1.

Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

B mekoropeix kiaerkax mosgocku 1 x 2100 mocraBieHo mo omHON dunike. B Kaykayio u3 MyCTHIX
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 !

[Tonoxxurenbable Yncaa a,b, ¢ TakoBbl, 4TO a + b 4 ¢ = 3. HaiiinTe MUHNMaJIbHOE 3HAYEHIE BBIPA-

ZKCHIA 3 3 3 3 3 3
a’+b b° + ¢ c+a

:8ab+9—02+8bc+9—a2+80a+9—62'

Jwnaronasu Brmcanaoro derbipexyrosbanka A BC' D nepecekarorcs B Touke O. [Tycts K u L — Toukn
Iepecevenns OMMCcaHHoOl OKpyzKHOCTH Tpeyroybauka AOB ¢ npaymbivu AD u BC' cOOTBETCTBEHHO.
Haiiaure oraomenne OK : OL, ecin ussectho, uro ZBCA = ZBDC.

Ha nocke nammcano wuciao 12320. Ilera npurmcan k wemy cupasa 10n + 1 Tpoek, rjie n — HeOT-
puIaTeIbHOe IeJIoe 9rucjIo. Bacs moymMast, 9To 9TO YeTBepUYHAas 3alliCh HATYPAJIBLHOTO JHCIa T, 1
PA3JIOKUIT T HA TPOCThie MHOKHUTETN. OKA3a/I10Ch, 9TO CPeJIu HUX POBHO JBa pa3audHbIX. [Ipu Kakux

7, 3TO BO3MOZKHO?

B crpane Jlumonnu B oOpallleHUU KCIIOJIB3YIOTCSI MOHETHI JTOCTOMHCTBOM 6m + 1, 6n + 4, 6n + 7 n
6n + 10 nmmacTpos, rjie n — HATypaJbHOe 9uca0. ZKUTeIb cTpaHbl 3alie/l B OaHK, He UMed Ipu cede

HaJIMIHBIX JeHer. Kakyio HauboIbIyo cyMMy eMy He CMOT'YT BbIIAThH B Oanke?
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3apaya Homep 3
Yron BDC = Yron BAC, Tak Kak ABCD BnucaHHbIl, To yron BAC = yron BCA => AB = BC.
Yron BAD =Yron BAC + Yron CAD = ¥Yron ACB + Yron DBC = Yron AOB

3ameTnm, YTo nonoxkeHme Toukmn K onpeaenserca Tak: Ecaum (yron AOB + yron BAD < 180), To K nexkut Ha
AD (0oTpe3oK), MHaye Ha NPoAo/IKeHMUN 3a TouKol A. Yron AOB = Yron BAD => 3aBUCKUT OT 6oAbLe K
yron AOB, yem 90 rpagycoB nam HeT.

MNMonoxeHue Tokn L onpeaenserca cymmoit yrnos: OAB n 180 — OBC. Ecnim yron OAB + 180 — yron OBC
6onbuwe 180 rpaaycos, To L nexkut Ha BC (oTpe3ok). MHaue Ha Npoao/ixeHMn oTpesKa 3a TouKoi B. To
€CTb NOJIO¥KEHWE 3aBUCUT OT TOrO, Kakow 13 yrioB 6onblue (yron OAB nau yron OBC).

PaccmoTpum aTu cnyyau:

1)K npuHagnexut AD, L npuHagnexuT BC. Yron OLC = Yron OAD => Yron OLC = Yron LCO => OL = 0OC =>
TpeyronbHukm KOD, ODC: OD — o61was, Yron KDO = Yron ODC, Yron KOD = Yron DOC.

Torpa TpeyronbHuK KOD = TpeyronbHuk COD => KO = OC => OL = OK.

2) K Ha npogonkeHuu, L Ha npogonskeHmun. Yron OLB = Yron OAB = Yron OCL=>0C = OL

TpeyronbHuk KOD un TpeyronbHnk DOC: OD — obwasn, Yroa KDO = Yron ODC, Yron KOD = Yron KDO = 180
—yron AKO =180 —yron ABO =180 —yroa ACD = ¥ron ODC + Yron DOC. Toraa yron KOD = yron DOC =>

=>TpeyronbHuk KOD = tpeyronbHmnk ODC. Torga OK=0C => 0K = OL.

3) K Ha AD, L Ha npogoikeHnn. Ymeem A0KasbiBaTb, YTo Npu L Ha npogomkeHnn OL = OC (Tak KaK He
3aBUCUT OT NONOXKEHUSA TOUKM K B fOKa3aTebCcTBE).

4) K Ha npoaonxKeHuu, L Ha BC: ngeHTUYHO TpeTbemy cyyalo.
Takum obpasom, OK: OL=1

Otset:1

3apaya Homep 1

0603HaYMM KOIMYECTBO HEMYCTbIX KNETOoK 3a N. AnnHy nosocku 3a 3N = 2100. 3ameTum, 4To BCe
3anuMcaHHble HAaTypaabHble U OAHOM YETHOCTM, TaK KaK YETHOCTb PA3HOCTM = YETHOCTb CyMMbl (TO eCTb h).
MakcumanbHoe M3 umcen He meHee: 2 * (2100 — n) — 1. (Bcero uncen 2100 — n). MakcumasibHOe Yncio
He 6onee n. Umeem HepaBeHcTBO N >= 2 * (2100 — n) — 1. PaBHOCKAbHO : 3n + 1 >=2 * 3N. n >= 2N.

