Tperwuii stan BeeykpanHcKoil oMuMIua bl MKOJILHAKOB IO MaTeMAaTHKe
(XapbkoBckasi 06sacth) 3 despasist 2014 roja

7 knacc (yka3aHus aJis YKIOPH)

1. Pazpexbre kBajgpar 4 X 4 1o JiMHUSAM CceTKH HA 9 MPAMOYIOJIbHUKOB TakK, 4TOObI pPaBHBIE
NPSIMOYTOJIbHUKHI HE COMNPUKACAJIUCH HA CTOPOHAMU, HU BEPITUHAMU.

VYkazanue: Paspesatb KBagpaT MOXHO, Hanpumep, Tak:

2. Ha ckuajie Haxoama0ch 25 OeJIbIX CTEKJIsIHHBIX daiiek n 35 4épubix dapdoposbix. Kaxpas
CTeKJIsTHHAs valika Py NMaJeHnu pa30duBaeTcs Ha 7 OCKOJIKOB, a Kak/1asi (papdoponast — Ha 8 0CKOJI-
KoB. CTOPOK TepeKpacuI HeCKOJIbKO CTEK/ISHHBIX YallleK B YEPHBIN I[BET, a HECKOIHKO (hapdOpOBBIX —
B OeJIblii, TIOC/Ie Yero CaydaitHo pa30u1 Bce damkn. Morio in oOpa3oBaThCsa OJUHAKOBOE KOJTHIECTBO
OesIbIX 1 9€pHBIX 0CKOIKOB? OTBeT 0OOCHYMTE.

OrBet: He morno.

Vkazanue: [1pegnonoxnm, 4To YepHbix 1 Genbix 0CkonkoB 0bpasoBanock pasHoe konnyectso. ObosHa-
UMM @ — KOJIMYECTBO CTEK/ISIHHBIX YallEeK, KOTOPbIE CTOPOX MEPEKpacua B YepHblii UBeT, a b — konuye-
cTBO (hapbOpOBbIX HaLLEK, KOTOPblE CTOPOX Nepekpacun B benbiii yBeT. Torga YETHbIX OCKOJIKOB BCEro
7a+8(35—0), a benbix 7(25—a)+8b. JonxHo bbiTb BbINOAHEHO paBeHCTBO 7Ta+8(35—b) = 7(25—a)+8b,
T.e. 8(35 — 2b) = 7(25 — 2a). BugHo, 4to neBas 4acTb nocnegHero paBeHCTBA — YeTHas, a npagasi —
He4eTHasl, CNeAOBATENIbHO TAKOE PABEHCTBO HEBO3MOXHO.

3. Cepéxka TOKpaCUI BCe TEIble YNCIa B HECKOIBKO IBETOB TaK, UTO YHCIa, PA3HOCTH KOTOPBIX
SIBJISIETCSI TIPOCTBIM YHCJIOM, MMOKPAIIEeHbl B pa3Hble IBeTa. Kakoe HamMeHbIIee YHCJIO IBETOB MOIJIO
OBITH HCoab30BaH0? OTBeT 00OCHYIITE.

OTBerT: 4 ugera.

VYkazanme: [lokaxem cHavana, 4to 4etbipex uetoB Cepexe xBaTut. [leicTBUTENBHO, NOKpacum B
nepebiii uBeT Yucna euga 4k + 1, Bo Bropoli uset — Buga 4k + 2, B Tpetunii — 4k + 3, B 4eTBepThIli —
4k (Bcrogy k — uenoe uncno). Torga pasHOCTb MeX[y OfHOLBETHBIMW YNCIaMU BCEraa fenutcs Ha 4, a,
3HAYUT, HE MOXXET 0KA3aTbCsA MPOCTOIA.

[Noka>kem Tenepb, YTO MEHbLUEro Yucna LBeTOoB He xBaTuT. Paccmotpum uducna 1, 3, 6, 8. HecnoxHo
MPOBEPUTL, YTO PA3HOCTb JIIODLIX ABYX W3 3TUX YUCEN ABASETCA NPOCTBIM YUCIOM. JTO O3HAYaAET, YTO
HUKaKME [1Ba N3 3TUX YETbIPEX YNCEN HE MOTYT DbITb OAHOrO LBETA, CIEAOBATENIbHO LIBETOB AOKHO DbITh
xoTs bbl 4.

4. B x1y6e 30 1:KeHT/IBMEHOB. Y KazKJ0T0 JIZKeHTIbMeHa eCThb HLasna. OTHAK bl KazKIblil JIZKeHT/Th-
MeH OTIIPABUJI CBOIO HLISINYy KAKOMY-TO JPYTOMY JIZKEHTJIbMEHY (JIZKEHTJIbMEH MOT TOJYYHTH Oosiee
OJ1HOM 1Lisnbl). Jlokazkure, 4T0 MOKHO BbIOpaTh 10 JIZKEHTJIBMEHOB TaK, 4TO0Obl HU OJMH U3 HUX HE
OTTIPABJA] APYTOMY TLISILY.

