[IPOTPAMMA 1 3AJAHUME 1O KYPCY

«Anrebpa Jjjormkm, KOMOMHATOPUKA,
teopus rpacdoB (g OYIIM).

Huckperusiit ananus (giass @PTK)».

IIporpamma

1.

Asnrebpa soruku. BbicKa3biBaHUsS W JIOTUYECKHE CBA3KHU. DyseBbI
dYHKIIMN U CIIOCOOBI MX 3aJaHMs: TaOJIUIBI UCTHHHOCTU, (DOPMYJIHI,
BEKTOD 3HAUCHMI. 3aKOHBI KOMMYTATHBHOCTH, ACCOIMATUBHOCTU U JIHC-
TpuOYTUBHOCTH, IPHOPUTET Ollepanuii. 3aKOHbI HOIIoeHus. PaBeHcTBo
Gysesbix dbynkuuii (u Oysesbix dopmyi). CyiecrBeHnble U (PUKTUBHBIE
repeMeHHbIE.

MHoxkecTBa u Jioruka. MHOXKecTBa u onepanyuu Haj HuMu. CBa3b
aJIreOphI JIOTUKY U aJIreOpbl MHOXKECTB: IIPEJUKATHI, IOHUBEPCYM U JI0-
MOJIHEHHE, 3aKOHbBI e Moprana, KBaHTOPBI, 9KBUBAJIEHTHOCTH TOXKIECTB
aaredpbl MHOXKECTB M aJireOphbl JIOTUKM, UMILIAKAINS U BKJIIOYCHUE
MHOXKECTB, KOHTPAIIOZUIIHSI.

MaTtemaTudeckue orpeesieHnsl, yTBEPXKAeHUs U J0Ka3aTe/b-
ctBa. Ompeesnenne, yTBepKiaeHAe, TeOpeMa, KPUTEpHii. 3amuch yTBep-
KJeHnit B kBaHTOpax (dbopMysisl mepsoro nopsiaxa). Jlormaeckunii BBIBO/IL,
Modus Ponnens. MeTobl JI0Ka3aTeILCTB: KOHTPAIIO3UIUST, UHILYKIIUS,
OT IIPOTUBHOIO, KOHCTPYKTUBHBIE (IPUMEPBI U KOHTPIPUMEPHI ), HEKOH-
CTPYKTUBHBIE.

I'padst I. HeopuentuposBauubie rpadbi. Onpejeenne HEOPUEHTH-
poBanHbIX rpados Crenenb Bepruabl. CyMMa CTEleHel BePITHH — y/BO-
€HHOE KOJIMIeCTBO pébep. Hwuciio Jrofieil, c/ienaBimmx Hed6THOe THCII0



pyKomoxKaTuii, 46THO. TeopeTnko MHOYKECTBEHHBIE olteparui ¢ rpadamu.
Oupenenenne noarpada Oupesenenne myreii u MUKIOB (Yepe3 MOArPa-
dor). Cesi3uble rpadbl 1 KOMIIOHEHTHI CBA3HOCTH (Uepes moarpadsr).

I'padsl II. TepeBbsa. Caasnocts. Teopema «F#KOMIIOHEHT CBSI3HOCTH
> |V|— |E|». MapmpyThl 1 3aMKHYTble MapiIpyThl. Mex 1y AByMs Bep-
mmHaMu rpada ecThb IyTh, €CJIU MeXK/Iy HUMH ecTh MapuipyT. lepesps.
Teopema 006 KBUBAJIEHTHOCTH YETHIPEX CBOMCTB. PaccrosiHue Mexkry
BeprmHamu, guamerp rpada. JIuamerp Jroboro csizHoro rpada He
npesocxomut |V| — 1. Ipypackpamusaemsblii rpad. I'pad asypackpa-
MIUBAEMBII TOTJIa U TOJBKO TOTJIA, KOTJA HET IUKJIOB HeYETHON JJIMHDI.
DiijIePOBBI MAPIIPYTHI.

JABynosbubie rpadbl, mapocoveTanus u pyHKuu. [BynoibHbEe
rpadbl u napocoueranue. Teopema Xosuia (6e3 gokazaresnncrsa). OyHK-
1 (06J1aCThb Olpe/ieIeHrs], MHOYKECTBO 3HAUEHHUIT, 00pa3, HOJIHbI IIpo-
obpas). Orobpazkerust (BCIOLy ONpeneséHHbIe (DYHKIUN): THHEKIUH,
cropbeknuu, buekruu. OTobparkeHusi U 3ajada O HazHadYeHUsX. V30-
Mopdusm rpados. JJokazareabcTBo Teopembl Xosurak.

Kombunatopuka 1. IIpaBusia cyMMbl 1 IpOu3BEIECHUS.
Orobpaxkenus u ogcuérol. [Ipasuso cymmer. [Ipasuiio npousseienns —
OueKIsl C JIEKAPTOBBIM IIPOU3BEIeHINEM MHOXKECTB. UHUCJI0 JIBOUYHBIX
CJIOB JJIMHBI 1. IHCJI0 TIOJMHOXKECTB N-3JIEMEHTHOI'O MHOXKEeCTBa. Pasme-
menus. Ilepecranosku. [Tomcuér KommdaecTBa CJI0B IIUHBI &k ¢ pa3HbIMU
6ykBamu. [logcuéTsl ¢ KPATHOCTHIO: CKOJIBKO PA3JINIHBIX CJIOB MOXKHO
cocTaBUTh U3 cjioBa «Maremarukas? Hucsio coueranuit. Konuuecrso
k-3J1eMEHTHBIX IOJMHOXKECTB N-3JIEMEHTHOTO MHOXKeCTBa. JuckperHast
BEPOSITHOCTb.

KombunaTropuka II. BunomuasbHbIie KO3 HUITUEHTHI.
Kommuectso myreit mo ysmam kierok (Bupaso u Beepx) u3 (0,0) B
(i,j) ecrb (“ZLJ) Tpeyronpuuk Ilackasist 1 ero cBoiicTBa: cuMMeTpusi,
BO3pacTaHue OMHOMUAIBHBIX KOXDMUIMEHTOB K CepeinHe, OIeHKa,

om - 22n
n n+1"

Bunom Hbrorona m GuHOMuMasbHbIE KO3 duimenTsl. PekypperTHOE
cootHorrearne. CyMMa OMHOMHUAJIBHBIX KO3(MdUIMeHToB n eé KoMOuHa~
TOPHBIN CMBICJI. 3HAKOIIEpEMEHHAsT CyMMa OMHOMHUAIHLHBIX KO3MDdUIm-
enToB. KoMOMHATOPHBIE /T0KA3aTE/ILCTBA. PeKyppPEHTHOE COOTHOITEHNE
Ha OGMHOMHUAJIbHBIE KOodddumnmenTsr B Tpeyrospuuke [lackass. 3agada o
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n n
2
KOMaHupe 1 cojatax: n X 2"t = S k:(Z) Dopmyaa Y. (Z) =
k=1 k=1
Meros To4ek u 1meperopojoK. ducyio pemienuii ypapHeHIs

1+ 2o+ ... +x=mn

B HEOTPUIIATETHLHBIX TEJIBIX YUCTIAX €CTh (”‘,:f;l) (®opmysa Myaspa).

Yucmo monomoB cremenn d. Yucao coderanuii ¢ moBTopeHnsaMu. Jucia
Pubonaaun. Yncaa Karanana (moxkasaresbeTBo ssBHON GHOPMYIIB).

Kombunaropuka III. @opmysia BKIIOUYEHUN-UCKITIOYEHUI.
Xapaxkrepucruueckue GpyHKImu. JlokazareibcTBo hOpMyIa BKIOYEHMI-
uckouennii. [Ipumepsr: komudectBo dnces ot 1 g0 1000 He jgemsuxcest
HU Ha 3, HA HA 5, HU HA 7; CBA3b CO 3HAKOIIEPEMEHHOI CyMMOil Ou-
HOMUAJIBHBIX KO3(DDUINEHTOB; MOACIET ciopbeknunii. [lomcaér uncita
orobpazkeHuil (BCioy onpeleéHubix MyHKIM), DyHKIU, THbEKIHI,
OueKInii U3 M-3JIEMEHTHOTO MHOXKECTBA, B 7-3JIEMEHTHOE MHOXKECTBO
MuoxxectBa u dyskimn. CMbica o6o3nadenHnii 2 115 MHOMKeCTBa, BCex
HOMHOMXKECTB U Y X JJIsT MHOYKECTBA orobpaxkennit u3 X B Y. [Ipunmun
Hupuxse: upu m > n wer uabeknuu u3 {1,...,m} 8 {1,...,n}.

Bunapusie otHoinenus. OTHONIEHNsI SKBUBAJIEHTHOCTH.
QPopmasbHOE Olpejie/IeHre OTHOIIEHUN 1 UX CBOICTB: PedIIEKCUBHOCTD,
TPAH3UTUBHOCTH, CAMMETPUIHOCTD, AHTUCHMMETPUIHOCTD. 3aJlanue o6u-
HapHOI'O0 OTHOIIEHUST TabJIUIEH, ABYI0IBHBIM I'Ppad oM, Iepednc/ieHueM
map. IIpuMepnl oTHOIIEHUT SKBUBAJIEHTHOCTH: PAIMOHAJIbHBIE YHCTIA,
paBHBIE U TOIO0HBIE TPEYTOJIBHUKY, HEOpeaeéHHbie nHTerpajbsl. Pop-
MasibHOe onpeesenne. T.: Kiaccel 9KBUBAJIEHTHOCTH HE IIEPECEKAIOTCS
W COBIAJAIOT. TeopeTuKO-MHOXKECTBEHHBIE OIIEPAINN C OTHOIIEHUSI-
mu. Onepanust obpamenusi. Onucanue ¢ IOMOIIBIO OyJIEBBIX MaTPHII.
Komnosunus orHomennii (cBa3b ¢ 6a3aMu JJAHHBIX ).

OpuentupoBanubie rpadbl U oTHOIIeHUs mopsiaka. Orpenerie-
HUe opueHTHpoBaHHOrO rpada. Vcxomsanme u BXOJSIUE CTENEHN —
aHaJior GOPMYJIbl CYMMbBI CTEIIEHEHH JjIs HEOPHEHTUPOBAHHOTO Ipada.
KoMmoHeHThI CHITBHO CBSI3HOCTH.

T.: Cremxyromue ycIoBust I OPUEHTHPOBAHHOTO Tpada PaBHOCUIHHBI:
e Kaxiast KOMIOHEHTa CUJIbHOI CBA3HOCTU TPUBHUAJILHA (COCTOUT U3
OJIHO¥i BEPILUHBI).
e ['pad anurimaeckuii.

e Bepmuns! rpada MoKHO 3aHyMEPOBATH TaK, ITO pEOPA UIYT TOJIHKO
OT BEpUIMH C MEHBIIMM HOMEPOM K BEPIINHAM C 6OJ'H)HH/HVI HOMEPOM.
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ITpumeps! oTHOIIEHHH (YACTHYHOIO) HOPsIKa, (hopMasbHOE OLpeiesie-
uue. Jluneiinpiit mopsiok. OTHOIIEHHE HEOCPEICTBEHHOIO CJIE0BAHUSI
u ero rpad (muarpamma Xacce). ITokoopauHaTHBIH OPsioK. Bynes
Ky0 — JIBOMYHBIE CJIOBA, YIIOPSIIOYEHHBIE TIOKOOPINHATHO.

ByneBbl dyHkKInn

Asropurym noctpoenns JTH® (1 KH®) no tabauie nctuanoctn Oupeze-
JieHue OyJIEBBIX CXEM, peajiu3yIonuX OyjieBbl (PYHKIUU, Yepe3 HOCTIe10-
BaTeIbHOCTH TpucBanBanuii u rpados (cranmaprHbiii 6asuc). 3aganue
dbyukuu GymeBoii cxemoii (mocieoBaTebHOCTHIO nprucBanBanuii) Pop-
MyJIbI — CXeMbl creruaabaoro suga OOiiee onpenesenue cxeMm (s
pousBosibHOro Gasuca) Basuc — nosnbiii 6azuc Monoronubie yHK-
[IM: HEMOJIHOTa MOHOTOHHOTO 6asuca {A,V}, CBsI3b ¢ MHOMXKeCTBAMHU

(MOHOTOHHOCTB 110 BKJIIO‘{GHI/IIO)7 pacCKpacCKa 6y.H€Ba Ky6a, MOHOTOHHBIX
22n

OyneBbIX (DyHKIHI OT 21 IepeMeHHBIX He MeHbIe deM 227+1, Muorode-
Hbl 2Keranknna. Kimaccer [locra: Ty — dpyHKINM, cOXpaHsIoNe HOJIb;
Ty — dyuknuu, coxpausioniue eauuuity; M — MOHOTOHHBIE (DYHKITUH;
L — nuneiiabie yaxnum; S — camopsoiicTBernubie dyukiun. Popmysin-
poBka Teopemnbl Ilocra.

ITpounsBoasitmime pyukmuu. Onpee/ieHust U IPUMEPHI.

TIpoussoasmas gpyHKIus 6unoMa HbioToHA
n
e Cuna muddepennuposanns: y k(}) = n2"~!
k=0

e (1+z)"(1+ )™ = (1+z)™". Orciona crenyer

()= )G () G2) - ()G)

e CaoiicTBa, Hy:KHBIE JIJId MATEMATUIECKOTO aHAIM3a (IKCIIOHEHTA
pactér GbicTpee IIOJIMHOMA U T.11.)

n .
3\ _[(rn+1
* 2 (k) - <k+ 1)
=0
[Ipumenenwue fjist perenns: KOMOMHATOPHBIX 3a7ad 3ajada Myaspa.

Sajada 0 cuacTyIUBBIX OmiieTax. HaiiTu 9uciio 1e/IounC/IeHHBIX PeIeHni
CHUCTEMBI

T + x2 + x3 = 40,
4 < a1 <15,
9 18,
5 16.
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Yucsio pasbuennii n Ha pasjindHble CIaraeMble COBIAIAET ¢ YUCIOM
pasbuenuii n na HeuérHole ciaaraemble. Céprku. [IpuMep ucnoab3osa-
HuA JOJ1d BbIYUCJICHU A HpOI/ISBO,HHH_[eIU/I (l)yHKLLI/II/I I10CJ1e10BaTC/JIbHOCTU
anp =12+ 22 4+ ... +n? 3Banaga o dncie GeCIOPsIKOB.

Boraucienust ¢ moMomnipio npouspojsimux gyuximii. Yucaa Oudbonaddn.
Yucna Karamana. *O6muit MeTo1 /15T TMHEHHO-PEKyPPEHTHBIX OCJIEI0-
BaresbrocTeit. Muorounenst Py (x) = (). JI060it MEOrowIen ¢ nemsmnm
KO3 PUIMEHTAMA TIPEJICTABUM B BHUJE I1EJION JTUHEHHON KOMOWHAINN
(m.1.x.) MHOTOWIEHOB Py ().

Yucaa Crupsunra nepsoro poja (6e3 3HaKa) {Z] .

k>1

Yucua Bemta B,,.
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IIpaBnia oneHnBaHUS

DPPTK. Crynearsr ®PPTK ubo mostyuaroT B KaUecTBe OIEHKH 33 KypC
aBTOMAT CEMUHAPUCTA, JUOO WJIYT Ha IK3aMEH, OTKA3BIBASICH OT OIEHKHU
ABTOMATOM.

