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1 ITacmopT KOMIJIEKTA KOHTPOJIbHO-OLEHOYHBIX CPEACTB

KontponbHo-onienounsie cpeacta (KOC)

IPOMEKYTOUHOM aTTecTalu B popMe dK3aMeHa

B pesynprate ocBoeHus yueOHoi mucrmrumabl EH.02 JluckperHas maTemaTthka ¢ 3JIEMEHTAMH
MaTEeMaTU4YeCKOW JIOTUKH OOydJarIuiics JobkeH obmamarhk npeaycmorpeHHbiMu OI'OC CIIO mo
cnenuanbHocTd 09.02.07 MHbOpMaoHHBIE CUCTEMBI U TPOrPAaMMHUPOBAHNUE, CIEAYIOMIUMHU OOIIMMU

KOMIICTCHIUAMUA U 3HAHUSAMHA U YMCHUSAMU

OK 01 Breibupare crocoObl  pemieHuss 3amad  Mpo(ecCHOHATBHON  JIeATEIBHOCTH,
MPUMEHUTEIHHO K Pa3IMYHBIM KOHTEKCTaM

OK 02 Ocy1ecTBIATh MOUCK, aHAU3 M MHTEPIpETaluo UH(OpMaIMK, HEOOX0IUMON
JUTSL BBITOJTHEHUS 33124 MTPO(ECCHOHATBHON IS TETbHOCTH

OK 04 PaGotarp B KoOJUIeKTHBE H KOMaHze, 3(()EKTHBHO B3aMMOJEHCTBOBATH C
KOJIJIETaMH, PYKOBOJICTBOM, KJIHEHTAMHU.

OK 05 OcCylecTBIATh YCTHYIO M NMHCbMEHHYI0 KOMMYHMKAIMIO Ha TOCYIapCTBEHHOM
S3BIKE C YYETOM OCOOCHHOCTEH COIUAIEHOTO M KYJIBTYPHOT'O KOHTEKCTA.

OK 09 Hcnons30BaTe  WHPOPMAIIMOHHBIE  TEXHOJIOTHH B NMPO(GECCHOHAIBLHON
JEATeNbHOCTH

OK 10 [Tonb3oBaTbesd mpodeccHOoHANBbHOM JOKYMEHTaluell Ha TOCYJapCTBEHHOM H
MHOCTPAHHOM SI3bIKaX.

3nanue 1 | OCHOBHBIC NPUHIMIIBI MaTEMATUYECKON JIOTUKH, TEOPUHU MHOXKECTB U TEOPUHU
aJITOPUTMOB.

3nanue 2 | @opMyiibl anreOpbl BICKa3bIBAHHH.

3nanne 3 | MeToapl MUHUMU3AIUY alre0OpandecKuX MpeoOpa3oBaHHIA.

3nanue 4 | OCHOBBI S13bIKa U aNreOpbl IPEAUKATOB.

3nanue 5 | OCHOBHbBIE IPUHLIMITBI TEOPUU MHOKECTB.

Ymenne 1 | [IpuMeHSTH TOrHYecKue onepanuu, (GoOpMyIIbl JIOTUKH, 3aKOHBI AJIT€OPHI JIOTHKH.

VYmenue 2 | @opMynupoBaTh 3aaud JIOTMYECKOIO XapakTepa M MpPHUMEHSATh CpelCTBa

MaTeMaTHYE€CKOMN JIOTUKH IS UX PCUICHHA.

[IpeAHAa3HAaYeHbl Ul OLEHKH pe3yIbTaTOB
OCBOCHHUSA y4eOHOW AUCHUIUINHBI «JIMCKpeTHas MaTeMaTHKa C 3JIEMEHTAaMH MaTeMaTHYeCKOM JIOTHKI»
KOC BkiI04aroT KOHTPOJbHBIE MaTe€puaybl JUIsl IMPOBEAEHUS TEKYLIEro KOHTPOJS U




Marpuna CcOOTBETCTBUSA
JUCUUTUIAHBI

OIICHOYHBIX  MAaTCpHaJIOB

00pa3oBaTeNbHBIM ~ pe3ysibTaTaM  y4eOHOM

PesynbraTel 00ydeHUs ®opma
HanmenoBanue pazzena, aTTeCTalluu B
(ocBOCHHBIC YMEHHSA,
YCBOGHHBIC 3HaHHA) (OGHEKTHI TEMBI MeTop!I OLIEHKH COOTBETCTBHH C
OIICHUBAHWI) ye0HbIM
TUIAHOM
YMmenune npuMeHATh jorndeckue | OCHOBBI — MaTeMarudeckod | Bompocsr s yctHoro | Dx3aMeH
orepanuu, (GOPMYJbl JIOTHKH, | JIOTUKH orpoca 1o TeMe
3aKOHBI AJIreOphI JIOTHKH. 3anaHus Ui IUCbMEHHOTO
ompoca
IpakTraeckas paboTta
Ymenue ¢opmynupoBaTh 3anaun | OcHOBBI — MaTemarmyeckod | Bompocel  mms  ycTHOTO
JIOTHYECKOT0 XapakTepa U | JIOTHKH orpoca 1o TeMe
MPUMEHSTh cpeactBa | Jloruka npeaukaToB 3amaHus U1 MHCBMEHHOTO
MaTeMaTHYECKON JIOTHUKHU Ul HX orpoca
peleHus.. [IpakTuueckas pabota
Tect
3HaHHEe OCHOBHBIX NpUHIUNOB | OCHOBBI ~ MaTemaTuueckoil | Bompocsl ams  ycTHOTO
MaTeMaTHYECKOH JIOTHKY, TCOPHU | JIOTUKH orpoca 1o TeMe
MHO)KECTB ¥ TEOPHH AJITOPUTMOB. | DIEMEHTHI TeopuH | 3agaHus U MHCEMEHHOTO
MHOKECTB ompoca
Jloruka nmpeankaToB [MpakTryeckas padoTa
DneMeHTHl TeopuH rpadoB Tecr
OneMeHTHI TEOpUHU
JITOPUTMOB
3HaHue thopmyn amreOper | OcHOBEI ~ Maremarmdeckoil | Bompockl mns  ycTHOTO
BBICKa3bIBaHHH. JIOTUKH orpoca 1o TeMe
3aganust JUI TICEMEHHOTO
orpoca
IMpakTuueckas padbora
3HaHMe MeToZ0oB MHHMMu3anuu | OCHOBBI — Maremarwdeckod | Bompocel st ycTHOrO
anredpandecKknx JIOTUKH orpoca 1o TemMe
npeoOpa3oBaHMUH. 3aganust JUIs TICEMEHHOTO
orpoca
IIpaxTuueckas padora
Tect
3HaHHe OCHOB s3bIKa W anreOps! | Jlormka npeaukaToB Bonpocsl i1 yctHOrO
MPeINKaTOB. orpoca 1o TemMe
3amaHus U1 MHCHMEHHOTO
orpoca
[MpakTryeckas padoTa
Tect
3HaHHWE OCHOBHBIX NPWHIMIIOB | DJIEMEHTHI Teopun | Bompocsl mms  ycTHOTO
TEOPHUU MHOXKECTB. MHOXECTB orpoca 1o TeMe

DeMeHTHI TeopuH rpadoB

3agaHus 11 MUCbMEHHOIO
onpoca

[IpakTuueckas padbora
Tect




2 KoMIJIeKT OLIeHOYHBIX CPeICTB

2.1 MeTo/bl OLIEHKHU Pe3yJIbTATOB 00yYeHHsI ISl TEKYIEero KOHTPOJIs:
2.1.1 TeopeTnueckue 3aaHus 1Jisl YCTHOTO M MMCbMEHHOI'0 OMpPoca
Pazgen 1 OcHOBBI MaTeMaTUYECKON JIOTUKU

. IloHsiTHE BBICKA3bIBAHUSI.

. OCHOBHBIE JIOTHUECKHUE ONEPALIUU.
. ©OpMyJIBI JIOTUKHU.

. Tabnuia NICTUHHOCTH ¥ METO/IMKA €€ IOCTPOEHUS.
. 3aKOHBI JIOTUKH.

. PaBHOCWIIBHEIE TTpe0Opa3oBaHusI.

. [lonsitue 6yneBoit GyHKIUU.

. Cnoco6w1 3apanus JHO, KHD

. MHorounen Xerankuna.

10. OcHOBHBIE KJTacChl (YHKIUH.

11. ITonHOTa MHOKECTBA.

12. Teopema Ilocra.
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Paznen 2 DneMeHT TeoOpUr MHOYKECTB

. O01IMe MOHATHS TEOPHUH MHOXKECTB.

. CrmocoOrI 3aaHus.

. OCHOBHBIE Omepaluy HaJl MHOKECTBAMHU U UX CBOMCTBA.

. MOMIITHOCTE MHOKECTB.

. 'padmyeckoe nzodpakeHre MHOKECTB Ha Juarpammax Diinepa-BenHa.
. JlekapToBO MPOM3BEIEHUE MHOKECTB.

. OTHOIIEHUs. BUHAapHBIE OTHOIIEHUS U X CBOMCTBA.

. Teopus oToOpaxxeHui.

. AnreOpa moJICTaHOBOK.
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Paznen 3 Jloruka npenukaros

1. ITonsTHE NpenuKaTa.

2. Jlornveckue ornepauy HajI NpeAnKaTaMu.

3. KBaHTOpBHI CyI1ecTBOBaHUS M OOIIHOCTH.

4. [locTpoeHue OTpUIIAHUI K MTpeIUKaTaM, COJAEPKAIIMM KBAaHTOPHbBIE ONEpaIliy.
5. HaxoxaeHue obmacTu onpeeneHust 1 HCTHHHOCTH MPeauKara.

Pa3znen 4 OnemenTs Teopuu rpadon

1. OcHoBHBIE TOHATHUS TEOPUH I'PadOB.

2. Buypl rpadoB: OpUEeHTHPOBAaHHBIC M HEOPHEHTUPOBAHHEIE TPadFbI.
3. CniocoOsI 3aganus rpagos.

4. Matpuiibl CMEXXHOCTH U UHIUEHITUN TSt Tpada.

5. DilepoBbl U TaMHIIBTOHOBBI IPaQBbl.

6. lepeBbs.

Pa3nen 5. DneMeHTH TEOpUHN aIrTOPUTMOB



1. OcHOBHBbIE ONIPEICTCHHUS.
2. Mammuna Teropusra.

2.1.2 HpaKaneCRne 3alaHuA 1JIst YCTHOT0O 1 IMCBbMEHHOT0 oIlpoca

MpakTnyeckoe 3aHATHE Nel
Tema: CocTaBrneHue Tabnuu NCTUHHOCTU GYHKLMIA.

Uenu: 3aKpenunTb NOHATUE BblCKa3bliBaHWNA, HAY4YUTbCA onpenenAatb ero ICTUHHOCTD, OTpaﬁoTaTb YMEHUA
M HaBbIKK COCTaBMEeHUst TabnuL UCTUHHOCTU CIOXHbIX NTOrMYECKMX Bblpa)KeHMVI.

CopepxaHue paboTbl
Anrebpa noruku.

JNornyeckoe Bbicka3biBaHMe — 3TO MOOE NOBECTBOBAaTENBbHOE NPeaioXeHne, B OTHOLLEHMUN KOTOPOro
MOXXHO OJHO3HaYHO YTBEPXAATb, YTO €ro COAepXKaHNe UCTUHHO UMK NOXHO. Hanpumep, «3 YMHOXUTbL Ha
3 paBHO 9», «ApxaHrenbck ceBepHee Bonorabl» — UCTUMHHbBIE BbICKa3bIBaHUS, a «[19Tb MEHbLLE Tpex»,
«Mapc — 3Be3ga» — NOXHble.

OueBngHoO, YTO He BCSKOE npeannoxeHme Moxet ObITb TOrMYeCKMM BbiCKa3blBaHUEM, T. K. HE BCerga ectb
CMbICJT1 TOBOPUTb O €ro JIOXHOCTU Ui NCTUHHOCTN. Hanpmmep, BbICKa3blBaHNe <(|/|HC*)OpMaTI/IKa —
MHTepeCHbIVI npegmMeT» HeonpeaeneHHo n Tpe6yeT OOMNOMHNTESbHBIX CBEOEHUM.

B anrebpe norvku pasnuyaroTcsi NpocTble (d1ieMeHTapHbIe) BbiCKkasbiBaHMs, 0003Ha4YaeMble NaTUHCKUMU
oyksamu (A, B, C, D, ...), 1 CnoXHble (COCTaBHbIE), COCTaBNEHHbIE N3 HECKOSBbKMX MPOCTLIX C MOMOLLbIO
NOrMYECKMX CBA3OK, HAMPUMEP TaKuX, KaK «HEe», «U», «MNU», «TOrAa W TONbKO Toraay, «eCnu ... Toy».
MICTUHHOCTb MM NOXHOCTb Nony4yaeMbiX TakumM 06pa3oM CNOXKHbIX BbICKa3bliBaHWI onpenenseTcs
3Ha4YeHNEM NPOCTbIX BbICKa3blBAHUI.