VYkazanue: PaccmoTtpnum HekoToporo gxeHtnbMeHa Dy. [lycTo oH oTnpaBun wasny gxeHtaomeny Do,
AKeHTNbMeH Dy oTnpasun wasiny gxentaoMeHy Dz n 1. 4. [1oCKoNbKY AXKEHTAbMEHOB KOHEYHOE YUCIO,
TO AnsA HekoTopbiX 1 1 k (n > k) pxentnbmensl Dy u D, 1 coBnagyT (apyrumm cnoeam gxeHtasmen D,
oTnpasun wasny gxeHtabmedy D). Hazosem gxentnbmenos Dy, D, ..., D, — uenoukoii. [lokpacum
LXKEHTAbMeHOB B Tpu useta: Dy, D3, Ds, ...B nepebiii uset, Dy, Dy, Dg, ...BO BTOpOI uBeT. Tenepb
NMOCMOTPUM, Ha uBeTa gXeHTnbmeHoB D, u Dj;. Ecnm oHn okasanucb ogHoro upeta, TO nNepekpacum
akeHTnbmeHna D, B Tpetuii useT. Ecnn xe gxentnbmensl D, n D cpasy okasannucb NoKpalleHbl B
pasHbIE LBETA, TO HMUKOrO MEPEKPaLLINBATL He byaem.

PaccmoTpum Tenepb Kakoro-Tto elle He MOKpalUeHHOro gxeHtnbmeHa Ei. lNycTb oH oTnpasun wnsny
DKeHTNbMeHy Fy. [xeHTnbmeHn Fo oTnpaBun wnsny axeHtTnbMeHy s n T.g. Ecnm mbl B 3TOi Lenodke

HE BCTPETUM HWN OAHOIO YXKE€ NOKPALUEHHOTO OAXEHTJZIbMEHA, TO NMOKPACUM NUX TAK XKE, KaK 1N LENOHKY Dl,
Doy ...



Ecnu xe kakoii-To gxeHTnbMmeH F,, oKaxeTcs yxe nokpaweH (nycTb 3TO Nepeblii MOKpPaLLeHebIid
AXXEHTNIbMEH B 3TOW LIENOYKE), TO Mbl MOMAJAEM B Y)XKE MOKPALUEHHYIO PaHee LienoyKy, CNefoBaTeNbHO
3aMbIKAETCsl OHA TOXKE B MOKPALLEHHOM [KeHTabMeHe (T.e. Hu K ogHomy u3 FEy, Fsy, ..., E,_1 Mbl He
BepHemcs). [ycTb gxenTnbmen £, nokpaweH B nepebiii ugeT. [lokpacum Torga gxeHtnomenos Ey, Es,

., En_1 BO BTOpOIi 1 TpeTuii uBeTa Yepe3s oguH. [lanblie CHOBA BbIOEpeM HEMOKPALLEHHOIO AXKEHT/b-
MeHa 1 Npofenaem Ty >Xe Onepauuto NOKPacku. 3amMeTuM, YTO Mbl AeliCTBOBaNM TaK, YTO HMKAKOW U3
[KEHT/IbMEHOB He OTMPABASS LWASANY JXXEHT/bMEHY TOrO Xe LBeTa.

[>xentnbmeHos Bcero 30, NokpaLleHbl OHU B TPU LIBETA, CNefOBATENbHO [AXKEHTILMEHOB O4HOIO U3 L|BETOB
He meHee 10. VIx mbl n Bbibepem.
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8 kynacc (yka3aHus aJjisi YKIOPH)

1. [eseramus HeKOTOPO#t cTpanbl Ha OIUMNIHECKAX Urpax Oy/IeT COCTOSIThH U3 CHOPTCMEHOB M U~
HOBHHUKOB. CpeHuil BO3pACT CIIOPTCMEHOB Ha HAYAJIO OJUMINALLI COCTABUT 22 TOJa, 8 YNHOBHUKOB —
47 ner. IIpm 3TOM cpemHUit BO3pacT BCceX WJIEHOB Jiesleraliund OKakeTcda paBHBIM 41 romy. KakoBa B
9TOM Jeseranuu g0/ YMHOBHUKOB? OTBeT 00OCHYITE.

19
O : — =0,76.
TBET 5 ,

Ykazanwme: [lycte B generauuu a CnopTCMeHOB M b YMHOBHMKOB. Torga CymmapHblii BO3pacT CROpT-
CMeHOB paBeH 22a, a 4uHoBHukoB 47h. OTcroga nonyvaem, YTO CyMMAapHbIA BO3PACT BCEX YJIEHOB Ae-

22a + 470 19
neraymm paseH 22a + 47b, cnegoBaTenbHO a—j——b = 41. B utore nony4yaem, uto b = Ea, oTKyfa
a
b 19
= — =0,76.
a+b 25 ’

2. HarypaJibHOE 4nCJI0 HA3bIBACTCS YNPOULEHHbLM, €CJIN OHO SIBJISETCS IPOU3BEIEHIEM POBHO JIBYX
POCTHIX 4nces (He 00si3aTeIbHO pasandHbiX). Kakoe Hambosbilee KOIMIECTBO TTOCIeI0BATETHHBIX
HATYPaJIbHBIX YHCeJ MOXKET OKa3aThCs yHpoméHHbIMu? OTBeT 00OCHYiiTE.

OtseT: Tpu.

Ykazanme: [lpueegem nprmMep Tpex NOCAEA0BATENLHBIX YNCEN, KAXKA0E N3 KOTOPLIX SABJISIETCA YNPOLLEH-
Hbim: 33 =3-11,34=2-17,35=5-7.

