XLIX YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. KUPOB, 17-23.02.2017
MATEMATHNYECKASA OJIMMIINA JTA 18.02.2017

SAJAHUSA JJ14 6 KITACCA

1. Bacs pazpesan npsMOyroJIbHUK Ha JIBa MPSMOYTOJIbHUKA, CyMMa IEPUMETPOB KOTOPHIX
paBHa 100. Ilers pa3pe3an Takoil ke HMPSAMOYTOJbHHUK Ha JiBa NMPSMOYTOJIbHUKA, CyMMa
nepuMeTpoB KOTopbiX paBHa 140. Yemy Mor OBITh paBEeH IEPUMETP HCXOJHOTO
IpSIMOYTOJIbBHUKA?

2. Ha npsimoit otmeueno 20 touyek. Ha kaxaol M3 OTMEUEHHBIX TOYEK HANHMCaHa CymMma
PAcCTOAHUM OT HEE IO BCEX OCTAIILHBIX OTMEYEHHBIX TOUEK. MOTyT 1M HalMCaHHbIE YUCia
OBITh JBaLATBHIO MOCJIENI0BATEIbHBIMA HATYpPAJIbHBIMUA YHCIAMH B KaKOM-TO HOpsAKe?
(PaccTostHust M@Ky TOUKaMH HE 00s3aTEIbHO HATypaIbHbBIE).

3. B psan Beimucana 101 mudpa: Hynu v eAMHULIBL. 3aTeM I KaXX0M HeKpanHel 1udpsl
a BeIOMpaeTcs nudpa, KoTopast XoTs Obl IBAXK/IBI BCTPEUACTCS CPEIH a U €€ coceiel cieBa
U crpaBa, u 3Ta 1u@dpa 3anuceiBaerca noja a. C moxydeHHOM cTpoukoil u3 99 1udp
JIeaeTcs Ta )Ke omeparys, u T.1., I0Ka He MoxyduTcs onHa mudpa. Okazanochk, 4To 3Ta
mudpa — equauma. [Ipn kakoM HaUMEHBIIIEM KOJUYECTBE UCXOMHBIX €AUHUIL 3TO MOTJIO
MOTYYUTHCS ?

4, KBagpar 9x9 kietok pa3ouT Ha KBajgpaThl 3x3 U NPAMOYTOJIbHUKH 1x2 (HOMHHOIIKH),
npuaéM Kakaas JTOMHUHOIIKA MMEET OO OTPe30K ¢ KaKMM-HHUOYyIb KBagpaTtoM 3x3.
Kakoe HauMeHbIIIee 4nciao KBaapaToB 3X3 MOXKET OBITh B 3TOM pa3OneHun?

5. Ha nocke Hamucanbl 55 mudp: oHa €IMHULIA, ABE TBOWKHU, TP TPOUKU U T. 1., I€BAThH
NEBATOK, AecATh HyJien. [leTss coctaBun u3 HUX 25-3Ha4yHOE 4ucio, a Bacs coctaBuin 30-
3HAYHOE YMCJIO U3 OCTAIBHBIX HHUGP. MOXKET JIu MPOU3BEICHUE ITUX JIBYX UYUCEN ObITh
YHUCIIOM, COCTOSIIUM U3 OJHHUX €IUHUIL?
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SAJAHUSA JJ1A 7 KITACCA

1. Ha nopsimoii otmeueno 100 paziuuHbIX TOodeK. [ KaK10i TOYKH MOCUUTATU CYMMY
PaCCTOSTHUM OT 3TOM TOYKHU JO0 BCEX OCTAIbHBIX. MoryT i Bce 100 mosiydeHHBIX YHCEN
OBITh pa3TUIHBIMU?

2. B psapa Beimucana 101 nudpa: Hylu 1 eAMHULIBL. 3aTeM I KaXK10M HeKpalHel 1iudpsl
a BeIOMpaeTcs uudpa, KoTopast XoTs Obl JBAXK/IbI BCTPEUAETCS CPEAM & U €€ COcelIe cleBa
U crpasa, U 3Ta nu@pa 3anuceiBaerca noja a. C momydeHHOR cTpoukoi u3 99 nudp
JeaeTcs Ta )Ke onepauus, U T.1., I0Ka He MOoIy4yuTcs onHa nu@dpa. Okazanoch, 4To 3Ta
muppa — 1. Ilpu KakoM HauMMEHbIIEM KOJIMYECTBE HCXOJHBIX EIUHUI[ 3TO MOIJIO
MOJTYYUTHCS?

