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BBEJEHUE

ITopsgok npoBeneHUsi, METOAVKA M CUCTEMA OLIEHNBAHUS
(mpoBepku) pernoHasibHOrO 3Tana Bcepoccuiickoil onumnuagbl
MIKOJIbHUKOB 1Mo Matematuke 2015—-2016 ydye6GHOTO roaa.

Pernonanbubrit sran Beepoccuiickoit omuMmma, il MKOJIBHUKOB IO Ma~
TemaTuke 2015-2016 y1ebHOTO roja MPOBOAUTCS IO 38 JaHUSIM, TIO/ITOTOB-
sienabiM [leHTpabHOM MpeIMeTHO-MEeTOIMIeCKOl KOMUCCHEH, B e TUHbIe
st Beex cyobekros PO cpoku: 05 depass 2016 r. (I typ) u 06 des-
pans 2016 r. (II typ). Pernonasbubiii 3Tan HpOBOAUTCS O OTAEIHHBIM
zaganugaM s ygamumxed 9, 10 u 11 xmaccos.

Sajanus sl KayKJI0ro KJIAcca BKIIIOYAIOT 8 3ajad — 110 4 3a/a9u B
KaxkIoM u3 aByx nHeil (Typos) Osmmmmaner (3amaun 1-4 —1 Typ, 3axa-
qu 5-8 — II ryp). IIpoaoaKuTeIbHOCTD KazKI0ro Typa Jjisl KaXKJI0r0o KJIac-
ca cocTaBiisieT 4 aCTPOHOMUIECKUX Faca.

B cuny Toro, uro Bo Bcex cybbekTtax Poccuiickoit @eneparuu pe-
THOHAJIBHBIA 3TAIl IIPOBOJUTCS IO OJHUM KM TEM K€ 3aJIaHUSM, IIO/IrO-
ToBJIeHHBIM [leHTpaIbHOM MpeIMeTHO-MEeTOINIECKON KOMUCCHUEH, B TeIIX
[IPEIOTBPAIIEHHS IIPEXK IEBPEMEHHOI0 JJOCTYIIA K TEKCTaM 33 IaHHil CO CTO-
ponbl yaacTHUKOB OJIMMIINAIBI, 8 TAKXKe UX yduTejeill U HaCTABHUKOB,
BpeMs HaJdaja U OKOHYAHUS TYPOB B YCTAHOBJIEHHBIE JATHI B KaXKIOM
cyobekTe PO [1012KHO ONpeiesisIiThCA B COOTBETCTBUH ¢ « BpeMeHHBIME
peryiaMeHTaMu IIPOBeJeHNS TyPOB PErMOHAJILHOrO 3Tana Beepoc-
cuiickoii o IMMOnaabl MKOJbHUKOB B cyobekTax Poccutickoii Pe-
nepamuu B 2015-2016 yyeGHOM T'Oy» IS 9aCOBBIX IIOSICOB.

Tlokasz pabot, anesum u pazdbop 3a7a4d B cyobekTrax Poccuiickoit
®Qenepanuu, rae Typ okanuuBaercd B 16.00 m 17.00 mo MmecTHOMY BpeMe-
HU, IPOBO/IATCS HE PaHbIIe, YeM Ha CJIEJYIOIIN JIEHb [I0CJIe IIPOBEIEHUA
BToporo typa OJuMimaibl.

B ocrampabix cybbekrax Poccuiickoit @enepanun peKOMEHIyeTCs
OCYIIECTBJIATH MTOKa3 pabOT U MPOBEIEHUE AMEJUIAIUi He PaHbIe, JeM
Ha CJIEIYIOIINiA JIeHb IOCJIe TIPOBEIeHUsT BTOPOro Typa OauMnaib.

TlobGeuTenun u TpPU3EPHI OJUMIIHAILI OnpeiensioTcs: [lopsakom mpo-
BeJenust Bcepoccuitckoit oimMmua bl MKOJLHUKOB U TpeboBanusaMu K
[IPOBEJIEHUIO PErMOHAJIBHOrO 3Tana BcepoccuiicKoil oTMMIINAIbl MIKOJIb-
HUKOB 110 Maremaruke B 2015-2016 yuebHOM rOTy.

Pertenne xaxkioit 3a1a4m OMEHUBAETCS TIEJIBIM IUCJIOM 0aJLtoB or 0
g0 7. MakcumaabHOe KOJIUIeCTBO 0ajiioB, KOTOPOE MOXKET IOJyIUTD
y4acTHHK, paBHO 56 (28 — I Typ, 28 — II 1yp).

3ajaHus MaTeMATHIECKUX OJIMMITUAJ] SIBJISIIOTCS TBOPYECKUMU, IO~
IyCKAIOT HECKOJBKO PA3JUIHBIX BapuaHTOB pemeruii. Kpome Toro, Heoo-
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XOJIUMO OIIEHUBATH YACTUYHBIE IIPOJBUKEHNs B 3a/1a49aX (HAIIpUMED, Pas3-
60p BaXKHOTO CJIydasi, JOKA3aTeJbCTBO BCIIOMOTATEIBHOIO Y TBEPKICHUS,
HAXOXKJIEHUE TIpuMepa U T.1.). HakoHel, BO3MOXKHbBI JIorudeckue u apud-
MeTudeckne OonmoOKu B perreHusix. OKoOHUYATeNbHBIE OAJUIBI TI0 3aJade
JOJIZKHBI YUUTHIBATh BCE BBIIIEIIEPETNCIEHHOE.

