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MeTtoauueckue ykasaHus Ul MpakTHYecKuX 3aHATHH no aucuuiuinee OI1.02 luckperHas
MaTeMaTHKa cocTaBiieHbl B cooTBeTcTBUHM ¢ TpeboBaHusamu PI'OC CIIO. Ilpennaznadens! Juist
CTYIEHTOB, o0ydatomuxcs 1o crenuaabHocTh 09.02.01 KoMmmbroTepHbIE CUCTEMBI U KOMIUICKCHI.



IlosicHUTENBbHAA 3aNICKA
JlaHHbIE METOJMYECKHE YKa3aHWs TMpEeJHA3HAYCHBI I 3aKPEeIUICHUS TEOPETUUYECKUX
3HAaHUW W TPHOOPETEHUST HEOOXOMMMBIX NPAKTHUYECKUX HABBHIKOB M YMEHHHA IO Tporpamme
nucuuruabel "JluckpetHas matematuka' mua cnenuansHocTH CIIO  09.02.01KommbroTepHbie
CHCTEMBI U KOMILICKCHI
[IpakTuueckue 3aHIATHS COCTaBICHBI B COOTBETCTBUU C TpeboBanusiMu DenepaibHOTO
rocyJapCTBEHHOTO 00pa30BaTeILHOTO CTaHAapTa
B pesynbpTaTe ocBoeHHS y4eOHOW TUCIUIUTMHBI O0YYArOIINICS JOIKCH YMeTh:
e CrpouTh M aHAJIU3UPOBATH TUCKPETHBIE MOJIEIIN;
® AHAJIW3WPOBATH JIOTUKY BHICKAa3bIBAaHUHN M YTBEPKICHUI;
® [PUMEHATh MaTEMAaTUYECKUM anmapar Juisi IOCTPOCHUS U aHAJIW3a aJITOPUTMOB;
B pesynbpTaTe ocBoeHHS Yy4eOHOM TUCIUILTMHBI O0YYarOIIHICS T0HKEH 3HATh:
e  (OCHOBBI TEOPUH MHOKECTB;
®  OCHOBBI MATEMaTHYECKOM JIOTHKH;
® OCHOBBI KOMOMHATOPUKH U KOMOMHATOPHOTO aHAIIN3a;

® OCHOBBI TEOpPUHU TPA(OB U UX IPUMEHEHHE.



IIpakTyeckas padora Ne 1
Tema: Jlornueckue omepanuu. PopMynbl JOTHKH. Talnuma WCTUHHOCTH. [[M3BIOHKTHBHAS M

KOHBIOHKTHBHAS HOpMaJbHbIE ()OPMBI.
Heapb padoThi: 00001IeHIE, CHUCTEMATH3AIMS, YITTyOJIeHHe, 3aKpeIeHUe MOTYyYeHHbIX 3HAHUM.

Jlormueckue onepanuu ¥ TaOIUIIBI HCTUHHOCTH

1) Jlornueckoe yMHOKEHHE UITH KOHBIOHKITHS

KOHBIOHKIINSA - 3TO CIIOKHOE JIOTHYECKOE BBIpAKEHNE, KOTOPOE CYUTAETCS HCTUHHBIM B TOM U
TOJIBKO TOM CJIy4dae, Koraa 0621 IMPOCTBIX BBIPAKCHUA ABJIAOTCA HCTUHHBIMHU, BO BCEX OCTAJIBHBIX
CIIy4asiX JaHHOE CJI0’KEHHOE BBIPAKEHHUE JIOXKHO.

O6o3Hauenue: F = A & B.

Ta6J11/1ua HUCTUHHOCTH AJII KOHBIOHKIINN

A
1
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0
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2) Jlornueckoe cj10:KeHHe WM N3 bIOHKINS:

JIM3BIOHKIHS - 3TO CJIOXKHOE JIOTUYECKOE BBIPAKEHUE, KOTOPOE MCTUHHO, €CIU XOTs ObI OJTHO W3
MPOCTBIX JIOTUYCCKHUX BI:Ipa)KeHI/Iﬁ HCTUHHO H JIOXKHO TOrga M TOJIBKO TOorjga, Koraa 063. IMPOCTBIX
JIOTUYCCKUX BBIpa)KeHbH JIO’KHBI.
Ob6o3nauenue: F = A v B.

Ta6JII/IL[a HUCTUHHOCTHU MJIA JU3BIOHKIINN
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3) Jlornueckoe OTpUIIAHHME WV UHBEPCHS:

NuBepcusa - 3TO CIIOKHOE JIOTMYECKOE BBIPAKEHHUE, €CIM HCXOJHOE JIOTHYECKOE BBIPAKECHUE
UCTUHHO, TO PE3yJbTaT OTPHIIAHUA OyJeT JIOXKHBIM, M HA00OPOT, €CIIM UCXOAHOE JIOTHYECKOE
BBIPQXEHUE JIOXKHO, TO PE3yNbTAaT OTPHIIAHUA OyJeT UCTHHHBIM. JIpyrMMH TpPOCTBIMHU CIIOBA,
JaHHas omepalus 03Ha4aeT, YTO K MCXOJHOMY JIOTHYECKOMY BBIPKEHHUIO J0OABISIETCS YacTUIA
HE unu cmopa HEBEPHO, UTO.

Ob6o3nauenue: F = 7A.

Tabnuia HICTUHHOCTH ISl HHBEPCUU




4) Jloruyeckoe cjie0BaHNe WX UMILIUKAIIUASA

WMnuiukaims - 3To CI0XKHOE JOTHYeCKOoe BhIpa)KeHHe, KOTOPOE HCTUHHO BO BCEX CIyyasX, KpoMe
KaK M3 MCTUHBI CIEAyeT JIOXKb. 10 ecTh JaHHas JOrMYecKasl omepainus CBS3bIBAET JBa MPOCTHIX
JIOTUYECKUX BBIPAXKEHHUS, U3 KOTOPBIX NEpBoe siBisgeTcs ycinoBueM (A), a Bropoe (B) sBnsercs
CJIEJICTBUEM.

«A — By uctuaHO, eciy U3 A MOKET cJieIoBaTh B.

Ob6o3nauenue: F = A — B.

Tabnua UICTUHHOCTH ISl UMIUIHKALIAN
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5) Jlornyeckasi paBHO3HAYHOCTDH MJIM IKBHUBAJIEHTHOCTD:

OKBUBAJIIEHTHOCTH - OTO CJIOKHOE JIOTHYECKOE BBIPAXXCHUEC, KOTOPOC ABJIACTCA UICTUHHBIM TOrga u
TOJILKO TOT/a, KOr/1a 00a MPOCTHIX JIOTUYECKUX BBIPAKEHUS UMEIOT OJJUHAKOBYIO HCTUHHOCTb.
«A <> B» UCTHHHO TOT/1a ¥ TOJIBKO TOrJa, Korna A u B paBHBL.

Ob6o3nauenue: F = A < B.

Ta6m/1ua HUCTHUHHOCTH JIs1 DKBUBAJICHTHOCTH

A
1
1
0
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6) Onepanus XOR (Mck/II04aIOIIMe WIHN)

«A @ B» uctunHO TOr1a, KOTr/1a HICTUHHO A MiaH B, HO He 06a 0JTHOBPEMEHHO.
OTy onepanuio TakKe Ha3bIBaIOT "CI0KEHHUE 110 MOTYJIIO JBa".

O6o3nauenue: F = A @ B.

A B F

1 0
1 0 1
0 1 1
0 0 0

HOpHIIOK BbIITOJTHCHHUSA JJIOI'HMYECKUX onepaum“a B CJIO’KHOM JIOT'HY€CKOM BBIPA'KCHUHA

1. MuBepcus;
2. KoHboHKIMS; 5

3. JIu3BIOHKIINS;



4. UMmaukamus;

5. DKBUBAJIEHTHOCTb.

IIpakTH4eckas padora Ne 2

Tema: 3akoHbI Toruky. PaBHOCHIIBHBIE TPEOOPA3OBAHUS

Hesan padoTsl: 00001IeHIE, CHCTEMAaTU3aLus, YIIyOJieHHe, 3aKpeIyIeHHe MOTy4YeHHBIX 3HaHUH 110

TEMEC 3aKOHBI JIOTHKH.
3HaKu aJII‘CprI JIOTUKHM HAMCPCHHO 3aMCHCHEBI Ha CJIOKCHHUEC U YMHOXKCHHUC.

2) A>B = (AN ~B)&(—A \ B)

Ne Hna WA, V Hna U, & [Tpumeuanue
1 AVO0=4 A& 1=4 Huuero He MeHsI€TCS IPU IECTBHH,
KOHCTAHTHI YJAJIIOTCS
2 AV1=1 A&0=0 VY 1ansroTcs epeMeHHbIe, TaK Kak MX
OIICHUBAHUE HE UMEET CMBICIIA
3 AVB=BVA AB =BA [lepemecTUTETBHBIN
(KOMMYTaTUBHOCTH)
4 AV —A4=1 OnuH u3 oneparopoB Beceraa 1
(3aKOH HUCKITFOUEHHS TPETHETO)
5 A&—A4=0 Opnun 13 oneparopos Beeraa 0
(3aKOH HETIPOTHUBOPEYUS)
6 AVA=A4 A& A=A WNnemnorentHocTH (NB!
BmecTo 4 MOXKHO MOACTaBUTh
COCTaBHOE BBIpakeHue!)
7 ——4 =4 /[BOMHOE OTpULIAHUE
8|AVB)VC=4AVBVC)| ANBYANC=ANBNC) |AcconmaTuBHbIN
914V B)&C=(A&C)N(B&C)|(A&B)V C= (A V C)&(B V CO)|luctpulOyTHBHBII
10| (AVB)&(—AV B)=B (A4&B)V (—A&B) =B CxiienBaHus
11 —(4V B)=—4 & B —(4&B)=—4\ —B [IpaBuno ne Moprana
12 AV (A&C)=4 A&ANV C)=A4 [Tormomienne
13 A—B=—-4A\V BuA—B=—-B—4 CusiTue (3aMeHa) UMIUTUKALIUH
14 1) A»>B=(4&B)\ (—A&—B) CusiTue (3aMeHa) YKBUBAJICHTHOCTHU

3amena onepaunﬁ HUMINVITMKAIIUHU 1 JKBUBAJICHTHOCTH

OHepaHI/If/i HMIUIMKAlIUU U 9KBUBAJICHTHOCTHU MHOT'Ja HET CPCAU JIOTHICCKUX onepaum”l
KOHKPCETHOI'O KOMIIBIOTCPA WK TPAHCIIATOPA € A3bIKa IIPOrpaMMHPOBAHUS. O,Z[HaKO JJI pCIICHUA
MHOT'UX 3aJa4 3TU OIICpalnn HGO6XOIII/IMI>I. CYHICCTBYIOT ImpaBHJia 3aMCHBI JaHHBIX onepaunﬁ Ha
nocCJIICA0BAaTCIbHOCTH onepaum“l OTpHULlaHHA, IN3bIOHKIWHA U KOHBIOHKIIUHA.

TaK, 3aMCHHUTDL OIICpAlUI0 UMINIMKAIIUKU MOXHO B COOTBECTCTBHU CO CICAYIOIIHUM ITPABUIIOM:

A— B="AVB

Jlnst 3aMeHbl onepanuyy 3KBUBAJIEHTHOCTH CYILECTBYET JBa MIPAaBUIIA:




AS©B=(A&B)v(A&B)
A®B=(AvB)&(AvE)

B cnpaBeanuBocTy 1aHHBIX (HOPMYJI JIETKO YOS AUTHCS, TOCTPOUB TaOJINIbl UCTUHHOCTH JUISI
NPaBOii U JIEBOH yacTeit 000MX TOKIECTB.

IMpakTnyeckas padora Ne 3
Tema: [TocTpoeHue TabauIl MCTUHHOCTH JIOTHYECKUX (DYHKITHIA.
Heas padoTsi: 00001IeHNE, CUCTEMATH3AIMA, YIIyOleHue, 3aKkperieHHe MOTyYeHHBIX 3HaHUH 110
Teme YmpolueHue GopMyIt JIOTUKH.
Bapmnanr 1

1. CocraButh TaOIUILY UCTUHHOCTH JIOTUYECKOTO BBIPAKEHUS
(A&B)“(—B ——4)XOR A4

2. TlocTpouTs oruyeckyio cxemy byukmun (A B A(TB v —4d)

3. Ypoctuts nornueckoe soipaxenne |+ &B) V(A& ~B)v(A&B)

4. OnpenenuTthb, SBISAIOTCS JIM JBa BbICKa3bIBaHUS SKBUBaJICHTHBIMH A & “(—"B v C)u A &
B & —C

5. OnpenenuTs UICTUHHOCTD WM JIOKHOCTh BbICKa3bIBaHUM (—(X<5) v (X<3)) & ((X<2) v
(X<1)) mpu X=1

Bapmuanr 2

1. CocraBuTh TaOIUILy UCTUHHOCTH JIOTHYECKOTO BBIPa)KEHUS
(~B&A)—{4d——B)XORB

2. TocTpouTs Joruueckyio cxemy gyukuun (4 & B)V (A v B) n—A)

3. Ypoctuts noruueckoe Bopaxerne (A VB &A ) A(—Adv—B)

4. OnpenenuTsp, SBJISIOTCS JIH JIBa BHICKAa3bIBaHUS dKBUBaJIEHTHBIME —(—A&BVA& (Bv —(C))
n ~B& (—AvC)

5. OnpenenuTs UCTUHHOCTD WM JIOKHOCTh BbICKa3biBaHUM (—(X<5) v (X<3)) & ((X<2) v
(X<1) mpu X=3

Bapuant 3

1. CocrtaBuTh TabIUILy UCTUHHOCTHU JIOTHYECKOTO BBIP)KEHUS
—(BwAd) = (—4—B)XOR 4

2. [locTpouts JOrUUECKyI0 cxemy (QyHKIIUU (TA&—B)v(TA&B)
3. Vipoctuts noruueckoe oipaskenne ( AV B Ald V=B A(B v A)

4. OnpenenuTs, SIBISIOTCS JIM JABa BbICKa3bIBaHMs dKBUBaJIEHTHBIMU —Cv ~Bv —(Av —C) u
—A&Bv ~C&B

5. OmnpenenuTb UCTUHHOCTb WJIM JIOKHOCTh BbICKa3zbiBaHUN X>1 & (—(X<5) v (X<3)) npu
X=2

Bapuanr 4

1. CocTtaBuTh TabIUILy UCTUHHOCTH JIOTUYECKOTO BBIPKEHUS
(—4——B)<*(B&A)XOR B

2. TlocTpouTs Joruueckyio cxemy dyaxuun AV B) A(—B v A))

3. VipocTuTs Jorudeckoe Boipaxenne AV B) A(TB v A))v(d v B)



4. Onpenenuth, SBISAIOTCS JIM JIBa BBICKA3bIBAHUS 3KBUBaJIEHTHbIMU (A v 7B) v "B&C u
—A& (BVC)

5. Onpenenuts UCTUHHHOCTH WM JIOKHOCTH BhICKa3bIBaHUN —((X>2) v (X<2)) v (X>4) npu
X=1

Bapuanr S

1. CocTaBuTh Ta0JIUILy HWCTUHHOCTHU JIOTUYECKOTO BBIPKEHUS
(A&B)<(—A&B)XOR B

2. IlocTpOUTH JIOTHYECKYIO CXEMY (YHKIIUH “(A&B)v(=(EBv4i)

3. YIpocTHuTh Jornueckoe Bopaxerne AV BVT(TBVA)VA &B
4. OnpenenuTb, SBISIFOTCS JIH JBa BRICKA3bIBAHUS SKBUBAJICHTHBIMH
5. OmpenenuTh UCTUHHOCTh WITU JIOKHOCTH BbICKaszbiBaHUN X>1 & (—(X<5) v (X<3)) mpu

IIpakTH4eckas padora Ne 4
Tema: MuHMH3aLMs JTIOTHYECKUX (QYHKIUH 110 3aKOHAM anreOpbl JTOTHKH.
Heas padorbl 0000IIEHHE, cHUCTeMaTU3alus, YIIyOJeHue, 3aKpelyieHHe IOJIyYeHHbIX

3HAHUM 10 TeMe YnpolueHue GopMyJ1 JIOTHKH.

