Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

BakJsrounTtenbHbrii atan. 2020/2021 yuyebusiii rox. 10 — 11 kJaccsl.

[Ipu KakuxX HATYPAJIBHBIX N KJIETYATYIO JIOCKY N X M MOXKHO pa3pe3aTbh Ha KBajpaTbl 1 X 1 u 2 X 2

TaK, 9TO KBaJIPATOB PA3HBIX pa3MepOB Oy/eT MOPOBHY !

[TosoxKuTeIbHEIe TuCIa a, b, ¢ Takosbl, uTo a’b + b%c + c?a = 3. Haiiaure MUHIMAIbHOE 3HAYCHHE
BbIPaYKEHUs
A=a"b+b"c+ca+ab®+ b + ca’.

Jlau HepaBHOOE IpeHHbII OcTpOyTobHBIN Tpeyroabauk ABC. B nem nposesenst Beicotsl BBy u C'CY,
nepecekaroruecss B Touke H. OKpyKHOCTH wi U we ¢ TeHTpaMu H u C' cOOTBETCTBEHHO KacaroTCst
npsimoit AB. I3 Touku A K wq 1 wo MPOBEJIEHBI KacaTeabHble, oTandHble 0T AB. Obo3HaINM TOYKHI

X KacaHugd C 9TUMU OKpYKHOcTaAMU depe3 D u E coorBercrBenno. Haiture yron By DE.

[lerst Hammcas Ha JIOCKe TIOJPSIT N TOCIEI0BATE/IbHBIX JIBy3HAUHBIX dnces (n > 2), nepBoe u3 KOTo-
pbIX He cozepxkut 1udpy 4, a nocieanee — 1udpy 7. Baca moaymast, 9To 910 JlecaTUUHAS 3AINCH
HATYPAJBHOTO YUC/IA X, U PA3JIOXKUI & Ha IPOCThIe MHOKHUTE . OKa3a10Ch, 9TO UX BCErO JIBa U OHU

pasiauuarorcs Ha 4. Uro Hammcano Ha gocke?

B crpane JIumonun B 06paleHni HCIOIL3YIOTCS MOHETHI JJOCTOMHCTBOM 37, 3"~ 1.5, 3n=2.52 3n=3.53
., 35" 1 5" mmacTpos, re n — HaTypaiabHoe uucio. 2KuTesib crpaHbl 3alie] B 6aHK, He UMest

pu cebe HAJTUIHBIX JeHer. Kakyio HauboIbIIyI0 CyMMY eMy He CMOT'YT BBhIJIATh B OaHke?
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3anaua Nel

T.x. KBagparukoB 2*2 u 1*1 nopoBHy, To cyMMapHas IUIOIIA b OJDKHA AeTUThCS Ha (2*2 + 1*1) =
5 => 1. K. cyMMapHas IJIoLIab 3T0 n*n , TO n AEIUTCA Ha 5.

Ecnu n =5, To kBagpaTka kaxxoro Buna 5*5 /5 =5, HO kBapaTukoB 2*2 5 MTYK MOMECTUTHCS HE
MoxeT. [IpoHymMepyem KJIeTKH OT JIEBOW HIDKHEH mapaMu uuce (X;y) rae 3To OynyT KOOpAHHATHI
BEPXHETO0 MPaBOro y3ja KiIeTku. Toraa packpacuM kietku (2;2) , (2;4) , (4;2) , (4;4) B uepHbIil 1BeT,
71100011 KBapaTHK 2*2 00s13aTeNbHO MOKPHIBAET POBHO OJHY KJIETKY => 5 UX ObITh HE MOJXKET.
Ecmun> 5, To n =5k, rne k > 1, ecnu k 9eTHOE, TO MOXKHO pa3AenuTh n*n Ha KBaapaTuku 2*2 u
HEHY)KHbIE IIPEeBpaTuTh B 4 kBajgparuka 1*1, ecnu xe k HeueTHOE, TO MOXKHO pa3ouTh (n— 1) * (n —
1) Ha 2*2 u HeHYXHbIE, a TaK K€ OCTaBILIYIOCS YacTh KBajpara pa3outs Ha 1*1. Ham HyxHbI 5 *
k"2 kBagparukoB 2*2, (Sk— 1) * (Sk — 1) =25k"2 - 10k + 1 > 20 k™ 2 mpu k >= 3.