Hike npusesiena cranmapTHas METOIMKA OIEHUBAHUS PEIIEHUN.

Basunet | IIpaBusibHOCT (OIMOOYHOCTD) PELIEHUS

7 Ilonoe BepHOE perienue.

6-7 Bepnoe pererne, HO nmeroTcs HeOOIbITNE HETOYETHI, B IIe-
JIOM He BJIISIONTIE Ha PeIeHue.

5—6 Pemmenne B nestom Beproe. OHAKO OHO COIEPKUT OMUOKH,
JInOO TIPOIYINEHBI CJIydYan, HE BJIUSIONINE HA JIOTUKY DPac-
Cy2KJEeHUIL.

3-4 B Tom cayuae, Kora perenue 3aJa9u JeUTCS Ha JIBE PaB-
HOILICHHBIC YaCTU — pelLIeHue OJHONA U3 JacTeil.

2-3 Jloka3zaHbl BCIIOMOTATEbHBIE YTBEPKIEHIS, ITOMOTAIONNE
B PEIIeHUN 33/1a4HU.

0-1 Paccmorpens! oTnenbHble ciydan NpU OTCYTCTBHH Pellie-
HHUSL.

0 Permnenne neseproe, mpo/IBUKeHNsI OTCYTCTBYIOT.

0 Pemrenne orcyTcTByeT.

Baxxno orMeTuTh, 4TO J1I000€ IPABUJIBHOE PEIIEHUE OIEHNBAETCS B
7 6an0B. Hefomyctumo cHUMATDh OAJIIBI 38 TO, UTO TEKCT PEIIEHUsT CIIUATI-
KOM JIJIMHHBI, WX 3a TO, YTO BEPHOE DEIIeHUE IIKOJbHUKA OTIMIaeTCS
OT IIPUBEIEHHOTO B JIAHHON METOUYIECKON pa3paboTKe Win OT IPYTUX pe-
[IEeHU i, U3BECTHBIX XKIOpU. B TO 2Ke Bpems 00011 CKOJIb YTOHO JJIMHHBIN
TEKCT, He COJEPKAINNil TIOJIE3HBIX IIPOJIBIKEHNI, TOJI?KEH OBITH OIIEHEH B
0 6am0B.

Huke npuBeieHbI OTBETHI U pellleHnst K 3a[a9aM OJIMMIINAIbl. B KoM-
MEHTapUsIX K 33Ja9aM yKa3aHbl KDUTEPUU OlleHUBaHus (B HaJiiax) HEKO-
TOPBIX MPEJITOIATAEMBIX OMIMOOK U YACTUIHBIX MPOJBUKEHUN. 3aMeTnM,
49TO0 paboTa yYaCTHUKA, IOMUMO IPUBEIEHHBIX, MOXKET BKJIIOYATH JPyTHe
CoJlepKaTesIbHbIE IIPOJIBI2KEHNS U ONIMOKU, KOTOPBIE JIOJI?KHBI OBITH OIle-
HEHBI JIOIOJIHUTEIBHO.

2Kenaem yenewnoti pabomor!

Aemopvi u cocmasument, COOPHUKA
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YCJIOBUS U PEIIEHUSA 3AJAY

9 kJ1acc

Hanbl kBajparble Tpéxunenst fi(z), fo(z), ..., fi00(z) ¢ onuHako-
BBIME KO3 dUIMEHTaMU TIPU £, OAMHAKOBBIME KO3 UITHEHTaAMI
TPU &, HO PA3INIHBIMUA CBOOOTHBIMU WJIEHAMMU; ¥ KAXKIOTO U3 HUX
€CTb 110 JIBa KOPHsl. Y KaxKJI0ro TpéxuieHa f;(x) BIOpaau OIuH KO-
peHb n 0b0O3HAYMIN ero uepe3 r;. Kakume 3HaUeHUsS MOYKET IPUHU-
math cymma fo(r1) + f3(@2) + ... + froo(z99) + f1(z100)?
(H. Aeazanos)

OtBet. Tombko 0.

Pemenne. [Tycrs i-it Tpéxaien umeer B fi(x) = ax’+br+c;.
Torna
fo(x1) = aaz% +bry+co = (ax% +bx1+c1)+ (c2—c1) =ca—cq,
nockosibky f1(z1) = 0. Anasorndno mnosyuaem paseHcTBa f3(xg) =
=c3—c2, ..., fr00(w99) = c100 — c99 1 f1(2100) = €1 — c100-

CxJtaipiBast MOJIyYEHHBIE PABEHCTBA, TOJIyYaeM
fa(z1) + f3(@2) + ... + fi(z100) = (c2 —c1) + ...+ (e1 — c100) = 0.
3HaYNT, eUHCTBEHHOE BO3MOXKHOE 3HAUEHHUE CYMMBI — HOJIb.

Kommenrapuii. Beprbiit orBer 6e3 obocHoBanuii — () 6a/LIOB.
Ilan papaOGenpennsbiii Tpeyroasaunk ABC, AB = BC. B okpy:xk-
Hoctu 2, onucaHHON OKoJIO Tpeyroibuuka ABC, mpoBejeH aua-
merp CC'. Ilpsmas, npoxonaimas depes Touky C! mapasnensno BC,
nepecekaer orpesku AB u AC B Toukax M u P cOOTBETCTBEHHO.

