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IHosicHuTeIbHAA 3alIUCKA
JlaHHbBIE METOANYECKUE YKA3aHUS [IPEIHA3HAUEHBI U1 3aKPETJIEHUS] TEOPETUYECKUX 3HAHUN
U NPHOOpPETeHUsT HEOOXOJMMBIX MPAKTUYECKUX HABBIKOB M YMEHHUI MO MPOTrpamMMe JWCIUILTAHBI
"Tuckpernass maremaruka" nns crneuuanbHoctd CIIO  09.02.01KommbroTepHble CcHCTEMBI U
KOMILIEKCBI
IIpakTHyeckue 3aHATUS COCTABIEHBI B COOTBETCTBUU C TpeOoBaHMsMU DeneparibHOro
roCyJJapCTBEHHOI'0 00pa30BaTeIbHOIO CTaHAAPTA
B pe3ynbrare ocBoeHuUs y4eOHOM IUCHUILIMHBI 00y4aroLHics JOKEH yMeTh:
— (opMynupoBaTh 3aJauu JIOTUYECKOTO XapakTepa U MPUMEHSATh CPEICTBA MaTeMaTHUECKOU
JIOTUKH I UX PELICHHUS;
— IPUMEHSTh 3aKOHBI AJIr€Opbl JTOTUKHY;
— ONPEEIIATh TUIIBI TPAOB U IaBATh UX XapPAKTEPUCTUKU;
—CTPOUTbH NPOCTEUIINE aBTOMATHI;
B pe3ynbrare ocBoeHus yueOHOMN AUCHUILIMHBI 00YYatoLUiics JOKEH 3HATh:
— OCHOBHbIE IIOHSTHSI U IPUEMBI IUCKPETHON MaTEMaTUKU;
— JIOTMYECKHe oneparuu, GopMyIibl IOTUKHU, 3aKOHbBIAITeOphl JTOIUKH;
— OCHOBHBIE KJIacChl (DYHKIIHIA, TIOJTHOTY MHOXKeCTBapyHKIUH, Teopemy Ilocra;
— OCHOBHBIE ITOHATHS TEOPUU MHOKECTB, TEOPETUKO-MHOKECTBEHHbIE ONEPAL[MU U UX CBS3b C
JIOTUYECKUMHU ONIEPALIUsIMU;
— JIOTMKY IPEIUKATOB, OMHAPHBIX OTHOIIEHUH U UX BUBI;
— 3JIEMEHThI TEOPUH OTOOpaKEHUI U areOphl MOACTaHOBOK;
— METOJ MaTeMaTU4eCKOW MHIAYKIIHH;
— QIrOPUTMHYECKOE MEPEUHUCICHIUE OCHOBHBIX KOMOMHATOPHBIX OOBEKTOB;

— OCHOBHBIC ITOHATHA TCOPUU rpa(bOB, 9JICMCHTHEI TCOPUU AaBTOMATOB



IIpakTuyeckas padora Ne 1
Tema: Jlornueckue omepauuu. Dopmynsl snoruku. Tabmuma HUCTHHHOCTU. JIM3BIOHKTHBHAS U

KOHBIOHKTHBHAS HOpMajibHbIEe (POPMBI.
Leanb padoThi: 00001IEHIE, CUCTEMATH3AIMS, YTIITyOJIeHIE, 3aKpeTyIeHUE MOTYYCHHBIX 3HAHHM.

Jlormueckue onepanuu U TaOIUIbI HCTUHHOCTH

1) Jlornueckoe yMHOKEHHE UM KOHBIOHKIIMS:

KOHBIOHKIINSA - 3TO CIIOKHOE JIOTHYECKOE BBIPAXKEHUE, KOTOPOE CUUTACTCSI UICTUHHBIM B TOM U
TOJILKO TOM ClTy4dae, Korja 00a MpOCThIX BHIPAXKEHUS SBIISIIOTCS ICTUHHBIMH, BO BCEX OCTAJIbHBIX
CIIyYasiX JaHHOE CJI0’KEHHOE BBIPAKEHUE JIOXKHO.

O0Oo3uauenne: F = A & B.

Tabmua HCTUHHOCTH JUISL KOHBIOHKIIAU
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2) Jloruyeckoe cJI0:KeHHe WM TU3bIOHKIHSI:

I[I/I3’I)IOHKIII/I$I - 9TO CJIOKHOC JIOTMYCCKOC BBIPAKCHUC, KOTOPOC MCTUHHO, CCIIN XOTA 6I)I OAHO U3
IMPOCTBIX JIOTUYCCKHUX BI)Ipa)KeHI/Iﬁ HUCTHUHHO U JIOKHO TOrga M TOJIBKO TOrga, Koraa 0621 IMPOCTBIX
JJIOTUYCCKUX BBIpa)KeHbfl JIOKHBI.
O6oznauenue: F = A v B.

Ta6n1/1ua HUCTUHHOCTH 1JI1 JU3BIOHKIIMN
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3) Jloruyeckoe OTpUIAHME UJIH HHBEPCHSA:

WMHBepcust - 3TO CIOXKHOE JIOTMYECKOE BBIPAKEHHE, €CIU MCXOJHOE JIOTHYECKOE BBIpaXKEHHE
UCTUHHO, TO PE3yJbTaT OTPULAHMUA OyJeT JOXKHBIM, U HA0OOpOT, €ClIM HCXOJHOE JIOIMYECKOoe
BBID@KEHHUE JIO)KHO, TO pE3yJIbTaT OTPULAHHMS OyAeT HMCTUHHBIM. J[pyrMMH NpOCTBIMHU CJIOBA,
JTaHHasl OMepalys 03HAYaeT, YTO K MCXOJHOMY JIOTHUECKOMY BBIPQXKEHHUIO J100aBiseTcs YacTHIa
HE wnnu cnosa HEBEPHO, UTO.

Ob6o3nauenue: F = 7A.

Ta6J'II/II_Ia HUCTUHHOCTU IJII MHBEPCUHN



4) Jloruyeckoe cjeaoBaHie WJIH UMILIMKAIUS

Mrmakamus - 3To CI0KHOE JIOTHYECKOE BBIpaKEHHUE, KOTOPOE UCTUHHO BO BCEX CIIydasx, KpOMe
KaK W3 MCTHHBI CIEAYeT JIOKb. 10 €CTh JaHHAs JIOTHYECKas OIepalrusi CBA3BIBACT JBA MPOCTHIX
JIOTUYECKHX BBIPAKEHUS, M3 KOTOPBIX IEpBOE sBIsieTcs yciaoBueM (A), a Bropoe (B) sBisercs
CIIEICTBHEM.

«A — B» uctugHHO, eciiu u3 A MOXKET clieoBaTh B.

Oo6o3nauenue: F=A — B,

Tabnuma UICTUHHOCTH TSI UMILIMKALIUH
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5) Jloruyeckasi pABHO3HAYHOCTDH WJIM IKBUBAJIEHTHOCTD:

DKBHUBAJICHTHOCTD - ATO CIOKHOE JIOTHYECKOE BBIPAKEHUE, KOTOPOE SABJISACTCS HCTUHHBIM TOTJIa U
TOJIBKO TOT/a, KOT/1a 00a MPOCTHIX JIOTUYECKUX BBIPAKEHUS UMEIOT OJJUHAKOBYIO HCTUHHOCTb.
«A <> B» UCTHHHO TOT/1a ¥ TOJIBKO TOT/a, Korja A u B paBHBI.

O6o3Hauenue: F = A « B.

Tabnuia ICTUHHOCTH 71 DKBHBAJIEHTHOCTHU
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6) Onepanusi XOR (McK/I0Ya0IIME HITH)

«A @ B» uctuHHO TOr/Aa, KOraa UCTUHHO A wiu B, HO He 00a 0THOBPEMEHHO.
DTy onepanuio TaKKe Ha3bIBAIOT 'CI0KEHHE 110 MOIYJIIO 1Ba'.

Oo6o3nauenue: F=A @ B.

A B
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HOpﬂIlOK BbINNOJTHCHUSA JIOTHUYECKHUX onepaum‘/i B CJO0KHOM JJOI'HY€CKOM BBIPAXKCHUH

1. UuBepcus;

2. KoHbroHKINA,
3. JIn3bIOHKIHUS;
4. Umnukamnus;

5. DKBHUBAJIEHTHOCTb.
IIpakTnueckas padora Ne 2
Tema: 3akoHsl Toruku. PaBHOCHIIbHBIE TPEOOpa30BaHUS
Heab padorel: 000011eHUE, cUCTEMATH3AIUs, YTIIyOJIeHe, 3aKperyIeHHe MOMyUYeHHBIX 3HaHUH 110
TeMe 3aKOHBI JIOTHKHU.
3Haku anreOpbl JJOTMKU HAMEPEHHO 3aMEHEHBI Ha CII0KEHHE U YMHOXKEHHE.

Ne s N, s U, & [Ipumeuanue

1 AVO=A A&1=A Huuero He MeHsieTCs TIpU AE€HCTBUH,
KOHCTaHThI YIAJIAIOTCS

2 AV1l=1 A&O0=0 VY nansroTcs mepeMeHHbIe, Tak KakK
UX OLICHUBAHUE HE UMEET CMBICIIA

3 AVB=BVA AB = BA [lepemecTuTenbHBIHI
(KOMMYTaTUBHOCTH )

4 AV-A=1 OnuH U3 oneparopoB Beeraa 1
(3aKOH MCKJIFOYCHUS TPETHETO)

5 A&-A=0 Onun u3 oneparopos Beeraa 0
(3aKOH HEMPOTUBOPEUNS)

6 AVA=A A&A=A NnemmorentHocTu (NB!

BMecTo A MOYKHO TIOJICTaBUTD
COCTaBHOE BhIpakeHue!)

7 —4=A JIBoliHOE OTpHUlIaHuE
8 (AVB)VC=AVBVC) (AANB)AC=ANBNC) AccoruraTuBHbIi
9 (AVB)&C=(A&C)V(B&C) (A&B) V C =(AV C)&(B V C) ductpuOyTuBHBIi

10, (AVB)&(—AVB)=B (A&B) V (—A&B) =B CkienBaHUsI

11 ~(AVB)=—A&B —~(A&B) =—A\ —B [IpaBuno ne Moprana

12 AV (A&C)=A A&AVC)=A [Mornomenue

13 A—B=-AVBuA—B=-B—->"A CHsatue (3aMeHa) UMIUTHKAIUU

14 1) A-B = (A&B) V (-A&—B) CHsTHe (3aMeHa) SKBUBAICHTHOCTH

2) AB = (AV —B)&(-A \/ B)

3ameHna onepaunﬁ HUMIVIMKAIIUHU U 3KBUBAJICHTHOCTH

Onepanuii UMITUKALMKA U 9KBUBAJICHTHOCTH MHOTJA HET CPEIU JIOTUYECKUX OTepaluii
KOHKPETHOT'O0 KOMITBIOTEPA MUJIM TPAHCIATOPA C SA3bIKA MPOrpaMMupoBanusi. OJHAKO I pEIICHUS
MHOTHUX 33/1a4 3TU orepanuu HeooxoaumMbl. CyIIecTBYIOT MTpaBUIIa 3aMEHbI JAHHBIX OTepaIyii Ha
MOCJIE0BATEILHOCTH ONEPAIMN OTPUIIAHUS, TU3BIOHKIIMN U KOHBIOHKIIUH. 6



Taxk, 3aMEHUTH ONEPALMIO UMIIITMKALUU MOYKHO B COOTBETCTBUU CO CJIECLYIOIIUM ITPaBUIIOM:
A— B="AVB

Jlnst 3aMeHbl onepauyy 3KBUBAJIEHTHOCTH CYILECTBYET JIBa IIPaBUJIa:

©B=(A&B)v(A&B)
A®B=(AvB)&(AvB)

B cnpaBeanuBocTy 1aHHBIX (HhOPMYJI JIETKO YOEAUTHCS, TOCTPOUB TAOIUIBI UCTUHHOCTHU AJIS
IPaBoOii U JIEBOH yacTeil 000MX TOKIECTB.

IIpakTuyeckas padora Ne 3

Tema: [locTpoenue TabauL HICTUHHOCTH JTIOTMYECKUX (DYHKLIUH.
Heas padorsl: 000011eHNE, CUCTEMATH3ALMs, YIIyOIeHNe, 3aKpeIUIeHUe OJYYeHHbIX 3HAaHUU 110
Teme YnpolueHue GopMyi1 JIOTUKH.

Bapuant 1

1. CocraBuTh Ta0IHITy UCTUHHOCTU JIOTUYECKOTO BBIPKECHUS
(A&B)<(—B —>—A4)XOR A4

2. Hoctpouts norndeckyio cxemy ¢pyuxuun (<Y B A(TBv—4)

3. YOpOCTUTH TOTUYECKOE BhIPAKECHHE (FA&B)V(A&—B)v(A&B)

4. Onpenenutb, SIBISIFOTCS JIM JIBA BHICKa3bIBaHUS dKBUBAIEHTHBIMU A & ("B v C) u A &
B & —C

5. Onpenenuth UCTUHHOCTD WJIHM JIOKHOCTH BbIcKa3biBaHui (—(X<5) v (X<3)) & ((X<2) v
(X<1)) mpu X=1

Bapuanr 2

1. CocraButh TaOIUIy HUCTUHHOCTH JIOTUIECKOTO BBIPAKCHIS
(B &A )+ (4d—-—B)XOR B

2. ITocTpouTh JOTHUYECKYIO CXeMY (DYHKIUH (A&B)v(dvE n=d)

3. VipocTuTh Jornueckoe Boipaxerne (A VB &A ) a(—Adv—B)

4. OnpeaennTh, SIBJISIOTCS JIM 1Ba BbICKa3biBaHUS dkBHBaeHTHBIME —(—A&BVA& (Bv —C))
u ~B& (—AvC)

5. OmnpenenuTb UCTUHHOCTD WM JIOKHOCTH BhICKa3bIBaHHM (—(X<5) v (X<3)) & (—(X<2) v
(X<1) mpu X=3

Bapuant 3

1. CocTaBuTth TabnuIry UCTHHHOCTH JIOTUYECKOTO BBIPKCHUS
—{BvA) = (—4—>B)XOR A4

2. TloctpouTs normaeckyio cxemy dyuxmun (A & ~B)v(TA&B)

3. Yrpoctuts noruueckoe Boipakerue ( AV B} AANVTB) AEB v 4)

4. OnpenenuTh, SIBISIFOTCS JIW JBa BBICKa3bIBaHUs dKBUBaIeHTHbIMU —CV —Bv —(Av —C) u
—~A&Bv —C&B

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

Bapmuanr 4



1. CocraButh Ta0IHILy UCTUHHOCTH JIOTHYECKOTO BBIPa)KEHUS
(—4A—>—B = (B&A)XOR B
2. [locTpoutsb noruyeckyro cxemy GyHKUIHUN ~((—AvB)A(—BvAd)

3. VipocTuts sornueckoe bipaskenne AV B A(mB v A))v(dvE)

4. OnpenenuTs, SABISIOTCS JIM JIBa BBICKa3bIBaHMs dKBHBaATCHTHBIME (A v “B) v "B&C u
—A& (BVC)

5. Onpenenutb UCTUHHOCTh WJIM JIOXKHOCTh BbICKa3bIBaHUU —((X>2) v (X<2)) v (X>4) npu
X=1

Bapuanr $

1. CocTaButh Tabnuiy UCTUHHOCTH JIOTUYECKOTO BBIPAXKCHHUS
(A&B)=(—A&B)XOR B

2. I1ocTpOUTB JIOTHYECKYIO CXeMY (DYHKIMU ~(A&B)v(=(EB v

3. YIpocTuTh Jornueckoe Boipakenne AV BVT(TBVA)VA &B
4. OnpenenuTp, SBISFOTCS JIU JBAa BHICKA3bIBAHUS YKBUBAIICHTHHIMH
5. OnpenenuTb UCTUHHOCTh WM JIOKHOCTh BbICKa3biBaHUU X>1 & (—(X<5) v (X<3)) npu

IIpakTnyeckas padora Ne 4
Tema: MuHUMHU3a1US JTOTHYECKUX (QYHKIMH 110 3aKOHAM aJareOpbl JIOTUKH.
Leas padorsl 0000LIEHME, cUCTeMaTH3alus, YIIyOJieHHe, 3aKpeIluIeHHe MOJIYYEeHHBIX

3HaHUI 110 Teme YnpolueHue GopMyJ1 JIOTUKH.

