1.

Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

B mexkoropwix kiieTkax mojiocku 1 X 2021 mocraBjieHo 1o ojiHON dumke. B KaxKyo m3 mycThbIxX
KJIETOK 3aIIMCBIBAETCS YHCJIO, PABHOE MOJIYJII0 PA3HOCTH KOJIMYECTBA (DUITIEK CJIeBa U CIIPaBa OT TOit
KJieTku. VI3BecTHO, 4TO BCe 3alMCaHHble YUC/Ia Pa3InydHbl U OTJIUYHBI OT Hy/d. Kakoe HamMeHnbIee

KOJIMYeCTBO CbI/H_HeK MOXKeT OBITD pacCTaBJICHO B KJIETKAX !

[TonoxkuTenbuble 4ncia a,b, ¢ Takoswl, uto a® + b + ¢ = 3. HaiiauTe MuHuMaIbHOE 3HAYEHHE
BbIPa2KCHU A

at+ot b+t A +at

2 +4ab  a?+4bc  b? +4ca’

Jan paBHobenpennsiit TpeyrobHuK ABC' ¢ ochoBanunem BC'. Ha mpojosmkennu croponbt AC' 3a TO9-
Ky C ormedena Touka K, n B TpeyrosbHUK ABK BrnmcaHa OKPYKHOCTH ¢ TIleHTpoM B Touke [. Yepes
touku B u I npoBejieHa OKPYKHOCTD, Kacarolascs npsmoir AB B Touke B. 9Ta OKpyKHOCTH BTO-

puuno nepecekaer orpe3ok BK B Touke L. Haiinure yron mexiay npambivu K u C'L.

Ha nocke manucano amciao 1200. Ilers npunmcan k memy cupasa 10n + 2 ndaTepok, rje n — HeOT-
punaTeabHOe Iesioe duciao. Bacs momymMast, 9To 9TO mecTepuvHas 3alliCh HATYPAJbHOIO YUCTIa X, U
PA3JIOKWT T HA IPOCThIe MHOKHUTETN. OKA3a/10Ch, 9TO CpeIu HUX POBHO JBa pa3audHbIX. [Ipu Kakmx

7 3TO BO3MOKHO?

B crpane Jlumonun B obOpallieHUu MUCHOJIB3YIOTCA MOHETBI JOCTOMHCTBOM 61 + 1, 6n + 3, 6n + 5 u
6n + 7 mmacTpoB, IJe n — HarypaJbHoe uucio. ZKurenb cTpanbl 3ames B 6aHK, He UMes Ipu cede

HaJIMIHBIX JeHer. Kakyto HauboIbIyo cyMMy eMy He CMOT'YT BbIIATh B OaHke?
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3apaval

|_|YCTb cTounT N q)MLIJEK. HaﬁAEM KaKune 4yncna moryt 6bITb 3aMMCaHbl B NYyCTbIX KNETKax.

K- ¢uwek nycTo n -k — dpmwek

Mogaynb((n - k) — k) = Mogynb(n — 2 * k)
CnepoBaTenbHO B NYCTbIX KNETKax MOryT 6bITb 3anuncaHbl YMcaa 40 N, 04MHAKOBOM C N YETHOCTMY.

3aMeTnm 4YTO ecan n < 1347 TO KONNYECTBO BO3MOXKHbIX YMCeN B NYCTbIX KneTkax < ((1347+1)/2)=674
a NyCcTbIX KNeToK > 2021 — 1347 = 674 3HauunT no npuHumMny Aunpuxne uncna B ABYX KNeTkax byayt
coBnaaatb. [MMokaxkem 4to n = 1347 gOCTUXKMMO.

Byaem pacctaBnatb GULLKK Tak 1) nycTan 2) duwwKa 3) dulKa (3aTem NoBTOPAEM LIUKA).
3ameTMMm YTO npeanociedHas - Nycras, a nocneaHss - ¢ GULKoN. (Tak Kak 2019 aenutca Ha Tpu).

MycTbIX KNeTok posHo (2019 / 3) + 1 = 674. MoKaKeM 4YTo MoAyNb PAa3HOCTU MPUHMMAET BCE HEYEeTHbIe
3HaveHuAa ot 1 oo 1347.

