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Anrebpa Jjioruku. BpicKa3biBaHUsT W JIOTUYIECKHE CBSI3KU. DyJeBbI
GYHKIIUNT U CIOCOOBI MX 3aJAaHUsI: TAOJUIBI UCTUHHOCTU, (DOPMYJIbI,
BEKTOP 3HAYEHUil. 3aKOHBI KOMMYTATUBHOCTH, aCCOIMATUBHOCTU U JIUC-
TPUOY TUBHOCTH, IIPUOPHUTET Oleparuii. 3aKOHBI TOIJIONIEHNs. PaBeHCTBO
Gysesbix dbyukuuii (u Oysesbix dopmyi). CyiecTBeHnble U (GUKTUBHBIE
repeMeHHbIe.

MHoxkecTBa u joruka. MHOXKecTBa U onepainu Haj HuMu. CBi3b
aJIredphl JIOTUKU U ajIreOpbl MHOYKECTB: IIPEIUKATHI, FOHUBEPCYM U J10-
MOJTHEHHe, 3aKOHbBI 1e Moprana, KBaHTOPBI, SKBUBAJIEHTHOCTH TOXKIECTB
aaredpbl MHOXKECTB W aJIreOphl JIOTUKM, UMILIAKAINS W BKJIIOUCHUE
MHOXKECTB, KOHTPAIIO3UIIMSA.

MaremaTudyecKue ompejiesieHusl, YTBEP2KJIeHUsI U JOKa3aTeJIb-
crBa. Otupenenienne, yrBepxKIeHne, TeopeMa, Kpurepuii. 3aiuch yreep-
Kzenuii B kBanropax (dopmysibl nepsoro mopsika). Merois! jgokaza-
TEJILCTB: KOHTPAIO3UINA, NHIAYKINA, OT IPOTUBHOIO, KOHCTPYKTHUBHBIE
(upuMepbl U KOHTPIPUMEPHI ), HEKOHCTPYKTUBHBIE. ['paHuIbl IpuMeHH-
MOCTH «HAWBHOM TEOPUH MHOXKECTB» — mapajiokc Paccesa.
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I'padsr I. HeopuentupoBauubie rpadbi. Onpejesienne HEOPHEHTH-
poBanubix rpados. Cremnenb Bepmuabl. CymMMa cTerneHeil BepImH —
VJIBOEHHOE KOJIMIecTBO PEGep. Umciso sofeil, cesiaBimx HEIETHOE
9HUCI0 PYKOIOXKATUM, IETHO. TeopeTuKo MHOXKECTBEHHBIE OIEPAIUU
¢ rpacdamu. Onpenenenne noarpada. Oupenenenne myTeit U MUKJIOB
(uepes noarpadet). Cesasubie rpadbl U KOMIIOHEHTBI CBA3HOCTH (4epe3

noarpadsr).

I'pader I1. Iepesbsi. Ceazrocts. TeopeMa «9ImMCI0 KOMIIOHEHT CBSI3-
Hoctu > |V| — |E|». MapmpyTsl 1 3aMKHyTble MapIipyThl. Mex iy
JIByMsI BepIIuHaMu Ipada eCTh MyTh, €CJIA MEXKIY HUMU €CTh MapIIpPYT.
Iepepbsi. Teopema 00 93KBUBAJIEHTHOCTH Y€THIPEX CBOUCTB. Paccrosinue
MeXKIy BepuimHamu, quamerp rpada. duamerp sroboro cBsazHoro rpada
ue npesocxoaut |V| — 1. IBypackpamusaembiii rpad. I'pad asypackpa-
MIIBAEMBIH TOTJIa U TOJBKO TOTJIA, KOTJA HET IHKJIOB HEYETHON JJIMHDI.
DilIepoBBI MAPIIPYTHI.

ABynoabHble rpadbl, mapocodyeTtanusa U QPyHKIAA. J[By101b-
Hble Tpadbl 1 napocoueranune. Teopema Xosuta (6e3 0Ka3aTENBCTBA).
Oyukuun (061aCTh OIpeIeIeH s, MHOYKECTBO 3HAUYEHU{T, 00pa3, IIOJTHbIH
poo6pas). Orobpazkenus (BCIOAy OnpeneaéHHbIe DYHKIUN): UHHEK-
nuu, ciopbekiun, oueknun. OrobparkeHust U 3aja49a O HA3HAYEHUSX.
Nzomopdusm rpados. JdokazarenbcTso Teopembl Xosia*. IIpuMeps
IIpUMEHEeHHUsI Ha PeryJsipHbIX rpadax*.

Kombunaropuka 1. IIpaBusia cyMMbl 1 IpOU3BEICHUS.
Orobpaxkenus: u mojac4yérsl. [Ipasuiio cymmbr. IIpaBuio mpoussepeHnst —
OueKIsi C JIEKAPTOBBIM ITPOU3BEIEHINEM MHOXKECTB. UHUCJI0 JTBOUYHBIX
CJIOB JJIMHBI 1. IHCJI0 TOJMHOXKECTB N-3JIEMEHTHOIO MHOXKECTBa. Pasme-
menus. Ilepecranosku. ITogcaér KommaecTBa CJIOB JIUHBI k ¢ pa3HbIMU
6ykBamu. [loncuéTsl ¢ KPATHOCTHIO: CKOJIBKO PA3JIMYHBIX CJIOB MOXKHO
coCTaBUTh U3 cjioBa «Maremarukas? Hucsio coueranuit. Komuuecrso
k-3JIeMEHTHBIX TIOJMHOXKECTB N-3JIEMEHTHOTO MHOXKecTBa. Jluckpernast
BEPOSITHOCTb.

Kombunaropuka 11I. Bunomuanbubie K03dPUIINEHTHI.
KosmmyecrBo nyreii no yaiam kierok (Bupaso u Bepx) u3 (0,0) B
(,74) ecrb (i‘;j ) Tpeyronbuuk [Tackans u ero cBoiicTBa: cuMMeTpUs,
BO3pacTanue OMHOMUATBHBIX KOIMDDUIMEHTOB K CepeINHE, OIEHKA

2n - 22n
n on+1
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Bunom Hbiorona m OGmHOMHATILHBIE KOI(MDUIMEHTHI. PekyppenTHoe
coorHolenre. CymMMa OMHOMHUAJIBHBIX KOI(MMUIIMEHTOB U €€ KOMOUHA~
TOPHBIN CMBIC/I. 3HAKOIIEPEMEHHAsT CyMMa OMHOMUAJIBHBIX KO3(DUIu-
entoB. KomMbuHaTOpHBIE JOKA3ATEIHLCTBA. PEKypPEHTHOE COOTHOIIEHUE
Ha bunommasbHBIE KO3 duIimenTs B Tpeyroibauke [lackans. 3amaga o

n

n n
2
KOMaHupe u cojatax: n x 2"~ = 3 k:(Z) Dopmyaa Y. (Z) = (2")
k=1 k=1
Mero To4ek u 1meperopojoK. duciio penienuii ypapHeHIs

r1+xo+ ...+ =N

B HEOTPUIIATEJbHBIX II€JIBIX YUCJIAX €CTh ("Zﬁ;l) (®opmyna Myaspa).

Yucio monoMoB cremenn d. Yucao coderanuii ¢ moBropenusMu. ducia
Dubonauun. Yucina Karanana (moka3areabcrBo aBHON HOPMYJIbI).

Komb6unaropuka III. @opmyiia BKIIOUEHUN-UCKITIOYEHUH.
XapakTepucrudeckne QyHKIHA. JlokazaTebecTBo hopMyIa BKIIOUEHIH-
ucksodennii. [Ipumepsr: Komudectso dncest ot 1 g0 1000 He memsrmuxcs
HU Ha 3, HU Ha 5, HU Ha 7; CBsA3b CO 3HAKOIIEPEMEHHO CyMMOil OMHOMU-
AJIbHBIX KOI(D(DUIIMEHTOB; MOJICYET CIOPBEKIHil. 3a/1a9a O CIaCTIUBBIX
6uerax. [logacuér uncia orobpazkenuii (BCIOy ONpeNeIéHHBIX (DYHK-
uuit), dyHKuii, MHbEKIMA, OHeKIUH U3 N-3JIEMEHTHOTO MHOXKECTBA
B n-3JIeMEHTHOEe MHOXKecTBO MuOKecTBa n dyHKImu. CMbIca 0603HA-
wenmit 24 U1 MHOXKeCTBa BCex IOIMHOMKeCTB 1 Y X 11 MHOXKecTBa,
orobpaxkenuit u3 X B Y. Ilpunnun dupuxie: npu m > n HeT MHbEKINN
ws {1,...,m} B {1,...,n}.

Bunapubie orHonteHusi. OTHOIIEHNS SKBUBAJIEHTHOCTH.
DopmMabHOE ONpejiesIieHne OTHOIIEHNI U UX CBOMCTB: pedIeKCUBHOCTD,
TPaH3UTHBHOCTH, CHMMETPHIHOCTD, AHTHCHMMETPHIHOCTD. 3a/jaHne On-
HAPHOI'O OTHOIIEHUs Tab/Iunel, ABYI0IbHBIM IPadOM, HePEUUCICHIEM
nap. IIpuMepsl OTHOIIEHNU! SKBUBAJIEHTHOCTHU: PAIMOHAIBHbBIE UHCIIA,
paBHBIE U MOJOGHBIE TPEYTOJABHUKY, HEOPe eJE6HHbIe HHTerpaJbl. Pop-
Mmasbroe onpegesnerue. T.: Kiacchl 9KBHBATEHTHOCTH He IEPECEKAIOTCS
WM cOBHAAAIOT. TeOPeTHKO-MHOKECTBEHHbIE OIIEPAIIMH ¢ OTHOIICHUS-
mu. Oneparust obparenusi. Onucanue ¢ MOMOIIBIO OYJIEBBIX MaTPHIL.
Komnosunus orHomenuii (cBa3b ¢ 6a3aMu JJAHHBIX ).

OpuentupoBanubie rpadbl U oTHOIIeHUs mopsaka. Oupesesre-
HUEe OpHEHTUPOBaHHOrO rpada. Vcxossdmue u BXOJAAINe CTEIIeHT —
aHaJIor OPMYJIbl CYMMbI CTEIIEHEHI J1jIsT HEOPUEHTUPOBAHHOTO Tpada.
KomnoneHTBI CUIBHON CBA3HOCTH.

T.: Cueyroriye ycjioBust Jijisi OPUEHTUPOBAHHOIO rpada PaBHOCUIBHBL:
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e Kaxk/asi KOMIIOHEHTa CHJIBHOM CBSI3HOCTH TPUBHAJIBHA (COCTOMT W3
OJIHOM BEDIIHBI).

e I'pad anurimaeckui.

e Bepmmnabl rpada MOXKHO 3aHYMEPOBATH TaK, YTO PEOPA UIYT TOJIBKO
OT BEPIINUH C MEHBITUM HOMEPOM K BEpIITUHAM C OOJIBIITUM HOMEPOM.

TIpumepsl OTHOIIEHWH (YACTUYHOrO) HOPsAKa, (GOPMAIBHOE ONpeIeIe-
nue. JIuneiinonii mopsmok. OTHONIEHEE HETIOCPEICTBEHHOTO CJIEI0BAHIS
u ero rpad (mumarpamma Xacce). ITokoopaunarublil mopsigok. Byses
Ky0 — JIBOMYHBIE CJIOBA, YIOPAJOICHHDBIE TOKOOPIUHATHO.

Bysness! dyHKIUN

Asropurm nocrpoenus JTHD (1 KH®) no rabaune ucruanoctu. Onpe-
JeneHne OyJIeBBIX CXeM, Peann3yionux O0yaeBbl (PYHKIMH, Tepe3 mMoce-
JIOBaTEJIbHOCTU NpucBanBaHuii u rpados (cranmapTHbIii 6asuc). 3ama-
Hue dyHKIMN 6yseBoit cxeMoii (ocJeI0BATEIBHOCTHIO TIPUCBANBAHMI).
DopMyJIbl — CXeMbI crenuaabuoro sua. Obee onpemesenue cxem (s
npou3BoJibHOrO Gasuca). Basuc — nosnbiii 6azuc. Monoronubie (QyHK-
[UK: HEHOJHOTa MOHOTOHHOrO 6azuca {A,V}, cBA3b ¢ MHOXKECTBAMU

(MOHOTOHHOCTB TIO BKJIIOUEHUIO), PACKpacKa OyseBa Kyba, MOHOTOHHBIX
22n
OyneBbIX (DYHKIMI OT 2N MEPeMEeHHBIX He MeHbIe deM 227+1 . Muorowre-

uel 2Kerankuma. Knacesr [locta: Ty — QyHKIUN, COXpaHAIONINE HOJIb;
T} — dyukImn, coxpansionue eanauity; M — MOHOTOHHBIE (DYHKITNH;
L — nimneiinbie pyHknum; S — camopBoiicreernblie dpyHKimn. Popmysin-
poBka TeopeMmb! Ilocra.

ITpounsBoasiine yukiuu. OnpeiesieHus U TPUMEDHI.

[Tpoussosamas dyuknusa 6unoma HeroToHa.

n
e Cuna muddepennupoBanust: » k(:) =n2" 1L
k=0

o (1+z)"(1+z)" = (1+z)™"™. Orciona cieayer

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

e CgoiicrBa, Hy:KHbBIE JIJIT MATEMATUIECKONO aHAIM3a (IKCIIOHEHTA
pactér GbicTpee IIOJIMHOMA U T.1L.).

()= ()

Jj=0



[Ipumenenue jutst perennst KOMOMHATOPHBIX 3ajad. 3amada Myaspa.
Bajaua o caacTauBbIX Onsterax. HallTu 9uC/I0 1eI09NCIeHHBIX PelleHuil
CUCTEMBI
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Yuciio pasbueHuit n Ha pa3/IMdHbIE CIaraeMble COBIAIAET C UUCIOM
pasbuenuii n Ha HeuéTHBIE caaraemble. Céprku. Ilpumep ucnonn3osa-
HUsI JJTA BBIYUCICHUS TPOU3BOIAIIECH (DYHKIINH MOCTIeI0BATEILHOCTH
an =12+ 22 4+ ...+ n?. 3Bamaua o uncie 0OEeCTIOpPSIIKOB.

Boraucnenus: ¢ momompbio mpousdBogdanux dyukimit. Yncaa @udoHaxIm.
Yucaa Karamana. *O6mmuit MeTo1, 1J1s1 TMHEHO-peKy pPPEHTHBIX HOC/Ie10-
BaresbHOCTeR. MHOrOWIens! Py (x) = (z) JI1060i1 MHOTOYJIEH C TEIBLIMI
KO3 PUIMEHTAMI IIPEJICTABUM B BHUJIE IIEJION JTUHEHHON KOMOMHAIIN
(m.1.x.) MHOTOWIEHOB Py ().

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

Yucna bemra B,,.
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ITpaBuia onennBanus (2024-2025)

PPKT. Crynenret PPKT jiubo 11oj1y4aroT B Ka4eCcTBe OLEHKH 33 Kype
aBTOMAT CEMUHAPUCTA, JIMOO UIYT Ha IK3aMeH, OTKA3bIBASICh OT OIEHKU
aBTOMATOM.

s crynenros ®IIMU peiicrsyer 6asnbuo-peiitunrosas cucrema (BPC),
BKJIIOUAIONIas B cebs ciemyonmue (IpoMexKyTOYHbIe) OUEHKH.

® Ok.p. 1 1 Ok.p. 2 — OLEHKHU 33 CEMECTPOBBIEC KOHTPOJIbHBIE PabOTHI;

e Ocen. — OIIEHKA 32 PaboTy B ceMecTpe (BBICTABJISETCS 10 [IPABUJIAM
CEMUHAPUCTA);

® Oyaxon. — HAKOIJIEHHAS OIEHKA, BBIYUCIISIONIASICA IO (DOPMYJIE

Ouakon. = Oa 3 x OK.p.l + 074 X OK.p.2 + 07 3 x OceM.;

® Oyror. — UTOIOBas OIEHKA 3& KYyPC;

® Oonp. — OLIEHKA 3a JIONOJIHUTENbHBIH ONPOC, IPOBOJISIIUICS Ha 3a-
YETHOII HeJeJre.

