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Cap®TU HUAY MUDOU
AnexceeB B.B. C6opHuk 3amau o kypcy “Jluckpernas MaTemMaTHKa.

1. DjieMeHThI TEOPUU MHOXKECTB
1.1 TeopeTMKO-MHOXKECTBEHHbIE ONEePALMHA

[To onpenenenuro I'. Kantopa, OCHOBOIIOJIOKHUKA TEOPUU MHOMKECTB,
MHOXECTBO €CTh JIt000e coOpaHue OMpENEICHHBIX W PA3TUIUMBIX MEKTY
co00l OOBEKTOB Hallled MHTYWIMUW WM WUHTEUICEKTA, MBICIUMOE HaMU Kak
eAnHOE 1enoe. Mexay OTAeIbHBIMUA 00ObEKTaMU U MHOKECTBAMH CYILLIECTBYET
OTHOIIIEHHE TPUHAICKHOCTH. Eciam mpeaMer X NpUHAIIEKUT MHOKECTBY
A, TO 3TO 3aMUCHIBAIOT B BUJE X EA, €Clii HE MPUHAJICKUT MHOXKECTBY A, TO
MUITYT X € A.

Jlst 0003HaueHNE MHOKECTBA CIYXKUT Tapa (UTypHBIX CKOOOK {....},
BHYTPHU KOTOPBIX MEPEUUCIISIOTCS AJIEMEHTHI MHOXKECTBA.

CymectByeTr Tpu crnoco0a 3aJaHusi MHOXECTBA. nepeuucieHue
onucauue, nopodcoaowue npoyedypsi. Bo BTOpOM ciydae »3JIEMEHTHI
MHOKECTBA OIPEACISIOTCS M0 3aJaHHOMY 3akoHy (mpaBuiy). Hampuwmep,
A={X|(yTBep>kneHue o0 X)}, KOTOpOE 4YUTaeTCsi Kak: “A €CTh MHOXECTBO
TaKUX JIEMEHTOB X, JIJISl KOTOPBIX (yTBEpKIeHue o0 Xx) BepHO”. Wiu MOXHO
3anuchiBaTh U Tak: A={X|P(X)}, koTopoe unTaercs kak “A €cTb MHOXECTBO
TaKHX 3JIEMEHTOB X, KOTOpbIE 00J1a/1al0T CBOMCTBOM P”.

Ilopooicoaroweti  npoyedypoti  Ha3bIBaETCA  CIOCOO  MOJYy4YECHUS
AJIEMEHTOB MHOXECTBA M3 YK€ TOJYYEHHBIX 7JJeMeHTOB. Hampumep,
MHOXECTBO A BCE€X IEJbIX YHCEJ, SBISIONIUXCS CTEHEHSIMH Yucia 2 MOXKET
OBITh MPEJCTABICHO TMOPOXKAAOUIEH TMPOLEAYpPOH, 3aJaHHOW JBYMS
IpaBUIaMH, HaA3bIBAEMBIMU PEKYPCUSHBIMU WITH UHOYKIMUBHBIMU:

a)leA; 0)eciiuxeA, 1 2-XeA

MHoOXecTBO, HE COJIepKallee HU OJHOTO BJEMEHTAa, HAa3bIBACTCS
IIyCTHIM MHOXECTBOM M 0003HAYAETCsI CUMBOJIOM .

Mex 1y pa3muyHbBIMU MHOXECTBAMHU MOXET CYIIECTBOBATH OTHOILICHUE
BKJIFOUCHHUS, KaK OTHOIICHUEC “‘ObITh MIOAMHOXECTBOM . MHOMXecTBO A
SBIIICTCS IIOAMHOXECTBOM B, ecmm mo0oM 3JIeMEHT MHOXKecTBa A
MIPUHAJIEKUT MHOKECTBY B. DTO ompeneneHue 3anucbiBaroT B Bujae AcB,
rI€ CUMBOJ C O3HA4yaeT BKItOuUeHHe. JlJis TMOAMHOXKECTB CIpPaBEIIUBO
CBOMCTBO pednekcuBHOCTH (ACA) W TPaH3UTHUBHOCTH [(AcB wu
BcC)—ADC]. Kpome Toro, [u1st T'000T0 MHOXKECTBA A CITpaBeIiTuBO JDA.

JIBa MHOKeCTBa HA3bIBAIOTCSI PABHBIMH, €CJIM OHU COCTOAT U3 OJHUX U
TEX JKe 2JIeMeHTOB, T.e. ACB n BCA.

Ecnu A — xoHeuHOE N-3JIEMEHTHOE MHOXECTBO, TOTJ]a UMEETCS POBHO
2" pasIMYHBIX MOJAMHOMKECTB, COCTABIECHHOE M3 DIEMEHTOB MHOXKECTBA A,
BKJTIOUYasi HECOOCTBEHHBIC TIOJIMHOKECTBA J U A.

MHOXeCcTBO BCEX MOJMHOXKECTB JJAHHOTO MHOXECTBa A Ha3bIBaeTCs
CTEIEeHbI0 MHOXECTBa A uiu dyneanom B(A).

Ecnu mnpu  HEKOTOPOM  pacCMOTPEHUMM  Y4acCTBYIOT — TOJIBKO
MOJIMHOXKECTBA HEKOTOPOTO (PUKCHPOBAHHOTO MHOXKecTBa |, To 3TO camoe
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00JIBIIIOC MHOYKECTBO HA3bIBACTCSI YHUBEPCATBHBIM (IIOJHBIM) MHOKECTBOM U
rpadudeckn 00O03HA4YaeTCs B BHUAC TOYEK NPSIMOYTOJbHHUKA, OTICIIbHBIC
00JIaCTH KOTOpOro 0003HAYalOT pa3iuvHble MoaMHokecTBa |.  Takoe
n300pakeHNe MHOYKECTB Ha3bIBACTCS ArarpaMMoii Diijiepa — BenHa.
OCHOBHBIC OTIEPAILIMU HAJ] MHO)KECTBAMH:
» O60benunenue: AUB={X|xeA uu XeB};
» Ilepeceuenne: ANB={x|xeA u xeB};
» Pasznoctb: A\B={X|xe A u x¢B},
» Cummetpudeckas pasHocTs: AAB=(A\B)U(B\A);
» Jlomonuenue: A=NA={x|xel u xgA}.
Cucrema wmHOXKecTB X={X;, X,,....X,} Ha3bIBaeTcsa pazduenuem
MHOJCecmsa A, €CIIA OHA YIOBJICTBOPSET CICAYIONIUM YCIOBHSIM:
» XieX u XcA;
» XieX, XjEX 151 XiijZQ;
n
> _ulxi =A.
i
CpoiicTBa omepamuii TiepecedeHUs] W OOBCIUHEHUS  SBISIFOTCS
JBOMCTBCHHBIMH TIPY 3aMEHE 3HaKOB U Ha M, J Ha | 1 Ha0060pOT, MOAITOMY
OCHOBHBIC TOXKJICCTBA W 3aKOHBI aJIreOpbl MHOXKECTB MOXKHO 3aIliCaTh
CJIEAYIOIINM 00pa3oMm:

1. A=A, Anl=A;

2. AUA=I, ANA=;

3. Aul=l, AN =07,

4. D=1, 1=0;

5. AUA=A, ANA=A;

6. A=A.

7. AUB=BUA, ANB=BnNnA;

8. (AuB)uC=Au((BUC), (AnNB)NnC=ANn(BNC);

9. AuB)NnC=(AnC)u(BNCO), (AnB)uC=(AuC)N(BULCOC).
10, AU(ANB)=A ANn(AuB)=A

1LA VA, U.LA =A NA,N.A, ANA, N.A =A UA,U..A,

IIpumep 1. 3agaTe pa3iaM4HBIMU CIOCOOAMHU MHOXXECTBO A BCEX YETHBIX
yucen 2, 4, 6, ...., He npessimarommx 1000.
Pewenue. 1. Ilepeuncnennem: A={2, 4,6, 8, 10, ..., 998, 1000} ;
1. Omucanmem: A={X|xeN u x/2eN, N<1000}; (N - wMHOXecTBO
HaTypaJibHBIX uucen 1, 2, 3, ....)
2. Tlopoxpnatomieit nporeaypoit: a) 2€A; 0) ecinu XeA, To (x+2)€A,;
B) x<1000.

IIpumep 2. Bepuo i, uto: 1). {{1,2}, {2,3}}={1,2,3}? 2).{{1,2}}={1,2}?
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Pewenue. 1). Her, Tak Kak 3JIEeMEHTaMH IE€PBOTO MHOYKECTBA SBISIOTCS
noaMmHoxectsa {1,2} u {2,3}, a BToporo — anemeHTsl 1,2,3.

2). Her, Tak Kak nepBoe MHOYKECTBO OJHO3JIEMEHTHOE, COCTOSIIEE U3 OJTHOTO
AJIEMEHTA - MOJAMHOKECTBA, & BTOPOE UMEET J1BA dJIeMeHTa | u 2.

IIpumep 3. IlepeunciuTh 3JIEMEHTHI CIETYIOMINX MHOKECTB:

1). A={alacB, B={1,2,3}};

2). A={alaeB, B={1,2,3}}.

