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I. Tlpeaukartbl

Onpenenenue 1. BoicKka3biBaHueM moL Ha308em 1100Y0 ppasy, om-
HOCUMEAbHO KOMOPOU OCMbLCACHHOIM (KOPPEKNHbIM) AB8ALeMmCs
BONPOC «BEePHA IMA (hpas3a Uil Hems.

OnpepneneHue 2. n-MeCTHbIM  NpeAUKATOM 1Al  N-MECTHBIM
npeauMKaToM-BbICKa3biBAaHUEM Ha MHOdMCecmBe A Hasvleaemcs 8vl-
cKa3vl8anue, UCNIUHHOCTb UM NOHCHOCTb KOMOPO2O Onpedens-
emcs 3HAUEHUAMIU N NePEeMEHHbLX, npU1em n-Ka, COCMABACHHAS U3
IMUX 3HAUEHUL NepemMeHrHHblx, O0NNCHA NPUHAOACH AMb MHOHCE-
cmey A X Ax...x A,

n pas

Hanpumep, BbICKa3blBaHUE «JIEUCTBUTEJIBHOE YUCJO = OOJIbLIE JIeH-
CTBUTEJILHOTO UMCJA Y» SIBJSETCS NMPEIMKATOM OTHOCHUTEJbHO MepeMeH-
HbIX Z,Yy, PUUEM Ui JIIOObIX 3HAUEHUH X, Yy NEPEMEHHbIX T,y Mapa
(z; ) DOJDKHA NPHHALIEKATh MHOXKecTBY R X R = R
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op(T1,...,x,) =
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HaHOMHHM, yTo ecJiu P — BbICKA3bIBAHUE, TO BbICKA3bIBAHUA

o P,
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0, ecin —P(xy,...,2,).
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gpp(xl,...,xn>:{

YacTto, roBopsi 0 npeMKaTe, UMeIOT B BULy COOTBETCTBYIOLLYIO (hyHKIIM IO
UCTUHHOCTH. [To3TOMY NpeirKar B CMbICJI€ TAHHOTO BbILIE OMPEACJEHUS
Mbl OyJIeM HA3bIBATH €l1Ie MPeAUKaTOM=-BbICKa3bIBAHUEM, & KDOME TOTO,
cerdyac onpeesiuM eule OJIHO MOHUMaHUe TePMHUHA <ITPEIUKaT», KOTOPOe
OyJleM Ha3bIBaTh NpeAuKaToOM-(PyHKIUEN.

1, econ P(xy,...,x);
0, ecin —P(xy,...,2,).
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OnpeneneHue 3. n-MeCTHbIM NpeauKaTOM-(PYHKUUEN HA MHOJCE-

cmee A nasvieaemcea pynryua p: AX Ax...x A— D, ede D —
n pas

@Byxaﬂemeumﬂoe MHOIUCECHBO.

Mui 6ynem cunrtath, uto D = {0, 1}.

MbI GyJieM MUCaTb MPOCTO KIPEUKAT» BMECTO «TPeIrKaT-(PYHKIHS»
WJIH <TIPeJMKAT-BbICKa3blBaHUE» B CUTyallMH, KOTJIa U3 KOHTEKCTA SICHO,
B KAKOM CMbICJIe TIOHHMAETCsI TEPMHH <TTPeIUKAT».
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B cayuae, korna P = Ay x Ay x ... X A, oTHolleHne P HasbiBaercs
YHUBEPCAJAbHbIM OTHOLLIEHUEM.
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Kak 06b14HO, B CUTyallMH, KOTJ1a JJI51 BBIPAXKEHHS OJTHOM U TOH XK€ MbIC-
JIM MO2KHO BOCIIOJIb30BATbCS PA3JMUHBIMU SI3bIKAMM, aKTyaJIbHOU SIBJISI-
eTCs 3ajlauya aJIeKBaTHOrO MepeBojia C OJHOIO sI3bIKa Ha JIPYTOH.
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[MpenukaTty-BbicKa3biBaHu0 P(ry,...,T,) COOTBETCTBYET (hyHKIIKs
1, eciu P(xy,...,x,) AICTUHHO
T1y...,Tpy) = 1
Pr(1 s Tn) { 0, ecam P(xq,...,x,) JOKHO (1)
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op(T1,...,x,) = 1. (2)
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I1I. TlepeBoj c A3blKa NpeaAMKATOB HA sI3blK OTHOLIEHUN U 0OPATHO

[lepexon ot oTHoweHuss ¢ npeaUKaTy-BbiCKa3blBAaHUIO Py  MOXKHO
OCYILLECTBUTD C IMOMOILBIO POPMYJIBI:

Ps(ai,as,...,a,) < (a1,az,...,a,) € . (5)

[lepexon ot otHoweHus O K npeauKaTy-QyHKUMH ©p, MOXKHO OCY-
LLIECTBUTb ¢ nomoliibto dopmyJ (1) u (6)

(6)

QOP@ (alga/Q,...,an) — { , €CJIN (@1,&27 ,Cln) - :

0, eca (ai,as,...,a,) ¢ .



I1I. TlepeBoj c A3blKa NpeaAMKATOB HA sI3blK OTHOLIEHUN U 0OPATHO

Takum o6paszom, MexKly n-MeCTHbIMH MpeAUKaTaMHd Ha MHOXKecTBe A
M OTHOLLUeHHsIMU U3 A" cylllecTByeT TecHasi CBsI3b. JTa CBsI3b eCTe-
CTeHHasl, IpuuyeM 0TOOPAXKEHHUST MHOXKECTBA OTHOLIEHHUH HA MHOXKECTBO
MpeIuKaTOB-BbICKA3bIBAHUN M MPEIUKATOB-(PYHKIMH SBJSIOTCS B3aUM-
HO OJIHO3HAYHBIMU. [l03TOMY Ha MpakTHKe COOTBETCTBYIOLIME APYT JAPY-
Iy NPeAUKaThl U OTHOLIEHHUS OTOXKIAECTBJISIIOTCS U YACTO TOBOPST: KOTHO-
lIIEeHWEe pPaBEHCTBa», €OTHOLIEHHE MOJ0OUSI», KOTHOLIEHHE MPUHAJIEXK -
HOCTH» M JlaXKe «OTHOLIeHHe <», XOTsl Ha CaMOM JieJle B 3THX CJydasix

HUMEIOTCA B BULY Hpe,ZI,I/IKElTbI1 .

'[Ipuuem He Bceria MpeIKaTbl-BbICKa3bIBaAHUS, KaK, HATIPUMeEP, B TPOTPAMMHUPOBAHUHU, KOT/IAa Pe3yJb-
TaTOM MPOBEPKH ycyioBuUst siBJIsiercst 3HaueHre HCTUHHOCTH « TRUE, FALSE» unu «0, 1».



IV. DbuHapHble OTHOLIEHUS

Onpenenenue 5. /[symecmrnoe omnoulerue Ha mHoxicecmse A Ha-
3616aemCcsi OUHAPHBLIM OTHOLIEHUEM.

Ecau R — OGuHapHOe OTHOILIEHHe, TO 4acTo BMecTo (z,y) € R nu-
1yt x Ry. DTo corJiallleHue BbI3BaHO TeM 0OCTOSITENIbCTBOM, UTO BCTpe-
yatolidecss 0ObIYHO B MAaTEMATUKe OTHOLLIEHUS UMEIOT MOX0XKYI0 3alUCh:
r=y,x<y,rCy r€yUuTn 31eCb CHMBOJ R HY?>KHO UHTEPIPETUPO-
BaTh CKOpee He KaK MHOXKECTBO, a KaK 3aMeHUTeNIb CUMBOJIOB =, <, C, €,
U T.I1.



