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Beenenue

HuctummmHa «J{uckpeTHas mareMatruka» BXoauT B 6a3oByro yacth OIl BO moaroroBku
OakanaBpa mno HampasineHuto 09.03.02 «HMHpopMmannOHHBIE CHCTEMBI M TEXHOJOTHH» U
peanusyercs B 3 cemecTpe.

3amaun OCBOCHHSI JUCHUIUIMHBL: (DOPMUPOBAHHE TPEACTABICHUI O POJIM U MECTE TEOPUHU
JUCKPETHOM MaTeMaTUKM B COBPEMEHHOM MHpE, 3Tamax pa3BUTHUS, YHUBEPCAJIBHOCTH €€
NMOHATUH W  TpPEACTaBICHUH; (QOpMHUpPOBaHME YMEHUH KOHCTPYHPOBAaHHMS W  aHAIM3a
MaTeMaTHYECKUX MoJjiesield 00BEKTOB, CUCTEM U IPOLECCOB MPH PELIEHUH HCCIIEI0BATENbCKUX
3a/a4, CBSI3aHHBIX €O cdepod Oymymied npodhecCHOHATBLHOW JeATEIbHOCTH; OBJIAJICHUE
HaBbIKAMU TOYHOTO U C)KATOTO BBIPAKEHHUSI MAaTEMATUYECKON MBICIM B YCTHOM M IMHUCHbMEHHOM
U3JI0’KEHUH, C UCII0JIb30BAHUEM COOTBETCTBYIOIEH CUMBOJIUKH.

B pesynbpTaTe 0cBOEHUS COAepKaHUS IUCHUIUIMHBI CTYIEHT J0JKEH:

3HaTb: OCHOBHBIC TIOHATUA KW 3aKOHbBI TCOPUHU MHOXCECTB; MCETOHOJIOIMIO HCIIOJIb30BAHUA
anrnapara MaTeMaTHYeCKOW JIOTMKH M CIOCOObI IMPOBEPKH MCTUHHOCTH YTBEP)KIACHUH; alrOpPUTMBI
npuBeneHus OyneBbIX (DYHKIMI K HOpMajdbHOM (hopMe M IOCTPOCHUS MUHUMAIBHBIX (DOpM;
OCHOBHBIC IOHATHUA W 3aKOHBI KOMGI/IHaTOpI/IKI/I n KOM6I/IHaTOpHBIX CXEM; NOHATUA MPEAUKATOB U
KBAaHTOPOB; OCHOBHBLIC ITOHATHA U CBOMCTBA Fpa(i)OB; METOAbI PEIICHUA ONTUMU3AIMOHHBIX 3aj/la4 Ha
rpadax; METOHOJOTHI0 OpraHu3allid, NMPOBeIeHUs M 00pabOTKM MaHHBIX BBIYUCIUTEIHHOTO
SKCIEPUMEHTa; METOJI0JIOTHI0  00paboTKHy, aHaym3a u CHUHTE3a pe3yabTaTOB
poheCCHOHANTBHBIX HCCIICTOBAHUN.

Ymerb: uccnenoBatb OyiaeBbl (YHKIMH, MOIy4aTh WX MPEICTABICHHWE B BHUAE (OPMYI;
II0JIB30BAaThCA 3aKOHAMM KOM6I/IHaTOpI/IKI/I JUIA PeIICHUS MPUKIIAAHBIX 3a/1a4; MPUMCHATH OCHOBHBLIC
aJITOPUTMBI HCCIIE0BAHUS HEOPUEHTUPOBAHHBIX M OPHEHTHPOBAHHBIX IpadoB; NPUMEHITH METObI
JIUCKPETHOM MaTeMaTMKM TIIpU PEIIEHWH 3aad  OJKCIEPUMEHTAIBHOTO HCCIECJOBAHMS B
Ipo(heCCUOHAIBHON JeATENIbHOCTH; 3((GEKTUBHO HMCIOIb30BaTh MAaTEMaTUYECKUE METOAbI MPH
peLIeHNH 3aJa4 aHAJIN3a pe3yIbTaToOB NPO(PECCHOHAIBHBIX UCCIEJOBAHUM.

Baagers: HaBblkamMM pelIeHUs 3a7ad JUCKPETHOW MaTeMAaTHUKH; HaBbIKAMU COCTABISTH
MaTeMaTHYECKUe MOJENU 3aJad MCCIeN0BaHUS B MPO(ECCHOHAIBHON IEATEIbHOCTH; HAaBBIKAMU
IIPUMEHEHHUSI ~ COBPEMEHHOIO  MAaTeMaTH4eCKOro  MHCTPYMEHTapus I IIPOBEICHUS
po(heCCUOHANBHBIX MCCIIEOBAHUN; CIIOCOOHOCTBIO IIepelaBaTh pPE3YJbTaT IMPOBEICHHBIX
HCCIIeIOBAaHU B BUJIE KOHKPETHBIX PEKOMEHAALMI B TEPMUHAX IPEAMETHONU 00JIaCTH 3HAHUS.

HucuuruinHa «JluckpeTHas MareMaTHKa» HalpaBieHa Ha (POPMHUPOBAHME CIENYIOIIMX
KOMIIETEHIMI OakanaBpa:

Kon DopMyIUpPOBKA:

[1K-6 CrocoOeH HCHOJIBL30BaTh MAaTeEMAaTHYECKHE MCTOABI O6pa6OTKI/I, aHaJIn3a
U CHUHTC3a PC3YJIbTATOB HpO(i)eCCI/IOHaHBHBIX HcclIeJOBaHUM

MeTtoanueckue YKa3aHUusg IO BBIIIOJIHCHHUIO IMPAKTHUYCCKUX pa60T 1o AMCLHMIIIINHE
«Z[I/ICerTHaH MaTreMaTukKa» COCTaBJICHBI B COOTBCTCTBUU pa60‘{I/IM y‘Ie6HHM IIJIAaHOM U pa6oqel71
HpOFp&MMOI’I JUCIHUITIINHBI ((I[I/ICerTHaH MaTeMaTuKa».



TemaTuyecKuil VIAaH NPAKTHYECKUX 3aHATHI

Ne HanMeHoBaHMe TeM NPAKTHYECKUX 3AHATHH Oo6bem | ®opma npoBeneHus
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3 cemecTp
1 15 Pemenne
CriocoObr  3amanus MHOkecTB. Omepanuu  Hal
Pa3HOYPOBHEBBIX
MHOECTBAMH.
3aja4
2 OTHOIIIEHUS. OTHOIIIEHN SKBUBAJICHTHOCTH. 15 Pemntenue
OtHomenne mopsaaka. CBolcTBa  OTHOLIEHUH. Pa3HOYPOBHEBBIX
OtoOpaxxkenus. HWHbEKIus, CIOPHEKIUS, OHUEKIIHSI. 3aja4
[TonsiTne QyHKIMH.
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) Hcuncnenune BBICKA3bIBAaHUN. Anropurm 1,5
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6 Ucuncnenune MPEUKATOB. ABTOMAaTHYECKOE 15
JI0Ka3aTeJIbCTBO TeopeM. MeTo 1 pe30JIroIuil.
7 CnocoOnl  3amanus  OymneBoil (ynkmuu. TaGmmia 15
WCTUHHOCTHU OYyleBON (DYHKITHU.
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9 1,5 Pemenue
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9 [ToncranoBku. buHOMUanbHBIE  KOA(D(UIIMCHTHI. 15
Pazbuenusi.
13 OcHOBHBIE XapaKTepUCTUKU rpadoB. Marpuiibl 15
CMEXHOCTH M UHIUAEHTHocTH. Omnepauuu Hajx
rpadamu.
14 Diinepos rpad. Kpurepuii siigepoBocTu. 15
14 I"amunbTOHOB Tpad. 15
15 Anroputm ®opaa — bemiMaHa  HaXOXKIEHUS 15 Pemenue
MUHHUMAJIBHOTO yTU B HArpy>KEHHOM Pa3HOYPOBHEBBIX
OpUEHTHPOBAHHOM Tpade. 3a1a4
15 15 Pemenue
3amava HaXOXKJICHHSI KPUTUYECKOTO MYTH B rpade.
Pa3HOYPOBHEBBIX
3a1a4
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[locTpoeHre MHHMMAaIBHOTO OCTOBHOTO J€peBa
HArpyYKEHHOTO rpada Pa3HOYPOBHEBBIX
26 pada. 3aj1a4
Hroro 3a 3 cemectp 27




Onucanue NMPaAKTUIECCKUX 3aHATHH

IIpakTtuyeckoe 3ansaTHe Nel. CnocoObl 3agaHust MHOxKecTB. Omnepanum Hajg
MHOKECTBAMHU.

Lenv 3anamusn. IIpuoOpecTy HABBIKK 3a/IaHUsT MHOXKECTB, BBIMIOJTHCHUS OTEpaIvii HaJl
MHOECTBAMH.

3Hanua u ymenus, npuodpemaemvie CHYOEeHMOM 6 pe3yibmame O0CE0CHUA MeMbl,
dopmupyemvie Komnemenyuu. 3HAaCT W YMEET TMPHMEHATh 0a30BbIe OIEpAalMK HAJ
MHOECTBAMH.

Teopemuueckasa yacme.

[lonsiTe MHOXECTBa HE OINpeAensercs, a JHIIb WUIIOCTPUPYETCS MpPUMEpaMH.
Hamnpumep, moxxHO rooputs 0 MHOXkecTBe cratedl 'K P®, 0 MHOXECTBE JIOrM4ECKUX BO3-
MOXKHOCTEH U T.4. MHOXecTBa OyaeM 0003HauaTh NPONMCHBIMU JaTMHCKUMH OykBamu: A,B,...
Ecnu snemeHT X TpUHAATIEKUT MHOXKECTBY A, MUIIYT X € A (YUTAIOT: «X TMPUHAIJICKHUT
MHOXECTBY A»), B MNPOTUBHOM NHIIYT X & A («X HE NPHUHAUICKUT MHOXKECTBY A»).
MHoxecTBO, HE cojepKalllee HU OJHOTO 3JIEMEHTA, HAa3bIBAIOT AMYCMblM, €ro 0003HA4aroT
CUMBOJIOM .

MHnoocecmeo cuumaemcs 3a0amHblM, €CIM O JIOOOM JaHHOM OOBEKTE MOXKHO
OJIHO3HAYHO CKa3aTh MPHUHA/UIEKUT OH ITOMY MHOXKECTBY WJIM HET. PaccMoTpuMm 0dsa cnocoba
3aJlaHUS] MHOKECTBA!

* JTACTCS TIOJHBIN TTePEUYCHb AIEMEHTOB MHOXECTBA; HAIIPUMEP, MHOKECTBO PE3YJIbTATOB
rOJI0OCOBaHUS MPUCSIKHOTO TaKOBO: {«3a», «IIPOTHUBY, «BO3JIEPIKAJICN };

* YKa3zbIBae€TCsi MPaBWIO OIpeNeleHUs] MPUHAUIEKHOCTH JI000ro o00beKTa K
paccMaTpuBaeMOMY MHOXECTBY; HarpuMep, 3anmuch A = {x : x| < 10} o3Haudaet, 4T0 A COCTOUT
U3 TaKUX 4Wcel X, MOAYIb KOTOpbIXx MeHbuie 10 (mocie ABOETOYMS 3alMCaHO MPaBUIIO,
KOTOPOMY JOJDKHO YIOBJIETBOPSITH YUCIIO X, YTOOBI €r0 MOXKHO OBIJIO OTHECTH K MHOKECTBY A).

JIBa MHOXECTBA, COCTOSIIUE W3 OJHUX U TE€X K€ IIEMEHTOB, HA3bIBAIOTCS PABHLIMU.
Ecnu mHOokecTBa A u B paBHbl, To umyt A = B.

Ecnm xaxaplii 371€eMEHT MHOKECTBA B sBIISIETCS B TO %€ BpeMs 3JIEMEHTOM MHOYKECTBA A,
TO TOBOPAT, 4uTO0 B — noomnoorcecmso maoxectsa A. B atom ciayyae numyr B < A (uuratror «B
— TIOJIMHO>KECTBO MHOKECTBa A»).

B nocnenyromem, ucxoaHoe MHOXKECTBO OyJIeM Ha3bIBATh YHUBEPCAIbHbIM 1 0003HAYATH
U. Cobcmeennvie noomuoscecmea Muoxkectsa U — 3T0 Te IOJMHOKECTBA, KOTOPBIE COAEpKAT
HEKOTOphle, HO He Bce 3iemeHThl U. Hapsizy ¢ coOCTBEHHBIMU MOJMHOXKECTBAMHU YCIOBUMCS
camo U 1 mycToe MHOXKeCTBO J TaKXKe CUUTATh MTOIMHOXKeCTBaMU MHOXKkecTBa U.

PaccmoTpuM mporiecc 00pa3oBaHMsi HOBBIX MHOXKECTB U3 JAHHBIX MHOXECTB A u B, mpu
3ToM OyneM mpeanosiarat, 4to U A, u B, U BHOBb 00pa3oBaHHOE MHOKECTBO SIBISIOTCS
MOJAMHOXECTBAMH HEKOTOPOTO YHUBEpPCAIbHOTO MHOXKecTBa U.

Obvedunenuem MHOXecTB A u B (obOo3Havaercsi 4 U B) Ha3piBaeTcs MHOXKECTBO,
COCTOSIIIIEE U3 BCEX TEX JIEMEHTOB, KOTOPbIE MPUHAAIEKAT XOTS Obl OTHOMY U3 MHOXECTB A, B.
Ilepeceuenuem MuoxectB A u B (o6o3Hauaercss ANB) Ha3bpIBaeTCs MHOXKECTBO, COCTOSIIEE U3
BCEX T€X U TOJBKO TEX AJIEMEHTOB, KOTOPbIEC MPUHAIEKAT U A, U B. Paznocmeio MHOXECTB A U
B (06o3nauaeTcs A \ B) Ha3bIBaeTCs MHOXECTBO BCEX TEX M TOJBKO TEX DIIEMEHTOB A, KOTOpPbIE
He conepxatcs B B. [lycte U— ynusepcanvnoe muosicecmso Takoe, 4To BCe pacCMaTpUBAEMBbIe
MHOXECTBA SIBIISIIOTCSL €r0 MOJMHOXECTBAMH. J[ononneHuem MHOXECTBa A Ha3bIBaeTCA
MHOECTBO BCEX JJIEMEHTOB, He PpUHAICKAINX A (HO npuHamiexanmx U).

Ecnmu paccmotpers HekoTopbie KoHedHble MHOkecTBa N u M, y KOTOpBIX HMEIOTCS
COOTBETCTBEHHO HekoTopbie uucia sneMeHToB K(N), k(M), To mMeer mecro criemyroiee
COOTHOLIEHUE:

k(NUM)=K(N)+k(M)-Kk(N~M).



Ipumep. BerynurensHbli 3K3aMeH MO0 (PU3MYECKONH NOATOTOBKE B MOCKOBCKHIA
yauepcuteT MBJI Poccuu cmaBamu 2500 abutypueHToB, orleHKY Hipke "5" momyummu 1800
YeJIOBEeK, a BbLAEpKaiIu 3TOT 9k3aMeH 2100 abutyprenToB. CKOIBKO YEIOBEK MOJIYIHIN OLIEHKU
l|3l| u H4H?

Pemenue. [Ipeanonoxum, uto N — MHOXXECTBO aOUTYPHUEHTOB, BBIACPKABIIUX SK3aMEH
1o (hpU3NYECKOH MOATOTOBKE, M — MHOXKECTBO aOMTYPHUEHTOB, MOJYYMBIINX OICHKH HIDKE "S5".
[To ycnosuro 3amaun umeem K (N) = 2100, k(M) = 1800, k (NUM) = 2500. AGUTYpHUECHTHI,
nosyuuBue oueHku "3" u "4", obpazyror mHoxkecTtBO NMM. IlpuMeHss npuBeeHHYIO BBIIIE
(bopmyity, HAXOHM:

K(NUM)=Kk(N)+k(M)-k(N~M).
KN M) = k(N)+k(M)-k(NuUM),
k(N n M) = 2100+1800-2500 = 1400.
Otget: 1400 yenoBeK MOJYUUITH OIIEHKU «3» U «4».
KoHnTpoabHble BOnpockl U 3a1aHUA

3anaga 1. Ha mepBom Kypce cieacTBeHHOro (akynbrera MOCKOBCKOTO YHUBEPCHUTETA
MB/JI Poccun 1500 kypcanToB, n3 koTopbeix 1050 KypcaHTOB M3y4arOT aHTIUHCKUHN S3bIK, 675
KYpPCaHTOB M3Yy4al0T HEMEUKHH s3bIK U 345 KypcaHTOB U3y4aroT 00a si3bika. CKOJIBKO KypCaHTOB
CJIeICTBEHHOTO (aKyIbTeTa HE U3y4alOT HU aHTJIMHCKUM, HU HEMEIIKUH S3BIK?

3amaya 2. B onummnuane mo umHpopMaTtuke UM MareMaTHKe NpuHUManu ydactue 40
KypcanToB MockoBckoro yHuBepcurera MBJ[ Poccuun, um Obulo MpeyioxKEHO PEelIuTh OJHO
3aJaHue 1o HH(opMaThKe, OAHO TO MpaBOBOM HH(POPMATHKE M OJHO IO MaTeMaTHKe.
Pe3ynbTarel npoBepKu penieHuit 3a1aHuil MpeCTaBlIeHbl B TA0NNIIE:

PerreHrnr Komnuectso Pentenr! 3aganus KoanuectBo
3a/laHus PEIIMBIINX PEIINBIINX
ITo 20 [lo  wHbOpMaTMKE W  MPaBOBOU 7
nHpOpMaTHUKe nHpopMaTuke
[To mpaBoBoit 18 [To madopmaTHKe U MaTeMaTUKE 8
nHpopMaTUKe
ITo 18 [To mpaBoBoif MHPOPMATHKE H 9
MaTeMaTHKe MaTeMaTHKe

W3BecTHO TakKe, 4YTO HU OJHOIO 3a/laHus He pelid Tpoe. CKOJIbKO KypCaHTOB PELININ
Bce 3 3ananus? CKOJIbKO KypCAHTOB PEUIMIM POBHO 2 3a/1aHusl?

3amada 3. B MarasuHe KaHUEISPCKUX IPHUHAUIEKHOCTEH MOCKOBCKOIO YHHUBEPCHUTETA
MB/I Poccun KypcaHTbl OOBIYHO MOKYHAIOT JIMOO OJIHY PYUKY, MO0 OJHY TeTpalb, TM00 OJHY
PYUKy U 0/HY TeTpaab. B oqun u3 quei 6bu10 npojgano 57 pydek u 36 terpaneil. Ckosbko ObLIO
IIOKyTIaTeNnel, ecy 12 KypcaHTOB Ky U PYYKY, U TETPalb?

3amada 4. B ogHOM M3 ropoJoB YKpawHbl 4acTb >KMTEIEH TOBOPUT TOJIBKO MO-PYCCKH,
4acTb - TOJIBKO MO-yKPAaWHCKH, YacThb FOBOPUT U INO-PYCCKU, M MO-YKpauHCKH. M3BECTHO, 4TO
90% s>xurteneil ropoput no-pyccku, a 80% - mo-ykpanHcku. Kakol MpOILEHT >KUTENEl ropona
TOBOPUT Ha 000UX sA3bIKaxX?

3amaua 5. Kaxaplil U3 KypcaHToB yueOHOH rpynmnsl MockoBckoro yHuBepcureta MBJ]
Poccun B 3MMHHE KaHUKYJBl POBHO JIBa pa3za OblLl B Tearpe, mpu 3ToM crnekrtakan N, M u P
BHUJIENIM COOTBETCTBEHHO 25, 12 m 23 kypcanTta. CKOJIBKO KypCaHTOB B y4eOHOU rpyre?
Ckonpko n3 Hux Buaenu cuekrakad N u M, Nu P,M u P?

3angaua 6. B yue6noit rpynne u3 40 xkypcantoB 30 yMeroT miaBaTh, 27 yMEIOT UTpaTh B
1axMaThl M TOJBKO 5 HE YMEIOT HU TOro HU Apyroro. CKOJIBKO KypCaHTOB YMEIOT IIaBaTh U
UIpaTh B IIaXMaThl?



3amaua 7. B Teyenue Hepenu B KMHOTEAaTpe JeMOHCTpHupoBaiuch ¢puibMel A, B u C. U3
40 mKOJBEHUKOB, KAXKJIBI M3 KOTOPBIX MPOCMOTpEN b0 Bce TpH (uinbMa, Tu00 OJUH U3 TpeX,
¢wieM A Bunenu 13, punem B—16, ¢unbm C—19 mkonsHuKOB. HalTH, CKOJIBKO YYEHHUKOB
MIPOCMOTPENH BCe TpH (puibma.

3anava 8. B cmoptuBHOM sarepe 65% pebsar ymeroT urpatb B ¢pyrooi, 70%—8 Boseioom
u 75% —sB OackerOois. KakoBO HauMeHbIlee YUCIO PEOSAT, yMEIOMUX UrpaTh U B Qyrboi, U B
BOJIEI00:1, 1 B OackeT00II?

3amaua 9. Ha ypoke nauTeparypbl yUUTeNlNb PEHIM y3HaTh, KTO U3 40 yUeHHMKOB Kiacca
yutan kHUru A, B u C. Pe3ynbTarsl onpoca okasanuchk TakoBbl: KHUTY JI ynrtano 25 yuyammxcs,
kaury B-22, kaury C—raxoke 22. Knuru A wiu B unramu 33 yuenuka, A wim C—32, B unn
C—31; Bce Tpu xuuru npowm 10 ygammxcs. CKOJTBKO YYEHHKOB MPOWIH TOJBKO O OJHOM
kHUre? CKOJIBKO yUAIIUXCS HE YNTATU HU OJTHON M3 ATUX TPEX KHUT?

3anagya 10. Cpenu aOUTYypHUEHTOB, BBIACPKABIIMX NPUEMHBIE SK3aMEHBI B BY3, OLICHKY
«OTJINYHO» TMOJYYMJIM: MO MareMatuke—48 aOUTypHEeHTOB, MO (Qu3nke—37, MO PYyCCKOMY
sI3bIKy—42, TI0 MateMmaTuke Wik pusmke—75, M0 MaTeMaTUKe WU PYCCKOMY S3BIKYy—76, TIO0
(bu3uKe WM PYyCCKOMY S3BIKy—66, 1m0 Bcem Tpem mnpenMeraM—4. CKOJbKO aOUTypHUEHTOB
MOJIYYMIIH XOTsI Obl OAHY IATepKy? CKOJIBKO CPeAU HUX MOTYYUBIINX TOJIBKO OAHY MATEPKY?

Pexomendyeman numepamypa:

OcHoBHas1 uTEparypa:
3apunoBa, J. P. Jleknum mo auckpeTHOW Maremartuke. Maremartmueckas JIOTHKA: ydeOHOe
nocobue / O. P. 3apumnosa, M. I'. Koxotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
VHHBEpPCHTET  IpyxkObsl  HapomoB, 2014, — 120 c¢. — Pexum  jgocryna:
http://www.iprbookshop.ru/22190.html

JlonoaHUTeLHAS IUTEpPATypa:
Xarraptu, P. JluckpeTHass MaTeMaTuka Jjisi IPOrPaMMUCTOB : yueObHoe mocobue / P. Xarrapru.
—  MockBa :  Texmocdepa, 2012. — 400 <c¢. — Pexum  pmocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansTHe Ne2. OtHomenusi. OTHOIIEHUS] JKBHBAJIEHTHOCTH.
OtHomenne mopsiaka. CpoiicTtBa oTHOomeHuid. OtoOpaxkenusi. Unbekunusi, CropbeKuus,
ouexknus. [lonsaTue pynkuun.

Ilenv 3anamusa. ITpuoOpecTy HaBBIKM ONpeAETCHUs BUAAa OMHAPHOTO OTHOLIEHMS, €ro
CBOMCTB M crioco0a 3a1aHusl.

3nanua u ymenus, npuodpemaemovie CMYOCHHIOM 6 pe3ynbmame OCE0EHUs MeMbl,
dopmupyemobie Komnemenyuu. 3Ha€T OCHOBHbIE OMHAPHBIC OTHOIICHUS M UX CBOMCTBA, yMeeT
IIPUMEHATH CBOICTBA OTHOLICHUN Ha MTPAKTUKE.

Teopemuueckas uacme.

bunapHble OTHOLIEHMS YCTaHABIMBAIOT COOTBETCTBUS 3JEMEHTOB OJIHOTO MHOXECTBA
3JIEMEHTaM Jpyroro MHokectBa. Ecin, Hampumep, sneMeHT X€X COOTBETCTBYET 3JIEMEHTY
yeY, To (Gakr 3TOro COOTBETCTBUSI MOXHO 3amucaTh B BHIC YHOPSIOYCHHOW mapbl (X,Y).
[IpaBuno (mpeanucanue, NIPUHIIMII), IO KOTOPOMY 3JEMEHTY X U3 X CTaBUTCSI B COOTBETCTBHE Y
u3 Y BbIpaxaroT Ju00 B ciIoBecHOH (opme, 1100 B cumBoanueckoi (popmanbhoil u T.1.). B
OOJIBIIMHCTBE CiydaeB cHUMBosMdeckas (opma umeeT BuA XRY W yuTaeTcs ClEAyIOIIUM
o0pa3oM «X HaxoAWTCs B OTHouleHHMH R k y». B mnpuHnume, ecim Mexay HEKOTOPBIMHU
aneMeHTaMu MHokecTB X © Y oOIpenesneHo OTHolleHue R, To OHO MoOXeT ObITh
0XapaKTepU30BaHO OJHO3HAYHBIM MPOCTBHIM NEpPEUHCICHUEM Bcex map (X,y), B KOTOPBIX X U Y
CBsi3aHbl cooTHoIIeHHeM R. B mocnennem ciyuae oTHomieHHe R MOXHO NMPUHMMATH Kak BCe
MHO>KECTBO JIOIyCKaeMbIX UM YIOPSIOUYEHHBIX Map BUJA (X,y) U mucath (X,y) €R, rae “R” yxe
BBICTYIIAET KaK CUMBOJI MHO>KECTBA.



bunapnoe otHomenue K Ha3piBaeTcs pediuekCHUBHBIM, e (X,X) € R mig Bcex xeX. 3to
OmpeieJICHUE Ha SI3bIKe TEOPUU MHOKECTB MHUILETCS B cieayrouieM Bunae: E€eR,VXe X, roe E =
{(x,x)/x € X}c XxX.

OtHomenne R HaszpiBaeTcs antupediIeKcUBHBIM (MppediaekcuBHBIM), ecau (X,x) € R, V
xeX mmRNE=0.

buHapHOe OTHOIIICHHME HA3bIBACTCS CUMMETPHUYHBIM, eciii (X,Y)eR => (y,x) €R wmm R
=R

OtHomenue R Ha3pIBaeTCsl aHTUCUMMETPUYHBIM, eclii (X,)) €eR u (Y,X) eR = x =y win
RNRcE.

