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BBEJEHUE

IMopsigok mpoBesieHusi, METOAUKA 1M CHCTEMa OICHUBAHUS
(npoBepku) pernoHaJibHOro 3Tana Bcepoccuiickoil onumimaab
HIKOJIBHUKOB o MaTtematuke 2016—2017 y4ebHOro rosa.

Pernonannusrit sran Beepoccuiickoit 0muMIua il MKOJTHLHIKOB TI0 Ma-
TemaTuke 20162017 y1ebHOTO ro/ia MPOBOIUTCS 110 3aIAHUSIM, TTIOJITOTOB-
stenHbIM [leHTpaJIbHON TPeIMETHO-METOINIECKO KOMUCCHEH, B €IMHbIe
s Beex cybbekroB P® cpoku: 30 siuBapsi 2017 r. (I Typ) u 31 au-
Baps 2017 r. (II ryp). Peruonanbuplii 9Tam npoBOIUTCsS MO OTAEIbHBIM
3asanusaM Juig yaamuxes 9, 10 u 11 kiraccos.

SaaHus st KayKJI0r0 KJIACCa BKJIIOYAIOT 8 3a7ad — 10 4 3a/a49u B
KaxkJIoM U3 sByX jHeil (Typos) Osmmmmaner (3amaun 1-4 —1 Typ, 3ama-
qu 5-8 — II Typ). IIpogozKuTeIbHOCTD KasKI0r0 Typa JjIsk KaXKI0I0 KJIac-
ca cocTaBjsieT 4 aCTPOHOMHUYECKUX daca.

B cumy Toro, uto BO Bcex cyObekTax Poccmiickoit @eneparnum pe-
TUOHAJIBHBIA TAIl IPOBOJUTCS IO OJHUM H TEeM K€ 3aJIaHUSM, MOIIO-
TOBJIEHHBIM [leHTpa/IbHOI IIPeMEeTHO-METOIMIECKON KOMUCCHEH, B TIEJISIX
[IpEeIOTBPAIIEHUS ITPEXK IEBPEMEHHOI0 JIOCTYIIA K TEKCTaM 3aJaHuil CO CTO-
porbl yaacTHUKOB QUIMMIINAIBI, 8 TAKXKE UX yduTejaeill m HACTABHUKOB,
BpeMs HA4Ya/a U OKOHYAHHUS TYPOB B yCTAHOBJICHHBIE IATHI B KAXKIIOM
cyobekTe PO [10:KHO ONIpeieIIThCS B COOTBETCTBUN ¢ « BpeMeHHBIMU
peryiaMeHTaMU IIPOBEeZEHNS TyPOB PErmoHAJILHOrO 3Tarna Beepoc-
CHIICKOI OJIMMITNAAbI IIKOJBHUKOB B cyobekTax Poccuiickoii Pe-
nepaiuu B 2016—2017 y4eGHOM roay» sl 9aCOBBIX IOSICOB.

Tlokaz pabot, mpoBemeHne ameutAnmit U pasdop 3a7ad B CyObeKTax
Poccniickoit @eneparun, riae Typ okanguBaercs B 16.00 u 17.00 mo mect-
HOMY BPEMEHH, IIPOBOJATCS HE PaHbIIe, YeM Ha CJIEILYIONIUi JIeHb [10CIe
poBeJieHNs BToporo Typa QJmMimais.

B ocrambabix cybbekTax Poccuiickoit ®Penepanuu peKOMEHIyeTCs
TaK>Ke OCYIIECTBJISITH IMOKa3 pabOT U MPOBEJCHNE AIE/UISIINAN He PAHbIIIE,
9eM Ha CJIeIYIONU JIeHb MOCe MPOBEICHI BTOPOro Typa OQmMInaib.

TloGeuTen u mTpu3EPHI OJUMIIHAILI OnTpeiensaioTcs: [opsakom mpo-
BejieHns1 BcepoccuiicKoil oJIMMITNA/IbI IIKOJIBHUKOB U TpeboBaHUSAME K
[IPOBEJIEHUIO PErMOHAJIBHOIO 3Tana BcepoccuiicKoil oJMMIIMa bl IKOJIb-
HUKOB 110 MaremarTuke B 2016-2017 yuebHOM rOmIy.

Pemenne kaxx10ii 3a8/1a41 OIEHUBAETCS TEJIBIM YUCJIOM 6asios ot (
10 7. MakcuMaabHOe KOJIMYECTBO OAJIIOB, KOTOPOE MOMKET MOJIy9HUTD
ydJacTHUK, paBHO 56 (28 — I Typ, 28 — IT Typ).

3aaHus MaTEeMAaTHIECKUX OJIAMIINAJ, ABJSIOTCS TBOPYECKHAMU, JIO-
IyCKAIOT HECKOJBKO Pa3IMIHBIX BADUAHTOB pemntenuii. Kpome Toro, meo6-
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XOJMMO OIIEHUBATH YACTUYHBIE IPOJABUKEHNs B 3a/1a9aX (HAIIPUMED, Pas-
60p BarXKHOTO CJIydasi, JOKA3aTeIbCTBO BCIIOMOTATELHOTO YTBEPKICHUS,
HAXOXK/JIEHUe IIpuMepa U T.11.). Hakonel, BOSMOXKHbBI Jiorudeckue u apud-
MeTnydeckne ommbku B pertennsx. OKoOHUaTebHBbIE OAJUIBI 0 3ajade
JOJI?KHBI YYUTBHIBATH BCE BBIIIENIEPEYNCIEHHOE.

Huke mpuBesnena crangapTHas METOIUKA OICHUBAHUS PEIICHUN.

Basast | IlpaBunbHOCTb (OIIMGOYHOCTE) pelIeHUsT

7 TTosmoe BepHOE pernenue.

6-7 Bepnoe perierne, HO mMmeroTcss HEOOJIBIIE HEIOYIETHI, B 116~
JIOM HE€ BJ/IMAIOINNE Ha PelieHune.

5-6 Pemenne B nesiom Beproe. OqHAKO OHO COIEPKUT ONMTUOKH,
JInbO TPOIYINEHBI CJIydYan, He BJIMAIONNE HA JIOTUKY DPac-
Cy2KJeHUi.

34 B Tom ciry4ae, korza perrenne 3a/1a9u I€JIUTCS HA IBE PAB-
HOIICHHBIC YaCTU — pelIeHue OJHON U3 JacTei.

2-3 JlokazaHbl BCIIOMOTATEIbHbIE YTBEPXKIEHUS, [TOMOTAIOIIIE
B pelIeHuN 3aJa4H.

0-1 Paccmorpenst oTesibHbIE Clydan IPU OTCYTCTBUU DeIlle-
HUS.

