buHapHble OTHOLLEHUS

BUHApPHbLIM  OTHOLLEHMEM Mexay oanemMeHTamu
MHoXecTB A 1 B Ha3biBaeTcsa nodoe MnogMHOXECTBO
RS AxB.

Ecnn mHOXectBa A m B coBnapgawotr A=B, 10 R
Ha3bIBalOT OMHAPHbLIM OTHOLUEHMEM HA MHOXecTBe A.
(oQHOpPOAHOE OTHOLLEHNE)

Ecrin (X, Y)€ER, TO 3TO 0003HayalT euwe xRy u
rOBOPAT, YTO MeEXOy dfieMeHTaMu X Uy YyCTaHOBIIEHO
buHapHoe oTHolweHue R.

Nn-MeCTHbIM (N-apHbIM) OTHOLUEeHWEeM, 3agdaHHbIM Ha
MHOXeCcTBax M1 , Mz, ey Mn, Ha3bIBaAETCH
NOOAMHOXECTBO  NPAMOIro  MPOMU3BEOEHUA  ITUX
MHOXEeCTB.

IHOoroa NOHATME OTHOLWEHUS onpeaenseTrcs TOmNbKo
aons yactHoro cnyvas M=M.=M.=...=M _.



[Tpumepbl

OTtHoweHne a= {(4, 4), (3, 3), (2, 2), (4, 2)} Ha
MHoXecTBe X = {4, 3, 2} MOXXHO onpeaennTb Kak

cBouctBo "Menuntca” Ha 3TOM MNOAMHOXECTBE
LenbiX Yncen.

3 WKonbHOro Kypca

Ha MmHOXecTBe uenbix Yncen Z oTHoweHus "gennutea’,

Ll,eJ'II/IT" "paBHO", "6onbLe”, "MeHbLLe", "B3aUMHO
NpoCTbl";

Ha MHOXECTBE NPAMbIX NPOCTPAHCTBA OTHOLLIEHNS
"napannenbHbl’, "B3auMHO NepneHauKynapHbl®,
"cKkpeLyuBatoTca”, "nepecekarTca”, "coBnagatot’;

Ha MHOXeCTBe OKPY>XHOCTEN MIMOCKOCTU
"nepecekatorcqa”, "kacarTca", "KOHUEHTPUYHbI".



[Tpumep

[lyctb A=B=R, napa (X, y) 9BNseTcA TO4YKOWU
BELLECTBEHHON NMNOCKOCTU. Torga 6©OuHapHoe
OTHOLLEHNE

R, ={(xy)[x*+y*<1}
onpenenser 3aMKHYTbiIM  KPYyr €OUHUYHOrO
paguyca ¢ ueHtTpom B Todyke (0,0) Ha
NIOCKOCTU, OTHOLLEHNE

R,={(x,y)|xzy}
NONYynNiOCKOCTb, a OTHOLLEHME

R={x ¥ [xyl=1}
nonocy.



CnocoObl 3agaHuA

[lepeydncneHne Bcex nap n3 6asoBoro
MHOXecTBa A 1 6a3zoBoro MHoXxecTBa B

A={a, ,a,} B={b,,b,,b.}, R={(a,, b,), (a, ,b,), (a,, b,)}
OTHOLLEHNS MOryT 3agaBaTbcs doopMynamu:
doopMyrnbl

y =x?+5x -6 wnn x +y <5 3agaior GuHapHble
OTHOLLEHNS Ha MHOXXECTBE AeNCTBUTENbHbLIX YNCETT;

doopmyna

X + y = noboBb,
3afgaeT buHapHoe OTHOLLEHME Ha MHOXECTBE
nooen.



[ padpnyeckmn MeTo 3agaHus

a={(a, d), (a, ¢), (b, b), (c, a), (e,d), (e, a)}
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[ padoBOE npeacTaBreHne

[padp - durypa coctosiwaa M3 Todek (BEpPLIMH) COEANHEHHbIX TMHUAMMN
(dyramu). BeplunHbl rpada COOTBETCTBYHOT 3fieMeHTaM MHoxecTBa A, TO
eCTb x a Hanu4ve Oyru, COeAMHSIoWEN BEPLUMHBI X U X, O3Ha4yaeT, 4To
(x X)€E R. YTo6bl nog4epKHYTb YNOPSAOYEHHOCTb Napbl Ha oyre ctaBuTCA
cTperka.

