Task 1.

1. JTan muorownen P(z) = —22° + bx® + cx + d, mpuuem P(2) = 2, P(3) = 7, u P(z) > 3z — 4
JUist BcexX x < 3. Borumcaure HamMeHblee Bo3MOzKHOe 3Hadenne P(0) u 3amummuTe OTBET B BHIE
1IEJIOT0 YUC/Ia WM JIECATHIHON APOOH, P HEOOXOAMMOCTU OKPYIJIMB €€ JI0 COThIX.

Consider a polynomial P(z) = —22®+bx?+cx+d such that P(2) = 2, P(3) = 7and P(z) > 3z—4
for all x < 3. Find least possible value of P(0) and write your answer as integer of decimal rounded
to hundredth if needed.

Answer: 28

2. Tan muorousien P(x) = —0.0123 +bx? 4+ cx +d, upuuem P(—1) = —1, P(4) = 13, u P(z) > 2z +1
Jtst Beex < 1. Beramcamre Hanvenbiee Bo3MozkHoe 3uadenue P(0) u 3anuimmnre OTBET B BUJIE
IIeJIOT0 YHCTIA WIIN JeCSITHIHON Tpo0H, Mpu HEOOXOIMMOCTH OKPYTJINB €€ J0 COTHIX.

Consider a polynomial P(z) = —0.012® 4+ bz* + cx + d such that P(—1) = —1, P(4) = 13 and
P(xz) > 2z + 1 for all x < 1. Find least possible value of P(0) and write your answer as integer of
decimal rounded to hundredth if needed.

Answer: 0.8

3. Han muorouwnen P(z) = —z® + bx? 4+ cx + d, npuaem P(5) =3, P(4) = —1,u P(x) > 2z — 7 ana
BeexX = € (3;8). Borumcaure HanMenblmee Bo3MokHoe 3Hadenne P(0) u 3anuimure OTBET B BHIE
IEJIOTO YHC/IA U JeCATUYHON 1pobu, Ipu HEOOXOANMOCTH OKPYTJIUB €€ JI0 COTHIX.

Consider a polynomial P(z) = —2®+bx?+cr+d such that P(5) = 3, P(4) = —1 and P(z) > 22—7
for all x € (3;8). Find least possible value of P(0) and write your answer as integer of decimal
rounded to hundredth if needed.

Answer: 43

4. Jlau muorounen P(z) = 5x3 + bx? + cx + d, npuuem P(—4) =5, P(=2) = 3, u P(z) > 4z + 11
JUist BeexX @ > —4. Beraucomre Hanbosrbinee Bo3MoxkHOe 3Hadenne P(0) u 3amumure OTBET B BHJIE
[EJIOr0 YMC/Ia WU JECATUIHON Jpodu, n1pu HEOOXOUMOCTH OKPYIJIUB €€ JI0 COTHIX.

Consider a polynomial P(z) = 523 + bz? + cx + d such that P(—4) =5, P(—2) = 3 and P(z) >
4x + 11 for all x > —4. Find largest possible value of P(0) and write your answer as integer of
decimal rounded to hundredth if needed.

Answer: 101

Solution (RUS). (npeicrapiieno pemenne papuanta N1, ocraabHble perarores aHagaoradno) Ilyctsb
f(z) = 3z — 4, rorma f(2) = 2. Muorounen Q(z) = P(x) — f(z) aBngercsa KyOUYIeCKUM, TpHIEM
Q(2) = P(2) — f(2) = 0 u B 1o xe Bpemst Q(x) > 0 upu x < 3 — a 3naunt, rpaduk Q(x) Kacaercs ocu
abcruce B Touke (2;0).
Taxkum obpaszom, Muorowten Q(z) Moxuo mpegcrasuth B Buae —2(xr — 2)%(x — t), roe ¢ > 3. Taxwxe
ussectHo, uto P(3) = 7, otkyna Q(3) = P(3) — f(3) =7 -5 =2, r.e. —2(3 —2)?(3 —t) = 2. [lonyuum
t=4u P0)=Q0) + f(0) = —2(0 — 2)%(0 — 4) + 3-0 — 4 = 28.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let
f(z) = 3z — 4, then f(2) = 2. Polynomial Q(x) = P(x) — f(z) is cubic with Q(2) = P(2) — f(2) =0



with Q(x) > 0 for x < 3 — thus, graph Q(z) touches X-axis in the point (2;0).

Consequently, Q(z) can be expressed as —2(z — 2)%(z — t), while ¢ > 3. We also know that P(3) = 7,
thus Q(3) = P(3)— f(3) =7—5=2,i.e. =2(3—2)%(3—t) = 2. We get t =4 and P(0) = Q(0)+ f(0) =
—2(0—-2)2(0—4)+3-0—4=28.

Task 2.

1. JIaHO MHOXKeCTBO HATypaJbHBIX 4uces, He mpeBocxoadamux 15. CKoJIbKUME CIOCODAMU MOYKHO
BBIOpATH U3 HErO IOJAMHOXKECTBO, COJIepzKalee X0Td Obl JBa IPOCTHIX UHCJIa7!

Consider a set of all positive integers less than or equal to 15. How many ways are there to choose
its subset which contains at least two prime numbers?

Answer: 29184

2. JlaHO MHOXKECTBO HATYPAJbHBIX ducel, He npeBocxojudamux 17. CKoabKuME CrrocobamMu MOZKHO
BBIOPATH W3 HErO MOJMHOYKECTBO, COjleprKallee XOTs Obl JIBa MPOCTHIX 9UC/IA7

Consider a set of all positive integers less than or equal to 17. How many ways are there to choose
its subset which contains at least two prime numbers?

Answer: 122880

3. JlaHo MHOXKECTBO HATYpPaJbHBIX YHCET, He NpeBocXomsdimuX 13. CKOJMbKUME CIOCOOAMH MOXKHO
BBIOPATH U3 HEI'O HMOAMHOYKECTBO, COAEPKAIIEEe XOTs Obl JIBA MPOCTHIX YUCIAT

Consider a set of all positive integers less than or equal to 17. How many ways are there to choose
its subset which contains at least two prime numbers?

Answer: 7296

4. JlaHo MHOKeCTBO HATypaJIbHBIX 4HCes, He mpeBocxoidnux 16. CKOJIbKUMEH CIOCOOAMU MOYKHO
BBIOpATH U3 HErO IMOJAMHOXKECTBO, COJIepzKalee XOTd Obl JBa IPOCTHIX UHCIaT!