Pewenue. 1). Tak kak acB, a B — TpexaneMeHTHOE MHOXECTBO, TO HMEETCS
2°=8 mommuokects: A={{1}, {2}, {3}, {1,2}, {1,3}, {2,3}, {1,2,3}, O}.

2). Tak kak aeB, To A=B={1,2,3}.

IIpumep 4. Jloka3aTh, HUCIOJB3Ys TOXKIECTBAa anreOpbl MHOXECTB, YTO
AU(B\A)=AUB.

Pewenue. VIcTonb3ys TOXKIECTBA anre6pbl MHOKECTB, TIOTydaeM
AUB\A) =AUBNA)=(AUB)N(AUA)=(AUB)NI=AUB.

Mpumep 5. Yrupocturs Bepaxkenne (ANBANC)U(ANBNC)uBUC.
Pewenue. Vicrionib3yst 3aKOHBI U TOXKIECTBA aareOpbl MHOXKECTB, MOJIyYaeM:
(ANBNC)U(ANBNC)uUBUC=[(AUA)NBNC]JuUBUC=

InBNCuUBUC=(BNC)u(BNC)=I

IIpumep 6. Iloctpouts aumarpammel Benna nns muoxects A, B, C, Dcl,
eciimt AuBcCuD, AnB=Y, AnD=J.

Peuwienue. OIHO ©3 BO3MOXHBIX PEIIEHHWE MOXET OBITh MPEICTABICHO
CHEYIOLIEN AuarpaMMoit:

LN\
CI>
©

IIpumep 7. Omnpoc 100 cTyneHTOB, M3y4arOIIMX HWHOCTPAHHBIE S3BIKH,
MoKa3aja: aHIVIMUCKUM sA3bIK u3y4daroT 29 cryneHtoB, HeMmenkuid —30,
bpaniy3ckuii —9, Tonbko Qpaniy3ckuit - 1, anrnuiickuii u Hemeukuit — 10,
HeMeUukuil u ¢paniysckuii — 4, Bce Tpu si3bika — 3 cryaeHTa. CKOJBKO
CTYJEHTOB HE HM3Yy4arOT HU OJHOrO s3blKa? CKOJBKO CTYJAEHTOB HM3y4YarOT
TOJIBKO HEMELKUH A3bIK? 1Ipu penieHnn ucnosib30BaTh 1uarpaMmel Benna.
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Pewenue. Begem o6o3HaueHusi: | — MHOXECTBO BCeX OMNPOIICHHBIX
CTYAEHTOB; A — MHOKECTBO CTYJICHTOB, U3y4alOLIUX aHTJIUICKUH A3bIK; H —
MHOKECTBO CTYJE€HTOB, H3Yy4arOIIMX HEMENKUH s3bIK; @ — MHOMKECTBO

CTYJIEHTOB, U3y4aronux Qppaniry3ckuii s3pik (CM. auarpammy Oiinepa-Benna
Ha puc. 1.1)

[Io ycrmoBurwo 3amayum  oueBUAHO, uyTto ANDNH=3, Torma
HNDP)\(AnDdNH)=4-3=1; (AnH)=(AndNH)=10-3=7. B takom
cllydae TOJbKO HeMEIKuH s13bIK u3ydatot 30-7-3-1=19 crynenTos.

N3 ycnoBus 3amaum Takke ciexyeT, yto (AN®P)\(ANdH)=9-1-1-
3=4, a MOATOMY TOJBKO aHTJIMHUCKHUHN S3bIK M3ydaroT 29-4-3-7=15 cTyAeHTOB.

Torma 4uCIO CTYAEHTOB, HE H3y4alOIIMX HH OJHOTO s3bIKa, OyAET PaBHO
I\ (A U®UH)=100-(1+1+3+4+7+15+19)=50 cTymeHTOB.

NN

50

Puc. 1.1

Ipumep 8. Jlokasare ananmutuyecku: (ANB)LUC=(AuUC)N(BUC).
Pewenue. Brenem odo3znauenus: D=(ANB)uUC; E=(AuUC)N(BUC).
a). [lyctb X> D, Torma umeer mecto 1u60 X € ANB, mu6o X eC. Ecou

XeANnB, tornra xeA u XeB u B Takom ciyqae Xe AUC u xeBuUC
i, 4yto Toxe camoe, X € (AUC)N(BUC), t.e. XeE. Ecmu X € C, Torna

MokHO 3anucath X e AUC u X e BUC ognoBpemenno. OTKyia, 04eBUIHO,
u B 3ToM cirydae X € (AUC)N(BUC), 1.e. XeE.

Hrak, ectu X > D, To X e E. CnenoBarensno, D C E.
0). Ilycte Xe€E. Torma xXe AUC 1 XxeBUC. Ecim xe AUC, To 1160
xeA, muoo XxeC. Ho ecmu XxeC, 10 (cM. ma) XeD. Ecmm xe x¢C,
toraa X € B. M3 nocnennero cnexyer, uto X A u X B, t.e. Xe AnB,
Wi, 9to Toxe camoe, X € (ANB)UC, T.e. X3 D.

Hrak, ecin X € E To X 3> D. CaenoBarensno, Ec D.

U3 mm. a u 0 cinenyer, uto DcE u EcD. CnegoBarensHo, D=E, T.e.
(ANB)UC=(AUuC)N(BUC). ToxkaecTBoO A0Ka3aHO.
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IIpumep 9. JlokaszaTh, 4TO Ui IPOU3BOJIBHBIX MHOXECTB A U B mmeer
MecTo cooTHomenne A c B=B cCA.

Pewenue. JInsa nokazaTenbCTBa HCIIOJIB3YeM METOJ OT MPOTHUBHOTO, T.€.
npeanoyioxkuM, uto Ac B u Bz A. Torma

N3 AcB = ecnmm aeA, 1o aeB. (1)

C apyroii CTOPOHBI, U3 B A=> CyIIECTBYET TaKOW 3JIEMEHT a, YTO
acBuagA=acB n acA. (2)

Ho c yuerom (1) u (2)

acAuaecB=aecBuaeB=ac(BNnB)=g, Te.  nomyuum
MIPOTUBOPEYHE.

Crei0BaTeNbHO, MpearonokeHne B ¢ A 1oxHO u mostomy B C A,
Te. AcB=BcCA.

AHaJOTMYHO MOXKHO MOKa3ath, uTo BC A=A cCB wu, 3Hauur,
AcB=BcA, uron TpeOOBAJIOCh JOKA3aTh.

3ajgauM 4J11 CAaMOCTOSITEILHOIO pemIcHusl.

Ne 1.1. Ilycrs A={{1,2,3}, {1,3}, 1, 2}. Bepno au, uto {1, 2} €A?

{1, 2}cA?
Ne 1.2. [TepeuncnuTh 3JIEMEHTHI MHOKECTBA
A={X|x= , h=1,2,...}.
i n+n+3 }

Nel.3. Ilepeuncnuth 3JIEMEHTBI CIEAYIOIIMX MHOKECTB:
A={x|xe{{a,b},{a,b,c},{a,c,d}}};
B={x|xc{a,b,c,d}};

C={x|xc{a,b,c,d}}.

Ne 1.4, [lepeuucnaure Bce 3J1€MEHTHI MHOYKECTBA

PcA={{L2} {31

Nel.S. Ilyctb A — mpou3BOJIBHOE MHOXKECTBO. UTO mMpencTaBisiioT co0oif
creayronme MHOkecTBa: ANDJ? Aud? A\D? A\A?

Ne 1.6. MHOXeCTBO A COCTOUT M3 HATypaJbHBIX YUCEJN, ACNSAIUXCS Ha 4,
MHO>ECTBO B — M3 HaTypanbHbIX uHcel, aendmuxcs Ha 10, mHO)kecTBO C —
Y3 HaTypaJbHBIX 4YHCEN, Jeimdammxcs Ha 75. M3 kakux 4ucen COCTOUT
MHOKecTBO ANBNC?

Ne 1.7. Jlansl npousBosibHbIE MHOXECTBA A, B, C Takue, 4ro:
1. AcBu AcC,
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2. AcCuBcC
Yemy pasao AnBNC? AuBUC?

Ne 1.8. Jlanbr mpousBosibHBIe MHOKECTBA A, B 11 C takue, uto Ac B, BcC
. Uemy pasao AnNBNC? AuBUC? A\C? C\A?

Ne 1.9. /IaHbl MHOXKECTBA:

a). A={h,o,t} mu B={t,0,0,t,h};

0). A={r,e,s,t} u B={s,t,ree,t}.
Bepuo i, uto AcB? BcA? A=B?

Ne 1.10. MsBectHo, uto a). ANBNC=A; 06). AuUBUC=A. Kakossl
CJIEICTBUSA U3 ITUX YPABHEHUM?

Ne 1.11. 3agano, uro S={a;, a,, az}, mpuueM u3BectHo, uro A S, A={a,,
a}; BcS, B={a, a3}; CcS; C={a,}. Haiitu s1eMeHTBI CIEAYIOMUX
mHO)kecTB: ANA; AnB; BnA;, (AnB)u(BNC).

Ne 1.12. Tlyers 1={1,2,3.4,5}, X={1,5}, Y={1,2,4}, Z={2,5}.