MokaxkeM, 4TO YeTbipe NOCNEAOBATENBHBIX HATYPaAIbHbLIX YICAA HE MOTYT OKa3aTbCsA yNpolueHHbiMu. [eii-
CTBUTENBLHO, OAHO M3 3TUX 4mcen obszatensHo genntcs Ha 4. EgnHcTeenHoe yncno, gensuweecs Ha 4 n
ABNSAOLLEECA YNPOLLUEHHbIM, 3TO Yncno 4. Ho yncna 3 n 5 ynpoLeHHbIMI He ABASIKOTCS, CNeAOBaTENBHO
4 He MOXET BXOAUTb HI B KAKYH YMPOLIEHHYIO YETBEPKY.

3. Ha croponax AB u AD Bumcamnoro dersipéxyronbanka ABCD ormedennl Toukn P u ()
COOTBETCTBEHHO TakuM obpasoMm, uto AP = CD, AQ) = BC. JJokaxure, 9410 oTpe3ok P nenurcsa
smaronasibio AC monosaM.

VYkazaume: | cnocob: MNpognum otpesok AQ) 3a Touky A Ha ero gauny go Toukm 1. 3ameTum, 4TO
/ZTAB = 180° — ZBAD, a takxe ZBCD = 180° — ZBAD, cneposatensvo LTAB = /ZBCD.
otctoga nony4daem, 4To Tpeyronshukn T'AP n BC'D paBHbl no gByM CTOpOHaM U yray Mexay Humu. B
yactHoctn LPTA = ZCBD. Yraet CBD wn CAD paBHbl, T.K. OHU ONMpAlOTCs Ha OfHy ayry. Torga
LPTA = ZCAD, cnegosatensho TP || AC. Ho npamas AC npoxogut 4epe3 cepeguHy otpeska 1'Q),
a, 3HAYUT, COAEPXKNT CPEAHIOD nHNto TpeyronbHuka 1T'P(). 1o n o3Ha4vaet, 4To gnaronans AC' gennt
otpesok P() nononam.

Il cnoco6: Otmetum Ha npsmoii AC' Takyto Touky S, uto PS || AD. Torga LZAPS = 180° — ZBAD
n ZBCD = 180° — ZBAD otkyga LAPS = ZBCD. Kpome toro ZPAS = ZCDB n AP = CD.
Orctopa nonyyaem, yto TpeyronsHukn APS n DCB paBHbl no cTopoHe u aBym yrnam. Torga PS =
BC = AQ. B yetbipexyronshiuke APS(Q) ctoponbl AQ) n PS paBHbl 1 napanfiesibHbl, ClefoBaTENbHO
APS(Q — napannenorpaMm 1 ero gmaroHanm AensTcs TO4YKoiW nepecedenms nononam. OTtcioga cnepyet
Tpebyemoe.

4. B 0JHOKPYTOBOM TYpPHHDE YUACTBOBAJIM 21 KOMAH]I (KarK/Ias KOMaH/a ChIrpaia ¢ KayKI0il poB-
HO 110 0JHOMY pa3sy). [lociie oKoHYaHUST TyPHUPA 0KA3A/I0Ch, YTO KazK/[as KOMaH/a ChIrPajia BHUYBIO
CTOJIBKO 7K€ UI'P, CKOJBKO U Bhiurpasa. [Ipu kakux n takoe mMoryio ciaydntbes?! Orser obochyiire.

Otser: [lpu BCcex n, gatowmx npu genenun Ha 3 octatok O wan 2.

VYkazanme: [lpoHymepyem komaHgbl. [lycTb a;, b; n ¢; — KONMYECTBO NODEd, HUYLNX N MOPAXKEHWI COOT-
BETCTBEHHO Y KOMaHAbl C HOMepoM i. [To ycnosuto 3agaun a; = b; gns Bcex ¢ ot 1 go 2n. CnegoBaTtensHo,
ay+as+...4+as, =by+by+ ...+ by, = S. A Tak Kak obLee KONUYECTBO NOPAXKEHU paBHO 0bLLEMY
KonmyecTy noben, Tom ¢; + 3 + ... + ¢o, = S. Takum obpasom,

ai+ag+...+ag, +b+by+ ...+ by, +c1+ca+ ...+ coy = 3S.



C ppyroii CTopoHbI, eBast 4aCTb NOC/ELHEr0 PAaBEHCTBA PaBHA YABOEHHOMY KOJIMYECTBY UTP B TYPHUPE.
Kotopoe, B coto o4epeab, pasHo 2n(2n — 1). CnegoBatensHo, 35S = 2n(2n — 1). Tak kak nesas 4acTb
3TOro paBeHCTBa KpaTHa 3, To uau n uan 2n — 1 kpaTtHo 3. To ectb unu n = 3k nan n = 3k + 2.

1) n = 3k + 2. MNpegnonoxmnm, 4TO KOMaHAa C HOMEPOM ¢ BbIUrpasna y KOMaHA ¢ Homepamn i + 1, i+ 2,
., © + 2k + 1, nponrpana komaHgam c HoMmepamu ¢ — 1, 2 — 2, ..., 1 — (Qk + 1) N CbIFpana BHUYLKO

c octanbHbiMu 2k + 1 komaHgoii (Byaem cunTaTh, HTO HOMEpA KOMaHA LMKANYHbI, TO €CTb KOMaHAA C

HoMmepoMm 2n + 1 — 3To nepBas komaHga u Tak ganee). O4eBNZHO, YTO NPU ITOM Yy KaXKAOW KOMaHAbI

NopoBHy 1 nobea n HUYBbNX.

