7" degree

Task 1.

1. Xpomast Jajbs (MOKET MepeJBUrAThCsI 0 TOPU3OHTAN WM BEPTUKAH, HO TOJBKO HA OJHY KJIeT-
Ky 32 XOJI), HAXO/SICh B YE€PHOI KJI€TKe, MTHOBEHHO MEPEKPAIIHBAET BCE COCETHUE Desble KIeTKH
B Kpacublii 1Ber. Kakoe HanboJibiiiee 4uc/0 KJA€TOK OECKOHEYHOM MIaXMaTHON JIOCKU MOYKHO Iie-
peKpacuTh B KpacHbI 1BeT, caenaB 40 x0moB Xpomoii jaabeii? V3HauaabpHO XpoMast JIadbs HaXo-
JMaach B 0eJIoll KJIeTKe.

A lame rook (can move horizontally or vertically, but only one square per move), being in a black
cell, instantly repaints all adjacent white cells into red color. What is the largest number of squares
on an infinite chessboard that can be repainted with red by making 40 moves with a lame rook?
Initially, the lame rook was in a white square.

Answer: 61

2. Xpomast 1a/ibs (MOZXKeT IepeIBUraThCs 10 TOPU3OHTAJIU WM BEPTUKAJIH, HO TOJBKO HA OJIHY KJIeT-
Ky 32 XOJ1), HAXO/SCh B YEPHOM KJIETKe, MI'HOBEHHO LEPEKPALIUBACT BCE COCEHUE DeJible KJIeTKH
B Kpacublii 1BeT. Kakoe HanboJibiliee 4UC/I0 KJAETOK OECKOHEYHOH MIaXMaTHON JIOCKU MOYKHO Iie-
peKpacuTh B KpacHbI 1BeT, caenaB 50 X0mM0B Xpomoii jaabeii? V3HauaabpHO XpoMast JIaabs HaXo-
JUIaCh B 0eJI0ll KJIeTKe.

A lame rook (can move horizontally or vertically, but only one square per move), being in a black
cell, instantly repaints all adjacent white cells into red color. What is the largest number of squares
on an infinite chessboard that can be repainted with red by making 50 moves with a lame rook?
Initially, the lame rook was in a white square.

Answer: 76

3. Xpomast 1a/ibst (MOXKeT MepeBUraThCs 10 TOPU3OHTAJIU WM BEPTUKAJIH, HO TOJBKO HA OJIHY KJIEeT-
Ky 32 XOJ1), HAXO/SICh B YEPHOI KJIETKe, MI'HOBEHHO HEPEKPAIIUBACT BCE COCEHUE De/Ible KJIeTKH
B Kpacublii 1BeT. Kakoe HanboJibIiee 4UCI0 KJAETOK OECKOHEYHOH MIaxXMaTHON JIOCKU MOYKHO Iie-
peKpacuTh B KpacHBIi 1BeT, caesiaB 45 X010B XpoMoit J1aabeit? VM3HavaabHO XpoMast J1adbsT HAX0-
JujIach B O€JION KJIeTKe.

A lame rook (can move horizontally or vertically, but only one square per move), being in a black
cell, instantly repaints all adjacent white cells into red color. What is the largest number of squares
on an infinite chessboard that can be repainted with red by making 45 moves with a lame rook?
Initially, the lame rook was in a white square.

Answer: 70

4. Xpomast 1a/ibst (MOZKeT MepeIBUTaThCs MO0 TOPU3OHTAIN WJIH BEPTUKAIH, HO TOJTHKO HA OJHY KJIeT-
Ky 3a XO/J[), HAXO/ISCh B Y€PHOM KJIETKe, MTHOBEHHO HEePEKPAIMBACT BCe COCeHue Gesible KIeTKH
B Kpacublii 11BeT. Kakoe HanboJibIiee 4uCI0 KJAETOK OECKOHEYHOH MIaxXMaTHON JIOCKU MOYKHO Tie-
peKpacuTh B KPaCHBIi IIBET, caejaB H7 X0I0B XpoMoii Jaabeit? VM3HavaabHO XpoMast J1adbsT HAX0-
JTujIach B O€JION KJIeTKe.

A lame rook (can move horizontally or vertically, but only one square per move), being in a black
cell, instantly repaints all adjacent white cells into red color. What is the largest number of squares



on an infinite chessboard that can be repainted with red by making 57 moves with a lame rook?
Initially, the lame rook was in a white square.

Answer: 88

Solution (RUS). (npeicrabiieno pemenne Bapuanta N1, ocranbHble pemarrces anaaoradno) Cre-
Js1aB 40 x010B u3 6e/10it KJIeTK, XpoMas JiaJibsd 1oobiBaeT Ha 20 YepHbIX KJIETKAX, KazK/IbIM XOJ0M MEHSIs
[BeT KJIETKH, HAa KOTOPOil cronT. Kaxkjas depHas KjaeTKa W3HAYAIbHO OKpPYzKeHa 4-Msi OesIbIMH, HO Ta
GeJiast, W3 KOTOPOIii J1a/bs TIONAIa B OYE€PeHYI0 YePHYIO, YIKe TepeKpaliena (3a NCKII0YeHneM Havdalb-
HOW KJIETKH) — 3HAYUT, KaXKBIM XOJOM B YEPHYIO KJIEeTKY (3a HCK/IIOYEHHEM MEPBOrO) XPOMasl JIa Ibsl
MOZKET IepeKpacuTh He OoJiee 3-X OeIbIX KIeTOK.
HTax, KommdaecTBO OEBIX KJIETOK, KOTOPBIE MOXKET ePeKPACUTD JIa lbs, He TpeBbItnaeT 4+19-3 = 61.
Takoro Ko/jimdyecTBa MOYKHO JIOOUTHCS, €CJIM HE MEHSTH HAIlPABJIECHUE JIBUZKEHUS JIA/IbU.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) After
making 40 moves from a white square, the lame rook will visit 20 black squares, switching its cell’s color
each move. Each black cell is initially surrounded by 4 white ones, but the white one from which the
rook got into the next black one has already been repainted (except for the initial square), which means
that with each move to a black cell (except for the first one) a lame rook can repaint no more than 3
white cells.

So, the number of white cells that the rook can repaint does not exceed 4+ 19-3 = 61. This amount
can be achieved if you do not change the direction of the rook’s movement.

Task 2.

1. Cerb aBTOOYCHBIX MapHIpyTOB ropoja VHHOMOINCA yCTPOEHA TaK:

e 0011ee KOJIMYECTBO aBTOOYCHBIX OCTAHOBOK B IOpojie — 9 MITYK, U JIIOObIe JIBé U3 HUX COEJIU-
HEHbI JIOPOroii;

® Ha Ka}K,[LOM MapmpyTe ,Z[OII)KHBI 6BITI) pOBHO 3 OCTAaHOBKHA (BKJIIO“I&H HavdaJIO " KOHeH MaleI—
pyTa);

e J1100BIe JIBa aBTOOYCHBIX MapIIpyTa UMEIOT JITOO OHY OOIIYI0 OCTAHOBKY, JIHOO HHU OJTHOM.

