Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

Mozkno Jin B Tabsmuie 25 X 41 paccTaBUTh pa3/jddHbIE Ie/Ible YUCIa TaK, 9TOObI 9HC/a, CTOSIINE B

KJIETKAX, UMEOIINX OOIIYI0 CTOPOHY, OTJINYAINCh He Oojee dem Ha 167

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

_aP(b+ce)+ 0¥ (c+a)+P(a+D)
 (a+b+c)t =179 (abe)V/3

OKpyKHOCTH W1 U Wy ¢ HeHTpaMu O u Oy COOTBETCTBEHHO Iepecekaiorcs: B Touke B. [Ipomomkenne
orpeska Oy B 3a TouKy B mnepecekaeT OKpPY>KHOCTh wi B To4uKe K, a npojosnKenne orpeska OB 3a
TOUKY B mepecekaeT OKpyKHOCTL ws B Touke L. [Ipsimast, mpoxojsdinas yepe3 TOUKy B napaJsiie/ibHO
K L, BropudHO 1iepecekaeT OKPY:KHOCTH wy 1 we B Toukax A u C' coorBercrBenno. Jlyun AK u C'L

nepecekaroTcs B Touke N. Haiinure yrosr mex iy npambivu O1N u OsB.

B daitne 3ammcano mojpsi 2023 aBy3HAYHBIX TATEPUIHBIX THCEN, TPUUEM YHUC/Ia Ha HEYETHBIX I10-
SUIUAX PaBHBI U Ha 1 60,)'[le€ quceJl Ha Y€THBIX ITO3UIIMNAX. KOMHBIOTep CHHUTaJI JaHHbIEC U3 (bafma
KaK OJIHO ISTEPUIHOE YUCIO0 U PA3JIOKUI ero Ha IpocTble MHOKATEIN. OKa3a/10Ch, YTO TAKUX MHO-

JKUTeJIell POBHO JIBa M OHM pasymdaiorcs Ha 2. Morio jim Takoe ObITh?

B crpane JInMonun B 06paIeHni HCIOIL3yIOTCS MOHETHI JJOCTOMHCTBOM 37, 37 1.4, 3n72.42 3n=3.43
..., 34" 4" mmacTpos, rie n — HaTypaiabHoe uucio. ZKuTesb cTpaHbl 3ames B GaHK, He nMest

1pu cebe HaJUYIHBIX JieHer. Kakyio HauboIbIIy0 CyMMy eMy He CMOTYT BbIJIATh B OankKe?



1 2 3 4 5 Cymma

20 & 20 0 20 65

3apgava 3
Yrnbl KBO1 1 LBO2 paBHbl Kak BepTMKa/bHble, 0603Ha4YMMm MX 3a X

01B=01K — paguycsbl, TpeyronbHuK KBO1 — paBHob6eapeHHbI noatomy yron BKO1=x, yron BO1K=180-x-
x=180-2x

AHanormnyHo yrnbl BLO2=x, BO2L=180-2x

Yron BAK = BO1K/2 TaK KaK 3TO BNMCaHHbIN M LLEeHTPaAbHbIe YI/bl ONMpatolmecs Ha oaHy ayry BK,
noatomy yroa BAK=90-x. AHanornyHo yron BCL=90-x

Yrabl NKL u NAB cooTteeTcTBeHHbIe Tak Kak KL n AC napanaenbHbl no ycnosuio, noatomy yroa NKL=90-x

AHanornyHo yron KLN=90-x, To ectb yrnbl NKL=KLN=90-x noatomy TpeyronbHuk NKL paBHObeapeHHbIN 1
yron KNL=180-2*(90-x)=2x

Myctb M — TOUKa cummeTpUYHaAa Touke K oTHocuTenbHo N

Torpa yron KML=KNL/2 Tak Kak KNL=NML+NLM Kak BHelwHWi B TpeyroabHuke NML, 1 yrabl NLM=NML
Tak Kak NM=NK=NL (cymma ZByXx paBHbIX yI/10B paBHa 2X NO3TOMY OHM 06a X)

Yron KBL=180-x Kak cmeXHbIi K yrny KBO1

KML+KBL=x+(180-x)=180 3HauuT KMLB — BNMCaHHbIN YETbIPEXYTOJIbHUK TO €CTb JIEKMT Ha ONUCAHHOM
OKpY»KHOCTMK TpeyronbHuka KML, ueHTpom KoTopoit aasetcsa N, Tak Kak NK=NM=NL. TouKka B nexxut Ha
3TOM OKpYKHOCTM 3HauYnT NB=NK nostomy Touka N nexuT Ha cepeaMHHOM nepneHanKkynspe K BK

