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Mertonuueckue ykazaHus Uil MpakTUYecKux 3aHsaTui no nucuurmimie OI1.02 JIuckperHas
MaTemMaThka cocTaBiieHbl B cooTBeTcTBUM ¢ TpedoBanusmu PI'OC CIIO. IlpennazHadeHsl s
CTyIeHTOB, oOy4atomuxcs mo cnenuansHoct 09.02.01 KoMnbroTepHbIE CHCTEMBI U KOMIUICKCHI.



IlosicHuTeIbHAA 3alIUCKA
JlaHHbBIE METOAMYECKUE YKA3aHU [IpeIHA3HAUEHBI JJIs 3aKPEIICHUS! TEOPETUYECKUX 3HAHUM
U TIPHOOpPETeHUsT HEOOXOJMMBIX MPAKTUYECKUX HABBIKOB M YMEHHIl MO MPOTrpamMMe JWCIHUILTAHBI
"IuckperHas wmaremaruka" s cnenuanbHocTH CIIO  09.02.01KomnbroTepHble CHCTEMBI U
KOMILIEKCBI
[IpakTHyeckue 3aHATUS COCTABIEHBI B COOTBETCTBUU C TpeOoBaHMsMH DenepaabHOro
roCyJapCTBEHHOT0 00pa30BaTeIbHOIO CTaHAAPTA
B pe3ynbraTe ocBoeHUs yueOHOM AUCHUILIMHBI 00yJaroLuiics JOKEH yMeTh:
e CTpouTh U aHAIU3UPOBATH AUCKPETHBIE MOJIEIIN;
®  QHAIM3UPOBATH JIOTMKY BBICKA3bIBAHUM U YTBEPXKICHUM;
® [IPUMEHATh MAaTEMAaTUYECCKUH amIapar s IOCTPOEHUS U aHaJIU3a aJIrOPUTMOB;
B pesynbrare ocBoeHus y4eOHON AUCHUIUIMHBI O0YJAIONIIUIICS JOKEH 3HATh:
e  (OCHOBBI TEOPUU MHOKECTB;
® OCHOBBI MAaTEMATUYECKOH JIOTUKH;
® OCHOBBI KOMOMHATOPUKH U KOMOMHATOPHOTO aHAJN3a;

® OCHOBBI TEOpUHU TPadOB U UX MPUMEHEHHE.



IIpakTnueckas padora Ne 1
Tema: Jlornueckue omepauuu. Dopmynsl yoruku. Tabmuma HUCTHHHOCTU. JIM3BIOHKTHBHAS U

KOHBIOHKTHBHAsI HOPMAaJIbHBIE ()OPMBI.
Less padoThi: 00001IEHIE, CHCTEMAaTH3alUs, YTIyOJieH!e, 3aKpeIUIeHUE MTOJTyYCHHBIX 3HAHUMH.

Jloruueckue omnepanyuy u TabIUIbl UCTUHHOCTH

1) Jlornueckoe yMHOKEHNE UM KOHBIOHKIINSL:

KOHBIOHKIINS - 3TO CII0KHOE JIOTUYECKOE BBIPAXKEHUE, KOTOPOE CUUTAETCSI HICTUHHBIM B TOM U
TOJILKO TOM CJIy4dae, Korja o0a MpoCThIX BBIPAXKEHUS SBISIOTCS UCTUHHBIMH, BO BCEX OCTAJIbHBIX
CIIy4asiX JaHHOE CJI0)KEHHOE BBIPa)KEHUE JIOXKHO.

Oo6o3nauenue: F = A & B.

Tabmua UICTUHHOCTH JUISL KOHBIOHKIIUU
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2) Jloruyeckoe cJI0KeHHe WM TU3bIOHKIHSI:

I[I/I3’I)IOHKLII/I$I - 9TO CJIOKHOC JIOTMYCCKOC BBIPAKCHUC, KOTOPOC MCTUHHO, CCIIN XOTA 6I)I OJHO U3
MMPOCTBIX JIOTUYCCKHUX BI)Ipa)KeHI/Iﬁ HCTHUHHO U JOXXHO TOorJga M TOJBKO TOrJa, Korma 063 IIPOCTBIX
JJIOTUYCCKUX BBIpa)KeHbfl JIOKHBI.
O6oznauenue: F = A v B.

Ta6n1/111a HUCTUHHOCTH JI1 JU3BIOHKIINN
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3) Jlorn4yeckoe OTpULAHME W UHBEPCHUS:

WNHBepcust - 3TO CIOXKHOE JIOTMYECKOE BBIPAKEHHE, €CITU HCXOJIHOE JIOTHYECKOE BBIPAKEHHE
WUCTUHHO, TO pe3yabTaT OTPHUIIAHUSA OyJeT JIO)KHBIM, M HA00OPOT, €CIM UCXOAHOE JIOTHYECKOe
BBIpQXXEHHE JIOKHO, TO PEe3YyJIbTaT OTPHUIAHHS OyIeT WCTUHHBIM. J[pyrUMH MPOCTHIMH CJIOBa,
JaHHas omepalvs 03Ha4aeT, YTO K UCXOAHOMY JIOTUYECKOMY BBIPRKCHUIO JOOABISETCS 4YacTHIIA
HE unu cnoa HEBEPHO, UTO.

O6o3nauenue: F = 7A.

Ta6J'II/II_Ia HUCTUHHOCTU IJII MHBEPCUHN



4) Jloruyeckoe cjeJoBaHue WJIH UMILIMKAIUS

NMrmakamus - 3To CI0KHOE JIOTHYECKOE BhIpa)KEHHE, KOTOPOE MCTUHHO BO BCEX CIIyYasiX, KpOMe
KaK W3 MCTHHBI CIEAYeT JIOKb. 10 €CTh JaHHAs JIOTHYECKas OIEeparusl CBA3BIBACT JBA IMPOCTHIX
JIOTUYECKHUX BBIPAKEHUS, M3 KOTOPBIX TEpBOE sBIsETCs yciaoBueM (A), a Bropoe (B) sBusercs
CIIEICTBHEM.

«A — B» uctuHHO, eciu U3 A MOXKET clieoBaTh B.

Oo6o3nauenue: F = A — B.

Tabnua KICTUHHOCTH TSI UMILIMKALIUH
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5) Jlornyeckasi pABHO3HAYHOCTH WJIN IKBUBAJIEHTHOCTD:

DKBUBAJICHTHOCTD - 3TO CIOKHOE JIOTHYECKOE BBIPAXKEHUE, KOTOPOE SBISETCS UCTUHHBIM TOTJA U
TOJIKO TOT/a, KOr/ia 00a MPOCTHIX JIOTUYECKUX BBHIPAKEHUSI UMEIOT OJJUHAKOBYIO HCTUHHOCTb.
«A <> B» UCTUHHO TOT/1a U TOJIBKO TOTAa, Korjaa A u B paBHBI.

O6o3nauenue: F = A < B.

Tabnuia HCTUHHOCTY 711 DKBUBAJICHTHOCTHU
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6) Onepanus XOR (MckiI04aomme ujim)

«A @ B» uctunHo ToOr/a, KOrAa UCTUHHO A Wiu B, HO He 00a 0IHOBpEMEHHO.
OTy onepanuio TakKe Ha3bIBAIOT "'CI0KEHUE 110 MOJYJIO J1Ba".

Oo6o3nauenue: F=A @ B.

A B F
1 1 0
1 0 1
0 1 1
0 0 0



HOpﬂI[OK BbIINOJTHCHUSA JIOTHYECCKHUX onepaunﬁ B CJIOKHOM JIOTHY€CKOM BBIPAKCHUHU

1. UuBepcus;

2. KoHbroHKINS;
3. JIn3BbIOHKIHS;
4. Umnukamnus;

5. DKBUBAJIEHTHOCTE.



IIpakTuyeckas padora Ne 2
Tema: 3akonbl JoruKU. PaBHOCKIIBHBIE TPE0Opa30oBaHUs
Hesas padoTel: 00001IeHNE, CCTEMaTU3alus, YIIyOlieH!e, 3aKperyieHHe OTYyYeHHBIX 3HAHUN 110
TEME 3aKOHBI JIOTHKHU.
3Haky anreOpbl JIOTMKA HAMEPEHHO 3aMEHEHbI Ha CII0)KEHUE U YMHOKEHHE.

No Mg WA, V Hna U, & [Ipumeuanue
1 AVO0O=4 A&1=4 Hwudero ne MeHsiercst npu A€iCTBUM,
KOHCTaHTBI yJAIISIOTCS
2 AV1=1 A&0=0 VY nangrorcs nepemMeHHbIe, TaK KaK
HMX OLICHUBAHHE HE UMEET CMBICIIa
3 AVB=BVA AB=BA [TepemecTurensHbIi
(KOMMYTaTUBHOCTH)
4 ANV —A4=1 Onun u3 onepaTopoB Beeraa |
(3aKOH MCKJIFOYCHUS TPETHETO)
5 A&—4=0 Onun u3 oneparopoB Beeraa ()
(3aKOH HEMPOTUBOPEUNS)
6 AV A=A A& A=A NnemmorentHocTr (NB!

BMmecto A MOXKHO OACTaBUTH
COCTaBHOE BBIpayKeHHe!)

7 —4 =4 JIBOliHOE OTpHUIIaHUE
8 AVB)VC=AVBVC) | ANB)NC=ANBNC) |AccounatuBHbII
9 4V B)&(C=(A&C)N(B&C) (A&B)V C=(A4V C)&(BV C) ductpuOyTUBHBIMA

100 (AVB)&(—AVB)=B (A&B)V (—A&B)=B CxkneuBaHus

11 “(AVB)=—4A&B ~(A&B)=—AV —B [IpaBuno ne Moprana

12 AV (A&C)=4 A&ANVCO)=4 [Tornomenue

13 A—B=—4\V BuA—B=—B——4 CHsartue (3aMeHa) UMIUTHMKAIUU

14 1) AoB=(A&B) \V (—A&—B) CHsatue (3aMeHa) SKBUBAJICHTHOCTH

2) A>B=(A\ ~B)&(~A\ B)

3amena onepaum”l HUMILUVIMKAIIUHU 1 DKBUBAJICHTHOCTH

Onepaunﬁ HUMIUIMKAIUU U S5KBUBAJICHTHOCTHU MHOTJAa HET CPCAU JIOTHICCKUX onepaunﬁ
KOHKPETHOT'O KOMITBIOTEpA UIIH TPAHCIATOPA C A3BIKA IIPOTrpaMMHUPOBAHUA. O)IHaKO JJId PCIICHHA
MHOT'UX 3aJa4 9TU Orepannun HGOGXOI[I/IMBI. CYIJ_IGCTBYIOT ImpaBuJjia 3aMCHBI JaHHBIX onepaunﬁ Ha
MOCJICA0BATCIBbHOCTU onepaunﬁ OTpULIaHUA, TU3BIOHKIINU U KOHBIOHKIIHH.

TaK, 3aMCHUTDH OIICpallvi0 UMIIJIMKAIUU MOXHO B COOTBECTCTBHHU CO CICAYIOIIUM ITPAaBHUJIOM!:

A— B="AVB

Jnst 3aMeHbl onepanyy 3KBUBAJICHTHOCTH CYIIECTBYET JIBa ITPaBUJIA:

ASB=(A&B)v(A &B)

A®B=(AvB)&(AvB)



B cnpaBeanuBocTH 1aHHBIX (HOPMYII JIETKO YOEIUTHCS, TOCTPOUB TAOINIBI HCTUHHOCTH JUISI
NPaBoii U JIeBOH yacTeil 000MX TOMKIECTB.