Haiitn MHOKECTBA:

a) XNY; 6) XNnZ2)uY; B) XUu(YNn2Z); ) (XuY)n(Xu2);
1) XUY; e) XNY; x) XNY; 3) (XuY)uZ n) Xu(Yu2);
K) X\Z 1) (X\2)U(Y\2).

Ne 1.13. ITycrte I={a,b,c,d,e,f}, A={a,b,c}, B={fe,c,a}, C={def}.
Haiitu MmHOXecCTBa:

a) A\C; 6) B\C; B)C\B; r) A\B; 1) AUB; ¢) BNA; x) AnC;
3) CNA; un) CAA.

Ne 1.14. JTanbpl 1Ba IpOM3BOJIBHBIX MHOXKECTBa A u B Takue, uto ANB=.
Yro npeacraBisitoT codboit MmHoxkectBa A\B u B\ A?

Ne 1.15. Jlanbl 1Ba npousBosibHBIX MHOXKecTBa C u D Takue, uTo CnD=0.
Y10 MOKHO cka3aTh 0 MHOkecTBax CND u CuD?

Ne 1.16. Jlano npousBosibHOE MHOKeCTBO X. Haiitn MHOXecCTBa: a) XN X;
6) XuX; B) X\ X; 1) X\X.

Ne 1.17. Kakue u3 cleayromux yTBEpKACHUN CIIPABEIJIUBbI:

a) 0@, 6) I={0}; B {S}=L r) {{G}}e{{{Z}}} n) {{F}}=27



Cap®TU HUAY MUDOU
AnexceeB B.B. C6opHuk 3amau o kypcy “Jluckpernas MaTemMaTHKa.

Ne 1.18. Chopmynupyiite cremyroimiee yTBEPKIACHUE Ha SI3bIKE MHOMKECTB:
naHbl MHOXecTBa A, B u C; omnpenenuts MHOXKECTBO, BKIIIOYAIOIIEE B ceOs
TOJIBKO JIBA M3 ITHX MHOYKECTB.

Ne 1.19. Pemmre npeapiaynryto 3aady IIpu yCiIOBUH, UTO MHOXKECTBA A, B u
C B3aMMHO HE NIEPECEKAKOTCA.

Ne 1.20. JTaner muHoxectBa V, W, Y, X u Z. Onpeaenutrb MHOXECTBO,
BKJIIOUAroIiee 1o kpaitHedr mepe aBa u3 MHoxkectB V, W, X u Y u He
BKJIFO4aroIee Z.

Ne 1.21. YnpocTuTh BbIpaKEHHUS:

1) ANBUB;

2) (AUB)N(AUB)U(AUB);

3) (AUB)U(AUB)N(AUB);

4) [[ANB)U(BNC)U(ANC)u(BND)In(AnNBNCNDuUI);

5) (AnBNCND)U(ANBNCAD)U(ANBNC)U(ANB)UBU
(ANBNCAND);

6) (ANBNCAD)U(ANBNCAD)U(ANBNCAD)U(ANBNCND);

7) (ANnBNACAD)U(ANBACND)U(ANBACAD)U(ANBNCND)U
U(ANBNCAD)U(ANBNCND)U(ANBNCAD)U
U(ANBNCND)U(ANBNCND);

8) (A\B\BNC)\CuUD;

9) (AUANBUANC)NANB\C;

10) A\ABUC\ANBNCUANBNC;

11) AUAUBUBUC\A;

12) AABNC\ANBNCUAUBNC;

13) AU(A\B)U(A\B);

14) AUBNBUC\B;

15) (AUANBUANC)NANBNC;

16) (AUBNC)\(BUCUANBNC)U(AUBUC);

17) (AU(B\A)UANC)NANC\C.

Ne 1.22. JIoka3aTh TOKIECTBA, UCIIOJIb3YSI 3aKOHBI AJIT€OPbI MHOKECTB:
1) (AUB)U(AUB)=B\A;
2) A\[(AnB)U(A\B)]=9Y;
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3) (AnBNCAD)U(ANC)u(BNC)u(CND)=C;

4) (ANBNAD)U(ANBNCNADNE)U(ANDNA)=ANBND;

5) [([ANB)UANC)U(ANDANE)]N[(ANBNC)U(ANDNE)U(ANBNE)]=
(ANB)U(ANBNDANE).

Ne 1.23. Jlna npousBosibHbIXx MHOXecTB A, B, C, D < | nocrpouts
JnvarpamMMbl Diiiepa-BenHa ripu ycinoBuu:

1) A B,CcD; AnBNnC=;

2) CcAnB; DcB;, CnD=z=(;

3) AcB;, CcD; AnD=g; BNnC=;

4) CcAuB; (A\B)nCz=g; (B\A)NC=J.

Nel.24. C nomomnibio quarpamm OJiliiepa-BeHHa yCTaHOBUTH CIPaBEIIMBOCTh
KOKIOr0 U3 CIEAYIOIHNX YTBEPKICHUN OTHOCUTEIBHO MPOU3BOJIBHBIX
MHOXecTB A, B, C c I

1) (A\B)\C=(A\C)\(B\C);

2) ectu ANBcC u AUCcB, 10 ANC=;

3) eciu AcBUC, u BcAUC, 1o B,
4) (AnB)uC=(AuC)Nn(BuUCOC).

Ne 1.25. mokasarh ¢ MOMOIIBIO aAuarpamMMm Dilsiepa BeHHa, kakoe U3 ABYX
MHOkecTB (AN B) u (AU B) saBaseTcs MOAMHOXECTBOM JAPYTOTo.

Ne 1.26. Kak MOXHO MNpEICTaBUThH CIEAYIOIINE MHOMXECTBA, HUCIOJb3YS
auarpamMMmsbl Ditiiepa-BeHHa:
{A {A}} {{a} {b}}, {X, Y, Z},
rae X={Xx=1 uu (x-2)eX},
Y={x[x=3 wmm (x-3)e Y},
Z={X|x=2 unu (x-2)Z}?

Ne 1.27. IIycts nansl MHOkecTBa A, B u C. C < B/loka3zars, 4ro:
a) ANCcAnB; 6) AUCcAUB; B) AABcCA\C; 1) C\ACB\A;
1) B\AcCC\A

Ne 1.28. Jlokazats, uto eciiu A < B, To P(A) c P(B).

Ne 1.29. JTokazats, uto AUB=ANB.

Pemmmnre 3agmaun Ne 1.30 +1.39 ¢ ucnosb30BaHueM Auarpammbl Jiijiepa-
Benna.
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Ne 1.30. B crynenueckoM noToke 37 4eJIOBEK XOpOIIO 3HAIOT MAaTEMATHUKY, a
25 4YeloBEeK — JJIEKTPOHUKY, U 19 4emoBeK XOpOLIo 3HAIOT U MATEMATUKY U
AIEKTPOHUKY. ECiiM B MOTOKE KaKIbI U3 CTYIEHTOB 3HAET XOTS Obl OJUH U3
3TUX MPEIMETOB, TO CKOJIBKO CTYI€HTOB B IIOTOKE?

Ne 1.31. U3 250 crymentoB 151 wu3ydaror HeMeukud s3bIK, 136 —

bpaHIy3CKUM A3bIK, 27 — UTAIBSIHCKHM, 63 — dhpaHIy3CKUM U HEMEUKUH, 7 —

UTATBIHCKUM U (PpaHIy3ckuil, 11 — HEMEUKUN W UTaIbIHCKUN, 4 — BCe TpHU

A3bIKA.

a) CKOJIbKO CTYJICHTOB M3Y4alOT HEMELKHI UIN (PPaHIly3CKUM A3BIK?

0) CKOJIbKO CTYJICHTOB U3y4YalOT TOJILKO UTATbIHCKUM SI3bIK?

B) CKOJIBKO CTYZICHTOB M3y4alOT HEMEIIKUM U PpaHIly3CKUH S3BIK, HO HE
UTAIbSHCKAN?

r) CKOJIBKO CTYJIEHTOB HE U3Y4alOT HU OJJHOTO SI3bIKA?

1) CKOJIBKO CTYI€HTOB U3YCAIOT XOTS JIBA MHOCTPAHHBIX SI3bIKA?

Ne 1.32. B ordyere 0 KOJMYECTBE CTYICHTOB, M3YYalOIUX HHOCTPaHHbBIC
S3BIKH, cooOmmanoch, 4ro u3 100 CTyneHTOB Bce TpU S3bIKA U3YYalOT 5

YeJIOBeK, HEeMelIKWWA u aHrauickuii — 10 wuyenoBek, ¢paHIly3ckuili u
aHTIIMHACKUIT — 8 uYesjoBeK, HeMelukud u (Qpanmysckuit — 20 yenoBek,
anrnuiickuit — 30, Hemeuxkuit — 23, dpanmysckuit — 50. HHcnextop,

MPEICTaBUBIIHNI 3TOT OTYET, ObUT OTCTPAHEH OT padoThl. [Touemy?

