O MHOKecTBax U OT06pa)KeHI/IHX

B 3TOM paszene cobpaHbl HEKOTOPHIE GAKTHI O MHOXKECTBAX U OTOOpaKeHUAX, KOTOPHIE Oy-
ZyT MCIOIb30BaThCA B HaIlleM Kypce. fl HaZleloch, YTO MHOTYE U3 HUX 3HAKOMBI YUTATEIO U3
IIIKOJIBI VT BBOAHBIX JIETHUX 3aHATHUH «MaTdak — npeaucioBre», Hy a Te, YTO He 3HAaKOMBHI,
OyayT B camoe GipKaiiliee BpeMs U3y4eHbl B TApa/UIEIbHOM HalleMy Kypce TEOPUU MHO-
’KECTB U TOTIOJIOTUU. HeT Hy»XIbl «y4uTh» JAHHBIN paszies neped TeM, KaK OpaThcsa 3a Kypc
anre6pel. Ho K HeMy CTOUT BEIOOPOYHO 00paIaThes BCAKUH pas, Korga Bel mouyBcTByeTe ce-
65 HeyBepeHHO B TeX WIK UHBIX PACCYKE€HUAX, MCIOIb3YIOUINX MHOXKECTBA, OTOOPasKeHU ],
OTHOIIIEHUS WY He3HaKOMYI0 BaM KOMOUHATOPUKY.

0.1. MHoxecTBa. B HalM 1ei HE BXOJUT MTOCTPOEHUE JIOTMYECKU CTPOTON TEOPUU MHO-
*ecTB. J/I HOHMMaHUA 3TOT'0 Kypca 0CTaTOYHO IIKOJIbHOI'O MHTYUTUBHOTO IIPe/ICTaBIeHUA
0 MHOKECTBE KaK «abCTPaKTHON COBOKYITHOCTH 3JIEMEHTOB IIPOU3BOJIBHON MPUPOABI». DJIe-
MEHTHI MHOXKECTB MBI 4acTo OyZieM Ha3bIBaTh moukamu. Bce TOUYKH B TIOOOM MHOXECTBE, 110
ompeZieIeHHI0, Pa3IUYHbL.

MHokecTBO X 3a1aHO, KaK TOJIBKO IO JIt000# 00EKT MOXKHO CKa3aTh, SABJIETCS OH dJIe-
MEHTOM MHOKecTBa X WM HeT. [IprHa//Ie;KHOCTh TOYKU X MHOXeCTBY X 3allMCBIBaeTCA KakK
x € X./lBa MHOXXeCTBa pagHbl, €CJIU OHU COCTOAT U3 OJHUX U TeX Ke 37leMeHTOB. CyllleCcTByeT
eTMHCTBEHHOE MHOXKEeCTBO, He coZiepxKalilee HU OfHOT0 syieMeHTa. OHO Ha3bIBAETCA NYCMbLM
u obo3HavaeTca . Eci MHOXKeCTBO X KOHEYHO, TO MbI 0003HayaeM yepes | X | KoaudecTBo
TOYEK B HEM.

MHoxxecTBO X Ha3bIBAeTCS NOOMHONCECMBOM MHOXKECTBA Y, ec/ii KaKJbI ero sjaeMeHT
x € X JexuT Taxke U B Y. B sToM ciaydae numyT X C Y. OTMeTHM, YTO IIyCTOE MHOXe-
CTBO SABJIAETCSA ITOJAMHOXKECTBOM JIFOOOTO MHOKECTBA U BCSKOE MHO)XECTBO SIBJIIETCS TOJ-
MHO)XeCTBOM camoro cebs. [IoAMHOXeCTBa, OTJIMYHBIE OT BCETO MHOXKECTBA, HA3bIBAIOTCS
cobcmeeHHbIMU. B 9aCTHOCTH, TyCTOE TIOZAMHOKECTBO HEITyCTOTO MHOXECTBA COOCTBEHHOE.
Ecnu Hazio ykasaTh, 94To X sBjseTcs cOOCTBEHHBIM IMOAMHOXECTBOM B Y, HCIOb3yeTcst 000-
3HaueHue X ¢ Y.

YHPAXKHEHUE 0.1. CKOJBKO BCErO MOJMHOXECTB (BKJIIO‘IaH IIycToe 1 HeCO6CTBeHHOe) nUMeeTca y
MHOXKeCTBa, COCTOSIIETO U3 N 3JIEMEHTOB?

Jlns 3amaHHbIXx MHOXKeCTB X, Y ux 06sedunerue X UY cOCTOUT U3 BCEX 2JIEMEHTOB, TPUHA/I-
JIeXKAIITUX XOTs ObI OIHOMY 13 MHOXKeCTB X, Y'; nepeceuerue X NY cOCTOUT U3 BCEX DJIEMEHTOB,
TIpUHA/JIEKAIINX OMHOBPEMEHHO KaXKIOMY M3 MHOXKeCTB X, Y; pasHocmb X \ Y cocTouT u3s
BCeX 3JIEMEHTOB MHOXKeCTBa X, KOTOpPHIe He coziepikaTcs B Y.

YHPAXKHEHMUE 0.2. [IpoBepbTe, UTo onepanys IepecedeHns BelpaykaeTcs yepe3 pasHoCTh 10 GopMy-
aeX NY =X\ (X \Y). MoxXHO /i1 BBIPA3UTh Pa3HOCTh Yepe3 IepeceveHre u 00beJuHEeHNEe?

Eciu MHOXKecTBO X sBIAeTCA 00be/MHEHNEeM HellepeceKarouuXcs IIOAMHOXeCTB Y u Z, To
TOBOPSAT, UTO X ABJAETCA OU3BHOHKMHBIM 00BeduHeHuem Y uZ numyt X =Y L Z.

MHoxecTBO X X Y, aleMeHTaMu KOTOPOTO I10 OIlpeZie/IeHUIO ABIAIOTCA BCEBO3MOXKHBIE
napkl (x,y)cx € X,y € Y, HaspIBaeTca dekapmossim (WIN npsimbim) npoussedeHuem MHO-
xectB X uv.
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0.2. Oro6paxkenusa. Orobpaxenue f . X — Y u3 MHOXecTBa X B MHOXXeCTBO Y ecTh mpa-
BWIO, OZHO3HAYHO COIIOCTaBJIAOIIee KaXA0oN Touke X € X HEKOTOpPYyI0 TOUKy y = f(x) € Y,
KOTOpast Ha3bIBaeTCs 06pa3oM TOYKU X TIpU OTOOpakeHUH f. MHOKECTBO BCEX TAKUX TOUYEK
X € X, o6pa3 KOTOPBIX paBeH 33JjaHHOU TOUKe y € Y, Ha3bIBAETCA NONHbIM Npoobpasom
TOYKU Y WIU C0em OToOpakeHusd f Haj y v 0603HaYaeTcs

o) L {xeX| f(x)=y}.

[TosHBIE TPOOOPA3bI PA3TUIHBIX TOUEK He IIePeCeKalTCA U MOTYT OBITh KaK ITyCTBIMU, TaK U
COCTOSITh U3 MHOTHX TO4YeK. MHOXeCTBO Bcex y € Y, MMeloIux HellycTol Ipoobpas, Ha3bl-
BaeTcs obpazom omobpancenus f © X — Y u obo3HavyaeTca

im(f) £ {yeY|fW#@l={yeY|IxeX: fx)=y}.

JlBa otobpakenusa f : X —» Yug: X — Y pasuwl, ecmu f(x) = g(x) nns Bcex x € X.
MHOXeCTBO BceX OTOOpaykeHUH 13 MHOXKeCTBa X B MHOXKeCTBO Y obo3Havyaercs Hom(X, Y).
OTtobpaxenue f . X — Y HaspiBaeTcsa HanoxceHuem (a TaKKe cropbekyuell WIv anuUMop-
dusmom), ecnu im(f) = Y, T. e. Korga npoobpas KaxkAoH ToUku y € Y He mycT. MBI Oygem
n300pakaTh CIOPbeKTUBHBIE OTOOpaKeHUs cTpesikaMu X - Y. OTobpakeHue f Ha3bIBaeTCs
gnooceruem (@ Takxke uHBekyuell, WIN MOHOMOpPU3MOM), eclu f(x,) # f(x,) IpU X; # X,,
T. €. KorZia mpoobpas KaXkAoH TOUKU y € Y comep:kuT He 6osiee of/HOTO djieMeHTa. MIHBEK-
THUBHBIE OTOOpaXeHM N300paKatoTcsa cTpekamMu X < Y.
VIPAXKHEHUE 0.3. [lepeunciuTre Bce oTobpaxenus {0, 1, 2} — {0, 1} n {0, 1} — {0, 1, 2}.
CKOJIBKO Cpean HUX BJIOKEHUH U CKOJIbKO HAJIOXKEHUH?
Otobpaxenue f . X — Y, KOTOpoe ABJIsIETCA OJHOBPEMEHHO U BJIOXKEHUEM U HAJIOXKEHUEM,
Ha3bIBAETCS 83AUMHO 00HO3HAUHBIM (@ TaKXKe Ouekyuell Wiy udomopPuamom). BUEKTUBHOCTh
oTOOpaXKkeHUs f 03HAYAET, UTO JJIsI KAXKJO0ro Yy € Y CcylecTByeT eJUHCTBEHHBIN TaKol X € X,
gTO f(Xx) = y. MBI 6yZieM 0603HaYaTh OUEKIUU cTpenKaMu X = Y.
VOPAKHEHUE 0.4. VI3 oToOpakenuii: A) N - N: x — X’ B)Z—>Z:x—>x*’B)Z—>Z:x— Tx
r) Q - Q: x — 7x BBIZENWUTE BCE UHBEKIINH, BCE CIOPHEKIINHU U BCE OUEKIIHH.

OTtobpakenuss X — X u3 MHOKecTBa X B ceb6s1 0OBIYHO HA3hIBAIOT IHOOMOPPUIMAMU MHOXKE-
ctBa X. MHOXecTBO Bcex aHA0Mopdu3MoB ob6o3Hauaercss End(X) € Hom(X, X).
YMPAXXHEHUE 0.5 (TPUHLIMI JUPUXE). [IoKaXKUTe, 4TO ClIeAyIolIre TPU YCIOBUA HA MHOXKECTBO X
PaBHOCHUJIbHBIL: A) X 6ecKoHEeYHO B) CYHUIECTBYET BJIOXKEHNE XS X, He ABJIAonIeecd Ha/loXKe-
HHEM B) CylIecTByeT HajoxkeHUe X - X, He ABJSAI0IIeecsa BIOKeHUEM.

B3anMHO ofHO3HaYHBIe 9HAOMOPOU3MEBL X <> X Ha3bIBatOTCA asmomoppusmamu X . MHOKe-
CTBO Bcex aBTOMOp$U3MOB 0603HauaeTcs yepe3 Aut(X). ABTOMOPOU3MBI MOKHO BOCIIPUHH-
MaThb KaK nepecmaHosku dJIeMeHTOB MHOXecTBa X. Y BCAKOTO MHOXKecTBa X UMeeTCs modk-
decmeenHblil agmomopdusm Idy : X — X, KOTODBIH IepeBOAUT KaXKJbIi 3/leMeHT B CaMOT0
ceba: Vx € X Idy(x) = x.

YIIPAXXHEHUE 0.6. CuéTHO' /111 MHOKecTBO Aut(N)?

