BCEPOCCHHUCKAS OJIMMITHAJIA IIKOJIBHUKOB

Mamemamuxa. Mynuyunanvuwiti aman, 2025
7 kaace. Kinouu

Ipasunbipiti omeem Ha Kaxcovio 3a0avy oyeHueaemcs 6 5 oainoe, Henpasuivhbilt — 6 () ba1106, ecau ne
VKA3aHO UHOE.

3aoaua 1. 3.2.

3aoaua 2. 173/637.

3aoaua 3. 33552.

3aoaua 4. —14,-13,-12, -11,-10, -9, -8.

3aoaua 5. 2. Tlpumep NpuBOANTE He Tpedyerces, HO, Hanpumep, 210+47-256=1 nau 210+191-400=1.
3aoaua 6. B 2,5 paza. Omeem «2,5» uau 1i000u pasHocuibHblit APUHUMAMND.

3aoaua 7. Ilposepsams npumep! Hanpumep, Tak: 9x(12+2)+0+25=151.

3aoaua 8. 936.

3aoaua 9. CB.

3aoaua 10. 7°. 3a omcymemeue cumsona zpadyca He CHUNCAMDb !

3aoaua 11. 24.

3aoaua 12. 2025,
3aoaua 13. 86.
Zadaua 14. 2024,

adaua 15. 25% vunu 1/4. [lpunuvams 110604 13 2mux omeemos.

3aoaua 16. 91125.

3adaua 17. a) N = 2; 6) IIpumep nposepams! Moxuo, Hanpumep, Tak: 1, 3,5, 7. 9, 10, 8, 6, 4, 2.
Ihvukm a) — 2 6arna. Hynkm 6) — 3 oania.

3adaua 18. 6.
3aoava 19. 44. (llomomy umo 89999=7x12857, no amom npumep npusooums He mpebyemcs).

Zaoaua 20. 80 v 1250. Ooun éepuviti omeem npu omcymemsuu neseprypix — 2 oania. Kaxcowlil HesepHblil
omeem — MUHYC 2 0AnNa, HO He HUNCE HY A



MynunnuaiasHbiii 31an BeepoceniicKoit oJIMMIMa/ibl IMKOILHUKOB 110 MATEMATHKC
Pecnybsmmka Tarapceran, 9 gekabpa 2025 1.

& KJjacc

1. B duskyasTypHOM 3ase HAXOAATCHA TpeHep H HECKOJbKO cnopTcMeHoB. Bo3pacT Tpenepa na
40 nier OossIIe cpe/lHero Bo3pacTa CIOpTCMeHoB M Ha 35 setr Oolibllle cpejlHEero BO3pacTa BCeX LIpH-
CYTCTBYIONMEX (BKIOYas ero camoro). CKOMBKO CIOPTCMEHOB B 3aJe’

OtBer: 7 cnopmemenos.

Pemenne. IlycTn 1 — quesdo ciopreMenoB, § — uxX epeannii ospact. Torsa s +40 — Bo3pacT Tpenepa, 1t
ns+ (s+40) — cymma Bo3pacToB pUCY TCTBYIOMMX B 3a1e. OTCio1a cpeiniii BO3PACT BCeX MPHUCYTCTBY IONIHX
B 3aJle paBeH, ¢ OJHON CTOPOHLI,

ns + s —+—40 40
— =54 )
n+1 n—+1
_ - 40 -
a ¢ apyroii croponnl, papen s + 40 — 35 = s + 5. VM3 ypasnenna s + 1 = §+ 5 naxoaum n = 7.
n

Cf[C,II,OBH'l‘CJIbHO, B 3aJI€ HaXOTJsITCsI 7 CITOPTCMEHOB.
Kpurepmn. Toabko orser — 2 6anna. [Ipasuibno cocrasieno vpaspHenne — 5 dawios. [lonnoe pemenne

— 7 0aJL/10B.

2. MoryT su eymmbl 1udp JABYX COCEJHMX HATypPajbHbIX dHCe]T (TO eCcThb 4ucea n u n + 1)
orTamuarscs a) Ha 20247; 6) na 20257

OTBer: a) mozym; 6) ne mo2ym.

a) Pacemorpum uucrio n = 10%% — 1, necaruynas 3aluch KOTOPOIO COCTOHMT U3 225 JEBATOK.
Cymma ero muadp pasna 225 - 9 = 2025, npuuénm y umncaa n+ 1 = 102 cymma Beex undp papna 1.
BHa4uT, CYMMBbI I p 3THX guces oTnudaorcd Ha 2024.

) IlepBoe pemenne. ITycts S(n) obosznavaer cymy icp HaTYpasbHoro yucia n. Pacemorpum
ape pasnoctn A = S(n+1) — S(n) u B=5(n) — S(n+1). Ilo npusnaxky Jae1uMocTH cyMMa 1mHbhp
J1aéT TOT »Ke 0CTaTOK NPH JlesleHnH Ha 9. 9To M camo uuciio, To ectb S(n) =n (mod 9). 3naqur,

A=(n+1)—n=1 (mod9), B=n—-(n+1)=-1=8(mod9).

JpyruMu cJ10BaMH, CyMMBI HHGbP COCEIHUX YUCC/ OTAMYAITCA TOJIbKO Ha IMCJIa, KOTOPBIE MPH JIC-
Jgennu Ha 9 paror ocrtarok 1 man 8. Ho gucno 2025 gemmnres na 9 6e3 ocraTka.

Bropoe pemenne. [Tpu epexosie ot n Kk n+ 1 BO3MOXKHBI JIBa CJIydast.

1. ocaeaasa mudpa n me pasna 9. Torna S(n + 1) = S(n) + 1, rak kax nocieansAsa nudpa (n
TOJILKO Olla) yBeauuugaerca na 1. S3uaunt, S(n + 1) — S(n) = 1 # 2025.

2. Yucro n okanuusaercs na k jeparox (k = 1), To ecrs umeer sy n = A999...9, rae A —
meso 6e3 3aepmaomux geparok. Torma n + 1 = (A + 1) - 105 u cymmsr mudp gucen non n + 1
paBubl S(n) = S(A)+ 9%k u S(n+ 1) = S(A + 1). Snauur,

Sn+1)—8n)=5A+1)—S(A) —%.

Tak xak A ne oxamumsaercs na 9, 10 S(A + 1) — S(A) = 1, nosromy S(n+ 1) — S(n) = 1 — 9k.
Orciona caexyetr, uro |S(n+ 1) — S(n)| = 9k — 1 # 2025 upu uemnom k.

Kpunrepun. Tobko orserel — 0 6am1oB. [Ipasuibnplii IprMep B IYHKTC @) — 3 baJ1a, pelIcHHe IIyHKTa
6) — 4 6anna. B nynkre 6) nponyimen ot u3 caytacs S(n+1) —S(n) = £1 (mod 9) — ne Hosee 2 Banon.

[Monnoe pemenne — 7 6ANI0B.



3. I3 aessitin kaprodex ¢ mudpan 1.2, ., 9 cocTaB/sI0T JeBATH3HAUHOE YHCI10 (Kark1as
mudpa HCIoIbL3YeTcd POBHO OJMH pa3). 3aTeM BBLIYHCIAIOT CYMMY BCeX JIBy3HAMHBIX YHCeI, 00-
pazoBaHHBLIX coceauuMu mudpamu 3Toro yucia. Haupumep, just uncna 198237456 cymna pasna
19+ 98 + 32 4+ 23 — ... + 56 = 434. Haiiyiure pacnosoxeuue 1p, IpH KOTOPOM Takas cyMMa Oy/ier
NAUMEHBULET], U VKAYKUTe e¢ 3HadeHHe.

OtBeT: Haumensuan cymata 397.

Pemenne. PacenmorpuM jleBaTu3nadnoe GTHCIO dlu’_)—dq cocrapsiennoe w3 Beex mugp or 1 1o 9 Ges
nopropennii. CyMya BeexX JABYZHAUHNBIX YHCE]T, OOPA30BAHILIX COCEHIMI I paMi. paBHa

8= (1’1([2 -+ f.]g([;g + ...+ r]_\;(fg',.

