8-9 kiace

Me)erI‘I/IOHaJILHaH oJIMMIIuaga MKOJbHUKOB Ha 0aze BC€AOMCTBCHHDBIX

o0pa3oBaTeIbHBIX OPraHU3aIUil 10 MATEMATHKE

. ¥ Onera ectb 550 py0Onel, 1 OH XOoueT oJapuTh Mame Ha 8§ MapTa THoJIbIIaHbl, IPUYEM HEIIPEMEHHO
HUX JOJIDKHO 6BITB HEUETHOEC YHUCJIO0, U HU OJJUH OTTCHOK IBETA HC NOJIKCH IOBTOPATBHCA. B Mara3mHe,
kyna npuien OJer, OIMH TIOJbIIaH CTOUT 49 py0Jieid, U €CTh B HAJTMYWH [[BETHI OJMHHAIIATH OTTCHKOB.
Ckonpko cymiecTByeT croco6oB y Omera momaputh mame 1Bethl? (OTBET B 3aaye JOJDKEH OBITh
KOMITAaKTHBIM BBIP2)KCHUEM, HE COJICPKAIIMM 3HAKOB CYMMHPOBAHUS, MHOTOTOYHH | T.II.)

Pemenne. 13 YCJI0BUA OYEBUIHO, YTO MAKCUMAJIbHOC KOJINYCCTBO IBETOB B 6yKeTe -11.

1 cmoco6
Hcnonb3ys CBOWCTBO OMHOMHAIBHBIX KOA(PPHUIIMEHTOB
1 3 5 _ on-1
Cha+CL+Cp+--=2"17,

a TaKk)Ke YUUTHIBAS UX KOMOMHATOPHBIA CMBICI, MOJTYYHM, YTO YUCIO CIIOCO00B cHhOpMHUPOBATH OYKET
W3 HEUETHOTO KOJIMYECTBA 1BETOB HEe Oojee 11-Tv OTTEHKOB (MpU yCIOBUU, YTO HU OJUH OTTEHOK HE
JTOJDKEH TTOBTOPSITHCS) paBHO:

Ciy +C3; +C3; + -+ Ci7 = 20 = 1024.

2 croco0

Paccmotpum 10 nBeroB 10 paznuunbix oTTeHKOB. CoOpaTh OyKeT U3 3THUX IBETOB 0e3 y4éra uéTHOCTH
moxHo 210 cioco6amu. Eciu B GykeTe HEUETHOE KOJIMUYECTBO [IBETOB, TO MBI €TI0 OCTABIIAEM, ECITH K
4€THOE — J00aBJIsIeM HEUCTIOIb30BAHHBIA OJIMHHAIIIATHIN IIBETOK. TakuM 00pa3om, 00I1Iee KOJIMIECTBO
croco6oB cobpatk 6yker paHo 210,

Otser: 1024.

. OTInYHBIE OT HyJIS YMCIa a W b SBIAIOTCA KOPHAMM KBaJApaTHOTO ypaBHeHus x> — 5px + 2p3 = 0.

Vpasuenue x* — ax + b = 0 uMeeT eIMHCTBEHHBIN KopeHb. Haiimte p. Pemenne oGocHyiiTe.
2
) a
Pemenne. Tak kak ypaBHenue x2 — ax + b = 0 UMeeT e[MHCTBEHHbII KOPeHb, TO b = - 11o Teopeme

Buera umeeM paBeHcTBa: a + b = 5p; ab = 2p3.
2
a
[MoacraBnsisi b = — B TOCIIE/IHEE PABEHCTBO, NONYIHM: @ = 2p. YuuThIBas, 4TO @ ¥ b OTIUYHBI OT HYJI,

Haiiaém p = 3.

OtBer: 3.

. [Ipunymaiite kakyro-HHOYIb CHUCTEMY M3 JABYX ypaBHEHHUH C JABYMS HEU3BECTHBIMU X U Y, UTOOBI ee
peLIeHusIMU OBUIM mMO/IbKO CHEAYIOIIUE TPU Mapbl ducel: x =y = ¥ 1y g
1, x=y=2wnx=3,y =4. B 3anucu ypaBHEHUI CUCTEMBI, IOMHMO
qucel U COOCTBEHHO HEM3BECTHBIX X M Y, Pa3pelIaeTcsi UCIOIb30BaTh
CKOOKHM, 3HAaK =, CTaHJapTHble apudmeTHyecKue Olepanuu u

