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COOpHUK CONEP:KUT MaTepuaJibl [ nposenenus 11 (myrununanbaoro) srana XLV Beepoccuiickoii omm-
MUAJIBI MTKOJTHHUKOB MO MaTemaruke B MOCKOBCKOU obsacTu. 3ajaHue NOATOTOBWINA YI€HbI perHoHAIbHON Me-
TOAMYECKOl KoMuccuu 1o Maremaruke B MockoBcekoit obracru K.¢.-m.H. H. X. Araxanos u k.¢d.-m.H. O. K. TTox-
sckuii (MockoBekuii usuko-rexuuveckuii uncruryr). Aproper 3agad — H. X. Araxanos u O.K. Ilogjmn-
ckuit. agaua 9.3 npemmoxena I1. A. KoxXeBHUKOBBIM.

Pernenzentni: K.¢p.-m.u. Y. . Borganos, A. . TonosaHoB.

Kommbiorepubiii Mmaker moarorosus A. U. TosoBanoB.

¥YBakaembie KoJsuaern!

B coorBercTBHE ¢ permamMenToM mpoBeaeHus Beepoccniickoit ommMmra bl MTKOJBHUKOB IO MATEMATHUKe, TPH
IPOBEPKe PAdOT OIEHWBAETCSI:
[paBUJIbHOE pellierne B 7 6aJlioB;
pelienue ¢ HepoderamMu — B H—6 6asLIoB;
PEIleHre C MPOIYINEHHBIMYU BaXKHBIMU CJIy9asgMu, JJUOO C TOKA3AHHBIM OJHUM U3 IBYX (60J1ee CI0XKHBIM) yTBEp-
KIAeHU 330249 — B 4 6aJiia;
JIOKA3aTeJIbCTBO BCIOMOTATEIbHBIX YTBEPKICHUI, TOMOTAIOIIUX B PEIIeHNN 33439 — B 2-3 6asuia;
paccMOTpeHne OTIEIbHBIX BAXKHBIX CJIy4YaeB IIPU OTCYTCTBUAU perienus — B 1 6aJu.

Bo scex 3adauazx, ecau Imo He 02060PEHO CNEUUAALHO, TNOABKO 8ePHHLL omeem 6e3 060cHO8AHUT cMOoum
0 6asrn06.

Pabora BeImosiHsIeTCS B TEYeHME 4 9ACOB, YUAIIMMUCH 6 KJIacCOB — 3 4aCOB.

Bormpocsr mo opranuw3anuu mpOBEIEHUsT OJIMMITNA/IBI, €€ COAEPXKAHUIO U OIEHKE PA0OT YIACTHUKOB MOYKHO
sazarb 2 nekabps 2018 r. ¢ 9.30 xo 18.30 no resnedony (495) 408-76-66.

Cornacuo neiicrBytomemy [lopsinky mpoBenenusi BeepoccuiicKoil 0nMmua bl MKOIBHUKOB, TOOEIUTETSIMA
MYHHUIIATAIHFHOTO TAIMA, SBIAIOTCS YIACTHUKY, HAOpABINe HANOOIbIee KOJUIEeCTBO 0AIIOB. BaxkHO OTMETHTS,
9TO MOOEAUTENIAMU W TIPU3EPAMU OJIUMIUAIbI B KaxK10# mapamieu (6-11 KaaccoB) MOIYT CTaTh HECKOJIBKO
YYACTHUKOB — BO3MOXKHO, HAOPABINNX PA3HOE KOJUYIECTBO OAJIOB.

Banmanwme! [Ipusenennbie pelneHust He SBJISIOTCI €IMHCTBEHHO PAaBUJIbHbIMU. KpoMe TOro, oneHka 3a
3a/1ady He JOJIKHA 3aBUCETh OT JJINHBI DEITIeHNsI WM €r0 PAaIMoHAIBLHOCTH. B TO e Bpewmsi, B 0 6asios orme-
HUBAETCS <«DEIIeHrne» 3a/a49u, TP KOTOPOM HCIONIB3YeTCs TOKa3bIBAEMOe yTBep:KIeHne (Hambojee JacTo 1O
BCTPEYAETCH B N€OMETPHU: HAIPUMED, HYXKHO JOKA3aTh, YTO TPEYTOJbHUK PABHOCTOPOHHUM, a PellleHre HAYH-
naercs co cioB «Ilycrs AABC — paBHOCTOPOHHHIA. . . » ).

Pewenue 3aa4 Ha Haxox/jeHue Haubosbuiero (HAMMEHbIIEro) 3HaYeHus KAKONR-/1100 BeJIMUYUHbL BKIIOYAET
B cebg IBa ImIara:

1) 1mOKa3aTEIBCTBO TOTO, YTO ITA BEJIMYNHA HEe GOJIbINe (He MEHBINE) HEKOTOPOro Yncia (<«OIeHKas );

2) MOCTPOEHME NPUMEDPA, OKA3bIBAIOIIEr0 JOCTUKUMOCTD TOIO 3HAUEHUS (<«IIPUMED> ).

B rmakwux 3amavax, Kak TPaBUIIO, MEPBBIN ITAr PeIeHus OleHuBaeTcsd B 4-5 0asyyioB, BTOPOi miar —B 2—
3 basuna.

Cremyer yIuTHIBATH, YTO MTKOJIHHUKH, BIIEPBHIE TPUHUMAIOIINE YIaCTHE B OJITMMIINA,Ie, OCOOEHHO YIaIHecs
6 u 7 KJ1accoB, He yMEIOT YeTKO 3alNChIBATH 00bICHEHUS B CBOMX perneHnsx. IlosTomy B 67 Kjaccax HY»KHO
OlIEHUBATD CTelleHb IOHUMAHUA DeIlleHud, & He Ka4eCTBO €ro 3allhCH.

B npuseneHHbIX 1ocsie pelneHuil 3a1a4 KOMMEHTApPUsIX YKa3aHbl 0aJlIbl 38 TUIIMYHbBIE IIPOJIBUXKEHUS B pPe-
LIEeHUY U OLIUOKU.

Keaaem yenewnoti pabomur!

*



B 20182019 yuebnom roxy III (permonasbhbiii) sran Beepoccuiickoil 0mMImMaipl MKOJIbHUKOB [0 MaTe-
maruke B MockoBckoit obnacru Gyaer nposenen 1 despasns (1 Typ) u 2 despans (2 Typ) 2019 r. qyia ygammxcst
9-11 kiaccoB. OHOBPEMEHHO ISl y4alluxcs 8 Kjacca OyleT NPOBEIeH PErHOHAJBHBIA 9TAll OJUMINAALLL Dii-
sepa. Corsacuo Iopsiiky nposesenust Beepoccuiickoit omuMnmaipl MIKOIBHUKOB, yIaCTHUKAMEI PErHOHAIBHOIO
3Tamna SABJISIOTCS:

— mOOEIUTENIN U TIPU3EPHI PETHOHAIBHOTO ITAIA, OJTUMITHAIBI TPEIBIIYINErO TOIA,;

— YYACTHUKH MYHHUIUMIAJIHHOTO ITAIA OJIMMIINA/IBI TEKYINEro rofa, Hadpasiire HeOOXOIUMOe I YIACTHS
B PErHOHAIBHOM 3Talle KOJIUIEeCTBO OAJIOB.

B coorBercrBun ¢ npukazom MuHucrepcrsa obpasoBanus MockoBckoit obractu oba Typa permoHaTbHOM
onmummua bl mpoitayT #Ha 6aze MO®TU B r. Jdoaronpynuom u r. 2KykoBckom. MyHuIumaabHoe 00pa3oBanme mpu
claue 3adBKU HA y9acThe BHIOUPAET MECTO NPOBeeHUs (U3 JBYX) CAMOCTOSITEIHHO.