Kakoe HauboJibIee KOJUIeCTBO aBTOOYCHBIX MapIIPpYTOB MOXKET UMeTh ropoj, Vuuomouc?

The bus routes web in the town of Innopolis is built as follows:

e the total number of bus stops in the town is 9 with any two of them connected with a road;
e cach route must have exactly 3 stops (including the beginning and end of the route);

e any two bus routes have either one common stop or none.

What is the largest number of bus routes the town of Innopolis can have?

Answer: 12
2. Cerb aBTOOYCHBIX MapIUIPYTOB ropojga VHHOIOMMCA yCTPOEeHA TaK:

e 00TIee KOJTMYIECTBO aBTOOYCHBIX OCTAHOBOK B TOpO/e — 9 MTYK, U JIIOObIe JBe U3 HUX COe/H-
HEHbI JIOPOroii;

® Ha Ka}K,ZLOM MalepyTe ,Z[OII)KHBI 6BITI) pOBHO 4 OCTAaHOBKHA (BKJIIO“I&H Ha4daJIO " KOHeH MaleI—
pyTa);



e JjifoOble JiBa aBTOOYCHBIX MapHIpyTa UMEIOT JinO0 O/HY ODIILYIO OCTAHOBKY, JIMOO HU OJHOII.

Kakoe HanboJibIee KOJUIECTBO aBTOOYCHBIX MapIIPpYTOB MOXKET UMeTh ropoj VuHomouc?

The bus routes web in the town of Innopolis is built as follows:

e the total number of bus stops in the town is 9 with any two of them connected with a road;
e cach route must have exactly 4 stops (including the beginning and end of the route);

e any two bus routes have either one common stop or none.

What is the largest number of bus routes the town of Innopolis can have?

Answer: 3
3. CeTb aBTOOYCHBIX MapIIPYTOB ropoja VHHOIOMNCA yCTpOeHa TaK:

e 00I1Iee KOJIMYECTBO aBTOOYCHBIX OCTAHOBOK B Topojie — 10 mTyK, u Jo0ble JBe U3 HUX COE/IH-
HEHBI JIOPOTOM;

® Ha Ka}K,ILOM MapmpyTe ,H‘OII}KHBI 6bITb pOBHO 3 OCTAaHOBKHA (BKJHO“I&SI HavyaJIO " KOHeH Mapm—
pyTa);

e J1100BIe JIBa aBTOOYCHBIX MapUIpyTa UMEIOT JIT0O O/HY OOIIYI0 OCTAHOBKY, JIHOO HHU OJTHOM.

Kaxkoe naunbosibiiiee KOJTm4IecTBO aBTOOYCHBIX MAPIIPYTOB MOXKET nMeTh ropo, uuomommuc?

The bus routes web in the town of Innopolis is built as follows:

e the total number of bus stops in the town is 10 with any two of them connected with a road;
e cach route must have exactly 3 stops (including the beginning and end of the route);

e any two bus routes have either one common stop or none.

What is the largest number of bus routes the town of Innopolis can have?

Answer: 13
4. Cerh aBTOOYCHBIX MapIHIpyToB ropojga VHHOMOINCA yCTPOEeHA TaK:

e 001ee KOJIMYEeCTBO aBTOOYCHBIX OCTAHOBOK B ropojie — 12 mryK, u Jio0ble JiBe U3 HUX COe/IU-
HEHbI JIOPOroii;

® Ha Ka}K,ZLOM MapLprTe ,HOII}KHBI 6bITb pOBHO 4 OCTAaHOBKHA (BKJIIO“I&H Ha4vaJIO " KOHeH Mapm—
pyTa);

e JII00bIe JIBa aBTOOYCHBIX MapIIpyTa UMEIOT JIM0O OJIHY OOILYI0 OCTAHOBKY, JIMOO HHU OJHOMN.

Kakoe naubouibiiiee Komm4aecTBo aBTOOYCHBIX MApPHIPYTOB MOXKET UMeTh ropo, uuomommc?

The bus routes web in the town of Innopolis is built as follows:

e the total number of bus stops in the town is 12 with any two of them connected with a road;
e cach route must have exactly 4 stops (including the beginning and end of the route);

e any two bus routes have either one common stop or none.



What is the largest number of bus routes the town of Innopolis can have?

Answer: 9

Solution (RUS). (npeicrabiieno pemenne Bapuanta N1, ocraabHble DEIIAIOTCS AHATOTHIHO) «3a-
dukrcupyems» aBToOycHYI0 ocTaHOBKY X — omuy u3 9-u. Kpome Hee, B Topojie ecTh ere 8 0OCTAaHOBOK, U HA
KazKJIOM aBTOOYCHOM MapIIpyTe, IPOXOAsIiieM depe3 X, ecTh elle 2 OCTAaHOBKHU, IPUIEM STH MaPIIPYThI
HE MOT'YT HMeTh JPYTUX OOIIMX OCTAHOBOK, KpoMme X — 3HAYMT, TAKWX MapIIpyToB He Oojee 8 : 2 = 4.

Temepnr 3aHyMepyem aBTOOycHBIe ocTaHOBKKM uncaamu or 1 go 9. Ilycrs B MuHOMOMMCE BCero n
aBTOOYCHBIX MAapIIPYTOB, U3 HUX 77 HMPOXOJIAT Yepe3 OCTAaHOBKY 1, ny — uepe3 ocTaHoBKY 2, n T.7. Ha
KazKJIOM MapIipyTe 3 OCTAHOBKH — 3HAYUT, N + Ng + « -+ + Ng = 3n, npu 3roM n; < 4 11d 1100010 1
corJacHo Aokaszannomy Bbimie. CienoBaresnbno, 3n < 4 -9, orkymga n < 12.

[Tokazkem, kak npoBectu 12 MapimpyToB (nmudpbl 0603HAYAIOT HOMEDA OCTAHOBOK, & TPEX3HAYHbIE
qncsa — aBTobycHble MapmpyThi): 123, 456, 789, 147, 258, 369, 249, 168, 267, 348, 159, 357.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Lets
«fix» bus stop X —one of the 9. In addition to it, there are 8 more bus stops in the city, and on each bus
route passing through X, there are 2 more stops, and these routes cannot have other stops in common
except X — therefore, there are no more than 8 : 2 = 4 such routes.

