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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

11 kaace / 111" Grade
Bapuanur 1/ Variant 1

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)

?
H3BecTHO, uTo ymcio 2023 - (2023% + a) gemures 6es ocrarka Ha 6. Omnpenenure Ipu 3TOM
YCIIOBUM HauMeHbIIee HaTypaibHoe a . /

Find the least positive integer a, such that the number 2023 - (2023%+a)isa multiple of 6.

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

MarasuH 3aKynuI HapTHIO CBEXXEro WHKUpa Ha 125 Teic. pyOieil. B xoHIe kaxaold Heaenu u3
YeTBIpEeX, UYTO IMapTHsS XpaHWIach Ha CKIaAe, NMPUXOIWIOCH BHIOpPAchBaTh HMCIIOPYCHHBIC
(bpYI(TH B KOJIMYECTBE, COCTABJIAOIIECM OJUH M TOT XK€ IMPOLECHT OT 06’beMa, HUMCIOLICTOCA Ha
3TOT MOMCHT. HaﬁILI/ITe 9TOT MPOUCHT, €CJIN U3BECTHO, YTO B KOHIIC YKA3aHHOTO CpOKa (I)pYKTOB
ocranocs Ha 51,2 Teic. py6uei. / The supermaket purchased a batch of fresh figs for
125 thousand rubles. This supermarket does not sells figs, just every week throws
away x percent of the current lot, which spoils during storage. After four weeks the
figs left were worth 51.2 thousand rubles. Find x.

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

Hatinnte nanbomnpiee 3HadeHNE QYHKITMH

f(x) =(0,2x + 1)(0,4-0,1x)(x-2)(x +3) + 1,02/
Find the maximum value of the function

f(x) = (0,2x + 1)(0,4-0,1x) (x-2)(x + 3) + 1,02
over all real values of x.

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

Ha xarerax OpAMOYTOJIBHOTO TPCYroJbHUKaA C JJIWMHAMU 8 m 6 Kak Ha AuaMeTpax MOCTPOCHLBI
OKpyxHOCTH. Haliaute anmuHy oOIIei XOpabl THX OKPYKHOCTEH. /

Given a right-angled triangle ABC, with legs |AB|=8 and |BC|=6. Circles O; and O; have
segments AB and BC as their diameters respectively. Find the distance between two intersection
points of cycles O: and O..

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

Ix-5]

s tyal-(x-3)720

I/ISBCCTHO, 49TO CyMMa HEJIOYHNCIICHHBIX peH_ICHI/Iﬁ HEpaBCHCTBA

pasHa 30.
Haiinure HanboIbIlee 1IeJI0€ 3HAYEHHE & , IIPH KOTOPOM 3TO BO3MOXHO. /
Find the greatest integer number a, such that the sum of all integer x satisfying the inequality

|x- 5]

s tya=(x-3)"2 0

equals 30.

Ot1BeT / Answer:
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3anaua 6. (7 6anrnos) [ Problem 6. (7 points)

Heb6onbiras mebenbHas GrpMa MpOU3BOJUT KHIDKHBIE MKadbl U cepBaHThl. Ha M3rotoBieHue
OJIHOTO KHMKHOTO mKada pacxomyercs 1 M2 JpeBeCHO-CTPYKEUHOH ILIMTHI; 4 M2 COCHOBOI
mockd U 1,5 yemoBeko-yaca pabodero BpeMeHH. AHAIOTHYHBIC JaHHBIC JUISI CEpBAaHTA IAIOTCS
upcnamu: 1,5 M? apeBecHO-CTpykeuHo# muuThl, 1,5 M? cOCHOBOI mOCKM M 4,5 uelmoBeKo-uaca.
[IpuObLe OT peanm3anuu OJHOTO KHIDKHOTO Iikada coctaBisier 500 pyOieii, a cepBanta —
1200 pyb6neii. B TeueHMe OOHOro MecAla B pACHOPSKEHHH (GUPMBI uMeroTcs: 120 M2
JPEBECHO-CTPYXKEUHOH TmuThl, 150 M? COCHOBHIX JOCOK M 315 uenoBeko-4acoB pabouero
BpeMeHH. HaliiuTe MakCHMasbHYI0 OKHUIACMYI0 MECSYHYIO NpUOBLIbL (B pyoOIsix). /

A furniture company produces bookcases and sideboards. The production of one bookcase
consumes 1 m? of chipboard; g m? pine boards and 1,5 man-hours of working time. Similar data for

a sideboard is: 1,5 m? of chipboard; 1,5 m? pine boards and 4,5 man-hours of working time. The sell
price of one bookcase is 500 rubles, and of a sideboard is 1,200 rubles. For current month the company
has following resources: 120 m? of particle board, 150 m? of pine boards and 315 man-hours of
working time. Find the maximum possible income (in rubles).

