Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

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

[Ipu KakuxX HATYPAJIBHBIX N KJIETYATYIO JIOCKY N X M MOXKHO pa3pe3aTbh Ha KBajpaTbl 1 X 1 u 2 X 2

TaK, 9TO KBaJIPATOB PA3HBIX pa3MepOB Oy/eT MOPOBHY !

[TosoxKuTeIbHEIe TuCIa a, b, ¢ Takosbl, uTo a’b + b%c + c?a = 3. Haiiaure MUHIMAIbHOE 3HAYCHHE
BbIPaYKEHUs
A=a"b+b"c+ca+ab®+ b + ca’.

Jlau HepaBHOOE IpeHHbII OcTpOyTobHBIN Tpeyroabauk ABC. B nem nposesenst Beicotsl BBy u C'CY,
nepecekaroruecss B Touke H. OKpyKHOCTH wi U we ¢ TeHTpaMu H u C' cOOTBETCTBEHHO KacaroTCst
npsimoit AB. I3 Touku A K wq 1 wo MPOBEJIEHBI KacaTeabHble, oTandHble 0T AB. Obo3HaINM TOYKHI

X KacaHugd C 9TUMU OKpYKHOcTaAMU depe3 D u E coorBercrBenno. Haiture yron By DE.

[lerst Hammcas Ha JIOCKe TIOJPSIT N TOCIEI0BATE/IbHBIX JIBy3HAUHBIX dnces (n > 2), nepBoe u3 KOTo-
pbIX He cozepxkut 1udpy 4, a nocieanee — 1udpy 7. Baca moaymast, 9To 910 JlecaTUUHAS 3AINCH
HATYPAJBHOTO YUC/IA X, U PA3JIOXKUI & Ha IPOCThIe MHOKHUTE . OKa3a10Ch, 9TO UX BCErO JIBa U OHU

pasiauuarorcs Ha 4. Uro Hammcano Ha gocke?

B crpane JIumonun B 06paleHni HCIOIL3YIOTCS MOHETHI JJOCTOMHCTBOM 37, 3"~ 1.5, 3n=2.52 3n=3.53
., 35" 1 5" mmacTpos, re n — HaTypaiabHoe uucio. 2KuTesib crpaHbl 3alie] B 6aHK, He UMest

pu cebe HAJTUIHBIX JeHer. Kakyio HauboIbIIyI0 CyMMY eMy He CMOT'YT BBhIJIATh B OaHke?
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3apaya No5
Otger: 5""1—2*3"*1=k

Byaem ooKasbiBaTb NO MHAYKLUMUU, YTO YMUCAIO K NOY4UTb HEBO3MOXKHO, a BCE
6onblme k — MmoXHo.

basa n = 1. Torga k = 7, HECNOXKHO NPOBEPUTb, YTO HOMMHANAMU 3 U 5 Henb3A
nonyuntb 7. Npu atom 8 =3 +5,9=3+3 + 3,10 =5 + 5. /lloboe uncno >= 8
MOXHO npeacTtasnTb B 04HOM mU3 Tpex Bnaos: 3m + 8, 3m + 9, 3m + 10. To ecTb
3TO YMC/I0 MOXKHO NOAYYMUTb KAaK M MOHET Mo 3 U MOHETbl U3 KOTOPbIX NOAy4aeTcA
8, 9 nnn 10(3aBUCUT OT TOrO K KAKOMY TUMY NPUHAANEKUT YUC/IO).

Mepexoa n -> n + 1. CHayana AoKaxem, yto yncno k He npeactaBumo B BUAeE
CYMMbl MOHET C TaKUMM HOMUHANAMMU.

3ameTMM, 4TO BCe HOMUHA/bl MOHET Kpome 5" fenaTca Ha 3 => ecivt Mbl BbIKMHEM
BCe MOHeTbl no 5", To ocTaslueecsa yncao byaet aenntca Ha 3. k — He KpaTHo 3. k -
5"=5"*4-2*3""! _pyegpatHo 3. k—2 *5" =5" *3 -2 *3"*1 _ nepurca Ha

3.AHanormyHo k—3 * 5", k—4 * 5" — ye penarca Ha 3, a k=5 * 5" yxke meHbwe 0.

3HaunMT ecnm k MOXHO nNpeacTaBUTb TaKMMKM HOMMHANAMW MOHET, TO B 3TOM
npeACTaBAeHUM 06s3aTeNlbHO 2 MOHeTbl Mo 5. s =k —2 * 5" =5" * 3 2 * 3n*!
npeacTaBUMO TONbKO mMoHeTamu 3"...... 3*5M1, [aBanTte pasgenvm s U HOMUHan
KaJ0M MmoHeTbl Ha 3. PaBeHcTBO coxpaHuTea, /3 =5"— 2 * 3", HomunHanbl MoHeT
oyayT 3"....5"% Mo NPeAno/IOKEHNID WHAYKUMM TaKoe 4ucno s/3 Henbsa
npeAacTaBUTb TAaKUMU MOHETaMMU => UCXOAHOE YNCNO S HeNb3A OblN0 NpeacTaBUTb
MCXOAHbIMM HOMMHANaMu => 4yucno k Henb3s npeactaBUTb UCXOAHbIMMU
HOMMHANAMMW.