DVYIIM. Ornenka 3a KypC BBICTABISETCH IO CJAEAYIOMAM (POPMYJIAM:
Oapr. = 0,3 x OK.p.l +0,4 x OK.p.2 +0,3 X Ocem.;

1 1
Owror. = §OaBT. + 5031(3.7

B KOTOPBIX
e Ogapr. — OIEHKA, KOTOPYIO CTYJIEHT MOXKET [OJIyIUTH ABTOMATOM,
® Ok.p. 1 1 Ok p. 2 — OLEHKH 32 CEMECTPOBbIE KOHTPOJIbHBIE PAOOTHI,

e Ocen. — OLECHKA 32 PABOTY B ceMecTpe (BBICTABIISIETCS [0 HPABHJIAM
CEeMUHAPUCTA),

® Oyror. — UTOIOBas OIEHKA 3a& KyPC,
e (Oyxs. — OLIEHKA 38 9K3aMeEH.

Bce onenkn BBICTABISIOTCS 1O JECATUOANILHON crcTeMe, HO SIBIIAIOTCS
JPOOHBLIMY C TOYHOCTBLIO JI0 COTBIX. IIpK BLICTaB/I€HUH OLEHKH B BEJIOMOCTH
poucxoauT apudmerndeckoe okpyrienne. CTyJeHT MOXKET TOJIYIUTh B Ka-
YecTBEe UTOrOBOM ONEHKU 38 KypC ONEHKY Oagy, MPU YCJIOBUU, UYTO CPETHSIS
OLIEHKA 33 CeMECTPOBble KOHTPOJIbHBIE YIOBJIETBOpHUTEIbHAs (6e3 OKpyT-
JIeHUsT ), T. €. %(Ox‘p, 1+ Ox.p. 2) > 3. B caydae cymiecTBeHHOl pasHOCTH
(6osree mBYX 6GasIOB) MEXKJy OIEHKAMH 3a KOHTDOJIbHBIE U 3a paboTy B
ceMecTpe BO3MOXKHa Gece/ia ¢ JIEKTOPOM 10 MaTepraJiaM Kypea (JIEKTOPCKuii
KOHTPOJIb). [To pesysbraram Geceipl ONEHKA MOXKET ObITh IIOHUKEHA.

Pemast uarun Ha 3K3aMeH, CTYIEHT OTKA3BIBAETCS 3aCUUTATH OIEHKY
Ogagpr. B KA4eCTBE UTOIOBOI OIEHKU 32 KypC U MOJy9IuT ONEHKY Oyror.-

OK3aMeH HAYHETCS ¢ HEOOJIBIIOIO TEeCTa, HEIPOXOXKJIEHUE KOTOPOIo
BJIEYET HEyJIOBJIETBOPUTEIBHYIO OIeHKY (1 nepeciaqy). [Tocse mpoxoxkie-
HUs TecTa Oyner OGecella Ha OCHOBE OMJIETA C BOIIPOCAMU HA OIPEJIEIEHUsI,
JI0Ka3aTeIbCTBA U C 3a7adamu. B ciayaae, ecim o dopmyite Oyror, < 3,
a Ogks. = 3, 9K3aMeHATOp uMeeT 1paBo (HO He obs3an!) moOCTABUTH 3a
KYPC CTYJEHTY OIEHKY <«yoBjerBopureiabHo (3)». B ciyuae nepecinaan,
UTOrOBasl OIlEHKa COBIIAJIAET C OIEHKOI 3a Iepeciady.



3agaum A0 CEMUHAPOB M JIOMAaIllHee 3aJIaHue

Sajaun Uit CeMUHAPCKUX 3aHATHUI, NPUBEJIEHHBIE B 9TOM pasjiese
pasbuThl N0 HenessiM (Kak 1 gomariHee 3azanne). CeMUHAPUCT B mpa-
B€ OTKJIOHATHCS OT IPEJIOKEHHOI'O 3/1eCh IIJIaHa CEMHUHAPOB IO CBOEMY
YCMOTPEHHIO.

3ajiaun, TOMEYEHHBIE «O», PEKOMEH/IyeTCsl pa3odbpaTh Ha CeMUHApe.

1. Asrebpa Jioruku: BBe/leHUE

1. lyist KAKOro CJI0Ba JIO?KHO BBICKA3BIBAHUE
«IlepBas 6yksa csioBa riacuas — ( Bropas Gyksa cioBa riacHas V
IMocnenusisi GyKBa CI0Ba TIACHAST)» !

1) xkapa; 2) opaa; 3) oropog; 4) napag,.

2°. Jlokaxute, uro a) £ >y =T Vy; 6) AYy=ZVy B) T S gyg=aAj.

3. Haiinure nyist bopmyast (x A z) V (x A —2) V =(—2 — —y) paBHOCHIBHYIO
dbopmyny (cpesm dopmys HuKe), TPeObPA30BAB TEPBYIO.

a) 1; 6) z A (2 Vy); B)  V y; r) Y.

4. JTokaxkure JUCTPUOYTUBHOCTD JAU3BIOHKINKA OTHOCHTEILHO SKBUBAJIEHT-
HOCTH:
zV @y z)=(Vy) < (zV=2).

5. Bynesa dbynkuuga MAJ(z1, 22, x3) Bo3Bpamaer 1 Torga u TOJLKO TOTIA,
KOIJIa X0Tst Obl JiBe liepeMeHHble u3 Tpéx pasubl 1. Boipasure MAJ(z1, x2, x3)

qepe3 OyeBy pOpPMYITy.

6°. Hokaxkure caemyiomue dbopmysbl pasiaoxenuii (Ilennona u Puma):
a) f(x1,2e,...,2,) = (T1 A f(O,22,...,2,)) V(21 A fF(1,29,...,20));

6) f(zlax%" '7xn) = ((1@1’1)/\f(0,:172,,xn))@(l’lAf(l,IEg,,In))

7°. BysieBa dyuknus 3ajana BeKropoM 3uadenuii: f(x1, o, x3) = 10100101.
1. Onumure f 4epes TabIMUIy UCTUHHOCTH.
2. Kakue nepementbie [ gBJSIIOTCH a) CyleCTBeHHbIME; 6) GuUKTUBHBIMA?

3. Onumure f 4epes OyseBy (opmyiry.



8. BysieBa dyukius f 3amgana dopmysioii. Beipasure f depe3 Tabimiry
ucTuHHOCTH U (hopMyJry ¢ omepauusimMu A, V, - (B crangapTHOM Gasuce):

a) f(z1,r2) =11 © 22 © (71 A 22);
6) f(x1, 2, 23) = x1PT2Pr3B (11 Ax2) D (21 Ax3) D (T2 A23) D (11 AxaAX3).

9. Hokaxkure, uro He cyuiecrByer Oyiesoil dyukiuu f(x,y), CylnecrBeHHO
3aBUCAIIENl OT 00enX MepEeMEeHHBIX, TAKOM 9ITO

10*. JTokaxkure, uTo Jioboe ToxKecTBo Buja A = B, tne A u B — Gyite-
BBl (POPMYJIBI CO CBA3KAMU A, V, -, OCTAHETCS BEPHBIM, €CJIU B HEM BCe
KOH'BIOHKIINU 3aMEHUTHh Ha NU3IBIOHKINU, 8 JU3BLIOHKIUNA 3aMEHUTH Ha
KOH'BIOHKITUY.

11*. TTocrpoiiTe TaKkyiO JIOTUYECKYIO CBSI3KY (6yﬂeBy GYHKITIIO OT JABYX
HepeMeHme)7 qaro jobast OysieBa (DYHKIMS BbIpa3uMa B BUIE (DOPMYJIBL C
9TON CBA3KOM.

omarnHsisi paboTa

Bo Bcex jomamaux paborax TpedyioTcs 000CHOBAHHBIE PEIeHus!

1. x,y, z — 1eJible YuCIIA, JIJI KOTOPBIX UCTUHHO BBICKA3BIBAHUE
=y Ay <z) = (22> 2) A((z <y) = (2> 22))

Yemy paBHO , eciin z = 7,y = 167
2. TTocrpoiire Tabiuity ucruanoctu s Gyukuuu —((z A —y) A z).

3. Jlokaxkute, 910

1@171@172:(171*)1‘2)/\(.%2%281).

4. BoimosiHsiercst Jin JuCTpUOY TUBHOCTD JIJIsI CJIEJYFOIIUX OIT€PAITHii:

a)zA(y—2)=(xAy) = (@A2); 6) 2@ (Yo z)=(@dy) < (26 2)

5. Bomosnnsercsa JJ1d UMILJIMKaII I a) KOMMYTAaTUBHOCTD;

6) acconmmaTuBHOCT, T.e. (T — y) — 2 Lo (y = 2)?



6. YKazaTb CyllecTBeHHbIe U HecylnecTBeHHble ((DUKTUBHBIE) [IEPEMEHHbIe
cienyomux OyHKITHH:

a) f(z1,22,23) = 00111100;  6) g(z1,22,23) = (1 = (1 V 22)) = 3.

7. Hokaxkure popMysry pa3/IoKeHuUs :

flze, .. xn) = (@1 V f(0,22,...,xn)) A (mx1 V f(L 22, ..., 20)).

8. O6o3naunM depes ' = z u 2° = —z. Ilycrs oy, ao, . . ., &y, — HABOP U3
HyJsieil u equann. Jlokaxknre, uro dyHKms 7 A x5 A ... A x" ucruHHA
POBHO Ha OJIHOM BXOJHOM HAbOPE: (1,2, . . ., Qly.

9. JTokazkure popMyry \/(mi@mj) = (x1VraV.. Ve )A(T1VZ2V.. . VTy)
,J
(U3 bIOHKIHS B JIeBOIT YacTu Gepércst 110 BeeM ¢ 1 j: (21 Dxa)V (zaBxs)V. . .).

10*. [oxkaxkure, 94TO CylIecTByeT OyjeBa (DYHKIUsI, KOTOPYIO HeJIb3sl BhIPa-
3uTh HOpMyJIoit co cBa3kamMu A u V.

2. MHoxkecTBa M JioruKa

1°. FOuusépcym — narypanbablie uuciaa (U = N). Onummre nedopmanibuo
HA PYCCKOM sI3bIKE MHOYKECTBA, 3aJJaHHbIe (DOPMYTaMU:

a) {1,3,5,7,...}; ©6) {n|n = 2m nua sekoroporo m € N};

B) {n|(3m:n=2m)A(3k:n=23k)}

2°. Muowxectso A zamano dopmytoit (U =N): A= {n |3k € N:n = k?}.
Bepuo sn, uro A = {1, 4, 9}?

3°. Onummure dopmansao MHOXKecTBa (U = Z):

a) MuoxecTBo, cocrosiee u3 uucea 1,10 u 100.

6) MuoxecTBo, cocrosiiee u3 ducesi, 6OJIbIIUX 5.

B) MHOXKeCTBO, COCTOsIINee U3 HATYPAJBHBIX YHCes, MEHBIINX 5.

r) MHO)KeCTBO, KOTOPOe He COJEPIKUT JIEMEHTOB.
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4°. Joxaxkure, 9T0 JJIst JIIOOBIX MHOXKeCTB A, B, C' BBITOJHSIOTCS paBEH-
cTBa

a) A\ (A\B)=ANB; 6)BU(A\B)=AUDB;
B) (AUB)\(ANB) = (A\B)U(B\A); 1) (AUB)\C = (A\C)U(B\C).

Kommenrapwuii: Vciob3yfiTe Hpu pelrleHuH Kak AuarpaMMbl Diijiepa-
Benrna, tak u rnepexoa K ¢popMmysiaM ajredpbl JOTHKH.

5. Ha gucnosoit nupsmoit jausl gBa orpeska: P = [2,10] u Q = [6,14].
Bribepure Takoit orpesok A, uro dopmyna

((x€eA) = (zeP)V(zeQ)

TOYKJIECTBEHHO UCTUHHA, TO €CTH MPUHUMAET 3HaUeHue 1 mpu JII000M 3Hate-
HUU IIEPEMEHHON .

1) [0,3] 2) [3,11] 3) [11,15] 4) [15,17]

6. ITpo muoxkecTBa A, B, C m3secrno, uro AN B C C'\ (AU B). Bepuo
g, aro Torma A C AN B?

7. Hokaxkute BKJIIOYEHUE
(A1NAoN---NA,)A(B1NBaN: - -NBy,) C (A1 AB1)U(A3AB)U- - -U(A,ABy,)

I1s1 mo0bIX MHOXKeCTB A;, B;.

8. JlokakuTe paBeHCTBO
(A1NAsNA3N: - -NA)\(BIUBsU- - -UB,) = (A1\B1)N(A2\B2)N- - -N(A,\ By)

Ay mo0sIx MHOKeCTB A;, B;.

JomarnHsisi paboTa

1. Bepno ju, 9T0 1151 J1I0OBIX MHOKECTB A 1 B BBIIOJIHAETCS PABEHCTBO

(A\B)N((AUB)\ (AN B))=A\ B?

2. Bepuo ju, 9To jist 106brx MHOXKECTB A, B 1 C' BBINOJHSAETCS PABEHCTBO

(A\B)U(ANC)N(A\(BNC)) = A\ (BUC)?

3. Bepno s, arto jiist j110661x MHOKECTB A, B 1 C' BBIITOJIHSAETCST PABEHCTBO

(ANB)\C = (A\C)N(B\C)?

11



4. BepHo Jm, 4T0 17151 JIFOOBIX MHOXKECTB A 1 B BBINOJIHAETCS BKJIIOYEHUE

(AUB)\ (A\ B) C B?

5. ITycrs P = [10,40]; @ = [20, 30]; u3BecTHO, 4TO OTPE30K A yI0BIETBODS-
€T COOTHOIIEHUIO

((x€eA) = (zeP)A((zeQ)— (ze ).

1. Haitmure oTpe3ok A MaKCHMAJILHO BO3MOXKHOI JIJIMHEL.
2. Haiinure oTpe3ok A MEUHEMAJIBLHO BO3MOXKHOI JIJTHHEL.
6. IIpo muoxkecrBa A, B, X, Y usBectHo, uto ANX = BNX, AUY = BUY.
Bepno s, uro Torjga eeinosHsercst paserctso AU (Y \ X) = BU (Y \ X)?

7. ycts A1 D Ay D A3 D --- D A, D... — HEBO3PACTAIOLIA IIOCIEI0BA-
TeIbHOCTD MHOXKeCTB. VI3BecTHO, uTo A1 \ Ay = Ag \ Ag. Hokaxkure, 9ro

A\ A7 = Az \ As.

8. Ilycrs A, B, C, D — takue orpesku upsmoit, uto AA B = C A D (cum-
METPUYECKUE PA3HOCTH PABHBI). BEpHO Jii, 9TO BBIIOJHACTCS BKIIIOYEHUE

ANBCC?

