'a. 1. 9JIEMEHTBI TEOPU MHO>XXECTB
§1. [lonsiTHe MHOKECTBA

Onun u3 co3nareneil Teopun MHOXkecTB Ieope Kanmop (1845-1918 r.r.) ckazan: «Muoocecmso ecmv MHOZOe,
mulcaumoe Hamu kak eounoe». H. Bypféaxu (TICeBIOHUM Trpymiibl (GpaHIy3CKMX MaTeMaTHKOB) TPAKTYeT MOHSTHE
MHOXKECTBA TaK: WMHOICECMBO 00pA3Yemcs U3 21eMeHmos, 001a0alowux HeKOMopbIMU CEOUICMBAMU U HAXOOAUWUMUCS
6 HEKOMOPBIX OMHOUWEHUSX MeAHCOY COOOU U C INEMEHMAMU OPY2UX MHONCECHIB).

Crpororo ompezneneHus MHOXXECTBa HET, TaK KaK ATO IOHATHE, M3 KOTOPOTO BBIBOMSATCS MHOTHE ITOHATHS
MaTeMaTuKH, TOT/la KaK OHO HE BBIBOAWTCS M3 OPYTHX IOHATHH M He ompenensercs. [IoHATHE MHOXKECTBa CTONIb XKe
MIEPBUYHO KaK MOHATHE TOUYKH MM 4ucia. CHHOHMMAaMH CJIOBA (UMHOJCECHE0» MOXHO CUMTaTh TAaKHE CIOBA Kak
«COBOKYNHOCMbY, KKOJUIEKYUAY, KCEMEUCMBO», «COOpaHuey.

B maremaruke NMOHSITHE MHOMCECHE0 WVCIIONb3YETCs JJIsl ONMCAHUS COBOKYITHOCTH HpPEeIMETOB Win o0bekToB. [Ipn
9TOM MPEAINOJIaraeTcsi, 4YTo NpeAMeThl (0OBEKTHI) NaHHONW COBOKYINHOCTH MOYHO OTJIMYHMTBH JPyr OT JIpyra M OT
npeaAMeToB (0OBEKTOB), HE BXOJSIINX B 3TY COBOKYIHOCTD.

Hpumep. Cneuyfomne COBOKYITHOCTH 00BEKTOB SBIIIOTCS MHOXECTBAMH: MHOYKECTBO JACPEBLEB B JICCY, MHOXKECTBO

IEJTBIX YMCell, MHOKECTBO KOPHEH ypaBHEHHUS ¥ +2x+¢=0.

OOBEKTHI, U3 KOTOPBIX COCTABICHO MHOXECTBO, HA3BIBAIOTCS JJ1eMEeHMAMU JTAHHOTO MHOXECTBa. B 3ToMm ciyuae
3aMMChIBAlOT X € M , rAe X dJIeMEeHT MHOXkecTBa M (3amuch x € M o03Ha4aer, 4To OOBEKT X HE NPHUHAJICIKUT
MHOeCTBY 00bekTOB M ). HeT HMKaKuX OrpaHUYEeHUH HA IPUPOIY FITEMEHTOB, COCTABIISIOIINX MHOXKECTBO.

MHoxectBa 0003HayaroT OonbummMmu OykBamu, Hampumep A. B, C, a 3IeMEeHTBl — MaJIeHBKUMHU OyKBamw,
Hanpumep, a, b, c.

MHOECTBO U €ro 3JEMEHThI 0003HAYAKOTCS CIEAYIOIUM 00pa3oM:

A = {ay, ay, a3} — MHOXECTBO, COCTOSIIIEE U3 TPEX IJIEMEHTOB;

A={ay, ay, ...} — MHOXECTBO, COCTOSIIIIEE U3 OECKOHECYHOTO YHCIIa HIIEMCHTOB.

MHOXXECTBO MOXET COCTOSITh M3 HJIEMEHTOB, KOTOPBIE CaMM SIBJISIOTCS MHOXECTBaMHU - cemeiicmeo. HyxHo
pas3nuyaTh IEMEHT ¢ U MHOXKECTBO, COCTOSIIEE U3 €UHCTBEHHOI'O AIEMEHTA {a}.

MHOXECTBO CUMTACTCS OHpedeeHHbIM, €CIM YKa3aHbl BCEe €ro 3J1eMeHTHL. /g Toro, 4roObl ONpeneiIHTh
MHOXKECTBO, HMEIOIIee KOHEYHOE YHCIO DJIEMEHTOB (TaKMe MHO)KECTBA HA3bIBAIOTCS KOHEYHBIMM), HOCTaTOYHO
HEPEYHCIIUTh BCE €r0 3JIEMEHTHI B IPOU3BOJIBHOM MOPSIKE.

Oj1HaKO BBIILIENPUBEICHHBII CIOCOO HE MOJXO/IHUT, €CJIU AIEMEHTOB OyJIET MHOTO WIIM OECKOHEYHO MHOT'0, ¥ TOT/a
MHOXECTBO OIIpeIeIeTCs C HOMOIIBIO OOLIEro CBOMCTBA, KOTOPOMY AOJDKHBI yJOBJICTBOPSTH BCE DIIEMEHTHI
ompeensieMoro MHoxecTBa. Eciu HyXHO CUMBOJIMUECKU 3anUcaTh Gpasy «wmHodcecmeo X cocmoum u3s s1emMenmos X,
obnaoaowux ceoticmeom Py, To npunsTo nucath: X={x:P(x)}. BMecTo JBOETOUNS MOXKHO HCIIOJIL30BATH
BEPTUKAIBHYIO 4epTy. B Takoii 3anmcu cieBa OT BEepTUKAJILHOM YepThI 33/1a€TCsl 610 d1emenma (€NUHUYHBII SJIEMEHT,
rapa »JIEMEHTOB, MHOXECTBO, LICIIOYKa CHMBOJIOB H.11.), & CIIPaBa — XAPAKMEPUCHUUECKOe CEOTICHNEO.

IlIpumep. CosokymHOCTB {1,2,3,4,5,6} sIBIsSIETCSI MHO)KECTBOM M OHO HEOTIMYMMO OT MHOXecTBa {1, 3, 5, 2, 4, 6},
MTOCKOJIBKY TOPSIOK 3allICH JIEMEHTOB HE Wrpaer Hukakoil ponu. CookymHocTh {1,2,3,1,3,5} MHOXecTBOM He
ABJISIETCA - UG pa 3 TOBTOPSETCS TBAXKIBL.

Ipumep. Tlycts N — MHOXECTBO HATYPAIBHBIX YHCENT K MHOXKECTBO Y={y: y=2", x eN } omnpenensieTcs ¢ IOMOIIBIO
N. Torna snemeHT 2 € Y, siiement 3 & Y.

MHO)KCCTBO, HMCIOIICC KOHCYHOC YHCIO OJOJICMCHTOB, HAa3bIBACTCA KOHEYHbIM. MHOXeCcTBO Ha3bIBACTCS
6ECKOH8'lelM, €CIM OHO COCTOHUT U3 OECKOHEYHOTO YHCjIa JJEMEHTOB. MHO)KeCTBO, B KOTOPOM HET HU OJHOTO
3JIEMEHTA, HAa3bIBAIOT NYCHIbIM MHOXECTBOM. HyCTI)IC MHOKECTBa 0003HAYAIOTCS 3HAKOM .

Ilpumep. PaccMOTpUM MHOXECTBO TpPEYrOJbHHUKOB, JUIMHBI CTOPOH KOTOPBIX paBHBI 1 cM, 2 cMm, 5 cm. U3
T€OMETPUHM H3BECTHO, YTO TPEYrOJIbHUKAa C TaKUMH JUIMHAMH CTOPOH HE CYIIECTBYET, TO €CTh OIpENeNICHHOE
MHOXKECTBO HE COJIEPKUT HU OJIHOTO 3JIEMEHTa.

Ilpumep. MHOXeCTBO KOPHEH ypaBHEHUS sin(x) = 2 SIBISETCS ITyCTHIM.

MHoOXecTBO, coAepkalllee BCE DJIEMEHThl, HaXOAALIMECS B PAacCCMOTPEHUM, HA3bIBAE€TCS YHHUBEPCAIBHBIM WIIU
YyHueepcymom v 0003HavaeTCs D/

MHuoxectBa X 1 Y Ha3bIBAIOTCS pagHsimu (VIIA COBITATAFOIIUAMI ), €CITH OHU COCTOST U3 OJTHUX U TEX K€ IIEMCHTOB.
PaBencTBO MHOXECTB X U Y OyneT 0003HauaThes yepe3 X = Y, a HepaBeHCTBO X = V.

Hpumep. MHOXKECTBO pellIeHHiT YPaBHEHNS x° — 5x + 6=0 COIEPKHUT Te e CaMble IEeMEHTHI (uncia 2 u 3), 4To u
MHOKECTBO MPOCTHIX YHCEII, MEHBLINX IIATH. DTH JBa MHOXKECTBA PABHBL



Ecnmm xaxnapiii 5J1eMEHT MHOXKECTBa A SBISETCS DJIEMEHTOM MHOXECTBAa B, TOBOPST, YTO MHOXECTBO A SBISETCS
HOOMHOICECE0M MHOXKECTBA B, U 3anUCHIBAIOT A < B unmu B D A. OTMeTUM, 4TO IO ONPEIEICHUIO CaMO MHOKECTBO
A ABAsS€TCS CBOUM IIOAMHOKECTBOM, T.€¢. A < A.

Eciu 4 € Bu B € A, To 10 paHee BBEJIEHHOMY OIIpeeaeHuIo 4 = B.

Ecmm A c Bu A # B, to A ectb coocmeennoe noomnodcecmeéo B, A — B. Eciin A He sBasercs:i cOOCTBEHHBIM
TTOIMHOXECTBOM B, TO 3ammceiBaioT 4 ¢ B. He Hafmo CMeNBATh omHouteHIe NPUHAOTIEHCHOCIU K€Y U OMHOUEeHUe
GKIIOUCHUSL «CT».

HOIIMHO)KGCTBOM MHOXXECTBAa X CYHTAIOT TaKxke IIyCTO€ MHOXECTBO MW CaMO MHOXECTBO X; HUX Ha3bIBAIOT
HeCcoOCMEEHHBIMU HOOMHONCECIBAMU.

Ilpumep. Tlyctb naHo NPOU3BOJIBHOE MHOXKECTBO, COCTOsIIIEE M3 TPeX 3JeMEHTOB a, b u c. Haiinem Bce ero
MIOJMHOECTBA. JTO OYyAyT: IyCTOE MHOXECTBO; MHOXKECTBA, COJAEPKAIINE IO OJHOMY 3JIEMEHTY {ay, (b}, {c};

MHOKECTBA, COACPIKAIIUC 10 Ba IJICMCHTA! {a , b }; {b ,C }; {a ,C } ; CaMO MHO>ECTBO {a , b ,cC } .