0 Pernenne neBepHoe, IPO/IBMKEHNST OTCYTCTBYIOT.

0 Permenne orcyrcrsyer.

Baxxno ormerntn, uTo J1060€ MpaBUIbLHOE PEIIEHUE OIEHUBACTCS B
7 6asutoB. Heommycrumo cauMaTh 6aJ1jIbl 3a TO, UTO TEKCT PEIIeHUsT CIIUII-
KOM /JUIMHHBII, UJIN 38 TO, YTO BEPHOE PeIIeHNe ITKOJIbHUKA OTINYaeTCs
OT MIPUBEIEHHOTO B JIAHHONW METOIUIECKON pa3paboTKe Wim OT APYTUX pe-
IITEeHN, M3BECTHBIX KIOpH. B TO Ke Bpemst JiT000#l CKOJIb YTOIHO JIMHHBII
TEKCT, HE COJEPKaIUil TOJIe3HBIX IIPOJIBUKEHUI, JOJIKEH ObITH OIIEHEH B
0 6amnmnos.

Huzke mpuBeieHBI OTBETHI U PEIIeHns K 33/1a9aM OJIMMIUaIbl. B KoM-
MEHTapHsX K 33Ja9aM yKa3aHbl KDUTEPUU OlleHUBaHus (B Hasiax) HeKo-
TOPBIX TIPEJIIOJATAEMBIX OIMMOOK M YACTUIHBIX MPOJIBUKEHU. 3aMETUM,
49T0 paboTa yIACTHUKA, IOMUMO IPUBEIEHHBIX, MOXKET BKJOYATH JAPyTHe
coJiepaKaTe/IbHbIE TIPOJIBUYKEHNST U OITUOKM, KOTOPbIE JIOJI?KHBI OBITH OIle-
HEHBI JIOIIOJTHUTEJIBHO.

2Kenaem yenewmnot pabomot!

Aemopvl u cocmasumeny, cboprura
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YCJIOBUSA U PELIEHWST 3AOAY

9 kJ1acc

B mpoussenennu TpéX HATYPAJBHBIX TUCE KaXK/IbIii COMHOXKUTEIb
yMeHbImIn Ha 3. Moryio Jin Ipou3BeicHue MIPU ITOM YBEJIUIUTHCS
posHO Ha 20167 (H. Aeazxanos, 1. Bozdarnos)

Otser. [la, moriro.

Pemenue. B kadecTBe mpumepa MOAXOMUT IPOU3BEICHUE
1-1-676. ITocse ykasamnoit oneparun nosayvaercs (—2)-(—2)-673 =
= 2692 = 676 + 2016.

ameuanue. llpuBenéunplii mpuMep — €IUHCTBEHHBIN. ¥YKa-
JKeM, KaK ero npujaymarhb. [Ipeamnooxkum, 9To 1Ba U3 COMHOXKUTE-
Jielt paBHSLINCH 1, a Tpetuit — a. Vx mpoussemenne ObLIO paBHO a,
a TI0C/Te YMeHbIenus npespaTimioch B (—2)%(a —3) = 4a — 12. 3na-
qut, npu 4a — 12 = a + 2016 ycaoBue cobromaercs. Permas 3To
ypaBHeHHe, rojgydaem a = 676.

KommenrTapwmii. Toibko Bepubiit orBeT — () 6aJ110B.

[Ipenbsasien Habop dHCeN, VIAOBJIETBOPSIONUN yCIOBUIO —
7 6aJ110B.

Bo B mnesmom mnpaBmIbHOM pelieHHN U3-3a apUPMETHIECKO
OIMOKY MOJIyYeH B KadecTBe oTBeTa Habop 1, 1, a, rie 3HaUYeHUE @
omubouno — 5 6aJsIIoB.

Bacst 3agymant 8 KJIeTOK IIaxMaTHON JTOCKU, HUKAKWE JIBE U3 KOTO-
PBIX He JIeXKAT B OJTHON CTPOKe WM B OJHOM cTosbre. 3a xo [lers
BBICTABJISIET Ha JOCKY 8 JiaJieil, He ObIIMuX IpyT Apyra, a 3areM Ba-
Csl YKa3bIBaeT BCE JIAJIbU, CTOSINUE Ha 33 yMAaHHBIX KJIeTKaxX. Ecan
KOJIMYIECTBO Jiajieil, yka3aHHbIX Baceil Ha srom xoje, uérHo (T.e. 0,
2, 4, 6 unm 8), o Ilersi BbIMrpBIBaeT; nHaUe BCe GUYpPbI CHUMAIOT-
cst ¢ gocku u llersd mestaer ciremyronuii xo/1. 3a KaKoe HAUMEHBIIIEE
qucyio xo10B Ilerst cMoXkeT rapaHTHPOBAHHO BBIUTPATH?!

(4. Bozdanos)

OTBer. 3a 2 xoza.

Permnenne. Ilokaxkem cuagana, kak Ilere Beimrpars 3a 2 xoja.
[TepBBIM XOMOM OH BBICTABUT 8 Jiajeil 1o JuaroHa u JOCKu. Fcym
OH eIl He BBIUTPAJ, TO HA JINATOHAJMA €CTh HEYETHOE UHCJIO 3a/1y-
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MaHHBIX Baceil kierok. B gacrHocTu, Ha Heil ecTh Kak KieTka A,
3ajiymMaHHas Baceil, Tak n KjaeTka B, He 3aJlyMaHHAsd WM.

[Iycts ma BTOpOoM X011y IleTss moctaBut
Jlagpd Ha 6 JuaroHaJIbHBIX KJIETOK, KpoMe A )4
u B, a takxke Ha kyerku C' u D, jexxariue B
TeX ¥Ke CTpOKax, 9To A m B coOOTBETCTBEHHO, "
u B Tex XKe crojbnax, uro B u A coorser- E
crBerHo. Kaxksasi HOBasl J1aJibsi CTOUT UJIU B ]
OJTHOM CTPOKE, WJIM B OJHOM CTOJbIE ¢ A, TO Puc. 1

3

ecTh UX KJeTKH Bacst 3ajymars He MOr. 3Ha-

YUT, B HOBOW KOH(MUTYPAIUU JIaIeil KOJTMIECTBO KJIETOK, 3a/1yMaH-
HbIX Baceil, yMeHBIUIOCH POBHO HA OJHY, TO €CTb CTaJ0 YETHBIM,
u Ilers BbIATpauI.

Ocrajoch mokazarh, 9To lleTss He MOXKeT rapaHTHPOBAHHO BbI-
urpaTh 3a onuu xoi. llycrs y mero sro mosyuusoch. IlepecraBus
CTOJIOBI JIOCKU, MOXKHO CUUTATh, 9TO OH CJeJiajl MEePBBI XOJ[ TaK,
KaK II0Ka3aHo Ha PUC. 1; TOT/Ia OH He BBIUT'DAET, eCIu BacuHbl KieT-
KU — OTMEUYEHHBIE CEPBIM HA TOM K€ PHUCYHKE.

KomMmmenTapuii. Toabko BepHBIil orBeT — (0 6aJI0B.

JlokazaHo TOIBKO, UTO 3a ojiuH X071, [leTst He MoXKeT BbIUrpaTh —
1 GaJur.

JlokazaHo TOJBKO, 9TO 3a JiBa Xona llerst MoxkeT rapanTupo-
BAHHO BbIUTPATH — 6 OaJIIOB.