'MHOxKeCTBO M HA3BIBAETCS CUEMHbLM €CITH cymecTByeT 6uekuus N = M.
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[TPUMEP 0.1 (BATIICh OTOBPAXXKEHUI CJIOBAMM)
PaccmotrpuMm mHOkectBa X = {1, 2, ... ,n}uY = {1, 2, ... , m}, comoctaBuM KaxxJjoMy
orobpaxkenuto f : X — Y mociesoBaTeNbHOCTD €ro 3HAYEHUN:

w(f) £ (), fxp), .o s f(x)) (0-D

u 6yZieM BOCIIpUHUMATh €€ KaK n-6yKBeHHOe CJI0BO, HallMCaHHOe IIPH ITOMOINH M-6yKBeH-
Horo andasuTa Y. Tak, orobpaxkenuswm f : {1, 2} — {1, 2,3}ug: {1, 2, 3} - {1, 2, 3},
JeiicTByromumM no npaBwiam f(1) = 3, f(2) =2u g(1) = 1, g(2) = 2, g(3) = 2, conocra-
BaTca cioBa w(f) = (3,2) u w(g) = (1, 2, 2), cocTaBieHHble U3 OyKB andasuta {1, 2, 3}.
3amuch 0ToOpakeHusI CJIOBOM 3a[aéT OUEKITUIO

w: Hom(X,Y) = {cnoBawus |X| 6ykB B andaBure Y}, f — w(f). (0-2)

VIHbeKTUBHbIE OTOOPAKEHU 3aIMChIBAIOTCSA IPU 3TOM CJIOBAMU, B KOTOPBIX HET IIOBTOPSIIO-
muxcsi 6YKB, a CFOPbeKTHUBHbIE OTOOPAKEHUA — CJIOBAMH, B KOTOPBIX UCIIOIb3YIOTCS Bee 6e3
HcKItoYeHusA OykBel andasuTa Y. B3auMHO 0ZJHO3HAYHBIM OTOOpaXeHUAM OTBEYaloT CJIOBA,
B KOTOPBIX KaXkzasa OykBa andasuTa Y BcTpedaeTcss pOBHO OZVH Pas.

[IPEZN/IOXKEHUE 0.1

Eciu mHOKecTBa X u Y koHeuHsl, TO | Hom(X,Y)| = |Y]| X1,

JOKA3ATEBCTBO. [IycTh X COCTOUT M3 11 37IeMEeHTOB, a Y — 13 m, Kak B ipum. 0.1 Brrme. Hac
MHTEepecyeT KOJIMYECTBO BCeX N-OYKBEHHBIX CJIOB, KOTOPhIE MOXKHO HaIHCATh IIPH MIOMOIIN
andasuTa U3 m 6yks. O603Ha4nM ero yepes W, (n) 1 BEIIUIIEM Bce 3TH CJIOBA HA M CTpa-
HUIIaX, TTOMECTUB Ha i-10 CTPAHUITY BCE CJIOBA, HAUMHAOIINECS Ha i-t0 OYKBYy andaButa. B
pesysbTaTe Ha KaxAoM cTpaHulle oKkaxeTcda poBHO 1o W, (n — 1) cios. Iloatomy W, (n) =
=m-W,m-1)=m? - Wn-2)=...=m"- W, (1) =m". O

3AMEYAHME 0.I. B Buzy npezst. 0.1 mHO)ecTBo Hom(X, Y) Bcex oTobOpaxkeHuit X — Y ua-
cTo o603HauaoT Y¥. B oKasaTenbCTBe npezs. 0.1 MBI MOJTYAQIUBO IIpeAIoaraaiu, 4To oba
MHOXKeCTBa HemycThl. Ecin X = @, To AJiA ro6oro MHOXKecTBa Y MHOxecTBO Hom(@, Y)
II0 OTIpeZeIEHUIO COCTOUT U3 €JUHCTBEHHOIO dJIEMEHTAa — BJIOKEHUA & B Y B KauecTBe IIy-
CTOTO TTIOAMHOXXECTBA WIH, YTO TO Ke CaMoe, IyCTOro cjioBa B andasure Y. B aTom ciaydae
npea. 0.1 octaérea B cue: | Hom(@, Y)| = 1 = |Y|°. B uactHoctr, Hom(Q, @) Toxe cocTo-
WUT U3 OJHOTO s1eMeHTal — TOXXIECTBEHHOT'0 aBTOMOpdU3Ma Idg. EcmmY =@,aX # @, 0
Hom(X, @) = @, uto Toxke cornacyercs c mpeai. 0.1, ubo 0¥l =0 mpu |X| > 0.

[IPEZN/IOXKEHUE 0.2

Ecmu |X| =n, o |[Aut(X)| =n!¥¥n-n—-1)-...- 1.
JJOKABATENBCTBO. ITycTb X = {x, ..., X, }. Buekunuu X = X 3amuchIBaioTcsa n-6yKBeHHBIMU
CJIOBaMU B n-OyKBeHOM andaBUTE X4, ..., X,;, COAEPKAIUMU KaKAyI0 OyKBY X; POBHO IIO OJ-

HOMY pa3sy. O603HauMM KOJIMYeCTBO TaKUX CJI0B Yepe3 V(n) 1 BeIUIIEM UX 10 aipaBUTy HA N

lT. €. 00 B 3TOM KOHTEKCTE OKa3bIBA€TCA PaBHBIM 1.
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CTpaHMIIAX, IIOMECTHUB Ha i-TYIO CTPAHUIly BCe CJI0Ba, HAaYWHAIoMuUecsd Ha x;. Torza Ha Kax-
noi crpanutie 6yzeT poBHO V(n—1) cios, otkyaaV(n) =n-Vin—-1)=n-(n—-1)-V(n-2) =
=...=n-n—-1)-...-2-V(1) =nl O

3AMEYAHME 0.2. Yucimon! =n-(n—1)-...-1Ha3pBaeTca n-¢gakmopuan. Tak Kak MHOXe-
f
CTBO Aut() COCTOUT U3 OAHOTO d1eMeHTa Id,, Mbl mosaraem 0! < 1.

0.3. Ciou oToGpaxkeHuii. 3aganue otrobpaxkeHus f : X — Y paBHOCHIBHO YKa3aHUIO MOJ-
MHO)KecTBa im(f) C Y u pa3bueHnio MHOXXeCTBa X B IU3bIOHKTHOE 00'beJMHEHNE HEITYCThIX
TIOAMHOXeCTB f (), 3aHyMepOBaHHBIX TOUKAMHU Y € im(f):

— -1 :
X= |_|yeim(f)f ). ©-3)

Takoit B3MIAA Ha OTOOPaKEHUS YaCTO OKA3bIBAETCS TIOJIE3HBIM IMPH MOJACYETE KOMUIECTBA
5JIEMEHTOB B TOM WJIH HHOM MHOKeCTBe. Harpumep, KOrza Bce HeIyCThie CIOM OTOGpaske-
HuA f © X — Y COCTOAT U3 OFHOTO U TOTO e YKcia ToueK m = |f~1(y)|, Ynucio aneMeHToOB
B 06pase oToOpakeHus [ CBA3aHO C YUC/IOM 3JIEMEHTOB B MHOXKECTBE X COOTHOILIEHHUEM

|X] =m-|im f], (0-4)

KOTOPOE IIPH BCEH CBOEH MPOCTOTE UMEET MHOTO Pa3HOOOPa3HBIX IPUMEHEHUI.

[TPUMEP 0.2 (MY/IBTUHOMMAJIBHBIE KOS ®®UITUEHTHI)
TIpy pacKpPHITUY CKOGOK B BEIPKEHUM (Aq + ... + Q)" MOIYIUTCS CyMMa OZHOWIEHOB BHZA

af T a;(nm, IZle KX/l IToKasaTesb k; 3akIouéH B pegenax 0 < k; < n, a obuas crereHb
ki, +...+k,, =n.KoadduimeHT, BO3HUKAIOIN DX TAKOM OZHOWIEHE IT0CjIe IPUBEeHU
MOJOOHBIX C/IaraeMbIX, Ha3bIBAETCS MYAbMUHOMUAIBHBIM KO3 dulueHmom 1 ob603HavYaeTCs
( n ) TaxuMm obpasom,

k...
n k k
n
(a1+u_+am) = Z <k i ) -all,..amm, (0-5)
ki+...tkyp=n "1 Tm
Vi 0<k;<n
n
YToOBI IBHO BHIPA3UTh (k i ) yepe3 ky, ..., k,,,, 3aMeTHM, YTO pacKpbITHe N CKOOOK
1ok

(a+...+ap)ag +...+ay)...(a; + ... + a,)

3aKJIF0YaeTCsI B BbI6Ope BHYTPU KaK/OH U3 CKOOOK KaKOM-HUOYIb OZIHOM GYKBHI ¥ BBITTKCHIBA-
HUU WX CJIeBa HAIPaBo PYT 3a IPYroM B OJHO N-OyKBEHHOE CJIOBO. DTO HAZIO C/ieJlaTh BCEMU
BO3MOXXHBIMHU CITOCOOAMU U CJIOXKUTh BCe TIOJIyUeHHbIe CT0Ba. [107106HbBIE cTaraeMblie, BHOCS-
ye BKJIaZ B KO3GOUIMEHT IIPH af 1 a’; z .. afn’", CyTb CJIOBA, COCTOAIME POBHO U3 k; OYKB a;,
k, 6yxs a,, ..., k,, 6ykB a,,. KonmudecTBo TaKUX CJIOB JIeTKO MOACYUTATh o popmyste (0-4).
A YMeHHo, caenaeM Ha BpeMs k; GyKB a, IOIapHO pa3HBIMM, CHAOANB Ka)XXKAYI0 U3 HUX J0-
IIOJIHUTE/IbHBIM BEPXHUM MHJEKCOM; aHaJOTUYHO IIOCTYIIUM C k, GyKBaMH a,, k3 GykBamu
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a; UT.A. B pesynbrare nomydum n = k; + ... + k,,, IolapHoO pasHbIX OYKB:

1) (2 (k) (1) _(2) (kz) 1) (2 (Km)
a;’,a;’,..,ay Y, ay,ay Ay Y s A, Qs e s O™
< \A v o 7
v ' v
k, MedeHbIX OYKB @, k, MedyeHbIX OYKB @, Kk, MedeHbIX 6YKB a,,

O603HaunM 4yepe3 X MHOXXECTBO BCeX N-O6YKBEHHBIX CJIOB, KOTOPBIE MOXKHO HAIMCATh JTH-
MU N Pa3IUIHBIMU GYKBaMH, UCIIONB3Y KXY OYKBY POBHO IO OFHOMY pa3y. Kak MbI yxe
3HaeM, |X| = n!. B kauecTBe Y BO3bMEM MHTepecylolllee HaC MHOXXeCTBO CJIOB U3 Kk, OJ1Ha-
KOBBIX OYKB a,, k, OAMHAKOBBIX OYKB a,, U T.Z. U paCCMOTPUM oTobOpaxkeHue f : X — Y,
cTHparollee BepXHUe HHJEKCH Y BceX 6yKB. OHO aITMMOPGHO, ¥ IOTHBIN TPoo6pa3 KaKA0ro
cnoBay € Y cocroutus kq!-k,!- ... -k,,! cJIoB, KOTOpEIE IOMYYAIOTCA U3 Y BCEBO3MOXHBIMU
pacCTaHOBKaMU k; BEPXHUX HH/IEKCOB y OYKB a,, k, BepXHUX UH/EKCOB Y OYyKB a,, U T. A. [To
dbopmyie (0-4)

|
( n >= n! . 0-6)
Ky ky)  kglokyle k!

Tem cameiM, paznoxenue (0-5) uMmeeT BU/,

k k
n!-at...an"
(a+...+a,)" = Z # (0-7)
1- oo m-

ki+...tkp,=n
Vi 0<k;<n

YIPAXKHEHUE 0.7. CKOJIBKO BCETO cjIaraeMbIX B TpaBoi yacTu ¢opmyssl (0-7) ?

B wacTHOCTH, P M = 2 MBI IOJIy4aeM U3BeCTHYIO GOPMYJLY ZJI pacKphITUA OMHOMA C Ha-
TypaJIbHBIM TOKa3aTeIeM :

n
|
+ht =Y ——akpnk, 0-8
@+b"= 2 pin—mon @ ©8

o n
[Tpy m = 2 My/nbTUHOMHATBHBIN KO3GOULIIEHT ( ) MPUHATO 0603HAYATh ( k) v CX

n
k.n—k
Ha3bIBaTb k-TBIM OUHOMUALHBIM Koagﬁgfiuuuenmom CTeIIeHN N WiIU yucjiom couemaHuu 3 n

110 k. OH paBeH

n _Ck_n-(n—l)-...-(n—k+1)
k) ™ k-(k—=1)-...-1

(cBepXy ¥ CHU3Y CTOUT IO Kk TIOC/IEZIOBATENHHO YOBIBAIOIIINX COMHOXHUTENEN).