Hoxkazkure, aro M — cepenuna orpeska C'P. (B. O6yzos)
Pemenne. Tax xax CC' — B
maamerp €, mveem ZC'AC = 90°. Q

IMockonmbky ~ MP || BC,  moiy4aem ¢’
LMPA = /ZBCA = /BAC (cwm.
puc. 1). Buauur, rpeyroabauk AM P —
paBHOGEIPEHHBIIl, U [TO9TOMY €ro BBICO-
ta M D saBasiercs n meguanoii. Tak kak AND P C
AD = DP u AC'| DM, 1o teopeme v
®aseca omyaaem, aro C'M = MP. Puc. 1
Bameuganwue. Ectb u jpyrue perrenusi, HaAIpUMep, ¢ UCIOJIb-
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30BaHUEM TIOJICYETA YIJIOB B MPSMOYTOILHOM Tpeyrombanke PAC;
mvenno, ZMAC! = 90°—/ZMAP = 90°—~ZACB = 90°—~ZMPA =
= /MC'A, orkyna MP = MA = MC'.
Ilerst BBIOpAJT HECKOIBKO IIOCJIE/IOBATEILHBIX HATYPAIbHBIX YHCEJI
U KayKJI0e 3ammcall Jub0 KPacHbIM, JTUO0 CHHUM KapaHarmoM (oba
[Bera IPUCYTCTBYIOT). MOXKeT Jin cymMMa HaMMEHBIIEero ObIIero
KPATHOTO BCEX KPACHBIX YUCEJI W HAUMEHBIIEr0 OOIIEro KpaTHOro
BCEX CHHUX YHCEJI SIBJISTHCS CTEIEHbIO JTBOMKM?

(0. Amumpues, P. 2Kenodapos)

OTBer. Her, He MOXKeT.

Pemnenne. Ilpemmnonoxkum nporuBaoe. Paccmorpum crernenn
JIBOIIKH, HA KOTOPBIE JCISATCA BBIIHCAHHBIC TrCIa; mycTh 28 — man-
GoJsibiiiast U3 HUX. Fcyim XoTs OBl JIBA BBIMUCAHHBIX 9UCIA JEISATCSH
na 28, To mBa cocemmux Takux wmcia GynyT pasmmuarbes ma 2F.
Buadut, oqHo u3 Hux Oymer seantbest ma 28Tl aro mesosmorxkmo
B cujIy BbIOOpa k. 3HAUUT, CPEJU BBITUCAHHBIX UUCET POBHO OJHO
JIeJINTCS Ha, 2k,

Haunmenbiee obimee kparnoe (HOK) rpymier, comepxkarieii 310
quCII0, OYAET JEJUTHCSI Ha ok , & HOK ocraBimeiicss rpynmnel — He
Gymer. Suaunt, cymma stux HOK me nemurest na 2F; ¢ apyroii cro-
POHBI, 3Ta cymMMa OoJIbIe, TeM ok ITosToMy 3Ta cymMma He MOXKET
OBITH CTEIEHBIO JIBONKU.

KomMmmenrTapmuii. JokaszaHo, ITO POBHO OTHO M3 BBIMTHCAHHBIX
YUCEsT IEJINTCST HA MAKCUMAJIBHYIO CTEIeHb JTBOMKN — 2 OaJuia.

Y napst ['mepona ectb 11 MeTa/IMIeCKUX CIUTKOB, HEPA3IMIUMBIX
Ha BUJI; IAPh 3HAET, YTO UX Beca (B HEKOTOPOM IODSIJIKE) PaBHBI 1,
2, ..., 11 xr. Emgé y Hero ectb MeIIOK, KOTOPBIN MOPBETCS, €CJIN B
HEro MoJIOXKUTh GoJtbiie 11 Kr. Apxumes y3HaJ Beca BCEX CIMTKOB
¥ XOUeT JIOKa3aTh | 'mepoHy, 9To MepBhIil CIUTOK nMeeT Bec 1 Kr. 3a
OJIMH IIIAI' OH MOXKET 3arPy3UTh HECKOIHKO CJIUTKOB B MEIIOK U IIPO-
JIEMOHCTPUPOBATH ['MEPOHY, U4TO MEIIOK He MOPBaJICs (PBATH MEIIOK
Hesb3s1!). 3a Kakoe HauMeHbIee YUCIO0 3arPy30K Melnka ApxuMe[
MOXKET JOOUTHCA TpeOyeMoro? (H. Boedanos, K. Knon)

OrtBert. 3a 2 3arpys3KH.

Pemnenne. Ilokaxkem, uTo ApXumeny JOCTATOYHO HUCIIOJIB30-
BaTh MEIIOK JBaXKJbl. [lycTh OH cHAYAJIA TTOJIOKUT B MEIIOK CJIMT-
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KHu ¢ Becamu 1, 2, 3 u 5 KI, & IIOTOM — CJINTKU ¢ Becamu 1, 4 u 6 KT
B oboux ciaydasx MeImoK He MOPBETCH.

JlokazkeM, 94TO 3TO MOIJIO IIPOU30MTH TOJIBKO B TOM CJIydae, €CJII
JBaXKIbI OBLT UCIIOJIB30BaH CAUTOK Beca 1 Kr. [leficTBuTebHO, ecin
Obl ApxuMes, B 3TH JiBa pa3a BMECTO CIUTKOB ¢ BecaMiu 1, ..., 6 KT
HCIIOJIb30BaJl COOTBETCTBEHHO CJAUTKH C BECaMd Wi, ...,Wg KI, TO
9TH Beca yJOBJIETBOPSIIN Obl CHCTEME HEepaBEHCTB wi{ + wo + w3 +
+ ws < 11, wy + wyg + wg < 11. CkaanpiBast 9TH HepaBEHCTBA,
oJyvaeM wi + (w1 +wo+ ...+ w6) < 22. B ckobkax cTouT cymma
IIIeCTH PA3JIUIHBIX HATYPAJbLHBIX YHUCEJI, TO €CTh OHA HE MEHBIIe
1+2+... 46 = 21. Orcioga cuemyer, uro wy < 22 — 21 = 1.
3Hauut, wi = 1, TO €CThb CJIUTOK Beca 1 KI' OJHOZHAYHO OLPEICIIEH.