TeopeTnueckne ocHOBBI: Bompocel s akTyanu3anuu OMOPHBIX 3HaHW: UTO Takoe
paBHOCHIIbHBIE BbIpakeHHsI? Ilepeunciants PaBHOCHMIIBHOCTH, BBIpAXKAIOIIUE OJHU JIOTHYECKUE
onepauuu uepe3 apyrue. 3. YcrHo Ilycte a = “ato yTpo sicHoe”, a b = “310 yTpo Temioe”.
Bripazure crnemyromue GopMmynbl Ha 0ObI9HOM si3bike: OTBET: a) “ITO yTpoO siCHOE W TEMI0e”; XK)
“3TO YTpO HE SICHOE WK He TEmoe”; 6) “39To yTpo sICHOE M OHO He TEI0E”; 3) “9TO yTpO HE SICHOE
1 He TEmIoe”; B) “3TO yTPO HE SICHOE M OHO HE TEIIO0E”; M) “3TO YTPO SICHOE WK HEe TEIMIoe”; T)
“3TO yTpO HE SICHOE WJIH OHO TEIIOE”; K) “eCi 3TO TPO SICHOE, TO OHO He TEIIoe”; 1) “3T0 yTpo
SICHOE WJIM OHO He TEIIoe”; JI) “eciu 3TO YTPO HE SACHOEe, TO OHO TEII0e”; €) “39TO yTPO HE SICHOE
WM OHO He TEmIoe”; M) “3T0 yTpo sicHoe U He Témioe”. 4. [IpoiTh KOMIUIEKC TECTOBBIX 3aJaHUi
npesentanus [IpoBepounasd.ppt 3amanus s TPAKTUYECKOTO 3aHATHS M WHCTPYKTAX IO MX
BBITIOJTHEHHIO 3aIlicaTh TEOPETUUECKUE CBEACHMS B TeTpaib. Pa3o0parh MaTepuan npe3eHTaluu 1o
JaHHOM Teme VYmporieHue.ppt. PazoOpars mnpumepbl. BBIMOTHUTE NHUCEMEHHO NPAKTUYECKUE
3alaHus 10 JaHHOW Teme. Teopernueckue cBeneHHs JUIg yNpOIIEHUS JOTUYECKHX BBIPAXKECHUHN
UCIIOJIB3YIOT 3aKOHBI alreOphl Toruku. OHU QOPMYIHPYIOTCS ISl 6a30BBIX JJOTUYECKUX OIepariuii
— "HE", "U" u "UJIN". Wcnonb3ys 3aKOHBI JOTHKH, (HOPMYJIbl CKJICHUBAHUS U IMOIJIOLIECHUS U
CBOMCTBA JIOTMYECKUX OIEpaluii, MOXHO CJIOXKHYIO JIOTHUECKYI0 (YHKIMIO 3aMeHUThH OoJjee
MPOCTOM, HO PAaBHOCUIILHOM el (yHKIHEH. ITOT MPoIecC Ha3hIBACTCI MUHUMM3AIMEH (PYHKITUU.
Munummzaiusi HeoOXoauma AJii TOTO, 4TOObI (YHKIIMOHAJIbHBIE CXEMbl HE OBLIM CIHIIKOM
TPOMO3JIKMMH 1 HE UCIIOJIb30BAJU JIMIITHUX 3JIEMEHTOB. UeM MeHbIle B GyHKIUH, TOTy4aeMOn MpH
MUHUMH3ALWY, BXOJHBIX TEPEMEHHBIX W HCIHOJB3YEMBIX JIOTHUECKHUX OIepaluii, TeM IMpoIe
JIOTUYECKasi CXeMa, MEHbIIE B HEW JIOTMYECKUX 3JEMEHTOB. MUHUMU3alKMsi HEOOXoAuMa U MpHU
COCTABJICHUH CJIOXHBIX JIOTHYECKUX BBIpaXeHUH B mporpammax. [lpumep 1. Ynpoctuts dhopmyiy
(A+B)-(A+C) Pemenue. C+B-A+B-C-A+A-A=a) Packpoem ckobku (A+B)-(A+C) ,
cnenoBarenbHo,A=0)I1o 3akony ummemnorentHocTH A-A C+B-A+B-C-A+A=C+B-A+B-C-A+A-A
B) B BroickaseiBanusix A u A-C BblHeceM 3a CKOOKM A W HCHOJB3Yysl CBOMCTBO
C-B+A-B+A=C-B+A-B+)C+1(-A=C-B+A-B+C:1, nomyunm A+A=A+1 AHaJIOTHYHO NYHKTY B)
BbIHECEM 3a cKOOKHU BbickaszbiBaHue A.)r C-B+A=CB+)B+1(A=C-B+A-B+A Takum o0pa3zom, Mbl
JIOKa3aJId 3aKOH TUCTPUOYTUBHOCTH (pacmpenenuTenbHblii). [IpeoOpazoBanus “nornomeHIzée” u
“ckieuBaHue” - nornomenneA=)B+1(A=B-A+A.Pemenne. B-A+IIpumep 2. VYmnpocTuth



BeipakeHHe A -A=)+B(A=-A+B-A Pemenune. -A+B-Allpumep 3. YnOpocTuTh BBIpaKECHHE
ckienBanue Beskyro (opMynyMokHO IpeoOpa3oBaTh Tak, YTO B HEl He OyAeT OTpULIAHHHA
CIIO)KHBIX BBICKA3bIBAaHMH - BCE OTpULAHMS OYyAyT HPUMEHATHCA TOJNBKO K IPOCTHIM
BbIckasbiBaHUAM. [Ipumep 4. IIpeobpazoBath (popmyiy Tak, 4ToObl HE OBLIO OTPUIIAHUNA CIIOKHBIX
BbIcKa3biBaHuil. Pemenune. 1. Bocmonb3yemcs ¢opmynoii ne Moprana, nomyuum: 2. Jlns
BBIpOKEHUSI NPUMEHHM emie pa3 ¢opmyny ne Moprana, noaydum: JIioOyo dopMyiny MOXHO
TOKJECTBEHHO IpeoOpa3oBaTh TaK, YTO B HEW He OyAyT HCIOJIb30BaHBI: - 3HAKH JIOTUYECKOTO
CIIO)KEHHUS; - 3HAKM JIOTUYECKOTO YMHOMKEHHUS, a OyAyT HCIOJIb30BaHbI: - 3HAKU OTPULIAHUS U
JIOTUYECKOTO0 YMHOXEHMSI - 3HAaKM OTpULAHMS M Jorudeckoro cioxenusd. Ilpumep 5.
[IpeobpaszoBate Gopmyiry Tak, 4TOOBI B HEeil HE MCIOIB30BAIHMCH 3HAKU JIOTHYECKOTO CIIOKEHHS.
Pemenne. Bocrnonp3yemcsi 3aKOHOM JBOWHOTO OTpHIAHMs, a 3aTeM Qopmynoi ne MopraHa.
[Tpumep 6. [IpeoGpaszoBarb (opMyily Tak, 4TOObI B HEl HE MCIIOJIb30BAJIUCH 3HAKU JIOTUYECKOTO
yMHOXKeHus1. Pemenne. Mcrionb3ys ¢popmyisl 1e MopraHa v 3aKOH IBOHOTO OTPULIAHHS TTOJTyYUM:
3aMeHa HPKBUBAJICHIIMM U UMIUIMKAIMK HA KOHBIOHKIIUIO, TU3BIOHKINIO U oTpunanue. Jlo cux nop

3

Mbl 3aHUMAJINCh PAaBHOCWIBHBIMH TMpeoOpa3zoBaHusiMu ¢opmyn, He . Ceiuac MOKaxeM,<> U
“—coaeprKalux 3HAKOB MMIUIMKAIMU U SKBUBAJICHIIMHU “ , MOXKHO 3aMEHUTh PAaBHOCUJIBHOU €il<>
WIH —4YTO BCAKYI0 (HOpMyITy, coiepamiyro (GopMyJIoi, He coiepi alield 3THX 3HAKOB. MMeroT
MecTo cieayromue paBHOCHIbHOCTH: Yv=Y—X (1) =Y—>X (2) Jlokaxkem paBHOCHIBHOCTH (1) €
moMoIe0 Tadmumesl uctuHHocTH: X Y Y->X Yv 001 1101111100001 1101
DOKBUBAJICHIIUS BBIpAXKAETCS Yepe3 KOHBIOHKINIO M UMILTHKAINI0) X— Y (1) Y>X (=Y X)3( U3 (3)
u (1) momygaem Y-Xv-=Y-XvX -v: Yv=)XVv()YV(EYX (4) Ota paBHOCUIBLHOCTH BBIpaXKaeT
SKBUBAJICHIIMIO Yepe3 KOHBIOHKLNIO, TU3BIOHKINIO U oTpuuanue. M3 paBHocmibHOCTEH (3) U (2)
MOJly4aeM PaBHOCWIBHOCTH , (5)A= Y<>X BbIpakaromasi 5KBUBAJICHIMIO Yepe3 KOHBIOHKIHIO U
orpuuanue. BeiBoa: B anrebpe j10ruku BCAKYHO JIOTHYECKYHO (DYHKIIMIO MOXKHO BBIPA3UTh yepes
JIpyrue joruueckue GyHKIUU, HO UX JOJDKHO OBbITh, IO MEHBIIEH Mepe, 2 Oonepaiuu, Ipu 3TOM
OJTHOHM M3 HUX 0053aTeIbHO TOJIKHO OBITh OTpPHUIIAHUE.

IIpumep 1. Yopoctuts popmyny (A v B) & (A v C).

Ipumep 2. YIPOCTHTH BHIPAKEHHUS AB+B, BC+C, AC+BC 1y wroon s

MOJIYYCHHBIX (bOpMYJ'IaX HC COACPIKAIOCH OTPULIAHUA CIIOKHBIX BBICKa3bIBaHUH.
KOHTpOJILHbIe BOIIPOCHI:

1. Yro 3HaunT (hopMaIN30BaTh BHICKa3bIBaHUE?
2. Cxonpko Oyner CTpok B TaOnMIle MCTHMHHOCTH, €CIM B BBICKAa3bIBaHHE 2 MepeMeHHbIX? 3
MEePEMEHHBIX?
3. Jlatb ompejenieHre UMILTUKAIUU. YTO Takoe SKBUBAJIEHTHOCTH?
4. OmnpeaenuTe THUI BBICKA3bIBAHUS W BHUJ JIOTMYECKOW OINEpalii € COOTBETCTBYIOIICH
JIOTUYECKOM CBSI3KOM:
a) Bceskuil mpsAMOYrolbHUK HUMEET NpsSMble YTIbl U MNapajijielibHble MPOTHUBOIMOIOXKHBIE
CTOPOHBI;
0) TpeyroibHUKH ¢ paBHBIMUA CTOPOHAMHU HE SIBJISIFOTCS] paBHOOEIPEHHBIMU;
B) Ha ciemyromem ypoke OyaeT 1m0 ucTopus, MO0 XUMHS;
r) 3aBTpa 5 MOWIY B IIKOITY U OMOJINOTEKY;
1) JIu6o on 3ab60:en, 1160 3a0bUT 0 HAIIEH TOTOBOPEHHOCTH,
€) YTpoM MbI OOBIYHO XOAUM Ha JIBDKAX MM KaTaeMcsl Ha KOHbKaXx.



IIpakTnueckas padora Ne 5

Tema: BrinonHeHre OMHAPHBIX anreOpandecKux ornepannid Hal MHOKECTBAMHU.

ean padoThl: U3yuyeHHE OCHOBHBIX (DOPM MpEeACTaBICHUS OMHAPHOTO OTHOIICHHUS, aHAIIU3
CBOMCTB OMHAPHBIX OTHOIICHUH, BBHITIOHEHUE ONIepaliii HaJl OMHAPHBIMH OTHOILICHHSIMH.
Teopernueckoe 060cHOBaHUE

Kopresk — »3T0 ynopsaodeHHas MOCIEAOBATEIbHOCTh 3JEMEHTOB C BO3MOXHBIMU
MOBTOPEHUSIMH. DIIEMEHTBI KOpTEXka MEepEeUUCISIOTCS B YTIOBBIX CKOOKaX.

Hpumep 1. <a, b, c>

[Topsimok 3anucu nMeeT 3HadeHue: < a, b > He paBHO <b, a >

[ToBTOpPHI MMEIOT 3HAUEHUE: < a, b > He paBHO < a, b, a >

JlnrHa KopTe)a— 3TO YKUCIIO SJIEMEHTOB B HEM.

IIpsimoe (1exapToBO) NpOU3BeEAeHHE MHOKECTB A U B — 3TO MHOXECTBO BCeX KOPTEXKEN
JUTMHBI 2, B KOTOPBIX NEPBBIN 3JIEMEHT NMPUHAJICKUT MHOKECTBY A, BTOPOU 3JIEMEHT—MHOKECTBY
B.

O6o3HaueHue:

A xB — nipsamoe npousBenenre MHOKECTB A u B.

bBunapHoe oTHOmIeHHMe MEXAY ABYMSI MHO’KeCTBAMH—3TO IIOJAMHOXECTBO UX IPSIMOIO
IIPOU3BEICHUS.

®dopmanbsHoe onpeneneHne: RCAxB.

R —»>T0 OuHapHOE oTHOLIEHUE MEX Ty MHOKecTBaMu A 1 B.

BUHAPHOE OTHOIEHUE MEXIY MHOKECTBAMHA
A= {a,h}
B={c,d,e}
Rc AxB

R={a,c),(a,e), (b,e)}
<a.0>

®<h.c>

IIpumep 2.
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Bmlapnoe OTHOIUCHHUE MEKAY MHOKECTBAMM

A={a,b,c,d } — MHOKECTBO CTYIEHTOB
B ={x, y,z} — MHOMeCTBO CIOPTHBHBIX CEKILHii
R c AX B — OGuHApHOC OTHOIICHUC MCXKAY MHOXKCCTBaMH A U B
R={a,y), (a,z), {c,z), (d,y)} — Gunapoe oTHOImEHHE

«CTY/IeHT 3AHMMAETCS B CeKIMN»
Hanpuwmep: {a, ) — CTYJICHT a 3aHUMAcTCs B CCKIAN

a\ ® =
b @

¢ @~ ¥
A d O] Z B

Bcero ectb 2 B crenenu | A | | B | OuHapHBIX OTHOIIEHUI MEX/1y KOHEYHBIMH MHOKECTBAMHU
A uB.

Ecnmu RCcAXA 1o R —»3T0 GuHapHOE OTHOIIEHHE HA MHOXKECTBE A.
IIpumep 3.
BuHapHoOe 0THOIIIEHHE HA MHOKECTBE
A=1a,b,c,d} — MHOXKecTBO GOKCEpOB
R € AX A — OWHApHOC OTHOIIICHHC HA MHOXCCTBC A
R= {{a,h:}, {a,c}, (d, a}} — OWHAPHOE OTHONICHHE «BHIMTPAJ»
Hanpumep: (a,b) — Gokcep a Bemrpan y 6okcepa b

A c @ d

Cnoco0bl 3aganus

[Tepeuncnenne Becex map u3 6a30BOro MHOKeCTBa A 1 6a30BOr0 MHOXecTBa B

A={a1 ,az} B:{b1,b2,b3}, ={(a1, bl), (3.1 ,b3), (3.2, b1)}

OTHOIIEHNS MOTYT 3a/1aBaThest popMymnamu. PopMyIibl y = x° +5x - 6 win X + y< 5 3a1aroT
OuMHapHBIE OTHOIIECHHS HA MHOKECTBE JI€HCTBUTEIIBHBIX YUCEI.