Tenepb goOKaxKem, YTO HauMHaA ¢ k + 1 MOXKHO NpeacTaBUTb BCce ymcaa. byaem
BbluMTaTb 5" MOKa YMCNO He CTaHeT KpaTHO 3. 3ameTum, 4TO MOJYYMBLUMIACA
ocTaTok >=3 * 5" =2 * 3"*1 4 3 nockosbKy ecnm mbl Bbiuam 5" 0 uam 1 pas, To 370
BEPHO, @ €CNM Mbl BblY/IM 2 pa3a, TO M3HAYa/IbHOEe Yncio 6bino xoTa 6bl k+3(k + 1
n k + 2 MMetoT OCTaTOK MO MOAY/t0 3 OTAMYHBLIA OT OCTaTKa k, Ans KoToporo
HYXHO caenaTtb 2 BbluUTaHMA). Tenepb pa3aenMm 3TO YNCN0 U BCE HOMMUHA/bI Ha
3. MNonyumm umncno >= 5" —2*3" + 1 n HommHanbl 3™....5""% No npeanoNOXKeHUIo
MHOYKUMU 3TO YMCNO MOXKHO nNpeactaBuUTb B BUAE CYMMbl MOAYYMBLUMXCA
HOMMHANOB, @ 3HAYUT U UCXOLHOE YUCNO C UCXOAHBIMU HOMMHANIAMMU MOMKHO


moonstyle
Штамп


npeagcraBuUTb. A 3HAYUT U YMCNO A0 BblMUTAHUA 5" MOKHO npeacrasuTb B Buge
CYMMbl MOHET C Ha4a/ibHbIMX HOMWUHA/1aMMU.



3agava Ne3

Myctb <ABC = b, <BAC = a. U3 TpeyronbHuka BAA1 <BAH =90 - b.

AC1 = AD(oTpe3ku KacatenbHbix); DH=HC1 (pagwnycbl); <ADH=<AC1H = 90 =>
TpeyronbHUkn AC1H n AHD — pasHbl. AHanornyHo TpeyronbHUkmM AC1C u AEC
paBHbl. <C1AH = <HAD = 90 - b 3HaunT <C1AD = 180-2b => <DAB1 = a + 2b — 180;
<HB1D = 90 — b, nockonbKy YeTbipexyronbHnk AHDB1 — BnncaHHbIN(<AHD = 90 =
<AB1H). Toraa 13 TpeyronbHmnka ADB1: <ADB1 =180 —(a + 2b -180)—90— (90 - b)
=180—-a-bh.

MNo gokasaHHoOMYy paBeHCTBY TpeyronbHMUKoB <C1AC =a =<CAEn <Cl1AH=90-b =
<HAD. Torga <DAE = <C1AE - <DAC1 = 2a — (180 — 2b) = 2a + 2b — 180. MocKonbky
TpeyronbHUK ADE — paBHob6eapeHHbIN(AD = AC1 = AE), <ADE = (180 — (2a + 2b -
180))/2=180-a—-b.

Takum obpasom <ADE = <ADB1 => D, B1, E — nexkat Ha ogHoi npamon => <B1DE =
0



3agaya Nel
OTBeT: Npu n KpaTHbIX 5 u n > 5.

MycTb KBagpaT n x n pa3buamn Ha k kBagpatos 1 x 1 u k KBagpatos 2 x 2. Toraa
obwaa naowaab =5 * k = n * n. 3HaunT n KpatHo 5. n = 5 * m. HeTtpyaHo
NPOBEPUTb, YTO NPM N =5 B N X N nomewaeTca He bonee 4 KBaapaToB 2 X 2, B TO
Bpems Kak k = 5m * 5m /5 =5 * m’ = 5. To ecTb KBagpaT 5 X 5 Henb3A TakK
pa3buTsb.

