* ANCKpeTHasn
MaTeMaTuKa



Llenb:- N0O3HaKOMUTb CTYAEHTOB:
1) C 06WMMM NOHATUAMU TEOPUMN MHOXKECTB;
2) C OCHOBHbIMU OrepaumaMM Hag MHOXKECTBaMM;

3) C COOTBETCTBUAMM MEXKAY MHOXKECTBAMU U C
OTOOparKEHUAMM;

4) c KNacCUPHUKaLMEN MHOXKECTB M C MOLLHOCTbIO MHOYKECTBA;
D) C KOpTeXXaMun U C AeKapTOBbIMU MPOU3BEAEHUAMM;

6) C OTHOLUEHNAMM, C OBMHAPHBIMU OTHOLLEHUAMM U UX
CBOMCTBAMMU;

7) C aneMeHTaMM1 KOMOMHATOPUKMU;
8) C NnoACTaHOBKaMM.



* BBegeHue

/INCKpeTHas MaTemaTuKa - HanpaB/ieHME B
MaTEMATMKE, obbeauHAlLllee OTAe/IbHble eé
pa3/enbl, paHee cOpMMPOBaHHbIE KaK

CaMOCTOATE/IbHble TeopMn. K HMM OTHOCATCA
MaTeMaTUYyeCcKada JIorMKa U TeOpMM MHOXKECTB,
rpadoB, KOAMPOBaHUA, aBTOMATOB.

/INCKpeTHOM  MaTeMaTUKOMU Ha3blBalOT
COBOKYMHOCTb  MATEMATUYECKMX  AUCLUIMJIMH,
M3yYaloWMX CBOUCTBA MATEMATUUYECKUX MOAENIEU
06BEKTOB, NpoLIeCCOB, 3aBUCUMOCTEMN,
CYLLECTBYWOLWIMX B peas/lbHOM MMPE, KOTOPbIMU
OMNEPUPYIOT B pas/IMYHbIX 061aCTAX 3HAHMM.



[ANCKpeTHaA MaTemMaTMKa MCrosib3yeT CpeACcTBa,
pa3paboTaHHble B KJ/IAaCCMYECKOM MaTEMATHUKE.
OfHAKO XapakTep O0ObEKTOB, WUCCAedyEMbIX
JMNCKPETHOM MaTeMaTMKof/i, HaCTOJIbKO
pa3Hoobpa3eH, YTO METOoJ0B  KJaacCUMYEeCKOU
MaTEMAaTUKM He Bcerga JAoCTaToyHO And  MX
M3yvyeHus. osatoMy Te crneunudrYecKMe MEeToAbl,
KOTOpbl€ NMPUMEHAIOT /1A OYeHb LIMPOKOro Kaacca
KOHEYHbIX JAUCKPETHbIX (MMEWLMX NPEPbIBHbIMU
XapaKTep) OObBLEKTOB, U OblIM 0O0bEAMHEHbI B
oblliee HanpaBAEHME - AUCKPETHYIO MAaTEMATHUKY.

B HacTosiLlee BpemMa 3HAHME JAUCKPETHOM
MAaTEMATMKM  HEO6XOAMMO  CneupasmMcTtam B
Pa3/IMYHbIX 06/1aCTAX AEATEIbHOCTM.



COBOKYMHOCTb 3/1EMEHTOB, 0O0bEAMHEHHbIX
HEKOTOPbIM NMPM3HAKOM, CBOMCTBOM, COCTABAAET
NOHATUE MHOXecTBO. Hanpumep, MHoOKecmso
KHUI B OGMOIMOTEKE, MHOXXecmBso CTYAEHTOB B
rpynne, MHoxecmso HaTypaJibHbIX Yucen N u T.

a.

3anncb g € M3Havaer: 3/IEMEHT a
npuHaosie:Kum MHOXeCTBY M, T. €. dJIEMEHT a
0621ajaeT HEKOTOpbIM MPM3HAKOM. AHA/IOrMYHO
1 ¢ YNTAETCA: DNIEMEHT a He npuHadjiexxum
MHOXXecTBy M.

*1.1. O6LIMEe NOHATUSA TEOPUMN
MHOXXeCTB



MHoXecTBa ya0OHO M306paxKaTb C MOMOLLbHO
Kpyaos8 Jusepa.

MHoXectBo K Ha puc. 1.1 Ha3biBaloT
NOAMHOXEeCTBOM MHOXecTBa M 1 0603Ha4aloT

KcM
MHoXecTBo K Ha3blBaeTCA
NOoAMHOXXeCTBOM MHOXXeCTBa
M ( g ecim ana moboro  yc K
BbIMONHAGTCA . _ 4/ Puc. 1.1.

* Us06paxkeHne MHOXECTB



YHunBepcasibHbIM Ha3blBaeTCs MHoXecTBo U,
COCTOAEE M3 BCEX BO3MOXHbIX 3/IEMEHTOB,
o6naaaroWmMX AaHHbIM NPU3HAKOM.

ECcAi MHOXXeCTBO He CoAepXMT 3/IEMEHTOB,
ob6najalowmMx AaHHbIM  MPU3HAKOM, TO OHO
Ha3bIBaeTCA NMYCTbIM U 0003HavaeTca ¢ .

PaBHbIMM Ha3bIiBalOT [Ba MHOXXecTBa A U B,
COCTOSALLME U3 OJMHAKOBbLIX DJIEMEHTOB: . 4= B

Yncno anemMeHToB MHOXecTtBa A Ha3blBaeTcH
MOLLHOCTbIO MHOXXECTBa M 0603Ha4YaeTca |A|

MU n(A) :



MHOecTBO, 3/IEMEHTAMM KOTOPOro SIBJIAIOTCS
NOAMHOXECTBa  MHOXecTBa M, Ha3biBaeTcs
cemelicmsom MHoxkecmsa M wnu 6ys1eaHoM 3TOro

MHO)XecTBa 1 06o3HavaeTca B(M).

MowHocTb OyneaHa MHo)XecTBa M
BbI4UC/IAemcAa ho (hopmyie ‘ B(MX — 9"
rae n - amo MoWwHoOCMb MHoXxXecmasa M.

