Mockosckuti zocydapcmeennniti ynusepcumem umenu M. B. Jlomonocosa

OJII/IMHI/Ia,ZI;a IIIKOJbHUKOB «JIOMOHOCOB» IO MaTeMaTHUKe

BaksounTenbhblii aran 2018/2019 yuebroro roga st 10—11 xaaccos

Omeemut u peweHus

1.1.

1.2

1.3.

N3z mocesika Ha CTAHIUIO TI0 OJIHOH JOPOTE OJIHOBPEMEHHO OTHIPABUJINCH
JagHUK A IIEIKOM M MOTOLMKJ C Iaccaxkupom — gagnaukoMm b. He go-
exaB J0 CTAHIMU, MOTOIUKJIUCT BBICAJU/ TACCAXKUPA U CPa3y I0eXaJl
0o0paTHO K TOCEJKY, a Ja9HUK D 1oImes K CTaHnuyu TermKkoM. Berperus
JAaIHAKa, A, MOTOIUKJINCT TOCATUI €ro K cebe U MpuBe3 Ha CTaHnumo. B
pesyabTare 00a mavHWKA MPUOBLLIN HA CTAHIMIO OfHOBpeMenHo. Kakyio
YaCTh IIyTH OT TOCEIKA 70 CTAHIUY JadHuK A mpoexaj Ha MOTOIHKJIE,
eCJIM JIAYHVKY [LJIA ¢ OAUHAKOBON CKOPOCTHIO, B 9 pa3 MeHbIleil CKOPO-
CTH MOTOIWKJIA?

Omeem: %.

Pewenue. llpumenm nyTs oT mocenka g0 cranmuu 3a 1. ITockombky 00a
JMIATHIKA TTOTPATUIN HA MYTh J0 CTAHITMH OJHO U TO K€ BPEMS U IMOJIh-
30BAJINCH OJHUM K Te€M K€ MOTOOUKJIOM, TO PACCTOAHHE, IMPOHIEHHOE
UMU TIEITKOM, OJHO M TO K€ (9TO MOXKHO YBHJIETh TaKXKe W Ha I'Da-
dbukax nx meuxkenns). OGo3HAUMM 3TO paccrosHme depe3 x. Torma
MyTh, KOTOPBIH TPoexXaJ MOTOMUKJNCT JO BCTPEUH C JAIHHKOM A, pa-
Ber (1 —z) + (1 — 2z) = 2 — 3z. Tak KaK CKOPOCTH MOTOLUKJIUCTA B 9
pa3 boJibIlle CKOPOCTU JIAYHUKA, BBIIOJIHAETCH paBeHCTBO 2 — 3z = 9z,
orkya x = 1/6.

N3 mocénka Ha CTAHINIO 10 OJHON JOPOTe OSHOBPEMEHHO OTIPABIINCE
JagHUK A IIeIKOM M MOTOLMKJ C Haccakupom — jgagaukom b. He go-
exaB 0 CTaHIINNA, MOTOIMKJINCT BBICAIU MACCAXKNAPA U Cpa3y Moexall
obpaTHO K TMOCENKY, a Ja9HUK D ToImes K CTaHInKM TEerKoM. Berperus
JadanKa A, MOTONMKJNCT IIOCATUI ero K cebe n npuBé3 Ha cTaHnuo. B
pe3yabrare 002 JaUHNKa TPUOBLIN Ha CTAHITUIO OJHOBpeMeHHO. CKOIBKO
IIPOIIEHTOB IIYTH OT IMOCEAKA 0 CTAHIINN TadHUK B mpommén memkom, ec-
JIM J@YHUKU 11 C OJUHAKOBOI CKOPOCTBIO, B 7 pa3 MEHbIIEH CKOPOCTH
MOTOITUKJIA !

Omeem: 20%.

