[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHbopmaumsa o Bnagenbue:

PNO: bypcos Branrinp Arexceesns MITHICTEPCTBO HAYKH U BLICHIEI'O OBPA3OBAHMSI Pd
gg:j;a";::of'ooy j;g:p“g;i@ﬁﬂ%ﬂ%ﬁﬁ@@ PEEY EAPCTBEHIPOE ABTOHOMHOE OBPA3OBATEJIBHOE
Ilara noancanms: 04.06.2026 10:26:54 YUPEXKJEHNE BBICILIEI'O ObPA3OBAHVA
Vinkanseii nporpamureti know: «CEBEPO-KABKA3CKMI ®EJIEPAJIBHBIN YHUBEPCUTET»

1c378726a41fd0143ae5bccc8ba81860b00daab2 [Isruropckuit nacTuTyT (ununan) CKOY

MeToanyeckue yKa3zaHus

TS 0OyYaroImMXCsl IO OPTaHU3AIMHI U TIPOBEACHUIO CAaMOCTOSITEIBbHOM
paboThI
[0 JUCHUIUIMHE «/IMCKpeTHAsi MAaTeMaTHKA»
1S ctyneHToB HanpasieHus noarotosku 10.03.01 Mudopmannonnas
0€30MacHOCTh HaPaBIECHHOCTH (TTpoduiib) be3onacHOCTh KOMIBIOTEPHBIX CUCTEM

IsTuropck, 2026



COJEPJKAHUE

1. OO6umwme nonoxxeHus 3

2 llenb 1 3a1a4n CaMOCTOSITEIIBHOU padoTHI 4

3.TexHonOTHYECKass KapTa CaMOCTOSITEIILHOU paboThI CTyIeHTa 5

4 Tlopsi1OK BBITIOJIHEHUS] CAMOCTOSTEILHON paOOThI CTYACHTOM D
4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eoHol Jumepamypou
4.2. Memoouueckue pexomeHOayuu no N0O20MoeKe K NPAKMu4eCcKum 3aHAMuAM
4.3. Memoouueckue pekomeHoayuu no camonposepke 3HaHuu

5. KoHTponb camocTosTeIbHOM pabOThI CTYICHTOB 8

6.Criicok nuTeparypsl



1. OOummume moJI0KeHUSA

CamocrodrenbHas paboTa - IIaHupyemas yueOHas, yaeOHO-uCCle10BaTeIbCKasi, Hay4HO-
UCCIIeIOBaTEIbCKas pad0Ta CTYACHTOB, BBINIOIHIEMAsi BO BHEAYAUTOPHOE (ayUTOPHOE) BpeMsI 110
3aJJaHUI0 ¥ TPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HermocpeICTBEHHOTO
y4yacTus (IIpU YaCTUYHOM HENOCPEICTBEHHOM y4acTUH MPEenoJaBaTesisl, OCTaBIAIOIEM BEAYIIYIO
POJIb 32 pabOTOMH CTYICHTOB).

CamocrositenbHas pabota crynentoB (CPC) B BY3e siBisieTcst BAXKHBIM BUJIOM YI€OHOM U
HAYYHOH NesTenbHOCTH cTyaeHTa. CamocToATeNnbHas padoTa CTYICHTOB UTPAaeT 3HAYUTEIbHYIO
pOJIb B PEUTUHIOBON TEXHOJIOIUU O0YUYEHHS.

CamocrosrenbHas paboTa sBiseTcsl BaxHeWmed (opmoil ycBoeHus 3Hanuil. B xoze
CaMOCTOSITENIbHOW pabOTHI CTYICHTHI YSICHAIOT 3HAHUS IO KOHKPETHOM TeMe y4eOHOro MaTepuania,
3aKpeIUIAIOT M YTOYHSIOT Y)K€ M3BECTHBIE M OCBAaMBAIOT HOBBIE KaTeropuu. CTaIKUBasCh C
HE/I0CTaTOYHO TMOHATHBIMHM 3JIEMEHTAMU TEMbI, CTYIECHTHl CTPEMSTCS HaXOAMThb OTBETHl HIIU
(uKCUPOBaTh BOIIPOCHI JUIs IOCTAHOBKHU U YSICHEHUS UX Ha KOHCYJIBTAIMU C PENoaBaTeieM Uik
BO BpeMsI TPAKTHYECKOTO 3aHSATHSL.

3aza4l caMOCTOATENbHON PabOThI COCTOST B CIAEAYIOLIEM:

1. Pa3BuTh JJOrMUECKOE U aJITOPUTMUUECKOE MBILILICHHE.

2. BpIpaOoTaTh NepBUYHBIE HABBIKM MaTEMaTHYECKOTO HCCIEI0BaHMS MPUKIIAJIHBIX
BOIIPOCOB.

3. BrIpaboTaTh HaBBIKH JOBEACHUS PEIICHUS 33add 0 MPUEMIIEMOTO MPAKTHIECKOTO
pesyibTara — yucia, rpaduka, TOUHOTO KaueCTBEHHOI'O BBIBOJA C IMPUMEHEHHEM aJIeKBAaTHBIX
BBIYUCIIUTENbHBIX CPEJICTB, TAOJIHII, CIPABOYHUKOB.

4. Boplpa®oTaThb yMEHHE CaMOCTOSITENILHO pa3OupaTbcs B MAaTeMaTHYECKOM alapare,
NPUMEHSIEMOM B JIUTEPAType, CBSI3aHHOM CO CIIEINATbHOCTHIO CTY/ICHTA.

5. Hayuute omepupoBaTh aOCTpaKTHBIMH OOBEKTAMHU U aJIeKBaTHO YNOTPEOIAThH
MaTeMaTHYECKUE MOHATUS M CHMBOJIBI JJISi BBIPQXKEHUS KOJMUYECTBEHHBIX M KaueCTBEHHBIX
OTHOILIEHHUH.

CamocrosTenbHas paboTa CTyJeHTa 0 yueOHOM TucHuIUIMHE «JlucKpeTHast MaTeMaThKa
BKJIIOYAeT MOJrOTOBKY K MPAKTHYECKUM 3aHATUSM U BBINOJHEHHE NPAKTHUECKUX 3aJlaHHi,
CaMOCTOSITENIbHOE M3y4eHHE TeM Y4eOHOro MaTepuana MO PEeKOMEHJyeMO#l JuTeparype U ¢
UCTIOJTb30BaHUEM WH(OPMAIIMOHHBIX PECYPCOB.

CamocrosiTenbHast paboTa 1Mo JUCHUIUIMHE «J{MCKpeTHas mMaTeMaTuKa» HampaBieHa Ha

dbopMUpOBaHKE CIETYIONINX KOMMETEeHIIUIA:



[Inanupyemsie
Kox, pe3ynbTaThl 00yUeHUS 110
(bopMyTHpOBKa Kon, dpopmymnupopka JUCITUILTAHE (MOJTYJIIO),
KOMITETEHIIHH WHIMKATOpa XapaKTEPU3YIONIHE STaITBI
(hopMupOBaHUS KOMITCTCHITHH,
WHIUKATOPOB
OIIK-3: Cniocoben N -1lonk-3 3Haer [Tpumenser
HCII0JIb30BaTh HEOOXOIUMBIE  MaTeMaTUYECKHE | HEOOXOAMMBIE
HE00X0IMMBbIE METONIbl  JAJIi pelIeHUs 3a/ay | MaTeMaTUYeCKUe  METOJbI
MaTEeMaTHYECKHE METOJIbI | o0ecTiedueHus 3QIIUTHI | TSI penieHus 3amaq
JUISL pellleHus 3a/1a4 nHpopMaLHH. npodeccuoHaIbHOM
npogeccuoHaTbHON N A-20nk-3 YMeer | AeATeNnbHOCTH.
JeSITeNIbHOCTH MIPUMEHSITh COBOKYITHOCTh
HEOOXOMMBIX ~ MAaTEMATHYECKUX
METOJIOB JJIsi pelleHus 3aaady
obecrieueHus 3aIIHUTHI
nHpopMaIuu.
NI-30nk-3 Hanenen
HaBbIKaMU MPUMEHEHUs
COBOKYITHOCTH HE0OXOMMBIX
MaTeMaTHYeCKUX METOJOB  JUIs
pemieHus  3amad  0OecreYeHHs
3a1uThl HHGOPMAIIUH.

2. llesasn W 33124 CAMOCTOSITEILHOH PadoThI

Benymas nens opranuzanuu u ocymectsienuss CPC coBmagaer ¢ nenbio oOydeHUs
cTyaeHTa — (opMupoBaHHe Habopa OOIIEHAy4YHBIX, HPOPECCHOHATBHBIX U CHELUATbHBIX
KOMIETeHIMH Oyay1iero 6akanaBpa Mo COOTBETCTBYIOIIEMY HAMPaBIECHUIO OJITOTOBKU

[Ipu oprannzanuu CPC BaXHBIM U HEOOXO/IUMBIM YCIIOBUEM CTAaHOBSTCS (POPMUPOBAHKE
YMEHHUSl CaMOCTOSTENIbHOW palboThl sl NMPUOOPETeHHs] 3HAHWN, HABBIKOB M BO3MOXKHOCTHU
OopraHu3aiy ydeOHOM U Hay4yHOH JesTenbHOCTH. Llenbio caMocTosTenbHOM paboThl CTYAECHTOB
ABIIIETCS OBJIaJeHue (yHAaMEHTaJIbHBIMU 3HAHUSAMH, NPO(ECCHOHATBHBIMU YMEHUSIMU U
HaBbIKaMU JESITEIbHOCTH 10 MPOQHIII0, ONIBITOM TBOPUYECKOM, HCCIEA0BATEIBCKOMN AESITENTbHOCTH.
CamocrostenbHas paboTa  CTYACHTOB  CIIOCOOCTBYET  Pa3sBUTHIO  CaMOCTOSITEIbHOCTH,
OTBETCTBEHHOCTH M OPTraHU30BaHHOCTH, TBOPUECKOTO MOIX0/Ia K PELICHHUIO TPobiieM yueOHOro u
MpoeCCHOHAIBHOTO YPOBHSI.

3amavamu CPC saBastores:
- CUCTEMATH3aLMs U 3aKPETICHUE NTOJIyYEHHBIX TEOPETUYECKUX 3HAHUN U IPAKTHUECKUX
YMEHMH CTYIEHTOB;
- yriayOJieHne U pacuIMpeHne TEOPETUUECKUX 3HAHUIH;
- dbopMUpOBaHHE YMEHHMHM HCIONIb30BaTh HOPMATHUBHYIO, IPABOBYIO, CIPABOYHYIO

JOKYMEHTALUIO U CIIELIUAIIBHYIO JTUTEPATYPY;



- pa3BUTHE TO3HABATENbHBIX CHOCOOHOCTEH M AKTUBHOCTH CTYIEHTOB: TBOPYECKOU
WHULIUATUBBI, CAMOCTOATEIIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAHHOCTH;

- (GbOpMUPOBAHHE CAMOCTOSTEIILHOCTH MBIIIJICHHS, CIMIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpeAIN3aluu;

- pa3BUTHE UCCIIEI0BATEIbCKUX YMEHUM;

- HCIOJIb30BaHUE MaTepuana, COOPaHHOTO U IOJIyYEHHOIO B XOJ/I€ CaMOCTOSITENIbHBIX
3aHITHIA HA CEMUHAPaX, Ha IPAKTHYECKUX U JTa00PaTOPHBIX 3aHSATHUSX, IPU HAITUCAHUH KYPCOBBIX

U BBIITYCKHOM KBaNU(PUKAIIMOHHOM paboT, 11st 3¢ (HeKTUBHON MOATOTOBKY K UTOTOBBIM 3a4e€TaM U

JK3aMeHaM.
3.TexHoJIOTHYECKAs] KAPTA CAMOCTOSATEILHOI PadoThI CTYAeHTa
O0BEM YacoB, B TOM YHCIIE
Bun nesrensHocTH (akazm.)
Koz CTyACHTOB CpenctBa u Konrakra
peau3yeMbIx
S — TEXHOJIOTUT ast pabota
OLICHKH CPC c Bcero
npernojaBa
TeJIEM
1 cemecTp
OIIK-3 (M-1, | [ToaroroBka k jekiusm | Komruiekt 3,24 0,36 3,6
UJ-2, UJ-3) 3aJlaHUM 1
BOIIPOCOB T10
pazaenam
JIACITUIIIHHBI
OIIK-3 (UI-1, | [ToaroroBka K Kommnekt
Wa-2, U-3) MIPaKTUYECKUM paboTaM | 3alaHuil U
BOmnpocoB o | 6,48 0,72 7,2
paszaenam
JIACITUIIIAHEI
OIIK-3 (UI-1, | CamocTosiTenbHOE Komrutext
UJ-2, Uja-3) W3yYeHHUE JIUTEPaTyphl M0 | 3alaHuil U
TeMaM 1-16 BOmpocoB 1o | 22,68 2,52 25,2
pazaenam
JIACITUTIITAHEI
Htoro 3a 1 cemecTp 32,4 3,6 36
Hroro 32,4 3,6 36

4.TTopsi/1I0K BBITIOJHEHUSI CAMOCTOSITEILHON PaGoThI CTY1I€HTOM

4.1. Memoouueckue pekomenoayuu no pabome ¢ y4eoHoU 1umepamypou

ITpu pabote ¢ KHUro HEOOXOAUMO MOAOOPaTh JUTEPATypy, HAYUUThCS MPABUIBHO €€
YUTaTh, BECTH 3amucu. [y moadopa auTepaTypsl B OMOIMOTEKE UCHONB3YIOTCS aipaBUTHBIN U
CHCTEMaTHYEeCKHI KaTaloru.

BaxHO OMHUTB, YTO pPallMOHATHHBIE HABBIKA PA0OTHI ¢ KHATOW - ATO BCeraa OoJbIast
HKOHOMHSI BpDEMEHHU U CHIIL.



[IpaBunbHBIE TOAOOP YYEOHHKOB PEKOMEHAYETCS IperojaBaTesieM, YUTAIOIIUM
JeKUMOHHBIN Kypc. HeoOxomumas nureparypa MOXKeT ObITh TaKKe yKa3aHa B METOAMYECKHX
pa3paboTKax 1o JaHHOMY KYpCy.

W3yuast marepuan no yueOHUKY, CIEAyeT MEPEXOIUTh K CIEAYIOLEMY BOIPOCY TOJIBKO
1I0CJIE PABUIIBHOTO YSICHEHHSI IPEABIAYIIEro, ONMChIBas Ha Oymare BCe BBIKIAIKH M BEIYHCICHHS
(B TOM 4ucCIe Te, KOTOpbIe B yUeOHHKE OIMYIIEHbI WM Ha JICKIIUH JaHbl AJIS CAMOCTOSITEILHOTO
BBIBOJIA).

[Tpu u3yueHuu nr000# AUCUUIUIMHBI OOJIBIIYIO U BaXXHYIO POJIb UTPAET CaMOCTOSITeNIbHAS
UHIMBUyallbHAs paboTa.

Oco0oe BHHMMaHME CleayeT OOpaTUTh Ha OIpelejeHHe OCHOBHBIX IOHATUN Kypca.
CryneHT noikeH noAgpoOHO pazOuparbh NPUMEPHI, KOTOPHIE MOSCHAIOT TaKUE ONPEIEICHUS, U
YMETh CTPOHUTH AaHAJIOTWYHBIE MPHUMEpPbl camocTosTeNbHO. HykHO 100MBaThCI TOYHOTO
IIPEJICTaBJIEHUSI O TOM, YTO U3y4aelllb. [[01e3H0 cocTaBiIsATh ONOpHbIE KOHCHEKTHL. [1pu n3yuenun
MaTepuaia Mo y4eOHUKY IOJIE3HO B TeTpaau (Ha CIEeNHaIbHO OTBEACHHBIX MOJSAX) JOMOIHSATH
KOHCIEKT Jiekuuid. Tam ke cieayeT OTMedarb BOIPOCHI, BBIIEIEHHBIE CTYACHTOM JUIS
KOHCYJIbTAIIMH C MIPEToaBaTeeM.

BbIBO/IBI, MTOJTyYEHHBIE B PE3YJbTaTE U3YUEHUSI, PEKOMEHIYETCS B KOHCIIEKTE BBIJIEISTh,
4YTOOBI OHU TIPH MEPEUUTHIBAHUH 3aMUCEH JTy4Ille 3alI0MUHAIIUCE.

OnpIT MOKa3bIBAa€T, YTO MHOIMM CTYJE€HTaM IIOMOIaeT COCTABJIEHUE JIMCTAa OIMOPHBIX
CUTHAJIOB, COJIEp>KaIIero BayKHEHIIMe 1 Haubosee 4acTo ynorpediusieMmbie GOpMYIIbl U MOHSATHUS.
Takoil TUCT MOMOraer 3amoMHUTH (POPMYJIbl, OCHOBHBIE IOJIOXKEHUS JIEKIUH, a TAKXKE MOKET
CILY’)KHTb ITOCTOSIHHBIM CIIPAaBOYHUKOM JJIsI CTYJEHTA.

UreHne Hay4YHOTO TEKCTa SIBJISIETCS YacThIO MO3HABATEIbHOW jaedrenbHocTU. Ee nenp —
U3BJIEYCHHE U3 TEKCTa He0OxoauMoil nHpopmaruu. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIIUM
coOCTBEHHasi BHYTPEHHsSl YCTAaHOBKA NpU OOpallleHUH K MEeYaTHOMY CJIOBY (HAllTH HY)KHbIE
CBE/IEHUS, YCBOUTh MH(OPMAILIMIO MOJHOCTHIO WIM YaCTUYHO, KPUTUUYECKU MPOAHATU3HPOBATH
MaTepuai U T.I.) BO MHOIOM 3aBUCHUT 3()()EKTUBHOCTh OCYILIECTBISIEMOTO JEHCTBUS.

Boiaenstor uemoipe 0choénble yCmano6Ku 6 YmeHuu Hay4HOo20 MEeKCmda.

MH(POPMAIMOHHO-TIOUCKOBBIN (3a/1a4a — HAUTH, BBIJICIUTH UICKOMYIO HH(OPMAITUIO)

ycBanBarolias (yCHJINs YATaTeNs HallpaBJIeHbI Ha TO, YTOOBI KaK MOXKHO ITOJTHEE 0CO3HATh
Y 3a[IOMHHUTbH KaK CaMH CBEJICHUS U3J1araeMble aBTOPOM, TaK U BCIO JIOTUKY €0 pacCy KIACHHI)

aHAJTMTUKO-KPUTHYECKass (YUTATEeNIb CTPEMUTCS KPUTHUECKHM OCMBICIUTh MaTepHal,
IIPOAHAIU3UPOBAB €T0, ONPE/IETUB CBOE OTHOIIEHUE K HEMY)

TBOpUYECKas (CO3JAET y 4YMTATEIs FOTOBHOCTH B TOM WJIM MHOM BHUJE — KaK OTIPaBHOU
IYHKT JUJIS1 CBOMX PACCYKJI€HUH, Kak 00pa3 Juisl IEHCTBUS MO aHAJIOTMM U T.I. — UCIOJIb30BATh
CYXJIEHUSI aBTOpa, XOJ €ro MbICIeH, pe3ynbTaT HaONIoleHUus, pa3pabOTaHHYI0 METOAMKY,
JOTIOTHUTD UX, [TOIBEPIHYTh HOBOM IPOBEPKE).

4.2. Memoouueckue pexomeHOayuu no N0O20MoeKe K NPAKMu4ecKum 3aHAMusAM

J11s TOro yTOOBI MPAKTUYECKUE 3aHATHS IPUHOCUIN MAaKCUMaJIbHYIO MOJIb3Y, HEOOXOAUMO
IIOMHHUTb, YTO YNPAXHEHUE U PEUICHHE 3aJad IPOBOAATCS IO BBIYMTAHHOMY Ha JIEKLUAX
MaTepuaiy U CBA3aHbl, KaK MPaBUIio, C A€TaIbHBIM pa300pOM OTIEIbHBIX BOIIPOCOB JEKIIMOHHOTO
kypca. Crnenyer NOAYEPKHYTb, YTO TOJBKO IIOCJIE YCBOEHHS JEKIMOHHOIO MaTepuana ¢
oTpeieNIeHHOM TOUYKH 3peHHs (2 IMEHHO C TOW, ¢ KOTOPOM OH M3Jlaraercs Ha JIEKLHUAX) OH OyJeT
3aKpEIUIATHCS Ha MPAKTUUECKUX 3aHATUSAX KaK B pe3yIbTaTe 00CYKACHUS U aHAIN3a JIEKIIHOHHOTO
MaTepuaia, TaKk ¥ ¢ MOMOIIbIO pelleHrs MpoOJeMHBIX cUTyalui, 3agad. [lpu 3TuX ycioBusax
CTYJEHT HE TOJIbKO XOpOILIO YCBOMT MaTe€pHall, HO U HAy4YUTCSl IPUMEHATh €0 Ha IPAKTHKE, a
TaK)Ke IMOJIYYUT JIOTIOJHUTENbHBIM CTUMYJN (M 3TO OYEHb BAXKHO) ISl AKTUBHOM MPOpabOTKU
JEKLUH.

Crnenyer MOMHHTB, YTO pEIICHUE KaXIOW y4eOHOW 3amaud JOJDKHO JTOBOJMTHCS 0
OKOHYATEeJIbHOTO JIOTHYECKOTO0 OTBETa, KOTOPOro TpedyeT YCIOBHE, M IO BO3MOXHOCTHU C
BbIBOZIOM. [lomydeHHBI OTBET ciexyeT MPOBEPUTh CHOCOOaMM, BBITEKAIOIMMH M3 CYIIECTBA
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naHHoM 3amaun. [lone3Ho Takxke (eciu BO3MOXKHO) peliaTh HECKOJIBKHUMH CIIOCOOAMH U CPAaBHUTD
MOJTYYCHHBIC pe3yJbTaThl. Pemenre 3a1a4 JaHHOTO THIIA HY)KHO MPOAOJKATh 10 TPHOOPETEHUS
TBEP/BIX HABBIKOB B UX PEIICHUHU.

4.3. Memoouueckue pekomeHOayuu No Camonposepke 3HaHull

[Tocne m3yueHus: onpeneneHHOM TEMbI MO 3alUCsAM B KOHCHEKTE M YYCOHUKY, a TaKKe
pellleHus] TOCTATOYHOT'O KOJMYECTBAa COOTBETCTBYIOIIMX 3a/1ay Ha MPAKTHYECKHX 3aHATHIX U
CaMOCTOSITEJIbHO CTYICHTY PEKOMEHIYETCs, MPOBECTH CaMOIPOBEPKY YCBOEHHBIX 3HAHUU,
OTBETHUB HAa KOHTPOJIbHBIE BOIIPOCHI M0 U3YUYEHHOI TeMe.

B cirydae HE0OXOJUMOCTH HYXKHO €I1Ie pa3 BHUMATEIbHO pa3o0paTbcs B MaTepHase.

WHorga HEIOCTATOYHOCTh YCBOEHHUS TOTO WJIM MHOTO BOIPOCA BBICHSETCS TOJNBKO MpU
M3YYEHUHU JajbHelIero Marepraina. B 3ToM ciayyae Hajo BEpHYTHCS Ha3aJl U IOBTOPUTH IJIOXO
YCBOGHHBII Marepuan. BakHblii KpUTepuil yCBOEHHUS TEOPETHUECKOr0 Marepuala - yMEHHe
pemaTh 3aJauyd WM MPOUTH TECTHUPOBAHMUE IO MPOACHHOMY Marepuany. OaHAKO cleayer
MOMHHTb, YTO MPABWJIBHOE pPEIICHHE 3aJaud MOXET IMOJIYYUThCS B pe3ysbTaTe MPUMEHEHUS
MEXaHHYECKHU 3ay4eHHBIX (hOpMYyI1 O€3 TOHUMAaHUs CYITHOCTH TEOPETHYSCKHUX MOJIOKCHUH.

5.KoHTposb caMocToATE/ILHOI PadoThI CTY1€HTOB

B pamkax peMTHMHIOBOM CHUCTEMBI yCIIEBAEMOCTb CTYACHTOB IO KaXKJOW IUCLHUILIMHE
OLICHUBAETCA B XOJI€ TEKYLIETO KOHTPOJISA U IIPOMEKYTOYHON aTTECTALIUN.
Texkymmii KOHTPOJIb

PeliTuHrOBasi OLlEHKA 3HAHUI CTyIeHTA

Ne Bun nesarensHOCTH CTYIEHTOB Cpoxu Komunuectso
n/n BBINOJIHEHUsST | OaJIJIoB
[IpakTuueckoe 3anarue 5 3) 15
Hesesl
[TpakTryeckoe 3anstue 10 10 20
Hesest
[IpakTryeckoe 3anstue 15 15 20
Hesesl
HTtoro 3a 3 cemecTp 55
Hroro 55

MaxkcumanbHO BO3MOXKHBIN Oyl 3a BeCh TEKYIIUI KOHTPOJIb YCTAHABIUBACTCS PaBHBIM 59.
Texymiee KOHTPOJILHOE MEPOTIPUSITHE CUMTACTCS CIAHHBIM, €CIIH CTYJICHT IOJIYYWII 32 HErO He
meHee 60% 0T yCTaHOBJIEHHOTO U1l 3TOT0 KOHTPOJIsl MaKCUMallbHOTO Oasuia. PedTHHroBbIi Oar,
BBICTABJISIEMBI CTYJIEHTY 3a TEKyllee KOHTPOJBHOE MEPONpPHUSATHE, CIAaHHOE CTYIECHTOM B
YCTAQHOBJICHHBIE TI'PaUKOM KOHTPOJBHBIX MEPONPUATHH CPOKH, OMpEeAessieTcs CIeAyIOIIUM
obpazoM:

Yposenw Peiimunzoeutit 6ann (6 % om
6bINOJIHEHUSA KOHMPOIbHOZ20 3A0AHUS MAKCUMATILHO20 014 34 KOHMPOJIbHOE
3a0anue)
Omauynwlil 100
Xopowuii 80




Yooeremeopumenvhuiii 60

Heyooenemsopumenvnuiii 0

6. Cniucox iureparypsbl
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nocobue / J. P. 3apunosa, M. I'. KokoTtunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHHUBEpPCUTET  OpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryna:
http://www.iprbookshop.ru/22190.html
6.2. [lepeyeHb TOMOJTHUTEILHOM JUTEPATYPbI:
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http://www.iprbookshop.ru/12723.html
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BBenenune

1. Heqab u 3an0a4u M3y4eHus: AU CHUNINHBI

Henp aucuuiummHel: ¢GopMHupoBaHHE Habopa 0O0mENnpOoPecCHOHATBHBIX KOMIICTECHIIHIA
OakamaBpa no HampasiieHuto nmoaArotoBku 10.03.01 MudopmanmonHas 6€300aCHOCTb.

33,[[8‘11/1 OCBOCHHA JUCHUIIIIMHBI:

(hopMupoBaHHE MPEACTaBICHUI O pPOIM U MeECTe

MaTeMaTHKd B COBPEMEHHOM MHpE, JTamax pa3BUTUS, YHUBEPCAJIBHOCTH €€ MOHATUU U
IpeJICTaBlIeHUI; (popMHUpOBaHHE YMEHHM UCIIOJIb30BATh HEOOXOJUMbIE MATEMATUYECKUE METO b
JUTSL pEICHUs 3a]1a4 TPo(ecCHOHABHOMN IeITeIbHOCTH.

2. O0opynoBaHHe U MAaTePHAJIBI

[IpakTuyeckne paboOTHl MO AMCUHUILUIMHE «/lMCKpeTHass mMaTeMaTHKa» MPOBOAATCA B
y4eOHO ayJUTOpUH ¢ MyJIbTUMEIMa 000pyJOBAHUEM: IPOEKTOP, KOMITBIOTEP, SKpaH HACTEHHBIH.
3. HammeHoBaHMe NPAKTHYECKHUX PadoT

Ne HanmeHoBaHMeE TeM TUCHUILIAHBI, HX KPATKOE Oo0bem M3 Hux
TeMbl cojiep:kaHue 4acoB NpaKTHYecKast
MOJAr0TOBKA, YaCOB
1 cemecTp

1 CnocoObl  3amaHusi MHOXecCTB. Ormepanuu  Haj 2 2
MHOXECTBaAMH.

2 OtHoweHus. OtHomenus HKBHUBAJIEHTHOCTH. 2 2
OtHowienne mnopsaka. CBoiicTBa  OTHOLIEHMH.
OtoOpaxenus. MHbeKIMs, CIOPBEKIUsS, OHEKLHS.
[Tonsitue GyHKIMM.

4 OcHOBHBIE alire0pandeckue CTPYKTYPHI. 2 2

5 Onepanui  HaJx  BBICKa3bIBaHUSAMH.  TaOIuIIbI 2 2
UCTUHHOCTH. Jlornueckue 3a1auu.

) Hcuucnenue BBICKa3bIBaHUM. Anroputm 2 2
yHuukanuu. [IpaBuia BeIBOJA.

6 Hcuucnenue IIPEIUKATOB. ABTOMaTHUECKOE 2 2
JI0OKa3aTesIbCTBO TeopeM. MeTo | pe30IIroIuil.

7 Crioco6b1  3amanust OyneBodt ¢yHkuuu. Tabnuna 2 2
WCTUHHOCTH OYyJIeBON () YHKIIHH.

! ITpruMeHeHne 3aKOHOB aJIreOpPbI JIOTHKH. 2 2

8 JIM3bIOHKTHBHBIE U KOHBIOHKTHBHBIE COBEPIICHHBIC 2 2
HOpMaJIbHbIE ()OPMBI.

8 AJTOPUTMBI TOCTPOEHUS NOTMHOMOB JKeraikuHa. 2 2

9 Pa3merienusi,  mepecTaHOBKM, ~ COYETaHUS B 2 2
KOMOWHATOPHKE.

9 [ToncranoBku.  buHomuanbHble KO3 (UIIHMEHTHI. 2 2
Pa30uenus.