MoKaxem, 4to npm m > 1 KBagpat 5m x 5m MOXKHO pa3butb Ha KBagpaTtbl 1x1 u
2x2. Bblgenvm B 601bLIOM KBagpaTte xoTa 6bl 5 * m” KBagpatos 2x2: ecam m
YEeTHO, TO MOXHO pPa3buTb BECb KBAAPaT Ha 2X2, KOTOPbIX 6yaeT 25 * m”> /4 > 5 *
m’; ecaM m — HeYeTHo, To pa3obbem KBagpaT (5m — 1) x (5m - 1) Ha KBagpaTbl
2X2; Nony4Yymm (25m2 — 10m + 1) / 4 kBagpatos. [loKaxem, 4to npu m > 1 370
KOAWYecTBo >= 5 * m’

(25m*—10m+1)/4>=5*m’
5m’—10m+1>=0

D=100-20=80

m1, = (10 £sqrt(80)) / 10 = 1+sqrt(4/5)

4/5< 1 =>npn m>=2 3TO HEPaBEHCTBO BEPHO.

Tenepb caenaem ¢puHanbHoe pasbueHue. N3 Bcex BblOpaHHbIX KBaapaToB 2x2
BbiGepem 5 * m® Ntobbix, a BCe OCTaBLUMECA KAETKM 3anoNHUM KBagpaTamu 1x1.
WUToro nonyunm 5 * m” KBagpaToB 2x2 1 25 * m®> — 4 * 5 * m? = 5 * m? kgagpaToB
1x1



3apaya No2
OTBeT: 6

3ameTMm, 4YTO NO HEepPaBeHCTBY MeXay CpegHUM apudmeTuyeckum u
reoMeTpUYeCcKUM:

c’a+ca’>=2c"a’

b’c + bc® >= 2b*c?

a’b +ab® >= 2a*b’

To ectb A >= 2c*a” + 2b%c® + 2a°b’

Myctb X = a’b, y = b’c, z=c’a. Toraa x +y + z = 3.
(x-y)*+(y-2)°+(z-%)°>=0

X2+ V2 + 722 >=xy +yz+ Xz

9= (x+y+2)°=x>+y +2°+ 2xy + 2yz + 2zx <=3(X> + y* + 2°)
6<=2(x*+y* +7°) = 2c*a’ + 2b*c? + 2a*b’ <= A

OcTtanocb npusectn npumep, Korga A = 6.

MNyctba=b=c=1.Toraa a’b + b’c + c’a = 3. Kaxkgoe cnaraemoe B A paBHoO 1 =>
A=6



3apava Ne4
OtBeT: 2021 = 43*47

X =p(p +4). 3ameTm, 4to p > 5, NOCKOAbKY N X0TA Hbl 1. TOraa NOCMOTPUM Kakue
ocTaTKM no moaynto 10 moxeT aasatb p(p + 4).

p 1 3 7 9
p(p + 4) 5 1 7 7

YMCcno X He MOXKeT OKAaHYMBATLCA Ha 5, NOCKONBLKY p U p + 4 He paBHbI 5, a TaKxKe
He MOeT OKaH4YMBaTb Ha 7 NO YyCNOBUIO. 3HAYUT X OKaHYMBaeTcA Ha 1.

Yncno p(p+4) paer octatok 1 no moayato 4, a 3HAYUT UYMCNO X MONKeT
OKaHuymBaTbcA Ha 21, 41, 61 naun 81.(3ameTMm, YTO YMCNO X AAET OCTaTOK Mo
moayno 25 u 4 TakoM ke, Kak ero 2 nocnegHuve unépbl) NMocmoTpum Kakue
OCTaTKu no moaynto 25 aaet p(p+4).

p  plp+d)
1 5
2 12
3 21
4 7
5 20
6 10
7 2
g8 21
9 17
10 15
11 15
12 17

13 21



14 2

15 10
16 20
17 7

18 21
19 12
20 5

21 O

22 22
23 21
24 22

Yucno 41 cpasHumo ¢ 16, 61 ¢ 11, a 81 ¢ 6 no moayno 25. ITUX yncen Het B
Hawen Tabnuue, a 3HAYMUT UYMC/IO X MOXKET OKaH4YMBaATbCA TONbKO Ha 21.
MNepebepem Bce Takne X. Ecnm umcno KpatHo npoctomy < 13, To 3TO Yncno < 13 *
17 =221 => OHO He noaxoauT

2021 =43 * 47 — noaxoauT

19 20 21 — KpaTHO 3, He noaxoauT

18 19 20 21 — KpaTHO 3, He noaxoAuT

17 18 19 20 21 KpaTHO 7, He nogxoauT

1617 18 19 20 21 — kpaTHO 3 — He noaxoAuT

151617 18 19 20 21 — KpaTHO 3 — He noaxoauT

14151617 18 19 20 21 — He nogxo4MT NO YCNOBUIO
1314151617 18 19 20 21 — KpaTHO 3, He noaxoAuT
121314151617 18 19 20 21 — KpaTHO 3, He noaxoauT
11121314151617 1819 20 21 — KpaTHO 11, He noaxoauT

1011121314151617 18 19 20 21 — KpaTHO 3, He noaxoauT



