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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Bapuanr - 3
3ananue 1.

Or1eHKa: MyCcTh KBAJIPaTOB KaX0TO pa3Mepa ObLIO X, TOT/1a CyMMa
momaae kpaapatoB 1X1 — X, 2xX2 — 4X, mioniaap HCXOHOIO KBajapara
— 5X, ¢ APYroii CTOPOHBI, IJIOIAb UCXOJHOTO KBapaTa paBHa N2,
OTKyza 5X = N?, N KpaTHO 5.

[TokaxkeM, 4yTO KBagpaT SXD HEIb34 pa3pe3aTh Ha PABHOE KOJIUYECTBO
KBaJ[paTOB JJAHHBIX IIOMIAJEH. 3aKpaCUM €ro KaK IMOKa3aHo Ha CXEME:

3aMeTHM, 9TO KaXKJIbIi KBagpaT 2X2 00s3aH BKIIOYATh B ceOs 2 Oebie
KJISTKH TOJIKO M3 OJTHOM CTPOKH, CIAEA0BATEIHLHO, MBI MOYKEM B3STh HE
0oJiee ABYX KBaJIpaTOB, BKIIOYAIOIIMX B C€0s KJIETKH BEpXHEH Oesoi
CTPOKHU U He 00jiee IBYX, BKIIOYAIOIINX O€IbIe KJIeTKH HIDKHEH, HO
TOT/Ia MBI TIOJIY4UM HE 0oJiee 4 KBaIpaToB 2X2, HO UX JIOJKHO OBIThH
25/5 = 5 — npoTtuBOpeune.

[Mpumep: myctsh N = 5*2K, e K — HarypamsHOE uncio. Pa3zgenum gocky
Ha nipssmoyroasHukH 10K X 8K 1 10k X 2K, mepBbIii pa3oObéM Ha
KBaJpaTHKU 2X2, BTOPOM — Ha KBaapaThl 1X1, Torna ux yucio Oyaer
oauHakoBo(20K).

Ecmu n = 5*(2k+1), roe K — HatypanbpHOe 9KCIIO, TO Pa300bEM TOCKY Ha
kBazapat (10k+4)*(10k+4) u “o0om0k”, Briarouaronuii B ceos 20k + 9
KBaJpaTUKOB 1X1, TOrma, pa30uB KPYITHBIA IMOAKBAAPAT Ha KBAIPATHKH
2x2, mbl ostyunM (5k+2)? = 25k? + 20K + 4 Takux KBaJpaTHKOB, TO
€CTh HEe MEHbIIE, ueM KBaapaTukos 1x1(25k? > 9), sameTuM, 4to
pa3HOCTb uncia kBaapatoB 2X2 u 1X1 kpatHa 5. bynem nenuts mno
KBajJpaTy 2X2 Ha 4 kBajipata 1X1, ymeHsbIas 3Ty pa3HOCTb Ha 5, yeM
paHo WK MO37HO JOCTUTHEM MOMEHTa, Korna oHa OyneT paBHa 0, u
YHCIIO KBAJIPATUKOB 2 TUIIOB OyI€T OJTMHAKOBBIM.


moonstyle
Штамп


OTBeT: mipu N, KpaTHBIX 5 U OOJIbIIIE 5.

3amaya 2
_ba7+ab3 41.2
OOpatuM BHUMaHHE, YTO 110 HEPABEHCTBY O CpeI[HI/IX.T >a*b

MMeeM, IPUMEHHB JaHHOE HEPaBEeHCTBO s 3 rpynn ciaraembix(ba’ +
ab3; ¢cb” + bc3; ac” + ca®);

A>2*(a*b? + b*c? + c*a?)