Consider a set of all positive integers less than or equal to 16. How many ways are there to choose
its subset which contains at least two prime numbers?

Answer: 58368

Solution (RUS). (upeicrasieno pemenne Bapuanta Nel, ocrajibHble pemaores anajiorudto) Ecrb
poBHO 2" c110cO00OB BLIOPATH MOJIMHOZKECTBO U3 MHOYKECTBA, C 1 3JIeMEHTAMHU — 3HAYUT, U3 JIAHHOTO MHO-
KecTBa (HazoBeM ero A) MOXHO BHIGpaTh MoAMHOMKeCTBO 215 = 32768 criocobamu. Muoxkectso A coyep-
JKUT MIeCTh TPOCThIX unces (2,3,5,7,11,13), ocTanbHble I€BATH HE SIBISIOTCS MPOCTBIMU, H COCTABUTD
IIOJIMHOZKECTBO TOJIBKO ¢ HEMH MoxkHO 27 = 512 cnocobamu. KazkioMy M3 yKa3aHHBIX HOIMHOMKECTB
COOTBETCTBYIOT €Il 1IeCTb, COJEPKAIIUX 10 OJJHOMY HPOCTOMY 4HCIy — uroro 512 4 512 -6 = 3584
OJIMHOZKECTBA, CO/EPKAIINX He 0ojiee OJHOro mpoctoro duciaa. Ocranbubie moaMHokecTBa A OyayT
co/lepKaTh He MeHee JIBYX IMPOCTHIX YHCed, U UX KOJWIeCTBO paBHO 32768 — 3584 = 29184.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) There
are 2" ways to choose subset of a set with n elements, thus there are 2'5 = 32768 ways to choose subset
from the initial set (lets denote it as A). There are 6 primes (2,3,5,7,11,13) in the set, so other 9
numbers are not prime and we can choose 2° = 512 subsets of A using only these 9 non-primes with
each of these subsets corresponding to 6 other subsets of A which contain one prime each — thus,
we’ve already counted 512 + 512 - 6 = 3584 subsets of A with no more than one prime each. Other
32768 — 3584 = 29184 subsets will contain at least two prime each.



Task 3.

1. JIBe komanabl — «Buikuy» u «/IpakoHbl» — Urpaior B BOJIEiiOO JApyr MPOTUB JApyra, Hada bHBII
caét B ux Marde — 0 : 0, ¥ HUKaKasg MapTUd MaTda He MOYKET OKOHYNTLCSI BHUYBIO. Komamnma,
nepBoit HabpaBIIas 2 04ka, 00bsBIgerca nodeauresem Marda. OUKE HAYUCIAIOTCS U CHUMAKOTCS
MO CJEAYIONIUM TPaBUIAM:

® €CJIM Y KOMaHIbL 1 OYKO, TO B CJIy4a€ €€ IIOopazKeHUud B IMapTHU 3TO OYKO CHUMAETCI;

e ecn y KOMaHIbl () OUKOB, TO B CJIydae ee MOPazkKeHnd B IapTUU OYKO IPUCBANBAETCA KOMaH/Ie-
COIIEPHUKY.

C Kakoii BepOSITHOCTBIO «DBBIKH» cTaHyT mobeauTesIeM Marda, €CJIU BepPOSTHOCTH UX IHO0eIbl B
KazKJI0i oresibHoil maprun papia 0.67 3anumiure OTBET B BUJIE JECATUYHON ApoOH, Ipu HEODXO-
JUMOCTHU OKPYTJIUB €€ JI0 COTHIX.

Two teams — «Bulls» and «Dragons» — play volleyball match against each other, the initial score
in the match is 0 : 0, and no game of the match can end in a draw. The team that scored 2
points first is declared the winner of the match. Points are awarded and deducted according to
the following rules:

e if a team has 1 point, then if it loses the game, this point is deducted;
e if a team has 0 points, then if it loses the game, a point is given to the opposing team.
What is the probability of «Bulls» being the winner of the match, if the probability of their victory

in each individual game is 0.67 Write your answer as a decimal, rounding to the nearest hundredth
if necessary.

Answer: 0.69

2. /IBe xoman/ipl — «BBIKE» U «/IpakoHBI» — HT'PalOT B BOJIEHOOJ APYT HPOTUB Jpyra, HAYATbHbIN
cuér B ux marde — 0 : 0, u HUKAKas MApTUd MarTda HE MOYKET OKOHYUTHCs BHUUYbIO. Komanja,
nepBoit HabpaBIIast 2 0uka, 00bsBIgAeTCsa nobeauTeeM Marda. OUKE HAYUCISIOTCS U CHUMAKOTCS
10 CJIeIYIONINM TTPABUIAM:

® €CJIM Y KOMAaH/bl 1 O4YKO, TO B CJIy4a€ €€ IIOPpazkeHUud B IIaPTUU ITO OYKO CHUMACTCH;
® €CJIM y KOMaH/Ibl 0 OYKOB, TO B CJIy4ae€ €€ IIOPazKeHU B IlIaPpTHUHU OYKO IPpUCBAUBAETCA KOMaH 1€~

COIIEPHUKY.

C Kakoii BepOSITHOCTBIO «DBBIKH» cTaHyT mobeauTeseM MaTda, €CIU BepPOSTHOCTh UX TOOeIbl B
KazKJI0il oT1esibHOiT maprun papHa 0.27 3anuiinre OTBET B BHJE JCATUIHON ApoOH, Ipu HEODXO-
JAMOCTHU OKPYTJIUB €€ JI0 COTHIX.

Two teams — «Bulls» and «Dragons» — play volleyball match against each other, the initial score
in the match is 0 : 0, and no game of the match can end in a draw. The team that scored 2
points first is declared the winner of the match. Points are awarded and deducted according to
the following rules:

e if a team has 1 point, then if it loses the game, this point is deducted;

e if a team has 0 points, then if it loses the game, a point is given to the opposing team.

What is the probability of «Bulls» being the winner of the match, if the probability of their victory
in each individual game is 0.27 Write your answer as a decimal, rounding to the nearest hundredth
if necessary.

