST, UTO MHOXKECTBO M sIBISETCS HOOMHO-
orcecmeom MHOXKecTBa K . D10 BbIpaxaetcs 3anucbio M < K .

Ecnu ka/iplii 2IeMEHT MHOKECTBA A SABIAETCS OJHOBPEMEHHO
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MHOKECTBa K , TO TOBOPSIT, YTO MHOXKECTBO N SBJISCTCSI HOOMHO-
orcecmeom MHOXKecTBa K . D10 BbIpaxaetcs 3anucbio M < K .

Ecnu kak bl a5ieMeHT MHOXeCTBa A SIBIISIETCS OJHOBPEMEHHO
9JIEMEHTOM MHOkecTBa B (T. €. A C B) u kaxblil 371eMEeHT MHOKe-
ctBa B — snementoM MHOkectBa A (T. €. B C A), To MHOXeCTBA
A v B Ha3piBalOT pasHuivMu U iy T: A= B.

Ilepeceuenuem muodicecme A u B nassiBaercst muoxectso C,
COCTOSIIIIEE U3 DJIEMEHTOB, KOTOPBIE MPHHAJIEKAT KAKIOMY M3 JaH-
HBIX MHOKECTB A u B . IlepecevyeHne MHOKECTB 0003HAYAIOT CHM-
BosioM M unuyT: C=ANB.

Ecnu MHOKecTBa A U B He UMEIOT 001IKX 3JIEMEHTOB, TO Mepe-
CEYEHHEM TaKHUX MHOIKECTB SIBJISICTCS Iy CTOE MHOKECTBO.

Obveounenuem muodxcecmse A u B HazbiBaeTcss MHOXKECTBO,
COCTOSILIEE U3 BCEX DIIEMEHTOB MHOKECTB A U B U TOJBKO U3 HUX.
OObenMHeHHe MHOXKECTB 0003HAYArOT CHUMBOJIOM U M MULLYT:
C=AUB. Tlpu srom, eciii MHOkeCcTBA 4 U B uMelOT 00iue
SJIEMEHTBI, TO KaXIbId M3 ITHX OOIIHX SJIEMEHTOB B 00bEIHHEHHE
BXOJIUT TOJIBKO OJIMH pPas3.
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Pasnocmuio mHoocecme A W B Ha3bIBAaeTCs MOAMHOKECTBO
MHOXeCTBA A 3EMEHTOB, He BXOAALIUX B B . PazHOCTh MHOXKECTB
0003Ha4aroT cMMBOJIOM \ M nuimyT A\ B .

Eciu Bc A, to C,(B)=A\B Ha3bBaeTC OONONHEHUeM

MHOXecTBa B J10 MHOKECTBA A.
BBCI[CHHLIC MOHATHSA JICTKO MPOUJUTIOCTPUPOBATH CICAYOIUMU
pUCyHKaMu:

0

AUB ANB
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Pasnocmuio mHoocecme A W B Ha3bIBAaeTCs MOAMHOKECTBO
MHOXeCTBA A 3EMEHTOB, He BXOAALIUX B B . PazHOCTh MHOXKECTB
0003Ha4aroT cMMBOJIOM \ M nuimyT A\ B .

Eciu Bc A, to C,(B)=A\B Ha3bBaeTC OONONHEHUeM

MHOXecTBa B J10 MHOKECTBA A.
BBCI[CHHLIC MOHATHSA JICTKO MPOUJUTIOCTPUPOBATH CICAYOIUMU
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§ 2. MHoKkecTBO 1eliCTBHTEIbHBIX YHCe

OnHUM M3 OCHOBHBIX MOHSATHH MAaTEMATUKW SBISETCS YMCIIO.
INonsTHE YKCIa BO3HUKIO B IPEBHOCTH, YUCiIA ABISIOTCS pe3yJibTa-
TaMH{ U3MEPEHHUS PA3THYHbBIX BETHYHH.

Hamypanvroe yucio — 310 9UCI0, KOTOPOE YIOTPEOIsIeTCs TPH
cuete. MHOXKECTBOM HAMYpPAIbHbIX 4ucel HA3bIBAIOT YHCIOBOE
MHOECTBO, KOTOPOE COJEPIKHT HYUCIIO | 1 BMECTE C KaxKIbiM CBOUM
ANIEMEHTOM 71 COACPIKHT 31eMEHT 1+ 1. MHOKECTBO HaTypagbHBIX
yucen obo3Haqaercss N = {123n} HatypanbHble uncia BMe-
CTe C MPOTUBOMOJIOKHBIMU UM (OTPULIATENBHBIMU) YUCIIAMHU U HYJIEM
00pa3yloT MHOXECTBO yeiawix uucen 1 = {0; 1L £2;..1n }

B D - LBl
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Yucno p, mpeictaBieHHoe B Bune p=—, rae meZ, neN,
n
Ha3bIBACTCSl PAYUOHANLHBIM YUCIOM. MHOXKECTBO PalLHOHAIBHBIX

m
yucen obosHauaercs Q=<—|meZ, neN;. Beakoe paumo-
n

HaJIbHOE€ YHCJIO BBIpAXKACTCA WA KOHEYHOHU AeCSITUUHOHN Z[p061>l0,

1
i OeckoHeuHoH nepuoanveckol apoOwto. Hampumep, 220,25,

%:0,333...:0,(3).

