LVII YPAJIbCKHUI TYPHUP IOHBIX MATEMATUKOB. CUPUYC, 24.10 — 30.10.2021

Peinennga 3agauy KoMaHIHOW oJIMMIINAAbI 8 KJjacca

1. B xpye ecmaau n demetdi, maavyuky u desouku. OKa3asoco, 4mo cpedu KaxcouT namu demet, CmMosWuL nodpad, posHo
dee desouru. Jlokasrcume, 4mMo 3MO 603MONCHO M020a U MOALKO Tozda, Kozda n deaumcsa Ha 5.

Pemnenne. [Iponymepyem gereit or 1 1o n mo gacoBoit crpeske. [lycrs a; — mon peGEHOKA ¢ HOMEPOM i. 3aMETHUM, YTO
JIeTH, CTOLAIIME Yepe3 § [IPYyrux JAerell J0JIzKHbL ObITh OAHOrO 1oja. Eciau n gaér ocrarok 1 npu jeneduu Ha 5, TO HOJLY4aeM,
uTo

a;) =0 =...=0Qp =05 =010 = ... =0p—1 =A4 = ... =0p—2 =03 = ... =0p-3 =02 = ... = Ap—4 = Q7.

B sTom ciydae Bce JeTH ONHOTO TMOJia, Y€ro He MOXKET ObITh. AHAIOTHYIHO pa3bUpaloTcs caydan, Koraa n JaéT OCTaToK 2,3
nm 4 mpu JejeHun Ha 5.

s n KpaTHBIX b MOAOHIET CjemyIonuii mpuMep: AeBOYKU OyayT ¢ mHomepamu 1, 2; 6, 7; 11, 12; ...; n—4, n—3, a
OCTaJIbHBIE MAJIGIUKH.

2. Touxa M — cepeduna cmoponw, C'D napanrrenrozpamma ABCD, a mouku E u F — 0cHOBaAHUA 6bLCOM MPEY20AbHUKA
ABM, onywennnr uz sepuun A u B coomeememeenno. Hoxastcume, wmo DFE = CF.

Pemrenne. O6o3uaunm 3a T Ttouky mepecedenus: npsambix AM u BC. U3 toro, uro CM = MD, /ZAMD = ZCMT un
/ADM = /TCM cnenyer, uro tpeyronpiuku AMD u TMC pasubl. 3uauur, CT = AD = BC, r.e. FC — meauana B
npsaMoyroibaom Tpeyroabauke BET u CF = BC = AD. Ananoruano ED = AD = BC, orkyna u ciefyer yrBep:KIeHWUe
33/1a4H.

3. Apzuneaaz cocmoum u3 1000 ocmposos, HEKOMOPBLE NAPDL KOMOPHLL COLOUHEHDL MOCTNAMY, NPULEM OM 4100020 0CMPOBA
MOIHCHO dobpamvbesa no mocmam do 4106020 dpyzozo. OKa3arocb, ¥mo 0as 400wz wemupér ocmposos A, B, C, D maxuz,
wmo ecmb mocm mexncdy A u B, meorcdy B u C, meocdy C u D, maroce ecmv mocm meoscdy A u C uau meocdy B u D.
oxaotcume, wmo ecmv ocmpos, coeduHEHHBLT MOCTAMY CO BCEMU OCTNANLHULMU.