Answer: 0.06



3. IBe komanjpl — «Bbikuy n «/Ipakonbiy — urpaior B BOJeii0OJI JpYyr UPOTUB Jpyra, HA4YaJibHbIH
cuér B ux marde — 0 : 0, u HUKaKas MapTUd MaTda HE MOXKET OKOHYMTHCS BHUUYBIO. Komanja,
nepBoit HabpaBIIas 2 0uka, 00bsBIsgeTCa nobeanTeneM Marda. OUKE HAYUCISIOTCS W CHUMAKTCS
MO CJEYIONIUM TPaBUJIaM:

® ¢CJ/In Y KOMaH/Ibl 1 OYKO, TO B CJIy4Ya€ €€ IMOpazKeHUud B IIaPTUU ITO OYKO CHUMACTCA,

e ecsin y KOMaHIbl ) O9KOB, TO B CJIydae ee MOParKeHns B aPTUU OYKO IPUCBANBAETCS KOMAH/Ie-
COTIEPHUKY.

C kakoit BeposaTHOCTHIO «DBbikKmy cramyr mobeauresieM Marda, €CJAIM BEPOSITHOCTH WX HOOE/bI B
KazK 10/l OT/1es1bHOI TapTun pasHa 1/37 3anummre oTBET B BHJE JECATUIHON APOOH, TIPH HEOOXO-
JAMOCTH OKPYTJIUB €€ JIO COTHIX.

Two teams — «Bulls» and «Dragons» — play volleyball match against each other, the initial score
in the match is 0 : 0, and no game of the match can end in a draw. The team that scored 2
points first is declared the winner of the match. Points are awarded and deducted according to
the following rules:

e if a team has 1 point, then if it loses the game, this point is deducted;
e if a team has 0 points, then if it loses the game, a point is given to the opposing team.
What is the probability of «Bullss being the winner of the match, if the probability of their

victory in each individual game is 1/37 Write your answer as a decimal, rounding to the nearest
hundredth if necessary.

Answer: 0.2

4. JIe komanjpl — «bbikuy u «/Ipakonbly — UrparoT B BOJIeHOO0JI JPYT HPOTHUB JIPYra, HAYa IbHbBI
cuét B ux marde — 0 : 0, ¥ HUKaKas NapTUs MaT4da HEe MOXKET OKOHUYMThCS BHHYbIO. Komamnja,
nepBoit Habpasmiast 2 o9Ka, 00bsIBIsIeTCst obeanTeieM MaT4da. QUK HAYUCISIIOTCA U CHUMAIOTCST
O CJIEIYIONTUM IPABHIAM:

® ¢CJ/In Y KOMaH/Ibl 1 OYKO, TO B CJIy49a€ €€ MMOpazKeHUud B MMapPpTUU ITO OYKO CHUMACTCA,
® ¢CJIn y KOMaH/Ibl 0 OYKOB, TO B CJIy4a€ €€ IIOPazKeHH A B MTIapTHUHU OYKO IPUCBaAUBACTCA KOMaH e~

COTIEPHUKY.

C Kakoil BEpOSITHOCTBHIO «DBbIKH» cTaHyT mobeauTeseM Marda, €CId BEePOSTHOCTh WX HOOEeIbl B
Kaxk10it oTaesibHOl maprum paBHa 0.257 3amuimure OTBET B BUJIE AECATUIHON ApOoOM, Mpu HEOD-
XOJUMOCTH OKPYTJIUB €€ JI0 COTHIX.

Two teams — «Bulls» and «Dragons» — play volleyball match against each other, the initial score
in the match is 0 : 0, and no game of the match can end in a draw. The team that scored 2
points first is declared the winner of the match. Points are awarded and deducted according to
the following rules:

e if a team has 1 point, then if it loses the game, this point is deducted;

e if a team has 0 points, then if it loses the game, a point is given to the opposing team.

What is the probability of «Bullsy being the winner of the match, if the probability of their
victory in each individual game is 0.257 Write your answer as a decimal, rounding to the nearest
hundredth if necessary.

Answer: 0.1



Solution (RUS). (upeicrasieno pemenune Bapuanra Nel, ocraibabie pematores anajorudno) Ilycrs
BeposATHOCTDH 1100€/ibl «bBhikoBy pasua P. Torja, ecjiv 1nepByio MapTUIO OHU BBIMTPHIBAIOT, TO BTOpAs
nmapTus craHer mocjejnHeil B mMarde (¢ mobenoii «BeikoBy) ¢ BepositHocThIO 0.6 - 0.6 = 0.36. Ecm ke
MEPBYIO MAPTHIO OHU BBHIMI'PHIBAIOT, & BTOPYIO MPOUTPHIBAIOT (3TO COOBITHE HACTYIHUT C BEPOSITHOCTHIO
0.6-0.4 = 0.24), To cuer MaT4a 06HYIgeTCsA, U « BBIKI» 100€1AT B HEM ¢ BeposiTHOCThI0 P. Eciin « Boiku»
HPOUTPBHIBAIOT MEPBYIO MAPTUIO U BRIUT'PBIBAIOT BO BTOPOM, TO CHOBA cueT OOHY/sieTcs. EnuHCTBeHHBIH
OCTaBINUICS UCXO/I IEPBHIX JIBYX HapPTHil — JIBYKpaTHOE opazKeHne « bbIkoBy — yKe He MOXKeT IIPUBECTU
K X mobese B MaTde.

WNraxk, BepositHOCTHL P 10obeanl «BhikoB» B MaTde CKJIaIBIBAETCS W3 TPEX BEPOSITHOCTEH, COOTBET-
CTBYIOIIUX OIMUCAHHBIM BBIIIE COOBITHSIM:

P=036+024-P+024-P

Pemasg 1o ypasuenue, Haiiiem P = 9/13 & 0.69.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let
the probability of «Bulls» winning the match be equal to P. Then, if they win the first game, the second
one will be the last in the match (with the victory of «Bulls») with probability 0.6 - 0.6 = 0.36. If they
win the first game and lose the second one (this event occurs with probability 0.6 - 0.4 = 0.24), then
the match score is reset to 0:0, and the «Bulls» will win it with probability P. If «Bulls» lose the first
game and win the second one, then the score is reset to 0:0, too. The only remaining outcome of the
first two games (i.e. two defeats for the «Bulls») can no longer lead to their victory in the match.

So, the probability of «Bulls» winning the match is the sum of three probabilities corresponding to

the events described above:
P=036+024-P+024-P

Solving this equation, we get P =9/13 ~ 0.69.