A={(a, b), (a, ¢), (b, d), (c, e), (e.b), (e, e)}
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MaTpunyHaa dpopma 3agaHus

[TlycTb Ha HEKOTOPOM KOHeYHOM MHoXecTBe X 3agaHo
OTHOWeHMe A. Yrnopsoodmm Kakmm-nnbo obpasom
arnemMeHTbl MHoXxecTtBa X = {x1, X,y ones xn} n onpegennm
Mampuuy omHoweHus A = [aij] criegyoLwmm obpasom:

{], €CITH (x;, X ;) MPHHAIEK HT &,

a, =
? |0, ecrmH (x,,x,) He IPHHAJ JIEKHT (.
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OnpenenexHus

[naroHanb MHOXecTBa AXA, T.e. MHOXECTBO
A={(x,x) | x€A},

Ha3blBaeTCsd €eAWHUYHbIM OMHaApPHLIM  OTHOLUEHUEeM  UNn
OTHOLLUEHWEM pPaBEHCTBaA B A.

OGnacTtblo onpegeneHna dSMHapHoOro oTHoweHna R HasbiBaeTcs
MHOXECTBO

OR={x€A| yEB, (X,¥) €R}. DomR = {z | Jy((z, y) € R)}.

Obnactbilo 3Ha4YeHUMU OUMHaApHOro OTHoWweEHMs R Ha3sbiBaeTcd
MHOXECTBO

PR={yEB | x€A, (X, Y)€ER}.ImR = {y | 3z((z, y) € R)}.
OGpa3zom mMHOXecTBa X OTHOCUTENLHO OTHOLWIEHUSI R Ha3blBaeTcs
MHOXECTBO

R(X)={yEB| x€X, (x,y)ER};
npoobpa3om X oTHocuTensHO R HasbiBaeTcs R -1(X).



Onepaunn Hag buHapHbIMU

OTHOLWEHNAMN

[NepeceyeHune aByx OMHapHbIX OTHOWEHUA R, 1 R, - 31O
OTHOLLUEHUnEe
RNOR,={(x,¥)| (X, Y)ER, n(x, y)ER,}.
>N==>
ObbeanHeHne aByxX OMHAPHbBIX OTHOLLEHUN R, MR, -23T10
OTHOLLUEHUE
RIUR, ={(x,y) | (X, Y)ER, vim (x, y)ER, }.
Pa3HOCTbO OTHOLLUEHUN R1 U R2 Ha3blBaeTCH TakKoe
OTHOLLEHUEe, 4YTO:
R\R, ={(x, y)| (x,y)ER, n(x, y)&R, }
[lornornHeHmne K OTHOLLEHUIO
RE{ (X, y) | (X, y)EAXANR}. s _.



ObpaTtHoe OTHOLLEHUE

ObpaTHOEe OTHOLLEHMNE
R ={(x,y)|(y,x)ER}.
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KoMno3numa oTHOLLEHUW

o — 1
[NBolicTBeHHOEe oTHoweHne RY =R

Komnosnuua (cynepno3vumns) oTHOLLEHUN

R=R.,0R, cogepxuT napy (x, y) Toraa v TosbKo
TOraa, Korga CyuwecTBYeT Takoe zEA, 4To

(X, Z)ER, 1 (z, y)ER,.
{(z, y) | Jz(xSz A zRy)}

=G5 9 we(iod) (0D
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CBoucTBa OTHOLLUEHUW

R, comepxutca B R, (R, & R,), ecnu
nobasa napa (X, y), Kotopasa npmHaonexuT
OTHOWEHMIO R, Takke nNpUHaanexuT u

OTHOLWeHM R,
PedonekcnBHOCTb
VXxXEM (XRx)
AHTUPEMDIEKCNBHOCTb
VXEM =(xRx)



PednekCMBHOCTb OTHOLLEHUN

Obo3Ha4Ynm 4yepes Ix oTHoLEHME Ha MHOXECTBE X,
COCTOSILLlee U3 nap Bmaa (a, a), rae a € X:

Ix ={(a, a)l a € X}.
OTHoweHune IX 0bbIYHO Ha3bIBAKOT AMaroHanbko
MHOXeCTBa X U OTHOLLEHUEM ToXOecTBa Ha X.

