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Ot aBTOpOB

Hoporue necATHKJIACCHHUKHA!

Brl HaunHaeTe M3y4YaTh HOBBIN HIKOJIBHBIH NIpeaMeT — ajaredpy 1 Haua-
Jla aHaJu3a.

Jdror npeamer HeoObIualino BaykeH. HaBepHoe, HeT ceronusi Takoi 00-
JacTH HAVKHU, B KOTOPOH He NPUMEHANNUCHL Obl JOCTHIKEHUA 9TOr0 pasjesa Ma-
TeMaTUKN. PU3UKU U XUMHUKU, aCTPOHOMBI U OMOJIOrHd, reorpadbl 1 3KOHO-
MHCTHI, Jaxe SA3bIKOBeJbl M UCTOPMKHM HCIIOJL3VIOT ¢MaTeMaTHYeCcKUd WH-
CTPYMEHT 5 .

Anrebpa ¥ Hauajla aHAAW3a — II0JIE3HBIH M OYeHbh MHTEPECHBIN mpej-
MeT, KOTOPbIA pa3sBUBaeT AHAJUTUYECKOE U JIOTUYecKoe MBIILIeHue, Ucciieno-
BaTeJIbCKHE HABLIKH, MATEMATUYECKYI0 KYJILTYPY, CO0DPa3UTENIbHOCTS.

Msul Hameemcsi, 4TO Bbl He pasodapyeTech, U30paB HeJIErKHMU NYTh —
H3y4YyaTh MaTeMaTHKY II0 YINIYOJEHHOH mporpaMme. 9To He Ipocrto. Hy:xHO
ObITh HACTOUYHUBLIM M YBJEYEHHLIM, BHUMATEJIbHBIM U aKKYPATHBIM, a caMoe
rIaBHOEe — He ObITh 0e3pas/IMYHBLIM K MaTeMaTHKe U JHOUTh 3TY KPACHBYIO
HayKy. Hageemcs, 4To Bbl ¢ MHTEepecoM Oyiere mpuodpeTaTh HOBbIe 3HAHUSA U
BAM IIOMOXKeT YueOHUK, KOTOPBIH BEI flep:KuTe B pykax. O3HAKOMBTECH, MOMKA-
JVUCTAa, ¢ €ro CTPYKTYPOH.

YueOHUK pasfieJIeH Ha IATH IVIaB, Kam/1ad U3 KOTOPbIX COCTOUT U3 Iapa-
rpacgoB. B nmaparpadax musiao:xeH teoperndeckuil marepuaj. Ocoboe BHHMA-
HUe oDpanaiiTe Ha TEKCT, BbIJeJeHHBIN KUPHBIM IpudTOoM. YeuTe BHUMA-
HUE CJI0OBaM, HAIIeYATAHHBIM KlYPCUBOM.

B 3T0ii KHUre BBl 03HAKOMHUTECH C IEeJIBIM PAJOM BaxkHBIX TeopeM. K He-
KOTOPBIM M3 HUX IIpHBeJleHbl MOJIHBIE JOoKasaTellbecTBa. B Tex e ciaydasx,
KOI'Zla JOKA3aTeJIbCTBA BBIXOLAT 3a Ipejelibl paccMaTpPpUBAEMOI'0 Kypca, MBI
OrpaHUYMUBAJIUCE TOJBKO (POPMYJIUPOBKAMU TEOPEM.

Kak npaBuiio, H3JI0eHHEe TeOPeTHYEeCKOro MaTepHala saBepllaeTcs
[IpPHMEPAMH PelIeHHUs 3afayu. OTH 3Aal0HCH MOMHO PAaCCMATPUBATE KaK OJIUH H3
BO3MOKHBLIX 00pasnoB oopMiaeHUs pelleHus.

K kaxxpgomy maparpady nomodpaHbl 3aZjadyd A8 CAMOCTOATELHOIO pe-
HIeHNsA, K KOTOPLIM MBI COBETYeM IPUCTVIIATE TOJLKO [OCJe YCBOEHUS Teope-
TUYecKoro marepuana. Cpeamn safaHnuil ecTh KAK NPOCThIe M CPEIHEE 10 CJI0MK-
HOCTH yIIpaxHeHUs, TaK U TPpyAHbIe 3ajaun (ocobeHHO Te, KOTOpbie obo3Have-
HEI "E" ).

Ecau nmocse BLINOJHEHUWS JOMAIIHUX 3aJIaHUN OocTaeTcs cBoDOIHOEe Bpe-
Ms M Bbl XOTHUTE y3HATh 0OJIbIIE, TO PEKOMEHIyeM oDpaTUTLCA K pPyOpUKe
«Korna cnenanel ypoku». Matepuas, U3/103KeHHEBIN TaM, HenpocT. Ho TeMm uH-
TepecHee UCHBbITATH CBOM CHJIbI!



Ama Tex, KT0o B —Y Kiaccax uaydan KypC anaredprl nmo yraybiaeHHoH
NporpaMMe, HEKOTOPhIE TEMbI 3TOrO YUeOHMKA He ABIAIOTCA HOBBIMHA. Ilpm
HeOOXOAMMOCTH MOKHO 0OpPATUTHECA K HUM B KAYECTRe IOBTOPEHUSA paHee U3y-
YeHHOTO MATEeDUAJIA.

YueDHUEK COAEDKHT pasfen <«YOPaKHEeHHMA AJNA NOBTOPEHHA Kypca
10 knacca», MaTepuan KOTOpPOrc B NMepEYK OUEPEe]E: NMpeJHASHAYEH TeM, KTO
TOMLKO HAUYUMHAET U3VUATH MATEMATHKY yraydnéaHo. OH Takmke MoXeT ORITH
HCMOJABL3OBAH A TOBTOPEHHUA M CACTEMATHIANUYA 3HAHHWMA.

Hepsatite! Kenaem ycnexal
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NoesTOopeHue U pacluMpeHne CBeleHMn "

O MHOMECTBaX, MareMarn4ecKom
NIOrMKe M (hyHKUMAX

[0 B aTou rnase Bbl NOBTOPWUTE OCHOBHbIE CBEAEHUA O MHOXECTBax 1 PYHKLKM-
X, YPAaBHEHUAX U HEpaBEHCTBaX; y3HaeTe, Kakyo QyHKUMIO Ha3biBaloT 06-
paTuMomn, Kakume yHKUMW Ha3biBalOT B3aWMHO 0OpaTHbIMKM, O3HaKOMM-
Tecb € HOBLIMW METOAamMM NOCTpoeHus rpadmrkoB YHKUMW € NOMOLLIO
npeobpazoBaHui.

5 n MHoXecTBa. DHEPEHHH Hag MHOXecTBaMMn

C moHATHEM MHOKECTBAa Bbl 03HAKOMUJINCE B Kypce anredpsl 8 Kiacca.
HanoMHHMM ¥ YTOYHMM OCHOBHBIE CBEJeHHA.
YacTo B IOBCEIHEBHOH JKHU3HM 00beJHHEHHEIE II0 HEKOTOPOMY IpPH3HA-
Ky 00bEKThI Mbl HA3bIBAEM ZzpYyNNnoll, odvedunenHuem, KorieKuuei, co6oKyn-
Hocmbio U T. 1. Jl1d 9TUX ¢JI0OB B MaTeMaTHKe CYIIeCTBYeT CHHOHUM — MHO-
KeCTEO.
I[IpuBegémM HECKOJBKO IPUMEPOB MHOMKECTB:
* MHOYKECTBO VUYEHHUKOB Ballleil MIKOJIbI;
* MHOKECTBO I'OPOJICKHUX OKPYros AJnTaiicKoro Kpas.
OTaebHBIM BaKHEHIINM MHOMKECTBAM HPHUCBOEHBI O0IIeNPHHSTEHIE HAa-
3BaHUA ¥ 0003HAYEHHUA:
* MHOMKECTBO TOYEeK ILJIOCKOCTH — reoMerpudeckas churypa;
* MHOMKECTBO HaATVpaJbHEIX YMCeJ, KoTopoe obo3HauaoT 0ykBoii N,
* MHOKECTBO IIeJIbIX YHCeJ, KoTopoe 0003HaYaloT OYKBoH Z;
* MHOXKECTBO pPallHOHAJIBHBIX YHCeJ, KoTopoe 0003HauawT OYKBOH Q;
* MHOKECTBO JHeHCTBUTeIbHEIX YHCeJ, KOTopoe obo3HauaioT Oykeoii R.
Eciu aneMeHT a NpUHAAJIEKUT MHOMXKecTBY A, To numyr: @ € A (uura-
I0T: «d NPUHALJIEHKHAT MHOAKecTBY A»). Eciiu anemenT b He IpUHAIIEKHUT MHO-
smeeTBY A, To mumyT: b ¢ A (unraior: «b He NPUHANIEKUT MHOMKECTBY A»).

Hanpumep, 12 € N, -3 ¢ N, g e Q, g g Z, J2 e R, a € {a, b, c}.

MHo:ecTBA 4aCcTO 3aJaI0T OJHUM M3 JIBYX CJeJVIOIHUX CIIOco00B.

Ilepaotit cnocoH cOCTOUT B TOM, YTO MHOMKECTBO 3aal0T YKazaHueM (1e-
pedncieHueM) Bcex ero aneMmeHnToB. Hanpumep, ecaiu M — MHoOKecTBO HATV-
PAaJIbHBIX YHCeJI, MeHbIIUX 5, To numyT: M = {1, 2, 3, 4}.

Bmopoii cnocod cocTOUT B TOM, 4TO YKA3bIBAETCA XapaKTepPHCTHUECKOe
CBOHMCTBO 3JI€eMEHTOB MHOYKECTBA, TO €CTh CBOHCTBO, KOTOPLEIM 00JalaloT BCe
AJIEMEHTH! JAHHOI'O MHOKeCTBAa, ¥ TOJILKO OHU.



Kenu x — npousBOSIBHBINA 3JIEMEHT MHOMKECTBa A, KOTOpoe 3a/aHo ¢ I10-
MOII[BIO XapaKTePHUCTHYECKOT'0 CBOIICTBA ero 3JIeMeHTOB, To muimyT: A ={x | ... }.
B maHHOIT 3amMCcH ITOCJIe BePTUKAJIBHON YepPThl VKA3BIBAIOT YCIOBHE, KOTOPOMY
MOJI?KeH YIOBJIETBOPATE dJI€MEHT X, YTO0bI MPHUHAIIEeKATh MHOMKECTBY A.

PaccmMoTpuM HECKOJBKO IIPHMEpPOB.

e {x | x=3n, n € N} — MHOKeCTBO HATYPAJNLHEIX YHCEJ, KDATHBIX 3.
o {x | x(x? —1) =0} — mHOMecTBO KOpHell ypaBHeHud x (x¥2 — 1) = 0.

mEp OnpepencHue
MHoxecreo B Ha3biBaloT nogMHoOXecTBOM MHoMecTBa A, ecnu Kawabin
anemMeHT mHoecTea B aBnaerca anemeHTom mHomecrea A.

Ito 3anuceiBawT Tak: B ¢ A nim A o B (unraror: «MHOMXKecTBO B —
IIOJMHOKeCTBO MHOMKecTBa A » MIH « MHOKeCcTBO A colep:KuT MHOKecTBO 5»).
PaccMoOTpUM IIPHMEpPHI:
e NcZ; ZcQ; Qo N; QcR;
2 _ 1

-{r|2hr—1=0}c{x|x 1},

o {a} c{a, b}.

Ilng UAnoceTpanMy COOTHOUIEHUH MeKIY MHOMKeCTBAMH I0JIbL3VIOTCH
CXeMaMH, HA3bIBAEMBIMU JUAarpaMmMamMu Jiijiepa.

Ha pucyske 1.1 uzobpazxenbl MHOMKecTBO A (0ONBIIMA KPYr) U MHOMKe-
cTBO B (MeHBIIMI KpPYTI, IMOJHOCTBLIO cojep:Kaliuiica B OoablniemM). ITa cxema
o3HauaeT, uro B c A.

Ha pucyhEke 1.2 ¢ momMonipio guarpaMm Jiijgepa NOKa3aHO COOTHOIIEHHE
Mexx 1y MmHOMxecTBaMu N, Z, Q u R.

Puc. 1.1 FPHC. 1.2

Ormerum, utroecitu A c BuBc A, to A = B.
IIycToe MHOMKECTBO CUMTAIOT IIOAMHOMKECTBOM JII000ro MHOKECTBA, TO
ecThb JJid J1000ro MHOKecTBa A clipaBefnBo yTBep:xaeHne: & c A.



JIroboe MHO¥KecTBO A sABJAdAeTCA NOIMHOMECTBOM caMoro cedsi, TO eCThb
AcA.

mugy OnpegeneHme
Ecm Bc AunB+#A, o mHoXecTBO B HazbiBaloT cobGcTBEHHBIM NOAMHO-
ecTBOM MHoMecTBa A.

Hanpumep, MHOomecTBO Z sBIAeTCA COOCTBEHHBLIM ITOJMHOMKECTBOM
MHOXecTBa Q.

meg) OnpegeneHwe
NepeceveHnem mHowecte A n B HasbiBaoT MHOXeCTBO, cocrosulee U3
BCEX 3MeMEeHTOB, NpUHagneXawmnx n mHoxecrey A, n mHoxecrey B.

ITepeceuenune mHOxkecTB A u B obosuauator tak: A (| B. U3 onpenene-

HUA CJIeIVeT, YTO
ANB={x|xe Auxe B}

Ecnu muoxecrsa A u B He uMeloT o0IIUX 3JIEMEHTOB, TO UX Iepecede-
HHEM SABJAETCA IIYCTOe MHOMKEeCTBO, To ecTh A [| B = @. TakKe 3aMeTUM, 4TO
ANG=0.

W3 ompepeleHus IepecedyeHHs ABYX MHOXKECTB CJIEAYeT, YTO eCJH
AcB,toA () B=A, BuacrHocTH, eciu B=A, to A [ A = A.

Hanpumep, Q (N1 N=N, Z[\R=Z.

IlepeceueHre MHOMECTB YA00HO HMJ/LIIOCTPHUPOBATH € MOMOIIBK IHA-
rpamm Jinepa. Ha pucyake 1.3 samrpuxosanHasa (purypa uszobpaxkaer MHO-

sxkecrso A [ B.

rPuc. 1.3

mngy Onpepenceuue
06beanHeHnem mHoxects A n B HasbiBaloT MHOMeCTBO, cocTosllee U3
BCEX 3MeMEHTOB, NpuHagneXawmx xora 6bl OAHOMY M3 3TUX MHOMECTEB:
unu mHoxectey A, nnn mHowecrey B.



Ob6bennHenue MmHOMXecTB A u B obosuaualor Tak: A U B. U3 onpenene-

HUA CJIeAyer, 4To
AUB={x|xe Aumxe B}

3aMeTHM, UTO AJfA JH000ro MHOMKecTBa A BLINOJHAETCS PABEHCTBO
AU @ =A.

N3 onpeneneHus oObeJHHEHHA JBYX MHOMKECTB CJeIyeT, UYTO eCJH
Ac B, AU B=B8, BuacrHoct, ecitu B=A, 0 AU A = A.

O0beguHeHHe MHOMKECTB YA00HO HJIIOCTPHUPOBATHL ¢ IIOMOIIBID JHA-

rpamm Jitnepa. Ha pucyuke 1.4 samrpuxosanHas (purypa uszodpaxaer MHO-
:kecrso A U B.

" Puc. 1.4 2 ¢ 3

YacTo NpUXOJUTCHA PACCMATPUBATE IepecedeHne U o0beJUHeHNe TPEX 1
Dojliee MHOKECTB.

Ilepeceuenue muOMxecTB A, B u C — 5T0 MHOMKeCTBO BCeX 3JIEMEHTOB,
IMIPUHAIIEeKAINIUX U MHOMXKeCTBY A, u MHOMecTBY B, 1 MHOXKecTBY C (puc. 1.5).

O0beguueHne MHOMKeCTB A, B u C — »T0 MHOKECTBO BCeX 3JIeMEHTOB,
MpUHAIJIEKANIUX XOTSA OBl OJHOMY M3 9THX MHOMKECTB: HWJIH MHOMKeCTBY A,
UIN MHO:MecTBY B, mau muo:xectsy C (pmc. 1.6).