Task 4.
1. Jlan kjerdarerii mpamoyrogbuuk 68 x 2023, pa3duTslii Ha KjaeTkun 1 X 1, U mpoBeJieHa ero Jiuaro-
HaJsb. OmpeesinTe KOJUIECTBO KJIETOK, Yepe3 KOTOPble ITPOXOIUT 9TA TUATOHAID.
Given a rectangle 68 x 2023, divided into 1 x 1 cells, with its diagonal drawn. Determine the
number of cells the diagonal passes through.
Answer: 2074
2. [an kjerdarwiit npgMoyroibauk 96 X 552, pa3burwiii Ha KjaeTku 1 X 1, u npoBejieHa ero jauaro-
Hasib. Ompejie/inTe KOJNYEeCTBO KJIETOK, Yepe3 KOTOPbIe TTPOXOIUT Ta JTUAarOHaIb.
Given a rectangle 96 x 552, divided into 1 x 1 cells, with its diagonal drawn. Determine the number
of cells the diagonal passes through.
Answer: 624
3. Han kaerudarsiii npamoyroibauk 2023 x 1309, pazbuteiit Ha kjaetku 1 X 1, u nposejiena ero jiua-
ronasib. OQupegenre KOJUIECTBO KJIETOK, Yepe3 KOTOPbIe MPOXOIUT 3Ta JUATOHAJIb.
Given a rectangle 2023 x 1309, divided into 1 x 1 cells, with its diagonal drawn. Determine the

number of cells the diagonal passes through.

Answer: 3213



4. Jlan kjaerdarbiii npsamMoyrojibHuk 415 x 166, pazbursiit Ha kjaerku 1 X 1, u npoBejieHa ero juaro-
Ha b, Ompesie/inTe KOJNIECTBO KJIETOK, Yepe3 KOTOPhIE MPOXOIUT ITA JIUATOHAID.

Given a rectangle 415 x 166, divided into 1 x 1 cells, with its diagonal drawn. Determine the
number of cells the diagonal passes through.

Answer: 498

Solution (RUS). (npeicrabiieno pemenne Bapuanta N1, ocraabHble DEIIAIOTCS AHATOTHIHO) J1ist
HAYasa JIOKaXKeM, 4TO JJIs B3aUMHO HPOCTHIX 11,7 B KJIETYATOM HPAMOYIOJbHUKE 1M X 1 JUArOHAJDb
IpoXoauT 4depe3 m + n — 1 kaerok. HeficTBUTEIbHO, HOCKOJILKO M H N B3aMMHO IIPOCTHI, JHATOHAJD
He MpPOiiJIeT Yepe3 BePIMUHBI KJIETOK (34 MCKIIOYEHHEM CBOMX KOHIIOB), a 3HAYUT, KarK/0e IepecedeHne
CTOPOHBI KJIETKU O3HaYa€T Iepexo/a B CJACeAYIONIYIO KJ/IETKY. B MpAMOYTOJIbBHUKE 1T X N AuaroHaJlb nepe-
ceder (m — 1) mpsamyro, napaJieTbHy0 OJHOIl U3 CTOPOH MPAMOYTOJbHUKA (M COMEPZKAILYI0 CTOPOHBI
eIMHAYHBIX KJIETOK), u (n — 1) npsMyio, HapajielbHyt0 JPYrofi CTOpOHe MpsIMOYTOJbHUKA — TAKUM
obpazom, auaronasb nepeceder (m—1)+ (n—1)+1 = m+n— 1 KI1eTok, 9T0 U TPeOOBATIOCH JOKA3ATb.

Ouesuno, ecom HOJl(m,n) = d > 1, To nuaronasns npoiijger yepe3 d — 1 Bepinn KjieTok (3a wmc-
KJIOUYEHHEeM CBOWX KOHIIOB), U d PaBHBIX OTPE3KOB, Ha KOTOpBIE OHA OyjieT pa3bura 3THMU BepIIHHAMH,
ABIAIOTCSA AMATOHATAME TMPAMOYTONBHIKOB & X 5, rie HO (%, 4) = 1. BnaunT, B KaxKI0M TaKOM TIps-
MOYTOJIBHEKE JHaroHasb MpoiiieT depes % + % — 1 KJIeToK, a BCero TaKHX IPAMOYTOTLHAKOB — d IITYK,
T.e. 00IIee KOMMIeCTBO KACTOK, Yepe3 KOTOPBIe IpoiieT Anaronans, pasuo d- (% +45 —1) =m+n —d.
Ucnonb3ys sty dopmyny s m = 68, n = 2023 (rorga d = 17), noxyunm 2074.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) First,
lets prove that for coprime m,n in a checkered rectangle m x n the diagonal passes through m +n —1
cells. Indeed, since m and n are relatively prime, the diagonal will not pass through the vertices of the
cells (except for its ends), which means that each intersection of the side of the cell means a transition
to the next cell. In a rectangle m x n the diagonal will intersect an (m — 1) line parallel to one of the
sides of the rectangle (and containing the sides of unit cells) and a (n — 1) line parallel to the other side
of the rectangle, thus, the diagonal will cross (m — 1) + (n — 1) + 1 = m + n — 1 cells, which is what
needed to be proven.

Obviously, if GCD(m,n) = d > 1, then the diagonal will pass through d — 1 vertices of the cells
(except for its ends), and d equal segments (into which it will be divided by these vertices) are diagonals
of rectangles "7 x %, where GCD ("}, %) = 1. By that, in each such rectangle the diagonal will pass through
2+ % — 1 cells, and there are d such rectangles in total, i.e. the total number of cells the diagonal will
pass through is equal to d - (%} + % — 1) = m +n — d. Using this formula for m = 68, n = 2023 (then

= 17), we get 2074.

Task 5.

1. B Tpeyrosbroit komuare ¢ yriaamu A, B, C' ycranoBiena Henpospadnas neperopogka C'O (ot moa
JIO 1IOTOJIKA) TAK, 4TO U3 yriaa B BujHa poBHO nosioBuna creabl AC, a u3 yriua A — poBHO Tperb
crenbl BC. rops xo4er ycTaHOBUTH B KOMHaTe yMHYI0 KOJIOHKY « VK Kancyma» ¢ Mapyceii Tax,
9T00BI JI00ast MpsiMast, apaJsiebHas M0y KOMHATHI U MPOXO/ISIasl 9epe3 KOJOHKY, MepeceKkasia
60 neperopoaky C'O, nubo creny AB. CTeHbl KOMHATBI U IEPErOPO/IKA MEPIEHTUKY/ISIPHBL ITOJTY
1 uMeioT (bopMy MPAMOYTOJHHUKOB, KOJTOHKY MOYXKHO CUATATH TOYEIHBIM O0OBEKTOM.