I'paduueckuit meTon 3axaHus

a= {(a, d), (a, ¢), (b, b), (¢, ), (e,d), (e, a)}

a a b4
b b1

c c

d dj —
e e

abcde abcde 1



I'padoBoe npencraBneHue

I'pad - durypa cocrosimas U3 TOYEK (BEPIIMH) COSAMHCHHBIX JIHHHUSIMH (JIyramm).
Bepmmnbl rpada COOTBETCTBYIOT JJIEMEHTaM MHOXECTBAa A, TO €CTh Xi, a HajJW4ue JIyTH,

COEUHSIONICH BEPIINHBI X; U Xj, O3HaYaeT, 4To (X;,Xj)€R. UT0OBI MOTYEPKHYTH YHOPSAOYECHHOCTh
napsl Ha Jyre CTaBUTCS CTPENIKA.

A={(a, b), (a, ¢), (b, d), (c, e), (e,D), (e, &)}
a b

S

MartpuuHnas ¢popma 3ajaHus (MaTpHila CMEKHOCTH OMHAPHOTO OTHOILLICHMS)

[TycTh Ha HEKOTOPOM KOHEYHOM MHOKECTBE X 3aJjaHO OTHOIIEHHE A. YTOPAIOYNM KaKUM-
1100 00pa3oM 3reMeHTbl MHOXKeCTBa X = {X;, X2, ..., X,} ¥ ONpPEACTUM MATPHULY OTHOLIEHHAA =
[a;] cnemyromum 0O6pa3om:

a b e d e

alld 100

Ao o0 o0 1 ¢

A=c |00 0 0 0 !

. L ecmH (x,,x,) NPHHANIEK HT o, o o 000
¥ |0, eco (x,,xX,) He IPHHAAERHT @.  4|lg ; ¢ 0 I

ManI/IHa 3aIIMChIBACTCA B IIBOI>'IHBIX BCPTUKAJIBHBIX YCPTOYKAX

Onepauuyn HaJg OUHAPHBIMHM OTHOLLIEHUSIMU:

— TMepeceueHue IByX OMHapHBIX oTHomIeHUU R, u R, - 310 otHOmIEHHEe RiNR, = { (X, y) |
(x,y)eR; u(x,y)eR, }.

— oOBeauHEeHue NBYX OMHApPHBIX OTHomeHUH R; u R, - 3T0 oTHOmIEHNEe R{UR, = { (X, V) |
(x, y)eR, umm (x, y)eR, }.

— pasHocTbio oTHOIIEHUH R, u R, Ha3piBaeTcs Takoe oTHomienue, 4to: R\R> = { (X, y) |
(x, y)eR 1 (x, )R }

— JomnoiHeHue K otHomeHnto R={ (X, y) | (x, y)€(AxA)\R}.

— obpatnoe otHomenue R ' = { (x, y) | (y, X)eR}.

IMpumep 4. JTano muoxectBo A = { 1,2,3,4,5,6 } © N. Ha Hem 3ay1ano OMHapHOE OTHOIIIEHUE

p «bosbie», T.e. (X,y)€p<=>x > y. Iloctpouts rpa¢ u rpadpuk storo otHomeHus. Kakumu
cBoiicTBamMH 00J1aaeT 3TO OTHOIIEHHE?.
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I'pad ykazaHHOTO OTHOIICHUS rpaduK 3TOTO OTHOIICHUS

PednexcuBnocTh: Ecnu Obl 3T0 oTHOMIEHHE OBLITO OBI PEIIEKCUBHBIM, TO X >X IS Vxe 4
Hanpumep, Obuto Ob1 BepHo 2 > 2 ( J0Xb ). 3HAQUUT OTHOIIEHHE « > » Ha A He sBISeTCA
pedIeKCUBHBIM.

CummeTrpuuHOCTh: Ecnu Ob1 3TO OTHOIIEHHE OBITIO OBl CHMMETPHUYHBIM Ha MHOXKECTBE A, TO
X >y =>y > x. Hanmpumep, 3>2 => 2>3(J10Kb),. 3HAYNUT, OTHOIICHHE « > » Ha A He SBJIAETCS
CUMMETPUYHBIM.

TpanszutuBHocTh: Eciin 6b1 3TO OTHOIIEHHE ObLTO OBl TPAH3UTHUBHBIM Ha MHOXECTBE A, TO X
>y, y >z =>X >7.9T0 yTBEp)KJICHUE UCTHUHHO JJIS JTIOOBIX HATYPaJbHBIX YUCEN, T. €. U YUCel U3 A.
3HAYUT, OTHOILIEHHUE « > » HA A SIBISIETCA TPAH3UTHBHBIM.

AcummerpuyHOCTh: Hu U1 kakux 4ucend A HE MOXKET ObITh OJHOBPEMEHHO HCTUHHBIM

X>y

>
y=X , T. €. OTHOIIEHHE ‘> Ha A acummeTpudHO. OTHOIICHHUE ‘> Ha MHOXKECTBE A SBISETCA

OTHOIICHHUEM CTPOIoro rnmopsAaiaka T. K. OHO aCUMMCTPHUYHO U TPAH3UTUBHO.
x>y
ly>x

Cas13H0CTb: JIyist TIOGBIX ABYX 371eMeHToB X , Y €A BEpHO: Y =X 1. e. otnowenue “>” na
MHOXKECTBE A SABIAETCI CBIA3HBIM. 1. K. OTHOILIEHHE ‘> Ha MHOMECTBE A CBI3HOE U SIBIISIETCA
OTHOILIEHHUEM CTPOTOT0 MOPSIJIKa, TO OHO €CTh OTHOILIIEHHUE CTPOTOT0 JIMHEHHOTO MOPSIKA.

IIpakTHyeckas padora Ne 6
Tema: Onepanuu HAX MHOKeCTBAMH.
[ean padoThl: U3yueHHE OCHOBHBIX (DOPM MpEACTaBICHUS OMHAPHOTO OTHOIICHHUS, aHAIU3
CBOWMCTB OMHAPHBIX OTHOIICHHIA, BBIMIOJTHCHHUE OTICpAIliil Ha/l ONHAPHBIMHA OTHOIIICHHUSIMH.
3aganus 18 NPAKTHYECKOT0 3aHATHSI:
Jlano MHOXecTBO HarypanbHbIX uucen X ={1, 2, 3, 4, 5, 6, 7} u onpeneiaéHHpie Ha HEM
OunHapHbie oTHOIIEHUS R 1 R,.

No papuanta | OtHomenue R1 OrtHouienune R2
Bapwuanr 1 1)beITH GoOJBIIIE 1)beITh MeHBIIIE
2)bBITh 3KBHUBaJICHTHBIM 110 mod 3 2)bBITh TeTUMBIM
Bapuanr 2 1)beITH GoJBIIIE 1)bBITh 5KBHUBaIEHTHBIM 110 mod 2
2)BBITh MeHbIIIE 2)BbITh SKBUBAJICHTHBIM 110 Mod 3
Bapuanr 3 1)boITh GonbIIIE 1)BbITh 9KBUBAICHTHBIM 110 mod 3




2)bbITh MeHbIIIE 2)BBITh 2KBUBAJICHTHBIM 110 mod 2
Bapuant 4 1)BbbITh 5KBUBaseHTHBIM 0 Mmod 2 1)[denuthcs Ha 2

2)[enuthcs Ha 3 2)BbITh ETUMBIM
Bapwuanr 5 1)beITh 5kBUBaNIEHTHBIM 110 Mod 3 1)enuthes HA 3

2)bbITh MeHbIIIE 2)[enutbes Ha 2

1.IIpencTaBuTh Kakioe OMHApPHOE OTHOIIIEHHE BO BCeX Gopmax:

— rpadwuueckas popma;

— rpag;

— MaTpHIla CMEKHOCTH.

2.0xapakTepru30oBaTh KaKa0e OMHAPHOE OTHOIICHHUE AIIEMEHTAPHBIMU CBOWCTBAMMU:
— pedIIeKCUBHOCTB;

— CHMMETPHYHOCTb;

— TPaH3UTUBHOCTD.

3. BemmonHUTh creayrone OMHapHbIe onepaliy HaJ oTHOImEeHUusIMU R uR,:
— 00BenuHEHHE;

— TepeceyueHue;

— pazHocth R1\R2 u R2\R1;

— CHMMeETpHYECKasi pa3HOCTb;

— npousBeaenue (komnozunus) R1-R2 u R2-R1.

KOHTpOJII)HbIe BOIIPOCHI:

Urto Takoe OMHApPHOE OTHOIICHUE Ha MHOXKECTBE?
Kax MoxHO 3anucaTh OMHapHOE OTHOIIEHUE?
Kakoe oTHoMIeHNE HA3bIBAIOT Pe(IICKCUBHBIM?
Kaxkoe oTHOMIeHUE SBIsIETCS aHTUPEDICKCUBHBIM?
Kakoe oTHONIEHNE HA3bIBAIOT CUMMETPUYHBIM ?
Kakoe oTHoIIeHNE SBNSETCS AHTUCUMMETPUYHBIM?
Kaxkoe oTHOIIEHHE HA3bIBAIOT TPAH3UTUBHBIM?

O NNk

Yto Takoe SKBHBAJICHTHOCTh Ha MHOXECTBE?

IIpakTyeckas padora Ne7

Tema: [Toctpoenue nuarpamMm Oitsiepa—DBeHHa.

Ileab padoThl: IO3HAKOMUTH CTYJEHTOB C TAKUMHU MOHATUSAMH, KaK MHO>KECTBO, JIEMEHTHI
MHOXECTB, OyJieaH, YHHUBEPCAIbHOE MHOXECTBO, MOIIHOCTb MHOXXECTBA, OINEpaluu HaJ
MHOXECTBaMH, MPEJCTABICHUSA MHOXECTB C IIOMOIIBIO JuarpamMM, QOpMHUPYS Y HHX
TEPMHHOJIOIMYECKUH 3arac.

Teopernueckoe 060cHOBaHUE

JIroboe moHATHE IUCKPETHOM MaTeMaTHKH MOXKHO OIpPEISNUTh C IMOMOUIbIO TOHSATHA
MHOXecTBa. [loJ MHOXECTBOM TOHUMAOT OOBEAMHEHHE B OJHO oO0miee OOBEKTOB, XOPOIIO
pa3inYaeMbIX HaIIed WHTYUIUEH WU HalIed MbICIbio. OOBEKTHI, KOTOpBIE 00pa3yloT MHOKECTBO,
OyZieM Ha3bIBaTh AJIEMEHTAMU MHOXKECTBA U 0003HAaYaTh MaJIbIMU OyKBaMU JIATUHCKOTO andaBuTa.

MHOXECTBO U €T0 IeMEHTH 0003HAYAI0TCS CIEIYIOUIMM 00pa3oM: 14

A = {al, a2, a3} — MHOXXECTBO, COCTOSIIIIEE U3 TPEX DJIEMECHTOB;
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A ={al, a2, ...} — MHOXECTBO, COCTOsIIIe€ U3 OECKOHEUHOI'0 YHCIIA DJIEMEHTOB. MHOXECTBO
MOKET COCTOSITb W3 3JIEMEHTOB, KOTOPHIE CaMM SIBISIOTCA MHOKecTBaMu. HyXHO pasnnyarh
AJIEMEHT a U MHO>KECTBO, COCTOSAILEE U3 €IMHCTBEHHOI'O 3JIEMEHTA a.

[Tpumep. MHuoxectBo A = {1, 2} cocTOUT U3 ABYX 3JE€MEHTOB 1, 2; HO MHOXECTBO {A}
COCTOMT U3 OJHOTIO JIeMEHTa A.

ECIM 31eMEHT a IPUHAUISKUT MHOXKECTBY A, 3TO 3aMUCHIBACTCS CIIECLYIOIMM 00pa3oM: a 1
A. Ecnu oeMeHT a He NPUHAIEKUT MHOXKECTBY A, TO 3amuchIBaloT Tak: a I A. Eciu kakoe-nmu6o
MHOXECTBO A BKJIIOYEHO B JPYroe MHOKECTBO B, To mcmomb3yercst 3amuch A 1 B. MuoxecTBO,
coJieprKaliee KOHEYHOE YMCIIO0 3JIEMEHTOB, HAa3bIBAETCSI KOHEUHBIM, €CJIM MHOXECTBO HE COACPKHUT
HU OJIHOTO 3JIEMEHTa, TO OHO Ha3bIBaeTcs MycThiM U oOo3Havaercs ZA. [IpuHATO cuuTaTh, UTO
IIyCTOE MHOXECTBO SBJISETCS MOAMHOXECTBOM Jroboro muoxecta: & [ A, rme A — mo6oe
MHOKeCTBO. Takum 00pa3oM, BCSIKOE MHOXECTBO COIECPKUT B KAaueCTBE CBOUX IMOIMHOMXECTB
ITyCTOE MHOXECTBO U CaMmo ceOsl.

[Tpumep. 1. MHOXeECTBO KOpPHEH ypaBHEHHUS Sin X = 2 SIBISIETCS MyCTHIM.

2. ITycth A1 — MHOKECTBO MPOCTHIX Unces, A2 — MHOKECTBO 1IeJIbIX uncen, a = 4. Toraa a i
A2, al Al

MHOXeCTBO cuuTaeTcsl 3aJaHHbIM, €CJIM KaKuM-IHOO o00pa3oM yKa3aHO HEKOTOpoe
CBOWCTBO, KOTOPHIM 00J1aJIal0T BCE €r0 3JEMEHTHI U He 00JIaZlal0T HUKAKUe Ipyrue 00bEeKTHI.

MHOXECTBO MOXET OBITh 3a/laH0 PA3TUYHBIMU CIOCO0AMHU: TMEPEYUCICHUEM AJIEMEHTOB
(KOHEYHble MHOXECTBA) MJIM yKa3aHHEM HX CBOMICTB (MpU 3TOM B OOOMX CIydasx NpH 3aJaHUH
MHO>KECTB UCTIOTB3YIOT (GUTYPHBIE CKOOKH).

[Tpumeps 3amanust MHOXecTB. 1. MHoxxecTBO M 1udp aecsTHUHOro andaBUTa MOKHO
3agath B Buae: M = {0, 1, ..., 9} wmu M = {x | x —1enoe, 0 £ x £ 9}, roe cnpaBa OT BepTUKAIbLHOU
YEPThI YKa3bIBAIOT CBOMCTBO 3JIEMEHTOB 3TOI0 MHOKECTBA. MHOKECTBO M YETHBIX YMCET MOXKHO
3amucath B Buje: M = {x | X — 4€THOE YHUCIIO .

2. Eciu R — MHOXECTBO TOYEK YMCIOBOM MpPsIMOW, TO Rn — MHOKECTBO TOYEK N-MEPHOTO
apu(METHYECKOTO TPOCTPAHCTBA; B YacTHOCTH, R2 — MHOXECTBO TOYEK IUIOCKOCTH, R3 —
MHO’KECTBO TOYEK MPOCTPAHCTBA TPEX U3MEPEHUH.