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM

Teopust GUHAPHBIX OTHOLIEHUH MPEACTABJSET COOOU MPEKPACHBIN MPH-
Mep UCIOJb30BAHUSI MATEMATHKH, KakK 3blKa. J[eJ0 B TOM UTO MOXKHO
cchopMyJIMpoBaTh Psijl OHATUH, B HEKOTOPOM CMbICJIe SKBHUBAJEHTHBIX
OUHAPHOMY OTHOLLIEHUIO, HO OTHOCSLIMXCS K Pa3HbIM paszjesam MaTeMa-
TUKH. Kak roBopsiT, 3T0 MOHSITHE MOXKHO chOPMYJUPOBATh «HA Pa3HbIX
MaTeMaTHUYeCKUX si3blkax». [ I[puBeneM psiji Takux NpuMepoB



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM

ﬂSblK MHO2KE€CTB. BI/IHapHOe OTHOLIEHHE, KaK MHOZKECTBO — 3TO HC-
XO0AHOE oIlpeae/ieHue 6HHapHOI‘O OTHOILLIEHUS.



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM
$I3bIK MHOXKECTB.

S3biKk pyHkumid. Kak Mbl oTMeuasiy Bblllle, OWHAPDHOMY OTHOILIEHHIO R
1, ecmu(x,y) € R

CTAaBUTCA B COOTBETCTBUE IMPEAHUKAT T(CE, y) = { 0. ecuu (LL’ y) ¢ R
) J



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM
$I3bIK MHOXKECTB.

SI3bIK PyHKLIMA.

SI3bIK BbICKa3biBaHUW. buHapHoMy oTHOllIeHHI0O R COOTBETCTBYET Bbl-
cKasbiBaHue (z,y) € R. 3aMeTuM, uTo R COCTOUT U3 BCEX TeX Map
(x,y), Mg KOTOPbIX 3TO BbiCKa3biBaHWe BepHO. TakuM o6pasom,
TUM BbICKa3blBaHHEM OMHApHOE OTHOllIeHHEe R ompenessieTcs noJ-
HOCTbIO M OJIHO3HAUHO.



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM

A3bIK MHOXKECTB.

SI3bIK PyHKLIMA.

A3bik BbicKa3biBaHUW. Hanpumep, BbicKka3biBaHWe  «HATypaJibHOE
YUCJIO M JIEJIUTCS Ha HATypaJibHOE UUCJIO 1 HalleJo» OIpeesisieT
otHouenve R = {(2;1),(3;1),(4;2),...}. Ilpu 3ToM 3TO BbICKa3bi-
BaHWe JIOTHYECKU 3KBUBAJEHTHO BbICKa3biBaHWio (m,n) € R, To
eCTb UCMUHHOCTMb NePBOEO BbLLCKA3BLBAHU BACHEN UCTUHHOCNLb
8MOPOCO BbLCKAZLLBAHUA, U HAOOOPOM, UCMUHHOCHLL 8MOPOCO
BLLCKA3bLBAHUSA BAeUeNT UCNIUHHOCITb NepB020 BbLCKA3bIBAHUSL
(3TO ompejsesieHHe JIOTUUECKOH SKBHUBAJIEHTHOCTH BbICKA3bIBAHUH ).
dakTuuecku 00bSIBJACHHBIN paHee nepexo K o003HaueHuto x Ry Bme-
cTo (x,y) € R oCyl1eCTBJISET «ITePEBO» C 513bIKa MHOXKECTB Ha 513bIK
BbICKa3bIBaHHUH.



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM

A3bIK MHOXKECTB.

S13bIK (PYHKLMH.
A3bIK BbICKA3bIBAHU M.

SI3bIk opyeHTHpOBaHHbIX rpadoB. [IycTh OuHapHOoe oTHollleHHe R
ornpejeseHo Ha MHoXKecTBe A, cocTosiuieM U3 HeOOJbLIOTO YHca
s71eMeHTOB. Kaxk/1oMy 3/1eMeHTYy a MHO»KeCcTBa A B3aUMHO OJITHO3HAY-
HbIM 06pa30M MOCTABUM B COOTBETCTBHE TOUKY MJIOCKOCTH ¢(a), Ha-
3bIBaeMyto BepliMHOM rpada, v u3 Touku g(a) B Touky g(b) 6ynet usi-
TH CTpeJIKa (Ha3biBaeMasi Ayroi rpada) Torna u ToJbKo TOra, KOraa
aRb. Ecau nyra uaer us g(a) B 3Ty XKe TOUKY, TO eCTb aRa, TO Takas
nyra HasbiBaercst metqae. [loayuatommiicsi rpad (TouHee, ero rpa-
duueckasi Mojiesib ) 7151 OTHOILIeHUsT R Mbl 6yieM o603HauaTh ['(R).



IV.1. $13bIKu Teopun GMHAPHBIX OTHOLIEHUM

A3bIK MHOXKECTB.

S13bIK (PYHKLMH.
A3bIK BbICKA3bIBAHU M.

SA3bIKk OpueHTUPOBaHHBIX IpaoB. SI3bIK TeopuUM OpPUEHTUPOBAHHBIX
rpadoB ObIBaeT oueHb HaTJIsIJIEH JIJIs HeOOJbIIMX MHOXKECTB A, U Mo-
9TOMY UacTO NPUMeHsIeTCsl Jlaxke B ObITy: 3TO U cXeMa MeTpo (Tam
BMECTO B3aUMHO 0OPATHbIX YT PUCYIOT MPOCTO OTPE30K), U CXEMbI,
MOSICHSAIOLIME, KAK TPOUTH K HY?KHOMY MeCTY (a U b HaXoJAATCs B CO-
OTBETCTBYIOLLEM OTHOLLICHHH, €CJIH €CTh MPAMOU POXOJ U3 MECTA @ K
MecTy b), U cXeMbl MOJUMHEHHOCTH B HEKOTOPBIX YUPEXKJIEHUSIX U OP-
raHU3alusIX, HAaMpPUMeEp, B apMHUH, U T.II.

PaccmoTperb npumep?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

Ha si3bike npeaukaToB-gyHKUMI oJydaeM, yTo



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

Ha s3bike npenukaToB-(yHKUMEA MoJyyaem, uto 044 4106020 3Jie-
MeHTa a U3 A uMmeerT Mecto TOXKAecTBO 7(a,a)=1. Ha s3bike
MpeauKaToOB-BbICKA3bIBAHUHI MOJydaeM, uTo st toboro a € A crpa-
BEJIINBO apa.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

Ha s3bike npenukaToB-(yHKUMEA MoJyyaem, uto 044 4106020 3Jie-
MeHTa a U3 A uMmeerT Mecto TOXKAecTBO 7(a,a)=1. Ha s3bike
MpeauKaToOB-BbICKA3bIBAHUHI MOJydaeM, uTo st toboro a € A crpa-
BEJIINBO apa.

Ha si3bike opreHTHpOBaHHbIX rpachoB — B rpade I'(R)



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

Ha s3bike npenukaToB-(yHKUMEA MoJyyaem, uto 044 4106020 3Jie-
MeHTa a U3 A uMmeerT Mecto TOXKAecTBO 7(a,a)=1. Ha s3bike
MpeauKaToOB-BbICKA3bIBAHUHI MOJydaeM, uTo st toboro a € A crpa-
BEJIINBO apa.

Ha s3bike opuentupoBanHbix rpadoB — B rpade I'(R) kaxnas Bep-
LIMHA «CHAOXKeHa» MeTJIeH.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

[TopuepkHeMm, uTo peIeKCMBHOCTb — 3TO CBOMCTBO OMHAPHOTO OT-
HOLLIEHUS] 8 YeAOM, 4 He OTICJbHON BeplIUHbl. Heav3s, nanpumep,
CKa3aTb «OTHOllIeHHe R pedJIeKCHBHO B BEPLIHHE a>.

SIBasieTcst i perJIQKCHBHbIM OoTHOLIEHHUE ACJIMMOCTH HALLEJI0O HA MHO-
2KECTBE HEOTPHULATEJ/IbHBIX LEJIbIX yuceJ1?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

[TopuepkHeMm, uTo peIeKCMBHOCTb — 3TO CBOMCTBO OMHAPHOTO OT-
HOLLIEHUS] 8 YeAOM, 4 He OTICJbHON BeplIUHbl. Heav3s, nanpumep,
CKa3aTb «OTHOllIeHHe R pedJIeKCHBHO B BEPLIHHE a>.