N3 nocénka Ha CTAHIUIO 110 OJHON JI0POTe OJHOBPEMEHHO OTIPABU/IUCH
JadqHuK A — memkoM n gadauk b — wa takcu. He moexas jo cranimm,
TAKCHUCT BBICAINJI CBOETO MACCAXKHIPA U CPa3y MoeXa 0OPATHO K TMOCEIKY,
a JadHWK b mormen K craHiun memkoM. Berperus gavHnka A, TakCHCT
MIOACAINA €ro K cebe 1 IpruBE3 Ha CTaHIUO. B pesyabrare 0ba madHnka

1.4.

2.1.

2.2.

2.3.

2.4.

npubbLIM HA CTAHIIAIO OAHOBPEeMeHHO. KaKyio 4acThb Iy TH OT ITOCETKA /10
CTAHITUH JAaIHUK A mpoexas Ha TaKCH, eCJIH JAUHUKY LU ¢ OTUNHAKOBOMN
CKOPOCTBIO, B 15 pa3 MeHbllel CKOpoCTH Takcu?

8

Omesem: 3

N3 nocénka Ha CTaHIUIO 110 OJHOM J0pPOre OLHOBPEMEHHO OTIPABUINCH
JadHuK A — memkoM u JauHuk B — ma takcu. He moexas mo crammum,
TAKCHUCT BBICAU/I CBOETO TIACCAKUPA U CPasy moexasa 00paTHO K TOCETKY,
a JauHMK b momen x cramnum nemkoMm. Berperus gadnnka A, TaKCHCT
nmoAcaana ero K cebe m mpuBé3 Ha craHmuio. B pe3ysnprare 0ba madmHu-
Ka IpuOLLIN Ha CTAHIINIO OMHOBpeMeHHO. CKOJIBKO IIPOIEHTOB IIyTH OT
MOCEJIKA, JIO CTAHIIUN JATHUK B TPOIIEN MekoM, eC/iu JaIHUKHA LA C
OJIMHAKOBOI CKOPOCTHIO, B 17 pa3 MEHbLINEiA CKOPOCTU TaKCH?!

Omeem.: 10%.

9
Haiimure menyto gacts aucaa a + 7 TIe a m b — COOTBETCTBEHHO ITeTast

76 — 42/3.

¥ JIpOoDHAT JaCTh YHCIA
Omeem: 12.

Pewenue. Tamnoe gmciao pasao /76 — 42/3 = \/ 7 S\f =7-
3v3 =14 (6 —3v3), r1e 6—-3v3 € (0;1). HOSTOMya—l b=6-3V3.
Branmt, a+§ =1+ 0z =14 5722 =1+3(2+V3) =T+3V3.
Tak kax 12 < 74 3v/3 < 13, T0 mesmas 9acTh 9ucaa a + % pasua 12.

Haiinure menyto gacts aucaa ¢ + —, rae @ u b — COOTBETCTBEHHO TIE/1asd

b?
48 — 244/3.

¥ ApobHAsS YaCTh YMC/Ia
Omeem: 16.

9
Hajinmre meayio 9acTh 9UCaa ¢ + —, TAe @ 1 b — COOTBETCTBEHHO TEIasd
b Y

12 — 6/3.

¥ IpobHAs YacTh YHCIa,
Omeem: 34.

Haiinure menyto 9acts aucaa ¢ + —, rae @ u b — COOTBETCTBEHHO TIeI1asd

b?
19 — 8/3.

¥ IpoDHAST YACTh YMC/IA
Omeem: 31.



3.1. Pemure cucremy ypaBHEHUIl:
272 4 9% — 3.9V
227tV 4 2.2V = 4.2,

1

Omeem: r =y = 3.