2) n = 3k. Torga obuiee konMM4eCTBO KOMaHZ Aenutcs Ha 6. Pa3obbem komangbl Ha rpynnbl no 6.

1 2 3 4 5 6
1 05| 0 0 1 0
2105 05| 1 0 1
MNpueegem npumep Tabauubl ans wectm komaug: | 3| 1 |05 05| 0 1 | Jlerko Bungets,
4| 1 0 |05 05| 1
510 1 1 105 0,5
6| 1 0 0 0 [05

4YTO B 3TOM C/ly4ae y BCEX KOMaHJ OAUHAKOBOE KOMMYECTBO HUYbUX U MOPAXEHUIA. Tenepb NokaXkem Kak
AOJDKHBI CbIFpaTh Mexgy coboli KoMaHAbl M3 pasHbiX wwecTepok. [MpoHymepyeM wectepku Ymcnamn 1,
2, ..., k. NycTb B MaT4Yax KOMaHA M3 pa3HbIX LLIECTEPOK KOMAHAA ¢ U3 LUECTEPKM C MEHbLUNM HOMEPOM
BbIUFPaNia y KOMAHA C HOMepamu ¢ U ¢ + 1, npourpana koMaHgaMm ¢ — 2 m % — 1 1 ceirpana BHUYLLO
C OCTaslbHbIMU ABYMsSi KOMAHAAMU U3 LIECTEPKN C DonblMM HOMEPOM (HyMepauusi KOMaHS B LUECTEpPKE
cunTaeTcs umkanyHoi). OYeBngHO, YTO PaBEHCTBO HUYLMX W MOPAXKEHUN OCTAETCS BbIMOJHEHHBIM 15l
BCEX KOMaHJ.
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9 knacc (yka3aHus aJjis YKIOPH)

1. Tanst cocraBusia U3 HATYpaJbHBIX 4ucesg o7 1 10 22 opmHHAAUATH Apodeil (KazKaoe HHcao
HCIOJB30BAHO POBHO OJIMH Pa3 M CTOUT JinbO B dHCIATENe, JUOO B 3HAMEHATee KaKoi-To Apodm).
Kaxkoe HamboJsibIiree KOIMIeCTBO METBIX YUCET MOIJIO MOrydnThed y Tanu? OrBeT obocHyiiTe.

OTBeT: 10.

VYkazanme: Paccmortpum umucna 13, 17, 19. 3Tu yncna — npocTbie N CPpeamn OCTasbHbIX YNCEN HET TEX,
KoTopble Obl Ha Hux genuancek. OHM caMy MOTyT pa3AennTbCs TOAbKO Ha Yucno 1. T.o., no kpaiinei mepe
ofiHa He uenas apobb obszaTenbHO byaeT coctasneHa. [Nokakem Tenepb kak coctaeuTb 11 gpobeii, 10
N3 KOTOPbIX LENbIE:

17 13 22 21 14 15 20 9 18 16 12

01T 7 2 5103 6 8 4

2.CymecTByIOT M HAaTypaJbHbIe YUCIA @, b, ¢ TaKhe, 4TO KaxKjoe u3 Tpéx umcesn a’ + b+ c,
a+b®+c, a+b+c? apagerca Tounpim KBaaparom? OTser obocmyiiTe.

OtrBet: He cywecTtsyioT.

Vkazanme: [pegnonoxum, Takas TPoiika HaTypaNbHbIX YWUCEN CyljecTByeT. Torga uyucno a’ + b + c
ABNAETCA TOYHBIM KBagpaToM n a’+b-+c > a?. OTcroga nonyyaem, yto a’+b-+c > (a—|—1)2 = a’+2a+1,
T.e. b+c > 2a+1. Avanornyno a+c > 2b+1wun a+b > 2c+ 1. CknagbiBast 3T HepaBeHCTBA, NOJy4Yaem
2a + 2b+ 2¢ > 2a + 2b + 2¢ + 3, 4TO HEBO3MOXHO.

3. B pasnobenpennom tpeyronbiauke ABC (AC = BC') na cropone BC BbiGpana touka D Tak,

ayro BD = 2CD. Ha orpeske AD BwiOpana touka P rak, yro /BPD = /BAC. JJokaxkure, 4T0
ZCPB =90°.
Ykazanme: [pognium ctopoHy AC' TpeyronbHuka 3a Touky C' Ha ee anmHy go Todkmn (. B TpeyronbHuke
AQB otpesok BC' aBnsietcs meamaHoii, a Todka D genuT ee B oTHoweHun 2 : 1, cnegoeatensHo D —
To4Yka nepecedennss meguan tpeyronbHuka AQB. lycte H — Touka nepecevenuns AD c¢ BQ. Torga
H — cepeaunna otpeska B(Q). Kpome toro C() = AC = BC', cnegosatensio CH 1 B(@). Otpesok CH
ABnsieTCs cpefHeli nuHmeid TpeyronsHuka AQ B, cnegosatensio CH || AB, a, 3Haunt, ZHCB = ZABC.
Ho ZABC = ZBAC = BPD, 1.e. ZHCB = ZHPB. Otcioga nony4aem, 4TO YE€TbIPeXyroabHIK
PCH B BnucanHebiii, a nockonsky ZCHB = 90°, o ZCPB = 90°.