SIBasieTcst i perJIQKCHBHbIM OoTHOLIEHHUE ACJIMMOCTH HALLEJI0O HA MHO-
2KECTBE HEOTPHULATEJ/IbHBIX LEJIbIX yuceJs?

Her, He sisaBaisieTcst, nockosibky O He nenutcest Hatlesio Ha 0.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

[TopuepkHeMm, uTo peIeKCMBHOCTb — 3TO CBOMCTBO OMHAPHOTO OT-
HOLLIEHUS] 8 YeAOM, 4 He OTICJbHON BeplIUHbl. Heav3s, nanpumep,
CKa3aTb «OTHOllIeHHe R pedJIeKCHBHO B BEPLIHHE a>.

OTHollleHHe < He pedJeKCHBHO. SIBJsieTcs M peeKCHBHBIM OTHO-
IIEHHE <UQJIOBEK T HPABUTCS UEJOBEKY > ?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHocTb. buHapHoe oTHolleHWe R HasbiBaercsi pedieKCUB-
HbIM, eyl (a;a) € R 049 1106020 3nemMeHTa a U3 A.

[TopuepkHeMm, uTo peIeKCMBHOCTb — 3TO CBOMCTBO OMHAPHOTO OT-
HOLLIEHUS] 8 YeAOM, 4 He OTICJbHON BeplIUHbl. Heav3s, nanpumep,
CKa3aTb «OTHOllIeHHe R pedJIeKCHBHO B BEPLIHHE a>.

OTHollleHHe < He pedJeKCHBHO. SIBJsieTcs M peeKCHBHBIM OTHO-
IIEHHE <UQJIOBEK T HPABUTCS UEJOBEKY > ?

He pediekcuBHO, MOCKOJIbKY, YBbI, He BCE JIIOJIM HPABATCS CaMu cebe.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Ha s3bike npenukaToB-(yHKUMH CHMMETPUUHOCTb OTHOLIEHHS R
O3HayaerT, uTo



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Ha s3bike npeankaToB-(yHKIMH CUMMETPHUHOCTb OTHOIIEHHS R
03HauaeT, uto ecau r(x,y) = 1, To r(y, x) = 1.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Ha s3bike npeankaToB-(yHKIMH CUMMETPHUHOCTb OTHOIIEHHS R
03HauaeT, uto ecau r(x,y) = 1, To r(y, x) = 1.

Ha s13bike HpeﬂI/IKaTOB—BbICKaSbIBaHI/Iﬁ HnMeeM

rpy = Ypr.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Ha si3bike mpennkaToB-(yHKIMH CUMMETPUUHOCTb OTHOLIeHHUs R
03HauaeT, uto ecau r(x,y) = 1, To r(y, x) = 1.

Ha a3bike HpeﬂI/IKaTOB—BbICKaSbIBaHHﬁ HUMeeM
Tpy = Ypr.

Ha s3bike opreHTHpOBaHHbIX TPa)oB CUMMETPUUYHOCTb O3HAYAET,

yTO BCsIKast iyra uMeet B rpade ['( R) o6paTHyto: ./



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Kak u B cayuyae ¢ pedeKCUBHOCTbIO, CUMMETPUYHOCTb SIBJISIETCS
CBOMCTBOM OTHOUICHHUSA 8 YeA0M, HeAb35 CKAa3aTb KOTHOLIEHUE R 114
9THUX 3JIEMEHTOB CUMMETPUUHO, a /11 TEX — HET».



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Kak u B cayuyae ¢ pedeKCUBHOCTbIO, CUMMETPUYHOCTb SIBJISIETCS
CBOMCTBOM OTHOUICHHUSA 8 YeA0M, HeAb35 CKAa3aTb KOTHOLIEHUE R 114
9THUX 3JIEMEHTOB CUMMETPUUHO, a /11 TEX — HET».

SIBJIAIOTCS JIU CUMMETPHUUHBIMH OTHOLIEHHUS: OTHOLLIEHUE PABEHCTBA U
OTHOILIEHHE POJICTBA MEXKJLY JIIOJbMH ?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Kak u B cayuyae ¢ pedeKCUBHOCTbIO, CUMMETPUYHOCTb SIBJISIETCS
CBOMCTBOM OTHOUICHHUSA 8 YeA0M, HeAb35 CKAa3aTb KOTHOLIEHUE R 114
9THUX 3JIEMEHTOB CUMMETPUUHO, a /11 TEX — HET».

SIBJISIIOTCS JIM CUMMETPUUHBIMH OTHOLLIEHHSI: OTHOLIIEHHE PABEHCTBA U
OTHOLLIEHUE POJICTBA MKy JitoabMu? [la.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Kak u B cayuyae ¢ pedeKCUBHOCTbIO, CUMMETPUYHOCTb SIBJISIETCS
CBOMCTBOM OTHOUICHHUSA 8 YeA0M, HeAb35 CKAa3aTb KOTHOLIEHUE R 114
9THUX 3JIEMEHTOB CUMMETPUUHO, a /11 TEX — HET».

Bcerna aktyajbHOe, 0COOEHHO JJIs MOJIOJbIX JIIOAEH, OTHOUIEHHE
«JIOOUT», K COXKAJICHHIO, HE CHMMETPHUUHO, He BCera JitoO0Bb ObIBa-
eT B3auMHOU. MOXKHO JIM cKa3aTb: KOTHOLLEHHEe «JIIOOUT» He Bceruaa
CUMMETPUUYHO» ?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHOCTb. brHapHoe oTHOLIIeHHe R Ha3bIBAeTCS CUMMeETpUY-
HbIM, €CJIM U3 cooTHollIeHus (a; b) € R BbiTeKaer, uto (b;a) € R.

Kak u B cayuyae ¢ pedeKCUBHOCTbIO, CUMMETPUYHOCTb SIBJISIETCS
CBOMCTBOM OTHOUICHHUSA 8 YeA0M, HeAb35 CKAa3aTb KOTHOLIEHUE R 114
9THUX 3JIEMEHTOB CUMMETPUUHO, a /11 TEX — HET».

Bcerna aktyajbHOe, 0COOEHHO JJIs MOJIOJbIX JIIOAEH, OTHOUIEHHE
«JIOOUT», K COXKAJICHHIO, HE CHMMETPHUUHO, He BCera JitoO0Bb ObIBa-
eT B3auMHOU. MOXKHO JIM cKa3aTb: KOTHOLLEHHEe «JIIOOUT» He Bceruaa
CUMMETPUUYHO» ?

CHMMETPHUHOCTb — CBOUCTBO BCEr0 OTHOLLIEHHUS], @ He 0COOEHHOCTb
OT/IE/IbHbIX BEPLIUH, J1a2Ke BECbMa JOCTOUHBIX YBaXKeHHUS U JI0OBH!



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMeTpUUYHOCTb. DHapHOe oTHOllleHHe R HasblBaeTcsi aHTHU-
CUMMETPHUYHbBIM, eC/iU U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMeTpUUYHOCTb. DHapHOe oTHOllleHHe R HasblBaeTcsi aHTHU-
CUMMETPHUYHbBIM, eC/iU U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.

Ha s3bike nmoamMHo»KecTB: B R He MOTYT OJIHOBPEMEHHO COJIEPKATHCS
(a,b) v (b, @) 115t pa3JMUHBIX a, b.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMeTpUUYHOCTb. DHapHOe oTHOllleHHe R HasblBaeTcsi aHTHU-
CUMMETPUUYHBIM, eCJi U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.

Ha s3bike nmoamMHo»KecTB: B R He MOTYT OJIHOBPEMEHHO COJIEPKATHCS
(a,b) v (b, @) 115t pa3JMUHBIX a, b.

Ha si3bike BbicKa3bIBaHUI: JJ1s1 pAa3JIMUHbIX @, b U3 BbICKA3bIBAHUH apb
1 bpa, KAK MUHUMYM, OJIHO SIBJISIETCSI HEBEPHbIM.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMeTpUUYHOCTb. DHapHOe oTHOllleHHe R HasblBaeTcsi aHTHU-
CUMMETPUUYHBIM, eCJi U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.

Ha s3bike nmoamMHo»KecTB: B R He MOTYT OJIHOBPEMEHHO COJIEPKATHCS
(a,b) v (b, @) 115t pa3JMUHBIX a, b.