Teopernueckue ocHOBBI: Bompocsl 11 akTyanu3anuu ONOpPHBIX 3HaHUiM: UTOo Takoe
paBHOCWIIbHBIE BblpakeHus? Ilepeunciute PaBHOCWIIBHOCTH, BBIPAXKAIOLIUE OJHHU JIOTUYECKHE
onepauuu uepe3 apyrue. 3. Ycrao Ilycte a = “a10 yTpo sicHoe”, a b = “3T0 yTpo Teroe”.
Bripasute cnenytome Gopmybl Ha 00bdHOM si3bIKe: OTBET: a) “ITO YyTPO SICHOE W TEIIIOE”; XK)
“3TO YyTpPO HE SICHOE WK HE TEMI0e”; 0) “9TO yTpO sICHOE M OHO HE TEMII0E”; 3) “OTO yTPO HE SICHOE
U He TEMmIoe”; B) “3TO yTPO HE SICHOE W OHO He TEMI0E”; M) “ITO YyTPO SICHOE WM He TEMIoe”; I)
“3TO yTPO HE SICHOE WJIHM OHO TEIUIOE”; K) “€CIM 3TO TPO SCHOE, TO OHO He TEmIoe”; 1) “9T0 yTpo
SCHOE WJIM OHO He TEIUIoe”; 1) “eclH 9TO YyTPO HE SACHOE, TO OHO TEIMI0E™; €) “ITO yTPO HEe SICHOE
WINA OHO He TEmoe”; M) “3To yTpo scHoe U He Témoe”. 4. [IpoiiTh KOMIIEKC TeCTOBBIX 3a/aHUi
npeseHTauus I[Ipoeepounas4.ppt 3amaHus A8 NPAKTUYECKOTO 3aHATHS M HMHCTPYKTaX IO HX
BBITMIOJTHEHUIO 3aMKicaTh TEOPETUUECKUE CBEJICHUS B TeTpab. Pa3o0paTh MaTepuall mpe3eHTallu 1mno
JaHHou Teme VYmuporieHue.ppt. Pa3oOpats npumepbl. BBIMOTHUTE MHUCBMEHHO MPaKTUYECKHE
3aJ1aHKUsA 110 JaHHOM TeMe. Teoperndeckue cBeaeHus [ ynpomeHus JIOTMYECKUX BBIPAKEHHUN
MCIOJIb3YIOT 3aKOHBI aJIreOpshl JJOruku. OHU popMyIUpYIOTCS AJ1s 0a30BbIX JIOTMUECKUX ONepanui
— "HE", "U" u "WJIN". Vcnone3ys 3aKOHBI JOTMKH, (OPMYJIbI CKIEUBAHHUS M TOTJOLICHUS U
CBOWCTBA JIOTMYECKUX OIEpaLUi, MOXHO CIIOKHYIO JIOTHYECKYI0 (YHKIHIO 3aMEHUTh Oolee
IPOCTOH, HO PaBHOCWILHOW el (yHKIMel. DTOT mpolecc Ha3bIBaeTCs MUHUMM3ALUEH (yHKIHH.
MunuMu3anuss HeoOXoauma sl TOro, 4ToOBbl (DYHKIIMOHAJIBHBIE CXEMBbl HE OBbUIM CIHIIKOM
TPOMO3AKUMU U HE UCIOIb30BAIN JIUIIHUX 3JIEMEHTOB. UeM MeHbllle B PyHKIMHU, [TOTydaeMoi npu
MUHUMU3ALMH, BXOJHBIX IEPEMEHHBIX W HCIOJIb3YEMbIX JIOTHYECKHX OIepanui, TeM Mpolle
JIOTHYEcKasl cXeMa, MEHbLIE B HEW JIOTMYECKUX 3JEeMEHTOB. MuHUMU3alUg HEoO0XoAuMa U Mpu
COCTaBJIEHUH CIJIO’KHBIX JIOTHYECKHX BbIpaxkeHHH B mporpammax. [lpumep 1. Yopoctuts popmymiy
(A+B)-(A+C) Pemenue. C+B-A+B-C-A+A-A=a) Packpoem ckobku (A+B)(A+C)
cnenoBarenbH0,A=0)[1o 3akony maemmoreHTHOCTH A-A C+B-A+B-C-A+A=C+B-A+B-C-A3A-A
B) B BoickasbiBanusix A u A-C BblHeceM 3a CKOOKM A U HCIONB3YyS CBOWCTBO



C-B+A-B+A=C-B+A-B+)C+1(-A=C-B+A-B+C-1, nomyunm A+A=A+1 AHaJOTUYHO MYHKTY B)
BbIHECEM 3a cKOOkM BbIcKasbiBaHue A. )r C-B+A=CB+)B+1(A=C-B+A-B+A Takum o0Opa3oMm, Mbl
JIOKa3aJIM 3aKOH JTUCTPUOYTUBHOCTH (pacmpenenuTenbHbiid). [IpeoOpazoBanus “noriomenue” u
“cknenBaHue” - nomnomeHneA=)B+1(A=B-A+A.Pemenue. B-A+llpumep 2. VYmnpoctuts
BolpaxkeHue A -A=)+B(A=-A+B-A Pemenune. -A+B-Allpumep 3. VYnpocTtuTe BbIpakeHHE
ckieuBaHue Bceskyro (opMmyiymMoxHO mnpeoOpa3oBaTh Tak, 4TO B HeH He OyIeT OTpHUIAHUH
CIIOXKHBIX BBICKa3blBaHUMl - BCe OTpULAHUS OYyIyT MPUMEHATHCS TOJBKO K IPOCTHIM
BbIcka3biBaHUAM. [Ipumep 4. IIpeoOpazoBats hopmyiy Tak, YTOObI HE OBIJIO OTPULIAHUH CIIOKHBIX
BbICKa3biBaHUi. Pemenune. 1. Bocnomesyemcs ¢opmynoit ne Moprana, momyumm: 2. s
BBIpOKEHUSI NPUMEHHM emie pa3 ¢opmyny ne Moprana, nomyuum: JoOyio ¢opmyiy MOXHO
TOXKIECTBEHHO IMpeoOpa3oBaTh TaK, 4TO B HEHl HEe OyAyT MCIOIB30BAHBIL: - 3HAKU JIOTHYECKOTO
CJIOKEHUSI; - 3HAKU JIOTMYECKOI'0 YMHOXKEHMsI, a OyJIyT HCIOJb30BaHBL: - 3HAKW OTPULAHUS U
JOTMYECKOT0 YMHOXEHMsS - 3HaKM OTpPULAHMS UM JiorMueckoro ciokeHus. Ilpumep 5.
ITpeoOpa3oBath GopmMyily Tak, yTOOBl B HEH HE HCIOJB30BAIUCH 3HAKH JIOTUYECKOI'O CIIOXKEHHUS.
Pemenne. Bocnonb3yemcst 3akOHOM JBOWHOrO OTpHMLIaHUs, a 3aTeM ¢opMmysol ne Moprasa.
[Tpumep 6. [IpeoOpazoBarb GopMyiy Tak, YTOOBI B HEW HE HMCIIOJIB30BAINCH 3HAKH JIOTUYECKOTO
yMHOxkeHus. Pemenue. Mcnonb3ys popmyiibl 1e Moprana v 3aKoH IBOMHOTO OTPUILIAHUS TTOJTYYHM:
3aMeHa PKBUBAJICHIIMU U UMIUIMKALMM HA KOHBIOHKIUIO, TU3bIOHKINIO U oTpunanue. Jlo cux mop

3

MBI 3aHUMAJIMCh PAaBHOCHIBHBIMU TpeoOpazoBaHusiMu (opmyi, He . Celdac MOKaxXeM,<> U
“—>coJepKalix 3HaKOB MMIUIMKAIIUU U SKBUBAJICHIIUU “ , MOKHO 3aMEHUTh PABHOCUJIBHOH eii<>
WIH —4YTO BCAKYI0 (hopmyity, comepxaiiyio ¢GopMyIioi, He CoIepKalie dTUX 3HaKoB. Mmeror
Mecto cienyromue paBHocmibHOCTH: Yv=Y—X (1) =Y—>X (2) dokaxem paBHOCHIBbHOCTH (1) ¢
[IOMOILBI0 Ta0auIel uctiHHoCcTH: X Y Y->X Yv 00111011111000011101
DOKBUBAJICHIIMS BBIPAXKAETCS Yepe3 KOHBIOHKINIO B UMITTHKAINI0 ) X—>Y (1) Y > X (=Y X)3( U3 (3)
u (1) momygaem Y-Xv-=Y-XvX -v: Yv=)XV()YV(EYX (4) Ota paBHOCHIBHOCTh BBIpaKaeT
HKBHUBAJICHIUIO Yepe3 KOHBIOHKIIMIO, TU3BIOHKINIO U oTpullanue. V3 paBHocmibHOCTeH (3) u (2)
MOJTly4aeM PaBHOCHIBHOCTH , (5)A= Y<>X BbIpakaroiiasi SKBUBAJCHIIMIO Yepe3 KOHBIOHKIHMIO U
orpurianue. BeBoa: B anredpe JOTHKM BCAKYIO JIOTUYECKYIO (DYHKIMIO MOYKHO BBIPa3UTh depe3
JpyTue JOTHYecKue (HYyHKIMH, HO WX JOJDKHO OBITh, 0 MEHBIIEH Mepe, 2 Omepaiuu, Ipu STOM
OJIHOW M3 HUX 00s13aTEIBHO JIOJDKHO OBITH OTPUIIAHHE.

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

Ipumep 2. YIOPOCTHTH BHIPAKEHUS AB+B, BC+C, AC+BC 15 uroom s

HOJYYEHHBIX (OpMYyJIax He COJAEPKAIOCh OTPUILIAHUS CIOKHBIX BHICKa3bIBAHUH.
KoHnTpo/ibHBIE BOIPOCHI:

1. Yro 3Hauut hopmanu3oBaTh BhICKa3bIBaHHE?

2. Ckoipko OyneT CTpOK B TaOJWIle UCTUHHOCTH, €CIM B BBICKAa3bIBaHHE 2 TIEpPEMEHHBIX? 3
MIEPEMEHHBIX ?

3. [arp onpenenenne UMIDTHKAAA. YTO Takoe SKBHBAJICHTHOCTH?

4. OmpenenuTe TUN BBICKA3bIBAHWA M BHJl JIOTHYECKOM oOlepalud C COOTBETCTBYIOIEH
JIOTUYECKOU CBSI3KOM:
a) BcsAxkuil npsSMOYTrOJIBHMK HMEET MpsMblE YTJIBI W IapaJlJICNIbHBIE IIPOTHUBOINOJIOXKHBIE
CTOPOHBI;

9
0) TpeyronpbHUKH ¢ paBHBIMU CTOPOHAMH HE SIBJISIFOTCSI PAaBHOOEIPEHHBIMU;



B) Ha cnenyromem ypoke OyaeT 1160 UCTOpus, MO0 XUMHS;

r) 3aBTpa s HOWIY B IIKOIY U OMOIHOTEKY;

1) JIn6o on 3abomen, 6o 3a0bLT O HALIEH TOTOBOPEHHOCTH;

€) YTpOM MbI OOBIYHO XOJMM Ha JIbDKaX WM KaTaeMCs Ha KOHbKaX.

IIpakTuyeckas padora Ne 5

Tema: Boinonnenune OMHApHBIX alredpanyeckux ornepanuii HaJ MHOKECTBAMHU.

Heab padoThl: n3yyeHHe OCHOBHBIX (HOPM MpeACTaBIeHUSI OMHAPHOTO OTHOLICHHUSI, aHATTU3
CBOICTB OMHAPHBIX OTHOLICHH, BHITIOJHEHHE ONlepaluii Ha/l OMHAPHBIMU OTHOLICHHUSIMH.
Teopernueckoe 000cHOBaHHE

Koprex — »53TO ynopsao4eHHas IOCIEAOBATEIBHOCTh 3JIEMEHTOB C BO3MOKHBIMU
MOBTOPSHHUSAMH. DIIEMEHTBI KOPTEXkKA MEPEUUCIISIOTCS B YTIIOBBIX CKOOKaX.

Mpumep 1.<a, b,c>

[Topsaok 3anmvcu nMeeT 3HaueHue: < a, b > He paBHO <b, a >

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

JlnrHa KopTeKa— 3TO YHUCIIO JIEMEHTOB B HEM.

IIpsimMoe (1ekapTOBO) NpoN3BeAeHNE MHOKECTB A U B — 3T0 MHOXKECTBO BCEX KOpTExKEH
JUTMHBI 2, B KOTOPBIX MEPBBIN AJIEMEHT MPUHAIIICKUT MHOXKECTBY A, BTOPOH 3JI€MEHT—MHOXKECTBY
B.

O6o3HaueHmeE:

A xB — npsiMoe npousBeieHHE MHOKECTB A 1 B.

BunapHoe oTHOLIEHHEe MexAy ABYMSI MHOKeCTBAMH—)TO IOJMHOYKECTBO MX MPSMOIO
MIPOU3BEICHUS.

dopmanbsHOe onpenencaune: RCAXB.

R —>T10 OuHapHOE OTHOIIEHNE MEXly MHOXKecTBaMH A u B.

BUHAPHOE OTHOUWEHUE MEXJIY MHOXECTBAMU
A=A{a,b}
B={c,d,e}
Rc AxB

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

®<h,c>

Ipumep 2.



Bmlapnoe OTHOIUCHUE MEKAY MHOKECTBAMH

A={a,b,c,d}— MHOXKeCTBO CTY/IEHTOB
B ={x, y,z} — MHOXeCTBO CIOPTHBHBIX CEKIIHii
R © AX B — OGWHApHOC OTHOIICHUC MCXKITY MHOXKCCTBAMH A U B
R={a,y), (a,z),{c,z), (d,y)} — Gunapnoe oTHOIIEHHE

«CTYAEHT 3AHHMACTCS B CEKIHM»
Hanpumep: (@, y) — CTY/ICHT a 3aHUMACTCS B CEKINN Y

a\ ® =
b @

¢ @~ Y
A d @ z B

Bcero ects 2 B cTenienu | A | | B | OMHapHBIX OTHOLIEHUHN MEXTy KOHEYHBIMU MHOYKECTBAMU
A uB.
Ecmn RcAXA 10 R —)3T0 GMHapHOE OTHOIICHHE Ha MHOXKECTBE A.
IIpumep 3.
BuHApHOE OTHOLICHHE HA MHOKECTBE
A=1{a,b,c,d} — mHOXKecTBO GOKCEpPOB

R c Ax A — GunrapHOC OTHOIIICHHC HA MHOXCCTBC A
R ={a,h),la,c),(d,a)} — Gunaproe OTHONICHUE «BHIHTPAT»

Hanpumep: (a,b) — Gokcep a Bemrpan y 6okcepa b
a b
c O d
A

Cnoco0b1 3ananus

Ilepeuncnenue Bcex nmap u3 6a30Boro MHOXkecTBa A U 6a30BOro MHokecTBa B

A={a1 ,a:} B={by,b2,b3}, ={(as, b1), (a1 ,b3), (az, b1)}

OTHOMIEHUs MOTYT 3a1aBaThcs hopMymamu. DopMymsl Y = X2 +5X - 6 umu X + y< 5 3aj1a10T
OMHapHbBIE OTHOIICHHUS HA MHOKECTBE JIEHCTBUTEIHHBIX YHCEIL.

