XVI Bceepoccuiickas cmena «tOnbrit Mmatematuk». BJILL «Opnénok».
X1 TypHup MaTeMaTUYECKUX UTP.
Urpa «Jomuno». Cmapwas nuza (9-11 knacc). Pemenns. 09.09.2020.
0-0. Kakoe nHaun6osblliee KOJUYECTBO MIAIEK MOKHO MTOCTaBUTh HA IIaXMaTHYIO IOCKY Tak,
4TOOBI HUKAKas MIallKa HUKaKyIo APYTyIo He Omia (1o AuaroHaiu Ha 1 KJIeTKy) U 4TOObI

IIOCJIE 3TOTO MOKHO OBLIO ITOCTABUTH €IIE 8 JIaAeh TaK, YTOObl HU- [
Kakas Jlaabsd HHUKaKyro Inamky He Owuna? [lpusedume omeem u wiw wiww w
npumep. (24 MANIKA, CM. IPUMEP HA PUCYHKE. 3aMeTHM, YTO | |p
eCTh YHUCTO JIaJeilHbIe PSAAbl, KOTOPBIX J0JKHO ObITH He MEeHee ww w w ! w !l w
3 B 0OIHOM HANPaBJIeHUH (C TOYHOCTHIO 10 CHMMETPHUH, CUUTA- |pnln
€M, 4YTO JIAJICHHbIX TOPU30HTAJICH He MEHbIIIe, YeM JIaJeHHBbIX w i w || w{w
BepTHKAJIEN), T.K. HHA4Ye Jiaaeil Oyger He OoJiee 2:2=4. Eciiu  |n|n
JaJeHbIX TOPHU30HTAJIell He MeHee 5, TO mamek He OoJee LU | L0 | L | o | |

3-7=21. Ecau JaedHbIX TOPU30HTAJIeHl POBHO 4, TO €CTh XOTH

OBl 2 J1aleiiHBIX BEPTUKAJIM, TOrAA WAalIeK He 0oJiee 4-6=24. Eciu JagedHbIX ropu-
30HTaJIeld POBHO 3, TO €CTh POBHO 3 J1aJicHHbIX BEPTUKAJIM, TOr/Aa WIAlLIEK He 0oJiee
5-5=25. Eciu mainiek poBHO 25 Ha mepeceYyeHUM S5 IIAMIEYHBIX TOPU3OHTAJIEH M D
HIAlIeYHbIX BepTHKAJIEH, TO M0 npuHuuny Jupuxie (pasduBaem 8 psigoB KaKI0ro
HANPaBJIeHUs HA 4 Mapbl COCEAHUX PAAOB) €CTh JBe COCeJHUX MIANIEeYHbIX FTOPU30H-
TAJIM M JIB€ COCeJHUX IIAIICYHBIX BEPTHUKAJIHU, HA NEPeCeYeHUN KOTOPBIX CTOAT 4
HIAIIKA B BHJE KBaJgpaTa 2x2, T.e. HAAYTCHA MIANIKH, ObIOIIUE APYTr ApPyra, — mpo-
THBOpe4YHe. 3HAYMT, IALIeK He 0oJiee 24.)

0-1. Cymma Kakux-TO JABYX Pa3IMYHBIX JeNUTeNe HatypainpHoro uncia N pasHa 1000. Ka-
KO€ HauMEHbIIIee YUCIIO PA3IUYHBIX MPOCTHIX JACTUTENeH MOXKET UMETh Yrciio N? [lpuge-
oume omeem u npumep. (2, Hanpumep, 2 u 5, ecaim_n=2>-5°=800, a 1000=200+800 —
CYMMa JIBYX Pa3JUYHbIX jejauresaed yucaa 800. /Joxamxem, 4T0 OJHOI0 MPOCTOro
MHOKHUTEJS ObITH He MorIo. IIpeamosioxkum, uro 310 Tak, Torga 1000 1ud6o paBHo
1+p", 6o p™+p* (rme m<k — HaTypasbHbIe UHCIa, p — MPOCTOE YHCTO0). B mepBom
caydae p'=999, uro HeBO3MOKHO, T.K. 999 nesaurcs U Ha 3, u Ha 37. Bo BTOpOM ciy-
qae 1000=2°5°=p"+p*=p"(1+p*™), Toraa mam p"=500 mpu M=K, 4TO HEBO3MO:KHO,
HJIM TO [Ba B3aMMHO NPOCTHIX MHoxuTeast npu m<k. Toraa auGo p"=2° 1+p* "=
125 (4To HeBO3MO:KHO IpH p=2), 1160 p"=5° 1+p“ =8 (uT0 HeBO3MO:KHO MpHU p=5).)

0-2. Jano HaTtypasibHOE yucio N. Ha nocke BbIMCaHbl B MOPSAKE BO3pAaCTaHUSI BCE OCTAT-
KM, KOTOpbIE MOTYT JlJaBaTh CTENEHU 2 TpH Aesnenuu Ha N — 1, 2, 4, 8, 16 . Haiinure n.
(31, 30, 28, 24, T.k. N<32 u mocJje ocraTka 16 GyaeT Moy4aThcsi OJJUH U3 BAPUAHTOB
1,2, 4, 8, T.e. HAIIIE YNCJI0O MeHbIIEe 32 HMEHHO HA 3TOT OCTATOK.)

0-3. Haiimute paamyc OKpYKHOCTH, 3aaBaeMoil ypaBHeHMeM X*+y*+2x—6y+8=0. (/2.
X2+y?4+2X—6y+8=0 <> (X+1)>+(y—3)>=2, 3HAUMT, paguyc paBeH /2 .)