*

© Araxanos H. X., Iogmunckuit O. K., 2018
© TomoBanos A. ., maker, 2018
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YCJIOBUS U PELLIEHWS 3AIAY

6 KJIacc

B uuciosom npumepe ABB + 9 = I'JIE 6ykeer A, B, B, ', /1 u E obo3rauator mects pazHbX mudp.
Kaxkag nudpa oboznauena 6ykpoit J17

OTger. 0.

Pewmenne. [Ipu croxennn Bropas tudpa mepsoro ciaraemoro ABB m3menmtace ([ Bmecto B).
DTO MOTJTO OBITH TOJTBLKO B TOM CIydae, KOTJa W3 Pa3psaia eIUHUI] TP CIOXKeHnr Oblia mepernecena 1 B
paspsn necarkos. Ho u nepsas mudpa npu ciaoxennn u3menmiack (I smecro A). 3naunt, u3 paspsiga
JIECATKOB TIPW CJIOXKEHUHW B PA3PS] COTEH TOXKE TTEPEHECEHA eIMHUIA. ITO BO3ZMOKHO TOJBKO KOTIA
b +1=10. 3uauur, b =9, a Torna /1 = 0.

3ameuanue. Y pebyca ecrb perenusi, Hanpumep, 194 + 9 = 203.

Kommenrtapuii. Omenka He CHUXKAETCs, €CIN HailjeH TPpaBUILHBIN OTBET, yKaz3aHo, uro b = 9,

= 0, HO TOAPOOHBIX 00BSICHEHUII HE TTPUBEIEHO.
TIpambie, mapaJsiebHbIe CTOPOHAM KBaApaTa, 00pa3yioT KBaIPATHK, IEHT]
KOTOPOTO COBIAJAET C IEHTPOM HMCXOMHOTO KBajapara. V3BecTHO, YTO ILJI0-
a1 Kpecra, 00pasoBaHHOTO KBAAPATHKOM (CM. puc. cnpasa) B 17 pa3 60.1b-
ITIe TUTOIIAIN KBAIpaTHKa. A BO CKOJBKO pa3 TUIOIIA h HCXOTHOTO KBaIpaTa
6O0JIbIIE ILIOMIALU KBAIpaTUKa?

Orser. B 81 pas.

Pemtenne. Ilycts kBagpartuk nmeer pa3mepsl 1 cm X 1 cM, a kBagpar —
n em x n cm. Torma mmomams kpecra pasra (2n — 1) cm? (BepTHKATbHDIIH
CcToJIOUK nMeeT pa3Mepsl N X 1, ropu3oHTAJIbHAS CTPOKA — 1 XN, & IO/ b KBAJIPATUKA Mbl COCIUTAIN

asazkabl). I3 pasencrsa 2n — 1 = 17 momywaem, aro n = 9. 3maumt, maoma s KBajpara paBHA
9 x 9 =81 cm?.

KommenTapwmiit. Bepuniit orser nosyuen momgbopom — 5 6aJi10B.

Mafpauku TPUHECTH B KJIaCC KOHQETHl U pa3nain ux jgeBoukaM. Ilerd ckazasi, 9To OH MpUHEC POBHO
noJI0OBUHY 00tIero dncia Kouder. Koada ckazas, 9T0 OH NPUHEC POBHO TPETh 0bImero umcsia Kouder,
u otnaja ceou koudersl Toibko Mare u Tane, npuaém Marie jocranocs Ha 3 KoHETHI GoJIbIIE, YEM
Tame. Jlokaxkwure, 9T0 KTO-TO 13 pebar ommbes.

Pemenue. [lpennonoxum, aro oba masisunka #e omubiauck. [lockonbky Ilers: e omubes, To 06-
Iee KOJMIECTBO NPUHECEHHBIX KOHMeET 9éTHO (B aBa pasa 00JbIIe KOMYecTBa KOHMET, TPUHECEHHBIX
[Teteit). Tpers o YETHOrO YMCIa — TOXKE IETHOE YUCJI0. SHAUUT, KOJTUIECTBO KOHMET, KOTOPBIE TIPUHEC
Koz, wérno. Ho, o ero ciaoBam, OH OT/a/ JE€BOYKAM HEYETHOE KOJMIECTBO KOH(ET, TAK KAK KOJIU-
gyecTBa KoHder, gocrasmmxca Mame u Tane, nMeroT pasHyio 96THOCTE (Pa3aUIaloTCs HA 3), & CyMMa
JBYX Uucesa pasHoit uéTHocTu HeuérHa. [losyummu nporuBopeune.

KommenTapuii. 3aMeueno, uTo 061ree KOJMIecTBO KOHMET JOKHO OBITH YETHBIM — 2 GaJuia.

Ilokazano, 4To U3 TOTO, 4TO 0OIIEE KOJIUIECTBO KOHMET U€THO, ciaeayer, uro Kous npurec uérHoe
ancyio Kouder — 2 Hasia.

3aMeueHno, 94To KojmdecTBa Konder, rocrapiuxcsd Marre u Tane, nMeroT pasuyto 4€THOCTb — 2 Hadi-
JIa.

Baca soimucan ma gocky 999 mpomzeemenmit: 1-2, 23, 3-4, ..., 999 - 1000. Bepuo s, aTo cymma
KaKWX-TO JIBYX W3 9TuX poussepenuii pasaa 200007

OrBet. Bepmo.

Pemenne. Hanpumep, 99 - 100 + 100 - 101 = 100(99 + 101) = 100 - 200 = 20000.

3ameuanne. FEmé Bo3MOXHBI TOIRKO TpW npumepa: H4-55 4 130-131, 40-41 + 135 - 136,
89-90 4 109 - 110.

KommenTapwmii. Bepuniit orBer 6e3 mpumepa nap npoussegenuit — () 6amos.

J1t060i1 BepHbIit TpuMep — 7 6AJLIOB.

B xomuare 10 4enoBex — JIzKeIsl 1 PhIapn (JIZKEIbl BCETA JITYT, & PHIAPH BCEr/Ia TOBOPST MPABAY ).
Ileprriit ckazam: «B sToit komHaTe Mo Kpaitueit Mepe 1 smkery. Bropoit ckazamn: «B aToit xomHaTe M0
Kpafineii mepe 2 jxeray. Tpernii ckazan: «B aToit KomHaTe mo Kpatineit mepe 3 jixernay. U Tak masee

4
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JI0 JTECATOr0, KOTOPBIA ckazan: «B 3Toit koMmHaTe Bee JKerbly. CKONBKO JIKEIOB MOTJIO OBITH CPeJn
srux 10 genmopek?

OTger. 5.

Pewmenne. [lycts B kKomuaTe k jxernos. Torma mepBbie k desoBek cKas3aju MpaBay (H, caer1oBa-
TebHO, ObLn phiapsivu), a ocraabable (10 — k) coppamu (u ObLm jikenavn). Suaunt, k = 10 — k,
oTkyna k = 5.

Kommenrtapuii. OTBer 1mojiydes pacCcMOTpeHneM IpuMepa — 3 baJuia.
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XLV Bcepoccuiickast MaTeMaTHIeCcKast OJTUMITHAA, TITKOJTbHHKOB

7 KJacc

Paccrasere mo kpyry 6 HemysaeBbix nudp (He 00S3aTENbHO PA3JNIHBIX) TaK, 9TOOBI KaXK/as W3 HUX
PaBHSLJIACH ITOC/EHENH 1udPe CYMMBI CBOUX COCEJIEH.

Pemrenne. Hanpumep, -4 —2 -8 —6 — 8 — 2—.

3ameuanune. CyecTByOT U JpyTHe TPUMEDHI.

KommenTapwii. Jlwo6oit Bepubiit mpumep — 7 6a/1moB.

Ilers, Kosst u Baca cobupasiu rpubst. [letst ckazas, uro on Hammén #a 7 rpuboB MeHbIIe, 9eM CyMMAapHO
warn Kosa u Baca, a Koma ckazan, aro on mamén wa 10 rpuboB Menbire, geM CyMMAPHO HAILIN
Ilersa u Bacga. lokaxure, 970 KTO-TO U3 PebdSIT OMIHOCS.