3. MaremaTuuecKkue oIlpejiejieHus, yTBeP2K/IeHUs
U JOKAa3aTeJbCTBa

1. UsBectHo, uTo uctuHHB yTBepKaAeHus AV (B A —-C) u =A A (BV O).
Kaxwue u3 yreepsknennii A, B, C' uctunnbl, a Kakue JoxKubi? [Ipu penrenun
HUCIOJIL3YHTE JIOTUYCCKUNA BLIBO/I.

2. JlokazkuTe, NCIOIb3YysT KOHTPAITO3UIINIO, UYTO ecau ab He JennTcs Ha N,
TO @ He JIeJINTCA Ha N U b He jejurcs Ha n. 31ech a,b,n € Z.

3. Jlokaxkure, 4To ecjiu ¢ X b = ¢, TO X0Ts ObI OJIHO W3 4HCeN] a, b He
[IPEBOCXOIUAT +/C; 371€CH a, b, ¢ — MOJIOXKUTEJLHBIE BEIECTBEHHBIE YHUCIIA.

4. Bepno nu yrBepK AeHme:

a) CyHleCTByIOT pa3/In9HbIC IIOJIOZKHUTEJIbHbIE I1eJIble YrCJIa ™ U N, TaKue

aro m < n u n2 KpaTHO M, HO N HEe KPaTHO M

6) IIpousseenne paruoOHAILHOIO U UPPAIMOHAILHOIO YHUC/Ia — UPPAIHO-
HAJILHOE IHACJI0?

5. JloKazKuTe, 9T0 9HCI0 V3 + /2 HPPAIHOHAIBHO.
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VYKa3anue: (\/§+ \/i) X (\f— \/ﬁ)

6. ﬂOKa}KI/ITe, 9TO JJId JII0O0r0 OeJIOTO ITOJIOZKHUTEJIBHOI'O N BBIIIOJIHACTCA

7. Hokaxxure, 9T0 1 MOXKHO HpeACTaBUTH B Buie cyMMbl 2019 pa3mnaHbix
OOBIKHOBEHHBIX Apobeil ¢ yucinTesieM 1 U IOJIOKUTEIBHBIM 3HAMEHATEIEM.

8. Ha nocke nanmcanbl cro nudp — Hyau u equHunbl (B 10600 KOMOMHA-
un). Paspernaercst BBIIOJIHATH J(Ba J1efiCTBUA:

1. 3amensars nepsyio nubdpy (HyJb Ha eJUHUILY U HAOOOPOT);
2. 3aMeHsITh UMPY, CTOSIILYIO TOCJIE IEPBOIl eIMHUITHI.

JokakuTe, 9TO MOCJIE HECKOJIHLKAX TAKUX 3aMEH MOYKHO IOJIYIUTH JIIOOYIO
roMmOuuarmio u3 100 Hyseit u eI,

9. Kakoe u3 yTBep:KIeHUIl CUIIbHEE:

Va Jy : P(x,y) AT Jy Vo : P(x,y)?

10. U3 menwix gucen ot 1 g0 2n Beibpano n + 1 uucio. lokaxkure, 910
Cpelii BBIOPAHHBIX YHCEJ HANIYTCS JIBa, OJHO U3 KOTOPBIX JIEJUTCS HA

IpyTOeE.

11. Ha kpaio nycTbiHI nMeeTcst OOJIBIION 3amac OeH3nHa U MallluHa, KO-
TOpasl IPH HOJIHOH 3allpaBKe MOXKeT I1poexarhb H0 KusomeTpos. VMmerorcs
(B HEOIPAHUYIEHHOM KOJIMYECTBE) KAHUCTDBI, B KOTOPbIE MOYKHO CJIMBATH
GeH3uH n3 GeH300aKa MAIMHBI U OCTABJIATH Ha XpaHeHue (B Jr06oii Touke
nycTbiHn). JIoKasaTh, 9TO MAIIHHA MOXKET [POEXaTh JH000e PACCTOsTHIE.
(KauucTpsl ¢ GeH3MHOM BO3WTH HE Pa3pPeIIaeTcs, IyCThle MOXKHO BO3UTH B
JIFOGOM KOJIIECTBE. )

12*. JIabupunTOoM Ha3bIBaeTCd KJerdaThiil kBajapar 10 X 10, HekoTopble
mapbl COCEHUX y3JI0B B KOTOPOM COEIUHEHBI OTPE3KOM — <«CTEHO» —
TakKnM 00PA30M, 9TO HEPEXO/ist U3 KJIETKNA B COCEHIOIO 10 CTOPOHE KJIETKY U
HE IIPOXO0/Is Yepe3 CTEHbBI, MOXKHO ITIOCETUTh BCe KJIETKU KBajpara. I'panuily
KBaJIpaTa OyJIeM TaK»Ke CIUTAaTh OOHEeCEeHHOH cTeHoit. B HekoTopoit KieTke
HEKOTOpPOro JjabupuaTa crout pobor. OH morumaer 4 komauabr — JI, 11,
B, H, 10 KOTOpBIM COOTBETCTBEHHO HJET BJIEBO, BIIPABO, BBEPX U BHU3, a
€CJI TIePeJT HUM «CTE€Ha», TO CTOUT Ha MecTe. Kak HammcaThb mporpamMmy
718 pobOTa, BBIOIHSAS KOTOPYIO OH ODOMIET BCE KJIETKU HE3ABUCUMO OT
JIAOUPUHTA U OT CBOEI'0 HAYAJIBHOI'O IOJIOXKEHUsI?
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HdomarnHsst padbora

1. Y6eaurech B MCTUHHOCTU yTBEpPKJIeHUs (1pu pousBosibHbIXx A u B):
(A= B)V (B — A). (1)

Badukcupyem npouszBoJibHYIO napabosy. Ilycrs A — yTBep:KJIeHne «BETBU
napaboJibl HAIIPABJIEHBI BBEPX», a B =«mnapabosa nepecekaer 0 (pamyio
y = 0)». IIpocienure 3a ciIeayONUMU PACCYKICHUAME. Y TBEPXKJICHIE
«€ecau BeTBU 1apaboJibl HAIIPABJIEHBI BBEPX, TO mapabosia mepeceraet 0»,
OYEBH/IHO, JIOXKHO; TOTJIA UCTUHHBIM JIOJI?KHO OBITH YTBEPXKIEHUE <«ECJIU
napabosta nepecekaeT 0, TO BeTBU Mapabosibl HATIPABJIEHBI BBEPX», HO OHO
TakzKe JOoKHO. To ecTh 06a yTBepK/eHnsT B IN3bIOHKIMA (1) JIOKHBI (IIpn
HEKOTOPOM BbIOOpe yTBepKienuii A u B), HO caMa U3 bIOHKIIUS UCTHHHA!
Haiinure ommbKy B paccy:KIeHUSIX.

2. B nome xkuByT A, ero xxena B u ux jeru C, D, E, 1pu 9TOM ClIpaBEJTUBBI
CJIEJTYIONINE YTBEPIKICHU:

1) eciiu A cMOTPHT TeJIeBU30D, TO U B CMOTDUT TeJIEBU30D;
2
3

) xotrst 6b1 OytuH U3 D u E CMOTPUT TeJIeBI30D;

) posHO onuH u3 B u C' cMOTPUT TeJIeBU30D;

4) C u D 5ubo oba cMOTp4T, 100 062 HE CMOTPAT TEJIEBH30D;
5)

ecu E cmorput Tenesusop, To A u D Toxke CMOTPST TEJIEeBU30D.

Kro ecmorput u KTO HE CMOTPHUT Te€BU30D?

3. JlokaxKuTe, HCIONB3Ysl KOHTPAIO3UIIMIO, UTO ecan &2 — 62 + 5 98THO, TO
T HEYETHO; 3]1eCh & € 7.

4. JlokaxkuTte, 9YTO IPOU3BEICHNE TIOJOKUTEIHHOIO PAIMOHAIBHOIO JHCJIa
U UPPaldOHAJIbHOI'O YHUC/Ia — UPPAIMOHAIBHOE YHUCIIO.

5. IIpo =emycrhle nonapHo Hecosaaomue MEoecrBa A, B u C' u3BecTHO,
aro C\ AC Bu C\ B C A. Boamozxkso i, uro B = AN C?

6. JlokakuTe paBeHCTBA

a)1-(n—1)+2.(n—2)+...+(n_1).1:w;

sin(n+ 3z 1
06) cosa:—&—cos?w—i—---—i—cosnx:(,if)—f.
2sin 2
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7. B 3auere y4acTBOBAJIO HECKOJBKO CTYJEHTOB M upenogasareseii. 13-
BECTHO, YTO B KOMHATY, /i€ IPOMCXOAMII 3a9€T, KaXKIblil yIACTHUK 3a9eTa
BOIIIEJT JIMIIb OJIHAYK/IBI U YTO KasKJIbIH [IPero/iaBaTellb HOTOBOPHII € KazK-
JBIM CTYJeHTOM. JIOKayKuTe, 9T0 B KAKOH-TO MOMEHT 3aueTa B KOMHATE
[IPUCYTCTBOBAJN OO BCE CTYAEHTHI (M, MOXKET ObITh, KTO-TO U3 IIPEHOJIa~
Baresieit), 6o Bee npenogaBaTesau (1, MOXKeT ObITb, KTO-TO U3 CTYJEHTOB).

8. Haiinure omubKy B 10Ka3aTEIbCTBE IO WHIIYKIIUN YTBEPXKIEHUS «BCE
JIOIIAJIU OJIHOTO IiBeTa», TouHee A(n) =«Jobble n JoMIauell OJHOrO IBETAY.
Basza, A(1), oueBuzgna: onua somas oxsoro usera. [lar, A(n) — A(n+1):
yGepéM oziHy JIomab 13 n+1 1 Bocmosb3yeMcest peiozkenneM A(n) — mosy-
9UM, 9TO OCTABIIMECS 7 JIOIIAJel OJIHOTO I[BeTa. BepHéM Terepb yOpaHHYIO
JIOMIa b, YOepéM JIPYTyIo JIOMAb U OIATH BOCIIOIB3YEMCS MTPEIOKEHIEM
A(n) — ougarh 1moJyduM, 4TO BHIOPAHHBIE 1 JIONIAJEH OJHOIO I[BETA, a 3Ha-
9UT U yOpaHHasl B HAa4YaJje JIOMIAb TOI'O Ke IBETA, YTO U BCE OCTaJIbHbBIE.
Wrak, Mbl qoka3aju, 910 Jobas n + 1 Joma b OJHOIO IBeTa.

9. B upstmoyrosbHEKE 3 X 1. CTOAT (DUILNKA TPEX I[BETOB, 10 1 MITYK KaXKI0r0
uBera. JlokaxkuTe, 4TO MOXKHO II€PECTaBUTH (PUIIKU B KaXKJI0 CTPOKE Tak,
9TO0OBI B KaXKJ0M CTOJIOIE ObLIN (DUIKH BCEX I[BETOB.

10*. [Joxkaxkure, 9TO KaxKJ0€ UUCIO /a1 + /as + ...+ /ay, tie a; € N He
KBaJAPATHI IEJIbIX YUCEN, HPPAIMOHATBLHO.

4. I'pads1 1. HeopuentupoBattbie rpadbl

O TepMmuHOMOTUM. EC/iN HE OrOBOPEHO IPOTUBHOE, TI0JT CJIOBOM «I'pad»
JTajiee MOHUMAETCsI HEOPUEHTUPOBAHHbIM rpad 0e3 meTesh U KPaTHBIX pedep.
Boipaxenue «uoarpad A rpada B» (A C B) oznauaer, uro rpad A MOXKHO
MOyInTDh U3 rpada B ymajgeHneM JacT BepIIHH U pedep.

I'pagp—nymv P, umeer n + 1 BepmmHy vg, V1, ... V,. PEOpaMu CBI3aHbI
napsl BepimH v; 1 011 (0 < n— 1). Takum o6pasom, B rpade-myTn n
pébep. ToBopsit, uTo dauna iyt pasua n. I pag-uuxa C, uMeeT n BEpIIMH
ViyeooyUn, B ={{vi,vi11} | 1 <i<n}U{vy,v1}. Hoanwd epad K, (V, E)

WMeeT N BEePINUH, KaxKJas [apa KOTOPBIX COeJInHeHa pebpom: F = (‘2/)

1. Haiigure uncio pébep B mosHom rpade K,.

2. JlokaxxuTe, 9TO He CyIIeCTBYyeT rpada ¢ UAThIO BEPIIMHAME, CTEIIEHN
KOTOPBIX paBHbI 4, 4, 4, 4, 2.
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3. B rpade 100 Bepmun u 800 pédep.

1. JTokaxkure, 9TO B 3TOM Tpade eCThb XOTs ObI OJHA BEPIIHMHA CTETICHU He
MeHbIIIE 16.

2. MoxKeT s TaK CIyYIUTHCs, 9TO BCE BEPIIMHBI 3TOTO rpada NMEIOT CTe-
ness 167

Honoanenuem G rpada G HasbBaeTcst Takoil rpad Ha TOM Ke MHOXKe-
CTBe BepIKH, 4T0o u y rpada G, B KOTOPOM I1apa BepIIUH CBsi3aHa pebpoM
TOIJa ¥ TOJIBKO TOrA, Korjaa B G 3Ta mapa BepIinH pedpoM He CBsI3aHa.

4. JTokaxxure, 9T0 rpad COMEPKUT KJIUKY HA 1 BEPIIUHAX TOTMA U TOJBKO
TOT/Ia, KOT/Ja €ro JIONOJIHEHUE COMNEPKHUT He3aBUCHMOE MHOXKECTBO Ha 1
BepIINHaX.

5. Hokaxwure, aro eciu Hy u Hy — cBasubie noarpadst rpada G, takue
aro Hy N Hy # &, To noarpad Hy; U Hy cBsa3eH.

6. Hdokaxkure, 9ro rpad Wid ero JOIOJHEHHE CBA3HBI (BO3MOXKHO 00a
CBSI3HBI).

7. Kakoe MakcuMabHOE IUCTIO PEOEP MOXKET OBITH B HECBSI3HOM Tpade ¢ 1
BEPIIUHAMMU !

8. Kaxmas Beprmmmna rpada G nmeer cremens 2. Jlokaxkure, uro G =
HyUHU...UHy,, rne H;—rpad nukn, u H; N H; = @.

IMoxrpad GU| = (U7 (g) N E(G)) rpada G Ha3LIBAIOT UHOYUUPOGAH-
rowm (MaoKecTBOM U C V).

9. JlokazkuTe, 9TO BEPIIMHBI CBA3HOTO rpada G MOXKHO yHOPAZOYUTH
Tak, 9to s kaxmaoro i, 1 < i < |V(G)|, uanynuposannsiit moarpad
G[{v1,...,v;}] Oyner cBsA3HBIM.

10. IIpo rpad m3sectno, uro B HéM 1000 Beprua u 2019 pébep. Bepro i,
9TO B TAKOM I'pade MOXKeT He OKa3aThCsl HU OJHOIO ITyTH JJIUHBI 647

domarnHsast padora

1. CymecrByer ju rpad Ha 8 BeprimHax, B KOTOpoM 23 pebpa u ecThb
BepInuHa crermeHn 17

2. B crpane lludpa ects 9 ropogos ¢ Hazsauuamu 1, 2, 3, 4, 5, 6, 7, 8,
9. IlyremniecTBeHHNK OOHAPYKUJI, UTO JIBA TOPOJIA COE/INHEHBI aBUAJIMHIEN
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B TOM ¥ TOJIBKO B TOM CJIy4ae, eCJIU JABY3HAYHOE YUCJIO, COCTABJICHHOE U3
nudp-Ha3BaHU| ITUX TOPOJIOB, JeauTcsa Ha 3. MoxkHo i 106paThbest u3
ropoza 1 B Topo1 9, NCosb3ysi 9TH ABUAIMHAY (BO3MOXKHO, C IepecajikamMi)?