Tabnuubl ICTUHHOCTM.

Jlornyeckux 3HayeHun Bcero aea: uctmHa (TRUE) n noxb (FALSE). 310 cooTBeTCTBYET LMGPOBOMY
npeactasnenntio — 1 1 0. Pe3ynbTaThl KaXaon Normyeckorn onepaumm MOXHO 3anucaTtb B Buae Tabnuubl.
Takne Tabnuubl Ha3bIBaT TabNMUaMn UCTUHHOCTM.

OcHOBHbIe onepauvun anre6pb| JIOFUKn

1. llornyeckoe oTpuuaHme, uHBepcusa (naT. inversion — A —A
nepeBopaynBaHmne) — fiormyeckasl onepauus, B pesynbrare KoTopom
N3 JaHHOrO BbiCKa3blBaHWs (Hanpumep, A) nofyvyaeTcs HoBoe

BbiCKa3bIBaHWE (He A), KOTOPOE Ha3blBaeTCA OTPULLAHUEM UCXOOHOIo 0 1
BbICKa3bIBaHWs

2. KoHbloHKUMA (naT. conjunctio — coeanHeHne) — nornyeckoe
YMHOXeHue- onepauus, Tpebytowas kak MMHUMYM ABYX NTOTMYECKUX
BenuyuH (onepaHaoB) 1 coeanHsoLas asa unu donee
BbICKa3blBaHW MpY NOMOLLM CBA3KM «M» (Hanpumep, «A n By),
KOTopas CMMBOMNMYEeCckM 06o3Ha4aeTCcs € NOMOLLbLO 3Haka A (A AB) n
yntaetcs: «A n By». BbickasbiBaHue A A B UCTMHHO TonbKoO TOrAa,
koraa o6a BbicKa3biBaHUA — A U B UCTUHHBI.

3. OusbloHKumA (nat. disjunction — pasgeneHune) — norum4yeckoe
CcrnoXeHue, onepauus, coeauHsaLwasa asa unm bonee
BbICKa3bIBaHWI NPY MOMOLLIA CBA3KM «UNny (Hanpumep, «A nnm B»),
KoTopasi CMMBONNYECKM 0603Ha4YaeTCsa C MOMOLLbLIO 3Haka vV (A V B) n
ymntaetca: «A nnm B». BbickasbiBaHue A V B noxHo Tonbko Toraa,
koraa oba BbickasbliBaHUSA — A 1 B NoXHbI.
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4. ON3BbIOHKUMA CTPOro-pasaenurternbHas, crioXxeHue no Mogynro
ABa noruyeckas ornepauus, CoeguHsAILas aBa BbiCKasbiBaHUs Mpu
NMOMOLLN CBA3KW «Unn», YNOTPEeONEHHOM B UCKIOYatOLLEM CMbICIE,
KoTopasi CUMBONNYECKM 0003HaYaeTCs C NOMOLLbIO 3HAKOB V V UMK
@ (AVv VB, A @ B) nuntaertcs: «nmbo A, nndo B». BrickasbiBaHne
A @ B nctmnHHO TonbKo Toraa, koraa BbickasbiBaHua A n B nmetot
pasnnyHble 3HAaYEHNSI.

5. Umnnukaumsa (nar. implisito — TecHo cBA3bIBal0) — nornyeckas
onepauusi, CoeanHsoLLas ABa BbiCKa3blBaHUS NMPW MOMOLLIM CBA3KU
«EeCnW..., TO» B CNOXHOE BbiCKa3blBaHNE, KOTOPOE CUMBOSTNYECKN
obo3Ha4vaeTca ¢ noMoLLbio 3Haka — (A — B) n untaetcs: «ecnn A,
TO B», «A BneyetT B», «n3 A cneagyet B». [Ins onepauun
UMMAMKaLMM CnpaBenvBo YTBEPXKAEHME, UTO U3 KN MOXET
cnepoBaTtbh BCe YTO YrogHo, a U3 UCTUHBI — TOJSTbKO UCTUHA.

6. AKBUBaNeHTHOCTb, ABOWHAas UMNINKaLUA,

paBHO3HA4YHOCTb (NaT. aequalis — paBHbIV 1 valentis — nmetoLLmn
cuny) — normdeckas onepauus, No3BonsALLasa N3 AByX
BbiCKkasbiBaHU A 1 B nony4ntb HOBOE BbiCcka3biBaHue A = B,
KOTOpoe untaetcs: «A akBMBaneHTHo By. [1nsg 0603HaueHus
3KBUBANEHTHOCTU NPUMEHSIOTCA TakKe Creayolmne 3Hakn: &, ~.
OTa onepauuns MoxeT OblTb BblpaXKeHa CBA3KaMu «Toraa v TONbKO
Torgay, «HeobXxoauMo 1M OOCTATOUHOY», «PaBHOCUIBHOY. Onepauuns
3KBUBANEHTHOCTM NPOTMBOMOMOXHA CIOXEHMIO MO MOAYMIO ABa U
UMeeT pesynbTaT «MCTUHaY» TOrAa 1 TONbKO TOrAa, Korga 3HavyeHus
nepeMeHHbIX CoBnaaaroT.
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FIop;uqox BbINOJIHEHUA NMOrn4eCKux onepauuﬁ B CJTOXKHOM J1IOr'M4eCKOM BblpaXeHnun

1. NiuBepcus;

2. KoHbHOHKUUS;

3. An3bloHKUMS;

4. imnnukaums;

5. OKBMBanNeHTHOCTb.

[nsa nameHeHus YKa3aHHOro nopsanka BbINOJTHEHUA JNTOTMYECKNX onepau,vu7| MCMOJ1b3YHOTCA CKOOKMN.

Anropntm coctaBneHusi Tabnunibl UCTUHHOCTH:

1. BbISCHUTb KONMYECTBO CTPOK B Tabnuue (BblYMCNSETCs Kak 2", rae N — KONM4ecTBO NepeMeHHbIX +
CTPOKa 3arofloBKOB CTONGLIOB).

2. BbISACHWTb KONMYeCTBO CTONOLOB (BbIMMCNSETCH Kak KONIMYECTBO NEPEMEHHbIX + KONMMYECTBO
MNOrMYecKknx onepauum).

3. YcTaHoBuUTb NOCNEOoBaTENbHOCTb BbIMOMIHEHWS NTIOMMYECKMX onepau,vu7|.

4, |_|OCTp0VITb Ta6J'IVIL|,y, YKa3blBadA Ha3BaHUA CTONOLOB M BO3MOXHbIE HaGOpr 3Ha4YeHUN UCXOOHbIX
JTOrm4ecknx nepemMeHHbIX.

5. 3anonHutb Tabnmuy MCTUHHOCTM NO cTonGLam.

6. 3anucaTtb OTBeT.



Mpumep 1. NocTpomm Tabnuuy MCTUHHOCTY ANs BblpaxeHusa F=(AvB)&(7Av-B).

1. KonuuecTBo CTpPOK=22 (2 nepeMeHHbIX+CTPOKa 3arofioBKOB CTONGLOB)=5.

2. KonnyecTtBo ctonbuoB=2 nornyeckune nepeMeHHble (A, B)+ 5 normdeckmx onepauui (v,&,7,v,7) = 7.
3. PaccTtaBum nopsgok BbIMOMAHEHUS onepaumi: 1 52 43

(AVB) & (-Av -B)

Al B] AvB —A -B —Av—B (AvB)&(—Av—B)
0|0 0 1 1 1 0
011 1 1 0 1 1
110 1 0 1 1 1
1]1 1 0 0 0 0

6. OtBeT: F=0, npn A=B=0 n A=B=1
Mpumep 2. NocTponm Tabnmuy MCTUHHOCTW ANS TOrMyeckoro BblpaxeHns FEXvY&-Z,
1. Konu4yecTtBo cTpoK=23+1=(3 NepeMeHHbIX+CTpOKa 3arosIoBKOB CTONOLIOB)=9.

2. KonuuectBo cTonbuoB=3 nornyeckune nepeMeHHble+3 nornvyeckmnx onepaumm = 6.

3.  Ykaxem nopsiook OENCTBUN: 3 21
XvY &Z
X\ Y] Z] Z Y&Z XvY&Z
00 (O 1 0 0
00 (1 0 0 0
0|1 {0 1 1 1
11010 1 0 1
110 |1 0 0 1
11110 1 1 1
111 (1 0 0 1

6. OTBeT: F=0, npn X=Y=Z=0; npn X=Y=0 n Z=1.

3agaum Ansi COBMECTHOro peLueHus




Mpumep 3. [ina bopmynebl nocTponTe Tabnuuy UCTUHHOCTM.

Konn4yecTtBo nornyeckunx nepemMeHHbIX 3, cnepoBaTenbHO, KONMYeCcTBO CTPOK

KonunyecTtBo nornyeckux onepawmm B oopmysie 5, KonmyecTBO JIOrMYECKNX NepeMeHHbIX 3,
crnegoBaTenbHO KONMYecTBO cTonbduoB — 3 +5 = 8.

Mpumep 4. Onpegennte UCTUHHOCTb flornyeckoro BolpaxkeHusa F(A, B) = (AV B)A(AV-B).

1. B BblpaxkeHuun ase nepemeHHble A n B (n=2).

2. M CTPOK= , M=4 CTPOKMW.

3. B bopmyne 5 nornyecknx onepauui.

4. PaccTtaBnsieMm nopsiaok 4encTBum

1) AV B; 2) -A; 3) 7B; 4) “AV-B; 5) (AV B)A(~AV-B).

5. Kctonbuos=n+5=2+5=7 ctonbuos.

A|[B|-A |B |[AVB —Av-B | F(A, B) = (AV B)A(-AV-B)
olo 1 [1 [oO 1 0
o1 1 [0 |1 1 1
1(0]0 |1 |1 1 1
1[1]0 |o |1 0 0

BbiBOA: ormyeckoe BblpaXkeHWe NpuHMMaeT 3HavYeHne UcTuHa npu Habopax F(0,1)=1 n F(1,0)=1.

Mpumep 5. NocTponTte Tabnuuy NCTUHHOCTM ANs fIormdeckoro Boipaxerus F = (AV B) A -C

Mpumep 6. Onpegennte NCTUHHOCTb hOpPMYrbl:



Mpumep 7. [Ins KakMx 13 NPUBEAEHHbLIX CIOB JTOXHO BbiCKa3biBaHWe 7(nepBas OykBa rnacHas A TpeTbs
OykBa rnmacHasi) < CTpoka 13 4 cMMBOSOB?

1. acca; 2) KyKy; 3) Kykypy3a; 4) owmnbka; 5) cunau.
PeweHune. PaccmoTprmM nocrnegoBaTternbHO BCe NPeanoXeHHble CrioBa:
1) onsa cnoea acca nonyymum: (1 A 0) © 1, 1 & 1 — BbICKa3blBaHNE NCTUHHO;
2) ansa cnosa kyky nonyymm: 7 (0 A 0) & 1, 1 & 1 — BbICKa3bIlBaHWE UCTUHHO;
3) ans cnosa kykypy3a nonydmm: 7 (0 A 0) & 0, 1 & 0 — BbICKa3bIBaHNE JTOXHO;
4) onsi cnosa owwnbka nonyynm: 7 (1 A 1) © 0, 0 & 0 — BbICKka3blBaHWE UCTUHHO;

5) ans cnosa cunad nonyynm: 7 (0 A 0) & 1, 1 & 0 — BbiCKa3bIBaHWE JTIOXKHO.

CamocTositenbHasa paboTta

3agaHue Nel. Cpeau criegyolwmx NpeanioxXeHn BblAENUTb BbiCKasblBaHWUS, YCTAHOBUTb, UCTUHHbBI OHW
VI NTOXHbI:

1. peka WceTb Bnagaet B Kacnuinckoe mMope;

2. neunTe anenbCUHOBbIN COK;

3. Bce niogu — 6partbs;

4. MaTtemaTudeckasd fnoruka — yBriekaTenbHas Hayka;
5

4<5;
6. 6) ;

7. 7) :

8. 4N BCex HaTyparbHbIX YUCEN X Ny BEPHO PABEHCTBO X+ Y =Y +X;
9. Kakasa cerogHsa noroga?

10. 18-4eTHOE 4Kncro

11. HoBbili rog - 3amedaTtenbHbI npasgHuk!

12. Mbl noiaem cerofHsi B KUHO?

13. 15 genuTtca Haueno Ha 6;

14. Cambli BKYCHbIN LLOKONAA — MOJSIOYHbIN

15. 3J'IeKTpI/I‘-IeCKVIl7I TOK — 3TO ynopAaao4YeHHoe ABMXKeHNE 3apA>XeHHbIX YaCTull.

10



IIpakTHyeckasi padora

2Munnmusanus GyHKIUu

Iean padorel: HayunThCcss MUHMMU3UPOBATH COBEPIIEHHBIE TU3BIOHKTUBHBIE
HOpMaJIbHbIE (POPMBI JTOTMUECKON (PYHKIUH

Conep:xanue padoTbI:
OcHOBHbIE IOHATHS.