SanmeTH:M, YTO B 3TOil cyyiye Kaxaasd 1 pa, KpoMe neppoil 1 noc/ie/jHeil, y4acTByeT JABaxK/bl: O/HI pa3 B
pasps/ic JACCATKOB, JIpyroil — B pazpse eannnil. [Tosromy

S =10dy + 11{ds +ds + ...+ dg) + do.

Cymya Beex nudp o1 1 10 9 pasua 45, nosromy dy +da+. .. +dg = 45, u suaunt, do+dz+. . .+dg = 45—d| —dg.
[ToncraBuB B Boipaskenne 1id S, nonyaum S = 10d, + 11(45 — dy — dy) + dg = 495 — d; — 10ds.

Taxum obpazon, cymma S 3aBHCHT TOJBKO OT 1epBoil u nocie/Heil nudp dnciaa. Cyaaa S Oyvier Hau-
amerbiedt, Koryia uueso 10dg + dy = dgd nanbonbinee. ITockonbKy mudppbl pasiuunbl, HauGOIbIIee 3HAUCITIE
dgd; pasno 98, To ecth mndpnt dg u di pasubl coorsercrenio 9 u 8, npn srom S = 495 — 8§ — 10 -9 = 397.
Hrak, munumaneias cymma S = 397 mocruraercs 175 1100010 ACBsITH3HATHOIO THCIA, KOTOPOE HATHHACTCSI
¢ uudpsbt 8 1 3akanunsaercs qudpoit 9. Ocraiibibie LM PLI MOIYT PACHOJIAIATLC B NPOU3BOABHOM 1LODIIKC.

IIpumep rakoro umncaa: 812345679.

Kpnrepun. Tonbko orBer — 1 6amin. Beipaxenne i S sanncano B sune 10d; + 11(do + ...+ dg) + dy
6e3 paneneiimero npojpizkenns — 1 6ann. [onyueno seipaskenie S = 495 — dy — 10dg Ges jiansueiimero
npo/jBIyKenus — 2 Haja. YKasaso, 4ro cymma S Oyaer nainenbuieii, Korjga MeHbllne HHdpbl BXOIAT B
ned ¢ OOapmnMI KO3 GUITIEHTAMI, HO OTBICKAHMST MAKCHMYMa [1poBejieHo ¢ ommbkayu — 3 Gasna. [pn
HAXOXMICHHH MakcuMyMa d + 10dy ykazansl Hejonyverunole nudpol (Hanpusmep, dp = 9 u dg = 9) — 4 Gasa.
[Mpapunbuo naiiener dy = 8 u dy = 9, Ho He yKazano, 4To /11000e MHCI0 ¢ TAaKHMI Kpaitamvir nidpant 1aét
MUHHMYM, IJIH €CTh MeJIKHe IIeT04eThl B oObsacienunn — 6 Oasutos. [lommoe penrenne — 7 0a/17108.

4. [ls1Tp1eCsT KOMaH/T ChIPPAIM OHOKPYIOBOiH TypHup 3a 49 jHell, KaxK/1aa KOMaHIa Chirpajla ¢
KazKJI011, urpad 110 OJIHOMY MATUy B JIeHb. 3a No0e/1y B MaTde JIABAJIN 3 0YKa, a 38 HHUYbIO — OJHO.
Oka3zas1och, 4TO Y Kark10il KOMaH/Ibl KOJIMICCTBO HHILUX MO0 B/ABOC GOJILIIC YHCIa ¢& HOPAKCHHUI,
b0 BJABOE MeHplIe uncIa eé nobem. Boabme Beex oukon Habpan «3ennT». [JokaxuTe, uTo 1 3a 184
JIHSL JIO KOHIA COPEBHOBAHHA V «3eHHTa» OYKOB ObLIO GoJbile, dem y 1000 APYIofd KOMaHbl.

Pemenue. Ilycth nexoropast KomaHja n MaTUeil npourpasa it 2n smaTueit coirpaia BHrubio. Torma v Heé
Beero 49 — 3n BelMrphlelt, osToMy oHa Habpana 3(49 — 3n) + 2n = 147 — 7n oukoB. Ec/n »e y KoMaH1bl
7 HMYENHBIX M 21 BLIMIPBLINIHEIX MaT4eil, To oHa nabpana n + 3 - 2n = 7n OUKOB.

Takum 00pasoM, y KaxK/I0# KOMalIbl KOMMIeCTBO HAGPANIILIX 09KOB PAaBHO 1160 147 — Tn = 7(21 — n),
mmbo Tn, To ecth Kpatno 7. CleoBaTenbno, B KOHIE TYPHHpa Yy «3eHnTa» XoTst Obl Ha 7 OYKOB 0OJbLIIE,
uenm v 1oboit Apyrofl koManasl 3a OfUH TYPHNPHEL JCHL PA3HUIA MEAK/TY KOJMICCTBOM HaOpPaHHBIX OYKOR
YV ABYX KOMAH/L MOZKET M3MEHHMTLCA MAKCHMYM Ha TpH OUKa, a 3a 2 jHd — Makcumyy Ha 6 oukos. OTcioa
cie/lveT Tpebyemoe vIBepsk IeHHe.

Kpurepnn. /Jokazano, 4To KOJMUYECTBO OYKOB Y Kask/10if kKoMamipl aubo 147 — Tn, aubo 7n — 1 Gasur.
Hokazano, 4To y Kaz10li KOMaH/ bl KOTHICCTBO OMKOR KpaTho 7 — 3 Ganna. Jlokazano, uto v «3cHiTas xoTs
Obl Ha 7 ouxos Ooasme — 5 6amos. [lonnoe pemrenie — 7 GaLios.

5. B rpeyrossnnke ABC yroa C papen 60°. Buccexrpucot yrios A n B mepecekaior CTOPOHBI

BC u AC B toukax P u () cooreercrsenno. Jdokaxure, uro AB = AQ + BP.
Pemenne. (Puc. 1.) Ha cropone AB Buibepem touxy R rakyio, uto AR = AQ. Iyers E — Touka
nepecedenust ouccexrpice AP 1 BQ, a D — touka nepeceucnis orpeskos QR n AE.



Cymma yriioB A n B pasua 180° — ZC = 120°. 3nauur, LZFAB+ /EBA = 60°, nostomy ZAEB = 120°.
Torja ZPEB = 180° — ZAEB =60° u ZQEA = 180° — LAEB = 60°.

Tax kak Tpeyronbauk ARQ pasnobenpennulii (o mocrpoenunio AR = AQ) u AE — dGucceKTpuca yria
A, To AD TaxxKe apisicrea Memanoit u peicoroit. Cregoparensto, DQ = DR w AD L QR.

PacemoTrpiy Tpeyronbuiukn AQFE uw ARE: AQ = AR, AF — obmas cropona, ZQAF = ZRAFE.
[TosToMmy TPeyTOMBHUKH PABHBI 110 JIBYM CTOpoHaM u viuly mexkay Humu. Orciona crnegyer, uro QF = RE, u
3Ha4unT, BbicoTa DE apnsercs OuccekTpucoil B paBHoGeapentoMm Tpeyrodibinke QEFR n ZAEQ = ZAER =
60°. Torpa ZQER = ZQEA+ ZAER = 60° + 60° = 120°.

[Mockonsky Toukn B, I, Q) nexxkar na oanoil npavoit, ZREDB = 180° — ZQIVR = 60°. Taxiny obpazont,
/ZREB = ZPEB = (60°.

B tpeyroapuukax EBP u EBR: BE — obmas cropona, ZEBP = ZEBR (rak kak BE — duccexTpu-
ca), ZPEB = ZREB = 60°. CiejloBareiibHO, 9TH TPEYTrOJIbHIUKH PABHbBI IO CTOPOHE H JIBYM 1IDHJIEZKAIIINM
viviaM, orkyla BP = BR. 3uaunt, AB = AR+ RB = AQ + BP, 1ro u TpedoBajloch.

Puc. 1

Kpurepun. /lokazano, uro ZAEB = 120° — 1 6amu. Ha cropone AB sbibpana Touka R, AR = AQ).
u snoKazato, yro AE L QR — 2 6amia. Hokaszano, uro ZPEB = ZQEA = 60° — 3 6anna. /lokasano, uro
QF = RE — 4 6amna. Berancncnne ZREB = 60° — 5 6amios. YCTAHORICHO PABEHCTBO TPCYTOTBHIKOB
EBPw EBRn BP = BR — 6 bayuios. [losHoe pertenne — 7 Hailnon.