Yucna, KOTOpbIE MPEACTABISIIOTCS OECKOHEYHBIMU, HO Herle-
PHOJIMIECKUMHE JIECATHYHBIME APOOSMHU, HA3bIBAIOTCS UPPAYUOHATb-
HolMu yucaamy. TakKUMU YrcIaMu SBJISIOTCS v 2 , 3—\/5 L, T, e...

MHo3KeCTBO HppalnoHaIbHBIX ducen obo3Hauaercst 1. CoBokyr-
HOCTh BCEX PaLlOHATBHBIX U HPPALHOHATBHBIX

uMCeN Ha3bIBAETCS MHOMCECHBOM  Oelicmeu-

menvHolx uucen R . Mexay ykazaHHBIMH MHO- Q R
JKECTBAMU CyllecTByeT COOTHOLIEHHE

NcZcQcR. -

| ) orywerr1 - mcr... [ onoprsie korert...

Binyer| £ Maremarvia
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NcZcQcR. -

MeuoxectBo R nelicTBUTENBHBIX YHceN 001a1aeT CiemyoLH-
MM CBOHCTBaMH.

1. MuoxectBo R ynopsaoouennoe. JIns moObIX ABYX pazin-
HBIX YUCEN @ ¥ b MMEEeT MEeCTO OJIHO M3 ABYX COOTHOLICHHH a < b
i b<a.

2. MuoxectBo R nromnoe. Mexay moObIMH IBYMsl pa3iind-
HBIMU YdCIaMd @ U b copepikuTcst GECKOHEUHOE MHOXKECTBO AeH-
CTBUTENIBHBIX YHCEN X , T.€. UHCEI, yIOBJIETBOPSIOIINX HEPABEHCTBY
a<x<b.

3. MmuoxectBo R wenpepuisnoe.

JleficTBUTEBHBIE YKCa MOXKHO H300paxarh TOYKAMH YHCIIO-
Bo#t ocH. Yucnosoii ocelo Ha3bIBaeTCs OECKOHEUHas MpsMasi, Ha KO-
TOpOit BeIOpaHbl: 1) HekoTopast Touka (), Ha3bIBAEMasi HAYAIOM OT-
cuéTa, 2) MOJOKHUTEIBHOE HAMpPaBICHHE, KOTOPOE YKa3bIBACTCS
CTpesiKoi; 3) Maciutal uist U3MEpEeHUs JUTHH.
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Memuy BCEMHU HCﬁCTBHTCﬂBHLIMH YHucCjIaMHd U BCEMHU TOYKaAMHU
YHCJIOBOH OCH CYLIECTBYE€T B3aWMMHO OJHO3HA4YHOEC COOTBETCTBHUC:
KaXXI0MY YHCIy COOTBECTCTBYCT CAWHCTBCHHAs H306pa>1(a}01uaﬂ €ro
TOYKA, U HaO60p0T, Ka)KZ[Oﬁ TOYKE COOTBECTCTBYCT €IWHCTBEHHOC
YHCIO HA YHCJIOBOH OCH. HOSTOMy BMECCTO CJiOBa «4HUCJIO» 4acCTO
TOBOPSAT «TOUKa».

§ 3. UnciioBbIe MHOKECTBA

Onp. 1. Qucnosvim MHOXCECMEOM HA3BIBAETCS JTH000E TOIMHO-
kecTBO MHOXKecTBa R neiicTBUTENBHBIX YHCeN.