1 CnoXKHocTb normyeckom GpyHKUMKM, a OTCOA4A CNOXKHOCTb U CTOMMOCTb pea-
Nu3ylowen ee cxembl (Lenu), NPONOPLMOHANbHbI YUCAY NOTUYECKUX Oonepaunin u
YUCNY BXOXKAEHUN NEPEMEHHbIX UK UX OTPULAHKUIA. B npuHumnne nobas noruyeckas
bYHKLMA MOXKeT 6bITb YNpoLeHa HeNoCPeACTBEHHO C MOMOLLbIO aKCMOM U TEOPEM
NNOTUMKMK, HO, KaK NpaBu/Io, TakMe npeobpasoBaHUsa TPebyoT rPOMO3AKUX BblKNa- AOK.
Moatomy 6onee uenecoobpasHO MCNONbL30BaTb CheELMaNbHble aNroOpPUTMUYECKUe
MeTOoAbl MUHMMM3ALMMK, NO3BONAIOWME NPOBOANTL ynpoLlleHne pyHKuum 6onee npo-
cTo, bbICTPO M He30WwnboYHO.

2 MuHummsauua — npepacrasneHue pyHkunm 8 AHP nanm KHO ¢ muHu-
Ma/IbHbIM KOMYECTBOM Y1€HOB U MMHUMAbHbIM HabopOM NepemeHHbIX.

3 K metTogam MUHUMU3aLUNU OTHOCATCA:

meToa KBalHa;

meTopa, KapT KapHo;

MEeTOA, UCTIbITAHUA UMIMJIUKAHT;
MeTOoA, UMMNIMKAHTHbIX MaTPULL

meTon KBamHa-Mak-Knacku u ap.

4 MpeobpasoBaHue GyHKLMM MeTog0M KBaHA MOMKHO pa3aennTb Ha ABa 3Ta-

IIa:

Ha nepsom aTane oCcywecTtBnAEeTCA nepexos oT KaHOHMNYECKOWM CI)OprI

(CAH® nan CKH®) k Tak Ha3bIBaeMO COKpAIICHHON (opMe;

Ha BTOPOM 3Tane — nepexos OT COKpaLeHHOM ¢opMbl K

MWHUMaIbHONOpME.

3ananue

Jns 3amanHou OyneBoit dynkiuu f (X, Y, 2):

HaNTK ABOMYHYIO dopmy ByneBoit GyHKLUUK;
coctasuTtb CAH® pyHKUNK;
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MUHMMKU3NpoBaTb CAHD pyHKUUMN.
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IIpumMep BBINIOJIHEHUSA:

I/choxmme JAHHBbIC.

fz()?vz)<—>(x—> y)

Pemenue:
1 [Ansa toro, ytobbl HaTM ABOMYHYIO dopmy ByneBon PyHKLUM, COCTaBUM

TaOJIUILy ICTUHHOCTH (QyHKIUU f = (x_v z)<—> (x - )7):
0102 05 0403

S
~
S
(\S)
S
o
S
N
S
(Y

R RO OO O X
R R, OO R oo

R OR OO ON

oOlo|o|o Rk lkr ik
R I
oO|o|r k| ololrk
O|lorR R kR Rk k
Ol kR olrkrkrk

Ilo pe3ynbpTaTam B mocienHeii kononke f(x,y,z)=(11110110)

2 Coctasum COAH® ¢yHKUMU. DYHKUMA NPUHMMAET 3HayeHMe 1 Ha Habopax
000, 001, 010, 011, 101, 110. Hynto cooTBeTCTBYeT NnepemeHHasa C OTPULAHMEM,
eanHuue — 6e3 otpuuanma. Monyunm CAHO:

f(X,Y,2)=XYyZVXYZVXYZVXYZVXYZVXYZ
3 MuHummsnpyem CKH® ¢yHKuumM, ans storo:

- neperpynnupyem 3/1eMeHTapHbIe KOHbIOHKLIMK TaK, YTOObI MexKay ABY-
MA YIeHaMU, COAEPKALLMMMN OAMHAKOBbIE MEPEMEHHbIE, BXOXKAEHMA KOTOPbIX (Nps-

Mbl€ U MHBEPCHbIe) COBNaAanu A/ BCEX NePeMEHHbIX, KPOME O HOM
f(X,Y,2)=XYZVXYZVXYZVXYZVXYZVXYZ;

- nocnegHuWe ABa YneHa Henb3A CrpynnmMpoBaTb, HO, NCNONb3YA 3aKOH
naemnoTeHTHocTU (A v A = A), npoaybanpyem noaxoaaAiine KOHbOHKLUMN:

f(X,Y,2)=XYZVXYZVXYZVXYZVXYZIVXYZVXYZVXYZ,

- B 3TOM C/ly4ae BCe NepemMeHHble B Nape, KPOMe 04HOM, MOKHO BbIHECTHU
33 CKOBKU

f(xy,2)= xy(zv z)v xy(zv z)v ya(xv x)v y zfxy x);

- a ocTaBLUMeCs B CKOOKax npamoe n NHBepCHOE BXoX4eHNe OAHOI\;i nepe-

MEHHOI IT0JIBEPTHYTh CKIICHKE  f(X,y,2)=XyVvXyVyZVvyZ;
13



Xv X =1
- NP HEOHXOANMMOCTN MOXKHO NMOBTOPUTb AENCTBUA:

f(X,y,2)=xyvxyvyzv yz_=x_(37v y)v92vy2=>?v yZvyz.
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3ajanus K NpakTU4YeCKOM padore.

3ananue 1

1 (AoB)vABVC 16 Bv(A<CB)vAC

2 (A>B)vACVBC 17 (AC—B)v ABC

3 (AC—>B)VAC 18 (aoc)(Bc—aB)

4  ABv(A©C)B 19 (B-C)v(B—AC)

5 {A-8)(ACvEC) 20 (AB—C)vAvAC

6 (AoC)vABVAC 21 (AoC)v(ABC)

7 (A>C)vABvVBC 22 {ABT)v ABC

8 (C<B)vACVBC 23 (AB—C)vAC

9 (BC—A)AE 24 {A->BC)(AC)

10 (AB>€E)vAE 25 {A<B)v(A—BC)

11 €a-c)(Bcv AB) 26 {r=8)(cr-B)

12 €A B)(A—BC) 27 (A>BC)v ABVEBC

13 (B—>C)vABVAC 28 (A—>C)vABVBC

14 (A—>BC)v ABvBC 20 {r>8)(Ba-cC)

15 (Ac->B)vBC 30 (AB—C)v ABC

3ananue 2

NQ f (x; .y’ :) NQ f (x’ }’, :) N9 f -(x’ .} 8 :)
1| (x=(ylzydy 11 (ATVE)%(';\LZ) 21 ((x\L;)(_)Z)@J"
2 (’(’x‘z)%y)@g 12 (;\/}')H(z@x} 22 (}'VZ)’%(,\“(—);)
3 ((’xi}')%z)ﬁy 13 (}:\/2)—)(,\‘(—);) 23 (;%Z)H(A'J/J")
4 ((J"z)e}ﬂ—)z 14 (A‘V;)—)(z‘ ) 24 (E/\}’)—)(E(—)A‘)
51 xly)-z)®x 15 | (zox)oxly) |25 (xly)s(yeox)
6| (yvz)>(xeoy) |16 (xvz)livvz) 26 (Z25x) O (yvx)
7 (xly)@(}—:»z) 17 (x,\;)e_(}vy) 27 (x<—>;)v(z—>x)
8l x| vimzoy 1B Grzimyeox) |28 (xopinyeoz)
9 (';\/J:)—)(J.%—);) 19 (xiy)@(}(—)z) 29 (ATVE)\L(J.-'—)Z)
10 (’(’x(—)})—>z)l}’ 20 (}vyﬂ—)('z—)x) 30 (x(—)yv)v(g—)x)
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NHCTPYKIIMOHHAS KAPTA

JUTSI IPOBEICHUSI TPAKTUYECKOUN paboThI 3

Tema 3aHaATHA: MUHUMUIAYUA J102UYEeCKOU (j)yHKuuu

Heab BbINOJHEHNS 32JaHUSI: HAYYUMbCA MUHUMUZUPOBAMb COBEPUICHHbLE
OU3BIOHKMUBHBIE HOPMANbHBIE POPMbL T02UYECKOU DYHKYUU

Heo0x011mMo 3HATh: 0CHOBHbIE NOHAMUS, POPMYIbL U NPABUNA aneedpbl 102U~
KU

Heo0xoaumo ymeTh: npumensames 0oCHOGHble PopMYIbL U NPAsUIa aneedpul Jo-
cUKu

Oob6opynoBanne (mMpuOOPHI, MaTepUAJbl, IUAAKTHYECKOEe oOlecmeyeHue):

Memooudeckue pekomeH()auuu K 6bINOJIHEHUIO pa60mbl; 3a0anue u UHCMPYKYUOHHAA
Kapma o npoeeéeHuﬂ npaKkmu4yecKkoco 3anamus

KOMHI)IOTepHI)Ie nporpamMmmbi: KOMI/lbIOmeprle npocpammsl He UCNOJIb3YHON =
cA

Teopusi: /[na evinonrnenus 3a0anuili N0 OAHHOU meme HeoOX00UMO Npedsa-
PUMETbHO U3YYUMb MeopemudecKue Mamepuasl, @ maxkice mMemooulecKue peko-
MeHOayuu K 8bINOJHEHUI pabomul

IMopsii0K BBINOJIHEHNSI 32/1aHUS, METOAMYECKUE YKAZAHUS: - O3HAKOMUMBCS
C meopemudecKuMU NOJOACEHUAMU NO OAHHOU meme, - U3VUUMb CXeM) peuleHus 3a-
0ay; - 8bINOJIHUMb 3A0AHUSL NPAKMUYECKOU pabombl, - ChOPpMYIUPOBAMb 8b1800

JlonoJIHUTEIbHBIE 3aIaHUS: MO2Yym OblmMb CHOPMYIUPOBAHBL NO XOOY 3AHS-
must

Coaep:xkaHue 0TYETA:  omuem HO NPAKMUYECKOU padbome O0alceH cooep-
AHCAMb: PACCYIHCOCHUS NO PEUleHUIo 3a0a4, He0OX0OUMble 8bIYUCTIeHUsl, OMEeN; 8bl-
800 no pabome

KounTpoJsbHublie Bonpochl: [ /[11 ue2o ucnoniv3yemcs MUHUMU3AYUs Jjlocude-
ckux ¢yukyuu? 2 Umo maxoe munumuzayus @yuxyuu? 3 Kaxue memoosr muHu-
musayuu cywyecmsyrom? 3 B uem cymoe memooa Keatina?

Jlureparypa:

1 fopbamos B. A. /JuckpemHaa mamemamuka: y4ebHuK 014 sy3o8 / B. A. lopbamos,
A. B. Topbamos, M. B. lop6amosa . - M. : ACT, 2003. - 447 c. : puc., maban. - (Bbic- was
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wkKona). - bubnuoep.: c.441-444.
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2 Hosukos ®. A. fluckpemHasa mamemamuka: y4ebHUK 014 sy308 / ®. A. HosuKos. -
Cri6 : NMumep, 2007. - 364 c.

3 Xazeapmu P. [luckpemHaa mamemamuka 044 npozpammucmos / P. Xazeapmu. -M. :
TexHocgbepa, 2005. - 400 c.

4 Ocunosa B.A. OcHogbl OuckpemHol mamemamuku/B.A.Ocunosa — M.: ®O-PYM:
MH®DA-M, 2012. — 160 c.

5 http://ru.wikipedia.org/wiki
6 http://habrahabr.ru/post/93296/

7 http://www.e-ope.ee/ _download/ euni_repository/ file/ 2156/ LP2 LoogikaU.zip/
LP2 Loogika/ ___4.html

IIpakTuyeckoe 3ansiTue 3
OIIEPALIMN HAJI MHOXXECTBAMU

He.]'lb NMPAKTHYECKOI'0 3aHATUA: HAYYUTHCS BBINOJHATH ONEpaAlMU IOOIMOJIHEHMA, IEPECCUCHUS, O6’beZ[I/IH€HI/IH, Ppa3HOCTH,
CHMMeTpH‘IeCKOﬁ Pa3HOCTHU HaJl MHOXKECTBAMMU.

