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Meroauueckue ykasaHus IS NpakTHYecKuX 3aHATHH no aucuuiuimee OI1.02 [uckperHas
MaTeMaTHKa cocTaBieHbl B cooTBeTcTBUU ¢ TpeboBanmsiMu PI'OC CIIO. IpennaszHaueHsl Is
CTYIeHTOB, oOydatomuxcs 1o crenuaibHocTy 09.02.01 KoMmbroTepHBbIE CUCTEMBI U KOMILICKCHI.



[HosicHUuTEIbHAS 3aNIMCKA
JlaHHbIE METOJIMYECKHE YKa3aHUs TMpeJHA3HAYEHBbI I 3aKPEIUICHUS TEOPETUUYECKUX
3HaHUW ¥ TPHOOPETEHUS HEOOXOMUMBIX NPAKTHYECKUX HABBHIKOB M yMEHHMH IO Tporpamme
nucuurmuabel "JluckpetHas matematuka' mina cnenuansbHocTH CIIO  09.02.01KommnbrorepHbie
CUCTEMBI U KOMIUICKCHI
[IpakTrueckue 3aHATHS COCTaBJICHBI B COOTBETCTBUU C TpeboBanusiMu @DenepaibHOTO
rocyJapCTBEHHOT0 00pa30BaTeILHOTO CTaHAapTa
B pesynbpTaTe ocBOCHHS yUeOHOW MUCIUILTAHBI O0YYAIOIIHICS JOIKEH YMeETh:
e CrTpouTh M aHAJIU3UPOBATH TUCKPETHBIE MOJCIIH;
® AHAIM3WUPOBATH JIOTUKY BHICKA3bIBAHUI M YTBEPKICHUI;
® [IPUMEHATh MaTEMAaTUYECKHUM anmapar Jyisi HOCTPOCHUS U aHaJIN3a aJITOPUTMOB;
B pesynbpTaTe ocBoeHHS YyUueOHOM MUCIUTIIINHBI O0YYarOIIHIACS TODKEH 3HATD:
e  (OCHOBBI TEOPUH MHOKECTB;
® OCHOBBI MAaTEMaTUYECKOMN JIOTUKH,
® OCHOBBI KOMOMHATOPUKH U KOMOMHATOPHOTO aHAIIN3A,

® OCHOBBI TEOpHUHU TPadoOB U X MPUMEHEHHE.



IIpakTyeckas padora Ne 1
Tema: Jlornueckue omepanuu. Popmynbl JOTUKH. Tabnua WCTUHHOCTH. [[M3BIOHKTUBHAS M

KOHBIOHKTHBHAs HOpMaJibHbIE ()OPMBI.
Leapb padothi: 00001IEHIE, CUCTEMATH3AIMS, YITTyOJIeHHEe, 3aKpEIIeHHE MTOTYyYeHHbIX 3HAHUH.

Jlormueckuie onepanuu ¥ TaOIHUIIBI HCTUHHOCTH

1) Jlornueckoe yMHOKEHHE WM KOHBIOHKITHS

KOHBIOHKIINS - 3TO CIIOKHOE JIOTHYECKOE BBIpaXKEHNE, KOTOPOE CUYUTAECTCS UCTUHHBIM B TOM U
TOJIBLKO TOM CJIy4dae, Koraa 0621 IMPOCTBIX BBIPAKCHUS ABJIAIOTCA UCTUHHBIMHU, BO BCEX OCTAJIBHBIX
ClIy4asix JaHHOE CJI0KEHHOE BBIPa)KEHHUE JIOKHO.

O6o03Hauenue: F = A & B.

Ta6J11/111a HCTUHHOCTH AJII KOHBIOHKIINN

A
1
1
0
0
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2) Jlornueckoe cj10:KeHHe WM IU3bIOHKINS:

JIM3BIOHKIHS - 3TO CIOXKHOE JIOTUYECKOE BBIPAKEHHE, KOTOPOE MCTUHHO, €CIIU XOTs Obl OJTHO U3
MPOCTBIX JIOTUYCCKHUX BBIpa)KCHI/Iﬁ HUCTHUHHO U JIOKHO TOraga M TOJIBKO TOraa, Koraa 06a MMPOCTBIX
JIOTUYCCKUX BBIpa)KeHbSI JIOKHBI.
O6o3nauenue: F = A v B.

Ta6JII/II_Ia HCTUHHOCTHU MJIA JU3BIOHKINN

A
1
1
0
0
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3) Jlornueckoe OTpUIIAHME WV UHBEPCHS:

NuBepcusa - 3TO CIIOXKHOE JIOTMYECKOE BBIPAKEHHUE, €CIIM HMCXOJHOE JIOTMYECKOE BBIPAKEHUE
WUCTUHHO, TO PE3yJbTaT OTPHIIAHUS OYyJeT JIOKHBIM, M HAa00OPOT, €CIU HUCXOMHOE JIOTHYECKOE
BBIPOKEHHUE JIOKHO, TO PE3yNbTAaT OTPHIIAHUA OYyJeT UCTHHHBIM. [IpyruMH TpOCTHIMHU CIIOBA,
JaHHAsl omepalrs 03HA4aeT, YTO K MCXOJAHOMY JIOTHYECKOMY BBIPAKEHUIO J00ABIISIETCS YacTUIA
HE unu cmopa HEBEPHO, UTO.

Ob6o3nauenue: F = 7A.

Tabnuia ICTUHHOCTH ISl HHBEPCUH




4) Jloruueckoe cjieloBaHNe WJIH UMILINKAIUSA:

WIMIuuKaims - 3To CI0KHOE JOTHYECKOe BhIpaKeHHE, KOTOPOE UCTUHHO BO BCEX CIyyasiX, KpoMe
KaK M3 MCTUHBI CIEAyeT JIOXKb. 10 e€CcTh JaHHas JIOTHYECKasl OIepalys CBS3bIBAET JBA MPOCTHIX
JIOTUYECKUX BBIPAKEHUS, U3 KOTOPBIX MepBoe sBisercs ycioBueM (A), a Bropoe (B) sBusercs
CJIEJICTBHEM.

«A — B» uctuHHO, eciii 13 A MOXKET clieqoBaTh B.

Ob6o3nauenue: F= A — B.

Ta0nuia ICTUHHOCTH I UMIUINKAITA

A
1
1
0
0
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5) Jlornyeckasi paBHO3HAYHOCTH MJIM IKBUBAJIEHTHOCTD:

OKBUBAJIIEHTHOCTH - OTO CJIOKHOE JIOTHIECKOE BBIPAXKCHUC, KOTOPOEC ABJIICTCA UCTUHHBIM TOrga u
TOJILKO TOT/a, KOr/ia 00a MPOCTHIX JIOTHYECKUX BBHIPAKEHUSI UMEIOT OJJUHAKOBYIO HCTUHHOCTb.
«A < B» UCTMHHO TOT/1a ¥ TOJBKO TOrJa, Korna A u B paBHBIL.

O6o3nauenue: F = A «— B.

Ta6m/1ua UCTHUHHOCTH JIs1 DKBUBAJICHTHOCTH

A
1
1
0
0
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6) Onepanust XOR (MckiIrouaomme wimn)

«A @ B» uctuHHO TOr 1A, KOTr/1a UICTUHHO A uiau B, HO He 06a 0JTHOBPEMEHHO.
OTy omnepanuio TakKe Ha3bIBaIOT "CI0KEHUE 110 MOTYJI0 /Ba".

O6o3nauyenue: F = A @ B.

A B F

1 0
1 0 1
0 1 1
0 0 0

HOpHIIOK BbINNOJTHCHHUSA JJOI'MYECKHUX onepaum“a B CJIO’KHOM JIOT'HY€CKOM BBIPAKCHUH

1. NuBepcus;
2. KoHboHKLHS, 5

3. JIu3BbIOHKIIHNS;



4. UMnvKanms;

5. DKBUBAJIEHTHOCTb.

IIpakTH4eckas padora Ne 2

Tema: 3akoHbI Toruku. PaBHOCHIIbHBIE TPEOOPA30BAHUS

Hesas padoTsl: 00001IeHIE, CHCTEMATH3aLUs, YTIyOJieHHe, 3aKpelyieHne TOTy4YeHHBIX 3HaHUH 110

TEME€ 3aKOHBI JIOTHKH.
3Haku aﬂre6p51 JIOTUKHM HAMCPCHHO 3aMCHCHBI Ha CJIOKCHHUEC U YMHOXKXCHHUC.

2) A>B = (AN ~B)&(—A\ B)

Ne Hng NN, V Hma U, & [Ipumeuanue
1 AVO0=4 A& 1=4 Huuero He MeHsI€TCS NIPU IEVCTBUH,
KOHCTAHTBI YJAJIIOTCS
2 AV1=1 A&0=0 VY 1ansroTcs IepeMeHHbIE, TaK Kak UX
OIICHUBAHHE HE UMEET CMBICIIA
3 AVB=BVA AB =BA [lepemecTUTENBHBIN
(KOMMYTaTUBHOCTH)
4 AV —A4=1 OnuH U3 oneparopoB Beeraa 1
(3aKOH MCKIIFOUEHHSI TPETHETO)
5 A&—A4=0 Onun 13 oneparopos Beerna 0
(3aKOH HETIPOTUBOPEUUS)
6 AVA=A4 A& A=A WNnemnorentHoct (NB!
BmecTo 4 MOXKHO MOACTaBUTh
COCTaBHOE BBIpaykeHue!)
7 ——4 =4 /[BOIHOE OTpULIAHUE
81AVB)VC=AVBVC)| ANBYNC=ANBNC) |AcconmaTuBHbII
914V B)&C=(A&C)N(B&C)|(A&B)V C= (A V C)&(B V C)|luctpuOyTUBHBII
10| (AVB)&(—AV B)=B (A4&B)V (—A&B) =B CxiienBaHus
11 —(4V B)=—4 & B —(4&B)=—4\ —B [IpaBuio ne Moprana
12 AV (A&C)=4 A&ANV C)=A4 [Tornomenue
13 A—B="AVBuA—B=—B—"4 CusiTue (3aMeHa) UMIUTMKALUU
14 1) A»>B=(4&B) \ (—A&—B) CusiTe (3aMeHa) YKBUBAJICHTHOCTH

3amena onepaum‘/i HUMINVITMKAIIUU 1 DKBUBAJICHTHOCTH

Onepaunﬁ HMIUTMKAIIUU U OKBUBAJICHTHOCTHU UHOTAa HET CPCAU JIOTUICCKUX onepamxn?l
KOHKPETHOI'O KOMIIBIOTCPA WM TPAHCIIATOPA C A3bIKa IIPOrpaMMHPOBAHUS. O,Z[HaKO JJIA pCIICHUS
MHOT'UX 3aJ1a4 5THU OoIi€paluun HGO6XOIII/IMI>I. CYHICCTBYIOT mpaBujia 3aMCHbBI JJaHHBIX onepaunﬁ Ha
noCJIICAOBATCIBbHOCTHU onepaunﬁ OTpHULlaHHA, TU3BbIOHKIHUHW U KOHBIOHKIIUH.

TaK, 3aMCHUTDH OIICpAIUIO UMILIUKAIIKUKU MOKHO B COOTBETCTBHH CO CICAYIOIIHUM ITPAaBUIIOM:

A— B="AVB

Jlns1 3aMeHbl onepaluyy 3KBUBAJIEHTHOCTH CYILECTBYET JIBa IIPABUIIA:




AS©B=(A&B)v(A&B)
A®B=(AvB)&(AvE)

B cnpaBeanuBocTH 1aHHBIX (HOPMYJI JIETKO YOEAUTHCSI, TOCTPOUB TaOJIUIbl HCTUHHOCTH JUIS
NPaBoil U JIeBOI yacTeit 000UX TOKAECTB.

IMpakTnyeckas padora Ne 3

Tema: [ToctpoeHue TabaHIl MCTUHHOCTH JIOTHYECKUX (DYHKITHIA.
Heas padoTsl: 000011IeHNE, CUCTEMATH3AIMA, YIITyOlIeHue, 3aKperyieHHe MOTyYeHHBIX 3HaHUH 110
Teme YmpolueHue GopMyi JIOTHKH.

Bapmnanr 1

1. CocTaBuTh TabIUILy UCTUHHOCTH JIOTUYECKOT O BBIPAKEHUS
(A&B)“(—B ——4)XOR A4

2. TlocTpouTs Noruyeckyto cxemy byukuun (A B A(TB v —4d)

3. Ypoctuts nornueckoe soipaenne (2 &B) V(A& ~B)v(A&B)

4. Onpenenutp, SIBISIFOTCS JIU JBa BbICKa3bIBaHUS 3KBUBAJEHTHBIMU A & ("B v () u A &
B & —C

5. OnpenenuTs UICTUHHOCTD WM JIOKHOCTh BbICKa3bIBaHUN (—(X<5) v (X<3)) & ((X<2) v
(X<1)) mpu X=1

Bapmuanr 2

1. CocraBuTh TabIUILy UCTUHHOCTH JIOTMYECKOTO BBIPA)KEHUS
(~B&A)—{4d——B)XORB

2. TocTpouTs Jorudeckyio cxemy gyukuun (4 & BV ((Av B) n—A)

3. Ypoctutb noruueckoe Boipaxenne (A VB &A ) A(—dv—B)

4. OnpenenuTs, SBISIOTCS JIH JIBa BHICKAa3bIBaHUA dKBUBAIEHTHBIMU —(—A&BVA& (Bv —(C))
u ~“B& (—AvC)

5. OnpenenuTs UCTUHHOCTD WM JIOKHOCTh BbICKa3bIBaHUN (—(X<5) v (X<3)) & ((X<2) v
(X<1) mpu X=3

Bapuant 3

1 . COCTaBI/ITL Ta6J'II/ILIy HNCTHUHHOCTU JIOTHYCCKOI'O BBIPAXKCHUA
—~(B v A) < (—4 — B) XOR A

2. [loctpouts MOTrHUECKyI0 cXxeMy (HyHKIIUU (TA&—B)v(TA&B)
3. Vipoctuts noruueckoe bipaskenne ( AV B/ Ald V=B A(B v A)

4. OnpenenuTh, SIBISIOTCS JIM JABa BbICKa3blBaHUs dKBUBaJIEHTHBIMU —Cv ~Bv —(Av —C) u
—A&Bv ~C&B

5. OmpenenuTb UCTUHHOCTD WJIM JIOKHOCTH BbICKa3zbiBaHUN X>1 & (—(X<5) v (X<3)) npu
X=2

Bapuanr 4

1. CocraBuTh TabIUILy UCTHHHOCTH JIOTHYECKOTO BBIPXKEHUS
(—4——B)<*(B&A)XOR B

2. TlocTpouTb Jorudeckyio cxemy dyaxuun AV B) A(—B v A))

3. Vipoctuts norudeckoe Beipaxenne AV B) A(TB v A))v(d v B)



4. Onpenenutp, SBISIOTCS JIM JIBa BBICKA3bIBAHMS 3KBUBaJIEHTHBIMU —(A v 7B) v "B&C u
—A& (BVC)

5. Onpenenuts UCTUHHOCTh WJIM JIOKHOCTH BbICKa3bIBaHUN —((X>2) v (X<2)) v (X>4) npu
X=1

Bapuanr S

1. CocTaBuTb Ta0IUILy HUCTUHHOCTHU JIOTHYECKOTO BBIPKCHUS
(A&B)< (—A&B)XOR B

2. IlocTpOUTh JIOTHYECKYIO CXeMY (YHKLIUH “(A&B)v(=(Bvd)

3. VipocTuTh Jorudeckoe Bepaxenne AV BVT(TBV AIVA&B
4. OnpeenuTh, SBISIOTCS JIU JIBa BHICKA3bIBAHUS DKBUBAJICHTHBIMU
5. OnpenenuTh UCTUHHOCTD WM JIOKHOCTh BbICKa3biBaHUN X>1 & (—(X<5) v (X<3)) npu

IIpakTHyeckas padora Ne 4
Tema: MuHHMH3aLUS JIOTUIECKUX QYHKIUH 110 3aKOHAM alTreOpbl JIOTHKH.
Heabr padoTsl 0000IICHHE, CcHUCTEMATH3aIUs, YrayOleHHe, 3aKpeIuieHHE IMOyYeHHBIX

3HaHUH 10 TeMe YrpolueHue GopMyil JTOTHKH.

