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1. OO1mue moJI0KeHUs

CamocrodrenbHas paboTa - IIaHupyemas yueOHas, yueOHo-ucce10BaTeIbCKasi, HayYHO-
UCCIIeIoBaTebCKasi paboTa CTYACHTOB, BBHIMONHAEMAs BO BHEAYyIUTOPHOE (ayAUTOPHOE) BpeMs
T10 33/IaHUI0 U IIPU METOIUYECKOM PYKOBOJICTBE MPEIO0AaBaTesi, HO 0€3 ero HeMoCPeCTBEHHOIO
ydacTus (IIpU YaCTUYHOM HENOCPEICTBEHHOM yYacTHH MpenojaBaTesisl, OCTaBISIOMEM BEYLIYIO
poJb 3a paboTOi CTYIEHTOB).

CamocrosrensHas padota ctyaentoB (CPC) B BY3e siBnsieTcs BaXXKHBIM BUIOM y4eOHOM
Y HAy4YHOU AesITeNbHOCTU cTyaeHTa. CaMocTodTenbHas paboTa CTYJAEHTOB UTPACT 3HAUUTENIbHYIO
POJIb B PEUTUHIOBOM TEXHOJIOTMH O0yUEHHUS.

CamocrosarenbHas paboTa sBisieTcsl BakHelme (opmoil ycBoeHust 3HaHuil. B xone
CaMOCTOSTENIbHOW pabOThI CTYACHTHI YSICHAIOT 3HAHUS 110 KOHKPETHOM TeMe yueOHOro Marepuania,
3aKpEIUISIOT W YTOYHSIIOT YK€ H3BECTHbIE M OCBAaMBalOT HOBble KaTeropuu. CTajkuBasch ¢
HEIOCTaTOYHO MOHSATHBIMHM 3JIEMEHTAMU TEMBbI, CTYJEHTbl CTPEMATCS HaXOAMTb OTBETHl WIIU
(uKcUpoBaTh BOIPOCH! JUIsl TIOCTAHOBKU U YSICHEHUS MX Ha KOHCYJIBTAllUM C INPEroAaBaTeeM
VI BO BPEMsI IPAKTUYECKOTO 3aHSTHSL.

3asaun caMoCTOATEIbHONU PabOThl COCTOST B CIAEAYIOLIEM:

1. Pa3BuTh JIOrn4eckoe U aIrOPUTMUYECKOE MBIIUICHHUE.

2. Bplpa®oTaTh NEpBUYHBIE HABBIKM MAaTEMAaTHYECKOTO HCCIICIOBAHUS IPUKIAJTHBIX
BOIIPOCOB.

3. BplpaboTaTh HAaBBIKM JOBEJEHUS PELICHUs 3aJaud J0 MPUEMIIEMOIr0 MPaKTHYECKOIO
pe3yabpTaTta — yucia, rpaduka, TOYHOr0 Ka4eCTBEHHOI'O BBIBOJIA C IMPUMEHEHHEM aJIeKBaTHBIX
BBIYUCIIUTENbHBIX CPEJCTB, TAOJIHII, CIPAaBOYHHKOB.

4. BpipaboTaTh yMEHHE CAMOCTOSITEIBHO pPa30MpaThCsi B MaTeMaTUYECKOM armapare,
IPUMEHSEMOM B JINTEPATYPE, CBA3AHHOMN CO CHEIMATbHOCThIO CTYACHTA.

5. Hayuute omepupoBaTh aOCTpaKTHBIMM OOBEKTaMH M aJCKBaTHO YIOTPEOISATH
MaTeMaTHYeCKUe MOHATUS U CHMBOJIBI JJISl BBIPQXKEHUS KOJMUYECTBEHHBIX M KaueCTBEHHBIX
OTHOILIEHUMN.

CamocrosrenbHas paboTa CTyIeHTa 10 Y4eOHO! TUCIMIUIHHE «J{HUCKpeTHas MaTeMaTHKa
BKJIIOYAET MOJrOTOBKY K INPAKTUYECKUM 3aHATUSAM M BBINOJHEHHE MPAKTHUUECKUX 3aJaHUM,
CaMOCTOSITENIbHOE H3yuYeHHE TeM y4eOHOro Marepuana IO PEKOMEHJyeMOH auTepatrype u ¢
UCIOJIb30BAHNEM UH(OPMAIIMOHHBIX PECYPCOB.

CamocrosaTenbHas paboTa 1Mo JUCHUIUIMHE «J{MCKpeTHass MaTeMaTHKa» HalpaBlieHa Ha

(hopMUpOBaHUE CIIETYIONINX KOMIIETeHIIUM:



IInanupyemslie
Kox, pe3yabTaThl 00Y4EHUs 110
(opMyTHPOBKA Kon, hopmynupoBka JTUCLUILINHE (MOIYJIIO),
WHJIMKaTOpa XapaKTePHU3YIOIIHE ITAIIBI
KOMUCTCHIpIH (opMHPOBaHHS KOMIIETEHLIUH,
HHJIHUKATOPOB
OIIK-3: Cnocoben N A-1onk.3 3Haer [Ipumenser
HCIIOJIb30BaTh HEOOXOJMMbIE  MaTEMaTHUYECKHE | HEOOXOIMMBbIC
HEOOXOIMMEIC METOJbl i1 pElEeHUs 3a7ay | MAaTEMAaTUYECKUE  METObI
MaTeMaTHYeCKUEe METOJIbI | o0ecreUeHuUs 3aIIUTHI | JJIs peleHus 3aja4
JUISL pEUICHUs 3a/1a4 uHdopmaIuu. npodeccuoHaIbHON
npodeccuoHanbHOMI N-20nk.3 YMeeT | 1eSTeIbHOCTH.
JIEATCILHOCTH MIPUMEHSTh COBOKYITHOCTh
HEOOXOJHMMBIX  MaTeMaTUYECKUX
METOJIOB ISl pELICHHs  3ajad
obecrieueHust 3aIIMTEI
UHpOpPMAIINH.
U-30mnk-3 Hanenen
HaBBEIKAMH MIPUMEHEHUS
COBOKYITHOCTH HEOOXOIUMBIX
MaTeMaTHUCCKHUX MCTOJOB  JIA
pemieHuss  3ama4  oOecreueHus
3amUThl HHHOPMALIHH.

2. Ileas U 3a1a4u caMOCTOSITEIbHON PadoThI

Benymas uens opranuzanum u ocymectieHuss CPC coBnagaer ¢ menbro oOydeHHs
cTyAeHTa — (opMupoBaHue Habopa OOIIEHAy4YHBIX, HPOPECCHOHATIBHBIX U CHELHATbHBIX
KOMITETEHIINH OyayIiero 6akagaBpa O COOTBETCTBYIONIEMY HANPaBICHUIO ITOATOTOBKU

IIpu oprannzauuu CPC BaXHBIM U HEOOXO/IMMBIM YCJIOBHEM CTAHOBSTCS (POPMUPOBAHUE
YMEHHUSI CaMOCTOATENBHOM paboThl A NPUOOpETEeHHs] 3HAHWH, HABBIKOB U BO3MOXHOCTH
OpraHu3any y4yeOHOM M HayyHOH JesTenbHOCTH. Llenbio caMmocTosTenbHOM paboThl CTYICHTOB
SABIISICTCS OBJaJieHHEe (PyHAaMEHTAIbHBIMU 3HAHUSIMU, NPOPECCHOHATBHBIMU YMEHUSMH H
HaBBIKAMU JIESITEITLHOCTH 110 TPOUITIO, OTIHITOM TBOPUYECKOH, HCCIIEIOBATEIHCKON eI TETHHOCTH.
CamocrositenbHass  paboTa  CTYAGHTOB  CIIOCOOCTBYET  Pa3BUTHIO  CaMOCTOSITEIbHOCTH,
OTBETCTBEHHOCTU M OPraHU30BAaHHOCTH, TBOPUYECKOTO MOJAXOJa K PELICHUIO MpobieM yueOHOro
1 IpOo(eCcCUOHATBHOTO YPOBHS.

3anauamu CPC sBnstores:
- cUCcTeMaTH3alys U 3aKpEIICHUE MTOJIyYEHHBIX TEOPETUUECKUX 3HAHUH U IPAKTUYECKUX
YMEHUH CTYyJIEHTOB;
- yri1yOJieHHe U pacIiipeHne TEOPEeTHUECKUX 3HAHU;
- ¢dbopMHUpOBaHHE YMEHHWI WCIOIB30BaTh HOPMATHBHYIO, IPABOBYIO, CIIPABOYHYIO

JOKYMEHTAIUIO U CHEeLMATIbHYIO JINTEPATYypy;



- pa3BUTHE TO3HABATENBHBIX CIHOCOOHOCTEH M AKTUBHOCTH CTYACHTOB: TBOPYECKOM
WHULIAATUBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPTraHU30BAaHHOCTH;

- (hbopMHUpOBaHHE CAMOCTOSITEILHOCTH MBIIUICHHS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOpeau3alliu;

- Pa3BUTHUE UCCIIENOBATENbCKUX YMEHUN;

- UCTIOJIb30BaHUE MaTepuasa, COOPAaHHOTO U TOJYYEHHOTO B XOJI€ CAMOCTOSITEIBHBIX
3aHATUN HA CEMHUHApax, Ha MPAKTHUECKUX 1 JJA0OPATOPHBIX 3aHATHSIX, TPH HAMMCAHUH KYPCOBBIX
U BBIITYCKHOW KBaM(UKAIIMOHHON paboT, uig 3¢ (HEeKTUBHON MOATOTOBKU K UTOTOBBIM 3adyeTaM

M OK3aMCHaM.

3. Texnojoruueckas KaprTa CaMoOCTOSITeILHOM paﬁoTbl CTya€HTa

OO0BeM 4acoB, B TOM YHCJTIE
Bun nedarenpnoctu (axaz.)
Kozner CTYZICHTOB CpenctBa n KonTtakta
peann3yeMbIxX
- TEXHOJIOTUH as pabora
OIICHKH CPC c Bcero
npenojiana
TeJIeM
1 cemecTp
OIIK-3 (UJ-1, | [ToaroroBka k jeknusam | Komriekt 3,24 0,36 3,6
W-2, UJ1-3) 3aJlaHui U
BOITPOCOB T10
pasnenam
JUCITUTITMHBI
OIIK-3 (UJ-1, | ITogroroBka k Kommiekt
na-2, Na-3) MPaKTUYECKUM paboTaM | 3aaHul U
BOIIpOCOB 10 | 6,48 0,72 7,2
pasnenam
JUCITUTLINHBI
OIIK-3 (UJ-1, | CamocTosiTensHOe Kommiekt
Ua-2, UJ1-3) W3y4YEHHE JIMTEPATYPHI [0 | 3aJJTaHUI U
TeMaMm 1-16 BOINPOCOB 10 | 22,68 2,52 25,2
pasnenam
JUCITUTITMHBI
Hroro 3a 1 cemecTp 324 3,6 36
Hroro 324 3,6 36

4.H0pﬂ[l0K BBLINOJIHEHUS CAMOCTOSTEIbLHOI paﬁoTl)l CTYAEHTOM

4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eOHOU 1umepamypou

[Ipu pabGote ¢ kHUTONH HEOOXOAMMO MOAOOPATH JTUTEPATYPY, HAYUUTHCS MPABHIBHO €€
YUTaTh, BECTH 3anucH. [l nmoxbopa aureparypsl B OMOIHMOTEKE MCIIONB3YIOTCS an(aBUTHBINA U
CHCTEMaTHYECKUI KaTaJIoTH.

BaxHO MOMHUTB, YTO pallMOHAJIBHBIE HABBIKW PAOOTHI ¢ KHUIOW - 3TO BCeraa Oojibluas
9KOHOMHUSI BpDEMEHH U CHJL.



[IpaBunbHBIE TOA0OP YYEOHUKOB PEKOMEHAYETCS IMpernojaBaTelieM, YHUTAOIINM
JeKIMOHHBIN Kypc. HeoOxoammMas nurepaTrypa MOXKET OBITh TaKKe yKa3aHa B METOJHMYECKUX
pa3paboTKax 1o JaHHOMY Kypcy.

N3yuas matepuan no y4eOHUKY, CIEAYET MEPEXOAUTh K CIIEAYIOIIEMY BOMPOCY TOJIBKO
MocIie MMPaBUIIBHOTO YSICHEHUS MPEABIAYIIET0, OMUCHIBAs Ha OyMare BCe BBIKIAJAKHU U BBIYUCICHUS
(B ToM ymcIe Te, KOTOpble B y4eOHUKE OMYIICHBI WM Ha JICKIMH JAaHBI Ui CAMOCTOSTEITHHOTO
BBIBOJIA).

[Ipu u3yuenuu 0001 AUCUUIUIMHBI OOJIBIIYIO U BaXKHYIO POJIb UTPAET CAMOCTOSITENIbHAS
WHIMBHIyalIbHAs paboTa.

Ocoboe BHHMaHHWE CJIeAyeT OOpaTUTh Ha OMNpPEJCICHHE OCHOBHBIX MOHSATHH Kypca.
CryneHT A0DKeH MoApoOHO pa3duparh MpUMEphl, KOTOPBIE MOSCHIIOT Takue ONpeNeseHus, u
YMETh CTPOWTH aHAJIOTUYHBIC TPHUMEPHl CaMOCTOATENbHO. HyXHO M0OMBAThCS TOYHOTO
IpEeCTaBICHUS O TOM, UTO U3ydaelb. [10J1e3HO cocTaBIATh ONOpHBIE KOHCIEKTHI. [Ipu n3yuenun
MaTrepuaja Mno y4yeOHHMKY MOJIEe3HO B TeTpaau (Ha CHEIHUalIbHO OTBEIEHHBIX IMOJISIX) JOIMOJIHATH
KOHCIIEKT JieKiuil. Tam ke ciegyeT oTMedarh BONPOCHI, BBIIEIEHHBIE CTYJICHTOM IS
KOHCYJIbTAIIMH C MPernojaBaTesieM.

BbIBOIBI, MTONTy4EHHBIE B PE3yNIbTAaTe U3YUYCHUS, PEKOMEHIYEeTCSI B KOHCIIEKTE BBIJCNSATD,
YTOOBI OHH IIPH MIEPEYUTHIBAHUN 3aITHCEH JIydIlle 3alIOMHHAIIHCE.

OnpIT MOKAa3bIBAET, YTO MHOTHM CTYACHTaM IOMOTAaeT COCTaBJICHHME JUCTa OMOPHBIX
CUTHAJIOB, COJIEpIKallero BayKHEHIINe U HauboJsee 4yacTo ynorpediseMble (POpMyIIbl U TOHATHUS.
Takoil TUCT MOMOraeT 3amoOMHUTH (OPMYJIbI, OCHOBHBIC MOJIOKEHHUS JICKIMH, a TaKK€ MOXKET
CITy’KUTh TIOCTOSTHHBIM CIIPABOYHHUKOM JIJIs CTYICHTA.

UreHne Hay4HOro TEKCTa SBISETCS YacTbhiO MO3HABATENBbHOM nesTenbHOCTH. Ee nenb —
M3BJICUCHUE U3 TEKCTAa HEOOX0oauMoi nHpopmaruu. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOITUM
coOCTBEHHasi BHYTPEHHSSI YCTAHOBKA MpU OOpAIllEeHWH K TIEYaTHOMY CJIOBY (HAWTH HYKHbBIE
CBEJICHUS, YCBOUTh WH(POPMAIHIO TIOJHOCTHIO WIJIM YaCTHYHO, KPUTHYECKH TPOAHAIU3HPOBATH
MaTepHal 1 T.I.) BO MHOI'OM 3aBUCHUT 3(PPEKTUBHOCTH OCYIIECTBISIEMOTO JICHCTBHUS.

Boiaenstor uemsipe ocrnosnvie ycmanoeKu 6 umeHuu Hay4Ho20 MeKcma:

MH(OPMaIIMOHHO-TIOUCKOBBIH (3a/1a4a — HANTH, BBIICTUTH HCKOMYIO HH(POPMAIIUIO)

ycBauBarolas (yCuiIMs YUTaTessl HalpaBJeHbl Ha TO, YTOOBI KaK MOXKHO IIOJTHEE OCO3HATh
¥ 3alIOMHHUTDH KaK CaMH CBEJICHUS M3JaraeMble aBTOPOM, TaK U BCIO JIOTUKY €0 PaCCy>KICHHI)

AHATTMTHKO-KPUTUYECKAss (YUTATENb CTPEMHTCS KPUTHUECKH OCMBICIUTh MaTepHall,
IPOaHAIU3UPOBAB €T0, OMPEICTNB CBOE€ OTHOIICHHE K HEMY )

TBOpYECKast (CO3AeT y YHMTATEINs TOTOBHOCTh B TOM HJIM MHOM BHJE — KaK OTIPaBHOU
MYHKT 711 CBOMX PacCyKIeHUM, kak o0pa3 /i JeHCTBUS MO aHAIOTHH U T.I. — UCTIOIB30BaTh
CYXJIGHUSI aBTOpa, XOJA €ro MBICIeH, pe3yibTaT HaOJrogeHus, pa3pabOTaHHYIO METOIHKY,
JOTIOJTHUTD WX, TTOJIBEPTHYTh HOBOH MIPOBEPKE).

4.2. Memoouueckue pekomernoayuu no n0020MoeKe K NPAKMmMu4ecKuUM 3aHAMUsIM

J111s TOro 4TOOBI MPAKTUYECKUE 3aHATHUS MPUHOCUIU MAaKCUMAaIbHYIO TIOJIB3Y, HEOOXOIMMO
MOMHUTH, YTO YINPa)XHEHHWE M peIICHHE 3a]ad MPOBOASATCS MO BBIYUTAHHOMY Ha JICKIUAX
MaTepuaiy U CBA3aHbl, KaK MPaBUIIO, C IETATbHBIM pa300pOM OTIEIBHBIX BOIIPOCOB JEKIIHOHHOTO
kypca. Crieayer MOAYEPKHYTh, YTO TOJIBKO TIOCIE€ YCBOCHHS JIEKIIMOHHOTO MaTepuayia ¢
OTIpeIeIEHHOM TOYKH 3pEHUS (2 IMEHHO C TOM, ¢ KOTOPOIl OH M3/1araeTcst Ha JIEKIMIX) OH OyeT
3aKPEIUISATHCS HA MPAKTUYCCKHIX 3aHIATHSIX KaK B pe3yJIbTaTe 00CY X ICHUS M aHATIN32a JISKIIMOHHOTO
MaTepuaina, Tak ¥ C MOMOIIBIO pPElIeHUs MPOOIEeMHBIX cUTyaluil, 3agad. [lpu »Tux yciaoBusx
CTYJIEHT HE TOJBKO XOPOIIO YCBOUT MaTepHasl, HO U HAYYUTCS NMPUMEHSTh €ro Ha MPaKTHKE, a
TaK)Ke MOJIYYUT JOTOTHUTEIbHBIH CTUMYN (M 3TO OYEHb BAXKHO) JJIsl aKTUBHON MpopaboTKu
JICKIIUH.

CrnenyeT NOMHHUTBH, YTO pEIIEHHUE KXKIOW y4eOHOM 3aJauu JOJHKHO JOBOIUTHCS 10
OKOHYATEJIbHOTO JIOTMYECKOT0 OTBETa, KOTOPOTO TPeOyeT YyCJIOBHE, W MO BO3MOXKHOCTU C
BbIBOJIOM. [lonyueHHBIH OTBET CleqyeT MPOBEPUTH CIIOCOOAMH, BBITEKAIOIIMMU M3 CYIIECTBA
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naHHOM 3agaun. [lose3Ho Takxke (€ciu BO3MOXKHO) pellaTh HECKOJIBKMMHU CIIOCO0aMH U CPaBHUTD
MOJIy4€HHbIE pe3ysbTaThl. Perienne 3a1ay JaHHOTO THUIIA HYKHO MPOJOJIKATh 10 IPHUOOpEeTEeHus
TBEP/IbIX HABBIKOB B UX PELICHUU.

4.3. Memoouueckue pexomeHOayuu N0 Camonposepke 3HaHull

ITocne m3yueHHs ONpenesIeHHONW TeMbl 10 3alUCSM B KOHCIEKTEe M y4eOHHUKY, a TaKxke
pElIeHHs JTI0CTaTOYHOI'O KOJMYECTBAa COOTBETCTBYIOLIMX 33/aY Ha MPAKTUUYECKUX 3aHATHIX U
CaMOCTOSITENIBHO CTYACHTY PEKOMEHAYETCS, NPOBECTH CAaMOINPOBEPKY YCBOEHHBIX 3HAHUH,
OTBETHUB Ha KOHTPOJIbHBIE BONIPOCHI 0 U3YUYEHHOI TeMe.

B ciiydae He0OXOJMMOCTH HY>KHO €Ille pa3 BHUMATEIbHO pa3o0paTbcs B MaTepHase.

WNHorna He10CTaTOYHOCTh YCBOGHUS TOTO MJIM MHOTO BOIPOCA BBISICHSETCS TOJIBKO MPU
M3Yy4YEHUHU JajbHENIIero Marepuana. B 3ToM citydyae HaJo BEpHYThCS Ha3al U IOBTOPUTH ILUIOXO
YCBOEHHBIM MaTepuasl. BaXHbII KpPUTEpHI YCBOCHMS TEOPETHYECKOrO0 MaTepHalia - YMEHHE
pemars 3ajayd WIM MPOWTH TECTHUPOBAHME IO NPONACHHOMY Marepuaily. OIHAKoO clexyer
MIOMHHTb, YTO IMPaBWJIbHOE PEIICHHE 3aJauld MOXKET IMOJIyYUTbCS B pe3yibTaTe MpPUMEHEHUs
MEXaHMUYECKHU 3ayYeHHBIX (opMys1 0€3 MOHUMAHHUS CYHITHOCTH TEOPETUYECKHUX IOI0XKEHUI.

5.KoHTpoJIb CAMOCTOATEIbHON PadOThI CTYACHTOB

B pamMkax peMTHHrOBOM CHCTEMBI yCIEBAEMOCTH CTYJIEHTOB IO KAXXIOW NHCIUILINHE
OIICHUBAETCA B XO/I€ TEKYIIETO KOHTPOJISl U MPOMEKYTOYHOM aTTECTallUH.
Texkymui KOHTPOJIb

PeiiTuHroBasi oueHKa 3HaAaHHMM CTyIeHTA

No Buj nestenbHOCTH CTYIGHTOB Cpoku KonnuectBo
/1 BBIITOJTHEHUS 0aJIIoB
IIpakTHyecKoe 3aHsATHE S5 5 Henmens 15
ITpakTryeckoe 3ansTue 10 10 Henens 20
[IpakTyeckoe 3aHgaTue 15 15 Henens 20
Hroro 3a 3 cemecTp 55
HTroro 55

MakcumanbHO BO3MOYKHBIN 0all 3a BECh TEKYIIUH KOHTPOJIb YCTAaHABIUBACTCS PaBHBIM 55.
Tekyliee KOHTPOJIbHOE MEPONPUITHE CUUTACTCS CAAHHBIM, €CJIM CTYJIEHT MOJIY4YWJ 32 HETO He
Menee 60% OT yCTaHOBJICHHOTO JIJIsl 3TOI'0 KOHTPOJISI MaKCUMaIbHOTO Oasuta. PeHTHHTOBBIN Oa,
BBICTABJISIEMbIN CTYACHTY 3a TEKyIllee KOHTPOJIbHOE MEPOINPHUATHE, CIAHHOE CTYICHTOM B
YCTaHOBJICHHbIE TPapUKOM KOHTPOJBHBIX MEPONPUATUN CPOKH, OMPEAENSETCS CIEAYIOIUM
obpa3zom:

Yposens Peiimunczoewiii 6ann (6 % om
6bINOJIHEHUA KOHMPONAbHO20 3A0AHUS MAKCUMATbHO20 0aNNa 3a KOHMPOAbHOE
3adanue)
Omauunbolii 100
Xopowuii 80
Yooesnemeopumenvnoiii 60
Heyooenemsopumenvhuiii 0
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BBenenue
1. Heap u 3aa0a4n U3y4eHUs] AUCUUTIMHBI

Hens mucrumiamHel: GopMHUpOBaHHWE HaOopa 00menpodhecCHOHATBHBIX KOMITETCHITHI
OakanaBpa no HampasieHuto moaroroBku 10.03.01 Mudopmaiimonnas 6€300aCHOCTb.

3agaun OCBOEHUS MUCHUIUIMHBL  (OPMHUPOBAHHME TMPEACTABICHUNA O PO M MECTE
MaTeMAaTUKd B COBPEMEHHOM MHpE, STalax pa3BUTHs, YHHUBEPCATILHOCTU €€ MOHATUH U
npeAcTaBiIeHU; GOPMHPOBAHUE YMEHUH UCIIOJIb30BATh HEOOXOIUMbBIE MATEMATHUIECKUE METOIbI
JUTSL pelIeHus 3a/1a4 MpodecCuOHAIBHOMN 1eATeIhbHOCTH.

2. O0opynoBaHHMe U MAaTEPHAJIBI
[TpakTudeckue pabOTHl MO OUCHUIUIMHE «JIMCKpeTHas MaTeMaThKa» TMPOBOISATCS B

y4eOHOM ayAUTOPUH C MyJIbTUMEIUA 000PYI0BAHUEM: TIPOSKTOP, KOMITBIOTED, SKPaH HACTCHHBIM.
3. HammeHoOBaHMe NPAKTHYECKHUX PadoT

Ne HaunMeHoBaHMe TeM IMCUHMILUIMHBI, HX KPAaTKOe Oobem N3 nux
TeMBbI coaepKaHue 4acoB NpaKkTHYecKas
NMOAr0TOBKA, YaCOB
1 cemectp

1 CriocoOb1  3amanust MHOXecTB. Omepanuu  Hax 2 2
MHOKECTBaMHU.

2 OTHOIIICHHUS. OTHoOMIEeHUst SKBUBAJICHTHOCTH. 2 2
OtHomienne  mopsimka.  CBOWMCTBa  OTHOIICHMIA.
OtoOpaxkenusi. MHBEKIUS, CIOPBEKIUS, OUEKIIHS.
IToHsTHE DYHKINH.

4 OcHoOBHBIE AJITeOPanIECKHE CTPYKTYPBHIL. 2 2

5 Onepauuu  HaJxd  BBICKa3bIBAHUSIMHU. Tabmuup! 2 2
MCTHHHOCTH. JIornueckue 3agaum.

5 Hcuucnenne BBICKA3bIBAaHUM. Anroputm 2 2
yuudukaimu. [1paBuia BeIBOAA.

6 Hcuncnenue [IPEAUKATOB. ABTOMaTHUYECKOE 2 2
JIOKa3aTeJIbCTBO TeopeM. MeTo pe30JIIOIHM.

7 CrocoOwbl  3amanust OyieBoit ¢yHknuu. TaOnuia 2 2
WCTHHHOCTH OYJIeBOW (hYHKITHH.

7 [TpuMeHeHHE 3aKOHOB aJIreOphl JIOTHKH. 2 2

8 JIM3bIOHKTUBHBIE ¥ KOHBIOHKTUBHBIE COBEPIICHHBIC 2 2
HOPMAJIbHBIC (DOPMBIL.

8 ANTOpHUTMEBI TOCTPOCHUS NOJTMHOMOB JKerankuHa. 2 2

9 Pa3menienus, IIEPECTAaHOBKH, COYeTaHHus B 2 2
KOMOMHATOPHKE.

9 [ToncranoBku.  buHomuanbHble  KO3()(PUIIMEHTHI. 2 2
Pa3oueHusl.

13 OcHOBHBIE XapakTepucTuku TpadoB. Marpuibl 2 2
CMEXHOCTH M HHIUAEHTHocTH. Omnepauuud Haj
rpadamu.

14 Diinepos rpad. Kpurepuii 511epoBOCTH. 2 2

14 ["amMubTOHOB rpad. 2 2

15 Anroputm @opna — benmnMaHa  HaxOXACHUS 2 2
MHUHHUMAJIBHOTO MyTH B Harpy>K€HHOM
OpUEHTUPOBAHHOM rpade.
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15 3amaua HAXOXKACHUS KPUTUUECKOTO IyTH B Tpade. 2 2
16 IlocTpoeHHEe MHMHHMMAJIBHOIO OCTOBHOTO JepeBa 2 2

Harpy»kKeHHoro rpaga.
Hroro 3a 1 cemectp 36 36
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4. Conep:xanue NpaKTHYECKUX padoT

IIpakTuyeckass padora Nel. CnocoObl 3ananusi MHoO:kecTB. Onepamum Hajg
MHOKeCTBaMHU.

Ilens 3anamusn. TlpuoOpecTn HaBBIKM 33aJaHUS MHOKECTB, BBITIOJHEHUS OMepaluii Haj
MHO>KE€CTBaMHU.