1. Kpamxue meopemuueckue céedeHus

Onepauuu HaJ MHOKeCTBAMM

1. ITepeceuenneM MHOKeCTB A H B Ha3pIBaeTCS MHOXKECTBO, COCTOSIIIEE UX BCEX TE€X U TOJIBKO TEX 3JIEMEHTOB, KOTOPHIE
MpUHAJIe)KaT MHOXKecTBaM A U B onHoBpeMeHHO (06o3Hauaercs: AMB). Mcnonb3ys XxapakTepuCTHUECKOE CBOWCTBO, JaHHOE
oTIpeNieIeHHe MOKHO 3aITUCaTh CICAYIOMINM 00pa3oM:

ANB= {x |xeAuxe B}={x | xeA A xeB}.
I'paduyeckas HILTIOCTPALMS NIEPECEUECHUS IBYX MHOKECTB IIPUBEICHA Ha puc 1.
B
A

U

1

pHcT
2. OﬁBeHHHeHl/IeM ABYX MHOKECTB A n B Ha3pIBaeTcsa Takoe MHOKECTBO, KOTOPOE COCTOUT M3 BCEX TEX DJICMCHTOB,
KOTOPBIC MPUHAAJICIKAT XOT OBl OAHOMY U3 MHOXCCTB A nm B (0603HaqaeTc;1: AUB) I[aHHO@ OIIPCACIICHNE MOKHO 3alIMCATh
C IOMOUIBIO XapaKTECPUCTUICCKOI'O CBOICTBa:

A U B={x| xeA um xeB}.

I'padudueckas HUTIOCTPAIUS 00BEINHEHHUS IBYX MHOXKECTB [TOKa3aHa Ha PUC. 2.

OTMeTI/IM HEKOTOPHIEC OUCBUIHBIC CBOMCTBa ornepannuu O6’bellI/IHeHI/I${ JBYX MHOXECTB!
AUA=A, AUT=A, AuU=U.

3ameuanmnel .

Ecmu Al, Az, ceey An — HECKOJIBKO MHOKECTB, TO aHAJIOTUIHO TOMY, KaK 3TO ACJIAJIOCh JJISI ABYX MHOKECTB, OIIPCACIIACTCSA
HX MMEPECCUYCHUEC, T.C. COCTABJIACTCA MHOKECTBO, IPECACTABIAIONICE UX OGHIyIO 4acThb:
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P= Ain Ao Are{x | xeV A i=1..n Y,

3ameuannue 2.
Ecmu A1, Aa,..., An— HECKOJIbKO MHOKECTB, TO aHAJIOTHYHO TOMY, KaK 3TO JICNIANOCH 7SI IBYX MHOXKECTB, OTIPEACISCTCS
UX 00bEIUHEHHE — COCTABIISETCS MHOXKECTBO, COCTOSIIICE M3 AIEMEHTOB, KOTOPBIE MPUHAIEKAT XOTSI ObI OTHOMY UX HHUX:

C= AtUALU...UA={X | xeAsmmm Xxe A, i ... XeAn}.

3ameuannue 3.
Ecmu B BBIpaKeHUU €CTh 3HAKK U M M U HET CKOOOK, TO CHaYajia BBITIOJHSETCS ONepaIysl MEePeCceUeHus], a TIOTOM —
orepanus 00beIMHCHUS (aHAJIOT CJIOKCHUIO U YMHOKCHHUIO B apU(PMETHKE).

3. PazHocThI0 IBYX MHOKeCTB A U B Ha3pIBaeTCs MHOXKECTBO, COCTOSIIEE U3 BCEX
T€X U TOJIBKO T€X AJIEMEHTOB, KOTOpPbIE MPUHAITICKAT MHOKECTBY A M HE MPUHAJJIE)KAT
MHOXecTBy B (0603nauaercs: A | B). C HOMOIIBIO XapaKTepHCTHYECKOTO CBOMCTBA

JTAHHOE ONPEACIICHUE 3aMUIIETCS CISAYIOIMIMM 00pa3oMm:
A |B={x | xeA uxzB} ®)

puc. 3

4. CumMMeTpHYecKoil Ppa3sHOCTHI0 [BYX MHO:KecTB A ®W B Ha3pIBaeTcsi MHOXKECTBO, OIpeeeHHOe
XapaKTepUCTUYECKOM CBOICTBOM:

AAB=(A\B)U(B\A)={x|(xeArx¢B)v(xzArxeB)}

I'padmueckas WUTIOCTpaLUs CAMMETPUYECKON Pa3HOCTH IBYX MHOXKECTB ITOKa3aHa Ha puc. 4.

A B

puc. 4

5. HYCTL A— HEKOTOPOC MHOKECTBO, SABJIIOMICCCS YaCTbIO YHUBCPCAIIbHOT'O (OCHOBHOI‘O) mHOXxecTBa U. I[OIIOJIHQHI/IGM
MHOKeCcTBa A Ha3bIBaeTCs MHOXECTBO, COCTOANIECC M3 BCEX TCX KU TOJIBKO TEX 3JICMCHTOB HX MHOXCCTBa U, KOTOpPBIC HE

npuHaaiexkaT A. Ero o6o3Hagarot A.
DT0 ompesieNieHne MOXKET OBITh 3alMCaHO B BUJIE:
A = {x | xeA}. (10)
['paduaecku nomosiHeHHE N300pPAKEHO COOTBETCTBEHHO, Ha KOTOPHIX JIOTIOJHEHHUS 3alITPUXOBAHBI.

2. Buvinonnume 3a0anue 6 cOOMeencmeuu ¢ HOMeEPOM 6apuanma:
1. OcymiecTBUTH ONEpauy Ha/l MHOKECTBAMH:

| Bapuant | MuoxectBo A | Muoxkecteo B | Muoskectso U
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1 A={ab,ce} | B={ade f} | U={ab,cde f g}
2 A={1367} |B={1356} |U={1,23456,78}
3 A={ac.eqg} | B={cde f} | U={abcde f, g}
4 A={2,4,6,7} | B={1356} |U={1,23,45,6,78}
5 A={ab,ce} | B={c,de f} |U={ab,cde f g}
6 A={2,4,6,7} | B={3578} |U={1,2345678}
7 A={ab,ce} | B={ade f} |U={ab.cde f g}
8 A={1457} | B={3578} |U={123456,78}

2. 3agassl MHOXecTBa A, B, C, U.

Haiitn mnoxcecrsa: ANB, (ANC)UB, Au(BNC), (AUB)N(AUC), ANB, ANB,

(AUB)LC. AUBUC). a\c, (A\C)U(B\C).

T A={c,d} |B={bc,d} | C={ab,d}|U={ab.cd}
2 A={34} | B={124} |C={23} |U={12345}
3 A={cd} |B={ac.d}|C={abd}|U={ab,cd}
4 A={12} | B={124} |C={23} |U={1,2345}
> A={cd} |B={acd}|C={ad} |U={abcd}
6 A={14} | B={124} | C={23} |U={12345}
! A={cd} |B={ac.d} | C={abc} |U={abcd}
8 A={ad} |B={ab,d}|C={bc} |U={ab.c,d}

3.  Pewenue munoguvix npumepos:

OcyiecTBUTh onepanuu Haj Muoxectsamu E1={2; 4; 6} u E;={6; 8; 10}, ectu U={2; 4, 6; 8; 10}.

E1 N E2={6},
E1 UE2={2;4,6;8;10},
Ei\E2={2;4},

E> \ E1 = {8;10},
E1AE> ={2; 4; 8; 10},

Ei=

U\ E1 ={8;10},

E; =U\E;={2; 4},

IIpakTuyeckas padora 4

Onepauunmn Haa NnpeanKaTaMm
Heab: ymerh mpeactaBisaTh OyleBY (YHKIMIO, 3aJaHHYIO TaOIuued Wiu
dopmynoif, B Buae MHorowieHa JKerajJkuHa, HCIOJb3Yys MNpPeoOpa3oBaHUs
BBIPQKEHUI 1O 3aKOHaM aureOpbl JIOTHKH, ONPEAENATh SBISETCS JIM JaHHAas
20



byHKIUS TUHEHHOM.

Ipumepl
Jlana OyneBa ¢pyHkius B Buae F = XY v XY
JTHD
Tpebyercs 3anmucaTh QYHKIMIO B BUAC MHOTOWICHA
Kerankuna.Pemenue: -

F=XY VXY =XY ® XY ® XYXY = XY ® XY =XYO(XBL)(YDPL)=XYDXY DXDY D1=
=X@Y el

lMpumep2
Jlana OyieBa QYHKIHS B BUAE F = X1X2X3Xa Vv X1Xa V X1X2 V X2
JTH®D
TpeOyeTcs 3anucarh GyHKIMIO B BUJIE MHOTOWICHA

Kerankuna.Penienue:
CrpyHHI/IpyeM ClIaracMbIC 1 BOCIIOJIb3YyCMCs COOTHOICHUCM 1), IMOJIYy4YHUM
F = (X1X2X3X4 @ X1Xa @ X1X2X3XaX1X4) v (X1X2 @ X2 D X1X2X2)

Bocnonb3yemcest CBOMCTBAME KOHBIOHKIHHI: 44 _ () 1 COOTHOLICHHEM 3), mosryuum
AA=A,
F = (X1X2X3X4 @ X1Xa) v X2
CHOBa BOCIIOJIb3yeMCSI COOTHOIICHHEM 1),
MOJIYYUM
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F = X1X2X3Xs D X1Xs4 @ X2 D(X1X2X3Xs D X1X3)X2

Packpoem ckoOku
F = X1X2 X3X4 D X1X5 D X2 D X1X2X3X4 X2 D X1X4 X2

CHOBa BOCIIOJIb3YEMCS CBOMCTBAMU KOHBIOHKITUHM U COOTHOIIICHHEM 3),

IIOJTyYUM
F=X.X; ® X, ®X X, %,
3aMeHUM OTPHIIAHUS, UCIIOJIb3YSI COOTHOIICHHUS 2), TOIYIHM
F=(x; ®1)(x, ®1) ® x, ®(x, D1)(x, D)X,
Packpoem CKOOKHM M OITyCTHUM MapHbIE ClaraeMele,
nonyuauMF = X; X, @ X; D X, 1D X, D X; X, X, D X,
X, @ X4 X, D X,OKOHYATESILHO HMEEM
F =X XX @ X XD XX, DX X, DX, DX, BL
lMpumep
3anucathb OyseBy (GyHKIHMIO B BUe MHOTOUIeHa JKeraakuHa.

OnpenenuTh IBIseTcs TM(YHKIHS JTHHEHHOM (X v y) — (zex)

Perenue:
[TpeoOpa3yem paBEeHCTBO, UCTIONB3YsT (POPMYIIBI AITeOphI

IHPAKTUYECKAS PABOTA Ne 5

I'padwbi. Cnioco6wl 3axanus rpadgos. [loctpoenne
MATPHIl CMEKHOCTH JJIA rpada

Henpr paborbl: HayunThCsl 3a/aBaTh rpad, BBUUCIATH CTENEHH BEPIIMH H
LUKJIOMaTHYECKOE YnCIIOo rpada.

OOopynoBanne (npudopbl, MaTepHaJbl, [IHIAKTHYECKOe olecreyeHHe):
METOAMYECKUE PEKOMEHIAIMU K BBIMOJHEHUIO paboThl; 3aJjaHWe M MHCTPYKIMOHHAs KapTa
JUISL TPOBEJIEHUS IPAKTUUECKOTO 3aHATHUS

Komnbrorepnbie nporpammbl: KoMIbIOTEPHBIE TPOTPAMMBI HE UCIIOJIB3YIOTCS

BbINOJIHUTS 321aHUS B COOTBETCBHH 10 MOCJIeAHel mudpe
B ’KypHa1eOCHOBHBIEC
MOHSTHSA.

1 I'pad G - COBOKYMHOCTH JBYX MHOECTB: BepiiuH V u pedep E, mexmy
KOTOPBIMU OTpesieiieHo oTHomeHue uHiuaeHTHoctu. Ecimm |V(G)|=n, |E(G)|=m, To
rpad G ectb (n,m) rpad, rae n - mopsgok rpada, m - pazmep rpada.

2 Kaxpoe pebpo e u3 E MHUMAEHTHO POBHO ABYM BepluiMHam V', V', KOTOpble OHO
coeauHseT. Mpu 3ToM BeplnHa V' 1 pebpo e HasbIBaAOTCA MHUMAEHTHbBIMU ApYr Apyry, a
BEPLUMHbBI V' 1 V'' HAa3bIBAKOTCA CMEXKHbBIMM.

3 Pebpo (V',v'") moxeT bbiTb OPUEHTUPOBAHHbIM M MMETb Havano (v') u KoHel, (v'') (ayra
B oprpade).

4 Pebpo (v,v) Ha3biBaeTcA neTnen (KOHUEBbIE BEPLUMHbI COBNAAAtoT).

5 TIpaod, cogeprKalmin opueHTUpOBaHHbIe pebpa (ayru), HasbiBaeTca oprpadom.

6 [pad, He coaeprKalLMin opueHTUpOBaHHbIe pebpa (ayru), HasbiBaeTca Heorpadom.

