CAHKT-IIETEPBYPI'CKUI I'OCYJAPCTBEHHBLIN YHUBEPCUTET
OJIUMITUAJA TIKOJbHUKOB 10 MATEMATUKE 2020-2021
3aK)'HO‘-H/ITe)'IbeIIZ oTan
8-9 knaccel

1. [okaxknTe, 4TO Anst NtobbIX BELIECTBEHHbLIX YMCEN A 1 D ypaBHeHune
(a®—b®)x? +2(a®> —b°)x+ (a* —=b") =0

MMeeT peLleHme.

2. Ha ocTpoBe xunByT sixeubl 1 pbinapu. Pbiuapu Bcerga roBopsiT npasay, Jixewbl
Bcerga AryT. Kaxkabiii XuTesb 0CTPOBa NPO KaXKAoro U3 oCTasbHbIX 3HAET pbilapb OH
nnm nxed. Kak-To pas sctpetununce 28 ocTpoBuTsiH. [lgoe n3 Hux ckasanu: «PosHo
ABOE U3 HAC JiXKellbl», 3aTeM YeTBEPO U3 OCTasbHbIX Cka3anu: «PoBHo 4eTBepo U3 Hac
JKELbI», NMOTOM BOCEMb W3 OCTABLUMXCS CKasanu: «POBHO BOCEMb M3 HAC JKeLbI»,
HakoHel, Bce ocTaBwmecs 14 ckasanu: «PosHo 14 u3 Hac mxeubl». CKOMBKO NXKELOB
bbino cpean BcTpeTuslimnxcs? [pueeguTe BCe BO3MOXHbIE BApUAHTbI U JOKAXKNTE, HTO
APYrUX HeT.

3. Cymma HeoTpuuaTenbHbix Yncen a, b u ¢ pasHa 3. Haigute Hanbosbluee 3Have-
Hue BblpaxxeHus ab + bc + 2ca.

4. OxpyxHocT w1 1 w;y nepecekatotcst B Todkax K u L. lpsimas € nepecekaer
OKPY»XXHOCTb W1 B Todkax A n C, a oKpyXHOCTb Wy — B Toudkax B un D, npudyem
TOUKU nayT Ha npsmoit £ B andpasutHom nopsigke. ObosHaunm yepes P n Q cootset-
ctBeHHo mpoekuun Todek B u C Ha npamyto KL. [okaxunTe, 4to npsimele AP n DQ
napanfesbHsbl.

5. Hana knetuatasn gocka 2021 x 2021. lets n Bacs urpatoT B cnegyrouyto urpy.
OHu no oyepean CTaBsAT UK B CBODOAHbIE KNETKU AOCKM. BblurpbiBaeT ToT Urpoxk,
nocfe xofa KOTOPOro B KaXKAOM MpsiMOyrosibHuke 3 X 5 n 5 X 3 byger ctoaTe duLlka.
Haunnaet MNeTs. KTo 13 nrpokoB MoxkeT obecrneyunTs cebe nobeay BHe 3aBUCMMOCTW OT
neiicTBuii conepHuka?

6. HaiignTte BCe Takue HaTypasbHble Yucna N, 410 Ymcno 2™ + n? + 25 aensiercs
KybDOM MpOCTOro 4mucna.
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PacCMOTPUM flaHHOe ypaBHEeHMe Kak KBaapaTHoe ¢ KoadpduumeHtamm A = a® — b®, B=2(a® — b%), C=
a* — b*, x— nepemenHan. Ecima=b, 710 0 = 0 =>x € R. MiHaue HailAéM ANCKPUMMUHAHT KBaApaTHOroO
YypPaBHeHMUs:

D = (2(a® - 195))2 — 4(a® — b%)(a* — b*)
D = 4(a'® — 2a°b® + b*%) — 4(a'® — a®b* — a*b® + b1°)
D = 4a%b* + 4a*bh® — 8a°b®
D = 4a*b*(a—b)*>=>0
>0=020

A TaK KaK ANCKpUMUHAHT bonblie Mbo paseH 0, TO eCTb [1Ba AENCTBUTE/IbHbBIX KOPHA: X1 5 =
-2(a®-b%)+VD
2(a®-b®)
Ne2