Ocrajioch MMoKa3aTh, YTO OJHOI 3arpy3KH HeIoCTaTodHO. Kcym
Apxumes 3arpy3uT OJIUH CJIMTOK, TO MEIIOK HE IIOPBETCA B JIFOOOM
cIydae, TO eCTb HUKAKON CJANTOK HAEHTU(PUITMPOBATL HE YIACTCH.
IIycTs Apxumen 3arpys3uT GOJIbIIE OIHOIO CJIMTKA, U MEIIOK He II0-
peérca. Eciu cutok B 1 Kr He 3arpy»keH B MEIIOK, TO IIPH 3aMeHe
UM JIIOOOIO CJIMTKA M3 MEIIKa PEe3yJIbTaTl He M3MEHUTCS; 3HAYNT, B
sToM ciydae ['mepon mazke He CMOXKET IMOHATD, HAXOIUTCS JIU ITOT
CJIUTOK B Memke. Kcm »Ke MCKOMBII CJIUNTOK B Mellke, To ['uepon He
CMOZKeT TOHSITh, KAKOH 13 (XOTst Obl J[BYX) 3aIDyKEHHBIX CJIUTKOB —
TpebyeMbIii.

3ameuanue. Ilociie yKazsaHHBIX JABYX 3arpPy30K TaKKe OIHO-
3HAYHO OIpe/iesisieTcs TpyIa TUPh ¢ BecaM’ 2, 3 U O KI, a TaKXKe
rpyiia ¢ BecamMu 4 u 6 KI.

KommenTapwuii. J[okazano TOJBKO, ITO OJHON 3arpy3KU MEITl-
Ka HeJIOCTATOYHO — 1 GaJsLl.

[TpuBeiéH TOMBKO BEPHBIN IPUMED JIBYX 3arpy30K, HO HE JOKa-
3aHO, 4TO OH paboraer — 3 Gajuia (ITU GAIIBI MOIYT CKJIABIBATHCS
C TPEeIBLIYIINM).

IIpuBenéH BepHBI IpuMep ABYX 3arpy30K, JOKAa3aHO, YTO OH
paboTraeT, HO He JIOKA3aHO, UTO OJHON 3arpy3kKoil He 000WTHCH —
6 6aJLIOB.
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10 kJ1acc

Haubr kBajparble Tpéxunenst fi(z), fo(z),. .., fi00(z) ¢ onquHako-
BBIMU KO3 dUIMEHTaMU TIPU £, OAMHAKOBBIMEU KOd(MUITHEHTaAMI
MpU &, HO PA3INIHBIMUA CBOOOTHBIMU WIEHAMMU; ¥ KAXKIOTO U3 HUX
€CTb 110 JIBa KOPHsl. Y KaxKJI0ro TpéxwieHa f;(x) BbIOpaau OIuH KO-
penb u 0bo3HAYMIN ero uepe3 r;. Kakue 3HadeHUs MOYKET IPUHU-
math cymma fo(z1) + f3(@2) + ... + froo(zgg) + f1(z100)?
(H. Aeazanos)

OtrBet. Toabko 0.

Perrenne. ITycrs i-it Tpéxanen numeer Buf fi(x) = az’+br+c;.
Torna
fo(x1) = aaz% +bxri+co = (ax% +bxy+c1)+ (c2a—c1) =ca—cq,
nockoibKy f1(z1) = 0. AHasiorn4yso 10y4aeM paBeHcTBa f3(x9) =
=c3—c2, ..., f100(w99) = c100 — c99 1 f1(2100) = €1 — c100-

CxtaipiBast OJIyYEHHBIE PABEHCTBA, TOJIYYaeM
fo(x1) + fa(z2) + ... + fi(zr00) = (c2 — 1) + ...+ (e1 — c100) = 0.
3HaYNT, eUHCTBEHHOE BO3MOXKHOE 3HAUEHHUE CYMMBI — HOJIb.

Kommenrapuii. Beprbriit orBer 6e3 obocHoBanuii — () 6a/LI0B.
[letst BeOpas 10 mociemoBaTeILHBIX HATYPAJDLHBIX THCET U KarK-
Jloe 3anmcas Jubo KpacHbIM, JIHOO CHHUM KapaHjaimoMm (oba mBeTa
IPUCYTCTBYIOT). MoxKeT i cyMMa HANMEHBINEro 00IIero KpaTHoro
BCEX KPACHBIX YHUCEJT U HAUMEHBIIIEro OOIIEro KpaTHOTO BCEX CHHUX
qucesl OKaHInBaThCs Ha 20167

OrBer. Her, He Mmoxer.

(0. Amumpues, P. 2Kenodapos)

Pemenne. IlpemnosoKuM IpoTUBHOE. 3aMETHUM, YTO YHUCIO,
okaHuupatoreecst Ha 2016, obsgzarennLHo geauTcst Ha 16.

