Ilepewtit (3a04HblLIl) OHAATUH-IMAN AKAOEMUUECKO20 COPECHOBAHUSA
OauMnmans!l WKOJILHUKOB «lar B Oyaymee» no o0meodpazoBare/ibHOMY MpeaMeTy
«MartemaTtuka», ocenb 2020 r.

11 kaacc

Bapuanm 1

1. B HekoTOpOM Topoje Mmoe3aa METpO OTHPABIISIOTCA Y€pe3 CTPOro OJMHAKOBBIE WHTEPBAJIbl BPEMEHHU.
HabGnronarens, nmpuas Ha aTGopMy B IPOU3BOJIBHBI MOMEHT BPEMEHH, B T€UEHUE 24 MUHYT HaCUHTAI
7 moe3noB, MpoexaBIIuX MUMO. Bo BTOpoii pa3, MOSBUBIIKCH Ha MIaTPOpME TaKKe B MPOU3BOIbHBIN
MOMEHT BpEMEHH, OH HacuuTal B TeueHue 45 MuHyT 11 noe3znos. CkoJIbKO II0€3/10B MOKET IPOCIIE0BATh
MuMo HaOmonatens B TedeHue 115 munyt? (IIpoaoinKUTEIbHOCTh CTOSIHKM CUMTAeM PaBHOM HYIIIO.)
B oTBeT HanumIMTE CyMMY BCEX BO3MOXKHBIX PELLICHUH. (5 6annoB)
2. CKOJNBKO peIIeHU UMEET CHCTEMa YpaBHEHUH

y =8|x—1(1—|x-1]),
z=8ly-1-|y-1),
u=8lz-11-|z-1))
x=8lu—-1(1—|u-1)?

(5 6amoB)
3. Cymma HEOTpUIATENBHBIX YHCEN Xq,Xy,... ,Xn paBHa 3. Kakoe HaumOoibliee 3HAYCHUE MOXKET
IIPUHUMATD BEIMUNHA X1 X3 + XpX4 + X3X5 + ==+ Xp_oXp7 (6 6aIOB)
4. Jlanbl 10 pa3sHbIX KaMHEW, U3 HUX 5 OenbIX, 3 cMHUX U 2 KpacHbIX. CKOJIBKUMH CHOCOOaMU MOXHO
BBIOPATh 5 KaMHEH, YTOOBI HUKAKOH 1IBET HE COCTABJISI OOJIBIIMHCTBA U3 BEIOPAHHBIX ? (12 6amnoB)
5.Ilycth X, y, z —KopHU ypaBHeHus t> — 5t — 3 = 0. Haiitu x* + y* + z*. (12 6anos)

AABC y:o,25(x2 +2x—3)
6. CTOpOHBI TPEyroJIbHUKA JIeKaT Ha KacaTeNIbHbIX K rpaduky GyHKIUN ;
ABC U3 HUX NPOXOIAT YCPE3 TOUKY (L - ) , d TOUKa KaCaHHuA Fpa(l)I/IKa C TpeTBeﬁ KacaTeJILHOU JISKUT Ha

CTOpOHE BC. Kaxyro HanOob11yI0 1011131 MOKET UMETh AABC (12 6ammoB)

7. Menuana BD tpeyronsauka ABC paBHa ‘1392’5. Yepes BepmmHy B mnpoBeneHa mnpsimas,

— O
neprneHaukyispHas ctoporne AB. Ha artoit mpsimoit nmexwur touka O, ZBOC =90°. OKpYyXHOCTH C
neHTpoM B Touke O, mpoxopsmas yepe3 Touky A, mepecekaer npsmyro BO B Toukax M u N. Haiinure

momaas Tpeyroiasauka MAN, ecnu MC =5v34, tanreHc yriia CAB paBen 7/ 9. (16 6amoB)
8. [Tpu KaKoM MUHHMAaJIbHOM 3HAYCHUU napamerpa a ypaBHEHUE
. T . T T
J2sin(2y + =) + asin(y — =) =acos(= — y) (0:27)
2 4 4 nMeeT Oosiee IBYX KOpHEH Ha MHTEpBaje ‘ ' )9