Mpumep n = 2N: MNycTble KNeTkn 6yayT nog Homepamu HeveTHbiMmM (1, 3, 5..., 2N — 1); Torga B nepsoi
KneTke umcno n = 2N; B Kaxaol cnegytoleit Ha 2 meHble. B KoHue — 2. T.o. Bce uncna byayt
pa3fiMyHble, YTO HeoHX0AMMO. 3HaAUUT, N = 2N (HaMmeHblUee U3 BOSMOXKHbIX), MOAXOANT.

Otsert: 1400
3apaya Homep 4

Mocne npunuceiBaHua: 123203...3 PABOTAEM B 4 CUCTEME CHUC/NIEHUA (**-cTeneHb)
(S

10n+1


moonstyle
Штамп


310 uuncno pasHo: 123210..0— 1 =4**(10n+1) * 441 -1 =2 ** (20n + 2) * 21 ** 2 - 1.
L

10n +1

Pa3noXuM Kak pasHoCTb KBagpaTtoBs: (2 ** (10n+1) * 21— 1)(2 ** (10n + 1) * 21 + 1)

B 3TMX cKOOKax HeYETHbIe YMC/a, OT/IMYHbBIE Ha 2. 3HAYNT, OHM B3aMMHO NPOCTbI. X NponssegeHme
COAEPXKMUT 2 NPOCTbIX pasnoxeHusa, 2 ** (10n+1) * 21 - 1> 1, Nosatomy ob6a uncna — CTENEHU KaKUX-TO
NPOCTbIX YMcen.

1) Nyctb n genutca Ha 2, Torga n =2k, k —uenoe. 2 ** (10n+1) *21-1=2** (20k + 1) *21-1
2 %% (20k + 1) *21—1 (mod 41) =2 * 21— 1=0 (mod 41)

(2 ** 20 (mod 41) = 1024 ** 2 (mod 41) = 1)

Takum obpasom, 2 ** (10n+1) ¥ 21 -1=41**t

[loKaXkem, 4To 3TO HEBO3MOXKHO npu t > 1:

2%% (10n+1)*21=41**t+1

41 **t+1(mod4)=2

Ho npu n HepaBHoM 0: 2 ** ( 10n + 1) * 21 genuntca Ha 4. 3HaunT, noaxoanTb Anwb N = 0. Mpun Hem
t= 1. 3HaunT t He bonblue 1, Y.T.4.

2) MycTb n He gennTca Ha 2, 3HaunT n = 2k + 1, k — uenoe.

Bosbmem 3Ty CKOBKY: 2 ** (20k + 11) * 21 + 1. 3Haem, uto 2 ** 20 (mod 41) = 1.
2%*(20k+11) * 21+ 1 (mod41) =42 * 2 ** 10+ 1 =1025 (mod 41) = 1;
2**¥(10on+1)*21+1=41**t+1

2**(10n+ 1) *21=41**t

2**(10n + 1) * 21 penutca Ha 7, 41 ** t (mod 7) =(-1) ** t, Takum 06pa3oM 3TO HEBO3MOKHO
Monyuaetca, 4TO eANHCTBEHHOE noaxoaAalee n =0

OtseT: 0

3apava Homep 2

(@**3+b**3)/(8ab+9—c**2)=(a+b)(a**2—-ab+b**2)/(4*2ab+(a+b+c)**2—c**
2)>=(a+b)(@a**2—ab+b**2)/(2*(a+b)**2+(a+b)(a+b+2c)=(a**2—-ab+b**2)(3a+3b
+2c)= ((a+b)**2-3ab)/(a+b+6)>=(a+b)**2/4(a+b+Db)

Myctba+b=z;b+c=x;a+c=y;

X¥*2/4(6+x)+y**2/4(6+y)+z**2/4(6+2)<=A



AA((6+x) +(6+Yy)+(6+12))>=(x+y+1z)** 2 (Kowmn-byHAKOBCKOTO)
A>=(x+y+2z)**2/4(x+y+2+18)=36/4*%24=3/8(x+y+z=2a+2b+2c=6)
A=3/8 npua=b=c=1

Otsert: 3/8

3apaya Homep 5

Moyemy cymma He obpasyetca?

Myctb cymma (sum )npeactasuma | moHeTamu. Bce moHeTKM no moayto 3 aatoT octaTok 1. Torga |
(mod 3) =sum. | < 2n + 2, MHaye cymma MOHETOK > (2n + 2)(6n + 1) > sum.l<=2n+1

[(mod3)=sum(mod3)=2n+2-3=2n-1

Torga cymma He 6onblue, yem (2n—1)(6n + 10) = (2n—1)(6n + 1) +9(2n—-1) < (2n—1) (bn + 1) + 18n
=sum

MNpoTtnsopeune
Mouyemy Bce 6oNbLLME HE NPeACTABAAIOTCA:

1) HyxHo npeactaButb m>=(2n+2)(6n+1). m=(6n+1) *q+r, 3ameHUM Ha g—1 nan q-—2,
yTobbl genmnocb Ha3: m=q’'(bn+1) +r’

r'<18n+3(r<=18n);q’>=q—2>=2n
r.l <= 9ql

PaccmoTpum Tenepb pasnoxkeHue yncen q'(6n + 1) u g’(6n + 1) + 99’ B cymmy g’ MOHETOK 1 bygem
nocnenoBaTeIbHO YBE/IMUYMBATD.

(6n + 1) — moHeTKK Ha 3. Mo HenpepbIBHOCTU (ANCKPETHOM) B KAKOM-TO MOMEHT NOAYYUM M

2) m=I1+1, m=(2n+1)(6n +1)-2=2n(6n+7)
3) m=l+2,m=(2n+2)(6N+1)-1=(n+1)(6N+ 1)+ (6N +7)

OtseT: (2n +2)(6n + 1) - 3



