Task 1.

. Uropb, aaMIHACTPATOP TEXHUIECKOMH I KK HTaKTe, TOMOTaeT BOCCTAHABINBATH aKKa-

1. Urops, a cTpaTop Te €CKOil Imojiie BKonrakTe, momoraer BoccTaHa aTh aKKa
VHTBI TTOJIb30BaTe /el U MOMYyTHO OTBeYaeT HA X BOMPOCHL. 3a OJHY MUHYTY roph MoxKeT caenaThb
OJIHO M3 CJIELyIOINX AeiiCTBril:

® BOCCTAaHOBHUTDL OJWH aKKayHT, HO TOI'Ja €Ile OJUH aKKayHT CJIOMaeTCd (BOBMO)KHO, TOT )Ke),
® BOCCTAaHOBHUTDL JABa aKKayYHTa — TOIla IIOABHUTCIA HOBBII1 BOIIPOC OT IIOJIB30BAaTEJId;
® OTBETHUTDL Ha OJHMH BOIIPOC IIOJIB30BaTeJad — TOJa IMOABATCA ABa HOBBLIX BOIIPOCA;
® BOCCTAHOBHUTDL OAMH aKKAaYHT W OTBETHUTDL Ha OAMH BOIIPOC — TOI'Ja CJIOMa€TCA OJHH aKKayHT

(BO3MOKHO, TOT ¥Ke).

NznavaibHO ObLIH MpoOseMbl ¢ 10 akKayHTaMu HoJib3oBaTeseil, u 15 mop30BaTe/eil HalucaaIu B
TeXTO/IJIEPKKY CBOM BOMpochl. Ecm Hropio yaacTed B KaKOW-TO MOMEHT CBECTH K HYJIIO W TPO-
O1eMBI ¢ aKKayHTaM®, ¥ KOJUIECTBO BOIPOCOB IOJIH30BATEel, TO HOBBLIX TPOOJIEM W BOMPOCOB
cerojiast yke He Oyzer. 3a Kakoe MEHUMAaJbHOE BpeMs (B MunyTax) roph cMozkeT 106HTHCs 9TO-
ro?

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. In what minimum
amount of time (in minutes) can Igor achieve this?

Answer: 24

2. Nrops, agmunucrpaTop Texuudeckoit mojaepkku BKonTakTe, momMoraer BoccTaHaBIMBATH aKKa-
YHTHBI oJib30BaTeJsieil u IMOIIYTHO OTBEYa€T Ha UX BOIIPOCHI. 3& OJHY MUHYTY I/II‘Opb MOZKeET CIeJIaTh
OJHO U3 CJICAYIONUX JICACTBUIA:

® BOCCTAHOBHUTBH OJWH aKKaYHT, HO TOr'/la €lle OAWH aKKayHT CJIOMaeTCd (BOSMO)KHO, TOT )Ke),
® BOCCTAHOBHUTDL [IBa aKKayHTa — TOI'la IMOABUTCA HOBBII BOIIPOC OT IIOJIb30BATEJIA;

® OTBETHUTDH Ha OAMH BOIPOC IOJIB30BATEJIA — TOAA IMOABATCA JABa HOBBIX BOIIPOCA;

® BOCCTAHOBHUTDL OAUMH aKKayHT WU OTBETHUTH Ha OJWH BOIIPOC — TOI'Ja CJIOMaETCAd OAUH aKKayHT

(BO3MOKHO, TOT 7Ke).

Nsznavasibno ObLIM 11podsiembl ¢ 14 akkayHTamMu noJib3oBatresieit, u 15 nojb3oBare/ieil Haluca I B
TEeXIOEPKKY cBOM Bolpockl. Ecym Uropio yjacres B KaKO#-TO MOMEHT CBECTH K HYJIIO U IHPO-
OJIeMbl ¢ aKKayHTaMM, U KOJMYECTBO BOIIPOCOB TOJIH30BaTeseil, TO HOBBIX MPOOJIEM U BOIPOCOB



cerojiHs yxe He Oyjer. 3a Kakoe MUHUMaJIbHOE BpeMs (B MuHyTax) ropb cmozxer j1o0uThes 910-
ro?

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 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. In what minimum
amount of time (in minutes) can Igor achieve this?

Answer: 28

Nropk, agmuancTpaTop TEXHNYECKON moaaepkkn BKorTakTe, moMoraeT BoccTaHABIMBATH aKKa-
VHTBI IT0JIb30BaTe el U MOIMYyTHO OTBeYaeT HA UX BOIPOCHL. 3a OJHy MUHYTY ropb MoxKeT cienaThb
OIHO U3 CJIeIYIONNX JICHCTBUIA:

® BOCCTAHOBUTH OJIMH AKKAYHT, HO TOTJA eIlle OJMH aKKAayHT CJIOMAaeTCs (BO3MOXKHO, TOT 7Ke);

® BOCCTAHOBUTH JIBA aKKAYHTA — TOT/Ia MOSIBUTCSI HOBBIM BOMPOC OT MOJB30BATEIS;

® OTBETUTHb Ha OAWH BOILIPOC IIOJIbB30BaTeEJId — TOrJa IOABATCA JABa HOBbLIX BOIIPOCA;

® BOCCTAHOBHUTDL OAUMH aKKayHT W OTBETHUTH Ha OJWH BOIIPOC — TOI'Ja CJIOMaETCAd OAUH aKKayHT

(BO3MOKHO, TOT 7Ke).

Nznavaibio ObLIH 11podsemMbl ¢ 12 akkayHTamMu noJib3oBateseit, u 18 moib3oBaresieil Hamnucaam B
TEeXTO/IJIEPKKY CBOM Bompochl. Eeam ropio yaactes B KakKoii-TO MOMEHT CBECTH K HYJIIO W TPO-
OJIeMBl ¢ aKKayHTaMH, U KOJTMYIECTBO BOIPOCOB IMOJIb30BaTesell, TO HOBBIX MPOOJIEM H BOIPOCOB
CerojiHst yxKe He Oyjer. 3a Kakoe MUHUMAJIbHOE BpeMs (B MuHyTax) Iropb cMOXKeT T06GUThCSA ITO-
ro?