Kakag gacTb miomaam KOMHATEI MOAXOAUT VIropio /st yeTaHOBKH KOJTOHKHU?

In a triangular room with corners A, B, C, a new opaque wall CO (from the floor to the ceiling)
is installed in such way that exactly half of the wall AC' is visible from the corner B, and exactly
a third of the BC' wall is visible from the corner A. Igor wants to install a smart speaker «VK
Capsule» with Marusya in the room so that any straight line parallel to the floor of the room and
passing through the speaker will intersect either the wall C'O or the wall AB. The walls of the



room are perpendicular to the floor and have the shape of rectangles; the smart speaker can be
considered a point object.
What part of the room area is suitable for installing the speaker in the way Igor wants?

. 5
Answer: >

. B tpeyrosbroit komuare ¢ yriamu A, B, C' ycranoBiiena Henpospadnas neperopogka C'O (ot mosa
JI0 TIOTOJIKA) TaK, 9TO u3 yriaa B BugHa poBHO momoBmHa cTenbl AC, a u3 yria A — poBHO 4eTBepTh
crenbl BC. rops xo4eT ycTaHOBUTH B KOMHaTe yMHYI0 KOJIOHKY « VK Kancyma» ¢ Mapyceii Tax,
9T00BI JTI00ast MpsiMast, NapaJiieIbHas MOy KOMHATHI U MPOXOAIIAs 4epe3 KOJIOHKY, epeceKkaia
nmbo neperopoaky C'O, mu6o creny AB. CTeHbl KOMHATHI ¥ TIEPETOPOIKA TEPIEHINK YITPHBI TIOJIY
1 UMeroT (hOpMY HIPAMOYTOILHUKOB, KOJIOHKY MOXKHO CUMTATH TOUYEIHBIM OOBHEKTOM.

Kaxkas gacThb mwiomaam KOMHATH MOAXoauT VIropio 1ist yCTAaHOBKH KOJTOHKH !

In a triangular room with corners A, B, C, a new opaque wall CO (from the floor to the ceiling)
is installed in such way that exactly half of the wall AC' is visible from the corner B, and exactly
a quarter of the BC' wall is visible from the corner A. Igor wants to install a smart speaker «VK
Capsule» with Marusya in the room so that any straight line parallel to the floor of the room and
passing through the speaker will intersect either the wall CO or the wall AB. The walls of the
room are perpendicular to the floor and have the shape of rectangles; the smart speaker can be
considered a point object.

What part of the room area is suitable for installing the speaker in the way Igor wants?

.9
Answer: 50

. B tpeyrosbroit komuare ¢ yriaamu A, B, C' ycranoBiiena Henpospadnast neperopoaka C'O (ot mosa
JI0 TOTOJIKA) Tak, 4TO U3 yryia B BujHa poBHO Tperh crenbl AC, a u3 yria A — pOBHO 4eTBEpPTh
crennt BC. Uropsb xoder ycranoButh B KomHaTe yMHYI0 KOJIOHKY « VK Karmncysray ¢ Mapyceit Tak,
9T00BI JI00ast MpsiMast, napaJsiebHas M0y KOMHATHI U MPOXO/SIIas 9epe3 KOJOHKY, MepeceKkasia
6o neperopoaky C'O, mubo creny AB. CTeHbl KOMHATHI W TEPETOPO/IKA MEPIEHIUKY/ISTPHBI TTOJTY
1 UMeroT (GOpMY TPSIMOYTOJTBHUKORB, KOJIOHKY MOYKHO CIUTATH TOYETHBIM OOHEKTOM.

Kakas 9acThb mI0mam KOMHATH MOAX0AUT VIropio /i yCTAaHOBKH KOJIOHKHU?!

In a triangular room with corners A, B, C', a new opaque wall CO (from the floor to the ceiling) is
installed in such way that exactly a third of the wall AC'is visible from the corner B, and exactly
a quarter of the BC' wall is visible from the corner A. Igor wants to install a smart speaker «VK
Capsule» with Marusya in the room so that any straight line parallel to the floor of the room and
passing through the speaker will intersect either the wall CO or the wall AB. The walls of the
room are perpendicular to the floor and have the shape of rectangles; the smart speaker can be
considered a point object.

What part of the room area is suitable for installing the speaker in the way Igor wants?

.7
Answer: 15

. B tpeyrosbroit komuare ¢ yriaavu A, B, C' ycranoBiena Henpospadnast neperopoaka C'O (ot moJa
JI0 TIOTOJIKA) TaK, 94To u3 yria B Bujna poBHO Tperh crenbl AC, a u3 yria A — poBHO OHA TsiTast
gacTh crersl BC'. VIropb Xo4eT ycTaHOBUTH B KOMHaTe yMHYI0 KOJTOHKY « VK Kamncymnas ¢ Mapyceit
TaK, 9T00bI JII0Oast psiMasi, HapaJ/uie/ibHast 01y KOMHATHI U ITPOXO/IAINas Yepe3 KOJOHKY, [epece-
kaJjia 0o neperopogaky C'O, nmubo creny AB. CTeHbl KOMHATHI U IEPETOPO/IKA [T€PIEH UK Y/ISTPHBI
oJIy U UMeoT opMy TPSIMOYTOJILHUKOB, KOJIOHKY MOYKHO CUYATATh TOYEUHBIM O0HEKTOM.

Kaxkag gactp niomaam KOMHATH moaxoauT VIropro i ycTaHOBKH KOJTOHKH!

In a triangular room with corners A, B, C', a new opaque wall CO (from the floor to the ceiling) is
installed in such way that exactly a third of the wall AC'is visible from the corner B, and exactly
a fifth of the BC' wall is visible from the corner A. Igor wants to install a smart speaker «VK
Capsule» with Marusya in the room so that any straight line parallel to the floor of the room and



passing through the speaker will intersect either the wall CO or the wall AB. The walls of the
room are perpendicular to the floor and have the shape of rectangles; the smart speaker can be
considered a point object.

What part of the room area is suitable for installing the speaker in the way Igor wants?