[Ipumep. M={y,x,a},n=3, B(M)(:Z3 =3,

B(M) =124y} txlal by, bn,a iy, ajy.x,aj




MNMpumep 1. aHo mHOXecTBO A = { a,b,c,d,e}. Hantu bynean mHoXecTBa A.
KapauHanbHoe 4ncro byrneaxa.

PeweHue. byneaH mHoXecTBa A:

P(A):2 | {a} | {b} | {c} | {d} | {e} | {a, b} |{a, c}|{a, d} |{a, e} | {b, c} |{b, d} | {b, e}
|{c, d} |{c, e} |{d,e}[{a, b, c}|{a b,d}|{a b, e}|{a c d}|{a c e}|{a d e}|
{b,c,d}|{b,c,e}|{b,d,e}|{c,d,e}]|{a, b,c,d}|{a, b, c,e}]|{a,b,d, e}]|{a,c,
d,e}|{b,c,d,e}|{a b,c,d,e}

KapanHanbHoe yncno byneaHa Haxogum ro dpopmyre |[P(A)|=2" , rae n=|A| -
MOLLHOCTb MHOXecTBa A, T.€e. YACI10 BCEX ANEeMEHTOB MHoOXecTBa A, n = 4,
Torga |P(A)|=2° = 32.

NMpumep 2. [laHo mHoXecTBO B = {{2,3}, 2,3,5,8}. Hantn 6yneaH mHoXecTBa B.
PeweHue.

Bynean P(B): 2| {{2,3}}| {2} | {3} | {5} [ {8} | {{2, 3}, 2} | {{2, 3}, 3} [ {{2, 3}, 5} |
{{2,3}, 8} [{2, 3} {2, 5} [ {2, 8} | {3, 5} | {3, 8} | {5, 8} | {{2, 3}, 2, 3} | {{2, 3}, 2, 5}
| {{2, 3}, 2, 8} | {{2, 3}, 3, 5} | {{2, 3}, 3, 8} [ {{2, 3}, 5, 8} | {2, 3, 5} | {2, 3, 8} | {2,
5,8} [{3,5,8}{{2,3},2,3,5} [ {{2, 3}, 2,3, 8} [ {{2, 3}, 2, 5, 8} | {{2, 3}, 3, 5, 8} |
{2, 3,5, 8|{{2, 3}, 2, 3, 5, 8}

KapauHanbHoe Yncno Gyneana: |P(B)|=2", roe n=|B| = 5, Toraa |P(B)| = 2° = 32.



NMpumep 3. [laHo nycTtoe MHOXeCTBO 2. Hantn byneaH 2.
PeweHue. bynean P(B) =2, |P(B)|=2", roe n=|9| =0, Toraa |P(2)| =
2=

NMpumep 4. laHo mHoxecTBO D = {2}. Hantn 6ynean mHoxecTtBa D.
PeweHnue. bynean P(D) =2, {&}; |P(B)|=2", roe n=|D| =1, Toraa
|IP(D)| =2"=2.



3agayva 5. Hantn pasduerHune mHoxects A={1, 2}; B={a, b, c}; C={1, 2, 3, 4}.
PelleHue.

M+oxecmeo A: X, = {1}, X, = {2}; A =X, [1X,. 3TO €AMHCTBEHHbIA CNOCOO
pa3bneHna MHoxecTBa A.

MHoxecmeo B: nepBbivi cnocob: X, = {a}, X, = {b}; X, = {c};

BTOpOW cnocob: X, = {a, b}, X, = {c};

TpeTumn cnocob: X, = {a}, X, = {b, c}.

MHoxecmeo C: nepsbiii cnocob: X, = {1}, X, = {2}; X, = {3}; X, = {4};
BTOpoK cnocob: X, = {1}, X, = {2, 3}; X; = {4};

TpeTumn cnocob: X, = {1, 2}, X, = {2}; X, = {3, 4};

ueTBepTbii cnocob: X, = {1, 2}, X, = {3, 4};

nsaTeIA cnocob: X, = {1, 2, 3}, X, = {4}, n 1.4

3agayuv Ans CaMoCTOATENbHOro peLleHus.
1. Hantn 6yneaHbl criegytowinx mHoxectsa: A ={1}, B ={3, 5}, C ={7, 8,

3)
10}, D ={m, n, p, q}. Hantn pasbueHne mHoxecTB A, B, C, D.



MHOXeCcTBO cuMTaeTcA 3aJaHHbIM, €CJIM
nepeYyucsieHbl BCE €ro 3JIEMEHTbl, MAU YKA3aHO
csolicmso, KOTOPbIM 06/1aJal0T T€ U TOJIbKO TE
3JIEMEHTbI, KOTopble npuHaaNeXaT JAaHHOMY
MHo)ecTBy. CaMO  CBOMCTBO  Ha3sblBaeTcs
XapaKTePUCTUUYECKUM.

B KayecTBe XapaKTEpPMUCTMYECKOro CBOMCTBA
MOXET BbICTYNaTb YKal3aHHasas AJs19  3TOro
CBOMCTBA nopokdaruwiad npouyedypa, KoTopas
ONMUCbIBAaeT Crnoco6 nosiy4eHUsa  D/IEMEHTOB
HOBOrO MHOMEeCTBa M3 YXKe  MN0JIyYEHHbIX
3/IEMEHTOB UM U3 APYrMX OO BEKTOB.



MHoxecTBO BCEX yuncen, ABNAIOLWMXCS
HeoTpuUaTeIbHbIMM CTEMEHAMM 4UYMClA 2  MOXKHO
3aJaTb:

a) NepeyYnC/IEHNEM INEMEHTOB: M , = {1,2,4;8,16,32,...
6) YKa3aHMEM XapaKTEPUCTUYECKOro CBOMCTBA:
M, S ieZ,i>0f
B) C TMOMOLLbIO MOpOXJalLWen npoueaypbl Mo
UHOYKMUBHbIM NPpaBUNIaM: €C/M 1< Af , TO (2k)eM,
2" !

keMz,,

* MpuMepbl 3aaHNS1 MHOXeECTBa



CymMmou nnn obveduHeHuemM ABYX MHoxKecTB X
M Y Ha3blBaeTCA MHOXECTBO, COCTOsllee U3
3/IEMEHTOB, BXOAALUMX UM BO MHOXKECTBO X, UK
BO MHOXecCcTBO Y, a MOXeT B 00a MHOXXeCTBa
oA4HOBpPEMEHHO (puc. 1.2). O6o3HaveHue: Z=X1UT.