Bcero ¢uwek 1347 3HaumT B nepBoi nyctoit 1347. B cneaytoweinn Moaynb(1347 — 1 * 4).
MoKaxem uTo ntoboe HeveTHoe | 3anncaHo.

1) 1=4*+3 4*k+3=1347-m*4;, m=336-k
2) 1=4*%k+1 4*k+1=m*4-1347;m=337+k
k npuHagnexkut [0; 336].

Mony4mm, 4tTo ANA KaXKA0ro HEYETHOro M3 674 pa3INYHbIX, Mbl 3HaeM MECTO, F4e OHO CTOUT, MECT POBHO
674, 3HaUYUT YMCNa He NOBTOPAIOTCA.

Oteert: 1347 puwek

3apava 4

K =120055...5 (Bcero 10 * n + 2 naTepku)

MNepesegem uncno 1201 us wectepuyHoi B gecatepudHyto. 1201=17 * 17

K =1201(00...0 (10 * n + 2 Bcero Hyneit)) —1

K=17*17*6M10*n+2)-1=(17*6~A(5*n+1)—-1)* (17*6 A (5*n+1) + 1)

0O603HauYMM nNepBbli MHOXKWUTE/b 3a (a) BTOpoi 3a (a + 2)

K=a*(a+2)

3ametum uto n = 0 nogxoamt. K =101 * 103 (06a MHOKMTENA NPOCTbIE YMCNA)

3ameTtum yto 675 (mod: 101) = (100 * (mod:101)) =-1

17 * 6 (mod:101) =1

Torpaa=17 * 6 *((6 A 5)*n) — 1*(mod:101) =1 * ((-1)*n) - 1
(a+2)*Mmod:101)=1 * ((-1)*n) +1

Ecan n yeTHoe TO a aenutca Ha 101

Ecnn n HeueTHoe TO a + 2 genntca Ha 101


moonstyle
Штамп


CnepoBaTenbHo ecm n >= 1 To XoTA 6bl 0AHO U3 uncen a, a + 2 genntca Ha 101, npu atom 17 * (6”(5n +
1))-1>101;n>=1

CnepoBaTtenbHO O4HO M3 YMCEN ABNAETCA COCTaBHbIM. 3aMeTUM YTO a a+2 He AeNnATcA Ha 2
CNeaoBaTeNIbHO Y HUX HE MOXKET ObITb 06LWKnx aenmtenei. MNoimem 4To a He paBHo 1017k

OT npoTuBHOrO

1017k =17 * (6A(5n +1)) -1

(10172k) + 1 =17 * (6~(5n + 1)) Tak Kak n>=1T0 17 * (6”(5n + 1)) genutcsa Ha 4.
((1017k) + 1) mod 4 = 2 (TaK Kak (1017k) mod 4 = (1”k) (mod 4) =1

Moimem 4To a + 2 He paBHo (1017k)

OT npoTUBHOro

1017k =17 * (6”(5n + 1)) + 1

(1017k — 1) = 17 * (67(5n + 1))

(10172k — 1) mod 100 = 0 B TOo Bpems KaKk 17 * (6”(5n + 1)) He aenutca Ha 5 (T.e. (101°k — 1) He aenuTca
Ha 100) cnepoBatenbHo 17 * (6”(5n + 1)) He aenunTca Ha 100.

CnepoBaTenbHo npu n >= 1 anMbo a nnbo a + 2 genntca Ha 101 npmuyem, nommmo 101 genuTca ewe Ha
oaHo npocToe, gcd(a, a+2) = 1 cheposatensHo npu n >= 1y a * (a + 2) xota 6bl TPM PA3ANYHBIX NPOCTbIX
aenvtens.

OTBeT: BO3MOHO TONbKO npu n = 0.

3apava 5

3aMeTNM YTO YETHbIM KOJIMYECTBOM MOHET MOXKHO BblAaTb TONbKO YEeTHYK CyMMYy a HEYETHbIM TOJIbKO
HEeYeTHYIO.