Pemenne. PaccmorpuMm rpad, B KOTOpOM BEpIIHHLI — apXUIenard, pedpa — MocThbl. Boibepem B 3TOM Tpade BepIIuHy
HaunbouibImel crenenn, HazoBeM e€é B. [Ipenmnosnoxum, uro B coeauHeHa HE CO BCEMH BepIuHaMu. Tak Kak rpad) CBSI3HBIM,
KaKas-TO BEPIINHA, COSIUHEHHAs C B, T0/KHA ObITH COEJIUHEH C BEPIIUHON, He COeUHEeHHOl ¢ B (uHade Mbl He m00epeMcst
or B 10 Tex BepIluH, ¢ KOTOPbIMU OHA HE coequnena). Ilycrts B coequnena ¢ C, C coenunena ¢ D, vo B ue coequnena ¢ D.
Teneps i1t 000# BepIuHbl A, KOTOpas COeIuHEHA ¢ B, MBI MOXKeM TPUMEHUTD ycaoBue 3agaau st nytu A— B—C—Du
nosyuuThb, uro A coequnena ¢ C' (tak kak Mexy B u D uer pebpa). Takum obpazom, C coepunena ¢ B, co BceMu BEPIIMHAMY,
€ KOTOpBbIME coe/uHena B, u emié ¢ BepiuHoit D. D10 3HAYUT, 9TO €€ cTenenb O0JIbIIe CTeleHr B, 410 IPOTUBOPEYUT HAILEMY
M3HAYATHLHOMY BBIOOPY. Takum 0Opa30M, BepInHA HAMOOJIBINEH CTEMeHN 00s3aHA OBITH COEIUHEHA CO BCEMHU OCTAJHHBIMU
BEpIIHHAMH.

4. /lanv, HaMYypasvrole wucas p u q. Baca evbupaem seuecmeenHbie YucAa a U b, a 3amem paccmMampueaem 6Ce603MOHCHLE
pasHocmu |a,, — by, 2de a; = a + é u b, = b—l—é 0rd KaHcA020 HAMYPAAbHO20 . 3amem Bace dadym cmoavko 2pammos
3000Ma, “emY PA6HA HAUMEHLWAL U3 IMUT padnocmel. Kaxoe naubosvuiee KOAUMECNB0 3040MaG YIGCMEs 3apabomams

Bace? Omeem mooicem 3agucems om p u q.

OrBer: ﬁ rpammoB.  Pemenne. Ilycrs (p,¢) = d, p = du, ¢ = dv. YMHOKAM Bce 1ucaa a; u b; (a ¢ HEMH Bce

BAaCHHBI PA3HOCTH ¥ OTBeT) Ha [p, ] = duv. Tenepnb B KavecTBe pazHocreil, nosydaembix Baceii, BbICTyIAIOT BCE YUC/Ia BUIA
|c + (mv — nu)|, toe ¢ = duv(a — b).

Yncna Buga mu — nu € HEJBIME M W 1 00pa3yioT HEKOTOPOe MHOYKECTBO mesbix uucesn I. /Jokaxkewm, uro B I jexar Bce
nesbie anciaa. OueBnaHO, cymMMma ABYX 4dmces u3 I, a TakKe KparHoe Jioboro yucsia u3 I Toxe jexar B [. Paccmorpum B 1
HAMMEHBIITUHI MOJ0KUTEIbHBIN 37eMenT s. Eciau x € I momenuts ¢ octarkoMm Ha $: & = sy + 7, 0 < 7 < s, OCTATOK ' = T — YS
Takke jexkuT B I u nodromy pasen 0. Takum obpazom, Bce smemeHTsbI [, B TOM YUCse M U N, KPATHBI S, OTKYJAA S = 1, U BCe
KpaTHBIE S, TO €CTh BCE IeJible Yucya, Jexar B I.

Cpenn BacHHBIX pa3HOCTel, TakuM 06paszoM, ectsb aucna |{c}| u 1 — |{c}|, onrno u3 xoropex He Goabure 1/2. C mpyroii

CTOPOHBI, €CIN C = % (uTo mosydaercd, KOrua B IEepBOHAYAILHOM Bbibope Bacu a — b = ﬁ), Bce Bacunnr pasnocTtu He

menblre 1/2. Jens ux o6parHO Ha [p, g], TOIy9aeM OTBET.