3. Haiinure Bce rpadbl, B KOTOPBIX KakKaas IMMapa pédep MMeeT OOImumii
KOHETT.

4. B rpade na 400 Bepmunax crenenb Kaxk1oi Bepmuubl pasaa 201. loka-
JKUTE, 9TO B 9TOM rpade eCTh UK JIHHBL 3.

5. lokaxkure, uro eciu Hy u Hy — cBsizHble ojgrpadsl rpada G, rakue
aro Hy N Hy # &, To noarpad Hy N Hy cBsizew.

6. B crpane Cemépka 15 ropoioB, KaxKablil M3 KOTOPBIX COEIUHEH JI0PO-
ramMu He MeHee, 4eM ¢ 7 apyrumu. Jlokakure, 94TO u3 JI000r0 ropoaa
MOKHO JI06paThest 110 J060ro Ipyroro (BO3MOXKHO, IPOE3Kasi 4epes3 JApyrie
roposia).

7. CchopmynupyiiTe ciieryioniee yrBepxKIeHNE Ha, si3bIKe Teopuu rpados u
JokaxkuTe ero. Ha Kak710il JIEKIIUHN €CThb JBa CTYJIEHTa, KOTOPbIE 3HAKOMBI
C OJIMHAKOBOM YHUCJIOM CTY/IEHTOB (3HAKOMCTBO CUMTAETCs B3AMMHBIM ).

8. Haiinute Bce rpadbl-iyTu u rpadbI-1UKJIIbI, JTOMOJHEHNE KOTOPBIX Tpad-
IyTh WX I'Pad-IUKII.

5. I'padwr II. lepeBbs u packpackun

O TepMmunoJioruu. Packpacka Bepinun rpada Ha3bIBAETCSI NPaGUAD-
MO, eCIM KOHIbI KaxKJI0ro pebpa MOKpalleHbl B pa3Hble 1IBeTa.
Paccmosruem p(u,v) MEXKILy JBYMsl BEPIIUHAMU U U U B CBA3HOM Ipade
HAa3bIBAIOT JUIMHY KpaTdaiiliero mytn Mexxy aumu. Juamempom rpada
G naspBator uyncyo diam(G) = max, p(u,v), a TaKKe IIyTh TAKOH JIJTHHBL.

s

Bepmuna v HaseiBaeTcs yermpom rpada, ecin MaKCUMAaJIbHOE PACCTOSHUE
oT Heé J10 J11000#1 IPYToil BEPIIMHBI MUHIMAJILHO; 9TO PACCTOSTHIE HA3BIBAIOT
paduycom rad(G) = min max p(u, v).

veV ueV
1. depeBo umeer 2019 Bepmuu. Bepno s, 4ro B HEM HallleTcsd IyThb
JJIAHLL 37

2. CymecTByer Jix JepeBo Ha 9 BepHInHAX, B KOTOPOM 2 BEPIIUHBI HMEIOT
cTereHn H?

3. B nmepese ner Beprma cremenn 2. JlokaxKuTe, 9T0 KOJTUIECTBO BUCIINX
BepUIMH (T.e. BEPIIMH cTelleHu 1) GOJIbIIe TOJIOBUHBI OOIIEro KOJIMYecTBa
BEPIIINH.
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Ocmoshvim depesom Ha3bIBAIOT ToArpad rpada, KOTOPBI SBIISIeTCS
JIePEBOM Ha BCEX BEPIIMHAX MUCXOJIHOrO rpada.

4. Jlokaxkute, 91O 000 CBA3HBIN rpad MMEET OCTOBHOE JE€PEBO

5. IIpo rpad m3sectHo, uTo B HEM 1000 Bepmuu n 2019 pédbep. Bepuo jn,
4To a) B TakoM rpade obga3aresbHo ecTh MapmpyT JyuHbl 3000;

6) B TakoM rpade MOXKeT He OKa3aThCsl HU OJJHOIO IyTH JJIMHBI 647
6. JlokaknTe WM ONPOBEPTHUTE CJIEIYIONINE YTBEPKICHUSI:

a) ecau B rpade ecTb 3aMKHYTBI MAPHIPYT Y9€THON JUIMHBI, TO B rpade
€CThb ITUKJI Y6THOM JIJIMHBI;

6) eciu B rpade eCTh 3aMKHYTHIi MApPIIPYT HEYETHON JJIMHLL, TO B rpade
€CTh IUKJI HEYETHON JIJIUHBI.

7. 1. Tokaxkure, 94T0 JII0O0E [EPEBO 2-PACKPAIIUBAEMO (CYIIECTBYET Mpa-
BUJIbHAsI PACKPACKA B 2 [[BETA).

2. CKOJIBKO €CTh IIPaBUJIbHBIX 2-PACKPACOK y JlepeBa’

8. Hokaxkwure, uTo eciiu (G COMEPKUT KIIMKY pa3Mepa 1, TO €ro BEePIIUHDI
HeJIb351 PACKPacUTh IMPABUJIBHO B 1 — 1 IBETOB.

9. Nmeerca cBasubiit rpad. JJokaxkure, 9T0 B HEM MOYKHO BBIOpATH OIHY
73 BEPIIUH TaK, YTOOBI I1OCJIE €€ yIAJIeHNs] BMECTE CO BCEMU BEAYIIUMU U3
Heé pEOpaMu OCTaHETCs CBIA3HBIN rpad.

10. 1. Jokaxure, uro rad(G) < diam(G) < 2rad(G).
2. Ilpusenure npumep rpada G, gis koroporo rad(G) = diam(G).

HomarnHsst padora

1. Cremnenb KaxKJi0il Bepimuubl rpada pasHa 2. BepHo i, uro sT0oT rpad
2-pacKpaIinBaeMblii?

2. JlokaxkuTe, ITO B JiepeBe Ha 2n BEPIINHAX €CTh HE3ABUCHMOE MHOXKECTBO
pasMmepa n (HU OJ(HA T1apa BEpIINH MHOYKECTBA HE COeIMHEHA peGpOM).

3. B nmepese na 2019 BeprmHax POBHO TPHU BEPIIMHBI UMEIOT CTEIEHDb 1.
CKOJIBKO BepIIUH UMEIOT CTeleHb 37

4. Ectp 1Ba 7epeBa Ha n BepIIUHAX, KAXKI0€ UMEET TUAMETD JINHBI d.
MozkHo Jin Tak 100aBUTH pedPO MEXKTy BEPITUHAMHU ITUX JIEPEBBHEB, YTOODLI
JUIMHA JTIAMETPa TOJIYIEeHHOrO JIepeBa PaBHsIACh d?f
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5. JlokaxkuTe, 9TO €CJIU CTEIeHb KaXKJ0i BepIMUHbI Tpada He TPEBOCXOUT
d, TO ero MOKHO ITPABUJILHO PACKPaCUTh B d + 1 1BeT.

6. HazoBem He 2-packparmmBaeMblil rpad MUHUMAJBHBIM, €CJIU [IOCJIE YA~
JieHus JiIo00ro pebpa OH CTAHOBUTCH 2-pacKkpariuBaeMbiM. Jlokaxkure, 910
B MUHHUMAaJbHOM He 2-packpammBaemoMm rpade ma 1000 BeprmmHax ecTb
xoTs OblI OJIHA M30JIMPOBaHHAs BepiKHa (T.e. BepiuHa crerenu 0).

7. Ilycre G — cBsi3HBII rpadd, KOTOPKIl He siBjisieTcst rpadoM-mryTéM. Jlo-
Kaxkure, 9T0 B (G €CTh TPU BEPIIUHBI VU1, U3, V3, B PE3YJIbTATE yIAJCHUS
KOTOPBIX BMECTE CO BCEMU CMEXKHBIMU PEOPAMU, MOJIYIAETCS CBA3HBIN rpad

G' = GV \ {v1,v2,v3}].

8. I'pad nosyuen u3 rpada-mukiia Co, JodaBeHIEM PEOED, COETUHSIONINX
[POTHUBOIOJIOKHBIE BEPIIUHBI (U] COEJMHEHA C Up 41, V2 € Upto U T.1.). [Ipn
KaKWUX 7 MOJIYYUBIIANACS rpad MPABUIBHO PACKPAINIUBAEMBbII

a) B aBa uBera; 6) B Tpu usera?’

9. B rpade na 100 BepumHax, Kax/1asd U3 KOTOPBIX UMEET CTEIEeHb 3, eCTh
posao 600 myTeit gyuabl 3. CKOJIBKO B 9TOM I'pade IUKJIOB JJIMHBL 37

10*. Jlokaxkure, 4TO €C/IM pa3Mep MaKCUMAaJbHON KUK B rpade 4eTHDI,
TO MOXKHO PACKPACUTH BEPINUHBI Tpada B JIBa I[BETa TaK, 9TO PA3MepbI
MaKCUMaJIbHBIX KJIMK B moirpadax oboux 1mseros paBHbl (noarpad MHIy-
[IMPOBAH MHOXKECTBOM BEDIIUH OJTHOTO IBETA).

6. /IBynosabHbIe rpadbl, mapocodeTanns u (pyHKIUN

Hanomunauue: ¢pyHKIIHT He 00s13aTEIHHO BCIOLY OIPEIETCHBI, OJHAKO
obozHauenue f : A — B o3Hauaer, 4T0 MHOXKeCcTBO A — 0bj1acTh onpesneJie-

Hus pyHKIMY f.

1. @yuxiusa f uz muoxecrsa {1,2,...,8} B muoxkectso {a,b,...,e} onpe-
JIeJIeHa CIIEIYOIIM 00pa30oM:

f:il—a, 2—a, 3¢ 4—d, 5br—c, T—d.
Haiimure a) Dom(f); 6) Range(f); B) f({1,2,3});
r) f_l(c)§ n) f({1,2,3,5,6}); e) f_l({avba c}).

2. OyHKIWMS ¢ U3 MHOYKECTBA TMOJIOKUTEIBHBIX TEJIBIX INCETT B MHOXKECTBO
TTOJIOYKUTENHHBIX MEJIBIX 9UCET COMMOCTABIIAET YUCTY & HANOOJIBINNI TPOCTOM
JIeJIUTEIb T.
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1. KakoBa obJiactb onpeeaeHus g?
2. Bepro s, uto ecm X — Komewnoe, To u ¢~ (X)) koneunoe?
3. Haitmure g~1(3).

3°. IIycry f — dpynkuus nz mHokecTtBa A B Mmuoxkecrso B, X, Y C A,
U,V C B. Bepunt jiu jyis aobeix muoxkects f, A, B, X, Y, U, V cienyio-
e yTBep2KJIeHnA:

a) f(XUY) = f(X)U f(Y);

6) us pasernctsa f(X) = f(Y) cienyer X NY # @;
B) [THUNV)=fHU)NfH V)

r) us pasencrsa f~H(U) = f~H(V) crenyer U = V.

4°, Oyukius f onpejeeHa Ha MHOKeCTBe X M IPUHUMAET 3HAYEHUS B
MHOXKecTBe Y, ipu 3TroM B C Y. Kakoit 3Hak cpaBHEHHST MOKHO TIOCTABUTH
BMecTo «?», uToObl yTBepiKaenue «f(f~1(B))? B» crano Bepubim?

5°. IIyctb A u B — nBa MHOXKecTBa. [lokaXuTe paBHOCUJIBHOCTD CBOICTB
«cymecrByer dpyukus f: A — B, aBigONascs UHbEKIUe» U «CyIeCcTBY-
er dyuknust f: B — A, aBISIOMASACT CIOPbHEKIAET».

6. [IpuBeuTe TIpUMeEp CIOPBEKITMU MHOXKECTBA TOJIOXKUTETBHBIX IIEJIBIX
quces Ha cebs, [UIst KOTOPOit mpoodpas aiod0ro 1-3/1eMEeHTHONO MHOYKECTBA
bGecKoHedeH.

[Tapocoderanne nokpwvisaem BepmmHy rpada, ecan OHO COAEPKUT pedbpo,
CMEXKHOE 3TOIl BepllIuHe.

7*. Han nsynosbustii rpad G(AU B, E). B G ectb aBa napocoueranus.
JlokazkuTe, 94TO ecTh TPeThe, KOTOPOe IMOKPhIBAET BCe BEPIIMHBI I€PBOrO
IapOCOYeTaHNA U3 J0JA A M BCe BEPIIMHLI BTOPOrO MAapOCOYETAHUS N3
monu B.

domarmHsst padora

1. @yuknus h us maoxkecrsa {0, 1,...,8} B MHOKecTBO {a,b, ..., g} ompe-
JIeJIeHa CJIeIyIOIuM 00pa3oM:

h:1—b 2—¢, 3—b 4—e 5b—b 6e 8 f
Haiinre a) Dom(h); 6) Range(h); h({0,1,2,3,4}); B) h='({a,b,c});
r) h=1(h({0,1,2,6,7,8})); x) h(h~*({a,b,c,d,e})).
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2. Oyuknusa [ U3 MHOXKECTBA LEJIBIX YUCEJ B MHOYKECTBO IEJIBIX YKCEJI
COTIOCTABJISIET YUC/IY T HAMMEHBIIIEE IIPOCTOE UUCJI0, KOTOpOe OOJIbIIe x2.
JlokaxkuTe, 9TO €C/Ii MHOXKECTBO TEeJIbIX Yuces X KOHEYHOe, TO U ITOJIHBII

1poobpas sroro Muoxkectsa f 1 (X) KoHeven.

3. Ilycre f — dbyukus u3 mHOXKecTBa X B MHOXKeCcTBO Y, ipu 3toM A C X.
Kakoit 3HaK cpaBHEHUSI MOXKHO IIOCTaABUTH BMECTO «?», 9TOOBI yTBEPXKIEHIE

A7 A

crano BepubiM? (Bo3MOXKHBIE 3HAKYM CPABHEHUS B 3TON U JBYX CJIEILYIOINIUX
zagadax: C, D, =. HyxKHO0 y4uecTb Bce BADUAHTEI. )

4. Ilycrs f — dyuxnus u3 maoxkectBa AU B B MuOXkecTBO Y. Kakoit 3HaK
CPaBHEHHUST MOXKHO IIOCTABUTH BMECTO «?», ITOOBI yTBEPKICHUE

FLANB) 7 f(A)\ f(B)
CTAJIO0 BEPHBIM!

5. [lycre f — dysriusa u3 mHOXKecTBa X B MHOXKECTBO Y, IIPH 3TOM
AU B CY. Kakoii 3HaK CpaBHEHHS MOYKHO IIOCTaBUTH BMECTO «?», ITOOBI
yTBEpXKIeHne

FHANB)? fH AN\ F7H(B)
CTAJIO0 BEPHBIM?!