Haiinute KOpHHM ypaBHeHHMsS TpH YyKa3aHHOM 3HAYCHWHM TlapamMeTrpa. B oTBeTe 3amumuTe CyMMy
HOJIyYEHHBIX KOPHEHN ypaBHEHHU, JIeNIeHHyo Ha 7T | (16 Ganmnos)
9. OcnoBanuem mnupamuiasl SABC cinyxut paBHOOenpeHHBI TpeyroiabHuk ABC, mnpuuem

AB=BC = 9\/5, AC :12\/3. Beicoroii mupamuasl SABC sBistercst orpezok SO, rae O — Touka
nepeceueHus MpsiIMOit, TIPoXoIsIel uepe3 BepunHy B mapamiensHo cropore AC, i IpsIMOiA, IPOX0IsIIIei
yepes C neprnenaukynsapHo ctopore AC. HaiinnuTte paccTosiHUe OT IIEHTpa BIHCAHHOM B TpeyronbHuK ABC

OKPY>KHOCTH JI0 TUTOCKOCTH, COJieprKalieid 00koByro rpanb BSC, ecim SO= 4\/5. (16 6ayoB)



Pemenne Bapuanra 1

1. B HekoTOpOM Topoze Mmoe3a METpo OTIPABIISAIOTCA YEpe3 CTPOro OJMHAKOBBIE WHTEPBAJIbl BPEMEHHU.
HaGnronarens, npuas Ha aTgopMy B IPOU3BOJIBHBI MOMEHT BPEMEHH, B T€UEHUE 24 MUHYT HaCUUTAJ
7 moe3noB, MpoexaBIIuX MUMO. Bo BTOpoil pa3, mosBHBIIKMCH Ha MIaThopMe TakKe B MPOU3BOJIBHBIM
MOMEHT BpEMEHH, OH HacuuTal B TeueHue 45 MuHyT 11 noe3nos. CkoJIBKO IIO€3/10B MOKET IPOCIIE0BATh
MuMo HaOmonatens B TedeHue 115 munyt? (IIpogosnKUTETRHOCTh CTOSIHKM CUYMTAeM PAaBHOM HYJIO.)
B oTBeT HanumIMTE CyMMY BCEX BO3MOXKHBIX PELLICHUH. (5 6annoB)
Pemenue. T — uHTEpBaNIBI BPEMEHH, Yepe3 KOTOPbIE OTIIPABIISIFOTCS OE3/1a METPO.

16T <24, 8T>24 = 3<T<4
2)10T <45, 12T >45 = 3,75<T <4,5

=3,75<T <4

(n=DT <115<(n+ 1T :>1T£_1< n£1T£+1:>

15, 5, U5, U5

4 T T 3,75

+1=>

27,75<n <31§:> n=28; 29; 30; 31

Ortger: 118.
2. CKOJIBKO pelIeHUH UMEeeT CUCTEMAa ypaBHEHHUI

y =8|x—1(1-|x-1)),
z=8ly-1(1-|y-1),
u=8|z-1(@1-|z-1)),
X :8‘u —]J(l—\u —1‘)? (5 GamoB)

Penienne

PaccmoTpuM QyHKLHIO F(x)= 8‘ X _1‘ (1- ‘X _1‘) .
Torga cucrema 3KBUBaJI€HTHA CJEYIOIIEH

[y=f(x),
z=f(y),
u=f(2),
x = f(u).

KO.III/I‘-ICCTBO peI_HeHI/Iﬁ 3TOI7I CUCTEMBI COBIIaJAa€T C KOJIUYECTBOM paBJ’II/I‘-IHBIX pCI_I_IeHI/Iﬁ ypaBHeHI/I}I
x=f(f(f(f(x). . f(x)<2.
( ( ( ( ) Ecmmn X> 2’T0 pelIeHn ypaBHEHHE HE HWMEET, MOCKOJIBLKY ( )

[Tpu X € (~o0; 0] byHKIIUS f(x) BO3pacTaer, H f(x) < X)IJ'IH x<0. CrenoBarensbHO,

