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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3aganue 1.
OtBer : 1347.

[Tycts y Hac ¢umek 2x+1, To ecTh m00ast pa3HOCTh HedeTHa. Toraa He O6onee kK+1 pa3mMuHbIX
pa3HocTei, He paBHBIX 0.

Torma mocmorpum Ha Kiaetky K+1-1. ITycts 2k + k+1-1 = 2021, Torma 3k +1=2021 +l, To ecTh 2K
+1>= 2/3 * 2021. Ho Tak xak 2x+1 — 1menoe, To 2x >= 1347.

[Tycth y Hac ¢umek 2K, To ecTh Jr00as pa3HoCTh YeTHa. Torma He 6osiee K pa3IudHbIX Pa3HOCTEH,
He paBHBIX 0, 3HAUUT MYCTHIX KIETOK HE OOJBIIIE K.

Torna mocmotpum Ha kietky K-1. [Tycts 2K + k-1 = 2021, Torma 3k= 2021 +l, To ecth 2k >= 2/3 *
2021. Ho Tak xak 2x — 1enoe, To 2K >= 1348.

Teneps mocTpouM npumep Ha 1347:

CHauasna uepe3 o/iHy KIETKy OyzneM cTaBUTh (uIedku Ha 2*¥673+1 kieTke, a BO Bce ocTalbHbIe 674
- mocTaBuM 1o (pumieuke. He c10HO MOHATH, YTO TAKOH TPUMEP ITOIXO/IHUT.

3ananue 2.

Ortser: 6/5.

OuenuM yncio A u3 yciioBus. JJist 5TOro BOCIoib3yeMcsl HEpaBEHCTBOM ISl CPETHETO
apu(METHUYECKOTO U KBAJPATHYECKOTO, KOTOPOE BBHIVISLIUT TaK : SOrt (X M+y"4/2) >= x"2+y"2/2 (*).
(rme «sqrt» — 3To KOpEeHb YKcia, a «\2» - 3TO CTENCHb YKCIa, B JaHHOM Cliydae BTopasi)

Torma npeobpaszyem HepaBeHCTBO (*), BO3BEEM B KBaApaT M JIOMHOKUM Ha 2:

XNAYN >= ((XN2+y"2)12)12.
[IpumeHnM ero K KaxaoMy U3 yucIuTenen yucna A:

A = (a™ + bM)/(c"2 + 4ab) + (a™4 + cM)/(b"2 + 4ac) + (M4 + bM)/(a”2 + 4bce) >= ((an2 +
b"2)72)/2(c"2 + 4ab) + ((a"2 + c"2)"2)/2(b"2 + 4ac) + ((c"2 + b"2)72)/2(a”2 + 4cb) (**).

Tenepp BcnoMunM HepaBeHCTBO KBIII st Tpex umcen :

(a1"2/bl + a2"2/b2 + a3”2/b3)(b1 + b2 + b3) >= (al + a2 + a3)"2, KOMHOKUM 00€ €ro YacTu Ha
cymmy (bl + b2 + b3):

(@l”2/bl + a2"2/b2 + a3"2/b3) >= ((al + a2 + a3)"2)(b1 + b2 + b3).
W mpumeHuM ero K HepaBeHCTBY (**):

A=@"2+b"2+ar2+c"2+c"2+b"2)/2(@"2 + b2+ c"2 + 4ab + 4bc + 4ac) = (3ameHHM
cymmy a2 + b2 + ¢"2 na 3 — ycnosue) = 36 / 2(3 + 4ab + 4bc + 4ac) >=36/2 (3 +12) = 6/5.

Taxk kak a2 + b2 + ¢"2 >=ab + bc + ac (MbI MOXXEM 3TO MOMYYHTh, CKJIAJIbIBAsE TPU HEPABECTBA O
cpenuux: X 2+y"2/ 2 >= xy).

3aganue 3.

O603naunm yroia IBC = a, a yron CBL = b. Toraa yroix ABI = a+hb, Tak xak Bl 3to 6uccexrpucca
yria ABK = a+b.

3ametum, uto yriel ABI u ILB paBHbI, Tak kak AB — kacarensHas k okpyxkHoctu ILB, roe IL
SIBJISIETCSI XOPJIOH, @ 3HAYMT 3TO TPEYToJbHUK paBHOOeApeHHbd 1 I1B= 1L.(1)

Torna tpeyronsHuku ABI u ACI paBnbl o 18yM cropoHam (Al — obmas, AB=AC u3 ycnoBus
paBHOOeapeHHOCTH TpeyroabHuka ABC) u yriny mexny Humu, Tak kak Al — 310 Guccekrpucca
yrina BAC, tak kak | — 1ieHTp BucanHo# opykHOCTH TpeyronbpHrka ABK.


moonstyle
Штамп


Torma Bl = IC (2) u yriiet ACI pasen yrity ABI u paBabl a+b.

3ameruM, uto yroi BCA — Bremnuit s tpeyroinsauka BCK = yron BCI + yron ICA = a (tak
kak oH paBeH yriy IBC u3 tpeyronsuauka BCI, roe IB=IC) + (a+b) = 2a + b. To ectp yron BKC =
yriny BCA — yron CBK = 2a. Ho IK — »to 6uccekrpucca yrina BKA, tak kak | — nmeHTp BnucanHoO#
opyxHoctu TpeyronbHuka ABK, o ects yrisl BKI pasen yriy IKA u paBHbI oHHM 110 a.