3Hanua u ymenus, npuodpemaemvie CHMYOEHMOM 6 pe3yabmame OC60CHUA MeEMbl,
dopmupyemovie Komnemenyuu. 3HAaeT U yMeeT MPUMEHATH Oa30Bble OMNEpalUu HaJ
MHO>XECTBaMHU.

Teopemuueckas uacme.

[TonsiTHEe MHOKECTBA HE ONPEAEIIAETCS, a JIUILb WLTIOCTpUpyeTcs npumepamu. Hanpumep,
MOYHO TOBOpUTH 0 MHO)ecTBe ctaTed 'K P®, 0 MHO)KeCTBE JTOrMYECKUX BO3MOKHOCTEN U T.J.
MmuosxecTBa OyaeM 0003HAaYaTh MPOMHCHBIMU JIaTUHCKUMU OykBamu: A,B,... Ecnu snement x
IPHHAIICKAT MHOKECTBY A, mumyT x | A (YHTAIOT: «X MPUHAMUICKHT MHOXKECTBY A»), B
NIPOTHBHOM NUIIyT x | A («X He TIPHHAIEKUT MHOXKECTBY A»). MHOXKECTBO, HE CoflepiKaIlee HH
OJTHOTO DJIEMEHTA, Ha3bIBAIOT 1YCMbIM, €r0 0003HAYar0T CUMBOJIOM AE.

MHnooicecmso cuumaemcs 3a0aHHbIM, €CITU O TF0OOM TaHHOM 00BEKTE MOKHO OJJTHO3HAUHO
CKa3aTh MPUHAMJIEKHUT OH STOMY MHOXKECTBY WM HeT. PaccMoTpuMm dea cnocoba 3ananus
MHO’KECTBA!

* JaeTcs MOJIHBIN MEepeUYeHb 3JIEMEHTOB MHOXKECTBA; HAalPUMEP, MHOXKECTBO PE3yJIbTaTOB
TOJIOCOBAHUS PUCSHIKHOTO TAKOBO: {«3a», IPOTHUBY, «BO3JIEPIKATICI» };

* yKa3blBae€TCA NPABWIO OMNpPENIEICHUsS MPUHAMICKHOCTH JI0O0Oro o00beKTa K
paccMaTpuBaeMOMY MHOXKECTBY; Hampumep, 3anuch A = {x : |x| < 10} o3Havaer, 4T0 A COCTOUT
U3 TaKUX YHCENl X, MOAYJIb KOTOpbIX MeHbIe 10 (rmociie 1BoeTouus 3aucalo IpaBUiio, KOTOPOMY
JIOJDKHO YJIOBJIETBOPSITH YUCIIO X, YTOOBI €0 MOXHO OBLIO OTHECTH K MHOKECTBY A).

JIBa MHOX€ECTBa, COCTOSILIINE U3 OJIHUX U TEX XKE DJIEMEHTOB, Ha3bIBaOTCs pagubimu. Eciu
MHOecTBa A u B paBHbI, To numyTt A = B.

Ecnu kaxxaplil 5IeMEHT MHOXKECTBa B sBisieTCs B TO K€ BpEMSI JIEMEHTOM MHOXKECTBA A,
TO FOBOPAT, UTO B — noomnoowcecmeo muoxxectBa A. B aTom ciyuae numryt B | A (anraror «B—
MOIMHOKECTBO MHOXKECTBA A»).

B nocnenytomem, ncxoIHOE MHOXKECTBO Oy/IeM Ha3bIBATh YHUBEPCANbHLIM U 0003HAYATh
U. Cobcmeennvle noomnoocecmsa MHOKeCTBa U — 3TO T€ MOAMHOXKECTBA, KOTOPbIE COJIEPKAT
HEKOTOphIe, HO He Bce aneMmeHThl U. Hapsny ¢ coOCTBEHHBIMH MOJAMHOKECTBAMH yCIOBUMCS
camo U u mycToe MHOXeCTBO AE TakKe CUUTATh MOJIMHOKECTBaMU MHOXecTBa U.

PaccmoTpuM mporiecc 00pa3oBaHUs HOBBIX MHOXKECTB U3 JAHHBIX MHOXKECTB A u B, mpu
9TOM OyAeM TmpenmnojaraTb, 4To U A, u B, m BHOBb 00pa30BaHHOE MHOMECTBO SIBIISIFOTCS
MOJIMHOKECTBAMU HEKOTOPOTO YHUBEPCATbHOTO MHOXKecTBa U.

O6vedunenuem wmuoxectB A n B (obosnauaercs A E B) HasbiBaeTcs MHOKECTBO,
COCTOSIIIIEE U3 BCEX TEX DJIEMEHTOB, KOTOpPbIE MPUHAIJIEKAT XOTs ObI OTHOMY U3 MHOXKECTB A, B.
Ilepeceuenuem muoxects A u B (o6o3nauaercss ACB) Ha3bIBacTCs MHOXECTBO, COCTOSIIIEE M3
BCEX TE€X U TOJIKO TE€X AJIIEMEHTOB, KOTOpBIE MpUHAANeXaT U A, u B. PazHocmbo MHOXKECTB A 1
B (0o603HauaeTcs 4 | B) Ha3pIBa€TCSl MHOKECTBO BCEX TEX M TOJIBKO TE€X JICMECHTOB A, KOTOPHIC HE
conepxkarcs B B. Ilycts U— yHugepcanvnoe muodcecmgo Takoe, UTO BCE paccMaTpHBacMble
MHO’KECTBA SBJIAIOTCS €ro IMOJMHOXXECTBaMHU. J[ononHenuem MHOXKeECTBA A Ha3bIBaeTcs
MHO>KECTBO BCEX AJIEMEHTOB, HE pUHAIeKaMX A (HO mpuHaanexamux U).

Ecnu paccmoTperh HekOTOpble KOHEUHble MHOXecTBa N U M, y KOTOPBIX HMEIOTCS
COOTBETCTBEHHO HekoTopble uyucia s1emMeHToB k(N), k(M), To umeer MmecTo cremyromiee
COOTHOILEHUE:

k (N E M) =k (N) +k (M) — k(N C M).

[lpumep.  BcerynurenbHbI 9K3aMeH 1O (U3MYECKOH TOATOTOBKE B MOCKOBCKHIA
yauBepcuteT MBJl Poccun cnaBanu 2500 abutypuenToB, oueHky Hipke "5" momyuunm 1800
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4eJIOBEK, a Bbleprkanu 3ToT 3k3ameH 2100 abutypuenToB. CKOJIBKO YEIOBEK MOTYUYHIN OLIEHKU
"3"u "4"?
Pemtenue. [Ipennonoxum, yto N — MHOXKECTBO aOUTYPHEHTOB, BBIJIEPKABIIUX dK3aMEH
1o (pusmueckoi NOAroToBKe, M — MHOXECTBO aOMTYPHUEHTOB, MOJIYYMBIINX OLEHKU HIKe "5".
o ycnoBuio 3amaun mmeem k (N) = 2100, k(M) = 1800, k (NEM) = 2500. AGHTYpUEHTHI,
nosiyuuBime onenku "3" u "4", obpaszyrotr MHOKecTBO NCM. [IpuMmeHss npuBeICHHYIO BBIIIIE
(bopMyITy, HAXOMM:
k (N E M) =k (N) + k (M) —k(N C M).
k(NC M) =k (N)+k (M) -k (NE M),
k(N G M) =2100+1800-2500 = 1400.
Otget: 1400 uenoBeK MOMYYMIIN OLIEHKH «3» U «4».
KoHTpoJibHbIe BONPOCHI M 3aJaHUs

3amauya 1. Ha mepBoMm Kkypce cieAcTBeHHOTO (hakyiabTera MOCKOBCKOTO YHHUBEPCHTETA
MB/I Poccun 1500 xypcantoB, n3 kotopbix 1050 KypcaHTOB M3y4yarOoT aHIVIMHCKHUN A3BIK, 675
KyPCaHTOB U3y4alOT HEMELKHH sI3bIK U 345 KypcaHTOB U3y4atoT o0a si3bika. CKOJIBKO KypCaHTOB
CJIEICTBEHHOTO (DaKyIbTETa HE U3YYAIOT HU aHTIUHUCKUN, HI HEMEIIKUI S3bIK?

3amauya 2. B onmumnumaze mo wHbOpMaTHKEe W MaTeMaTHUKE NMpUHUMaIu ydactue 40
KypcanToB MockoBckoro yHuBepcurera MBJ[ Poccum, UM ObUIO IPEJIOKEHO PEIMIUTH OJHO
3a/iaHue 1o nHpoOpMaTuKe, OHO MO MPaBOBOM HHPOPMATHKE U OJJHO MO MaTeMaTuke. Pe3ynbraTsl
MIPOBEPKU PEIICHUN 33/IaHUI MPEICTABICHBI B TA0JIUIIE:

Pemenst Konnuectso Pemensl 3ananus Konunuaectso
3a/1aHus pEIINBIINX PEIIHMBIINX
ITo 20 I[lo  wundopmaTMke H  MPaBOBOM 7
nHpopmaTHKe nH(popMaTHKe
Ilo mnpaBoBoW 18 [To napopmaTrKe U MaTeMaTUKe 8
nHpopmaTHKe
ITo 18 ITo mpaBoBO¥ HHPOPMATHUKE U 9
MaTeMaTHKe MaTeMaTHKe

N3BecTHO Takke, 4TO HU OAHOIO 3a/laHus He pelmiin Tpoe. CKOJIBbKO KypCaHTOB PELIMIN
Bce 3 3aganusa? CKOJIbKO KYpPCAaHTOB PEIIMJIA POBHO 2 3a1aHus?

3anaya 3. B MarazuHe KaHUEISIPCKUX IPHUHAJUIE)KHOCTEH MOCKOBCKOIO YHUBEPCHUTETA
MBJI Poccun kypcaHThl OOBIYHO MOKYTMAIOT JHO0 OAHY PYUKY, MO0 OJHY TETpaib, TM00 OAHY
PYUKy ¥ OiHY TeTpajb. B oguu u3 qHei 6pu10 ponano 57 pyuek u 36 terpaaeid. CKoIbKO ObLIO
MOKYyTaTeneu, ecinu 12 KypcaHTOB KyNWJIA U PYUKY, U T€Tpajb?

3anaya 4. B ogHOM M3 ropoJoB YKpauHbl YacThb XKHUTEJIEH TOBOPUT TOJIBKO IO-PYCCKH,
4acTb - TOJBKO MMO-YKPAaWHCKU, YACTh TOBOPUT U MO-PYCCKH, U NMO-yKpauHcku. M3BectHO, uTo 90%
YKUTEJIeH TOBOPUT MO-pycckH, a 80% - mo-ykpanHcku. Kakoil mpo1eHT kuTenei ropoja roBOPUT
Ha 000UX SI3bIKaX?

3amaua 5. Kaxxaplii u3 KypcanToB y4eOHOH rpymiibl MockoBckoro ynusepcurera MBJ]
Poccun B 3uMHUE KaHUKYJIBI POBHO JIBa pa3a ObLI B TeaTpe, mpu 3ToM criektakid N, M u P Bugenu
COOTBETCTBEHHO 25, 12 u 23 xypcanrta. CKOJIBKO KypcaHTOB B yueOHoM rpyrme? CKOIbKO U3 HUX
Bugenu cnekrakiu N u M, N u P.M u P?

3anmaga 6. B yuebnoit rpymme u3 40 xypcantoB 30 ymeroT miaBath, 27 yMEIOT UTPaTh B
H1axMaThl M TOJBKO 5 HE YMEIOT HU TOro HHU Apyroro. CKOJbKO KypCaHTOB YMEIOT IJlaBaTh U
UIpaTh B IIaXMaThl?

3amada 7. B TeueHue Hemenu B KHHOTEATpe JeMOHCTpupoBaiuchk puibmel A, B u C. 13 40
IIKOJBHUKOB, K&Kl M3 KOTOPBIX MPOCMOTped Ju00 Bce Tpu (uiabma, IUOO OJUH U3 Tpex,
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¢miem A Buznenu 13, punsm B—16, dunsm C—19 mxonbHuKOB. HaliTH, CKOJIBKO YYEHHUKOB
MIPOCMOTPENH BCE TPH (puiibMa.

3anaua 8. B cnoptuBHOM narepe 65% pebsT ymeroT urpath B pyroosn, 70%—s Boneitbon
u 75%—sB Oacker6os. KakoBo HauMeHbIlIee YnciIo pedsT, yMEIoIuUX Urpatb 1 B gyroos, u B
BOJICHO0II, 1 B 0ackeT001?

3anaya 9. Ha ypoke autepaTyphl YUUTENb pelIMi y3HaTh, KTO U3 40 y4eHUKOB Kiacca
yurtan kHuru A, B u C. PesynbraTsl onpoca okaszaiauch TakoBbl: KHUTY JI unTano 25 yuyammxcs,
kaury B-22, kaury C—raxoke 22. Kuuru A nnn B unranu 33 yuenuka, A win C—32, B unu C—
31; Bce Tpu kHury npounu 10 yyamuxcs. CKOIbKO YYEHUKOB MPOYIIM TOJBKO 110 OAHON KHHUIre?
CKOJIBKO yyalluxcsi He YUTaJld HU OJHON U3 ATHX TPeX KHUT?

3amaua 10. Cpenu aOMTYypUEHTOB, BBLAEP)KABUIMX MPHEMHBIE 3K3aMEHBI B BY3, OLICHKY
«OTJIMYHO» MONYYWIN: MO MareMatuke—48 abuTypueHToB, 1o ¢usuke—37, 1Mo pyccKkoMy
A3bIKy—42, TI0 MaTeMaTuke Wiu (pu3nke—75, M0 MaTeMaTUKE WM PYCCKOMY SI3BbIKY—7/6, IO
¢u3uKe WM pycckoMmy s3bIky—606, 1mo BceM TpeM mnpeameraM—4. CKOJIBKO aOUTYpHEHTOB
HOJYYHIIU XOTs ObI 0AHY ATepKy? CKOJIIBKO Cpeiu HUX MOJTYYHMBIIUX TOJIBKO OJIHY MATEPKY?

Pexomenoyemasn numepamypa:

OcHoBHasi iMTEpaTypa:
3apunoBa, J. P. Jlekuuum mo auckpeTHod MaTematuke. MaremaTuueckas JIOTMKa: ydyeOHOe
nocobue / 3. P. 3apunosa, M. I'. Kokotuukona, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
yHMBEpCUTET  JpyxObl  Hapomos, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JlomoJIHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckpeTHas MareMatuka Juisg MpOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne2. OtHomeHusi. OTHOIIEHMS JKBUBAJEHTHOCTH.
OtHomenne mnopsinka. CpoiictBa oTHomeHuii. Orodpaxkenus. Unbexkums, cropbexkuus,
ouexnus. [lonsiTne pyHkuum.

Ileny 3anamusa. 1lpnoOpecTy HaBBIKM ONpE/EieHUs BUJa OMHAPHOTO OTHOLIEHHUS, €T0
CBOICTB U crioco0a 3aaHus.

3nanusa u ymenus, npuoopemaemvie CHYOCHmMOM 6 pe3yibmame 0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaeT OCHOBHbIE OMHApPHbBIE OTHOLIEHHS] U UX CBOWCTBA, yMEET
IPUMEHATH CBOMCTBA OTHOLLIEHUI HA NTPAKTUKE.

Teopemuueckasn uwacms.

buHapHble OTHOIIEHHS YCTAaHABIMBAIOT COOTBETCTBUS DJIEMEHTOB OIJHOI'O MHOKECTBA
3JIEMEHTaM Apyroro MHoxectsa. Eciu, HanmpuMep, 3J1€eMeHT xIX COOTBETCTBYET JJIEMEHTY yIY
TO (haKT 3TOTO0 COOTBETCTBUS MOXKHO 3alucaTh B BUJAE YNOpsAAO4YeHHOW mapsl (X,y). [IpaBuio
(mpennucanue, NPUHLMKII), 10 KOTOPOMY 3JEMEHTY X M3 X CTAaBUTCS B COOTBETCTBUE Yy U3 Y
BBIpOKAOT MO0 B cloBecHON ¢dopme, MO0 B CHMBOJWYECKOH ((dopMmaiibHOW M T..). B
OOJIBIIMHCTBE CIIy4aeB CUMBOJIMUYECKas (popma nmeeT BuA XRy 1 unuTaercs ciaeayonmm oopazomM
«X HaxoxuTcs B OoTHomleHMM R k y». B npuHnumne, ecam Mexay HEKOTOPBIMHM 3JIEMEHTaMU
MHOXECTB X H Y ONpenesecHO OTHOomeHHe R, ToO OHO MOXeT ObITh OXapaKTepHU30BAHO
OJTHO3HAYHBIM MPOCTHIM MEpedYHCIeHUEM BceX mnap (X,y), B KOTOPBIX X M Yy CBSI3aHbI
cootHouieHueM R. B mocienneM citydae oTHOIIEHHE R MOXHO NPUHMMATh KaK BCE MHOKECTBO
JIOITyCKAaeMBIX UM YIOPSIOUEHHBIX Map BUAA (X,y) 1 mucath (X,y)IR, rae “R” yixe BHICTyIaeT Kak
CHUMBOJI MHOKECTBA.

Bunaproe oTHomenue K HasbiBaeTcs pediekcHBHBIM, eclu (X,X) 1 R mis Bcex xLX. 1o
OIIPENICIICHNE Ha SI3BIKE TEOPUM MHOKECTB IHUILIETCA B CIEAYIOIIEM BUJIE: ETR,"XT X rne E =
{ex)x T XX X.
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OtHomenue R Ha3piBaeTcs aHTUpEIIEKCUBHBIM (MppediekcuBHBIM), eciu (X,x)[ R, " xI X
wm R CE = 0.
bunapHOe oTHOLICHNE Ha3bIBACTCS CUMMETPUYHBIM, ecii (X,V)IR => (y,x) IR mmm R =R°

OrHomeHre R Ha3bIBAGTCS aHTHCHMMETPHUHEIM, ecid (X,y) IR u (y,x) IR P x = y umm
RCRIE.

Otnomenune R Ha3pIBa€TCA aCUMMETPUYHBIM, €CIM M3 JIBYX OTHOWIEHUH XiRxX; 1 X;RX;,-
BBINIOJHAETCS 110 MEHbIIEH Mepe 0HO, T. €. RCR'=0. Ciexyer 3aMeTHTh, 4TO U3 acuMMeTpHuu R
BBITEKAET €r0 aHTUPE(IIEKCUBHOCTb.

BunapHoe oTHOmEHHEe R HasbIBaeTCS TPaH3MTHBHBIM , ecid (X,y)IR u (v,2)IR b (x,2)IR
umi RoRIR. Bonee MIPOCTO CBOMCTBO TPAH3UTHUBHOCTH OTHOLIEHHS R MOXXHO chopMyIHpoBaTh
ciepyrommmM obpasom: u3 XiRX; u XjRxx Beerma cmemyer xiRxy. IIpumepoMm TpaH3MTHBHOTO
OTHOIIICHHSI MOXKET CIIY’)KUTh OTHOIIICHHE BKIIOYCHUSI HA MHOXkecTBax. B wactHoctn AIB u BIC
b AlC.

OTHoOIIEHHE  SKBUBAJIEHTHOCTH  ONpEIeNseTcss Kak OTHOIIeHHe, obJagaroniee
CJICAYIOMUMH CBOMCTBaMU: 1) pedIeKCHBHOCTD, 2) CAMMETPUYHOCTD, 3) TPAH3UTHBHOCTH. J[7s
0003HaYEeHMS FTOr0 OTHOLIEHUS BBOIAT cuMBou1 "' ~ ", Ecnu R oTHOIIIEHHE S5KBUBaJIGHTHOCTH, TO
3anuch X|RXx, v X| ~ X, paBHO3HAYHBI (RiX ‘X).

[TpumMepoM OTHOLIEHHS SKBUBAJICHTHOCTU B F€OMETPHUH SIBJISETCS OTHOILIEHHE "moaoous”
(KOHTpY3HTHOCTH).

KoHTpoJibHBIC BONIPOCHI M 3aJaHUS

1. Ornomenne R: “<” Ha MHOXECTBE JEHCTBUTENBHBIX YHCEN SIBISACTCS JIHU
pediekcuBHBIM?

2. Otnomenue R: “<” Ha MHOXECTBE JCHUCTBUTEIIBHBIX YHCEN SBISCTCS JIM
TPaAH3UTHUBHBIM?

3. Kakuwm sBisiercst otHomeHue R: “<” ?

4. OnpeaenuTh, KAKUMHU CBOWCTBaMH 00J1aJ1aeT OTHOIIICHHE R «IprUHAIIIC)KHOCTD K OJTHOM
CTYJICHYECKOU TPYTIE» HAa MHOXKECTBE CTYJICHTOB HHCTUTYTA?

5. TpaH3UTHBHO JIM OTHOLIEHUE HEPABEHCTBA HA MHOYKECTBE JIEUCTBUTEBHBIX YHCEI?

6. TpaH3UTHUBHO JI OTHOIICHHE PABEHCTBA TPEYTOJIHLHUKOB B TeOMETpUN?

7. Mast muoskect A, B, u C cipaBemuBo otHomenne A C B= A, B C C = A&. Ssnsercs
JIM 9TO OTHOIIIEHUE TPAH3UTUBHBIM?

8. Onpenenure CBOMCTBA I (14% 01117 0.¢ OTHONIEHUH:
1. «npsAMas X nepecekaeT NpsAMYI0 y» (Ha MHOXKECTBE MPSIMBIX);
2. «9uCII0 X OOJIBIIIE YKCIa Y Ha 2» (Ha MHOXKECTBE HATYPAIbHBIX YHCEI);
3. «4uCli0 X JENUTCS Ha YUCIO y 0Oe3 ocraTka» (Ha MHOXKECTBE HATypajbHBIX 4YHCEN);
4. «x - cecTpa y» (Ha MHOKECTBE JIFOJICH).

9. lns1 3ananHbIX HA MHOXKecTBe A={1,2,3,4,5} OUHApHBIX OTHOIICHUH P U T:

pP={(xy)(x-20y-2)£1}; 7={(x,y):2x23y}

a) 3armmcaTb MaTPHUIIBl M TOCTPOUTH TPaQUKH;

0) HAUTH KOMITO3HITHIO p © T,

B) UCCIIEJIOBATh CBOMCTBA OTHOIICHHH p, T U p © T (pepIeKCUBHOCTH, HPPEPICKCUBHOCTb,
CUMMETPUIHOCTh, AaHTHCUMMETPUYHOCTD, TPAH3UTHBHOCTB ).

Pexkomendyeman numepamypa:

OcHoBHas JiMTeparypa:
3apurmnosa, J. P. Jlekuuu nmo guckpeTHoi MmaTemaTuke. MaTteMaTtuyeckast JIOTHKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsiHOB. — MockBa : Poccuiickuit
YHHUBEPCHTET JIpyKObI Hapo1oB, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAS JIUTEpPAaTypa:
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Xarrapty, P. Jluckpetnas maremaTuka Juis porpaMMHUCTOB : ydeOHoe nocobue / P. Xarraptu.
— Mocksa : Texnochepa, 2012. — 400 ¢. — Pexxum moctyma:
http://www.iprbookshop.ru/12723.html

IpakTuyeckasi pa6ora Ne3. OcHoBHbBIE ajiredpanvyeckue CTPYKTYypbl.

Iens 3anamus. IlpuoOpecTy HaBBIKH ONpPEENIEHUS] OCHOBHBIX aJIreOpandecKuXx CTPYKTYp
Y OIIPENIETIEHUS UX CBOMCTB.

3unanua u ymenus, npuoopemaemovie CHYOeHmMOM 6 pe3yibmame 0CE0CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HaeT OCHOBHbIE anredpanvyeckue CTPYKTYpbl M yMeeT
ONPENENATh X CBOMCTBA.

Teopemuueckasn uacme.

B wMarematnke U pasnuyHBIX €€ NPUIOKEHUSAX BAXKHYIO pOJb WIPAIOT TaKHe
MaTeMaTHYeCKUe OOBbEKThI, KOTOPhIE HA3bIBAIOTCS aNre0pandyecKuMu CTPYKTypamu. B mupokom
CMBICTIE TOJ] aireOpandeckoi CTPYKTypoil MOHMMAIOT BCAKOE MHOKECTBO, HA KOTOPOM 3aJlaHbl
HEKOTOpBIE ONepalyu (T.e. 3aKOHbI, CTaBAILINE B COOTBETCTBUE OJJHOMY HJIU Iape 3JIEMEHTOB 110
ornpeAeNéHHOMY IPaBUITy IPYroi 3JIeMEeHT), 00Ja1aio1ne onpeaeaéHHbIMUA CBOMCTBaMH.

BonbIIMHCTBO CBOMCTB M pE3yNbTaTOB 00 ATUX MHOXKECTBAaX IMOJYyYalOT, OMHUPAsCh Ha
KOHKPETHYIO IPUPOJLY FIEMEHTOB 3TUX MHOKECTB M HA KOHKPETHBINM CMBICI ONlepalluii HaJl HUMHU.
B T0 ke Bpemsi MHOTHE Pe3ybTaThl MOYKHO MOJIYYUTh HE3aBUCUMO OT IPHUPOIbI 3TUX MHOMXKECTB
Y KOHKPETHOT'O CMBICJIA OTIEPALMH, @ UCXOs TOJIBKO U3 CBOMCTB 3THX OIEpaLHil.

Cpeaum  Takux  CBOMCTB  ONEpallMid  pacCMAaTPUBAIOTCA:  ACCOLMATHUBHOCTD,
KOMMYTAaTUBHOCTb, JUCTPUOYTUBHOCTh, HAJIWYHE CIELHUAIbHBIX 3JIEMEHTOB, 00JIaJar0NINX
onpeAenéHHBIMA CBOWCTBaMU (HYJIEBOM, €IMHUYHBIN (HEUTpanbHbBIN), OOpaTHBIA 3JIEMEHT K
JaHHOMY U T.1.).

B 3aBucuMocTH OT KoOJIMYeCTBA oONepaluid MU CBOMCTB, KOTOPBIMH OHM 00JaJaloT,
pa3IuyaroT cieayIoue anredopandyeckue CTpyKTyphbl.

Tonyepynnoti Ha3pIBaeTCSI MHOKECTBO (G, HAa KOTOPOM 3a/1aHa OMHApHAst orepaiust * (4acto
e€¢ Has3pIBaIOT YMHOXXEHHEM U 0003HauyalwT * ), Ji1 KOTOPOM BBINOJHSAETCS CBOWCTBO
ACCOLMATHBHOCTH, T.e. ;I MobbiX a,b,c [ G (a*h) *c = a*(b*c) . Ecnu B monyrpyIme nMeercst
HEUTpaNbHBIN dJIeMEHT e (HyJIeBOM, €IMHUYHBIN), T.€. TAKOH, 4T0 a*e=e*a=a nns ar000To0 alG,
To monyrpymnmna G Ha3bIBaeTCs yHumapHot (MOIyTPYIIoN ¢ HyI€M; TOTYTPYIION ¢ eTUHUIICH).
Eciu B MOJNYrpyIne BBIMONHACTCS KOMMYTATHBHBIN 3aKOH, T.€. €CIIM s T00bIX a,b1G a*b
= b*a, TO MOJyTpyIIa HA3BIBACTCS KOMMYmMamueHou (AIn abenesoir).

YHHTApHAS TONYIPyINa HA3BIBACTCA 2pynnoi, ecom mis moboro alG cymecTByer
oOpaTHbIii 37eMeHT b | G, T.e. Takoi, 4to a*b = b*a = e. Eciiu JONOJTHUTEIHHO BBITOTHIETCS
CBOMCTBO KOMMYTAaTUBHOCTH, TO IPYyIIa Ha3bIBAECTCA KOMMYymamusHou (W1 abenesoii), i B 3TOM
ciy4ae OOBIYHO TPHUMEHsIETCS aJJUTHUBHAsS CHMBOJIHMKA, T.€. omepanusi oOo3HaudaeTcs
HEeUTpasbHBIA deMeHT (), OOpaTHBIA BJIEMEHT K d Ha3bIBAIOT MPOTHUBOIOJIOXKHBIM U
o0o3HavaeTcs: -a.

Ecnu B aGeneroii rpymnme (K , +) Hapsay ¢ omepanuei ClIoKeHus + 3anaHa emé oJHa
oreparys: npousBefeHHe * (MM - ), KOTOpas CBs3aHa ¢ + JUCTPHUOYTHUBHBIMU 3aKOHAMH:
(atb)*c=(a*c)+(b*c), a*(b+c)=(a*b)+(a*c) nnamobbX a,b,cl Ku 0*a=a*0=0 nns
aoboro a | K, to K uHaseiBaercs koavyom. Ecnu B xombie (K , +, *) IOMOJHUTENBHO IS
IPOU3BEJICHUS * BBIMOJHICTCS aCCOIMATUBHBIN 3aKOH, T.C. €CIH

(a* b) *c=a*(b*c) nnsa m00bIX a,b,c1 K,

TO KOJIBIIO Ha3bIBAETCS ACCOYUAMUBHbIM. A €CIM KPOME TOTrO CYIIECTBYET €IMHUYHBIN
aneMeHT 1, T.e. Takoii, uto 1¥*a = a*1=a ans mo6Goro al K, TO KONBLO HA3BIBACTCS YHUMAPHBIM
(v kosbrioM ¢ 1). Eciim B KOJbLie BBITIOJNHSACTCS KOMMYTATHBHBIA 3aKOH JUISL ¥, TO KOJIBIIO
Ha3bIBACTCSI KOMMYMAMUBHBIM.