3. YUncna a, b, ¢ u d ymosunersopsior cootHomeHuro a’*+b%+(a+b)? = c>+d*+(c+d)>
Jlokaxwure, uto a‘*+b*+(a+b)* = c*+d*+(c+d)*.

4. Ha 6oxkoBbix cropoHax AB u AC paBHoOenpenHoro tpeyronbHuka ABC oTmedeHsl
touku K u L coorBerctBenHo. Oxkaszanock, uto AK=CL n ZALK+ZBKL =60°.
Hoxaxwure, uro KL = BC.

5. JTano HatypanbHOe N. JIOKaXHUTE, YTO Y JFOOBIX LENBIX YUCEN a1, 82, ..., @n+1 CYIIECTBYET
nepectaHoBka D1, b2, ..., ba+1 Takas, uro (b1—02)(b2—b3)...(bn—bn+1) xpaTHO NI,
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1. B psina Bemmucana 101 mudpa: Hyau v eIMHUIBL. 3aTeM I KaXI0M HeKpaitHel mudpbl
a BeIOupaetcs nuudpa, KoTopas X0Ts ObI JBaXK]IBI BCTPEUACTCS Cpelid & U €€ coceiel cieBa
U crpaBa, U 3Ta 1mudpa 3anuceiBaetcs noj a. C moaydeHHOM cTpoukod u3 99 mudp
JIeIaeTcsl Ta )Ke omnepanus, 1 T.1., I0Ka He MoXy4duTcs ojnHa mudpa. Okaszanoch, 4To 3Ta
nuuppa — 1. Ilpy KakOM HaMMEHBIIEM KOJMYECTBE HCXOJHBIX EIUHUI[ 3TO MOIJIO
MOJTYYUTHCS?

2. B Bemykiom mectuyroibauke ABCDEF yrawer npu Bepmmnax B, C, E u F paBHsI, a
npsimbie BC u EF mapamnensasl. Jlokaxute, uto AB+AF = CD+DE.

3. lano HaTypasibHOE N. JIOKa)KUTE, YTO Y JIFOOBIX IEIBIX YUCEI a1, 82, ..., d2n+1 CYIIECTBYET
nepecranoBka b1, by, ..., ban+1 Takas, aro (b1—b2)(bs—ba)...(b2n1—b2n) xpatHO 2"-N1,

4. Ha crone cTosT TpH CTOINKHU IUCKOB. B Kak101 cTOnKe CHU3Y Jexkar 1 1 4€pHbIX JUCKOB,
notoM 10 6enbix, moToM 9 4€pHbIX, 8§ OeNbIX, ..., | Y€pHbIil. AHA U bops o ouepeau GepyT
IVCKU U3 CTONOK. Ka)apIM X0/10M HYKHO B3SITh HECKOJIBKO OJHOLIBETHBIX IUCKOB C BEpXa
oaHoil cronku. Haumnaer Amns. IIpourpeiBaeT TOT, KTO B3s1 mocieaHuil auck. Kto
BBIUTPAET TP MTPABUIILHOM UTPE?

5. BemectBeHHble yncia a, b U C jmexar Ha nmpoMmexytke [—2;2]. Kakoe nHambonbiee
3HAYEHHME MOKET NpMHUMATh |[a*—bc+1|+|b?—ca+1|+|c>-ab+1|?
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Penrenus 3a1a4 JUYHON 0JIUMIHNAALI 6 Ki1acca

3apaua 1. Bacsa paspesan npamoy20ibHuK Ha 084 NPAMOY2OJbHUKA, CyMMa nepumempog komopuix pasena 100. [lems
paspesan makou dHce npsAMOY2oabHUK HA 084 NPAMOY20IbHUKA, CYMMA nepumempos komopuix paena 140. Qemy moe
ObIMb pasen nepumemp UCX0OH020 NPAMOY20JbHUKA?

