LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne2. 1.05.2025
CTAPIITIA Y I'PVYIIIIA, BBICIIIAS JIUTA

1. B mebosbiiom roposike B MekcuKe »KUBET N MEKCUKAHIIEB, HEKOTOPBIE U3 KOTOPBIX
suakoMbl. OHE PENMIN ChIrpaTh B UTPy. B 1epBblil 1eHb KarK Iblil MEKCUKAHETT HAIINCAJT
Ha CBOEH IJIdANe HATYpaJIbHOE 9UC/I0. B KarKablil mocje Iy oMl JIeHb OHU MEHSIIN CBOE
qurcJio 1Mo npasuiy: B (i + 1)-it JileHb KaxKJIblii MEKCUKAHEIl MUIIeT y cebsi Ha IIIsiie
HaUMEHbIlee HATYPAJbHOE YUCJI0, KOTOPOro He ObLJIO Ha ILIAINE HU Yy OJHOIO U3 €ro
3HAKOMBIX B ¢-# JieHb. VI3BeCTHO, UTO B KAKOU-TO JIeHb KaXKJbIil MEKCUKaHeI] HAIUCAJ
TO K€ YHUCJIO, YTO U B NPEJbIAYINNNA JIEHb, IIOCJIE Yero OHU PENIuJId NPEKPATUTh UTDPY.
Omnpenennre MakKcHMaJIbHOE KOJIUYECTBO JHEH, KOTOPOe MOIJIA JJIUThCS 9Ta Ur'PA.

2. /lano HATypaJIbHOE YHUCJIO N > 3 W HATypaJIbHOE YHUCJIO &, B3aUMHO ITPOCTOE C
n(n—1). JlokaxkuTte, 9TO CyIIECTBYIOT HATYPAJbHbIE YUCTIA (4, B3AMMHO IIPOCTOE C 1 — 1,
1 b, B3aMHO IIPOCTOE C M, TAKUE UTO

r=a(n—1)+bn (modn(n—1)).

3. Hroma cobupaercsi BBIOpaTh HAOOP HATypaabHbIX uncesa 2 = (a1, das,...,a,) (rge
n > 3) u st Kaxkaoro Hemycroro noamuoxkectrsa A C {1,2,...,n} BBIYUCIUTD CyMMYy
sa = Y. ag. Iloce 3T70ro oHa PACIOJOKUT ITH CYMMBI B MOPSIJIKE BO3PACTAHUSI:

kEA

§1 < 82 < -+ < Son_q.

JokazkuTe, 9TO 0 HaYaja dTOrO0 IKCIIEPUMEHTa MOXKHO BBIOPATh TAKOE€ MHOXKECTBO
romepos B C {1,2,...,2" — 1}, comepxatiee 2" 2 + 1 3J1eMEHTOB, 4TO, HE3ABHCUMO OT
TOoro, Kakoit Habop {2 BeiOeper Hrorra, 3Tor HaOOp MOXKHO OyIeT HailTH, 3Hasl TOJBKO
CYMMBI S;, T1ie © € B.

4. Ha croponax AB u AC' ocrpoyroabaoro tpeyroiabanka ABC ormedenbl Touku P
u () coorBercrBenno, npuuém PQ || BC. Ha orpeskax BQ u CP ormedenbl Touku X
u Y coorBercTtBeHHO Tak, 9T0 LZAXP = /XCB u LAY (Q = ZY BC. [lokaxwure, 910
AX = AY.

5. B camoii seBoii kiteTke mosiocku 1 X 203 jexkar 203 duimku, a ocTaabHble KJIETKH
nmycThl. KasKIbIM X0JIOM MOXKHO B3sTbhb OjiHy wian 20 duiek u3 oJHOI KJIETKU U Iepe-
JIOXKATH WX BCEX B COCEJHIO KJIETKY (Bce ByeBO mim Bce Bipaso). [locie 2023 xomos
B KaXKJIOM KJIETKE OKa3aJioch 1o dutnke. Jlokazkure, 9T0 cyniecTByeT PUIIKa, KOTOPasd
JIBUTAJIaCh BJIEBO HE MeHee JIEBATU Pas.

6. B nenrpasabnoii kierke Tabdaunbl 101 X 101 crout gucso 0, a B OCTaJIbHBIX KJIETKAX
qyncyao 1. Pa3 B cekyHIy YmMCIIO B KaXKJIOM KJeTKe, KpoMme IeHTPAJbHOMU, 3aMEHAETCH
Ha CpejlHee apudMeTUIECKOe YHCe B COCEJHUX MO0 CTOPOHE KJIeTKaxX (BCe ITH 3aMEHbI
IIPOUCXOJISIT OJTHOBpEeMeHHO). JlokakuTe, 9To Yepes 107° cekyHI 4nCIIa BO BCEX KJIETKAX
OymyT Membime 1072025,

7. Hau ocrpoyroJbhbiii Tpeyroabauk ABC, B koropom AB < AC u Z/BAC = 60°.
B uém nposenenn! Boicorbl AD, BE nu C'F, a tak:ke ormeden opronearp H. Ilycts K,
L, M — cepenunnl cropod BC, CA u AB coorBercTtBenHo. JloKakuTe, 9TO CepeaInHbI
orpeskoB AH, DK, EL u FM jexat Ha OIHOW OKPY>KHOCTH.