Jns xaxzaoro MHokecTBa M CyIlIeCTBYET MHOYKECTBO, 3JIEMEHTaAMH KOTOPOTO SIBJISIOTCS
MOJIMHOXKECTBa MHOXkecTBa M U Toilbko OHHM. Takoe MHOXecTBO Oy/leM Ha3blBaTh CEMEWCTBOM
MHOkecTBa M wim OyJieaHOM 3TOro MHOXECTBa M oOo3Hadath B(M), a mHOXkecTBO M Oynem
Ha3bIBaTh YHUBEPCAJbHBIM (YHMBEPCYMOM WM HPOCTPAHCTBOM) U obOo3Hauath 1 wmm U.
MHuoxectB0O M (yHHBepCalbHOE) HE JOJDKHO OBITh YK€ OOBCIMHEHHUS pPacCMaTPUBACMBIX
MHOKECTB, T. €. OHO JOJDKHO OBITh paBHO WM COJEp)KaTh OOBEAMHEHHE pacCMaTpUBAEMbIX
MHO>KECTB.

[Tpumep. Ilycte MHOKecTBO A = {1, 2} cocTOUT U3 ABYX 3JeMeHTOB 1, 2. Torna MHOXKECTBO
B(A) Bxmrouaet B cebst myctoe MHOXeCTBO ZE, Ba OTHORJIEMEHTHBIX MHOXKecCTBa {1} 1 {2} u camo
MHOXkecTBO A = {1, 2}, T. e.

B(A) = {&, {1}, {2}, {1, 2}}. MsI Buaum, 9To MHOXeCTBO B(A) COCTOMT W3 UeThIpex
aneMeHTOB (4 = 22).

[IpuBenem craHaapTHble OOO3HAUEHHUs Ui HEKOTOPBIX Hauboliee YMNOTPEeOUTEIbHBIX
YKCJIOBBIX MHOXKECTB:

N — MHOXECTBO HATypaJbHBIX uKcel (MHOT/AA ero HauuHaioT ¢ 1, naorna ¢ 0; oOBIYHO 3TO
OroBapUBaETCA);

P — npocteie uncna; 15

7 — MHOKECTBO LIENBIX YKcell (TI0JI0KUTENbHbIE, OTpulaTeabHbie U 0);



R — MHOXeECTBO J1eiCTBUTENIbHBIX YHUCEIL.

Ouesnanoe coornommenue: N { Z [ R.

PaccmoTpuM MeTOZbI MOMYyYEeHHs] HOBBIX MHOMKECTB M3 YK€ CYIIECTBYIOIIMX Ha MPUMEPE
MpOCTpaHCTBa WM MHOkecTBa U, ompenenuB B HEM 4 omepanuu HaJl MHOXecTBaMu A u B:
o0BeTMHEHUE, TIEPECEUCHUE, PA3HOCT, IOTIOJTHEHHE.

1.2. Onepanuu Hai MHOKECTBAMHU

O6benunenneM A u B HasbiBaeTcs MHOXKeECTBO A E B, Bce nieMeHTBI KOTOPOTO SABJISIOTCS
3JIEMEHTAMU XOTSI ObI OTHOT'O U3 MHOKECTB A niu B:

AEB={x¢x1Au/mwmxIB}.

N3 onpenenenus ciepyer, yto A I AEBuBIiAE B. Anajornuno onpeaesieTcs
00BbEIMHEHNE HECKOJIIBKUX MHOXKECTB.

Hpumep. 1. Iycts A = {4, 5,6}, B={2,4,6}. Torna AEB = {2,4, 5, 6}.

2. ITycte A — MHOXECTBO 4HUCEN, KOTOPBIE AENATCS Ha 2, a B — MHOXKECTBO 4HCelNl, KOTOPBIE
nenstcs Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torna A E B — MHOXECTBO 9mcel, KOTOpBIC
nemstcsi Ha 2 wmHa 3: AEB={2,3,4,6,8,9, 10, ...}.

[Tepeceuennem mHOkecTB A U B Ha3piBaeTcs MHOkecTBO A C B, Bce ameMeHThl KOTOPOTO
SABJISIIOTCS BIeMeHTaMu o6oux MHOkectB A 1 B: A C B = {x ¢ x I A u x I B}. U3 onpenenenns
cnenyer, uto ACBIA ACBIBuA CBIAEB. Ananoruuno onpezensercs nepeceucHue
HECKOJIbKMX MHOKECTB.

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

2. ITyctp A — MHOECTBO YHCEN, KOTOpBIE AeniTcsa Ha 2, a B — MHOXecTBO uucel, KOTOpble
nenstes Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torna A C B — MHOXeCTBO 4ncel, KOTOpPhIE
mensTcsivHa2, nHa3: AEB= {6,12,18, ...}.

MoskeT oKa3aThCsl, YTO MHOKECTBA HE UMEIOT HU OJTHOTO 00IIero aieMenTa. Torma roBopsr,
YTO MHOXECTBA HE NMEPECEKAIOTCS WIIM YTO UX MEPECECUCHHE — ITyCTOE MHOXKECTBO.

ITpumep. Ilycte A = {1,2},B={2,3},C={3,4}. TormaACBCC=ZA.

Pa3HoCTbIO (OTHOCHTEIBHBIM JIOMOJIHEHUEM) MHOXECTBAa B 710 MHOXecTBa A Ha3bIBaeTCs
MHOeCTBO A \ B, Bce 351eMEHTBI KOTOPOTO SIBIISFOTCS SJICMEHTAMUA MHOXKECTBA A, HO HE SBIISIOTCS
3JIEMEHTaMU MHOXeCTBa B:

A\B={x¢xIAuxIiB}.

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

2.A=1{2,4,6,...};,B=1{3,6,9, ...}. Torna A \ B — MHOXeCTBO 4nces, KOTOPbIE IEIATCS
Ha 2, HO He JensTes Ha 3, a B\ A — MHOXeCTBO Ynces, KOTOpPhIe IeATCs Ha 3, HO He JACIATCS Ha 2:
A\B=1{2,4,8,10,14,...}.B\A={3,9,15,21,27, ...}.

CuMMmeTpHuuecKol pa3HOCThIO MHOXECTB A U B HaspiBaeTcs mHOXkecTBO A + B: A + B =
(A\B)E (B\A).

[Mpumep.1. A={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, ...}.

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

JononHnenuem' M MHOxkecTBa M SIBIISIETCS MHOKECTBO

‘M = {mi | miiM}.

[Tpumep. 3amansl MHOXkecTBa A = {1, 2, 5, 6} u B = {2, 3, 4, 6} Ha yHuBepcaIbHOM
mHoxectBe U = {1, 2, 3, 5, 6, 7}. BeimosauTh oneparuu’ A, B.

Pemenne. B pesynbraTe BBINOJHEHMS 33JaHHBIX OMNEpalMil MOJYyYUM CIIEIYIOUIUE
MHOXkecTBa: ‘A ={3,7};B={1,5,7}. 16



Jlis KOHEUHBIX MHOXKECTB CYIIECTBYET IOHITHE: MOIIHOCTh MHOXKECTBA A — YHCIO €ro
sneMeHTOB. O003HAYaI0T MOIITHOCTh MHOKECTBA |A|.

[Tpumep. A = {1, 2, 5, 6}, Toraa mourHoCTh MHOKECTBA |A| =n(A) =4; |E|=0; |{£}| = 1.

Taxoke CrpaBeUINBBI ClIeAyIomie GopMyIbl: uls T06bIX MHOKecTB A 1 B P |A E B| = |A| +
|B| — |A C BJ, To ecTh yuuThIBaroTCs 00IIME A1 000MX MHOXKECTB JIEMEHTHI.

Ipumep. A= {1,2,3} |A|=3;B={1,2,3,4,5} B|=5,tornaAEB={1,2,3,4,5} |]AE
B|=5;ACB={l,2, 3} |ACB|=3, To ects nomyuum pasenctso: |A E B|=|A|+ [B|—|]A CB| 5=
3+5-3.

Jliist KoHeYHOTO MHOKecTBa M MOmIHOCTE ero Oyiieana |B(M)| paBaa 2|M|.

1.3. [Ipumenenne nuarpamm Disiepa-BeHHa npu pemeHnn NpakTUYECKUX 3a1a4

JUIs HarJsHOTO TIPENCTAaBICHUS] MHOXKECTB M OTHOIICHHH MEXIY HHMHU HCIOJIB3YIOTCS
nuarpamMMel Ditnepa-Benna. YHuBepcaabHOE MHOKECTBO M300paXKalOT B BHJE NPSMOYTOJIBHUKA, a
MHOXXECTBa, BXOJSIINE B YHUBEPCATBHOE MHOXECTBO, B BHJE KPYrOB BHYTPH IPSIMOYTOJHHHKA,
AIIEMEHTY MHOKECTBA COOTBETCTBYET TOUKa BHYTpH Kpyra (puc. 1).

C momompo auarpamMMm Oiiepa-BeHHa ymo0HO WIUTIOCTPUPOBATH OMNEpaIdu  Haj
MHO)KECTBaMU. Pe3ynbTupyloiee MHOXKECTBO KaKIO0H OMepanuy BBIIEICHO INTPHUXOBKOI.

=

MA MAEMB MACMB

RN
=

MB\MA MA\MB ‘MA

Puc. 1. IlpencraBnenue onepauuii HajJ, MHOXECTBAMHM C IIOMOILIBIO Juarpamm Oiiepa-
Benna

[Tpumep. PaccmoTpum omeparuio JOMOTHEHUS MHOXECTBA, SIBJISFOIICTOCS MEePECEUCHUEM
MHOkecTB MA u MB. HeoOxomumo mokazarh, 4To €€ pe3yibTaT COBMAAaeT ¢ OOBEAMHEHUEM
I[OHOJ'IHGHI/Iﬁ 9TUX MHOXECTB:

Pemenne. M = Ma MMg="MA E'MB.

B aTOM MOXXHO yOenIUThCsI ¢ TOMOIIBIO AuarpaMm Ditnepa-Benna (puc. 2).

‘MA

17
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Jns 066X moamHokecTBA, B u C yHHBepcanbHOro MHOXKECTBa U BBIMOIHSAIOTCS
CIICAYIOIINE TOXK/IECTBA (OCHOBHBIE TOKJIECTBA AJIT€OPbl MHOYKECTB):

1. A EB=BE A (KkOMMyTaTHBHOCTb I¢. ACB =B C A (koMMyTaTUBHOCTh
E) | \ \ \ C)

2. AEBEC =(AEB)EZC 2¢. AC BCC =ACB) CC
(accoraTHBHOCTH E). (acconmatuBHOCTH C).

33.AEBCC=(AEB)CAECQ 3. ACBEC)=(ACB)E(ACO)
(mctpuGyTiBHOCTS E oTHOCHTENBHO C). (uctpuGyTiBHOCTH C OTHOCHTEBHO E).

4. AE ZE = A (cBOICTBO HYIIs1). 4¢. ACE=ZA.

5. A E'A = U (CBOWCTBO JIOTIONHEHHS). S5¢. ACA=A.

6. AEA=A. 6¢. A C A= A.

7. A E U = U (CBOWHCTBO eMHHILIB). 7¢. ACU=A.

8. AwB=A (B (akor e 8¢. A nB="A E'B (3akon ne Moprana).
Moprana).

9. A E (A C B) = A (3akoH 9. A C (A E B) = A (3akoH
MOTJIOIICHHUS ). MOTJIOIICHHUS ).

10. A= A (uuBOMIOIHS).

11.A\B=ACB.

[Tpumepsl. 1. PaccMoTpuM mpeanosiokeHue o TOM, 4TO IPOU3BOJIbHBIE MHOXKECTBa A u B
nonapHo skeuBanenTHs: 1) ATB;2) ACB=A;3)AEB=B.

Pemenue. JlokaxkeM, 4TO U3 MEPBOTO MPEANOIOKEHHS clieayeT BTopoe. JlelicTBUTENbHO, TaK
kak ACB I A, To mOCTAaTOYHO TTOKA3aTh, YTO B 3TOM ciaydae A A C B. Ho ectm x [A, ToxIB,T
k. A I B n, ciemoBarensHo, x 1 A CB.

JIokakeM, 4TO W3 BTOPOTO MPenoIokenus ciexyer Tperbe. Tak kak A C B=A, 10 A E B
= (A C B) E B. Ilo 3akony normnouienus (cM. Toxaectso 9) B E (A C B) = B. Orcrona, HCHONb3ys
3aKOH KOMMYTaTHBHOCTH, onydaem A E B = B.

JIoKaxkeM, 4TO M3 TPEThEro IpearonoKeHus ciexyer mepsoe. Tak kak A I A E B, a 1o
YCIIOBUIO TPETHETO MPEANOJIOKEHUS A E B =B, t0A I B.

IpakTnueckas padora Ne 8

Tema: Brimonnenue anredpanyeckux orneparuii HaJl MHOK€CTBaAMH

Leab paGoTbl: TO3HAKOMHUTH CTYJEHTOB C TAKUMHU MOHSATUSAMHU, KaK MHO>KECTBO, JIEMEHTBI
MHOKECTB, OylieaH, YHUBEpPCAIbHOE MHOXKECTBO, MOIIHOCTh MHOXXECTBA, OIEpalu HaJ
MHOKECTBAMH, TMPEACTABICHUS MHOXECTB C TMOMOUIbI0 jAuarpamMm, GOpMUPYS Yy HHUX
TEPMUHOJIOTHYECKUH 3amac.

3ananus

J1s ay TMTOpHBIX 3aHATHN

1.3anucate MHOECTBO M LENBIX 4YMCEN X, KOTOpbIE JAENATCS HAa TPU U HAXOIATCSA B
unTepBaine 3 £ x £ 15. 3anucate AByMs criocodamu.

2.3anucatb MHOXECTBOA IIENBIX YMCEN X, KOTOpPbIE JENATCS Ha 2 U Ha 3 W HAXOIATCA B
untepsaine 20 £ x £ 25. 3anucars JByMs crioco0amu.

3.IlpunHannexut 1u X MHOXeCcTBY M, eciu:

ayM=1{2,6,8, ...,50}; x=135;

0)M=1{2,3,4,6,8,9,10, ...,100}; x =23; 18

B)M=1{-2,2,-4,4, ...,120}; x =-30.



3anucaTh IpUBEACHHBIE MHOXECTBA C YKAa3aHUEM CBOMCTB UX 3JIEMEHTOB.

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

5.Kakue u3 ciieyonmx BeIpaXXeHUHN SBISIOTCS UCTUHHBIMU M KAKUE JTOKHBIMU:

a) £ {{£}}1;0) 11 ({1,2}};8) (1,2} T{{1, 230 (1,23 T {{1,2}, (1,3}, 1, 2.

6. [IpuBectn mpumMepsl Takux MHOXKECTBA, B, C, 4ToObl OBUIM WCTHHHBIMH CIICIYIOIINE
BBICKA3bIBAHUS:

a)AIBUBICUAIC;

6) AIBUBICUAIC.

7. Kakue u3 crieayronmx MHOXKECTB KOHEUHBI 1 KaKre 0€CKOHEUHBI:

a) {x IR¢x2 - 5x + 4 =0};

6) {x INgx2 - 5x +4 > 0};

B) {x I N¢x2 /24}.

8. PaBHBI 1M1 MHOXECTBA:

a) {x IRex2-2x-2=0} u {x I Q¢x2 - 2x -2 =0};

6) {x1Z¢4/x U 15/x} n {x1Z¢4/x U 15/x}{x 1 Z¢20/x U 30/x}.

9. [lepeuncnuTh 3IEMEHTHI CIETYIOIIUX MHOXKECTB:

a) {x IR¢x2 - 3x + 2 =0};

6) {x IR¢x2 +1=0};

B) MHOXKECTBO BCEX KOpHEH ypaBHeHUs X2 + 6x +9 = 0.