Now let’s enumerate the bus stops with numbers from 1 to 9. Let there be only n bus routes in
Innopolis, of which n; go through stop 1, ny go through stop 2, etc. There are 3 stops on each route —
by that, ny +ng + - - - +ng = 3n, while n; < 4 for any ¢ according to what was proven above. Therefore,
3n <4-9, thus n < 12.

Finally, lets show how to establish the 12 routes (digits indicate bus stops, and three-digit numbers
indicate bus routes): 123, 456, 789, 147, 258, 369, 249, 168, 267, 348, 159, 357.

Task 3.
1. JJan nabop u3 10 namouek mmuust 1,2,3,...,10 (mo ogHOll mamouke Kaxkaoii 1auHbl). CKOJIbKIMA

CIocobaMu MOYKHO COCTABUTH M3 TUX MAJOUEK TPEYTrOJbHUK?

Given a set of 10 sticks of lengths 1,2,3,...,10 (one stick of each length). How many ways are
there to form a triangle from these sticks?

Answer: 50
2. Jlan Habop u3 12 namouek jymus 1,2,3, ..., 12 (110 ogHo#l nasouke Kazxk o0l aauHbl). CKOJTBKUMH

CIIOCOOAMHI MOYKHO COCTABHTD U3 3TUX MAJIOUEK TpGYFOJIbHI/IK?

Given a set of 12 sticks of lengths 1,2,3,...,12 (one stick of each length). How many ways are
there to form a triangle from these sticks?

Answer: 95
3. lan Habop u3 14 nanouek jumubt 1,2,3, ..., 14 (110 oguoit nasouke Kax1oil aiunbl). CKOJIbKHME

CIIOCO0aMU MOYKHO COCTABUTH W3 HTUX MAJOUEK TPEYrOJhHUK?

Given a set of 14 sticks of lengths 1,2,3,...,14 (one stick of each length). How many ways are
there to form a triangle from these sticks?



Answer: 161

4. JTaun nabop u3 16 nanouex jymusbt 1,23, ..., 16 (0 oxHOli namouke Kazkaoi ayinabl). CKOTBKAME
crocob6aMu MOXKHO COCTaBHUTDb U3 TUX HAJTOUEK TPEYrOJTbHUK?!

Given a set of 16 sticks of lengths 1,2,3,...,16 (one stick of each length). How many ways are
there to form a triangle from these sticks?

Answer: 252

Solution (RUS). (npeacrapieno permenne papuanta N1, ocraibHble perarorest anagorndno) Ilycthb
1 <a<b<ec<10 - croponsl TpeyroabHUKa. YTOOBI 3TOT TPEYTOIBHUK CYIMIECTBOBAJ W OBLT HEBBI-
POXKJIEHHBIM, TpeOyeTcsl BBHITIOTHEHUE HEPABEHCTBA TPEYTOJbHUKA, MPUUEM JOCTATOYHO COOTIOCTH €ro
TOJIBKO JIjIst HauboIbImei cToponbl: ¢ < a + b. Takzke oueBHIHO, YTO ¢ > 4: AefiCTBUTEIBHO, eCJIi ¢ = 3,
TO0 @ = 1, b = 2 ¥ TPeyroJIbHUK IOy YaeTCsl BBIPOZKIEHHBIM (BCE €10 BePIHHBI JIEXKAT HA OJHOMN MPsIMOii),
a PO MEHBIITHe ¢ U CKa3aTh HEYero.

[Ipu KazxKma0M ¢ 9HCI0 @ MOYKeT MeHATbcd or 1 710 b — 1, mpum 3tom a > ¢ — b U3 HepaBeHCTBa
TPeyroJbHUKA — 3HAYUT, ¢ TPUHAMAET BCe HATYpaJbHble 3HAUYeHUsd OT ¢ — b+ 1 10 b — 1 BKIIOYHTETHHO
—urorob—1—(c—b+1)+1=2b— c— 1 3ua4enni.

Yucsio b 10/kH0 ObITH TakKuM, 4T0ObI 20 — ¢ — 1 ObLI0 HEeOTpUNATE/BHBIM, T.K. b > a+1>c—b+ 1 —
a smaunt, < <b<c—1.
SHAYNUT, KOJIUIECTBO TPEYTOJHbHUKOB, KOTOPble MOYKHO COCTABUTb W3 JAHHBIX B YCJIOBUU TATOYEK

IIpu (bI/IKCI/IpOBaHHOM C, paBHO
c—1

S, = Z (Qb—c—l)

b>(ct+1)/2

Ecimu ¢ = 2k (719 HeKOTOPOro HATYpaIbHOrO k), TO 9Ta CyMMa paBHA

2k—1 2k—1 2k—1

SC:Z(2b—2k—1):22b—(2k+1)21:(l€—1)2:%L(c—2)2

k41 k41 k41
Eciin xe ¢ — Hedernoe, t.e. ¢ = 2k — 1 Jijis1 HEKOTOPOTO HATYPAJBHOTO K, TO MOJIYUYUM CYMMY

2k—2 2k—2 2k—2

S, — Z(Qb—Qk:):226—2k21:(k—1)(k—2):i(c—l)(c—?))

k

Ocrasioch moAcIuTaTh COOTBETCTBYOMUE CyMMbI i ¢ = 4,5, ..., 10 u cJIoKuTH ux:
10
E S. =50
c=4

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let
1 <a < b<c<10 be the sides of the triangle. For this triangle to exist and be non-degenerate, the
triangle inequality must be satisfied, and it is enough to satisfy it only for the largest side: ¢ < a+b. It
is also obvious that ¢ > 4: indeed, if ¢ = 3, then a = 1, b = 2 and the triangle turns out to be degenerate
(all its vertices lie on the same line), and there is nothing to say about smaller c.

For each ¢, the number a can change from 1 to b — 1, while a > ¢ — b from the triangle inequality
means a takes all positive integer values from ¢—b+1 up to b—1 —total of b—1—(c—b+1)+1 = 2b—c—1
values.

The number b must be such that 2b — ¢ — 1 is non-negative, because b > a+1 > ¢ — b+ 1 — which
means % <b<c-—1.



By that, the number of triangles that can be formed from the task’s formulation for a fixed c is

equal to
c—1

Se= Y. (2b-c—1)

b>(c+1)/2

If ¢ = 2k (for some positive integer k), then this sum is equal to

2k—1 2k—1 2k—1 1
Se=> (2b=2k—1)=2> " b—(2k+1)) 1= (k—1) 4(0—2)2
k+1 k+1 k+1

If cis odd, i.e. ¢ = 2k — 1 for some positive integer k, then we get the sum

2k—2 2k—2
1
S, = Z(Qb—% —226—%21— —D(k=2) = J(c—1)(c—3)
It remains to calculate the corresponding sums for ¢ =4,5,...,10 and add them up:
10
> S5.=50
c=4

Task 4.

