Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

Mozkuo Jin B Tabsuie 35 X 35 paccTaBUTh Pa3/IMUIHbIE 1IE/Ible YhC/Ia TaK, 9TOObI 3HAYeHUS B KJIETKAX,

UMEFOIIX ODOIILYI0 CTOPOHY, OTJINIAINCH He OoJiee yeM Ha 187

IIpu a, b, c > 0 HaiiguTe MaKCHMAILHOE 3HAYCHUE BbIPAYKCHUS

Ao a?(b+c)+b*(c+a)+ A(a+b)
B a® + b + 3 — 2abc '

OKpyKHOCTH w1 1 wo ¢ meaTpaMu O u Oy COOTBETCTBEHHO IepecekaioTcst B Touke A. OTpesok Oy A
BTOPUYHO IIEPECEKAET OKPYXKHOCTb wi B Touke K, a orpe3ok O;A BTOPUYHO HEPECEKAECT OKPYK-
HOCTB wo B Touke L. Ilpsimasi, mpoxomsmas depe3 Touky A napasuienbno K L, BTOpUYHO IIepecekaeT
OKPY’KHOCTH w1 U wo B TouKax C' u D coorBercrBerHo. Orpeskn C'K u DL nepecekaroTcs B TOUKE

N. Haitaure yroa mexay npambiva O A u OaN.

B daitne 3ammucano nmoapan 2021 1By3HaYHBIX TATEPUIHBIX YHCEN, TPUYEM YHUC/Ia HA HEYETHBIX IO0-
3UIUAX PaBHBI U Ha 1 GOJIbINE YHCes Ha YeTHBIX MO3UIUAX. KoMIbioTep cuuTas jaHubie 3 daiiia
KaK OJIHO MATEPUIHOE YUCJIO U PA3JIOKUII €ro Ha MpocThie MHOKNTe . OKa3a/10Ch, 9TO TAKUX MHO-

JKUTeJIell POBHO J[Ba U OHU paszjindaiorcsd Ha 2. Morjo jin Takoe ObITh?

B crpane JIuMonun B 06paleHn HCIOIL3YIOTCS MOHETHI JJOCTOMHCTBOM 5™, 57~ 1.7, 5n=2.72 5n=3.73
., 57" 1 T mmacTpos, rie n — HaTypaiabHoe uncio. 2KuTesib crpaHbl 3amie] B GaHK, He nMest

pu cebe HAJTUIHBIX JeHer. Kakyio HauboIBIIyI0 CyMMY eMy He CMOT'YT BhIJIATh B OaHke?



1 2 3 4 5 Cymma

10 20 20 9 0 95

3apgaval
OTBeT: HET, HENb3s

MpeanonoXmnm, 4To MOXHO. MNMyTb MMHMManNbHOE YUCIO PaBHO a, a MakcuMansHoe b. Toraa
PaccmoTprmM NpsAMOYrosibHUK, B KOTOPOM a U b CTOAT B MPOTMBOMOIMOXHbLIX yrnax. PaccMoTpum
yronok o6pa3oBaHHbIN BEPTUKANBbHON U FOPU3OHTANbHOM KpanHUMK NONIOCKaMM 3TOrO
npsamoyronbHuka. Mbl MOXXEM NPONTU MO rpaHuLLE NPSMOYTofNbHMKA HAYMHAsS B MUHUMarbHOM
KINneTke 1 3akaHYnBasi MakcMmarbHOW. Tak Kak Npu KaxaoM nepexoae pasHoOCTb HOBOTO Yncra u
npegbiayLlero He NpeBocxoanT 18, To Ha I-oM Lware Mbl HaX0OUMCS B KMETKe C YNCIIOM He
npeBoCXoAALNM a+i*18. Tak kKak MPAMOYrorbHUK NONHOCTLIO COAEPXXUTCA B KBagpaTe 35 Ha 35,
TO AJSIMHA paccMaTpmMBaeMoro nNyTu = BbICOTa NPAMOYT. + LUMPUHA NPAMOYT. — 1 <=35%*2-1=69, TO
b<=a+18*(69-1)=a+1224. TaK kak B Tabnuue Bce Yncna pasnn4Hbl, a BCero nx 35*35 1 BCe OHU >=a
<=b, TO KONU4ecTBO Uncen <=b-a+1<=a+1224-a+1=1225. Ho 35*35>1225 — npoTuBOpeyne