Puc. 1.2

*1.2. OCHOBHbIE onepauuu Hag
MHOX>XeCTBaMMm



[lepecedeHuemM MHOXecTB X U Y Ha3blBaeTcA
MHOXECTBO, COCTOALLlEeEe U3 IJIEMEHTOB, BXOAALLUMX
OAHOBPEMEHHO U BO MHOXecTBO X, MU BO
MHOXKecTBo Y (puc. 1.3). O603Ha4yeHHe: Z=X10Y.

PazHocmbio MHOXecTB X M Y Ha3blBaeTCA
MHOXEeCTBO /[, cojep)kallee BCE 3J/IEMEHTHI
MHOXecCTBa X, He coJepxawumeca B Y (puc. 1.4);
3Ta pa3HOCTb 0603HavaeTca Z =X \Y.

Puc. 1.3 Puc. 14



/lono/iHeHuUeMm YMHOXecTBa X Jo
YHUBEpcasbHOro MHoXectBa U (puc. 1.5)
ABNAETCA MHOXEeCTBO

X=1{x|x ¢X,x eU}

o4

Puc. 1.5



Cummempu4ecKol pasHoCcmbto MHOXXecTB X U Y

Ha3blBAaE€TCS MHOXECTBO Z, cojepKalwee nambo
3JIEMEHTbl MHOXecTBa X, JIM6O 3S/IEeMEHTHI

MHOXecTBa Y, HO He Te U Apyr1Me oAHOBPEMEHHO
(puc. 1.6); 3Ta pasHOCTb 0603HavyaeTca X.\Y.

=x Ny (X\1)8(r\x)

Puc. 1.6.



BMeCTO BblpaykeHMs «/1l0b0oe X U3 MHOXKecTBa X»

MOXHO Nncatb Vxe X , rAe nepeBepHyTad
NAaTUHCKAaa 6yKBa A B3siTa OT Hayana aHIJIMUCKOro
cnoBa Any - sit060M.

BMeCTo Bblpa)eHMA «CylleCTBYeT 3/IEMEHT X M3
MHOXecTBa X»

KPaTKO MULWIYT: Jy e X , rae nepeBepHyTad
NATMHCKaA O6ykBa E ABnsetca HavyaabHOM B
aHrIMmMckom csose Existence - cyllecTBoBaHMe.



MHOXXecTBO A MOXXHO pasduTb Ha KJacchl
(HenepecekKatomecs NoAMHOXKeCTBa) A, ec/u:

* 06beamMHeHUe BCex MOAMHOXKECTB COBMAJAET C
mHoskectBom A1 =N 4 -

l

* nepeceyeHne  NOObIX  ABYX  Pa3/IMYHBIX

J10AMHOXECTB nyc A NOObIX
l BZII'IOJ]HFIGTCFI JO& @1



/lna onepaumm HaZ MHOXKECTBamMM CrnpaBea/IMBbI
cneayowme ToXJecTBa:

* 3aKOHbI KOMMYMAamuBHOCMU 06beAUHEHUSA U
nepecevyeHus

X0y=Y0lx, XOY=Y0X,

* 3aKoHbI accoyuamusHocmu 06beduUHeHUS U

nepecequU?Xm Y) 7 =X (YM Z)a

(XYl Z=X0 (YD Z),



O, 3aKOHblI ducmpubymusHoCmMU  nepece4vYeHUs

omHocumesibHo o06bbeduHeHUd U o06beduHeHUA

omHocumensHo nepeceyerus X1 (T8 2)=(x17)l (X0 Z),
XB(YE Z)=(XBY)E (XE Z)

@
® 3aKOHbI NO2/IOUW|EHUS] XU (X0Y)=X, XB(X87)=X:

® 3aKOHbI CRACURYPn (xn v)=x, (x01)B (x07Y)=x;

® 3aKoHbI [Mopeyko¥d (YN Y)=X Y, XU (}N Y)=XN Y;

I

Onepaums MMeeT MpeMMyLLeCcTBO nepea
onepauuent . CKOBKM - AN1A HarnsiAHOCTM.



*3aKOHbI UDemMnomeHmMHocmu 06bedUHeHUA U
nepeceveHus XUX=X, XW X=X

*3aKoHbl delicmsus ¢ yHusepcaibHeim (U) u

nycmabIM ( @)} YHPKEGNBAMY, 1 > _ 2.
XNU=U, XNU=X
X0XxX=U, XW0XxX=;

niliia T YRRPIEN Y, XaT-X0

il

*3aK0H 080lIHO20 aonoTeﬂu&



[Mapbl (ai, b 3a/1al0T COOTBETCTBUE MEXKAY
MHOXeCcTBamMn ‘A 1 B, ecan ykasaHo npasuo R, no
KOTOPOMY AJ1A  3JIEMEHTa MHOXecTBa A
BblOMpPaAEeTCA 3/IEMEHT M3 MHOXecTBa B.