7  Pebpa, MHUMAEHTHbIE O4HOWN Nape BEPLUMH, HAa3bIBAOTCA NapaniebHbIMU
WNUKPATHBIMM.
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8 KoHeuHbIN rpad - uncno BepwmH 1 pebep KOHEYHoO.
9  Nycroki rpad - MHOXKecTBO pebep NyCcTo (YNC0 BEPLUMH MOXKET ObITb
NPOM3BO/IbHbLIM).
10 MonHbili rpad - rpad 6e3 neTenb U KpaTHbIX pebep, Karkaana napa
BEPLUIMHCOEANHEHA pebpom.
11 JlokanbHaA cTeneHb BEPLUNHbI - YNCNO pebep el UHUMOEHTHbIX.
12 B Heorpade cymma cTeneHel Bcex BEPLUMH paBHa YyABOEHHOMY Yncay pebep
(nemmao pykonoxkatusx). NeTns gaeT BKAaL, paBHbIN 2 B CTENEHb BEPLUMHDI.
13 B oprpade cymma Bxoaawmx pebep Bcex BEPLIMH paBHA CYMME UCXOAA- LLMX
pebep Bcex BEPLUMH U paBHa uncny pebep rpada.
14 Tpadbl paBHbIl, €CAM MHOMKECTBA BEPLIMH U MHUMAEHTHbIX MM pebep coB- Nagator.
15 Tpadsbl, oTAnyaoWmMecs TONbKO HYMepauuen BepLIMH U pebep, Ha3blBatoT-
CAN30MOPOHBIMM.
16 Cnocobbl 3agaHuA rpados:
- SIBHOE 3aJlaHUE Tpada Kak anreOpandecKoi CUCTEMBI,
- TrE€OMETPUYECKHIA;
— MaTpHUlia CMEKHOCTH,
— MaTpuIla UHIIUACHTHOCTH
17 Matpuua wHUMAeHTHocTn: o BEPTUKANWM YKA3blBAOTCA BEPLIMHbI, MO ro-
PU30HTaNU - pebpa. aij=1 ecnn BepwMHA | MHUMAEHTHA pebpy j, B NpoTMBHOM cay4ae aij=0.
Ecnn pebpo - netns, 1o aij=2. MaTpuuen MHUNAEHTHOCTU (MHUMAEHUNI) OPU- EHTUPOBAHHOIO
rpada HasblBaeTCA MaTpuLa, ANA KOTOPOK aij=1, ecnu BePLUMHA AB- NAETCA HA4Ya/IOM AyIU , aij=
— 1, ecnu AaBNAETCA KOHLOM AyrK , B OCTasIbHbIX CAyyasax aij=0.
18 MaTtpuua CMEXKHOCTU - KBafPATHAA CUMMETPUYHAA MaTpuua. Mo ropusoH- Taaun u
BEPTMKAZN - BCE BepWMHbI. aij= uyncno pebep, coeauHaloulee BeplMHbl i,j. MaTtpuuen
CMEXXHOCTM OPUEHTMPOBAHHOIO rpada HasbiBaeTCA MaTpumLa, A4 KOTo- poit aij=1, ecnm
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BEPIIMHA SIBISICTCS HAYaJIOM JIYTH, B OCTAJIbHBIX cirydasx aij=0.

19 nMnockmit rpad - rpad c BepWMHAMW, PACMONONKEHHBIMW HA MNAOCKOCTU W
Henepecekatowmmnca pebpamu.

20 BepwwuHbl rpada, KoTopble He NpuHagneskaT HU OAHOMY pebpy, HasbiBa- OTCA
M30TNPOBaAHHbIMMU.

21 nNyctb B rpade m - yucno pebep, N- YUCNO BEPLINH, P — YNC/IO KOMMOHEHT
CBA3HOCTU. Liuknomatnyecknm uncnom rpada HasbiBatoT ymcno V=m—n +p.

22 KomnoHeHTa cBA3HOCTM rpada — HEKOTOPOE MHOMKECTBO Bep- LWMKH rpada
TaKOe€, YTO A5 Nt0ObIX ABYX BEPLUMH U3 3TOFO MHOKECTBA CYLLLECTBYET NyTb U3 O4HOMB APYrytO,
M He cyllecTByeT NyTn U3 BepLllnHbl 3TONr0 MHOXeCTBa B BEPLWINHY HE U3 3TOFO0 MHOXXeCTBa.

IMpumep
BbITIOJTHEHMSI

I/ICXOHHbIe JaHHBbIEC:

1 3apars Heorpad, mpeacTaBICHHBIA MHOXKECTBOM BEPILUH U pedep, rpadu-
YECKH UMaTpHUllaMH, IIpeoOpa3oBaTh rpad B MIIOCKUH, BHIYUCIUTL CTEIICHU €0 Bep-
IITMH.

V={1;2;3;4;5;6}; E={a; b; c; d; e}

E={(1;4); (2;5); (2 6); (3; 4); (3; 5)}

Pemenue:

1 W3o6pasum rpad, coenuHuB BepiiuHbl: PeOpo a coenunsier
BepiinHbl 1 u 4, becoenunseT BepmrHb 2 1 5 1 T. 1. 3aTeM mpeodpasyem
3TOT rpad B MIIOCKHUA:

2

1

2 CocTaBUM MaTpUIly CMEKHOCTH. B mepBoM cToOIIe ¥ MepBON CTPOKE
BbI- MUIIIEM BepIIuHbI. PeOpy a mHIMAeHTHBI BepiuHbl 1 u 4, ciieioBaTenbHO, B
kosoHke 1 u ctpoke 4 craBuM 1, a Takke kosoHke 4 u ctpoke 1 crapum 1. PeOpy
b MHIMACHT- HBI BEPIIUHBI 2 U 5, CI€I0BaTEIbHO, B KOJIOHKE 2 B CTPOKE 5 U
KOJIOHKE 5 cTpoke 2 craBuM 1 u T.1. OcTalbHBIC SYCHKH TAOIMIBI COJEpIKAT
HYJIU.

3CocTaBUM MaTpHIly WHIUJICHTHOCTU. B mepBOM CTOJNOIE BBIMUIIEM
BEpIIU- HbI, MEPBOM cTpoke — pedpa. PeOpy a MHIMAEHTHBI BEepIIUHLI 1 U 4,
CJIeIOBaTENIhbHO, B KOJIOHKE a B CTpoke 1 u ctpoke 4 craBum 1. PeOpy b
WHIMICHTHBI BEPIIHUHBI 2 U 5, CJIeI0BaTEIbHO, B KOJIOHKE D B CTpOKE 2 U CTpOKe
5 craBuM 1 u T.4. OcTayibHBIC SYEHKH TAOIUIIBI 3aMOJHIEM HYJISIMHU.

Marpwuiia CMEXKHOCTH Martpuiia THUUAEHTHOCTH
11 2| 3| 4 516 a bl ¢ (d e
1/ 0o/ 0| 0| 1/ 010 1 |1 0/ 0 (O 0

24


http://nomies2011.narod.ru/graf/def/d18.html
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4 Bbluncnmm crteneHu BEepPLHUH:
p(L=1 p(=2 pERB)=2 p@=2 ppO)=2 p@®)=1
P +pR)+pB)+p(@)+p(5)+p(6)=10=2"-q

q=>5 (pebep 5)
5 Uunknomatnueckoe uncno rpada:
V=1+5-6=0

Hcxonnbie JaHHbIE:

2 3anath rpad), mpeACTaBISHHBIA MaTPUIICH HHITUAEHTHOCTH, aIreOpandeckH,
rpau4ecKyd U MaTPUIIEH CMEKHOCTH, ITpeoOpa3oBath rpad B MIIOCKUN, BEIYUCITUTH
CTEIIEHU €T0 BEPILHH.

albjc|de| f
1/-1/-1/{0| 0|0 O
2/1/0(-1) 1/0| O
3/0/0{0| -f0| O
1
4/0/0(1(0/1| 0
50{0[0| 0/-1|-1
6/0{1/0| 00| 1

Pemenne:
1 KommyectBo Bepmun — 6. V ={1; 2; 3; 4; 5; 6}.
2 Pebpo a BbIXOAMT U3 BePLUMHBI 2, T.K. B AYelike (2; 1) ctouT 1, a npuxoauT B
BepwuHy 1 (B Auelike (1; 1) HaxoauTca -1) u T.4.
[MTomyunm mHOkecTBO E = {(2; 1); (6; 1); (4; 2); (2; 3); (4; 5); (6; 5)}
3 M306pasnm rpad, coemMHMB BEPLLUMHDI, 3TOT rpad y»Ke NA0CKuii, T.K. pebpa
HenepeceKatTcs
4 CoctaBMM MaTpuLy CMEXHOCTY.

1] 2] 3] 4] 5[ 6
1/0loflofo]o0fo0
2 1]0f1]0l0]0
3lojolofolo0]o0
4l0(1]/0]0[1]0
5/0/0[0]0|0]0
6/1/0lo]0|1]0
5 Bbluncamm creneHu BEpPLUH:
p1(1)=0 p2 (1) =2
p1(2)=2 p2(2)=1
p1(3)=0 p2 (3)=1
p1(4)=2 p2(4)=0
p1(5)=0 p2 (5) =2
p1(6)=2 p2 (6)=0

pr (1) +p1(2)+p1(3) +pr(4)+p1(5)+p1(6)=6
p2 (1) + p2(2) + p2 (3) + p2 (4) + p2(5) + p2 (6) =6
q =6 (pebep 6)

6 Lunknomatunueckoe umcno rpada:

V=1+6-6=1
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IIpakTnyeckue 3agaHus
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3aganue 1. [lycts rpad 3aman matpuueit cmexxnoctu. [loctpoiite
n300pakeHus dTororpada, ykaxure creneHu Bepunt rpada. [lo marpure
CMEXXHOCTH ITOCTPOITE MAaTPUIly MHIIUJEHTHOCTH 3TOT0 Tpada U HaUepTUTE

rpad:

1

V [V [ Vo [Vs | Vs [ Vs |V
V1 1 1

Vs 2 1 1
Va |1 1 1

Vi |1 1 1 1
Vs 1

Ve 1 1

2

V [ Vi | Vo [ Vs | Vs | V5 | Vs
Vi |2 1

V2 1 1
Vs 1 1 1

Vs |1 1 1
Vs 1 1
Vs 1 1 1

3

V [Vi | Vo [ Vs | Vs | V5 | Vs
V1 1 1

V2 1 1
Vi |1 1 1
Vs |1 1 1

Vs 1 1 2

Vs 1 1

4

V | Vi | V2 | Vs | Vs | V5 | Vs
V1 1 1
V2 2 1
V3 1

\V/1 1 1 1
Vs |1 1

Ve |1 1 1

5

V | Vi | V2 | Vs | Vs | V5 | Vs
V1 1 1
\V/ 2 1
V3 1

\V/ 1 1 1
Vs |1 1

Ve |1 1 1

BapuaHT

BapUaHT

BapUaHT

BapuaHT

BapUaHT

6 BapwuaHT
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V (Vi [ Vo [ Vs | Vs | V5 | Vs
Vi1 1 1 1
Vo |1 1 1

V3 1 2

\A 2

Vs |1 1 1
Ve |1 1

7 BapwuaHT
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V | Vi |V |V | Vs | V5 |V
V1 1 1
V2 1
Vs |1 1
Vs |1 1 1
Vs 1 1 2
Ve 1 1

8 BapwuaHT
V [ Vi [Vo [ Vs | Vs | V5 | Vs
V1 1 1
Vs 2 1 1
Va |1 1 1
Ve |1 1 1 1
Vs 1
Ve |1 1 1

9 BapuaHT
V [Vi [V [Ve Ve [V [V
Vi |2 1
V2 1 1
Vs 1 1 1
Vi |1 1 1
Vs 1 1
Vs 1 1 1
10 BapuaHT
V |[Vi [ Vo | Vs | Vs | Vs | Vs
V1 1 1
V> 2 1
V3 1
V. 1 1 1
Vs |1 1
Ve [ 1 1 1

3aganue 2. ['pad G 3aman quarpaMMon.
2.1. CocTaBbTe ANs HEFO MAaTPULLY CMEKHOCTMU.

2.2. MocTpoiiTe MaTpuLy MHUNAEHTHOCTW.

2.3. YKaxuTe cTeneHu BepLumH rpada.

2.4. Hanpgute onnHy nNyTn U3 BepLUmnHbl V2B BepLUMHY Vs, cOCTaBbTe MapLUPYThI
[ANMHbBI 5, Lenb 1 NpocTyto Lenb, coeanHaoLlme BeplumHy Vzu BepluinHy Va.
2.5. MocTpoliTe NPOCTOM UMK, coaepKawmii BepLunHy Va.

2.6. Hangute umknomatuyeckoe umcno rpada G.

2.7. OnpegenuTe BMA 3a4aHHOrO rpada.

1 BapuaHT
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Vs

Vs
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2 BapWaHT

V1
Va
Ve
A N
Ve 1"ll|"r 3
WV
3 BapuaHT
Vi
Vs V2
Vs
Vs
VS v 4
4 BapuaHT
WV,

5 BapuaHT
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KoHTpoJibHBbIE BOIIPOCHI:

1 Yto Takoe rpad?

2 Y70 TaKoe UHLMAEHTHOe Pebpo NN MHUMAEHTHAA BepLUMHA?
3 Y7o Takoe netna?

4 Kakoe pebpo Ha3blBaeTCA OPUEHTUPOBAHHBIM?

5 Yro Takoe kpaTHble pebpa?

MPAKTUHECKOE 3AHATVE Ne 6

«Ilonsitue anropurma. PazpemummMocTs ¥ nepevyucJMmMocThb
Heab padoThl: U3yYUTh aITOPUTMUYECKAE KOHCTPYKIIMU U UX OIMCAHUE, HAYYNUTHCS
COCTaBJIATH aJITOPUTMBI B BUJIC OJIOK-CXEM MHa IICEBIOKOJIE.