Hanomunm, 9o napocowemanuem (B IPOU3BOJILHOM ) Ipade HA3BIBACTCS
MHOKECTBO PEGEP, HE MMEIONTIX ODIUX KOHIOB; TTAPOCOYETAHIE HA3BIBACTCS
COBEPWEHHDILM, €CITI KAXK sl BepInHa rpada IPUHAJIEKUT HEKOTOPOMY
pebpy mapocodeTaHus.

6. Bepmo i, 9T0 ecam Karkasi BepInHa rpada uMeeT CTeneHb 1 mim 2
u B rpade HeT IUKJIOB HEYETHOH JJIMHBI, TO B rpade ecTh COBEPIIEHHOE
rnapocoderaHue?

7. IIpo pyuknuio f u3 MHOXKecTBa X B MHOXKeCcTBO Y u MHO:KecTBO B C Y
usBectHo, uto f~1(B) = X. Bepuo ym, uto B =Y?

8. [IpuBeuTe puMep Takoit MHbLEKIUA f 13 MHOXKeCTBa X B MHOYKECTBO
Y, uro gmsa sekoroporo B C Y BBIOJTHSIOTCS 00a YCJIOBUS

B +# o,
(B =
9. ITocTpoiiTe bHmeKIMIO MeXKTy KOHEIHBIMU TMOIMHOYKECTBAMHI MHOXKECTBA

ITOJIOZKUTEJIbHBIX IIEJIbIX YHCE/I 1 KOHEIHBIMU CTPOro BO3PpaCTAalOIIUMU I10-
CJIeJ0BATECJIbHOCTAMMU IIOJIOZKHUTEJIbHDBIX ITEJIbIX YUCeJI.
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7. Kombunaropuka I. IIpaBuia cymmbl 1 mpou3BeIeHUS

1. Ectp 3 rBo3auku, 4 po3sl U 5 TIOJIBIIAHOB.
a) CkoubKuMu cocobaMu MOZKHO COCTABUTH OYKET U3 IIBETOB OJHOIO BUa?

6) CkoubKkuMU CrocobaMu U3 HUX MOXKHO COCTaBUTH OYKeT, B KOTOPOM
HEYETHOE KOJUIECTBO IIBETOB KAaXKJIOr0 BHIA?

B) CKOJIBKUMH CIIOCODAME MOYKHO COCTABUTH GYKeT, NCIIOJIb3Ys JIIO0bIe U3
AMEIOIINXCA [IBETOB?

(IBersl omHOrO COpTa CYUTAEM OJMHAKOBBIME, KOJIMYECTBO IIBETOB B
GykeTe He OrpaHWYeHO, HO He paBHO 0.)

2. Ha mmockoctu orMmedeno 10 Touek Tax, 4To HUKAKUE TPU U3 HUX HE JIeXKaT
Ha o7HOM 1psiMoit. CKOJIBKO CYIIECTBYeT TPEYTOJbHUKOB C BEPITNHAMHU B
3TUX TOYKAX?

3. CKOIBKO CyIecTByeT 9-3HAUHBIX YUCEIT, TUMPBI KOTOPBIX PACIIOTIOKEHBI
B HOPsi/IKe yObIBaHUs (TO €CTh KaXK/as CJIeyIOIas MEHbINe IpeablLymeii)?

4. Haiiure BEpOATHOCTD TOrO, UTO B CAyJYaliHOM 4-OyKBEHHOM CJIOBE B
pycckoM asidbasure, ectb X0Ts Obl ofHa riacHas? (Bcero 33 6yksbl, 10 u3
HUX TJIACHBIE. )

KommenTapwii: I1o/1 BEpOSITHOCTHIO MBI TIOHEMAEM OTHOIIIEHHE KOJIHIE-
CTBa BCEX HCXOJOB, VIOBJIETBOPSIOIIUX COOBITHIO, K KOJHYECTBY BCEBO3-
MOXKHBIX HCXOJOB.

5. Jlokaxkure, 9TO JBOMYHBIX MOCIEIOBATEILHOCTEH (CJI0B) JJIMHBL 71, B
KOTOPBIX POBHO Kk €JIMHHUIL CTOJBKO YK€, CKOJLKO ¥ TIOJIMHOXKECTB pasmepa, k
muoxkectBa {1,2,... ,n}.

6. Jlectauma cocront n3 13 cTymenek, He cINTast BepXHeil U HUKHEH TLIO-
magok. CIyckasiCh, MOXKHO HEPEPHITMBATE YE€PE3 HEKOTOPBIE CTYIEHbKN
(moxHO nazke uepes Bee). CKOJBKUMEA CIIOCOGAME MOYKHO CITyCTUTBCS IO
3roii JlecTHUIE?

Cemeticmeom (MHOKECTB) HA3BIBACTCS MHOXKECTBA, HJIEMEHTAME KOTO-
POTO SIBJISIETCS MHOXKECTBO. Pasbuenuem MHOXKeCTBa A Ha IIOJIMHOXKECTBXA

HazbiBaerca cemeiictBo B, rakoe yro A= |J B,VB,B' € B: B# B’ =
BeB
BN B = @. To ectb, pasbuenne A — 3TO CeMEHCTBO HETyCTHIX MOMAPHO

HETIEPECEKAIONIUXC ST TIOIMHOXKECTB, Jafonux B obbequaennn A. Muoxecrsa
B € B nasbiBator 6snokamu pa3buenust B.
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7°. Yero Gousbine, pasbuenuit 20-3,1eMEHTHOTO MHOXKeCTBa Ha 6 (HEIyCThIX)
HOJIMHOKECTB UJIN €r0 IIOJMHOYKECTB pa3Mepa 57

8°. 10 4esioBeK CJTyvaifHO BBICTPOMINCH B ouepenb. Haliinre BepoSTHOCTH
roro, uro a) Usanos, Ilerpo u Cumopos cToaT noaps (B IPOU3BOIHHOM
nopske); 6) Usanos crour panbiie Ilerposa; B) sanos u Ilerpos ne
CTOAT JIPYT 3a JIpyrom?

9. CKOJIBKEMU CITOcObaMu MOYXKHO 00pa3oBarh 6 map u3 12 gejpoBek?

10. CKOJIBKAME CIIOCOOAMU MOXKHO PACCTaBUTH 12 Oesbix u 12 4epHBIX
MIAIEK HA YEPHBIX IOJISIX MAXMATHOMN JTOCKH !

11. CrOobKUMHU CIOCODAME MOXKHO BBIIUCATH B st 1udpsbl or 0 10 9
TaK, 4TOOBI YeTHbIE MUMPHI IIJIX B IOPSIKE BO3PACTAHUS, & HEYETHbIE — B
OpsIJIKe YOBIBAHUA !

Jomatasst pabora

1. Ectp 6 kamaunaros Ha 6 Bakancuii. CKOJIBKAMH CIIOCODAMH MOXKHO
sanosHnTh Bakancnu? (Kaxkmas BakaHCHsl JOJKHA OBITH 3aII0JHEHA. )

2. a) Kakux uuces 6oJibIie cpeji IepBOro MUJLIMOHA: TEX, B 3AIUCU KOTO-
PBIX €CTh €IMHMIIA WM Te€X, B 3allUCU KOTOPHIX €€ HeT?

6) Tor ke Bonpoc Autst epBHIX 10 MIJIIIMOHOB THCEL.

3. Haiimure BEpoOSITHOCTH TOrO, UTO B JECITUIHON 3aIlUCU CJLyIaRHOIO
MIECTU3HAYHOTO UUCJIA, B 3aIUCH OyIeT XOTsi ObI JIBe ONMHAKOBBIE TH(PHI!

4. I3 36-kapTOYHON KOJIOABI KAPT HA CTOJI PABHOBEPOSATHO U CJIyIailHO
BBIKJIa/[BIBAETCS TI0CJIE/I0BATEILHOCTD U3 4 KapT. KakoBa BEpOATHOCTH TOTO,
YTO JIBE U3 HUX KPACHBIE, a JIBe YepHble?

5. CKOJIBKO cymiecTByeT 6-3HaYHBIX UUCEJI, B KOTOPBHIX Y6THBIX U HEUETHBIX
mudp moposmy?

6. CKOJIBKO CYIIECTBYeT 7-3HAYHBIX UHCETI, B KOTOPBIX POBHO JBE UETHBIE
1udphl U epes KaykJaoi 9eTHOM 1udpoit 06s3aTeIbHO CTOUT HeYeTHAs !

7. CKOJIbKUMU CIIOCODAMM MOXKHO TOCEJIUTH 7 CTYJIE€HTOB B TPU KOMHATHI:
OJTHOMECTHYIO, TBYXMECTHYIO U YeTBIPEXMECTHYIO?!

Bepimunamu noanozo 6unaprozo depesa parea n sIBIISIIOTCS JIBOUIHBIE
CJIOBaA JUIMHBI He Godtbiie n (BKiOUast nycmoe caoso amunbt 0). Ia ciaosa
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COeJIMHEHBI PEOPOM B IIOJTHOM OUHAPHOM JIEPEBE, €CJIH OJIHO HOJIyIAETCA U3
JIPYTOro TPUIUCHIBAHUEM OJHON 1upbl cripaBa (HyJIsl UM eIUHUIIBI).

8. Haiture KOMMIecTBO AMAMETPOB B IIOJIHOM OMHADHOM JiepeBe paHTa n.

9. Pasbuenuem anucia N Ha k dacTeil Ha3LIBACTCS TaKas HEBO3PACTAIOIIA
IIOCJIEAOBATEILHOCTD MOJIOYKUTEIHHBIX HMEJIBIX YUCET A1 = Ag = -+ = Ak,
910 A1+ Ag+ - - -+ A = N. Hero 6ombire, pazbuennit anciaa N Ha He 6osee
qeM k ciiaraeMblX, uiad pasbuenuil yuciaa N + k Ha poBHO k claraeMbIX?!

10. Yero Goblire, MpaBUWILHBIX CKODOYHBIX IIOCJIEIOBATEILHOCTENH U3 T

nap CKOGOK WJIM [OCJIeJ0BaTeIbHOCTER (T1, Ta, . . ., Tap) C dIeMeHTaMu +1,
2n

Takux 4to Yy x; = 07
i=1

8. Kombunaropuka 1I. Bunomuanbabie KO3dPUTNEHTHI
1. Jlagpa crouT Ha j1eBOM 1I0JIe KJieTdaToil mosocku 1 X 30 u 3a X0l MOKeT
CABUHYTbHCI Ha JII000€e KOJIMYECTBO KJIETOK BIIpaBO.

a) CkoibKuMU criocobamMu OHA MOXKET J00pPAThCs JI0 KpallHero mpasoro
moJist’?

6) CkoabKuMU CIIOCO0aMU OHA MOXKeT N00paThCs 0 KPAWHEro mpasoro
I0JIst POBHO 3a 7 XOmoB?

2. Haityure koadbdumuent npu  a) x3y” B pasnoxkennn (2 — y)'0;

6) ziroxirs B pasmoxenun (11 + 9 + 3 + 4 + 25) 0.

3. JMokaxuTe copaBeiInBocTh GopMyst (3KeJIaTeIbHO HAfiTi KOMOUHATOD-
HOE JIOKa3aTeIbCTBO):

D2 ()60 956G

4. Haiimure wmcao perrenuit ypaBHeHUsS T1 + T + T3 + 4 + 5 = 11 B
HEOTPUIATEILHBIX TIEJIBIX THUCIaX.

5. CKOJIBKUME CIIOCODAMI MOXKHO Pa3JejuTh 15 OMHAKOBBIX MOHET MEXKITY
7 HyMU3MATaMU TaK, ITOOBI KaXKJIOMY JOCTAJIOCH XOTs OBbI 110 MOHeTe?

6. CKOJIbKO Pa3/IMYHBIX CJIOB (He 00s13aTeJIbHO OCMBICJIEHHBIX) MOXKHO II0-
JIy9IHUTh, TIepecTaBisist OyKBbI B CJI0BaX

a) <KOMITBIOTEP»; 6) «JIMHUA»; B) «<[TAPABOJIA>;
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r) «<OBOPOHOCIIOCOBHOCTb».

7. CrOIBKUMU CIIOCO6aMU MOXKHO BBIOpaTh 6 wwmces or 1 g0 15, 94T06BI
cpe/in HUX He ObLIO IBYX, OTJIMYAIONIUXCS HA, €IUHUILY

8. Jlokaxkure, 4TO
n+k+1 n n+1 n+2 n+k
()= @) () () e (1)

9. Pasnootceruem 9uciia n HA3BIBAETCS TaKasl IIOCJIEI0BATEIbHOCTD I10JI0-
JKATEJbHBIX IEJIbIX YUucea i, L9, ..., Lk, 9YTO L1 + To + -+ + T, = N.
Haitiure KomdecTBO pas3JioyKeHUil N Ha HEUYETHBIE CjaraeMble.

10*. CroyibKuMH CrIocobaMu MOKHO Pa3pe3arh MPABUILHBIA 7-yTOJbHUK
Ha, TPEYTOJIbHUKH, ITPOBOJIS HEIIEPECEKAIONINECs TUATOHAIN ]

HdomarnHsast padora

1. PoboT xomuT mo KoopanHATHOM 1IocKocTr. Ha KaxKoM Iare OH MOXKET
YBEJIMYUTH OJHY KoopauHary Ha 1 mjm obe KoopauHathl Ha 2. CKOJIBKO
ecThb crocobos nepemectuth Pobora u3z Touku (0,0) B Touky (4,5)?

2. B marazunue npomgaercst 10 BusioB nmupokHbIX. CKOJIBKAME CrIOCOOaMU
MOKHO KynuThb 100 mMpoKHBIX (IOPSIOK MOKYIIKU HE BayKeH)?

3. Kakoe ciaraemoe B pazsoxenun (1 + 2)™ no dopmyse 6uaoma Heiorona
OyaeT HauOOIbIIUM !

4. Haijizure yucno ciaoB punbl n Hag ajadasurom {0, 1}, B KOTOPBIX HeT
ABYX €IUHUIL IO,

5. JlaTh KOMOMHATOPHOE JTOKA3aTEIbCTBO TOXKIECTBA
a) n\(m\ (n\[(n—Fk\.
m/\k) \k)\m—-k)’
n n—2 n—2 n—2
9 = 2 .
()= () =20 =) = ()

F1o00 ( F1o00
6. Kakoe u3 gucen 6osbIe A ?
(F998 +1 Fogg +1

3necw Iy, — n-e unciao Pubonaqqn.
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7. IlpuBeuTe KOMOMHATOPHOE MOKA3ATETHCTBO PABEHCTBA

n—k+1
Z ( k >:Fn+2-

0<k< (nt+1)/2

8. CkoJIbKO €110c060B pazmecTuTh 20 pasjMIHbIX KHAT Ha 5 IOJIKAX, eCJIn
KazkJ[asi TI0JIKa, MOXKeT BMecTuTh Bee 20 KHur? Pasmerrenusi, orimyaronyecst
MOPSAIKOM KHUT HA MOJKAX, CIUTAIOTCS PA3THIHBIMI.