Ha si3bike BbicKa3bIBaHUI: JJ1s1 pAa3JIMUHbIX @, b U3 BbICKA3bIBAHUH apb
1 bpa, KAK MUHUMYM, OJIHO SIBJISIETCSI HEBEPHbIM.

Ha s13bike opreHTHpPOBaHHbIX TPadOB: HU Yy OJIHOH J1yTH, KPOME TETJIH,
HeT 0OpaTHOM.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTHCUMMeTpUUYHOCTb. BUHApHOE OTHOIleHHe R HasbiBaeTcss aHTHU-
CUMMETPHUYHbBIM, eC/iU U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.

Mo3KeT Jii OTHOLIeHHE ObITh OJIHOBPEMEHHO CUMMETPHUHBIM W aHUTH-
CUMMETPHUHbBIM?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTHCUMMeTpUUYHOCTb. BUHApHOE OTHOIleHHe R HasbiBaeTcss aHTHU-
CUMMETPHUYHbBIM, eC/iU U3 Toro, uto (a;b) € R u (b;a) € R caenyer,
uto a = b.

AHTHCHMMGTPHLIHI)IM U CUMMETPHUYHBIM SBJISAETCS ABJACTCA [TOJAMHO -
2KECTBO OTHOLLIEHHSA PABEHCTBA.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTHCMMMETPHUUHOCTD. (a;) € R, = a=0b.
(b;a) € R

TpaH3uTuBHOCTb. TPAH3UTUBHBIM HA3bIBAETCS] TaKOe OTHOILIeHHEe R,
uTO J/Is1 JIIOOBIX 3JIEMEHTOB a,b,c u3 A u3 Toro, uto (a;b) € R u
(b;¢) € R BbITEKaET, uTO (a1;¢) € R.



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R
CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTHCMMMETPHUUHOCTD. (a;) € R, = a=0b.
(b;a) € R

TpansutuBHocTb. TPaH3UTHUBHBLIM Ha3biBaeTCsl TaKoe OTHOLIeHHe R,

uTo { (a;0) € R, = (a;c) € R.
(b;c) € R

Oco6GeHHO HarJsiiHa TPAH3UTHBHOCTb HA SI3bIKE OPUEHTHPOBAHHBIX
rpadoB: st rpada G(R) TpaH3UTHBHOIO OTHOLLIEHHST R eCJii eCThb
«06X0IHOU MapuIpyT» a, (a,b), b, (b, c), ¢, COEMMHSAIOUIMI BepPIIUHDI
a v ¢, To 00513aTe/IbHO €CThb U KKOPOTKHUH, MPSIMOU» MyThb a, (a,c¢), ¢.
MHbIMH CJI0BaMH, <yroJIKM» BHA "\ «3aMBIKAIOTCSt J10 TPEYroJib-

HUKa»: A



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMETPUUHOCTD. (a;) € R, = a=>.
(b;a) € R
TpaH3UTHBHOCTb. { EZ’;) : ]Ig’ = (a;c) € R.

SIBasieTCst i TPAH3UTUBHBLIM OTHOILIEHHE «KEHIIHMHA @ SIBJISIETCS] Ma-
MOM »KEHILHMHBI b>» ?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMETPUUHOCTD. (a;) € R, = a=>.
(b;a) € R
TpaH3UTHBHOCTb. { EZ’;) : ]Ig’ = (a;c) € R.

SIBasieTCst i TPAH3UTUBHBLIM OTHOILIEHHE «KEHIIHMHA @ SIBJISIETCS] Ma-
MOM »KEHILHMHBI b>» ?

Hert, He siBsisieTcs1, Tak Kak MaMa MaMbl — 3T0 6abyuika!



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH
PedaekcuBHoctb. (a;a) € R

CummeTtpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMETPHUHOCTD. (a;0) € R, = a=0».
(b;a) € R
TpaH3UTUBHOCT. { EZ’S) : }}237 = (a;c) € R.

13 TpaH3UTUBHOCTH OTHOLIEHUS R He cJielyeT, Harnpumep, 4To
(a;b) € R (a;c) € RBaeuer (b;c) € Ru (¢;b) € R.

Hanpumep, ecsin Mbl onpeesiMM OTHOLIEHHE <JIydlIe» MEXK]y aBTO-
MOOUJIAMH MIPABUJIOM <@ JIyUdllle, UueM b, ecJid a ObICTPOXOJHEE U KO-
HOMHUHee b», TO U3 TOTO, YTO aBTOMOOWJIb @ Jiyullle, YeM b U ¢, He cJie-
JIy€T, UTO b Jiyulie ¢ Wik Ha0O60POT: MOXKET 0KA3aThCs, UTO b ObICTPO-
XOJIHEE, UEM C, HO <TTPOKOPJHUBEH».



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMETPUUHOCTD. (a;) € R, = a=>.
(b;a) € R
TpaH3UTHBHOCTb. { EZ’;) : ]Ig’ = (a;c) € R.

SIBaIeTCS M TPAH3UTUBHBIM OTHOLIEHUE P = {(n, n+1)né€ Z} Ha

MHO2KECTBE LEJIbIX quceJs?



IV.2. HekoTtopble TUNbl OUHAPHbIX OTHOLLEHUH

PedaekcuBHoctb. (a;a) € R

CummeTpuuHocTb. (a;b) € R = (b;a) € R.

AHTUCUMMETPUUHOCTD. (a;) € R, = a=>.
(b;a) € R
TpaH3UTHBHOCTb. { EZ’;) : ]Ig’ = (a;c) € R.

OTtHolleHune P = {(n, n+1)|né€ Z} Ha MHOKECTBE 11eJIbIX UMCeJT He

SIBJISIETCS TPAH3UTHUBHbBIM, TaK KakK, Hanpumep, (1;2) € Pu (2;3) € P,
HO HeBepHo, uTo (1;3) € P.



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

KaK [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

KaK [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

Kak [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:
dHaJlu3 OoIIpeaeJIeHUus U



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

Kak [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:

dHaJlu3 OoIIpeaeJIeHUus U

[NOCTPOEHHUE NOCTATOUYHO OO0JILILIOrO YHCJIa [IPUMEPOB.



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOLLIEHHE PABEHCTBA JIJI5 YUCE,



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOLIEHHE PABEHCTBA J/I51 YUCEJ, MHOXKECTB,



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOILIEHHE PABEHCTBA JIJISl UUCEJ, MHOXKECTB, FeOMeTPHUECKUX UTyp,



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOILIEHHE PABEHCTBA JIJISl UUCEJ, MHOXKECTB, FeOMeTPHUECKUX UTyp,
OTHOIlIeHHE MOA00US /151 FeOMeTPHUECKUX PUTYp H T.1I.



IV.3. OTHOLIeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 6. Peghnexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:

aHaJIu3 orpeJie/ieHus] 1

MOCTPOEHHUE IOCTATOUYHO OOJIbIIOTO YMCJIa TIPUMEPOB.
Paccmorperbh npumep?



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

KaK [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

KaK [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

Kak [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:
dHaJlu3 OoIIpeaeJIeHUus U



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

Kak [TOHATDH, YTO TAKO€ OTHOLLIEHHUE 9KBUBAJIEHTHOCTH ?
EcTb JBa BapuaHTa:

dHaJlu3 OoIIpeaeJIeHUus U

[NOCTPOEHHUE NOCTATOUYHO OO0JILILIOrO YHCJIa [IPUMEPOB.
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musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOLLIEHHE PABEHCTBA JIJI5 YUCE,



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOLIEHHE PABEHCTBA J/I51 YUCEJ, MHOXKECTB,



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOILIEHHE PABEHCTBA JIJISl UUCEJ, MHOXKECTB, FeOMeTPHUECKUX UTyp,



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:
aHaJIu3 onpeaeeHust 1
MOCTPOEHHUE TOCTATOUHO OOJIBIIOTO YUCJIA IPUMEPOB.

OTHOLLIEHHST SKBUBAJIEHTHOCTH BCTPEUalOTCsl OUeHb 4acTo: 3TO U
OTHOILIEHHE PABEHCTBA JIJISl UUCEJ, MHOXKECTB, FeOMeTPHUECKUX UTyp,
OTHOIlIeHHE MOA00US /151 FeOMeTPHUECKUX PUTYp H T.1I.