Ortsert. 80. Pemrenue. Ilycts cTopoHbl mpsiMoyronbHUKa paBHbl & U Db.IToHsTHO, uTO Bacs pes3an mpsMoyrojbHUK
MapajieTbHO OJHOM Mape CTOpoH, a [lets — mapamnensHo Apyrou. [Ipy aTom cymma mepuMeTpoB NpsiMOYTOJIbHHUKOB
y OJHOTO M3 HHUX IMMOJy4HiIach paBHoi 2a+4b, a y apyroro — 2b+4a. B cymme 310 maér 6a+6b, 10 ecTh yTpOeHHbIH
MEPUMETP HCXOJHOTO MPAMOYTOJIbHUKA. Takum 00pa3oMm, NEepUMETpP HCXOJHOTO TMPSMOYTOJIbHUKA PaBEH

(100+140)/3 = 80.

3anaua 2. Ha npsamou ommeueno 20 mouex. Ha kaxcooii uz ommeueHnvlx modex Hanucama CyMma paccmosiHull om Heé
00 6Cex OCMANbHLIX OmMeyeHHblx moyek. Moeym nu manucanHvle yucia Oblmb 08A0YAMbBIO NOCIE008aMENbHBIMU
HamypanbHbIMU YUCIaMU 8 Kakom-mo nopsaoke? (Paccmosanus medxcoy moukamu He 00a3amenbHO HAMypaibHble)

Ortget. He moryt. Pemienue. [Iponymepyem ToOUKH B OpsiiKe, B KOTOPOM OHHM Jiexkat Ha npsimoi. [Ipu nepexone ot 10-
oii Toukn K 1l-oif 10 paccrossHWEi yMEHBIIAIOTCS Ha paccTosHHe Mexay 10-oif m 11-off Toukamu, a 10 —
YBEITMYHMBAIOTCS (MBI CYMTAEM 3/1€Ch, YTO PACCTOSIHIE OT TOUYKH 10 He€ camoii paBHO 0 1 mpunucsiBaeM 3T0T 0 K cymMme
pacCTOSIHUK ), TIOATOMY CyMMa pacCTOSTHHI He MeHsieTcsl. TakuMm o0pa3oM, cyMMbl pacctosiHui oT 10-0if u 11-0# Todek
710 BCEX OCTAJIbHBIX PABHBI, a cpeu 20 Nociae10BaTeNIbHBIX HATYypaIbHBIX YHCET HET PaBHBIX.

3anaua 3. B pso evinucana 101 yugpa: nynu u eOunuysvl. 3amem 015t Ka#cOoU HeKpatinel yugpul a avloupaemcs yughpa,
Komopas xoms Ovl 08axicObl 6CmMpedaemcs cpedu a u eé cocedell cleéd U cnpasa, u ma yugpa zanucviéaemcs noo da.
C nonyuennoti cmpouxoti uz 99 yughp oenaemcs ma dxe onepayus, u m.o., NOKa He noay4umcs ooHa yugpa. Oxkasanoco,
umo sma yugpa —eounuya. Ilpu kakom HaumeHbUem KOIULecmae UCXOOHbIX eOUHUY IO MO0 NOLYVUUMbCA?

OtBer. 2. Pemenue. IloHATHO, 4YTO OnHA eAMHUIIA TOTMOHET IMOCIE MEPBOTO K€ XonIa. A BOT JIBE €IMHHIIBI,
pacnosnoxxeHHble Ha 50-M 1 51-M MecTax, BBIKUBYT, Ja)Ke €CIIM Ha OCTaIbHBIX MecTax OyayT Hynu. B camom zaene, nocne
Ka)XJIOr0 XO0J/1a LETIOYKU Hyled ¢ 00eux CTOpOH OyAyT yKOpauMBaThCs Ha OJUH HYJb, a €UHUIIBI B LIEHTpe OyayT
coxpansaTbed. [Tocne 49-ro xona HynM clipaBa UCYE3HYT, a CJIeBa OCTAHETCs! OJUH HYJIb, U 1ocsie 50-To Xo/aa ocTaHeTcs
OJlHA €VHULA.

3anaua 4. Keaopam 9x9 knemok pazoum na keadpamul 3 x3 u npamoyeonvHuxu 1 x2 (Oomunowku), npuuém xkaxcoas
OOMUHOWIKA UMeem 0OWull Ompe3oK ¢ Kakum-Huoyow keaopamom 3x3. Kaxoe naumenvuiee yucio xeaopamos 3x3
Modicem Oblmb 8 IMoM pazouenuu?