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 12 user accounts, and 18 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. In what minimum
amount of time (in minutes) can Igor achieve this?

Answer: 29



4. Nropb, aiMIHECTPATOP TeXHHUECKOH momaep:xkn BKonTakTe, 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:

® BOCCTAHOBUTH OJWH AKKAayHT, HO TOTJA ellle ONUH aKKAyHT CJIOMAaeTCs (BOBMO}KHO, TOT >Ke);
® BOCCTAHOBUTD JIBA AKKAYHTA — TOIJIA ITOABATCA HOBBIA BOIIPOC OT MOJIb30BATEJIL;

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

® BOCCTAHOBUTDL OAUH aKKayHT WU OTBETHTb Ha OJUH BOIPOC — TOI'JA CJAOMaAECTCAd OJUH aKKayHT

(BO3MOKHO, TOT 7Ke).

N3znavaibHO OBLIH MpoOIeMBl ¢ 15 akKayHTaMu moJib3oBaTeseil, u 10 moap30BaTe el HanucaaIu B
TEeXTO/JIEPKKY CBOM BOMpochl. Ecm ropio yaacTesd B KaKOW-TO MOMEHT CBECTH K HYJIIO W TPO-
Os1eMbl ¢ aKKayHTaM#, ¥ KOJMYECTBO BOIIPOCOB I10Jib30BaTe ieil, TO HOBbIX LPOOJIEM U BOIPOCOB
cerojiHst yzKe He Oymer. 3a Kakoe MEHUMAJIbHOE BpeMs (B MuHyTax) Iroph cMozkeT 106HThCsS 9TO-
ro?

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. In what minimum
amount of time (in minutes) can Igor achieve this?

Answer: 23

Solution (RUS). (npeicrapieno pemenne papuanta N1, ocraabhble periatorcst anagorndno) Ilycrnb
eCTh M «CJIOMAHHBIX» aKKAyHTOB M 7. BOIPOCOB N0JIb30BaTe el — conocTaBuM nape (m,n) TOUKy ¢ CO-
OTBETCTBYOIMME KOOpIMHATAMU Ha maockocTH. Torma geficrBusiv Uropst (1 OmucaHHbIM B yCJIOBHE
OCJIeJICTBUSAM ITHUX JIEHCTBHI) TIOCTABUM B COOTBETCTBHE BEKTODBI:

e BeKTOp d = (0,0): «BOCCTAHOBUTH OJMH AKKAYHT, HO TOTJA €Ie OJUH aKKAYHT CJOMAeTcs (BO3-
MOZKHO, TOT 2Ke)»;

—
e BekTOp b = (—2,1): «BOCCTAHOBUTH 1B AKKAYHTA — TOTJA MOSBUTCSA HOBBIN BOIPOC OT MOJIB30-
BaTEJISY;

® BEKTOP 7 = (0,1): «OTBETHTH HA OJMH BONPOC MOJH30BATEsI — TOT/IA MOSIBATCS JBa HOBBIX BO-
pocay;

® BEKTOp d = (0, —1): «BOCCTAHOBUTH OJMH AKKAYHT U OTBETUTH HA OJIH BOIPOC — TOL/IA CIIOMAETCS
OJINH AKKAYHT (BO3MOXKHO, TOT 7Ke)».

T.e. BHIIOMHUTH JIefiCTBHE — 3HAUUT TEPEMECTUTHCS BIOJb COOTBETCTBYIOIIETO BEKTOPA, MPHU STOM He
Hapyllasd yCJ/JI0BUA HEOTPUIATE/JIbHOCTHU KOOPpAUMHAT €I'0 KOHIIOB (KOJI—Ba AKKayHTOB U BOIIDOCOB — LE€JIblE
HeoTpuiareabubie dnciaa). Lleas — monacts B Touky (0,0) — 310 Oymer o3HadaTh, Y4TO He OCTAIOCH
npobJieM ¢ aKKayHTaM# U BOIIPOCAMHU MOJTH30BATE/IEH.



Cpasy 3aMeruM, 4To JAefiCcTBUs, COOTBETCTBYIOIMe BEKTOpaM @ U ¢, He IPUBOSAT K IPUO/IHZKEHHIO
K (0,0), Kpome ciydaes, Korja 3Tu jefictBus BoinosnHsaoTcs u3 todek (1,0) u (0,1), coorBeTcTBEHHO.
Wubivu cioBavu, n3 stux geiicrsuii Mropio npuroautces ne 60jiee 0ZHOTO, TIPUYEM €CJIU U TPHUTOIUTCS,
TO TOJBKO 1 pa3 — B camMylo MOCIEIHIOI0 MUHYTY.
Yro6sl nepemectuthest B T0Uky (0,0) gefficTBUSME, COOTBETCTBYIOINIUME BEKTOPAM ? u 7, HY>KHO Ha-
xoauThest B Toukax (2,0) u (1,1), coorBercrremnto.

VTak, npu IOMOIIKM BEKTOPOB ? 0§ 7 HeoOX0 MO TrepeMectuThest n3 Toukn (10, 15) B Touky (2,0),
6o (1, 1), mbo (1,0), 6o (0, 1) 3a MUHEMAJIBHOE KOJHYECTBO «IIATOBY, OCJE Yero noTpedyercs erre
onuu mar aias nepemerntenus B (0,0).

%
Paccmorpum ciayuaii mepemernenus B (2,0): mycTh st 9TOro morpebOBagOCh T BEKTOPOB b U y
BEKTOPOB 7, re.x- b +y-d = (-8 —15), wim
—2r + 0y = -8
lr —1y=-15

orkyna r = 4, y = 19, t.e. Bcero Uropio norpedyercss 4+ 19+ 1 = 24 neiictBus. Anajornaubivm 00pa3om
pacemorpes touku (1,1), (1,0), (0,1), nomyunwm, uro Haiimenuble 24 neficTBus — camblii OBICTPBIT U3
BO3MOYKHBIX CIIOCOOOB.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let
there be m «broken» accounts and n user questions — match the (m,n) pair to a point with the
corresponding coordinates on the plane. Then we will associate Igor’s actions (and the consequences of
these actions described in the task’s formulation) with the following vectors:

e vector @ = (0,0): «restore one account, but then another account will break (possibly the restored
one)»;

=

e vector b = (—2,1): «restore two accounts — then a new question from the user will appear»;

J

e vector ¢ = (0,1): «answer one user question — then two new questions will appear»;

e vector 7 = (0, —1): «restore one account and answer one question — then one account (possibly
the restored one) will breaks.