MHOXeCTBO BCeX NMOJAMHOKECTB MHOXKECTBA X Ha3bIBAeTCA Oyneanom v o0o3HaYaeTcss P(X )= {Y Yo X } Ecnu

MHOMNCECMBO COCMOUmM U3 N IJIeMEHNI06, MO YUCIO 6CEX €20 NOOMHOMCECME paero 2"

Ilpumep. byneanoM MHOXECTBA 4 — {a, b,c} OyzseT MHOXXECTBO

P(A4)={D {a},{b},{c},{a,b},{a,c},{b,c},{a,b,c}}-

§2. Onepanuu HaJ1 MHOKeCTBAMH

1. O6veounenuem MHOXeCTB A W B HaswpBaeTcs MHOXecTBO A U B, Bce 37IeMEHTBI KOTOPOTO SIBIISIOTCS
3JIEMEHTaMH XOTs OB OHOTO M3 MHOXKECTB A i B:

AUB:{x|xeAv XeB}.

W3 ompenenenus crexyet, 4to0 A € A U Bu B € A U B. AHaJIIOTUYHO OmNpeAerseTcs 00beJUHEHNE HECKOIBKIX
MHOKECTB.

Ilpumep. llycte A = {4,5,6}, B={2,4,6}. Tormad U B={2,4,5,6}.

Ilpumep. 1lycth A — MHOKECTBO YHCEIl, KOTOPBIE ACTATCA Ha 2, a B — MHOXECTBO YHCEJI, KOTOPBIE AeNATcs Ha 3:
A=1{2,4,6,...},B={3,6,9,...}. Torma 4 U B MHOXECTBO 4HceJ, KOTOpbIe memarcs Ha 2 wnn Ha 3: A U B = {2, 3,
4,6,8,9,10,...}.

Ilpumep. OOBEIMHEHNE MHOXKECTBA ITOJIOKUTEIBHBIX YETHBIX YMCENl M MHOXKECTBA IMOJOXHUTEIBHBIX HEYETHBIX
YUCCIT €CTh MHOKECTBO HATypaJIbHbIX YUCECII.

Ilpumep. Ecmn X — mHOXecTBO nenbix yucen oT 0 go 100, a ¥ — mHOoecTBO 1ensix yucen ot 200 xo 1000, To
3JIeMEHTaMU MHOKeCTBa Z = X U Y OyayT nesbie yucia ot 0 go 100 u ot 200 zo 1000.

2. MHOXecTBO Z, COCTOAIIEe U3 BCEX 3JIEMEHTOB, MPHUHAISKAIINX U MHOXKECTBY X M MHOXECTBY Y, Ha3bIBaeTCs
nepeceuenuem MHOXeCTB X U Y:
AﬁB:{x|xe A/\xeB}.

Ilpumep.. Eciu X — MHoxkecTBO ymcen oT 0 go 500, a ¥ — MHOXKecTBO uucen, KpaTHbIX 10, TO 3jieMeHTaMHu
MHOXkecTBa Z (Z =X N Y) seistores uucina 10, 20, 30, ...110, 120, 130 ... 430, 440, ...500.

ITpumep. Tlycts A ={1,2}, B=1{2,3},C={3,4}. Tornad "B C=.

IlIpumep. lTlepeceueHre MHOXKECTBA YETHBIX YUCEIl C MHOXECTBOM HEYETHBIX YMCEIl yCTO.

Ilepeceuenue T060r0 MHOXECTBA X C MYCTHIM MHOXECTBOM €CTh IyCTOe MHOXKECTBO: X NP = .

OObearHeHHe WM IIepeceueHrne HEKOTOpOil COBOKyMHOCTH (0Oojee IBYyX) MHOXECTB MOXET OBITh 3allHCaHO
CIIEYIOUIMM 00pa3oM:

a) UX ( nNx j - o0benMHEeHNuE (TMepeceueHne) BCeX MHOKECTB, SIBISIFOIIIMXCS JIEMEHTaMH MHOXKeCTBa Y,
XeY XeY

6) UX; ( j - 00beuHeHME (TIepeceYeHre) MHOXKECTB X;, TIe MHICKC i Mpo0Oeraer Bce 3HAYCHUST MHOXKECTBa [}
iel iel
k k
B) UX; | NX; |- oObenuneHue (IepecedeHre) MHOXKECTB X;, Tie HHAEKC i IpoderaeT Bce 3HayeHus oT 1 1o k
i=1 i=1
0 0
r) UX,; | NX; |- oobenunenue (nepeceuenne) OECKOHEYHOTO KOJIMUECTBA MHOXKECTB
i=l1 i=1



3. Paznocmoro MuoxxectB X 1 Y Ha3bIBA€TCS MHOJKECTBO Z, COCTOSIIEE M3 BCEX TEX DJIEMEHTOB MHOXKECTBA X,
KOTOpBIE€ HE IPUHAJIEKAT MHOXKECTBY Y :

X\Y:{x|xeX/\xeY}~
Pasnoctb: 1) ctporo AByxmecTHa; 2) HE KOMMYTaTuBHa, To ecTh X\ Y= Y\ X

4. Cummempuueckoii paznocmsto MHOXeCTB X 1 Y Ha3bIBa€TCS MHOXKECTBO Z, COCTOSIIEE U3 BCEX TEX DJIEMEHTOB,
KOTOPBIE MPUHAJIEKAT TOIBKO OHOMY U3 MHOXECTB X, Y:
X+Y={x|(xeX/\xeY)v(erX/\xeY)}.

5. ,ZIO"OJIHEH”EM K MHOXCCTBY X HazbIBaeTCs MHOXECTBO, COCTOIIEC U3 BCEX TEX JJIEMCHTOB YHHBEpCyMa A ,
KOTOPBIC HC MMPUHAAJICIKAT MHOKCCTBY X:

X=2\X.

Hpumep. Tlyctb A — MHOKECTBO YETHBIX HATYpaTbHBIX uncen. Torna 21 — MHOKECTBO BCeX HATYpalbHBIX umced 1 A
- MHO’KECTBO HEUETHBIX HATypPaJIbHBIX YHCEI.

CrapmuHCTBO onepanuii (1o yOIBAHUIO IPUOPUTETOB):

L - 1 v 1 n U [ o+ ]

Jnist nokazaTenbCcTB OTHOIIEHU I MHOXKECTB MOXHO HCIIOJIB30BATh CIIEAYIONINE 0003HAUCHUS:

- CUMBOJ (=>) B BbIpaKeHHAX THHa X —> Y 03Ha4aer, 4To «eCIM CIIPaBEJIMBO X, TO CIIPAaBEIUIUBO Y»;
- CUMBOJI (<= ) OyZeT 03Ha4yaTh «TOTJa ¥ TOJIBKO TOTZIA, KOTJa», «ECIIH U TOJIBKO eCIIH»;

- cuMBOITHI (df) 3aMEHSIOT CIIOBO «OMPEICTICHHEY.

df —mxXcY — df
Ilpumep. Jloka3aTb, UTO €CIIU x Y, 10 X >Y. JlOKa3aTenscTBO: Vxe Y =>x¢Y = xeX=>xe X.

§3. Inarpammsl Jiinepa - Benna

Omnepayy MHOXKECTB U CBSI3aHHBIE C HHUMH COOTHOILIEHHMS MPEICTABIAIOTCS HATJISIHO C MOMOLIBIO OuUazpamm
Ditnepa-Benna, Ha3BaHHBIX MO0 MMEHH PYCCKOrOo Martemartuka Jleonapoa DJiinepa (1707-1783 r.r.) m aHTIHICKOTO
moruka Jocona Bewna (1834-1923 r.r.). Ha »Tux muarpamMmax IoOBle MHOXKECTBAa H300pa)kalOTCsA KpyraMmH,
MEPECEKAOINMH  JIpyT Jpyra, HMCXOIsS W3 TOrO, YTO BHYTPEHHHMH TOYKAMH Kpyra H300pakaloTcs 3JIEMEHTBI
MHOecTBa. OO1IeH 4acThO ABYX KPYTOB, IIEPECEKAIONIHX JIPYT APYTa, MPEACTABISIOTCS BO3MOKHbIC OOIIUE JIEMEHTHI
JBYX MHOXKECTB. Y HUBEPCAIbHOE MHOKECTBO H300pakacTcs B BUZE MPSIMOYTOJIbHUKA.

CyIecTByeT McTOpHUecKas Oaiika, CBsI3aHHAs ¢ IPUMEHEHHEM auarpamm Diinepa-Benna. Akcens MBanosuu bepr -
aJIMUpaJl U aKaJeMHUK, YEJIOBEK CO B3PBIBHBIM XapaKTepoM, ObUI OJHMM W3 MEPBBIX MPONAraHANCTOB KUOSPHETUKU B
CCCP, xorna ona ere 0OQHIHAIBHO CUATAIACH IIPOJAKHOM JEeBKOH KanmuTanuiMay. JJUCKpeTHYI0 MaTeMaTHKy TOTr/ia B
TEXHMYECKUX BY3aX HE M3y4aJM M3-3a MOJHOW ee MpaKTHYEeCKOW OecIioie3HOCTH, a KMOCpHETHKa YK€ HauyMHaJIa €lo
poOKo monb3oBaThcst. Bo BpeMst Gecesbl ¢ OMHUM GKYpPHAINCTOM I10 HAy4YHOW TEMaTHKE», KOTOPBIM yTBEpIKAall, 4To
TEOpHsl MHOXECTB HE TOJIBKO HE HYXHa, HO M HE TOHITHA MPOCTOMY COBETCKOMY WHKeHepy, bepr npepsan Geceny n
NIPUKa3aJl cBoeMy Mo(depy OTBECTH MX B OMKalIIMi AeTckuil camuk. B nmerckoM caanke peOSATHINKHM HWTrpaid B
OO0JIBIIOM TTeCOYHUKE. J[pyrux pa3BieueHHi B MOCIEBOCHHBIX CaIMKax ObUIO Mano. bepr HaprucoBasl B ECOYHHKE IBa
OONBIINX YaCTHYHO TEPECeKaBIINXCS KPYra, Kak 3TO JENaloT CO CBaJeOHBIMM KOJIBIIAMH Ha OTKPBITKAX W MAallWHaX.
(Mns Tex, KTo co cBaabOaMH B KH3HM HE CTAJIKUBAJICA, CKaXKEM, UTO C TIOXOKHM IIEPEXIECTOM PHUCYIOT OJUMITHIICKHE
kouspiia). [lanee oH ckazan: «llycmo 6 negulil Kpye 6Cmanym 6ce, Kmo JoOum Manuylo Kauty, d 6 npagvlii — éce, KMo
ar06um caueoswlli Kucens!». JleTr ObIIH Topa3apl HOECTh (ITOCIEBOSHHOE BPEMS TOJIIOAHOE), TIOATOMY HUKTO HE OCTAJICS
PaBHOIYIIIHO CTOSITh B CTOPOHE M BCE 3a0exaiu B HapUCOBaHHbE Kpyrd. OObEIUHEHHE BCEX 3THX MAaJCHBKUX
CITaZIKOEXKEK M eCTh omepanus o0beIMHEHNS TeOpUH MHOXKeCTB. Ho, MOCKOIBbKY OYTH BCE IETH BCTAJIM B TO MECTO, TJIe
KPYrH HaJOXWINCh Jpyr Ha JApyra, Hu3-3a JIOOBM K Kamle M KHCEI0 OJHOBPEMEHHO, TO TEM CaMbIM
MIPOIEMOHCTPUPOBAIH TIOHUMaHUE (PU3MYECKOTO CMBICIIA OIEpalliy IIepecedeH s IBYX MHOXeCTB. «Hy gom! He 3naio
KaK UHJICeHepbl, a 0emu NOHUMAIOM CMbICI onepayuti Had muoxcecmeamu!y», — ckasan bepr... Kcratu, 31ech poins
YHHBEpCyMa Wrpajl Bech necouHuk. To, uTto HapucoBan Ha necke bepr, n ectp auarpammsl Diinepa-Bernna (puc.l). A
TO, YTO HAXOJMJIOCH Ha MECKE 3a MpPEeAeIaMH KaXKI0ro U3 KPyTroB, OBUIO JIOTIOJHEHHEM COOTBETCTBYIOIIETO MHOXECTBA,
TO €CThb MHOXKECTBOM 3JIEMEHTOB YHHBEpPCYMa, He NPHHAIJISKAIMX K YUCIy JIOOWTENed NaHHOTO KymaHbs (TaM
HaxoJuIHch bepr ¢ xypHamiucTom).