Pewenue.
27 . (2Y)2 42 = 3. 2V,
(2%)2.2Y +2.2Y =4.27

2 =y (>0), 2¥=0v(>0)

w? 4+ u—3v =0,
u?v + 20 —4du = 0.
2

uv —uzv+u—2v—3v+4u:0,

wo(v —u) +5(u—v) =0,
wo(v —u) —5(v—u) =0,
wv —5)(v—u) =0,

(
uv =5 u:%
v—u=020 U=

5 5
—v'+—-=3v=0
v v

5
v+ —-—3v=0
v

5
20+—-—=0
v

20% +5 =0
(Her permemmit)
u=uv
v3—20=0

v=0, v==+V2

Otger: (%,

N[ =
SN—

3.2. Pemure cucremy ypaBHEHUIl:

27HY 277 — 4,
2TTY _ 8. 2V7T — ¢,

Omeem: © =

[Nl

y Y =

N[

Pewenue.

u=uv+4,
v+4—%:6

v 4 4dv—6v—8=0
VP —20-8=0

v=4
|:’U = —2 (noCTOPOHHUIT KOPEHB )

27y = 4
27ty = §

rT—y=2
r+y=3

2 =5, 2y=1
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3.3. Pemmre cucremy ypaBHEHUIA:
3UT 437 =43V,
3%tV 42.3V = 5. 3%,

1

Omeem: r =y = 3.

3.4. Pemmmre cucteMy ypaBHEHMIA:

37TV — 3TV =18,
3TV —27.3V77 =24

Omeem: © =

[Nl
<
I

N[

u=4+4=28



4.1.

4.2,

4.3.

4.4.

Ha cropone AC rpeyrosibauka ABC B3sitel Touku E u K, npuaém 1049-
xa F mexur mexnay toukavun A mw K mw AE : FK : KC =3 :5: 4.
Mennana AD nepecekaer orpesku BE n BK B toukax L u M coorser-

cTteenno. Haiigure orHommernue miormaeit rpeyroasankos BLM uw ABC.

Omeem: %

Pewenue. Tak xaxk mMeamana TPEyroabHUKA JIEJIUT €r0 IJIOMALb OO~
nam, 1o S(ABD) = S(ADC) u S(BMD) = S(MDC), a 3uaunr,
S(ABM) = S(AMC) = 3S(AMK). B o0 xe Bpems g((ﬁﬁ]% = B

nostomy 284 = 3. Orcrona g((f]\]j[]\é)) = 3, a snaunr, S(ABL) =
S(ABL
SS(ALK) = 5 - 5S(ALE) = 4S(ALE). Hostomy 7% = S47H = 4.

IIo Teopeme 00 oTHOIIEHUY ILIOMIA/EH TPEYTIOJBHUKOB C ODIIUM yIVIOM
S(BLM) _ BL BM _ 4 3 _ 12 S(BEK) __ EK
S(BEK) — BE BK — 5 5 — 25+ B TO Xe BPeMA grapey = o
0 S(BLM) _ S(BLM) S(BEK) _ 12 5 _
KOHYATebHO TOMY MM, UT0 Fape) = S(GEK) * S(ABC) — 25 18 —

(S G‘U'

B tpeyronbauke ABC' Ha cropone BC ormedena Ttakas To9Ka, D, 910
BD : DC =1:5, ana cropoue AC — roukn F n K, mpuaém toura F
sexut mexky roakamu A n K. Orpesok AD nepecekaerca ¢ orpeskamu
BE n BK B Ttoukax M n N coorsercrBenno, mpudém BM : ME = 3 : 4,
BN : NK = 2: 3. Haitnure oraomenne AM : ND.

Omeem: 120 : 49.

B tpeyronsuuke ABC na cropone AC ormedennbl Takue Toukn F n K,
uto AE = EK = KC. Ha cropore BC B3gra Takas Todka [, 9TO
orpesok AD mepecekaer orpesku BE m BK B Toukax N u M coot-
BercTBenno, npuuém AN : NM = 4 : 3. HaiiiuTe OTHOIIEHWE TLIONIAIH
geTbIpéxyroabauka C K M D x mmomaan Tpeyroasanka ABC.

1

Omsem: 5

B tpeyronbauke ABC ma cropore BC' orMedena Takas Toduka [, 9TO
BD : DC =1:3, ana cropoue AC' — rouku E u K, npuuém touka E
qexuT Mexkay ToakaMu A n K. Orpesok AD mepecekaercsd ¢ 0Tpe3KaMu
BFE u BK B roukax M u N coorsercrenno, npuiém BM : ME =7:5,
BN : NK = 2 : 3. Haiigure ornomenne M N : AD.