MyHHIUIAIBHLIA dTan Beepocceuiickoil oumMImMa/ibl KOJIBHUKOB 110 MAaTCMATHKE
Peceny6imka Taraperan, 9 aekabpa 2025 1.

9 kaacc

1. Ha xazk70il cTopoHe Kpa/jpara 3alicajIi HaTVpabHoe HHCI0, a B KaykKI0il BeplIlHe — [1Po-
U3Be/IeHHe JIBYX 9HCel, 3allUCAHHBIX HA CTOPOHAX, cojepzkalux 3Ty Bepmuny. Cymma Beex wicer,
3allMCAHIBIX B BEPIIMHAX KBa/ipaTa, OKasajach papHoil 77. Hemy paBHa cyMMa BCEX HHCC/L, 3allHCaH-
HBIX Ha cTOpoHax KBajpara’

Orger: 18.

Pemtenne. [lyers dqucia na npoTHBOHOJNOKIBIX CTOPONAX KBaJpaTa PaBlbl @ M ¢, a Ia JAPVIHX JABYX
HPOTHBONOIOKIBIX cTopoHax — b u d. Torja unenna B Bepmmiax Kpaiparta (IIPON3BE/ICITH HHCET Ha CMEKIIDIX
cropoHax) paBabel ab, be. cd n da. x cyvama:

ab+bc+cd+da=ab+d)+clb+d) =(a+c)b+d)=T7.

Bee pacemarpuBaenmble dHcIa — HATYPAJbLHBIC, MO3ITOMY 3HAvYeHHe KarkJI0i H3 CKODOK 1e MeHblle J1BYX.
Yuesto 77 MOXKHO PA3JIOKHTB HA JIBa MIOKNUTENs, KaXILIT 13 KOTOPLIX He MeHbIIe JABYX, ¢JIMHCTBeHITLIM
obpaszom: 77 = 7 x 11. Bnaunt, a+c¢ n b+d pasnunt 7 u 11 (B KAKOM-TO HOPSIJIKE), HO3TOMY CYMMa BCCX HMCEJI
HA CTOPOHAX KBaapara pasHa a +b+c+d = (a+c)+ (b+d) =7+ 11 = 18.

Kpurepmn. Ilpasuneublit orser naitjien nogdoposm — 1 Gaswr. Ipeodbpasopanue cyMMbl HHCEIL B BepUIMIIAX
K By (a+¢)(b+d) =77 — ewé 2 basnia. Jlokazano, uro a + ¢ u b+ d — aeanrean qucia 77 — cw@ 2
Oasii1a. YeTaHOBIIEHO, 9TO a + ¢ 1 b + d pasupt 7 min 11 — 6 Gasvtos. Hommoe perienne — 7 6asli1os.

2. U3 gesiru kaprouek ¢ nucppamu 1.2, ...,9 cocrapidior JIeBsiTH3HAYHOE YUCI0 (KaxKias
IlIi(i)p‘d HCIIOJIB3VETCd POBHO OJ/1HH })'(1'3). 3aTeM BBIYHCIAIOT CYMMY BCeX JIBY3HAYHBIX “YHCCJI, 00-
pPa30BaHHLIX cOCeNHUMH Idpamu 3Toro unciaa. Hanprmep, jia uucia 198237456 cymnma pasia
19498482423+ ... —56 = 434. Haiiuure pacnosoxkenue nudp, 1pH KOTOPOM Takas cyMma DyjeT
nauboavuLets, 1 YKaxKuTe eé 31aietme.

OTtBeT: Hauboavwea cymaa 483,

Pewenne. Pacemorpum sessrnsnadioe uncio didy . .. dy, cocrasiennoe us seex mudp or 1 ao 9 6e3
nosropenitit. CyMMa Beex ABY3HAMHBLIX UMCE], 0OPA3OBAHHBIX COCC/HUMM 1MDPANMU, PABHA

S =dids + dods + ... 4 dgdg.

3ameTnM, 4TO B 3TOi cyMMe Kaxk/1as 1udpa, KpoMe Mepsoil n nocieaneil, YUACTBYeT ABAYK/IbL: OHI PA3 B
paspsiie JeCsITKOB, Apyroil — B paspsize eannuil. [Hostoy

8 = 100’1 -+ ll(dg —0—(113, + ...+ (l,;) + (1',4;.

Cymma Beex nudp ot 1 go 9 pasua 45, nosromy dy+do+. . .+dg = 45, n 3naunt, do+ds+. . .+dg = 45—d| —dg.
[Moacrasue B Beipaxkenne jas S, nosayanm S = 10d; + 11(45 — dy — dy) + dg = 495 — d; — 10dy.

Takuy ob6paszom, cymma S 3aBHCHT TOJLKO OT Nepioil u nocneaneit mudp uncta. Cymma S 6y,1eT nau-
Goubuedt, koraa ancno 10dg +d; = dod] namvensiee. ITocKoIbKY 1 PDI pas/INYIbl, HAHMEHDLIIEE 3adee
dody papno 12, To ectb undpsl dg 1 d| pasHbl cooTBeTcTBenno 1 1 2, npi srom S = 495 — 2 — 10 -1 = 483.
Hrax, makcnmanbhas cymma S = 483 Jrocturaercs /g 1106010 JCBATHZHATHOIO YMC/]1a, KOTOPOE HAYIHACTCS]
¢ nudpnt 2 1 3akanuusaercd uudpoit 1. Ocraibiibie HUQPBI MOIYT PACHOJIAIATLCH B NPOUSBOALHOM 11OPSILKE.,

ITpunep Takoro uncna: 234567891,

Kpurepun. Toreko orser — 1 6ann. Bripaskenne ;ura S samcano B Bijie 10d, + 11(ds + ... + ds) + dg
Ges nasbHefiero npoapinkenist — 1 6ast. [oayuaeno seipaskenue S = 495 — d; — 10dg, HO MIHIMI3AIULS



HE IIpOBeldCHa MM 1IpoBe/eHa ¢ omubkamMu — 2 dasuia. YkKaszano, 4To cyMma S Oysier Hambojbmeil, Kora
Oénbime ndpbl BXOAAT B Heé ¢ 00ubmmnMu kKoadduimenramMu, HO MUHUMHU3AIHA HE 11POBE/CHa Wil [PO-
BejeHa ¢ onmOkaMu — 3 Oasa. Jlpoeegena munuMusainus di + 10dg, HO BoIGpaHbl HEAOIMYCTUMBIC 1 PBI
(nanpumep, dy = 1 u dy = 1)
J1o00e YNCIIo ¢ TAKHMH KpaltHHMH nudpaMi JaséT MakCHMyM, WM eCTh MeJIKHE HeJ0UETh B O0LACHCHHH —
6 6asaos. [oanoe pemenue — 7 6a/1/10B.

4 dasa. [lpasunbno naiiyiensl di = 2 u dg = 1, HO He yKazaHO, 4YTO

3. Cel\ﬂ) HATYPaJILHBIX YHCEJT BLITIMCAIILI B P I{‘A)K,JOE YHCJIO, IHHa'1ullasd C ‘{ETB@P'I‘()I‘(), paBIo
cpeJiHeMy apudMeTHIECKOMY TPEX NPEAbLIyIINX ducesr. Kakoe MakCHMa/ibHO BO3MOXKHOE 3HauCHUE
MOZKET IPHHUMATEL [IepBOe 4YNC/10, eciu nocae/anee pasno 4007

Otser: 2014.

Pemenne. Obozna-iuM nepseie Tpu umcia depes ., y U z. TOraa Cagayionme MHcaa paBHbL:

16z + 28y + 372
e 81

TH+y+z T+ 4y + 4z dr + Ty + 16z
ag=——, a5g=—— - (= —",
1 3 5 9 ; 6 57 ;
[To yenoeuio ay; = 400, mosromy 16z +— 28y + 37z = 32400. 3amerum, uro 16z n 28y nemnsirea na 4, n
32400 raxke nenureda ua 4. 3uauut, 37z aenurcea na 4. Tak kak 37 w4 B3aNMHO NPOCTBI, TO = JIEJTHTCIH Ha
4. B wacrnocrn, z = 4. [Tockonnky y = 1, 2 > 4 u 162 = 32400 — 28y — 37z, nosyyaeMm

162 € 32400 —28-1—-37-4 = 32224, orxyma =z < 2014.