13 OcHoBHbIE XapaKTepUCTUKH TpadoB. Marpuiisl 2 2
CMEXHOCTH U HMHUUACHTHOCTH. Omnepanuu Haj
rpadamu.

14 Oiinepos rpad. Kpurepwuii sitnepoBoctu. 2 2

14 ["amunpTOHOB Trpad. 2 2

15 Anroputm  ®opna — bemiMana  HaXOXIeHHA 2 2
MHUHHMAaJIbHOIO nyTH B Harpy>kKeHHOM
OpPUEHTHPOBAHHOM Tpade.
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15 3amaua HaXOXKJIECHUS KPUTUUECKOTO ITyTH B Tpade. 2 2
16 [ToctpoeHre MHHHMAJIBHOTO OCTOBHOTO JiepeBa 2 2

Harpy»kKeHHOro rpaga.
Hroro 3a 1 cemectp 36 36
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4. Conep:xaHue NpaKTHYECKUX padoT

IIpakTuyeckass padora Nel. CnocoObl 3anaHusi MHo:KecTB. Onepamum Hajg
MHOKeCTBaMU.

Ilenv 3anamusa. [lpuodpecty HABBIKK 3aJaHUSI MHOXKECTB, BBIMOJHEHHUS OMEpaluidl Haja
MHO>KECTBaMHU.

3Hanua u ymenus, npuodpemaemvie CHLYOCHMOM 6 pe3yibmame OCGOEHU MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT U yMeEeT MPUMEHATH Oa30BbIE ONEpalUUd Hajl
MHOECTBaAMHU.

Teopemuueckas uacme.

[TonsiTe MHOKECTBA HE ONIPEEIIAETCS, a JIUIIb WUTIOCTpUpyeTcs mpuMepamu. Hanpumep,
MO>KHO TOBOPUTH 0 MHOXkecTBe cTateil 'K PD, 0 MHOXKECTBE JIOTHUECKUX BO3ZMOKHOCTEN U T.J.
MHoxecTBa OyemM 0003Ha4aTh MPONUCHBIMY JJATHHCKUMU OykBamu: A,B,... Eciin anemenT x npu-
HAJICKUT MHOKECTBY A, MUIIYT X € A (UUTAIOT: «X IPUHAATICKUT MHOKECTBY A»), B IPOTUBHOM
MUIIYT X £ A («x HE NPUHAIUICKUT MHOKECTBY A»). MHOXECTBO, HE coepkKaliee HU OJTHOTO
DIIEMEHTA, Ha3bIBAIOT NYCMbIM, €0 0003HAYAIOT CUMBOJIOM .

MHuoowcecmeo cuumaemcs 3a0aHHbIM, €CIY O TI000M JaHHOM 00BEKTE MOKHO OJHO3HAYHO
CKa3aTh MPUHAJICKUT OH 3TOMY MHOXKECTBY WM HET. PaccMoTpuMm 0ea cnocoba 3ananus
MHO>KECTBA!

* JJa€TCs MOJIHBIM EPEUCHb HIEMEHTOB MHOXKECTBA; HAIIPUMEDP, MHOKECTBO PE3yJIbTATOB
TOJIOCOBAHUS MPUCSIKHOTO TAKOBO: {«3a», KIPOTHUBY, «BO3JIEPIKATICIN } ;

* YKa3pIBAaeTCS TPABWIO ONPEICICHHUS MPUHAIICKHOCTH JIIOOOr0 O00BEeKTa K
paccMaTpuBaeMOMY MHOXKECTBY; Hampumep, 3anuch A = {x : [x| < 10} o3Havaer, 4To A COCTOUT
U3 TaKUX YMCEIl X, MOJYJIb KOTOPbIX MeHblIe 10 (1mocie 1BoeTouus 3aucalHo IpaBuiio, KOTOPOMY
JOJI’KHO yJIOBJIETBOPSITH YUCIIO X, YTOOBI €r0 MOYKHO OBLJIO OTHECTH K MHOXKECTBY A).

JIBa MHOKECTBA, COCTOSIIIME U3 OJHUX U TEX JKE DJIEMEHTOB, Ha3bIBAIOTCS pagubimu. Ecimn
MHOecTBa A u B paBHbI, To mumyt A = B.

Ecnu xaxapiii a71eMeHT MHOKeCTBa B siBIisieTcs B TO e BpeMs 2JIEMEHTOM MHOXECTBA A,
TO TOBOPST, UTO B — noomnoocecmeo muoxectsa A. B stom cnyuae nmumyt B < A (uurtator «B
— TIOJIMHOKECTBO MHOXKECTBA A»).

B nocnenyrorem, nCXo1HOE MHOXKECTBO OYy/1eM Ha3bIBaTh YHUBEPCAIbHLIM N 0003HAYATH
U. Cobcmesennvie noomuosxcecmsa MHoxkectBa U — 3T0 Te MOJMHOXKECTBA, KOTOPBIE COAEPKAT
HEKOTOpbIe, HO He Bce eMeHThl U. Hapsimy ¢ coOCTBEHHBIMU MTOAMHOKECTBAMH YCIIOBHUMCS CaMO
U 1 mycToe MHOXKECTBO & TaK)Ke CUUTATh MOJIMHOXKECTBAaMH MHOKecTBa U.

PaccmotpuM mporiecc 06pa3zoBaHusi HOBBIX MHOKECTB U3 JaHHBIX MHOKECTB A u B, mipu
3ToM OyneM MpeamnonaraTb, 4T0 U A, U B, U BHOBb 00pa30BaHHOE MHOKECTBO SIBISIOTCS
MOJIMHOKE€CTBAMH HEKOTOPOTO YHHUBEPCAILHOTO MHOKecTBa U.

Obveounenuem MHOXeCTB A u B (obo3Hauaercs A U B) Ha3piBaeTcs MHOKECTBO,
COCTOSIIIEE U3 BCEX TEX DIIEMEHTOB, KOTOPbIE MPUHAJIeKAT XOTS OBl OJTHOMY U3 MHOXKECTB A, B.
Ilepeceuenuem MuoxectTB A 1 B (0603HauaeTcsi ANB) Ha3pIBaeTCS MHOXKECTBO, COCTOSIIEE U3
BCEX T€X U TOJBKO T€X AJIEMEHTOB, KOTOpPbIE MpUHAIeKAT U A, U B. PasHocmvio MHOXKECTB A U
B (0o603nauaetcs A \ B) Ha3bIBa€TCS MHOKECTBO BCEX TE€X U TOJIBKO TEX 3JICMEHTOB A, KOTOPHIC HE
conepxkarcst B B. Ilycte U— yHugepcanvrnoe muodicecmeo Takoe, 4TO BCE paccMaTpUBAEMbIe
MHOECTBA SIBJISIIOTCA €r0 TOJMHOXECTBAMU. /[onoiHeHuemM MHOXKECTBa A  Ha3bIBaeTCs
MHOYECTBO BCEX JICMEHTOB, He MPUHAICKAMKMX A (HO mpuHaaiexanmx U).

Ecnmu paccMoTpeTh HekoTOpble KOHeYHbIe MHOXecTBAa N m M, y KOTOpBIX HMEIOTCSA
cooTBeTcTBeHHO HekoTopbie uucia aieMeHToB K(N), k(M), To mmeer mecro cremyroriee
COOTHOIIICHHE:!

k(NuUM)=k(N)+k (M)-k(N~M).
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[Mpumep.  BerynurenbHbI 5K3aMeH 1O (U3MYECKOH MOATOTOBKE B MOCKOBCKHI
yauBepcuteT MBJ] Poccun cnmaBamu 2500 abutypueHTOB, onleHKy Huxke "S5" momyummau 1800
YeJIOBEK, a BbIIEpKau 3TOT 3k3aMeH 2100 abutypruenToB. CKOJIBKO YETOBEK MOTYUHUIIH OLEHKH
"3"u "4"?

Pemenue. [Tpennonoxum, uro N — MHOXECTBO aOUTYpHUEHTOB, BBIIEPIKABIINX 3K3aMEH
1o Gu3NYECKON MOATOTOBKE, M — MHOXKECTBO aOMTYPHUEHTOB, IMOJYYHBIINX OLICHKU HUXe "5".
[To ycnoButo 3amaun umeeMm K (N) = 2100, k(M) = 1800, k (NUM) = 2500. AGUTYpHUCHTHI,
nosyuuBiue omneHku "3" u "4", o6pasyror MHO)kecTBO NNM. [IpumeHsst mpuBEICHHYIO BBIIIE
dbopMyiy, HaXOIUM:

K(NuUM)=k(N)+k (M)-k(N~M).
KINNM)=k(N)+k(M)-k(NuM),
k(N n M) = 2100+1800-2500 = 1400.
Otget: 1400 yenoBeK MOMYUHIIN OLIEHKH «3» U «4».
KoHnTposbHbie Bonpockl U 3aJaHUA

3agaua 1. Ha nmepBom Kypce ciieacTBeHHOro ¢akyiabTera MOCKOBCKOIO YHUBEPCUTETA
MB/I Poccun 1500 kypcantoB, u3 kotopbix 1050 KypcaHTOB M3y4arOT aHIVIMHCKUN S3BIK, 675
KypCaHTOB U3y4yaroT HEMEUKUH A3bIK U 345 KypcaHTOB U3y4aroT 00a sA3bika. CKOJIBKO KypCaHTOB
CJIeICTBEHHOTO (haKyIbTETa HE U3YYAIOT HU aHTJIMHUCKHUI, HU HEMEIIKUHN S3BIK?

3agava 2. B onumnuazne no umHpopMaTHKe M MaTeMaTHKe NpuHuUManu ydactue 40
KypcanTtoB MockoBckoro ynusepcurera MBJ[ Poccun, uM OBIIO MPEIOKEHO PEIIUTh OIHO
3ajJlaHKe 110 UHPOPMATHUKE, OJTHO T10 ITPaBOBOM MH(OPMATHKE U OAHO IO MaTeMaTuke. Pe3ynbraTsl
IIPOBEPKHU pellIeHUH 3aJaHUN [Tpe/ICTaBIEeHbl B TAOIHIIE:

Pemensl Kommnuectso Pewrens! 3ananus Komunyectso
3aJaHMs PELIUBIINX PELIUBIINX
ITo 20 [lo  wuHpopmaTtuke U  TPaBOBOH 7
uHpOpMaTUKe uHpopMaTuKe
[To mpaBoBoit 18 [To undopmaruke U MaTeMaTHKE 8
uHpOpMaTUKe
ITo 18 1o npaBoBoii nHopmMaTuKe 1 9
MaTeMaTHKe MaTeMaTHKe

W3BecTHO Takxke, 4TO HU OAHOIO 3a/laHusl He peliid Tpoe. CKOJIbKO KypCaHTOB PELIHIIN
Bce 3 3amanusa? CKOIbKO KypCaHTOB PELININ POBHO 2 3a1aHus?

3amada 3. B MarasuHe KaHLEIAPCKUX NPHUHAIIEKHOCTEH MOCKOBCKOTO YHUBEpPCUTETA
MB/JI Poccun KypcaHThl OOBIYHO MOKYIAIOT JUO0 OJHY PYUKY, MO0 OJHY TeTpajb, MO0 OAHY
PYUKY M OJHY TeTpajib. B ogun u3 auei 6pu10 npojgano 57 pyuek u 36 terpaneit. CKoabKo ObLIO
MOKyTIaTeNnen, ecny 12 KypcaHTOB KyIWIN U PYUKY, U TETpaab?

3anada 4. B 0qHOM W3 rOopoJOB YKpaumHbI 4acTh JKUTEJIEH TOBOPUT TOJBKO MO-PYCCKH,
4acTh - TOJIBKO [10-YKPAauHCKHU, YaCTh TOBOPUT U MTO-PYCCKH, U NO-yKpauHcKu. M3BecTHO, uTo 90%
KHUTeNel ToBOpUT mo-pycck, a 80% - mo-ykpanncku. Kakoil mpoueHT xureneit ropoja roBOpuT
Ha 000uX s3bIKax?

3anava 5. Kaxnaplil u3 KypcaHToB yueOHOM rpymnmbl MockoBckoro yHuBepcureta MB/I
Poccun B 3uMHME KaHUKYJIBI POBHO JBa pa3a ObLI B TeaTpe, pu 3ToM crektakau N, M u P Bugenu
COOTBeTCTBEHHO 25, 12 u 23 xypcanTa. CKOJIBKO KypcaHTOB B yueOHOH rpyrme? CKOIbKO U3 HUX
Buaenu cuekrtakiii Nu M, N u P,M u P?

3amaua 6. B yuebHoit rpynme u3 40 kypcanToB 30 yMerOT 1aBaTh, 27 yMEIOT UTPATh B
[1aXMaTbl U TOJIBKO 5 HE YMEIOT HU TOro HU Apyroro. CKOJbKO KypCaHTOB YMEIOT ILIaBaTh U
UrpaTh B IIaXMaThl?
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3anmada 7. B TeueHue Henenu B KHHOTeAaTpe AeMOHCTpUpoBaiuch ¢puibMel A, B u C. 13 40
IIKOJIBHUKOB, KaXIbI M3 KOTOPBIX MPOCMOTpen Jau00 Bce TpH (uiabma, MO0 OAUH U3 TpeX,
¢mwiem A Bunenu 13, punsm B—16, dunsm C—19 mkonpHUKOB. HaliTH, CKOJIBKO YYEHHUKOB
IIPOCMOTPENH BCe TpH (puiibma.

3anaga 8. B cnoptuBHOM narepe 65% pebsar ymerot urpats B ¢pyroon, 70%—B Boneitdon
u 75%—s OacketOon. KakoBo HanMmeHblllee 4UCIIO pedsAT, yMEIOIUX UrpaTh U B (yTOOI, U B
BOJIEIT00II, U B OackeTOO0I?

3agaya 9. Ha ypoke nuTepaTypbl yuyuTelb pelIni y3HaTh, KTO U3 40 y4eHMKOB KJjacca
yutan kauru A, B u C. Pe3ynbTarsl onpoca oka3aauch TaKoBbl: KHUTY JI unTtano 25 yuyammxcs,
kHUTY B-22, kaury C—raxoke 22. Kauru A win B uyntanm 33 yuenuka, A v C—32, B umu C—
31; Bce Tpu kHuru npowtn 10 yvamuxcs. CKOIbKO yYEHUKOB IIPOUWIH TOJIBKO IO OJIHOM KHuUre?
CKOJIBKO yyamuxcs He YUTaJIN HU OJJHOM U3 3TUX TpeX KHUr?

3amaua 10. Cpeau aOMTYpUEHTOB, BBIICP)KABIIMX MPHEMHBIE K3aMEHBI B BY3, OLICHKY
«OTJIMYHO» TMOJIyYWIU: 1O MaTeMaTuke—48 aOuTypueHTOB, 1o ¢u3zuke—37, MO PYCCKOMY
A3bIKy—42, M0 MaTeMaTuke win (u3nKe—75, M0 MaTeMaTUKE W PYCCKOMY SI3BIKYy—76, 10
(bu3uKe UM pycCKOMY sI3bIKy—60, 110 BceM TpeM npeameraM—4. CKoIbKo aOUTYpHEHTOB IMOJTY-
YWIN XOTA Obl 0JIHY NATEPKY? CKOJIBKO CpeIy HUX MOJYUYUBIIUX TOJIBKO OJIHY MSATEPKY?

Pexomenodyeman numepamypa:

OcHoBHast JiMTeparypa:
3apunoBa, J. P. Jlekuuu mo AUCKpeTHOW MareMaruke. Maremarhyeckas Jorhka: ydeOHoe
nocobue / D. P. 3apunosa, M. I'. KokorunkoBa, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHHUBEpPCHTET  OpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryma:
http://www.iprbookshop.ru/22190.html

JlonosiHUTeIBLHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHas MmaremaTHKa AJs IpOrpaMMHCTOB : yueOHoe nocodue / P. Xarraptu. —
Mocksa : Texnocdepa, 2012. — 400 C. — Pexum JOCTyTA:
http://www.iprbookshop.ru/12723.html

IIpaktnueckass padora Ne2. OtHomeHusi. OTHOLIEHHSI JKBHBAJEHTHOCTH.
OtHowmenne nopsinka. CpoiicrBa oTrHomeHuil. Orodpaxenus. UHbexkuusi, cropbekums,
Oonexnus. [lonsitne pynkuum.

Ienv 3anamusn. [IpuoOpecTy HABBIKKM OMpENETCHUs BHUJAa OMHAPHOTO OTHOIICHHUS, €ro
CBOWCTB M c1ioco0a 3aaHusl.

3nanua u ymenusa, npuodopemaemovie CMyOeHmMOM 6 Pe3yibMmame O0CE0EHUs MeMbl,
dopmupyemoie Komnemenyuu. 3HacT OCHOBHbIE OMHApHBIE OTHOIIEHUSI U UX CBOMCTBA, yMEeT
IIPUMEHATH CBOWCTBA OTHOIICHUM HA MPAKTUKE.

Teopemuueckasa uacme.

bunapHble OTHOIIEHHS yCTaHAaBIMBAIOT COOTBETCTBUS AJIEMEHTOB OJHOTO MHOXKECTBa
3JIEMEHTaM JIpyroro MHoxkecTBa. Eciu, Hanpumep, 31eMeHT X € X COOTBETCTBYET dIeMeHTY YeY,
TO (aKT dTOTO COOTBETCTBHS MOKHO 3allMCaTh B BHUJE yHOpsAIO4YeHHOU mapsl (X,Y). Ilpasuio
(mpenmucaHue, MPUHLMI), IO KOTOPOMY 3J€MEHTY X M3 X CTaBUTCS B COOTBETCTBUE Y U3 Y
BBIpOXKAOT MO0 B crmoBecHOW ¢dopme, MO0 B cUMBOJWYecKOW (dopmanbHOW u T.M.). B
OOJIBIIMHCTBE CITyyaeB CUMBOJIMYECKas (hopma uMeeT BUJ XRY 1 uutaeTcs cieayronmm oopazom
«X HaxoIuTcs B OoTHomleHMH R k y». B mpuHuumne, ecim Mexay HEKOTOPBIMHM 3JIEMEHTaMHU
MHOXkecTB X W Y omnpeieneHo OTHOIIeHHe R, TO OHO MoOeT ObITh OXapaKTepPU30BAHO
OJIHO3HAYHBIM TPOCTHIM TE€PEUUCICHHEM BceX Map (X,y), B KOTOPBIX X U Yy CBSI3aHbI
cooTHomeHueM R. B mocnennem ciiydae oTHomeHue R MOXHO NMPUHUMATh KaK BCE MHOXKECTBO
JOTTYCKaeMbIX UM YIIOPSIIOUEHHBIX Map BUAA (X,y) U mHcath (X,y) €R, rae “R” yxe BbICTyNaeT Kak
CHUMBOJI MHOKECTBA.
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bunapnoe otHomenue K HaszbiBaeTcs peaeKCHUBHBIM, eciH (X,X) € R mist Bcex xeX. Dto
orpeziesieHue Ha S3bIKe TEOPUHM MHOXKECTB MUILETCS B cieaytouieM Bune: EeR,VXe X, roe E =
{(x,x)/x € X}c Xx X.

OtHomenue R Ha3biBaeTcs aHTUPEPICKCUBHBIM (MppedIIeKCUBHBIM), €clii (X,x) € R, V x &
X mmuRNE=0.

bunapHOe OTHOILICHHE HAa3BIBACTCS CHMMETPHUYHBIM, ecin (X,Y)eR => (y,x) €R wmm R
=R

OtHomrenue R Ha3pIBacTCS aHTHCHMMETPUYHBIM, eciii (X,)) €R u (Y,X) eR = x =y wimn
RARIcE.

OtHowenne R Ha3pIBaeTCsl aCUMMETPUYHBIM, €CIIM U3 ABYX OTHOLIEHMM XiRXj n  xjRxi,-
BEITIONTHACTCS IO MEHbIIIEH Mepe 011HO, T. . RNR™1=0. Cneayer 3aMeTHTh, 4To U3 acuMMeTpuH R
BBITEKAET €ro aHTUPE(PIEKCUBHOCTb.

bunapHoe otHolieHre R Ha3bpIBaeTCs TPaH3UTHBHBIM , eciii (X,y)eR u (Y,2)eR = (X,z) eR
i R°RcR. bonee mpocTo cBOKWCTBO TPAaH3UTUBHOCTU OTHOIICHHS R MOXHO copMyTHUpOBaTh
crnenyromuM obpazom: u3 XiRXj m XxjRxk Bcerma crnenyer xiRxk. IIpumepom TpaH3UTHBHOTO
OTHOILIEHHSI MOKET CITY)KHTh OTHOILIICHHE BKJIFOUEHHs HAa MHOXKecTBax. B wactnoctn AcB n BcC
= AcC.

OTHollIeHNE  SKBUBAJIGHTHOCTH  OMNpeJAeNsieTcss Kak OTHOIIeHue, obnaaaroliee
CIeAYIOIMMHU CBOMCTBaMU: 1) pedekCUBHOCTD, 2) CAMMETPUYHOCTD, 3) TPAH3UTUBHOCTH. JlJist
0003Ha4YeHHsI 3TOTO OTHOIIEHUS BBOIAT cuMBol " ~ ". Eciiu R oTHOIIEHHEe SKBUBaIEHTHOCTH, TO
3amuch X1RX2 1 X1 ~ X2 paBHO3HAuHBI (RCX X X).

[IpumepoM OTHOIIEHNUS SKBUBAJIEHTHOCTH B TEOMETPUH SBJIIETCA OTHOLIEHUE "1oa00us"
(KOHTPY?HTHOCTH).

KoHTposabHbIe BONpochI U 3aJaHUA

1. Otnomenue R: “<” Ha MHOXECTBE [IEHCTBUTEIBHBIX YHCET SBIIETCI JHU
pedraexkCuBHBIM?

2. OrtHomenne R: “<” Ha MHOXeCTBE [EHCTBUTENLHBIX YHCEN SBIAETCA JIH
TPaH3UTUBHBIM?

3. KakumM gBisgercsa otHomenue R: “<” ?

4. OnpeenuTh, KAKUMHU CBOMCTBAMH 00J1aJJaeT OTHOIICHHE R: «IIprUHAIEKHOCTD K OJTHOM
CTYJICHUECKOW T'PYIIe» Ha MHOKECTBE CTYJCHTOB MHCTUTYTA?

5. TpaH3UTHUBHO JIU OTHOIICHHE HEPABEHCTBA HA MHOKECTBE ICUCTBUTEIBHBIX UnCEN?

6. TpaH3UTHBHO JIM OTHOIIICHHE PABCHCTBA TPEYTOJHLHUKOB B TEOMETPUN?

7. dna muoxkectB A, B, u C cripaBennuBo otHomenne A N B =Y, B N C = . Ssnsercs
JIY 3TO OTHOIIIEHUE TPAH3UTUBHBIM?

8. Omnpenenure CBOMCTBa CJIEIYIOLIUX OTHOILICHUH:
1. «ripsiMasi X mepecekaeT NpsAMYyIo y» (Ha MHOXKECTBE MPSMBIX);
2. «aucno X Oonblie yucia y Ha 2» (Ha MHOYKECTBE HATypaJIbHBIX YHCel);
3. «IuCcI0 X JeNUTCS Ha 4YHclIo y 0Oe3 ocTaTka» (Ha MHOXKECTBE HATYpPaJIbHBIX YHCEN);
4. «x - cecTpa y» (Ha MHOXECTBE JIIOJIEH).

9. lns 3anaHHbIX Ha MHOXKecTBe A={1,2,3,4,5} OuHapHBIX OTHOLIEHUH p U T:

p={(xy)I(x=2)(y-2)<1}; 7={(x,y):2x23y]
a) 3amMcaTh MaTPUILIBI U TIOCTPOUTH IPaPUKH;
0) HaliTH KOMITO3UIIUIO p © T;

B) HCCJIEIOBATh CBOMCTBA OTHOIICHUH P, T U p © T (pedIeKCUBHOCTb, UPPE(IEKCUBHOCTD,
CUMMETPUYHOCTh, aHTUCUMMETPUUYHOCTb, TPAH3UTUBHOCTH ).

Pekomendyeman numepamypa:
OcHoBHasi IMTEpaTypa:
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3apumnosa, D. P. Jlekiun o quckpeTHoi MaremaTtuke. Maremaruyeckast JOTHKa: yueOHOoe
nocobue / D. P. 3apunosa, M. I'. KokoTunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpYKObI Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJHUTe/ILHAA JIUTEpPAaTYypa:
Xarraptu, P. JluckpeTHas MareMaTuka JJis MpOrpaMMHUCTOB : yueOHoe nocodue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Ne3. OcHOBHbBIE ajiredpanyeckne CTPYKTYPbl.

Llens 3anamua. I1probpecTy HaBBIKU ONPEEIICHUS OCHOBHBIX AJIF€OpandyecKuX CTPYKTYp
Y ONPEJIETICHUS UX CBOMCTB.

3Hanusa u ymenus, npuoopemaemvie CMyYOeHmMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE airedpanvyeckue CTPYKTYphl M yMeeT
OIPENENATh UX CBOMCTBA.

Teopemuueckasn uacme.

B wmarematuke u pasiuyHbIX €€ MPUIIOKEHUSX BAXKHYIO pOJIb WIpaloT TaKUe
MaTeMaTHU4ecKue 0ObEKThl, KOTOPhIE HA3bIBAIOTCS alredpandecKuMu CTpyKTypaMmu. B mupokom
CMBICTIE TIOJ] aJreOpandecKol CTPYKTYpPOH MOHUMAIOT BCAKOE MHOXKECTBO, HA KOTOPOM 3a/IaHbI
HEKOTOpBIE OTepanui (T.€. 3aKOHBI, CTaBsIINE B COOTBETCTBUE OJHOMY HIIM Mape 3JIEMEHTOB 10
onpeieIEHHOMY MPABUITY JIPYTO# 3JIEMEHT), 00Jaaronue onpeaeaéHHBIMU CBOMCTBAMH.

BonbmMHCTBO CBOMCTB M pe3ynbTaToB 00 3TUX MHOXECTBAX IMOIYYalOT, OMUPASICh Ha
KOHKPETHYIO TPUPOTY JJIIEMEHTOB STUX MHOKECTB ¥ HA KOHKPETHBINA CMBICI OTlepaIiuii HaJl HUMHU.
B 10 x€ BpeMsi MHOTHE Pe3yJIbTaThl MOXKHO MOJYYUTh HE3ABUCUMO OT IPUPOJIBI 3TUX MHOXKECTB
Y KOHKPETHOT'O CMBbICJIA ONEPALIMH, @ UCXO/s TOJIBKO U3 CBOMCTB 3THX OIEpaLIHil.

Cpenn  Takux  CBOWCTB ~ omepaluid  paccMaTpHUBAKOTCH: acCOIIMaTUBHOCTD,
KOMMYTaTUBHOCTb, JUCTPUOYTUBHOCTb, HAJIMYUE CIEIUAIBHBIX JJIEMEHTOB, O00JIaIal0IINX
onpenenéHHBIMA CBOWCTBaMHU (HYJEBOUM, €IWHUYHBIN (HEUTpanbHbBIN), OOpaTHBI 3JIEMEHT K
JAHHOMY U T.1I.).

B 3aBucuMOCTH OT KOIHWYeCTBa OMepaluili W CBOWCTB, KOTOPHIMH OHH OOIaJaroT,
pa3uyaroT CIeAyIIINe alredpandeckue CTPYKTYpBHI.

Ilonyepynnoti Ha3piBaeTcsa MHOXKecTBO G, Ha KOTOpOM 3agaHa OWHApHAas OIeparus *
(yacTo €€ Ha3bIBAIOT YMHOXXEHMEM M O0O03HAYalT * ), JUISI KOTOPOW BBINOJIHAETCS CBONCTBO
aCcCOIMATUBHOCTH, T.€. Ut II00bIX 8,b,c € G (a*b) *c = a*(b*c) . Ecnu B monyrpyrie numeercst
HEUTpaIbHBIN AJIEMEHT e (HyJIeBOH, €MIMHUYHBIN), T.€. TAKOH, UTO a*e=e*a=a s 1oboro acG,
To mosryrpymma G HazbIBaeTCsl yHumaprhot (MOIYyTPYIION ¢ HYJIEM; TIOTYTPYITION C eUHUIICH).
Ecau B mosyrpymme BBIMOJHSACTCS KOMMYTATHBHBINA 3aKOH, T.€. €ClU s Jro0bix a,beG axb
= b*a, To momyrpyrmnma Ha3bIBaeTCI KOMMymamusHot (WIn abenegoll).

YHuTapHas TOJYTpyIa Ha3bIBACTCS epynnou, eciau Juis Jiodoro acG cymecTByer
obparublii 37eMeHT b € G, T.e. Takoii, uTo a*b = b*a = e. Eciu J0NOIHUTENBHO BBITOTHACTCS
CBOMCTBO KOMMYTAaTUBHOCTH, TO TPYIIIa Ha3bIBACTCS KOMMymamusHou (WIn abenesoii), U B 3TOM
ciaydae OOBIYHO TPHUMEHSETCS aIIUTUBHAS CHUMBOJIMKA, T.. oOImepanus oOo3Hawaercs =+,
HelTpanbHbld dyeMeHT 0, OOpaTHBI SIEMEHT K & Ha3bIBAIOT MPOTUBOMOJIOXKHBIM U
o0o3Hayaercs: -a.