Omeem: 11 : 45. Pewenue. Ucnonb3yem Teopemy Menemast 1)

AN DBCK

NDDC KA
AN1CK

ND4A4KA

BDCAKN _

DC AK NB

1CA371
3AK 2

AK KA

AN 4

ND 1

AM DBCE

MD BC EA
AMJUCE_

MD4xEA_1

BDCAEM

DC AEMB

z CAEM
3xr AEMB

1045 _
3AET
CA 21 CE 16

AE 5 EA 5

AM 116
MD4 5
AM 5
MD 4
Nmeem u3 mOIyIeHHBIX COOTHOIIIEHWH, 0003HATHB

AN =4p, ND =p, AN =5k, MD = 4k :

AD =5k + 4k = 5p
5

Iﬂ}:§p

MN 4s—p 43p—p 11
AD  5p  5p 45




5.1.

5.2.

5.3.

1
n2—1
npu n € N, n > 1. CymecTByoT U TaKue 3HAUCHNUSA 1, 9TO CYMMa, Iep-
BBIX N 9JIEHOB TOM MOCJEIOBATEILHOCTH OTJIMYAeTCs OT 2,25 MeHbIIe,
veMm Ha 0,017 Ecam ga, To HafiinTe HanMEHbBIEE M3 HUX.

Omeem: na, n = 100.
Pewenue. Obmast hopmysia 4IeHOB TOCIEI0BATETFHOCTH (KpOME IEpBO-
ro) MoxKeT ObITh 3amucana Tak (n = 2):

1 11 1
=21 " o\nZ1  ny1)e

B pesynbTaTe cymMMa MepBBIX 1 4IEHOB MOCTET0BATEILHOCTH, KPOME TIep-

[Tpo nocnenosareasrocTs {a,} nssecrro, uro a; = 1,5 n a, =

BOT'O, IPAHUMAET BILI:
1 1 1 n 1 1 n 1 1 n 1 1 n 1 1 n
2 3 2 4 3 5 4 6 5 7
n n 1 1 n 1 1 n 1 1
n—3 n-1 n—2 n n—1 n+1)|"

ITocsie cokpartmennii JAjst CyMMBI 72 TTIEPBBIX YJIEHOB TTOCAEI0BATEHHOCTH

MOXKHO 3allliCaTb:

1 11 1 1/1 1
Sn=15+5 |1ty ———— =22+ .
n

2 n n+1 2 n-+1

Iycrs f(n) =3 (% + #) Torpa nockosbky f(n) yobiBaer u

f(1oo)—1 1+1 <1 1+1 1
~2\100 101 2\ 100 100/ 100’

1/1 1 1 1 1 1
f<99)_2<%+100>><100+100>_m’

uckomoe 3uauenue n papuo 100.

2
21
npu n € N, n > 1. CymecTByoT 1 TaKue 3HAYCHUA N, 9TO CYMMa, Iep-
BBIX T 9JIEHOB TOM MMOCJE/IOBATEILHOCTH OTJIMYAeTCsd OT 2,75 MeHbIIe,
veMm Ha 0,017 Ecan ga, To HafiuTe HANMEHbBIIEE M3 HUX.

Omesem: na, n = 200.

[Tpo mocarenoBarenbuocTs {ay,} u3BectHo, uro a; = 1,25 u a, =

[Ipo nocnenosarensuocts {ay,} ussecrno, uro a; = 1,5 u a, = 1
mpu n € N, n > 1. CymiecTByioT Jii TaKve 3HAYEHUS 1, YTO CyMMa mep-
BBIX N YJIEHOB 9TOM IOCIEIOBATELHOCTH OTANYAETCA OT 3,75 MeHBbIIE,
vem Ha 0,017 Ecau ga, 1o Hailgure HaUMEHbBIIEE U3 HUX.

Omeem: na, n = 300.

5.4.

6.1.

6.2.

6.3.

6.4.