[Toxazkent, ro 3navenne r = 2014 gocruraerca. llyers x = 2014, y = 1 n z = 4, Toraa caeayiomnye
verbipe uucia pasubl aqy = 673, a5 = 2206, ag = 301 n ar; = 400. Bee qncna narypasisibie. CleloBaTe/iLHO,
MAaKCHUMAaJIbHOEC 3Ha'leHHe IepBoro Yuciia pasao 2014,

Kpnatepnn. Ilonyucno ypaeuenue 16z + 28y + 37z = 32400 — 1 6asmn. Jlokazano, 4To z Jesures Ha 4
— 2 daana. ITony4vena ornecnka x < 2014 — 2 ganna. Ilpusején npuvep ¢ @ = 2014 n npoBepeno, 4To Bee

-

HHCTa HaTypaJibHbIC — 2 6amna. Banasl CYMMHDVYIOTCSI. TTonnoe peltieHHe — i OaJIJIOB.

4. Ha Beuepunke cobpamncs 10 genopek. Hekoropbie 13 HIX 3HAKOMBI JIPYT € JIPYIOM, a HEKO-
TOpbIe — HeT. ['pyIly U3 TpéxX 'e/IoBeK HA30BEM Opyotceckoti, CCIM BCe TPOC 3HAKOMBL JAPYT € JIPYIOM,
M Me3HaKkoMoil, ecJll HIKaKHe JIBoe B 9TOH TPoiiKe He 3HAKOMBI Mex/1y coboil. Kakoe nanmmenbiiee
BO3MOZKHOE 3HAYCHIE MOYKET IIPUHUMATH CyMMAPHOE KOJUIECTBO JIPYZKECKUX H HE3HAKOMBIX TPOEK?

Orset: 20 mpoex.

Pemenne. Pacemorpum rpad 3 10 BepminH, cOOTBETCTBYIOIMX IOCTSIM BeUepPHHKH. JIBe BepIIMHbI I'pa-
ha coenmmuM KpacHBIM OTPE3KOM, €CJIH COOTBETCTBYIOIIME HM JIOAH 3HAKOMBI JIDYT C JPYTOM, M CHIIM
OTPE3KOM, €CJIM He 3HAKOMBIL. JoKaxKeM, 4To obliee 910 KPaCHbIX U CHHIX TPeyToJIbHUKOB He Metee 20,

O6osnaunn vepes F, F'u G — KOJIHYeCTBO KPACHBIX, CHIIMX H HENOAHBLT TPEYTOJILHUKOB, COICPIKAIIIX
pébpa obonx 11BeTOB (Takne TPOfiKH He ABJISIIOTCA HU JIpYKecKnMH, ni nesnakoMpivmn). Torga obuiee wmceio
TPEYIOJBHHKOB B I'pade paBHO

E+F+G:C%:521§=w0 (1)
1-2-3

[Mponywmepyem Beex rocreii or 1 o 10, u nyers d; — KOJIHYECTBO 3HAKOMBIX i-T'O YeJ0BEKA, TOrj1a
KOJMYIECTBO 11€3HAKOMBIX ¢ HnM ovier 9 — d;. Jna KaskJoro rocts ¢ BbIOCpEM OJIHOTO 3HAKOMOIO ¢ ITHM
HEJIOBEKA j — TO MOKIIO cIelaTh d; criocobaMu, a TakyKe OJIOI0 HE3HAKOMOIO C IIHM 4eJIOBeKa k — 9T0
MozkHO caenath (9 — d;) cnocobamu. Ilomyvennas Tpoiika ijk obpasyer nenoariwidi TpeyrojgbHuk. Taxum
obpazoM, Jula Kaxloro rocts nosayuaercs d;(9 — d;) HelOJIHBIX TPEYrONbHUKOB. 3aMETHM, “TO Kax/bli
HEITOJIHBI i TPEYIOJILHUK IIPDH TaKOM criocobe lleLC‘IéT'rL VUHTbIBACTCA ABaz/1Ibl pas by! KE['}K,;‘LOﬁ M3 JABYX BCPILUIMI
TPeYIOJIBHHKA ik, U3 KOTOPBIX MCXOMAT pasHolBeTHbC péopa. (Ecmm oTpesok jh cunumit, To TpeyrojibHuk
J][.' VIUTBHIBACTCS TaKXKC ITPpH IIO,’LC‘{EYI‘(’ HCMOJTHBIX TPCYIOJbHHKOB, CBA3AHHLIX C ‘}.—T\! JesloBeKoM. e ke
OTPe30K _]k Kl')ifl(’l”';lf']3 TO TPEYTOJBHHK l_]ls‘ YUHUThEIBaeTCHA NNPH IIO,[],C‘IéTe HEeMOJIHBIX TPeYTOJBHHKOB, CBA3aHHBIX



MHO7 = NG07 = HdO7 = 107

droHoHRd AMKOLDIT WOIIHIeE
MIO7 = MJd0O7 vrAMLo (g0 = g0) mannadrogonded — g o) stmnaroasadr ‘ogod

awody "3ygO7 = MNO7 oawnoded woenAron ‘g vy dunaroidxadiron veandiviooed ‘onnHIOIRBRHY

. - pe vy Cyn ¢ ~ i ‘

MdO W MO 9ok oaronaaed WORLATON ‘PIGHHRIHIE — 3 [77() MUHATOIAXodon oLk ‘0J0L £)]
‘TWHO

Uy MO miral ornedn ododora A e “7g0) U T3 MIIA drnEdl ardo Xuil €u odogdsn & ‘ONIraIHELd
-UAT] OMHIOUIE — g [V M () U M JT() MHHIT0IAXQdITIoh BOOMIIOIRLAT O[] (Y ®H — Jy ® )} BH LU
T ¥¥hOL oLh ‘ML g oikngrorreden ‘7 oldnedn morvedodn 3 AMhol eodop, (¢ oug) -omHomag

TWRIFOLON )¢ MoadLo LUIsY Y} OLh
DLIBKENMOL/ M 0MLOL d ¢ ] 0 Boraesooodon u Hg endsrAnruondon pye) sewsd[] ‘OHHOELOLOELIO0D
d ¥ g XednhoL g Dy ennarotiodr Hy n g Hodord gdioeoes () wodinall o aromueAdyQ) g

HOUTRQ /- OUHOMIOA DOHIrO[] "L'I'BQ | EDIORINHHO —

Mood.L OIrDHL OHBLHLDI’OI 9l OH ‘Ddeda WOHIIIOT/ALTT WOHICOIT BH KDLORIILIOY ©MHITIO OLL TOHRERM) "BIIRA g

oma —— vdowndir suAdronos vHeewyA onqarnged] ] -(BMIDII0) 40ULRG ¢ — () SIIT9HON of ¥a0dl XI9INOMBHEIH

H XA OU0HL OLh ‘OHRERMOYY "BUIRQ F — IMHUMAIE HOUMeM BLT (g S (‘p — 6)'p godundroisade

XFITUONOI OIFDHL OLh ‘onreeyo] erreg ¢ — (Ip — G)ZP:K% onaed aronoyene eduedr gaosuarordods X
SIFOIIDIT OUDUL OLL ‘OHRERMO[] "'U'LeQ T — (7] = 0&9 = D + o + 5 ennomoiLood oneonneg ‘uadorndyy

Xrwosene on ondenon ‘dodr urH

‘HOQoD Ao XranoeHe ondenion ‘0odl BOLATYRH RIZIaDd ModOIoh § £M HHHRIINOM € OLh ‘9IRERMOYT EDISAQ
-adu godoroy g ‘nheires JonLooden (WOMHAMIQOQO M) NOHHIOTOAI BEOLOKUHE RhETRE RLE, OHHBRLONWEE

, U B : ,, _ . ) . .