ITPUMEP 0.3 (AUATPAMMBI FOHTA)
Pa3buenne KoHeUHOTO MHOXKecTBa X = {1, 2, ... , n} B 00belUHEHNE HETIEPECEKATOIIIXCS
IMOJAMHOXKECTB

X=X, UX,U ... UXy (0-9)

1310 wacTHEIH ciyyait gopmyst HolomoHa, KOTOPYEO MBI OGCYAMM B TIOTHOM OBIIHOCTH, KOT/a GyIeM 3aHMU-
MaTbCs CTENIeHHBIMU PAZIAMHU.
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MOKHO KOZIMPOBATh CJIEAYIOMINM 00pa3oM. 3aHyMepyeM MOJMHOXKECTBA B TIOPSZIKE HECTPO-
roro yObIBaHHUA UX pa3Mepa U 0603HAYMM KOJHUYECTBO JIEMEHTOB B i-TOM IOJAMHOXECTBE
gepes A; = |X;|. [Tosy4nM HeBo3pacTalOIyIO IOC/Ae0BATENIbHOCTD YHCeT

A= ), LA 2.2,

KoTopas HaselBaeTcs popmoil pazbuenus (0-9). Popmy pasbueHus y106HO usobpaxars oua-
epammoti FOHea — KapTUHKOU BUA

; (0-10)

COCTaBJIEHHOM M3 BHIPOBHEHHBIX 10 JIEBOMY Kpalo TOPU30HTAIbHBIX KJIETYAThIX ITOJIOCOK, 3a-
HyMEePOBaHHBIX CBEPXY BHU3, TaK UTO B i-} CBepXy I0OJI0CKe A; KIeToK. Obliee YMCI0 KIeTOK
B imarpaMmMe A HasbIBaeTcs e€ gecom 1 ob603HavaeTcsa ||, a KOIMYeCTBO CTPOK Ha3bIBAETCS
onurotl 1 obosHavaetcs £(1). Tak, auarpamma FOura (0-10) oTBevaeT pa3bueHHo GOPMBI
A=(6,5,5,3,1), umeer Bec || = 20 u gmuny £(1) = 5.
YIPAXXKHEHME 0.8. HOZLCLII/ITaI‘/JITe KO/JIM4YECTBO BCEX ArarpaMM IOHI"a, yMemaruuxcsa B IIpAMOYT'OJIb-
HUKe pa3MepoM kXN KJIeTOK C JIEBBIM BEpXHUM YIJIOM B JIEeBOM BepXHEM yIJTy AnarpaMMbl (BKJIO-
yas MyCTYIO [UarpaMmy U caM IPSIMOYTOJbHUK).

ByzaeM Ha3bIBaTh 3anoHeHUeM JUarpaMMbl A MHOXkecTBOM X 13 |X| = |1| aneMeHTOB npou3s-
BOJIBHYIO PAaCCTaHOBKY STHX 2JIEMEHTOB B KJIETKU JUarpaMMEBI I1I0 OZHOMY 3JIEMEHTY B KaXK-
Iy1o KIeTKy. TakuM o6pa3oM, BcsKasa JuarpaMma A Beca n MeeT n! pasJInyHbIX 3aII0JTHEeHUH
3aJaHHbIM N-3JIEMEHTHBIM MHOXKECTBOM X.

O6beuHAA 37IeMEHTHI, CTOALINE B i-1i CTpOKe JuarpaMMbl B OZJHO IIOZIMHOKECTBO X;, MBI
mosiyyaeM pasbueHre MHOXKeCcTBa X B IM3BIOHKTHOE O00BbeANHEHNE k HelepeceKaroIuxcs
HOAMHOXECTB X1, ..., X),. [TockonbKy moboe pasbuenue (0-9) 3azaHHON GOpPMBI A MOXKHO
MOJYYUTh TAKUM 00pa3soM, BO3HUKAET CIOPhEKTHBHOE OTOOparkeHre U3 MHOXECTBA 3aI0JI-
HEeHUH marpaMMbl A B MHOXKECTBO pa3bueHuit MHOXecTBa X popmsbl A. [TokaykeM, 94TO Bce
CJIOU 3TOTO OTOOPAKEHUS COCTOAT U3 OFHOTO U TOTO Ke YHCJIa 3JIEMeHTOB. /[Ba 3aoHEHUS
MIPUBOJSAT K OAMHAKOBBIM pa3bUeHUAM TOT/Ia M TOJBKO TOT/A, KOT/Jla OHU TTOIy4aroTCs APYT
U3 ZIpyTa lepecTaHOBKaMH 3JIEMEHTOB BHYTPH CTPOK U IIepeCTaHOBKAMU CTPOK OAMHAKOBOM
JJIMHBI MeXly 00010 KaK eJUHOTo Liesioro. Ecau 0603HauuThb Yepes m; = m;(A) Y1cIo CTPOK
HEL' | B ;MarpaMMe A, TO epecTaHOBOK TIePBOTO THIIA Gy/eT [14:!= H?=1(i ™ mTyK,
a BTOpOTO THTIa — H?zl m;! mTyk. Tak Kak Bce 3TU IepeCTAaHOBKHU /IeHCTBYIOT HE3aBUCHMO
JPYT OT ApyTa, KOKIBIA CJIOM HaIlero 0ToOpakeHUs COCTOUT U3 H?:l(i!)mimi! 3JIEMEHTOB.
V3 popmysel (0-4) BeITEKaET

[TPEAI0XKEHME 0.3
Yucno pa3breHuit n-aeMeHTHOro MHOXecTBa X B IU3BIOHKTHOe o6besuHeHne m, 1-aie-

MEHTHBIX, M, 2-3IEMEHTHBIX, ... , M, N-dJIeMeHTHbIX IOMHOXXEeCTB PABHO
n!
m T (0-11)
[Ticamy!- @H™

!OTmeTnM, uTO MHOTHE M; = 0, TOCKONBKY |A| = n = m, + 2m, + ... + nm,,.
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0.4. Knacchl 95KBUBAJIEHTHOCTH. AJIbTepHATHBHBIN C110cO0 pa3bUTh 3aZlaHHOE MHOXKECTBO X
B IU3BIOHKTHOE OOBeZIMHEHNE TTIOMHOXXECTB COCTOUT B TOM, YTOOBI OOBABUTH dIEMEHTHI,
BXOZAIINE B OZHO MTOMHOXKECTBO TAKOTO pPa30MEHNs «IKBUBAJIEHTHBIMI». DopManusyeTcs
3TO Tak. HazoBém 6uHapHbLM omHouleHUeM Ha MHOXecTBe X J1t060e IIOAMHOXKECTBO

RCXXX={(x5,x)| x1,x, €X}.

[TpUHaZIeKHOCTD MAPBHI (X, X,) OTHOIIEHUIO R 0OBIYHO 3aIKChIBAIOT KAK X Xz

HaanMep, Ha MHOXKeCTBe IieJIbIX yrces X = Z UMeIOTCs 6I/IHaprI€ OTHOLIEHUA

def
pPaBEHCTBO Xy xXp S X =% (0-12)
def
IpeAlIeCTBOBaHNE Xy ¥Xy S X <x, (0-13)
def
ZIeTUMOCTh Xy~ Xy & xq|x, (0-14)
def
CPaBHUMOCTD I10 MOZYJIIO N Xy >Xy & X=X (mod n) (0-15)

(mocnenHee ycioBue x; = x, (mod n) YuTaeTca Kak «x; CPaBHUMO C X, [I0 MOZAYJIIO N» U IO
oIlpe/ie/IeHUIO O3HAYaeT, 4To X; — X, AeIUTCA Ha n).

OnPEJEJEHME 0.1
BunapHoe oTHOIIEHUEe ; HAa3bIBAETCSA IKBUBAIEHMHOCMbIO, ECJIA OHO 00JIaIaeT CIIEAYIONTH-

MU TpeEMA CBOMCTBaMM:

pedaexcusHocms : YV x € X x " x
mpax3umuseHocms : YV xq,X,, X3 € X U3 X4 * X3 M X5 ~ X3 BHITEKAET X1 ~ X3

cummempuuHocms @ Vx;,%X, € X x4 N X2 = x, ~ Xy

Cpeau bunapHbIx oTHOIIeHUH (0-12) — (0-15) mepBoe U MoCIeHEE SABIAIOTCA SKBUBAIEHT-
HocTaMY, a (0-13) u (0-14) He aBnA0TcA (OHU HE CUMMETPUYHEL).

Ecu MHOXXecTBO X pa3ObUTO B 0ObeHHeHEe HellepeCceKatouuXcsl IMOAMHOMXECTB, TO OT-
HOIIIeHHe X; ~ X,, O3Hayalollee, YTO X; U X, JIeKaT B OAHOM U TOM e IIOZIMHOKeCTBE 3TOT'0
pa3bueHusi, OYEBU/THO, ABJISAETCA SKBUBAJIEHTHOCTHIO.

Haob60opoT, mycTh Ha MHOXKeCTBe X 3alaHO OTHOIIIEHHE SKBUBaJIEHTHOCTH R. PaccMoTpuM
JUISL K&KJ0Tro X € X IMOAMHOXKECTBO B X, COCTOsAIIEe U3 BCEX DJIEMEHTOB, SKBUBAJTEHTHBIX X.
OHO Ha3BIBAETCA KAACCOM IKEUBANCHIMHOCMU dJIEMEHTA X 1 0003HAYAETCA

[x]R={Z€X|xr;Z}={ZeX|Z;x}

(BTOpO€e paBEHCTBO BBIMTOMHAETCSA O1arofapss CAMMETPUYHOCTY OTHOIIEHUA R). JItoOble Ba
kjacca [x] u [y]g 160 BoobIe He NepeceKaroTcs, MO0 MOJHOCTBIO COBIAAAOT. B camoMm
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Jiesie, eciy CyIecTBYeT 3JIeMeHT Z, SKBUBAJIEHTHBIM U X U Y, TO B CUIIy CHMMETPUYHOCTHU U
TPaH3MTUBHOCTH OTHOLIEHHS ~ S/IEMEHTEL X 1 y OyZAyT 5KBUBaJEHTHBI MeXy co0oii, a 3Ha-

YuT, 110001 3/1IEMEHT, SKBUBAJIEHTHHIN X, Oy/ZleT SKBUBaJIeHTeH TakXke U Y, U HaobopoT. Ta-
KUM 06pa3oM, MHOXKeCTBO X pacnaziaeTcs B JU3bIOHKTHOE OObeIMHEHNE PA3IMYHbBIX KJIac-
COB 5KBUBAJIEHTHOCTH.

MHOKeCTBO KJIacCOB SKBUBAJIEHTHOCTH I10 OTHOIIeHU0 R C X X X ob6o3Havaerca X /R
1 HasbpIBaeTcA oakmopom MHOKeCTBa X 110 SKBUBaJIEHTHOCTU R. CIopbeKus

f:X>X/R, xv[xlg, (0-16)

COTIOCTABJIAIOIAsA KaXKIOMY 2JIeMEeHTY X € X ero Kjiacc S5KBUBAJIEHTHOCTH [x]p € X /R, Ha-
3bIBaeTcs omobpasceruem gaxkmopusayuu. CI0u 3TOrO OTOOPaKEHUS CyTh KJIacChl SKBUBA-
JIEHTHBIX 37ieMeHTOB. Hao00poT, /to60e clopreKTHUBHOE oToOpaxkeHue f : X - Y ABnderca
oToOpakeHHeM (paKTOpU3alMH 10 OTHOIIEHUIO S5KBUBAJIIEHTHOCTH X; ~ X,, O3HAYaIoIeMYy,

aro f(x1) = f(xp).

ITPUMEP 0.4 (KJIACCBI BLIYETOB)
duxcrupyeM HeHyJeBoe 1iesioe YuciIo n € Z. PakTop MHOKeCTBA LieJbIX YKCcesl Z 10 OTHOIIIe-
HUIO CPAaBHUMOCTH 10 Mozysto n u3 (0-15) o6o3navaetcs Z /(n). Mbl 6yzeM 3aUChIBATh €70
3JIeMEeHTHI CUMBOJIAMU [Z],,, TAe z € Z, 1 OIlyCKaTh UHAEKC 1, KOIZla IOHATHO Y€MYy OH PaBeH.
Kiacc skBUBaJIeHTHOCTH

[z], Y (xeZ|(z—x):n} (0-17)

Ha3BIBAETCA KNACCOM 8blUemo8 no modynto n. OTobpakeHue pakToprU3aluu
Z>»Z/(n), zwlzl,

Ha3bIBA€TCA npueeaeHueM no MO()_}UUO n. MHO>XXeCTBO Z/(Tl) COCTOHUT U3 N pa3/INYHBIX KJIaCCOB

[0],, [1],, ..., [n—1],.