IIpakTuyeckas padora Ne 3

Tema: OyHkuuu anreOpbl JOTUKU
Hess padoTel: 00001IICHNE, CUCTEMATH3AIMS, YIITyOJIeHNe, 3aKPEIUICHUE MTOTyYSeHHBIX 3HAHUHA 10
TeMe YmpoineHue GopMyIl JIOTHKH.

Bapuanr 1

1. CocraBUTh Ta0IHIly UCTUHHOCTHU JIOTUYECKOTO BBIPKEHUS
(A&B)*(—B ——A4)XOR A4

2. Tloctponts nornueckyto cxemy Gyuxuuu ( AV B A(TB v —4)
(FA&B)viIA&—BIviA&B)

4. OnpenenuTpb, SBJISIOTCS JIM JBA BhICKa3bIBaHMsI SKBUBaJEHTHRIMU A & “("B v C)u A &
B & —C

5. OnpenenuTh UCTUHHOCTH WIIM JIOKHOCTh BhICKa3biBaHUM (—(X<5) v (X<3)) & ((X<2) v
(X<1)) mpu X=1

Bapuanr 2

3. YIpOCTUTH JIOTUYECKOE BBIPAKEHHE

1. CocraBuTh Ta0IHIY UCTUHHOCTH JIOTUYECKOTO BBIPKECHUS
(B &A )< {4 —>—-B)XORB

2. [locTpouts Jornyeckyro cxemy (GyHKIUN (A&B)v((AvVE) rn—d)

3. Ypoctuts norudeckoe Bipakerne (A VB &A ) A(—Av—B)

4. OnpenenuTh, SBISIIOTCS JIM J1Ba BBICKa3bIBaHMs dKBUBATCHTHBIME —(TA&BVA& (Bv —C))
u "B& (AvC)

5. Onpenenutb UCTUHHOCTH WM JIOKHOCTh BbICKa3bIBaHHUM (—(X<5) v (X<3)) & (—(X<2) v
(X<1) npu X=3

Bapuanr 3

1. CocraBuTh Tabnuily WCTUHHOCTHU JIOTUYECKOTO BBIPAXKCHHS
—(BwvAd) < (—4—B)XOR 4

2. TTocTpoHTh JIOTHYECKYIO CXeMY () YHKIIH (FA&-B)v(TA&B)

3. Yipoctuts nornueckoe sepacerne (4V B Ald V=B A(B v4)

4. OnpenenuTs, SBIAIOTCS JIM JIBa BhICKa3bIBaHUs dKBUBAIEHTHBIMU —Cv —Bv —(Av —C) u
—~A&Bv ~C&B

5. OmnpenenuTh UCTUHHHOCTDh WJIA JIOKHOCTH BBICKa3biBaHUU X>1 & (—(X<5) v (X<3)) npu
X=2

Bapmuanr 4

1. CocraBuTh TabnuIly HWCTUHHOCTHU JIOTUYECKOTO BBIPAKCHHS
(—4—=—B) < (B&A)XOR B

2. TToctponTs ormdeckyio cxemy dyukmun ~((—AV B) (=B v A4))

3. Yipoctuts nornueckoe eipacenne AV B A(TB v A))v(d v B)

4. OnpenenuTs, SBISIOTCS JIM JIBa BBICKa3bIBaHMS 3KBUBaJIEHTHbIMU —(A v “B) v "B&C u
—~A& (BVC)

5. Onpenenutb UCTUHHOCTh WJIM JIOXKHOCTh BBICKa3bIBaHUN —((X>2) v (X<2)) v (X>4) npu
X=1

Bapmuanr 5

1. CocTaBuTh TaOIUITy WCTUHHOCTH JIOTUYECKOTO BBIPAKECHUS
(A&B) <= (—A&B)XOR B

2. Tloctpouts norudeckyio cxemy yuxuun 4+ &BIV(TE v A)



3. YnpocTuTh noruueckoe Bipaxenne AV Bv—(TBv A)vA &B
4. OnpenenuTb, SBISIFOTCS JIM JBa BRICKA3bIBAHUS YKBUBAIICHTHBIMU
5. OnpenenuTh UCTUHHOCTh WJIM JIOKHOCTH BbICKa3biBaHUN X>1 & (~(X<5) v (X<3)) nmpu

IIpakTnueckas padora Ne 4

Tema: MuHUMH3aLKS JTOTHYECKUX (PYHKLUH 110 3aKOHAM anreOpbl JJOTHKH.
Heas padorsl 0000UICHME, CHCTEMaTH3alus, YrIIyOJeHHe, 3aKpeIuIeHHe MOJTY4EeHHBIX

3HaHUH 10 TeMe YrporieHue GopmyIt JIOTUKH.

Teopernueckne ocHoBbI: Bompocel mis akTyain3anMu ONOpHBIX 3HaHMM: UTo Takoe
paBHOCUIIbHBIE BbIpaxeHUs? IlepeuncnuTe PaBHOCHIBHOCTH, BbIpa)KarollMe€ OJHU JIOTHYECKHE
omnepanuu 4yepe3 Apyrue. 3. YcrHo Ilycth a = “a910 yTpo sicHoe”, a b = “3T0 yTpo Temioe”.
Bripasute crnenyromniue Gopmyiibl Ha 00bIYHOM s3bIKe: OTBET: a) “ITO yTpPO SICHOE W TEMIOE”; XK)
“3TO yTpO HE sICHOE WU He TEmIoe”; 0) “ITO yTpo ACHOE U OHO He TEMI0e”; 3) “9TO yTPO HE SICHOE
U He TEI0e”; B) “3TO yTPO HE SICHOE U OHO HE TEII0e”; M) “9TO yTPO SICHOE WIM HE TEMIOE”; T)
“3TO yTpO HE SICHOE WJIM OHO TEMIOE”; K) “eCiu 3TO TPO ACHOE, TO OHO HE TEII0E”; 1) “ITO yTpO
SICHO€ WJIM OHO He TEIIoe”; 1) “eciu 3TO yTPO HE SICHOE, TO OHO TEIIoE”; €) “ITO yTpo HE SICHOE
WM OHO He TEmIoe”; M) “3T0 yTpo sicHoe u He Témioe”. 4. [IpoiTH KOMIUIEKC TECTOBBIX 3aJIaHUM
npeseHTauus I[IpoBepounas4.ppt 3amaHus A8 NPAKTUYECKOTO 3aHATUS M HMHCTPYKTaX IO HUX
BBIMIOJTHEHHIO 3aMucaTh TEOPETUUECKUE CBEJCHHS B TeTpab. PazoOpaTh Marepual mpe3eHTaluu 1o
naHHOUW Teme YmpoueHue.ppt. Pa3oOpare mnpumepsl. BbINONHUTE NTUCBMEHHO MPAKTHUECKHE
3ajaHus 1Mo AaHHOU Teme. Teoperuueckue cBeneHus: s ympouieHHs! JOTHYECKUX BBIPAKEHUIN
UCIIONIB3YIOT 3aKOHBI areOphl JTOruku. OHU GOpMYyTUPYIOTCs At 0a30BBIX JOTHUECKUX ONepanui
— "HE", "U" u "UJIN". WUcnonp3ys 3aKOHBI JOTUKU, (POPMYNbI CKIEMBAHUS U TMOIJIOMICHUS U
CBOICTBa JIOTMYECKUX OIEpanuii, MOXKHO CIIO)KHYIO JIOTHYECKYI0 (QYHKIMIO 3aMEHUTh OoJiee
MPOCTOM, HO PAaBHOCUIILHOM el (yHKIMEH. DTOT MPOIeCC Ha3bIBACTCSI MUHUMH3AUEH (YHKIIUH.
Munumu3zanuss HeoOXoauMa Ui TOro, YTOOBl (PYHKIIMOHAIBHBIE CXEMbl HE OBUIM CIIMIIKOM
IPOMO3JKUMH U HE UCTIOJIb30BAIH JIUIIHUX JI€MEHTOB. YeM MeHblIe B (YHKINH, TOIy4aeMoi Ipu
MUHUMU3ALNN, BXOJHBIX IIEPEMEHHBIX W HCIHOJB3YEMBIX JIOTMYECKMX OIEpaluii, TEM IpOIle
JOTMYecKasi CXeéMa, MEHbIIEe B HEeW JIOTMYECKUX 3JeMEHTOB. MUHHMMM3aLus HeoOXoaAuMa U IpU
COCTaBJIEHUM CJIOXKHBIX JOIMYECKHX BbIpakeHUH B mporpammax. [Ipumep 1. Yopoctuts dopmymy
(A+B)-(A+C) Pemenue. C+B-A+B-C-A+A-A=a) Packpoem ckobku (A+B)-(A+C) ,
cienoBatenbHo,A=0)[1o 3akoHy maemmnoreHTHocTH A-A C+B-A+B-C-A+A=C+B-A+B-C-A+A-A
B) B BoickasbiBanusix A u A-C BbplHeceM 3a CKOOKM A U HCIONB3ysd CBOWMCTBO
C-B+A-B+A=C-B+A-B+)C+1(-A=C-B+A-B+C-1, nonyunm A+A=A+]1 AHaIOrM4YHO IIYHKTy B)
BbIHEceM 3a CKOOKH BbickazbiBaHue A.)r C-B+A=CB+)B+1(A=C-B+A-B+A Takum o6pazom, MbI
JIOKa3alld 3aKOH JUCTPHUOYTUBHOCTH (pacmpenenutenbHblif). [IpeoOpazoBanus ‘“‘moriomieHue” u
“cknenBaHue” - norjomeHneA=)B+1(A=B-A+A Pemenne. B-A+Ilpumep 2. VYmnpoctuTh
BolpaxkeHne A -A=)+B(A=-A+B-A Pemenue. -A+B-Allpumep 3. VYnpocTuTe BbIpakeHHE
ckienBanue Bcskyio (opMynymMoxHO mpeoOpazoBaTh Tak, 4TO B HEH He OyleT OTpHIIaHUM
CIIOKHBIX BBICKa3bIBaHUM - BCe OTpULAHUS OYAyT TMPUMEHSATHCS TOJBKO K IPOCTHIM
BbIcka3biBaHUAM. [Ipumep 4. [IpeobpazoBarh GhopMyny Tak, 4TOObI HE ObUIO OTPULIAHUHN CIIOKHBIX
BbiCKa3piBaHUM. Pemenue. 1. Bocmomb3yemcs dopmysnoir ne Moprana, nomyumm: 2. s
BBIp@XEHHUS] NMpUMEHUM emie pa3 ¢opmyny ae Moprana, nmomyunMm: JlroOyio ¢dopMyny MOKHO
TOKIAECTBEHHO IMpeoOpa3oBaTh TaK, YTO B HEl He OyAyT HCIOJNB30BaHBL: - 3HAKUA JIOTHYECKOTO
CIIOKEHUS; - 3HAKU JIOTUYECKOTO YMHOXEHHS, a OyJIyT HCIIOJIb30BaHBI: - 3HAKU OTpI/II_IaHlISI)H u



JIOTUYECKOTO0 yMHOXCHMS - 3HAaKM OTPHUL@HUSA M Jorm4eckoro cioxenus. Ilpumep 5.
[TpeoOpaszoBats Gopmyily Tak, YTOOBI B HEH HE HMCIOJIB30BAIUCH 3HAKH JIOTUYECKOTO CIIOXKECHHUS.
Pemenune. Bocrmonb3yemcsi 3akOHOM JIBOMHOTO OTpuIlaHusi, a 3areMm (opmynoil ne Moprana.
[Tpumep 6. [IpeobpazoBarh GopMyiy Tak, YTOOBI B HEW HE HMCIIOJIB30BAINCH 3HAKH JIOTUYECKOTO
ymHOXeHus. Pemenune. Mcnonb3ys ¢popmyssl 1e Moprana v 3aKOH ABOHHOTO OTPHUIIAHUS TOTY4HM:
3aMeHa PKBUBAJICHIUU U UMIUIMKALMM HAa KOHBIOHKLWIO, TU3BIOHKIMIO U oTpuuanue. Jlo cux nop

