Mocxoeckutl 20cydapcmeentvili ynusepcumem umeny M. B. Jlomonocosa
O.TII/IMHI/Ia,Z[a. MIKOJBHUKOB «JIoMOHOCOB» IO MaTeMaTuke

Or6opounsiii sran 2020/21 ygyebuoro roja jjst 9 Kiaacca

Sagaua 1.
B-1

x 18
Bo cko/ibKO pa3 Bropoe u3 duce’i > 2x — 3, — + 1 Oouibliie I€PBOTO, €CJIM U3BECTHO, 9TO OHO BO
x

CTOJIKO 7Ke pa3 MeHbIe TpeTbero? OTBeT OKPYIVIUTD J0 JBYX 3HAKOB IOCJE 3alsTOM.
52

OtrBer: — = 2,08

25

18
Pemenne. 13 ycrosus 2 _ 0% MOTYyIAeM a3 = a3 W T2 41) = (22 — 3)%. Orcrona
ar  ag T
25 25 13 02
822 — 252 = 0. Ipu = = 0 mapymaerca OJI3, a npn & = — TOJAYYaeM ) = —, Qg = — H g2 _ 22
8 16 4 ap 25

B-2

x 8
Bo ckobko pa3 BTOpoe u3 1uncesn > 3r — 2, — + 1 GoJbllle mePBOro, €CJH U3BECTHO, ITO OHO BO
x

CTOJIKO 7Ke pa3 MeHble Tperbero? OTBeT OKpPYIVIUTD J0 JIBYX 3HAKOB IOCJE 3alsTOl.
OtBerT: 3,12

B-3

T 0
Bo ckoabko pa3 BTopoe U3 4uces > 2x — 5, — + 3 GoJIbllle TIEPBOroO, €CJAU U3BECTHO, YTO OHO BO
x

CTOJIBKO 2Ke pa3 MeHbIe Tperbero? OTBeT OKPYIVINTh [0 JABYX 3HAKOB MOCJE 3aIsTOil.
92

OrBer: — ~ 2,14

43

B-4

T 50
Bo ckoabko pa3 BTOpoe U3 duces 5 3r — 5, — + 3 GoJbllle IEePBOro, €CJAU U3BECTHO, YTO OHO BO
x

CTOJIBKO 2Ke pa3 MeHbIme Tperbero? OTBeT OKPYIVINTh 0 JABYX 3HAKOB MOCJE 3alsTOil.
22
OTrBert: - ~ 3,14




Mocxoeckutl 20cydapcmeentvili ynusepcumem umeny M. B. Jlomonocosa
O.TII/IMHI/Ia,Z[a. MIKOJBHUKOB «JIoMOHOCOB» IO MaTeMaTuke

Or6opounsiii sran 2020/21 ygyebuoro roja jjst 9 Kiaacca

3amaua 2.

B-1

B To Bpems#, Kak Ha BOJOIOW OTIpPaBUJCH HAXOAAIIUiics B 6 MHUHYTaX OT HEr0 OJWH JbBEHOK,
BTOPOIl, y2Ke YTOJIUB KazK 1y, 10 TOH ¥Ke Hopore HampaBuics oO6patHo B 1,5 pa3a OeicTpee nepsoro. B
9TO 2Ke BpeMs 110 TOil yKe JIopore Ha BOJIONON OTIIPaBUIIaCh deperaxa, HaXoIUBIIasdcd B 32 MUHYTaX OT
Hero. Yepes Kkakoe-TO BpeMs Ha He¢ HACTYIIII IEPBbIii JIbBEHOK, & eIIl¢ Yepe3 2 MUHYTHI 1 24 CeKYH bl
— BTOpO#. Uepe3 CKOJIbKO MUHYT MOCJE BTOPOTO TPOUCIIECTBUS Yepenaxa JA0MLIa J0 BOJOIOS, eCJIH
U3BECTHO, YTO BCE TPOE JBUTAJUCH C TIOCTOAHHBIMHA CKOPOCTIMU?!