Ecnu B aGeneBoit rpynmne (K , +) Hapsay ¢ omnepaiyei CloXeHHs + 3aJaHa emé oiaHa
omepanus: mpou3BeAeHue * (MU - ), KOTOpas CBA3aHa C + AUCTPUOYTHUBHBIMU 3aKOHAMHU:
(a+b)*c=(axc)+(b*c), ax (b+c)=(axb)+(axc) mus 006X @,0,c € Ku 0*a=a*0=0
it moboro a € K, to K HaszwiBaercs koavyom. Eciau B kosbie (K , +, *) ZOMOIHUTENBHO IS
MIPOU3BEICHHUS * BBIMIOJHAETCS aCCOLMATUBHBINA 3aKOH, T.€. €CIIU

(a* b) *c=ax(b*c) mna moOwIX a,b,Cc € K,
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TO KOJIBLO HA3BIBAETCS ACCOUUAMUBHLIM. A €CIT KPOME TOTO CYIIECTBYET ¢IMHHUHBIIA
3IeMeHT 1, T.e. TaKoif, uTo 1*a = a*1=a s ;o6oro ac K, TO KOJIBIO HA3BIBACTCS YHUMAPHBIM
(umu koibuoM ¢ 1). EcnM B KOJIbBLE BBIIOIHAETCS KOMMYTATHUBHBIA 3aKOH UL *, TO KOJBLO
HA3BIBACTCS KOMMYMAMUGHBIM.

ACCOIMATUBHOE YHUTAPHOE KOJIBLO, B KOTOPOM KaXKIbIii HEHYIICBON SIEMEHT a HMeeT
obpatHblii @, T.e. Takoi, uto a*al = al*a = 1 HaseBaeTcs menom. KoMMyTaTHBHOE Telo
HA3BIBACTCSI NOJIEM.

KoHTposbHbIe BONpochl U 3aJaHUA

SIBnsieTcst M CIENyOIIee MHOXKECTBO TPYIIOW, KOJBIOM, IIOJIEM OTHOCHUTEIHLHO
CJIO’KEHUS YUCeIl 1 YMHOXKEHUS YUCEll:

Bapuanm 1. - MHOXXECTBO JEHCTBUTEIILHBIX YUCET;

Bapuanm 2. - MHOXXECTBO pallMOHAJIbHBIX YHCEN;

Bapuanm 3. -MHOX€CTBO LIEJIBIX YHCET;

Bapuanm 4. -MHOXeCTBO HEOTPHULATENIbHBIX PALlMOHAIBHBIX YUCEI;

Bapuanm 5. -MHOX€CTBO HaTypaJbHBIX YHCE;

Bapuanm 6. -MHOXECTBO HEOTPHULIATENIbHBIX I€HCTBUTEIbHBIX YUCEIT;

Bapuanm 7. -MHOXECTBO YETHBIX IIEIIBIX YHCET;

Bapuanm 8. -MHOXXeCTBO HEOTPHULIATEJIBHBIX LIEJIBIX YHCET,;

Bapuanm 9. -MHOECTBO POCTBIX YHCEIT;

Bapuanm 10. -MHOXECTBO KOMIUJIEKCHBIX yncen?

OtBeT o0oCHYIITE.

Pexomenoyemasn numepamypa:

OcHoBHas1 JIuTepaTypa:
3apumnosa, J. P. Jlekiuu no quckpeTHoi Mmaremaruke. MaremaTruyeckast JOrMKa: yueoHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactesiHOB. — Mocksa : Poccuiickuii
YHUBEPCUTET JIpykObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHAS JINTEpaTypa:
Xarraptu, P. Jluckpernas matematuka Jyisi IporpaMMHCTOB : yueObHoe nocobue / P. Xarrapru.
— Mocksa : Texnocgepa, 2012. — 400 ¢. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Ned. Omnepamum Haa BbIcKa3bIBaHUSAMU. Tadauubl
HCTUHHOCTHU. JIornyeckue 3a1a4u.

Lenv 3anamua. IlpuoOpecTd HaBBIKM  BBINOJTHEHUS JIOTUYECKHX OIEpaluid Hal
BBICKA3bIBaHUSMMU.

3nanua u ymenusa, npuobpemaemvie CMYOCHmMOM 6 pe3yibmame OCEOEHUS MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIEC MOHSTHS TEOPUU BBICKA3BIBAHUI U yMeEET
BBITIOJIHSITh OTEpaIlii HaJl BBICKA3BIBAaHUSIMU, CTPOUTH TAOJMIy MCTMHHOCTH BBICKA3bIBAHUS,
MIPUMEHSATD IMOJYYEHHBIE 3HAHUS K PELICHUIO JIOTUYECKUX 3a/ay.

Teopemuueckasa uacme.

OCHOBHBIM NOHSITUEM MAaTEMAaTUUYECKOW JIOTUKU SIBIISIETCA TOHATHE 8bickazvieanus. 11ox
BBICKa3bIBAHUEM OOBIYHO MMOHUMAIOT BCSIKOE MMOBECTBOBATEIILHOE MPE/JIOKEHNE, 00 HCTUHHOCTH
WIH JIOKHOCTH KOTOPOTO HMEET CMBICT TOBOPHUTH. BeCsKoe BBICKA3bIBaHUE SBISIETCS JHOO
WCTUHHBIM, TUOO JIOKHBIM, HO HE MOXET OBITh OJTHOBPEMEHHO UCTHHHBIM U JIOKHBIM. Paznugaror
MPOCTBIE U COCTAaBHBIE BBICKA3bIBaHUs. BhICKa3bIBaHUE, MPEACTABISAIONIEE CBA3BIBAHUE MPOCTHIX
BBICKA3bIBAaHU B COCTABHBIE OCYIIIECTBIISIETCS TOCPEACTBOM JIOTHUECKUX OTEPAIINi, HA3bIBAEMBIX
CBSI3KaMH.

Ompuyanuem BBICKa3bIBaHUS X HA3bIBAETCS HOBOE BBICKA3bIBaHUE, KOTOPOE SIBIACTCS
WCTHUHHBIM, €CJIM BbICKa3blBaHUWE X JI0OXKHO, W JIOKHBIM, €CJIM BBICKA3bIBAHUE X HWCTHHHO.

OTpunanue BhIcKa3biBaHus X 0003Ha4aeTcs X M 9UTAETCA «HE X» UM «HEBEPHO, 4TO X».
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Konvionkyueii nByx BbICKa3blBaHUU X, V Ha3bIBaeTCs HOBOE BBICKA3bIBAHHE, KOTOPOE
CUMTAETCSl UCTUHHBIM, €clii 00a BhICKa3bIBaHUS X, Y UCTUHHBI, U JIOXKHBIM, €CJIH XOTSI ObI OJJHO
13 HUX JIOXKHO. KOHBIOHKITUS BRICKa3bIBaHUK 0003HAYaeTCs CUMBOJIOM XAY min X&Y (unraercs:
«XuVY»).

Jusvionkyueii 1ByX BbICKa3blBaHUM X M Y Ha3bIBaeTCs HOBOE BBICKA3bIBaHHME, KOTOPOE
CUMTAETCSl UCTUHHBIM, €CITU XOTs ObI O/IHO U3 BhICKa3bIBaHUM X, Y UCTUHHO, U JIOKHBIM, €CJIM OHU
00a J1oxkHbBI. J|M3BIOHKIUS BBICKa3bIBaHHUM 0003HauaeTcst XVY (aurtaercs: «X win Y»).

Umnnuxkayuei ByX BbICKa3blBaHUU X, Y Ha3bIBaeTCs HOBOE BBICKA3bIBAaHUE, KOTOPOE
CUMTAETCS JIOKHBIM, €CJIM X UCTUHHO, a Y — JIO)KHO, U1 UCTUHHBIM BO BCEX OCTAJIbHBIX CIIydasX.
MMrIuiikamus BeICKa3bIBaHUH 0003HAYaeTCss CAMBOJIOM X—Y (unuTaercs: «eciau X, T Y»).

OkeusaneHyueri NByX BbICKa3blBaHUN X, Y Ha3bIBAC€TCS HOBOE BBICKA3bIBAHHUE, KOTOPOE
CUMTAETCS UCTUHHBIM, KOrJa 00a BBICKAa3bIBaHUS X U Y OO OJHOBPEMEHHO WCTHHHBI, JTHOO
OJIHOBPEMEHHO JIOKHBI, U JIO)KHBIM BO BCEX OCTAJIBHBIX CIy4asix. DKBUBAJICHIIMS BHICKA3bIBAHUMI
0003Ha4aeTCs CUMBOJIOM X<V (unTtaercs: «X TOTIa U TOJIBKO TOT/1a, Koraa Y»).

Besikoe criokHOE BBICKa3bIBaHHUE, KOTOPOE MOKET OBITh MOJIYYEHO U3 AJIEMEHTApHBIX
BBICKA3bIBAaHUI MOCPEACTBOM MPUMEHEHHUSI NIEPEUHCIICHHBIX JJOTUYECKUX ONepaluii, Ha3bIBaeTCs
Gopmynoii aneebpwi nocuxu. JIse GopMysl anreOpsl JIOTUKU A ¥ B Ha3bIBaIOTCS pagHoCuIbHbIMU,
€CIi OHM NPUHHUMAIOT OJIMHAKOBBIE JIOTMYECKHE 3HAa4YeHHs Ha JI000M Habope 3HaueHUi
BXOIIAIINX B (DOPMYIIBI 3JIEMEHTAPHBIX BBICKA3bIBaHHWNA. PaBHOCHIBHOCTH POpMyn 0003HAYAIOT
3HAaKOM =, a 3anuch 4 = B o3Havaer, 4to Gopmyssl A U B paBHOCUIIHHBI.

Baxkneiiime paBHOCHILHOCTH JIT€OPbI JIOTUKA MOXKHO pa3OUTh HA TPU TPYIIIIBI:
1. OcHOBHEI® DABHOCHILHOCTH:

1 »&x=x
— 3AaKOHBI MACMIOTeHTHOCTH.

2, xvx=x
3. x&u==x
'4. xvu=u
5. x&ar=n

2. PaBHOCHJBHOCTH, BLIPAXKAIOHIME ONHH JIOI'ITUECKHE
omepamHK Yepes Apyrue:

1L xoy=(x-»yl&y > x)
2. x>y=xvy
3. x&y=%vy
4 xvy=3&J

b, x&y=xvy

3. PaBHOCHABHOCTH, BRPAKANONHE OCHOBHBIC 3AKORBI
aareGpnl JOFHKH:

1. x&y=y&x — KOMMYTATHBHOCT: KOHBLICHKIHM,

2, xvy=yVvXx — KOMMYTATHBHOCTHh JHIBWHKOHH,

3. x& (y& z) = (x& y)& 2 — ACCOMUATWBHOCTL KOHBIGHK-
¥,

4. xv{yvz)=(xvy)vz - acconuaTHBROCTE AMSHLIOHK-
nuH.

5. x& (y v z) = (x& y) v (x& z) — ARCTPROYTHBHOCTL KOH'D-
IOHKI#H OTEOCHTENBHO JMIHIOHKIHH, |

6. x v (y&2) = (x v y)&{x v 2) — grerpubyTuBHOCTH AEAEL-
JOHKIUE OTHOCHTENLHO KONLIONKIHM.
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dopmyna HA3BIBAETCS MONHCOECMEEHHO UCIMUHHOU (magmono2uetl), €Cu OHa TIPUHUMAET
3HAYEHHUE «HMCTHHA» MPH BCEX 3HAUEHUSX BXOJALIMX B Hee mepeMeHHbIX. DopMyiia Ha3bIBaeTCs
MONCOECMBEHHO JIOJCHOU, €CIIA OHAa TPUHUMAET 3HAYCHHUE «IOXKb» TPU BCEX 3HAUYCHUSIX
BXOJIALINX B HEE MEPEMEHHBIX.

[pumep: [okazatb, uto ¢popmyia A =X — (Y — X) TOKAESCTBEHHO NCTUHHASL.

Pemenue: [Togsepraem ¢popmyny A paBHOCHIBHBIM TPEOOPa30BAHUSAM:

A=x—>(y—>x)= xv(pvx)=xvxvy)=(xvx)vy=lvy=1

BriBoa: popmyia ToKAeCTBEHHO HCTUHHA, TaK KaK BCET/1a UMEET 3HAYCHUE «HCTUHAY WIH
«1». Jloka3zaThb TOXXIECTBEHHYIO HCTUHHOCTH (OPMYIBI MOXHO M C TOMOUIBIO TaOIUIIBI
uctTuHHOCTU. Hanpumep, ans paccMoTpeHHoM Gpopmysbl A Tabiauiia ICTHHHOCTA UMEET BU:

X y y X = (y —>Xx)
- X

=N
==
Sfp=]jaspies
<= ==

Jiist TOrO, YTOOBI PEHIUTH 33a4y C ITOMOIIBIO aIreOphl JTOTHKH, HEOOXOIUMO:

- BBECTH KpaTkue 0003HaueHUus A cHOPMYIUPOBAHHBIX YCIOBUU U COCTABUTH JIOTUYECKYIO
(dopMyITy, BEIpaXKAIOIIYIO YCIOBHE 33]]a4i B CHMBOJIMYECKOH (opme;

- JUIs MOJY4YeHHOW (OPMYJIbI HAWTU C TIOMOIIBIO PAaBHOCHIIBHBIX MPE0Opa3oBaHUN BO3MOKHO
0oJiee MPOCTYI0 PaBHOCUIIbHYIO (POPMYILY;

- MOJB3YsCh HaiieHHOoH 6osee mpocToit (hopmynol, mepelas K cIoBecHOU ee GopMyITUPOBKeE,
ONPEETUTD PEIICHHE 3a/1a4N.

IIpumep:

[Tocne oOcyxaeHUsT cocTaBa YYaCTHHKOB, OTIPABISIEMBIX Ha KOH(EpeHIHio, ObLIO
PELIEHO, YTO JOJKHBI BBIITOJHATHCS J1BA YCIIOBHSL: ) € rnoeneT ApOy30B, TO JOJKHBI TOE€XaTh
eme bprokBuH mnu BumneBckuii; 0) ecnu moenyt ApOy3oB u BuiiHeBckuii, TO moener u
bprokBuH. Haiftu Gosnee mpocTyro clioBecHYI0 (POPMYIMPOBKY MPUHSATOrO PELICHHUs] O COCTaBe
Y4aCTHUKOB KOH(EpEeHIINH.

Pemenne: Hasnauenume Ha koHpepeHuuio ApOy3oBa, bprokBuna u BumneBckoro
o0o3Haunm OykBamu A,b,B coorBercTBeHHO. Toraa ycioBue a) MOXKHO 3amucarh B BUjie A —
bvB, a ycnoBue 6) B Busie AAB — b. Tak kak 06a yclI0BHsI 10JIKHBI BBITTOJIHATHCS] OJJTHOBPEMEHHO,
TO UX COEIUHUM JIOTUYECKOM CBA3KOU «@». [[0aTOMY IPUHATOE pELIEHUE MOXKHO 3aliCcaTh B BUJIE
cienyromei cumBosinueckor popmynsl: (A — bvB) A (AAB — B). C noMo1ipo paBHOCHIBHBIX
npeoOpa30BaHUil yIIPOCTUM COCTABICHHYIO (POPMYITY:
(A—>BEVvB)A(AAB—>F)=(AVvEVvBA(AvBvE)=(AvbB)v(BAB)=A—F

CumBosmmueckas popmyna o3Havaet: «Ecnu moenmer ApOy30B, TO moeAeT U bprokBuHY.
3OT0 U ecTh HanboJee npocTas caoBecHast GOPMYTUPOBKA MPUHATOTO PELICHUS O COCTABE TPYIIIIHI
COTPYJIHUKOB, OTIIPABIISIEMbIX Ha KOH(PEPEHLIUIO.

KOHTpOJII)Hble BOIIPOCHI M 3aJaHUA .

3amaua 1. Jloka3aTh TOXJIECTBEHHYK0 HMCTHHHOCTb WM TOXIAECTBEHHYIO JIOKHOCTb
(dbopMyI1 ¢ TOMOIIBIO a) PABHOCUIIBLHBIX MTPpeoOpa3oBaHuil; 0) TaOIUIBI HCTUHHOCTH (YOPMYJIBL:
1. x—>y)>({—X);
2. (YoX)>(X—>Y);
I X>YAKX—>Y)—>X;
4 XAX>Y)AKX—>Y);
20



5 X=>(y—>2))>((x—>Yy)>(x—>2);
6. x> (xvy);
7. XAY—>X;

8. Xvy—->Xvy;
9. Z->x)>(z>Yy)>(Z—->xAY));
10. x> y)>(y—>2)>Xvy—>12).
3anayga 2. [IpITasick BCIOMHUTH TOOSAUTENEH MPOLIUIOTOHIX COPEBHOBAHUH 110 CTPENHOE,
IATh OBIBIIUX 3pUTENEH 3asBUIIH:
A) AHTOH 0L BTOPBIM, a Bopuc — nsaThIM,
b) Bukrtop Obu1 BTOpBIM, a [leHuc — TpeTbum,
B) I'puropuii 6611 iepBBIM, a boprc — TpeTbum,
I') AaTOH OBLT TpeThUM, a EBreHuii — mecTsiM,
J1) BuxTop Obul TpeTbuM, a EBrenuit — 4eTBepThIM.
BriocnencTBuM BBIICHUIIOCH, YTO KaXKAbI 3pUTENb OMIMOCS B OJHOM M3 JBYX CBOMX
BbICKa3bIBaHUI. KakoBO ObLJIO HCTUHHOE paclpeiesieHue MECT HA COPEBHOBAHUSX ?
3anaua 3. bpayny, /koncy 1 CMuTy npeibsiBiieHO OOBUHEHHE B COyYaCTHH B OTpabiIeHUH
Oanka. [loxuturenu CKppUIUCH Ha MOKUAABIIEM X aBTomoOuse. Ha cnencreuu bpayn nokasai,
YTO NMPECTYNHUKU ObUIH Ha cuHeM «bbronke»; JIKoHC ckazai, 4To 3To 6bu1 yepHbIil «Kpaiiciepy,
a Cmut yrBepxnan, 4ro 310 Obu1 «Popn MycTanr» W HU B KoeM ciydae He cuHuil. Crano
U3BECTHO, YTO, JKeJas 3alyTaTh CIEACTBUE, KAXKAbIM M3 HUX yKaszal MPaBUIbHO JIMOO TOJIBKO
MapKy MalluHbl, 0o ee 1BeT. Kakoro 1pera 011 aBTOMOOUIIL M KaKOM MapKu?
3anaua 4. BepuyBumch qomoit, Merpa mo3sonu1 Ha Habepexxknyro Opdesp.
- Tooput Merpa. Ectb HOBOCTH?
- Ha, med. [Hoctynunu cooOuienus ot uucnekTopoB. ToppaHc ycTanoBmi, uto eciau ®pancya
OBLI IIbSIH, TO TMOO DTheH youiina, 1udo Ppancya jokeT. XKyccbe cuuTaer, 4To uian ITheH youia,
win @paHcya He ObUT IbSIH U YOMHCTBO MPOU30IILIO Hocie noiayHouu. MucnekTop Jlroka mpocun
nepenath Bam, uTo ecnu yOMICTBO MPOM30ILIO MOCIIE MOIYHOUYH, TO IM00 DTheH yoOuiina, 1udo
®paHcya JpKeT. 3aTeM 3BOHUIIA. ..
- Bce. Cnacu6o. Otoro nocrarouno. — Komuccap nonoxun tpyoky. OH 3Haj, 4TO TPE3BBIi
®paHcya HUKOTAA He JUKeT. Tenepb OH 3Hal BCe.
Kakoii BeiBoz crienan komuccap Merpa? Kro coBepumn youiictso?
3amaua 5. CryneHtam OOBSBWIM, YTO B TOHENEIBHUK OYIET OJHO 3aHITHE IO
KPUMMHAIUCTUKE M OJHO M0 MaTeMaTHKe, IPHUYeM, €CIM Ha EpBOil mape MaTeMaTuKU He OyJeT,
TO KpUMHUHAIMCTHKA OyJeT Ha BTOPOW Iape; €clii TPeThs Mapa He MaTeMaTHKa, TO YeTBepTas —
KPUMMHAINCTHKA; €CJIM MaTeMaTHKa Oy/ieT Ha NepBoil mape, TO KpUMUHAIMCTUKA — HA MISATOM.
Ornpenenure, Ha KaKoil mape OyeT KpUMUHAJIMCTHKA, a Ha KaKOW MaTeMaTHKa.
3anava 6. Yetelpe ctynenTtku A, E, C, P nocemaroT yHUBEPCUTET 110 OYEPEIU U BEAYT
00munii KOHCTIEKT Jiekiuil. Heo6xoammMo coctaBuTh rpaduk mocenieHus Ha OauKanIyo Helemto,
YUUTBIBAs, YTO:
A) IloHenenbHUK — IEeHb CAMOCTOSTEIbHOM paboOThl HAa KypCe, U B YHUBEPCUTET HE XOAUT

HUKTO, a B Cy000TY HEOOXOIUMO OBITH BCEM.
B) CuP ue CMOT'yT IIOWTH HA 3aHATHS BO BTOPHHK B CBA3U C 00JIBIION 3arpy’>K€HHOCTBIO B TIOHCACIIbHUK.

B) Ecnu C Boiiizer B cpeny wiu P — B uetBepr, To E cornacurcs noObIBaTh Ha 3aHATHUSIX B
IATHULLY.

I') Ecnu A ne noiiner B BY3 B uetBepr, To E mo3Bonut cebe cXOauTh Ty/1a B Cpey.

J1) Ecnu A wiun P ©6ynyt B uHCTUTYTE B cpenty, TO C CMOXKET MOWTH B MATHULLY.

E) Ecnu P B maTHHUIly BMECTO MHCTHTYTa MONAET HA CBAaAL0y MOAPYTH, TO A TIPUAETCS
CXOJUTh B UHCTUTYT BO BTOPHUK, a C — B 4ETBEPT.

3agaya 7. UeTblpeM COTpYJIHHMKAaM YroOJIOBHOTO po3bicka — AHTOHOBY, BexoBy, ComoBy,
JleeBy HEOOXOMMO OTIPABUTHCA MO CIY>KEOHOM HEOOXOAUMOCTH B YETHIPE PA3IMYHBIX TOPOIA —
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Mocksy, Oneccy, Kues u CtaBpomnois. Onpenenute, B Kakoil ropoJ T0JKEH MoeXaTh KaxX bl 13
HUX, €CJIM UMEIOTCS CIIEIYIOLIME OTPaHUYCHUS:
A) Eciiu A se ener B Mocksy, To C He eznet B Oneccy.
b) Ecnu B He eaet Hu B MockBy, HE B CTaBponoiib, TO A enet B MOCKBY.
B) Ecnu C ne ener B CraBponoins, To B enet B Kues.
I') Ecau /I He enet B MockBy, To B He ener B MOCKBYy.
) Ecnu [l ue enet B Oneccy, To B He enet B MockBy.
3anayva 8. Corpynnukam ' UB/IJ] AuapeeBy, Koctuny, CaBenbeBy u J{aBbI10BY TOPYUEHO
JIEXYypcTBO Ha 7-oM, 8-oM, 9-oMm u 10-om yuactkax Tpaccel. [Ipu mpoBepke mocie AexXypcTBa
OKa3aJloch, 4To Ha 10-oM y4acTke MNpPOM30LUIO JOPOKHO-TPAHCHOPTHOE IPOUCIIECTBHUE,
NOAPOOHOCTH KOTOPOTO M3BECTHHI Aexypusmemy cotpyanuky ['MIBJI/I. He ymenmue nomoit
COTPYIHUKH IOCIIE ASKYPCTBA COOOIINIH O CIIEAYIOIIEM:
AHppees: «S nexxypuin Ha 9-oM yuyacTke, a CaBesbeB - Ha 7-OM».
Kocrtun: « nexypun Ha 9-om yyactke ,a AHJIpEeB — Ha 8-0M».
CagenbeB: « A gexyput Ha 8-om ydacTke, a Koctun — Ha 10-om».
JaBbiioB  yxxe ymen JoMol. B jmanpHedmieM BBIAICHWIOCh, YTO KayKIbli
MUJIMIIMOHED B OJJTHOM U3 JBYX BbICKa3bIBaHUI TOBOPUII IPaBy, @ BO BTOPOM €€ ckpbiBai. KTo u3
COTPYAHUKOB Ha KAKOM y4YacTKe JIexKypui’?
3amaua 9. Onpenenurte, KTO U3 YEThIPEX CTYACHTOB CJlIajl DK3aMEH 10 MaTEMaTHKe, €CIIU
U3BECTHO:
A) Ecnu iepBBIii ciai, TO ¥ BTOPOH CIall.
b) Ecnu BTOpO#i cnan, To TpeTuii caal Wiy NepBblid HE cllall.
B) Ecam yetBepThIit HE call, TO MEPBBIN cAall, a TPETUM HE ClIall.
I') Ecniu yeTBepThI cAall, TO U IEPBbII clial.
3agaua 10. Ha Bompoc: «KTo M3 Tpex CTyAE€HTOB M3ydal MAaTeMATUYECKYHO JIOTHKY?»
IIOJIy4eH BEpHBIM OTBET — «Eciam m3yyan nepBwlid, TO U3y4all U TPETHI, HO HEBEPHO, YTO €CIU
M3y4aj BTOPOH, TO U3ydall U TpeTui». KTo U3 cTyAeHTOB U3ydan MaTeMaTHYECKYIO JIOTUKY?

Pexomenoyeman numepamypa:

OcHoBHas1 IuTepaTypa:

3apumnosa, J. P. Jlekiuu no AuCKpeTHOM MaTeMaThke. MaTeMaTHuecKas JIOTHKa: yueOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacthaHoB. — Mocksa : Poccuiickuit
yYHHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jocryna:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:

Xarraptu, P. JluckperHas mareMaruka Il MPOTPAaMMUCTOB : ydeOHoe mocobue / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum pocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora NeS. Mcuncienue BbICKa3bIBaHUH. AJITOPUTM YHH(PUKALMH.
IIpaBuna BeiBOAA.
Ilenv 3amamus. IlpuoOpecTH HaBBIKM NPUMEHEHMs IIpaBHJa BBIBOJA, aJlTOpPUTMA
YHUPHUKAIUY.
3uanua u ymenusn, npuoodpemaemvie CHMYOEHMOM 6 pe3yibmame O0C60EHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT alropuT™M YHU(PHUKAUU U yMEET IPUMEHSTh PaBUIIO
BBIBOJIA.
Teopemuueckas uacme.
PaccmoTtpuM apeBHeimmuii  oOpaszeln; JIOTHYECKOro BbIBOJAa — cuiulorusM: «Bce mroan
cMepTHBl. Cokpar - yenoBek. CienoBarenbHo, COKpaT CMEPTEH».
Kak Qopmanu3oBare Takue YMO3AKIIOUEHHS: HAYYUTh KOMIIBIOTED NPOBEPATh HX
NPaBUIBHOCTh M AaBTOMATUYECKM TI'€HEpPUpOBaTh MoA0OHbIe? Haml mpumep COCTOMT M3 JIBYX
MOCBIIOK «BCE JIIOAM CMEPTHBI», «CokpaT - 4yenoBek» W 3awioueHHs «Cokpar cMepTeH»,
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UCTUHHOCTh KOTOPOTO CJEAYyeT W3 HWCTHHHOCTH IOCBUIOK. 3aluIleM IEepPBYI TOCHUIKY Ha
«TIpeANKATHOMY sI3bIKe: « VX eClH X - 4eloBeK, TO X cMepTen». Ha ocHOBaHMM 0011e3HaYMMON
dopmynbr VX P(X) — P(@) moru4no, onycTHB B BICKa3bIBAHHH KBAHTOP V, MOJCTABUTH BMECTO
x Coxkpara: «ecnu CokpaT - uenoBek, To CokpaTr cmepteH». [locTtaBuM psaoM ¢ MOIy4eHHBIM
BBICKA3bIBAHHUEM BTOPYIO MOCHUIKY CHJUIOTH3MA U MOIYYHM PE3yNbTaT, KOTOPBIA ohopMIIsieTcs B
CJIEIyIOIIEM BUJIE:
Ecaun Cokpat yenoBek, To Cokpar cMepTeH. CoKpar - 4eJI0BeK.
Coxkpat cMepTeH.