[1pu >keTaHUY UX MOXKHO BOCIIPUHUMATh KaK OCTaTKU OT ZieJIEHUs Ha N, HO B TPaKTUYECKUX
BBIYMCJIEHUAX yI0OHee paboTaTh C HUMU UMEHHO KaK C NoOMHONcecmeamul B Z, TTOCKOJIbKY
BO3MOKHOCTD I10-pa3HOMY 3alMChIBAaTh OAWH U TOT YK€ KJIACC YacTO YIIPOIIaeT BhIYUCIEHMUS.

Hampumep, ocratok ot generus 121°0 Ha 13 MoxHO uckaTh Kak
[1219°] , = [12]15° = [-1]33° = [(-D'°] ., = [1];3. (0-18)

YTIPAXKHEHUE 0.9. JIOKa)XUTe MPaBOMOYHOCTD 3TOT'O BEIYHCJIEHUS: IIPOBEPBTE, UYTO KJIACCHI BEIYETOB
[x + y],, u [xy],, He 3aBuCcAT OT BEIOOpa Yncen x € [x], uy € [y],, T. e. npaBuIa

def

(x], + V], = [x+yl, (0-19)
[x], - V], € [xy], (0-20)

KOPPEKTHO OTIpe/Ie/IAIOT Ha MHOXecTBe Z /(1) olepaliy CJI0KEHHUA U yMHOKEHHA ' .

'YImenHo Takoe ymHO)eHHe [12]1°° = [12] - [12] - ... - [12] = [12100] 6BUIO UCHOMB30BaHO B (0-18).
o ~

-~
100
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0.4.1. HeasHoe 3afianue 3KBUBajaedTHOCTH. J[JIs1 11060T0 ceMelicTBa OTHOIIEHUI SKBHBA-
JIeHTHOCTH R, C X X X mepecedenue (), R, C X X X Taxe AB/IAeTCA OTHOILIEHIEM SKBHUBa-
JIEHTHOCTHU. B camoM fieie, ecyiv KaXZ0e U3 MHOXECTB R, C X X X copepXuT [uaroHaib

A={(x,x)|xeX} CXXX,

MEPEXOAUT B cebs TpU cUMMeTpuH (x,y) S (Y, X) ¥ BMECTe C KaKAOUW Mmapoi ToueK Buja
(x,¥), (¥, Z) COIEPKUAT TAaKXKe U TOUKY (X, Z), TO STUMU CBOKMCTBaMHU 00JIaIaeT U epeceveHre
(), R, Bcex aTx MHOXecTB. [10oaTOMY /7151 1F06OTO MOAMHOXeCTBa R C X X X cyliecTByeT
HAUMEHbILLEE 110 BKJIIOUEHLLI0 OTHOLIEHNE SKBUBAJIEHTHOCTH R, cozeprkaiiee R, a *MeHHO, Tie-
pecedyeHre BcexX coepiKallnx R OTHOIIeHUH SKBHUBaJeHTHOCTU. OTHOIIIEHNe R HasbIBaeTCs
SKBUBAJIEHTHOCTBIO, NOPO#COEHHOIL OTHOIIIEHUEM R.

YTIPAXKHEHUE 0.10. [IpoBepkTe, uTO (X, y) € R eciiu U TONMBKO eciv B X CyIlleCTBYeT TaKas KOHeYHas
MOC/IeZI0BATENIbHOCTD TOUEK X = Z, Z1, Zg, ... , Zp = Y, 9TO (Z;_4,2;) € Rumu (z;,z;_,) € R
npuKaxgomi =1,2,...,n.

K coxaneHuro, 1o JaHHOMY ITOAMHOXKeCTBY R C X X X He Bcerja JIerTKo CyAUThb O TOM, KaK
yCTpOeHa MOPOXKAEHHAA UM SKBUBAJIEHTHOCTD R. /lake BBIICHUTD, HE OKaXKyTCSA JIU B PE3YJib-
TaTe BCe TOYKHU SKBUBAJTEHTHBIMU APYT APYTY MOXKET OBITH HE MIPOCTO.

ITPUMEP 0.5 (IPOBU)

MHOXeCTBO paloOHATbHBIX YricesT Q 0OBIYHO OMpeaesioT KaK MHOXKECTBO Apobeii a /b ¢
a,b € Zub # 0. [Ipu a3ToM 110/] Op0oObI0 IOHUMAETCS KIacC SKBUBAJIEHTHOCTH YIIOPAOYEH-
HBIX nap (a,b), rae a € Z, b € Z \ 0, 1o MUHMMaJIbHOMY OTHOIIEHUIO 5KBUBaJEHTHOCTH,
coZieprKaleMy BCe OTOXKECTBIEHUS

(a,b) ~ (ac,bc) cmupousBombHEIMU C € Z \ {0} . (0-21)

OrnHomrenus (0-21) BeIpakaloT co6010 paBeHCTBa pobeii a /b = (ac)/(bc), HO camu IO ce-
6e He 0OpasyloT 3KBUBajJeHTHOCTU. Hampumep, 1ipu a, b, = a,b; B AByXLIaroBoii emnoyke
oTOXZJecTBlenui (a,, b;) ~ (a,;b,, byb,) = (a,by,byby) ~ (a,, b,) camMblii IEBBIA U CAMBII
MIPaBBIN 3JIEMEHTH MOTYT HE OTOXK/I€CTBIATHCA HAaNpsAMYyto 1o npaswiy (0-21), kak, Hampu-
Mep, 3/6 u 5/10. [ToaToOMy SKBUBaJEHTHOCTb, TOPOXKAEHHAsA OTOXAecTBIeHUAMU (0-21),
00s13aHa cofilepKaTh BCE OTOXK/ECTBIEHUS

(ay,by) ~(ay,by) mpu a;b, =a,b,. (0-22)
OxasbIBaeTcs, 4TO K 3TUM OTHOIIEeHUAM 6osibllle yxke HU4dero 06aBaATh He HaZlo.

YMPAXKHEHMUE 0.11. IIpoBepbTe, uTo Habop oTHomeHu (0-22) pediekcuBeH, CHMMeTpHUY€eH U TpaH-
3UTHUBEH.

TeM caMBbIM, OH SIBJISIETCSI MUHUMAJIbHBIM OTHOIIIEHHEM S5KBUBaJIEHTHOCTH, COZlepKallliM Bce
otoxzectBieHus (0-21). OTmeTuM, 4TO eciu B oTHomeHUAX (0-21) pa3peluThb HyJleBBbIE C,
TO Bce napsl (a, b) okaxxyTcsa skBuBanieHTHHI nape (0, 0).



12 O MHOXeCTBax U 0TOOpaKeHUAX

0.5. Kommno3umuu orobpaxenuii. Orobpakenue X — Z, mosyJarleecs B pe3ysbTaTe I10-
CJIeZIOBATeIbHOTO BHITIOTHEHUA BYX oTobpaxkeHuil f : X — Y u g: Y — Z Ha3weBaeTca
komnosuyuetl oTobpaxkeHuti g u f 1 obo3Havaetcs g o f Wiy npocto gf. TakuMm obpasom,
KOMIIO3UIIUA g f ollpefiesieHa eCId U TOIBKO eci 06pas f cofiepXKUTCA B MHOXKECTBe, Ha KO-
TOpPOM oIpezieieHo oTobpaxenue g, u gf : X - Z, x = g(f(x)).

X0Ts KOMIIO3UIIHIO U IIPUHATO 3aNKUCHIBATh TOYHO TaK ke, KaK YMHOXKeHHe Yucesl, eJUH-
CTBEHHBIM OOIIMM CBOMCTBOM 3THX OIIepallUii ABIAETCA UX ACCOUUAMUBHOCMb WIU couema-
menibHbLU 3aKOH: KOMIIO3UIUA TPEX MOCIe0BATEIbHBIX OTOOPaKEHU

f g

X 14 h

Z

T,

KaK U IIpoUu3BeZieHNe TPEX Yrcell, He 3aBUCUT OT TOr'0, B KAKOM IOPs/iKe TIepeMHOKaloTcs I0-
c/leZioBaTeNbHbIE MTAaphl 31eMeHTOB, T. €. (hg)f = h(gf), eciu xoTsa 6Bl 0OfHA U3 IBYX YacTel
3TOr0 paBeHCTBA oIpeZiesieHa. JlefiCTBUTEIbHO, B 3TOM C/Iydae BTOpas 4acTb TOXKe OIpefe-
JieHa, ¥ 06e YacTH AeHCTBYIOT Ha KaXKAyIo TOUKY X € X mo nmpaBwiy x — h(g(f(x))).

B ocraspHOM anrebpanyeckye CBOMCTBA KOMIIO3WIIUU BecbMa JlajleKy OT IIPUBBIYHBIX
CBOMCTB YMHOKeHUA urces. Eciu KoMIo3ulys f g onpezeneHa, TO IPOTHUBOIIONIOXKHAA KOM-
no3unysA gf dacro ObiBaeT He omnpezeneHa. Jlaxe ecmn f, g : X — X ABIAIOTCA SHZOMOD-
¢dm3MaMu OZJHOTO U TOTO XK€ MHOXKeCTBa X, TaK 4TO 00e KOMITO3UIUY f g U gf OlpesieNeHsl,
PaBeHCTBO f g = gf MOXeT He BBIITONHATHCA.

YIIPAXXHEHUE 0.12. PaCCMOTpI/IM Ha IVIOCKOCTH I1apy pa3INYHbIX ITPAMbBIX fl, ‘EZ’ TIepeceKarommnxcsa
B TOYKeE 0, ¥ 00603HaAYNM qgepe3 0, U 0, 0CEBbIE CUMMETPHU OTHOCUTENIBHO 3TUX IIPAMBIX. fABHO
OIIUIINTE ABMXKEHUA IVIOCKOCTH, 3aZaBa€Mbl€ KOMIIO3UIIUAMMN 0,0, 1 0,04 . HPI/I KaKOM yCJIOBUA
Ha IIpsIMbI€ BBIIIOJIHAETCA paBEHCTBO 0,0, = 0, 0'1?

O61Ire MHOXXUTENN TO)XXe OBIBaeT Heslb3s COKpAIaTh, T. €. HU PaBeHCTBO fg = fh, HU pa-
BEHCTBO ¢gf = hf, BoOOIlle TOBOPsI, HE BIEKYT paBeHCTBa g = h.

[TPUMEP 0.6 (9HZIOMOP®U3MHbI IBYXSJITEMEHTHOTO MHOKECTBA)

JIByxameMeHTHOe MHOXKeCcTBO X = {1,2} umeeT poBHO 4eThIpe aHAOMOpdHU3Ma. Eciu Ko-
aupoBaTh oToOpakeHue f : X — X aBy6ykBeHHBIM ciioBoM (f (1), f(2)), kak B mpum. 0.1 Ha
CTp. 5, TO 3T YeThIpe sHAoMopduU3Ma 3anumryTesa caosamu (1, 1), (1, 2) = Idy, (2, 1) u (2, 2).
Bce KOMITO3UITMY MEXTy HUMHU ONpe/ie/IeHbl, U TabIniia KOMITO3ULINH g f UMeeT BU/:

NI 1,2 @21 2.2

(1,1 | (1,1 (1,1 (1,1) (1,1
(1,2) | (1,1) (1,2) (2,1) (2,2)
2,1)]((2,2) (2,1) (1,2) (1,1
(2,2) | (2,2) (2,2) (2,2) (2,2)

(0-23)

Ob6patuTe BHUMaHMe Ha TO, uTO (2, 2)o(1, 1) # (1,1)o(2,2)nurto (1, 1)o(1,2) = (1,1)+(2, 1),
x0T (1,2) #(2,1),u(1,1) = (2,2) =(2,1) = (2,2), x0T (1,1) # (2, 1).