JonoJTHUTETbHBINM OTTPOC TTPOBOJIUTCS JIJISI CTYJIEHTOB, HAIIPABJIEHHBIX B
WHIWBAIYAJTHEHOM MOPSIKE OTBETCTBEHHBIM 3a KYPC WJIN JIEKTOPOM, & TAK¥Ke
CTYJIEHTOB, KOTOPBIE He TONAJAI0T HU O] OJWH U3 KPUTEPUEB BHICTABIEHUST
OIleHKN 0e3 MPOBEICHUS JOMOJHUTEILHOTO OIIPOCa.

Nrorosas orenka 3a Kypc 6€3 MpoBeJIeHus JOTIOJTHUTEILHOTO OTIPOCa
BBICTABJISIETCS 10 CJIEJYIONINM IIPaBUJIAM.

1. Ecian kaxxknast u3 oneHok Ox . p.1, Ok.p.2, Ocen. HE HUZKE YIIOBJIETBO-
P ’ pP.-<»
pureabao (3), 70 Ouror. = Omaxon. -

2. Ecnmun Ogem. < 3 mimn max(Ox.p. 1, Ox.p. 2) < 3, TO BBICTABJISETCS
HeyIOBJIeTBOPUTE/IbHAs OlleHKa, 110 (popMyIIe

OPITOI‘. = min (OCEM.7 OK.p.la OK.p.Z) .



Wrorosas orenka 3a Kypc CTYIEHTaM, HAIIPABJIEHHBIM HA JOIIOJHUATEb-
HBIH OIIPOC, BBICTABJIAETCH 110 CJICAYIONIUM IIPaBUAJIaM.

3. OnTor. = min(oonp.> ma‘X(OHaKOH.7 3))

4. B cayugae, eciu cTyaeHT ObLI BBI3BAH Ha OIPOC, HO HE SBUJICS, BbI-
crapysieTcss HeaBKa: Oyror. — HESIBKA.

Bce orenku BhICTABISIOTCH TI0 AeCATUOAUIBHON CHCTEME, HO SBJISIOTCS
JIDOOHBIME C TOYHOCTBIO JIO COTHIX. [Ipy BBICTAB/IEHNN OIIEHKH B BEJIOMOCTD
[TPOUCXOUT apUDPMETHIECKOE OKPYTJIEHHUE.

[TepBas nepecmata npoxoauT B ciepyiomeM gopmate. [lepeciada nad-
HETCs ¢ HEOOJIBIIIOTO TECTA, HEIIPOXOXKIEHNE KOTOPOro BJICYET HEyIOBJIe-
TBOPUTEIBHYIO OLEHKY 1 (BTOPYIO) nepecaady. [locie npoxoxKienus: recra
Oyzmer Oecema Ha OCHOBe OmjeTa C BOIPOCAMH HA OIPEIEJICHNUs, [TOKA3ATE/ b
cTBa 1 ¢ 3aa9amu. [lo nroram Tecra n 6ecebl BoICTABIIAETCs ONMEHKA Ogay. -
UroroBas oreHKa BbICTaBIAETCS 110 (POpPMYIIe

Ouror. = 3 (Orson. + Osas.).

2
B ciygae, ecsir o dpopmyite Oyror. < 3, @ Ozaq. = 3, 9K3aMEHATOP UMEET
npaso (HO He 06s3aH!) HOCTABUTH 38 KYyPC CTYJEHTY OLEHKY <Y/IOBJIETBO-
puresbHO (3)». Bropas nepeciada (KOMECCHN) IIPOXOJUT B YIPOUIEHHOM
dopmare: Tect u Gecena no Tecry. OleHKa 3a BTOPYIO Iepecady MOMKeT
OBITH MO0 YJOBJIETBOPUTENBLHON, MO0 HEeyJIOBJIETBOPUTEILHOM.

HpOHyCKI/I KOHTPOJIbHBIX

CTyneHThI, IPOIYCTUBIIIE KOHTPOJIbHBIE PADOTHI 10 HEYBaXKUTETHHBIM
[IPUYUHAM, TOJIYYAIOT 3a MPOITYIIeHHbIe KOHTPOJIbHbIe otieHKY (. CTyIeHThI,
[IPOITYCTHUBINIAE KOHTPOJIbHBIE PAOOTHI I10 YBAXKUTEJbHBIM IIPUIUHAM, UILYT
9TU KOHTPOJIbHBIE B OObSIBJIEHHOE JIEKTOPOM BpPEMsI Ha 3a4ETHON Hejese
WK Ilepe]i llepecaadeil, B cilydae, ec/Iu llepellUChbIBaHue Ha 3a4€THON Hezelle
IIPOIYIIEHO 110 YBaKUTEJIbHON IIPUYNHE.



3agaum A8 CEMUHAPOB M JIOMAalllHee 3aJIaHue

Sajaun st CeMUHAPCKUX 3aHATHUI, MPUBEIEHHBIE B 9TOM pas/iesie
pa3buTnl 10 HegeaaMm (Kak u goMainHee 3aganue). CeMUHAPUCT B IIpa-
Be OTKJIOHSATDLCS OT IIPEJJIOYKEHHOIO 3/1eCh IIAHA CEMUHAPOB 110 CBOEMY
YCMOTPEHUIO.

Sajaun, OMeYeHHbIE «O», PEKOMEHJIYeTCsl Pa300paTh Ha CeMUHAPE.

Bce permenus 10/2KkHbI ObITH 000cHOBaHbBI! B cityuae orcyTcTBust 060C-
HOBaHWI 3a/[a9a OlEHUBAETCS KAK PEIIEHHAs HEBEPHO.

1 Axarebpa jioruku: BBeJIeHUE

1. Jlj1s1 KaKOTo CJI0Ba JIO2KHO BBICKA3bIBAHUE
«IlepBag Gyksa cioBa riacuas — ( Bropas Gyksa cjoBa riacHas V
[Mocsennssi GykBa cjioBa IJacHas)» ?

1) xapa; 2) opaa; 3) oropog; 4) mapan.

2°. JTokaxkure, uro a) & =y =TV y; 0) cAYy=ZVy B) T S yg=xAJ.
3. Haitnure aus dopmyist (z A z) V (z A—z) V =(-2 — —y) paBHOCIIBHYIO
dopmyiry (cpemu dopmys HiIzKe), Ipeobpa3oBaB IEPBYIO.

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

4. JTokaxkure quCcTpUOyTUBHOCTD JIU3BIOHKIIUA OTHOCUTEILHO SKBUBAJICHT-
HOCTH:
xV(y<z)=(xVy) & (xV2).

5. Bynesa dynkuug MAJ(z1, 22, x3) Bo3Bpamaer 1 Torga u TOJLKO TOTIA,
KOIJIa X0Tsl Obl JiBe llepeMeHHble u3 TPEX paBubl 1. Boipasure MAJ(z1, xo, x3)

qepe3 OymeBy GOpPMYITy.

6. Hoxaxure cienyionme dbopmyisl pasioxenuil (Ilennona nu Puzna):
a) f(xr,xa,...,xn) = (T1 A f(O, 29, ... xn)) V(21 A F(L 20, .., 20));

6) f(z1,22,...,2n) = (1B 1) A f(0,22,...,20)) D (x1 A f(L,22,...,2,)).

7°. Bysiea dyukims 3a1ana BeKTopoM 3Hadenuii: f(x1, o, x3) = 10100101.

1. Onumure f depes TabnIy UCTUHHOCTH.



2. Kakue nepementble [ sBJISIIOTCS a) CyIIeCTBEHHBIME; 6) (DUKTUBHBIMU?
3. Onumure f 1epes OysaeBy dopmyiry.

8. Bysiea dynkuus f 3amgana ¢opmysioii. Beipasure f depes Tabimiry
HCTUHHOCTH ¥ (bOpMyJLy ¢ onepanusmu A, V, - (B craHmapTHOM Gasuce):

a) f(thQ) =21 Do ® (Scl A :L'Q);
6) f(z1,72,23) = T102203B(T1/\22) B (21 A23) D (22A\23) B (21 AT2AT3).

9. JTokaxkure, 4TO He cymecTByer Oyneoit dyHkumm f(x,y), CylecTBeHHO
3aBUCAIIEN OT 00erX epeMeHHbBIX, TAKON ITO

f(x,y) = f(z,9).

10*. Tokaxkwure, arto Jiroboe ToxkaectBo Buja A = B, e A u B — 6yute-
BBl OPMYJIBI CO CBsI3KAMU A, V, 1, OCTAHETCs BEPHBIM, €CJIH B HEM BCe
KOHBIOHKIIMN 3aMEHUTHb Ha JAUIBIOHKIHWU, a JU3BIOHKIUW 3aMEHUTH Ha
KOHBIOHKIIUU. 3J1eCh BaXKHO, 4TO B (DOPMyJIax HET OIYIIEHHBIX CKOOOK,
BOCCTAHABJIUBAEMBIX 110 TIPUOPUTETAM OTIEPAIIUIA.

11*. Tlocrpoiite Takyio JIOrMIeCKyIO CBa3Ky (OyseBy (DYHKIMIO OT JIBYX
[IEPEMEHHBIX ), 4TO Ji0bast OyseBa dyHKIMs BbIpa3uMa B Bujie (GOPMYJIbL €
9TON CBA3KOIL.

,Z[OMaHIHee 3aJaHue

Bo Bcex gomarmaunx paborax TpebyroTcst 000CHOBaHHbBIE pelleHust!

1. x,y, z — 1eJible YKCIIA, JJI KOTOPBIX UCTUHHO BBICKA3BIBAHUE
(@ =y) A ((y<z) = 22>2) A=z <y) = (v > 22))

Yemy paBHo x, ecin z = 7,y = 167
2. TTocrpoiire Tabiuiy ucruaaocTH At Gyukuun —((z A —y) A z).

3. lokaxkure, 9T0

1@I1@I2 = (.Z‘l *)[EQ)/\(IQ *>CC1).
4. BpinosiasgeTcst Jin JUCTPUOY TUBHOCTD LIS CJIEIYIONINX OTIePaIiwii:
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? ?
a)zANy—2)=(xAy) = (xA2); 0)cd(ye2)=(dy) « (& 2).
5. BoimossieTcst Jm i MMIUTMKAIAA &) KOMMYTATUBHOCTD;

6) accouMaTUBHOCTD, T. €. (T — Y) — 2 Lo (y — 2)?

6. YkazaTb CylIeCTBEHHbIE U HecylnecTBeHHble ((DUKTUBHBIE) [IEPEMEHHbIE
CIIeIyIOmnX (PYHKITAN:

a) f(x1,22,23) = 00111100; 6) g(w1,w2,23) = (v1 — (21 V 22)) — 23.

7. Hokaxkure popMysTy pa3IoKeHuUs :
flay,. o xn) = (21 V (0,29, ..., x0)) A (021 V f(L 2o, ..., 2y)).

8. O6o3maunm uepes z! = z u 2° = —z. Iycts a = (ag,09,...,05) —
b b) b

Habop u3 Hy/eit u eaunni,. Jlokaxkure, 9T0 HYHKIINAS
fa(x1, .. zn) =T A2 AL AT

MCTUHHA POBHO Ha OJJHOM BXOJHOM HAbOpe: a1, (g, . . . , (iy,.

9. Jokaxure dopmyiry \/(mi@xj) = (x1VaaV... VT )A(T1 VT2 V... VT,)
,J

(U3 bIOHKIWS B JIeBOIT yacTu Gepércst 110 BeeM ¢ 1 j: (X1 @xa)V (z2®xs)V. . .).

10*. JTokaxkure, 9TO CyIlnecTByeT OyJieBa (DyHKIMsI, KOTOPYIO HEIb3s BhIpa-
3UTh (POPMYJION CO CBSI3KamMu A u V.

2 MHuoxKecTBa M JIOTUKA

1°. FOuusépcym — narypasbnbie qucia (U = Ng). Ouuinure sHedopmaabao
HA PYCCKOM sI3bIKE MHOYKECTBA, 33 JaHHbIe (DOPMYTIaMU:

a) {1,3,5,7,...}; ©) {n|n=2m ansa wekoroporo m € Np};

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

2°. Muoxecrso A 3anano dopmydoit (U = Np):
A={n|3keN:n=Fk}

Bepno g, uro A = {1, 4, 9}7
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3°. Omummre dhopmansio muoxecrsa (U = Z):

a) MuoxectBo, cocrosimee u3 gucen 1,10 u 100.

6) MHOXKeCTBO, COCTOsIIIEE U3 IHCeN, GONbIIUX 5.

B) MHOXKeCTBO, COCTOsIINEE U3 HATYPAJIBHBIX IHCEs, MEHBIINX 5.
r) MHO)KecTBO, KOTOPOe He COJEPIKUT JIEMEHTOB.

4°. Jlokaxkure, 910 JJisi JIOOBIX MHOKECTB A, B, C' BBIIOJIHAIOTCSA PABEH-
CTBa

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

Kommenrapuii: Vcnosrp3yiite npu penieHnn Kak JHarpaMMbl Diiepa-
Berna, tak u nepexoa K ¢popMmysiaM ajaredpbl JOTHKH.

5. Ha umnciosoit npsimoii maubl nsa orpeska: P = [2,10] u Q = [6,14].
Bribepure Takoit orpe3ok A, uro dhopmyiia

((xeA) - (reP)V(zeQ)

TOXKJICCTBEHHO UCTUHHa, TO €CThb IIPUHNMaECT 3HAYCHNE 1 npn JII00OM 3HaYe-
HUMn Hepel\’IeHHOﬁ xZ.

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

6. IIpo muoxectBa A, B, C u3secrno, uro AN B C C'\ (AU B). Bepuo
g, aro Torma A C A A B?

7. Jokakure BKJIIOYEHUE
(A1NAsN---NAL)A(B1NBaN:- - -NBy,) C (A1 AB)U(As ABy)U- - -U(A,ABy)
JJTst JTI00BIX MHOXKECTB A;, B;.

8. JlokazknuTe paBeHCTBO
(A1NAoNAsN- - -NA,)\(B1UBoU- - -UB,,) = (A1\B1)N(A2\B2)N- - -N(A,\Br)

st TI00BIX MHOKeCTB A;, B;.

HdomarnrtHee 3aganue

1. BepHo jin, 9TO 1151 JIFOOBIX MHOXKECTB A 1 B BBIIOJIHAETCS PABEHCTBO

(A\B)N((AUB)\ (AN B))=A\ B?
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2. Bepuo s, uto st s1i0661x MHOXKECTB A, B 1 C' BBIIOJHSAETCST PABEHCTBO

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

3. BepHno Jin, uro jjist j1100bix MHOKEeCTB A, B u C' BBINOJHSAETCS PABEHCTBO

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

4. BepHo ju, 94T0 151 JIFOOBIX MHOXKECTB A M B BBINIOJIHAETCS BKJIIOYEHUE

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

5. ITycrs P = [10,40]; @ = [20, 30]; u3BecTHO, 9TO OTPE30K A YIOBIIETBODSI-
€T COOTHOIIECHUIO

((xeA) = (xeP)A((xeQ)— (xe€A).

1. Haiiaure 0Tpe3oK A MaKCHUMAJIBHO BO3MOXKHOM JIJTUHBI.
2. Haiigure oTpe3ok A MUHUMAJIBHO BO3SMOXKHOMN JIJIMHBI.
6. IIpo muoxkecta A, B, X, Y ussecrno, uro ANX = BNX, AUY = BUY.
Bepno s, uro Torga eimosHsercst paseHerso AU (Y \ X) = BU (Y \ X)?

7. lycrs A1 D Ay D A3 D --- D A, O ... — HEBO3pACTAIIAsl IOC/IEI0BaA~
TEIBHOCTH MHOXKeCTB. V3BecTHO, uTo Ay \ A4 = Ag \ Ag. Jokaxure, 9To

Az \ A7 = A3\ As.

8. Ilycts A, B, C, D — rakue orpesku npsivoif, uto AA B = C A D (cum-
METPUYECKUE PA3HOCTU PABHDLI). BEPHO JiM, YTO BBIIOJIHIETCS BKJIIOUCHNE

ANBCC?