AccolMaTUBHOE YHUTAPHOE KOJIbLIO, B KOTOPOM Ka)K/Iblii HEHYJIEBOM 3JIEMEHT a UMeEeT
obpatuelil a’!, T.e. Tako#, uto a*a’! = a'*a = 1 wmaseiBaerca menom. KoMmmyTaTuBHOE TENO
Ha3bIBACTCS NOJIEM.
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KOHTpOJIbeIe BOIIPOCHI U 3aITaHUA

SBnsiercs M CIEAYIOIIEE MHOMKECTBO TPYIION, KOJBIOM, IIOJIEM OTHOCHTEIBHO
CJIOKEHHSI YUCENl U YMHOXKEHUS YHCell:

Bapuanm 1. - MHOXeCTBO 1€CTBUTEIBHBIX YUCEIT;

Bapuanm 2. - MHOXECTBO pallMOHAIBHBIX YHCET;

Bapuanm 3. -MHOX€CTBO LIETIBIX YHCEN,

Bapuanm 4. -MHOXeCTBO HEOTPULIATEIbHBIX PAI[IOHATIBHBIX YHCET,;

Bapuanm 5. -MHOX€CTBO HaTypaJIbHBIX YUCETT;

Bapuanm 6. -MHOXeCTBO HEOTPULIATENbHBIX JEHCTBUTENbHBIX YHCET;

Bapuanm 7. -MHOXE€CTBO YETHBIX LIEJIBIX YHCEI;

Bapuanm 8. -MHOXeCTBO HEOTPHUILIATEIbHBIX LIETBIX YHCEN,;

Bapuanm 9.  -MHOXeCTBO IPOCTHIX YHUCET;

Bapuanm 10. -MHOXECTBO KOMIUJIEKCHBIX YHCeI?

OTtBeT 00oCHYyHiTE.

Pexomendyeman numepamypa:

OcHoBHasi JIuTEpaTypa:
3apurosa, J. P. Jlekuuu mo guckpeTHOM MaTemMaTuke. MaTeMaTnyeckas JIOTHKa: yaeOHoe
noco6wue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHoB. — Mocksa : Poccuiickuit
YHUBEPCUTET APYkObl Hapos10B, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTeILHAS JTUTEpaTypa:
Xarrapty, P. JluckpeTrnas MmaremaTuka Jyisi IpOrpaMMHUCTOB : ydeOHoe nocobue / P. Xarraptu.
— Mockaa : Texnochepa, 2012. — 400 ¢. — Pexxum noctyma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Ned. Onepanum Haa BbICKa3bIBaHUSIMU. Tadauubl
HCTHUHHOCTH. Jlormyeckue 3agaqu.

Lenv 3anamua. IlpuoOpecTd HaBBIKM  BBINOJHEHUS JIOTUYECKHX OIEpanui HaJ
BBICKA3bIBAaHUSIMH.

3Hanua u ymenus, npuoopemaemvie CHYOEHMOM 6 pe3yJibmame O0C60CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HAeT OCHOBHBIE MOHATHUS TEOPHUM BBICKA3bIBAHUN U yMEET
BBITIOJHATH OTEPAlliU HAaJl BBICKA3bIBAHUSMH, CTPOHUTH TAOIUILy MCTHHHOCTH BBICKA3bIBAHUS,
IIPUMEHSTH MTOJYYEHHBIE 3HAHUS K PELIECHUIO JIOTUYECKHUX 3a/1a4.

Teopemuueckan uacme.

OCHOBHBIM NOHATUEM MAaT€MATHYECKOW JIOTMKU SIBIIAETCS MOHATHE @bickazviganus. 1lop
BBICKA3bIBAHUEM OOBIYHO MOHUMAIOT BCSKOE MOBECTBOBATEIILHOE MPEIIOKEHNE, 00 HCTUHHOCTH
WIH JIOKHOCTH KOTOPOTO HMEET CMBICI TOBOPHUTH. Besikoe BBICKa3bIBaHUE SBISIETCS JHOO
UCTUHHBIM, JTHO0 JOKHBIM, HO HE MOKET OBITh OJTHOBPEMEHHO UCTUHHBIM U JIOXKHBIM. Pa3nuuaior
IIPOCTHIE U COCTaBHBIE BBICKAa3bIBaHUA. BBICKa3pIBaHUE, MPEICTABIAIONIEE CBA3BIBAHUE MPOCTHIX
BBICKA3bIBAaHUM B COCTABHBIE OCYIIECTBIISIETCS TIOCPEACTBOM JIOTHYECKUX ONEpaliii, Ha3bIBaeMbIX
CBSI3KAMM.

Ompuyanuem BBICKA3bIBaHMSI X HA3bIBAETCS HOBOE BBICKA3bIBAHUE, KOTOPOE SIBISETCA
VCTUHHBIM, €CJIA BbICKa3blBaHWE X JIOKHO, M JIO)KHBIM, €CJIM BBICKa3bIBAHME X MCTHHHO.
OTpulanue BhIcKa3biBaHus X 0003HauaeTcs X U UUTaeTcs «He X» UM «HEBEPHO, uTo X».

Konvionkyueii nByx BbICKa3blBaHUU X, V Ha3bIBaeTCs HOBOE BBICKA3bIBAHHME, KOTOPOE
CUUTAETCS] UCTUHHBIM, €CITM 00a BBICKA3bIBaHMs X, Y UCTUHHBI, U JIOKHBIM, €CIIA XOTS ObI OJHO
M3 HHUX J0KHO. KOHBIOHKIMS BBICKa3bIBaHMH 0003HauaeTcss cumBonoM XUV mmm X&Y
(autaercs: «X u Y»).

Jluzvronkyuer AByX BbICKa3bIBaHU X M Y Ha3bIBAa€TCS HOBOE BBICKA3bIBAHHME, KOTOPOE
CUMTAETCS UCTUHHBIM, €CIIM XOTsI ObI OJTHO M3 BBICKa3bIBaHUU X, Y WMCTHUHHO, W JIOXKHBIM, €CITH
OHM 002 JTOXKHBI. J[M3BIOHKITNS BICKA3bIBAHUI 0003HAUAETCS XUy (auraetcs: «X uiu Y»).
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Umnnuxkayueii 1ByX BbICKa3zbiBaHUW X, Y Ha3bIBaeTCs HOBOE BBICKA3bIBAaHUE, KOTOPOE
CUUTAETCS JIOKHBIM, €CJIM X UCTUHHO, @ Y — JIOKHO, U UCTUHHBIM BO BCEX OCTAJIbHBIX CITydasx.
HmMmuirkanus BeICKa3bIBaHUH 0003HaUaeTcss CHMBOJIOM X®Y (dunurtaercs: «eciau X, TO Y»).

Okeusanenyueti NByX BbICKa3blBaHUN X, Y HAa3bIBA€TCS HOBOE BBICKA3bIBAHHUE, KOTOPOE
CUMTAETCs UCTUHHBIM, KOrja 00a BBICKAa3bIBaHHUS X U Y JHOO OJHOBPEMEHHO MCTHUHHBI, JTHOO
OJHOBPEMEHHO JIOKHBI, U JIO)KHBIM BO BCEX OCTAJBHBIX CIydasX. DKBUBAJICHIINS BbICKAa3bIBAHHUI
o6o3Hayaercst cumBoiom XUY (untaercs: «X TOTJIAa U TOJBKO TOT/Ia, KOraa Y»).

Bcesikoe cioxHOE BBICKa3bIBaHHE, KOTOPOE MOXKET OBITh TMOJYYEHO U3 AJIEMEHTapHBIX
BBICKA3bIBAaHUI MOCPEACTBOM NMPUMEHEHHUSI IEPEUHUCIICHHBIX JOTUYECKUX Olepaluii, Ha3bIBaeTCs
gopmynoii aneeopwi nocuxu. JIse Gopmysl anreOpsl JIoruku A v B Ha3wsIBatoTCs pasrocunbrbimu,
€CIM OHM TPUHHUMAIOT OJIMHAKOBBIE JIOTMUECKHE 3HAa4YeHHWs Ha J000M Habope 3HauYeHUi
BXOSIINUX B (POPMYJIBI 3JIEMEHTAPHBIX BhICKa3bIBaHUI. PaBHOCHIBHOCTE (OpMyn 0003HAYAIOT
3HaKoM ° , a 3armuch A ° B o3Ha4aeT, 4t0 GopMyIibl A U B paBHOCHIIbHBIL.

Baxneiimme paBHOCUILHOCTH aJIT€OPHI JIOTUKA MOKHO pa3OUTh Ha TP TPYTIIIBI:
1. OcHOBHEIC DABHOCHILHEOCTH:
1. x&x= x}
2 xvr=x — 3aKOHbI HAEMIIOTEHTHOCTH.
‘3. x&u=x
4. xvu=u
5. x&a=a

~

2. PaBHOCHABHOCTH, BLHIPARAIHIHE ONHH JIOIMYECKHEe
onepamuu Yepes3 JApyrue:

L xoy=(x-»yk(y->x)
2. x>y=xvy

3. x&y=xvy
4. xvy=x&y
5 x&y=xvy

3. PaBHOCHJABLHOCTH, BRPAKAIONHE OCHOBHBIC 3AKOHEI
aare6psl JOrHKH:

1. x&y =y&x — KOMMYTATHEHOCTh KOH'BIOHKITUMN,
2, xvy=yvXxX — KOMMYTaTEBEOCTH AHILIOHKHHH.,

3. x& (y& z) = (x& y)& 2 — acCONHATHBHOCTb KOHBLICHK-
nny.

4, xv{yvz)=(¥vy)vz - acconuaTHBHOCTb AMSHIOHK-
nng,

5. x&(y v 2) = (x& y) v (x& 2) — pucrprGyTHBLOCTL KOHD-
JOHKIME OTHOCHTEALHO AMILIOHKIIAA.

6. x v (y&z) = (x v y)&{x v z) — AAcTPHOyTHEHOCTS AAEL-
JOHKIEH OTHOCHTENLEO KONBIOHKIHH.

dopMyia Ha3BIBACTCS MOHCOECMBEHHO UCMUHHOU (masmono2uell), eCu OHA IPUHUMAET
3HAYEHUE «UCTHHA» MPHU BCEX 3HAUCHUSX BXOMSIIMX B Hee mepeMeHHbIX. DopMysa Ha3bIBaeTCs
MOACOECMBEHHO JIOJCHOU, €CIH OHAa TPUHUMAET 3HAYCHHE «IOXKb» MPHU BCEX 3HAYCHUSX
BXO/ISIIINX B HEE MEPEMEHHBIX.

Hpumep: [okaszate, uto popmyia A °x ® (y ® X) TOKACCTBEHHO UCTUHHASL.

Pemenwue: [Togsepruem ¢popmyny A paBHOCUIBHBIM MTPEOOPa30BAHUSM:

A°x®(y®x)° xU(HUx)° xUxUyp)° (xUx)Uy°1Uy° 1.
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BriBoa: popmyiia TOKAECTBEHHO HCTHHHA, TaK KaK BCET/1a UMEET 3HAUEHUE «MCTUHA» WIH
«1». Jloka3zaTh TOXIECTBEHHYIO HCTUHHOCTh (OPMYJbl MOXHO M C IOMOUIbIO TaOIHIIbI
uctuHHocTU. Hanpumep, 1t paccMoTpeHHOH GopMysibl A Ta0nuLia HCTUHHOCTH UMEET BUJL:

X y y X®(y ®x)
® x

=S
SRSERSR
SR
===

Jl71s TOr0, YTOOBI PEIINTh 3a]]a4y C MTOMOIIBIO aIre0phl IOTUKH, HEOOXOTUMO:

- BBECTH KpaTkue 0003HaYeHHS Ui C(HOPMYIMPOBAHHBIX YCIOBUH M COCTABUTH JIOTHYECKYIO
(hopMyty, BRIpaXKaIOIIyI0 YCIOBHE 33/1a4ll B CHMBOJINYECKOU (hopMme;

- U TIOJYYeHHOH (hOpMYIBI HAMTH C MOMOIIBIO PAaBHOCHIIBHBIX MPEOOPa30BaHUN BO3MOXKHO
0oJjiee MPOCTYI0 PABHOCUIIbHYIO (DOPMYITY;

- TOJIB3YSCh HAJEHHOH Oosiee pocToit (hopMyIIoH, iepeiiisa K CIIOBECHOH ee (OopMyITHPOBKeE,
OTIpEeICTIUTh PEUICHHUE 3a/1a4H.

[Ipumep:

[Tocne o6cyxneHus cocTaBa YYaCTHHUKOB, OTMPAaBISEMBIX Ha KOH(pepeHIHIo, ObLIOo
PEIIeHO, YTO JJOJKHBI BHITIOIHATHCS JIBA YCIOBUS: a) eclii oeaeT ApOy30B, TO TOJKHBI TOeXaTh
emie bprokBuH unu BumnaeBckwmii; 0) ecaum moemyT ApOy3oB M BuimHeBckuii, TO moeneT u
BproksuH. HaliTn Gonee mpocTyro CIOBECHYIO (DOPMYITHPOBKY MPHUHITOTO PEHICHHUS O COCTaBe
Y4aCTHUKOB KOH(EPEHIIHH.

Pemenne: Hasnauenme ©Ha koHgepeHuuto ApOys3oBa, bpiokBuna u BummaeBckoro
o6o3naunm OykBamu A,b,B cooTtBeTcTBeHHO. Torma ycioBrue a) MOKHO 3amucaTh B Buae A ®
BUB, a yciosue 6) B Bune AUB ® B. Tak kak 06a yCIOBHS JOIKHBI BBITONHATHCS OJHOBPEMEHHO,
TO UX COETUHUM JIOTUUECKOMN CBSI3KOU «1». [T03TOMY npuHATOE peleHue MOXKHO 3acaTh B BUJIE
ciemyromeii cumBommaeckoil popmyisr: (A ® BUB) U (AUB ® B). C moMoLibio paBHOCHIBHBIX
npeoOpazoBaHuil YIPOCTUM COCTaBICHHYIO POpMyITy:

(A® FUB)U(A4UB® F)° (AUFUB)UAUBUPF)° (AUBF)UBUB)® A® B

CumBonuueckas popmyna o3Hauaet: «Ecnu moener ApOy30B, To moenetr u BprokBuH».
D10 U ecTh Hanbosee NpocTast cioBecHask GOPMYyIUPOBKA MPUHITOTO PELICHHS O COCTaBE IPYTIIIbI
COTPYAHUKOB, OTIPABIISIEMBIX Ha KOH(PEPEHIIHIO.

KOHTpOJ’IbHLIe BOIIPOCHI X 3alaHUA:

3amaya 1. Jloka3aTb TOXKJIECTBEHHYIO HCTUHHOCTb WJIM TOXJECTBEHHYIO JIOKHOCTb
(hopMyI1 ¢ TOMOIIBIO a) PABHOCUJIBHBIX MPeoOpa3oBaHuii; 0) TaOIHUIIBI HKCTUHHOCTH (DOPMYJIBL:

I. (x® y)® (y® X);

2.0 ®X)® (x® y);

3.(x® »UGE® y)® X;

4. xU(x ® ¥) Ux® V),

50®(y®2)® (x® y)® (x® z2)),

6. x® (xUy);

7.xUy® x;
8. xTy ® xUy,
9. z2® x)® (z® y)® (z® xUy));
10. x® »)® (y® 2)® (xUy ® z)).
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3anaya 2. [IpITasick BCMOMHUTH TOOEAUTENEH MPOIIIOTOAHUX COPEBHOBAHUH IO CTPEIbOe,
IATh OBIBIINX 3pUTENIEH 3asiBUIIN:
A) AHTOH ObUI BTOPBIM, a bopuc — nsAThIM,
b) Buktop Obl1 BTOpBIM, a J[eHUC — TpeTbUM,
B) I'puropuii 6611 niepBbIM, a bopuc — TpeTbum,
I') AuToH ObLT TpeThbuM, a EBrenuii — mectbiM,
J1) Bukrop 6bu1 TpeThbuM, @ EBrennii — 4eTBepThIM.
BrnocnencTBun BBIICHUIIOCH, YTO KaXKIbIH 3pUTENh OMIMOCS B OJHOM M3 JIBYX CBOHMX
BbICKa3bIBaHUH. KakoBO OBLIO HCTHHHOE pacrpeiesieHne MecT Ha COPEBHOBAHUSAX ?
3anaua 3. bpayny, /[xoHcy u CMUTy IpeIbsSBICHO OOBUHEHHE B COYYaCTHH B OTPa0ICHUH
6anka. [ToxuTuTenu CKpbUIMCh Ha OKUAABIIEM uX aBToMoOmite. Ha cnenctBun bpayn nokasan,
YTO NMPECTyNHUKH OblTH Ha cuHeM «bbronkey; J[XKoHC cka3ai, 4To 310 OblT uepHbIi «Kpaiiciepy,
a Cmut yTBepxknan, 4ro 310 Obl1 «Popx MycTanr» W HM B KoeM ciydae He cuHuil. Crano
W3BECTHO, YTO, JKeJlasi 3alyTaTh CJIEICTBUE, KaKIbl M3 HUX yKa3zajl MPaBUIbHO JHOO TOJIBKO
MapKy MalIuHbl, 1100 ee npet. Kakoro 1iseta 6b11 aBTOMOOUIIb U KaKOil Mapku?
3anaya 4. BepayBucs nomoii, Merps no3soHun Ha HabepexHyo Opdesp.
- T'oBoput Merpa. Ectb HOBOCTH?
- Ha, med. IMocTtymunu coobiieHust oT HHCIEKTOPOB. ToppaHc ycTaHOBHII, uyTO eciu PpaHcya
ObUI IbsIH, TO 1100 DTheH youiina, muoo @pancya jxet. Kyccbe cuuraet, yTo Win DTbeH youiina,
wi @panHcya He ObUI IbSH U yOUKHCTBO MPOU30IILIO Mociie mosyHouH. MHcnekrop Jlroka npocuin
nepeaats Bam, 4to ecin yOUHCTBO MPOU3O0ILIO MOCIE HOIYHOUYH, TO 100 DTheH youiina, 1udo
@®paHcya JKeT. 3aTeM 3BOHMUIIA. ..
- Bce. Cnacu6o. Ortoro nocratouno. — Komuccap nonoxun TpyOky. OH 3Hai, 4TO Tpe3BbIH
®paHcya HUKOI/Ia He JDKeT. Tenepb OH 3HaJ BCe.
Kakoii BeiBoz1 cienan komuccap Merpa? Kto coBepum youiictso?
3amaya 5. CryneHtam OOBSBUIIM, 4YTO B IOHEAEIbHUK OyAeT OIHO 3aHsATHE IO
KPUMMHAIUCTUKE U OJHO 10 MaTeMaTHKe, IPUYEM, €CIIM Ha MEPBOM Iape MaTeMaTHKH He OyJeT,
TO KpUMHUHAJIUCTUKA OyJeT Ha BTOPOW NHape; €clii TPeThs Mapa He MaTeMaTHKa, TO YeTBepTas —
KPUMMHAIUCTHKA; €CJIM MaTeMaTuKa Oy/eT Ha MepBoil nmape, ToO KpUMHUHAINCTHKA — HA TISITOM.
Omnpenenure, Ha Kakoi mape Oy/1eT KpUMUHAJIMCTHKA, a HA KAaKOW MaTeMaTHKa.
3anmaya 6. Yerslpe ctynentku A, E, C, P nocemaroT yHUBEPCUTET 1O OYEPENN U BELYT
o0mIHit KOHCTEKT Jiekiuii. Heo0Xxoqmumo cocTaBUTh TpaduK MOCEIEHUS Ha OJIMKANIITYIO HEIeTro,
YUHTBIBAs, YTO:
A) IloHenenbHUK — IEHb CAMOCTOSITENILHOM pabOThl Ha KYpCe, U B YHUBEPCUTET HE XOAUT
HUKTO, a B Cy000TYy HEOOXOAUMO OBITH BCEM.
B) C u P He cMoryT NOHTH Ha 3aHATHS BO BTOPHHK B CBSA3H C OOJBIION 3arpy>KEHHOCTHIO B TOHECIBHIK.
B) Ecnu C Brriiner B cpeny wiu P — B uetBepr, To E cornmacurcst moObIBaTh Ha 3aHATHSIX B
IATHULLY.
I') Ecnu A e noiiner B BY3 B uerBepr, To E no3Bonut cede cX0auTh Tyna B Cpemy.
J1) Ecniu A wim P 6yayt B mHCTHTYTE B cpeny, To C CMOXKET IMONTH B TIATHHUILY.
E) Ecnu P B maATHUIlYy BMECTO MHCTHTYTa TOWIET HAa CBaAbOYy MOAPYTH, TO A MPUACTCS
CXOIWTh B UHCTUTYT BO BTOPHUK, a C — B 4ETBEPT.
3anaya 7. UeTslpeM COTpyAHHUKAaM YrOJOBHOTO po3bicka — AHTOHOBY, BexoBy, CoMoBYy,
JleeBy HEOOXOAMMO OTIIPABUTHCS IO CIyKeOHONH HEOOXOAMMOCTH B YEThIpE pa3iIMyHBIX IOpoja
— Mocksy, Oneccy, Kues u Craponosb. Onpenenute, B Kakoi TOpoJ1 TOJDKEH MoeXaTh KaK bl
U3 HUX, €CJIM UMEIOTCA CIENYIOLINE OTPaHUYCHHUS:
A) Ecnu A se ener B Mocksy, To C He enet B Oneccy.
b) Ecau B He enet Hu B MockBy, HE B CTaBpomnoib, TO A enet B MOCKBY.
B) Ecnu C ne ener B CraBponoins, To B enet B Kues.
I') Ecm I He enet B MockBy, To B He enet B MOCKBY.
1) Ecnu J1 ne enet B Oneccy, To B He ener B Mocksy.
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3anaya 8. Corpyauukam ['UbJ1J1 AnnpeeBy, Koctuny, CaBenbeBy u J[aBblJOBY IOPYUYEHO
JIeKYpCTBO Ha 7-oM, 8-oM, 9-oM u 10-om yuacTkax Tpaccel. [Ipu mpoBepke mocie aexypcrBa
OKazajaoch, 4ro Ha 10-oM ydacTke NpPOU30IUIO JOPOKHO-TPAHCIOPTHOE IPOMUCILIECTBUE,
oAPpOOHOCTH KOTOPOTO M3BECTHHI AekypulieMy coTpyanuky ['MBJIJ[. He ymenmue momoit
COTPYAHUKHU MOCJE JCKYPCTBA COOOILIMIIN O CIIEAYIOLIEM:

Anpnpees: «S nexypun Ha 9-om yuyactke, a CaBenbeB - Ha 7-0M».

Koctun: «4 nexypui Ha 9-om ydactke ,a AHIpeeB — Ha 8-0M».

CasenbeB: « S gexxypun Ha 8-oM yvactke, a Koctun — Ha 10-om».

JaBblioB yxe ymen JOoModM. B panbHEHIIEM BBIACHWIOCH, YTO Ka)Iblid

MUJIMIIMOHED B OJTHOM U3 IBYX BbICKa3bIBaHUII TOBOPHII IPABJY, & BO BTOPOM €€ CKphiBasl. KTo u3
COTPYJIHUKOB Ha KAKOM YYacTKE IeXKypHui?

3anaya 9. Onpenenute, KTO U3 YETHIPEX CTYJIEHTOB CAall 9K3aMEH 10 MaTeMaTHKe, eClU
U3BECTHO:
A) Ecnu niepBBIii ciai, TO M BTOPOH call.

b) Ecnu BTOpOii can, To TpeTuii caai Win NepBblid HE cliall.

B) Ecnu uetrBepThIii HE caall, TO MEPBBIM cAall, a TPETHI HE clall.

I') Ecniu yeTBepThIii cjall, TO ¥ MEPBbII clial.

3amaya 10. Ha Bompoc: «KTo U3 Tpex CTyIEHTOB M3ydall MaTEMaTHYECKYIO JIOTHUKY?»
IIOJIy4E€H BEpHBIN OTBET — «Eciau m3ydan nepBslid, TO U3y4al U TPETHH, HO HEBEPHO, 4YTO €CIIU
U3y4ajl BTOPOH, TO U3ydalsl U TpeTui». KTo U3 cTyA€HTOB U3ydaa MaTeMaTU4YECKYIO JIOTUKY ?

Pexomenodyeman numepamypa:

OcHoBHasi JIuTeparypa:

3apunosa, J. P. Jlekuuu no auckpeTHoil MaTemMaTHke. MaTemaTHuecKast JJOTHKa: yueOHOoe
nocobue / D. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacthsiHOB. — MockBa : Poccutickuii
YHUBEpCUTET  JApYykObl  HapogoB, 2014. — 120 ¢. — Pexum  gocrymna:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHAS JTUTEpaTypa:

Xarraptu, P. JluckperHas maremartuka i IMPOTPAMMUCTOB : ydeOHoe mocobme / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum poctymna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora NeS. Mcuncienne BbICKa3bIBAHMNA. AJITOPUTM YHU(PHKALNH.
IIpaBuia BbIBOAA.

Ilenv 3anmamusa. llpuoOpecTH HaBBIKM NPUMEHEHMs IIpaBUia BBIBOJA, aJTOpPUTMA
YHU(PHUKALUH.

3nanua u ymenus, npuoobpemaemvie CHYOeHMOM 6 pe3yNbMame O0C80EHUA HMEMbl,
dopmupyemovie Komnemenyuu. 3HaeT aNrOpUTM YHUDUKAIIUHE U YMEET IPUMEHSTH ITPABHIIO
BBIBOJIA.

Teopemuueckas uacme.

PaccmoTrpuM apeBHeimnii oOpasel] JIOTMYECKOro BbIBOJa — cuiuiorusM: «Bce mroan
cmeptHbl. Cokpart - yenoBek. CrenoBatenbHo, COKpaT CMEPTEHY.

Kak ¢opmanu3oBaTte Takue YMO3aKIIOUEHHs: HAYYHUTh KOMIIBIOTEp IPOBEPATh HX
NpaBWIBHOCTh W aBTOMATHYECKH T€HEPHPOBATh MOA00HBIE? Hamr mpumep cOCTOMT W3 IBYX
IOCBIJIOK «BCE JIIOAM CMEPTHbD», «CoKpaT - 4YeraoBek» U 3akitoueHus «COoKpaT cMepTeH»,
UCTUHHOCTh KOTOPOTO CJEIyeT M3 HMCTUHHOCTH IIOCBUIOK. 3amuIieM IEpBYIO MOCBUIKY Ha
«TIPEMKATHOMY SI3bIKE: «"X €CIIM X - YeNOBEK, TO X cMepTen». Ha ocHOBaHMU 0O0IIe3HAYMMOI
dopmyasl "x P(x) ® P(a) TOTUYHO, OMYCTUB B BHICKA3bIBAHWN KBAHTOP ", MOJICTABUTH BMECTO X
Cokpara: «eciu Cokpat - yenoBek, To Cokpar cmepren». IlocTaBuM psaoM C HOTy4EHHBIM
BBICKa3bIBAHUEM BTOPYIO TIOCBIIKY CHJUIOTH3MA M MOJIyYUM PE3yJbTaT, KOTOPBIA odopmisiercs B
CJICAYIOLIEM BUJIE:

Eciu Cokpat yenosek, To Cokpar cmepred.  CoOKpar - YeIOBeK.
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Coxkpat cMepTeH.
B oOmem ciywyae Haj dYepTol MOMEMIAIOTCS JIOTWUYECKHEe (QOpPMYJIbI-IOCHUIKH A,B,
VCTUHHOCTb KOTOPBIX FapaHTUPYET UCTUHHOCTB 3aKiatodeHus C:

A.B

C
CrnoBecHas 3amuch IpPaBHJI JIOTUYECKOTO BBIBOAA 3BYUYHMT Tak: «3 maHHbBIX (dopmyii-
noceiok A,B  cnemyer popmyna-akmouerne C.»  (cokpamenno: AUB ® C). Ilpu stoMm
cuMTaeTcs, 4YTo (Gopmysa-3aKkiI0deHre UCTHUHHA M0 KpalHed Mepe MpH BCeX TaKUX 3HAYEHMSIX
NpeIUKaTHBIX, MPEAMETHBIX M BBICKA3bIBATEIbHBIX MEPEMEHHBIX, IPU KOTOPBIX OOpaIlaioTcs B
UCTUHY Bce (OPMYINBI-MIOCBUIKH. MeTo[ MaTreMaTHdecKol WHAYKIMH, O(QOPMIICHHBIN Kak

IPaBUIJIO BBIBOJIA, IPUMET BUJIL:
PA), P(k) ® P(k+1)

"n P(n)
[IpuBeneM HEKOTOpHBIE MTpaBUIIa BbIBOIA, paboTarolue B 6a3ax 3HaHUM:
A® B, A
— 5 - mMpaBWIO 3aKIr04YeHust (modus ponens),
A® B, B® C
- [IpaBUJIO CUJIJIOTU3Ma,
A® C
"x P(x), a
— - CHeIMaIH3aIus,
P(a)
A,B
T — - BBEACHUC KOHBIOHKIINH.
AUB

PaccmotpumMm crenyromuii mpumep. B 0a3e maHHBIX XpaHITCS CBEACHUS O COTPYIHUKAX
yupexnenus [lerpose, IBanose, Ky3neroge, SlkoBnese (B nanpHelimeM o003HaunM ux kak I1, U,
K, 5I). [lomkHOCTHAS HepapXusl OMUCHIBACTCS C TIOMOIIBIO IBYXMECTHBIX MTPEIUKATOB:

PYK(LW) o3nauaer, uro [letpoB pykoBoauT MIBaHOBEIM,

OTY(Y,X) o3nauaet, uto Y orunThiBaeTcs nepea X.