Ne 1.33 Kaxnapiit u3 500 ctyaeHTOB 00s3aH MocemaTh XOTs Obl OJJUH U3 TPeX
CHEIKYpCOB: MO MaTeMaTuke, (U3MKEe, acTpOHOMUHU. Tpu coeukypca
nocemaroT 10 CcTyaeHToB, IO MaTEMAaTHKE M ACTPOHOMHHM —25 CTYIEHTOB,
Creukypc Tojbko mo ¢usuke — 80 cryaeHTOB. M3BECTHO Takxke, 4TO
CHELKYypC N0 MaTeMaTuke nocemarT 345 cTyneHToB, no gusuke — 145, no
acupoHomuu — 100 ctyneHToB. CKOJIBKO CTYJAEHTOB IOCEIIAKOT CHELKYPC
TOJBKO 1O acTpoHOMHUU? CKOJIBKO CTYyI€HTOB MOCEUIAIOT JIBa cienKypca’?

Ne 1.34. Dx3ameH 1o MaTeMaTHKE COJEpKal TpH 3aJadu: 1o anredpe,
reomerpun u Tpuronometpun. M3 800 abutypeHTOB 3amauy 1o anredpe
permiii 250 4denoBek; 1o anredbpe wiam reomeTpun — 660 4yeIoBeK; Mo JBe
3amaun pennm 400 4enoBek, U3 HUX JBE 3a7a4d 10 anredpe u U TeOMeTpUu
pemnu 150 yenoBek, 1o anredpe u TpuroHomeTpun — 50 YEJIOBEK; HU OJIUH
aOUTYpUEHT HE pemuni Bee 3anauun; 20 aOUTypUEHTOB HE PEUIMIIM HU OJHOU
3a7a4y; TOJIbKO MO TPUTOHOMETpUH 3anaun pemnnan 120 gyenoek. CKOJIbKO
aOUTYpUEHTOB pEUIWIM TOJBKO OAHY 3anady? CKOJIbKO aOUTypUEHTOB
pEeLININ 33/1a4U 110 TPUTOHOMETPUH?

Ne 1.35. Ha kypcax uHOCTpaHHBIX s3bIKOB yuutcst 600 udemoBek. M3 Hux
bpanmy3cknii  m3ydaror 220 denoBek, aHriaudckuii — 270 YeoBek.
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Cnymarteny, u3y4yaronue aHrIuUCKUN SI3bIK, HE M3Yy4al0T HEMEUKUU SI3bIK;
onuH ¢paHily3ckuid sa3bIKk K3ydaroT 100 yenoBeK, OJWH HEMEIKHM S3BIK
m3ydarorT 180 yenoBek. CKOJIBKO YEJIOBEK HM3y4aeT MO JBa WHOCTPAHHBIX
a3bika? CKOJBKO YEJIOBEK M3y4aeT OJIMH MHOCTPAHHBIN S3BIK?

Ne 1.36. Ha kadenpe mHOCTpaHHBIX SI3bIKOB paboTaioT 18 mpernomaBaTeneid.
N3 Hux 12 mpenogarT aHIVIMHACKUK 3bIK, 11 — HeMmeukui s3bIK, 9 —
bpaHITy3CKHiA S3BIK. 5 MpenoaaBaTesie NpernoJaloT aHTIUHCKAA 1 HEMETIKHMA
S3bIKH, 4 — aHTIMACKUA M (paHIly3CcKHil, 3 — HeMeukuil u (ppaHIry3CKui.
Ckonbko mpenojaBaTenieil  mpemnojgaloT Bce Tpu  sa3blka?  CKOJIBKO
IpernoiaBaresiell NpernoJarT TOJbKO /1Ba S3bIKa?

Ne 1.37. I'pynna cTyaeHTOB U3 25 4enoBeK claja 3K3aMEHAIUOHHYIO CECCHIO
CO CIEAYIOUIMMHU PE3yJIbTaTaMHU: 2 YEJIOBEKa MOIYYUII TOJIbKO “OTIIMYHO”; 3
YeJioBeKa MOTYYWIH OTIIMYHBIC, XOPOIIKE U yIOBIECTBOPUTEIbHBIE OLIEHKH; 4
YeJloBeKa TOJBKO  “XOopomio™”; 3 4YeloBeKa TOJIBKO  XOpOolIue |
YAOBJIETBOPUTEIBHBIE OLIEHKU. YHCIIO CTYIEHTOB, CIABUIMX CECCUIO TOJIBKO
Ha “yJOBJIETBOPUTEIBHO , PABHO YHCITYy CTYJAEHTOB, CIABIINX CECCUIO TOJIBKO
Ha “xopomo” ¥ “orin4HO”. CTYIEHTOB, MOJYYHUBIIMX TOJBKO OTJIUYHBIE W
YAOBJIETBOPUTEIBHBIE OLIEHKA — HET. YIOBJIETBOPUTEIBHBIE WM XOPOIIUE
OLICHKHU MOJIYYMJIA TOJBKO 22 cTyAeHTa. CKOJIBKO CTYJECHTOB CHAIN CECCHUIO
TOJIBKO Ha “yJAOBJIETBOPUTEIBHO ?

Ne 1.38. [IpenonaBarenu kadenps [IpukiagHo MaTeMaTUKX MPENOAAOT Ha
Tpex (pakynbTeTax: MEXaHUYECKOM, TEXHOJIOTMYECKOM, YIKOHOMUYecKoM. Ha
TEXHOJIOTUUECKOM  (pakynbrere  paboraer 22  mpenojaaBaTens, Ha
MEXaHUYECKOM — 23 MpernojaBarelis, HA MEXaHUYECKOM M SKOHOMUYECKOM —
36 npenogaBateneil. Toabko Ha TexHOJIOTHYECKOM (hakynpTeTe padotaroT 10
npenojaBareneid. 2 —Ha Tpex dakibTeTax. 5 mpernojaBarenieii padoTaroT
TOJIBKO Ha MEXaHMYEeCKOM M JOKOHOMHUYECKOM (dakynbreTax. Ywucio
npernojaBarenield,  paboTalomUX  TOJBKO  HAa  MEXaHUYECKOM |
TEXHOJIOTUYECKOM  ¢akyiabTeTaX, PpaBHO  YHCIy  MpenojaBaTelieH,
paboTamux Ha OSKOHOMHUYECKOM U TEXHOJIOTHUYECKOM (haKyJIbTeTax.
Cxkonbko mipenogaBaresnieid padotaet Ha kadeape? CKOIbKO MperoaBaTeiei
paboTaeT TOJIbKO Ha OJTHOM (pakysbTeTe?

Ne 1.39. Dxk3amMeH 1m0 MaTeMaTUKE coJepkal TpU 3ajadyu: mo aireope,
reoMeTpuu u TpuroHoMmerpuu. M3 750 abuTypueHTOB 3ajmauy Mo anredpe
peunuin 400 abuTypueHToB, 1o reometpun — 480, o Tpuronomerpuu — 420.
3amaun mo anrebpe wim reomeTpuu permmid 630 aObUTypHEHTOB; IO
reoMeTpun wim TpuroHoMmerpuun — 600 aOUTypHUEHTOB; MO airedpe uiu
Tpuronometpunn — 620 aburypuentoB. 100 aOUTYypHUEHTOB HE pENIIA HU
onHoit 3amaun. CKOJIBKO aOWUTYypUEHTOB pemuiau Bce 3amaun? CKOIBKO
aOUTYPUEHTOB PEIIMIIM TOJIBKO OJIHY 3a1auy?
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Ne 1.40. JlokazaTh aHAIMTUYECKU, YTO JJIsI JTIOOBIX Tpex MHOXkeCTB A, B u C
CIIPaBEJIMBHI PABEHCTBA:

a) (AuB)uC=Au((BUO);

0) (AuB)NC=(ANnC)u(BNO);

B) AuB=I,eciu A, Bclu BcA:;

T) M:ng, ecau A, Bel;

n) AN(BuC)=(AnB)U(ANC);

e) Au(BNC)=(AuB)n(AUC);

x) AcC, ectu AcBu BcC;

3) Cc A, eciu (ANB)UC=AnN(BUC).

1.2 CootBercTBHUsA. OTOOpaKeHNs. OTHOLICHHUS

[IpsAMBIM TTPOM3BENECHUEM MHOXECTB A M B Ha3bIBalOT MHOKECTBO,
o0o3HauaeMoe AxB 1 cocrosiniee U3 Bcex U TOJIBKO T€X YNOPSAJOUYEHHBIX Map,
nepBasi KOMIIOHEHTa KOTOPBIX IPUHAUICKAT MHOXKECTBY A, a BTOpas —
MHOXecTBY B, T.e.  AxB={(X,y)|XeA, yeB}. Ilpsamoe mpousBeicHue
JUCTPUOYTUBHO OTHOCUTEIBHO OOBEIMHEHUS U NTEPECECUEHMUS.

CooTBeTcTBUEM MEXAY MHOXKECTBaMH X M Y Ha3bIBAECTCS MOJMHOMXKECTBO
GcXxY. Ecm (X, Y)eG, TO TOBOPAT, YTO Yy COOTBETCTBYET X IPH
cootBeTcTBUM G. MmuoxectBo [Ip;G HaspiBaeTcsi 00IaCThIO OIMpeNeTICHHS
COOTBETCTBHS, MHOXecTBO [Ip,G — o0yacTeio 3HaUeHU cOOTBETCTBUA. Ecin
[Tp,G=Y, TO coOTBETCTBHE HA3BIBAECTCS CIOPBEKTUBHBIM. MHOKECTBO BCEX
y €Y, COOTBETCTBYIOIIMX 3JEMEHTY X € X, Ha3bIBaeTcsi 00pa3oM X B Y mpu

cootBeTcTBUM G.  MHOXECTBO BCEX X, KOTOPBIM COOTBETCTBYET Y,
Ha3bIBaeTCs MpooOpazoM y B X mpu cooTBeTcTBUU G.