3 MaremarndyecKkne onpeaesieHus,
YTBEP>KAEHUS N JIOKA3aTeJIbCTBA

1. Ussecrro, uro ucrunnbl yreepxkaenaus AV (B A -C) u —AA (BV C).
Kakue u3 yreepxkuennii A, B, C uCTUHHDBI, a KaKUe JIOXKHbI!

2. JlokaxKuTe, UCIOJB3Ysl KOHTPAIIO3UIMIO, 9TO ecyin ab He JeJInTCs Ha 1,
TO @ He JIeJINTCsS Ha N U b He jmenurcst Ha n. 31eck a,b,n € Z.

3. Hokaxxute, 910 ecanm a X b = ¢, To XoTs ObI OAHO U3 UUCET a, b He
IIPEBOCXOUAT +/C; 3/1€Ch @, b, ¢ — NOJIOKUTEIBHbBIE BENIECTBEHHDBIE TUCIIA.
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4. BepHo Ju yTBEepXK IeHUE:

a) CyiecTBYIOT pa3jinyHble IOJIOKUTEIbHbIE TIeJIble YHCIa 1M U 1, TaKUe
4To m < n U n? KpaTHO M, HO N He KPaTHO 1M;

6) IIpousBeeHne pAIMOHAILHOTO W UPPAIMOHAIBHOTO UUCJIA — UPPAIUO-
HaJIbHOE 9HUCJIO?

5. /lokakure, 9TO IUCIIO V3++V2 UPPAaIMOHAJILHO.

Vkazanwme: (V3 +v/2) x (V3 — V/2).

6. rZLOKa}KI/ITe, 9TO JJId JII0O0ro OeJIOTO ITOJIOZKHUTEJIBHOI'O N BBIIIOJIHACTCA

1-28+2.2243.224 ... 4n-2"=(n—1)-2"" 2.

7. Hokaxkure, 910 1 MOYXKHO IPEACTABUTH B Buie CyMMbI 2024 pa3indHbIX
OOBIKHOBEHHBIX Apobeil ¢ yucinTesieM 1 U MOJOKUTETBHBIM 3HAMEHATEIEM.

8. Ha mocke nanmcans! cro nudp — Hyau 1 equHUIpbl (B 11060 KoMOHHA-
rmn). Pasperaercst BBIOIHATE JBa JA€fCTBUSL:

1. 3amenars nepsyio nubdpy (HyJb HA eUHUILY U HAOOOPOT);
2. 3aMeHsITh NUMPY, CTOSIILYIO TOCJIE IEPBOIl €IMHNITHI.

JlokarkuTe, 9TO MOCJIe HECKOJIHKAX TAKUX 3aMEH MOYKHO IOJIYIUTH JI00YIO
koMmbunanuio w3 100 Hyseit u e uHUII.

9. Kakoe u3 yTBep:KJIeHUIl CUiIbHEE:

Vz Iy : Pz, y) nim Jy Vo : P(z,y)?

10. 13 nenbix uuces ot 1 10 2n Beibpano n + 1 uucio. lokaxkure, 910
Ccpelli BBIODAHHBIX YHCEJI HANIYTCsS JIBa, OJHO U3 KOTOPBIX JIEJIUTCS HA

Jpyroe.

11. Ha xparo mycThIHE MMeeTCsi OOJIBITON 3anac OEH3MHA U MAIWHA, KO-
TOpasi IPY MOJIHOM 3aripaBKe MoXKeT mpoexarh 50 KmiromeTpos. Vmerorcst
(B HEOT'PaHUYI€HHOM KOJII/I‘{GCTBG) KaHUCTPBI, B KOTOPbI€ MO2KHO CJ/INBAaTbhb
Gensun U3 GeH300aKa MAIIUHBI U OCTABJIAThH Ha XpaHenue (B 000N TOUKe
nycreian). JIoka3aTh, 9TO MallMHa MOXKET [POoexXaThb JI000e PacCTOsHUE.
(Kanucrpbl ¢ 6eH3UHOM BO3UTH HE Pa3pEeIlaercs, yCTble MOKHO BO3UTH B
JHOBOM KOJIMYECTBE. )

12*. JIabupuHTOM Ha3bIBaeTCs KJeTdaThiil kBagpar 10 X 10, HeKoTOpbIe
Iapbl COCEHUX Y3JI0B B KOTOPOM COEIMHEHBI OTPE3KOM — <CTEHOi» —
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TaKUM 0O6pPa30M, UTO IEPEX0/Is U3 KJIETKHA B COCEIHIOIO 110 CTOPOHE KJIETKY U
HE [IPOXO/Isl Yepe3 CTEeHbI, MOXKHO IIOCETUTDb BCE KJIETKH KBaJpaTa. | paHuIry
KBaJipara OylIeM Tak»Ke CYATaTh OOHECEHHOU cTeHoil. B HekoTOpoOil KjeTke
HEKOTOpOro jabupuaTa crout pobor. OH morumaer 4 komauasr — JI, I1,
B, H, mo KoTopbIM COOTBETCTBEHHO WAET BJIE€BO, BIPABO, BBEPX W BHU3, a
€CJIM IIepel HUM «CTE€Ha», TO CTOUT Ha MecTe. Kak HalmucaThb IporpaMmy
JIJIsi pobOTa, BBIIIOJIHSISI KOTOPYIO OH ODOIIeT BCe KJIETKU HE3ABUCUMO OT
JIADMPHUHTA ¥ OT CBOEr0 HAYAJLHOTO IHOJIOMXKEHUS?

13. Y6enurech B UCTHHHOCTU yTBepKIeHus (npu npousBosbHbix A u B):
(A— B)V (B — A). (1)

Badukcupyem mpon3BoabHY0 mapabory. [lycts A — yTBepKaeHne «BeTBI
napaboJibl HAIIPABJIEHBI BBEPX», a B =«mnapabosa nepecekaer 0 (psamyio
y = 0)». IIpocienure 3a ciIeIyONMUMU PACCYKICHUAME. Y TBEPXKICHIE
«€ecau BeTBU 1apaboJibl HAIIPABJIEHBI BBEPX, TO mapaboJsia mnepecekaeT 0,
OYEBU/HO, JIOXKHO; TOIJIa UCTUHHBIM JIOJIPKHO OBITH YTBEPXKJICHHUE <«ECJIN
mapaboJia nmepecekaer 0, To BeTBH mapabOoIbl HAIIPABIEHBI BBEPX», HO OHO
Takzke JOoKHO. To ecTh 06a yTBepK/IeHNs B IN3BIOHKIMHA (1) JIOKHBI (1Ipn
HEKOTOPOM BbIOOpe yTBepKienuii A u B), HO caMa M3 bIOHKIIUS UCTHHHA!
Haiinure ommbKy B paccyKIeHUSIX.

,Z[OMaIlIHee 3aJaHue

1. Haiizure ommbKy B jokasarenberse yreepxkiaenus «Eciu A C (BUC),
70 AC Bum AC C».

1) samumem yTBepKIEHUS JJIS KAXKJIOTO JIEMEHTa IOHUBEPCYMA:

(x€eAd) - ze(BUC);
2) packpbiBaeM 00bEMHEHUE U TIEPEMUCHIBAEM UMILIUKAIIUIO:
(g A)V(reB)V(xel)
3) mybsmpyeM TepByIo CKOOKY W TIEePerpyIITUPOBLIBAEM HJICHBL:
(zgA)Vv(zeB)V(zgA)V(zel))
4) mepexomuM OT JU3BIOHKIWA K MMILTAKATASM:

((zeA) = (zeB)V((xe A = (zel));
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5) mepexomum obpaTHO K 3anucu B MuoxkecrBax: A C B wim A C C.
2. B nome xkuByT A, ero kena B u ux jeru C, D, E| ipu 9TOM CIpaBeJIUBHI
CJIEIIYOIINE Y TBEPK ICHIIS:
1) ecoiu A cMOTPHT TeJIeBU30D, TO U B CMOTDHUT TeJIeBU30D;
2
3

X0TsI ObI oJiuH U3 D u F cMOTPUT TeIeBU30p;

poBHO onmH 13 B u C' cMOTpUT TesieBU30p;

5

4) C u D nau6o oba cMoTpat, b0 068 HEe CMOTPAT TEJIEBU30D;
) ecau E cmorput teneBusop, 1o A u D ToxKe CMOTDSAT TEJIeBU30D.

Kro CMOTPUT U KTO HE CMOTPUT TeJIeBI/I30p?

3. JlokaxKnuTe, HCIIONIB3YsT KOHTPAIIO3UIINIO, 9T0 ecn 2 — 62 + 5 9éTHO, TO
T HEYETHO; 3]1eCh & € Z.

4. Jlokaxkure, 9YTO IPOU3BEICHNE TIOJOKUTEIHHOIO PAIMOHAIBHOTO JIHCJIa
U UPPaIldOHaJIbHOIO YHUC/Ia — UPPAITMOHAIBHOE YHUCIIO.

5. IIpo HemycThIe OApHO HecoBmafaonme MEOKecTBa A, B u C' u3BecTHO,
aro C\ AC Bu C\ B C A. Boamoxkno i, uro B = AN C?

6. JlokakuTe paBeHCTBA

a)1-(n—1)+2.(n—2)+...+(n_1).1:%;

sin(n+ 1z 1
6) COS$+C052x+"'+COSnx:(_7x2)_,'
2sm§ 2

7. B zageTe y9acTBOBAJIO HECKOJBKO CTYJIEHTOB W Tpenomasareseii. Vs-
BECTHO, YTO B KOMHATY, [JI¢ IPOUCXOIAII 3a9€T, KAXKJBIH yIACTHUK 3a9€Ta
BOIIEJI JIUIIH OIHAYK/IBI ¥ ITO KayKJBIi MPENojIaBaTe b MOTOBOPHII ¢ KazK-
JIBIM CTyJIeHTOM. JoKaxKnuTe, 9TO B KaKOH-TO MOMEHT 3adeTa B KOMHATE
IPUCYTCTBOBAIM JIuOO BCE CTYIEHTHI (1, MOXKET OBITh, KTO-TO U3 [IPEIoja-
Baresieit), 6o Bee npenojgasarTeau (U, MOXKET ObITb, KTO-TO U3 CTYJECHTOB).

8. Haitsure omubKy B 0KA3aTENIbCTBE 110 MHYKIUN YTBEPKICHUST «BCE
JIOIIAAU OJHOTO IBeTay, Tounee A(n) =«mobble 1 Jomaieit OLHOTO IBETaY.
Basa, A(1), oueBugaa: ogna jgomap oguoro nsera. lar, A(n) — A(n+1):
yOepéM oty JIommab 13 n+1 1 BOCIoIb3yeMcest IpeiozkenneM A(n) — moiry-
MM, UTO OCTABIIHECS 1 JIOMAJEH OHOro 1Bera. BepuéM Teneps yOpaHHyo
JIOIaTh, YOEpEM JIPYTYIO JIONa b U OMSATH BOCIIOJIB3YEMCS IIPEII0KEHUEM
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A(n) — ougaThb mOJyYuM, YTO BHIODAHHBIE 1 JIONIAJEH OHOIO I[BETA, a 3Ha-
quT U yOpaHHas B HadYaJIe JIOMIAIb TOTO K€ I[BeTa, UYTO U BCE OCTAJIbHBIE.
Wrak, MBI qoKa3ajn, 910 Jobas n + 1 Joma b OJHOIO IBeTa.

9. B npamoyroabanke 3 X 1 CTOSAT (PUIIKH TPEX IMIBETOB, IO N MITYK KayKI0TO
nsera. Jlokaxkure, 9TO MOXKHO IIEPECTABUTH (DUIIKK B KaXKIOH CTPOKE Tak,
9TOOBI B KaXKJ0M CTOJIOIE ObLn (DUITKN BCEX I[BETOB.

10*. JoxkaxknTe, 9TO KaxKI0€ YUCIO /a1 + /a3 + ...+ /an, vie a; € N e
KBaJIpaThl TIEJIBIX YUCesI, UPPAITMOHAJHLHO.

4 I'padnl I. HeopuentupoBanHabie rpadbl

O Tepmunosioruu. Eciu He 0roBOpeHo MpOTUBHOE, IO, CJIOBOM «T'pad»
JlaJiee IOHNMAETCsl HeOPUEHTUPOBAaHHBIH rpad 6e3 meTesib 1 KpaTHBIX pedep.
Bripazkenue «mozarpad A rpada By (A C B) ozHagaer, 910 rpad A MOXKHO
noJtyguTh u3 rpada B ynajieHrneM 9acTu BepUIInH U pedep.

I'pagp—nymov P, mmeer n + 1 BepmuHy vg, V1, . ..V,. PéOpaMu CBI3aHbBI
napsl Bepud v; U vi41 (0 < n — 1). Takum obpazom, B rpacde—iryru n
pébep. ToBopst, uyro dauna wyTu passa n. I'pag-uura Cp, uMeeT n BepiIuH
ViyeooyUny, B ={{vi,vi11} |1 <i<n}U{vy,v1}. Hoanwd epap K, (V, E)
UMEET 1 BepIIUH, KaXKjas apa KOTOPBIX coequHeHa pebpom: F = (‘2/)

1. Haiigure uncmo pébep B monoMm rpade K.

2. JlokaxxuTte, 9TO HE CYIIECTBYET rpada ¢ IIThbIO BEPITUHAME, CTETICHU
KOTODPBIX paBHBI 4, 4, 4, 4, 2.

3. B rpadye 100 Bepmmu u 800 pédep.

a) lokaxkute, 9T0 B 3TOM rpade ecTh XOTs Obl OMHA BEPIINHA CTENEHH HE
MeHbIe 16.

6) Moxer Jin Tak CIIy9UTbCs, 9TO BCE BEPUIMHBI 3TOrO rpada MMEoT
crernenp 167

Honoanernuem G rpada G HasbBaeTCst Takoi rpad Ha TOM Ke MHOXKe-
cTBe BepImH, 4To u y rpada (G, B KOTOPOM [apa BePINUH CBsa3aHa peOpoM
TOIJIa U TOJIBKO TOIVIa, Koryia B G 9Ta mapa BepiinH pedbpoM He CBsI3aHa.

4. JTokaxxkute, 970 rpad COMEPXKUT KJUKY HA 1 BEPIITUHAX TOI/IA U TOJIBKO

TOrJa, KOTJAa €ro JOIIOJHEHHE CONEP>KUT HE3aBUCHMOE MHOXKECTBO Ha 1
BepIIUHAX.
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5. Hokaxxure, aro eciau Hy u Hy — cBsasubie nogrpadst rpada G, Takue
aro Hi N Hy # &, To noarpad Hi U Ho cBsizeH.

6. Jokaxkure, 9To rpad WM €ro JOIOJHEHWE CBSI3HBI (BO3MOXKHO 00a
CBSI3HBI).

7. Kakoe MakcHMaJIbHOE YHCJIO PDEOEP MOXKET OBITh B HECBS3HOM rpade ¢ n
BepIIuHaMu?

8. Kaxknas sepmmHa rpacda G umeer crenenb 2. Hokaxkwure, uro G =
HyUHyU...UHp, rne H; —rpad nukn, n H; N H; = @.

IMoxrpad GU| = (U7 ([2]) N E(G)) rpacda G HA3BIBAIOT UHOYUUPOGAH-

nome (MaOKecTBoM U C V).

9. JlokaxkuTe, 9TO BEPIIMHBI CBA3HOTO rpada G MOXKHO YHOPSAIOYUTH
Tak, 9To Juia Kaxmaoro i, 1 < i < |V(G)|, uanynupoanHbit noarpad
G[{v1,...,v;}] Gyner cBsA3HBIM.

10. ITpo rpad useecrno, uro B HéEM 1000 Bepmun u 2024 pebpa. Bepro Jn,
9TO B TAKOM rpade MOXKET He OKa3aThCs HU OJHOTO IIyTH JJIUHBI 647

,Z[OMaIIIHee 3aJaHue

1. CymecrByer su rpacd Ha 8 BepmmHax, B KOTOpoM 23 pebpa W ecTb
BepIuHa creneHn 17

2. B crpane ITudpa ects 9 ropomos ¢ mazsanuamu 1, 2, 3, 4, 5, 6, 7, 8,
9. IlyremecTBeHHUK OOHAPYKUJI, 9TO JABA TOPOJIA COEINHEHBI aBAAJMHUEH
B TOM ¥ TOJIBKO B TOM CJIy4ae, eCJId JABY3HAYHOE YUCJIO, COCTABJICHHOE U3
nundp-Ha3BaHU ITUX TOPOJIOB, JeauTcsa Ha 3. Moxkuo i 106paTrhbest u3
ropoza 1 B Topos1 9, MCosib3ysi 971 aBUaIrHIY (BO3MOXKHO, C TIepecajikamMu)?