1. B xonauTepckoii ecth HAOOPHI MUPOXKHBIX 1O 1,2,3,4,5 mTyK B KopobOKe. [lokymaTenb, maruro-
JIOBBIT ISATUPYK, XO4eT KyIHUTh 5 KOPOOOK (110 OHOI B KazK/JAyIO PYKY) Tak, 4To0bl 00IIee 4uc/io
IUPOZKHBIX JIEJNJIOCH HA 5 (MOpOBHY KaxKk/0ii rosioBe). CKOJBKUME CIIOCOOAMH OH CMOXKET 3TO
C,[LeﬂaTb? BCG MMUPOXKHBIE OJJNHAKOBBIE, Ha60pbl C OAMHAKOBBIM KOJUYECTBOM IMHUPOKHBIX CIUTAEM
HEPA3JIMIUMbIMH, KaKJIbIii HAOOp B KOHJIUTEPCKOH MMeeTcs KaK MUHUMYM B 5 SK3eMILIApax, H
HEBayKHO, KaKOil HaDOp B KAKOH pPyKe HAXOIUTCH.

The bakery has sets of cakes for 1,2,3,4,5 pieces per box. The five-headed five-handed buyer
wants to buy 5 boxes (one for each hand) such that the total number of cakes in them is divisible
by 5 (equally for each head). How many ways there are for the buyer to do this? All cakes are
the same; boxes with the same number of cakes are indistinguishable; each box in the bakery is
available in at least 5 copies, and it doesn’t matter which box which hand holds.

Answer: 26

2. B konguTepckoii ecTh HAOOPHI MUPOXKHBIX 10 1,2, 3,4, 5 mTyK B Kopodke. Ilokynaresn, mecturo-
JIOBBIIl MATUPYK, XOUeT KYIUTh 5 KOPOOOK (10 OIHOM B KAXKIYIO PYKY) Tak, 4TOObI 00IIee IUCI0
IUPOZKHBIX JIEJUI0Ch Ha 6 (1opoBHY Kaxk10ii rosiose). CKOJBKHME CIOCODAMH OH CMOXKET 3TO
C,ZLeJ’IaTb? BCG IMAPOZKHBIE OJNHAKOBBIE, Ha60pbl C OAMHAKOBBIM KOJIMYECTBOM IIUPOZKHBIX CUUTAECM
HEPA3JIMIUMbIMH, KaXKJIbIii HAOOP B KOHJIUTEPCKOW MMeeTcss KaK MUHUMYM B O 9K3eMILISApax, W
HEBayKHO, KAKOil HaDOp B KAKOH pPyKe HAaXOHUTCH.

The bakery has sets of cakes for 1,2, 3,4, 5 pieces per box. The six-headed five-handed buyer wants
to buy 5 boxes (one for each hand) such that the total number of cakes in them is divisible by 6
(equally for each head). How many ways there are for the buyer to do this? All cakes are the same;
boxes with the same number of cakes are indistinguishable; each box in the bakery is available in
at least 5 copies, and it doesn’t matter which box which hand holds.

Answer: 20



3. B konjurepckoit ectb Habopbl nupokHbIX 110 1,2,3,4,5 mryk B kopoOke. ITokynaresb, cemuro-
JIOBBIT IATUPYK, X04eT KyIHUTh 5 KOPOOOK (110 OHOM B KazK/IAyI0 PYKY) Tak, 4To0bl 00IIee 4uc/io
MUPOYKHBIX JIEJNJIOCH Ha 7 (MOPOBHY KaxKkoii rosioBe). CKOJBKUME CIIOCOOAMH OH CMOXKET 3TO
caenath? Bce mupoKHbIe 0JMHAKOBBIE, HADOPHI ¢ OJMHAKOBBIM KOJIUYIECTBOM MUPOYKHBIX CAUTAEM
HEPA3JIMIUMbIMH, KaKIbIii HAOOp B KOHJIUTEPCKOH MMeeTcs KaK MUHHMYM B 5 SK3eMILIApax, H
HeBayKHO, KaKoil HADOp B KaKOil pyKe HaXOIUTCS.

The bakery has sets of cakes for 1,2,3,4,5 pieces per box. The seven-headed five-handed buyer
wants to buy 5 boxes (one for each hand) such that the total number of cakes in them is divisible
by 7 (equally for each head). How many ways there are for the buyer to do this? All cakes are
the same; boxes with the same number of cakes are indistinguishable; each box in the bakery is
available in at least 5 copies, and it doesn’t matter which box which hand holds.

Answer: 18

4. B konjurepckoii ectb HaOOPbI MUPOXKHBIX 110 1,2, 3,4, 5 mryK B KOpoOke. [Tokynare/ib, BOCbMUIO-
JIOBBIIl MATUPYK, XOUeT KYNHUTh 5 KOPOOOK (10 OIHOI B KazKIAyI0 PYKY) Tak, 4ToObI 00IIee 4uc/aio
MMUPOYKHBIX JIEJINJIOCH Ha 8 (TMOpOBHY KarKk0ii rosioBe). CKOJBKUME CIOCOOAMH OH CMOYKET 3TO
crenaTh? Bee mupokHble 0IMHAKOBBIE, HAOOPHI C OJIMHAKOBBLIM KOJTMYECTBOM MUPOXKHBIX CUATAEM
HePa3TNINMBIMU, KaXKIblii HA0Op B KOHIUTEPCKON MMeeTcs KaK MUHUMYM B 5 9K3eMILISApPAX, U
HEBAYKHO, KaKOi HADOp B KAKON pyKe HAaXOJUTCH.

The bakery has sets of cakes for 1,2,3,4,5 pieces per box. The eight-headed five-handed buyer
wants to buy 5 boxes (one for each hand) such that the total number of cakes in them is divisible
by 8 (equally for each head). How many ways there are for the buyer to do this? All cakes are
the same; boxes with the same number of cakes are indistinguishable; each box in the bakery is
available in at least 5 copies, and it doesn’t matter which box which hand holds.

