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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
Max 7 | Max 7 Max 7 Max 7 Max 7 Max 7 Max 13 | Max 13 Max 16 Max 16 Max 100

MATEMATUKA /| MATHEMATICS

10 kuace / 10t Grade
Bapuanr 2 / Variant 2

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

BAKHOE ITPUMEYAHHE! | IMPORTANT NOTE!

1. B 3adauax nepgoco 6nroka NeNe 1-6 neobxooumo npusecmu nuuie omeem. Ce00600HOe

MeCmo Ha CcmpaHuye MONCHO UCHOJIb306amMb 6 Kavecmee YepHOBUKA. ﬂOl’lOJlHumejleble
3anucu, nOMuUmMo omeema, Ha OYEeHK)Y no s3mum 3a0ayam He NOGIUSIOM. / 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.

Pewenus 3a0au emopoco 6noxa NeNe 7-8 neobxooumo zanucams 6 euoe omeema u
NOOPOOHOU CXeMbl peuleHUs. ¢ Nepeyucienuem 8cex KIouesblX YMEEPHCOeHUll U Ulaeos
ooxazamenvcmea. | 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.

B 3a0auax mpemvezo 6noxa NeNe 9-10 Heobxo0umo npusecmu noiHoe peuierue: omeem
(eciu npeononazaemcst) u noaHoe dokazamenbcmeo. bez doxkazamenvcmea 3adaua 6yoem
cuumamucsi HepewlénHou Oadxce npu Hamuuuu eeproco 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)

AT _5 . 198*"3 | Find the last digit of

2011 _y | gg2013.

Haiinure mnocneanrooro 1udpy uucna 313
decimal representation of the number 313

OtBer / Answer:
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3apaua 2. (7 6annos) | Problem 2. (7 points)

OnpenennTe KOJINYECTBO KOPHEH ypaBHEHUS |(x' V2)(x-v3)| = 0,025 / How many different
real solutions have the equation |(-v2) (x-v3)| = 0,025,

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

X —_—

. 2
Brlancnure cymMMy KBagpaToB KOpHEH ABHCHUS f T (12 =
yMMY KBaJPaTOB KOpHCH yP X+ a2 T V1220 Catculate the sum

X —_—

2 —_— _
of the squares of the roots of the equation * ¥4+ 2337 Viz 0,

OTtBer / Answer:
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3anaua 4. (7 6annos) | Problem 4. (7 points)

OKo0JIO YeTBIPEXyTroJbHUKA, CTOPOHBI KOTOporo paBHel 7, 9, 13 u 11, onucan kpyr. Touka
KacaHMs BIIMCAHHOM B HEro OKPYKHOCTU CO CTOpOHOfI B 9 JACIUT €€ Ha OTPE3KH X U Y.
Boeruncnute 3nadenue |X —Y|. / Given a quadrilateral such that incircle and circumcircle both
exist, and lengths of the sides of the quadrilateral are equal 7, 9, 13 and 11 (in that order). The
point of tangency of the inscribed circle with side of length 9 divides this side into segments of
length x and y. Find |[x —y|.

OTtser / Answer:
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3anaua 5. (7 6annos) | Problem 5. (7 points)

Ix-3|+|ly+5|=1
Haiignre cymmy BCeX BO3MOXKHBIX 3HAYCHUIA 8, IIPH KOTOPEIX CHCTEMA (y—3 = ax—3

umeer exuacTBenHoe pemenwne. / Find the sum of all real numbers a, such that there is exactly one

: L o [Ix-3|+ly+5]=1
pair (x.y), satisfying the system of equations {y—_3 = ax-3

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

Cenbckas YUUTCIbHUIIA MAaTEMAaTHUKH, XKEjlasd 3a 4 roJja HAKOIIMTh CPEACTBAa Ha IIOKYIIKY
BHCOOPOKHUKA, pPasMECTHUJIa B IMMAa€BOM HHBCCTUIIMOHHOM (I)OHI[e BKJIad B pa3Mepe 80 THIC.
pyouneit mox 25% roaoBeiX. B KOHIlE KaXXJOT0 W3 TMEPBBIX TPEX JIET, MOCIC HAYHMCICHUS Ci
(I)OHI[OM OpoHnceHTOB, OHAa HAMCTWUJIa AOIOJHHUTECIbHO BHOCHUTHL Ha CUET OJHY U Ty K€
(hUKCHpPOBaHHYIO CyMMYy, TaKyl0, YTOOBI OKOHYATEIbHBIM pa3Mep BKIAla yBEIWUUIICA IO
CpaBHEHHIO ¢ TepBoHauanbHbiM Ha 978,125%. Kakyio cymmy (B Thic. py0.) HEOOXOIMMO
exeroaHo no0aBisaTh kK BKaaaxy? / Someone placed a deposit in a mutual fund in the amount of
80 thousand rubles at 25% per annum. At the end of each of the first three years after the fund
accrues interest, the investor additionally deposits x thousand rubles into the account. By the
end of the fourth year, the total deposit amounted to 978.125% of the original 80 thousand. Find
x (in thousands of rubles).