B oOmem ciyyae Haj dYepToil momemiaroTcs Jjorudeckue (opmynbl-nmockuiku A4,B,

UCTUHHOCTh KOTOPBIX TapaHTUPyeT UCTHHHOCTH 3akitoueHus C:
AB
C

CrnoBecHas 3amuch IpPaBHJI JIOTMYECKOTO BBIBOAA 3BYUYMT Tak: «/3 maHHbIX (opmyii-
noceiok A,B  cienyer ¢dopmyna-zaxmouenne C.» (cokpamenHo: AAB — C). Ilpu stom
cuMTaercs, 4To Gopmysa-3akiIOYeHre UCTHHHA MO0 KpalHell Mepe MpH BCeX TaKUX 3HAYCHHSIX
MPEIUKATHBIX, TPEIMETHBIX U BBICKA3BIBATCIIHBIX MEPEMEHHBIX, TIPU KOTOPBHIX OOpAIIaroTCs B
UCTUHY Bce (GOpPMYINBI-MOCBUIKH. MeTo[ MareMaTH4ecKOoW HWHAYKIHHU, OQOPMIICHHBIN Kak
MIPABHUJIO BBIBOJA, TPUMET BH/I;

P(1), P(k) — P(k+1)

vn P(n)
ITpuBeeM HEKOTOPHIE MPaBUIIa BBIBOJIA, PA0OTAOIIHE B 0a3aX 3HAHMUIA:
A—>B, A
T - MpaBUJIO 3aKirodeHus (modus ponens),
A—>B, B—>C
- IPaBHJIO CHILIOTH3MA,
A—>C
Vx P(x), a
_ - CIIeIMaIn3aIus,
P(a)
A,B
_— - BBEACHUEC KOHBOHKIINH.
ANB

Paccmotpum cnenyromuiit mpumep. B 6aze maHHBIX XpaHSTCS CBEIEHUS O COTPYIHUKAX
yupexnenus [lerpose, iBanose, Ky3nenose, SIkoBiese (B nanpHeimeM o6o3HaunmM ux kak 1, U,
K, S1). JomkHOCTHAsI nepapxusi OMUCHIBAETCS C TOMOIIBIO IBYXMECTHBIX MPEANKATOB:

PYK(IL,) o3nauaer, uto IlerpoB pykoBoauT MIBaHOBBIM,

OTY(Y,X) o3HauaeT, uTo Y OTUYMUTHIBAETCS Tiepea X.

B 6a3e maHHbBIX XpaHATCcs TpU (akTa:

1: PYK(ILN),

2: PYK(,K),

3: PYK(K,A).

Jlanee onuckIBalOTCs JIBa MpaBUiia BbIBO/A, KOTOPbIE UMEIOT MECTO B pacCMaTpUBaEMOM
MPEAMETHOM 00JIacTH:

1: VXY PYK(X)Y) > OTU(Y,X) —  ecau X pykoBoaut Y, TO Y OTUHUTHIBACTCS TIEPE]]
X,

2: VX,Y,T PYK(X,Y)AOTY(T,Y) ->OTY(T,X) — ecnu X pykoBoauT Y u T OTYMTHIBACTCS
nepen Y, To 7 otuuthiBaeTcs mnepen X.

TpeOyeTcst mpoBEpUTH 3aMPOC MOIB30BATEIIS: TOJDKEH JIM SIKOBJIEB OTUYNUTHIBATHCS TIEPE
HBaHOBBIM (TO ecTh, caenarh 3akimouearne OTU(S,N)).

B 6ase maHHBIX Takoro (akTa HET, OJTHAKO MPEANKAT, OMMCHIBAIOIINI HHTEPECYIONIYIO0 HAC
CBsI3b, BCTpEYaeTcs B npaBwiax 1 u 2.
[Tpumenss npaBwiio 1 k gakrty 3, morydum GopmyIy:
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PYK(K,S)—>OTY(,K).
[Tpumensiem k Helt 1 akTy 3 mpaBiIO BEIBOAA MOdUS ponens:

PYK(K.S)—»>OTY(SLK), PYK(K.5)
OTY(5LK)

Tak kak UCXOJIHBIE BhIpaKEeHUS ObUTH UCTUHHBI, TO 3aKmtoueHue OTY(S,K) - HOBBIH (dakT
- TaK)Ke SIBJISIETCS] UCTUHHBIM.
[Tpumenss k OTU(SL,K) u dakry 2: PYK(M,K) npasuio 2, nomyaum Gopmyiy:
PYK(M,K)AOTY(A,K) - OTY(A,N),
ykazpiBaromryto Ha otBeT OTU(S, M), koTOpHI OmHAKO, HAZO eIle MPOBEpHUTh. st ATOTrO
csizbiBaeM ¢akt 2 u OTY(S,K) npaBunom «BBeeHUS] KOHBIOHKITHI:
PYK(H.K), OTY(A.K)
PYK(M,K)AOTY(A,K)

W HAKOHCIL, ITIPUMCHSA mOdUS ponens, O60CHOBBIB8.CM pe3yiibTaTt
PYK(MLK)AOTUY(SLK) — OTU(LU), PYK(K)AOTU(SK)
OTY(SLU)

JAIOLIMKA YTBEPAUTEIbHBIA OTBET Ha 3alpocC, JACUCTBUTENBHO JIM SIKOBIEB OTUYUTHIBACTCA
niepen IBaHOBBIM.
KoHTposibHbIEe BOIPOCHI U 32 IaHUSA:

Jloka3zath cienyromue TOXKAECTBa BHAYaJE Ha sI3bIKE TEOPUU MHOXKECTB, a 3aT€M — Ha
SA3BIKC TCOPHUU NOKA3aTCIILCTB!:
a) AN(AUB)=A;
0) AU(ANB)=A;
B) AU(BNC)=(AuB)n(AULC);
r) An(BuC)=(AnB)U(ANC);
n IV(AuB)=(I\A)N(I\B).

Pekomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumnosa, J. P. Jlekuuu nmo guckpeTHoi MmaTemaTuke. MaTteMaTnyeckast JIOTHKa: yaeOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBacTeiHOB. — Mocksa : Poccuiickuit
YHHUBEPCHTET JIpYKObI HapooB, 2014. — 120 ¢. — Pexxum nmocryma:
http://www.iprbookshop.ru/22190.html

JdomosHuTeIbHAS JIUTEpATYypa:
Xarrapty, P. JluckpeTHas MmaremaTuka Juis IporpaMMHUCTOB : yuyeOHoe ocodue / P. Xarraptu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne6. Mcuncienne npeankaToB. ABTOMaTHYeCKOe 10Ka3aTeJIbCTBO
TeopeM. MeToa pe30JIlonuid.
Ileny 3anamusa. TlpuoOpecTd HaBBIKM MaTEMaTHYECKU AaHAJIU3UPOBATh CYXACHUS C

MOMOIUIbIO IPEIUKATOB, MPUMEHATH METO PE3OIIOLMIA JUISl TOKA3aTEIbCTBA TEOPEM.
3nanun u ymenus, npuodpemaemvie CHmMyOCHMOM 6 pe3ynbmame O0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT OCHOBBI ICUMCIICHUSI IPEUKATOB U YMEET IPUMEHSTh IIPU
aHaJIN3€e CYKJICHUM.

Teopemuueckas uacme.
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PaccMoTpuM UCTHMHHOE BBICKa3bIBaHUE «5 - IEJI0€ YKCIIO» U JIOXKHOE BBICKA3BIBAHUE
«T — 1esnoe yucioy. OOIIyI0 YacTh UX MOKHO BBIIETUTH KaK MpeaoKeHue-1adioH « | - neioe
YUCJIO», TPU TMOACTAHOBKE B KOTOPBIM KOHKPETHOIO YHCJAa TIOJy4yaeTcs KOHKPETHOE
BbICKa3bIBaHHE. BBems obo3nauenue: P(x) = «x - nenoe uucio», noayuum P(5) = 1; P(n) =0.
Teneps nycth P(X) = «X - OBOII». 3aMellas X Ha KOHKPETHbIC IUIObI, MMOJyYaeM HUCTHHHOE
BbickazpiBaHue P(JIYK)=1, unu noxunoe: P(CJIMBA)=0.

HasoBem mnpeduxkamom P(x) mpemIoKeHHE, 3aBUCAIIEE OT I[EPEMEHHOH X,
MPUHAICKAIICH HEKOTOPOH MpeaMeTHOH obnactu - mEOkecTBy U: Xe U. B mepBom mpumepe
x€R, Bo BTopoM U - 310 MHOkecTBO 1010B. [Ipu nmojcranoBke PUKCUPOBAHHOTO AnieMeHTa a€U
npeaukar P(x) mpeBpainacetcs B BoickasbiBanue P(a)e {0,1}. Takum o6pa3oM, mpeauKaT MOKHO
CUMTATh JOrMYeCKOW (YHKLHMEH, OmpeneNeHHOW Ha 3JeMeHTaX MHoxecTBa U mpou3BOJIbHON
IPUPOJIBIL.

U paszbuBaetcs npenukaroM P(x) Ha Ba HEMEPECEKAIONUXCS TOJMHOKECTBA: Ha IIEPBOM
U3 HUX, KOTOPOE HA30BEM MHOMCECHIBOM UCHIUHHOCMU , TIPEIUKAT TMPUHUMAET HUCTUHHBIC
3HAYEHUS, HA BTOPOM - JIOKHBIe. O003HauuB ux uepe3 P u P’, coorBeTcTBeHHO, noimyunm: U =P
U P’

K nmpenukaram npuMEHHMBI BCE TIOTUYECKUE OMIEPALIHH.

[Tpemnoxenue, onpeneIcHHOE Ha MHOXKECTBE X1x X2X..xXn, Ha3bIBAIOT N-MeCcHHbIM
npeouKkamom:

P(X1, X2,... Xn), X1€X1, ... Xn€Xn .

Haiinem o0jacTh MCTMHHOCTM TpexmecTHoro mnpeaumkata P(x\y,z) = (xy < 2),
oIpeelIeHHOro Ha Tpoitkax (X, Y, Z) € AxAxA = A%, rae 4 = {1,2,3,5}.

Yucimo BeeX yHOpsSI0YSHHBIX TPOEK U3 YETHIPEXIIEMEHTHOIO MHOKeCTBa A paBHo 4-3-(4-
3+1) = 24. Jlna cokpanieHus rnepedopa Croib3yeM CHMMETPHYHOCTD MPEIUKaTa OTHOCHUTEILHO
HEepBBIX JABYX HepeMeHHbIX: P(X,y,2) = (Xy < z) = (yx <) = P(y,X,2).

Janee, 11 BEITIOJIHEHHS] HEPABEHCTBA HEOOXOAMMO, YTOOBI ITpaBasi 4acTh Z MPEBOCXOIUIA
KaXKIBIA 13 COMHOXHUTENEH X,Y. C ydeToM ckazaHHOTO, UMeeM 3 OIaronpusTHhIX ciydas: 1-2 < 3,
1.2 <5, 1-3 <5, paromue 6 snementoB obmactu uctuaHoctn P P(1,2,3) = (2<3) = P(2,1,3),
P(1,2,5) = (2<5) = P(2,1,5), P(1,3,5) = (3<5) =P(3,1,5).

Urak, obnactes uctuHHOCTH P 00pazyer mHoxectBo Tpoek: {(1,2,3), (1,2,5), (1,3,5),
(2,1,3), (2,1,5), (3,1,5)}.

Jns  3amMcu  TpeIMKAaTOB MOKHO HCIIONIb30BaTh KBAaHTOP CYIIECTBOBaHUS 3,
COOTBETCTBYIOIIUHN CIIOBAM «CYIIECTBYET», «HAUIETCI», «XOTS ObI OAMHY», 1 KBAHTOP OOIIHOCTH
¥V, COOTBETCTBYIOIIUNA CIIOBAM <(JIJIsl JTIOOOT0», «BCE», «KKIbI». Takum 00pa3oM, KBAaHTOPHI
CBSI3BIBAIOT MPEINKATHBIC TIEPEMEHHBIE X, Z, TpeBpaiias mpeaukatbl P(x) 1 Q(X) B BbICKa3bIBAHUS:

ax P(x); vz Q(2).

B ob6meMm cnyuae, cBs3biBas JIOOYI0 W3 MPEIMETHBIX MEPEMEHHBIX KBAHTOPOM, HIIU
3aMEeHsIsI €€ TMPEeIMETHOW MOCTOSHHOW, MBI CHHXKAeM YHCIO MECT B MpEAUKaTe Ha CIUHUILY.
Hampumep, u3 1ByxMecTHOro mpeaukara P(x,y) ¢ MOMOIIBIO ABYX KBAHTOPOB MOXKHO 00pa3oBaTh
8 BBICKA3bIBaHUI:

VX Vy P(xy) «<— VyVx P(xy),
Ix 3y P(xyy) «<— 3Ty Ix P(Xy),
Ix vy P(xy) <«— Vy 3Ix P(xy),
vx3dy P(Xy) <«— 3y Vx P(xy),
TOJIBKO JIBA TICPBBIX M3 KOTOPHIX PAaBHOCHIIEHBI, TaK KaK Pa3HOMMEHHBIC KBAHTOPBI IEPECTABIISATh
HEJb3S.
KoHTposbHbIE BONPOCHI U 32 JaHUSA

3agauva 1.
a) Ha muosxxectBe M = {1..30} 3amansl mpeaukaTsl: A(X): «x —4E€THOE yuCciIo»; B(X): «x He nenuTcs
Ha 3». Haiitu MmHOkecTBO nctuHHOCTH mpeankara A(X) A B(X).
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0) Ha muoxxectBe M = {1..30} 3amansl npeaukatsl: C(x):”x kpatHo 57; D(X):”x - uétHoe ”’; Haittu
mHoxectBo nernunoctn npemukata D(X) A C(X).

B) Ha muoxxectBe M = {1..30} 3amansl npenukatsl: A(x):”x —uétHoe uucino”’; C(x):”x kpaTHo 5.
Haiitu MHOKecTBO McTUHHOCTH mpeaukara —A(x) A C(x).

r) Ha muoxectBe M = {1..20} 3aganbl npeaukatsl: A(X):”X —uétHoe uncio’’; B(x):”x genurcs Ha
3”; C(x):”x kpatHo 5. Haiitu MHOXecTBO ucturHOCTH nipeaukara B(x) v A(x) v C(x) .

1) Ha muoskectBe M = {1..30} 3amansl npeaukarsl: C(X):”x — He KkpatHo 5”; D(X):”x - HenpocToe™;

Haiitu MHOXecTBO mcTuHHOCTH Tipeaukara C(x) — D(X).

3anaya 2.

a) Ha muoxxectBe M 3amansl npeaukatbl: A(X) u B(x). M300pa3uTh Ha quarpaMMme MHOXKECTBO
uctuaHocty npeaukara A(X) A B(X).

06) Ha muoxxectBe M 3amansl npeaukatel: A(x) u C(x). M300pa3uTe Ha nuarpaMme MHOXKECTBO
uctuaaocTH npeaukara C(x)\ A(x).

B) Ha mHoxecTBe M 3amanbl npeaukatsl: A(x) u C(x). M300pa3uth Ha quarpamMme MHOXECTBO

uctuaHOCTH npeaukara A(x) A C(x).
3agaya 3.
a) s mpexukara P(X) " (X+0=X)", xeR, onpenenuts 3uauenue [ VXP(X).

6) Jus npemmkara P(X) ' (X-0=0)", xeR, onpexemurs 3nauenne [ VXP(X).

B) Jlyis npeaukara P(X) ! (2X = 4)" , X e R, onpenenurs 3nauenne IX P(X) .

r) ns npenukara P(X) ! (X +10=x+ 5)", X € R, onpenenurs 3HaueHue HXP(X).

n) s npemmkara P(X) Z"(X2 —2X+1)=0", xeR, onpenenuts 3naucHUE [] E]XP(X).

e) I mpemmxaror P(X) :"(X2 +x—-2>0)", Q(X):"(x*+x+05=0)", xeR
OIIPEACIIUTE 3HAYCHUE HX(P(X) \Y Q(X)) .

x) g npeaukatoB P(X) Z"(2X2 + 3X —520)", Q(X) Z"(ZX2 +3X—5§0)", xeR
OIIPEACIIUTE 3HAYCHUE HX(P(X) A Q(X)) .

3) [Tpu xeR ONPECINTD 3HAYCHHE BBICKa3bIBaHUS
AX((x? —5X + 6>0) A (x> —=2x+1>0)).
n) [Tpu xeR OIIPCICIINTD 3HAYEHUE BBICKa3bIBaHUSA

Ix((x e{2,5}) ——(x*> —6x +8=0)).

Pexomenoyeman numepamypa:

OcHoBHas1 JiuTEparypa:
3apumnosa, D. P. JIekiuu o quckpeTHoi Marematuke. Maremaruyeckast JOrHKa: yueOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHoB. — Mocksa : Poccuiickuit
YHHUBEPCHUTET JIpyKObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTeIbHASA JINTEepaTypa:
Xarraptu, P. Jluckpernas maTemMatuka Jiisi IporpaMMHUCTOB : yuebHoe nocobue / P. Xarrapru.
— Mocksa : Texnocgepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Ne/. CnocoObl 3aaHusi OyJjeBoil pynknun. Tadauuma HCTHHHOCTH
OyJeBoii pyHKIMH.
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Ilenv 3anamus. lpuoOpecTd HAaBBIKM HOCTPOCHHUS TaOJIUIBI HWCTHHHOCTU (DYHKIHH,
ONpEeNeNIEHUs]  TOXJIECTBEHHOM HCTMHHOCTH WJIM  JIO)KHOCTH  (OPMYJIbL.  BBIIOJIHEHUS
PaBHOCHJIBHBIX NPEOOpPa30BaHUN C MIPUMEHEHHEM 3aKOHOB JIreOphI JIOTHKH.

3nanus u ymenus, npuodpemaemvie CHMYOCHMOM 6 pe3yibmiame OCEOCHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIC CHOCOOBI 3amaHus OyineBoW (YHKIHH,
yM€EeT CTPOUTh TaOJIUILy HCTUHHOCTH (POPMYJIBI.

Teopemuueckas uacme.

Byaesoii gpynkmumeii Y = f (X, X,,...,X,) or n nepemenubix X;1 X5,...,X, Ha3pIBaeTCA
nr06ast GyHKIHMSA, B KOTOPOH apryMeHTHI U (PYHKIUS MOTYT IPUHUMATh 3HaYeHue auoo 0, mbo 1.

byneBy (QyHKLHIO OT N MepeMEHHBIX MOXHO 337aTh TAaOJULEH MCTUHHOCTH, B KOTOPOMH
HaOOpBI 3HAUCHHI apIyMEHTOB PACIIONIOKEHBI B MTOPSIKE BO3PACTAHHS MX HOMEPOB: CHavaja uJIeT
Habop, MPEACTABIAIONINN co00i nBoMuUHOE paznoxeHue 0 (3ror Habop mmeer HOMep 0); 3aTem
UAET HaOop, SIBJIAIOIINNCS JBOMUHBIM pa3jioxkeHueM 1, motom 2, 3 u T.1.

Otpunanue - 6yrneBa QyHKIHS OJHON NEPEMEHHO, KOTOpas ONpeaessieTcst CaeTyromei

Ta0IUIEH UCTUHHOCTH

X 0 1 O0603HaueHus

f(x) 1 0

ﬁX, X

HeKOTopHe QJICMCHTAPHbLIC 6y.]'IeBLI (bYHKI_[I/II/I ABYX IEPECMCHHBIX ITPHUBECACHBI HUIKC.

xy | x&y xVy x@Py X~y X—=y x|y xly
00 0 0 0 1 1 1 1
01 0 1 1 0 1 1 0
10 0 1 1 0 0 1 0
11 1 1 0 1 1 0 0

C noMoI1bIo CyNepro3uy 3JeMEHTapHBIX OyIeBbIX (YHKLIUN MOXKHO MOCTPOUTH Oojiee
CJIOKHBIE (DYHKITUH, KOTOPBIE MOTYT 3aBUCETH OT JIFOOOT0 YKCIia EPEMEHHBIX. 3alUCh OYJIeBBIX
GbyHKUuI yepe3 s1eMeHTapHble OyieBbl (GyHKIUM OyneM Has3biBaTh (GOpMYyJIoi peanusyromieit
JaHHYIO (QYHKIHUIO.

Jnst 6oiee KOMIIAKTHOM 3aITUCH CIIOKHBIX (DYHKLMH BBEIEM CIIEYIOIINE COTTIaIleHUs:

1) BHeIIHNE CKOOKH OIYCKalOTCS;

2) cHayaJsia MPOU3BOJATCS ONEepaltu 5 CKOOKax;

3) cunTaercs, YTo IPHOPHTET CBA30K YOBIBACT B cieAyromeM mopsake:, (A, ¥), v, (=
@), ©.

J1J1s paBHOCUIIBHBIX CBSI30K (B CKOOKax) MPUOPUTET OIpeessieTcsl ceBa Ha MpaBo.

ITpumep. PacctaBuTh CKOOKH B popmymnax:

D xvye z2®x; ) xdyvz; 3 xBy)ozoXAYV

Pemenue: 1) B hopmyiie X v Y «>Z@ X cCKOOKH pacCTaBISIFOTCS CIACAYIOMIAM 00pa3oM:

(xvy) < z®Xx);

2) T.K. orneparus d cuibhee oTiepaIuu \v COTJIaCHO 3aMeYaHuio nmeeM ((X J y) v Z);

3) B dpopmyne (XDOY)¢>Z—>XAYV ™Z WUCHONB3YyS BBEICHHOE CTAPUIMHCTBO CBS30K;
HoJIydaeM, uTo jJaHHas ¢popmyia paBHocwibHA (XD Y) <> (Z—> (X AY) v (72)))).

[pumep. CocTaBUTh TAOIHIIBI UICTUHHOCTH JJISI POPMYIT:

)Xoy o>(ydx); 6 x|(yvo)d(xaz).

Perienue:

a) WCIOJB3ys BBEIEHHOE CTAPUIMHCTBO CBA30K, MOJY4YMM, YTO JaHHas (opmysia
paBHOcHIbHA X <> (Y — (Y @ X)), a Tabiuia HICTHHHOCTH TIPUMET BHI:
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X y y (Yy®x) y X (Y > (Y©X))
— (Y®X)

0 0 1 0 0 1

0 1 0 1 1 0

1 0 1 1 1 1

1 1 0 0 1 1

6) coctaBuM Tabmuiy ueruaHocTH A Gopmynsl X | (Y v z) 4 (X A 2)

X|y | Z | Y | Z | YV | XAZ | xaz|(yvI)¥(xaz) F(xy)
z
ojlofo] 1 |1 1 0 1 0 1
o|lo|1]| 1|0 1 0 1 0 1
o|l1]0]| 0o |1 1 0 1 0 1
o|l1]1] 0 |0 0 0 1 0 1
1o o0o| 1 |1 1 0 1 0 1
1/o0]1] 1|0 1 1 0 0 1
1{1|0| 0 |1 1 0 1 0 1
11|10 o0 0 1 0 1 0

@®opMyna Ha3bIBAETCS TOXKJIECTBEHHO MCTHHHOM (JIOJKHOM), €Clii OHAa NPUHHMAET
snayenue 1 (0) mpu Bcex 3HAYCHUSAX BXOAIINX B HEC TEPEMEHHBIX.

[pumep. SBasiercs, 1 popmyina (X —>Y) A'Y) — X TOXKIASCTBEHHO HCTHHHOMN?

XY | x| Y| X2V | xoy) Ay | (X>Y)AY) > X
olo]1]1 1 0 1
0l 1]1]0 0 0 1
1001 1 0 1
1100 1 1 1

@opmyna paBHa | mpu BceX 3HaYEHMSAX BXOJSALIMX B HEE NEPEMEHHBIX, CIEIOBATEIBHO,
OHA TOXKJIECTBEHHO MCTUHHAs (TaBTOJIOTHS).

1. Tlopsaok BBIMOTHEHUS JOIMYECKHX OIEpaInii.

2. Kak onpenenuTh 4uciao CTPOK B TAOIUIIE HCTHHHOCTH.

3. CocraBuTh TaOIUIy UICTUHHOCTH JAHHOM OyJeBOM (QyHKIMU:
1 (X®yz) > xvz

s (X]y) > (zy@x)
3 (X>y)®(zvx)

16. X<

KOHTpOJIl)Hble BOIIPOCHI U 3a/1aHUA.

(Yy®zvy)

17 XVyz@®y

18. (x&®

y)Zv X
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4 (XvY)®(z 6 y) 19 x> Y)®(zvy)
5. (Xxvy—>2)®y 20. (x| y)z Vv X

6. XVYy—>2y 21 (x> V)@ 2) <y
7. (xyy)vx—>z 22. (xdy) o (zay)
8. (Xy >2)vxady 23. (xvy)®z) >y
9. (x| Y)z > yVvX) 24. (xy ® 7) — X

10. (X = yz) ® x 25. x®(yy )@y
11. XV yZ —> Xy 26. X > yv(yvz)
12. (x®y)(z v X) 27. (x| y) ® (y > zx)
13. (Xv V)@ (2 ) 28. x> y(xv (y@2))
14. (x4 y)®z v x 29. (XD 2) > (X Vv Y)
15. (Xvy —>2)®y 30. x(y > 2) < (Y@ 2)

Pexomenoyeman numepamypa:

OcHoBHasi IuTEpaTypa:
3apunosa, J. P. Jlekiuu 1o nuckpetHoil MaTematuke. MaTtemaTiieckas JOTUKa: yueOHoe
noco6ue / D. P. 3apunosa, M. I'. Kokorunkona, JI. A. CeBactesiHOB. — Mocksa : Poccuiickuii
YHHUBEPCUTET ApYxKObl HapoaoB, 2014. — 120 ¢. — Pexxum gocrymna:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTEIbHAS JINTEPATypa:
Xarraptu, P. Jluckpernas Mmatematuka Jiisi IporpaMMHCTOB : yueOHoe nocobue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 ¢. — Pexxum nocrymna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne8. [IpumeHeHne 3aKOHOB A1re0pbl JIOTHKH.
Ilens 3anamus. [IpnoOpecTy HaBBIKK BBIIIOJHEHUS PAaBHOCWIBHBIX MpeoOpa3oBaHUl ¢

NPUMEHEHHEM 3aKOHOB aJireOpbl JIOTHKH.

3nanus u ymenus, npuodopemaemvie CMYOCHHIOM 6 pe3ylbmame OCE60CHUA MHeMbl,
¢opmupyemvie Komnemenyuu. 3HaeT OCHOBHBIE 3aKOHBI airedpbl JIOTUKM U yMeEeT
IPUMEHSTh UX JIJIs peoOpa3oBaHus OyJeBbIX (PYHKIIUMN.

Teopemuueckas yacmo.

bynesob! pynkuuu f1 u f2 Ha3pIBaOTCS SKBUBAIICHTHBIMY, €CITH HA BCIKOM Habope

(a,,a,,...,4,) Hymeil u eauHUL 3HaYeHHs QyHKUUH coBmagaoT. OOo3HaueHHE
SKBUBAJIEHTHBIX (PaBHOCHJIBbHBIX) QyHKIHH cinenyromee: fl=f2 wm fl= 2.

OcHoBHble 3xkBuBajienTHocTH (H,H,, H, , H;... 03Ha4atoT HekoTOpbie OysIeBbl QYyHKIHH):

1. 3akoH aBoiiHOrO OTpHUIAHUA: H = H
2. Unemnorentnocts: HH=H, HvH =H

3. KommyraruBnocts: H, *H, =H, *H,, rne cumBon *o3Havaer omHy M3 CBSI30K
&v,®,~|.¥.

4. Accoumarusrocts: H, *(H, *H;)=(H, *H,)*H,, rne cumBon * o3nauaer onny us
CBSI30K &,Vv,D,~ .

5. uctpubyrusnocts: H, & (H, vH;)=(H, &H,) v (H, &H,),
H,v(H,&H;)=(H,vH,)&(H, &H,).
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6. 3akoH ne Moprana: H; & H, =H_1&H_2, m=H_1&H_2,

7. lpaswuia normomennst: H, v(H, &H,;)=H,;, H, &(H,VvH;)=H,

8. 3akons! ckienBanust: H, & H, v Hl&H_zz H,, (H v Hz)&(HlvH_z): H,
9. 3aKOHBI MHBEPCHIA: Hvﬁzl, H&H=0.

10. ITpaBuna onepanuii ¢ koucrantamu: Hv1l=1 H&l=H,6 Hv0=H, H &0=0.
Bce npuBeieHHbIE COOTHOIICHHUS JIETKO MPOBEPSIOTCS 110 TaOJIMIIaM UCTHHHOCTH.

[pumep: YIpocTuTh GOPMYIIBI, UCTIONB3Ysl OCHOBHBIE 3aKOHBI SKBUBAJICHTHOCTH:
1) XZVXVXZVYZ=ZVYZI=ZVYIVXVYZI=ZVYVX;

2)
x—>y:§vy (6) X—>y:§vy,(6)
Xo>oYPAYy—>X = A(X>Y)AY)vX=(=(X>Yy)vay)vx =
3 (2) X—>y=XVY
=(XAYVaY)VvX=(mYVYAX)VX==YyVX = Y
3)

XYZV XYV XYZV XZVXZ=XZ(YV Y) VXYV XZV XZ=XZV XYV XZV XZ =

=(xzv X2)v (X2 v Xz)v Xy =X(zvz)vz(XvX)vXy=Xvzvxy=x1vy)vz=Xxvz;

4)

XV XXy X1 Xp V Xg = Xo (Xp v Xg) V(X Xp)Xg = (X Vv XpXg) V(X Xp v Xg) = X (X, v Xg) =

=XV XK VXV Xy VX =X VK VX

[Ipumep: C moMoIIIbI0 paBHOCUITBHBIX MMPE0OPa30BaHUI YIIPOCTUTH (POPMYITY
Xy = (Xvy)z.
X)_/—>(;(vgl)zz)_(yv()_(\/;/)gE;(vglvﬁvﬁz)_(v YyVXZVYZ=XVYVZ=
)XV (yvz)=x—(yvi);
6)zv (XvYy)=z— (XVY);

8)(YV XVZ)=YyV Xz

2))_(v2vysﬁvysxz—>y;

0)X v yvizﬁz.

JIroOyto 3amuchk a) - 1) MOKHO CUUTATH OTBETOM.

Ipumep:. IIpoBepbTe, OyAYT M SKBUBAJICHTHBI ClIeAYIOIINE (PYHKIIUN:

x—>2)(y > 2); (xvy)—>z.