OtBet: n = 5k , rae k HatypansHOE 1 Oosnpiie 1.

3amaga Ne2

a’7*b + a*b”3 no HepaBeHcTBy Kamu Gonbiie uiau paBHO ueM 2 * sqrt(a™8 * b~ 4) = 2*a4*p*2,
AQHAJIOTUYHO C JIBYMSI OCTaBIIUMHUCS MapaMu. V3 HEpaBEHCTB O CPEIHUX CIEAYET, UYTO KBAIPATHIHOE
Oomnpie apudmerndeckoro, Toraa : 3 * sqrt((a™4*b” 2 + bM*cN2 + c4*ar2)/3) >= a’2*b + b 2*c +
c2%a => sqrt((a™4*b"2 + b 4*c"2 + ¢"4*ar2)/3) >= 1, Torma a”4*b"2 + b *ch2 + cM4*ar2 >=3
Toraa T. K. ©I3HAUANBEHOE BBIPAXKEHUE OBLTO OOJIBINIE HIIH PABHO YIBOCHHOMY 3TOMY, TO OHO OBLIO
OoJbIIIe WK paBHO O.

6 nocruraercs eciau a=b=c=1

Ortger: 6.

3amaua Ne3

Yron ADH = yron AB1H = 90, Torna ADB1H Bnucannslii uetsipexyroasHuk. Torna yron B1DH =
yrny CAH =90 — yron ACB. AC1 = AD = AE kak oTpe3kH KacaTelbHbIX, Toraa yroi ADE pasen
(90 — yron EAD / 2). U3-3a cummetpun otpe3koB AC1 u AE otHocuTensHO AC, a Tak ke
cummeTpuu otpe3koB AC1 u AD otnocurensno AH, yron EAD /2= (EAC1/2—-DAC1/2) =
CAB - HAB = yrity CAH = 90 — yron ACB, torna yron ADE =90 — 90 + ACB = yron ACB.

VYron EDB1 = EDA + ADH+ HDB1 =ACB + 90 + 90 — ACB = 180.

Ortser: yron B1DE = 180.

3agaua Ned

T.x. ITapa 2 u 6 3T0 He mapa NpoCTHIX, TO TOrna 00a MPOCTHIX HEYETHHI, Mapa 1 u 5 Toxe He
MIOJXOJUT, TaK K€ Kak U 5 u 9, Torga cpeam NpocThIX HET 5, TOrAAa OHU MOTYT 3aKaHYMBAThCs TOJIBKO
Ha 1,3,7,9. Torna mapoit mocneqHux mudp MPOCTHIX MOKET OBITH ToNIbkO 3 u 7, 7u 1,91 3, B
ciydae 7 v 1, 9 u 3 npousBeneHre OKaHIMBAETCS Ha 7, @ B TIOCJIEAHEM YHCIIE HET 7KHU, TOrAa
enuHCTBeHHas rapa 3T1o 3 u 7. Torma 06a mpocTeix yucia npeacTaisitores B Buae 10 *y+3u 10y
+ 7, ux npoussenenue 31o 100 * y*2 + 100 * y + 21, T. K. UX IPOU3BEICHUE 3TO PsIJI ABY3HAYHBIX
yucel, To T. K. mo Mmoaymito 100 ato 21, To mocnennee ABy3HauHOeE 3TO 21.3ameTuM 4TO mapa
HOPOCTHIX 3 U 7 MOAXOAUT, HO TOTJIA YUCIIO OBIJIO TOJIBKO OJTHO, a MO YCIOBHIO UX XOTA ObI 2, TOrna
cpenau NMpocCThIX HeT Aensauuxcs Ha 3. Torga octaTok npu ejaeHuH Ha 3 yuciia He MOXKET ObITh
HyneM. T.x. Bce crenenu aecsatku garot 1y no Moayito 3, TO OCTaToK MpHU JAEJIEHUH Ha 3 3TO
OCTaTOK IPHU JeJIEHUU CyMMBI LU(P, TOCMOTPUM Ha OCTATKU BO3MOXKHBIX IOCIIEI0BATEIbHOCTEH:
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grcia ¢ octatkoM 0 He MOIXOOAT

yucao 2021 nogxoaut, T. k. 2021 =43 * 47

4YHUCII0, HaUMHaromeecs ¢ 14 He moIXOqUT MO YCIOBHIO.

