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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MycTb KBagPATOB Kaxaoro pasmepa x WTyK. Maowaam KBagpatos 2*2 1 1*1 paBHbl 4 n 1
COOTBETCTBEHHO, a njowaab 60ablworo KBagpata pasHbl N2, Torga n*2 = 4x + 1x = 5x, TaK KaK mbil
TaKMMM KBagpaTamu NOJIHOCTbIO MOKPbIN (aHANOrMYHO pa3pesanm) 60ablIoN. 3HaUUT, N2 fennTca Ha
5, a Tak KaKk 5 npocToe, To n genntca Ha 5. 3HauuT, n=5y, y — uenoe. Torga x = n?2 / 5 = 5y~2,

PaccmoTpum, yemy mMoXKeT BbITb PaBHO .

Y He paBHO 1, TaK KaK Toraa mbl UMeeM KBagpat 5*5, B KOTOPbIN HYXKHO ymecTuTb 5*172=5 KBaapaTtos
2*2. [loKaxeMm, 4To 3TO HEBO3MOMKHO. [TpoHYyMepyeM CToNbLbl U CTPOKM KBagpaTta umcnammn 1, 2,3, 4,5
nl,2,3,4,5cooTBeTCTBEHHO NOC/AeA0BaTe/IbHO OT IEBOM BEPXHEM KETKM. 3aKpacuMm KAETKMU C
KoopaunHatamu (2, 2), (2, 4), (4, 2), (4, 4), rae (a, b) — a cTonbel, b cTpoka. /lioboit n3 KeagpaTtos 2*2,
KOTOPbI Mbl MOMECTUM B Hall 60nbLION, ByaeT NoKpbIBaTb POBHO 1 U3 3aKpalleHHbIX KAeTok. Toraa,
T.K. TAaKMX KNETOK BCero 4, Mbl MOXKEM NMOMECTUTb Bcero 4 KBaapaTa 2*2, a Hy»KHo 5.

MycTb TOrAaa y >= 2. byaem 3ano/iHATb NOJIHOCTbIO MON0ChI U3 ABYX PASOB KBagpaTamu 2*¥2, HauMHas ¢
BEPXHUX ABYX PAL0B AOCKM. Toraa, T.K. CTOPOHa JOCKM paBHa n=5y, TO BCEro KBaApaToB B O4HY NO/0OCY
nomectutca >= (5y — 1)/2. Bcero Takux nonoc toxe >= (5y - 1)/2. 3HauuT, Kon-Bo KBagpaTtos 2*2,
KOTOpOE MOKeT NomecTuTbea B Tabanuy, >= ((5y-1)*2) / 4. [lokaxem, 4To 3TO >= X.

Torpa Hy»XXHO A40Ka3aTb:
((5y-1)72) / 4 >=5y~*2
(5y-1)A2 >= 4 * 5yA2
25yA2 — 10y + 1 >= 20yA2

5y"2-10y+1>=0

KopHuM KBagpaTHOro ypaBHeHus 5yA2 — 10y + 1 paBHbl 1 + %, M NPW y>=2 YUCNO Y HE BXOOMT BHYTPb

o V80 .
OTpe3Ka C KOHLaMM B TOYKax AaHHbIX KopHel (1 + -5 < 2). T.K cTapwmnii KoadduULUMEHT KBagpaTHOro

MHOrouneHa paseH 5 1 6osble 0, To BeTBU Napaboibl 4aHHOrO KBaSPaTHOrO MHOMOYEHa HanpaB/eHbl
BBEPX, U TOr4a HepaBeHCTBO ByAeT BepHO Npu BbIBPaHHbIX Y.

Torpa, T.K. BO3MOXHOE KOJIMYECTBO KBaAPATOB 2*2, KOTOPOE MOXKHO TAaKMM METOAO0M MOMECTUTb BHYTPYU
AaHHoro, 6onblue nanM paBHO HEOBXOAMMOMY, MOXKHO KBagpaT n*n 3an0NHUTb HEOHXOAMMbBIM KON-BOM
KBagpaToB 2*2, a BCE ocTanbHOE 3ano/HMTb KBaapaTtamum 1*1. Toraa nonydymm HysKHOe paspesaHue, 1
KOZIMYECTBO KBaAPaTOB KaxAoro Tuna byaeT cosnaaathb.
OTBeT: n=5y, y — HaTypanbHoe, y>=2
No2
a7b+ab3 7 3 412
3ameTuMm, 4TO NO HepaBeHCTBY Kol o cpeAHNX ——— =>+va’b *ab3 = a*b“. Torga, ecnn
a’v _ab® b’c _bc® c’a  cad