JIEMMA 0.1 (JIEBBIE OBPATHBIE OTOBPAYKEHUA)
Ecmu X # @, To ciezyronye ycaoBUs Ha oToOpaxkeHue f : X — Y 3KBUBaJ€HTHBI:
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1) f UHBEKTUBHO
2) cymecTByeT Takoe oTobpaxkeHue g . ¥ — X, uro gf =Idy

3) A mobbIx oToOpakeHuit g,, g, : Z — X u3 paBeHcTBa f g, = f g, BbITEKaeT paBeH-
CTBO gl = 92'

Joka3ATENBCTBO. MMiuukanus (1) = (2): ana touek y = f(x) € im f nonoxum g(y) = X,
a B TOYKAX y ¢ im f 3a7azuM g Kak yrogHo'. Mmmkarus (2) = (3): ecnu f 91 = f9,,
TO YMHO)Xas obe yacTu cjeBa Ha Jitoboe Takoe oTobpaxkeHue g . Y — X, uto gf = Idy,
nojiy4aeMm g, = g,. mmukanus (3) = (1) AokasbiBaeTca OT IPOTUBHOrO. ITycTh x; # X,
HO f(x;) = f(x,). [lonoxum g, = Idy, umyctsb g, : X = X mepecTapigeT MexAy co60I0
TOYKH X, X,, & BCe OCTaJbHbIe TOYKHU OCTaBjIAeT HAa MecTe. TorAa g, # g,, Ho fg, = fg,. U

OIPEAEJEHME 0.2

Otobpaxenue f : X — Y, yaosnerBopsioiiee jsiem. 0.1, Ha3bpIBaeTcs 06pamumbiM Creda, u
BCAKOe Takoe oTobpaxkeHue g : Y — X, uro gf = Idy, HasbIBaeTcs iegblm 06pamHsim K f
wiu pempakyuetl Y Ha f(X).

YIIPAXXHEHUE 0.13. B YC/IOBUAX JIEM. 0.1 Y66LLI/ITECI), YTO BJIOZKEHHE f TOrZa M TOJIBKO Torga MMEET
HECKOJIbKO pa3/IMYHbIX JIEBBIX O6paTHbIX, KOrZia OHO HE CFOPDbEKTHUBHO.

0.5.1. IIpaBoe o6paTHOE OTOGpaXkeHUe U akcroMa BbiGopa. CTpeMIeHre K FTapMOHUU BhI-
3BIBaET KeJIaHUEe UMETh «ITPaByio» BepcHio ieM. 0.1 — Xo4eTcs, YTOOBI CIIeYIoNIe TPH CBO-
ctBa otobpakeHus f : X — Y Toxxe ObUIM SKBUBAJIEHTHBI:

1) f clopbeKTHBHO
2) cyulecTByeT Takoe oToOpakeHue g : Y — X, urto fg = Idy

3) Ansa mo6bIx oTo6paxkeHUH g,, g, : Y — Z us paBeHCcTBa g, f = g,f BHITEKaeT paBeH-
CTBO g; = J5-

OtobpaxkeHue f, y0oBIeTBOpsIOLIee CBOUCTBY (2), Ha3bIBaeTca 06pamumbsblm cnpasd, a Takoe
orobpakeHue g : Y — X, uro fg = Id,, Ha3bIBaeTca npassim 06pamHsim K f WU ceueHuem
snuMopdusMa f. Bropoe HazBaHUe CBA3aHO C TEM, YTO OTOOPaKEHUE g, YIOBIETBOPSIOLIee
CBOMCTBY (2), IepeBOAUT KaXKAYIO TOUKy ¥y € Y B Touky g(y) € f~1(y), nexanyio B coe
oToOpakeHusd f HaJ| TOYKOH .

B cTporoii Teopuy MHOXECTB, YIIyO/IeHUA B KOTOPYIO MBI IIBITaeMcsl N36eaTh, UMIUIU-
kanus (1) = (2) moctynupyeTcs B KayeCTBe OAHOM U3 aKCHOM. JTa aKCMOMa Ha3bIBAETCSA aK-
cuomoll 8bl60pa M YTBEPKAAET, UTO B KAXKIOM CJIOE JII0O0TO CIOPbeKTUBHOTO OTOOPasKeHUs
MO>HO BBIGPATB 10 S/IeMEHTY>.

'Hanpumep, 0To6pasuM UX Bce B OJHY ¥ Ty JKe IIPOM3BOJILHO BEIGPAHHYIO TOUKY X € X.
2/IHBIMU CTIOBAMM, eCITH MMEeTCS MHOKECTBO IOMAPHO HellepeceKaoIUX s MHOYXKECTB, TO B KK/IOM 13 HUX
MOXKHO BbIGPATH IO SJIEMEHTY.
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JlokazaTenbCTBO UMITTHUKAITUHY (2) = (3) TOTHOCTHIO CUMMETPUYIHO /I0OKA3aTeTbCTBY aHa-
JIOTUYHOW UMILTUKAIIUY U3 jieM. 0.1: mpuMeHss oToOpaXkeHusl, CTOSAIINE B 0OeUX YacTsAX pa-
BeHCTBA g,f = g,f, BCJIeZ 3a TakUM oTobOpakeHueM g : Y — X, uro fg = Idy, nonyyaem
PaBeHCTBO g; = gs.

Mmmukaruda (3) = (1) gokasbiBaeTcd, Kak B JjieM. 0.1, OT IpOTUBHOTO: TIpU y & im f
cBo¥icTBO (3) He BBINONMHAETCA AA g, = Idy u moboro orobpakenus g, : Y — Y, nepeso-
JAIIETO TOYKY Y B KaKyIO-HUOYZh TOYKY M3 im f 1 OCTaBJAIOIIEro Ha MeCTe BCe OCTalbHbIE
TOYKHU.

TakuM 06pa3oM, epedrcieHHbIe BhIle cBoticTBa (1) — (3) AeCTBUTETFHO SKBUBAJIEHT-
HBI IPYT AAPYTY, €CJIM BKJIIOYNUTD aKCOMY BbIOOpa B CITMCOK CBOMCTB, OIIpeIeITIONUX MHOXKe-
CTBa.

0.5.2. OGparumsie oTo6paxenus. Eciu orobpaxkenue g : X = Y OGMEKTUBHO, TO TTPOOO-
pas g~ 1(y) C X xax0ii TOuKH y € Y COCTOUT POBHO U3 OAHOM TOUKH. B 3TOM ciIyuae mpaBu-
710y — g~ Y(y) ompenenseT oTo6pakeHue g~ : Y — X, KOTOpoe ABIAETCA OZHOBPEMEHHO
Y JIEBBIM, U TIPABBIM OOpaTHBIM K g B cMbIcie onip. 0.2 un’0.5.1, T. e.

geg t=1d, wu g log=1Idy (0-24)
OTto6paskeHre g~ HasbIBaeTcs 06pamHbiM K GeKTUBHOMY OTOGPaKeHHIO g.

[TPEA/I0KEHME 0.4
Crnenytoliue ycaoBUs Ha oToOpakeHue g . X — Y 3KBUBaJIEHTHBI APYT APYTY:

1) g B3aUMHO OZITHO3HAYHO

2) cymecTByet Takoe oro6paxenue g' 1 Y — X,urol go g’ =1dyu g’ o g = Idy

3) g ob6najaeT IeBBIM U IIPABEIM OGPATHBIMU OTOBPAKEHUAMUZ.

I[Ipu BBITOJTHEHUU 3THUX YCJIOBUI BCe JIeBble U IIPaBble OOpaTHbIE K g OTOOPaKEHHU PaBHEI
ZIPYT APYTY U OTOBPAXKEHHUIO g ©, OMUCAHHOMY Iepes pOPMYTHPOBKO peIOKeHHUA.

JIOKA3ATEBCTBO. VIMIutukaiius (1) = (2) yxke 6bL1a ycTaHoBIeHa. OueBUAHO, 9To (2) = (3).
JokaxkeM, uro (3) = (2). Ecmm y orobpakenus g : X — Y ectb ieBoe ob6paTHoe f : ¥ — X
u npaBoe obpatHoe h: ¥ — X, Tof = foldy = fe(geh)=(feg)eh=1Idyeh =hu
ycnoBue (2) BuimosnHeHo ans g' = f = h. Ocraéres nokasars, uro (2) = (1),u g’ = g_l.
Tak kak g(g'(y)) = y ana mo6oro y € Y, mpoobpas g~ (y) Kaxzoii TouKK y € Y comepKuT
T0uKy g’ (y). C ApYyTO# CTOPOHBI, TIOCKOILKY A BCeX X € ¢~ () BLIIONHEHO PaBEHCTBO
x = Idy(x) = g'(g(x)) = g'(y), mpoobpas f ~'(y) cocTout u3 eauHCTBeHHO ToukU g’ (y),
T.e. g — 6uexknua, u g =g L. O

IT.e. g’ 0sycmoponte o6paTHO K g.
206paTuTe BHUMAHMe, YTO COBIAEHMS JIEBOTO 0OPAaTHOTO OTOGPaKEHNU ¢ IPABBIM 06PATHBIM OTOGpaKe-
HUEM He TpebyeTcs.
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0.6. I'pynnsl npeo6pa3oBanuii. Hemycroit Ha6op G B3aMHO OZJHO3HAYHBIX OTOOPaKEHUH
MHOXXecTBa X B ceOd HasbIBaeTCsA 2pynnoil npeobpasosaHuil MHOXECTBA X, eCI BMeCTe C
KaXKJbIM OToGpaskeHHeM g € G B G JeXUT U 06paTHOe K HeMy OTo6pakeHHe g~ 1, a BMecTe
C KQXJBIMU JByMA OTOOpaKeHUAMH f,g € G B G JIOKUT U UX KOMIO3UIMA fg. DTH yClIo-
BUA rapaHTHUPYIOT, 9TO TOXZAECTBeHHOe IpeobpasoBaHue Idy Toxe JeXUT B G, TOCKOIBKY
Idy = g~'g ana moboro g € G. Ecnu rpynma npeo6pa3oBaHuit G KOHEYHa, 9HCIIO0 3eMeH-
TOB B Hell o603HavaeTcd |G | 1 Ha3bIBaeTcs nopssokom rpynisl G. Eciu nogmuoxxectso H C G
TOXKE ABJIAETCA IPYIION, TO H Ha3bIBAIOTCA nodzpynnoll rpynnsl G .

ITPUMEP 0.7 (TPYIIIIBI IEPECTAHOBOK)

MuoxecTBo Aut(X) Bcex B3aMHO OJHO3HAYHBIX 0TOOparkeHuit X — X sBJseTCsA TPYIIIOL.
OTa rpyIina Ha3bIBAETCS CUMMEMPUUECKOLl 2pynnotl i 2pynnoii nepecmaHog8ok MHOXKeCTBa X .
Bce mpoune rpymisl mpeobpa3oBaHUl MHOXXeCTBA X SABJIAIOTCS MOATPYIIIIAMY 3TOM T'PYIIITHL.

I'pymnna nepecTaHOBOK N-3J1€MeHTHOTO MHOXecTBa {1, 2, ... , n} obo3HadaeTcd S,, ¥ Ha3bl-
BaeTcA n-i cummempuueckoil epynnoii. CortacHo npezi. 0.2 Ha cTp. 5 NOpAAOK |S,| = n!.
[TepecTaHOBKU

o:{1,2,...,n}->{1,2,...,n}

IIPUHATO 3alUCBIBAaTh CTPOYKAMU 0 = (04, ... , 0,) UX 3HAYEHUH 0; “ (i), kax B mpuM. 0.1
Ha cTp. 5. Hampumep, mepectanoBku 0 = (3,4,2, 1) ut = (2, 3,4, 1) npeacTasisiioT co6010
0oTOOpaKeHust

NN

a UX KOMIIO3UIIMHY 3allMchiBaoTcA Kak ot = (4,2,1,3) uto = (4,1, 3, 2).

YIPAKHEHUE 0.14. CocTaBbTe TabINIly YMHOXKEHUS IIECTH 3JIEMEHTOB I'PYIIIL S;, aHAJIOTUYHYIO
tabsuiie (0-23) Ha cTp. 12.