4
[Tpo nocenoparenbuocTh {ay,} n3secrHo, aro a; = 1,25 v a, = R
npu n € N, n > 1. CymecTByoT 1 TaKAe 3HAUCHUI 7, ITO CYMMa, IEp-
BBIX 1 9JIEHOB DTOM MOCJIEI0BATEILHOCTH OTJInuaeTcs oT 4,25 MeHbIie,
veM Ha 0,017 Ecam ga, To HaiianTe HauMeHbIIEe U3 HUX.

Omeem: na, n = 400.

Haitmure BCE pemenns HepaBEHCTBA

—2019 2019

sin?018 x +sin™ x,

X + coS

7
HpHHa;LJIeH(aLLLI/Ie OTPEe3KY [—%aé] T
Omeem: [ e ) [472)U(W7T]U(7.7]'

Pewenue. Oy f(t ) 4201 —20 BO3pacTaeT Ha KAXKJIOM U3
noxyuaTepsaaos [—1,0) u (0,

t=2020(20184037 1 2019) = 0 ipm t = — Soig < —1, mostomy f'(t) >
0 Ha kazkjom u3 nosyunrepsasos [—1,0) u (0, 1]. Kpome Toro f(t) <0,

ectm 0 <t < 1,aecmn —1 <t <0, 10 f(t) > 2. [losromy ucxogroe
HepaBeHCTBO 9KBUBAJIECHTHO COBOKyHHOCTI/I HepaBeHCTB:

oo
H—

1]. JeiicreuresnbHo, npoussoanas f'(t) =
4037 /2019

sinxz > cosx > 0,
. 0 > sinx > cosz,
sinx) > f(cosx) & .
I ) > I ) {smx<0,

cosx > 0.

. T,
3HAYUT, OTBET HA TEPUOIE OT Z ,10 T BBITJISIAT TAK: [_Z’ O) U [4, 2) U

5T 3m. T
(W’ y } U ( 29 4 }
Hajinure Bce pellleHus HepaBeHCTBa,
—2019

2018 2019

052018 2 4 gin T > sin T+ cos™ x,
47, 27
MIPUHAIIEKAIIIE OTPE3KY [ 53 7].
4 3. _m LT T, 2T
Omeem: [_?7_”) U [_ 1 2) U (0’ 4] U (27 3 } :
Hajinure BCe pereHnst HEPaBEeHCTBA
sin?018  + cos2019 5 < cos?018 x4 gin 2019 x,
IpUHAJJICKAIINE OTPE3K [—5—” 3—”]
p ot 5Hl p Y3 14 5
L[5, _3m._w m. 3w
Omeem. [ 1 ”)U[ 1 2)U(0 4}U(2’ 4]'
Hajinnre BCe pereHnst HEPaBEHCTBA
cos?018 4 gin 2019 4 < sin?018 & + cos™2019 x,
MpUHAJIEKAIIIE OTPE3KY [—%; %’r]
5m . 5w
Omsem: [=5;0) U [§:5) U (m °F | U (55 5]



7.1.

7.2.

7.3.

7.4.

CKOJIBKO CYIIECTBYET 3HAUEHUN MapaMeTpa @, IPU KOTOPBIX yPaBHEHUE
46 4+ 3zlgx + 31g2 x = 13alg z + ax

MMeeT eAUHCTBEHHOE PerleHne’

Omeem.: 2.

Pewenue. JlanHoe ypaBHeHMe SKBUBaJEHTHO ypapHenuto (31gz —a)(xz +
lgz — 4a) = 0, oTKyma UMeeM COBOKYITHOCTH

lgz =g,
r +1gx = 4a.