IlepBoe pemienne. [Ipeamoniokum, 9o HUKTO U3 pedbaT ue omubca. Pa3 lera namen wa meuéraoe
qucyio 7 menbirne rpubos, gem Kosst u Bacg nanuwin BMecte, 70 KotmdyecTso rpubos, cobpannbix llereit,
¥ KoJimdaecTBO rpubos, cobpanubix Bmecte Koseit u Baceit — paznoit wérnoctu. Ho Torma obimee unciio
cOOPAHHBIX TPUOOB HEUETHO. AHATOTUIHO PACCYKIAS, TIOTyIaeM, ITO KOJTUIECTBA TPUOOB, COOPAHHBIX
Kouneit, u Ilereit Bmecte ¢ Baceit — ognoit uérnocru. Ho Torga obimee kommaecTBo coOOpaHHBIX IPUbOB
qétHo. [IpoTuBopedne.

Bropoe pemtenne. Ilycts lers mamen p rpubos, Baca — v rpubos, a Koast — k rpubos. Torma
BBITIOJTHSIOTCST paBeHcTBa p = k+v — 7, k = p + v — 10. C1okuB 31U papeHcTBa, mojgyunm 2v = 17,
YTO HEBO3MOXKHO.

KommenTtapuii. B mpennookernn mpoTUBHOTO TOKA3AHO TOJBKO, 9TO 00Iee KOJUIECTBO TPUGOB
uérHo — 3 Gasia.

B npeamonoxkernnn mpoTUBHOTO JOKA33HO TOJIBKO, UTO 0OIIEe KOJNIECTBO TpubOB HeUETHO — 3 Oas-
JIa.

13 kieryaToro npsMoyroibHUKa 6 X 5 BRIPE3aInd B IEHTPE IPAMOYTOJIBHUK 2 X 1,
KaK [0KAa3aHO Ha, puUCcyHKe. MOoXHO Jiu mojyduBInyocd (urypy paspesarb Ha 6
TPEYTOJTHLHUKOBT

OrBer. MoxHo.
Peutenue. Onun n3 mpuMepoB pa3pe3aHus MOKa3aH Ha puc. 1.

Puc. 1

Kommenrapuii. Jl1o60it BepHblit ipuMep — 7 6aJ/LI0B.
B necarwanoit 3amucu 13 uwmcesn ucnosp3lyerca ogua u ta xke nudpa [N u HE UCIOJIb3YIOTCH HUKAKNE
apyrue nudpbl. Moxer i cymMmMa 9TuX ance paBHAThcs 89000987

OtBer. He moxer.

Permtenne. [peanomoxum, ato cymma moria paBaarbes 8900098. V kaxkm0ro 3 CaaraeMbiX OJHa
U Ta Ke mocJienHsist udpa N. 3HauuT, mocjaeHsis udpa CyMMbl paBHa, nocaeHeit mudpe unciaa 13NV.
Orcrona ciaenyer, uto N = 6. Ho Torma Kaj0e U3 CaaraeMbIx JeJIUTCd Ha 6, TO eCTh JeIUTCS Ha 3.
CrenoBare/bHO, U CyMMa, BcexX uuces neiautes Ha 3. Ho mo npusnaky penumvoctu Ha 3 yuciao 8900098
wa 3 ue gemurcsa. [IporuBopeune.

Kommenrapuii. Bepubiit orBer 6e3 obocHoBanus — () 6aJuios.

Jokazano, uto N = 6 — 3 6asa.
ITo kpyry crost 100 4emoBeK, KazKIblii 13 KOTOPBIX JUGO0 PHITAPh, Jub0 JIZKeI (JKeIbl BCera JryT, a
PBILAPH BCEra roBopsT npasy ). Kaxxabiii u3 crosiBimmx ckasast: «Y MeHs eCTb coces jikeny. Haiigure
MUHHAMaJIbHOE BO3MOXKHOE YUCJIO JIKeToB cpean 3TuX 100 demoBek.

OrBeT. 34.

Pemrenue. 3amernm, 910 3 phINIapst HE MOTYT CTOSATEH PSIIOM, TaK B 3TOM CJIyYae CPEIHUI PhITaph
coara Obl. 3HAYUT, cpean JIOOBIX 3 CTOSINUX MOAPSA] UeJOBEK eCTh JiKell. Bo3bMeMm Kakoro-umbynb
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JIPKETTa, a OCTATBHBIX 99 geoBeKk pazobbeM Ha 33 TPOWKN CTOSIINX PIaoM. Tak Kak B KaXKJI0M TpoiKe
ecTh XOTsI ObI ONHMH JIzKelr, 00Iee YUC/I0 JIXKEIOB B KpyTre He Menblre 1 + 33 = 34.

Posro 34 sxera moryT crosite, Hanpumep, tak: —JI1(PJIP)(PJIP). .. (PJIP)—

Kommenrapuii. /lokazano ToJIBKO, 9TO JIZKENOB He MeHbIle 34 — 4 6asiia.

Tonbko mpuBenén nmpumep paccTaHoBKu ¢ 34 jkeravmu — 2 6asia.
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8 KJacc

YeroipéMm meBoukam gajan koHderwsr. Mama ckazana: «¥Y nac ¢ Kareit ma 12 xonder 6ombire, wem
y Jlenwr ¢ Outeiiy, a Kars ckasana: «¥Y nsac ¢ Jlenoit #Ha 7 kouder menbine, yem y Mamm ¢ OJieits.
Jlokaxkure, 9T0 OJHA U3 JTEBOYEK OMMHUO/IACH.

IlepBoe penrenme. IlpenmonoxumM, 9TO HE OJHA U3 AeBOYEeK He ormmbsach. Torma obinee KoJm-
gecTBo KoHper y Marmm ¢ Kareit Takoit ke uéraocTr, Kak obiee Koanaectso KoHder y Jlensr ¢ Oueit
(oHHU pasamUaoTcsa Ha YérTHOE uncyio 12). 3HaunT, obIee KOJUIeCcTBO KOHMET ¥ BCeX YeTHIPEX JTeBOYEK
98THO. AHAJOMUYHO paccyxXKjas, ToJydaeM, 9To obriee kogmdecTro Kouper vy Karu ¢ Jlenoit mporu-
BOITOJIOZKHOM 9éTHOCTH 06Mmemy KoawdecTBy Kouder y Marmu ¢ OJteit (oHE pa3indaroTcs Ha HEIETHOE
qucao 7). 3HaunT, 00Iee KOMMIecTBO KOH(MET Y BCEX IETHIPEX JI€BOYEK HEUETHO. [IpoTuBOpedne.

Bropoe pemenue. O6o3nauum uepes ¢y, Cx, ¢f, U ¢ Koauuectsa kouder y Mamu, Karu, Jlens:
u Outu, coorBercrBerHo. Torma u3 yejaoBusa U3BECTHO, UTO, €CIU OBl HU OJHA U3 JEBOYEK He OMubdIIach,
TO

ey +cexg =cp +co+ 12,
{CK+CL=CM+C()—7.
Crnoxwup oba paBencTsa, moxyanMm 2cx — 2¢o — b = 0. SameTus, uto 2cf n 2¢o 98THBHI, a b HeUETHO,
[OJIy9aeM MPOTUBOPEYNE.

KommenTapuii. B npeanoioxkennn npoOTUBHONO JOKA3AHO TOJIBKO, ITO 0DIIEe KOJTHIECTBO KOH(ET
uérHo — 3 Gasuia.