I'paduueckuii MmeTon 3amaHus

a={(a, d), (a c), (b, b), (c, a), (e.d), (e, @)}

a a & 4
b b .

o o

d dj —
e -]




I'padoBoe npeacrarieHme
I'pap - courypa cocrosimas u3 TOUeK (BEpIIMH) COCIUHEHHBIX JUHHUAMHU (Iyramm).
Bepmmabl rpada COOTBETCTBYIOT 3J€MEHTaM MHOXeCTBa A, TO €CThb Xi, a HaJu4ue IyTH,

COC/IMHSIONICH BEPIIMHBI Xj U Xj, 03HayaeT, 4To (Xi,Xj)€R. UTOOBI MOAYEPKHYTh YHOPSIOYCHHOCTD
napbl Ha yre CTaBUTCS CTPEJIKA.

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

7

Marpuunast popma 3aganus (MaTpHIia CMEKHOCTH OMHAPHOTO OTHOILICHHS)

[IycTh Ha HEKOTOPOM KOHEUYHOM MHOKECTBE X 3aJaHO OTHOLIEHHE A. YIOpAI0YUM KaKUM-
1160 oOpa3oM 3eMeHThl MHOKeCTBa X = {X1, X2, ..., Xn} ¥ ONpEICTUM MATPUIY OTHOIIEHUSAA =
[aij] cienyrommm obpazom:

a & e d e

ald 1200

o o o 10

A=cO0 O O O !

. L ecmH (x;,x,) NPHHALIEK HT o, o o 0 a0
Y |0, eCTH (x,,X ) He IPHHANJIEKHT & .o | 0 0 I

ManI/IHa 3aII1UChIBACTCA B I[BOﬁHBIX BCPTUKAJIBHBIX YEPTOUYKAX

Onepanuu Ha/x OMHAPHBIMU OTHOLLICHUSIMH

— TepecedeHue JAByX OMHApHBIX oTHOWICHHH R1 u Rz - 310 oTHOMmEHHE R1NR2 = { (X, V) |
(X, ¥)eR1 u (x,y)eR2 }.

— oObeauHEeHHE JABYX OMHAPHBIX OTHOMICHHH R1 1 R2 - 310 oTHOMIEHHEe R1UR2 = { (X, Y) |
(X, ¥Y)eR1 mu (x, y)eR2 }.

— pasHocThio OTHOIICHNH R1 u R> HasweiBaeTcs Takoe oTHomieHue, 9yto:  R1\Rz2 = { (X, Y) |
(X, y)eRiu (x, y)£R2 }

— npononHenue k otHomenuio R={ (X, y) | (X, y)e(AxA)\R}.

— obpatnoe otHomenue R 1 = { (x,y) | (y, X)eR}.

IIpumep 4. [lano mHO)ecTBO A = { 1,2,3,4,5,6 } = N. Ha Hem 3amaHo OMHapHOE OTHOIIIEHUE

p «bonpuie», T.e. (X,y)ep<=>x > y. Iloctpouts rpap u rpapuk 3Toro ortHomeHus. Kakumu
CBOMCTBaMH 00J1a/1a€T 3TO OTHOIIEHHE?.



I'pad yxazaHHOTO OTHOIIECHUS rpaduK 3TOro OTHOLLEHUS

PednexcuBnocTs: Ecnu Obl 3T0 oTHOIIEHHE OBLITO ObI pedIeKCUBHBIM, TO X >X Uil Vx € A.
Hampumep, 6buto 061 BepHO 2 > 2 ( JIOKb ). 3HAYUT OTHONIEHUE « > » HA A HE SBISETCS
peQIICKCHBHBIM.

CummerpuuHOCTh: Eciu Ob1 3TO OTHOLIEHHE ObLIO Obl CUMMETPHUYHBIM Ha MHOXKECTBE A, TO
X >y =>y > x. Hanpumep, 3>2 => 2>3(10%b),. 3HaUUT, OTHOLLIEHUE « > » HAa A He sBIAETCA
CUMMETPUYHBIM.

TpansutuHocTh: Ecnii 651 3TO OTHOLIEHUE OBUIO OBl TPAH3UTHUBHBIM Ha MHOXKECTBE A, TO X
>y, y >Z =>X >Z.9T0 yTBEpk,ACHUE UCTUHHO Ui JIFOOBIX HATypaJbHBIX YHCEN, T. €. U YHhcel u3 A.
3HAYUT, OTHOILIEHHUE « > » HA A SIBISIETCA TPAH3UTHBHBIM.

AcummerpuyHocTh: Hu nns kakux uncen A He MOXKET ObITh OJHOBPEMEHHO HCTUHHBIM

x>y
, T. €. OTHOILLIEHHUE ‘> Ha A acummeTpuuHO. OTHOIIEHHE ‘> Ha MHOXECTBE A SIBISETC
y>x

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

x>y
Ces13HOCTD: JI71st MFOOBIX IBYX 37IeMEHTOB X, Y € A BepHo: | ¥ > X T. e. OTHOLIEHHE “>" Ha

y=x
MHOXECTBE A SIBIAETCS CBI3HBIM. 1. K. OTHOIIEHHE ‘> HAa MHOXECTBE A CBSA3HOE M IBIAETCS
OTHOUIIEHUEM CTPOTrOro MOPSAAKA, TO OHO €CTh OTHOIIIEHUE CTPOTOro JIMHEHHOTO MOPSJIKA.

IIpakTnueckas padora Ne 6
Tema: Onepauuu HAJA MHOKECTBAMH.
Heab padoThl: M3ydeHHe OCHOBHBIX (HOpM MpeACTaBIeHUsI OMHAPHOTO OTHOIICHHUSI, aHATTU3
CBOMCTB OMHAPHBIX OTHOIIEHUH, BBITIOJIHEHUE OTIepaIiii HaJl OWHAPHBIMHU OTHOIICHUSIMHU.
3aanus AJ1s1 NPAKTHYECKOT0 3aHITHSA:
JlaHo MHOXECTBO HaTypalibHBIX uucen X ={1, 2, 3, 4, 5, 6, 7} u onpenenéHHblc Ha HEM
Oounapnsie oTHomeHus R1 1 Ro.

Ne Bapuanta | OtHomeHue R1 Otnomenne R2
Bapuanr 1 1)boITh OonbIIIE 1)BbITh MeHbIIIE
2)bbITh 3KBHUBaJIEHTHBIM 110 mod 3 2)bbITh AETUMBIM
Bapuant 2 1)beITH GoJBIIIE 1)bBITh SKBUBaIEHTHBIM 10 mod 2
2)bbITh MeHbIIIE 2)bbITh 3KBHUBaJIEHTHBIM IO mod 3
Bapuanrt 3 1)boITh GonbIIIE 1)BbITh 2KBUBaTIeHTHBIM 0 mod 3




2)BbITh MeHbIIIE 2)bbITh 2KBUBaNICHTHBIM 10 Mod 2
Bapuant 4 1)BbITh 3KBUBaTICHTHBIM 10 Mmod 2 1)denuthes Ha 2

2)[lenuthcs Ha 3 2)BBITh neTUMBIM
Bapuanr 5 1)bBITh 5kBUBaJIEHTHBIM 10 mod 3 1)denuthes HA 3

2)bbITh MEHBIIIE 2)/lenuThes Ha 2

1.IIpencraButh Kaxxaoe OMHAPHOE OTHOIIIEHHE BO BCeX (hopmax:

— rpaduueckas popma;

— rpag;

— MaTpHIla CMEXHOCTH.

2.0xapaKkTepru30BaTh KaXK10e OMHAPHOE OTHOIICHHUE YIIEMEHTAPHBIMU CBOWCTBAMMU:
— pedIIeKCUBHOCTE;

— CHMMETPHYHOCTb;

— TPaH3UTUBHOCTD.

3. BBINOJIHUTH cienyroIue ONHApHBIC ONepaliuy Hajl OTHOIIeHUsIME R1 uR>:
— 00BennHEHHE;

— TIepeceueHHue;

— paszaocth R1\R2 1 R2\R1;

— CHMMETpPHYECKas Pa3HOCTbh;

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

KOHTpOJIbeIe BOIIPOCHI:

Uro Takoe OMHapHOE OTHOILLEHHE HA MHOXKECTBE?
Kak MoxHO 3anucats OMHapHOE OTHOLIEHHE?
Kakoe oTHOIIEHNE HAa3bIBAIOT pe(IeKCUBHBIM?
Kakoe oTHOIIEHUE SIBIIsI€TCS aHTUPE(IEeKCUBHBIM?
Kakoe oTHOIIEHNE HA3bIBAlOT CUMMETPUYHBIM?
Kakoe oTHoOIIEHNE SBIISETCS aHTUCUMMETPUYHBIM?
Kakoe oTHOIIEHHE HA3bIBAIOT TPAH3UTUBHBIM?

N GREWDdDPE

Yto Takoe SKBUBAJICHTHOCTh Ha MHOXKECTBE?

IIpakTuyeckas padora Ne/

Tema: [loctpoenue nuarpamm Jiiniepa—BeHHa.

Heab paGoThl: MO3HAKOMUTH CTYJIEHTOB C TAKUMH MOHSATHSIMH, KaK MHOKECTBO, JIEMEHTHI
MHOKECTB, OylieaH, YHHBEpPCAIbHOE MHOXECTBO, MOIIHOCTh MHOXECTBa, OMEpaluu HaJ
MHO>KECTBAMH, TPEACTABICHUS MHOXECTB C IMOMOIIBI0 AuarpamM, GopMHUPYS Y HHX
TEPMHUHOJIOTHYECKUH 3amac.

Teoperuyeckoe 060cHOBaHHE

JIroboe TOHSATHE IUCKPETHOW MaTeMaTHKA MOXKHO OIPENENUTh C TIOMOIIBI0 TOHSITHS
MHOkecTBa. [loJ] MHOXECTBOM MMOHHUMAIOT OOBEIWHEHHE B OJHO 00Imee OOBEKTOB, XOPOIIO
pa3iaryaeMbIX Halledl MHTyHIMen Wiu Hameil MbIciabio. OOBEKThI, KOTOpbIE 00pa3yl0T MHOXECTBO,
OyJZieM Ha3bIBaTh YJIEMEHTaMU MHOKECTBA M 0003HAYaTh MAJIBIMU OyKBaMU JATHHCKOTO ajidaBuTa.

MHOK€eCTBO U €r0 AJIEeMEHThI 0003HAYAIOTCS CIEAYIOIIUM 00pa3oMm: 1

A ={al, a2, a3} — MHOXECTBO, COCTOSIIIEE U3 TPEX DIEMEHTOB;
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A ={al, a2, ...} — MHOXECTBO, COCTOsAIIEE U3 OECKOHEUHOTO YMCJIAa AJIEMEHTOB. MHOXKECTBO
MOXET COCTOSITh W3 D3JEMEHTOB, KOTOpPBIE CaMHu SBISAIOTCS MHOXXecTBamu. HyxHO pazinuyarhb
AJIEMEHT a U MHO>KECTBO, COCTOSAIIEE U3 €IMHCTBEHHOI'O 3JIEMEHTA a.

[Tpumep. MuoxkectBo A = {1, 2} coCTOMT U3 NIBYX 3JeMEHTOB |, 2; HO MHOXeCTBO {A}
COCTOMT U3 OJJHOTO 3JIEMEHTA A.

Eciiy 57IeMeHT a NPHHAICKHUT MHOKECTBY A, 3TO 3aIIHCHIBACTCS CIIEAYIONINM 06pasoM: a |
A. Ecii 57IeMeHT a He IPUHAJJIEKUT MHOKECTBY A, TO 3alUCHIBAIOT Tak: a I A. Eciu kakoe-1u60
MHOKECTBO A BKJIIOUEHO B JPYroe MHOKECTBO B, To mcmonb3yercs 3ammch A I B. MuoxecTBO,
coJieprkaliee KOHEYHOE YHUCIIO AJIEMEHTOB, HAa3bIBAETCSl KOHEYHBIM, €CJIM MHOXKECTBO HE COJCPIKUT
HU OJIHOTO JJIEMEHTa, TO OHO Ha3bIBaeTCs MycThiM M oOo3Havaercs A. [IpuHATO cuumTaTh, 4TO
IIyCTOE MHOXECTBO SABJISETCA IOAMHOXECTBOM JoGoro muoxecta: £ I A, rme A — mo6oe
MHOXecTBO. TakuM 00pa3oM, BCSKOE MHOXKECTBO COJIEPKUT B KadeCTBE CBOUX IOAMHOXKECTB
MyCTOE MHOXECTBO U Camo ceOsl.

[Tpumep. 1. MHOXeECTBO KOpHEH ypaBHEHHUS Sin X = 2 SIBISIETCS ITyCTHIM.

2. Ilyctb A1 — MHOXECTBO IIPOCTHIX UKcel, A2 — MHOKECTBO LiebIX uucen, a =4. Toraa a i
A2, al Al

MHOXeCTBO CuMTaeTcsl 3aJaHHBIM, €CIM KaKuM-Tu00 00pa3oM YKa3aHO HEKOTOpOe
CBOICTBO, KOTOPBIM 00J1a/1al0T BCE €0 3JIEMEHTHI U HE 00J1aJal0T HUKAKKE APYTrue OOBEKTHI.

MHO€eCTBO MOXKET OBbITh 33JaHO PA3JIMYHBIMU CHOCOOAMM: IEPEUUCICHUEM 3JIEMEHTOB
(KOHEYHBIE MHO’KECTBA) WJIM yKa3aHUEM HMX CBOMCTB (NP 3TOM B O0OOUX Cllydasx IpU 3aJlaHUU
MHO>KECTB UCTIOIB3YIOT GUTYPHBIE CKOOKH).

[Ipumepsl 3amanus MHOXeCTB. 1. MHoxectBo M 1mudp aecsatuuHoro aiadaBuTa MOMKHO
3amath B Bujge: M= {0, 1, ..., 9} wmu M = {x | x —nemnoe, 0 £ x £ 9}, re cnpaBa OT BEepTUKAIbHOU
YepThl YKa3bIBAIOT CBOMCTBO 3JIEMEHTOB 3TOr0 MHOXKeCTBAa. MHOeCcTBO M YETHBIX YUCENl MOXKHO
3amucath B Buje: M = {x | X — 4€THOE YHUCIIO}.

2. Eciiu R — MHOXECTBO TOYEK YMCIOBOM NMPSAMOM, TO Rn — MHOXECTBO TOYEK N-MEPHOIO
apu(QMETUYECKOTro IMPOCTPAaHCTBAa; B YAaCTHOCTH, R2 — MHOXECTBO TOYEK IUIOCKOCTH, R3 —
MHO’KECTBO TOYEK MPOCTPAHCTBA TPEX U3MEPEHUM.

Jia kaxaoro MHoxkecTBa M CyllecTByeT MHOKECTBO, 3JIEMEHTaMH KOTOPOTO SBIISIOTCS
MOJIMHOKECTBA MHOXXeCTBAa M M TOJIbKO OHH. Takoe MHOXECTBO Oy/JeM Ha3bIBaTh CEMEWCTBOM
MHOkecTBa M miu OyineaHoM 3TOro MHOXKecTBa U oOo3HauaTe B(M), a mHOXkectBo M Oynem
Ha3bIBaTh YHUBEPCAIbHBIM (YHHBEPCYMOM HIIM MPOCTPAHCTBOM) W oOo3Hauath | wmm U.
MHuoxectBo M (yHHBepcanbHOE) HE OMKHO OBITh YK€ OOBETUHEHHS paccMaTpUBaEMBbIX
MHOKECTB, T. €. OHO JOJDKHO OBITh PaBHO WM COAEpkKaThb OOBEIMHEHHE pPacCMaTPUBAEMBIX
MHOECTB.