10. [lepeuncnuTh BCe 3EMEHTHI KaXA0T0 U3 CIEIYIOIINX MHOKECTB:

a) {xex [{ 1}};8) {xex1{1,2,3}};

6) {xex I {1,2}};1) {xex I ZE}.

s camocTosTensHON paboThI

1. IlepeuncinuTh 3JIEMEHTHI CIEIYOIIMX MHOXKECTB!

a) MHO>KeCTBO 4eTHBIX uncen oT 0 70 20 BKIFOUYUTENBHO;

0) MHOKECTBO BCEX JBY3HAUHBIX YHUCEN, JENSIIUXCS Ha 5 U He aensmuxcs Ha 10;

B) MHOXECTBO BCE€X MOCIEAOBATEIBHOCTEN, coepxkaux Bce unucna 1, 2, 3, 4, 5 u Tosbko
9TH YMCJIA, B KOTOPHIX YETHBIE M HEUETHBIE YHCIIa YEPEIYIOTCS.

2. PaBHBI 11 MHOXECTBA!

a) {2,4,5}u{2,4,2,5};06) {1,2} mw {{1,2}};B) {1,2,3} u {3, 1,2, 1}};

0 {1,2,3) u {{1}, {2},13}}.

3. IlepeuncIUTh MOAMHOKECTBA CIECTYIOLIIUX MHOXKECTB:

a) {41,2}, 3}, 4}:6) 145, 2} 8) 1421, {6}, {3} }; 1) ({4, 6}, {1}, 1}.

4. BcTaBuTh MEXIy MHOXECTBaMH CUMBOJ | mimu | Tak, 4ToOBI MOTYyYHUIIOCH MCTUHHOE
BBICKA3bIBAHUE:!

) {1} {1 {1, 2}}:6) £ {£};8) £ {{E}};1) {1, 2} {12, {1, 2}}.

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

a) A={1,2,3}, B={2,3,54}, U={1,2,....... 9},

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

6. Jlokazarb TOXAeCTBa:

a) (ACB)E (A C'B) ¢)ACB=AC(AEB)
=(AEB)C(AEB);

6)( AEB)CA=AC %) (A EB)\ (A CB)=
B; (A\B)E (B\ A);
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B) (A\B)\C=(A\ 3) (A\B)E (A \'B) = (A

C)\(B\C); EB)\(A CB);
) AA\(BE C)=(A\ 1) (A\'B)E (BV'A)=(A
B)\C; EB)\ (A CB);
1) A\B=A C'B; k) A\ (BEC)=(A\B)
C(A\C).
1. IToxazate ¢ momouns auarpamm Jiepa-BeHHa, kakue U3 CIEAYIOMUX YTBEPKICHUN
BCPHBI:
a)(AEB)CC=AEBCC); B) (A\B)EC=(AEC)\(BEC);
6) (A\B)EB=A; r)(AC'B)E (B C'A)IB.
2. HaifTi MOIIHOCT MHOXKECTB, MOLIHOCTh HX OyieanoB u |A E B| - mommocTh

O6’beI[I/IHeHI/I$[ MHOXKECTB:
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{3,57},B=1{2,5,6,7,9;:1)A={1,2,3,5}, B=1{2,4,5,6,7}.
9. BcraButh MECXAY MHOXKECTBAMHU CHUMBOIJI i 501040 I TakK, 4TOOBI IMOJIYUHNJIOCh MCTUHHOC
BBICKA3bIBAHUC:
a) {1} {1, {1,2}}; ) £ {1, 2, {1}, {£}};
0) {1,2} {1,2,{1},{2}}; n) £ {{£}};
B) {1,2} {1,2,{1,2}};e) £ {£}.
10. [Ipusectu npumep MHOXECTB A, B, C, TakKuX, YTOOBI BHIIOJIHSITUCH YCIIOBHSL:
a)AIB,BIC,A1C;
6)A1B,A1C,CIB;
B)AIB,BiC AlC.

IIpakTHyeckas padora Ne 9
Tema: Onpenenenrue MapuIpyToB B HEOPHEHTUPOBAHHBIX Ipadax
Lens paGorbl: ycBOE€HME TaKMX MOHATUH, KaK MaplIpyT, LieNb W LUKI Tpada, odpas,
npoo0Opa3 BepiuH rpada, MUHUMAIIbHBINA yTh B rpade, 31i1epoBbl rpadsol.

Teopernyeckasi 4acTh:

Mapwipymet, yenu, yukol

Mapumpytom B rtpade G = (V, E) (nyrem B rpade D = (V, E)) Ha3bIBaercs
MOCIIE0BATEIHLHOCT BepIH U pédep (myr) Buma V0, el, vl, €2, ..., vn-1, en, vn, rae vi v, il [0,
n], ei 1 E, (vi-1, ei), (vi, ei) 1, i 1 [1, n]. Bepmunsl v0, vn Ha3bIBAIOTCS CBA3AHHBIMH JAHHBIM
MapuipyToM (WM TMPOCTO CBsi3aHHbIMM). Bepmmuy v0 Ha3blBaloT HayajioMm, a vn — KOHIIOM
mapuipyta. Ecau v0 = vn, To MapuipyT Ha3bpIBalOT 3aMKHYTHIM. YMCIIO 7 Ha3bIBaeTCs NJIMHOU
MapuIpyTa.

MapipyT, B KOTOpOM Bce pEOpa MOmapHO pa3iuyHbl, Ha3bIBACTCA LEMbI0. 3aMKHYTHII
MapuIpyT, SBISIOMIUNACS 1IeTbI0, HAa3bIBAETCS LUKIOM (KOHTYpoM). Llenb, B KOTOpo#i Bce BEPIIMHBI
MIOTIAPHO PA3NUYHBI, HA3bIBAETCS MPOCTOH 1emnblo. [{uki, B KOTOpOM Bce BEpUIMHBI, KPOME MEPBOi
U TIOCTIeIHEH, TIOMIApPHO PA3JIMYHbI, HA3bIBAETCS MIPOCTHIM LIUKIIOM.

[Ipumepst: 1. IlocnemoBarenvHocTh V1, el, v2, e3, v4, e4, v3 — mapuipyt JIHUHBL 3,
coenuHsronMil BepmmHbl v1, v3 B rpade G (puc. 11); aT0 mpocTas 1enb, Tak Kak Bce pedpa u
BEPILIUHBI IONAPHO PA3JINYHBI.

2.v2, €3, v2 — mpocToii KOHTYp AnuHbI 1 B opueHTHpoBanHOMIceBaorpadeD (puc. 10)20



3.vl, €2, v2, e4, v3 — nyth u3 vl B v3 1uuHBI 2 B OpUeHTUpOBaHHOMIICEeBIOrpadeD (puc.
10); 370 mpocTas 1emnb, TaK Kak BCe AYT'H U BEPIIMHBI [IOMAPHO PA3IUYHBL.

£l Puc. 10 Puc. 11
V1
W3
2
= .
e3 * IHouck nymeit (mapuipymog)c MUHUMATbHBIM YUCTOM OY2
[Ipn pemeHMM HEKOTOPBIX NPHUKIAJHBIX 330a4  HEPEIKO
- ®2 . Bo3HMKAaeT HEOOXOAWMOCTb  HAWTH  MHHHMANBHEIN MapuipyT,
| COEIUHSIONMI 3aJaHHble BeplmMHbI B rpade. [IpuBesem anroputm

gy PCIICHUS sToi 3anaun. [lyTes B oprpade D u3 BepIIMHBI V B BEPIIUHY W
(v'w) Ha3pIBaeTCsI MUHUMAJIbHBIM, €CIM OH HUMEET MHUHUMAJbHYIO
JUIMHY Cpeau BcexX myTeil oprpada D W3 BepUIMHBI V B BEPIIMHY W.

AHaJOTUYHO OmpenenseTcs MUHUMaNbHBIH MapmipyT B Tpade G. ANTOPUTM HaXOXKACHUS

MUHUMAaJIBHOTO MapIIpyTa COCTOUT U3 CIEIYIONINX I1aroB:

[ar 1. ITomeuaem BepuuHy v uHAekcoM (. 3aTeM rmomedaeM BEpIIMHBI, MPUHAATIEKAIINE
o0pa3zy BepmmHBI Vv, HUHJIEKCOM 1. MHOXECTBO BepuIMH C HHIAEKCOM | oOo3Hawaem FWI1(v).
[Tonaraem k= 1.

Ilar 2. Ecim FWk(v) = & wan Bemonnserca k = n — 1, w I FWk(v), To Bepmmaa w He
JOCTI)KMMA U3 v U paboTa aJropuT™Ma Ha 3TOM 3aKaHYMBAETCs. B MPOTHBHOM cilyyae mepexoanM K
mary 3.

Iar 3. Eciu w I FWk(v), To mepexoaum K mary 4. B IpoTHBHOM cilydae CyIIecTBYeT IIyTh
U3 vV B W JUIMHBI k, ¥ 9TOT My Th SIBJISIETCS MUHUMAIBHBIM. [locie10BaTeIbHOCTh BEPIINH

wwiw2 ..wk-1w, tne wk-1 1 FWk-1(v) C D-1(w); wk-2 1 FWk-2(v) C D-1(wz-1); ... wi 1
FW1(v) C D-1(w2) u ecTb UCKOMBIIi MUHUMAIbHBIN MyTh U3 v B W. Ha 3TOM pabora anropurma
3aKaHYMBAETCH.

[ar 4. ITomeyaeM uHAEKCOM k + 1 BCce HEMOMEUYEHHBIE BEPILIMHBI, KOTOPBIE MPUHAIEKAT
00pa3y MHOKECTBa BEpIIMH C UHACKCOM k. MHOXKECTBO BEpIIUH ¢ MHACKCOM k + 1 o0o3Hauaem
FWk+1(v). [IpucauBaem k:= k + 1 u mepexoaum K mary 2.

[Tpumep. Mcnonb3ys npeayioKeHHbIH alrOpuTM, OIpeeIMM MUHUMAaJIbHBINA ITyTh U3 v1 B v6
B oprpade D, 3aJaHHOM MaTpHIIeH CMEKHOCTH, MTPEICTaBICHHOM B Ta0. 1.

Tabmuna 1
W W W W vy
1 2 3 4 5 6
W 0 ( 0 1 [ a
1
W 1 ( 0 1 1 1
2
W 1 1 0 1 1 1
3
W ( 1 1 ( I a
4
W 1 1| 1 1 q ¢
5
W 1 1 1 1 I 0 21




JleiicTBys cormacHO ajroputMy, mociegoBaTensHo ompenensiem FWI1(vi) = {v4, v5};
FW2(v1) =DFEWIWI)\{vi,v4v5} ={ v2,v3};

FW3(vl) = D(FW2(v)\{vI, v2, v3, v4, v5} = {v6}. Takum obpazom, v6I FW3(vl), a
3HAUUT (CM. 1Iar 3) CymIecTBYeT MyTh U3 v/ B V6 IUIUHBI 3 U 3TOT MyTh SBISETCS MUHUMAJIbHBIM.
Haiinem Teneph MUHUMaIbHBINA IyTh U3 VI B v6. OnipenennM MHOKECTBO

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

BeiGepem m100yi0 BepIIMHY M3 HalJEHHOTO MHOXECTBA, HAalpuMep BepuiuHy V3.
Omnpenenum nanee MmuoxkectBo FW1(vl) C D-1(v3) = { v4,v5} C {v4,v5, v6 = {v4,v5}. Beibepem
T00yI0 BEpIIMHY U3 HAlIGHHOTO MHOXECTBA, HallpuMep, Bepuny vS. Toraa vI/v5v3v6 — HCKOMBIN
MUHUMAJIBHBIN TTyTh U3 VI B v6 1yIuHBI 3 B oprpade D.

Diinepoewt zpaghor

[Tycte G — nceBnorpad. Llens (1ukir) B G Ha3pIBaeTCs SHUIEPOBOM, €CTM OHA (OH) MPOXOIUT
10 OJTHOMY pa3y 4epe3 Kaxaoe pedpo ncesaorpadaG.

- 3azaya COCTOUT B CIEAYIOIIEM: HAUTH
siepoB MUK B MyasTurpadeG (puc. 12).
A [Ipexxne yeM pemaTh 3a7adyy O BbIICICHHUH
SUJIEPOBOM 1€MW WIM DSUJEepoBa IMKIA B
" niceBaorpade, HalO0 BBISICHUTH, CYIIECTBYIOT
nu onu. [Ipocreiimee He0OX0AMMOE YCIOBHE
WX CYIECTBOBAHMS, OUYEBHIHO, 3aKIIIOYAETCS
B cBs3HOCcTU (. OTBET HA 3TOT BOIPOC AAIOT
NPUBO/IMMBIE HID)KE TEOpPEMbl. DWUIEpOBBIM
HA3BIBAETCS LMKJI, TPOXOASIIUN O KaXKIOMY
peOpy rpada poBHO oauH pa3. I[pad,

Puc. 12 UMEIOLIUXAUIePOB UK, TOKE Oy1eM

Ha3bIBaTh MJIEpOBbIM. B mo6oM sitnepoBoM rpade CTENeHH BCeX BEPIIUH YETHBIE.

[TycTh 0 HEKOTOPOU BEpIIMHE V LMKI MPOXOAUT k pa3. Ho Tak kak mepes 3Toi BepIIMHOM
U Tmocne He€ MMKJI JOJKEH MPOXOAUTh MO HHIMIEHTHBIM ei péOpam, TO KoludecTBo pEdep,
WHIUICHTHBIX JAHHON BEpIIMHE, M0 KOTOPHIM MPOXOMUT HHUKI — 2 k. Tak kak UK dHIepoB —
pEdep, Mo KOTOPHIM IIUKJ HE MIPOXOUT, HET, 3HAUUT 2 k — CTETIeHb BEPILUHEI V.

Ecnu B cBsi3HOM rpade creneHn BcexX BEpIIMH YETHBIE, TO B rpade CyIiecTBYeT SHIepoB
uuki. B Xxoxe mokazaTenbcTBa MbI JaJUM QJITOPUTM MOCTPOCHUsI Takoro uukia. Hauném c
IIPOU3BOJIBHOW BEpPIIMHBI Vv U OyJeM CTpOUTh W3 HEE Lelb, IOKa €CTb BO3MOXHOCTh €&
npoaoJkuTh. IlycTh B KakoW-TO MOMEHT MOCTPOEHHS Mbl HaxoguMcs B BepliuHe u (HE
coBmnaatomieit ¢ v). Torna 1emnb, KOTOPYIO Mbl IIOCTPOMIIN, POXOIUT MO HEUETHOMY UnCTy pEOEp,
WHIUICHTHBIX JaHHOU BepimuHe. CTeleHb BEPIIUHbI ¢ YE€THAs, CICIOBATEIILHO, €CTh XOTS OBl OJTHO
pedpo, MHIMJEHTHOE BEPIIUHE U, TI0 KOTOPOMY LIE€TIb HE MPOILIA — 3HAYUT €€ MOYKHO MPOJIOJIKUTH.
CnenoBaTenbHO, LIETIb MOXKET 3aKOHYUTCSI TOJIBKO B BepiiuHe V. [lomyuum mux.

B 3agadax yacto BO3HHMKaeT HEOOXOAUMOCTh HAaXOXACHUS LIETH, MPOXOASIIEH M0 KaKIOMY
pebpy poBHO oauH pa3 (CHHMaeTcs TpeOOBaHWE 3aMKHYTOCTH). Takue menw OyaeM Ha3bIBaTh
SUIIEPOBBIMU LIETISIMU.

3aganus

st ayoumopmvix 3auamuti -



1. 3anan rpad G (puc. 13a). HaiiTi nyTh ¢ MUHMMaIbHBIM YHCIOM peOep U3 BepIIUHbI V] B

BepiuHy v6 rpaga G.
3 |
] RE:
’ a0B
g ‘é Wy abB
Puc. 13

2. Ons rpada G (puc.
136)  3amucaTte  MaTpuIly
CMEXHOCTH M HaWTH TYTh C

Wy \ V5
MUHUMAaJbHBIM YHCIOM pedep U3 BEpIINHBI V2 B BEPUIUHY V9.