0—4. B xnacce N manpuukoB u N aeBouek (N>2). Kaxnplil n1eHb 1exyput rpynma u3 JIByX
MaJbYMKOB U ABYX JeBouek. [Ipu kakux N Morio okazarbcs Tak, 4TO K HEKOTOPOMY MO-
MEHTY KKIBIH MAJBbYMK OTACKYPHI C KaKIOH JCBOYKOM pOBHO 1Mo YeThipe pasa? (Ilpu
Bcex HATYpaabHbIX N>2. [Iponymepyem MaibunkoB HoMepamu oT 1 10 N u 1eBouexk
— Homepamu ot 1 10 N. Cozgagum N map MajJb4YMKOB € COCeJHUMH HOMEpPaMH MO
kpyry (1, 2), (2, 3), ..., (10, N), (N, 1), anajoruuno co3gaaum N nap aeBouek. Ilycrb
Tenepb KaXAas napa MaJb4UKOB POBHO 10 OJHOMY Pa3y OTAEKYPHUT € KaKI0H Ia-
poii AeBouek. Toraa kamabli MaJb4MK BXOJWJ B ABe MAapbl, OTACKYPHUBIIHUX 110 pa-




3y ¢ ABYMS NapaMH, B KOTOpPble BXOAUT KAXKAas U3 JA€BOYEK, 3HAYUT, KAKIBIH
MAJIbYUK POBHO 4 pa3a OTAeKYPHJI € KaXKI0H 1eBOYKOI, YTO HaM U TpedyeTcs.)

0-5. OT mIOCKOro KBaApaTHOTO TOPTa OTPE3aU MO KYCKy MpPsIMBIMU pa3pe3aMu, MoKa He
paspesasn TopT Ha S50 yacTel, Cpeaud KOTOPBIX POBHO S MSATUYTOJbHUKOB. Kakoe
HanOOJIbIIIee KOJMYECTBO BOCHBMHYTOJIBHUKOB MOTJIO oka3aThes? (8. Kakawlii paspes
yBeJMYHBaeT CyMMapHOe KOJMYeCTBO BEPUIMH BCEeX MHOTOYI0JIbHMKOB MAaKCHMYM
Ha 4 (ecJiM OTPE30K COeAMHSAET BHYTPEHHHE TOYKH IBYX CTOPOH), 3HAYMT, 32 49 omne-
paumii, moay4yuB 50 yacreid, Mbl MOJYy4YUM B CyMMe MaK-
cumyM 4+49:4=200 BepmuH. Torga 200=>5-5+8-n+3+(50-5- 5 4
N), 0TKy/Aa KOJIUYeCTBO BOCbMHYTO0JbLHUKOB N<8. OTcrona !
M0JIy4aeM TaK:Ke, YTO HaM Ha/10 uMeTh 37 TPeyroJbHUKOB
U KaXKIbIH pa3 NPOBOAUTH OTPE30K, YBEJIMYHMBANIIMMA
cyMMapHoe 4ucjo BepmimH Ha 4. IlpuBeném aaropurm.
OTtpexem cHauyasa 37 TPeyroJbHNUKOB, KaXK/Abli pa3 Mpo- 3
BOJSI OTPE30K MEKIY CepelMHAMH COCeJIHUX CTOPOH yBe-
JIMYMBAIOMIEr0C HA KAXKAOM LIare mo KOJIH4eCTBY CTOPOH
Ha 1 BBINYKJIOTO0 MHOIOYrOJIbHMKA, MOKA He MOJYy4YUM
4+37=41 yroabHUK (CM. HA PUCYHKe NIpuMep MJA Iep-
BbIX 5 onepaunuii). Ilocie 3Toro 3a 8 maros orpe:xkem 8
BOCHMMYT0JIbHUKOB, NIPOBOJSI OTPE30K MeKIAy cepeau-
HAMH JIBYX CTOPOH TAaK, YTO MeKAy HUMHU OyI1yT POBHO 6
BepPIIMH MMEKIIErocss HAa JAHHbI MOMEHT BBINYKJIOIO
MHOIOyroJibHuKa (cM. puc.). Ha kaxkgom mary Ham
MHOTIOYT0JIbHUK OyJeT TepATh N0 6—2=4 BepIIMHBI U MO-
cjie 8 onepanmii MOJy4YMM BBINYKJIbIIi MHOTOYroJibHUK ¢ 41-8:4=9 Bepmunamu. 3a-
TeM OyaeM oTpe3aTh NATHYTOJbHUKH, IPOBOJASI OTPE30K MEKAY CepeIMHAMHU ABYX
CTOPOH TAaK, YTO MEKAY HUMM OyaeT POBHO 3 BepIIMHbI MMEKIIErocsl HA TAHHbIH
MOMEHT BBINYKJIOT0 MHOTOYroJibHMKa. Ha KamaoM mary Ham MHOTOYroJbHUK 0y-
aeT TepsaTh Mo 3—2=1 BepuiuHe U mocje 4 onepanuii MOJY4YMM BBIMYKJIbIIi MHOTI0-
YIrOJbHUK ¢ 9—4=5 BepumiMHaAMH, KOTOPbIM M OyaeT HAIUUM NATHIM NATHYT0J1bHU-
KOM.)