To perform an action means to move along the corresponding vector, without violating the condition
of non-negativity of the coordinates of its ends (the number of accounts and questions are non-negative
integers). The goal is to get to the point (0,0) — by that, there will be no problems left with accounts
and user questions.

Note that the actions corresponding to the vectors @ and @ do not lead to (0,0), except when
these actions are performed from points (1,0) and (0, 1), respectively. In other words, Igor will need no
more than one of these actions, and if he does, it will be only once — at the very last minute.

To move to the point (0,0) by actions corresponding to vectors b and d, you need to be at points
(2,0) and (1,1) , respectively.

So, it is necessary to use the vectors ? and 7 to move from point (10, 15) to point (2,0), or (1, 1), or

(1,0) or (0, 1) in a minimum number of «steps», after which it would take another step to move to (0,0).

— —
Consider the case of moving to (2,0): let this require x vectors b and y vectors 7, ie.x- b —|—y-7 =
(—8,—15), or

—2z 4+ 0y = -8
le — 1y = —15

thus z =4, y = 19, i.e. [gor will need 4 4+ 19 + 1 = 24 actions in total. Having similarly considered the
points (1, 1), (1,0), (0,1), we find that the 24 actions just found are the fastest possible way to achieve



the goal.

Task 2.

1. B ocrpoyrombaom AABC' BohicoTa, omymennas Ha cropony BC, pasua 10. Ha menbImux ayrax
AB, AC okpyzxuocru, ouucanuoii okoio AABC, ormedenst Touku P, () (COOTBETCTBEHHO) TaK,
910 paccrosaus or Touku A 10 npaveix BP, C'() coorBercrBenno pasubl 4 u 6. Haiiure paccro-
ssare or Toukn A 10 npsimoit P(). OTBeT 3anuimre B BUIE IEJI0r0 YUCAA UIN JTeCATHIHOR ApodH,
OKPYTJIEHHON J0O COTBIX.

In an acute-angled AABC' the height to its side BC' is equal to 10. On the lesser arcs AB, AC' of
the AABC circumcircle, points P, () are marked respectively such that the distances from point
A to lines BP,C'Q) are equal to 4 and 6, respectively. Calculate the distance from point A to line
PQ). Write your answer as an integer or a decimal rounded to the nearest hundredth.

Answer: 2.4

2. B ocrpoyroneaom AABC' BeicoTa, omymenHas Ha cropony BC, pasua 10. Ha menbmmx myrax
AB, AC okpyzxuocru, onucanuoii okoiio AABC, ormedensl Touku P, () (COOTBETCTBEHHO) TaK,
910 paccrosaus or Touku A 10 npsaveix BP, C'() coorBercTBenno pasubl 7 u 5. Haiiaure paccro-
sane or Toukn A 10 npsimoit P(). OTBeT 3anuimre B BUIE IEJI0T0 YUCAA WIN JeCATHIHOW Apodu,
OKPYIVIEHHOH /10 COTBIX.

In an acute-angled AABC' the height to its side BC'is equal to 10. On the lesser arcs AB, AC' of
the AABC circumcircle, points P, () are marked respectively such that the distances from point
A to lines BP,C'(Q are equal to 7 and 5, respectively. Calculate the distance from point A to line
PQ). Write your answer as an integer or a decimal rounded to the nearest hundredth.

Answer: 3.5

3. B ocrpoyronbaom AABC' BpIcOTa, omymieHHas Ha cropony BC, paua 8. Ha meHbmux myrax
AB, AC okpyzxuoctu, onucanuoii okojao AABC, ormedensl Touku P, () (COOTBETCTBEHHO) TakK,
910 paccrosaus or Touku A 10 npsaveix BP, C'() coorBercrBenno pasubl 4 u 6. Haiiure paccro-
stane oT Touku A 10 npsimoit P(Q). OTBer 3anummure B BU/IE MEI0TO YUC/IA WA JECITUIHON TpodH,
OKPYIVIEHHOH /10 COTBIX.

In an acute-angled AABC the height to its side BC' is equal to 8. On the lesser arcs AB, AC' of
the AABC circumcircle, points P, () are marked respectively such that the distances from point
A to lines BP,C'(Q are equal to 4 and 6, respectively. Calculate the distance from point A to line
PQ). Write your answer as an integer or a decimal rounded to the nearest hundredth.

Answer: 3

4. B octpoyrombaom AABC' BohicoTa, omymenHas Ha cropony BC, papua 6. Ha menbmux myrax
AB, AC okpyzxkuoctu, onucaunoii okoiao AABC, ormedensl Touku P, () (COOTBETCTBEHHO) TaK,
910 paccrosaus or Touku A 10 npsaveix BP, C'() coorBercTBenno pasubl b u 3. Haiiaure paccro-
stane oT Touku A 10 npsimoit PQ). OTBer 3anummuTe B BU/IE MEI0TO YUC/IA WA JECITUIHON TpodwH,
OKPYIVIEHHOH /10 COTBIX.

In an acute-angled AABC the height to its side BC' is equal to 6. On the lesser arcs AB, AC' of
the AABC circumcircle, points P, () are marked respectively such that the distances from point



A to lines BP,C'QQ are equal to 5 and 3, respectively. Calculate the distance from point A to line
P@). Write your answer as an integer or a decimal rounded to the nearest hundredth.