TaK Kak Ha OCTPOBE XKMBYT pbiLapu U nxKelbl, TO Ha HEM ecTb X0TA 6bl 1 pbiLapb, 3HAYMT OH CKasan ogHyY
N3 NPOU3HECEHHbIX dpas, a 3HAUUT XOTA Bbl 0AHA U3 HUX BEPHA, TaK KaK pPbiLapu rOBOPAT TOIbKO
npasAay, a 3HAYUT /KeuoB nan 2, unn 4, unu 8, unm 14. Nyctb Ha ocTpoBe X pbiuapei. Toraa eciu
pbiLapu ecTb XoTa 6bl B ABYX rpynnax o4HOBPEMEHHO, 3HAaYUT NPOU3HECEHO XOTA 6bl ABe ¢pasbl C
pa3HbIM KOIMYECTBOM /IKELLOB, M 06e BepHbl. HO TaK KaK /I*KeL0B KOHKPETHOE, EANHCTBEHHOE YNCIO, TO
TAKoOro 6bITb HE MOXKET, 3HAUMT BCE PbILAPU B 04HOM rpynne. Torga Tak Kak KoMYecTBO Ye0BeK B
rpynne coBnagaeT C KOJIMYECTBOM JIXKELLOB, NPOM3HECEHHDIX B ppa3ax U3 3TON rpynnbl BCTPETUBLUMXCA.
lMycTb BCe pbluapu B rpynne, KOTOpPaA CKasana, YTo XKeuoB — Y. Torga nxKeuos 28 — X, TaK KaK uxy, To 28
=X +Yy, npuyém x < y, TO paccMoTpum 4 cnyyaa:

1) y=14, torpa x = 14, To ecTb pbluapei — 14, nxeuos — 14. YcnoBue BbINONHAETCA, 3HAYUT
JIKeLoB MoxKeT 6bITb 14. NMpumep nxeupl B rpynnax no 2, 4, 8 YenoBeK, pbiLuapy — B rpynne us
14 yenosek.
2) y =38, Toraa x =20, Toraa He BbINONHAETCA OrpaHUUYEHME Ha Y, TaKOTO BbiTb HE MOXKET.
3) y=4,Toraa x =24, Toraa He BbINOJHAETCA OFrPaHUYEHME HaA Y, TAKOTO ObITb HE MOXKET.
4) y=2,T0raax =26, Toraa He BbIMNOJHAETCS OFPaHNUYEHNE HA Y, TAKOTO ObITb HE MOMKET.
OTtseT: 14 nxeuos..
Ne3
a+b+c=3=2a+b=3-c;b+c=3—-a
ab + bc+ 2ca=a(b+c)+cla+b)
MopgcTaBum Bo Npeobpa3oBaHHOE BTOPOE BbliparkeHue 3HayeHma a +bu b + c:
ab+bc+2ca= a(3— a)+c(3—)c=—a?+3a+3c—c?
PaccmoTpum dyHKuMio y = —a? + 3a + 3¢ — ¢?, rae a — nepemeHHas, ¢ — napameTp.
y=—a? + 3a + 3c — ¢?, dyHKuMA KBaApaTUUHasA, rpaduKk napabona, Tak Kak A = -1 <0, To BeTBM
HanpaB/ieHbl BHW3, 3HAUUT Hanbonbluee 3Ha4YeHME B BEPLUMHE.

Q=57 1,5y, =y(ag) = —2,15+45+3c—c?=—-c?*+3c+4,5
PaccmoTpum dyHkumio f(c) = —c? + 3¢ + 4,5:
f(c) = —c? + 3¢ + 4,5, GyHKUMA KBAAPaTMYHaR, rPadVK Napabona, Tak Kak A = -1 < 0, To BeTBM

Hanpas/ieéHbl BHU3, 3HAYUT Hanbonbliee 3HayeHMe B BepLwunHe.

-3
Co = __z;f(c)o =f(ly)=-225+45+225=45
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3HaunT ¥, = 4,5, a Tak Kak Y, — MaKCMMaJibHOe 3HadeHue — a® + 3a + 3¢ —
c?, To eCTh MaKCUMaJIbHOe 3HaYeHue ab + bc + 2ca, To ab + bc + 2ca < 4,5.
NMpua=1,5b=0;c=15a+b+c=3wuab+ bc+ 2ca = 4,5.
OTBeT: 4,5.