CooTtBercTBUE Ha3biBaeTCsd (YHKUMOHANBHBIM (WM OJAHO3HAYHBIM), €CIU
oOpazom mroboro snementa [Ip;G sBIseTCS €AMHCTBEHHBIM JJIEMEHT W3
[Tp,G. ®dynkuueit Ha3bIBaeTCs PyHKIIMOHAIBHOE COOTBETCTBHE.

Ecnmu ¢ynkuus f ycranaBnmBaeT COOTBETCTBUE MEKIY MHOXecTBaMu X H Y,
TO ToBOpsT, uTo pyHKIMsA f mmeer Tun X—Y u o6o3Hagaetcs f:X—-Y.

[TosmrocThiO ompenenennas Gynkmus f:X—Y Ha3zpBaeTcs 0TOOpaKeHUEM
X BY. O6pa3 X npu orobpakenuu f odoznavaercst f(X). Ecnu coorBercTBHE
IIPU STOM CIOPBEKTHBHO, T.€. KaXKIBI AJIEMEHT Y HMEeT Mmpoobpa3 B X, TO
rOBOPSIT, 4YTO HMeEET MecTo oToOpakenne X Ha Y (CIOPBEKTUBHOE
OoTOOpakeHue).

Ecmu f: X—>Y u Ac X, 10 fn(AxY)ectb byHKIHS, OnpeacieHHas Ha

A co 3HaueHusAMU B Y. DTy (QYHKIMIO HA3bIBAIOT Cy)XeHHUEM f Ha MHOXKECTBO
A u 0603HauaroT f|A umu fa.

Mpumep 10. {(1,2), (2,2), (MBanoB, IlerpoB)} ectb (QyHKIHsS C 007aCTHIO
onpenenenus {1, 2, UBanoB} u o0nacteio 3HaueHuit {2, [lerpos}.
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Ipumep 11. {(1,2), (1,3), (2,5)} He sBusgeTcs GyHKIUEH, T.K. pa3IdYHbIC
anemeHTHl (1,2) u (1,3) UMEI0T OJIMHAKOBYIO MEPBYIO KOOPAUHATY.

Ipumep 12. MuoxectBo {(a,b), (c,b), (e, d), (km)} ecrp ¢yukuus, a
IIOJIMHOKECTBO 3TOro MHOectBa {(a,b), (e,d)} sBisgercs cykeHuem 3TOi
(GYHKIIMK Ha MHOXKECTBO {a,e}.

Otobpaxenue R : X — X mpexacraBmsier co0oii 0TOOpakeHHE MHOXKECTBA

. 2
X B camoro cebs u onpenensercs mapoit (X, R), rne R < X*. B atom ciryqae
JUIsE 0003HAYEHUS JAHHOTO OTOOPaXXCHHsSI MCIIONB3yeTCs TEPMHUH OTHOIICHUE
¥ BBOJISIT CIIEIUATBHYIO0 CUMBOJIMKY: YRX — y HaxoauTtcs B oTHOIIeHHH R k X.

[TonmHOMXECTBO Rc A, xA, x---x A Ha3bIBaeTC N-MECTHBIM
OTHOIIIEHHEM MeXay Aj, Ay, .....A,. Ecnu n=2, To R Ha3bpiBaeTCcs OMHAPHBIM
OTHOIIICHHUEM.

IIpumep 13. MuoxectBo {(3.4), (4,6), (7,9), (4,12)} Oyay4un MHOXECTBOM
YIOPSAJOYECHHBIX Map HATYpaJbHBIX YHCEN, €CThb OMHapHOE oTHOUIeHUE Ha N,
rre N — MHOKeCTBO HATypaJIbHBIX YHCEN.

Ornomenue R HasbiBaercs (R < AxA=A%):
» pecgpnexcusnvim, ecnu 1 ao6oro a € A umeer mecto aRa;

» anmupe@nekcugHbiM, €CIIM HU JJIs Kakoro a € A He BbinonHsercs aRa;

> cummempuunbim, ecd st mapst (a,b) € A? u3 aRb criexyer bRa;

> anmucummempuyHsiM, eciu U3 a;Ra; u a;Ra; cnenyer, 4ro a;=a;;

» mpanzumuenvim, ecau Uit Mo0bIX a, b, ¢ u3 aRb u bRc caenyer aRc.
OrtHowmenve R Ha3bIBaeTCsd OTHOILIEHHWEM DKBUBAJIEHTHOCTH, €CJIM OHO

pedIIEeKCUBHO, CHMMETPUYHO U TpaH3UTUBHO. O003HAYAETCS CHMBOJIOM =.

Ilpumep 14. JloxaxkuTe, 4TO OTHOLIEHUWE PABEHCTBA «=» Ha JOOOM
MHOYKECTBE SIBJIIETCS] OTHOILIEHUEM DKBUBAJICHTHOCTH.

Pewenue. JIeWCTBUTENBHO, JISI JAHHOIO OTHOIICHHUS BBIIOJIHSIIOTCS
CBOMCTBA: peQUIEKCUBHOCTH  (a=a); CUMMETPUYHOCTH (a=B —> B=a);
TPAH3UTUBHOCTH [(a=B M B=C)—>a=c]|.

OTHOLIEHHEM TMpEANopsiAKa HAa MHOXKECTBE A Ha3bIBA€TCS OTHOUICHUE
R c AxA, ecnu oHO pedhIeKCUBHO U TPAH3UTHUBHO.

OTHomIeHHEM TIOpsAIKa HA3bIBA€TCS OTHOIICHHWE, €CIIM OHO pPe(IIEKCUBHO,
AHTUCUMMETPUYHO U TPAH3UTUBHO.

OTHOIIEHWEM CTPOTOro TMOpsJKa Ha3bIBAETCS OTHOIIEHWE, €CJIU OHO
aHTUPEe(DICKCUBHO, aHTUCUMMETPUYHO U TPAH3UTUBHO.
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IMpumep 15. 3agano 6unapuoe otHomenne R Ha MmHOXkecTBe M={1, 2, 3, 4}.
SABnsercs mu OHO PEQIICKCUBHBIM, CHMMETPUYHBIM, aHTHUCUMMETPUYHBIM,
TpaH3uTuUBHBIM? HaiiTu oOnacth ompeneneHust Oy, 00JacTb 3HAYECHUU Pg,
o6parHoe oTHouenue R, mepeceucHue u o6beanHenne otHOmeHni R 1 R™
R={(1,1), (1,2), (1,3), (1,4), (4,1), (4,2), (4,3), (4,4).

Pewenue.

Otnomenne R, 3amanHOe Ha MHOXXecTBe M, HasbIBaeTcsi pedrIeKCHBHBIM,
€CIM JIJI1 BCAKOTO X U3 OTOTO MHOXecTBa XRX wucTHHHO. 3aaHHOe
OTHOIIIEHUE HE SBIsAETCS peIICKCUBHBIM, TaK Kak HeT map (2,2) u (3,3).
OtHomenue R, 3amaHHOe Ha MHOXecTBe M Ha3bIBaeTCsi CUMMETPUYHBIM,
eciau Ha 3ToM MHOxecTBe u3 XRY cnenayer YRX. 3amaHHOe OTHOIIEHUE HE
ABJISIETCS CUMMETPUYHBIM, T.K., HarpuMep, napa (1,2)eR, a (2,1)¢R.
Otnomenne R, 3aganHoe Ha MHOXecTBe M Ha3bIBaeTcs aHTHCHM-
METPUYHBIM, €CJIM Ha 3TOM MHOXecTBe U3 XRYy u YRX cienyer X=y. 3ajganHoe
OTHOIICHUE HE SIBISETCS AHTUCUMMETPUYHBIM, TaK KaK €My MpUHAJIEeKaT
napsl (1,4) u (4,1), Ho 1#4.

OtHowenue R, 3aganHoe Ha MHOkecTBe M HazbIBaeTCs aHTUPE(DIEKCUBHBIM,
ecau Ui JII00oro xeM XRX nokHO. 3aJaHHOE OTHONIEHHE aHTUpedIek-
CUBHO, TaK Kak (y»e Obu10 1moka3ano) HeT nap (2,2) u (3,3).

OtHomenue R, 3amaHHoe Ha MHOXKecTBe M HaszbpIBaeTcs TpPaH3UTUBHBIM,
ecii Ha 3ToM MHoKecTBe u3 XRYy u YRz cnenyer XRz. 3aganHoe oTHouieHue
ABJISICTCS TPAH3UTUBHBIM, TaK Kak JUIs JrOOBIX ABYX map (a,b) u (b,C) cienyer,
uro (a,C)eR, rae a, B, ¢ e M.

O0JacThio onpeieeHus oTHOMIEeH!s R Ha3biBaeTCss MHOKECTBO Or ={X| A(y)
XRy}. CnenoBarenbHO, 001aCThIO onpeniesieHusl R sSBIISIETCSl IBYXAJI€MEHTHOE
MHOkecTBO {1, 4}.