[Tpumep. Ilycts MHOKECTBO A = {1, 2} cOCTOUT U3 ABYX An1eMeHTOB 1, 2. Torja MHOXECTBO
B(A) Bxmrouaet B ce0s myctoe MHOXeCTBO A, 1Ba OHOSJIEMEHTHBIX MHOXKecTBa {1} u {2} u camo
MHOXkecTBO A = {1, 2}, T. e.

B(A) = {&, {1}, {2}, {1, 2}}. MbI Buaum, 4yTO MHOXecTBO B(A) cocTOUT U3 uYeThIpex
AIIEMEHTOB (4 = 22).

[IpuBenem craHmapTHbIe OOO3HAYECHUS JUISI HEKOTOPBIX Hawmboyiee YMOTpeOUTENbHBIX
YHUCJIOBBIX MHOKECTB:

N — MHOXECTBO HaTypaJibHbIX 4Mces (MHOTJa ero HauMHaT ¢ 1, uHoraa ¢ 0; oObIYHO 3TO
OroBapUBaeTCs);

P — npocteie uncna; 1

Z — MHOXECTBO IIJIBIX Yncen (MMOJ0KUTENbHbBIE, OTpUIaTenbHbIe U (),



R — MHOXeCTBO JeHCTBUTEIBHBIX YUCEI.

Ouesnnoe coorromenne: N 1 Z I R.

PaccmoTpuM MeTobl TOJIydeHUs! HOBBIX MHOXECTB U3 YXKE CYIIECTBYIOIIMX Ha MpUMEpe
npocTpaHcTBa WM MHOxkecTBa U, ompenenuB B HEM 4 omepanuu Haj MHOXecTBamu A u B:
00beIMHEHUE, TIEPECCUCHHE, PA3HOCTD, JOMOJIHEHUE.

1.2. Onepaiuy HaJl MHOKECTBaMU

O6beannaeHneM A u B HasbiBaercs MHOkecTBO A E B, Bce ameMeHTHI KOTOPOTO SABJISIOTCS
3JIEMEHTaMHU XOTs ObI OJTHOI'O0 M3 MHOXKeCTB A niu B:

AEB={x¢x1Au/mwmxIB)}.

U3 onpenenenus ciaeayer, uto A [ A E B u B I A E B. Ananorndso onpejensercs
00beIMHEHNE HECKOJIBKUX MHOXKECTB.

Hpuwmep. 1. ITycts A = {4,5,6},B={2,4,6}. Tornan AEB={2,4,5,6}.

2. Ilycte A — MHOXKECTBO YHMCEJI, KOTOpBIE AEIATCS Ha 2, a B — MHOXKECTBO yucell, KOTOpbIE
nensatcs Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torma A E B — MHOXeCTBO 4mcel, KOTOpBIC
menstcsi Ha 2 wm Ha 3: AEB = {2,3,4,6,8,9,10,...}.

[Tepeceuennem MHOkecTB A u B HaspiBaeTcst MHOXKecTBO A C B, Bce 371eMEHTBI KOTOPOTO
SBIISIIOTCS BeMeHTaMu o6oux MHOXkectB A 1 B: A C B = {x ¢ x I A u x I B}. U3 onpenenenus
cnenyer, uto ACBI A, ACBIBuACBIAEB. Ananoruuno onpezensiercs nepecedeHue
HECKOJIbKMX MHOKECTB.

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

2. Ilycte A — MHOXXECTBO YHCEJl, KOTOpBIE EIATCS Ha 2, a B — MHOXKECTBO yucell, KOTOpbIe
nensatcs Ha 3: A = {2,4,6, ...}, B=1{3,6,9, ...}. Torna A C B — MHOXXEeCTBO 4mnces, KOTOPbIE
memsrcivua2, nHa3: AEB = {6,12, 18, ...}.

MoskeT oka3aTbCsl, YTO MHOYKECTBA HE MMEIOT HU OJTHOT'O OOIIEro 3JIeMeHTa. Torjaa roBopsT,
YTO MHOXECTBA HE NIEPECEKAIOTCS WIIM UTO UX MEPECECUEHHUE — ITyCTOE MHOKECTBO.

[Mpumep. [Iycts A = {1,2},B={2,3},C={3,4}. TornaACBCC=ZA.

Pa3HoCcThIO (OTHOCUTENBHBIM JOIOJIHEHHEM) MHOXKecTBa B 710 MHOkecTBa A Ha3bIBaeTcs
MHOXecTBO A \ B, Bce ai1leMeHTBI KOTOPOTO SBJISIFOTCS JIEMEHTAMU MHOKECTBA A, HO HE SIBIIIOTCS
3JIeMEHTaMu MHOKecTBa B:

A\B={x¢xIAuxIiB}.

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

2.A=1{2,4,6,...},B=1{3,6,9,...}. Torma A \ B — MHOXeCTBO 4Hcell, KOTOpPBIE AEISATCS
Ha 2, HO He Jensatcst Ha 3, a B\ A — MHOXeCTBO 4mcell, KOTOPbIE IeNATCS Ha 3, HO He JENATCS Ha 2:
A\B=1{2,4,8,10,14,...}.B\A={3,9,15,21,27, ...}.

CumMeTpHUUecKoi pa3HOCThIO MHOXKECTB A U B Ha3biBaeTcst MHOXkecTBO A + B: A+ B = (A
\B)E (B\ A).

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

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

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

JononHennem M MHOkecTBa M SIBIIIETCSI MHOYKECTBO

‘M = {mi | miiM}.

ITpumep. 3amansl MHOXecTBa A = {1, 2, 5, 6} u B = {2, 3, 4, 6} Ha yHHBepcaJbHOM
muoxectBe U = {1, 2, 3, 5, 6, 7}. BemmonauTts onepanuu A, B.

Pemienne. B pe3ynbrare BBINONHEHWS 3aJaHHBIX OINEpalMi  TMOJIYYHUM CIEAYIOIIUe
MHOkecTBa: A = {3,7};B={1,5,7}. 1



Jl1l KOHEUHBIX MHOXKECTB CYIIECTBYET IMOHSITHE: MOIIHOCTh MHOXECTBA A — 4YHCIO €ro
areMeHTOB. O003HAYaI0T MOIITHOCTH MHOXKECTBA |A|.

[Mpumep. A = {1, 2, 5, 6}, Torna MmomHOCTh MHOXKECTBA [A| =n(A) =4; |E|=0; |{£}| = 1.

TaxKe CIpaBeUINBbI CIeayromie GopMyIbl: Juls 066X MHOXKecTB A 1 B b |A E B| = |A| +
IB| — |A C BJ, To ecTh yuuThIBaroTCs 00IIME AJIs1 000MX MHOYKECTB JIEMEHTHI.

Ipumep. A= {1,2,3}|A|=3;B={1,2,3,4,5} B|=5, torraAEB=1{1,2,3,4,5} |AE
B|=5;ACB={1,2,3} |ACB|=3, To ecTb nonyuum pasercrtso: |A E B|=|A|+ B|-|A CB| 5=
3+5-3.

Jl1st KoHEeYHOTO0 MHOXKecTBa M MoIHOCTh ero Oyneana |B(M)| paBHa 2|M|.

1.3. Ilpumenenue nuarpamm Diiepa-BeHHa npu pelieHuu NpakTUYECKUX 3a1a4

JIisi HarJIiHOTO TPEICTABICHUS MHOXKECTB M OTHOIICHUH MEXKIy HUMH HCIOJb3YIOTCS
auarpammbl Oiiepa-BeHHa. YHUBepcaJlbHOE MHOKECTBO M300pakatoT B BUJE NMPSMOYIOJbHUKA, a
MHOXECTBa, BXOJSIINE B YHUBEPCAIbHOE MHOXECTBO, B BHJE KPYrOB BHYTPH INPSMOYTOJBHHKA;
3JIEMEHTY MHOKECTBA COOTBETCTBYET TOUKa BHYTpPHU Kpyra (puc. 1).

C mnomoupto auarpamm  Oiinepa-BeHHa ya00HO MIUIIOCTPUPOBATH ONEpallUU  HaJ
MHOXecTBaMU. Pe3ynbTupyromiee MHOKECTBO KaXK0H ONEpalliy BbIIEICHO IUTPUXOBKOM.

=

MA MAEMB MACMB

=
=

MB\MA MA\MB "MA

Puc. 1. IlpeacraBnenue omnepauuii HaJg MHOKECTBAMHM C TMOMOILIBIO AUarpamMm Oiinepa-
Benna

[Ipumep. PaccMoTpuM omneparuio JIONOJHEHHS MHOXKECTBA, SIBJISIOMIETOCS MEepeceYyeHUueM
MHO)kecTB MA u MB. Heobxomumo nokazarh, uTo €€ pe3yibTaT COBMANaeT ¢ OObeAMHEHUEM
JIOIOJHEHUH 3TUX MHOKECTB:

Pemenne. M = ManMg —\1A VB,

B sTOM MOHO yOenuThCs ¢ MOMOIIBIO TuarpamMm Dinepa-Benna (puc. 2).

e

MA C MB

Puc. 2 1



Jlnst mo6pix moaMHokecTBA, B um C yHuBepcambHOro MHOXecTBa U BBITIONHSIOTCS
CJIETYFOIIHME TOXKECTBA (OCHOBHBIE TOXK/IECTBA AJIT€OPhI MHOYKECTB):

1. AE B =B E A (KOMMYTaTHBHOCTS I¢. ACB =B C A (koMMyTaTUBHOCTb
E) < \ \ \ C)

2. AEMBEC =(AEB)EZC 2. AC BCC=(ACB) CC
(acconuatuBHOCTH E). (acconmatuBHOCTH ().

B3.AEBCC=(AEB)C(AE Q) 3. ACBEC)=(ACB)E(ACCQ)
(zuctpubytHBHOCTH E 0THOCHTENBHO C). (muctpubytBHOCTH C OTHOCHTENBHO E).

4. A E £ = A (cBOIHCTBO HyIsN). 4¢. AC E =K.

5. A E'A = U (CBOHCTBO JIOIOIHEHHUS). S5¢. ACA=ZK.

6.AEA=A. 6¢. A C A= A.

7.AEU=U (CBOMCTBO €IMHMIIBI). 7¢. ACU=A.

8. AuB=A C'B (3akoH g€ 8¢. AnB="AEB (3akoH e Moprana).
Moprana).

99 A E (A C B) = A (3akoH 9. A C (A E B) = A (3axon
TTOTJIOIICHHMS ). MTOTJIOIICHHMS ).

10, 4= A (uHBOIIOLUSA).

11.A\B=AC%

[Ipumepsl. 1. PaccmoTpuM npeamnosnioxeHue 0 TOM, 4TO MPOU3BOJIbHBIE MHOXKecTBa A u B
nonapHo skeuBanentHs: 1) AIB;2) ACB=A;3)AEB=B.

Pemenue. Jlokaxem, 4To U3 EPBOTO MPEANOJIOKEHH ciaelyeT BTopoe. [leficTBUTeNbHO, TaK
kak A C B 1A, T0 1ocTatouno mokasars, 4To B 3TOM ciaydae A IACB.Hoecmx A toxIB, .
k. A 1B u, cienosarensro, x I A C B.

JloKaskeM, 4TO M3 BTOPOTO TIPENOJIOKEHHs clIeayeT TpeThe. Tak kak A C B = A, 1o AE B
= (A C B) E B. Ilo 3axony mornomenus (cM. Toxaectso 9) B E (A C B) = B. Orcroza, HCIIONb3yst
3aKOH KOMMYTATHBHOCTH, ronydaem A E B = B.

JlokaskeM, 4TO M3 TPETHEro HpeIoNoxKenus cueayer mepsoe. Tax kak A I A E B, a no
ycnosuio TpeThero npeanonoxenns A E B = B, ToA 1 B.

IIpakTnueckas padora Ne 8

Tema: Boimonnenue anredpanyeckux onepanuii HaJl MHOXKECTBaMH

Ieanb paGoThI: MO3HAKOMUTH CTYJIEHTOB C TAKUMU MOHSTUIMH, KAK MHOXKECTBO, 3JIEMEHTHI
MHOKECTB, OylieaH, YHHBEpPCAIbHOE MHOXECTBO, MOIIHOCTh MHOXECTBa, OIMEpaluu HaJ
MHOXECTBAMH, TPEACTABJICHUS MHOXKECTB C TOMOIIbI0 1auarpamM, ¢GopMHpPYsST y HHX
TEPMHUHOJIOTUYECKNH 3amac.

3aganusa

JInst ay ANTOPHBIX 3aHATHIA

1.3anucath MHOXXECTBO M LENBIX 4YMCEN X, KOTOpbIE NENATCA Ha TPU U HaAXOJATCA B
untepBaie 3 £ x £ 15. 3anucarp AByMs Cloco0amu.

2.3anucatb MHOXKECTBOA IWEIBIX YMCEN X, KOTOpbIE AENATCS Ha 2 M Ha 3 U HaxXOJsITCs B
untepBaiie 20 £ x £ 25. 3anucaTth 1ByMs cioco0amH.

3.IIpuHagIeKuUT U X MHOXKECTBY M, ecnu:

a)M=1{2,6,8, ...,50}; x = 35;

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

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



3anucaTh NPUBEICHHBIE MHOKECTBA C YKa3aHUEM CBOMCTB UX 3JIEMEHTOB.

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

5.Kakue u3 creayronmx BeIpaXSHUN SBISIOTCS UCTUHHBIMU M KaKHE JTOKHBIMH:

a) £ {{£}}1;06) 11 ({1,2}}18) (1,2} T{{1,2}};0) (1,2} T {{1,2}, (1,3}, 1,2}

6. IlpuBectn nmpumepsl Takux MHOXXecTBA, B, C, 4ToObl OBLIM MCTHUHHBIMH CIIEIYIOIINE
BBICKA3bIBAaHUS:

a) AIBUBICUAIC;

6) AIBUBICUAIC.

7. Kakue U3 cienyromux MHOXKECTB KOHEUHbI U KaKue O€CKOHEUHBI:

a) {x I Rgx2 - 5x + 4 = 0};

6) {x I Ngx2 - 5x + 4 > 0};

B) {x I N¢x2 / 24}.

8. PaBHBI 11 MHOXECTBA:

a) {XIRex2-2x -2 =0} u {x 1 Q¢x2 - 2x -2 =0};

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

9. IlepeuncinTh 3J€MEHTHI CICAYIOLUIMX MHOXKECTB!

a) {x I R¢x2 - 3x + 2 = 0};

6) {x I Rex2 +1=0};

B) MHO>KECTBO BCeX KOpHEl ypaBHeHUs X2 + 6X + 9 =0.

10. IlepeuncnuTh BCE 37E€MEHTBI KaXA0T0 U3 CIEIYIOIIMX MHOKECTB!

a) {xex I 13} 8) {xex 1 {1,2,3}};

6) {xex I {1,2}}:1) {xex [ E}.

Jliist caMOCTOsTENNbHON pabOThI

1. IlepeyrcauTh JIEMEHTHI CIEIYIOIUX MHOKECTB:

a) MHOXeCTBO YeTHbIX yncen oT 0 10 20 BKIIOUUTENBHO;

0) MHOKECTBO BCEX JIBY3HAUHBIX YHCEN, ACTAMUXCS HA 5 1 He aemstmuxcs Ha 10;

B) MHOXECTBO BCEX TOCIEI0BATEIHHOCTEH, coAepKanmx Bce uncna 1, 2, 3, 4, 5 u TOIbKO
9TH YHCJIa, B KOTOPHIX Y€THBIC M HEYETHBIC YMCIIa YePETyIOTCS.