‘07 = 4+ ‘IMBRHE U ‘07 = gD + ¢ = 4 ‘1undda yorsiey udiing soroideedgo unnagroldadL
MHUD v () = 77 ‘Lo doMHHAr0odAadL X19H0edy erIoT - (edldNodeieal) ouHnd — nnAda ndiAHg v (RgIoNOMEeHE)
oranoedy — nudda xiaueed en nwennmndea Avxkeon vdged 90 (% €y peda wrangrovAar yranron) {01 °6°]°L ‘9}
n g pregtr ) mannAda oar en angeed mIood wodoroy g ‘arowodens duda noskedgoen 7 oxuiond v

¢ Ond

INMHITIO HOLE TIOOHKOL HHITTOIRIAKAIILIZON *IHINM AT Woroand]]

(VMHATIO) 0 € D -0zl =4 +
OLL LeArorn (1) varonoarvd €1 1 RIODLO 00T S 9 9109 0L 07 - 0T - % > O LHRROE U ()7 2II91r0Q o

c c : A v <A ;
FININAD QOWORIRITD DOINKRM 00Tl — T AMAITOMO0] ] 1—178 = Z(% — .E) — = = (r — ¢)r onnoxedidd WHHLII()
T=t
¢
(T—Wpi;zs
01

‘OHIUALRAOTAN) (TINOMIHOIOh -} O



U3 KOTOpOH cjenyer. 4To TpeyroiibHUK OLM — pasuobejipennblit. CuiejloBaTesbo, neprenjinkyisip OK
sgenut cropony LM nonoray i uid rpevronibauka ALM npamas AK siBisercs mejmanoii. M3 nojgotus tpe-
vroaeunkos ALM nu ACB (LM || C'B) noay4uaeym, uro npsavast AK siisieTcst MeIMAHON VISt TPEYTOIbHUKA
ACB n nemur C'B nonona.

Kputepmn. [locrpoera npsivias LM wepes Touxy K napaitensno BC — 1 6amn. dokazano, aro ue-
ToIpéxyrosbHnk OLPK (win OK M B) — pnucannstit — 2 basia. Jokazano pagencrso yvrios OLK, OPK
OBK u OMK — 3 6anna. Joxkasano pasencrso /OLK = ZOMK u cienag BeiBojl, 1To Tpeyroiabunk O LM
— pasHoOeapenHblil, — 4 dassos. Yeranossieno, yro K — cepeauna LM (mamn OK — meanana k LM) — 5
HasstoB. YKazano, uro B tpeyronabnuke ALM npsivas AK — meanana — 6 damaston. Iloanoe perenne — 7
HasoB.




MyHHIHIAIBHBIA 9Tan BeepoccuiicKoll olMMIINA/Ibl HIKOJBHUKOB 110 MAaTCMaTHKE
Pecny6muka Taraperan, 9 jexkabpa 2025 1

10 xJ1acc

1. Ckonbko cviiectsyer 10-3Ha1HBIX HATVPAJILHLIX YHCe], KOTOpble jleddTed Ha 9 U B JlecaTHYHOI

3alCH KOTOPBIX VIaCTBYIOT ToJILKO 1udpet 0 11 77

Orser: 9.

Pemenmne. [lvern uncio cogepsxkut & mudp 7. Toraa evama ero nndp pasna 7k, o npusnaky rermoctn
na 9 neodxoaumo, 4rodnl Tk Jeanaocn na 9. [Mockonnky gnena 7 n 9 B3aUMHO HPOCTDLI, £ JIOJKIIO JASJIHTLCH
a 9. Vaureieag, 9to qmciao 10-3unaunoe n neppaga mudpa pabia 7, KOJIUUIECTBO CCMEPOK A Y/I0BJICTBOPIET
mnepaperersy 1 < bk < 100 Exnncregennoe 3nauenne k, kparnoe 9 B 91rom Jianasone, 1o b = 9.

[Tosroay B 3ammcu qic/ia yaacreyor 9 cemépok 1 o nodb. M naotopor, ke 1oe ancio 13 Y ceMépok
1 O/THOIO HYSl VIOBJICTBODSACT venoBHio. Holb MoyKeT cTosiTh B 110060 NO3UIHH, KPOMC 1ICPBOH. 4TO 1alT 9
BAPHAHTOR.

Kpurepun. Oteer 6Ge3 obbsacnennit — (0 basios. Beejena nepesvennag b (koanuecTeo 1ucp 7) 1 I10Ka-
3aHO, 4TO Th xpaTHO 9 — 2 Damna. Jdoxazano. 410 Ko/muecTro b cenépok geaurcs Ha 9 — 3 basuia. Hafineno
guadenne kb =9 — 5 dasio. Oumbka npu nogcuére — cuumaercd 1 6asut. Homnoe perienne — 7 6as71os.

2. Jlan KBaapaTHbIi TPEexU/ICH f(ﬂ = 22 4qz4b. Hsapectiio, aro fist 1060ro J1eiic TBHTETEHOTO

quesa r Haiuérea Takoe Jielicrsuresibnoe ncio y, uro f(x) = f(y) + y. Hailjure naumennuiee
BO3MOZKHOe 3HaYeHle a.

Orset: 0 = —% .

Pemenne. 3ammmen paseucrso f(x) = f(y) +y B suae y° + (a + 1)y — 22 — ar = 0. U3 ycnoBus

cJleyerT. UTO ITO VPABHEHHE PaspellMMO OTHOCHTEILHO Y HPH JTI000M 3HAYeHHH I, M 3HA'IUT, JJMCKPUMUHAHT
g L] 2 | b % 25 =, . - -
D = (a—2r)" 4+ 2a+ 1 317010 KBa/paTHOro TPEXWICHA HCOTPpUIATEIbHBIA. B yacrnocrn, upu r = —4% nmeent

HepaseHcTBo 2a 4+ 1 2 0, 10 ecTb a > — 5 (OLEHKA).

I[TpyMEP. Ilpu a = f% yvpasiienne f(z) = f(y) + y upu moboM x HMeeT DCHICHIe iy = —r, TaK Kak

: - 2, 1 g 1 1
fy) +y—f(=) :y2+§y—a-“’+§w: (y+:r)(y:c+;> = 0.

Kpurepuu. Yciosie npasuibio n1peoGpa3oBaHo K KBa/IPATHOMY YPABHEHUIO OTHOCHTE/IbHO i — 1 6arm.
Cuenan BBIBO1 O HEOOXOAMMOCTH HEOTPHIATENILHOCTH [ IHCKPHMIHARTA D,, no ero pplpazkenue HafeHo
HepepHo — He 6ogee 2 Samnos. JluckpunsmnanT Dy, maiijicn, Ho JaidpHEHIIN aHAIM3 HPOBCACH ¢ olHGKa-
M (HAIIPHMEDP, PACcCMATPHBACTCS IHCKPHMHHAHT OTHOCHTCIBLHO T 0C3 YyUETa TOro, YTO & — IIPOI3BOJIBHEII
ll(‘.l.p‘dMCTp) - 3 68."'1./'18. ,:LOK&LBHHO HEepaBeHCTBO a ; —%, HO HIPOIIVIIICHO OG’])HCHGIII[C JLIOCTHZAKHMOCTH (HCT
npumepa) — 5 6asuios. [losnnoe pemenne — 7 61108,

3. CeMb HATYPAJILILIX YHCe BBIIHCAHBI B pa/l. Kayk/jo0e dHcs0, nadunas ¢ YeTBCPTOrO, PABHO
cpe/iHeMy apE@MeTHYeCKOMY TPEX NPeAbLIYIMX uncell. Kakoe MakCHMaJIbHO BO3MOMKIOE 3HaYCHIe
MOJKET IPHHHMATB [epBOe YHCI0, ecIH mocIe/aHee pasio 3007

Orer: 4039.