64
105

Answer:

Solution (RUS). (npeicrabiieno pemenne Bapuanta N1, ocraabHble DENIAIOTCS AaHATOTHIHO) Pac-
CMOTPHM BH/JI CBEPXY: CT€HBI KOMHATBHI CTAHYT CTOPOHAMHI TPEYTOJbHHUKA, a IMePEeropoaKka — OTPE3KOM,
COEJIMHSIONIMM €r0 BEPIIMHY C OJIHO U3 BHYTpEeHHUX TOYeK. Torjia 3a/1a4y MOKHO 1epeOpMy/IupOBAThH
cJIe Iy IoTiM 06pa30oM: HAllTH [II0MIA/ (b reoMeTprIecKoro Mecta BuyTpennux touek ('MT) P tpeyrosb-
anka ABC, takux, 9To J06as npsimasi, Tpoxosiast depe3 P, nmepecekaer smbo AB, mubo C'O. Ilycts
upambie AQ, BO nepecekator croporsl BC, AB Tpeyroiabanka B Toukax Aj, By, COOTBETCTBEHHO.

c

Jloxkazkem, aro nckoMbiM ['MT aBngercsa dersipexyronbauk C'A;OB;. PaccMoTpuM IpoM3BOIBHY O
BHYTPEHHIOI TOYKY TOI'0 4eThIPEXYrOJbHUKA; 0€3 OrpaHrndeHnst OOIHOCTH Oy1eM CUUTATH €€ BHYTPEH-
Heit Toukoit Tpeyrosbanka C'B1O. [IpoBenem depe3 P HEKOTOPYIO MPAMYIO | U TPEINOI0KHAM, 9TO OHA
He nepecekaet C'O. U3 atoro ciemyer, aro ona nepecekaer orpesku OBy, C'By. [lycrs | mepecekaer B;C
B Touke 1. Torma sya TP aBnserca sayTpeaauM g yraa Bi;TO, npudem jiya T'O mepecekaeT cropo-
Hy AB HCXOIHOrO TPeyroJbHUKA — a 3HAYMT, JIy4d 1P TakxKe mepecekaer ee. Vtak, jiobast BHYTPEHHSIS
rouka derpipexyroiabuuka C'A1OB; Bxoaur B uckomoe I'MT.

Tenepp paccMOTPUM TOYKHU BHE YIIOMSHYTOI'O Y€THIPEXYTIOJIbHUKA U HOKaXKeM, 4TO OHM He 00J1aJ/IaioT
Tpedbyembim jutst uckomoro I'MT cBoitctBom. J[ist BHenmaux Tovuek Tpeyroabanka ABC' 310 coBcem ote-
BUJIHO (MOJJIXOJIUT, HANMPHUMED, NpsMas, MPOXOsInasg Yepe3 JAHHYI0 BHEIIHIOK TOYKY MapalIelbHO
onHoit u3 cropon AABC), nyisi BHyTpeHHUX TOUeK Tpeyroabauka AOB — Toxke (J0CTATOYHO MPOBECTH
Yepe3 JaHHYI0 TOUKY MpaMmylo, napasrenbayio AB). Ocramuch nsa Tpeyroapuuka — AOB; 1 BOA;.
Pacemorpum nepsbiit u3 Hux (Bropoii paccmarpuBaercs anajgorndno). Vrax, mycrs P — BHyTpeHHsIsI
touka AAOB;. Ilposenem npsmyo PK, rae K — npousBoJibHasi Touka orpe3ka B(O, orandHast OT ero
KOHITOB: Takasl npsimas He mepeceder au C'O, un AB.

YTBepKaeHne JTOKA3aHO.

. Sca,0B, AB; _ 1 BA; __ 1
Urax, TpeGyerca maiitn ~g 122 mpmaem 52t = 3, 3 = £ o yenosmo. Cormacio Teopeme Mere-
AO  AB  CBy _ A0 _ A0 _ 3
Jias, O—Al-%~ﬁ—1,on{yﬂaO—m—3:>A—AI—Z.ZLaJIee
Sca0B;,  Sca0B, Saca; - Saop,y CA1
Sapc Saca,  Sasc Saca,” CB
AO AB,, CA, 3 1,2 5

- 20) ee=-0-133" 1



Kpurepuu orieHuBaHuA:

® YYACTHUK IPABWIHHO MOHSLI YCJIOBHE, TPABUIBHO OMPEIe I COOTHOIIEHNE OTPE3KOB Ha CTOPOHAX
TpeyrojbuukKa — 1 6aJs;

e oupejeneno uckomoe 'MT (uerbipexyronbuuk CA;OBy) — 1 6aJu;
e JI0Ka3aHO, 9TO deThipexyroabauk C'A;OB; u ectb uckomoe 'MT — 1 6awr;
® BEpPHO BHIYHMCJIEHO KCKOMOE OTHOIIeHHEe — 2 Da/La;

e JomynieHa apudMeTndecKas OImMoOKa, MpUBeIIIasd K HeBEPHOMY OTBETY — MHHYC 1 OaJu.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let’s
look from the top to the room: its walls AB, BC, C'A will become the sides of the triangle, and the wall
C'O will become a segment connecting its vertex with one of the internal points. Then the problem can
be reformulated as follows: find the area of the locus of the interior points P of the triangle ABC, such
that any line passing through P intersects either AB or C'O. Let the lines AO, BO intersect the sides
BC, AB of the triangle at points A;, By, respectively.

Let us prove that the required locus is the quadrilateral CA;OB;. Consider an arbitrary internal
point of the quadrilateral; without loss of generality, we will consider it an internal point of the triangle
CB,0. Lets draw some line [ through P and assume that it does not intersect C'O. Then it intersects
the segments OBy, C'B;. Let [ intersect B;C at point T. Then the ray TP is internal to the angle B;TO,
and the ray TO intersects the side AB of the original triangle — and therefore the ray T'P also intersects
it. So, any internal point of the quadrilateral C'A;OBj is included in the desired locus.

Now let’s consider points outside the mentioned quadrilateral and show that they do not have the
property required for the desired locus. For external points of triangle ABC' this is quite obvious (for
example, a straight line passing through a given external point parallel to one of the sides of AABC
is suitable), for internal points of triangle AOB its obvious, too (it is enough to draw a straight line
through this point parallel to AB). There are two triangles left — AOB; and BOA;. Let’s consider the
first of them (the second one is considered similarly). So, let P be the internal point of AAOB;. Lets
draw a line PK, where K is an arbitrary point of the segment BO that is different from its ends: such
a line will not intersect either C'O or AB.