5. B pasnobedpenrnom mpeyzorvnuxe ABC (AB = AC) ZBAC = 70°. Touxa N na cmopone AB u mouxa M na ompesxe
NC maxoev, wmo LZNAM = /NCB = 5°. IIpamas BM nepecexaem 6uccexkmpucy yeaa ACN 6 mouxe 1. Jloxascume,
wmo NI — buccexmpuca yaaa ANC.

Pemenne. O6o3uaunm I’ Touky mnepecedenus ouccekrpuc yriaos ACN u CAN. Ilouarso, uro I’ jgexur Ha GucceKTpuce
yrana ANC'. Jokaxewm, aro Touku I, M n B jexXar Ha OTHON MpAMOi, OTKyAa 1 OyJeT CI€JOBATH PENIEHNe 3aJa4N.

Tak kak Tpeyronbuuk ABC pashobeapennsiii, o ZACB = (180° — LBAC)/2 = 55°, a 3naunr LACI' = (LACB —
ZNCB)/2 = 25°. U3 cummerpum oTHOCHTENBHO GuccekTpuchl AI’ momywaem, uro LZABI' = ZACT' = 25°, orkyna AI'B =
180° — ZBAI' — ZABI' = 120°. Tpeyronabnuk ACM — pasuobeapennbiii, tak kak ZACM = 50°, ZMAC = 65°, ZAMC =
180° — ZACM — /MAC = 65°, orkyga AC = CM. A 3nagawut tpeyroabaukn AI'C' v MI'C paBHBI IO ABYM CTOPOHAM W
yTabel MexKLy HuMHU. [lomydaem, aro tpeyronbauk AI'M pasrobenpennwiii, AI' = MI' v /I'AM = I'M A = 30°. 3naunt
ZAI'M = 120° = LAI' B, otkyza cnemyert, aro Touku I/, M n B mexkar HA OmHON MPsSMOi.

6. Hatidume 6ce mamypasbHble YUCAE 1, OA% KOMOPLLT wucsa om 1 do 2n moscHo pasbums wa maxue dee 2pynnui a1, as,
oy G wby, by, ..., by MO N wucea 8 Kastcdotl, wmo aiay . ..an +b1ba... by, —1 7 2n.



OrBer: n = 2F upu k =0u k > 2. Pemenne. Oano u3 uuces a1as...a, u biby...b, He4éTHO; HpUMEM, HE yMaJids

ODIITHOCTH, YTO 3TO YHCJIO A1G32 .. .dy,. 1OrAa BCe a; HEYETHBI, TAaKUM OOpas3oMm, 3To uyucaa 1, 3, 5, ..., 2n — 1 B KaKOM-TO
nopsiake. Cpemu gucest by, ba, ..., b, HAXOAUTCI YUCIO 21, OITOMY G103 .. .4y — 1 KPATHO 2n. DTO HEBO3MOXKHO, €CJIU Y T
€CTb HEeYETHBIN Jle/uTelib, 0obuuil 1, TaK KAK B 9TOM CJIydae OH HAXOJUJICH Obl CPeJu a; U G1ds .. .4, — 1 HA HEro Obl HE
nemmnock. Takum o6pa3oM, n — CTeIeHb JIBOMKHI C IeIbIM HEeOTPUIATEILHBIM MoKa3aTeneM, n = 281,

IIpu k£ = 1 ycioBue 3ama4u, oaeBuaHO, yaoBiaerBopsercsa: 0 + 1 — 1 kparuo 2; npu k = 2 ncio 2-4+1-3 — 1 va 4 =e
nemurea. JIokazkeM HHIyKIued o k, ato mpu k > 2 Berpaxkenme 1-3-...- (28 —1) +2-4....2% — 1 xparno 2*, To ectpb uTO
na 2% nemurea 1-3-...- (28 —1) — 1. Tlpu k = 3 amcno 1-3-5-7—1 = 104 xparno 8. Iycrs 1-3-...- (28 — 1) = 1+ 2%¢, rorma
F+1)2F+3) . 2F -1 =13 2P - 1)+ 2P 434 ..+ (2F - 1)) +2%Pu=1-3.... (28 — 1)+ 2F . 22K72 4 9%y
naér ipu memenmm Ha 281 Takoit sxe octarok 14 2Ft. Ocramocs 3amernts, uro (14 2Ft)% = 1 4 2F+1¢ 4 22542 nagr ocrarox
1 npu neenun ua 281,