3. Haitnure BCce rpadbl, B KOTOPBIX KaxKjas mapa peédep mmeeT OOIIHit
KOHETI.

4. B rpade na 400 BepuinHax creneHb KaxkIoi BepuiuHbl paBaa 201. Jloka-
JKWTE, 9TO B 3TOM rpade eCTh IUKJI JJIUHBL 3.

5. Bepno qn uro, ecaiu Hy u Hy — cBsi3uble nmoarpadnl rpada G, Takue
aro Hy N Hy # &, To moarpad Hy N Hy cesazen?

6. B crpane Cemépka 15 ropoioB, KaxKIaplil U3 KOTOPBIX COEIUHEH JI0PO-
ramMu He MeHee, 4eMm ¢ 7 apyrumu. Jlokakure, 94TO m3 JII0O0OT0 TOpOIA
MOKHO JI06paThest 110 JH060ro Ipyroro (BO3MOXKHO, IPOE3Kasi Yepe3 JApyrie
roposia).
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7. ChopmysupyiiTe ciielyoniee yIBEPXKIEHUE Ha sI3bIKe Teopuu rpados u
nokaxkute ero. Ha Kaxk1oil jieKiuu ecTh JiBa, CTY/AEHTa, KOTOPbIE 3HAKOMBI C
OJIMHAKOBOM YHCJIOM CTYJEHTOB (3HAKOMCTBO CUUTACTCHA B3AUMHBIM, €CJIHA HA
JIGKITUIO [IPUIIEN OUH CTYJEHT UJIM HUKTO HE IPUIIET — OHA OTMEHSAETCS ).

8. Haiiiiute Bce rpadbl-1iyTu u rpadb-1UKJIbI, JTOIOJHEHAE KOTOPHIX Tpad-
yTh WM IPad-IAKII.

5 TI'padmsr 11. /IlepeBbs 1 pacKkpacku

O repMuHooruu. Packpacka BepmuH rpada Ha3bIBACTCS NPAGUALHOT,
€CJIM KOHITBI KasKJI0r0 pebpa MOKpPAIIEHB B PAa3HBIE IIBETA.
Pacemosmuem p(u, v) MexKly ABYMsI BEDIIMHAMUA U U U B CBA3HOM T'pade
Ha3bIBAIOT JITUHY KpaTYafIero myTn Mexkjay Humu. Jluamempom rpada
G nazpiBator unciao diam(G) = max p(u,v), a TakzKe MyTh TAKON JJIMHDL.
ve

s

Bepruna v mHazsiBaeTcsa uenmpom rpada, ecian MaKCHUMAJILHOE PACCTOSHIE
OT Heé 710 000 APYToi BEPIINHBI MEHUMAJIBHO; 9TO PACCTOSHIE HA3BIBAIOT

0 d(G) = mi .
paduycom rad(G) %1‘1/117?635,0(%11)

1. lepeBo umeer 2024 Bepmunbl. Bepuo s, 9To B HEM HaiieTcs IyThb
JJIAHLL 37

2. CymecrByer i JiepeBo Ha 9 BepIIMHAX, B KOTOPOM 2 BEPITUHBI UMEIOT
cTernenp 57

3. B xepese c bosee, weM oHOI BEpIIUHON, HET BepiuH cremenn 2. Jloka-
JKHUTE, YTO KOJMYECTBO BUCIINX BepINUH (T.e€. BepIiuH crerneHu 1) Gosbiie
[TOJIOBUHBI OOIEro KOJIMYECTBA BEPIIIUH.

Ocmoshoim depesom HA3BIBAIOT mtoArpad rpada, KOTOPBI siBISeTCs
JIEPEBOM Ha BCEX BEPIIUHAX UCXOIHOro rpada.

4. JlokazknuTe, 9TO JI0OOH CBA3HBIN rpad MMEeT OCTOBHOE JIEPEBO

5. IIpo rpad mssectro, uro B HEM 1000 Beprmma u 2024 pebpa. Bepno sm,
9T0

a) B TakoM rpade 0bs3aTeabHo ecth MappyT ayuabl 3000;

6) B TakoM rpade MOXKeT He OKa3aThCsl HU OJJHOIO IyTH JJIHHBI 647

6. JlokaknuTe MM ONPOBEPIHUTE CJIEYIOIIIE YTBEPKIEHUS:
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a) ecsim B Tpade ecTh 3aMKHYTHII MApIIPYT YETHON JTMHBL, TO B Tpade
€CThb ITUKJI Y6THOM JIJIMHBI.

6) eciiu B rpade €CTh 3aMKHYTHIi MapIIPYT HEYETHON JJIMHbL, TO B rpade
€CTh ITUKJI HEYETHON JJINHBI.

7. 1. Jokaxxure, 4ro j11000€ J1€PEBO 2-pacKpalluBaeMo (CyIecTByeT npa-
BIJIbHAsI PACKPACKA B 2 1IBETA).

2. CKOJIBKO €CTh IPAaBUIHHBIX 2-PACKPACOK Y JepeBa’

8. Hokaxkwure, uro eciim G CONEPKUT KIIMKY pa3Mepa 7, TO €ro BepITHHbI
HeJIb3s PACKPACUTh IIPABUJIBHO B 1 — 1 IIBETOB.

9. Nmeercs cBst3ubiif rpad. Jokaxkure, 9T0 B HEM MOXKHO BBIODATH OJHY
73 BEPIIUH TaK, YTOOBI IOC/IE €€ yIAJeHNsT BMECTE CO BCEMU BEIYIIUMU U3
Heé péOpaMm OCTAHETCs CBA3HBIN Tpad.

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

HdomantHee 3aganue

1. Cremnenb Kax0it Bepmnubl rpada pasHa 2. BepHo ju, 1To 3T0T rpad
2-pacKpaIinBaeMblii?

2. JlokaxkuTe, 9TO B JIepeBe Ha 21 BEPIIMIMHAX €CTh HE3ABUCUMOE MHOXKECTBO
pa3mepa 1 (HU OJHA I1apa BEPIIUH MHOXKECTBA HE COeIUHEHA PEGPOM).

3. B nepese na 2024 BepimHax pOBHO TPU BEPIIUHBI UMEIOT CTEIEHD 1.
CKOJIbKO BEPIIUH UMEIOT CTeleHb 37

4. CymiecTByIOT JIn1 J1Ba JIEPEBA C OJIMHAKOBBIM YHCJIOM BEPIIUH 1 1 OIHHAKO-
BBIMU JuaMeTpaMu d, TAaKHe YTO MOYKHO JI00ABUTH PEOPO MEXK Y BEPIIAHAMU
9THUX JIEPEBBEB, YTOOBI JIMHA JUAMETPA, [TOJYIeHHOTO JIepeBa PaBHsIach d?

5. JlokaxkuTe, 9TO €C/iu CTENEHB KaXK 0! BepIIUHBI I'pada He mpeBocxouT d,
TO ero MOXKHO IIPABUJILHO PAcKpacuThb B d + 1 1mBer.

6. HazoBem He 2-pacKpammBaeMblil rpad MUHUMAJIBLHBIM, €CJIA [TOCTE VIa-
JieHust J1I000ro pebpa OH CTAHOBHUTCs 2-pacKpalnuBaeMbIM. /lokaxkute, 4To
B MUHMMAJILHOM He 2-packparmuBaemoM rpade Ha 1000 BepmmHax ecTb
X0Ts Obl OJIHA M30JIMPOBaHHAs BepmmHa (T.e. BepimHa crenenu 0).

7. Ilycts G — cBasubrit rpad, Takoit uro |V (G)| > 3. Jokaxure, uto B G
€CTh TPU BEPIIUHBI U1, U2, U3, B PE3yJIbTaTe YJIAJIE€HHsI KOTOPBIX BMECTE CO
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BCEMH CMEKHBIMEU PEOpaMM, TIoJTydaeTcsd cBa3ubiii rpad G'; dopmaabHo

G/ = G[V \ {’1}1,’[)27’03}].

8. I'pad mosryuen u3 rpada-mukia Coy,, n > 2 g00aBjieHIEM PEGED, COeIr-
HSIOIIUX IIPOTUBOIOJIOKHDIE BEPIIUHBI (V] COGIUHEHA C Upy1, Us C Upto U
r.1.). IIpu Kakux n noryuusmmiics rpad IPABUIHHO PACKPALITUBAEMbII

a) B aBa uBera; 6) B Tpu nsera’

9. B rpade na 100 Bepmmnax, Kaxk7aast 13 KOTOPBIX UMEET CTEIEHb 3, €CTh
posuo 600 myTeit gymabl 3. CKOJBKO B 9TOM Trpade IUKJIOB IJINHBL 37

10*. JlokaxKuTe, 9TO €C/iM pa3Mep MaKCUMAaIbHON KUK B Tpade YeTHBIH,
TO MOXKHO PACKPACUTH BEPINUHBI Tpada B JiBa I[BETa TaK, 9TO PA3Mepbl
MAKCHMAJbHBIX KWK B moarpadax o6oux mBeTos pasHbl (moarpad wHILy-
[[MPOBAH MHOXKECTBOM BEDIIUH OJTHOTO IBETA).

6 /IBynosbHbIe rpadbl, IapocoYeTaHUsd
1 pyHKIIUN

Hanomunanue: He o6st3aTe/ibHO BCIOAY OIIpPEREAEHHDBIE (DYHKITHH MBI Ha-
3bIBAEM JACTUYHBIMA (DYHKIIUSIMHU, & BCIOAY OIPEICIEHHBIC (DYHKIHT —
0TOOpaYKEHUSIMUA HJIH TOTAJIbHBIMU pyHKImsMu. ObozHadernue f: A — B
03HAYAET, ITO MHOXKeCTBO A — obacts onpenesrennst pyakmun f, T.e. f —
orobpazkenue u3 A B B.

1. Yacruunas Gyukiwms f usz maozkecrsa {1,2, ..., 8} B muoxecrso {a, b, ..., e}
OTIPEJICJICHa CJIETYTOMUM O0Pa30M:

fil—a, 2—a, 3—c¢ 4—d, br—c, T—d.
Haiimure a) Dom(f); 6) Range(f); B) f({1,2,3});
r) f7He) &) f({1,2,3,5,6}); e) fT'({a,b,c}).
2. Yactuunas GyHKIUS ¢ U3 MHOXKECTBA [OJOXKUTEIbHBIX [EJIbIX YUCE] B

MHOKECTBO ITOJIOZKUATEJBHBIX IEJIBIX YUCEJ COIOCTABIISIET YUCIY & HAMOOJIb-
LU IIPOCTON JEIUTEIIb X.

a) Kakosa obsactb onpenenenust g?
6) Bepno s, uto ec;im X — koneunoe, To u g~ (X ) xoneunoe?

B) Haitsure g~ 1(3).
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3°. Ilycty f — wacTtuuHast (pyHKIOMS U3 MHOXKeCTBa A B MHOXKeCTBO B,
X, Y CA U,V C B. Bepusbl jiu jist 1r00b1x MuOkecTB A, B, X, Y, U, V
(u Jsr0Goit yacTuuHOM dbyHKIUK [) CIIeayronue yTBepK IeHUSI:

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

6) u3 pasercrBa f(X) = f(Y) cienyer X NY # o,

B) f[H(UNV)=fHU)NfH(V);

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

4°, Ilycrs f —vacTuuHas QyHKIMA U3 MHOXKECTBa X B MHOXKECTBO Y, IIPH

srom B C Y. Kakoii 3HaK cpaBHEHUsI MOYKHO ITOCTABUTB BMECTO «7», UTOOBI
yreepxaenne «f(f~1(B)) ? B» crano BepHbM?

5°. Ilycte A u B — aBa MHOXKecTBa. [lokaykuTe paBHOCHIBHOCTD CBONCTB
«cymecTByer otobpaxkenne f: A — B, gBisiomeecs MHbEKINEH» 1 «CyIIe-
crByer orobpaxkenue f: B — A, aBJIMIONIEECs CIOPHEKIUEN>.

6. I[IpuseguTe nMpuMep CIOPHEKIMHA MHOXKECTBA, IIOJIOKUTEILHBIX IEJIBIX
quces Ha cebst, st KOTOPOi mpoobpas o60oro 1-371eMEeHTHOrO MHOYKECTBA,
OECKOHEeYeH.

[Tapocoueranne nokpueaem Bepiuny rpada, eciim OHO COAEPKUT pedbpo,
CMEKHO€ 3TOU BepIInHE.

7*. Hau nBymnosbubiii rpad G(A U B, E). B G ectb aBa mapocoderanus.
Jlokaxkure, 9TO €CTh TPEThE, KOTOPOE MOKPHIBAET BCE BEPIIMHBI IEPBOTO
apocoveTaHus U3 JOJU A 1 Bce BepIIMHBI BTOPOTO HapOCOYETAHUs U3
nonu B.

8*. B Kax10i1 Kj1eTke JOCKA 1 X N HAIIMCAHO HEOTPUIATEIbHOE BEIeCTBEH-
HOE IHUCJIO TAKUM 00pa30M, IYTO CyMMBI B KaXK/I0il TOPU30HTAJNA U BEPTUKAJIN
pasubr 1. JlokazkuTe, 9TO MOYKHO PACCTABUTH N HEOBIOIUX APYT APYyTra
JIasieit TaK, ITO CTOSAIINE IO/ HUMHU YUCa OYIyT HEHYIEBHIMH.

domantaee 3a1anue

1. Yacruunasi bysakiyst h u3 maoxkecrsa {0, 1, ..., 8} B mroxectso {a,b, ..., g}
OIIpeIEIeHa CJIEAYIOIUM 00Pa3oM:

h:1—b, 2—¢ 3+—=0b 4—e 5b5—b 6—e 8+ f.

Haiinre a) Dom(h);  6) Range(h); B) h({0,1,2,3,4}); r) h='({a,b,c});
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a) h=1(h({0,1,2,6,7,8}));  e) h(h~'({a,b,c,d, e})).

2. Yacrnunas GyHKIus f 13 MHOXKECTBA [EJBIX YUCEJ B MHOXKECTBO Iie-
JIBIX 9HCEJI COIIOCTABJISIET YUCILY & HAMMEHBIIEe IPOCTOE TUCJIO, KOTOPOE
Gosbie 2. JIoKazKuTe, 9TO €CJI MHOYKECTBO HeJIbIX duces X KOHEeTHoe,
TO 1 TOJIHBIH TPooGpas Toro Muoxkectsa f~1(X) KoHeueH.

IIpwu pemmennw caeayromux 3a,5a9 IPUBEAUTE KOHTPIPAMED, KOTJIa BKJIIO-
JeHre He BBITTOJIHSIETCS.

3. Ilycte f — gacTuunas GpyHKINS U3 MHOKECTBA X B MHOXKECTBO Y , TIpH
srom A C X. Kakoii 3HaK cpaBHEHUsI MOKHO [IOCTABUTb BMECTO «?», YTOOBI
yTBEpXKJIeHUE

A T A

crano BepHbIM? (Bo3MokHbIE 3HAKH CPaBHEHUs B 9TON U JBYX CJIELYIOIINX
zagadax: C, O, =. HyKHO yuecTh BCe BApHAHTHI. )

4. [lycrs f — wactuunas dyHkims u3 MHO)KecTBa A U B B MHOXKECTBO Y.
Kaxoit 3HaK cpaBHEHHUST MOYKHO ITOCTABUTL BMECTO «!», ITOOBI YTBEPKICHIE

fLANB) 7 f(A)\ f(B)
CTAJIO BEPHBIM?!

5. [lycrs f — wactuunas dyHKIMsS u3 MHOXKecTBa X B MHOXKECTBO Y, Ipn
srom AU B C Y. Kakoit 3HaK cpaBHEHUS MOXKHO ITOCTABUTH BMECTO «7»,
9TOOBI YTBEPXK ICHIE

FTHANB) 7 fTHA) N fH(B)
CTAJIO BEPHBIM?