Q.E.D.

s .
So, we need to calculate ZSH92L with A5 L B

SaBc

1 : )
e = 3 Bo = 3. Using Menelaus’s theorem, we get

_ — A0 _ 3 Ry
2948 . Ch =1, bA; = 3= 44, = ;- Finally,

Sca,08, _ ScaoB Saca —(1- Saosy CAr _
Sapc Saca,  Sasc Saca,” CB
A0 AB,, CA 3 1,2 5

(1 AAl'Ac) CB:(_4 2)3 12

Criteria:

e the participant correctly understood the task’s formulation, correctly determined the ratio of the
segments on the sides of the triangle — 1 point;

e the quadrilateral C'’A;OB; is considered to be the required locus — 1 point;
e it is proved that the quadrilateral C'A;OB; is the required locus — 1 point;
e the required ratio is correctly calculated — 2 points;

e an arithmetic error was made, which led to an incorrect answer — minus 1 point.



Task 6.

1. Ecrb TouHble uariednble Bechl (Jamrku BMenaror Jio6oii 06bem), THpbKa BeCOM B 1 rpamm (n
— HATYpaJbHOE YHCJIO), MEITOK CaXapHOro Mecka W coBOoYeK. J[OTOJHUTENLHBIX éMKOCTell Her, B
Jalrke JBe KYYKH caxapa cpa3y cMemmBaioTcd. Haiiimre Bce m, J1d KOTOPBIX CYIIECTBYeT aJl-
TOPUTM, TO3BOJIAOIINI OTMEPUTDH M TpaMM caxapa Jjisg Ji00ro HaTypaabHoro m. Oupeaennre
MHUHHUMAaJIbHOE YHMCJI0 B3BeliuBaHuii qjist n = 1, m = 2023.

There are weighing scale (its cups can hold any volume), an n gram weight, a bag of granulated
sugar and a scoop. There are no additional containers; in a cup, two piles of sugar are immediately
mixed. Find all positive integers n such that we can obtain an m grams of sugar for an arbitrary
positive integer m. Determine the minimum number of weighings required for n = 1, m = 2023.

Answer: 11

2. Ectb TOUHBIE YalledHble Bechbl (YAITKW BMEIIAIT J0O0H 00heM), IMphbKa BeCOM B . rpaMm (n
— HATYDAJbHOE YUCJIO), MEIIOK CAXapHOro MecKa U COBOYeK. JIOMOJHUTE/NbHBIX EMKOCTell HeT, B
JaliKe JBe Ky4YKH caXapa cpa3y cMemnuBaioTcd. HaiinuTre Bce m, /I KOTOPBIX CYIMIECTBYET aJl-
rOPUTM, HO3BOJISIONIMIT OTMEPUTH M I'PAMM caxapa s Jb0ro narypaabuoro m. Oupegenure
MUHMMaJIbHOE YUCJIO B3BEIUBaHuii jyist n = 2, m = 2024.

There are weighing scale (its cups can hold any volume), an n gram weight, a bag of granulated
sugar and a scoop. There are no additional containers; in a cup, two piles of sugar are immediately
mixed. Find all positive integers n such that we can obtain an m grams of sugar for an arbitrary
positive integer m. Determine the minimum number of weighings required for n = 2, m = 2024.

Answer: 10

3. Ectb TOuHBIE YaliedHble Bechl (YAITKW BMEIIAIT J000H 00heM), IMphbKa BeCOM B . rpaMMm (n
— HATYDAJbHOE YUCJIO), MEIIOK CAXapHOro MecKa U COBOYeK. JIOMOJHUTENbHBIX EMKOCTell HeT, B
JallKe JBe KYUKH caxapa cpa3y cMmemuBaiorcd. Haiiiure Bce n, /1T KOTOPBIX CYIIECTBYET aJl-
rOPUTM, HO3BOJISIIONIMIT OTMEPUTH M IPaMM caxapa s Jb0ro Harypaabuoro m. Onpemgeaure
MUHHUMaJbHOE YHUCJI0 B3BemuBaHuit g n = 1, m = 199.

There are weighing scale (its cups can hold any volume), an n gram weight, a bag of granulated
sugar and a scoop. There are no additional containers; in a cup, two piles of sugar are immediately
mixed. Find all positive integers n such that we can obtain an m grams of sugar for an arbitrary
positive integer m. Determine the minimum number of weighings required for n = 1, m = 199.

Answer: 8

4. EcTb TOYHBIE YallledyHble BECHl (YAIIKH BMEIIAT JI000# 00beM), rHpbKa BECOM B 1 TpamMMm (n
— HATYDAJIBHOE YUCJIO), MEIIOK CAXapHOro MecKa W COBOYEK. JIOMOJHUTENbHBIX éMKOCTell HeT, B
Jalike jiBe Ky4KH caxapa cpaly cMmernuBaiorcs. Haiijure Bce n, Jijisi KOTOPBIX CYIIECTBYeT aJi-
rOPUTM, TMO3BOJISIIONINIT OTMEPHUTDH 1M IPaMM caxapa s Jb0oro Harypaabaoro m. Omnpegeaure
MUHUMaJbHOE YHUCJI0 B3BEIMMUBAHWN 1id n = 2, m = 198.

There are weighing scale (its cups can hold any volume), an n gram weight, a bag of granulated
sugar and a scoop. There are no additional containers; in a cup, two piles of sugar are immediately
mixed. Find all positive integers n such that we can obtain an m grams of sugar for an arbitrary
positive integer m. Determine the minimum number of weighings required for n = 2, m = 198.

Answer: 7

Solution (RUS). (mpeacrasmeno pemenne Bapuanta N1, octaapHbIe pemaoTest anaasornaao) [lycrs
k — KOM4ecTBO IpaMM caxapa Ha OJHOI M3 dJall BeCOB. 3a OJHO B3BEHIMBAHUE Mbl MOXKEM YJIBOUTHL k
(MOJIOKMB Ha JAPYTYIO 9allly BECOB CTOJIBKO YK€ caxapa, yPABHOBECHB YAIlN) HJIH PA3IeuTh k momnosam
(pa3ae/ B MMEONIYIOCsT KYUKY Ha JIBe paBHBIE MO Becy). VIMes JOTOJHUTENBHO MMPI0 MAacCoOi n TPaMM,



MbI MOZKEM 3a OJ[HO B3BEIUBAHUE HOJIy4uTh k + n win k — n rpamv. Coderass onucaHubie jieicTBus,
MOZKHO 3a OJIHO B3BellUBaHUE MOJYYUTh 2k + n uian 2k — n rpaMm.