01K=01B nostomy O1 TOXKe nexuT Ha cepeauHHOM nepneHaukyaape K BK, nostomy NO1 —
cepeaunHHbIN nepneHAnkynsap K BK 1o ectb NO1 1 BO2 nepneHANKYASPHbI U YTON MeXAY HUMKW paBeH
90 rpagycos

OtBeT: 90
3apgaval
MpeAnonoxmm, MoxXHO

MoeM yMeHbLUUTb BCE YMCNA TaK YTOObI MUMHUMabHOE CTano paBHo 1, TpeboBaHMA K pa3nnMyHOCTH
yncen U pasHoOCTU coceaHUx He 6onee 16 Npu 3TOM He U3MEHATCA

MycTb makcMmanbHoe pasBHoO A
Bce uncna pasHble n He meHblle 1, noatomy A >= 1025

MycTb 4TO6bI O6PATLCA MO COCEAHMM KaeTKam OT 1 fo A cHayana TONbKO MO rOPU30OHTAIbHBIM B O4HOM
Hanpas/JEHMU, NOTOM TOJIbKO NO BEPTUKAIbHBIM B OAHOM HanpaBAeHWM Hago caenatsb K waros

K <= 24+40=64 TaK Kak Tabnunua 25 Ha 41

C KaXkAbIM LLAroB caeaytoLlee YNCN0 BO3pacTaeT He 6bonee Yem Ha 16, nostomy A<=1+16*K<=1+
16*64=1025, npu atom A>=1025 noatomy A=1025 1 K=64 — HanbonbLINI N3 BOSMOKHbIX NyTel,
nostomy 1 1 1025 cToAT B NPOTMBOMOJIONKHbIX YrAax, a BCe OCTasbHble uncna 6onblie 1 n meHbwe 1025.
Mpuyem ymcna Ha aTom nytn ot 1 go 1025 sto 1+16, 1+16*2, 1+16*3, ... 1+16*63

Tenepb nocmoTpmm Ha nyTb 0T 1 Ao 1025 cHavana no BepTUKaAbHbIM BHM3 40 Wwaros, NOTOM No
ropusoHTanbHbIM BNpaBo 24 wara. CoceaHss BHU3 OT 1 KneTKa He 6onblle 16, Tak Kak uncio 17 yxe
CTOMT B KneTke cnpasa oT 1. NMoatomy nas no stomy nytm 1025=A<=1+15+64*63=1024 - npoTnBopeune

OTBeT: HeNb3A


moonstyle
Штамп


3apava 4

Mpeanonoxum, Mmorno

Byaem nucaTtb NATEpPUYHbIE YMCa B CKODKax, a AecATUPUYHbIe 6e3 CKOOOoK
MycTb X —4Mcna Ha HeYETHbIX NO3UUMAX, A X-1 — Ha YeTHbIX

N —4ncno, CYMTaHHOE KKOMMNbIOTEPOM

Torpa N = x*¥54(2022*2)+(x-1)*52(2021*2)+...4+(x-1)*57(1*2)+x=(1+5"2+...4524044 ) *x-
25*(145"2+...+524040)

Mpegnonoxum uto N=p*(p+1), rae p — npocToe

N >=x*5/r4044>=5&="4044 3HauuT (p+1)*2=N+1>524044, p+1>572022, p>=522022 3HauuT p HeYEeTHOE
TaK KaK 6onble 2. 3HauuT p+1 yeTHoe, (p+1)"2 genntca Ha 4 u N=(p+1)"2-1 cpaBHUMO ¢ 3 no moaynto 4

3HauuUT N cpaBHUMO C X+(X-1)+x+...4x=2023x-1011 no moaynio 4, TO €CTb CPaBHMMO C 3X-3 No moaynio 4
(Tak Kak 2023 cpaBHMMO ¢ 3, a 1011 cpaBHUMO ¢ 3). MoaTomy 3x cpaBHMMO C 6, 9x ¢ 3*6=18, X cpaBHUMO
c 9%, To ecTb € 18, TO ecTb € 2 N0 moaynio 4.

X NPUHAANENKUT MHOXKeCTBY {6, 7, ... 24} KaK ABYy3HaA4YHOE NATUPUYHIOE YMCO (X He paBeH 5 Tak KaK x-1
TOXe [BY3Ha4yHOe NATUPUYHOE YMCAO). X CPaBHUMO C 2 no moaynio 4, nostomy x us {6, 10, 14, 18, 22}