3

MBI 3aHUMAJIMCh PABHOCHIBHBIMU TNpeoOpazoBaHusMH (opmyin, He . Celyac MOKaxeM,<> U
“—colepxKalyx 3HAKOB UMIUIMKAIMA U SKBUBAJEHUIHMH * , MOKHO 3aMEHUTh PABHOCHJIBHOMN €h<>
WIH —YTO BCAKYIO0 (opMyity, coiepikamryio ¢GOpMyIoi, He colepKalie dTuX 3HakoB. MMeror
MecTo caeayromue paBHOcHIbHOCTH: Yv=Y—X (1) =Y—>X (2) Jokaxem paBHOCHIBHOCTH (1)
nomoItbo Tabmumel ucThHHOCTH: X Y Y>X Yv 001 1101 1111000011101
DOKBHUBAJICHIIUS BBIPAXKACTCS Yepe3 KOHBIOHKIHIO U UMIUTHKALUI0)X—>Y ()Y > X (=Y X)3( U3 (3)
u (1) momygaem Y-Xv-=Y-XvX -v: Yv=)XVv()YV(EYX (4) Ota paBHOCUIBHOCTh BBIpaKaeT
SKBUBAJICHIIMIO Yepe3 KOHBIOHKIMIO, AU3BIOHKINIO U oTpullanue. U3 paBHocunbHOCTeH (3) U (2)
MOJIy4aeM PaBHOCUIBHOCTh , (5)A= Y<>X BbIpaxkaroiiasi S5KBUBJICHIIMIO Y€pe3 KOHBIOHKIIHUIO U
orpunianue. BerBoa: B anreOpe JOTMKH BCSKYIO JIOTHUECKYHO (YHKIIUIO MOXKHO BBIPa3UTh dYepe3
JIpyrue JIOTH4ecKue (PyHKIUU, HO UX JIOJDKHO OBITh, IO MEHBbIIEH Mepe, 2 omepaiuu, mpu 3TOM
OJIHOM U3 HUX 0053aTeIbHO JOHKHO OBITh OTPUIIAHUE.

IIpumep 1. Yopoctuts popmyny (A 0 B) & (A O C).

IIpumep 2. YOpocTuTh BBIPAKEHUS AB+B, BC+C, AC+BC Tak, 4ToObl B

MOJTyYEHHBIX (POpMYJIaX HE COJIEPIKATIOCh OTPUIIAHUS CIIOKHBIX BBICKA3bIBAHUH.
KoHTposbHBbIEC BONIPOCHI:

1. Yto 3HauuT PopMaIN30BaTh BHICKA3bIBAaHUE?
2. Ckonpko OyAeT cTpoK B TaOiMile MCTUHHOCTH, €CIM B BBICKa3bIBaHUE 2 TEpeMeHHBIX? 3
MepeMEHHBIX ?
3. Jlatb omnpezaeneHne UMILTUKAUU. YTO Takoe SKBUBAJIEHTHOCTh?
Omnpenenure THUN BBICKA3bIBAHMS M BUJl JIOTMYECKOM OMNEpAallMM C COOTBETCTBYIOLIEH
JIOTUYECKOM CBI3KOM:
a) Bcskuii npsMOyroibHUK HWMEET TMpsSMbIe YTIbl U IapauielibHbIe TMPOTHUBOIOJIOKHBIC
CTOPOHBI;
0) TpeyronbHUKH ¢ paBHBIMU CTOPOHAMU HE SIBJISIFOTCSI PAaBHOOEIPEHHBIMU;
B) Ha cnenyromem ypoke Oyzaet mubo uctopus, MO0 XUMHS;
r) 3aBTpa s HOWIY B IIKOJIY U OMOIHOTEKY;
1) JIubo on 3abomnen, mudo 3a0bLT O Hallel JOTOBOPEHHOCTH;
€) YTpoM MbI OOBIYHO XOAMM Ha JIbIKaX WM KaTaeMcsl Ha KOHbKaX.

IIpakTHyeckas: padora Ne 5
Tema: Boinonnenne OMHApHBIX alredpanyeckux onepanuii HaJ MHOXKECTBaMHU.
ean pa6oThl: H3ydeHHEe OCHOBHBIX (DOPM MpeacTaBiIeHUs OMHAPHOTO OTHOIICHHUS, aHATN3
CBOMCTB OMHAPHBIX OTHOUIEHH, BBHITIOJHEHHE ONepaliuii HaJl OMHAPHBIMU OTHOIIECHHUSIMH.
Teopernueckoe 000cHOBaHHE
Kopresk — »dT0 ynopsaodeHHas IOCIEAOBATEIbHOCTh 3JIEMEHTOB C BO3MOXHBIMU

MOBTOPEHUAMH. DJIEMEHTHI KOPTeKa MEePEUUCIISIOTCS B YTIIOBBIX CKOOKAX. 11



Ilpumep 1. <a, b, c>

[Mopsmok 3anmucu uMeeT 3HaueHue: < a, b > He paBHO < b, a >

[ToBTOpHI MMEIOT 3HAaUYEHHE: < a, b > He paBHO < a, b, a >

JlIHa KOpTeX)a— 3TO YUCIIO AIEMEHTOB B HEM.

IIpsiMoe (nexapToBO) Npou3BeeHNe MHOKeCTB A 1 B — 3TO MHO>KECTBO BCex KOpTEXKeH

JUIMHBI 2, B KOTOPBIX MEPBBINA 3JI€MEHT MPUHAAICKUT MHOXKECTBY A, BTOPOH 3JIeMEHT—MHOXKECTBY

B.
O6o3HaueHue:
A xB — npsamoe npousBenenre MHOXKeCTB A u B.
BunapHoe oTHOLIeHHE MeXAy ABYMSI MHOKECTBAMH—)TO IMOJMHOXECTBO MX MPSMOIO

MIPOU3BECHUS.
®dopmansHoe onpeaeneHue: RCAxB.
R —>T0 OuHapHOE OTHOIIEHUE MEXKIYy MHOXKeCTBaMU A u B.

BUHAPHOE OTHOIEHHUE MEXJAY MHOXKXECTBAMU
A={a,b}
B={c,d,e}
Rc AxB

R={a,c), (a,e), (b, e)}

<a.e>
4 ; ® <) c>

<a.c>

IIpumep 2.
BuHAPHOE OTHOLIEHHE MEKIY MHOKECTBAMM
A={a,b,c,d}— MHOXKeCTBO CTYIEHTOB
B ={x, y,z} — MHOXeCTBO CIOPTHBHBIX CEKIIHii
R ¢ AX B — OGWHAPHOC OTHOTIICHUC MCXKIY MHOXKCCTBAMH A U B
R={a,y), (a,z),{c,z), (d,y)} — Gunapxoe oTHOMmEHHUE
«CTY/IEHT 3AHHMAETCH B CeKLUH»
Hanpuwep: (a, y) — CTY/IEHT a 3aHUMAETCS B CEKINA Y

a\ ® =
b @

¢ @~ .
A d O z B

Bceero ectb 2 B crenenu | A | | B | OuHapHBIX OTHOIIEHUH MEXIY KOHEUHBIMU MHOXECTBAMHU

A uB.
Eciu RCAxA 1o R —»3T0 GuHapHOE OTHOIIEHNHE HA MHOXKECTBE A.

IMpumep 3. 12



BuHapHOE OTHOIICHHE HA MHOKECTBE
A=1{a,b,c,d } — mHO)ecTBO GOKCEPOB
R ¢ AX A — OGunRapHOC OTHOIIICHHC HA MHOKCCTRC A
R ={a,b), a,c),(d,a)} — GunapHOE OTHONICHHE KBHIMTPAI»
Hanpuwmep: (a,b) — Goxcep @ Bemurpan y 6oxcepa b

A c [ ] d

Cnoco0ObI 3a1aHus

[Tepeunciienne Bcex map u3 6a30BOro MHOXKeCTBa A 1 6a30BOT0 MHOXecTBa B

A={a; ,a2} B={bi1,b2,bs}, ={(ai, b1), (a1 ,b3), (a2, b1)}

OTHOIIEHHS MOTYT 3a/1aBaThcs Gopmynamu. Dopmyiisl y = x° +5x - 6 unm x +y< 5 3a1aror
OMHapHbIE OTHOLICHHSI HA MHOKECTBE ICWCTBUTEIBHBIX YUCEIL.

I'paduueckuii MmeToa 3anaHus

a={(a, d), (a, ©), (b, b), (c, 2), (e,d), (¢, a)}

a a & &
b b .

c c

d dj —
e e

a bcde a becde
I'padoBoe npencraBieHue
I'padp - courypa cocrosimas u3 TOueK (BEpIIMH) COECIUHEHHBIX JUHMUAMHU (Iyramu).
Bepummnasl rpaga COOTBETCTBYIOT 3JIEMEHTaM MHOXECTBa A, TO €cTh Xi, a HaJudue IyIH,

COEJIMHSIONIEH BEPILUHBI X; U Xj, 03Ha4aeT, 4To (X;,Xj)€R. UTOOBI MoAUEpKHYTH YHOPSA0YEHHOCTh
Iapsl Ha Jyre CTaBUTCS CTPENKA.

A:{(aa b)a (aa C)e (be d)s (Ca e)a (eeb)a (8, 8)}
a b

&7

Marpuunas popma 3ajaHus (MaTpHila CMEKHOCTH OMHAPHOTO OTHOILICHHS)
IlycTh Ha HEKOTOPOM KOHEUYHOM MHOKECTBE X 3a7aHO OTHOLIEHUE A. YIOpSAJOUMM KaKuM-

160 o0pa3oM IMEeMEeHTh MHOXecTBa X = {Xx/, X2, ..., Xy} U ONPEACTUM MATPHULY OTHOI[IeHI/IIS:l;A =
[aij] cnenyrommm o6pazom:



a b e d e

alld 100

Ao 0 0 10

A=c |0 0 0 O 1

- L ecmH (x,,x,) NPHHANIEK HT o, o 00 0 0
0, ecrH (X, x,) He IPHHAAJIESKHT & . ||g 7 0 0 !

ManI/IHa 3aIllMChIBACTCA B ,Z[BOﬁHBIX BEPTHUKAJIBHBIX YEPTOUYKAX

Onepannu HaJ OMHAPHBIMM OTHOLEHUSIMHU:

— mepeceueHue AByX OMHApHBIX oTHomeHHH Ri u Rz - ato otHOomenune RiNR2 = { (X, y) |
(x,y)eR1 u (x,y)eRa }.

— oObenuHeHHe NBYX OMHApHBIX oTHOmEHHH Ri 1 R2 - 310 otHOmEHne R1UR: = { (X, y) |
(x, y)eRy mnu (x, y)eRo }.

— paszHocThio oTHOIIEHUH R1 1 R2 HaspiBaercst Takoe otHomenwue, uto:  Ri\R2 = { (X, y) |
(x, y)eR1 u (x, y)£Ra }

— pomnonHeHue K otHomenuto R={ (x, y) | (x, y)€(AxA)\R}.

— obpatHoe otHomenue R ' = { (x,y) | (v, x)eR}.