3. dns oprpada D (puc. 136) 3anucars MaTpUIly CMEKHOCTH ¥ HAUTH MYTh ¢ MUHUMAJIbHBIM
4uCcIIOM pedep U3 BeplliuHbl v1 B BepuIuHy v7.

4. OnpenenuTs, CONEPKUT I Tpad Ha puc. 13adinepoB MUKII UITH DHIIEPOBY IETIh.

5. MoeT 11 BepinHa, BXOASIIAas B UK rpada, UMETh CTETIeHb, MEHBIIIYIO ABYX?

6. Kak HazpiBaeTcsi MyTh, Yy KOTOPOrO Hayajgo NEPBOM Jyrd COBMAJAET C KOHIOM
nocieauen?

7. Kak Ha3bIBaeTCs MapuIpyT, y KOTOPOTO MepBasi BEpIIMHA COBIIAJAET C MOCIeAHEH?

8. Iloka3zaTh, yTO B J1H000M Trpade KOIMYECTBO BEPIIMH HEYETHOM CTETIEHN YE€THO.

9. IlokazaTh, 4TO U3 BCSIKOTO 3aMKHYTOTO MaplIpyTa HEUETHOW JJIUHBI MOKHO BBIICTUTH
MPOCTYIO IIETIb.

10. IToka3ate, uTo pedpo, Bxojsllee B UK Tpada, BXOJUT B HEKOTOPBIH €ro MpocToit
ITUKJL.

na camocmosmenvHotl pabomol

1. 3aman rpad G (puc. 13a). Haiitu myTh ¢ MUHMMATBHBIM YUCJIOM peOep U3 BepIIHHEI V] B
BepuuHy v7 rpada G.

2. lns rpada G (puc. 136) 3anucats MaTpUIly CMEKHOCTH M HAUTH IyTh ¢ MUHUMAIBHBIM
YHCIIOM pedep U3 BepIInHbI v1 B BepuInHy V8.

3. lns rpada G (puc. 136) 3anucarh MaTpyIly UHIHICHTHOCTH.

4. Inst oprpada D (puc. 13) 3anmucaTh MaTpuIly CMEKHOCTH U HAUTH ITyTh C MUHUMATbHBIM
YKCIIOM pedep U3 BepllirHbI v1 B BepLIuHy V6.

5. Ilokasats, uTo Jr00ast BEpIIMHA, BXOJAIIAS B IIUKJI, HE SBJISIETCS BUCSUCH.

6. Jloka3aTh, 9TO eciu B oprpad)e OTCYTCTBYIOT BEPIIHHBI C HYJIEBOW MOJTYCTEIICHBIO UCX01a
(3axonma), To B oprpade UMeeTcs MPOCTOM KOHTYP.

7. Jloka3ate, 4To yaanenue u3 oprpada Bepmmabl v ¢ d+(v) < 1 (d-(v) < 1) npuBoguT k
oprpady, KOHTYpbI KOTOPOTO COBIAIAIOT C KOHTYPAaMHU UCXOTHOTO oprpada.

8. [IpuBecTu onpeeneHrue NpoCcTou 1Eemu:

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

0) yepemoBaHUE BEPIIUH U pedep;

B) LIEMb, B KOTOPO BCE BEPILMHBI MONAPHO Pa3IUYHBI.

9. B yem 3akirodaercs MOHITHE CMEKHOCTH?

a) CEXXHBIMU SIBJISIFOTCS BEPIIMHBI, HHIIMICHTHBIE OTHOMY pebpy;

0) CMEXHBIMHU SIBJIIOTCS J1Ba peOpa, He UMEIOIIHE OOIINX BEPIIHH;

B) CMEXHBIMHU SIBIISIFOTCS BEPIIUHBI, COETMHEHHBIE HEKOTOPHIM MapIIPYTOM.

10. 3ananncesnorpadG. Llens B G Ha3pIBaeTCs 31UIEPOBOH, €CIIH. . .

a) OHa MPOXOJUT MO OJTHOMY pa3zy 4yepe3 KKyl TOUKY rceBaorpada; 23

0) OHa MPOXOJIUT IO OJJHOMY pasy uepe3 Kaxaoe pedpo ncesaorpada;



B) OHAa MPOXOAWT MO OAHOMY pa3y uepe3 BEPIIUHBI U pedpa.

KoHTpoJibHBIE BONIPOCHI:

B yem cocTouT anropuTM Noucka myTe ¢ MUHUMAaJIbHBIM YUCJIOM AyT?
Kaxoit 1iukin Ha3pIBaeTcs SUIepOBbIM?

KakoB kputepuii cyiecTBoBaHus 3iiyiepoBa HuKia B rpage?

KakoB kputepuii cymiecTBoBaHUS 31epoBoil Lenu B rpade?

Nk W=

Jlath onpeneneHue ClIenyronmx NOHITHN:
— MapuIpyT B rpade (IIpuBecTH MpuMep);

— IIeMb W TIPOCTas 1eTnb B Tpade;

— IIUKJI 4 IPOCTOM LUK B rpade;

— BUJIEPOBOM 1IECTIb;

— MaTpulla CMEXXHOCTH rpada;

— CTETIeHb BEPIIHUHBI rpada

IIpakTuyeckas padora Ne 10

Tema: OmnpeneneHue 1enel U MUKIOB B OPUEHTUPOBAHHBIX Irpadax

Leab: HayuuTh CTYJCHTOB OINpPENIEIECHUI0 MapLIpyToOB, Iieneil U IUKIOB B
OPHEHTUPOBAHHBIX Tpadax

Teopernyeckast 4acTb:

Ecnu snementsl MuokectBa EE rpada G=(V,E)G=(V,E) — ynopsinoduenHsie napsl, To rpad
Ha3bIBAECTCS OPUEHTHPOBAHHBIM Wi oprpagomM. MoXHO cKa3aTh, 4TO opepag) — 3TO rpad,
pebpaM KOTOPOTo MPUCBOEHO HAIpPaBJICHHUE.

Pebpo ee rpaha GG Ha3bIBAIOT OPUEHTHUPOBAHHBIM, €CJIM OJHY BEPLIMHY CUUTAIOT HAYaIOM
pebpa, a qpyryr0 — KOHIIOM, Ha PHUCYHKE €ro M300pa)KaroT CTPEIKOW MEXAy BepIIMHaMH. Takum
obpazom, rpad, Bce pedpa KOTOPOTO OPUEHTHPOBAHBI, SBJSIETCS OPUEHTUPOBAHHBIM IpadoMm.

OnHa 1 Ta e BepliInHa oprpada MOXKET CIIYKUTh HaYaJIOM JIJIsl OJTHUX pedep v KOHIIOM IS
JIpYIHUX, IO3TOMY pa3jnyaroT JIBE€ CTENIEHU BEPILIMHBI: CTENIEHb BHIXOJA U CTENIEHb BXOAA.

CremneHbI0 BBIX0/1a BEPIIMHBI Oprpada Ha3bIBAETCS YNCIIO0 BBIXOASIIUX U3 BEPLUIMHBI pedep.

CreneHbl0 BX0/1a BepIIMHBI oprpada Ha3bpIBACTCSA YHCIO0 BXOAAIINX B BEPUIMHY pedep.

B oprpadax B 3aBUCUMOCTH OT cOueTaHUs CTETIEHEN BX0/1a ¥ BBIX0/1a Ui JaHHOW BEPIIUHBI
paccMaTpuBarOTCs TPU CiIyvast:

. BEpIIIMHA HA3bIBACTCS] M30JIMPOBAHHOM, €CJTM €€ CTCIICHH BBIXOJIa M BX0J1a paBHbI 0

. BEpIIMHA HA3bIBACTCS MCTOYHHMKOM, CCJIM €¢ CTCICeHb BXoaa paBHa 0, a CTCICHb
BeIXO1a OoJibie 0;

. BEpIIIMHA HA3bIBACTCS CTOKOM, €CIIM €€ CTEIeHb BbIXoa paBHa (), a CTEINICHb BXOJa
oounsie 0.

IIyrem B oprpade Ha3pIBaeTCs MapmIpyT 0€3 MOBTOPSIOIMUXCS pedep, MPOCcToil myTh — 0€3
MOBTOPSIONINXCSA BEPIIMH. 3aMKHYTHIM MyTh B oprpade Ha3bplBaeTCs OPUEHTUPOBAHHBIM IIUKIOM
WA KOHTYPOM.

JITMHO# yTH Ha3bIBaeTCA YUCIIO pedep B ITOM MYTH.

[MoaHBIM OpPHEHTHPOBAHHBIM TrpadomM Ha3bpiBacTCs oprpad, Kaxiaas Tapa BEpIIHH
KOTOPOTO COEIMHEHAa B TOYHOCTH OJHUM OPUEHTHPOBAHHBIM pebpoM. OueBHAHO, YTO, €CIU C
KaX1oro pebpa moiHOro oprpada CHSATh HANpaBlIEHHE, TO TOJIYYHUTCS HEOPHCHTHUPOBAPAIbIN
NOJHBIHN rpad.



Iletseii Ha3bBaeTcs pebpo, y KOTOPOro HavalbHas W KOHEYHAs BEPLIMHBI COBMAJIAIOT.
[TeTnst OOBIYHO CUYUTACTCS HEOPUEHTUPOBAHHOM.

IIpaxTnyeckas padora Ne 11
Tema: Omnpenenenue MapuIpyToB B OPUEHTUPOBAHHBIX rpadax
Henab: HayuuTb CTYJEHTOB OINpPEACNEHUI0 MapHIPyTOB, Lened U IHUKIOB B
OpPHEHTUPOBAHHBIX Tpadax
IIpakTH4yeckoe 3a1aHue
[Toctpoiite HampaBieHHbIN Tpad (CBA3aHHBIA AyramMu) M MaTpPULy CMEXKHOCTH AJI 3TOTO
rpada ¢ uapopMamue o poACTBEHHUKAX, COAEepIKAIICICs B TaOIHIIE.

Hms Henymka |Oren CoiHOBbs | bpaThs Jsaan [Inemsanuuku | BHyku
MYKYHHBI
JleB Anppeit, Anekceii,
Iletp Muxawun,
Onmner
AHnpeit JleB Anexcerr | Iletp Muxaui,
Oner
Iletp Jles Muxaun, |Anzgpeit Anekceit
Oner
Anexcent |Jle AHppeit Iletp
Muxaun | JleB Iletp Oner AHnpnpen
Onmner Jles [letp Muxaun | AHzpeit

KoHTpoJibHBIE BONIPOCHI:

1. Jaiite onpenenenue rpada (onpeaeneHue, IpuMep, WLTIOCTPUPYEMbII pUCYHKOM).
2. Yro Takoe nzoMopQHsie rpadbl, OpUEHTUPOBAHHbIE rpadbl?

3. Jaiite onpeneneHue nMoToka B rpagdax.

4. CdhopmynupyiiTe TPUHIMIT COXPAaHEHUS OTOKA.

5. ITpuBenuTe NpUMEPBI CUCTEM, UMEIOLIIUX NEPAPXUUECKYIO CTPYKTYPY.

ITpakTiyeckas padora Ne 12
Tema: Omnpenenenue 1enel ¥ MUKJIOB B OPUEHTUPOBAHHBIX Ipadax.
Leab: Hay4YuTh CTYAECHTOB OMNPEICIICHUIO MApUIPYTOB, LENEHd U IUKIOB B OPUEHTHUPOBAHHBIX
rpagax
IIpakTH4yeckoe 3a1aHue

[Tpumep 1 (rereonoruueckoe aepeBo). Ha pucyHnke mokazano 6u61elcKoe reHeoJI0rHIecKoe
JIepeBO.

25



Enox Madveann

Apens Kann

Cud

Anam

1. J_IOKa)KI/ITC, qTo rpa(b ABJCTCA AEPEBOM TOTrAa U TOJIBKO TOI'Za, KOrga JIr00as Iapa pa3jM4HbIX
BCPIIMH COCANHCHA €IMHCTBEHHOM 1IETIBIO.

2. Jlokaxxute, 4To rpad sBIsETCS AEPEBOM TOTIa M TOJIBKO TOTJa, KOT/Ia OH CBSI3€H, HO TIOCTIe
yaaJIeHust 1I000ro pedpa CTaHOBUTCS HECBSI3HBIM.

2.3 JlokaxuTe, 4TO KOJIMYECTBO pEdep epeBa Ha €AMHUILY MEHbBIIE KOJHYECTBA BEPIIUH
Ipumep 2(epagp omnowenus derumocmu). Iloctpoum rpad, nzoOpakaromiee OTHOIICHUE

JeTMMOoCTH Ha MHOXecTBe {1,2,3,4,5,6,7,8,9,10}. IIpuHIMNI Takoi: €ciiv OT OJHOTO YKCJIa JI0
JIPYTOro €CTh 1IeMb, BEAYIlas BBEPX, TOTJa BTOPOE YHCIIO JACIUTCA Ha MEPBOE.

o8

IIpakTnyeckas padora Ne 13

Tema: IIpumep cocTaBiaeHus: aaropurmos Mapkosa

esab padoThl: HAYYUTH CTYAECHTOB COCTaBIISITh aIrOpUTMbl MapkoBa

Teopernyeckas 4actb: [Ipexxne Bcero paccMOTpUM  BO3MOXHOCTH — peaju3alluu
apru(pMETHIECKUX OIepaIuii C MOMOIIBI0 HOPMaJbHBIX anropuTMoB MapkoBa. CHauana oOpaTtum
BHHMAaHHE Ha OJHO OOCTOSITENHCTBO, CBA3aHHOE C paboToil moboro HAM: HyxHO 1100 BBOIUTH
JIOTIOJTHUTEILHOE MPABHJIO OCTAaHOBKM pabOThl HOPMAJIbHOIO airoputMa (MHa4Ye B TpUMEpE
yBEJIMUYEHUS YKcia Ha 1 adroput™M MpoAOoDKUT paboTy M CHOBa OyJeT yBeIWYUBATh MOTYYCHHBIN
pe3ynpTaT eme Ha | M T.A. HEOTPAaHMYEHHOE YHUCIO pa3), JUOO TMepea HayalioM paboThbl
HOPMAJIBHOTO alrOpUTMa J00aBIATh K BXOJHON CTpOKECHELUalbHbIE CHMBOJIBI, OTJIUYHBIE OT
JIPYTHX CHMBOJIOB CTPOKH, KOTOpbIE YUWTBHIBAIOTCS TMOJCTAHOBKAMH aJIrOpUTMa B HAYaQgero
paboThl ¥ KOTOpBIEC YIAISIOTCS B KOHIIE paOOThI aaropurMa. Mel OyJeM MpUAEepKUBAThCSI BTOPOTO



crioco0a, Kak M OFlHa W3 HambOoJiee YCIEIIHbIX pealu3aluii HOpMalbHbIX alrOpUTMOB MapkoBa B
BUJE s3bIKa TporpamMMupoBanus Pedan. B kadectBe no0aBiissieMOro CHMMBOJIa BO3BMEM CHMBOJ
H@H'

Ipumep 1. PaccMOTpUM MPOCTEHIITYIO ONEPAIMI0 YBEITUYEHUS ASCATUYHOrO yncia Ha 1. B
ATOM CIIy4ae MOYTH BCerja He0OX0IMMO YBEIMYHUTh MOCIEIHIO0 udpy Ha 1, a mocneauss mudpa
OTJIMYAETCS TEM, 4TO mocie Hee uiuer cumBoil "@". [loaToMy mepBbIMH MOACTAHOBKAMHU JIOJIKHBI
OBITh MIOJICTAHOBKH THIIA

<uudpa> @ —  <mpudppa + 1

Ho ecimu sto umudpa 9, To ee HyxkHO 3ameHuTh 0 M yBenuueHWe Ha | TIEpeHECTH B
IpeIbIIYIIUNA pa3psil. ITOMY OTBEUYAET MOJCTAaHOBKA

9a — @0,

Haxoner, ecny yuciio HadyuHAETCs ¢ 9 U iepen 3Toil udpoii Hy>KHO MOCTAaBUTH 1, TO 3TOMY
OyzeT oTBe4aTh MOJCTaHOBKA

a — 1.

a €CIIi 3TO HE TaK, TO B KOHIIE pabOThl alTOPUTMA CUMBOJIBI (@ HAJIO CTEPETh, YTO BBHIMOJIHUT

MO/ICTAaHOBKA
a — A,
Takum o6pa3om, MbI TosTydaeM cienyromuiHAM yBennueHus qecaTHYHOTO Yrciia Ha 1:
. 0@ — ] 9. 80 — 9
1@ —2  10.90 — @0
3.20 53 11.QQ — 1

............... 2. @ — A
HpHBez(eM pa60Ty HOCTpoeHHoro aJIFOpI/ITMa i uucen 79 u 99:

a7 a a7 4,- sl —> 80,

ag9a 4 @gan 2 @apo 25 100.