25 1 BCe ero cTeneHun cpaBHUMBI ¢ 1 no mogynto 3, nosTmoy N cpaBHUMO € X+(X-1)+...+(x-1)+x=2023x-
1011 no moaynio 3, 2023x-1011 cpaBHMMO C X (TaK Kak 2023 cpaBHMmo ¢ 1 no moayato 3, a 1011
aenutca Ha 3), To ectb N cpaBHUMO C X

p>3 NO3TOMY p He AennTcA Ha 3 TaK Kak OHO NpocCToe, p+2 >3 — 1 OHO He AenuTCA Ha 3 TaK KaK npocToe.
Mo3atomy p He cpaBHMMO HM € 0, HM € 1 NO MoAYAH0 3 NO3TMOY CPABHUMO C 2, 3HAUUT p+1 aenntca Ha 3,
(p+1)72 penutca Ha 9, N=(p+1)"2-1 cpaBHMMO ¢ 8 Nno moayto 9 1 ¢ 2 no moaynto 3. N cpaBHUMO C X MO
MOAYNH0 3, NO3TMOY X CPAaBHUMO C 2

OTtcropa x=14, Tak Kak 6, 10, 18 n 22 He noaxogAT

N cpaBHUMO € X N0 Moy to 25, TaK Kak X — uncno, obpasoBaHHoe ABymA nocnegHumm umdpamu N B
NATUPUYHOW cnucTeme. 3HauuT (p+1)22=N+1 cpaBHumo c 15 no moaynto 25 To ecTb AeNnTCA Ha 5 U He
aenutca Ha 25. Ho p+1 aenntea Ha 5, TaK Kak ero KBagpar genmTca Ha 5, noatomy (p+1)22 nenuntcs Ha
25 — npoTtuBopeune

OTBeT: He Morno
3apava 2

Yuncna nonoxutensHole, noatomy (abc)?(1/3)<=(a+b+c)/3 — cpegHee reomeTpuyeckoe 1 cpegHee
apupmeTuueckoe

(a*3*(b+c)+b”3*(c+a)+cM3*(a+b

( ( )/((a+b+c)*4-79*(abc)r(4/3))<=
(an3*(b+c)+b”3*(c+a)+c3*(a+b

( (

( (

)/ ((a+b+c)*4-79*((a+b+c)/3)"4))=
)/((a+b+c)*4*(1-79/81))=81/2 *
)/(a+b+c)r4 =

(a*3*(b+c)+b”3*(c+a)+cM3*(a+b
(@”*3*(b+c)+b”3*(c+a)+cM3*(a+b

—_ — — —

bes orpaHnyeHuMa obLWHOCTU MOKEM CYUTATL, YTO a>=b>=c>0. COKpaTUM YNCAUTE/b U 3HAMEHaTe b Ha
cM

=81/2 * ((a/c)"3+(b/c+1)+(b/c)*3*(a/c+1)+(a/c+b/c))/(a/c+b/c+1)74 =

0603Haunm a/c=x, b/c=y, npu atom x>=y>=1



=81/2 * (x"3*(y+1)+y 3*(x+1)+(x+y))/(x+y+1)"4
,ﬂ,OKa)KEM YTO MAaKCUMYM OOCTUITaeTCA NpU X=y MmeTogom LUTpra
MpeAnonoXmMm OHM He paBHbl, 3aMEHUM X Ha X-€, ¥ Ha y+e, rae e>0 — o4eHb ManeHbKoe

(x-e)A3*(y+e+1)+(y+e)r3*(x-e+1)>=x"3*(y+1)+y”3*(x+1) (3HameHaTeIb M OAUH YSIEH YNC/TUTENBHOTO He
MeHsATCA)

Mpu paBHbIX X=Y: 3TO BblpaxeHue = 81/2 * (2xA3*(x+1)+2x)/(2x+1)*4
MpupaBHAEM NPOU3BOAHYIO K HYMHO (4x"3+3x"2+1)(2x+1)-8* (x 4+x"3+x)=0
2x"3+3xM2-6x+1=(x-1)(2x"2+5x-1)

Makcumym dyHKLUMKM gocTuraetca npu x=1, To ecTb npu a=b=c

Mpw 3TOM BbipaskeHue pasBHo 6/(81-79)=3

OtseT: 3

3agava 5

[oKaxkem No MHAYKuMK yto oTtBeT 2*(4 n+47(n-1)*3+...+4*37(n-1))-3”An
basa: n=1

2%4-3=5

MycTb Mbl MOXKeM NpPeAcTaBUTb YNCN0 5, Toraa ectb 2 unuv 60sblue 4 1 3 Mbl NOJIYYUM Kak MUHUMYM
yncno 2*3=6, uto 6bonbwe 5. Torga ectb ogHa 3 uan 4, Ho 3 He paBHO 5 1 4 He paBHO 5

Mepexoa: oT n-1 K n (n>=2)

Bo3sbMeMm npeactaBieHune atoro unucna 2*(4°n+4/(n-1)*3+...44*37(n-1))-3An=A_1 * 4~n + A_2 * 47\(n-1)
*3+..+A Nn*4*37Mn-1)+A_(n+l) * 3*n