OtBeT: 28,8

Pemenne. Ilyctb © — ckopocTh 4eperaxu, a 3 — CKOPOCTb 1-T0 JibBeHKa. 10r1a CKOpoCcTh 2-T0
JibBeHKa pasHa 1,5y. Bech myTh 10 Bomonos g 1-ro abBenka cocraBmi 6y, a jijid depenaxu — 32T.
3HauuT, CHAYaAIa PACCTOSHIE MeK Iy HUMU Obl10 6y — 322, a HepBoe IPOUCIIeCTBUE IPOU3ONLIO0 HOCTe
Havasia apuzkenus depes (6y —32x)/(y — ) mumyT. Bropoe mpouciecTBie MPOH30MLIO TOCIe HadaIa
nsmzkenns depe3 32x/(x + 1,5y) munyT. [losromy

32z 6y — 32x
x+ 1,5y Yy—x

= 2,4 orxyna 2,42 + 75,2xy — 12,6y> = 0,

2

win 63 (y/x)” — 376 (y/z) — 12 = 0. D10 KBajgpaTHOE ypaBHEHHE OTHOCHTENBHO Y/T NMeeT KODHU
pasubix 3uakoB. [losoxurenbuprit pagen 6. Takum obpazom, y = 62 1 BpeMs depenaxu 0 BOJIONONA
mocJie 2-To MPOUCTIECTBUS PABHO

32z 32z

32— —=32— — =
x + 1,9y T + 9z

32 — 3,2 = 28,8 MuH.

B-2

B To Bpems#, Kak Ha BOJOIOW OTIPABUJICA HAXOJSAIIUIICS B O MHHYTaX OT HErO OJWH JbBEHOK,
BTOPOIl, y2Ke YTOJIUB KazK 1y, 10 TOH ¥Ke 1opore HampaBuics oO6paTHo B 1,5 pa3a ObicTpee nepsoro. B
3TO 2Ke BpeMs 10 TOil yKe JJopore Ha BOJIONON OTIIPAaBUIACh Yeperaxa, HaXOIUBIIadcd B 33 MUHYTaX OT
Hero. Yepes kakoe-TO BpeMs Ha He¢ HACTYIIUI IEPBbIil JIbBEHOK, & eIll¢ Yepe3 3 MUHYThI 1 D4 CeKYH bl
— BTOpPOIi. Yepe3 CKOIBKO MUHYT HOCJ€ BTOPOTO MPOUCIITIECTBUS Yepenaxa JOMLIa 10 BOAONIOS, eCIH
M3BECTHO, 9TO BCE TPOE JBUTAJUCH C TIOCTOSTHHBIMUA CKOPOCTSIMU !

OtBeT: 29,7

B-3

B To Bpems, Kak Ha BOJOMON OTIPABUJICA HAXOAAIIUACA B 6 MHHYTaX OT HErO OJUH JbBEHOK,
BTOPOI, y2Ke YTOJUB KazK1y, 10 TON »Ke JIopore HalpaBuJjcsa oOpaTHO B 2 pa3a ObicTpee mepsoro. B
3TO Ke BpeMd 110 TOH Ke JIOpoTe Ha BOJOION OTIpaBUIach depenaxa, HaX0uBIIasicsd B 33 MUHYTaX OT
Hero. Yepes Kakoe-TO BpeMs Ha Heé HACTYIHI MEePBBIH JIHBEHOK, a ellé depe3 42 ceKyHIbl — BTOPO.
Yepes CKOJBKO MUHYT TIOC/I€ BTOPOIO HMPOUCIIECTBHUS Yepenaxa JoILia A0 BOJIOLOs, €C/In U3BECTHO,
ITO BCE TPOE JIBUTAUCH C MOCTOSTHHBIMH CKOPOCTSIMU?