OyeBnaHoO, 4YTO oTHOoWweHMe R Ha MHOXecTBe X
pedoniekCnMBHO, eCcnu gnaroHarb Ix asngaetcsd
nogMHOXeCcTBOM MHoxecTBa R:

IXx € R.

OTHOLLEHME aHTUPEMIIEKCUBHO, €CIN AnaroHarb IX n
OTHOLWEHNE R HE NMMEKOT HXU OOHOro OBLLEro 3riEMEHTA:

IXx N R =d.



CBoucTBa OTHOLLUEHUWU

CUMMETPUYHOCTb  Va, y € M(2Ry = yRx)
xRy —»yRx nnn R=R""

a b ao Ob
d d
O
% c O c

(a) (b}



CBoucTBa OTHOLLUEHUW

AHTUCUMMETPUYHOCTb

Vo, y€ M(zRy NyRx = = = y)
[TycTb A - MHOXECTBO noaen B gaHHon odyepean. OTHoweHue R "He
CTOSITb 3a KEM-TO B ovepean” dyaet aHTUCUMMETPUYHBIM.

[Myctb Xx=BACH, a y=MIBAHOB. Tot dhakT, 4t0 (X, Y) €ER 03Ha4aerT,
yTO "BACH He cTounT B ovepeam 3a MBAHOBbLIM", (y, X)ER -
"IBAHOB He ctout 3a BACEWN". O4yeBnagHo, 4TO OQHOBPEMEHHOE
BbIMONMHEHNE 0BOOUX BKIHOYEHUIN MOXET OblTb, TONbKO ecnn BACHA un

ectb MIBAHOB, 1.e. x =Y.
OTHoweHne "=" Takke aHTUCUMMETPUYHO: ECITN XY U y2X, TO X=Y.

ACNMMETPUYHOCTb
"‘7";17, = A [( T RU = ﬁ(:yR;lf) '

ACUMMETPUYHOCTL 3KBUBASIEHTHA O4HOBPEMEHHOW aHTUPEMNEKCUBHOCTU U
aHTUCUMMETPUYHOCTN OTHOLLIEHUS.



CBoucTBa OTHOLLUEHUW

Nnga nobdoro oTHoweHUa R BBOOATCA NOHATUSA
CUMMETPUYHOW YacTN OTHOLLIEHUS

*=RNR’
N acCUMMETPUYHON YacTU OTHOLLEHUSA
R*=R\R".

Ecnu oTHoweHne R cummeTpuyHo, 1o R= R®,

ecnu oTHoweHne R acummeTpuyHo, 1o R= R?,
Npumepsbl. Ecrm R - "2", To R - "<" RS- "=" R&-">".
TpaH3NTUBHOCTb OTHOLLEHUU

v, y, z € M(zRy A yRz = xRz)



HeTpaH3nTMBHOE OTHOLLIEHKE

OTHoweHne R, onpegereHHoe Ha HEKOTOPOM
MHOXeCTBe W oTnuyarouleecda TemM, 4YTO AOnA
NOObIX X, Y, Z 9TOro MHOXecTBa U3 XRy n yRz He
cnenyeTt xRz.

[Tpmep HETPAH3UTUBHOIO OTHOLLEHMUS:

«X oTey y»
HeTpaH3NTUBHbLIM ABMAETCA OTHOLLUEHME "#".
[TycTb X=2, y=3, z=2, TOorga crnpaBeanmBo X#y U
y#Z, HO X=z, T.€. (X, 2)¢R.



HeraTpaH3MTUBHOCTb OTHOLUEHUN

(xy)$§Run(y,z) ¢ R—(x,z2) ¢R
B rpade HeraTpaH3MTUBHOIO OTHOLLEHUSA OTCYTCTBUE OYr
OT XK Y U OT ¥ K Z NPUBOAUT K OTCYTCTBUIO OYIN OT X K Z .

OTHoweHna R, - ">" u R% - " #" HeraTpaH3UTMBHbI, TakK
Kak oTHoweHns R, A°7 - "<" R A" - "=" TpaH3nTuBHbI.