Hanpﬂmep, ﬂﬁ'LE,I[HHEHH'E MHOMECTB OCTPOYVI'OMBHBIX, TVIIOYTOJIBHBIX H
NpAMOVI'OJNBHBIX TPEVIODJIBHHMKOB — 3T0 MHOMECTBO BCeX TPEYVIOJIBHHUKOB.



Eecan u3 MHOMKecTBa £ UCKJIIYHUTE MHOMKECTBO N, TO IOJAYVYINM MHOME-
CTBO HelblX HEIIOJOMHTEeNILHBLIX YHCell. OHO cOCTOHUT M3 BCeX 3JIeMEHTOB
MHOMECTEBa Z, KOTOpBIE He IIPDHHAOJeXaT MHOMECTBY N. P{)BDPHT, YTO MHO-

JKECTBO LEJbIX HEeNOJOMUTEIbHEIX YHCe ABIAETCA PA3HOCTHI0 MHOXeCTB Z
u N.

nngy OnpegenexHmne
PasHocTbio MHoXecTE A v B Ha3biBaloT MHOMECTBO, cocTosilee U3 Bcex

3N1eMEeHTOB, NpUHagneXxawmx MmHoxecrey A, HO He NpMHaagneXawWmMx MHO-
wecrey B.

Pasnocts MmHOMKecTB A u B obosmauaror Tak: A \ B. W3 onpegenenns

cJIeIVeT, 4TO
A\B={x|xe Anxe B}.

3aMeTHM, 4YTO AJId J000ro MHOMXKecTBa / BRINOJIHAETCS PaBeHCTBO
A\N@=A,

W3 onpeneneHus pasHOCTH ABYX MHOKECTE cJeayer, uro ecaun A < B, To
A\ B=, BuacrHoctH, eciu B=A, 0 A \ A =00,

PasHOCTh MHOMKECTB YA00HO HMIJIIOCTPHUPOBATH C IOMOIIBLI0 JHATDAMM

Jditnepa. Ha pucynke 1.7 samrpuxoBaHHasd (purypa musodpaxkaeT MHOMKECTBO
A\ B.

rFHC. 1.7

B canyyae, kKorjga MHOMecTBO B sABAAeTCA MNOIMHOMECTBOM MHOMKE-
crea A, pasnocts A \ B HA3BIBAIOT HOMOJHEHHMEM MHOMKecTBa B B MHOMe-
crBe A. Ha pucyrke 1.7, 6 970 MHOXKecTBO U300pakeHo mrpuxosxoit. Hanpu-
Mep, AOMOJHEHHeM MHOMKeCTBA HEeUETHLIX UHUCce)] B MHOMKECTBE HATYPAIbLHBIX
quceJl SIBIASeTCS MHOMECTBO YETHBIX YHCeJI.

? 1. Kak obo3HavaloT MHOXecTBa HaTypanbHbIX, UenblX, paunoHanbHbIX W
LENCTBUTENbHbIX Yncen?
2. Kakue cylecTBytoT cnocobbl 3agaHna MHOXeCTB?



3. Kakoe MHOXecTBO Ha3blBaloT noagMHOXecTBoOM OdHHOIo MHOXecTBa?

4. Kak HarnagHo MNNICTPUPYKOT COOTHOLWEHWE MeXay MHOXecTBamm?

5.4T10 Ha3biBalOT nepece4yeHemMm AOBYX MHOXECTB, DEBE,E[HHEHHEM ABYX
MHOXEeCTB, Pa3HOCTbO OBYX MHOXeCTB?

- O
YnpaXHeHVA g seen

14.

1.5.

1.6.

1.7,

1.9.

1.10.
1.11.

1.12.

IIyers A # @. Kakue aBa pasHBIX IOIMHOMKECTBA BCEIIa MMEeT MHOMKe-
ctBO A?

PaBHBI 11 MHO:KecTBa A u B:

1):A ={1,2} B=42;1)

2) A ={(0; 1)}, B={(1; 0)};

3)A={x|xe N,xxkparao 2un 3}, B={x | x € N, x xparno 6}?
PaBubl 11 MHOKecTBa A un B:

1) A={1}, B={{1}}

2y A=y | x< 8 xe B} B={x| 2845 e L)

3)A={x|xe N,x<15,x=19%, ke Z}, B={x | xe N, 3 <x <4})?
Kakne U3 cleayOIINX MHOMECTB PABHEI IYCTOMY MHOMECTBY:

1):A ={x | a#x)

9)B={x|xe Z %x—zzo};

3)C={x | xe Z |x]| <1}

Kakxoe u3 cieayONHX YTBEDKIeHUA BepHO:

1) {a} € {a, b}; 3) a c {a, b};

2) {a} c {a, b}); 4) {a, b} € {a, b}?

Ioxkaskute, uroecin Ac Bu Bc C, 0o A c C.

SaNUIIUTE ¢ IIOMOIIbI CHMBOJIA C COOTHOIIEHHE MEIY MHOKECTBAMU:
A={x|x=2n,ne N} C=%x | x=10n, n e N};

B={x | x=50n, ne N} D=dx| x=06n, ne N}

Kakoe u3 MHOMKecCTB, A wnu B, aBnsgerca NOAMHOMECTBOM APYIOro, ecJyImn:
A={x|x=4n+ 2, ne N}; B={x|x=8n+2,ne N}?

IHanel mEHOXKecTBa {7}, {11}, {19}, {7, 11}, {7, 19}, {11, 19}, &, aBudai0-
muecsd BCeMH COOCTBEHHBIMM HOAMHOMKECTBAMU HEKOTOPOro MHOMKe-
crtBa A. 3anumure MHOMeCTBO A.

HaszosuTe Bce MOAMHOMECTBA MHOXecTBa {1, 2}.

Kakoe U3 cleyIONHX YTBEeDKIeHUNA BepHO:

1) {a, b} N {a} = a; 3) {a, b} N {a} = {a};

2) {a, b} N {a} ={a, b}; 4) {a, b} N {a} ={b}?

Kakoe u3 cleayronHxX YTBePKIeHUA BePHO:

1) {a, b} U {b} ={a, b}; 3) {a, b} U {a} = {a};

2) {a, b} U {b} = {b}; 4) {a, b} U {b} = {{b}}?

11



1.13. Haiigure nepeceuenue MmHOMecTB A u B, ecan:
DNDA={x|x<19}, B={x|xe N,x>11};
2A={x |x=4dn,ne N}, B={x | x=6n,ne N};
)A={(x,y) | 2x-—y=1}, B={(x, y) | x+y = 5}.

1.14. Haiinure o0 beuHeHne MHOKecTB A u B, ecion:
DA={x|22-1=0},B={x]| (x—1)}x—-2)=0)
2)A={x|2x+3=0},B={x | x2+3=2});

A={x|xe N,x<b},B={x|xe N,x < T}

1.15. Kaxkoe 13 clIeAVIOIUX VTBEPKICHHA BepHO:

1) {a, b} \ {a} = b; 3) {a, b} \ {a} = {a};
2) {a, b} \ {a} ={a, b}; 4) {a, b} \ {a} ={D}?

1.16. HaiiguTe pasHocTs MHOXKecTB A u B, ecinu:
1)A=N,B={x|x=2n, ne N};

2) A — MHO¥eCTBO OJJHO3HAYHBIX YHceJ, B — MHOMECTBO IIPOCTBLIX YU~
ceJ;

3) A — MHOXXecTBO PABHOCTOPOHHHUX TPEVIOJIbLHHUKOB, 5 — MHOMXKECTBO
paBHOOEIPEHHBIX TPEYTrOJbHUKOB.

1.17. Ilyecte A — MHOMecTBO HU(P AECATHUYHOII CHCTEMbI cuuciaieHus, B —
MHOXeCTBO, cocTodAniee u3 mudp 1, 3 u 5. YRaKuTe MHOMECTBO, ABJIA-
oleeca NOIOJHEeHeM MHoMKecTBa B 1o MHoxKecTBa A.

¢ ¢ |

1.18. Us3BecTHO, 4TO njad n000ro MHOMecTBa B MHOMKecTBO /A siBIdeTcs ero
noaMHoOKecTBOM. Halinute MHOKecTBO A.

1.19. H3BecTHO, 4TO AJsA Jd000r0 MHOMKeCTBA B BBINOJIHAETCA PABEHCTBO
A N B = A. Haitnure MmHOKecTBO A.

1.20. 3BecTHO, UTO AJaA JIHOOOro MHOMecTBA B BEINIOJHAETCA PaBEHCTBO
A U B = B. Haiinure MmHO:KecTBO A.

. X X |

1.21. Hajigure monmuoxkecTBa A u B MuomxecrBa C Takue, 4To IJd JIH000r0

§

noaMuoxectsa X MmHoKecTsa C BeinonHserca pasencerso X (1 A=XU B.

ﬂ KoHe4yHble n 6ecKkoHeYHble MHOXecCTBa

Ecamn MHOZecTBO COOepixHuT HOHeYHOoe KOJHYeCTBO 3JeMeHTOB, TO €ro

HA3BIBAIOT KOHEeYHLIM, a eCJIH B HeéM DecKOHeYHO MHOI'O 2JIeMeHTOB — To Dec-
KOHEeYHBIM. H}TCTGE MHOMEeCTBO CUHUTAKT KOHEeUHBIM.

CTBO,

Hanpumep, MHOMECTBO VUalllUXCH Balllero KJacca — KOHeYHOe MHOMKe-
d MHOMeCTBO HATYPaJBbHBIX YHCE]I — DecKOHeUYHOe MHOMKEeCTBO.
Ecaun A — KoHedHoe MHOMAEeCTBO, TO KOJUYeCTEBO ero 3JIeEMeHTOB ﬁYﬂBM

obosHauaTs Tak: 1 (A).
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Hanpumep, eciu /A — 3To MHOMKeCTBO AHeH Henenau, To n(A) = T; ecau
B — 210 MHOKecTBO ABY3HaUYHBIX uHnces, To # (B)=90. Ilouaruo, uro n (J) = 0.
ITyere A m B — Takue KoHeYHBIe MHOMKeCTBa, uTo A (| B = . Torpa oue-
BUJITHO, YTO
n(A U B)=n(A)+ n(B). (1)
Eciu A u B — KoHeuHble MHOMKecTBa, npuuyém A (| B # @ (puc. 2.1), To
B cymmy 7 (A) + n(B) gBa:Kasl BXOJAUT KOJHUYECTBO 2JIEeMEHTOB HX Ilepeceue-
HHA, TO €CTh ABAK/JBI YYUTBEIBAeTcA uucyuo 7 (A [ B). CiegosaTelbHO, B 3TOM
ciaydae

n(AU B)=n(A)+n(B)-n(AB) (2)

Eciu A (| B=O, o n(A (| B) = 0. IToaromy dopmyaa (2) apasercs
obobienuem gopmybl (1).
BrisgcHuM, Kak HalTH KoaudecTsBo 3jemenToB MHOxectsa A U B U C,
rne A, B u ( — xoHeuHBIe MHOXKECTBA.
Eciu A (| BN C =3 (puc. 2.2), To
nAUBU O =nA)+n(B)+n(C) -
—n(ANB)-n(BNC)-n(CN A). (3)
Eciu A (1 BN C# O (puc. 2.3), To npasas yacTb ¢opmynsl (3) He yuu-
ThIBAET KOJIHYECTBO 00IIUX aneMeHTOB MEOMecTB A, B u C. CienosaTelbHO, B
9TOM cJiydyae popMyJia IPUHAMAET BHI:
n(AUBU Oy =n(A)+n(B)+n(C)-
—n(ANB)-n(BNCO)-n(CNAY+n(AN BN COC). (4)
Ananmornuyayio QOpMyIAYy MOMKHO IIOJYUYHTL A58 JI0O0r0 KOJIUYecTBA
MHOeCcTB. Ké HazeIBaoT «(hopMyJaoN BRIAWYEHUA-UCKJIIOYEeHNI » .

Puc. 2.1 r Puc. 2.2 .Pm:. 2.3

Mpymep 1. B cmopruBHON NHIKOJE €CTh TPH CEKIHH: akpobaTuru, ba-
ckeTbona, Boseitbona. MasecTHO, uTo mkoay noceniaior 200 IIKOJILHHUKOB,
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a Kaayio u3 ceKnun — 80 mroabHUKOB. [loKasuTre, 4TO HAUJETCA He MeHee
14 MIKONBHUKOB, KOTOPLIE IIOCEMIAKT OJHH U Te e [Be CeKI[HH.

PewleHne. O003HaYNM MHOKECTBA MIKOJbHUKOB, MOCEIIAIIIHX CEeKIIMHN
akpobaTuku, backerbona u Bogeitbona, 6ykBamu A, b u B cooTBeTCTBEHHO.
Torna n(A U 65 U B) = 200, n(A) =n (b)) =n(B) = 80. ITogcraBuM yKasaHHbIE
3HaueHHA B hopmyny (4):

200=80+80+80—-n(A B)-
—-n(bNB)-n(BNA)+nr(ANDLNB).

Orciona n(AN B)+n(LNB)+n(BNA)=40+n(A N 6 B) = 40.

Ecan npeianoyiouTb, 4To kKamjgoe m3 uucen n(A () b), n(b [ B),
n(B ) A) He npessimaer 13, To uX cymMMa He npesbimnaer 39. IToayuyniu npo-
TUBOpe4Yue. W

Ham HepeaKo NPUXOAUTCSA CPABHHUBATH KOHEYHBIE MHOMECTBA 10 KOJIH-
YeCTBY UX 3JIeMEHTOB.

Hanpumep, Kak Y3HATH, XBATHT JIX B KJIACCE CTYJILEB I/ BCeX y4allux-
ca? Coecem He 00A3aTeIbHO NIEePECUYUTBLIBATE CTYJAbLA M y4aluxcs. JlocraTou-
HO MNONPOCUTH YYeHUKOB CecTh Ha cTyJabsA. W eciu, HammpuMep, MeCT XBATHJIO
HEe BCEM, TO 3TO 03HAYAET, YTO KOJIHWYEeCTBO YUYEHUKOB D0JIbIlle, YeM KOJHYe-
CTBO CTYJIbEB.

B aTom npumepe, cpaBHUBaA KOJMUYECTBO 3JIEMEHTOB JABYX MHOMKECTB,
MBI KAWCOOMY 3neMeHmy 00H020 MHONCECMEA NOCMABUIU 8 COOMBEMCMBUE
eUHCMBEHHBIL dTeMEHM 8MOP0Z0 MHOMNcecmad. Boconbayemcs aToil uzeeit
B CJIeIVIONIEM IIpUMepe.

Mpumep 2. CpaBHHTE KOJHYECTBO 3JEMEHTOB MHOMKecTBa A IBy3HaU-
HBIX YHCeJ ¥ MHOMKecTBa B TPEX3HAYHBIX YHCEN, JeCATHYHAA 3alHCh KOTOPBIX
oKaHuuBaeTca mudpoi 1.

PeweHwne. IlocTaBMM B COOTBETCTBHE KaKJIOMY JBY3HAYHOMY YHCJIY TO
TPEX3HAYHOE YMCJ0, KOTOPOE MHOJYy4YaeTcs M3 Hero MpUIIMChHIBAHMEM CcIIpaBa
nudpst 1. IMomxyupm:

10, 11, 12, Gisial 98, 99
g g g 8 g
101, 111, 121, T 981, 991

HTE‘II{, KaIOoMY 3JIEMeHTY MHOMeCTBa A MBI IOCTABUJIA B COOTBETCTBHE
E,II.',HHCTBEHHBIZEI aJeMeHT MHo:KecTBa B. BBM&THM, HTO IIPpH TAKOM COOTBEeT-
CTBUH BCe 3JeMeHThI MHOMKecTBa [3 oKasmIBaloTCA ¢33_,[[EfICTB{]EElHHLIMH$.

IleficTBUTENLHO, €CIM B TPEX3HAYHOM uucie Buaa abl 3adepKHYTH moOCien-

HIOI0 UdpPY, TO MOJYYHM ABY3HAYHOE YHCI0 ab.
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YeraHoBlIeHHOE COOTBETCTBUE MeKAVY aJieMeHTaAMU MHOXKeCTB A u D 1o-
3BOJIAET CIeJIaTh BbIBOM, uTo 1 (A) =n(5). m

sag) OnpepeneHue
Ecnu Kaxgomy 3nemMeHTy MHoMecTBa A nocraBneH B cOOTBeTCTBME efWH-
CTBEHHbIN 3neMeHT MHoXecTBa B u npu 3Ttom nioGoin 3nemMmeHT MHOXeCTBa
B okasbiBaeTcs COOTEETCTEYIOWMM HEKOTOPOMY €AMHCTBEHHOMY 3M€MEeH-
TY mHoMecTBa A, To roBopsaT, yro mexay mHoecrsammu A n B ycraHoene-
HO B3aMMHO OJHO3HaYHOEe COOTBETCTBME.