a) 6)
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B\A A+B A
2) a) &)

Puc.1. TIpumeps! nuarpamm Oiinepa-BenHa.

Hpumep. Ecmu pPacCMOTPETh BHUMATCIIBHO J'I}O6yIO CTYACHYCCKYIO TIpymiy, TO O6’I)€I[I/IH€HI/I€ MHOXECTBa
OTJIMYHUKOB U aKTUBHUCTOB JACT MHOKECTBO I10J] HA3BAHUEM «CJIaBa I'PYIIIbD).

HpI/IHLlI/IHI/IaJILHoe OTIINYHNC O6’BC,I[I/IHCHI/I$I MHOKECTB OT HIKOJIBHOTO CJIOXKEHHUSA HE TOJIBKO B TOM, YTO CTYACHTHI -
3TO HE YHCJIa U MBI UX HE IIEPECUUTBIBAEM, HO U B TOM, YTO CTYACHTBHI, KOTOPHIE OAHOBPEMEHHO OTINYHUKH U
AKTHBHUCTHI, 6y,ZlyT YYTEHBI OAWH pas. Tak 410 3alIpoOCTO MOJKET OKa3aTbCsl, YTO OTIMYHUKOB YE€THIPE, a aKTHUBHUCTOB
JABaanarb, HO HUX 06’[)CZ[I/IH€HI/IC IO Ha3sBaHUEM «CJjlaBa TI'PYIIIBD 6y,E[CT COACpKATh BCETO ABaALATH ABa CTYACHTA.
ﬂCHO, YTO MEPECCUYCHUEC DTUX MHOXKCECTB JACT ABYX CTYJACHTOB, KOTOPBHIC OJJHOBPECMCHHO U OTJIMYHUKU U aKTUBUCTHI.
OHI/I, CKOp€C€ BCCro, JACBYIIKHU, Aa €HI€ W KpacaBUIbl, HO KpacoTa HC HCHOJIb30BajlaCb 34A€Chb B KauCCTBC
XapaKTCpUCTUKH, 10 KOTOpOﬁ BBIACIAIINUCH DJICMCHTHBI OTUX MHOKCCTB.

§4. OcHoBHbIE 3aKOHBI ONlepauuii HaJl MHOKeCTBAMM

1. Kommymamuegnwiii 3axkon. X OY =Y U X; XNY=YNnX.
2. Accouyuamusnouit 3akon. X O(Y UZ)=(XUY)UZ; XNn(YNZ)=(XNnY)NnZ.

3. Aucmpubdymuenwiit 3aKoH.
XunZ)=(Xul)Nn(XuZ); XnYul)=(XNnY)u(XNZ)-
4. 3axon noznouieHus.
XNn(XuY)=X;
XuXnY)=X.
5. 3axon uoemnomenmunocmu.
XuX=JX;
XNnX=X.
6. 3akon oe Mopzana: L
XuY=XnY,
XNY=XUY.
7. 3aKonbl nycmozo u YyHUBEPCANbHO20 MHOMCECHE.
Xu@=X; Xn@=0, XnX=0,
Xu=2 XnA=X;, XuX=2;
A= F=2.
8. 3axon 0soitnozo ompuyanusn X=X.

9. X\Y=XNY.

YT00Bl dokazame Hexomopoe moxcoecmseo A = B, Hy)KHO 0Ka3aTh, YTO, BO-NIEPBBIX, €CiU XA, TO X€B U, BO-
BTOPBIX, €CJIU XEB, TO XEA.
Ilpumep. JloxaxxeM CBOHCTBO AUCTPUOYTUBHOCTH JUIsl OOBEIUHEHHS:
AUVUBNCO)=(AuB)N[duO).



Pewenue. 1. CHayana npeamnoaokKnM, 9T0 HEKOTOPBIH AIIEMEHT X MPUHAIUIC)KUT JIEBOX YaCTH TOXKIECTBA, T.€. X € A
U (B N C), 1 JoKaxeM, 9TO X MPUHAUICKHAT MpaBoif actw, T.e. X € (4 UB) N (4 U (). [eiicTBUTENBHO, YCTh X € A
U (BN C). Torga mu6o x € A, mu6o x € B N C. PaccMOTpuM KakIyr0 U3 3TUX BO3MOXKHOCTEH.

Iyctbx € A. Tormax € AU B nux € A U C (310 BepHO mis mo0six MHOKecTB B 1 (). CriegoBaTensHO, X € (4
UBYN(AduO).

Ecmm xg A, To x € BN C . 3TOT ciiy4ail pacCMOTPHUTE CAMOCTOSITEIBHO.

2. IIpenrnonoxum, 9TO HEKOTOPBIN JIEMEHT X MPUHA/UIEKHUT NPABOH YacTH TOXKJIECTBA, T.e. X (AUB) N (AUC), n
JIOKa)KEM, 9TO X MPHHAUIEKHUT JIeBOH dacty, T.e. xe AU (BNC) . HeiicturensHo, mycts xe (AUB) N (AUC). Torna
xeAUB, n ogaoBpeMeHHO x€ AUC. Eciiu xe AUB, 10 1160 x€ A, mubo xe B, ecnmu xe AUC, 10 1160 x€ A, MO0 X €
C. Tlycts xe A, Torma xe AU (BNC) u yTBepxkieHue jaokazaHo. Eciam x¢ A, TO OIHOBPEMEHHO IOJDKHEI
BBINONHATKCS yenoBus xeB u xe C, 1.e. xe BNC. Ho torna xe BNC u xe AU (BNC), 4T0 TaKkkKe JIOKa3bIBaCT HAIIIC
YTBEpXKICHHE.

Hpumep. oxazats Toxnectso (A UB)\B=A4 N B.

Pewenue. 1. Tlpeobpasyem JeByio acTh ToxkaectBa: (4 UB)\B=(4UB)N B.

2. Mcrionb3yeM 3aKoH aucTpubyTuBHOCTH : (A UB) N B=A N B UB N B.

3. Mlcronb3yeM 3aKOoH HCKITIOUEHHOTO TpeThero: B N B = .

4. Tlonyaum AN BUBN B =AN B U Q.

5. Ucnonb3yeM CBOMCTBO yCTOrO MHOXECTBA : 4 M BUD =4 N B.ToXIeCTBO TOKA3aHO.

IIpumep. Jloxazats ToxuectBo: A\ (B\C)=UA\B)u 4 N O).
Pewenue. 1. MHOXeCTBa, CTOSAIINE B JIEBOW W IMPABOH YaCTAX TOXKIECTBA, W300pa3WM C TOMOIIBIO JHATPaMM
Otinepa-Benna (puc. 2).

A\B ANC AVB)U@ANC)
8) g) )

Puc. 2. Jloka3aTesbCTBO TOXKAECTBA C OMOIIBIO AUAarpaMM
Diinepa-Benna

Puc. 2 6) u puc. 2 0) wimoctpupytoT paBeHcTBO MHOXKECTB A\ (B\C)u (A\B)u (4 N C).

2. JlokaxkeM TOXKIECTBO U3 HAIIIETO PUMEPa, BOCIOIB30BABIIUCH 3aKOHaMU: A \ B =4 N E, ANB= AU E, j
=4, An(Bu )= N B)u (4n C), nonyuum:

ABO=ANB\C)=AnB A C=A(BUC)=A~(BUC)=(ANB) U (AN CO)=A\B)U A C).
3aKoHBI aNreOpbl MHOKECTB MOKHO TAKKE UCIIONB30BATh O/ YRpOueHus popmyi.

Hpumep. Ynpoctuts Beipaxkenue: (A UB) N (A UB) N (AU B).
Pewenue.
1. I/ICHOHL3yH 3aKOH KOMMYTAaTUBHOCTH, IOMCHACM MECTAMU BTOPYIO U TPETHIO CKOOKH:

(AUB) (A UBNMUUB)=(AUB) N (AU B)~ (A UB).
. [IpumeHnM 3aK0H pacmienyieHus sl IEPBOi B BTOpor cKoOoK: (4 U B) N (4 L E) N (Z UB)=4AN (Z U B).
. Bocrionp3yemcest 3akoHOM AMCTPHOYTUBHOCTH: 4 M (Z UB)=4AnN Z UANB.
. Ucnionp3yem 3aKOH UCKIIFOYEHHOTO TPEThEro: A M A-=0.

Monmyanm: AN A VA N"B=J UANB.
. Ucnosnp3yeM CBOMCTBO MyCTOro MHOXKeCTBa: & WA NB =4 NB.

Pesymsrar: (AU B) N (A UB) N (AU B)=4NB.

~N N BN



§5. MomHocTh MHOKECTBA
Jist mr000ro KOHEUHOTo MHOXKeCTBa A uepe3 | A | 0003HAYUM YHUCIIO €ro 3JICMEHTOB — MOU{HOCHIL MHOKECTBA A.