[lycTb 419 HEKOTOPOro 3JIEMEHTA A MHOXECTBA
A NMOCTaBJIEH B COOTBETCTBME HEKOTOPbIM 3/IEMEHT
b 13 MHOXecTBa B, KOTopbIM Ha3biBaeTCA 06pa3om
3/1IEMEHTA a M 3anucbiBaetca b=R(a) . Torpa
- Mpoobpas 3/IEMEHTA ¢ =R'(b) beB

*1.3. CooTBEeTCTBMA MeXAay
MHOX>ecTBaMU. OTo6parxeHus



Obpa3 MHOXXecTBa A npu cooTBeTCcTBMU R
Ha3blBa€TCA MHOMECTBOM 3Ha4Y€HMU 3TOro

COOTBETCTBUA M 0603HAYaETCH R(A¢cnv
E(CIPUT M3 0Opa3oB BCEX 3/IEMEHTOB MHOXKECTBA

R(4)=1{p|VYaec A,3be B:b=R(a)}

[lpoobpa3 MHOXecTBa B npuM HeKoTopom
COOTBETCTBUU R Ha3blBalOT 06/1aCTbi0
onpepesieHUa 3Toro COOTBETCTBMS M 0603HaYaloT

R (B)e:  pi(B)={a|vbeB,dac A:R(a)=b}

-1
R~ aBnaetca o6paTHbIM COOTBETCTBMEM ANA R.



/1na onmMcaHMsa COOTBETCTBUM MEXKIY MHOMKECTBaMMU
MCMOJIb3YIOT NOHATUE OTOOpaXKEHMUA.

/ina  3ajaHusa  oTobpaxeHus [ HeobxoAMMO
yKasaTb:

* MHOXeCTBO, KOTopoe oTobpaxkaeTca (06nactb
onpeaeneHna  oTobpaxKeHus, O6OBH£—(&@TCH

);

* MHOXecTBO, B (Ha) KO}JLQ:fe oTObparkaeTcs
o6s1acTb onpeaeneHma (MHOXXeCTBO 3HAYeHMM
3TOro OToOparkeHnda, 0603HavYaeTCH );

* 3aKOH U cooTBeTCTBUE MeXAay STUMH

MHOXXECTBaMM, MO KOTOPOMY A1 3S/IEMEHTOB
NMEpPBOro0 MHOXeCTBa BblObpaHbl 3/1EMEHTbl M3
BTOPOro.



[lpn 3anmMcn  f:4—> B noAapasyMeBaeTcAa, YTO
oTobpaxkeHue f onpeaeneHo B8cody Ha A, T1.e. A -
MOJIHbIM Npoobpas3 oTtobpaxkeHma f, xoTa Ansa B
Takoe CBOMCTBO MOJIHOTbI HE NOJApa3yMEBAETCH.

OAHO3Ha4YHbIM Ha3blBaeTCA OTOOpaXKeHue, rae
KaxkKAOMYy aprymMeHTy MocTaB/N€HO B COOTBETCTBUE
He 60J1ee o4HOro oobpasa.

OToOpaxKeHMa MOXKHO 3aJaBaTb:

a) aHaJ/IMTUYECKM ( C NOMOLLbIO POpPMY);

6) rpadU4ecKmn ( C NMOMOLLIbIO CTPEJIOYHbIX CXEM);
B) C MOMOLLIbIO TabAML,.



* Knaccugpmkaums oTobpaxxeHusi no MOLYHOCTH

*Ha MHOecCTBO
«CIOPBEKLMSA»;

*Ha MHOKecTBo
«OUEeKUUSa>;

*Bo MHOMECTBO
«UHDBEKLMA».




* Ha MHOXeCTBO - «CHOPBbEKLMA>

CooTBeTcTBME. MPU KOTOPOM KaXXAOMY 3/1EMEHTY
MHOXXecTBa A YKasaH eO0UHCMBEHHbIU 3NEMEHT
MHOecCcTBa B, a KaXXJoMy 3/1IeMeHTY MHo)KecTBa B
MOXHO y|<a3aTb xomsa 6bl OAMH 3NIEMEHT
MHOXecCcTBa A, Ha3blBaeTCAd OTOOparKeHMeM
MHOeCcTBa A Ha MHOXeCTBO B



* Ha MHOeCTBO - «6UeKLma»

OTobparkeHne MHoXKecTBa A Ha MHOXecTBo B, npu
KOTOPOM KaXXJOMy D3J/IEMEHTY MHoXecTBa B
COOTBETCTBYET e/IMHCTBEHHbIU 3JIEMEHT
MHOXeCTBa A, Ha3blBaeTCA B3aMMHO-
OJHO3HAYHbIM COOTBETCTBMEM MEXAY [JBYMS
MHOX€eCTBaMU, UIN BUEKLHeMn.



* BO MHOKECTBO - «MHBEKLMUA>

CooTBeTCTBME. MPU KOTOPOM KaXKAOMY 3/IEMEHTY
MHOXecTBa A VYKasaH €eO0UHCMBEHHbIU JNEMEHT
MHOecCTBa B, a KaxXxaoMy 31eMeHTy B coOTBETCTBYET
He 6osiee opHoro npoobpa3a M3 A, Ha3blBaeTcA
OoTOOpaXKeHMeM MHoXecTBa A BO MHOXECTBO B.



[lycTb MHOXeCcTBO A oToOpaxkaeTcsa B3AUMHO-
OOHO3HA4YHO Ha MHOXecCTBO B, T.e.f:4-B . Torjaa
OoTOOpaXKeHne , NMpu KOTOPOM KarKAOMY 3JIEMEHTY
MHOXecTBa B cTaBUTCA B COOTBETCTBME €ro
npoo6bpad M3  MHOXecTBa A, Ha3blBaeTcCH
obpaTHbIM oToOpa*keHMem ana f 7
3anucbiBaeTca B—Lym £ B> 4

Ecnun MEX Y 3/IEMEHTaMM MHOXECTB
YCTAHOBJIEHO B3aMMHOO/IHO3HAa4YHOE COOTBETCTBME,
TO 3TM MHOKECTBA pPaBHOCUJIbHbl, PABHOMOLLHbI,
MU SKBMBAJIEHTHDI.



MHO}KecTBO, cojeprallee KOHe4yHoe YUCJIo
3/IEMEHTOB, Ha3blBaeTCA KOHe4YHbIM. [lycToe
MHOXeCTBO ABJIAETCA KOHEeYHbIM WU  UMEET
MOLLHOCTb, PaBHYIO Hy/I10, T.€. |J=BHOXecTBo, He
ABNAloLleecs KOHEYHbIM, Ha3blBaeTCA
6eCKOHEYHbIM.

becKoHe4YyHoe  MHOXEeCTBO, JSKBMBAJIEHTHOE
MHOEeCTBY HaTypasbHbiX 4ymcen N, Ha3blBaeTcA
CYETHbIM. B npoTMBHOM c/siydyae OeCKOHe4YHoe
MHOX€ECTBO Oy/]JeT HECYETHbIM.