OtHoienue R Ha3pIBaeTCsl aCUMMETPUYHBIM, €CIIM U3 ABYX OTHOIIEHUH XiRXj 1 xjRxi,-
BBINOJIHSAETCA [0 MeHbIIel Mepe 01Ho, T. €. RNR™=0. Crnenyer 3ameTuts, uto 3 acummerpuu R
BBITEKAET €r0 aHTUPEPIIEKCUBHOCTb.

bunapHoe oTHomleHne R Ha3biBaeTcs TpaH3UTHUBHBIM , eciiu (X,y)eR u (y,2)eR =
(x,z2)eR wmn R°RcR. Bonee mpocTto CBOWCTBO TPAaH3UTUBHOCTH OTHOHICHUS R MOXHO
chopmynupoBaTh ciaeayommuM obpaszom: u3 XiRXj u xjRxk Bcerma cnenyetr xiRxk. IIpumepom
TPaH3UTUBHOTO OTHOIIEHMS] MOJKET CIY)KUTh OTHOILIEHHWE BKIIOYEHHS Ha MHOXKecTBax. B
gactHOocTH ACB 1 BcC = AcC.

OTHolEHHE  OSKBUBAJIEHTHOCTU  OMNpEJAeNseTcss Kak OTHOIIEHHe, obiajaroliee
CJIeIYIONMMH CBOMCTBaMU: 1) pedIeKCUBHOCTD, 2) CHMMETPUIHOCTD, 3) TPAH3UTHBHOCTH. J[Jis
0003HAYEHMS STOr0 OTHOIIEHUS BBOAAT cUMBOI " ~ ". Eciu R oTHOIIEHME S5KBUBAJIEHTHOCTH, TO
3amuch X1RX2 1 X1 ~ X2 paBHO3HauHBI (RCX X X).

[Ipumepom OTHOIIEHHS SKBUBAJICHTHOCTH B T€OMETPUU SIBJIIETCS OTHOIIEHUE "Toa00us"
(KOHTPY?HTHOCTH).

KoHTpoJibHBIE BONIPOCHI M 3aJaHUsA

1. OtHomenue R: “<” Ha MHOXECTBE JEHCTBUTEIBHBIX UYHCEI SABIACTCA JU
pedaekcuBHBIM?

2. Orvomenne R: “<” Ha MHOXECTBE JCHCTBHUTCIBHBIX 4YHCEN SBIACTCI JIU
TPaH3UTUBHBIM?

3. KakuM sBigeTcsa oTHomeHune R: “<” ?

4. Omnpenenutb, KaKMMH CBOWCTBaMHU 00JIajacT OTHOIICHHE R: «IpHUHAIICKHOCTh K
OJIHOM CTYJIEHYECKOM IPyIIe» Ha MHOXKECTBE CTYJACHTOB MHCTUTYTa?

5. TpaH3UTHBHO JIK OTHOIIIEHHWE HEPABEHCTBA HA MHOYKECTBE JCHCTBUTEIBHBIX YHCEN?

6. TpaH3UTHBHO JIM OTHOIIIEHHWE PABEHCTBA TPEYIOJIbHUKOB B TEOMETPUH?

7. s maoxkectB A, B, u C cripaBeimuBo otHomeane A N B =, B N C = . Ansercs
JIX 3TO OTHOIIICHHE TPAaH3UTUBHBIM?

8. Onpenenure CBOMCTBa [ (S13%0)11170:¢ OTHOILLIEHNH:
1. «mipsiMast X mepecekaet MpsmMyro y» (Ha MHOXKECTBE MPSMBIX);
2. «aucyo x OoJibliie yncia y Ha 2» (Ha MHOKECTBE HATYpalIbHBIX YHCEN);
3. «4HCIIO X JENUTCS Ha 4uciao y 0e3 ocraTkay (Ha MHOXECTBE HATypallbHBIX YHCEN);
4. «X - cecTpa y» (Ha MHOYKECTBE JIIO/IeH).

9. ns 3amanHbIX Ha MHOXKecTBe A={1,2,3,4,5} OMHApHBIX OTHOILIECHUH p U T:

=1, y) [ (x=20y=-2)I£1}; 7T={(x,¥):2x=3y}
a) 3amucaTh MaTPHIIBI ¥ IOCTPOUTH TPaUKH;
0) HalTH KOMIIO3HIIUIO p © T;

B) HCCIIEI0BaTh CBOMCTBA OTHOWIEHUH P, T U p © T (peIeKCUBHOCTh, UPPE(DIEKCUBHOCTb,
CUMMETPUYHOCTh, aHTHCUMMETPUYHOCTh, TPAH3UTUBHOCTB ).

Pexomenoyeman numepamypa:
OcHoBHasi JinTeparypa:



3apumnosa, 3. P. Jlekuuu no quckperHoit Mmatematuke. MareMaruueckast JIOTHKa: yueOHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotuukosa, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEPCUTET JIpYKObI HapoioB, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlonosHUTEIBHAS TUTEPATYPA:
Xarrapty, P. JluckperHas MaremaTuka Jyisi IpOrpaMMHUCTOB : yaeOHoe mocodue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTnuyeckoe 3ausaTue Ne3. OCHOBHBIE ajiredpandecKue CTPYKTYpPhI.

Ilenv 3anamusa. llpuoOpecTr HABBIKM OINpPEACICHUS OCHOBHBIX alTreOpamuecKux
CTPYKTYP H OTIPEEICHHS UX CBONCTB.

3nanua u ymenus, npuoopemaemovie CMYOEHMOM 6 pe3YNbmame 0CE60CHUA MeMbl,
dhopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE AIreOpavecKue CTPYKTYpbl M yMEET
OIIPENEIATh UX CBOMCTBA.

Teopemuueckasa yacme.

B wmarematuke u pa3nuuHBIX €€ TMPUIIOKEHUSX BAXKHYIO pOJIb HrpaloT TaKUe
MaTeMaTHYEeCKHE OOBEKTHI, KOTOPhIE HA3BIBAIOTCS aJreOpandecKUMH CTPYKTypamu. B mmpokom
CMBICJIE€ TIOJT alreOpanvecKoil CTPYKTYpOl MOHUMAIOT BCAKOE MHOKECTBO, HA KOTOPOM 3a/I1aHbI
HEKOTOPBIE OTepanuu (T.€. 3aKOHBI, CTABSIIINE B COOTBETCTBHUE OJTHOMY HIIHM TIape JIEMEHTOB T10
omnpeneaEHHOMY TTPaBUITY IPYroil AJIEMEHT), 00J1a/TafoIIHe ONPEIeTIEHHBIMA CBOMCTBAMH.

BombmMHCTBO CBOMCTB M PE3yabTAaTOB 00 ATHMX MHOXKECTBAaX IMOJYYalOT, OMUPAsCh Ha
KOHKPETHYIO TPUPOJY AIEMEHTOB ITHX MHOYXECTB M Ha KOHKPETHBIH CMBICT OTEpariii HaJ
HUMHU. B TO xe Bpemsi MHOTHE pe3yibTaTbl MOKHO IOJIyYUTh HE3aBUCHMO OT MPUPOABI 3THUX
MHO’KECTB U KOHKPETHOI'O CMBICJIA OTIEPALIHii, @ UCXO/IA TOJBKO U3 CBOMCTB 3THUX OMNEpaIUil.

Cpenu  Takux  CBOWCTB  OINEpalMii  paccMaTpUBAIOTCS: aCCOLMATUBHOCTb,
KOMMYTAaTUBHOCTb, JAWCTPUOYTHBHOCTb, HAJIWYHME CIEUHUATIbHBIX 3JIEMEHTOB, O00JadaroMNX
onpenenEHHBIMU CBOMCTBaMH (HYJIEBOW, €IUHWYHBIN (HEUTpaIbHBIN), OOpaTHBIA 3JIEMEHT K
JTAHHOMY U T.1I.).

B 3aBucuMMOCTM OT KOJIMYECTBAa ONEpaluidi U CBOMCTB, KOTOPBHIMH OHHM 00JIaJaioT,
pa3anyaroT ClenyIolIne alredpandeckue CTPyKTYph.

Ilonyzpynnoti Ha3piBaeTcs MHOXKecTBO G, Ha KOTOpOM 3ajlaHa OMHApHas orepanust *
(dacTo e€ Ha3pIBAlOT YMHOXEHHEM U 0003HAYalT - ), I KOTOPOH BBIMOJHSIETCS CBOMCTBO
acCOIMATUBHOCTH, T.e. Ul JItoObIX a,b,c € G (axb) *¢ = ax(b*c) . Ecimu B momyrpymie
MMEETCsl HEUTPAJIbHBINA 2JEMEHT e (HYJIeBOM, €IMHHUYHBIN), T.€. TaKOW, 4YTO axe=e*a=a i
moboro aeG, to nonyrpynna G Ha3bIBaeTcs yHumapHot (MOIYTPYNNONi ¢ HyJIEM; MOTYTPYIION
c equnuiei). Ecan B momyrpymnmne BBIMOJIHSETCS KOMMYTAaTUBHBIM 3aKOH, T.€. €CIHM JUIA
mr00eix a,beG axb = b*a, To monyrpynmna HasbiBaeTcs kommymamuenou (WM abenesol).

VYHuTapHas mMoJiyrpynmna Has3bIBaeTcsl epynnou, eciau ans nobdoro aeG cyiiecTByer
obpaTHbIii 35meMeHT b € G, T.e. Takoii, uto a*b = b*a = e. Eciu 1OMOJHUTEILHO BBIMOIHICTCS
CBOMCTBO KOMMYTaTHUBHOCTH, TO TpyIIa Ha3bIBACTCA KomMmymamusHou (WU abenesoli), N B
3TOM Ciydae OOBIYHO MPHUMEHsIETCS aJIMTUBHAs CUMBOJHKA, T.€. omepalus o0o3HauaeTcs ,
HeUTpanpHBIi dmeMeHT (, oOpaTHBIH »IEMEHT K &8 Ha3blBalOT MPOTHUBOMOJOXKHBIM H
obo3Havaercs: -a.

Ecnu B abeneBoii rpynne (K , +) Hapsdy ¢ omeparyeil cioxeHus + 3afaHa emeé ojHa
oreparys: npousBefeHue * (WM - ), KOTOpas CBsA3aHa C + AUCTPUOYTHBHBIMH 3aKOHAMH:
(a+b)*c=(axc)+(b*c) , a* (b+c)=(axb)+(axc) s mobbix a,bc € K wu
Oxa=a*0=0 mns moboro a € K, to K HaseiBaercs koavyom. Ecim B koapre (K, +,  *)
JOTIOJTHUTEIBHO /711 TPOU3BEACHUS * BBIMIOJHSAETCS aCCOLMATUBHBIN 3aKOH, T.€. €CIU

(a* b) *c=ax(b*c) mma mr00BIX 4,b,C € K,



TO KOJIBIIO HA3BIBACTCS ACCOYUATMUBHBIM. A €CII KPOME TOTO CYIIECTBYET €IUHHYHBIN
aneMeHT 1, T.e. Takoi, uro 1+#a = a*1=a mns nroboro a€ K, TO KOJBIIO HA3BIBACTCS VHUMADHBIM
(wm konbrioM ¢ 1). Eciu B KOJIBIIE BBITIONHSETCS KOMMYTaTHBHBIM 3aKOH JUTSL *, TO KOJIBIO
HA3bIBACTCS KOMMYMAMUBHBIM.

AcconuaTuBHOE YHUTApHOE KOJIBLIO, B KOTOPOM KaXKAbli HEHYJIEBOW JIEMEHT a MMEET
obpaTHbIi @, T.e. Takoi, uto a*a’ = al*a = 1 HaseBaerca merom. KoMmyTaTHBHOE TENO
HA3bIBACTCS NOJEM.

KOHTpOJ’leLIe BOIIPOCHI U 3a/IaHUHA

SBnsiercss U ClEAYIOLIEE MHOKECTBO TIPYIION, KOJBLOM, II0JIEM OTHOCUTENIBHO
CJIOKEHMSI YUCEJl U YMHOKEHUS YUCEIL:

Bapuanm 1. - MHO)€CTBO JEMCTBUTEIBHBIX YHUCEIT,

Bapuanm 2. - MHOXeCTBO paliMOHAJIBHBIX YHCET,;

Bapuanm 3. -MHOX€eCTBO 1I€JIbIX YHCET;

Bapuanm 4.  -MHO€CTBO HEOTPHULIATEIIBHBIX PALMOHAIBHBIX YHCEIT;

Bapuanm 5. -MHOXeCTBO HaTypaJbHBIX YUCEII,;

Bapuanm 6.  -MHOXeCTBO HEOTPHUIIATEIBHBIX IEHCTBUTEIBHBIX YHCET;

Bapuaum 7. -MHO€CTBO YETHBIX LI€JIbIX YHCET;

Bapuanm 8. -MHOX€CTBO HEOTPUIIATEIBHBIX LIEJIBIX YHUCEIT,

Bapuanm 9.  -MHOECTBO TPOCTBIX YHCEIT;

Bapuanm 10. -MHOXECTBO KOMIUIEKCHBIX YUCEN?

OTtBeT 00OCHYIITE.

Pexomendyeman numepamypa:

OcHoBHas1 iuTEparypa:
3apumnosa, 3. P. Jleknuu o puckpetHoit MmaTemaTuke. MaTteMaTnueckast JIOTHKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacthsiHOB. — Mocksa : Poccuiickuii
YHUBEPCUTET ApYXObI HapooB, 2014. — 120 ¢. — Pexxum moctyna:
http://www.iprbookshop.ru/22190.html

JlonoaHUTeLHAS TUTEpPATypa:
Xarraptu, P. JluckpeTnas MmaTeMaTuka Jjis IpOrpaMMHUCTOB : ydeOHoe mocooue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum goctyma:
http://lwww.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansaTue Ned, Omnepauuu HaJA BbICKa3bIBAHUAMHU. Tabaunbl
HCTHHHOCTH. Jlornueckue 3agaun.

Ilenv 3amamusa. IlpuoOpecTH HABBIKM  BBIMOJHEHHUS JIOTMUECKHX OIepaluid Haj
BBICKA3bIBAHMSIMH.

3HaHua u ymeHus, npuodopemaemvie CHYOEHMOM 6 pe3y/ibmame O0CE60EHUs MeMbl,
dhopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIE MOHATHUS TEOPUM BBICKA3bIBAHUM U yMEET
BBITIOJIHATH OIEpallMyd HaJ BBICKA3bIBAaHUSMH, CTPOUTHh TAOMUIly MCTUHHOCTH BBICKA3bIBAHUA,
MIPUMEHSTH MMOJTy4YE€HHBIE 3HAHUS K PEUICHHUIO JIOTUYECKUX 3a/1a4.

Teopemuueckas uacmeo.

OCHOBHBIM NOHATHEM MaTEMaTHYSCKOM JIOTHKU SIBISIETCSA IOHATHE gblickasbleanus. Ilox
BBICKa3bIBAHHEM OOBIYHO MOHUMAIOT BCSIKOE TIOBECTBOBATEIBHOE MPEANOKEHNE, 00 HCTUHHOCTH
WIH JIO)KHOCTH KOTOPOTO HMMEET CMBICI TOBOPHTH. BcCsikoe BBICKa3bIBaHUE SIBISETCS JHOO
WUCTUHHBIM, JHOO JOXHBIM, HO HE MOXET OBITh OJHOBPEMEHHO HWCTHMHHBIM U JIOXKHBIM.
Pa3znuuaroT mpocThle M COCTaBHbIE BbICKa3bIBaHUs. BbICKa3piBaHUE, MIPEICTaBIAIOINICE
CBSI3bIBAHME MPOCTHIX BBICKA3bIBAHUN B COCTABHBIE OCYIIECTBISETCS MOCPEICTBOM JIOTUYECKUX
OTepalHii, Ha3bIBAEMBIX CBSI3KAMHM.

Ompuyanuem BBICKa3bIBaHUSI X HA3bIBAETCS HOBOE BBICKA3bIBAHHUE, KOTOPOE SIBISETCA
HCTHHHBIM, €CJH BBICKa3bIBaHWE X JOKHO, M JIOKHBIM, €CJIM BBICKa3bIBaHWE X HWCTHHHO.

OTpI/IL[aHI/Ie BBICKa3bIBaHHUS X 0003HauaeTcs X | uHMTaeTCs «HE X» WUIN «HEBCPHO, UTO X».
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Konvronkyueri 1ByX BbICKa3blBaHMM X, V Ha3bIBaeTcs HOBOE BBICKA3bIBAHHWE, KOTOPOE
CUMTAETCSl UCTUHHBIM, €CIM 00a BBICKAa3bIBaHUS X, Y MCTUHHBI, U JIOXKHBIM, €CIIH XOTs ObI OJTHO
U3 HUX JOXHO. KOHBIOHKIHS BBICKa3bIBaHUN 0003HAuYaeTcsi CUMBOJIOM XAY min X&Y
(uutaercs: «X 1 Y»).

Jluzvionkyueu nByX BbICKa3blBaHUI X M Y Ha3bIBae€TCs HOBOE BBICKA3bIBAaHUE, KOTOPOE
CUMUTAETCS] UCTUHHBIM, €CJIM XOTS Obl OJJHO M3 BbICKA3bIBaHUU X, Y MCTUHHO, U JIOXKHBIM, €CIIU
OHM 002 JI0KHBI. JIU3bIOHKIMS BbICKa3bIBaHUI 0003HauaeTcst XVY (uuraercs: «X Ui Y»).

Umnnuxkayueti nByx BbICKa3bIBaHWU X, Y Ha3bIBA€TCSI HOBOE BBICKA3bIBAHHE, KOTOPOE
CUMTAETCS JIOKHBIM, €ciii X UCTUHHO, a Y — JI0O)KHO, U UICTUHHBIM BO BCEX OCTaJbHBIX CIIydasixX.
Nmmiukanus BeICKa3pIBaHUN 0003HaUaeTCss CUMBOJIOM X —Y (yuTaercs: «eciu X, To Y»).

Oxeueanenyueti TByX BbICKa3bIBaHUU X, Y Ha3bIBa€TCS HOBOE BBICKA3BIBAHHE, KOTOPOE
CUMTAETCSl UCTUHHBIM, Korja o0a BbICKa3blBaHUS X U Y JIMOO OJHOBPEMEHHO MCTHHHBI, JHOO
OJIHOBPEMEHHO JIOXKHBI, U JIOAKHBIM BO BCEX OCTAJIbHBIX CIy4asiX. DKBUBAJIEHIHS BbICKA3bIBAHUI
0003HavaeTcs CUMBOJIOM X<V (unutaercs: «X TOT/JIa ¥ TOJIBKO TOT/Ia, KOoraa Y»).

Bcesikoe cnoxHOe BbICKa3bIBaHHE, KOTOPOE MOKET OBITh MOJYYEHO W3 3JIEMEHTapHBIX
BBICKa3bIBAHUH MOCPEICTBOM IMPUMEHEHUS MEPEUHUCICHHBIX JOTMYECKUX ONepaliii, Ha3bIBAETCS
Gopmynoti  anreeopvr  nocuxu. JIBe dopmynsl anredpbl Jorukd A u B Ha3zpiBaroTcs
PABHOCUTbHBLIMY, €CTTM OHU MPUHUMAIOT OJMHAKOBBIE JIOTMUYECKHUE 3HAUEHUs Ha Jr000M Habope
3HaYEHUN BXOIAMMX B (GOpPMYJbl 3JIEMEHTAPHBIX BbICKa3bIBaHWM. PaBHOCMIBHOCTH (hopmyl
0003Ha4YarOT 3HAKOM = , a 3aluch A = B 03HauaeT, yTo Gopmynsl A U B paBHOCUIIbHBI.

Bakneiinie paBHOCUIIBHOCTH alreOpbl IOTHKH MOYKHO pPa30UTh Ha TPU TPYIIIBL:

1. OcHOBHEI® DABHOCHILHOCTH:

1 x&x= x}

9 xvaxmzx| — SAKOHLI HACMIOTEHTHOCTH.
_3. x&u=x

4. xvu=u

5. x&aa=a

2, i’an;:oc:;}zanoc:x-n, BLIPAKAIOHIME ONHH JIOTMYECKHE
omepamMH Yepe3 JApyrue:

1L xoy=(x-» &y > x)

2. x>y=xvy

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

3. PAEHOCHILHOCTH, BERIDAKAIOMHEG OCHOBHBIE 3AKOHEI
anre6pnt JOTHKH:

1l x&y=y&kx — HOMMYTATHMBHGCTh KOHBIOHKIHE.
2, xvy=yvXx — KOMMYTATEBHOCTL AHIDLGHKHEH.

3. x& (y& z) = (x& y)& 2 — ACCOMMATHBHOCTL KOH'BIOHK-
naH.

4, xv(yve)=(xvy)vz - acconuaTEBEOCTS AMSHIOHK-
nEH.

5. x&(y v 2) = (*& y) v (x& 2) — pucrpubyTEBROCTS KOH'S-
IOHKIHA OTHOCHTEABHO AMIBIOHKIWH, |

6. xv(y&z) = (x v y)&(x v z) — nucrpubyrusnocrs yazL-
IOHKOMHE OTHOCHTEALHO KORLIOHKITUH.
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dopmyiia Ha3bIBACTCS MOHNCOECMEEHHO UCMUHHOU (Masmoo2uell), €Ciii OHA IPUHUMAET
3HAUEHUE «HCTHHA» MPH BCEX 3HAUCHUSX BXOJAIINX B HEEe NepeMeHHbIX. DopMylia Ha3bIBacTCS
MONCOECMBEEHHO JIOJCHOU, €CITH OHAa TPUHUMAET 3HAYCHHE «IOXKb» IPU BCEX 3HAUYCHUSIX
BXOJIAIIUX B HEE TICPEMEHHBIX.

[pumep: Jlokazats, 4to popmyna A = X — (Y — X) TOXKIESCTBCHHO UCTUHHASI.
Pemenue: Ilogsepraem ¢opmyiry A paBHOCHIIBHBIM IPE0Opa30BaAHMIM:

A=x—>(y—>x)= xv(yvx)=xv(xvy)=(xvx)vy=lvy=1.

BeiBox: hopMysia TOKIECTBEHHO MCTHHHA, TaK KaK BCEra MMECT 3HAYCHHE «HUCTHHAY
win «l». JIoka3aTh TOXKIECTBEHHYIO MCTHHHOCTH (DOPMYJIBI MOKHO U C TIOMOIIBIO TAOIHIIBI
uctuaHoCTH. Hampumep, mi1st paccMoTpeHHON GopMyIibl A TabuIia HCTHHHOCTH UMEET BUI:

X y y X = (y > X)
—> X

=S
=SSRl
SEE=
SISIS=

Jly1st TOrO, YTOOBI PEMIUTH 33/1a4y C TIOMOIIIBIO ANTeOpPHI JJOTUKH, HEOOXOUMO:

- BBECTH KpaTKue 0003Ha4YeHUs sl CHOPMYIMPOBAHHBIX YCIOBUU M COCTABUTH JIOTHUECKYIO
(hopmyiTy, BRIpaXKaIONIyI0 YCIOBUE 3a7]a4i B CHMBOJIMUECKOU (popme;

- I MOJMy4eHHOH (HOPMYIBl HAMTH C MOMOIIBIO PABHOCHIIBHBIX MPEe0Opa3oBaHU BO3ZMOKHO
0oJiee IPOCTYIO PABHOCHIIBHYIO (POPMYITY;

- TOJB3YyACh HaWJEeHHOHN OoJsiee pocToit (hopMysIo, IEpeiast K CIIOBECHOU €€ (hOPMYITHPOBKE,
OTIPECNUTh PEUICHHUE 3a/IauH.

[Ipumep:

[Tocne oOcyxaeHHS cOCTaBa y4YaCTHHUKOB, OTHPABISIEMBIX Ha KOH(EpPEHIHIO, OBLIO
PEIICHO, YTO JOJKHBI BBITIOIHATHCS JIBA YCIOBHS: a) eciu noeneT ApOy30B, TO I0JKHBI TOEXaTh
eme bprokBuH wiu BumnHeBckuii; 0) ecnm moemyr ApOy30B ¥ BulHEBCKHM, TO MOENeT U
BbprokBun. Halitn Oosiee mpocTyro CloBEeCHYIO (POPMYIHPOBKY MPHUHSITOTO PEHICHHS] O COCTaBe
Y4aCTHUKOB KOH()EpEeHIINH.

Pemenne: Hasnauenme Ha xoHpepeHnuo ApOy3oBa, bprokBuHa u BuiiHeBckoro
0603HaunM OykBamu A,b,B cooTBercTBeHHO. Torma ycimoBue a) MOXKHO 3amucaTh B BUae A —
bvB, a ycnosue 6) B Bume AAB — b. Tak kak o00a ycCIIOBHS JOJDKHBI BBITTOJTHSATHCS
OJIHOBPEMEHHO, TO HUX COEIUHUM JIOTUYECKOW CBSI3KON «u». [losTOMy mpuHSATOE pelieHue
MO>KHO 3amlucarh B BUJE CleAyrolell cuMBoandeckoit popmynsl: (A — bvB) A (AAB — b). C
MTOMOIIBI0 PABHOCUJIBHBIX MIPEOOPA30BAHU YIIPOCTHM COCTABJICHHYIO POPMYIY:

(A—>BEVvBYA(AAB—>F)=(AVvEvB A(AvBvE)=(AvbB)v(BAB)=A—F

CumBonunueckas dopmyna ozHayaeT: «Eciau nmoener ApOy30B, TO moeneT U bprokBuH».
OTO U €eCTh HanboJee mpocCTas CJIOBCCHaA (I)OpMyJ'II/IpOBKa INPpUHATOTO PCHICHHA O COCTAaBC
I'pyIbl COTPYAHUKOB, OTIIPABJISICMBIX HA KOH(l)epeHLII/IIO.

KOHTpOJ’lebIe BONPOCHI U 3aJaHUA .