9. CryucoBeT n3 8 4eJ0BEK BLIOMPAET U3 CBOErO COCTaBa IPEJCceaTesist
myTeM TaitHoro rosiocoBanusi. Kask Il MOKeT OTIaTh OJIUH I'OJIOC 38 JIIH0ro
WIeHa CTYIACOBEeTa. Pe3yabrar rojoCoBaHus — YHUCIO [OJI0COB, OTIAHHBIX
3a KaxKJ0ro Kauauaara. CKOJBKO CYIIECTBYET Pa3/IMUHBIX PE3YJIbTATOB
rOJIOCOBAHUSA !

10. Ckopkumu criocobaMu MOYKHO TiepectaBuTh OyKBbI B ciioBe «OBOPO-

HOCIIOCOBHOCTDb», Tak 4To6bI e OyKBbl «O» He CTOSIHM PaaoM?

9. Kombunaropuka II1.
Dopmysia BKIOYEHUA-UCKITIOYEHMT I

1. B rpymnmne 40 typucros. 113 Hux 20 9es0oBeK roBOpAT HO-aHIINHCKH, 15 —
no-ppanity3cku, 11 — no-ucnancku. Aurymiickuil u GpaHIly3CKuil 3HAI0T
CeMb YeJIOBEK, aHTJIMHCKUI M MCIAHCKUN — IaTepo, (DpaHIly3CKuil 1 uc-
maHCcKuit — Tpoe. JIBa TypucTa roBopsaT Ha BCeX TPEX si3biKaxX. CKOJIBKO
YeJIOBEK I'PYIIIBI HEe 3HAIOT HU OJIHOTO U3 9TUX SI3BIKOB?

2°. B rpymnme cryaenTos ecTh oguH, KoTopbli 3uaer C++, Java, Python,
Haskell. Kaxxipie Tpu u3 9TUX S36IKOB 3HAIOT JBa CTyIeHTa. KaxKaple 1Ba —
6 crynenToB. Kaxkiplil 13 3TUX SI3bIKOB 3HAIOT 110 15 cTymeHToB. Kakopo
HanMMEHbIIIee KOJIMIEeCTBO CTYIEHTOB B TAKO# rpytme?

3. B crpane mars ropogos: A, B, B, I u /1. VIx XoTsIT CBA3aTh YETHIPbMSI
ABUAJIMHUSIMY TaK, YTOOBI U3 KaXKJIOrO rOPOJIa MOXKHO ObLIO (BO3MOXKHO,
C TepeCcaIKaMu) JI0JIeTeTh J0 JII000ro Apyroro. CKOJbKUMU PAa3IMIHBIMA
CITIOCODAME ITO MOYKHO CIECTIATD !

4. Oyuxius HeybObiBatomast, eciim @ < y Biaeder f(z) < f(y). Haitaure
KOJIMYeCTBO a) HeyObiBaromux nabeknuit f: {1,2,...,n} — {1,2,...,m};

6) meybriBatomux cropwekmmit f: {1,2,...,n} = {1,2,...,m}.
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5. Haiimure xommaectso dynkmmit f u3 {1,...,7} B {1,...,7}, Takux uro
f({1,2,3}) = {4,5,6} n f_l({L 2,3}) = {4,5,6} (na f(7) u f_1(7) HA0II0JI-
HUTEeNBLHBIX orpanndenuil Het). OTBETOM Ha BONPOC 33Ja4H JIOJIAKHO OBITH
YHUCJIO B JECATUIHON 3aITUCH.

6. [Ipu m3roTOBIEHNN TMPOXKHBIE — KOJIEYKU TPEX COPTOB: IMOKOJIA HBIE,
¢ KOpHUIEH U ¢ OpexaMu — YIAaKOBBIBAIOTCS B CTaHJIAPTHBIE KOPOOKU 110
18 kosegek B Kaxk1o0it. Kakgast KOpOOKa MOXKET CO/IepKATh KOJIEUYKU BCEX
Bu0B. [lopsiok KoJiedek B KOpoOKe He cyimecTBeHeH. CKOJIBKO MOXKHO
COCTABUTH PA3JUIHBIX HAOOPOB KOJIEUEK MPU YCJIOBUU, 9TO B KOPOOKE IO~
KOJIAJTHBIX KOJIeUeK He bostee 9, KoJiedek ¢ Kopulieil He 6osiee 3, a OpeXOBbBIX
ue bosee 97

7°. CKOJIBKO MMEeTCsI PAa3/IMIHbIX OyJIeBbIX (DYHKIMIT OT 1 IMepeMeHHBIX,
MPUHUMAIOIINX 3HaYeHne 1 TOJHKO Ha TeX Habopax, B KOTOPBIX COJIEPIKUTCS
poBHO k exunui? (HO He 00A3aTEJHHO Ha BCEX TAKUX HabOpax)

8. Oyuknus Diisiepa ¢(n) BO3BpAIAET KOJMIECTBO MOJOKUTEILHBIX B3a-
HMMHOIIPOCTBIX ¢ 1 2> 1 4mces1, HenpusocxoAdmux n. Jokaxkure dopmyiry:

qﬁ(n):nx<1—;1>><<1—;2>><...><<1—;),

B KOTODPOIl p1, ..., P, — BCE PA3JIMIHBIE IPOCTHIE JICJUTEN ducaa n > 1.

9. Tan BbIIyKJIbIA n-yrosbHuk (n = 5). CKOJbKUMHE CIIOCOOAME MOYKHO
BBIOpPaTh B HEM J[Be Hellepecekaroluecs auaronau! Ilopsiiok BeibOpa He
BasKeH.

10. Haiinure 3nagyenune OysieBoil (byHKIUU IIPU BCEX 3HAYCHUSX [T€PEMEH-
HBIX:
X1 BTy ®xy P (21 Axo) B (2 Axs) ® (x5 Axy).

3araaka: npuiéM TyT (popMyJia BKJIIOUEHUH-HCKIIOYEHHIT?

11*. Yero GoJibllle: MHHEKTUBHBIX OTOOPAYKEHUN H-3JIEMEHTHOI'O MHOXKE-
crBa B 20-371eMEHTHOE WU CIOPBEKTUBHBIX 0TOOpakeHuit 20-3/IeMEHTHOTO
MHOXKECTBa B H-3j1eMeHTHOe?

domarnHsst padora
1. CkospKuMH cnocobamMu MOXKHO 3aKPACUTh KJIETKH Tabauinl 3 X 4 Tak,

9T00bI HE3aKPAIIEHHbIE KJIETKU COJEPKAHN UJIM BEPXHUI DA, NI HUKHUIHA
PsLIL, WK JIBE CPEJTHUX BEPTUKAJIM!
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2. Iliia moseta Ha Mapc HabuUparoT TPyIINy JI0/Iei, B KOTOPO KayKIbIit
JIOJIZKEH BJIAJIETh XOTs OBbI OJIHOI U3 Ipodeccuii moBapa, MeINKa, ITUI0Ta
wim acTpoHoMa. IIpy 3TOM B TEXHUYECKOM 33JIaHUU YKA3aHO, YTO KaXKIOU
npodeccueil U3 CIUCKa JIOJXKHO BJIAJIETh POBHO 6 yesioBek B rpymme. Kpome
TOTO YKa3aHO, YTO B TPYIIIe JOIKEeH HANTHUCh POBHO OJUH HYEJIOBEK, BJIa-
JEIOITUI BCeMU STUMHU TPOMECCUIMI; KayKI0i mapoit mpodeccuit J0I2KHBI
BJIAJIETH POBHO 4 1UeJIOBEeKa; KaK/I0i TPOitKoi — poBHO 2.
BoImoIHUMO Jin TaKOe TEXHUYIECKOe 3aJiaHue’

3. ITycrb A 1 B — KOHeYHbIe HEIlyCThle MHOXKeCTBa, U |A| = n. VI3BecTHO,
9To Yucao uabekimii 3 A B B coBnasaer ¢ dncyiom ciopbekinuii uz A B B.
YeMmy paBHO 3TO YUCIOT

4. B xnacce 20 y1eHUKOB, KaXK/IbIil U3 KOTOPBIX JIPY?KUT POBHO C MIECTHIO
onHokjaccHukaMmu. Haiiinre 4nciio Takux pasyindHbIX KOMIAHUE U3 TPEX
YYEHUKOB, 9TO B HUX JINOO BCE IMKOJBHUKU JPYKAT JAPYT C APYTOM, JTUOO
KaXKJIbIil He JPYKUT HU C OJIHUM U3 JIBYX OCTABIIAXCH.

5. Haitnure KomaecTBO HEyOBIBAIOMINX OTOOPAXKEHU

f:A{L2,....n} = {1,2,...,m}.

6. Yero Gosibiie, pa3dbueHuii n-3JIeMEHTHOIO MHOXKECTBa Ha He Oojiee uem k
HOJMHOKECTB MK pa3buenuit (n + k)-2JeMEHTHONO MHOXKECTBa Ha DOBHO K
noMuoKecTB? Oripesiesienne pa3bueHus TPUBEIEHO B KJIACCHOI pabore 7.

7. CKOJIBKUMH CIIOCODAMHU MOYKHO PACCaIUuTh 38 KPYIVIBIM CTOJIOM 7 IIap
BJIIOOJIEHHBIX TaK, 9TOOBI HU OJHA ITapa BJIIOOJEHHDBIX HE CHJEsa PSIOM.

8. Ectb n kouder u m kopobok. Haiiaure dnciio crmocoboB pasMecTUTh KOH-
dernr 0 KOpOOKaM it KaxKJI0ro u3 ycjoBuii (Bce KOHMETh J0KHbI ObITH
pa3JIoxKeHbl): a) U KOHGETh U KOPOOKK pasHble; 6) KOHGMETH OJMHAKOBLIE,
KOpPOOKH pa3Hble, He JIOJZKHO ObITH IIYCTHIX KOPOOOK; B) KOH(DETHI OJUHAKO-
BbIe, KOPOOKH PasHble; T') 1 KOH(MDETH U KOPOOKU PasHbIe, He JOJZKHO OBITH
IyCTBIX KOPOOOK; 1) KOH(METH pasHble, KOPOOKH OJMHAKOBBIE, HE JOJIKHO
OBbITH IYCTHIX KOPOOOK; €) KOHMETHl pa3Hble, KOPOOKH OJ[MHAKOBBIE.

VYKaxkure TUII 0TOOpaYKEHUsI, COOTBETCTBYIONINI PA3MEIIEHUIO, €CTH ITO
BO3MOXKHO.

10. Bunapsablie orHonteHust u ux rpadbl. OTHONIEHUST
9KBUBAJIEHTHOCTU

O6osunavenus: ©Py cokpainenue s (x,y) € P. ITo ananoruu ¢ oTHO-
IMeHnAME TuIa, «6osbies. P~ — obpaTHoe OTHONIEHHeE, COIEPKNUT TaKue
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napst (7,y), 9to (y,2) € P. P — JONOMHATEIHLHOE OTHOMIEHNE, COMEPIKIT
napsl, He cogepxkamuecst B P. id4 = {(a,a) | a € A} — «equnanaHOE» OTHO-
menue Ha MuoxkecTBe A. Oueparus komnosunuu Qo P C X X Z orHOmEHUiH
PC X xY uQ CY x Z 3zagana GhopMyioit:

QoP={(r,2)|yeY:(xPy) A(yQz)}.

O6paTuTe BHUMaHNMe Ha HOPSJIOK OIEPaHJIOB, OH BHIOPAH TakK, YTOOBI CO-
[JIACOBBIBATBCSI C Ollepalueil KOMITO3uuu (pyHKInii: KoMIo3unus f o g —

sro bynxmms f(g(x)).

1. Hapucyiite nBymoJibHBII rpad COOTBETCBYIOMNI OMHAPHOMY OTHOIIIE-
mmo R C {a,b,c,d, e} x {1,2,3,4,5,6}:

R = {(a7 1), (a,2), (b, 4), (c,3), (d, 5)}

a) Sengerca s R byukiueii? 6) SApnsgercsa mu R~ bynkiumeii?

2. OTBeThbTE Ha CJIEIYIOMUEe BOIPOCHI JJig OMHAPHOTO OTHOmeHus R C
{1,2,3} x{1,2,3}. deagerca iu R pediiekcuBHbIM? CUMMETPUYHBIM? TPAH-
3UTUBHBIM? OTHOIIEHUEM KBUBaJieHTHOCTH? JIjist Kask0ro orHomenust R
Hapucyiite coorBercTBytomuii rpad. Vcnomb3yiiTe HEOPUEHTHPOBAHHDI
rpad I CHMMETPUYIHBLIX OMHAPHBIX OTHOIIEHUL, B CIydae HepedIeKCuB-
HBbIX OMHAPHBLIX OTHOINEHMI MCIOJIb3yiTe TeT/IH.

a) R= {(17 2)7 (2’ 3)7 (17 3)}7 6) R= {(17 2)7 (2’ 1)7 (17 1)}
B) R={(1,1),(2,2),(3,3)}; v) R={(z,y) | z,y € {1,2,3}}; n) R=02.

3°. Haiiaure pe3ynabraT oneparuii Ha | OTHOIIEHUSIME, OIIPE/IEJIEHHBIMI HA
MHOXKECTBE JIeHCTBUTEbHBIX YUCEJI.

a) (>); 6) (>)7h B) (2)A(S); 1) (>)N(<);
m) (=)o(>); ) (o) x) (<)o (>)

4. Apngiorcs au cJjieIyromnue OTHOIIEHU A pe(bJIeKCI/IBHI)II\/II/I, CUMMETPUYIHbI-
MU TPAH3UTUBHBLIMU:

a) «TOUYKM a U b JjiexkaT Ha OJHOU MPAMOii»;
6) «upsMas @ NepIeHIUKYIIAPHA IPAMOI by ;

B) «IIpsiMasl a MAPAJIIETbHA TIPSAMON b» (OTBET 3aBUCHUT OT TOTO, IO KAKOMY
yIeOHHUKY BBl U3yUajl Fe€OMETPHIO);
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<

r) «uisg Gyukouii f, g : R — R Bemosseno lim (@) — 1,7
Z-300 9(T)

5. IIycts f : A — B — Hekoropoe orobpaxkenue. ByyT ju cieyromine
OTHOIIIEHUsI OTHOIIIEHUSIMU SKBUBAJIEHTHOCTH HA MHOXKeCTBE A:

a)r~py <= f(z)= f(y); 6) x~jy <= f(x)# f(y)?

B ClIy4da€ IIOJIOZKUTEJIbHOI'O OTBE€Ta Ha BOIIPOC, OIIUINUTE KJIaCChl 9KBUBA-
JIECHTHOCTH /I COOTBETCTBYIOIIEIO OTHOIIECHNA.