7. B myprupe no mennucy u2panu 0e60UKYU U MAALYUKY (HE 0BAZAMEALHO PAGHOE KOAUMECTNEO), NPUUEM KadiCOad 0e60UKA
cotzpana poeno 1 mamu ¢ Kaxcovum marvuurom. Okadanocv, wmo raxcdas desouwkra nobedusa mne menwee 21 masvwura, a
Kaocoolli maavuur nobedus ne menee 12 desouer. IIpu Kakom HAGUMEHBUIEM KOAUYECTNGE YUACTIHUKOS MAKOE G03MONCHO?
Huvwvux 6 mennuce ne bvieaem.

OrBer: 65. Pemtenne. [Iycrs neBodexk 0b110 d, a MaapankoB m. Torga Bcero urp 6610 dm, a mobdes ve menee 21d + 12m.

Buaunr, dm > 21d + 12m, To ectb (d — 12)(m — 21) > 252. Tlo HepaBeHCTBY O cpeiHeM aphbMETHYECKOM ¥ CpPeIHeM
reomerpuaeckoM (d — 12) 4 (m — 21) > 24/252 > 31, 3maunt, d + m > 64, a nockombKy d u m nessie, d +m > 65.

ITokazkem, Kak MPOBECTH YAOBJIETBOPAIONINN YCIOBUIO TyPHUD € 65 yIaCTHUKAMHU.

IIpurnacum wa Typuup 2 rpynmst o 13 gesodek Dq, Do u 3 rpymnmnst o 13 manbsaukoB My, My, Ms. YcranoBuM B3auMHO-
OJIHO3HAYHOE cooTBeTCcTBUE MexKay rpyumamu Dy u My, a rakxke mexay rpyunavmu Do u Ms. Yerpoum Tak, 9T00bI KaxK1as
JIEBOYKA U3 TPYNbI [ 00BIrpasia COMOCTABIEHHOTO eif MAJBINKA U3 rpyHbl M1 U BCeX MAJIBIMKOB U3 rpynmbl Mo, a KaxKgast
JIeBOYKa W3 rpymnmbl Dy 00BITpajia COMOCTABIEHHOTO €if MajbanKa u3 Tpynnbl My U BCeX MaJbIuKOB u3 rpymmbl Mi. Beem
OCTAJIbHBIM MaJIbBIMKaM JAeBOUKY w3 rpynn Dy u Do npourpaior. Tenepsb y kaxkmoit qeouku 14 mober, a y KaxKJI0r0 MAJbINKA,
u3 rpynn My u My 12 mobe,.

Teneppr 3aHymMepyeM [AeBOYEK KaK/OW I'PYIIbl U MAJBIUKOB u3 rpymmbl Mz ucmamu or 1 mo 13, a 3arem paccraBum
YUIACTHUKOB KasKIOW TPYTMIHI MO KPYry B MOPsIIKE, B KOTOPOM OHM 3aHyMepoBanbl. [ljist kaxkmoro i or 1 mo 13 mopyumm
i~ IeBOYKe W3 KaYKIOW TPYMIBI 00BITPAThH -0 MAJIBUWKa, U3 TPYHIbl M3, a TakKe IMeCTh MAJbYNKOB, CAEAYIOMUX 3a HUM
O KPYI'y, & OCTAJbHBIM MaJIbYUKaM MpourpaTh. Temepb KaxKoil aeBouke npubasusioch 7 mobes (ux craso Bcero 21, kak u
HY?KHO), a KaxKJblil MajpuuK u3 rpynnbl Mz nobenus 110 6 qeBouek u3 Kaxkoil rpymnibl 1 uMeer Beero 12 nobe.