YTBepaeHue

MycTb Mbl Mcnosib3oBanu K MoHeT. MoKaXKem YTO MOKHO NoJIy4YuTb Ntobyto cymmy oT6 * n * K+ K no 6
*Nn*K+7*KToM e yeTHOCTM YTO U K.

dakKT

MoHetamu 1 3 5 7 ucnonb3ys ux K pas MoXKHO Nony4mTb Nobyto cymmy oT K 20 7 * K Tolt ke YyeTHocTH
yTo U K.

[okasatenbcTBo

Mo nHAaykumnm

basza K=1nonyuntb 1357 oaHOK MOHETOM MOXKEM.

Mepexog K -> K + 1 Ymeem nony4yatb oT K o 7 * K. Xotum nonyumtb oTK+1 go (K+ 1) * 7
Anropntm

Bo3bmeM 0ZIHY MOHETY TaK YTobbl ocTaTok 6bin oT K Ao 7 * K (4eTHOCTb MeHsieTcA, BCeraa MosKem
caenatb, 83as 1 uaun 7)



KoppeKTHoCTb

MOHATHO YTO HM MeHbLie K HK Bosblwe 7 * K nony4ynTb HEBO3MOXKHO (MMHMManbHan moHeTa 1 a
MaKCuMMasibHas 7)

Mcnonb3ya AOKa3aHHbIN GaKT MOHATHO YTO BEPHO yTBepKaeHue (6 * n bepem Bcerga + [13 5 7])
Tenepb NoMmeMm KaKyt CYMMY BblAaTb HeNb3A.

1. HeueTHble cymmbl
Ymeem Bbigasatb [6*n+1,6*n+7] [3*¥(6*n+1),3*(6*n+7)] [5*(6*n+1),5*(6*n+
7)]

2. YeTHble cymmbl
Ymeem BbigaBatb [2* (6*n+1),2*(6*n+7)] [4 *(6*n+1),4*(6*n+7)] [6*(6*n+
1),6 * (6 * n+7)]

He moxkem BblaaTb cymmy X ecm cywecTsyeT Takol K uto

K+ (6 7) < X
{ Lot CneposatenbHo K* (6 * n +7) + 4 <= (K + 2)*(6%n + 1); ( TaK KaK

K+2)x6*n+1) >X
yetHocTb XM K * (6 * n+ 7) cosnagatoT cnegosatenbHo X >= K * (6 * n+ 7) + 2. YeTtHocTn X
nK* (6 *n+1)cosnagator cnegosaTtenbHo X <= (K+1) * (6 *n+1)-2)

Hangem ana kakunx K sTo BbINOJIHEHO

(K+2)*(6*n+1)—K*(6*n+7)>=4

12*n-2>=6*K

K<=2%*n-(1/3)

MakcumanbHoe K KoTopoe noaxoamt paBHo 2 * n— 1.

Tenepb Hallgem MaKkcMmanbHoe X

X>2*n=-1)*(6*n+7)=12*n*n+8*n-7
X<(2*n+1)*(6*n+1)=12*n*n+8*n+1

Toraa makcMmanbHoe X paBHO 12 *n*n+8*n—1

Omget:12*n*n+8*n-1

3apgava 2

Bbyaem nonb3osatbea Teopemoli Kowm

CA2 + 4*a*b <=cM2 + 2(a”2 + b"2) (Tak KaK no Teopema Kowmn 4 * a * b <=2 * ah2 * bN2
AHanorn4yHo gna a2 + 4*c*b, b2 + 4*a*c

(@™ +bn4) [/ (c”2+4 *a*b)—(ar2 +b"2)/ 2 =-1/2 * ((c"2*(a”2 + b~2)) / (c”2 + 2* (a”2 + b"2))
Coenaem smy onepauyuto 0518 8cex 0CMAsbHbLIX C1A2AeMbiX

A>=-1/2 * (((c"2*(a™2 + b"2)) / (c”2 + 2* (a2 + b"2)) +((a”2*(b"2 + cA2)) / (a2 + 2* (c2 + bM2)) +
(bA2*(a”2 + c”2)) / (bA2 + 2* (a2 + c”2)) + 3 =-1/2 * ((c"2*(3 —c”2)) / (P2 + 2*(3 — cN2)) + (an2*(3 —
ar2)) /(a2 + 2*(3 —a*2)) + (bA2*(3—b”2)) / (b"2 + 2*(3—b"2)) +3



