Mockosckutl 2ocydapcmeeHHblll yHugepcumem umeHu M. B. /lomoHocosa

OsmmMnMasa NIKOJIbHUKOB
«MoKopu BopobbeBbl ropbi»
Mo MaTeMaTHKe

3azaHud 3akaruuTesabHoro atana 2019/2020 yye6Horo roga aJs 5-6 kiaacca

1. AHA m TaHAa — cecTpbl, UM BMecTe 28 neT. Celtyac AHe BABoe 60/blue NeT, yem 6bi10 TaHe B MOMEHT,
Korga AHe 6bl/10 CTONBKO /IET, CKONbKO TaHe cenyac. HanaguTte BO3pacT cTaplien us cecrep.

OtBet: 16 ner.

PeweHune: O603HaYMM pa3HULY BO3PaACTOB AeBOYEK 3a P. AHe 6bIN10 CTONbKO NET, CKObKO TaHe ceiyac
P net Ha3ag,. Torga TaHe 6bis10 Ha P IeT MeHblle, Yem cendac 1 Ha 2P neT meHblle, yem AHe ceiryac.
Takum obpasom, 2P cocTaBnAeT NoNOBMHY TEKYLLEro Bo3pacta AHK, T.e. Bo3pacT AHuM paBeH 4P, a TaHu —
3P. CymmapHbIi BO3pacT AeBoYeK paBeH 7P, cnegoBatenbHo, P =4, 1.e. AHe 16 ner.

2. Yacbl co cTpesikamu NoKasbliBatoT NongeHb. CKOIbKO MUHYT NPOMAET A0 61MKaNLLEro MOMEHTa
BPEMEHM, KOTAA NPAMAas, SeNsLLan NOMN0aM Yro MeX4y YacoBOM MU MUHYTHOM CTPEIKOM, NponaeT
yepes OTMETKY Ha undepbnaTte, COOTBETCTBYIOLLYIO 43 MUHYTAM?

OtBeT: 24 MUH.

PeweHune: MWHYTHaA CTpesika ABUMKETCA CO CKOPOCTbIO 6°/MUH., a YacoBas — ¥%:°/MWUH, NoaTOMY
BUcceKTpUCa yrna mexay HUMKU ABUXKETCA CO CKOPOCTbio 13/4°/MUH. 3amMeTUM, YTO B YC/I0BMM 3343a4M
yKas3aHa npAmas, a He ay4, T.e. eC/In OHa NPOXOAMUT Yepe3 OTMETKY 43 MUH., TO U Yepes AnameTpaibHO
NPOTMBOMNONOXKHYO OTMETKY 13 MMH. O4yeBMAHO, paHblue NPAMas AOCTUTHET OTMETKM 13 MUH, KoTopas
OTCTOWT OT HaYa/IbHOrO NOJIOXEHMA CTPEIOK Ha 13/60*360 = 78°. 3HaunT npaman AOCTUTHET ee 3a 24
MWH.

3. B Tpeyro/sbHUKe ogHa U3 CTOPOH paBHa 12,67 cm, apyrasa 0,55 cm, HanaguTe ANNHY TPETbeN CTOPOHBI,
€C/IN U3BECTHO, YTO OHA COCTAB/IAET LLe/10e YNCAO CAaHTUMETPOB.

OtBeT: 13 cm.

PeweHue: Mo HepaBeHCTBY TPEYroJibHMKa CYMMa AJIMH BYX CTOPOH 60/blle A/NHbI TPETLEMN,
cnepoBaTeNbHO, OHa A0XHA 6bITb He 6onble 12,67 + 0,55 = 13,22cm. C gpyroi CTOPOHbI, eC/IM OHA
6yaet 12 cm unn meHbLue, To, npubasums 0,55, nonyynm meHble, yem 12,67 cm.