Teoperudyeckne OCHOBBI: Bompocel i akTyanusaluy ONOPHBIX 3HaHUM: YTo Takoe
paBHOCUIIbHBIE BbIpaxkeHUs? [lepeuncnuTs PaBHOCHIBHOCTH, BBIpaXKalOIIME OJHU JIOTUYECKUE
omeparuu 4yepe3 napyrue. 3. YcrHo Ilycts a = “a10 yTpo sicHoe”, a b = “a10 yTpo Temioe”.
Bripasure crnemnyronue Gopmyibl Ha 00bIMHOM si3bIKe: OTBET: a) “ATO yTpO SICHOE M TEMI0E”; XK)
“3TO YyTpO HE ACHOE WK HE TEIoe”; 0) “9TO yTpO SACHOE U OHO He TEIUIOE”; 3) “9TO YyTPO HE SICHOE
1 He TEmIoe”; B) “9TO yTPO HE SICHOE M OHO HEe TEIMI0E”; M) “9TO YTPO SICHOE WJIM HE TEMIoe”; T)
“3TO yTPO HE SICHOE WJIM OHO TEIIOE”; K) “eCiM 3TO TPO SICHOE, TO OHO He TEIIoe”; 1) “9TO yTpO
SICHOE WJIM OHO He TEIIoe’; J1) “eci 3TO YTPO HE SICHOEe, TO OHO TEMmIoe”’; €) “ITO yTPO HEe SCHOE
WM OHO He TEmIoe”; M) “3T0 yTpo sicHoe u He Te€ruioe”. 4. [IpoTh KOMIUIEKC TECTOBBIX 3aaHUi
npeseHTanus [IpoBepounas4.ppt 3amaHusi A MPAKTUYECKOTO 3aHATHUS UM HMHCTPYKTaX IO HX
BBITIOJTHEHHIO 3aIlicaTh TEOPETUYECKUE CBEJICHHS B TeTpaab. Pa3o0paTh MaTepualn npe3eHTaluu mno
JTaHHOM Teme VYmpoueHue.ppt. PazoOpare npumepsl. BBIMOTHUTE NHCBMEHHO NPaKTHYECKUE
3ajaHus 1Mo AaHHOM Teme. Teoperuueckue cBeneHus: i ymnpoieHHs! JOTHUECKUX BBIPaKEHUI
UCTIOJIB3YIOT 3aKOHBI areOpbl Joruku. OHU GOpMYIHPYIOTCS IS 6a30BBIX JOTMUYECKUX OINEpaIfii
— "HE", "U" u "UJIN". Wcnoap3ys 3aKOHBI JOTHKH, (OPMYINbI CKICHBAHHUS W TMOTJOLICHUS U
CBOWCTBA JIOTMYECKUX OIEpPalfii, MOXHO CIOXHYIO JIOTHYECKYIO (YHKIHUIO 3aMEHHTh OoJjiee
IPOCTOH, HO PaBHOCHJIBHON el (hyHKIMeH. DTOT mpolecc Ha3blBaeTCs MHUHUMU3ALMEH (QYHKIUH.
MuHMMHU3aIUsT HEOOXOaUMa JUIS TOTO, YTOObI (PYHKUIMOHAIBHBIE CXEMbl HE OBLIM CIHIIKOM
I'POMO3KUMH U HE UCTIOJIb30BAJIM JMIITHUX 3JIEMEHTOB. YeM MeHbIle B (QyHKIMH, TOTy4aeMou MpH
MUHUMH3ALUY, BXOJHBIX IEPEMEHHBIX U HCIHOJb3YEMBIX JIOTMUECKHUX OIepaluii, TeM IMpolie
JIOTHYECKasi CXeMa, MEHbIIE B HEW JIOTMYECKUX 3JIeMEHTOB. MUHHMMM3aLUs HEoO0XoaAuMa W TpU
COCTABIJICHUH CJIOKHBIX JIOTHYECKUX BBIpaXEeHHUH B mporpammax. [Ipumep 1. Ympocturts dhopmymy
(A+B)(A+C) Pemenune. C+B-A+B-C-A+A-A=a) Packpoem cko0ku (A+B)-(A+C)
cnenoBarenbH0,A=0)I1o 3akony maemmnoreHTHOCTH A-A C+B-A+B-C-A+A=C+B-A+B-C-A+A-A
B) B BroickaspiBanusix A u A-C BbplHeceM 3a CKOOKM A U HCHONB3YS CBOWMCTBO
C-B+A-B+A=C-B+A-B+)C+1(-A=C-B+A-B+C-1, nmonyunm A+A=A+1 AHaNOrM4YHO IyHKTY B)
BbIHEceM 3a CKoOKu BbickaszbiBaHue A.)r C-B+A=CB+)B+1(A=C-B+A-B+A Takum o6pa3zom, Mbl
JIOKa3alli 3aKOH JUCTpHUOYTHUBHOCTH (pacmpenenutenbhelii). [IpeobpazoBanus “IornomeHye” u
“ckneuBaHue” - mnornomeHneA=)B+1(A=B-A+A.Pemenue. B-A+llpumep 2. VYmnpoctuth



BelpakeHre A -A=)+B(A=-A+B-A Pemenue. -A+B-Allpumep 3. YnpocTuTh BBIpaKCHHE
ckienBanue Bcskyio ¢opMynymMokHO mpeoOpa3oBaTh Tak, YTO B HEl He OyAeT OTpHULIAHHMA
CIIO)KHBIX BBICKA3bIBAaHMH - BCe OTpULAHMA OyIyT MPUMEHATbCA TOJBKO K IPOCTHIM
BbIckasbiBaHUAM. [Ipumep 4. IIpeobpazoBath hopmyiy Tak, 4ToObl HE OBLIO OTPUIIAHUNA CIIOKHBIX
Bbicka3biBaHuil. Pemenune. 1. Bocnonb3yemcs ¢opmynoit ne Moprana, nomyuum: 2. s
BBIpQKEHUSI NPUMEHHM emie pa3 ¢opmyny ne Moprana, nomyunm: JIioOyo dopmyny MOXHO
TOKJECTBEHHO IMpeoOpa3oBaTh TaK, YTO B HEW He OyAyT HCIOJIB30BaHBI: - 3HAKH JIOTUYECKOTO
CIIO)KEHHS; - 3HAKH JIOTMYECKOTO YMHOJKEHHUS, a OyAyT HCHONb30BaHbl: - 3HAKU OTPULIAHUS U
JIOTUYECKOIO0 yMHOXEHMSI - 3HAaKM OTpULAHMS M JIOrMYecKkoro cioxenus. Ilpumep 5.
IIpeoOpa3zoBare (opMyily Tak, 4YTOObl B HEW HE HCIOJIb30BAJIUCH 3HAKU JIOTUYECKOTO CIIOKEHUS.
Pemenne. Bocnonbp3yemcsi 3aKOHOM JBOWHOTO OTpUIlaHWs, a 3aTteM ¢opMynoi ne MopraHa.
[Tpumep 6. [IpeoGpaszoBarh (opMyiy Tak, 4TOObI B HEl HE MCIIOJIb30BAJIUCH 3HAKU JIOTUYECKOTO
yMHOXKeHus. Pemenne. Mcnionb3ys ¢hopmyssl 1e MopraHa v 3aK0H IBOHHOTO OTPULIAHHS TTOJTyYUM:
3aMeHa HPKBUBAJICHIIMM U UMIUIMKALIMM HAa KOHBIOHKIINIO, TU3BIOHKIMIO U oTpunanue. Jlo cux mop

(3

Mbl 3aHUMAJINCh PAaBHOCWIBHBIMH TNpeoOpazoBanusiMu (opmyn, He . Ceiluac mokaxem,<> u
“—coaeprKalux 3HAKOB UMIUIMKAIMU W SKBUBAJICHIMHU * , MOYXXHO 3aMEHUTh PABHOCUJIBLHOU €il<>
WIH —YTO BCAKYI0 (DOpMyIy, coiepamiyio ¢GopMyJIoi, He coieprKalield 3THX 3HakoB. Mmeror
MecTo cieayromue paBHocmiIbHOCTH: Yv=Y—X (1) =Y—>X (2) Jlokaxkem paBHOCHMIBHOCTH (1) C
rnomoIpo Tadmumel uctiHHOoCTH: X Y Y->X Yv 001 1101111100001 1101
DOKBUBAJICHIIUS BBIPAXAETCS Yepe3 KOHBIOHKINIO ¥ UMILTHKAINI0)X—Y (1) Y>X (=Y X)3( U3 (3)
u (1) momyuaem Y-Xv-=Y-XvX -v: Yv=)XVv()YV(EYX (4) Dta paBHOCUIBLHOCTh BBIpaXKaeT
SKBHUBAJICHIIMIO Yepe3 KOHBIOHKLMIO, TU3BIOHKINIO U oTpuuanue. M3 paBHocuibHOCTEH (3) U (2)
MOJTy4aeM PaBHOCWIBHOCTBh , (5)A= Y<>X BbIpakaroiasi SKBUBAJICHIMIO Yepe3 KOHBIOHKIHIO U
orpuuanue. BeiBoa: B anrebpe JOrvkM BCAKYIO JIOTHYECKYIO (DYHKILUIO MOXKHO BBIPA3UTh uepes
JIpyrue joruueckue GyHKIUH, HO UX JOJHKHO OBbITh, IO MEHBIIEH Mepe, 2 Oonepaiuu, Ipu 3TOM
OJTHOHM M3 HUX 0053aTeIbHO JIOJKHO OBITH OTPULIAHHE.

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

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

MOJIYYCHHBIX (bopMynax HC COACPIKAIOCH OTPULIAHUA CIIOKHBIX BBICKa3bIBaHUH.
KOHTpOJ’ILHLIe BOIIPOCHI:

1. Yto 3HauuT PopMaIN30BaTh BHICKA3bIBAHUE?
2. Cxonbpko Oyner CTpok B Ta0nHIle MCTHHHOCTH, €CIM B BbICKa3blBaHUE 2 MEpeMeHHbIX? 3
MepPEeMEHHBIX?
3. Jlatb omnpezeneHre UMILTUKAIMU. YTO Takoe SKBUBAJIEHTHOCTH?
4. Omnpeaenute TUI BBICKA3bIBAHUS M BHUJl JIOTMYECKOW OINEpaliM € COOTBETCTBYIOIICH
JIOTUYECKOM CBSI3KOM:
a) Bcsakuil npsSMOYrolbHUK HUMEET NpsMble YTIbl U MNapajielbHble MPOTHUBOIMOIOKHBIE
CTOPOHBI;
0) TpeyroJbHUKH ¢ paBHBIMU CTOPOHAMU HE SIBJISIIOTCS] paBHOOEIPEHHBIMU;
B) Ha cienyromem ypoke OyaeT 1m0 ucTopus, MO0 XUMHS;
r) 3aBTpa 5 MOWIY B IIIKOIY U OMOJINOTEKY;
1) JIu6o on 3ab6onen, 1160 3a0bUT O HAIIEH TOTOBOPEHHOCTH,
€) YTpoM Mbl OOBIYHO XOAMM Ha JIbDKAX MM KaTaeMcsl Ha KOHbKaX.



IIpakTnyeckas padora Ne 5

Tema: BrinonHeHne GMHAPHBIX anreOpandecKux onepannii Hal MHOKECTBAMHU.

[ean padoThl: U3yuyeHHEe OCHOBHBIX (DOPM MPEACTABICHUS OMHAPHOTO OTHOIIEHUS, aHAJIU3
CBOICTB OMHApHBIX OTHOLIEHWH, BHIIIOJHEHUE ONIEpalluii Ha/l OMHAPHBIMU OTHOLIEHUSIMH.
Teopernueckoe 060cHOBaHUE

Kopresk — »3T0 ynopsaodeHHas MOCIEAO0BATENbHOCTh 3JIEMEHTOB C BO3MOXHBIMU
MOBTOPEHUSIMH. DJIEMEHTBI KOPTEXka MEePEeUHCIISIOTCS B YTIOBBIX CKOOKaX.

Hpumep 1. <a, b, c>

[Topsaok 3anmucu nMeeT 3HadeHue: < a, b > He paBHO <b, a >

[ToBTOPHI MMEIOT 3HAUECHUE: < a, b > HE paBHO < a, b, a >

JlnrHa KopTexka— 3TO YKCIIO SJIEMEHTOB B HEM.

IIpsimoe (nexkapToBO) NpOU3BeEAEHHE MHOKECTB A U B — 3TO MHO)KECTBO BceX KOpTEXKeE
JUTMHBI 2, B KOTOPBIX MEPBBIM 3JIEMEHT NMPUHAJJIEKUT MHOKECTBY A, BTOPOU 3JIEMEHT—MHOKECTBY
B.

O6o3HaueHue:

A xB — npsamoe npousBesienre MHOKECTB A u B.

bBunapHoe oTHOmIeHHMe MEXAY ABYMSI MHOKeCTBAMH—3TO IOAMHOXECTBO UX IPSIMOIO
MIPOU3BEICHUS.

®dopmanbsHoe onpeneneHne: RCAxB.

R —>10 OuHapHOe oTHOLIEHNE MeXy MHOXKecTBaMu A 1 B.