C IMOMOIIbIO PaBHOCHUIJILHBIX Hp606pa3OBaHHﬁ nojriy4acm, 410

x—>2z2)(y—> z)z(>_<vz)(§/v Z)Ex_va)_/v)_(ZvZ zx_yszmvz =(Xvy)—oz,
T.€. QyHKIUU YKBUBAJICHTHBI.
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[pumep:. Jloka3aTh paBHOCHILHOCTE (X V Y) A (X Vv 9) = X.

(XVY)AXVY)=XAXVYAXVXAYVYAY=

=XVYAXVXAY=XAQvYvY)=XAa(lvl)=x
KoHTpoJIbHbIe BONPOCHI U 32 JaHUS

1. J_IOKaBaTB CICAYIOMIUE paBHOCUJIIBHOCTH:
1_vaE)_(/\§/ 8. vaE)_(ngl 15. (Xv Y)A(XVY)A(XVZ) =X
2 XAy=x|y 9. Xly=xvy 16. v (yv2)=(xvy)v(yv2)
3 xby=xnay 10 XV AXVY) =X 17 X®(YO2)=(xDYy) D2z
4_x|ys>_(v§ 11.XV()_(/\y)EXVY 18. x§—>(>_(v§/)25x§/z
5_x_>§sy—>§ 12. Xy > Z=XVYyVZ 19. X>(y>2)=xry—>1
6_x—>ys>_(vy 13_x®ys>_</\yVXA§/ 20.%—>§El®y®xy
7XV(YAX) =X g VVY) =X g x e Y=V Y)(EVY)
2. Tlokazath, uYTO (OPMYIIBI Bva, a/\B—ﬂ:_l’ anb—b UMCIOT Ty Xe TaOJuIly

HUCTUHHOCTH, YTO U UMIIJIMKAIIUA a— b .

3. TlposepbTe, OyayT I SKBUBAICHTHBI CIICAYIOIINE QYHKIMM: o
1. X=>(y®2), x> y)®(x—>2) 11. XV (yr2), (x> y)v(xv2)
2 XA(Y®2), (XAY)®(XA2) 12 (Yvx)@(yrz), (x@y)v(x®2)
3. XA(Yy > 2), (XAY) > (XA2) 13, X®Yy,y®x
4. Xv(yl2), (xvy)|(xvz) 14, XV Y. Xy
5 X®(y—>2), X->Yy) e (xd2) 15 XV Y. x|y
6. XI(y—>2), (x|y)—>(x]z) 16. XA Y. x by
7 XA(y—>12), xyzvx|y 17. X(y v X),X
g Xv(y—>12), (xvy)—>(xvz) 18 XAYAXX
9 X®(Y—>2), () (xD2) 19. ¥ z,zdxy
10. XY (y 2, (x¥y)o(xl2) 20. XV YZ,(XV y)(Xv 7).
4. TlpeoOpa3yiite hopmybl, HCTIOIB3YsI OCHOBHBIE 3aKOHBI SKBUBAJIEHTHOCTH:
1. xyvyvxy 11. xyvxyvxyvyvxy
2. XVYVXYVXY 12, (yzv2)v(yzVv2)
3. vayvxglv)_( 13. ﬁvxyivxy
A 1o R
5 XYZV XYV XyZV Yz 15. XYZV XV YV ZVXYVXyZ
6. XYZVXVYVZVYZVXyZ 16. XZV YV ZVXYZV XV YV 2
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7 XYZVYZVXYVXVY 17. XZVYIVXVXVYVZ

g XIVXYZVXVYVZIVXYIVYZ 18. XYZVXZVYyZVyVZ
9. x§/2vxyv;<v2v;<z 19. (X\/?/v)_(z)(y\/gl)(yvz)
10. XYZV XV ZVXV YV ZV Xy 20, XYV XYZV XV Xzt

Pexomenodyeman numepamypa:

OcHoBHas1 iuTEpaTypa:
3apumnosa, J. P. Jlekuuu no quckpetHoi MmatemaTuke. MaTeMaTtuyeckast JIOTuKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpYKObI Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JonoJHUTe/ILHAA JTUTEPATYypa:
Xarraptu, P. Jluckpernas maTrematuka Jijisi IpOrpaMMHECTOB : yuyebHoe nocobue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora Ne9. /IM3bIOHKTHBHbIE H KOHbIOHKTHBHbIE COBEpPIIEHHBbIE

HOpMaJIbHbIe GOpMBI.

Lenv 3anamusa. llpuoOpectu HaBbiku mnoctpoeHuss CKH® (CAH®D) c mnomoiirsio
Pa3IUYHbIX aITOPUTMOB.

3nanua u ymenusa, npuobpemaemvie CMYOCHMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHbBIE 3aKOHBbl auredOpbl JIOTUKH U yMEEeT
npuMeHsTh anroput™bl noctpoeHust CKH® (CAH®) OyneBbix QyHKIHIA.

Teopemuueckasa uacme.

MHoecTBO Bcex OyneBbIX B Oasuce S = {—|,/\,v} oOpa3ytoT OyJqeBy aiaredopy. Eciu x -

JIOTHYECKasl IepeMeHHasl, & =0 € {0,1} TO BBIpa)KEHUE

> X ecmu o=1 1 ecm x=o
—_— X —_—

i 1500071 = ,
X emu o=0 0 eciu X#o

HasbIBaeTCsl JUTEpoH. JIutepsl X M —X Has3pIBalOTCs KOHTpapHbIMUA. KOHBIOHKTOM
Ha3bIBACTCSI  KOHBIOHKIMS  JuTep. /IM3BIOHKTOM  Ha3bIBA€TCAd  JU3BIOHKLHS  JIUTED.
Jn3bI0OHKTUBHOI HOpMaJbHOH (popmoil (JIH®) HaspiBaeTCs NTU3BIOHKIMSA KOHEYHOI'O YMCIIA
KOHBIOHKTOB. KOHBIOHKTHBHOM HOopMaabHOH ¢opmoii (KH®) Ha3biBaeTcsl KOHBIOHKIUSA
KOHEYHOTI'0 YKCJIa JU3BIOHKTOB.

Iycte ¢ynkiums f 3amucan B 6azuce S1. [lanHas GpyHKUIUS MPUBOAUTCS K HOPMAIbHOM
dbopme CIeayroIIM TyTeM:

1. ucnonb3yem 3akoHbI e Moprana, uToObI Ipeodpa3oBath GopMyny K BUAY, B KOTOPOM
3HAKW OTPULIAHMS OTHOCSTCS TOJIBKO K OTJIE€JIBbHBIM IIEPEMEHHBIM;

2. IpUMEHsIEM TIPAaBUJIO CHATHUS ABOHHOTO OTPHUIAHUS: X = X ;

3. manee clieAyeT WCIOJIB30BAaTh 3aKOHBI ITUCTPUOYTHBHOCTH, TPUYEM IIEPBBIA 3aKOH
mucTpuOyTuBHOCTH st mpuBeaeHus k JIH®, u BTOpoit 3akoH TUCTPUOYTUBHOCTH ISt
npuseneHns k KHO.

Ecnu B kaxx0M 4iieHe HopMabHOM (OPMBI IPEACTABICHBI BCE TIepeMeHHbIe (JTM00 caMu,
anb0 WX OTPUIIAHUA), NMPUYEM B KaXJOM OTACIbHOM KOHBIOHKTE WIM AU3IBIOHKTE Jt00as
nepeMeHHasl BXOJUT POBHO OJIMH pa3 (0o cama mudo ee oTpUllaHue), To 3Ta popma Ha3bIBaETCs
coBepuieHHO# HopMaabHO# Gpopmoii (CAH® nan CKH®D).
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[pumep: [To nanHOI Tabmuie ucTuHHOCTH ocTpouth CITHD.
Pemenue paccmotpum Ha npumepe ¢yukimu T (X, Y, Z), 3aganHoit TabinaHO:

X y z Koncruryentsr 1 Koncruryentsi 0 f(x,y,2)
0 0 0 X-y-z XVyvz 0
0 0 1 X-y-z XV y\vz 1
0 1 0 X-y-z XV YV 2 1
0 1 1 X-y-z XV yvz 0
1 0 0 X-y-z XV yvVz 0
1 0 1 X-y-2 XVyvz 1
1 1 0 X-y-z XVyvz 1
1 1 1 X-y-z XV yvz 1

KoncruryenTsl_1 (MAM OCHOBHBIE KOHBIOHKLIMHM ), BKJIIOUYEHHbIE B TaOauLy,
COOTBETCTBYIOT KOHKPETHOMY HA0Opy HyJeHl M €IWHUI], KOTOpHIE MPHHUMAIOT IMEepPEeMEHHBIE
X,Y¥,Z. CrTposiTcs KOHCTUTYEHTHbl 1 1O cienymomeMy IpaBuily: IEpPEMEHHas BXOIUT B
IIPOM3BECHUE CaMa, €CIIU Ha JJaHHOM HaOope OHa IPUHUMAET 3HaYeHUE |, B IPOTUBHOM Cllydae
B IIPOU3BENICHNE BXOJUT €€ OTPHULIAHKE.

IpaBuio nasa nocrpoenuss CJAH®: cnexyer BbIOpaTh CTPOKH, B KOTOPBIX (PYHKIIHS
paBHa 1, a 3aTeM B3ATh IU3BIOHKIMIO COOTBETCTBYIOIIMX KOHCTUTYeHT 1. Tak g Hamero
npuMepa, UMeeM

f(X,y,2)=X-Y-ZVX-Y-ZVX-Y-ZVX-Y-ZVX-Y-L
[pumep: [To nanHOI Tabnuie ucTuHHOCTH ocTpouth CKHO.

Pemenne: KoncruryenTnl 0 111 HaOopa Hyneld U eauHUI] (KOTOpble NPUHHUMAIOT
NEPEMEHHBIE X, Y,Z ) CTPOUTCS CIEAYIOIINM 00pa3oM: epeMeHHasi BXOAUT B JU3BIOHKIIMIO caMa,
€cJIi Ha JaHHOM Habope oHa NmpuHHMMaeT 3HayeHue (0, B MPOTUBHOM Clyyae B JAU3BIOHKIIHIO
BXOJIUT €€ OTPULIAHUE.

IpaBuiao nasa nocrpoenussi CKH®: crnenyer BbIOpaTh CTPOKH, B KOTOPBIX (PYHKIIHSA
paBHa 0, a 3aTeM B34Tb KOHBIOHKIHMIO COOTBETCTBYIOIIMX KOHCTUTYeHT (. B pesynbrare
nosyuntcst uckomast CKH®. Tak nis Hamero npumepa, uMeeM

f(x,y,2)=(xvyvz)-(Xvyvz)-(Xxvyvz).

Onucannsiii cioco6 Haxoxaerust C/IH® (CKH®) no tabiuiie HCTHHHOCTH OBIBAET 4YacTO
Oosiee TPYIOEMKHUM, YEM CIIEIYIOIIUN alITOPUTM.

1.JJas naxoxkaenun CAH® nannyto ¢popmyiny npuBoauM cHavaia k JJTH.

2. Ecniu B HEKOTOPBIN KOHBIOHKT K He BXOJHMT CKa)KeM MepeMEHHast Y , TO 3TOT KOHBIOHKT

3aMeHsieM Ha 3KBHUBaNICHTHYIO hopmyny K A (Y Vv Y) u, npumensist 1-if 3ak0H AUCTPUOYTUBHOCTH,
pUBOIUM TNoaydeHHYIo popmyny k JIH®. Ecinu HenocTaromux nepeMeHHbIX HECKOIbKO, TO JIJIs
KaXX/I0# U3 HUX K KOHBIOHKTY J100aBJIsIeM COOTBETCTBYIOIIYIO opmyiy Buza (Y Vv Y).

3. Ecnu B monmyuennoit JIH® nMeeTcst HECKOIBKO OAMHAKOBBIX KOHCTUTYEHT €IUHUIIBI, TO
OCTaBJIIEM TOJIbKO OJHY M3 HUX. B pe3ynbraTe nonyyaercs CIHD.
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3ameuanue: s noctpoenuss CKH® au3bloHKT HE coAeprKalluil CKaXeM MePEeMEHHYIO
Yy 3aMeHseM Ha OJKBUBalleHTHy0 QopmynyDvy-y U, TpUMEHseM 2-i 3aKoH

TUCTPUOYTUBHOCTH.
[pumep: Iloctpouts CKH® pmna ¢yaknum F npu momon  SKBHBAJICHTHBIX
npeoOpa3oBaHuit

F=x|(y®2)=xv(y®z)=xv (yzvyz)=xvyz-yz=xv(yvz)-(yvz)=xv(yvz)-(yvz)=
:()_(v va)-()_(vglvE)—CKHcD
[Tpumep: C moMouIsI0 3KBUBAJIEHTHBIX MpeoOpazoBanuii npuseaute Gopmyny k JTHO, KHD,
CIOH®, CKHO. F =((x{ y) > z) © V.
Pemenwue: IlpuBenem ¢ynkmio F k 6azucy S, = {—|,/\,\/}

F =(>_<-§—>)<—>y=(>_<-3_/v2)<—>y=(XVva)<—>y=(XVvav§/)(XV vav y) =

=X-y-Zvy=X-y-2-y=(XvYyvz)y—KHD
s npusenenus F k JIH®, npumeHNM nepBbIi 3aK0H TUCTPUOYTUBHOCTH.

F=Xyvyyvz-y=Xyvz-y=xyvz-y—JH®
[Tpusenem ¢pynkuuto F k CITHD:

F=xyvzy=xy(zvz)vzy(XvX)=XyzvXyzv(ZyXv zyX) = XYz Vv XyZ Vv XyZ.

[Tpusenem ¢pynkuuto F k CKHO:
F=(xvyvz)y=(XxXvyvz)(yvxx)=xvyvz(yv)(yvx)=xvyvz(yvxvzz)-

(;lv)_(v ZE):(X\/ va)(yv XV Z)(vavE)(glv)_(v Z)(yv)_(vE).

Ipumep: [Ipusectu Gpynkuuio k IH®, ncnonb3ys 1-blif 3aK0H AUCTPUOYTUBHOCTH.
x-3_/-><-—y-E-(yv z):x-y-(ivyv;)-(yv z)=(x-§/->_(v x-y-yv x-y-z)-(yv 7) = —omoKH®
=(OvX-yvXx-y-2)-(yvz)=(X-yvx-y-z)-(yvz) =—smoopyeass KH®
=X-?l-yvx-gl-z-yvx-y-ZvX-gl-Z-Z:O\/OvX-§I~ZvX-§/-Z=X-§/-ZVX-§/~Z—3m0 JIHD
[pumep: [MpuBectu pyukmuio k KH®, ucnonb3ys BTOpoit 3aKoH JUCTPUOYTHBHOCTH.

XVY-X-YVZ=Xv y-(x-_y-E)=XV Vo(Xvy)z=xvy-z-(Xvy)=(Xvy-2)-(XvXvy)=
=(xvy)-(xv2)-Avy)=(xXvy)-(Xvi)— smo KH®
[pumep: [1o nanno# Tadbnuiie uctTuHHOCTU octpouts CAHD:

X y z OCHOBHBIC f(x,y,2)
KOHBIOHKI[HU
0 0 0 X-y-z 0
0 0 1 X-y-z 1
0 1 0 X-y-z 1
0 1 1 X-y-z 0
1 0 0 X-y-z 0
1 0 1 X-y-2 1
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ITocrpoum CKH® nss1 Hamlero npuMepa Ha OCHOBAHUU 3aMEUYaHUS.

1. Crpoum CIIH® ny1st otpunianust X-y-zZv X-Y- va-y-z.
2. Vcnonb3yem 3aKkoHbI Jie Moprana, mojiyaaem

f :?:x-y-2v>_(-y-2vx-§/-2:x-y-Z/\)_<-y-ZAx-3_/-E:(X\/ yvz)-(Xvyvz)(xv
vYyvZ).

KOHTpOJ’IbHLIe BOIIPOCHI U 3alaHUA

1. Yro naswiBactcst KH® (JIHD)?
2. Anroputrmsl noctpoenuss CJH® u CKHO.
3. Kakwue u3 cnenyrommx GyHKIUH 3anrcaHbl B HOPMaJIbHOH opme, a Kakue HeT?

1. Xxvy—->z 2. (X-yvX)-(zvX); 3. (XvzvX)-X-y-(zvX);
4. X-yvX-y-(XVY); 5. X-Y-Z-X-XVZ-YyVvX 6. (Xvyvyvz)-z-(zvX);
7. X-yvX-zvy-z-xvz, 8 (Xvyvz)(yvxyvz), 9. XyzvXyv Xyz;

10. Xyz v XYZ v XyZ; 11, (yzv xy v 2)(Xv y v x2); 12, Xyz v Xy v XyZ:

13. xyvzvxyvzvyxy, 14 (xvyvzvi)(xvyt, 15 xvyvzv(Xv yz);
16. xyzv xyzv yz(xvz); 17.xvyvzvxyvyz 18 xyzv (xv y)(yv z);
19. (Xv yvz)(Xv yvz)(Xvy); 20. xyzv xyv zt v xyzt; 21. (Xxvyvz)-x-(zvX).
5. [Ipusectu cnenyromue Gpopmynst k JIHO n KH® u no BO3MOXKHOCTH YIPOCTHUTH.

1. xvyz, 2. XY, 3. X Vyz;

4. Xy > 7 5. Xy <> Xy; 6. x> (y > 2);

7. xy v (X > Y); 8. XYV yzvz 9. XV yZV XyZ;

10. Xvyvz-xvX-y, 11 (x-yvz)-(yvx-z); 12. (xyzvX)-(Xv YV ZvXZ)VY;
13. X-y-X-yvxyzvz), 14 x-y > zvy; 15. Z > yv X-2);

16. (x®@y) > (z®x); 17. (xyy)®z-X; 18. (xv z) = (y 4 2);

19. (x|§/)—>x-m; 20. me@; 21. X-yVXyZ Vv Z.

6. IlpuBectn ¢Qynkmum Kk coBepmieHHBIM (opmam (CJH® u CKH®) nyrem
HKBUBAJIEHTHBIX MTPe0Opa3oBaHui.

1. XYV XyZV Z; 2. (xv2)-(Xvy); 3. XV YyvVIX

4. (xvyvz)-y-(yvz); 5 X-y-z; 6. yvXx-(yzvz);
7. (Xyv2)-X-(XzvYy), 8.XzvYy-—> Xz 9. (yv2)®X-y-Z
10. (x4 y)vyz A X; 11 X X-Y A Z: 12. xAy 7

13. XV ; 14. xy(X = y); 15. (X > Y) > XV V;
16. X > yz; 17. (x> y) > X 18. xy > (y = X);
19. xvy > (x—>1z);  20. xy > t; 21. (Yyv2)®X-y.

7. Toctpouts CJH® u CKH® nns dyHKIu 3a1aHHBIX BEKTOPOM 3HAaueHUU OylieBOi

byHKINN.
1. (0011); 2. (0101); 3. (1110); 4. (1000); 5. (0011 1010);
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6. (1100 0101); 7. (1000 1111); 8. (1110 1100); 9. (1000 0011); 10. (1100 0000);
11.(1101 0000 0011 0110); 12.(0000 1111 0101 1100);
13.(1001 0000 0011 0100); 14. (0101 0110 0010 0111);
15. (0001 1100 0011 1110); 16. (1101 1111 0011 0001);
17. (1111 0000 1111 0110); 18. (0101 0110 0101 0110);
19. (1000 0110 1011 1111); 20. (1010 1111 0111 0000).
8. Hlokazarh paBHOCHIBHOCTH myTeM npuBenaeHus Kk CAH® wm CKHO:

1. xy=xvy; 8. X>y=y—oX 15. (x> y) > y=xVvYy;
2. X(XVY)=X; 9. Xy v Xy =X 16. X > (Y > 2)=XAY > 7,
3. XV XXY =XV Y; 10. X v xy = X; 17. X > 2)(y > 2)=(Xvy) >z
4 Xvy=X-y; 11. XV Xy = XV ¥; 18. x(yvz)=(XAY)V(XAZ);
5.x—>yEX_§/; 12. X(X Vv y) = Xy; 19. x o y=(X—>y)A(y > 2);
6. (XVv Y)(XVY)=X; 13. (XVY)A(XVY) =X 20. X>y=y X
7.XE Y=y o X 14. Xv (XA Y) =XV V.

9. C nmoMompi0 3KBUBAJICHTHBIX NpeoOpa3zoBanuii npusenute ¢popmyiny kK JHD, KHO,
CJIH®, CKHD.

1. x|y; 8.7 x o (x]y); 15. Xy y > xvy o x| y;

2. X®y; 9. (x| y) > 2)®y; 16. (xvy) > (2@ X);

3 Xey; 10. (xv y) > (2@ X); 17. (z > x) & (Y| x);

4. x4 y; 11. (x| y)®(z > X); 18. (xyy) > 2)@Vy;

5. XV 12. (z > X) @ (x| y); 19. Xy y o> x|y®X;

6. X > yz; 13. (xvy) > (2@ X); 20. (Xv'y) = (z & X).

7. Xyz; 14. (x4 y)®@2) > yx;

10. [TpoBepbTe nBYMsI criocobaMu, OyIyT JI SIKBUBAICHTHBI CIEAYIOMNE QYHKIINH.
1) cocraBnenuem Tabmui uCTHHHOCTH; 2)npuBeneHuemM k CIAH® unu CKHO ¢
MTOMOMUIbIO HKBUBAJICHTHBIX MPE0Opa30BaHUA.

1L Xvy,x-y; 11. xA(Yy © 2),(xAY) © (XA 2);
2. X Y, XV, 12. xv (Y| 2),(xvy)|(xv2z),

3. XV Y, XDY; 13. X®(y > 2),(x > y) © (x4 2);
4. xyvz,x(yvz), 14. x> (y®2),(x>y)D(X—>2);
5 X—>VY)z,x > vz, 15. x| (y = 2),(x| y) = (X| 2);

6. xy & X, (x> Y)z, 16. XA (Y > 2),(XAY) > (XA 2);
7. (XVY),XAY; 17. xv(y = 2),(x Vv y) > (X v 2);
8. X Y, XV Y; 18. X® (y — 2),(xy) <> (xD 2);

9. xv(y—>2),(xvy)>(xvz);, 19. xd(yeo2),xdy) o xi2);

10. XA(Yy > 2),(XxAY) > (xAZ); 20. XA(YDZ),(XAY)D(XAZ).

Pexomenodyeman numepamypa:

OcHoBHas1 JiuTEparypa:
3apunoBa, J. P. Jleknuu o nuckpeTHoi MaTemMaTuke. MaTtemaTHdeckas JOTHKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpYKObl HapoaoB, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html
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JlonotHUTE/ILHAS JIUTEpPATypa:
Xarraptu, P. JluckpeTHas MareMaTuka JJis MpOrpaMMHUCTOB : yueOHoe nocodue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas padora NelO. AJaropuTMbl NOCTPOEHHs MOJMHOMOB JKerajakuna.

Ilenv 3anmamua. 3akpenuTb HABBIKM IOCTPOEHHUs MHorowieHa JKerankuHa MeTonaMu
PaBHOCHJIBHBIX NPEOOPA30BaHUN M HEOTIPEIEIEHHBIX KOI((UIIESHTOB.
3nanus u ymenus, npuodpemaemvie CHMYOCHMOM 6 pe3)ibHiame OCEOCHUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HaeT aNropuTMBI MOCTPOCHUS MHOrowieHa JKeraakuHa H
yYMEET UX IPUMEHSTb.
Teopemuueckas yacmo.
MHuoxecTBo OyneBbIX (QyHKIWH, 3amaHHbix B Oasuce JKerankwna S = {@,/\,1}
Ha3bIBaeTcs anredpoii XKerankuxa.
OcHoBHbIE CBOWCTBA
1. xommyratuBaocts H, ®H, =H, ®H,, H, AH,=H, AH,;
2. accoumarunocts H, @ (H, ®H,)=(H, ®H,)®H,;, H A(H, AH;)=(H, AH,)AH;
3. mucrpubyrusnocts Hy A(H, ®H;)=(H, AH,)®(H, AH,);
4. cpoiicrBa kouctanT H Al=H, HA0=0, H®0=H;
5. H®H=0,HAH =H .
Yr1Bepxnenune. Uepes onepauuu anredpsl JXKeraqkuHa MOXKHO BbIpa3suTh BCE JIPyrue
OyseBbl QyHKIUU:
X=1® X, XVYy=XDYy®Dxy, X~y=1®xDYy,

X—>y=1®x®xy, XxJy=1OxDydxy, x|y=1Dxy.
Onpenenenue. [Tommnomom JKerankuna (MOJIMHOMOM TI0 MOIYIIO 2) OT N MEPEMEHHBIX
Xy Xy y..., X, HA3BIBAETCS BHIPAKEHHE BUJIA

P(X, Xy,0.X,) =Co DC X DCyX, D...DC X, DCpX X, @...DCpy X X, X

n )
IJie MOCTOsIHHBIE C, MOTYT MpUHUMaTh 3HaueHus 0 win 1.

Ecin nonnuom JKerankuHa HE COAEPKUT NPOU3BEACHUM OTAEIBHBIX NEPEMEHHBIX, TO
OH Ha3bIBAETCS JIMHEWHBIM (JIMHEWHas QyHKINSA).

Teopema. Kaxnas OyneBa QyHKUHUs NpPEACTaBIsETCS €IWHCTBEHHBIM 00pa3oM B BUJE
nosimHOMa JKeraikuHa.

OcHOBHBIE METOBI IOCTPOEHHUS MTOJIMHOMOB JKerajnkusa:

1. Metoa, ocHOBaHHBIH Ha npeodpa3oBanum gopmy.a. [lpuBoaum dbopmyny k Buay,
comepkamemMy cBsiskn w3 Oasmca S={®,&,1}; packpeiBaeM CKOOKH HCHOJIB3Ys 3aKOH
JTUCTPHOYTUBHOCTH (CM. CBOKMCTBO 3); a 3aTeM NpUMEHsIeM CBOWCTBa 4 U 5.

2. Metoa HeonpeneneHHbIX k03¢ duumnenTon. [lonmunom JXerankuna, peanru3yromnii
sagannyo Qynkuumio f (X, X,,...,X,) uiem B Bume

P(X,, X5,-:X,) =Co D C X, DC,X, @...DC X, DCLXX, D...DCp X, X,.. X,

Haiinem xoadduumentsr C,. g 3TOro mociaeAoBaTeNbHO MPHUIAIUM IEPEMEHHBIM
Xiy X500, X, 3HAYEHHS U3 KKIOW CTPOKU TaOJIUIBl HCTUHHOCTH. B mTOre moiayyum cucremy u3

2" ypaBHeHUii ¢ 2" HEM3BECTHBIMH, MMEIOIIYI0 SIUHCTBEHHOE pelieHne. PemmB ee, Haxoanm
koo dumuenTs! momaaoMa P(X;, X, ,...,X, ).
Ipumep: [Moctpouts nonmHoM XKerankuna GyHKIUU

a) f(x,y)=x—>vy, 0) f(x,y,z):((x—>y)—>2)<—>y.
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Pemenue:  a) 1 cnoco6. 3amuimeM  UCKOMBIH  ITOJHMHOM
P(X,y)=c¢, ®c,Xx®C,yDC,xy
[Tonb3ysick TabMUIIEH UICTUHHOCTH
X 0 0 1 1
y 0 1 0 1
X—>Yy 1 1 0 1

mojy4dacm, 4T1o
f(0,0)=P(0,0)=c, =1,
f(0)=P01)=c,®c, =1,
f(L0)=P(10)=c,®c, =0,
f(1)=P@1)=c,®c,®c,®dc, =1.

BUIC

Otkyzma mociexoBarensHo Haxomum, C, =1, ¢, =1, ¢, =0, ¢, =1. CnenosarensHo,

P(X,y) =1® x® xy.

2 crioco0 (meron npeodbpazoBanus Gopmyin.) Mmeem

X— y:;w y= x-§/=(x-(y®1))€r)1=1®x®x~ y.

6) 1 crioco6. ITycts monuHoM JKerankuHa UMEeT BHUI:

P(X,y,2) =C, DC,XDC,y DC,ZDC, Xy D Ci3XZ D C,y YZ D Cppa XYZ.

P(0,0,0) =c, =1, (t.x. f(0,0,0) =1).

P0,01) =c, ®c, =0(rx. f(0,0)=0)=1®c,=0=c,=1.
P010)=c,®c,=0=1®c,=0=c, =1.
P10,0)=c,®c, =1=1&c, =1=c, =0.

P01l =c,®c,®c,®C,, =0=210101DC, =0=1DC,, =0=C,y =1,

P01 =c,®c, ®c,®c; =1=100@1@DcC,; =1=0@c,y=1=c, =1.
PLL0)=c,®c, @c,®c,=0=10001®c, =0=c, =0.

PAL) =c,®c, ®c,®c,®c,PCc; DC,y ®Cp; =0=
=1000101000101®cC,; =0=1DC,, =0=10C; =1.

Wrak, nomyyaem noiauHoM JKerankuHa 3-if CTENEHHU.

P(X,y,2)=1®©y®z® xy ® yz ® xyz.

[pumep: Iloctpouts momuHoM JKerankumua mis ¢yakiun = (1011)

HeomnpeeaeHHbIX Kodddunuentos. SApnsercst mu f nuHeitnoin?

Pemenre. Miem momurom XXerankuna P(X, Y) B Buje:
P(x,y) =c, ©c, ®c,y DC,xy.

Hcnonb3ys Tabuiy ucTuHHOCTH jutst T, , mmeem
P(0,0)=c,=1=c¢, =1,

P01l =c,®c,=0=>1®c,=0=c, =1.

PA0)=c,®c, =1=1®c, =1=¢, =0.