Onnako, a*h? + 1 > 2a?bh 1o HEPaBEHCTBY O CPETHEM I'€OMETPUUECKOM
U CpeTHEM apr(PMETHIECKOM, CIICIOBATENBHO:

A>2*(2a’b + 2b%*c + 2c¢%a-3)=2*(2*3-3)=6
JlaHHBI} MHHUMYM JocTuraetcss npua=b=c=1
OTtBeT: 6
3amanue 3

ITycte Al — ocHOBaHue BrICOTHI, onyiieHHou u3 A B AABC, Torna B
cuity BoucanHocTy 4eThipéxyroiabunka AC1ALC yraet C1AH u HCB
PaBHBI(TPU BBICOTHI OCTPOYTOJIBHOIO TPEYTOJIbHHUKA MIEPECEKAIOTCS B
onHoi Touke). C1 — Ttouka kacanus okpyxHocteit Wl u w2 ¢ AB, u6o
paanyc OKpYKHOCTHU MEPIEHIUKYJIISIPEH KacaTeIbHOU K HEl. Jlamee, Tak
KaK TOYKH KacaTeIbHBIX, OMYIIEHHBIX U3 HEKOTOPOU TOUKH K
OKPY’KHOCTH CUMMETPUYHBI OTHOCUTENBHO MPAMON, COEAUHAIOUIEN 3Ty
TOYKY W LIEHTP TaHHOW OKPYX HOCTH, TO D — 00pa3 cummerpuu C1
orHocurenbHo AH, yriet C1IAH = HAD, AC1H = HDA = 90 rpagycam.
Hanee, yraet HAD u HAB1 He MoryT OBITh paBHBI IOTOMY, YTO B TAKOM
ciyyae OynyT paBHbI yribsl B u C, 4To IpOTUBOPEUYUT
HepaBHOOeApeHHOCTH TpeyroibHuka ABC — Touku H u Bl paznuynsl.
Onnaxo yron HB1A Toxe npsimoid, oTkyna touku H, A, B1 u D nexar
Ha OJTHOM OKPYKHOCTH, ciegoBareiabHo, yron HB1D = HAD.

[Tycte T — Touka Ha mpoaomxenun iyuya BB1, E — o6pa3 Touku Cl
otHocutenbHO AC. Tak kak yetbipéxyronpuuk BC1B1C Bnucan, T0
octpsiii yron BCC1 =BB1C1 =90- C1B1A =90 - AB1E(u3
cummetpun C1l u E) = EB1T rak xak B1T — nepnernukymsip k AC, HO
TOT1a MEK]Iy OCTPBIMHU yTJIaMH BBITNOJHSAETCS CJIEYIOIIEE PABEHCTBO:



EB1T = BCC1 = C1AH = HB1D, npuuém Tak kak Touku H, Bl u T
JIeXKaT Ha OJJHOM MpsAMoii, a Touku D u E nexat no pa3Hbie CTOPOHBI OT
neprneHANKYIApHBIX npsMbix B1T u AC(npsimbie C1B1 u B1E nexar no
oJHY cTopoHy oT npsiMoii B1T u3 cumMerpun otHOCHTETpHO AC Todek
Cl u E, onnako touka D He MoxeT nexarth Ha qyde C1B1, nnaue ona
coBnana Owl ¢ B1l, ciegoBarenbHO, OHA JIEKUT HA HPSMOM,
cummeTprunoit C1B1 oraocutensHo HT), To Touku D, B1 u E nexar Ha
OJIHOM mpsiMoH, mpuuémM Touka Bl — mexny D u E |, otkyna yron B1DE
paBeH 0

Otser: O

3agaua 5. O003HAYMM JTaHHBI MAaKCUMYM 32 X, I HATYpaJIbHOTO N,

ITokaxxem ¢ INOMOIIIBIO MaTeMaTU4YECKOUN HMHAYKIUH 110 N, 9TO X, =
5n+1 _f*3n

baza: n = 1, neiicTBUTENBHO 7 MUACTPOB HEJb35 BbIIATH MOHETAMU
HOMUHAJIOM 5 U 3, IOCKOJIBKY, €CJIH OBl 3TO OBLIIO BO3MOKHO, TO B
BbIJIauy 7 HE BXOAMWIa Obl 5, TOCKOJIbKY MHAUY€ HaM MPUIILIOCH ObI
BbIAATH eNI¢ 2 MUacTpa MOHETaMH HOMUHAJIOM 5 U 3, 4TO HEBO3MOXKHO.
Ecau 661 7 macTpoB MOKHO OBLUIO OBI BBIJATh MOHETAMH TOJIBKO
HOMHUHAJIA 3, TO CEMb JICIMIIOCH Obl Ha 3 — IPOTUBOPEYHE.