BUHAPHOE OTHOUHIEHUE MEXJ1Y MHOXKECTBAMHU
A={a,b}
B={c,d,e}
Rc AXB
R={a,c),{a, e), <b,e>}

<a.e>

®<bh.c>

IIpumep 2.

10



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 ectp 2 B crenenu | A | | B | OMHapHBIX OTHOIIEHUH MEX 1y KOHEUYHBIMH MHOKECTBAMU
A uB.

Ecnmu RCcAXA 1o R —»3T0 GuHapHOE OTHOIIEHHE HA MHOXKECTBE A.
IIpumep 3.
BuHapHOE 0THOIIIEHHE HA MHOKECTBE
A=1a,b,c,d} — MHOXKecTBO GOKCEpOB
R € AX A — OGuHapHOC OTHOIIICHHC HA MHOMXCCTBC A
R={a,b),a,c),(d,a)} — Gunaproe OTHOIICHUE «BHIMTPAT»
Hanpumep: (a,b) — Gokcep a Bemrpan y Gokcepa b

A c ] d

Cnoco0bl 3aganus

[Tepeuncnenne Bcex map U3 6a30BOro MHOKECTBa A 1 0a30BOT0 MHOXecTBa B

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

OTHoLIEH s MOTYT 3a1aBaThes popmynamu. Popmynsl y = x° +5x - 6 wim x + y< 5 3agaror
OWHapHBIC OTHOIICHUS HA MHOYKECTBE JICWCTBUTEIBHBIX YUCEIL.

I'paduueckuii meron 3axanus

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 npencraBieHue

I'pad - dwurypa cocrosimasi U3 TOYEK (BEPIIMH) COSAMHCHHBIX JHHHUSIMH (JIyramm).
Bepmmnbl rpada COOTBETCTBYIOT JJI€MEHTaM MHOXECTBa A, TO €CTh Xi, a HaJW4ue IyTH,

COEUHSIONIEH BEPIIUHBI X; U Xj, O3HaYaeT, 4To (X;,Xj)€R. UTOOBI MOAYEPKHYTH YHOPSAIOUYEHHOCTh
napsl Ha yre CTaBUTCS CTPEIKA.

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

S

MarpuuHnas ¢opma 3agaHus (MaTpHiia CMEKHOCTH OMHAPHOTO OTHOILLICHMS)

[TycTh Ha HEKOTOPOM KOHEYHOM MHOKECTBE X 3aJjaHO OTHOIIEHHE A. YTOPSAI0YMM KaKUM-
1100 00pa3oM 3yIeMEeHTbl MHOXKECTBa X = {X;, X2, ..., X,} ¥ ONpPEACTUM MATPULY OTHOIIEHUAA =
[a;] cnemyromumM 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 3aI1MChIBACTCA B IIBOﬁHBIX BCPTUKAJIBHBIX YCPTOUKAX

Onepauuyn HaJg OMHAPHBIMM OTHOLLIEHUSIMU:

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

— oOBeauHEeHUe NABYX OMHApHBIX oTHomeHUuH R; u R, - aT0 oTHOmIEHHEe R{UR, = { (X, y) |
(x, y)eR, umm (x, y)eR, }.

— pasHocTbhio oTHOIIEHUH R, u R, Ha3piBaeTrcs Takoe oTHomieHue, yto: 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}.

Ipumep 4. /lano muOxkectBo A = { 1,2,3,4,5,6 } < N. Ha Hem 3amano OuwHapHOE
OTHOILIEHUE P «OombIey, T. €. (X,y) € p<=>x >Yy. [locTpouts rpad u rpadux 3TOro OTHOILICHHS.
Kakumu cBolicTBamu 00J1agaeT 3TO OTHOIIIEHHUE?.
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I'pad ykazanHOTO OTHOIIIEHUS rpaduK 3TOTO OTHOIICHUS

PedrnexcuBnocth: Eciu Ob1 3T0 oTHOMIEHHE OBIIIO OBI pe(hIEKCUBHBIM, TO X >X JUIS Vxe
A. Hanpumep, 6buto Obl BepHO 2 > 2 ( JIOKb ). 3HAUUT OTHOUIEHHE « > » Ha A He sBISeTCA
pedIIeKCUBHBIM.

Cummerpuunocts: Ecnu Ob1 3T0 OTHOIIEHHE OBIIIO OBl CAMMETPUYHBIM Ha MHOKECTBE A, TO
X >y =>y > x. Hanpumep, 3>2 => 2>3(j10X%b),. 3HAUUT, OTHOLIECHHE « > » HAa A HE SBIAETCS
CUMMETPUYHBIM.

TpanszutuBHOCTh: Eciin 6b1 3TO OTHOLIEHHE ObLIO OBl TPAaH3UTHBHBIM Ha MHOXKECTBE A, TO X
>y, y >z =>X >7.9T0 yTBEepP)KJICHUE UCTHHHO JJIS JTFOOBIX HATYPaJbHBIX YUCEN, T. €. U YHCET U3 A.
3HAYUT, OTHOLIEHUE « > » HA A SBIISIETCA TPAH3UTUBHBIM.

AcummerpuyHocTh: Hu 111 kakux yucen A He MOXKET ObITh OJHOBPEMEHHO HCTUHHBIM

x>y

>
y=X , T. €. OTHOIIeHUE ‘> Ha A acumMMeTpuyuHO. OTHOIIEHUE ‘> HAa MHOXECTBE A SIBIISIETCS

OTHOILICHUEM CT[!OFOFO HOpH,[[Ka T. K. OHO aCI/IMMeTpI/I‘{HO nu TpaH3I/ITI/IBHO.
x>y
[ y>x

CBsi3HOCTB: J[7151 TIOOBIX ABYX 2JIEMEHTOB X | JE A BEPHO: y =X T. €. OTHOILIEHUE
“>"” Ha MHOMXECTBE A ABIAETCSA CBA3HBIM. 1. K. OTHOILIEHHE ‘> Ha MHOXECTBE A CBI3HOE U
SIBJISIETCSI OTHOLLIEHUEM CTPOTOro MOPS/IKa, TO OHO €CTh OTHOLIEHUE CTPOrOro JIMHEHHOTO MOpsIKa.

IIpakTHyeckas padora Ne 6
Tema: Onepanuu HaJ MHOKeCTBAMU.
Heab padoThl: U3yuyeHWE OCHOBHBIX ()OPM TIPEICTABICHUS] OMHAPHOTO OTHOIIICHUS, aHAIN3
CBOMCTB OMHAPHBIX OTHOIICHUH, BHITIOJHEHNE OTICpAIMi Ha/l OWHAPHBIMHA OTHOIICHHSIMHU.
3aganus AJs NPAKTHYECKOT0 3aHATHSI:
JaHo mMHOXecTBO HaTypanbHbIX uncen X ={1, 2, 3, 4, 5, 6, 7} u onpenenéHHsie Ha HEM
OunHapHbie oTHOIIEHUS R; 1 R,.

Ne Bapuanra | OtHOmeHue R1 Otnowenune R2
Bapuanr 1 1)beiTh OoJIBIIIE 1)bbiTh MeHbIIIE
2)bbBITh 2KBUBAJEHTHBIM 10 Mmod 3 2)bBITh AETUMBIM
Bapuanrt 2 1)beiTh OoOJBIIIE 1)BBITh 3KBUBaICHTHBIM 110 Mmod 2
2)bbITh MEHBILIE 2)BBITh SKBUBAJICHTHBIM 110 MO(,3
Bapwuanr 3 1)boITh OonbIIIE 1)BbITh 5KBUBasIEHTHBIM 110 mod 3




2)bbITh MeHbIIIE 2)BBITh 2KBUBAJICHTHBIM 110 mod 2
Bapuanr 4 1)bbITh 5KBUBaeHTHBIM O mod 2 1)[denuthcs Ha 2

2)[enuthcs Ha 3 2)BbITh AETUMBIM
Bapwuanr 5 1)beITh 5kBUBaNIEeHTHRIM 110 Mod 3 1)enuthes HA 3

2)bbITh MeHbILIE 2)[enutbes Ha 2

1.IIpencraBuTh Kakoe OMHApPHOE OTHOIIIEHHE BO BCex Ghopmax:

— rpadwuueckas popma;

— rpag;

— MaTpuIla CMEKHOCTH.

2.0xapakTepr30oBaTh KaXKI0e OMHAPHOE OTHOIICHHUE AIIEMEHTAPHBIMU CBOWCTBAMMU:
— pedIIeKCUBHOCTB;

— CHMMETPHYHOCTb;

— TPaH3UTUBHOCTb.

3. BeimonHUTh creayrone OMHapHbIe Onepaliy HaJ oTHOImEeHUus MU R uR,:
— 00BeINHEHHE;

— TepeceyueHue;

— pazHocth R1\R2 u R2\R1;

— CHMMETpHYECKas pa3HOCTb;

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

KOHTpOJII)HI)Ie BOIIPOCHI:

Urto Takoe OMHApPHOE OTHOIIIEHWE Ha MHOXKECTBE?
Kaxk MoxHO 3anucaTh OMHapHOE OTHOIIEHUE?
Kakoe oTHoIIeHNE HA3bIBAIOT PE(PIICKCUBHBIM?
Kaxkoe oTHOmIeHUE ABIsIETCS aHTUPEDICKCUBHBIM?
Kakoe oTHOIIEHNE HA3bIBAIOT CHMMETPUYHBIM ?
Kakoe oTHoIIeHHE SBISETCS AHTUCUMMETPUYHBIM?
Kaxkoe oTHOIICHNE HA3bIBAIOT TPAH3UTHBHBIM?

O NNk

Yto Takoe SKBHBAJICHTHOCTh HA MHOXECTBE?

IIpakTyeckas padora Ne7

Tema: [Toctpoenne nuarpamm Oilniepa—DBeHHa.

Ileap padoThl: TO3HAKOMUTH CTYJEHTOB C TAKUMHU MOHSATUSAMH, KaK MHO>KECTBO, JIEMEHTHI
MHOXeECTB, OyJlieaH, YHHUBEPCAIbHOE MHOXECTBO, MOIIHOCTb MHOXECTBA, ONEpaluu HaJ
MHOXECTBaMH, IMPEJCTABICHUS MHOXECTB C IIOMOILIBIO JauarpamMM, QOpMHPYS Yy HHX
TEPMHHOJIOTMYECKHH 3amac.

Teopernueckoe 060cHOBaHUE

JIroboe moHATHE IUCKPETHOH MaTreMaTHKH MOXKHO OIPENeNUTh C IOMOUIbIO TOHSATHA
MHOkecTBa. [loJT MHOXECTBOM MOHHUMAIOT OOBEIUMHEHHE B OJHO 00IIee OOBEKTOB, XOPOIIO
pa3InyaeMbIX HaIIel MHTYWUIMEH WU Halled MbIcibio. OOBEKTHI, KOTOpbIE 00pa3ylOT MHOXKECTBO,
OyZieM Ha3bIBaTh AJIIEMEHTAMU MHOXKECTBA U 0003HaYaTh MaJIbIMU OyKBaMU JIATUHCKOTO andaBuTa.

MHOKECTBO U €r0 JIeMEHTHl 0003HAYAI0TCS CIEAYIOLIIM 00pa3oM: 14

A = {al, a2, a3} — MHOXXECTBO, COCTOSIIIEE U3 TPEX DJIEMECHTOB;
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A ={al, a2, ...} — MHOXECTBO, COCTOsIIIee U3 OECKOHEYHOTO YHCIIa HJIEMEHTOB. MHOXECTBO
MOKET COCTOSITb W3 3JIEMEHTOB, KOTOPHIE CaMM SIBISIOTCA MHOKecTBaMu. HyXHO pasnnyarhb
AJIEMEHT a U MHO>KECTBO, COCTOALIEE U3 €IMHCTBEHHOTO 2JIEMEHTA a.

[Tpumep. MuoxectBo A = {1, 2} coCTOMT M3 JABYX 3JE€MEHTOB 1, 2; HO MHOXeCTBO {A}
COCTOMT U3 OJHOIO JIEMEHTa A.

ECIM 31eMeHT a IPUHAUISKUT MHOXKECTBY A, 3TO 3alMCHIBACTCS CIIELYIOIMM 00pa3oM: a 1
A. Ecnu sneMeHT a He MPUHAIEKUT MHOXKECTBY A, TO 3amHuChIBAIOT Tak: a I A. Eciu kakoe-1u60
MHOXECTBO A BKIIOYEHO B JIPYroe MHOXKECTBO B, To mcmomb3yercst 3amuch A I B. MuoxecTBO,
coJieprKalliee KOHEUHOE YHCIIO AJIEMEHTOB, HAa3bIBAETCS] KOHEUHBIM, €CJIM MHOXECTBO HE COAEPKHUT
HU OJIHOTO 3JIEMEHTa, TO OHO Ha3bIBaeTcsl MycThIM U obOo3Havaerca ZA. [IpuHsATO cuMTaTh, 4TO
MMyCTO€ MHOXKECTBO SIBJISIETCS MOAMHOXKECTBOM JIFOOOTr0 MHOXecTBa: A& i A, tne A — moboe
MHOKeCTBO. Takum 00pa3oM, BCSIKOE MHOMECTBO COJEPKUT B KAaueCTBE CBOUX IOJAMHOMECTB
ITyCTOE MHOXECTBO U CaMO CeOsl.

[Tpumep. 1. MHOXeCTBO KOpHEW ypaBHEHHUS Sin X = 2 SIBISIETCS MTyCTHIM.

2. TIycth Al — MHOECTBO HPOCTHIX uncen, A2 — MHOKECTBO IebIX uncen, a = 4. Toraa a |
A2, al Al

MHOXECTBO cuuTaeTcsl 3aJaHHbIM, €CJIM KaKuM-IH0o o00pa3oM yKa3aHO HEKOTOpoe
CBOWCTBO, KOTOPHIM 00J1aJJal0T BCE €r0 3JEMEHTHI U HE 00JIaZjal0T HUKAKUe Ipyrue 00bEeKThI.

MHOXECTBO MOXKET OBITh 3aJlaHO PA3TUYHBIMH CIOCOOAMU: TEPEYUCICHUEM AJIEMEHTOB
(KOHEYHbIE MHOXKECTBA) WJIM YKa3aHHEM HX CBOMCTB (Ipu 3TOM B 00OMX ciydasx MpH 3aJaHUH
MHO>KECTB UCIIONB3YIOT (PUTYPHBIE CKOOKH).

