Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

Harypasibabie ancita or 1 1o 2021 3anmcanbl B psiJi B HEKOTOPOM 1opsike. OKa3aoch, 9To y JIIo00ro
YHCJIa €ro JIEBBIH U ero MpaBblii cOCeT UMEIOT Pa3HYI0 YeTHOCTh. Kakoe Iuc/io MOXKeT ObITh Ha TIEPBOM

mecre?

IIpu a,b,c > 0 HaiijuTe MaKCHMAIbHOE 3HAYCHHUE BHIPAZKEHNUSI
_ a4+ b+
~ (a+b+c)3 — 26abc’

OKpy?KHOCTH W1 ¥ Wy TIEPECEKAIOTCSI B TOUKaxX A n B, a OKPYKHOCTD ¢ IIeHTPOM B Touke () 0XBaTHIBAET
OKPY?KHOCTH Wi U Wsy, Kacasch uX B Toukax C' u D coorBercrBenHo. Okazasoch, aro Toukun A, C' n

D nexar na oauoit npsamoit. Haiture yron ABO.

[lerst Hammca Ha JOCKe MOJAPS/L N JIBY3HAYHBIX BOCBMEPUUHBIX duces (n > 2), obpasyomux apud-
MEeTHYEeCKYyIO IPOI'PECCHIO ¢ pas3HoCcThbio —8&. Baca momymasi, 9To 3TO BOCBMEPHYHAs 3alliCh HaTYy-
PaJIBHOTO YUCIA X, W PA3JIOKWI & Ha MpocTble MHOKHUTE . OKa3a/10Ch, 9TO WX BCErO JIBA, U OHU

Pa3/IMdatoTCd Ha 6. Yro mammcano Ha ,ZLOCKG?

B crpane Jlumonnu B oOpallleHUU KCIIOIb3YIOTCS MOHETHI JOCTOMHCTBOM 3n — 1, 6n + 1, 6n 4+ 4 n
6n + 7 macTpoB, IJe n — HaTypaJjbHoe uucio. ZKurenb cTpaHbl 3aies B OaHK, He UMes Ipu cede

HaJIMIHBIX JeHer. Kakyto HanboIbIyI0 CyMMy eMy He CMOT'YT BbIIATh B OaHKe?



1 2 K] 4 3 Cymma
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Homep 1.

OtBeT: ntoboe HeyeTHoe Yncno.

Moyemy YeTHOe He MOXKET BbITb MePBbIM.

Pa3obbem umcna Ha age rpynnbl 1 - Te YTO CTOAT Ha HEYETHbIX MeCTax, 2 — Te YTO CTOS Ha YETHbIX MecTax.

B nepsoit rpynne 1011 uncen, Bo BTopoit 1010. HazoBem mecTa 4Mcia U3 o4HOM rpynmnbl coceaHUMM
€C/IN HoMepa UX MECT OT/InYatoTCA Ha 2. Toraa B KaxKA0W U3 TPy YeTHble U HeYeTHble YNCAa
yepepaytotca. Toraa Bo BTopoi rpynne 505 HeYeTHbIX uncen.

3ameTunm, BCcero HeyeTHbIx umcen < 2022 posHo 1011. Torga B nepBou rpynne 506 HEYETHbIX Yncen.
Torpa HeYyeTHble YAC/a AONKHbBI 3aHMMATb HeYeTHbIe No3uLMK nepBor rpynnbi(1, 5, 9.. 2021).

I'IoaTomy Ha NepBoM MecCcTte He4dYeTHOoe 4Yncno.
I'Ipmmep AanAa Ntob60oro HeYeTHOro Yncna:

MocTaBnm Hy*KHOE Ham 4Yncno Ha nepBoe mecto. OctaBwueeca 1010 HeYeTHbIX YMCen NOCTAaBUM
KaK yrogHo Ha mecTa Buaa 4k + 1 u 4K. A yeTHble Ha ocTaBlwmueca. [pumep BepeH B CUy CBOEN
0YeBUAHOCTU(a eLLe NOTOMY, YTO OH NOCTPOEH U3 OLLEHKM).

Homep 2

OrtserT: 3.

Mpumep: OH gocTuraetca npu a=6=c=1.

OcTanocb AoKasaTb novyemy:

a’r3+b”3+c”3 <= 3((a+b+c)*3 — 26abc)

0 <= 2(a*3+b”3+c”"3) + 3(3(aab+aac+bba+bbc+cca+ccb) — 20abc)

60abc <= 2(a”3+b”3+c”3) + 9((aab+aac+bba+bbc+cca+ccb)) ?

(a?3+b”3+c”3)/3 >= abc (HepaBeHCTBO 0 cpeaHUX)

2(a”*3+b”3+c”3) >= babc !