0-6. /IBe mpOTHUBOMOJIOKHBIE BEPUINHBI IPSIMOYTOJIBHUKA CO

. A P B
cropoHamu | u 2 coBmectunu. Halaure nnuHy JTHMHUU
cruoa. (\/g /2. Tlycts y mnpsmoyroabHuka ABCD
(AB=2, BC=1) coBmecTniin BepmnHbl A n C. O603Ha- °
YUM JHHHIO cruda PM (P nexur Ha AB, M ne:xXut Ha
BD) , O — eé cepeauna. Torna B CHJIy CHMMeETPHH b " c

PC=PA=CM=AM, 1.e. oTpe30ok AC nepneHanKy.JasspeH
PM w neaut ero nonosaam B Touke 0. AAOP nonoden AABC, orkyna PO/BC=A0/AB

u PM=2-PO=2-A0-BC/AB=AC-BC/AB =~\1* +2% 12 =1/5/2)

1-1. Ha crone B psn nexar 100 moHer, nBe — pemkoi BBepx (Ha 50-m u 100-m Mectax
ClIeBa), OCTaJIbHbIE — OpJIOoM. 3a oauH xo1 IleTs BeIOMpaeT 1Be psiIoM JiexkKaliue MOHE-
ThI, JIEBasi U3 KOTOPBIX JIEKUT OPJIOM BBEPX, a MpaBasi — PEUIKOH (€C/IH TaKkue ecTh), 00e
MIEPEBOPAUMBAECT M KIAAET MEXAY HHMHM enl€ OJHY MOHETY opJoM BBepx. Kakoe
HanOosbee yucio xoaoB caenaer Ilers? (196 xomoB. 3ameTnM, YTO MOHETa-pelIKa
KaK Obl Ka:KIbIil pa3 IBUKETCH HAJEBO, CABUIasiCh HA OJJHY MOHETY, U CO31aéT emé



OJIHy MOHETY-0pJia MmocJie ceds1 cnpaBa. 3aMeTHUM, YTO JieBasi MOHETA-PeIKAa MOMKeT
c/l1eJIaTh TOJbKO KOHEYHOE YHCJI0 X0J0B, CO3/1aB MOCje ced0sl TaKoe Ke KOJMYECTBO
MOHET-OpPJI0B. B pe3yiibTaTe U mpaBasi MOHETa MOKeT JIBUTaThCSl HAJIEBO TOXKe KO-
HEYHOE YMCJI0 pPa3 (KOHEYHOe YHCJIO OPJIOB ObLIO JieBee U KOHEYHOE YMCJIO0 OpPJIOB
N00aBWJIOCH TOCJe omepaumii ¢ JeBoi pemkoil. CiaemxoBareabno, Ilerss caenaer
49+(98+49)=196 xonoB (49 xomoB JeBoi pemkoii 1 98+49 xon0B NMpaBoil pemikoii,
T.K. €10 HaJ10 000rHAaTh 98 0pJI0B, yKe UMEIIUXCH, U 49 0pJI0B, KOTOPbIE NMOSABATCS
1ocJjie X0/A0B JIeBOM pelKn).)

1-2. YkaxuTe Bce KBaJpaTHbIC TPEXWICHBI, HE UMEIOIIUE KOP- 11
Hel, Y KOTOPBIX MPU YBEIMYEHHUU CBOOOJHOrO ujeHa Ha |

OKaKETCsl POBHO OJIWH KopeHb. (Bce Takme KBajapaTHbIE -i i 5
Tpexwienbl f(X) mocje BbIeJeHHS] MOJHOr0 KBaJapaTa T
onmcHIBaIOTCH oueBHAHON dopmy.oii f(X)=a(x—b)*~1 mnpu 2
OTPHUUATEIbHOM a8, T.K. TPa@uK COOTBETCTBYIOLIEH Mmapa-
00J1bI Oy/eT ¢ BeTBSIMM BHU3 U NPH yBeJauYeHUW Ha 1 Oy-

€T KacaThesl 0CH adcuucee (CM., HampumMep, puc. 1uist Tpexwiena f(X)=—2(x=3)*-1).)

. 25 625 25 625
1-3. HaiiguTe Bce 1enble yucna N, 1js KOTOPhIX YHUCIIO0 > + a n + > Va1 n

sBisiercs nensiM. (0 m 144. Ecau ykaszanzoe yncio A — nemoe, To u A = 25 + 2/n —
neaoe yncio. Tak kak 2J/n <25, To A*>< 50. Kpome Toro, uncio A” neuérno. Io-

3TroMy A paBHO 51 7. CooTBeTcTBeHHO, /n paBeH 0 mu 12.)

1-4. Touku A, B, C, D pacmosoxeHbsl Ha IIOCKOCTH TakK,
yro BC+BD=AC=AD u £4ACB=60°. YUemy MoOxkeT OBITh
paBen ZADB? (60°. Bocnoab3dyemMcsi METOIOM «HjIe-
AJILHOT0» MOCTPOCHUSA — CM. pHC. [IJ1s1 3TOr0 BO3bMEM
paBHOCTOpPOHHMH TpeyroabHuk ACK, rae touka B
Jexxut Ha cropone CK. Toraa qm6o D coBnapaer ¢ K,
an6o ADBK — peasToua (AD=AK, BD=AC-BC=CK-
BC=BK). 3naunt, ZADB=ZAKB=60°.)

