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3anonnsiemes unenamu sxncropu. [lomemxu yuacmuukos ne donyckaiomesi! |
To be completed by the Jury. Please don’t make any notes here!

Ceobo0noe mecmo Ha CMpanuye MOINCHO UCNOIb306AMb 6 Kadecmee 4YepHOBUKA.
ﬂOﬂOﬂHumeﬂbele 3anucu, nomumo omeemd, HA OYEHK)Y NO IMum 3a0ayam He
nosnusirom. / Just answers are expected for problems of the first block NoNe [-6.
You may use blank space after the tasks for your notes. No other notes besides the
answer will affect your mark.

Pewenus 3a0au smopozo onoxa NeNe 7-8 neobxooumo 3anucams 8 gude omeema u
NOOPOOHOU CXeMbl peuletuss ¢ NePeyUcieHuemM 8cex KIIUeblX YMEepHCOeHUL U
wazoe doxazamenscmsa. | 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 mpemveco dn0xa NeNe 9-10 neobxooumo npusecmu noinoe peuieHue:
omeem (eciu npeononazaemcs) u noiHoe dokazamenvbcmeo. bes ooxasamenvcmea
3a0aua 6yoem CuumMamovCsi HepeuléHHoU Oadxce npu HAIuduu 8epHo2o omeemad. |
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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MATEMATHUKA /| MATHEMATICS
11 kaacc / 11" Grade
Bapuanr 2 / Variant 2
Bpewms Boinonnenus 3aganuii — 180 munyt / Time allowed — 180 min
MakcumanbHas orienka — 100 6ayios / Maximum grade — 100 points
BAKHOE IIPUMEYAHHUE! | IMPORTANT NOTE!
1. B 3ao0auax nepsoco oOnoka NeNe -6 HeobxoOumo npugecmu auwlb Omeem.
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3amaua 1. (7 6anros) | Problem 1. (7 points)

0,3x + 0,4y-0,05z=1

U3BecTHO, 4TO {0,9X +0,7y+1,6z=1

Beruncnure 3HaueHue BhIpaKeHus X +y +2z. /
0,3x + 0,4y-0,05z =1

Given that {0.9x +0,7y+16z=1
find the value of x +y + z.

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

Bpruucnure cymMmmMy KOpHEHl ypaBHEHUS

\“:(SX—7)(2X—TT)(X—TT) . \"I(22—7x)(x— \é) (x— \5) = 0. OtBeT okpyramTE 10 HETBIX. /

Find the sum of all x satisfying the equation

V(5x-7)(2x-10) (x-T0) - |(22-7x) (x-V3) (x-v2) = 0.

and truncate it to integers.

Ot1BeT/ Answer:

HauunoHanbHbIN nccneaosaTenbekuin yHmusepcutet BLUD / HSE University



MexayHapoaHasa onumnuaga monoaexku — 2024 / HSE International Olympiad 2024

3ampaua 3. (7 6anros) | Problem 3. (7 points)

2
x2y2"

Haiiute HauMeHbluee 3HadeHue BhIpaxkenus 0,4x* + 2,5y* + / Find the minimum

2

value of the expression 0,4x* + 2,5y* + p3y

> over all pairs of real x and y.

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

Haiiaure GuccekTpucy OOJBIIEro yriia TpeyrojbHuKa co ctopoHamu 16, 28 u 33. /

Given a triangle with side lengths 16, 28 and 33. Find the length of the bisector drawn to the

longest side.

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

H3BecTHO, 4TO pelieHneM HepaBeHcTBa 2|X-1-al < -x°+ 2(a+ 1)x-2a-2 sBisiercst
oTpe3ok JaruHbI 6. HalinuTe HanboIbIee 1ejioe 3HaYeHHE a , PU KOTOPOM 3TO BO3MOXKHO. [/
Find the greatest integer number a such that the inequality 2|x-1-a| < -x* + 2(a + 1)x-2a-2
have some segment of length 6 as the set of its solutions with respect to x (that

is, for all x in this segment inequality holds true, and for all x outside of this
segment the inequality does not hold).

OTteer / Answer:
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3amaua 6. (7 6awros) | Problem 6. (7 points)

HNmerorcss Tpu GupMBL o, f, 7, ABISIIONIUECST YYPEIUTEISIMU TPEX AKIUOHEPHBIX OOIIECTB.
YupenurtensMu mepBoro o0IecTBa aff IBISIOTCS TOIBKO o ¥ f§, IPUYEM OHH JICTAT IMaKeT aKIHHA
B OTHOIIEHHH 5:1 COOTBETCTBEHHO, BTOPOTO OO0IIecTBa [y - TOIBKO f W Y, OHU IENAT HaKeT
AKUMHA B OTHOIICHUU 2.3 COOTBETCTBEHHO. YUPEAMTEISIMHU TPETHEro OOIIEeCTBa o) SBISIIOTCS
TOJIKO ¢ M ), 1 OHHU JICJIAT MaKeT aKI[Mi B OTHOIICHHUHU 1:2 COOTBETCTBEHHO. M3BECTHO, 4TO TpHU
9TUX obmecTBa: af, fy U oy co3galid HOBYIO KOMIIAHUIO, TaKylo, 4YTo ydactue pupm o, f u y
onpenenwiuch B oTHomeHun 11:4:5 coorBeTcTBeHHO. [lpuM cO3MaHMM HOBOW KOMITAHUHU
obmectBo aff BHecno 200 akmuii. Onpenenurte, CKOIBKO aKIUH CYMMapHO BHECIH OOIEcTBa

By uay. |

Three firms a, B, v, are the founders of three joint-stock companies. The founders of the first company
af are only o and B, and they share the stake in the ratio of 5:1, respectively, the founders of the second
company By are only B and vy, they share the stake in the ratio of 2:3, respectively. The founders of the
third company oy are only a and vy, and they share the stake in a ratio of 1:2, respectively. Once these
three joint-stock companies af, By and ay created a new company such that the participation of firms
a, B and y was determined in the ratio 11:4:5, respectively. When creating a new company, the aff
company contributed 200 shares. Determine how many shares the companies By and oy contributed in
total.