(aab+aac+bba+bbc+cca+cchb)/6 >= abc

9(aab+aac+bba+bbc+cca+cchb) >= 54abc !

M3 HepaBeHCTB CNpaBa OT KOTopbIX | 04eBMAHO cresyeT TO y KOTOPOro cnpasa ?

Torpa 3afava pelwieHa.


moonstyle
Штамп


Homep 3

JaHbl okpyxHOTM Wl w2 1 p. [epenmeHyem wl n w2 B K1 1 K2. Touky D nepenmeHyem B 1.

Mpoannm CB 3a B oo nepeceveHmna c p 8 Touke X. NMpoannm [1B 3a B o nepeceveHnacpsy.

Cpoenaem romoTeTuto B Touke C nepesogaluyto K1 B p. A nepeinget 8 [, B B X. Torga AX napannensHo AB.
Coenaem romoTeTuto B Touke [ nepesogauyto k2 B p. A nepeiigetr 8 C, B 8 Y. Torga CY napannensHo AB.

Torpga CYXB — Tpaneuus BNMcaHHasA B OKPYKHOCTb P, C/1e0BaTe/IbHO OHa paBHOOOKas 1 O fexKuT Ha
Obuwem cepnepe K CY u X, npoxosuwem yepes B. Toraa OB nepenenaekynsapHo CY.

AB napannenbHo CY. Toraa AB nepeneHankynapHo OB. Uckomblit yron paseH 90 rpagycam.

OTset: 90 rpaaycos.

3apava 5:

3aMeTUM ecnmn Mbl XOTUM YMETb CAABaTb NHOOYI0 CYMMY >= KaKOW TO, TO Mbl AOJIXKHbI HAYYUTbCA
HabupaTb BCe OCTaTKM Mo moayto 3H-1. 3ameTum Yncna 6H+1 6H+4 n 6H+7 370 ocTaTkm 3 6 1 9 no
moaynto 3H-1 npu H 6onblumx 3.

Pasbepem cnyyan 1 2 3 otaenbHO

H =1, gaHbluncna 17 10 17. /ltob6oe uncno 6onbluee 5 HabMpaeTca UK Kak 2 * K UM KaK 2*¥K+7. 5
o4YeBUAHO He HabupaeTcs.

H =2, gaHbl uncna 5 13 16 19. Hayunmca HabupaTb BCe OCTaTKM Npu geneHum Ha 5: 0 -5, 1-16, 2-16+16,
3-13, 4-19. Torga noboe yncao >=28 Mbl MOXKEM CAENATb B35IB HYXKHbI OCTAaTOK U A0NO/HUB 5. 27 e
Henb3s HabpaTb. N BNpaBay ecnm B Habope ectb 19 To 8 oueBMAHO He HabpaTb. Ecnun B Habope ecTb 16
To ocTaBlmeecs 11 He HabpaTb. Eciv B Habope ecTb 13, To ocTaBwMeca 14 TOYHO He HabpaTb.

H = 3, gaHbl uncna 8, 19, 22, 25. Hayunmca HabupaTb OCTaTKM Npu AeneHumn Ha 8: 0-8, 1-25, 2-25+25, 3-
19, 4-19+25, 5-25+25+19=69, 6-22, 7-22+25. Torga Bce umcna >=69-8 mbl MoxKemM HabpaTb B35IB HY»KHbIM
OCTaTOK M 1 gononHue 8. Yncno 61 Henb3s HabpaTb, M BNpaBay, ecaum B3aTb uncao 25 1 pas, 1o
ocTaBLlKeca 36 ToNbKO 8 He HabpaTb, ecnum B3ATb YMCNOo 25 2 pasa 1o 11 HMKaK He HabpaTb, ecin B3ATb
251 pa3 un 22 1 pas 10 octaBwmeca 14 He HabpaTb, ecm B3ATb 25 1 pa3 1 19 1 pa3 1o 17 HUKaK He
HabpaTb. 3HauKUT 25 He 6epem. Ecnm B3saTb 22 1 pa3s To 39 ToNbKO 8 He HabpaTb, ecnn B3ATb 22 2 pasa To
17 He HabpaTb, ecnn B3ATb ecu B3ATb 22 1 pa3 1 19 u pas 1o 20 He HabpaTb, 3HAUMT 22 He Bepem. Ecau
B3ATb 19 2 pa3a, 1pa3 uau 0 pas To ocTasibHOE TONIbKO 8 He HabpaTb.

Mpoaonkum peweHune ana H > 3.