1-5. V ToproBiia ecTh BECHI C JIByMs HailiaMu, TUpsi BecoM 1
KT, a TaK)Ke JOCTAaTOYHBIN 3amac caxapa, COJIM U HEBECO-
MBIX IMAKETOB. 3a KaKO€ HAaMMEHBIIIEE YMCIIO B3BEIINBA-
HUAW OH CMOXET OTBECUTH Nokymnarento 230 kr caxapa u 17 xr conm? Becbl 1ocTatoyHO
BEJIMKHU, YTOOBI MOKHO OBIJIO OTBECUTH JII000€ HEOOXOAUMOE JIJisi PELICHUs] KOJTMYECTBO
caxapa wiu coiv. (8 B3BelIMBaHMii. 3aMeTHM, YTO 32 MEPBYIO ONEPALNHIO MbI CMOKEM
TOJIBKO OTBecUTh 1 KI Kakoro-to toBapa. Ha ka:xxaom cieayromem mare Mbl CMO-
’JKeM MAKCHMMYM OTBECHUTH ellé yABOCHHbIN Bec, T.K. 1+1=2, 1+2+1=4, 1+2+4+1=8 u
T.J., TAK KaK HA OJIHY Yally MOKHO MOJIOKUTH MAKCUMYM BCe MMEIOLINECH NMAKeThl,
He MPEeBOCXOAAIINeE MOC/IeI0BATENbHBIX CTeNeHell IBOMKH, U TUPIO B 1 KI, 4TO Jact
BO3MOKHOCTh CO3/1aTh Ha JPYroi 4aiie MakeT ¢ MAKCHMYM YJABOEHHBIM BeCOM.
3HaunT, HocJae 7 B3BENIMBAHMI MBI B CyMMe MOKeM CO3/IaTh He OoJee 1+2+4+...+2°
= 2’-1 = 127 kr ToBapa, a Ham Hajo 230+17=247. lIpuBeaém npumep 8 B3BelIHBa-
HHMid, KOTIa HA OJHY 4Yally BCeraa KJAaaéM Bce MMeEKINHecs: MAKEThl ¢ M3BECTHBIM
BEeCOM U T'MpI0, B pe3yJbTaTe c031aBasi HOBbINl yABOeHHbI Bec. CHavyaja OTBelIN-
BaeM 1 Kr couim, 3aTeM 2 KI caxapa, 3atem 4 Kr caxapa, 8 kr caxapa, 16 kr cosm, 32
KI' caxapa, 64 kr caxapa u 128 kr caxapa (posBHo 8 B3BemuBaHmuii). B pe3yabrare




nokynaresaro oraaém 1+16=17 kr cosm u 2+4+32+64+128=230 kr caxapa, 4T0o TOp-
rOBIY U HA/10.)

1-6. Hudpsr 1, 2, ..., 8 paccTaBisioT B KJIeTKax monocku 1x8. Pazpe3zanue monocku Ha 1Be
YacTH TakK, 4TOObI cymMMa Bcex Iudp B 0OJIHOM U3 yacTel JAenuiiach Ha CyMMY BceX nudp B
Ipyroii, Ha30BEM Kpacusvim. Kakoe Hanboblllee KOIMUYEeCTBO KPACUBBIX pa3pe3aHuil mo-
JIOCKH MOXeT ObITh? [Ipuseoume omsem u npumep. (6, HanpuMep, npu nopsiake 1, 2, 3,
6,5, 7,8, 4, Torna moayunm 6 kpacussbix nap (1, 35), (3, 33). (6, 30), (12, 24), (24, 12)
U (32, 4), npu oaHoili HekpacuBoi (17, 19). Ilpeanoa0kumM, 4TO MOKHO PACCTABUTH
YHCJIa TaK, YTO Bee 7 map Oyayr kpacusbiMu. Cymma Beex ynces papHa 36. Munu-
MaJIbHAas CyMMAa M3 Napbl NOJYYAKIIMXCHA NPH pa3pe3anuu (M) J0JKHA SABJIATHCS
aeaureseM 4yuciaa 36, Tak kak Bropas cymma (0oabuiast) 36—m gesaurcsa Ha m. [e-
aurean 36 —3ro yucaa 1, 2, 3,4, 6,9, 12, 18, 36. byneM uaru cjieBa Hanmpaso 10 Tex
1op, MoKa cymMma cjeBa OyJerT MeHbIIe W He CTaHeT paBHa 12. D10 mpousoiaér,
HHaye 1d “nepeckakuBanus’” 12 Hago npudaButh MUHUMYM 18-9=9, yT0 HEeBO3-
MOskHO. Ilocie TO/KHA CTOATH HIECTEPKA, TAK KaK 10 caeayloumero aeaurenas 18
HY:KHa 6 (BapuaHThl 7 1 8 He MOAXOASAT, Tak Kak 36 — 12 — 7 u 36 — 12 — 8 He sBAs-
wrea aeaureasmMu 36). Ilpoiiaa aHAJOTMYHO CNIPaBa HAJIEBO, MOJYYHM, YTO CJIeBa
OT HIECTEéPKHU M CNIPAaBa OT MIeCTéPKU cymMmMa yuces — 12 (B CWIIy TOro, 4TO mIecTépKa
eIMHCTBeHHAs1). B pe3yabTare cymMmMa Beex 4mces1 J0JkHA ObITh paBHa 12+6+12=30.
IIporuBopeune, Tak kak cymma uucesa 36 ooabuie 30. 3navur, Tpedyemasi paccra-
HOBKa VISl 7 KPACHUBBIX N1AP He CyLIeCTBYET.)