[Tpumeps! 3amanus MHOXecTB. 1. MHoxkecTBO M 1udp necsTHyHOro anpaBuTa MOMKHO
3amath B Buae: M= {0, 1, ..., 9} mwmmu M = {x | x —nemnoe, 0 £ x £ 9}, rae cnpaBa OT BepTUKAIBHON
YEPThI YKa3bIBAIOT CBOMCTBO 3JIEMEHTOB 3TOI0 MHOKECTBA. MHOKECTBO M YETHBIX YMCET MOXKHO
3amucath B Buje: M = {x | X — 4€THOE YHUCIIO | .

2. Ecain R — MHOXECTBO TOYEK YMCIIOBOW MPsIMOW, TO Rn — MHOXKECTBO TOYEK N-MEPHOTO
apu(METUYECKOTO TPOCTPAHCTBA; B YacCTHOCTH, R2 — MHOXECTBO TOYEK IUIOCKOCTH, R3 —
MHO’KECTBO TOYEK MPOCTPAHCTBA TPEX U3MEPEHUII.

s xaxnoro MHokecTBa M CyIIECTBYET MHOXKECTBO, 3JIEMEHTAMHU KOTOPOIO SIBJISIOTCS
MOJIMHOXKECTBa MHOXkecTBa M U ToibkO OHHM. Takoe MHOXecTBO Oy/leM Ha3blBaTh CEMEWCTBOM
MHOkeCcTBAa M win OyJieaHOM 3TOro MHOXECTBa W oOo3HauaTh B(M), a mHOXecTBO M Oynem
Ha3bIBaTh YHUBEPCAJIbHBIM (YHMBEPCYMOM WJIHM HPOCTPAHCTBOM) W o6o3Hauate 1 wmm U.
MuoxectBo M (yHuBepcadbHOE) HE JODKHO OBITh YK€ OOBEIMHEHMS] PAacCMaTPUBAEMBIX
MHOKECTB, T. €. OHO JOJDKHO OBITh paBHO WM COJAEPKaTh OOBEAMHEHHE paccMaTPUBAEMBbIX
MHO>KECTB.

[Tpumep. ITycte MHOKecTBO A = {1, 2} COCTOUT U3 ABYX 3JIeMEHTOB 1, 2. Torma MHOKECTBO
B(A) Bxitouaet B ceOs myctoe MHOXECTBO ZE, 1Ba OHORJIEMEHTHBIX MHOXKecTBa {1} u {2} u camo
MHOXkecTBO A = {1, 2}, T. e.

B(A) = {&, {1}, {2}, {1, 2}}. MsI Buaum, 4To0 MHOXXeCTBO B(A) COCTOMT W3 ueThIpex
371eMEeHTOB (4 = 22).

[IpuBenem craHmapTHble OOO3HAYEHHUs Ui HEKOTOPBIX Haubosiee YMOTPeOUTENbHBIX
YKCIIOBBIX MHOXKECTB:

N — MHOXX€CTBO HATypaJbHBIX YMceN (MHOT/AA ero HauuHaioT ¢ 1, uHorna c¢ 0; 0GBIYHO ATO
OroBapUBaETCH);

P — npocteie uncna; 15

Z — MHOKECTBO LENbIX Yrcel (TI0JI0KUTENbHbIE, OTpulaTelbHbie U 0);



R — MHOXeECTBO IeCTBUTENBHBIX YHCET.

Ouesnanoe coorrommenne: N { Z [ R.

PaccMoTpuM MeTOZbI MOJMYYE€HHsSI HOBBIX MHOMKECTB M3 YK€ CYIIECTBYIOIIMX Ha MpPUMEpPE
MpoCTpaHCTBa WM MHOXkecTBa U, ompenenuB B HEM 4 omepanuyd HajJ MHOXecTBamMu A u B:
o0BeTMHEHNE, TIEPECCUCHUE, PA3HOCThD, TOTIOJTHCHHE.

1.2. Onepanuu HaT MHOXECTBAMHU

O6benunenneM A u B HasbiBaeTcs MHOMkeECTBO A E B, Bce 31eMEHTBI KOTOPOTO SBISIOTCS
3JIEMEHTAMHU XOTS ObI OJJHOIO U3 MHOKECTB A unu B:

AEB={x¢x1Au/mwmxIB}.

N3 onpenenenus cnepyer, 4yto A I AEBuBI A E B. Ananornuno onpeaesieTcs
00beTMHEHNE HECKOJIBKUX MHOYKECTB.

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

2. ITyctb A — MHOXECTBO YHUCEN, KOTOpBIE AENATCS Ha 2, a B — MHOXKECTBO 4HCell, KOTOPBIE
nenstes Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torma A E B — MHOXECTBO 4mcel, KOTOpBIC
memstcsi Ha2 wmHa 3: AEB = {2,3,4,6,8,9,10, ...}.

[Tepeceuennem MHOkecTB A u B Ha3piBaeTcs MHOkecTBO A C B, Bce ayieMeHThI KOTOPOTO
SABJISIIOTCS BIeMeHTaMu 06omx MHOkectB A 1 B: A C B = {x ¢ x I A u x I B}. U3 onpenenenns
cnenyer, uto ACBI A, 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. ITycts A — MHOECTBO 4HCeNl, KOTOpbIE AenaTcs Ha 2, a B — MHOKecTBO yuceln, KOTopbie
nenstes Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torna A C B — MHOXeCTBO 4HuCel, KOTOpPhIC
mensTciMHa2, mHa3: AEB= {6,12,18, ...}.

MoskeT oka3aThCsl, YTO MHOKECTBA HE UMEIOT HU OJTHOTO 00IIero »ieMeHTa. Toraa roBopsr,
YTO MHOXECTBA HE NEPECEKAIOTCS WIIM YTO UX MEPECEUCHHE — ITyCTOE MHOKECTBO.

ITpumep. Ilycte A = {1,2},B={2,3},C={3,4}. TormraACBCC=Z.

Pa3HocThbIO (OTHOCUTENBHBIM JIOMIOJIHEHHEM) MHOXecTBa B 70 MHOXecTBa A Ha3bIBaeTcs
MHOkecTBO A \ B, Bce 351eMEHTBI KOTOPOTO SBIISIOTCS SJICMEHTaMH MHOKECTBA A, HO HE SIBIISIOTCS
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, ...}. Torma A \ B — MHO>XeCTBO 4uces, KOTOPbIE EIATCS
Ha 2, HO He nemsTes Ha 3, a B\ A — MHOXeCTBO Ymces, KOTOphIe IeTATCs Ha 3, HO HE JCIATCS Ha 2:
A\B=1{2,4,8,10,14,...}.B\A={3,9,15, 21,27, ...}.

CuMMeTpUUuecKor pa3HOCThIO MHOXECTB A U B HaspiBaeTcs mHOkectBo 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={2,4,8,10, 14, ...}.

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

JononHnennem M mMHOkecTBa M sIBIISIETCS MHOKECTBO

‘M = {mi | miiM}.

[Tpumep. 3anmansl MHOXKecTBa A = {1, 2, 5, 6} u B = {2, 3, 4, 6} Ha yHuUBepcaJIbHOM
muoxectBe U = {1, 2, 3, 5, 6, 7}. BeimosauTh oneparuu’ A, B.

Pemenne. B pesynpTaTe BBINOJHEHUS 33JaHHBIX OMNEPALM MOJYyYUM  CIIEIYIOLIUE
MHOXkecTBa: A ={3,7};B={1,5,7}. 16



Jlis KOHEUHBIX MHOXXECTB CYIIECTBYET IOHSTHE: MOIIHOCTh MHOXECTBA A — YHCIO €ro
areMeHTOB. O003HAYa0T MOIITHOCTh MHOXKECTBA |A|.

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

Taxoke CIpaBeUINBBI CIIeyIomIie GOpMyIIbl: uls 066X MHOKecTB A 1 B P |A E B| = |A| +
|B] — |A C BJ, To ecTh yuuThIBaroTCs 00IIKE 17151 000MX MHOXKECTB DJIEMEHTHI.

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

Jliist KOHEYHOTO MHOKecTBa M MOIIHOCTE ero Oyiieana |B(M)| paBaa 2|M|.

1.3. [Ipumenenue nuarpamm Dilsiepa-BeHHa npu penieHny NpakTUYECKUX 3a1a4

JUIs HarJsaHOTO TPENCTAaBICHHUSI MHOXKECTB M OTHOIICHHH MEXIY HHMHU HCIIOIB3YIOTCS
quarpaMmsl Oiniepa-BeHHa. YHHMBepcaibHOE MHOXKECTBO M300pa)karoT B BHJIE NMPSIMOYTOJIbHUKA, a
MHOXECTBa, BXOJSIINE B YHUBEPCATBHOE MHOXKECTBO, B BHJE KPYrOoB BHYTPH IMPSIMOYTOJHHHKA,
3JIEMEHTY MHO>KECTBAa COOTBETCTBYET TOUKa BHYTPH Kpyra (puc. 1).

C momompo auarpamMMm Oisiepa-BeHHa ymao0HO WMIUTIOCTPUPOBATH OMNEpaIiy  Haj
MHOXecTBaMu. Pe3ynbTupytoriee MHOXKECTBO KaXKIO0H ONEpalliy BbIIEICHO IITPUXOBKOM.

=

MA MAEMB MACMB

RN
=

MB\MA MA\MB ‘MA

Puc. 1. IlpencraBienue onepauuii HajJ MHOXECTBAMM C IIOMOILIBIO Juarpamm Oiiepa-
Benna

[Tpumep. PaccMoTpum omeparuio JOMOJHEHUS MHOXECTBA, SIBJISIOIICTOCS TEPECCUCHUEM
MHOkecTB MA u MB. HeoOxomumo mokazaTh, 4To €€ pe3yiabTaT COBMAAaeT ¢ OOBEIUHEHUEM
I[OHOJ'IHGHI/Iﬁ 3TUX MHOXECCTB.

Pemenne. M = Ma nMg—\A B MB.

B aTOM MOXHO yOenuThCs ¢ MOMOIIIBIO Auarpamm Ditnepa-Benna (puc. 2).

‘MA
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Jns nro6e1x moamHokecTBA, B u C yHHBepcanbHOro MHOXKeCTBa U  BBIMOJIHSAIOTCS
CIICAYIOIINE TOXK/IECTBA (OCHOBHBIE TOKIECTBA alIT€OPbl MHOJKECTB):

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

2. AEBEC =(AEHB)EC 2. ACBCC =ACB) CC
(accormaTHBHOCTH E). (accouuatuBHOCTH C).

33.AEBCC =(AEB)C(AE Q) 3. ACBEC)=(ACB)E(ACC)
(muctpuGyTtisHOCTH E oTHOCHTENBHO Q). (uctpubyTHBHOCTH C OTHOCHTETBHO E).

4. AE Z = A (cBOICTBO HyIIs1). 4¢. ACE=ZA.

5. A E'A = U (CBOICTBO JIOTIOJTHEHHS). 5¢. ACA=A.

6. AEA=A. 6¢. A C A= A.

7. AE U = U (CBOWHCTBO eIMHHIIBI). 7¢. ACU=A.

8. AwB=A (B (zakom ge 8¢. A nB="A E'B (3axon ne Moprana).
Moprana).

9. A E (A C B) = A (3akoH 9. A C (A E B) = A (3akoH
HOTJIOUIEHMS). HOTJIOUICHHUS).

10. A= A (uuBOMIOIHS).

11.A\B=ACB.

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

Pemenue. JlokaxkeM, 4TO U3 MEPBOTO MPEAMOIOKEHUS clieyeT BTopoe. JleiicTBUTENbHO, TaK
kak ACB I A, To 1OCTATOYHO TTOKA3aTh, YTO B 3TOM ciayyae A A C B. Ho ectm x [A, ToxIB,T
k. A I B n, ciemoBarensHo, x 1 A CB.

JIokakeM, 4TO W3 BTOPOTO Mpenookenus ciexyer Tpetbe. Tak kak A C B=A, 10 A E B
= (A C B) E B. Ilo 3akony normouienus (cM. Toxnectso 9) B E (A C B) = B. Orcroaa, Hcronb3ys
3aKOH KOMMYTaTHBHOCTH, nonydaem A E B = B.

JIoKaxkeM, 4TO M3 TPEThEro IpearonokeHus ciexyeT mepsoe. Tak kak A I A E B, a no
YCIIOBUIO TPETHETO MPEANOIOKEHUS A E B =B, t0A I B.

IpakTnueckas padora Ne 8

Tema: Brimonnenue anredpanyeckux orneparuil HaJl MHO)K€CTBAMHU

Leab paGoTbl: TO3HAKOMHUTH CTYJCHTOB C TAKUMHU MOHSATUSMHU, KAK MHOYKECTBO, JIEMEHTBI
MHOKECTB, OylieaH, YHUBEpPCAJbHOE MHOXXECTBO, MOIIHOCTh MHOXXECTBa, OIEpald HaJ
MHOKECTBAMH, TMPEACTABICHUS MHOXECTB C TMOMOLIbI0 aAuarpamMmM, GOpMUPYS y HHX
TEPMUHOJIOTMYECKUH 3amac.

3ananus

J1s ay TMTOPHBIX 3aHATUN

1.3anucate MHOXXECTBO M LENBIX 4YMCEN X, KOTOpbIE JAENATCA HAa TPU U HAXOIATCS B
untepBaiie 3 £ x £ 15. 3anucarp AByMs crioco0amu.

2.3anucath MHOXECTBOA IEJBIX YMCEN X, KOTOpPbIE AENATCA Ha 2 U Ha 3 U HAXOIATCA B
untepBaiie 20 £ x £ 25. 3anucaTth 1ByMs crioco0amu.

3.IlpuHaiesxuT 1 X MHOXKeCTBY 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 YKA3aHUEM CBOMCTB UX 3JIEMEHTOB.

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

5.Kakue u3 ciienyronmx BeIpaXXeHUH SBISIOTCS UICTUHHBIMU M KAKU€ JIOKHBIMU:

a) £ {{E}}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, 4roObI OBUIHM MCTUHHBIMH CIIEAYIOIINE
BBICKA3bIBAHUS:

a)AIBUBICUAIC;

6) AIBUBICUAIC.

7. Kakue u3 crneayronmx MHOXECTB KOHEUHBI 1 KaKie O€CKOHEUYHBI:

a) {x IR¢x2 - 5x + 4 =0};

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

B) {x I N¢x2 /24}.

8. PaBHBI 1M1 MHOX€ECTBA!

a) {xIRex2-2x—2=0} u {x 1 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. [lepeunciuTh 3EMEHTHI CIETYIOIIMX MHOXKECTB:

a) {x IR¢x2 - 3x +2=0};

6) {x IR¢x2 +1=0};

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

10. [lepeuncnuTh BCE 3IEMEHTHI KaXkA0T0 U3 CIEIYIOINX MHOKECTB:

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

6) {xex I {1,2}};1) {x¢x 1 ZE}.