[TPUMEP 0.8 (ABEJIEBBI I'PYIIITbI)

['pymmna G, B KOTOPO¥ JIF00ObIe ZiBa a7ieMeHTa f, g € G IepecTaHOBOYHBI, T. €. YZIOBJIETBOPSIIOT
COOTHOIIEHUIO fg = gf, Ha3pIBAETCA KOMMYmamugHoul wiu abenegotl. [Ipumepamu abese-
BBIX TPYII SBJISIOTCS TPYIINBI Tapa/UIebHBIX TEPEHOCOB IUIOCKOCTH WK IPOCTPAHCTBA, a
Takoke rpymnmna SO, I0BOPOTOB IIOCKOCTH BOKPYT GHUKCUPOBAHHOM TOUKHU. A KaXKAOTo Ha-
TYpaJbHOTO N > 2 TIOBOPOTHI Ha YIVIBL, KpaTHbIE 27T /n, 06pasyioT B rpymmne SO, KOHEYHYIO
noarpynmy. OHa Ha3bIBaeTCsA YUKAUUECKOLL 2pynnoll nopsioka n.

Tx < Yy Ha MHOXe-

0.7. YacTU4YHO ynopa/l09eHHble MHOXKeCTBa. bruHapHOe OTHOLIeHUe
CTBe Z Ha3BIBAETCSA UACMUUHBIM NOPAOKOM, €ClTH OHO pedIeKCUBHO U TpaHBI/ITI/IBHOZ, HO B
OT/INYME OT SKBUBAJIEHTHOCTU HE CUMMETPUYHO, & KOCOCUMMEMPUUHO, T.€. U3 X K YUY < X

BBITEKAE€T PaBEHCTBO X = Y. Eciv Ha MHOXKeCTBe 3a/iaH YaCTUYHBIN IIOpAAOK, MbI ITUIIEM

1Cm. n° 0.4 Ha cTp. 9.
2Cp. cormp. 0.1 Ha cTp. 9.
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X < y,Korjax < Yy M X # y.YacTU4YHBIN NOPAZOK HA MHOXKECTBe Z Ha3bIBaeTcs JuUHell-
HbM (VI TIPOCTO NOpsi0KOM), €CIU JIoOBIe 1BA 3/IeMeHTa CPaBHUMBI, T. €. /1A BceX X, Y € Z
BBITIOTHAETCS OHO U3 TPEX aJIbTePHATHUBHBIX YCJIIOBUN: WM X < Y, WM X = Yy, WL Y < X.
Hamnpumep, 00bIYHOE HEPABEHCTBO MEX/Y YNC/IAMU ABJIAETCA TMHEMHBIM IIOPAAKOM Ha MHO-
YKeCTBe HaTypaabHBIX urces N, Torja kak OTHOIIleHue IeJIMMOCTU n | m, o3Hadarollee, YTo n
Jenut m, 3azaéT Ha N yacTUYHBIHM NOPAZOK, KOTOPHIN He ABJIAeTCA IMHeHHBIM. [[pyTuM Bax-
HBIM [IPYMEPOM YaCTUYHOTO, HO He JIMHEHHOTO MOPsZIKa ABJAETCA OTHOIIEHYE BKIIOUYeHUA
X C Y na mHOXecTBe §(M) Bcex MMOAMHOXKECTB 3aZJaHHOI'0 MHOXKecTBa M.

YIPAXKHEHUE 0.15 (TTPEATIOPANOK). [Ipednopsidkom Ha MHOXeCTBe Z Ha3bIiBaeTcs Jiroboe pediek-
CUBHOE TPaH3UTUBHOE GMHAPHOE OTHOIIIEHUE X < V. YOeAUTECh, YTO AJI KaXKJO0To peATopsaaKa
OUHApHOE OTHOIIIEHUE X ~ Y, O3HAYA0IIee, YTO OMHOBPEMEHHO X < Y MY < X, IBJIIETCA OTHO-
IIeHHEeM SKBUBAJIEHTHOCTH, U Ha pakTope Z/ ~ KOPPEKTHO oIpeZeseHo GHHAPHOE OTHOMLIEHME
[x] < [y], o3Hauao1ee, 4YTO X < Y, KOTOpOe ABJAeTCA YaCTUYHBIM opaakoM. [IpogymatiTe, kak
BC€ 3TO paboTaeT JJIs1 OTHOIIEHWUS JeTUMOCTH N | M Ha MHOYKECTBE I[eJIbIX Ynce Z.

MHoxecTBO P ¢ 3apUKCPOBaHHBIM Ha HEM YAaCTUYHBIM ITOPAZKOM Ha3bIBAETCA UACMUUHO
YNOPsA00UEHHBIM MHONCECMBOM, COKPAIIIEHHO — YyMOM. Ec/iv TOpsiZioK TMHENWHBIHN, YyM P Ha-
3BIBAETCSA JIUHEIIHO YyNnopsidoueHHbIM. Besikoe ToaMHOKeCTBO X 1F000T0 uyMa P TakKe sBJId-
eTcA 4YYMOM II0 OTHOLIEHMIO K YaCTUYHOMY MOPAAKY, MMeloleMyca Ha P. Eciu aToT uHAy-
IIUPOBAaHHEIN C P OpAJOK Ha X OoKa3blBaeTCA JUHEWHBIM, TIOAMHOXKECTBO X C P HasbIBaloOT
uensto B UyMe P. DleMeHTHI X, y YyMa P Ha3bIBalOTCA CPABHUMBIMU, €CIN X < Y WINY < X.
Ecnu ke HU OZHO U3 3TUX YCJIOBUY He BBHINMONHAETCA, TO X U Y HA3bIBAIOTCA HECPABHUMBbLMLUL.
HecpaBHuMBIe 371eMeHTH aBTOMaTUUeCKU Pa3InYHbl. YacTUYHBIN IOPALOK JIMHEeH TOTAA U
TOJIBKO TOT/IA, KOT/Za JIFOObIe [Ba 3/IeMeHTa CPAaBHUMBI.

Orobpaxenue f : M — N mexzay uymamu M, N Ha3bIBaeTCs COXPAHAIOUUM NOPAJOK>
Wi mopgusmom aymos, e f(x) < f(y) ana Bcex x < y. JlBa uyma M, N Ha3bIBalOTCsA
U30MOpPHBLMU, €CITA UMEeTCs COXPaHAIIasA MopAAokK bueknusa M = N. B TakoM cirydae Mbl
numeM M ~ N. OtobpaskeHue f Ha3bIBaeTCsA CMpozo 8o3pacmaruium, eciu f(x) < f(y) ana
Bcex x < Y. Bcakoe coxpaHslollee NMOPAZOK BIOXKeHUE ABJIAETCA CTPOTO BO3paCTAIOIIUM.
O6paTHOe CIIpaBe/INBO /I BO3PACTAIOINX OTOOPaKeHUH U3 TMHEHHOTO YIIOPAL0YEeHHOTO
MHOJKeCTBA, OJHAKO HEBEPHO B 00IIEM CITydae.

OnemeHT y yyMa P Ha3bIBaeTcs 8epxHell epaHbio mogMHOXKecTBa X C P, ecnu x < y /Ui
Bcexx € X.EciunpustoMy € X, To BepXHAA I'paHb y Ha3blBaeTcs gHeluHell. B TakoM ciaydae
[ BceX X € X BBIIIOJIHEHO CTPOTOe HEPaBEeHCTBO X < Y.

dnmeMeHT m* € X HasbIBaeTCd MAKCUMAIbHBIM B TIOAMHOXKecTBe X C P, ecmu gnax € X
HepaBeHCTBO M* < X BBIMOJIHAETCA TOJBKO MPpU X = m”*. 3aMeThbTe, YTO MAKCUMAaIbHbIHI
aJIeMeHT He 00s3aH OBITH CPaBHUM CO BCEMH dJieMeHTaMu X € X U, TEM CaMbIM, MOXET
He ABJIATbCA BepXHeU IpaHbio 41 X. YacTUYHO yIOpAZOYEeHHOe MHOXKECTBO MOXKET UMEThb
HECKOJIPKO pasINYHBIX MaKCHMaIbHBIX 3JIEMEHTOB WIN He UMEThb UX BOBCE, KakK, HallpuMmep,
yyM N 110 OTHOIIIEHUIO K ZIeTMMOCTH WX K OOBIYHOMY HEPaBEHCTBY MeXKy yrcaaMu. JInHe-

IT. e. BHITIOMTHEHUE WM HEBHITIOMHEHHE YCIOBUA X < Y He 3aBUCHUT OT BEHIGOpA Ipe/icTaBUTeNell X U Y B
kiaccax [x] u [y].
2A Takke HeyObleaouWUM WX HeCMpPo20 803pACMAOUUM.
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HO YIIOPAZIOYeHHBIN YYM MMeeT He 6oJjiee OZIHOTO MaKCUMaJIbHOI'O JIeMeHTa, U eCIU TaKoM
3JIeMEHT CYLIECTBYET, TO OH ABJIAETCA BepXHel I'PaHbIo.

CUMMeTpUYHBIM 00pa3oM, d1eMeHT m, € X Ha3bIBAeTCA MUHUMAIbHbIM B X, €CITH JJIA
X € X HepaBeHCTBO M, > X BBINOJHAETCA TOJIbKO IIPU X = M,.. AHAJIOTUYHO OIIpeZIesIAI0TCA
Y HYDKHUeE FPaHU, ¥ BCE CKa3aHHOe BbIIlle O MaKCUMaJbHBIX 2JIEMEHTaX U BepPXHUX I'PAHAX B
PaBHOM CTelleHU OTHOCUTCA U K MUHUMAaJIbHBIM dJleMeHTaM U HIDKHUM I'PaHAM.

0.8. BniostHe ynopsAo4YeHHbIe MHOXeCTBa. JIMHeHO yropsaZodeHHoe MHOXecTBO W Ha-
3BIBAETCS 8MONHE YNOPAOOUEHHBIM, ECTTU KAXK/I0€ HEITYCTOe TIOAMHOXeCTBO S C W cogepXuT
TaKOM 37IeMeHT S, € S, 4To S, < S AJiA BceXx S € S. DTOT dJleMeHT aBTOMAaTHUYEeCKU e/IH-
CTBEH U HA3bIBAETCS HAUAIbHbLM dJleMeHmMoM TIOAMHOXKecTBa S. HampuMep, MHOXKeCTBO Ha-
TypasIbHBIX urcen N co cTaHZapTHBIM OTHOIIIEHHEM HepaBEHCTBA MEX/Y YKUCJIaMU BIIOJTHE
YIOPAZI0YEHO, KaK U Jtoboe Au3bloHKTHOe 00beamHenue Buga N LI N LI N LI ..., B koTopom
BCe 2JIEMEHTHI Ka)XKI0M KoY MHOKecTBa N rmosiararoTcst CTporo 60IbIIUMY BCEX DJIEMEHTOB
BCEX IPEABIAYIINX KOTni. [TycToe MHOXKECTBO TOXKe BIIOJIHE yHopsAodeHo. HanpoTus, MHO-
»kecTBO Q CO cTaHZAPTHBIM OTHOIIIEHWEM HEPABEHCTBA MEXKY YNCTaMU HE ABJISIETCS BIIOJTHE
YIOPSAI0Y€HHBIM.

BrioHe yriopsiZioyeHHbIE MHOXKECTBA 3aMeYaTeTbHbl TEM, YTO UX 3JIEMEHTHI MOXKHO pe-
KyPCUBHO Tlepe6paTh TOYHO TaKXKe, KaK U 3JleMeHThl MHOKecTBa N. A UMeHHO, yCTh HEKO-
TOpOe yTBepXkAeHne @ (W) 3aBUCUT OT 2JIeMEeHTa W BIIOJIHE YIIOPAZ0YEHHOTO MHOXecTBa W.
Ecmm @(w) ucTUHHO 151 HAaYaabHOTO 3JIeMeHTa W, MHoXecTBa W, u fj1s1 kaxxagorow € W
WCTUHHOCTH YTBepKAeHUs P (x) IpH Bcex X < W BJIEYET 32 COO0I0 UCTUHHOCTh YTBEPIK/e-
HuA @(w), To @(W) UCTUHHO 151 Bcex w € W.

VIIPAYKHEHUE 0.16. YOeAUTECh B STOM.

Takotli criocob ZiokasaTenbCTBa yTBepkAeHUA (W) And Bcex w € W HasbIBaeTcss mpaHc@u-
HumHotl uHdykuueti. Vicriosb3yeMble 11 MHAYKTUBHOTO ITIepexo/a MOAMHOXKECTBA, COCTOSI-
IIMe M3 BCEX DJIEMEHTOB, MPEeANIEeCTBYIOIINX JaHHOMY 3JIEMEHTY W, Ha3bIBAIOTCS HAUAIbHbL-
MU UHMePB8ANamMU YaCTUYHO YIOPSAJ0UYeHHOT0 MHOXKecTBa W 1 o603HavatoTcs

WE{xeW|x<w}.