3agaua 1. Jloka3zaTh TOXAECTBEHHYI0 HCTMHHOCTb MJIM TOXAECTBEHHYIO JIOXKHOCTb
(dopMyI ¢ TOMOIIBIO @) PABHOCUIIBHBIX ITpeoOpa3oBaHuil; 0) TaOIUIBI HCTUHHOCTH (DOPMYIIbIL:

1. x>Yy)>(({—-X);

2. (V> X)>(x->Yy);

I X=>YYA(X>Y)—>X;

4 XAX>Y)AX—>Y);
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5 x>(y>2))>((x>y)>X—>2);
6. X >(XVvYy);
7. XAY—>X;

8. Xvy—>Xvy,;
9. z->X)>(z>Yy)>(@Z—>xAY);
10. x> y)>(y—>2)>(Xvy—>1).
3amaua 2. IlpiTasice BCIIOMHUTH TOOEOHWTENEH MPOIIJIOTOJHUX COPEBHOBAHUN TI0
cTpenbOe, MATh OBIBIINX 3PUTENCH 3asBUIIH:
A) AHTOH 0BT BTOpBIM, a Bopuc — nsATHIM,
b) BuxTop 0611 BrOphIM, a JIeHHC — TpeThuM,
B) I'puropuii Obu1 nepBbiM, a bopuc — Tpetbum,
I') AnToH Obln TpeThbuM, a EBrenuii — mecteiM,
J1) BuxTop Obu1 TpeTbuM, a EBreHuit — 4eTBepThIM.
BriocnencTBun BBISICHUIIOCH, YTO KaXKIbIH 3pUTENb OMIMOCA B OJHOM M3 JIBYX CBOMX
BbICKa3bIBaHU. KakoBO ObLIO HCTUHHOE pacnpeieieHue MECT Ha COPEBHOBAHMSIX?
3amaua 3. bpayny, JIxoHcy m CMUTy TpenbsBICeHO OOBHHEHHE B COyYacTHH B
orpabnenun 6anka. IloxuTurenu cKppUTUCH Ha MOKUJABIIEM MX aBToMoOuie. Ha ciencrBum
bpayn nokazain, 4yro mpectynHuku Obuld Ha cuHeM «bbromkey; J[XOHC ckaszai, 4To 3TO OBLI
yepHblil «Kpaiicnep», a CMuT yrBepkaai, uto 310 Obl1 «Dopa MycTaHr» U HU B KOEM cllydae
He cuHuil. CTasio U3BECTHO, YTO, JKeJlas 3alyTaTh CIeICTBUE, KAXKIbIA U3 HUX YKa3all IPaBUIbHO
100 TOIBKO MapKy MaIIuHbI, JTHOO0 ee mBeT. Kakoro mpeTa ObLT aBTOMOOWIIh 1 KAaKOW MapKu?
3anaua 4. BepryBmuch 1omoii, Merps mo3BoHu1 Ha HabepexHyto Opdesp.
- ToBoput Merps. Ects HOBOCTH?
- Ha, med. [Moctynumu coolmeHust oT HHCIEKTOPoB. ToppaHc ycTaHOBUI, 4TO eciii dpaHcya
ObLT TBsH, TO JIMOO DTheH yOwuiina, Moo dpancya mkeT. XKycchbe CUMTAET, YTO WM DThEH
yowmiiita, unmu ®dpancya He ObUT TBSIH WM YOWICTBO MPOM3ONLIO TMOCHE MoJyHoud. MHCmekTop
JIroka mpocwt niepenath Bam, uto eciau yOMiCTBO TPOU30IIIIO TIOCIIE TIONYHOYH, TO JTUO0 DTheH
yowiira, 6o ®pancya JpkeT. 3aTeM 3BOHUIIA. ..
- Bce. Cnacu6o. Dtoro mocrarouno. — Komwuccap mosoxwn Tpyoky. OH 3Haj, 4TO TPE3BBIN
®pancya HUKOra He JoKeT. Tenepb OH 3Hal BCe.
Kaxoit BeiBo# crienan komuccap Merpa? Ko coBeprmn youiictpo?
3amaua 5. CryneHtam OOBSBUIIM, 4YTO B MOHEAEIbHUK OyIeT OJHO 3aHSATHE IO
KPUMUHAIMCTUKE U OJHO [0 MaTeMaTuKe, IPUYeM, €CJIM Ha MepBOil mape MaTeMaTuku He OyIerT,
TO KpUMUHAJIUCTHKA OyJeT Ha BTOPOU Mape; eclid TPeThs Mapa He MaTeMaTHKa, TO YeTBepTas —
KPUMUHAIMCTHKA; €CJIM MaTeMaTuka OyieT Ha epBoi mape, TO KpUMUHAIIMCTUKA — Ha TSITOM.
Omnpenenure, Ha Kakoil mape OyneT KpUMUHAIMCTUKA, @ HA KaKOW MaTeMaTHKa.
3anaua 6. Yetbipe cryaentku A, E, C, P nocemaroT yHUBEpPCUTET IO OYEPENU U BEAYT
oOmmii koHcrekT Jjeknuil. Heobxomumo cocTaBUTh Trpaduk MOCEIIeHHs Ha OImKaiyro
HEJIENI0, YYUTHIBAs, YTO:
A) IloHenenbHUK — IEHb CAMOCTOSITENIbHOM pabOThl Ha Kypce, U B YHUBEPCUTET HE XOIUT
HUKTO, a B Cy0OOOTY HEOOXOIMMO OBITH BCEM.
Bb) C u P He cMoryT no#iTut Ha 3aHATHS BO BTOPHUK B CBSI3H C OOJBINION 3arpyKEHHOCTHIO B ITOHEICTHHUK.
B) Ecnu C Boliizer B cpeny uiu P — B uetBepr, To E cornmacurcst noObIBaTh Ha 3aHATHSX B
MATHUILY.
I') Ecu A ne noiiner B BY3 B uetBepr, To E nmo3Bonut cebe cxoauTh Tyaa B Cpeny.
J1) Ecniu A unu P 6ynyt B uHCTUTYTE B cpeny, TO C CMOXKET NOWUTH B MATHUILY.
E) Eciu P B naTHMIy BMECTO MHCTHTYTa MOWJET Ha CBaJIbOY MOJPYrH, TO A MpHIETCS
CXOJMTbH B HHCTUTYT BO BTOPHHUK, a C — B 4ETBEPT.
3agaya 7. YUeTbIpeM COTpyIHMKAM YTrOJIOBHOTO po3biCKa — AHTOHOBY, BexoBy, CoMoBYy,
JleeBy HEOOXOAUMO OTIIPABUTHCS IO CIY)KEOHON HEOOXOAMMOCTH B YETHIPE Pa3IMYHbIX ropojia
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— Mocksy, Oneccy, Kues u CraBponosib. Onpenienure, B Kakoil ropo/i JOJKEH M0eXaTh KaXIbIi
U3 HUX, €CIIM UMEIOTCSA CIIEYIOIINE OTPaHUUECHMSL:
A) Eciiu A ne enet B Mocksy, To C He eznet B Oneccy.
b) Eciu B He ener Hu B Mocksy, HU B CTaBpo11oJib, To A ezeT B MockBy.
B) Ecnu C He ener B CraBponoJs, To B ener B Kues.
I') Eciu 1 ve ener B MockBy, To B He enet B MockBy.
) Eciu J1 ne ener B Oneccy, To B He enetr B MockBy.
3anaua 8. Cotpynnukam ['MBJJI AnnpeeBy, Koctuny, CasenbeBy u JlaBbIOBY
MOPYYEHO NEKYPCTBO Ha 7-oM, 8-oM, 9-om m 10-om yuactkax tpaccel. [Ipu mpoBepke mocie
JNEeKYpCTBa OKazajoch, 4ro Ha 10-oM yuyacTke NPOU3OLUIO JOPOKHO-TPAHCHOPTHOE
MPOUCIIECTBHE, MOJPOOHOCTH KOTOPOTO HM3BECTHHI nexypuBiiemy cotpynuuky ['MBJIJI. He
yIIEIINE JOMON COTPYAHHUKH TOCTE JIeKYPCTBA COOOIIMIIN O CIETYIOIIEM:
Anppees: «S nexypuin Ha 9-oM yuyacTke, a CaBenbeB - Ha 7-0M».
Koctun: « nexypuin Ha 9-oM yuacTke ,a AHIIpeeB — Ha §-0M».
CagenbeB: « S nexypun Ha 8-oM yuactke, a Koctun — Ha 10-om».
JaBpIioB  yxxke ymen JoMoW. B nmanpHedmeM BBIICHWIOCH, YTO  KayKIbIi
MUJIMIIMOHEP B OJIHOM U3 JIBYX BBICKAa3bIBaHHI FOBOPHJI MpaBIy, a BO BTOPOM ee ckpbiBai. Kto
U3 COTPYIHUKOB Ha KaKOM y4acTKe JeKYypHII?
3agada 9. Onpenenurte, KTO U3 YETHIPEX CTYICHTOB CIal 3K3aMEH M0 MaTeMaTUKe, €CIIU
M3BECTHO:
A) Ecnu niepBbIi ciai, To 1 BTOPOH cail.
b) Eciiu BTOpOi#i can, To TpeTUii cAaai WK NepBbId HE cliall.
B) Ecnu yetBepThIii He caan, TO MEPBBIM cal, a TPETHI He caall.
I') Ecniu weTBepThIit calt, TO U IEPBBIN CAAIL.
3agada 10. Ha Bompoc: «KTo M3 TpexX CTYIEHTOB HM3ydall MAaTEMATHUYECKYIO JIOTUKY?»
MOJIy4€H BEpHBIA OTBET — «Eciau M3ydan mepBbIid, TO U3y4daad U TPETHH, HO HEBEPHO, UYTO €CIIH
W3ydas BTOPOH, TO M3ydall U TpeTui». KTo U3 CTyACHTOB M3ydaa MaTeMaTHIeCKYIO JIOTUKY?

Pexomendyeman numepamypa:

OcHoBHas1 iuTEparypa:

3apunoBa, O. P. Jlekuuum no auckpeTHOM MaremaTuke. Maremarhueckas JIOTMKa:
yueOHoe mocobue / 3. P. 3apumoBa, M. I'. KokoTunkona, JI. A. CeBacTbsiHOB. — MockBa :
Poccuiickuii yHuBepcuter apyxObl HapomoB, 2014. — 120 c. — Pexum goctyna:
http://lwww.iprbookshop.ru/22190.html

JonoaHUTeILHAS JJUTEpPATYypa:

Xarraptu, P. JluckperHas martemaruka Jyis HNpOrpaMMUCTOB : yuyeOHoe mocobue / P.
Xarraptu. — MockBa : Texnocdepa, 2012. — 400 c. — Pexum gocryma:
http://www.iprbookshop.ru/12723.html

IIpakTtuyeckoe 3anaTme Ne5.  HcuuciieHHMe  BbICKa3bIBaHWii.  AJITOPUTM
yHuukanuu. [Ipasuia BeiBoaa.

Ilenv 3anamus. llpuoOpecTy HaBBIKM TPUMEHEHUS TMpaBWIa BBIBOJA, AalTOPHTMa
YHU(PHUKAIIH.

3nanusa u ymenus, npuodpemaemvie CHMYOEHMOM 6 pe3yibmame OC60CHUS MeEMbl,
dopmupyemoie Komnemenyuu. 3HaeT aNropUTM YHU(PHUKAIIUU U yMEET MPUMEHSITh IPABUIIO
BBIBO/IA.

Teopemuueckaa yacme.

PaccmoTpuM japeBHelmumii oOpaser JOrMY4ecKoro BBIBOJAA — cUJUIOTH3M: «Bce mroam
cmepTHbl. Cokpar - yenoBek. CnenoBarenbHo, COKpaT CMEPTEH».

Kak ¢dopmanuzoBaTh Takue YMO3aKIIOYEHHS: HAyYHTh KOMIIBIOTED MPOBEPITh HX
MPaBMWJIBHOCTh M aBTOMATHYECKH T'e€HepUpoBaTh Moa00HbIe? Hamr mpuMep COCTOUT U3 IBYX
MOCBUIOK «BCE JIIOAU CMEpTHBI», «Cokpar - yemoBek» W 3akimtoueHus «Cokpar cMepTeH»,
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UCTHUHHOCTh KOTOPOTO CIEAyeT W3 HCTUHHOCTH TIOCHUJIOK. 3aluIlleM IEepBYI0 MOCBUIKY Ha
«IIPETUKATHOM» fA3bIKE: « VX €CIU X - 4eJOoBeK, TO X cMepTen». Ha ocHOBaHMU 001Ie3HAYNMON
dopmynsr VX P(x) — P(@) nmoruuHo, OnycTuB B BHICKa3bIBAHUU KBAaHTOP V, MOJCTaBUTh BMECTO
x Coxpara: «eciu Cokpat - yenoBek, To CokpaT cmepren». [locTaBum psioM C MOITY4EHHBIM
BBICKa3bIBAHUEM BTOPYIO TIOCBUIKY CHJIOTH3MA M MOJIYYUM Pe3yJIbTaT, KOTOPBIH odopmisieTcs: B
CIIeIyIOILIEM BUJE:
Ecnu Cokpat uenosek, To Cokpar cmepreH. Cokpar - YesloBeK.
Coxkpat cMmepTeH.

B oOmem ciydae Hax dYepTroil momemiarorcs Jorudeckue (opmynsl-nmockuiku A4,B,

MCTHHHOCTH KOTOPBIX TapaHTUPYET UCTUHHOCTH 3aKmoueHus C:
AB
C

CrnoBecHast 3amuch MPaBHJI JIOTHYECKOTO BBIBOAA 3BYYHMT Tak: «M3 maHHBIX (hopmy:-
noceiok A4,B  cnenyer Qopmyna-zakinroueHue C.»  (cokpameHHo: AAB — (). Ilpu stom
cauTaercs, 4to (popMysa-3aKiIFOYCHNE UCTHHHA MO KpaiHEeH Mepe NMpH BCEX TaKMX 3HAYCHHIX
MPEUKATHBIX, IPEAMETHBIX M BBICKA3bIBATEIBHBIX MEPEMEHHBIX, TPU KOTOPBIX 0OpaIarTcs B
UCTHHY Bce (GOPMYNIBI-TIOCBIIKKA. MeToa MareMaTHYecKOW HWHIYKIHU, O(QOPMIICHHBIA Kak
MIPAaBHJIO BBIBOJA, IPUMET BUJI:

P(1), P(k) = P(k+1)

vn P(n)
[IpuBeneM HeKOTOpHBIE MpaBuUIIa BbIBOIA, paboTaronue B 6a3ax 3HaHUM:
A—> B, A
— 5 - mpaBWJIO 3aKiroueHus (modus ponens),
A—>B, B—->C
- IPaBWJIO CHJUIOTH3MA,
A->C
Vx P(x), a
— - crienuaI3anus,
P(a)
A,B
— - BBE/ICHHE KOHBIOHKIINY.
AAB

PaccmoTpuMm cnepyromumii npumep. B 6a3e JaHHBIX XpaHATCS CBEIEHHUS O COTPYTHHKAX
yupexaenus [lerpose, Banose, Ky3Hernose, SIkoBieBe (B manpHeieM o0o3HauyuM ux Kak [,
U, K, 5). JomxHOCTHAas uepapxus OMUCHIBAETCS C MIOMOIIBIO IBYXMECTHBIX MPEAUKATOB:

PYK(IL,W) o3nauaer, uto [lerpoB pykoBoauT VBaHOBBIM,

OTY(Y,X) o3HauaeT, uto Y oTUUTHIBAETCS nepea X.

B Ga3e ganHbIX XpaHATCS TpU (akTa:

1: PYK{ILN),

2: PYK(I,K),

3: PYK(K,A).

Jlanee omMchIBAIOTCS /IBa MpaBUIa BbIBOJA, KOTOPhIE HMEIOT MECTO B pacCMaTpHUBaEMO
MpeIMeTHOM 001acTH:

1. VXY  PYK(X)Y) > OTY(Y,X) - ecd X pykoBOAMT Y, TO Y OTYMTHIBACTCS
nepen X,

2: VXY, T PYK(X,Y)AOTY(T,Y) ->OTY(T,X) — ecau X pykoBoauT Y u T OTYHTHIBACTCS
nepen Y, To 7 oTuyuThiBaeTcs mepena X.

TpeGyeTcst mpoBEPUTH 3aMPOC MOIB30BATENS: TOHKEH T SIKOBJIEB OTUUTHIBATHCA TMEPeE]l
HBanoBbIM (TO €CTh, crienaTh 3akmouearne OTU(S,N)).

B 6a3e maHHBIX Takoro ¢akTa HEeT, OJHAKO MPEIUKAT, OMUCHIBAIONINN HHTEPECYIOUIYIO HAC
CBsI3b, BCTpEYAeTCs B IpaBuiax 1 u 2.
[Mpumenss npasuno 1 k ¢akty 3, moxydum Gopmyamy:
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PYK(K,A)—>OTY(4,K).
[MpumensieM K Heit 1 GakTy 3 nmpaBuIo BbIBoa MOdus ponens:

PYK(K.S)—>OTY(S.K), PYK(K.5)
OTU(SL,K)

Tak xak UCXOHBIE BbIpayKEHUS ObLIM UCTUHHBL, TO 3akitoueHrne OTY(S,K) - HoBbIi dakT
- TAK)KE€ ABJISIETCS UCTUHHBIM.
[Ipumensts k OTY(A,K) u pakry 2: PYK(H,K) npaBumo 2, nomyuum Gopmyiy:
PYK(MN,K)AOTY(A,K) — OTU(A, 1),
ykasbiBaronyro Ha otBeT OTY(A,U), koTopslil oHAaKO, HANO €IIe MPoBepUTh. i 3TOTO
cBsa3biBaeM (akt 2 u OTY(S,K) nmpaBunom «BBeieHUSI KOHBIOHKLIUN:
PYK(M.K), OTY(A.K)
PYK(M,K)AOTY(A,K)

¥ HaKOHEIl, MpuMeHsst Modus ponens, 060CHOBBIBAEM PE3yiIbTaT
PYKWM.K)AOTY(LK) —» OTU(AHN), PYKM.K)AOTY(AK)
OTY (A1)

JAIOIINN YTBEPAUTEIbHBIM OTBET HA 3ampocC, JEHCTBUTEIBHO JIM SIKOBJEB OTYHUTHIBAETCS
nepen MBaHOBBIM.
KoHTpoibHBbIEe BONPOCHI U 32IaHUSA

JlokasaTh CJIEAYIOIIHE TOXKICCTBA BHAYATE HA SI3bIKE TEOPHH MHOYKECTB, & 3aTE€M —
Ha SI3BIKE TEOPUH J0KA3aTEeIIbCTB:
a) AN(AUB)=A;
0) AU(ANB)=A;
B) AU(BNC)=(AUB)n(AULC);
r) An(BuC)=(AnB)U(ANC);
n) I\N(AUB)=(I\A)N(I\B).

Pexomendyeman numepamypa:

OcHoBHas1 iuTEparypa:
3apumnosa, 3. P. Jleknuu no quckpetHoit MmaTemaTuke. MaTeMaTnueckas JIOTHKa: yaeOHOe
nocobue / D. P. 3apunosa, M. I'. Kokotunkora, JI. A. CeBactbsiHOB. — Mocksa : Poccuiickuii
YHHUBEPCUTET ApYxObI HapoaoB, 2014. — 120 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/22190.html

JonosHUTEILHAA JIUTEPATYpA:
Xarraptu, P. Jluckpernas MmaremMatuka Juisi porpaMMHCTOB : yueOHoe nmocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuueckoe 3anaTHe Ne6. UcuuciieHue npeMKaToB. ABTOMATHYECKOe 10KA3aTe1bCTBO
TeopeM. MeToj pe3oJiionuid.
Ilenv 3anamusa. TlproOpecTH HaBBIKM MaTEMaTHUECKH AaHAJIM3UPOBATh CYXKIEHHUS C

IIOMOIIBIO IPEIMKATOB, IPUMEHATh METO] PE30JIIOLUI IS T0KA3aTEIbCTBA TEOPEM.
3nanua u ymenusa, npuoopemaemvie CHMYOEHMOM 6 pe3yibMaAme O0C60CHUL MeMbl,
dopmupyemvie Komnemenyuu. 3Ha€T OCHOBBI MCUUCIICHUS NPEAUKATOB M YMEET NPUMEHSTH
IIPY AHATIU3€E CYXKIECHUH.

Teopemuueckas uacme.
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PaccMOTpUM MCTHHHOE BBICKAa3bIBaHHE «5 - ILIEIOE YMCIIO» U JIO)KHOE BBICKA3bIBAaHHE
«T — 11e5oe ncio». OOy YacTh X MOKHO BBIIEJIUTh KaK MPeUIoKeHUe-mabaoH «[ | - 1enoe
YHUCIO», MPH TOACTAaHOBKE B KOTOPBIM KOHKPETHOTO YHCIA TMOJY4aeTcsi KOHKPETHOE
BbICKa3bIBaHue. BBens o06o3Hauenue: P(x) = «x - nenoe uncion, noayuum P(5) = 1; P(n) =0.
Teneps mycte P(x) = «X - oBouI». 3amelias X Ha KOHKPETHbIC IJIOMbI, MMOJy4aeM HCTUHHOE
Bbicka3zbiBanue P(JIVK)=1, unu noxunoe: P(CJIMBA)=0.

HazoBem mpeduxamom P(x) mnpemjioxeHHe, 3aBHCANICC OT IMEPEMEHHOW X,
MIpUHAJYIeKAIEH HEKOTOPOH IpeAMEeTHOM oOnactu - MHOKecTBY U: Xe U. B mepBoMm mnpumepe
xeR, Bo Bropom U - 310 MHOXecTBO 10a0B. [Ipn moacraHOBKe (DMKCHPOBAHHOTO JIEMEHTA
acU npeaukat P(x) npeBpamaercsi B BbickasbiBanue P(a)e{0,1}. Takum oOpa3oM, mpeaukat
MOXXHO CYUTaTh JIOTMYECKOW (YHKIMEW, OIpeleleHHOW Ha JJeMeHTax MHoxectBa U
MPOU3BOJIBLHON TPUPOJIBI.

U paszbuBaercst mpeaukatoM P(x) Ha JIBa HEMEPECEKAIOIIUXCS TOMHOKECTBA: Ha TIEPBOM
U3 HUX, KOTOPO€ HA30BEM MHOMCECHEOM UCHMUHHOCMU , TIpEAUKAT NMPUHUMAET MCTHUHHBIE
3HAYeHUs, HA BTOPOM - JIoXkHbIe. O003HauMB UX yepe3 P u P’, COOTBETCTBEHHO, noayunum: U =
PUP”

K mpenuikaraM mpruMeHHMBI BCE JIOTHYECKHE OTIEPALINH.

[Ipennoxenue, onpeneeHHOe HA MHOXECTBE X1X X2X..xXn, Ha3bIBAIOT N-MeCHHbIM
npeouKkamom:

P(X1, X2,... Xn), X1€X1, ... Xn€Xn .

Haiinem o06nacTh MCTHHHOCTH TPEXMECTHOro mpenukara  P(X,y,z)
ompeseneHHoro Ha Tpoitkax (X, Y, z) € AxAxA =A%, rne 4 = {1,2,3,5}.

Yucso BceX yHOpAA0YSHHBIX TPOEK U3 YETHIPEXIIEMEHTHOTO MHOKeCTBa A paBHO 4-3-(4-
3+1) = 24. JIns cokparieHus nepedopa UCIoab3yeM CHMMETPUYHOCTh MTPEUKaTa OTHOCUTEILHO
MepBhIX ABYX mepeMeHHbIX: P(X,Y,2) = (Xy < z) = (yX < 2) = P(y,X,2).

Jlanee, nns BBHINOJIHEHHS] HEPaBEHCTBA HEOOXOAMMO, 4TOOBI TMpaBas 4YacTb Z
MPEBOCXOIUIIA KaXKIBIH U3 cOMHOXHUTENEH X,y. C ydeToM CKka3aHHOTO, UMeeM 3 OJaromnpusTHBIX
cioyyas: 1-2 < 3, 1.2 <5, 1.3 <5, naromue 6 snemenToB obnactu uctuanoctu 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).

Hrak, ob6macte uctuaHoctu P obOpasyer MmHOXkecTtBo Tpoek: {(1,2,3), (1,2,5), (1,3.,5),
(2,1,3), (2,1,5), (3,1,5)}.

Jlis  3amucd  TpeIuKaroB MOKHO —HCIIOJIB30BAaTh KBAaHTOP CYIIECTBOBAHUSA 3,
COOTBETCTBYIOIIUHN CIIOBAM «CYILIECTBYET», «HAUIETCS», «XOTs Obl OJMHY», K KBAHTOP OOIIHOCTH
V, COOTBETCTBYIOIIMIA CJIOBAM <JUIsl JIIOOOTO», «BCE», «KaxAbli». TakuM 00pa3oM, KBAaHTOPHI
CBSI3BIBAIOT TIPEAMKATHBIC TIEPEMEHHbIC X, Z, mpeBpamas mpeaukarel P(x) u Q(X) B
BBICKA3bIBAHUS:

y < 2),

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

B O6H.[€M cJIydac, CBA3bIBAAd J'II-O6YI-O U3 MPCIMCTHBIX IICPEMCHHBIX KBAHTOPOM, HIIH
3aMCHsAS €€ HpCHMCTHOﬁ HOCTOHHHOf/i, Mbl CHMJKACM YHCJIIO MCCT B IPCAUKATC HAa CAUHHILY.
Hampumep, u3 aByxmecTHOro mpemukara P(x,y) ¢ [OMOIIbIO JIBYX KBAaHTOPOB MOYHO
O6paSOBaTB 8 BBICKA3bIBAHUU:

VX Vy P(Xy) <— VyVx P(xy),
Ix dy P(xy) «<— 3y Ix PXy),
x vy P(xy) <«— Vy 3Ix P(xy),
vx 3y P(xyy) <«— 3y Vx P(x\y),
TOJIBKO JIBa IICPBBIX U3 KOTOPBIX PABHOCHJIbHBI, TaAK KaK Pa3HOMMCHHBIC KBAHTOPLI IIEPECTABJIATDH
HCJIb34.
KOHTpOJ’IbHBIe BOI[pOCLI U 3aJaHUA

3agaua 1.
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a) Ha muoxectse M = {1..30} 3amanbl mpeaukathbl: A(X): «x — u€TtHOoe 4mclioy; B(X): «x He
nenutcs Ha 3». Haittu MmHOkecTBO nctrHHOCTH nipeankata A(X) A B(X).

0) Ha muoxectBe M = {1..30} 3amanbl npemukarel: C(x):”x kpatHo 57; D(X):”x - uérHoe
Haiitn MuoxkecTBo uctunnoctu npemukara D(X) A C(X).

B) Ha mHoxectBe M = {1..30} 3amanbl npeaukarbl: A(X):”x — 4étHoe uncio”; C(X):”X KpaTHO
5”. Haiiti MHOXeCcTBO ucTUHHOCTH npeaukara —A(x) A C(x) .

r) Ha muoxectse M = {1..20} 3aganbl npeaukarsl: A(X):”X — yétHoe uncio”; B(x):”x nenurcs
na 3”; C(x):”x kpatHo 5. Halitu MHOXecTBO ucTuHHOCTH npeaukata B(x) v A(x) v C(x) .

n) Ha muoxectBe M = {1.30} 3amanbl mpemmkatel: C(X):”x — He kpatHO 57; D(X):"x -
uenpocroe”’; Haiitn MuokecTBO mctrHHOCTH npeankata C(x) — D(X).