OtBer / Answer:
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3amaua 7. (13 6annos) | Problem 7. (13 points)

B Tpeyronbauke ABC nnuHbl BeicOT u3 BepmmH B u C paBuer2y/5 w10, a uinHa
MenuaHbl U3 BepIIHHBI A paBHa 5. Kakue 3HaYCHUS MOXKET NPUHHUMATH JIJTHHA
croporsr BC? / In triangle ABC the lengths of the altitudes from vertices B and C are
2+/5 and V10 respectively, and the length of the median from vertex A is 5. What
values can the length of side BC take?

Ot1Ber / Answer:

B smoit 3a0aue, kpome omeema, mpebyemcs 3anucamov cxemy peuleHusi (me3ucHoe
doxas*ame%cmeo) — CHUCOK 6cex 6aJCHblX Waco8 U Kilnodesvblx ymeepofcdeHuL?
ookazamenvcmea be3 mexunuueckux oemaneti. 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 nokazaresancTso / Thesis proof:
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3anaua 8. (13 6anrnos) | Problem 8. (13 points)

Jlns HatypanpHOro mapamerpa { ompeienuTe, CKOJIBKO Map LENbIX HEOTPULATEIbHBIX
qHCcen
(X,Y) yHAOBICTBOPSIOT HEPABEHCTBY

625x + 1024y <640000t.

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

625x + 1024y <640000t.

Ot1Ber / Answer:

B smoit 3a0aue, kpome omeema, mpedyemcs zanucamv cxemy pewerus (mezucroe
00Ka3am€]lbcm@0) — CHUCOK 6Cex 6adJCHblX Wacoe U Kioueeblx ymeepofcdeﬁuii
ookazamenvcmea 6e3 mexuuueckux 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 nokazaresancTso / Thesis proof:
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3amaua 9. (16 6arros) | Problem 9. (16 points)

Yy KaJIbKYJISITOpa €CThb OECKOHEYHOE YHCIIO OPOHYMCPOBAHHBIX AYCCK IIaMATH.
KaJ’IBKyJ’IHTOp YMECT COBECpUIATH apI/I(bMeTI/I‘ICCKI/Ie onecpanuu € 3aliMCaHHbIMHA B sigerKax
YUCJIaMU U 3allMCbIBATh PE3YyJIbTaT B 3aJaHHYIO H‘ICIZKy. HpI/I OTOM OII€panuu CIO0XKCHUA,
BBIYUTAaHUS, YMHOXCHHUA U ACJICHUA ACJIAIOTCA 66C1’IJ’IaTHO, a 3a KaXXa0€ HU3BJICYCHHC
KBaJpaTHOTO KOpHS MNpHAeTcs 3amiatuth 1 pyOne (apyrux omnepaumii Her). B
nepBble 4 sUEWKH 3amucaHbl MOJOXKHUTEIbHBIE YHUCA a, b, ¢, d, Takue, uro a2 > 4b u c?
> 4d. Tpebyercst OOUTHCSI TOTO, YTOOBI B COTOM siueiike ObLJIO HAMMCAHO YHCIO Xi/y1 +
Xoly2, THE X1, X2 — HauOONBIIMA ¥ HaMMEHBNIMM KOPHU ypaBHeHHs X2 —ax + b = 0
COOTBETCTBEHHO, a Y1, Y2 — HAUOOJBIIMHA M HAMMEHBUIMI KOPHHM ypaBHeHHUs Y2 —cy +d
= 0 cooTBEeTCTBEHHO. 3a KaKOoe HaMMEHbIIIEE YUCIIO pyOsei 3To MOKHO 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 c¢? > 4d. It is required to get the number xi/y1 + X2/y», written in the hundredth cell,
where xi1, 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?

OTtBer / Answer:

B smoii 3a0aue mpebyemcs npusecmu noJHoe peunienne/nokazareabcrso / In this
problem you are expected to present_a full solution:

10
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3apaua 10. (16 6arros) / Problem 10. (16 points)

Ha 10CKy BBIIMCaHBI MOCIENOBATENRHO HATypalbHble uuciaa oT 1 mo 22924 3arem

KaXKJ0€ YCTHOC YHMCIO Ha AOCKEC 3aMCHSAIKT Ha HEro KE€, NCJICHHOC IIOIIOJIaM, ITIOKa HE
MOJIYUYUTCSI HEUYETHOC (HaanMep, HaA4YaJI0 TII0CJICOOBATCIBHOCTU IIOCIIC BCEX 3aMCH
et 1, 1, 3, 1, 5, 3,...). Hafimute cymMmMy Bcex OCTaBIIMXCSI Ha Mocke unced. OTBeT
JOJIKEH OBITH BBIPAXKCH (bOpMyHOI‘/'I, OHa HC JOJI’KHA BKJIKOYAaTh HU 3HAKAa CYMMHPOBAHUA
(2, [] nm sxBuBasneHTHBIX), HU MHOTrOTOuMs. / Consecutive natural numbers from 1 to
22024 gre 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 replacements is 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.

OtBeT / Answer:

B smoti 3a0aue mpebyemcs npusecmu MoJHoe pelieHue/nokazareabcTo / In this
problem you are expected to present_a full solution:
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