Teopeanecmle CBCJICHUA K HpaKTPI‘leCKOﬁ paﬁoTe

Anroput™ sBIsSETCA QYHIAMEHTAIBHBIM MOHATHEM HH(popMAaTHKH. [IpecTaBieHre o0 HeM HeOOXOIUMO TSt
3¢ (HEeKTUBHOTO MPUMEHEHHS BBIYHCITHTEIHPHON TEXHUKH K PEIICHHUIO MPAKTHYECKUX 3a/1ad.

Anzopumm - 3TO TOCIENOBATEIBHOCTh JCHCTBUH, KOTOpas JOJDKHA OBITH BBITIOJNHEHA JIJIS JOCTHXKCHHUS JKEIaeMOro
pesyibTaTa.

Anzopumm peuienus HeKOmopoil 3a0auy - 3T0 aTOPUTM, IPUBOJSAIINN K PEIICHUIO ATOH 3a/1a4M 32 KOHEUHOE YHCIIO
JIeHCTBUM

CBOICTBa a/IfOPUTMa M ero UCMOAHNTENN
1. luckpemHocme.

Paznenenue anroputMa Ha MoCJI€A0BATEIBHOCTh 3aKOHUYEHHBIX IEMCTBUM — I1aroB.
Kaxxnoe nelicTBue TOIKHO OBITh3aKOHYEHO MPEXK]IE, YEM HCIIOTHUTEND MPUCTYIUT K
BBIIIOJIHEHHUIO CIIEAYIOIIETO 111ara.

2. PesynemamusHocme.

HOHy‘-ICHI/IC N3 NCXOJHBIX JAHHBIX PC3YJIbTaTd 3a KOHCYHOC YHCJIO IIaroB.

3. Maccosocme.

Bo3MmoxHOCTH IMPUMCHCHHA aJITOPHUTMA K 60J'II>HIOMy KOJIMYCCTBY PA3JIMYHBIX UCXOAHBIX NaHHBIX.

4. [lemepmMUuHUpPOBAHHOCMb.
BrinonHeHne koMaH anropuTMa B CTPOTO ONPEAEIEHHON IMOCIEA0BATEIIbHOCTH.

5. BbINO/THMMOCTb M MOHATHOCTb.
AJITOPUTM HE JTOJKEH COAEPKaTh MPEANUCAHUN, CMBICT KOTOPBIX MOXKET BOCIPUHUMATHCS
HEOOHO3HAYHO.

6. TO4HOCTb.
3anuce AJIroOpruTMa 10JIKHA OBITh TaKOﬁ, yTOOBI HA KaXI0M HIare €ro BBITTIOJIHCHUA OBLIO
HN3BCCTHO, KAKYI0 KOMaHAy HY>XHOBBIIIOJIHATD CHGI[YIOH.I@IZ.

7. KOHeYHOoCTb.
3aBepiieHne paboThI ANTOPUTMA 32 KOHEYHOE YUCIIO I11aroB.

Haubomnee MOHATHO CTPYKTYPY QJITOPUTMa MOYKHO TIPEICTABUTH C MTOMOIIBIO OJIOK-CXEMEBI, B KOTOPOH MCITOIB3YIOTCSI
reoMeTpudeckne Gurypsl (OJOKM), COeAMHEHHBIE MEXay CO00H cTpenKkamH, YKa3bIBaIOIMMH HAIMpPaBICHHE TOTOKOB
nHpopManu (TIOCIEOBATEILHOCT  BBIMOJIHEHUS  JeiicTBuid). [IpHHATBI oONpeneneHHble CTaHAApThl TpadUUecKux
nzo0paxeHuit 6;okoB. Hammpumep, koMany 00paboTKH HHPOPMAIHH TOMEIIAIOT B OJIOK, UMEIOLIHNA BUJI IPSIMOYTOJIHHHUKA,
MIPOBEPKY YCIOBHUH - B poMO, KOMaH/AbI BBOJIA JIM BHIBOJA - B MApaJIeJIOrpaMM, a OBaJOM 0003HAYAIOT HAYaIO M KOHEIl
aNITOpHUTMA.

CTpyKTypHOW DIIEMEHTApHOH CIWHUWIICH alropuTMa SBISETCS TMpocTas KOMaHJa, oOoO3Hauaromas OJuH
3JIEMEHTAPHBIN 1Iar epepaboTKu Wi oToOpaxxeHus nHpopMmarmu. [Ipoctas koMaHa Ha A3bIKE CXeM U300paXkaeTcs B BUC
(YHKITMOHATBEHOTO OJIOKA.
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JlaHHBIN O6JIOK UMEET 00Uk 6X00 U 00UH 8b1X00. VI3 IPOCTHIX KOMAaH]T U IPOBEPKHU
YCIIOBUI 00pa3yroTCs COCTaBHBIE KOMAH/IbI, UMEIOIIKE O0JIee CIIOKHYIO CTPYKTYPY U
TOXKE 00UH 6X00 U OOUH BbIXOO.

CTpYKTYpHBIN MTOAXO] K pa3pabOTKe aJITOPUTMOB OIIPEJICIISICT UCTIOIL30BAHUE TOIHKO
0a30BbBIX ATOPUTMUYCCKHUX CTPYKTYP (KOHCTPYKIIMIA): CJICIOBAaHUE, BETBICHUE,
MTOBTOpPEHUE, KOTOPBIC TOJDKHBI OBITh 0O()OPMIICHBI CTaHIAPTHBIM 00pa3oM.

PaccMOTpUM OCHOBHBIE CTPYKTYPHI AITOPUTMA.

ANTOPUTM Cle008aHusi COCTOUT TOJIBKO M3 MPOCTHIX KoMaH . Ha pucyHKe MpoCThie
KOMaH/Ibl UIMEIOT YCI0BHOE 0003HaueHue S1 u S2. M3 komaHy cinenoBaHus 00pa3yroTcs
JIMHEHHBIE arOPUTMBL. [IprMEepOM JTHHEHHOTO anropuTMa OyaeT HaX0KICHHE CYyMMBI
JIBYX YKMCEJ, BBEJACHHBIX C KIIABHATYPHI.

AJITOpUTM 6emenenus - 3T0 COCTaBHAsi KOMaH/a alfOPUTMa, B KOTOPOil B 3aBUCUMOCTH
ot ycnosust P BemmonHsiercs wim ogHo S1, mnm apyroe S2 aeiictue. M3 komaHn
CJICOOBAaHUA U KOMaH/] BETBJICHUA COCTABIAIOTCA PA3BCTBIAIOIINECS aJIllTOPUTMBI
(anroputMbl BeTBIeHUS). [IpuMepoM pa3BeTBIIIOMIETOCS aIropuT™Ma OyaeT HaXoKIeHHe
OOJIBIIIETO U3 IBYX YHCEIl, BBEICHHBIX C KJIABHATYPHI.
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ANTOPUTM BETBJICHHUS] MOKET OBITH MOJHOM 1 HemosiHOH (popmel. Henonnas gopma
HCTIOJIB3YETCS TOT /1A, KOT/1a HEOOXOAMMO BBITIOJIHATE ICHCTBHE S TOJIBKO B CiIydae
cobmronenus ycnosus P. Ecim ycnmosue P He cobmrogaercs, TO KOMaH/a BETBIICHUS
3aBepIlaeT CBOIO paboTy Oe3 BHIOTHEHUS AeHCTBUs. [IprMepoM HenonHoH (HopMbI
BETBJICHNsI OyIeT yMEHBIIIEHHE B /IBA Pa3a TOJIBKO YETHOTO YHCIA.

— AJTOPUTM nOo8mMoOpeHUs - 3TO COCTaBHAS KOMaH/Ia aITOPUTMa, B KOTOPOil B
3aBHCUMOCTH OT YCJIOBUS P BO3MOKHO MHOTOKPATHOE BBITIOTHEHHUE JCUCTBUS S (TN
nukia). M3 komans ciegoBaHus 1 KOMaH MOBTOPEHMS COCTABIISAIOTCS LIMKINYECKHE
aNTOPUTMBI (aJITOPUTMBI TOBTOpeHUs ). Ha pricyHKe nmpencTaBieH MUKIHIECKUH aJrOpruTM
¢ npenycnoBrueM. Ha3plBaeTcs OH Tak MOTOMY, UTO BHayaje POBEPsIETCS YCIOBHE, a YXKe
3aTeM BHITIONHSIETCS AelicTBUE (Teno mukia). [IpiudeM neficTBUE BBITTOTHSAETCS, ITOKa
ycIoBUe BepHO. [IprMep HUKINYEeCKOro anroputMa MoKeT ObITh cinenytommid. [Toka ¢
KJIAaBUATYpBbl BBOJAATCS MOJOXKHUTEIbHBIE YHCIIA, AITOPUTM BBITIOTHIET HAX0XKJIEHUE UX
CYMMBIL.

“|: +
B anroputme moBTOpeHHs C MOCTYCIOBUEM CHauYalla BHITIOJIHACTCS JeHCTBHE S(TEN0
[IUKJIA) U JIWIIH 3aTeM, TIpoBepsieTcs ycnoBue P. [Ipuuem neficTBre moBTOpsieTcs 10 TeX
1op, OKa YCJIOBHeE JIOKHO. [TpuMepomM OyaeT yMeHbIIeHHE TIOJI0KUTENFHOTO YUCTa J0 TeX
op, MIOKa OHO HeoTpulaTenbHoe. Kak TOIBKO YUCIIO CTAHOBHUTCS OTPHUIIATEIHHBIM,
ANTOPHUTM ITOBTOPEHUsSI 3aKaHYMBAET CBOIO paboTy.

L J

TENO LMKNA be3ycnoBHBIN MUKINYECKAN allrOPUTM, €T0 YA0OHO MCIIONB30BaTh, €CIIH H3BECTHO,

CKOJIBKO pa3 HEOOXOAUMO BBINOJIHUTH TEJIO IIMKJIA. BeinonHeHne 6e3ycinoBHOro
[UKIAYECKOTO alrOPUTMa HAYMHACTCS C TPUCBOCHHS IEPEMEHHOM | CTapTOBOTO 3HAUCHUS
in. 3aTeM cieayeT MpoBepKa, He MPEBOCXOIUT JIU IEPEMEHHAs | KOHEUHOE 3HAUCHHUE iK.
Ecan npeBoCX0aNT, TO UK CYUTACTCS 3aBEPLUICHHBIM, H YIPABICHHE MTEPEIaeTCs
ClIeIyIOIeMY 3a TEJIOM IIMKJIa OnepaTopy. B mpoTuBHOM citydae BBINOIHSETCS TENO LHKIIA,
W TIepeMeHHas 1 MeHsIET CBOE 3HaueHHe B COOTBETCTBUU C yKa3aHHBIM Iarom di. lanee

CHOBA NPOU3BOAUTCA IMPOBCPKA 3HAYCHUA nepeMeHHoﬁ 1u AJITOPUTM ITIOBTOPACTCA.

[TepeMeHHY0 | HAa3BIBAIOT MAPAMETPOM IIMKIIA, TAK KaK 9TO EPEeMEHHas1, KOTOpast
M3MEHSIETCS] BHYTPH LIMKJIa IO ONPECIICHHOMY 3aKOHY U BIIMSIET Ha €r0 OKOHYaHHE.

C NOMOLLbIO COEAMHEHMA TONbKO 3TUX 3/IEMEHTAPHbIX KOHCTPYKLMA (Noc/iel0BaTelbHO UK
B/IOYKEHNEM)MOXKHO "cobpaTb" anropmutm Nt060M CTENEHM CTIOKHOCTM.

Cnoco0bl onucaHus aJIrOPUTMA
3apaua: Haittu cymmy
ABYX yncesa2 u 3

1.CioBecHBIN cIOC00

Anzopumm npedcmasnaem coboil onucanue Ha ecmecmeenHoM A3blKe NOCIe008amMeNbHbIX IMAN08
00pabomKu OAHHbIX.

K nBym npubaBisieM TpH NOTy4aeM IIsiTh.

2.I'paduuecknii cnocod
H3o0pasicenue aneopumma 8 8ude nocied08amenbHOChuy CEA3AHHBIX MenCdy cO00U PYHKYUOHATLHBIX
0.10K08.

bnok-cxema 1o3BoIIseT ceaTh alropuTM 00Jiee HarJBsIIHBIM U BBIJEIISCT B aJITOPUTME OCHOBHBIE
ITOPUTMHUYECKHE CTPYKTYPHI (JIMHEHHAs, BETBICHHUE, BEIOOP U LIUKII).
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¥ ~ BBEIX0JA (HaTeBO, €C/IH YCIOBHE BEIIONHACTCH,

KOHEL H HAIIPABO, €CJIH YCIOBHE HE BEIITOJIHACTCH)

3. [Ncesdokod
Cucmema 0b603naueHull U NPAGUL, NPEOHAZHAYEHHAS OJis eOUHO0OPA3ZHOU 3aNUCU ANCOPUMMOB.