2. PaBHBI M MHOXKECTBA:

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

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

3. IlepeuncnuTh MOJAMHOKECTBA CIEIYIOLUIMX MHOXKECTB!

2) {11,2}, 31,4} 6) 145,21} 8) {12}, {6}, 3} 1) {44, 6}, {1}, 1},

4. BcraBuTh MEXIy MHOXeCTBaMHM cMMBOJ [ mim I Tak, 4yTOOBI MOMYYMIIOCH MCTUHHOE
BBICKA3bIBAHHE:

@) {1} {1, {1,2}}:6) & (£} 8) £ (1B} 1) (1,2} {1,2, {1,2}}.

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

a) A={1,2,3}, B={2,3,5,4}, U={1,2,....... 9%,

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

6. Jloka3aTh TOXXJecTBa:

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

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

B) (A\B)\C=(A\ 3) (A\B) E (AVB) = (A 1



C) \(B\ C); EB)\(A CBY);

NA\BEC) =(A\ 1) (AVB)E (BVA) = (A
B)\C; EB)\ (A CB);

1) A\B=A C'B; k) A\(BEC)=(A\B)

C(A\Q).

1. ITokazats ¢ momoip Auarpamm Jijepa-BeHHa, kKakue U3 CIeayomuX YTBEPKICHUN
BEPHBIL:

a)(AEB)CC=AE BCCQC); B)(A\B)EC=(AEC)\(BEQ);

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

2. HaifTi MOIIHOCT MHOXKECTB, MOIIHOCTh MX OyieanoB u |A E B| - mommocTs

00BEAMHEHNS MHOYKECTB:
a) A={4,5,6}, B={4,5,6,7,8}; 6) A={1,3,5,6}, B={4,5,6,7};
B)A={3,57}B=1{2,5,6,7,9};1)4={1,2,3,5}, B={2,4,5, 6, 7}.
9. BcTaBuTh MEXIy MHOKECTBAMH CHMBOJ 1 mmm [ Tak, 4ToGbI TOTYYMIOCH HCTHHHOE
BBICKA3bIBaHHE:
a) {1} {1, {1,2}}; 1) & {1, 2, {1}, {£}};
0) {1, 2} {1,2, {1},{2}}; m) £ {{£}};
B) {1,2} {1,2,{1,2}};¢) £ {&E}.
10. IIpuBectn npumep MaOkecTB A, B, C, Takux, 4TOOBI BBITOTHSUIACH YCIOBUS:
a)AIB,BIC,AiC;
6)AIB,AIC,CIB;
B)AIB,BIC,AIC.

IIpakTnuyeckas padora Ne 9
Tema: Onpenenenre MapiIpyTOB B HEOPUEHTHPOBAHHBIX rpadax
Lens padorbl: ycBoeHHE TaKUX IMOHATHM, Kak MapuIpyT, Lenb U IUKI Tpada, obpas,
npooOpa3 BepilrH rpada, MUHUMAIbHBIN TyTh B rpade, iinepoBsl rpadbl.

Teopernyeckast 4acTh:

Mapwipymot, yenu, yukot

Mapuipytom B rpade G = (V, E) (myrem B rpape D = (V, E)) HasbiBaercs
MocIe0BaTeNbHOCT BepIInH U pédep (myr) Buaa VO, el, v1, e2, ..., vn-1, en, vn, rae vi iv il [0,
n], ei IE, (vi-1, ei), (vi, ei) il [1, n]. Bepumnusr VO, Vn Ha3bIBAIOTCS CBSI3aHHBIMHU JTAHHBIM
MapuipyToM (WIM OpOCTO CBA3aHHbIMK). BepmmHy VO Ha3pIBaloT HadaiaoMm, a VN — KOHIIOM
mapmpyrta. Ecim vO = vn, TO MapmpyT Ha3bIBalOT 3aMKHYTHIM. UHCIIO N Ha3bIBaeTCS JITUHOM
MapuipyTa.

Mapmipyt, B KOTOpOM Bce p&Opa TMOMapHO pa3iIMyHbl, HA3BIBACTCS IETbI0. 3aMKHYTHIN
MapIIpyT, SBISIONIAICS IIETBbI0, Ha3bIBACTCS IUKIOM (KOHTYpoM). Llemnb, B KOTOpOIi BCe BEPIIMHBI
MOTIAPHO Pa3IMYHbI, Ha3bIBA€TCS MPOCTOi 1enbio. LK, B KOTOPOM Bce BEPIUIMHBI, KPOME MEPBOM
U TIOCJIEHEHN, IONAapHO PA3IUYHbI, HA3bIBAETCS MPOCTHIM IIUKIIOM.

[Tpumepsr: 1. TlocnemoBarenpHOCTh V1, €1, v2, €3, v4, e4, v3 — mapuipyT UIMHBI 3,
coeauHsomuii BepmuHsl V1, V3 B rpade G (puc. 11); 310 mpocras memns, Tak Kak Bce pedpa u
BEPIIMHBI IIONAPHO PA3ITUIHEI.

2.V2, 3, V2 — mpocToi KOHTYp JAIUHBI 1 B opueHTHpoBaHHOMIICeBIorpadeD (puc. 10).

3.vl, e2, v2, e4, v3 — iyt u3 V1 B V3 juHBI 2 B opueHTHpOBaHHOMITCeBIorpadeD Apuc.
10); aTO TIpOCTAas 1eTb, TaK KaK BCE AYTH U BEPIIMHBI TOTIAPHO Pa3IMYHBL.



Puc. 10 Puc. 11

V2

&4 IHouck nymeit (mapuipymos)c MUHUMATbHBIM YUCIOM Oy2
[Ipu pemeHur HEKOTOPHIX MNPUKIAAHBIX 3a4ad HEPEIKO
B2 BO3HHMKAeT HEOOXOJUMOCTh  HAWTM  MHHHMMAJbHBIA  MapuIpyT,
- vg( COEIUHSIONMI 3a7aHHble BeplIMHBI B Tpade. [lpuBenem amroputm
Bl .. - berenns stoii 3aaaun. [1yte B oprpade D u3 BepuiuHsl V B BepIIUHY W
(v'w) Ha3pIBaeTCS MHHHUMAIBHBIM, €CJIHM OH HMMEET MHHUMAIbHYIO
JUIMHY cpenu Bcex myteil oprpada D u3 BepmmHbl V B BepmuHy W.
AHQJIOTUYHO ONpeAeNsieTCss MHUHUMAIBHBIA MapmpyT B Tpade G. ANTOpUTM HAXOXKICHHS
MHUHUMAaJIBHOI'O MapLIpyTa COCTOUT U3 CIEAYIOUIUX I1aroB:

Har 1. ITomeuaem BepiuHy V uHaekcoMm (. 3aTeM momedaeM BEpIIMHBI, MPUHAJIEKAIINE
o0pa3y BepiIuHBI V, MHIACKCOM 1. MHOXECTBO BepIIMH C HHIACKCOM 1 obOo3nHagaem FWI(V).
[MTomaraem k = 1.

Ilar 2. Eciu FWk(V) = & wmm Bemonnsierca K = n — 1, w I FWk(V), To Bepruna W He
JOCTIDKAMA U3 V 1 paboTa alropuT™Ma Ha 3TOM 3aKaHUYUBAETCs. B MPOTUBHOM ciiydae mepexoum K
mary 3.

Ilar 3. Ectu W I FWk(V), To nepexoaum k mary 4. B mpoTUBHOM ciTydae CyIecTByeT MyTh
U3 V B W JUTHHBI K, ¥ 3TOT IyTh SBJIAETCS MUHUMAJIbHBIM. [10CIe10BaTeIbHOCTD BEPIINH

wiw2 ..wk-1w, tie wk-1 T FWk-1(v) C D-1(w); wk-2 T FWk-2(v) C D-1(wz-1); ... wl 1
FW1(v) C D-1(W2) u ecTh MCKOMBIH MUHHMAIbHBIA TyTh U3 V B W. Ha 3TOM paboTa ajaropurma
3aKaHYMBAETCSl.

[lar 4. ITomeuaem uHAECKCOM K + 1 Bce HEMOMEUEHHBIC BEPIIMHBI, KOTOPBIC MPHHAIICKAT
o0pa3y MHOKecTBa BepIIMH ¢ MHAEKCOM K. MHOecTBO BepiiuH ¢ uHIekcoM K + 1 006o3Hadaem
FWk+1(v). ITpucBanBaem K:= k + 1 u nmepexoaum K rmary 2.

[Tpumep. Mcionb3ys MpeuioskeHHBINH aITOPUTM, OMPEIeTMM MHHUMAIIBHBINA YTk U3 V1 B V6
B oprpade D, 3a1aHHOM MaTpuliell CMEKXHOCTH, ITpe/ICTaBIeHHON B Tao. 1.

Tabmuma 1




JIeWiCTBYsI COIJIaCHO aJrOpuTMy, IMocieaoBaTensHo ompenensem FWI(vl) = {v4, v5},
FW2(v1) = D(FW1(v1))\{v1,v4,v5} ={ v2,v3};

FW3(vl) = D(FW2(v1)\{vl, v2, v3, v4, v5} = {v6}. Takum obpasom, v6/ FW3(vl), a
3HAYMUT (CM. mar 3) cymecTByeT myTh U3 V1 B V6 miuHBI 3 U 3TOT MyTh SBISETCS MUHUMAIbHBIM.
Haiinem Teneps MUHUMaNbHBIN IyTh U3 V1 B V6. OnipeaeniM MHOKECTBO

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

Boibepem mo0yro BepHIMHY M3 HaWJIEHHOTO MHOXECTBa, HalpuMep BepIIuHy V3.
Onpenenum panee maoxectso FW1(vl) C D-1(v3) = { v4,v5} C {v4,v5, v6 = {v4,v5}. Beibepem
M00y10 BEpIIMHY M3 HAaJICHHOTO MHOXKECTBa, Hanpumep, BepiuHy V5. Toraa v1vSv3v6 — nckomebrit
MUHHMAJIbHBIA yTh U3 V1 B V6 aiunb! 3 B oprpade D.

Diineposwt zpaghol

[Tycte G — nceBnorpad. Lens (1ukin) B G Ha3pIBaeTCs DiIIEpOBOH, €clii OHA (OH) TPOXOIUT
10 OJTHOMY pa3zy depe3 Kaxjaoe pedopo ncesaorpadaG.

C—‘ 3amaya COCTOUT B CIEAYIOLIEM: HAUTH
sitnepoB 1ukaA B mynsTurpadeG (puc. 12).

A [Ipexxne yeM pemaTh 3aady O BbLACICHUU
SIIepOBOM 1€KW WM DilliepoBa IHKIA B

2 niceBorpade, Hajao BBISICHUTH, CYIIECTBYIOT

mu onu. IIpocreiiiee HeoOXoqUMOE yCIIOBUE

UX CYIIECTBOBAHUS, OUYEBUIHO, 3aKIIOYACTCS

B cBsizHOCTH G. OTBET HA ATOT BOIPOC JNAIOT
MPUBOJIMMBIE HIKE TEOPEMBL. UIEPOBBIM

HA3bIBACTCS LIUKJI, TPOXOASIIUN M0 KaXAOMY

pebpy rpada poBHO omuH pa3. ['pad,

Puc. 12 UMEIOIINXAUIEPOB LUK, TOKE OyieM
Ha3bIBaTh 3iIepoBbIM. B m060M 3iinepoBoM rpade crerneHu Bcex BepIInH YETHBIE.

I[Tycth M0 HEKOTOPOU BepiIrHe V UK poxoaut K pa3. Ho Tak kak mepen 3Toi BepLINHOI U
nociae Heé IMKJI JODKEH MPOXOJIUTh IO HMHUUACHTHBIM ei pébpam, TO KOJMUYECTBO pEGep,
WHIIMJACHTHBIX TAQHHOW BEpIIUHE, MO KOTOPHIM MpOoXomuT ki — 2 K. Tak kak IUKI 3HIepoB —
pEbep, Mo KOTOPHIM IMKJI HE TIPOXOINT, HET, 3HAYKT 2 K — CTENeHb BEPIIUHBI V.

Ecnau B cBsizHOM rpade cTeneHu BceX BEPIIUMH YETHBIC, TO B rpade CyIIeCTBYET dMIIepOB
iK1, B Xome mokaszarenbcTBa MBI JAIMM QITOPUTM TIOCTPOCHHS Takoro Iwkima. Hauném c
NPOM3BOJILHOW BEpUIMHBI V U OyAeM CTpOMTh U3 He€ Lenb, IMOKa €CTh BO3MOXHOCTb €€
npoaoikuTh. IlycTh B KakOH-TO MOMEHT IOCTPOEHHUS Mbl HaxoJuMcs B BepuiMHe U (He
cosrnafaromniei ¢ V). Torna uenb, KOTOPYO Mbl OCTPOUIIH, IPOXOAUT MO HEYETHOMY yHuClTy pédep,
MHIMJICHTHBIX JaHHOW BepiiuHe. CTeneHb BepIIUHbI U 4Y€THAs, CIe10BaTeIbHO, €CTh XOTS Obl OHO
peOpo, MHIIMJCHTHOE BEPIIMHE U, IO KOTOPOMY II€TIb HE MPOIIIa — 3HAYUT €€ MOXKHO MPOJAOIIKUTD.
CrnemoBartenbHO, IIEMTb MOXKET 3aKOHUYUTCS TOJBKO B BepminHe V. [Torydnm muKiI.

B 3amagax gacto BO3HHKAaeT HEOOXOAMMOCTh HAXOXKICHUS LENH, IPOXOISIIEH M0 KaXKIOMY
pebpy pOBHO OfuH pa3 (CHUMaeTcs TpeOOoBaHUE 3aMKHYTOCTH). Takwe menu OyJaeM Ha3bIBaTh
SUIIEPOBBIMU LIETISIMH.

3aganus

Jna ayoumopnuix 3anamuii

1. 3anan rpad G (puc. 13a). HaiitTu myTh ¢ MUHMMaIBHBIM YUCIIOM pe0Oep U3 BepIIuHbI VI B
BepuInHy V6 rpada G.
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Puc. 13

2. ns rpada G (pwuc.
1306) 3anucaTh MaTpHILy
CMEKHOCTH W HaWTH TyTh C

MUHUMAJIbHBIM YHUCIOM pedep U3 BEpUIMHBI V2 B BEpIIMHY VI.

3. ns oprpada D (puc. 136) 3anucaTh MaTpHIly CMEKHOCTH U HAWTH MTyTh C MUHUMAJIbHBIM
4KCIIOM pedep U3 BepluHbl V] B BepLInHY V/.

4. OnpenenuTh, COACPKHUT JIu rpad HA puc. 13adilepoB MUKI WIK SIIEPOBY IETb.

5. Mosxer Jii BepUIMHA, BXOAAIIast B UK rpada, UMETh CTENICHb, MEHBIIYIO JBYX?

6. Kak HaspiBaeTcs MyTh, y KOTOPOTO HAyajlo NEpPBOM IOyrd COBHAJACT C KOHIIOM
nocienuen?

7. Kak Ha3pIBaeTCs MapIIpyT, y KOTOPOTO MepBasi BEPIINHA COBIAACT C MOCISAHEH?

8. Iloka3zaThb, uTo B M000M Irpade KOIMUECTBO BEPUIMH HEUYETHON CTETIEHH YETHO.

9. IlokazaTh, YTO M3 BCSIKOTO 3aMKHYTOI'O MapuIpyTa HEYETHOH UIMHBI MOXXHO BBIJCIUTH
IPOCTYIO IIETIb.

10. IToka3atek, 4To pebpo, Bxoxsiiee B IUKI rpada, BXOAUT B HEKOTOPHIH €ro MpOoCTOU
UK.

s camocmoamenvHou pabomol

1. 3anan rpad G (puc. 13a). Haiitu nyTh ¢ MUHMMAaIbHBIM YUCIIOM pedep U3 BeplInHbI V] B
Bepiuuny V7 rpada G.