Ilpumep. Paree Mbl pacCMaTPUBAIM MHOXXECTBO BCEX MOJMHOYKECTB JaHHOTO MHOXECTBA A, KOTOPOE Ha3bIBAETCS
6yneaHoM 1 0603Hauaetcs P(4). MuoxkecTBo P(4) cocront u3 2" snementos. Takum oGpasom, | P(4) | = 2"

PaCCMOTpI/IM 3aﬂaqy onpez[eneHI/m MOIITHOCTHU O6’I)€ZII/IH€HI/IH N KOHCYHBIX MHOXCCTB. HYCTI) n = 2 " A Hu B — J1Ba
IepeceKaroNIMXCsi MHOXKeCTBa. JJoKaskeM ¢ IOMOIIBIO AUarpamMMbl Difiepa — BeHHa ciiefyromiee COOTHOIICHHE:
lA4uBl=l4l+|Bl-14nBI.

U

A B

Puc. 3. MowmHOCTH COOTBETCTBYIOIIMX IOJAMHOKECTB: Hy, Hy, 113,
U3 puc. 3 Bugum, 4to | 4UB| =n+n,+tns; | Al =n;+ny; | Bl =n,+tn;; |4nB|= ny. OYeBUIHO, UTO N +ny+ny = (n+n,)
+(ny+tn3) — n,, 9TO U JOKA3BIBaET (GOPMYILY.
JanHas ¢popMyna cripaBeiBa U IS CIIydas, €CIIM MHOKECTBa 4 1 B He TIepeCeKaroTCs:
lauBl=l4l+|BI.
Iycte n = 3 u A, B u C — Tpu mepeceKaloluxcss MHOXKECTBA. B 3TOM ciydae cCIpaBeIIUBO CIEIyroIee
COOTHOIIICHHE!

lavBucC|=lal+|Bl+|cl-lAnBl-lancl-|BACl++lanB~Cl.

U
A B

ﬁa

Puc. 4. MomHOCTH COOTBETCTBYIOIIMX OJIMHOKECTB:
ny, Ny, N3, Ny, Ns, He, N7

N3 puc. 24 BUIUM, 4YTO | AuBUC = nytnytnstngtnstngtng | Al= nytnytngtns; | Bl = nytnstnstng;,
| =nstnstngtnil AnBl=nytns; |4 ~ C |= nygtns; |BAC |= nstng; |AnB NC |= ns. OueBmamo, wuro
nitnygtnytngtnstngtng = (nitnytngtns) + (nytnytnstng) + (ngtnstngtng) — (nytns) — (ngtns) — (nstne) + ns, 4TO M
JTIOKa3bIBacT TpedyeMyro Gopmyiy.
Orta (opmyIia cripaBeUIMBa | IS CITydast, eciii MHOecTBa 4, B u C momnapHo He nepecekaroTcs. B aTom ciiyuae
lauBuUCl=lal+IBl|+|C].
B o0mem cirydae MOIIHOCTE OOBEIMHEHUS 77 MHOYKECTB OMPEIeISIeTCs 0 (opMyIie:

| Ayudr0.. o4, =14 HA+.. H A4 —1 404y =1 404y —.. 4,04, +1 Andondy| +...+1 4,04, 104,
—...+(—1)nil|AlﬁA2 ﬁA,,|

Ota GopmyIa BEIBOAUTCS HHIYKIUEH 110 71.
Ecn MHOXecTBa A; IOIapHO HE TIepeceKaroTcs, T.e. 4; N A; = &, i # j, To IOTy4YnM YacTHBIH ciydai GopMyIIb!:

| AU Ay ... 04, =1 A, | H A+, + 4,
B obmem cirydae cripaBeinBO HEPABEHCTBO
|4, U Ay 0. 04, < 4| H Ay +.. +14,].

Ilpumep. DKx3aMeH 110 MaTeMaTHKe Ha BCTYIIUTENIbHBIX SK3aMeHax claBanu 250 aOUTypHEHTOB, OLEHKY HIDKE MATH
monyumnu 180 genoBek, a Beiepxanu 3Tot 3k3aMeH 210 abutypuerToB. CKOIBKO 4eJI0BEK MOTYIHIIN OIIeHKH 3 1 47



Pewienue. Tlycte X — MHOXECTBO aOWTYPHEHTOB, BBIACP)KABIIMX 53K3aMEH, ! — MHOXXECTBO aOWUTYpPHEHTOB,
II0JIyYMBLIMX OLECHKH HIDKE 5, MO YCIOBHIO | X |= 210, |Y |=180, |X UY |=250 . AOUTYPHEHTBI, MOdyYHBIINE

oueHku 3 u 4, oopazytor MHOXecTBO X MY . lo cooTBeTcTByIOLIEH (GopMyJie Homyyaem

I X AY 5[ X |[+|Y|-|X UY |=140.

Ilpumep. B rpynme 20 4eaoBeK U3y4arOT aHTIIMACKUHN A3bIK, 15 — dpaniry3ckuid, 10 — kuraiickuii. FI3BecTHO Takxke,
YTO aHTIMUCKUH U (paHIly3CKHH M3Y4aloT 8, aHIIIMHCKUIA U KUTAlCKni — 7, (GpaHIly3cKHi M KHTalCKuil — 5, a Bce Tpu
s13p1Ka — 3 cTyaeHTa. CKOJIBKO CTYJEHTOB HE U3y4YaeT HU OJHOTO S3bIKa?

Pewenue. IlpuBeneM BbIKIIaKN 0€3 0COOBIX OOBSICHEHHH.

[AVDOUK|=A|+|D|+|K|-(|AND |+ |ANK |+ |PNK|)+ AN PNK|=20+15+10—-(8+T7+5)+3 =28

|[I'|- [AUDPUK|=30-28=2.

CKONBKO 4€JI0BEK U3y4aeT TOIbKO KUTaCKUiA?

AU D=4 |+|D|-]AND|=20+15-8=27

[ACVPUK|-|AuD|=28-27=1

§6. DKBHBAJIEHTHOCTH MHOKECTB

Ecnu xaxnomy 37€MEHTY MHOXKECTBA A CONOCTABJIEH €IMHCTBEHHBIM 3JIEMEHT MHOXECTBA B M IpU 3TOM BCSKUN
JIEMEHT MHOKECTBA B 0Ka3bIBAETCS CONOCTABICHHBIM OJJHOMY M TOJIBKO OJJHOMY 3JIEMEHTY MHOXKECTBA A4, TO TOBOPSIT,
YTO MEXIy MHOKECTBAaMH A M B CyIIecTBYeT B3aMHO OJHO3HAYHOE COOTBETCTBHE. MHOXecTBa A U B B 3TOM cirydae
Ha3bIBAIOT IKEUGAICHMHBIMU VTV PAGHOMOUIHBIMU.

OKBHUBAJICHTHOCTH MHO)KECTB 0003HaUaeTCs cieayonmm obpasom: A ~ B.

O'{GBI/IL{HO, 4YTO ABAa KOHCYHBIX MHOXCCTBA 3KBUBAJICHTHBI TOT'JIa U TOJIBKO TOT'Jla, KOI'/Ia KOJIMYCCTBO 2JICMCHTOB B
HUX oguHakoBo. Hampumep, MHOKecTBa 4 = {4, 5, 6} u B = {x, y, z} >KBUBaJIeHTHbI, A ~ B. B3auMHO onHO3HAYHOE
COOTBETCTBUE MOXET OBITh YCTAHOBJICHO MEXY JeMeHTaMH 4 M X, Su y, 6 u z.

[ToHsTHE 3KBUBAJICHTHOCTH TOJUTCS ¥ IS OCCKOHEYHBIX MHOXeCTB. [1ycTh, Hanpumep, 4 = {1, 2,3, ..., n,...}, B=
{~1,-2,...,-n,...}. Torna A ~ B. B3auMHO 0JTHO3HaYHOEC COOTBETCTBHC YCTAHABIUBACTCS IO MPABKIIY: JICMCHTY 1 €
A COOTBETCTBYET JEMEHT — 1 € B, T.e. n <> — .

Ilpumep. A = {1, 2, 3, oo n,...} - MHOKECTBO HATYPaJIbHBIX YHCeI,
B={.,-n..—-2,-1,0,1,2,...,n,...} — MHOXXECTBO BCEX IICIBIX YHCEI.
[Tepenmuiem MHOXecTBO B ciexyronmm obpazom: B = {0, —1,1,—-2,2, ..., -n, n, ...}, Tak, uro 0 OymeT Ha IEPBOM

Mecte, —1 Ha BTopoM, | Ha TpeTbeM, —2 Ha YETBEPTOM H T.A. HeTpyaHo 3aMeTHTh, 4TO OTpHUIATENbHbIEC Yicaa OyIyT
CTOSITH Ha MECTax C YETHBIMH HOMepaMH, a 0 1 TOJIOKUTENIbHBIE YHCIa — Ha MECTax ¢ He4eTHBIMUA HoMepamu. [TosTomy
B3aMMHO O/IHO3HAYHOE COOTBETCTBHE MEXKIYy MHOXXECTBAMH A W B ycTaHaBIMBAaeTCs 10 MPaBMIY: AJs BCKOro n > 0
aeMeHTy a = 2n +1 u3 MHOXecTBa A (T.e. HCUETHOMY SJIEMEHTY) COOTBETCTBYET JIEMEHT b = n W3 MHOXECTBa B;
UIEMEHTY a = 2n 13 MHOXecTBa A (T.€. YeTHOMY 3JIEMEHTY) COOTBETCTBYET IEMEHT b = —n u3 MHOXecTBa B. Takum
o0pa3omM, peamu3yeTcsi B3aMMHO OJTHO3HAYHOE COOTBETCTBHE MEXIy MHOXKecTBaMH A n B: 1 < 0,2 - -1,3 & 1,4 &
2 UT.IO.

YCTaHOBUTH 3KBHUBAJICHTHOCTH MHOXECTB, T.€. YCTQHOBHUTH B3aHMHO OJHO3HAYHOE COOTBETCTBUE MEXIY HX
9JIEMEHTaMU MOKHO pasjiMuHbIMH NyTsiMu. Ha puc. 5 mokazaHo, 4TO MHOXKECTBA TOUEK JIBYX OTpE3KoB [a, b] u [c, d]
9KBUBAJICHTHBI.

Pucynok 5.

Taxum xe 06pa30M MOXXHO YCTAHOBUTDH 3KBUBAJICHTHOCTH MHOXKECTB TOYCK JIBYX MHTCPBAJIOB. Ha puc. 6 II0Ka3aHo,
YTO MHOKECTBA TOUEK JIFOOOr0 HHTCpBaJia (Cl, b) OKBUBAJICHTHO MHOKECTBY TOUYCK Bcel HpHMOﬁ.



Pucynox 6.