4. B rpynme u3 2013 srozeit j1o0bie 1BOe UMEIOT POBHO OJHOTO 00Iero 3unakomoro. Jlokaxkure,
9TO B 3TOIl rpymnie Haii/IETCA YeJ0BEK, 3HAKOMBIN CO BCEMU OCTAJIHHBIMHA.

Ykazanme: Buibepem yenoeeka y koToporo Hanbosnbliee yncio 3Hakombix. Hazosem ero A. MNycts By,
Bs, ..., B, —ero 3Hakomsle. JIerko noHs e, 4To y A bosblue AByx 3HaKOMbIX, T. €. 1. > 3. lNockonbky y A
n B; ponxen 6bITh poBHO oMK 0bwmii 3HaKoMBIiA, To BCe B; (i = 1,71) pa3bueatoTcs Ha Napbl 3HAKOMBIX.
Paccyxgasi aHanorn4Ho, MoXKHO NokasaTb YTO KaXKAblli HENOBEK rPynnbl UMEET HYETHOE HNCIO 3HAKOMbIX.
Torpa n = 2k n moxem cumntaTb, 4TO By 3Hakom ¢ By, B3 3Hakom ¢ By, ..., B,_1 3Hakom ¢ B,,. Ecin
A 3HaKOM CO BCEMI OCTasibHBIMM OABMU FPyNnbl, TO TpeboBaHme 3aaadm BbinoaHeHo. [Mpeanonoxmum B
KOMMaHWM eCTb NOAN, OTAnYHbIe OT By, ..., B,. Torga kaxabiii n3 Hux nmeet ¢ A obuiero smakomoro,
T. €. 3HaKOM C ogHuM n3 B;. Pasgenum octanbHbix mogeii Ha n rpynn @, $o, ..., &, Takum obpasom,
yto B rpynny ®, BxoaaT ntogm 3Hakomble ¢ B;. B cuny Hawero npegnonoxenms He Bce rpynnbl P,
nyctol. [lycte 7; — yncno nwogeii B rpynne ®;. Mycts B @1 ectb yenosek C. VYV C' u B3 gonxeH bbiTh
POBHO OAWH OBWMI 3HAKOMBI. ITO HE MOXET ObiTe A nnu By, cnegoBaTesibHO 3TO YENOBEK U3 FPynnbl
®3. T.o., mexay rpynnamu ®; n ®y MOXeT ObITb YCTAaHOBNEHHO B3aUMHO OZHO3HAYHOE COOTBETCTBUE,
CNefoBaTeNibHO 71 = 73. AHANOrMYHO MOXHO MOKa3aTk, 4TO 7; = 1j Ans Beex ¢ u j. [NycTb ¢ — konnyecTso
mogeii B kaxgoii ns rpynn ®,;. V By Bcero t + 2 3HakoMbIx: ¢ 3HakoMbIX B Py 1 euwle aABa 3HaKOMbIX A 1
Bs. MNockonbky BCero y By foMKHO ObITb YETHOE HMCIO 3HAKOMbIX, TO t — YETHOE YUCIIO.

Bcero B a1oii rpynne 1 + n + nt venosek, cnegosatensHo n(l +¢) = 2012 = 4 - 503. Yucno t +1 > 1
n aensieTcsa HevyeTHbIM genutenem 2012, cnepgosatenbHo ¢ + 1 = 503, 1.e. t = 502. Ho torapa n = 4 n
4KCNO 3HAKOMBIX y By bonblue yem y A, 4To npoTueopednT BhIbOpPY A.



Tperwuii stan BeeykpanHcKoil oMuMIua bl MKOJILHAKOB IO MaTeMAaTHKe
(XapbkoBckasi 06sacth) 3 despasist 2014 roja

10 ksacc (yka3saHusi JJjisi >KIOpH)
1. Pemmure B meJbIX 4ucIax ypasHenue mn —m = n3 + n? — 5.

Otser: Mapbl (m,n) moryt npuHnmats 3uavenns (5,0), (7,2), (3,—2), (25,4).

Vkazanue: [lpeobpasyem ypaeHeHue k Bugy m(n — 1) = n® + n? — 5. Jlerko nposeputsb, 4to n = 1
YCNIOBMIO HE YAOBNETEOPSET, CeA0BATE/IbHO NPaBas Y4acTb NOJYHEHHOrO PaBEHCTBA AOJIKHA AENNTLCS Ha
n—1.Hon*+n?—5= (n—1)(n?+2n+2) — 3, cnegosatensho 3 genutcsa Ha n— 1. Toraa n — 1 moxeT
NPUHUMATL 3HadeHns +1 u £3, T.e. n MoxeT ObITh paBHo 0, 2, —2, 4. [1ns KaXKAoro N3 HUX HAXOAUM
COOTBETCTBYIOLLIEE 3HAYEHME M.