OrBer: 30,8

B-4

B To Bpems, Kak Ha BOJOIOW OTIPABUJICA HAXOAAIIUACA B 5 MHHYTaX OT HErO OJUH JbBEHOK,
BTOPOIi, yKe yTOJHUB YKaxK/1y, 110 TOH »Ke JI0pore HaIpaBHJCa 00paTHO B 2 pa3a ObicTpee mepporo. B
9TO Ke BpeMs 110 TOH Ke JIOpore Ha BOJOIOM OTHpaBHIACh Yepelaxa, HaXouBIIasgcd B 36 MUHyTaxX OT



Hero. Yepes Kakoe-TO BpeMs Ha He¢ HACTYIIHI IEPBbIil JIbBEHOK, a eIIl¢ Yepe3 2 MUHYTHI U 34 CeKYHIbI
— BTOpOIi. Yepe3 CKOJBKO MUHYT HOCJ€ BTOPOTO MPOUCIIECTBUS Yepenaxa JOMLIa 10 BOAOIOs, eCJIH
U3BECTHO, YTO BCE TPOE JBUTAJUCH C TIOCTOAHHBIMHA CKOPOCTIMU?!

Orset: 33,6
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Sagaua 3.
B-1
B tpeyronsauke ABC 6uccekrpuca BE u meaunana AD paBHbl u nepneHauKyasipHbl. Haitaure
mroma b Tpeyronbanka ABC, ecim AB = v/13.
OtBeT: 12

Pemenne. Ilycte AB = ¢, BE = AD = 2a. Tak kak tpeyrosbuuk ABD paBaoOe1peHHbII
(6uccekTpuca mepneHuKyAsipaa ocHopannto, AB = BD = ¢, BC' = 2¢), 1o no dbopmyJie s IIHHBI
6uccekrpuc (rne ZABC = () 2a = %cos b o 38 — ceos § Pacemorpum tpeyroabank ABE (te

2 2
F — cepenuna orpe3ka AD u Tovka nepecedeHdst OUCCEKTPUCH U MeJuanbl). VMeem a = csing,
— _a B _ 2 B 3 qpnb8 = 2 g — 12
c= T Bnauut, tg5 = 5 u cos g T3 SN g = s, sin 8 = 3. [Liomaap Tpeyroybuuka ABC
12 2

2 A
pasHa Sypc = ¢”sin 3 = 3¢

B-2

B tpeyronpauke ABC 6uccekrpuca BE u memunana AD paBHbI u nepuneHIuKyasspHbl. Haitmure
mwiomaas Tpeyroabauka ABC, eciu AB = /26.

OTrser: 24

B-3

B tpeyroisauke ABC 6uccekrpuca BE u meaunana AD paBHBI U mepoeHIuKyIsapHbL. Haiigmre
wiomaap Tpeyroabanka ABC, eciu BE = AD = 4.

OTsert: 12

B-4

B tpeyronsauke ABC 6uccekrpuca BE u meanana AD paBubl n nepneHauKyasipabl. Haitaure
wioma s Tpeyroabanka ABC, eciu BE = AD = 6.

OrtBet: 27
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Sagaua 4.
B-1
Maia miorHo yiaoxuiaa 165 OAMHAKOBBIX ITAPOB B BUJIE TPABUJILHOW TPEYTOJbHONU TTHPAMU/IHI.
CKOJIBKO TIapOB JIEZKUT B OCHOBAHUU!
OtBerT: 45

Pemenne. Pemmm 3a1a4y B 001meM Buje J11st %n(n—i— 1)(n+2) mapos. B ocHoBaHun TpeyroybHoi

IIPAMEJIB BHICOTOH B M PSJIOB JEAKHT N-0€ TPEYTONbHOe 9ucio mapos 1 +2+3+...+n = in(n+1).

2
Torsa BCero Uapos B IUPAMUIE » ., @ = %n(rﬁ— 1)(n+2). Moxkuo perarh 3a1a4y nepebopom.

B-2
Maia miorno yaoxuaa 220 0AMHAKOBBIX IIAPOB B BUJIE TPABUJILHON TPEYTOAbHONU THPAMU/IHI.
CKOJBKO TIApPOB JIEZKUT B OCHOBAHUN !

OTsert: 55

B-3
Marmra mimoTHO yaoxkuaa 286 OJUHAKOBBIX ITApoOB B BHJIE MPaBUJIBHON TPeyTroJbHON TUpaMUIHL.