3apava 2
OTBeT : 6 — gocTuraeTcs npu a=b=c (=1 Hanpumep)
(a+b+c)~3 = a”3+b"3+c”3 + 3*(a”2*(b+c)+b”A2*(c+a)+ch2*(a+b)) +6*abc

Moatomy Hawa gpobeb nmeet Bug (((a+b+c)*3-6abc-a*3-b”3-c”3)/3(a”3+b”3+cA3-2abc) =
(((a+b+c)*3-8abc)/(a*3+b"3+c”3-2abc) -1)/3

Mo Hep-BY (a+b+c)*3<=9*(a”3+b”3+c"3) => (((a+b+c)*3-8abc)/(a*3+bA3+c”3-2abc) -1)/3
<=((9(a*3+b”3+c”3)-8*abc)/(a*3+b”3+c”3-2abc)-1)/3 <= ((10*abc/(a*3+b"3+c”3-2abc))+8)/3
Mo HepaBeHcTBY Kowu (mexay cpen. Apudm.u cpef . reom.) :

(a"3+b”3+c”3)/3>=abc => (a*3+b”3+c"3-2abc)>=abc

2 ((10*abc/(a?3+b”3+c”3-2abc))+8)/3 <=(10*abc/abc +8)/3 =6

3apgava 3
OtBeTt: 90
[loka3aTenbCcTBo :

1) CD || LK=>CDLK - Tpaneuus (a N — nep-e ee guaroHanen)

2) Tpeyr. O1AK n AO2L nogo6HbI Tak Kak pabHobepeHHbl U UMEIOT paBHbIN yYron npu A.
Moatomy yrnbl KO1A = AO2L. o Teop. O Bnuc. Yrne ACK = %*KO1A (onup. Ha gyry AK) n
aHanor. ADL = 180-1/2A02L => CKL = ACK (no napannensHOCTW psiMbIX ) = 180 — ADL = DLK =>
Tpaneuwns CKLD — paBHobeapeHHas

3) PaccmoTtpum LNKO2. Tak kak Tpaneuuns paBHobokas To CND — paBHob6eap. U yromn LNK =
180 —2* ACK = 180 — AO1K = 180-LO2A => 4-k LNKO2 — Bnuc. => NO2K = DLK = AO1K/2.

4) Tak kak Tpeyr. 01AK — paBHoGKAp. To yron O1AK = 90-A01K/2

5) [Mlo cymme yrnoB mexay npambiMu AO1 1 CN UCKOMBIR yron = 180 — NO2A-01A02 =90

3apava 4

MycTb 5-pUyHbIE YMCNa Ha YETHbIX MECTax MMEKOT BUA Xy (TO eCTb paBHbI 5x+y). Toraa ecTb ABa
cryyas :

1) y=4.HaHe4eTHbIX MecTax CToAT Toraa vuncna suga (x+1)0 (Ycnosue Ha x 3>=x>=1)


moonstyle
Штамп


Yncno 4To BMAUT KoMnboTep nMeeT BUS, ((x+1)0xy(x+1)0 ... xy(x+1)0) = 5(x+1) + (5x+6)*25 +
(5x+5)*2572 +... [TyCTb MHOXMTENM B pasnoXeHUn KOMMNbTEpa uMenu Bug p 1 p+2. Toraa
3aMETUM, YTO HaLLe YMCIO Kak MMHUMYM Aenntcs Ha 5. Torga ecTb Bcero Aga criydas :
OHO paBHO 5*3 1 OHO paBHO 5*7 O4YeBNOHO, YTO YNCIIA CITULLKOM MareHbKNe (TOYHO He
2021*2 3HakKa B 5-pud 3anucu) => 1-bIin CnyyYan HEBO3MOXEH

2) 0<=y<=3 Ha He4eTHbIX MecTax CTOAT yMcrna Buaa x(y+1) u ycnosue Ha x : 1<=x<=4

MycTb MHOXWTENM B Pa3noXeHUM KoMMNbTepa UMENU BUA p U p+2. (p — NPOCTOe 1 AIBHO Gonblue 2
=> Heu. ) A 3HaYUT YMCIO YTO BUANUT KOMM. — HEYETHOE.

