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

MmnuaoPrP

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

11 kaacce / 111" 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. ﬂOI’lOJZHumeJZbele
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.

Pewenus 3a0au emopoco 6noxa NeNe 7-8 neobxooumo zanucams 6 eude 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.

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

Brruucnure TIPOU3BEACHUEC
(1—25) (1—35) - (1—35) "~ (1 — 505)-
Calculate

(1-25) (1—3) - (1—g5) - (1— 75)-

OTtser / Answer:
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3anaua 2. (7 6annos) | Problem 2. (7 points)
IIpu mob6om npeiictBuTebHOM X st pyHkimu f(X) umeer mecto
3f(3—x) + 2f(x + 1) = 2x + 3. Boiuucnure B Takom ciydae f(0) + f(4) —f(2)./ For a

function f(x) the equality 3f(3 —x) + 2f(x + 1) = 2x + 3 holds for every real x.
Find f(0) + f(4) —f(2).

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

2_fovs .
V3BecTHO, 4TO X1 M X2 - KOpHU ypaBHeHUs 2X —~4ax-a + 1 =0 npuuem @ € [4;-3].
. 10 (%1 | X
Haiiqure B TakoM ciydae HanOOINbIIICE 3HAYCHNE BEIPAKCHHS — (—+—=). /
2 1

Let a be a real number, moreover a € [-4;-3]. By X1 and X, denote the roots of the equation

2 A ) ) A 10 (x X
2x"—4ax-a+ 1 =10 with respect to x. Find the maximum value of the expression 5 (x—; + x—j)
under above conditions.

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

KareTsl npssMoyroibHOro TpeyroibHuka paBHbl 1094 9 u 1093 16. Beruucnure ero miomanp. /

Given a right-angled triangle lengths of legs logs 9 and logs 16. Find the area of this triangle.

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

H3BecTHO, YTO HEPABEHCTBO HMEET |x-al + |x-1| = 2a-2 pOBHO 9 ILieNBIX peEUlIeHUH.
Haiinure HauMeHbIlIee HATYpaJIbHOE 3HAYCHUE & , IPH KOTOPOM 3TO BO3MOXHO. /

Find the least positive integer number a, such that the inequality [x-al + [x-1| = 2a-2 have
exactly 9 integer solutions with respect to x.

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

Tpeiinep moTpaTua TPEeTh CBOMX IEHET Ha mpuoOpeTeHme akmuid ogHoro AQ, a ocranbHBIC
JOeHbr'u - Ha aknuu Broporo AQ. CoycTs Tpu Mecsua meHbl akiuii oboux AO BbeIpocian Ha
ompeaeneHHbie sl Kaxaoro AO MpoOLEeHTHI, a ellle Yepe3 TP MEeCsIa IIeHbI aKI[ui BRIPOCTH Ha
CTOJIBKO XK€ TPOIIEHTOB, YTO W B MpPEABIAyIINH Tmepuod. B pesynprare 3a monroma oOrmias
CTOMMOCTb aKIMi Tpeiaepa Beipocna Ha 98%. Eciu Ol mociie mepBBIX Tpex MecsleB Tpenaep
npopdan Bce akiuu nepBoro AO 1o HOBOM IIeHE M Ha MOJyYeHHBIE JeHbId npuobpen Obl akiuu
BTOoporo AO,To oOmmii pocT MHBECTHIINH 3a monrona coctaBui Obl 110%. Halinmure mporeHT
npupocTa 1eHsl akuuii nepporo AO 3a 3 mecsina. /

The trader spent a third of his money on purchasing shares of joint-stock company A, and the rest
of the money on shares of the joint-stock company B. Every 3 months, the price of company A’s
shares increased x times, and the price of company B’s shares increases y times. As a result, over
six months the total value of the trader’s shares increased by 98%. If, after the first three months,
a trader would sell all the shares of company A at a new price and use the money received to
purchase shares of the company B, then the total investment growth over six months would be
110%. Find the percentage increase in the price of shares of the first joint stock company over 3
months.

OTtser / Answer:
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Bamaua 7. (13 6arros) | Problem 7. (13 points)

B tpeyronsuuke ABC aauubl BeicOT U3 Bepinud B u C pasusl 5v2 1 V10, a qiuna MeauaHb!
u3 BepinHbI A paBHa 5. Kakne 3HaUeHHs MOYKET MPUHUMATH JJIMHA cTOpOoHBI BC? /

In triangle ABC the lengths of the altitudes from vertices B and C are 5v/2 and v10
respectively, and the length of the median from vertex A is 5. What values can the length of side
BC take?