Aar Cymma
aaHo a, b, c;
HAZI0 c=atb;
Ha4 a:=2, b:=3;

c:=a+b;
KOH.

4. [MpoepammHeiti cnocob (aneopummuyeckuli )
Aneopumm, npeOHa3HAYen bl OISl 3ANUCU HA KOMIbIOMepe, O0IICeH OblMb 3ANUCAH HA NOHAMHOM eMy si3bike. Takotl 361Kk
HA3b18AEMCsl A3LIKOM RPOZPAMMUPOBAHUL, 4 3ANUCH AN2OPUMMA HA IMOM SI3bIKE — HPOSPAMMA.
A3bIKU NPOSPAMMUPOBAHUsL NPEOHA3HAYEHbL OISl CO30AHUSL NPOSPAMM, KOmMopble mMo2ym 6vimb ucnoinenvi IBM unu
Opy2umMu a8mMoMAMuUYeCcKUMY YCMPOUCMEAMU, HANPUMED, CIAHKAMU C YUCTIO8bIM Npocpammubim ynpagienuem. Cucmema Pascal
ABC npednasnauena ons oOyuenusi npocpammupoganuio Ha ssvike Ilackane. Kax u moboll aneopumm, A610WULCs
HOCNIe008AMENLHOCHIbIO UHCIMPYKYUL, npocpamma Ha szvike Ilackans cocmoum u3 KOMAHO (ONEpamopos), 3aNuUCaHmblX 6
onpeodenennom nopsaoke u gopmame. Komanovl no3601110m NOLy4AmMsb, COXPAHAMb U 00pAbAMbIBAMb OaHHble PA3IUYHBIX TMUNOE
(Hanpumep, yeavle YUCIA, CUMBOIbI, CIMPOKU CUMBOI08, M.O.).
Kpome komano 6 3anucu npocpammul yuacmayiom euje max Hasvieaemvie "ciydcednvle ciosa”, opeanuzyiowue cmpykmypy
npoepammul. Ilpasuna sizvika [lackans npedycmampusarom eOunyio 0is 6cex npocpamm Qopmy OCHOGHOU CIPYKIMYpbl
Program <ma nporpammebI>;
<Pa3pen
onucaHnn>;Begin
<Teno
nporpamMmbI>;
End.

30ecv crosa Program, Begin u End senaromes cayocebnvimu. Tpasunvnoe u ymecmuoe ynompeoienue dmux clog A6IsAemcs
0053amenbHbIM.

IIpuMmep. BBeCcTH B KOMIIBIOTEP ABA LENBIX YUCIIA, HAUTH UX CYMMY, PE3YyJIbTAT BBIBECTH HA DKPaH
C MOSICHAOLIUM TEKCTOM.

BHumaHue! [1Be Kocble YepTsl (//) OTAENAIT KOMMEHTaPUK, X HABUPaTb HE HYMKHO.
program raschet;// nassanue npoepammer
uses crt;// nooxkmouaemvie mooyu

var X, Yy, s.integer;// o6wvsasnenue umen nepemennvix u ux muna

begin// nauano ucnonnumenvroti vacmu
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writeln(’BBeauTe aBa nensix yncna’);//nanucamos na Kpame mexcm
readin(x,y);//npouumame dannvie ¢ Knaguamypwl u 3anOMHUMb UX @ NEPEMEHHBIX
S:=X+Y; /] sbinoanums pacuem u 3anoMHUMb €20 8 NEPEMEHHO

writeln(‘Cymma uucen =’,s); //nanucamo na sxpane mexcm u 3Hauenue nepemeHHol

end. //koney npoepammoi

37



JluHeliHbIU aneopumm

HpMMep 3alliCH ajJiropuT™Ma B BUAC 6JIOK-CX6M]»I, ncepaokoae 1 HA A3bIKE HaCKaJIL.

Brnok-cxema IIcepmokoanbl ITackanse

AJIl cpelHee reoMeTpHIecKoe | program Srednee geometr;
Bema, b, g var a, b, g real;

EECI &, b Ha*I begin
+ readn (a, b);
— BBOg A, b
| g= Nea-b ‘ o * bY:
I g = (a *b) " (1/2) ¥ = saut@a T b)Y
EBLHIEOT 2 writeln (g)

end.

EEIBOT £

X0, PABOTDI:

3agmanme Ne 1

o0k, WwN -

7

Hexmnii 3JIOYMBIIIJICHHHK BbILIAJI CJIC,ZIYI-OIHI/Iﬁ AJIT'OPUTM 3a AJITOPUTM

IMOJIYUCHUS KHUIIATKA:
Hanuntb B YaHUK BOAY.
OTKpbITb KpaH ra3oBoii ropesiku.
MocTaBUTb YaliHWK Ha NAUTY.
aoaTb, NOKa He 3aKMNUT BoAa.
MogHecTn CNUYKY K ropenke.
3aXkeyb CNUYKY.

BbIKntoumnTb ras.

HcnipaBbTe anropuT™, 4TOOBI MPEJOTBPATUTH HECHACTHBIN CITy4ai.

3agaHme Ne 2

NmeroTca nBa KyBIIMHA €MKOCTBHIO 3 11 U 8 1. Hanmummre anroputm Ha
€CTECTBEHHOM $3BIKE, BBITIOIHSS KOTOPBI MOKHO HaOpaTh M3 PeKH 7 JI BOJBI.
(Pa3pemaeTcst mosib30BaThCs TOJIBKO STUMU KYBILIMHAMH. )

3agaHme No 3

HOCTpOI/ITB 6.]10K'CX€My JIMHEHHOTO aJIrOpUTMa BbIYMCIICHNA 3HAaYCHU A BBIPAXKCHUA 10 BapHaHTaM U
HanucaTth NporpamMmmMyHa 1nceBaoKoae.

Bapnanr 1 Bapuanr 5 Bapuant 9 _
5 3 Z =tg3a Z =2sina
z=ctg|-mw+- cr)
9 (4 2
Bapuanr 2 Bapuaur 6 \/_ g‘ﬁmaHT 10
+5sin 1 _— _
Z:COSOL S-OL _\/— 7 — , m n
cosa. — sina b+2 m
Bapuanr 3 Bapuanr 7 ) Bapuanr 11
4—-a
2 4 Z=
Z =C0S“a +COS™ o 2 Z=—m
Bapnai{T 4 Bapuant 8 Bapuant 12
—tga
; -1=tie , 1  x+3
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C —

[lepen BBIXOIHBIM JHEM Marma cka3aj CBOeMy ChiHY: «JlaBall cruiaHupyem
CBOM 3aBTpamHuili neHb. Ecnu Oynmer xopolmasi morojia, TO MPOBEAEM JIEHb B
necy. Ecnu ke moroga OyeT mioxasi, To cHayaa 3aiimeMcsi yOOpKOH KBapTUPBI,
a BO BTOPOM MOJIOBUHE JIHSI CXOJIMM B 300TM1apK». UTO MOITyYnTCs HA BBIXOJE OJIOK-

CXEMBI, ECITH:
@) TIOroJ1a XOpoIias;
6) moroja 1mioxas’?

3agaHue Ne 4

3agaHme Ne 5

Cnenatb BBIBO/JI O IIPOJICIAHHON MTPAKTUYECKON padoTe

IIpakTnueckas pabora Ne7
Tema: CocraBiieHue nporpamm st MaliuHbl ThropuHra.

Ienw: Ionyuenue npakmuyueckux HAGbIKOG 8 HANUCAHUU RPOZPAMM O/
«Mawunwvt Teropunza)
3aoaua 1.1. A = {a, b}. 3aMeHUTH BO BXOJHOM CJIOBE BCE CUMBOJIbI
& nma b
Ipumep (puc. 1.2):
c|blalbla|A|A|] - |o|b|b|b|[b|A[L

Puc. 1.2. IIpumep 3aMeHBI CHUMBOJIOB

3aoaua 1.2. A = {0, 1}. 3anucars B koHue cnoBa 1. Ecim cioso
MIyCTOE — BBIBECTHU COOOIICHHE 00 OmMOKE (OTMETUB 3aKIIFOUUTEIILHOE
cocrostaue kak Q).

Ipumep (puc. 1.3):
c|O0|[1|]0|O|A|A| — |o|Of1T |O[O]|1]|A]|AX

3aoaua 1.3. A = {0, 1}. Ilocne cioBa 3anucate nepByr0 OyKBY
cnoBa. Ecnu ¢itoBo mycroe — BeIBECTH COO0IIeHHEe 00 OmmOKe (OTMETHUB
3aKJIIOYUTEIBHOE COCTOSIHAC KaK Q]).
Ipumep (puc. 1.4.):
c|{O0|1]|O0|1|A|A] — |o|O|1 [O|1]|O0O]|A]|R

Puc. 1.4. [Tpumep 3amnucu nocnie cjioBa nepBoro CMMBOJIA
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3aoaua 1.5. A = {0, 1, 2}. Bo BXOZHOM CIJIOBE 3aMEHHUTH BCE
koMOuHamu “012” Ha 3BE€300UYKNU.
Tipumep (puc. 1.6):
c|l[{O0[O0O|1]|2]|1]|1]|]0]]1

| S
o
—
-
-
l

c|1|O | *[*[*|1|[1[*|*[*|O|1[A]|Rn

Puc. 1.6. IIpumep 3aMeHbI KOMOMHAIUM CUMBOJIOB
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2.1.3 TemMbl HHAUBHAYATbHBIX NIPOEKTOB

. Ucropus pa3BuTHS MaTEMAaTUYECKOMN JIOTUKH
HcTopust TeOprH MHOXKECTB.
Jlormueckue onepanuu. 3aKOHbI aNreOpbl JIOTUKH.
®dopwmel nipeacTaBiaeHus byneBbix Gynkiuii. MHorounens! JKerajikuHa.
Jloruka npeaukaToB
Anrebpa BbIUETOB.
. UcTopus Teopun rpados.
. MapupyTsl, Lienu, HUKIbL.
. Marpuia cMeXHOCTH, MaTPUIa MHITUIEHTHOCTH.
10. Pemenue 3anay o teme: «OpUeHTHPOBAHHbBIE, YIOPSAIOUYECHHbIE 1 OMHAPHbBIE
JIEPEBBS».
11 IIpencraBnenue nepeBbeB B 9BM
12 DneMeHTBI TEOPHH aBTOMATOBY

OCoOoO~NO UL WDN PP

2.1.4 MeToan4yeckue peKOMeHIAIMH 10 BBINOJHEHHIO MPAKTHYECKHX 3a1aHu i

1. ®opmynbl noruku. YmpouieHue (GopMys JIOTHKM C IMOMOIIbIO PABHOCHIIBHBIX
npeoOpa3oBaHuil.

2. byneBbl QyHKIIUU.

3. MHOecCTBa 1 OCHOBHBIE OTI€pALNU HAJl HUMH.

4. HaxoxneHue oOnacTu OIpefeseHnss W HUCTUHHOCTH mpenukata. IlocTpoenue
OTPHIIAHUH K MpeIruKaTaM, COAepKaIM KBAaHTOPHBIE OTIEePaLnH.

5. Marpulibl CMEKHOCTH M MHIMJCHLIUH JU1s rpada.

6. I'padsr

7. Pabora mamnHbl TelopuHra

2.2 MeTo/bl OLIEHKHU Pe3yJIbTATOB 00yYeHHUs VISl POMEKYTOUHOM aTTecTaluu

2.2.1 33}IaHI/Iﬂ AJid 3K3aMEHa 110 JUCHUIIJIMHE: «I[I/ICKpCTHaﬂ MareéMaTuka ¢
3JIEeMEHTaMH MaTeMaTHYECKON JIOTUKH

2.2.1 TeopeTuyeckue 3aaHUs VIS NOATOTOBKH K IK3aMeHY
Bonpocsl k 3k3ameny:

1. Yto Takoe MHOXKECTBO, JIEMEHTHI MHOKECTBA, MMOJMHOKECTBO, PaBHbIE MHOXKECTBA?
2. JlaiiTe onpeeseHus IS ONepannii Hal MHOKECTBAMHU 00bETMHEHUS, IEPECECUCHUSI.
3. [laiite onpeaeneHus sl OTHOIIEHUH SKBUBAJICHTHOCTH U TIOPSIIKA.

4. JlaiiTe onpeeeHus 1JIs TOHSATHH JIOTHKA, BEICKa3bIBaHUE, alreOpa JIOTHKH.

5. Jlaiite onpeneneHust i JOTUYECKUX OMepaIiii KOHBIOHKIIHS, UMIUTAKAIIUS.

6. 3aMKHYTBIE KJIacchl B JIoruke byis.