*1.4. Knaccudmkaumsi MHOXXECTB.
MoOLWHOCTb MHOXXECTBa



* OcHOBHasi TeopeMa 0 KOHEYHbIX MHOXECTBax

Teopema. Jlioboe KOHEYHOE MHOXKECTBO He
3KBUBAJIEHTHO HMKAKOMY e€ero Ccob6CTBEHHOMY
NOoAMHOXECTBY, KpOME CaMOoro cebs.

Cnedcmsue. Bcakoe Hemnyctoe  KOHeEYHoe
MHOXECTBO 3KBMBA/IEHTHO OJHOMY M TOJIbKO
OZHOMY OTPE3KY HaTypaslbHOro paaa uncen [1,»] .

CYemHbIMU ABAAIOTCA MHOXECTBO Z UesblX
ymcen n Q paumoHasibHbIX 4Ymcen. MHoxectBo R
NEUCTBUTEJIbHbIX YNCEN HECHYEMHO.

MHoKecTBo NeUCTBUTEIbHbIX yucen
Ha3blBaEeTCA MHOXECTBOM MoWwHoCMu
KOHmMuHyyma_ (ot nart. continuum -

HenpepbIBHbIN).



KopTexeM A/IMHbI N M3 3SJIEMEHTOB
MHOXecTBa A  Ha3blBaeTcA  ynopAAO0YeHHasA
nocseAoBaTesIbHOCTb (a,,a,.,...,a,)/IEMEHTOB 3TOr0
MHOeCTBa.

Koptrexu (a,,a,,...d ) (by,by,..b,)

HAa3bIBAKOTCA PaBHbIMM, eCJin OHU UMEKT
OANHAKOBYIO AJ/TMHY U UX SJ/IEMEHTDI C
O0ANHAaKOBbIMU HOMEpPaMH coBlMagarwT, T. €

<a1’a2"'='9ak> <b1 9bzewl4> 4 (k — n) a;, = bl...
ARy,

* KopTe)u. [lekapToBbl
npousBeaeHuns



B oT/inymne oT SJ/IEMEHTOB MHO>XeCTBa
3J1IEMEHTDbI KOPTEXa MOIyT CoBlfaAaTtb.

Hanpymep, B  MpPSIMOYroJIbHOM  CUCTEME
KOOpAMHAT  KOOpAMHATbl  TOYEK  SABJAIOTCS
KopTexXamu.

Onepauysi, C MOMOLLbIO KOTOPOM W3 ABYX
KOpTEXEN AIMHOM K M M MOXKHO COCTaBMTb HOBbIM
KOpTeX AJIMHOM Kk + m, B KOTOPOM CHa4vana uayT
noAps 3/EMEHTbl MEPBOro KOpPTEXa, a 3aTeM -
3/IEMEHTbl  BTOPOro  KOpTEXa, Ha3blBaeTcs
coeAMHEHUEM KopTexKeu.



CyLLUecTBYIOT KOPTEXM, DIeMEHTbl KOTOPbIX
ABNAKOTCA TOJIbKO HYNSMU UM € AUHULLAMM.

KopteXXk W3 HyneM WM eauMHUL,  MOXKHO
paccMaTpmMBaTb KaK OBouUu4YHOe npeodcmassieHuUe
HamypaJibHo20 4Yuc/a.

KopTtex, cocToAlMM U3 eaMHML, M HYJEN,
onucbiBaeT cocmosdAHue namamu
BbIYUC/IUMEJIbHbIX ~ MAWUH, NPUYEM  MAMSTb
MOXET coiepaTb YMCNA, TEKCTbl, KOMaHAbI U T.A.

KopTexu Mcnonb3ylTca B LWTPUX-KOAaX ANA
CO00OLEHMA HYKHOMU MHMOpMaLUH 0
XapaKTepucTMke  ob6beKkTa  (6enas  MoJsiocKa
onpeaenéHHOU WKUpKHbI - 0, YépHasa -1).



* [lekapToBO Npou3BEfEHUE

[lekapToBbiIM (NpAMbIM) Npou3BefeHNEM
MHOXeCTB 4,,4,,..Hd3blBaeTCH MHOXeCTBO
A, x 4, xocToulee U3 BCEX  KOPTEXKeu

Adyebl.n, a, B KOTOPbIX , The a €4,

1<k <n. A, x...x A,| =|4,|x..x|4,]
owmep. 4= 12) A= 4] A d,= {13428,
ECIM. 4 = 4, =, TOMUYIYT A = oA

A" Ha3blBAalOT N-U  OEKapTOBOM  CTeMneHblo
MHOKecCTBa A. 47| = 4"



3agava 1. Hantn gekaptoBo rnpousseneHne ACB n BOA Ha
mMHoxecTBax A={1, 2} u B={a, b, c}.

PelieHue.

ACB={1, 2} {a, b, c} ={(1, a), (1, b), (1, ¢), (2, a), (2, b), (2, ¢)};
BUA={a, b, c} U {1,2}={(a, 1), (a, 2), (b, 1), (b, 2), (¢, 1), (¢, 2)}.

3apgayva 2. Haintu gekapTosbl cteneHn A%, A3, B?, A={1, 2}

n B={a, b, c}.

PelleHue.

AZ=ADA = {1, 2}0{1, 2} ={(1,1), (1,2), (2,1), (2,2)};

A3 = ADADA = A2 DA = {1, 2)0{1, 2)0{1, 2} = {(1,1), (1,2), (2,1),
(22001, 2)= = {(1,1,1), (1,1,2), (1,2,1), (1,2,2), (2,1,1), (2,1,2),
(2,2,1), (2,2,2)};

B2=BlB={a, b, c}[}{a, b, ¢} =

={(a,a), (a,p), (a,c), (b,a), (b,b), (b,c), (c,a), (c,b), (c,c)}.