Cpeaun gecsaTH IeTUHBIX 9HMCENI €CTh MO0 OIHO, JTUOO JBa JIHC-
Jla, mesamuxcd Ha 8. B mepBoM ciIydae OMHO M3 IOJIYI€HHBIX HAW-
Menbimx o6mux Kparabix (HOK) mesmrest Ha 8, a Bropoe — Her, u
IIOTOMY UX CyMMa He JeJuTcd maxke Ha 8. Bo BTopoMm ke ciydae
Pa3HOCTH JIBYX IETUHBIX UUCEJI, JIEJISIIUXCA Ha 8, paBHA 8, IO3TOMY
OJIHO M3 HUX JeauTcs Ha 16, a npyroe — Her. CjeqoBaTe/IbHO, OTHO
n3 HOK menurca ma 16, a apyroe — HeT. 3HAYUT, U B 9TOM CJIydae
cymma HOK gemurbest Ha 16 He MOXKeT.

Kommenrapuii. Tosibko oreer — () 6asuios.
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Pazobpan TobKO c1ydaii, Korga Ha 8 JeJIUTCs POBHO OTHO THC-
JIO U3 JecaTu — 3 baJuia.
Ha cropore AB Boimykitoro getoipexyronbauka ABC D B3aThI TOU-
ku K u L (rouka K sexkur mexay A u L), a mwa cropone CD
B3saTel Touku M n N (touka M wmexzay C u N). UsBecrno, uro
AK = KN = DN u BL = BC = CM. [okaxure, 9T0 ecjin
BCNK — BrnmcaHHbIN 9eThipexyroabuuk, To u ADM L toxe Bu-
CaH. (T. Bumanos, II. Koowcesnuros)

Petnenne. B ciyuae AB || CD umeem BC = KN, nosromy
AK = BL = CM = DN. 3nauut, derblpéxyroiabauk LM DA 1o-

sgyqaercs u3 BCN K napaJjuielbHBIM [IEPEHOCOM Ha BeKTop BL.

Puc. 2

[Tycrs Teneps AB u C'D He nmapaJuiefbHbI; 0603HAYNUM Yepes3
P touky nepeceuenust npssmbix AB u CD. Tak Kak 9eThIPEXYTOJIb-
uuk BCN K Buwmcan, tpeyrogbuuku PBC uw PN K 1onobHBI; OT-
croza % = % = % = % Buauur, BN || LD (cm. puc. 2).
Ananornuno, CK || MA. Orcioga nonyuaem ZALD = ZKBN n
LKCN = ZAMD.

Taxk kak uerbipéxyroipuuk BCNK Boucan, to ZKBN =
= /ZKCN. Hosromy u LZALD = LZAMD), to ectb ADML Tak-
JKe BIIMCAaH.

3ameuanue. EcTb u qpyrue perenns ; HaIpuMep, U3 PABEHCTB
LAKN = ZNCB un /DNK = /KBC cnenyer, 9T0 dYeTbl-
pexyroabuuku BCML n NKAD mnonobusl, nostomy /BLM =
=/ZMDA.

10.4.
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Kommenrapumii. /lokazano, uro BN || LD (wm CK || MA,
i obe 9TH mapasuieIbHOCTH) — 3 GaJuia.

Bepnoe nokazarenberBo 1monobusi deTbipexyrojibankos BC LM
u NKAD — ue memiee 3 6a/110B.

Ba paccMoTpenue 4acTHOro ciydasi, ckazkem AB || C D — 0 6aJ-
JIOB.

Ecnu npeabsiBieno BepHoe perienne, hOpMAaJBLHO HE PabOTaI0-
mee B cinydae AB || CD — 6ajuibl He CHEMAIOTCS.

Hana xmerdatas Tabmuma 100 X 100, KJIeTKH KOTOPO# MOKPAIeHbI
B uépHblii u Oespiit mBera. [Ipm 5TOM BO BCex cTOOIAX MMOPOBHY
4EPHBIX KJIETOK, B TO BPEMs KaK BO BCEX CTPOKAX pPa3Hble KOJINUe-
cTBa YEPHBIX KJIETOK. KAKOBO MAKCHMAIHLHOE BO3MOXKHOE KOJIUYE-
CTBO IIap COCEIHUX II0 CTOPOHE PA3HOIBETHBIX KJIETOK?! (M. Bozdaros)

Otser. 6-50%2 —5-50 + 1 = 14751 nap.

Pernenne. O603HAYNM JJIMHY CTOPOHBI TAOJHUIBI Uepes 2n =
= 100 (rak uro n = 50) u UpOHYMEpyeM CTPOKH CBEPXY BHU3, a
CTOJIOIBI — CJIEBA HAIIPABO UHCJIaMU OT 1 10 2n.

B kaxmoit crpoke MoxkeT ObITb oT 0 10 2n YEPHBIX KJIETOK.
Taxk kak KoJin4ecTBa YEPHBIX KJIETOK BO BCEX CTPOKAX PA3JIMYHBI,
9T KOJIMYecTBa — Bee unciaa or 0 70 2n, KpoMe OJHOrO (CKayKeM,
kpome k). Torma obree uncio 9épupix Kiaetok pasao (0+1+...+
+2n) —k = m2+n—k C JPYTOil CTOPOHBI, TAK KaK BO BCEX
cTOIONAX KJETOK MOPOBHY, ODINEE UHMCJIO YEPHBIX KJIETOK JIOJI?KHO
JemuThCs Ha 2n. 3HaunT, k = N, 1 Bo Bcex cTombnax mo 2n2/(2n) =
= n YE6pPHBIX KJIETOK.