Onp. 2. Hecobcmeennvimu s1emenmamu Muoxcecmea R Hazbl-
BalOT 00BEKTHI + 00,—00, 00,

I'eomerpuyeckuii CMbIC] HECOOCTBEHHbIX 3J1€MEHTOB:

- HECOOCTBEHHBIH 3JIEMEHT + 00 (—0) MOKHO IOy UHTh, ECIH
YAQIATHCS OT Hauasa OTcHeTa YUCI0BOH OCH HEOrPaHUUYEHHO BIPAaBO
(Bn1€BO);

- HECOOCTBEHHBIH 3JIEMEHT 00 MOXHO MOJY4HTb, €CIH yla-
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Memuy BCEMHU HCﬁCTBHTCﬂBHLIMH YHucCjIaMHd U BCEMHU TOYKaAMHU
YHCJIOBOH OCH CYLIECTBYE€T B3aWMMHO OJHO3HA4YHOEC COOTBETCTBHUC:
KaXXI0MY YHCIy COOTBECTCTBYCT CAWHCTBCHHAs H306pa>1(a}01uaﬂ €ro
TOYKA, U HaO60p0T, Ka)KZ[Oﬁ TOYKE COOTBECTCTBYCT €IWHCTBEHHOC
YHCIO HA YHCJIOBOH OCH. HOSTOMy BMECCTO CJiOBa «4HUCJIO» 4acCTO
TOBOPSAT «TOUKa».

§ 3. UnciioBbIe MHOKECTBA

Onp. 1. Qucnosvim MHOXCECMEOM HA3BIBAETCS JTH000E TOIMHO-
kecTBO MHOXKecTBa R neiicTBUTENBHBIX YHCeN.

Onp. 2. Hecobcmeennvimu s1emenmamu Muoxcecmea R Hazbl-
BalOT 00BEKTHI + 00,—00, 00,

I'eomerpuyeckuii CMbIC] HECOOCTBEHHbIX 3J1€MEHTOB:

- HECOOCTBEHHBIH 3JIEMEHT + 00 (—0) MOKHO IOy UHTh, ECIH
YAQIATHCS OT Hauasa OTcHeTa YUCI0BOH OCH HEOrPaHUUYEHHO BIPAaBO
(Bn1€BO);

- HECOOCTBEHHBIH 3JIEMEHT 00 MOXHO MOJY4HTb, €CIH yla-
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- HECOOCTBEHHBIN 3JEMEHT 00 MOKHO MOJIYYHTh, €CIH ya-
JIATBCA OT HAyaja 0TCYETa YKCIIOBOM OCH HEOrPAaHUUCHHO.
Takum o0pazom, Juist TOO0T0 ASHCTBUTENBHOTO YMCIA X BBI-
MOJIHAETCS: — 00 < X < 90,
PaccMOTpHM HEKOTOPBIE U3 YHCIOBBIX MHOYKECTB!
[a:5]= {x| a < x < b} — orpesox;
@ﬁ%{ﬂa<x<&—nmwmm
[a;b)z {x la<x< b} u (a;b]z {x la<x< b} — MOJTy UHTEPBAJIBI
(moJTycerMeHThl);
(— oo;b] = {x |x < b}; [a;+00): {x | x> a} — 3aMKHYTbI€ JIy 4H;
(— oo;b) = {x | x< b}; (a;+oo) = {x | x> a} — OTKPBITBIE JTyUH;
(— oo;oo) = {x |—o<x< +oo} =R — MHOXecCTBO NeHCTBUTENBHBIX
YHCeT.
Onp. 3. Oxkpecmnocmelo (& -okpecmnocmeio) yucia X, € R

Ha3bIBAIOT HHTEpPBA BHIA (xo —&;X, +8) (6>0). Yucno x, B

24 101/ 168 SICGE e 150% - (B0 S)=a0E
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ITOM CITy4ae Ha3bIBAIOT YeHMPOM OKPECMHOCHIU, YACIO £ Ha3bIBa-
10T paouycom OKpecmHoChu.
Bynem paccmaTpuBaTh NPOU3BOJIEHOE YUCIOBOE MHOXKECTBO D .
Onp. 4. Touky x, € D Ha3bIBAIOT 6HYmMpeHHel MOUKol YACIIO-

BOTO MHOecTBa [, eciu CyHIECTBYET OKPECTHOCTb TOYKH X, LE-

JIMKOM MpUHAIIeKALLas MHOKeCTBY D .
Onp. 5. YucnoBoe MHOXKECTBO [ HAa3bIBAIOT OMKPLIMbIM, SCIH
K&K/1as1 €0 TOUKA SBJISETCS BHY TPEHHEH.

Onp. 6. Touky X, Ha3bIBAIOT GHewHel MOYKoli 10 OTHOLIEHUIO
K YHCJIOBOMY MHOXeCTBY D, €ClM CYIIECTBYeT OKPECTHOCTb TOUKH
X, B KOTOPOH HE COepIKUTCS TOUEK MHOXKecTBa D .

Onp. 7. Ecnu Touka X, € D u sBnsercss BHEUIHEeH TOYKOH MO

OTHOLIEHHIO K YMCIOBOMY MHOXKECTBY DD, TO €€ Ha3bIBaloOT u30/1u-
posanHoll moukoii MHOXKecTBa D .