Torga KoMMbOTEP BUAMT YNCHO s = (5x+y+1) + (5x+y)*25 + (5x+y+1)*2522+.. . +(5x+y+1)*2542020 =

= (5x+y+1)*(14524+578+...4524040) + (5x+y)*25*(1+2522+2574+..+42572018) =
(5x+y+1)*((5°4)A1011-1)/(574-1) + (5x+y)*25*%((574)71010 - 1)/(574-1) = ((5x+y+1)*(574044-1) +
(5x+y)*(574040-1)) /624 =

= ((5x+y)*(574044+574040-2) + (524040 -1))/624 = (5x+y)*(1+25+2572+...+25"2020) +
1+2572+2524+..+25/2020

MycTb 1+2522+25”4+..4+2572020 = a — HEYETHOE
25=1mod 3 =>s = (5x+y)*2021+1011 mod 3 = 2(2x+y) mod 3
25=-1mod 13 =>s = (5x+y)*(1-1+1-1+... +1) + 1011 mod 13 = (5x+y)-3

504=2mod 7; 624 =1mod 7; 2*3=1 mod 7; 5*4044-1 = 271011-1 =0 mod 7 ; 5*4040-1=271010-1 =
272-1 =3 mod 7=> s=(5x+y)*3 mod 7

Torga komn BUAUT (5x+y)*(a+(a-1)/25)+a
= (5x+y)*(HEY+YET)+HEY = HEY => x+y-4YEeTHOEe

Takke MOHATHO YTO €CINN YUCMNO AENUTCA Ha 3 UUN 13 UNK 7, T 3TO NMNOXO0 (ManeHbLKoe NPocToe)
=> 2x+y HE AenUTCH Ha 3 1 5x+y-3 He AennuTcs Ha 13 1 (5x+y)*3 He genuTcs Ha 7. [Moatomy
nepebopom NoaxoAaT TOMbKO napbl

y=0 x=2
y=0 x=4
y=2 x=4
y=3x=1

TakKke NOHATHO YTO ecnn Ymcna xyx(y+1) B 5-pmd 1 x(y+1)0000...0 MMetoT OBLLUIN NPOCTOM
fenunTerb, TO BCe NSI0OX0 (AenuTernb He NPeBoCXoauT 524, a 3HaunT s<574*(5*4+3)<<522020).
HO[(1+26y+130x,(5x+y+1)*5/4040)=1

3apaya 5:

[aawnTte 3a An 0603Ha4aTb MH-BO BCEX YMCEN KOTOPbIE MOXET BblgaTh 6aHK Ansi puke. n., a 3a tn
— MaKcMMarnbHOE YMCIIO KOTOPoe He MOXET BblaaTb 6aHk. [1ns n=1

BaHk BblgaeT Yncna Buga a*5+b*7.

MH-Bo Al = O6beanHeHne No MH-BaM BUAa {5a}, {5a+7}, {5a+14}, {5a+21} ... =



{0,5,10,15,20...} U {7,12,17,22 ...} U {14,19,24,...} U {21,26, 31...} U... =
{0,5,7,10,12,14,15,17,19,20,21,22,24,25,26,27,28,29,30...}