Otser. 5. Pemenue. [IpsMOyroiabHUK, COCTaBICHHBIN U3 TPEX BEPXHHUX CTPOK KBajpara 9x9, OIKHBI IepecekaTh XOTs
ObI 1Ba KBaj(paTa 3x3 — MHa4Ye HAIETCS JOMUHOIIIKA, TIEPECEKAOIIas BEPXHIOIO CTPOKY U YAaJIEHHAS OT OJIMKalIero
kBazpara 3x3 X0Ts Obl HA OJHY KJIETOUKY. [IpSIMOYTONIBHHUK U3 TPEX HIDKHUX CTPOK TAK)Ke JOJDKHBI IIEPEeCeKaTh XOTs
Ob1 1Ba kBajapara 3x3. OIHOBpEMEHHO MepecekaTh 00a MPSAMOYTrOoJNbHUKA OMH KBaupaT 3x3 He Moxer. [lostomy
KBapaToB 3x3 OIHKHO OBITH XOTA Obl ueThipe. Ho poBHO ueThIpe ux OBbITH HE MOXKET, TaK KaK TOTAA JOMHUHOIIKAMH
HaJlo0 OyzeT 3aMocTUTh HeuéTHoe unciio (81-36 = 45) kierouek, yTo HeBO3MOXkHO. [ToaTomy kBaapaToB 3x3 XOTs ObI
Tk, [Ipumep pazOuenus, Koraa KBaJpaToB POBHO ISATh, CTPOUTCS, HalpHMeEp, Tak. BepxHue 1Be CTPOKH MOCTUM
JIEBATHIO BEPTUKAIBHBIMU JOMUHOIIIKAMH, TP CIECAYIOIINX CTPOKH MOCTUM TpeMsl KBaJipaTaMu 3x3, emmé JBa KBaapaTta
3x3 pasmerniaeM Bo 2—4 u 7-9 cronduax Tpéx HIKHHX CTPOK, MPOMEKYTOK MEXIy STUMH KBaJpaTaMu 3aIoHICM
TpeMs TOPHU30HTATLHBIMU JJOMUHOIIKAMH, ITyCThIE KIIETKH TIEPBOTO CTOJIONA — JABYMsSI BEpTUKATBHBIMH IOMHHOIITKAMH,
1, HAKOHEIl, § MyCTHIX KIETOK YeTBEPTOM CTPOKU — YETHIPbMS TOPU3OHTAILHBIMH JJOMUHOIIKAMHU.

3anaua 5. Ha oocke nanucamnvl 55 yughp: oOHa eounuya, 0ée 080UKU, MPU MPOUKU U M. 0., 0e6Mmb 0eBMOK, 0eCamb
nyneu. Ilemsi cocmaeun uz Hux 25-3naunoe yucio, a Bacs cocmasun 30-3naunoe uucio uz ocmanvhulx yugp. Moocem
JIU npouszeederue SMux 08yxX uucen Obims YUCIOM, COCMOAUWUM U3 OOHUX eOUHUY?

Ortget. He moxer. Pemienue. [Iponssenenue 25-30aunoro u 30-3aaunoro uncesn umeeT 54 win 55 3nakoB. U3 54 equnmin
Hallle MPOU3BEJICHUE COCTOSATh HE MOXKET: TOrAa Obl 002 COMHOXKMTENS HAYMHAIIUCH C €IUHULIBL, @ OHA Y HAC TOJIBKO
ofHa. YToOBI MOKA3aTh, 4TO U3 55 eIMHUIL TPOU3BEACHUE TOXKE COCTOSITh HE MOXKET, 3aMETUM, YTO CyMMa BCEX HAIIMX
uudp nenurcs Ha 3. [ToaTomy (o mpU3HAKy paBHOOCTATOUHOCTHU TIPH JISICHUM Ha 3) o0a ciaraembix MO0 AENATCS Ha
3, mu6o o/1HO JaeT MpH JeJeHnH Ha 3 ocTaTok 1, a qpyroe — ocraTtok 2. Ho B mepBoM cityuae Mpou3BEICHUE TOTHKHO
JIEIUTHCS Ha 3, a BO BTOPOM — J1aBaTh MpH JIEJICHUH Ha 3 OCTaTOK 2, a YUCIIO U3 55 eNHMUII AaeT MPH JeJIeHUU Ha 3
ocTaTok 1.
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Pemenus 3aaa4 JUYHOU OJUMIOHNAABLI 7 KJIacca

3anaua 1. Ha npsmou ommeueno 100 paznuunvix moyek. /s Kaxcoou moyku noCuumanu cymmy paccmosHutl om 3moul
mouxu 00 ecex ocmanvHvix. Moeym nu éce 100 nonyuennvix ucen 6vimo pasiuyHsiMu?