PEH_IEHHE. 0603111:1“1111\.[ [leppoie TpH “IHC/Ia HEPE3 T, Y U Z. TOI','L‘(\ CJIeIYIOITHE YHCTIa paBIIbI:

x+y+z T+ 4y + 4z 4r + 7y + 16z 16z — 28y + 37z

ay = ————, a5 = apg = —————, ay =

9 ’ 27 ’ 31

ITo yenornio a7 = 800, nosromy 162 + 28y + 37z = 81 - 800 = 64 800. Bamerunm, uro 16z 1 28y jeaares
Ha 4, 1 64800 rakxe nemnrcsa na 4. Buadunr, 37z genures na 4. Tak kak 37 1 4 B3alHMHO HPOCTBI, TO 2



agermures Ha 4. B wactnoeri, z 2 4. Hockonbky vy = 1, z 2 4 u 160 = 64800 — 28y — 37z, nonyuaem

Q o ay , 64 624
167 < 64800 —28-1—-37-4=064800—28 — 148 = 64624. oTkvia 1 < =4039.

S 16
TToxazxenm, aro 3navenne r = 4039 mocruraerca. Ilyvern x = 4039, y = 1 u z = 4, Torja cieiyiomme
qeThIpe 4iciaa paBHel aq4 = 1348, a; = 451, ag = 601. a7 = 800. Bee uncna narypansusie. Cie1oBaTesHO,
MaKCHMAJILHOE 3HA'eHe [epBoro 4ducaa papio 4 039.
Kpurepun. Iloayueno yvpasuenne 16z + 28y + 37z = 64800 — 1 Basn. JlokazaHo, uTo z Jeqaunres Ha 4
— 2 basuta. Tlooay4uena onenka r < 4039 — 2 Gasna. [pusenéu npumep ¢ x = 4039 u npopepeno, 4ro Bce
qpesa HaTypadbHbie — 2 6asia. bamael cymyupyiorest. [Tonnoe penicane — 7 6asuIon.

4. Ha Beuepunke cobpasiics 9 gestoBek. HekoTopblie 13 HUX 3HAKOMBI JPYT € APYTOM, a HCKOTOPBIE
— meT. I'pynmy 13 TpeéX UeI0OBEeK HA30BEM Jpyxceckoll, ¢C/IM BCe TPOE 3HAKOMBI JAPYI € JIPYLOM, H
HEZHOKOMOT, CCII HUKAKIe JBoe B 9TOH TpoiiKe He 3HAKOMbI Mexkay coboil. Kakoe namnmernniiee
BO3ZMOXKHOE 3HAYECHHE MOKET [IPUHUMATh CYMMAaPHOE KOJIMYECTBO JIPYKECKUX U HE3HAKOMBIX TPOEK?

Oteer: 12 mpoex.

Pemenue. Pacemorpuy rpad u3 9 Bepinii, cOOTBETCTBYIOMINX TOCTAM BeuepnHku. /Ise seprnmnnt rpada
COCIMHIM KPACHBLIM OTPE3KOM, €CJIH COOTBETCTBYIONIME HM JIIO/IH 3HAKOMBI APVT € JAPYTOM, 1 CHHUM OTPE3KOM,
ec/Iy He 3HaKoMbl. Jokasken, 4To oflllee YHCI0 KPACHBIX H CHHUX TPEYTOJbHUKOB He MeHee 12

O6oznaum vepes £, F'u (¢ — KOJMYECTBO KPACHBIX, CHHIX H HEMOAHOIT TPEYTOJILHHKOB, COACPYKAINX
pétpa 000HX IBETOB (Takue TPOHKH He ABJAIOTCS HU APYAKEeCKHMH, HI Hesnakombimi). Torma obmiee 1mcto
TPEeyroJILHIKOB B rpade pasio

9-8-7
+G=Ci=""_"— =84 2
E+F+G=C=1-— (2)

IIponymepyen Beex rocreit or 1 10 9, it nycrs d; — KOJIMYECTBO 3HAKOMBIX -1'0 U€JIOBEKA, TOl/la KOJIH-
TECTBO HC3HAKOMBIX ¢ HUM Ov/1eT 8 — d;. /st KAz 10ro rocts ¢ BLIDCPEM 0IHOIO 3HAKOMOTO ¢ HUM 'IC/I0BCKA ]
~ 3TO MOYKHO (JIe]1aTh d; CIIOCODAMH, & TAKKE O/THOTO HE3HAKOMOIO € HHM He/0BeKa A — 3TO MOYKHO CJIC/I1aTh
(8 — d;) cnocobamu. [oayuennas tpoiika ijk obpasyer menoansi Tpeyroabiuk. Takim obpasoM, A1s Kax-
I0TO ToCTs nogyvaercs d; (8 — d;) HeMOJIHBIX TPEyToJLHIKOB. 3aMeTHM, YTO KayK,/ bl HEeIIOIHBIH TPeyroIhHIK
IPH TaKOM CHOcO6e MOACHETa YIHTBIBAeTCA ABAsK,/ (bl — JUIs KaxkK/10il U3 ABYX BeplIMH TPeyroJbHUKa ijk, n3
KOTOPBIX HCXOJAT pasHoupeTHble pédbpa. (Ecan orpezok jk cunmii, To TPeYTOJABHHK iJKk YIATBIBACTCA TaK-
K€ TPU TOCUETe HeloMIBIX TPeyToJbLIHKOB, CBA3AINNLIX ¢ j-M UesoBekoM. Ecin ke oTpe3ok jk Kpacibiii,
TO TPEYTOJIBLIHK 1]k YUMTHLIBACTCA NPH TOACUETE HENOJHLIX TPEYTOILHIKOB, CBA3AIIIBIX € A-M UEJOBEKOM.)

\

CoreloBaTesbHo,

1
G = = Zdi(8 — dy).
1=1

Hockounky {8 —z) = 16 — (z — 4)2, KazK/10e coaraeMoe B 9Toit cymume He Goabiie 16, i 3paunt. G <

to ecth G < 72. OTciona u u3 paserncrsa (2) cieayer, uro E + F =84 — G > 12.

[Tpuseaiéy [TPUMEP, NOATBEpKIAIONHI TOUHOCTDL 3TOH OLECHKH.

Ha pucyvike 4 usobpaskén rpad B Buge 9-yroipluKa, y KOTOPOro H3 KasK/10il BePIIMHBI BLIXOINT 110 4
KpACHBLIX (OHM VKa3aHbl HAa pucyHKe) M 10 4 cunnx (ux Ha pucynke ner) pebpa. Takoil rpad nasbisaercst

“9-16,

B —

N

4-pezyanprowm. Y HET0 PoBHO 3 KPACHBIX TpeyroibHuka 117, 208, 369 n 9 cunux — 135, 357, 579, 792, 924.
246, 468, 681. 813.

Ha pucynke 5 70T ke rpacd peaqusobaH mo-apyromy. M3 Ka)kmolt Beplmibl rpadga BeIXOAAT 4 cH-
HUX péOpa — B Kask/IbIe JIBC BCPITHHBI, COCCITHMe clipaBa M cica oT Heé. B sToMm rpade Takzke 3 KpacHbIX
567, 678, 789, 891, 912.

TpeyroabHuka 117, 208, 364 n 9 cunnx — 123. 234, 345, 456,

BaMevaHHe. DTa 3a/aua ABJISCTCA NIPOJIOJIKCHHEM (1 000DIICHIEM) H3BECTHOI 3a/1aMH, B KOTOPOit Tpe-
OyeTcs J0Ka3aTh, ITO B KOMNAHNI 13 6 4eloBeK Reerja nafiyTes Tpoe, TonapHO 3HAKOMBIX MCHLY coboii,
HJTH TPOoe, MOIMapHo He 3HAKOMBIX.
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okpyrkioct ¢ mnenrpom O, myveem ZABO = LACO = ZAPO = 90°, to ectb Toukn A, B, C, P, O jexar
Ha OKPYIKHOCTH ¢ Juamerpoy AO.
I3 pnncannbIx YeToipéxyroiasinkos ABPC, BPQD. CPQE nveen:

£LPQD =180°— £PBD = ZABP = 180° — LZACP = ZPCE = 180° — ZPQE,

NOTOMY TOUYKa () JexuT Ha orpeske DE.
Tax kar wernipéxyronsunk PQDM puucamnunii, o ZMDQ = ZMPQ = 90°, orkyaa MD 1 DE.
Ananornuno, NE 1L DE. Takum obpazom, MD || OK || NE n DK = KE. Orcioga OM = ON.
Kpurepuu. /lokazano, uro AD = AFE — 2 Gasia. YeTaHoB/IeHo, 4To ipamas AQ cojaepxut GuccekTpucy,
MeJIMaHy 1 BelcOTY TpevrosasHuka ADFE — 3 6aynna. Jononnnrensro Jokasano, 4yro rouku A, B, C, P, O
JeYKAT Ha OJIHOM OKPYZKHOCTH (€ HCTIOMB30BaHNeM NPSIMBIX VIVIOB) — 4 Basta. JJokazano, 4ro Touxa ¢ JexuT

Ha orpeske DE — 5 bamos. dokaszano, uro MD | OK || NE w DK = KE — 6 6annos.