Ymcno x B Al <= x-5 wiu x-7 B Al

Mo>HO 3aMeTUTb, YTO Nocrie 24 Bce ynucna oyayT B Al, Befb Yncrno x B Al, Ton 5+x B Al, a
{24,25,26,27,28} B A1 => Bce ocT. Nony4atoTca caABMromMm Ha 5 HaxogaTes B Al. MakcumansHoe
umncno, kotopoe 6aHK BbldaTb HE MOXET = 23 Ans n=1. 3amMeTuM, 4YTO BCe Yncna aAensiinecs Ha 5
nnn 7 n HaxogsdLmecs B An Haxogatcs 1 B An-1 (lenum ux npeacraBneHme B CyMMY 35IEMEHTOB
5Ax77y Ha 5 unn 7 v nony4vaem pasnoxeHue Ans n-1 # Bce YneHbl KpoMme 7”°n ensaTcs Ha 5=> ecnu
YMCO SENUTCS Ha 5 TO B pasnoXeHun 7An gaeanu 5*k pas, YTo MOXXHO NEPEKUHYTb Tak, YTOObI
77(n-1)*5 gaBanu eule 7k pas). Takke MOHATHO, YTO Anst NOOro Yncna x U3 An 7x 1 5x HaxogaTcs
B An+1 — eCnn OHO packnagblBaeTcs Ha CyMMY YNEHOB, TO AOMHOXas Kaxabl YNeH Ha 5 nnu 7
nosnyvyaem passnoxeHue ans n+1. Takke NOHATHO, YTO eCnn t He packnagbIBETCA B CYMMY
k*52i77(n-i) To oH TeM 6onee He packnagpiBaeTcsi B CyMMy k*5/i*7A(n-i+1) #nepexof OT OAHOro K
pasnox. K gpyromy nerko ocyLecTBnsaeTcsi BolHeCEHMEM B KOI(PPULNEHT 5-KN UK 7-KK, TaK YTO
OT NPOTMBHOIO NPUXOLMM K MPOTUBOPEYUIO C CYLLLIECTBOBAHNEM Pa3roXeHUs AN n.

Takxke ecnn x B Am a y B Al, TO xy B A(m+l) (pasnoxeHne xy nerko nonyyaeTcs nepeMHoXXeHNeM
pPasnoXeHun x 1y C CyMMUPOBaHMEM CTENEHEN NPU 5 N 7 BHE KO3D.)

MycTb x NeXuT B An 1 NpeacTtasnseTcs Kak cymma ki*5Ai*74(n-i). Torga ecnu kn=0, To x = cymma
(5*ki) *52(i-1)*77(n-i) => x B An-1. AHanornyHo ansa k0=0. Ecnv ons x He cyLecTByeT pasnoXxeHus
rae kO nnu kn =0 (4TO <=> x He AenuTcs HU Ha 5 Hu HAa7), TO x0-7”n N x0-5”n B An. [JaBanTe Takke
HasblBaTb pasfoXeHne “MUHMUMarbHbLIM No 5”, ecnn KopuuneHTbl Npu 52i*77(n-i), i>=1 MeHbLUe
7 : NPUBETM K TaKOMY BUAY pasnoXeHne o4eHb NpocTo 6epem nepBbIn kKoad. He
YOOBMETBOPSIOLLMIA CYIIOBUIO, BbIAENSIEM B HEM YaCTb KPaTHYO 7, BBIHOCUM U3 YacTu
KoahduumeHTa 7 1 BHOCMM 5 — MO CyTU CABUraeM €ro cteneHb no 5 Ha 1 BHM3. M Tak genaem
noka Bce He crnycTunock. AHanorn4yHelM obpasom onpeaensieM “MUHUMansHoe pasnoxeHue no
77

Mokaxkem 4YTo t = 2(7An+57n-1*7 + ...+5%n)-1 He B An. OT NPOTUBHOIO : NYCTb €CTb Pa3foXeHue.
Toraa NOCKOMbKY YACINO He AENUTCS HU Ha 5 HU Ha 7, TO B pasnoX. ECTb 54n n 7An. => 7An+57n-1
Takke UMeT pasnoxeHue. Ecnv n-4yeTHoe, 72 n+5n-1 = 254(n/2)-1=0 mod 7 => MOXHO Pa3noXuTb
06e3 5”n