2. Mnsa rpada G (puc. 136) 3anucats MaTpUIly CMEXKHOCTH U HAWTU MYTh C MUHUMAaJIbHBIM
4HCIIOM pedep U3 BepIinHbI V1 B BepuInHy V8.

3. lns rpaca G (puc. 136) 3anucaTh MaTpuIly HHIUAEHTHOCTH.

4. Inst oprpada D (puc. 136) 3anucaTs MaTpUIly CMEKHOCTH U HAWTH MyTh C MUHUMAJIbHBIM
YHCIIOM pedep U3 BepIInHbI V1 B BepminHy V6.

5. Ilokasatse, uTo r00ast BEpIIMHA, BXOIAIIAS B IIUKII, HE SBIISETCS BUCSYCH.

6. Jlokazath, 4TO eciiu B oprpade OTCyTCTBYIOT BEPIIMHBI C HYJIEBOH IMONYCTENEHBIO HCX0a
(3axona), To B oprpade umeercss IpocToi KOHTYP.

7. Jlokasath, 4To yaaneHue u3 oprpada Bepummusl V ¢ d+(v) < 1 (d-(v) < 1) npuBoauT
oprpady, KOHTYpbl KOTOPOT'O COBIA/IAIOT C KOHTYPAMHU UCXOJTHOTO oprpada.

8. IlpuBectu onpeneneHue NpoCcToi LENu:

a) 1enb, B KOTOPOM BEPIIUHBI U peOpa MOBTOPSIOTCS;

0) yepemoBaHUE BEpIIUH U pedep;

B) IIeNb, B KOTOPOH BCE BEPIIMHBI TIOMIAPHO Pa3TMYHBI.

9. B ueM 3akimro4aeTcsi HOHATHUE CMEKHOCTH?

a) CEXKHBIMU SIBJIAIOTCS BEPIIMHBI, HHIMIEHTHbBIE OTHOMY peopy;

0) CMEeXHBIMHU SIBIISIOTCS J1Ba pedpa, He MMEIOLIe OOLINX BEpIINH;

B) CMEXHBIMHU SIBJISIFOTCS BEPILMHBI, COETMHEHHBIE HEKOTOPHIM MapLIPyTOM.

10. 3apanncesnorpadG. Llens B G Ha3bIBaeTcs 3iinepoBoi, €ciu. . .

a) OHa IMPOXOJUT IO OJHOMY pa3y 4depe3 KaXkKIyro TOUKy mceBaorpada;

0) OHa MPOXOIMT MO OJTHOMY pa3y 4epe3 Kaxaoe pedpo rcesaorpada;

B) OHa MTPOXOJHUT IO OJJHOMY pa3y 4epe3 BepIINHBI U pedpa. 2



KoHTpoJibHbIE BOIPOCHI:

B uem cocTout anroput™m noucka nyTei ¢ MUHUMaJIbHBIM YHCIIOM AYT?
Kakoli nuki Ha3pIBaeTcs SMI€pOBBIM?

KakoB kputepuii CyliecTBOBaHuUs diiyiepoBa LUKIA B rpade?

KakoB kputepuii CyiecTBOBaHUs dilJIepoBOi 1ienu B rpade?

ok owpnE

JlaTb omnpeneneHue caenyroInuX MOHITH:
— MapupyT B rpade (IpuBeCTH puMeD);

— IIeTb ¥ IIPOCTast Lienb B rpade;

— IHKJI ¥ IPOCTOM IHKII B rpade;

— DUJIEPOBOM LIETIb;

— MaTpuIla CMeKHOCTH rpada;

— CTETIeHb BEpIIUHEI rpada

IIpaxrnyeckasi padora Ne 10

Tema: Onpenenenue 1enel U UKIOB B OPUEHTUPOBAHHBIX rpadax

Ileab: HayuyuTh CTYIEHTOB ONPEACICHHMIO MapIIPYTOB, LENedl M LMKIOB B
OpPUEHTHPOBAaHHBIX Ipadax

Teopernyeckasi 4acThb:

Ecnu anementsr MHOXecTBa EE rpada G=(V,E)G=(V,E) — ynopsaodeHnbie napei, To rpad
Ha3bIBACTCSI OPUEHTHPOBAHHBLIM Wi oprpagomM. MOXHO CKa3aTh, 4TO opepag) — 3TO rpad,
pedpaM KOTOPOro NPUCBOEHO HalpaBJIeHUE.

Pebpo ee rpaha GG Ha3bIBatOT OPUEHTUPOBAHHBIM, €CIIM OJHY BEPLIMHY CUMTAIOT HA4ajIoM
pebpa, a Jpyryro — KOHIIOM, Ha PUCYHKE €ro M300pakaroT CTPEIKOM Mexy BeplIMHaMu. Takum
o0pasom, rpag, Bce pedpa KOTOPOro OpUEHTHUPOBAHBI, SBISETCS OPUEHTUPOBAHHBIM IpadoM.

OpnHa 1 Ta e BepIIMHA oprpada MOXKET CIIYy>KUTh HAauaJIoM JUIsl OAHUX pebep U KOHLIOM IS
JIpYTrHUX, IO3TOMY Pa3/InyaroT JIB€ CTEIIEHHU BEPIIMHBI: CTENEHb BHIXOJa U CTENIEHb BXOJA.

CremneHbI0 BbIX0/1a BEPIINHBI Oprpada Ha3bIBAE€TCS YUCIIO BHIXOASIINX U3 BEPLINHBI pedep.

CremneHbl0 BX0/1a BEpIIMHBI oprpada Ha3bIBaeTCs YUCIIO BXOAIINX B BEPIINHY peodep.

B oprpadax B 3aBUCMMOCTH OT cOUETaHUs CTENEHEW BX0/1a U BbIXO/1a JUIsl TaHHOM BEpIIMHBI
paccMaTpUBAIOTCS TPU CITydast:

. BEPILMHA Ha3bIBAaCTCSI M30JIMPOBAHHOM, €CIM €€ CTEINEHM BBIXOAA U BXOJA
paBHsl 0;
. BEpIIMHA HAa3bIBACTCA MCTOYHMKOM, €CIM €€ CTeNeHb Bxoha pasHa 0, a

cTernenb Beixoaa oomnpie 0;

. BEpILMHA HA3bIBa€TCS CTOKOM, €CJIM €€ CTeNeHb Bbixoa paBHa 0, a cTeneHb

Bxoza Ooibie 0.

IIytem B oprpade Ha3piBaeTcs MapHIpyT 0e3 MOBTOPAIOLIUXCS pedep, MpocToi myTh — 6€3
MOBTOPSIOLINXCS BEPIIMH. 3aMKHYTBIH MyTh B oprpade Ha3bIBaeTCsl OPUEHTHPOBAHHBIM ITUKIOM
WJIM KOHTYPOM.

JITMHOM yTH Ha3bIBAaETCS YUCIIO0 pedep B 3TOM MyTH.

IToHBIM oOpHEeHTHPOBAaHHBIM rpagoM HasblBaeTCs oprpad, Kaxjgas mapa BepIIUH
KOTOpPOTO COEJIMHEHAa B TOYHOCTHU OJIHUM OpPUEHTHUPOBAaHHBIM peOpoM. OYeBHIHO, YTO, €CIIU C
KaX70ro pedpa moiHoro oprpada CHATH HampaBieHHE, TO MOJIYYUTCS HEOPHUEHTHPOBAHHBIN
MOJIHBIN rpad. 2



ITetneii HasbiBacTca pebdpo, y KOTOPOro HayalbHas M KOHEYHAs BEPLIMHBI COBIAJAIOT.
[Tetnst OOBIYHO CYMTACTCS HEOPUEHTHPOBAHHOM.

IIpakTnyeckast padora Ne 11
Tema: Omnpenenenre MapuIpyToB B OPUEHTUPOBAHHBIX Tpadax
Heab: HayuuTsb OIPENICNIEHUI0  MapLIPyTOB,
OpPUEHTHPOBaHHBIX I'padax
IIpakTH4yeckoe 3a1aHue
IToctpoiiTe HampaBieHHbIH rpad (CBA3aHHBIA JyramMH) M MaTPULy CMEXHOCTH JAJS 3TOTrO

CTYACHTOB ji(S8¢ e u OUKJIOB B

rpada ¢ mHpOpMaLueil 0 pOJICTBEHHUKAX, COJIepKalleiics B TabuIIe.

Nwmsa Henymka |Orerg CoiHOBBs | bpatbs Jsiau [Inemsuuuku | BHyku
MY>KYHHBI
Jles AHJipeit, Anekceit,
Ilerp Muxawn,
Onmner
Anppeit JleB Aunexkceir |Ilerp Muxawn,
Onmner
IIerp Jles Muxaun, | Angpei Anexcent
Onmner
Anexcerr | JleB AHnnpeit [Tetp
Muxaun  |Jles [Tetp Onmner Anpnpent
Oner Jles Iletp Muxaun | Auapeit

KonTpoabHbie Bonpocsi:
1. Jlaiite onpenenenue rpada (onpeaeneHue, NpuMep, WUTIOCTPUPYEMBIA PUCYHKOM).
2. Yto Takoe nzoMopdHsie rpadpl, OpUEHTUPOBaHHbIE I'padbl?
3. JlaliTe onpeneneHue NoToka B rpadax.
4. Chopmynupyiite NpUHIMI COXpaHEHHs TOTOKA.
5. IlpuBeauTe npuMepsl CUCTEM, UMEIOLINX HEPAPXUUECKYIO CTPYKTYPY.

IIpakTuyeckas pagora Ne 12
Tema:
Hean:
rpadax
IIpakTHyeckoe 3a1aHue

OmnpeneneHue neneu 1 HUKIOB B OPUEHTUPOBAHHBIX rpadax.
HAy4UTb CTYJEHTOB OIPEAEICHUI0 MapIIPyTOB, LENEH M IUKIOB B OPUEHTHUPOBAHHBIX

[Tpumep 1 (reneonornyeckoe nepeBo). Ha pucyHke nokasano 6ubieiickoe reHeonornueckoe
JIepeBO.



Madgveamn

Enox

Apens Kann

Cud

Anam

1. I[OKa)KI/ITe, qTo rpaq) SABJIACTCA ACPCBOM TOIr'Zld U TOJIBKO TOr'ld, KOrja mobas Imapa pa3jiM4HbIX
BCPIIMH COCANHCHA €IMHCTBEHHOM 1IETIBIO.

2. Jlokaxkute, 4yTo rpad sSBIsSETCS AEPEBOM TOTA U TOJIBKO TOTa, KOTJa OH CBSI3€H, HO MOCTe
yIaJeHus JIIo00ro pedpa CTAHOBUTCS HECBSI3HBIM.

2.3 JlokaxkuTte, 4TO KOJIMISCTBO pEOEp MepeBa Ha SANMHHITY MEHBIIIC KOJTMYSCTBA BEPIITUH
Ipumep 2(2pag omnowenus derumocmu). [Toctpoum rpad, n3odpaxaroriee OTHOMICHHIE

JeTMMOCTH Ha MHOXecTBe {1,2,3,4,5,6,7,8,9,10}. [IpuHIMI TaKoH: €CIIM OT OJTHOTO YKCIIA JI0
JIPYToro €CTh 1IeMb, BEAYIas BBEPX, TOTJa BTOPOE YUCIIO ACIUTCS HA IEPBOE.

o8

IMpakTnyeckas padora Ne 13

Tema: IIpumep cocraBiieHus: aaropurMmos Mapkosa

Ilesanb padoThI: HAYYUTH CTYIEHTOB COCTABIIAThH AITOPUTMBI MapkoBa

Teopernueckass vactb: [Ipexne Bcero paccMOTPUM BO3MOXKHOCTH — peasln3alluu
apu(MeTHUECKUX OINepaluil ¢ MOMOIIBI0 HOPMAaIbHBIX anropuTMoB MapkoBa. CHayana oOpatum
BHHMaHHUE Ha OJHO OOCTOSITEIHCTBO, CBA3aHHOE ¢ paboroit mobdoro HAM: Hyx)HO 1100 BBOAWUTH
JIOTIOJTHUTEIFHOE TPABHJIO OCTAaHOBKH PAa0OTHI HOPMAJIBHOTO ainroputMa (MHAa4Ye B TpUMEpE
yBEJIMUYEHHUS YKcia Ha 1 alropuT™M IpoAOLKUT paboTy U cHOBa OyAeT yBEIMUYMBATH MOJYUYEHHBIH
pe3ynpTaT eme Ha | M T.J. HEOTpaHMYEHHOE 4YHUCIO pa3), JUO0 mepen HadajaoM paboThl
HOPMAJIbHOTO aJIrOpUTMa 00aBJIATh K BXOJHOM CTpOKeCHelMajabHble CHMBOJIBI, OTJIMYHBIE OT
JPYTUX CHMBOJIOB CTPOKH, KOTOPBIE YUYHUTHIBAIOTCS MOJCTAHOBKAMH QJITOPHUTMA B HayalQ €ro
paboThI U KOTOPBIE YAAISIOTCA B KOHIIE pa0OTHI anroputMa. Mel OyzeM Npuaep >KUBaTHCSI BTOPOTO



crocoba, Kak W OJHAa U3 Haubosiee YCHEIIHbIX pealn3alii HOpMaIbHBIX aNropuTMOB MapkoBa B
BUJIE s3bIKa TporpammupoBanus Pecdan. B kadectBe m00aBiIIEeMOro CHMMBOJA BO3BMEM CHMBOJI
"@".

Ilpumep 1. PaccMOTpUM IPOCTEUIITYIO ONEPALUIO YBEJIMYEHUS JECATUYHOrO uncia Ha 1. B
ATOM clTydae MOYTH BCErJa HeoOX0IMMO yBEIIMYUTh MocheaHion mudpy Ha 1, a mocnenuss mudpa
OTJIMYAETCS TE€M, YTO Tociie Hee uaeT cumBoa "@". [loaToMy mepBBIMH TOJICTAHOBKAMH JTOJKHBI
OBITH IIOJICTAHOBKH THIIA

<uucppa> @ —  <uucppa + 1>

Ho ecimu sto nudpa 9, To ee HyxkHO 3ameHuTh () M yBenWYeHHE HA | TEpeHECTH B
OpebIIyIIUN pa3psil. ITOMY OTBEYAET MOACTaHOBKA

Ha — @,

Hakonern, ecnu uyncio HaunHaeTcs ¢ 9 u mepen 3Toi 1udpoit Hy)KHO MOCTaBUTH 1, TO ATOMY
OyJIeT oTBeYaTh MoJACTaHOBKA

aa — 1.

a €CJIM 5TO HC TaK, TO B KOHILIC pa6OTI>I aJIropuTtMa CUMBOJIbI @ HaJl0 CTCPECTh, YTO BLIIIOJHUT

IIOJICTaHOBKA
a — A
Taxum 00pa3oM, MBI mosrydaem cienyromuitHAM yBenudeHus: 1ecITHYHOTO Yncia Ha 1:
. 0@ — 1 9. 8@ —9
2. 10 — 2 10. 9Q — @0
3.20 =3 11. Q@4 — 1

............... 2. @ — A
[TpuBenem paboTy MOCTPOEHHOIO AITrOpUTMA JUIs urcen 79 u 99:

- L() — - v 12 4
a79a — @70 — @80 — 80,

a99a -3 @90 <% @aoo 5 100.