Onp. 8. Touky X, Ha3blBAIOT SPAHUYHOIU MOYKOU UYMCIOBOTO
MHOXecTBa D, eciu B J1000i, CKOJIb yroJHO MaJOH, OKPEeCTHOCTH
TOYKH X, COAEPIKATCS KaK BHYTPEHHHE, TAK H BHELIHHE TOYKH MHO-

wectBa D .
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Onp. 4. Touky x, € D Ha3bIBAIOT 6HYmMpeHHel MOUKol YACIIO-

BOTO MHOecTBa [, eciu CyHIECTBYET OKPECTHOCTb TOYKH X, LE-

JIMKOM MpUHAIIeKALLas MHOKeCTBY D .
Onp. 5. YucnoBoe MHOXKECTBO [ HAa3bIBAIOT OMKPLIMbIM, SCIH
K&K/1as1 €0 TOUKA SBJISETCS BHY TPEHHEH.

Onp. 6. Touky X, Ha3bIBAIOT GHewHel MOYKoli 10 OTHOLIEHUIO
K YHCJIOBOMY MHOXeCTBY D, €ClM CYIIECTBYeT OKPECTHOCTb TOUKH
X, B KOTOPOH HE COepIKUTCS TOUEK MHOXKecTBa D .

Onp. 7. Ecnu Touka X, € D u sBnsercss BHEUIHEeH TOYKOH MO

OTHOLIEHHIO K YMCIOBOMY MHOXKECTBY DD, TO €€ Ha3bIBaloOT u30/1u-
posanHoll moukoii MHOXKecTBa D .

Onp. 8. Touky X, Ha3blBAIOT SPAHUYHOIU MOYKOU UYMCIOBOTO
MHOXecTBa D, eciu B J1000i, CKOJIb yroJHO MaJOH, OKPEeCTHOCTH
TOYKH X, COAEPIKATCS KaK BHYTPEHHHE, TAK H BHELIHHE TOYKH MHO-

wectBa D .
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3ameuanne 1. ['paHuyHBIC TOYKH YHCIOBOrO MHOXecTBa D
MOTYT IPHUHAIEKATh, 8 MOTYT U HE IPUHAIIICHKATH EMY.

Onp. 9. BHyTpeHHHE U IPaHUYHBIE TOYKH YHCIOBOTO MHOXKECTBA
D Ha3bIBAIOT npedenvHbiMu moukamuy YACIOBOTO MHOXKecTBa D .

Onp. 10. YucnoBoe MHOXeCTBO D Ha3bIBAETCS 3AMKHYMbIM,
€CJIH OHO COJICPIKHT BCE CBOM MPEICTbHBIC TOUKH.

3ameuanne 2. YucnoBoe MHOXKECTBO [ MOXET OKa3aTbCsi HH
3aMKHY TbIM, HH OTKPBITBIM.

3ameuanne 3. B nanpHelimem Juis KpaTKOCTH 3alUCH UCTOJb-
3yI0TCS IBA CUMBOJIA (KBAHTOpa): V' — KBAHTOP BCEOOIIHOCTH U 3 —
KBAHTOP CYIIECTBOBaHHs. BpIpaskeHHe «Ijst JFOOOro »iaemMeHTa X
MHOXkeCTBa A » 3aluChiBaeTCs Tak: VX € 4. BelpakeHue «CyIuecT-
BYET XOTsl ObI OJIMH 3IEMEHT X W3 MHOXKeECTBa 4 » MOMKHO 3aMHCaTh:
dxe 4.
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§ 5. Komniekcuble uncia

Komnnekcrvie, U MHUMbLE, YUCAA HE TONBKO PACIIMPAIOT MU-
POBO33pEHHE YENO0BEKA, HO U JIEKAT B OCHOBE MOLLHEH1Iero anmnapa-
ta Matematkd — TOKII (teopun QyHKIMH KOMIIEKCHOTO Tepe-
MeHHOro0). C MOMOLIBIO 3TOT0 pazzaena MaTeMaTHKH PeLlaroT MpHH-
LMINHaJbHBIEe 3a1auu a’po- u ruapoguHamukd (H.E. XykoBckum
paccuMTaHa MOIbEMHAasi CHJIAa KpbIa caMoJiéra), JIEeKTPOTEXHUKH
(mpakTH4ecky J000H paszien Wi HanpasieHue), TEOPUH yIPyTroCTH
(pacuéThl KOHCTPYKIMI C OTBEPCTHUAMHU WIIM 'PAHULIAMHU TTPOU3BOJIb-
HO#1 OPMBI, TOHKMMH BBIPE3aMH) | T.1I.
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be3 3HaHUs KOMIUIEKCHBIX YHUCENT HEBO3MOXKHO pEIleHHE OOJTb-
IIMHCTBA 33134 KBAHTOBOM MEXaHHUKH, CMEKTPOCKOMUH (PU3HUECKUX
MPOLIECCOB, AUHAMUKH AUCTIEPIUPYIOWIHUX cpea, GpU3nKku anemeHTap-
HBIX YaCTHL, THAPOAWHAMUKH, BOJHOBBIX U KOJIEOATENbHbIX TIPOLeC-
COB, MHOTHX 3a/1a4 TEOPHH yNPYTrOCTH U MIIaCTHYHOCTH.