7. [laiite onpeneneHus Uit MOHATHIA rpad, CMEXHOCTh M MHIMACHTHOCTh BEPIIUH U pebep rpada.
8. [laiiTe onpeneneHust 11t CBOMCTB OMHAPHBIX OTHOIICHUH pe()IEKCHBHOCTD M TPAaH3UTHBHOCTD.
9. JlaiiTe onpeneneHus sl MapILIpyTa, EMu, [IUKIIA, TPOCTOH LIeMU U IPOCTOro UKia B rpade.
10. TafiTe ompeneneHus Al MaTPULIBI CMEKHOCTH ¥ MAaTPHUIIH HHITUICHIIAH.

11. Tats onpeneneHue O0yneBoi QyHKIUH.

12. JlaiiTe onpenenaeHus 11l Onepariuii HaJi MHOXECTBAMHU Pa3HOCTH, JTOTOJTHEHUS.

13. JTaiiTe onpenenenus AJs onepanuii HaJl BBICKa3bIBAHUAMU JAU3BIOHKIINS, SKBUBAJICHTHOCTb.
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14. Jlate omnpezesieHne Mpeaukara, 00J1acTi ONpeIeeHUs IPeaNKaTa, MHOKECTBAa HCTHHHOCTH

npeanKaTa.
15. [Maiire onpeneneHust I8 CBOMCTB OMHApHBIX  OTHOIICHWH CHMMETPHUYHOCTH H
AHTUPE(IICKCUBHOCTb.

16. [lath onpenenenne TpuBuaabHOMY rpady, Kakoi rpad siBisiercs epeBom?
2.2.2 TIpakTHYecKHUe 3aIaHNs /ISl MOATOTOBKHU K IK3aMeHy

1. MaxkcuMaabHO YIIPOCTUTE BBIPAXKCHUC, BOCIIOJIB30BaBIINCh 3aKOHaMH JIOTMKH By.]'IfIZ

(@nc)v(@ab)v(ac)v(@ab)v(cab)
2. C TIOMOIIIBbIO TaOJIHMIIBI HCTUHHOCTHU MPOBEPUTH CIPABEUTMBOCTD CIICIYIOIIETO TOXKICCTBA!
((avb)ac)v(aa(bvc))=ave
3. Cpenu cieAyronmx MPEII0KEHUN BBIICIUTD MPEIUKATh U I KaKIOT0 U3 HUX yKa3aTh
00J1aCTh ONPEICIICHUS U MHOYKECTBO HCTUHHOCTH:
1. 4x+5=-3
JlyHa 3TO CIIyTHHMK 3eMn
¥ -2x+1=0
¥-2x+1
x+2<3x-4
(x+2)—(3x—4)
. X2-4>0
4. Nano muoxectBo V={1,2,...,14}, u nBa ero nogmuoxxecrsa A={1,3,6,9,14},B={2,3,9,10,14}
Haittu: AuB, AnB, AX B
5. OnpenenuThb, ABIACTCS JIU JAHHOE OTHOIICHNE SKBUBAJICHTHOCTBIO, HJIH MTOPSIKOM:
R={(x.y)/x,yeR x*=y’}
6. [Tepeuncnuth I TaHHOTO Tpada BCe Mapbl CMEKHBIX BEPIIHH, CMEXXHBIX peOep, UHIUICHTHBIC
pedpa 1 BepUIMHBI.

Noakown

V1 €1 V>
€5 €g
Vs
€4 €2
€3 €7
V4 es V3

7. Kakue 13 Ki1ay3 UCTUHBI, a Kakue JT0KHbI? OTBET 000CHOBATh
a) IXVYP(X, y) => 3Ix3yP(X, y)
0) VX3yP(x, y) =>3IxVyP(X, y)

8. IIpoBepuTh, CPAaBHUMBI JIU YKCIIA TI0 TAHHOMY MOJIYJIIO:

a) 137=17(mod 60) 6) 93=12(mod16) B) 14=-13(mod27)
r) 88=55(mod22) o) —168=2(mod10) e) 388=38(mod 20)
9. 3anmcars 6 cpaBHeHmit o mod 37.

10. Han rpad:
Vi ) V2

I




€2
€7
€ Vs

€s €s

€10 €9

€3
Vs \Z!

Yka3zaTe 0HY IPOCTYIO LEMb, OJIHY LI€Mb, OJMH NPOCTON LUK, OJJUH LUK,
yKa3aTh OJIMH MAapUIPYT.

11. Tano mHOoxectBO V={1,2,3,...,9} u n1Ba moaMHokecTBa ganHoro mHoxecrsa: A={1,3,4,7,9},
B={5,6,7,9}.
Haiitu: A, B, A\B, B\A, A2
12. an rpad:
V1 €1 V-

€2

€6 €7
€5 Vs

V3

€
€9

Vs €10 / es
€4 \V
CocTraBbTe MaTpPUIly CMEXHOCTH JIJIs1 JTAHHOTO Tpada

13. Ha#n rpad:

V1 VZ
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€1

€7

< V3
€s

Vs
€4 Vs

CocTaBuTh 151 TaHHOTO rpada MaTpUIly HHITUACHIINH.
14, CocraBuTh TabIUILy UCTUHHOCTHA I CIIEAYIOIIETO

(@a—>b)v(b »>c)v(c > a)
15. JlaHbI MaTpHUIIa CMEXHOCTH:

M(G[LJ]) (0111
1010
1101
1010
MaTpuUlla MHIIUCHIIUHA:
H(G[Lj]) 10
11
01
00
Boccoznats o Hum rpad.

16. Onucarh KI1accel BEIYeToB 1o mod 6

3. Kputepuu ouieHKH 32 0TBET HA TeOpeTHYeCKHEe BONPOCHI
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Onenka

KpuTepun oieHKH 0TBeTa CTY/I€HTa

«OTIMIHO»

OO6cTOATENBHO U C JOCTATOUHOH MOJHOTOM M31IaracT MaTepuall BOIPOCOB.
Jaér oTBET Ha BONPOC B ONPEAEICHHOMN JOTNYEeCKON MOCIIe10BATEIbHOCTH.
Haét npaBuinbHbIE GOPMYITHPOBKH, TOYHBIE OIIPEAEIICHNS HOHITHH 1 TEPMUHOB.

JeMoHCTpupyeT noJHOe TOHUMaHKUe MaTepraa, Ja€T MOTHBIA 1
apryMeHTHPOBAaHHBIM OTBET Ha BOIIPOC, IPUBOAUT HEOOXOAUMBIE TPUMEPHI (HE
TOJILKO PACCMOTPEHHBIE Ha 3aHATHUSIX, HO U MOJA00OpaHHBIE CAMOCTOSTENHHO).

CB00OOAHO BIaieeT peubto (MOKa3bIBAET CBSI3aHHOCTH U MOCIEA0BATENLHOCTE B
H3JI0KEHUH).

«Xopouio»

Z[aéT OTBC€T, YILOBHGTBOPHIOHII/II\/'I TEM K€ Tpe60BaHI/ISIM, YTO U I OLCHKHU
«OTJIMYHO», HO OOITYCKACT CAMHUYIHLIC OH_II/I6KI/I, HETOYHOCTH, KOTOPBIE CaM KE
HCIPaBJIACT IOCIC 3aMeYaHuil npenoaaBaTeiis.

«y,[[OBJ'IeTBOpI/ITCJ'ILHO»

O6HapY}KI/IBaCT 3HAHWC U IOHUMAaHHUC OCHOBHBIX HOHOX(GHHﬁ, HO:

e  JIOITyCKaeT HETOYHOCTHU B (POPMYIHPOBKE OIPEAEICHHUH, TS PMHUHOB;
e H3JIaraeT MaTepHal HeOCTATOUHO CBSI3aHHO U MOCIEI0BATEIBHO;

e Ha BOIPOCHI IK3AMEHATOPOB OTBEYAET HEKOPPEKTHO.

«HeynoBieTBopUTENbHO»

OOHapyXiBaeT HEIOHNMAaHHE OCHOBHOTO COAEPXKaHMUs yI4eOHOro MaTepraa.
JonyckaeT B (OpMyJIUPOBKE ONIpeeIeHUI OIHOKHU, HCKAXAIOIIHE UX CMBICIL.

Jomnyckaer cymecTBeHHBIE OIIHOKH, KOTOPHIE HE MOYKET UCTIPABHUTH MIPH
HaBOJALINX BOIPOCAX MPENoJaBaTelis WIK OTBET OTCYTCTBYET.

becnops104HO U HEYBEpEHHO M3J1araeT MaTepHall.

COHpOBO)KI[aCT HN3JI0KCHUEC YaCThIMU 3aMHUHKaMU 1 IEPEPbIBAMU.

4 Kpurepuu olleHKH 32 BbINOJIHEHHE IPAKTHYECKOH padoThl

Ounenka Kpurepun
«OTyHO» INoxa3an noaHoe 3HAHUE TEXHOJIOTHY BBITIOJIHEHNUS 33 JaHHS.
[IponemoHCTpHpOBaN YMEHHE MIPUMEHATH TEOPETHIECKHE 3HAHNS TIPH
BBIITOJTHCHNH 33/1aHHS.
YBepeHHO BBIIOIHUII I€HCTBHS COTTIACHO YCIIOBHIO 3aaHHUsI.
«XopowIo» 3ajaHue B LIEJIOM BBINOIHUI, HO AOIYCTUJI HETOYHOCTH.

Iloxa3an 3HaHUE AJIrOpUTMa BBIIIOJTHEHUA 3aJaHWsA, HO HEJOCTATOYHO
YBEPCHHO NNPUMCHUII UX HA IPAKTUKE.

Bemomaun HOPpMATHUB Ha IMMOJIOXKXUTCIIbHYIO OLICHKY.

«yZ[OBJ'IeTBOpI/ITCJ'ILHO»

Iloka3an 3HaHue O6H_II/IX HOJIO)I(GHI/Iﬁ, 3a1aH1EC BBIIIOJIHUII C OIMOKAMHU.

3aziaHue BBIIOJIHUI Ha [TOJIOKUTEIBHYIO OLIEHKY, HO IIPEBBICUII BpEMs,
OTBEIECHHOE Ha BBINOJIHEHHUE 3a1aHuU.

«HeynoBieTBOpUTENbHO»

He Boimosnnui 3amanue.
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5 Ilepeyennb pexkoMeHayeMOH y4eOHOH JUTepaTypbl, METOAUYECKHX NMOCOOMIT U
HNHurepHer-pecypcoB

1 lopromkun, A. A. Maremarudeckas cratucTuka . npaktukym mis CIIO / A. A.
lNopromikun, I'. JI. KoBaneBa, O. U. I'ynakoBa ; noa pemakuueit I'. M. MkpTusina. —
CaparoB, Mockga : [Ipodo6pazoBanue, Ait [ITu Ap Meaua, 2020. — 58 ¢. — ISBN 978-
5-4488-0813-5, 978-5-4497-0478-8. — Tekct : osnekrponusid // Lludpooit
00pa3oBaTeNbHBIHI pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/96016.html

2 Toprowkun, A. I1. JluckpeTHas MaTeMaTHKa C JJIEMEHTaMH MaTeMaTHYeCKOH JIOTUKH :
yueoHoe nocobue st CI1O / A. I1. 'oprorukun. — Capatos : [Ipododpaszosanue, 2020.
— 503 c. — ISBN 978-5-4488-0859-3. — TekcT : 31eKTpOHHBIA // DIEKTPOHHO-
OoubIroTeyHast cucrema IPR BOOKS : [caiiT]. — URL:
https://www.iprbookshop.ru/96556.html

3 Kanman, O. 5. Teopust BeposATHOCTEl ¥ MaTeMaTHYeCKas CTATUCTHKA : yueOHOe
nocodue st CITO / 1O. 5. Kanman. — Capatos : [Ipodo6pazosanune, 2019. — 130 c.
— ISBN 978-5-4488-0031-3. — TeKcT : 37€KTpOHHBI# // DIeKTPOHHO-O0HOIHOTeIHAS
cucrema IPR BOOKS : [caiit]. — URL: https://www.iprbookshop.ru/83119.html

4 Muxun, M. H. Teopus BeposTHOCTel : yue6Hoe nocobue s CI10 / M. H. Muxun, T.
b. benoBa. — CapatoB, Mocksa : [IpodoOpa3oBanue, Aii [Tu Ap Meana, 2020. — 94
c.— ISBN 978-5-4488-0819-7, 978-5-4497-0488-7. — TeKcT : 371€KTPOHHBIH //
[udposoii oopazoBarenbHbil pecype IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/93074.html

5 Xycaunos, A. A. JluckpeTHas MaTeMaTnKa : yaeoHoe nocodue ais CI10 / A. A.
XycaunoB. — Capatos : [IpodobpazoBanue, 2019. — 77 ¢c. — ISBN 978-5-4488-
0281-2. — TekcT : anekTpoHHsIi // DnekTpoHHO-0nbmmoreuHas cucrema IPR BOOKS
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