AHanoruuHpiM  00pa3oM pa3pabaThiBaeTCsl HOPMAJIbHBIA adropuT™M MapkoBa ais
yMeHblIeHUs yncia Ha 1 (cMm. ynpaxsenue 1.3.1).

Ilpumep 2. llpexne, yeM nepedTu K APYTUM apU(PMETHUECKUM ONepalusiM, pacCMOTPUM
KaK JOBOJbHO THUIHMYHBIM MHpHUMEp, HCIOJb3YEMBbIH 4YacTo B JAPYTUX alropuTMax, ajlrOpUTM
KONMPOBAHUS JIBOMYHOTO ymciia. B aToM ciyuae mpekje BCero HCX0/IHOE U CKOITMPOBAHHOE YKCia
pazzaenum cumBoiioM "*". B pa3zpabaTeiBaeMOM alropuTMe MbI OyJIeM KONMPOBATh pa3psijibl YUCIiIa
10 OYepead, HauMHas ¢ MIIAJIIET0, HO HYXXHO PeluTh 2 MpoOjeMbl: KaK 3allOMUHATh 3HaYCHHE
CHUMBOJIa, KOTOPBIA MBI KOIIUPYEM, U KaK 3allOMMHATh MECTO KOIIMPYEMOro cumBoJa. s pemenus
BTOpOH MpoOJieMbl HCHONb3yeM cuMBOJ "!", KOTOpPBIM MBI OyJaeM OIpeneNsiTh eIie He
CKOIIMPOBAaHHBIA pa3ps] 4YMcia, IOCIE KOTOPOr0 M CTOUT 3TOT CHMBOJA. [l 3amoMuHaHUA
3HaYeHHUs KOMHUPYEeMOTro paspsijia Mbl Oyaem oOpa3oBbiBaTh Jis 3HaueHus 0 cumBon "a", a s
3HadeHus 1 - cumBoi "b". MeHsis myTeM MmoJCTaHOBOK 3TH CUMBOJIBI "a" wim "b" crocneayronmm,
MBI OynieM nepenBurath paszpsaasl "a" wim "b" B Hauano komupyemoro uucia (mocie "*"), HO IS
TOr0, YTOOBI IOKa HE MPOHMCXOJAUJIO KOIMPOBAHME CIEAYIOIIET0 pa3psiia CIpaBa, Mbl Iepes

mmn

MEPEABKEHUEM Pa3psi/ia BPEMEHHO CHMBOJI 3aMEHHMM Ha cuMBoJI "?", a mocie nepeaBUKEHUS

caciacMm 06paTHy10 3aMCHY. Ilocne Toro kak BCE YMCIO OKaKETCs CKOITMPOBAHHBIM B BUIC

non

cumBonioB "a" u "b", Ml 3ameHuM 5T cumBOiBl HAa 0 M 1 cooTBercTBeHHO. B pesyiprate



HOPMAJIbHBIA aJNTOpPUTM KOMHPOBAHUS JBOMYHOTO YHCIA MOXHO OINPEIEIUTh Cleayolen
[I0CJIE0BATENBHOCTHIO [10/ICTAHOBOK!

1. 0@ — 0Ol

. HavaJLHBIE TTOMETKH KOTMP. paspsjaa W KOMHHA YUcIa
2. 10 — 1%

3.0 — 20a

{11 — 217 } KOIMHpOBaHHe pa3pHd/ia C 3aMeHON MoMeTKH paspHia
4. 1! P

o, al) Oa

_:.
6.al — la
_ nepe;IBUKeHne CKOIMPOBaHHOIO pa3ps/ia
b — 0b

8. bl — 1b
9. ax — =*xa
OCTaHOBKA IHEepeIBHAEHNNA CKOIITNPOBAHHOI'O pPpa3pild

0. bx — *b
11. 7 — ! obpaTHasi 3aMena MoMeTKH paspsijia
12.a = 0

. (}GI}HT"H_H JaMeHa CROITHPOBAHHOTI'O DA3PH A
13.0 — 1
14, @l — A
HpOI[eMOHCTpI/IpyeM pa60Ty aJIropuT™Ma I[J'IH yucna 10:

11 4

alpe — 10!« 2 al ax* 2 ar 20 :+:n —:- all) x a —

. 7 10) 13

A?71b0 * a —} 71l ]h*ﬂ' % Q710 * ba L ano * ba —

alo * 10 Ry Q110 * 10 10 %10

JInst mOCTpOEHHMST alIropuTMa CIOXKEHHS JABYX 4YHCENI MOYKHO MCIOJb30BaTh UACHO
YMEHBIIEHUS OJHOr0 4YHMClIa Ha | ¢ TOCIenyrouMM YBEJIWYEHHWEM Jpyroro yucia Ha | wu
MOBTOPEHHEM 3TOTO JI0 TE€X IOp, MOKAa YMEHBIIAEMOE YUCIIO HE MCUE3HET IOCIEe TOro, Kak CTaHET
paBubiM 0. Ho MOXHO wucronb3oBaTh M 0osiee CIOXKHYIO HACH0 MOPa3psiAHOTO CIOXKEHUS C
nepeHocoM 1 B paspsj cieBa. [locTpoeHne 3TUX aarOpUTMOB, a TAK)KE AITOPUTMOB BBIYMTAHMS,
YMHOXXCHHS U JICJICHUS BBIJICIICHO JIJISl CAMOCTOSATEILHON pabOThI B yripakHeHUs X 2 - 9 (cMm. 1.3).

[IpuBeneHHble NpUMEpPHl TOKA3bIBAIOT TaKK€ BO3MOXHOCTH ammnapara HOPMalbHBIX
aNropuTMoB MapkoBa MO OpPraHW3alldyd BETBJIEHUS M ITUKIUYHBIX MPOLIECCOB BBIYUCIEHHUS. ITO
MOKa3bIBAET, UTO BCAKHUH AJTOPUTM MOXeT ObITb HOPMAJM30BaH T. €. 33/laH HOPMaJbHBIM
anroputMoM MapkoBa. B 3ToM u cocrouT Te3uc MapkoBa, KOTOpbIA CIEAyeT MOHUMATh Kak
orpeziesieHue aJlropuTMa.

Bwmecre ¢ Tem nocTpoeHue aaroputMa B MOCIEIHEM MPUBEICHHOM MPUMEPE MOJICKAa3bIBAET
CJICIYIOIIYIO0 METOIUKY pa3paboTkun HAM:

1. [IpousBecTu neKOMO3UIMIO (pa30UeHNEe HA YaCcTH) CTPOSIILIErocs aIropuTMa.

B npumepe 30 cnenyromue 4yacTu: 2

1. pazieJIeHue UCXOJHOTO YKCIia U KOIIUY;



2. KOIMUPOBAHUE pa3psa;

3. MOBTOPEHHUE TMPEAbIAYIIEH YacTH JI0 IOJHOIO0 KOMHPOBAHUS BCEX
pas3psIoB.
2. Pemenne npobiem peanu3anuu KaxI0i yacTu. B mpumepe 3To ciemyronme
IpOo0JIEMBI:
1. 3allOMHHAHKE KOMUPYEMOTO paspsiia - paspsa | 3amoMuHaeTcs: Kak

cuMBoa "a", a paspsn 0 - kak cumBoa "'b";
2. 3allOMUHAHUE MECTa KOMHMPYeMOro paspsiia - IIOMETKa elle He

mn

CKONMPOBAHHOTO CHMBOJIA JIOMOJIHUTENBHBIM CHMBOJIOM C 3aMeHOH ero Ha
cumBoJ1 "?" MpHU NepeBUKEHUHU KOIIMPYEMOTO paspsiga U 00OpaTHOM 3aMEHOH Iociie
NEPpCABUIKCHU .

3. Ecan gacte IJId pCalin3aliun SABJISACTCA CHOX(HOﬁ, TO OHA TAKIKC IMMOABCPTacTCs

JCKOMITIO3HUIINH.

4. COopka peanu3anuy B UHBINA aITOPUTM.

IIpakTuyeckas padora Ne 14
Tema: Pemenune 3aga4 Ha cocTaBJeHHs aJaropurMoB Mapkosa
ean padoThl: HAYYUTH CTYJIEHTOB COCTABIIAThH AIrOPUTMBI MapkoBa

YunpaxxkHenust

1. Ormpenenure HOPMAJBHBIN aITOPUTM, KOTOPBIA YMEHBIIAET YHCIO Ha
CIMHUILY.

2. Onpenenure HOPMaJbHBIA ANTOPUTM CIOKEHHS [BYX JIBOMYHBIX YHCET

METOAOM YMCHBIICHUS OAHOTO YHCJIa Ha 1 n YBCIIMYUCHUCM JAPYroro 4uciia Ha 1 J0 TEX 110D,
IMOKa YMCHbBIIAEMOC YHCJIO HE CTAHCT paABHBIM 0.

3. Onpenenute HOPMAIbHBIA aNTOPUTM  JIOTHUECKOTO  CIOKEHHUS JBYX
JIIBOMYHBIX YHCEIL.

4. Onpenenure HOPMaJbHBIA AITOPUTM JIOTHYECKOTO YMHOXEHHUS JBYX
JABOUYHBIX YUCCII.

S, Onpenenure HOPMAIbHBIM aIrOPUTM CIOXKEHHS 1O MOIYJI0 2 JABYX
JABOUYHBIX YUCCII.

6. Onpenenure HOPMAbHBIM aQITOPUTM  TOPA3PSTHOTO CIOXKEHUS JABYX
JIBOMYHBIX YHCEIL.

7. Onpenenute HOPpMaTbHBINA ATOPUTMBBIYUTAHUS IBOUYHBIX YUCEIL.

8. Omnpenenute HOPMAIBHBIN alrOPUTM YMHOXXEHHSI ABYX JIBOMYHBIX YHCET
CTOJIOUKOM.

9. OnpeﬂenHTe HOpMaHBHLIﬁ aJ'IFOpI/ITM OCIICHU S ABYX AIBOUYHBIX YHUCECII C

OIPECIIEHNEM YaCTHOTO U OCTATKa.
10.  OmpenenuTe HOPMATBHBIAH aITOPUTM BBIYHACICHUS HAWOOJBIIEro OOIIEro
JIEJIATENS IBYX IBOUYHBIX YHCEIL.
11.  Ompenenute HOPMAIBHBIA AJTOPUTM BBIYMCICHHUS HAMMEHBIIETO OOIIEro
KpaTHOTO JBYX JBOWYHBIX YHCEI.
KoHnTpoJsbHbBIE BONIPOCHI:
1. Boinummmre noHsTHE HOPMAJIBHOTO AITOPUTMA, IPUBETUTE IPUMEPHI.
2. [Ipumenure anroput™ Mapkosa i npeodpa3oBanus ctpoku: S kynuia kr Ao B T M.
Andasut: {a...s, A...5, npoben, Touka}
[IpaBuna:



. A — anenbcuH

. KI' = KHJIOTpaMM

. M —>Mara3uH4uKe

. T — oM

. Mara3uH4YMKe— - JIapbKe (3aKITI0UNTEIbHAs MTOACTAHOBKA)

AN N B~ W N =

. B TOM JIApbKC — Ha TOM PBIHKEC

IIpakTuyeckasi pa6ora Ne 15

Tema: Haxoxaenue kparyaiiniero mytu Ha rpade merogom Dopra

Heab padoThl: HAYYUTH CTYACHTOB HAXOXKICHHUIO KpaTYAWIIEro MyTH Ha rpade MEeToaoM
®dopaa

TeopeTnyeckass 4YacTh:AJTOPUTM HAXOXKIACHHUS PACCTOSHHSI OT WMCTOYHHKA JO BCEX
BepunH - Merog Popaa - bennmana
Hannsie: OpueHTupoBaHHblid rpad <V, E> ¢ n BepmMHAMU C BBIJICICHHBIM UCTOYHUKOM s O V,
MmaTpuna ayr Afu, v], u, v OV (rpad He coaepKuT KOHTYPOB OTPULIATEIbHOMN JJTUHBI).
PesynbTarel: Pacctosinus ot uctounuka A0 Beex BepinH rpada: D[v]=d(s, v), vO V.
1 begin
2forvOVdoD [v] :=A[s,V]; D[s]:=0;
3fork :=1ton-2do
4 forvO V\{s}do
5foru OV doD [v]:=min(D[v], D[u] + A [u, v])
6 end
JlokaxkeM TpPaBHIBHOCTh 3TOro anroputma. Jlius 3toro oOo3Haumm yepe3 d(m)(v) IHHY
KpaT4ailiero U3 myTei u3 s B v, cogepkamux He 6onee m ayr (d(m)(v) = [F, €CIIM HE CYIIECTBYET
HU OJTHOTO Takoro myTu). Toraa nmeem
d(m+1)(v) = min{d(m)(u) + aJu, v u OV} vO V. (1)
B camom pgene, mis kaxmoro uO V oueBugHo mmeem d(m+1)(v) éd(m)(u) + afu, v], mpuuem
PaBEHCTBO TOSIBIISICTCS, KOTAA U  SIBISACTCS MPEANOCIEeTHEH BEpUIMHONH MPOU3BOJIHLHOTO
KpaTyaiiero myTH u3 s B v. [lokaxkeM Terneps, 4TO €ClIi TPU BXOJE B OUEPETHYIO UTEPAIUIO ITHKIIA
3
d (s, v) € D[v] € d(m)(v) mnsi Bcex v O V, (2)
TO 10 OKOHYaHHH STOU UTEpaLlun
d (s, v) € D[v] € d(m+1)(v) mst Bcex v O V. (3)
JleiicTBUTENBHO, TIpeaNONaras BBIMOJIHEHHE ycNoBHS (2) M aHaIM3Upys JAEWUCTBUE oleparopa B
CTPOKE 5, MBI BHJIUM, YTO 110 OKOHYAHUH HTEPAIMH [IUKIIA 3 UMeeM
d (s, v) € D[v] € min{d(m)(u) + afu, v]: u O V},
YTO, IPUHUMAs BO BHUMaHUE paBeHCTBO (1) maet ycnosue (3).
OtMetum, uTo mpu BXoae B 1ukia 3 umeem D[v] = d 1 (v), v O V, ciaegoBatenbHo, MOCHe
BBITIOJTHEHMS N - 2 UTEpAIHii STOro UKIa OyAyT BBINONHATHCS HepaBeHcTBa d (s, v) € D[v] éd(n-
1)(v),vO V.
Tenepsb qocTaTOYHO MOKa3ath, 4to d(n-1)(v) = d (s, v). DTO cnpaBeIMBO, TOCKOIBKY KaXbIil MMy Th
Oonee 4em ¢ n - 1 gyramu COAEPKUT KOHTYp, YCTPAaHEHHE KOTOPOTO HE YBEIMYMBACT JTMHBI ITyTH
(Bemb MBI TIpErojiaraeéM OTCYTCTBHE KOHTYPOB OTPHUIATEILHOM JUIMHBI). TeM caMbIM 3aKOHUYCHO
JI0Ka3aTeIbCTBO KOPPEKTHOCTH aJITOPUTMA. 3



OueBUIHO, YTO BPEMEHHAs CIOXKHOCTh ainroputMma ectb O(n3). Mbl MOXeM, KOHEUHO, 3aKOHYUTH
BBIYHCIICHUS], KOT/Ia BBINOJHEHUE LUKJIA 4 HE BBI3BIBACT M3MEHEHHUS HU OJHOM M3 MEPEMEHHBIX
D[v], v O V. Dto mMoxeT HacTynuth 1 k < n - 2, ogHaKo Takas MOAW(UKAIMS aITOPUTMA HE
U3MEHSET CYIIECTBEHHBIM 00Opa3oMm ero cioxHocTu. s peakux rpadoB (m << n2) ymoOHee
npeacTasiaTh rpad cnuckamu uHuuAeHtHoctd [TIPEAIL[V], v O V. 3amensis ctpoky 5 Ha

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

MOJTy4aeM aJIfOPUTM CO CIIOKHOCTHI0 O(nm).