4. Ha nepBOM 3aHATUM KPYXKKa NO NPOrPaMMMUPOBAHUIO YUMUTENb CNPOCKJ YH4aCTHUKOB, KAKUMMU A3bIKamm
NpPOrpamMmmMmnpPOBaHMA OHUM BlaZetoT. YeTBepPO cpasy NPM3HA/INCh, YTO He 3HAOT HU OAHOrO A3blKa
nporpammupoBaHma. OcTanbHble CKa3ann, YTo 3HatoT uan Python nnm Java nam oba stnx asblka cpasy.
Honsa sHaowmx Python cpeam Tex, KTo Bnageet xota 6bl 04HMM A3bIKOM, cocTasuna 60%, npuyem 1/6 us
3Hatowmx Python 3HaeT Takke u Java. A fona Bnagetowmx A3bIKOM Java cpeam BCeEX YYAaCTHUKOB KPY»KKa
coctasmna 5/12. CKONbKO BCEro y4aCTHUKOB KPYKKa?

OrBert: 24



PeweHue: Cpeau 3HaowWwmx A3bikn 60% / 6 = 10% 3HatoT 06a A3bIKa, 3HAYMT To/IbKO Python 3HatoT 50%,
nostomy Java 3HatoT 50%. 3710 12/5 oT 0611ero KoAn4ecTsa y4acTHUMKOB, 3Ha4MT ux 50%*12/5 = 120%.
JinwHue 20% coctaBnatoT 4 yyeHUKa, He BRagetowme H1 O4HUM A3bIKOM, 3HauMT 120% cooTBeTcTBYET
4/20*120=24 yyaCTHUKaM.

5. Kona pewmnn npoBepuTb CBOE 3HaHME YeTbipex apubmeTuyeckmx aencrtemii. OH B3 ABa
HaTypanbHbIX YNCNA U HALLEN UX CyMmMy. [TOTOM Hallen pasHOCTb 3TMUX YNCeN — MepBOoe YNCA0 MUHYC
BTOpOe. MOTOM Hallen NPOoM3BEAEHNE ITUX e unces. NoTom YacTHOe OT AesieHNUs NepBoro YMcna Ha
BTOpoe. CnoXuBe Bce 4 NoaydYeHHbIX pesynbTata Kons nonyumn 153. HallamTe Aga uncna, Hag, KOTOPbIMK
NpPoM3BOAUANCL AEWACTBUA.

Otset: a = 34, b = 2.

PeweHune: O6o3HauMm umncna a u b, n 3anuwem ycnosue 3agaum: (a + b) + (a —b) + ab +% = 153.

3ameTuMm, UTO a KpaTHO b, NOCKO/bKY pe3ynbTaT AgeneHua — uenoe uymcno. O6osHaumm a = k - b. Mocne
npeobpasosanuii nonyyaem: k - (b + 1)2 =153 =3 -3 - 17.3nauut k = 17,b = 2,a = 34.

6. ECTb 7 KpacHbIX, 6 6enbix 1 8 }KenTbiX WapoB, BCE Wapbl MPOHYMepPOBaHbl Pa3INYHbIMU YUCAMMU.
CKONbKMMM cnocobamm MOXKHO BblbpaTh 3 Wwapa, Tak, YTobbl He BCe HblIM O4HOTO UBETA U He BCe
pasHbIX LBeToB? Cnocobbl, OTANYAOWMECA TOJbKO NOPAAKOM LIAPOB, CHMTaeM OANHAKOBLIMM.

OTBeT: 883 cnocoba.

PeweHue: BbibpaTb 3 wapa ns 21 MoXKHO C§’1 = 1330 cnocobamu. BbibpaTb Wapbl 04HOIO LBeTa
MoxHO C3 + C2 + C3 = 111 cnocobamm, a Tpu Wwapa pa3HbIX LBETOB MOXHO BbI6paTh 7 - 6 - 8 = 336
cnocobamu. B utore nonyyaem 1330 — 111 — 336 = 883 cnocoba.