3angaua 2.

a) Ha muoxectBe M 3amanbl npeaukatsl: A(x) u B(x). M300pa3uth Ha quarpamMme MHOXECTBO
uctuaHoctH npenukara A(X) A B(X).

6) Ha muHoxectBe M 3amansl npeaukaTtsl: A(X) u C(x). M300pa3suth Ha nuarpaMme MHOXECTBO
uctunnoctu npequkara C(x)\ A(x).

B) Ha MHOxecTBe M 3amanbl npeaukaTsl: A(x) u C(x). M300pa3uth Ha quarpaMMe MHOXECTBO

uctuaHocTH npeaukara A(x) A C(x) .
3amaya 3.
a) Jlna npeqmkara P(X) (X +0=X)", X e R, onpenenuts 3nauenue [ VXP(X).

6) ns npenukata P(X) " (X-0=0)", XeR, onpenenuts 3nauenue [ VXP(X).

B) Ins npenukata  P(X) " (2x=4)", X € R, onpenenurs 3nauenne IXP(X).

r) Jlas npemukara P(X) " (X+10 =X+5)", X e R, onpenenuts 3nauenne IXP(X) .

n) Jlnsa npenukara P (X) " (X2 —-2x+1)=0", xeR, onpenenuts 3nauenne [ IXP(X).

e) Jlis mpemkatos P(X) (X% +x—-2>0)", Q(X)"(x*+x+05=0)", xeR
onpenenuts 3navenue  IX(P(X) v Q(X)) .
%) JIna npenukatros  P(X) I"(2X2 +3x-=5>0)", Q(x) Z"(2X2 +3x-5<0)", xeR
onpenenuts 3navenue IX(P(X) A Q(X)).

3) [Ipu xeR ONPENEIIUTh 3HAYECHUE BBICKa3bIBaHUS
IX((x? —5X +6>0) A (X2 = 2x +1> 0)).
n) IIpu xeR OpENEIUTh 3HaYEeHUE BBICKa3bIBaHUS

Ix((x e{2,5}) —— (x> —6x+8=0)).

Pexomenoyeman numepamypa:

OcHoBHas JiuTeparypa:
3apunosa, 3. P. Jlekiuu o quckpeTHoit MmaremaTuke. MaremaTuyeckast JOruka: yueoHoe
nocobue / O. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEPCUTET JIpY:k0bl Hapoi0B, 2014. — 120 ¢. — Pexwum noctyna:
http://www.iprbookshop.ru/22190.html

JlonotHUTEIbLHAS IUTEPATYPA:
Xarrapty, P. JluckpeTHas MaremaTuka Jyisi IporpaMMUCTOB : yueOHoe nocobue / P. Xarraprtu.
— Mocksa : Texnocgepa, 2012. — 400 ¢. — Pexxum nocryna:
http://www.iprbookshop.ru/12723.html
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IIpakTnueckoe 3ansaTue Ne/. Cnnocods! 3aganus OyJjeBoii pyHkuun. Tadauna MCTHHHOCTH
OyJieBoii pyHKIMu.

Ilenv 3anamus. lpuoOpecTH HaBBIKM TOCTPOCHHUS TAOIUIBI MCTHHHOCTH (DYHKLHUH,
OTpENeNICHUs]  TOXKJICCTBEHHOM WCTHHHOCTH WM  JIO)KHOCTH  (POPMYJIBL.  BBITIOJHEHUS
PaBHOCHIIBHBIX MPEOOpa30BaHUK C MPUMEHEHHEM 3aKOHOB alreOphbl JIOTUKH.

3nanua u ymenusn, npuobpemaemvie CMyOeHmMOM 6 pe3yibmame O0C60EHUA MeMbl,
dopmupyemoie Komnemenyuu. 3HaeT OCHOBHBIC CHOCOOBI 3amaHus OyneBod (yHKIUH,
YMEET CTPOUTH TAOJIUILy HCTUHHOCTU (POPMYJIBI.

Teopemuueckasa yacme.

Byaesoii pynxumeii Y = T (X, X,,...,X,) or n nepemennbix X, X,,..., X, HasbBaeTcs
mo0ast QyHKIHUS, B KOTOPOH apryMeHThl U (YHKLHS MOTYT NPUHUMAaTh 3HaueHue aubo 0, mubo
1.

byneBy @yHKuMIO OT N MEpEMEHHBIX MOXKHO 3aJaTh TaOJIUIE MCTMHHOCTH, B KOTOPOM
HaOOphl 3HAUEHUI apryMEHTOB DPACIIOJIOKEHbI B MOPSAIKE BO3pAcTaHHs WX HOMEPOB: CHadala
UJET Ha0Op, MPENCTABIAIOMMN co00l nBOMYHOE paznoxenue 0 (3ToT Habop umeer HOMmep 0);
3aTeM UAET Ha0Op, SABJISIFOIIUIICS JBOMYHBIM pa3jiokeHueM 1, motom 2, 3 u T.1I.

Otpuuanue - OyneBa QyHKIUS OAHON MEPEMEHHOM, KOTOpas ONpeAesseTcs cleayromen

TaOJUIIEH UCTHHHOCTH

X 0 1 0O003HaYEeHUSA

() 1 0

=X, X

HekoTopsie anemenTapHbie OyneBbl (YHKIUHU JABYX IEPEMEHHBIX IPUBEIACHBI HUXKE.

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

C noMouIbio Cyneprno3uIuK IEMEHTAPHBIX OYyIIeBbIX (QYHKIHUN MOXKHO ITOCTPOUTH OoJiee
CIIOKHBIE (PYHKIIMH, KOTOPBIE MOTYT 3aBHCETh OT JIFOOOTO YHCIIa MEPEMEHHBIX. 3aUCh OyIeBbIX
GbyHKIMI yepe3 3eMeHTapHbIe OyneBbl (QyHKIMU OyneM Ha3biBaTh (OpMYJIoH peanusyromeit
JTaHHYIO (YHKIIHIO.

Jlns Gojiee KOMIIAKTHOM 3alMCH CIIOKHBIX (DYHKIMIT BBEJIEM CIIETYIOILIHE COTJIAIICHUS:

1) BHeIIHNE CKOOKHU OIYyCKAIOTCS;

2) cHa4aja mpOM3BOASATCS OTIEPALUH 51 CKOOKaX;

3) cumTaercs, UTO HPHOPHUTET CBS30K yObIBAET B CiieAyrouIeM mopske:, (A ], ¥ ), v, (—
, @), ©.

JInsi paBHOCHIIBHBIX CBSI30K (B CKOOKax) MPUOPHUTET ONPEEIIsIeTCs cIeBa Ha IPaBo.

[Tpumep. PacctaBuTh ckOOKH B (hopmynax:

1) XVy<> 2DX; xiyvz, 3 XDY)ZXAYV L.

Pemienue: 1) B popmyne XV Y <>z @ X cKkOOKH pacCTaBISAIOTCS CIEIYIOIUM 00pa3oMm:

(xvy) ©(z®X);

2) T.K. OmepauMs ¥ CHJIbHEE OIepaluy v COTVIACHO 3aMedaHmio umeeM (x4 )V 2);

3) B dopmyne (XDY)<«>Z—>XAYV-Z HCHONB3Ys BBEACHHOE CTapIIUHCTBO CBS30K;
moJiy4daeM, uto JaHHas ¢popmyia paBHocwibHA (XDY) <> (Z2—>((XAY) Vv (72)))).

[Mpumep. CocTaBUTH TaONUIBI HCTHHHOCTH JJ1s1 POPMYIL:

A XY >YOx); 6 x[(Yyv)d(xaz).
Pentenue:
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a) KCIOJIb3Yysl BBEJACHHOC CTapIIMHCTBO CBSI30K, IOJYY4dUM, 4YTO JaHHas (opmyria
paBHOCHIIbHA X<>( Y — (Y @ X) ), a TabiauIia UICTUHHOCTU TIPUMET BUJI;

X y y (y®x) y X (Y > (y®x))
—>(y®X)

0 0 1 0 0 1

0 1 0 1 1 0

1 0 1 1 1 1

1 1 0 0 1 1

0) cocTaBUM TaOJIUILy UCTUHHOCTH T (POPMYITBI X | ((Y/ v)d(xAz)

XAZ | xaz | (yvZI)b(xaz) F(xy)

NJ
<
<

Xyl z|Yy

P B Bk O O O O
P B O O - O O
b O b O B O +—» O
o O B B O O Bk, B
o b O b O - O Bk
O P B P O Fr KB, KN
b O B O O O O o
O P O R B P Rk R
R O O O O O o o
= T

dopmysia HA3bIBACTCS TOXKICCTBEHHO MCTHHHOWM (JI0’KHOI), €CIu OHAa NPUHHUMAET
3naueHue 1 (0) mpu Bcex 3HAUYEHHSIX BXOSIIIUX B HEE MEPEMEHHBIX.

pumep. Ssnsercs, mu popmyna (X —>Y) A 'Y) = X TOKAECTBEHHO UCTHHHON?

XPY | x [ V] XY | xoy) Ay | (X>Y)AY) > X
0] o 1]1 1 0 1
0| 1110 0 0 1
1]0]0/|1 1 0 1
11010 1 1 1

q)OpMy.]'Ia paBHa 1 IMpU BCCX 3HAYCHUAX BXOIANIUX B HEC NCPEMCHHBIX, CJICAOBATCIIBHO,
OHa TOXKXJICCTBCHHO MCTHUHHAsA (TaBTOHOFI/IH).
KOHTpOJ’IbeIC BOIIPOCHI U 3a/TaHUA.

1. TlopsaoK BBINOJHEHUS JOTMYECKUX ONepaLuil.
2. Kak onpenenuTs YUCIO CTPOK B TaOIUIE HCTUHHOCTH.
3. CocraBuTh TaOIMIy UICTUHHOCTH JAHHOU OyneBoi (yHKIUU:
1 (x®yz) > xvz 16.x<—>(y®2vy)

2 (x]y) > (zy ®x) 17.X\/y2®y
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3. (x—>§/)®(2vx) 18. (x®y)zvX

4 (Xvy)@(z o y) 19 X>y)®(zvy)
5. (xvy—>2)®y 20. (x| y)zv x

6. XV Yy —> 2y 21 (x> V)@®2) oy
7. (xyy)vx—>z 22. (x4 y) o (z@Y)
8. (xXy—>2)vxeoy 23. (xvy)®2z2) >y
9. (x| Y)z > yVvX) 24. (Xy® 7) > X

10. (X - yz2) ® X 25. x®(yl )@y
11.xvy2—>xy ZG.Fyv(yvz)

12. (x® y)(z v X) 27. (x| y) ® (y - zx)
13 XV )@z —>Y) 0g X Y(Xv (y®2))
14. (x4 y)®z v x 29. (x® z) <> (zx Vv Y)
15. (xvy —>2)®Yy 30. Xx(y > 2) © (Y@ 2)

Pexomendyeman numepamypa:

OcHoBHas1 iuTEeparypa:
3apumnosa, 3. P. Jleknuu o quckpetHoit MmaTemaTike. MaTemarndeckas JIOTUKa: yaeOHoe
nocobue / D. P. 3apunosa, M. I'. Kokotunkoga, JI. A. CeBacthsinoB. — Mocksa : Poccuiickuii
YHUBEPCUTET ApYXObI Hapo1oB, 2014. — 120 ¢. — Pexxum moctyna:
http://www.iprbookshop.ru/22190.html

JlonosHUTeLHAS IUTEpPATypa:
Xarraptu, P. JluckpeTHas MmaTeMaTuka Jjisi IpOrpaMMHUCTOB : ydeOHoe mocooue / P. Xarrapru.
— Mocksa : Texnocdepa, 2012. — 400 c. — Pexxum moctyma:
http://lwww.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansaTHe NeS. IIpumMeHeHue 3aKOHOB aJIre0pbl JOTHKH.
Ilenw 3anamus. IlpuoOpecT HABBIKU BBINIOJIHEHUS! PAaBHOCHIBHBIX MPEOOpa3oBaHUN ¢
MIPUMEHEHHEM 3aKOHOB aJIreOphl JTOTUKU.

3nanua u ymenus, npuodpemaemvie CHYOEHMOM 6 pe3yibmame OCE0EHUA MEMbl,
dopmupyemole Komnemenyuu. 3HaeT OCHOBHBIC 3aKOHBbI aireOpbl JIOTUKU W yMEeT
MIPUMEHSTH UX 715 peoOpazoBaHus OylIeBbIX (PYHKIIMIA.
Teopemuueckasn wacme.
Bynessbl Gynukuuu f1 u f2 Ha3pIBarOTCS SKBUBATICHTHBIMHU, €CJIM HA BCSIKOM Habope
(a,,a,,...,a,) Hyled wu enuHul 3HadeHus GyHkuuil coBmagaror. OO03HAYCHHE
SKBUBAJICHTHBIX (PaBHOCWIbHBIX) QyHKIMH cienyromee: fl=f2 wm fl= f2.
OcnoBubie 3kBuBanentHoctn (H,H,, H,, H,.. o3Hagatror HekoTopsle OyneBbI
GbyHKIHN):
1. 3akoH nBoitHOTO OTpHIAaHKs: H = H
2. Unemniorestaocts: HH =H, HvH =H
3. KommyratuBrocts: H, *H, =H, *H,, rne cumBon *o3HayaeT oaHy U3 CBA30K

&,Vv,D,~,|, 3.

4. AccoumaruBaocts: H, *(H, *H,)=(H,*H,)*H,, rae cumBon * o3Hauaer oJHYy

"3 CBSI30K &,Vv,D,~.
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5. Juctpudyrusnocts: H;, & (H, v H,)=(H, &H,)v(H, &H,),
H,v(H,&H;)=(H,vH,)&(H, &H,).

6. 3akoH e Moprana: H, & H, =H_1&H_2, mzH_l&H_z,

7. IlpaBuna normomenuns: H, v(H, &H,)=H,;, H;, &(H,vH,)=H,

8. 3akonsl cxienBanust: H; & H, v H; &H_2 =H,, (H,vH,)&((H, vH_z) =H,

9. 3akons! nHBepcwii: H vH=1, H&H =0.

10. ITpaBwuia onepanwii ¢ koucraaramu: H v1l=1, H&l=H, Hv0=H,6 H&0=0.

Bce MPUBCACHHBIC COOTHOLICHUS JICTKO IMPOBEPAIOTCA 110 Ta6JII/IIIaM MCTHUHHOCTH.

[pumep: YopocTtuTs GopMyIbl, UCHOIb3YsI OCHOBHBIE 3aKOHBI SKBUBAJIEHTHOCTHU

1) XZVXVXZVYZ=ZVYI=ZVYIVXVYZ=ZVYVX;

2)
x—>y:;vy (6) x—>y:§vy,(6)
X>yY)Ay—->x = A(x>9)AyY)vx==(X->y)vay)vx =
®) () X—>y=Xvy
=(XAYVaY)VX=(mYyVayYyAX)VX=—=YVX = YoX;
3)

XYZ VXYV XYZV X2V X2 = XZ(Y V V)V XYV XZV XZ = XZV XYV XZV XZ =

= (xzv X2)v (x2v X2) v Xy =Xx(zv 2) v Z(xvX) v Xy =Xxv zvXy=X(v y)vz=Xv Z;

4)

Xy V XoXg e XXy V Xg = Xo (Xy v Xg) V(X X5 ) X5 = (X V X, X5) V(X X, v Xg) = X (X, v Xg) =

=X, VX Xg VXV X VX =X VX, VX
[pumep: C NOMOIIBIO PABHOCHIBHBIX IIPE0OPa30BaHuil yIIPOCTUTH POPMYITY
Xy = (xvy)z.
Xy > (XvY)Z=XyVv (XVY)Z=XVYVXIVYZ=XVYVXIVYZ=XVYVZ=
XV (yvz)=x—(yv i)

6)zv (XvY) =z (XVY)

6)(y\/)_(\/E)E va_Z;

XVIVY=XIVY=XZY;

0)X v yvizﬁz.

JIroOyto 3amuch a) - 1) MOKHO CUUTATh OTBETOM.

IIpumep:. IIpoBeprTe, OyAyT M SKBUBAJICHTHBI CIEAYIONINE (DYHKINU:
(x—>2)(y > 2); (xvy)—>z
C IIOMOIIIBIO paBHOCI/IJIBHBIX Hp606p8.30BaHI/II71 nonyqaeM, qTO
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x>2)(y—> Z)E()_(v z)(yvz)zx_yv z§v>_(2vz z@vz =Xvyvzi=(Xvy) -z
T.€. QYHKIIUU YKBUBAJICHTHBI.

[pumep:. Jlokazats paBHOCHIBHOCT (X V Y) A (X Vv 9) = X.

(XVY)A(XVY)=SXAXVYAXVXAYVYAY=

=XvyAaxvxay=xalvyvy)=xalvl)=x
KoHTpoJsbHbBIE BONPOCHI M 3a1aHUS

1.

1. X\/yE
) XAY=

_xiyziAy

XY=y X
X Y=Xvy

XV (yAX)=X

2
3
4 x|yz§v§/
5
6
7

Jloka3zaTh cieqyrolue paBHOCUIbHOCTH:

)_(/\9 8. XVvYy=
)_(lgl g.leE;\/y
10, XV V) A XV Y) =X

11. XV()_(/\ y)=Xxvy
12. Xy > Z=XVYyvzZ

15 (XVY) A(XVY) A (xvZ)=X

16. (v L (yv ) =(xv y) v (yv2)
17. XO(Y®2)=(xDy)®2
18. X;/—)()_(\/YI)EEX_Y/Z

19. X>(Yy—>2)=xAy—>1zZ

13. x@yz;myvx/\gl 20. §—>§/zl@y€axy
12, XV Y)(XVY) =X

21, X >y =(xvy)(xvY)

2. Tlokasats, uto Qopmymer PVva, asb—a —asrb—->b pyveor 1y xe Tabmumy

UCTHUHHOCTH, YTO WU UMIIJIMKaIIUA a—b .

3. IlpoBepbTe, OyayT 1 SKBUBAJICHTHBI CICAYIOMIHE (YHKITUN:

1. X—>(y®z), X>y)®(X—>2)

2. XA(y®@z), (XAY)D(XAZ)

(x®y)v(x®2)

3. XA(Yy>2), (XAY) <> (XA2Z)

S

© o N o

10 XYy 2, (xdy) o (xd2)

xv(ylz), (xvy)|(xvz)
X®(y—>1z), (xoy)o (xl2)
x[(y > 2), (x]y)—>(x]2)
XA (Y = 2), xy2v>_<|§/
Xv(y—>12), (xvy)—>(xvz)

X®(y > 2), (Xy) e (x®2)

11 XY (YA2), (xo y)v(xva)
12. (YvX)®(yA2),

13. X®Y,y®Xx
14. XV Y, X >y
15. XV Y. x|y
16. XA Y. x ¥y
17. X(y v X), X
18. XA YA XX
19. xy¥ 2,24 xy

20. XV yz,(X v y)(X v z)'

4. TlpeoGpa3yiite GopMyIbl, HCIIOIb3YS OCHOBHBIE 3aKOHBI SKBUBAJICHTHOCTH:

1.

XV YV XY VXY

2
3.
4

XYYV Ry YV Ry

XYV YV Xy

XV XYV XYV X

11. Xyv Xyv Xy v yv Xy

12. (xyzvz)v(xyzv E)
13, XYZV XYZV XY

14. XEVX_yZ\/ xyE

23



5 XYZV XYV XyZvV Yz 15. XYZV XV YV ZV XYV XyZ
6. XyE\/TvavyEv)_(yE 16. X_yvavXQZ\/Xv—yvz
7. XYZV YZV XYV XV Y 17. XYZV YZV XV XV YV Z

8 XZVXYZVXVYVZVXyZVYyZ 18. XYZV XZV YZV YV Z

9. x§/2vxyvmv>_<z 19. (mviz)(yvy)(yv Z)
10. XYZV XV ZVXV YV ZV XYz 20. XYV XYZV XV Xyzt

Pexomendyeman numepamypa:

OcHoBHas JIMTEpaTypa:
3apumnosa, 3. P. Jlekiuu o quckpetHoit MmaTemaTuke. MaTteMaTruueckast JIOTHKa: yueOHoe
nocobue / 3. P. 3apunosa, M. I'. Koxotuukoga, JI. A. CeBactbsinoB. — Mocksa : Poccuiickuii
YHHUBEPCHTET ApYXObI Hapoa0B, 2014. — 120 c. — Pexxum nmocryna:
http://lwww.iprbookshop.ru/22190.html

JdonmosiHuTeIbHASA JIUTEpaTypa:
Xarraptu, P. JluckperHas MmaremMatuka Juisi IporpaMMHUCTOB : yueOHoe nocobue / P. XarrapTu.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum mocryna:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansaTue Ne9. JIN3bIOHKTHBHbIE H KOHBIOHKTHBHbIE COBepPIlIEHHbIE

HOpMAaJibHbIE (POPMBI.

Henv 3anamusn. Ilpuobpectn HaBbiku mnoctpoeHuss CKH® (CAH®) ¢ mnomorpio
Pa3IMYHbIX AITOPUTMOB.

3nanua u ymenus, npuodpemaemvle CHYOEHMOM 6 pe3yibmame O0CE0EHUS MeEMbl,
dopmupyemole Komnemenyuu. 3HaeT OCHOBHBIC 3aKOHBbI aireOpbl JIOTUKM H yMEeT
npuMeHsTh anroputMbl noctpoeruss CKH® (C/IHD) OyneBbix ¢yHKIIHA.

Teopemuueckasa yacme.

MHoxecTBO Bcex OyneBbIX B 0azuce S = {—.,/\,v} o0pa3ytoT OyJieBy ajaredpy. Eciu x -

JIOrn4uccCKas ICpeMCeHHasd, a=o0¢c {0,1} TO BBIPAXKCHHUC
X eu o=1 1 eciu X=o0
X? = 7 =

- 1500071 = ,
X ecmu o=0 0 eciu X#o

HasplBaeTcsl JuTepoil. Jlurepsl X M —X Ha3piBaroTCs KOHTpapHbIMU. KOHBIOHKTOM
Ha3blBAE€TC  KOHBIOHKIHUSA  jurep. JIM3BIOHKTOM  Ha3blBaeTCs  JAM3BIOHKLUSA  JIUTEP.
JAun3broHKkTHBHOI HOpMaabHOU ¢opmoii (JJH®P) HazpiBaeTCsl TU3BIOHKIUS KOHEYHOTO YHCIa
KOHBIOHKTOB. KoHBbIOHKTHBHOII HOpMaibHOH ¢opmoii (KH®) Ha3zbiBaeTCs KOHBIOHKIUSA
KOHEYHOI'O YHCJIAa AU3BIOHKTOB.

ycte pynkums f 3anucan B 6asuce S1. JlanHas QyHKIMS MPUBOIUTCS K HOPMAJIbHOM
(bopme crenyonuM myTeM:

1. ucnonb3yem 3akoHbl e Moprana, 4ToObl IpeoOpa3oBath GOpMyIly K BUIY, B KOTOPOM
3HAaKU OTPHUIIAHUS OTHOCSATCS TOJIBKO K OT/IEIbHBIM [IEPEMEHHBIM;

2. IPUMEHSIEM MPABUJIO CHATHS IBOWHOTO OTPULIAHUS: X = X ;

3. Janee ciemyeT HWCIOJb30BaTh 3aKOHBI JUCTPUOYTUBHOCTH, MPHUYEM MEPBBIA 3aKOH
mucTpuOyTuBHOCTH ansi mpuBeaeHus k JH®, u BTopoit 3akoH IUCTPpUOYTUBHOCTH ISt
npuBeneHus k KHO.
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Ecnu B kax10M 4iieHe HOpMalIbHOU ()OPMBI TIPEICTaBICHBI BCE TIEpEeMEHHbIe (JIN0O camu,
nu00 WX OTPHLAHUS), MPUYEM B KaXKJIOM OTICIbHOM KOHBIOHKTE WM JAW3BIOHKTE JH00ast
MEpeMEHHAss BXOJUT POBHO oJauH pa3 (nmmbo cama ymbO ee oTpuiaHue), To 3Ta ¢opma
Ha3bIBaeTCs coBepuieHHOH HopMaabHOil popmoii (CAHD nim CKH®D).

pumep: ITo nanHo# Tabmune nctuaHOCTH NocTpouth CAHD.

Pemenune paccmoTpum Ha npumepe ¢ynakuuu f (X, Y, z), 3aganHoii TaOIMYHO:

X y 4 KoncrutyenTsr 1 Koncrutyentsi 0 f(x,y,2)
0 0 0 Xy.2 XV YV 0
0 0 1 X-y-z XV yVz 1
0 1 0 X-y-z XV YV 2z 1
0 1 1 X-y-z XV yvz 0
1 0 0 X-y-z XV YyvzZ 0
1 0 1 X-y-z XVyvz 1
1 1 0 X-y-z XVyvz 1
1 1 1 X-y-z XVyvz 1

Koncruryentbl_1 (MM OCHOBHBIE KOHBIOHKIMM ), BKIIOYEHHBbIE B TaOmuIly,
COOTBETCTBYIOT KOHKPETHOMY Ha0Opy HyNleW W eAMHMIl, KOTOphle MPUHUMAIOT IE€PEMEHHbIE
X,¥,Z. CTposiTcs KOHCTUTYEHTHI 1 1O creaymolieMy ImpaBHiy: I€peMeHHas BXOAUT B
MPOM3BEICHNE caMa, €CJIM Ha JaHHOM Habope OHa MPUHUMAET 3HaYeHHe 1, B MPOTUBHOM Clly4yae
B IIPOU3BE/ICHNE BXOIUT €€ OTPUIIAHHE.

IpaBuno anast mocrpoenuss CAH®: ciemyer BBIOpaTh CTPOKH, B KOTOPHIX (DYHKITHS
paBHa 1, a 3areM B3AThb AM3BIOHKIUIO COOTBETCTBYIOIIMX KOHCTUTYyeHT 1. Tak ans Haiiero
npuMepa, iMeeM

f(X,y,2)=X-Y-ZVX-Y-ZVX-Y-ZVX-Y-ZVX-Y-L
[pumep: Ilo nanHOM TabnHIe UCTUHHOCTH MTOCTpouTh CKH®.

Pemenune: Koncruryentnl 0 11 HaGopa Hyned U equHUI] (KOTOpbIE HPUHUMAIOT
MEPEeMEHHbIE X,Y,Z) CTPOUTCS CIEAYIOIUM 00pa3oM: MEepeMEeHHas BXOAUT B JIU3BIOHKIUIO
cama, ecilid Ha JaHHOM Ha0ope OHa MpuHMMaeT 3HaueHue (O, B TMPOTUBHOM CiIy4ae B
TU3BIOHKIIMIO BXOAUT €€ OTpHUIIaHHE.