B npumepe 2 KamJI0My ABY3HAYHOMY YHCJIY OBLIO IIOCTABJIEHO B COOT-
BETCTBUE €JUHCTBEHHOE TPEX3HAYHOEe YHCJIO YKasaHHOro BUla, W HaobopoT,
KasKJI0e TaKoe TPEX3HAUHOE YHCJIO SABJIANOCE COOTBETCTBYIOIUM €JIHHCTBEH-
HOMY ABY3HAUHOMY uncay. CneqoBaTejibHO, MEXIY PACCMATPHBAEMBIMH MHO-
*KeCTBAMH OBLJIO VCTAHOBIEHO B3AUMHO OJHO3HAYHOE COOTBETCTBHE.

3aMeTUM, YTO eCJIH B KJIACCe BCEe VUEHHUKHU CUAAT U IIPU 3TOM €CTh CBO-
ODomHBIE CTYJIbSA, TO MEMKIY MHOMKECTBOM VUEHHKOB M MHOXKECTBOM CTYJILEB
B3AMMHO OJHO3HAYHOI'O COOTBETCTBUS HE YCTAHOBIEHO.

Ecau medncoy xoneunvimu muoscecmaeamu A u B yecmanosieno szaum-
Ho odnosnaunoe coomseemcmeue, mo n(A) = n(B). H naobopom, eciu
n(A) = n(B), mo mencdy xoneunvimu muoxcecmeamu A u B mooxcno yema-
HOBUMb 83AUMHO O0OHOIHAUNOE COOMBEMCMABUE.

CnenoBaTe/ibHO, MEXKIY KOHEUHBIMH MHOMKECTBAMHU C Pa3sHBIM KOJIHYe-
CTBOM 3JIEME@HTOB HEBO3MOXKXHO YVCTAHOBHUThH B3aMMHO OJHO3HAYHOE COOTBET-
CTBHE. JTO II03BOJIAET ¢(hOpMYJIAPOBATE TaKOe MPABHIIO.

Ecnu Cc B u C# B, a menwcdy muoxcecmeamu A u C ycmanosieno
gaaumio odnosnaunoe coomeemcemeue, mo n(A) < n(B). Ipyrumu ciosa-
MU, MEHCOY KOHEUNLIM MHONCECMBOM U €20 COOCMBEHHBIM NOOMHONCE-
CMBOM HEBO3MONCHO YCMAHOBUMH B3AUMNHO OOHOZHAUHOE COOMBENMCMBUE,

MosHO JIX 3TOT BBIBOJ IPUMEHUTH K OECKOHEYHBIM MHOMKecTBaM?

IIvers M — mMHOMecTBO 4eéTHBIX uMcea. MHoxxectBo M aBiasercsa cob-
CTBEHHBIM IOAMHOMecTBOM MHO:KecTBa IN. Kaszanoce Obl, MOMKHO CUHTATH, YTO
HATYPaJbHBIX YHceJ OoJblle, yeM YeTHbIX. OJQHAKO 3TO HE TaK.

Kaxpgomy asnementy n € N mocraBUM B COOTBETCTBHE €JUHCTBEHHBIN
aneMeHT 2n € M:

1, 2, 3, 4, e n,
g g g g g
2, 4, 6, 8, ey 2n,

IIpu sToM Kamkjgoe YETHOE YHCJI0 OyIeT COOTBETCTBOBATHL €IHHCTBEHHO-
MY HATYpaJbHOMY 4ucay. Tem cambiM mexxay MmHo:kecrBamu N u M ycranos-
JI€HO B3AaMMHO OJHO3HAYHOE COOTBETCTBHE, a4 II09TOMY HEJb3A CUHTATh, UYTO B
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MHOMecTBe [V cojilep:KUTCs DOJbIle 2JIeMeHTOB, YeM B ero COOCTBEHHOM II0[-
MHOKECTBEe — MHOJKECTBE YETHBIX YHCE.

JTOT HIpUMep IMOKAa3bIBAET, YTO PUBLEIYHBIE IJA HAC IPEACTABIEHHA O
KOHEUHBEIX MHOMKECTBAaX HeJIb3A IIePEHOCUTH Ha DeCKOHEeUYHEIe MHOKEeCTBA.

Mo:KHO 10Ka3aTh, YTO B JIOOOM DeCKOHeUHOM MHOMKeCTBe /A MOMKHO BBI-
1enuTh cOOCTBEHHOEe IMOAMHOMXecTBO A, TakuM 00pasoM, 4TO MeJy MHOKe-
crBaMu A 1 A, MOMKHO YCTAHOBUTE B3AMMHO OJHOZHAYHOE COOTBETCTBHE. JTO
NPHHIUNINAILHOE OTIHYNE DeCKOHEUHBIX MHOKECTB 0T KOHEeUHEBIX.

Ecnan mHo:ecTBa A B B KOHEUHBI M MEXIY HUMH VCTAHOBJIEHO B3aUMHO
0JJHO3HAUYHOE cooTBeTcTBHEe, TO M (A) = n (B). Ecan ke B3anMHO 0JHO3HAYHOE CO-
OTBETCTBHE VCTAHOBJIEHO MeKIY OeCKOHEeYHBIMH MHOXKecTBaMu A u 3, To B Ma-
TeMATHKE He IPHHATO I'OBOPHUTh, YTO 9TH MHOYKECTBA MMEIOT OJMHAKOBOE KOJIH-
YeCTBO AJIEMEHTOB, 4 MOBOPAT, UTO MHOKecTBa A 1 B uMeoT OMHAKOBYK MOII-
HOCTh. Jlpyrumu cioBamm, s OeCKOHEYHBLIX MHOMKECTB CJIOBO «MOIIHOCTE»
03HAUYAeT TO JKe caMoe, UTO I/ KOHEUHBIX MHOMKECTB «KOJHYECTBO 3JIeMEeHTOB» .

mnEy Onpepenenmue
ABa MHO)XecTBa Ha3bIBalOT PAaBHOMOLHbLIMK, €Cnv MeXay HUMW MOXHO
YyCTaHOBMTL B3aMMHO OiHO3Ha4YHOE COOTBETCTEME.

Ilopo#, BeIABIAAA cBOMCTBA 00BEKTOB, Mbl PYKOBOACTBYEMCSH HHTYUIIHEH
I JKA3HeHHBIM omnbIToM. QOHAKO, Kak ObLIO IIOKA3aHO BRIIIE, KOIYa Mbl OIIpe-
nejisieM CBOMCTBA 0@CKOHEYHBIX MHOMECTB, OIBIT U UHTYUI[UA MOT'YT OJABECTH.

Hanpumep, MMeeT MeCTO CHEAVIOIIHE YIUBUTENLHBIH (DAKT: MHOMKe-
CTBO TOYEK NPAMOI PABHOMOIIHO MHOXKECTBY TOYEK OTKDBITOrO OTpesKal, To
eCcTh IPAMAasA COAEPKUT CTOJBLKO He TOUEK, CKOJNLKO UX COHEPIKHUT OTKPBITHIH
OTPEe30K.

Ha pucynke 2.4 usoOpaxkena npamas MN, Koropasa kacaercd IMOJY-
OKPVKHOCTH C IeHTpoM B Touke () u guamerpoMm A B, napaiienbHbIM IIPAMOM
MN. ¥Ynanum u3 nonyokpyaHocTH ToukH A u B. Takyio moayoKpyKHOCTE Ha-
3bIBAIOT OTKPBITOMH.

Kamxnoi Touke X OTKPBITOMH MIONYOKPYKHOCTH IIOCTABUM B COOTBETCTBHE
rouky X, npamoit MN, nexamyio Ha aydye OX. ITouarHo, uro Touke X coort-
BETCTBYET eJIMHCTBEHHAA Touka npamoit MN, u Haobopor, Kaxaada TouKa nps-
Mot MN siBiasieTcs COOTBETCTBYIONIEH eAMHCTBEHHON TOUKEe OTKPBITOM IIOJIY-
oxpysuocTu. ClemoBaTenbHO, YCTAHOBJIEHO B3AHMHO OJHO3HAUHOE COOTBET-
CTBHE MEIKAY MHOMKECTBOM TOUYEK NPAMOH M MHOMKECTBOM TOYEK OTKPBITOMN
MOJYOKPYKHOCTH. SHAYUT, MHOKECTBO TOYEK OTKDPBITOH IIOJYVOKPYKHOCTH
PaBHOMOIIIHO MHOMKECTBY TOYEK IIPAMOI.

1 OTKpLITEI OTPE30K — OTPE30K, ¥ KOTOPOTO ¢BBIKOIOTEI» KOHI[BI.



Ha pucysnke 2.0 mokasaHo, KaK YCTAHOBUTH B3aUMHO OJHO3HAYHOE CO-
OTBETCTBHE ME 1Y MHOXKEeCTBOM TOYEeK OTKPBITOTO OTPE3Ka M MHOMKECTBOM TO-
YeK OTKPBITOM moayokpy:HocTH. ClleJoBaTeIbHO, MHOMKECTBO TOYEK OTKPHI-
TOro orpeska AB paBHOMOIIIHO MHOXKeCTBY TouyeK npsamoin MN.

Puc. 2.4 rPHC. 2.5

sng) OnpepencHue
MHoXecTBO, paBHOMOLHOE MHOMECTBY HaTypalbHbIX YMcen, Ha3biBaloT
CYETHbIM MHOXKEeCTBOM.

Brinre MbI ITIOKA3aJIM, YTO MHOMECTBO YETHBIX YHCEJ CYETHO.

Korma ycraHaBiIMBaOT B3AUMHO OJHO3HAYHOE COOTBETCTBUE MEHY MHO-
;xecrBaMu A u N, KaKIblil aJleMeHT MHOMecTBa A moayudaer cBoit Homep. Ta-
KM 00pasom, Bce 2JIeMEeHTHI MHOMKEeCTBa A 0Ka3hIBalTCAa MIPOHYMEPOBAHHLIMU.

Ha nmepBbIil B3MIAN KAMKeTCsA, 4TO NOCKOJIbKY N C Z, T0 3JIeMeHThI MHO-
skecTBa Z NIPOHYMEPOBATH HEJIb3s: HEe XBATUT HOMEPOB, TAK KAaK Bce OHU OYIyT
«II0TpavYeHbl» HA MHOKecTBO V.

OpHako ecay aJieMeHTHl MHOMKecTBa Z PACHOJIOMKHTL B BHIE IIOCTIeN0Ba-

teabHocTn 0, 1, -1, 2, -2, 3, -3, ..., TO MOKHO KAXKAOMY IEeJIOMY YHCJIY IPH-
CBOUTH HOMED:

0, 1, -1, 2, -2, 3, -3,

g 8 ¢ ¢ g g ¢

1, o 3, 4, 5, 6, ¥

Tem caMbIM MBI JOKa3aJIH, YTO MHOMeCcTBO Z aBIsieTcs CUETHBIM.
Moxxno JOKa34Th, 4TO MHOMECTBO Q TaKe SABJISAeTCs CUETHBIM.
OﬂHHHD He BCcAKOoe DeCKOHeuHOe MHOMKEeCTBO ABJISAETCS CUETHBLIM.
PEI{}CMGT[JHM MHOMEeCTBO 1"1, JJleMeHTaMHM KOTOpPOro ABJIAKTCAHA BCe becko-
HeYHBIe TOCJIeOoBaATellILHOCTH, COCTaBJIeHHBIE M3 HY.J'IE‘fI M eJHMHHNII. Bor He-
CKOJIBKO 2JIEMEHTOB MHOKecTBa A:
1,1,1,1,1,1, ...
0,1,1,1,0,0, ...
0,05 1,0, 1y Ly
II;{}H.EUHEM, YTO MHOMKECTBO A sABIAeTca HeCYETHBIM. HpEﬂHDﬂGH{HM, HTO
2TD He TakK. TDF,ILE. AJIEMEeHTHI 3TOTI0 MHOMECTEA MOMIHO IIPDOHYMEDPOBATD. Pac-
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IIOJIOKHM 3JIeMeHThl MHOKeCcTBa /1 B cTOJIDMK B MOpAJKe BO3pacTaHUA HOMe-
pos. Hanpumep:

IlepBhiil aeMeHT 1, ;[ 0, : i 0,
Bropoii sneMeHT 0, 0, 0, T 1,
Tpertuii sneMeHT 0, 0, 0, 0, 0,
YeTeepThlil 31eMEeHT : i 1, 1, i, _—
IlaTeIil aneMeHT 1, 0, 1, 0, 1,

ITa 3amuCch JOJMKHA COJAEp:KAThH BCe aJieMeHThI MHO:KecrBa A. Ecam
yIACTCHA IIOCTPOUTHL DECKOHEUHVIO IIOCJeNOBATEe/ILHOCTL U3 HYJIel U eIuHHIL,
KOTOPOIl B 3TOH 3allMCH HET, TO TEM CAMBIM MEI OIIPOBEPrHEM IIPEAII0JIOKeHHe
0 CYETHOCTH MHO:KecTBa A.

Beigenum KpacHBIM IIBETOM YHCJIa, CTOAIIMe HAa «amaroHanu». Iloay-
YHUM II0CJIe0BATEeIBHOCTD:

P My R o N

S3aMeHHM B 3TOH IMOCJIEIOBATEIBHOCTH eIHHUIILI HA HYJIH, 4 HYJIH — Ha
eTHHHIIBI:

03, 1,08 s

IToil mocJsiefoBaATeNLHOCTH B 3amucu HeT. [[eficTBUTENILHO, OHA OTIIMYA-
eTcs OT MepPBOI IMOCAeJ0BATEILHOCTH YHUCJIOM, CTOAIIMM HA IIEPBOM MeCTe, OT
BTOPOH IMOCJIeN0BATEJbBHOCTH — YHCJIOM, CTOSINNM HAa BTOPOM MECTE, OT Tpe-
Theil — YHUCJIOM, CTOSIIMM Ha TPeThbeM MecTe, U T. J.

? 1. Kak HanTK KonnyecTso 3anemeHToB MHoxectea A | B?
2. Kak HanTu konu4yecteo anemeHToB mHoxectea A U B IJ C?
3. B kakunx cnyyaax roBopsT, 4TO MeXay ABYMS MHOXeCTBaMu YyCTaHOBNEHO
B3aMMHO OHO3Ha4YHOe COOTBeTCcTBUe?
4. Kakne MHOXecTBa Ha3biBalOT paBHOMOLHbLIMW?
5. Kakoe MHOXecTBO Ha3blBalOT CHETHbLIM?

- o
® YnpaXHeHVs 4 s uem

2.1. Kamxpgpii n3 32 yUeHHMKOB KJlacca M3ydaeT Io KpaiiHed mMepe OJHH MHO-
crpaHHbIi A3bIK. M3 Hux 20 nsyuaroT anruicKkui A3bIK 1 18 — (pan-



2.2,

2.3.

ny3cku. CKOJIBKO YYHeHHMKOB M3Yy4YaloT U aHIMIUMHUCKUIN, B (PpaHIY3CKUHT
ABBIKH?

M3BecTHO, 4T0 26 *KHUIIBIOB I10MA COAEPHKAT KollleK U cobak, v 16 us Hux
€CTh KOIIKH, a ¥V 15 — cobaku. CKONBKO KUJIBIOB JO0Ma COAEPHKAT U CO-
DaKy, 1 KOLIKY?

YCTaHOBJIEHO JIM B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEMKIY MHOMe-
crBamu A n B (puc. 2.6)? ToukaMun Ha pUCYHKe H300paKeHEI 3JIeMeH-
Thl MHOXKECTB.