Mynununanbubiii sran Beepoceniickoil oJmMInaibl HIKOJIBHUKOB 10 MATCMATHKE
Pecnybika Taraperan, 9 pekabpsa 2025 1.

11 Kuace

1. CkoubKO cyiiecTByeT 11-3HaUNbIX HATVPATILHLIX THCE, KOTOPLIe JeIdTes Ha Y 1 B Jeca THIHOI
3alllCH KOTOPBIX YUYaCTBYIOT TOJALKO nucpnt 0 11 87

Orser: 45.

Pemerme. Ilycrs 1neio copeprxur b nudp 8. Torpa cymna ero mcdp pasna 8k. [1o npusnaxy nenuniocrn
Ha 9 neobxojumo, yrobnl 8k jemmiock Ha 9. [Tockonbky vuena 8 u 9 B3aMMIO IPOCTHI, & JIOKHO 1N TLCA
na 9. Yunrpisag, 970 aucio 11-3uaunoe n neppast nndppa papia 8, KOJIHUECTEO BOCHMEPOK A VORI TBOPSICT
nepasencrsy 1 < & < 11. Exannersennoe snavenne k. kparnoe 9 5 9ToM juanaszomne, 31o A = 9.

[Tosromy B 3anMcn uncia yqacTsByloT 9 BOCBMEDPOK M JiBa Hy:s. M HaoGopoT, Kaxoe Tucao 13 9 Boch-
MEPOK M JIBYX HyJiell yiopieTsopsier yejosiio. llepsas nudppa — 310 8, 103T0MY HYJIHM MOMHO PA3MECTUTL Ha
Jo0bIX ByX u3 ocrapumxcs 10 nosuumit. Kosnyecrso ciocobor seidpars 2 nosuunn us 10 pasno C3) = 45,

Kpurepun. Orser 603 odbachenmit 0 Sasios. Beegiena nepemennast & (KOJHUCCTBO BOCBMEPOK ) 1
Jokazano, uyro 8k xparno 9 — 2 6amia. /lokazano, 4To KoIm4ecTBO k BOCBMOPOK Jienures na 9 — 3 Gasua.
Hatigeno snavenne kb = 9 — 5 Gamnos. Omnoka npu nojcucre — cunmaerces 1 6ann. [onnoe penenne — 7
Hasos.

2. Bce 4ieHBI reoMeTpHYecKoil nporpeccHn — IeJple YHC/a. Bepno nn, uro cymyma Kea/ipa-
TOB @) TPEX: 6) HeThIPEX 1[10CIE0BATEILUBIX WICHOB 3TOM 1IPOIPECCUN BCEIJIA JICJNTC HA CYMMY
3THX 4JIeHOB”

Otser: a) da: 6) nem.

Pemenne. o) PaccMoTpiM Tpu 1noc/1e/10BATEIBHBIX UJeHA FEOMETPUICCKOI IIPOrPecCHIt: @, ag, aq?, rie
@ M ¢ TAKOBBI, YTO BCe 'wWieHbl — uesble unciaa. O6osnaunm S = a + ag + ag® = a(l + g+qg®) nQ =
=a? + (ag)? + (ag®)? = a?(1 + ¢2 + q*). Torma

Q a2(1+¢°+¢YH 14+¢%+¢*
= . - =a- —
g all +q+q%) 1+qg+¢q?

Bamern, yto 1 + 62 + ¢ = (1 + q%)? — ¢2, nosronmy 1 + ¢2 + ¢* = (14+q+¢)1 — g+ ¢%). 3uaunr,
-(3: = a(l — ¢ + ¢°). TlockonbKky a. aq, ag® — uenwle uwncna, o a(l — g + q%) = a — ag + ag® TaKkKe 1eIoC.
Takint obpazon, @ meaurces na S.

&) Pacemorpum reomerpuueckyio niporpecenio 1,2, 4.8, . ... Jlus ned CYMMa KBA/PATOB YeThIPEX HOCIIC-
J0BATEbHBIX 4ieHoB 12 4+ 2% +42 4+ 82 — 85 e nexamres na ux cymMy 1+2+4-+8 = 15, 3uaunt, yTBepKicHHe
[T IeTBLIPEX Y4/IEHOB HeBeplo.

Kpurepmn. Toabko orser — 0 6anion. Paznoskenne 14 g2 +¢* na muoxurean — 2 6aa. OBocHoBaHme

ACTMMOCTH B IYHKTe a) — 5 Damtos. [lpaBuibislil Konrprpusep B nynKre 0) — 2 Gadaa. [ommoe pemrenne
— 7 6ansos.

3. [lyers x, y, z — pasiauynble Heble Yucaa Takue, 4To ry+yz +z2x = 47. Haiinure nanmensiee
BO3MOYKHOE 3HaYeHHe BLIparKeHus - -+ yg + 22
Orser: 50.

Peumenne. [Tockonnky uncina x, Y Mz PpasiMUlbIC, MOXKIO CUHTaTh, 4To x < y < z. Torna y — a0 > 1,
z—y=zluz—x2=2 nosromy
) A2 ‘ 2 2 2
(B0 +le—P 4zl PL12 422
PackpnlB ckoDKu H cokparnias Ha 2, TTOJTY YN

e + '_r/") o 52 e Y —Yyz — 2T = 3,



2
I TaK KakK Ty + yz + zx = 47, mymeem x2 + y° + 22 = 50.
3HAK paBEeHCTBA JIOCTHIAETCH, HAllpUMep, JJid ancesl © = 3. y =4, z = 5.

w 2 - ;
Kpurepun. Tonbko orser — 1 6as1. Hadtgeno mepageacTso a2 + y° + 22 — a2y — yz — zz = 50 (manpimep,
113 cooOpazkeHnit o MIHHMAJIBHOCTH KBa/IpaToB pazHocreii) — 5 daston. [lpusenén npumep gucen x, y u z,

JJIxl KOTOPLIX JOCTHIACTCH MITHHMVM — 2 fasna. [Toanoe pelIeEHne — 7 DaJl1oB.

4. Ha Beuepunke cobpamich 9 yeropek. Hekotopeie 113 HUX 3HAKOMEI IPYT € JIPYTOM, & HEKOTOPbIE
— HeT. ['pynny u3 Tpéx veloBeK HA30BEM dpyoiceckoll, €CJIM BCE TPOC 3HAKOMBI JIPYT C JIPYTOM, H
HE3NAKOMOTU, eclM HMKaKle TBOe B 9TOIl Tpofike He 3HAKOMBI MeyK1y coboii. Kakoe nanmensbiiee
BO3MOXKHOE 3adeHie MOXKeT IPUHUMATE CYMMapHOe KOJIMYeCTBO JPYIKECKHX H HE3HAKOMBIX TPOEK?

OrBer: 12 mpoex.

Pemenne. Pacemorpuym rpad n3 9 Bepuins, COOTBETCTBYIONIMX TOCTSM BedeprHk. ABe seprimnel rpada
COCIMHHM KPACHBIM OTPE3KOM. €C.TH COOTBETCTBYIONME MM JIFOIH 3HAKOMBI APYT C JAPYTOM, H CHHUM OTPE3KOM,
ec/ii He 3HaKOMBIL. [lokazes, 4To obiiee 41C/I0 KPACHBIX M CHHHUX TPEYI'O/ILHUKOB He menee 12.