B 06a3e maHHBIX XpaHATCS TpH (akKTa:

1: PYK(ILN),

2: PYK(11,K),

3: PYK(K,A).

[lanee onuchIBalOTCS /Ba MpaBUiia BbIBOJA, KOTOPbIE UMEIOT MECTO B pacCMaTpUBaEMOi
MPEeIMETHOMN 00JIaCTH:

1:"X)Y PYK(X)Y) ® OTUY(Y,X) -  ecinm X pyKOBOIUT Y, TO Y OTYUTHIBACTCS MEpe]T
X,

2:"X,Y,T PYK(X,Y)UOTY(T,Y) ®OTY(T,X) - eciu X pykoBoaut Y u T OTYHTHIBACTCS
nepen Y, to 7 otuuteiBaercs nepen X.

TpeOyercs mpoBEpPUTH 3alpOC MOJIb30BATENS: TOJKEH JIU SIKOBJIEB OTUUTHIBATHCS MEpEa
HBanoBbIM (TO €CTh, cenath 3aknrodecHue OTU(S,N)).

B 6a3e maHHbBIX Takoro Qakrta HET, OJHAKO MPEAUKAT, OMHCHIBAIOIINN UHTEPECYIOILYIO HAC
CBsI3b, BCTpEYAETCs B IpaBwiax 1 u 2.
[Tpumensist mpaswio 1 k dakry 3, moayunm hopmyiy:
PYK(K,A)®OTY(A,K).
[Ipumensiem k Heit u ¢akty 3 mpaBuiio BeIBoJa modus ponens:

PYK(K S)®OTY(SK), PYK(K, )
OTU(SLK)

Tax xaK MCXOHBIE BBIpaXKEHHs ObLIM UCTUHHBL, TO 3akaroueHue OTY(S,K) - HOBBII pakT
- TAKXKE SIBISAETCSA UCTUHHBIM.
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pumenss k OTY(A,K) u dpakry 2: PYK(M,K) npasusno 2, noay4uum popmyiy:
PYK(M,K)UOTY(S,K) ® OTU(S,N),
ykasbiBatolryto Ha otBeT OTY(A,WN), koTOpHhIii 0HAKO, HAZO €lle MpOoBEpUTh. st 3TOrO
cBs3biBaeM ¢akt 2 u OTY(S,K) npaBuiiom «BBeieHUSI KOHBIOHKIIUN):
PYK(.K). OTY(A.K)
PYK(M,K)UOTY(,K)

¥ HAKOHEIl, IPUMEHsist modus ponens, 000CHOBBIBAEM Pe3yJIbTaT
PYKM.K)UOTY(LK) ® OTYAM), PYKM.K)UOTY(A.K)
OTYU(N)

JAIOIINN yTBEPAUTEIbHBIM OTBET HA 3alpoC, AEHCTBUTEIBHO JU SIKOBJIEB OTYMTHIBAETCS
nepe IBaHOBBIM.
KoHTpoabHbIe BONPOCHI U 3aJaHUA:

Jlokasars crneayromnye ToX/AeCTBa BHAYAIEe Ha SI3bIKE TEOPUU MHOXKECTB,  3aTEM — Ha
SI3BIKC TGOpI/II/I IIOK‘aSaTeJIBCTBI
a) AC(AE B) =4;
6) AE(ACB) =4;
B) AE(BCC) =(4E B)C (4E O);
r) AG(BE C)=(4CB)E (4G C);
1) I\(AE By =(I\A)| (I\B).

Pexomenoyeman numepamypa:

OcHoBHasi iMTEpaTypa:
3apumnosa, J. P. Jlekiuu o quckpeTHoN MaremaTuke. MaremaTuyeckas JIOrhKa: yueoHoe
nocobue / J. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsinoB. — Mocksa : Poccuiickuit
YHHUBEPCHUTET JIpyKObl Hapoa0B, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlomoJIHMTeIbHAS JIUTepaTypa:
Xarraptu, P. Jluckpernas matrematuka Jyist IporpaMMHCTOB : yueObHoe nocodue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckas padora Ne6. Ucunciienne npeaukaTroB. ABTOMaTHYeCKOe 10KA3aTeJbCTBO
TeopeM. MeToa pe3oJIonuii.

Ilenv 3anamusa. llproOpecT HaBBIKM MaTE€MaTHYECKH AaHAJIU3UPOBATH CYKICHUS C
MOMOILBIO MIPEIUKATOB, IPUMEHSTh METOJI PE3OJIIOLUHN JJI I0KA3aTeIbCTBA TEOPEM.
3uanua u ymeHusa, npuobpemaemvie CHMYOEHMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemoie kKomnemenyuu. 3Ha€T OCHOBBI UCUNCIIEHUS IPEIUKATOB U YMEET MPUMEHSITh NIPU
aHaJIu3e CyKICHHM.

Teopemuueckasn uacme.

PaccMoTpuM MCTHMHHOE BBICKA3bIBAaHUE «5 - LEJ0€ YKCIO0» U JIOXKHOE BbICKA3bIBAHUE
«= R uenoe uncio». OOIIYI0 YacTh MX MOYKHO BBIICIHTh KaK MPEIOKEHHE-Ia0IoH « @ -
LeJI0e YMCII0», NMPHU TMOJCTAHOBKE B KOTOPBIM KOHKPETHOTO 4YMCJAa IOJYy4YaeTcsi KOHKPETHOE
BbICKa3bIBaHUE. BBens ob6o3Hauenue: P(x) = «x - menoe 4ucio», noayuuMm P(5) =1; P( & ) =
0 . Temepp mycTh P(x) = «x - OBOII». 3aMeliasi X Ha KOHKPETHBIE TUIO/IbI, TTOJIy4aeM UCTUHHOE
BbickaszbiBanue P(JIYK)=1, wnu noxunoe: P(CJIMBA)=0.

HazoBem mpeduxamom P(x) mpemioxeHue, 3aBUCAIIEE OT TMEPEMEHHOW X,
NpUHA/IJICKAIIeH HEKOTOPOU IpeaMeTHOU obnacTu - MHOXkecTBY U: x T U. B nmepBom mnpumepe
xR, Bo Bropom U - 3T0 MHOKECTBO IJ10/10B. [Ipy moacTaHoBKe (UKCUPOBAHHOTO 3JIEMEHTA

24



a'B U npenukar P(x) npeBpamiaercst B BeickasbiBanue P(a) {0,1}. Takum oOpazom, npeaukat
MOXXHO CYUTaTh JIOTMYECKOW (YHKIMEH, oIlpeaeNeHHOW Ha »JJleMeHTax MHoxectBa U
IIPOU3BOJIBHON IPUPOJIBI.

U paszbuBaertcs npenukaToMm P(x) Ha 1Ba HETEPECEKAIONTUXCs TTOJIMHOKECTBA: Ha TIEPBOM
U3 HHUX, KOTOPOE HA30BEM MHOMNCECMEOM UCHIUHHOCMU , TIPEINKAT IPUHUMAET HWCTUHHbBIE
3HA4YCeHHUsI, HA BTOPOM - JIOHBIe. O003HaunB ux uepe3 P u P, cOOTBETCTBEHHO, moyunm: U
=P & P

K npeaukaTtam npuMeHHMBI BCE JIOTUYECKUE OTIEPAIIH.

[Ipemnoxxenue, ompeneacHHOe Ha MHOkecTBe X, X;'...'X,, Ha3bIBalOT H-MeCHIHbIM
npeouxkamom: A )

P()Cl, X2yeun Xn), xlle, an)(n .

Haiinem oOnacTb MCTMHHOCTM TpexMecTHoro mnpenukara P(x,y,z) = (xy < z2),
OTIpeIeIEHHOTO Ha TpolKax (x, y, z) TAA4A=43 rne A= {1,2,3,5}.

Uucno Bcex YMNOPSAOYEHHBIX TPOEK M3 UYETHIPEXDJIEMEHTHOIO MHOXeCTBa A pPaBHO
4X3X(4-3+1) = 24. llna cokpauieHus nepedopa HUCHIONb3yeM CUMMETPHUYHOCTh MpEIUKaTa
OTHOCHUTEJILHO MEPBBIX ABYX MepeMeHHbIX: P(x,y,z) = (xy <z) = (yx <z) = P(y.x,2).

Jlanee, 17151 BBINOJIHEHHSI HEPAaBEHCTBA HEOOXOIMMO, YTOOBI IIPaBasi 4acTh z MPEBOCXOAMIIA
Kbl U3 COMHOXKUTENEH x,y. C yueToM CKa3aHHOTO, UMeeM 3 OaronpusiTHhIX ciaydas: 1 X2 <
3, 1X2<5,1X3 <5, naromue 6 aneMeHTOB obnactu uctuaHoctu 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).

Wrak, o6macte uctuHHOCTH P 00pasyetr mHoxkecTBO Tpoek: {(1,2,3), (1,2,5), (1,3.5),
(2,1,3), (2,1,5), (3,1,5)}.

JUis  3a0MCH  TIPEJMKATOB MOMHO MWCIIOJIb30BaTh KBAHTOpP CYILECTBOBaHHA $,
COOTBETCTBYIOIINI CIIOBAM «CYIIECTBYET», KHAUAETCS, «XOTS ObI OAMHY», U KBAHTOP OOIIHOCTH
", COOTBETCTBYIOILMI CJIOBAM «MIJIS JIIOOOTO», «BCE», «KaxIblii». TakuM 00pa3oM, KBaHTOPHI
CBSI3BIBAIOT MPEANKATHBIE IEPEMEHHBIE X, Z, IPeBpaliast npeauKkaTsl P(x) 1 J(x) B BBICKa3bIBAHUS:

$x P(); "2 0(2).

B oOmem ciydae, cBsi3biBast JIOOYIO W3 MPEIMETHBIX NEPEMEHHBIX KBAHTOPOM, WIIU
3aMEHsIsI €€ MPEIMETHOM NMOCTOSHHOW, MBI CHMXKAeM YMCIO MECT B NPEAUKATe HAa EIUHUILY.
Hanpumep, u3 aAByxmecTHoro npenukara P(x,y) ¢ moMouIbio BYX KBAHTOPOB MOYKHO 00pa3oBaTh
8 BBICKa3bIBaHUM!

xy P(ry) —® "y"x P(xy),
$x $y P(xy) ~® $y $x P(x,y),
$x"y Plxy) —® "y $x P(ry),
"x$y P(xy) —® $y"x P(x,),
TOJILKO JIBA TIEPBBIX M3 KOTOPHIX PABHOCUJIbHBI, TAK KaK pa3HOMMEHHbIE KBAHTOPbI I€PECTABIIATh
HEJb3l.
KoHTpo/bHBIE BONIPOCHI U 32/1aHUSA

3anauva 1.

a) Ha maoxecte M = {1..30} 3amansl npeaukatol: A(X): «X —4€THOE unciion; B(X): «x He nenuTcst
Ha 3». Haiitn MHOkecTBO nctuHHOCTH npeaukaTa A(X) UB(X).

6) Ha muoxectse M = {1..30} 3amanbl npeukathl: C(x):”x kpaTHo 575 D(x):”X - uérHoe ”; Haiitu
muoxkecTBo nctunHoctn npenukata D(x) UC(x).

B) Ha MmHoxecTBe M = {1..30} 3amanbl npexukathbl: A(X):”X — y€tHoe umncno”; C(x):”X KpatHo 57.
Haiiti MHOXecTBO nctuHHOCTH npeaukaTa GA(x) UC(x).

r) Ha muoxectBe M = {1..20} 3amanbl npeaukatsl: A(X):”x — uy€THoe uncio”; B(x):”x nenutcs Ha
3”; C(x):”x kpatHO 5. HaliTi MHOYKECTBO HCTHUHHOCTH TpeauKkaTa B(x) UA(x)UC(x).

n) Ha muoxxectBe M = {1..30} 3amanbl npeaukathl: C(x):”x — He KpaTHO 57°; D(X):”x - HEnmpocToe”;

Haiitn MHOXecTBO McTMHHOCTH npequkara C(x) ® D(x).
3agaua 2.
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a) Ha muHoxectBe M 3amanbl npeaukaTsl: A(x) u B(x). M300pa3ute Ha AuarpaMMme MHOXKECTBO
uctunnoctu npeaukara A(X) UB(X).

0) Ha muHoxectBe M 3amanbl npeaukatsl: A(x) u C(x). M300pa3ute Ha quarpaMmme MHOXKECTBO
uctuaHocTy npeaukara C(x)\ A(x).

B) Ha muoxxectBe M 3amansl npeaukatel: A(x) u C(x). M300pa3uth Ha AuarpaMme MHOXKECTBO
ucrnaHocTH npeukata A(x) UC(x).

3amaua 3.

a) Jlns npemmkara P(x) "(x +0 =x)", xI R, onpenenuts 3Hauenne = XP(X).

6) s npenukata P(x) :"(x >0 =0)", xI R, onpenennts 3Havenne  XP(X).
B) [l mpenmxara P(x) :"(2x =4)", x1 R, onpenenuts snauenne $xP(x).
r) Just npemmxara P(x):"(x +10 =x+35)", x1 R, onpenenuts snauenne $xP(x).

n) Jns npenukara  P(x) :"(x2 - 2x+1) =0", xI R , OIPENEIIUTh 3HAYCHUE $xP(x).

e) Jnsa mpemukatos P(X) :"(x2 +x-2>0)", QO) :"(x2 +x+05=0)", «xI R
onpenemits snaucrne dx(P(x) UQ(x))

%) [t mpemmkatos P(x) :"(2x% +3x- 550)",  O(x):"(2x* +3x- 5<0)", x1 R
onpenesnts 3nauerne Sr(P(x) UO(x)).

3) [Tpu xT R ONIPEIEIIUTh 3Ha4YCHUE BEICKa3bIBaHUS
$x((x? - 5x +650) U(x? - 2x +1>0)).
I/I) HpI/I )CT R OIIPCACIINTb 3HAYCHUC BBICKA3bIBaAHUA

$x((xT {2,5)) %® (x% - 6x +8 =0)).

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apunosa, J. P. Jlekuuu 1o nuckpeTHON MaTemMaTnke. MaTtemaTiudeckast IOTuka: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpyKObl HapoaoB, 2014. — 120 ¢. — Pexwum gocryna:
http://www.iprbookshop.ru/22190.html

JlonotHUTEILHAS JTUTEPATYypa:
Xarraptu, P. JluckpeTHas MaTeMaTuka Jijis MporpaMMHUCTOB : yaeOHoe rocobue / P. XarrapTu.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnueckasi padora Ne7. Crnoco0bl 3aganus OyjaeBodl pyHkuuu. Tadjauma UCTHHHOCTH
OyJeBoii pyHKIMH.

Ilenv 3anamus. IlpuoOpecT HaBBIKM NOCTPOEHHUS TaOJIMIBI HUCTHHHOCTH (YHKIIMH,
OTIpENIeICHUs]  TOXKJIECTBEHHOM HCTHHHOCTH WJIM  JIO)KHOCTH  (OPMYJIBl.  BBIIOJHEHUS
PaBHOCWIBHBIX MPe0Opa30BaHUN C MIPUMEHEHHEM 3aKOHOB aJIreOpbl JIOTUKU.

3Hanua u ymenus, npuodpemaemvie CHMYOEHMOM 6 pe3yabmame OC60CHUA MeEMbl,
dopmupyemovie komnemenyuu. 3HaeT OCHOBHBIE CHOCOOBI 3aaaHus OyieBod (QyHKIMH,
yMEEeT CTPOUTH TaOJIUIy HCTUHHOCTH (POPMYJIBI.

Teopemuueckas wacme.

Byneoii pynxuumeii Y =f(X,,X,,...,X,) OT n mepeMeHHBIX X;»Xy,..., X, HA3bIBAETCS

mo0ast GyHKIHS, B KOTOPOW apryMeHThI U (PYHKIIHMSI MOTYT TPUHUMATh 3HaueHue oo 0, mubo 1.
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ByneBy ¢QyHKIHIO OT n mepeMeHHBIX MOXXHO 337aTh TAOMUIEH MCTUHHOCTH, B KOTOPOH
HaOOpBI 3HAUEHUH apryMEHTOB PACIIOJIOKEHBI B MOPSAKE BO3pACTaHUS MX HOMEPOB: CHavyaia uietT
Ha0op, mpencTaBiIsAoLMi co0oii ABoMYHOE paznoxenue 0 (3TotT Habop umeer Homep 0); 3aTeM
UIET Habop, SIBISIFOIINICA JBOMUHBIM pa3jioxkeHueMm 1, morom 2, 3 u T.1.

Otpuuanue - 6yneBa GyHKIMS OAHOIN MEPEMEHHOM, KOTOpast OnpeAenseTcs cieryromei

TaOIUIIEH UICTUHHOCTH

X 0 1 O0o3HaueHUA

f(x) 1 0 =

-X, X

HekoTopsie anemenTapHble OyineBbl GyHKIUH IBYX IEPEMEHHbBIX IPUBEACHBI HIDKE.

xy | x&y xVy x@y X~y Xy x|y xly
00 0 0 0 1 1 1 1
01 0 1 1 0 i} 1 0
10 0 1 1 0 0 1 0
11 1 1 0 1 i} 0 0

C noMoIIbIO CYNEepIO3UIIUH 3JIEMEHTapHBIX OyJIeBbIX (YHKIHUNA MOXKHO MOCTPOUTH OoJiee
CJIOKHBIE (DYHKITUHU, KOTOPBIE MOTYT 3aBUCETH OT JIFOOOTO YKCIia MIEPEMEHHBIX. 3aliCh OyJIEBBIX
¢GyHKIMH yepe3 >neMeHTapHble OysieBbl (GYHKIMU OyJieM Ha3blBaTh (POPMYJION peanusyromien
JaHHYI0 (PYHKIIHIO.

Jliis 6oree KOMITAKTHOM 3aITUCH CI0XKHBIX (YHKIMNA BBEAEM CIIEIYIOLINE COTJIAICHNUS:

1) BHEHIHNE CKOOKH OIyCKAaIOTCs;

2) cHavyaJsia IPOMU3BOJATCS OMEpalMy 5 CKOOKax;

3) cuwmTaercs, 4TO NMPHOPUTET CBA30K yObIBaeT B cienyromieM mopsake:, (U,, ), U,
(®,A), «

J171s1 paBHOCHUITBHBIX CBSI30K (B CKOOKaX) MPUOPUTET OMPEEISAETCS CIeBa Ha MPaBo.

IIpumep. PacctaButh ckoOKH B popmyiax:

) xUy« zAx; 2)x yUz 3)xAy)« z® xUyu—z.

Pemenue: 1) B hopmyne x Uy « zA x cxobru PACCTaBIISIOTCS CJICTYIONTUM 00pa3oM:

(xUy) « (A x);

2) T.K. omepanus  cuibHee oneparu U coryiacHo 3amedanuto umeeM (X y)Uz);

3) B dopmyne (xAy)« z® xUyU—z wuCronb3ysi BBEICHHOE CTAPIIMHCTBO CBSI30K;
MoJIy4aeMm, 4To JaHHas GopMyJia paBHOCHIIbHA ((XA y) « (z® ((xUy) U(—2)))).

[pumep. CocTaBUTh TaOIULIBI HCTUHHOCTH IS (HOPMYIT:

a)x« y® (yAx); 6 x|(»Uz)” (xUz).
Pemenue:

a) HCIIONB3ys BBEACHHOE CTAapIIMHCTBO CBS30K, NOJYYHM, 4YTO JaHHas (opmyia
paBHOCcHIBbHA X « (7 ® (¥ A X)), a TabnuIa HCTHHHOCTH PUMET BU:

x |y | 5 |GAo[ 7 x< (7 ® (VA )
® (yAx)

0 0 1 0 0 1

0 1 0 1 1 0

1 0 1 1 1 1
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0) cocTaBUM TaOJIUILy UCTUHHOCTH I (GOPMYIIBI X | ((; Uz)” (xUz)

X |y | z y z )7_U x Uz Uz (;UE)_ (x_l‘J—z) F(x,y)
z
0] 0] O 1 1 0 1 0 1
0] 01 1 0 1 0 1 0 1
0] 1 0 0 1 1 0 1 0 1
0] 1 1 0 0 0 0 1 0 1
1|00 1 1 1 0 1 0 1
1|0 |1 1 0 1 1 0 0 1
1 1 0 0 1 1 0 1 0 1
1] 1 1 0 0 0 1 0 1 0

®opmysia HA3bIBACTCS TOXKICCTBEHHO HCTHUHHOW (JIOKHOM), €CIIM OHA MNPUHUMAET
3Hauenue 1 (0) npu Bcex 3HaUEHUAX BXOASIIUX B HEEC IEPEMEHHBIX.

[Ipumep. SABnsiercs, mu popmyna ((x ® y) U)T) ® X TOXKIECTBEHHO HCTHHHOM?

XYy | x|V |x®y| x®@yUy | (x®y)Uy)® x
olo|1]1 1 0 1
ol 1|1]0 0 0 1
10|01 1 0 1
1| 1]0]0 1 1 1

CDopMyna paBHa 1 IIpHU BCEX 3HAYCHUAX BXOAANIMX B HEC NCPECMCHHBIX, CJICIO0BATCIIBHO,
OHa TOXIACCTBCHHO MCTHMHHAasA (TaBTOHOF I/Iﬂ).
KOHTpOJIbHLIe BOIIPOCHI U 3alaHUs.

1. Tlopsok BBIOJIHEHUS JOTUUYECKUX ONEpaIrid.
2. Kax omnpenenuTs Yuciio CTPOK B TAOIHIIE HCTUHHOCTH.
3. CocraBuTh TaOIUIy HICTHHHOCTH JJAHHOH OyJIeBOM (yHKIIUH:

1.(xAyz)® xUz 16, X € (yAzUy)
5 ([ ® (zyAx) 17. xUyzAy

3 (x® »)A(zUx) 13, @A »zUx

4. GUNAE« y) 19. x® A (zUy)
5. xUy® 2)A y 20. (x| )z Ux

6. xUy® zp 21. (x® Az« y
7.x” »Ux® z 22. (x " y)« (zAy)
8. (xy ® Z)UxAy 23. ((ny)Az)@ v
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9. (x| y)z® ;Ux) 24. (xyAz)® X

10. (x® yz)Ax 25. xA(y " 2)Ay

11. xL'Jy;® Xy 26. x®—yU(;Uz)

12. (xA y)(zUx) 27. (x| ) A (y ® zx)
13, GUNAG® ) 28, ¥ ® pxU(rA2)
14. (x~ y)A zUx 29. (xA )« (zxUy)
15. xUy® ;)Ay 30. x(m) « (;A z)

Pexomenoyeman numepamypa:

OcHoBHas JuTepaTypa:
3apumnosa, J. P. Jlekiuu o quckpeTHON MaremaTuke. MaremaTuyeckast JIOrhKa: yueoHoe
nocobue / J. P. 3apunosa, M. I'. Kokotuukoga, JI. A. CeBacThsinoB. — Mocksa : Poccuiickuit
YHHUBEPCHUTET JIpykObl Hapoa0B, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlonmoJiHuTeIbHAS JIUTepaTypa:
Xarraptu, P. Jluckpernas MmaTemMatuka Jyist IporpaMMHCTOB : yueObHoe nocobue / P. Xarrapru.
— Mocksa : Texnocoepa, 2012. — 400 c. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne§. [IpumeHeHue 3aK0HOB aJIredpbl JOrHKH.

Iens 3anamusa. TIpuoOpecTy HaBBIKU BBIOJHEHHUS PAaBHOCWIBHBIX TPe0oOpa3oBaHU ¢
PUMEHEHHEM 3aKOHOB alTeOphl JTIOTHKH.
3nanus u ymenus, npuoopemaemvie CHMYOCHMOM 6 pe3ylbmame O0CGOCHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE 3aKOHBI aireOpbl JIOTUKH W yMEeT
MPUMEHSTH UX JJIs TpeoOpa3oBanusi OyIeBbIX (DYHKITHIA.
Teopemuueckas uacme.
bynessl ¢pynknuu f; u f; Ha3pIBaIOTCS IKBUBAJICHTHBIMHU, €CJTH Ha BCAKOM HaOOpe

(a,,a,,..,a,) Hyned u eauHUI 3HaueHHs ¢QyHKOUE coBmagaT. (OO003HaueHHE
SKBMBAJIEHTHBIX (PaBHOCHJIBHBIX) GyHKIMiA crnenyromee: f1=f2 wmm f1° f2.
OcHoBuble 3xBUBasIienTHOCcTH (H,H |, H , , H -... 03HauatoT HekoTopsie OysieBs! GyHKIUH):

1. 3akoH aBOMHOrO OTpULaHus: H = ﬁ
2. Unemnorentnocts: HH =H, HUH =H

3. Kommyrarunocts: H,* H, =H,*H,, rie cuMBOn *03Ha4aeT OJHY W3 CBSI30K
&UA ~|,”.

4. Accounatusrocts: H,* (H,* H,) =(H,* H,)* H,, rue cuMBOJI * 03HA4YaeT OJHy U3
cessok & UA, ~.

5. A ucTpuOYyTHBHOCTGSH : Hl&(HzUH3):(H1&H2)U(H1&H3),
H UH,&H,)=(H, UH,)&(H, & H.,).

6. 3akon ne Moprana: H, & H, ZF,&H—Z, m :FI&H_Z,

7. Tpasuna nornomenns: H, U(H, & H))=H,, H, &(H,UH,)=H,

8. 3axons! cknensanus: H, & H, UH, &H_2 =H,, (H/UH,)&(H, UE) =H,

9. 3akonbl nHBepcuid: H UH =1, H& H =0.

10. IMpaBua oneparnwuii ¢ koucrantamu: H Ul =1, H&1=H, H U0=H, H&0=0.
Bce npuBeieHHbIE COOTHOMICHHUS JIETKO MPOBEPSIFOTCS 10 TaOIMIIaM UCTHHHOCTH.
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[pumep: YpocTuTh GOpMyIibl, HCHIOIB3YSI OCHOBHBIE 3aKOHBI SKBUBAJIEHTHOCTH:

1) szxezUyz :zUyz ZZUyZUnyZ ZZUyUx;

2)

. x® y=xUy . . (6) i . x® y=xUy,(6)

x® Uy®x = GAx® yUy)Ux=dx® y)ULy)Ux =

o L x®y=ly
=xUyUGy)Ux (yUGyUx)Ux=GyUx = y® x;

3)
xyz UxyUxyzUxz Uxz =xz(y Uy) UxyUxz Uxz =xzUxyUxz Uxz =
=(xz Ux;) U(xz U)_cz) Uxy =x(z U;) Uz(x U;c) Uxy =x Uz Uxy =x(1Uy) Uz =xUz;

4)

x Ux,x, >S5C_1X2 U, :g(gux_s)u(x_lxz)xs =(x, Ux,x;) U(x_lx2 Ux;) :x_l(gUZ) =
=x, Ux,x, Ux, UZU}@ =X, UgUx3
[Ipumep: C noMoIIbI0 paBHOCUIIBHBIX IPe00pa30BaHUil yIpOCTUTH POpMYITy
xy® (xUy)z.
xy® (xU»)z° xyU(xUy)z° xUpyUxzUyz° xUpUxzUyz® xUyUz©
la)xU(yU2)° x® (yUz);
-, -, ,
i6)zU(xUy)° z® (xUy);
T y— .- ,—
°ie)yUxUz)° yUxz;
-:-Z)EU;Uy° xzUy° xz® y;
%O)EUy Uz© xyz.
JIro0Oyto 3amuch a) - 1) MOYKHO CYMTATh OTBETOM.