Ortset. He moryt. Pemenue. [Iponymepyem Todku B MOPsAKE, B KOTOPOM OHHM Jiexkat Ha mipsamoit. [Ipu mepexone ot 50-oi
ToukH K 51-0it 50 paccrosiHMI yMEHBIIAlOTCS Ha paccTosiaue Mexy 50-oi u 51-oi Toukamu, a 50 — yBenuuuBaroTcst (MbI
CUUTAEeM 3/I€Ch, YTO PACCTOSHUE OT TOYKU 10 He€ camoil paBHO 0 M mpunuckiBaeM 3TOT 0 K cyMMe pacCTOSHHI), TOITOMY
CyMMa pacCTOsSTHUN He MeHsieTcst. TakuM 00pa3oM, CyMMBI paccTosiHui oT 50-0if 1 51-0# TOUeK 10 BCEX OCTABHBIX PaBHBI.

3anaua 2. B ps0 evinucana 101 yugpa: nyau u eounuyvl. 3amem 071 Kaxcoou Hekpavuel yugpuvl a evioupaemes yugpa,
Komopasi xoms Obl 08a2HCObL 6CMpeyaemcs cpedl a u eé cocedell cieda u cnpasa, u dma yugpa zanucvieaemces noo a. C
nonyuenHou cmpouxoui uz 99 yughp denaemcs ma sice onepayust, u m.o., NOKA He NOAyuUmcs 00Ha yugpa. Oxazaniocs, 4mo
ama yugpa — 1. [lpu kaxom HaumeHbeM KOTULECmEe UCXOOHBIX eOUHUY IO MO2I0 NOAYYUMbCS?

Orser. 2. Pemenne. [TonsATHO, 9TO O1HA €AMHMIIA TIOTHOHET MOCTIE TIEPBOTO XKE X04a. A BOT JBE €ANHHMIIBI, PACTIOIOKCHHbIE
Ha 50-M u 51-M MecTax, BBDKHBYT, JJaK€ €CIM Ha OCTAIBHBIX MecTax OyayT Hynu. B camom 7ene, mocie KaxIoro xona
LIETIOYKH HyJeH ¢ 00enx CTOpOoH OyayT YKOpadnBaThCS Ha OIWH HyIb, & €AUHUIIB B IIEHTpe OyayT coxpansartscs. [locne 49-
T0 X0J1a HyJIH CIIpaBa UCUYE3HYT, a CIeBa OCTAaHETCs OUH HYJIb, U rocsie 50-ro Xoa OCTaHeTCsl OJTHA SMHHMIIA.

Bagaua 3. Yucia a, b, ¢ u d yooenemeopsiom coomnowenuio a’+b’+(a+b)? = c?+d*+(c+d)>. Hoxasxcume, umo
a*+b*+(a+b)* = c*+d*+(c+d)*.

Pemenme. a’+b*(a+b)?=2(a?+b?+ab). IlosTomMy jgaHHOE B YCIOBMM pPaBEHCTBO DABHOCWIBHO  PABEHCTBY
a?+b*+ab = ¢?+d?+cd. Bo3Boas 5T0 paBEeHCTBO B KBAJIParT, MOIydaeM

a*+b*+3(ab)*+2a%h+2b%a = c*+d*+3(cd)?+2c3d+2d%c.
OcTanock 3aMeTUTh, YTO B MOCIICHEM PaBEHCTBE JIeBas 4acTh pasHa (a*+b*+(a+h)*)/2, a mpasas — (c*+d*+(c+d)*)/2.

3agaua 4. Ha 6okogvix cmoponax AB u AC pagunobedpennoco mpeyeonvnuka ABC ommeuenvt mouku K u L
coomeemcmeenno. Oxazanocw, umo AK = CL u <ALK+_BKL = 60 ° Hoxaxcume, umo KL = BC.