3aaaduvm aAnsg CaMoCTOATeNbLHOro peLweHus.

1. Hantu gekaptoso npousseneHmne Al B n BIJA Ha
MHOXeCTBax

A={2,4} n B={3, 5, 7};

A={k, m} n B={m, n, [}.

2. Haiitn pekaptoBbl ctenexun A?, A3, ecnn A={a, b, c}.



[ToAMHOXeCcTBO R c M " Ha3blBaeTCA N-MEeCTHbIM
OTHOWEeHMeM R Ha HenyctoM MHoXectBe M. [lpu
Nn=2 OTHOLIEeHMEe R Ha3biBaeTCA GMHAPHDbIM.

Csoucmsa 6UHapHbIX OMHoOWeHUU:
pepieKcusHoOCMb:

(‘v’a = M)((a, a) = R)
aHmupe@/ieKCuUBHOCMb :
(‘v’a S M)((a, a) & R)

* OTHOWeEHMA. BUHapHble OTHOLWEHUA U UX
CBOMCTBA



cumMmempu4dHoCcm»s.

(Ya,b e M )(a,b)e R — (b,a)e R)

aHmucummempu4HoCms.

(Va,b € M )((a,b) € R,(b,a)e R) <> a = b)

acummempu4yHocms.

(Va,b e M)(a,b)e R — (b,a)¢ R)



mpaH3umusHOCmb.

(Va,b,c e M)((a,b)e R,(b,c)e R)— (a,c) € R)

aHmumpaH3umusHOCM®b.

(Va,b,c S M)(((a,b) S R,(b,c) S R) — (a,c) ¢ R)

CBA3HOCMb.

(Va,b e M)(a,b) R wm(b,a)c R)



KarkJoe KOHKpPEeTHOEe OTHOLWIEHWE MOXKET 06/1aAaTb
MM HE 06/1aAaTb YKAa3aHHbIM CBOMCTBOM.

[Tpumepbi pegieKcuBHbIX OMHOWEeHUU:

«OblTb He 06o0/ble»; «ObblTb AeNUTENEM» Ha
MHOXecTBe N; «OblTb  KOJ/IMHEApPHbIM>»  Ha
MHOX€eCTBe BEKTOPOB;

[Tbumepbl aHmMupe@ieKcusHbIX OMHOWEeHUU:

«OblTb  O0/blWlEe>»; «OblTb  MAAALWE»;  «OblTb
nepneHanKyNapHOU> HA MHOXKEeCTBE NPAMbIX;

[Ipumepbl CUMMempUYHbIX OMHOWeHUU:

«OblTb NEpNeHAMKYNAPHbIM»>; «OblTb PaBHbIM>;
«ObITb Napasisie/IbHbIM>;



[Tpumepbl aHMUCUMMEeMPUYHbIX OMHOWEeHUU:
«OblTb MEHbLLE UM PAaBHbIM>; «ObITb A€/IUTENEM>;
«ObITb MOJAMHOXXECTBOM>

[lpumepbl acuMmMempuYHbIX OMHOWEeHUU;
«ObITb 00/1bLLIE>»; «OblTb MEHbLLE>»; «OblTb OTLIOM>

[lpumepbl mMpaH3umuBHbIX OMHOWeHUU:

«ObITb 00/1bLLIE>»; «ObITb MEHbLUE>; «OblTb PABHbIM>;

[Tlpumepbl aHMuUMpaH3umuBHbIX OMHOWEeHUU:

«BblTb NEPNEHAMKY/IAPHbIM> Ha MHOXECTBE MPSAMbIX
MNIOCKOCTU; «BblTb CbIHOM»; «¥WMTb 3TAXXOM BblLLE>
N8 KU/bLOB JJOMa.



[pumepbl omHoweHul cB8a3HoCMuU:

«OblTb 00/bllEe>», «OblTb MEHbLUE» HAa MHOXECTBE
N, R; «OblTb 60/blle WM pPaBHbIM», <«ObITb
MEHbLLE oty PaBHbIM> Ha MHOecTBe
06bIKHOBEHHbIX A pObEN.

OmHoweHue akeusasrieHmHocmu

/ \
pegriekcueHoOCMb cuMMempuYHOCMb
mpaH3uMueHoOCMb

[lpumepbl OMHOWEeHUl 3KBUBAJIGHMHOCMU:

OTHOLWIEHME «OblTb paBHbIM», «MMETb OAUH M TOT
)K€ OCTATOK OT AE€/IEHMA Ha KOHKPETHOE YUC/I0>



Henepecekatowpecs NOJMHOECTBa, Ha
KOTOpble pa3bMBaAETCA MHOXECTBO M OTHOLLEHMEM
3KBMBAJIEHTHOCTMH, Ha3bIBaOTCS K/lacCaMM
3KBMBAJIEHTHOCTM.

Ha MHoOXecTBe O6bIKHOBEHHbIX Jpoben Bce
KJlAaCCbl  3KBMBAJIEHTHOCTM  NO  OTHOLUEHMIO
DaBEHCTBA COCTOAT U3 APO6EMN, paBHbIX MO CBOEWU
BEJIMYUHE.

Ha MHOXecTBe TpeyrojibHMKOB BCE KJaccChl
3KBMBAJIEHTHOCTM MO  OTHOLWIEHMIO  NoAo6MA
COCTOAT M3 TPEYrosibHUKOB, MOAOOHbLIX MeXAay
Cco6oM.



OmHoweHue moriepaHmHocmu

/ \

pegrieKcusHoCcmsb cumMmmMmempu4Hocmap

OTHOLLEHME SKBMBAIEHTHOCTU - YaCTHbIN CayYau
OTHOLLEHMS TOJIEPAHTHOCTM.

OTHOLLIEHUA «BbITb APYrOM>», «OblTb 3HAKOMbIM>,

- OTHOLUEHUA TOJIEPAHTHOCTU, TaK KaK OHM
pemNEKCUBHDI, CUMMETPUYHBI, HO He
TPAH3UTUBHDI.