Ne5
MpuBeaém BbINTPbILHYIO CTpaTeruto urpbl 3a MeTto. MepBbim xo40M NeTa cTaBuT Nepsyto GULLIKY B
LEeHTp Aockn (KoopanHatel (1010;1010)). 3aTtem Ha ntoboit xoa Bacu MeTs oTBeYaeT CUMMETPUYHBIM
X040M OTHOCUTE/IbHO LIEHTPa A0CKKU. [loKaxkem, 4yTo y MeTn Bcerga Hanaétca nogobHbIn xoa. 3ameTum,
yTo nocse xoga MeTn Bceraa octaérca CMMMETPUYHAA A0CKA OTHOCUTE/IbHO LEHTPa, Tak Kak B Nepsom
xofAe BCE MnoJsie, KpOMe LeHTpa, MNyCTo, @ 3HAYUT CUMMETPUYHO OTHOCUTE/IBHO €50, @ MOC/Ie KaKoro-To
X043 NOCTaBAEHHbIE UTPOKAMM QULLKM CUMMETPUYHBI, MO YCAOBUIO cTpaTernn MeTu, To ecTb none
CUMMETPUYHO nocne Kaxgoro MNetuHoro xoga. Toraa Tak Kak Baca ctaBuT B NyCTyHO KAETKY, TO NO
CUMMETPUM HANAETCA ellé oAHa TaKas e NycTaa KNeTka (Tak KaKk Ao BacuHoro xoaa none
CUMMETPUYHO OTHOCUTENIbHO LLEeHTPA), B KOTOPYIO yxKe M cxoauT MeTa. [loKaxem, 4To Baca He cmosKeT
nobeanTb, NOCTaBMB CBOLO PULLIKY. MPesnonoKMM, YTO OH NOCTaBUA CBOIO GULLKY M nobegun. OgHaKo
[0 ero xoZa CyL,ecTBOBa/M ABe NYyCTble KNETKU: O4HA, B KOTOPYH OH CXOAMA, U ApYyrad, B KOTOPYHO OH He
cxoAmA. A TaK Kak Ha 3TOT MOMEHT NPUHATUA Bacel pelieHuna, none CMMMETPUYHO, 3HAYUT 3TH ABe
KNeTkn 061aaatoT 04MHAKOBbIMM CBOMCTBAMM, TO €CTb Yepes HUX NPOXOAUT OAMHAKOBOE KOJIMYECTBO
HEe3aKpbITbIX NPAMOYrobHMKOB. TOrga Tak Kak Baca nobeann MMeHHO B 3TOT XOZ, TO 3HAYUT OH 3aKpbin
XOTA Obl OAMH A0 3TOr0 HE3aKPbITbIV NPAMOYFO/IbHMK. HO TOrga Uy BTOPOM KNETKM ToXKe ecTb XOTA Obl 1
HEe3aKpbITbl NPSMOYrONbHUK, Toraa Baca He nobeaun, 1 Hawe NpeAnoNoXKeHMe HeBepPHO, 3HAUUT Bacs
He CMOXKeT NobeanTb Ha CBOEM xo4y. A TaK KaK YUNCNO KETOK KOHEYHOE, U Kaxapbli pa3 UX KONNYeCcTBO
YMeHbLUAeTcA Ha 2, TO KOraa-HMbyab 3a KoHeYHoe Bpems MeTa nobeaunt.

Ne6
Tak Kak 2™ + n? + 25 > 28, Tak Kak n HaTypa/ibHOe, TO ecTb XoTA 6bl 1, To 2™ + n? 4+ 25 xoTa 6b12 + 1
+25=28. Toraa p > 3, TaK KaK 3 B Kybe meHblue 28, a 4 — 6onble. Torga Tak Kak p — NpocToe, U p > 3, To
p — HeuéTHoe. Torga 2™ + n? + 25 = 0 + n + 1(mod 2) = n + 1(mod 2), a TaK Kak p — HEY&THOe, TO N
— Bcerga YétHoe. TorAa HaMmeHbLUee p, y40BAeTBOpAloLLee orpaHnyeHunio — 5. Toraa 2" + n? + 25 =
125, a aTo BepHo npu n =6 (64 + 36 + 25 = 125). Toraa nycTb cneayowme p U n, Npu KOTOpPbIX
BbINO/IHUTCA PAaBEHCTBO H0/ble NPeablAyLLIMX 3HAYEHMI Ha Y U X COOTBETCTBEHHO. Toraa HoBas sieBas
yactb - 2™* + (n + x)? + 25, a Toraa pasHuLA Mexay NPOLLNOW NeBoii YacTbio M HOBOW paBHa
2™(2% — 1) + 2xn + x2, n ecnn NoACTaBUTL 3HauYeHKe n, To 64(2° — 1) + 12x + x2. CpaBHUM 3TO
Bblpa*KeHue no moaynto 3:
X cpaBHUMO ¢ 0: 64(2* — 1) + 12x + x2 cpaBHUMO ¢ 64 nnm O (TaK Kak B CTeneHAX ABONKM Npu
CpaBHeHUu nNo moaynto 3 MAET umkn 121212..., a, yto cpasHuUmo ¢ 1 uam 0.
X cpaBHMMO ¢ 1: 64(2% — 1) + 12x + x? cpaBHumo c 1
X cpaBHUMO ¢ 2: 64(2* — 1) + 12x + x? cpasHumo c 1
Tenepb PacCMOTPUM Pa3HOCTb NpaBbix YacTeil. OHa pasHa 6P’y + 12Py? + 8y?2, a 3T0 cpaBHUMO C
8y2 no moAaynto 3,a TaK Kak KBagpaT no moaynto 3 paét aga octatka: 0 mn 1, To:
Korga 0, Toraa ocrtaTkuy YacTelt A0KHbl COBMNaAaTh, HO TOrAA X — HEYETHbIN, @ 3HAYUT U CTeneHb byaet
HeuyéTHOW. NMpoTnBopeune.
Korga 1, Torga octaToK ABa, a /1eBan YaCTb TAKOro OCTaTKa He AaéT.
To ecTb N = 6 — eANHCTBEHHbI OTBET.
OTser: 6.