2—2. Bacs BBUIOXKWII Ha CTOJIE 1O KPyTy pyOn€Bbie U ABYXpyOsIEBbIE MOHETHI (Bcero S0 Mo-
HET) TaK, 4TO y pyOJEBOK OJIHA COCE/KA JICKHUT OPJIOM, IPYyrasi — PELIKOH; y NBYXpyOié-
BOK 00€ cOCeIKHU JiexkaT OJIMHAKOBO — 00e opJjioM mwiK o0e pemkoi. Kakas HauMmeHsbIas
cymma JieHer moria ObiTh y Bacu? (52 py0Jsi. PaccMoTpum rpynnbl mogpsii Wayumx
MOHET, JIeKAIUX OJIMHAKOBO — OPJibl U pemiku. Eciiu rpynmna cocrtout u3 0Hoil Mo-
HeThI, TO ITO ABYXpPYO0JIéBKa, T.K. Y Heé 00e cocelKH JekaT oAuHAKoBO. Eciau ke
rpyInna cOCTOMT XOTHA ObI M3 JABYX MOHET, TO BHYTPEHHHE MOHEThI Ipynmbl OyAyT
ABYXpYOaéBKamMu (00e coceTHMX MOHETHI JIeKAT OAMHAKOBO), 4 KPAaHHUMM MOHeETAa-
MU Ipynnbl OyayT py0ojaéBku (coceJHHE MOHETBI JIEXKAT M0 Pa3HOMY). 3HAYMT, pPyO-
JEBOK Oyxer 4€éTHOE YHCJI0 M MAKCHMMAJBHO BO3MOXKHO (VI MMHMMYMa CyMMBbI),
Koraa Oyaer MAaKCMMAJIBHO BO3MOKHOE KOJHYECTBO
rpynn MHUHUMAJIBHOW MauHbI (o 2), T.e. MbI MOkeM
HMETh MAKCUMYM 25 rpynm, HO X J0JKHO ObITh 4éT-
HOE KOJMYECTBO B CHJIY YepeAoBaHMs (OpPJIbl, PELIKH),
3HAYMT, MAKCUMYM 24 rpynnsbl (23 — no 2 MoHetbI U 1 —
4 MoHeTbl), YTO aacT HaM 48 py0€éBOK U 2 OBYXpYyO-

y=|x-1.25]

JIEBKM — B cymMme 52 py0Jis.)

2-3. TIpu KakoM 3HA4YCHHHM MapaMmerpa a ypaBHeHue [X—a|=1-x° mmeer C
enuHcTBeHHOE perienne? (a=+1,25=15/4, cm.puc. Hameemcsi, 4To
HIKOJIbHBIX 3HAHUM XBAaTAaET VIl PellleHUs ITOM 3aa4H.)

2-4. B npssmoyronsauke ABCD Touka E — cepenuna ctoponst AB, a F — 4 E B
Takas Touka Ha otpe3ke CE, uro ZCFD=90°. Haiinute ZFAE, ecnu
n3BecTHO, uT0 LCEB=0.. (20—90°. PaccmoTpuMm TouKy C’, CHMMeET-
puunyio C oTHOCHTENbHO E, TOraa NpsiMoyrojibHbie TPeyrojbHu-
ki AC’E v BCE cuMMeTpUYHBI, 3HAYUT, paBHbL. Torna mennana
AF u3 npsimoro yriaa F B Tpeyroibuuke C’FD paBHa nmosoBuHe




runoreny3bl, T.e. AF=AD, 3nauurt, TpeyroabHuk FAD — paBHoOenpeHHbIil C
ZFAE=90°-

ZDAF=180°-2/ZADF=180°-2a (AEFD - BnmcaHHbIii),

ZDAF=90°—(180°-20)=20-90°.)

TOrAA

2—5. CKOJIBKMMH CITOCOOaMU MOKHO ITOCTABUTh HA IMAXMATHYIO JIOCKY 2 YEPHBIX U 2 OEIBIX
Jalbu TaK, 9TOOBI JTaJbM OJHOTO I[BETA JPYT Apyra OWIH, a JIaJbH Pa3HBIX IIBETOB JPYT
apyra He ounmu? Omeem dams uuciom 6 decamuunou 3anucu. (103488. Hageemen:©,
4TOo NpUBeIEHHBIN HaAMH oTBeT

-6

INOHATCH

2-(8-082-7-c§+8-c82-6.c$)=2.8-c82-77-(5+6)=2-8-4-7-7-3-11=103488 )

2—6. IIpo Beimykibli 4erbipéxyronbHuk ABCD  wu3BecTHO,

ZCBD = ZBAC=p. Tpeyroabauk ADC — paBHoOe-
pennslii (AD=DC), 3naunt, ZCAD=ZLACD=0=ZADB.
Tpeyroabauk ADB — paBnoGeapennblii (AD=DB),
3nauut, ZABD==/DAB=/DAC+/BAC=a+f, a cym-
Ma yIJIOB ITOT0 TPEYroJbHUKA paBHA
at+2(a+p)=3a+2p=180° (1). Tpeyroabuuk CDB —
pPaBHOOEIPEHHbIH (CD=DB), 3HAYMT,
£ZDCB=£ZCBD=. Ilyctb P — TOuYka mnepecedeHHs
auaronajieii, torna ZDPC — BHemHumii nJsi Tpe-
yroibunkoB ADP u  BCP, T.e. o0oH paBeH

B

qTo

AD =BD =CD,
ZCBD = ZBAC u ZADB = ZACD. Haliiute HauMEHBIITUNA yroi 3TOr0 YEThIPEXYTOJb-
HUKa (YKaXXUTE Yyroi BMecTe ¢ ero BenuunHon). (LC=45°. Mycers LZADB = ZACD=g¢,

D

C

/PAD+/PDA=20=/PBC+/PCB=B+(B-a), orkyna naxomum 3a=2f. IMoacTtaBum
310 ycaoBue B (1) m moayunm, uyro 60=180°, a=30°, B=45°. Tenepr HalAéM YIJIbI

YeThIPEXYT0JIbHUKA.)