Puc. 2.6

B
-
.
6 B r

a

2.4.
2.5':

2.6.
® ¢

YeraHoBUTe B3aUMMHO OIHO3HAYUHOE COOTBETCTBHE MeXKIAY MHOMKECTBOM
HATYPAJIbHBIX YHUCEJ U MHOMKECTBOM HATYPAJBHBIX YHMCEJ, KPATHBIX 3.
YcTaHOBATE B3aMMHO ONHO3HAYHOE COOTBETCTBHE MEXKIY MHOMKECTBOM
HATYpaJbHbIX YHUCEJ] U MHOMeCcTBOM uncesa Buga 4n + 1 (n € N).
HokamuTe, 4TO MHOMKECTBA YETHBIX M HEYETHBIX YHCEJI PABHOMOIIHEI.

2.7.

2.8.

2.9.

2.10.

2.11.

Kaxgomy sneMeHTY MHOXKecTBa {n, n+ 1, n+ 2}, rne n € N, nmocraBuIn
B COOTBETCTBUE OCTATOK OT JieJJeHHUSA ITOr0 dJeMeHTA Ha 3. YCTAHOBJIIEHO
JIM TAKKUM 00pa3oM B3AMMHO OJHO3HAYHOE COOTBETCTBUE MEXKAY MHOMe-
creamu {n, n+1,n+ 2} u {0, 1, 2}?

Kakux NATU3HAYHBIX YMces 0oJiblIe: Bce MUEMPhLl KOTOPBIX YETHBLI KN
BCe INH(PPBI KOTOPBLIX HEYETHBI?

Kakux naTusHadHbIX Yyuces Oosblile: TeX, V KOTOPBIX MUQPhI 3allACAHBI
B IIOpPAJKe BO3pPACTAHHA, WIH TeX, Y KOTOPBIX IHA(PLI 3alKCaHbl B I10-
pAnKe yObIBAHHA?

B BeInyKIOM m-yrojabHHEe (7 = 4) HUKaKWe TPpHU JHATOHAJH He IIepece-
kawTcAl B ogHOH TouKe. JlokaxuTe, 4YTO KOJIMYECTBO BCEX TOUEK Iepece-
YeHHA JUATOHAJIel PABHO KOJIHYECTBY YeThIPEXYIOJIbHHKOB, BCEe BePIIH-
Hbl KOTOPELIX SABJIAIOTCHA BEPIIMHAMHN JAHHOIO 7-YrOJbLHUKA.
PaccMaTpuBalTCa BCe NPAMOYTOJILHUKH, IJIHHBLI CTOPOH KOTOPLIX BhI-
paseHbl HATYPAILHBIMU yucaamMu. Kakux npsaMoyroJibHHKOB GoJblie: ¢
nepumerpom, paBasiM 1000, unu ¢ nepumerpom, pasHeiM 10027

1 C"—IHTBICIT, HTOo JTHaroHalHd BRIOVEIOTD MHOTOVIONBHHEA HepeceéKalTCHd, eClIH ¥V HHX
eCTh oﬁmaﬂ TOHEKEA, OTIHYHAaAHA OT BEDIIHHLBI MHOTOVIOIBHHEA.
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2.12.

2.13.

HOE&HC.HTE, YTO MHOMeCTBA TO4YeK CTOPOHBI H JHAT0OHANH KBapaTa paBb-
HOMOIITHBI.

HUEEI_HCHTE, YTO MHOMKECTBa TOYeK JII00bIX ABYVX KOHINEHTPHUYHBIX OKDVA-
HOCTEeR PaBHOMOIIIHEI.

¢

2.15.

2.16.

MuosxectBo A comepxxur 101 smement. [okaxkure, 4T0 KOJIUYECTBO €0
MOJAMHOMECTB, COAEep:KaAlIUX YETHOE KOJUYEeCTBO 3JIeMeHTOB, PABHO KO-
JIMYeCTBY NOAMHOMECTE, COLepKallluX HeUéTHOe KOJIUYeCTBO 3JIeMeHTOB.
B onumnuane npunann ydactue 46 mronbHuKoB. UM OBLIN npensoxe-
Hbl 3 3ama4du. [locyie moABeleHUA UTOrOB OKA3aJIOCh, YTO KamKJbIi H3
Y4aCTHHUKOB peluJ XOoTda Obl OOHY 3ajady, NPHUYEM IIEepBYI0 U BTOPYIO
damauyy pemuau 11 y4acTHMKOB, BTOPYIO U TPeThbI0 — 8 YYACTHUKOB,
IEePBYI0 U TPEThI0 — D YVYACTHHUKOB, & BCe TPH 3aJla4M PEIINJN TOJIbKO
2 yuacTHUKA. J[oKaxuTe, 4TO OAHY M3 3a/1a4 PEIINJIH He MeHee IT0JIOBU-
Hbl YYACTHUKOB.

Kakux TpéxsHauyHbIX Yuces OOJIbIIe: TeX, Y KOTOpPBLIX BrTOpas mudpa B
necATHYHOM 3anucu OOJIbIIe IepPBOM B TPeThbeil, MM TeX, YV KOTOPBIX
BTOpas nudpa MeHLIIEe IepBOil U TPeThei?

2.17. Ilorka:xure, YTO MHOMKECTBO TOUEK MPAMON U MHOMECTBO TOYEK OKDYIK-
HOCTH € «BBIKOJIOTOM» TOYKOM PABHOMOMNIHEI.
2.18. Ha okpyxuoctu ormerunu 100 rouek: A,, A,, ..., A Kakxux mHOro-

§

100"
YIrOJbHUKOB C BEPIINHAMH B OTMEUEeHHBIX TOUKAaX OoJjblle: TeX, B KOTO-

pBIX TOuKa A, ABjIsgeTcs BepIIMHON, MM TeX, B KOTOPLIX TouKa A, He
ABIAETCA BepPHIMHOMN?

H BbicKa3zbiBaHUA N onepaunn Hag HUMN

B ¢dusuke, xuMuu, OHOJOIHM, 9KOHOMUKE, COIIHOJOIHH M APVIHX Hay-

KaX 00 MCTUHHOCTH YTBEPHKIEHUH MOMKHO CYIUTh, OCHOBLIBAACHL Ha Pe3yJbTa-
Tax HAOJIIOIeHUIl U dAKCIepUMeHTOB. B aToM OTHOLIEHUH MaTeMaTHKa — Hay-
Ka HHOro poxa. Hampumep, To, 4T0 cyMMa YIVIOB TpeyroibHuKa pasHa 1807,
HEBO3MOKHO OIpefeuTh JiabopaTopHbiM nyTéM. MeTHHHOCTHL MaTeMaTHue-

CHHX

}’TEEPJH,II;EHHI‘:‘I MOMeT OBITh JOKa3aHa TOJBKO B pe3VbTaTe JOI'HYeCKH

De3yIIpeuYHBIX PaCCYKICHUN,

HEI.}’H}’, KOTOpad H3y4daeT TaKHe MaTeMaTH4YeCHKHe NOKa3aTeJbLCTBa (J'Iﬂ"

rmiecEH 6EBYHI}E‘IHLIE paccyaﬂﬂEHHH}, HA3BIBAIOT MATeMATHYECKOH JIOTHKOM.
CJIE,I[GBEITEJIEHG, MaTeMaTHYeCKaHd JJOTHEK4A VUHT, KaK Halo paccyagaTh, 4T00BI
IIOJMVYATE BEPHEIE BBIBOObI.
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Paccyxaas, Mul GopMyInpyeM CBOH MBICIH B BHfle YTBEPHISHUM,

PaceMoTpHM mpAMEDEL.

1. Ecnu TpeyrolbHMK PABHOCTODPOHHHII, TO IEHTPLI €ro BOHCAHHON M
ONMUCAHHOM OKPYXRHOCTeH COBNAfAIOT.

2. MMossua Mapuunl I1BeTaeroil coxHA A4 BOCTIDUATHA.

3. Uncroo n ABNAeTCA PANUOHANEHEIM.

4. I0pwuit T'arapuH — mepBLI YeNOBeK, COBEPITUBIIUN MOJET B KOCMOC.

5. Uncno 77 ABNAETCA NPOCTHIM.

Yreep:xaeHuA 1 v 4 gBIANTCA HCTHHHBIMH, YTEeDKJIAEHHE 3 — JIOWK-
HEIM. ¥YTEEP:XJAeHUA 2 H & Hellb3A OTHECTH HU K UCTUHHBIM, HU K JOKHEBEIM.

JIroboe YyTEeD:KAEHNE, OTHOCUTEILHO KOTOPOrO HMeeT CMBICA I'OBODUTE,
YTO OHO MCTUHHO MY JIOMHO, HASBIBAIOT BRICKAIBIEAHUEM.

CrenoBaTelbHO, VTBepxAeHNa 1, 3, 4 ABIAIOTCA BRICKASBIBAHHAMM, A
VTEEDKACHIRS 2 B D BRICKASBIBAHHUAMM He ABIATCA.

BrickasriBaHUA 0D03HAYAIOT NPONUCHEIMY GVEBAMH JATUHCKOTO ada-
enta: A, B, C, Dur. a.

Hanpumep, nuiyr:

A = {MockBa — cromuna Poccum};

B={5>T4

C = {uncno 2 — npocroe).

JIlo6oe BEICKASKIBAHUE ABNAETCH WIM MCTUHHBIM, UM AOMHBIM. Ecan
BLICKASLIBAHNE A HCTHHHO, To OyAeM roBOPUTE, UYTC €MY IIOCTABIEHO B COOT-
BeTCTENE UYHCI0 1, ecIU BLICKazkRIBaAHUe A JoxHEO — TO wucao (.

Takum 0Opa3OM, eCIH 3A1AHO HEKOTOPOe MHOMKECTRO BEICKASBIBAHHE, TO
MOMKHO PACCMATPUBATE QYHEIMK f, 06IacTEI0 OTIpe/ieIeHUA KOTOPO#A ABIAET-
CA 3TO MHOKECTBO, & 007acThBIC 3HAYEHHI — ABYXAIEeMeHTHOE MHOMKECTBO
{0, 1}. Takyrw dbyHEnUc f 6yaeM Ha3bIBaATh (PyHENMHeH ucTHEHOoCTH. Hanpwu-
mep, ecau A ={10: 5}, To f(A)=1.

C noMoIe0 AOTHYECKHX CBA30K, 4 UMEHHO CJIOB «HM», «MIU», ¢eCHU ...,
TO», ¢«TOTAA U TOABKO TOTAA, KOIMA...» B T. II., I3 HMeIIAXCA BEICKA3RIBAHNIT
MOXKHO CTPOHNTL DoJiee CIOMKHBIE BEICKASEIBAHUA.

Hanpumep, ecou JaHkl Ba BEICKABKIBAHUA

A={52>3}, B={5=3},
To BeICKA3kIBaHHe C = {5 > 3} o6pasoBaHo M2 BhICKa3bIBAHUN A u B ¢ moMo-
MBH COI3A «MIIH».

Emié ogun npumep.

M = {Bemna nmeer hopMy Kybal;

N = {KNT — MopCcKOoe MIeKOMHUTAIONIEE].

ObpasyeM BhICKASHEIBaHHe BUAA «ecau M, To N».

HUmeem: {ecan Semna umeer popMy Ky6a, TO KT — MODPCKO€ MIEKOIHU-
Talolee).
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JTOT IpUMep NOKa3bIBaeT, YTO HOBLIE BHICKA3LIBAHUA MOKHO 00pa3oBbI-
BaTh M3 TAKHX BLICKA3LIBAHHII, KOTOPEIE HE CBA3aHLI MEeKAY co00 II0 CMBICIIY.

Paccmorpum BreickassiBanme C = {10 : 5 u 10 ! 2}. OHO cocTaBjIeHO M3
nByX BbeicKasbiBauuii: A ={10: 5} u B = {10 ! 2} ¢ noMo1bio cowaa «u». Bbi-
ckaseiBaHHe (C HAa3BIBAKOT KOH'BIOHKIHEeH BLICKasbIBaHML A u B.

meg) Onpepenexwe
KoHbloHKUMen (Mnu normyecKkum npouseegeHuemM) AByxX BbicKasbiBaHun A
un B Ha3biBalOT BbicKa3blBaHUe, KOTOpPOE UCTUHHO, eCNU KaXaoe U3 BbicKa-
apieaHun A n B ncrmHHo, ¥ noxHo, ecnu xota Gbl OQHO U3 HAX NOMHO.

KonbsoHKINIO BeIcKasbiBaHui A u B obosHauvaloT Tak: A A B (duuraror:
«A n B» unn «A xoubroHKIUI B»).

Bosspamasich K pacCMOTPEHHOMY BEIIIE IIPUMEPY, MOMKHO CKAa3aTh, UTO
BhIcKaspiBaHMe ( ABIAeTCA BhICKasbiBaHueM A A B.

Tak:xe roBopAT, 4TO BhIcKaskiBaHHe ( MOJY4YEHO M3 BhICKA3bIBaHWIT /A
1 B B pe3yibsTaTe JOrHYeCKOl onepanui KOHBIOHKITH.

IToHATHO, YTO MCTHHHOCTEL WJIH JOKHOCTH BhICKasepiBaHuA A A B 3aBu-
CUT OT MCTHHHOCTH WJIH JOXXHOCTH BBICKa3bIBaHUIl A m B. 3Ty 3aBHCHUMOCTE
ya00HO NpeAcTaBUTE B BHAE TAOIHUILI, KOTOPYIO HA3LIBAIOT TAOJMIIeH MCTHH-
HocTH. Tak, TabMMIa UCTUHHOCTHA IS JIOTHUECKOH OIepaluy KOHBIOHKIIUH
HMeeT TAKOM BHUJ:

A B AAB
1 1 1
1 0 0
0 1 0
0 0 0

Mwopax Bynb (1815—1864)

AHMUNCKNIA MaTtemMaTWK, OCHOBaTeNnb MaTeMaTU4eckKowu
NOrnKH.




DOYHKIUIO, KOTOpasa yrnopagodyeHHbIM Habopam u3 yucesn U u 1 crasur B
COOTBETCTBHE YKCI0 U3 MHO:kecTBa {0, 1}, HaspiBawoT Oynesol pyaxmuei. Ta-
OJMIAa MCTHHHOCTH 3a7aéT OyaeBy (hYHKIIHIO.

KOHBIOHKIHA COOTBETCTBYET JIOTHYECKOH cBA3Ke «H». Oupenesnum psaj
NPYIUX JOTHYECKUX Ollepanuil, KOTOpPLIe COOTBETCTBYIOT Yallle BCero yrnorpeo-
ageMbIM ciiocofaM 0Opa3soBAHUA BLICKA3LIBAHUN B OOLIYHOM SA3BIKE.

segy OnpepenexHwne
AunsbloHkuMen (MNn normvecKon cymmon) AByxX BbickassieaHnumn A n B Ha-
3bIBAIOT BbiCKa3biBaHWe, KOTOpOe UCTMHHO, ecnu XoTa BGbl OAHO U3 BbiCKa-
abiBaHU — A nnn B — ncrmHHo, n noxHo, ecnu oHn o06a NOMHbLI.

U3 bI0HKINWI0 BbicKasbiBaHUi A 1 B obosuauarr Tak: A v B (uuraior:
«A nnu By nnn «A npusboHKIusg By).

IIyers A = {B HOHegeILHUK IEPBLII YPOK B PACIUCAHUN — (DHU3UKA},

B = {B moHeieILHUK ITePBBIH YPOK B PACIHCAHHHN — MaTeMAaTHEA}.

Torga A v B = {B noHeeILHUK IEePBLIH YPOK B PACIHCAHUH — (DU3HKA
M MaTeMaTHKAa}.

IIpuseneémM Tabauiy UCTHHHOCTH AJIA AU3BIOHKI[UHA:

A B Av B
1 1 1
1 0 1
0 1 1
0 0 0

BosbuinHCTBO TeOpeM MUMEIT TAKYIO JIOTUYEeCKYI0 CTPYKTYDYV:

€C/lld BBIMOJHAKTCA HEKOTOPble YCJIIOBUMA, MO MOMKHO CHe/IaTh HEKOTO-
PEIH BLIBOJ.

JIoruuecKkyio CBABKY «eClHd..., TO» YOOTpedIAT U B APYIrUX HayKax, a
TAKIKe B MOBCeIHeBHOM KusHH. Ompenes MM COOTBETCTBYIOIIYVIO JIOTHYECKYIO
ollepaluio.

mesp OnpepencHue
Mmnnukauvein (Mnm nornvecKkum cnegoBaHueM) ABYX BbicKasbiBaHuin A m
B HasbiBaoT BbicKa3biBaHWe, KOTOPOE MOMHO NPW YCIOBUM, YTO BbICKa3bl-
BaHne A ucrnHHo, a ebickasbiBaHue B noxHo, a BO Bcex octanbHbIX cny4va-
AX OHO MCTUHHO.