Pemenne. O6o3HaunM BenmmuuHy yrina BKL uepes a. Iloctponm Bre Tpeyrombauka ABC tpeyrompauk LAT Tak, uToOBI
LT =KL, a ZALT = a. B tpeyromsauke KLT ZKLT = 60° u LT = KL, moatomy on — paBHocToponHuid. Otcrona KL = KT.
Hanee, BK = AB-AK = AC-LC = AL. CnenosatenbHo, Tpeyronsauka ALT n BKL paBHBI mo mepBoMy NpH3HaKy, OTKyZAa
ZLAT = ZKBL. O603na4yum Benuuuny yriia KBL yepes 3.

3ameTum, 41O u3 TPEyroJIbHUKA AKL /BAC = 180°—(180°—a)—(60°—a) = 20—60°, OTKyJa
ZKAT = 20-60°+ZLAT = 20—60°+3 u £ABC = ZACB = (180°-«BAC)/2 = 120°-a. [anee, ZLBC =120°—a—f, orkyna
/BLC = 180°—(120°-0—f)—(120°-a) = 20—60°+p = ZKAT. CrenosaresnbHo, Tpeyronsauku KAT u CLB paBHbI o niepomy
npusHaky, otkyna KL = KT = BC, uro u TpeboBaioch 10Ka3ars.

3anaua 5. /Jano namypansroe N. [Jokadxcume, umo y 100bixX yeavlx yucen ai, az, ..., dn+l Cyuwecmayem nepecmanoska bi, by,
coy Dn+1 maxas, umo (b1—02)(b2-03)...(bn—bn+1) kpammuo nl.

Pemmenne. ComocTaBiM HaIIMM YMCIIAaM TOYKH Ha TWIOCKOCTH M OYZE€M CTPOUTH N-3BEHHYIO JIOMAaHYIO, IPOXOISIIYIO Yepe3
BCE MX TaK, YTO Pa3HOCTh YHCEN, COSTMHEHHBIX e€ K-bIM 3BeHOM, nenuTcs Ha K+1. [IpoHymMepoBaB TOUKH B TOM TIOPSIIIKE, B
KaKOM 4€pe3 HUX NPOXOAUT JIOMaHasi, Mbl, OYEBHUJIHO, ITOJYYUM HY)KHYIO IIEPECTAHOBKY.

Cpenu uucen ay, ..., an+1 HAWIYTCS ABa, NAIONIME OAMHAKOBBIE OCTATKHU IPH AeiIeHUH Ha N. COeTMHUM UX OTPE3KOM.
Jlasiee OyeM CTPOUTH OTPE3KH MO MHAYKIUH. [IycTh MBI yKe MTOCTPOMIIMA K OTPE3KOB Tak, 4TO OHU 00pa30Bad HEKOTOPOE
KOJIMYECTBO JIOMaHbIX. Y KaXKIOH JIOMaHOW OTMETHM BCE TOYKH, KPOME OJHOIO M3 KOHILIOB, M 3a0yAeM MPO OTMEUYCHHbIE
TOYKHU. [TOCKOJIbKY OTMEUEHHBIX TOYEK Ha KaXK0il JIOMAHON CTOJIBKO K€, CKOJIIBKO y HEe€ 3BEHbEB, Mbl OTMETHIIN K TOUEK.
Cpenu ocraBumxcsi N—k+1 ducen HalayTCs 1Ba ¢ OMMHAKOBBIMU OCTaTKaMH OT JienieHus Ha N—K. CoeMHNM UX OTPE3KOM.
[ukna npu 3TOM He 00pa3yercs, Tak Kak y KaXIOH JIOMAaHOM OAWMH M3 KOHLOB 3a0bIT. 3aBEpIIMB ONMMCAHHBIN Mpolecc,
MONyYMM HMCKOMYIO JIOMaHyl0. HeCKONbKHX JIOMaHbBIX TONyYHTHCS HE MOXKET, IIOTOMY HYTO TOTJA OTPE3KOB OBUIO OBl
IIPOBEJCHO MEHBIIIE, YeM N.
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3anaua 1. B ps0 svinucana 101 yughpa: nynu u eOunuywvl. 3amem 0715 Kaxcoou HeKpaliHel yudpol a 8bloupaemcsi
yughpa, xomopas xoms 0bi 08aHCObL BCMpeuaemcs cpedu a U eé coceoell clesa u cnpaea, u dma yugpa
sanucvieaemcs nod a. C nonyyennou cmpouxou uz 99 yugp Odenaemcs ma e onepayus, u m.0., NOKA He
nonyuumcs 0ona yugpa. Okazanocs, umo sma yugpa — 1. Ilpu xaxom HaumeHvuleM KOIUYECBE UCXOOHBIX
€OUHUY HMO MO2TLO NOTYYUMbCA?