PQl)=c,®c, ®c,®c, =1=100010c, =1=c, =1
Urak, f =1@ y ® Xy — He nuHeiina.

KOHTpOJ’[LHbIe BOIIPOCHI X 3aJaHUA

1. Yro Ha3eiBaercd MHOrowieHoM JKerankuna?

METOIOM
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2. Meton HeomnpeneaeHHbIX K0d()PHIIMEHTOB.
3. IMoctpoutk momuHoM JKerajknHa, UCHOJb3Ysl YKBUBAICHTHBIC TIPEOOPa30OBaAHMSL.

1. xoy, 8. (X—>y)y—>12), 15. Xy 5> XV y & X,

2. x>y, 9. (xy v xy)®z, 16. (X @ y) < (zX),

3. xy 4z, 10. x4 yz, 17. (ZAY)® (Y v X-2),

4. (xvy)z, 11. (x > y)(y - X), 18. (xvy) > 12|y,

5. xy| z, 12. Xvyvz, 19. (x © Y) L (x® x- 2),
6. Xy(x®y), 13. x®y z, 20. (x2 <> xyz) v (xy = 2).
7. XyZ v ¥, 14. XV yZ v Xyz,

4. Tloctpoiite nmoauHOM JKeraakruHa METOJ0M HEOIPEACIICHHBIX KOA(D(UIIMEHTOB.
1. (xey) ez, 8. Xyvyzviztvitz, 15. (z > x)® (x| y),
2. x> (y>2), 9. xdvyoxvyox|y, 16, (xvy)— (z®X),
3. (x| y) ¥z, 10. X+ y > x|y DX, 17. (xv y) = (z® x),
4. xy(x@y), 11. 7 > x & (x] y), 18. (z > x) < (y| ),
5. Xyz v XyZ Vv XYz, 12. (x| y) > 2) @Yy, 19. (xyy) > )@Yy,
6. (x> yY)(y Y 2), 13. (xvy) = (2@ x), 20. (XvY) > (2> X).
7. (X > yY)v2)|X 14. (x| y) ® (z — X),

5. TTocrpoiite monuuom XKerankuna, ecan Gynaxuuu f(X,y,2) u (X, X,, X5, X, ) 3ananusi

BEKTOPOM CBOMX 3HAYCHUI:

1) (1010 0101);

2) (0011 1101);

3) (0011 1100);

4) (0101 0011);

5) (0010 0011);

6) (0101 1001),

7) (1111 0101);

8) (0111 1111);

9) (1101 1011),

10) (0010 0011);

11) (1111 1100 1011 1001);
12) (1101 0011 1101 0011);
13) (1100 1011 1111 1011);
14) (0101 0101 1110 0011);
15) (0000 1111 0101 1100);
16) (0011 1101 0011 1100);
17) (1111 1100 1011 1011);
18) (0101 1111 1101 0011);
19) (0000 1011 1011 1010);
20) (0001 1101 1010 1111).

Pexomenoyemasn numepamypa:

OcHoBHas1 JiuTEparypa:
3apunoBa, J. P. Jleknuu o nuckpeTHoi MaTemMaTuke. MaTtemaTHdeckas JOTHKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuit
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YHHUBEPCHUTET JIpYKObl Hapo10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTEILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTrHast MaTeMaTuka Jjisl IpOrpaMMHCTOB : yueOHoe rmocobwue / P. Xarraptu. —
Mocksa : Texnocdepa, 2012. — 400 C. — Pexum J0CTyMa:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Nell. Pa3Memenusi, mnepecTaHOBKH, COYETAHHS B
KOMOMHaTOpPHKe.

Lenv 3anamus. I3yunTh OCHOBHbIE KOMOMHATOPHBIE O0BEKTHI U 00JIACTH UX BO3ZMOKHOTO
IIPUMEHEHHUS.

3nanusa u ymenusa, npuodpemaemvie CmyOeHmMOM 6 pe3yibmame 0CE0CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HAET pa3MEILEHUS, IEPECTAHOBKU, COYETAHUS U YMEET HX
HOPUMEHSTDH [IPU PELICHUH 3a7ay.

Teopemuueckasa yacme.

KomOuHnaTopuka - 3TO pasjen MareMaTHKH, B KOTOPOM H3Yy4aroTCs BOIPOCHI O TOM,
CKOJIBKO pa3jIMYHbIX KOMOMHAIMH, TOAYNHEHHBIX TEM WJIH UHBIM YCJIOBHSIM, MOKHO COCTaBUTH
U3 3a/laHHBIX 00BEKTOB. OCHOBBI KOMOMHATOPUKHM OYEHb Ba)KHBI JUISl OLIEHKU BEpPOSITHOCTEH
CIIy4aHbIX COOBITUH, T.K. IMEHHO OHHU IO3BOJISIOT MOJCUYHUTATh HNPUHLIUIHAIBHO BO3MOXKHOE
KOJINYECTBO Pa3IMYHBIX BAPUAHTOB PA3BUTUS COOBITHIA.

OcHoBHast popmysia KOMOMHATOPUKH

ITycte umeercst k rpynm 371€MeHTOB, NMpPUYEM i-S IpyIIa COCTOMT W3 Ni 3JIEMEHTOB.
BriOepeM o ofHOMY 3JIEMEHTY B3 KaX10# rpymmbl. Toraa oomee uncio N crnoco0oB, KOTOPBIMU
MO>KHO MPOU3BECTH TaKOH BBIOOP, OMPENIEIAETCS COOTHOIIIEHHEM N=n1*N2*N3*...*Nk.

IIpumep. [loscHuM 3TO mpaBMiIO Ha mpocToMm mnpumepe. IlycTeb mmeeTcs IBe IpyIIibl
AJIEMEHTOB, NPUYEM IIepBasi TPyIIa COCTOMT M3 N1 JJIEMEHTOB, a BTOpasl - U3 N2 DJIEMEHTOB.
CKOJIbKO pa3IMuHBIX Map 3JE€MEHTOB MOXHO COCTaBUTh U3 3TUX JIBYX TPYIIN, TAaKUM 00pazoM,
4TOOBI B ITape ObLIO 10 OAHOMY 3JIEMEHTY OT KaXJ0H IpyIIbI?

JlomycTuM, MBI B3sUIM TEPBBII 3J€MEHT U3 MEpBOM IPYIIBI U, HE MEHsS €ro, nepedpanu
BCE BO3MOXKHBIE IIapbl, MEHSSI TOJBKO 3JIEMEHTHI U3 BTOPOM Ipynmbl. Takux map A 3TOro
AJIEMEHTA MOXHO COCTAaBUTh N2. 3aTe€M Mbl O€peM BTOPOM 3JIEMEHT U3 MEPBOM IPYMIbI U TaKKe
COCTaBJISIEM [T HETO BCe BO3MOXKHBIE Mapbl. Takux map Toxe OyzaeT nz. Tak kak B nepBoi rpyrre
BCEr0 N1 JIEMEHT, BCET0 BO3MOKHBIX BapHaHTOB OyAeT n1*Na.

[Tpumep. CKONBKO TPEX3HAYHBIX YETHBIX YHCET MOXKHO cocTaBuTh 3 udp 0, 1,2, 3,4, 5,
6, eciu HUQPBI MOTYT OBTOPATHCA?

Pemienue: N1=6 (T.K. B KauecTBe MepBOM LU PBI MOXKHO B3sTh J100y10 udpy u3 1, 2, 3, 4,
5, 6), n2=7 (T.K. B KauecTBe BTOPOH 1IU(PHI MOKHO B35ATh JT00yI0 1tudpy u3 0, 1,2, 3, 4, 5, 6), n3=4
(T.X. B KauecTBe TpeTheil udpbl MOKHO B3ATH J1t00YI0 1tudpy u3 0, 2, 4, 6).

Hrak, N=n1*n*n3=6*7*4=168.

B Tom ciydae, korma Bce TpyMIbI COCTOST M3 OJMHAKOBOTO YHCIA DJIEMEHTOB, T.C.
N1=N2=...Nk=N MOXHO CUYMUTATh, YTO KAXKIBIA BHIOOP MPOU3BOAUTCSA U3 OJHOW U TOH K€ TPy,
OpUYeM 3JEMEHT Iocje BhIOOpa CHOBA BO3BpalllaeTcs B Ipymmy. Toraa 4yucio BceX CrocoOOB
BEIGOpa paBHO N¥. TaKoif croco6 BEIGOpPa HOCHT HA3BaHHE BEIGOPKH C BO3BPAIICHHEM.

ITpumep. CKONBKO BCEX YETHIPEX3HAYHBIX YHUCENI MOXKHO COCTaBUTh U3 1udp 1, 5, 6, 7, 8?

Pemenue. /It kaxa0ro paspsiia 4eTbIPEX3HAUHOTO YKCIa UMEETCS MSITh BO3MOKHOCTEH,
3HauuT N=5*5*5*5=54=625.

PaccMoTpuM MHOKECTBO, COCTOSIIME M3 N 3JIEMEHTOB. DTO MHOKECTBO OyJ1eM Ha3bIBaTh
TrEHEPAIbHON COBOKYITHOCTBIO.

Pa3menienuemM u3 n 3JI€MEHTOB MO M Ha3bIBAaeTCs JHOOOW yMOpsSAOYEHHBIH HAOOp U3 m
Pa3IMYHBIX HJIEMEHTOB, BEHIOPAHHBIX U3 TEHEPATbHOM COBOKYITHOCTH B N 3JIEMEHTOB.
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Ipumep. PaznuyubiMu pa3MeIieHusMu U3 Tpex 31eMeHToB {1, 2, 3} mo aBa OyayT HabOpbI
(1, 2), (2, 1), (1, 3), (3, 1), (2, 3),(3, 2). Paszmemiennst MOTYT OTJIMYATLCSA APYT OT JIpyra Kak
AIIEMEHTAMH, TaK U UX TIOPSIKOM.

v} m
Yucno pasmenienuit obosnadaercs A ¥ BHIMUCISETCS 10 GOpMyIIE:

A =nn-Nin-2).in-m+1) = ot
(n—mjl
[Ipumep. CKOITBKO CYIIECTBYET IBY3HAYHBIX YHCEN, B KOTOPHIX IU(pa IECATKOB U Mudppa
€IMHUI] PA3IMYHbIC U HEYCTHBIC?
Pemenwue: T.k. He4eTHBIX nUp MATh, @ UMeHHO 1, 3, 5, 7, 9, To 9Ta 3aga4a CBOIUTCS K
BBIOOPY M pa3MEIIECHUIO Ha JIBE PA3HbIC MO3UIMH IBYX M3 IISATH PA3IMYHBIX IUQD, T.€. YKa3aHHBIX
qrcen Oyaer:

A2 =54=20
CoueraHueM U3 n 3JIEMEHTOB 10 M Ha3bIBaeTCs JIO0OM HEyNOpsI0YeHHbI Ha0op U3 m
Pa3JINYHBIX 3JICMCHTOB, BBI6paHHLIX u3 FeHepaHLHOﬁ COBOKYITHOCTH B 11 SJICMCHTOB.

[pumep. Jlns muoxkectBa {1, 2, 3}coueranusmu sBisitores {1, 2}, {1, 3}, {2, 3}.
19 m
Yucno coueranuii obosnaqaercs (' M BbrMCISETCS 10 HopMmyIie:

o fl

Ty

[pumep. CKOJIBKUMH CIIOCOOAMHU UYUTATEIh MOXKET BHIOPATh JBE KHIDKKA W3 HIECTH
UMEIoNmxca?

Pemenue: Yncno criocoboB paBHO YHCITy COYETAaHUH U3 IIECTH KHIKEK 110 JIBE, T.€. PaBHO:

@=51=3E=w
2140 21

IlepecTaHOBKOM M3 n 3JIEMEHTOB Ha3bIBAaeTCsS JIHOOOH YHMOPSAOYEHHBIH HAOOp ITHX
AJIEMEHTOB.

IIpumep. BceBO3MOKHBIMU NIEPECTAHOBKAMHU MHOKECTBA, COCTOALLETO U3 TPEX DIEMEHTOB
{1, 2, 3} seusrorest: (1, 2, 3), (1, 3,2),(2,3,1),(2,1,3),(3,2, 1), (3,1, 2).

Yucno pa3nyHbIX MEPECTAaHOBOK U3 N 3JIEMEHTOB 00O03HayaeTcsi Pn M BbIUMCIAETCS 1O
dopmyne Pr=n!.

IIpumep. CxoapKUMHU croco0aMH CeMb KHHUI pa3HbIX aBTOPOB MOYKHO pPacCTaBUTh Ha
MOJIKE B OJIMH P’

Pemenue: »Ta 3ajaya O 4ucIe IEPECTAaHOBOK CEMH pa3HbIX KHUT. Mwmeercs
P7=T71=1*2%3*4*5%6*7=5040 cioco00B OCYIIECTBUTh PACCTAHOBKY KHHUT.

KoHTpoJibHbIe BONPOCHI M 3aJaHUS

1. Pacniucannie ogHOrO HSA COAEPKUT S5 ypOKOB. OmpenenuTh KOJIWYECTBO TaKHX
pacriucanuii mpu BeIOope u3 11 aucruniug.

2. Komuccenst coctouT m3 mpencenaTens, €ro 3aMeCTUTENS U €Ille ISTH YeJIOBEK.
CKOJBKUMH crIoc00aMH WIeHbl KOMHCCUU MOTYT paclpesieuTh MeXIy co00i 00s13aHHOCTH?

3. CKonpKUMH cIOCOOaMH MOXHO BBIOpaTh TpeX MAEXKYpHBIX U3 rpynmnsl B 20
4esIoBeK?

4. CKONBbKO DPA3IMYHBIX 3BYKOCOYETAaHHM MOXHO B35Th Ha JECATH BBIOPAHHBIX
KJIaBUIIAX POSIIA, €CIM KaXKJ10€ 3ByKOCOUETaHNE MOYKET COAEPkKATh OT TPEX J10 IE€CATH 3BYKOB?

5. B Baze ctosar 10 kpacHBIX U 5 pO30BbIX TBO3AUK. CKOJBKUMHU CIIOCOOaMU MOXHO
BBIOpATh M3 Ba3bl MSTh TBO3AUK OJHOTO I[BETa?

6. Homepa TpamBaiiHbIX MapuipyToB MHOTJa OOO3HAYaIOTCS JBYMs LBETHBIMU

¢donapsimu. Kakoe KOTHYECTBO Pa3IMYHBIX MAPIIPYTOB MOKHO 0003HAUUTH, €CIIH MCIIOJIb30BaTh
(dboHapH BOCHMH IIBETOB?
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1. YemnuoHaT, B KOTOPOM y4acTBYIOT 16 KOMaHA, IpPOBOAMUTCA B JBa Kpyra (T. €.
KaXk/1asl KOMaH/1a JIBakK/Ibl BCTpeyaeTcs ¢ 1100l apyroit). Onpenenurs, Kakoe KOJIMYeCTBO BCTPEY
CJIEIyeT IIPOBECTH.

8. 3aMOK OTKpbIBa€TCS TOJIBKO B TOM Cilydae, €CIM HaOpaH ONpeaesCHHbIN
Tpex3HauHblii HOMep. [IonbITKa COCTOUT B TOM, YTO HaOMPAIOT Hayraj TpU HU(PHI U3 3aJaHHBIX
oAty 1udp. Yragate HOMeEp yJajloch TOJBKO Ha IMOCIEIHEH M3 BCeX BO3MOXKHBIX IOINBITOK.
CKOJIBKO TOIBITOK ITPEIIECTBOBAIIO YAAUHOU?

9. N3 rpynnel B 15 u4enoBek BbIOMPAIOT 4YEThIPEX YYAaCTHUKOB 3CTa(eTh
800+400+200+100. CkompkuUMH CIIOCOOAMH MOXKHO PAacCTaBUTh CHOPTCMEHOB IO 3Tamam
acraderpr?

10. Komanza u3 TATH 4YENOBEK BBICTYNACT HA COPEBHOBAHUAX IO IUIABAHUIO, B
KOTOpbIX y4acTBYIOT eme 20 cnoprcMeHoB. CKOJBKMMHU CIIOCOOAMH MOTYT PacIpenesInThCs
MECTa, 3aHSTHIE YIEHAMH 3TOU KOMaHIbI?

11.  CkonbkuMHu cioco0aMHu MOXHO PACHOJIOKUTh HAa IIAXMAaTHOM T0CKe JIBE J1a/IbH TaK,
4yTOOBI OJIHA HE MOTJIA B3ATh JIpyryto? (OHa J1aibs MOXKET B3STh APYTYIO, €CJIM OHA HaXOJIUTCS C
HEll Ha OJJHOM rOPU30HTAIM WM Ha OJHOW BEPTUKAIM LIAXMaTHOM JOCKH.)

12. JIBe mampu pazIMYHOTO [BETA PACIIONOKEHBI HA IIaXMAaTHOW JOCKE TakK, YTO
Ka)KIasi MOXKET B35Th ApYTryr0. CKOJIBKO CYIIECTBYET TAKUX PACIOJIOKEHUN?

13.  Tlopsimox BBICTYIUICHHSI BOCBMH YYaCTHHKOB KOHKYpCa OIMpEIeNsieTcs )Kpeduem.
CKOJIBKO Pa3IMYHBIX UCXOJIOB XKepeObEeBKU IIPU ITOM BO3ZMOXKHO™

14.  Tpuauare yenoBek pa3OUThl Ha TpU TPYHIBI 1O JECATh YEJIOBEK B KaXJOM.
CKOJIBKO MOXET OBITh pa3IMUHBIX COCTABOB IPyM?

15. CKOJIBKO YETHIPEX3HAUHBIX YHCE, NESAIIMXCS Ha 5, MOXKHO COCTaBUTh U3 1udp 0,
1,3, 5,7, ecau KaXka0e YUCIIO HE I0JKHO COAEPKaTh OJMHAKOBBIX U (p?

16.  CKONBKO pa3NUYHBIX CBETSAIMIMXCS KOJEI MOXHO CJelaTh, PACIOIOXHB II0

OoKkpyxHOCTH 10 pa3HOIBETHBIX JIaMIOYEK (KOJIbI[a CYMTAIOTCS OJAMHAKOBBIMU MPH OJIMHAKOBOM
MOPSJIKE CIIEIOBAHUS LIBETOB)?

17.  Ha xumwxHoM nonke nomemaercs 30 TomoB. CKOJBKUMH CHOCOOAMH MX MOKHO
paccTaBUTh, YTOOBI ITPHU 3TOM IE€PBBINA U BTOPOI TOMa HE CTOSUTU PSIOM?

18.  UYerblpe cTpenka MOJKHBI MOPasUTh BOCEMb MMIIEHEH (KaXIbld IO JBE).
CKOJBKUMH c1I0cO0aMH OHH MOTYT PactpeAeTuTh MUIIIEHN MEXIY cO00i?

19. U3 rpynnsl B 12 yenoBeKk eXeIHEBHO B TeueHHEe 6 JHEW BBIOMpAIOT JBYX
JIeXKYpHbIX. OnpenenuTb KOJIUYECTBO PA3JIMYHBIX CIUCKOB JIEKYPHBIX, €CIM KaKIbld 4eJIOBEK
JEKYPHUT OJIMH Pas.

20. CKOJIBKO YeTBIpEX3HAYHBIX 4HCEeN, cocTaBieHHbIX w3 mudp 0, 1, 2, 3, 4, 5,
conepskart 1udpy 3 (udpsl B 4ncIax He TOBTOPSIIOTCS)?
21.  JlecaATh TpymI 3aHUMAIOTCS B JICCATH PACIOJIOKCHHBIX MOAPAT AYyAHTOPHSIX.

CKOIIBKO CYIIECTBYET BApUAHTOB PACIUCAHUS, TPU KOTOPhIX rpynmbl Nel u Ne2 Haxoaumuch Obl
B COCEJIHUX ayJUTOPUSX?

22. B TypHupe ydactBylOT 16 maxmaructoB. OnpenenuTh KOJIWYECTBO Pa3TUUHBIX
pacnucaHuid TEepBOTO Typa (pacluCaHWsl CUHTAIOTCA PAa3IUYHBIMU, €CIH  OTIUYAOTCS
y4aCTHUKAMHU XOTsl OBl OJTHOM MapTUu; IBET QUTYP U HOMEP JOCKH HE YUUTHIBAIOTCS).

23. [ITecTh AMMKOB pa3INYHBIX MATEPUATIOB JOCTABIISIOTCS HA MATh 3TAXKEW CTPOMKH.
CKONBKUMH CIIOCOOAMH MOKHO PacHpe/leIuTh MaTepuaibl o dTaxkaM? B CKONBKUX BapHaHTax
Ha TISATHIN 3TaX JOCTABJICH KaKOW-THO0 OJMH MaTepuan?

24. JBa mouranboHa Ao0mkHBI pazHectu 10 mucem mo 10 agpecam. CroIbKUMH
croco0aMu OHU MOTYT PaclpeaeIuTh padoTy?

Pekomendyeman numepamypa:

OcHoBHasi IMTEpaTypa:
3apunoBa, D. P. Jlekuum mo AUCKpEeTHOW MareMaThke. MareMarhyeckas JIOTHKa: ydeOHoe
nocobue / J. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
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YHHUBEpCUTET  OpyxObl  HapomoB, 2014. — 120 c¢. — Pexum jgocryna:
http://www.iprbookshop.ru/22190.html

JlonoiHUTEILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTrHast MaTeMaTuka Jjisl IpOrpaMMHCTOB : yueOHoe rmocobwue / P. Xarraptu. —

Mocksa : Texnocdepa, 2012. — 400 C. — Pexum J0CTyMa:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Nel2. IloacranoBku. bunommajgbHble K03(PUUMEHTHI.
Pa3ouenus.

Ilenv 3anamusn. PaccMOTpeTh BO3MOXKHOCTH INpuMeHeHHs: OuHoma HpioToHa K
YIPOLIEHUIO BBIYUCIUTEIBHBIX ACUCTBUM.

3nanusa u ymenus, npuodpemaemovie CMYOeHmMOM 6 pe3ylbmame O0CE0CHUA HEMbl,
dopmupyemoie Komnemenyuu. 3HaTh U YMETh MPUMEHSTH aJITOPUTM HCIIOJIb30BAHUSA
6unoMa Hpl0TOHA U IepecTaHOBOK JIJISl pEUICHHsS] MPAKTUYECKUX 3a]1a4.

Teopemuueckas uacme.

[ToncranoBKO#l (n-0¥f CTeMEeHM) M3 N DIIEMEHTOB HA3bIBACTCS B3aMMHO OJHO3HAYHOE
OTOOpaXCHHE MHOXKECTBa M3 N CHUMBOJIOB Ha ceOsi. OOBIYHO AJIEMEHTHI 3TOTO MHOMXECTBA
HYMEPYIOTCSI U OTOXAECTBIIAIOTCS C N YUCIIaMU HATYPaJIbHOTO PsAJla YHUCe.

[Ipumep. BmecTo moacTaHOBKYU - 0TOOpaKeHHSI AJIEMEHTOB MHOXKecTBa X={a, b, ¢, g}, -
roBOpAT 00 oToOpaskeHnu MHOXKecTBa {1, 2, 3, 4} u 0003HAYAIOT 3Ty MOJACTAHOBKY KaK

1 2 3 4
2 4+ 1 3

VYMHOXKEHHIE IMOACTAHOBOK - OIl€palusa, KOTOpasd CTaBUT B COOTBECTCTBUEC ynopfmoquHoﬁ
mape nmoaCTaHOBOK n-oii creneln A u B TPETHIO MMOACTAHOBKY C TOM K€ CTEIIECHH I10 [paBUITy:

as (b 23y
i1 12 1z ... 1
po (i i B i),
Juodz Jdz .- I
c(t 23
JioJ2 Jz .- In
PaccmoTtpum n3BecTHbie HOpPMYIIBI:
fa+h) ! = a+h ,
ta+h)? = a®+zab+ha®,
ta+h)? = a®+3afb+3an®+nt.

AHAJIOTUYHO MOKHO BBIYUCIISATH OCTAJIBHBIE CTETIEHH, HO MBI BMECTO MTPOOKEHHSI TAKOU
MOCJIETIOBATEILHOCTH (hOpMYIT CPOPMYITHpPYyEM OOIIYIO TEOPEMY O HHX.
Teopema. CnpasemyiuBa ¢popmyna (ObuHoma HeroToHa):

(a+b)" =a™+ %a”_lb + 1'(“2%1*"—&”_2&2 +...
n(n—1)(n—2). (n—k+1) n— Lk n

oo M=) (k) gkpk e

EFl=1-2.3.-...-(k—1)k, Kl'=(k-1)k, 0l=1.
Ucnomns3ys uncna (] nm MO>KHO 3amucaTh OmHOM HpioToHA!

(a+b)"=C%" + Clam=th+ ... 4 CFan=FpF 4 .+ CPb™.

Koaddurment nazpiBaeTcss OMHOMUATBEHBIM KO OUITMECHTOM.
Teopema. CripaBeyiuBbI (hOpMYIIbI 17151 OMHOMHUANBHBIX K03(ULneHToB:
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1, 2™ = C‘E + Ci 4+ ...+ E__f: - CEOHCTED CYMMBl BHMHOMManNeHbY KoadhdUHeEHTOE;
2, O = CT7™ - CEOACTED CMMMETAMM;
T “m+1l _ ~m+l ..
3. C 4 CF = L 41 - CBOACTBO CNOMEHWS,
KoHTpoJIbHbIE BONPOCHI U 3aIaHUS

1. Pa3noxuth, BEIYMCIIUB OMHOMHUANbHBIE Kodhduuuents: (a + b)’; (a + b)*°.

12
1 y
2. B paznoxeHun (a+ = | maiitu ko3 duuuent npu ad.
a

10
1
3. B paznoxenun (Za —3—) HaiiTH Kod(unuent npu a’,
a

4. Tloctpoiite Tpeyronpuuk [lackans npu n=12.
5. Beraucnure uncina ®epma u Mepcenna rpu N=4,

6. Perunts ypaBHEHUE (X—2)6 +(X—4)6 =64.

. 6
7. HaiiTu HOMep uJieHa pa3iiokeHus OMHOMa (3'\/ X+— ) , HE COJIeprKallero X.
X

. y — 1 |

8.Haiitu maThIl WieH pa3ioKeHus: OMHOMa ( a+— ) .

\J3a

9.HaﬁTPI CyMMy 6I/IHOMI/IaJ'IBHBIX KOBCI)(bI/II_II/ICHTOB YJICHOB, CTOAIIMX Ha HCYCTHBIX MCCTAaX B

n o
pasoKeHUH OWHOMA (X+ y) , €cIu OMHOMHAIIbHBIN KO3(P(GUIIMEHT TPEThero wieHa Ha 9
6osbIIe OMHOMHUAIEHOTO KO3 PHUIIMEHTa BTOPOTO YIICHA.

o o 2 a n o
10.Haiitu cenpMoil 4leH pas3liokeHus OWHOMA (a Aa +—) , €clIM OMHOMMAILHBIHA

KOA((UIIMEHT TPETHETO WiIeHa paBeH 36.
36
11.Ckoipko 4IEHOB pa3JIoKeHHs: OnHOMA (‘r{/g + %/7 ) ABJISFOTCS LIENBIMU YUCIIaMH?
0 1 22 3,3 4~4 5/~5
12 .BBIYUCIUTE CYMMY C5 + 2C5 +2 C5 +2 C5 +2 C5 +2 C5 .
13.Haiitn anrebpanyeckyo cyMMy KO (GHUIIMEHTOB MHOTOUYIEHA OTHOCUTEIBHO X, ITOJTy4aeMOT0

B Pa3JI0KEHUH OMHOMA ( 3x—4 )17 .

_1\"
14.Cymma HeueTHBIX OMHOMHUAIBHBIX KO (UIIMEHTOB Pa3JIoKEHUS (ax + X A ) paBHa 512.

Haittu cnaraemoe, He cogepIkaiiee x.

16
15.1Ipu KakuX 3HAUYEHUSX X UYETBEPTOE ClIaraeéMoe pas3lIoKEeHUs (5+2X) Oosplie IBYX

COCEIHUX C HUM clIaraeMbIx?

[x-1 3/p—X
16. HpI/I KaKOM 3HAYCHHMH X YECTBEPTOC CJIaracMoe€ pasjIOKCHUA ( 2 + 2 B JABaJlIaTh

pa3 Oousblie M, eciau OMHOMHUAIBHBIA KO3()PHUIMEHT 4YEeTBEPTOrO CJIAaraéMOro OTHOCHUTCS K
OuHOMHATIBHOMY K03(pH1IMeHTy BTOpOro ciaraemoro kKak 5 : 1?

17. B kaxkyro HauOOJNbILIYIO CTEMEHb CIEeIyeT BO3BECTH OMHOM T + 3 | urobwr orHOmIEHHE

YCTBCPTOT'O CJIAra€Moro pas3jioKCHUA K TPECTbEMY OBLIO paBHO 3‘\/ 2 ?

Pexomenoyeman numepamypa:
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OcHoBHasi IMTEpaTypa:
3apunoBa, D. P. Jlekuum mo AUCKpeTHOM MareMaThke. MareMarhuyeckas JIOTHKa: ydeOHoe
nocobue / J. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEPCUTET  OpyxObl  HapomoB, 2014, — 120 c¢. — Pexum  gocryma:
http://www.iprbookshop.ru/22190.htmi

JonoHUTeILHAS JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MmaremaTuka JJisi IpOorpaMMHCTOB : yueOHoe nocodue / P. Xarraptu. —
MockBa : Texnocdepa, 2012. — 400 C. — Pexxum JOCTYTIA:
http://www.iprbookshop.ru/12723.html

IpakTuyeckas padora Nel3. OcHoBHBIe XapakTepucTuku rpagoB. MaTpuilbl
CMEKHOCTH M HHIUAEHTHOCTH. Onepanun Haja rpagamu.