Jloruueckoe cineqosaHue BbIcKasbiBaHU A u B obosHaualor Tak: A = B
(unraror: «ecam A, To B»),
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B umnnurkanum A = 5 BeICKasblBaHHWe /1 HA3BIBAIOT YCJAOBHEM MMILIH-
KallMH, 2 BhICKAa3bIBaHMEe 5 — BBIBOJAOM HMILIHKALIHH.
IIpusenem Tabauily KCTHHHOCTH JAJIA UMILIAKAI[HAN:

A B A= B
1 1 1
1 0 0
0 1 1
0 0 1

3aMeTUM, UTO MepBEIe ABe CTPOKH 9TOH TAOMHUILI ITOJHOCTLIO COOTBET-
CTBYIOT HalleMy OBITOBOMY IMOHHMAHWI CJIOBA «CJAEAYeT»: eCJIH H3 HCTHUHEI
cjeiyeT MCTHHA, TO 3TO NPaBWIbHO (MepBas CTPOKA TAOJMHMIbI); €CIH M3 UCTH-
HEI CJIeJIVeT JI0Xb, TO 9TO HEIIPABHJIbLHO (BTOpas CTPOKA Tab/IUIlbI).

Tpersa U YeTBEPTAs CTPOKH IMOKA3LIBAIOT, YTO MMILJIHUKAIIUA HE IMOJHO-
CTBIO COOTBETCTBYET JIOTHKE, KOTOPOH MLl IIPHUAEDPKUBaeMCS B OLITOBOM pasro-
BOPHOM fA3bIKe. BpAx ¥ B MOBCEeIHEBHOM KU3HHU Mbl PYKOBOJCTBYEMCH TaKU-
MH MCTHHHBLIMH BBICKA3BIBAHUAMM: «H3 JIUKHU CJEAVeT IIpaBia», «HU3 JIKH cle-
IyeT JIOMKb» .

Hanpumep, B cCHIY ONpefeleHHS MMILJIUKAIMU KaxJ0e U3 BLICKA3LI-
BAHUM

{ecin 2 x 2 = 5, To Bonra Bnagaer B Kacnuiickoe mope}

{ecniu 2 x 2 = 5, To Bonra Bnanaer B Benoe mope}

HCTHHHO.

BmecTe ¢ TeM MOHATH 1e/1ecO00pa3HOCTL ITPHUHATOTO OIPEIe/IeHUS M-
ILIMKAIMYA IIOMOTAeT TaKOoH mpHUMep.

Yreep:xkaenue «Ecau x : 10, To x : 5» 6e3yC/IOBHO HCTHHHO BO BCEX CJIV-
yasax.

Ecau mogcraBuTh X = 5, TO NOJYUUM HCTHHHOE BBEICKA3LIBAHUE!

«ecan 5 : 10, To 5! 5», UIMIOCTPHUPYIOIEE TPETHIO CTPOKY TAGIUIIEL.

Ecau moactaBuTs X = 1, TO NOJAYYUM HCTHHHOE BBICKA3LIBAHUE:!

«ecau 1: 10, To 1 : 5», HIATIOCTPHPYIOIEE YETBEPTYIO CTPOKY TaOIMIIEI.

nug) Onpepgenenme
JKBMBANEHTHOCTLIO (MK ABOMHON MMNNMKauMen) ABYX BbicKasbiBaHun A
u B HasbiBaloT BbicKa3blBaHWe, KOTOpOe MCTUHHO, ecnn 00a BbicKasbiBa-
Hua A n B ucruinbl nnmn o6a noMHbI, M NOXHO, ecnv OAHO U3 HUX UCTUH-
HO, a Apyroe noMxHo.



JHBHUBAJEHTHOCTh BbICKA3bIBAHUUN A U [ obosHavawT Tak: A < O (4u-
TaoT: «/A sxkBuBameHTHO B» MiIu «/A Torma u ToabKo Torga, Korma B»).
IIpuBeném TabIUIY HCTHHHOCTH AJIA 3KBUBAJIEHTHOCTH:

A B AsS B
1 1 1
1 0 0
0 1 0
0 0 1

PaccMoTpuM Ba BhICKa3bIBAHHUA:
A={2=56}u B={2 > 5}.

OKBuBaNeHTHOCTh A & B = {2 = 5 Torga u Tonsko Torga, xkorga 2 > 5}
ABJIAETCSA MCTHHHBIM BbICKA3bIBAHMEM, TaK Kak o0a BeIcKasepiBaHud A u B
JTO¥KHBI.

PaccMOTpHUM JIOTrMYECKYIO OIePAaI[HI0, COOTBETCTBYIOLIVIO YACTHIIE «HE»
B 0OBIYHOM sI3LIKE.

mesp OnpepencHle
OTpuuyaHueM BbicKasbiBaHMsa A HasbiBalOT BbicKa3biBaHMe, KOTOpoOe MC-
TMHHO, ecnu BbicKasbiBaHMme A NOXHO, M NOXKHO, ecnM BbicKa3biBaHue A
MCTUHHO.

Orpunanue BeIicKaseiBaHus A obozHaualor tak: A (umraior: «He A»
U « HeBepPHO, uTo A»).
IlpuBeném Tabauily UCTUHHOCTH JJIA OTPULAHUA:

A A
1 0
0 1

KomOunaupysa Me:xay coboil JorudyeckHe omepanydu, MOMKHO IOJYYUTH

Jorudeckue Bpipamkenud. 3anucu A A B, (Av B)AC, A= B, A B asns-
I0TCA IPUMEPaMH JIOTHYECKHUX BRIPAKEHUIA.

MNpumep. CocTaBbTe TAOIUIY UCTHHHOCTH 1JiA Beipakenusa (A A B) v C.
PewleHune. meem:
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A B & AAB (AAnB)yv C
1 1 1 1 1
1 1 0 1 1
1 0 1 0 1
1 0 0 0 0
0 1 1 0 1
0 1 0 0 0
0 0 1 0 1
0 0 0 0 0
|

mnth) OnpepeneHne
BbickazbieaHna A n B Ha3zbiBaloT normyecKkn 3KBMBANEHTHbIMW, €Cn OHM
unu oba MCTUHHDLI, KN 00a NOXKHbI.

IInmyr A = B.

HWupivu cirosamu: A = B Torna u TolnsKO Toraa, xKorna A < B asiasercs
WCTUHHBIM BLICKA3BIBAHHEM. _

IToxasem, Hanpumep, uro A = B = A v B ansa n06bIX BRICKA3bIBAHUH
A n B. Jlnsa aToro cocTaBUM TAbJIHIY HCTUHHOCTH IJId BhIpameHusa A = B nu

CpaBHUM €€ ¢ TabJuIledl MCTUHHOCTH IJIA UMILIUKanuu A v B:

A B Al A Av B
1 1 1 0 1
1 0 0 0 0
0 1 1 1 1
0 0 1 1 1

o CronbUKM, COOTBETCTBYIOIU[HE JIOTUMYECKHMM BbipamkeHusm A — B u
A v B, coBnamaior. 3T0 03HAYAET, YTO ATU BHICKA3LIBAHUS JIOTHYECKU DKBU-
BaJIEHTHBI.

Br1 3HaeTe, 4To HEKOTOpLIE CBOMCTBA OIepalMil HaJl MHOMKeCTBaMU BO
MHOT'OM aHAaJIOTUYHLI CBOMCTBAM apu(pMeTnyecKkux necrsuii. Hanpumep,

AUB=BUA a+b=b+a
ANB=BNA ab = ba
ANBUO=ANBUMAMLNO a(b+c)=ab + ac

Tak:xe MOMKHO 3aMeTHTH HEKOTOPVIO AHAJOTHUIO IIPH M3YUYEeHHUH CBOMCTE
Jlorudeckux omnepanuii. Hanpumep, BeickaseiBanua A v B u B v A joruvecku

PKBUBAJEHTHBI, TO €CTh
AvB=BvA.



B sTom serko ydeguThesa, CpaBHUB TAOIHIBI MCTUHHOCTH JJIS BhIpaske-
Huit A v Bu B v A.

Takye HeCII0HO YCTAHOBUTh, 4YTO, HAIIPHUMED,

ArnB=BAA,
(AABYAC=A A (B A CO).

C npyruMm CBOMCTBAMH JIOTMYECKHX OIEpAaIUil Bbl 03HAKOMUTECH, pe-
masa yopaxbaenue 3.13.

CpoiicTBa JTOrHUECKUX ONEpPallHii MO3BOJIAKT OJHO UCTUHHOE BHEICKA3EI-
BaHUE 3aMEHUTHL APYIHM BBICKA3LIBAHUEM, €My JIOTHYeCKH SKBHBAJIEHTHBIM.
JT0 HaéT BOBMOKHOCTE CTPOUTE ODII[He CXeMbl BEPHBIX JIOIHUYECKUX paccyKae-
HHIil, 4TO, COOCTBEHHO, M COCTABJAET MpeJMeT MaTeMaTHYeCKO JOTHKH.

OrMeTnM, YTO MaTeMaTH4YecKas JIOTHKa, KaK NMPaBUJIO, He 3aHUMAETCHA
BbIACHEHUEM HUCTUHHOCTH OJHOIO OTHEJBbHO B3ATOr0 BHICKasbliBAHUA (HampH-
Mep, OIpeie/InTh, Buagaer au Boara B Kacnuiickoe mope, — jefo reorpaguu,
a He JIOTHKH). B To ke BpeMa Bonpoc 00 UCTUHHOCTH padHO00OpasHBIX JIOTHYeE-
CKHX BbIDa’KeHUN 3aHUMAaeT BaKHOe MecTo B 3Toil HayKe. [loaTtomy B Mmarema-
TUYECKOH JIOTHKEe 0c00VI0 POJIb UTPAIOT T€ JIOTHYECKHEe BhIPDAMKEHHUs, KOTOPbIE
BCerga sBJIAITCA UCTUHHBIMH, HE3aBHUCHMO OT MCTHHHOCTH BBICKA3LIBAHUII,
13 KOTOPLIX OHU 0OpasoBaHkl. Takue JTornueckre BeIPAKeHUA HASHLIBAKOT TOK-
NeCTBeHHO HCTHHHBIMH UM TABTOJOTHAMM.

PﬂCCMGTpHM BhIpaiAieHHe A v A u cocraBum 41 HeTO 'I‘E'II.G..TII{II},r HCTHH-
HOCTH.

A A Av A
1 0 1
0 1 1

Tperuit cToNOUK TaGAUIbI IOKA3BIBAET, YTO €CJU | — MYHKIUA UCTUH-
HOCTH, TO npu JwboMm A umeer mecto pasenctso (A v A)=1.

CJIE,I[OB&TE.IILHD, BEIpaiKeHHne A v A aBuasaerca TaBTOJIOTHEH, HOTOPYVIO
HasbIBAKOT 3aKOHOM HCKJHYEHHA TPEeThero. ITOT 3aKOH COBEPIIEHHO [TOHATEH
C TOYKH 3peHHMA NOBCEJHEBHOI'O OIILITA. On Yreep:xiaaeT, 4TO OJHO U3 IBVX BbI-

cKasepIBaHuii, A maun A, McTUHEHO.
C IpyruMM TABTOJOTUAMHU Bbl 03HAKOMUTECH, pelllad yipa:kHeHue 3.14.
ITogyepKkHEM, YTO TABTOJIOTHH IIO3BOJISAIOT HAM CTPOHUTH MCTHHHBIE BbI-
CKas3bIBAHU A, [I09TOMY OHU HamboJiee HHTEPECHBI JJIS JIOTHKH.

? 1. Kakoe yTBEPXKOAEHWE HA3bIBAOT BblCKa3biBaHWEeM?
2. nEpEHHCHMTE OCHOBHbIE OoNnepaunrn Haf BblCKd3blIBAHUAMM.
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3. Kakme BbiCKa3biBaHWA Ha3biBAKOT NOrMYeCcKn 3KBUBaNEHTHbIMMK?
4. Kakue nornyeckme BblpaX>XeHWA Ha3blBAOT TaBToONOrMaAMu?

= L
& YnpaXXHeHUA 4 o unn
3.1. Kakue U3 qaHHBIX IIPEAJIOKEHUHA ABIAKTCA BbICKA3bIBAHUAMU:
1) 5 > 5;
2) x < b;
3) uro 6onbuie, sin 30" unau cos 45°;
4) ecnu uereipéxyronbHuk ABCD — napannrenorpamm, 1o AB = CD?
3.2. Ilycrs [/ — dyurnusa uctunaoctu. Hatigure f(A), ecou:
1) A = {uucno 2 — npocroe};
2) A = {ypaBHenue x? + x — 1 = 0 He UMeeT KopHeii};
3) A = {Hsio-Mopx — cronuna CIITA}.
3.3. JlaHbl f1Ba BHICKA3LIBAHMS:
A ={b < 6}, B={6 — npocroe uncio}.
Onpenenure, UICTHHHBIM WU JIOHHBIM SBIAETCA BhICKA3bIBAHUE:!
1) A A B; 3) A = B; 5) A;
2) A v B; 4) A & B; 6) B.
3.4. Jlanbl n1Ba BHICKA3LIBAHUS:
A={2=3}, B={2 — npocroe uncno;}.
Onpepenure, HCTHHHBIM HIN JOMHBIM SABJIAETCHA BRICKA3LIBAHUE!
1) A A B; 3) A = B; 5) A:
2) A v B; 4) A & B; 6) B.
. A . |
3.5. Ilycrs / — dyHknHS ucTUHHOCTH, A U B — HEKOTOpbIe BHICKA3bIBAHUA,
npuuém f(A) = 1. Haiigure, rjje 3T0 BO3MOXKHO, 3HaUeHHE PYHKIUM f:
1) f(A v B); 3) /(A & B);
2) f(A = B); 4) / (A).
3.6. Ilyctb / — QyHKOHA UCTUHHOCTH, A U B — HEKOTOPbIE BHICKA3BIBAHUA,
npuuém f (A) = 1. Haiigure, roe aTo BO3MOKHO, 3HaYeHUE QYHKIHHU [:
1) /(A A B); 3) /(A = B);
2) f(A v B); 4) /(A & B).
3.7. Ilycrs [ — dyHKUHS ucTUHHOCTH, A U B — HEKOTOPbIE BHICKA3LIBAHHA.
Haitgure f(B), eciu:
1) (A= B)=1uf(A) = 1;
2) f( A= B)=0u f(A)=0.
3.8. Ilycrs f — (pyHKIUA UCTUHHOCTH, A U B — HeKOTOphIe BHICKA3bIBAHUS,

npuuém (A A B) = 1. Haiinure:



3.9.

3.10.

3.11.

3.12.

1) f (A v B); 3) /(A & B);
2) (A= B); 4) [ (B = A).
CocTaBbTe TAOJMMIY UCTHHHOCTH [AJIA JIOTHYECKOr0 BhIPAXKeHUWS:
1) A = B; 3) (A A B) = C;
2) (A v B) A C; 4) (A A C) = B.
CocraBbTe TAOJMUIY UCTHHHOCTH [IJIS JIOPTHYECKOr0 BRIPAMKeHUN:
1) A v B; 2) B = A; 3) (Av B) A (B v O).
JdnekTpuueckad Lenb Mexay Toukamu M u N cocraBineHa mo cxeme,
n300pakeéHHoil HA pucyHKe 3.1. PacecMOTpHUM BhLICKA3LIBAHUA:
A = {anemeHT m 1enu QPYHKIMOHHUPYET HOPMAJBHO};
B = {spnemenT 1 nenu QYHKIUOHUPYET HOPMAJIBLHO].
Onpepenure, ABIAETCA JIM Iellb 3aMKHYTOI, €c/IM M3BECTHO 3Ha4YeHMe

(OYHKIUYN UCTUHHOCTH j: B
1) /(A A B) = 1; 3) f(Av B)=0; 5)/ (A v B)=0.
2) /(A A B) = 0; ) f(AArB)=1;
JneKkTpHUeckada Ienb Mexnay toukamu M m N cocraBieHa mo cxeme,
H300paKéHHOI Ha pHUcYHKe 3.2. PacCcMOTPHM BEICKA3BLIBAHHUA:
A = {snemenT m nenun GyHKIHUOHAPYET HOPMAJBLHO|;
B = {anemMeHT 1 1lenH (HYHKIMOHUPYET HOPMAJALHO}.