Pa6ota anroputma ®oppa - bemimana nponurocTpupoBaHa Ha cienyromiem pucynke (V = {1, ...,
5}, Beca Oyr JaHbl YMCIaMH B CKOOKax, IUKIBI 4 M 5 BBINOJHSIOTCS B MOPSAKE BO3pACTAHHS
HOMEPOB BEPLINH).

n - i (3 3
w 1 w w 3 M
© w 3 3 8 ® ) | \
A=leo w0 @ 1 -5 Se | {.\[EJJ @ o)
W W 2 W @ - : ; '
- IJJ \\‘ ‘ H—.' ) i f
_ﬂ:l 00 ¢ 4 m_ ‘\_‘/ k\;&'
5@ 4

k D[1] D[2] D[3] DI[4] DI5]
0 1 F F 3

10 1 4 4 -1
20 1 4 3 |11
30 1 4 3 -1

3agaun 11l CAaMOCTOSITEILHOIO peuicHUust

3aoanue Halitn MunumanbHoeoCTOBHOE AEPEBO, HCIIOIIb3YS AlITOPUTM
1) Kpyckana, 2) [Tpuma.

3adanue HaliTi kpaTdaidiiiie mMyTH OT BEPUIMHBI-UCTOYHUKA S IO BCEX OCTAJIbHBIX BEPIIMH
kak metonoM Popaa-benmnmana, Tak 1 METOIOM JIEHKCTPBI.



3agaHue Ha 3aHATHE:
1. Onpenenuth KpaTyaliue myTH MEXTy 3alaHHbIME BepiuHamu S u T 171s rpada Metogamu
- ®opna-bennmana

- JleiikcTphl
1 2 3
4 5 & 6 )
7 8 9
0
0 4 5
0 2 6
2 0 4 1
3 2 0 4
0 5 5
1 3 0 4
2 4 01
10

Bamanme 1: S=1; T=09.
Bamanme 2: S=9; T =1.

IIpakTnyeckas padora Ne 16
Tema: IlocTpoeHne MakCUMaIbHOTO MOTOKA HA CETAX
He.ﬂl) paﬁoTI)I: HAay4YUTh CTYACHTOB ITOCTPOCHUTIO MaAKCUMAJIBHOT'O ITOTOKA Ha CETAX

Teopernueckas yactb: Brenem rpad npuparenus IV, 9) CIIeTyIOIINM 00pazoM:

Bepmunbl B rpade Te ke, 4TO M B CE€TH, a Iyr B JBa pasza OoJiblle, NMpHUEM Yae 4

1
COOTBCTCTBYIOT HOpMaJibHas Aayra dn oGpameHHaﬂ ayra d » JAJIAHBI KOTOPBIX, OIIPCHACICHBI
IMMpaBUJIOM:



[0 <s) L, [oede)s ol
M=o )= 8a) 0 o, ) = )

@ H{¥. o) i 1p "
[Torox ¥ OyneT MakCHMaJbHBIM, €CITH B HET IyTe U3 !B~ * HYJIEBOW JUIUHBI.
AJNropuTM OCTPOEHUS MAKCUMAJIBHOT'O IIOTOKA

1. 3ajaHne HAYAIBLHOTO JIOMYCTUMOT'O TOTOKA “

2. i=0,

3. [Toctpoenue rpada mpupanieHmit I(V.@) .

4 OmnpeneneHne KpaTyaiiero pacCTosHUS A B I(N’{R}I/I COOTBETCTBYIOIICH

' .
€My e ! KpaT4Yaullero myTH.

D
5. Ecmu A < , TO BEITIOJIHEHUE 11.6, MHAye BhInoHeHwue 11.10.
6 CtpouM pocTOit MOTOK “i o nenu < :
7. B = AT, (B oO1IEM Citydae: B = B TG, ).
8. i=i+1
9 [lepexoaum K MyHKTY 3.

10.  OxoHYaHHE ANTOPUTMA.

AJITOPUTM OTBICKaHUSA MAKCUMAaJbHOTO MOTOKA B MPOU3BOJBHBIX CETSIX C OTPAHUYCHHBIMU
MPOITYCKHBIMH CIIOCOOHOCTSMHU

Ecinu HamM u3BecTeH HEKUM ,HOHYCTHMBIﬁ IIOTOK B CCTH V, TO 6epeM €ro B Ka4dycCTBC
HA4YaJIbHOI'O U UCIIOJIb3yEM Hpe,HLI,HYH_[Hﬁ AJIrOpUTM.

PaCCMOTpI/IM BOHpOC HaXO0XICHUA HAYAJIbHOT' O ,Z[OHyCTI/IMOI"O II0OTOKA:
A, A

I[J'If[ HaxXOXXACHUA HA4YaJIbHOI'O0 IIOTOKAa CTPOUM BCIIOMOT'AaTCIBHYIO CCTbh , B

o ! 1 i
KOTOPOU MHO’KCCTBO BCPIINH 4 BKJIFOYACT, KPOME 4 , CIIC 2 JAOIMOJIHUTIIBHBIC BEPIINHBI Uy "=+l )

A . . o [v,w]
a MHOXECTBO HIyr OIIpeleIAeTCsl CIEIYIOIUM 00pa3oM: KaxKIoH Jyre Oyner
COOTBETCTBOBATH 3 JIyTHU:

a'ss {vw) a"w vy, w) @' g ve)
b {vl,v ]

Kpowme Toro nobasnsgem ayry *

[TpomyckHbIE CIOCOOHOCTH OMPENETSIOTCS CIECTYIONTUM 00pa3oM:

e =aa"=e(a" =a'" =0

Flia) = fla) -ela)

Bla")y = f'{a") = ela)

FrE) =K

, TIIe £ - ouenn 60nbIII0€ TIET0€ THCIIO.
NI {Frl ] HI)

Torna cethb - TPAHCTIOPTHAS.

o i o 1
OH[}CQCHCHI/IC. I[OHYCTI/IMLII/I ITOTOK {;:‘II/B HOBOI'O HCTOYHHKaA B HOBBIM CTOK 4l

r wy r L r [ r '
Ha3bIBAETCS HACBIIEHHBIM, €CIIN IS BCEX JIyT U3 Vo P'la") = fla’) (i P(a") = f'(a") ).

@

1 —
HaCBHIIIEHHBIA ITOTOK I/ISV TO IIOTOK ‘P(ﬂ:) Q?(ﬂ:l'Fle:ﬂ:l B CCTHU N

M

Teopema. Eciu

A b 3
VaeAd ABJIICTCA JOITYCTUMBIM U3 1 B * , 4 €ro BCJIINUMHA PABHACTCA Q’J" { } .



@

IIOTOKOB BOOOIIIE.

A N

Eciu - MAaKCHMAaJIbHbIM, HO HEHACHILIECHHBIA B CETHU , TO B HET JIOIYCTUMBIX
IIpakTnyeckas padora Ne 17

Tema: ANropuTMUYECKH HEpa3pEIIUMbIE TPOOIEMBI

Heab padoThl: HAYYUTH CTYACHTOB OCTPOCHUIO MAKCUMAJILHOTO IMOTOKA HA CETIX

Ynpaxnenust

1. Jlo6aBbTE CTOMMOCTH B KJIacC JIOMyCTHUMBIX ITOTOKOB W3 yIpaxHeHus 22.74.
s perieHus 3a1ayu O JIOMYCTUMBIX MOTOKAX MUHUMAIBHON CTOMMOCTH BOCIIOJIb3yHTECH
kiaccom MINCOST.

2. [TpuBenute Gonee TOYHYIO BepxHIOKO Tpanuily, yeM ECM, mis crommoctu
MaKCHUMaJbHOTO TIOTOKAa B TPAHCIOPTHOW CeTH, HE Bce pedpa KOTOPOH HMET
MaKCHMaJbHYIO IPOIYCKHYIO CIOCOOHOCTh M MAKCUMAJIbHYI0 CTOUMOCTb.

3. JlokakuTe, 4TO €clii BCe MPOIYCKHBIE CIIOCOOHOCTH U CTOMMOCTH BBIPAKEHBI
LEJNBIMU YKCIaMH, TO 3a/lada 0 MHHHMAaJIbHOM CTOMMOCTH MMEET PEIlIeHUE, B KOTOPOM BCE
MOTOKU UMEIOT IEJIOYHCIICHHBIC 3HAYCHHUSI.

4, Peanuzyiite ¢ynkiuio negeyc() s mporpammsl 22.9, BOCHOIB30BaBIIUCH
anroputmoM bermnmana-®opaa (cM. ynpaxkuenue 21.134).

S. 3ameHure B mporpamme 22.9 HMHUIMAIM3ALMIO BBIYUCICHUEM IIOTOKA Ha
WHUIMAIA3AIHIO IIOTOKOM B (PUKTHBHOM pedpe.

6. [IpuBeaute Bce BO3MOKHBIE IOCIEAOBATENBHOCTH PACIIUPSIOUINX LIMKIIOB,
KOTOPBIC MOTJIM ObI OBITH ITOKa3aHbI HAa puUc. 22.41.

7. [IpuBenute Bce BO3MOKHBIE MOCIEAOBATEIHHOCTH PACIIUPSIONINX IIMKIIOB,
KOTOPBIE€ MOTJI ObI OBITH ITOKa3aHbI Ha puc. 22.42.

8. [lokaxxute B ctuie puc. 22.41 MOTOK M OCTAaTOYHBIE CETH IOCIE KaXXJ10Tr0
pacuIMpeHusi Mpy UCIOIB30BaHUHU MTPOrpaMMBbl 22.9 (peanu3aius alroputMa BeIYepKUBAHUS
[UKJIOB) JJIA OTBICKAHUS TIOTOKA MHHHMAJIbHOW CTOMMOCTH B TPAHCIOPTHOW CETH,
n3o0paxeHHoi Ha puc. 22.10. Pedpa 0-2 u 0-3 umeror croumocts 2, pedpa 2-5 u 3-5 -
CTOUMOCTH 3, pedpo 1-4 - ctoumocTs 4, a Bce OCTabHbIE pedpa - €IUHUYHYIO CTOMMOCTD.
[Ipenmonaraercd, 4YTO MaKCHMaJbHBIH TOTOK BBIYMCISETCS C TOMOIIbIO aJITOPUTMA,
KOTOPBIN UCIOJIB3YET KpaTuanllnue pacliupsoIIne myTH.

9. Beinonnure ynpaxHenue 22.112 B IpennosoKEHWH, YTO IIporpamma
HauMHaeT paboTy ¢ MaKCUMAalIbHBIM MOTOKOM B (PUKTUBHOM peOpe M3 UCTOKa B CTOK, KaK
MOKa3aHo Ha puc. 22.42.

10.  JloGaBwbTe B pemieHus ynpaxHeHUH 22.6 u 22.7 o0pabOTKy CTOMMOCTEH B
TPAHCIIOPTHBIX CETSX.

11.  JloGaBbTe B pemieHus ynpaxsHeHuil 22.9-22.11 o6paboTky cTroumocTeil B
ceTsix. HasnaubTe KaxkaoMy peOpy CTOMMOCTb, MNPUOIM3UTEIBHO MPONOPLUUOHATBHYIO
€BKJINJIOBOMY PACCTOSIHUIO MEXAY €ro BEpIINHAMHU.


http://www.intuit.ru/studies/courses/12181/1174/lecture/25269?page=9#image.22.41
http://www.intuit.ru/studies/courses/12181/1174/lecture/25269?page=9#image.22.42
http://www.intuit.ru/studies/courses/12181/1174/lecture/25269?page=9#image.22.41
http://www.intuit.ru/studies/courses/12181/1174/lecture/25269?page=2#image.22.10
http://www.intuit.ru/studies/courses/12181/1174/lecture/25269?page=9#image.22.42

™ BN e N NN

e
- INMe M e NN i B
| T LS VN IR W O AN | | D VO N |
QO M NNMe [= =R R

\.
/e -

%
2
R
Bgmmanana 3
w

- NM e e NN
| Rl oot = S P2 e e
00112234

™N N

™~

o~

"

ODULAR CTOMMOCT,: 7 2

Yoenuuveaem 13 + 1 no 4-1-0-2-4 (crommocTs-1)

np  cTomM-

N &N

Ll b

™~

4-5

OTPAUATENSHNE e 3-2-0-1-3

OB CTOMMOCTS: 21

Yeemeiveaenm 5a + 1 no 3-2-0-1-3 {crommocTs-1)

D-2'1
q
3

O NN N

o~

N

™

™~ ™

OBUWLAR CTOWMOCTS: 20

Puc. Ocrarounsie ceTr (BEIYEpKUBAHUE ITUKIIOB)
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Puc. BBI'-IepKI/IBaHI/Ie OUKIOB 0e3 HaYaJIbHOI'0 MAaKCHMAaJIbHOTO IMOTOKA



4.1. PekoMeHayemasi JJuTepaTypa

OcHoBHasi IMTEpaTypa:
1. Cenosa H.A. JluckpeTHast MaTeMaTHKa [ DJIEKTPOHHBIN pecypc] : yuebHoe mocodue / H.A.
CenmoBa. — DIEKTpOH. TeKCTOBBIE JaHHbIe. — Capatos: Aii [Tu Op Menua, 2018. — 67 ¢c. — 978-
5-4486-0069-2. — Pexxum mocryma: http://www.iprbookshop.ru/69316.html.

2. XycanHoB, A. A. JIuckpeTHas MaTeMaTuka [ DJIeKTpOHHBIN pecypc] : yaeOHoe mocodue s
CIIO / A. A. XycauHoB. — DIeKTpoH. TeKcToBble faHHbie. — CapatoB : [Ipodobpazosanue, 2019.
— 77 c. — 978-5-4488-0281-2. — Pexum noctyna: http://www.iprbookshop.ru/86136.html.

3. CenoBa, H. A. Jluckpernas matematuka. CoopHuk 3ama4 : npaktukym aist CI1O / H. A. Cenosa,
B. A. Ceno. — Capatos : [Ipodo6pazoBanue, 2020. — 319 ¢. — ISBN 978-5-4488-0506-6. —
TekcT : aeKTpoHHBIN // DnekTpoHHO-0nbanoTeunas cucrema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/89998.html.

JlonoJIHUTeIbHAS JIUTepaTypa:
1. Anaes, I1. E. Maremarndeckas Jioruka : yaeoHnoe mocooue st CI1O / I1. E. Anaes, JI. JI.
MaxkcumoBa. — Capato, Mocksa : [IpodobpazoBanue, Aii [Tu Ap Meaua, 2020. — 98 c. — ISBN
978-5-4488-0789-3, 978-5-4497-0450-4. — TekcT : 3JEKTPOHHBII // DIEKTPOHHO-ONOIMOTeUHas
cucrema IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/96015.html.

2. Topromiku, A. I1. JldcKpeTHas MaTeMaTHKA C JIEMEHTAMH MAaTEMATHIECKON JIOTHKH : ydeOHOe

noco6ue st CI1O / A. I1. I'opromkun. — Capatos : [IpodobpazoBanue, 2020. — 503 ¢. — ISBN

978-5-4488-0859-3. — Tekcr : a5eKTpOHHEIH // DinekTpoHHO-0ubroTeunas cuctema IPR BOOKS
: [caiit]. — URL.: http://www.iprbookshop.ru/96556.html.
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http://www.iprbookshop.ru/86136.html
http://www.iprbookshop.ru/89998.html
http://www.iprbookshop.ru/96015.html
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