ITosiBiieHKE 5k COOCTBEHHO KOMILUIEKCHBIX YHCEJT ObLIIO OTBETOM
Ha TOMBITKH YEOBEYECTBa 3aHyMEPOBATh TOUYKH INIOCKOCTH M TPEX-
MEpHOr0 MpPOCTPAHCTBA; PELINTh YacTO BcTpeuaroluecs (koseba-

2 2
HHS, cOOCTBEHHbIE YacTOThI) ypaBHeHHs Tuna X~ +@ =0 (4em

OHH «XYKE» DIIEMEHTAPHO PEILIAEMOT0 X —0*=0 ?); HAliTH HMEH-
HO 71 KOpHEH M3 eAMHMLb! (IOYTH BCE CTYIEHTHI, HE 3HAKOMBIE C
KOMIIJIEKCHBIMH YUCIIaMHU, YTBEPIKIAIOT, YTO 3TOT KOpPEHb paBeH 1 u
JPYTUX 3Ha4€HUH HeT) U T.1.

OrteuecTBeHHbIE U 3apy0eKHbIE UCTOPUKY MATEMATUKH MPHULLITH
K BBIBOAY, YTO KOMIUIEKCHBIE YMCIIa BIIEPBbIE MOSBUINCH HE MO3/1HEE
1545 rona B Tpyaax UTaIbSHCKOTO Bpaya, (aMIUIHIO KOTOPOro 3Ha-
IOT MpaKkTUYecku Bce nroau, — Jhxeponamo KapnaHo («kapnaHHbIN
BaJl», «KapJlaHOB IOJIBECY», «KapJaHHAas nepenava» — ero u3odpere-
Husl). K coxanenuto, cam KapaaHo nocuutan ux «urpoi pazyma» u
«Oecrosie3HpIM  MOHSITHEM»  (Jake OOLIeNpPU3HAHHBIA  reHuid,

o418 @l |© o | 1s0% = EE
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BaJl», «KapJlaHOB TOJBECY, «KapJaHHas nepeaada» — ero u3oopete-
Husl). K coxanenuto, cam KapaaHo nocuutan ux «urpoi pazyma» u
«Oecrosie3HpIM  MOHSITHEM»  (Jake OOLIeNpPU3HAHHBIA  reHuid,
W. HploToH HE cuuTam HOBOBBEACHHE YHCIAMH M, TMOYTH Kak
I'. Jle#iGHUT, OTHOCHI MX K YEMY-TO «3arafloyHOMY» M «MHUCTHYE-
CKOMY»).

TepBbIM MOJB3Y KOMIJIEKCHBIX 4ucen olieHun Padasnp Bowm-
6emun. B nznanHoii B r. bosoHbst B 1572 1. «Anrebpe» OH € UX T10-
MOIIBIO HCCIIeIOBAT KyOUuecKrue YpaBHEHHUS, HALIIET BCE TPH 3HAUE-

HUS %/T, YCTaHOBHWJI MpOCTEHIINE NpaBuia NEHCTBHH HAl STUMH
yucnamu. Ho u mocne atoro, 6onee TpEXCOT JIET, 10 CaMOro KOHLA
XIX Beka, KOMIIJIEKCHBIE YUCIIa yNOTPEOISIUCh Malo, XOTS METOJ10-
Jorusi paboThl ¢ HUMH COBEPLIEHCTBOBAJIACH M pa3BUBasach. «bym»
B 00J1aCTH HCIOJb30BAHUS KOMIUIEKCHBIX YMCEI MPOM30LLET TOJIBKO
B koHle XIX — XX BB. 4 Obl1 BbI3BaH HEOOXOJUMOCTBIO PELIECHUS
MHOTHX 3a[1a4, [IOCTaBJICHHBIX NMpULIEALIEHCs Ha 3TO BpeMs HayYHO-
TEXHUYECKON PEBOTIOLUEH.