7. OaH Habop m3 100 rupb, caman ferkas BecuT 3 rpamMmma, Kaxkaas ciegytowas nmeet Bec Ha 1 rpamm
MEHbLUMN, YEM YABOEHHbIM BEC NpeablayLen rupu. Haigute maccy camom TAXKenom rmpu.

Oreer: 2100 4+ 1.

PeweHune: PaccMOTpuM HECKO/IbKO MepPBbIX Y1EHOB NOoCAeA0BaTeNbHOCTM BecoB: 3,5,9,17,... 3ameTum,
YTO KaKAplii YIeH paBeH CTeneHu ABOIMKM, yBeMYeHHOM Ha egnHmnLy: 3 =2+ 1,5 =22 +1,9 =23 +
1, ... 3HauuT Ha 100-m mecTe BygeT cToATb 2100 4 1. NokasaTb 3TO CTPOro MOXHO C MOMOLbIO MeToAa
MaTeMaTMYEeCKoM MHAYKLMN.



Mockosckull 2ocydapcmeeHHblll yHugepcumem umeHu M. B. /lomoHocoga

OsmmMnMasa NIKOJIbHUKOB
«MoKopu BopobbeBbl ropbi»
Mo MaTeMaTHKe

3apaHud 3akaruuTesabHoro atana 2019/2020 yye6Horo roga aJas 7-8 kiacca

1. Yacbl co cTpesikamu NokKasbiBatoT nNosaeHb. CKONbKO MUHYT NpoiaeT Ao 6anKalilero MoMeHTa
BPEMEHW, KorAaa npamas, AenaLan nonoaam yroa Mexay 4acoBon U MUHYTHOM CTpenKon, nponaet
yepes OTMETKY Ha umndepbnate, cOOTBETCTBYIOLWYIO 43 MUHYTamM?

OTBeT: 24 MUH.
PeweHue: cm. 3agaum ana 5-6 knaccos.

2. Ha nepBOM 3aHATUM KPY»KKaA MO NPOrPamMUpPOBaHMUIO YYUTE b CNPOCUA YHACTHUKOB, KAKMMU A3bIKaMM
NpPorpamMmmMmnpoBaHMA OHKU BNafetoT. YeTBepo cpasy NPU3HANNCH, YTO HUKAKMMM A3bIKAMUK HE BNaAEIOT.
OcTanbHble CKa3zanu, 4To 3HaKT uam Python nau Java nam oba aTux Asbika cpasy. Jons 3HaoLWwmx
Python cpegy Tex, KTo BnageeT XxoTa 6bl 04HUM A3bIKOM, cocTaBuna 60%, npuyem 1/6 13 3HawoWMX
Python 3HaeT Takke v Java. A gons BnageroLmx A3bIKOM Java cpeaim BCex yHacTHMKOB KPYrKKa
coctasmna 5/12. CKONbKO BCEro Y4aCTHUKOB KPYKKa?

OTtser: 24
PeweHue: cm. 3aga4m ana 5-6 knaccos

3. Kons pewwnn npoBepuTb CBOE 3HaHUE YeTbipex apudmeTnyeckmx genctamii. OH B3an ABa
HaTypaJibHbIX YAC/IA U Hawen ux cymmy. [ToTom Hawen pasHOCTb STUX YNCesT — NePBOE YNCI0 MUHYC
BTOpoe. [oTOM Halwen npon3BeaeHNe STUX Ke Yncen. NoTom YacTHOe OT AeleHMA NepBoro YMcaa Ha
BTOpoe. CnoxmB Bce 4 nosyyYeHHbIx pesynbTtata Kons nonyumn 153. HanguTe aBa umcna, Hag KOTOPbIMU
Npou3BOAUANCH AENCTBUA.

Otset: a = 34, b = 2.
PeweHue: cm. 3aga4mn ana 5-6 knaccos.