IpaBuio nasa nocrpoenus CKH®: crnenyer BbIOpaTh CTPOKH, B KOTOPBIX (DYHKIUS
paBHa 0, a 3areM B35Th KOHBIOHKIIMIO COOTBETCTBYIOIIMX KOHCTUTYyeHT (. B pesynbrare
noxyuutcs uckomast CKH®. Tak nns Hamero npumepa, UMeeM

f(x,y,2)=(xv va)-(X\/gl\/E)-()_(v yv2).

Onucannbsiii cnoco6 Haxoxaenuss CHAH® (CKH®) mo tabnuile UCTUHHOCTH ObIBaeT
qacTo 0oJiee TPYIOEMKHM, YeM CJICAYIOIUN Al OPUTM.

1./{as naxoxnenuun CAH® nannyto popmyny npuBoaum cHavana k JJHD.

2. Ecnmu B HEKOTOpHI KOHBIOHKT K HEe BXOIUT CKaXXeM MepeMeHHas Yy, TO OSTOT
KOHBIOHKT 3aMEHsieM Ha OJKBUBaJNeHTHYIO (opmyny K Ay VYY), npumeHsist 1-il 3akoH
IUCTpUOYTUBHOCTH, NPUBOAUM moiydyeHHyro ¢opmyny k JH®. Ecmu Henocrarommx
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NEPCMECHHBIX HCCKOJIbKO, TO IJId Ka)I(I[Oﬁ 13 HUX K KOHBIOHKTY II06aBJ'I$I€M COOTBCTCTBYIOLLYIO

dbopmyny Buzna (y v y).

3. Eciu B monydyennoit JIH® mmeercss HECKOJIBKO OJMHAKOBBIX KOHCTUTYEHT €IWHUIIBI,
TO OCTaBJISIEM TOJBKO OJIHY U3 HUX. B pe3ynbrare nonyuaercs CAHO.

3ameuanue: [ nocrpoenuss CKH® nu3bloHKT HE cofepxKalliuid CKa)kKeM MEPEMEHHYIO

Yy 3aMeHsieM Ha DJKBUBaJEHTHY0 ¢GopmynyDvy-y ¥, IDpUMEHseM 2-i  3aKoH

IUCTPUOYTUBHOCTH.
Hpumep: Iloctpoute CKH® gns ¢ysknum F npu momomm  SKBUBAJICHTHBIX
npeoOpa3oBaHmi

F :x|(y®z):>_(v(y€az):;(v(yZVyE):;w; Z=XV (yvz) (yvz)_XV(yvz) (yv 7)=
=(Xvyv)-(Xvyvz)—CKH®

[Ipumep: C noMouibio 3KBUBAJIEHTHBIX MTpeoOpa3oBanuii npuseaute popmyny k JJTHO, KHD,

CIH®, CKH®. F = (x4 y) > 2) o V.

Pemenue: Ilpusenem ¢ynkiuio F k 6azucy S, = {—.,/\,\/}

F :(;(-y—>)<—>y:(>_(-yv2)<—>y:(XV va)<—>y:(XVvavy)(XVvavy):

=X- 9 2vy—>_( y zZ- y—(XV va)y—I{HcD

s TpUBE/ICHHS F x 21Hd) , IPUMEHUM HepBI)II/I 3aKOH JUCTPUOYTHUBHOCTH.
F=xyvyyvz: y—xyvz y=Xyvz-y—/JJH®

HpI/IBe)IeM (1)YHKIII/IIO Fx CAH®D:
=Xyvzy= xy(z v z)v Zy(XV x) = xyz v xyz v (ZvaEy)_() = xyz % xyz v;(yf

[TpuBenem pynkmuio F xk CKH®: -
F=(Xxvyvz)y=Xvyvz(yvxx)=(xvyvz)(yvx)(yvx)=(xvyvz)(yvxvzz)-

(yv)_(v ZE):(X\/ va)(yv XV Z)()_/vaE)(yv)_(v Z)(yv)_(vz).

[pumep: IMpusectu pynkuuro k JJHD, ucnonb3ys 1-b1it 3aKOH TUCTPUOYTHBHOCTH.
x-y-x-—y-E-(yv 2) = x-y-(>_<vyv§)-(yv 2)=(X-Y-XVX-Y-YvX-Y-2)-(YVv2Z) =—omoKHD
=OvXx-yvx-y-z)-(yvz)=(X-yvx-y-z)-(yvz) =—smoopyeas KH®D
=X- y yvX- y Z-yvX- y ZvX- y z-2z=0vOvx- y ZvX- y Z=X- y ZvX- y z—omo JIH®
[pumep: [Mpusectu Gpynkiuio k KHD, ncnonb3ys BTopoil 3aKk0H TUCTPUOYTUBHOCTH.

XV y-m:XV y-(x-_y-;):XV y-(>_<vy)-z:XV y-Z-()_(v)_/):(Xv y-Z)-(Xv)_(v)_/):
=(xvy)-(xv2)-Avy)=(xvy)-(Xvz)— smo KHD

[pumep: Ilo nanHOM Tabmuie UCTUHHHOCTH TocTpouTh CIITHD:

X y z OCHOBHBIE f(x,y,2)
KOHBIOHKIIUH

0 0 0 X-y-z 0

0 0 1 XYz 1

0 1 0 Xy-z 1

0 1 1 Xy -z 0
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1 0 0 X-y-2 0
1 0 1 Xy 2 1
1 1 0 X-y-2 1
1 1 1 X-y-z 1

[Hoctpoum CKH® 151 Hamiero npuMepa Ha OCHOBAHUU 3aMEUYaHUsl.

1. Crpoum CIH® g otpunanust X-y-Zv X-y-ZvVv X-y-z.
2. Ucnonb3yeM 3akoHbI e Moprana, mojrydaem

f o f o XY ZVX- Y- ZVX-Y-Z=X-Y-ZAX-Y-ZAX-Y-Z=(XV YV 2)-(XVyv2Z)-(Xv
vYyv2).
KOHTpOJIbeIe BOIIPOCHI U 3a/ITaHUA
1. Yro nHazeiBaeTcs KH® (JJHD)?

2. Anroputmsl ioctpoenust CIH® u CKHO.
3. Kakwue u3 cnenyrommx QyHKIUI 3anrcadbl B HOPMaIBbHOM Gopme, a Kakue HeT?

1. xvy—>z 2. (x-yv>_()-(2vx); 3. (XV2v>_()~x-y-(va);
4.X-y\/)_(-y-(va); 5.x-y-z->_<-XVz-yvx; 6. (XVyvyvz)-E-(ZVX);
1. x-yv>_<-2vy-z->_<vz; 8. (X\/yvz)(yvxva); 9.x_y2v>_(yvxﬁ;

10. XyZ v XYZ v XyZ; 11, (yzv xyv 2)(Xv y v X2): 12. Xyzv Xy v XyZ:

13. Xxyvzvxyvzvxy, 14 (xvyvzvt)(xvy)t; 15 xvyvzv(Xv yz);
16. >_<yz v xﬁv yz(>_<v z); 17.xvy vZv Xy v yz; 18. X_yZV (xv y)(S/v 2);

19. (X\/yv z)(>_<v§/v z)(>_<v y); 20. xyzv xyvz_tv xyz_t; 21. (Xvyvz)-x-(zvX).
5. I[IpuBectu cnenyromue Gpopmynsl kK JJH® u KHD 1 mo BO3SMOKHOCTH YIPOCTHUTD.

1. xvyz; 2. XY, 3. X yz;
4. X <>y 7 5. Xy <> XY, 6. X > (Y > 2);
7. xyv (X = Y); 8. Xyvyzvz 9. XV YZ v XYz

10. Xvyvz-Xxvx-y;, 11 (X-yvz)-(yvx-z); 12. (xyzvX)-(XVyvzZv X2V Y;

13.x-y-x-§/vxy2v2); 14. X-y—>zvy; 15.E—>yv>_<-z);
16. (x®@y) > (z®x); 17. xdy)@®z-x; 18. (xv z) = (y ¥ 2);
19. (x|§/)—>x-yv2; ZO.X\/§/<—>x€r)z; 21.x-§/vxy2v2.

6. IlpuBectn ¢yHkuuu K coBepuieHHbIM (opmam (CJH® u CKHO®) nyrem
SKBHUBAJIEHTHBIX MpeoOpa3zoBaHUil.

1. xyvxyEvz; 2. (XVz)-(>_<vy); 3.vavZ)_(;

4. (xvyvz)-y-(yvz), 5 x-y-z 6. yvX-(yzvz);
7. (Xyvz)-x-(Xxzvy), 8.Xzvy—> Xz 9. (yv2)®X-y-z
10. (x4 y)vyzax; 11 X X-Y A Z: 12. xAylz:

13. XV Y; 14. xy(x — y); 15. (X > y) > XV Y;
16. X —> yz; 17. (X > y) > X 18. xy = (y — X);
19. xvy—> (x—>z);  20. Xy >zt 21. (yv2)®X- V.
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7. Ioctpouts C/IH® u CKH® mns ¢yHKuuii 3aJaHHBIX BEKTOPOM 3HAUYEHUI OyneBOii

byHKIMH.
1. (0011); 2. (0101); 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 O0111);
15. (0001 1100 0011 1110); 16. (1101 1111 0011 000I);
17. (1111 0000 1111 0110); 18. (0101 0110 0101 0110);

19. (1000 0110 1011 1111); 20. (1010 1111 0111 00Q0).
8. Jloxa3zaTh paBHOcmibHOCTH myTeM npuBeaenus K CAH® wim CKHO:

1. xy=xvy, 8.x—>yz§—>§; 15. (x> y) > y=xvy;

2. X(xvy)=x; 9. xyvxysx; 16. x> (y > 2)=xXAYy > 7z
3.XVx>_(yEXVy; 10. xv Xy =X; 17. x> 2)(y > 2)=(XVvYy) >z
4.xvy5ﬂ; 11.XV>_<yEXVy; 18. x(yvz)=(xXAy)Vv(XA2);
5. X — Y = XY, 12. X(XV y) = Xy; 19. x> y=(X> V) A(y > 2);
6. (va)(XVY/)EX; 13. (X\/y)/\(X\/;/)zx; 20. x—>y y—>x

7. X y=yoX 14.X\/()_(/\y)EX\/y.

9. C moMomIbI0 3KBUBAICHTHBIX MpeoOpa3zoBanuii npusenute dopmyrny k JHD, KHO,
CAH®, CKHD.

1. x]|y; 8.z x> (X]y); 15. xd y > xvy o x| y;
2. X®Yy; 9. (x]y)—>2)®Yy; 16. (xvy) > (z®X);

3. XY, 10. (XV§/)—>(2®>_<); 17. (z > x) <> (Y| X);

4. x4 y; 11. (x| y) @ (z = x); 18. (xy y) > 2)®y;

5 Xx—>v; 12. (z > X)® (x| y); 19. x4y > x| y®x;

6. X — yz; 13. (xv y) > (2@ X); 20. (Xxv y) > (2 © X).

7. Xyz; 14. (x4 y)®7) > yx;

10. IIpoBepbTe 1BYMs crioco0amMu, OyayT JIU SKBUBAJICHTHBI ClEAYyOmue GyHKIUH.
1) cocraBnenuem Tabmun uctuHHocTy; 2)npuBenenueM Kk CIH® wim CKH® ¢
MTOMOIIBI0 SKBUBAJIEHTHBIX MPe0Opa30oBaHUil.

1. Xvy,x—y; 11. XA (Y © 2),(XAY) © (XA 2);
2. XY, XV, 12. xv(y|z2),(xvy)|(xvz),

3. XVY,XDYy; 13. X® (y = 2),(x > y) <> (x4 2);
4. xyv z,x(yv z); 14. x> (y®2),(X—>Yy)® (X —> 2);
5 X—>Yy)z,x > vyz; 15. x| (y = 2),(x| y) = (x| 2);

6. Xy o X, (X <> y)z; 16. XA (Y > 2),(xAYy) > (XA 2Z);
7. (XV Y), XA Y; 17. xv(y > z),(xvy) > (xvz),
8. X = YV, XV 18. X® (y — 2), (xy) © (X ® 2);

9. xv(y—>2),(xvy) > (xvz);, 19 xy(yeo2),(xiy) o (xi);

10. XA (Y 2> 2),(xAYy)>(xA2z); 20. XA(YD2Z),(XAY)D(XA2Z).

Pexomenoyemasn numepamypa:
OcHoBHas JInTeparypa:
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3apumnosa, 3. P. Jlekuuu no quckperHoit Mmatematuke. MareMaruueckast JIOTHKa: yueOHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEPCUTET JIpYKObI HapoioB, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlonosHUTEIBHAS TUTEPATYPA:
Xarrapty, P. JluckperHas MaremaTuka Jyisi IpOrpaMMHUCTOB : yaeOHoe mocodue / P. Xarrapru.
— Mockaa : Texnocdepa, 2012. — 400 ¢. — Pexxum nocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansitue Nel0. ANropurMsl NOCTPOeHUs NOJIMHOMOB YKerajikuHa.

Ilenv 3anmamua. 3akpenuTbh HABBIKM NOCTpOeHUs MHorowieHa JKerajikumHa MeToJaMu
PaBHOCHJIbHBIX TPE0Opa30BaHN U HEONPEIEIEHHBIX KOAPPHUIIUEHTOB.
3nanua u ymenus, npuodpemaemvie CMYOeHMOM & pe3ybmame O0C60CHUA MeMbl,
dhopmupyemoie Komnemenyuu. 3HaeT aNropuTMBbl MOCTPOEHUsS MHorouseHa JKerajkuHa u
yMEeT UX MPUMEHSTh.
Teopemuueckasa yacme.
MHuoxecTBo OyneBbIX (yHKIMA, 3amaHHBIX B Oasuce JKeramkmHa S = {69,/\,1}
Ha3bIBaeTCs anredpoi XKerankuHa.
OCHOBHBIE CBOWCTBA
kommytatuBHocTh H, @ H, =H, ®H,, H AH,=H, AH;
acconmatuBHOCTE H, ® (H, ®H,)=(H, @ H,)®H;, H A(H, AH,;)=(H, AH,)AHj;;
muctpudbyruBHocte H, A(H, ®H,;) =(H, AH,)®(H, AH);
cBoiictBa koHCTaHT H Al=H, HA0=0 H®0=H;
H®H=0HAH=H.
YrBep:xknenue. Uepes omepanun anreOpsl JKerankuHa MOKHO BBIPa3UTh BCE APYTHE
OyneBbl QYyHKIUU:
>_<=169x, XVY=XDYydDXy, X~y=1®x®Yy,
X—>y=1® XD Xy, xi«yzleax@y@xy, X|y=1@ xy.
Omnpenenenue. [lornnomom XKerankuaa (MOJMHOMOM IO MO/ 2) OT N EPEMEHHBIX
Xy 5 X540y X, HA3BIBACTCS BBIPAXKEHUE BUJIA

P(X,, X550y X, ) =Co D C X, DCX, D...BC X, DCHLX X, D...DCp, X X, X

o ks L=

n H
Ira¢ NOCTOAHHBIC C, MOT'YT IPUHHUMATh 3HAYCHUA 0 mm 1.

Ecim monuaom JKerasikuHa HE COJCPKUT TMPOU3BEICHUH OTACIBHBIX IEPEMEHHBIX,
TO OH Ha3bIBaeTCA JUHEUHBIM (JTUHEHHAs QyHKIUs).

Teopema. Kaxnas OyneBa (GyHKIMS TpPEACTABISCTCS €IWHCTBEHHBIM 00pa3oM B
BUJIC noJinHOMa JKerajkuHa.

OcHOBHBIE METO/IbI TOCTPOCHHUSA MOJMHOMOB JKerankuHa:

1. MeTtoa, ocHOBaHHBII Ha npeodpa3zoBanuu Gopmy.. [Ipuoaum Gopmyny k BHLY,
comepkaiieMy cBs3ku u3  Oasuca S={®,&1}; packpriBacM CKOOKH HCIOJIB3Ys 3aKOH

IUCTPUOYTUBHOCTH (CM. CBOMCTBO 3); a 3aTeM MpUMEHsieM cBoiicTBa 4 u 5.
2. MeTtoa HeompeneneHHbIX KO3 PpuuuentoB. [Tonmuom XKerankuna, peanusyromuin

3amanny0 Qyskiuo f (X, X,,...,X,) HIIeM B BHIC
P(X(, X, X,) =Co @ C X, DCX, D...DC X, DCLX X, D...DC, X X, X,
Haiinem ko3¢duientsr C,. [ns 3TOro MocieI0BaTeNbHO MPHIAIAM TEPEMEHHBIM

Xiy Xy 400y X, 3BHAYCHUS U3 KaXkaou CTPOKU Ta6J'II/II_IBI HCTUHHOCTH. B urore MOJIy4YUM CUCTEMY H3
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2" ypaBHeHuii ¢ 2" HEWU3BECTHBIMH, WMEIOIIYI0 €IMHCTBEHHOE peEIlcHHE. PemuB ee,

HaxoauM Kod(durments! nomuaoMa P(X;, X, ,..., X, ).
pumep: IToctpouts monuHoM XKerankuna GyHKIIUU
a) f(x,y)=x—->vy, 0 f(x,y,2)=(X>Yy)>2)cY.
Pemienue:  a) 1 crioco0.  3amumeM = MCKOMBIA  IOJIWHOM B BHAE
P(x,y)=c, ®c,x®c,ydc,xy
[Tonb3ysck TaOMUIICH UICTHHHOCTH

X 0 0 1 1
y 0 1 0 1
X—=>Yy 1 1 0 1

MOJIy4aeM, 4To
f(0,0)=P(0,0)=c, =1,
f(0)=P(01)=c,®c, =1,
f(1,0)=P@L0)=c,®c, =0,
f1)=P@Y)=c,®c ®c,dc, =1
Otkyna mocnenoBarenbHo HaxomuM, C, =1 ¢, =1,¢, =0, ¢, =1. CrenoBarensHo,
P(X,y) =1® x® xy.
2 cnoco0 (meTon peoOpazoBanus Gopmyn.) Umeem
X—> y:;wy:ﬁ/:(x-(yeal))@l:l@x@x-y.
0) 1 croco®. ITycte monuHOM JKeramkuHa UMEET BHI:
P(X,¥,2) =C, @, XD C,y DC2DC,XY D C 3y XZD C,hsYZ D CppuXYZ.
P(0,0,0)=c, =1 (r.x. f(0,0,0)=1).
P(0,01)=c,®c, =0(rx. f(0,01)=0)=1®Pc,=0=rc, =1
P(010)=c,®c,=0=1&c,=0=rc¢, =1.
P(10,0)=c,®c, =1=1dc, =1=¢, =0.
P(011)=c,®c, ®c,®cC,; =0=10101®¢C,; =0=1Dc,, =0=1cC,; =1.
P10l =c,®c, ®Cc,®C; =1=100D1DCc,; =1=0Dc,=1=c, =1
P(110)=c,®c, ®c,dc,=0=10081&c, =0=¢,, =0.
P11l =c,®c, &c,®c,DC, DCDC,y, DCpy =0=
=1000101000101®cC,,, =0=1DcC,, =0=1C;,; =1.
Wrak, nosyyaem noauHoM JKerajkusa 3-i cTeneHu.
P(X,y,2) =1®y®z® xy® yz ® xyz
ITpumep: Iloctpouts mnonuHom JKerankuHa s (QyHKIUH
HeoTnpeaeaeHHbIX kodddunnentos. SBnserca mu f nuneitHoN?
Pemrenne. Mmem monuuoMm Xerankuna P(X, Y) B Bue:
P(x,y) =c, ®c, &c,y ®c,Xy.
Hcnone3ys tabmuity ucruanoctu st f, , umeem
P(0,0)=c,=1=¢, =1,
P01 =c,®c,=0=1&c,=0=c, =1.
P1L0)=c,®c, =1=1®c, =1=c¢, =0.
Pl =c,®c, ®c,®c, =1=100801@c, =1=c, =1.

f =(1011) wmeromom
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Utak, f =1@ y @® Xy— He nuHelHa.
KoHTpobHbIE BONPOCHI U 32/ IaHUS

1. Yrto HazbiBaeTcs MHOTOuIeHOM XKerankuna?
2. MetoJ HeomnpeneneHHbIX KO(h(DUIIMEHTOB.

3. Ioctpoutsh mosmHoM JKerajiKkuHa, UCIOJB3Ys IKBUBAICHTHBIC TPEOOPA30BaHUS.

1. x>y, 8. (x> y)(y— 2), 15. Xy > Xv y <> X,

2. XY, 9. (xyv xy) @z, 16. (X ® y) « (2X),

3. xy4 z, 10. x4 yz, 17. ZAY)® (Y v X-2),

4. (xvy)z, 11. (x = y)(y = X), 18. (xvy) > z]Yy,

5. xy|z, 12. Xvyvz, 19. (x o ) (x® x-2),
6. xy(x®y), 13. x®y { z, 20. (Xz <> Xyz) v (Xy — 2).
7.X_yZ\/X_y, 14.§vﬁvx_yz,

4. Tloctpoiite nonuHoM JKerajqkiuHa METOJIOM HEONPEACICHHBIX K0P DUIIUEHTOB.
1. (x> y) ez, 8. >_<yv§/2v2tvfz, 15. (z—>x)€r)(x|§/),
2. x> (y > 2), 9. xdyosxvyo x|y, 16 (xvy)— (z@X),
3. (x| )4z, 10. x4 y > x|y @ x, 17. (xv y) > (z®X),
4. xy(x®y), 11. 7> x < (x] y), 18. (z > x) & (y | %),
5. XyZV XyZ Vv XYz, 12. (x| y) > 2) @, 19. (x{y) > )@Y,
6. (x— y)(y ¥ 2), 13. (xvy) > (z®Xx), 20. (XVv'y) = (z < X).
7. (X > Y)v2)| X, 14. (x| y) @ (z — x),

5. Mocrpoiite nomuom XKerankuna, ecnu Gyakuun (X, y,z) u (X, X,, X5, X, ) 3a1aHHBI

BEKTOPOM CBOMX 3HAYEHUM:

1) (1010 0101);

2) (0011 1101);

3) (0011 1100);

4) (0101 0011);

5) (0010 0011);

6) (0101 1001);

7) (1111 0101);

8) (0111 1111);

9) (1101 1011);

10) (0010 0011);

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

Pexomenoyemasn numepamypa:
OcHoBHas JInTeparypa:
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3apumnosa, 3. P. Jlekuuu no quckpetrHoit MmatemaTike. MaTteMatruueckas JIOTHKA: yueOHoe
noco6ue / D. P. 3apunosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEPCUTET JIpYKObI HapoioB, 2014. — 120 ¢. — Pexwum nocryna:
http://www.iprbookshop.ru/22190.html

JlonosHUTEIBHAS TUTEPATYPA:
Xarrapty, P. JluckperHas MaTemMaTrKa JJisl MPOrpaMMHCTOB : yueOHoe nmocobue / P. Xarrapru.
—  MockBa :  Texnmochepa, 2012. — 400 c¢c. — Pexum  gocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansaTue Nell. Pa3memeHusi, nepecTaHOBKHM, CO4YETAHMSA B
KOMOMHATOpPHUKE.

Ilenv 3anamua. VI3yduTb OCHOBHbIE KOMOMHATOpHBIE OOBEKTHI M O0OJACTH HX
BO3MO>KHOTO IPUMEHEHHSI.

3nanua u ymenus, npuodpemaemvie CHyOeHMOM 6 pe3yibmame 0C60EHUs MeMbl,
dopmupyemovie Kkomnemenyuu. 3HaeT pa3MEIICHMs, TIEPECTAHOBKH, COUYETAHUS M yMEET HX
MIPUMEHSTH IPU PEIICHUH 3a/1a4.

Teopemuueckasa yacme.

KombOunatopuka - 3T0 paszen MareMaTHKd, B KOTOPOM H3YYalOTCS BOIPOCHI O TOM,
CKOJIBKO Pa3IMYHBIX KOMOWHAITUH, MTOTYMHEHHBIX TEM HJIM UHBIM YCIIOBHSIM, MOKHO COCTaBHUTH
13 3aJaHHBIX 00BEKTOB. OCHOBBI KOMOWHATOPHKH OYEHb BaXKHBI VIS OLICHKH BEPOSTHOCTEH
CIIy9aifHbIX COOBITHH, T.K. IMEHHO OHHU TO3BOJIAIOT IMOACYUTATh MPHUHIIUITHAIBHO BO3MOXKHOE
KOJIMYECTBO PA3JINIHBIX BAPUAHTOB PA3BUTHS COOBITHIA.

OcHoBHas GopMyiia KOMOWHATOPUKH

Ilycte umeercs k rpynm sneMeHTOB, MpHYEM i-s TpyIIa COCTOUT M3 Nj AJIEMEHTOB.
BriGepem 1o oaHOMY AJIeMEHTY M3 KaxaoW rpymmbl. Torma obmiee uncio N crmoco0oB,
KOTOPBIMH MOYXHO TPOU3BECTH TAKOUW BBIOOD, OIpEesieTcsl COOTHOIEHnEM N=n1*N>*Nz*...*n.

[Ipumep. IlosichHum 3TO mMpaBuiao0 Ha mpocTtoM mpumepe. IlycTh mmeercss IBe TpymIbl
AJIEMEHTOB, MPUYEM IepBas IPyIIa COCTOUT U3 N1 3JIEMEHTOB, a BTOpas - U3 N2 AJIEMEHTOB.
CKOJIBKO pa3IMuHBIX Map 3JEMEHTOB MOXHO COCTaBUTh U3 3TUX JIBYX I'PYII, TaKuM 00pazom,
9YTOOBI B ITape ObLIO MO0 OJJHOMY JIEMEHTY OT Ka)K10¥ rpyrmibl?

JlomycTM, MBI B3SUIM TIEPBBIN 3JIEMEHT W3 MEPBOM TPYIIBI U, HE MEHSS ero, nepedpanu
BCE€ BO3MOJKHBIE MHapbl, MEHSS TOJIBKO 3JEMEHTHI U3 BTOPOM Tpymibl. Takux map s 3TOTOo
3JIEMEHTa MOKHO COCTAaBHUThH N2. 3aT€M Mbl OepeM BTOPOW AJIEMEHT M3 MEPBOM I'PYMIb U TAKKe
COCTaBIIsIEM Ui HEro BCEe BO3MOXKHBIE Mapbl. Takux map Toxke Oyner nz. Tak kKak B mepBoi
TPYIIIE BCETO N1 3JIEMEHT, BCEIrO BO3MOXKHBIX BApUAHTOB OyJeT n1*Ny.

[Ipumep. CkoIbKO TPEX3HAYHBIX YETHBIX YMCEN MOYKHO cocTaBuTh U3 1udp 0, 1, 2, 3, 4,
5, 6, ecnu U(pBI MOTYT MOBTOPATHCA?