[Ipusenén BepHbIl ajaropurs™, mo3posistomnumii [lere rapanTupo-
BAHHO BBIMIPAaTh 3a 2 XoJa (BO3MOXKHO, 0e3 00OCHOBaHusI U 03
JIOKA3aTe/IbCTBA HEBO3MOXKHOCTH FAPAHTUPOBAHHOI'O BLIUI'PHIIIIA 34
1 xon) — He Menee 4 GasuIOB.

Cy1ecTByeT Jin TPEyroJIbHUK CO CTOPOHAMH X, Y M Z TAKOH, 9TO
B+ B =y (y+2)(z+2)? (B. Cendepos)

OtBert. Her, e cymecrsyer.

IlepBoe perienne. [lycTtb Takoil TPEyroJbHUK CYIIECTBYET.
MozkHO cunTaTh, 9TO & 2> Y 2> z. 1orja 110 HEPABEHCTBY TPEYIrOJib-
HUKa Y + z2 > T, OTKY/Ia

(z+y)(@+2)(y+2) > (@ +y)(x+2)z =23+ 22y + 222 + 2yz >
> a:3+a:2y+x22 = x3+y3+z3.
[TporuBopeune.
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3ameuyanue. B 10/00HOM perieHnr MOXKHO 00O#THCH U 0e3
YIOPSITOYEHUsT TeEpEMEeHHbBIX. VIMeHHo,

(z+y)(@+2)(y+2) =22y +2)+ 12+ 2) + 22 (x +y) + 2ayz >
>a:2-x+y2-y+22-z+0
10 HEPABEHCTBY TPEYTOJIbHUKA.

Bropoe perienne. Ilycts Takoil TpeyroabHUK CYIIECTBYET.
OTMeTrM TOYKHU KacaHUsi €ro CTOPOH CO BIIUCAHHOM OKPY?KHOCTBIO.
[TycTh OTpe3Ky KacATeNbHBIX OT BEPIIMHUH JI0 9TUX TOYEK TOUEK Ka-
CaHWs PaBHBI a, bu ¢, Torma * = b+c¢,y =a+cu z = a+b. Umeem

(z+y)y+z)(z+x)=(a+2b+c)(a+b+2c)(2a+b+c) =

=2(a® + b3+ ) + 7(a®b + ab® + a%c + ac® + b?c + b?) + 16abe
n

B+ =@+ + b+ +(c+a)d =
=2(a® + b3 + ) + 3(a®b + ab® + d%c + ac® + bPc + bc?).

Buauut, pasuocts (z +y)(y + 2)(z + ) — 23 — y® — 23 nocre noz-
CTAHOBKM U IPUBEIEHUST MOJO0OHBIX CJaraeMbIX TproOpeTaeT BHJL
4(a2b—|—ab2 +a2c+ac?+b2e+ ch) +16abc, aro, oueBHIHO, GoJbIe 0.
[TporuBopeune.

3ameuanne. CyIecTBYIOT TPHU MOJOXKUATEIBHBIX TUCITA T, Y, Z
TakWe, 9TO PABEHCTBO W3 YCJIOBHUsI BBIIIOJIHEHO — Harpumep, 1, 1,
1 4+ /5. TakuMm 06pasoM, yCIOBHE, 9TO &, Y, % SIBJISIOTCS [JTHHAMIA
CTOPOH TPEYTOJbLHUKA, CYIIECTBEHHO.

KomMmmenTapuii. Toabko BepHbIit orBeT — () 6aJ1/I0B.

Perrenus, coseprkariye cyIecTBeHHbIe apudMEeTHIECKIE OIMHO-
K1 (HalpuMep, HeBepHble KO3 MUIMEHTHI [I0C/Ie PACKPBITUS CKODOK
BO BTOPOM DEIIIEHNH, TPUBEIEHHOM BBIIIE), OIIEHUBAIOTCs He GoJiee,
1eMm B 3 GaJsuia.

Pasuoctoponnnit tpeyromsank ABC BmmcaH B OKpYKHOCTH ) u
OIUCaH BOKPYI OKpy»KHOCTH w. Ha croponax AC u AB BbiOpaHbl
Touku P u () COOTBETCTBEHHO TaK, 9TO OTpe30K P() kKacaercs w.
OxpyKHOCTB {2, ¢ TIeHTpOM P mrpoxouT 1epe3 B, a OKpyKHOCTD {2
¢ meaTpoM () mpoxoaut depes C. Jlokaxkure, 9TO OKpy:KHOCTH (),
Qp 1 Q¢ UMeroT O0IILYIO TOUKY. (A. Axonan, II. Kooicesruxos)

ITepBoe pernenne. Ilycrs O —nenTp tpeyrospauka ABC, u

mycThb w Kacaercs orpe3koB BQ, QP u PC B toukax K, L u M
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COOTBETCTBEHHO (CM. puc. 2). B cuiy cummerpuu paBHOCTOPOHHETO
TpeyrosbHuKa mnpsimble BO n C'O npoxoasar dyepe3 Touku M u K
COOTBETCTBEHHO.

Ornoxkum Ha syde LO orpesok OX, pasubiit OA (tak aro X
nexxut Ha okpyxkuoctu Q). Iockosnbky PL u PM — kacareibHble
K w, nmeeM ZPOL = /POM, a 3uauur, ZPOB = /POX. Torna
rpeyrosbauku POB u POX pasubl 1o gyMm croponam (OB = OX,
cropona OP — obmas) u yriy mexy mumu. Urak, PX = PB, 1o
ecThb Touka X JIeXKUT Ha OKpyxKHOCTH (). AHamormano, X JTeKUT
U Ha OKPYKHOCTH ).

Puc. 2 Puc. 3

Bropoe permienue. Ilycre O —uentp Tpeyrosbauka ABC.
Oxpyxkuoctu {2 u () nepecekatorcd B Touke B. Bropast Touka ux
nepecedenus — 0b03HaUNM eé gepes B’ — cummMerpuuna Touke B oT-
HOCcHUTeIbHO JinHuA 11eHTpoB PO (cM. puc. 3). AHAJIOrMYIHO, BrOpast
TOYKa IIepecedenns okpyxHocteil ) u ). — aro Touxka C’, cummer-
puaHas touke C orHocurenbuo QO.

Mgr jokazkem, urto B = C’ (rorma sra Touka u Oymer obIeil
y Tpéx oxpyzxknocreit). Umeem OB’ = OB = OC = OC’; 3nauur,
JIOCTATOYHO MOHATH, uTo ZBOB'+ /COC" = ZBOC(= 120°). Tlo-
ckosbKy npambie PO u QO — 6uccekrpucer yrios BOB' u COC!,
mocJIe/THee PaABEHCTBO PABHOCUIILHO paBeHCcTBY /POQ = 60°.

OTO0 paBeHCTBO HEXUTPO Nposepsiercst. Tak kak ZA = 60°, To
/ZBQP + ZCPQ = 240°, mosromy ZPOQ = 180° — (LOQP +
+/Z0PQ) = 180°— (LBQP+£ZCPQ)/2 = 60°, uro u TpeboBajocs.

