Ilepewiit (3a0unblil) OHNAIH-9MAN AKAOEMUYECKO20 COPEEHOBAHUA
OauMnmans!l WKOJILHUKOB «lar B Oyaymee» no o0meodpazoBare/ibHOMY MpeaMeTy
«MartemaTtuka», ocenb 2020 r.
11 kaace
Bapuanm 2
1. ITo mocce B 0IHOM HaIpPaBJIEHUU C TOCTOSIHHON CKOPOCTBIO Yepe3 paBHbIE MHTEPBAIbl BPEMEHU UAYT
0e3 ocrtaHOBOK aBTOOychl. OIMH YEOBEK MPOIIEN MO IIocce 4 KM, W 3a 3TO BpeMsi ero oborHamu 6
aBTOOYyCOB. B nmpyroii pa3 oH mporien 7 KM U 3a 3TO BpeMsi ero ooorHainu 8 aBTo0ycoB. B Tperwmii pa3 on
npomen 17 km. CKoIbKO aBTOOYCOB IIPU 3TOM MOTJI0 ero oboruars? (Bce Tpu pas3a yenoBek mieln ¢ OaHOM
U TOH K€ CKOpPOCTHI0.) B 0TBET HanuImTe cyMMy BCeX BO3MOKHBIX PELICHH. (5 6amnoB)

2. CKOJIBKO pelIeHui UMeeT CUCTeMa ypaBHEHUI
y =4@1-[1-|x-2]),
z=4(1-[1-]y-2|),
u=4@1-[L-[z-2|),
X=4(1-1-u-2|)?

( | | ”) (5 6aoB)

3. UsBectHO, YTO0 X1 + 2 X5 + 3x3 + -+ nx,, = 10,rae x; = 0 npuwobeix k =1,2,..,n. Kakoe

HanOoJIbIIIee 3HAUEHUE MOXKET IPUHUMATh BEITHMYUHA

2X1%; + 6x3x3 + 12x3%, + -+ + (N2 —N)Xp_1 2,7 (6 6asioB)

4. NMeroTca Mo J1Ba OJMHAKOBBIX TPEYTOJbHBIX CTEKJIa 9 IBETOB CO BceMU CTOpoHamu 1o 50 cm.

CkoapKUMHU c1oco0aMu MOYKHO BCTaBUTh 4 CTEKJIa B TPEYTOJIbHYIO paMy CO CTOPOHAMHU 10 1 M Tak, 4TOObI

CTEKIIA, UMEIOIIHNE OOIIYI0 CTOPOHY, PA3TUYAIUCh LIBETOM? (12 6amnoB)

5. C xkakuMm octatkom unciio 12345678 B crenenn 456 nenurcst Ha 11 ? (12 6amnoB)

AABC y=0, 25(x2 +6X +1)
6. CTOpOHBI TPEYTOJIbHUKA JIeKaT Ha KacaTeabHbIX K rpa@uKy QyHKINH ;
ABC U3 HUX NPOXOIAT YE€PE3 TOUKY (_ a ), a TOUKa KaCaHus rpa(bI/IKa C TpeTBeﬁ KacaTeJIbHOU JTEKUT

Ha CTOpOHE BC. Kakyro Haubob11yI0 MII0IIa b MOKET UMETh AABC 5 (12 6amnoB)

7. Menuana BD tpeyronsuka ABC paBHa V785. UYepes BepummHy B mnposenena mnpsmas,

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

romazs TpeyroiasHuka OAC, ecnu MC =10v17, tanreHc yria CAB paBen 7/ 9.

a (a=0)

(16 6amnoB)

8. HpI/I KaKOM MaKCUMAaJIbHOM 3HAUCHUH IMapaMeTpa YpaBHCHHC

.
(cosx+a)’ —(cos” x+a’) =—a(cos’ x+acosx +a*)’
2 uMeeT Oosiee BYX KOpPHEH Ha WHTEpBaie

0:2x .
(0:27) ? Haiinute KOpHM ypaBHEHHS TIPU YKa3aHHOM 3HAUYEHUHU TapaMmeTpa. B oTBere 3anmummre cymmy
TMIOJTyYEHHBIX KOPHEH ypaBHEHU, IeNieHHy0 Ha 7T . (16 6annoB.)