CKOJIBKO TIapOB JIE?KUT B OCHOBAHUU!
OTsBer: 66

B-4
Maia miorHo yiaoxuiaa 364 0JMHAKOBBIX IIAPOB B BUJIE TPABUJILHOW TPEYTrOJbHONU TTHPAMU/IbI.
CKOJIBKO TIapOB JIEKHT B OCHOBAHUN !

OTseT: 78
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Sagaua 5.
B-1 53 143 3 17
T+ ]RY— 52 x— Y+ Y
18 9~ _ 8 4 _ "
Ywucna x,y, 2z TAKOBBI, 9TO = = 1. Haitnure =.
z Y z
352
OrBer: — =~ 1,15
305
)
Pemtenmne. PeruMm 3aiauy B ob1iem Bujie: HAfiTU =, €CJU YUCA T, Y, 2 TAKOBbI, YTO
z
r+Ay— Bz Cx—Dy+z a c
= = 1. Bocnosibdyemcst tem pakTom, 4to ecam — = — =k,
z Y b d
a+nc
TO = k s ar060ro n, Ipu KOTOPOM 3HaMeHATeJb He obpaliaercs B HOJb. Torma

1

b+ nd

 Czx—Dy+z—-Cr—CAy+CBz —(D+CAy+(CB+1)z —(D+CA)~L+(CB+1)
N y—Cz B y—Cz N L_C ’

z

Y L Y . giC—I—C'B%—l
. C = (D+CA)Z+(CB+1), ST DI CATT

B-2 53 157 3 17
Yucna x,y, 2 TAKOBBI, 4TO = = 1. Haiture =. OTBer okpyrsure 10
z Y z
COTBIX.

Otrser: E ~ 1,25
61

B-3 53, _ 121 3, 4
y‘i‘EZ—TI gy—§2+$ . z
Yucna x, 1y, 2 TAKOBBI, 9TO = = 1. Haitjure —.
x z x
Otset: 7
B-4 53 55 3, 4
ZHRT—FY 3Tty . T
Yucna x, 1y, 2 TAKOBbI, 9TO = = 1. Haiiqure —.
Y x

OtgerT: 3.4
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3agaua 6.

B-1 1
Haiiure Hanmenbliee 3Havdenue Boipaxkenus 4x + 9y + 1 + 5 NpU yCJAOBUHU, UTO & > 4 1

xr — Yy —

y > 5.
OTBert: 71
1 4
Pewenne. 4z+9y+ +—— = 4216+ -——+9y—45+ +61 > 2/442/9+61 =
r—4 y—>5 dr — 16 9y — 45

71 (mepaBeHcTBO O cpeaHuX). PaBeHcTBo gocruraercs mpu dx — 16 = 2, 9y — 45 = 3, 10 ecTh mpH
9
r=—,y=—.

2’ 3

B-2

1
Haitiiure nanmenbliee 3nadenue Boipazxkenus 9z + 4y + p— + 1
T — Yy —

IpHU YCJAOBHM, 9YTO T > 3 U

y > 4.
OTBeT: 53

B-3

1
Haiiiure nanmenniiee 3nadenue Boipazxkenus 4r + 9y + ] + 5
x — Yy —

NP YCJAOBUM, 9TO © > 1 7

y > 2.
OTBeT: 32

B-4

1
Haiiiure nanmenbiiiee 3nadenue Buipazkenus 9z + 4y + 5 + 5
x — Yy —

MpHU YCJAOBUM, 9TO & > D U

y > 6.
OTrser: 79
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Sagaua 7.
B-1
HaiinTe Bce Takme 3HAYEHMS @, MPU KayKJIOM W3 KOTOPHIX ypaBHeHWe 2 + 2ax = Sa nmMeer
JIB& Pa3JIUYHBIX IEeJbIX KOPHS. B 0TBeT 3anumure nmpousBejeHne BceX TaKUX @, IPH HEOOXOIUMOCTH
OKPYTJIMB JO COTBHIX.
Orser: 506,25

Pemienne. Eciu 11 u Xy KOPHE 3TOTO YpPaBHEHHsI, TO T + Ty = —2a, T1xy = —8a. [TosTomy
x1x9 — 4(x1 + x9) = 0, 1O ecth (21 — 4)(29 — 4) = 16. Tlycrs, m1a onpenenénHocTn, x; < Tz, Toraa
BO3MOYKHBI CJIEIYIOIIHe BADUAHTHI (CM. TabJIHILY)