Kommenrtapuii. Toibko 3a 10mcY€T HEKOTOPBIX YIVIOB 0e3
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JIAJIbHEIINX IPOJIBUKEHNH (HAIIPEMED, €CJIU JJOKA3aHO TOJIBKO, 4TO
ZPOQ = 60°) 6ajuisl He CTaBATCH.

Bajava cBejieHA K CJIEIAYIONIEMY YTBEPXKICHUIO (MM SKBUBa-
JIEHTHOMY eMy): TOuKa, cuMMeTpudHasi B orHocurensao PO, u To4-
ka, cummerpuutas C' orHocuresnsHo PO, coBuagaor — 3 Gasuia.

BasoBble dakTbhl PO NPABUIIbHBIN TPEYroJIbHUK (HAPUMED,
COBIIQJICHUE IIEHTPOB BIMCAHHON M OIMCAHHON OKDPYXKHOCTE{i, ero
CUMMETPUYIHOCTb OTHOCUTEJIbBHO 6I/ICCGKTpI/IC u T.H.) IIPUHNUMAIOTCSI
0e3 JI0Ka3aTe/ILCTBA.
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10 kJacc

B npousBesennu st HATYPAIbHBIX YUCET KAaXK bl COMHOXKHUTED
yMeHbImn Ha 3. MoTjIo Jin Ipou3BeieHre [IPU STOM YBEJIMIUTHCS
poBHO B 15 pas? (H. Aeazxanos, H. Bozdanos)

Otser. [la, moriio.

Pemtenne. B kadecTBe mnpmmepa IMOIXOIUT IIPOU3BEICHUE
1-1-1-1-48. ITocne yka3aHHOM Ollepaliu MOy IaeTCH

(—=2)-(—=2)-(-2)-(—=2)-45=T20=15-48.

Sameuvanue. [IpuBenéHubIil TpuMep — €IWHCTBEHHBIN. YKa-
JKeM, KakK ero mpujyMarb. [Ipernosokum, 910 4eTbipe U3 COMHO-
KuTeIel paBHAMCH 1, a naTeiit — a. VIx npoussenenue ObLIO paB-
HO @, a TOC/Ie yMEHbIIeHHs peBpaTmiock B (—2)4(a—3) = 16a—48.
Suauut, npu 16a—48 = 15a yciioBue cobitoaercsi. Perrast 510 ypas-
HeHUe, TIOTyvIaeM a = 48.

KommenTapwmiit. Tosbko BepHbIit oTBeT — () 6a/II0B.

[IpenbsBiien HabOp wUHCEI, VAOBIETBOPSIONIUN YCIOBUIO —
7 6aJLIOB.

Bo B 1memom mpaBWIBHOM peIeHUHM W3-33 apuOMETHIECKOMN
oImmMbKM IOJIy4YeH B KadecTBe orBera Habop 1, 1, 1, 1, a, rme 3Ha-
qeHue ¢ OmmnbOIHO — 5 OAJLIOB.

OKpY?KHOCTb C IEHTPOM B TOYKe | BIHCAHA B YETBHIPEXYTOJBHUK
ABCD. Jlyau BA u CD nepecekatorcst B Touke P, a gyaun AD u
BC mnepecekatorcs B Touke (). V3BecTHO, 9TO TOYKa P JIEKUT HA
OKPY2KHOCTHU W, ONMUCAHHON 0KoJio Tpeyroiabanka AIC. Jlokaxwure,
9TO TOYKa () TOXKEe JIEXKUT Ha OKPYKHOCTH W. (A. Kysneuos)

Pemmrenne. Tak kak uerbipéxyroibauk AIC P BuucaHHBIH, TO
/ZPCI = 180° — ZPAI = /BAI; wnaue rosopsa, £LDCI =
= /BAI (cm. puc. 4). Lenrp [ BuumcanHOil OKPY:KHOCTU He-
TBIPEXYTOJbHUKA JIE?KUT Ha OUCCEKTPHCAX €ro yIJIOB, ITOTOMY
/ZDCI = /BCI u ZDAI = ZBAI. Otrciona cinenyer, uro ZDAI =
= /BCI, a saaanur, LZQAI = /BCI = 180° — ZQCI.

N3 mostyueHHOr0 paBeHCTBA BBITEKAET, YTO YETHIPEXYTOJBHUK
AICQ srucanubiii. Tem cambiM, TOUKa () JIEXKUT HA OKPYXKHOCTH W
(mpoxozsmeit gepes Troukn A, I u C).

Kommenrapwuii. okazano tosibko, uro ZDAI = /DCI =
= /BAI = Z/BCI nma uro /BAD = /BCD — 3 6aJuia.
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Puc. 4

(Tosbko 3a nokasaresnscrso pasercrsa ZDCI = /BAI 6aust
HE HAYUCJISTIOTCS. )

Jlokaszano, uTo yeTbipéxyrogbHuk ABCD cuMmMmeTpudeH OTHO-
curesibHo BD — He Menee 5 6aJ110B.

(3a yrBepxaenue o Tom, yto ABCD cuMMeTrpuyeH OTHOCH-
TesibHO B D, 6€3 oKa3aTeIbCTBa WK C HEIIPABUJILHBIM JIOKA3ATE b
CTBOM GaJlIbl HE HAYHUCJISIFOTCS. )

[Tama Bei6pas 2017 (He 06s3aTEIBHO PA3TMIHBIX ) HATYPATBHBIX H-
ceq ai, a9, ..., a2017 U UTPAET caM ¢ coDOil B cienyroIryio urpy. 1Ns-
Ha4YaJbHO Y HEr0 eCTh HeOTpaHUYeHHbIH 3anac Kamueit u 2017 60Jib-
IIUX IIyCTBIX KOPOOOK. 3a ojuH xoj llamra mobasssier B OOy KO-
pobKy (10 cBOEMy BBIOOPY) G] KaMHeil, B JIOOYIO M3 OCTABIIMXCS
KOPOOOK (110 cBOEMY BBIOODY) — a9 KAMHEH, . .., HAKOHEIl, B OCTaB-
IIytocss KOpoOKy — agg17 kKamueit. [lammmaa 1esnb — pobutbes Toro,
9TOOBI MIOCJIE HEKOTOPOI'O XOJa BO BCEX KOPOOKAX CTAJIO MOPOBHY
kamueit. Mor jiu on BBIOpaThb YMC/Ia TaK, ITOOBI 1IEJIM MOXKHO ObI-
JIO 106UThCst 3a 43 X0j1a, HO HEeJIb3s — 38 MEHbIIee HEeHYJIEBOE YHCJIO
X0JI0B? (4. Bozdanos)

Otsert. /la, mor.

Pemtenne. 3amerum, uro 2017 = 43-46+4-39. IIpueném npumep
[TamuubIx 4nCcesa, TpU KOTOPBIX Tpebyemoe BbImosHsieTcs. IlycThb
cperu ero quces OyayT 39 nBoek, 46 duces, paBHBIX 44, a oCcTaJb-
HbIE — €JIUHUIIBI.