Answer: 15

Solution (RUS). (mpeacrasieno pemmenne Bapuanta Nel, octaibHble pemarorces anasoraano) O6-
1Iee KOJMYECTBO IIUPOZKHBIX, KOTOPbIE MOXKET KYIHTh IS TUIOJIOBbI USITUPYK, He MeHbIne 5 (5 Habopos
o 1 mr.) u me Gosbite 25 (5 Habopos 1o 5 mt.). YTo6bl 9TO UUCAO JETHIOCH HA 5, OHO JOJIKHO PaB-
HaThesa n = 5,10, 15,20 wim 25. Tlogcunraem KoJM4ecTBO CIIOCOOOB HAOPATH COOTBETCTBYIOIIEE THCJIO
MUPOXKHBIX, KynuB 5 Habopos. g yaoberBa (1 9m06bl GBLIO SICHO, YTO Mbl HUYErO He YILYCTUJIU) YIo-
PSLIOYNM COJIepKaHusi HabOPOB 110 BO3PACTAHUIO (Jsl KasKJIO0r0 n) KOJIUYIECTB MUPOXKHBIX B KOPOOKAX:

e n=>51+1+1+1+ (1 crocob);

e n=10:14+1+14+24+5=14+14+14+3+4=1+14+24+24+4=1+14+24+34+3 =1+2+2+24+3 =
2+2+2+42+2 (6 ciocoboB);

e n=1514+14+3+5+5=14+14+44+44+5=14+24+2454+5=14+243+44+5=1+2+4+4+4 =
1+3+3+3+5=1+3+3+4+4=2+2+2+4+4+5=2+4+2+3+3+5=2+2+3+4+4=
24+343+3+4=3+3+3+3+3 (12 crrocobos);

e n=20:14+44+5+5+5=24+3+5+5+5=2+4+4+5+5=3+3+4+5+5=3+4+4+4+5=
4+4+4+4+4 (6 cnocoboB);

e n=25:5+5+5+5+5 (1 crocod).

Uroro 1 +6+ 1246 4+ 1 = 26 cmocobos.



Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) The
total number of cakes that a five-headed five-handed customer can buy is not less than 5 (i.e. 5 sets of
1 piece) and not more than 25 (i.e. 5 sets of 5 pieces). For this number to be divisible by 5, it must
be equal to n = 5,10, 15,20 or 25. Let’s count the number of ways to get the corresponding number of
cakes by purchasing 5 sets. For convenience (and to make it clear that we have not missed anything),
we will order the numers of cakes of the sets in ascending order (for each n):

en=>51+1+1+1+ (1 way);

e n=10:14+14+14+24+5=14+14+1434+4=1+1+24244=14+14+24+3+3=14+24242+3 =
242424242 (6 ways);

e n=1514+1+34+5+5=1+14+4+445=14+242454+5=14+2+34+4+5=1+244+44+4 =
14+34+34+34+5=14+34+34+4+4=24+24+2+4+5=2+2+3+3+5=24+24+3+4+4=
2+34+34+3+4=3+3+3+3+3 (12 ways);

e n=20:14+44+5+5+5=24+34+54+54+5=2+4+44+54+5=34+3+4+5+5=34+4+4+4+5=
4+4+4+4+4 (6 ways);

e n=25:5+5+5+5+5 (1 way).

Thus, there are 1 +6 4+ 12 4+ 6 + 1 = 26 ways in total.

Task 5.

1. Jlromoem moiiMas IBYX MaTeMaTHKOB W CKa3aJl UM CJeIyIONee:

«3aBTpa f HAIIUILY Ha 3TOil J0CKe IOJHBIH KBapaT HATYypPaJIbHOTO YHCIA — HEKOTOpoe m?, IIoToM

IpUBeIy OJHOTO W3 BAC, W OH JONHUIIET CIPaBa CTOJHKO MOCJIEJIOBATENbHBIX KBAJApaToB (m +
1)%, (m+2)?, ..., ckonbKo 3axo4ueT, HO He MeHee 10. ITocse 3TOTO 9 yBeIy ero u MpuBeLy BTOPOTO:
OH PACCTaBUT MeZKJIy BBIITUCAHHBIMU KBaJ[paTaMy 3HaKU + u '—’ 10 cBoeMy ycMorpeHuto. Ecim
3HAYEHNUE TMOJIYyYUBIIErOCsl BhIPayKeHWsT OyJeT PaBHO HYJIO, s OTIYILY Bac OOOWX, a €CJIU HeT —

oboux cbeMm. Bpemenu Ha meperoBopbl s BaM He JlaM HU CErOJIHsI, HU 3aBTPa.»

CsmoryT Jim MaTeMaTUKHU CACTUCh He3aBucuMo oT 3uadenust m? ObocHyiiTe cBOil OTBeT.

The cannibal caught two mathematicians and told them the following:

«Tomorrow I will write on this board the complete square of a positive integer, i.e. some m?, then I
will bring one of you, and he will add to the right as many consecutive squares (m+1)2, (m+2)?, ...
as he wants, but not less than 10 of them. After that, I will take him away and bring in a second
one of you: he will place the signs "+’ and '—’ between the written squares at his discretion. If the
value of the resulting expression will be equal to zero, then I will let you both go, and if the value
will not be zero, then I will eat both of you. I won’t give you time for discussions either today or
tomorrow.»

Can mathematicians save themselves regardless of the number the cannibal writes down? Explain
your answer.

2. Jliomoen moitMas IBYX MaTeMaTHKOB M CKa3a UM CJIeTYIOIIee:

«3aBTpa f HAIIUILY Ha 3TOil J0CKe IOJHLIH KBaIpaT HATYypPaJIbHOTO YHCIa — HEKOTOpoe m?, IIoToM

IpUBEIy OMHOTO W3 BAC, W OH JONHUIIET CIPABa CTOJHKO MOCIEJIOBATENBHBIX KBAJApaToB (m +
1)%, (m+2)?, ..., ckonbko 3axo4ueT, HO He MeHee 30. [Tocse 3TOTO 9 yBeIy ero u MpuBeLy BTOPOTO:
OH PACCTaBUT MeZKJIy BBIITUCAHHBIMU KBaJ[paTaM# 3HaKU + u '—’ 10 cBoeMy ycMorpenuto. Ecim
3HAYEHNUE TMOJIYyYUBIIErOoCsl BhIPayKeHUsT OyJIeT PaBHO HYJIO, s OTIYILY Bac 0OOWX, & €CJIU HeT —

oboux cbeMm. Bpemenu Ha meperoBopbl s BaM He JJaM HU CErOJIHsI, HU 3aBTPa.»



CMmoryT Jin MaTeMATUKHU CHACTUCH He3aBucuMo oT 3uadenust m? Obocuyiite cBoil oTBeT.

The cannibal caught two mathematicians and told them the following:

«Tomorrow I will write on this board the complete square of a positive integer, i.e. some m?, then I
will bring one of you, and he will add to the right as many consecutive squares (m+1)2, (m+2)?, ...
as he wants, but not less than 30 of them. After that, I will take him away and bring in a second
one of you: he will place the signs "+’ and '—’ between the written squares at his discretion. If the
value of the resulting expression will be equal to zero, then I will let you both go, and if the value
will not be zero, then I will eat both of you. I won’t give you time for discussions either today or
tomorrow.»

Can mathematicians save themselves regardless of the number the cannibal writes down? Explain
your answer.