(11—4) = —16 -8 —4 1 2 4
(1o—4) = -1 -2 -4 16 8 4
xn = —12 -4 0 5 6 8
;= 3 2 0 2 12 8
a = 45 1 0 —125 -9 -8
I/ICKJHOLIaeM BapHaHTHI a4 = O na= —8, IMOTOMY 4YTO IIPXU HUX KOPHHU OJUHAKOBDI. OCTaIOTCH 3HAYECHUA

a=45,a=1,a=—-9,a =—12.5.

B-2
HaiianTe Bce Takme 3Ha4eHHs a, IPH KazKJIOM H3 KOTOPBIX ypasHenme x° — 4ax = 16a mmeer
JIB& PA3JIUYHBIX IEJbIX KOPHs. B oTBeT 3anumuTe Npou3BeeHne BceX TAKUX @, IIPH HEOOXOIUMOCTH

OKPYIVIUB 70 COTHIX.
OtgerT: 31,64

B-3
Haiinre BCce Takme 3HAYCHUS @, IPH KaykKJIOM U3 KOTOPBIX ypaBHenue 2 + 2ax = —8a nmmeer
JIBA, PA3JIMYHBIX [EJbIX KOPHSA. B oTBeT 3anuinuTe npon3BeieHHe BCEX TaKUX a, IPU HEOOXOUMOCTH

OKPYIJIUB JI0 COTHIX.
Otrset: 506,25

B-4
Haiiure Bce Takne 3HaYeHHd @, IPU KasKJIOM U3 KOTOPBHIX ypaBHenue r2 — 4ax = —16a nmeer
JIBa PA3JUYHBIX IEJIbIX KOPHs. B 0TBeT 3amumuTe nMponsBegeHne BCeX TAKUX @, IIPU HEOOXOIUMOCTH

OKPYIJIMB JI0 COTBHIX.
OtgerT: 31,64
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3agaua 8.
B-... (konkpemnuvie sapuanmol nusice)
B npsimoyronsauke ABC'D touka M nexut #Ha ctopone BC' takum 06pa3oM, 9TO pagnyc OKpY K-
HOCTH, BIIUCAHHOI B 4eTbIpexyroabHuK AM C D, pasen a. Haiinure miomaas npsmoyroibauka ABC D,
eCJIM PAIUyC OKPYZKHOCTH, BIUCAHHON B TpeyroabHuk ABM, paseH b.

4a3 — 2ab
OrBeT: ——
a—2b
Pemenune. flcho, uro |AB| = |CD| = 2a. Ilpumensist cBOHCTBO 4eThIPEXyrOIbHUKA, OMHCAHHOTO

OKOJIO OKPY?KHOCTH U (DOPMYJIY JJIMHBI PAauyca OKPYKHOCTH, BIUCAHHON B IPAMOYTOJIBHBINA Tpe-
yroapuuk, umeeM | M C|+|AD|2a+|AM]|,2b = 2a+|BM|—|AM |, orxkyna umeem |MC|+|AD|+2b =
4da+|BM]|, a tak kak |AD| = |BM|+|MC|, 1o |[MC| = 2a—b = |AF|, (tne F — Touka Kacanus cTopo-
ubl AB u Bnucannoit 8 ABM okpyzxknocrn.) 3uaunt, 2a—b+|AD| = 2a+|AM|,|AM| = |AD|—b. Kpo-
me toro, |[BM| = |BC|—|MC| = |AD|—2a+b. ITo reopeme ITudaropa st rpeyrosbauka ABM nme-

4 3 _ 2 2
e 4a?+(|AD|—2a+b)? = (|AD|—b)? < 8a?—4ab—(4a—2b)-|AD| = —2b-|AD| < |AD| = a—b“b
a —

B-1

B npsmoyronsauke ABC' D touka M nexxut Ha cTopoHe BC' TakuM 06pa3oM, UTO PaaInyc OKpY K-
HOCTH, BIIMCAHHON B YeTbipexyroabHuk AMC D, pasen 5. Haiigure miomaaps nupsmoyroabauka ABCD,
eCJTH PaJINyC OKPYKHOCTH, BIIMCAHHON B Tpeyrojbauk ABM, pasen 3.