FF)) < F(X)<x<0= F(F(FX))<f(F(X)<f(X)<x<0=

FCECRCEOOM) < FCFCFOO < F(FO) < FO<x<0, o F(RECT OO =X,

umeet pernenuii mpu X < 0. PaccMoTpum 3TO ypaBHEHHE Npu xe[0; 2]. I'paduk Ppynkumun y=1(x)
x = f(x)

uMmeeT aBa nepexona or 0 10 2 u oOpaTHO, ypaBHEHUE Oyner umeth 4 pemenus. ['padux

pymcn Y = 1 (T (X))
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uMmeer 8 Hepexosz ot 0 10 2 1 06paTHO, ypaBHEHHE x=1(f(x) Oyner umeth 16 pemenwuii. ['papux

q)yHKum/I =1 (f (f (X))) nmeet 32 nepexona ot 0 10 2 u 0OpaTHO, ypaBHEHHE x=1 (f (f (X)))
Oyznet umets 64 pemeHI/m

[\ M\ M
N \ AR w
A | [\ ‘\H
[ [\ R ‘H“M ‘
([} |} | PV m
| I |
i | \

IERVAR \H !

I'padux (I)YHKI_II/II/I - f(f (f (f (X)))) umeer 128 mepexozoB or 0 10 2 u 0OpaTHO, ypaBHEHHE

X = f ( f ( f ( f (X)))) 6yIleT UMETDb 256 peH_IGHHﬁ.
OTtBer: 256.

3. Cymma HeOTpUlLIaTeNbHBIX YHCEN Xq,Xy,... ,Xp paBHa 3. Kakoe HauOonbliee 3HAUYEHUE MOXKET
IIPUHUMATB BEJIMYMHA X1 X3 + X3X4 + X3X5 + =+ + XX, 7 (6 6aoB)
Pemenne.

X1X3 + XoXq4 + X3X5 + -+ Xp_ox, <
S+ xy+xs5+xg+ )3+ x4 +x;+ x5+ ) =ab, a+b=3,
X1X3 + XpX4 + X3Xs + -+ Xp_X, < a(3 —a) = 3a —a? < 2,25.
3nauenue 2,25 gocTuraercs, HampuMmep, pu x; = x3 = 1,5,x, = 0,k = 2,4,5,
OtBert: 2, 25.

4. JTaubl 10 pa3HbIX KaMHEH, U3 HUX 5 OembIX, 3 CMHUX M 2 KpacHbIX. CKOJBKUMH CIIOCOOAMHU MOKHO

BBIOPATh 5 KaMHEH, YTOOBI HUKAKOH 1BET HE COCTABJIST OOJBIIMHCTBA U3 BEIOPAHHBIX? (12 6amnoB)
Pemenune.  VmMeewm Tpu BapuaHTa:

26 + 29 + 1K —unem enocofios O3 -CF - C) = 10-3-2 = 60
26 + 11 + 2K —unem cnocofios CF - Ch - CF = 10-3-1= 30
IE + 21 + 2K —unemo enocofios CF -C5-C5 =5-3-1=15

Otser: 105.



5.Ilycth X, y, z —KopHU ypaBHeHus t> — 5t — 3 = 0. Haiitu x* + y* + z*. (12 6amnoB)
Pemenue.

Muorownen usmeer 3 pasuaex jgefllcrsurensusx kopus, vk, P(—100) < 0, P(—1) =0, P(1) <

0, P(100) = 0. IIo reopese Buetax +y+ 2z =0 zy+rz +yz = =5, ryz = -4

T+ _|,r" +=z-' 4 T _rj'l' +z-z" = r(br —3)+y(dy —3)+ z(6z —3) =

'|'_"'

=5llr+y+z) —2zry+rz+yz)) — Jr+y+ z) = 50— 2(-5)) — 0 = 5.