Ipumep 4. lano maoxectBo A = { 1,2,3,4,5,6 } — N. Ha HeM 3a1aH0 OMHApHOE OTHOIIICHUE
p «6ompmey, T.e. (X,y)ep<=>x > y. [loctpouts rpad u rpadpuk storo orHomenus. Kaxummu
cBOIcTBaMM 00J1a7Ja€T 3TO OTHOLIEHUE?.

I'pad ykazanHOTO OTHOIIEHUS rpaduK STOTO OTHOIIEHUS

Pe¢nexcuBHocts: Ecinu Obl 3T0 0THOIIEHHE ObLTO OBl peIEKCUBHBIM, TO X >X 1 VX € A.
Hampumep, Opu10 Ob1 BepHO 2 > 2 ( 70K ). 3HAYUT OTHOIICHHE « > » Ha A HE SBIsSETCA
peQIIEeKCHBHBIM.

Cummerpuunocts: Ecnu Ob1 3T0 OTHOIIEHHE OBLIIO OBl CAMMETPUYHBIM Ha MHOXKECTBE A, TO
X >y =>y > X. Hanpumep, 3>2 => 2>3(710%5b),. 3HAUUT, OTHOLIEHUE « > » Ha A He SBIAETCSA
CUMMETPUYHBIM.

TpansutuBHOCTH: Ecnu 651 3TO OTHOIIEHHE OBLIO ObI TPAaH3UTHBHBIM Ha MHOXECTBE A, TO X
>y, y >z =>X >z.9T0 yTBepXJACHUE UCTUHHO IS JIFOOBIX HATypalbHBIX YHCEN, T. €. U YhCcel u3 A.
3HAYUT, OTHOLLIEHHUE « > » Ha A SBIIIETCSA TPAH3UTHUBHBIM.

AcummerpuyHocTh: Hu ans kakux uumcend A He MOXKET ObITb OJHOBPEMEHHO HCTUHHBIM

x>y
, T. €. OTHoLIeHue ‘> Ha A acummeTpu4Ho. OTHOLIEHUE ‘> HAa MHOXECTBE A SBISAETCS
y=>x 14

OTHOIIICHUEM CTPOIroro rnopsAaiaka T. K. OHO aCUMMCTPHUYHO U TPAH3UTHUBHO.



CasazHocTb: 11151 IIOOBIX ABYX JIEMEHTOB X, ) € A BepHO: | } > X T. €. OTHOIIEHHE “>" Ha

MHOKECTBE A SIBIAETCS CBI3HBIM. 1. K. OTHOLIEHHE ‘> Ha MHOXKECTBE A CBSI3HOE U SIBIICTCI

x>y

y=x

OTHOILICHHUEM CTPOIroro mopsAaaka, T0 OHO €CTb OTHOIICHHUE CTPOIOIo JIMHEMHOT O IopsaKa.

IIpakTnueckas padora Ne 6

Tema: Onepauuu HaJl MHOKECTBAMH.

Lesan padoThl: H3yyeHHE OCHOBHBIX ()OPM MpPECTaBICHUS OMHAPHOTO OTHOIICHUS, aHATIN3

CBOMCTB 6I/IHapHBIX OTHOHIeHHﬁ, BBIITOJIHEHUEC onepaunﬁ Ha1a 6I/IHapHBIMI/I OTHOIICHUAMM.

3aaHus AJ1s1 NPAKTHYECKOT0 3aHITHSA:

Jlano mHOXecTBO HartypalnbHbIX uncen X ={1, 2, 3, 4, 5, 6, 7} u onpenenéHuple Ha HEM

OuHapHbie oTHomeHus R u Ro.

No Bapuanta | OtHomenue R1

OtHomenne R2

Bapuanr 1 1)bbITh OOIBIIIE
2)BBITh 3KBHUBaJIGHTHBIM 110 mod 3

1)BbITh MeHbILIE
2)bBITh 1eTUMBIM

Bapuanr 2 1)beITh GoOJIBIIIE
2)bbITh MEHBIIIE

1)bBITh 5KBUBaJICHTHBIM 110 mod 2
2)bBITh 3KBUBaJICHTHBIM 110 mod 3

Bapuant 3 1)bbITh OOBIIIE
2)bbITh MeHbILIE

1)BbITh 5KBUBasEHTHBIM 0 Mmod 3
2)bbITh 3KBHUBAJICHTHBIM 110 Mmod 2

Bapuant 4 1)BbITh 5KBUBasIEHTHBIM IO Mmod 2
2)[enuthes Ha 3

1)[denuThcs Ha 2
2)bBITh TeTUMBIM

Bapuanr 5 1)BbBITh 5KBUBaNeHTHBIM 0 mod 3
2)bbITh MeHbIIIE

1)[enuthcs Ha 3
2)[denutbes Ha 2

1.IIpencraButh Kaxkaoe OMHApHOE OTHOLIEHHE BO BceX (hopmax:

— rpaduueckas Gopma;
— rpad;

— Marpuia CMCKHOCTH.

2.0xapakTepu30BaTh KaXKJ10€ OMHAPHOE OTHOIICHHUE DJIEMEHTAPHBIMU CBONCTBAMU:

— pe(dIeKCUBHOCTB;
— CHMMETPHUYHOCTb;

— TPaH3UTHUBHOCTD.

3. BeInmomHUTH cienyromne OMHapHbIe Onepaliy Haja oTHOmEeHUsIMUA R uR»:

— 00BenuHEHHE;

— TepeceucHue;

— pasnocth R1\R2 u R2\R1;
— CHMMeTpHYECKas Pa3HOCTh;

— npousBeaenue (kommnozunus) R1-R2 u R2-R1.
KoHTpoJibHbIE BOPOCHI:

1. Uto Takoe OMHApHOE OTHOIICHHE HA MHOYKECTBE?

15




Kak Mo>xHO 3anucaTh OMHapHOE OTHOIIEHHE?
Kakoe oTHOIIEHNE HA3BIBAIOT PeQIICKCUBHBIM?
Kakoe oTHOIIEHUE SIBIIsIETCS] aHTHPE(IeKCUBHBIM?
Kakoe oTHOIIEHHE HA3bIBAIOT CUMMETPUYHBIM?
Kaxkoe oTHOIIEHUE SBISETCA aHTUCUMMETPUYHBIM?
Kakoe oTHOIIEHNE HAa3bIBAIOT TPAH3UTUBHBIM?

NN kW

Yto Takoe SKBUBAJICHTHOCTh Ha MHOXKECTBE?

IMpakTnyeckas padora Ne7

Tema: [loctpoenue nuarpamm Ditiepa—BeHHa.

Leab pa6oThl: I03HAKOMUTH CTYJEHTOB C TAKUMH MOHITUSIMH, KAK MHOYKECTBO, 3JIEMEHTBI
MHOKECTB, OyJieaH, YHHBEpPCAJIbHOE MHOXECTBO, MOILIHOCTh MHOYKECTBA, OINEpaluu Hal
MHOKECTBAMH, T[PEACTABICHUS MHOXECTB C IOMOLIbI0 aAuarpamM, GopMupys Yy HHX
TEPMUHOJIOTMYECKUH 3amac.

Teopernueckoe 000cHOBaHME

JIroboe MOHATHE AMCKPETHOM MaTeMaTUKU MOXHO OMPEIEIUTh C MOMOIIBI0 TOHSATHUS
MHOkecTBa. [loJl MHOXECTBOM IMOHUMAIOT OOBEIUMHEHHE B OJHO OO0IIee OOBEKTOB, XOPOIIO
pa3inuyaeMbIX Halled MHTYWIUEH WK Hameld MbICIbi0. OOBEKThI, KOTOpBIE 00pa3yl0T MHOXKECTBO,
OyzeM Ha3bIBaTh DJIEMEHTAMH MHOKECTBA U 0003HAYaTh MAJIBIMU OYKBaMH JIATUHCKOTO andaBuTa.

MHOXeCTBO U €T0 JIEMEHTHI 0003HAYAIOTCS CIEAYIOUIM 00pa3oM:

A = {al, a2, a3} — MHOXXECTBO, COCTOSAIIIEE U3 TPEX IJIEMEHTOB;

A ={al, a2, ...} — MHOXECTBO, COCTOsIIIeE U3 OECKOHEYHOTO YKCa 3JIEMEHTOB. MHOXKECTBO
MOKET COCTOSITb M3 DJIEMEHTOB, KOTOPBIE CaMM SIBJIAIOTCS MHO)XXecTBaMH. HyxkHO paznuuaTth
AJIEMEHT a U MHO>KECTBO, COCTOAIIEE U3 €INHCTBEHHOTIO 2JIEMEHTA a.

[Tpumep. MuoxectBo A = {1, 2} cocTOUT U3 JIBYX dJIeMEHTOB 1, 2; HO MHOXecTBO {A}
COCTOMT U3 OJJHOTO 2JIEMEHTA A.

Eclu 57IeMeHT a IPHHAUISKHT MHOKECTBY A, 3TO 3aIMCHIBACTCS CIIEAYIOMIUM 00pasoM: a |
A. Eciii 57IeMeHT a He IPUHAIJIEKUT MHOKECTBY A, TO 3alUCHIBAIOT Tak: a I A. Eciu kakoe-1u60
MHOXECTBO A BKJIIOYEHO B JPYroe MHOKECTBO B, To mcmons3yercst 3amuch A 1 B. MuoxecTBO,
coJieprkalee KOHEYHOE YHCIIO AJIEMEHTOB, Ha3bIBAE€TCSl KOHEUHBIM, €CJIM MHOKECTBO HE COJEPIKUT
HU OJHOT'O 3JIEMEHTa, TO OHO Ha3bIBaeTcs MycThIM U obo3Havaercs ZE. [IpuHATO cumTarh, 4YTO
IIyCTOE MHOXECTBO SABJISETCA IOAMHOXECTBOM JroGoro muoxkecta: £ I A, tme A — mo6Goe
MHOXecTBO. TakuM 00pa3oM, BCSIKOE MHOXKECTBO COJIEPKUT B KadeCTBE CBOMX IIOJMHOXKECTB
MyCTOE MHOXECTBO U camo ceOsl.

[Tpumep. 1. MHOXeCTBO KOpHEH ypaBHEHHUS Sin X = 2 SIBISIETCS MYyCTHIM.

2. [lycte Al — MHOKECTBO MPOCTHIX YUCeN, A2 — MHOXKECTBO IENbIX uncel, a = 4. Tormaa a i
A2,alAl.

MHOX€eCTBO CuUMTaeTcsl 3aJaHHBIM, €CIM KakuM-THM00 o0pa3oM YKa3aHO HEKOTOpOe
CBOWCTBO, KOTOPHIM 00J1a/1al0T BCE €0 3JIEMEHTHI U He 00J1aJal0T HUKAaKKUe APYrue 00BEeKTHI.

MHOXeCTBO MOXXET OBITh 33JaHO Pa3IUYHBIMU CIIOCOOAMM: MEPEYHCICHUEM DJIEMEHTOB
(KOHEYHbIe MHOXECTBA) MJIM YKa3aHHEM UX CBOMCTB (Mpu 3TOM B 00OMX CllyyasX HpU 3adaHUU
MHOYECTB UCTOJIb3YIOT (PUTYpHBIE CKOOKH).