A
crpynnmuposaTtb I'IO,CI,OGHbIM 06pa30M MOHOMbI B Py TO €CTb TN CT, TC AT C 7 TO NMNONYHUM,

A
4to - 2 a*b? + b*c? + c*a?. Torpa, onaTb Ucnonb3ya HepaBeHCTBO KoLK O CpeaHUX:

§+ 3> (a*h?+ 1)+ (b*c?+ 1)+ (c*a? +1) = 2(a®b + b%c + c?a) = 6, 1.k (a®b + b?c + c?a) =3
MO YCNO0BUIO. 3HauMT,

A

>3
2


moonstyle
Штамп


A>6
PaBeHcTBO 04eBMAHO gocTuraetcs npu a=b=c=1 (npm sTom Bce HeobxoaMMble CBOMCTBA BbIMOHAKTCA).
OTBeT: 6

Ne4

MycTb NnpocTble Yncna p u p + 4, nonyumslumneca y Bacu, paBHbl X1 X ... X U X1 X5 ... Xy + 4
COOTBETCTBEHHO (YepTa 0603HayaeT, YTo 3TO paspAAbl YNCAa, @ He Npoun3BegeHue uncen). Torga
PaccCMOTPMM BO3MOXHbIE 3HAYEHUA Xy, :

4,6, 8, 0 HEBO3MOXKHbI, T.K. HX OZ4HO MPOCTOE YNC/IO HA HUX HE OKaHYUBAETCA.
Ecnan 2, To TOoraa p=2, T.K. OHO NpocToe, 1 p+4=6 — He NpocToe
Ecnn 5, To Toraa p=5, T.K. oHO npocToe, n p+4=9 — He npocToe

Ecnu 7, To Toraa p+4 okaHumBaeTcs Ha 1, u npousseaeHue p(p+4) OKaHUMBAETCA Ha 7, Yero He MOXKeT
6bI1Tb N0 ycnoButo (B MNeTHHbIX YMcnax nocneaHee U3 ABy3HaYHbIX HE COAEPHKUT 7).

Ecnn 9, To Toraa p+4 okaHuMBaeTcs Ha 3, U NpousseaeHue p(p+4) OKaHUMBAETCA Ha 7, Yero He MOXKeT
6bITb NO YCNOBUIO.

Ecnun 1, To Toraa p+4 okaHuMBaeTcaA Ha 5, 3HauuT, p+4=5, T.K. oHo npocToe. Torga p=1 — He npocToe.

3HauuT, X, = 3. Toraa p+4 okaHunBaeTcA Ha 7. EC/M BbINOIHATL NPOM3BEAEHME YMCEN B BUAE

(10™ 1) + 10™ 2x, + -+ 10 * X1 + 3) * (10™ 1y + 10™ 2x, + -+ 10 % X1 + 7) = -+
10(70x,,—1 + 30x,,—1) + (21) = -+ 10 * 2 + 1. MNony4aem 4TO NocNegHee U3 ABY3HAYHbIX YMCES
pasHo 21. Toraa ANs UCXOAHbIX YMCEN BO3MOMKHbBI CIeAytolme BapmaHTbi (T.K. No ycaosuio MeTeid
3anucaHbl NOC/ieA0BaTe/IbHbIE HAaTypaibHbIE YMCAA):

2021 = 43*47 — noaxoaut

192021 - penmtcAaHa3 (1+9+2+0+2+1=15- genntca Ha 3), Ho He paBHO 3 * (3 +4) =21
18192021 — penmtcaHa3 (1+8+1+9+2+0+2+1=24—penutca Ha 3), Ho He paBHO 3 * (3 +4) =21
1718192021=7*245456003 — nenutcs Ha 7, HO He paBHO 3 * 7 uan 7 * 11

161718192021 — penntcaHa3 (1+6+1+7+1+8+1+9+2+0+2+1=39—genntca Ha 3), HO He
paBHO 3 * (3+4) =21

15161718192021 — penntcaHa3 (1+5+1+6+1+7+1+8+1+9+2+0+2+1=45- genutca Ha 3),
HO He paBHO 3 * (3+4) =21

1415161718192021 — cogepKnT 4 B NepBOM ABY3HAYHOM YMC/E, YETO HE MOKET BbITb MO YCNOBUIO.