OreHnM Temepb CBEPXy KOJUYIECTBO MAp COCETHUX MO CTOPOHE
PA3HOIBETHBIX KJIETOK, CUNUTAsT OTIACIBHO IMaphl KJIETOK, COCEIHUX
110 TOPU30HTAJIN U 110 BEPTUKAJIH.

Eciu B crpoke ¢ < n — 1 94€pHBIX KJETOK, TO OHU MOTI'YT y4IacT-
BoBaTh He OoJsiee, YeM B 2¢ TOPU3OHTAJILHBIX Hapax. Eciu B crpoke
i > n+ 1 9€épHBIX KJETOK, aHAJOTUIHOE PACCYKJIECHUE MOYKHO ITPHU-
MEHUTDb K OeJIbIM KJaeTKaM, Koux 2n — i < n — 1. Uroro, ropuson-
TAJbHBIX PA3HONBETHBIX Iap He 6osbime, deM 2+ (2-0+2-1+ ...+
+2-(n—1)) =2n(n—-1).

OreHnM Temeph KOJTMIECTBO BEPTUKAIBHBIX TAp. PaccMoTpum
JIFOOYIO CTPOKY € Y6THBIM HOMepOM OT 2 710 2(n — 1); mycTh B Heil 4
9EépHBIX KJIETOK. Torma Jinbo B CTPOKE CBEPXY, JIMOO B CTPOKE CHU-
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3y OT He€ YHUCJIO YEPHBIX KJIeTOK He paBHO 100 — ¢; 3Ha4YUT, OJI-
Ha U3 BEPTHUKAJIBHBIX Iap, B KOTOPBHIX yUIACTBYIOT KJIETKW HAaIei
cTpokH, OyaeT omgHoIBeTHOH. VTOro, ecTh xoTst ObI 17 — 1 OHOIBET-
HBIX BEPTUKAJBHBIX Iap. Tak Kak obIee YnuCI0 BEPTUKAJIBHBIX AP
paBHO 2n(2n — 1), TO PA3HOUBETHBIX U3 HUX — HE OOJIbINE, YeM
2n(2n — 1) — (n — 1). Wroro, obiree 4ucao pa3HOIBETHBIX 11Ap HE
Gombire, wem 2n(n — 1) + (4n? — 3n + 1) = 6n° — 5n + 1 = 14751.

Ocrajoch MpuUBeCTU IPUMEDP, B KOTOPOM
yKa3aHHOe 4YHcJIO nap jgocruraercs. [Ipose-
€M B Haleil tabauie 2n X 2n IuaroHajb
U3 BEPXHEro JICBOI'0 yIvia B HUKHUN ITPABLIN.
Bce kieTku, Jsiexkariye Ha WX HUXKE JTAATO-
HaJIM, TOKPACUM B UEPHBIN I[BET, €CIM OHHU
JIeyKaT B YETHBIX CTPOKAX, U B OeJIbIl — WHa- Puc. 3
4e (pacKpacka IO CTpoKam» ). Bce Kierku,
JIeXKAIlye BBINIe JTUAroHau, TOKPACUM B YEPHBIN IIBET, €CJI CyMMa,
HOMEPOB UX CTPOKH U CTOJIONA 9éTHA, U B OesIblil nHade («Imaxmar-
Hast» packpacka). [Ipumep rakoil packpacku mpu n = 4 nokazan
Ha puc. 3. HeTpyaHo npoBepuTh, YT0 B KaXKJI0M CTOJIOIE POBHO IO
7 9EPHBIX KJIETOK, B 2i-I CTPOKE eCTb N1 + ¢ YEPHBIX KJIETOK, a B
(2i — 1)-it cTpoke — n — i Y€pHBIX KjIeToK. Kpome Toro, Bce OleHKn
BBIIIIE JTOCTUTAIOTCS.

Kommenrapuii. Tosibko orser — (0 6asuios.

Toabko oTBeT M BepHBI mpuMep — 2 OaJsia.

ToJibKO OKA3ATENBCTBO TOUHOMN OleHKU — 4 baJsiia.

JlokazaTebCTBO TOYHON OIEHKH TOJIBKO Ha KOJIMYECTBO BEPTU-
KaJIbHBIX WM TOJBKO Ha KOJHUYECTBO MOPU3OHTAJBLHBIX Pa3HOIIBET-
HBIX 1ap — 2 6aia (MOTYT CKJIAIBIBATHCS € OAJUIaMi 33 MPaBHIIb-
HBII [IpUMED).

Jlokazano, 4YTo B TabJuIle HET CTPOKHU, COJEPKAIell POBHO
50 "épHBIX KJIETOK — cTaBuTCs 1 6asut, ecim B paboTe HET APYyTrux
CYIIECTBEHHBIX MPOJIBUKEHUI (MHAUE 9TOT Gasul He J06ABJISIETCsI).
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11 kJ1acc

Ksagparubiii Tpéxwien f(z) = az? + bz + ¢, He uMeromuil KOpHeii,
TakoB, 4T0 KO3 dunment b panuonaseH, a cpeau uucesn ¢ u f(c)
POBHO OJTHO MPPAIHOHATLHO. MOXKET 1 JUCKPUMAHAHT TPEXIICHA
f(x) 6bITH panuoHaIbHBIM? (I XKyxos)
OTBer. Her, He MOXKeT.
Pernenne. Tak kak Tpéxuien f(x) He umeer KOpHei, TO ¢ =

= f(0) #0wu f(c) # 0. Torna BeipazKkenue ) UPPAIMOHABHO KaK

c
C
OTHOIIIEHUE PAITMOHAIBHOIO W mpparuonaabHoro dncea. Ho @ =

ac® +bc+c
c

— uppanponaabao. 1lomydaen, uro muckpumumant D = b — dac
UPpPAIMOHAJIEH KaK PA3HOCTDL PAIMOHAJIBLHOIO W HUPPAIMOHATILHOIO
qUCeT.