I[J'ISI YCTAHOBJICHHSA OJKBUBAJICHTHOCTH [JABYX MHOXXCCTB MOKHO IIPUMCHATL meopemy Eepummeﬁna: ecau
MHOIHCECmB0 A SKBUBANEHMHO YACMU MHONCECMEd B, a MHodicecmeo B oxeusanenmno uacmu mHodcecmea A, mo

muoxcecmea A u B sxeusanenmmui.
[pumennm Teopemy bepHITeiiHa [UIsl 10KA3aTENbLCTBA TOTO, YTO MHOXKECTBO TOYEK JIFOOOT0 OTPE3Ka IKBUBAJICHTHO

MHOXECTBY TOUEK JIF0O0r0 HHTEpBaa.

IIyctb A = [a, b] — IPON3BONBHBINA OTPE30K, a B = (¢, d) — MPON3BOJILHBIA MHTEPBAIL.

Ilyctb A, = (a,, b)) — 1000 BHYTpeHHWH HHTEpBaI OTpe3Ka [a, b], Ajc A. Torma A, ~ B.

Iycte B = [cy, d,] — mo0boit BHyTpeHHHI 0Tpe30ok uHTepBana (c, d), Bic B. Torna B, ~ A.

Takum 00pa3oM, BHIONHSIOTCS yciIoBHs TeopeMbl bepHiTelina. [Toatomy A ~ B. Mtak, Bce MHTEpBaJIbI, OTPE3KU U
BCS TIPsIMasi SKBUBAJICHTHBI MEXIy COOOM.

MHOXecTBO, SKBHBAJICHTHOE MHOXECTBY HaTypaybHbBIX umcen N = {1, 2, 3, ..., n,...}, Ha3bIBaeTCA CUEMHbIM.
MOHO CKa3aTh TaKXKe, YTO MHOYKECTBO CUETHO, €CJIM €r0 3JIEMEHThI MOXKHO MePeHyMEPOBAaTh.

Ilpumep. Cnenyroliyie MHOXECTBA SIBIAIOTCSA CUCTHBIMH.

1A ={1,-2,...,—n, ..}
2.4,=142, 2%, ...,2"..
3.4;=1{2,4,...,2n,...};

4. Ay={..,—n,..,—1,0,1,...n,..}

Yro0bl YCTAHOBUTH CYETHOCTh HEKOTOPOI'O MHOXECTBA, TOCTATOYHO yKa3aTh B3aUMHO OJJHO3HAYHOE COOTBETCTBHE
MEX/Iy IEMEHTAMHU JIAHHOTO MHOKECTBA M MHOYKECTBA HATYPAIIbHBIX YUCEI.

Y CTaHOBUTH CUETHOCTH MHOKECTB MOXHO TAKKe, UCIIOJBb3Ysl CIEIYIOLINE TEOPEMBbI O CUETHBIX:

1. Besikoe beckoneunoe noOMHONCECTNB0 CUENMH020 MHONCECMEA CUEemHO.

2. ObveouneHue KOHeUHOU U CYEIMHOU COBOKYNHOCIU CYETNHBIX MHOMCECME CUEemHO.

3. Muooicecmeo 6cex nOOMHONCECNE CUEMHO20 MHONCECMBA CUENHO.

4. Mnoocecmeo 6cex payuoHAIbHBIX Yicell, m.e. Yucel 6udd £, 20e p u q yenvle 4ucia, CHemHo.
5.Ecwu A = {a;, ay, ...} uB = {b;, b,, ...} — cuemnvie mnosicecmaa, mo mnosxicecmeo ecex nap C = {(ay, b,), k = 1,
2,..;,n=1,2, ..} cuemno.
2 o
6. Mnooicecmso 6cex mHozounenos P(x) = ay + aixx + ax” + ... + ax" mobvix cmenenell ¢ payuoHarbHoIMU

Koauyuenmamu ay, a;, a ... a, CYHEMHO.
7. Muoacecmso 8cex KopHel MHO20UIEHO8 H0ObIX Cmenenell ¢ payuoHALIbHLIMU KOIDDUYUEHMaMU CUEemHO.

Ilpumep. MmuoxectBo 4 = {3, 6, ..., 3n,...} c4yeTHO, T.K. A — OCCKOHEYHOE IOJMHOKECTBO MHOXCCTBA
HATypalbHbIX yncen, 4 < N.

IIpumep. MuoxectBo A = {0, 1, ..., n,...} HEOTPUIATENBHBIX LEIBIX YUCEN CYETHO, MHOKecTBO B = {0, -1, ..., —
N,...} HETOJIOKUTEJIFHBIX LENbIX YHCENl TOXKE CUYETHO, II03TOMY MHOXECTBO BeeX menblx uncen C =4 U B = {...—n,
...—2,-1,0,1,2,...,n, ...} TOXE CIETHO.

Ilpumep. T'eomeTpuuecKuii CMBICT TIApHI (@, b,) — TOUKA Ha TIOCKOCTH C PAIlHOHATEHBIMU KOOpIUHATAMH (dy, b,,).
[ToaTOMY MOKHO yTBEPKAATh, YTO MHOXECTBO BCEX TOUYEK IUIOCKOCTHU € pAMOHATBEHBIMU KOOPAWHATAMH CYETHO.

CymiecTBYIOT OECKOHEYHbIE MHOXECTBA, 3JIEMEHThl KOTOPBIX HENb3s IepeHyMepoBaTh. Takue MHOXKECTBA
Ha3bIBAIOTCS HECUEHHBIMU.

Teopema Kanmopa. Muooicecmso écex mouex ompesxa [0, 1] necuemmno.

Jokazamenvcmeo. 11ycts MHOXKeCTBO Touek oTpe3ka [0, 1] cueTHO. 3HAUUT, ATH TOUKH MOXKHO IIEpEHYMEpPOBAaTh,
T. €. PacIojOXKUTh B BUJIE MTOCIEAOBATEINBHOCTH X1, X3 ... Xy, -.. -

Al
L e~ "
I 1 L T I2 1
0 3 4, 3 !
Pucynok 7.

8



Pazobbem otpesok [0, 1] Ha Tpu paBHbIe yacTu (pUCYHOK 7.). I'7ie ObI HU HAXOAMIACH TOYKA X|, OHA HE MOXKET

1 12 2 .
TIPUHAJJIEKAaTh BCEM OTpe3Kam [O’E s E’g s g,l . ITosTOMy Ccpenu HUX €CTb OTPE30K A, HE COAEPKALUI TOUKY X
(puc. 2.7). Bo3bMeM 3TOT OTpe30K A; M pa3feinM €ro Ha TpH paBHble YacTH. Cpelu HUX BCErlia ecTb OTPEe30K A, He
COZIep KAl TOUKY X,. Pa3zenM 3TOT OTpe30K Ha TpH paBHBIE YacTH U T. A. [lomydnm mocinenoBaTebHOCTh OTPE3KOB

AlD ADA;D...DA, D... . B cuny akcuomvr Kanmopa 51a nocinei0BaTeIbHOCTh OTPE3KOB CXOJUTCS K HEKOTOPOil
TOYKE X TIpu n — 0. [Io mocTpoeHuo 3Ta ToUKa X MPUHAMIEKUT KAXKIAOMY OTPE3KY A, Ay, As,..., A,, ..., T. €. OHA HE
MOJKET COBMIAATh HU C OMHOU U3 TOUYCK X|, X3, ... Xy, ..., T.€. [IOCIEIOBATEIBHOCTD X, X ... Xp, ...HE HCUEPIIBIBACT BCEX

To4ek orpeska [0, 1], 4To MPOTHBOPEUHT IEPBOHAYATBHOMY IPEAIIONIOKEHNI0. Teopema qoKa3aHa.

MHOXeCcTBO, SKBHBAJICHTHOE MHOXXECTBY BceX Todek oTpe3ka [0, 1], Ha3pBaeTcs MHOXKECTBOM MOUIHOCHIU
Konmunyyma. Tak KaKk MHOXKECTBa TOYEK MHTEPBAJIOB, OTPE3KOB U BCEH MPSIMON SKBUBAJICHTHBI MEXKAY CO00ii, TO Bce
OHM HUMCIOT MOIHOCTH KOHTHHYYMa. I‘ITO6I:-I J10Ka3aTb, 4TO AJAaHHOC MHOXECTBO HMMECT MOIIHOCTH KOHTHUHYYMa,
JOCTaTOYHO YyKa3aTh B3aUMHO OJHO3HAYHOE COOTBETCTBHUE MEXIy JaHHBIM MHOXXECTBOM M MHOXXECTBOM TOUEK
OTpe3Ka, HHTEpBaa WK BCEH MPSIMOil.

Ipume. 13 puc. 8 creyer, 4To MHOKECTBO TOUEK IapaboIIbl y = X° IKBUBAIICHTHO MHOKECTBY TOUEK MPAMOI —
00< x <00 W, CJIEI0BATEIIFHO, UMEET MOIITHOCTh KOHTHHYYMa.

¥y

Puc. 8.

YCTaHOBUTHh MOIHOCTh KOHTHHYYMa MOJKHO TaK)XKe, UCTIONB3Ys CIEAYIOIIHEe TEOPEMBl O MHOXECTBAaX MOIIHOCTH
KOHTHHYYMa.

1. Muoswcecmso uppayuoHanvhsix yucen umeenm MOUWHOCMs KOHMUHYYMA.

2. MHooicecmeo 6cex mouex n-MepHo20 NPOCMPAHCMaEa npu T060M n umeem MOUWHOCMb KOHMUHYYMA.

3. Muoowcecmeo 6cex KOMNNIEKCHBIX YUCe UMeem MOUHOCMb KOHMUHYYMA.

4. Mnoocecmeo 6cex Henpepbl6HbIX QYHKYUL, onpedeneHHbix Ha ompeske [a, b] umeem mowHocms KOHMUHYyMa.

I/ITaK, MOIIHOCTHU OCCKOHEUHBLIX MHOKECTB MOT'YT pa3janvaTbCH. MOIIIHOCTI) KOHTHUHYYMa 60J'IBHIG, 4Y€M MOIIHOCTH
CueTHOro MHo)kectBa. OTBET Ha BONPOC, CYHIECTBYIOT JIM MHOKECTBA 0oJiee BBICOKOM MOIIHOCTH, 4YE€EM MOIIHOCTH
KOHTUHYYMa, AacT CICAYIOoIlasi meopema 0 MHOoyHcecmeax evicuieil MOUWHOCIU. MHOMCECMBO 6CEX NOOMHOIICECE
OaHHO20 MHOdCeCmBa umeem boiee B6bICOKYIO MOWHOCMb, Yem OAHHOE MHONCECMEBO.

W3 sroit TECOPEMBEI CIIEAYET, YTO MHOHCECME C MAKCUMATbHO bonvuo MOUIHOCMbIO HEe cyulecmeyent.