3lIeMeHTapHble QYHKIINH. \ i N

Pemenue. Hanpumep, | _
{ x—Dx-2)(x—-3)=0 0O H
(Ix =1+ [y =1Dx = 2[ + [y =2D(x =3[ + |y =4]) = 0O

e
Ram
5



4. Oyukuus y = f(x) onpenenena na mHOXkecTBe (0,+00) M NPUHAMAET HA HEM ITOJIOKUTEIbHBIC
3HaueHwus. 3BecTHO, uTO Jy1st TIOOBIX ToueK A u B Ha rpaduke GyHKIHMM IIIomaay Tpeyroasauka AOB
u tpaneunn ABHgH, paBHBI MeXy coOoii (Hy, Hg — OCHOBaHUS MEPICHINUKYISIPOB, OMYIICHHBIX U3
Touek A m B Ha ock abcmucc; O — Hadano koopauHat). Halinute Bce Takume (yHkiuu. Pemenue
obocHyiiTe.
Pemenue. [Tycte M — Touka nepeceuenus orpe3koB OB u AH,. Tak kak ryiomaau Tpeyroiasauka AOB
u tpaneuyu ABHgH, paBHBI MeX1y CO00H, TO miomaau TpeyroabHukoB AMO u tpaneuuu MBHgH,
TaKkKe paBHBI MEXAy coOoil. OTcrofa clieyeT, 4yTO paBHBI W IUIOMAAU TpeyroibHukoB AOH, wu
tpaneuun BOHpg. Ilycts abcuuccel Touek Hy u Hp paBHBI X UM t COOTBETCTBEHHO. Torjga mmeem

paBeHCTBO X * f(x) =t - f(t). IIpu pukcupoBanHOM t TOydaeM BeIBOI: f(x) = %, c>0.
Otser: f(x) = %,c > 0.

5. Ha ctoponax BC u CD xBagpata ABCD BwiOpanbl Touku E u F Takum o6paszoM, uto yron EAF pasen
459, Jlnuna croponsl KBazpara papHa 1. Halinute mepumerp TpeyronbHuka [3 E C
CEF. Pemenue o00CHYyiITE.

Pemienne. Eciu orpazuth Touky D oTHOcuTensHO npsimoil AF, a 3atem
OTHOCHUTENBHO IpsiMol AE, To oHa nepeiiier B Touky B. JlelicTBuTenbHO,
KOMITO3UIIUS JABYX OCEBBIX CUMMETPHII OTHOCHUTEIBHO IEPECEKAIOIINXCS
MPSAMBIX — 3TO MOBOPOT HA YJBOEHHBIN Yrojl MeXay npsMbIMH. To €CTh B
HaIIEM CITydae 3TH J[B€ CHMMETPUHU SKBUBAJIEHTHBI I0BOPOTY Ha yroa 90°
OTHOCUTEIIbHO TOUYKHU A.

OT0 03HauaeT, 4To 00pa3 Touku D mpu CUMMETpUU OTHOCUTENIbHO AF u

o0pa3 Touku B mpu cummerpuu oTHocuTenbHO AE — 3TO OfHAa W Ta K€ TOYKA; HA PUCYHKE OHa
o6o3navena K. 13 Touku K orpesku AE u AF sumusl mog yriaom 90° (mpu cuMMeTpuM coXpaHsroTes
BEJIMYMHBI YTJIOB, IOTOMY, Hanpumep, yriasl ABE u AKE paBubl). 3HauuT Touka K — 3TO OCHOBaHHE
MEPIIEHIUKYJIAPA, OMYIEHHOr0 U3 TOUKU A Ha npsamyro EF.

W, nakonen, nockonbky BE = EK u DF = FK (py CUMMETPUU JJIMHBI OTPE3KOB COXPAaHSIOTCH),
BHUJUM, UTO NepUMeETp TpeyroybHuka CEF paBeH cymme ninuH ctopoH BC u CD kBanpara.

OrBer: 2.

6. [lyctb  x; U X, —  Haubonpmmue ~ KOpHM  MHorouneHoB  f(x) =1—x—4x?+x*u
o X o
g(x) = 16 — 8x — 16x? + x* coorsercTBenno. Haiimure —. Pemenue oGocHyiite.
2

Pemenue.
1 cnioco6
3ameruM, uto g(2x) = 16f(x). Toraa x; — kopenb f(x) TOrAa U TOIBKO TOTAA, KOraa 2X; — KOPEHb
1
g(x). CnenoBaTensHo, % =
2
2 cnocob

CpaBaenne k03¢ HUIIMEHTOB MHOTOUYJICHOB
fO)=1-x—4x?+x*ug(x) =16 — 8x — 16x? + x*

MOKa3bIBaET, YTO B COOTBETCTBUU C QopmyramMu Buera kopHH MHorowieHa g(Xx) SBISIFOTCS

x1 1
Y/IBOEHHBIMH KOpHsAMH MHOTousieHa f (x). OTcroa BEITEKAET, 4TO — = s

X2
Otser: 0,5.