B npemonoxkennn mpoTUBHOTO JOKA3aHO TOJIBKO, ITO 00IIee KOJNIECTBO KOH@ET HeIeTHO — 3 Oas-

Jia.
Ha mnepemenax IMKOJBHUKKA WIDajd B HACTOJIbHBIN TeHHUC. JI10OBIE J[Ba IIKOJIBHUKA UIDAIU JAPYTL €
JpyroMm He boJiee 0HOM UTPHI. B KoHIE Hee M oKa3aaochk, uro Ilers coirpas mojgosuny, Kosst — Tpets,
a Bacs — nsaTyto 9acTb 0T YHCIa BCEX MPOBEAEHHBIX 32 Hele o urp. Kakoe KoJimdaecTBO Urp MOTJIO OBITh
CHICPAHO 33 HEJEJI0, eCJIM U3BeCTHO, 4To Baca we urpan uu c Ilereit, nu ¢ KoJeii?

OrBet. 30.

Pemtenne. U3 ycioBuga ciaemyer, 9TO MOJOBUHA, TPETh W MATAd 9aCTh OT OOIIMETO KOJINYIECTBA
NPOBEJAEHHBIX UI'D — lesble uncia. llockosbKy HamMmeHblee obiiee KpaTHOE 3HAMeHATe el — dnucen 2,
3, 5 —pasuo 30, To obimee KommaecTBO TPoBeAEHHBIX UTP ToXke KpaTtuo 30. [Iycts omo pasuo 30p. Torma
Ileta crirpasn 15p, Kona — 10p, Bacs — 6p urp.

ITycTs y — KOMMYECTBO Urp, ChirpanHbix Mexk 1y coboit Tlereit u Koseit (3o uncao pasuo 0 wm 1),
a z — KOJIMYECTBO UT'D, ChirpaHubix 6e3 yuactus lleru, Kosu u Bacu. Torga 15p+10p+6p—y+2z = 30p,
TO €CTh P = Y — 2. EJIMHCTBEHHOE BO3MOYKHOE MTOJI0KUTE/IbHOE 3HAUEHUE P PABHO 1, M OHO JOCTUNAETCS,
kormay =1, 2 = 0.

3amMeuaHue. YCJI0BUE HETPOTHBOPEUNBO: TaKas CUTYAIUs IefiCTBUTEHHO MOT/Ia UMETh MeCTO (TO
ectb MOXKHO 1poBecTr 30 UID B COOTBETCTBUU C YCJIOBUEM ).

Kommenrapuii. /lokazano, uto obiee KoauduecTBo urp jenaurcd wa 30 — 2 basura.

TTpusenén mpunmep ¢ 30 urpavu, HO HEe 0OOCHOBAHO, YTO APYTUX BAPUAHTOB HET — 3 Oasria.

ITpuBoauTs pumep ¢ 30 urpamu B periernn ve Tpedyercs (Mo yCIOBUIO H3BECTHO, YTO TAKUE UI'PHI
ObLIIM TIPOBEJIEHBI).

Ha croponax AB, BC u C A tpeyrombauka ABC Buibpansl coorsercTBento touku D, E u F Tak,
uro BE = BD u AF = AD. U3ssectro, uro ED — buccekrpuca yria BEF. Jlokaxure, uro FD —
buccexTpuca yria AFE.

Pemtenne. Uz pasencrsa cropon BE u BD tpeyrojibHuKa B
DBE cnenyer, aro /BDE = ZBED (cwm. puc. 2). Ho, mo ycioswio,

/FED = /BED. 3uauut, /FED = /BDEFE. 910 03Ha4aeT, 4TO E

npsimbie BA u E'F napasnensust. Ho torma /ZEFD = ZADF. Kpo- D
Me Toro, u3 pasenctsa AF = AD cnenyer, uto /ZADF = /AFD.
Buagut, F'D — 6uccexktpuca yryia AFE. YTBepKIeHHE TOKA3AHO.

Kommenrapwmii. Jlokazamo, ato npsmbie BA uw EF mapa- ‘
JerbHBl — 3 HasTa.

Cymma nByX 1esibix uuces papaa 100, 1 cymMma IBYX ApYTHX TEJIBIX

Puc. 2
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ances Toxke pasua 100. Yucaa B mepBoit mape mepeMHOXKUIN U CAOKUIN C MPOU3BEICHUEM THCET BO
Bropoit nape. Moruia Jjin cymma 3Tux AByX npousBeieHuit pasasThea 10017

OTBeTt. He mora.

Pemenue. [lpeanonoxum, 4To cymma npousseiierunit Moryia paBhsThed 1001. Cymma jaByx um-
cen (B JAHHOM CJ/Iydae — 9TUX IIPOU3BE/ICHNTT) ObIBAET HEYETHON TOJBKO KOT/A OJHO M3 HUX 9ETHO, a
JIpyroe — HeuéTHO. 3HAUNT, OJHO U3 NPOU3BEJEHUI YETHO, a JPYTroe — HEIETHO.

Ecan cymma aByx umcen pasua 100, a mx npousBezgerue HEIETHO, TO 002 YUCIA TOJKHBI OBITDH
HEYETHBIMU, IIPU STOM OJ[HO M3 HUX JIOJ2KHO JaBaTb OCTATOK 1 mpu jgesieHun Ha 4, a APyroe — OCTATOK
3 npu genennn Ha 4. Torma ocTaToK OT Je/eHUs UX Mpou3BeaeHud Ha 4 pasen 1-3 = 3.

Fcmm cymma aByx umcen pasua 100, a mx mpomssejieHne 4ETHO, TO 00a UNC/Ia JIOJKHBI OBITDH
qéTHBIMU. Torma mx mpousBeeHne JaéT octaTok 0 MpuM Jge/reHun Ha 4.

Takum 0bpazom, cymma AByX mpousBenennti Oymer maBath octaTok 3 npu genernn Ha 4. [omyammm
npotuBopedne, Tak Kak 1001 maér ocratok 1 mpum menmennn Ha 4.

KommenTapuit. Bepuniit orBer 6e3 obocuoBanus — () 6amos.

Jokazano, 9To B 0nHOM n3 map oba gucaa 9éTHul — 1 6asr.

JlokazaHo, 9TO B 9TOM Mape NpomnsBemeHne aeantcs Ha 4 — 1 6amt.

Jlokazano, 4To B 0nHOI 3 map oba gmcaa HedéTHB — 1 6aw.

Jlokazano, 4T0 B 9TO nape MPOMU3BEACHNE UMEET OCTATOK 3 upu jejaeHnn Ha 4 — 3 basia.

Ha maxmaruyio nocky 8 X 8 nmocrasunu k jajieii u k KoHeil Tak, 9T0 HU 0/(HA U3 Puryp He 66ET HUKAKYIO
apyryto. Ilpn kakom HaAnbo/biieM k Takoe BO3MOXKHO?

OTger. 5.

Pewrenne. 113 ycnosus cieayer, 9To B OHOM cTpoKe (CTOIOME) ¢ Taabéil He MOKET CTOATh HUKAKAsT
apyrag durypa.

IIpenmonoxum, aro Ha pocky nocrasuiu 6 sazneit. Torna onu crogr B 6 crpokax u 6 croJibrax.
HOSTOMy HeHO6I/ITbIX KJIETOK OCTAaHETCAd BCETO 4 (CTOHH_[I/IX Ha IepeceveHnu JBYX IMYCThIX CTPOK U JIBYX
yCTBIX CTOJIONOB). B 9T KiteTku Henb3st mocTaButh 6 KoHeit. [lostomy k He Gosbiie 5.

Ha puc. 3 mokazamno, kak mocraBuTh Ha JOCKY D Jajell u 5 KoHel Tak, 9T00bl OHU HE Ominm APyT

Apyra.

A A
E

-
A Al

Puc. 3

3ameuanne. CymnecTByOT 1 JIPyTIUe NPUMEDPBI PACCTAHOBKH.
Kommenrapuii. /lokazano ToJsibKo, 9To k He 6osbine 5 — 4 baJsuia.
ITpuBenén TOMBKO NMpUMep PAcCTaHOBKHU H KOHeil u b jajeit — 3 6asia.
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Haner nonoxkurenpuble uncaa p u . llycers f(x) u g(x) — snuneitabie dyHKIUN ¢ KOPHAME p U T
Haiijure Bee kopuu ypasuenus f(x)g(z) = £(0)g(0).