Pemenue: N1=6 (T.K. B KauecTBe MepBOil LU(PBI MOKHO B3ATH JH00YI0 udpy us3 1, 2, 3,
4,5, 6), Nno=7 (T.K. B KauecTBE BTOPO# Pl MOXKHO B3ATH Jr00YI0 1udpy u3 0, 1, 2, 3, 4, 5, 6),
Nz=4 (T.K. B Ka4eCTBE TpeThel Hudpbrl MOXKHO B3SITH J100YI0 1tudpy u3 0, 2, 4, 6).

Htak, N=n1*n2*n3z=6*7*4=168.

B ToM ciydae, korzma Bce TpymIbl COCTOST M3 OJUHAKOBOIO YHMCJIA BJIEMEHTOB, T.€.
N1=N2=...Nk=n MOKHO CYHUTATh, YTO KAKJBIA BHIOOp MPOU3BOAUTCS U3 OJTHOW U TOH K€ TPYIIIBI,
MpUYeM dJIEMEHT TOocie BbIOOpa CHOBa BO3BpalllaeTcsl B rpymnmy. Toraa 4mcio Bcex cnocoOoB
BEIGOpa paBHO n*. Takoii cnoco6 BEIOOPA HOCHT Ha3BaHHME BEIGOPKH C BO3BPAICHUAEM.

[Ipumep. CKOTBKO BCEX YETHIPEX3HAUYHBIX YHCET MOKHO COCTaBUTh U3 udp 1, 5, 6, 7, 8?7

Pemenue. J{ns kaxxaoro paspsiga 4eThIPEX3HAYHOTO YHCIIAa UMEETCS MSTh BO3MOKHOCTEMH,
3HauuT N=5*5*5*5=54=625.

PaccMoTpuM MHOKECTBO, COCTOSAIINE U3 N AIEMEHTOB. DTO MHOKECTBO OyleM Ha3bIBaTh
reHepaJIbHOW COBOKYIHOCTBIO.

Pa3memienrneM 13 n AIeMEHTOB MO M Ha3bIBAETCs JHOOOW YyMOpsSAOYEHHBIH HAOOp M3 m
Pa3IMYHBIX AJIIEMEHTOB, BHIOPAHHBIX U3 TEHEPAIBHON COBOKYITHOCTH B N 3JIEMEHTOB.
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[pumep. PaznuunbiMu pasMemieHusiMH U3 Tpex aneMeHToB {1, 2, 3} mo nBa OymyT
Haoopst (1, 2), (2, 1), (1, 3), (3, 1), (2, 3),(3, 2). Pasmemienust MOTyT OTJIMYATHCS APYT OT Apyra
KaK 3JIEMEHTAMM, TaK U UX MOPSIKOM.

v m
Yucno pasmernenuit 0603nauaercst A 1 BBIYMCIAETCS IO HOPMYJIE:

A =nin-Tin -2 . (n-m+1= o
(n—m)l
[pumep. CKOIBKO CYIIECTBYET IBY3HAYHBIX YHCEN, B KOTOPBIX IU(pa IECATKOB U MHPppa
€AMHUI] Pa3JIMYHbIC U HEYETHBIC?
Pemenwue: 1.k. HeYeTHBIX P NATH, @ UMEHHO 1, 3, 5, 7, 9, To 3Ta 3a7a4a CBOAUTCS K
BHIOOPY W pPa3MEIICHUIO Ha JIB€ pPa3HbIE MO3UIMU JBYX W3 ISATH PA3IHYHBIX HUPp, T.€.
YKa3aHHBIX YuceN Oy/eT:

AZ=54=20
CoderaHueM U3 n 3JEMEHTOB [0 M Ha3bIBAETCs JIIOOOHW HEYNOpsA0YEHHbIH HA0Op U3 m
PAa3JIMYHBIX 3JICMCHTOB, BI)I6paHHI>IX us3 reHepam)Hoﬁ COBOKYITHOCTH B N 3JICMCHTOB.

[pumep. g mHoxkecTBa {1, 2, 3} coueranusmu sisitores {1, 2}, {1, 3}, {2, 3}.
v m
Yucno couerannii o6o3navaercs (' ¥ BBIYUCISETCSA TI0 hopmye:

n nl

% ol —m)l

[pumep. CKOTBKAMH CIIOCOOAMH YHTATENIb MOXET BHIOpDATh JIBE KHWKKH W3 IIECTH
AMEIOIIMXCA?

Pemenne: Ywuciio cmocob60B paBHO YWCIY COUETAHWW W3 IIECTH KHWXKEK 1O JBE, T.C.
paBHoO:

2 6Bl 56
Ci=—-="—=
2140 2t

[lepecTaHOBKOM H3 N 3JIEMEHTOB HAa3bIBAaCTCS JIIOOOH YHOPSAOYCHHBIH HAOOpP ATHX
AIIEMEHTOB.

[pumep. BceBO3MOXKHBIMU IEPECTAHOBKAMHU MHOXECTBA, COCTOSIIIETO M3  TpeX
anemenTtoB {1, 2, 3} smsrorest: (1, 2, 3), (1, 3,2),(2,3,1),(2, 1, 3), (3,2, 1), (3, 1, 2).

Yucno pa3nyHbIX MEPECTAaHOBOK U3 N AJIEMEHTOB 00O03HauyaeTcsi Pn v BBIYMCISIETCS TIO
dbopmyre Pr=nl!.

Hpumep. CkoyibkUMU crioco0aMH CeMb KHHUT pa3HbIX aBTOPOB MOJKHO pPacCTaBHTh Ha
TMIOJIKE B OJTUH Psiz?

Pemienue: 9Ta 3amaya O 4YKCIE TIEPECTAHOBOK CEMH pa3HbIX KHHUT. Mwmeercs
P7=T71=1*2*3*4*5%6*7=5040 cioco60B OCYIIIECTBUTh PACCTAHOBKY KHHT.

KoHTpobHBbIE BONPOCHI H 3a1aHHSA

15

1. Pacniicanne omHOro AHsS comepkuT 5 ypokoB. OnpenenuTh KOJIMYECTBO TaKUX
pacnucanuii mpu Beioope u3 11 aucuuIumH.

2. Komuccust coctoutr u3 mpeaceaarens, €ro 3aMECTUTENsS] U €IIe ISITH YeJIOBEK.
CKOTBKUMH CTIOCOOAMHU YJIEHBI KOMHCCHUU MOTYT paclpeAeTuTh MEXy cO00i 00sS3aHHOCTH?

3. CKOnpKUMH CcIOCO0aMH MOXHO BBIOpaTh TpeX MAEXKYpPHBIX M3 Tpymnmbl B 20
yeJIoBeK?

4, CKONBKO pPAa3MYHBIX 3BYKOCOUETAHWH MOXHO B3SATh Ha JECATH BBIOPAHHBIX
KJIaBUIIIAX POSUISL, €CIU KaXI0€ 3ByKOCOUETAaHNE MOXKET COJIEPKATh OT TPEX A0 JIECATU 3BYKOB?

5. B Baze ctosar 10 kpacHbIX U 5 po30BbIX T'BO3AUK. CKOTBKUMH CIIOCOOAMU MOKHO

BLI6paTB 13 Ba3bl IIATb 'BO3JMUK OHOI'O I_IBeTa?

33



6. Homepa TpaMBaiiHBIX MapuIpyTOB HHOTJA O003HAYAIOTCS JBYMS LBETHBIMU
¢donapsmu. Kakoe KOJIM4eCTBO pa3IMyHBIX MAPIIPYTOB MOKHO 0003HAYHTH, €CIIU UCTIOJIb30BaTh
(oHapu BOCbMH LIBETOB?

1. YemnuoHaT, B KOTOPOM Y4acTBYIOT 16 KOMaHJ, IpPOBOAMTCA B JiBa Kpyra (T. €.
KaKIas KOMaHAa JBAXIbl BCTpeYaeTcs ¢ J0oW apyroi). OmnpeaenuTs, Kakoe KOJIUYECTBO
BCTpEY CJIeIyeT IPOBECTH.

8. 3aMOK OTKpbIBAaeTCS TOJBKO B TOM Cllyyae, €ciaud HaOpaH oIpeaeaeHHbINH
Tpex3HauHblid HOMep. [lombITKa COCTOUT B TOM, 4TO HAOMPAIOT HAyraJ Tpy HU(PHI U3 3aJaHHBIX
AT udp. Yragate HOMEp yJajloch TOJBKO HA MOCIENHEH M3 BCEX BO3MOXKHBIX IOIIBITOK.
CKOJIbKO HOIIBITOK MPEALIECTBOBANIO YIAUYHOU?

9. N3 rpynmer B 15 4denoBek BBIOMPAOT UETHIPEX YYACTHHKOB O3CTa(eThl
800+400+200+100. CkonbkuMu crnoco0aMu MOXHO pacCTaBUTh CIHOPTCMEHOB IO ATarnam
actaders?

10. Komanga W3 TATH YENOBEK BBICTYNAeT HA COPEBHOBAHUSAX MO IUIABAHHWIO, B
KOTOpbIX ydacTByoT emie 20 crnoprcMeHOB. CKOJIBKMMHU CHOCOOaMU MOTYT pPacHpeleluThCs
MeCTa, 3aHAThIE YWJIEHAMH 3TOW KOMaH/IbI?

11. CKOJIBKUMH CrocO0aMM MOYHO PacCIOJIOKHUTh HAa MIAXMAaTHOW JOCKE JBE JIaJbu
Tak, yToOBbl OJHAa HE MOIya B3ATh Jpyryto? (OmHa naabs MOXKET B3ATh APYryl0, €CJIU OHa
HaxOJIUTCS C HEW Ha OJHOW TOPU30HTAJM WIJIM Ha OJJHOW BEPTUKAIH IMAXMAaTHOU JTIOCKH. )

12.  JIe nampu pa3jiMYHOTO I[BETA PACIIOJIOKECHBI HAa IIIAXMATHOH JOCKE TaK, YTO
Ka)KJ1asi MOXET B3STh APYryr0. CKOIBKO CYHIECTBYET TAKUX PACIIOJIOKECHHN?

13.  Tlopsimox BBICTYIJICHHST BOCBMH YYaCTHHKOB KOHKYpPCa OTIpEIETSeTCs KpeOueMm.
CKOJIBKO pa3JIMIHBIX UCXOJIOB JKepPeObEBKH IPH ITOM BO3MOKHO*

14,  Tpunauate 4YemoBeK pa3OMTBI HA TPU TPYMIIBI MO JECATH YEJIOBEK B KaXKIOH.
CKOJIBKO MOET OBITh Pa3IMYHBIX COCTABOB IPYIII?

15. CKOJIBKO YETBIPEX3HAYHBIX YHCEJI, JSISIIUXCA Ha 5, MOKHO COCTaBUTh U3 U
0,1, 3,5, 7, ecnii KaXkJ10€ YHCIIO HE IOJDKHO COJIEPKaTh OJTUHAKOBBIX ITUBP?

16.  CkoJbKO pa3iIMYHBIX CBETSIIMXCS KOJIELI MOKHO CJejaTh, PAacCHOJIOXKUB IO

OKpYKHOCTH 10 pa3HOIBETHBIX JaMIOYEK (KOJbIA CYUTAIOTCS OJUHAKOBBIMU IIPU OJMHAKOBOM
MOPSIJIKE CIIeI0BAHUS LIBETOB)?

17. Ha xamxHO# nonke momernaercsa 30 TomoB. CKOIBKUMHU CIIOCOOAMHU HUX MOYKHO
paccTaBUTh, YTOOBI IIPU STOM IEPBBINA U BTOPOM TOMa HE CTOSUTH PSIOM?

18.  UYerpipe cTpenka JOJDKHBI IOPAa3UTh BOCEMb MHUIIEHEH (KaXIbId 10 JBE).
CKOJBKUMHU CIOCOOaMH OHM MOTYT paclpeesIuTh MULIIEHH MEXAY cO00i1?

19. N3 rpynmer B 12 4YenoBek e€XEAHEBHO B TEYCHHE 6 JHEW BBIOMPAIOT IBYX
NeKypHbIX. OnpenenuTs KOJIUYECTBO PA3IUYHBIX CIUCKOB ACKYPHBIX, €CIH KaXKIbIA YeTOBEK
JESKYPUT OJIUH pas.

20. CKOJIBKO 4YeTBhIpEX3HAYHBIX YHUCEN, cOocTaBieHHbIX u3 mudp 0, 1, 2, 3, 4, 5,
conepkar uudpy 3 (udpsl B uncaax He TOBTOPSIOTCS)?
21. JlecsiThb TpyHn 3aHUMAIOTCS B JIECSTH PACHOJOXKEHHBIX MO ayIUTOPHUSX.

CKOJIBKO CYyIIECTBYET BapUaHTOB PaclUCaHusl, IpU KOTOPbIX rpynmbl Nel u Ne2 Haxoauiuch Obl
B COCEHUX ayAUTOPHUX?

22. B TypHupe yuactByror 16 maxmaructoB. OnpenenuTh KOJIUYECTBO PA3TUUHBIX
pacmucaHMii TEpBOro Typa (paclucaHusi CUMTAIOTCA PA3NUYHBIMH, €CIM  OTIMYalOTCs
y4aCTHUKAMU XOTs Obl OJTHOM MapTUH; LBET (GUTYP U HOMEP JOCKHU HE YUUTHIBAIOTCS).

23. [IlecTh SAMMKOB pa3IMYHBIX MATEPUAJTIOB JOCTABIIAIOTCS HA MATh 3TAXKEH CTPONKH.
CKOTBKUMH CIIOCOOAMH MOKHO PAcCIpeielIuTh MaTepuaibl 1o dTaxkaMm? B CKONMBKUX BapHaHTax
Ha TATBINA ATaX AOCTaBJICH KaKOW-TuO0 OJIMH MaTtepuan?

24. JIBa moutanboHa A0KHBI pazHectd 10 mucem mo 10 agpecam. CKOIBKUMH
crocob6amMu OHU MOTYT paclpeieuTb padboTy?

Pexomenoyemasn numepamypa:
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OcHoBHas JInTEpaTypa:
3apumnoBa, J. P. Jlekuuu mo IuUCKpeTHOW MaremaThke. MaTemaTwueckas JIOTUKA: ydeOHoe
nocobue / D. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEpPCUTET  JpyxkObl  Hapomos, 2014, — 120 c¢. — Pexum pocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTe/ILHAS IUTEPATYypa:
Xarrapty, P. JluckperHas MaTemMaTrka JJisl IPOrpaMMHCTOB : yueOHoe nocobue / P. Xarrapru.
—  MockBa :  Texnmochepa, 2012. — 400 ¢ — Pexum  gocryma:
http://lwww.iprbookshop.ru/12723.html

IIpakTnueckoe 3ansiTue Nel2. IloacranoBku. BuHoMMaabHBbIEe KO3(PUIHEHTHI.
Pa3ouenus.

Ilenv 3amamua. PaccMoTpeTh BO3MOKHOCTH INpuMeHeHuss OuHoma HploToHa K
YIPOUIEHUIO BEIYUCIUTEIbHBIX JICUCTBUM.

3nanua u ymenus, npuodopemaemvie CHYOCHHIOM 6 pe3yibmame O0CE0CHUA HEeMbl,
dhopmupyemoie Komnemenyuu. 3HaTh M yMETb MPUMEHATh AITOPUTM HCHOJIb30BAHUS
6unoMa HpioTOHA U epecTaHOBOK JIJISl pEeHIeHHs] MPAKTUUYECKUX 3a/1au.

Teopemuueckaa yacme.

[loacranoBkO# (n-0if CTemeHW) M3 N AJIIEMEHTOB HA3bIBAETCSl B3aMMHO OJHO3HAYHOE
0TOOpakeHNe MHOKECTBa M3 N CHUMBOJIOB Ha ceOs. OOBIYHO 3JIEMEHTHI 3TOTO MHOXKECTBA
HYMEpYIOTCSI U OTOKJECTBIIAIOTCS C N YUCIAMU HATYPAJIbHOTO Psijia YHCET.

[Ipumep. BmecTo mocTaHOBKH - OTOOpaKEHHS 2JIEMEHTOB MHOXKecTBa X={a, b, ¢, g}, -
roBOPAT 00 0TOOpakeHnr MHOXKeCTBa {1, 2, 3, 4} u 0003HAYAIOT 3TY MOJICTAHOBKY KaK

1 2 3 4
2 4 1 3

YMHOKEHHE MOACTaHOBOK - OINEpaltsl, KOTOpasi CTABUT B COOTBETCTBHUE YHOPSAIOUECHHOM
rape MoJICTaHOBOK N-0il cteneHu A u B TpeTbio noactaHoBKY C TOH )K€ CTENEHH MO MPABUITY:

1 2 3 ...
A=(. 2 m,
11 12 13 iIn
B — 1'.1 1'.2 1'.3 i_n ,
J1oJdz2 Iz .- In
1 2 3 ...
c=[. 2 "
J. Jz2 Iz .- In

PaccmoTpuM u3BecTHBIE (GOPMYIIBL:
fat+th) ! = a+h ,
fath)® = a®+2ab+h®,
tat+h) ® = a*+3a’b+3abi+R®.
AHAJIOTUYHO MOYKHO BBIYHCIATH OCTAJIbHBIC CTEMEHH, HO MBI BMECTO MPOJIOJDKCHHS
TaKOH MOCIIEIOBATEIBHOCTH HOpMyIT cHOpMYIHPYEM OOIIYIO TEOPEMY O HUX.
Teopema. CnpaseuiuBa ¢popmyna (OuHoma HeroToHa):
(a4+b)"=a™ + %a“‘lb + 1'(’"“2—,_%&”_2&2 + ...
ot nlfn—l;llfn—;l;l....lfn—k-l—lj a”_’l‘:b’l" TS
Kl=1.2.3.....(k=1)k, kl=(k-1)k, 0'=1.

m
Ucnonb3ys uucna (' MOXkHO 3anucath 6uHom HproToHa:

(a+b)"=C%" +Clamtb+ ...+ Cran=Fpk + .+ Crpm.

KosadduunenT HazpiBaeTcss OMHOMHUATBHBIM KO(PPHUIIUEHTOM.
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Teopema. CripaBeimuBbI POPMYITBI AJ1si OMHOMHATBHBIX KO3()PHUIIHEHTOB:

1. 2™ = C:E_ + If__,‘i 4+ ...+ If__f: - CEOMCTED CyMMbl GHMHOMMAaNBHBX KoadfHUHEHTOE;

- T —
2. I-I:_-'z! — T LEL

n - CEOHMCTED CHIMMETDHK,

1 "
3. C 4 Cmtl = _‘::1_:_1 - CEOACTEO CNOMEHHH.
KoHTpPOJIbHbIE BONPOCHI M 32 JAHHS

1. Pa3nouth, BEIYUCINB OMHOMHUANBHBIE Kod(bduuuents: (a + b)’; (a + b).

12
1 .
2. B paznoxenuun (a + —j HaiiT ko>(pumuent npu al,
a

10
3. B paznoxenuun (Za - 3ij HaWTH K03 puuuenT npu a’,
a

. [locrpoiite Tpeyronpauk ITackans mpu N=12.
. Beruncnure uncna @epma u Mepcenna npu n=4.

. Pemnte ypaBHeHue (X—2)6 +(X—4)6 =64 .

o W K

y 3/ 4 L6
7. Haiftu HOMep 4iieHa pas3iokeHus: OMHOMa ( X+ — ) , HE COZIEPIKAIIETO X.
X

1
8.Haiitu siThIi WieH pa3noxeHuss OMHOMa ( \/5 + T )n .
a

9.Haiitm cymmy OMHOMHAIBHBIX KOA((OHUIIMEHTOB YIIEHOB, CTOSIIIUX HAa HEYETHBIX MecTax B

n o
pasnoXeHuu OMHOMA (X+ y) , €CIIi OMHOMHAIBbHBIA KOA(POHUIIUEHT TPEThEro wWieHa Ha 9

0oJIbIIIe OMHOMHAIBHOTO KO3(PuIneHTa BTOPOro WieHa.
3

o . 2 a n o
10.Haiitn cempMoii wien pasnoxenus OmHoma (@°~a@+—)", ecnnm GUHOMMATbHbI
KO3 PHUITMEHT TPEThero wieHa paBeH 36.

36
11.CkonbKO 4I€HOB pa3ioKeHHusi OMHOMA (% +3/7 )*" ABNAIOTCH LETBIMH YHCTAME?
0 1 22 33 4~4 5~5
12.BBIYUCTUTE CYMMY C5 + 2C5 +2 C5 +2 C5 +2 C5 +2 C5 :
13.Haiitu anreOpawdeckyro cymMMy KOA(P(GUIIMEHTOB MHOTOYJIEHA OTHOCUTEIBHO X,

17
nosydaemoro B pasnoxkennu ounoma (3X —4 )",

n
14.Cymma HeueTHBIX OMHOMHANBHBIX KO3 (dUIMeHToB pa3noxenus | aX + X % paBHa 512.

Haiitu cnaraemoe, He coziepkaniee Xx.

16
15.1Ipu KakuX 3HAYEHHSIX X YETBEPTOE CJaracMoe pa3jioKEHHS (5 + 2X) OoJblle ABYX
COCEIHHX C HUM CJIaraeMbIx?

x—1 3/n—Xx "
16. [Ipy xakoM 3Ha4YEHUHU X YETBEPTOE CIATaEMOE PA3IOKEHUSA |V 2 + N 2 B JBaallaTh

pa3 Oojbiie M, eciu OMHOMHAIBHBIA KOA(PQHUIMEHT YEeTBEPTOrO CJIaraeMoro OTHOCHUTCS K
OMHOMMATIBHOMY K03(h(pUIIMEHTY BTOPOTo ciaraemMoro kak 5 : 1?

17. B kaKyio HauOOJNbBIIYIO CTENEeHb CIeAyeT BO3BECTH OMHOM | —— + 3 | uTO6bI OTHONIEHKE

V2

YCTBECPTOI'O CJIAaracMoro pasjio)KCHUA K TPCTbEMY OBLIIO PaBHO 3‘\/ 2 ?
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Pexomenodyeman numepamypa:

OcHoBHasi JInTeparypa:
3apumnioBa, J. P. Jlekuuu mo IUCKpeTHOW MaremaThke. MaTemaTwueckas JIOTUKA: ydeOHoe
nocobue / D. P. 3apumnosa, M. I'. Kokorumnkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEpPCUTET  JpyxkObl  Hapomos, 2014, — 120 c¢. — Pexum  pocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTe/ILHAS JIUTEPATypa:
Xarrapty, P. JluckperHas MaTemMaTrka JJisl IPOrpaMMHCTOB : yueOHoe mocobue / P. Xarrapru.
—  MockBa :  Texnmochepa, 2012. — 400 c¢c. — Pexum  gocryma:
http://www.iprbookshop.ru/12723.html

IpakTuueckoe 3ansaTHe Nel3. OcHOBHbIe XapaKTepucTHKHM rpados. MaTpuibl
CMEKHOCTH U MHIMeHTHOcTH. Onepauuu Hajx rpadpamu.

Ilens 3anamus. 3ydanth BO3MOXKHBIE CLIOCOOBI 331aHNs rpadOB, aITOPUTM BHITOTHEHUS
omeparnuii Haja rpadamu.

3nanua u ymenus, npuoopemaemovie CMYOeHMOM 6 pe3YNbmame 0CE60CHUA MeMbl,
dopmupyemovie kKomnemenyuu. 3HATb U YMETb pPEATU30BBIBATh Ha IPAKTUKE OCHOBHbBIE
crocoObl Mpe/cTaBiieHus rpadoB U onepanuu Haja rpadamu.

Teopemuueckasa yacme.

I'padom G(V, E) HaspiBaeTCs1 COBOKYIMHOCTD IBYX MHOYECTB — HEITyCTOTO MHOKecTBa V
(MHOKeCTBa BepIIMH) U MHOXecTBa E HeymopsgoyeHHBIX Nap pa3Iu4HbIX 3JIEMEHTOB
MHOkecTBa V (E — MHOXecTBO pebep v 1yr).

G(V,E)=(V;E), V=, EcVxV, E=E"

ITpu s3TOM myra (8,b) Ha3wIBaeTCs HCXOAAIICH U3 BEPIIMHBI @ U 3aXOAIICH B BepInHy b.

DneMeHThl MHOXeCTBa V Ha3bIBAIOTCS BepIIMHAMHU (WM y3JaMHU, WM TOYKaMu) rpada
G, a sanemenTsl U3 E — ero pebpamu (M TUHUSAMHA).

Jlyry, BBIXOJAIIYIO M3 HEKOTOPOW BEPIIMHBI U 3aXOJSIIYI0 B Ty K€ BEpIIUHY, Oyaem
Ha3bIBATh nemJiell, a Tyrd, BEIXOAAIINE U3 OJTHOM U TOM e BEPIIUHBI U 3aX0IAII1E B OAHY U TY
e BEepIINHY, OyJeM Ha3bIBaTh Kpamubimu. Tak, Iyru €s U € ABJISIOTCS KPAaTHBIMH, a JIyra €1 —
nemiei. BepuinHy, U3 KOTOpOil He BBIXOJUT M B KOTOPYIO HE 3aXOJUT HHU OJHA Jyra, Oyaem
Ha3bIBATh U301UposanHo. HampumMep, 1 — M30JIMpOBaHHAs BEPILMHA.

Bepmmna vV unnueHTHa pedpy €, eciu VEe; Toraa elie TOBOPST, 4TO € ecTh pedpo mpu
V. /IBe BepIIMHBI, UHUUACHTHBIE peOpy, CyThb €ro KOHIIEBbIE BEPIIWHBI WM KOHIIBI; pedpo
COEJIMHSET CBOU KOHLIEBBIE BEPIIVHBI.

Mapipyrom B rpage Ha3bIBaeTCsl OCIEA0BaTEIbHOCT BEPIINH U pedep Vo, €1, Vi, €2, V2,
., Bk, Vk, B KOTOpPOl JIt0OBIE JBAa COCETHHMX 3JIEMEHTa COCIUHEHBI peOpoM. 3aMKHYyTas LEelb
(Vo=Vk) Ha3bIBaeTCs LIUKIIOM.

I'pad Ha3bIBaeTCS CBA3HBIM, €CIIU JIIOOBIE IBE €r0 HECOBMAIAIOIINE BEPUIMHBI COSTMHEHbI
MapIipyToMm.

JUis MHOTHX 3a/lad HECYIIECTBEHHO, SBISIOTCS JIM pedpa OTpe3KamMH MNpSMBIX WIH
KPUBOJMHEWHBIMU JAyTraMH; Ba>KHO JIMIIb TO, KAKHE BEPIINHBI COSAUHAET Kaxa0€ pedpo.