Yrober g00uTHCsT Tpebyemoro 3a 43 xoma, llama BeOEpaer
39 KopobOK, B KOTOpPBIE OH BCEraa KIAJAET MO 2 KaMHS — depe3 43
X0JIa B HUX OKaxkeTcs 110 43-2 = 86 kamueii. OcrajbHble KODOOKHU OH
pazbuBaeT Ha 43 rpynimbl 10 46 KOPOOOK; HA ¢-M XOIY OH ITOJIOKHUT
1o 44 KaMHsi BO BCe KOPOOKHU i-iI I'PYIIIBI U 110 OJTHOMY KaMHIO — B
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KOPOOKU OCTaJIbHBIX rpyil. Torna depes 43 xo1a B KaxK /104 KOpoOKe
KaxKJIol rpyunsl 6yaer 1o 44 + 42 -1 = 86 kaMmHeil, TO ecTb BO BCEX
KOpOoOKax OyJieT MOPOBHY KaMHEI.

Ocrajoch JI0Ka3aTb, YTO 3a MeHbIIee YHCJIO XOJ0B Tpebye-
moe HeBbimogHuMO. [Iycts [lama cmenan k < 43 xomos. Torma B
KaKyIo-TO KOpoOky A momajo 44 KaMHsT Ha OJHOM XONIy, W B Heil
Oyaer ue menbine, yeMm 44 + (k — 1) - 1 = 43 + k kamueii. C apyroit
CTOPOHBI, MOCKOJILKY 46k < 2017, B Kakyo-To KOpoOKy B Hu Ha 0j1-
HOM U3 XOJIOB He MonaéT 44 KaMHsi, TO €CTh B Hell OyeT He 6oJIbIe
2k xammueii. [lockombky k < 43, umeem 2k < k + 43, a 3uauur, B
KopobKe B menbie kamueit, yem B A. Takum obpazom, [Tama ermé
He nmobusicst TpedyemMoro.

ameuanmue. [IpuBenéuunlit mpuMep — He eTUHCTBEHHDbINH. Ha-
IpUMeEp, MOJOUIET TakzKe HaOOP Yuces, COCTOSIUN u3 42 equHuII,
2017 — 43 = 1974 gmucen, paBHBIX a > 1, U OJHOIO YHUCJIA, PABHO-
ro 43a — 42. CymecTByOT JlaXke MPUMEPHI ¢ TOMAPHO Pa3JIUIHbI-
MU YUCJIAMU; OJHAKO IIPOBEPKA TOT'O, YTO OHH HOJXO/ISAT, HECKOJIBKO
TPyJHee, YeM JJis [IPUMEPOB, IIPUBEIEHHBIX BBIIIIE.

KomMmmenTapuii. Toabko BepHBIil orBeT — () 6aJ1I0B.

ToJibKO TIpeIbSBIIEH BEPHBIN pUMep HAbOpa Yucesl aj, ag, - . .,
a2017 — 3 Gasa.

[IpebsiBiien BepHbIl puMep HAOOPA YHUCEIT A1, 42, - . ., G017 U
IIPOBEPEHO, ITO MOXKHO YPaBHATH KOJIMYIECTBA KaMHEH B KOPOOKax
3a 43 xoma (HO HeT JOKA3aTeJIbCTBA TOTO, YTO HEBO3MOYKHO yDaB-
HATH MeHee deM 3a 43 xoza) — 4 Gauia.

[IpeibsaBiien BepHbIl puMep HAOOPA YHCEII A1, 42, - . ., G017 U
JOKA3aHO, YTO HEBO3MOYKHO YPABHSITEH KOJIUIECTBA KaMHEH B KOPOO-
KaxX MeHee 4deM 3a 43 xofa (6e3 mpOBEPKM TOrO, YTO MOXKHO ypaB-
HATH 3a 43 xos1a) — 5 6aJLIoB.

(BbrmeynomsinyThie Gasiiibl MOTYT ObITH CHUZKEHBI, €CJIHU IIPO-
BEpKa OCTABIIErOCsl HEJIOKA3AHHBIM YTBEPKICHUS 3aTPY/IHUTE b
HA.)

TosibKO Hesi KOHCTPYUPOBAaHUS HY»KHOrO Habopa ai, ag, ...,
2017 ¢ HECKOJILKUME <«BOOJIBIIUMEI» @; (CO3/AIOMUMHU IIPEISITCTBIS
JIUIs yPaBHUBAHUS 32 MaJjioe IUCJI0 XOI0B) — 1 GaJu.

Yaureab coOUpaeTcs JaTh JETIM 3a/1a49y ceayroiero suga. OH co-
obImuT UM, 9TO OH 3ajyMaJt Muorowien P(z) crenenu 2017 ¢ membi-
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Mu KoddduimenTaMu, crapiuit KoapOUImeHT KoToporo pasex 1.
3areM OH COOOIUT UM Kk TEIbIX YUCEJT N, N9, ..., N, A OTHC/Tb-
HO coolbmuT 3HaveHue Bbipaxkenust P(ny) - P(ng) - ... P(ng). Io
STUM JIAHHBIM JIETU JIOJIZKHBI HAWTH MHOTOYJIEH, KOTOPBIA MOT Obl
3ajlyMaTh yuuTesb. [Ipy KakoM HauMeHbIIeM k y9IUTeTh CMOXKET
COCTABUTH 3aJ[a9y TAKOIO BUJIA TAK, YTOOBI MHOIOYJIEH, HAMlIeHHbII
JIeThbMHE, 0053aTe/IbHO COBIAJ ObI € 3a/lyMaHHBIM? (I >Kyros)

Otser. Ilpu k£ = 2017.

Pemmrenne. Crauasna jokaxkem, aro k > 2016. Ilycts yun-
TeJIb UCIO0JIB30Basl HeKoTopoe k < 2016, 3agymas muorodnen P(x).
Paccmorpum muorowen Q(z) = P(x) + (x — np)(z —n2) ... (v —
— ng). 3amerum, 9YTO CTeneHb MHorodieHa @Q(z) TakxKe pas-
na 2017, a ero crapmmuit kosddurument rakxke pasen 1. [Ipu srom
P(n1)P(n2) ... P(ng) = Q(n1)Q(n2)...Q(ny), no P(z) # Q(z).
Buaunt, getu Moryn Obl Haiitn MuOrowreH ()(z) Bmecto P(x), To
€CTh yUYUTe/b He J00mIcs TpeOyeMoro.

Ocrajoch nokazarhb, ato npu k = 2017 yuuresab CMOXKeT IpH-
JlyMaTh TPeOyeMyIo 3a/1ady.

JIemma. ITyemo P(x) — mHmo204aen ¢ yeavimu Kosdduyuenma-
MU, u nyemv a u b — pazauunvie yeavie wucaa. Toeda P(a) — P(b)
deaumesa na a — b.