OtBeT. £1 =0, 20 =p+r.

ITepBoe peutenue. [lycrs mannbie dbyakiun nveor Buf: f(x) = ax + b u g(x) = cx + d. Torma
ypasuenne npunuMaer Bug (ax + b)(cx + d) — bd = 0, o ecrb z(acx 4+ ad + be) = 0. Onun Kopenb
—ad — be d__ b

; TO €CTh T = — © — . Ocrajiock 3aMETUTH, YTO

aroro ypasHennst 1 = 0, a BTOpo#i x9 = ac c

—deCTbr,a—b—STop.
& a

Bropoe pemtenne. 3ammmeym namu ¢ynknun B Buge: f(x) = a(z —p), g(x) = c¢(z —r). Torga

ypaBHEHWME MPUHUMAET BU/I
ac(x —p)(z —r) — acpr =0,
T0 ecTh acx(x —p —r) = 0, OTKy/Ja U CJIeIyeT OTBET.

KommenTapwmii. /lokazamno To/ibKO, 9TO ONHUM u3 KOpHel aBagercd 0 — 2 basa.

OTBeT 3aBUCHUT OT MEPEMEHHBIX, HE YKA3AHHBIX B YCJOBUU — OaJLIbI He J0DABIISIOTCS.

Ha mepemenax mkoJIbHWKEN WTPajn B HACTOJBHBIN TeHHWC. JI0ObIE ABa IMKOJILHUKA UTPATH JPYT C
JpyroM He GoJiee 0/1HOM UTPHI. B KoHIe HEem 0Kazantock, uro Ilerd coirpas nogosuny, Kossi — peTs,
a Bacs — ngTyio 9acTb 0T 9nc/ia BCeX IPOBEIEHHBIX 32 HeAe 110 urp. Kakoe KOIuIecTBO Urp MOIJIO OBIThH
CBIT'PAHO 33 HEJIEJI0, eCJIi U3BECTHO, UTO 10 KpafiHell Mepe B JIByX UI'pax He y4yacTBoBaJiu HU Bacs, Hu
ITers, uu Kons?

Otset. 30.

Pemtenue. U3 ycioBug cieayer, 9TO MOJOBUHA, TPETh U MATasd YaCTh OT OOIMEr0 KOJUYIECTBA
MPOBEJAEHHBIX UI'D — IeJible uncia. IlockonbKy HamMmenbiiee obiree KpaTHoe 3HAMeHaTes el — Jynces 2,
3, 5 — pasno 30, To obImIee KOJUYIECTBO TPOBEAEHHBIX U ToKe KpaTHO 30. [IycTs ono pasuo 30p. Torma
Tleta ceirpasn 15p, Kona — 10p, Baca — 6p urp. llycts y — KOM9eCTBO UIP, CHITPAHHBIX MEXKTY coO0it
[Tereit, Koueit m Baceii (3ro amcso pasro 0, 1, 2 nau 3), a 2 — KOJUIECTBO UTD, CHITPDAHHBIX 63 yYIacThs
MMetn, Ko u Bacu (z > 2). Torma 15p + 10p + 6p — y + z = 30p, 10 ectb p = y — 2. Equncreentoe
BO3MOKHOE IOJIOKUTEIBHOE 3HAUYEHHE D PABHO 1, M OHO JOCTHUrAeTCst, Koryua §y = 3,2 = 2.

3amMeuaHme. YC/I0BrIE HETPOTUBOPEUMBO: TaKasd CUTYAIUs JIEfiCTBUTETHHO MOT/IA UMETH MECTO (TO
€CThb MOXKHO TpoBecTH 30 UI'p B COOTBETCTBHUH C YCJIOBUEM ).

KommenTapwmii. /lokazano, aro obiiee KomdecTBO urp geaurcs Ha 30 — 2 6asuia.

IIpusenén npumep ¢ 30 urpamu, HO He 0OOCHOBAHO, YTO JAPYIUX BAPUAHTOB HET — 3 OasLIa.

ITpuBoauTs puMep ¢ 30 UrpaMu B perieHnn e Tpedyercs (Mo yCIOBUIO H3BECTHO, YTO TAKUE UI'PHI
ObLIM TIPOBEJIEHBI ).

U3 roukn A nposejens! Kacarenbhbie AB u AC k okpyzkuaOCcTH € 1ieHTpoM O (B u C' — Touky KacaHusi).
Ilyctes M — cepenmna oTpeska AQ. Jlokaxkure, 94T0 OKPYKHOCTH, OMUCAHHAA OKOJIO TPEYTOJBHUKA
ABM, xacaercsa npsmoit AC.

Perrtenue. YTBepikieHue 337a9nu PaBHOCHIBHO TOMy, 4TO yrog OAC paBeH BIUCAHHOMY YTy
ABM (cM. puc. 4). Ho pagnyc OB mneprnenaukyasper Kacareiabuoit AB, mostomy BM — mennana

npsIMOYTOJIbHOTO Tpeyrosbinka OBA. 3uaunt BM = % = AM, v noromy LZABM = /BAM =

= /BAO. Ho AO —6uccekrpuca yrina BAC, suaunt, /BAO = ZOAC. YTBepXKaeHne JT0Ka3aHo.
B

Puc. 4

Kommenrapuii. YKazano, Kakoe PABEHCTBO yIJIOB PABHOCUJIBHO YCJIOBHUIO — 2 HaJLia.

10
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9.4. K gucny A, cocTosineMy u3 BOCBMH HEHYJIEBBIX [u(p, TPUOABUIN CEMU3HAUHOE UHUCIO, COCTOSIIee

9.5.

U3 OJIMHAKOBBLIX IUdp, U MOJYYUIN BOCBMU3HAUHOE uncyo B. Oxazajiock, 4ro uncio B MoxkeT ObITh
noJryaeno u3 gucia A mepectaHoBKOM HEeKOTOPHIX nudp. Ha kakyto nmudpy MoXKeT HAUMHATHCI TUCTIO
A, ecnu ocneEas dpa ancaa B pasra 57

OTger. 5.

Permenne. Tak kak qncia A u B UMEOT OJMHAKOBYIO CYMMY MDD, TO UX PA3HOCTH JEJIUTCS
Ha 9. I[losromy npubaB/ieHHOE CEMU3HAYHOE YUC/IO U3 OJIMHAKOBBIX Iudp gemurcd Ha 9. 3Haant, OHO
COCTOUT U3 JEBATOK. 10 €CTh MOXKHO CIUTATH, 9TO K auciay A mpubasuin 107 u Bbrasun 1. Do 3HAYUT,
9To uncao B mogydaercd u3 yncaa A yeennmdeHveM NepBoit 1udphl Ha 1 ¥ YMEHBITEHUEM TTOCTe THeH
mudpet Ha 1 (Tak kak B A Her Hysei, a B BOCBMU3HAYHO), & OCTaIbHbIe MUdPBI HE MEHSIOTCA. Tak Kak
quca0 B MoXKeT OBITH TIOMYIeHo U3 Iucia A mepecTaHoOBKOM HEKOTOPHIX NP, TO TOCTEIHsId Tudpa
gucaa B coBnagaer ¢ mepsoit mudpoit uncaa A (n maobopor). [ostomy umcno A MokeT HAUMHATHCS
TOJILKO Ha nudpy 5.

KommenTapwit. /lokazamno, uro npubasjigeMoe 4uCI0 COCTOUT U3 JEBATOK — 2 Baiia.

OTBer nmosaydeHn paccMoTpeHuem mpumepa — 1 Hasw.