Hanomuum, 4o napocowemanuenm (B IpOU3BOILHOM) Ipade HA3BIBACTCS
MHO2KECTBO pEGEp, He MMEIOIINX OOIIIX KOHIIOB; TAPOCOYeTAHIE HA3hIBAETCS
COBEPWEHHDILM, €CITU KAXKJIasl BEPIINHA Irpada MPUHAIJIEKUT HEKOTOPOMY
pebpy mapocovyeTaHus.

6. Bepro s, uTo eciim Kaxkjas BepiimHa rpada mmeer cremneHb 1 min
2 u B rpade Her (IPOCTBIX) IUKJIOB HEYETHON JIMHBI, TO B rpade ecTb
COBEPIIIEHHOE TTapOCOIeTaHue?!

7. IIpo yactuunyio ¢pyHKIus [ u3 MHOXKecTBa X B MHOXKECTBO Y U MHO-
xectBo B C Y mussectHo, uro f~1(B) = X. Bepuo ym, uro B = Y?
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8. [IpuBeure puMep Takoi MHbLEKIUA f 13 MHOXKeCTBa X B MHOYKECTBO
Y, uro gmnsa sexkoroporo B C Y BBIOTHSIOTCS 00a YCIOBUsT

B # o,

f7i(B) =w.

9. ITocTpoiiTe OGHMEKIMIO MEXKTy KOHEIHBIMU TOIMHOYKECTBAMHI MHOXKECTBA
TIOJIOZKUTEIbHBIX IEJIBIX YUCeJ U KOHEYHBIMU CTPOI'O BO3PACTAIONIMMUA I10-
CJIeI0BATEIbHOCTAMU II0JI02KUTEIbHBIX IEJIbIX YUCeJI.

Bepuwurrvim noxpoimuem rpada G Ha3bIBAETCS IIOAMHOXKECTBO BEPIITH
U C V, takoe 4T0 XOTsI OBI OJIUH KOHEI[ KaxKj10ro pebpa G Jiexkur B U.

10*. (Teopema Kénura) lokaxkure, 910 pazmep MaKCUMAJILHOIO [APOCOUe-
Tanust (Yucso pébep) B ABYI0aBHOM rpade G COBIAIAET ¢ Pa3MEPOM ero
MUHUMAJBHOTO BEPIIMHHOTO TOKPBLITHS.

11*. B upsstMOyTOJIBHEKE 1M X 1. CTOST (DUIIKH 777 PA3HBIX [[BETOB, 110 7 IITYK
KazkJIoro 1sera. JlokaxkuTe, 9To MOXKHO IEPeCTaBUThL (PUINKH B KAXKIOM
CTPOKE TaK, 9TOOBI B KayKJOM CTOJIOIE OBl (PUIIKH BCEX I[BETOB.

7 Kombunaropuka 1.
IIpaBmia cyMMBbI 1 ITpOU3BEAEHUS

1. Ectb 3 rBo3/1uKH, 4 PO3BI U H TIOJIHIIAHOB.
a) CkoJIbKUMH CIOCOBAMU MOYKHO COCTABUTH OyKeT U3 IIBETOB OJ[HOIO Buja?

6) CkoJbKuME CIIOCODAMU M3 HUX MOXKHO COCTaBUTH OYKET, B KOTOPOM
HEYETHOE KOJUIECTBO IIBETOB KAaXKJIOr0 BHjA?

B) CKOJIbKMMU CIIOCOOAMEI MOXKHO COCTABUTDH OYKET, UCIIOJIb3Ysl JIOObIE 13
MMEIOIIUXCA I[BETOB?

(IIBersl omHOrO COpTa CYUTAEM OJMHAKOBLIME, KOJIMYECTBO IIBETOB B
GykeTe He OrpaHUYEHO, HO He paBHO 0.)

2. Ha mockoctu ormedeno 10 ToYek Tak, 9T0 HUKAKNAE TPHU U3 HUX HE JIEZKAT
Ha OAHOI 1psiMOit. CKOJIBKO CYIIECTBYeT TPEYTrOJbHUKOB C BEPIIMHAMHU B
3TUX TOYKAX!

3. CKOJIBKO CyIIecTByeT 9-3HAYHBIX YUCEJI, IU(PHI KOTOPBIX PACIIOJIOXKEHBI
B TIOpsiJIKe YOBIBaHUsI (TO €CTh KaXK/Iasl CIIEIYIOMAasl MEHbIIe TIPeIbLILy e )?

24



4. Haiture BEpOSTHOCTH TOTO, UTO B CJIydaiiHOM 4-OyKBEHHOM CJIOBE B
pycckom asdasute, ecth XoTs 661 oHA ryacHas? (Bceero 33 6ykser, 10 u3
HUX TJIaCHBIE. )

KommenTapuii: [1o/1 BEpOsSITHOCTBIO MBI IOHIMAEM OTHOIIIEHHE KOJTHIECTBA
BCEX HCXOJOB, VJOBJIETBOPSIOIIAX COOBITHIO, K KOJHI€CTBY BCEBO3MOXKHBIX
HCXOZOB.

5. JlokaxkuTe, ITO NBOMIHBIX MOCJIEIOBATEIHHOCTENH (CJIOB) JJTMHBL 1, B
KOTOPBIX POBHO k €WHHUI] CTOIBKO K€, CKOTBKO U TOIMHOXKECTB pasMepa k
muOXKecTBa {1,2,...,n}.

6. Jlecrauna coctouT u3 13 cTyneHeK, He cunTas BEepXHEH M HUXKHEN IJI0-
1aJa0K. CHyCKaHCb, MO2KHO IIE€PEIIPbI'IBaTh 9€pE3 HEKOTOPbIE CTYIICHbKN
(MokHO Jaze depe3 Bee). CKOIBKUMU CIIOCOGAMYU MOXKHO CIIyCTUTHCH I10
aroit jtectaUIEe?

Cemeticmeom (MHOXKECTB) Ha3bIBACTCS MHOXKECTBO, JIEMEHTAMH KOTO-
POro SIBJISIIOTCSI MHOXKeCTBa. Pasbuenuem MHOXKecTBa A Ha IOIMHOXKECTBA

HasbIBaeTcs cemefictso B, takoe uro A= |J B,VB,B' € B: B# B =
BeB
BN B = @. To ecrtb, pasbuenne MHOXkKecTBa A —3TO ceMeiicTBO Helry-

CTBIX IONAPHO HEIIEPECEKAIOIIMXCsT TIOJIMHOMKECTB MHOXKECTBa A, Jaiomux B
obbemunennn A. Muoxecrsa B € B HasbiBaioT 6uoxamu pa3buenus B.

7°. Yero Gosblie, pazbuenuii 20-3/1eMEHTHOrO MHOXKECTBA HA 6 (HEILyCTHIX)
[TOJIMHOKECTB WJIU €r0 IOJMHOXKECTB pa3mepa 57

8°. 10 desioBeK CJiIy9allHO BBICTPOMJINCH B O4epenb. Hailiinre BEpOSITHOCTD
Toro, uro a) Vsaunos, [lerpos u Cumopos cTosiT moapsiy (B MpOU3BOIBHOM
nopsizike); 6) Vsanos crout panbie Ilerposa; B) Usanos u IleTrpos He
CTOST JIPYT 3a JIpyrom?

9. CkoJIBKEME cITocobaMu MOYXKHO 00pa3oBarh 6 map u3 12 gemoBex?

10. CrobKUME CIIOCODAMU MOXKHO PACCTABUTH 12 Oesbix n 12 4epHBIX
MIAIEeK HA YePHBIX IOJISIX MMAXMATHON JTOCKH!

11. CroabKUMHU CIIOCOOAMU MOYKHO BBIACATH B psf mudpsl or 0 10 9

TaK, YTOObI YeTHBbIe NUMPHI [N B HOPSIIKEe BO3PACTAHUS, & HEIETHBIE — B
nopsijike yoniBanusi?
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,Z[OMaH_IHee 3aaHue

HarnomuuaeMm, IT0 0O0CHOBAHUE SIBJISIETCST BasKHOH JACTBHIO PEITeHUS
3aJ1a4, B TOM 4YUCJIe H 110 KoMbunaropuke. ToJIbKO 4uC/IeHHbIe OTBEThI (1
3aMeTKH B jiyxe «12 = 3 X 2 X 2 0o npaBuly IPOU3BEACHU» ) HE CIUTAIOTCS
pelIeHusiMu U He OYIyT OLEHUBATHCA.

1. Ects 6 xkangumnaros Ha 6 Bakamcuii. CKOJIBKUMHI CIIOCODAMH MOZKHO
zanonnuTh Bakancun? (Kaxkmas Bakaucus JOJKHA OBITH 3aI0JTHEHA. )

2. a) Kaxux wncen 6ombime cpeu nepsoro mumona (ot 0 o 108 sxmowmn-

TeJIbHO): T€X, B 3allUCU KOTOPBIX €CTh €IAUHUIA WM TeX, B 3AIIMCH KOTOPBIX
eé ner?

6) Tor ke BoupoC Mg EPBbIX 10 MUJLIMOHOB YHCEJ.

3. Haiimure BEpOSTHOCTH TOTO, UTO B AECATHIHON 3aIMCH CJIYIAHOTO
[IECTU3HAYHOIO YUCJIA, B 3alIUCH OyIeT XOTsi Obl JIBE OJIMHAKOBbIE IUQPPHI!

4. N3 36-KapTOYHOI KOJIOABI KapT HA CTOJI PABHOBEPOATHO U CJIYIAHO
BBIKJIAJIBIBAETCS TOCTIEI0BATEIHLHOCTh U3 4 KapT. KakoBa BEpOSITHOCTDH TOTO,
9TO J[B€ M3 HUX KPACHbBIE, & JBe YepHbIe?

5. CKOJIBKO CyIIeCTBYeT 6-3HAYHBIX YHCEJI, B KOTOPBIX YETHBIX U HEUETHBIX
nudp MOpoBHY !

6. CKOJIBKO CYIIECTBYET 7-3HAYHBIX YHCEJI, B KOTOPBIX POBHO JIBE YETHBIE
nudpbl U Tepe] KaxkIoi 96THOH 1ndpoii 00s13aTeIbHO CTOUT HEeIéTHAS !

7. CKOJIbKEMU CIIOCODAMM MOXKHO IIOCEJIUTH 7 CTYJEHTOB B TPU KOMHATHI:
OJIHOMECTHYIO, JIByXMECTHYIO U YEThIPEXMECTHYIO?!

Bepmmaamu noanozo 6unaprozo depesa parza n sIBISIOTCS JTBOUIHBIE
cJI0Ba JUIMHBL He Godiblie N (BKOYas nycmoe caogo miunbt 0). IBa ciosa
COeJIMHEHBI PEOPOM B IIOJHOM OUHAPHOM JIEPEBE, €CJIH OJIHO HOJIyIAETCHA U3
JIPYTOrO TPUNUCHIBAHUEM OJTHON 1 phl cripaBa (HyJIsl NN eIUHUAIIB).

8. Haitaure Kom4uecTBO AMaMETPOB B IIOJTHOM OMHAPHOM JEpeBe paHra M.

9. Pasbuenuem aucia N Ha k dacTeil Ha3bIBACTCS TaKas HEBO3PACTAIOIIAS
OCJIEIOBATEIBHOCTD ITOJIOYKUTEBHBIX IIEJIBIX TUCET A1 = Ay = -+ = Ak,
910 A1 + Ao+ - -+ A = N. Hero 6osbie, pazdouenuit gnciaa N Ha He Oojee
qemM k ciraraeMbix, nian pasbuenwnii uuciaa N + k Ha poBHO k ciiaraeMbix?

10. Yero 6osibimte, MpaBUIBHBIX CKOOOYHBIX ITOC/IEIOBATEILHOCTEH U3 N
nap CKODOK HJIM IIOC/Ie0BaTeJbHOCTel (21, T, . .., Tap) € dJleMeHTaMu +1,
2n
TAKUX 9ITO y &; = 07
i=1
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8 KombmaaTopuka II.
BunomMuaabubie KO3 PUITMEHTHI

1. Jlajipa crouT Ha jJeBOM moJe KjeTdaroil mosocku 1 X 30 u 3a Xol MoKeT
CIABUHYTDHCS HA JIFOO0E KOJUIECTBO KJIETOK BIIPABO.

a) CkoJbKUMU CIIOCODAME OHA MOYKET J0OPATHCs JI0 KPaHero 1mpaBoro
moJist?

6) CkoabKuMU CII0cObaMy OHA MOYKET J0OPAThCs JI0 KPAHero mpasoro
I0JIst POBHO 3a 7 XOmoB?

2. Haiture koadduimenT mpu

a) 2%y" B paznoxenuu (22 — y)1°

)
6) riwoxixs B pasnokenun (r1 + w9 + 3 + 24 + 75) 0.

3. Jokaxkure crpaBeyimBoCTb (hopMydI (2KeIaTesbHO HANTH KOMOUHATOD-
HOEe JI0Ka3aTeIbCTBO):

2 ()6 -(3) 9x0)-(7)

4. Haiimnre 9mco penieHuit ypaBHeHus r1 + ro + r3 + x4 + x5 = 11 B
HEOTPUIATETHHBIX TIEJIBIX THNCIaX.

5. CroIbKIME CIIOCODAMU MOXKHO Pa3/euTh 15 OMMHAKOBBIX MOHET MEXKITY
7 HyMHU3MaTaMHU TaK, YTOOBI KaXKJIOMY JIOCTAJIOCH XOTs ObI IO MOHETE?!

6. CKOJIbKO Pa3jIMIHBIX CJIOB (He 00sI3aTeJIbHO OCMBICJIEHHBIX) MOYKHO II0-
JIy4dTb, IIepecTaBiidd OyKBBI B CIOBAX

a) <KOMITIBIOTEP»; 6) «JIMHUA»; B) <[TAPABOJIA>;
r) «OBOPOHOCIIOCOBHOCTDb».

7. CkoJIbKUMU criocobaMu MOXKHO BbIOparh 6 ducesn or 1 g0 15, 9TobbI
cpeu HUX He ObLIO JIBYX, OTJIMIAIONINXCS HA €IUHUILY !

8. Jlokazkute, 91O

=) (1) (1)
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9. Pasnootceruem ducyia n Ha3bIBAETCs TaKasl IIOCIEI0BATEIbHOCTD II0JIO-
JKATEJbHBIX IEJIbIX 4Yucea i, Lo, ..., Tk, 9TO L1 + To + -+ + T, = nN.
Haiiinre KomdaecTBO pa3ioyKeHUi . HA HEYETHBIE cJlaraeMble.

10*. CroJIbKUMU CIIOCOBAMU MOKHO Pa3pe3arh MPABUILHBIN 1-yrOJbHUK
Ha TPEYTOJIbHUKU, ITPOBOJIS HEIEPECEKAIONINEC TUATOHAIN |

domantnee 3a/1anue

1. PoboT x0auT 1m0 KOOpAMHATHOM MJIOCKOCTH. Ha KaxKoM Imare OH MOXKET
YBEJIMYUTH OJHY KoopauHary Ha 1 mjm obe KoopawHaThl Ha 2. CKOJIBKO
ecThb cr1ocobos nepemectuth Pobora u3z Touku (0,0) B Touky (4,5)?

2. B marazune npogaercsa 10 BuoB nmupokHbIX. CKOJIBKAME CIIOCOOAMI
MOKHO KynuTh 100 mMpoKHBIX (IOPAIOK MOKYIIKU HE BayKeH)?

3. Kaxkoe cnaraemoe B paszsoxenuu (1 + 2)™ no dopmyie 6uaoma Heiorona
OyaeT HauOOIbIIUM !

4. Haitaure ancsio cnos qumabl n Hag andasuroM {0, 1}, B KOTOpBIX HET
JIBYX €IUHUIL TIOJIPSII.

5. JlaTb KOMOMHATOPHOE JIOKA3aTETLCTBO TOXKJIECCTBA

2 () (1) = () ()
9 ()= (") () (72)

F F
6. Kakoe n3 4nces Gosblie 1000 A 1000° 9 Bnecy F,, — n-e
qucjio Pubonagyn.