AHajlorM4HbIM ~ 00pa3oM  pa3pabaThIBAE€TCsl HOPMAIbHBIA  aldroputM MapkoBa  ais
yMeHblIIeHus uyucia Ha 1 (cm. ynpaxknenue 1.3.1).

IIpumep 2. Ilpexne, yeM NepedTH K IpyruM apupMETHYECKHM ONepalusM, pacCMOTPUM
KaK JOBOJBHO THUIHMYHBIM NpPHUMEp, HCIOJIb3YEMBbIM 4YacTO B APYTHX alrOpUTMax, aJIrOpUTM
KOMMPOBAHUS JBOUYHOIO 4yKcia. B 3ToM citydae mpexie Bcero HCXOAHOE M CKOMPOBAHHOE YHcia
pazznenuM cuMBosioM "*". B pa3zpaOaTeIBaeMOM anropuTMe Mbl OyeM KOMUPOBATh pa3psbl Yyucia
[0 OYepeau, HauMHas ¢ MIIAJLIET0, HO HY)KHO PELIUTh 2 MpoOJieMbl: KaK 3allOMUHATh 3HAYCHHE
CHUMBOJIa, KOTOPBI MbI KOIIUPYEM, U KaK 3allOMUHATh MECTO KOIIMPYEMOro cuMBoda. [ pemenus

mmn

BTOpOI71 HpO6J’I€MLI HUCTIOJIB3YCM CHMBOJI -, KOTOPBIM MBI 6y,[[€M OMpCACIIATL CHIC HC

CKOIMPOBAHHBINA pas3psi]l 4YMCIA, TOCJIE KOTOPOrO M CTOMT 3TOT CUMBOJ. /[l 3amoMuHaHUs

nan

3HAYEHHUsl KOMHMPYEMOro paspsjga Mbl OyaeM oOpas3oBbiBaTh Juis 3HadeHus 0 cumBon "a", a s

3HaueHus | - cumBou "b". MeHss myTeM NoICTaHOBOK 3TH CUMBOJIBI "a" win "'b" crocenyrommmu,

nan

MBI OyzieM mepenBuraTh paspsaasl "a" wim "b" B Hauano komupyemoro uucia (mocie "*"), HO s
TOrO, YTOOBI TIOKa HE MPOUCXOMWIO KOMHUPOBAaHUE CIEAYIONIETO pa3psaa CIpaBa, MBI Iepen

mn

MEPEJIBMKEHUEM pa3psiia BPEMEHHO CUMBOJI 3aMeHUM Ha cuMBoOJI "?", a mocle nepeaBUKEHUs

caenaeM oOpaTHyro 3ameHy. [locie TOro kak Bce YHCIO OKa)XeTcs CKONUPOBAaHHBIM B BUJE

cumBosioB "a" m "b", mMbl 3ameHuM 3TH cuMBONIbI Ha 0 W 1 coorBercTBeHHO. B pesynygare



HOpMaHLHBIﬁ AJITOPUTM  KOHNHUPOBAHUA ABOUYHOI'0 4YHCIIA MOXKHO OIPCACIINTDH CHCI[YIOU.IGﬁ
noCIaCa0BaTCIbHOCTBIO ITOACTAHOBOK:

1. 0@ — 0Ol

, HavaJbHBIe TOMETKHN KOIMNP. paspsjia i KOMWH YHCc/ia
2. 10 — 1%

3.0 — 70a

L1 — 21 } KOIMUpOBaHue paspsd/jia C 3aMeHO’ ToOMeTKH paspsdia

2. al) Oa

_:.
6.al — la o . . N
_ nepeBuKenne CKommpoBaHHoro paspsi/ia
b0 — 0b

8.0l — 1b
9. ax — *a
ocTaHOBKa IepeBHzKeHns CKOIMPOBAHHOTO pasps/jia
0. b¥x — =b
11. 7 — | obparHas 3aMeHa ITOMETKH paspsijia
12.a = 0
. obpaTHasl 3aMeHa CKOIMPOBAHHOIO pa3psijia
3.6 — 1
14. Q' — )\
HpO,I[eMOHCTpI/IpyeM pa60Ty ajaropuTMa ,[[J'DI yucna 10:
alop ﬂm’*a tul’[]rm—> al170 :m—:- il]']'*u—)
. 7 10
a?1b0 * a — Q@710bka — Q710 * ba L ano * ba B

Q10 * 10 3 Q110 % 10 23 10 % 10

Jns mocTpoeHMs airopuTMa CIOXKEHHS JBYX YHCEJI MOXHO HCIOJIb30BaTh HJICIO
YMEHBIIIEHUST OJHOTO 4YHCiIa Ha | ¢ TOCIEAYIOIIMM YBEJIWYEHHEM Jpyroro uucia Ha | wu
MOBTOPEHHEM 3TOr0 JI0 TE€X MOp, MOKAa YMEHbIIAEMOE YMCIIO HE MCYE3HET MOCJIE TOT0, KaK CTaHeT
paBHpiM 0. Ho MOXHO uCHoNb30BaTh W 0oOJiee CIOXKHYIO HICK MOPa3pSAIHOrO CIOXKEHUS C
nepeHocoM | B pa3psp cieBa. [locTtpoeHue 3TUX aqrOpUTMOB, a TAKXKE aJITOPUTMOB BBIYHTAHUS,
YMHOXXCHHS U JICJICHUS BBIJICIICHO JIsI CAMOCTOSATEILHOM pabOThI B yIpakHeHHIX 2 - 9 (cm. 1.3).

[IpuBeneHHbIe TpUMEpPHl TIOKA3bIBAIOT TAaKXKE BO3MOXKHOCTH aliapaTta HOPMaIbHBIX
aIrOpUTMOB MapkoBa M0 OpraHu3alyi BETBJICHHUS M IMKIMYHBIX MPOILECCOB BBIYUCICHUA. DTO
MOKAa3bIBAET, YTO BCAKHUH AJTOPUTM MO:KeT ObITh HOPMAJIM30BAH T. €. 33/laH HOPMaJbHBIM
anroputMoM MapkoBa. B 3ToM u cocrout Te3uc MapkoBa, KOTOpBIM cleayeT MOHUMAaTh Kak
orpeziesieHUe allrOpUTMA.

BwmecTte ¢ TeM mocTpoeHue anroputMa B MOCIEAHEM MPUBEICHHOM IMPUMEPE MOACKA3bIBAET
CJIeIyIOIIYI0 METOIMKY pa3pabotku HAM:

1. [TpousBecTn NEKOMIO3UIMIO (pa30MEHHE Ha YacTH) CTPOAIIErocs aiaroputMa. B
MpUMepe 3TO CIEAYIOIINE YaCTH: 28

1. pazzieIeHue UCXOHOTO YHCIIa U KOIUH;



2. KOIIMPOBAHUE pa3psia;

3. MOBTOPEHME MPEABIAYIIEH YaCTH JI0 MTOJIHOTO KOMMPOBAHUS BCEX PA3PSIIOB.

2. Pemenne mnpoOnem peanu3anuu KaXaod dactu. B mpumepe 310 clenyromue
pOOJIEMBI:

1. 3allOMMHAHUE KOMHUPYEMOTro paspsja - pa3psia | 3amoMuHaercs kak cumBoi "a", a

pas3psa 0 - kak cumBoa "b";
2. 3allOMHHAaHHE MECTa KONUPYEMOTro pa3psaja - IOMETKa elle He CKOINMPOBAHHOTO

mn

CHUMBOJIA JIOIIOJIHUTEIBHBIM CHUMBOJIOM C 3aMEHOM ero Ha cumBoia "?" mpu nepenBHKEHUH

KOIIUPYEMOro pa3psia U oOpaTHON 3aMEHOM MOCIie NePeIBUKEHMUSL.

3. Ecnu wacte nnsg peanusanuu SBISETCS CIIOXHOM, TO OHA TakKe IOJIBEPraercs
JIEKOMITO3HIIHH.
4, COopka peanu3aiu B €UHBIA aJITOPUTM.

IMpakTnyeckas padora Ne 14
Tema: Pemenue 3a1a4 Ha cocTaB/ieHHs] AJIropuTMoB MapkoBa
Leapb padoThl: HAYYUTH CTYACHTOB COCTaBIAThH AlTOPUTMBI MapkoBa

Ynpaxxknenus
1. Onpenenure HOpMaJIbHBINA AITOPUTM, KOTOPBIM YMEHBILIAET YUCIIO HA €AUHUILY.
2. Omnpenenure HOPMAJIBHBIN aITOPUTM CIIOKEHUS ABYX JIBOMYHBIX YHCEN METOJI0M

YMCHBIICHHUA OAHOIO 4YHCJIa Ha 1 u YBCIIMUCHUCM APYroro 4Yucjia Ha 1 A0 TEX II0p, IIOKa
YMEHbITACMOC YUCJIO HC CTAHCT PaBHBIM 0.

3. OHpeHeHI/ITC HOpMaHLHBIﬁ aHFopI/ITM JIOTUYCCKOI'O CJIOXKCHUA ABYX JBOUYHBIX
YHCel.

4. Omnpenenure HOPMAJIbHBIN ANTOPUTM JIOTUYECKOTO YMHOXEHHS JIBYX JBOMYHBIX
YHCEl.

5. Onpenenure HOPMAJBHBINA aJTOPUTM CJIOXKEHUS MO MOJIYJI0 2 JIBYX JIBOMYHBIX
YHCEl.

6. Omnpenenure HOPMaJbHBIA AJITOPUTM IOPA3PATHOTO CIOKEHUS JBYX JBOMYHBIX
yucel.

7. OHpeJleHI/ITC HOpMaHBHBIfI aJ'Il"OpI/ITMBBI‘II/ITaHI/Iﬂ OIBOWUYHBIX YHCCII.

8. Onpenenure HOPMaJbHBIA AITOPUTM  YMHOXEHHUS JIBYX JIBOMYHBIX UHUCEIN
CTOJIOUKOM.

9. Onpenenure HOpPMalbHBIM QITOPUTM  JIE€HHMsS JBYX JBOMYHBIX YHCENT C

ONpEeIEeICHUEM YaCTHOTO M OCTATKA.

10. Omnpenenure HOPMAJIbHBIA AJTOPUTM BBIYUCIECHUS HAWOOJBIIETr0 OOIIETro JAETUTENs
JIBYX IBOMYHBIX YUCEIL.

1. Omnpenenure HOpMaJIbHBIA AITOPUTM BBIUYMCICHHSI HAMMEHBIIETo OOLIero KpaTHOTrO
JIBYX IBOMYHBIX YUCEII.

KoHTpoabHbIE BONIPOCHI:

1. Beinmuirre NOHATHE HOPMAJIBHOTO aJITOPUTMa, IPUBEAUTE IPUMEPHI.

2. [Ipumennte anroputm MapkoBa juist mpeoOpa3oBanust cTpoku: S kymui kr Ao B T M.

Andasur: {a...sa, A...5, npoben, Touka}

[IpaBumna:

1. A — anenscuH

2. KT —> KWJIOTpaMM



3. M —>Mara3uH4uke

4. T —> tom

5. Mara3uHYMKe— JIapbKe (3aKII0YUTEIbHAs TTO0ICTAHOBKA)
6. B TOM JJapbKe — Ha TOM PBIHKE

IMpakTnyeckas padora Ne 15

Tema: Haxoxnenue kparyaiiiero myt Ha rpage meronom Popaa

Leab paGoThl: HAy4YUTh CTYACHTOB HAXOXKIACHHUIO KpaT4alllero myTH Ha rpade MeToaoM
®opna

Teopernueckasi 4acTb:AJIITOPUTM HAXOXKJICHHS PACCTOSHHUS OT HCTOYHUKA JO BCEX
BepnH - Merog Popaa - benmana
Jannsie: OpuentupoBanHbiil rpad <V, E> ¢ n BepummHaMu ¢ BbIIEICHHBIM HCTOUYHUKOM s O V,
Matpuna ayr Afu, v], u, v OV (rpad He comepKuT KOHTYPOB OTPUIIATEIIEHOMN TTUHBI).
Pesynbrater: PaccTosius oT ucTouHuKa 10 Beex BepinuH rpada: D[v]=d(s, v), vO V.
1 begin
2forvOVdoD|[v]:=Als, v];D[s]:=0;
3fork =1ton-2do
4 forvO V\ {s} do
5 foruO V do D [v] = min(D[v], D[u] + A [u, v])
6 end
JlokaxeM TpaBUIBLHOCTH JTOro anroput™a. Jlis storo o6o3HaumMm uepe3 d(m)(v) muHY
KpaT4aiIero u3 myTei us s B v, cogepxamux He 6onee m ayr (d(m)(v) = [, €cim HE CyIIECTBYET
HU OJJHOTO Takoro nmytu). Torna umeem
d(m+1)(v) = min{d(m)(u) + a[u, v: uO V},vO V. (1)
B camom gene, mna kaxmoro uO V oueBuaHo umeeM d(m+1)(v) €d(m)(u) + a[u, v], npuuem
PaBEHCTBO TMOSIBISIETCA, KOTJa U  SBJSIETCSl  MpPENArociieIHe BEpIIMHON MPOHU3BOJILHOTO
KpaT4aliiero myTy u3 s B v. [lokaxkeM Tenepb, 4TO €CNIU MPH BXOJE B OYEPETHYIO UTEPAIHIO IIUKIIa
3
d (s, v) € D[v] € d(m)(v) mnaBcex vO V, (2)
TO 110 OKOHYaHHUH 3TOW UTEpaLun
d (s, v) € D[v] € d(m+1)(v) mst Bcex v O V. (3)
JeiicTBUTENBHO, TpeNoNaras BHIMOJHEHHE YcNoBHUS (2) M aHAIM3UpPys JEHCTBUE omeparopa B
CTPOKE 5, MBI BUJIUM, YTO 110 OKOHYAHUH UTEPAIUHU ITUKIIA 3 UMEEM
d (s, v) € D[v] € min{d(m)(u) + a[u, v]: u O V},
YTO, IPUHUMAs BO BHUMaHHe paBeHCTBO (1) naet ycnosue (3).
Otmetum, 4Tto Tipu Bxojae B 1ukin 3 mmeeM D[v] = d 1 (v), v O V, ciemoBaTenbHO, MOCie
BBITTOJIHEHUS N - 2 UTEpaAIMii 3TOro NUKJIa OyayT BRIIOIHATHCS HepaBeHCTBa d (s, v) € D[v] éd(n-1)
(v),vO V.
Teneps gocTaTovHO MOKaszaTh, uto d(n-1)(v) = d (s, v). 3T0 cipaBeIMBO, TOCKOIBKY KaXK/IbIH IMyTh
Oosiee yeM ¢ n - 1 gyramMu COAEPIKUT KOHTYp, YCTpaHEHHE KOTOPOTO HE YBEIUYMBACT JUIMHBI IyTH
(Bemp MBI TIpEATIONIaraeéM OTCYTCTBHE KOHTYPOB OTPHLATEIFHOW JUIHHBI). TeM caMmbIM 3aKOHYEHO
JI0Ka3aTeNNbCTBO KOPPEKTHOCTH IrOpUTMA.
O4eBHIHO, YTO BpPEMEHHAas CIOXKHOCTh aaroputMa ectb O(n3). Mbl MokeM, KOHEUHO, 3aKOHUYUTH
BBIUHCIICHHS, KOI/Ia BBIIOHEHHE LMKJIA 4 He BHI3BIBACT M3MEHEHMS HH OJHON M3 mepeMePibix



D[v], v O V. D10 MOXeT HacTynuTh A1 K < n - 2, oqHako Takasg MoAM(UKALUs alropuT™Ma He
U3MEHSET CYHIECTBEHHBIM 00pa3oM ero cioxHocTH. s penkux rpadoB (m << n2) ynoOHee
npenctaBisaTh rpad cnmckamu uHnuaeHTHocTH [TIPE/III[v], v O V. 3amenss cTpoky 5 Ha

for u OITPE/IILI[v] do D [v] :=min(D[v], D[u] + A [u, V]),

MOJIy4aeM aJITOPUTM CO CIOXKHOCTHI0 O(nm).