2. B ropoae N mpooaurcst pyrOOIBHBIA TYPHEP, B KOTOPOM KazK/1asi KOMAH/IA JI0JI2KHA ChIIPATH
¢ KazKJI0# POBHO 10 OjfHOMY pasy. [locjie HeKOTOPOro KoJIM4ecTBa ChI'PAHHBIX UI'D BBISICHHJIOCH, YTO
JIFOOBIE D KOMaH MOYKHO PACIOI0KHUTH 110 KPYT'y TaK, 9TO KayK/[asd KOMaH/Ia Y Ke ChII'paJjia CO CBOUMHU
cocesigMu. JloKazKuTe, 9TO MOYKHO COCTABUTH PACIUCAHKE TAKUM 00Pa30M, 9TOObI 3a TPHU JIHSA TYPHUD
3aKOHYMJICS, TPUIEM KazKJIbplil JIeHb KaxKJas KOMaH a urpaJja Obl He Dojiee OJJHOTO MaTda.

Vkazaume: /13 ycnosus ciefyer, 4To KaXKaasi KOMaHAa MOF/a He CbirpaTe MakCUMyM ABa mat4a (ecam
ecTb komaHga A n ewge Tpu komanabl B, C, D c koTopbiMn OHa He cbirpana, To ans nartepkn A, B,
C, D, E He BbinonHeHo ycnosue 3agauym). PaccmoTpum rpad B KOTOPOM BEPLUMHBI — 3TO KOMaHfbI,
a [1Be BEPLUMHbI COEAINHEHbI PEOPOM, eCin COOTBETCTBYIOLLME KOMaHAbI €LUE HE WUrpanu mexay coboii.
CreneHb KaX[oii BepluMHbI He DOsiblue ABYX, MO3TOMY BECb rpad pa3bmBaeTCsi Ha MPOCTbIE LNKIbI 1
yenouku (Uukbl 6e3 ogHOro pebpa), Takxke MOryT ObiTb BEPLUNHBI HE COEAUHEHHBIE C OCTasIbHBIMK (ecn
COOTBETCTBYIOLLIAsH KOMAHAA Cbirpana BCe CBOU urpbl). PaccmoTpum HekoTopyto Lenouky. [poHymepyem
KaMaHgbl B Heil yncnamm ot 1 go n. Wrpel mexay komangammn L n 2, 3 n 4, 5un 6, ... npoeegem B nepsbilii
AeHb, a urpbl mexay komangamm 2 u 3, 4 u 5, 6 n 7 npoeegem BO BTOpOIi AeHb. PaccmoTpum Tenepb
unkn n3 m eepwuH. Nrpy mexagy komangamut 1 v m HasHa4YMM Ha TPeTWii AeHb, a Ast OCTaJIbHbIX — TaK
Xe, KaK 1 AN LUenoYvku.

3. Cymecrnyer i dyuknusa [ : R — R, takas, 910 1,1 KaxKI0ro0 IedCTBUTEILHOO i CYIIECTBYeT
JeiicTBuTebHOE T Takoe, uTo f() = Y, n npu BCex AefCTBATENLHBIX T BBIIIOJHEHO PABEHCTBO

f(f(2) = (z = 1)f(x) +27

Orser obocnyiire.
OtBeT: He cyuwecTtsyioT.

Vkazanue: [pegnonoxnm Takas yHkums cywecTtsyeT. [ycTb Ans HEKOTOPLIX T U Y OKAa3anocb, HYTO
f(x) = f(y). Torga f(f(x)) = f(f(y)), cnepoeatensro (z — 1) f(z) = (y — 1) f(x). Otcropa nonyyaem,
yTo b0 x = y, nmbo f(x) = 0.

Monoxum = = 1. Torga f(f(1)) = 2. CywectByeT Takoe BewecTBeHHOe T, 4T0 f(x9) = 0. Torpa
f(f(zo)) = f(0) = (kg — 1) f(x0) +2 = 2. T.o., f(0) = f(f(1)) = 2, cnegosatenbho f(1) = 0.
Monoxum Teneps x = 0. Torga f(f(0)) = f(2) =—f(0)+2=0, r.e. f(2)=0.

PaccmoTpum Takoe BewectBeHHoe 71, 4To f(x1) = 1. Torga 0 = f(1) = f(f(z1)) = (21 — 1) + 2,
cnegosatensHo (x1 — 1) +2 = 0, otkyga x1 = —1. PaccmoTpum, HakoHey o Takoe, 4To f(x9) = —1.
Torga 1 = f(—1) = f(f(z2)) = —(x2 — 1) + 2, oTkyma z2 = 2. Ho Torga nonyvaem, 4yto f(2) = —1, a
paHbLue 6bi10 gokasaHo, 4to f(2) = 0. MpoTueopeune.

4. B gernipéxyrompuuke ABC' D nuaronamun AC' u BD paBHbl 1 iepecekaiorcs B Touke P. OKpyxK-
HOCTH W1 U Wy OIKUCAHBI BOKPYT TpeyroiibHuKoB ABP u C'DP ¢ooTBeTCTBEHHO, a UX HEHTPbl 0003Ha-
qenbl Op u Oy. Orpe3ok BC' moOBTOPHO nepecekaer wy U wy B Toukax S u 1’ coorBercTBeHHO. TOUKM
M u N — cepemqunnt gyt SP u T'P okpyKHOCTEHl Wi 1 Wwo, He comepxkamux Touek B u C. Jlokaxknre,
qro M N || O10.