3-3. Kakoe HaubobIlee KOJIUYECTBO CIIOHOB MOKHO TTOCTABUTh
Ha gocky 100x2020, aTo0bI KaXablid CIIOH OMI He Oosee, yeM
nByx npyrux? (CimoHsl He OBIOT Jpyr CKBO3b Jpyra.)
(24(2020+98)=4236 caonoB. PaccMoTpum rpaHuvHbIC y3-
Jbl Hamiei A0CKH — 4 yrioBbIX M 1mo 2:(2019+99)=4236
TPAHUYHBIX HEYIJIOBBIX y3JIa KaKA0ro mnsera (0eabIx
4€pHBbIX), Bcero 4+2-4236=8476 y3s0B. Ka:xaplii c10H 0bET
B 4 HaNpaBJIeHUsIX, IPU 3TOM MAKCUMYM /IBA U3 HHUX Ile-
PEKPBITHI IPYTHMH CJIOHAMH, KOTOPbIX M ObET JTaHHBIN

YépHan
KJIeTKA
3 |
qépHad
KJIeTKA
I/ L1
1 2

cj0H. Torga xorst 061 B ABYX HANPABJIEHHUAX CJIOH OBET CBOM IBa y3Ja TOro 1BeTa,
HA KJIETKaX KOTOPOro cjioH Haxoaurtcss. Ho paccMorpum emié yriioBble KIeTKH Ha
npumMepe, JieBOH HUKHEH KJIeTKH — 4épHou (cM. puc). Toraa odsizarenbHO Oyaer
no0ur y3ea 1, a BoT yépHble y3.bl 2 U 3 J1H00 OAHOBPEMEHHO He MOOUTHI (ecJiM 3Ta

yIJIoBasi KJIeTKa OyaeT mycrToii), J1ndo
00a MOOMTHI, 3HAYUT, OJUH M3 ITHX
Y3/I0B MO:KHO yOpaTh M3 paccMoOTpe- [gq
HHSl, KAK JIUITHUH. YTJOBBIX KJIETOK g
4, 3HAYMT, BCEro paccMaTpuBaeM
8476—4=8472 y3/0B, H3 KOTOPBIX
KaXXIbIii CJIOH OLET XO0TdA OBI ABa
CBOHMX Yy3JI1a, 2 OCTajJIbHbIe CJIOHBI He 1 2 3

L

(00

No

-~




OBIOT 3TH y3Jibl. 3HAYMT, CJIOHOB He Oojiee 8472:2=4236. B kayecTBe mpumepa mno-
AOMAYT Bce 4236 KJIETOK HA KpPalo, TOr/Aa CJAOHBI B YIVIOBBIX KJIETKaX ObIOT POBHO
OJHOT0 CJI0OHA, a Ka'KAbI HEYIJIOBOHM CJIOH ObET POBHO ABYX CJIOHOB. Kowwenma-
puii: Taksce npu 0okazamenvcmee OYEHKU MOMCHO OblLI0 pACCMOMpPEems C/10HA, KAK
J1a0bl0 HA 0OHOUBEMHOU 00CKe, N0BEPHYMOIL Ha 45 2padycos u umerowieit cmynenua-
myw gopmy (cm. puc.), 20e yrce ycmpoums nROOCUENM MEMOOOM CHIEHOK C AHAI02UY-
HbIM yOupanuem 4emoipeéx TUMHUX CHEeHOK HA 08YX MAaKux 00CKax (4epHononbvHoil u
oenononvnon). Ha pucynke ykazano, Kakue 00HOUGemHble K1emKu 001bU01 wax-
MAMHOU 00CKU nepeioym 6 KaKue Ki1emKu HOGOI CIYREeHYAmMOol 00CKU.)

3-4. B tpeyronbauke ABC, tre octpeiii yron A paBeH 4/3 yrina B, Ha Ouccektpuce AE
Hariach Takas Touka F, uto AF = AC u 2/ABF = /BAC. Haitnure yron C. (110°. ITycth
£LBAC=40, ZFCB=8, Torna ZABC=3q,
£LACB=180°-7a=£ZACF+B=(180°-2a)/2+B=90°- B
a+pB, orkyaa B=90°-6a. Ilycts MK — cepeTHHHBIH ;
nepneHauKyJasip k AB, M — cepenuna AB, K jgexur
Ha cropoHe BC, koropasi 6osbie AC B clIy Hepa-
BencrBa Z/BAC>/ZABC. Torna ZBAK=/ABK=3q,
T.e. AK — Ouccekrpuca ZLFAC, oTrkyaa ciieayer,
qT0 AFKC - IeJbLTOM/I. 3HauuT,
ZCFK=/FCK=B=90°-6aq, HO ZCFK=180°-
ZLAFM-ZAFC=180°-(90°-2a)—(180°-2a.)/2=3a..
IMonyyaem ypaBHenmne 90°-6a=3a, orkyga a=10°.
3naunt, ZC=180°-7a0=180°-7-10°=110°.)