HoxkaszareabctBo. B pasnocru P(a)— P(b) crpynnupyem cia-
raemble 110 crenensiv: ecsin P(x) = ppa” +Pp_12" . 4 prz+po,
10 P(a) — P(b) = pp(a™ —b") +pp_1 (a1 =" H+ .. . +pi(a—b),
rie KaxkJoe cjaraeMoe OeJIuTcs Ha a — b. O

[Iycrs & = 2017. Tlosoxkum n; = 4i upu @ = 1,2, ..., k; mycrb
yuauresb coobuur jersm, aro P(ny)P(ng) ... P(ng) = 1. Torma
muorounen P(z) = (x—ny)(x—ng) ... (x—ny)+1 mox ycaosue nos-
xomut. IIpeamnosoxkum, 9To emg Kakoii-To MHOrouwIeH ((x) Takke
noaxouT o, ycaosue. Torma, Tak kak Q(n1)Q(n2)...Q(ng) =1u
ko durmentsr MHOrowiena Q(x) — neibie unciaa, ro Q(n;) = +1
pu Jjiobom ¢ = 1,2,..., k.

Ecrm matinyrea ¢ m j takume, uro Q(n;) = 1, a Q(n;) = —1,
T0 pasHocth Q(n;) — Q(nj) = 2 He AeNMTCA HA N; — N, YTO TPO-
TuBopednt jgemme. [losromy Bee 3HadeHus (Q(n;) paBHBI MEXKIY CO-
0oit u Bce paBHbl 6o 1, 6o —1. OgHAKO Bce 3HAYEHHUSI HE MOI'YT
6bITh paBHBI —1, Tak Kak B mpousseaeHnn Q(ny)Q(ng)...Q(ny)
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MHOXKUTeJIel HeUeTHOe KOJMIEeCTBO U IMPOu3BeeHne ObLI0 ObI paB-
Ho —1. Bnauut, Q(n;) = 1 npu maobom i = 1,2, ..., k. Torga pas-
HocTh P(x) — Q(x) — MHOrowIeH creneHn MeHee k, UMerOIuil XoTsi
Obl k KOpHEli, TO €CTb 3TOT MHOIOYJIEH TOXKJECTBEeHHO paBeH 0, u
P(z) = Q(z). Ilporusopeune.

3ameuyanme. C ucCrob30BaHuEM JIEMMbI MO2KHO TTOKA3aTh, 9TO
muorounen P(x) = (x —ny)(x —ng)...(x — n9g17) = 1 noxxomur
[PH A00DT PA3TUIHBIX TIEIBIX YUCTIaX N, N9, ..., N21T-

Kommenrtapuii. Tosbko BepHbIil oTBeT — () 6a/LI0B.

[TonHoe pemenune 3aa49u COCTOUT U3 JABYX acTei:

(a) mokazaTeabCTBO TOrO, YTO TPEOYEMOro HeJb3si JT0OUTHCS
npu k < 2016 — oneruBaeTcs u3 2 6AJIOB;

(6) mokazarenbcTBO TOro uTO TpH k = 2017 Tpebyemoro Jo-
OUTBHCST MOYKHO — OTIeHUBaeTCst u3 5 6aJsIoB.

Ecsn B wacru (6) npexbssien muorowien P(x) = (z —ny)(x —
—mn3)...(x —ng) £ 1 (Ipr HEKOTOPBIX PA3JIUIHBIX IEJBIX N1, N9,
..., N}), HO HE JIOKA3aHO, YTO HUKAKON JIpyroii Muorowren Q(z) me
YJIOBJIETBOPSIET YCJIOBUIO — 2 GaJiia (U3 msTn).

Ba ucnosp3oBanme jgeMMbl 0 geanmoctn P(a) — P(b) va a — b
6e3 JloKa3aTebCTBa OaJLIbl He CHUMAIOTCS.
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11.2.

Pernonasbaprit stam, 2016-2017 y4ebusbrii rog. Ilepsblii 1eHb

11 kJmacc

B npousBesennn cemu HATYPATbHBIX YUCET KAXKIbII COMHOXKHUTED
yMeHbIuIn Ha 3. Moriio iu nmpousBejieHne Mpyu 3TOM YBEJIUUUTHCS
posHO B 13 pas? (H. Aeazxanos, H. Bozdanos)

Orser. /la, moriio.

Pemmenune. B kadecTBe mnpuMmepa MMOAXOMUT IIPOU3BEICHUE
1-1-1-1-1-2-16 = 32. Ilocne ykazaHHoOil omepanuu moJIyda-
ercst (—2) - (=2)-(=2)-(-2)-(-2)-(-1)-13=13-32.

3amevanue 1. YkaxkeMm, Kak IpPUAyMaTh 3TOT npumep. [Ipes-
ITOJIOXKUM, YTO MATH U3 COMHOXKUTE/IeH PABHSINCH 1, IecToit — 2, a
cenpMoii — a. VIx mpowmsBesenne ObLIO PaBHO 2a, & IIOCTAE YMEHb-
mrennst mpesparmiock B (—2)°(—1)(a — 3) = 32a — 96. BHauur, npu
32a — 96 = 26a ycioBue cobiiojiaercs. Pernas 3To ypasBHeHwue, I10-
aydaeM a = 16. Urak, uncia 1, 1, 1, 1, 1, 2, 16 ynosaeTBopsioT
TpeOOBAHUSIM.

Sameuvanue 2. IlpuBeiEHHBII IpUMep — HE €JUHCTBEHHBIH.
Hanpumep, nomoiiaér rakske mpoussegenne 14 - 29 - 61 - 64, mocue
BeranTanms nepexomsmmi B (—2)% - 26 - 58 - 61.

KommenrTapwmii. Tosbko Bepubiit orBeT — () 6aJ110B.

[Ipenbsasien Habop dHCEN, VIAOBJIETBOPSIONIUN yCIOBUIO —
7 6aJ110B.

Bo B memomM mpaBMIBHOM peITeHNHM W3-33 apuMEeTHIeCKOMl
oImubKM TIOJIyUIeH B KadecTBe oTBera Habop 1, 1, 1, 1, 1, 2, a, rae
3HAYEHNE @ OMUOOYIHO — b OAJIIOB.

Bacsa 3amymait 8 K1eTOK IMaxMaTHON JOCKH, HUKAKWE JIBE U3 KOTO-
PBIX He JIeXKAT B OJTHOM CTPOKe WU B ofHOM cTosbte. 3a xox lers
BBICTABJISIET Ha JOCKY 8 JiaJieil, He ObIImuX IpyT Apyra, a 3aTeM Ba-
Csl YKa3bIBaeT BCE JIAJIbHU, CTOSINUE Ha 33 yMAHHBIX KJIeTKaxX. Kcan
KOJIMYIECTBO Jiajieil, yka3aHHbIX Baceil Ha srom xoze, uérHo (T.e. 0,
2, 4, 6 unu 8), o Ilerst BbIMrphIBaeT; nHaUe BCe GUTYPbI CHIMAIOT-
cst ¢ gocku u llers mestaer ciemyronuii xo/1. 3a KaKoe HAUMEHBIIIEE
qucyio xo10B Ilerst cMokeT rapaHTHPOBAaHHO BBIUTPATH?!