§7. lekapToBo npousBenenne. CooTBeTcTBUSI (OTHOLLIEHHS)

Jlexapmoevim U npAMbIM BPOU3BEOEHUEM MHOXKECTB X,,X,,..., X, Ha3bIBACTCS MHOKECTBO
(xl,xz,...,xn)| xeX, x,eX,,..,x,€X

0003Ha"YaeMoe uepes X, x X, x..xX, , WA HXk . Ecmm X, =X,=..=X,, TO MHOXECTBO X, xJX,x..x.X, Ha3bIBACTCSA
k=1

n-0il dexapmoeoii cmenenvio MHOKecTBa X M o6o3Hauyaercst X'. [lo ompenenennio x° =@, Ecam XoTs Obl OXHO W3

MHO€ECTB X, mnycro, TO X, xX,x.xX,6 =O. B obuem ciydae

1

(X xY)xZ#Xx(YxX),XxY#YxX, cnefoBarenso, X He 006IagaeT CBOHCTBAMH aCCOLMATMBHOCTH H

KOMMYTAaTHBHOCTH.

Ynopaoouennoii napoit <x, y> Ha3bIBaeTCs COBOKYIHOCTb JBYX O3JIEMEHTOB X U ), PACIOJIOKECHHBIX B
OTIpEJIENICHHOM HopsAaKe. [IBe ynopsaoueHHbIe Mapsl <X, y> U <u, V> paBHBI MEXy COOOH TOrza M TOJIBKO TOT/A, KOra
X=uuy=v.

AHaNOTHYHO MOXXHO PacCcMaTpuBaTh TPOMKH, YETBEPKH, /-KH IJIEMEHTOB <Xi, Xz, ... X,>. B obmem ciyuae,
KOHEYHasl YIOPSAAOYCHHAs] MOCIEAO0BATEIbHOCTD, JOIMYCKAIOIasi MOBTOPEHHS JJIEMEHTOB [JAHHOTO MHOXECTBA,
Ha3bIBACTCSl  Kopmedicem (BEKTOPOM, 71 -KOH, YHOPSOOYEHHBIM HAaO0OpOM). DJIEMEHTHI KOpTEKa 3aKII0YaloTcs B
YTII0BBIE < > WM KpyTJble () cCKoOKH. B KopTexe 37eMEHTHI «ITPHUITHCAHBD K MECTY.

IIpumepsr xoprexeit: <1,2,4,6,2>, <2, 4, 5, 6>, <5, 6, 2, 4>. BTopoii 1 TpeTuii KOPTEKHU CUNUTAIOTCS PA3IUIHBIMU,
XOTSI COCTOSIT U3 OAHUX U TEX JKE IIEMEHTOB.

B ycrnosHoii 3anucu koprexa < d,k,...,p >, 3leMeHTHI ero o6pasyroliue Ha3bIBAIOTCS KoopOounamamu (B 5ToM

UIaHe Jr000i KOPTEX pacCMaTPUBACTCS KaK BEKTOP, KOMIOHEHTBHI KOTOPOTO €CTh €r0 MPOSKIIHH).
Yuca0 KOMIIOHEHT KOPTEKa Ha3bIBACTCS €ro O1uHOoi (Mbl y)KE TOBOPUIIH, YTO KOPTEXK UTHHBI 2 HA3bIBACTCS Mapoil
(ynopsaoouennoii napoii), KOpTEX JIUHHBI 3 — TPOUKOM, U T.1.)

N-mecmnuvim ommuowenuem (coomeemcmeuem) P, unu n-wmecmnvim npeduxamom P Ha MHOXeCTBax
X, X0 X0 Ha3bIBAETCS HEKOTOPOE ITIOJIMHOKECTBO TIPSIMOTO npomsBeneHust X| X X, x...x X,
n

(P X, xX,x..xX,). DnemeHtsl x x,,..x, (TAe X3 €X,x;€X,,.,x, €X,) Ha3bIBAIOTCA CEAZAHHBIMU

coomeemcmeuem P torna u Tonsko Toraa, korga (x;,x,,...,x,) € P.

B ciryuae n=2 ncnons3yrorcst o003HaueHus: x Py wim <x,)>

Ecmn X=X, =..=X,=X,T.e. PcA4",TO yallle UCHOJIb3YIOT TEPMUH «OTHOIlIEHHE». B 3TOM ciydae roBop4r, 4to
P — n-mecTHOE OTHOIIEHUE (IIpeauKar) Ha MHOxecTBe X. Ecimu ske X| # X, #..# X, , TO 0OBIYHO UCIIOIb3YIOT TEPMUH

«cootBeTcTBUEY. [IpMepaMu cOOTBETCTBUS SIBISIOTCS: QYHKINH, OTOOpaKEHHMs, TpeoOpazoBaHusl, ONepanny 1 T.1.
I[Ipn n=1 oTHOmIeHWMeM P sBiIsAETCS NOAMHOXECTBOM MHOXECTBa X W HasbIBaeTCs YHaApHbiM (OJHOMECTHBIM)
OTHOIIEHHEM (MJIM COOTBETCTBHEM), WIIM CBOMCTBOM, Ha MHOXecCTBEe X. DTO O3HayaeT, YTO B MHOXKECTBO P momanyT
TOJIBKO T€ DJIEMEHTBI MHOXKECTBa X, KOTOpbIE 00,1a1a10T YKa3aHHBIM B OTHOILCHUH IIPH3HAKOM.
IIpu n=2 orHOmeHNEe P Ha3bIBaeTCA OUHAPHbIM (IBYyXMECTHBIM) OTHOIICHHEM (TUTH COOTBETCTBHEM). buHapHBIE
OTHOIICHHS HCIIONB3YIOTCS JUIS ONPEACIICHUS KaKUX-TO B3aUMOCBSI3eH, KOTOPBIMH XapaKTePHU3YIOTCS Maphl AJIEMEHTOB
MHOJKECTBA, T.€. €CIIM OTHOLICHHE P ONPEJIENICHO Ha MHOXKECTBE X x Y (P < X xY), TO TO 3HAYHUT, YTO B MHOXKECTBO P

TIOTIaAyT TOJIBKO T€ ITapbl MHOXECTBA X X Y , MEXKAY DJIEMEHTAMU KOTOPBIX UMEECT MECTO YKa3aHHOC OTHOIIIECHUE.
Jlanee ocTaHOBUMCS TOJIKO Ha OMHAPHBIX OTHOILECHUSX.
Tak kak 6I/IHapHOC OTHOLICHHUE — MHOXECTBO, TO CIOCOOBI 3aJaHUsA 6I/IHapHOF0 OTHOLICHHUA TAKHE XE€, KaK U
CIIOCOOBI 3aJaHrsI MHO>XKECTBA. BI/IHapHOC OTHOIIIEHHE MOXET OBITH 3a1aHO TIEPEYUCIICHUEM YIIOPSAOOYCHHBIX Map I
yKa3zaHHEM OOIIero CBOMCTBA yIOPSAOYCHHBIX IMap.

Ilpumep. a) p = {<1, 2>, <2, 1>, <2, 3>} — OTHOIIEHHE 33aJaHO TIEPEUNCICHUEM YITOPSTOICHHBIX Tap;
0) P = {<x, y> |x + y =7, X,y — IeCTBUTEIBHBIC YNCIIa} — OTHOIIICHHE 3aaH0 YKa3aHUEM CBOWCTBA X + ) = 7.

Kpome Toro, 6MHapHOE OTHOIIEHHE MOXET OBITH 3aJaHO Mampuueil ounapuozo omuowenusa. Ilyctes A = {ay, a,,
..., 4,} — KOHEYHOEC MHOXeCTBO. MaTpuiia OuHapHOro oTHOIIeHUs C eCTh KBaJpaTHAs MaTPHIIA MOPSIKA /1, SJICMEHTHI
KOTOPOH ¢;; OTIPeNEeNIOTCS CIEAYIOIUM 00pa3oM:

3 1, ecmna; Pa;

c,
Y |0, BIPOTHBHOM CIIy4ac.

ITpumep. A= {1, 2,3, 4}. 3ananum OMHApHOE OTHOLIEHUE O TPEMS HHUXKE IEPEUHCICHHBIMHU CIIOCO0aMU:
a) P ={<1,2>,<1,3>, <1, 4>,<2,3>,<2,4>, <3, 4>} — oOTHOLICHNE 33/IaHO MIEPEUNCICHUEM BCEX YIOPSIIOUECHHBIX
nap;
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0) P = {<a;ap> la; < a;; a;, a; € A} — OTHOIEHHE 33/JaHO YKa3aHHEM CBOICTBA «MEHBIIE» HA MHOXKECTBE A;
0111

B) ~_ 0011 |_ oruomenue 3anauo Matpuiiei 6uHapHoro otHomeHus C.
0001

0000

Obnacmuio onpedenenus GMHAPHOTO OTHOIIEHHS O Ha3bIBAETCA MHOXKECTBO D, = {x | CYILIECTBYET Y, UTO X O V}.
Obnacmyio 3Hauenuit GUHAPHOTO OTHOIIEHUS P HA3BIBAETCSI MHOXKECTBO R, = {y | CYIIECTBYET X, 4TO X O V}.
Oonacmoio 3a0anus GUHAPHOTO OTHOLIEHHUS O HA3bIBAETCA MHOXKECTBO M, =D, UR,,.

K oTHOmEeHnsIM NPUMCHUMBI CTAHAAPTHBIC OIlCpallui TCOPUU MHOKECTB.

Ilpumep. Ilyctb R — MHOXECTBO JACHCTBUTEIbHBIX YHUCENI. PacCMOTpUM Ha 3TOM MHOXECTBE CIEAYIOLIUE
OTHOWICHUS: O] — € <M, Pr— K =»; o3 —«<»; pu—«2»; ps—«>». Torma pr=pr, U p3; o2 =01 O pa; 3= 1\ o5
L= ps -

OmnpeznenuM enie ABE onepaniy HaJ OTHOLICHHAMH.
OTHOIIICHHE HA3BIBACTCS OGPAMHBIM K OTHOLICHHIO K 0003HAYACTCS p |, eclin p ' = {<x, y> | <y, x> € p}.

Hpumep. p = {<1,2>,<2,3>,<3,4>}. p'={<2, 1>, <3, 2>, <4, 3>}.
Ilpumep. p = {<x,y>| x—y=2,x,y €R}.
p’lz{<x,y>|<y,x>ep}:{<x,y>|y—x:2,x,yeR}:{<x,y>|—x+y:2, X,y € R}.

Komno3uyueit 1ByX OTHOLIEHUN 0 M O HA3bIBA€TCSI OTHOLIEHUE
00 p={<x, z> | CYIIECTBYET TaKoe ), UTO <X, y> € p U <y, z> €0}.