[Tpumepsr 3amanuss mMHOXKecTB. 1. MHOXectBo M mmdp necsatuunoro andaBuTa MOXKHO
3amath B Bujge: M = {0, 1, ..., 9} umu M = {x | x —aenoe, 0 £ x £ 9}, rae cpaBa OT BEpTUKATHHOU
YEepThl YKa3bIBaIOT CBOMCTBO 3JIEMEHTOB 3TOr0 MHOKeCTBA. MHOXkeCcTBO M 4ETHBIX 4yMCesl MDOKHO
3amucaTh B Buze: M = {x | X — 48THOE YHCIIO}.
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2. Ecnu R — MHOXECTBO TOYEK YUCIOBOM MPSMOM, TO Rn — MHOXECTBO TOYEK N-MEPHOIO
apuMETHUECKOTO MPOCTPAHCTBA; B YAaCTHOCTH, R2 — MHOXECTBO TOYEK IIJIOCKOCTH, R3 —
MHOECTBO TOUYEK MMPOCTPAHCTBA TPEX U3MEPEHUM.

Jlnst kaxkmoro MHOXKecTBa M CyIIECTBYET MHOKECTBO, 3JIEMEHTaMH KOTOPOIO SIBJISIFOTCS
MOJIMHO’KECTBA MHOXECTBa M M TONBKO OHHM. Takoe MHOXKECTBO Oy/eM Ha3bIBaTh CEMEWCTBOM
MHOkecTBa M uiau OylieaHOM 3TOro MHOXeCTBa M oOo3HadaTh B(M), a MHOXkecTtBO M Oynem
Ha3bIBaTh YHUBEPCAJIbHBIM (YHHBEPCYMOM WM MPOCTPAHCTBOM) W oOo3Hauate | wmm U.
MHuoxectBo M (yHuBepcalbHOE) HE JOJKHO OBITh YK€ OOBEAMHEHHS paccMaTpUBAEMBIX
MHOKECTB, T. €. OHO JOJDKHO OBITh pPaBHO WM COAEpk aTb OObEIUHEHHE paccMaTpUBAEMBbIX
MHOECTB.

[Tpumep. ITycte MHOKECTBO A = {1, 2} cOCTOUT U3 ABYX 2J1eMeHTOB 1, 2. Torga MHOXECTBO
B(A) BrirouaeT B ceds myctoe MHOXKECTBO A, 1Ba OJTHOAJIEMEHTHBIX MHOXKecTBa {1} u {2} u camo
MHOXkecTBO A = {1, 2}, T. e.

B(A) = {&, {1}, {2}, {1, 2}}. MBI Buaum, uTo MHOXeCTBO B(A) cOCTOMT W3 4YeThIpex
3JIEMEHTOB (4 = 22).

[IpuBenem craHmapTHble OOO3HAUYEHUS JUII HEKOTOPBIX Hauboyiee YMOTpeOUTEIbHBIX
YHCIIOBBIX MHOXECTB:

N — MHOXXECTBO HaTypaJIbHBIX YMCEN (MHOTAAa €ro HauuHawT ¢ 1, nuxoraa ¢ 0; oObIYHO 3TO
OroBapUBaeTCcs);

P — npocrteie uncna;

Z — MHOECTBO IEJIBIX YHCcel (TI0JI0KUTENIbHBIC, OTpuLiaTeabHbIe 1 0);

R — MHOXeCTBO J€HCTBUTENBHBIX YHUCEN.

OuesnHoe cootHomenue: N { Z I R.

PaccmoTpuM MeTOBI MOJIy4eHUS HOBBIX MHOXECTB U3 YK€ CYHIECTBYIOLIMX Ha MpUMEpe
MpOoCTpaHCTBA UM MHOXkecTBa U, ompenenuB B HEM 4 omepaluu HajJ MHokecTBamMu A u B:
o0beIMHEeHNE, TTepecedeHre, pa3HOCTh, TOTIOJIHEHHE.

1.2. Oneparuu HaJ MHOXKECTBAMHU

O6bequnenneM A u B HaspiBaercs maOkecTBO A E B, Bee ameMeHThI KOTOPOTO SIBIISIOTCS
AJIEMEHTaMH XOTsI ObI OJJHOTO M3 MHOXKECTB A win B:

AEB={x¢x1Au/uwmxiB}.

U3 onpeneneuns cuenyer, uto A [ A E B u B 1 A E B. Ananornuso omnpejensercs
00BeIMHEHNE HECKOJIBKIX MHOKECTB.

[Tpumep. 1. Ilycte A = {4, 5, 6}, B={2,4, 6}. Torna A EB= {2,4,5,6}.

2. Ilyctb A — MHOECTBO UHMCEN, KOTOpPbIE JIETATCS Ha 2, a B — MHOXeCTBO uncen, KOTOpbIe
nensitcs Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torma A E B — MHOXECTBO umcel, KOTOpBIE
memsitcs Ha 2 wmnHa 3: AEB={2,3,4,6,8,9, 10, ...}.

[Tepeceuennem mHOkecTB A u B HazpiBaeTcss MHOXkeCcTBO A C B, Bce aneMeHTH KOTOPOTO
SABJISIOTCS dIeMeHTaMu o0oux MHOxecTB A 1 B: A C B = {x ¢ x I A u x I B}. 13 onpenenennus
cnenyer, uto ACBI A, ACBIBuACBIAEB. Aranornuso onpezensercs nepeceuenue
HECKOJbKMX MHOXECTB.

ITpumep. 1. Ilycts A = {4, 5,6}, B={2,4,6}. Torna A C B= {4, 6}.

2. Ilyctb A — MHOECTBO UHMCEN, KOTOpPbIE JEIATCSA Ha 2, a B — MHOXECTBO 4ncen, KOTOpbIe
nenstcs Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torna A C B — MHOXXECTBO unces, KOTOpbIE
memsarcsivHa2, nHa3: AEB= {6,12, 18, ...}.

MoskeT oka3aThCsl, YTO MHOXKECTBA HE UMEIOT HU OJTHOTO 00111ero 31eMenTa. Torna ropupsr,
YTO MHOKECTBA HE MEPECEKAIOTCA WK YTO UX MEPEceueHre — MycToe MHOXKECTBO.



[Mpumep. Ilycts A = {1,2},B={2,3},C={3,4}. TormraACBCC=Z.

Pa3nocThi0 (OTHOCHUTENBHBIM JIOMOJIHEHHEM) MHOXECTBa B 110 MHOkecTBa A Ha3bIBaeTCs
MHOXecTBO A \ B, Bce 311IeMEHTBI KOTOPOTO SBJISIIOTCS SJIEMEHTAMU MHOKECTBA A, HO HE SIBIISIOTCS
AJIEMEHTaMU MHOKeCTBa B:

A\B={x¢xIAuxiB}.

IMpumep. 1. A={4,5,6},B={2,4,6}. A\B= {5}, B\ A= {2}.

2.A=1{2,4,6,...},B=1{3,6,9, ...}. Torna A \ B — MHO>@eCTBO 4uce, KOTOpbIC JEATCS
Ha 2, HO He aensATcs Ha 3, a B\ A — MHOXECTBO 4mcCell, KOTOpBIC JICIATCS Ha 3, HO HE ACNATCS Ha 2:
A\B=1{2,4,8,10,14,...}.B\A={3,9, 15,21, 27, ...}.

CummeTpruecKoil pa3HOCThIO MHOKECTB A u B Ha3biBaercs mHokectBO A + B: A+ B = (A
\B)E (B\ A).

IMpumep.1. A=1{4,5,6},B=1{2,4,6}. A\B= {5}, B\A= {2}, A+B={2,5}.

2.A=1{2,4,6,...},B={3,6,9,...},A\B=1{2,4,8,10, 14, ...}.

BVA=1{3,9,15,21,27,...},A+B=1{2,3,4,8,9, ...}.

JononnenueM M MHOkecTBa M sIBIsI€TCS MHOXKECTBO

‘M = {mi | mi i M}.

[Tpumep. 3amansl mHOXkecTBa A = {1, 2, 5, 6} u B = {2, 3, 4, 6} Ha yHHUBepcalbHOM
muoxectBe U = {1, 2, 3, 5, 6, 7}. Beimonnuts oneparnuu A, B.

Pemenune. B pe3ynbraTe BBINONHEHUS 3aJaHHBIX OIEpalMil MOJIyYUM CIEIYyIOIINe
MHOxkecTBa: A = {3,7};’B={1,5,7}.

JlJi1 KOHEYHBIX MHOXKECTB CYIIECTBYET IOHSATHE: MOIIHOCTh MHOXXECTBAa A — YHCJIO €ro
aneMeHTOB. O003HAYal0T MOIHOCTh MHOXKECTBA |A|.

ITpumep. A = {1, 2, 5, 6}, Torna MmomHocTs MHOXKeCTBa [A| =n(A) =4; |E|=0; |{£}| = 1.

Takxe CIpaBeUTHBHI CIeayromIe GopMyIEl: [uIs 066X MHOKecTB A 1 B b |A E B| = |A| +
|B| — |A C BJ, To ecTh yuuTHIBatOTCS 001IME 11 0OOUX MHOKECTB JIEMEHTHI.

Hpumep. A = {1,2,3} |A|=3;B=1{1,2,3,4,5} B|=5,torraAEB=1{1,2,3,4,5} AE
B|=5; ACB={1,2,3} |ACB|=3, 10 ecTb nonyuum pasenctso: |A E B|=|A| + |B| - |A C B| 5 =
3+5-3.

Jl1st KoHEYHOTO MHOXKecTBa M MomIHOCTh ero Oyneana [B(M)| pasHa 2|M|.

1.3. Ilpumenenue nuarpamm Oitnepa-BeHHa npu pelieHuu NpakTUYECKUX 3a/1a4

Jlis HArfsgHOTO TPENCTaBICHHUS MHOXKECTB M OTHOIIEHUH MEXAY HUMH HCHOJB3YIOTCS
nuarpaMmsl Diniepa-BenHa. YHHBepcalbHOE MHOXKECTBO M300paXkaroT B BUJE MPSAMOYTOJIBHUKA, a
MHOXECTBa, BXOJSIINE B YHUBEPCAIbHOE MHOKECTBO, B BHJE€ KPYrOoB BHYTPU NPSAMOYTOJIBHUKA;
3JIEMEHTY MHOKECTBAa COOTBETCTBYET TOUKA BHYTPH Kpyra (puc. 1).

C nomombto juarpamm  Oiinepa-BeHHa yao00HO WILTIOCTpUpPOBATh OMNEpaluy  HaJ
MHOKeCTBaMHU. Pe3yinbpTHpylolee MHOKECTBO KaXK0M OMepaIuy BbIAEIECHO TPUXOBKOM.

MA MAEMB MACMB
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MB\MA MA\MB ‘MA
Puc. 1. IlpeacraBneHue omnepauuii HaJ MHOXKECTBAMHU C IIOMOILIBIO JAMarpaMM Oiinepa-

Benna
[Ipumep. PaccmoTpum ornepanuio JOMOJHEHHS MHOYKECTBA, ABJISIOLIETOCS IEPECEUCHUEM

MHO)kecTB MA u MB. HeoOxoaumo nokaszath, 4To €€ pe3yibTaT COBMANaeT ¢ OOBhEAMHEHUEM
JOTIOTHEHUH 3THUX MHOKECTB:

Pemenne. M = Ma ™Mz —\[A £'MB.

B 3TOM MOXXHO yOEIUTBCS C IIOMOIIIBIO TuarpamMm Disepa-Benna (puc. 2).

MA ¢ MB M M,
i
‘MA ‘MB ‘MA E'MB
Puc. 2

Hns mo0bix moamHOXkecTBA, B m C yHuBepcasbHOro MHOXecTBa U  BBIONHSAIOTCS
CJIEAYIOLIME TOXKIECTBA (OCHOBHBIE TOKIECTBA AJIr€OPbl MHOXKECTB):

1. A EB=BE A (KOMMyTaTHBHOCTb
E).

22 AEBEC =AEB)EC
(acconMaTUBHOCTH E).

33.AEBCC)=(AEB)C(AE Q)
(muctpubyTusHOCTH E oTHOCHTENBHO C).