. JIropoea moiimalt IByX MaTeMaTUKOB U CKa3aJl UM CJIeLyIoIee:

«3aBTpa s HAIIUIIY Ha 9TOM J0CKe MOTHBIH KBaJpaT HATYyPAJLHOTO YHCJIa — HEKOTOpoe m2, IoToM
NPUBEJY OJHONO0 W3 Bac, W OH JOMHIIET CHPaBa CTOJBKO MOCJeJI0BATEIbHBIX KBAAPaToB (m -+
1)%, (m+2)2, ..., cKoJIbKO 3axo4er, HO He MeHee 17. Ilocsie 3TOro s yBeay ero u IpuBe/y BTOPOIO:
OH PacCTaBUT MeXK/Iy BBIITUCAHHBIMHU KBaJpaTaM# 3HaKd '+ u '—’ 1Mo cBoeMy ycMmorpeHuio. Ecom
3HAUEHHEe IMOJYUYUBIIErOCsd BBIpayKeHUsl OyAeT paBHO HYJO, s OTHYIILY Bac 0OOWX, a eCJU HeT —
oboux cbeMm. Bpemenu Ha 1eperoBopbl g BaM He JlaM HU CErOJiHsI, HU 3aBTPa.»

CMmoryT Jim MaTeMaTUKHU CHACTUCh He3aBucuMo oT 3uadenust m? ObocHyiiTe cBOil OTBeT.

The cannibal caught two mathematicians and told them the following:

«Tomorrow I will write on this board the complete square of a positive integer, i.e. some m?, then I
will bring one of you, and he will add to the right as many consecutive squares (m+1)2, (m+2)2, ...
as he wants, but not less than 17 of them. After that, I will take him away and bring in a second
one of you: he will place the signs "+’ and '—’ between the written squares at his discretion. If the
value of the resulting expression will be equal to zero, then I will let you both go, and if the value
will not be zero, then I will eat both of you. I won’t give you time for discussions either today or
tomorrow.»

Can mathematicians save themselves regardless of the number the cannibal writes down? Explain
your answer.

. JIrogoe moitmast IByX MaTeMaTHKOB U CKa3ajl UM CJIeIyIoIee:

«3aBTpa 5 HAIIUILY Ha 3TOH J0CKe IMOJHLIH KBAAPaT HATYPAJILHOTO YHCIa — HEKOTOpoe m?, moTom
NpUBEY OJHONO0 M3 Bac, W OH JOMHIET CIHpPaBa CTOJBKO MOCJIeJI0BATEIbHBIX KBAAPAaToB (m -+
1)2, (m+2)2, ..., cKoabKo 3axouer, Ho He Menee 20. [locsie 3TOro s yBeay ero u HpuBe/y BTOPOIO:
OH PAaCCTaBUT MeXK/Iy BBIITUCAHHBIMHU KBaJpaTaMH 3HaKd '+ u '—’ mo cBoeMy ycMmorpenuio. Ecom
3HAYEHUE IOJIYYUBIIErOCs BbIpayKeHus OyjeT paBHO HYJIIO, sI OTHYILy Bac OOOUX, a eCJiu HeT —
oboux cbeMm. Bpemenu Ha meperoBopbl g BaM He JlaM HU CErOJiHsI, HU 3aBTPa.»

CMmoryT Jim MaTeMaTUKHU CIACTUCh He3aBucuMo oT 3uadenust m? ObocHyiiTe cBOil OTBeT.

The cannibal caught two mathematicians and told them the following:

«Tomorrow I will write on this board the complete square of a positive integer, i.e. some m?, then I
will bring one of you, and he will add to the right as many consecutive squares (m+1)2, (m+2)2, ...
as he wants, but not less than 20 of them. After that, I will take him away and bring in a second
one of you: he will place the signs "+’ and '—’ between the written squares at his discretion. If the



value of the resulting expression will be equal to zero, then I will let you both go, and if the value
will not be zero, then I will eat both of you. I won’t give you time for discussions either today or
tomorrow.»

Can mathematicians save themselves regardless of the number the cannibal writes down? Explain
your answer.

Solution (RUS). (upescrasieno pemenne Bapuanta N1, ocrajibHbIe DENIAIOTCS AHAJIOTHIHO) 3a-
MeTHM, 4TO Jjid J11060ro n Bbinojaneno n® — (n + 1)? — (n + 2)? + (n + 3)? = 4. U3 sroro ciejyer, 4To
m?>—(m+1) = (m—+2)2+(m+3)?—(m+4)*+ (m+5)*+ (m+6)>— (m+7)? =0 s 106010 m.

Yro0BI CMACTUCH, MATEMATHKI MOTYT JIEfiCTBOBATH CJIEYIONIMM 00pAa30M: MEPBBIii JONMHUCHLIBALT, Ha-
npumep, 95 nocremoBaTenbHbIX KBaapaTos ((m + 1), (m + 2)%,..., (m + 95)?), a BTOpOii paccrapnger
3HAKHU Iepeji HUMU CJIeYIOIuM 00pa3oM: ———+—-—+-+—+ U T.J., HOBTOPsIsI YKA3aHHYIO [1OC/I€/I0BATE/ b
HOCTh BOCHMU 3HAKOB. Torjia nepsbie 8 ciiaraeMbixX JajIyT B cymMMe (), Kak U cjaeayionume 8 cjaraemMbix,
n T.J. — obmasi cymma Tak:ke oyaer pasHa (.

Kpurepuu orneHuBaHu4A:

® II0KA3aHO, YTO PA3HOCTHU TOC/IEI0BATEIbHBIX KBAIPATOB — MOC/IEI0BATEIbHbIE HEIETHBIEC TUC/IA —
1 6aJur;

® [I0Ka3aHO, YTO PA3HOCTHU IOC/IE/I0BATEIbHBIX KBa/IPATOB — IOC/I€/I0BATEIbHbIE HEUYeTHbIE YUCJIA,
HO 3HAKHN MeyKJIy KBaJpaTaMy PacCcTaBJeHbl HEBePHO — 2 0aJlia;

® JIOKA3aHO, YTO I'PYIIIBI TI0 8 MOCJIeI0BATEIHLHBIX KBAIPATOB MOTYT JaBaTh (), HO He YKa3aHBI 3HAKU
MezK/ly HUMU — 3 DaJuia;

® IIpPHUBEJICHO pelleHne g 8 KBaJApaToB, HO HE CKA3aHO MPO I'PYIILI 10 8, MuO0 JomyIneHa apud-
MeTHYeCKas OIMInOKa Ha IOCJIEIHEM dTalle perreHus — 4 Oaia;

e 3a/1aYa pellleHa IOJHOCTHIO BEPHO — 5 DAJLIOB.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Note
that for any n we have n? — (n +1)? — (n + 2)? + (n + 3)? = 4. By that, m*> — (m + 1)? — (m + 2)® +
(m+3)2—(m+4)?+(m+5)>*+(m+6)?—(m+7)%*=0 for any m.