Jiis camocTosTeNnbHON paboThI

1. IlepeuncauTp 3J1IEMEHTHI CIETYIOIINX MHOMXKECTB!

a) MHOXKeCTBO 4eTHBIX unceld oT 0 70 20 BKIFOUYUTENBHO;

0) MHOKECTBO BCEX JIBY3HAUHBIX YHCEN, JENSIIUXCS Ha 5 U He aensmuxcs Ha 10;

B) MHOXECTBO BCE€X MOCIEAOBATEIILHOCTEN, coepxaux Bce unucna 1, 2, 3, 4, 5 u Tosbko
9TH YMCIIA, B KOTOPHIX YETHBIE M HEUETHBIE YHCIIa YEPETYIOTCA.

2. PaBHBI 11 MHOXECTBA:

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

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

3. IlepeuncinTh MOAMHOKECTBA CIETYIOIINX MHOXKECTB:

a) {41,2}, {3}, 4}:6) 145, 2} ) 8) 421, {6}, {3} }; 1) ({4, 6}, {1}, 1}.

4. BcraBuTh MEXIy MHOXeECTBaMH CUMBOJI | mimu | Tak, 4TO0OBI 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 nenuthcs Ha 3}, U=N.

6. Jlokazatp TOXaecCTBa:

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\VB)= (A

C)\(B\C); EB)\(A CB);
) A\(BEC)=(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. ITokazate ¢ momoie auarpamm Dinepa-BeHHa, kakue U3 CIeqyIOINX YTBEPKACHUN
BCPHBI:
a)(AEB)CC=AE®BCC); B) (A\B)EC=(AEC)\(BEC);
6) (A\B)EB=A; r)(AC'B)E (B C'A)IB.
2. HaifTH MOIIHOCTh MHOXECTB, MOIIHOCTh HX OyieanoB u |A E B| - momHocTts

O6’beI[I/IHeHI/I$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 MECXIOY MHOXKECTBAMH CHUMBOIJI i 1500048 I Tak, 4TOOBI MOJIYUHNJIOCh HCTHUHHOC
BBICKA3bIBAHHUC:
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. [IpuBectu npumep MHOXECTB A, B, C, TaKUX, YTOOBI BHIOJIHSITUCH YCIIOBHSL:
a)AIB,BIC,A1C;
6)A1B,A1C,CIB;
B)AIB,BiC AlC.

IIpakTHyeckas padora Ne 9
Tema: OmnpeneneHrue MapuIpyToB B HEOPHEHTUPOBAHHBIX Ipadax
Lens paGorbl: ycBOE€HME TaKMX MOHATHH, KaKk MaplIpyT, Lieb W LMKI Tpada, odpas,
npoo0Opa3 BepiuH rpada, MUHUMAIIbHBINA TyTh B rpade, 31aepoBbl rpadsol.

Teopernyeckasi 4acThb:

Mapwipymeut, yenu, yukot

Mapupytom B rtpage G = (V, E) (nmyrem B rpape D = (V, E)) Ha3bIBaercs
MOCIIEI0BATEIPHOCTE BepuH U pédep (myr) Buma V0, el, vl, €2, ..., vn-1, en, vn, rae vi ivil [0,
n], ei 1 E, (vi-1, ei), (vi, ei) 1 1, i 1 [1, n]. Bepumusl v0, vn Ha3bIBAIOTCS CBA3AHHBIMH JAHHBIM
MapuipyToM (WM MPOCTO CBsi3aHHBIMM). Bepummny v0 Ha3pIBalOT HayajoM, a vn — KOHIIOM
mapuipyta. Ecau v0 = vn, To MapuipyT Ha3bIBalOT 3aMKHYTHIM. YMCIO 7 Ha3bIBaeTCs IJIUHOU
MapuIpyTa.

MapipyT, B KOTOpOM Bce pEOpa MOmapHO pas3lWYHbI, HA3bIBACTCA LEMbI0. 3aMKHYTHII
MapIIpyT, SIBISIOMINNACS 1IeTbl0, HAa3bIBAETCS LIUKIOM (KOHTYpoM). Llenb, B KOTOpO# BCe BEPIIMHBI
MOTIAPHO PA3IUYHBI, HA3bIBAETCS MPOCTOM Ienbio. [{UKI, B KOTOpOM Bce BEPIIMHBI, KpOME MEPBOit
U TIOCTIeIHEH, TIONIAPHO PA3JIMYHbI, HA3bIBACTCS MPOCTHIM LIUKIIOM.

[Ipumepst: 1. IlocnemoBarenvHocTh V1, el, v2, e3, v4, e4, v3 — mapuipyt JIHHBI 3,
coenuHsroNMi BepmmHbl v1, v3 B rpade G (puc. 11); aT0 mpocTas 1ens, Tak Kak Bce pedpa u
BEPILIUHBI TIONAPHO Pa3JINYHBI.

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



3.vl, €2, v2, e4, v3 — nyth u3 vl B v3 uinHBI 2 B OpueHTUpOBaHHOMIICeBIorpadeD (puc.
10); 370 mpocTas Lemnb, TaK Kak BCe AYTH U BEPIIMHBI IIONAPHO PA3IUYHBIL.

£l Puc. 10 Puc. 11
V1
W2
2
& N
e3 * IHouck nymeit (mapuipymog)c MUHUMATbHBIM YUCTOM OY2
[Ipu pemeHMH HEKOTOPBIX NPUKIATHBIX 3a7ad  HEPEeIKo
W ®2 . BO3HMKAaeT HEOOXOAWMOCTH  HAWTH  MHHHMAIBHEIN MapLIpyT,
| COEIUHSIONINI 3alaHHble BeplmMHbI B rpade. I[IpuBemem anroputm

gy - PCIICHUS sToi 3anaun. [IyTe B oprpade D u3 BepIIMHBI V B BEPIIMHY W
(v'w) Ha3pIBaeTCs MUHUMAIbHBIM, €CIM OH HMEET MHUHHUMAJIbHYIO
JUIMHY Cpeau Bcex ImyTeil oprpada D u3 BEpUIMHBI V B BEPIIMHY W.

AHAJOTUYHO OmpeneNnsieTcs MUHUMaIbHBI MapmpyT B Tpade G. ANTOPUTM HAXOXKACHUS

MUHUMAJIBHOTO MapIIpyTa COCTOUT U3 CIEIYIONIHUX I1aroB:

[ar 1. ITomeuaem BepuuHy v uHAekcoM (. 3aTeM momedaeM BEpIIMHBI, MPUHAAIEKAIINE
o0pa3zy BepmmHBI Vv, WHJIEKCOM 1. MHOXECTBO BepuIMH C HHIEKCOM | oOo3Hawaem FWI1(v).
[Tonaraem k= 1.

Ilar 2. Eciu FWk(v) = £ wmn Bemonnsterca k = n — 1, w I FWk(v), To Bepumaa w He
JOCTIDKMMA U3 v U paboTa aJropuT™Ma Ha 3TOM 3aKaHYMBAeTCs. B MPOTHUBHOM cilyyae mepexoauM K
mary 3.

Iar 3. Ecniu w I FWk(v), To nepexoaum K mary 4. B IpoTHBHOM cilydyae CyIecTBYeT ITyTh
U3 V B W JUIMHBI k, U 3TOT MyTh SABJSETCA MUHUMANbHBIM. [locieoBaTeIbHOCTE 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 UCKOMBIi MUHUMANBHBIN MyTh U3 v B W. Ha »TOM pabora anroputma
3aKaHYMBaETCH.

[ar 4. ITomeyaeM MHIEKCOM k + 1 BCe HEMOMEUEHHBIE BEPIIMHBI, KOTOPBIE MPUHAIEKAT
00pa3y MHOKECTBa BEPIIMH C WHICKCOM k. MHOXXECTBO BEpIIMH ¢ WHACKCOM k + 1 oOo3HadaeMm
FWk+1(v). [IpucauBaem k:= k + 1 u mepexoaum K mary 2.

[Tpumep. Mcnonb3ys npeuioKeHHbII allroOpuT™, ONpeaeIuM MUHUMAaIbHBIN ITyTh U3 v1 B v6
B oprpade D, 3aJaHHOM MaTpHIlel CMEXHOCTH, MTPEICTaBICHHOH B Ta0. 1.

Taonuma 1
AY AY AY W AY AY
1|2 |3 |4 |5 |6
T d d 4 1 1 J
i
T 4 d 1 1 1
2
T 1 1 d 1 1 1
3
T d 1 1 d 1 J
4
T 1 1 1 1 d d
5
T 1 1 1 1 ¢ 21




JleficTBYsl COTJIaCHO alropuTMy, MocjieaoBatenbHo omnpenensieM FWI1(vl) = {v4, v5};
FW2(v1)=DFEWI(WI)\{vI,v4v5} ={ v2,v3};

FW3(vI) = DFW2(vI)\{vI, v2, v3, v4, v5} = {v6}. Taxum obGpaszom, v6] FW3(vl), a
3HAUUT (CM. mmIar 3) CyIIeCTBYeT MyTh U3 v/ B V6 IJUHBI 3 U 3TOT MyTh SBISETCS MUHUMAJIbHBIM.
Haitnem Tenepbs MUHUMANIBHBIN MyTh U3 VI B v6. OnpeieIMM MHOKECTBO

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

Bribepem mi00yr0 BeplIIMHY W3 HalIGHHOTO MHOXKECTBA, HAalpUMeEp BEPIIUHY V3.
Omnpenenum nanee MuoxkectBo FW1(vl) C D-1(v3) = { v4,v5} C {v4,v5, v6 = {v4,v5}. Beibepem
Tr00YI0 BEPUIMHY U3 HAllIGHHOIO MHOXECTBA, HallpuMep, Bepinny vS. Toraa vIv5v3v6 — ucKoMBbIi
MUHHUMAJIbHBIN TTyTh U3 v/ B v6 IuTiHBI 3 B oprpade D.

Diinepoevt cpaghor

ITycts G — nceBnorpad. Llens (ki) B G Ha3pIBaeTcs 3ilIepoBOM, eciiu OHA (OH) MPOXOIUT
o OJHOMY pa3zy uepe3 kKaxaoe pedpo ncesaorpadad.

c 3azaya COCTOMT B CIEAYIOLIEM: HAUTH

sitnepoB 1wk B MynsTHrpadgeG (puc. 12).

A IIpexxne ueM pemaTh 3afady O BbIAEICHUM

SHJIEpOBOM LENMM WIM DillepoBa LMKIA B

2 — niceporpade, Hago BBISICHUTH, CYLIECTBYIOT

nu oHu. [Ipocreiiee HE0OX0AMMOE YCIOBHE

UX CyIECTBOBAHMS, OUYEBHJIHO, 3aKIJIIOUAETCS

B cBsizHOCTH G. OTBET HA 3TOT BONPOC JAIOT

IIPUBOJIUMBIE HMXKE TEOPEMBI. DHUIEPOBBIM

HA3bIBAETCS LIUKJI, TPOXOASIIUN MO KaXI0My

pebpy Tpada poBHO ommH pa3. ['pad,
HUMEIOLIUXAHIePOB UK, TOKE Oy1eM

Puc. 12
Ha3bIBaTh diepoBbIM. B m000M sitiepoBoM rpade cTerneHu Bcex BEpIINH YETHBIE.

[TycTh O HEKOTOPOH BEpIIMHE V IIUKI MPOXOAUT k pa3. Ho Tak kak mepes 3TOW BepUIMHON
U mocie He€ LMKJI JIOJDKEH MPOXOAWTh MO0 HMHIMIEHTHBIM el péOpam, TO KoiM4yecTBO pEdep,
MHIUICHTHBIX JAHHOM BEpIIMHE, MO0 KOTOPHIM MPOXOAUT IHKI — 2 k. Tak kak IUKI 3HnepoB —
pEdep, MO KOTOPHIM LUK HE IPOXOJUT, HET, 3HAUUT 2 k — CTENEeHb BEPIIUHBI V.

Ecnu B cBsi3HOM rpade creneHu BcexX BEpIIMH YETHBIE, TO B rpade CyliecTBYeT 3HiIepoB
nuKiI. B Xxome nokazaTenbcTBa MBI JIaqUuM QlTOPUTM TMOCTPOEHHS Takoro nukiaa. Hauném c
MPOM3BOJILHONW BEPUIMHBI V U OyJeM CTpOMTh U3 He€ LeNnb, IMOKa €CTh BO3MOXKHOCTH €&
npofomkuTh. [lycTh B Kakoi-TO MOMEHT MOCTPOCHHS Mbl HAaxXOJUMCS B BeplIMHE u (HE
coBrnaaaromiei ¢ v). Toraa nenb, KOTOPYIO MbI IOCTPOWIIH, MPOXOJHUT 110 HEUETHOMY 4HCITy pEdep,
MHIMJCHTHBIX JaHHOW BepiiuHe. CTeneHb BepIIMHbI u YETHAs, CIeI0BATEIbHO, €CTh XOTs Obl O/IHO
peOpo, MHIMACHTHOE BEPIIMHE U, IO KOTOPOMY II€TIh HE MPOIILIA — 3HAYUT €€ MOXKHO TPOIOJIKHTb.
CnenoBatenbHO, LIETIb MOXKET 3aKOHYUTCSI TOJIBKO B BepIIMHE V. [lomyunm nux.

B 3agauax 4acTo BO3HHMKAeT HEOOXOAMMOCTh HaXOXKACHUS LETH, IPOXOASIEH 10 KaKI0My
pebpy poBHO oaMH pa3 (CHMMaeTcsi TpeOOBaHHME 3aMKHYTOCTH). Takue menu OyaeM Has3bIBaTh
SUJIEPOBBIMU LICTISIMH.

3ananus

s ayoumopHuix 3ansmuil 22



1. 3anan rpad G (puc. 13a). Haiiti nyTh ¢ MUHMMaJIBHBIM YUCIIOM peOep U3 BEpIIUHbI V] B

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

2. Ons rpada G (puc.
136)  3ammcate  MaTpuUIly
CMEXHOCTH M HaWTH TYTh C

Wy \ V5
MUHUMAJIBHBIM YHUCIOM pedep U3 BEpUINHBI V2 B BEPUIMHY V9.

3. dns oprpada D (puc. 136) 3anmucath MaTpUIly CMEKHOCTH M HANTH MYTh ¢ MUHUMAJIbHBIM
qucIIoM pedep U3 BepliuHbl v1 B Bepuuny v7.