3 4 5

3-5. Ha nocke Hanucansbl MOJOKUATEIBHBIE ynciia 2a, b, C u 5 + E + E . Ilocne aToro cpenu

HHUX HAIUTM HauMeHbInee (0JHO M3 HAaUMEHBIIHNX, €ClI X OBLJIO HECKOJBKO), a OCTajlb-
Hble Tpu uucia ctepau. Haiiaure Hambosblliee BO3MOXXHOE YHCIO, KOTOPOE MOTJIO

ocrateca Ha gocke. (V15. Ipeamosiosxkum, 4T0 HAUMEHbIIEE YHCI0 OOJIbIIE 24/3 ,

3454564+5+6\/E

—+—+— +—+—<—F=
TOr/Aa 2a>+/15 . b>\/E,c>\/E, wo t Ut Ty o, 75

npoTuBoOpevre. 3HAYHT, HAHUMEHbIIee YHCJI0 He mpeBocxoauT V15 u Takoe morio

ObITH Mpu 2a=b=Cc= J15 , TOT1a U CyMMa JApo0eH TaK/Ke paBHA J15 )
3-6. Beicotsl Tpeyrosnbhuka pasuel h, 2h, kh. Tlpu kakux K MOXHO rapaHTHPOBaHHO OIpe-

2
JIEIUTh  YIJIBl  TPEYroJbHHUKA? (§<k<2. CTOpoHBI TPeYrojbHUKAa PaBHbI

2S 28 28

a=">b="k 0=, e S — maomans TpeyroibHuka. Torna mo HepaBeHCTBY Tpe-
b 1 1 1 2
yroapanka a—b<c<a+b < (mocne nenenms na ) 1-2 < <1+ <:>2>k>§

IIpu >Tom 1151 11060r0 K M3 3TOr0 MHTEpBajIa ISk COOTBeTCTBleIIIeFO Habopa cTo-
PoOH 3, b, C, y1oBI€TBOPAIOIINX IBOHHOMY HEPABEHCTBY TPEYroJbHUKA (MPH JIIO00M
MOJIOKUTEJLHOM S), CylIeCTBYEeT TPeYIroJbHUK, Y KOTOPOI0, eCTECTBEHHO, MOKHO
OTHO3HAYHO ONPeIeJTUTh yIJbl.)



4-4. Cpenu Bcex KIIETUATHIX MPSIMOYTOJIbHUKOB HAMIUTE TaKOM, KOTOPBIM MpU pa3zpe3aHuu
Ha 2 KJIeT4aThIX mpsiMoyronbHuka ¢ nepumerpamu 200 u 300 umeeT HauOOIBIIYIO BO3-
MOxHYI0 mionaab. (Ilycrs nuHa oduero paspesa pasHa N, TOraa BTOpasi CTOPOHA
NPAMOYT0JIbHMKA PaBHA CyMMe MOJIyIIepMMeTPOB YacTell 3a BbIYeTOM 0011ero oT-
pe3ka paspe3a, T.e. (100—n)+(150—n)=250-2n. YaBoeHHasi NJI0IIAAb MPSIMOYTOJIbHHU-
ka paBHa 2n°(250-2n) wu 1o HepaBeHcTBY Komm  moayyum,  4TO

2n+ (250 —-2n
V2S = \/ 2n(250 —2n) < ( > ) =125, 1.e. HamboiabIIasi yaBOEHHAs ILIO-

mane 125° Oyner y KBaapara co cTopoHoii 2n=125, 1.e. N — Henesoe. Ho y Hac KJjeT-
YaThlii NPSAMOYTOJIbHUK, 3HAYUT, HAMOOJIbIIAA IIOIIAAL OydeT y NpsiMOYIoJIbHHM-
KOB 62x126 m 63x124.)
4-5. Ha ctopone BC paBHOoOenpeHHoro tpeyronbauka ABC (AB=BC) ¢
LETIOYMCIICHHBIMU (B rpajycax) yrjiamMu B HampaBiieHUH oT B k C 1mo- Bj&
1

cJIeJOBATEIILHO OTMEUEHEI N ToueK A1, Ay, Az, ..., Ay Tak, uTo BA1=AA1,
A14,=AA,, AyA3=AAs, ..., A,C=AC. Kakue 3Ha4CHHS MOXKET IPUHUMATh
yron  BAC? (84°. IycTn £BAA=ZABA,=a,  Toraa
ZAlAAZZZAAlAQZZU,, ZAzAAgzlAA2A3:4U, u T.O. ZAHACZZn’(I.
3uauntr, Z/BAC=/ACB=(a+2a+4a+...+2™a)=2""'-1)a u cymma
yriaoB Tpeyroasnuka 180°=2-2""-1)a+a=(2""-1)o, Ho cpemn
yMeHblIeHHbIX HA 1 crenenel aouku (7, 15, 31, 63, 127, 255, ...)
TOJbKO 15 mpu n=2 Oyaer paeauresem uyuciaa 180. 3nauwmr,
a=180°:15=12° u LBAC=70~7-12°=84°.)

4-6. Jlns ckonpkux map mudp a u b (a>b) BemonHsercs HepaBEeHCTBO

2 2

a b 1+ b 3 1 >a+b? (28 nmap. Iudps! He paBubl 0 B cHiIy ycio-
BUsi. JIOMHOKMM Hallle HEPABEHCTBO HA TMOJIOKUTEIbHOE YHCJIO
ab, coxpaHuB 3HAK HEPABEHCTBA, MOJIYYHB PABHOCHJILHOE Hepa-
BeHcTBO a—a+b’-b>ab(a+b). B jieBoii 4acTH BbIHECeM MOJIOKHTEILHBINA MHOKH-
Testb a+b W pa3meauM Ha Hero, MOJIy4YHB PAaBHOCWILHOE HepaBeHCTBO a—ab+h’—
1>ab, KOTOpoe PaBHOCHILHO HepaBeHCTBY (a—D)>>1. A 0HO BepHO TOJIBKO HPH pa3-
JUYHBIX HEHYJEBbIX HMUppax a u b, oTIMYAIOIIUXCA XOTsSl ObI HA 2, YTO AAET HAM

C? —8=9—;3—8:36—8: 28 ciyuaes.)