(4. Bozdanos)

OTBer. 3a 2 xoza.

Pemnenne. Ilokaxkem cuagasa, kak Ilere Beimrpars 3a 2 xoja.
[TepBbIM XO7I0OM OH BBLICTABUT 8 JjIaJiell IO JMaroHasu JocKu. Ecian
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OH eIN¢ He BBIUI'PAJ, TO Ha JAWArOHAJIN €CTh HEeIETHOE UMCJIO 3a1y-
MaHHBIX Baceil kierok. B wacrHocTH, Ha Heil ecTh Kak KieTka A,
3agayMaHHasa Baceit, Tak u KjaeTKa B, He 3aJyMaHHas UM.

ITycts Ha BTOpOoM X0y llerst mocraBut B
Jlagpu Ha 6 IHaroHaJIbHBIX KJIETOK, Kpome A -l
u B, a takxke Ha kierku C' u D, jexxaiue B
TeX JKe CTpoKax, 970 A u B cOOTBETCTBEHHO, "
1 B Tex ke crosbnax, yro B u A coorser- )¢
crBerHO. KaxKast HoBast JaJibsi CTOUT UJIU B )
OJIHOII CTPOKe, MJIK B OJHOM CTOJIOLE ¢ A, TO Puc. 5
ecTh UX KJeTKru Bacst 3ajymMars He MOr. 3Ha-
9UT, B HOBOH KOH(UTYpAaIUU JIaJdeil KOJTHIECTBO KJIETOK, 38,1y MaH-
HbIX Baceil, yMeHBIUIOCH POBHO HA OJHY, TO €CTb CTaj0 YETHBIM,
u Ilerst BBIMTpAJT.

Ocrajoch mokazarh, 9To lleTs He MOXKeT rapaHTHUPOBAHHO BbI-
urparh 3a ofguH xXoxi. Ilycth y mero sTo mosyumiock. IlepecraBus
CTOJIOIBI JIOCKH, MOXKHO CUHTATDL, YTO OH CHEJAJ IEPBBIA X0/ Tak,
KaK IMOKa3aHO Ha PUC. 1; TOTJa OH HE BBINT'PAET, eCIu BacuHbI KieT-

KU — OTMEUYEHHBIE CEPBIM HA TOM 2K€ PHUCYHKE.
KommenrTapwmii. Tosbko Bepubiit orBeT — () 6aJ1I0B.
JlokazaHo TOIbKO, UTO 3a ojuH X071, [leTst He MoXKeT BbIUrpaTh —

1 6aswr.

JokazaHo TOBKO, 9TO 3a JABa xoja llers moxkeT rapanTupo-
BAHHO BbIUTPATH — 6 OaJIIOB.

[IpuBenén BepHbIil aaroputsM, no3posisiomnuii [lere rapanTupo-
BAHHO BBINIDATh 3a 2 Xoja (BO3MOXKHO, 6e3 obocHoBaHus U 6e3
JIOKA3aTeIbCTBA HEBO3MOXKHOCTH FaPAHTUPOBAHHOIO BLIUI'PBHIIIIA 34
1 xoxm) — He menee 4 6aLIOB.

Yaurens cobupaercs AaTh JETIM 3a/1a49y ceayroiero suaa. OH co-

obImuT UM, 9TO OH 3ajyMaJt MHorowien P(z) crenenu 2017 ¢ menbi-

Mu Ko duimenTaMu, cTapiuii KoaduimenT KoToporo pases 1.

3aTeM OH COOOIIUT UM K IEJbIX YHCET N1, N2, ..., NE, U OTIENb-

HO coobmuT 3HaveHue Bbipaxkenust P(ny) - P(ng) - ... P(n). Io

9TUM JIAHHBIM JIETH JIOJ2KHBI HAHTH MHOIOYJIEH, KOTOPBI MOT OBI

3aJiyMaTh yauTesib. [Ipn KakoM HauMeHbIeM k yJIUTeb CMOYKET

COCTABUTH 33149y TAKOTO BUJIA TAK, YTOOBI MHOT'OYJIEH, HANICHHBI

JeTbMU, 00sI3aTeIbHO COBIAJ ObI C 381y MAHHBIM 7 (I XKyxos)
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Otser. IIpu k = 2017.

Pemrenne. Crauasna jokaxkem, aro k > 2016. Ilycts yun-
TeJIb UCIO0JIB30Bas HeKoTopoe k < 2016, 3aiymas muorounen P(x).
Paccmorpum muorowien Q(z) = P(x) + (x — ny)(z — ng2) ... (v —
— ng). 3amerum, 9YTO CTeleHb MHorodieHa @Q(z) TakxKe pas-
na 2017, a ero crapmmiit kosdduruenat rakxke pasern 1. [Ipu stom
P(n)P(ng) ... P(ng) = Q(n1)Q(n2)...Q(ng), no P(z) # Q).
Buaunt, getu Moryu Obl HaiiTm MHOTOWIEH ()(7) BMecto P(x), TO
€CTh yUYUTe/b He J00u/Ics TpedyeMoro.

Ocragoch nokazarb, aro nupu k = 2017 y4yuresnb cMOXKeT IpH-
JAyMaTh TPeOyeMyIo 3aatdy.

JIemma. [Tycmv P(x) — mmozousen ¢ yeavimu kosphuyuenma-
MU, u nyemv a u b — pazauunvie yeave wucaa. Toeda P(a) — P(b)
deaumesa na a — b.

HoxkazareabcrBo. B pasnocru P(a)— P(b) crpynnupyem cia-
raemble 110 crenensiv: ecsin P(x) = ppa” +Pp_12 . Hprz+po,
10 P(a)— P(b) = pp(a™ —b") +pp_1 (a1 =" H+ .. . +pi(a—b),
rie KaxkJjoe cjaraeMoe AeJIuTcs Ha a — b. [l

[Iycrs & = 2017. Tlosmoxkum n; = 4é upu ¢ = 1,2,...,k; myctb
yaureiab coobmur gersiM, uro P(ny)P(ng)...P(ny) = 1. Torma
muorounen P(z) = (x—ny)(x—ng)...(x—ny)+1 mox ycaosue nos-
xout. IIpeanookuM, 9To emg Kakoii-To MHOrouwIeH ((x) Takke
noaxouT o ycaosue. Torma, Tak kak Q(n1)Q(n2)...Q(ng) =1u
ko durmentsr MHOrowiena Q(x) — neisie unciaa, ro Q(n;) = +1
mpu goboMm ¢ = 1,2,..., k.