7. IlpuBeuTe KOMOMHATOPHOE MOKA3ATETHCTBO PABEHCTBA

> L) e

0<k< (n+1)/2

8. CKOJIBKO €c1moco60B pasMecTuTh 20 pasJIMdHbIX KHUT Ha D MOJKAX, €CJIN
KazKJ1as IOJIKa MOXKET BMeCTUTh Bee 20 kaur? PasMerenns, oTandaonmecs
MOPAIKOM KHUT Ha IOJKAX, CINTAIOTCA PA3JIMIHLIMA.

9. CryucoBer u3 8 4ejl0OBEK BLIOMPAET U3 CBOErO COCTaBa IIPEJICeIaTe Is
IIyTeM TAlHOTO ToJI0coBaHms. KarK bt MOXKET OT/IaTh OJIMH T'OJIOC 38 JTI0O0TO
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qJI€eHa CTYICOBETa (I/I JOJIZKEH 9TO ce/IaTh — He I'OJIOCOBATh WUJIN IIOPTUTDH
6IOJIJI€TeHb HeﬂbSH). PeSy.HbTaT T'0JIOCOBaHUA — YUCJIO I'OJIOCOB, OTJaHHBIX
3a KaxKJI0I'0 KaHJIuJ1aTa. CKOJH)KO CynieCTBYeET Pa3JIUIHBIX PE3YJIbTaTOB
rOJIOCOBAHUS?

10. CrosbKuME cItocobaMu MOYKHO TiepectaBuTh OykBbI B ciiope «OBOPO-
HOCITIOCOBHOCTb», Tak uTobsl e 6yKBbl «O» He CTOSIHN PsAioM?

11*. Bor kynuiau B Mmaraszuae Habop u3 30 OycuHOK. BycuHKEM ObIBAIOT
15 pa3HBIX IIBETOB, KAXKJIOr0 MBeTa 1O JBe mTyKu. CKOJIBKUME CIIOcOo0a-
MU MOXKHO COCTaBUTbH, UCIOJIb3Ys BCe OYCUHKU, KPYIJIOE OXKEPEJIbe, eCiIn
02KepeJibsl, KOTOPbIE COBMEITAIOTCS BPAIlEHNEM B IIPOCTPAHCTBE, CINTATH
OTMHAKOBBIME. Bojiee hopMasibHO, JIBa 0XKEPEJIbsl OJIMHAKOBDIE, €CJTH OJTHO
MOXKHO COBMECTHUTH C JIDYTUM TaK, YTOObI OHU COBITAJIH.

9 KombomaaTopuka III.
Dopmysia BKIIOYEHUA-NCKIIIOYEeHTIA

1. B rpynmne 40 typucros. I3 aux 20 4esloBeK roBOpAT NO-aHIINHCKH, 15 —
mo-dpanity3cku, 11 — mo-ucmancku. AHDIMCKAiA 1 PPAHITY3CKU 3HAIOT
CeMb YeJIOBEK, aHTJIMACKUI M MCIAaHCKUN — IATepo, (DpaHIly3cKuii u muc-
maHckuit — rpoe. JIBa TypucTa roBopAT Ha BCeX TPEX g3blkaxX. CKOIBKO
“eJIOBEK I'PYIIIBI He 3HAIOT HU OJIHOTO U3 9TUX SI3BIKOB?

2°. B rpymime cryieHToB ecTh ojuH, Koropslii 3uaer C++, Java, Python,
Haskell. Kazkibie Tpu U3 5TUX S3bIKOB 3HAIOT J[Ba CTYIeHTa. Kakple j1Ba —
6 crynenToB. Kakaplit n3 3TUX sI3BIKOB 3HAIOT IO 15 cTyaenToB. Kakoso
HaUMEeHbIIee KOJNIEeCTBO CTYIEHTOB B TaKoi rpyime?

3. IIycrs X = {1,...,n}. Hajigure uncsio croco6oB B3sITh k HOMHOKECTB
X1,..., X} mHO)KecTBa X TaKUX, 9YTO WX MEPECEUECHHE IIYCTO.

4. B crpane narb roponos: A, B, B, I' u /1. Ix XoTgaT ¢BI3aTh YeTHIPbMSI
ABUAJIMHUAME TaK, 9TO0BI U3 KayKJI0I0 IrOPO/a MOXKHO ObLIO (BO3MOXKHO,
C IepecajiKaMiu) J10JIeTeTh 10 JII060ro Apyroro. CKOJBKIMU PAa3IHIHbIMU
CIIocobaMM 3TO MOYKHO CHEIATD !

5. @yukius HeyObBatomast, ecin ¢ < y saeder f(x) < f(y). Haiimure
KOJINYEeCTBO a) HeyObiBaromux uabeknuit f: {1,2,...,n} = {1,2,...,m};

6) meybriBatomux cropwekimit f: {1,2,...,n} = {1,2,...,m}.
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6. Haiinure kosnmmuectso uactuynbix dyuxmmit f uz {1,...,7} 8 {1,...,7},
rakux uro f({1,2,3}) = {4,5,6} u f~1({1,2,3}) = {4,5,6} (ma f(7) u
f~Y(7) nononHuTenbEBIX orpanuyenuit Her). OTBETOM Ha BOIPOC 3a1aMK
JIOJIZKHO OBITH 9UCJIO B JECATHUYHON 3a1ucu.

7. Ilpn U3roToBIEHNN MUPOKHBIE — KOJEYKNA TPEX COPTOB: ITOKOJIAIHbIE,
¢ KOpHIlell U ¢ opexaMH — YIAKOBLIBAIOTCS B CTaHIAPTHBIE KOPOOKH II0
18 komedek B Kaxkmoit. Kaxkmass KOpoOKa MOXKET COMEPKATH KOJEIKH BCEX
Bu10B. ITopsiiok KoJieuek B KOpoOKe He cylnecTBeHeH. CKOJIBKO MOXKHO
COCTaBUTH PA3JIMYHBIX HADOPOB KOJIEYEK IIPHU YCJIOBHUH, YTO B KOPOOKE II0-
KOJIAJIHBIX KOoJIeueK He 6ojiee 9, Komedek ¢ Kopuieil e bosee 3, a OPEeXOBBIX
He bostee 97

8°. CKOJIBKO MMeeTCsi Pa3JInIHbIX OyJIeBbIX (DYHKIU OT N [IepeMEHHBIX,
IPUHUMAIOIIX 3HAUEHHE 1 TOIBKO Ha TeX Hab0pax, B KOTOPBIX COAEPIKUTCSH
poBHO k exuuui? (HO He 00s3aTEJHLHO Ha BCEX TAKMX HabOpax).

9. Oyukiusa diiepa ¢(n) BO3BpaIIaeT KOJUIECTBO [OJOKUTEIbHBIX B3a-
UMHOIIPOCTBIX ¢ N 2> 1 4nces, HenpeBocxoadmux n. Jlokaxkure dpopmyy:

gb(n)—nx(l;>><<1p12)><...><<1;>,

B KOTOPOIt p1, ..., P, — BCE PA3JIMIHBIE IPOCTHIE JICJUTENN dnucaa n > 1.

10. Jan BoinykJblil n-yroasauk (n > 5). CKOJIbKEMEA CIIOCODAME MOXKHO
BoIOpaTh B HEM JBe Helepecekaomnecs auaronau? Ilopsaok BeIOopa He
BaKeH.

11. Haiigure 3naxenne OysieBoit (pyHKIINKM MPU BCEX 3HAUCHUAX ITEPEMEH-
HbBIX:

X1 DTy ®xs D (21 Ax2) @ (22 Ax3) ® (23 Axy).
3aragka: npuaéMm TyT popMysia BKIIOICHUH-UCKIIOTeHUH !

12*. Yero 6oJibllle: MHHEKTUBHBIX OTOOPAYKEHUN H-3JIEMEHTHOI'O MHOXKE-
cTBa B 20-371eMEHTHOE WU CIOPBEKTUBHBIX 0TOOpakeHuit 20-3/IeMEHTHOTO
MHOXKECTBa B D-3j1€MeHTHOEe?!

domanrnee 3ajanue
1. CkoJbKUMHA CIIocOODaMU MOXKHO 3aKPACUTh KJIETKU TabuIbl 3 X 4 Tak,

9T00BI HE3aKPAIIeHHbIE KJIETKU COIEPKAH UJIM BEPXHUI DA, NI HUKHUIMA
DS, WK JIBE CPEJTHUX BEPTUKAJIN!
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2. g nosteta Ha Mapc HAOUpAIOT TPYIILY JI0/Iell, B KOTOPOH KaXKIbIi
JIOJIZKEH BJIAJIETh XOTsI OBbI OJIHOI U3 Ipodeccuii moBapa, MeINKa, [THJI0Ta
wi acTpoHoMa. IIpu 3TOM B TEXHUYECKOM 33JIaHUU YKA3aHO, YTO KaXKJIOU
npodeccueil 13 CIUCKa JIOJXKHO BJIAJIETh POBHO 6 yesioBek B rpymme. Kpome
TOTO YKa3aHO, YTO B TPYIIIE JOIKEeH HANTHUCh POBHO OJUH HYEJIOBEK, BJIa-
JEIONTNIl BCeMU STHUMHU TTPOMECCUIMI; KayKI0i mapoit mpodeccuit J0I2KHBI
BJI&JIETh POBHO 4 IeI0BeKa; KaXKJI0# TPOIKOi — POBHO 2.
BhIIOIHUMO Jin TaKOe TeXHUYIECKOe 3aJaHue’

3. IIycrb A u B — KOHe4HbIe HelycTble MHOXKeCTBa, u |A| = n. 3BectHo,
9TO YHCI0 uHbekImii 3 A B B coBuasaer ¢ uucsiom ciopbekimit u3 A B B.
Yemy paBHO 3TO 9ncjo?

4. IIycrs X = {1,...,n}. Haiigure uncio crocoboB B3sTh k HOIMHOXKECTB
X1,..., X mao)kecTBa X Takux, 9ro X1 C Xo C ... C X}.

5. B kuracce 20 y4eHUKOB, KaXKIbIil 13 KOTOPBIX APY2KUT POBHO C IIECTHIO
onHOoKJaccHukaMmu. Haiiinre 4ucsio TaKuxX Pas/imdHbIX KOMIAHUI U3 TPEX
YUIEHUKOB, 9TO B HUX JINOO BCE INKOJIBHUKU JPYKAT JAPYT C APYTroM, JHOO0
KazKJIpIil He JIDY?KUT HU C OJIHUM M3 JIBYX OCTaBIIIUXCS.

6. Haiiure KomyecTBO HEYOBIBAIOIINX OTOOPAKEHU

f:{12,...,n} = {1,2,...,m}.

7. Hero GosbIre, pa3dueHuit n-371€MEHTHOTO MHOYKECTBA Ha He Oojiee ueM k
HOAMHOXKECTB Wi pasbuenuii (n + k)-3/1eMeHTHOrO MHOYKECTBA Ha POBHO K
noaMHOXKecTB? OupesesieHne pa3dbueHus IPUBEIEHO B KJIACCHOU pabore 7.

8. CKOJIbKUMU CIIOCOOAMU MOXKHO PACCAIUTh 3a KPYIJIBIM CTOJIOM 71 TIap
BJIIOOJIEHHBIX TaK, YTOOBI HU OJ[HA ITapa BJIIOOJEHHBIX HE CHJEa PSIIOM.

9. Ectb n koHdeT 1 m Kopobok. Haitaure qnciio criocoboB pasmMecTuTh KOH-
derpr 0 KOpOOKaM it KaxKI0ro u3 ycjioBuii (Bce KOHMEThI J0KHBI OBbITH
pa3JIoxkKeHbl): a) U KOHGETH U KOPOOKK pasHbie; 6) KOHGMETH OJUHAKOBLIE,
KOPOOKH pa3Hble, He JIOJKHO ObITh IIyCTHIX KOPODOK; B) KOH(METHI OJUHAKO-
Bble, KODOOKM pa3Hble; T') U KOHGMETHI 1 KOPOOKHU PasHbIe, He JIOJI?KHO OBITH
IIYCTBIX KOPOOOK; J1) KOHMbETHI pasHble, KOPOOKN OJMHAKOBBIE, HE JIOJZKHO
OBITH IIyCTHIX KOPOOOK; €) KOHMEThl pa3Hble, KOPOOKH OJJMHAKOBBIE.

Vkakure TUII 0TOOpaYKEHUsI, COOTBETCTBYIOMINI PA3MEINIEHUIO, €CTH ITO
BO3MOXKHO.

10*. JlokaskuTe CIpaBeJINBOCTD PABEHCTBA € IMIOMOIIBIO METOA XapaKTe-
pucTudeckux byHKITIIA:

A1 A A A =) A —2) JAINA | +4 ) AN A N A~

1<j i<j<k
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10 Bwunapuble oTHOINEHUs U UX rpadbl.
OTHoNTeHNsT SKBUBAJIEHTHOCTH

O6osznauenus: Py cokpammenne s (x,y) € P. Ilo anasornu ¢ oTHO-
HMICHUAME THIA «6oJblne». P~1 — o6paTHOE OTHOIICHUE, COMEPIKHUT TAKHE
napst (z,9), uto (y,z) € P. P — 10NOIHATEIbHOE OTHOIIEHHE, COIEPIKHUT
napsl, He cofepxkammuecs B P. idg = {(a,a) | a € A} — «equHMIHOE> OTHO-
menne Ha MHOXKecTBe A. Oneparust kommosumun Qo P C X X Z oTHOIeHUH

PC X xYuQCY x Z 3zanana Ghopmyioit:

QoP ={(z,2)| Iy €Y : (zPy) A (yQ=2)}.

O6paruTe BHUMaHNe Ha IOPSJIOK OIEPaHJIOB, OH BHIOPAH TakK, YTOOBI CO-
[JIACOBBIBATHCSI C Ollepalueil KOMITO3uIuu (pyHKIMii: KoMo3unus f o g —

sro bynkmms f(g(x)).

1. HapucyiiTe aBya0abHBIN rpad COOTBETCBYIONNT OMHAPHOMY OTHOIIIE-

auio R C {a,b,c,d,e} x {1,2,3,4,5,6}:

R = {(a7 1)7 (aa 2)7 (bv 4)7 (Cv S)a (d’ 5)}

a) dsnserca m R dynkmueit? 6) Asnserca ma R~ dbynkmei?

2. OTBeThbTE Ha CJIEIYIONIHE BOIMPOCHI Jjisi OMHAPHOTO OTHOIIeHust R C
{1,2,3} x{1,2,3}. deastercst u R pedieKCUBHBIM? CUMMETPUIHBIM? TPaH-
3UTUBHBIM? OTHOINIEHNEM KBuUBajieHTHOCTH! JIjIs Kaxkmoro orHomenns R
Hapucyiite coorBercTByomuii rpad. Vcmnosnb3yiiTe HEOpHEeHTUPOBAHHBIN
rpad i CHMMETPUYHBIX OMHAPHBIX OTHOIIEHUH, B Ciiyuae HepedIeKCuB-
HBIX OMHAPHBIX OTHOIEHUH UCIOIb3YHTE TEeTJIN.

a) R = {(L 2>7 (2, 3)7 (17 3)}; 6) R = {(17 2)? (2,1), (17 1)};
B) R = {(1’ 1)) (272)’ (373)}7 I‘) R= {(m7y) | T,y € {172’3}}; rq) R=wo.

3°. Haiture pe3yabrar omepariuii Ha [ OTHOIIEHUSIME, OIIPE/IEICHHBIMI HA
MHOXKeCTBe JIeHCTBUTEIbHBIX YUCeJl.

a) (>); 6) (>)7h B) ()A(L); 1) (>)N (<)
m) (=)o (>); e (el x) (<)o (>).

4. dBasioTcs U ceayonue OTHOIEHNS PedIeKCUBHBIMU, CUMMETPUIHbI-
MU, TDAH3UTUBHBIMA (B F€OMETPHHU ILIOCKOCTH ):
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a) «TOYKM a U b JjiexkaT Ha OJHON MPIMOii»;
6) «upsiMast @ NepIeHUKYJIspHA IPSAMO by ;

B) «IpsiMasl @ apaJjuleJbHa IPIMOi by (OTBET 3aBUCUT OT TOrO, IO KAKOMY
yIeOHUKY BBl U3yUaji FeOMETPHIO);

r) «ist Gysknumit f, g : R — R Beimmosnreno lim ggg =17

T—00

5. IIycts f : A — B — Hekoropoe orobpaxkenue. ByayT i cireyrorue
OTHOITIEHUsI OTHOIIIEHUSIMU IKBUBAJIEHTHOCTH HA MHOXKeCTBE A:

a)x~ypy <= f(z)=f(y); 6) x~5y = f(x)# f(y)?