Bce cnaraemble Kpome 3°n genatca Ha 4, 3HaunT A_(n+1)+1 genutca Ha 4. Torga ecnu
A_(n+1)+1=4*a_(n+1), nogenus Ha 4, nonay4nm uto 2*(4°n+3*47(n-1)+...+4*37(n-1))/4=A_1 * (4"n)/4 +
A2*AMn-1)*3/4+..+A_n*4*37Mn-1) /4 +a_(n+1)*3An =2 * (47(n-1)+47(n-2) * 3 + ... + 37 (n-1)) =
A 1*4Mn-1)+A 2*47Mn-2) *3 + ...+ A_n *37(n-1) + a_(n+1)*3”An = 2*(4*(n-1)+47(n-2) * 3 + ... +
4*37(n-2)) =A_1*47n-1) + ...+ A _(n-1)*4*37A(n-2)+A_n * 3A(n-1) + a_(n+1)*3"n

B nTore nosiydaem To e Yto 1 Ans n-1 Tonbko KoadpduumeHT npu 3A(n-1) paseH A_n+3*a_(n+1)-2.
Takum obpasom ecnun ansa n-1 npeacTaBUTb HeMb3A, TO HEeb3A U AN1A N, @ 3HAYUT M M3HaYabHO A
5*(n-1) HeNb3A TO eCTb HUKAKOoEe YMCI0 He/b3A NPeacTaBUThb

[ns TOrT YTo6bI MOYYUTH BCE OCTa/IbHbIE YMCAA HYXKHO NOYUYUTb BCe uncaa ot 2*(47n+...+4*37(n-1)) po
2*(47n + ... + 4*37(n-1))-3”n + 1, a NOTOM KaxkAplli pa3 8o6aBAATb No 3°n, pa3bue BCe YMCNa Ha FPynnbl
no 3n — TaKKe No UHAYKUNK

Ham Hy»KHO cocTaBuTb 3”n uncen. 3ametTum yto 37(n-1) * 4 — 3An = 37(n-1) * (4-3)=37(n-1) — 3ameHUMm
ymncna 37(n-1) * 4 Ha 3”n 1 Nnony4ymnm ymcno Ha 37 (n-1) meHblle, TO ecTb €C/IN Mbl COCTaBMM BCe YMCNa OT
2*(4An+...44*37(n-1)) po 2*(4 n+...+4*37(n-1))-37(n-1)+1 1 3ameHUM Tam 4*37(n-1) Ha 3”n To NoAyYMMm
BCe uncna ot 2*(47n+...+4*37(n-1)) go 2*(4*n+....+4*3~n —3*3”n + 1 yT0 Ham M Hago. K Tomy Ke
(4*37(n-1))*3 = 3~n *4 10 ecTb ecnn Ham ByaeT mano ymcen 4*37(n-1), Mbl UX MOXKEM NONYHYUTb TAKUM
obpasom

Ham Hy»XHO cocTaBuTb 3n uuncen



3ametum uto 37(n-1)*4-3An=37(n-1)*(4-3)=3"(n-1) — 3ameHMm uymcna 37(n-1) Ha 3”n 1 NOAYYUM YMCNO
Ha 37(n-1) MeHbLLe TO ecTb eCIN Mbl COCTaBUM Bce uncna ot 2*(47n+...+4*37(n-1) po 2*(4*n + ... +
4*37(n-1)) — 37(n-1)+1 1 3ameHnm Tam 4*37(n-1) Ha 3”n, TO NONYYMM BCe UMCNa KoTopne Hagot. K
ToMy e 4*37(n-1)*3=4*3"n TO ecTb NONYYMM U TaKUM 0b6pa3om

B utore 2*(4”n+... +4*3/(n-1)) y»Ke COCTB/IEHO @ 3TO MUHYC 1 Mbl NONYYMM TaK KarKaoe BYMC/IO BUAA
+4*37(n-1)) y»Ke COCTBNIEHO @ 3TO MUHYC 1 Mbl NONYYUM TaK Kaxkgoe BYMcno suaa 4°k*37(n-k) umeer
pa3Hblit OCTAaTOK Npu geneHnn Ha 32n 1o ecTb 4°k*37(n-k)-47*31(I-k) He gennTca Ha 3N Tak KaKk B
0AHOM U3 CNaraemblix cteneHei 3 60/blle HO He PaBHO N

TaknM M 06pa3oM HaLLO NPOCTO HAWTK pPa3Hble OCTaKM M BbIYECT YacTb 3TUX YCUE NPU 3TOM A06aBUM=B
ymncna 3*n

BapwuaHToB 6yaet 37(n-1)

Y6paB 3T1 uncnia 1 fobaBMB Kakoe TO KOJIMYECTBa Yncen euga 3An noayymm npoctble rpynnbinz 34(n-1)
4YMCna B HYXKHOM AnanasoHe