4. OnpenenuTs, CONEPKUT i Tpad Ha puc. 13adinepoB UKI WU DMIICPOBY IETIh.

5. MoeT 11 BepinHa, BXOASIIas B UK rpada, UMeTh CTeTIeHb, MEHBIIYIO ABYX?

6. Kak HaszpIBaeTcsi MyTh, Y KOTOPOrO Hayajgo NEpPBOM Myrd COBHAAAET C KOHIIOM
nocienuen?

7. Kak Ha3bIBaeTCsl MapIIpyT, y KOTOPOIO MepBasi BEpIINHA COBIAJAET C MOCaeaAHENn?

8. IlokazaTh, yTO B J1F0O0M Trpade KOJIUYECTBO BEPIIMH HEYETHOMN CTETIEHU YETHO.

9. IlokazaTh, 4TO U3 BCSAKOTO 3aMKHYTOTO MapIIpyTa HEYETHOW JJTUHBI MOXKHO BBIICITHUTH
IPOCTYIO IIETIb.

10. IToka3aTth, uTo pedpo, Bxojsliee B UK Tpada, BXOTUT B HEKOTOPBIA €ro MpoCToil
IIUKIT.

na camocmosmenvHotl pabomol

1. 3aman rpad G (puc. 13a). Haiitn myTh ¢ MUHUMAJILHBIM YUCIIOM peOep U3 BepIIUHEI V] B
BepuuHy v7 rpada G.

2. lns rpada G (puc. 136) 3anmcaTh MaTpUIly CMEKHOCTH M HAHUTH IyTh ¢ MUHUMAJIBHBIM
YHCIIOM pebep U3 BepIInHbI vl B BepuInHy V8.

3. lns rpada G (puc. 136) 3anmcarh MaTpyIly HHITUICHTHOCTH.

4. Inst oprpada D (puc. 136) 3amucaTh MaTpuIly CMEKHOCTH U HAUTH ITyTh C MUHUMATbHBIM
quCcIIOM pedep U3 BepIIrHbI V1 B BepuIuHy V6.

5. [lokazaTs, uTo r00ast BepIIMHA, BXOAIIAs B IUKII, HE SIBJISIETCS BUCSIYEH.

6. Jloka3aTb, 4TO eciu B oprpad)e OTCYTCTBYIOT BEPIIHHBI C HYJIEBOW MOJTYCTEIIEHBIO UCX01a
(3axopma), To B oprpade UMeeTcs MPOCTOU KOHTYP.

7. Jloka3aTe, uTo yaanenue u3 oprpada Bepmmnbl v ¢ d+(v) < 1 (d-(v) < 1) npuBoauT k
oprpady, KOHTYpbI KOTOPOTO COBIAAIOT C KOHTYPAaMHU UCXOTHOTO oprpada.

8. [IpuBecTu onpezeneHue NpoCcTou 1emnu:

a) 1emb, B KOTOPOI BEpIIUHBI U peOpa MOBTOPSIOTCS;

0) yepemoBaHHE BEpIIUH U pedep;

B) LIETb, B KOTOPOW BCE BEPIIUHBI TONAPHO PA3IUYHBbI.

9. B yem 3akirodaercsi MOHITHE CMEXHOCTH?

a) CEXHBIMU SIBJISIFOTCS BEPIUIUHBI, HHIUICHTHBIE OJTHOMY pebpy;

0) CMEXHBIMH SBIIOTCS J1Ba peOpa, HE UMEIOIINE OOIUX BEPIIHH;

B) CMEXHBIMHU SBIISIOTCS BEPIIMHBI, COEIMHEHHBIE HEKOTOPHIM MAPIIPYTOM.

10. 3ananncesnorpadG. Llens B G Ha3bIBaeTCs 31IepOBOM, €CIIH. ..

a) OHa MPOXOJUT MO OJTHOMY pa3y yepe3 KKyl TOUKY rceBnorpada; 23

0) OHa MPOXOIWT IO OJJHOMY pasy uepe3 Kaxaoe pedpo nceBaorpada;



B) OHAa MPOXOJHMT MO OAHOMY pa3y uepe3 BEpIIUHBI U pedpa.

KoHTpoJibHBIE BONIPOCHI:

B yem cocTouT anropuT™ noucka myTe ¢ MUHUMaJIbHBIM YHCIIOM AyT?
Kaxoit 1iuki Ha3bIBaeTCs SUIEpPOBBIM?

KakoB kpurepuii cyiiecTBoOBaHUS 3iljiepoBa HUKIa B rpade?

KakoB kputepuii cyiiecTBOBaHuUs diiNepoBol 1ienu B rpade?

Nk W=

Jlath onpeneneHne ClIeayrOnmMX NOHATHI:
— MapuIpyT B rpade (IIpuUBECTU IPUMED);

— IIeMb W TIPOCTas Ienb B rpade;

— IIUKJI U IPOCTOM LUK B rpade;

— DUJIEPOBOM 1IETIb;

— MaTpulla CMEKHOCTH rpada;

— CTeTIeHb BEPIIUHBI rpada

IIpakTu4yeckas padora Ne 10

Tema: Omnpenenenue 1enel U MUKIOB B OPUEHTUPOBAHHBIX Irpadax

Leab: HayuuTh CTYJCHTOB OINpPENEIECHUI0 MapLIpyTOB, ILened © LUKIOB B
OPHEHTHUPOBAHHBIX Tpadax

Teopernyeckast 4acThb:

Ecnu snementsl MuokecTBa EE rpada G=(V,E)G=(V,E) — ynopsipoueHnHsie napsl, To rpad
Ha3bIBAETCSI OPUEHTHPOBAHHBIM Wi oprpagomM. MOXHO cKa3aTb, 4TO opepag) — 3TO rpad,
pebpaM KOTOPOTo MPUCBOEHO HAMpaBJICHUE.

Pebpo ee rpadha GG Ha3pIBAIOT OPUEHTHUPOBAHHBIM, €CIIM OJHY BEPILIMHY CUUTAIOT HAYaIoOM
pebpa, a qpyryro — KOHIIOM, Ha PHCYHKE €ro M300paXKaroT CTPEIKONW MEXAy BepIIMHAMH. Takum
obpazom, rpad, Bce pedpa KOTOPOTO OPUEHTHPOBAHBI, SBJSIETCS OPUEHTUPOBAHHBIM IpadoM.

OpxHa 1 Ta e BepIrHa oprpada MOXKET CIIy>KUTh Ha4allOM JUIS OJHUX pedep W KOHIIOM ISt
JIPYIHUX, IO3TOMY Pa3jIn4aroT JIBE€ CTEIIEHU BEPIIMHBI: CTEIIEHb BbIXOJa U CTENIEHb BXOAA.

CreneHbl0 BbIX0Ja BEPLIMHBI Oprpada Ha3bIBAETCs YHCIIO BBIXOASIIUX U3 BEPLUIMHBI pedep.

CreneHbI0 BX0/1a BEpIIMHBI oprpada Ha3bIBAaeTCs YHCIIO BXOAAIINX B BEpIIMHY pedep.

B oprpadax B 3aBUCUMOCTH OT coueTaHMsI CTEeTIeHEN BX0/1a U BhIX0/1a JJIsl JaHHON BEPILHHBI
paccMaTpuBarOTCs TPU Cayvast:

. BEPIIIMHA HA3bIBACTCS M30JIMPOBAHHOM, €CJTM €€ CTCTIICHH BBIXOJIa M BX0J1a PaBHbI 0

. BEpIIMHA HA3bIBACTCS MCTOYHHMKOM, CCJIM €¢ CTEIeHb BXoaa paBHa 0, a CTCICHb
BeIXoa OoJbiie 0;

. BEpIIIMHA HA3bIBACTCS CTOKOM, €CIIM €€ CTEIeHb BbIXoja paBHa (), a CTCIEHb BXOJa
oounsie 0.

IIyrem B oprpade HazpIBaeTCss MapmpyT 0e3 MOBTOPSIOIMUXCS pedep, MPOCToil myTh — 0€3
MOBTOPSIONINXCS BEPIIMH. 3aMKHYTHIM MyTh B oprpade Ha3bplBaeTCd OPUEHTUPOBAHHBIM IIMKIOM
WA KOHTYPOM.

JIJIMHO# TyTH Ha3bIBACTCA YUCIIO pedep B ITOM MYTH.

[MoHBIM OpPHEHTHPOBAHHBIM TrpadomM Ha3bpiBacTCs oprpad, Kaxgas Tapa BEpIIHH
KOTOPOTO COEIMHEHa B TOYHOCTH OJHUM OPUEHTHPOBAaHHBIM pebpoM. OueBUAHO, YTO, €CIU C
KaXJoro pebpa moisHOro oprpada CHATh HANpaBlICHHE, TO TOJIYYHUTCS HEOPHUECHTUPOBAPAIbIH
NOJHBIHN rpad.



Ilerseit HaszpiBaercs pedpo, y KOTOPOro HavajdbHas W KOHEYHAs BEPIIMHBI COBIAJAIOT.
ITeTnst 0OBIYHO cUUTAETCS HEOPUEHTUPOBAHHOM.

IIpaxTuyeckas padora Ne 11
Tema: Omnpenenenue MapuIpyToB B OPUEHTUPOBAHHBIX Irpadax
Henb: HayuuTb CTYJEHTOB OMNpEACNCHUI0 MAapUIpyTOB, Lened U IUKIOB B
OPHEHTHUPOBAHHBIX Tpadax
IIpakTH4yeckoe 3a1aHue
[Toctpoiite HanmpaBiIeHHbIH rpad (CBSA3aHHBIA TyramMu) W MaTPUILy CMEXKHOCTH UIS 3TOTO
rpada ¢ uapopManuen o poACTBEHHUKAX, COAEpPIKAIICICS B TaOIHIIE.

Hms Henymka |Oren CoiHOBbs | bpaThs Jsaan [Inemsauuuku | BHyku
MYKYHHBI
JleB AHJpeit, Anekcei,
Ilerp Muxawn,
Oner
Annpeit JleB Anexcerr | Iletp Muxamni,
Oner
ITetp JleB Muxaun, | AHzapei Aunekceit
Oner
Anexceit |Jle AHnpeit Iletp
Muxaun | JleB IIetp Onmner AHppeit
Onmner Jles Iletp Muxaun | Anapei

KoHnTpo/ibHBIE BONIPOCHI:

1. [aiite onpenenenue rpada (onpeneiaeHue, mpuMep, WUTIOCTPUPYEMBII pUCYHKOM).
2. Urto Takoe nzoMopdHsie rpadbl, OpUEeHTUPOBAHHBIC TpadbI?

3. Jaiite onpenenenue notoka B rpadax.

4, ChopMynupyiTe IPUHIIMI COXPAHSHHS TTOTOKA.

5. [TpuBeauTe mpUMeEpsl CUCTEM, UMEIOIIUX UEPAPXUUECKYIO CTPYKTYPY.

ITpakTyeckas padora Ne 12
Tema: Onpenenenue 1enel U MUKJIOB B OPHEHTUPOBAHHBIX Ipadax.
Ienp: Hay4duTh CTYAECHTOB ONPEICICHUIO MApLIPYTOB, LENEH U LUKIOB B OPUEHTHUPOBAHHBIX
rpagax
IIpakTH4yeckoe 3a1aHue

[Tpumep 1 (rereonornueckoe aepeBo). Ha pucyHnke nokazano 6u0elckoe reHeoIornIecKoe
JIepeBO.
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Enox Madveann

Apens Kann

Cud

Anam

1. J_IOKa)KI/ITe, qTo rpa(b ABJCTCA OJEPECBOM TOrAa U TOJIBKO TOI'Aa, Koraa JIr00as Imapa pa3jin4dHbIX
BCPIIMH COCANHCHA €IMHCTBEHHOM 1IETIBIO.

2. Jlokaxxute, 4To rpad sBISETCS AEPEBOM TOT/Ia U TOJIBKO TOT/A, KOTJa OH CBSI3€H, HO MOCIIe
yaaJIeHHsI JIF000T0 pedpa CTAaHOBUTCS HECBSI3HBIM.

2.3 JlokaxxuTe, 4TO KOJIMYECTBO pEOEp epeBa Ha SAMHHUILY MEHbBIIE KOJHYECTBA BEPIIUH
Ipumep 2(epagp omuowenus derumocmu). Iloctpoum rpad, nzoOpaxkaromiee OTHOIICHUE

JenuMocTH Ha MHOXKecTBe {1,2,3,4,5,6,7,8,9,10}. IlpuHImn Takoi: €cii OT OJTHOTO YKCIIA JI0
JIPYToro €cTh LeMb, BEAyIllas BBEPX, TOTJa BTOPOE YHUCIIO ACIUTCSA Ha MEPBOE.

o8

IIpakTnyeckas padora Ne 13

Tema: IIpumep cocTaBiaeHus: aaropurMos Mapkosa

esab padoThl: HAYYUTH CTYAECHTOB COCTABJISTH aJrOPUTMBI MapKoBa

Teopernueckas 4actb: [Ipexxne Bcero paccMOTpUM —BO3MOXHOCTH — peaju3alu
apu(pMETHIECKUX OIepaIuii C MOMOIIBI0 HOPMaJbHBIX alropuTMoB MapkoBa. CHauana oOpaTtum
BHHMAaHHUE Ha OJHO OOCTOSITENHCTBO, CBA3aHHOE ¢ paboroit moboro HAM: Hy)HO 1100 BBOAWTH
JIOTIOJTHUTENBHOE MPABHJIO OCTAHOBKH pabOThl HOPMAJIbHOIO alroputMa (MHa4Ye B TMpUMEpE
yBEJIMUYEHHUS 4Kcia Ha 1 alropuT™ MmpoAoDKUT paboTy M CHOBa Oy/eT yBEeIWYHUBATh MOTYYCHHBIN
pe3ynpTaT eme Ha | M T.O. HEOTpaHMYEHHOE YHUCIO pa3), Jub0 Mepea HayalioM paboThbl
HOPMAJIBHOTO alrOpUTMa A00aBJIATH K BXOJHOHM CTpOKECHElUAlbHbIE CHMBOJIBI, OTIUYHBIE OT
JIPYTHX CHMBOJIOB CTPOKH, KOTOpBbIE YUWTBHIBAIOTCS TOJCTAHOBKAMM QJIrOpPUTMa B HAYaJQgero
paboThl M KOTOpBIE YIAISIOTCS B KOHIIE paOOThI anroputMa. Mel OyeM NMpUAEepKUBAThCSI BTOPOTO



crioco0a, Kak M OJJHa U3 HambOoJiee YCIEIIHBIX pealu3aluii HOpMalbHbIX alrOpUTMOB MapkoBa B
BUJE s3bIKa TporpaMmupoBaHus Pecdan. B kadectBe no0aBiissieMOro CHMMBOJIa BO3BMEM CHMBOJ
H@".