B CJIy4dae IIOJIOZKUTEJIbHOI'O OTBETa Ha BOIIPOC, OIIUINHNTE KJIaCChl 9KBUBA-
JIECHTHOCTH IJId COOTBETCTBYIOIIErO OTHOIICHUA.

6. Haitnure R o R, rie R(z,y) — GuHapHOe OTHOIIEHNE Ha MHOXKecTBe R,
O3HAvYaINee, 9ro  a) y =z + 1; 6) r+y=1.

7. Ilyctb P C AXx Au Q C B X B — orHOIlIeHusI 5KBUBAJIEHTHOCTH. Byer
JIM OTHOIIEHneM 3KBuBajeHTHOCTH oTHOImeHne R C (A x B) x (A x B) :

(a,b)R(d, V) <= (aPd') A (bQY)?

8. [Iycrs R — GunapHoe oTHOIIEHNE Ha KoHeUHOM MHOXKecTBe A. Ompese-
JIUM GECKOHEUHYIO TIOCJIEI0BATEILHOCTh OMHAPHBIX OTHOIIECHUIA:

ROZR, RlzROOR:ROR, RQZRloR, R3:R20R7 ey

Rn:Rn_lOR,

BepHo JIA, 9TO (AJIH IIPOU3BOJIBHOI'O R) Ha4YHasd C HEKOTOPOI'O 7 BBIIIOJIHA-
ercst R, = Rp41?

domanraee 3a1anue

1. OrBeTbTe Ha CJIEJYIONIME BOIPOCHI Jjis OMHApPHOTO OoTHOIIeHust R C
{1,2,3} x{1,2,3}. deastercst iu R pediieKCUBHBIM? CUMMETPUIHBIM? TPaH-
3UTUBHBIM? OTHOIIIEHUEM 3KBuUBajieHTHOCTH! Jj1s Kaxkmoro orHomenns R
Hapucyiite coorBercTByonuii rpad. Vcmnonb3yiiTe HEOPHEHTUPOBAHHBIH
rpad I CHMMETPUIHBIX OMHAPHBIX OTHOIEHUH, B CIydae HepedIeKCHuB-
HBIX OMHAPHBIX OTHOIEHUH UCIOIb3YHTE TEeTIH.

a) R =1{(1,1),(2,2),(3,3),(1,2),(1,3),(3,2) };
6) R = {(17 1), (17 2)7 (27 1)? (2, 2)}
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2. Boipasure OTHOIIEHNE «IUIEMAHHUK(-11a)» Yepe3 OTHOIIEHUS «OTelly 1
«MaTb» W Ollepaluyi HaJ| OTHOIICHUAMMU.

3. Ilycrs Gunapuble orHOmenust Py, P, C A X A TpaHsuTtuBHbl. ByayT Jjin
Py, PPN Py, PLUP,, P;oP,obiaamsarb TeMH »Ke CBOCTBAMU?

4. BunapHoe OTHOIIEHNE HA MHOYXKECTBE U3 6 3JIEMEHTOB COJIEPKUT 33 TMaphl.
Mozker st OHO GBITH &) CUMMETPUYIHBIM; §) TPAH3UTHBHBIM?

5. Kakue us CJIEJIYIOIIINX 6I/IHaprIX OoTHOIIeHl Ha MHO>KecTBe N — OTHO-
IIeHUs SKBUBAJICHTHOCTH?

a) xPy : y uncen x u y oxuHaKoBas 10caeHs1s udpa (31ech u najee B
JIECATUIHON 3aI1CH )

6) zQy : YuCiIa T W Y OTIMIAIOTCS B POBHO OJHOI 1udpe.
B) xRy : pasHuia Mex1ay cymmamu mudp S, u Sy dérHa. PopMasbHO:

n
IYCTh Ty Zp—1 - - - £1L0 — JAECATUIHAS 3aHUCh INACTA X; Sy = Y, Tf.
k=0

6. Haitzmre 9mcsio OTHOIEHWH SKBUBAJIEHTHOCTH HAa MHOXKecTBe {1,2,3,4}.

7. 06 orobpazkenusx (BCIO/Ly OIpeJIeJIeHHbIX DYHKIUAX) f, g U3 MHOXKECTBaA,
A B cebst uzBecTHO, uTO f o go f = ids. BepHo s, uro f — Ouexius?
(MuoxkecTBO A He 00513aTEIBHO KOHETHOE. )

8. IIycrs R — oTHOIIEHME 3KBUBaJIEHTHOCTU Ha MHOxKecTBe A. Jlokaxkure,
9TO CYIECTBYIOT TaKue MHOXKeCcTBO B u orobpaxkenwue f : A — B, 4dro
KasKIplit Kiacce skpusasenTnoctn C npencrasum B suje C = f~1(b) ana
HEKOTOPOTO 3jeMenTa b € B.

9. MuoxkecTtBo A cocTouT u3 cemu 3jieMeHToB. Haiijure KosmaecTBo 0T06-
paxennii f: A — A, takux yro fo f =idya.

11 OpuenTupoBaHHbIe TpadbI
1 OTHOIIIEHUS MOPSIKA

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

Ommowenuem 4acmuuno2o nopadka (nopadkom) Ha3bIBAIOT AHTUCUM-
METPUYHOE U TpaH3uTuBHOE oTHOIIeHne P C A x A, koropoe jinbo pediiek-
CUBHO, 00 aHTHPedJIeKCUBHO. B I1epBOM cilyyae OTHOIIIEHHE MOPSIIKA
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Ha3BIBAIOT HECMPO2UM U 0003HAYAIOT <, & BO BTOPOM — cMmpo2um 1 000-
sHauaror <. Kaxmgomy orHoOImeHmo nopsiika < (<) CTaBAT B COOTBETCTBHE
OTHOIIIEHUE HENOCPeJCMEEHH020 CALI06aANHUA <:

<) =A{(=y) | (z<y) A-Fz:z<zArz<y)}

Ornomennust yacTuynoro nopsaiaka <pC A x A u <oC B x B na3sbisa-
I0TCA U3OMOPPHDBLMU, €CIIH CYIIECTBYeT Takas ouekimsa f : A — B, 9ro
r<py = f(z)<q f(y).

1. Bepmuabr opuenTHpoBaHHOTO rpada — mensie gucsaa or 0 mo 9. Pedbpo
UJIET U3 BEPIIUHBI T B BEPIIUHY Yy ecmm y — & = 3 win © — y = 5. Haiinure
KOJINYEeCTBO KOMIIOHEHT CHJIBHOW CBSI3HOCTH B 9TOM rpade.

2. a) 50 KOMaHJI CHIIPAJIM TYPHUD IO BOJEHOOIY B OfuH Kpyr (KaxKuast
KOMaHJIa ChIIPaJIa ¢ KayKJI0i POBHO OJMH pa3, HuIbux He ObiBaet). LoBopsrt,
qro KomaHia A cunibHee B, ecim A Beiurpasia y B uwim ectb komana C,
takasi, uTo A Beurpasna y C, a C Bemurpaia y B. Jloka3zaTh, 970 KOMaH A,
ofiep2KaBIiiasi HanOoJIbITee IUCTIO 1T00e T, CuIbHee J000H IpyTroil.

6) Asistercst i1 OTHOIIIEHNE «CUJIbHEE» OTHOIIIEHUEM IIOpsAJKa Ha IIPpOU3-
BOJIbHOM MHOXKECTBE U3 HE MeHee, YeM TpéX KOI\&aHIL?

3. CKOJIBKO CyIIIECTBYET PA3JINIHBIX HECTPOTUX YACTUIHBIX [TOPSTKOB HA
muoxkectse V' = {0,1,2}? Msl cunraem nopsaku P u () pasiudsbivu, ecin
oun He mzoMopdubl Apyr Apyry. [locrpoiite rpader (V, <p) misa Kaxga0ro
MTOPSIJIKA.

4. Bepmuaamu rpada, KOTOPHIl HA3BIBAECTCS O0yae8 Kyb pasmepHocmu n u
oboznauaercs By, ABIISIOTCS JIBOUYHBIE CJIOBA JJIMHBIL 1, & cOcensiMu (Bep-
[IMHAMU, COEJUHEHHBIMU PEBPOM) SIBJISIOTCS APl CJIOB, OTJIMYAIONIUXCS B
OJTHOI TIO3UIUU.

a) Ckouibko Bepumd B Oysesom Kybe B,,?

6) Ckosbko pébep B GysieBom Kybe By,?

B) Ckosbko B OysesoM KyGe B,, myreit mimabr 27

r) Bepro Jsin, uro B rpade B3 ecTb 1yTh JIUHBL 87 IJIMHBL 77

5. I'pad S, = (V, E) mmeer muoxecrso sepmun V = 21127} (gepmm-
Ha v € V — nonmuoxkectBo muoxkectsa {1,2,3,...,n}); BepIIMHbL v U U
coellHEHbI PeGPOM TOra U TOJILKO Torua, Korga |u A v| = 1.

a) Hokaxure, uro rpad S, nzomopden Gynesy KyOy By,.
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6) CKOJIBKO CYIIECTBYeT PasJuIHBIX HAGOPOB (TIOMAPHO PA3IMIHBIX) MO/
mHOKecTB A1, Ag, A3 C {1,2,...,n}, IJIsl KOTOPBIX BBINOJHSETCS YCIOBUE

|A1 A Ag| = |As A As| = 17

6. Opuenrupyem rpad S, Tak, uro u — v ecau |u| < |v|. [losyuusmmiics
rpad 3a4a8T OTHONICHIE HEIIOCPEICTBEHHOTO CICIOBANI .

1. Onummure COOTBETCTBYIONIEE < OTHOIMIECHUE YACTUIHOTO MOPSIKa <.

2. OpuenTupyem 6yiieB Ky6 B,, HAIPABUB CTPEJIKH OT BEPIIUH, B KOTOPBIX
pa3ImIaloniascs KoopanHaTa paBHa nyso. [lonyuusmmuiics rpad 3aaéT mo-
KOOD/MHATHBIH NOpsiIok (oTHOMIEHNe <) Ha MHOXKectBe {0, 1}". TokazkuTe,
9TO ITOT MOPSIOK M30MOP(EH MOPSIIIKY U3 IPEIbIIYIIEro IIyHKTA.

7. Bepro am, uTo ecu P — OTHOIIEHTE YACTHIHOTO MTOPSIJIKA, TO CJIETYIONITe
OTHOTITEHUSA TaKKe Oy/lyT 3a/[aBaTh YacTHIHBIe Hopsiakm: a) P~1; 6) P?

8. Haitznre MakcuMaIbHOE KOIMIECTBO (IPOCTHIX) IyTeil ¢ 3a/IaHHbIME
KOHIIAMU B OPMEHTHPOBAHHOM allMKJ/IMYECKOM I'pade Ha 1 BepIIMHAX.

9. 3BecTHO, YTO B OPUEHTHUPOBAHHOM I'pade Ha > 2 BepIIMHAX U3 JIFO-
00it BEPIIUHBI B JIIOOYIO JPYTryI0 UIET POBHO OJWH IyTh. BepHO ju, 9TO
BBIXOJIHBIE (OHM 2Ke MCXOJSIIME) CTeleH: BepiuH B 9ToM rpade pasabl 17

10. TIpeammonoKuM, 9T0 IIOCIEI0BATEILHOCTD YHCE 3a0aHa COOTHOMICHAEM
an+1 = f(an), tme f — Hekoropas dyHKuus (OUHpelesiéHHAs HA BCEX
qncsIax).

a) ITokazkute, 4ro aubO BCE UIEHBI OCIIEIOBATEILHOCTY PA3JIMIHEL, 160
OHa [epUOUYHA: [IOC/Ie HEKOTOPOro Havasa (IpeJIeprosa) ducIa HaunHa-
10T [OBTOPATHCA ([IEPUOL).

6) Iokakure, 4To BTOPOIl Ciydaii ©MeeT MeCTO TOrZa U TOJLKO TOIJA,
KOTJIa A2y = Gy, IIPH HEKOTOPOM M.

,Z[OMaII_IHee 3aJaHue

1. IsBecTHO, YTO B HEOPHEHTHPOBAHHOM rpade CyIIeCTBYeT MapIIpyT,
MIPOXOJIAIINI TT0 KaXKJI0My pedpy poBHO JBa pa3a. Bepmno jm, 1To B rpade
€CTh 3aMKHYTBII 3MJIEPOB MapIIpyT?

2. Boixonnas (OHa 2Ke MCXOAIIAs) CTENeHb KaXKJIOH BEPIINHLI B OPUEH-
TupoBaHHOM rpade Ha n > 3 BepmuHax paBHa n — 2. Kakoe KoanaecTBo
KOMITOHEHT CHUJIBHOIN CBSIBHOCTH MOKeT ObITh B 3TOM rpade? YKakuTe Bce
BO3MOKHBIE 3HAYEHUSI.
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3. Ilycts B opuenTHpoBaHHOM Tpade s 000 mapbl BEPIIUH U, U €CTh
6o pebpo (u, v), 6o pedpo (v, u) (poBHO OnHO U3 1BYX). JoKaxuTe, 9TO
B TakoM rpade ecTb (IIPOCTOii) 11y Th, BKIIOYAONN B cebsi BCe BEPIINHBIL.

4. IIpodeccop PaccesHubIil MOCTPONI 9aCTUIHBIN TOPAIOK < p JIJIsI YTPEH-
HETO OJIEBAHMUS:

ouky <p Oproku <p pemenv <p NUOHCAK,
ouku <p pybawka <p 2aicmyx <p NUOIHCAK,
oproxu <p mydpau,

ouky <p HOCKU <p mydau,

ouKU <p “aACHL.

TlocTpoiiTe MUHEHBII TOPSIOK Ha BEIIAaX TaK, YTOOBI MCXOIHBIN MOPS-
JIOK WX OJIeBaHUsI HE OBbLT HapYIIEH.

5. B Becrepoce n roposioB, KaxKable JBa COEIWHEHBI jgoporoil. loporm
CXOJISITCS JIMIIB B TOPOJaX (HET MEPEKPECTKOB, OJ(HA JOPOTa TIOJHSTA ICTa-
KaJof HaJ| Apyroii). 370i BOJIIEGHUK XOUYeT YyCTAHOBUTH Ha BCEX JOPOrax
OJIHOCTOPOHHEE JIBUKEHUE TaK, YTO €CJIU U3 TOPOJIa MOXKHO BBIEXATh, TO B
HEro HeJb3sl BepHYTbesd. JlokaxkuTe, 910

a) BOJIIEOHNK MOXKET 3TO CIeJIaTh;

6) maiizercsa ropo, U3 KOTOPOro MOXKHO J00paThes JI0 BCex, U Halijercsa
ropoji, U3 KOTOPOI'0 HeJIb3s BbleXaThb;

B) CYIIECTBYeT eJMHCTBEHHBIH MapIIpyT, OOXOAIIIN BCe TOPOJIA.
r) CkoJIbKUME CII0CO6AMU BOJIIIEOHUK MOXKET OCYIIECTBUTH CBOE HaMepe-

aue?

Bunapuoe ornomerne R C A X A Ha3BIBAETCS AUHETUHDIM, €CITH

Vo,y € A: (z #y) = ((#Ry) V (yRz)).

6. Bunaproe oTHomeHe P HA3BIBAETCS TYPHUPOM, €CJIM OHO aHTUPedIIeK-
cuBHO, anTucuMMeTpuano u Juneitno. (Hedopmanbao — 310 pesysbrar
KPYyroBOro TypHHpPa — KazK/IyIo ajJbTepPHATUBY CPaBHUJIN C KaxKJIOi U 3a-
HOMHWIIM pe3ysibTat). Jokaxkure, 910 JubO0 TYPHUP — CTPOrHil JIMHEHHBIN
MOPSIJIOK, JIMOO CYIIECTBYIOT TaKue aJlbTePHATUBHI a, b, ¢, uro aPb, bPc u
cPa.

