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3anonnsemca unenamu sxncropu. [lomemxu yyacmuuxos ne donyckaiomes! |
To be completed by the Jury. Please don’t make any notes here!

IHDP

Bamaua | 3agaua | 3agauda | 3amada | 3amava | 3agaua | 3amada | 3amada | 3amada | 3amada Hroro
1 2 3 4 5 6 7 8 9 10 0aIoB

Max7 | Max7 | Max7 | Max7 | Max7 | Max7 | Max13 | Max13 | Max 16 | Max 16 Max 100

MATEMATUKA /| MATHEMATICS

10 kuace / 10t Grade
Bapuaur 3/ Variant 3

Bpewms Boinonnenus 3aganuii — 180 munyt / Time allowed — 180 min
MakcumanbHas orienka — 100 6ayios / Maximum grade — 100 points

BAKHOE ITPUMEYAHHE! | IMPORTANT NOTE!

1. B 3adauax nepsoco 6noxka NoeNe 1-6 neobxooumo npusecmu auwe omeem. Ce0000HOe
Mecmo Ha CmpaHuye MOICHO UCNOJIb306amb 6 Kadecmee YepHOBUKA. ﬂOl’lOJZHumeJleble
3anucu, noOmMumo omeema, HaA OYEeHK)Y no amum 3a0auam He noeausiom. / JUSt answers are
expected for problems of the first block NeNe 1-6. You may use blank space after the tasks
for your notes. No other notes besides the answer will affect your mark.

2. Pewenus 3aoau emopozco 6roxka NeNe 7-8 nmeobxooumo 3zanucamv 6 6ude omeema u
NOOPOOHOU CXeMbl peuleHUs. C Nepeyucienuem 8cex KIoUuesblX YMEEPHCOeHUll U Ulaeos
ookazamenvcmea. | Solutions for problems of the second block NeNe 7-8 should contain
your answer and detailed scheme of your solution with all key statements and key proof
steps listed.

3. B 3aoauax mpemvezco 6noxka NeNe 9-10 HeobxoO0umo npusecmu noaHoe peuieHue:
omeem (eciu npeononazaemcs) u noaHoe oOokazamenvcmeo. bes oOoxazamenvcmea
3a0aua 6yoem cuumamvcsi HepewéHHoU oadxce npu Hamuyuu eeprozo omeema. | Full
solutions for problems of the third block NeNe 9-10 are expected: an answer and
detailed full proof. Solutions containing just answer without proof would be considered
as incomplete (or absent) and the problem would be considered unsolved.
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3amaua 1. (7 6annos) | Problem 1. (7 points)

105 105
Berurciute 3HaueHne Boipaxkennss ————— / Calculate —————
V381210, V18 V3B-12v10 | 418

OTtser / Answer:
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3anaua 2. (7 6annos) | Problem 2. (7 points)

VYkaxuTte HaubombIIee enoe 3HaueHue K, IpU KOTOPOM CUCTEMa YpaBHEHHI

Ix|  Ix-2l
= — 4 —
X xX-2
k
y=-—-1

umeet posHO TpH pemienus. / Find the maximum integer k, such that the system

X x-2

I L
kx xX=2

=g

4

has exactly 3 solutions (that is, exactly 3 pairs (X,y) satisfy the system).

Ot1Ber / Answer:
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3amaua 3. (7 6annos) | Problem 3. (7 points)
NsBectusl koopauHatel Touek: A(3;0), B(2;4), C(-2; 3), D(-1;-1). Beruuciaure miomaib

yeteipexyronpauka ABCD. / Points A, B, C, D have coordinates (3; 0), (2; 4), (-2; 3), and
(-1; -1) respectively in Cartesian coordinate system. Find the area of the quadrilateral ABCD.

Ot1BeT / Answer:
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3amaua 4. (7 6annos) | Problem 4. (7 points)

QTHOHIGHHG paanycosB BIOHCAHHOUW B Tpaleuuro u ONKMCAaHHON OKOJIO HEee OKPYX(HOCTGIZ paBHO

—

v

W o / Gi id
0 Omnpenenure BEIWYHHY OCTpOro yria (B rpaaycax) nanHoi tpameuuu. / Given a trapezoi
such that incircle and circumcircle both exist. The ratio of the radii of these circles equals T

(=]

Find the acute angle of this trapezoid in degrees.