Ilpumep 1. PaccMOTpUM MPOCTEHIITYIO ONEpaIrI0 YBEITUYEHUS JECATUYHOrO uncia Ha 1. B
ATOM CiIy4ae MOYTH BCerja HeoOX0AMMO YBEIMYUTh MOCIEIHIO nudpy Ha 1, a mocnennss mudpa
OTJIMYAETCs TEM, 4TO mocje Hee uiuer cumBoll "@". [loaToMy mepBbIMH MOACTAaHOBKAMHU JIOJIKHBI
OBITh MIOJICTAHOBKH THIIA

<uudpa> @ —  <mpudppa + 1

Ho ecimu sto umudpa 9, To ee HyxkHO 3ameHuTh () W yBenuueHWe Ha | TIEpPeHECTH B
IpeIbIIyIIUN pa3psil. DTOMY OTBEUYAET MOJCTAHOBKA

Ha — @i,

Haxkowner, ecnu uncino HaunHaercs ¢ 9 u nepen 3Toi Huppoi HyKHO IOCTAaBUTH 1, TO 3TOMY
OyzeT oTBe4aTh MOACTaHOBKA

a — 1.

a €cJIM 3TO HE TaK, TO B KOHIIE pabOThI alrOPUTMA CUMBOJIBI (@ HAJIO CTEPETh, YTO BHIMOIHUT

MI0JICTAaHOBKA
a — A
Takum o6pa3om, MbI Tosrydaem cienyromuiHAM yBennueHus 1ecaTHYHOro yrciia Ha 1:
. 0@ — ] 9. 80 — 9
1@ — 2 10. 9@ — @()
3.20 53 11.QQ — 1

............... 2. @ — A
HpI/IBGIIGM pa60Ty HOCTpoeHHoro aJIFOpI/ITMa Jutst yucen 79 u 99:

a7 a a7 4,- sl —> 80,

ag9a 4 @gan 2 @apo 25 100.

AHaslornyHpIM  00pa3oM  pa3pabaThiBae€TCsl HOPMAJIbHBIA aldroputM MapkoBa  ais
yMeHbIIeHus uncia Ha 1 (cm. ynpaxknenue 1.3.1).

IIpumep 2. Ilpexne, yeM NEpeHTH K JIpyruM apupMETHYECKHM ONepalusM, pacCMOTPUM
KaK JOBOJBHO THUIHMYHBIM IpPHUMEp, HCHOJIb3YEMBIM 4YacTO B APYTHX alIrOPUTMax, aJIrOpPUTM
KOMMPOBAHUS JBOMYHOIO 4Kcia. B 3ToM citydae mpex/ie Bcero HCXOAHOE M CKONMPOBAHHOE YKcia
pazzienuM cuMBoiioM "*". B pa3zpaGaThIBaeMOM anropuTMe Mbl OyaeM KOMUPOBATh Pa3psibl yucia
[0 OYepead, HauMHas ¢ MIIAJIIET0, HO HY)XHO PelTh 2 NpoOsieMbl: Kak 3allOMUHATh 3HAYCHHE
CHUMBOJIa, KOTOPBIA MbI KOIIUPYEM, M KaK 3alIOMUHATh MECTO KOIMPYEMOTro cUMBoOJIa. J{is pereHus

BTOpOfI Hp06HeMLI HCIIOJIB3YyECM CHMBOJI ‘', KOTOPBIM MBI 6yz[eM ONpeaACIATL CHIC HC

CKOIMPOBAHHBIN pa3psi]l YMCIA, IOCJIE KOTOPOrO M CTOUT A3TOT CUMBOJ. /[l 3amoMUHaHHS

nyn

3HAYEHUsI KOMHMPYEMOro paspsja Mbl OyaeM oOpa3oBbiBaTh Juis 3HaueHus 0 cumBon "a", a s

3HadeHus | - cumBoi "b". MeHss myTeM TOoICTaHOBOK 3TH CUMBOJIBI "a" mwiu "'b" criociieyrommmy,

nan

MBI OyZieM nepeaBUraTh paspsasl "a" wiu "b" B Hauano xomupyemoro uucna (mocie "*'"), Ho ms

TOr0, YTOOBI IOKa HE IMPOUCXOIWIO KOIMUPOBAHUE CIEAYIOIIEro paspsiia CIpaBa, Mbl IEpel

mn

MEPEBIKEHUEM pa3psiia BPEMEHHO CUMBOJI 3aMeHUM Ha cuMBoOa "?", a mocie nepeaBuKEeHUs

caenaeM oOpatHyro 3ameHy. llocie TOro kak BCe YHCIO OKaXETCsl CKOIMMPOBAHHBIM B BHJE

nyn

cumBosioB "a" wm "b", mMbl 3ameHuM 3TH cuMmBoJbI Ha O m 1 coorBercTBeHHO. B pesynpFaTe



HOpMaHLHBIﬁ AJITOPUTM  KOINHUPOBAHUA ABOUYHOI'O0 HYHCIIAa MOXKHO OIIPCACIINTD cnez[ylomeﬁ
noCIaCaA0BaTCIBbHOCTBIO 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 ,Z[J'ISI 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

Jnst moCTpoeHHsST alropuT™Ma CIOXKEHHS JBYX YHCEJI MOXHO HCIOJIb30BaTh HJICHO
YMEHBIIIEHUSI OJHOTO 4YHCJIa Ha | ¢ TOCIEAYIONIMM YBEIWYEHHWEM JApYyroro 4ucia Ha | u
MOBTOPEHHEM 3TOTO JI0 TE€X MOp, OKAa YMEHbIIAEMOE YUCIIO HE MCUYE3HET MOCJe TOro, Kak CTaHEeT
paBHpiM 0. Ho MOXHO HCHonb30BaTh W 0oJiee CIOXKHYIO HICK MOPa3psAIHOrO CIOKEHUS C
nepeHocoM | B pa3psp cieBa. [locTtpoeHne 3TUX aJrOpPUTMOB, a TAKXKE aJITOPUTMOB BBIYUTAHMS,
YMHOXXCHHS U JICJICHUS BBIJICIICHO ISl CAMOCTOSATEILHOM pabOThI B yIpakHEHHX 2 - 9 (cm. 1.3).

[IpuBenenHble TpUMEpPHl TOKA3bIBAIOT TaKXKE BO3MOXKHOCTH arapaTta HOPMaTbHBIX
aIrTOpUTMOB MapKkoBa M0 OpraHM3alMK BETBJICHHUS M IHMKIMYHBIX MPOIECCOB BBIYUCICHUSA. DTO
MOKA3bIBAET, YTO BCAKHUH AJTOPUTM MO:KeT ObITh HOPMAJIM30BAH T. €. 33/laH HOPMaJIbHBIM
anroputMoM MapkoBa. B 3ToM u cocrout Te3uc MapkoBa, KOTOpBIM cleayeT MOHUMAaTh Kak
orpeziesieHUe allrOPUTMA.

BwmecTte ¢ Tem mocTtpoeHue anroputMa B MOCIAEAHEM MPUBEICHHOM IMPUMEPE MOICKA3bIBAET
CJIeIyIOIIYI0 METOIMKY pa3padbotku HAM:

1. [TpousBecTn nEKOMITO3UINIO (pa30MEHHE Ha YacTH) CTPOSIIErocs aiaroputMa. B
MpUMepe 3TO CIEAYIONINE YaCTH: 28

1. pazzieJIeHue UCXOHOTO YKCIIia U KOIUH;



2. KOIIMPOBAHUE pa3psifa;

3. MIOBTOPEHME MPEABIAYIIEH YaCTH 10 MTOJIHOTO KOMMPOBAHUsSI BCEX Pa3psiiOB.

2. Pemenne mnpobnem peanm3anuu Kaxaod dacTu. B mpumepe 3T0 ciemayromiue
pOOJIEMBI:

1. 3allOMHMHAaHKE KOIMPYEMOro paspsaja - paspsa | 3anomuHaercs kak cuMmBoa "a', a
paszpsn 0 - kak cumBoa "b";

2. 3allOMMHAaHME MeCTa KONHMPYEMOIo paspsija - MOMETKa elle He CKONHMPOBAHHOIO
CUMBOJIa JIONOJIHUTEIBHBIM cUMBOJIOM "!" ¢ 3aMeHON ero Ha cumBoa "?" npu nepenBUKEHUH
KOIIUPYEMOTo paspsia U 0OpaTHON 3aMEHOM MOCIie NePEIBUKEHMUS.

3. Ecnun wacte s peanuzainuu gBISIETCA CIIOXKHOM, TO OHAa TakKKe IOJIBEPraercs
JIEKOMIIO3HIIHH.

4, COopka peanu3aiiy B €IUHBIA aJITOPUTM.

IMpakTnyeckas padora Ne 14
Tema: Pemienue 3a1a4 Ha cocTaB/ieHUs: AJIropuTMoB Mapkosa
Leapb padoThi: HAYYUTH CTYACHTOB COCTaBJIAThH AITOPUTMBI MapkoBa

Ynpaxxknenus
1. Onpenenure HOpMaJIbHBIN AITOPUTM, KOTOPBIM YMEHBIIAET YUCIIO HA €ANHMUILY.
2. Onpenenure HOPMAJIbHBIN aJTOPUTM CIIOKEHUS ABYX JIBOMYHBIX YHCET METOJ0M

YMCHBIICHUA OAHOTIO 4YHCJIa Ha 1 u YBCIIMUCHUCM MOPYroro 4Yucjia Ha 1 A0 TCX IIOp, IIOKa
YMEHBITACMOC YUCJIO HE CTAHCT PaBHBIM 0.

3. Onpe,ueJmTe HOpMaHLHBIﬁ aHFOpI/ITM JIOTUYCCKOI'O CJIOXKCHUA ABYX ABONYHBIX
YHCell.

4. Onpenenure HOPMAIbHBI ANTOPUTM JIOTUYECKOIO YMHOXEHHS JIBYX JBOMYHBIX
YHCel.

5. Ornpenenure HOPMAJBHBINA aJTOPUTM CJIOXKEHHUS MO MOJIYJI0 2 JIBYX JIBOMYHBIX
YHCel.

6. Omnpenenure HOPMaJbHBIA AJITOPUTM IOPA3PATHOTO CIOKEHUS JBYX JIBOMYHBIX
yucel.

7. OHpC}ICHHTe HOpMaHBHBIfI aJ'Il"OpI/ITMBI)I‘II/ITaHI/ISI OIBOWUYHBIX YHUCCII.

8. Onpenenure HOpMajbHBIA AITOPUTM  YMHOXKEHMSI JIBYX JIBOMYHBIX YHUCEIl
CTOJIOUKOM.

9. Onpenenure HOPMalbHBIM QIrOPUTM  JIEI€HHUS JBYX JBOMYHBIX YHCEN C

ONpEeIETICHUEM YaCTHOTO U OCTaTKA.

10. Onpenenure HOPMAJIBHBIM ANTOPUTM BBIUUCIICHUS HAUOOJBUIET0 OOLIETro AENUTENs
JIBYX IBOMYHBIX YUCEIL.

1. Onpenenure HOpMaJIbHBIA AITOPUTM BBIYHUCICHHSI HAMMEHBIIETO OOLIEro KpaTHOTO
JIBYX IBOMYHBIX YUCEIL.

KoHTposabHbIE BONIPOCHI:

1. BeinmuimTe NOHATHE HOPMAIIBHOTO aITOPUTMa, IPUBEAUTE IPUMEPHL.

2. [Ipumenute anroputM MapkoBa jist mpeodpazoBaHust cTpoku: S kyrmui kr AoB B T M.

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

[IpaBuna:

1. A — anenscun

2. KT — KWIorpaMm



3. M —>Mara3uH4uke

4. T —> tom

5. Mara3uHYMKe— JIapbKe (3aKII0YUTEIbHAS TTOICTAHOBKA)
6. B TOM JIapbKe — Ha TOM PBIHKE

IMpakTnyeckas padora Ne 15

Tema: Haxoxnenue kparyaiiiero mytu Ha rpage merogom Popaa

Leab paGoThl: HAyUYUTh CTYACHTOB HAXOXKICHHUIO KpaT4alllero myTH Ha rpade mMeToaoM
®opna

Teopernyeckas 4YacTb:AITOpPUTM HAxXOXKACHUA PACCTOSIHUS OT MCTOYHHMKA JO BCEX
BepnH - Metog Popaa - benmana
Hannsie: OpuentupoBanHbiil rpad <V, E> ¢ n BepmmHaMu ¢ BBIAECICHHBIM UCTOUYHUKOM s O V,
Mmatpuna ayr Afu, v], u, v OV (rpad He comepKuT KOHTYPOB OTPHUIIATSIIEHOM JJTUHBI).
Pesynbrarel: PaccTosiHust oT ncToOuHMKA A0 BeexX 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 3TOro anroput™ma. s storo o6o3Haumm uepe3 d(m)(v) mauHy
KpaT4aiIiero u3 myTei us s B v, cogepxamux He 6onee m ayr (d(m)(v) = [, €CIM HE CyIIECTBYET
HU OJTHOTO Takoro nytu). Torna nmeem
d(m+1)(v) = min{d(m)(u) + a[u, v: uO V},vO V. (1)
B camom pene, mis kaxmoro uO V oueBuaHo umeeM d(m+1)(v) €d(m)(u) + a[u, v], mpuuem
PaBEHCTBO TMOSIBIISIETCA, KOTJa U  SBJSIETCS MPEANocieHe BEepIIMHON MPOU3BOJILHOTO
KpaT4Jaiiiero myTy u3 s B v. [lokaxkeM Tenepb, 4TO €ClIU MPHU BXOE B OYEPETHYIO UTEPAIHIO IIUKIa
3
d (s, v) € D[v] € d(m)(v) mnsg Bcex vO V, (2)
TO 110 OKOHYaHHUH 3TOU UTEpaluu
d (s, v) € D[v] € dim+1)(v) msa Bcex v O V. (3)
JeiicTBUTenpHO, Tpeamnoaras BbIIOJIHEHHE YycloBHs (2) M aHANMM3Upys JEHCTBUE omeparopa B
CTPOKE 5, MBI BHJIUM, UTO 110 OKOHYAHUH UTEPALUHU ITUKIIA 3 UMEeM
d (s, v) € D[v] € min{d(m)(u) + a[u, v]: u O V},
YTO, IPUHUMAsi BO BHUMaHHUe paBeHCTBO (1) naet ycinosue (3).
Otmetum, 4yTo Tipu Bxojae B nukin 3 mmeeM D[v] = d 1 (v), v O V, cinemoBatenbHo, mocie
BBITIOJIHEHHS N - 2 UTEPAIMid 3TOT0 NUKJIa OyayT BRIOIHATHCS HepaBeHCTBa d (s, v) € D[v] éd(n-1)
(v),vO V.
Tenepsb qocTaTOYHO MOKa3ath, 4to d(n-1)(v) =d (s, v). DT0 cpaBe B0, TOCKOJIBKY KaXIbIi ITyTh
Oosiee yem ¢ n - 1 gyramMu COAEPKUT KOHTYP, YCTpAaHEHHE KOTOPOTO HE yBEITUYMBACT JIUHBI IyTH
(Bemb MBI IpearojaraéM OTCYTCTBUE KOHTYPOB OTPHUIATEIbHOW JJIUHBI). Te€M caMbIM 3aKOHYEHO
JI0Ka3aTeJIbCTBO KOPPEKTHOCTHU alIrOpUTMa.
O4eBHIHO, YTO BPEMEHHAas CIOKHOCTh anroputMa ectb O(n3). Mbl MokeM, KOHEUHO, 3aKOHUYUTH
BBIUMCIICHHS, KOI/Ia BBIIIONHEHHE LHMKIA 4 He BHI3BIBACT M3MEHCHMS HH OJHON M3 mepeMePibix



D[v], v O V. D10 MOXeT HacTynuTh A kK < n - 2, ofHaKo Takasg MOAM(DUKALUS alropuT™Ma He
M3MEHSIET CYIIECTBEHHBIM 00pa3oM ero cioxkHoctd. s peakux rpadoB (m << n2) ynoOHee
npeacTaBiaTh rpad cnuckamu nHIuAeHTHocTH [TIPEJI[V], v O V. 3amensist cTpoky S Ha

for u OITPEI[v] do D [v] :=min(D[v], D[u] + A [u, v]),

II0JIy4aeM aJITOPUTM CO CIOKHOCThI0 O(nm).