Onp. 1. Komnaexcroim yucnom (K. 4.) Z Has3blBaeTcs yHnopsao-
YeHHas apa JeHCTBUTENbHBIX ucell X U V@ z =(X,)).
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BaJl», «KapJlaHOB TOJBECY, «KapJaHHas nepeaada» — ero u3oopete-
Husl). K coxanenuto, cam KapaaHo nocuutan ux «urpoi pazyma» u
«Oecrosie3HpIM  MOHSITHEM»  (Jake OOLIeNpPU3HAHHBIA  reHuid,
W. HploToH HE cuuTam HOBOBBEACHHE YHCIAMH M, TMOYTH Kak
I'. Jle#iGHUT, OTHOCHI MX K YEMY-TO «3arafloyHOMY» M «MHUCTHYE-
CKOMY»).

TepBbIM MOJB3Y KOMIJIEKCHBIX 4ucen olieHun Padasnp Bowm-
6emun. B nznanHoii B r. bosoHbst B 1572 1. «Anrebpe» OH € UX T10-
MOIIBIO HCCIIeIOBAT KyOUuecKrue YpaBHEHHUS, HALIIET BCE TPH 3HAUE-

HUS %/T, YCTaHOBHWJI MpOCTEHIINE NpaBuia NEHCTBHH HAl STUMH
yucnamu. Ho u mocne atoro, 6onee TpEXCOT JIET, 10 CaMOro KOHLA
XIX Beka, KOMIIJIEKCHBIE YUCIIa yNOTPEOISIUCh Malo, XOTS METOJ10-
Jorusi paboThl ¢ HUMH COBEPLIEHCTBOBAJIACH M pa3BUBasach. «bym»
B 00J1aCTH HCIOJb30BAHUS KOMIUIEKCHBIX YMCEI MPOM30LLET TOJIBKO
B koHle XIX — XX BB. 4 Obl1 BbI3BaH HEOOXOJUMOCTBIO PELIECHUS
MHOTHX 3a[1a4, [IOCTaBJICHHBIX NMpULIEALIEHCs Ha 3TO BpeMs HayYHO-
TEXHUYECKON PEBOTIOLUEH.

Onp. 1. Komnaexcroim yucnom (K. 4.) Z Has3blBaeTcs yHnopsao-
YeHHas apa JeHCTBUTENbHBIX ucell X U V@ z =(X,)).
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Yucno x — Oeticmeumensvuasn yacme (1. 4.) U 0003HauaeTcs
cumBosioM Rez: x = Rez (or nar. Realis — nelicTBUTENBHBIN), YHC-
10 Yy — MmHUMaa wacme (M. 4.) K. 4. z W obosHavaercss Imz:
x =Imz (ot nat. Imaginarius — MHUMBIN).

Ecmu y=0,10 z=(x,0), u k. 4. z coBnanaer ¢ 1. 4. x. [lo-
stomy (x,0)=x.

Onp. 2. K. 4. (0,1) Ha3pIBaCTCS MHUMOI eOunHuYyeti 1 0003HaYa-
etcst cumBosioMm 7 : 1 =(0,1).

Onp. 3. lIBa k. 4. z=(X,y) ¥ z=(x,—y) Ha3BIBAOTCS CO-
NPANCEHHBIMU K. Y.

Hanpumep, compsbkeHHBIM Kk uuciny z =(2,3) sBisercs
z=(2,-3),kuucny z= (—3,—\/5) Oyzmer z = (-3, \/5) .

Onp. 4. [lea k. u. z, =(x,,),) # z,=(X,,y,) pasHsl T. U T.T.,
KOTAA X, =X, U }; =), (4. 4. U M. 4. 3THX YHCEJ COBMAJAIOT).

OTHo1eHHs MeHblIE (00JTbIIIe) MEXKY K. Y. HE CYILIECTBYET.

Onp. 5. Cymmoii k. u. z, =(x,,y,) ¥ z, =(x,,,) Ha3bIBaeTCs

K. Y. Z, + Z. . ONbeneasieMoe CIENVIONIUM 00ba3oM (ci. 00n.):

@G s/ 0o G| o ] s =
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K. 9. HE Cy eT.

Onp. 5. Cymmoii k. u. z, =(x,,y,) ¥ z, =(x,,,) Ha3bIBaeTCs
K. Y. Z, + Z, , ONIpeliesIsieMOe ey OLMM 00pa3oM (ci1. 00p.):

itz = (X, )+ (20, 0,) = (% + %, 0+ 1)

Onp. 6. [Ipouzgedenuem k. 4. z, =(X,,y,) ¥ z, =(X,,y,) Ha-
3bIBACTCSA K. Y. Z, * Z, , ONPEIEsIeMOe CII. 00p.:

702y = (X, 1) (X3, 05) = (40, = V0, Xy, + X, 0,).