131415161718192021 - penmtcaHa3 (1+3+1+4+1+5+1+6+1+7+1+8+1+9+2+0+2+1=
54 — nenutca Ha 3), Ho He paBHO 3 * (3 +4) =21

12131415161718192021 —penutcAHa3 (1 +2+1+3+1+4+1+5+1+6+1+7+1+8+1+9+2+0
+2+1=57— penutca Ha 3), HO He paBHO 3 * (3 +4) =21

1112131415161718192021 — penntcaHal1ll (1-1+1-2+..42-0+2—-1=-33 — genntca Ha 11), Ho
He paBHO 11 *7 =77 nan 11 * 15 =165

101112131415161718192021 - peutcAHa3 (1 +0+1+1+1+2+1+3+1+4+1+5+1+6+1+7+
148+1+9+2+0+2+1=60-paenutca Ha 3), HoO He paBHO 3 * (3 +4) =21



Janble MOXKHO He MATK, TaK Kak No ycnoBuio MeTa BbINMCbIBAA TONbKO ABY3HaYHble YNCAA. 3HAUUT,
noaxogmut Tonbko 2021

OTtBeT: 2021
Ne3

1) 3ametum, uto YeTbipéxyronbHuKk AC; HD — BnncaHHbIl, Tak Kak AC; 1 AD- KacaTenbHble K
OKPYXHOCTU ¢ ueHTpom B H (Torga oHu obpasytot ¢ HC 1 HD yrabl no 90°, B cymme gatoume
180° u saBAAOWMECA NPOTUBOMNO/IOKHbIMU B pacCMaTpPMBaEMOM YETbIPEXYroNbHUKE). 3aMeTnm
Takxe, yto LAB{H = 90°, 1.K. H — Touka nepeceyeHus sbicoT CC; 1 BB; TpeyronbHuk ABC, T.e.
ero optoueHTp, B; — ocHoBaHMe BbIcOTbl TpeyroabHuka ABC. ZHDA paseH 90°, T.K. AD —
KacaTe/ibHaA K OKPYKHOCTU C LieHTpoM B Touke H. 3Haunt, ZHDA = 90° = 2£AB;H, nputom
3TW YINbl ONUPALOTCA HA OAMH OTPE3O0K. 3HAUUT, YeTblpéxyronbHUK HDB{ A — ToXKe BNUCaHHbIN. Y
yeTblpéxyronbHukos AC; HD n HD B; A coBnazatoT TpU TOYKM, NPy TOM OHM 06a BNUCAHHbIN,
cneposaTenbHo, NATUYyronbHNK AC; HDB; — BiucaHHbId. Toraa £B; DA = 2B, HA Kak
onupatouwmeca Ha ogHy ayry. £B;HA = 90° — 2B1AH =90° — £CAA, = £ACA,; = £ACB,
rae Ai- 0oCHoBaHWe BbICOTbI TpeyrosibH1Ka ABC 13 Touku A (npoxoauT yepes opToueHTp H), Tak
Kak TpeyronbHukn AHB; u CAA; — npsaMoyroJibHble. 3HaunT, £B{DA = £LACB

2) AD = AC; xak oTpe3KH KacaTeJbHbIX K w; U AC; = AE Kak oTpe3Ka KacaTeJIbHbIX K W5.

3HauuTt, AD = AE 1 TpeyronbHuk ADE — paBHobeapeHHbIN ¢ ocHoBaHMem DE. 3Hauut, LEDA =
180°—2DAE
2
3) 4DAE = «£C,AE — +«C,AD
2CiAE = 2£C,AC
= 24BAC, T.x. ACiu AE
— KacaTeJIbHble K OKPY>XHOCTH C LIEHTPOM B TOuKe C

2C1AD = 22C1AH, T.x. ACin AD — KacaTeJIbHbIE K OKPY>KHOCTH C LIeHTPOM B TouKe H
2C1AH =90°— £ABA; = 90° — £ABC, 1.K. TpeyronbHuk ABA; — npamoyronbHbin (AA; —
BbICOTa TpeyrosbHuka ABC)

3Hauut, £DAE = 2£4BAC — 2(90° — £ABC) = 24BAC + 2£ABC — 180°
4) LEDA = 1800_%“ (no pokasaHHOMY)

¢DAE = 22BAC — 2(90° — 2ABC) = 24BAC + 22ABC — 180° (o fokasaHHOMY).

3naunt, LEDA = 18°°‘2‘BAC;2‘ABC“8°° — 180° — 2BAC — 2/ABC =

£ACB (1o TeopeMe y CyMMe yTIJIOB TePYTOJbHHUKA).

Monyyaem, yto £B{DA = LACB = £EDA, nputom Touku B; 1 E nexat no ogHy CTOPOHyY OT
AD. 3HauuT, Toukn D, B; u E nexat Ha ogHol npamow, n B, DE paseH 0°

OTtBert: 0°