OtBer. 2. Pemienue. [ToHSITHO, YTO OJHA €AWHMIIA TOTHOHET IMOCIE MEPBOTO ke X0Ja. A BOT JBE CIUHUIIBL,
pacronokeHHble Ha 50-M 1 51-M MecTax, BBDKUBYT, TaXKe €CITU Ha OCTaJIbHBIX MecTax OyayT Hynu. B camoMm nene,
MOCJIe KKIOT0 XO/a [EMOYKH HyJIel ¢ 00euX CTOPOH OYAyT YKOPAuMBaThCS HA OJUH HYJIb, a CIIUHUIIBI B IICHTPE
Oynyt coxpansthcs. [locne 49-ro xona Hy/ M cripaBa HCYE3HYT, a CJIeBa OCTaHETCsS OJUH HYJIb, U nocie 50-ro xona
OCTaHETCs OJ{HA CTUMHUIIA.

3anaua 2. B swinykiom wecmuyeonvuuxe ABCDEF yenwvt npu éepuunax B, C, E u F pasnul, a npsameie BC u EF
napannenvhul. Joxaxcume, umo AB+AF = CD+DE.

Pemenne. O603HauMM BeTMUMHBI PaBHBIX yIiIoB npu BepimHax B, C, E u F uepes . [Tycts npsmeie BC u DE
nepecekatotcst B Touke G, a npsimeie AB u EF — B Touke H. Torna ZEGB = 180°-ZFED = 180°-ZABC, otkyna
AB || DE. 3naunt, BHEG — mapamienorpamm, otkyna Z/BHE = 180°-a = ZAFH. Takum 00pa3zoM, TpeyrojibHUK
FAH — paBHoGenpennsiii, orkyna BH = BA+AH = BA+AF. Ananoruuno, EG = DE+CD. Ocranoch 3aMeTHTb,
yto orpe3kr BH u GE paBHBI Kak IPOTHUBOIIOIOKHBIE CTOPOHBI MapaJlIeIorpaMMa.

Bagaua 3. Jano namypaivnoe N. [oxasxcume, umo y JN0ObIX YenvlX uucel ai, 82, .., 8+l CYyecmeyem
nepecmanoska by, by, ..., bans1 maxas, umo (b1—b2)(bz—ha)...(D2n-1—02n) kpammno 2" nl.

Pemenne. Cpenu uucen ay, ..., dzn+1 HAMAYTCS JIBA, NAOIIME OJMHAKOBBIE OCTATKH MpHU JieleHuH Ha 2N. [Ipumem
ux 3a b1 u b2. Cpenu ocraBmixcst 2n—1 grcen HaiixyTCs 1Ba, JAFOIIHE OJHMHAKOBBIC OCTATKH MPH JCJICHUH Ha 2N—2.
[Tpumem ux 3a bz u bs. [Ipogomkas mocTpoeHUe aHATOTHYHBIM 00Pa30M, MOJYYHUM MEPECTAaHOBKY D1, D2, ..., Don+1
TaKyto, 4to Dok-1 1 Dok HaroT oMHAKOBBIC OCTATKK TpH AeineHnd Ha 2(N—k+1) mpu Bcex K ot 1 no n. OueBuaHo, 312
[IePECTAHOBKA YIOBJIECTBOPSET YCIOBHUIO 3a/1a4H.