Io onmpeneneHuto 6, MHUMasi €AMHHLA O0NAIAET CIEAYIOLIUM

CBOHCTBOM:

JlecTBUTENBHO,
i-i=(0,1)-(0,1)=(0-0-1:1,0-14+1:0) =(-1,0) =—1.
Onp. 7. 3anuch z =X +1Iy Ha3bIBaeTCsl aneebpauyeckoli gop-
MOUK. U. Z .
(z=(x,»)=(x,0)+(0,y) =x+(»,0)-(0.]) =
=x+y-(0,)=x+iy).

Ready B0 /e ROOC e sn = LEEW Sie: (.26 * 11,69 n]
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K. 9. HE Cy eT.

Onp. 5. Cymmoii k. u. z, =(x,,y,) ¥ z, =(x,,,) Ha3bIBaeTCs
K. Y. Z, + Z, , ONIpeliesIsieMOe ey OLMM 00pa3oM (ci1. 00p.):

itz = (X, )+ (20, 0,) = (% + %, 0+ 1)

Onp. 6. [Ipouzgedenuem k. 4. z, =(X,,y,) ¥ z, =(X,,y,) Ha-
3bIBACTCSA K. Y. Z, * Z, , ONPEIEsIeMOe CII. 00p.:

702y = (X, 1) (X3, 05) = (40, = V0, Xy, + X, 0,).

Io onmpeneneHuto 6, MHUMasi €AMHHLA O0NAIAET CIEAYIOLIUM

CBOHCTBOM:

JlecTBUTENBHO,
i-i=(0,1)-(0,1)=(0-0-1:1,0-14+1:0) =(-1,0) =—1.
Onp. 7. 3anuch z =X +1Iy Ha3bIBaeTCsl aneebpauyeckoli gop-
MOUK. U. Z .
(z=(x,»)=(x,0)+(0,y) =x+(»,0)-(0.]) =
=x+y-(0,)=x+iy).

Ready B0 /e ROOC e sn = LEEW Sie: (.26 * 11,69 n]




Графическая интерпретация комплексных чисел

[image: image22.png]OnopHble KOHCMeKTbI Mo BbicLueid MaTeMaTvike.pdf - Foxit Reader - [OropHble KOHCMeKTbI Mo Bbiclue Matemarvike.pdf]

T7{Fle Edt View Comments Forms Tools Hep

th

B

Oolec] FEal Qe -o -

ISR

= ) |

Z LS 7

Ready

Y Komnnekcnas
TUIOCKOCTh

<

Mauumast ocb

X
JlelicTBUTENBbHAS OCh

0

JIMUHaTaMu X U y (puc.l).

Bribepem I1JICK Ha eBkauo-
BOH IUIOCKOCTH. Tak Kak K. 4. Z
sBisieTcss mapoii (x,)) nedcTBH-
TeJbHBIX YUCET X B ), TO ecTe-
CTBEHHOH T€OMETPUUYECKOH UH-
Teprnperanueil K. 9. sBIAETCS €ro
u3o0paxenne Toukod M  Ha
TIOCKOCTH C EKapTOBBIMH KOOP-

MHOKeCTBO JEeHCTBUTENBHBIX YHCET H300paxkaeTcsi Ha OCH
abcurcc  (OX), koTopas Ha3bIBAETCSA OeliCMEUMENbHOT OCbIO,

MHOKECTBO BCEX MHHMMBIX Yucen — Ha ocd opauHat (OY) (kpome

touku O) — MHUMAS OCb.

K. 4. MoxHO UHTCPpOPETUPOBATL KAK PaauyC-BEKTOP TOYKHU

M(x,y) — OM . B TakoM HCTOJIKOBAHWHM €BKJIHIOBA MIOCKOCTbH

Ha3bIBAETCS KOMNJIEKCHOT NIIOCKOCbIO.
Beenem IICK cn. 00p.: MoJsIpHYI0 OCh COBMECTHM C TOJIOXH-
TenbHoM nonyoceto (OX), a nonroc —

Y,
z C Ha4aJioM KoopAuHaT 0.
2 - —

o618 vl |© o | 1s0% =
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Beenem IICK cn. 00p.: MoJsIpHYI0 OCh COBMECTHM C TOJIOXH-
TenbHoM nonyoceto (OX), a nonroc —

¢ HayajioM koopauHar O.
Y>> [lonsipHble KOOpAMHATBL 7' U ()

TOYKH Z Ha3bIBAIOT COOTBETCTBEHHO
MOOYNeM Y apeyMeHMOM K. 4. Z .
X O6o3HaveHue:

Puc. 1 x |Z| — MOIyJib K. 4. z, argz — apry-

,p=argz.

Tak kak x =7cos¢@, y=rsing, 1o
z=x+iy=rcosp+i-rsinp=r(cosp+ising).