Kaxnoe n3 ypaBaenuit 910 COBOKYITHOCTH TPU JIOOOM @ WMEET eIMH-
CTBEHHOE MOJIOXKUTENLHOE PEIIEHNe, Tak KaK HelNpepbiBHbIE (DyHKIAN
filz) = lgz n fo(x) = x + lgx wa obnactu cBoero onpejeneHus
(0; +00) cTporo BO3pacTAlOT M IPUHAMAIOT BCEBO3MOYKHBLIE 3HAUEHUS
u3 (—oo;+00). TosTomy HEOGXOAMMO, 9TOOBI 9TO PEIIEHUsT COBMIAJIM.
Torma = = 1la/3, lgz = a/3, cremosarensuo, 1073 = 11a/3. Dro
YPaBHEHWE WMEET POBHO JIBa PEIIeHWd B CHJIY TOrO, 9TO (DYyHKIIAA
g(t) = 10* — 11t crporo ybuiBaer na (—oc; lg(111ge)], crporo BospacTaer
Ha [lg(111lge); +00), mpuauMaer B Touke t = 1 oTpuIaTeibHOE 3HAUEHHUE,
a B TOYKaxX t = 0 nt= 2 — IIOJIOKUTEJIbHBIE 3HAUYCHUAI.

CKOJBKO CYITECTBYET 3HAUEHUN MapaMeTpa @, TPU KOTOPBIX YPABHEHUE
3a® + 4zlgx + 41g% x = 13alg z + ax

MMeeT eIUHCTBEHHOE peIleHne’
Omeem.: 2.

CKOJIBKO CYIIECTBYET 3HAYEHUI MapaMeTpa @, MIPpU KOTOPBIX YpPaBHEHUE
5a2 + 3zlgz +9lg?x = 18algx + ax

MMeeT eJUHCTBEHHOE pelieHue’
Omsgem: 2.

CKOJBKO CYITECTBYET 3HAUEHUN MapaMeTpa @, TPU KOTOPBIX YPABHEHUE
5a2 + 4zlgx + 121g% x = 23algx + ax

HMeeT eIUHCTBEHHOe pelleHne’
Omsem: 2.

8.1.

8.2.

8.3.

8.4.

Boxkopoe pebpo mpasuabHON mupaMmuabl paBHo 2. Moxker s €€ 00bEM
ObITH paBHBIM 3,257

Omeem: HeT.

Pewenue. ObbEM TIpaBUABLHON MUPaAMUILI MEHbIE 00bEMa ONUCAHHOTO
BOKpyT Heé Komyca. Ecmu oboznauuTh HokoBoe pebpo uepes b, a yroja
MeK Ty 06pasyroIeil KOHyCca U OCHOBAHUEM Yepe3 (v, TO PAJINnyC OCHOBA-
HHS KOHYCa, paBeH b cos a, a BHICOTA KOHyca paBHa bsin a. Takum obpa-
30M, 00BEM KOHYCA PABEH %sz cos? - bsina = %ng cos? asin av.

= cos? asin v = sina — sin® o mpn

a € (0;F). Maxcumym dyskuun y =t — % npu ¢ € (0;1) mocruraercs
%. Takum obpazom, f(a) =

Haiiném makcumym dbyuxmmn f(q)

npu 1 — 3t> = 0, T0 ecrb B TOUKe ¢ =

sina — sin® o« mpu « € (0; ) MOXKeT IPHHAMATE 3HadeHnd oT 0 10 =

3V3
3uauuT, 06'bEM KOHYCa MOYKET TPUHUMATEL 3HaYeHus oT () 110 27\“} = 1\6/%.

Hoxkaxkem, 910 ;\6} < 3,25 = 13 S < 117‘[ . Tlocegree HepaBeHCTBO

BBITTIOJIHACTCA, TaK KaK llg\[ M

> 3,16 > 7. IlosTomy nupamu bt
c obbéMoM 3,25 He CYIIECTBYET.

O6béM mpaBuIBHON TUpaMUIbl paBeH 7. Moxer Jin eé 6oxkoBoe pebpo
6bITE paHbIM 1,987
Omeem: HeT.

Boxkoroe pebpo mpasuabHOit mpamMuabl pasHo 4. Moxker m €€ 00bEM
O6BITE paBHBIM 267
Omeem: HeT.

O06bém mipaBuIbHON TUpaMuabl paser 8. Moxker i e€ H0KOBOE pebpo
6bITH paBHBIM 3,967
Omeem: HeT.