Answer: 2.5

Solution (RUS). (npeacrapieno permenne papuanta N1, ocraibHble periarorest anagaorndno) Ilycthb
D, E, F, H — ocHOBaHHUs MEPIEHINKY/IIPOB, IpoBeAeHHbIX n3 Toukn A K npameim BC, BP, CQ, PQ co-
OTBETCTBEHHO.
Torpa rouku A, H, P, E jexar Ha 0JHOil OKpyzkHOCTH ¢ jguamerpom AP, r.x. ZAEP = ZAHP = 90°;
aHAJIOTUIHO MoKasbiBaeM, aro Touku A, D, C| F nexar ua oanoit okpyzxkuoctu ¢ guamerpom AC. Torma
/AFEH = /ZAPH = ZACQ = ZADF'; rtakxxe /EAH = 180° — /ZEPH = /BPQ = 180° — ZDCQ =
LDAF.

ggiﬂEOBaTeﬂbHO, tpeyronbaukn AEH u ADF 1ogobHbl 10 AByM yrjiam, OTKY/Ia ﬁ—g = % = AH =
£ =24,
AD

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let
D, E,F, H be the bases of the perpendiculars drawn from the point A to the lines BC, BP,CQ, PQ,
respectively.
Then the points A, H, P, E lie on the same circle with diameter AP, because ZAEP = ZAHP = 90°;
similarly, the points A, D,C, F' lie on the same circle with diameter AC. Then ZAEH = ZAPH =
LACQ = LADF; also ZEAH = 180° — ZEPH = Z/BPQ = 180° — ZDCQ = LD AF.



- -
.

: I, AH _ AE _ AF-AE _
Therefore, triangles AEH and ADF are similar, whence 5% = 45 = AH = =55 = 2.4.

Task 3.

1. Haiiure MuHuMa/ibHOE HATYpasibHOe k, npu kKoropoM k! Hameso jesmrcs na 22924

. ITo oupenene-
auio k!l =1-2-3---(k—1) - k.

Find the smallest positive integer k such that k! is divisible by 22024, By definition k! = 1-2 -
3 (k—1)-k.

Answer: 2032

2. Haityure MuHEMAaIbHOE HATypaibHoe k, pu KoTopoM k! mameso memurca ma 22026, Tlo ompenese-
mmo Kl =123 (k—1)- k.
Find the smallest positive integer k such that k! is divisible by 22026, By definition k! = 1-2 -
3o (k—1)- k.
Answer: 2034
3.

Haitanre MunnMasbHOe HaTypaabHoe k, npu kotopom k! maneno genutcs na 22932 o onpenese-
mmo Kl =1-2-3---(k—1)- k.

Find the smallest positive integer k such that k! is divisible by 22°32. By definition k! = 1-2 -
3o (k—1)- k.

Answer: 2040



4. Haijigure MunuMaibHOe HaTypasbhoe k, npu koropom k! nameno gennrea na 22021

mmo k! =1-2-3---(k—1) - k.

. Ilo oupenene-

Find the smallest positive integer k such that k! is divisible by 22°2!. By definition k! = 1-2 -
3. (k—1) k.

Answer: 2028

Solution (RUS). (npejicrapieno pemenne papuanta N1, ocraipHble peniaiores anagsorndao) CrHa-
JaJia JIOKAXKeM, 9T0 Jijig JI060ro HATypaJbHoro n uuciao (2")! kparuo 22"=1) 5o me xparno 22"
B npoussesennn (2")! = 1-2---(2" — 1) - (2") ectb poHO 2"/2 = 2"~! yeTHBIX COMHOKHUTETEH (10~
GapisioT 1 K crenenn BOfKM B pasnoxkenne (27)! Ha mpocTeie MHOKHTENH), 27 /4 = 2"7% cOMHOKH-
Tesieli, KpaTHbIX 4 (106aBIAOT emme mo 1 K creneHu ABOWKH B paszioxkenue (2")! Ha mpocThie MHO-
Karenn), 2"% cOMHOKUTEel, KpaTHBIX 8, ..., 2" " = 1 coMHOXKHUTeNb, KpaTHblii 2" (eme +1 K
CTeleHU JIBOWKHM) — MTaK, YMCI0 2 BXOJAUT B pazjoxkenue (27)! Ha 1pocTble MHOXKHUTEIH B CTEIIEHH
on—lpon=2 4 ... 4 21 1 20 =97 ] gro gokaspiBaeT Tpebyemoe.

B mameif 3a1a4e nyzH0 nogo6parh takoe n, uro (2" — 1) 6amke Beero k 2024. dro 11 n k = 211 =
2048; Torga (2! — 1) = 2047. Ham Hy:KHO HajiTi MUHHMAajbHOE k Takoe, 4Tobbl k! GbLi1o KparHo 22024,
Bynem ymenbmarh k M CMOTpeThb, KaK YMEHBIIAETCS CTeINeHb JABOIKHN B pasnoxkenun k!. Hampuwmep,
2047! umeer Ha 11 JBoeK B pasio:KeHHH MenbIne, dem 2048! — mer muoxuTens 2048 = 2!1: 2033! uwme-
er Ha 22 jBoiiku Menbine (Her muoxkuresneit ¢ 2034 no 2048, ux upoussejenue Kparuo 2%2) - snauur,
2033! nemrea na 220%°. A BoT BHIOPOCHTD CICAYIOMTI I6THEIH MEOKITENL, 2032, MBI He MoKeM — 2032
nemutes Ha 8, m 2031! 6ymer xkparHo aumb 22923, TlosTomy MmHMMaIBRHOE k, Ipu KoTopoM k! mameso
nemmresd Ha 22924 pasno 2032.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Lets
prove that for any positive integer n the number (2")! is a multiple of 22" but not a multiple of 22".
The product (2")! =1-2---(2" — 1) - (2") has exactly 2"/2 = 2"~! even factors (adding 1 to the power
of 2 in the representation of (2")! as a product of primes), 2"/4 = 2"~2 factors that are multiples of 4
(add another 1 to the power of 2 in the representation of (2")! as a product of primes), 2”3 factors are
multiples of 8, ..., 2" = 1 factor is a multiple of 2" (+1 more to the power of 2) — so, the number 2 is
included in the representation of (2")! into prime factors in the power of 2"~ 142772 4... 421420 =971
which proves what is required.