OTtBer: 50.
y:o,zs(x2 +2x—3)

6. CTOpOHBI TPEYroJbHUKA AABC jiesar na xacatebHBIX K rpaduKy QyHKIHH

ABC U3 HUX NPOXOIAT YCPE3 TOUKY (1, ) , 4 TOYKa KaCaHUsA rpa(bmca C TpeTBeﬁ KacaTeJIbHOU JICKUT Ha

CTOpOHE BC. Kaxkyro Hanbob11yI0 II10111a/1b MOKET UMETh AABC (12 6anoB)
Pemienue
y:0,25(x2+2x—3)_ A(L-1) y
VYpaBHeHHE KacaTelbHOU K TpapuKy () YHKIIHH: /
V=2 + 2o+ KT (k) /
47°727° 47 2 )
1 2 3 X +1 /

=—Z X5 ——+——-X
=R / /
Jliig KacaTenbHbIX, IPOXOALINX Yepe3 TOUKY A,
1, 3 X+1 /
—l=——Xg——~ 2 _
4 4 2 Orcrona XO_ZXO_?’_O, \ /
3,
%=| _, B
' YpaBHeHUs KacaTeJbHBIX, o 1
A

OPOXOJSIIUX depe3 Touky A: 1) y=—1; 2).

y=2x-3 VpaBHeHHE  TIPAMOM CB. C
1, 3 x+1 -2 /
y=—"X——+ - X
4 4 2 , /
X
rae ~* — abcuucca TOYKHM KacaHUsSl ¢ rpapuKkoM /
GbyHKIUH.
B Touke C¥eixe) Yo :_1.
2
X, -1 X, —1
a--te dixrt a2
Torga 4 4 2 . Orcrona * .
1 , 3 x,+1 X, —3 X2 -9 X, +3
. ——X, ——+ Xg =2Xg —3 ‘Xg = , Xg = ——— _ _
B touke B(Xsi¥s) "2 4 2 °° ° .2 B 4 B 2 Vs =2Xg —3=X,
[Tnomans TPEYroJIbHUKA ABC paBHa
1 X, —1 1
Suse =05 (ip—tc s =3n) 5 (15 | 0 ) =Gfor2x i) =5 )
S'(X*):0,25(2—2)g):0 pu X, :1. MaX Syagc :S(1)=0,25-(3+2—1):1.

OTtBer: 1.



7. Memuana BD tpeyronsauka ABC paBHa \/392’5. Yepez BepmmHy B mnpoBenena mnpsMas,

_— O
neprneHaukyisapHas ctopone AB. Ha stoit mpsimoit nexwur touka O, ZBOC =90°. OKpyXHOCTH C
neHTpoM B Touke O, mpoxopnsmas yepe3 Touky A, mepecekaer npsmyo BO B Toukax M u N. Haiinure

7/9.

ioutaaps Tpeyroabauka MAN, eciin MC =5v34, tanreHc yrina CAB paBen
Pemenue

a=BD =./392,5, b=MC =534, M
a=/CAB, tga=7/9.

B tpeyronsauke ABC numeem
2AB? + 2BC? = 4BD? + AC?,
AC =/2(AB? + BC?) —4a?,

AB? + BC? = AO? —-BO? + BC? =

— AO? +OC2 =h?, AC =202 — 422 = 130.

tgar =7/9 = cosa =9/4/130,

PC L AB, PC=BO, AP=ACcosa=9,CP=7.

Q=(BD) N (OC),

AB=CQ=x+9,CO=BP=x, BQ?=B0?+0Q?, 4a*=7°+(2x+9)?,

1570 =49 + (2x +9)?, x =15, AB = 24, AO =25, MN =50. S, ;5 = AB- MN/2 =600.
OTtBer: 600.

(16 6amnoB)

8. ITpu KaKkoM MHHUMAJIBHOM 3HAYEHUH rnapaMmeTpa a YpaBHEHUE

\/Esin(2y+z)+asin(y—£):acos(z—y) 02

2 4 4 uMmeeT Oojee JBYX KOpHEH Ha MHTepBalie (0:27) ?
Haiinute kopHM ypaBHEHMs NpHM YyKa3aHHOM 3HAYeHMM @apameTrpa. B oTBere 3amumuTe CyMMy
TOJIYYEHHBIX KOPHEW ypaBHEHUS, NeieHHyo Ha 77 (16 6amoB)
Pemenue
Hcnonb3ys GopMysisl TPUTOHOMETPUH, TOTYIUM
\/§cos(2y) + a(gsin y —gcos y — gcos y —gsin y)=0

Ui

— 2\ _ _1—
cos(2y) —acosy=0 = 2cos"y-acosy-1=0 . PemiuM mosyueHHOe KBaJpaTHOE ypaBHEHHE,
D=a’+8>0

U 3TOTO  HalAeM JIHUCKPUMHHAHT , T.K. OH Bcerga IMOJOXHUTECIECH, TO
2
at++a’+8

4 , IPOU3BCACHHUC MMOJTYYCHHBIX JIBYX KOCUHYCOB OTPHULATCIBHO.