OTHOLUEHME <«MMETb HEMyCcToe repecevyeHne»
AN1A MHOXKECTB - OTHOLWLEHNE TOJIEPAHTHOCTM.



OTHOLEeHWe nopsaaka

——

dHTUNCUMMETPUYHHOCTb

\

TPAH3UTUBHOCTb

MHoXXecTBo M, KOoTopoe 06/1aaeT OTHOLIEHMEM
nopAaaKka, Ha3blBaeTCcAa YNopAAOYEHHDbIM.

+ pereKkCUBHOCTb

+ aHTUPEQIIEKCUBHOCTb

_—

OTHOLUEeHune

HecTpororo nopsiaka
<

OTHOLUEeHue
CTPOroro nopsaaka <




OTHOLLEHME Ha3bIBAETCS OTHOLLUEHMEM TMOJIHOIO
nopajKka, €C/M CpPpaBHMMbl BCE  3DJIEMEHTDI
MHOYECTBa, Ha KOTOPOM 33/]JaHO 3TO OTHOLLEHME.

[ipuMep. OTHOLIEHUA «bOoblLUE>» U «MEHbLIE>» Ha
MHOXeCTBe AeUCTBUTE/IbHbIX YUCE.

OTHOLLEeHuMe HAa3bIBA€TCA OTHOWEHUNEM
YaCTHM4YHOIo nopAdgka, e€Ccjit CpaBHUMbI HE BCe
2/1IEMEHTblI MHOXKECTBA, Ha KOTOPOM 3a4aHO 3TO
OTHOLWEHUE.

[ipymep. OTHOWwEHME «OblTb MOAMHOXECTBOM>
Ha MHoXecTBe B(U) (byneaH).



* 3nemMeHTbl KOMBGMHATOPUKN

Pa3aen MmateMaTtuKM, 3aHMMALWMUCA NOACYHETAMMU
KONMYeCcTBa  Pas/IMYHbIX  KOMOMHaAUUU  MeXAY
00beKTaMM, Ha3blBaeTCA KOMOMHATOPUKOM.

Bce KoMOMHaTOpHbIE 3aa4YM CBOAATCA K NOACYETY
MOLLHOCTM KOHEYHbIX MHOXECTB 1 MX OTOOpaKEHMM.

[lpasusio cymmsbl. TlyCTb 3/1EMEHT A MOXKHO
BblOpaTb Kk cnocobamMu, a 231eMeHT B - m
Crnoco6amm, NpUYEM, ecsim n1bon cnocob Bbibopa d
OT/IM4aeTca OT Jboro cnocoba Bblbopa B, TO
BbIOOp «d MM B» MOXKHO caenatb k+m cnocobamu.



[lbumep. Ecnn B rpynne 16 toHowen u 14
JeBYyLIEeK, TO npenojaBaTe/lb MOXET Bbi3BaTb K
JI0CKe oaHoro y4atuleroca 16 + 14 = 30 cnocobamm.

[lpasusio npoussedeHud. Ecnn sneMeHT a
MOHO BblOpaTb k cnoco6amMu, a d71eMEHT B - m
cnocobamu, 1O napy (a, B) MOXKHO BbIGpaTb K - m
cnocob6amm.

[lpumep. [AnAa Bbi3OBa K AOCKE Mapbl «HOHOLLA U
JeByLLKa» cyuectsyet16 - 14 = 224 cnocoba.

YacTHbIU cnyqam NpaBuna NpOM3BEAEHMA -
4YMC0 pa3MeUJ,eHMM C NOBTOPEHUAMU A4 = m* ANA
noAcyéta KopTereu AJMHbl Kk, COCTaBJIEHHbIX M3
3/IEMEHTOB MHOXecTBa X MOLLHOCTHU m.



[lepecmaHoBKU. YnopAaoYeHHble MHOXecCTBa
(KopTeXxun), coctoAwme m3 N pPasIUYHbIX
3/IEMEHTOB, Ha3bIBAlOTCA MepecTaHoBKamMu (6e3
nosTopeHui). O6o3HayeHue : £, .

dopMmyna ans HaXoXJAeHUsd ymcna
NePeCcTaHOBOK: p = yl=pP.
3aJa4m:

® CKONMbKMMM criocobaMM MOXHO MepecTaBAATh

3/IeMEHTbl  MHOXeCTBa, 4YTOObl  MOJY4YUTH
Pa3/IMYHbIE KOPTEXU AJIUHbI N ¢

® CKosbKMMM criocobaMM MOXKHO paccacosaTb h

LLAPOB pa3HOro uBeTa B AWMK C N CBOOOAHbIMM
MecTamu ?



Mpumep. N3 umdpp 3, 5, 7, 9 MOXKHO COCTaBUTb
4! KopTexen, Tak KaKk n=4, ToP =41=4-3-2-1=24, 7.
e. cyuwecrteyetr 24 pa3m4L|Hb|x YyeTbIpEX3HAYHbIX
4yucaa, COCTaBJIEHHbIX U3 3TUX UuMdp: 5379, 7359,
9375,

®opmyna P, =nl=nP Ha3blBaETCA
peKyppeHmHou 7 LNAET BO3MOXHOCTb
MOACYMTbIBATb YMCJIO NMEPECTAHOBOK BO MHOXECTBE
n+1 371eMeHTa Yyepes3 nepecTtaHoOBKM BO MHOXECTBE
N 3/1EMEHTOB.

P.=11, P,=0!=1. Ecnm BO MHOXecTBe oAWH
3neMeHT TO KOPTEX €AMHCTBEHHbIUM;, €CJIN HET
3/IEMEHTOB, TO BapMaHT OAMH - «HET KOpTeXa».



Pa3smeweHua (6e3 nosmopeHul). YnopaaoveHHoe
NOAMHOXECTBO M 3/IEMEHTOB (KOpPTEX), COCTaBJIEHHOE
M3 BCEro MHOXeCTBa, coJep}Kallero n >3/1EMEHTOB,
Ha3blBaEeTCA pa3MelleHnem (6e3 NOBTOPEHMA).
O6o3HaueHue: 4m .

n
dopmyna AnAa HaxoXAEHUA YMCia pa3MeELLLEHUM:
. n!