7. BbrauciauTe ¢ TOYHOCTHIO 10 OAHOM JIECATON 3HaUECHNE BBIPAKCHUS \/ 86 + 41\/ 86 + 41v86+...

Pemenue. PaCCMOTpI/IM CTPOro BO3pacCTarolyro IMoCja€a10BaTCIIbHOCTD 3HAYCHMH:

V86, [86 + 41/86, |86 + 41 /86 + 41+/86, ...

Ecinn »sTa mociienoBaTenbHOCTh OTpaHMYEHA CBEpPXY, TO 3HAUYCHHEM F SBISETCS TOYHAs BEpPXHSA
rpaHuIa, u Toraa F — neiicTBuTensHOE Yrcio. TakuM 00pa3oM, JOCTaTOYHO JI0Ka3aTh OTPAaHUYEHHOCTh
YKa3aHHOM MOCJIEI0BATENBHOCTH. JJOKaX)eM, 4TO 3Ta MOCIEA0BATENBHOCTD CBEPXY OTPAaHUYEHA YUCIOM
43. JIeiCTBUTEIBHO,

V86 < 43,= 4186 < 41-43 = 86 + 41V86 < 86 + 41 -43 = 432 =5 > /86+41x/%

<43wurT.n.

Ou4eBUIHO U3 YCIOBUS, UTO F SBIISIETCS MOJ0KUTEIIbHBIM KOPHEM ypaBHEHUs F 2 =86 + 41F. Orcrona
HaxomuMm F = 43.

Otser: 43.

8. Ilyctb A m B — HeKOTOpBIE YHCIOBbIE MHOXecTBa, a MHOxectBo C = {a + bla € A,b € B}
MIPEJICTaBISIET CO00M MX cymMMy. (Jpyrumu cioBamMu, MHOKECTBO C COCTOUT M3 BCEBO3MOXKHBIX CYMM
aneMeHToB MHOKecTB A u B. Ecin, nanpumep, A = {0,1,2}, B = {1,2}, o C = {1,2,3,4}.)

U3sBectHO, uyto C = {0,1,2, ..., 22828}, a MmakcuManbHbIil SIEMEHT MHOKecTBa A paBeH

maxA = (\/E — 1)2020 + (\/E + 1)2020

JloKkakyTe MM ONPOBEPTHUTE CIIEAYIOIIME YTBEpKIeHUs: 1) MHOXKECTBO A M MHOKECTBO B coxepxar
KOHEYHOE YHCJIO YJICHOB; 2) BCE 3JIEMEHTHI MHOKECTB A U B — nienple uncna; 3) max B > 2.
Pemenne. 1) BepHO: eciu MHOXECTBO A WM MHOXKECTBO B GeckOHeuHO, TO U MHOXKecTBO C Oyzer
6eckoHeuHo. [ToaToMy MoxeM 0003HaUUTH uepe3 a, b, ¢ MaKCUMAaJIbHbIE JIEMEHTBl ATUX MHOXKECTB
COOTBETCTBEHHO M 3aMETHUTh Ui pemeHus 1.3, yto a +b = c¢. OTAenbHO OTMETHM, YTO TaKue
MHOXeCTBa CymiecTByroT: Haripumep, A = {0, ...,a}, B = {0, ...,c — a}.
2) BepHO: yepe3 pas3siokeHue 1Mo OMHOMY J0Ka3bIBaeTcs, uTo a uejioe. Toraa eciu Obl B comeprkaino
Heuenble, To U C conepxkano Obl Heuenble. [loaTOMy Bce ayeMeHThl MHOXecTBa B menble. OTcrona
aHAJIOTUYHO I10JIy4aeM, 4TO BCE DJIEMEHTHI MHOXKECTBA A 1ielbIe.
3) yTBepKICHUE BEPHO.
3ameTtum, uro 2020 = 5 - 404, 2828 =7 -404,a < 1+ a,, t1e
@ = ((VZ+1)5)"" = (41 + 20V2)*0% = (82.0...)%0% < 127404 =
= 128%04(1 — L)404 < 27404(1 — L) < 22828 _ o

128

128
Torma b = ¢ —a > 22828 — (1 4 22828 —2) =1,