OOnacThio 3HauYeHWH oTHomeHUs R HaspiBaeTcss MHOXecTBO Pr={Y|3(X)
XRy}. CnenoBarenbHO, 001aCThIO 3HAYCHUH SBIISICTCS BCe MHOXKECTBO M={1,
2,3, 4}.

OGpaTHBIM OTHOIICHHeM s R HasbiBaetcs otHomeHne R={(y,x)|(x,y) e R}.

O6parHoe otromenne R'={(1,1), (2,1), (3,1), (4,1), (1,4), (2,4), (3,4), (4,4)}.
Iepeceuenne R u R pasao RAR'={(1,1), (4,1), (1,4), (4,4)}.
O6beanuenne R u R™ pasno RUR™={(1,1), (1,2), (1,3), (1,4), (4,1), (4,2),
(4.3), (4,4), (2.1), B.1)}-

Ipumep 16. I'papux ¢yaxmuu f(X) (Cm. puc. 1.2) mpencraBnser coboi
JIOMaHHYI0, 3BEHbS KOTOPOW TMapajUieibHbl KOOPJAWHATHOM ocH, JHOO0
OHMcceKkTpucaM KOOPAMHATHBIX yTrioB.  KoopawHAaThl KakIO0W BEPUIUHBI
JOMaHHOW SIBIAIOTCA lenbiMu  yuciaamu. @Dynknus f(X) omnpemenser
otHomenune Ry Ha MHOXecTBe X=[0, 5]: XRyy «>f(X)=f(y), T.e. X HaxoauTCST B
oTHomeHn: R¢ ¢ y Toraa u Tonbko Toraa, koraa f(x)=f(y).

Jlokazath, uTo R; — skBuBajieHTHOCTh Ha X. IlepeuncnuTh Bce Kiacchl

SKBUBAJICHTHOCTH.
[ Va 2+a
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Puc. 1.2 /

Pewenue.

PedriekcuBHOE, CHMMETPUYHOC W TPAaH3UTUBHOE OTHOIICHHE P Ha
MHOXeCTBEe X HA3bIBACTCS OTHOIICHHWEM SKBHBAJICHTHOCTH Ha MHOXeECTBE X.
KiaccoM 3KBHUBAJIEHTHOCTH, IOPOKICHHBIM JJIEMCHTOM X, Ha3bIBACTCS
MMOJIMHOKECTBO MHOXECTBA X, COCTOSIIEE M3 TEX OIEMEHTOB ye X, s
KOTOpBIX Xpy 1 00o3HayaeTcs [X]. [X]={y| ye X u xpy}.

CHavaja JOKaXeM, YTO OTHOIIeHHEe Ry ecTh OTHOIIEHUE YKBUBAJICHTHOCTH.
JeiictBuTtensHo, peduexkcuBHocTh XR¢y, oueBmmna, Tak kak f(X)=f(y).
Cummerpuunocth: myctb xRgy T.e. f(X)=f(y), Ho Torma f(y)=Ff(x) wu,
cienoBatenibHo, YRgX. TpamsutuBnocth: eciu f(X)=f(y), a f(y)=f(z), To
f(x)=f(z) u, cnenorarenbHo, XRsy 1 yRsz Bieuer XRg¢z.

Knaccel skBuBanieHTHOCTH: {0, 2-0t, 2+a}, [4, 5], {0,2}, {1,3}, {3+a},
rae o <(0,1).

3ajgauu 4J11 CAMOCTOSITEJIbHOIO peIeHus

Ne 1.41. Kakoe MHOXECTBO UMeeT OOJbIIYIH0 MOIIHOCTb: a) MHOKECTBO
HATYpaJIbHBIX YMCEN WA MHOXKECTBO UYETHBIX 4yHcen? 0) MHOXKECTBO YETHBIX
YHCeI WIA MHOKECTBO MPOCTHIX YHCEN?

Ne 1.42 YcTaHOBUTH 3KBUBAJIEHTHOCTh MEKJY MHOKECTBOM HATypalbHBIX
uricen N u muoskectBom M;{+1,+2,+3, +--}.

Ne 1.43 Iloka3aTb, 4TO MOIIHOCTH BCSIKOTO IPOM3BOJIBHOTO MHOKECTBA
OO0JIbIlIE WM PaBHA MOLIHOCTH BCEX YKCEI HATYPAJIBHOTO psia.

Ne 1.44. YVYcCTaHOBUTHh B3aUMHO-OJHO3HAYHOE COOTBETCTBUE MEXKIY
MHOECTBAMH BCEX PallMOHAIBHBIX Yrcen Ha oTpeskax (0; 1) u (0; o).

Ne 1.45. VYcTaHOBUTH SKBUBAJEHTHOCTh MEXJIYy MHOXECTBOM  BCEX
MOJIOKUTENIBHBIX PALOHAIBHBIX YHCEJ U MHOKECTBOM HAaTyPAJIbHBIX YUCEN.

Ne 1.46. 3agana cucteMa YUCIOBBIX MHOYXKECTB:
A ={X|x=n, neN};
A, ={Xx|x=2n, neN},
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0
Omnpenenuts MOIHOCTh MHOXKECTBA C = UAk :
k=1

Ne 1.47. SBnsercs mu muoxkecTBO {(1, 2), (3, 4), (5, 6), (7, 8)} OuHapHBIM
oTtHoieHueMm. [Touemy?

Ne 1.48. Bommmcats 3nemenTsl MHOXecTBa {0, 1, 2}x{a,b}. Haiitn oGmacts
OIpeIeIICHUS M 00J1aCTh 3HAUCHUI ATOr0 OTHOIICHHUS, IOCTPOUTH €0 rpaduk.

Ne 1.49. Tlokazath Ha mpuUMeEpe, YTO Omeparus oO0pa3oBaHUS JIEKAPTOBOTO
MIPOU3BEACHUS HE ABJISIETCA HU KOMMYTAaTUBHOM, HU aCCOITUATUBHOM.

Ne 1.50. JlokazaTh, YTO [OEKapTOBO NPOU3BEIAECHUE JUCTPUOYTUBHO
OTHOCHUTEJILHO Oomlepanuu oObEeIUHEHUS, T.€. YTO JJI JI0ObIX MHOXKECTB A, B
nC (AuB)xC=(AxC)u(BxC).

Ne 1.51. Ilycts B - oTHOIIEHHE “ecTh OpaT”, @ - OTHOIIEHUE “ecTh cecTpa’.
Omwmcats oTHoieHust U @; BNoe; Blo.

Ne 1.52. SIBnsercs 11 OTHOLIEHUE “ObITh PSAOM’ TPAaH3UTUBHBIM?

Ne 1.53. 3amano OwuHapHO€ OTHOIIEHHME Ha MHOxecTBe M={1,2,3.4}.
SABnsercs nmu OHO PEQIICKCUBHBIM, CHMMETPHYHBIM, aHTHCHUMMETPUYHBIM,
Tpan3utuBHbIM? [louemy? Halimute oOnacte onpeneneHust Ogr, 00JacTh 3Ha-
YEHUHN PR, 00OPATHOE OTHOIIICHUE R, nepeceueHre u oobeauHeHne R u R,

a) R={(1,1), (1,2), (1,3), (2,3), (3,3), (4.1), (4,4)};

6) R={(1,1), (1,2), (2,1), (2,3), (3,2), (3,3), (4.4)};

B) R={(1,1), (1,4), (2,3), (3.2), (4, 1)};

r)R={(1,1), (1,2), (1,4), (2,2), (2,3), (3,3), (4.4)}

) R={(1,1), (1,3), (2,2), (3,3), (4,1), (4.4)};

e) R={(1,1), (1,2), 3,1), (3,2), (3,3), (44)};

x) R={(1,1), (1,2), (2,2), (2,3), (34), (4.4)};

3) R={(1,2), (1,3), (2,2), (2,3), (3,3), (4.3)};

u) R={(1,4), (2,3), 3,2), (3,4), (4,1), (43)};

k) R={(2,1), (3,1), (3,2), (3,3), (3,4), (4,1)}.

Ne 1.54 Haittu o0GnacTh onpeeneHusi, 00JacTh 3HaU€HUN, TOCTPOUTH TpauK
KaXJI0T0 M3 CIIEAYIOIINX OTHOLICHUN:

a) {(x.y) eRxR|x* =y’};
0) {(x,y) eRxR||x|+2|y|=1};

B) {(X,y) e RxR|x?+y? <1lu x > 0};
rN{(x,y)eRxR|y>0, y<x, x+y<l1}
0 {(x,y) e RxR|x* +(y-1)? <1};
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e) {(x,y) eRxR|x*+y* <1}.

Ne 1.55 JlokasaTb, 4TO €CJIU:

a) AcBu A=AuUC, o B=BUC,

0) A=BuCoA, Co>B, 10 C\A=C\B;
B) A\B=B\A, o A=B.

Ne 1.56. Jloka3aTh, YTO MHOKECTBO BCEX OKPYKHOCTEH (Ha IJIOCKOCTH),
paanychl KOTOPBIX pPallMOHAJIbHBI U LEHTPbI KOTOPBIX UMEIOT PAllMOHAJIBHBIE
KOOPAMHATHI, €CTh CYETHOE MHOXKECTBO.

Ne 1.57. Jloka3aTh, YTO MHOXECTBO BCEX YETHIPEXYTOJbHUKOB (HA
IJIOCKOCTH), BEPIIMHBI KOTOPBIX MMEIOT LIEJIbIE KOOPAUHATHI, €CTh CUETHOE
MHOKECTBO.