Hpuwmep:. [TposepbTe, OyIyT JIM SKBUBATIEHTHBI CIIEAYIOMME DYHKIMU:
(x® z)(y ® z2); (xUy)® z.

C MOMOIIBIO PaBHOCHIBHBIX TPEOOPa30BaHMil TOTydaeM, 4TO
(x® z)(y ® 2)° (xUz)(yUz)° xpyUzyUxzUz° xyUz° xUyUz° xUy) ® z,
T.€. QYHKIMH SKBUBAJECHTHBI.

Hpumep:. Jdokaszats paprocmibHocTs (x U y) U(x U;) ° x.

(xU»UGxUp)° xUxUyUxUxUpUypUy°

° xUyUxUxUy° xUUyUy)° xUaU° x
KoHTpo/IbHBbIE BONPOCHI U 3a1aHUS

1. J_—[OKaSaTB CJICAYIOIUC paBHOCUIIBHOCTH:
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;. xUy°xUy g *Uy°x "y 15. xU» UUy»)UGEU2)° x

2 xUy° x|y 0. x|y° xUy 16. *U»~ (GU2° xUNUEU2)
3.x_y°;U; 10. xUp»UxUyp)° x 17.xA(yAz)°(xAy)Az
4.x|y°;U; ll.xl'J(;l‘Jy)°ny 18, x;®(;U;);°E

5 x® Yo y® x 12 W® z° xUyUz 19 X® (y® 2)° xUy® z

6. *® y°;l'Jy 13.xAy°;UyUxU; 20.;® ;°1AyAxy

7. x00U0°x gy @UpEO»°x o) x« y° (xUp)xUy)

2. TIlokazatp, 4TO (HOpPMYJIBI bl'Ja’ aUb® a, aUb® b UMEIOT Ty e Tabauily

WUCTUHHOCTH, YTO U UMIUIMKanusa ¢ ® b,
3. [IlIpoBepbre, OyayT Jiv SKBUBAJICHTHBI CleAyIOIINE QYHKINU:

1. X® (YAz), x® P)AX® z) 11, * (yl‘J;), (x « ;)U(;Uz)
7 xU(yAz), (xUpA(xUz) 12. WUnA (U2,
(xA y)U(xA 2)
3. xU(y« 2), (xUy)« (xUz) 13. xAy,yAx
4. xU(y|z), (ny)|(xUz) 14. xU;,;« y
5 xA(y® 2), x® y)« (x z) 15.;();,;|;
6. x| ® 2, (x|N® (x]2) 16. *Urx "y
7. xU(y® z), xyz Ugl; 17. x(yUx),x
] xU(y® z2), (xUy)® (xUxz) 18‘;UyUx,x
9. xA(y® z2), (xp) « (xAz) 19 XV z,z Xy
10. x (Y« 2, (x py)« (x 2 20. xL'Jyz,(xL'Jy)(xUz).
4. Tlpeobpasyiite GOpMyJIbl, UCHIOIB3Ys OCHOBHBIC 3aKOHBI 9KBHBAICHTHOCTH:
1. xyUyUxy 11. xyUxyUxyUyUxy
2. x_L'J_yU;yny 12. (xyzUz)U(xyzUE)
3 70Uy 0x 13 0z UgzUxy
4 203U Uy Uxy 14 52Uz Uz
5 xz Uy Uz Uz {5 32030y 0z Uxy Uxyz
6 wzUx0y0zU0yz 0%z 16, 92Uy 0z Uxyz Uz Uy Uz
7 xyzUyzUxyUxUy 17. xyzUypzUxUxUyUz
¢ xzUpzUTUy0z0nz05 g 9zUx0yZ05 0z
9. x;z nyU;UzU;z 19. (xU;U)_cz)(yU;)(yUz)
10. xyzUxUzUxUyUzUxyz 20. xyl'nyzl'JxU;zt‘
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Pekomenodyemasn numepamypa:

OcHoBHas JuTepaTypa:
3apurnosa, J. P. Jlekuuu nmo guckpeTHoi MaTemaTuke. MaTteMaTtuyeckas JIOrHKa: yaeOHoe
nocobue / J. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuii
YHHUBEPCHUTET JIpyKObI HapooB, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlonoJiHUTe/ILHAS JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MaTeMaTHKa i MPOrpaMMHUCTOB : yaeOHoe mocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Ne9. /IM3bIOHKTHBHbIC H KOHBIOHKTHBHbIC COBEpPIICHHBIE
HOpMaJibHbIe (POPMBI.
Lenv 3anamusa. IlpuoOpectu HaBbiku mnoctpoeHuss CKH® (CAH®D) c mnomoiirsio
Pa3IMYHBIX ATOPUTMOB.
3nanua u ymenus, npuodpemaemvie CHYOEeHMOM 6 pe3yNbmame O0C80EHUA HIEMbl,
dopmupyemovie Komnemenyuu. 3HaeT OCHOBHBIC 3aKOHBI anreOphl JIOTHKH W yMeEeT
npuMeHATh anroput™Mel noctpoeruss CKH® (CAH®D) OyneBbix QyHKITHIA.
Teopemuueckas uacme.
MHOkeCcTBO Bcex OyseBbIX B Oasuce S Z{Q,U,U} oOpasytot O0yJseBy aaredopy. Eciom x -

JIOTUYECKAsI IEPEMEHHAs, d =S ] {0,1} TO BBIPAXKEHUE
., 1x ecmu S =1 i
- S
X =1- wm X =
ix ecmu S =0 i

1 ecmu x =S

b

0 ectu x's

HazbIBaeTcs Jurepol. Jlureppl x m Ox Ha3pIBalOTC KOHTpapHbIMU. KOHBIOHKTOM
Ha3bIBAa€TCSl KOHBIOHKLMSA JuTep. JIM3BIOHKTOM  Ha3bplBaeTcsl  JAM3BIOHKLUSA  JIUTEP.
JAun3broHkTHBHOIT HOpMaJbHOU ¢dopmoii (JJHP) HaszpiBaeTCS AU3BIOHKIMS KOHEUYHOTO YHCIa
KOHBIOHKTOB. KOHBIOHKTHBHOH HopMaibHOU ¢opmoii (KH®) HazpiBaeTcs KOHBIOHKIUS
KOHEYHOT'O YHCJIa TU3BIOHKTOB.

lycte Gynknus f 3anucan B 6a3uce Sl1. JlanHas QyHKIHS MPUBOIUTCS K HOPMAaTbHOM
(dopme ceyromuM IMyTeM:

1. ucnione3yem 3akoHbl e Moprana, yToObl Ipeodpa3oBatsh (HopMyiy K BUIY, B KOTOPOM
3HAKU OTPUILIAHUS OTHOCATCS TOJIBKO K OTACIIBHBIM IIEPEMEHHBIM;

2. IpUMEHsEeM MPABUIIO CHATHUS JBOMHOIO OTPULIAHUA: X =X ;

3. nmanee cienyeT HCIOJIb30BAaTh 3aKOHBI JUCTPUOYTHBHOCTH, NMPUYEM IEPBBI 3aKOH
mucTpuOyTuBHOCTH st npuBeaeHuss Kk JIH®, w BTOpoH 3aKOH IUCTPUOYTHBHOCTH IS
npuBeaeHuss kK KHO.

Ecnu B Ka)X710M 4JieHe HOPpMaJIbHOU (POPMBI TIPEICTABICHBI BCE TIEpEMEHHBIE (JINOO camu,
anb0 MX OTPUIIAHHUA), NMPUYEM B KaXJOM OTACIBHOM KOHBIOHKTE WJIH AU3BIOHKTE Jt00as
NIepeMEeHHasl BXOJUT POBHO OJIMH pa3 (Jinbo cama Tud0 ee OTpUllaHue), To 3Ta popma Ha3hIBACTCS
coBepuieHHo# HopMaabHOH popmoii (CAHP® nan CKH®).

[pumep: [To nanHOI Tabmuie ucTHHHOCTH TOCTpouTh CJITHD.

Pemenue paccmoTpum Ha npumepe GyHkuuu f(x, v, z), 3alaHHON TaOJIMIHO:

X y z KoncturyenTsr 1 Koncturyentsi 0 f(x,y,2)

0 0 0 X% xUyU:z 0
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0 0 1 ;>§>Q xL'JyU; 1
0 ! 0 X9 % xUyUz l
0 1 1 XX ¢ xUyU:z 0
1 0 0 X9 ¢ xUyU: 0
1 0 1 x>§>§z ;UyU; 1
1 1 0 x>§/>; ;U;Uz 1
1 1 1 XXX ;U}UE 1

Koncruryenrsl 1 (MM OCHOBHBIE KOHBIOHKIIMM ), BKIIOUYEHHBbIE B TaOJHILY,
COOTBETCTBYIOT KOHKPETHOMY Habopy HyJell M eIUHHI], KOTOpbhle MPUHUMAIOT MEepEeMEHHbIE
X,y,z. CTposATcs KOHCTUTYEHTh 1 1O cleAyooleMy NpaBUiy: IEpEeMEHHas BXOAWUT B
IIPOU3BE/IEHUE cama, eclii Ha JaHHOM Habope OHa MPUHHUMAET 3HaueHue 1, B MPOTUBHOM cliy4yae
B [IPOU3BEJICHUE BXOIUT €€ OTPUIIAHHE.

IMpaBuno pias mocrpoenuss CAH®: crienyer BBHIOpaTh CTPOKH, B KOTOPBIX (DYHKIIHS
paBHa 1, a 3areM B3ATb IU3BIOHKIUIO COOTBETCTBYIOIIMX KOHCTUTYeHT 1. Tak s Haiero
npuMepa, UiMeeM

f(x,y,z) =x>X>xUx>x>xUx>>xUx>xUxX X.
[pumep: [To nanHOM Tabmuie ncTHHHOCTH TOcTponTh CKH®.

Pemenne: Koncruryentnl 0 s Habopa Hyned W eauHUIl (KOTOpHIE NPUHUMAIOT
MIEPEMEHHBIE X, V,z ) CTPOUTCS CIEAYIOIIMM 00pa3oM: IepeMeHHasi BXOJUT B AU3BIOHKIIMIO cama,

€CJIM Ha JaHHOM Habope oHa MmpuHHUMaeT 3HayeHue O, B MPOTUBHOM Cllydae B TU3BIOHKIIHIO
BXOJUT €€ OTPULIAHHE.

IIpaBuno nias nmocrpoenuss CKH®: crnenyer BHIOpaTh CTPOKH, B KOTOPBIX (DYHKIIHS
paBHa 0, a 3areM B3STh KOHBIOHKIIMIO COOTBETCTBYIOLIMX KOHCTUTYeHT 0. B pesynbrare
nonyuntcs uckomass CKH®. Tak nis Haiiero npuMepa, UMeeM

f(x,y,2) =(xUyUz)%xUyUz)xx Uy Uz).

Omnucannbiii cioco6 HaxoxaeHus C/AIH® (CKH®) no Tabiuiie MICTUHHOCTH OBIBAET YaCTO
0oJiee TPYJIOEMKUM, YeM CIICIYIOIIUN alTOPUTM.

1.Jas naxoxnenun CAH® nannyio hpopmyny npuBoaum cHadana Kk JJTHO.

2. Ecnu B HEKOTOPBIN KOHBIOHKT K HE BXOJUT CKa)Ke€M IIEPEMEHHAsSL ) , TO 3TOT KOHBIOHKT
3aMeHsIeM Ha SKBUBAJICHTHYIO hopmyny K U( y U;) U, IpUMeHss 1-1 3aKOH TUCTPUOYTUBHOCTH,
PUBOJIUM TOTy4eHHYI0 (popmyny k JIHD. Ecnu HegocTaromumx nepeMeHHbIX HECKOIBKO, TO JJIs
Ka)KI0W U3 HUX K KOHBIOHKTY J00aBJIsieM COOTBETCTBYIONIYIO (popmyiy Buaa (v U ;).

3. Ecnu B monyuennoit JJH® numeercs HECKOIBKO OITMHAKOBBIX KOHCTUTYEHT €IMHUIIBI, TO
OCTaBJISIEM TOJIbKO OAHY W3 HUX. B pesynbraTte nomyuaercs CAHO.

3ameuanue: /[ noctpoenuss CKH® nu3bloHKT HE cofepKaliuil CKaXeM MEPEMEHHYIO
y  3aMeHsieM Ha OJKBUBaJEHTHYI0 (opmymy D U y >§ U, TOpUMEHseM 2-H 3aKoH

JTUCTPUOYTHUBHOCTH.
IIpumep: Iloctpoute CKH® gans ¢yskuum F  npu momomu  3KBUBaJICHTHBIX
npeoOpa3oBaHUi
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F =x|(vA 2) =xU(yA2) =x Uz Uyz) =x Uz o9z =x U(p Uz) Xy Uz) =x U(y U)Xy Uz) =
=xUyUz)xxUyUz)- CKH®
[Ipumep: C moMoIIbI0 3KBUBAICHTHBIX TIpeoOpa3oBanuii mpuseaute hopmyny k JJTHD, KHO,
CJIHD, CKH®. F =((x ~ y)® z) « y.
Pemenue: IIpuenem gpynkuuto F k 6azucy S, Z{Q,U, U}

F=(;>§®)« y:(;>§U;)« y:(xl'Jyl'J;)« y:(nyU;U;)(nyU;Uy):

=xx Uy =xxx =(xUyUz)y- KH®

s npusenenus F x JIH®, npumeHuM nepBblif 3aK0OH TUCTPUOYTUBHOCTH.

F=xyUyyUz>x =xyUz>x =xyUz> - JHD

[Tpusenem ¢pynxuuro F k CJIHD:

F=xyUzy =xy(zUz)Uzy(xUx) =xyzUxyzU(zyx Uzyx) =xyzUxyzUxyz.

ITpusenem ¢pynkmuio F k CKH®:

F=(xUyUz)y =xUyUz)(yUxx) =(xUypUz)(y Ux)(y Ux) =(x Uy Uz)(y UxUzz)>

(yUxUzz) =(xUyUz)(yUxUz)(yUxUz)(y UxUz)(y UxUz).

IIpumep: IIpusectu (byHKumo_K JH®, ucnione3ys 1-blil 3aKOH AUCTPUOYTUBHOCTH.
x>§>§c>9/>;>(y Uz) :x>§>(;U;U;) Xy Uz) :(x>§>§_cUx>§>§Ux>§>{z) Xy Uz) =- smoKH®
=(0Ux >§ Ux >§ )Xy Uz) =(x >§ Ux >§ %)Xy Uz) =- omo opyeas KHD
=x>0>Ux>9 35 Ux>0 ¢ Ux > =000Ux x> Ux>y > =xx ¢ Ux >y - omo  JHD
[pumep: [pusectu pynkuuto k KH®, ncnonb3ys BTopoil 3aKkoH 1UCTpUOYyTUBHOCTH.
ny>s§c>9/U;=ny>(x_>§v>{;) =ny>(;U;)>s? =ny>Q>(;U;) =(ny>Q)>(xU;U;) =
=(xUy)xxUz) Xl U;) =(xUy)XxUz)- omo KH®D

[pumep: [1o nanno# Tabmmie uctuHHOCTH TOCTpouTh CJITHD:

X v z OCHOBHBIE f(x,p,2)
KOHBIOHKIUU
0 0 0 XX > 0
0 0 1 XX ¢ 1
0 1 0 X X9 > 1
0 1 1 XX ¢ 0
1 0 0 X% 0
1 0 1 X9 ¢ 1
1 1 0 XX > 1
1 1 1 XX % 1

IToctpoum CKH® nns Hamero npuMepa Ha OCHOBAaHMU 3aMEUYaHUsl.
1. Crponm CJTH® nast otpumanms x > > Ux > > Ux > .

34



2. Ucnonb3yeM 3akoHbl 1e Moprasa, noiayyaem
f=f=xx3UxxxUx>xx =x>xUx>xxUx>xyx =(xUyUz)xxUyUz)xxU
UyUz).

KOHTpOJ’[beIe BOIIPOCHI U 3a/IaHUA

1. Yro naseBaercs KHO (JJHD)?
2. Aunroputmel noctpoerust CIIH® u CKHO.
3. Kakue u3 cinenyromux GyHKIUHN 3anMcaHbl B HOpMabHON opMme, a Kakue HeT?

I.xUy® z; 2. (x>§/U;) Xz Ux); 3. (xUz U;)>§c>§/>(;Ux);

4. x>y Ux>y xxUy); 5. x5 %% UzxU0x 6. (xUyUyUz)x xzUx);
7. x>§/U;>QUy>Q>§_cUz; 8. (xl'Jyl'Jz)(yl'nyl'JE); 9. EU)_C)/UXE,

10. xyz Ux;z nyg; 11. (yzUxy Uz)(nyU;z); 12. xy_zl'JEnyE;

13.W_znyU;ny; 14. (nyUzUt)(ny)t; 15.xl'Jyl'J;U(nyz);
16. ;yzUx);Uyz(;Uz); 17. nyUEnyU;Z; 18. EU(ny)(;Uz);
19. (xUyUz)(xUyUz)(xUy); 20. xyzUxp Uzt Uxyzr; 21, (xUyUz) > Xz Ux).
5. Mpusectu cnenyromtue Gopmynsl k JJHO u KH® 1 1o BO3MOXHOCTH YIIPOCTHUTH.

1. xUyz; 2.x« y; 3.x« yz

4. x« y« z 5. xp « xV; 6. x® (y® z);

7. 50(x® »); 8. nyyzU;; 9. xU;UE;

10. xUpUzxUx>; 11 (x93 Uz) Xy Ux>); 12, (xpzUx) XxUyUzUxz)Uy;
13. x> UxyzUz); 14 x> ® zUy; 15. z® yUxx);

16. xAy® zAx); 17. (x~ »)Azx 18. xUz)® (v~ 2);

19. (x| y) ® x>xUz  20.xUy« xAz 21. x>y Uxyz Uz

6. IlpuBectn ¢yukmun Kk coepuieHHBIM (opmam (CAH® u CKH®) nyrem
SKBHUBAJIEHTHBIX Pe0Opa3oBaHuil.

1. xy ny;UZ; 2. (x UZ) >(;Uy); 3. ny UZ;;

4. xUyUz2)xxyUz); 5. x>9¢; 6. yUxxyzUz);
7. (x;l'Jz)>s§>(x;Uy); 8. szy® ;z; 9. (;Uz)Ax>§/>;;
10. (x = »)UyzUx; 11. x« x»xUz; 12. xUy ™~ z

13. xUy; 14. xy(x ® y); 15. (x® y)® xUy;
16. x® yz; 17.(x® y)® x; 18. xy ® (y ® Xx);
19. xUy® (x® z);  20. xy ® zf; 21. (yU2) A x .

7. Hoctpouts CAH® nu CKH® nmnst ¢yHKuMi 3aJaHHBIX BEKTOPOM 3HA4YECHUH OyieBOM
GbyHKIUY.
1. (001D; 2. (010D); 3. (1110); 4. (1000); 5.(0011 1010);

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 OI11);

15. (0001 1100 0011 1110); 16. (1101 1111 0011 0001);

17. (1111 0000 1111 0110); 18. (0101 0110 0101 O0110);

19. (1000 0110 1011 1111); 20. (1010 1111 OI111 0000).
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8. Jloxasarb paBHOCcHIbHOCTH ITyTeM npuBeneHus k CIH® wim CKHO:

1. xy =xUy; 8.Xx® y° y® x; 15 (x® y)® y° xUy;
2. x(xUy)° x; 9. xyUxy® x; 16. x® (y® 2)° xUy ® z;
3. xUxxy° xUy; 10. xUxy® x; 17. (x® 2)(y ® 2)° (xUy)® z;
4.ny°ﬁ; 11. xUxy® xUy; 18. x(yUz) =(xUy)U(x Uz);
50x® y°§; 12. x(xUy)° xy; 19.x« y° (x® »)U(y® z);
6. (xU»xUy°x 13 (xUp»UEU»°x  20.x® y° y® x;
7.x« y°y« x; l4.xU(;l‘Jy)°ny.

9. C moMompl0 PKBUBAJIEHTHBIX MpeoOpa3oBanuii npusenute popmyny k JHD, KHD,
CIH®, CKH.

1. x| y; 8.z® x« (x|y); 15.x  y® xUy« x|y;

2. xA y; 9. (x| y) ® 2)A y; 16. (xUy)® (zA x);

3.x« y; 10. (xUy)® (z A x); 17. z® x)« (y]x);

4. x " y; 11. (x| A (z ® x); 18. (x ~ »)® 2)A y;

5.x® y; 12. z ® x)A (x| y); 19.x y® x| yAx;

6. x ® yz; 13. (xUy) ® (zA x); 20. (xUy)® (z « x).

7. xyz; 14. (x~ »)A2)® yx;

10. ITpoBeprTe AByMs crioco0amu, OYyT JIM SKBUBAJICHTHBI CIETyIOIUE (PYHKIIUH.
1) cocraBiaenuem Tabaui uctuHHOCTH; 2)ipuBenenneM K CAH® wm CKH® ¢
MIOMOIIIBIO SKBUBAJICHTHBIX MTPE0Opa30BaHUN.

l. xUy,x ® y; 11. xU(y « z),(ny) « (xUz);
2.x® y,x« y; 12. xU(y|z),(xUy) | (xUz);

3. ny,xA Vs 13. xA(y® 2),(x® y)« (x z);
4. xyUz,x(yUz); 14. x® (YA 2),(x® y)A(x® 2);
5.(x® y)z,x ® yz; 15. x| (y ® z2),(x]|y) ® (x]2);
6. xy « x,(x« y)z; 16. xU(y ® z),(xUy) ® (xUz);
7. (xUy),xUy; 17. xU(y ® z),(xUy) ® (xUz);

8. x® y,;Uy; 18. xA (y ® z),(xp) « (xA2);

9. xU(y ® z),(xUy) ® (xUz); 19.x (Y« z2)(x y)« (x 2z2)

10. xU(y ® z),(xUy) ® (xUz); 20. xU(yAz),(xUy)A (xUz).

Pexkomendyeman rnumepamypa:

OcHoBHasi iuTEpaTypa:
3apurmnosa, J. P. Jlekuuu mo guckpeTHO MaTemaTuke. MaTteMaTtnyeckast JIOTHKa: yaeOHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
YHUBEPCUTET PY>KObI HapoaoB, 2014. — 120 c. — Pexxum goctyna:
http://www.iprbookshop.ru/22190.html

JlonoiHUTeILHAS JIUTEpaTypa:

Xarrapty, P. JluckpeTHas maremaTuka /Ui pOrpaMMHUCTOB : ydeOHoe nocoOue / P. Xarraprtu.

— Mockaa : Texnocdepa, 2012. — 400 c. — Pexxum mocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Nel0. AnropurmMbl NOCTPOCHUs MOJMHOMOB JKerajkuna.
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Ilenv 3anamusa. 3aKkpenuTh HABBIKM MOCTpPOEHUs MHorowieHa JKerajakmHa MeETOAAMH
PaBHOCHJIBHBIX IPe0Opa30BaHUM 1 HEONPEEIECHHBIX KO (UIIMEHTOB.

3nanua u ymenus, npuoobpemaemvie CHyOeHMOM 6 pe3ynbmame O0C60CHUA MEMbl,
dopmupyemvie komnemenyuu. 3HaeT alNropuTMbl MOCTPOCHUS MHoOrousjeHa JKeraikuHa u
YMEET UX NPUMEHSTH.

Teopemuueckas wacme.

MmuoxecTtBo OyneBbIX (YyHKIMHM, 3amaHHBIX B Oasuce JKeramkuna S Z{A,U,l}

Ha3bIBaeTcs anreopoi JKerankuHa.
OCHOBHBIE CBOKMCTBA

kommyTtatuHocts H, A H, =H, A H,, H, l‘JH2 =H, UHI;

accormarusrocts H, A (H, A H,) =(H,AH,)A H,, H U(H,UH,)=(H, UH,)UH,;
JIUCTPUOYTUBHOCTD 1, l‘J(H2 AH,) =(H, UHZ)A (H, UH3);

cBoiictea koncranr H Ul =H, HU0 =0, HA0=H;

HAH=0,HUH =H .

Yr1Bepxknenue. Uepe3 onepaunu anredps! JKeraJkuHa MOKHO BBIPA3UTh BCE Jpyrue
OyseBbl QyHKUIUU:

x =1Ax, nyZxAyAxy, x~y=1AxAy,
x® y=1AxAxy, x y=1AxAyAxy, x|y=1Axp

A A

Onpenenenune. [Torunomom JKerankuHa (MMOJIMHOMOM MO MOAYJIO 2) OT N NEPEMEHHBIX
X;,X,,...,X, Ha3bIBACTCS BHIPA)KEHHE BUIA

P(x,,%,y,...,x,) =cy Acx, Ac,x, ALLAc x Ac,xx, A Ac, xx,.x,

TJIe MOCTOSIHHBIE €, MOTYT MPUHUMATh 3HaueHus O wiu 1.

Ecnu nmonmuaom JXKeramkuHa He COOEPKUT NMPOU3BEIECHHUN OTACIBHBIX NEPEMEHHBIX, TO
OH Ha3bIBACTCS TMHEHHBIM (JIMHEHHAsA QYHKIINA).

Teopema. Kaxnas OyneBa QyHKIMS HpEACTaBISETCS SIMHCTBEHHBIM 00pa3oM B BHIEC
nosiMHoMa JKerankuHa.

OcHOBHBIE METOBI IOCTPOCHHUS MOJIMHOMOB JKerajikuna:
1. MeToa, ocHOBaHHbII Ha npeodpa3zoBanuu ¢Gopmy.. [IpuBoaum hopmyny K BHIy,

cojepxkarieMy CBsi3ku  u3  Oasmca S={D,&,1}; packpeiBacM CKOOKH HCIOJIb3Yys 3aKOH
JUCTPUOYTUBHOCTH (CM. CBOMCTBO 3); a 3aTeM IpUMEHsieM cBolcTBa 4 1 5.
2. MeTtoa HeonpenejeHHbIX K03 duunenton. [lonnuom JKerankunHa, peanu3yromui

3amanay0 GyHkouo f (X, X,,...,X, ) HIIEM B BHIC

P(x,,%,,....x,) =c, Acx, Ac,x, ALLAc x, Ac,xx, A Ac, xx,.x,.

Haiinem xoadduumentsr c¢,. g 3TOro mocieqoBaTeIbHO MPUAATUM TEPEMEHHBIM
Xy5Xy ..., X, 3HAUCHUS U3 KAXKJIOM CTPOKH TAOIUIIBI MICTUHHOCTHU. B MTOre moyiyuyum cucremy us3

2" ypaBHEeHMH ¢ 2" HEW3BECTHBIMH, UMEIOILIYI0 €IMHCTBEHHOE pelieHue. Pemus ee, HaxoauM
ko3¢ duienTs nommaomMa P(x, X, ,...,X, ).

[pumep: [Toctpouts monuuom XKerankuaa GpyHKIUNA

a) f(x,y) =x® y, 6) f(x,5,2) =((x® y)® z) « y.

Pemenue:  a) 1 cnoco0.  3amumieM — HMCKOMBIH  IIOJIMHOM B BHIE

P(x,y) =c, AcxAc,yAc,xy

[Tonp3ysick TabMHIICH HICTHHHOCTH
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v 0 1 0 1
x® y 1 1 0 1

HOJTy4aeM, 4To

£(0,0) =P(0,0) =c, =1,

£(0,1) =P(0,1) =c, A c, =1,

£1,0) =P(1,0) =c, A ¢, =0,

A =Pl =c,Ac,Ac,Ac, =1.

Orkyzna mocienoBaTenbHO Haxoauwm, ¢, =1, ¢, =1, ¢, =0, ¢,, =1. CuenoBatensHo,

P(x,y) =1A xA xy.

2 cnoco6 (Metoa mpeodpazoBanus Gopmyir.) Umeem

x® y=xUy :ﬁ =(xXyA1)A1=1AxA xX.

0) 1 cnoco®6. Ilycts monuHOM JKerankuHa UMeeT BU:

P(x,y,z) =c, AcxAc,yAc,zAc,xyAc xzAc,,yz A cxyz.

P(0,0,0) =¢, =1, (t.x. f(0,0,0) =1).

P(0,0,1) =c, Ac, =0(rx. £(0,0,) =0)b 1Ac, =0bP ¢, =I.

P(0,1,0) =c,Ac, =0P 1Ac, =0P ¢, =I.

P(1,0,0) =c,Ac, =1b 1A ¢, =1b ¢, =0.

PO,L1) =c,Ac,Ac,Ac,, =0P 1A1A1Ac, =0P 1Ac,, =0P c,, =I.

P(1,0,) =c,Ac,Ac,Ac, =1P 1A0ATA ¢, =1P 0Ac, =1P ¢, =1.