4. B Tpaneunn ABCD c ocHoBaHuaMK BC u AD, yron ADC paBeH 67,5°. Haingute yrabl Tpaneumm, ecnm
M3BeCTHO, YTo bucceKkTpuca yrna CAD nepeceKkaeT oTpe3oK CD B ero cepesinHe, a ocHoBaHue BC paBHO
cTopoHe AB.

Oreet: 90°,90°% 112,5°%67,5°.

PeweHue: M3 ycnosus cnegyet, uto TpeyronbHk ACD — paBHobeapeHbit, AC = AD = 4.
CnepoBatenbHo, ZCAD = 45°. TpeyronbHuk ABC — paBHObeApeHHbIN U NPAMOYFONbHbIN.

5. EcTb 7 KpacHbIX, 6 6enblix, 8 *KenTbix 1 5 YepHbIX WapoB, BCe Wapbl NPOHYMEPOBaHbI Pa3anNYHbIMM
yncnamm. CKoibKMMM cnocobamm MoKHO BbIOpaTh 4 Wwapa, Tak, YTobbl He Bce Oblv O4HOIO LBETA U He
BCE pa3HbIx LBeToB? Cnocobbl, OTANYAOWMECA TOIbKO NOPALKOM LLIAPOB, CYHUTAEM OLAMHAKOBLIMU.

OTtBert: 13145 cnocobos.



PeweHue: cm. 3agaum ana 5-6 knaccos.

6. [laH Habop n3 30 rupb, camasn Nerkas BecuT 3 rpamma, Kaxkaana cneaytollan MMeeT Bec Ha 1 rpamm
MEHbILLWK, YEM YABOEHHbI BeC NpeaplayLien rupu. Hainamute obuimii Bec rmpso.

Oreert: 231 + 28.

PeweHune: PaccMoTpum HECKO/IbKO NepPBbIX Y1IEHOB NOoCAeA0BaTeNbHOCTM BecoB: 3,5,9,17,... 3ameTum,
YTO KaKAbli Y1EH paBeH CTEeNeHU ABOIKM, yBeNUYeHHOM Ha eamHmnly: 3 =2+ 1,5 =22+ 1,9 = 23 +
1, ... 3HaumMT 061WMii Bec rvpb paBeH cymme 2 + 1+ 22 + 1+ - +230+1=2+4+22 +...4 2304 30 =
231 —2+30=123% +28.

7. ®yHKuma f(x) onpeaeneHa u nonoxuTenbHa npum Bcex X > 0. M3BecTHo, uto f(1) + f(2) = 20 m

fla+b)=f(a)+f(b)+2\/f(a)f(b) npuscexa, b > 0.Haigure f(2020).

Orset: £(2020) = 20402000.

PeweHue: NMoactaBms eamHuLpbl BMecTo a u b, nonyuum f(2) = f(1) + (1) + 2/ f (1) f (1) = 3f(1).

3Hauut f(1) + 3f (1) = 20, moatomy f (1) = 5. M3Bnekan KBaApaTHbI KOPEHb U NO/b3YACh TEM, YTO

f(x) nonoxutensHa, nonyunm \/f(a +b) = \/f(a) + \/f(b). MoacTasus b=1, nonyuymm m =
\/f(a) + \/f(l) = \/f(a) + /5. Npumenss dopmyny gaa a=1,2,...,2019, noayunm \/m =
2020V/5. Orcioga £(2020) = (2020v5)” = 20402000.