Yucno vaunHaromieecsi ¢ 11 = 11 * 101102855923792562911 He noaxoauT, T. K. AeIuTcs Ha 11,
YTO TOPa30 MEHBIIIE BO3MOMXHBIX MTPOCTHIX

A ugucno 1718192021 =7 * 245456003 nenutcs Ha 7, 4TO TOXKE TOPaA30 MEHbIIEe TpeOyeMbIX
MPOCTHIX.

OtBet: Ha mocke Morio ObITh TONBKO unciio 2021.

3agaua Ne5

7 HeNb3s MPEICaTBUTD B BUJIE CYMMBI uncen 3 u 5, ecnu Obuta 3 ka, To 4 Hellb3sl TPEICTaBUTh, €CIIH
ObuTa SKa, TO 2 Henb3s mpeacTaBuTh. JIroboe uncio Oosbinee 7MU MOKHO MPEACTABUTH B BUJIE
CYMMBI TPOEK U ISTEPOK.

8=3+5
9=3%*3
10=2%*5
11=3%2+5
12=3%*4
13=3+2%5
14=3%3+5
15=3%*5
16=2*3+2%*5
17=4%*3+5
18=6*3
19=3*3+2%*5
20=4%*5
21=7%*3

22=4*3+2%*5

OCTAaJIbHbIE YUCIIA MPEJICTABISIIOTCS KakK 3 * 5 + To 4TO y)Ke Mbl yMeeM Mpe/ICTaBIATh.

Torna qns n = 1, 7 ABnsieTcs MaKCUMaIbHOM CyMMOM, KOTOPYIO HE MOTYT BBIJIaTh B OaHKeE.
3ametum yronnpun=1,7=5"n+1)-2*3"(n+1)

JlaBaiiTe 1Mo MHIYKIIUU JOKaXeM, 9TO OTBET 3T0 5 M(n+ 1) -2 *3(n+ 1)

baza nnsg n = 1 yxxe nokazana

JlokaxkeM, 4TO eciu 71 n -1 3TO BEPHO, TO BEPHO U JUIA N.

3aMeTuM, 4TO €clii yOpaTh MOHETY CTOMMOCTBIO 3 *n , TO OCTaHYTCSl MOHETHI JUIsl ciy4as npu n -1,
TOJIBKO YMHOXKEHHBIE Ha 5. J[aBaiiTe 00beJUHUM B TPYIIIBI UHCIIA BUAA:

5k, Sk +3”n, Sk +2 * 3 n, Sk + 3 * 3 *n, 5k + 4*3”n. 3amMeTHM 4TO TOINA BCE YHCa OonbIIne 3
n pa3o0bIOTCS HA TaKHE IPYIIBI O€3 MOBTOPOB, T. K. JII000E YHCIIO MPEICTABUMO B TAKOM BHUJIE
€IMHCTBEHHBIM 00pa3zoM. Toraa Mbl 3HaeM, YTO €CJIM Mbl MOIVIM JUISl ciy4asi n — 1 MOJyYuTh YUCIIO
k, TO MOXeM MOIY4UTh JJIsl HAIIETO ciy4yasi BCce YHcia U3 IPYIIbl 1 HA000pOT, €ClIi He MOTIIU
MOJTyYUTh, TO U ceifyac He MokeM. Toraa oueBUIHO, YTO HAUOOJIbIIIee YUCIIO, KOTOPOE Mbl HE
MOXeM MOTY4UTh ceiyac 310 Sk +4 * 3 ~ n, rne k 370 MakcCUMaIbHOE YNCII0, KOTOPOE MBI HE MOTIIU
MOJy4YuTh AJs ciydas n — 1. Ho mo unaykuuum mel 3HaeM 370 k. Torna Haiizem Halile 4yucio npu
ToM k:

5G5Mn)-2*3"m)+4*3 "n=5"(n+1)—(10-4)*3*n=5"(n+1)-2*3 " (n+1),
q.T.1.

OTBeT: MakcUMalibHasi CyMMa, KOTOPYIO €My He MOTYT BblAaTh B 6anke S (n+1)—2*3 " (n+ 1)