Ne 1.58. JlokazaTh, 4TO MHOKECTBO BCEX TOYEK IIOCKOCTH, 00€ KOOPIUHATHI
KOTOPBIX €CTh JIBOMUHBIC JPOOU, €CTh CUETHOE MHOXKECTBO.

Ne 1.59. Ha ynuue ects 30 10MOB, MPOHYMEPOBAHHBIX OOBIYHBIM CIIOCOOOM:
HEYETHBIE HOMEpa C OJIHOW CTOPOHBI, @ YETHBIC C JAPYroi ctopoHskl. [lycTs hj
0003HaYaeT KUTENS, KUBYILIETO B IoMe ¢ HOMepoM N. Onucarh Npu NOMOLIA
CHMBOJIOB OTHOIIeHHEe N Ha MHOXECTBE XKHTeJeH Takoe, 4To Nj HaXOIUTCs B
otHoureHuH N K hj, CII OHU ABIIAIOTCS COCEIISIMU.

Kak Oyzer Boirnsaers N, eciiv ynuna siBiasieTcst TYTUKOM?

Ne 1.60. Jloka3arh, 4TO JIF0OO€ OTHOIICHHE AKBUBAJICHTHOCTH IOPOXKIACT
Takoe pazbreHue, 4To s T00bIX X, Y A win [X]'=[y], nmm [X]N[y]=9.

Ne 1.61. Eciim {Aq, Ay, ..., Ay} — pa3Ouenne A U A KOHEYHOE, TI0Ka3aTh, 4TO
n
AR IA
i=1

Ne 1.62. Ilyctb A —TIpOM3BOJIBHOE MHOXECTBO M P - OTHOIICHHE HA
MHOKECTBE P(A)xP(A), ompenencHHOe CIEAYIOIIUM  00pa3oMm:

(P,Q) p (X,Y) rtorma u Tonpko torna, Torna (PAQ) < (XAY). Asnsercs mu
p OTHOLIEHWEM MOpsIKa?

1.63. [lokaxxute cripaBeJIMBOCTh COOTHOIIICHUS
Ax(BNC)=(AxB)n(AxC).

! 3ammce [X] 03HAYACT KIACC IKBHBATCHTHOCTH JUIS X €A.
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1.64. TlpowmmocTtpupyiiTe nauarpammori Benna cneayromue pa3OueHus
MHOXeCTBa |:

a){A, A},

6) {AnB,AnB,AnB, AnB};

B) {A\B, AnB, B\ A}.

1.65 KakoBbl CBOMCTBa COOTBETCTBUS MEXAy MHOKecTBOM N HaTypasbHBIX
YHCEJ U MHOKECTBOM A CTETIEHH yuca 2:

G={(n,2"")|neN, 2" e A}c NxA?

1.66 Amnsercs mu pynkmus f(X)=2x, numeromas T N—N, oTroOpaxkeHuem, U
eciu — 11a, To Kakum? Wmeer i dynxuus f o6parayio Gpynkmuio ', n ecimm —
na , To sisiercst i 1 otobpakerHmnem?

1.67 Uemy paBHa kommosunus Gyakuui f(X) u g(X), ecnu:
a)f(x)=2x wm g(X)=Ig x;
6) f(X)=x* u g(X)=vX;
B) f(X)=2" u g(x)=x+1?

KakoBel o0actu onpeneneHust GyHKIMA U UX KOMIO3ULIUNA?

1.68 HaliTi KOMITO3HIIHIO TIPe0Opa30BaHUMI:

123 123
o= , B= ;
_221} {321}
fabc abc
o= , B= ;
_cbc} {bba}
fabcd abcd
o= : B= :
bdac cadd

1.69 Ilycts muoxectBa B(l), rome 1={a, b, c} Az onpeneneHsl cieayomum
obpazom: P(l) — MHOKECTBO Becex moaMHOXecTB (Oyrnean) MHOkecTBa 1={a,
b, C}; Az — MHOXECTBO BCEX IBOMYHBIX BEKTOPOB UIMHEI 3, T.¢. A3=BxBxB,
rae B={0, 1}.

[Tokaszate, uyto Mexmy MHoxectBamu [((I) u Az WMeeT MECTO B3aUMHO
OJTHO3HAYHOE COOTBETCTBHUE.

Ne 1.70. I'padpux dynkuum f(X) npencraBisieT coOOH JOMaHHYIO, 3BCHBS

KOTOpOW  MapajuiebHbl ~ KOOPJAWHATHOM  ocH, JMOO  OHCCeKTpucam
KOOpPJIHUHATHBIX YrioB. KoopauHaTel KaXa0M BEPIIMHBI JOMAHHOU SIBJISIFOTCS
nensiMu gncinamu. Oynknus f(X) onpenenser oTHomenne Ry Ha MHOXKECTBE
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X=[0, 5]. XRey «f(X)=f(y) ( T.e. Xe X, ye X Haxomutcs B OTHOIICHHH Rf ¢ Y

e X Torma u Toipko torma, korma f(X)=f(y). Jdokaxure, uro Rf —»KkBHBa-
neHTHOCTh Ha X. [lepeuncinTe Bee KITacChl 9KBUBAJICHTHOCTH.

2 JjeMeHTHI Teopuu rpados

2.10cHOBHBIC ONIpeaeJTeHMs.




Cap®TU HUAY MUDOU
AnexceeB B.B. C6opHuk 3amau o kypcy “Jluckpernas MaTemMaTHKa.

[Tyctb X — MHOXECTBO BepHIMH, V —MHOXECTBO pelep, COeAUHSIOIINE
BepmuHbl. ['pad G=(X,V) cunraeTcst 3a1aHHBIM, €CITU TaHO MHOKECTBO €ro
BepIIKH X U croco0 otobpaxenus [ 3Toro MHOkKeCTBa B caMOTo ceOl.

[Moarpadgom Gp rpada G=(X, I') HasbiBaeTcs rpad, B KOTOPHIA BXOIUT
JMIIB YacTh BepIiuH rpada G, 00pa3ylommx MHOKECTBO A, BMECTE C IyraMy,
COCAMHSIONIMMHY STH BEPILUHBIL:

Ga=(AT,),

rIe AcX, T'yx=(Ix)nA.

YactuunaeiM rpadom G, mo ortHomeHuto k rpady G=(X, I') HazbBaercs
rpad, comepxammii TOIBKO dYacTh nyr rpada G, T.e. ompenenseMblii
YCIIOBUEM:

G,=0XA), tne AxcTIx.

BaXxHBIMU TIOHATHAMHU B TEOPHH TPAPOB SBISIIOTCS TMOHATHS MYTH, IITAHBI
yTH, KOHTYP
. Hns omucanusi rpada HCHIONB3YIOTCS MATPUIIBI CMEXKHOCTH U MATPHUIIBI
WHIIAJIEHTHOCTH.

IMpumep 2.1 [Toctpouts rpad G, 3amaHHBIE MHOXKECTBOM BEpIIMH X={Xi,
Xo, X3, X4} m ux orobopakenwsmu  ['(Xp)={Xi, Xz}, TI'(X)={Xs, X4},
I(Xa)={X1, Xa}, T(Xg)={X1, Xz, X3}

Pewenue. Jlannwlii rpad npuseaeH Ha puc. 2.1

X1

X

Puc. 2.1

JIBa rpada G; u G, uzomopdHbBI, €ciM CYIIECTBYET TAaKOE€ B3aMMHO-
OJIHO3HAYHOE COOTBETCTBUE MEXKAY MHOKECTBAMU UX BEPIIUH X; U Xp, YTO
BEpUIMHBI COEIMHEHBI pedpaMu B OAHOM M3 rpad)oB B TOM U TOJIBKO TOM
cily4ae, KOT/la COOTBETCTBYIOIIME UM BEPILIMHBI COEAUHEHBI B IPYroM rpade.
Ecnu pebpa opueHTUpOBaHbl, TO HMX HANOpaBICHHUS  TaKXke JIOJKHBI
COOTBETCTBOBATH APYT APYTY.

Ipumep 2.2 Nzomopdub! i1 rpadsl, n300pakeHHbie Ha puc. 2.2 u 2.3?
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a b a b
c C
A]_ A2
Puc.2.2
a a
& &

ai

B, B>

Puc. 2.3
Pewenue. T'padpl A; u A, He U30MOP(HBI, XOTS OHU M UMEIOT OJMHAKOBOE
yrcio BepmuH u pedep. Ho B rpade A; ogHo u3 pebep HampaBicHO OT a K b,
a B rpade A, OHO HampaBieHO B Jpyryio ctopoHy. I'padpsr B; u B;
M30MOP(HBI, T.K. OHU UMEIOT OJHO W TO K€ YHUCJIO BEPIIMH U JIIOOBIC JBE
BepmiHbl Tpada B; coemuHeHsl peOpoM  TOJNBKO  TOrja, Koraa
COOTBETCTBYIOIIINE UM BepIIUHBI rpada B, Takike coennHeHbl peOpoMm.