®

Mﬁ_ _’25, Mﬁ @ n: N

®
Z

Puc. 3.1 rFuc. 3.2

3.13.

DHpE,ﬂEJIHTE, ABJIAETCH JIW IIellb SBMHH}?T{}E, ecJ;ii U3BeCTHO 3Ha4YeHMe
(PYHKIUY UCTUHHOCTH f
1) f (ArB) =1; 2) /(A v B) = 0; 3) f(AAB)=1.

Hokaxxkure, 4TO:

1) A = A

2) A A A=A;

3)AvA=A;

4)Av B=BvA;

) Av(Bv O)y=(Av B)v C;

) AA(BvO)=(AAB)v(AACQO);

8) AvB=A
A
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10) (A = B)= B = A;
11) A & B= (A A B)v (A A B).

3.14. [lora:kuTe, 4TO JOI'HYECKOEe BEIpAKEeHHUE SABJISETCH TABTOJIOTHEH:

1) A = A; 2) (A= B)v (B = A);
2) A A A; 6) A A (A = B) = B;
3) AnA = B; 7) B A (A = B) = A;
4) A = (B = A); (A= B)Aa(B=0)=A= 0).
® & ¢
3.15. YHepes onepanuy KOHBIOHKIUH M OTPUIAHUS BLIPAa3nUTe ONepaluio:
1) IM3BIOHKIIUH; 2) UIMILIUKAIWuH,
3.16. Bripasure onepanuio KOHBIOHKIUN Yepes onepanuy JU3bIOHKIIUN U OT-
pULlaHUA.
||
" mE

KOTAA COENAHbI YPOKU

@] KOMMNbOTEPax, 3NeKTPUHECKUX CXEMaX U Teopeme [MocTa

HuTepecHO OTMETHUTH, UTO MaTeMaTHYecKas JOTMKA ChIrpajia cylile-
CTBEHHYIO POJIb B CO3JJaHUH KOMIIBIOTEPOB.

HagepHoe, BBI CHIBIIIANN, YTO COBPEMEHHBIE KOMIILIOTEPHI B CBOeH pabo-
Te OCHOBBIBAIOTCS HE HA JECATUYHON CHCTeMe CUHCIIeHUS, K KOTOPOH MBI IPU-
BLIKJIHM, 4 HA TAK HA3LIBAEMOIl JBOHMYHON CHCTEeME CUMCJIeHHs, B KOTOPOH Kax-
Noe YMCJIO KOAUPYETCA MOCJIef0BaTeIbHOCTRIO HyJIell 1 equHHUI!. VIIpaBiIeHHe
paboToii KOMOBIOTEPA BBLIMOJHAETCA ¢ MOMOIILI0 KOMAHJ, KOTOPhIE TAKe KO-
NUPYIOTCA HYJIAMH H eIHHHIIaMUA. ANapaT MaTeMaTHYeCKOH JIOTHKHA OKa3aJI-
cA HeoObIMANHO VI00€H, IOTOMY YTO KA J0e JOTHUYECKOe BhICKA3hIBAHHE TAK-
Ke XapaKTepuayeTcsa HYJIEM WA eJHHHUIe.

Ilna peanusanuy omnepanuil HaJl BHICKA3LIBAHHAMHE B II€PBBIX KOMIbIO-
Tepax MCIOJB30BAJNCH JJeKTPUYeCKHe cxXeMmbl. Hanpumep, And omnepamui
MU3BIOHKIIMKY U KOHBIOHKIIMK MOKHO HCIIOJL30BAThL 2JIEKTPUYECKHE CXEMBI,
onMcaHHbIe B 3afadax 3.11 u 3.12 (B coBpeMeHHBIX KOMIILIOTEPax aJIeKTpude-
CKHEe CXeMbl 3aMEeHEeHBI IOJYIPOBOJHHKOBBIMH MHKpocxemamu). Kakwue ke
AJIEKTPUYECKHE CXeMbI COOTBETCTBYIOT APYIUM JIOTHYECKUM BhIPAKEHUAM, Ha-
npumep uMrankanuu? CynecTBYOT M Takue cxeMbl Boobmie? U ecan cyiie-
CTBYIOT, TO KAK HX IIOCTPOUTE?

1 TexHuUecKH pPeajH30BaTh TAKOE KOZHPOBAHHE JOBOILHO MPOCTO: MOJAHHOE HA IPOBOI
HANpAXKeHHe 03HAYAeT eJHHHIY, a OTCYTCTBHE HANDMAKeHHA — HYJIb., Ecin BB XOoTHTe
y3HATEL DoJblle 0 JBOMYHON (¢-HUHOI) cHcTeMe CUHC/IeHHA U KOJHPOBAHHH, TO COBETY-
€M IpHHATE yuacTHe B pabore Hag mpoexkroM «CHCTeMBI CUMCICHHA H KOIHPOBAHHE »
(c. 418).



OxasbiBaeTcsd, JJd HOCTPOEHUA DJIEKTPUYECKHUX aHAJIOTOB JHO0ObIX (1axxe
CAMBIX CJ0KHBIX) JOTHYeCKHUX BhIPAMKEHHII MOKHO 0D0HTHCH TOJBKO CXeMaMH
IJIA MU3BIOHKIINY, KOH'BIOHKIIUKY U OTPUIlAHUA,

Il obocHOBAHUSA 3TOr0 YTBEP:KJIEHUS NepeBeléM ero Ha mMareMaTuyde-
CKHMH A3BIK.

Ka:xpgoe Joruuyeckoe BhIpAMKeHUE UMEET CBOIO TAONMIY MCTHHHOCTH,
KOTOpas M OIIMCBLIBAET ero Jioruyeckoe cojep:xkanue. I[lokamkem, yuTo nuas
IIPOU3BOJLHOM TAOMUIEI UCTHHHOCTH MOMHO HAHMTH JIOTMYECKOEe BhIpae-
HHe, UCIIOJIB3VIOIlee TONbBKO Ollepallui AH3LIOHKIINKY, KOHBIOHKIIMHA U OTPH-
IAHHA.

PaccmoTpumMm, HanlpuMep, HEKOTOpOe Jorndeckoe Beipakenue I, 3aBu-
cAllee OT TPEX BbhicKasbiBauuil A, B, C 1 uMeoIiee Takyw TabJIHIY HCTHH-
HOCTH:

A B C F
1 1 1 0
1 1 0 1
1 0 1 0
| 0 0 0
0 1 1 0
0 1 0 1
0 0 1 0
0 0 0 0

Bugum, uTo cpeay 3HAYEHUH JIOPHYECKOro BhipaxkeHnus I ecTh 1Be equ-
HUIILI (CHHASA UM KpacHas CTPOKH Tabiauikl), a ocradbHble — HYyJAUA. [TocTpoum
JOrudecKoe BbIpaKeHHe, paBHOe F, MCIIONb3YSA TOJNLKO ONEepaldl JU3bIOHK-
UM, KOH'BIOHKIIMYA U OTPUIAHUA.

s monyuyeHUsA eJUHHAILI IPH KoMOuHanuu aprymenTos 1, 1, 0 (cuaasa

crpoka) sanumem Boipaskenue: A A B A C. Dro BelpakeHHe NpUHUMAET HC-
TUHHOE 3HAYeHHE TOJbKO Toraa, Korna A u B — meTHHHBIE BLICKA3bIBAHWA, a
(' — Jjo:kHOE, TO eCTh KaK pas3 npu KomMOmHanuu aprymentos 1, 1, 0. Axano-
I'MYHO JJIA IIOJYYeHUs BTOPOH eqHHUIEI (KpacHas CTPOKA) 3allHIIeM BhIpaXke-

uue: A A B A C. Teneps nouaTHo, 4To F MOMKHO IPeJCTABUTL KaK AU3BIOHK-
[[HI0 DTHUX JIBYX BhIPAXKEHMIi:

F=(AABACYV(AABACQC).
Paccy:pasa TakuM e crrocobomM, MOMKHO HAMUTU HYKHBIE QOPMYJIbI IJIA
CAMBIX CJIOJKHBIX TAabOJWI] HCTUHHOCTH. KOMOMHUPYA COOTBETCTBYIOIUM 0bpa-

30M AJeKTpHYeCEHe CXeMbl OJId JHI3BIOHEKIWNH, KOHBIOHKIHWHH H OTPHIAHWA,
MOXHO INOCTDOHTL CXeMy, KOTOpada COOTBeTCTBYVET HNPOH3BOJIBHOMY JIOI'HMYe-
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CKOMY BbIpaskeHUi. Hanpumep, I1s BeIpameHHsa [
IIMeeM CXeMV, H300paEeHHYI0 Ha PHCYVHEE 3.3.

D—B—O
D—B—O

B zaxkniodeHue 3TOro pacckasa OTMeTHM, 4YTO
MaTeMaTHk OMUIb Jleor IlocT Hameén npocTeie obIIHeE
VCJIOBUSA, IO3BOJAIOIINE JATh OTBET Ha BONPOC, MOMK-
HO JIM OIPOU3BOJIBHYIO TADIHMIY UCTUHHOCTH BLIPA3HUTh
yepes HAOOp 3aJaHHBIX JOIMYECKHUX BbIPaKeHWI.
C aroil TeopeMoil BbI 03HAKOMUTECH, €CJIH TIPOIOJIHKA-
Te U3YYAThH MATEeMATHKY B YHHUBEPCHUTETE.

Puc. 3.3

Smunb JleoH Noct
1897—1954

: NMpepukarbl. Onepauun Hag NpeguKaTamMn.
' Buabl Teopem

PaccMoTpuM HECKOJBKO YTBEPIKIEHHI:
e 77 — IIPOCTOE YHCJIO;
* YHCJIO d AeJUTCHA HAILIRJIO HAa YHUCIIO D;
y| < 2;
» x+y=1.

Kaxxnoe U3 HUX He SBISETCS BBICKA3LIBAHHUEM, TAK KAK HEBO3MOIKHO
CKa3aTh, MCTUHHO OHO WJIH JOHO. I[Ipy OfHUX 3HAYEHUAX [MEePEMEeHHBIX 3TH
YTBEP:KIEHUA IIPeBPAlllaloTCA B MCTHUHHEIE BHICKA3BIBAHUA, IPU APYTHX — B
MO HBIE.

l'oBopAT, 4TO TaKHe YTBEP:KIEHUS 3aBUCAT OT NepeMeHHbIX. X Ha3bIBa-
0T MpPeTHKATAMH.

Obo3HAYMM paccMaTpUBaeMble MPEeJHKAThl COOTBETCTBEHHO TaK:

A (n) ={n — upocroe 4ucio};

B (a) = {uucio a nenuTca HaLeIo HA YUCIO D};

Cy) ={lyl <2}

Dxy)={x+y=1}

B kpyrieix ckoOkax yKasaHBI epeMeHHbIe, OT KOTOPhIX 3ABUCHUT IIpe-
NUKAT.

Ecau B nmpefukaT BMeCTO IMepeMeHHOH IOACTABUThL KaKoe-HUOYIL eé
3HAYeHHe, TO MOJYYUM BhicKaswiBaHue. Hanpumep:

* A(2) — McTHHHOE BbBICKa3bIBAHUE;




* /5(4) — noxHOE BbhICKA3LIBaHUE;
e ((5) — 10mHOE BBICKA3LIBAHUE;
e [D(0; 1) — vcTUHHOE BhICKa3bIBAHHUE.

Paccmorpum MHOMKecTBO M 1 Hekoropslil npegukatr P(x), rme x € M.
B Ttakom ciyuae nmpegukar P (x) Ha3bIBalOT 3aJJaHHLIM HA MHOKecTBe M miun
roBOpAT, 4YTO MHOXecTBO M sBIsieTcs 00JACThIO ONpeHesIieHHA IpeauKara
Pix).

BosBpamasace K pacCMOTPeHHBIM BRILIE IPHMepaM, MOKHO CKa3aThb, 4TO
obnacThio ompefieeHua npegukara A (1) Asnsgerca MmHo:KecTBo N, npegukara
B(a) — wnoxecrBo Z, npexuxara C(y) — wmHomxectBo R, npegukara
D (x; i) — MHOKeCTBO BceX YIOPANOYEeHHBIX Iap AeMCTBUTEIbHBIX YHCeI.

Bo muosxectse M, Ha KoTopoM 3afaH npeaukar P (x), BIIEIHUM ITOAMHO-
JKeCTBO, cojlepsKalllee BCE Teé W TOJBKO Te 3JIeMEeHThI, JJs KOTOPBIX TpejuKaT
P (x) mpespaliiaercsa B MCTUHHOE BBICKA3LIBAHHE. JTO MHOKECTBO HA3LIBAIOT 00-
JIACTHI0 HCTHHHOCTH npeguKaTa P (x) n 0003HaYAI0T COOTBETCTBEHHO OYVKBOI P.

Hanpumep, 00/1acThI0 HCTUHHOCTH Opeaukara A (1) apnsgerca MHOMKECTBO
A, coctosiiee n3 Beex npocThix yucesi. [ns npegukara C(y) umeem: C =[-2; 2].

Ecau o0siacTh HCTHHHOCTH IIPpeJUKATA COBIIAJaeT ¢ ero o0JIacThIO Olpe-
neleHusa, TO TAKOW MpeIUKAT Ha3bIBAIOT TOKAECTBEHHO HCTHHHBIM, a €CJIHu 00-
JIACTh MCTUHHOCTH — IIYCTOE€ MHOMKECTBO, TO HpPeIUKAT HA3LIBAIOT TOMKIe-
cTBeHHO Jo:xHbIM. Hanpumep, npegukar P(x) = {x — x = 0} — ToxIecTBeHHO
MCTUHHBIN, a npegukar @ (x) = {x2 + 1 = 0} — ToxpecrBeHHO JoxHBIA. 00a
ATH NpeIUKaTa onpejieieHbl Ha MHOMXKecTBe R.

Breném omepanmum Han npenpukaramu. IIpu arom OyaeM cuuTaTh, 4TO
npeaukatel A (x) u B (x) 3agansl Ha MHOMKecTBe M M uX 00/1aCTH UCTUHHOCTH
PaBHEI COOTBeTCTBeHHO A 1 B.

mugp Onpegenenme
Npeaukarbl A (x) n B (x) HasbiBalOT paBHOCMNbHBIMK, ecnK UX obnacTm
MCTUHHOCTM coBnagarot, To ectb.A = B.

IMumyT: A (x) = B (x).

Hanpumep, ecin A(x) = {x® 2 0} u B(x) = {|x| = a}, 10 A(x) = B (x).
HeicTBuTenbHO, A = B = [0; +4e0).

Jlorugyeckue omnepamuy HAJ BLICKA3LIBAHHMIMH €CTeCTBEHHBIM 00pasom
PacIIpOCTPAaHAIOTCA Ha IPeIHKATEI. PACCMOTPHM HEKOTOPEIE JOTHUYECKHe OIle-
pamuy HAJ OpeIuKaTaAMI.

nel) Onpegenenue
KonbloHkuuen npegukatos A (x) u B (x) nasbiBaloT npepgukar, obnacrb
MCTUHHOCTM KoTtoporo pasHa A (] B.

Konsoaknumo npegukatos A (x) u B (x) obosnauaior Tak: A (x) A B (x).
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Hanpuwmep, ecnu A (x) = {x > 5}, B(x) = {x < T}, TO KOHBIOHKIIUA 3THX
IIPeIMKATOB MpPeJCTABIAET coboii cucTeMy

XFD
X< T,
MHOXECTBO PellleHH#l KOTOpoi, mpoMe:xyToK (d; 7], ABnsercda o0JACThLIO HC-

THHHOCTH npeaurara A (x) A B(x). Takxke moxuo 3anucars: A (x) A B(x) =
= {5 <x < 7}

engy OnpegencHWe
OunsbloHkumen npegukaroB A (x) m B (x) HasbiBaloT npegukar, obnacrb
MCTUHHOCTM KoToporo pasna A | B.