VYkazarame: 0603Ha4um () BTOPYHO TOYKY NMEPECEYEHUs] OKPYXHOCTEN wi 1 wy. Nockonbky L PCQ =
/ZPDQ, /PAQ = ZPBQ, a AC = BD, 1o tpeyronsiukn AQC n BQD pasHbl. Torga ZAQC =
ZBQD, otkyga nonydaem, 4to LAQB = ZCQD. 13 paBeHCTBa TPEYroNibHUKOB TaKXe C/IeAYeT, HTO



AQ = QB n CQ = @QD. T.o., tpeyronbhuku AQB n CQD pasHobegpeHHble C paBHbIMIA yraamm
npu BepwmHe. Torga yrnibl Npu OCHOBaHMM y HUX Toxe pasHbl, T.e. Z(AB,BQ) = Z(QC,CD). Ho
Z(AB,BQ) = Z(AP, PQ), a Z(QC,CD) = Z(QP, PD), cnegosatensio ZAPQ = ZDPQ), otkyaa
nony4aem, 4to npsamas P(Q) — buccektpuca septukanbHeix yrnos APD n BPC'. Touka M — cepeguHa
ayrm S P, cnegosatensio BM — buccektpuca yrna CBP. Touka N — cepeguna gyru TP, cnegoBaTenbHO
CN - buccektpuca yrna BCP. B ntore nonyyaem, uto npsimeie BM, CN, P() — buccektpucsl yrios
TpeyronbHuka BPC, a, 3HaunT, oHM nepecekatoTcs B ogHoii Touke. ObosHaumm 3Ty Touky . FlcHo,
4yto [ — ueHTp BnMcaHHOl OKpyxHocTu TpeyrosibHuka BPC'. lMockonbky I nexuT Ha npsimoin PQ) —
PafNKanbHONM OCU OKPYXHOCTEN wq U wy, To IM - IB = IN - IC, cnegoBaTenbHO YeTbIPEXYrofibHUK
BMNC — BnucanHbiii. Torga npsimble BC' n M N — aHTunapannenbHbl OTHOCUTENBHO NpsiMbix [ B 1
IC'. 3ametum, 4To nockonbky npamas P(Q) asnsetcs buccektpucoii yrna BPC, To oHa npoxoauT 4Yepes
cepeaunny R gyrn BC' onuncaHHoii okpyxHoctu Tpeyronsiuka BPC'. [lo Teopeme 0 TPUANCTHNKE TOYKa
R aBnsieTcs ueHTpOM onmcaHHo okpyxHocTn Tpeyrosibhuka BIC. Torga, B cuny aHTunapaniensHocTu
npsambix BC' u M N nonyvaem, uto PQ L MN. C gpyroii ctoponsl PQ L O10; (1.k. obwas xopaa
ABYX OKPY>XHOCTEl nepneHankynsipHa nx nauuun uentpos). Otcioga nonyyaem, 4to MN || Oy Ps.



Tperwuii stan BeeykpanHcKoil oMuMIua bl MKOJILHAKOB IO MaTeMAaTHKe
(XapbkoBckasi 06sacth) 3 despasist 2014 roja

11 kaacc (ykasaHus AJjisl 2KIOpH)

1. V3BecTHO, 4TO i JeHCTBUTENLHBIX T, 1/, Z BBIIOJHEHB paBeHcTsa T2 +y = y? + 2z = 2% + x.
Jlokazkure, 94TO 3+ y3 +23 = :L‘y2 + y22 + 22,
Vkazanme: /13 gaHHoro B ycnoeum paseHcTBa cneayeT, uto z° + xy = xy® + zx, y° +yz = y22 + v,
22+ 1z = 222 + yz. Cnoxum nonyuenHsle pasenctsa: 12 + y° + 23 + oy + 22 +yz = 2y? +y22 + 22® +
xy + xz + yz, oTKyaa n cnegyet Tpebyemoe.

2. Tumyp J10/I2K€H MOKPbHITH KBaJIPATHBIN KJIeTYaThiil cTOJI 1 X N cajiperkamu 2 X 2, u300-
paxénnbivu Ha pucynke. Canderok y Hero neorpanmdentnoe anciao. Kaxmgas canderka MO)KGTE
HMOKPBIBATH POBHO YeTHIPE KJIETKH CTOJIa. Bee KJIeTKH CTOJA JIOJIZKHBI OBITH MOKPBLITHI, caadeTKu
MOTYT HAKJIAJIBIBATHCS JPYT HA JIPyra, HO He MOTYT BLIXOJUTH 3a rpaHuiyy crona. Camaderku Moxk-
HO TIOBOpa4YMBaTh. Kakoe HamMeHbITee YUCJIO YEPHBIX KJIETOK MOXKET OCTAThCS BHIUMBIM? OTBeT
obocHyiire.

OTBeT: N KAETOK.

Ykazauume: 3aMeTuM, 4TO B KaXAOM CTonbue Ha camoii BepxHeii candetke obsizaTenbHo byaet BuaHa
yepHas KJeTka. lorga BUAWMBIMI OCTaJNCh MO KpaiiHel mepe 7 4yepHbix knetok. MoxHo gobutbcs
TOrO, 4TO YepHbIE KIETKN OCTaHyTCs TONbKO Ha MNaBHOW gmaroHanu (gmaroHanu, uaylieii n3 nesoro
BEPXHEro yrna B npaseblii HUKHMI). [onoxum cHavana candeTky B neBblii HUXKHWMIE yron. YepHble KneTkn
celi4ac pacrnosioxkeHbl Ha guaroHann gauHoi 2. MNonoxum gee candeTkn Tak, 4TODObI 3TN YepHbIe KJIETKM
HaKpLINNCL DenbiMmM, a YepHble Tenepb ObLIN pacnonoXeHbl Ha guaroHanu gnudon 3. danbwe casuHem
YepHble Ha AmMaroHanb AavHoi 4 u T. 4. B utore nonyuynm koHduUrypaumuo npm KOTOpPOii YepHble KNETKU
PacCrnoioXKeHbl Ha [IAaBHOM AWAroHaan U BCE KNETKW NOA 3TOW AMAroHasbio YXKe HaKpbIThl candeTkamu.
AHanorn4yHoO Hakpoem candeTkamil KJETKN, PaCchoIOKEHHbBIE BbILLE FNaBHO AMAroHanm.