Ob6oznaunm depes F, F u G — KOJIMUIECTBO KPACHBLIX, CUHIUX H HENOAHBT TPEYTOJbHHKOB, COJAEPKAIIX
péOpa 0O0MX LBETOB (TaKHe TPOHKM He SIBJISIIOTCS HH JIPYXKECKHMH, HM HesHakoMbiMn). Torna ofmee uncro
TPEYIrOJILHIKOR B rpade parHo

E+F+G=C{?=——1_2_é=84- (3)

ITponymepyem Beex rocreit or 1 10 9, i nycers d; — KOJIMYECTBO 3HAKOMBIX #-1'0 'IC/IOBEKA, TOIIA KOJIH-
9ECTBO HE3HAKOMBIX ¢ HUM Oyaer 8 — d;. st Kaxkaoro rocrst @ BeIOEPEM O/IHOIO 3HAKOMOI'O € HHM 'e/10BeKa ]
~ 9TO MOXKINO CAeJaTh d; Cr0codaMi, & TAKZKC OJHOTO HC3HAKOMOI'O € HHM HCJIOBCKA A — 9TO MOZKIO ¢JIC/IATh
(8 — d;) cnocobamu. TlonytcHnas Tpoiika ijk obpazyeT nenoansil TpeyroibHUK. Taxkim obpasom, jUIs Kak-
JOTO rocTs nonyvaercs d;(8 —d;) HENOMHBIX TPEYTOJBLHHKOB. 3aMETHM, UTO KayKIblil HENOTHBIH TPeyroI-HIK
IPH TaKOM CIocode NoAcuETa yIHThIBACTCS JBAYKIbl — /Il KayKI0H M3 JABYX BepLIMH TPEyroJbHuka ijk, us
KOTOPBIX HCXOIAT pasnonpeTnble péopa. (Ecam orpesox jk cunuii, To TPEYTOABHUK ijk YUUTBIBACTCH TaK-
JKe IPU HOACHETE HEHOJIHBIX TPEVIOIBHHKOB, CBA3ZAHHBIX ¢ j-M 9esoBeKoM. Ecan ke oTpe3ok jk KpacHblii,
TO TPEVIOALIHK ijk yUHTLIBACTCA MPH NOACTETE MeNOILIX TRCYTOILIIMKOB, CBABAIILIX ¢ K-M TCITOBEKOM. )

CenoBaTeanio,
9

G = %Zdi(s —dy).

4

i=1

B

[ockonsky (8 — 1) = 16 — (x — 4)?, kamao0e cnaraemoe B 3Toii cymme He Goabe 16, u 3naunt, G < 5-9- 16,
to ecth (G < 72. OTcioaa 1 u3 papencTsa (3) caeayer, uto E+ F =84 — G = 12.
IHpusenén TTPHMEP, NOATBEP:K A0 TOYHOCTL 3TOH OIIEHKH.

Puc. 7 Puc. 8

Ha preynke 7 n30bpakén rpady B Bujie 9-yroJibHIKA, Y KOTOPOrO 13 KaykKI0i BCPHIMHBL RHIXO/MT 110 4
pHCy P p A ) T
KpacHBIX (OHH yKasaHbl Ha PHCYHKe) H N0 4 cHMHUX (MX Ha PHCYHKE ner) pebpa. Taxoit rpad HasbiBaeTcs



4-peeyaaproir. Y Helro POBHO 3 KpacHbIX TpevroibHuka (47, 2550 360 n 9 cunnx — 135, 357, 579, 792, 924,
246. 468, 681, 313.

Ha pucynke = 370T e rpacd peanmzonan no-apyromy. M3 kam/aoil BeplIHHbL I'pada BbxoadT 4 cu-
HUX PEOpa — B KasK/IbIC JIBC BCPINHHDBI, COCC/IHUC clpaBa H cjacsa oT Hed. B aTom rpade taxske 3 KpacHbIix

)

TpeyroiEHIKa 117, 255 369 1 9 cunux — 123, 234, 345, 456, 567, 678, 789, 891, 912.

3amMeyanue. JTa 3ajlavda ABJIdAeTcdA MMPO/101KEeHHNEeM ‘;H OGOGHLCH[’I(‘M) H3BCCTHOMH 3a/1a' i, B l\'()’J‘OI)UIul Tpe-
6)’(‘TCH 10Ka3aTh, UTO B KOMHOAHWU U3 6 YCJIOBCK BCCr/J1a H‘:lﬁ[[,yT(‘S[ TpoOe, NOMmapHO 3HAKOMBIX MCALY COF)OE"‘I:
HJII TPOeE, TIOIMapHO HE 3HAKOMBIX.

Kpuarepun. 3armcano coornomenne F + F + G = CS = 84 1 Gann. JokazaHo, 4T0 YMCIO HEIOJ-
HBIX TPEYTOJIBHUKOE rpacda 3HAKOMCTE paBHO & > d;(8 — d;) — 2 6anna. Jlokasano, YTO YHCJI0 HEMOTHBIX

TPEeVroIbHUKOB d; (8 —d;) < 16 juis kask 1011 Bepmnnnl — 3 anna. JlokazaHo, 4To YHEI0 IPYAKCCKHIN H He3Ha-
KOMBIX Tpoek e Menbiie 12 — 4 damna (onenka). Ipnpeaén npumep 4-peryiasipHoro rpaca Oes rnoacuéra
quenaa Tpoek — 5 basson. [Ipuseaén npusep ¢ noAcH4éTOM, HO He Bee TPOHKH ABHO yKazanol — 6 6a110s.
[lonmoe pemenue — 7 6a/1/10B.

5. OkpyuocThb w ¢ nearpom O Kacaercst cropod AB u AC rpeyroasanka ABC B roukax B u
C' coorsercTrenno. Buyrpu yrma BAC puibpana touka (0, npuuaés na orpeske AQ nanuiach Touka P
rtaasi, 410 AQ L OP. llpamas OP Bropuuno 1epecekaer olMCAHNbIe OKPYXKHOCTH TPeyroJIbHIKOB
QPB u QPC B roukax M u N coorsercrsenno. Jokasknre, wro OM = ON.

Pemenne. [Iycrn onmcantbie okpyznocern rpeyroibuukos QP B n QPC nepecexator inyun AB u AC B
TOYKAX D H E COOTBETCTBEHHO (pHC. ”) 115 TeopeMbl O IIPOU3BE/ICHHH OTPE3KOB CeKVIINX 110JIVHAeM:

AB-AD=AP - AQ u AC-AE = AP - AQ.

Orciona AB-AD = AC- AE. Orpesku AB n AC' paBHbBI KAK OTPC3KH KACATEIBHBIX K w, 1103ToMy AD = AE
I, 3HAYHT, Tpeyrodabiik ADE parnobepennnii.

Puc. 9

[Iyecte K — cepeanna DE. Torna npaman AK gBadgeTes MeHalol, BbICOTOR 1 BHcceKkTprcoil pasHo-
Oenpennoro Tpeyrosnbunka ADE| B qactnoctin, AK npoxomur yepes (). [lockonsky B 1 C' — Touki Kacarus
OKpyKHOCTH ¢ HeHTpoM O, nmeem LABO = ZACO = ZAPO = 90°, to ects Touku A, B, C, P. O nexar
Ha OKPYZKHOCTH ¢ JiHanMerpom AQO.

1z Bnucanunix uernipéxyroasiukos ABPC, BPQD, CPQFE umeen:

£ZPQD =180° — /PBD = ZABP = 180° — ZACP = /PCE = 180° — Z/PQE,



O3TOMY TOUKa (Q J1eKUT Ha oTpe3ke DE.
Tax kak werpipéxyronsiuk PQDM suucanusiii, To ZMDQ = £ MPQ = 90°, orkyaa MD 1 DE.
Anamornano, NE L DE. Taxum ofpasom, MD || OK | NE u DK = KFE. Orciona OM = ON.
Kpurepun. loxkazano, uto AD = AFE — 2 6anna. Veranoraeno, uro npsamasg AO colep»XuT buccekTpucy.
MeJIHaHy H BBICOTY Tpeyrojashnka ADE — 3 6auia. JonomHurensHo Jokasano, 4to toukn A, B, O, P, O
JIEYKAT Ha O/IHOM OKPYZKHOCTH (¢ HCIOIB30BAHHEM NPAMBIX YIII0B) — 4 Oasta. Jokazano, uto Touka (Q nesxut
na orpeske DE — 5 6annos. Jdokasano, yro M D || OK | NEu DK = KE — 6 6ajuios.