IV.4. OTHOLIEeHHEe 3KBUBAJECHTHOCTH

Onpenenenue 7. Peghnrexcusnoe, cummempuunoe u mpaH3u-
musHoe OMHOULeHUEe HA3bl8aemcs OTHOWEHUEeM 3KBUBAJEHTHO-
CTH.

EcTb 1Ba BapuaHra:

aHaJIu3 orpeJie/ieHus] 1

MOCTPOEHHUE IOCTATOUYHO OOJIbIIOTO YMCJIa TIPUMEPOB.
Paccmorperbh npumep?



IV.4.1. Kputepum oTHOLIEHHUS 9KBUBAJEHTHOCTH

Teopema | (KpuTepuit OTHOWIEHUS 3KBUBAJNCHTHOCTU ). OmHouleHue
R asasiemcs omuouwenuem sk8usaseHmuocmiu Ha mHoxecmse A
moeda u moavko moeda, koeda A pacnadaemcs 8 obveduHerue
mHoMcecms A, (Hasovleaemvlx KlaccaMu 3KBUBAJEHTHbIX N0 R aJje-
MEHTOB), c0e o € I npuuen,

Bo-nepBbIX, A =, .; Ao,

BO-BTOPbIX, 045 o # 3 umeem A, N Ag = 0;

(9TO BHAYHUT, HTO A PACIHIAIIAETCAH B OB'BE/HHEHHE
HEIIEPECEKAIOIUIHXCAH KJIACCOB)



IV.4.1. Kputepum oTHOLIEHHUS 9KBUBAJEHTHOCTH

Teopema | (KpuTepuit OTHOWIEHUS 3KBUBAJNCHTHOCTU ). OmHouleHue
R asasiemcs omuouwenuem sk8usaseHmuocmiu Ha mHoxecmse A
moeda u moavko moeda, koeda A pacnadaemcs 8 obveduHerue
mHoMcecms A, (Hasovleaemvlx KlaccaMu 3KBUBAJEHTHbIX N0 R aJje-
MEHTOB), c0e o € I npuuen,

Ay

BO-BTOPbIX, 045 o # 3 umeem A, N Ag = 0;

Bo-nepBbIX, A ={J,.;

B-TPETbUX, 041 100bLx T,y € A, umeem mecmo (x;y) € R,

(BCE SJIEMEHTbI H3 OAHOIO KJIACCA 3KBHBAJIEHT-
HbIX 3JEMEHTOB HAXOISITCSI B OTHOUIEHHH R JIPYT C
JIPYTOM)



IV.4.1. Kputepum oTHOLIEHHUS 9KBUBAJEHTHOCTH

Teopema 1 (kpuTepuil OTHOLWIEHUS SKBUBAJCHTHOCTHU ). OmHoulerue
R asaaemcsa omuouwenuem sk8usaseHmuocmu Ha mHoxcecmse A
moeda u moavko moeda, koeda A pacnadaemcs 8 0bveduHeHuUe
mHoMcecms A, (Ha3ovlBaemblx KlaccaMy 3KBUBAJEHTHbIX N0 R aJje-
MEHTOB), cde o € I npuuen,

Ay

BO-BTODbIX, 048 v # [3 umeem A, N Az = ();

Bo-nepBbIX, A = ,.;

B-TPETbUX, 0449 A10061X x,y € A, umeem mecmo (x;y) € R (8ce sne-
MEHNbL U3 00H020 KAACCA IKBUBANCHMHOLX INEMEHNO08 HAXO-
damcsa 8 omruoweHuu R dpye c dpyeom);

B-4eTBEPTbIX 045 A10061X o # 3 u aw0boix x € A,, y € Az umeem
(x,y) ¢ R (HuKkakue 08a asemerma u3 pagHolx KAacco8 IKBUBA-
NeHmHbLX N0 R aaemenmos He Haxoodamcesa 8 omHouenuu R).



IV.4.1. Kputepum oTHOLIEHHUS 9KBUBAJEHTHOCTH

JloKa3aTeqbCTBO KPpUTEPHUS OTHOILIEHUS 3KBHUBaJeHTHOCTU. CHa-
yaJia aHaJM3HPYeM JIOTHUECKYIO CTPYKTYPY TOH TeOpPeMbI: 3TO TeopemMa-
9KBHUBaJIEHLIMs1. SHAUMUT, J0Ka3aTeJbCTBO pa3bUBAETCs Ha JiIBa Tana: Bo-
MepBbIX, HAJ0 J0Ka3aTb, UTO BCSIKOE OTHOIlEHWE 2KBHUBAJEHTHOCTH
obJiajlaeT OMUCAHHbIM B TeOpeMe CBOMCTBAMHU, H, BO-BTOPbIX, UTO BCSI-
KOe OTHOIIIeHHE C TAKUMH CBOHUCTBAMHU SIBJISIETCSI OTHOLLIEHMEM 9KBHBa-
JEHTHOCTH.



IV.4.1. Kputepum oTHOLIEHHUS 9KBUBAJEHTHOCTH

JloKa3aTeJJbCTBO KPUTEPHSI OTHOILIEHUSI 9KBUBaJEHTHOCTH. [TycTh
R — oTHollleHWe 3KBUBaJeHTHOCTHU. [l KaxKoro ajiemMenra x u3s A
uepe3 C'(x) 0603HAUNM MHOXKECTBO JIEMEHTOB Y, HAXOJSAIUXCS B OTHO-
LIeHUH R ¢ 3J1eMeHTOM &, TO eCTb

Cw) = {y| (i) € R} (7)

Boanuknu Bonpoch?

JlanbHenee 10Ka3aTesbCTBO pa3obbeM Ha Psjl JEMM: JieMMa O 10—
MapHOH KBUBAJEHTHOCTH 3JeMeHTOB U3 C'(z), JeMMa O MOPOXKIAEHHUH
C'(x), nemma 06 usosupoBaHHocTn C(x).



IV.4.2. Jlemma 0 nonapHOW 2KBUBAJEHTHOCTHU 3J€MEH-
T0B U3 C(1)

Jlemma 1 (0 MonapHoi 3KBMBAJEHTHOCTH 3jeMeHTOB U3 C'(z)). Ecau R — ommno-
uleHue 3K8UBANEHMHOCTLU, MO 8ce dremermol ud C(xr) Haxodamces
8 omHouteHuu R dpye ¢ dpyeom.

JloKa3aTeJbCTBO.



IV.4.2. Jlemma 0 nonapHOW 2KBUBAJEHTHOCTHU 3J€MEH-
T0B U3 C(1)

Jlemma 1 (0 MonapHoi 3KBMBAJEHTHOCTH 3jeMeHTOB U3 C'(z)). Ecau R — ommno-
uleHue 3K8UBANEHMHOCTLU, MO 8ce dremermol ud C(xr) Haxodamces
8 omHouteHuu R dpye ¢ dpyeom.

T
Y z
Joka3zateabctBo. [Tycth y, 2z € C(x).



IV.4.2. Jlemma 0 nonapHOW 2KBUBAJEHTHOCTHU 3J€MEH-
T0B U3 C(1)

Jlemma 1 (0 MonapHoi 3KBMBAJEHTHOCTH 3jeMeHTOB U3 C'(z)). Ecau R — ommno-
uleHue 3K8UBANEHMHOCTLU, MO 8ce dremermol ud C(xr) Haxodamces
8 omHouteHuu R dpye ¢ dpyeom.

T
Hoka3areabctBo. [lycth y, 2z € C'(x). Torna

{ (y:z) € R,
(z;2) € R



IV.4.2. Jlemma 0 nonapHOW 2KBUBAJEHTHOCTHU 3J€MEH-
T0B U3 C(1)

Jlemma 1 (0 MonapHoi 3KBMBAJEHTHOCTH 3jeMeHTOB U3 C'(z)). Ecau R — ommno-
uleHue 3K8UBANEHMHOCTLU, MO 8ce dremermol ud C(xr) Haxodamces
8 omHouteHuu R dpye ¢ dpyeom.