8. Ha docke nanucamv, dpobu %, %, %, e % Baca ynpastcnaemesa 6 caoorcenuu dpobeti. Kaocdyro munymy on evbupaem dee

OpobU, NUWEM 8 YUCAUMEND CYMMY YUCAUMENET, 8 ZHAMEHAMEND — CYMMY 3HAMEHAMENET, NOAYUeHHY10 IPobb cokpausaem
(do necoxpamumoti), a dee ucrodnvie dpobu cmupaem. Ipobv ¢ KaKUM HAUOOALWUM ZHAYKEHUEM MOHCEM OKA3AMbCA HA JOCKE
wepes n — 1 munymy? Omeem mooicem 3a6ucemsp om n.

.1 M 1 1 2
Orser: 5. Pemenne. Uro6br noayunTh Takoil pesymbrar, obpaboTaem cHadasa ApoOH - M —— (HOAYy4YHB 5= ), &
PE3YIIBTAT COBOKYIINM € ——, TIONy"nB 35— = ——. B pesyaprare Ha JOCKe OKAXKyTCs APOOH
11 1 1 1
1’277 """ n—-4"n-3"n-1

Temepb KaxK b1t pa3 OyaeM IPUMEHSITh BACHHY ONEPAINio K ABYM HamMeHbITUM ApodaM. Ilocie k Takmx omeparmii Ha TOCKE
OyayT npobu

11 1 1 1
1’2" " "n—4"n-k-3"n—-k-1
(meficTBuTensHO, U3 Hpobeii m u ﬁ MOy 9aeTCs IPOo0h ﬁ) ITocne n — 4 onepamnuit y Bacu ocranyrcsa npobu %

1 1
" 3 2"
Hoxaxem, 910 GOJbITE TIOTYIATHCA HE MOXKET. 3aMeTuM, 4TO ecu & g — Z1Be ApOOH C MOJIOKUTETbHBIMEA YUCTUTEISIMA
¥ 3HAMEHATEJISIMHU, TO JIPOOb ‘jT*S zakiiodena Mexxay Humu. OTcroia ciieyer, 9To, eCii B Pe3yIbTaTe HAIUX OHePAIil Ha/T
HabopoMm apobeit ocTarach OIHA, 3TA IPOOL MEHbIIE HAUOOJIBINEH APOoOH UCXOIHOrO HAbOPA.

B kakoii-to momenT Bacs momken GymerT TpUMEHNUTH CBOIO OMEPAIMIO CIOKEHUS K Ipodu % " KaKOM-TO JAPYyTroi, CKayKeM,

13 KOTOPBIX MOJIyYaeTcsd

2. Bem £ < 3, 7o ectb y > 2z + 1, Bacst nomysnt apo6n $15 < 5555 = 5. Bee (Bosmoskio) ocrapmmiecs 1poGu e Goubie
%, ¥ OKOHUYATEJILHBIN pe3yabrar Oymer He 0oJbie % Ecmm % = %, TO 00CYKIaeMas onepalus — He MOCHeHssA (TaK Kak W3

BCex Japobeit, Kpome %, JOJIZKHA TIOJIy IUThCA APOOb, MEHbINAS %) U y4acTByIOIIasd B HEH 1poOb % HAIIICAHA Ha JIOCKE C CaMOro
Hauasa (1o Toit e npuunne). [losToMy pesyabrar 3To# onepaiyn, %, OymeT B3aMMOIEeCTBOBATE ¢ HEKOTOPOH IPOOHIO % < %

24e e+2 __ 1
57 S ohg = 3 Ilocsie aTOrO Ha MOCKE OCTAHYTCS TOJIBKO ApoOH, He

[Mockombky f > 3e > 2e 4+ 1, B pe3ysbrare moLyduTcs

OoJIbIIIIE %, ¥ OKOHYATENbHBINH pe3ynbTar Oymer He OobIie %