3anaua 4. Ha cmone cmosam mpu cmonku 0uckos. B kascoou cmonke cHu3y niexcam 11 uépuvix ouckos, nomom 10
benvix, nomom 9 uépnuoix, 8 oenvix, ..., I uépuwiii. Ans u bops no ouepeou bepym oucku uz cmonok. Kascovim xooom
HYHCHO 8351Mb HECKOIbKO 0OHOUBEMHBIX OUCKO8 € 8epxa 00Hoti cmonku. Hauunaem Aus. [lpoucpvieaem mom, kmo
831 nocreonu ouck. Kmo eviuzpaem npu npasunvhoul uepe?

Ortset. Bropoii. Pemenue. [1ycts BTopoiil Ha KakIpli X0/ IEPBOTO OEPET U3 TOW K€ CTONKU BCE BEPXHUE JUCKU
TOTO LIBETa, KOTOPBIM CBEPXY, KpOME OAHOrO. VMICKIrOYEHHE COCTaBIAET Cily4al, KOorja Iocie Xoja IepBoro B
COOTBETCTBYIOIIEH CTOINKE OCTAIUCH AUCKH TOJIBKO OJHOTO LIBETA, U 3Ta CTOIKA — He MoCcueHss. B aTom cirydae
BTOpOW OepéT Bce ocTaBIIMecs B 3TOW cromke Jucku. [Ipu Takoil urpe BTOpOro mepBbId KaXIbli pa3 Oyner
BBIHY>K/IEH OpaTh OJIMH JIUCK, OTKPBIBasi BTOPOMY (€CITH 3TO ObUT HE MOCIEeIHUM AUCK Ha CTOJIE) HECKOIBKO TUCKOB
OJTHOTO LIBETA, U BTOPOM CMOKET OCYILIECTBUTH CBOIO CTpaTeruto. IIoHATHO, 4TO, Urpast Tak, BTOPOU HE IPOUTPAET.
3HAYUT, IPOUTPAET NEPBBIN.

3anaua 5. Bewecmeennvle yucna a, b u ¢ rexcam na npomescymre [—2;2]. Kaxoe naubonvuiee snauenue modxcem
npunumams cymma |a’~bc+1|+|b?>—ca+1|+|c’—ab+1|?

Ortser. 19. Pemenue. Ecnu a, b, ¢ > 0, To nepeMena 3Haka OJHOTO U3 YHCET HE YMEHbBIIACT JIBa ClIaracMbIX, IJIe
HET KBaJIpara 3TOT0 YMCIIa, U HE MEHSET ClaraeMoe, Tie 3TOT KBaapaT ecTh. OJHOBpEMEHHas IIepeMeHa 3HaKa BeeX
TPEX YMCeN He MEHSET HU OJTHOTO U3 CJIaracMbIX. 3HAUUT, MOXKHO, HE yMaJIsisi OOIIHOCTH, CYNTATh, YTO JIBA YHCIIa
(nampumep, a u b) HeoTpUIIATENBHEL, @ TPEThe — HenonokuTenbHo. [Tomaras d = —C, monmywaem 0 <a, b, d<2, u
CyMMa U3 yclIoBus paHa |[a’+bd+1|+|b2+ad+1|+d’>—ab+1| = a®+bd+b%*+ad+2+|d>-ab+1|. B 3aBucuMocTH OT 3HaKa
BeIpakeHns 0’—ab+1 sta cymma Moxer paBHATBCH a’+b?+d*+bd+ad-ab+3 wmm a?+b’-d*+bd+ad+ab+1. 13
HepaBeHCTBa 0 cpenHux a>+b>—d*+bd+ad+ab+1 < 2(a?+b?)+1 < 2-(22+2%)+1 = 17. Jlanee, ipu PUKCHPOBAHHBIX &
u b Bepakenne a’+b%+d’+bd+ad-ab+3 wmaxcumansHO, korma d=2, M paBHAeTCA B OTOM Ciydae
a?+b?—ab+2a+2b+7 (*). Iomoxum a=2-U, b=2-v. [loacTaBasas >TH paBeHCTBA B BHIpaKeHHe (*), TOCie
npeobpazoBanmii momydaeM 19+u?—4u+v>—4v—uv = 19+u(u—4)+v(v—4)—uv. 3neck u(u—4)+v(v—4)-uv < 0, Tak KaK
0<u, v<2. IMosromy a?+b?-d?+bd+ad+ab+1 < 19, npuuém paBeHcTBO HocTHTaeTcs (pu a = b = 2). Cymmupys
CKa3aHHOE, MMOJy4acM OTBET.