6. Haiimure R o R, rue R(z,y) — 6GunapHoe oTHOIIeHUEe Ha MHOXKecTBe R,
O3HavapIee, 94ro  a) y =z + 1; 6)c+y=1.

7. llycts P C Ax Au Q C B X B — oTHOIIIEHUsI 9KBUBAJIEHTHOCTH. Byer
JI OTHOIIEHneM 3KBuBajeHTHOCTH oTHOIIeHNe R C (A x B) x (A x B) :

(a,b)R(d, V) <= aPad',bQb’?

domarnHsist paboTa

1. OTBeTbTe Ha CJIEIYIONME BOIPOCH! i OMHAPHOrO oTHOmmeHus R C
{1,2,3} x{1,2,3}. deagercs iu R pediiekcuBHbIM? CUMMETPUYHBIM? TPAH-
3UTUBHBIM? OTHOIIEHWEM 3KBUBaJeHTHOCTH? JIjIst Kaxkaoro ornomennst R
HapucyiiTe coorBeTcTBYyOMMiT rpad. Vcrmoab3yiiTe HEOPUEHTHPOBAHHBIH
rpad Ui CHMMETPUYHBIX OMHAPHBIX OTHOIIEHUIl, B cily4yae HepedIeKCUB-
HBIX OMHAPHBLIX OTHOINEHMI MCIOJIb3yiTe eTIH.

a) R={(1,1),(2,2),(3,3),(1,2),(1,3),(3,2) }1
6) R = {(1’ 1)) (17 2)’ (27 1)7 (2’ 2)}

2. BpraSI/ITe OTHOIICHHNE «INIEMAHHHUK» Y€PE3 OTHOLUICHUA «OTeI» U «MaTb»
u onepanyuy HaJ OTHOINCHUAMMN.

3. IIycrs Gunapuble orHomeHus Py, P, C A X A TpaH3uTuBHbI. ByayT Jjin
Py, PPN Py, PLUP,, P;oP, obiaamarb TeMH XKe cBOicTBAMU !

4. BunapHoe oTHOIIIEHIe HA MHOXKEeCTBe U3 6 3JIEMEHTOB COJIEPXKUT 33 HAPhI.
Mozxetr 1 0HO OBITH a) CUMMETPUYHBIM; 6) TPAH3UTUBHBIM?

5. Kakwne u3 ciemgyrormux OGMHaApHBIX OTHOIIEHUN HA MHOXKecTBe N — OTHO-
ITeHUS SKBUBAJEHTHOCTH !

a) Py : y "ncen x u y oquHakoBas nocseanss mudpa (31ech u gasee B
JIeCSTUYIHON 3aIIICH )

6) zQy : YuCIa T W Y OTJIMIAIOTCS B POBHO OJHOM tdpe.
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B) zRy : pasuuna Mexay cymmamu mudp S, u Sy dérHa. PopMaIbHO:

n
UYCTh Ty Tp—1 - - L1L0 — JECATUIHAS 3AIUCh YUCTA T} Sy = Y Tk.
k=0

6. Haiisure qmcsio OTHOIIEHHH S5KBHBAIEHTHOCTH Ha MHOXKecTBe {1,2,3,4}.

7. 06 orobpazkenusx (BCIOiLy olpeieseHHbIX BYHKIUAX) [, g U3 MHOXKECTBa,
A B cebs uzBecTHO, uTO f o go f = ids. BepHo s, uro f — Ouexius?
(MuoxkecTBO A He 00513aTEIBHO KOHEUHOE. )

8. Ilycte R — oTHOIIIEHME 3KBUBaJEHTHOCTH Ha MHOXKecTBe A. Jlokaxkure,
YTO CyIIECTBYIOT TaKue MHOXKeCTBO B u orobpaxkenue f : A — B, 4ro
KasKIplit Kiacce skpusasenTnocta C npencrasum B sujie C = f~1(b) s
HEKOTOpOro 3jeMenTta b € B.

9. MuozxkectBo A cocrouT m3 ceMu 3j7eMeHTOB. Haiinure KoamaecTBO 0TOO-
paxennii f: A — A, takux yro fo f =idy4.

11. OpuenTupoBanubie rpadbl U OTHOINEHUS MOPSIKA

Hsa rpada G(V,E) u G'(V', E’) Ha3bIBAIOT U30MOPPHbIMU, €CIIU CyIIe-
creyer Guekius f: V — V', rakas aro (u,v) € E <= (f(u), f(v)) € E'.

OMmHoweHueMm 4acmuiro2o nopadka (nopadkom) HASBIBAIOT AHTUCUM-
MeTpudHOe n TpausuTusHoe oTHomenne P C A X A, koropoe 6o pediek-
CUBHO, 60 aHTUpedIeKCHBHO. B mepBoM ciiydae OTHOIIEHIE MOPSIKA,
Ha3bIBAIOT HECMPOo2uM 1 0DO3HAYIAIOT <, & BO BTOPOM — CMPo2um U 060-
sHavaoT <. Kaxiomy orHomeHuo nopsaika < (<) craBar B COOTBETCTBUE
OTHOIIIEHUE HENOCPEICMEEHH020 CACIO8AHUA ~:

<={@y) | @<y A=@Fz:a <znz<y))

Ornormrenns yactuanoro nopaiaka <pC A x A u <oC B x B na3bisa-
FOTCSL UBOMOPPHOLMU, €CIIA CYLIECTBYeT Takas Ouekuus f : A — B, 4ro

r<py <= f(z) <o fly).

1. Bepmuusl opreHTHpOBaHHOrO rpada — messle yucia ot 0 1o 9. Pebpo
UJeT U3 BEPINUHBI & B BEPINUHY Y eciu y — x = 3 win x — y = 5. Haiijure
KOJIMYIECTBO KOMIIOHEHT CHUJIBHON CBA3HOCTU B 3TOM rpade.

2. a) 50 KomaHJI ChIrpau TYPHUD IO BoJieiibony B omuu kpyr. [osopsr,
qro KomaHia A cuiibHee B, eciim A Beiurpasa y B wim ectb komana C,
takasi, uTo A Beurpasna y C, a C Bemurpaiia y B. JlokazaTh, 970 KOMaHja,
HaOpaBIlas HAUOOJIbIIIEe YNCIIO OYKOB, CHJIbHEE JII000i APYToil.
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6) dBisieTcst M OTHOIIEHUE «CUJIBHEE» OTHOIIEHWEM TIOPSIITKA HA MHOMKE-
CTBe KOMaH?

3. CKOJIBKO CYIIECTBYET PA3IUIHBIX HECTPOIMX YACTUYHBIX MOPSITKOB HA
muokectBe V = {0, 1,2}? Mpi cunraem nopsinku P u () pasIMIHBIME, eCJIH
oun He m3oMopdHbl Apyr Apyry. [locrpoiite rpadet (V, <p) mis Kaxga0ro
MTOPSIJIKA.

4. Bepmmnamu rpada, KOTOPBIF HA3BIBAETCS 0Y.Ae6 KYO PasMePHOCMU 1 1
0603Ha4YaeTCsT By, SIBJISIIOTCS JIBOUYHBIE CJIOBA, JIJIMHBI N, & COCeIsiMu (BeEp-
NIMHAMU, COCJAUHEHHBIMU PEOPOM) SIBJISIOTCH APl CJIOB, OTJIMYAIONIUXCS B
OIHOW TTO3UITAN.

a) Ckosbko BepinuH B OyiesoM Kybe Bj,?

6) Ckosnbko pébep B Gysesom Kybe B,?

B) Ckouibko B GysieBoM Kybe B,, myreit jymubl 27

r) Bepso s, uro B rpade B3 ecth MapmpyT jJymabl 30007
) Bepro s, uto B rpade Bj ects myTh nymHbl 87 qyuHbL 77

5. I'pad S, = (V, E) mmeer muoxecrso sepmun V = 2127} (gepmm-
Ha v € V — IOIMHOXKeCTBO MHOXKecTBa {1,2,3,...1n}); BEpIIUHBL ¥ U U
coesMHEHBI PeGPOM TOT/IA U TOJBKO Torma, Korma |u A v| = 1.

a) Hokaxure, 9ro rpad S, uzomopden GyneBy kyOy B,.

6) CKONBKO CYIIECTBYET PA3JIMIHBIX HAOOPOB NOAMHOXKeCTB Aj, Ag, A C
{1,2,...,n}, miag Koropeix Beimojasercs |A; A Ag| = |4y A Az =17

6. Opuentupyem rpad S, tak, aro u — v ecau |u| < |v|. Homyausmmiics
rpad 3a1a6T OTHOIIEHNE HENOCPEICTBEHHOTO CJISIOBAHUS <.

1. Omumure COOTBETCTBYIOIIEE < OTHOIIEHNE YaCTUYIHOI'O ITOPsIJIKa <

2. OpuenTupyem 6yiieB Ky6 B,, HAIPABUB CTPEJIKA OT BEPIIUH, B KOTOPBIX
pa3IIIalonascs KoopanHaTa paBHa Hyso. [lomyausmmiics rpad 3aaéT mo-
KOOD/IMHATHBIH OpsiIok (oTHOMIEHNe <) Ha MHOXKectBe {0, 1}". JTokazkuTe,
9TO ITOT MOPSJIOK M30MOP(MEH MOPSIKY U3 MPEIbIAYIIEro IyHKTA.

7. Bepwno ju, uTo eciiu P — OTHOIIEHNE YACTHIHOTO TTOPSIIKA, TO CJIEIYIONINe
OTHOIIEHNs TaKzKe Oy/IyT 33/1aBaTh YacTUIHbIe nopsku: a) P~1; 6) P?

8. Haiiure MakcuMaJsibHOE KOJIMYECTBO IIPOCTHIX IIyTEH C 33JaHHBIMU KOH-
[IaMU B OPUEHTUPOBAHHOM aIlUK/IMIECKOM rpade Ha n BepIINHAX.
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9. I3BecTHO, YTO B OPUEHTUPOBAHHOM Tpade Ha > 2 BepITUHAX U3 JIIO-
00i1 BepIIUHBI B JIOOYIO APYTYIO UIET POBHO OJUH IIyTh. BepHO Jik, ITO
BBIXO/IHBIE (OHU YK€ MCXOJISIIIIE) CTEIleHN BEPIIUH B 9TOM rpade paBHbI 17

10. TIpeanosno:KuM, 4TO HOC/IeI0BaTEILHOCTL YUCe 3a/1aHa COOTHOIIEHneM
ant1 = f(an), Tae f — Herkoropas dyHKIMs (OIpenesiéHHAsT HA BCEX
YHCIIAX).

a) IMokaxkure, 910 6O BCE WIEHBI MOCIEI0BATENLHOCTH PA3JIMIHbL, OO0
OHa TIEPUOJIUIHA; TI0CJIe HEKOTOPOTo Hadasa (IpeIepro/ia) Iucia HaunHa-
0T HOBTOPSTHCs (II€pUo).

6) ITokaxkure, UTO BTOPOH CJIydail UMEET MECTO TOTJa M TOJBKO TOTJA,
KOTJIa A2, = G, P HEKOTOPOM 7.

HomarnHsst padora

1. l3BecTHO, 9YTO B HEOPUEHTUPOBAHHOM Tpade CyIIEeCTByeT MAaPIIPYT,
MIPOXOIATINI TI0 KaXKJI0My peOpy POBHO JBa pas3a. Bepno jm, 1To B rpade
€CTh 3aMKHYTBII 3iJIEpOB MapIpyT?

2. Boixonguas (oHa JKe MCXOJAINAsT) CTElIeHb KaXK I0ii BEPIIUHBI B OPUEHTHPO-
BaHHOM rpade Ha n BepminHax pasHa n — 2. Kakoe KoJimiecTBO KOMIIOHEHT
CHUJILHOI CBSI3HOCTH MOXKET OBITH B 9TOM Tpade? YKayKUTe BCe BOZMOXKHBIE
3HAYEHUSI.

3. IlycTh B OpHEHTUPOBAHHOM rpade /s JT060i Iaphl BEpIIUH U, ¥ eCTh
6o pebpo (u, v), mbo pebpo (v, u) (poBHO OzHO U3 JBYX). JoKaxuTe, 4TO
B TakoM rpade ecThb (TIPOCToii) Iy Th, BKIIIOUAIOMUi B ce6sl BCe BEPIINHEIL.

4. IIpodeccop PaccestHHBIN MOCTPOUIT YaCTUIHBIN TOPSIOK < p JIJIsl YTPEH-
HEro OJI€BaHUS:

ouky <p Oproku <p pemensv <p NUOHCAEK,

ouku <p pybawrae <p 2aacmyk <p NudNHCax,

oproxu <p mydgau,

ouku <p Hocku <p mygdau,

ouKu <p wacol.

a) [TocTpoiiTe muHEHHBIH TOPSIIOK HA BEIIAX TaK, YTOOBI HCXOTHBIH TOPSIIOK
WX OJICBAHUSI HE OBLT HAPYIIEH.

6) CKOJIBKO BCETO CYINECTBYET TAKUX JIMHEHHBIX HOPSTKOB?

5. B Becrepoce n roposioB, KaxKable IBa COeIWHEHBI moporoit. loporm
CXOJIATCH JIMIIB B ropojiax (HeT IepPeKPECTKOB, OJIHA J[OPOTa, [IOJHATA ICTa~
KaJIo HaJI, ;prrof/i). 3101 BOJIIIIEOHUK XOYeT YyCTAHOBUTH HA BCEX JIOPOrax
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OJTHOCTOPOHHEE JIBIKEHHE TaK, 9TO €CJIM U3 TOPOJIa MOYKHO BBIEXATh, TO B
HEro HeJib3s BepHyThesd. 1. Jlokaxkure, 9To

a) BOJIIEOHHUK MOXKET 9TO CLEJIATh;

6) HalizieTcst rOpoJ, M3 KOTOPOTO MOYKHO JI0GPAThCsI 70 BCEX, U HANIETCsI
rOpOJI, U3 KOTOPOI'O HEJIb3sI BHIEXATh;

B) CYINECTBYeT eJMHCTBEHHbIH MapIpyT, 0OXOIIMH BCe TOPOJIA.

2. CrobKUMU cIOCOOAMU BOJIIIEOHUK MOYKET OCYIIECTBUTH CBOE HaMepe-
uue?

Bunapuoe oraomenne R C A X A Ha3bIBaETCST AUHETHbLM, €CITHA

Ve,y € A:x #y= (xRy) V (yRzx).

6. Bunapnoe orHomrernne P HAa3BIBa€TCS TYyPHUPOM, €CJIM OHO aHTHUpedIIeK-
cuMBHO, aHTHCcMMMerpuyHO U JuHeiiHo. (HedopmanbHo — 310 pesysbrar
KPYTOBOT'O TYPHUPA — KaKJIYIO aJIbTEPHATUBY CPABHIIN C KaXKJIOH U 3a-
HOMHUJIM pe3yibrar). JJokazkure, 910 b0 TYPHUP — CTPOruii JMHEHHbIH
MOPSIOK, JTUOO CYIIECTBYIOT TaKWe ajJbTepPHATUBHI a, b, ¢, aTto aPb, bPc n

cPa.

7. CKOJIBKO eCTh IIOPAAKOB Ha N-3JIEMEHTHOM MHO2KECTBE, B KOTOPBIX POBHO
O/IHa ITapa IJIEMEHTOB HeCpaBHI/IMa?

8. Jlokaxxkure, 9TO JIFOOOH YaCTUIHBIN MOPsOK P Ha KOHEYHOM MHOXKe-
cTBe A MOXKHO TPOJIOJIZKHUTE JI0 JIMHEHHOro. To ecTh MOXKHO JI0OABUTH B
P mekoropbie mapb! 37eMeHToB u3 A X A Tak, 9To Jio0ble JIBa 3JIeMEeHTa
a,b € A okaxyTcst cpaBHUMBIL: OyIeT BBIIOJIHEHO Jiubo aPb 6o bPa.