BO3MOXHO OOHOBPEMEHHOE BbIMNOMHEHNE  CBOWCTB
TPaH3UTUBHOCTU U HEraTPaH3UTUBHOCTMW.

Hanpumep, oTHoweHne R, OAHOBPEMEHHO TPAH3UTMBHO
W HeraTpaH3WTUBHO, a R,, Kak N3BECTHO, TPAH3UTUBHbLIM
He SBNAETCA.



CBounctBa bMHapHbIX OTHOLLEHUN

[TonHoTa
V(x, y) € X nnoo xRy nmbo yRx, nmbo n 10 n gpyroe
OOHOBPEMEHHO —  TOMHOCBS3HOE UMM CBA3HOE
OTHOLLEHME

AUUKITNYHOCTb

OTHoweHne R HasbiBaeTcsd auuKnNUYHbIM, €crnm U3
Hanuuns  Kakoro-nMbo nytm Mexagy BeplmMHamu
COOTBETCTBylOLLEero rpadga cnegyer  OTCyTCTBUE
obpatHon ayrm (obpaTtHoOro nyTu) Mexagy I3TUMU
BepLUMHamMu (B rpade OTCYTCTBYIOT J1H0Oble LUKITbI ).

vn X, RX, A X,Rx;A X;Rx,A... A x_.Rx_ HO He
Ha00O0POT.



CBaA3n mexagy OMHapHbIMU OTHOLLEHUAMMU

OTHoWweHNe R CMMMETPUYHO TOrAa U TOMbKO
Torga, korga R =R,
Ecnn R pedpnekcmsHo, 1o RY

aHTUpednekCcnBHo, ecnun R aHTUpednekCcuBHo,
10 RY pedbnekcmsHo.

OTHoweHne R cnado nonHo Toraa v TonbKko
Torga, korga RY aHTMCMMMETpPUYHO.

OTHoweHne R acumMeTpuyHO Toraa v TONbKO
Torga, korga RY nonHo.



OTHOLLEHNA 3KBMBANEHTHOCTW (Noaobus,
PaBHOCUINbHOCTN)

OTHoweHne R Ha MHOxecTBe A?
Ha3blBaeTCH OMmHoOWeHUemM
3KeuesasiIeHmHocmu, eciv oHo obragaet
cnegyrowmmmn CBOUCTBaAMU:

PEdIEKCUBHOCTb

CUMMETPUYHHOCTDb

TPAH3UTUBHOCTb

Obo3HavaeTcq =, =, ~,



OTHOLUEeHne 3KBUBANEeHTHOCTU

X = X ans Bcex XE A (pednekcuBHOCTb)

Ecnn x=y, Toy = X (CAMMETPUYHOCTb)
Ecrmx=yuny=z 1tox=2z
(TPAQH3UTMBHOCTL)



[Tpumepbl

OTHOLLEeHWe ToxpaecTsa [, = {(a, a)la €EX} Ha HeNMycToM MHOXeCTBe
X;

OTHOLLEHME napannesibHOCTM Ha MHOXECTBE NPSAMbIX NMIIOCKOCTY;
OTHOLLEHME Nogobusa Ha MHOXeCTBE oUryp MNOCKOCTH;
OTHOLLEHME PaBHOCUITbBHOCTM Ha MHOXECTBE YpaBHEHUH;

OTHOLLEHME "MMETb OANHAKOBbIE OCTATKM NpU AENEHUN Ha
domkcupoBaHHOE HaTypanbHoe YMCno m" Ha MHOXECTBE LenbIX
ypcen. ITo OTHOLLIEHME B MateMaTMKe Ha3biBalOT OTHOLLEHNEM
CpaBHUMOCTIN MO Moaynto m n obosHavatoT a=b (mod m);

OTHOLUEHMEe "npuHagnexarbs ogHOMY BMAOY" HA MHOXeCTBe
YXUBOTHbIX;

OTHOLLEeHne "ObITb POACTBEHHMKAMWN" HA MHOXXECTBE JOOEWN;
OTHOLLEHME "ObITb OQHOro pocTta" Ha MHOXECTBE JOOEWN;
OTHOLLUEHME "XNTb B 0QHOM AOMe" Ha MHOXEeCTBe Ntoaen.