2

5-5. Cymma 1mudp HarypasibHoro ymncia A pasHa 2020, a cymma mudp uucna SA pasua 2000.
Cxonbko HEYETHBIX uudp B NECATUYHON 3amucu yucia A?
N 2S(5A)—-S(A)  2-2000—2020

( 9
naéT B cBoM pa3psa 0 u mepexoa B COeAYIOLIUI pa3psij] 4YUCjia, PABHOIO MOJOBHHE
camMoii 4éTHoii nudpsbl, 1 He Ooabiie 4 (2—10, 4—20, 630, 8—540). Ka:xknasi HeuéT-
Has Hu@pa Aaét B CBOM paspsa S U mepexoa B CJAeAYIIIMH pa3psij MOJOBUHBI OT
ce0s1, yMeHbIIeHHOH Ha 1, u He Ooabiue 4 (155, 3515, 5525, 7535, 9—45). Toraa
cjaoxenne uudpbl, MoJy4aeMoii B caMoOM paspsijie, U nepexoaa U3 Npeablayliero
pa3psiia gact He O0osiee 5+4=9, 4yTO He MOBJEYET Mepexoaa B CJAEAYIOIIMHA pa3ps.

=220, 3amernm, 4To Kaxkaas uérHas uudpa



S(A)—n

3naunt, S(OA) = +9N, e S(t) — cymma undp mexoxHoro umeaa t, N —

2S(5A) — S(A)
9 )

5-6. CocraBHOE HaTypaldbHOE YHCIO N HA30BEM CMAOUIbHBIM, €CIU HAWIETCS TaKoe HaTy-
pasibHOE K, 9TO0, KakoB Obl HH ObUT AesmTenb d yucia N, 1 <d < n, gucio n—kd — nenu-
tenb N. CKOJIbKO CTaOMIIBHBIX 4Kcel B mepBoii cotHe? (4_cradmiabHbIX yuciaa. Ilycrs
HAMMEHbIIUI JAeJUTEb Ynciaa N (OTJHYHBIA OT 1 M N) paBeH NMPOCTOMY YHCIY P, a
HauoOobIIHi — g=n/p (Bo3Mo:kHO, P=Q). ITo yciroBuio N—K(g — gesarenb N, npu4éM oH
kpateH (. Ho y N Bcero aBa pa3jiu4HbIX JeJIUTeNs, KPATHBIX ( — 3T0 1 N=p(. 3Ha-
quT, Pg-Kq=q, Torna k=p—1. [lo ycaoBuio N—(p—1)p — Takke AeJaUTEb YHCIA N, T.€.
n—(p-1)p < g=n/p. /loMHO:kMM 00€ YaCcTH HepaBEHCTBA Ha ], MepeHecéM N HaJIeBO, a
3aTremM cokpaTtuMm Ha (p—1)>0. [Tosyuum n-p’< 0 < n< pl. IHockoabKY N — cOCTABHOE
yncsio (y Hero xotst Obl 3 HATYpPaJBHBIX Jeaurtessi — 1, p, N), a p — HaMMeHbIIMH
MPOCTOM JAEJIUTENb, MOJy4YaeM, n:p2 u p=qg. Torma nus aw0d0ro n:p2 noxoiaéT k =
p—1, naroniee BbimoJHeHue ycaoBusi N—(p—1)p=p. 3navur, KeliCTBUTEJBHO N — KBaJI-
PaT MPOCTOro YUCJIa. A B IePBOM COTHE TAKUMU YHCJIAMHU SIBJISIIOTCS 2% 3% 52, 7% —
Bcero 4 yucJja.)

6-6. J/[Ba urpoka mo odepeay MpoBOAAT HEeTlepeceKaronecs (BHYTPEHHIM 00pa3oM) Iruaro-
Haju npaBuibHOro 2020-yroapHuKa 10 TE€X MOp, TOKa OH HE Pa300bETCSA HA TPEYTOJIbHU-
Ki. BTopoil ctpeMutcs caenath Kak MOXHO OOJIbIIE TPEYTrOIbHUKOB, Y KOTOPBIX 2 CTO-
POHBI SIBJISIIOTCSI CTOPOHAMHU MCXOJHOTO MHOTOYTOJIbHUKA, a TIEPBbIA — KaK MOKHO 0OJIb-
e TPEyroJbHUKOB, CTOPOHAMHU KOTOPOro OyayT AuaroHanu. KTo u3 UTPOKOB MOXET
o0ecneynTh ce0e MaKCUMaJIbHBIM BBIMTPHILI (PA3HOCTh KOJUYECTB TPEYTOJbHUKOB) U Ka-
koii? (BTOpoii, BLIMTPAET POBHO 2 TPEYVIOJbHMKA HE3aBUCUMO OT JAeiCTBU UTPO-
KOB (Mrpa-uIyTKa), T.K. B /iepeBe TPUAHTYJISAIUM (BEPIIHMHBI — TPEYIrOJILHUKH, PéOpa
— o01asi CTOPOHA-IMATOHAJIb) OYAYT TOJbKO BepIIUHbI cTenenn 1, 2 u 3, a B 1epese
KoJIH4ecTBO BepimH Vi +Vo+V3=E+1=(V;+2V,+3V;3)/2+1, orkyna V;—Vs;=2, T.e. BTO-
poii Bcerjia BLIMTPAeT POBHO 2 TPEYroJibHUKA NMPH JIOO0M MHOTOyroJbHuKe. Vy, Vo,
V3, E — K0JM4ecTBO BepIIMH €O cTeneHblo 1, 2, 3 M KoJM4YecTBO pédep cOOTBET-
CTBEHHO.)

KOJIMYEeCTBO HeYETHBIX Hudp, Torga '' =