OnemeHT W € W HasbIBaeTcs MoOuHOll 8epxHell 2paHbl0 HAYAIbHOTO WHTepBana [w) C W
U OZIHO3HAYHO BOCCTAaHABIMBAETCS IO MHTEPBAIY [W) KaK HadyalbHBIN 3JIeMeHT MHOXKeCTBa
W \ [w). OT™MeTM, YTO HayaJabHbIN 37eMeHT w, € W ABjsgeTcs TOUHOU BepxHel rpaHbio
IIyCTOTO HaYaJIbHOTO UHTepBaia [w,) = &.

YIPAXKHEHHUE 0.17. [IOK&XUTe, YTO cCOOCTBEHHOE TIOAMHOXKecTBO [ C W TOorza u TOJbKO Torja siB-
JIIeTCA HadaJ bHBIM MHTEPBAJIOM BIIOJIHE YIIOPAZOYEHHOrO MHOXKecTBa W, korza [x) C I ans
KaXkJ[Oro X € I, ¥ B 9TOM CJTy4ae TOYHAs BEPXHsIs IpaHb MHTepBaia | 0OZIHO3HAYHO BOCCTAHABJIH-
BaeTcs 1o | Kak HaualbHBIM 3/IeMeHT ZOomoaHeHus W N\ I.

Mexzy BIIOJIHE YIIOPAZOYEHHBIMY MHOXXECTBAMM MMEETCs OTHoLIeHUe nopazka U < W,
o3Hauarolee, 9To U MOXXHO OMEKTHBHO U C COXpaHEHHEM IopszAka oTobpasuTs Ha W wim
Ha KaKOW-HUOY/b HavanbHbIM uHTEpBaa [w) C W. Eciu npu atoM U u W He nusoMopdHBI,
Mmbl tumieM U < W. Xopomum yripaxxHeHreM Ha TPaHCOUHUTHYIO UHAYKLIUIO ABIAETCA
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YIPAXKHEHUE 0.18. YOeuTecCh, UTO Jjist 1060 TTaphl BIIOJIHE YIIOPSIA0YEHHBIX MHOXKECTB U, W BHI-
TTOJTHEHO POBHO OZHO U3 cooTHomeHu: wim U < W, wm U ~ W, wm W < U.
Kitacchl m130MOpPGHBIX BITOJHE YIIOPSAOUYEHHBIX MHOXKECTB Ha3bIBAIOT opouHaiamu. MHOXe-
cTtBO N CO cTaHZapTHBIM NOPAAKOM MO>KHO BOCHIPUHMMATh KaK MHOXKECTBO BCeX KOHEYHBIX
opZUHAaJOB. Bce ocTanbHbBle OpAiHAMEL, BKItoUasa N, Ha3bIBAIOTCA MPAHCHUHUMHBLMU.

0.9. Jlemma LlopHa. PaccMOTPHM IPOU3BOIBHOE YACTHYHO YIIOPSAJ0YEeHHOE MHOXECTBO P 1
ob6o3HaynM yepe3 W(P) MHOXKeCTBO BcexX ITOAMHOKeCTB W C P, KOTOpBIe BIIOJHE YIIOPSAI0-
YeHbl UMEeIIIUMCS Ha P oTHoIeHeM x < y. MHOXXecTBO W(P) HEITyCTO U COAEPKUT ITyCTOE
IOZMHOXECTBO & C P, a Takke Bce KOHeuHble e’ C C P, B 4aCTHOCTH, BCE HJIEMEHTHI
MHOXKecTBa P.

JIEMMA 0.2
He cymectByeT Takoro otobpaskenus ¢ : W(P) — P, uro o(W) > w ansa Bcex W € W(P) u
wew.

JIOKA3ATE/IBLCTBO. [TyCcTh Takoe oToOpakeHue @ CyliecTByeT. Ha30BEM BIIOJIHE YIIOPAJ0YEH-
HOe MMOAMHOXeCcTBO W C P peKypcuUBHBIM, eciu o([w)) = w a4 Bcex w € W. Hampumep,
MTOMHOKECTBO

{e@). e(te@))). e({e@). elte@)}). ... |

PEKYPCHUBHO U €r0 MOXXKHO PacUIUPATH Aajbllle BIIPaBo, IToKa P He McyepraeTcs, YTO MIPOTHU-
BOPEUUT HAJIO:KEHHOMY Ha Q YCJIOBUIO. YTOUHUM cKa3zaHHoe. Eciiu iBa peKypCUBHBIX BIIOTHE
YHOPSAIOYEHHBIX TTOIMHOXXECTBA UMEIOT OOITMI Ha4aIbHBIM 3JIEMEHT, TO TMOO OHU COBIA/Ia-
IOT, TMOO OZTHO M3 HUX SIBJIAETCA HavyaJIbHBIM HHTEPBAJIOM APYTOTO.

YIPAXXHEHME 0.19. JIOKa)KuTe 3TO.

O6o3HauuM yepe3 U C P oObeguHeHUe BCEX PEKYPCUBHBIX BIIOJTHE YIIOPAAOYEHHBIX MOJ-
MHOXKECTB B P ¢ HayaJbHBIM 3/IeMeHTOM (D).

YIIPAXXHEHUE 0.20. y6€,Z[I/ITeCI), 4TO IOAMHOKecTBO U C P BIOJIHE YIIOPpAAOYEHO 1 PEKYPCHBHO.

[Tockosbky anmemeHT (U) cTporo 6osblie Bcex aneMeHTOB u3 U, oH He nexxut B U. C gpyroit
cTopoHBI, MHOXecTBO W = UU{g(U)} BIlosHe ynopsAZ04eHo, peKypCUBHO, U er0 HauaJIbHbIM
aneMeHTOM sBJIsieTcs 0(Q@). CnepoBarenvuo, W C U, otkyza o(U) € U. llpotuBopeune. [

ITPEO/I0XKEHME 0.5
Ecnu kaxkzioe BIIOJIHE VIIOPsIZI0OYeHHOE TTOAMHOXECTBO YyMa P MMeeT BEPXHIOIO I‘paHbz, TO
B P eCTb MaKCUMAaJIbHBIN 3JIEMEHT® (BO3MOXKHO HE eIUHCTBEHHBIHN).

JIOKA3ATE/ILCTBO. EC/T MaKCMMaTbHOTO 3/IEMeHTa HET, TO JIA II00oro p € P uMeeTcs TaKou
sneMeHT p’ € P, uto p < p’. Torza A KaXkA0ro BIIOJHE YIIOPAZOYEHHOTO OAMHOXKECTBA
W C P HaligéTca Takol sneMeHT w* € P,ytow < w™ gy Bcex w € W. Comocrasias
Kaxgomy W € W oauH”" 13 TaKKX 27IEMEHTOB W™, MBI nojydaem otTobpaskenue o : W — P,

IT. e. KOHeUHbIE THHEHHO YIOPAZOIEHHbIE TOAMHOXKECTBA.

2T.e. JUIs1 JII0O0T0 BIIOJIHE yTIopsifgodeHHOro W C P HaWAETcs Takol p € P,uto W < p i Bcex W € W.

3T.e. Takoii p* € P, 4To HepaBeHCTBO P* < X BHIIOMHAETCA B P TONBKO /A X = P*, CM. TIOC/IeHIE JBa
a63ana nepezn’ 0.8 Ha cTp. 17.

4 Jlna sToro TIPUAETCS BOCIIONb30BaThCsA aKCMOMO¥ Bhibopa 3 n° 0.5.1 Ha cTp. 13.
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KOTOPOTO He MOXXeT OBITh 110 JieM. 0.2. [

OMNPEJEJIEHUE 0.3 (TTIOJIHBIE YYMBI)
YacTUYHO yIOpsAZ0YeHHOEe MHOXKECTBO HA3bIBAETCS NONHbLM, ECJIA KAXKJAsA €T0 Iellb UMeeT
BEPXHIOIO I'PaHb.

CJEACTBUE 0.1 (IEMMA LIOPHA)
B KaXXZI0M IIOJTHOM YyMe €CTh MaKCUMAa/IbHBIN 3/IeMeHT (BO3MOXKHO He eIMHCTBEHHBIN). [

YIPAXKHEHHUE 0.21 (IEMMA BYPBAKY — BUTTA O HENOZABMKHOM TOYKE). [IycTh 0TOOpajkeHHe U3 MOJI-
HoTo uyMa B ce6s1 f : P — P TakoBo, 4To f(x) > x Ay Bcex x € P. [loKa)kUTe, YTO CyIIeCTBYET
Takoe p € P, uro f(p) = p.

YIIPAXKHEHUE 0.22 (TEOPEMA HEPMEJIJIO). ,Z[OKa)KI/ITe, 9TO KAXXJ0€ MHOXECTBO MOKHO BIIOJIHE YIIO-
PASOYUTD.

VIIPAXKHEHHE 0.23 (TEOPEMA XAYCZIOP®A O MAKCHMAJIbHOM LIENN). JJOKakKUTe, 4TO B II0OOM YyMme
KaXkZ1ast LIellb COAEPKUTCSA B HEKOTOPOM MaKCUMAaIbHOM TTO0 BKJIFOUEHHUIO LIETH.



OTBeThI U YKa3aHud K HEKOTOPBIM YIIPpAXKHEHHUAM

yop. o.1. Otet: 2™.

yrip. 0.2. OTBeT Ha BTOpo# Bompoc — HeT. [Tyctb X = {1,2},Y = {2}. Bce ux mapHble mmepeceyeHus U
o6beuHeHHA CyTb X NY =Y NY =YUY =YuXUY =XUX = X NnX = X, umobas dopmya,
coctaBineHHass u3 X, Y, N, U, gzact Ha Beixoge wim X = {1,2}, wm Y = {2}, tormakak X \Y = {1}.

yre. 0.3. B II€pBOM CJIy4Ya€ MMEETCA 6 HaJIOXKEHUN U HU OAHOTI'0 BJIOXKEHUSA, BO BTOPOM — 6 BIIOXKEHUH
" HY OHOT'O HAJIOXKEHHUA.

Y. 0.5. Eciu X KOHEYHO, TO UHBEKTUBHOE WU CIOPbEKTHBHOE 0TOOpaskeHrne X — X aBTOMaTU4YECKU
6uexkTuBHO. Ectu X GeckoHe4HO, TO B X eCTb IOAMHOXKeCTBO, n3omopdroe N. Mubekiua N & N,
n > (n+ 1), ucioppexiua N » N, n — max(1,(n — 1)), obe He GUEKTUBHBI U TPO/IOIKAIOTCS /10
TOYHO TaKUX e oToOpaxkeHuit X — X TOXXJeCTBEHHBIM feticTBueM Ha X \ N.

yip. 0.6. OTBeT: HeT. BocmonbayiiTech «InaroHaabHbIM TPIOKOM» KauTopa: mycTh Bce 6uekiuu N — N
3aHyMepOBaHbl HATYPaJIbHBIMU YHMCIaMHU; [IA/SA Ha 3TOT CIIHCOK, TOCTPOIiTe OUEKIINI0, KOTOpast pU
KaxgoM k = 1, 2, 3, ... orobpaxaeT HeKoTOpoe uucio n, € N He Tyza, Kyza ero orobpaxaer k-tas
OMeKIMS U3 CIIMCKA.

n+m-—1 n+m-1 n+m-1)!

yrip. 0.7. OTBeT: ( ) = ( ) = Q.YKaSaHHe: cjlara€MbIX CTOJIBKO XK€, CKOJIbKO UMEETCA
m—1 n n!(m-1)!