9. OcnoBanuem nupamuasl SABC cinyxut paBHoOepeHHbIN TpeyroabHuk ABC, npuuem AB=BC = 9,
AC =12 Byicoroii nupamuabl SABC sisiercst orpe3ok SO, tnme O — Touka mepecedeHus] MpsSMOi,
npoxoasdmie uepes BepmmHy B mapamnensHo crtopone AC, u mpsmoi, mpoxoasmei uepes C
neprieHauKyIsipao ctopone AC. PaccrosiHue oT eHTpa BiMcaHHo# B TpeyrodbHUK ABC okpykHOCTH 10

IUIOCKOCTH, cojiepKaieit 0okoByro rpanb BSC, paBHO 4\/6/ 5. Haiinute kBajgpar oObeMa NmupaMuibl
SABC. (16 6annoB)



Pewienue sapuanma 2
1. ITo mrocce B 0IHOM HaIpaBJIEHUU C TIOCTOSIHHOW CKOPOCTBIO Yepe3 paBHbIE HHTEPBAJIbl BpEMEHH UAYT
0e3 ocrtaHOBOK aBTOOychl. ONMH YEOBEK MPOIIEN MO Iocce 4 KM, W 3a 3TO BpeMsi ero oborHamu 6
aBT0OYyCOB. B nmpyroii pa3 oH mporien 7 KM U 3a 3TO BpeMs ero ooorHaiau 8§ aBTo0ycoB. B Tperuii pa3 o
npormien 17 kM. Ckolibko aBTOOYCOB TP 3TOM MOTJIO ero o0orHaTh? (Bce Tpu pasa 4eroBek miell ¢ OJTHOM
U TOH K€ CKOPOCThI0.) B 0TBET HanuImTe cyMMy BCeX BO3MOKHBIX PELICHHH. (5 6amnoB)

Penrenne
[Tycts T — nHTEpBAJIBI BPEMEHH, Ye€pPE3 KOTOPBIC UIYT aBTOOYCHI.

15T <4, 7TT>4 = ;<T£g

2)TT <7, 9T>7 = 5<T£1
:>Z<T Sﬁ
9 5

(n=DT <17<(n+1T :>%I_—7—1<n£%|_—7+1:>

E—1££—1<n££+1<ﬁ+1:>
4 T T 7

20,25<n<22$:>n:21; 22

Otser: 43.
2. CKOJIBKO pelICHUH HMEeeT CUCTeMAa ypaBHCHUI

y=4(1-[1-|x-2]),
z=4(1-11-]y-2|),
u=4(1-1-]z-2|)
X=41-[1-|u—2[)?

(5 6amoB)
Penrenune
Paccmotpum dyHKIHIIO f (X) - 4(1_ ‘1_ ‘X - ZH) ) |
Torna cuctema >KBUBaJICHTHA CIIEYIOIIECH 3 ‘-‘,‘\L ,f‘"!
L= f (y)l N ff-" \ / \
u=f(2), / '
x = f(u). 7 ; s

KonnuecTBo penieHnit 3Toil CuCTEMbI

COBIMIAAAaCT C KOJUYCCTBOM PA3JIUYHBIX pCI_I_ICHI/Iﬁ YpaBHCHUA X= f (f ( f ( f (X) Ecmu X> 4’ TO

pelIeHni ypaBHEHHE HE UMEET, TOCKOIBKY f(x)<4. [Tpu X & (=0} 0] byHKIUSA f(x) BO3pacTaert, u
f (X) < X;:[Jm x<0. CiemoBaTebpHO,
F(FX)<f(X)<x<0= f(F(FX))<F(FX)<F(X)<x<0=
FOECECTOO) < T(F(E() < T(T(X) < T(¥)<x<O0, vemme  TRFCTOON) =X

y="f(x)

uMeeT peurennii mpu X < 0. PaccmoTpum 3T0 ypaBHEHHE TIpU x [0; 4]. I'padux Pynkmun