4. A E ZE = A (cBOICTBO HyIIs).

5. A E'A = U (CBOICTBO JIOTIONHEHHS).

6.AEA=A.

7. A E U = U (CBOICTBO eHHHIIBI).

l1¢. AC B =B C A (koMMyTaTUBHOCTb

2. ACBCC=(ACB)CC

(acconmatuBHOCTH ().

3. ACBEC)=(ACB)E (A C O

(zuctpulytuBHOCTH C oTHOCHUTENBHO E).

4¢. AC E= K.
5¢. AC'A = A
6¢. A C A= A.
7¢. ACU=A.

8¢. AnB="A E'B (3axoH ne Mopraua).

8. AwE=A CB (3akon e

Moprana).
9. A E (A C B) = A (3axoH 9. A C (A E B) = A (3akoH
TTOTJIOIICHHUS ). TTOTJIOIICHHS ).

10. 4= A (uHBOIOIHSA).

11.A\B=ACE
[Ipumepsl. 1. PaccmoTpuM npeanosioxkeHue 0 TOM, YTO MPOU3BOJIbHBIE MHOXECTBa A u B
nonapHo >kBuBaneHTHE: 1) AT1B;2) ACB=A;3)AEB=B.
Pemenue. Jlokaxem, 4ToO U3 MEPBOT0O MPEANOIOKEHUS ClEeAyeT BTopoe. [leficTBUTENbHO, TaK
kak A C B1 A, To 10ocTaTouH0 MoKa3ath, 4TO B 3TOM ciaydyae A IACB.Hoecm x I A, To x I B, T.
k. A I B u, ciienoBarensHo, X 1 A C B.
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JlokarkeM, YTO U3 BTOPOrO HPeJnoIoxKeHus cieayer Tpethe. Tak kak A C B=A, 10 AE B
= (A C B) E B. Ilo 3axony noromienns (cm. Toxaectso 9) B E (A C B) = B. Orcroza, HComb3ys
3aKOH KOMMYTaTUBHOCTH, onydaeM A E B = B.

JlokaskeM, 4TO M3 TPETHEro HpeIIoNoXKeHus cuexyer nepsoe. Tak kak A I A E B, a no
ycIoBuio TpeThero npeanonoxenns A E B =B, ToA I B.

IIpakTuyeckas padora Ne 8

Tema: Boinonnenue anredpanyeckux onepanuil HaJ MHOKECTBaMHU

Leab pa6oThl: M03HAKOMUTH CTYJEHTOB C TAKUMH MOHITUSIMH, KaK MHOXKECTBO, JIEMEHTHI
MHOXECTB, OyjeaH, YHHUBEPCAIbHOE MHOXXECTBO, MOIIHOCTh MHOKECTBA, OMNEpALMH HaJ
MHOKECTBAMH, TMPEACTABICHUS MHOXECTB C IMOMOIIGI0 awarpamM, GOopMHPYS Y HHX
TEPMUHOJIOTHYECKUH 3arac.

3aganus

JIns ayIuTOpHBIX 3aHATHN

1.3anucath MHOXKECTBO M IENbIX YHUCEN X, KOTOpBIE NEIATCS Ha TPU M HAXOASTCS B
untepnane 3 £ x £ 15. 3anucats AByMs criocobamu.

2.3anucatb MHOYKECTBOA LEJIBIX YMCEN X, KOTOPbIE AENATCS Ha 2 U Ha 3 U HaXOJsATCs B
untepaine 20 £ x £ 25. 3anucarp JByMs criocodamu.

3.Ilpunannexur a1 X MHOXecTBY M, eciu:

a)M={2,6,8, ...,50}; x=35;

o)M=1{2,3,4,6,8,9,10, ..., 100}; x =23;

B)M={-2,2,-4,4, ..., 120}; x =-30.

3anucaTh NPUBEAECHHBIE MHOKECTBA C YKa3aHUEM CBOMCTB X 3JIEMEHTOB.

4.Jloxazate HepaBeHcTBO: {{1,2}, {2,3}} ' {1, 2, 3}.

5.Kakue U3 cnenyroumx BeIpaKEHUH SBISIOTCS UCTUHHBIMHU M KAKHE JIOKHBIMU:

a) BT{{£}};6) 1T1{{1,2}};8) (1,2} T {{1,2}}; 1) {1,2} T {{1,2}, {1,3},1,2}.

6. IIpuBectn mpumepsl Takux MHOXecTBA, B, C, 4ToObl OBLIM UCTHUHHBIMH CIIEIYIOIINE
BBICKA3bIBAHUS:

a)AIBUBICUAIC;

6) AIBUBICUAIC.

7. Kakue U3 cneayronmx MHOKECTB KOHEYHbI H Kakue OECKOHEYHBI:

a) {x IR¢x2 - 5x +4=0};

6) {x I N¢x2 - 5x + 4> 0};

B) {x IN¢x2 /24}.

8. PaBHBI 1M1 MHOKECTBA:!

a) {xTRex2-2x-2=0} m {x I Qex2-2x —2=0};

6) {x I Z¢4/x U 15/x} u {x 1 Z¢4/x U 15/x} {x 1 Z¢20/x U 30/x}.

9. IlepedynCIUTh FAEMEHTBI CAEAYIOMNUX MHOKECTB:

a) {x IR¢x2 - 3x+2=0};

6) {x IR¢x2 +1=0};

B) MHOKECTBO BCEX KOpHEH ypaBHeHUA X2 + 6x +9 = 0.

10. [IepeuncnuTh BCE 3JEMEHTHI KaXA0T0 U3 CIEIYIOLIUX MHOKECTB:

a) {xex 1{ 1}}; ) {xex 1 {1,2,3}};

6) {xex 1 {1,2}}:1) {x¢x [ &E}.

Jl1st camocTosTeTbHOM paboThI 20

1. TlepedrCIUTh PAEMEHTHI CAEAYIOIMX MHOKECTB:



a) MHOKECTBO YeTHBIX urcels oT 0 10 20 BKIIIOUNUTEIBHO;

0) MHOKECTBO BCEX IBY3HAYHBIX YHMCEN, ACTAMMXCA HA 5 1 He aemstmuxcs Ha 10;

B) MHOXECTBO BCEX IOCIIEI0BATEIBHOCTEH, coAepKaumx Bee uncia 1, 2, 3, 4, 5 ¥ TOJIbKO
9TH YUCIIA, B KOTOPBIX YETHBIE U HEUETHBIEC YKCIIA YEPELYIOTCS.

2. PaBHBI JI1 MHOKECTBA!

a){2,4,5}u{2,4,2,5};0) {1,2y u {{1,2}};8) {1,2,3} u {3,1,2,1}};

r) {1,2,3} u {{1}, {2},{3}}.

3. IlepeuncinuTh MOJMHOXKECTBA CIECYIOLIUX MHOKECTB:

a) ({1, 2}, {3}, 4} 6) {15, 2}}5B) 142}, {6}, {3} 1i 1) 14, 65, {1}, 1}

4. BcraBuTh Mexay MHOXecTBaMH cuMBOJ | mim I Tak, 4yTOOBI MOIYYMIIOCH MCTUHHOE
BbICKa3bIBaHUE:

2) {1} {1, {1,2}}:6) & {&};8) & {({E} ;1) (1,2} {1,2, {1,2}}.

5. Haiitu A E B, ACB, A\B, B\A, A, B.

a) A={1,2,3}, B={2,3,5.4}, U={1,2,....... 9%,

0) A={x|x nemuthcs Ha 2}, B={x|x nemutbcs na 3}, U=N.

6. [loxaszarb TOXKIECTBA:!

a) (A CB)E (A C'B) e)ACB=AC(AEB);
=(AEB)C (AEB),

6) AEB)CA=AC %) (AEB)\ (A CB)=
B; (A\B)E (B\ A);

B) (A\B)\C = (A\ 3) (A\B)E (A\'B) = (A
C)\(B\C); E B)\ (A C B);

NA\BEC) =(A\ 1) (AVB)E (BV'A)=(A
B)\C; EB)\(A C B);

1) A\B=AC'B; k) A\(BE C)=(A\B)

C(A\C).

1. [Toxazatk ¢ nmomols quarpamm Jiiepa-BeHHa, kakue U3 ClaelyrouX yTBEpKIACHUH
BCPHBI:

a)(AEB)CC=AEBCC); B) (A\B)EC=(AEC)\(BEC);

6) (A\B)EB=A; r) (AC'B)E (BC'A)IB.

2. HaiiTi MOIIHOCTH MHOXECTB, MOIIHOCTh HUX OyneaHoB U |A E B| - momHOCTB

06’be,Z[I/IHeHI/I$I MHOKECTB:
a) A={4,5,6}, B={4,5,6,7,8}; 6) A={1,3,5,6}, B={4,5,6,7};
B)A=1{3,5,7},B=1{2,5,6,7,9};1)4={1,2,3,5}, B=1{2,4,5,6,7}.
9. BCTaBI/ITB MG)K)Iy MHO>XCECTBAMHU CHUMBOJI i N i Tak, '—IT06BI HOJ‘Iy‘II/IJ'IOCB NUCTHUHHOC
BBICKA3bIBAHUC:
a) {1} {1, {1,2} }; 0) E {1, 2, {1}, {£}};
0) {1,2} {1,2, {1}.{2}}; m) £ {{£}};
B) {1, 2} {1,2,{1,2}};¢) £ {£}.
10. IIpuBectu npumep MHOXeECTB A, B, C, TaKUX, YTOOBI BHIIIOJHSUIUCEH YCIIOBUS:
a)AIB,BiC, A1C;
6)A1B, A1C,CiB;
B)AIB,BIC AiC.
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Tema: Onpenenenre MapmIpyTOB B HEOPUECHTUPOBAHHBIX Irpadax
Lens padoThbl: YCBOCHHE TAaKMX IMOHSATHH, KaKk MapumipyT, Ienb W IUKI Tpada, obpas,
npooOpa3 BepimuH rpada, MUHUMAJIBHBINA YTh B rpade, SiiIepoBbl rpadbl.

TeopeTnueckast 4acTh:

Mapwipymeut, yenu, yukot

Mapmipytom B tpade G = (V, E) (nyrem B rtpape D = (V, E)) Ha3bIBaeTcs
MOCJIEIOBATEILHOCTh BEpIIMH U p&oep (myr) Buma V0, el, vl, €2, ..., vn-1, en, vn, rae vi irvil [0,
n], ei 1 E, (vi-1, ei), (vi, ei) 1 7, i 1 [1, n]. Bepmmunsl v0, vn Ha3bIBAIOTCS CBA3AHHBIMH JIAHHBIM
MapupyroM (WM TMPOCTO CBSI3aHHbIMM). Bepmmny v0 Ha3bIBalOT HayajioMm, a vn — KOHIIOM
mapuipyra. Ecnmu v0 = vn, TO mMapuipyT Ha3bIBalOT 3aMKHYTBHIM. UYHCIIO 7 HA3bIBACTCS JJTMHOM
MapuIpyTa.

MapuipyTt, B KOTOpOM Bce pEOpa MOMapHO pa3IMuHbI, HA3BIBACTCS IICTHIO. 3aMKHYTHIN
MapIIpyT, SBISIOIIUANACS ICThI0, HA3bIBACTCS MUKIOM (KOHTYpoM). Llermb, B KOTOpOii Bce BEpIITMHBI
MOTAPHO PA3IMYHBI, HA3bIBAETCS MPOCTOH 1emnbio. [{uki, B KOTOpOM Bce BEPIIMHBI, KPOME TMEePBOi
U TIOCTIeIHEH, TIOTIaPHO PA3JInYHbI, HA3bIBACTCS IPOCTHIM LIUKIIOM.