Pabota anroputma ®oppa - beuimana npowntocTpupoBaHa Ha cieayromem pucyake (V = {1, ...,
5}, Beca Iyr JaHbl YHMCIaMU B CKOOKaX, HUKIBI 4 W 5 BBINOJHSIOTCS B IMOPSIKE BO3PACTaHHSA
HOMEPOB BEPILUH).

i . 2 (5 3
0 oma 3 3 8 {:j/, \‘31 i\
A=leo w0 @ 1 -5 Se | {.\(EJJ @ o)
W W 2 W @ - : '
. i3 N Y H‘_—j_ﬂ | f
o0 W @ 4 | A .\'.i,'
5 Y &

k [D[1]{D[2] |D[3][D[4]|D[5]
0 1 F F I3

110 1 4 4 -1
2 10 1 4 |3 -1
310 1 4 |3 -1

3agaum 11l CAMOCTOSITEIbLHOIO peIICHUA

3aoanue Halitn MunumanbHoeoOCTOBHOE AEPEBO, UCIIONB3YS alTOPUTM
1) Kpyckana, 2) [Ipuma.

3aoanue HalTn KpaTdaidlliie MyTH OT BEPIIMHBI-UCTOYHHMKA § JIO BCEX OCTAIBHBIX BEPIIUH
kak metonoM Popaa-bennmana, Tak 1 METOIOM JIEHKCTPBI.
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3aﬂaHI/Ie Ha 3aHATHC!

1. Onpenenuth KpaTyaiime myTu MeXIy 3aAaHHBIMU BepirHaMu S u T 11 rpada metonamu

- ®oppa-bemnmana

- JleHKcTphl
1 2 3
4 > &
7 6 8
0
045
0 26
2 04 1
32 04
0 55
13 04
2 401
10

3amanme 1: S=1; T=9.
3amanme 2: S=9; T =1.

IIpakTyeckas padora Ne 16

Tema: [locTpoeHne MakCHUMaIbHOIO OTOKA HA CETAX
Heab padoThl: HAYYUTH CTYJIEHTOB OCTPOECHUIO MAKCUMAJILHOTO ITOTOKA Ha CETSIX

TeopeTn'{ecRaﬁ yacTh: BeeaeMm rpagh H[!I/I[!&QGHI/IHI {N’ I:I':l}CJIC,Z[yIOH_II/IM 06pa30M:

BepI_HI/IHLI B rpa(pe TC XKC, YTO U B CCTHU, a4 AYyTl' B ABa pPasa 60J'H>I.H€, puicMm 1IEIrIﬂ: E A

[
COOTBETCTBYIOT HOpManmbHas ayra Ldu oOpamieHHas myra £, JUIMHBI KOTOpBIX, ONPEAGIEHBI

MpaBUJIOM:



~ D,a?(.:z} < ﬁ(.:z) e 0, a{a}::- .::}:(.:z)
Ha)= {m, o) Ala) ) {m, a) - ela)

ITotok ':;:'6y;[eT MaKCHUMaJILHEIM, €CJIY B { {N ’ Q?}HGT IyTen U3

LV,

B' XHYJECBOH JJIMHBIL.
ANTOpUTM NIOCTPOECHUSI MAKCUMAJILHOTO ITOTOKA
3aaHue Ha4aIbHOIO JOIyCTUMOIO IOTOKA ; h

=1

[Toctpoenue rpada npupamieHui ! {N 2 ]

el

Omnpenenenne KpaTdaillero pacCTOSHUSA /aiB i {N =¢%]I/I COOTBETCTBYIOLIEH €My

O

LENU — IKpaT4auILIero IyTH.

A <0
Ecmmn , TO BBITIOJTHEHHE 1.6, MHa4de BhINOJHEHHE 11.10.

O

5.
6. CTpoMM HPOCTO#i MOTOK — i110 1eru — i.
7. Ig',!'+l - 'ﬁ T I:J':I-!'(B o0mmeM ciydae: {?D!'+1 - {I}E -I-,ifﬂ'!)
. 1=1+l

9. IlepexonuM K MyHKTY 3.

10.  OxoHuaHuE aJropuUTMAa.

AJNTOPUTM OTBICKAHUS MaKCUMAJIbHOTO MOTOKA B MPOU3BOJIBHBIX CETAX C OTPAaHUYCHHBIMHU
MIPOITYCKHBIMH CIIOCOOHOCTSMH

Ecnu Ham M3BECTEH HEKMM JNOIYCTUMBIM IIOTOK B CETH I1;"r, TO OepeM €ero B KadecTBe
Ha4yaJIbHOT'O U UCIIOJIb3YEM MPEABIIYIIHNA aITOPUTM.
PaccmoTpuM BOIIPOC HaXO0KI€HUS HAYaJIbHOTO JOIYCTUMOTO IIOTOKA:

1 I I
JIJ'ISI HAXO0XIACHUIA HAYAJIBHOI'O ITIOTOKaA CTpOI/IM BCHOMOFaTeJ'H)HyIO CCTh ZN {V ,_;";1 ), B
i P i L
KOTOpOI/I MHOXECCTBO BepIHI/IH BKJ‘IIO‘IaeT, KpOMe , CIIC 2 JOIMTOJIHUTJIBHBIC BepI_HI/IHBI )51 :'H' ,

a MHOXECTBO Jyr .e":llonpez[enﬂeTc;l cremyromuM  obpasom: Kaxkmoit myre @ {1’= W)6yz[eT
COOTBETCTBOBATH 3 JIyTHU:
| I 11
a'ss (o) a''s vy, ) 6" )
B o)
[TpomyckHble CHOCOOHOCTH ONPEAEISAIOTCS CIETYIOIUM 00pa3oM:
e'la’ =afa" =c'a" =a'd" =0
Fla’)= fla) - ala)
£'a") = f'(a") = ela)
TSN
ﬁ (’5 r) =K , TIIe K - ouens Gonbmoe LEJI0€ YHCIIO.

M A

Kpome toro noGasmnsem ayry

Torna cetb - TPAHCHIOPTHAS.

OH[ZGZ!GJ’IGHI/IC. [[OHYCTI/IMHﬁ IIOTOK ':;'TII/IS HOBOI'o HCTOYHHKA l:IB HOBBIH CTOK ?H'].

HAa3bIBACTCA HACBIILICHHBIM, €CJIX JIS1 BCCX AYT H3Fﬂwr(ﬂ”) = Aﬁr(ﬂ”)(I/IHI/I lpr(ﬂm‘) = Aﬁr(ﬂm))
TeopeMa. Eciu Q?IHE[CBIH_[CHHLII\/II IIOTOK I/I3|1;Jrl, TO IIOTOK 'PI:I:I:I = lpr(ﬂr) + Eﬁ(ﬂ)B CETHU N

15"(1 E .AHBJ'I?I@TCS[ JO0IMYCTHUMBIM U3 i!?iB I.I;J:!, a €T0 BCJIIMYMHA PaBHACTCA a:!l { I]. 33



Eciun Q:'I- MAaKCUMaJIbHbIM, HO HEHACBIUICHHBIM B CETH M , TO B N HET JOILyCTUMBIX
HOTOKOB BOOOIIIE.

IIpakTyeckas padora Ne 17

Tema: ANropuTMHYECKH HEPA3PEIIUMbIE TPOOIEMBI

Leap padoThl: HAYYUTH CTYACHTOB IOCTPOECHUIO MAaKCUMAJILHOTO ITOTOKA Ha CETIX

Ynpaxuenus

1. JloGaBbTe CTOMMOCTH B KJacC JIOIMYCTUMBIX MOTOKOB W3 yIpakHeHus 22.74. s
pelIeHnss 3aJa4d O JOMYCTHUMBIX IMOTOKaX MHUHUMAaJIbHOM CTOMMOCTH BOCIIOJIB3YWTECh KJIaccoM
MINCOST.

2. [IpuBenure Oojee TOYHYIO BepxHIO TpaHully, dem ECM, nns croumoctu
MaKCUMAaJIbHOTO NOTOKa B TPAHCIIOPTHOW CETH, HE BCe pedpa KOTOPOH HMMEIT MaKCUMAalbHYIO
IIPOIYCKHYIO CIIOCOOHOCTh U MaKCUMaJIbHYIO CTOUMOCTb.

3. Jlokaxxute, 4TO €ciau BCE IPOIYCKHbIE CIIOCOOHOCTH M CTOMMOCTH BBIPAXKEHbI
LEJBIMU YUCIIaMH, TO 3aJlada 0 MUHUMAJIbHON CTOMMOCTH MMEET pellieHne, B KOTOPOM BCE MOTOKH
UMEIOT LEJIOYUCIICHHBIC 3HAYCHMUS.

4. Peamusyiite ¢ynkmuio negeyc() mms  mporpammbl  22.9,  BOCIOJIB30BaBIINCH
anroputMoM bennmana-®opaa (cMm. ympaxkuenue 21.134).

5. 3aMeHuTe B nOporpamMme 22.9 UWHUNMAIM3AIMIO BBIYMCICHHEM [OTOKa Ha
WHUIHAIIA3AIHUIO TIOTOKOM B (DUKTHUBHOM pedpe.

6. [IpuBenuTe BCE BO3MOXKHBIE IMOCIEAOBATEIILHOCTH PACIITUPSIIONTUX ITUKIIOB, KOTOPBIC
MOTJIH ObI OBITH MTOKA3aHbI HA pHUC. 22.41.

7. [TpuBeauTe Bce BO3MOKHBIE OCIEAOBATEIHHOCTH PACIIUPSIIONINX IUKIOB, KOTOPHIE

Moru Obl OBITH TIOKa3aHbI Ha puc. 22.42.

8. IToxaxure B crtwie puc. 22.41 NOTOK M OCTAaTOYHBIE CETH IIOCIE KaKIOTO
paciipeHHs] INpPU MCIOJNb30BAaHMM IporpaMMbl 22.9 (peasn3anus ajaropurMa BbIYEPKUBAHUS
IIUKJIOB) JUIS OTHICKaHUS TIOTOKa MUHMMAJIbHON CTOMMOCTH B TPAHCIOPTHOM CeTH, N300pakeHHOH
Ha puc. 22.10. Pebpa 0-2 u 0-3 umeroT croumocts 2, pedpa 2-5 u 3-5 - croumocts 3, pedpo 1-4 -
CTOMMOCTh 4, a Bce OCTaJbHBbIe pedpa - EeAMHUYHYI0 CTOMMOCTh. IIpenmonaraercs, uTO
MaKCHMaJIbHBI MOTOK BBIYUCIISETCS C MOMOIIBIO AITOPUTMA, KOTOPBIM MCHOJB3YyeT KpaTdauiine
pacIIUpPSIOLINE Ty TH.

9. Bemonaure ynpaxsaenue 22.112 B npeamnonoKeHWH, YTO IIporpamMma HadyMHAET
paboTy ¢ MaKCUMaJIbHBIM TIOTOKOM B (PMKTHBHOM pedpe M3 MCTOKa B CTOK, KaK MOKa3aHO Ha pUC.
2242,

10.  JloGaBpre B pemeHus ynpaxkHeHud 22.6 m 22.7 00pabOTKy CTOMMOCTEH B
TPAHCHOPTHBIX CETAX.

11.  [HoGaBbTe B pemeHus ynpaxHeHuid 22.9-22.11 o6pabOTKy CTOMMOCTEH B CETSX.
HaznaubTe KaxkaomMy peOpy CTOMMOCTb, HPUOIU3UTENBHO MPONOPLUOHANBHYIO €BKINA0BOMY
PACCTOSHUIO MEXK/y €r0 BepLUIMHAMH.
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Puc. Octarounsie cetu (BhIUEPKUBAHUE IIUKIIOB)
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Puc. BLI‘ICpKI/IBaHI/IC UKIIOB 0e3 Ha4aJIbHOTO0 MaKCUMAaJIbHOTO ITOTOKA
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4.1. PexoMeHayemas auTeparypa

OcHoBHasi IMTEpaTypa:
1. CenoBa H.A. [luckperHas MateMaTrka [ DJIEKTPOHHBIN pecypc] : yuebHoe mocooue / H.A.
CenoBa. — DneKTpoH. TeKCTOBbIE naHHble. — CapatoB: At [1u Op Meaua, 2018. — 67 ¢. — 978-
5-4486-0069-2. — Pexum pocryna: http://www.iprbookshop.ru/69316.html.

2. XycanHoB, A. A. JIuckpeTHas MaTeMaTHKa [ DJIEKTPOHHBIN pecypc] : yaebHoe mocodue st
CIIO / A. A. XycauHoB. — DIEKTpOH. TeKCTOBbIe AaHHble. — Capatos : [Ipodobpazosanue, 2019.
— 77 c. — 978-5-4488-0281-2. — Pexxum noctyma: http:// www.iprbookshop.ru/86136.html.

3. CenoBa, H. A. Jluckpernas matematuka. Coopuuk 3amad : npaktukym st CITIO / H. A. Cenosa,
B. A. Cenos. — Capatos : [IpodobpazoBanue, 2020. — 319 c. — ISBN 978-5-4488-0506-6. —
Tekct : anexTpoHHBIN // DnekTpoHHO-O0nbanoTeunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/89998.html.

Jlono/IHUTeIbHAS JIUTepaTypa:
1. Anaes, I1. E. MaremaTtnueckas noruka : yueonoe nocoodue s CI1O / I1. E. Anaes, JI. JI.
MakcumoBa. — CapatoB, Mocksa : [IpodoOpazoBanue, Aii [Tu Ap Meaua, 2020. — 98 ¢c. — ISBN
978-5-4488-0789-3, 978-5-4497-0450-4. — TeKcT : 31€KTPOHHBIN // DIEKTPOHHO-OMOIMOTEUHAS
cuctema IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/96015.html.

2. Topromiku, A. I1. JluckpeTHas MaTeMaTHKa ¢ dJIEMEHTAMH MaTEMATHYECKOM JIOTHKH : y4eOHOe
noco6ue st CI1O / A. I1. T'opromkun. — Caparos : [Ipodobpazosanue, 2020. — 503 ¢. — ISBN
978-5-4488-0859-3. — TeKcCT : 3NeKTPOHHBIH // DNEKTPOHHO-OMOIMOoTeYHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/96556.html.
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