2



X =
uMmeeT nBa nepexona ot 0 g0 4 u oOpaTHO, ypaBHEHUE

o =1(x) Oyzner umeTh 4 peuieHus
y= X
byHKIHHA

. L .
EII. 1 3 3‘.
I x

X =
umeeT 8 nmepexonoB oT 0 10 4 1 oOpaTHO, ypaBHEHUE

. I'padux

= f ( f (X)) Oyznet umethb 16 pemenwuii. ['padux
pymcm Y = T (F(T (X))

umeeT 32 nepexona ot 0 1o 4 u oOpaTHO, ypaBHEHHE
Oyner nmets 64 pemeHHﬂ
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I'paduk QyHkumun y=

x=T(f(f(x))

= f(f(f( f ())) umeer 128 nepexomoB or 0 mo 4 u 0OpaTHO, ypaBHEHHE
x=f(f(f(F(x)) OyaeT UMeTh 256 peneHuii

OtBer: 256.

3. UsBectHO, uTO X1 + 2 X5 + 3x3 + -+ nx,, = 10,rae x; = 0 npuobeix k =1,2
HauOOoJIbIIIee 3HAYCHHE MOXKET IPUHUMATh BEIMYUHA

2x1%5 + 6X3x3 + 12x3%x4 + -+ + (N2 —n)xp_1Xp,
Pemenne.
2X1%5 + 6X3x3 + 12x3%, + -+ + (N2 —N)xp_1 X, <

< (x1 + 3x3 +5x5 4+ - )(2xy + 4x4 + 6x6 + ) = ab, a+b=10

21X, + 6X3x3 + 12x3x4 + -+ + (N*—N)xp_1%, < a(10 — a) = 10a — a? < 25

3HavyeHne 25 mocTUraeTcs, Hanpumep, pu x; = 2x, = 5,x, = 0,k = 3,4,5
Otser: 25

, ..., n. Kakoe

(6 6amoB)



4. NMmerorca Mo J1Ba OJMHAKOBBIX TPEYTrOJbHBIX CTEKJIa 9 1BETOB co BceMu cTopoHamMu o 50 cwm.
CkoapKUMHU c1oco0aMu MOYKHO BCTaBUTH 4 CTEKJIa B TPEYTOJIBHYIO paMy CO CTOPOHAMHU 10 1 M Tak, YTOOBI
CTEKIIA, UMEIOIIHE OOIIYI0 CTOPOHY, PA3TUYAIUCh [IBETOM? (12 6amoB)
Pemenue

LIBeT EeHTPaIBHOTO CTEKJIa MOKHO BBIOpaTh 9 criocobam. Kaxkmoe u3 Tpex yriioBBIX CTEKOJ (COCEAHHX C
LIEHTPaJbHBIM, HO HE TPaHMYAIIUX JIPYr C APYroM) MOXHO BHIOpaTh 8 crmocobamu. Mrtoro 9*83=4608
crioco6oB. Ho HyXHO uckimounTh 9*8=72 ciydas, Koraa Bce TPH YIIIOBBIX CTEKJIA OAHOTO IIBETA.

OrtBet: 4536.

5. C kakum octaTkoM uucio 12345678 B crenenu 456 nenurcs Ha 117 (12 6amnoB)
Pemenue.

12345678 = -14+2—-3+4—-5+6—-T+8 =4 (mod 11); £ =1024=-1+0-2+4=1 (mod 11};
N =4%6 = 4594 024" . 4 = 4 (mod 11).
OtBert: 4.

y=0, 25(x2 +6X +1)

6. CTOpOHBI TpeyroJbHUKa AABC jesxar na kacatenmsHbix K rpaduky QpyHKuMH

JIB€ U3 HUX MPOXOJAT Yepe3 TOUKY (_ a ), a TOYKa KacaHus rpaduka ¢ TpeTheil KacaTeJbHOM JIeKUT
Ha CTOpPOHE BC . Kakyro Han0o01b111yI0 MI10111ab MOXKET UMETh AABC 5 (12 6annoB)
Pemenue
=0,25(x? +6x+1) A(-1—
y-0as(+6003) a4 y
VYpaBHeHHE KacaTeIbHOU K TpapuKy (yHKIIHH: /
1, 3 1 X+3
Y=X5 =X+ + (x=Xg) /
1, 1 Xg + 3
=—=X;+—=+ - X
Y 4 % 4 2 _
Jlnist KacaTeNnbHbIX, MPOXOAIINX Yepe3 TOUKY A,
1.5, 1 X +3 /
—2=——Xy+——
4 4 2 Otcroga \ /
1 \
2 _ X0 = O
Xy +2X%,—3=0