Ot1Ber / Answer:
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Zapaua 7. (13 6arnos) | Problem 7. (13 points)

CKOJIBKO CYHIECTBYET LCJIBIX HEOTPUHATCIBbHBIX YHCEJI, UMCIOIINX B ,HCC?ITH‘IHOﬁ 3aIIMCH HEC
6osee 4 3HakoB, cymmy 1udp He Goabine 12 u gensmmxcs na 117 /

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 12?

OTteer / Answer:

B omoii 3a0aue, xkpome omeema, mpedyemcs 3anucamv cxemy peuenus (meszucroe
00Ka3ameﬂbcm60) — CNUCOK 6cex 6BadsCHblx Wdadco6 U  Kllo4eBsblx ymeepofcdenuzi
ookasamenvcmea Oez mexuuyeckux 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 nokaszareancrBo / Thesis proof:
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3amaua 8. (13 6arros) / Problem 8. (13 points)

Han mectuyronsauk ABCDEF , Bce yribl kotoporo paubl 120°, nnunbl ctopon AB =
CD =EF = 1 u BC = DE = FA = d. HU3BecTHO, YTO OTHOIIEHUE ILIOILIAINA
tpeyronpanka ACE «x mmomanu mecruyronsarnka ABCDEF pasuno 3/4. Haiigute Bce
3HAYCHUsI, KOTOPbIC MOXKET MpuHuUMath d. /

Given a hexagon ABCDEF, all angles of which are 1207, 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 3/4. Find all the values that d can take.

Ot1BeT / Answer:

B omoii 3a0aue, kpome omeema, mpedyemcs 3anucamv cxemy peuenus (meszucroe
00Ka3ameﬂbcm60) — CNUCOK 6cex 6BasCHblx Wdadcoe U  Kllo4eBsblx ymeepofcdenuzi
ookasamenvcmea bez mexuuveckux oemadneti. | 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)

VY KkanpKyJIsTOpa e€CcTh OECKOHEYHOE YHCIIO MPOHYMEPOBAHHBIX sUeeK MaMaTH. KambKynsTop
yMEET COBEpIIaTh apu(PMETHUECCKHE OIEpali C 3aMUCAHHBIMH B SYEHKAX YHCIAMH H
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 uKcna @, b, ¢, d, Takue, uto @> > 4b u ¢> > 4d. Tpebyerca JOOUTHCS TOTO,
9TOOBI B COTOM sUeiKe OBIIO HAMHWCAHO YHUCIO XiY2 + XoYyi, TAE X1, X2 — HAMOONBIIAN H
HaUMEHBINHMH KOPHU ypaBHeHHus X° —aX + b = 0 cooTBeTcTBeHHO, a Y1, Y2 — HAaMOONBIIUN H
HauMeHbIIMH KOpHM ypaBHeHusi Y2 — ¢y + d = 0 COOTBETCTBEHHO. 3a Kakoe HauMEHbIIEe
YHUCIIO pyOJIeH 3TO MOXHO caenaTh? /

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 a?> > 4b and ¢? > 4d. It is required to get the
number x1y2 + Xay1, written in the hundredth cell, where x1,x; are the largest and smallest roots
of the equation x2 —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 smoti 3a0aue mpebyemcs npusecmu nojiHoe pemenune/10kazareaberso / 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 ¢ MyCTbIM OaHKOM, KaKIbIH payHA
OpocaeTcss KyOMK C IIECThIO TpaHsMHU (FpaHH BBHINAAAIOT C PaBHOW BEPOATHOCTHIO), HA TPaHIX
HaIMCaHO:

e Ha mepBbiXx Tpex: Ka3uHO godapisier B Oank 1$, 2$ u 3$ coorBercTBeHHO. MOKHO
MPOJOKUTE UTPY.

e Ka3zuHo ynBanBaer cymMmmy B 0aHke. MOXKHO TIPOJIOIKUTE UTPY.
e Urpa 3akoHYeHa, HO MOXKHO 3a0paTh ICHLIH OaHKa.
e Bce neHbru B 0aHKe BO3BPAIAIOTCS B KA3MHO, HO MOYKHO MPOJOJIKUTH UTPY.

[locne wcmonHeHWs HAMUCAaHHOTO Ha KyOWMKE HUIPOK MOXET JOOPOBOJIBHO 3aKOHYUTH HIDY,
3a0paB 0aHK, 1100 HavaTh cleayromui payHa. KakoBo MaTokuaaHue BBIUTPHIIIA UTPOKA MPU
ero Hawiydniei 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 $1, $2 and $3 to the pot, respectively. You can continue the
game.

* The casino doubles the amount in the pot. You can continue the game.
» The game is over, but you can take the pot before leaving.
+ All money in the pot is returned to the casino, but 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?

OTtser / Answer:

B smoti 3a0aue mpebyemcs npusecmu noJHoe pemieHue/nokazareaberso / In this problem
you are expected to present_a full solution:
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