<a—x/a2+8 a++a’+8

-1< <0<

[IpoBepuM BBINIOIHEHNE HEPABEHCTB: 4 4

—«/ 2 a+4>0 a>-4
a—a+82_1:> a+4>+a?>+8 :>{ :>{ = a>-1

4 a’+8a+16>a*+8 a>-1

cosy =

<1



a’-8a+16>a*+8 a<l

CrnenoBatenbHO, KOTJa mapaMeTp a paccMarpuBaeTrcs Ha oTpeske [-1, 1] ypaBHEHHE OTHOCHUTEIHHO

Ja2 4-a>0 a<4
wgl :>4_a2«/a2+8 :>{ :>{ = ax<l

0;2
KOCHMHYCa MMEET 2 pas3Iu4HbIX KOpHs (pa3HbIX 3HakoB). Ilpu 3TOoM Ha uHTEpBaie (0:27) Oyzner

ae(-L1
_[a2 / 2
Ta%), y=2m1— arCCOS(W),

HaxXoaAUTbCA 4 KOpH:, €CIIN

y=27— arccos(a

a—+a*+8 a++a?+8
y =arccos(————), y =arccos(———)
4 4
Vs Y4
y =7, y =—, y = —
IIpn a=-1 TOJIBKO TPU KOPHS JIEXKAT B YKa3aHHOM MHTEpBAJIe 3 3 . IIpu 3HaueHnsIX

rnapamMeTpa MeHblIe -1 CYIIECTBYET TOJIBKO KOCHUHYC, MPUHUMAIOUIUN TOJIOKUTEIbHBIC 3HAYCHUS, U
UCXOJHOE ypaBHeHUE OyneT uMeTh He Ooiiee JBYX KOpHEH. 3HAuMT, YCIOBHIO 33Jaud YJOBIIETBOPSET

Tompko A= _l. CyMMa NOJTy4CHHBIX KOpHEH 3.
OtBer: 3.

9. OcnoBanueM mupamuabsl SABC cinyxuT paBHoOenpeHHblii TpeyronbHuk ABC, mnpuyem

AB=BC = 9\/5, AC :12\/3. Beicotoii mupamuasl SABC sBisiercst orpe3ok SO, rae O — Touka
nepeceueHus MpsIMOit, IpoXosIIe uepes BepuinHy B mapamiensHo cropone AC, v IpsMOid, Tpoxoisiiei
yepes C nepnenaukynsapHo croporne AC. Haiinute paccTosiHUe OT IIEHTpa BIMCAHHOM B TpeyronbHuK ABC
OKPYXKHOCTH JI0 TUTOCKOCTH, CoJieprKaIiei 0okoByto rpans BSC, ecim

SO= 4\/5. (16 GamoB)

Pemenue

b=AB=BC=9/5 a=AC=125 h=S0=445.
PaccrosiHue OT 1IeHTpa BIUCAaHHOM B TPEYTOJIbHUK

ABC 0okpyXHOCTH JI0 TUTOCKOCTH, COJIEpKAIIEH

ooxoByto rpanb BSC 0603HaumM d.

d=GN_

B npssmoyroneaOM Tpeyronbanke BOC:

_a CO=
BO_Q’BC:Q
oL - Bo-0C _ a\/4b® - a’
BC 4
KL=r

' TIe I — paanyc BMcaHHOH B TpeyroibHUK ABC okpyXHOCTH.
¢~ 2Suec _ a\/4b* —a’
Pec  2(a+2b) °
ON OL ON-KL ON-4b
AOLN ~ AOKG d KL OL  2(a+2b)




h-OL  hav4b®-a’ hav4b* —a’

Jnziol2 4b\/h2 . a2(4b2 —az) } \/16b2h2 +a2(4b2 —az) '

16b?
_ Aabh+/4b? — a2
2(a+ 2b)\/16b2h2 +a?(4b? —a?)

OTtBer: 4.

ON =

d =4,