—3. VpaBHeHUsI /‘J B y
KacaTeNbHBIX, TPOXOSIMX depes Touky A: 1) L :

y=-2 2). y =2x YpasHenue npsmoii CB: - C A
1, 1 X, +3
y=—X+=+ - X
4 4 2 , /
rie ** — aBclpcca TOUKH KacaHus ¢ rpaduKoM
GbyHKIHN. /
- —_ -1 1
B Touke Clyeixe) Yo = 2.
2
X, —9 X, —3
—2=—1Xf EPL R c XC_4(x +3) T2
Tornma 4 4 2 . Otcrona * .
1., 1 %+3 X, —1 X2 —1 X, +1
. — =X, +—+ ‘Xp = 2X Xg=—, Xg =——
B TouKe B(%si¥s) "2 4 2 °° B, 2 B4 T2 Ve =2Xg =X +1



[Tnomans TPEYrOJIbHUKA ABC paBHa

Sanac =0,5-(Xa =% )-(Ve —yA):%-(—l—X*T_?’j-(x* +1+2)=%(3—2x*—x*2)=8(x*)

S'(x,)=0,25(-2-2x,) =0

OTtBert: 1.

pu

7. Memuana BD Ttpeyronmbanka ABC paBHa V785. UYepes Bepmuny B mpoBeaeHa mnpsiMas,

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

iomaak Tpeyroasauka OAC, ecnu MC :10\/]7’ tanrenc yriia CAB paBeH 7/ 9. (16 6ainoB)
Pemienue ,
a=BD=4/785, b=MC =10V17, %

o= /CAB,tga =7/9.
B tpeyronsauke ABC nmeem

2AB? + 2BC? =4BD? + AC?,
AC =/2(AB? + BC?) - 4a?,
AB? + BC* = AO* —-BO® +BC” =
_ AO? +0C2 =b?, AC = y2b% — 4a2 = /260.

tgar = 7/9=> cosa =9/+/130, of o
PC 1 AB, PC =BO, AP = ACcosa =92, CP =7+/2.Q = (BD) N (OC),
AB=CQ=x+9/2,CO=BP =%, BQ?=B0?+0Q?, 4a®=2-7%+(2x+9/2)?,

3140 =98+ (2x +9/2)?, x =152, CO=1512. S, =BO-CO/2=105.
Orset: 105.

a (a=0)

8. HpI/I KaKOM MaKCUMAaJIbHOM 3HAUCHUH IMapaMeTpa YpaBHCHUC

7
(cosx+a)’ —(cos’ x+a') =—a(cos” x+acosx+a’)’

2 uMmeer Oosiee JBYX KOpPHEH Ha MHTepBae
(0;:27) ? Haiinute KOpHM ypaBHEHMS IPU YKAa3aHHOM 3HA4YE€HHMM ITapameTpa. B oTBeTe 3amummre cyMMy
HOJIyYEHHBIX KOPHEN ypaBHEHHUs, JeIeHHYI0 Ha 77 (16 GanoB)

Pemenue
ITpeoOpa3yem BeIpaskeHUE

(y+a) —(y'+a")=(y+a)(y® +6y°a+15y*a® +20y’*a® +15y°a* + 6ya° +a’ —
~y?+yla-y'a®+y’a’-yat+ya®-a’) =

=(y+a)(7ay® +14y*a® + 21y’a’ +14y*a’ + 7ya’) =

=7ay(y+a)(y* +2y’a+3y’a®+2ya’ +a*) =7ay(y +a)(y’ +ay +a’)?

Yy = COS X

CI[GJIB.CM Y UCXOAHOM ypaBHeHI/II/I 3aMCHY , TOrJa UCXOJHOC ypaBHeHHe MMpUMCT BU

7ay(y+a)(y +ay+a) = a(y +ay+a) = y(y+a)_—

2 NN



2y +2ay —1=0.