Iens 3anamusa. VI3y4ntb BO3MOXHBIE CTIOCOOBI 331aHUs TPadoB, AITOPUTM BBITOJTHEHHS
omepanuii Haj rpadamu.

3uanua u ymenus, npuodopemaemovie CMYOeHmMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemoie komnemenyuu. 3HaTb U yMETh PEATU30BLIBATh HA IPAKTUKE OCHOBHBIE CIIOCOOBI
npecTaBiIeHus rpadoB U onepanuu Haj rpadamu.

Teopemuueckas uacme.

I'padom G(V, E) Ha3bIBa€TCSI COBOKYITHOCTh JBYX MHOXECTB — HEMYCTOr0 MHOXecTBa V
(MHOXkeCTBa BEpILIMH) U MHOXeCTBa E HEynopsq0ueHHBIX Map pa3iMyHbIX 3JIEMEHTOB MHOXKECTBA
V (E — MHOXecTBO pebep wiu 1yr).

G(V,E)=(V;E), V=0, EcVxV, E=E1,

ITpu sToMm nyra (a,b) Ha3bIBaeTCS HCXOMAIIEH U3 BEPIIMHBI @ U 3aXOISIICH B BepIIUHY b.

DneMeHTHl MHOKeCTBa V HA3bIBAIOTCS BEPUIMHAMU (WM y3JIaMH, WM Toukamu) rpada G,
a asieMeHThl U3 E — ero peOpamu (Wi TUHUSMH ).

€1

JIyTy, BBIXOASIIYIO M3 HEKOTOPOW BEPIIMHBI U 3aXOJAIIYI0 B Ty K€ BEPIIMHY, OyaemM
Ha3bIBaTh nemiel, a 1yry, BBIXOIAIINE U3 OAHOW M TOW € BEPIIMHBI U 3aXOIAIIUE B OJHY U Ty
K€ BEpIINHY, Oy/leM Ha3bIBaTh Kpamubvimu. Tak, IyT €s U € SABISIOTCS KPATHBIMH, a JIyra €1 —
netrieil. BepuinHy, U3 KOTOpOW HE BBIXOJUT M B KOTOPYIO HE 3aXOJIUT HU OJIHA ayra, Oyaem
HA3bIBATh U30aUpoganHol. Hampumep, 1 — U30IUpOBaHHAS BEpPIIUHA.

Bepmuna V nHIIMIEHTHA peOpy €, eCiu VEE; TOT1a eIie TOBOPST, YTO € €CTh peOpo MmpH V.
JIBe BepIIMHBI, UHIIUICHTHBIE PEOPY, CYTh €ro KOHIIEBhIE BEPITUHBI UJIH KOHIIBI; peOpO COeTUHSET
CBOU KOHLIEBBIE BEPILIUHBI.

MapmpyTtom B rpade Ha3pIBaeTCS MOCIEI0BATEIHFHOCTH BEPIIUH U pedep Vo, €1, V1, €2, V2,
..y €k, Vk, B KOTOPOH JIFOOBIC JIBA COCEHHUX JIEMEHTA COCTMHEHBI peOpoM. 3aMKHYTas 1emb (Vo=Vk)
HAa3bIBACTCS [IUKIIOM.

I'pad Ha3BIBaeTCS CBA3HBIM, €CIH JIOOBIE IBE €r0 HECOBIMAIAIOIIIE BEPIITMHBI COSTUHEHBI
MapUIpyTOM.

Jlns MHOTHX 3a7ad HECYIIeCTBEHHO, SIBISIOTCS T pebpa OTpe3KaMH MPSIMBIX WM
KPUBOJIMHEHHBIMHU JAyraMu; BaKHO JIMIIb TO, KAKHE BEPITUHBI COSTUHSAET KaXK10e pedpo.

Ecnu pebpam rpada npuaHsl HarpaBiIeHUs OT OJJHOW BEPIIMHBI K IPYTOi, TO TaKoi rpad
HA3bIBACTCS opuenmuposanuvim. Pebdpa OpHEHTUPOBAHHOTO Trpada HAa3bIBAIOTCI Oyeamu.
CoOTBETCTBYIONINE BEPIIMHBI OPUESHTHPOBAHHOTO Tpada HA3BIBAIOT Hauaiom U KoHyom. Ecim
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HarpaBJIeHUs] pedep HE YKa3bIBAIOTCS, TO rpad) HA3bIBACTCS HEOPUCHMUPOBAHHBIM (MIH TIPOCTO
rpagom).

Ha pucynke n3o0paxxen HeopueHTHpoBanHbIl Tpad G =( X, A).

X = {xa, X2, X3, Xa},

A = {a1= (X1, X2), a2=(X2, X3), a3=(X1, X3), &= (X3, X4)}.

Ha crenyroiem prucyHke u300pakeH opueHTHpoBanHblil rpad G = (X, A).
X ={X1, X2, X3, X4},
A={a1 = (X1, %2), a2 =(X1,X3), a3 = (X3, X4), &4 = (X3, X2)}.

X2 da X3
a s as
X1 X4

I'pad, umeromuii Kak OpUEHTUPOBAHHBIE, TAK U HEOPUEHTUPOBAHHbIE peOpa, Ha3bIBACTCA
CMEUAHHBIM.

Paznuunble pedpa MOryT COETUHATh OAHY M TY K€ Mapy BepliuH. Takue pedpa Ha3bIBatOT
kpamuvimu. I'pad, comepxaniuii KpaTHeIe pedpa, Ha3bIBACTCS MY IbmMuepagom.

HeopuentupoBanHoe peOpo rpada 3KBUBaJIEHTHO JBYM IPOTHBOIOJIOXKHO HANPaBIEHHBIM
Jyram, COEIMHSIONINM Te K€ CaMbIe BEPIINHEI.

Pebpo MoxkeT coequHATh BeplInHy caMmy ¢ coooil. Takoe peOpo Ha3biBaeTcs nem.ieti. I'pad
C KpaTHBIMU pedpaMu U METISMU Ha3bIBACTCS NCe8002PaApoM.

MuoxecTBo pebep rpada mMoxer ObITh MyCThIM. MHOXECTBO BEpIIMH Irpada HE MOXKET
ObITh ycThIM. Hanpumep, Huke n3o0paxeH opueHTupoBanHsii rpad G = (X, A).

X ={X1, X2, X3, Xa },

A=0.
Xo X3
O O
O O
X1 X4

Kak B ciyuae OpMEeHTHPOBAHHOTO, TaK U B CIy4ae HCOPUEHTHPOBAHHOTO pedpa TOBOPST,
YTO BEPIIMHBI X U Y uHyudenmusl pedpy a, eCiii 3TH BEPIIUHBI COSTUHEHBI a.

Cmenenvio BepuMHBI rpada Ha3bIBaeTCSA YUCIO pedep, MHIUIACHTHBIX 3TOW BEpINUHE.
Bepmmna, nmeromniast crenens 0, HA3bIBAETCA UZ0IUPOBAHHOU, & CTENIEHD | — gucsuyell.

JlJis OpHEHTUPOBAHHOTO Ipad)a MHOKECTBO BEPIIMH, B KOTOPBIC BEIYT JAYTH, HCXOISAIINE
U3 BepmuHbl X, 0003HauaroT G(x), To ecth G(x) = {y: (X y) e G}. MuoxectBo G(X) Ha3pIBarOT
o6pazom BepuHbl X. CooTBeTcTBeHHO G()) — MHOKECTBO BEPILMH, U3 KOTOPBIX HCXOJAT AyTH,
Bexymme B BepmmHy ¥, G(y) = {X: (X, Yy ) €G}. MuoxecrBo G1(y) HaswIBarOT npoobpazom
BEPIIHHBI Y.

Crioco6sb1 3aianust rpaoB
1. 'eomerpuueckuii
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2. Marpuiia CMEKXHOCTH - KBaJpaTHas MaTpHila, Pa3MEPHOCTH, PaBHOW KOJIUYECTBY
BepmuH. [Ipu atom a[ i, j |-1ienoe umcno, paBHOE KOTUYECTBY pEOEp, CBSII3BIBAIOIIMX i-10, j-IO
BepimHy. Ecnu B rpade HeT merenb, TO AMaroHaibHbIe 3ieMeHThl paBHbl 0 . Eciu péOpa He
HOBTOPsItOTCS, TO Bce anmeMeHThl 0 wiau 1. Eciau rpad HEOpUEHTHPOBAHHBINA, TO MaTpHIIA
CHMMETPHYHA.

3. MaTpuiia HHIIMICHTHOCTH — MaTPHUIa Pa3MEPHOCTH MXN , TJie M — KOJUYECTBO BEPIIUH,
N — KOJIMYECTBO pedep WU JIYT.

1, ecru dyea € i UCXOOUM U3 GePULUHBL V,

. —1, ecu dyea €; 3axooum 6 epuiunol V;

1,] 2
, eciu ej nenuisl npu 6epuiuHe Vi

0 6 npomusnom crayuae

4. Coucok CMeXHOCTH (WJIM CHUCOK HMHUUJEHTHOCTH) — CHHCOK KaXKJblil 3J€MEHT
KOTOPOI'O COCTOMUT U3 BEPLIUHBI Ipada U CIUCKa CMEKHBIX ¢ HEH BEPILIUH.

[pumep. I[To rpapuveckomy 3agannio rpada COCTAaBUTh MAaTPUILy CMEKHOCTH, MATPHILY
UHIUJIEHTHOCTH

O
)
O
1 1 0 O
Pemenne: Marpuna cmexnHoctn |[—-1 0 1 —1| Marpuna HWHUUACHTHOCTH
0 -1 -1 1

o o o
=
o R

Onepanuu Haja rpadamu
1. Heopuentupopanusiii (opuentuposannbiii) rpadp G (V,E) maswBaror momnonnennem

HEOpHEHTUPOBaHHOTO (opueHTHpOBaHHOTO) rpada G(V, E), rae - E - nomonHenne MHOXecTBa E
JI0 MHOKECTBA BCEX HEYMOPSIOYCHHBIX (YIIOPSI0YEeHHBIX) map Ha V.

2. O6beaunenuem rpados G1 (V1, E1) u G2 (V2, E2) (o603nauenue G1(V1,E1)uGa(V2, E2),
npu ycnosuu ViNVo=J, E1NE>=) nassiaercs rpad G(V, E), rue

V:=V1uUVo& E:=E1UE>

3. Coenunennem rpados Gi1 (V1, E1) u Gz (V2, E2) (0o603nauenune Gi1(V1,E1)+ Go(Va, E2),

npu ycnosuu ViNVo=J, E1NE>=) nassiaercs rpad G(V, E), rue
V:=V1UV2& E:=E1UEu{e=(vi,v2)|VieV1i& V2eVo}
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4.V nanenue Bepunbl V u3 rpada Gi (V1, E1) (o6o3nauenue G1 (V1, E1) — Vv, ipu ycinoBuun
veV1) maer rpad G2 (V2, E2), rae
V2:=Vi{v}& Ez:=E:1\{e=(v1,v2)|Vi=V Vv Vo=V}
5. Yaaneuue pebpa e u3 rpada G1 (V1, E1) (o603nauenue Gi (V1, E1) — e, npu ycnouu
e€E1) maer rpad G2 (V2, E2), e
V2:=V1& E2:=E:\{e}
6. Jlo6asnenue Bepimubl V B rpad G1 (V1, E1) (o6o3nauenue Gy (V1, E1) + v, npu yciaosuun
ve V1) naer rpad G2 (V2, E2), rae
V2:=Viu{v}& E2:=E;
7. Nob6asnenue peodpa e B rpada G1 (V1, E1) (o603nauenne Gi1 (V1, E1) + e, mpu ycinosuu
e¢E1) maer rpad G2 (V2, E2), e
V2:=V1& E2:=E1{e}

KOHTpOJIbeIe BOIIPOCHI U 3a/laHUA

1. 306pa3utk rpadbl, 3a1aHHbIE MATPUIIAMU:

0 0 1 -1 0 -1 -1 0 10110
10 0 0 -1 1 0 -1/ 00101
51 -1 0 0 0 0 1 O0l6|1 001 0l
0 1 -1 0 0 0 0 1 11010
0 0 0 1 1 0 0 O 00010
01000000
00010000
0000O0O0GO0O
10000000
01000010
0000O0O0GO01
00000101
10100000

2. CocTaBUTh MaTpPUILy CMEXHOCTH s TpadoB:

3. IlocTpouts rpadsl A pelIeHus 3a/1a4:

1) TlepeBo3umky (IT) HyxHO mepenpaBuTh 4epe3 peky Bojka (B), xo3y (K) m memok c
kanycroi (M). Jloagka Tak maina, 4TO KpoMe MEpPEBO3YMKA MOKET B3SAThb TOJIBKO OJUH U3 3THUX
00bekToB. Kpome Toro, KarmycTy Hellb3s OCTaBIIATH C KO30H, a K03y — ¢ BOJIKOM. Kak ocymiecTBuTh
nepemnpasy?

2) JlBa yenmoBeka MMEIOT MOJHBIM KYBIIHH BOJIbI B 8 JI, @ TAK)KE J[BA MYCTHIX KyBIIMHA B 5 J1 U
3 1. Kak um paznenuts Bogy NOpOBHY?

4. TIoToKH TOKYMEHTOB LIUPKYIUPYIOT Mex 1y roponamu Al, A2, A3 u ropogamu Bl, B2,
B3. M0XHO JI1 TIPOJIOKHUTH HETIEPECEKAIONIMECS] MAPIIPYThI, COSANHSIOIINE KaX bl ropox Al ¢
KaXIbIM Topojiom Bj?
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5. Ompenenure, kakue Tpadpl, H300paKEHHBIE HA PUCYHKE HIKE, SBISIOTCS

YHUKYPCaIbHBIMU?
B B
A /\ o Amc
E D E D A
a) @)
A B B
E F A
n o
E
o) e)

3) ) E)
6. B odpuce 15 xommproTepoB. MOXHO 1T COCIUHUTH HX APYr C APYrOM TakK, 4TOOBI
KaX]IbIi OBLIT COETMHEH POBHO C TPEMS IPYTUMH?

Pekomendyeman numepamypa:

OcHoBHasi iMTEpaTypa:
3apunoBa, J. P. Jlekuun mo AUCKpeTHOM MareMatuke. Maremarhueckas JOTHKa: ydeOHoe
nocobue / J. P. 3apumnoBa, M. I'. Kokotunkona, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuii
YHHUBEpPCHTET  JpyxOsl  HapomoB, 2014. — 120 c¢. — Pexum jgocryma:
http://www.iprbookshop.ru/22190.html

JlonosHUTEILHAS JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MmaremaTHKa JJisl IPOrpaMMHUCTOB : yueOHoe nmocobue / P. Xarraptu. —
Mockaa : Texuocdepa, 2012. — 400 C. — Pexum JOCTyTA:
http://www.iprbookshop.ru/12723.html

IIpakTnuyeckas padora Nel4. Diisepos rpag. Kpurepuii siineposocru.

Ienv 3anamusa. VI3yuuTb anropuTM TOCTPOEHHUS dilliepoBa IHMKIA B HUIEPOBOM
MyJbTUrpade U ero NpUIoKEeHUs Ha MIPAKTUKE.

3nanua u ymenusa, npuodpemaemovie CHYOCHHIOM 6 pe3yibmame O0C60EHUA HIeMbl,
dopmupyemovie Komnemenyuu. 3HaTb W yMETb pEAJIU30BBIBATH HAa IPAKTHKE aJITOPUTM
MOCTPOEHHUS SilyIepoBa LIMKJIA B 3iJIEpOBOM MyJIbTHTpade.

Teopemuueckasn uacme.

[lepBbie 3amaum Teopum TpadoB OBUIM CBS3aHBI C PEHICHUEM MaTEeMaTHYECKUX
pas3BJIEKAaTeNbHBIX 3a7ad M TOJIOBOJOMOK (3amadya o KeHurcOeprckux Mocrax, 3agada o
paccTaHOBKe (ep3el Ha IIaxMaTHOMW JOCKe, 3aJjauyd O IEpPeBO3Kax, 3ajada O KPyroCBETHOM
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nyremecTBur U aApyrue). OIHUM U3 TEPBBIX PE3yNbTaTOB B TEOPUU TPadOB SIBUICS KPUTECPUIL
CyIllecTBOBaHUS 00X0/1a Bcex pedep rpada 6e3 moBTopeHuid, moaydeHHbIi JI. Dittepom mpu perte-
HUM 3371291 0 KeHurcoeprckux Mocrax.

[IpaBuno Dinepa:

1. B rpade, He nmeronieM BepIIMH HEYETHBIX CTENEHEH, CYIIECTBYET 00XOJ BCEX
peo6ep (mpuyeM Kaxa0e pedpo MPOXOAUTCS B TOUHOCTH OJMH pa3) C HA4aJIOM B JIF0O0H BepIInHE
rpada.

2. B rpade, umeromem aBe M TOJIBKO JABE BEPLIMHBI C HEUYETHBIMH CTEICHIMH,

CyIIECTBYET 00XO0J ¢ HA4YaJIOM B OJIHOM BEPIIMHE C HEYETHOM CTEIEHbIO U KOHIIOM B JIPYTOM.

3.B rpade, nmeromem Oosee NBYX BEPIIMH ¢ HEYETHOW CTENEHBIO, TAKOro 00Xoda He
CYILECTBYET.

Teopema Ces3Hblll HEOPUESHMUPOBAHHBIU MYAbMUSPAD M020d U MOILKO MO020d AGIAECMCS
IULNEPOBBIM, KO20A CMENeHb KANHCOOU U3 €20 ePUiUH — YemHOe YUCIO.

OrnuiieM arOpuTM MOCTPOCHUS SHIIEPOBa IIUKIIA B SUIEPOBOM MyIbTUTpade. DTOT aIropuT™M
3a/1aeTcs CAEAYIOUMMU IIPaBUIaMHU.

1. BeiOparh npou3BOILHO HEKOTOPYIO BEPIIUHY 4.

2. BpiOparh Ipon3BOJIEHO HEKOTOPOE pedpo U, MHIIUAECHTHOE d, M IPUCBOUTH €My HOMEp
1 (Ha30BeM 3TO peOPO npotiderHbiM).

3. Kaxnoe npoiineHHoe peOpo BBHIYEPKHYTb M IPUCBOUTH €My HOMEp, Ha EIUHHILY
OoJbIIMI HOMEpa MPEIbIYIIEr0 BEIUEPKHYTOTO pedpa.

4. Haxomsich B BEpIIMHE X, HE BbIOMpaTh peOpO, COCTUHSIONIEE X C d, €CIU UMECTCS
BO3MOXXHOCTh HHOT'O BBIOODA.

5. Haxopnsice B BepiIMHE X, HE BBIOMpPATh pedpo, KOTOpoe SIBISETCs nepeuietikom (T.e.
pedpom, Mpu yaaneHUH KOToporo rpad, 00pa3oBaHHBIN HEBBIYEPKHYTHIMH peOpaMu, pacraaaercs
Ha JIB€ KOMIIOHEHTHI CBSI3HOCTH, Ka)KJasi U3 KOTOPbIX UMEET XOTs ObI 10 OJTHOMY pedpy).

6. [Tocne Toro kak B rpade OynyT 3aHyMepoBaHbI Bce peOpa, oOpa3yercst SHIepoB LUKI,
IpUYeM MOPSAAOK HyMepalluy COOTBETCTBYET MOCIIEA0BAaTENbHOCTH 00X0Aa, pedep.

KonTpoabHbie BONpochl U 3aaHUSA

1.Nmerotcs mu B rpade 3iaepoBbl HUKIIbI?

2. VMeroT 1M NATUYrOJAbHMK M TMSATUTPAaHHUK-TIMpaMHMIA C METIIMH B HEKOTOPBIX
BEpIITMHAX SUJIEPOB MUK (1IETTh)?

3. SIBnstOTCS MM SIIIEPOBBIMU TpadaMu: IPSIMOYTOJIBHUK C TJIABHOM TMAroHajblo, Kyo?

Pekomendyeman numepamypa:
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OcHoBHasi IMTEpaTypa:
3apunoBa, D. P. Jlekuum mo AUCKpeTHOM MareMaThke. MareMarhuyeckas JIOTHKa: ydeOHoe
nocobue / J. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEPCUTET  OpyxObl  HapomoB, 2014, — 120 c¢. — Pexum  gocryma:
http://www.iprbookshop.ru/22190.html

JonoHUTeILHAS JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MmaremaTuka JJisi IpOorpaMMHCTOB : yueOHoe nocodue / P. Xarraptu. —
MockBa : Texnocdepa, 2012. — 400 C. — Pexxum JOCTYTIA:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Nel5. 'amuinbToHOB rpad.

Ileny 3anamua. VI3yuutb anropuT™M HNOCTPOSHHs TaMWIBTOHOBA LUKJIA MHUHHMMAJIbHOTO
BECa U €ro MPHJIOKEHHsSI Ha TPAKTHKE.

3nanua u ymenusa, npuodpemaemovie CmMyOeHmOM 6 pe3yibmame 0C80EHUA HeMbl,
dopmupyemovie Komnemenyuu. 3HATb W YMETb pEATU30BBIBATH HA TPAKTUKE aJTOPUTM
HOCTPOCHMS FAMUJIBTOHOBA IIMKJIA.

Teopemuueckas uacme.

I'pad Ha3bIBaeTCS eamunbmono8biM, €CIIM B HEM HMEETCs MPOCTON LUK, COAEpKaIlui
KaXIyl0 BepmuHy 3Toro rpada. CaMm TakoW IIMKJI TaKKe HAa3bIBACTCS 2AMUTbINOHOBLIM.
I'amunbmonoeou Ha3bIBAaETCs U NPOCTast Lielb, CoJeprKallias Bce BepIinHbl rpada. OueBuIHO, YTO
mo0oii rpad, pedpa KOTOpOro oOpa3yrT MPOCTON IUKI, SBISICTCS TaMUJIBTOHOBBIM, a rpad,

MOKa3aHHLINA Ha PUCYHKEC — HETaMHJIbTOHOBBIM.
4

HecMmoTpst Ha CXOXKeCTh 3a/ad4 O HAaXOXIECHUH JHICPOBBIX U TaMWJIBTOHOBBIX IIHUKJIOB,
pellieHre TMOCNeqHe 3HAYUTENhHO ClioKHee. M3BECTHBI CIEeNyIONIME JOCTATOYHBIC YCIOBUS
CYIIECTBOBaHMS TaMUJIBTOHOBBIX IIMKIIOB B CBSI3HOM Heoprpade G 6e3 metens, nmeromeM 7> 3
BEPILIUH:

Teopema Eciu Ons mobvix 08yx pasiuunvlx Hecmedchvlx eepuiun a u b epaga G
svinonnsiemes yenosue deg a + deg b > n, mo cywecmseyem eamunvmonos yuxn, 2oe deg(a)-
cmenens (8aleHMHOCMb) GEPULUHDL.

CaencrBue Eciu ons nobou eepuunst a epagpa G evinonneno ycnosue deg a> n/2, mo
cyuwjecmsyem eamMuibmoH08 YUKIL.

C 3amaueit HaXOXKIEHHS TAMAJILTOHOBA ITUKJIA CBSA3AaHA 3A0aud KOMMUBOsSHCEDU.

PaiioH, KOTOpBI [OMDKEH TMOCETUTh OpOJSYMiA TOPTOBEI, COJIEPKHUT HEKOTOPOe
KOJIMYECTBO TOPOJIOB, PACCTOSIHUS MEXIy KOTOPBIMH W3BECTHBI. TpeOyercss HaiTH Mapuipyr,
MPOXOISIINIA Yepe3 BCe MyHKTHI IO OJJHOMY Pa3y W BO3BpAIIAIOIIHMIICS B UCXOHBIH ropoa. Eciu
TaKUX MapLIpyTOB MHOT0, TpeOyeTCsl HallTH KpaTyalinii u3 HuX. MaremaTtudeckasi IOCTaHOBKa
3a/1a4y¥ BBITJIAUT TaK: TPEOYETCs HAMTH raMIIIbTOHOB IUKJI MUHUMAIILHOTO Beca.

KoHTposbHbIE BONPOCHI U 32 JaHUSA

1. UmeroTcs nu B rpade raMUIIbTOHOBBI LIUKJIBI?
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2. [IpuMeHMB aNTOPUTM C BO3BpaTaMH, OCTPOUTH BCE TAMUIBTOHOBBI IUKJIIBI JUIs Tpada,
00pa30BaHHOI0 KBAJPAaTOM C ME€PECEKAIOLIMMUCS AUArOHAISAMHU.

3. YKaxxuTe 3a/1a41, HHTEPIIPETAIUS KOTOPBIX COCTOUT B HEOOXOIMMOCTH IMTOCTPOCHUS

raMUJIbTOHOBBIX LIMKJIOB.

Pexomenoyeman numepamypa:

OcHoBHas1 JIMTepaTypa:
3apunoBa, 3. P. Jlekuuu mo auckperHoil Matemartuke. Maremarudeckash JIOTHKa: ydeOHOe
nocooue / J. P. 3apumnora, M. I'. Kokorunkona, JI. A. CeBacThsiHOB. — MockBa : Poccutickuii
VHUBEpCUTET  JApYyxkObl  HapomoB, 2014. — 120 c¢. — Pexum  jgocryna:
http://www.iprbookshop.ru/22190.html

JonotHUTE/ILHAS JIUTEpaTypa:
Xarraptu, P. JluckperHas maTremaTuka Juis IporpaMMHUCTOB : ydeOHoe rmocobue / P. Xarraptu. —
Mockaa: Texnocdepa, 2012. — 400 C. — Pexum JIOCTyTIA:
http://www.iprbookshop.ru/12723.html

IpakTuyeckas padora Nel6. Aaroputm @Popaa - bBexamana HaxoxKIeHUs
MHHHMMAJIbHOIO IIyTH B HATPY’KEHHOM OPHEHTHPOBAHHOM rpade.

Ilenv 3anamua. VI3yuuth anropuT™M HaxoOXXICHHMSI MUHUMAJIBbHOIO IYTH B oprpade u
BO3MO>KHOCTH €T0 NIPaKTUYECKOr0 IPUMEHEHHUS.

3nanua u ymenusa, npuodopemaemovie CMyOeHmMOM 6 Pe3yNbmame O0C60EHUS MeMbl,
dopmupyemoie kKomnemenyuu. 3HaTb U yMETh PEAIN30BbIBATh HA NIPAKTUKE anroputm Popaa —
bemnmana.

Teopemuueckas uacme.

[Ipenmonaraercs, 4YTO0 OpPUEHTUPOBAHHBIM T'pad HE COAEPKUT KOHTYPOB OTPHUIATEIHHOM
JUIMHBI.

Aneopumm Dopoa — bBernmana.

OCHOBHBIMU BBIYHCIISIEMBIMH BETMYMHAMH 3TOTO alroputMa sBisrorcst Benuuusbl [1j(K),
rnei=1,2,...,n (n— uucno Bepummn rpada); k=1, 2, ... , n— 1. [Ina dukcupoBanusbix i u K
BenmunHa [1j(K) paBHa AiIiiHE MUHMMAIIBHOTO TTYTH, BEAYILETO M3 331aHHON HaYaJIbHOM BEPIIHHBI
X1 B BEPIIMHY Xi U Cojieprkariero He 6omee K ayr.

Illaz 1. YcTaHOBKA Ha4aJIbHBIX YCIOBHIL.

Beectu uncio BepumH rpada n u Marpuily BecoB C = (Cij).

Llae 2. Tonoxuts K = 0. TTomoxkwute [1i(0) = co s Bcex BEpUIMH, KPOME X1; TIOJIOKHUTH
[11(0) = 0.

lae 3. Buukne o k, K=1,..., n— 1, kaxq0¥ BepIIrHE Xj Ha K-OM 11are mpumnucarb HHACKC
[1i(K) mo ciemyromieMy npaBuiy:
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Hi(k) = min {0j(k 1) + c;i}

JUIsl BCEX BEPIIMH, KpoMe x1, 1oioxuTh [11(kK) = 0.
B pesynbrare pabotsl anropurMa Gopmupyercs tadbauna uaaekcos [i(k), i=1, 2, ..., n,
k=0,1,2,...,n—1. IIpu atom [1i(k) onpenensier NIMHY MUHUMAJILHOTO IyTH U3 TEPBOM
BEPIIUHEI B i-yI0, cojiepKaiiero He 6omee K myr.
Llaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.
Hns 000 BEpUmIMHBI Xs NPEIIISCTBYIOIIAs €W BEpIIMHA Xr  ONpEACseTcs U3
COOTHOUICHUS:
Dr(n — 2) + Crs = Ds(n — 1), Xre G-l(Xs),
rae G(xs) - mpooGpas BepIIUHBI Xs.
Jns HailieHHOW BepLIMHBI Xr MPEAIIECTBYIOIIAS €l BEPIIMHA Xq OINpENeNsieTcs W3
COOTHOUICHHUS:
Dq(n — 3) + qu = Dr(n — 2), qu G-l(Xr),
rae GY(xr) - mpoo6pa3 BepIIMHEI Xr, 1 T. .
[TocneioBaTeIbHO TPUMEHSSI 3TO COOTHOIICHUE, HAYMHAS OT IMOCJCTHEH BEpIIUHBI X ,
HaiJIeM MUHUMAJIbHBIN TTyTh.
[Tpumep: C nomourpto anroputma ®Popna — bemimana HallTM MUHUMAJIbHBIA NYTh U3
BEPIIMHBI X1 B BEPUIMHY X3 B rpade, n300paKEHHOM Ha PUCYHKE:
Xz g X3

PaccmoTtpuMm moapoOHO paboty anroputma Popaa — bennmana ans sTtoro mpumepa.
3nauenust uHaekcoB [Ji(K) Oyaem 3aHOCHTH B TaOJIUILY HHCKCOB.
Illaz 1. BBenem uncio BepiuH rpada n =5. Marpuna Beco 3Toro rpada uMeer BUA:
o 1 o o 3
C= o o & 7 1
o o o | -5
0 w 2 w ©

o o o 4 o

Llae 2. Tlonoxum k = 0, [11(0) =0, [12(0) = [13(0) = [14(0) = [U5(0) = c0. DTH 3HAYCHHUS
3aHeceM B MEPBBIN CTONIOEI TAOIUIIBI.

lae 3.
k=1
11(1) = 0.
Hms k = 1:

Hi(1) = min {1(0) + cji}-
[12(1) = min{[11(0) + c12; [12(0) + c22; [13(0) + c32; [14(0) + ca2; [I5(0) + Cs52;} = min{0 + 1;

00 + 00; 00 + 00; 00 + 0; 00 + oo} = 1.