Pabota anroputma ®oppa - bemmana npownttocTpupoBaHa Ha cieayromem pucyake (V = {1, ...,
5}, Beca Iyr JaHbl YHCIaMU B CKOOKaX, IMKIBI 4 W 5 BBIMOJHSIOTCS B TOPSAJIKE BO3PACTAHHSA
HOMEPOB BEPIIIVH).

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 14 -1
2 10 1 4 3 -1
310 1 4 3 -1

3agaum 11l CAMOCTOSITEILHOTO PereHust

3aoanue HaliT MunumanbHoeoCTOBHOE A€PEBO, UCTIOb3Ys AITOPUTM
1) Kpyckana, 2) [Tpuma.

3aoanue HaliTu KpaTdaldlliie MyTH OT BEPIIMHBI-UCTOYHHMKA § JO BCEX OCTAIBHBIX BEPIIUH
kak MeronoM Popra-bemnmana, Tak 1 MeTo10M JI€HKCTPBI.
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3aﬂaHI/Ie Ha 3aHATHC:

1. Onpenenuth KpaTyaiime myTH MEKIY 3aaHHBIMU BepirHaMu S u T 11 rpada Meto1amu

- ®oppa-bemnmana

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

3aganme 1: S=1; T=09.
3aganme 2: S=9; T =1.

IIpakTyeckas padora Ne 16

Tema: HOCTpOCHI/Ie MaKCUMAaJBbHOI'O IIOTOKA Ha CCTAX
He.]'lb paﬁ()TbI: HAay4YUTb CTYACHTOB IMOCTPOCHUIO MAKCUMAJIbHOT'O ITOTOKA Ha CCTAX

TeopeTn'{ecKaﬂ yacThb: Brenem r[zagh H[!I/IQa[HGHI/IHI{N’ I:;::I}CJIGI[}/IOHII/IM 06pa30M:

BepI_HI/IHBI B rpa(be TC XKC, YTO U B CCTHU, a4 AYT B ABa pasa 6OJ'IBI_H€‘, npuicMm 1IEIrIﬂ: E A

[
COOTBETCTBYIOT HOpPMAaJIbHAas Jayra 2 oOpaiieHHast ayra C, JUIMHBI KOTOPBIX, OIPEIC{ieHBI

IIpaBUJIOM:



nele)< ) [0.0a)> ola)
Ha)= { )= e {w{a) o)

ITotok ':;:'6y;[eT MaKCHUMaJIbHBIM, €CJIU B { (N ’ Q?}HGT yTen n3

ML

B' XHYJICBOH JJIMHBI.
AJNTOpPUTM IIOCTPOEHUSI MAKCUMaJIbHOIO ITOTOKA
3aaHue Ha4aIbHOIO JOIyCTUMOIO IIOTOKA ; h

=1

[Toctpoenue rpada npupaiieHui ! {N 2 ]

el

OHpeHCHeHI/Ie KpaTqaﬁmero pacCcTodaHuAd ﬂ"!-B I{N’Q%]I/I COOTBGTCTBYIOHIGIZ My

Y

LEeNnn — IKpaT4auIlIero ImyTH.

A <0
Ecin , TO BBIIIOJIHEHHE 11.6, MHAUe BhINoJHEeHKE 11.10.

.

5
6. CTpOMM HPOCTO#i MOTOK — 10 1ierH — i.
7
8

I$}1+1 'ﬁ 0, i(B 06LIEM ciyuae: {?p!+1 {Pz +£J
i=i+l

9. IlepexonuM K MyHKTY 3.

10.  OxoHuYaHME anropuUTMA.

ANTOPUTM OTHICKAHHUSI MAKCHUMAJIBHOTO TOTOKA B NMPOW3BOJIBHBIX CETSAX C OrpaHHYCHHBIMH
HPOITYCKHBIMHU CITOCOOHOCTSIMU

Ecnu Ham u3BeCTEH HEKMH JOMYyCTUMBIA MOTOK B CETH I1;"r, TO OepeM ero B KauecTBe
Ha4yaJbHOrO M UCIIOIb3YEM IPEABIIYLIIUN aJrOPUTM.
PaccmoTpum BONpoc Hax0kKAEHUSI HAYAJIBHOTO JOMYCTUMOTO MOTOKA:
1 1 1
(. 4)

I[J'IH HaXO0XACHUA HAYaJIbHOI'O IIOTOKA CTPOHUM BCIIOMOI'aTCIbHYHKO CCTb B

. I I ‘l?[l ¥ 1
KOTOpOI/I MHO>XCCTBO BepI_I_II/IH BKJIFOYACT, KpOMe , CIIC 2 JOIMIOJITHUTIJIBHBIC BepI_HI/IHBI )51 ?H' ,

@ & (v= W)6y;[eT

1
a MHOXECTBO JyT .ﬂonpeuenﬂeTc;I CIEIYIOUIMM 00pa3oM: Kaxaol yre
COOTBETCTBOBATH 3 IyTHU:

a's (v, w) a"'w (‘L’g,W\ljﬂmﬁ B V)

|

Kpome toro nobasmnsem ayry b'as {vl Va }
[IpormyckHbIE CIIOCOOHOCTH OTIPEIEISIOTCS CIETYIONIM 00pa3oM:
e'la’ =afa" =c'a" =a'd" =0
Fla’)= fla) - ala)
F'la" = f"a") = ela)

PR P
ﬁ (E:' r) — e rhe K- ouens Gonbimoe nenoe yucIo.
N, A

Torna cethb - TPAHCTIOPTHAS.

OnpegeneHI/Ie. I[OHYCTI/IMHﬁ IIOTOK ':?::III/IB HOBOI'o0 HMCTOYHHKA [IB HOBBII CTOK ?H'].

HAa3bIBACTCS HACBILIEHHBIM, €CIIU JUISl BCEX YT U3 1 (ﬂﬂ) = ﬁ r( )(I/IJ]I/I 'Fr(ﬂ ) - ﬁ r(ﬂm)).

Teopema. Ecnu ':;:lIHaCLIH_IeHHbe/'I MOTOK 1/13I1;"r|, TO IIOTOK 'F(ﬂ:' = 'Fr(ﬂr:"l'm(ijls CETH N
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Ecmu Q:'I- MAKCHMAQJIbHBIM, HO HEHACBILICHHBIM B CETH .EI'JTI , TO B N HET JOMIYCTHUMBIX
MIOTOKOB BOOOIIIE.

IIpakTyeckas padora Ne 17

Tema: AIropuTMHYECKH HEpa3pemnMble TPOOIeMbl

Leap padoThi: HAYYUTH CTYAEHTOB IOCTPOECHUIO MAaKCUMAJILHOTO ITOTOKA Ha CETIX

Ynpaxuenus

1. JloGaBbTe CTOMMOCTH B KJIacC JOMYCTUMBIX MOTOKOB M3 ynpaxHeHus 22.74. Jlnsa
pelIeHusl 3aJa4d O JOMYCTHMBIX IMOTOKaX MUHHMAaJIbHOM CTOMMOCTH BOCIIOJIB3YHTECh KJIaccOM
MINCOST.

2. [TIpuBenure Oonee TOYHYIO BEpXHIOIO TrpaHully, deM ECM, mis cTommMocTH
MaKCHMaJbHOIO TOTOKa B TPAHCIIOPTHOM CeTH, HE Bce pedpa KOTOPOH HMEIOT MaKCHMaIbHYIO
IIPOIYCKHYIO CIIOCOOHOCTh U MAaKCUMaJIbHYIO CTOUMOCTb.

3. Jlokaxkute, 4TO €CiM BCE MPOMYCKHbIE CHOCOOHOCTH M CTOMMOCTH BBIPAKEHBI
LEJBIMU YUCIIaMH, TO 3aJlada 0 MUHUMAJIbHON CTOMMOCTH MMEET pelIeHne, B KOTOPOM BCE MOTOKH
UMEIOT EJIOYHUCITICHHbIC 3HAYCHHUS.

4. Peamusyiite ¢Qynknuio negeyc() ans  mporpammbl  22.9,  BOCIOJIB30BaBIINCH
anroputMoM benmnmana-®opaa (cm. ynpaxkuenue 21.134).

5. 3ameHuTe B mHporpamme 22.9 UWHUIMANIM3AaLMI0 BBIYUCICHHEM IIOTOKAa Ha
MHHUIHAAIA3ALMI0 TOTOKOM B (PMKTUBHOM pebdpe.

6. [TpuBeauTe Bce BO3MOKHBIE MOCIEA0BATEIHLHOCTH PACIIUPSIONINX IIUKIIOB, KOTOPHIE
MOTJIH ObI OBITH MTOKa3aHbI Ha pHUC. 22.41.

7. [TpuBeauTe Bce BO3MOKHBIE OCIEA0BATEIHHOCTH PACIIUPSIONINX IUKIOB, KOTOPHIE
MOTJIM ObI OBITH MTOKa3aHbI HAa pHUC. 22.42.

8. [lokaxxure B ctune puc. 22.41 NOTOK M OCTATOYHBIE CETU TIOCIE KaXIoro
paciiupeHMs] TpU MCIOJNb30BaHUM IporpaMMbl 22.9 (peanu3anusi anropurMa BbIYEPKUBaHUS
IIUKJIOB) JUI OTHICKAHUS TIOTOKa MUHMMAJIbHON CTOMMOCTH B TPAHCHOPTHOM ceTH, n300pakeHHOM
Ha puc. 22.10. Pedpa 0-2 u 0-3 umeror croumocts 2, pedpa 2-5 u 3-5 - croumocts 3, pedpo 1-4 -
CTOMMOCTb 4, a BCe OCTaJbHbIEe pedpa - EAMHUYHYI0 CTOMMOCTb. [Ipenmomaraercs, dTO
MaKCHUMaJbHBI MOTOK BBIYUCIISETCS C MOMOIIBI0 AITOPUTMa, KOTOPBIM MCHOJIB3YyeT KpaTdauiiue
pacIIUpSIIOIINE Ty TH.

9. Boinonnute ynpaxHenue 22.112 B mpeanosiokeHUM, YTO MporpamMma HadMHAET
paboTy ¢ MaKCUMaJbHBIM TIOTOKOM B (PMKTHBHOM pedpe M3 MCTOKa B CTOK, KaK MOKa3aHO Ha pUC.
2242,

10.  JlobaBbTe B pemieHus ynpaxkHeHud 22.6 um 22.7 00pabOTKy cTOMMOCTEH B
TPAHCTIOPTHBIX CETSX.

11.  [HoGaBbTe B pemeHus ynpaxkHeHuid 22.9-22.11 o6pabOTKy CTOMMOCTEH B CETSX.
HaznaubTe Kaxkqomy peOpy CTOMMOCTH, MNPUOIU3UTEIBHO MPONOPIUOHATIBHYIO EBKIHI0BOMY
PACcCTOSHUIO MEX/1y €ro BepLUIMHAMH.
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Puc. Ocrarounsie ceTu (BhIUEPKUBAHUE IIUKIIOB)
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Puc. BBI‘IepKI/IBaHI/IC IHUKJIOB 0e3 HaYaJIbHOT0 MaKCUMAJIbHOTO ITOTOKA
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4.1. PexoMeHnayemas Jureparypa

OcHoBHasi JInTEepaTypa:
1. CenoBa H.A. /luckperHas marematnka [ DJIeKTpOHHBIN pecypce] : yueOHoe mocooue / H.A.
CenoBa. — DJEeKTpoH. TeKCTOBBIE NaHHble. — CapatoB: At [1lu Op Meaua, 2018. — 67 ¢. — 978-
5-4486-0069-2. — Pexum poctyna: http://www.iprbookshop.ru/69316.html.

2. XycanHoB, A. A. JluckpeTHas MaTeMaTrKa [ DJIeKTpOHHBIN pecypc] : yueOHoe mocodue st
CIIO / A. A. XycauHoB. — DIeKTpOH. TeKCTOBbIe AaHHbIe. — CapatoB : [Ipodobpazosanue, 2019.
— 77 c. — 978-5-4488-0281-2. — Pexxum noctyma: http:// www.iprbookshop.ru/86136.html.

3. CenoBa, H. A. luckpernas marematuka. Coopuuk 3amad : npaktukym st CI1IO / H. A. Cenosa,
B. A. Cenos. — Capatos : [IpodobpazoBanue, 2020. — 319 c. — ISBN 978-5-4488-0506-6. —
Tekcr : anexTpoHHBIN // DnekTpoHHO-0nbanoreunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/89998.html.

JlomoIHUTeIbHASI JIUTepaTypa:
1. Anaes, I1. E. MaremaTtuueckas noruka : yueonoe nocooue s CI1O / I1. E. Anaes, JI. JI.
MaxkcumoBa. — CapartoB, Mocksa : [IpodobpazoBanue, Aii [Iu Ap Meaua, 2020. — 98 c. — ISBN
978-5-4488-0789-3, 978-5-4497-0450-4. — TeKcCT : 3MEKTPOHHBIH // DIEeKTPOHHO-ONOIMOTEeUHAs
cuctema [PR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/96015.html.

2. Topromkun, A. I1. /luckpeTHas MaTeMaTHKa C DJIeMEHTAaMU MaTEMATUUECKOM JIOTUKH : yueOHOe
nocooue st CI1O / A. I1. T'opromkua. — Caparos : [Ipodobpazosanue, 2020. — 503 ¢. — ISBN
978-5-4488-0859-3. — TekcT : 31eKTpOHHBIH // DnekTpoHHO-O0nbanorednas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/96556.html.
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