In the task presented, we need to find a number n such that (2" — 1) is closest to 2024. This is 11
with & = 2" = 2048; then (2'! — 1) = 2047. We need to find a minimum & such that £! is a multiple of
22024 We will reduce k and see how the number of powers of two in the expansion of k! decreases. For
example, 2047! has 11 fewer twos in the expansion than 2048! — there is no multiplier 2048; 2033! has
22 fewer 2s (there are no multipliers 2034 through 2048, their product is a multiple of 2%2). So, 2033!
is divisible by 22925, But we can’t throw away the next even multiplier 2032 since is divisible by 8, and
2031! will only be a multiple of 22923, Therefore, the smallest k£ such that k! is divisible by 220%* is 2032.

Task 4.
1. Tpoiika HATYpaJIbHBIX "ncea (T,Y, Z) YAOBJIETBODPSET YPABHEHHIO
x? 4 2023y* = 2*

Takke usBectno, uro y > 113 — mpocroe 4mcjio, a z — HAUMEHbIIIEe MPH JIAHHOM Y. Hemy paBHO
HanOO/IbIIee BO3MOXKHOE 3HaUeHHe =7 3alMIIUTe OTBET B BHJE HEIOr0 UCTa HIH JeCATHIHOM
JIpoOH, OKPYIJIEHHON IO COTHIX.



Triple of positive integers (z,y, z) satisfies the equation
z? + 202317 = 22

It is also known that y > 113 is a prime number, and z is the smallest number for a given y. What
is the largest possible value of 27 Write your answer as an integer or a decimal rounded to the
nearest hundredth.

Answer: 1.33
. Tpoiika HaTypaibHbIX "ucea (T,Yy, 2) YIAOBJIETBOPSET YPABHEHHIO

x? + 845y% = 2*
Takzke u3BecTHO, uTO Y > 61 — MpOCTOE YHUCJIO, & 2 — HAUMEHbINEe MPU JJAHHOM Y. demy paBHO
HauOO/IbIIee BO3MOXKHOE 3HaUeHHe =7 3alMIIUTe OTBET B BHJE HEIOr0 IUCTa HIH JeCATUIHOM
JIpoOH, OKPYTJIEHHOI /10 COTHIX.
Triple of positive integers (z,y, z) satisfies the equation

x? + 845y% = 2*

It is also known that y > 61 is a prime number, and z is the smallest number for a given y. What
is the largest possible value of 27 Write your answer as an integer or a decimal rounded to the
nearest hundredth.

Answer: 1.5
. Tpoiika HATYpATIBHBIX YuceT (T, Y, Z) YIAOBJIETBOPSIET YPABHEHHIO
x? + 3179y = 22

Takzke m3BecTHO, 9TO Yy > 181 — mpocTOe 9mMCI0, a 2 — HauMeHbIIlee TPU JTAHHOM ¥y. eMy paBHO
HauOO/IbIIee BO3SMOXKHOE 3HaUeHHe =7 3almMIIuTe OTBET B BHJE HEIOT0 HCTa HIH JeCATHIHOMN
JIpoOU, OKPYIVIEHHOM /IO COTBIX.

Triple of positive integers (z,y, z) satisfies the equation
x? + 3179y° = 22

It is also known that y > 181 is a prime number, and z is the smallest number for a given y. What
is the largest possible value of 27 Write your answer as an integer or a decimal rounded to the
nearest hundredth.

Answer: 1.2
. Tpoiika HATYypaIbHBIX YHCE]T (x, Y, z) VIOBJIETBOPAET YpaBHEHUIO
x? 4 1859y* = 2*

Taxkzke m3BecTHO, 9TO Yy > 139 — MpocTOe YMCI0, & 2 — HaUMeHbIIlee TPU JTAaHHOM ¥y. deMy paBHO
HauboJIbllee BO3MOXKHOE 3HaueHue =7 3aluliuTe OTBET B BUJE IEJOTO YUC/IA WM JIeCATHIHOMR
JIpoOU, OKPYTJIEHHOM /10 COTHIX.



Triple of positive integers (z,y, z) satisfies the equation
2?2 + 18592 = 22

It is also known that y > 139 is a prime number, and z is the smallest number for a given y. What
is the largest possible value of 27 Write your answer as an integer or a decimal rounded to the
nearest hundredth.

Answer: 1.2

Solution (RUS). (upexcrasieno pemenne papuanta N1, ocraababie pemalorcs anagorndno) Tak
kak 22 > 2%, nycrh 2 = v + k, vae k — narypajgbHOe UHCII0:

2% +2023y* = (z + k)?

2 42023y = 2 + 2k + k?
2k = 2023y* — k?

2023y? — k?
_ Y TR 1
v T (1)
OTKYyZa
2023y + k*
— L 2
ok (2)
13 paBeHncTBa (1) A TOI'0, YTO T — HaTypaJbHOe, AeJIaeM CJeIyIOINe BLIBO/IbBI:
k < 45y (3)
(2023y* — k) : 2 (4)
(2023y* — k*) : k (5)

Eciin BoiOpannoe 3nauenue k yuosiaersopsier (3)-(5), T0 OHO JaeT HAM PEIIeHUEe UCXOJHOIO yPABHEHUSI.
Terepb MoKazkeM, 4TO NMPH YBEJUYEHNH 3HaUeHUsT k 3HaYeHWe 2 yMeHbIaercs Jisi jaroboro y. [oj-
crtaBUM B Bhipaxkenue (2) smadenust kK u k + 1 1 moayunM craeyiomee HepaBeHCTBO:

2023y% + (k +1)*  2023y* + k?
2(k +1) 2k

(316CH BMECTO V JIOJIZKEH CTOATH 3HAK HEPABEHCTBA), KOTOPOE CBOJUTCS K:
kE Vv 4046y% — 1
Coeuusist ¢ HepaBEHCTBOM (3), MOJTydaeM:
0 V 4046y* — 45y — 1

[l 11060ro HATYPAJBHOTO Y BMECTO V 3/1eCh JOJIZKEH CTOITh 3HAK <, UTO U TPpeOOBAJIOCH T0Ka3aTh. Ta-
KIM 00pa30M, BOIIPOC 33/ia4d CBOJAMTCI K HAXOZK/IEHUIO HAuOOJIbIIEro 3Ha4eHus: K, YI0BJIETBOPSIONIErO
kpurepusim (3)-(5).