Mockosckutl 2ocydapcmeeHHblll yHugepcumem umeHu M. B. /lomoHocosa

OsmmMnMasa NIKOJIbHUKOB
«MoKopu BopobbeBbl ropbi»
Mo MaTeMaTHKe

3agaHud 3akaouuTesbHoro atana 2019/2020 yyebHoro roga Assa 9 kJaacca

1. Ha nepBOM 3aHATUM KPYrKKa NO NPOrpamMmmMMpPOBaHUIO YYUTENb CMPOCUA YYAaCTHUKOB, KAKMMU A3bIKAMM
NPOrpamMmmMMpPOBaHMA OHM BAAEOT. YeTBEPO cpasy NPM3HAINUCh, YTO HUKAKMMK A3blKaMUM He BNaAElOT.
OcTanbHble CKazanu, 4To 3HatoT uaun Python nan Java nnm oba atmx Asbika cpasy. [Jons 3HatoWwmx
Python cpeam Tex, KTo Bnageet Xota 6bl 04HUM A3bIKOM, cocTaBuna 60%, npudem 1/6 n3 3HaoWmUx
Python 3HaeT Take u Java. A gona Bnagetowmx A3blkom Java cpegm BCEX YH4aCTHUKOB KPYrKKa
coctasmna 5/12. CKONbKO BCEro y4aCTHUKOB KPYKKa?

OTtser: 24
PeweHue: cm. 3aga4mn ana 5-6 knaccos

2. Kons pewmnn npoBepuTb CBOE 3HaHWUE YeTbipex apudmeTnyeckmx genctamii. OH B3an ABa
HaTypa/ibHbIX YAC/A U Hawen ux cymmy. [MoTom Hawen pasHoOCTb STUX YNCeN — NEPBOE YUCIO MUHYC
BTOpoe. [loTomM Hawen nponsBeaeHne 3TUX e yncen. [oTom YacTHoe OT AeleHWA NepBoro YMcaa Ha
BTOpoe. Cnoxme Bce 4 nosayyeHHbIx pesynbTtata Kons nonyumn 153. HanguTe ABa umcna, Hag KOTOPbIMU
NpPon3BOAUANCH OENCTBUA.

OTseT: a = 34, b = 2.
PeweHue: cm. 3agaun ana 5-6 knaccos.

3. EcTb 7 KpacHblIX, 6 6enbix, 8 }KenTbIX U 5 YepHbIX LWapoB, BCe Wapbl NPOHYMepPOoBaHbl Pa3INUYHbIMK
yncnamu. CKoNbKMMM cnocobamm MOoXKHO BblbpaTb 4 wapa, Tak, YTobbl He Bce OblnM O4HOrO LBETA U He
BCE pa3HbIX LBeTOB? Cnocobbl, OTANYAOWMECA TOIbKO NOPAAKOM LIAPOB, CYNTAaEM OAMHAKOBLIMU.

OTtsert: 13145 cnocobos.

PeweHwue: Bcero 26 Wapos, U3 HUX BbIGPaTh 4 Wapa MOXHO Cag cnocobamu. LLiapbl pa3aMyHOro LiseTa

8!
MOXHO BblbpaTb 7 * 6 * 8 * 5 = 2 cnocobamm, Bce Wapbl 04HOrO LBETa MOXKHO BblbpaTh C;‘ + C(‘f +

Cg + CZ cnocobamu. Utoro CHy — j—i=13145.

4. [aH Habop U3 n rmpb, camas fierkas BecuT 3 rpaMma, Kaxkaas cieayrolas MMmeeT Bec Ha 1 rpamm
MEHbLUMN, YEM YABOEHHbIM BeC Nnpeablaywen rnpu. Haiaute Bce n,9 < n < 16, Ana KOTOpbIX BCE FMpU
MOXHO PacnosioXUTb Ha ABYX Yallax BECOB TaK, YTOObI BECbI NPULLAM B paBHOBECHE.

OtBeT:10 1 14.
PeweHue: Hec/0HO NoKasaTb, YTo Bec k-t rnpu paseH 2K + 1.