KomMmmMmenTapuii. B meom BepHOe perrieHne He MPOXOINT, €CJII
¢=0u/um f(c) =0—6 bawios.
[TomoxkuTenbHbIe YUCTAA T, iy U 2 YIOBIETBOPSIOT YCJIOBHIO TYZ =
> zy + yz + zx. lokaxkure HEpaBEHCTBO

VTYZ Z T+ Y+ V7

= ac + b+ 1. Tak kak b 4+ 1 pamnuonajbHO, TO ac

(A. Xpabpos)
Pernenne. Ilo HepaseHcTBY 0 cpegHuX UMeeM

zy+zz 2 2\/xy -2, TY+yz = 2\/ry-yz, z2+yz = 2\/T2-Y=.
ChoXuM 3TH TpU HEPABEHCTBa U pasdesnM IojydeHHoe Ha 2. C
Y4ETOM YCJIOBUS, TOIyYaeM

ryz = xy + 2z 4+ yz = 1Yz + yvrz + 2 /1y.
ens monyuennoe HepaBeHCTBO Ha /TYz, MojydaeM Tpebyemoe.
3ameyaHue. IDTO pelleHUe Jerde MPUAyMaTh, €CJIu Meperu-
caThb JaHHOe M TpebyeMoe HepaBeHCTBA B BHUJIE % + v + % <1lm

1 1 1
< 1.
& st S 1
B tpeyronsuuke ABC nposenena duccekrpuca B L. Ha orpeske C'L
BeIOpana Touka M. KacareabHas B ToUuke B K OKpyKHOCTH §2, OIIU-
caHHOI okoJio TpeyrosibauKa ABC, niepecekaer aya C' A B Touke P.

Kacarenbunie B Toukax B u M K okpyzxkuoctu I, onucannoit oko-

12
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J10 TpeyrosbanKa BLM , niepecekatorcs B Touke Q. lokaxkure, 910
npsimbie PQ) u B L mapaJuiesibHbL. (A. Kysneyos)

Pemienne. Taxk kak BL — oOuccekrpuca ZABC, umeeM
/ABL = /ZLBC. llockosbky PB — kacareiabHas K §), nuMeeM
/ZPBA = ZBCA (cm. puc. 4). Kpome Toro, /ZPBL = ZPBA +
+ /ABL = /BCA+ ZLBC = /BLP, 3nauur, ZBPM = 180° —
—(£PBL+ ZBLP) =180° —2/BLP. Orciofa cjeJyer, B 4aCTHO-
cru, uro /BLP — ocTpsbirii.

Puc. 4

Tak kak Z/BLM = 180° — ZBLP rtynoii, Kacareiabubie K [ B
Toukax B u M mepecekaiorcst B Touke (), JiexKalleil o Ty »Ke CTo-
pory or BM, uro u Touka L (a 3HAUUT — IO Ty K€ CTOPOHY, YTO
u P). Hanee, umeem ZQBM = ZQMB = 180°—-4ZBLM = /BLP.
Buauur, ZBQM = 180° — 2£QBM = 180° — 2/BLP = Z/BPM.
[Tostomy Touku B, M, P u @ nexar Ha onHO# oKpykHOCTH. OT-
ciona ciaenyer, uro ZQPM = ZQBM = ZBLP. 910 u 03Havaer,
aro PQ || BL.

Kommenrapuii. J/lokazaHo, 9To 4eThIpExyrojbHUK BPQM
BOucaH — 3 GaJuia.

3amavua CBelleHA K JIOKA3ATE/BCTBY BIMCAHHOCTUA YETHIPEX-
yrospauKa BPQM — 2 Gajuia.

Jokazano, uro Touku P u () jiexkat ¢ ogHoit ctopoHbl o1 BM —
0 6aJL10B.

3a orcyTcTBHE 0O0CHOBAHUS PACIIOIOKEHUsI TOYKH () OaJLIbI He
CHUMAIOTCSI.
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11.4. Ects kmeruaTas mocka 2015 x 2015. Iuma ctaBuT B k KJIETOK II0 Jie-

TekTOpy. 3areM KoJisi pacmosiaraer Ha JOCKe KJIeTYaThlil KOpadjb B
dopme kBagparta 1500 x 1500. HerexkTop B KiteTke coobmraer ume,
HaKpBITa 9Ta KJIeTKa KopabséM mian Her. IIpu kakoM HamMeHbIneM k
Jluma MOXKeT PaCIIOIOKUTD JIETEKTOPBI TaK, YTOOLI TapaHTUPOBAH-
HO BOCCTaHOBUTH PacCIOJIOXKEHHE KOpabJisi?!

(0. Amumpues, P. 2Kenodapos)

Orser. k = 2(2015 — 1500) = 1030.