A2
I[I/ICKpI/IMI/IHaHT YpaBHCHUA D / 4 =a + 2 > O , CJIICOOBATCIIBHO YPABHCHUC

y:—aix/a2+2

BCeraga UMcECT IBa KOpHH paBHBIX 3HAKOB 2 .
2 2
—a—\/a +2 —a+\/a +2
-1< <0< <1
[IpoBepuM BBINOJIHEHNE HEPABEHCTB: 2 2 :

_a—+/a’ 2-a>0 a<?2
a a+22—1:2—a2J§:E::{ ::{ a<s

2 2 -
2 a‘’—4a+4>a°+2 a<1/2 2

_a++Ja?+2 2+a>0 {a>—2 1
2

ax>-=

, , = ~ =
a“+4a+4>a°+2 a>-1/2 2

CrnenoBatenbHO, KOT/Ia MapamMeTp a paccMarpuBaeTcs Ha oTpeske [-1/2, 1/2] ypaBHeHHE OTHOCHTEIHHO

<1 = 2+a>+a’*+2 :>{

(0;27)
KOCHMHYCa MMEET 2 pa3iu4HbIX KOpHs (pa3HbIX 3HakoB). [Ipu 3TOM Ha uHTEpBaie Oyzner

ae(-1/2:1/2)

HaxOJUTHCS 4 KOPHS, €CIIU

2 2
—a—+va’+2 —a++a*+2
X = 27 —arccos( ), X = arccos ( ),
2 2
—a—+a’+2 —a++a*+2
X =arccos( ), X =27 —arccos ( )
2 2
T S5
X=7, X==, X=—
Ipu a= 1/2 TOJIBKO TPHU KOPHS JIeKAaT B YKa3aHHOM MHTEpBale 3 3, [Ipn

3HAUYCHMSIX TMapameTrpa Oosbline 1/2 CyIIecTBYeT TOJIBKO KOCHHYC, MPUHUMAIOUIUN TOJIOKHUTEIbHbIS
3HAYeHUS, U HCXOJHOE ypaBHEHHE OyaeT UMeTh He Ooliee ABYX KOpHEH. 3HAuWT, YCIOBHUIO 33/Ja4u

YIOBJIETBOPSIET TOJIBKO a=1/2 . CyMMa moTy4eHHBIX KOpHEH 3.
OtBer: 3.

9. OcnoBanmnem mupamuasl SABC cinyxut paBHOOepeHHBIN TpeyroabHuK ABC, mpruem AB=BC = 9,
AC =12 Byicoroii nupamuabl SABC sBisiercst orpe3ok SO, roe O — Touka mepecedeHus: MpsSMOi,

npoxoxsmie uepe3 BepmmHy B mapamrensro crtopone AC, u mpsmoi, mpoxomasmeir uepes C
nepneHaukyisipHo ctopone AC. PaccrosiHre OT ieHTpa BiMcaHHO# B TpeyrodbHUK ABC okpykHOCTH 10

IUIOCKOCTH, cojiepkaieil 0okoByto rpanb BSC, paBHO 4\/6/ 5. Haiinute kBampar o0beMa mupamubl
SABC. (16 6ammoB)
Pemenue.

b=AB=BC=9 a=AC=12

PaccrostHue OT 1IeHTpa BIUCAHHOHN B TPEYTOJILHUK
ABC 0KkpyXHOCTH JI0 TUIOCKOCTH, COJIepXKaIei
6okoByto rpaib BSC 0603naunm d.

d=GN d=45/5.

B npsimoyronpaOM Tpeyronbpanke BOC:

BO = CO=

a
> BC=b,




_ BO-OC av4b*-a?

BC 4b

OL

KL=, rze I — paguyc BIUcaHHOH B TpeyronbHUK ABC OKpyXHOCTH.

¢~ 2Smc _ av4b* - a’

Pysc 2(a+2b)

_, ON_OL _ \_d-OL_d-(a+2b)

AOLN ~ AOKG d KL KL 2b
SO=h, ON+h?+OL%=h-OL,
h__ON-OL _d(a+2b) av4b®-a’ 1

JOL? —ON? 2b 4b \/a2(4b2 = _ d?(a+2b)’ |

16b? 4p?

He ad (a+ 2b)v/4b? — a* v a’d(a+ 2b)(4b® —a?) _ o5

2b,[a’ (4% - a®) - 4d*(a+ 20)° . 24b, Ja’ (4b* ~a”) - 4d*(a + 2b)’ |
V? = 2880.

Otser: 2880.