OTBer: 175

B-2

B mpsmoyroasanke C'DEF touka K jexut #Ha cropoHe C'D takum 06pa3oM, 9TO Pagnuyc OKpy K-
HOCTH, BIIMCAHHOH B YeThIpexyroabuuk K DEF, pasen 7. Haiiaure miromaas npamoyroabuuka C D EF
€CJIN PAJUyC OKPY2KHOCTH, Blucannoit B Tpeyronbuuk C'K F, paBen 3.

OTser: 269,5

B-3

B upamoyrosibnuke K LM N Touka P nexurt na cropone M N takum 00pa3zoM, 4T0 paJlnyc OKpY K-
HOCTH, BIICanHoil B Tpeyroibuuk K PN, pasen 6. Haitnure miomaas npamoyroabauka K LM N, ecin
pajuyc OKpy»KHOCTH, BITUCAHHON B YeTwhipexyroibuuk K LM P, pasen 10.

Otset: 700

B-4

B npsamoyroabuuke EFGH Touka T nexkut Ha cropore F/H Ttakum 0O6pa3oM, 94TO pajuyc OKpy K-
HOCTH, BIIMCAHHOH B YeThIpexyroabuuk F'GHT, pasen 9. Haitnure miomanb npaMmoyroabuuka K FGH,
€CJIM PAJINYC OKPYZKHOCTH, BIUCAHHOM B TpeyrojibHuk FF'T, pasen 5.

OTser: 526,5
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Sagaua 9.
B-1
O6o3naunm 4epe3 A(n) naunbonbrmmil HeuéTHbI Aeaurens dncaa n. Hampumep, A(21) = 21,
A(72) =9, A(64) = 1. Haiinure cymmy A(111) + A(112) + ... + A(218) + A(219).
Otset: 12045

Pemenne. Haubosibiiime HedéTHBIE JIEIUTEIN HUKAKUX JIBYX U3 JIAHHBIX YHCEJ HE MOT'YT COB-
acTh, TaK KaK IUC/Ia C OJIMHAKOBBIME HAUOOJIBITUMI HEIETHBIMA AEJUTENAMEI JINO0 paBHbBI, 1100 OT-
JIMYAIOTCA MUHAMYM B 2 pa3a. 3HAYNWT, HAanOOJIbITHe HeYéTHRIe jJeanTenn ancesn 111,112,. .., 218,219
OTJIMYAIOTCA Jpyr OoT apyra. [lomydaercs, 4ro HaubOJIbIINE HEYETHBIE JTEJUTEN 9HCes] OT 1 + 1 10
2n ecTh N Pa3JIHYHbIX HEYETHBIX YHCE], KOTOPBIe He NpeBbImaioT 2n. CieaoBaTe/bHO, ITO YHCIIA
1,3,5,...,2n — 1. Ecam k nabopy uuces jgobaputh ducio 220, 1o uckoMmas cymMma OyjieT paBHa
1+3+54...4219 — A(220) = 4212 . 110 — 55 = 110% — 55 = 12045.

B-2

O6o3naunm 4epe3 A(n) nambonbrmmil HeuéTHBI Aeaurens dncaa n. Hampumep, A(21) = 21,
A(72) =9, A(64) = 1. Haiiaure cymmy A(113) + A(114) + ... + A(222) + A(223).

Orset: 12537

B-3

O6o3naunm 4epe3 A(n) naubosbiiuii HewéTHBIH Aeaurensb dncaa n. Hampumep, A(21) = 21,
A(72) =9, A(64) = 1. Haiiaure cymmy A(115) + A(116) + ... + A(226) + A(227).

OTBet: 12939

B-4

O6o3naunm 4epe3 A(n) naunbosnbrmmil Heuérublii geaurens dncaa n. Hanpumep, A(21)
A(72) =9, A(64) = 1. Haiigure cymmy A(117) + A(118) + ... + A(230) + A(231).

Otsert: 13427

21,