P(1,1,0) =c,Ac,Ac,Ac, =0P 1A0A1A¢, =0P ¢, =0.

P(LLY) =¢, AcAc, A ¢, Ac, A [ A Cos A ¢, =0P

P 1A0ATA1A0ATA1A ¢, =0P 1Ac,, =0P ¢, =1.

Urak, nonyuaem nonrHom XKerankuHa 3-il CTENEHU.

P(x,y,z) =IA yAzA xpA yz A xyz.

[pumep: Iloctpouts momuHoM Kerankuna it ¢yskuuun  f =(1011) wmeromom
HEOIPEACICHHBIX KO3(DGHUIUCHTOB. SIBseTcs i [ JTUHEHHOI?

Pemenne. Niiem nonurom XKerankuna P(x, y) B Buje:

P(x,y) =c, Ac, Ac,y A c,xy.

Hcnione3ys Tabnuiyy HICTUHHOCTH JUIs f, , UMEeM

P(0,0) =¢c, =1P ¢, =1,

P0,)) =c,Ac, =0b 1Ac, =0b ¢, =I.

P(1,0) =c,Ac, =1b 1A ¢, =1P ¢ =0.

P(l)=c,Ac,Ac,Ac, =1P 1A0A1A ¢, =1P ¢, =I.

Urax, f =1A y A xy— ne nuneiina.

KOHTpOJ’IbHLIe BOIIPOCHI X 3a1aHUA

1. Yto Ha3wiBaeTcst MHOrouJIeHOM JKerankuna?

2. Meton HeomnpeaeneHHbIX K03()PHUIIMEHTOB.

3. IMoctpouts mommHOM JKeraJkuHa, UCTIONB3Ys SKBUBAJICHTHBIC TIPEOOpa30BaHUSI.
. x« y, 8. (x® »)(y® z), I5. xy® xUy « x,

2.x® y, 9. (xyUxy)A z, 16. (xA y) « (zx),
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3.xy7 z, 10. x ~ yz, 17. (zUy)A (y Ux>¢),

4. (xUy)z, 1. (x® )y ® x), 18. (xUyp) ® z|y,

5. xy|z, 12. xUyUz, 19. (x « ¥)~ (xA x>¢),
6. xy(xA ), 13. xAy ™z, 20. (xz « xz)U(xy ® 2).
7. xyz Uxy, 14. x Uyz Uxyz,

4. Tloctpoiite noarHoM JKeraakuHa METOJJOM HEONpPEeNeHHBIX KO3 PHUIINEHTOB.
. (x« y)« z, 8. xyUyzUz Utz, 15. z® x)A (x| ),
2.x® (y® z2), 9.x_y®ny<< x|y, 1e6. (xU})@(EA;),
3. (x]y) =z, 10. x y® x|yAx, 17. (EU})@(%),
4. xp(xA y), 11. z® x« (x]|y), 18. (z® x)« (y]x),
5. xyzUxyz Uxyz, 12. (x| y) ® 2)Ay, 19. (x " y)® z)A y,
6. (x® »(y 2), 13. (xUy)® (zA x), 20. (xUy)® (z « x).
7. (x® y)Uz)|x, 14. (x| A (z ® x),

5. Tloctpoiite monuxom XKerankuna, ecnu Gyakuun f(x, y,z) u f(x;,x,,X;,X, ) 3a1aHHbI

BEKTOPOM CBOMX 3HAYCHUM:

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).

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apumnosa, J. P. Jlekiuu o quckpeTHoM MaremaTuke. MaremaTuyeckas JIOTHKa: yueOHoe
nocobue / D. P. 3apunosa, M. I'. Koxotunkoga, JI. A. CeBacThsiHoB. — MockBa : Poccuiickuit
YHHUBEPCHUTET JIpyKObl HapoaoB, 2014. — 120 ¢. — Pexwum nocryma:
http://www.iprbookshop.ru/22190.html

JlomoJIHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckperHas MaremMatuka uis MpOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pgocryna:
http://www.iprbookshop.ru/12723.html
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IpakTnueckass padora Nell. Pa3memeHusi, nepecTAaHOBKH, COYETAHUS B
KOMOMHATOPHUKe.

Ilens 3anamus. VI3yunTh OCHOBHBIE KOMOWHATOPHBIE OOBEKTHI U 00JIACTH UX BO3MOKHOTO
IPUMEHEHUS.

3nanus u ymenus, npuodpemaemvie CHmyOeHmMoOM 6 pe3ynvbimame 0C6OEHUA MeMbl,
dopmupyemvie Komnemenyuu. 3HACT pa3MEILIEHUS, NEPECTAHOBKU, COYETAHHUS U YMEET MX
MIPUMEHSITH [IPU PEIICHUN 3a]1a4.

Teopemuueckan uacme.

KombOunaropuka - 310 pasznen MaTeMaTHKH, B KOTOPOM H3Yy4yalOTCsS BOMPOCHI O TOM,
CKOJIBKO Pa3IMYHbIX KOMOMHALMMN, TOMYMHEHHBIX TEM WIM UHBIM YCIOBHSIM, MOXHO COCTaBUTh
U3 3aJaHHBIX 00BEKTOB. OCHOBbI KOMOMHATOPUKH OYEHb Ba)KHbI JJISi OLEHKU BEPOSTHOCTEH
CJlydaliHBIX COOBITHH, T.K. UMEHHO OHH I03BOJIAIOT MOJCYUTATh MPUHLUUIHAIBLHO BO3MOXHOE
KOJIMYECTBO Pa3IMYHbIX BAPUAHTOB Pa3BUTHUS COOBITUH.

OcHoBHas Gpopmysia KOMOMHATOPUKH

[lyctp uMeercss k rpynm 37I€MEHTOB, IpUYEM i-s1 TPpyIIa COCTOUT U3 Nj JIEMEHTOB.
BribepeM 1o oiHOMY 3JIEMEHTY U3 KakJoi rpynmsl. Toraa obmiee yrciao N crnoco0oB, KOTOPbIMU
MO>KHO MTPOM3BECTH TaKOU BHIOOP, OMpeIesieTcs COOTHOImEeHneM N=n;*n,*n3*... *ny.

IIpumep. [losicaum 31O mpaBwio Ha npoctoMm mnpumepe. IlycTb mmeercs nBe rpymnmsl
3JIEMEHTOB, MPUYEM Ie€pBas Ipylra COCTOUT U3 N 3JIEMEHTOB, a BTOpas - U3 Np DJIEMEHTOB.
CKOJIBKO pa3IMYHbIX Map 3JEMEHTOB MOXKHO COCTaBUTb W3 3THUX JBYX IPYII, TAKUM 00pa3oM,
yTOOBI B Tape ObLIO MO OJJTHOMY 3JIEMEHTY OT KaXKJI0U rpymimbl?

Jlomyctum, Mbl B3SJIM NEPBBIM 3JIEMEHT U3 MEPBOU IPyMIIbl U, HE MEHSs €ro, nepedpaiu
BCE BO3MOXKHBIEC Mapbl, MEHSISI TOJBKO 3JEMEHTHI U3 BTOPOH Ipynnbl. Takux map AJjisg 3TOTrO
3JIEMEHTA MOXHO COCTAaBUTH Ny. 3aTe€M MbI OepeM BTOPOM 3JIEMEHT U3 MEPBON TPYIIBl U TaKXKe
COCTaBJIsiEM JUJISl HETO BCE BO3MOXKHbIE Maphl. Takux map Toxe OyaeT n,. Tak kak B mepBoi rpyrre
BCETO0 N JIEMEHT, BCEr0 BO3MOXKHBIX BapUaHTOB Oy€T n;*ny.

[Ipumep. CKOIBKO TPEX3HAYHBIX YETHBIX YHCEJ MOKHO cocTaBUTh U3 nudp 0, 1, 2, 3, 4,
5, 6, ecau LU PHI MOTYT MOBTOPSTHCSA?

Pemenue: n;=6 (T.K. B KauecTBe MepBOi IU(PPBI MOXKHO B3A4Th J1t00YyI0 tudpy u3 1, 2, 3, 4,
5, 6), ;=7 (T.K. B KayecTBe BTOPOil IU(pBI MOKHO B3Th 1t00YI0 udpy u3 0, 1, 2, 3,4, 5, 6), n;=4
(T.K. B KauecTBe TpeThel (Pl MOKHO B3ATh Jt00yI0 nndpy u3 0, 2, 4, 6).

Hrtak, N=n;*n,*n;=6*7*4=168.

B Tom ciydae, xorma Bce Ipynmbl COCTOST M3 OJMHAKOBOTO 4MCiIa 3JEMEHTOB, T.€.
n;=N=...N=N MOXKHO CUUTATh, YTO KAXKJbIH BHIOOP MPOU3BOIUTCS U3 OJHON U TOH e IpyMIbl,
IpUYeM 3JIEMEHT Mocie BbIOOpa CHOBa BO3BpallaeTcsl B rpymniy. Toraa 4uciao Bcex cnocoOoB
BBIOOpa paBHO n*. Takoi croco6 BEIGOPa HOCHT Ha3BaHUE BHIOOPKHU C BO3BPAILCHUEM.

[Ipumep. CKOTBKO BCEX YETHIPEX3HAYHBIX YUCE]I MOKHO COCTaBUTH U3 1udp 1, 5, 6, 7, 8?

Pemenue. /Ins kaxxaoro paspsija 4eTbIpeX3HAUHOTO YUCIIA UMEETCS MATh BO3MOXKHOCTEH,
3HaUuT N=5*5*5%5=54=625.

PaccMOTpUM MHOECTBO, COCTOSAIIME U3 N 3JIEMEHTOB. DTO MHOKECTBO OyJIeM Ha3bIBaTh
reHepaibHON COBOKYITHOCTBIO.

Pa3zmMeniennem U3 n 3J€MEHTOB 10 M Ha3bIBaeTCs JH000H ynopsaodyeHHbIH HAObOp U3 m
Pa3IUYHbIX AIEMEHTOB, BBIOPAHHBIX U3 F€HEPAIbHON COBOKYITHOCTH B N 3JIEMEHTOB.

[Tpumep. Pa3nuunHbiMu pa3MelieHus MU U3 Tpex 3ineMeHToB {1, 2, 3} no 1Ba Oy1yT HaGOpbI
(1, 2), 2, 1), (1, 3), 3, 1), (2, 3),(3, 2). Pa3merienuss MOryT OTJIMYaThCA JIPYr OT Jpyra Kak
3JIEMEHTAaMH, TaK U UX MOPSJIKOM.

(v m
Ywucso pasmenieHuit 0603HadaeTcs 4 M BHIYUCISETCSA 110 GopmyIie:

LT R ) e e
(n—m)l

40



[Tpumep. CKONBKO CYIIECTBYET ABY3HAYHBIX YHCEI, B KOTOPBIX 1M ]pa 1eCATKOB U Iudpa
€JIMHUL] pa3JTUYHbIE U HEYETHBIE?

Perienue: T.x. HEUETHBIX U NATh, @ UMeHHO 1, 3, 5, 7, 9, TO 3Ta 3a7a4a CBOAUTCS K
BBIOOpPY M pa3MEIICHUIO Ha JIBE pa3Hble MO3UIUH IBYX U3 MSATH Pa3IUYHbIX UG, T.€. yKa3aHHBIX
qrcen Oyaer:

A =54=20
CodyeTa”HueM M3 N DJIIEMEHTOB IO M HA3LIBAETCS J'IIO601>1 Heynop;lj:[oquan‘/'I Ha60p 3 m
paSJ'H/I'-IHI)IX 3JIEMEHTOB, BBI6paHHI)IX n3 FeHepaﬂBHOﬁ COBOKyrIHOCTI/I B N DJICMCHTOB.

[Ipumep. J{ns muoxectBa {1, 2, 3}couetanusmu sisisitores {1, 2}, {1, 3}, {2, 3}.
UYucno coderanuit 0003HavaeTCs C: U BBIUHUCIISIECTCA IO hopmyTie:
& L nl

" mlfn —m)l

[Ipumep. CKOJTBKUMH CITOCOOAMHU YHTATENhb MOXET BHIOPATh JBE KHIDKKH W3 IIECTH
umerommxcsa’?

Pemenue: Yuciio cnoco60B paBHO YHUCITY COUETAHUHN U3 IIECTH KHUKEK I10 JIBE, T.€. PABHO:
¢} = S 2845

240 2l

[lepecTaHOBKOM M3 n 3JIEMEHTOB Ha3bIBAETCsS JIIOOON YMOPSAJOYEHHBIM HAOOp 3THX
3JIEMEHTOB.

[Tpumep. BceBo3MOXKHBIMHU NTEpECTAHOBKAMU MHO>KECTBA, COCTOSIIETO U3 TPEX HJIEMEHTOB
{1, 2, 3} smsrorest: (1, 2, 3), (1, 3,2),(2,3,1),(2,1,3),(3,2,1), (3, 1, 2).

Yucno pa3inyHbIX MEPECTAaHOBOK M3 N 3JIEMEHTOB oOo3Hauaercs P, u Bblumcisercs mo
dbopmyne P,=n!.

ITpumep. CKoIBKUMH CHOCOOAMHM CEMb KHHUI Pa3sHBIX aBTOPOB MOYKHO pPAacCTaBUTh Ha
MOJIKE B OJIUH Psia?

Pemenue: »Ta 3ajaya O 4YHcle TMEPECTaHOBOK CEMU pasHbIX KHHUr. Mwmeercs
P=71=1*2%*3*4*5*6*7=5040 cr1ioco00B OCYyIIECTBUTh PACCTAHOBKY KHMT.

KoHTpo/IbHBIE BONIPOCHI U 32/ 1aHUS

1. Pacniucanue onHOro nHsg coaepXUT 5 ypokoB. OnpenenuTbh KOJUYECTBO TaKHUX
pacrnicanuii mpu Beioope u3 11 nucuurivH.

2. Komuccust coctouT u3 npejacenatelnis, €ro 3aMECTHTENS W €Ll ISTH 4YEJOBEK.
CKonbKMMH crioco0amMH WIEHbl KOMHCCUU MOTYT paclpeieuTh MeKIy co00i 00s13aHHOCTH?

3. CkonbkMMH crioco0aMH MOXKHO BBIOpaTh TpeX IEXKYpHBIX 3 rpynmnsl B 20
YeJIoBeK?

4. CKOJBKO DPAa3IMYHBIX 3BYKOCOYETAaHMH MOXKHO B35Th Ha JECATH BBIOPAHHBIX
KJIaBHILIAX POSUIS, €CIIU KaKJ0€ 3ByKOCOUETaHUE MOXKET COJIEpkKaTh OT TPEX 0 AECATH 3ByKOB?

3. B Basze crosr 10 kpacHbIX U 5 po30BbIX TBO3AUK. CKOJIBKUMH CIIOCOOaAMH MOXHO
BbIOPATh U3 Ba3bl ISTh MBO3AUK OJIHOTO I[BETA?

6. Homepa TpaMBaiiHBIX MapuIpyTOB HHOIJa OO0O3HAYAIOTCS JABYMS LIBETHBIMHU

¢donapsmu. Kakoe komu4ecTBO pa3ivyuHbIX MapIIpyTOB MOXKHO 0003HAYHUTh, €CJIU UCIIOJIb30BaTh
(oHapu BOCbMH LIBETOB?

7. UemnuoHaT, B KOTOPOM Y4acTBYIOT 16 KOMaHJ, MPOBOAMTCS B JBa Kpyra (T. €.
KaKJasi KOMaHa IBaK/Ibl BCTpedaeTcs ¢ Jito0o0it aApyroit). OnpeaenuTs, Kakoe KOJTMYEeCTBO BCTPEU
CJIeJTyeT MPOBECTH.

8. 3aMOK OTKpBIBAETCS TOJBKO B TOM Clly4ae, eclii HaOpaH OmpeesIeHHBIH
Tpex3HauHbl HOMep. [lonbITKa COCTOUT B TOM, UTO HAOUpAIOT Hayraj TpU LUU(PHI U3 3alaHHBIX
At nudp. YragaTh HOMEp yAaloCh TOJNBKO Ha TMOCIETHEH W3 BCEX BO3MOXKHBIX IMOMBITOK.
CKOJIBKO MOMBITOK MNPEAIIECTBOBAIO YIAYHON?
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9. N3 rpymmer B 15 denmoBeKk BBIOMPAIOT YETBIPEX YYACTHHKOB 3cTaeThbl
800+400+200+100. CkonbkumMu crnoco0aMu MOXHO pPAacCTaBUTh CHOPTCMEHOB IO ASTamam
scradersi?

10. KomaHma W3 mATH 4YeOBEK BBICTYNMAET HA COPEBHOBAHUAX 110 ILJIABAHUIO, B
KOTOpBIX y4acTByOT emie 20 crnopTtcMeHOB. CKOJIBKMMHU CHOCOOaMH MOTYT paclpeielnuThCs
MECTa, 3aHAThIC YWICHAMHM 3TOM KOMaHIbI?

1. CKONBKMMHU CHIOCOOAMH MOKHO PACHOJIOXKHUTh Ha IIaXMaTHOW JOCKE JBE JaJbU
Tak, 4TOOBl OJHA HE Moryia B3aTh Apyryto? (OmHa Jaaps MOXKET B3ATh JPYrylo, €CId OHa
HAXOAMTCS C HEM Ha OJIHOM TOPU30HTAIH WM Ha OJTHOM BEPTUKAIH MIAXMAaTHON TOCKHU.)

12. JIBe 5agpy pas3IMYHOTO LBETA PACIOJIOKEHBI HA INAXMATHOM JOCKE Tak, 4YTO
KaXKJasi MOXKET B35Th ApYyTryro. CKOJIBKO CYIIECTBYET TAKUX PACIOJIOKEHUN?

13. [Topsiiok BBICTYIJIEHUS BOCBMU YYaCTHHKOB KOHKypCa OIpeAessieTcs: KpeOuem.
CKOJIBKO Pa3TUYHBIX HCXOJI0B KEepeObEBKH MIPU ITOM BO3ZMOXKHO™

14. Tpunuath yenoBek pa3OMTHl HAa TPU TPYMIBI MO JAECATH YEJIOBEK B KaXIOM.
CKOJIBKO MOXeET OBITh pa3IMYHBIX COCTABOB IPyM?

15. CKOJIBKO YeThIPEX3HAYHBIX YHCE, NETSIIUXCS Ha 5, MOKHO COCTaBUTH U3 1udp 0,
1, 3,5, 7, ecau KaXka0€ YUCIIO HE TOJIKHO COAEPIKATh OJMHAKOBBIX LU(pP?

16.  CKOJBKO pa3IUYHBIX CBETSAIIUXCS KOJIEL MOXHO CJieNaTh, PACIOJIOXKHUB IO

OKpyxHOCTH 10 pa3HOIBETHBIX JaMIIOUYEK (KOJIbLIA CUUTAIOTCS OJMHAKOBBIMM IIPH OJAMHAKOBOM
HOPSIZIKE CJIETOBAHUS LIBETOB)?

17. Ha xHmxHO# nosnke nomeniaercss 30 ToMoB. CKOJBKMMHU CIIOCOOAMHU HUX MOXHO
paccTaBUTh, YTOOBI IIPU 3TOM IE€PBBINA U BTOPOI TOMa HE CTOSUIN PSLIOM?

18.  Yerblpe cTpenka IODKHBI IOPAa3UTh BOCEMb MHUIIEHEH (KaXAbI MO JBe).
CKonpKUMHU cIOCOOaMH OHU MOTYT pacIlpeieanTb MUILIEHU MEXIy cO00i?

19. U3 rpynmel B 12 yenoBeK €XEAHEBHO B TeueHHEe O JHEH BHIOMPAIOT IBYX
NeXypHbIX. OnpenenuTb KOJIUYECTBO PA3JIMYHBIX CIIMCKOB JIEKYPHBIX, €CIIM KaXKJbli 4eJIOBEK
JEXYPUT OJIMH Pa3.

20. CKOJIBKO YeTBIpEX3HAYHBIX YHWCeN, cocTaBieHHbIXx w3 mudp 0, 1, 2, 3, 4, 5,
cogepxat udpy 3 (udpsl B yrcaax He MOBTOPSAIOTCS)?
21.  Jecarp Tpymm 3aHUMAIOTCS B JIECATH PACIIOJNIOKEHHBIX MOIPS AyAHTOPHUSX.

CKOJIBKO CyIIECTBYET BapUaHTOB paclucaHus, Npyu KOoTopbix rpynmnbl Nel u Ne2 naxonunucek Ob1
B COCEJTHUX ayAUTOPUAX?

22. B TypHupe y4actByrT 16 maxmarucroB. OnpenennTs KOJIMYECTBO Pa3IUYHbIX
pacnucaHMii TepBOoro Typa (pachuCaHus CUMTAIOTCS pPa3IMYHBIMM, €CJIM OTIMYaloTCs
YYaCTHUKAMU XOTsI Obl OTHON MapTHH; UBET (PUIYp U HOMEP JOCKU HE YUUTHIBAIOTCS).

23. [ITecTh AMMKOB pa3INYHBIX MATEPUATIOB JOCTABIIAIOTCS HA IISITh ATAXKEW CTPOMKH.
CKOJNBKMMHU CIIOCO0aMHM MOKHO PacHpeleuTh MaTepualsl o 3Taxam? B ckoilbKuX BapHaHTax
HAa TISITHIN 3TaXK JOCTABJICH KAaKOW-TMO0 OIMH MaTepuan’?

24. JBa mourtanboHa n0mkHBI pazHectw 10 mucem mo 10 ampecam. CKOJbKUMH
croco0aMu OHU MOTYT PaCTIPENEIUTh padoTy?

Pexkomendyeman numepamypa:

OcHoBHas JIMTeparypa:
3apumnoBa, J. P. Jlekuuu mo AMCKpETHOW MareMartuke. Maremaruueckas JOTHKAa: y4eOHOe
nocobue / D. P. 3apunosa, M. I'. KokotuukoBa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
yHUBEpCUTET  JApykObl  Hapomos, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JonojiHUuTeILHAS JIUTEpPAaTYypa:
Xarraptu, P. JluckpeTHas mMareMatuka Ui MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocpepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

42



IIpakTnyeckas padora Nel2. IloacranoBku. BuHOMHajabHBIE KO3 (HUIMEHTHI.
Pa3ouenus.

Ileny 3anamua. PaccMOTpeTh BO3MOXHOCTh IpHMeHEHHs OuHoma HploToHa K
YIPOLIEHUIO BBIYUCIUTENIBHBIX 1EUCTBUM.

3uanusa u ymenus, npuoopemaemovie CHYOCHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie Komnemenyuu. 3HaTh M yMETh MPHUMEHSTH AalNTOPUTM HCIIOJIB30BAHHS
6unoma HploTOHA M IepecTaHOBOK /IS peIIeHHs] MPaKTHYECKUX 3ajay.

Teopemuueckas wacme.

[ToncraHoBKoOM (n-0if CTemeHW) U3 N 3JIEMEHTOB HA3bIBACTCS B3aUMHO OJIHO3HAYHOE
OTOOpaKEHHE MHOXECTBa M3 N CHMBOJIOB Ha ceOsi. OOBIYHO DJIEMEHTHI 3TOTO0 MHOKECTBA
HYMEPYIOTCSI U OTOXKJIECTBIISIIOTCS C N YMCIaMH HAaTYPaJIbHOTO psijia YUCed.

IIpumep. BmecTo moacTaHOBKH - OTOOpa)KEHUS AJIEMEHTOB MHOXKecTBa X={a, b, c, g}, -
TOBOPSAT 00 0TOOpakeHuu MHOKeCTBa {1, 2, 3, 4} 1 0003HAYAIOT 3Ty MMOJCTAHOBKY Kak

( T B §F 4
(2 4 1 &

VYMHOXEHHE IMOACTAHOBOK - OoIl€palus, KOTopas CTaBUT B COOTBETCTBUC ynOpS[)IO‘IGHHOﬁ
nape€ mMoaACTaHOBOK n-oii crerieHn A u B TPETHIO ITOACTAHOBKY C Toli e CTCIICHH I10 IpaBUITy:

('l 3 2 s W

\
in)

."!.:

S - R U
sy G

L= k ; . .
s TR - R |
Paccmotpum n3BecTHbie HOPMYIIBL:

. (‘"2'1 2'-‘2 23 2-.11 \‘)' ’
/1 2 3
Jn) '

ia+th)t = a+k ,
la#hi % = afizabih?,;
tath) ? = a*+3ah+3antinl.
AHaIOrHYHO MOYKHO BBIYUCIISTH OCTAJIbHBIE CTETICHU, HO MBI BMECTO MPOJIOJDKEHUS TAKOW
MOCJIeI0BATENLHOCTH (GOpMYyT CHOPMYTUPYEM OOIIYIO TEOPEMY O HUX.
Teopema. CnpasemyiuBa ¢popmyna (obunoma HeroToHa):
(44" =a™ + Za™1}h + ) Gt nlgn=2p2 4L
n(n—1)(n—2)...(n—k+1) — ke k X
e u = _“ TP R S T
=R B0k, RE= =10 O'=1.

m
Ucnonb3ys uncna (7 MoxkHO 3anucath 6uHoM HbroTona:

(a+b)"=C%" + Cla™1b+ ...+ Ckan—Fbk ... + CPO™.
KoadduuneHT HazpiBaeTcss OMHOMUATBHBIM KOA(PHHUIIMEHTOM.
Teopema. CripaBe BBl POPMYJITBI JJ1sI OMHOMHUATBHBIX KOA()PHUITUEHTOB:

i il - - w

R A f__.."r-1 + Crll + ...+ C - ceoAcTEO CyMMbl BMHOMUANbHLIX KOSHHHLMEHTOE;
N e TR - 5

oL f_..n =0 CEQHCTED CHMMETRMH,

g : E T oy l o
3, O AT = ﬂ::_—'l - CBOMCTEO CNOMEHWA,

KOHTpOJII)HbIe BOIIPOCHI U 3aJaHUSA

1. Pa30KuTh, BBIYMCIIMB OMHOMUANBHEIE K03 duimenTsL: (a + b)’; (a + b)'°.
12

x 0] .
2. B pasnoxxennn ¢a +— = Haiiti koodduuuent npu a®,
e dadg
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.10

1
3. B paznoxenun éa - 3—9 Haiiti K03 uuuent npu a’.
e ag

4. Tloctpoiite Tpeyronsuuk [lackans mpu n=12.
5. Beruncaure uncia @epma u Mepcenna npu n=4.

6. Pemuts ypaBHeHME (x - 2)6 +(x - 4)6 =64 .

. / 6
7. HaiiTi HoMep 4JieHa pasNoxKeHus GuHoMa ( Ux + = )” , He comepIKaIIero X.
X

L
NEV

9.Haiitn cymmy OMHOMHAIBHBIX KOA()(PUIIMEHTOB YJIEHOB, CTOSIIMX HAa HEYETHBIX MECTaxX B

8.Haiftn msiTh1ii wieH pasnoxeHnst ouaoma (A a +

n )
pasnokeHuu OWHOMAa ( xX+y ) , €clii OMHOMMANIbHBIH KOX(h(UIIMEHT TpeThero wieHa Ha 9

OosbIIe OMHOMHUAIEHOTO K03()(PHIIMEeHTa BTOPOTO WICHA.
3
o o 2 a ., o
10.Haiiti cexpMoil wieH pasnoxenus OuHomMa (@ ~a +—)", ecim OGUHOMHANBHBIA

KOA(pUIUEHT TPETHETO UieHa paBeH 36.

11.CKOMBKO 4JIeHOB pa3yioxkeHus GuHoMa (- U3+ {/7 )36 SBJIAIOTCS LIENBIMU YUCIIaMH?
12.BBIYUCTUT CyMMY Cg + 2C51 + 22C52 +2’ C53 +2° C54 +2’ C55

13.HaiiTi anrebpanueckyro cymMmmy Ko3(h(GUIIMEHTOB MHOTOUIEHAa OTHOCUTENBHO X, I10JIy4aeMOro

17
B pasnoxenun ousoma (3X - 4) .

/]

1
14.Cymma He4eTHBIX OMHOMHANBHBIX KOA()(PHUIIMEHTOB Pa3ioKeHHU g%x +Xx A O— paBHa 512.

Haittu cnaraemoe, He coaepIkaiiee x.

16
15.1lpu KakuxX 3HAUEHHUSX X YETBEPTOE CllaraéMoe pPas3JIoKEHUS ( 5+ 2x)" 6ombue mpyx

COCEJIHUX C HUM CJIaraeMbIx?

x-1 3 -X
16. IIpn kaKOM 3HAYEHUU X YETBEPTOE CJIAraeMoe Pa3JIOKECHHUS 2 +3/2 B JIBaalaTh

pa3 Oonbpiie m, ecau OWHOMHATBHBIA KOI(PPUIMEHT YEeTBEPTOro CJIAraeMoOro OTHOCHUTCS K
OuHOMUATBHOMY KO3((PHIIMEHTY BTOPOTO ciaraeMoro kak 5 : 1?

e Q
17. B kakyto HauOOJbBIIYyIO CTENEHb CIEAYET BO3BECTH OMHOM (;,—2 + 3 = 4T068I OTHOmEHNE
e @

4ETBEPTOTO CIAaraeMoro PasjloKeHHs K TPETheMy ObLIO paBHO 34/ 2 ?