Onnako,8=5+3,9=3+3+3,10=5+5, eciu >xe HaM HaJI0 BBIJIATh
qucio nuacTpoB Oosbiee 10, To OyaeM BbIIaBaTh MO 3 MUACTpa 0 TEX
Top, TIOKa HaM He OCcTaHeTcs BbAaTh o 8, 9 wim 10 muactpoB(Tak Kak
OCTATKH 3TUX 3 YKCEJI MPHU JICJICHUU Ha 3 pa3InyHbl, TO MBI
rapaHTUPOBAHHO JOUAEM /10 OJTHOTO M3 JAHHBIX HOMUHAJIOB), YTO
BO3MOKHO CEIaTh KaK MOKa3aHO BBIIIIE.

[ToacTtaBuB B hopmyily 3HaueHue N = 1, HETPYIHO YOEAUTHCS, UTO X1 =
7.

[ITar THAYKIMHA: TYCTh MAKCUMYM ITHACTPOB, KOTOPBIX HEJIb3s BBIIATD,
IIPU HEKOTOPOM N — Xp, TOT/a MIOKAXKEM, UTO Xn+1 = 2*¥57+1 + 3*x,

OGpaTuM BHMMaHHUE, YTO HOMUHANKI BCEX MOHET, Kpome 5™ kpaTHer 3,
3HAYUT, €CJIM BbIJIaTh TAKYyI0 CYMMY MHUACTPOB BO3MOKHO, TO BBIJAB
He0O0XO0MMOE YKCIIO MOHET HoMuHaa 5™ Ham Heo6xouMo Oy et
BBIJIATh YHMCJIO MUACTPOB, KpaTHOE 3. CIeI0BaTEIBbHO, MBI JOJIKHBI



BBIJIATh 2 WK 5 1 OoJiee MOHET JAaHHOTO HOMHHAJIA, HO BO BTOPOM
clIydae Tak Kak Xn < 5", MBI He cMOkeM BBIIATh TPEOYEMYIO CYyMMY,
Boiiag B yObITOK. Torna, 1aB 1Be MOHETHI cymMmMoii 5™t MbI Gynem
JIOJKHBI BBIIIATHTB 3*Xn MOHeTaMu HoMuHanoM 3L . 3 x 5™ yro
PaBHOCHJILHO 3aJ1a4ue BbIJa4u MOHeTaMu HoMuHana 3"..., 5™ X,
MAACTPOB, YTO HEBO3MOKHO IO MPEMOI0KEHUIO HHIYKITUH,
clen0BaTeNbHO, cyMMy 2*5™ 1 + 3*x, Henb3s BbIgaTh. OJHAKO, €CIn
cyMMa BbIJjaud Y O0oJIbIIe JaHHOTO YKMCia, TO Tak Kak 5" ne kpartHo 3,
onHo 3 uncen y, Y - 571 y - 2 x 5™*1(gazoéM ero z) 6yner kpatHo 3
1 OoJiblire yeM 3*X,, HO Tak Kak Z/3 MOKHO BbIIaTh MOHETAMU
HomuHAIIOM 3™ ..., 5 Mo NpeAnoa0KEeHUI0 HHIYKIHK(Z > Xp), TO CYMMY
Z MOHO BBIIaTh MOHETaMH HoMmuHAJIOM 3711, .. 3 % 5™
CJIEIOBATEJIPHO CyMMa Y BBITIJIAYMBACTCSI MOHETAMH 33 IaHHBIX
HOMHHAJIOB.

[Moncrapnss, 4to X, = 5™"1 — 6 * 3™ no npeAnoNoKeHHI0 HHIYKIHH,

MOIYUHM Xpep = 2*57H1 + x50+l _ gx 3ntl = gn+2 _ g& 3nt+l _ g g g,
Orer: = 51 -6 * 3™,
3anaya 4
ITycts BoctipuHsToe Baceit uucino — A, A = X.