To save themselves, mathematicians can act as follows: the first one adds, for example, 95 consecutive
squares ((m + 1)%,(m + 2)2,...,(m + 95)?), and the second one places the signs in front of them as
follows: ——+4—+4+—+, etc., repeating the specified sequence of eight signs. Then the first 8 terms will
add up to 0, as will the next 8 terms, etc. — the total sum will also be 0.

Criteria:
e it is shown that the differences of consecutive squares are consecutive odd numbers — 1 point;

e it is shown that the differences between consecutive squares are consecutive odd numbers, but the
signs between the squares are placed incorrectly — 2 points;

e it is proven that groups of 8 consecutive squares can give 0, but the signs between them are not
indicated — 3 points;

e the solution for 8 squares is given, but not indicated for many group of 8 squares, or an arithmetic
error was made at the last stage of the solution — 4 points;

e the solution is full and correct — 5 points.

Task 6.



1. Uropp, agMuHACTPATOP TeXHUIECKON mogmep:kkn BKoHTakTe, mOMOraer BOCCTaHABINBATH aKKa-
YHTBI IoJIb30BaTe el u IIOIIYTHO OTBEYa€T Ha UX BOIIPOCHI. Ba OJIHY MUHYTY I/II‘Opb MOZKeT CAeJIaTh
OJTHO M3 CJIEIYIOINAX AeCTBUIA:

® BOCCTAHOBHUTDH OJWH aKKaYHT, HO TOr'la €lle OAWH aKKayHT CJIOMaeTCd (BOSMO)KHO, TOT }Ke);
® BOCCTAHOBUTD JIBA AKKAYHTA — TOIJIA ITOABATCA HOBBIA BOIIPOC OT MOJIb30BATEJIL;
® OTBETUTH HA OJWH BOIIPOC ITOJB30BATENA — TOTMA MOABATCA JBA HOBBIX BOIIPOCA;
® BOCCTAHOBUTDL OAUH aKKayHT WU OTBETHTb Ha OJUH BOIPOC — TOI'Jd CJIOMAECTCAd OJUH aKKayHT

(BO3MOKHO, TOT 7Ke).

Nsznavasibno ObLH 1npodsiembl ¢ 10 akkayHTamMu noJib3oBateseit, 1 15 mojb3oBare/ieil Hanucaam B
TEeXIOAEPKKY cBOM Borpockl. Ecim ropio yjactes B KaKO#-TO MOMEHT CBECTH K HYJIIO W IPO-
OJleMBbl ¢ aKKayHTaMU, U KOJTMIECTBO BOIPOCOB MOJIb30BAaTesell, TO HOBBIX HPOOJIEM H BOIPOCOB
ceronug yxe He oymer. Cmoxker mu Urops 1o6uthbes storo? ObocHyiiTe cBO OTBET.

Igor, who is VKontakte technical support administrator, helps restore user accounts and answers
their questions along the way. In one minute, Igor can do one of the following actions:

e restore one account, but then another account will break (possibly the restored one);

restore two accounts — then a new question from the user will appear;

e answer one user question — then two new questions will appear;

restore one account and answer one question — then one account (possibly the restored one)
will break.

Initially, there were problems with 10 user accounts, and 15 users wrote to technical support
with their questions. If at some point Igor manages to reduce problems with accounts and the
number of user questions to zero, then there will be no new problems and questions today. Can
Igor manage to do that? Explain your answer.

2. Nrops, aamunucTpaTop Texuudeckoit mojaepkku BKonTakTe, momMoraer BoccTaHABINBATH aKKa-
YHTHBI moJIb30BaTesiell u IMOIIYTHO OTBEYa€T Ha UX BOIPOCHI. 3& OJHY MUHYTY I/IFOpb MOZKET CIeJIaTh
OJHO U3 CJICAYIONNX JIeHCTBUIA:

® BOCCTAHOBUTH OJIMH AKKAYHT, HO TOT/A eIlle OJMH aKKayHT CJIOMAaeTCs (BO3MOXKHO, TOT 7Ke);
® BOCCTAHOBUTH JIBA aKKAYHTA — TOT/Ia MOABUTCSI HOBBIM BOMPOC OT MOJIb30BATEIS;
® OTBETHUTHb Ha OAMH BOIPOC IOJIb30BAaTEJIA — TOAA IMOABATCA JIBa HOBBIX BOIIPOCA;
® BOCCTAHOBHUTDHL OAWH aKKayHT WU OTBETHUTH Ha OJWH BOIIPOC — TOI'Ja CJIOMaETCAd OAWH aKKayHT

(BO3MOZKHO, TOT %Ke).

Nznavaipio ObLIH MpobsieMbl ¢ 14 akkayHTaMu noJib3oBaTesieit, u 15 moap3oBaTesieil Hanucaan B
TeXIOAePKKY CBOHM Bompockl. Ecim Vropio yiactesa B KaKOil-TO MOMEHT CBECTH K HYJIIO M MPO-
OJIEMBI ¢ AKKayHTaMH, U KOJUYIECTBO BOIMPOCOB MOJTB30BATeNel, TO HOBBIX MPOOJEM U BOIPOCOB
cerogus yzxe He Oymer. Cmozker i rops goburbest aroro? ObocHyiiTe ¢BoOit OTBET.

Igor, who is VKontakte technical support administrator, helps restore user accounts and answers
their questions along the way. In one minute, Igor can do one of the following actions:

e restore one account, but then another account will break (possibly the restored one);

e restore two accounts — then a new question from the user will appear;

e answer one user question — then two new questions will appear;



e restore one account and answer one question — then one account (possibly the restored one)
will break.

Initially, there were problems with 14 user accounts, and 15 users wrote to technical support
with their questions. If at some point Igor manages to reduce problems with accounts and the
number of user questions to zero, then there will be no new problems and questions today. Can
[gor manage to do that? Explain your answer.

Urops, agmunucrpaTop Texuudeckoil mojaepkku BKonTakTe, momMoraer BoccTaHaBINBATH aKKa-
YHTHBI moJIb30BaTesieil u TMMOIIYTHO OTBEYa€T Ha UX BOIPOCHI. 3& OJHY MUHYTY I/IFOpb MOZKET CIeJIaTh
OJHO U3 CJICAYIONNX JICHCTBUIA:

® BOCCTAHOBHUTBH OJWH aKKaYHT, HO TOr'Jla €€ OAWH aKKayHT CJIOMaeTCHd (BO3MO)KHO, TOT }Ke),

® BOCCTAHOBHUTDL [IBa aKKayHTa — TOI'Ja IMOABUTCA HOBBII BOIIPOC OT ITOJIb30BATEJIA;

® OTBETHUTH Ha OAMH BOIIPOC IOJIB30BATEJIA — TOAA IMOABATCA JABa HOBBIX BOIIPOCA;

® BOCCTAQHOBHUTDL OAUH aKKayHT WU OTBETHUTH Ha OJWH BOIIPOC — TOI'Ja CJIOMaETCAd OAUWH aKKayHT

(BO3MOKHO, TOT 7Ke).