OTtser / Answer:
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3amaua 5. (7 6annoe) | Problem 5. (7 points)

Hailinute cymMMy Bcex BO3MOMKHBIX LENBIX 3HAUYCHUU 8, IPU KOTOPBIX rpaduku PpyHKUIUM
y=2IX|+ X —3luy = 2]x—1| + X + a mepecekarorcss poBHO aBa pasa. / Find the sum of all
integer numbers a, such that function graphs of functionsy =2|x|+ [x —3|and y = 2|x —=1|+ x + a
have exactly two common points.

Ot1BeT / Answer:
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3amaua 6. (7 6annoes) | Problem 6. (7 points)

Tpu MHUKPOBOTHOBKM © dYeTbipe KodeBapku crosT wmeHbme 32 000 pyOmeit, a dersipe
MUKPOBOJHOBKA W JiBe Kodeapku — Oonbme 26 000 pybneii. Ha oOmyto mMOKynKy TEXHHUKH
Beienieno 30 000 pyOmel, mnpudem 00sS3aTebHO HEOOXOJAMMO KYNHTh KaKk MHHUMYM
3 xkodeBapku. HalinwmTe MakCUMaITFHOE KOJIUIECTBO MUKPOBOJIHOBOK, KOTOPOE MOXKHO IMPHUOOPECTH
B 1aHHOM ciy4ae. / Three microwaves and four coffee makers cost less than 32,000 rubles, and four
microwaves and two coffee makers cost more than 26,000 rubles. For the total purchase of 3 coffee
makers and as many microwave ovens as will fit in the budget, 30,000 rubles were allocated. What
is the maximum number of microwaves that can happen to be bought?

OtBer / Answer:
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3amaua 7. (13 6arros) / Problem 7. (13 points)
CKOJBKO CyHICCTBYCT HCJIbIX HCOTPULATCIBHBIX YHUCCJI, UMCIOIIUX B ,E[CCHTH‘IHOﬁ 3alluCHu HE
6osee 4 3HaKkOB, cymmy 1udp He 6onbiie 11 u gensmuxcs Ha 11?7 /
How many non-negative integers satisfy the following conditions: the number is a multiple of
11, it have at most 4 digits in decimal representation and the sum of its digits is at most 11?

OTtser / Answer:

B osmoii 3a0aue, kpome omeema, mpebyemcs 3anucamev cxemy peuieHus (Mme3ucHoe
00KaA3amenbcmeo) — CHUCOK —B8CeX  GAJICHBIX WA208 U  KIIOYeBblX  YMEEPICOCHULL
ookazamenbcmed 6e3 mexHuyeckux oemanel.

Te3ucHoe nokaszarejancTBo / Thesis proof:
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3anmaua 8. (13 6arros) / Problem 8. (13 points)

Han mectnyronsauk ABCDEF , Bce yribel koTtoporo paBubl 120°, nnuabBl cTopoH AB =
CD =EF = 1 u BC = DE = FA = d. HU3BecTHO, YTO OTHOIIEHUE ILIOILIAINA
tpeyronpanka ACE «x mmomanu mecruyronsarka ABCDEF pasuno 5/8. Haiigure Bce
3HA4YCHUsI, KOTOPbIC MOKEeT mpuHuMath d. /

Given a hexagon ABCDEF, all angles of which are 120°, side lengths AB = CD = EF =
1 and BC = DE = FA = d. It is known that the ratio of the area of triangle ACE to the
area of hexagon ABCDEF is 5/8. Find all the values that d can take.

Ot1BeT / Answer:

B omoii 3a0aue, kpome omeema, mpedyemcs 3anucamo cxemy peuwenus (meszucroe
00Ka3ameﬂbcm60) — CNUCOK 6cex 6BasCHblx Wdadcoe U KllOo4eBsblx ymeepofcdenuzi
ookasamenvcmea Oez mexuuveckux oemanet. | In this problem you are expected to present
also a scheme of your solution (thesis proof) along with the answer. Thesis proof is a list of
all important steps and key statements of a proof written down without technical details.