2023 = 7- 172, Bnavenns k = 7- 17y, 17%y, 7-17%y, 17y, 7-17y? 17%y2, 7-17*y? He noaxoaaT mom
kpurepuii (3). Takzke mo wero He nogaxoaut k = y% .. y> > 45y (y > 113 > 45). Ilog nepeunciennbie
KPUTEPHHU TOIX0AAT ToabKo 1,7,17,7-17 = 119,17? = 289, vy, Ty, 17y. Eciu cpaBHUTDH UX MezK 1y coboii,
10 nosyaurcs, aro 17y > 2023 (r.x. y > 119). Buaunr, k = 17y aBisiercss HAMOOJIbUIMM U3 IOAXO/ANINX,
u

2 2023y% +289y* 4
max — = = -~ 1.33
x  2023y% —289y%2 3




Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Since
22 > 22, let 2 = x + k for some is a positive integer k:

2% 4+ 2023y% = (z + k)?

2 4 2023y? = 2 + 2kx + k?
2kx = 2023y* — k?

2023y* — k?
el S 1
= (1)

ths 2023y* + k?

Y+
=g T 2
2k 2)
From (1) and the fact x € N we get

k < 45y (3)
(2023y* — k*) : 2 (4)
(2023y* — k%) : k (5)

If some k satisfies (3)-(5), then it gives us a solution to the initial equation.
Lets show that as the value of k£ increases, the value of z decreases for any y. We substitute the
values k and k + 1 into expression (2) and obtain the following inequality:

202332 + (K +1)2 202332 + k?
2(k+1) 2k

(there should be an inequality sign instead of V), which simplifies to:
kE Vv 4046y% — 1
Combining with inequality (3), we get:
0 V 4046y* — 45y — 1

For any positive integer y, instead of V there must be a sign <, which is what we needed to prove. Thus,
the task is reduced to finding the largest value of k that satisfies criteria (3)-(5).

2023 = 7-172. The values k = 7- 17y, 17%y, 7-17%y, 17y%, 7-17y% 17%y%, 7-17%y? do not meet the
criteria (3). Also, k = y? does not fit it since y? > 45y (y > 113 > 45). Only 1,7,17,7-17 = 119,17? =
289, y, Ty, 17y fit the criteria. If we compare them with each other, it turns out that 17y > 2023 (since
y > 119). By that, &k = 17y is the largest suitable one, and

z 2023y2 + 289y2 4
max — = =-=1.33
x  2023y% —289y%2 3

Task 5.

. HHa YTBEP2KIIAECT, YTO MOZKHO 3allUCaTh YHUCJIO, KPpaTHOE HE€ HCIIOJIb3Vd 11 bl «U» 1
L. Anna y Jaet, : 20232024, ye 1 0

nocJiesioBaresibuocteit mudp «13» n «666», a cyesepubiit TuMyp roBoput, 4T0o 3TO HEBO3MOZKHO.
Kro u3 nux npas? ObocHyiiTe cBOil OTBET ¢ TOMOIIHIO MATEMATUKU, & HE CyeBepHil.

Anna claims that it is possible to write a number that is a multiple of 2023%?* without using
the digit «0» and the sequences of digits «13» and «666», but superstitious Timur says that it’s
impossible. Who is right? Explain your answer using mathematics, not superstition.



2. AHHa yTBep:JIAeT, YTO MOXKHO 3ammcaTb dnciao, kparuoe 2023202 ne ucnonbsys nuudper «0» u
nocJiesioBaresibuocreit nudp «13» u «666», a cyesepubiit Tumyp roBopur, 4T0 3TO HEBO3MOZKHO.
Kro u3 wux npas? ObocuyiiTe cBOit OTBET ¢ MOMOIIBIO MATEMATUKHU, & HE CyeBEepPHii.

Anna claims that it is possible to write a number that is a multiple of 2023%?® without using
the digit «0» and the sequences of digits «13» and «666», but superstitious Timur says that it’s
impossible. Who is right? Explain your answer using mathematics, not superstition.

2023
3. AHHa yTBep:KJaeT, YTO MOXKHO 3allucaTh 4ucio, KpatHoe 202320277 me ucnonnsysa nudpsr «0»

u nocJjejoBaresbHocTeill mudp «13» u «666», a cyeBepubiit TuMmyp roBoput, 4To 3TO HEBO3MOZKHO.
Kro u3 wux npas? ObocuyiiTe cBOit OTBET ¢ MOMOIIBIO MATEMATUKHU, & HE CyeBepHii.

Anna claims that it is possible to write a number that is a multiple of 20232023*"*" without using

the digit «0» and the sequences of digits «13» and «666», but superstitious Timur says that it’s
impossible. Who is right? Explain your answer using mathematics, not superstition.

2023
4. AHHa yTBepKIaeT, UTO MOXKHO 3aIlHcaTh dnciao, Kpataoe 2023202477 we ncmompsys mudpor «0»

u nocJjejoBaresbuocreil mudp «13» u «666», a cyeBepubiit TuMmyp roBoput, 4To 3T0 HEBO3MOZKHO.
Kro u3 wux npas? ObocuyiiTe cBOit OTBET ¢ MOMOIIBIO MATEMATUKHU, & HE CyeBEepPHii.

Anna claims that it is possible to write a number that is a multiple of 20232024*"*" without using

the digit «0» and the sequences of digits «13» and «666», but superstitious Timur says that it’s
impossible. Who is right? Explain your answer using mathematics, not superstition.

Solution (RUS). (mpeacrasieno pemmenne Bapuanta Nel, octajabHbIe pEIIAIOTCS aHAJIOrHIHO) [To-
KazkeM, 4T0 Tpebyemoe 4mc/j0 MOMKHO 3allMCaTh HPH IOMOIM TOJALKO mudpbl «1» — a 3naunt, AHHa
npasa.