Nznavasibno ObLIM 11podsiembl ¢ 12 akkayHTamMu noJib3oBatreeit, u 17 mojab3oBare/ieil Hanuca I B
TEeXIOAEPKKY cBOM Bolpockl. Ecim ropio yjactes B KaKO#-TO MOMEHT CBECTH K HYJIIO U IHPO-
OJIEMBI ¢ aKKayHTaMW, W KOJUIECTBO BOIMPOCOB TMOJIH30BATEEH, TO HOBBIX MPOOJEM W BOIPOCOB
ceronug yxe He oymer. Cmoxker au Urops 1o6uthbes sroro? ObocHyiiTe CBOI OTBET.

Igor, who is VKontakte technical support administrator, helps restore user accounts and answers
their questions along the way. In one minute, Igor can do one of the following actions:

restore one account, but then another account will break (possibly the restored one);

restore two accounts — then a new question from the user will appear;

e answer one user question — then two new questions will appear;

restore one account and answer one question — then one account (possibly the restored one)
will break.

Initially, there were problems with 12 user accounts, and 17 users wrote to technical support
with their questions. If at some point Igor manages to reduce problems with accounts and the
number of user questions to zero, then there will be no new problems and questions today. Can
[gor manage to do that? Explain your answer.

Hropb, aIMUHACTPATOP TeXHUUECKO# momgaep:Kku BKoHnTakTe, moMoraeT BOCCTaHABINBATH aKKa-
YHTBI oJib30BaTe el 1 IIOIIYTHO OTBEYa€T Ha UX BOIIPOCHI. Ba OJIHY MUHYTY I/II‘Opb MOZKeT CAeJIaTh
OJTHO M3 CJIEIYIOIMNX AeCTBUIA:

® BOCCTAHOBUTDL OJIMH aKKAaYHT, HO TOI'/la €elle OJAUH aKKayHT CJIOMaeTCd (BOBMO)KHO, TOT )Ke);

® BOCCTAHOBUTDL /JIBA aKKayHTa — TOI'[d IIOABUTCA HOBBI1 BOIIPOC OT I110JIb30BaTeJId]

® OTBETUTH HA OJWH BOIIPOC MOJB30BATETA — TOTJA MOABATCA JBA HOBBIX BOIIPOCA;

® BOCCTAHOBUTH OJWH AKKAYHT W OTBETUTH HA OJUH BOIPOC — TOTJA CJIOMAETCs OIUH aKKayHT

(BO3MOZKHO, TOT 2Ke).

M3navaibHO OBLIH MpoOIeMbl ¢ 15 akKayHTaMu moJb3oBaTeseil, u 10 moap3oBaTeeil HamucaaIn B
TEeXTO/JIEPKKY CBOHM Bompochl. Ecm ropio yaacTesa B KaKOW-TO MOMEHT CBECTH K HYJIIO W TPO-
Os1eMbl ¢ aKKayHTaMM, ¥ KOJMYECTBO BOIIPOCOB I10Jib30BaTe ieil, TO HOBbIX HPODJIEM U BOIPOCOB



ceronus yxke we oyjger. Cmozxer sim Urops goburses sroro? Obocnyiite cBoOit OTBET.

Igor, who is VKontakte technical support administrator, helps restore user accounts and answers
their questions along the way. In one minute, Igor can do one of the following actions:

e restore one account, but then another account will break (possibly the restored one);

restore two accounts — then a new question from the user will appear;

e answer one user question — then two new questions will appear;

restore one account and answer one question — then one account (possibly the restored one)
will break.

Initially, there were problems with 15 user accounts, and 10 users wrote to technical support
with their questions. If at some point Igor manages to reduce problems with accounts and the
number of user questions to zero, then there will be no new problems and questions today. Can
Igor manage to do that? Explain your answer.

Solution (RUS). (upescrasieno pemenune Bapuanra Ne1, ocrajibHbie pemiarorcs anagaoruiao) Bor
KaK MOzKeT jieficTBoBaTh ropb, 4To0bI JI0OUTHCS YKeJIaeMOTO:
1) 15 pa3 BeimoaHATH onepario Ned: B pe3y/ibraTe He OCTAHETCsI BOIIPOCOB MOJIB30BATeIell, HO OCTAHYTCsI
10 «cjioMaHHBIX» aKKAyHTOB;
2) mo 4 pasa (moouepeHO) BBHIMOJHUTL mapy omneparnuii Ne2 u Ned: B pesysbrare OCTaHYTCS TOJBKO 2
«CJIOMAaHHBIX» aKKayHTA;
3) BBIIOJIHUTH onepaiuio Ne2: B pesy/ibrare He OCTAHETCsl HU «CJIOMaHHBIX» aKKAyHTOB, HH BOIPOCOB
I0J1b30BaTeIeH.

Kpurepuu orieHuBaHUA:
® YCJIOBHE HHTEPIPETUPOBAHO B TEPMUHAX TAp HEOTPUIATEIbHBIX MEJbIX ducesa — 1 6asr;
® IIOKa3aHbI IEePBBIEICHCTBUS C HCIIOIb30BAHUEM TOJIBKO oneparuit 2 u 4 — 2 baJina;

e IIpHUBEJIeHA B IIE€JIOM BepHas IIOCJIeI0BATEIbHOCTD JAeHCTBUI, HO OIHA U3 omepalnd UCIOIb30BAHA
HEKOPPEKTHO (HalpuMep, onepaiius 4 1pu OTCYTCTBUH «CJIOMAHHBIX» AKKAyHTOB) — 3 GaJjuia;

® pellleHKe He JI0 KOHIa 000CHOBAHO, JinOO HpHUCYTCTBYET apudmMerndeckas omuOKa Ha [10C/IeHEM
srane — 4 bajia;

® pellleHue MoJHOCThIO BepHOe — H OAJIIOB.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Here’s
how Igor can act to achieve the goal:
1) perform operation 4 fifteen times: as a result, there will be no user questions left, but 10 unrestored
accounts will remain;
2) perform a pair of operations 2 and 4 four times (alternately): as a result, only 2 unrestored accounts
will remain;
3) perform operation 2: as a result, there will be no unrestored accounts and user questions left.

Criteria:
e the task’s formulation is interpreted in terms of pairs of non-negative integers — 1 point;
e the first actions are shown using only operations 2 and 4 — 2 points;

e the generally correct sequence of actions is given, but one of the operations is used incorrectly (for
example, operation 4 in the absence of unrestored accounts) — 3 points;



e the solution is not full, or there is an arithmetic error at its last stage — 4 points;

e the solution is full and correct — 5 points.