3. Ilyctp w — onucannas oKpyKHOCTb Tpeyroibauka ABC'. JIpyras OKpyzKHOCTb, MPOXO/ISIIAsT
gepe3 Toukn A u C, nepecekaer orpesku BC' u BA B roukax D u E coorBercrBenno. IIpsambie AD
u C'E moBTOpHO TepecekaloT w B Toukax G u H coorBercTBenHo. KacarenbHble K OKPYKHOCTH W,
nposejiennbie B Toukax A u C') nepecekaror npsimyto DFE B roukax L u M coorBercrBenHo. /lokazkure,
aro npsivmbie LH uw MG nepecekaiorcsi B TOUKe, IPUHA/IIEKATIEH W.

VYkazaume: 0603Haunm P Touky nepecedenus npsmoii LH v w. Jokaxem, uyto Toukn E, P, B, D
NeXaT Ha OBHOI OKPYXHOCTM (TOrga aHaNOrMYHO MOXHO NOKasaTk, 4To n MG nepecekaeT w B TO4Ke C
TaKVM XKe CBOVCTBOM, a OKPY>XXHOCTI OMMCAHHAS OKPYXXHOCTb TpeyrofbHuka F B D MOXeT nMeTb C w NnLlb
ofiHy obuyto Touky, otanuHyto oT B). 3ametum, uto LLAE = ZACD n ZLEA = 180° — LZAED =
ZACD. T.o.,, ZLAE = ZLFEA, cnepoeatensHo LE = LA. lNlo Teopeme 0 KBagpaTe KacaTesbHO
LA? = LH - LP. Torga LE? = LH - LP, a 370 o3HayaeT, 4yto LE — KacaTenbHasi K OKPY>XHOCTH,
onucaHHol Bokpyr TpeyronsHuka FH P. Otcioga cnegyeT paBeHCTBO HanpaenewHbix yros Z(EH, HP)
n Z(DE,EP). Ho Touku H, P, B, C nexat Ha ogHoii OKpyXxHocTu, cnegosatensHo Z(EH, HP) =
Z(CH,HP) = Z(CB, BP), T.e. BbinonneHo pasenctso Z(DE, EP) = /Z(CB, BP) = Z(DB, BP), vo

3TO 1 O3Ha4vaeT, 4To Toukn E, P, B, D nexaT Ha OHOI OKPYXXHOCTN.

4. Cepézka X04eT MOKPACUTH BCE IEJIble YNCIa B HECKOJIBKO IIBETOB TaK, YTOOBI UNCIA, PA3ZHOCTH
KOTOPBIX sIBJISI€TCSI TOYHOI CTelleHblo, ObLIN IOKpAIleHbl B pa3Hble IBeTa. XBATHT JIH €My KOHed-
Horo uncia nseroB? Oreer obocHyiire. (TouHOIl CTeNEeHBIO HAZBIBAETCS YUCIO BUJIA n*. rnenuk -
HATYpaJbHBIE TUCIA, TPUIEM k > 2.)

Orser: Hert.

VYkazanme: [lns gokasaTenbCTBa Mbl HaliAEM TaKUe HATypasibHble YNCNA a1, Ao, A3, . .., A,, YTO JIODas
PasHOCTb a; — @; SABNSIETCA TOYHO LieNoii CTeneHbio. Toraa LBETOB AOKHO bbITh X0Ts bbl 1. [locTpouns
Takoii Habop ansa ntoboro n, NPUAEM K NPOTUBOPEYNIO.

MocTpoeHne nposeaem no uHaykumm. B kavectse 6asbl BosbmeM n = 2, a; = 1, as = 2. lNepexog ot n
kK n + 1. [ycTb yxe noctpoensl ay, as, ..., a,. BosbMem 3a a,,.1 NPOM3BONLHOE €Lle He B3ATOE YUCIIO.
[ns pocTuxeHus ycnosusi byaem yMHOXaTb BECb HAbOp ay, a9, ..., Ay, Gny1 HA OGHO U TOXKE HMCIO.



A VMeHHO, ecnn G,y — G; HEe SABNSIETCA TOYHOW cTeneHbto, a ki, ko, ..., k,, — BCe nokasaTtenu
cTeneHeli B Halleil KOHCTPYKLN, TO YMHOXMB BCe Yncna Ha (a, 1 — a;)"k2*m pce pasHocTu, koTopbie
ObIIN TOYHBIMU CTENEHSIMU — OCTaHYTCA UMW, a a,1 — a; — cTaHeT. Caenae Tak, ecam Heobxogmumo, ans
BCex ¢ OT 1 O 1, Mbl CAeMaeM BCE PA3HOCTU TOYHLIMU CTEMEHSIMMU.