YIOPSIZIOYEHHBIX HAGOPOB HEOTPHULATEIbHBIX LeabIX ducen (Kq, ..., k,,) ¢ cymmoit Y. k; = n. Takoii

Habop MOXKHO 3aKOJMPOBATh CJIOBOM, COCTaBleHHbIM 13 (m — 1) 6ykB 0 u n 6ykB 1: cHavyasa nuieM
k, eguHUIl, IOTOM HyJb, IIOTOM K, €IWHUI], IIOTOM HYyib, U T.J. (cI0BO KOHUUTCA k,,, €AUHULIAMU,
CTOSIIIIMMMU CJIeZIOM 3a MOC/IeJHUM, (m — 1)-M Hy/nIéM) .

n+k
Ymp. 0.8. OTBeT: ( N ) Kaxkzas Takas fuarpamMma IpecTapisieT cO60I0 IOMaHYI0, BEAYILYIO K3 JIEBOTO
HIDKHETO yIvIa IPSAMOYTOJbHUKA B IIpaBhIl BepxXHUi. B Takoil 1oMaHOM pOBHO n FOPHU3OHTATBHBIX
3BEHbEB U POBHO K BEPTUKAIbHBIX.

yme. 0.9. Hycts [x'], = [x], u[y']l, = [Vl T.e. x’ = x + nk,y’ = y + nf c nexoropsmu k, £ € Z.
Tornax' +y' =x+y+nk+)ux'y’ =xy+n(x+ky+ kéfn) cpaBHMMBI 10 MOAYTIO N C X + Y U
xy cootBercTBeHHO, T.€. [x' +y'], =[x + y],, u[x'y ], = [xy],-

Yrip. o0.10. ITOJIOKUM X ~ Y, €CIIU CyIlleCTByeT KOHe4YHasd I10C/Ie0BaTe/IbHOCTh TOUeK
X =2y, Zy, Zgy e s Zp =Y

KaK B YCJIOBUH 33Ja4u. [IpoBepbTe, YTO 3TO OTHOIIEHNE SKBUBAJIEHTHOCTH M YTO OHO COZEPXKUTCS B
mo60# sKkBUBaEeHTHOCTH S C X X X, cozmepkarieii R.

Vmp. 0.11. PedIeKCMBHOCTh M CUMMETPUYHOCTh OY€BUAHBI. TPaH3UTHUBHOCTD: ecu (p,q) ~ (r,s) u
(r,s) ~(u,w), T.e.ps—rq=0=us—rw, Topsw—rqw = 0 = usq —rwgq, otkyaa s(pw —uq) = 0,
upw =uq,T.e. (p,q) ~ (U, w).

Ymp. o.12. Ecnu npamele £, u £, nepecekaroTca B Touke 0 nog ymioM 0 < a < m /2, To oTpakeHue
OTHOCUTEJIbHO ¥, 32 KOTOPEIM CJIeflyeT OTpaskeHHe OTHOCUTENBHO £, , 3TO IOBOPOT BOKPYT TOYKHU O Ha

yroJl 2 B HallpaBJleHUH OT I1epBOH IpAMOM KO BTOpoii. TakuM 06pa3oM, OTpakeHHUs OTHOCUTEIHHO
MepeCceKaroIUXCs MPSIMBIX KOMMYTHUPYIOT TOTZIAa U TOJIBKO TOTZA, KOT/A IIPSIMbIE MEePIIeHAUKY/ISPHEL.

ymp. 0.14. Tabauua KOMIO3UIUI g f B cUMMeTpHUecKoH rpyIme Sy:

36
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g\f (1,2,3) (1,3,2) (3,2,1) (2,1,3) (2,3,1) (3,1,2)

(1,2,3) | (1,2,3) (1,3,2) (3,2,1) (2,1,3) (2,3,1) (3,1,2)
(1,3,2) | (1,3,2) (1,2,3) (3,1,2) (2,3,1) (2,1,3) (3,2,1)
3.2,1) | G3,2,1) (2,3,1) (1,2,3) (3,1,2) (1,3,2) (2,1,3)
2,1,3) 1 (2,1,3) (3,1,2) (2,3,1) (1,2,3) (3,2,1) (1,3,2)
2,3,1)|(,3,1) (3,2,1) (2,1,3) (1,3,2) (3,1,2) (1,2,3)
(3,1,2) | (3,1,2) (2,1,3) (1,3,2) (3,2,1) (1,2,3) (2,3,1)

Yiip. 0.15. OTHOIIEHME N | M Ha MHOXKECTBE Z He KOCOCUMMETPUYHO: 11 | M UM | n eCciu U TOJIBKO ec-
au m = +n. PakTOp MHOXKECTBA Z 10 3TOMY OTHOLIEHUIO SKBUBAJIEHTHOCTH MOXXHO OTOXAECTBUTD C
MHO€ECTBOM Z;,, HEOTPUILIATEJBHBIX LIEJIbIX YMCEJI, HA KOTOPOM OTHOIIEHUE N | M ABJISAETCSA 4aCTH-
HBIM TOpsiZAKOM (06paThTe BHUMAHUE, YTO HYJIb SBJSIETCS HIKHEH I'DaHbIO 3TOrO MHOXKECTBA, T. €.
JIeJIUT BCe 3JIeMEHTHI. )

Yip. 0.16. ITycTe MHOXecTBO S C W cocTOUT U3 BceX TaKUX 31eMeHTOB z € W, uTo yrBepxkieHue @ (z)
JnoxHO. Ecmu S # @, To B HEM ecTb HadyaJIbHBIN 37IeMeHT S, € S. [IockonbKy yTBep:kzeHue d(w)
HCTUHHO /71 BceX W < S, yTBepxkZAeHue ¥(s,) Toxxe UCTUHHO, T. €. S, € S. [IpoTuBOpeune.

Ymip. 0.17. O603HAaYNM Yepes X; HAaYaIbHBIH 371eMeHT AononHeHusa W\I. HaganpHbIl nHTEpBa [x;) C W
ABIAeTCA 06beANHEHEM HaYaIbHBIX HHTEPBAIoB [y) C W o BceM ¥ < x;. Tak Kak | COAEPXUT Bce
HHTepBasbl [y) ¢y < x;, MBI 3aKiIrodaeM, uyto [ 2 [x;), oTkyzAa I = [x;).

Yop. 0.18. Ilycth cooTHomienue U > W He BrimonHseTcs. [TokaxkeM, 4TO JI000H HavyaabHBIN OTPE30K
[u) C U nsomopdeH HeKOTOpoMy HadaJIbHOMY OTpe3Ky [w) C W, rae w = w(u) ofHO3HA4YHO BOCCTa-
HaBJIMBAETCA 110 U. DTO BEPHO JJIA IIyCTOTr0 HaYaJIbHOT'O OTpe3ka @ = [u,), Iie u, € U — MUHUMAaJIb-
HBIH 271eMeHT. [TyCcTh 3TO BEpHO I BCeX HayaJIbHbIX OTPe3KoB [y) C U cy < u.

EciM B Haua/IbHOM MHTepBase [u) MMeeTcs MaKCUMabHbIH aneMenT u’, To [u) = [u’) U {u’},

u [u’) usomopdpen HekoTOpOMy HadalbHOMY MHTepBany [w') C W, ommmuaHoMy oT W, IOCKOIbKY
pasenctso [w') = W osHauaert, uto U > W. Tem cambiM, unTepsan [u) = [u’) U {u’} usomoppen
BIIOJIHE yTHIOpAZioueHHOMY MHOecTBy [w') LI {w’ }, koTopoe He coBmazaet ¢ W Io TeM xe IpIIuHaM,
YTO U BHIIIIE, U ABJISETCA HaYaJIbHBIM UHTepBajJoM Buza [w) C W, rae w = w(u) — HauMeHbIIUH
3J7IEMEHT B JIOTIOJTHeHUH K ITOAMHOXKeCTBY wHu {W' }BW.

Eciu B HavyaspHOM WHTEpPBAJe [1) HET MaKCUMAalIbHOTO 3JIeMeHTa, TO [U) = Uy <yuly) usomop-
¢deH 00beIMHEHUIO BJIOXKEHHBIX HAa4aJIbHBIX MHTEPBAJIOB Uy «[W()) C W. 310 o6beauHeHNE He
HCYEPIIBIBAET BCE MHOXKeCTBO W, mocKoibKy B mpoTuBHOM ciaydae W =~ [y) u W < U. [onoxum
w(u) € W paBHBIM MUHUMaJIbHOMY 2JIEMEHTY, He cozepamemycs B | J y <«u[W()). IIpoBepsbTe, uTO
Uy <«uW®)) = [w(u)) u uro orobpaskenue u — w(u) ycraHaBIMBaeT u30Mopdu3M MHOXecTBa U ¢
HEKOTOPBIM Ha4YaJbHBIM OTPE3KOM MHOXKecTBa W.

Yop. 0.19. IlycTh pekypcuBHBIE TogMHOXecTBa W, W, C P uMeroT o0Imuii Ha4aIbHbIHA 3/eMeHT. Pac-
CMOTPHUM ITOAMHOXeCTBO Z C W, cocTosee U3 BceX TaKUX Z € W), 4To Ha4a/JIbHEIM MHTEPBA [2), B
MHOXecTBe W, coBnazaeT ¢ HauyaJabHBIM UHTEPBAJIOM [Z), B MHOXecTBe W, . MHOXXeCTBO Z He IIyCTO,
MIOCKOJIBKY COZepKUT oOIIuit HaualbHBIN a7ieMeHT MHOxecTB W, u W,. B cuny pexypcusHocTu W,
u W, MHOXecTBO Z cogepxutcsa B W, N W,, apnsasace, no ymup. 0.17 Ha cTp. 17, HaYaIbHBIM HHTEPBA-
noMm kak B W, takuB W,. Ecru Z # W, u Z # W,, To TouHble BepxHue rpaHu Z B W, u W,, c ogHou
CTOPOHBI, He JIeXKaT B Z U II03TOMY Pas/IMYHBL, a C IPYyroii CTOPOHEI 06e paBHEI 0(Z) B CHILy PEeKypPCUB-
Hoctu W, ulW,. Tem cambim, Z = W, wmi Z = W,.
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Ymp. 0.20. Kaxgoe mogMHokecTBO S C U MeeT HETYCTOE IepecedeHre ¢ KAKUM-HUOYIb PEKYPCHUBHBIM
BIIOJTHE YIIOPSZI0YeHHBIM MMOAMHOXecTBOM W C P ¢ HavambHBIM 31eMeHTOM (). [To ymip. 0.19 moa-
MHOXecTBO W dABjiAeTcsa HauaabHBIM MHTEepPBaJIOM BceX cofep:Kaliux W peKypcUBHBIX BIIOJIHE YIIO-
PAMOYEHHBIX TIOMHOKECTB C HaYaJbHBIM 3jieMeHTOM 0(Q). [ToaToMy HavaabHBIA 3JIeMEeHT Iepece-
yeHus S N W He 3aBUCHUT OT BeIGOpa Takoro W, uto W N S # @, U ABIAETCA HayaabHBIM 3JIEMEHTOM
mogMHOXKecTBa S. KaxZpIi HavaabHbIN nHTEpBaJ [u) C U ABiseTcs HadaJlbHBIM UHTEPBAJIOM JIF060T0
coziep:kalero u MHoXectBa W u3 nienu. B cuty pekypcuBHOcTH W anmeMeHT g[u) = u.

Yp. 0.21. TTonb3ysick akCHOMOL BeI6Opa, 3adukcrpyeM A Kaxzaoro W € W(P) kakyto-HU6yab BEpX-
Hioto rpab b(W) € P.Eciu f(x) > x ansiBcex x € P, To orobpaxenue ff : W(P) —» P,W — f(b(W))
nporuBopeyut jeM. 0.2 Ha cTp. 18.

V. 0.22. O603HayuM 4yepe3 S(X) MHOXXECTBO BCEX HEIYCTHIX MMOAMHOXKECTB AaHHOTO MHOXeCTBa X,
BKJTIOYast camo X. [Tpy TOMOIIIY aKCHOMBI BBIOOpa MOCTPOiTE Takoe oTobpakeHue U : S(X) — X, uTo
u(Z) € Z pnsascex Z € §(X). O6o3naunm uepe3 W(X) muoxxectBo Bcex W € S(X), KOTOpble MOXKHO
BIIOJIHE YTIOPAZOYUTH TaK, 4To U(X \ [w)) = w ana Bcex w € W. BgoxHosnaace jem. 0.2 Ha cTp. 18
nmokaxkure, uto W(X) # @, u ybeaurech, uto X € W(X).

Yrip. 0.23. y6EZ[I/ITer, YTO MHOXKECTBO BCEX uenef/i, CoAepKallluX JaHHYIO IIEIIb, ABIAETCA IIOJTHBIM 9YYMOM
OTHOCHUTE/NIbHO OTHOLIEHHWA BK/IFOYEHUA, U IDUMEHUTE JIEMMY quHa.
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