Ha xneruaroii mocke 8 X 8 pazmerrennl 8 KyieTuaThix Kopabdseit pazmepa 1 X 3 Tak, IT0 HA Y KAKUX JBYX
KJIETOK, 3aHATBIX Pa3HbIMU KopabssimMu, HeT obmux Todek. OJIHUM BBICTPEJIOM Pa3peNaeTcs MpocTpe-
JIUTH [EJUKOM BCe 8 KJIETOK OJHON CTPOKW Wau OJHOTO cTos01a. Kakoro MuHNMAaIBHONO KOJINYIECTBA,
BBICTPEJIOB XBATUT, YTOOBI TAPAHTUPOBAHHO PAHUTH XOTs ObI OfuH KOpabJib?

OTBert. 2 BBICTPEIOB.

Pemtenne. Caeraem 2 BoicTpesia Tak, Kak mokasano Ha puc. 5. [Ipea- 10 9
MOJIOXKUM, UTO MBI He DaHUIM HU OnuH Kopabsb. Torma B obiactu 1 Ko-
pabueit mer. B xaxmoit m3 obsacreit 2 u 3 cromr He LGosee 1 KopabIis.
3uaguT, B objacTu 4 CTOUT 10 KpaitHell Mepe 6 KopabJieii.

Obanacts 4 sBiugerca kBajparoMm b X 5. Toraa B 310t 0baacTu Kopab-
JIM, PACIIOJIO?KEHHBIE TOPU3OHTAJIBHO, HE MOT'YT JIEXKATh B COCEJIHUX CTPO-
Kax, a KOpabJIH, PACIOJIOKEHHBIE BEPTUKAJIBHO, HE MOTYT PACIOIATATHCS
B cocenuux crojbnax. llosromy B 310l 06/1aCTH HAXOTUTCH 3 «BEPTH-

Ka/JIbHBIX» U 3 «TOPU30HTAJIbHBIX» KOPAD/Ist, IPUYEM OJIMH U3 HUX JIEKUT Puc. 5

B [EHTPAJbHON CTPOKEe, a JIpPYroil — B IeHTpajbHOM crojidne obsactu. Ho Torma oba stux kopabiis
coJlepKaT IMEHTPAJIbHYI0 KaeTKy obsactu. [IpornBopeune. 3HaunT, Mo Kpaiineil Mepe OIUH KOPab/ih
pareH.

ITokazkem, 9T0 eciu clejaaH TOJBKO OMH BBICTPEI, TO MOXKHO HE PAHUTH HU ofuH Kopabib. [lycts
BBICTPes OBLT CAeJaH B KAKYIO-TO CTPOKY. 3aMETHM, UTO B OJHONW CTPOKE MOXKHO Pa3MECTUTH JBa
kopabJisi. Toraa ecsin BBICTPEST CJIEJIaH B CTPOKY € HEYETHBLIM HOMEDPOM, I10 JIBa KOPabJjis MOTJIM CTOSITh
B cTpokax ¢ nomepamu 2, 4, 6 u 8. Ecau ke BBRICTpe/T CelaH B CTPOKY C YETHBIM HOMEDPOM, IO B
KopabJisi MOIVIU CTOSTH B CTPOKax ¢ HoMmepamu 1, 3, 5 u 7.

3amevanue. MoxKxHO mOKa3aTh, 9TO B 007acTH 4 HEIb3d PACCTABUATE Jaxke b KopabJieii.

KommenTapwmii. [lokazamno TobK0, Kak 3a 2 BBICTPEa paHUTL KOpababr — 4 Hasia.

JIoka3aHO TOJBKO, 9TO 1 BBICTpEJIa MOXKET He XBATUTH — 2 Hajiia.

IIpuBeign npaBUIBbHBIN TPUMED JIBYX BBICTPEJIOB, HO HEe 00bsICHEHO, TIOUEMY OyIeT paHeH XOoTd Obl
ofuH Kopabsib — 1 6ast (BMecTo 4 6asIoB O MEPBOMY KPUTEPHIO).
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Hycrs f(z) = 22 4 2ax + b. UssecTo, aro ypasuenne f(z) = 0 mveer gsa KopHs. J[oKazKuTe, 9TO
TOrIA IpH JHOGOM IOM0KHTEIbHOM k ypasrenne f(x) 4+ k(z + a)? = 0 TaxsKe nmeer 1Ba KOPHSL.

TepBoe pemenne. o yeaosmo a? —b > 0. Tyers F(x) = f(z) + k(z + a)?. Berancany guckpu-

MUHAHT HOBOro TpéxwieHa F'(x). Umeem:
F(z) = 2? + 2az + b+ k(z + a)? = (k + 1)z? + 2a(k + 1)z + (b + ka?).
SHaquT,
D= a2kt 12— (k b+ ka®) = (k 2
1= (k+1)7 = (k+1)(b+ka”) = (k +1)(a” - ),
9TO JOKA3BIBAET YTBEPIXKICHUE 3a0a4HU, TTOCKOIBKY k + 1 > 0.

Bropoe pemtenue. [lepenmmenm ncxomubiii Tpéxunen B suge (4 a)? 4 (b — a?). Ero smadernne B

Bepumae pasHO b — a? < 0. HoBbIil TPEXWIeH ecTh

F(z) = (k+1)(z +a)® + (b—d?),
Opu4éM ero crapriuit Koadgpdunrent nomoxuTegen. Tak kKak Tpéxamred F B TOUKe T = —a TPUHAMAET
oTpHIATEIBHOE 3HAYeHHe b — a2, TO OH MMeeT KOPHH.

Kommenrapuii. 3aMedeno, 4To BepIUHA HOBOI napabosibl uMeeT abciucey —a — 2 6ajia.
OkpyKHOCTB, Tpoxosiias yepe3 Bepiubbl A, B, D tpaneruu ABC D, nepecekaer € BOKOBYIO CTO-
pory CD B Ttouke K. Jlokaxkute, 9T0 OKPYKHOCTb, ONMKUCAHHAsT OK0OJIO Tpeyrojbuuka BC K, kacaercs
npsimoit AB.

Pemenne. [lycts P —Touka, jexaimasa Ha IpoaoKeHnn orpeska AB 3a 1ouky B (cM. puc. 6).
Torma yTBeprKienne 3aJa9u PaBHOCHILHO ToMYy, uT0 yrona PBC pasen srnumcannomy yriy CKB. Ho
yrabt CKB nw DK B asasiorcs cMmexxkuabivu, nostromy ZCKB = 180° — ZDKB. C apyro# croponsr,
geTbIpexyronbuuk DK BA — snucannsiit, nostomy /DK B = 180° — /D AB. Haxower, u3 mapasiieib-
HocTu cropor AD u BC rtpanernuu ciaeayer, uro ZCBP = ZDAB. YTBepXKjeHue T0Ka3aHO.

P
B@C

Puc. 6

KommeHnTapwmii. YKa3aHno, Kakoe PaBeHCTBO YIVIOB PABHOCHIBHO YCJIOBHIO — 2 Oaiia.

Ha xnergaroit qocke 8 X 8 pasmernén 1 kaerdarsiii Kopabiab pasmepa 1 X 3. OJHIM BBICTPEIOM pa3pe-
[TAETCA TTPOCTPESUTD TEINKOM BCE 8 KJIETOK OJHON CTPOKW WA OJHOTO CTOJ0Ia. Kaxoro MuHUMAa b-
HOT'O KOJIMYECTBA BBICTPEJIOB XBATUT, 4TOOBI rapaHTUPOBAHHO PAHUTH KOpabJib?

OTBert. 4 BHICTpEIOB.

Pemenne. Crenaem 4 BhicTpesa Tak, Kak mokasaHo Ha puc. 7. To-
r7a BUIHO, YTO KOpabJsib rapanTupoBaHHo Oyaer paneH. Ilokaxkem, 4To
€CJTA CIIe/TAHO TOJIBKO 3 BBICTPEJIA, TO MOXKHO He PAaHUTb KOpabib. [Iycrs,
HaIPUMED, B CTPOKU cJiejiano He 6oJiee 0/IHOTO BhICTpesia. Torma B ji060M
cTo/1011e, B KOTOPBIH HE CIIe/TaH0 BBICTPEIA, TPOCTPEIeHO He Hojiee OmHOM
KJIETKH, U [I03TOMY B 3TOM CTOJIOIE MOXKET CTOsITh KOpabJib, KOTOPLIi HE
Oy/er paHeH.