Onp. 8. 3anucy z=r(CoS@+ising) HA3LIBAETCS MPULOHO-

Mempuueckoti popmMoil 3anUcCU K. 4. Z .
AprymeHT K. 4. z#0+i-0 (z#0) onpeneneH ¢ TOYHOCTHIO
1o cnaraemoro 27k , k € Z.. Y106Ho paboTath C NPUBEASHHBIM ap-
TYMeHTOM @ = argz , — 7 <@ <7 (uHorza cuutaor 0 < @ <27).
W3 npAMOYToJIbHOTO TPEYToIbHHUKA (pUC. 1)

MCHT K. 4. Z, TO €CTh 7" = |Z

GG s/ ol e o ] som =
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|z|=1/x2+y2,tg¢:Z,x¢0.
X

T T
Tak xak — 3 < arctgp < 5(1/13 ornpesieNieHHsI apKTaHreHca), TO:

arcth npu X >0 (k. 4. z B 1-i1 unm 4-if uetBepTH
X

WJIW HA TOJIOXKUTENIbHOM YacTH JeHCTBUTEIBLHOK
ocu) (puc. 2),

arcth+7t npu x<0, >0 (k. 4. z B0 2-
X

YETBEPTH WM Ha OTpULIATENbHON YacTH
JICHCTBUTENBLHOM ocH (puc. 3),

S arcth—ﬂ: x<0, y<0 (k. 4. z B3-il yeTBEpPTH) 1)
X
(puc.4),
T .
2 npu x=0, y>0 (K. 9. HA MOJIOKUTETBHOM

4aCTH MHUMO# OCH),

G w7/188 v o= e o | 1s0% =
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2 npu x=0, y>0 (K. 9. HA MOJIOKUTETBHOM
4aCTH MHUMO# OCH),
T .
) npu x =0, ¥ <0 (k. 4. HA OTPULIATENBHOM

4aCTH MHUMOH OCH).
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Puc. 4

Onp. 9. 3anvick z = r-e'? HasbIBaeTCA nOKAzamenvHoli hopmoii
3anucu K. 4. zZ (TOJNy4aeTcs ¢ Mcronb3oBaHHeM (opmyisl Difnepa:
e'? = cos@ +isin @, koTopas J0Ka3bIBAETCA B TEOPUHU PSIOB).

JleficTBUs HAM K. Y., 3aMHCAHHBIMH B pa3HbIX opMax, 0000IIuM
B Ta0. 8.
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X

WJIW HA TOJIOXKUTENIbHOM YacTH JeHCTBUTEIBLHOK
ocu) (puc. 2),

arcth+7t npu x<0, >0 (k. 4. z B0 2-
X

YETBEPTH WM Ha OTpULIATENbHON YacTH
JICHCTBUTENBLHOM ocH (puc. 3),

S arcth—ﬂ: x<0, y<0 (k. 4. z B3-il yeTBEpPTH) 1)
X
(puc.4),
T .
2 npu x=0, y>0 (K. 9. HA MOJIOKUTETBHOM
4aCTH MHUMO# OCH),

T .

) npu x =0, ¥ <0 (k. 4. HA OTPULIATENBHOM

4aCTH MHUMOH OCH).
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Onp. 9. 3anvick z = r-e'? HasbIBaeTCA nOKAzamenvHoli hopmoii
3anucu K. 4. zZ (TOJNy4aeTcs ¢ Mcronb3oBaHHeM (opmyisl Difnepa:
e'? = cos@ +isin @, koTopas J0Ka3bIBAETCA B TEOPUHU PSIOB).

JleficTBUs HAM K. Y., 3aMHCAHHBIMH B pa3HbIX opMax, 0000IIuM
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Jleticmeust Hao K. u.

JeiicrBus Auaredpan- Tpuronomerpuyeckas Ioka3za-
yecKas TeJIbHas

r(cos@p+ising),

— [y 2 .
z=(x,y) Te r=4/X"+y , re'®

@ ompenensercs
1o

Z=(xy) r(cosp—ising)

z,tz, -
+in T »)

-~ (x{xz — V)t ’”1’”.2 (.COS((pl +@,)+ I,lrzei(wl+¢z)
+i(x,y, +x,0,) +isin(p, +¢,))
x1x§+ylzy2 4 r
+i o +isin(@, —,))
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(x, ixz)"‘

+i(y £ ;)
(xlxz _y1y2)+ I (COS(% +(ﬂ2)+
+i(x,y, +x,)) +isin(g, +¢,))

h
—(cos(p, —0,) + N e
7, e

+ isjn(q)1 -0, ))

)

r"(cosng+isinny)
(popmysia Myaspa
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Oxonuanue 1a0. 8

3ameuyanne 1. YMHOXEHHE K. Y. NMPOU3BOAUTCS MO MPaBUITY

.2
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