Pexomendyeman numepamypa:

OcHoBHasi iuTEepaTypa:
3apumnoBa, D. P. Jlekuum mo AMCKPETHOW MareMaTtuke. Maremartuuyeckas JIOTHKa: y4eOHOe
nocob6ue / 3. P. 3apumnosa, M. I'. Kokorumnkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEpPCUTET  Jpy»kObl  HapomoB, 2014, — 120 c¢. — Pexum  jgocryma:
http://www.iprbookshop.ru/22190.html

JlonoHUTeILHAS JUTEpaTypa:
Xarrapty, P. JluckperHas MaTemMaTuka JJIsi MPOTPaMMUCTOB : yueOHoe nocodue / P. Xarrapru.
—  MockBa :  Texmuocdepa, 2012. — 400 c¢. — Pexum  ngocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTnyeckas padora Nel3. OcHoBHbIe XapakTepucTHKH rpados. MaTpuunsbl
CMEKHOCTH M HHIUAEHTHOCTH. Onepanun Haja rpadamu.

I[ens 3anamusa. VI3y4utb BO3MOXHBIE CTIOCOOBI 3a1aHUS TPa(oB, AITOPUTM BBITOTHEHHS
onepauui HaJ rpadamu.

3nanua u ymenusn, npuoodpemaemvie CmMyOeHmMOM 6 pe3ynbmame 0C60C€HUA MeMbl,
¢opmupyemvie Komnemenyuu. 3HaTb U yMETh PEATU30BbIBATh HA MPAKTHUKE OCHOBHBIE CIIOCOOBI
npezcTaBiIeHus rpadoB U onepanuy Haj rpadamu.

Teopemuueckasn uacme.

I'padom G(V, E) Ha3pIBaeTCsi COBOKYIMHOCTD IBYX MHOXECTB — HEMYCTOI'O MHOXECTBa V
(MHOX€eCTBa BEpILUH) M MHOXecTBa E HeynopsIoueHHbIX Map pa3InyHbIX 3JIEMEHTOB MHOXKECTBA
V (E — MHOXecCTBO pebep wiu JIyT).

G(V,E)=4aV;EA, V'/&E, EIV'V, E=E".

[Tpu 3TOM nyra (a,b) Ha3bpIBAETCA MCXOAALICH U3 BEPIIMHBI a U 3aX0AA1ICH B BEpIINHY b.

DJeMeHThl MHOXKECTBA V Ha3bIBAIOTCS BEpIIMHAMU (WK Y3JIaMM, WM ToukaMu) rpaga G,
a axeMeHTsI U3 E — ero pebpamu (Wim JTUHUSMH).

Jlyry, BBIXOJSIIYI0 M3 HEKOTOPOW BEPIIMHBI M 3aXOMAIIYI0 B Ty K€ BEpIIHHY, Oyaem
Ha3bIBATh neniell, a TyTH, BBIXOASIIUE U3 OJTHOW U TOW K€ BEPIIUHBI U 3aXOJSIINE B OJHY U TY
e BepILINHY, OyJieM Ha3bIBaTh KpamuviMu. TakK, IyTU €s U € SBIAIOTCS KPAaTHBIMH, a yra €] —
nernei. BepmHy, U3 KOTOpO HE BBIXOAHWT M B KOTOPYIO HE 3aXOJWT HHM OJHA Jyra, Oyaem
Ha3bIBATh UzoaUposannol. Hampumep, 1 — M30IUpOBaHHAS BEPIIMHA.

BepiiHa v HHIMIEHTHA pebpy e, ecim vie; Tor/a ele roBopsT, 4To € ecTh pedpo IpH V.
JIBe BepIIMHBI, UHITICHTHBIE peOpY, CYTh €r0 KOHIIEBBIC BEPITUHBI HITU KOHIIBL, peOpO COeTUHSET
CBOM KOHIICBHIE BEPIINHBI.

Mapmipytom B rpade Ha3bIBaeTCs MOCIEI0BATEIBHOCTh BEPIIUH U pebep Vo, €1, Vi, €2,
V2, ..., €, Vk, B KOTOPOW JIFOOBIEC JIBA COCETHHX DJIEMEHTA COCIWHEHBI peOpoM. 3aMKHYTas IIeTb
(Vo=Vi) Ha3bIBAETCS LIUKIIOM.

I'pad Ha3bIBaETCS CBSA3HBIM, €CIIU JIFOOBIC JBE €r0 HECOBIAIAIONINE BEPITUHBI COSTMHEHBI
MapIIpyTOM.

Jlnss MHOTHX 3a/lad HECYIIECTBCHHO, SIBISIIOTCS JH pedpa OTpe3KaMH TNPSMBIX WIH
KPUBOJIMHEWHBIMH TyTaMU; BaXKHO JIMIIb TO, KAKHE BEPIIMHBI COSTUHIET KaXK10€ pedpo.

Ecnu peGpam rpada npumanbl HanpaBiIeHUS OT OJTHOM BEPIIMHBI K APYTOW, TO TaKo# rpad
Ha3bIBACTCSl OpueHmuposanHviM. Pebpa OpHUEHTHPOBaHHOTO rpada HA3BIBAIOTC Oy2dMu.
COOTBETCTBYIOIINE BEPIIMHBI OPUECHTUPOBAHHOTO Tpada HA3bIBAIOT HAUALOM W KOHYom. Ecim
HanpaBJeHUsl pedep He YKa3bIBaIOTCA, TO Ipad HA3BIBACTCS HEOPUEHMUPOBAHHLIM (WU TPOCTO
rpagom).

Ha pucynke nzo0paxxeH HeopueHTupoBaHHbIi rpad G =( X, A).

X = {x1, X2, X3, X4},

A = {a1= (x1, X2), a2=(x2, X3), a3=(x1, X3), as= (X3, X4)}.
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Ha cnenytomem pucynke nzo0paxeH opueHTHpoBaHHbIN rpad G = (X, A).
X= {x1, X2, X3, Xa,
A={a1=(x1,x2), a0 =(x1,x3), a3 =(x3,%4), as = (x3,x2)}.

X2 ay Xz

a as

az
X1 X4

I'pad, umeromuii Kak OpUEHTUPOBAHHBIE, TAK U HEOPUEHTHPOBAHHBIE pedpa, Ha3bIBACTCS
CMEULAHHBIM.

Paznuunblie peOpa MOTYT COEMHATH OJHY U Ty K€ mapy BepiMH. Takue pedpa Ha3bIBalOT
kpamuvimu. I'pad, comepxaniuii KpaTHbIE pedpa, HA3BIBACTCS MY abmMucpapom.

HeopuentupoBannoe pedpo rpacda SKBUBaJICHTHO JBYM IIPOTHBOIIOJIOKHO HANpPaBIEHHBIM
Iyram, COSAMHSIONINM Te K€ CaMble BEPIIUHBI.

Pebpo MoxeT coennHATH BepIIMHY camy ¢ co0oii. Takoe pedpo HazbiBaeTcst nem.eti. ['pad
C KpaTHbIMH pedpaMu U METIIMU Ha3bIBaeTCs ncegiocpaghom.

MHoxectBo pebep rpada MoKeT ObITh MyCThIM. MHOXECTBO BEpIIUH rpada HE MOXKET
ObITh MycThIM. Hanmpumep, H1>ke n300paskeH opueHTHpoBaHHbIN rpad G = (X, A).

X= {xl,XQ,X3,X4},

A=A

O O
X1 X4
Kak B crmydae opueHTHpPOBAHHOIO, TaK M B CIy4yae HEOPHUEHTUPOBAHHOTO pedpa TOBOPSIT,
YTO BEPIIUHBI X U } UHYUOEHMHbL PEOPY @, €CIIA ITU BEPIINHBI COSAUHEHBI d.
Cmenenvro BepIIMHBI Tpada Ha3bIBaeTCS YMCIO pedep, MHIMASHTHBIX 3TON BEpILIWHE.
Bepmmna, umeromast crenens 0, HA3bIBACTCS UZ0AUPOBAHHOU, A CTENIEHD | — sucsauetl.
Jl71s oprueHTUpOBaHHOTO Tpada MHOKECTBO BEPIINH, B KOTOPHIE BEAYT AYTH, UCXOISAIINE
W3 BEpIIMHBI X, 0003Ha4aoT G(x), To ectb G(x) = { y: (x y )| G}. MHO)ecTBO G(X) Ha3bIBAIOT
o6pazom BepumHbl x. CooTBeTcTBEHHO G!()) — MHOKECTBO BEPIINH, U3 KOTOPBIX UCXOIAT IyTH,
Beymue B BepumHy y, G''(y) = {x: (x, ¥ ) | G}. Muoxectso G'()) Ha3bIBAIOT npoobpazom
BEPILUHEI .

CniocoObI 3a1anust rpagoB
1. 'eomeTpruueckuit

a b
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2. Marpuiia CMEXHOCTH - KBaJpaTHass MAaTpULa, Pa3MEPHOCTH, PABHON KOJIMYECTBY
BepmuH. [Ipu sTomM af 1, j ]-1esoe 9uciio, paBHOE KOJIUYECTBY pEOEp, CBA3BIBAIONINX 1-10, J-IO
BepunHy. Ecnu B rpade Her merenb, TO AMaroHanbHble 37eMeHThl paBHbl 0 . Ecimu pébpa He
MOBTOPSIFOTCSA, TO Bce 3ieMeHThl 0 miam 1. Ecim rpad HEOpHEeHTHpPOBAHHBIM, TO MaTpHIla
CUMMETpUYHA.

3. Matpu1ia THIIUIEHTHOCTH — MaTpHIIa pa3MEPHOCTH M N , T/Ie M — KOJMYECTBO BEPIIINH,
N — KOJIMYECTBO pedep Wi JIyT.

i 1, ecau dyea e; ucxooum usz eepuiunsi v,
t- 1, ecnu dyea e; 3axooum 6 eepuiuinbl v,

a, .
" 42, ecu e; nemasa npu sepuune v,

f 0 6 npomusnom cryuae

4. Cnucok CMEXHOCTH (WM CHHCOK WHIMAECHTHOCTH) — CIMCOK KaXKIBIH DJIEMEHT
KOTOPOTO COCTOUT M3 BEPIIMHBI Ipaha U CIIUCKA CMEKHBIX C HEW BEPIIHH.
[Ipumep. Io rpadguueckomy 3aganuio rpaga coCTaBUTh MATPUILy CMEXKHOCTH, MATPHILY

HMHIOIUACHTHOCTHU
Q

el 1 0 0606

Pemienue: Matpuna CMEXHOCTH g-l 0 1 - l_ Marpunia HHIMAECHTHOCTH
€0 -1 -1 14

® 1 19
8001_5.
0 1 0g

Omneparuu Hajg rpadaMu
1. HeopuentupoBansuslii (opuentupoBanubiii) rpad G(V,E) Ha3bIBalOT AONOJHEHHUEM

HEOPHEHTHPOBAHHOTO (opueHTHpoBaHHOro) rpada G(V, E), tie - E - I0oNOTHEHHE MHOXKECTBA
E mo MHOXecTBa BCceX HEYMOPSA0UCHHBIX (YIIOPSIOYCHHBIX) rMap Ha V.

2. O6venunenuem rpados Gy (Vy, E)) u G; (V,, Ey) (0603HaueHme Gl(Vl,El)EGz(Vz, E,),
npu yciosuu VCV,=A, E|CE,=A) nassiBaetcs rpad G(V, E), rae

V:=V,EV,& E:=E,EE,

3. Coenunenuem rpados G (Vi, Ey) u G, (Va, E;) (o603nauenue G1(V1,E )+ Go(Va, Ey),

npu yciosuu V,GV,=A, E|CE,=/) nassiBaercs rpad G(V, E), rae
VZ:V1EV2& E:=E1EE2E{e=(v1,V2)|VJV1& V2TV2}

4. Y nanenue BepmuHsl v u3 rpada G (Vy, E;) (o6o3nauenue G; (Vy, E;) — v, npu ycnoBun

viV,) maer rpad G, (Va, Ey), re
V=V \{v}& E:=E|\{e=(v,v2)|vi=V U Vo=V}

5. Ynanenue pebpa e u3 rpada G; (Vi, Ey) (o6o3nauenne G, (Vy, E|) — e, npu ycioBun

eTEl) naet rpad G, (Va, Ey), roe
V2:=V1& E2:=E1\{e}

6. Jlo6aBnenue Bepmnsl v B rpad G (Vy, E1) (o603nauenue G, (Vi, E;) + v, npu ycnosuun

vIV)) naet rpad G, (V, E»), re
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Vo=V E{v}& E»:=E,
7. lob6aBnenue pedpa e B rpada Gy (Vy, E;) (o603nauenue G, (Vy, E;) + e, npu ycnosun
elE)) naer rpad G; (V,, Ey), rae
V,:=V,& E;:=EE {e}

KOHTpOJ’IbHLIe BOIIPOCHI U 3aJaHUA

1. U300pa3uts rpadml, 3a1aHHbIE MATPUIIAMU:
& 0 I -1 0 -1-1 08 &
g- 1 0 0 0 -1 -1 80
%1 -1 0 0 0 0 % 6) %1
¢ = ¢
¢c0O 1 -1 0 O 1+ ¢l
0g &

g0 0

o o o =
o o = O
S = O O O
S O O = =
e e =
(e)
|

08
0=
0%
0=
0%
I+

'

§1 010 0 0 0g
2. CocTaBUThH MaTpPUILy CMEXHOCTHU AJis TpadoB:

L)
e
S O = O O O =
S O O O O O O
S O O O O = O O
S O O O O O o O
—
-0 O O O O O
—
S O = O O O O

3. IlocTpouts rpadsl A pelieHus 3a1a4:

1) IlepeBo3uuky (II) Hy>kHO mepemnpaButh 4epe3 peky Bosika (B), xo3y (K) m memok c
kamycroit (M). Jlonka Tak mana, 4To KpoMe NEepeBO3UYMKa MOXKET B3SITh TOJBKO OJMH U3 3TUX
00bekToB. Kpome Toro, KarycTy Helb3s OCTaBIISIThH ¢ KO30H, a KO3y — ¢ BOJIKOM. Kak ocyIecTBUTh
nepenpasy?

2) JlBa yenoBeKa MMEIOT MOJHBIM KyBIIWH BOJBI B 8 JI, @ TAK)KE JIBa MyCTHIX KYBIIIMHA B 5 J1
u 3 1. Kak um pazgenurts Bojly HOPOBHY?

4. IToTOKM TOKYMEHTOB HUMPKYJIUPYIOT Mexay ropojgamu Al, A2, A3 u ropogamu Bl, B2,
B3. M0HO JI1 IPOJIOKUTH HETIEPECEKAIOIIUECS MAPIIPYThl, COSAMHSIONINE KaXK bl Topoa Ai ¢
KaXKbIM Topojom Bj?

5. Ompenenute, kakue rpadpl, H300paKEHHbIE HAa PHUCYHKE HUXKE, SBISIOTCS

YHUKYpCaIbHBIMU?
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B B B E
A /\ c Am C
n E
E D E D A c 4 C
& o .ﬁ} f}
B
A B B
E F A C
b2, C A F
D (
) i e) i)

3) H) E)
6. B odpuce 15 komnbroTrepoB. MOXHO I COCIUHUTH UX APYT C JIPYrOM TaK, YTOObI
KaK/pIi OB COEIMHEH POBHO C TPEMS APYyTUMuU?

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AWCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotuukona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
yHUBEpCUTET  JApykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JlonotHUTeILHASA JTUTEpaTypa:
Xarrapty, P. JluckperHas MatemMaTuka AJisi IPOrpaMMUCTOB : yueOHoe nocobue / P. Xarrapru.
—  MockBa :  Texnocpepa, 2012. — 400 c. — Pexum  gocryna:
http://www.iprbookshop.ru/12723.html

IIpakTnyeckas padora Nel4. Jitinepos rpadg. Kpurepuii sii1epoBocTH.

Ienv 3anamusa. V3yduTh anropuTM TMOCTPOEHHUS SWJIEpOBA LHMKIA B SUIEPOBOM
MyJbTUTpade U ero NpUIoKEHUs Ha MPAKTUKE.

3nanua u ymenus, npuoopemaemovie CHYOCHMOM 6 pe3yibmame O0CE60CHUA HeMbl,
dopmupyemvie Komnemenyuu. 3HATb M YMETb pEaJIU30BBIBATH HAa IPAKTHKE aAJITOPUTM
MOCTPOCHHUS SUIEPOBA IHUKJIA B IIIEPOBOM MyJbTUTpade.

Teopemuueckasn uacme.

[lepBbie 3amaum Teopun TpadoB OBLIM CBS3aHBI C PEHICHUEM MAaTEeMaTHYECKUX
pa3BIEKaTENbHBIX 3aJad W TOJOBOJOMOK (3amaya o KenurcOeprckux wmocrax, 3amada o
paccTaHoBke (ep3ell Ha MIAXMaTHOM JOCKe, 3aJaud O IEpPeBO3Kax, 3ajaya O KPyroCBETHOM
nyTenecTBud U Apyrue). OQHUM U3 TEPBBIX Pe3yIbTaTOB B TEOpPHH TpadoB SBUJIICS KPUTEPUI
CylIecTBOBaHUSI 00XoJa Bcex pedep rpada Oe3 moBTOpeHuid, moiaydeHHbd JI. Ditnepom npu
peueHnu 3agauu 0 KeHurcoeprckux Mocrax.

[IpaBuno Ditnepa:
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1. B rpade, He uMerolieM BepIIMH HEYETHBIX CTENEHEH, CYIIEeCTBYET 00X0J] BCeX
pé6ep (mpuueM Kakaoe pedpo MPOXOAUTCS] B TOYHOCTH OJUH Pa3) ¢ HavajIoM B JIFO0O0U BEpIIMHE
rpaga.

2. B rpade, mmMeromem Be M TOJNBKO JBE BEPIIMHBI C HEUETHBIMH CTETICHSIMU,
cyliecTByeT 00X0 ¢ Ha4yaJoM B OJIHOM BEpILIMHE C HEUYETHOI CTENEeHbIO U KOHIIOM B JAPYTOM.

3.B rpade, umeroniem Oosiee ABYX BEpPUIMH C HEYETHOM CTEMEHBIO, TAKOrO 00X0/Aa He
CYILLIECTBYET.

Teopema Ceazubiii HeOpUEHMUPOBAHHBIL MYAbMUSPAD MO20a U MOILKO M0o20d A611emcs
IUNEPOBbIM, KO20A CMENeHb KAHCOOU U3 €20 ePULUH — YemHOoe YUCTIO.

OnuiieM aJIrOpUTM MOCTPOCHHUS HilJIepoBa IIUKJIa B 3UIEPOBOM MyJibTUTpade. DTOT alrOpUTM
3aaeTcs CIeAYIOIIMMU IPaBUIIaMHU.

1. BwiOpaTh IpOM3BOJIBHO HEKOTOPYIO BEPIIUHY d.

2. BpiOpath NpoU3BOJIEHO HEKOTOPOE pedpo i, HHIUIEHTHOE d, U IPUCBOUTH €My HOMEp
1 (Ha30BeM 3TO PeOPO npoLdeHHbIM).

3. Kaxnoe npoiineHHoe peOpo BBIYEPKHYTH W HPUCBOMTH €My HOMEp, Ha EIUHMILY
OONBIINIT HOMEpa MPEIBIIYIIETO BEIUEPKHYTOTO pedpa.

4. Haxogsce B BepUIMHE X, HE BbIOUpaTh pedpo, COSAMHSIOUIEE X C d, €CIM UMeeTcs
BO3MOKHOCTH HHOTO BBIOOpA.

5. Haxonsce B BeplIMHE X, HE BBIOMpATh pedpo, KOTOpoe SBISETCs nepeutetikom (T.e.
pebpomM, mpu yajaeHuu KoToporo rpad, 00pa3oBaHHBIA HEBEIUEPKHYTHIMU peOpaMu, paciaaacTcst
Ha JIBE€ KOMIIOHEHTHI CBSI3HOCTH, KaXKast U3 KOTOPHIX UMEET XOTsI Obl 110 OJHOMY PeOpy).

6. [Tociie Toro kak B rpade OyayT 3aHyMepOBaHbI Bce pedpa, oOpazyercs 3IepoB UK,
IpUYeM HOPsI0K HyMEpalul COOTBETCTBYET MOCIeI0BaTEIbHOCTH 00X0a, pedep.

KoHTpobHbIe BONPOCHI U 3a1aHUSA

1.Mmerotcs mu B rpade 3iIepoBbl IUKIIBI?

2. HmeroT M NATUYTOJNBHUK M MSATUTPAHHUK-TIUpaMUJa C METISIMH B HEKOTOPBIX
BEpIINHAX SUJIEPOB UK (1IeTIh)?

3. SBastoTcst U SiIepoBBIMU TpadamMu: TPSIMOYTOJILHHK C TJIABHOM JUAaroHajbio, Ky0?

Pexomenodyeman numepamypa:

OcHoBHasl JuTepaTypa:
3apumnoBa, J. P. Jlekuuu mo AMCKpETHOM MareMmartuke. Maremaruueckas JIOTHKa: y4eOHOe
nocobue / D. P. 3apunosa, M. I'. KokotunkoBa, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuit
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YHMBEpCUTET  JpyXObl  HapomoB, 2014. — 120 c¢. — Pexum pocryna:
http://www.iprbookshop.ru/22190.html

JlonoJiHMTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckpeTHas MaremMatuka Juis MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  MockBa :  Texnocdepa, 2012. — 400 c. — Pexum  pgocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckas padora NelS. F'amunbToHOB rpad.

Ieny 3anamun. VI3yuuth anropuT™M NOCTPOCHHS TaMHJIBTOHOBA IMKJIAa MUHUMAJILHOTO
BECa M €T0 MPIJIOKEHHS Ha TIPAKTHKE.

3Hanua u ymenus, npuoopemaemovie CHYOCHMOM 6 pe3yibmame O0C60CHUA MeMbl,
dopmupyemovie kKomnemenyuu. 3HATb W YMETh pPEaJIU30BBIBATH HAa MPAKTHKE aJITOPUTM
HOCTPOEHUS TAMUJIBTOHOBA IIMKJIA.

Teopemuueckas uacme.

I'pad Ha3BIBAETCS 2amunbmoHO8bIM, €CIA B HEM HUMEETCs MPOCTON LUK, COAEpKaIui
KaXAyI0 BepHiMHY 5Toro rpada. Cam TakoW LUK TaKKe HA3bIBACTCS 2aAMUNbIMOHOBLIM.
I'amunbmono6ou Ha3bIBACTCS U MPOCTAst LIEMb, COepKalias Bce BepIInHbI rpada. OueBuaHO, 4TO
mo0oit Tpad, pedpa KOTOporo oOpa3yroT MPOCTOW MUK, SBISETCS TaMHJIBTOHOBBIM, a Tpad,

MOKa3aHHbBIN Ha PUCYHKEC — HET aMUJIbTOHOBBIM.
4

HecmoTpst Ha cX0XecTh 3a7ad O HaXOXKIEHHH JHIIEPOBBIX M TaMHJIbTOHOBBIX ITUKJIOB,
pelleHre IMOCHeAHEH 3HAYUTENbHO Ccllo)KHee. M3BeCTHBI clenyrolue JOCTaTOYHbIE YCIOBHS
CYIIECTBOBAHMS raMHUJIbTOHOBBIX IIUKJIOB B CBSI3HOM Heoprpade G 0e3 merenb, umeroem n° 3
BEPIIMH:

Teopema Eciu Ons n100blx 08YX pa3iudHblX HECMENCHbIX eepuiun a u b epaga G
gvinonnsemces ycrosue deg a + deg b ® n, mo cywecmsyem camunvmonos yuxi, 2oe deg(a)-
cmeneHb (8aleHMHOCMb) BEPUIUHDL.

CneacrBue Eciu ons mobou eepuunst a epagpa G evinoanerno ycrosue deg a® n/2, mo
cywecmeyem 2amuibmoHo8 YUK

C 3agaueil Hax0XKJIeHHUs FTAMUIIBTOHOBA IIUKJIA CBS3aHA 3a0aia KOMMUBOSCEDA.

PaifoH, KOTOpBIM JOJDKEH TOCETUTh OpOJSYUIl TOPrOBEl, COJEPKUT HEKOTOPOe
KOJINYECTBO T'OPOJIOB, PACCTOSIHUS MEXJY KOTOPBIMU H3BECTHBI. Tpelyercs HaillTu Mapuipyr,
IIPOXOSIINAN Yepe3 BCE ITyHKTHI IO OJTHOMY pa3y M BO3BPAILLAIOIINANCS B UCXOIHBIN ropoa. Ecinu
TaKUX MaplIpyTOB MHOT0, TpeOyeTcsl HaliTu KpaTuailiuii u3 HuX. MaremaTnueckasi HOCTaHOBKA
3324 BBITJSIIUT Tak: TpeOyeTcss HATH TaMIIIBTOHOB IIMKJI MUHUMAJIBHOTO Beca.

KoHTpo/bHBIE BONIPOCHI U 32/1aHUSA

1. UmeroTes nu B rpade raMHIIbTOHOBBI IIUKJIBI?
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2. IIpuMeHUB aNTOPUTM C BO3BpaTaMu, OCTPOUTH BCE TaMIJIbTOHOBBI ITUKJIBI 715 rpada,
00pa30BaHHOTO KBAIPATOM C MEPECEKAIOIIUMUCS TUATOHATIIMHU.

3. YkaxwuTe 3a7a4u, MHTEPIPETAIHSI KOTOPBIX COCTOUT B HEOOXOIUMOCTH TTOCTPOCHUS

raMHJIHBTOHOBBIX ITUKIIOB.

Pexomenodyeman numepamypa:

OcHoBHas JuTepaTypa:
3apunoBa, 3. P. Jlekuuu mo auckpeTHOW MaTematuke. MaremaTHueckas JIOTHKa: ydyeOHOe
nocobue / D. P. 3apumnosa, M. I'. Kokotunkona, JI. A. CeBacthsiHOB. — MockBa : Poccuiickuii
yHMBEpCUTET  OpyXObl  HapomoB, 2014. — 120 c¢. — Pexum pocryna:
http://www.iprbookshop.ru/22190.html

JlomoJIHUTeIbHAS JIUTepaTypa:
Xarraptu, P. JluckperHas MaremMatuka Juis MPOrpaMMHUCTOB : yueOHoe rmocobue / P. Xarrapru.
—  Mocksa: Texnocdepa, 2012. — 400 c. — Pexxum JOCTYyIIA:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckass padora Nel6. Auaroputm PDopaa - beivaHa HaxoKIeHUS
MHMHHMMAJIbHOIO IIyTH B HATPY’KeHHOM OPHEHTHPOBAaHHOM rpade.

Ilenv 3anamua. VI3yuutb anropuT™M HaxOXKIAEHHMST MUHUMAJIBHOTO IyTH B oprpade u
BO3MO>KHOCTH €TI0 ITPaKTUYECKOI0 IPUMEHEHHS.

3nanua u ymenusa, npuodpemaemovie CMyOCHMOM 6 pe3yNbIname 0C60CHUA MeMbl,
dopmupyemvie komnemenyuu. 3HaTb U YMETh PEAIN30BbIBATh HA NIPAKTUKE aroputM Popaa —
bennmana.

Teopemuueckasn uacme.

[Ipenmonaraercs, 4YTO OPUEHTUPOBAHHBIM Ipad HE COACPKHUT KOHTYPOB OTPULATEIILHOMN
JUIMHBI.

Aneopumm Dopoa — bernmana.

OCHOBHBIMHU BBIYHMCIIAEMBIMU BEIMYMHAMH 3TOTO AJFOPUTMa SBJIAIOTCSA BENUYUHBI +(k),
rnei=1,2,...,n (n—uucno BepuuH rpada); k=1, 2, ... , n — 1. Insa pukcupoBaHHbIX [ U k
BeIMUYMHA +;(k) paBHa IJIMHE MMHMMAJBHOTO IIyTH, BEIyLIEro U3 3aaHHON HayalabHOI
BEPIIMHBI X| B BEPIIUHY X; U COJIEprKallero He oomnee k IyT.

Illaz 1. YcTaHOBKA Ha4aJIbHBIX yCIOBUH.

BsecTn uncno sepuuH rpada n u Matpuiy Becos C = (cj).

Llaz 2. Tlonoxuts k = 0. [Tonoxuts +40) = ¥ 115 Bcex BEPIIUH, KPOME X|; TOJOXKHUTh
+1(0) = 0.