KomMmmenTapuii. [lokazano ToabKO, Kak 3a 4 BRICTPesa PaHATH KO-
pabab — 3 Hasra. Puc. 7

JlokazaHo TOJBKO, YTO 3 BHICTPEJIOB MOXKET HE XBAaTUTb — 3 HaJiia.
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TTpuBenén npaBuabHBIH puMep 4 BHICTPEJIOB, HO He 00bsACHEHO, 9TO OyaeT paneH Kopabib — 1 6aswn
(BMecTo 3 6asIOB IO IEPBOMY KPUTEPHIO).
Bepno su, gro moboe yérnoe guciso, bosbinee 1000, MOXKHO HIPEACTABUTH B BUjIE

nn+1)(n+2) —m(m+1),

r7e m W N — HaTypaJbHbIe THCIa?!

OTBet. Hesepno.

Peurenne. 3amernm, 4T0 IPOU3BEICHNE TPEX MOCJIEI0BATEIBHBIX HATYPATbHBIX uncen n(n+1)(n+
+ 2) menmmres Ha 3. Pazbepém HECKOBKO CIy4aes.

Ecnu m nmeer ocratox 0 wiu 2 npu aesenun Ha 3, 10 m(m + 1) mesurcesa Ha 3. 3HAUUT, TUCTO
n(n+1)(n+2) —m(m + 1) gesurcs na 3.

Ecaun m nmeer ocratok 1 mpm nerennu na 3, 1o m(m + 1) nmeer ocTaTok 2 HpHU AeTE€HAN HA 3.
Buauwt, ancao n(n + 1)(n + 2) — m(m + 1) umeer octaTox 1 npm geneHun Ha 3.

Dro ozuagaer, uyTo yncyao n(n+ 1)(n+2) —m(m+ 1) He MmoxKeT UMeTh OCTATOK 2 IIPU JeJEHUN Ha
3. To ectb, Hanpumep, ancyio 1004 B TpebyeMoM BUE MPEICTABUTH HE YIACTCS.

KommenTapuii. Bepuniit orBer 663 obbacuenmns — () 6aiios.

JokazaHo, 9T0 pa3HOCTD TPOU3BEICHUN He MOYXKET UMETh OCTATOK 2 TIPW JEeJEeHUHN Ha 3, HO He TIPH-
BeJEH MPUMEP KOHKPETHOTO 9HCJIa, KOTOPOe HE MPEACTABUMO B HYXKHOM BHUE — DAJL/IBI HE CHUMAIOTCH.
MozkHO Jirt BBIOpATh YUCJIO0 N 2> 3 U TAK 3aM0JHUTH TAOJIUILY 1 X N PA3JIUIHBIMYU HATYPAJIBHBIMU YUC-

2, 9T0OBI B KAaK/I0M CTPOKE HAIINCH TPU UUCIA, OTHO W3 KOTOPHIX PABHO MPOU3BEIEHUTO

agavmu or 1 gon
JBYX IPYTHUX?!

OtBet. Hebza.

Permtenne. Ilpemmonoxum, 9r0 TabIUIly yIaI0Ch 3aM0JHUTE TpedbyembiM obpasom. Pacemorpum
B KaXKJIOW CTPOKE TPU YUNUC/Ia: JBA MHOXKUTENS W UX npoussBeqenue. OTMETUM B KaXKI0M CTpOKEe Ham-
MEHBINWI MHOXKHUTEb. TaK KaK CTPOK M, TO BCEN0 HAMMEHBINNX MHOXKWUTes el n. A Tak Kak OHU pas-
JIMYHBI, TO CPEIN HUX HAUAETCA TAKOH, KOTODHIA He MeHbIe n. Ho Torma B cTpoke, riae HaxoauTcd
9TOT MHOXKHUTENE, BTOPOl MHOXKUTENEL OyaeT He Menbiine 1 + 1. [losromy nx mpouzBepeHmne He MEHBIITE
n(n + 1) > n?. Ilporusopeurne.

KommenTapwuii. Bepusiit orBer 6e3 o0bacuenmns — () 6ayiios.

13



11.1.

11.2.

11.3.

XLV Bcepoccuiickast MaTeMaTHIeCcKast OJTUMITHAA, TITKOJTbHHKOB

11 kJaacc

N3BecTHO, 9TO

. . 1
sinzcosy = coszsiny = .

Haiture cos 2z — sin 2y.
OrBet. —1 winm 1.
IlepBoe pemenue. [lepeMHuOKUB HaHHBIE PABEHCTBA M YMHOXKWB MpOU3BeaeHue Ha 4, morydaem
sin2zsin2y = 1. Orciona sin2x = sin2y = 1 wm sin2z = sin2y = —1 (oba caydas BO3MOKHBI,
3T

T umx =y = 27). B oboux ciyuasx cos 2x = 0. Torja cos 2z—sin 2y = —1

A0CTATOYHO B3ATh & = Y = 4 1

mim cos 2x — sin 2y = 1.
Bropoe pemienune. 13 ycmosusa nmeem

sin(a: +y) =sinzcosy + sinycosz = 1
M, aHAJOTUYHO, sin(z — y 0. Torma = +y = % + 27k m x —y = 7w upm nenwix k n £. Ho Torma
2r=(x+y)+(x—y)=Z +m(2k + ), orkyna cos2z =0, a 2y = (x +y) — (x —y) = %+7r(2k—£),
orkyna sin2y = +1. 3uaunt, cos2z — sin2y = F1. Te ke npumepsl MOKa3bIBaIOT, 9TO0 00a OTBETA
BO3MOZKHBI.

KommenTapwii. [lorepan ogue w3 0TBETOB — CHATH 2 HaJsiia.

Be3 obocHoBanust mpuBeIeHBI TPUMEPHI YIVIOB, Jar0mux oba orseta — 2 baJuia.

Be3 obocuoBanusa npuBeaén mpuMep yrioB, gaommx oguH orBer — () 6asIoB.

UYucna x w0 y yIOBIETBOPSIOT HEPABEHCTBY T > Y > T—g JoxaxnTe, 9TO 22 > y2 + 4.
2 2 4 '
-y -y’ )

W3 ycroBus x > y ciegyer, 9TO 3HAMEHATEJb ;1p06ep1 MTOJIOYKUTEJIEH, TIOITOMY Ha Hero MO}KHO
YMHOXKUTE 663 n3MeHeHns 3HaKa HepaBeHCTBa. Toraa mosyaeM: (x+y)(w—y) > 4, 10 ecth 22—y > 4.
VTBepXKAeHNE JTOKA3AHO.

Samevanwne. Yucsio 4 Hesib3s 3aMeHuTh Ha Gosbiee, HOCKobKyY npu 0 < e < 1, x = 2/e +2e u
y = 2/e + € umeem

Peutenue. CriokuB HEpaBEHCTBA T > =

2 2 2
x>y:g+€>g:x_y,

HO TIPU 3TOM

2 =@—y(z+y) =¢ <j+38> =4+ 3¢2,
9TO MOXKET ObITh CKOJIb YTOAHO OJN3KUM K 4 TPHU JOCTATOYHO MAJIBIX E.

KommenrTapwii. [Ipu goMHOXKeHUN HA T — Yy He OTMeYeHO, 9T0 T — Y > 0 — cuarhb 1 6asw.
OKOJI0 OCHOBaHUS N-YTOJBHON MUPAMUIBI MOYKHO OMHACATH OKPYYKHOCTH. V3BECTHO, UTO IEHTP 3TOi
OKPYKHOCTH PABHOYIAJIEH OT BCEX CepeuH OOKOBBIX pébep mupamuanl. JlokaxkwnuTe, 9T0 JIHHBI BCEX
OOKOBBLIX pPEébep MUpaMUIbl PABHBI.