[Ipumepsr: 1. IlocnemoBarenbHocts V1, el, v2, e3, v4, e4, v3 — mapmpyt JuHbl 3,
coenuHstomuil BepunHbl v1, v3 B rpade G (puc. 11); 3To mpocTas uemnb, Tak Kak Bce pedpa u
BEPIIUHEI IOMIAPHO PA3JINIHBIL.

2.v2, €3, v2 — mpocToi KOHTYp JUTHHBI | B opueHTHpOoBaHHOMIICeBAOTpadeD (puc. 10).

3.vl, e2,v2, e4, v3 — nytb u3 vl B v3 mmHH 2 B OpueHTHpOBaHHOMIICEBAOTpadeD (puc.
10); aT0 mpocTas Lemb, TaK KaKk BCe AYT'H U BEPIIUHBI [IOMAPHO PA3JIUYHBL.

Puc. 10 Puc. 11
il F1

V2

E4 Ilouck nymeii (mapupymog)c MUHUMANbHBIM YUCTOM O)2
[Ipu pemeHuH HEKOTOPHIX MPHUKIAAHBIX 3a1ad  HEPEIKo
B2 BO3HHMKAeT HEOOXOIMMOCTh  HAWTH  MHMHHMMAJbHBIA  MapuLIpyT,
S vz.< COEUHSIONIMI 3aJaHHble BeplIMHBI B Tpade. IlpuBenem amropurm
£1 o, " PeLLCHUS sToM 3anaun. [IyTs B oprpade D u3 BepUIMHBI V B BEPIIUHY W
(V'w) HazpIBaeTCs MHHHMMAJIbHBIM, €CIM OH HMMEET MHHHUMAIbHYIO
JUIMHY cpeau Bcex myTeil oprpada D W3 BEpIIMHBI V B BEPIIUHY W.
AHQJIOTUYHO ONpeAessieTcss MHUHUMAJIbHBIA MapmipyT B Tpade G. ANTOPUTM HAXOXKICHHS
MUHUMAaJIBHOT'O MapLIpyTa COCTOUT U3 CIEAYIOIIMX I1aroB:

[ITar 1. ITomeuaem BepminHy v uHIEeKkcoM 0. 3aTeM momedaeM BEPIIMHBI, TPUHAJIEKAIIUE
o0Opa3y BeplIMHBI Vv, WHAEKcOM 1. MHo)ecTBO BepumiMH ¢ HHAEKCOM 1 o6o3HauaeM FWI(v).
[Tonaraem k= 1.

Iar 2. Eciu FWk(v) = & umn Bemonnsiercs k = n — 1, w I FWk(v), To BepmmHa w He
JOCTIDKMMA U3 v U paboTa alropuT™Ma Ha 3TOM 3aKaHUYMBAeTCs. B MpOTUBHOM ciydae nmepexoaum K
miary 3.

Ilar 3. Ectu w I FWk(v), To nepexoaum k mary 4. B mpoTUBHOM cilydae CyIIECTBYeT MyTh
U3 V B W JUIMHBI k, U 3TOT MyTh SABJIsIETCS MUHUMaIbHBIM. [locienoBarenbHOCTh BEPIINH

wiw2 ..wk-1w, tne wk-1 1 FWk-1(v) C D-1(w); wk-2 1 FWk-2(v) C D-1(wa-1); ... wi 1
FWI1(v) C D-1(w2) u ecth MCKOMBIH MUHUMAJIBHBIM TTyTh U3 v B w. Ha 3ToM pabora anropurma
3aKaHYMBaCTCSL. 22



[ar 4. ITomeuaeM uHAEKCOM k + 1 BCe HEMOMEUEHHBIE BEPIIMHBI, KOTOPHIE TTPUHAIIICKAT
00pa3y MHOKECTBAa BEPUIMH C MHIEKCOM k. MHOXECTBO BEpIIMH ¢ MHAEKCOM k + 1 obo3Hadaem
FWk+1(v). [IpucBauBaem k:= k + 1 u nepexonum Kk mary 2.

[Tpumep. Mcnonb3ys npeyioxKEHHBINH alrOpUTM, ONPEAEIUM MUHUMAIbHBIA ITyTh U3 v1 B v6
B oprpade D, 3a1aHHOM MaTpHIIel CMEKHOCTH, MIPEICTaBICHHOM B Ta0. 1.

Tabmua 1

JleiicTBysl cOTJacHO alropuTMmy, mnocienoBarensHo ompenensem FWI1(vi) = {v4, v5};
FW2(w1) =DFEWIW))\{vi,v4v5} ={v2,v3};

FW3(vl) = D(FW2(v)\{vI, v2, v3, v4, v5} = {v6}. Takum obpasom, v6/ FW3(v]), a
3HAYMT (CM. mar 3) CymecTByeT myTh U3 v/ B v6 JIUHBI 3 U 3TOT MYTh SIBISETCS MUHUMAJIbHBIM.
Haiinem tenepr MUHMMAaNbHBIN yTh U3 v/ B v6. OnpenenM MHOXXECTBO

FW2(vI) C D-1(v6) = {v2,v3} C {v2,v3} = {v2,v3}.

Breibepem n00yi0 BepHIMHY W3 HaWJEHHOIO MHOXECTBA, HalpuMep BepIIMHY V3.
Omnpenenum nanee muoxectBo FW1(vl) C D-1(v3) = { v4,v5} C {v4,v5, v6 = {v4,v5}. Beibepem
1r00yI0 BEpIIMHY U3 HallIeGHHOTO MHOXECTBa, HalpuMep, BepuHy vS5. Torna vIv5v3v6 — HCKOMBIH
MUHHUMAaJIbHBIN yTh U3 v/ B v6 anuHbl 3 B oprpade D.

Ditneposwt 2paghor

[Tycts G — nceBaorpad. Lens (uukin) B G Ha3bIBA€TCs SUIIEPOBOMA, €Clii OHA (OH) TIPOXOIUT
10 OJTHOMY pa3y uepe3 Kaxaoe pedpo ncesaorpadaG.

o 3agavya COCTOUT B CIEAYIOIIEM: HAUTH
sitepoB UK B MynsTurpadeG (puc. 12).

4 [Ipesxxne yeM pemats 3aady O BbBIAEICHUU
DUJIEPOBOM LENM WM DHJIEpOBAa LUKJIA B

2 — ncepiorpade, Hago BBIICHUTB, CYLIECTBYIOT
mu onu. IIpocreiilee HeoOXxoauMoOe yciaoBUe

UX CYLECTBOBaHMS, OYEBHUJIHO, 3aKIJIIOUAETCS

B cBA3HOCTU (G. OTBET Ha ATOT BOINPOC JAIOT
MIPUBOJAUMBIE HHXKE TEOPEMBI. OWUIIEPOBBIM
HA3bIBAETCS LIUKJI, IPOXOASIIUN IO KaXKIOMY

pebpy rpada poBHO oamH pa3. [pad,

o 23
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Ha3bIBaTh SMIIEPOBBIM. B 1m0060M siinepoBoM rpade cTerneHn BceX BEpIIUH YETHBIC.

[TycTh 0 HEKOTOPOI BEpILIMHE V UK MPOXOAUT k pa3. Ho Tak kak mepea 3Toil BEpIIMHON U
nociie He€ MUK JODKEH MPOXOJUTh O HHIUIACHTHBIM ei péOpam, TO KommuecTBO peodep,
MHIUACHTHBIX JAHHON BEpLIMHE, [0 KOTOPHIM MPOXOAUT HMKI — 2 k. Tak kak HUKI 3HIEpoB —
pE6ep, o KOTOPBIM IIUKJIT HE MPOXOJIUT, HET, 3HAYUT 2 k — CTETIEHb BEPILIUHBI V.

Ecnu B cBsi3HOM rpade cTenmeHu Bcex BepIMH YETHBIE, TO B rpade CylecTBYeT diiiepoB
uuki. B Xome pokazarenbCTBa Mbl JaJMM  QITOPUTM MOCTPOEHMS Takoro nukia. Hauném c
MIPOM3BOJBLHOW BEpPHIMHBI Vv U OyAeM CTpOoUTh U3 HeE ILelb, MOKa ecTb BO3MOXKHOCTH €€
npofokuTh. I[lycTh B Kakoi-TO MOMEHT IIOCTPOCHMsSI Mbl HaxoJuMCSi B BepuIMHEe u (HE
coBnajaroiieit ¢ v). Toraa nenb, KOTOPYIO Mbl IOCTPOMIIH, TPOXOAUT IO HEYETHOMY UUCTy pEOED,
WHITUICHTHBIX JaHHOU BepiunHe. CTereHb BePIIUHbI ¢ YETHAs, CIIeJIOBATEILHO, €CTh XOTs ObI OJHO
pedpo, MHIUJEHTHOE BEPIIUHE U, IO KOTOPOMY LIETIb HE MPOIia — 3HAYUT €€ MOXKHO ITPOJOJIKUTD.
CrnenoBarenbHO, Ieb MOXKET 3aKOHUUTCS TOJIBKO B BepiinHe v. [lomyuyum nuki.

B 3agauax yacto BO3HHMKaeT HEOOXOIMMOCTh HAXOXKICHHS LEMH, TPOXOISIIEH MO KaKIOMY
pebpy pOBHO OAMH pa3 (CHUMaeTcsi TpeOoBaHHE 3aMKHYTOCTH). Takue nenu OyneM HasbIBaTh
SUIEPOBBIMHU LIETISIMHU.

3ananus

s ayoumopmwix 3auamuti

1. 3anman rpad G (puc. 13a). Halitn myTh ¢ MUHUMAIIBHBIM YHCIIOM pedep U3 BepIIuHb v1 B

BepIuHy v6 rpada G.
M o—u AE ) a0B
e
el i Puc. 13

2. Hna rpada G (pwuc.
130) 3anucarb MaTpuIy

NN

U3 BEPIIMHEI V2 B BEPIIUHY V9.
3. dns oprpada D (puc. 136) 3anucaTh MaTpHUILy CMEKHOCTH U HAWTH MYTh C MUHUMAJIbHBIM

CMEXHOCTM M HalWTH NyTh C
MUHHUMAJIBHBIM YHCIIOM pebep

qrCcIIOM pedep U3 BepUIMHBI v] B BEpUINHY V7.

4. OnpenenuTh, COACPKUT Ju rpad Ha puc. 13adinepoB MUK WK DIIIEPOBY IIETIb.

5. MoxeT nu BepInHa, BXOAIIAas B UK rpada, UMETh CTeTeHb, MEHBIIYIO TBYX?

6. Kak wHaspBaeTcs myTh, Yy KOTOPOTO HAyajdo MEPBOW Jyrd COBMAJAET C KOHIIOM
nocieauen?

7. Kak Ha3pIBaeTCsl MapuIpyT, y KOTOPOTO IIepBasi BEpIIMHA COBIAAAET C MOCIEIHEN?

8. [lokazaThp, 4T0 B 1F000M rpade KOTMIECTBO BEPIINH HEUYETHON CTETICHH YETHO.

9. IlokazaTh, 4TO M3 BCSIKOTO 3aMKHYTOT'O MapIIpyTa HEYETHOW JUTMHBI MOXHO BBIICIHTH
IPOCTYIO LIETb.

10. ITokazate, uTo pebpo, BXojsilee B LUK rpada, BXOAUT B HEKOTOPHIA €ro MpoCTOM
ITUKJT.

na camocmosamenvhoti pabomoi

1. 3agan rpad G (puc. 13a). HaliTu myTh ¢ MUHUMAIBHBIM YHUCIIOM pebep U3 BepIIuHbI v1 B
BepmuHy V7 rpada G.