Hlae 3. Buukne no k, k=1,..., n— 1, Kax10i BepIIMHE X; HAa k-OM I1are NPUIHUCATh HHAEKC
+(k) Mo cienyromeMy mpaBuiIy:

+ik) = }31213 {Fk—1) +ci}

JUTSL BCEX BEPIIUH, KPOME X, TOJOKUTE (k) = 0.

B pesynbrare paboTsl anroputma Gopmupyetcs Tabnuma uHaekcoB +(k), i=1,2, ..., n,
k=0,1,2,...,n—1. Ilpu atom +,(k) onpenensier NJIUHY MHHAUMAJILHOTO ITyTH U3 MEPBOM
BEPIIMHBI B i-y10, CO/IEpIKaIIero He Oomee k ayr.

Lllaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.

Jdns mr000if  BEpIIMHBI X, TNPEIIISCTBYIOIIAs €H BEpIIMHA X,  ONpEAeNieTcsS U3
COOTHOILICHUS:
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+r(n - 2) t = +v(n - 1), er G_l(xs),
rae G''(x,) - mpooOpas BEpIIHMHEI X;.
Jns HaWJICHHOW BEPIUNMHBI X, NPEALIECTBYIONIAas €W BEPIIUMHA X, ONPEACIACTCS M3
COOTHOLIECHHUS:
+4(n—3) + cy= F4A(n-2), qu Gl(x,),
rae G''(x,) - mpooGpas BEPIIMHEI X,., | T. .
[TocnenoBarenpbHO NMPUMEHSS 3TO COOTHOLIEHHE, HAYMHASI OT IOCIENHEH BEPIIMHBI X; ,
HalJ1IeM MAUHUMAJIbHBIN Ty Th.
IIpumep: C nomompto anroputma ®Popna — bemimana HallTM MUHUMAaIbHBIN IyTh U3
BEPIIMHBI X| B BEPIINUHY X3 B rpade, n300pakeHHOM Ha PUCYHKE:
X2 g X3

Paccmorpum moapobHo paboty anroputma Popaa — bemnmana s 3TOro mpumepa.
3HavyeHUs1 MHIEKCOB (k) OyJeM 3aHOCHTH B TaOJIUILy WHICKCOB.

Llae 1. Beenem uucino BepiuH rpada n =5. Matpuiia BecoB 3Toro rpaga UMeeT BUL:
& 1 ¥ ¥ 3%
C= & ¥ 8 712
% ¥ ¥ 1 -5°7
¥ ¥ 2 ¥ ¥

& ¥y ¥ 4 ¥,

laz 2. TlonoxuM k = 0, +1(0) =0, +2(0) = +3(0) = +4(0) = +5(0) = ¥. Ot 3HAUCHUSA

3aHECEM B MIEPBBIN CTOIOECI] TAOTHUIIBI.

Hlae 3.
k=1.
‘#1(1) =0.
Hna k=1:

+i(1) = gl/lgrsl {#4(0) + cji}.

+2(1) = min{ +1(0) + c12; #2(0) + c22; #3(0) + c32; #4(0) + ca2; +5(0) + 525} = min{0 +
L¥+E ¥+ ¥+ ¥ ¥Y+¥ =1,

+3(1) = min{ +1(0) + c13; #2(0) + c23; #3(0) + c33; #4(0) + ca3; +5(0) + ¢53353 = min{0 +
¥, ¥+ 8 ¥+ ¥+ 2, ¥+ ¥ =¥,

+4(1) = min{ +1(0) + c14; #2(0) + c24; #3(0) + 345 #4(0) + caa; +5(0) + 545} = min{0 +
¥ ¥+ T, ¥+ 1L, ¥+ ¥+4 =¥,

+5(1) = min{+1(0) + c15; +2(0) + ca5; +3(0) + ¢35, +4(0) + cas; +5(0) + 55} = min{0 +
¥+ L ¥ -5 ¥+ ¥ ¥+¥ =3,

[Toyuennbie 3HadeHuss +41) 3aHeceM BO BTOPOH CTOJOEIl TaOIHIBL. YOexmaaeMcs, 4To
BTOpO# cTOJ0EI, HAYMHASL CO BTOPOTO JIEMEHTAa, COBIAIAET C MEPBOM CTPOKOI MaTPHULIBI BECOB,
YTO JIETKO OOBSCHSETCS CMBICIIOM BeTMYUH + (1), KOTOphIe paBHBI JUIMHE MUHUMAIBHOTO TYTH
13 TIEPBOi1 BEPILUHBI B i-YI0, CO/IEpIKAIIEro He 0ojiee OTHON AYTH.

k=2.
<f’1(2) =0.
Hnst k= 2:

+i(2) = {glgsl { (1) + ¢}

()= minf0+1; 1+¥:¥+¥-¥+¥3+¥) =1,
+32)=min{0+¥;1 +8;¥+¥ ¥+2;3+¥ =9,
i) =min{0+¥: 1 +7: ¥+ ;¥ +¥3+4} =7 .
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+52)=min{0+3; 1+1;¥-5¥+¥3+¥ =2

[Monmyuennsie 3HaueHUst +,(2) 3aHeceM B TpeTHil cronOern Tabnumbl. Bemuunmuer +(2)
paBHBI JUIMHE MUHUMAJIBHOTO MYTH U3 MEPBOIl BEPIIMHBI B i-yI0, COAEpXKAIIETro He OoJiee IBYX
TyT.

k=3.
+1(3)=0.
Jos k=3:

+i(3)= Eljlgsl {+(2) +cji}.

+23)=min{0+1; 1 +¥9+¥T+¥2+¥ =1.

+33)=min{0+¥;1+8,9+¥7+2;2+¥ =9,

+43)=min{0+¥;1+7;9+1;7+¥2+4}=6.

+53)=min{0+3; 1+1;9-57+¥%2+¥% =2,

IMonyyeHHble 3HaUeHHsT +;(3) 3aHeceM B 4eTBEPTHIA cToj6el Tabnuibl. Benmnuunsr +43)
PaBHBI JJIMHE MHUHUMAJIBHOTO IIyTH U3 IIEPBOM BEPIIMHBI B I-yI0, COAEPIKAIIETO He Ooyiee Tpex
JyT.

k=4.
+1(4) = 0.
Hns k= 4:

+i(4)= gljlgfsl {+,3) +ci}.

+24)=min{0+1; 1+¥9+¥%6+¥2+¥ =1.

+3(4)=min{0+¥;1+89+¥6+2;2+¥} =8.

+44)=min{0+¥;1+7,9+1;,6+¥2+4}=6.

+s5(4)=min{0+3; 1+1;9-5,6+¥2+¥} =2.

[Tonmyuennsle 3HaueHus: +(4) 3aHeceM B IMATHIA cToyOen TaOmuipl. BenmuuHbl +(4)
paBHbI JUIMHE MUHUMAJIBHOTO Iy TH U3 IIEPBOI BEPIIMHEI B i-y10, COAEPIKAIIEro He 0oJiee YeThIpex
TyT.

I (omep +(0) +i(1) +42) +(3) +i4)
BEPIITMHBI)

1 0 0 0 0 0

2 ¥ 1 1 1 1

3 ¥ ¥ 9 9 8

4 ¥ ¥ 7 6 6

5 ¥ 3 2 2 2

Ilaz 5. BoccTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.

Jns mocnenHel BEpHIMHBI X3 MPEAUIECTBYIONIAs €M BepIIMHA X, ONpENeNseTcs U3
COOTHOLIEHMUS, TOJIy4YEHHOT'O TIpH § =3:

+r(3) tes= +3(4): er G_I(XS);

rae G''(x3) - mpoobpas BEPLINHEI X3.

G (x3) = {x2, x4}

[ToncTaBuM B mocieHee PaBEHCTBO MOCIEA0BATENBHO # = 2 U ¥ = 4, YTOOBI ONPEAEITIHTb,
JUISL KAKOTO 7" 3TO PABEHCTBO BBIIOJIHACTCS:

+2(3) t e =1+8" +3(4) =8,

+4(3) ez =6+2= +3(4) =8.

Taxum 00pa3oM, BEpIIMHOM, IPEALIECTBYIONICH BEPIINHE X3, ABISACTCS BEPLIMHA X4.

JIns BepIIMHBI X4 MPEALIECTBYIONIAs €i BepIIMHA X, OIPEACISIETCS M3 COOTHOIICHHS,
IIOJIy4E€HHOT0 1pH § =4:

+/2) +eu=+403),  x1G(x),
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rae G''(x4) - mpooOpa3 BEpLIMHEI X4.

G (x) = {x2, X3, x5}.

[MoncraBumM mocnenoBaTesbHO ¥ = 2, ¥ = 3 ¥ ¥ = 5, 4TOOBI ONPEACIUTh, AT KAKOTO 7 3TO
PaBEHCTBO BBIITOJIHSIETCS:

F2(2) teau=1+7" +43) =6,

+32) teu=1+1"+43) =06,

+5(2) T csa=2+4=+43)=6,

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOMIEN BEPILINHE X4, SBISETCS BEPIINHA Xs.

Js BepHmIMHBI X5 IPEALIESCTBYIOIIAs €M BEpPILIMHA X, OIPEHEISICTCS U3 COOTHOLICHUS,
MTOJIyYEHHOT0 TIPH § =35

+r(1) + Crs = +5(2)s xrl G_I(XS);

rae G''(xs) - mpooOpa3 BEpLIMHEI Xs.

G(xs) = {x1, x2}.

[ToncTaBum mocnenoBatenbHo # = 1 W r = 2, 9TO0BI OMPENETUTH, IS KaKOro 7 3TO
PaBEHCTBO BBIIIOJIHACTCS:

+1(1) +c15=0+3" +5(2) =2,

Fo(1) +ers=1+1=+52)=2,

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOMIEN BEPILINHE X5, SIBJISETCS BEPLINHA X).

Jns BepHIMHBI X, IPEALIECTBYIOIIAs €M BEpILIMHA X, OIPEHEISACTCS U3 COOTHOLICHUS,
MTOJIyYEHHOTO TIPH § =2:

+r(0) tco= 4’2(1)3 xrl G_I(XZ);

rae G''(x;) - npooOpa3 BEpLIMHEL X

Gl(x2) = {x1}.

[HoxcraBum r = 1, yTOOBI ONPEEIUTD, BBIMOIHIETCS JIU 3TO PABEHCTBO:

+1(0) + Ci12 = 0+1= %2(1) =1.

Takum oOpa3om, BEpIINHOM, MPEAIIECTBYIOIIEN BEPILINHE X), SIBJISETCS BEPIIUHA X|.

Wrak, HailieH MUHUMAaNbHBIA IyTh — X1, X2, Xs, X4, X3, €C0 JJIMHA paBHa 8.

KoHTpoJibHbIe BONPOCHI M 3aJaHUs

[aH cnncok ayr ¢ ykazaHmem mx anuH. CoctaBbTe MO HEMY PUCYHOK OPUEHTUPOBAHHOIO
rpadpa. Hangute ansa atoro rpaga HaMMeHbLNA NMyTb OT BEPLUMHbLI-BXOA4A OO0 BepLUUHbI C
MakcuMasibHbIM HOMEPOM.

55



1L (0:1)-3,(0:2)-9,(1:2)-5, 9. (0;1)-2,(02)-7,(2:1)—-1,

(2.4)—1,(1:3)-8,{2:3)- 2, (2:3)—6,(1.5)-12,(5:4)- 10,
(3:5)-4, (4:5)-6. (5:3)=5,(3;4)=4,(4.6)-2,

2. (0;1)—4,(0:2)-5,(1;2)-8, (3.6)-7.
(2:4)—3,(1;3)-11,{2:3)—5, (01 -4 (0:2)-2.(2:D—1,
(3;5)-3,(4;5)—-6. 2:3) =7, (1:5)= 5. (544,

3. (©0:;1)—3,(0:2)-9.(12)- 12, (5:3)-1,(3:4)-4,(4:6) -3,
(2.4)—1,(1:3)-2 (2:3)-3, (3.6)=1
(3:5)- 10, (4;5)-5. 11.(0;2) -2, (0;1) -7, (2;1) - 4,

4, (0;1)-6,(0:2)-2, (2;1)-3, (2.4)-9,(1:3)-3, 341,
(2:4)-6,(1:3)-1,§2.3)--3, (4:6) -2, (3;5)—8,(6:5) -4,
(3:5)-8,(4:5)-7. (6:7)- 10, (3:7)-5.

S (0:1)--6,(0:2)-5, (12)-1, 12.(0;2) - 10, (0;1) -5, (2;:1) - 1,
(2:4)6,(1.3) L i23)-6, (2:4)-4,(1;3)-3,(3:4) -5,
(3:5)—8, (&:5)-. (4:6) -3, (3:5)- 10, (6:3) - 10,

6 (0:1y—3,(0:2)=2, {2:1)-1, (6:7)-5,0:N—1.

(2:5) 3 (1:5) =+ {548, 13.(0;2) -4, (0;1)-6, (2;1) -4,
(3:3)-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)-3 65
(2,53)-8,(1:9)-3. (5:4) -4, 14.(0:2)-3,(0;1)-1,(2:1) -4,
(9:3)~2, (3:4)= 1, (46}~ 3, (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,(21)~2, 6. 7) 12, (5:1) 1.

(2:5)= 12, {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.

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AMCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokotuukona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
yHUBEpCUTET  JApykObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryna:
http://www.iprbookshop.ru/22190.html

JdomosHuTeIbHAS JIUTEpaTypa:
Xarrapty, P. JluckperHas MatemMaTuka JJisi IPOrpaMMUCTOB : yueOHoe nocodue / P. Xarrapru.
—  Mocksa: TexHocdepa, 2012. — 400 c. — Pexnm JIOCTYyTIA:
http://www.iprbookshop.ru/12723.html

IMpakTnyeckas padora Nel7. 3agaua HaX0KIeHHUS KPUTHYECKOI0 MYTH B rpade.

Ilenv 3anamua. VI3ydutb alropuT™M HaXOKJEHUS KPUTUYECKOTO MYTH U BO3MOKHOCTU
€ro MPaKTUYECKOTO MPUMEHEHUS.

3Hanua u ymenus, npuoopemaemovie CHYOEHMOM 6 pe3yibmame O0CE0CHUA HeMbl,
dopmupyemovle kKomnemenyuu. 3HATb W yMETb pEaJU30BbIBATH HAa NPAKTHKE aJITOPUTM
HaxXO0XXIACHUA KPUTUIYCCKOI'O ITYTH.

Teopemuueckasn uacme.

3amaya HAXOXKJIEHUS KPUTHUECKOTO, (T. €. JIIMHHEHIIero) myTu B rpade — 3TO 3ajava,
CBSI3aHHAS C 3arpy3Koi CTAHOYHOTO 000PY0BaHUS, COOPKHM MHOTO3BEHHBIX U3JENUN U T. 1.

CeteBoii rpaduKk — HEOOXOIUMBIN AJIEMEHT CIOXKHOTO MPOU3BOJCTBA, COCTOSIIETO W3
HECKOJIbKMX CBSI3aHHBIX U 3aBUCSIIMX JIPYT OT JIpyra 3TanoB. BrisgBieHne KpUTHUECKOTO MMyTH U
BPEMEHHBIX PE3EPBOB IPOMU3BOJCTBA — OCHOBHAs 3ajaya, pelaemasl MOCTPOEHUEM CETEBOIO
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rpaduka. Takue 3a1aun MOTYT OBITH ITPEICTABICHBI B BUJE Tpada U B BUAE OTOOpaKaroliei ero
Tabmumpl. [ HaXOXKISHHS KPUTHYECKOTO IyTH (ITOCIEIOBATEILHOCTH JTAlloB PalOTHI,
OTIpENIeNAIONUX JUIMTEIBHOCTh BCEro IMPOeKTa M HE HUMEIOIIUX pe3epBa IO BPEMEHHM)
MIPUMEHSIOTCS BEIYUCIIUTENbHBIE METOIbI. OTHUM U3 TAKHX METOJIOB SIBJISIETCS] TAOJIMIHBIA METO/T
U IPUMEHSETCS JUIS JAaHHBIX, PE/ICTABICHHBIX B BUJIE TaOIHUIIBI.

[Tpobnema aBTOMaTH3aAIMH pacy€éTa CETEBOTO rpaduka sBISETCS JOCTATOYHO aKTyalIbHON
U Ba)XHOH. BbrumcieHne KpuTHYecKoro myTH ¢ momouibio 9BM momoxer B HECKOIBKO pa3
YCKOPHTB ATOT TPOIIECC, a pH OOJBIINX rpadukax — BO MHOTO pa3. [loaToMy aBTOMAaTH3AIHS
pacuéra ceTeBoro rpaduka MoKeT UMeTh OOJIBIIYIO MPAKTHUECKYIO MOJIb3Y.

ANTOPUTM HaXOXICHHS JUIMHHEHWINETO IMyTH B Tpade MOX0X Ha alTOPUTM HAXOXKIACHUS
Kpartyaiiiero mytu B rpade. Bmecto kparyaifimx pedep B aaropuTMe HaXOXKACHUS KpaTyaiiero
ITyTH BBIOUPAIOTCS [UTHHHEHIIINE.

ITycth TpeOyeTcs HalTH Takoil myTh Ha rpade, KOTOPBIA ObI UMEN MAKCUMAJIbHYIO JJTUHY
M0 CPaBHEHUIO CO BCEMH BO3MOXHBIMH MYyTsAMHU UIsi HaHHOTO rpacda. Ilycte cymiectByer
OpHEeHTUPOBaHHbIH rpad 6e3 nuukios G.

Péopa rpadba — BemonaHeHue paboTel. PEOpa wumeroT MHY, 0003HAYAIOIILYIO
IPOIOJKUTENBHOCTD paOOTHI U HAaIIpaBJieHHE, 0003HAYAIOIIEe TIOCIIE0BATEIbHOCTD BHIIIOJTHEHNE
paboTel. BepimHbl — 3T0 pakT Hayana u OKOHYaHUS padoT.

IlycTe nana cers.
A0 s
LY
OSSO

Jnst kaxnoro coOwitus | onpenenum Hambosee panHuil cpok ero Hactryruienus TP(I) o
CJICAYIOLIEMY MPaBHITY:

1) TP(0)=0;

2) niia 1 >0 TP(I) paBHO mpoaOMKUTENFHOCTH camoro JIMHHOTO (0, [)-myTH.

3unauenus Tp(l) onpenenstor mociaenoBaTeNbHO, NEPEXO/Id OT UCTOYHHUKA K CTOKY. Tak,
JUIS pacCMaTpUBAeMOT0 NPUMepa HaXOAUM:

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

Otu 3HadeHust HaxoaTcst u3 cootHomeHus:: TP(I) = max{ TP(K) + Tk; } ,

T. e nmna Bcex nayr (K,I), mis xoropsix | sBisieTcss KOHIIOM, HEOOXOIUMO
BeruncianTh TP(K) + Tk; u BeIOpaTh HaubobIlIee 3HaYCHHE.

Wrak, B HamieM mIpuMepe BpeMs BBHIMOJHEHHs MpoekTa paBHO 16. UTOOBI MONMYy4HTH
KPUTHUECKHIA MyTh, OyeM MepeIBUraThCcsi B 00paTHOM HAIPaBIEHUH, OT CTOKA K UCTOYHUKY, 110
tem pedbpam (K, I), xotoprie onpenemsuin 3Hauenus TP(I), T. e. AJIg KOTOPBIX BBIMOTHSAETCS
pasenctBo TP(I) - Tk; = TP(K) . B mpumepe sto pebdpa: (3, 5); (2, 3); (2,1) . Takum o6pazom, (1,
2,3, 5) - KpUTHUECKUN MYyTh.

KoHTpo/bHBIEe BONIPOCHI U 32/1aHUSA

1.IIpu cocraBneHuun mpoekra padboT BwiAeneHo 8 coowituit: (0,1,2,3,4,5,6,7), KoTOpBIE
cBs3aHbl padotamu (i—j ), raei,j 0,1,2,3...,7 u1 #j, Hanmpumep, COObITHE 1 CBSA3aHO C COOBITHEM
2 paboroii (1-2).

VcxomHbIe JaHHBIC TIO IPOIOJKUTEIBHOCTH PAa0OT:

Padota | 0-1 | 02 [ 0-3 | 1-2 | 1-3 | 1-4 | 2-3 | 2-4 | 2-5 | 3-4 | 35| 45| 46 | 56 | 5-7 | 6-7

JnauT.
JHHA

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5
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TpebyeTcs onpeaenuTbs KPUTUIECKUIA YTk U BPEMsI BHITIOJTHEHUS TPOEKTA.
2. OmnpenenuTbh KpUTUYECKUH MyTh B Tpade:

Pexkomendyeman numepamypa:

OcHoBHasi iuTEpaTypa:
3apumoBa, J. P. Jleknuuu mo AMCKpPETHOW MareMaTtuke. Maremartwueckas JIOTHKA: y4eOHOe
nocobue / J. P. 3apumnosa, M. I'. Kokorumnkona, JI. A. CeBactesiHoB. — MockBa : Poccuiickuit
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IIpakTnyeckass padora Nel8. IlocTpoeHne MHHHMAJIBHOIO OCTOBHOIO JepeBa
HArpy:KeHHOro rpada

Ilens 3anamua. V3ydyeHue anroputMa MOCTPOEHUS MUHUMAIBHOIO OCTOBHOTO JiepeBa
Harpy»KeHHOTo rpaga.

3nanua u ymenus, npuoopemaemovlie CHYOEHMOM 6 pe3ylbmame O0CE0CHUA HeMbl,
dopmupyemvie kKomnemenyuu. 3HACT U yMEET IPUMEHATh aJITOPUTMA IOCTPOEHUS
MUHUMAJILHOTO OCTOBHOTO JIEpeBa HAarpy>KeHHOTO rpada.

Teopemuueckasn uacme.

I'pad G = (X, A) Ha3BIBAETCS HASPYHCEHHBIM, ECIIN ITIs KaXJ10ro pedpa (x;,X;) onpeneneHa
€ro JUIMHA (UM BEC) Cjj.

[Tycth G - cBS3HBIN Harpy>KeHHbIN Tpad. 3aaua IOCTPOCHUS MUHUMATILHO2O OCHOBHO20
depesa 3aKII0YaeTCs B TOM, YTOOBI U3 MHOKECTBA OCTOBHBIX JIEPEBbEB HAUTH JIEPEBO, Y KOTOPOTO
CyMMa JUIMH peOep MUHUMAaJbHAa.

[lpuBenemM TUNHMYHBIE CIy4aW, KOTJa BO3HHKAET HEOOXOIUMOCTh MOCTPOCHHUS
MHHUMAaJIBHOTO OCTOBHOTO JiepeBa rpada.

a) HyXHO CcOeIMHUTH n TOPOJOB KEIEC3HOAOPOKHBIMHU JTHUHHUSIMH (2aBTOMOOWIHHBIMU
JOporamMu, JUHHUSAMH 3JeKTpolepenayd, ceTbio TpyOONpoBOIOB U T.J.) TaK, YTOOBI cyMMapHas
JUTMHA JIMHUW WA CTOMMOCTE ObUTa OBl MUHUMAJIBHOM.

0)Tpebyercst MOCTPOUTH CXeMy SJIEKTPUUYECKON CETH, B KOTOPOU KJIEMMBI JTOJKHBI OBITH
COEIMHEHBI C TOMOIIBIO MPOBOJOB HAMMEHBIIEH OOLIEH JAJIUHBI.

3amaqy MOCTPOEHUS MHHHUMAJIBLHOTO OCTOBHOTO J€pPEeBa MOKHO PEIIUTh C MOMOIIbIO
CJIEIYIOILIETO AJITOPUTMA.

Aneopumm Kpackana.

Lllae . YcraHOBKa HaYaJIbHBIX 3HAYEHUH.

Broaurcs matpuna qiuH pedep C rpada G.
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Llae 2. Beibpats B rpade G pedpo MuHuManbHOM anuHbl. [Toctpouts rpad G,, coctosmmii
13 JaHHOTO peOpa M MHIUACHTHBIX eMy BepiinH. [1omoxuTh i = 2.

Ulae 3. Ecnu i = n, tae n - yucio pedep rpada, To 3aKOHUUTH padoTy (3a1aua perieHa), B
MIPOTUBHOM ClIy4ae MEPEeUTH K mary 4.

Llae 4. Tloctpouts rpad G; 11, 106aBnsAs K rpady G; HOBoe pedpO MUHUMAIILHOW JUTMHBI,
BbIOpaHHOE cpean Bcex pedep rpada (G, Kaxaoe U3 KOTOPBIX WMHIUACHTHO KaKOW-HUOYAb
BepuinHe rpada G; M OIHOBPEMEHHO WHIMIEHTHO KakoW-HHOynp BepummHe rpadga G, He
conepsauieiicst B G;. Bmecte ¢ 3tuM pedbpom BkitouaeM B G; 4 M HHIIUICHTHYIO €My BEPIIUHY,
He conepsamtytocs B G;. IIpucBauBaem i:= 7 +1 u nepexoaum K mary 3.

Hanpumep, HaliieM MUHIMAaIbHOE OCTOBHOE /IEpEBO /st rpada, I300pakeHHOTO HITKE.

X3

2 4
X2 1 Xg
1 3
X1 5 X5

Lllaz 1. YcTaHoBKa HAYAJILHBIX 3HAUYEHUH.
Brenem matpuity niuH pedep C:
F 1 ¥ 1 58

Gy 21 3%
"% 2 ¥ 4 ¥°
¢l 1 4 ¥ 3=
& 3 ¥ 3 ¥,

llae 2. Beibepem peOpo MUHMMAJIbHON UIMHBL. MUHMMajibHas JJIMHA pedpa paBHA
eaunuue. Takux pebep Tpu: (x1, x2), (X1, X4), (X2, X4). B 3TOM ciyyae MOKHO B3ATh J1t00OE€.
Bosbmem (x, x2). Iloctpoum rpad G, cocrosimuil U3 AaHHOrO pedpa M MHIMIACHTHBIX €My
BEPILMH X| U X,. [Tomoxkum 7 = 2.

llae 3. Tak kak n =5, TO i ' n, MO3TOMY MEPEXOIUM K IIary 4.

llae 4. Ctpoum rpad G nodasnsas k rpagy G, HOBoe peOpO MHHHUMAJIBHOW JUIMHBI,
BbIOpaHHOE cpenu Beex pedep rpada G, Kakaoe U3 KOTOPhIX MHIMJIEHTHO OJJHOM U3 BEPLIUH X|,
X, ¥ OJTHOBPEMEHHO MHIIUJICHTHO KaKOW-HUOY b BepiuHe rpada G, He coaeprkanieiics B G T. €.
OJTHOM M3 BEPILUH X3, X4, X5s. TaKUM 00pa3oM, Hy»HO BbIOpaTh peOpO MUHUMAIBHON JUITMHBI U3
peoep (x1, x4), (x1, X5), (x2, X3), (X2, X4), (X2, X5). Takux pedep AIUHBI eAUHUTIA J1BA: (X1, X4) U (X2,
X4). MoxHO BbIOpaTh at060€. Bo3smeM (x1, x4). BMecTe ¢ 3Tum pebpom BkiItouaeM B 3 BEpIIUHY
X4, HE coaepkantyrocs B (p. [lomaraem i = 3 u mepexoaum K mary 3.

Ilae 3. Tak kak i ' n, MOITOMY NEPEXOJUM K IIary 4.

Ilae 4. Ctpoum rpad G4 nobasiss k rpady G; HOBoe peOpO MUHHUMAIBHON IJIMHBI U3
pebep (x1, Xs), (X2, X3), (X2, X5), (x4, X5). Taxkoe peOpo AMTUHBI ABa OAHO: (X, X3). BMecTe ¢ aTUM
pebpoM BiItouaeM B G4 BEPIIMHY X3, HE coaepkaityiocs B (3. [lomaraem i = 4 u epexoaum K
mary 3.

Illae 3. Tak xak i ' n, MO3TOMY MEPEXOIUM K miary 4.

llae 4. Ctpoum rpad Gs nobasnss k rpady G; HOBoe peOpO MUHUMAIBHON IJIMHBI U3
pebep (x1, Xs), (X2, Xs5), (X4, X5). Takux pedep MIHUHBI TPHU ABA: (X2, X5) U (X4, X5). Bo3bMeM (X3, Xs).
Bwmecte ¢ 3Tum pedpom BkitouaeM B (s BEpILUHY Xs, He coaepikaltytocs B Gy. [lonaraem i = 5
U IEPEXOo]IuM K miary 3.

Llae 3. Tak kak i =n, 1o rpa¢p Gs— UCKOMOE MUHUMAaJIbHOE OCTOBHOE JiepeB0. CyMMapHas
miHa pebep papaa | + 1 +2+3=7.

[Iponecec nocTpoeHUss MUHMMAJIbHOTO OCTOBHOTO JiepeBa U300pakeH Ha PUCYHKE.
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