Teneps paccmorpum Tpeyronbaukd LK u ICK, B Hux IK — o6mas, IL=IC (o 1 u 2). yrs LKI
pasen yriny CKl,yron ILK= yrny ICK= 180-(a+b), tak kak yrmusl ICA= ILB= a+b.

Torma B Tperonsauke ILC: |IK — OGuccekpurca u 3TOT TpEyroJibHUK pPaBHOOSAPEHHBIH, a 3HAUNT,
3TO ¥ BhIcoTa, Toraa IK nepnennukynspuo CL.

Ortser: 90.

3amanue 4.
Ortser: 0.

Tpumep: 120055(8 mecTHpIaHOi) = 675 + BA4*2 + 5*6ML + 5*610 = /M*8 + 672 -1 = BA2*TA2 —
1 =101*103.

OreHka:
Ot npotusHoro. [Iycts N>=1, Torna nepeseaeM 4uCiIO U3 MECTUPUIHON CHCTEMBI B IECATUYHYIO:
120055...5(Bcero 3uakoB 10n + 6) = 6°(10n+5)+ 2*6”(10n+4) + 5*(6”(10n+1)+ 6”(10n)+...+6"0)=

67(10n+5)+ 2*6”°(10n+4) + 5*(6™(10n+2) — 1) / (6 — 1) = 6”(10n+2) (216 + 72+ 1) -1 =
1772*6™M10n+2) — 1 = (17*6”™(5n+1) - 1)(17*6"(5n+1) + 1). 3ameTum, uto 6°5=7776 110 MOIYITIO
101 cpaBuuma c 1, Toraa u 610 cpaBaumo ¢ 1 no moxymo 101, torma u 6710n cpaBauma c 1 o
moxayiio 101. Torma (17*67(5n+1) — 1) aenurcs Ha 101 B KaKoOi-TO CTEMEHH, TOTOMY YTO
(17*6"(5n+1) — 1) u (17*6”"(5n+1) +1) — B3aMHO MPOCTHI (HEYCTHBIC U OTIMYAIOTCS Ha 2).

Ho nmocmotpum teneps Ha Moayib 4. 17/2*67(10n+2) — 1 naet octarok -1 1mo Moayito 4, a 3HAYHT,
u oto (17*67~(5n+1) - 1)(17*6"(5n+1) + 1) Toske. Ho Torma 17*6”(5n+1) + 1 kak pa3 maeT 0CTaTtok

1 o momyimto 4, a 17*6”(5n+1) — 1 — ocrarok -1. Ho Torna momyvaercs, uto 101 m= 17*6"(5n+1)
+ 1, Torga nepenecem 1 B mpaByro yacth 1 nomyuum: 101°m — 1 =17*6"(5n+1). Torna npaBas yact
nemutcs Ha 100 mo hopmyrie pasHOCH CTeTeHe, a 1eBas — Het (?!).

3HauuT, 1I000¢€ N OoJbiiee 1 HaM He MOIXOINUT.

3amganue 5.
Otget: (6N +1)(2n + 1) -2 =12n"2 + 8n — 1.
JlokaxxeM npumep:

Tak Kak BCe MOHETHI HEUETHOT'O JOCTOMHCTBA, 1 CYMMa TOKC, TO HaM HY>KHO HCIIOJIb30BATh
HCYCTHOC KOJIHMYCCTBO MOHCT.

Ecmu y Hac (2n+1) moner, gocronrcTBoM (6N+1), To 3170 12n°2 + 8n + 1, uTo Gonbie 12n"2 + 8n
-1



Ecnu y Hac (2n-1) MmoueT gocronHcTBOM (6N+7), T0o 310 1202 + 8n — 7, uto Menbmie 12n"2 + 8n —
1.

TO ecTb MBI HE MOXKEM MOJIYYUTb TAKOC KOJIMYCCTBO MOHCT.

Teneppb qOKaXeM, YTO BCE OCTAIbHbIE MOXKHO MOJIYYUTh. PACCMOTpUM J1Ba aHATOTUYHBIX CITyvas,
KOT/1a XOTUM HEUYETHYIO U YETHYIO CYMMY, B Ka)KJ0H UX KOTOPHIX Mbl XOTUM HAay4YUTCs JAeiarh +2, TO
€CTh U3 HEUETHOTO MOJy4aTh HEYETHOE, a U3 YETHOTO — YETHOE.

Hawm Hano HayuuThCs Tak Jenarh , HauuHas ¢ 12n°2+8n (Ha 1 Gosnbiie, yem B mpumMepe) = (6n+1)2n.

1) Ecniu ecTh MOHETBI JOCTOMHCTBOM HIKE 6N+7, TO 3aMEHUM OIHY M3 UMEIOIINXCS Ha
CJIETyIONTY0 COOTBECTBEHHO.

2) ecTh TaKOBBIX HET, TO 3aMEHssl 2N MOHET JOCTOMHCBOM 6N+7 (310 12n"2+14n) Ha (2n+2) MOHETHI
JOCTOMHCTBOM 6N+1 (310 12n"2+14n).

Byz[eM Tak ACJ1aTb 10 6CCKOH6‘IHOCTI/I, TO €CTb JII000¢€ qHucCiio, OoJIbIIIEE HAIIIETO IIpUMEpa MbI
CMOXEM IIOJIYUUTD.