Ilpumep. p = {<x, y> |y: sinx}. o = {<x, y> |y: \x}.
0% p={x, z> | CYIIIECTBYET TAKOE y, UTO <X, y> € p U <Y, z> €0} = {<x, z> | CYIIECTBYET TaKOE y, 9TO ) = Sin X
u z=1\y} = {<x, 2> | z= sin x}.

o —1 1 -1
Ymeepotcoenue. /{5 sciaxoeo bunaproco omuowenus: cnpageduso ceolicmeo. (cop) ' =p oo .

Hokazamenscmeo. UToOb! J0Ka3aTh, 4TO ABa MHOXKECTBA PAaBHBI, JOCTATOYHO II0Ka3aTh, YTO OHU COCTOAT U3 OTHUX
M Tex ke dMeMeHToB. IIpemonoxkum, uto <x, y> €(0°p)' M, paccykmas MOCTEIOBATEIbHO, MOKAKEM, UTO
<x, y> € p ‘oo . Hyers <x, y> (oo p) ', Torna < y, x> € (oo p). CylIecTByeT TaKkoe z, 4To < y, z> € p, a
<z, x> € o. CymecTByeT Takoe z, YT0 < z, y > € p’l, a <X,z>€ O, ClIe/IOBATEIBHO <X, > e p’1 oo

Paccyskias B 0GpaTHOM TOpsIKe (CHU3Y BBEPX), MOTYYHM, 4TO U3 TOTO, UTO <X, y> € p ' © ¢ ', CIeyerT, 4To <x, y>

e(oo p) . Uro u TpeGoBaIoCh 10Ka3aTh.

OTHoLIEHUE P HA3BIBACTCS peqhieKcUHbIM HA MHOXKECTBE X, €Clu 0 100020 x € X guinoanaemca x p x. U3
OIIPEZICTICHUS CIIEAYET, YTO BCAKUM IEMEHT < X, X > € p.

Ilpumep. 1. Ilyete X  —  KOHe4HoOe MHOXecTBo, X = {1, 2, 3} u
p =<1, 1>, <1, 2>, <2, 2>, <3, 1>, <3, 3>}. OrHomenue p peduiekcuBHO. Ecin X — KOHEYHOE MHOXKECTBO, TO
TJIaBHas1 1aroHajJib Manl/IleI pe(pﬂeKCI/IBHOFO OTHOILLICHUA couepmnT TOJIBKO €IUHUIIbI. HJ’IH JAaHHOT'O anMepa
110

C=|010
101

2. Ilyctes X — MHOKECTBO IEUCTBUTEIBHBIX YHCEN M O OTHOIICHHWE PaBEHCTBA. JDTO OTHOIIEHHE PedIeKCHBHO, T.K.
Ka)KI0€ YUCIIO PaBHO caMoMy cebe.

3. Ilyctp X — MHOXECTBO JIIOACH W O OTHOIICHHE <CKUTHh B OJHOM TOpOJIE». DTO OTHOMICHHWE PEQIEKCHBHO, T.K.
KQK]IBIH )KUBET B OJTHOM TOPOJIE caM ¢ coOOii.

OTHOIIEHUE O HA3BIBACTCSI CUMMEMPUYHBIM HA MHOXKECTBE X, €CIIH 01 1F00bIX X, vy € X u3 X p y cnedyemy p X.
OuEBHTHO, YTO P CHMMETPHYHO TOT/IA M TOJIBKO TOT/IA, KOTAa 0= p .

Ilpumep. 1. Ilyete X  —  KOHe4Hoe MHOXecTBo, X = {1, 2, 3} u
p =<1, I>,<1, 2>, <1, 3>, <2, 1>, <3, 1>, <3, 3>}. OTHOmIEHHNE L CUMMETpU4HO. Ecnn X — KoHe4HOe MHOKECTBO, TO
MaTpUIla CHMMETPHYHOTO OTHOIIICHUSI CHMMETPUYHA OTHOCUTEIBHO TITaBHOM quaroHanu. J[is naHHOro mpuMepa
111

C=|110
101
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2. Ilycte X — MHOXECTBO ACHCTBUTENBHBIX YMCET U O OTHOLIEHHE PAaBEHCTBA. JTO OTHOIICHNE CHUMMETPHUIHO, T.K.
€CIIM X PaBHO Y, TO U ) PABHO X.

3. IlycTh X — MHOECTBO CTYJEHTOB M p OTHOIIEHHE «YUIUThCA B OJHOH Irpymmey». OTO OTHOIIEHHE CUMMETPHYHO,
T.K. €CJI X YUUTCS B OZHOMU TPyIIIE C ¥, TO Uy YUUTCS B OJHOM IPyIIIE C X.

@ OTHOLICHNE O HA3BIBACTCS MPAH3UMUGHBIM HA MHOXECTBE X, €CITH 014 Mo0bIX X, ¥, Z €e X U3 X p yuy p z
cnedyem x p z. OJHOBPEMEHHOE BBITIOIHEHUE YCIOBUN X 0 V, Y P Z, X 0 Z O3HAUaeT, 4TO napa <x, z> MPUHAIIECKUT
KoMIo3uuuu oo p. I[losToMy Ui TPaH3UTHBHOCTH O HEOOXOAMMO M JOCTaTOYHO, YTOOBI MHOXKECTBO PO O SIBIISUIOCH
MIOJMHOKECTBOM p, T.€. PO P C .

Ilpumep. 1. Ilyete X  —  KOHe4Hoe MHOXecTBo, X = {1, 2, 3} u
p ={<1, I>,<1,2>,<1,3>, <2, 1>, <2, 3>, <3, 1>}. OTHOImEHHNE O TPAH3UTHBHO, T.K. HAPSAY C apaMu <x, y> U <y, z>
nMeercs napa <x, z>. Hanpumep, Hapsaay ¢ mapamu <1, 2>, u <2, 3> umeercs napa <1, 3>.

2. Ilyctp X — MHOXKECTBO AEWCTBUTEIBHBIX YHCEN U O OTHOLICHHE < (MEHBIIE FJIN PaBHO). DTO OTHOIICHHE
TPAH3UTUBHO, TAK KaK €CIU X<y U y <z ,TOX < Z.

3. IIycte X — MHOXECTBO JIIOAEH W p OTHOLIEHHE «OBITh CTapiie». ITO OTHOLICHHE TPAaH3UTHBHO, TaK KaK €CIH X
cTaplle y My cTaplle z, TO X CTaplle z.

@ OTHOIIEHUE Y HA3BIBACTCS AHMUCUMMEMPUYHBIM HA MHOXECTBE X, €CIIH 0151 1I00bIX X, Yy € Xus X p yuy p x
cnedyem x = y. VI3 onpenencHust aHTUCUMMETPHUYHOCTH CIIELyeT, YTO BCIKUI pa3, KOTAa mapa <x, y> NPUHAICKUT
OJTHOBPEMEHHO P U O ', IOIKHO BBITIONHATHCS PABEHCTBO X = y. JIDyTHMH CJIOBAMH, P M £ ' COCTOMT TOJBKO U3 TIap
BUAA < X, X >.

Ilpumep 2.87. 1. Ilyctb X —  KOHEYHOe MHOXecTBO, X = {l, 2, 3} u
p ={<1, 1>, <1, 2>, <1, 3>, <2, 2>, <2, 3>, <3, 3>}. OTHOWmIEHHE p aHTHCUMMeTpU4HO. OTHOMeHHEe o = {<1, 1>, <I,
2>, <1, 3>, <2, 1>, <2, 3>, <3, 3>} He anTHcHMMeTpudHO. Hanpumep, <1, 2> ec, u <2, 1> €o, Ho 1 #2.
2. Ilycth X — MHOKECTBO IEHCTBUTENBHBIX YHCET M O OTHOIIEHHE < (MEHBIIE WIH PaBHO). DTO OTHOILCHHE
AHTUCUMMETPUYHO, T.K. ECIINX <), HY <X, TOX = ).

OTHoOUIEHNE P HA3BIBACTCA AHMUPedheKcueHbIM HA MHOXKECTBE X, €CITH IS JII000T0 X € X HE BBINOJHACTCA X O

X.

OTHOILICHUE P HA3BIBACTCS MOJIHbIM VUV JIUHEHHbIM Ha MHOXXECTBE X, €CIM Ui MOOBIX X, ¥ € X H X # Y
BBINIOJIHSETCS JIHO0 X p y, b0y P X.

OTHOIIICHHE o HAa3bIBACTCS OTHOIICHUEM JKGUGAICHIMHOCIMU HA MHOXECTBE X, €ClId OHO pedIeKCHBHO,
CUMMETPHYHO M TPAH3UTHBHO Ha MHOXeCTBe X.

Knaccom Ixeusanenmunocmu, NOpOKICHHBIM DIICMEHTOM X, Ha3bIBACTCS MOJAMHOKECTBO MHOXECTBA X, COCTOSIIIECE
U3 TeX DIIEMEHTOB y € X, Ui KOTOphIX X p y. Kiacc 9KBUBAIEHTHOCTH, MOPOXKICHHBINA 3JIEMEHTOM X, 0003HAYAETCSI
yepes [x]. Takum oOpazom, [x] = {ye X|x o y}.

Kiaccel 9KBHBAJIEHTHOCTH OOpa3ylOT pa3zOuenue MHOXKecTBa X, T. €. CHCTEMY HEMyCTHIX MOMAPHO
HEMEPeCeKAINXCS ero MOJAMHOXKECTB, 00bEANHEHNE KOTOPBIX COBMAgaeT Co BceM MHOkecTBoM X. CrpaBeyTUBO
YTBEPKICHHUE, UTO JHOOOMY OMHOWIEHUI) IKGUSALEHMHOCU OOHO3HAYHO CONOCMAGNAemCcs pazouenue u, 06pamHo,
TH0060MY PA3OUEHUI0 MHOJICECMEA OOHOZHAUHO CONOCMAGIACMCS OMHOUEHUE IKGUBANEHIMHOCHIU.

Ilpumep. 1. [Myete X —  KOHEYHOE MHOXecTBO, X = {1, 2, 3} u
p ={<1, 1>,<2,2> <3, 3>}. OTHOIIEHHUE P ABIACTCSA OTHOIICHHEM SKBHBAJICHTHOCTH.

2. ITycTtb X — MHOXXECTBO JEHCTBHUTEIBHBIX YHCEN U O OTHOIICHHE PABEHCTBA. DTO OTHOIIEHHE 3KBHBAICHTHOCTH.

3. Ilyctb X — MHOXECTBO CTYJEHTOB W 0 OTHOUIEHHE «YYHUTbCS B OJHOW TIpymme». OTO OTHOIICHHE
SKBHBAJICHTHOCTH.

IlIpumep. 1. OTHOLICHWE pPAaBEHCTBA Ha MHOXKECTBE LIENIBIX YHCENl IOPOXKAAECT CIEAYIOLINE KIIacChl
SKBUBAJICHTHOCTH: JJISl JIIOOOTO 3JIEMEHTa X M3 3TOTO MHOXeCTBa [x] = {x}, T.e. KaXIblil KJacc 3KBHUBaJCHTHOCTH
COCTOUT U3 OJTHOTO 3JIEMEHTA.