" (n—m)!

3agaum.

* CKONbKMMU CcnocobaMM M3 BCEro MHOXECTBa MOXKHO

BbibpaTb  pa3/IM4Hble  KOPTEXM  (YNOPAJOYEHHbIE
NoJMHOKECTBA) AJMHOM  m (m < n)?



CoyemaHusa 6e3 nosmopeHudl.

CoyeTaHUAMU U3 N SNEMEHTOB NO M Ha3blBaeTCA
Heynopsigo4eHHOe  MNOAMHOXECTBO  (BblOOpPKaA),
cocToAlWlee M3 M 3S/IEMEHTOB, B3ATbIX U3
MHOeCTBa, COCTOALLEro 13 N 3/IEMEHTOB.

O6o3HavyeHue: Cc" .

dopMysia ANA NOACYETA YMC1A COMETAHMM:

n!

C" =
3agayum. m!(n—m)!

® CKONIbKMMU cnocobamMMn M3 BCEro MHOXKECTBA

MOXHO BblbpaTb pa3/iMyHbIe MNOAMHOXECTBaA
A/MHOM m  (m < n)?



[lepecmaHoOBKU C hoBMOpeHUAMU. KopTtexX,
MMEIOLLMM MOBTOPAILLMECS 3JIEMEHTbI, HA3bIBAETCS
NEPECTAaHOBKOW C MOBTOPEHMUAMM.

[lycTb B KOpTeXe A/MHbl N NEPBbIK INEMEHT
BCTPEYAEeTCA N, pas, BTOPOU S/IEMEHT - N, pas U TaK
flanee, >3/IeMEHT NoJ HOMEpoM m - n_  pas:

n+n,+..+n - =n. Torga 4MC/II0 NEpPEeCTaHOBOK C
NOBTOPEHUAMU M3 I3TUX N I/IEMEHTOB 0003HA4aeTCA

P, 2} Bblumcnaerca no opmyJie:

— 7!

n'n,l.n!



*MNoacTaHOBKM

[aHO MHOXeCTBO E, ={1,2,....n},Vae N
B3aMHOOAHO3HauYHOe oTobpaxkeHue 0L, 9 E

MHOeCTBa FE Ha ceba  Ha3blBaeTcH
NOACTAaHOBKOM CTEMNEeHU n.

Ecan npoo6pa3sbl (apryMeHTbl) pacrnosioKeHbl B
nopAaKke BoO3pacTaHMA, 3anMcCb NOACTAHOBKM
TaKkoro BMJa Ha3blBa€TCS KaHOHUYECKOM.

Hanpumep, 1 5 3 4 5 ¢ 7
=6 2 531 7 4/



YT06bl M3 MOACTAHOBKM MOJIyYMTb OOPATHYIO,
HYXHO MOMEHATb MecTamMM obpasbl M Mpoobpasbl,
T.€. BEPXHIO M HMKHIOW CTPOYKM, M, €CaM

TpebyeTcs, NPMBECTU K KAHOHUMYECKOMY BMAY.

Hanpumep, ecau (1 2 3,476 6 7
°=l6 25317 4

O 1 2345677524731 6/

O6paTHaa NoJCcTaHOBKa e AMHCTBEHHAS.

EciM noactaHoBKa 3amnmcaHa B KAaHOHMYECKOM
BMAE, TO MEPBYIO CTPOYKY MOXKHO HE MMUCATb.

1(6253174)(1234567)



[loagcTaHOBKY BMAa o =(1,2,.. HA3RBAIOT
TOXXJECTBEHHOM, TaK KaK OHa KaXXAblM SNEMEHT
MHOX€eCTBa OTOOpaXKaeT B ITOT Ke d/IEMEHT.

pousseseHnemM NOACTAaHOBOK O, M O,
Ha3blBaeTCA NoAcCTaHoBKa ¢ =0,lloc, rae cHavana
BbINOJ/IHAETCA  MOACTaHOBKAa  O,, a 3aTeMm
NoACTaHOBKa O, IEMCTBYET Ha pe3y/ibTaT NepBoM.

HaTtypasibHOM  CcTeneHbld  MOACTAHOBKM O
Ha3bIBAETCA MOACTAHOBKA " = g-f o T.€E.
Npou3BeJeHUE N NOACTAHOBOK O. =«



[TopAaKoMm NnoJCTaHOBKMU Ha3blBaeTCH

HaMMEHbLLEEe HaTypasibHOE YUC/I0 A, TAKOE YTO

A
o =e€

Hanpumep, 419 NOACTAHOBKMU , _ % i g\—l :

B noactaHoBKe obas nepemeHa’  ABYyX
3/IEMEHTOB BTOPOM CTPOKM MECTaMM Ha3blBaeTCs
TPAHCMO3ULMEN.

[MoaCcTaHOBKA Ha3blBaeTCs YETHOM, €CJIM YUCIIO
TPAaHCMNO3MLUUM, MNPUBOAALUMX 3Ty MNOACTAHOBKY K
TOX/JECTBEHHOU, YETHO. B NpoTMBHOM cCiyvae
NoJCTaHOBKa Ha3biBaeTCA HEYETHOM.



lpumep.
[lpBeAEM MNOACTAHOBKY O© K TOXAECTBEHHOM
NOACTAaHOBKE C MOMOLLbIO TPAHCMO3MLUM.

RARERERTS 6\ . (1 2
“‘(643125)_>(14

23 45 6) 4
23465)—)(

456 212345 6)
625j_)(123645)_)

4 5 6
4 5 6/

I WO

s (1 123
—>(1 123

YETHOE YMCNo TpaHCMo3nuuM (N = 4) yKasbiBaeT
Ha YETHOCTb NO/JICTAHOBKM.



[IpMep YMHOXEHUA NoACTAaHOBOK:

1 2 3 4 5\/1 2 3 4
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