Ipumep 2.3 SBnstorcs nu noiaHsiMu (0e3 yuera metenb) rpadsl A, By,
n300pakeHHbIe Ha puc. 2.2 n 2.37

Pewienue. I'pad B; He siBAsIeTCS IOJIHBIM, T.K.
HE BCE Tapbl €ro BEPIIMH COCAWHCHBI
pebpamu. Hanpumep, (a;, ag), (as, ag) u
npyrue. I'pad A; He sABISETCS TMOJHBIM, T.K.
pedpo (a, b) opreHTHPOBAHO TOIBKO B OZHOM
HaIpaBJICHUMU.

Puc. 2.4
Ipumep 2.4 Jlan oOpuEHTUPOBHHBIA Tpad
(puc. 2.4). ITocTpouTh €ro MaTpUIbl CMEKHOCTH U UHIIUJECHTHOCTH.

c
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Pewienue. B COOTBETCTBUHM C ONPENEIICHHEM MATpPHIA CMEKHOCTH €CTh
KBaj[paTHasi MaTpuIla C 3JCMEHTAMH MHOXECTBA BEPIIMH B KadyeCTBE
KOOPJIMHAT €€ CTOJIOLOB U CTPOK.

DJIeMEHT MaTpHIlbl B CTpOKe | u cTonlue j paBeH 1, ecnm ectb pedpo oOT
BEPILHKHBI | K BEpIIMHE |, -1- eclii ecTh peOpo K BepiluHe | OT BepiirHsbl | 1

— ©CJIM BEPIIMHBI | M | HE COCIWHEHBI. Marpuila CMEXHOCTH INpPHUBE/ICHA
B Ta0mune 2.1

Taomura 2.1 Tabmura 2.2
V a b C d V| V; V, V3 V4
X X
a 0 1 0 1 a 1 0 0 1
b -1 0 -1 1 b -1 -1 1 0
c 0 1 0 0 C 0 1 0 0
d -1 -1 0 0 d 0 0 -1 -1

B marpuile WHIMICHTHOCTH KOOPIWHATAMH CTPOK SIBJSIFOTCS 3JEMEHTHI
MHO)KECTBA BEpIIMH, a KOOPJMHATAMU CTOJIOIIOB — 3JIEMEHTHI MHOXECTBA
pedep. DIeMEHT MaTpHIBI B CTpOKe | M CTOJIOIE | paBeH 1, eciu pedpo |
UCXOJIUT W3 BEepIIMHHI 1, -1 — ecnu pedpo j Bxoaut B BepummHy I, 0 — ecim

pedpo | He MHIMACHTHO BepinmuHe I. MaTpuila HHIIMIESHTHOCTH TPHUBEICHA B
Tabmure 2.2.

IMpumep 2.5 Ha puc. 2.5. 3anan rpad G. [TocTpouTs MaTpuily CMEKHOCTH U
BBISICHUTD, CKOJIBKO MyTeH JUTMHBI TPU CyIIecTBYeET B rpade G.

X5 oX4
V V, V
X Xs
Puc. 2.5
Pewenue.

0100 0O 010
0010 , [0 001

A= A=
0 0 01 0O 0 0O
0 0 0O 0O 0 0O
0 0 01 0O 00O

A3=0000 A4=0000
0 00O 0O 00O
0 00O 0O 00O

3
DneMeHT a§4) =1, cnegoBarenbHO, B JaHHOM Trpade CyIecTByeT
€AMHCTBEHHBIN ITyTh JJIMHOM TPH. DTO yTh U3 BEPIIMHBI X; B BEPUIMHY X!
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V, V. V.

1 2 3
X, > X, > X, >X,.
4
Bce oneMeHTsl MaTpuiubsl A paBHBI HYIIO, CIEIOBATEIBbHO, B TIpade
OTCYTCTBYIOT ITyTH JUIMHOW YETBIPE.

3aavu 1A CAaMOCTOSITEILHOTO pellleHUus

Ne 2.1 Ilokazatb, yTo /Ba rpada Ha puc. 2.6 U30MOPGHEI.

PN

Puc. 2.6

Ne 2.2 «Tpu noma u Tpu Konoaua». Tpu NOCCOPUBIIMXCS COCENAa UMEIOT TPU
o0mMX Kojojaua. MOXHO JM TNPOBECTH HEMEpPEeCEKaroUIuecss JOPOKKH OT
KaXX7[0TO JIoMa K KOJIOJIy?

Ne 2.3 Haiitu cteneHu W 4ymclia BepUIuH g rpadoB MATH MPaBUIIBLHBIX
MHOT'OTPaHHHUKOB.
Ne 2.4 JIns rpadoB, n3o0paxxeHHBIX Ha puc. 2.7, yKa3aTh Mapsl, ©30Mop(dHbIE

APYT ApYyTY.

o) &

A b B

b <E
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XK 3 n

[

K 3 n
K JI M
Puc.2.7

Ne 2.5 Cpenu rpadoB, yKka3aHHBIX Ha pHC. 2.8, BBIIETUTH MOJIHBIE Tpadbl (6€3

y4dera MeTesb).
A b B r
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I E K
151 K JI M
Puc. 2.8

Ne 2.6 Jlan rpad G (Puc. 2.9). Yka3arp, kakue u3 rpadoB, U300paKEHHBIX Ha
puc. 2.96, apnstorcs yactsimu rpada G u kakue — noarpadamu.

a h g g L

d e t L L L f

d
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C a o //‘\ﬂ
b re
a
b C 1 Cha (l
r I E
K 3 141
aw b L= f b 4 C h =
e e
1 - ¢ d N
d €
K JI M H
Puc. 2.96.

Ne 2.8 Kakue w3 rpadoB, mpuBeneHHbIX Ha puc.2.8 u 2.9, gBISAIOTCA
MJIOCKUMU?

Ne 2.9. CocraButh MaTpuibl CMCKHOCTH 1 MHIUICHTHOCTHU JISI IPABUJIBHBIX
MHOT'OI'PpaHHHKOB.

Ne 2.10. ITocTpouTh MaTpHIBI CMEXKHOCTH TpadoB, N300PAKEHHBIX HA PHC.
2.9.

Ne 2.11 Jlns 3amannoro Ha puc. 2.10 (a+k) rpada mMOCTPOUTH: MATPHILY
CMEKHOCTH, MaTpUIly MHIMACHLIIUHU, MATPULLY JOCTHXKUMOCTeN. Haitu uucio
BHYTPEHHEU YCTOMYMBOCTU. HaliTh 4nCii0 BHEIIHEN YCTONYUBOCTH.
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FE N

-

d Iy
4 L
[y Iy b b Iy &
B L L L L b 4
rs re - - re - - -
k- Iy i
- b b + b b
- ' 'y &
1.4 L L 4 4
- -~ F 3
-
i 4
L % %
Puc. 2.10.

Ne 2.12. /Ina npuBenenssix Ha puc. 2.11. rpadoB G; u G, naittu G, UG,
G, nG,, G, xG,.

) G J %
b
h G ﬂ @
r
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Puc. 2.11

Ne 2.13. TToctpouTth rpadbl, MATPUIIBI CMEKHOCTH KOTOPBIX YKa3aHBI:

0111 0111
011 0 1-
1011 1011
M,=|1 0 1}; M, = ; M, = ; M,=-1 0 ;
1101 1001
110 1-1 0
1110 1110
0100101
1011011 01 0 01
0 001
0111000 -1 0 -1 01
0 011
M, = ; Mg=/0 11010 0f M,= 0 1 0 1 0 |;
0100
1001111 0 0-1 01
1101
0100111 -1 -1 0 -11
1100111
0 1 01
1 1 -1
-1 0-11
M, = 7 Mg=-1 1 1
0 100
1 -1 1
-1 -1 00

Ne 2.14. TloctpouTts rpadbl, MATPUIIBI HHITUACHTHOCTHA KOTOPBIX YKa3aHBI:

28



Cap®TU . AnexceeB B.B. COopHuk 3amad mo kypey “JluckperHas maremMaTnka’.

11 0
110 -1 -1 0 0 O
0 -1 1 0
M,=[1 0 1], M,= . M,=| 0 0 0 1 O
0 0 -1 1
011 0 1 -1 0 -1
0 0 -1
0 0 0 0 1
0 100 0 0
1 001 0 O 1 1 1 0 0 0
-1 -100 0 0 -1 0 0 1 -1 0
M, = L M= :
0 011 1 1 0 0 -1 0 1 1
0 000 -1 0 0 -1 -1 -1 0 -1
0 000 0 -1
111000
1 1.0 0 © 0101
010100
0 -1 1 0 1 1010
My=/0 0 0 111, M= L M, = .
0 0 -1 -1 0 0101
100001
-1 0 0 1 -1 1010
001010

Ne 2.15 I'py3 mocrasisieTcst U3 IMyHKTa Xo B MYHKT X7 4€pe3 MEepEeBajJIOYHbIC
myHKTBI Xo...X7 (Puc.2.12). Paccrosnus mexay myHkramu XX yKa3aHbl Ha
cooTBeTCTBYIOMIEM rpade. HallTu myTh MUHUMANBHOM JJIMHBI MEXAY Xo U X7
U €ro JUIMHY.

-

L o4 o
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Puc. 2.12

Ne 2.16 3aman cereBoii rpad npoekra (Puc.2.12). Haittu kputraeckuii myTh u
MUHUMAJILHOE BPEMS TIPOCKTa
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