IusproHKII0 npegukaTos A (x) u B (x) obosnavaror Tak: A (x) v B (x).
Hanpumep, ecnu A (x) = {x < -5}, B(x) = {x > 5}, To IU3BIOHKIHUA ITUX
IIPeIUKATOB MpPeACTaBIAeT coOD0 COBOKYIIHOCTE

x < -b,
x>0

MHOKECTBO pelleHHu#l KOTopoi (—e; —5) U (5; +o=) aBngeTca o61acTbI0O HCTHH-
HocTH npeaukara A(x) v B(x). Tax:xe moxH0 3anucath: A (x) v B(x)={|x| > 5}.

g OnpegeneHue
Mmnnukaumein npegukatos A (x) m B (x) HasbiBaoT npegukar, KoTopbin
npeBpallaeTca B NOXHOE BbiCKa3biBaHWE ANA TeX U TONbKO TEX 3IEMEHTOB
mHoxecrea M, pns kotopbix npegukar A (x) craHoBUTCA UCTUHHBLIM Bbl-
cKkasbiBaHMem, a npegukat B (x) — nomHbIM.

Umnaukanuio npeaukaros A (x) m B (x)
obosnauawT Tak: A (x) = B (x).

Hanpumep, ecniu A(x) = {x > 5}, B(x) =
= {x > 3}, To 00JIaCTBI0 MCTHHHOCTH NOpegHKaTa
A(x) = B (x) aBnsaerca MmHOxKecTBO R.

Boobie, eciu A ¢ B, To 001acTBI0 UCTUH-
HocTH npexgukara A (x) = B (x) asiasieTca MHOMKe-
crBo M. JleiicTBHTENLHO, BO MHOMecTBe M Her
2JIEMEHTOB, KOTOPLIE IIPHUHAIEKAT MHOMKECTBY A,
HO He IpUHAaJJIexaT MHOKecTBY B (puc. 4.1).

nel) Onpegenenue
JkBuBaneHTHocTbio Npeaukaros A (x) m B (x) HasbiBaloT npegukar, Koto-
pbiA NpeBpallaeTcs B UCTMHHOE BbiCKasblBaHWE ONA TeX M TONbKO TeX 3ne-



MEeHTOB MHoXecTtBa /M, ana Kotopbix 0ba npegukarta A (x) m b (x) craHo-
BATCA MCTUHHBIMM BbICKa3biBaHUAMM UM 00a CTAaHOBATCA NOXHBLIMMW Bbi-
CKa3bIBaAaHUAMM.

JKBHBAJNIEHTHOCTE mpenuratroB A(x) u B (x) obosHaualTr Tak:
A(x) & B (x).

Hanpumep, ecmm A(x)={x2 —x-2=0}, B(x)={(x +1)(x - 2)(x?+ 1) =
= 0}, To obaacTei0 HCTHHHOCTH npeaukara /A (x) & B(x) aBiserca MHOMKe-
ctBo R.

ses)) OnpegenexHne
OtpuuaHmem npeaukaTta A (x) HasbiBaloT npegukar, 06NacTbiO UCTUHHOCTY
KOTOporo asnsaerca mHoxmecrso M\ A.

Orpunanue npegukara A(x) obosmauaior rak: A(x).

Hanpumep, ecnn A(x) = {x > 5}, rto A(x) = {x < 5}.
Jlornueckue omepanuy Haj IpeIUKaTaMu 00JaJal0T CBOICTBAMH, aHa-
JIOTMYHBIMHA CBOMCTBAM JIOTMYECKUX ONepAalUii HaJl BHICKAZLIBAHUAMU.

H )
PR A@) A B(x)=B(x) n A),

Ax)v B(x)=B(x) v A((x).

CnpaBeIMBOCTh 3TUX CBOMCTB cienyer u3 paseHers A [ B=B (1 An
AU B=BUA.

B uacTHOCTH, 3TH CBOMHCTBA MO3BOJAKT YTBEPXKAATh, UTO €CJAH B CHCTe-
Me HJIH COBOKVIIHOCTH YpaBHeHUI (HepaBeHCTB), onpelenéHHBIX Ha R, mome-
HATH IIOPAJOK UX CIAeJ0BAHUA, TO NOJYUUM CHCTEMY HJIM COBOKYIIHOCThL, PAB-
HOCHUJIBLHVIO JaHHOH.

ITocKoabky A MHOMKecTB A, B 1 C cnpaseanuso pasenctso A [(J(BU C)=
=(ANBUANC), To 11 COOTBETCTBYIOUIUX NMPEIHKATOB BBINOJIHAETCS
CBOUCTBO

A ABE@ v CO))=AMW A B(x) vI(A(X A C)).

x> b,
x >y
7 o
Hanpuwmep, cucrema 4| X < 7, paBHOCHJIbHA COBOKYIIHOCTH 8
X ’
x>11
x> 11.

IIvers npepurar A (x) 3azan Ha mHOKecTBe M. PaccmoTpum aBa yacTto
BCTPEYAIONIUXCA YTBEPKICHUS.
o Ilpenukar A (x) npespamjaercs B HCTUHHOE BBICKA3LIBAHUE Ot 6CEX
2JIEMEHTOB X MHOxMecTBa M.
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s TTpegukar A (x) DpeBpamaeTCA B NCTUHHOE BEICKASBIBAHHE XOMS Obl
O 00HO20 ANEMEHTA X MHOXecTBa M.
ITepBOe YTBepKIeHUE NPUHATO KPATKO BAMHCLHIBATE TaK:
(Vx e M) A(x).
Bropoe yTEeD:kJeHNe KPATKO 3aNNCEIBAIOT TaK:
(3x e M) Ax).

Cumpon V (nepesépHyTaa mepraa GykBa aHmmiickoro ciaosa All —
«KAXJBIM» ) HASEIBAOT KBAHTOPOM oO0mHOoCTH. OH 3aMeHseT B CIOBECHEIX
thopMYNIHMPOBKAX CIOBOCOUBTAHUA: ONS HPOUIBOALHOZO, OAA A106020, 015
Kamoozo.

Cumpon 3 (neperépHYTAA NMepBad OYKBa aHTMIAMCKOTO ciIoBa Exist —
CYHIECTBOBATh) HASEIBAKT KBAHTOPOM CYNIECTROBAHMA. JH 3aMeHAET B CJIO-
BeCHEIX GOpPMYNHPOBKAX CHOCBA: Cyiecmsyem, Haidémcs, xoma Ovt Ons
0dHOZ0.

Hanpumep, ecnu Ha npeaukar A (x) = {|x]| > 0}, sagauuniil Ha MHOXKe-
cTBe K, ¢HABECUTH» KBAHTOPEI, TO MOJYUUM:

(Vx e R) A{x) — moxHOe BRICKAZBIBAHHE;

(3x € R} A(x) — HCTHHHOE BRICKAZLIBAHME.

CrenoBaTelIbHO, NOABIeHAE KBAHTOPOB OGIIHOCTH MM CYINECTBOBAHHA
nmepes TpeJHKATOM MpeoDpA3yeT ero B BHICKASBIBAHHE.

C moMoIbI0 BREIEHHRIX B 3TOM TYHKTE MOHATHH IeNkIH pAA MATeMATH-
YeCKMX YTREPHEASHUH MOXXHO ChopMYJINPOBATE KOMIAKTHO.

IMToka:xeMm, Kak MOKHO chODMYIUPOBATE MPUHIIUIT MATeMATHUECKOH MH-
AVKITHH.

IIycere mpeaukar A (#1) 3agaH Ha MHo:xecTBe V. Torma BRHICKA3BIBAHHE
(Yn e N) A (1) nornuecKn 3KBHBAJNIEHTHO BhICKASEIBAHUKD

AW A{(Yke N)A(R)= Ak + 1)),
TO eCTh OIPHHITUN MATEMATUYECKOH UHAVKIIMY MOXHO ¢chopMyIHpOBATE TAK!
(Vne NYAR)=z=AQ) A{(Vke NVA(R) = A(k+1)).

BoabIIUHCTRO TeopeM, MBYUAEMLIX B ITKOJIE, MOMXHO chOpMYIMPOBATEH
TAK:

ons mobozo aremenma x muoxcecmea M u3 ymeepxcoenus A (x) cre-
dyem ymeepxcdenue B {(x).

HuriME cnoBaMu, TeopeMa OpefAcTABAAeT cob0ii MCTUHHOE BRICKASBIBA-
HHe BHAA

(Vre M)A(x)= B {x).

Hanpumep, pacCMOTPUM TAKYH TEOPEMY.

Ecau namypanvioe wucao n Seatimcsa Hauenro Ha B, mo oHo denunics
HAUETO HA 3.

B aToii TeopeMe paccMATpPHMBARTCA ABA NMPeAHKATA, 3afAHHEIX Ha MHO-
xKecTBe N:
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A(n)={n: 6};
B(n)={n:3}.
ITYy TeopeMy MOKHO IIPEJICTABUTH B BHJEe TAKOT0 BhICKA3LIBAHUA:
(Vrne N)An) = B(n).
B dopmynuposKe TeopeMbl, UMeOIMIell CTPYKTYPY
(Vxe M) A(x) = B (x),
npeaukatT A (x) HA3BIBAIOT YCJIOBHEM TeopeMsbl, npeauxatr B (x) — BBIBOIOM
Teopemsbl. Onucanue sIeMeHTOB MHoxecTBa M — 5TO pasbACHHUTENLHAS
YACTh TEOPEMBI.

YacTo s c:aTocTH (QOPMYJIHPOBKK PasbACHUTEIBHYIO YaCTh TEOPEMBI
onyckaroT. Hanpumep, Teopemy Ilugaropa dopmynrupylor Tak: eciu 6 mpe-
yeonvruxe ABC £C = 90°, mo AB? = AC? + CB2.

Ilorkaxxem, kak Teopemy IIudgaropa moxxHo chopmyupoBaTe B popme,
OIIMCAHHOM BEHILIIE.

IIyers T — MHOMKECTBO BCeX TPeyroJbHHKOB. PaccMOTpUM ABa IIpeau-
KaTa, 3aJlaHHbIX Ha MHO:KecTBe 1:

PAABC)={£C=907);
QR (AABC) = {AB? = AC? + CB?).

Torpma maubosiee nmonHaga GopMmyaupoBKa TeopeMsbl [l aropa — 310 BEI-
CKAa3bIBAHUE

(VAABC e T) P(AABC) = @ (AABQ),
KOTOpPOE MOKHO HPOYMTATL TaK: s Jaoboro tpeyroabHuka ABC, B KoTopoMm
ZC = 90°, Beimonusiercs pasecteo AB? = AC? + CB2.

IIyers npegukarsl A (x) u B (x) 3agansl Ha MHOMecTBe M u uMeioT 00-
JacTu uctTuHHOCTH A U B coorBercTBeHHO. MBI 3HaeM, 4To u3 ycjaoBusa A c B
cjaenyer, 4To 00JIaCThI0 MCTHHHOCTH HMILTHKamum A (x) = B(x) aBngercsd
muo:xectBo M. CnenosaTenbHo, ycinosue A C B obecrnieunBaeT HCTHUHHOCTD
teopeMbl (Vx € M) A(x) = B(x).

Hanpumep, MHOKeCTBO YHCeN, KPaTHBIX 6, ABISETCA MOIMHOMKECTBOM
MHOM{EeCTBa umces, KpaTHsiX 3. [JoaTroMy BepHa paccMOTpPEHHAS BBIIIE Teope-
Mma (Vn € N) A(n) = B(n).

meg;p OnpepenexHne
Teopembl
(Vxe MA(x)=B(x)n
(Vxe M) B(x) = A (x)
Ha3bIBaOT B3aUMHO OOpaTHbIMM.

HWuorpa ogHy U3 3TUX TEOPEM HA3BIBAIOT MPAMOIl TEOpeMoM, Toraa JIpy-
I'VI0O Ha3bIBaOT 00OpaTHOM TeopeMou.
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Co BzaumMHO 0OpaTHBEIMHU TeOpeMaMH Bbl HEPEIKO BCTPEYaIuCh B Kypce
IIaHuMeTpuu 7T—9 Kiaaccos.

B Treopeme (Vx € M) A (x) = B (x) npegukart A (x) Ha3sIBalOT JOCTATOY-
HbIM ycaoBueMm 15 B (x), a npegqukar B (x¥) — HeoO0X0QUMBIM YCJIOBHEM s
A (x).

Bo BzauMHO 00OpaTHBIX TeopeMax KaxIblil u3 npegukaTos A (x) u B (x)
SIBJIIeTCH HeoOXOoJUMBIM M IOCTATOYHLIM YCJIOBUeM JJid Apyroro. B sTom ciy-
yae BbICKA3LIBAHUE

(Vxe M) A(x) e B(x)
ABJIACTCA UCTUHHBIM. JTY TEOPEMY YUTAIOT: «/JIA BCEX DIIEMEHTOB MHOMKeCTBA
M yenosue A (x) aBasgeTcsa HeOOXOIHUMbBIM U JJOCTATOYHBIM AJISA VCJI0OBHA B (x)»
WU «JIJIA BCeX aJieMeHTOB MHoxkecTBa M yenosue A () BBIMOMHAETCA TOTAA U
TOJIBKO TOT[la, KOTJia BhINOJIHAeTCcA yejoBue B (x)». Teopemb! Takoro Buga Ha-
3bIBAIOT KPUTEPUIMH.

Hanpuwmep:

* s TOro 4ToOBl TPOU3BOJBLHBIN YeTBLIPEXYTIOJBHUK OBLI Iapaijeso-
rpaMmMoM, HeoOXOIMMO U IOCTATOYHO, YTOOBI €ro AUATOHAJIM TOUYKOI Iepece-
YeHUA JeJHUJIUCH I10I10JIaM;

¢ n0b0e HATypaJbHOE YHUCJIO 7 KPaTHO TPEM TOTAa U TOJBLKO TOTAa, KOraa
cyMMa ero uvdp KpaTHa TpeM.

nnsh OnpegenexHmne

Teopemy (Vx € M) A(x) = B(x) HasbiBaloT NnpoTMBONONOXHOW Teopeme
(Vxe M) A (x) = B (x).

Paccmorpum TeopemMy, KOTOPYH OV/IeM CYHTATH HPAMO:

8 JA1060M MpeyzoabHUKe NPOMUE PABHBIX CHOPOH JAeNCAm PAGHbLe
yzinl.

ITocTpouM ¢ IOMOIILID 3TOH TEOPEMEI elllé TPH HOBLIE TeOPEeMEI.

O6paTrHas TeopeMa: 8 JHOOOM MPeYzoabHUKe NPOMUE PABHBIX L2108
JAeACam pasHvie Cnoponsl.

IIpoTuBOIOIOKHAA TeopeMa: 8 J10O0M MPEeYyzoabHuKe NPOmue Hepaes-
HBIX CTMOPOH ACHCAM HEPABHBLE Yeabl.

Teopema, obpaTHasd IPOTHBOMOJOMKHON: 8 M0OOM MpPeYyzoabHUKE NPO-
Mu8 HEPABHLIX Y2106 JNeHam HePAsHble CIMOPOHbBL.

W3 npearsigyinero naparpaca Bbl 3HaeTe, YTO BbICKa3biBaHus A = B n

B = A noruuyecku sksBuBaneHTHH! (cMm. yrnpamxsaenume 3.13 (10)), To ectsb

(A = B)= (B = A). Orcioga Joru4ecKy sKBUBAJIEHTHBIMU SIBJISIOTCSA BBICKA-
3bIBAHHUSA, IIPeJCTaBIA0IIHe co00i NPAMYI0 TeopeMy U 00paTHYIO IPOTHBOIIO-
JIOKHOMH, TO eCTh
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(Vxe M)A (x) = B(x)=(Vx e M) B(x) = A(x).

ITHUM QJEHTOM MBI HepelIKO IIOJB30BAJHCH. HaBecTHBIN MeTOH MOKAa3a-

TeJLCTBA OT MIPOTHBHOrO KaK pa3 U COCTOMT B TOM, YTO BMECTO HCXOJHOH Teo-
peMbI JOKA3BLIBAIOT 0OPATHYIO OIPOTHBOIIOIOMHOM.

4

1. Kak Ha3biBalOT yTBEpPXAeHWA, 3aBUCALLME OT NepeMeHHbIX?

2. [MlepeuncnuTe OCHOBHbIE Onepaunn Hag npegukatamu.

3. Kakne cnosocoyeTaHUs 3aMeHAIOT KBAaHTOPbI OBWHOCTU M CyLEeCTBO-
BaHUA?

4. lNepeuncnnte BUabl TEOpeEM.