I/ITaK, nyCcTh G, — HATYpaJbHOE€ YUCJ/IO0, AECATUYIHAA 3allUCh KOTOPOro COCTOUT M3 T «CJUHHUIL», T.€.
ar = 1, ap = 11, a3 = 111, .... IlycTb 7, — ocTaTKN OT jesenud a, Ha 20232°%% mpm BceBO3MOXKHBIX
HATYPAJbHBIX 1. ECIN Cpen 11, Ta, . .., Toggs2024 €CTh 7 = 0, TO COOTBETCTBYIOMee a; KpaTHo 20232924,
q4TO AOKa3blBa€T IIPaBOTY AHHbI.

Ecom ke cpefu 11,79, . . ., ragegzo24 HeT «0», To, cormacuo npunmuiy Jupuxie, maiigyres r; = r; (i # j;
He orpaHnumMBas o0muOCTH, Oyaem cunrars i < j). Torma a; —a; = a;—; - 10" kparno 2023%°?*, npn srom
10 B3aumuO mpocto ¢ 2023 — a 3HauuT, a;_; KpatHo 2023%°?* uro nokaspiBaeT MpaBoOTY AHHBL.

Kpurepuu oneHuBaHudg:
® IIPUCYTCTBYET UJesl MCIIO/Ib30BATh B 3AIMCH YHCJIA TOJIbKO OJHY nudpy — 1 6asr;
® [P PAaCCMOTPEHWH OCTATKOB MCIOJIb30BaH npuHiun lupuxie — 2 6aria;

® IIpU PACCMOTPEHWH OCTATKOB MCIOJIb30BaH HpuHINI Jupuxie, 10Ka3aH0, 9TO OCTATOK IIPHU JIeJe-
HUW @, Ha HY’KHOE YHWCJI0 MOKeT ObITh paBeHn () — 3 Oaia;

® BEpHBI OTBET IPU HE3HAYUTE/IHLHBIX OIMMUOKAaX B pertenun — 4 6asia;

® IIOJIHOCTBIO BEPHBIE PellleHne u OTBeT — H DAJIIOB.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Let’s
prove that the required number can be written using only the digit «1», which means Anna is right.

First, let a,, be a positive integer which decimal notation consists of n digits «1»,i.e. ay = 1, ag = 11,

az = 111, .... Let 7, be the remainders from dividing a,, by 20232°2* for all possible integers n. If among



T1,T2, . .., Tagag2024 there is 7, = 0, then the corresponding ay, is a multiple of 2023224, which proves Anna
is right.

If among 7y, 75, ..., 90232024 there is no «0», then, according to the Dirichlet’s principle, there exist
r; = r; (i # j; without loss of generality, we assume i < j). Then a; — a; = a;_; - 10" is a multiple of
20232024 while 10 is coprime with 2023 — thus, a;_; is a multiple of 2023%°?* which proves Anna is right.

Criteria:

e there is an idea to use only one digit to write the required number — 1 point;
e when considering remainders, the Dirichlet principle was used — 2 points;

e when considering remainders, the Dirichlet principle was used, also it was proven that the remainder
when dividing a,, by the required number can be equal to 0 — 3 points;

e correct answer with minor errors in the solution — 4 points;

e completely correct solution and answer — 5 points.

Task 6.

1. U3 661pI11ero npaBuibHOTO 8-yroIbHUKA BEIPE3a/Ii MEHbBITHIT TPABUIbHBIH 6-yrobauK. OnurmmTe,
KaK IPH ITOMOIIIH TOJIBKO MaTeMaTUIeCKON JTUHEHKH IIPOBECTU HPSAMYIO TaK, YTOOBI OHA Pa3Jie IiIa
ocraBInyocst (bUTYPY Ha JiBe paBHOBeJauKHe (T.e. paBHbIe 1O miomaan) dburypsl. I[loMuuTe, 9TO
MaTeMaThdeckas JJUHeKa MO3B0IsIeT MPOBOJNTH MPSIMble depe3 JBe OTMedeHHbIe TOUKH, a TaKxKe
OTMeYaTh IepecevdeHnst MPSAMBIX (OTPE3KOB, JIydeil), HO He 03BOJIsieT H3MePSTh JIHHBI OTPE3KOB.

From the larger regular 8-gon a smaller regular 6-gon was cut out. Describe how to use a
mathematical ruler to draw a straight line that divides the remaining figure into two figures
with equal areas. Remember that a mathematical ruler allows you to draw straight lines through
two marked points, as well as mark the intersections of straight lines (segments, rays), but does
not allow you to measure the lengths of segments.

2. U3 66bI11er0 TPaBUILHOTO 6-YTOBHUKA BRIPE3AJIH MeHbIHiT TpaBuwibHbil 10-yroapauk. Onurrm-
Te, KaK MMPH TOMOIIU TOJIHFKO MaTeMaTUIeCKON JIMHEITKN MPOBECTH MPSIMYIO TaK, 9TOOBI OHA pa3Jie-
JIHJIa OCTABIIYIOCs (bUTYDPY Ha JiBe paBHOBesuKue (T.e. paBHbIe N0 wiomaau) ¢urypsl. [lomauTe,
4TO MaTeMaTh4ecKas JUHeHKa MO3BOJFEeT NPOBOJIUTH MpdIMBIe Yepe3 JIBe OTMEeYeHHble TOYKH, a
TAKZKE OTMeYaTh [epecedeHusl IPsIMbIX (OTPE3KOB, Jiy4eil), HO He 1103BOJISIeT U3MEePSITh JJIMHbL OT-
PE3KOB.

From the larger regular 6-gon a smaller regular 10-gon was cut out. Describe how to use a
mathematical ruler to draw a straight line that divides the remaining figure into two figures
with equal areas. Remember that a mathematical ruler allows you to draw straight lines through
two marked points, as well as mark the intersections of straight lines (segments, rays), but does
not allow you to measure the lengths of segments.