2. Ins rpada G (puc. 136) 3anmucath MaTpuily CMEKHOCTA W HAWTH MyTh ¢ MUHUMAJIB#HBIM
YUCJIOM pedep 13 BepImnHbI v1 B BepImInHy V8.



3. s rpada G (puc. 136) 3anucarh MaTpUIly HHITUIEHTHOCTH.

4. st oprpada D (puc. 136) 3amucaTh MaTpuIily CMEKHOCTH U HAUTH MyTh C MUHUMAJIbHBIM
4KCIIOM pedep U3 BEpLIUHBI V] B BEpLUIMHY V6.

5. [lokazatk, 4To Mr00ast BEPIINHA, BXOASINAS B IIUKI, HE SBIISICTCS BUCSUCH.

6. JlokazaTh, 4TO eciu B oprpade OTCYTCTBYIOT BEPIIUHEI C HYJIEBOW MOIYCTEIIEHBIO HCX0/1a
(3axopma), To B oprpade UMeeTcst MPOCTONU KOHTYP.

7. Jloka3atb, uto ynaneHue u3 oprpada Bepmuasl v ¢ d+(v) < 1 (d-(v) < 1) npuBoguT K
oprpady, KOHTYpbl KOTOPOT'O COBMA/Ial0T ¢ KOHTYPaMH UCXOTHOTO oprpada.

8. [IpuBecTtu onpeaeneHre NpoCcTon LEemnH:

a) 1eNb, B KOTOPOH BEPIIUHBI U peOpa MOBTOPSIOTCS;

0) depemoBaHUE BEPIIUH U pedep;

B) IICTIb, B KOTOPOU BCE BEPIIMHEI MOMAPHO PA3IAYHBIL.

9. B yem 3akitogyaercs NOHITHE CMEXHOCTHU?

a) CEXHBIMU SBJISIOTCS BEPIIUHBI, MHIIUACHTHBIE OJTHOMY pebpy;

0) CMEXHBIMH SABJISIOTCS JIBa pedpa, HE UMEIOIIHME OOIIMX BEPIINH;

B) CMEXHBIMHU SBIISIOTCS BEPIIMHBI, COETMHEHHbBIE HEKOTOPHIM MapIIPyTOM.

10. 3apgannceBnorpadG. Llens B G Ha3bIBaeTCS SMIEPOBOIL, €CIH. ..

a) OHa MPOXOJUT IO OJHOMY pa3y depe3 KaxkIylo TOUKY mceBaorpada;

0) OHa MPOXOIMT IO OJTHOMY pa3y 4epe3 Kaxjaoe pedpo rncesaorpada;

B) OHA MPOXOJUT MO OJHOMY pa3y uepe3 BEepUIUHBI U pedpa.

KoHTpoJibHbIE BOPOCHI:

B ueM cocToUT anropuT™M NOMCKA MyTel ¢ MUHUMAaJIbHBIM YUCIOM JIyT?
Kaxoi1 1iuki Ha3bIBaeTCs SUIEpOBBIM?

KakoB kputepwii cymiecTBoOBaHUS diiiepoBa IuKIa B rpade?

KakoB kputepwii cymiecTBOBaHHS diNepoBoil 1ienu B rpade?

AR e

Jatb onpeneneHne CIeayoMMnX TOHITHI:
— MapuIpyT B rpade (IpUBECTH NMPUMED);

— 1IeTb U IIpocTas 1enb B rpade;

— IIUKJ ¥ IPOCTON LUK B Tpade;

— DUJIEPOBOM LIETIb;

— MaTpHULla CMEXHOCTH rpada;

— CTeNeHb BEPILUHBI Tpada

IIpaxTuyeckast padora Ne 10

Tema: Onpenenenue 1enei ¥ NUKIOB B OPUEHTUPOBAHHBIX Ipadax

Heab: HAYyYUTHh CTYIEHTOB ONPEACTICHHIO MapIIPYTOB, IeNed ¥ I[HKIOB B
OpPUEHTHPOBAaHHBIX rpadax

Teopernyeckas 4acrThb:

Ecnu snementsl MHOkecTBa EE rpada G=(V,E)G=(V,E) — ynopsno4yennsle napsl, To rpad
Ha3bIBACTCS] OPUEHTHPOBAHHBLIM Wi oprpagomM. MoOXHO cKa3aTh, 4TO opepag) — 3TO rpad,
pedpaM KOTOPOTO MPUCBOEHO HAIpaBJICHHUE.

Pebpo ee rpadpa GG HaA3BIBAIOT OPUEHTHPOBAHHBIM, €CJIH OJHY BEPIIUHY CUMTAIOT HAYaJIOM
pebpa, a Apyryro — KOHIIOM, Ha PUCYHKE €ro M300pa)aroT CTPEJIKOW MEXIy BepIIMHAMH. THKUM
obpazom, rpad, Bce pedpa KOTOPOTO OPUEHTUPOBAHBI, SBJISICTCSI OPUEHTHPOBAHHBIM TpadoMm.



Opna u Ta xe BepinHa oprpada MOXKeT CIYKUTh HadalloM JIJIsl OTHUX pedep U KOHLIOM st
JIpYTHUX, IO3TOMY pa3jn4aroT JIBE€ CTEIIEHU BEPIIMHBI: CTENEHb BbIXOJa U CTENIEHb BXOAA.

CreneHbl0 BbIX0/1a BEPIIUHBI Oprpada Ha3bIBACTCS YUCIIO BHIXOAAIINX M3 BEpPIIUHBI pedep.

CreneHbl0 BX0/1a BEpUIMHBI oprpada Ha3bIBACTCA YHCIIO BXOASIIUX B BEPLIMHY pedep.

B oprpadax B 3aBUCHMOCTH OT COYETaHHs CTENICHEW BX0/a U BBIX0/1a JIJIsl JTaHHOW BEPIUIMHBI
paccMaTpUBaIOTCS TPU CiIydasi:

. BEpIIMHA HA3bIBACTCSI M30JMPOBAHHOM, €CIM €€ CTeNEeHM BhIXOJa U BXOJa
paBHbI 0;
. BEpIIMHA HAa3bIBAETCS MCTOYHMKOM, €CIU €€ CTeneHb Bxoja paBHa 0, a

CTeleHs BeIxoaa 0omblie 0;

. BEpIIIMHA HA3bIBACTCS CTOKOM, €CJIM €€ CTEICHb BbIxoja paBHa 0, a CTEICHb

Bxoja 6obiie 0.

ITytem B oprpade Ha3pIBaeTCs MapIIpyT O€3 MOBTOPSIIOIIUXCS pedep, MPOCcToil myTh — 6e3
MOBTOPSIIOLIMXCSl BEPIIMH. 3aMKHYTBIM MyTh B oprpade Ha3bIBaeTCs OPUCHTUPOBAHHBIM IUKIOM
WA KOHTYPOM.

JITMHOM TTyTH HA3bIBACTCS YHCIIO peOep B 3TOM MTyTH.

IMosHBbIM opHueHTHPOBAaHHBIM rpadgoM Has3biBaeTcs oprpad, Kakaas Iapa BepIIHH
KOTOPOI'0 COCIMHEHA B TOYHOCTH OJHHUM OPHUEHTHPOBAHHBIM peOpom. OueBHAHO, YTO, €CIU C
KaXoro pebpa mosHOro oprpada CHATh HaMpaBiICHHE, TO IMOJYYHUTCS HEOPUECHTHPOBAHHBIN
TIOJTHBIN Tpad.

IMeraeii Ha3wiBacTCs peOpo, y KOTOPOro HayalbHas M KOHEYHAs BEPIIMHBI COBIIAIAIOT.
[TeTist OOBIYHO CUMTACTCS HEOPHEHTUPOBAHHOM.

IIpaxTnyeckas padora Ne 11
Tema: Omnpenenenre MapuIpyToB B OpUEHTUPOBAHHBIX Tpadax
Ienb: HayyuTb CTYIEHTOB ONPENCICHUIO MapuIpyTOB, IeNed M LUKIOB B
OpPUEHTUPOBAHHBIX Tpadax
IIpakTH4Yeckoe 3a1aHue
[Toctpoiite HanpaBieHHbIN Ipad (CBSA3aHHBIA ITyraMu) W MaTpUILy CMEXKHOCTU JUISl ATOTO
rpada c uHpopMmaImeil o poACTBEHHUKAX, COJeprKallleiics B TabuLe.

Nwms Henymka | Orenn CoiHOBbs | Bpaths Hann [nemsinauky | BHykun
MY>KUUHBI
Jles AHJpen, Anexced,
ITerp Muxawun,
Omner
AHnnpen JleB Anexkceir |Ilerp Muxamnmn,
Omner
Iletp Jles Muxaun, |Aszpei Anexcen
Oner
Anexceit |Jle AHppeit ITetp
Muxann JleB [Tetp Oger Anppeit
Omner JleB [etp Muxaun | Aaapeit

26
KoHTpoJsbHbBIE BONIPOCHI:



1. Ja#ite onpenenenue rpada (onpenenacHue, mpuMep, WUTFOCTPUPYEMBIA PUCYHKOM ).
2. Yto Takoe uzomopdHusie rpadpl, OpHEHTUPOBAHHBIE Tpadbi?

3. JlaiiTe ompenenenue moToka B rpadax.

4. ChopmynupyiiTe IpUHIUI COXPAHEHHS MOTOKA.

5. IlpuBeauTe mpuMepsl CUCTEM, UMEIOIINX HEPAPXUUECKYIO CTPYKTYPY.

IpakTuuyeckas padora Ne 12
Tema: Omnpenenenue 1eneil 1 LUKIOB B OPUEHTUPOBAHHBIX Tpadax.
Heab: Hay4YuTh CTYAEHTOB ONPEICIICHUIO MApLIPYTOB, LENEH M IUKIOB B OPUEHTHUPOBAHHBIX
rpagax
IIpakTHyeckoe 3a1aHue

[Tpumep 1 (reneonornyeckoe nepeBo). Ha pucynke nokasano 6u0ieiickoe reHeonornueckoe
JIepeBo.

Madgveamn

Enox

Apens Kann

Cud

Anam

1. lokaxxute, uto rpad sSBISETCA JEPEBOM TOTA M TOJIBKO TOTJa, KOT/1a JTr00ast mapa pa3IndHbIX
BEPILIMH COCIMHEHA EIMHCTBEHHOM LIETIBIO.

2. Jlokaxkute, uTo rpad sBIseTCS AEPEBOM TOTIa U TOJIBKO TOT/Ia, KOTJa OH CBSI3€H, HO MOCTe
yaajieHust 11000ro pedpa CTaHOBUTCS HECBSI3HBIM.

2.3 JlokaxkuTe, 4TO KOJIMYECTBO pEOEp epeBa Ha €MHUILY MEHbIIIE KOJMYECTBAa BEPIINH
Ilpumep 2(2pag omnowenus oenumocmu). Iloctpoum rpad, nzodpaxaroriee OTHOILICHUE

JeTMMOCTH Ha MHOXKecTBe {1,2,3,4,5,6,7,8,9,10}. Ilpuanmn Takoii: €ciiv OT OJHOTO YHCIIA JI0
JIPYroro ecTh 1enb, BEAyIlas BBEPX, TOTJa BTOPOE YHUCIIO ACIUTCS HA MEPBOE.
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