Hoka3areabctBo. [lycth y, 2z € C'(x). Torna

(y;2) € R, (y:2) € R,
{(z;x)ER ~ {(m;z)ER

[To ycsioBHIO OTHOLIEHHE R CHMMETPHUHOE, 3HAUMT,
(z;2) € R = (z;2) € R.



IV.4.2. Jlemma 0 nonapHOW 2KBUBAJEHTHOCTHU 3J€MEH-
T0B U3 C(1)

Jlemma 1 (0 MonapHoi 3KBMBAJEHTHOCTH 3jeMeHTOB U3 C'(z)). Ecau R — ommno-
uleHue 3K8UBANEHMHOCTLU, MO 8ce dremermol ud C(xr) Haxodamces
8 omHouteHuu R dpye ¢ dpyeom.

y/a:\

>
I

Hoka3areabctBo. [lycth y, 2 € C'(x). Torna
(yiz) e R, [ (y2) € R,
(z;2) € R (r;2) € R

M3 Tpan3utuBHOCTH R caieftyeT, uto (y; z) € R, uTo U Tpe6oBaoch 10Ka-
3aTh.

= (y;z) € R.



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. [IpoBenuTe CamMOCTOSITENIBHO PACCYXKICHUST Ha
s13bIKe TpadoB. Mbl orpaHuuuMcs «popMasibHbIM 10Ka3aTeJbCTBOM .
[lycthb



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusansenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. [IpoBenuTe CamMOCTOSITENIBHO PACCYXKICHUST Ha
s13bIKe TpadoB. Mbl orpaHuuuMcs «popMasibHbIM 10Ka3aTeJbCTBOM .
[Tyctb y conepaxurcs B C'(x). Ham Hajno nokasathb



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusansenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. [IpoBenuTe CamMOCTOSITENIBHO PACCYXKICHUST Ha
s13bIKe TpadoB. Mbl orpaHuuuMcs «popMasibHbIM 10Ka3aTeJbCTBOM .
[Tyctb y conepaxurcs B C'(x). Ham Hajno nokasathb
paseHcmeao MHOINeCms.



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusansenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. [IpoBenuTe CamMOCTOSITENIBHO PACCYXKICHUST Ha
s13bIKe TpadoB. Mbl orpaHuuuMcs «popMasibHbIM 10Ka3aTeJbCTBOM .

[Tyctb y conepaxurcs B C'(x). Ham Hajno nokasathb
paseHcmeao MHOINeCms.

HertpyaHo nousTs, uto, U3 coobpaxkKeHui CHMMETPHUH, J0CTAaTOUYHO J10-
KazaTh BKJtoueHue C'(x) C C(y).



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

{ z € C(x),
y € C(x)



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

z € C(x), (z,7) € R,
{yecm ;‘{@/,x)eR -

B cuny cummerpuuHoctTy R BbicKadbiBaHue (y;x) € R Bjeder
(z;y) € R.



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusansenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

(ree - {hme - (e -



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusansenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

z € C(x), (z,7) € R, (z,7) € R,
{yecm ;‘{w,x)eR ;‘{m,y)eR > Ly ek

M3 TpaHsuTHBHOCTH OTHOLIEHUs R caenyert, uto (z;x) € Ru (z;y) € R
Byieuet (z;y) € R.



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

z € C(z), (z,z) € R, (z,2) € R,
{CUGC(SU) i{(yaf)ER é{(x,y)eR

3HauuT, no onpenenenuto C'(x), z conepxkurces B C(y).

= (z,y) € R.



IV.4.3. Jlemma o nopoxnaenunu C(x)

Jlemma 2 (o nopoxnenun C(2)). Ecau R — omHowenue sksusarenm-
Hocmu, mo 044 moboeo y us C(x) umeem C(z) = C(y).

Joka3areabcTBo. HeTpyHO MOHATH, 4TO, U3 COOOPAKEHUH CUMMET-
pUM, IOCTATOUHO JIoKadaTh BKJoueHue C'(z) C C(y).
Bosbmem z € C(z).

z € C(z), (z,z) € R, (z,2) € R,
{CUGC(SU) i{(yaf)ER é{(x,y)eR

3HauuT, no onpenenenuto C'(x), z conepxkurces B C(y).
Urak, z € C(z) = 2z € C(y), r.e. C(x) C Cy).
JleMMa nokasaHa.

= (z,y) € R.



IV.4.4. Jlemma 06 nzoaupoBanHoctu C(x)

Jlemma 3 (06 usoamposannocru C(2)). Ecau R — omuowenue s3ksusa-
AEeHMHOCMU, MO HU 00uH 3remenm u3 A, ne sxodawuil 8 C(x), He
Haxodumcs 8 omuouteHut R Hu ¢ 00Hum sremenmon us C(x).

ILOKaSaTe.HbCTBO MO2KHO IMPOBECTHU KOT IPOTHBHOI'O>. I/ITaK, [TYCTb



IV.4.4. Jlemma 06 nzoaupoBanHoctu C(x)

Jlemma 3 (06 usoamposannocru C(2)). Ecau R — omuowenue s3ksusa-
AEeHMHOCMU, MO HU 00uH 3remenm u3 A, ne sxodawuil 8 C(x), He
Haxodumcs 8 omuouteHut R Hu ¢ 00Hum sremenmon us C(x).

JloKa3aTeJJabCTBO MOXKHO TIPOBECTH €OT MPOTHUBHOTO».
Urak, nyctb y He coaepxurcs B C(x), u ayig Hekotoporo z u3 C(x)
crnipaBe/ynBO (y; 2) € R. Torna, corniacHo jiemme o rnopoxaennu C'(x),

Cz)=C(2) =



IV.4.4. Jlemma 06 nzoaupoBanHoctu C(x)

Jlemma 3 (06 usoamposannocru C(2)). Ecau R — omuowenue s3ksusa-
AEeHMHOCMU, MO HU 00uH 3remenm u3 A, ne sxodawuil 8 C(x), He
Haxodumcs 8 omuouteHut R Hu ¢ 00Hum sremenmon us C(x).

JloKa3aTeJJabCTBO MOXKHO TIPOBECTH €OT MPOTHUBHOTO».
Urak, nyctb y He coaepxurcs B C(x), u ayig Hekotoporo z u3 C(x)
crnipaBe/ynBO (y; 2) € R. Torna, corniacHo jiemme o rnopoxaennu C'(x),

Cz)=C(2) =
Hoz e Cly) = C(y) = C(z).



IV.4.4. Jlemma 06 nzoaupoBanHoctu C(x)

Jlemma 3 (06 usoamposannocru C(2)). Ecau R — omuowenue s3ksusa-
AEeHMHOCMU, MO HU 00uH 3remenm u3 A, ne sxodawuil 8 C(x), He
Haxodumcs 8 omuouteHut R Hu ¢ 00Hum sremenmon us C(x).

JloKa3aTeJJabCTBO MOXKHO TIPOBECTH €OT MPOTHUBHOTO».
Urak, nyctb y He coaepxurcs B C(x), u ayig Hekotoporo z u3 C(x)
crnipaBe/ynBO (y; 2) € R. Torna, corniacHo jiemme o rnopoxaennu C'(x),

Clz) = C(z) = Cly).
Hoz e Cly) = C(y) = C(z).



IV.4.4. Jlemma 06 nzoaupoBanHoctu C(x)

Jlemma 3 (06 usoamposannocru C(2)). Ecau R — omuowenue s3ksusa-
AEeHMHOCMU, MO HU 00uH 3remenm u3 A, ne sxodawuil 8 C(x), He
Haxodumcs 8 omuouteHut R Hu ¢ 00Hum sremenmon us C(x).

JloKa3aTeJJabCTBO MOXKHO TIPOBECTH €OT MPOTHUBHOTO».
Urak, nyctb y He coaepxurcs B C(x), u ayig Hekotoporo z u3 C(x)
crnipaBe/ynBO (y; 2) € R. Torna, corniacHo jiemme o rnopoxaennu C'(x),

Clz) = C(z) = Cly).

Caenoatesnbio, C(x) = C(y), npoTUBOpeune.
Jlemma nokasana.