7. CKOJIBKO €CTh TOPSIJIKOB HA N-3JIEMEHTHOM MHOYKECTBE, B KOTOPBIX POBHO
OJIHA TIApa JIEMEHTOB HeCpaBHUMAT
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8. JloxkaxkuTe, 9TO JTIOOOM TaCTUIHBIA MOPsIOK P HAa KOHEIHOM MHOXKE-
cTtBe A MOXKHO TPOJIOJIKHTE JI0 JIMHEHHOTro. To ecTh MOXKHO JI00ABUTH B
P HekoTopsbie mapbl s1eMeHToB u3 A X A Tak, 9To JIH0ObIe JIBa 3JIEMEHTA
a,b € A oKaxKyTCcsl CpaBHUMBIL: Oy/IeT BBIIOJIHEHO Jubo aPb 6o bPa.

9. I'pad G umeer mMHOKecTBO Bepe V' = {1,2,3,5,6,10,15,30}. I'pad G
comepkut pebpo {u, v} (s onpenesEHHOCTH U < V), €CJU U JEJUTCS HA
U ¥ He cymecTByeT (OTJMYIHON OT v W ) BEPIIUHLL § € V', TaKoil 9TO 1 v
JIeJTATCS Ha § U § JIQJIATCS Ha U.

1. ITocrpoiite rpad G.

2. Nzomopden au sror rpad Oyresy Kyby Bs? Ilpu mosioKuressHOM OTBETE
YKayKUTe ODUEKITHIO.

12 DBysaeBbl pyHKIMN

1. Paznoxure B JJTH® u KH® 6yneBy byHKIUIO, 3a/laHHYI0 BEKTOPOM
suavenuit: f(x1,xq,23) = 10100101.

2. CroJibKO mMeeTcst 6yJIeBbIX (DYHKIUI OT 1 MepeMEeHHBIX, COXPAHSIONTUX
OJIHOBpEeMEHHO «1» u «0»7

3. Haiture GyHKINO, KOTOPYO BBIYUC/ISIET CXEMa, B CTAHIapPTHOM Oa3wuce,
npecTaBIeHHasT TPapUICCKN KaK

4. CymecrByer Jin Takas OysieBa GyHKIusg f OT JABYyX II€PEMEHHBIX, ITO
cxeMa B Gasuce {A, f}

X1, Ta, s1:= f(21,22); S2:= f(x2,21); S3:= 81 A 89

Boraucisier a) Gyakuuio x1? 6) Gynkuuo x1 @ xo?

5. dBistorcest ju noJiHBIME cienytomue 6asucki? [Ipu oTpuarebHOM OTBe-
Te, yKayKuTe B Kakux u3 Kyaccos 1o, T1, M, L, S jexur 3aMbiKanue Oa3uca.
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a) {—, =}, rme - — uMIUIIKaImWs;

6) {z |y}, rne x | y pasua T A § (crpeska Ilupca);
B) {A,V,\}, tme z \ y paBua x A ¥;

r) {1, o}

n) {—; =}, rme x = y pasua (x > y) A (y — x).

6. ITocrpoiite 3ambikanune Gazuca {—, B}.

7. Hazosém dynryueti 6oavwuncmea MAJ(xy,xo, . .., x,) OyneBy dyHk-
U0, 3HAYEHNE KOTOPOIi COBIAAET C T€M 3HAYEHUEM, KOTOPOE TPUHUMAET
GOJIBITMHCTBO IIEPEMEHHBIX (ec/u MHEHUsI pa3JeJiiiich noposuy, MAJ = 0).
Cxemsbr B 6asuce {V, A, 1,0} Ha3BIBAIOTCS MOHOMOHKHUIMY. Bbrancisiercs
g MAJ MOHOTOHHO# cxemoii?

8. Bynesa dyuxuus f(z1,...,x,) Ha3bIBaETCH camodsoticmeertot (mau
HEYETHOI), €CIIN [JIsT BCEX T, . . . , Ty, BHIMOJHSIETCS PABEHCTEO

flx, .. xn) = 2f (021, .0, Xy).

a) dAasrorest m caMoaBOiCTBEHHBIMI DYHKIMHA L1 V T2, X1 A Ta7

6) JokaxKure, 9T0 cxema B 6a3uce, COCTOSIIEM U3 CAMOJBOHCTBEHHBIX
byHKIINI, BEIYACISIET CAMOIBONCTBEHHYO (DYHKIIUIO.

9. Ilycrs f(x1,...,%,) — HEcamopBoiicTBeHHas dyHKIWs. JloKaxKuTe, 910
koHcTauThl 0, 1 Berancisitores: B 6asuce {—, f}.

10. Jokaxknure, 9TO BCAKYIO OyJIEBY CXeMy B CTAHIAPTHOM 0Oasmce pasmepa
§ ¢ M TMepeMEeHHBIME MOYKHO IIepejiesiaTh B OyJIeBy cxeMy, B KOTOpOil Bce
OTPUIAHKS [TPUMEHSIIOTCS TOJIBKO K IEPEMEHHBIM, W IIPU 9TOM pa3Mep
HOBOI CXE€MBbI He IIPEBHIMIAET 2S.

domantnee 3a1anue

1. VKaxKuTe CyIleCTBEHHBIE U HECYIeCTBeHHbIe ((DUKTUBHBIE) TIePEMEHHbIE
dyukuuu f(x1,xe, x3) = 00111100 u paznoxure eé 8 JTHD u KHD.

2. Berancosierca mm koncranta 0 B 6asuce {—(x; — z2)}7

3. Boruncaure MAJ(x,y, z) cxemoit B 6asuce 2Kerankuua {1, A, 21 @ za}.
(Onpenesrerne MAJ cm. Ha o6opore JucTa.)

4. CKOJIbKO HEHYJIEBBIX KO3 duimenToB B Muorowiene 2Kerajiknua, KoTo-
pblil paBer x1 V xa V-V, 7
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B nocaenytoniux 3aja4ax HeJIb3sT HCIIOJIb30BaTh TeopeMmy Ilocra; dacThb
U3 3aJa4 CJIy>KaT JeMMaMH IS €€ JJOKa3aTeJIbCTBA.

5. JokaxkuTe MOJHOTY 0a3mca, COCTOSIIEro W3 OfHOH byHKImMu x | y,
KoTOpas 10 oupejenenuto pasHa —(z A y) (wmpuzx Iepdepa, ona xe
NAND).

6. dpasiercst s noaHBIM Gazuc {V; —} U3 JIULIOHKIMA W UMILUTUKAIAN?
7. denserca au nonusm 6asuc {-, MAJ (1, 2, 23)}7

8. Ilycrs f(x1,...,2,) — Hemonoronuas dyuknus. Jlokaxure, 410 —I;
Beranciserca B 6asuce {0, 1, f}.

9. JlokazknuTe, ITO BCAKYI0 MOHOTOHHYIO Oy/1eBy (DYHKITHIO MOYKHO BBITHC-
JIUTh MOHOTOHHO# cxeMoii (¢ 6azucom A, V, 1,0).

10. Bynesa dyuxiusa PAR(z1,x9,...,2,) paBHa 1, eciu KOJUYECTBO €/11-
HUIL CPeIN 3HAYEHUN T1, T2, ..., Ly, HEYETHO U HYJIO, €CJIU YETHO.
a) Boipasure dyuknuio PAR(z1, zo, . . ., x,) 4epe3 usBecrHbie OysieBbl (yHK-

1n (MOYKHO HCIIOJIB30BATh CBI3KH A, V, =, @, — ).

6) IIpu kakux n > 1 moxuo upeicrasurhb dyukuuio PAR(x1, o, ..., x,)
B Buze JIH® Ge3 orpunanmii?

11*. Bynesa dyukuusa f: {0,1}" — {0,1} masbiBaercsa aunednod, eciu
OHA NIPEJICTABJISIETCA B BUJIE

flay,...,zn) =ag @ (@1 Ax1) D B (an AN xyp)
JUIst HeKoToporo Habopa (aq, .. .,a,) € {0,1}" GynaeBbix K03bdUINEHTOB.
Hoxaxwure, ecim f(xq,...,2,) — HeJmHeHAsT DYHKINS, TO KOHbBIOHK-

st ¥1 A Zo BBrucasercs cxemoii B 6asuce {0, 1, -, f}.

12*. Jlokaxkure Teopemy Ilocra.

40



13 IlIpowmsBoasimime pyHKINNU-1

Pemas 3agaum 3Toro JimcTKa, MCIOJIB3YHTE alapaT MTPOU3BOJIAIIINX
dyHKIWMIT, TaKe eCiiu Bbl MOXKETE PEIUTD 3329y C IOMOIIHI0 KOMOMHATOP-
HBIX PACCYy2KJICHUNA.

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

n n—1
1 (n ntl 1 n—1)- 2" —n.a"+2
3] — = — k-a* = .
)Zk+1<k> DL (@—1?
k=0 k=1

2. Haitaure k03D DUIMEHTEI TPOU3BOIAIIEN DYHKITUN
a) (1+x)™™
6) (x1 + o+ ...+ Tp)" (ko3bdurmuments mpn MoHOMax xt' b2 ... xim).
m n n 2
3. [lokazkure, 9TO = .
8 ()= ()

4. B ypHe mHaxoguTcs 3 KpacHbIX, 4 CHHUX 1 2 3eJI6HbIX mapa. CKOJIbKIMEI
crocobamMu MOYKHO U3BJiedb 6 IIapoB Tak, 9TOOBI Cpe HUX OBLIO HEIETHOE
YUCJI0 KPACHBIX, YETHOE YUCJI0 CHHUX U XOTsI OBl OJIMH 3€JIEHbBIN 1map?

5. KakoBa BepoaTHOCTH Ip OPOCAHNN YETHIPEX UI'PATBHBIX KOCTEH BBHIOPO-
cuthb 14 oukoB?

6. Haiinure npoussozsityo dyskuuio f(x) s HOCIeI0BaATeIbHOCTH Uy,
COCTOSIITIEN U3 YUCIa CII0COO0B HAOPATH N pybJieil, nmess MoHeTHI B 1, 2 1 5
py6aeit. Ilpencrasbre f(2) aHATATHYIECKN.

n k
7. Boraucanre ;kQ (Z) (2) .

8. lmeercs p 9€pHBIX, ¢ OENIBIX W " KPACHBIX IAPOB, IIPU 3TOM P > ¢ = T,
p<q+7r,p+q+r=2s. Jlokaxure, 9TO IUCJIO CIIOCOOOB PA3ICIUTh ITH
II1aPBI IIOPOBHY MEXKJYy JBYMSI JIIOJbMU PDAaBHO 24+ s+1— %(p2 + q2 + TQ).
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,Z[OMaH_IHee 3aaHue

1. Haiisnre nponssossinyo GyHKIUO JISA TOCIE0BATEIBHOCTH
1
a) ax = k; 6) ap = —.

k!

2. Bripazure anasmutuuecku:

3. prOCTI/ITe BbIpa2KE€HUE:

a)z k+2k+}€+3). 6)§k-<2)'2k; B)Z(99> (10())’

4. Tokaxure, 4TO Z k(k—1) (Z) =n(n—1)2""2

k=2

5. UssectHa npoussogsmast GbyHKIms ¢(2) U1 MOCIEI0BATEIbHOCTH Sy, =
n

= ) ap YACTHUYHBIX CyMM IOCJeoBaresbHocTH {ay }. Boipasure yepes
k=0
Heé npou3BosIyo dyHKIMIO JJid nocienoBareasaoctu {ay }.

n b

6*. Haii li 1.
aftqure mpezient  lim Z T |z <
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14 IlpowuwsBoasiniue pyHKITUN-2

1. Pazoxkennem qucia n Ha3bIBAETCS TaKasl MOCJIEI0BATEIbHOCTD ITOJI0XKH-
TEJIbHBIX IEJBIX YUCeT L1, L2, ..., Lk, 9TO L1+ To + - - -+, = n. Haitgure
MIPOM3BOAILY IO (DYHKITUIO JIJIsi TIOCJIEI0BATEIBHOCTH {an}, B KOTOPO# a,, —
YUCJIO Pa3/IOXKEHUil n Ha HeYeTHbIEe cjaraeMble.

2. (Bamaua o Xanoiickoit 6amie). Ecrb Tpu crepKHsI, Ha IEPBOM M3 HUX
HAHU3AHO 72 KOJIEI PA3HOrO PAJMYCa; €M HIZKE JIEXKHUT KOJILIIO, TeM GOJIbIIe
paauyc. KoJblla pa3perieno nepek/iabBaTh CO CTEPKHsL Ha CTEPIKEHb, HO
TOJIBKO TIPU YCJOBUU 9YTO KOJILIIO MEHBIIETrO PaJlyca KIAJETCa Ha KOJIbIO
Gosbmero pagmyca. Hafimre MUHIMAIBHOE YUCIIO TIEPEKIAIBIBAHWIA, TPe-
OyeMoe I TOTO, 9TOOBI IIEPEJIOKUTh BCE KOJIbIA ¢ OJHOTO CTEPXKHS Ha

JPYTroOi.

3. IocmeoBaTeIbHOCTD {dy } COCTOMT M3 9HUC/IA CIIOCOOOB Pa3pe3aTh Ipa-
BUJILHBII N-YrOJbHUK Ha TPEYrOJbHUKH, IPOBO/s HelepeceKalomuecs: Iua-
roHayi (roBOpAT, @, — YUCJIO TPUAHTYJIANUI n-yrojbHuKa). Haiijure npo-
U3BOAATLY 0 (DYHKIMIO JIJIST TTOCJIEIOBATETHHOCTH { dy, }.

4. Haiinure npon3Bosiyo GYHKIUO U aHAJIUTHIECKYIO (hOPMYILY J1ist
MIOCJIETIOBATEIHHOCTU
0, pu n = 0;
upu n = 1;
2F, 1+ F,_o, 1upun>=?2.

5. JlokaxxuTe COOTHOIIEHUS:

Der=3 [t o (1) =g (V)

1

b) o = i(—l)“{}j}mk; D B =Y (1)

k=1
6. Hailyiue (anajuTHIeCKYIO) TIPOUSBOJSATILYIO (DYHKITHIO JJIsT TIOCTEI0BA-
n
tresapHOCTH G, = Z(n — k)Fy, rne Fy, — k-oe ancino @uboHaqqn.
k=0

7. HameTe YUCJIO OTHOIIEHUN SKBUBAJIEHTHOCTH HA 7-3JIEMEHTHOM MHOKe-
CTBe.

43



,Z[OMaH_IHee 3aaHue

1. Haitnure npon3Boadantyio (hpyHKIUIO U aHAJUTHYIECKYI0 (DOPMYILY J1JIst
IOCJIeJOBATE/IbHOCTH:

a)
0, pu n = 0;
F,=<1, upu n = 1;
Fn,1 + 2Fn,2, upu n 2 2.

6)
1, mpu n = 0;
F, =43, npu n = 1;
4F, 1 —4F, 5, mupun > 2.

2. ,ZLOK&)KI/ITG, 9TO €CJIN II0CJIeJ0BaTCIbHOCTD Uy OHpe,ILeJ'IHeTCH COOTHOIIIE-
HUEM
Qni2 + pany1 + qay, =0,

rJie p, ¢ — HEKOTOPbIe Yuciia, To Ayl eé npoussogamieii dbyuxnuu F(t) BepHo,

qgTo
ag + (a1 + pao)t

F(t) =
®) 1+ pt + qt?

3. Haitinure mpousBosinyo pyHKIAIO /I TIOCTEI0BATETBHOCTH Uy, COCTO-
SIeit U3 Yuca JIBOUYHBIX CJIOB JJIMHBI 11, B KOTOPBIX HET JBYX €JIUHUI]L

OIS,
4. TocaenoBareabHocTh {by,} COCTOUT U3 KOJUYECTB TAKUX MOCJIEI0BATE b
HOCTEHN TEJIBIX UUCeT A1, ..., Ap, 9T0 a1 = 0 1 0 < aj41 < a; + 1 g

1 < i < n. Hafigure upoussonaniyio byHKIUIO JUIs [IOCJIE0BATEIbHO-
ctu {b, }.
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