Permtenne. Ilycte O —T1eHTp OKPYKHOCTH, OMHUCAHHON OKOJ0 ocHoBamwsa AiAs...A, mu-
pamugasl  SAjAg...Ap, moukum My, Mo, ..., My — COOTBETCTBEHHO CepeanHbl OOKOBBIX DPEGEP
SA1,SAg,...,SA, mupamunbr SA1 Ay ... Ay (em. puc. 8). Kak ussecrno, Bce Ttouku My, Mo, ..., My,
JIEXKAT B OJHOM IJIOCKOCTH (3Ta MJIOCKOCTH NAPAJLIEIbHA OCHOBAHUIO M PABHOY/IAIEHA OT OCHOBAHUS 1
BepIIMHBI Tmpamiibl). O6o3HaINM €€ uepes .

IIycts @@ — Touka mepeceuenus jayga SO ¢ mwrockoctbio «. Torma QMy, k = 1,...,n—cpennne
gunun TpeyroabankoB SOAj, m motomy mpm Beex k = 1,...,n umeem: QM = %, rne R — pamn-

yC OKPY?KHOCTH, OIMCAHHOW OKOJIO OCHOBAHUSI MUPAMUJBI. 3HAYIUT, () — TOUYKA, PABHOY/JIAJIEHHAS OT
BepiiuH MHOroyrospHuka MMy ... My, T0 ecTb ABJsSeTCH IEHTPOM OKPYKHOCTH, OIUCAHHON OKOJIO
MuOTOyTOIbHUKA M1 Mo . .. My,. [lycte O H — nieprieHanky/isip, TpoBeaeHHbIH u3 Toukn O K MJIOCKOCTH
a. Torma n3 pasencTsa TpPAMOyTroTbHBIX Tpeyroabaukos OH M., k = 1,... n (oHu paBHbBI, TOCKOIbKY
karer OH y Hux obmuii, a rumoreny3sl O M), paBHBI IO YCJIOBHUIO), CJIEIYET, 9TO W TOUYKa H — meHTp
OTMCAHHOW OKPYXKHOCTH MHOTOYTObHUKA M1 My ... My,. 3uaqut, Toukn () u H coBmagatT. 9TO 03HA-
qaer, 910 SO — BBICOTA THpaMuasl. Ho Torma m3 paBeHCTBa MPSIMOYTOIBHBIX TpeyroabHukos SOAy,
k=1,...,n, cieayer paBeHCTBO DOKOBBIX CTOPOH MHPAMUIHI.

3ameuanne. OmuOOIHBIM ABIIETCS TakKoe paccyxaenue: Tpeyroasunka O My Ay u O My Ay, pas-
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Puc. 8
HBI 110 JByM cropoHam (OMy = OMy, u OA; = OA;,) 1 paBHBIM BBICOTaM (BBICOTHI, TPOBEIEHHBIE 13
TOYEK Ml 148 MTZ7 PaBHBI, TOCKOJILKY OHU DABHBI ITOJIOBUHE JJIMHBI BHICOTHI HI/IpaMI/I,ZLbI). B,ZLQCB O]_HI/I6Ka
BaKJIFOYAETCS B TOM, UTO BBICOTHI STUX TPEYTOJBHUKOB BOBCE He 00A3aTEIbHO PABHBI PDACCTOSHUSAM OT
My u My, 1o ocuoBamus.

Kommenrapuii. B pemrennn 63 goxkazareibCTBa UCIOb3yeTcs T0, 910 SO ecTh BbICOTA HTUPa-
MuJibl — He Bosiee 2 H6aI0B 3a 3a/1a4y.

Bepno su, aro j0b6oe npesnsiiieecs Ha 6 guciio, 6osibitee 1000, MOXKHO TIPEICTABUTDL B BUJIE
nn+1)(n+2)(n+3)(n+4) —m(m+1)(m+2),
rje m W n— HaTypabHbIE Yncia?

OrBet. Hesepro.

Peurenne. 3amernm, 4T0 NPOU3BEJIEHUE IISITH ITIOCAEI0BATENBHBIX HATYPAJbHBLIX umcen n(n +
+1)(n+2)(n+ 3)(n+4) geanrcs Ha 5. Pazbepém HECKOIBKO CIy9aes.

Ecau m umeer ocratok 0, 3 nim 4 npu genennn Ha 5, To m(m + 1)(m + 2) genurcs Ha 5.

Ecau m nmeer ocrarok 1 npu nenennu Ha 5, To m(m + 1)(m + 2) nmeer ocrarox 1 mpu geneHun
Ha 5.

Ecam m nmeer ocrarok 2 npu gesnernu Ha 5, ro m(m + 1)(m + 2) nmeer ocrarok 4 npu jeneHun
Ha 5.

Buauut, unciao n(n+ 1)(n+2)(n+3)(n+4) —m(m + 1)(m + 2) MoxkeT uMers npu jejeHnn Ha 5
tosibko octarku (0, 1, 4. To ectb, Hanpumep, yucyio 1002 B TpebyeMoM BHJe NIPEICTABUTH HE YIACTCS.

KommenTapwuii. Bepusiit orBer 6e3 00bacuenmns — () 6a/ioB.

Jokazano, 4TO0 pa3sHOCTH MTPOM3BEIECHUN HE MOYKET MMETh OCTATOK 2 (Wiu 3) mpH JejeHud Ha b,
HO HE IPUBEIAEH NPUMED KOHKPETHOIrO 9HhC/Ia, KOTOPOe HE MPEACTABUMO B HYXKHOM BHE — DaJLIbl HE
CHUMAIOTCS.

MozkHO Jin BBIGPATH YUCIO N > 3 U Tak 3amoJHuTh Tabauiy n X (n 4 3) (n ctpok u n + 3 cronbia)
PasAMYHBIMU HATYPAJIbHBIMU Yncaamu oT 1 10 n(n+ 3), 4robbl B KaxK10# CTPOKe HAIINCH TPH YHUCIIA,
OJTHO W3 KOTOPBIX PABHO IIPOU3BEEHUO JIBYX APYTUX?

OTBet. Henbza.

Peuienue. llpeanosnoxkum, 9o TabauIily yIaJiochk 3a0aHuTh TpebyeMbiM obpazom. Pacemorpum B
Ka}K,ZLOI?I CTPOKE TpH! 9uCjia: ABa MHOXKUTEJIA U UX ITPOU3BEICHIEC. OTMeTI/IM B Ka}K,Z[OI‘/JI CTPOKE€ HanMECHb-
IIUH MHOXKHUTE/b. 3aMETUM, 9TO MHOYKUTEJb HE MOXKET PaBHATHCHA 1, TAK KAK B 9TOM CJIyYae B CTPOKE
0KA3aJIUCh OBl OJIUHAKOBBIE UNC/IA. TaK KaK CTPOK 71, TO BCEr0 HAMMEHBITNX MHOXKUTEEH 1. A Tak Kak
OHU Pa3JIMYHbI, TO CPEJIN HUX HalJAETca Takoil, KoTophlii He MeHbIe n + 1. Ho Torma B cTpoke, rie
HAXOJUTCH STOT MHOYXKHUTEIb, BTOPOIl MHOXKUTE/Ib Oyjer He Menbiine N + 2. [losromy ux npowussegenune
HE MEHbIIIE

(n+1)(n+2)=n®+3n+2>n?+3n=n(n+3).
IIpoTuBopeune.

Kommenrapuii. Bepubiit otBer 6e3 06bscHenust — () 6a/10B.

3aMeueHo, YTO MHOXKHUTEIb HEe MOYKeT paBHAThCA 1 — 2 Gasa.

Hokazano TOIBKO, 9TO B OJIHOH U3 CTPOK Tpom3BeneHne He MeHbIne n(n + 1) —2 6awia.
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