Te3ucHoe nokaszareancTBo / Thesis proof:
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Zapaua 9. (16 6arros) / Problem 9. (16 points)

Y KanbKyJIsITOpa €CTh OECKOHEYHOE YHCIIO MPOHYMEPOBAHHBIX sUeeK mamsaTd. KanbkynsTop
yMEET COBepIaTh apupMETUUYECKHE OIepaldid C 3alMCaHHBIMH B sS4YelKax dYHCIIaMH, U
3aMuChIBaTh PE3yNbTaT B 3aJaHHYI0 s4eiKy. [Ipu 3TOM orepanuu CIOXKCHHS, BHIYMTAHHSI,
YMHOXCHUS M JICICHUS JIeNaloTcs OecIUIaTHO, a 332 Ka)J0€ HM3BICYCHHE KBJIPATHOTO KOPHS
mpUAeTCS 3amiaTuTh 1 pyOab (Apyrux ormepaiuii Her). B mepBbie 4 sdeiiku 3amucaHbl
HOJIOKMTENbHBIE uncna a, b, ¢, d, takue, uto a? > 4b u ¢? > 4d. TpebyeTcsa 106UThCA TOTO,
9TOOBI B COTOH sueiike OBLIO HamwcaHo 9ucio (X1 + Yi)(X2 + VY2), The X1, X2 — HAaHOOJIBIINA U
HaUMEHBINHMH KOPHU ypaBHeHHus X° —aX + b = 0 cooTBeTcTBeHHO, a Y1, Y2 — HAaMOONBIIUN H
HauMeHbIIMH KOpHM ypaBHeHus Y?> — ¢y + d = 0 cooTBeTCTBEHHO. 3a Kakoe HauMEHbIIEe
YHUCIIO0 PyOseH 3T0 MOXHO caenaTth? /

The calculator has an infinite number of numbered memory cells. The calculator can perform
arithmetic operations with numbers in memory cells and write the result into a given cell. In
this case, addition, subtraction, multiplication and division operations are done free of charge,
and one have to pay 1 ruble for each square root extraction (there are no other operations).
Initially the first 4 cells contain positive a, b, ¢, d, such that a2 > 4b and c2 > 4d. It is required to
get the number (x1 + y1)(X2 + y2), written in the hundredth cell, where x1,x. are the largest and
smallest roots of the equation x> —ax + b = 0 respectively, and yi, y- are the largest and
smallest roots of the equation y?> —cy + d = 0 respectively. What is the minimum amount of
rubles this can be done?

Ot1BeT / Answer:

B smoii 3a0aue mpebyemcs npusecmu noJiHoe pemeHue/nokazareabcrpo / In this problem
you are expected to present_a full solution:

10
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3anaua 10. (16 6arros) [ Problem 10. (16 points)

B ka3uno mpemnaraercst cienyroomas urpa. Mrpok HauMHAaeT ¢ MyCThIM OaHKOM, KaKIbIH payHA
OpocaeTcss KyOMK C IIECTBbIO TpaHsMHU (TpaHH BBHIAJAIOT C PaBHOW BEPOATHOCTHIO), Ha TPaHIX
HaIMCaHO:

e Ha nmepBbIx Tpex: KasuHO no0aBiser B Gank 2%, 3$ u 4% coorBercTBeHHO. MOXHO
MPOJOKUTE UTPY.

e KasuHO ynBamBaeT cymMMy B OaHKe, HO WTrpa 3akoHYeHa. (JleHprm m3 OaHka MOXKHO
3a0paTh, HO HEJb3sl HAUMHATH CICAYIOUINI payH/I.)

e Urpa 3akoH4YeHa, HO MOXHO 3a0paTh JeHbI'M OaHKa.
e Bce geHbru B 0aHKe BO3BPALIAIOTCS B KA3WHO, HO MOXHO MPOJODKUTE UIPY.

[Tocne WCMONHEHHsT HAMMCAHHOTO HA KyOHMKE HIPOK MOXET J0OPOBOJBHO 3aKOHYUTH HUIPY,
3abpaB 0aHK, 100 HAYATH CIEAYIOMHUI payHa. KakoBo MaToXuJaHWe BBIMTPHINIA UTPOKA PH
ero Hawiyudniei crpareruu? /

The casino offers the following game. The player starts with an empty pot, each round a die
with six sides is rolled (the sides appear with equal probability), on the sides it is written:

* On the first three: the casino adds $2, $3 and $4 to the pot, respectively. You can continue the
game.

» The casino doubles the amount in the pot, the game is over, although you can take the pot
before leaving.

» The game is over, although you can take the pot before leaving.
 All money in the pot is returned to the casino, although you can continue the game.

After fulfilling what is written on the die (if the game is not over yet), the player can voluntarily
end the game by taking the pot, or begin the next round. What is the player's expected payoff
given his best strategy?

OtBer / Answer:

B smoti 3a0aue mpebyemcs npusecmu nojiHoe pemenune/10kazareabero / In this problem
you are expected to present a full solution:
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