Permnenue. Iloxkaxkem, uaro 1030 merexkTopoB JImme XBaTurT.
[Iycts om pacmonokut 515 meTeKTopoB B 515 JIEBBIX KJIETKAX CPel-
Hell CTPOKM KBaJpaTa, & OCTaJibHbIE 515 JerekTopoB — B H15 Bepx-
HUX KJIeTKaX CPEeIHEro CTOJIONA. 3aMETHM, UTO IIPH JIFOOOM I0JIO-
JKEHUU KOpabJisl ero JIeBBIil CTOJIOEI JIESKUT B OTHOM u3 516 jIeBbIX
cToJibrioB gocku. Ecim sTor cronben — oquH u3 515 caMbIX JIEBBIX,
TO KOpabJib HAKPOET JIETEKTOP M3 9TOI0 CTOJIOIA, JIeXKaIuil B cpei-
Hell cTpoKe, MHAYEe HU OJHOI'O JETEKTOpPa M3 3TOH CTPOKH KOpabib
He HAKpoeT. SHAYUT, 10 ITOKA3aHUSIM JIETEKTOPOB U3 ITOH CTPOKHU
BOCCTAHABJIUBAETCSI, B KAKUX CTOJIOIAX JIEXKUT KopabJib. AHaJIOrmd-
HO, CTPOKH, B KOTOPBIX OH HAXOJIUTCs, BOCCTAHABIUBAIOTCS IO ITO-
Ka3aHUAM JIETEKTOPOB U3 CPEIHEro CTOJIOIA.

PaccmorpuMm Temepnh mpOM3BOIBLHYIO PACCTAHOBKY Kk JI€TEKTO-
POB, YIOBJIETBOPAIONINX TpeboBaHusiM. PaccMoTpuM JiBa IOJIOZXKE-
HUS KOPaDJIst, OTIMIAIONINXCS TOPU30HTAIBHBIM caBuroMm Ha 1. TTo-
Ka3aHUsl KAKOI'0-TO JAETEeKTOpa I HUX OYAyT pas3andaTbCsi, TOJIb-
KO €CJI TOT JIETEKTOP JIEKUT B CAMOM JIEBOM CTOJIOIE JIEBOTO KO-
pabJjisi WM B CAMOM IIPABOM CTOJIOIE IPABOTO. 3HAYWT, B JIFOOBIX
JBYX BEPTUKAJBHBIX HpsaMoyroiabHUKax 1500 X 1, ormmyarommxcs
FOPU30HTAJBHBIM caBuroM Ha 1500, ecTh XOTs ObI OAUH JIETEKTOP.
AHaJOru4YHO, B JIFOOBIX JIBYX TOPH30HTAJIBHBIX IPSMOYTOJbHUKAX
1 x 1500, ormyaromuxcsa BepTUKAJbHBIM casuroMm Ha 1500, ectb
xoTs OBl ouH jeTekTop. HazoBéM Takme mapbl MPIMOYTOJLHUKOB
8EPMUKANLHOMU T 20PU3OHMAALHLMU, COOTBETCTBEHHO.

BrinenuMm Bce BepTHKaIbHBIE TIAPHI, Jiexkalue B HIKHUX 1500
u B Bepxuux 1500 crpokax mocku (takux map 2 - 515 = 1030). Ana-
Joruvno, BeiAe MM Bce 1030 ropm3oHTANBHBIX TTap, JeXKalluX B Jie-
Beix 1500 u B mpaBeix 1500 crosbrmax. Pa3obbém mocky na 9 mpsi-
MOYTOJIbHBIX ObJracTeil Tak, Kak IIOKa3aHO Ha puc. 3. BoiaeaeHHble
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mapbl HE MOKPBIBAIOT KJIETOK M3 F; KaXKjasl ¥Ke KJIETKA B OCTAJIb-
HBIX 00JIACTSIX TIOKPBITA JABYMsl BblieseHHbIME T1apamu (B D u F—
JIByMsl BEPTUKAJIBHBIMY, B B 1 H — JBYMsI TOPUBOHTAJILHBIMU, & B
obnacrsax A, C, G u I — onHO# TOPU3OHTAIBHON W OXHOW BEPTHU-
KasibHO ). WTak, KaxKiplii JI€TEKTOp JIeXKUT He DoJiee, 4eM B JBYX
BBIJEJICHHBIX Tapax; 3HAYUT, 9TOOBI B KAYKJON BBIJIEJCHHON mape
611 X0TsI ObI OJIUH JIeTeKTOp, Tpebyercst He Menee 2 - 1030/2 = 1030
JIETEKTOPOB.

Sameganne. CymiecTByeT MHOI'O k— 1500 —>|
apyrux npumepoB pacnosoxkenus 1030 A B o T
JIETEKTOPOB, YIOBJIETBOPSIONIUX TPeOo- o
BaHUAM. T %

Kommenrapuii. Ilpusenén upn- S|P EOF

P pHBE/ p S |
mep paccrtanoBku 1030 seTekTopos, yiio- =
BJIIETBOpsIOIIeil TpeboBanmsIM — 1 OaJII. l G H 1

Hokazano Tosibko, uro k > 1030 — «<— 1500 —

5 6aJsoB. Puc. 5

Eciu npu B 1eJIOM BEPHOM DACCYKICHUM B IIOJICYETE KOJIU-
YecTBa JIETEKTOPOB B HPHMEPE WM OIEHKE COBEPIIEHA OJHA NI
HECKOJIBKO OMMOOK Ha €UHUILY (HAIPUMED, CIMTACTCS, UTO TUCIIO
BBIJIEJICHHBIX BEPTHKAJIBHBIX [IAD B HUXKHUX CTPOKAaX PaBHO 516, a
He 515) — caumaercst 1 Gasu.
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