Ecnu pebpam rpada npuiansl HanpaBieHUs OT OJJHON BEPIIMHBI K APYTOM, TO Takoi rpad
Ha3bIBACTCS opueHmuposanuvim. Pebpa OpPHEHTHPOBAHHOTO Trpada Ha3BIBAIOTCS Oy2amu.
CoOTBeTCTBYIOIIME BEPIIMHBI OPUEHTUPOBAHHOTO I'pada Ha3bIBAIOT Haualom U KoHyom. Ecmu
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HarpaBJieHHs1 peOep He YKa3bIBAIOTCs, TO Tpad) Ha3bIBACTCS HEOPUEHMUPOSAHHbIM (WA TIPOCTO
rpadom).

Ha pucynke n3o0paxeH HeopueHTupoBanusbiid rpad G =( X, A).

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

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

¥
as

ay
Xz 04 Xa
ay
X2

Ha cnenyromem prcyHke n3o0paxeH opueHTupoBanHbiii rpap G = (X, A).
X ={X1, X2, X3, X4},
A={ar =(X1, X2), a2 = (X1, X3), a3 = (X3, Xa), as = (X3, X2)}.

X2 ay X3
ay a as
X1 X4

I'pad, nmerommii Kak OPHEHTUPOBAHHBIC, TAK U HECOPUEHTUPOBAHHBIE peOpa, Ha3bIBACTCS
CMEWAHHBIM.

Paznuanbie pebpa MOTYT COEIMHSATH OJTHY U Ty XK€ mapy BepiinH. Takue pedpa Ha3bIBaIOT
kpamuvimu. I'pad, cogeprkanuii KpaTHbIe pedpa, Ha3bIBACTCS MY IbMUSPAPOM.

HeopuentupoBanHoe pedpo rpada SKBUBAJICHTHO JBYM IMPOTHBOIOJIOXKHO HAIIPABICHHBIM
IyraM, COSMHSIONINM T€ K€ CaMble BEPITUHEI.

PeOpo MoXkeT coeaMHATH BEpIIMHY camy ¢ coOoil. Takoe peOpo Ha3bIBaeTCsl nemiell.
I'pad ¢ kpaTHBIME peOpaMu ¥ METISIMUA HA3bIBACTCS 1Ce802padoMm.

MHoxecTBo pebep rpada MOXKET ObITh IMYCTBIM. MHOXECTBO BEpIIUH Trpada HE MOKET
ObITh mycThIM. Hanpumep, Hruke u300paxkeH opueHTupoBanHbiii rpad G = (X, A).

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

A=.
X2 Xz
@] O
O O
X1 Xy

Kak B cilyuae OpHEHTHPOBAHHOIO, TaK U B Cilydae HCOPUECHTHPOBAHHOTO pedpa TOBOPSIT,
YTO BEPIIHHBI X U Y UHyudeHmHwvl peOpy &, €CIIM 3TH BEPIINHBI COSTUHEHBI a.

Cmenenvio BepiinHbI rpad)a Ha3bIBACTCS YHCIO pedep, MHIUACHTHBIX TON BEpINHHE.
Bepmuna, umeromast crenens 0, Ha3bIBAECTCS U30IUPOBAHHOU, @ CTENIEHD | — sucsaueil.

JInst OpHeHTUPOBAHHOTO rpada MHOKECTBO BEPILHH, B KOTOPbIE BEIYT AYTH, HCXOIAIINE
U3 BepImHbl X, 0003Ha4aroT G(x), T0 ecth G(x) = {y: (X y) € G}. MuoxectBo G(X) Ha3bIBAIOT
o6pazom BepumHbl X. CootBeTcTBeHHO G()) — MHOMKECTBO BEpIIMH, U3 KOTOPBIX MCXOMST
nyru, Bexymue B BepmmHy y, Gi(y) = {x: ( X, y ) €G}. Muoxectso G*(y) naswiBaroT
npoooOpa3oOM BEPIUHBI Y.

Cnioco6s1 3a1anus rpagon
1. 'eomeTpuueckuii
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a b
2. Marpuiia CMEXXHOCTH - KBajpaTHas MaTpHIa, Pa3MEPHOCTH, PAaBHOUW KOJIWYECTBY
BepmH. [Ipu 3ToM a[ i, j |-11enoe 4mcio, paBHOE KOJMYECTBY pEOEp, CBI3BIBAIONIMX i-10, j-IO
BepmmHy. Eciim B rpade HeT mereib, TO JUaroHaibHbIe dMeMeHThl paBHbI 0 . Ecium péOpa He
MOBTOPsItOTCS, TO Bce dneMeHThl 0 wim 1. Ecom rpad HeEOpHEHTHPOBAHHBIA, TO MaTpuIla
CUMMETpHUYHA.
3. Marpumia MHIUAGHTHOCTH — MaTpUIla pa3MEpHOCTH MxN , Tae M — KOJHMYECTBO
BEpIINH, N — KOJIUYECTBO pedep MU IYT.
1, ecnu dyea e J- ucxooum u3 epuiunbl v
=1, ecnu dyea €; 3axooum 6 eepuiunot v,

a . =
" 2, ecnu € | hemJis npu eepuiune V,
0 6 npomusrom cnyuae
4. Cnucok CMEXHOCTH (MM CHUCOK HWHIUJAECHTHOCTH) — CHHCOK KaKIbIA DJIEMEHT

KOTOPOTO COCTOUT M3 BEPIIMHBI I'pada U CIIICKA CMEKHBIX C HEH BEPIIIHH.
[Ipumep. I[lo rpaduueckomy 3amanuro rpada COCTaBUTH MATPHUILy CMEKHOCTH, MATPHILY
WHIMJICHTHOCTH

O
O
@)
1 1 0 O
Pemienune: Marpuua CMEXKHOCTU -1 0 1 -1 Marpuna HHIUMIECHTHOCTH
0 -1 -1 1

o o o
=
o R K

Onepanuu Haf rpadamu
1. HeopuenrtupoBauubiii (opueHtupoBannsiii) rpap G (V,E) Ha3bBaroT H0MOTHEHHEM

HEOpHEeHTHpOBaHHOTO (opueHTHpoBanHOrO) rpada G(V, E), rue - E - nomosnueHue MHOKecTBa E
JI0 MHOKECTBA BCEX HEYMOPSAOUYEHHBIX (YIOPSI0UeHHBIX) Hap Ha V.

2. O6owenunenuem rpados Gi (Vi, E1) u Gz (V2, E2) (060o3nauenne Gi(V1,E1)uGa(Ve,
E>), mpu yenosuu ViNV2=J, EiNE»=0) naseiBaercs rpad G(V, E), rae

V:=V1uV2& E:=E1UE>

3. CoenunenueM rpadoB Gi1 (V1, E1) u Gz (V2, E2) (0o603nauenune G1(Vi,E1)+ Ga(Va, E2),

npu yenoBuu ViNVo=J, EiNE>=C) naseiBaercs rpad G(V, E), rue
V:=V1UV2& E::EluEzu{e:(vl,vZ)|V1 eVi& voeVs}
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4. VYnanenue BepimmHbl V u3 rpada Gi (Vi, Ei1) (o6o3nauenune Gi (Vi, E1) — v, npu
yenoBun Ve V1) naer rpad G2 (V2, Ez), rae
V2:=ViI\{V}& E2:=E:1\{e=(v1,v2)|Vi=V Vv Vo=V}
5. Yaanenue pedpa e u3 rpada G1 (Vi, E1) (o6o3nauenue Gi (V1, E1) — e, npu ycioBuu
ecE1) maer rpad G2 (V2, E2), rue
V2:=V1& E2:=E1\{e}
6. JloGasienue Beprmubl V B rpad Gi (Vi, E1) (o6o3nadenue Gi (Vi, E1) + v, npu
ycnosuu Ve V1) naer rpad G2 (V2, Ez), rae
V2:=Viu{v}& E2:=E;
7. Hobasnenue pedpa e B rpada Gi1 (V1, E1) (0603nauenue Gi (Vi, E1) + e, npu ycrnoun
ezE1) maer rpad G2 (V2, E2), rne
V2:=V1& Ezx:=E1u{e}

KOHTpOJIbeIe BOIIPOCHI U 3a/IaHUHA

1. N300pa3uts rpadsl, 3aaHHbIE MaTpULIAMHU:

0 0 1 -1 0 -1 -1 0 10110
10 0 0 -1 1 0 -1/ |00 101
m1 -1 0 0 0 0 1 O0le|1 001 0]
0 1 -10 0 0 0 1 11010
0O 0 0 1 1 0 0 0 00010
01000000
00010000
0000O00OGOO
10000000
01000010
000000O0O0 1
00000101
10100000

2. CocTaBUTh MaTPUILy CMEXKHOCTHU AJisl TpadoB:

3. IToctpouts rpadsl A1 pelIeHus 3a/1a4:

1) TlepeBo3uuky (IT) HykHO mepemnpaBuTh uyepe3 peky Bojka (B), xo3y (K) u mermok c
kamycroir (M). Jlogka Tak Mana, 4TO KpOMe MepeBO3YMKA MOKET B3SATh TOJBKO OJUH U3 3TUX
00bekToB. Kpome TOro, KamycTy Henb3si OCTaBIATh C KO30#, a Ko3y — ¢ BojkoM. Kak
OCYILIECTBUTH TMEpenpaBy?

2) JlBa yenoBeKa UMEIOT MOJHBIM KYBIIHH BOJBI B 8 JI, @ TAKXKe J[Ba MyCTHIX KYBIIWHA B 5 JI
u 3 1. Kak um pa3genuts Boly HOPOBHY?

4. IloTokn NOKYMEHTOB LIMPKYJIHUPYIOT Mexay ropogamu Al, A2, A3 u ropogamu Bl,
B2, B3. M0OXHO 7T IPOJIOKUTH HEMEePECEKAIOIUECs] MapIIPyThl, COSAUHSIONINE KaX bl TOpOJT
Al ¢ kaxapImM ropojiom Bj?
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5. Ompenenure, kakue rpadpl, H300paKEHHBIE HA PHCYHKE HUXKE, SBISIOTCS

YHUKYPCAJIbHBIMU?
B B
A /\ C Aﬂ\c
E D E DA
a) @)
A B B
E F A
I C
o) E e)
3) u) E)

6. B oduce 15 xommproTepoB. MOXXHO M COCIUHUTh MX APYT C IPYIOM Tak, YTOOBI
Ka)IbIil OBLJT COCIMHEH POBHO C TPEMSI IPYTUMU?

Pexomendyeman numepamypa:

OcHoBHas1 iuTEparypa:
3apunoBa, J. P. Jlekuum mo auckpeTHOW MareMmartwke. Maremarwdeckas JIOTHKA: y4eOHOe
nocoobue / O. P. 3apumnosa, M. I'. Kokotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum  pgocryma:
http://www.iprbookshop.ru/22190.html

JonosiHUTEILHAA JIUTEPATYpA:
Xarraptu, P. JluckpeTHas mareMatuka Juis MPOrpaMMUCTOB : yueOHoe mocobue / P. Xarrapru.
—  MockBa :  Texnochepa, 2012. — 400 <c. — Pexum  gocryma:
http://www.iprbookshop.ru/12723.html

IIpakTuuyeckoe 3ansitue Nel4. Jiinepos rpad. Kpurepnii siiniepoBoctu.

Ilenv 3anamusa. V3yduTb anropuT™M IOCTPOECHHS DJWUIIEpPOBAa LMKIA B SUIEPOBOM
MyabTUrpade U ero NpuIoKEeHUs Ha MPaKTHKeE.

3nanua u ymenua, npuoopemaemovie CHyOCHHIOM 6 pe3ylbmame O0C60CHUA HeMbl,
dopmupyemovie komnemenyuu. 3HaTb W YMETh pPEATU30BBIBATh HA IPAKTHUKE aJTOPUTM
MIOCTPOEHMSI SiyIepoBa IUKJIA B SHIEPOBOM MyJbTUrpade.

Teopemuueckas uacme.

IlepBble 3amaun Teopun rpadoB ObUIM CBA3aHBl C pEIIEHHEM MaTeMaTHYeCKUX
pas3BieKaTeNbHbIX 33aJad M TOJIOBOJOMOK (3amaua o KenurcOeprckux Mocrax, 3agada o
paccraHoBke (ep3eil Ha MIaXMaTHOM JOCKe, 3aJaud O IEpeBO3Kax, 3ajJadya O KPYrOCBETHOM
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MyTemecTBUN U aApyrue). OITHUM U3 MEePBBIX PE3yJbTaTOB B TEOPUU TpadoB SBUIICS KPUTEPUI
cyliecTBoBaHus 00xo1a Bcex pebep rpada 0e3 MOBTOpeHUi, moydeHHb JI. DitnepoM mpu
pemennn 3agaun 0 KeHurcoepreckux MocTax.

[IpaBuno Diinepa:

1. B rpade, He mMeroneM BEpIIMH HEUYETHBIX CTEMEHEH, CyIIecTByeT 00X0J BCex
pEbep (mpuyeM Kaka0e pedpo MPOXOIUTCS B TOYHOCTH OJIMH pa3) ¢ HAYaJIOM B JIIOO0OH BEpUINHE
rpada.

2. B rpade, mmeromem nBe ¥ TONBKO JBE BEPIIMHBI C HEYCTHBIMH CTETICHSIMH,
CyliecTByeT 00X0/ ¢ HA4aJIOM B OJTHOW BEPUIMHE C HEYETHOM CTETNIEHBIO U KOHIIOM B JIPYTOii.

3.B rpade, nmeromem Oosiee IBYX BEpIIMH C HEYETHOW CTENEHBIO, TAKOTOo 00X0aa He
CYLIECTBYET.

Teopema CsszHblll HeOPUESHMUPOBAHHBIN MYAbMUCPAdh Mo20a U MoIbKO mo20d s6JAemcs
IULIEPOBLIM, KO20A CIMENEHb KANCOOU U3 €20 8ePUIUH — YeMHOe YUCTO.

OnwuimemM anropuT™M TOCTPOCHHS DdiliepoBa IWMKIA B JiliepoBOM MynbTHrpade. ITOT
ITOPUTM 33JIa€TCS CISAYIOIIUMH TPAaBUIIAMHU.

1. BwiOpaTh TpOU3BOJILHO HEKOTOPYIO BEPIIUHY d.

2. BrIOpath npou3BOJIBEHO HEKOTOPOE peOpo U, MHIIUJAEHTHOE d, U IPUCBOUTH EMY HOMED
1 (Ha3oBeM 3TO pebpo npoiidenHbIM).

3. Kaxnoe mpoiiieHHOe peOpOo BBHIYEPKHYTh M IMPHUCBOUTH €My HOMEpP, Ha EIUHUILY
OO0JIBIIIMIT HOMEpa MPEIBIYIIEr0 BEIUEPKHYTOTO pedpa.

4. Haxomsce B BepmIMHE X, HE BBHIOMPATh PeOpPO, COCTUHSIONIEE X C @, €CITU UMEETCS
BO3MOKHOCTh HHOTO BBIOOpA.

5. Haxomsce B BepmmHe X, HE BBIOMpaTh pPeOpO, KOTOPOE SBISETCS nepeutetikom (T.e.
pebpoM, Tpu yoajleHUu KoToporo rpad, oOpa3oBaHHBIM HEBBIYEPKHYTHIMH peOpamu,
pacrnazaeTcsi Ha JJB€ KOMIIOHEHTBI CBS3HOCTH, KaKJasi U3 KOTOPHIX MMEET XOTs Obl 10 OJTHOMY
peopy).

6. [Tocne Toro kak B rpade OyayT 3aHyMepOBaHBI Bce pedpa, oOpaszyeTcst SUIEPOB UK,
MIpUYEeM MOPSAIOK HyMepalluu COOTBETCTBYET MOCIEI0BaTEIbHOCTH 00X0a, pedep.

KoHTpoJibHbIe BONPOCHI M 3aJaHUS

1.Nmerotcst i B rpade SHIEpOBHI ITUKIIBI?

2. VMmeroT nM TATUYTOJIBHUK W TSATHUTPAHHHUK-TIMpaMUa C TETISIMH B HEKOTOPBIX
BEPIIMHAX SUIEPOB UK (1IeTIh)?
3. SIBNSIFOTCSI 1K DiANIEpOBLIME rpadaMu: MPSIMOYTONIBHHK C TIaBHON JHAroHalbko, Kyo?
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Pexomenodyeman numepamypa:

OcHoBHasi JInTeparypa:
3apumnioBa, J. P. Jlekuuu mo IUCKpeTHOW MaremaThke. MaTemaTwueckas JIOTUKA: ydeOHoe
nocobue / D. P. 3apumnosa, M. I'. Kokorumnkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
YHUBEpPCUTET  JpyxkObl  Hapomos, 2014, — 120 c¢. — Pexum  pocryma:
http://www.iprbookshop.ru/22190.htmi

JlonoiHUTe/ILHAS JIUTEPATypa:
Xarrapty, P. JluckperHas MaTemMaTrka JJisl IPOrpaMMHCTOB : yueOHoe mocobue / P. Xarrapru.
—  MockBa :  Texnmochepa, 2012. — 400 c¢c. — Pexum  gocryma:
http://www.iprbookshop.ru/12723.html

IpakTuyeckoe 3ansaTue Nel5. 'amunbToHOB rpad.

Ilenw 3anamusa. V3ydunuTh anropuT™M MOCTPOEHMS] FaMHJIBTOHOBA IIMKJIAa MUHUMAJIBHOTO
BECa U €ro NPUJIOKEHHS Ha IPAKTHKE.

3nanua u ymenusa, npuodopemaemvie CHYOCHHIOM 6 pe3yibmame O0C60CHUA HeMbl,
dopmupyemovie Komnemenyuu. 3HATH W YMETh pPEATU30BBIBATh HA MPAKTHKE alTOPUTM
MIOCTPOEHUS FaMIJIBTOHOBA LIUKJIA.

Teopemuueckaa wacme.

I'pad Ha3pIBaeTcs camunbmonobiM, €CIM B HEM MMEETCS MPOCTOM LUK, COJEpKalluil
KOKIyl0 BepliMHy 5Toro rpada. CaM Takoll LMK TakKe Ha3bIBACTCA 2aMUIbIMOHOBBIM.
I'amunemonogoti Ha3bIBae€TCA M MpoCTas IENb, COJAepKalas Bce BepHIMHBI rpada. OdyeBuIHO,
4TO J1000# rpad, pedpa KOTOporo 0O6pazyroT NPOCTOM UKL, SIBJISETCS FaMIIIBTOHOBBIM, a rpad,

MOKAa3aHHBIN HA PUCYHKE — HETaMHJIbTOHOBBIM.
4

HecmoTpst Ha cXOXKeCTh 3aJad O HAaXOXKIEHHH SHIICPOBBIX M TaMIJIbTOHOBBIX ITUKIIOB,
peleHre TMOCIeAHEH 3HAYUTENBHO CIIOKHEe. M3BECTHBI CIEIyIOUINE JOCTATOYHBIC YCIOBHUS
CYIIECTBOBaHMS TaMUJIBTOHOBBIX IIUKIIOB B CBsI3HOM Heoprpade G Oe3 merenb, umeromem 7> 3
BEpIIUH:

Teopema Eciu Ons 100bix 08YX pAsIUUHbIX HecMedCHbX eepuiun a u b epaga G
svinonnsemces yenosue deg a + deg b > n, mo cywecmeyem eamunvmonos yukn, 20e deg(a)-
cmeneHs (8aleHmMHOCb) GEPULUHBL.

CnencrBue Eciu ons nioboi sepuunst a epaga G evinoaneno ycrosue deg a>n/2, mo
cywecmeyem 2amuibmoHO8 YUKIL.

C 3amaueil HaX0XKJICHHs TAMHJIbTOHOBA IIMKJIA CBSI3aHA 3A0aud KOMMUBOSICEPA.

PalioH, KOTOpBII JOJDKEH TMOCETUTh OpOJSYUN TOPIrOBEl, COICPKHT HEKOTOPOE
KOJIMYECTBO TOPOJIOB, PACCTOSIHHSI MEXIYy KOTOPBIMHU W3BECTHBI. TpeOyeTcsi HallTH Mapuipyr,
MPOXOSIINI Yepe3 Bce MyHKTHI 110 OJTHOMY pa3y W BO3BPAIAIOIIMICSA B UCXOAHBIN ropoj. Eciu
TaKUX MaplIpyToB MHOTO, TpeOyeTCcsl HAWTH KpaTyaiimii U3 HUX. MaTeMaTuieckasi moCcTaHOBKa
3aJ]auy BBINJISUT TaK: TPEOYeTCsl HAWTH raMUJIBTOHOB IIMKJI MUHUMAJIHOTO Beca.

KoHTpoJbHBbIE BONPOCHI H 3a1aHUSA

1. Imetotcs u B rpade raMuIbTOHOBBI LIUKITBI?
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2. [IpuMeHUB aTOPHUTM C BO3BPAaTaMH, TOCTPOUTH BCE TaMHIIbTOHOBHI IIUKIIBI TS Trpada,
00pa30BaHHOIO KBaIPaTOM C MEPECEKAIOUUMUCS TUarOHAISIMU.

3. YkaxxnTe 3a/1a4d, HHTEPIPETAINS KOTOPBIX COCTOUT B HEOOXOIMMOCTH TIOCTPOCHHUS

raMUJIbTOHOBBIX ITUKJIOB.

Pexomendyeman numepamypa:

OcHoBHas1 uTEparypa:
3apunoBa, J. P. Jleknum mo auckpeTHOW MareMmartuke. Maremarmdueckas JIOTHKA: ydeOHOe
nocobue / O. P. 3apumnosa, M. I'. KoxoTunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum  pocryma:
http://www.iprbookshop.ru/22190.html

JlonoaHUTeLHAS JJUTEpPATypa:
Xarraptu, P. JluckpeTHass MaTeMaTuka Jjisi IPOrPaMMUCTOB : yueObHoe mocobue / P. Xarrapru.
—  Mocksa: Texnocdepa, 2012. — 400 C. — Pexum JOCTYyTA!
http://lwww.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansitue Nel6. Auroputm PDopaa — beuiManHa HaxoKIeHUsA
MHHUMAJIHLHOTO MYTH B HATPY’KEeHHOM OPHEHTHPOBAHHOM rpade.

Ilenv 3anamus. VI3y4uth anropuT™M HaXOXKICHHS MHUHHMAIBHOTO TyTH B oprpade u
BO3MO>KHOCTH €TI0 TIPAKTUYECKOTO MPUMEHEHHSI.

3nanusn u ymenusn, npuodpemaemvie CHMYOeHHIOM 6 pe3yibmame 0C60EHUs Hl1eMbl,
dopmupyemole kKomnemenyuu. 3HaTh U yMETh PEAIM30BbIBATH HA MPAKTHKE aroput™ dopaa —
bemnimana.

Teopemuueckan uacme.

[Ipenmnonaraercs, 4T0o OPUEHTHPOBAHHBIN Tpad) HE COMCPKHUT KOHTYPOB OTPHIIATEIHHOU
JUTAHBI.

Aneopumm @opoa — bernmana.

OCHOBHBIMU BBIYHCIIIEMBIMH BEJTMYMHAMH 3TOTO alroputMa sBisirorcst Bemuuunbl [j(K),
rnei=1,2,...,n (n—uucno Bepuun rpada); K= 1,2, ..., n— 1. i pukcupoBanubixX | u K
Benmunba [1j(K) paBHA AIMHE MHHUMAIBHOTO TIIyTH, BEAYIIEr0 W3 3aJaHHOW HAYalbHON
BEPIIUHBI X1 B BEPIIHHY Xi ¥ coJepiKaliero He oosee K myr.

Illaz 1. YcTaHOBKA HaYaJIbHBIX yCIOBHIL.

Bsectu uncio Bepims rpada N u marpuity BecoB C = (Cjj).

Llae 2. Tlonoxwutek K = 0. TTonoxwuts [1i(0) = oo my1st Bcex BEPIIUH, KPOME X1; MOJIOKHUTh
[J1(0) = 0.

laz 3. B mukne mo kK, k = 1,..., n — 1, kaxmoii BepmHe X Ha K-oM mare mpunmcarb
unnekc [i(K) mo crexyromemy npaBuiy:
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Di(k) = min {Oj(k—1) + ¢}

ISl BCeX BEpUIMH, KpoMe x1, 1oioxkuTh [11(k) = 0.
B pesynbrare paboTsl anroputma Gopmupyercs tadbiuna unnekcos [i(k), i=1,2, ..., n,
k=0,1,2,...,n—1. Ipu srom [1i(K) onpenensier NIMHY MUHUMAJILHOTO IyTH W3 MEPBOU
BEpLIMHBI B I-yI0, COJIeprKallero ue domuee K ayr.
Illaz 5. BocCcTaHOBJIEHHE MUHUMAJIBHOTO ITYTH.
Jis mo0oil  BEpIIMHBI Xs TPEIIICCTBYIONIAs €M BEpIIMHA Xr  ONpENCNIsIeTCs U3
COOTHOLIEHUS:
Dr(n — 2) + Crs = Ds(n — 1), Xre G-l(Xs),
rae G1(Xs) - mpoobpa3 BEPIIHHBI Xs.
Jns HalileHHOW BEpPIIMHBI Xy MPEIUIECTBYIOIIAs €W BEPIIMHA Xq OMNpPEAeNsIeTcs W3
COOTHOIIEHUS:
Dq(n — 3) + qu = Dr(n — 2), qu G-l(Xr),
rae G(xr) - mpoo6pas BepIIMHEL Xy, U T. 1.
[locnenoBarenbHO MPUMEHSS 3TO COOTHOLIEHUE, HauMHAasl OT MOCIEAHEW BEpUIMHBI Xi ,
HailIeM MUHUMAaJIbHbBIN MyTh.
[Ipumep: C nomompro anroputma @opaa — bemiMana HaWTH MUHHMAIBHBIA MYyTh M3
BEPIIMHBI X1 B BEPIINHY X3 B Ipade, n300pakeHHOM Ha pUCYHKE:
R 8 X3

Paccmorpum mompoOGHO paboty anmropurma Popaa — bemnmMana miis 3TOTO mMpUMepa.
3nauenus nuaekcoB [1i(K) OymeM 3aHOCHTH B TaOJIUIly HHIECKCOB.
Illae 1. BBenem umncio BepiiuH rpada N =5. Martpuiia BecoB 3Toro rpada uMeeT BU/I:
o 1 o «© 3
C= o o 8§ 71
o o o 1 -5
© o 2 o

v o o 4 ©

Ilaz 2. Tlonoxum k = 0, [1(0) = 0, [2(0) = 3(0) = 04(0) = s5(0) = co. DTH 3HAUCHHUS
3aHeceM B IEPBBIN CTOJIOEI] TAOIHIIBL.

Hlacz 3.
k=1
01(2) = 0.
s k=1:

Hi(1) = min £0;(0) + ci}-
[2(2) = min{[11(0) + c12; [12(0) + C22; [13(0) + c32; [14(0) + Ca2; [I5(0) + Cs2;} = min{0 + 1;

00 + 00; 00 + 00; 00 + 00; 00 + 00} = 1.