= o
YnpaXXHeHUA 4 s umm

4.2,

4.3.

s A 4

Cpenu JaHHBIX VTBEDAKIEHUH VKaMKUTE IIPeIUKaThI:
1) uneno (n +1)2 — 1 — cocrasuoe, n € N;
2) nast moboro x € R BoInosHsAeTcs paBeHeTBo X2+ x + 1 = 0;
3) MOAVY/Ib AeMCTBUTEJIBLHOIO YHUCIa X DoJbIle HYJA;
4) ueBepHo, 4yTo 11 : b, n € N;
5) cyUIeCTBYeT TAKOe IleJ0e YHCJIO X, UTO YHca0 1 ABiadercsa ero meiiu-
TeJeM.
Ha muoXecTBe [—2; 3) 3ajaH npeguKar

A (x) = {x — nmemnoe yuco}.
Yraxure 00J1acTh UCTUHHOCTH 3TOI0 NPeIUKATA.
Ha muoxxectse [0; 4+00) 3agaH NpeguKaT

P(x)={x® —x=0}

YraxuTe 00J1aCTh HCTHHHOCTH 3TOr0 MPEJHKATA.

4.4,

4.5.

4.6.

4.7.

4.8.

Ha muoxectBe R 3amansl npeguxatsl P(x) = {x # 5}, @ (x) = {x # -2}.
YraxuTte odaacTs uCTHHHOCTH npegukaTa: 1) P(x) A @ (x); 2) P(x) v @ (x).
IIpegurarsr A(n) = {n : 10}, B(n) = {n i 5} zananel Ha MHOXKecTBe N.
Yraxure obnacTk ucTUHHOCTH npeaukara A (n) = B (n).

Ilpenurarer P(x)={|x| =-1}, S(x)={x + 3 = 0} 3agaHbl HA MHOKECTBE
R. Yramxure obracTs ucTuHHOCTH npenukara P(x) = S(x).

Ha muoxkecTBe R 3amanbl npeaukatel P(x) = {x > 2}, () (x) = {x > 5}.
Yraxure obnacTs ucTHHHOCTH npeaukara: 1) P(x) = () (x); 2) @ (x) =
=% ),

Ha muoxecTBe R 3azanHbl npeaukatel P(x) = {x =2 2}, ) (x) = {x < 5}.
Yraxure 006acTh HCTHHHOCTH npegukarta: 1) P(x) = @ (x); 2) @ (x) =
=),
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4.9. Mnuomecrsa A n b — obOinacTH HUCTHHHOCTH nperaukartoB A(x) u 5 (x),
3aJaHHBIX Ha MHOMecTBe M (puc. 4.2). Samrpuxyiite o0JIacTh HCTHUH-
HocTH npegukara: 1) A (x) A B(x); 2) A(x) v B(x); 3) A(x) = B(x).

M . M
a 6
B A
M M
B r
Puc. 4.2

4.10. Cpenn npeguKaToB, 3aJaHHBIX Ha MHoMecTBe R, yKaKHuTe paBHOCHJIb-

4.11.

4.12.

4.13.

HbIE:
Ax) = {2 =2} C(x) ={[x] > x};
B(x) = {(x - 3)2 > 0}; D(x)= :: : g = 1}.

IIpeguxarer A (x), B(x) u C(x) 3aganel Ha MHO:KecTBe M. Iloxaxure,
uTo:!

1) (A@) A Bx)) A C(x) =A(x) A (B(x) A Cx));

2)(Ax)vB) v Cx)=A(x) v (B(x) v C);

3)A@) v(Bx) A CW)=(AK) v B(x) A AW v CI));

4) A(x)AB(x)= A(x) v B(x);

5) A(x)v B(x)= A(x) A B(x).

YKaKuTe UCTUHHEIE BRICKA3LIBAHUA:

1) (Vx e R) |x| > a3

2)(Ax e R) |x]| < 0y

3) (Vne N)(n?-n):2.

IIpeguxar A (p) = {p — HeuéTHOE UUCIO} 3a/JaH HA MHOMKECTBE IIPOCTHIX
yucen P. YkauTe NICTHHHOE BbICKa3blBAHHUE!

1) (Vp e P) A(p); 2) (Vp e P)A(p); 3) (3p € P) A(p).




® ¢ ¢ |

4.14. ]I TeopeMbl «eCJH HEKOTOPOE€ HATYpPAJbHOE YHUCIO AEeJUTCH HAaIlleso
Ha 5, TO ero KBajapaT JAeJHTCSA Haleno Ha 25» chopmynrupyiiTe odpar-
HYIO TeopeMy, IPOTHBOIIOJIOMKHYI TeoOpeMy W TeopeMy, 00paTHYIO IIpo-
TUBOIIOJOMKHOM.

4.15. [Ina TeopeMbl «eC/iM B HEKOTOPOM BBLIINVKJIOM 4YeTbIPEXYTOJbHUKE CYM-
MBI IPOTHBOJIEKAIIUX CTOPOH PABHBI, TO B HEI0 MOMKHO BIIHCATH OKDYIK-
HOCTh» c(hOpMYJINPViIiTe 0OPATHYIO TEOpeMYy, IIPOTHBOIIOJIOMKHYIO Teope-
MY U TeopeMy, OOPATHYIO IPOTHUBOIIOJIOMKHOM.

§ n DYyHKUMNA N e€ CBOUCTBA

C noHATHEM (QYHKIUU U C HEKOTOPBEIMHY €€ CBOMCTBAMH Bbl 03HAKOMUJIUCH
B Kypce anredper 7—9 knaccos. HamoMHUM ¥ YTOYHUM OCHOBHBIE CBEIeHUS.

IIycrs X — mMHOKeCcTBO 3HAYEHHWH He3aBHCHMOU NepeMeHHoii, Y —
MHOKeCTBO 3HAUYCHHH 3aBHCHMOH NnepeMeHHOH. DYHKIIHA — 3TO NMPaBUIIO, C
IOMOIIBI0 KOTOPOTO IO Ka’KI0OMy 3HAYEHHI) He3aBHCHMOH NepeMeHHOH H3
MHOKecTBa X MOKHO HAWTH eJHHCTBeHHOe 3HAUYEeHHe 3aBHCHMON IepeMeH-
HOM M3 MHO:KecTBa Y.

HpyruMmu cjaoBaMu: (PYHKUHA — 3TO IPABHIIO, KOTOpPOe KakKIoMy dJjie-
MEHTY MHOsKecTBa X CTABUT B COOTBETCTBHE €ITHHCTBEHHbIH 3JIeMEeHT MHOJKe-
crBa Y.

Ecau paccmarpusaiorT GyHKOUIO [ ¢ HE3aBUCUMOI TepeMeHHOM X U 3a-
BUCUMOM IIepeMeHHOM }/, TO TOBOPAT, UTO epeMeHHas I (DyHKIMOHAJBHO 3a-
BHCHUT OT IepeMeHHO# x. IToT pakT o6o3HAUAOT TaK: i = [ (X).

HezaBucuMyo nepeMeHHVIO ellé HA3LIBAIOT apryMeHToOM (PyHKIIUH.

Muo:xecTBO BCeX 3HAYEHUM, KOTOpble NpPHUHUMAET API'YMEHT, TO eCTh
MHO:ecTBO X, HA3BIBAIOT 00JACTBI0 omnpefelieHua (PYHKIHH ¥ 0003HAYAIOT
D (f) unu D ().

MHuoxecTBO BCceX 3HAUeHUI, KOTOPbIe IPUHUMAET 3aBUCHMas IepeMeH-
HadA, TO eCTh MHOKECTBO Y, HA3BIBAIOT 00/IACThI0 3HAUYCHUH (PYyHKIUH U 000-
saauawot E (f) unu E (y).

Ecau o6nacteio onpegeneHusa GyHKIUY [ aBiasieTcss MHOXKecTBo X, a 00-
TacThIO 3HAYEHUIT — MHOKeCTBO Y, To (PYHKIMIO [/ TaKiKe HA3BIBAIOT 0TOOpA-
JKeHHeM MHoOKecTBa X HAa MHOKeCTBO Y WU crHOpBheKIHel (0T GpaHIy3CKOT0
sur — «Ha»). CioBa «orTobpakeHue» U «PYHKIUA» — CHUHOHHUMBI. OQmHAKO
TePMUH «0TOOpaskeHUe» yallle UCHOJL3YIOT TOrya, Korjga IIpyu 3ajJaHuu (PyHK-
UM XOTAT MOAYEPKHYTH, KAKHEe MHOMKEeCTBa ABJIAIOTCA 00JIACTBIO Olpeiese-
HHA U oOsacThio 3HadYeHui. Hanmpumep, HyMepanus sjieMeHTOB HEKOTOPOTo
CYETHOTr0 MHOXKecTBa A1 — aTo orobpaskeHue MHO:KecTBa [N Ha MHOMXecTBO A.
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Ha pucynke 0.1 npounirocTpupoBaHo oToDpaKeHHe MHOMeCTBa X Ha
MHOKecTBO Y (TOUKaMM IOKa3aHbl 3JIeMeHThl MHOXKecTB). B oTobpaskenuu f
Kam OBl 3JeMeHT MHOMecTBa Y ABILeTCA COOTBETCTBYIOIMM HEKOTOPOMY
eIMHCTBEHHOMY 2JieMeHTY MHOoxecTBa X. Takoe oToOpakeHHne HA3LIBAIOT B3a-
MMHO O{THO3HAYHBIM O0TOOpaKeHHeM MHoOKecTBa X HAa MHOXKecTBO Y uiu ou-
exkuuen. Hu ogHOo 13 oTobparkeHuil £ ¥ () He ABJIsAETCS B3AUMHO OJJHO3HAUHBIM
oToOpaskeHHeM MHO:KecTBa X HA MHOMKeCcTBO Y.

f _

Hanpumep, byaxkuua y =+/x —1 aBnsgercsa B3aUMHO OJHO3HAYHBIM OTO-
bpasxkeHuneM MHOMKecTBa X = [1; +o<) HA MHO:KecTBO Y = [0; 4<<). 3ameTHM, UTO
dyHKIUSA i = X% He ABJAETCA B3AUMHO OJHO3HAYHBIM OTOOPAMKEHHEM MHOMKECTBA
X = R na maoxKecTBO Y = [0; +o0). [leficTBUTEIBLHO, HAIPUMED, dJIEMEHT 4 MHO-
JKeCTBA Y ABNSETCS COOTBETCTBYIOIIMM ABYM 3JIeMeHTaM, —2 U 2, MHOKecTBa X.

DVYHKIHUIO MOXHO 3aJaTh OJHUM H3 CIEAVIONIHX CIIoco00B:

* ONHCATEJBHO;

* ¢ MOMOIILI0 (DOPMYJIbI;
¢ ¢ IMOMOIIBLIO TAOIHIIE;
* rpauyeckKu.

PaccMOTpHUM HECKOJBKO IIPUMepPOB (DYHKIIUHA, 3aJaHHBIX OIHCATEIbHO.

% KamaoMy panHoHAJILHOMY YHCJIY HOCTABUM B COOTBETCTBHE YMCJIO 1,
a KamJIoMy HppanuoHajdbHOMY — uucao 0. PyHKIWIO, 3aJaHHYI0 TAKUM 00-
pasom, HasbiBaloT (hynkuuen Jupuxiae u obosnauaior iy = D (x). [Tumyr:

rFuc. 5.1

1, ecnn x € Q,
D) =
0, ecniun x € R\ Q.
Samerum, uro D (y) = R, E(y) =10, 1}.
% KamgoMmy aefiCTBUTEJIbHOMY YUCIY X IIOCTABHM B COOTBETCTBUE HAM-
DoJblilee IeJioe YUCI0, He IMPeBOCXOAAIee YHUC/I0 X. S3aJaHHYI0 (QYHKIUIO Ha-
3BIBAIOT I[@JIOH YacTh uMcaa X U obGo3HauaioT f(x)=[x]. Hanpumep,

f(2)=[V2]1=1, f(2)=[2]=2, [(—2) = [-V/2] = -2. Bameruwm, uro D (f) =R,
E(f)=Z.

% EWOM}" ﬂEﬁCTBHTEJ’[bHGM}T YUCJAY X NOCTABHM B COOTBETCTBHE pPas-
HOCTE 29TOI'O YHCJIA B ero ].[E.'I'Iﬂfi HJACTH. BE,E[EIHH}TID QJYHHI_'[HI-D Ha3bLIBAKT I[pﬂﬁ-
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HOM YacThI0 YMclIa X u o6o3Hauaior f(x) = {x}. Umeem: {x} = x — [x]. Hanpu-
Mep, f(V2)={/2}=+v2-[2]=v2-1, f(2)={2}=2-[2]=2-2=0,
[(—V2) = {2} = /2 - [-V/2] = V2 - (-2) = 2 - V2. Bamernw, uro D (f)=R,
E(f)=1[0; 1).

Hamue Bcero (pyHRIUIO 3aJIa10T ¢ oMol GopMyiabl. Ecau npu aTom He
yKkazaHa objacTh omnpeleleHUs, TO CUHTAIOT, 4TO 00JACThLIO omnpejeneHUs
(PYHKIUY ABJIAETCA MHOMKECTBO 3HAYEHU apryMeHTa, IIpU KOTOPBIX (hopmysia
UMeeT CMbICII.

Hanpumep, ecan dyHKnua sagana gopmymnoi [(x) =

L , TO ee 00-
Jr =1

JacThkIO OIlpefejijeHHUA HABJIAETCH obJacTh OIlpeleJeHHMA BbIDaeHHHA

3
TO €CTh IIPOMEKYTOK (1; +e<). v -1
5 o 2%
Mpumep 1. Haligure obacts 3HaYeHUN QyHKIHUU I = 3 5
+ X
PeweHue. Ilycth @ — NpPoOH3BOJIBHEIN 3JeMeHT 00JacTH 3HAYEHMH

nanHoil pynknuu, to ectb @ € L (y). Torga 3agavya cBOAUTCA K HAXOMKJEHUIO

BCeX 3HAUEHHII IIapaMeTpa d, IPH KOTOPBIX YPpaBHeHUeE
IIeHNS.

ITO YpaBHEHHUE PABHOCUJILHO TAKOMY:

2x = a + ax?, orkyja ax? - 2x+a = 0.

Ecau a = 0, To monyuyenHoe ypaBHeHHe uMeeT KopeHb x = 0. CremoBa-
TenbHO, Yyncio 0 BXoouT B 00J1aCTh 3HAUEHUIT PYHKI[HH.

Ecau a # 0, To a3T0 ypaBHeHNe ABIAETCA KBAJPATHLIM U HaJIU4YHe KOp-
Hell onpenensercs yeaosuem D = 0.

Hneem: D =4 — 442, Ocraéres pemiuTs HepageHeTBo 4 — 442 = 0. Umeem:

da2< 4;a®2< 1; |a| < 1.

Pemenuem mocjefHero HepaBeHCTBA SABIAETCA MpoMe:xyTok [—1; 1].

Cnenosarensno, E(y)=[-1; 1]. m

1 e fd UMeeT pe-
+ X

Mpumep 2. ITocrpoiiTe rpad@ux QyHKIUY Y = {X}.

PeweHune. Cuauana mokakeM BajKHble CBOMCTBA IeJIOH M ApoOHOI ya-
cTel Yuca.

W Ecnm ke Z, To [x + k] =[x] + k.

IIycts [x] = ¢. Torga o onpegeneHnIo 1eioi yacTu yueya ¢ < x < c + 1.
Orciopac+ k< x+ k <(c+ k) + 1. CnegoBarensHso, [x + Rl =c+ k= [x] + &.

“ Ecmu k e Z, 1o {x + k} = {x}.

Umeem: {(x +k}=x+k-[x+Ek]l=x+k - ([x]+ k) =x—-[x] = {x}.

IokazaHHOE CBOMCTBO APOOHOI YaCTH YHCJIA IOKa3bIlBaeT, UYTO 3HAYEHHE
GYHKIUK i = {X} He UBMEHUTCSH, €CJH K e€ apryMeHTy NpubaBUThH 1ieJIoe Yuc-
710. A 3TOT (paKT, B CBOIO OUEpPe/lb, IIO3BOJAET YTBEPKIAATE, UYTO HA KaKIOM H3
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