IV4.5. 3aBepuieHue noKa3aTeabCTBa KPUTEPUSI OTHO-
HEHUA 9KBUBAJE€HTHOCTH

3aKOHUMM JI0Ka3aTeJbCTBO TEOPeMbl 0 Pa30HEHHM Ha KJIacChl 9KBU-
BAJIEHTHBIX 3JieMeHTOB. B cuny pedJiekcuBHOCTH R BCAKHUH 3J1E€MEHT
a € A conepxutcs B C'(a). 3Hauut, A siBjsiercs 0O0belMHEHMEM MHO-
x)ectB C'(a),C(b),...,C(c). Ocraercs NpoBepUTh, UTO ITH MHOXKECTBA
YIOBJIETBOPSIIOT OCTAJIbHBIM TPEOOBAHUSIM, TIPEIbsIB/sIEMbIM K A,,. MTaK,
corsiacHo onpenenenuto C'(x), u nemme 06 uzoauposantoctu C'(x), pas-
Hble MHOXKecTBa C'(z) u C'(y) He nmepeceKaloTcs, TOUHee, MepeceKaloTcs
1Mo MmycToMy MHOxKecTBY. HakoHell, no jiemmMe o ronapHoi 9KBUBaJIeHT-
HOCTH 37ieMeHTOB U3 C'(z) Besikasi mapa ajeMeHToB U3 C'(x) HaxoauTcs B
oTHolleHun R apyr ¢ apyrom. Hakonel, o siemmMe 06 H30JHPOBAHHOCTH
C'(x), HUKaKWe JIBa 3JeMeHTa U3 pagHbix MHOXKecTB C'(z), C'(y) He HaXo-
JTCS B OTHOLIEHWH R JIPYT C JPYyroM.



IV4.5. 3aBepuieHue noKa3aTeabCTBa KPUTEPUSI OTHO-
INH€EHUA 9 KBUBAJECHTHOCTH

3aKOHUMM JI0Ka3aTeJbCTBO TeOpeMbl O Pa30HEHHH Ha KJIaCChl 9KBHUBA-
JIEHTHBIX 3J1eMeHTOB. MTak, 1oka3aHo, 4To OTHOLIEHHUEe 9KBUBAJEHTHO-
cTu obsiagaer TpeOyeMbIMU CBOMCTBAMHU. Y TBEPXKJIEHHE, O TOM, UTO OT-
HoweHue R, pasbuBatoiee A Ha knacebl Ay, Ag, ... 9KBUBAJICHTHBIX 110
R >/1eMeHTOB, SIBJISIETCSI OTHOLIEHWEM 2KBUBAJEHTHOCTHU, OUEBHJIHO.
JlelicTBUTENbHO, pedieKCUBHOCTb, CHUMMETPUUHOCTb U TPAH3UTUB-
HOCTb TAKOTO OTHOLLIEHHS MPOBePSAIOTCS 6e3 Tpyaa.

Teopema nokazana.



IV.5. ®akrop-mMHOXKeCTBO

3ameyanue 1 (0 3aJaHMU OTHOLIEHUS 3KBUBAJEHTHOCTH ).
Kpumepuil omHouwlenus 9K8UBANCHNHOCTL NO380A1eN B88eCHU
ewje 00uH cmanodapmuoltl cnocod 041 3a0aHUSL OMHOULeHUS IKBU-
BANeHMHOCMU: 30a0aHUEe YKA3AHUEeM KAQACCO8 IKBUBANEHNMHBLX
3NeMeHmos.

OTHouenue skBuBasentTHocTH 1" = {(1;1); (1;3); (2;2); (3;1); (3;3)}
(pedIeKCMBHOCTb, CHMMETPUUYHOCTb U TPAH3UTUBHOCTb 3TOTO OTHO-
LIEeHHsI TPOBEPbTE CAMOCTOSITENbHO, B TAHHOM CJIyuae 3TO MOXKHO CJie-
JlaTb 1epebopoM BCeX BAPUAHTOB) MOXKHO 3a/1aTh, YKa3aB CMHUCOK SKBH-
BAJIEHTHBIX 3J1EMEHTOB:



IV.5. ®akrop-mMHOXKeCTBO

3ameyanue 1 (0 3aJaHMU OTHOLIEHUS 3KBUBAJEHTHOCTH ).
Kpumepuil omHouwlenus 9K8UBANCHNHOCTL NO380A1eN B88eCHU
ewje 00uH cmanodapmuoltl cnocod 041 3a0aHUSL OMHOULeHUS IKBU-
BANeHMHOCMU: 30a0aHUEe YKA3AHUEeM KAQACCO8 IKBUBANEHNMHBLX
3NeMeHmos.

OTHouenue skBuBasentTHocTH 1" = {(1;1); (1;3); (2;2); (3;1); (3;3)}
(pedIeKCMBHOCTb, CHMMETPUUYHOCTb U TPAH3UTUBHOCTb 3TOTO OTHO-
LIEeHHsI TPOBEPbTE CAMOCTOSITENbHO, B TAHHOM CJIyuae 3TO MOXKHO CJie-
JaTb nepebGoOpoM BCeX BAPUAHTOB) MOXKHO 3a/aTh, YKa3aB CIHCOK K-

BUBAJIEHTHBIX 3JIEMEHTOB: {{1; 3} {2}} rje, B 0603HaUeHUsX J10Ka3a-

TEJIbCTBA TeOPeMbI |, uMeem

{1;3} =C(1) =CE), {2} =C(2).



IV.5. ®akrop-mMHOXKeCTBO

3ameyanue 1 (0 3aJaHMU OTHOLIEHUS 3KBUBAJEHTHOCTH ).
Kpumepuil omHouwlenus 9K8UBANCHNHOCTL NO380A1eN B88eCHU
ewje 00uH cmanodapmuoltl cnocod 041 3a0aHUSL OMHOULeHUS IKBU-
BANeHMHOCMU: 30a0aHUEe YKA3AHUEeM KAQACCO8 IKBUBANEHNMHBLX
3NeMeHmos.

Onpenenenue 8. Ecau R — omHouleHue 3K8UBANCHMHOCMU HA
MHOMcecmee M, mo MHOIMCECmB8o KAacCo8 IKBUBANCHMHLLX NO R
anemenmos Haavigaemcs (pakrop-mHoxectBom M/R mHOdNMCE-
cmea M no omuouteHuro R.



IV.5. ®akrop-mMHOXKeCTBO

3ameuaHue 1 (0 3aJaHUM OTHOLIEHUS] 9KBUBAJECHTHOCTH ).
Kpumepuil omHoulerus 9K8UBANCHNHOCTIL NO3B80ALENT B88eCHU
ewje 00uH cmanodapmuoltl cnocod 041 3a0aHUSL OMHOULeHUS IKBU-
BANeHMHOCMU: 30a0aHUEe YKA3AHUEeM KAQACCO8 IKBUBANEHNMHBLX
9/1eMEHMO8.

O6pamume sHumanue Ha cmandapmuoie popmoL nepexoda
om 00HOU hopmolL npedcmasaeHus OMHOULEHUS IKBUBANLECHN -
Hocmu Kk dpyeou! OnpenesieHde Kjacca SKBUBAJEHTHBIX 3JIEMEHTOB
npeacTaBjeHo hopmyson (7).



IV.5. ®akrop-mMHOXKeCTBO

3ameuaHue 1 (0 3aJaHUM OTHOLIEHUS] 9KBUBAJECHTHOCTH ).
Kpumepuil omHoulerus 9K8UBANCHNHOCTIL NO3B80ALENT B88eCHU
ewje 00uH cmanodapmuoltl cnocod 041 3a0aHUSL OMHOULeHUS IKBU-
BANeHMHOCMU: 30a0aHUEe YKA3AHUEeM KAQACCO8 IKBUBANEHNMHBLX
9/1eMEHMO8.