Ecrm matinyresa i m j takume, uro Q(n;) = 1, a Q(n;) = —1,
T0 pasHocth Q(n;) — Q(nj) = 2 He AeIMTCH HA N; — N, YTO HPO-
TuBopednt jgeMmme. [losromy Bee 3Hadenus (Q(n;) paBHBI MEXKIY CO-
6oit u Bce paBHbI b0 1, mub60 —1. O1HAKO BCe 3HAUEHMST HE MOTYT
6bITh paBHBI —1, Tak Kak B mpousseiaeHnn Q(ny)Q(ng)...Q(ny)
MHOXKUTeJIeif HeUeTHOe KOJIMYIEeCTBO U IPOu3BeieHne ObLI0 Obl paB-
Ho —1. Bnaunt, Q(n;) = 1 upu mobom i = 1,2,..., k. Torga pas-
HocTh P(x) — Q(x) — MHOrOWIeH crereHn MeHee k, MMEROIUil XOTst
Obl k KOpHEli, TO eCTb 3TOT MHOIOYJIEH TOXKJIECTBeHHO paBeH 0, u
P(z) = Q(z). Ilporusopeune.

Bameuyanmne. C uCHOIb30BAHIEM JIEMMbBI MOXKHO MOKA3aTh, 9TO
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muorowieH P(z) = (x — ny)(z — ng) ... (z — noo17) £ 1 noxxomur
IPU 41066, PA3IUIHBIX TEJIBIX 9UCTAX N1, N9, - .., N2017-

Kommenrtapuii. Tosbko BepHbIil oTBeT — () 6asLIOB.

[TonHOE perreHne 38891 COCTOUT U3 JIBYX YacCTeil:

(a) moKa3aTeNbLCTBO TOTO, YTO TPEOYEeMOro HeJb3sl JIOOUTHCs
npu k < 2016 — oneruBaeTcs u3 2 6AJIOB;

(6) mokazarenbcTBo TOro uro mpu k = 2017 Tpebyemoro Jo-
OUTBHCST MOYKHO — OTIEHUBaeTCsT u3 5 OaJIIoB.

Ecin B wacru (6) npexbsiiaen muorowien P(x) = (z —ny)(z —
—ng)...(x —ng) £ 1 (Ipr HEKOTOPBIX PABJIMYHBIX IEJBIX N1, N,
..., N}), HO HE JIOKA3aHO, ITO HUKAKON JIpyTroii MHOrOWIeH () He
YJIOBJIETBOPSIET yCJIOBUIO — 2 GaJiia (U3 msTn).

3a ucnospzoBanne geMMbl o jgenumoctu P(a) — P(b) na a — b
6e3 JIoKa3aTeILCTBa OAJITBl HE CHIMAIOTCS.

Paprocroponnmit Tpeyronbank ABC BIHcaH B OKPYKHOCTH ) u
ONKCAH BOKPYT OKpy:KHOCTH w. Ha cropornax AC u AB BwIOpaHb!
Toukr P 1 () COOTBETCTBEHHO TaK, YTO OTPE30K IP() MPOXOoauT de-
pe3 neatp Tpeyronbanka ABC. Okpyxuocru 'y u I'e mocrpoens
Ha orpeskax BP u C(@) kak Ha jguamerpax. Jlokaxkure, 910 OKpPYy K-
noctu I'y u [ mepecekatoTcst B IByX TOYKaX, OJHA M3 KOTOPHIX Jie-
KUT Ha ), a Jpyras — Ha w. (A. Axonan)

Pemenue. [lycts O — niertp Tpeyronpanka A BC. ObosHadqmm
qepes By u C9 Toukn Kacanus w ¢ AC' u AB cOOTBETCTBEHHO, a e~
pe3 By u C{—rouku ), nuamMeTpabHO IPOTHBOIOJIOKHBIE TOU-
kaM B u C coorBercrBentuo (cMm. puc. 6). Torma roukn By u C
cummerpudibl O orHocuTebHO ¢cTopoH AC 1 AB coOTBETCTBEHHO,
orkyaa ZOB1P = /BjOP u Z0C;Q = ZC10Q.

[Iycts ayan B1P un C1Q nepecekaor ) B Toukax B’ u C’ co-
orBercTBeHHo; Torna /PB'B = /B1B'B = 90°, to ects B’ e-
xur Ha [y Amanormano, C’ mexxur na I'e. C apyroit cTOpoHBI,

BB' +CC" = 2(£BBB' + LOC\C") = 2(£LB,OP + £C10Q) =
= 2(180° — Z/B10CY) = 120° = BCj; aro ozHavaet, uT0 Touku B’
u C’ cosnasaior. Urax, I'y u I'c nepecekatorest B Touke B, neskarmeit
Ha €.

[Mockonbky /BB P = /CCsQ = 90°, Ttouku By u Cy nexar
ma I'y u I'. coorsercrsenno. Ilycrs mpomosmkenue orpeska B'O 3a
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A

BI:CI

Puc. 6

Touky O mepecekaer w B Touke X. Torma OX = OBy = OCy un
OB' = OB = OC, orkyna OB - OBy = OB’ - OX = OC - OCs».
IlepBoe U3 5THX PaBEHCTB O3HAYAET, 4TO ToYKU B, By, B’ u X ie-
JKaT Ha OJHON OKPYKHOCTH, TO €CTh X JIE2KUT HA OKPYKHOCTHU .
AHaJIOTUYIHO, U3 BTOPOIO paBeHCTBa cieiayer, 9ro X JiexkuT Ha [¢.
Suaunt, X ¥ sIBJIsIeTCsS BTOPOi TOUKoil epecevenust I'y u I, mexa-
el Ha w.

Bameuanue 1. Ilocie mokasareabCTBa TOTO, UTO OKPY2KHO-
cru Q, I'y u T'¢ nepecexatorcst B 0jiHO# Touke B/, MOKHO 3aBepIIuThH
pemenne u mo-apyromy. Ilycts X — BTopas Touka mepecedenus L'y
u I'c. Herpyauo Bugers, uro Touka X jexkur B yrie CoOBy. Torma
/ByXCy = /ByXB' + /03X B’ = (180° — /By PB’) + (180° —
— ZC9QB’) = (90° — ZPB10) + (90° — ZQC10) = 120°, uto n
o3HaYaeT, 9TO X JIEYKUT Ha W.

3ameuanue 2. Ilycrs npsimast PQ) nepecekaer npsmyio BC
B Touke R. AHaJOrHIHO MOXKHO IOKa3aTh, 9YTO OKPYXKHOCTH [y ¢
nmaMerpoM AR TakyKe IIPOXOAUT depe3 nBe obmmx Touku B’ n X
okpyxkuocreit I'y u [e.

KommenrTapuii. [lokazano Tonbko, 9To okpyxkHocth 'y n I'e
IepeceKaroTcs B AByX Toukax — () 6asLIoB.
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XLIII Bcepoccuiickast MaTeMaTHdecKass OJUMIINA/1a IIKOJIbHIKOB

[TokazaHO TOJIBKO, UTO OJIHA W3 TOYEK IIEPECeUEHUS] ITHUX
OKpYy2KHOCTEN jexkuT Ha () — 3 basura.

[TokazaHo TOJIBKO, UTO OJIHA W3 TOYEK I[IEPECeUEHUS] ITUX
OKpy KHOCTeH JteykuT Ha w — 4 Hasia.
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