3. U3 66/bI11eT0 TPABUILHOTO 8-YTOIBHUKA BHIPE3AJIH MEeHbIHiT TpaBuwibHbil 10-yroapauk. Onurrm-
Te, KaK IIPH IIOMOIIIH TOJBbKO MaTeMaTHIeCcKOl JIHHEeHKN MTPOBECTU MPAMYIO TaK, YTOOBI OHA pas3jie-
JIMJIa OCTABIIYIOCS (DUTYDPY Ha JIBe paBHOBesuKue (T.e. paBHbIe N0 iomaau) durypsl. [lomuuTe,
YTO MaTeMaTHdecKas JUHeHKa TMO3BOJsIeT MPOBOJUTH MpsAMble depe3 IBe OTMeUeHHbIe TOUKHU, a
TaKzKe OTMedaTh IepecevdeHnst NPsMbIX (OTPE3KOB, JIy4eii), HO He TO03BOJIsIeT U3MePSTh JIJTHHBI OT-
PE3KOB.



From the larger regular 8-gon a smaller regular 10-gon was cut out. Describe how to use a
mathematical ruler to draw a straight line that divides the remaining figure into two figures
with equal areas. Remember that a mathematical ruler allows you to draw straight lines through
two marked points, as well as mark the intersections of straight lines (segments, rays), but does
not allow you to measure the lengths of segments.

4. N3 66abmero npaBuabHOTO 10-yro/ibHIKA BRIPE3A/IN MEHbINNN NMPABUIbHBIN 6-yrogpHuK. Onuim-
Te, KaK MPH TMOMOIIHU TOJIFKO MaTeMaTUIeCKON JIMHEIT KN MPOBECTH MPSIMYIO TaK, 9TOOBI OHA pa3Jie-
JIMJIa OCTABIIYIOCs (bUTYPY Ha JiBe paBHOBesuKue (T.e. paBHbIe TO wiomaau) ¢burypsl. [lomuuTe,
4TO MaTeMaThdecKas JUHeHKa TMO3BOJISEeT NPOBOIUTH MpIMble Yepe3 JIBe OTMeYeHHBble TOYKH, a
TaKZKe 0TMedaTh [epeceveHusl IPsIMbIX (OTPE3KOB, Jiy4eil), HO He 1103BOJISIeT U3MEPSITh JJIUHBI OT-
PE3KOB.

From the larger regular 10-gon a smaller regular 6-gon was cut out. Describe how to use a
mathematical ruler to draw a straight line that divides the remaining figure into two figures
with equal areas. Remember that a mathematical ruler allows you to draw straight lines through
two marked points, as well as mark the intersections of straight lines (segments, rays), but does
not allow you to measure the lengths of segments.

Solution (RUS). (npeicrapieno pemmenne papuanta N1, ocrajabHble pENaroTcest aHAJIOTHIHO) 371eCh
n Jasiee OygeM Ha3bIBATh MEHTPOM MPABUIBHOTO 2n-yTOJbHWKA IEHTP ONMHUCAHHON OKOJIO HETO OKPYIK-
HOCTH — OH DPACHOJIaraeTcs Ha MepecevyeHUuN HAMOOJIBINMHUX JHaroHaJeil 2n-yroabHuKa. 3aMeTuM, UTO
IPOU3BOIbHAS TpsAMas [, MPOXOAMAIas depe3 IEeHTP NPABUIBLHOTO 2n-yrOJbHUKA, JEJTUT ero Ha JIBa
paBHbIX (A4 3HAYMT, U PABHOBEJUKUX) MHOIOYIOJIbHUKA: OHH COBMENIAIOTCS [OBOPOTOM BOKDPYI' HEHTPA
MCXOHOTO 2n-yrojgbHuka #Ha 180°.

[Tycts A — nentp ucxognoro (66sbirero) 8-yroipuuka, a B — meHTp MenbIero 6-yroibauka. Torma
upsaMasg AB aesunT KaKaplil 13 HUX HA JIBA PABHOBEJIUKIX MHOTOYTOJIBHUKA, T.€. [0 KazK/IyI0 CTOpoHy AB
JIEJKUT MOJIOBUHA TLIOMIAIN KAayKJOTO U3 JBYX YIOMSHYTBIX MHOTOYTOJTBHUKOB — a 3HAYHT, 3TA MpIMAasd
YJIOBJIETBOPSIET YCJIOBUSIM 3a/Ia4H.

Yro0bl poBeCcTH TaKy[0 HpsMyfo, Haiigem Toukun A, B: Jjis 9TOro mpoBeeM 1O JBe HauOOJIbIINe
JINATOHAJIA UCXOJIHBIX 8-yroibHUKA U 6-yrosbHuka. Temepb ocraercss TOJIbKO OTMeTuTh Touku A, B 1e-
pecedeHns YIOMSIHYTBIX JUAaroHaseii, u 3aTeM MPOBecTH npsmyio AB.

Kpurepuu oneHnBaHms:

e omnucaHa Tpedyemasi npsMasi, HO He MPeJICTaB/IeH aJrOPUTM ee MocTpoenus: — 1 GaJL;
® IIpe/ICTABJIEH AJITOPUTM MOCTPOeHUs 0e3 TOoKa3aTeTbCcTBa — 3 Hasa;

® IIpeJICTABJIEH AJIrOPUTM IIOCTPOEHUS C JOKA3aTeIbCTBOM — O DAJIJIOB.

Solution (ENG). (given a solution to version 1 of the task since others are solved similarly) Here
and later we will call the center of a regular 2n-gon the center of its circumcircle — it is located at the
intersection of the largest diagonals of the 2n-gon. Note that an arbitrary line [ passing through the
center of a regular 2n-gon divides it into two equal (and therefore having equal areas) polygons: they
coincide after rotating around the center of the original 2n-gon by 180° .

Let A be the center of the original (larger) octagon, and B the center of the smaller 6-gon. Then
the line AB divides each of them into two equal polygons, i.e. by each side from AB lies half the area
of each of the two polygons, which means that the line satisfies the task’s conditions.

To draw such a line, we find points A, B: to do that, we draw the two largest diagonals of the original
octagon and hexagon. Now all that remains is to mark the intersection points A, B of the diagonals,
and then draw the line AB.

Criteria:



e the required line is described, but the algorithm for its construction is not presented — 1 point;
e the construction algorithm is presented without proof — 3 points;

e the construction algorithm with proof is presented — 5 points.