[13(1) = min{[11(0) + c13; [12(0) + C23; [13(0) + c33; [14(0) + Ca3; [15(0) + Ccs53;} = min{0 + 0 ;
0+ 8;00+w;0+2;0+w0}=00,

[14(1) = min{[11(0) + c14; [12(0) + Ca4; [13(0) + Ca4; [14(0) + Cas; [15(0) + C54;} = min{0 + o0 ;
w+7;0+1;0+mw0+4}=00.

[15(1) = min{[11(0) + c15; [12(0) + c25; [13(0) + c35; [14(0) + Cas; [15(0) + Cs5;} = min{0 + 3;
w+1;00 —5;0+00;0+w}=3.

[Tony4yennbie 3HaueHus [Ji(1) 3aHeceM BO BTOpoil cronber TaOnuubl. YOexgaeMes, 4YTo
BTOPOH CTOJI0OEI, HAYWHAsL CO BTOPOTO DJIEMEHTA, COBIIAJIAET C MEPBOI CTPOKOM MATPHUIIBI BECOB,
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YTO JIETKO OOBSICHAETCS CMBICIOM BelnnuuH [Ji(1), KoTopble paBHBI JUIMHE MUHUMAIBHOTO MyTH
U3 [IEPBOY BEPLIMHBI B i-YI0, COJIEpIKaIlero He 0oJiee OHON JIyTH.

k=2.
[11(2) = 0.
Husa k =2:

Hi(2) = min {05(1) + cji}-

02(2) = min{0 + 1; 1+ 00} 00+ o0; 00 +00; 3+ 00} =1,

[3(2)=min{0+o00;1+8;00+mw;00+2;3+0}=9,

(4(2)=min{O+o00;1+7;00+1;00+00;3+4}=7.

05(2)=min{0+3; 1+1;00-5;0+00;3+w}=2,

[Tomy4yennsie 3Hauenus [1i(2) 3aHeceM B TpeTuid cToaoer Tadsmibl. Bemrunne! [1i(2) paBHBI
JUTMHE MUHUMAJILHOTO IIYTH U3 IIEPBOM BEPIIHHBI B I-y10, COACpPXKAIIETO HE OoJiee IBYX AYT.

k=3.
[11(3) = 0.
Js k = 3:

Hi(3) = min {1(2) + cii}-

02(3)= min{0+1; 1+00;9+00;7+00;2+ 0} =1

(3(3)=min{0+o0;1+8;9+00;7+2;2+0}=9.

J4(3)=min{0+o00;1+7;9+1;7+0;2+4}=6.

(05(3)=min{0+3; 1+1;9-5;7+00;2+x0}=2.

[Monyuennbie 3HaueHus [1i(3) 3aHeceM B 4eTBepThId crosber Tabnuibl. Beaumunnbn [Ji(3)
paBHBI JUTMHE MUHUMAJIBHOTO MyTH U3 [IEPBOM BEPIIMHBI B i-yI0, COJEpIKAIIEro He Ooyee Tpex
AYT.

k=4.
[11(4) = 0.
Jns k = 4:

Hi(4) = min {1(3) + ci}-

O2(4)= min{0+1; 1+00;9+00;6+00;2+ w0} =1

(3(4)=min{f0+o0;1+8;9+00;6+2;2+w0}=8.

(4(4)=min{f0+0;1+7;9+1;6+x0;2+4}=6.

(Os5(4)=min{f0+3; 1+1;,9-5;6+00;2+0}=2.

[Tonyuennsie 3HaueHus [1i(4) 3aHeceM B SITHIN cTosiOer] Tadnuibl. Benumunnsl [1i(4) paBHbI
JUTHHE MUHAMAJIBHOTO MyTH U3 EPBO BEPILIMHBI B i-YI0, COAEPXKAIIETro He OoJiee YeThIPeX JIyT.

| (Homep 0i(0) (1) 0i(2) Ui(3) [i(4)
BEPILUHBI)
1 0 0 0 0 0
2 0 1 1 1 1
3 © o 9 9 8
4 o ® 7 6 6
5 © 3 2 2 2

llaz 5. BoccTaHOBJIEHHE MUHUMAJILHOTO ITYTH.
Jns mocnmenHed BepHIMHBI X3 MPEANIECTBYIOINAS €M BEPIIMHA Xr  ONpEAeNsercs W3
COOTHOILIEHUSI, TOTYYEHHOTO MpH S =3:

Dr(3) + C3 = D3(4), Xre G'l(Xg),
rae G1(x3) - mpooOpa3 BEPIINHBI X3.
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G'l(Xg) = {Xo, Xa}.

[ToncraBuM B mocliieJHEe PABEHCTBO MOCIEN0OBATENbHO I =2 U I' = 4, 4YTOOBI ONPENEIUTD,
JUIS1 KaKOTO I 3TO PAaBEHCTBO BBIIIOJIHAECTCS:

[12(3) + c23 =1+ 8 = [13(4) =8,

[14(3) + ca3 =6+ 2 =[13(4) = 8.

Takum oOpa3om, BEpIIUHOM, MPEANIECTBYIOIIEH BEPIIUHE X3, SBJIAETCS BEPILIHUHA X4.

[l BepIIMHBI X4 IIPEALIESCTBYIOLIAs €M BEpLIMHA Xr ONPEIEIACTCS U3 COOTHOLICHUS,
MOJIyYEHHOTO TpH S =4:

Dr(Z) + Crg = D4(3), Xre G'l(X4),

rae G(x4) - mpooGpas BepIIMHBI Xa.

GY(xa) = {X2, X3, X5}.

[ToacraBuMm mocnegoBaTenbHO ' = 2, F =3 u I = 5, 4TOOBI ONPEACTUTD, 11 KAKOTO I' 3TO
PABEHCTBO BBIIIOJIHSETCS:

[2(2) + Coa =1+ 7 # [14(3) =6,

[13(2) + caa =1+ 1+ [1a(3) =6,

[5(2) + csa =2 + 4 = [14(3) = 6,

TakuMm oOpa3oMm, BEPIINHOM, IPEALIECTBYIOIIEH BEPIIUHE X4, SBJISIETCS BEPILMHA X5.

Jns BepumIMHBI X5 NMPEALIECTBYIOLIAs €l BEpUIMHA Xr ONPEIEIsAeTCs U3 COOTHOLUEHUS,
MIOJIyYEHHOTO 1pH S =5!

Dr(l) + Cy5 = DS(Z), Xr e G_l(XS),

rae G(Xs) - mpooOpa3 BEPIINHBI Xs.

G(xs) = {x1, x2}.

[ToacraBum mocnemoBaTenbHo I = 1 w0 I = 2, 4T0OBl ONpPENEHUTh, IS KaKoro I 3TO
PABEHCTBO BBIIIOJIHSETCS:

[11(1) + ci5 =0+ 3 = [5(2) = 2,

(2(1) +cs=1+1=1052) =2,

TakuMm oOpa3om, BEPIINHOM, PEAIIECTBYIOIIEH BEPIIUHE X5, SBJISIETCS BEPILINUHA X2.

Jlng BepIIMHBI X2 NPEAIIECTBYIONIAs € BEpUIMHA Xr ONPEACIAETCS U3 COOTHOLICHMS,
MOJTYYEHHOTO TIpH S =2:

Dr(O) + Cr2 = DZ(l), Xr e G_l(XZ),

rae G1(x2) - mpooOpa3 BEPIIMHEI Xo.

G(x2) = {xa}.

[ToncraBuM I = 1, YTOOBI ONPEEINUTD, BBIOIHSIETCS I 3TO PAaBEHCTBO:

01(0) +c2=0+1=10x(1)=1.

TakuMm o0pa3oMm, BEPIINHOM, PEAIIECTBYIOIIEH BEPIIUHE X2, SBJISIETCS BEPILINHA X1.

Wrak, HaiileH MUHUMAaJIbHBIN NTYTh — X1, X2, X5, X4, X3, €T0 IJIMHA PaBHA 8.

KOHTpOJ’IbHLIe BOIIPOCHI X 3aIaHUA

Jlan criucok 1yt ¢ ykazaHueM ux JUiH. CocTaBbTe IO HEMY PUCYHOK OPHEHTHPOBAHHOTO rpada.
Haiinute ms sToro rpada HaMMEHBIINH MyTh OT BEPIIMHBI-BXOAA O BEPIIMHBI C MAKCHMAJIbHBIM
HOMEPOM.
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- (0:1)=3,(0:2) -9, (1:2) - 5,
(2:4)-1,(1:3)-8,(2:3) -2,
(3:5)—4, (4:5)-6.

- (0:1)—4,(0:2) -5, (1:2) - 8,

(2:4)-3,(1;3) - 11,(2:3) - 5,

(3:5)-3.(4:5)-6.

- (0:1)=3,(0:2) -9, (1:2) - 12,

(2:4)—-1,(1:3)-2,(2:3) -3,
(3:5)— 10, (4:5) - 5.

- (0:1)-6,(0:2) -2, (2:1) -3,
(2:4)-6,(1:3)-1,(2:3) -5,

9. (0:1)=-2,(0:2)-7,(2:1) - 1,
(2:5)-6.(1:5)- 12, (5:4) - 10,

(5:3)-5.(3:4)—4,(46)-2,
(3:6)— 7.

10.(0;1)—4.(0:2) -2, (2:1) - 1,
(2:5)-7.(1:5)=5,(5:4) -4,
(5:3)-1.(3:4)—4,(46)-3,
(3:6)— 7.

11.(0:2) -2, (0:1) = 7, (2:1) — 4,
(2:4)-9.(1:3)-3,(34)- 1,
(4:6)-2.(3:5)-8,(6:5) -4,

(3:5)-8.(4:5)-7.

5. (0;1)—6,(0:2)-5,(1:2) -1,
(2:4)-6,(1:3)-7,(2:3) -6,
(3:5)-8.(4:5)-7.

6. (0:1)—3.(0:2)-2,(2:1)—1,
(2:5)-3.(1:5)-4,(5:4) -8, 13.(0;2) — 4, (0:1)— 6, (2:1) -4,
(5:3)-5.(3:4)-3,(46)-2, (2:4)-6,(1:3)-3,(3:4) -2,
(3:6)-4. (4:6)—4.(3:5)-7.(6:5) 3.

7. (0:1)=10, (0:2) -5, (2:1)— 4, (6:7)—8.(5:7)-5.
(2:5)—-8.(1:5)-3,(5:4) -4, 14.(0;2) - 3, (0:1)— 1, (2:1) -4,
(5:3)-2.(3:4)—1,(4:6)-5. (2:4)-2,(1:3)-6.(3:4) -4,
(3:6)-17. (4:6)—3.(3:5)-6,(6:5) -4,

8. (0;1)=3,(0:2)-2,(2:1)-2, 6:7)—12,(5:7)-17.

(2:5)—- 12, (1:5) - 8. (5:4) - 2, 15.(0:2) -8, (0;1)— 12, (2:1) - 3,

(5:3)-6.(3:4)—1,(4:6) -8, (2:4)-6,(1:3)-5.(3:4) -4,

(3:6)—3. (4:6) - 10, (3:5) -4, (6:5) -6,
(6:7)— 10, (5:7) - 6.

(6:7)— 10, (5:7) - 5.

12.(0;2)— 10, (0;:1) =5, (2:1) - 1,
(2:4)-4.(1:3)-3,(3:4) -5,
(4:6)—3.(3:5)— 10, (6:5) - 10,
(6:7)=5.(5:7)— 1.

Pexomenoyeman numepamypa:

OcHoBHas1 JIuTepaTypa:
3apunoBa, O. P. Jlekuuum mo nuckpeTHoW MaTemaTuke. MaremaTuueckasl JIOTHKA: ydeOHOe
nocobue / J. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBacthsaHoB. — Mocksa : Poccuiickuit
yYHHUBEpCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum jocryna:
http://www.iprbookshop.ru/22190.html

JlonmoJiHUTeIbHASA JINTEpaTypa:
Xarraptu, P. JluckpetHas maTemaTuka Juisi IporpaMMHUCTOB : yuebHoe rnocobue / P. Xarraptu. —
Mockaa: TexHocdepa, 2012. — 400 C. — Pexum JOCTYyTIa:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckasi padora Nel/. 3agaua HaX0kKAeHHsI KPUTHYECKOT0 MyTH B rpadge.

Ilens 3anamusa. VI3yunTh aNropuT™ Hax0KIAEHHUSI KDUTHUECKOTO ITYTH U BO3MOKHOCTH €T0
MPAKTUYECKOT0 TPUMEHEHUS.

3uanusa u ymenus, npuoopemaemvie CMYOeHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie kKomnemenyuu. 3HATH U yMETh pPEAJU30BBIBATh HA MPAKTHKE aJITOPUTM
HaXO0X/IEHUSI KPUTHYECKOTO MyTH.

Teopemuueckas uacme.

3amada HaXOXKICHUS KPUTUYECKOTrO, (T. €. JUIMHHEeHIero) myTu B rpadge — 3TO 3ajaua,
CBSI3aHHAsS C 3arpy3KOl CTAHOYHOT0 000PYAOBaHUs, COOPKM MHOTO3BEHHBIX U3EIUH U T. 1.

CeteBoil rpaduKk — HEOOXOAUMBINA FJIEMEHT CIOKHOTO MPOU3BOJACTBA, COCTOSIIETO U3
HECKOJIbKUX CBSI3aHHBIX U 3aBUCSIIMX APYT OT Jpyra 3TanoB. BeIsiBiIeHHE KPUTHUYECKOTO MYTH U
BPEMEHHBIX PE3EPBOB IPOU3BOJCTBA — OCHOBHAs 3aJaya, peliaemasl IOCTPOEHUEM CETEBOTO

56



rpaduka. Takue 3am1aun MOTyT OBITH IIPEJCTABICHBI B BUE rpada u B BUIe oToOpakaromiei ero
Tabmuupbl. Jls HaxOoXKIEHHsT KPUTUYECKOro MyTH (IIOCIEI0BATEIbHOCTH 3TAllOB pPabOTHI,
OTIPENeNAIONUX JUIMTEIILHOCTh BCEr0 MPOEKTa M HE HMEIOMIMX pe3epBa IO BPEMEHH)
IPUMEHSIOTCS BBIUUCIUTEIbHbIE METOIbl. OJTHUM U3 TAKUX METOOB SIBJIAETCS TAaOJUYHBIA METO
U IPUMEHSETCS JUISl JAaHHBIX, PE/ICTABICHHBIX B BUE TAOIHIIBI.

ITpobnema aBTOMaTH3aIMK pacyéra CeTeBOro rpaduka sBiIseTcs JOCTATOUHO aKTyaIbHON
U Ba)XHOU. BpluncieHne KpUTHYECKOrO NMyTH C MOMOIIbI0 DBM NOMOXET B HECKOJBKO pa3
YCKOPHUTB 3TOT MpOLECC, a pHu 0obIuX rpadukax — BO MHOro pa3. Iloaromy aBTOMaTH3aIMs
pacuéra ceTeBoro rpaduka MOKET UMETh OOJIBIIYIO MPAKTHYECKYIO MOJIB3Y.

ANropuT™M HaxOXXJICHMs JUIMHHEHIIEero myTu B rpade MoxoX Ha ajJrOpPUTM HAXOXKACHUS
Kparyaifiero mytH B rpade. Bmecto kparyaifimmx pedep B anropuTMe HaXOXKACHUS KpaT4aiIero
IyTH BBIOMPAIOTCS JUIMHHEHIINE.

[Tycth TpeOyeTcs HallTH Takoil MyTh Ha rpade, KOTOPBIH Obl IMENT MAKCUMAIBHYIO JUTHHY
[I0 CPaBHEHHMIO CO BCEMH BO3MOXXHBIMM HyTSAMHU JUis AaHHoro rpacga. Ilycts cymiectByer
OpUEHTHPOBaHHBIH rpad 6e3 nukioB G.

Pé6pa rpada — BemonHeHue paboTel. PEOpa uMeroT AnuHY, 0003HAYAIOIIYIO
IPOIOJDKUTEIHLHOCTD PA0OTHI M HANIpaBJIeHHE, 0003HAYAIOIIEe TIOCIIEJOBATEIEHOCTD BHITIOJTHEHNE
paboTbl. BepumHsl — 3T0 (hakT Hayasia 1 OKOHYaHHs padoT.

IlycTs nana cers.

L

Jlst kakmoro coObitust | ompeenum Hanbosee panHuil cpok ero Hactyruienus TP(I) mo
CJICAYIOIIEMY TIPABHITY:

1) TP(0)=0;

2) st | >0 TP(I) paBHO mpomomKuTeNbHOCTH camoro JuuHHOTO (0, 1)-myTH.

3nauenus TP(l) ompenensiroT MOCIe0BaTENBbHO, MEPEXOs OT UCTOYHHKA K CTOKY. Tak,
JUTSL PACCMaTPUBAEMOTO IPUMEPa HaXOHM:

TP(0) =0, TP(1) =1, TP(2) =5, TP(3) = 11, TP (4) = 11, TP(5) = 16.

Otu 3HadeHus Haxojstcs u3 cootnomenus: TP(I) = max{ TP(K) + Tk; } ,

T. e. mns Beex ayr (K, I), 1i1st KoTopbix | siBsieTcst KOHIIOM, He00x01uMO BhraucauTh TP(K)
+ TKi 1 BEIOpaTh HaUOOIIbINICE 3HAUCHHE.

Wtak, B HameM NpuMepe BpeMs BBINOJHEHHs IMpoekTa paBHO 16. UTOOBI MOIydnTh
KPUTHYECKHH ITyTh, Oy/IeM NIepeIBUTaThCS B 0OPATHOM HAIPABICHUH, OT CTOKA K UCTOYHHKY, 110
teM pebpam (K, I), kotopsie onpenemnsiiu 3HaueHuss TP(I), T. e. A/ KOTOPHIX BBIMONHSIETCS
paBenctBo TP(l) - Tki = TP(K) . B nmpumepe 310 pebdpa: (3, 5); (2, 3); (2,1) . Takum obpazom, (1,
2, 3, 5) - KpUTUYECKUI TTYTh.

KOHTpOJ’IbHLIe BOIIPOCHI X 3aIaHUSA

1.ITpu cocraBineHun mpoekTa padbot BbiaenaeHo 8 cobwrtwii: (0,1,2,3,4,5,6,7), KoTOpBIE
cBs3aHbl padotramu (i—j ), rae i, 0,1,2,3...,7u1 #j, Hanpumep, coObITHE 1 CBsA3aHO ¢ COOBITHEM
2 paboroii (1-2).

Hcxomablie qaHHbBIE TI0 TPOAOKUTEILHOCTH Pa0doT:

Pagora | 0-1 | 0-2 | 0-3 |12 |13 | 14 |23 | 24 | 25| 34|35 |45 | 46 | 56 | 57 | 67

Jlnur.

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5
AHU
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Tpebyercst onpeaenuTh KPUTHUECKUN MTyTh U BPEMsI BBITTOJIHEHUS TPOEKTA.
2. OnpenenuTh KpUTHICCKUN MTyTh B Tpade:

Pexomenodyeman numepamypa:

OcHoBHasi IuTEepaTypa:
3apunoBa, 3. P. Jlekuun mo auckperHoil Matemartuke. Maremaruyeckas JOTuKa: ydeOHOE
nocooue / J. P. 3apumnoa, M. I'. Kokorunkona, JI. A. CeBacThsiHOB. — MockBa : Poccutickuii
VHUBEpCUTET  JApYykObl  HapomoB, 2014. — 120 c¢. — Pexum  jgocryna:
http://www.iprbookshop.ru/22190.html

JonoHUTEILHAS JIUTEpPaTypa:
Xarraptu, P. JluckpeTHas MmaremaTHka JJisi IpOrpaMMHECTOB : yueOHoe mocooue / P. Xarraptu. —
Mocksa: Texnocdepa, 2012. — 400 C. — Pexum JIOCTyTIA:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora Nel8. IlocTpoeHMe MHHHUMAJIBHOTO OCTOBHOIO JepeBa
HaArpys;KeHHOro rpaga

Ilens 3anamusa. V3ydyeHue anroputMa MOCTPOEHUS MUHUMAIBHOIO OCTOBHOTO JI€peBa
Harpy»XeHHoro rpaga.

3uanua u ymenus, npuodopemaemovie CMYOeHmMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemvie kKomnemenyuu. 3HAaeT U yYMEET IPUMEHATh AITOPUTMA IOCTPOEHUS
MUHUMAaJIBHOT'O OCTOBHOTO JIEPEBA HArPYKEHHOTO Tpada.

Teopemuueckasn uacme.

I'pad G = (X, A) Ha3BIBACTCS HASPYIHCEHHBIM, €CITU TS KaXI0T0 pedpa (Xi,Xj) onpeaeneHa
ero januHa (Uiau Bec) Cij.

[Tycts G - cBs3HBIN HarpyXeHHBIN rpad. 3agaua MOCTPOCHUS MUHUMATLHO20 OCHOBHO2O
0epesa 3aKII0YAeTCs B TOM, YTOOBI U3 MHOXKECTBA OCTOBHBIX JIEPEBbEB HAUTH AEPEBO, Y KOTOPOTO
CyMMa JUIMH pedep MUHUMAaJIbHA.

[lpuBeneM TUNUYHBIE CIyyad, KOTJAa BO3HHUKAET HEOOXOAMMOCTh IOCTPOCHUS
MHUHHUMAaJIbHOTO OCTOBHOTO JiepeBa rpada.

a) HyxXHO coeauHHTH N TOPOAOB KEJIE3HOJOPONKHBIMH JMHUSAMHU (aBTOMOOMIBLHBIMU
JoporaMu, JTUHUSMH 3JIEKTpoIepead, CeTbio TpyOONpoOBOIOB U T.JA.) TaK, YTOOBI CyMMapHas
JUIMHA JIMHUHA WA CTOUMOCTH Obljla ObI MUHUMAJIBHOI.

0)Tpebyercst MOCTPOUTH CXeMY DIEKTPUUECKON CETH, B KOTOPOM KJIEMMBI TOJIKHBI OBITh
COEZIMHEHBI C TIOMOIIBIO TPOBOOB HAMMEHBIIEH 00 JUTUHBI.

3amaqy MOCTPOEHUS MHHHMMAJIBHOTO OCTOBHOTO JI€pPEBa MOXKHO PEIIUTh C IOMOIIbIO
CJIEIYIOIIETO aJrOpUTMA.

Aneopumm Kpackana.

Ilaz . YcTraHOBKa HaYaJIbHBIX 3HAYEHUH.

Bronutcs marpuna s pebep C rpada G.
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Llae 2. Beibpats B rpade G pedbpo munumanbHo# 1uinHbL [Toctpouts rpad G2, cocrosmmii
U3 JAaHHOTO pedpa ¥ MHIUACHTHBIX eMy BepiuH. [1onoxuts i = 2.

Illae 3. Ecau i =n, rae n - gucio pedep rpada, To 3aKOHUUTH paboTy (3a1a4ua perieHa), B
INPOTUBHOM CiIydae MepeiTy K mary 4.

Llae 4. Tloctpouts rpad Gj+1, 1o6aBisist k rpady Gi HOBoe pedpO0 MUHUMAIBHOM JJTHHBI,
BBIOpaHHOE cpefu Bcex pebep rpada G, Kakgoe M3 KOTOPHIX HMHIIMACHTHO KaKOW-HUOYIb
BepmnHe Tpada Gi M ONHOBPEMEHHO WHIMAEGHTHO KakoW-HHOyns BepumHe rpada G, He
copepkameiics B Gi. Bmecre ¢ atum pedpom BimoyaeM B Gj +1 M MHIIMJCHTHYIO €MY BEpIINHY,
He cojepkainytocs B Gi. [IpucBauBaem i:= 1 +1 1 nmepexoaum K mary 3.

Hampumep, HaiiieM MUHIMAIBHOE OCTOBHOE JIEPEBO ISt rpada, H300paskeHHOTO HIUKE.

X3

2 4
X 1 X4
1 3
X1 5 Xs

Illaz 1. YcTaHOBKa HaYaabHBIX 3HAYEHUH.
Beenem matpuny miuH pedep C:

o 1 o 1

W o~ o 8
8 & 8
w g &~
g wW g »ww

Illaz 2. BoibepeM pebOpo MHUHHUMaJIbHOW AMWHBL. MUHMMaibHas JUIMHAa pedpa paBHa
enunuie. Takux pedep Tpu: (X1, X2), (X1, X4), (X2, X4). B 3TOM ciy4ae MOXHO B3sITh JIFOOOE.
Bozbemem (X1, X2). Iloctporm rpad G2, cocrosimuii 3 gaHHOTO pedpa M WHIMICHTHBIX €My
BEpIIHH X1 1 X2. [Tomoxum i = 2.

[llae 3. Tak kak N =5, TO | # N, MO3TOMY MEPEXOJUM K Iary 4.

Hlae 4. Ctpoum rpad Gs, nobasnss k rpadpy Gz HOBoe peOpo MHUHMMAIbHOM JJIMHBI,
BBIOpaHHOE cpeau Bcex pedep rpada G, kakaoe U3 KOTOPHIX WHIMIEHTHO OJJHON U3 BEPIINH X1,
X2 1 OTHOBPEMEHHO MHIMJIEHTHO Kakoi-HUOYy1b BepinHe rpada G, He conepaxarieiics B G2 T. e.
OJIHOM M3 BEpUIMH X3, X4, X5. TakuM o0Opa3oM, HY>KHO BbIOpaTh peOpO MMUHUMAJIbHOM JUIMHBI U3
pebep (X1, Xa), (X1, Xs), (X2, X3), (X2, Xa), (X2, X5). Takux pebep WIMHBI eauHHUNA ABA: (X1, X4) U (X2,
X4). MoxHO BBIOpaTh m000e. Bo3smeM (X1, X4). BMecTe ¢ aTum pebpom Bkitoyaem B G3 BepmHy
Xa, HE copeprkainytocs B Gz. [Tonaraem i = 3 u nepexoaum k mary 3.

[llaz 3. Tak kaKk |# N, TMO3TOMY EPEXOAUM K I1ary 4.

Illaz 4. Ctpoum rpad Gs, modaBnss k rpady Gz HOBoe peOpPO MHUHHMATLHOW JITHHBI U3
pebep (X1, Xs), (X2, X3), (X2, X5), (X4, X5). Takoe peOpo UIMHBI ABa OHO: (X2, X3). BMecTe ¢ aTum
pebpom BrirouaeMm B G4 BepiIMHY X3, He cofepikainytocs B Gz. [Tonaraem i = 4 u nepexoaum K
niary 3.

[llaz 3. Tak kaKk |# N, MO3TOMY IEPEXOAUM K Iary 4.

Hlae 4. Ctpoum rpad Gs, nobasnss k rpadgy Gs HOBoe peOpo MUHUMAIBHON UIMHBI U3
pebep (X1, X5), (X2, Xs), (X4, X5). Takux pebep ATUHBI TPH JBa: (X2, X5) U (X4, X5). BozeMeM (X2, Xs).
Bwmecre ¢ aTum pebpom BkirouaeM B Gs BepuinHy Xs, He coaeprxkanrytocs B Ga. [lonaraem i = 5 u
MIEPEXOUM K mary 3.

Ilae 3. Tak kak 1 =n, Torpad Gs— UCKOMOE MHHUMAaIIbHOE OCTOBHOE iepeBo. CyMMapHas
nnuHa pedep papaa 1 + 1 +2+3=7.
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ITpouecc mocTpoeHNs: MUHUMAIBHOTO OCTOBHOI'O IepeBa N300paXkeH Ha PUCYHKE.
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Pekomendyeman numepamypa:

OcHoBHasi JuTeparypa:
3apunoBa, D. P. Jlekuum mo AUCKpEeTHOM MareMarhke. Maremarhyeckas JIoTHKa: ydeOHoe
nocobue / D. P. 3apumnoBa, M. I'. Kokorunkona, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuii
YHUBEPCUTET  OpyxObl  HapomoB, 2014, — 120 c¢. — Pexum  gocryma:
http://www.iprbookshop.ru/22190.html

JonosHUTeILHAS JJUTEpaTypa:
Xarraptu, P. JluckpeTHas MmaremaTuka JJisi IporpaMMHCTOB : yueOHoe nocodue / P. Xarraptu. —
Mocksa: Texnocdepa, 2012. — 400 C. — Pexxum JOCTYyTIA:
http://www.iprbookshop.ru/12723.html
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