2. Kiacc 5>KBUBAJNICHTHOCTH, TOPOKICHHBIA IApOH <X, )> OIpPENeNseTcs COOTHOIIeHWeM: [<x, y>] =

X u
(u,v) | — = — . Kaxaplil Kj1acC SKBUBAJIEHTHOCTH, MOPOXKACHHBIN apoi <x, >, ONPEAEISET OJHO PalOHAIbHOE
y

1%

YHUCIIO.
3. IIJ'IH OTHOWICHUA HNPUHAMJIICKHOCTH K OZ[HOﬁ CTy}leH‘IeCKOﬁ Trpynrne KiIaCcCOM OJOKBUBAJICHTHOCTH SABJIACTCA
MHOXXECTBO CTYACHTOB OZ[HOﬁ TpyHIIbI.

OTHOIIEHHE o HAa3bIBa€TCsl OTHOIIECHHEM RoOpAadKa (WIA TPOCTO MOPSAKOM) Ha MHOMECTBE X, €CIIH OHO
AQHTHUCUMMETPHUYHO U TPAH3UTUBHO HA MHOJKECTBE X.
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Ecnu oTHOIIEHHE MOPSAIKA MOJIHO, TO OHO HA3BIBAETCSA OTHOLICHHEM HOHO20 (TUHEH020) NOPAOKA, B IPOTHBHOM
Clly4ae — OTHOLIECHHEM YACHUYHO20 NOPAOKA.

Ecnmu oTHomeHue mnopsaka peduIeKCUBHO, TO OHO Ha3bIBAETCA OTHOLICHUEM HeECMmpPOo2020 HOPAOKA, €CIH
aHTUPEIICKCUBHO — OTHOIICHUEM CHIPO2020 NOPAOKA.

OtHouleHne, 0OpaTHOE OTHOLICHHUIO MOpsiIKa OyIeT, 0YEBHIHO, OTHOLIEHHEM ITOPSIKA.

IIpumep. 1. [yete X —  KOHEYHOE MHOXecTBo, X = {1, 2, 3} u
p ={<1,1>,<1,2>, <1,3>,<2,2>,<2,3>,<3, 3>}. OTHOIIICHUE L ECTh OTHOIIICHHE MOPSIKA.

2. OtHomeHne 4 C B Ha MHOXKECTBE TIOJMHOKECTB HEKOTOPOTO MHOXKECTBAa U €CTh OTHOIIICHHUE MOPSIKA.

3. OTHOIIIEHHE ICTUMOCTH Ha MHOYKECTBE HATYPAIIbHBIX YHUCET €CTh OTHOILICHUE MOPS/IKA.

CumMBosmueckas 3anuch @yukyuu: f: X" — X, rme cMHMBOI — 03HAYaeT OJHO3HAYHOE OTOOpaKEHHE KOpTexka
JUITMHHBI 71 W3 3JIEMEHTOB MHO)KeCTBa X B 3JIEMEHT MHOXecTBa X .

Tak xak 7 -mecTHas (l)yHKIII/IH o 7 3JeMEeHTaM MHOXeCTBa X OIIpeALIIACT (}’l + 1)-171 3JIEMEHT MHOXKeCTBa X , TO

N -MECTHYO (byHKLII/IIO MOJKHO pacCMaTpUBaTh KakK (n + 1) -MCCTHOC OTHOLICHHC (COOTBGTCTBI/IC) Ha MHOXecTBe X .
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§8. HeueTkue MHOKeCTBa

B 1965 rony amepukanckuii marematuk Jlomgu 3aoe (L. Zade) omybnukoBan crareio “Heuerkme mHOecTBa”
(“Fuzzy sets”). bouio mano HOBoe ompejeNieHHEe MOHSTHS MHOXKECTBA, NMpeAHa3HAYEHHOE ISl ONMHCAHHS CIIOXHBIX
IUIOXO OTIPEETIeHHBIX CHCTEM, B KOTOPBIX HApSAy C KOJIMYECTBEHHBIMH AAHHBIMH HPUCYTCTBYIOT HEOJHO3HAYHEIE,
CyObeKTHBHBIE, KaueCTBEHHbIe JaHHbIE. B mocienylommx crarbix HUM ObUT  pa3paboraH  (ha3u-alrOpUTM.
CymiecTByeT JiereHia O TOM, KakuM o0pa3oM Oblia MpHIyMaHa TEOPHsS HEUETKUX MHOKecTB. OmHaxIbl 3aje UMel
JUTMHHYIO JUCKYCCHIO CO CBOMM JIPYTOM OTHOCHTEIBHO TOTO, Ubs JKE€HA MpHBIeKaTeIbHee. TepMuH “npuBieKkaTenpHas”
- OYEHb HEOTIPENIeNICHHBIN, U B Pe3yIbTaTe MUCKYCCHU OHH TaK M HE CMOTII IPUHTH K YIOBIETBOPUTEIFHOMY HUTOTY.
310 BRIHYIMII0 3a1e cHOPMYIUPOBATh KOHLIEMIINIO, KOTOPasi BBIPAXKaeT HEUETKHE MOHSITHS THIIA “TIpUBJIEKaTeNbHas” B
yucinoBoil opme. IlepBoe npakTuyeckoe npuMeHeHue ¢asu-teopur B Havane 80-X TOJOB CBS3aHO C yNPaBICHUEM
00>KUTOBOI LIEMEHTHOM TEeYbI0 U XMMUYECKHM HHXEKTOPOM B YCTAHOBKE MO OYHCTKE BO/IbI.

[ToHsiTHE MHOXECTBa JIEKHUT B OCHOBE BCEX MaTeMaTHYeCKMX KOHCTPYKIMH, M CTaThs 3aje MOpoawiia HOBOE
HayyHOe HampapieHue. [lpomsonuio “pasnBoeHHe” MaTeMaTUKH, TOSBIINCH HEYETKHE (QYHKIHMH, HEYETKUe
OTHOUICHUsI, HEUETKHE ypaBHEHHs, HEUeTKas JOTMKAa W T. J. OTU TOHATUS MIMPOKO HCIIOJIB3YIOTCSI B DKCIEPTHBIX
CHCTEMaX, CHCTEMaX MCKYyCCTBEHHOTO MHTEJUIEKTa. M3710)kHM OCHOBHBIE TIOHATHSI HEUETKUX MHOXKECTB.

Heuemxum noomnosycecmeom A mMHoxectBa X HazoBeM napy (X, f4), rae fy(x) — GYHKIMS, KaXI0e 3HaUeHHE
KOTOpoit y(x)e [0, 1] uaTEpIIpeTHpYETCS KaK CTENEHb MPUHAUIKHOCTH TOYKH XEX MOAMHOXKECTBY A. OYHKIUS L
HA3bIBACTCS PYHKY el NPUHAONEHCHOCHIU MHOXKECTBA A.

J11s1 0OBIMHOTO YETKOTO MHOXECTBA A MOXHO ITOJIOXKUTh

1, xe A,

PO xe A

Takum 006pa3oM, 0OBITHOE MHOXKECTBO SIBIISIETCS] YACTHBIM CITydaeM HEYETKOTO MHOXECTBA.
DyHKINIO MPUHAIIEKHOCTH, KaK ¥ BCSIKYIO (DYHKIHIO, MOKHO 33/1aBaTh TAOIMYIHO WM aHATUTHIECKH.

Ilpumep. IlpuBenem nmpumMep HEUETKOTO MHOXKECTBA 4, KOTOpoe (GOpMaIN3yeT MOHATHE «HECKOJIBKO», SCHOTO JIHIIb

Ha UHTYUTHBHOM ypoBHe. Ilycts X = {1, 2, 3, ..., n,...} — MHOXXECTBO HaTypaJbHBIX YHCell, a QYHKUIUSI L4(X) 3adaHa
TaOJINLeH:
X 1 2 3 4 5 6 7 8 9 10..
Ha(x) 0 010608 1 1 090702 0

AHAJOrMYHO MOYKHO BBECTH MOHITHS «MHOTO», «Majio», «okoyio 100y, «moutu 20», u T.1.

HepeMeHHHe, 3HAUCHUAMU KOTOPBIX SABJIAKOTCA HEYCTKHUC MHOXKCCTBA, HA3bIBAIOTCA JIUH26UCHMIUYECKUMU. 310
OCHOBHOM THII MEPEMCHHBIX B A3BIKC J'IIOZ[Gﬁ.

Ilpumep. Ilyctb X = (0, 00) — MHOXKECTBO MOJIOKUTEIBHBIX YHCEN, a PYHKITUS £44(X) 3a1aHa (GOPMYIIOit:

0,0 < x <50,
-1

Ha(x) =
! 1 25 x> 50.

+_44444444,
(x —50)°

I'padux sroli ¢pyHKumm m300paxkeH Ha pucyHke 9. Ecim mepeMeHHyI0 X HHTEpIpEeTHPOBAaTH Kak BO3pacT, TO
HEUETKOE MHOXECTBO A4 COOTBETCTBYET IOHATHIO «CTapblil». AHAJOTMYHO MOXHO BBECTH IOHSITHUS «MOJIOJION,
«CPEeHUX JIeT» U T. .

Hafx)

0.8 s

.- —————

50 60 X

Puc. 9.

Hpu.fnep. HepeMeHHaﬂ «PacCCTOAHUEC» MNPUHUMACT OOBIYHO YMCJIOBEIE 3HAYEHHS. O)IHaKO B TIPCIIOKCHUAX
CCTCCTBCHHOI'O sA3bIKa OHA MOXKCT (I)I/Il"ypI/IpOBaTI) KaK JIMHIBUCTHYCCKasd CO 3HAUYCHUAMU. «MaAJIOC», ((60J'ILHIOC>>,
«CpeaHEL», KOKOJIO 5 KM» U T. .
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Puc. 10.

Kaxxnoe 3HaueHne OmMMCHIBAE€TCSI HEUETKUM MHOKECTBOM. IlycTh peub uaeT o moe3akax Ha TakcH Mo ropoay. B
Ka4eCTBE YHHUBEPCATBHOTO MHOXeCTBa X MOXKHO B3sATh OTpe3ok [0, 100] kM ¥ 3amaTh (YHKIUIO TPUHAAICKHOCTH
3HauUEHUH TakK, KaK oka3zaHo Ha pucyHke 10.
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	Областью задания бинарного отношения ( называется множество M( = D( ( R(. 
	Утверждение. Для всякого бинарного отношения справедливо свойство:  (( ()–1 = ( –1 ( –1. 