3ameTMM 4YTO Ham Hago HabpaTtb 3 6 1 9 noboi octaTok No moayto 3H-1. [laBaiiTe paccTaBUM OCTaTKU
No Kpyry Tak Yto-6bl coceaHme oTAnYanmcb Ha 3(no moaynio 3H-1). NMopaaoK B Kpyry BbIFAAANUT Tak: 0 3
6...3H-314...31-2 25 ... 3H-4 Torga HabupaHue Nt0HOOro ocTaTka 3TO LaraHMe No KPyr B ONpeaeneHHyo
CTOPOHY LWaXKKamu AanHoM 3 6 nam 9(ANMHa WaXkKa — 0CTaToK No MmoAynto 3H-1 paBHbIM MO MOAY O
pasHULLE MEXAY YNCNaMU MEXKY KOTOPbIMM Lar coBepwnan). Toraa uto 6bl HAbpaTb OCTaTOK 3H-4
HaZo CAEeNaTb WAXKKM C CYMMAPHOM AAnHHOM 3(3H-2)=9H-6=9(H-1)+3 Torga 4To 66l HAbpaTb TaKyto
OJINHHY LIAXXKOB 32 MMHMMA/IbHOE X KOJIMYECTBO HaZ0 caenath H-1 warkok Ha 9 n 1 war Ha 3. Torga
MWUHMMaNbHOE YNC/IO C OCTAaTKOM 3H-4 KOTOPOE Mbl MOXKEM MONMYUYNTb 3TO (6H+7)*(H-1) + 6H+1(TO UTO
MWHUMaIbHOE YMC/I0 NOYHaAETCs NPY MUHUMAZIbHOM KOJ1-BE LUAXKKOB O4YE€BMAHO TaK KaK H bonbLue 3).



CnepoBaTenibHO Uncno (6H+7)(H-1) + 3H+2 Mbl NONYYUTL HE MOXKeM. Bce uncna 6onblume HEro Mbl
MOKEM NOJYYnTb, TaK KaK eC/in 0CTaToK 3H-4 nepBblii pa3 JOCTUTaeTCs Npu Yncnax 6oablumnx Yem ans
Ntoboro gpyroro oTcTaTKa(4YTo BEPHO MOTOMY UYTO A0 HEro Aajiblue BCEero waraTb), TO M NociegHui pas
OH He JOCTUraeTcs TOXKe Mo3Ke YeM NoCAeHUI pa3 He JOCTMraeTcA Nt0HON Apyron OCTaToK.
CnepoBaTenbHO nocneaHee HeJOCTUXKeHWe Ntoboro apyroro otcatka 6b110 A0 (6H+7)(H-1) + 3H+2 U BCce
Yncna Nocse AOCTUIAOTCA KaK B3ATUE HYXKHOMO OCTaTKa U A0MNOJ/IHEHME CKOJIbKMMU TO KYNKOPamu no 3H-
1.

3apava 4:

|_|YCTb 3TN NPOCTble YNCNA 3TO M U n+6. Toraa oHun oba HeyeTHble. Torga no moaynto 8 nx nponssegeHune

1*7=7
3*1=3
5*3=7
7*5=3
Nnn3unnn7.

PaccmoTpum Hawy nocaenoBaTenbHOCTb. [ycTb NepBoe Yncao 37O aB, Toraa cieayouee (a-1)s,
cneayuwee(ecnu ectb) (a-2)B U T. 4. 3aMETUM YTO YMC/O CNOXKEHHOE M3 Hee 3To 8*(uTo TO)  +
B(64/H-1)/63 roe 8*(4To TO) 3TO 3HAYEHMA OT YETHbIX(C KOHLIA) Pa3paaoB, a OCTaNbHOE — 3HaYeHUA OT
HeYyeTHbIX pa3paaos. 3ametTum 8*(uto 10)+8(64"H-1)/63 cpaBHMMO NO MOAY/IO 8 C B. 3HAYUT B UK 3
wnn 7.

Pacnuwnm 6osee NoaAPOBHO YMCTO X:

B(647H-1)/63 + 8a(647H-1)/63 — 8(1*64(H-2)+2*64A(H-3)+...+(H-1)*6470)=

= B(64H-1)/63 + 8a(64"H-1)/63 — 8((64"(H-1)-1)/63 + (64 (H-2)-1)/63 + ... + (64(1)-1)/63)=
=(8+8a) (64"H-1)/63 — 8 ((64"H-1)/63) — H)/63=

=(8 + 8a - 8/63)((64"H-1)/63) + 8H/63=n(n+6)

(63B+8*63a-8) ((64"H-1)/63) + 8H = n(n+6)*63

A nexut B npeaenax ot 2 40 7, a >= H, H IeXKMT B npeaenax ot 2 Ao 7.