9. I'pad G umeer muoxkecrso sepmn V = {1,2,3,5,6,10,15,30}. I'pad G
conepkuT pebpo {u, v} (1 oupeneséHHOCTH U < V), €CJIU U JEJUTCS Ha
U U HEe CyIecTByeT (OTJIMYHON OT v U u) BepIIMHLL § € V, Takoii 4To u v
JIGJTATCS HA § U § JIJTATCS HA U.

1. TTocrpoiite rpad G. 2. Uzomopden au sroT rpad 6ymeBy Kydy Bs? Ilpu
TIOJTOXKUTETHHOM OTBETE YKAXKUTE OMEKITHIO.

12. ByneBbl dyHKInn

1. Pasnoxkure B JITH® u KH® OyneBy dynknuoo, 3aJ1aHHYI0 BEKTOPOM
snavennit: f(z1,x2,r3) = 10100101.

2. CkombKO mMeeTcst Oy/IeBbIX (DYHKIMN OT 1 MePEMEHHBIX, COXPAHAIOIINX
onHOBpeMeHHO «1» 1 «0»7
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3. Haiinure hyHKIMIO, KOTOPYIO BBIMHUCISET CXeMa B CTAHIAPTHOM Oasuce,
[peJICTaBIeHHAs TPAMDUIECKU KaK

4. CymecrtByer Jiu Takasi OyieBa GyHKIUs f OT ABYX IEPEMEHHBIX, ITO
cxeMa B Gasuce {A, f}

Ty, T2, 81 := f(21,22); s2:= f(T2,71); 83:= 81/ 52
Beraucsisier a) dbysknuo 17 6) dyHmmo 1 B xo?

5. dBastorcst u noJHbIME ciieaytomue 6asuckl? [Ipu oTpumarebHOM OTBe-
Te, YyKayKuTe B Kakux u3 Kyaccos 1o, T1, M, L, S jexur 3aMbIKanue Oa3uca.

a) {—, =}, rme - — uMIUKaIms;

6) {z | y}, rue = | y paBua T A § (crpesika ITupca);
B) {A,V,\}, tme z \ y paBua x A ¥;

r) {1,8}

n) {—;=}, tne x = y pasna (z = y) A (y — ).

6. ITocrpoiire 3aMmbikanue Gazuca {—, D}.

7. HazoBém ghynryuets 6oavwunemea MAJ(xq, 2, ..., zy,) OyneBy dyHK-
[IMIO0, 3HAYEHNE KOTOPOI COBIAJAET C T€M 3HAYEHHEM, KOTOPOE IIPUHUMAET
GOJIBITMHCTBO IIEPEMEHHBIX (eC/Iu MHEHUsI Pa3JIeJmIch noposay, MAJ = 0).
Cxembl B 6asuce {V, A, 1,0} Ha3BIBAIOTCH MOHOMOHHbIMU. BBIaucseTcs
s MAJ MOHOTOHHOI CXeMOii?

8. Bynesa dyukius f(z1,...,T,) Ha3bIBaETCH camodsoticmeertot (niu
HEYETHOI), eCII JJIst BCEX Z1, . . . , Ly, BBIOJHSIETCS PABEHCTBO

flxr, .. xn) = f (021, ..o, Ty).

a) dAasrorest M caMOIBOMCTBEHHBIMI DYHKIMHA L1 V T2, 1 A Ta7

6) Jlokaxkure, 9TO cxemMa B 0a3mce, COCTOSIIEM U3 CAMOJBONCTBEHHBIX
bYHKITNH, BRITUCSIET CAMOIBOMCTBEHHYIO (DYHKITHIO.
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9. Ilycrs f(z1,...,x,) — HecamoupoiicrBennas dbyukus. Jlokaxure, 910
koucTauTh! 0, 1 Borancsaorcsa B 6asuce {—, f}.

10. Jokaxkute, 9TO BCAKYIO OyJIEBY CXeMy B CTAHAAPTHOM Oasnce pasmepa
§ ¢ M MepeMeHHBIMH MOYKHO IIepejiesiaTh B OyJIeBy CxeMy, B KOTOpOil Bce
OTPpUITaHUA IIPUMEHAIOTCA TOJIBKO K II€PEMEHHbIM, W IIPHU 3TOM pa3Mep
HOBOI CXE€MBbI He IIPEBLIMIAET 2S.

domarnHsst padora

1. YkaxKuTe CyNIECTBEHHBIE ¥ HECYNIeCTBEHHbIE ((DUKTUBHBIE) EPEMEHHbIE
dyukuun f(z1,ze,r3) = 00111100 u paznoxure eé B JJTHO u KH.

2. Beruncosiercst mm korcranTa 0 B 6asuce {—(x; — z2)}?

3. Boruncaure MAJ(x,y, z) cxemoit B 6asuce 2Kerankuna {1, A\, 21 & z2}.
(Onpenenenne MAJ cm. Ha obGopoTe sucTa.)

4. CKOJIbKO HEHYJIEBBIX KO3 PuimeHToB B MHOro4wIeHe 2Kerajknna, KOTo-
pblii paBeH x1 V xo V-V x, 7

5. Jokaxkure mosiHoTy 6a3mca, COCTOAMEro u3 OuHOi yHKMH T | y,
KOTOpasi 1o onpejenenuto pasHa —(x A y) (wmpuzr Hlegdepa, ona xe
NAND).

6. dBasiercs s noaHbIM Gazuc {V; —} U3 JIULIOHKIUA U UMILTAKAIAN?
7. Asngerca au nosabivm 6azuc {—, MAJ(x1, 2, 23)}7?

8. Iycrs f(x1,...,2,) — HeMOHOTOHHAsT QyHKIWMs. JIOKaKUTe, 9TO I;
BhIuncsiercs: B 6aszuce {0, 1, f}.

9. JlokazkuTe, ITO BCAKYIO MOHOTOHHYIO Oy/1eBy (DYHKITUIO MOYKHO BBITNC-
JIITh MOHOTOHHO# cxeMoii (¢ 6azucom A, V, 1,0).

10. Bynesa dbyuknus PAR(z1,z2,...,2,) paBHa 1, eciu KOJUYECTBO €11
HUIL CpeIN 3HAYEHUN T1, T2, ..., L, HEYETHO U HYJIO, €CJIU YETHO.
a) Boipasure dyunkiuio PAR(x1, xa, . . ., x,) 4epe3 uzsecrHble GysieBbl QyHK-

K (MOYKHO HMCIOJIb30BATh CBA3KHU A, V, 1, @, — ).

6) IIpu kakux n > 1 moxuo nupencrasurhb Gyaxiuio PAR(x1, o, ..., x,)
B Bune JITH® 6e3 orpunannii?

11*. Bynesa dbyukmus f: {0,1}" — {0,1} HasbiBaercsa aunednod, ecan
OHA TIPEJICTABJISETCS B BUJIE

flze,. . ,xn)=ag® (a1 Ax1) B D (an A 2p)
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111 HeKoToporo Habopa (a1, ..., a,) € {0,1}" GyneBbix K03DDUIEHTOB.
Hoxaxwure, ecim f(xy,...,2,) — HeJuHeHAsST DYHKINS, TO KOHBIOHK-
st ¥1 A Zo BerIncasercs cxemoii B 6asuce {0, 1, -, f}.

12*. Jlokazkure Teopemy Ilocra.

13. IIpousBoasmiue dyHKunu-1

Pemas 3ajaum 3TOr0 JIMCTKA, UCHIOIB3YHTE almapaT MTPOU3BOJIATIIINX
yHKIWMIL, TaXKe ec/iu Bbl MOXKETE PEIUTh 3329y C IOMOIILI0 KOMOMHATOP-
HBIX PACCYy2KJICHUNA.

1. JlokazkuTe, 9TO a) Z <Z) (m—1)""F =mm,
k=0

"1 (n ontl _q
6 LR
> () = S
y (n—=1)-2" —n.a" 4o
B (z —1)

2. Haiizure koaddunuentsr npoussogmeil yukuun a) (1 + x)~";

6) (r1+z2+ ...+ 2m)" (K03DOUIHEHTHI IPH MOHOMAX X4, Tjy - - - i), )-

2n "\
30 =
Hoxkazxkure, ITO ( " ) E (k:)

k=0
4. B ypHe HaxoauTcs 3 KpacHbIX, 4 CUHUX U 2 3eJI6HbIX apa. CKOJIbKUME
CrIocob6aMu MOYKHO U3BJieYb 6 MIApOB TakK, 9TOOBI Cpe/id HUX ObLIO HEYETHOE
9UCJI0 KPACHBIX, YETHOE YHMCJIO CUHUX W XOTsi ObI OIMH 3€JIEHBIH map?

5. KakoBa BeposITHOCTH IIpu OpOCAHUN YETHIPEX UTPAJBHBIX KOCTEH BBHIOPO-
cuthb 14 oukoB?

6. Haiinure npoussozgntyto dyskiuio f () s HOCIeI0BaATENLHOCTH Uy,
COCTOSITTIEeN M3 YUCIa CII0cO00B HAOPATL n pyodJieil, nmes MoHeThI B 1, 2 1 5
pyb6ueii. [IpencraBbre f(x) anaguTHYECKH.

n k
7. Boraucsure Z k2 (Z) (2)

k=1
8. Nmeercs p 9€pHBIX, ¢ OENBIX W " KPACHBIX IMAPOB, IIPU 3TOM P > q = T,
p<q+r,p+q+r=2s Joxaxure, 9T0 4NUCIO CIOCOOOB PA3/IEIUTh ITU
II1aPBI IIOPOBHY MEXKJYy JBYMSI JIIOJbMU PDAaBHO 24+ s+1— %(p2 + q2 + ?“2).
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HdomarnHsst padbora

1. Haiigure pon3BoAdIny o (YyHKIIUIO /I TTOCIEI0BATETHLHOCTH

1
k!l
2. BrIpa3uTe aHaJMTHIECKH:

a)Z(nzk>xk; 6)2(52):5’“; B) zn:(zkﬂ)xk

k>0 k>0 k=1

a) ag = k; 0) ax =

3. prOCTI/ITe BbIpa2KeHUe:

oSy on() e o) (V)
ey

4. Tokaxkure, 94T0 Z k(k—1) (n) =n(n—1)2""2
k=2 k

5. sBecrna npoussoasimas GyHKiwms ¢(x) i mOCAeI0BATELHOCTH S, =
n

> aj 9aCTHYHBIX CyMM mocyesoBaTesnbHocTn {ay}. Beipasure depes
k=0
HEE IPOU3BOAAILYI0 (DYHKIMIO IS [IOCIIEI0BATEIBHOCTH {ay }.

14. ITpousBoasitiime pyHKITNN-2

1. PaznoxeHneM 9ucia n Ha3bIBAETCSA TaKas MTOCJIEJ0BATEIFHOCTD OJIOXKI-
TEeIbHBIX TEIbIX YUCeN L1, T2, - .., Lk, ITO L1 + T2 + - - - + a1, = n. Haitaure
IPOU3BOJAILYI0 (DYHKIIUIO JIJIs IOCJIe0BaTesIbHoCTa {ay, }, B KOTOPOii a, —
YUCJIO PA3JIO’KEHUN 1 Ha HEYETHBIE CJIaraeMble.

2. (3amaua o Xanoiickoit 6amue). EcTh Tpu cTepKHS, Ha TIEPBOM U3 HUX
HAHU3aHO 1 KOJIET] PA3HOTO PAJINYyCa; IeM HUXKE JIEKUT KOJIBIT0, TeM OOJIbIITe
pajuyc. Kosbiia pasperieno nepekiapiBaTh O CTEPyKHs Ha CT€PXKEeHb, HO
TOJIBKO IIPU YCJIOBUH UTO KOJIBI[O MEHBIIErO PAINyCa KJIAJETCS Ha KOJBIO
6osbirero pajuyca. Haliinre MUHUMAIbHOE 9UCTIO TIEPEKIATIBIBAHIIL, TPe-
GyeMoe JIJTst TOTO, YTOOBI MMEPEJIOKUTH BCE KOJIBIA C OJHOTO CTEPXKHS HA

JPYTOiA.
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3. TlocyieIoBaTENLHOCTD {dy } COCTOMT U3 YHC/IA CIIOCOOOB PA3Pe3aTh Ipa-
BUJIbHBIN N-YTOJIbHUK Ha TPEYTOJIbHUKHU, IIPOBO/JIA HEIIEPECEKAIOIINECS JIHa-
roHasm (FOBOPST, G, — YUCIO0 TPUAHTYJISAIMI n-yrojbHuka). Hafiure npo-
U3BOASIINY 0 (DYHKIMIO JUIST TOCJIE[OBATENBHOCTH {ay, }.

4. Haiiiure nponsBofsinyo GyHKINIO U AHAJIUTUYECKYIO (hOpMyITy JiIst
II0CJIeI0BATE/IbHOCTU

0, upu n = 0;
F, =11, upu n = 1;
2Fn—1 + Fn—2a upu n = 2.

5. JlokaxxuTe COOTHOIIEHUS:

) o = ]é(l)”k{Z}[x]k; o {1} - ﬂié(l)mi (7 )w

n

B) [2]" =Y m 2F, r) Bupi = i <Z> By..

k=1 k=0
6. Haiiyiure (aHAJMTHYECKYIO) TPOU3BOJAILYIO (DYHKIIUIO IS TIOCJIEI0Ba-
n
tresabHocT G, = E (n — k)Fy, rne Fy, — k-oe ancino @ubonaqyn.
k=0

7. Haﬁ,ZLI/ITe YHUCJIO OTHONIEHUN YKBUBAJEHTHOCTUA HA T-3JIEMEHTHOM MHOXKe-
CTBeE.

HomatHsss pabora

1. Haitiure nmpousBoadinyo (GyHKIUIO U AHAJTATHIECKYIO (DOPMYJTY JJIst
TOCJIeJ0BATEILHOCTH:

a)

0, mpu n = 0;
F,=41, npu n = 1;
Fn,1 + QFH,Q, upu n 2 2.
6)
1, upu n = 0;
F, =143, npu n = 1;
4F, 1 —4F,,_o, 1upun > 2.
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2. JlokakuTe, 9TO €CJIN MOCIeI0BATETLHOCTD @y, OMPEIEISIETCS COOTHOIIIE-
HUEeM
Qni2 + pany1 + qay, =0,

rjie p, ¢ — HEKOTOPbIe Yuciia, To 1yl eé npousBogiieii dyuxiuu F(t) BepHo,

9gTo
ao + (a1 + pao)t

F(t) =
®) 1+ pt + qt2

3. Haiinure nmpou3Boasyo MyHKIMIO JIJTsd TOCTEI0BATEILHOCTH Oy, COCTO-
dArmeil U3 Yucjia JBOUYHBIX CJIOB JJIMHBI 71, B KOTOPBIX HET JIBYX €JIMHUIL
TIOJIPSiI.

4. Tlocnenosarensuoctsb {by,} cocrouT U3 KOJMYECTB TAKUX MOCJIEI0BATE b
HOCTEHN TEeJIBIX YHUCeT A1, ..., Ap, 9T0 a1 = 01 0 < a;41 < a; + 1 g

1 < i < n. Hajigure npousBomsnryo yHKINIO IS OCJIeI0BATEIbHO-
cru {b,}.
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