O6pamume sHumanue Ha cmandapmuoie popmoL nepexoda
om 00HOU hopmolL npedcmasaeHus OMHOULEHUS IKBUBANLECHN -
Hocmu K dpyeou! BoccTaHoBJIEHHE HCXOJTHOTO OTHOLLIEHHS 1O (DAaKTOP-
MHOKECTBY MOKHO OCYULIECTBUTDH C MOMOILbIO (DOPMYJI

wo ek & 30 {7 EEE (8)
T it (9)



Paccmorperbh npumep?



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

Kak pasobparbcs ¢ TeM, UTO TaKoe OTHOLLIEHHE UaCTUUHOTO MOPSIIKa ?



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

Kak pasobparbcs ¢ TeM, UTO TaKoe OTHOLLIEHHE UaCTUUHOTO MOPSIIKa ?
EcTb n1Ba BapuaHra:



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~

psiaka.

Kak pasobparbcs ¢ TeM, UTO TaKoe OTHOLLIEHHE UaCTUUHOTO MOPSIIKa ?
EcTb n1Ba BapuaHra:
aHaJIu3 orpejiesieHus (moJyueHue cJeCTBUN ) U



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

Kak pazo6parbcsi ¢ Te€M, UTO TaKO€e OTHOILIEHHE YACTUUHOTO MOPSsiKa ?
EcTb 1Ba BapuaHra:

aHaJiu3 onpejesieHust (MoJydeHrue CJaegCTBUI ) UK

paccMOTpeHHe I0CTAaTOYHO OOJIBIIOT0 YHCs1a TPUMEPOB.



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

OTHOILLIEHUSIMH YaCTUUHOTO [NOPSaKa SABJSIIOTCS, HAIIPUMED,
— OTHOILLIeHHEe < Ha MHOXKECTBE LICJIbIX UUCEJI,



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

OTHOLLIEHHSIMH UaCTHUHOIO MOPSIJIKa SIBJSIIOTCS, HAalIpUMep,
— OTHOLIeHHe < Ha MHOKECTBE LIeJIbIX YUCeJI;
— OTHOLIEHUA 2O U



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

OTHOLLIEHHSIMH UaCTHUHOIO MOPSIJIKa SIBJSIIOTCS, HAalIpUMep,

— OTHOLIeHHe < HAa MHOKECTBE LeJIbIX UUCeJI;

— OTHolleHHusd 2 U C Ha MHOXKeCTBe BCeX II0JMHOXKEeCTB MHOXKe-
cTBa X.



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~
psaka.

Ecan R — oTHOLLIeHHe YaCTUUHOIO MOopsiIKka Ha MHOXKecTBe A, To ro-
BOPAT, UTO 3JEMeHThbl x,y € A HecpaBHUMBI 10 OTHOLIEHUIO R, ecJiu
(x,y) ¢ Rv (y,x) ¢ R. Eciu u3 KoHTekcra iCHO, 0 KAKOM OTHOIIEHHH
R wper peub, TO TOBOPAT, UTO T, Y HECPABHUMbL BMECTO T, Y HECPABHU-
MbL O omroutenuo R.

B nanHoM pasjesie Mbl OrpaHuuUMcst GOPMYJIMPOBAHUEM OMpele/IeHUH
OCHOBHBIX THIIOB OTHOLLEHWH YAaCTHUHOTO MOPSIJIKA, TPUMEHSIOIUXCS B
MaTeMaTHKe.



IV.6. OTHomeHHe YaCTUUHOTO NOPSAAKa

Onpenenenue 9. Pegharexkcusnoe, anmucummempuuarnoe u mpam-
3UMUBHOE OMHOUWEHUE HA3bl8aencs OTHOLIeHUEM YaCTUYHOTO Mo~

psiaka.

Onpeneaenue 10. Omuouwernue R wacmuuroco nopsaoka Ha MHO-
oicecmse A HasvlBaencs OTHOLIEHHMEM JUHEHHOTro mopsaka, ecau
01 1100bLx 3nemenmos x,y € A sepHo xoms Ovl. OOHO U3 ymeep-
acoenutl: (x,y) € Ruau (y,z) € R.

ubiMu CJIOBaAMH, OTHOLIEHHE YaCTUYHOI'O IMOPpsAAKa ABJACTCA OTHOLIEC-
HUEM JIMHEHHOTO [Topsiika Toraa U ToJIbKO TOr'/ia, Korja B A Het HECpaBHN-
MbIX 271EMEHTOB.



IV.7. OTHOmWIEHHe NOJHOro Nopsaaka

Onpenenenue 9. Pegharexcusrnoe, anmucummempuuaroe u mpam-
3UMUBHOE ONMHOUWEHUE HA3bl8aenCsl OTHOIeHUEM YaCTUUYHOTO Mo~
psajakKa.

Onpeneaenne 10. Omuouwenue R wacmuuroco nopsaoka Ha MHO-
ocecmse A HasvlBaencss OTHOLIEHHWEM JUHEHHOTro mopsjika, ecau
0 1100bLX 3nemenmos x,y € A sepHo xoms Obl. OOHO U3 ymeep-
acoenutl: (x,y) € Ruau (y,z) € R.

Onpeneaenue 11. Omuouwenue R wacmuuroco nopsaoka Ha MHO-
sicecmse A Has3bl8aenicsi OTHOLIEHUEM MOJHOT0 NoPSaKa, ecau 8 110-
bom noomroscecmse B C A nHalidemca HaumeHbuiULl 3IAeMeHm, o
ecmob makotl dsemenm m € B, umo 0aa aoboeo x € B umeem me-
cmo sKkaouerue (m,x) € R.



IV.7. OTHOmWIEHHe NOJHOro Nopsaaka
I/IHbIMI/I CJIOBAMMH, 6HHapHO€ OTHOLIEHHE P Ha MHO2KeCTBE A ABJIFAETCHA
OTHOWEHHUEM NMOJHOIo nmopgaakKa Torjia u ToJIibKO Toria, Koriaa

BO-NEPBbIX, p — OTHOLIECHHUE YHACTHUYHOI'O IMOPpsAAKa,
BO-BTOPbIX, BCE 2JIEMEHTHI U3 A CpaBHHUMbI OTHOCHUTEJILHO p, TO €CTb

VeVy (x € ANy € A) — xpy V ypx;

B-TpPeTbUX, B JI0OOM mnoamMHoxKecTBe B C A Ha#jeTcsi MUHHUMAaJIbHBIN
9JIEMEHT, TO €CTb

JdJrx e BAVy (yEB—>a:py).



IV.8. Teopema 006 0THOLIEHUH MOJHOTO NMOPsiAKa

Teopema 2 (06 ornowenun noanoro nopsinka). £cau r — omroweHue noa-
HO20 nopadka Ha mHosxcecmsee M, mo cnpagediusol caedyroujue
ymseepucoeHus:

l. r asgasemcsa omHoweHuem AUHeUH020 nopAaAdKa.

2. Ecau aaremenm x u3 M He asasemcs «Hauboavwum»® 8 M,
mo cpedu aremermos mHoxcecmsa M, «boavuiuxs uem x, Cy-
wecmayem <«HAUMEHbULUIY IAeMEeHm, MO echib Mmakot 3.ae-
menmy € M, umo

° T FY;

o ITY;

e 011 1106020 z € M, umeem (xrz & x # z) = yrz.
te M

xrt

2T0 eCThb 3t {



Joka3areabcTBo. 1). Ecam x,y € M, To, 0 onpejeseHnto MoJHOTO
Mopsijfika, BO MHOXKECTBE {x, y } UMeeTCsl HAaUMEHbIIIHUH 3JIEMEHT. DTO JIH-
60 x, Torga xry, 6o ¥y, Torna yr.

2) Ilyctb x € M. PaccMOTpUM MHOXKECTBO

B:{zzeM&z#x&xm}.

Torna, no onpeaeneHuio OTHOLIEHHUSI MOJHOIO MoOpsiika, B B Haijercs
HauMeHbIIWH 3JeMeHT y. Toraa, Tak Kak y € B, To, BO-NePBbIX, T # ¥/,
BO-BTOPbIX, ZTY, U, B-TPETbHUX,

VeeM (zrz&x+#2) = (€ B) = yrz,

YTO U TpeéoBaJIOCb JOKa34dThb.
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BHUMAaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcCsl K CIUCKY Npe3eHTauun?
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