[13(1) = min{(11(0) + c13; [12(0) + C23; [13(0) + C33; [14(0) + Ca3; [15(0) + C53;} = min{0 + o0 ;
o0+ 8;00+00;00+2;00+w0}=00.

[14(1) = min{(01(0) + c14; [12(0) + C24; [13(0) + Ca4; [14(0) + Caa; [I5(0) + Cs54;} = min{0 + o0 ;
w+7;0+1;00+000+4}=00.

(5(1) = min{(11(0) + c15; [12(0) + C25; [13(0) + C35; [14(0) + Cas; [15(0) + Cs5;3 = min{0 + 3;
w+1;00 —5;00+00;00+w}=3.

[Monyuennsie 3HaueHus [Ji(1) 3aHeceM BO BTOPO# crosiOer; Tabnuibl. YOexIaeMcsi, 4To
BTOPO# CTOJIOEI], HAYMHAsT CO BTOPOTO 3JIEMEHTA, COBIAIACT C MIEPBO CTPOKOM MATPHIILI BECOB,
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YTO JIETKO OOBSICHSIETCS cMbIcTIoM BennuuH [1i(1), KoTopble paBHBI AJTMHE MHHUMAJIBHOTO IYTH
13 MIEPBOil BEPILKHBI B I-yI0, COAepIKaIiero He 0oJiee OIHOM TYyTH.

k=2
01(2) = 0.
Hdusa k = 2:

Hi(2) = {njlns {0i(2) + cji}-

02(2) = min{O+1; 1+ 0; 00+ ;00 +00;3+0w}=1.

[03(2) =min{0 +0;1+8;00+mw;0+2;3+w0}=9.

(4(2) =min{0 +o0;1+7,00+1;00+00;3+4}=7.

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

[Monyuennsie 3HaueHus [Ji(2) 3aHeceM B Tpetuit ctonben Tadmuipl. Bemuunubl [1i(2)
paBHBI JUTHHE MUHHUMAJIBHOTO IyTH W3 MEPBOW BEPIIMHBI B I-YI0, COJCPIKAILEro He Oosiee IByX

JYT.

k=3
11(3) = 0.
Husa k =3:

Hi(3) = {njms {0i(2) + cji}-

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

03(8)=min{0+0;1+8;9+0;7+2;2+x0}=9.

04(3)=min{0+00;1+7;9+1;7+00;2+4}=6.

O05(3)=min{0+3; 1+1;,9-5;7+x;2+w}=2.

[Tony4yennsie 3Hadenus [Ji(3) 3aHeceM B 4eTBepThIN cTOOCH Tabauibl. Bemnunnsr [i(3)
PaBHBI JJTHHE MUHUMAJIBHOTO IyTH M3 MEPBOW BEPIIMHBI B I-yI0, COAEpIKAIIETO HEe OoJiee Tpex

JIyT.

k=4
[1(4) = 0.
s k = 4:

i(4) = gljﬂgs {0i(3) + cii}

02(4) = min{f0+1; 1+0;9+00;6+m0;2+w0}=1.

03(4)=min{0+0;1+8;9+x0;6+2;2+x}=8.

04(4)=min{0+00;1+7;9+1;6+m0;2+4}=6.

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

[Monyuennbie 3HaueHus [Ji(4) 3aHeceM B MATHIM cTosOen Tabnuiel. Bemwuunbr [1i(4)
paBHBI JUIHHE MHHHMAIbHOTO MyTH W3 TEPBOM BEPIIMHBI B i-yI0, COJeprKaiiero He Ooiee
YeThIpEX AYT.

| (HOMEp 0i(0) Ui(D) 02 U3 Ui(4)
BEPIIUHBI)
1 0 0 0 0 0
2 0 1 1 1 1
3 o 9 9 8
4 o 7 6 6
5 v 3 2 2 2

Illaz 5. BocCTaHOBJIIEHHE MUHUMAJIBHOTO ITYTH.
JUia mocieqHed BEpUIMHBI X3 MPEALIECTBYIOLIAs €H BEpIIMHA Xr ONpPENENsIeTcs W3
COOTHOILIEHUSI, MTOJYYEHHOTO MpH S =3:
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Dr(S) + Cr3 = D3(4), Xre G-l(X3),

rae G(xs) - mpoo6pas BepIIMHBI Xa.

G'l(Xg) = {2, Xa}.

[ToncraBuM B moclieJHEE PaBEHCTBO MOCIENOBATENLHO ' =2 U I' = 4, yTOOBI ONIPEACIUTD,
JUI KaKOTO I' 3TO paBEHCTBO BBINIOJIHSETCS:

[12(3) + C23 =1+ 8= [13(4) =8,

[14(3) + Ca3=6+2 = [13(4) = 8.

Taxum 06pa3oM, BEpIIMHOM, TPEAMIECTBYIOIIEH BEPUINHE X3, ABIISICTCS BEPIINHA X4.

JIns BepmIMHBI X4 NPEALIECTBYIOLIAA €/ BEPIIMHA Xr ONPEACISIETCS U3 COOTHOLICHMUS,
MIOJIy4YE€HHOTO 1pu S =4:

[¢(2) + cra = [4(3), Xre G'l(X4),

rae G(xs) - mpoo6pa3 BepIIUHBI X4.

G1(x4) = {X2, X3, X5}.

[MoxcraBum mocnenoBarenbHo F = 2, F =3 u F = 5, 9T00BI ONPENENUTh, I KaKOTo I 9TO
PaBEHCTBO BBITIOJTHSAETCS:

(02(2) + Coa =1+ 7% [14(3) =6,

[03(2) + caa =1+ 1+ [14(3) =6,

D5(2) +Cs=2+4= D4(3) =6,

Takum oOpa3om, BepIIMHOM, MPEAIECTBYIOUIEH BEPIINHE X4, SBIISETCS BEPIINHA Xs.

JIns BepImIMHBI X5 MPEAIIECTBYIONIAs €/ BEpIIMHA Xr OMNPEACNSIETCS M3 COOTHOIICHMUS,
MOJIy4E€HHOTO TpH S =5!

Dr(l) + Cr5 = D5(2), Xr € G'l(Xs),

rae G(xs) - mpoo6pa3 BepIIMHBI Xs.

G(xs) = {x1, x2}.

[ToncTaBum mocnemoBarensHo ' = 1 U I = 2, 4TOOBI OMpPEAETUTh, I KaKoro I 3TO
PaBEHCTBO BBINIOJIHACTCS:

01(1) + ci5 =0+ 3 # [5(2) = 2,

O2(1) +cs=1+1=1[15(2) =2,

Taxkum 0Opa3om, BEpPIIMHOHN, IPEIIISCTBYIOMICH BEPIIMHE X5, SIBISICTCS BEPIIMHA X».

Jlns BeplIMHBI X2 MPEALIECTBYIOLIAs €M BEpIIMHA Xr ONIPENEIseTCs M3 COOTHOLIEHU,
MOJIy4E€HHOTO TpH S =2:

0r(0) + cr2 = O2(1),  Xre G(x2),

rae G(x2) - mpoo6pas BepuIMHBI Xa.

G*(x) = {xi}.

[MoacraBum I = 1, 4T0OBI ONIPENEIUTD, BHIMIOTHIETCS JIU 3TO PAaBEHCTBO:

01(0) +cr2=0+1=1[2(1) = 1.

Takum oOpa3om, BepIIMHOM, IPEALISCTBYIOUIEH BEPIINHE X2, ABIISETCS BEPIINHA X1.

Wrak, HailieH MUHUMAaJbHBIA yTh — X1, X2, X5, X4, X3, €r0 AJIMHA paBHa 8.

KoHTpoJibHbIe BONPOCHI U 33JaHUS

Jan cnMcok ayr ¢ ykazaHueM ux JUIMH. CocTaBbT€ MO HEMY PHCYHOK OPUEHTHPOBAHHOI'O
rpada. Haiimute ans storo rpada HauMMEHBIIMKA NYTh OT BEPIIMHBI-BXOJA JO BEPIIUHBI C
MaKCHUMaJIbHBIM HOMEPOM.
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L (0:1)-3,(0:2)-9,(1:2) - 5, 9. (0:1)-2,(0:2)-7.(2.1) - 1,

(2:4)-1,(1:3)-8,(2:3)-2, (2:5)—-6,(1:5)- 12, (5:4) - 10,
(3:5)—4. (4:5)-6. (5:3)-5.(3:4)-4,(46) -2,

2. (0:1)—4,(0:2)—5,(1:2)-8, (3:6)— 7.

(2:4)-3,(1:3) - 11.(2:3) -5, 10.(0;1)—4.(0:2) -2, (2:1) - 1,
(3:5)-3.(4:5)-6. (2:5)-7.(1.5)-5,(5:4) -4,

3. (0;1)-3,(0:2)-9,(1:2)—- 12, (5:3)- L. (3:4)—-4,(4:6) -3,
(2:4)—-1,(1:3)-2,(2:3)-3. (3:6)-17.

(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,(3:4) - 1,
(2:4)—-6,(1:3)-1,(2:3)-5, (4:6)—2,(3.5)-8,(6:5) -4,
(3:5)-8.(4:5)-7. (6:7)— 10, (5:7) - 5.

5. (0;1)—6,(0:2)-5,(1:2) -1, 12.(0:2) - 10, (0;1) =5, (2:1) - 1,
(2:4)-6,(1:3)-7,(2:3) -6, (2:4)-4,(1:3)-3,(3:4) -5,
(3:5)-8.(4:5)-7. (4:6)— 3. (3:5)— 10, (6;5) — 10,

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

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

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

(2:5)—- 12, (1:5) - 8. (5:4) - 2, 15.(0:2) -8, (0;1)— 12, (2:1) - 3,
(5:3)-6.(3:4)—1,(4:6) -8, (2:4)-6,(1:3)-5.(3:4) -4,
(3:6)—3. (4:6) - 10, (3:5) -4, (6:5) -6,

(6:7)—10,(5:7)-6.

Pexomendyeman numepamypa:

OcHoBHas1 iuTEparypa:
3apunoBa, J. P. Jlekuum mo auckpeTHOW MareMmartwke. Maremarwdeckas JIOTHKAa: y4eOHOe
nocobue / O. P. 3apumnosa, M. I'. KoxoTunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
YHUBEpCUTET  JpyxObl  HapomoB, 2014. — 120 c¢. — Pexum  pgocryma:
http://www.iprbookshop.ru/22190.html

JonojiHUTE/IbHAA JIUTEpPATYpA:
Xarraptu, P. JluckpeTHas maremMatuka Juisg MPOrpaMMUCTOB : yueOHoe mocobue / P. Xarrapru.
—  Mocksa: Texnocdepa, 2012. — 400 C. — Pexxum JOCTYyIIA:
http://www.iprbookshop.ru/12723.html

IIpakTuuyeckoe 3ansitue Nel7. 3agaua HaxoxkIeHUs KPUTHYECKOTO IIYTH B rpade.

Ilenv 3anamusa. VI3yduTh aaropuT™M HaXOKJIEHUS KPUTHYECKOTO MYTH M BO3MOXKHOCTH
€ro MpPakTHYECKOro MPUMEHEHHUS.

3nanua u ymenusa, npuodpemaemvie CMyOCHHIOM 6 pe3yibmame 0CE0EHU HeMbl,
dopmupyemvie Komnemenyuu. 3HATb W YMETb pEAJIN30BBIBATH HA MPAKTUKE aJITOPUTM
HaXO0KJICHUS KPUTHUECKOTO MyTH.

Teopemuueckas uacme.

3ajaua HaXOXKAECHUSI KPUTUYECKOTO, (T. €. [UIMHHEWIIero) myTyu B rpadge — 3TO 3ajaua,
CBsI3aHHas C 3arpy3Koi CTAaHOYHOTO 000PYIOBaHMUS, COOPKU MHOTO3BEHHBIX U3JIENUH U T. JI.

CeteBoii rpauk — HEOOXOJUMBINA 3JEMEHT CIIO)KHOTO TNPOU3BOJACTBA, COCTOSIIETO M3
HECKOJIBKUX CBSI3aHHBIX U 3aBUCSIIMX JPYT OT JApyra 3TanoB. BeIsBiIeHHE KPUTUYECKOTO MYTH U
BPEMEHHBIX PE3EpBOB MPOU3BOJCTBA — OCHOBHAs 3ajjaya, pelraeMas MNOCTPOCHHEM CETEBOTO
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rpaduka. Takue 3a1aun MOTYT OBITH MPENICTAaBICHBI B BUJE rpada u B BUAE OTOOpaKaroIiel ero
Tabnauupbl. s HaXOXKICHHS KPUTUYECKOTO MyTH (IIOCIEI0OBATEIBLHOCTH 3TAloB pPalOTHI,
ONPEACIAONUX JUIMTEIbHOCTh BCEr0 IIPOEKTa U HE HUMEIOUIMX pe3epBa II0 BPEMEHH)
IIPUMEHSIOTCS. BBIYMCIUTENbHbIE MeTOJbl. OIHMM M3 TaKUX METOJIOB SBJSETCA TaOJIUYHBIN
METOJI U IPUMEHSIETCS IS TaHHBIX, IPECTABICHHBIX B BUJIE TAOJIUIIBL.

[IpoGnema aBToMaTu3auK pacyéra CeTeBOro rpaduka sBiIseTcs JOCTATOYHO aKTyalbHON
U BaXHOU. BbruncieHne kpuTuyeckoro myru ¢ nomouipio 9BM MOMOXET B HECKOJIBKO pa3
YCKOPHTB 3TOT MPOIIECC, a MpH OOJbIINX rpadukax — BO MHOTO pa3. [loaTomy aBTOMaTH3AIMs
pacuéra ceTeBoro rpaguka MOKET HMETh OOJIBIIYIO MPAKTHYECKYIO MOJIB3Y.

AJITOPUTM HAXOXKJICHHS UIMHHEHUIIETO IMyTH B Tpade MOX0X Ha aJTOPUTM HAXOKICHUS
KpaTyaiimiero mytu B rpade. Bmecro kpardailiiux peGep B aJIrOpUTME HAXOXKACHUS
KpaT4allIero myTy BeIOMparoTCs AIMHHeHne.

[Iycth TpeOyeTcst HailTh Takol MyTh Ha rpade, KOTOPhIi Obl UIMEN MAaKCUMAJIbHYIO JUIMHY
[0 CPaBHEHHUIO CO BCEMM BO3MOXKHBIMH MYTSIMHU s JAaHHoro rpada. Ilycts cymectByer
OpUEHTHPOBaHHBIN rpad 6e3 nukios G.

Péopa rpada — BeImMomHEHue paboThl. PEOpa wuMeroT mMHY, 0003HAYAIONIYIO
MPOJIOJKUTENBHOCTh  pabOThl W HampaBiIeHHWE, O00O3Hayarollee IMOCIeI0BaTEIbHOCTh
BBITIOJIHEHUE pabOThl. BepmnHbl — 3T0 akT Havana U OKOHYaHUs padoT.

[IycTs nana cets.

L

s kakgoro coowitus | onpenennm Hambosee panHuii cpok ero HactyruieHus TP(I) mo
CIICAYIOIIEMY MTPABHITY:

1) TP(0)=0;

2) ms | >0 TP(l) paBHO PO A0BKUTENBLHOCTH camMoro AmuHHoro (0, 1)-myrtu.

Buauenus TP(l) ompenensoT MoCiIea0BaTeNbHO, MEPEX0s OT UCTOYHUKA K CTOKY. Tak,
IUISL paCCMaTPUBAEMOTO MPUMEpa HAXOUM:

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

Otu 3HaueHus Haxoaarcs u3 cootHomenus: TP(1) = max{ TP(K) + Tk; },

T. e. mna Bcex ayr (K, I), mns xortopeix | siBisiercs KOHIIOM, HEOOXOIMMO
Beranciuth 1P(K) + TKi 1 BBIOpaTh HauOoIblIee 3HaYEHHUE.

Wrak, B HameM mpuMepe BpeMs BBINOJHEHHS MpoekTa paBHO 16. UToObI mOIyduTh
KPUTHYECKHH ITyTh, OYy/IeM NEPEABUTaThCSI B OOPATHOM HAIPABJICHUH, OT CTOKA K HCTOYHHKY, 110
tem pebpam (K, I), koropeie onpenensuin 3HaueHus TP(I), T. €. 11 KOTOPBIX BBHITIOJHSICTCS
paserctBo TP(I) - Tki = TP(K) . B mpumepe ato pebpa: (3, 5); (2, 3); (2,1) . Takum o6pasom, (1,
2, 3, 5) - KpUTUYECKHUHT TTyTh.

KOHTpOJ’leBIe BOIIPOCHI U 3aIaHUA

1.ITpu cocraBienun mpoekTa paboT BbiAeneHO § coOwrthii: (0,1,2,3,4,5,6,7), KoTOpbIE
cBs3aHbl pabotamu (1 — j ), rme i,j 0,1,2,3...,7 u 1 # j, Hampumep, coObiTHe 1 cBsI3aHO C
coObITHEM 2 paboToii (1-2).
Hcxonaple qaHHbBIE IO TPOJOIDKUTEILHOCTH PadoT:
Pagora | 0-1 | 0-2 | 0-3 | 1-2 | 13 |14 | 23 | 24 | 25 | 3-4 | 35 | 45 | 46 | 56 | 5-7 | 6-7
Jaur.
JHHU

8 12 | 10 8 10 4 10 6 8 12 5 8 6 6 7 5
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Tpebyercst onpenenuTs KPUTUIESCKUNA TTYTh U BPEMs BBITIOJIHEHUS TIPOEKTA.
2. OnpenenuTb KpUTHYECKHI MyTh B Tpade:

Pexomendyeman numepamypa:

OcHoBHas JIMTEpaTypa:
3apunoBa, J. P. Jlekuuu mo auckpeTHOW MareMmartuke. Maremarwueckas JIOTHKA: ydeOHOe
nocobue / O. P. 3apumnosa, M. I'. Koxotunkona, JI. A. CeBactbsiHOB. — MockBa : Poccuiickuii
VHHBEpPCHTET  IpyxkObsl  HapomoB, 2014. — 120 c¢. — Pexum  gocryna:
http://www.iprbookshop.ru/22190.html

JdonmosiHuTeIbHASA JIUTEpaTypa:
Xarraptu, P. JluckpeTHas MaremMaTuka Juis MpOrpaMMUCTOB : yueOHoe nmocobue / P. Xarrapru.
—  Mocksa: Texnocgepa, 2012. — 400 c¢c. —  Pexum  gocryna:
http://lwww.iprbookshop.ru/12723.html

IIpakTuyeckoe 3ansitue Nel8. IlocTpoeHHe MHHHUMAJIBHOIO OCTOBHOIO [epeBa
HArpy»KeHHOro rpajga

Ilenv 3anamus. V3ydyeHue anroputMa MOCTPOEHUS MUHHUMAJIBHOIO OCTOBHOTO JepeBa
Harpy)>xeHHoro rpada.

3nanua u ymenus, npuoopemaemvie CMYOEHHIOM 8 pe3ylbMmame 0CE60CHUA HIEMbl,
dopmupyemovle Komnemenyuu. 3HaeT U yMeEET MPUMEHATh AaJITOPUTMa MOCTPOCHUS
MUHHMAaJbHOTO OCTOBHOTO JIepeBa Harpy>KeHHOTO rpada.

Teopemuueckasa yacme.

I'pad G = (X, A) Ha3BIBACTCS HA2PYHCEHHBIM, €CITH I KaKI0ro pebpa (Xi,Xj) omnpeaeacHa
ero JutiHa (1iu Bec) Cij.

ITycte G - cBsI3HBINM HarpyxeHHbIN Tpad. 3agada MOCTPOCHUS MUHUMANTLHO20 OCIOBHO20
oepesa 3aKIOYaeTcs B TOM, YTOOBI M3 MHOMKECTBAa OCTOBHBIX JIEPEBbEB HAWTH AEpPEBO, Yy
KOTOpPOTO CyMMa JIJTMH pedep MUHUMAIIbHA.

[IpuBeneM TUNHMYHBIE CiIy4ad, KOTJa BO3HHMKAeT HEOOXOJUMOCTh TMOCTPOCHHUS
MUHHMAaJIbHOTO OCTOBHOTO JiepeBa rpada.

a) HyXHO coeIMHUTH N TOPOJOB IKEJIE3HOJOPOKHBIMU JUHUSMHU (aBTOMOOUIIbHBIMH
JoporaMu, JTUHUSMH 3JeKTpolepeaay, CeTbi0 TPyOOIPOBOJIOB U T.1I.) TakK, 4TOObI CyMMapHas
JUIMHA JTUHUHA WM CTOMMOCTH ObLTa Obl MUHUMAIIBHOIA.

0)TpeOyercs MOCTPOUTH CXEMY IIEKTPUUECKON CETH, B KOTOPOH KJIEMMBI JOJKHBI OBITh
COEIMHEHBI C TIOMOIIIBIO MMPOBOJIOB HAUMEHBIIIEH 00IIEH ATUHBL

3amady MOCTPOEHUS MHHHMAIBbHOTO OCTOBHOTO JI€peBa MOXKHO PEIIUTh C TMOMOIIBIO
CJIEYIOIIETO aNrOpUTMA.

Aneopumm Kpackana.

Illaz 1. YcraHOBKa HaYaJIbHBIX 3HAYEHUH.

BBoaurcs marpuia juiuH pedep C rpada G.
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Ulae 2. Boibpate B rpade G pebpo muHuManbHOW ummHBEL [loctpouts Tpad Go,
COCTOSIILMUI U3 JaHHOTO pedpa ¥ MHIUACHTHBIX eMy BepiuuH. [Tonoxuts 1 = 2.

Ilaz 3. Ecnu i =n, tae n - gurcio pedep rpada, To 3aKkOHIUTH padoTy (3a7aya peiieHa), B
NPOTHUBHOM CIlydae MepeiTy K mary 4.

Lllaz 4. Tloctpouts rpad Gi+1, mobaBss k rpady Gi HOBoe pedpo MUHUMATHHOMN JTHHEI,
BbIOpaHHOE cpenu Bcex pebep rpada G, kakaoe W3 KOTOPBIX HMHIUACHTHO KaKOH-HHOYIb
BepmmHe Trpada Gi U OJAHOBPEMEHHO WHIMICHTHO KakoW-HUOyns BepmmHe Tpada G, He
conepxamieiics B Gi. Bmecte ¢ 3tim pedbpom BkiitoyaeM B Gj +1 ¥ HHIHUJCHTHYIO €My BEPIIHNHY,
He conepxarnyrocs B Gi. [IpucBauBaem i:= i +1 u nepexoaum K mary 3.

Hanpumep, HalizieM MUHUMAaJIbHOE OCTOBHOE JiepeBo Juis rpada, n300paKEHHOTO HUXE.

X3

2 4
Xz 1 X4
1 3
X1 5 X5

Illac 1. YcTaHoBKa HAYAILHEIX 3HAYCHUN.
Beenem matpuiy mmuH pedep C:
o 1 o 1 5

UJ»—A[\)8

3
00
3
00

1
4
0]
3

8-&8[\)

Ilac 2. Beibepem peOpo MUHUMAIbHOW HIWHBL. MUHUMalbHas JUIMHA pedpa paBHA
enunuiie. Takux pebep Tpu: (X1, X2), (X1, Xa), (X2, X4). B aTOM ciiydae MOXKHO B3STh JH00OE.
BosemeM (X1, X2). [Toctpoum rpad Gz, cocTosimmii U3 JTaHHOTO pedpa M MHIMACHTHBIX €My
BEpIIMH X1 ¥ X2. [Tonoxkum i = 2.

Illaz 3. Tak kak N =5, TO |# N, MO3TOMY IIEPEXOAUM K Iary 4.

llae 4. Ctpoum rpad Gz, noGamnsis k rpady Gz HOBoe peOp0 MUHUMAIBHOW JITMHBI,
BBIOpaHHOE cpenu Beex pedep rpada G, kaka0e U3 KOTOPhIX HHIMISHTHO OJHOM M3 BEPIIMH X1,
X2 ¥ OJJHOBPEMEHHO MHIIMJCHTHO KaKOi-HUOYab BepmuHe rpada G, He comepxkanieiics B Go T.
€. OJIHOM U3 BEPIIUH X3, X4, X5. TakuM 00pa3oM, HY»HO BbIOpaTh peOPO MUHUMAIILHOM JIJTHHBI U3
pebep (X1, Xa), (X1, X5), (X2, X3), (X2, X4), (X2, X5). Takux pebep MIMHBI equHuIa aBa: (X1, Xa) U (X,
X4). MoxHo BbIOpaTh Jt000e. Bo3sMem (X1, X4). Bmecte ¢ atum peOpom Bkiaroyaem B G3
BEPIIMHY X4, HE cojeprkaiytocsi B Go. [Tomaraem | = 3 u mepexoanm K miary 3.

Illae 3. Tak xaKk i# N, MO3TOMY [EPEXOUM K I1ary 4.

llaz 4. Ctpoum rpad Gs, nobasnsis k rpady Gz HOBoe peOpo MHUHHMAIBHOUM JJIUHBI U3
pebep (X1, Xs), (X2, X3), (X2, Xs), (Xa, X5). Takoe pedpo IHHBI ABa O0HO: (X2, X3). BMecTe ¢ aTHM
pebpom BritouaeM B G4 BepIHHY X3, He comepikarinyiocs B Gs. [Tomaraem | = 4 U mepexoum K
mary 3.

Illae 3. Tak xaKk i# N, MO3TOMY MEPEXOUM K I1ary 4.

lae 4. Ctpoum rpad Gs, nobasnss k rpady Gs HOBoe peOpO MUHUMAIBHON JUTMHBI U3
pebep (X1, Xs), (X2, Xs), (X4, X5). Takux pedbep MTUHBI TpH 1Ba: (X2, X5) U (X4, X5). Bo3bMeM (X2, Xs).
BwMmecte ¢ atum pebpom BkitouaeM B Gs BepIiuHy Xs, He coaepikaintytocs B Ga. [lomaraem 1 = 5
Y TIEPEXO0JIUM K miary 3.

llaz 3. Tak xak 1 = n, T0 rpap Gs — HUCKOMOE MUHHMMAaJIbHOE OCTOBHOE JEPEBO.
CymmapHas anuHa pebep papa 1 +1+2+3=7.
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Pexomenodyeman numepamypa:

OcHoBHasi JInTeparypa:
3apumnioBa, J. P. Jlekuuu mo IUCKpeTHOW MaremaThke. MaTemaTwueckas JIOTHKA: ydeOHoe
nocobue / D. P. 3apumnosa, M. I'. Kokorunkona, JI. A. CeBacthsiHoB. — MockBa : Poccuiickuii
VHUBEpCUTET  JApyxkObl  HapomoB, 2014, — 120 c¢. — Pexum  gocryma:
http://www.iprbookshop.ru/22190.html

JlonoiHUTe/ILHAS JIUTEPATypa:
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