OTtser / Answer:

B omoii 3a0aue, kpome omeema, mpedyemcs 3anucamv cxemy peuenus (meszucroe
00Ka3ameﬂbcm60) — CNUCOK 6cex 6BasCHblx Wdacoe U Kllo4esblx 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 nokaszareancTBo / Thesis proof:
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3anmaua 8. (13 6arros) / Problem 8. (13 points)

Jlyisi HaTypayibHOro MapameTpa t ompeaenuTe, CKOJIBKO Map IENBIX HEOTPHIATEIBHBIX YHCEI
(X, Y) yIOBICTBOPSIOT HEPABCHCTBY

100x + 3737y <373700t. /

Given a positive integer t, find the number of pairs of non-negative integers
(x,y) satisfying the inequality

100x + 3737y <373700t.

OTteer / Answer:

B omoit 3a0aue, xkpome omeema, mpebyemcs 3anucamv cxemy peuienus (mesucroe
()OKCBCZmeJZbCWlGO) — CNUCOK 6cex 6BadsCHblIX Waco6 U  KIO4YeBeblx ymeepofcdeHuﬁ
ookazamenvcmea bez mexnuveckux 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 noka3arejabeTBo / Thesis proof:
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Zapaua 9. (16 6arros) / Problem 9. (16 points)

Yy KaJIbKYJISITOpa C€CTh OECKOHEYHOE YHCIIO OPOHYMCPOBAHHBIX SAYCCK IMaMSTH. KaJ’ILKyj'ISITOp
yMECT COBEpIIATH apI/I(l)MCTI/I‘-IeCKI/IC oncpanuu C 3allMCaHHbIMU B sdelikax 4YHCJIaMH H
3aluCbhIBaTh PE3YJbTAT B 3aJaHHYIO ﬂqeﬁKy. HpI/I OTOM oInepanuu CJIO0XKCHHA, BbIYUTAaHMUS,
YMHOXEHUA U OCJICHUA ACTA0OTCA 6eCHJ'IaTHO, a 3a KaXXJ0€ M3BJICUYCHHUE KBAaJAPAaTHOI'O KOPH:I
npuaeTcs 3amnaTuTe 1 pyOns (Ipyrux omnepaumii HeT). B mepBble 4 sueiiku 3amucaHbl
HOJIOKMTENbHBIE uncaa @, b, ¢, d, Takue, uto a2 > 4b u ¢ > 4d. TpebyeTcs 106MThCA TOTO,
9TOOBI B COTOI s9eiike ObLIO HamucaHo umciio (X1 + Y2)(X2 + Y1), THe X1, X2 — HAaMOOIBIINA U
HAUMEHBINMH KOPHH ypaBHEHHS X2 —ax + b = 0 cooTBeTCTBEHHO, a Y1, Y2 — HAaMOONBIINHA U
HauMEHbIIMH KOpHM ypaBHeHust Y2 — ¢y + d = 0 cooTBeTcTBeHHO. 3a Kakoe HaMMeEHbLIEE
YHUCIIO PyOJIe 3TO MOXKHO 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 a2 > 4b and ¢? > 4d. It is required to get the
number (x1 + y2)(X2 + Y1), written in the hundredth cell, where xi, 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?

OTtser / Answer:

B smoii 3a0aue mpebyemcs npusecmu noJiHoe pemeHue/noka3areabcrpo / In this problem
you are expected to present_a full solution:

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

Ha 10cKy BhINMCaHbI IOCIEN0BATENbHO HaTypanbHble umcina oT 1 mo 21°° 3arem kaxkmoe
YETHOE YHUCIO Ha JIOCKE 3aMCHSIOT Ha HEro JKe, JICJIICHHOE IIOMoJIaM, TOKa HE MOJYYUTCS
HeyeTHOE (HAIpUMEp, HAYAJIO IIOCIEI0BAaTENRHOCTH MOCe BeexX 3aMeH Bermsimut 1,1, 3,1, 5, 3, . .).
Haiinure cymMy Bcex ocTaBImIUXCsl Ha gocke yucern. OTBeT AoJkeH ObITh BhIpaxeH (GopmyIoi,
OHAa HE JOJDKHA BKJIIOYATh HH 3HaKa cymmupoBanus (D, || WM OSKBHBaJCHTHBIX), HU
MHororouus. /

Consecutive natural numbers from 1 to are written on the board. Then each even number on the
board is replaced by itself, divided by 2, and this is done repeatedly until all numbers are odd
(for example, the beginning of the sequence after all replacementsis 1, 1, 3,1, 5, 3, .. .). Find the
sum of all numbers remaining on the board. The answer must be expressed as a formula and must
not include neither a summation (3, [] or equivalent) nor an ellipsis.

OTtser / Answer:

B smoii 3a0aue mpebyemcs npusecmu noJiHoe pemeHue/noka3areabcrpo / In this problem
you are expected to present_a full solution:
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HauunoHanbHbIN nccneaosaTenbekuin yHmsepcutet BLUD / HSE University
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HauunoHanbHbIN nccneaosaTenbekuin yHmsepcutet BLUD / HSE University
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