OOparum BHEManue, uTo P > 20, nnauye A = p(p+4) < 1000, vHo A >=
1010. 3amernm, uto nocienHee uncio Iletn 00s13aHO OKaHYMBATHLCS HA
1. JleticTBUTENBbHO, €clii OB OHO OKaHYMBajIoch Ha 2,4,6,8,0,5, To B
BacunoMm pa3nokeHnr BO3HUK ObI MPOCTOW MHOKHTENb M rae M<=5,
YTO HEBO3MOXKHO, 100 P u p+4 > 20, cnegoBarenbHO, Halle Yuciao A
MOKET OKaHYMBAThCS TOJbKO mudpamu 1,3,9, Ho A = p(p+4), rne p u
p+4 — mpocTele uncia, ogHako Torga A = (p+2)? — 4, cienoBarensHo
A+4 oxaHuuBaJiock ObI HAa 7 uian 3, eciiu ObI A OKaHYMBAJIOCh Ha 3 MM
9 COOTBETCTBEHHO , HO HA MaHHbIe UPPHI(7,3) KBaAPaTHl HATYPaTBHBIX
quces B ICCITUIHOMN 3alIMCH HE OKAHYMBAIOTCS, 3HAUUT, A
okaHuMBaeTrcs Ha 1, otkyga A+4 kpaTHO 5, cie10BaTENbHO, U 25 KaK
KBaJpaT yucia(5 — mpocroe), 3Ha4uT, BTOpOi 1udpoii crpaBa yncia
A+4 MoxeT OBITh TOJIBKO 2 WM 7(4ucia, KpaTHbIE 25, OKAaHUYUBAIOTCS
Ha 00, 50, 25 unu 75), 0lHaKO BO BTOPOM ClIy4yae MoCieHEe
3anmcanHoe Ilereit uncio coaepxaino Obl udpy 7/, clea0BaTeNbHO,



BTOpas nudpa yucina cnpara A — 2, OTKya NOCIEAHES YUCIIO, KOTOPOE
3anucan [lers — 21.

Hanee, oOparum BHUMaHue, uto P > 20, unaye A < 1000, HO Tak Kak 2
HE KpaTHO 3, TO OJHO W3 4yucel P, p+2, p+4 00s13aH0 aeauThcs Ha 3, HO
p u p+4 — mpocTeie yucaa He MeHsbe 10, ciemoBaTeIbHO, OHU HE MOTYT
nenuThes Ha 3, oTkyAa P+2 kpatHo 3, A+4 kpatHo 9, A cpaBHUMO C 5
10 MOAYJIO 9.

Brinuiiem BCEBO3MOXKHBIE 3HaUCHUS A, OTCEUBAasi UX IO KPUTEPUIO
TOTO, 4TO eciu A Ja€T oCTaToOK 5 Mpu JejeHur Ha 9, TO U cymMa nudp
A 12T TOT K€ OCTaTOK MpH JeJeHUU Ha 9

YHucio OctaTok cymMMBbI 1Tudp mipu
JEJICHUU Ha 9
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Opnako B uncne 1112131415161718192021 cymma 1mudp Ha HEYETHBIX
MO3UIIMSIX, HAYMHAS ¢ KOHIA yrcia — 46, Ha 4éTHBIX — 13, UX pa3HOCTb —
33, cienoBaTeNnbHO, TAHHOE YUCIIO AenuTcs Ha 11, oquako p u p+4 He
MOTYT ObITh 11, Tak Kak 00a 3TUX uncia He MeHblIe 20.

Uwucao 1415161718192021 mam He MOAXOAUT IOTOMY, YTO IIEPBOE
4yucIio, 3anucanHoe [letel B TakoM cirydae CoOaepKuT 4.

Yucno 1718192021 nenutcs Ha 7, Tak kak 1718192 nenurcsa Ha 7, ndo
1718192 = 245456*7, 1718192000 nenurcsa na 7, u 1718192021
nenutcs Ha 7, HO P > 20, mosTOMyY HHE P, HU P+4 HE MOTYT paBHATHCS 7.



Ocranock Toabko uncio 2021 = 43*47 — npousBepieHUE JBYX MPOCTHIX,
oTinyaromuxcs Ha 4, rae 20 He coaepxuT nuudps 4, a 21 — uudpst 7 —
JAHHOE YUCJIIO yIOBJIETBOPSAET BCEM TPEOYEMBIM KPUTEPHUSIM.

Otser: 2021