Jlokarkem WHIyKIMEH 10 m, 9T0 ¢ MOMOIIBIO rupu BecoM B . = 2! rpamwm (au1st siro6oro nestoro ¢ > 0)
MOZKHO B3BECHTbH 77 TPAMM JIJIsl JTI0OOTO HATYDPAJIBHOTO M.
Baza unnyknnu (m = 1):
28 =2t 5 520 =1

[IycTh MBI MOXKeM B3BeCHTH k TpamMm caxapa. 1or/a HOCTPOUM CJIeAYIONLYIO TOC/Ie/I0BATE/IbHOCTD Olle-
paruit jiis nmoydenust k 4+ 1 rpamm caxapa:

E—2k—2%k— - =2k 2%+ 28 52 k427 5o sk

(morpebosasock 2t + 1 B3BermmBaHmii )
Joka3zano.

Tenepb jl0KazkeM, 4TO Jjisd pounx 1 (He paBHbIX 2! HEM JUIs KAKOTO I1€JI0r0 HEOTPUIATEIBHOIO 1)
HEBO3MOXKHO TIOJIyIuTh 1 rpamum caxapa. /leficTBUTE/IbHO, IIYCTh N KPATHO HEKOTOPOMY TTPOCTOMY P # 2,
TOTJIa U YMHOYKEHUE Ha 2, U JIeJIeHue Ha 2, U TPUOABJIEHNE 1 OCTABJISIET B3BEITNBAEMOE KOJTMIECTBO IPAMM
caxapa KpaTHBIM P, B TO BpeMd KakK 1, 0O4eBHJHO, HE KPATHO P.

2023 =2-10114+1=2-(2-5054+1)+1=2-(2-(2-2524+1)+1)+1=2-(2-(2-2- 126+ 1)+ 1)+1=---
e=2-(2-(2-2-2-(2-2-2-2-2:2-1-1)+1)+1)+1
— 3/1eChb KOJIMYECTBO YMHOYKeHUI Ha 2 paBHO KOJIMYECTBY B3BelnBaHuil, T.e. 11 B3BemmuBanuit xsaTut:

0—-1—3—7—15—31 =63 — 127 — 253 — 506 — 1012 — 2023

[Tokazkem, uro 10 B3BemmBaHuil Bcerja HeJa0CTaTOYHO. /ljIst 9TOTO CcHAYa/Ia 3aMEeTUM, YTO B YCJIOBUIX
3aJa4di, uMed T'Mpro B 1 'paMM U KYYKY B k I'paMM CaXapa, 3a OAHO B3BEIIUBaHUE Mbl MOKEM ITOJIYIYUTh
ue 6osiee 2k + n rpamm caxapa. Torga HamOoIbIING BO3MOXKHBIM BeC, KOTOPBI MOXKHO OTMepHTDb 3a 10
B3BEIINBAHWI, paBeH

0—-1—-3—-7—15—31 —63 — 127 — 255 — 511 — 1023

rpaMMa.

Kpurepuu oneHuBaHudg:
e npusesena uged, 9ro n = 2° — 1 dawr;
e Jl0Ka3aHo, 4To 1pu 1 # 2! ycjioBue He BoinoaHdgeTca — 2 Gajia;
e IIpHUBejieHAa BepHas OIeHKa KOJMYeCTBa B3BelmuBaHuit — 1 6as;
® IIPUBEJICH NMPUMEP C HY’KHBIM KOJTUYECTBOM B3BeluBanuii — 1 6aJur;

® JIOIYIIEHbl HE3HAYUTEIbHbIE ONUOKHU, He IMOBJIUIBIINE HA XOJ, paccy)jaeHunit — munyc 1 daJsi.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let k
be the number of grams of sugar on one of the cups. During one weighing we can double k (putting the
same amount of sugar on the other cup of the scale, balancing the cups) or divide k in half (dividing the
existing cup into two equally weighting ones). Having an additional weight of n grams, we can obtain
k 4+ n or k —n grams in one weighing. By combining the described actions we can obtain 2k + n or



2k — n grams in one weighing.

Lets prove by induction on m, that we can obtain m grams (for any positive integer m) using
additional weight of n = 2! grams for any non-negative integer ¢.
Base of induction (m = 1):
2t ot 5. 520 =

Consider we succeeded to obtain k£ grams of sugar. Then we can use the following sequence of weighings
to obtain k + 1 grams of sugar:

E—2k—2%k— - =2k 2%+ 28 52 k427 o sk

(total of 2¢ + 1 weighings)
Q.E.D.

Now lets prove that for other n (not equal to 2' for any non-negative integer t) it is impossible to
obtain 1 grams of sugar. Indeed, let n be a multiple of some prime p # 2, then multiplying by 2, or
dividing by 2, or adding n leaves the weighed amount of grams a multiple of p, while 1 is obviously not
a multiple of p.

2023 =2-101141 =2-(2-505+1)+1 =2-(2-(2:2524+1)+1)+1=2-(2-(2-2-126+1) +1)+1 = -- -

Ce=2.(2(2:2-2-(2:2:2:2:2.2.1 1)+ 1)+ 1)+ 1

— here the number of multiplications by 2 is equal to the number of weightings, thus 11 of them is
enough to obtain 2023 grams of sugar:

0—-1—-3—7—15—31 — 63 — 127 — 253 — 506 — 1012 — 2023

Lets prove that 10 weighings are never enough for it. To do that, first note that while having a weight of
n grams and a pile of k£ grams of sugar, we can obtain at most 2k +n grams of sugar with one weighing.
Then the largest possible weight that can be obtained with 10 weighings is

0—-1—-3—-7—15—31 —63 — 127 — 255 — 511 — 1023

grams.

Criteria:
e the idea is given that n = 2! — 1 point;
e it is proven that for n # 2! the conditions are not satisfied — 2 points;
e shown the correct estimate of the number of weighings — 1 point;
e an example is given with the required number of weighings — 1 point;

e minor errors were made that did not affect the course of reasoning — minus 1 point.