CymMapHbIii Bec nepsbix (n-1) rupb pased (21 +1) + (22 + 1) + -+ (2" 1+ 1) =2" + n— 3,4To Ha
n — 4 NPeBOCXOAUT BeC NocAeAHel rmpu. [JonycTUM, 4TO Mbl MPUBENN BECbI B PaBHOBECKE, @ NOTOM



OCTaBUIN CaMyHO TAXKENYIO TMPIO Ha O,D,HOVI Yauwle, a OCTaJ/ibHble — nNepeHec/ I Ha APYTrylo. Ana sTtoro
. n—4
HaJo0 nepeHecTun BecC, paBHbIU T OuyeBMAHO, AOCTAaTOYHO paccmaTpmnBaTb TOJZIbKO YeTHble 3Ha4YeHUA Nn.

Mpn n=10 n 14 ecTb rupn Beca 3 n 5, KOTOpPble MOXKHO nepeHecTn. na n=12 rnpu Beca 4 HET N 3TOT BeC
HEBO3MOXHO NOAYYNTb KOMBUHALMEN APYIUX TMPb.

5. B Tpaneuun ABCD c ocHoBaHusimum BC = 4 n AD = 12, yron ADC paBeH 67,5°. HanguTe nnaowaab
Tpanewumn, ecim N3BecTHo, YTo buccekTpuca yrna CAD genut oTpesok CD nononam.

Orser: 48V2

PeweHue: 13 ycnosua cnepyet, 4to TpeyronoHuk ACD —
paBHobeapeHbit, AC = AD = 12. CnepoBaTenbHo,

£CAD = 45°, onyctum sbicoty CH = 6v/2.
CnepoBaTenibHO, NOLWAAb PaBHa %(4 +12) - 6V2 =

482

6. ®yHKumMa f(x) onpeaeneHa u nonoxutenbHa npu Bcex X > 0. U3BecTHo, uto f(1) + f(2) =20 u

fla+b)=f(a)+f(b)+2/f(a)f(b) npuscexa, b > 0.Haigure f(2020).

Orset: £(2020) = 16321600.

PeweHue: Noacrasue eamHnLbl BMmecto a v b, noayuum f(2) = f(1) + f(1) + 2 f (D) f (1) = 4f(1).

3Hauut f(1) + 4f (1) = 20, moatomy f (1) = 4. M3Bnekan KBaApaTHbI KOPEHb U NO/b3YACh TEM, YTO
f(x) nonoxutensHa, noayunm \/f(a +b) = \/f(a) + \/f(b). NoacTasums b=1, nonyunm /f(a + 1) =

\/f(a) + \/f(l) = \/f(a) + 2. Npumensas opmyny gas a=1,2,...,2019, noayumum +/ f(2020) =
4040. Otcropa £(2020) = (4040)2 = 16321600.

7. V3BeCTHO, 4TO @, b, ¢ — TpM NONApPHO Pa3NYHbIX AeNCTBUTENbHbIX Yncna. Haingute Hambonbllee

BO3MOXHOE NP1 3TOM YCI0BUM 3HAUYEHUE X, ABIAIOLLETOCA KOPHEM YpaBHEHMA
a’(x—b)(b—c)(c—x)+b*(a—x)(x—c)(c—a)+c?(a—b)(b—x)(x —a) =100(a — b)(b —c)(c — a).

OtserT: 10.

az((x—b)(b—c)(c—x)) bz((a—x)(x—c)(c—a))
(a=b)(b-c)(c-a) (a=b)(b-c)(c-a)

PeweHue: Pasgennm ypasHeHue Ha (a — b)(b — c)(c — a) # 0.

2((a—b)(b—x)(x—
< Ei‘ibl;z;licf()c(f;)) = 100. B neBoii YacTu CTOMT KBaApaTUUHaA GYHKLMA, KOTOpas MPUHUMaeT 3Hauvenuns a2, b?, ¢

npu x = a, b, ¢, cOOTBETCTBEHHO. 3HaunT, 3Ta GyHKLMA coBnagaeT ¢ f(x) = x2, T.K. Yepes TPM TOUKM MOXKHO

2

NPOBECTU TO/IbKO OAHY napabony. YpasHeHue ceoanTca K x2 = 100. BonbLumii KopeHb paseH 10.