Ot1BeT / Answer:
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3amaua 7. (13 6arros) | Problem 7. (13 points)

B tpeyronsuuke ABC anummbl BeICOT n3 BepumH B u C pasubsl 52 u 25, a gnuna

MCEAHUAaHbl U3 BCPIINHBI A paBHa 5. Kakue 3HaYECHUSI MOXKET OpuHUMATh JJIMHA CTOPOHBI
BC?/

In triangle ABC the lengths of the altitudes from vertices B and C _are 5v/2 and 25

respectively, and the length of the median from vertex A is 5. What values can the length of
side BC take?

OtBeT / Answer:

B omoit 3a0aue, kpome omeema, mpebyemcs 3anucamv cxemy peuienus (mesucroe
()omwameﬂbcmeo) — CNUCOK 6cex 6BadsCHblX Waco6 U  KIHO4YeBeblx ymeepofcdeHuﬁ
ookazamenvcmea bez mexnuveckux oemadeti. | 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)

st HaTypanbHOro mapaMerpa t ompeaenurte, CKOJBKO Map IEIbIX HEOTPUIATEIBHBIX YHCEN
(X, Y) yIOBICTBOPSIOT HEPABCHCTBY

1000x + 2023y <2023000t.

/' Given a positive integer t, find the number of pairs of non-negative integers
(x,y) satisfying the inequality

1000x + 2023y <2023000t.

Ot1BeT / Answer:

B omoii 3a0aue, kpome omeema, mpedyemcsi 3anucamo cxemy peuenus (meszucroe
00Ka3ameﬂbcm60) — CNUCOK 6cex 6BadcCHblx Wdadcoe U Kllo4eBsblx 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 nokaszareancrTBo / Thesis proof:
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Zapaua 9. (16 6arros) / Problem 9. (16 points)

VY KanbKyJnAaTOpa ecTh OCCKOHEYHOE YHCIIO NMPOHYMEPOBAHHBIX sueeK maMsaTu. KaabKynsaTop
yMEeT COBepIIaTh apu(pMeTHYeCKHe OIepaluy C 3aMUCaHHBIMH B sUYCiiKaX YHUCIAMH U
3alMChIBaTh PE3yibTAaT B 3a/JaHHYIO sS4eiKy. [Ipum 3ToM omepamuu cloKeHUs, BBIYUTAHWUS,
YMHOXCHHSI M JCJICHUS JICAI0TCs OSCIIaTHO, a 32 KaXKJI0€ U3BJICYCHHUE KBAJIPATHOTO KOPHS
npuaeTcs 3amnatuTe 1 pyOns (Ipyrux omnepaumii HeT). B mepBble 4 syeiiku 3amucaHbl
HOJIOKMTENBHBIE YHcna a, b, ¢, d, Takue, uto a? > 4b u ¢? > 4d. Tpebyercs 10OGHTBCS TOTO,
9TOOBI B COTOM sAueiike OBLIO HAIMCAHO YHCIIO Xi/y2 + Xofy1, Toe X1, X2 — HaWMOOJBIIMA |
HaMMEHBIIMH KOPHU ypaBHeHHs X’ —aX + b = 0 cooTsercTBEHHO, a Y1, Y2 — HaMOOMBLIKI U
HauMEHbIIMH KOpHM ypaBHeHust Y2 — ¢y + d = 0 cooTBeTCTBEHHO. 3a KaKoe HaMMeEHbLIEE
qHCcII0 pyOsel 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 xi/y> + Xofy1, 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/nokazareabcrpo / 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 mocKy BBINMCaHBI MOCIEI0BATENLHO HATYpalbHble unciaa or 1 no 22928 3arem kaxnoe uer-
HOE YUCJIO Ha JIOCKE 3aMEHSIOT Ha HETo JKe, IEJICHHOE TOMOJIaM, IMOKa HE MOJYYUTCS HEYETHOE
(HampuMep, HavYaJlo MOCIIEAOBATEILHOCTH TOCE BeeX 3aMeH BeimsaauT 1, 1, 3, 1, 5, 3, . . . ). Haii-
JTIUTE CYMMY BCEX OCTABIIUXCS Ha J0cKe unces. OTBET A0KEH OBITh BRIpaXKeH (popMyIioi, oHa

HC OOJI’)KHA BKJIKOYAaTh HU 3HAaKa CYMMUPOBAHUSA (z, H nim 3KBI/IBaJ'IeHTHI>IX), HY MHOTOTOYHMS. /

Consecutive natural numbers from 1 to 22023 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 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.

OTtser / Answer:

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