8. Beckoneunas I10CJI€ 10BATCJIbHOCTD pallMOHAJIbHBIX 9HUCEJI YAOBJICTBOPAET YCJIOBUAM

1> 1, Tpy1 = [iZ:Z]' JlokazkuTte, 9TO 3Ta MOCJIEI0BATEILHOCTD COJIEPXKUAT YUCIO 1.




LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne2. 1.05.2025
CTAPIITA Y I'PVIIIIA, IIEPBAS JIUTA

1. B mebosbiiom roposike B MekcuKe »KUBET N MEKCUKAHIIEB, HEKOTOPBIE U3 KOTOPBIX
zuakoMbl. OHE PENMIN ChIrpaTh B UTPY. B 1epBblil 1eHb KarK Iblil MEKCUKAHETT HAIINCAJT
Ha CBOEH IJIdAIe HATypaJIbHOE 9UC/I0. B KaKablil mocje Iy Iomuii JIeHb OHU MEHSIIN CBOE
qurCJI0 1Mo npaBuiy: B (i + 1)-it JileHb KaxKJIblii MEKCUKAHEIl MUIIeT y cebsl Ha IIIsiie
HauMEHbIlee HATYPAJbHOE YUCJI0, KOTOPOro He ObLJIO Ha ILIAIE HU Yy OJHOIO U3 €ro
3HAKOMBIX B ¢-# JieHb. VI3BeCcTHO, UTO B KAKOW-TO JIeHb KaXKJblil MEKCUKaHeI] HAIIICAJ
TO K€ YHUCJIO, YTO U B NPEJBIAYINNNA JIEHb, IIOCJIE Yero OHU PEeNIuJId NPEKPATUTh UTPY.
Omnpenennre MakKcHMaJIbHOE KOJIUYECTBO JHEH, KOTOPOe MOIJIA JJIUThCS 9Ta Ur'PA.

2. /lano HATyYpaJIbHOE YHCJIO N > 3 W HATypaJIbHOE YHUCJIO X, B3aUMHO ITPOCTOE C
n(n—1). JlokaxkuTte, 9TO CyIIECTBYIOT HATYPAJbHbIE YUCTIA @, B3AUMHO IIPOCTOE C N — 1,
u b, B3aMHO IIPOCTOE C M, TAKUE UTO

r=a(n—1)+bn (mod n(n—1)).

3. Hroma cobupaercsi BoIOpaTh HAOOP HATypaabHbIX uncen () = (a1, das,...,a,) (Tme
n > 3) u s Kaxkaoro Hemycroro nogmuokectBa A C {1,2,...,n} BBIYUCIUTD CyMMYy
sa = Y. ag. Ilocyie 3T70ro oHa pacHoIOKUT ITU CYMMBbI B MOPSIJIKE BO3PACTAHMUS:

keA

8§51 < S22 < -- 0 K Sang.

JokazkuTe, 9TO JI0 HaAYasa ITOTO IKCIEPUMEHTa MOXKHO BBIOpPATh TaKoe MHOXKECTBO
rnomepos B C {1,2,...,2" — 1}, conep:karmee 2"~ 2 + 1 a/1eMeHTOB, 4TO, HE3ABUCAMO OT
TOro, Kakoit Habop {2 BeiOeper Hrorma, 3ToT HAOOp MOXKHO OyJeT HAiTH, 3HAS TOJIBKO
CYMMEI S;, T1Ie © € B.

4. Ha croponax AB u AC' octpoyroabaoro rpeyroiabanka ABC ormedensr Toukn P
u () coorBercreenno, npuuém PQ) || BC. Ha orpeskax BQ u C'P ormedenbl Toukun X
u Y coorBercTBeHHO Tak, uro LAXP = /XCB u LAY (Q = Y BC'. Jlokaxkure, 4TO
AX = AY.

5. B camoii jsieBoit kyeTke mostocku 1 x 203 Jiexkar 203 dumkn, a octaabHble KJIETKH
mycThl. KaxKapIM X0/I0M MOXKHO B34Th OfHY min 20 dumex n3 ogHON KJIETKH U Iepe-
JIOXKUTH MX BCEX B COCEJHIOI KJETKY (Bce BJeBO miau Bce Bipaso). [locie 2023 xomoB
B KaxKJI0! KJIeTKe OKa3aJsioch 1o dwurmike. Jlokaxknure, 9To cymecTByeT (UIIKa, KOTOpas
JIBATAJIaCh BJIEBO HE MeHee JIeBATH Pas.

6. /lano narypaabuoe unciio n. Jlokazxkure, 9T0 CymIeCTBYET JIUITHL KOHEYHOE KOJIUIe-
CTBO TaKUX HATypPaJbHBIX YUCEJI 1M, YTO YUCJIO m? +n?+1 JgequTrca n Ha M —n + 1, u
Ha m +n + 1.

7. B tpeyrosbauke ABC yron B npsimoii. Touka D ma cropone AB u Touka F Ha
cropore AC' rtakoBwl, uro BD + DE = CE nu /BDE = 2/BCEFE. Jlokaxwnure, 4TO
AE+ ED = DB.

8. beckonednas mocjie10BaTeTbHOCTD PAIMOHAIBHBIX YUCEN YAOBIETBOPIET YCIOBUAM

x1>1, xpp1 = % JlokazkuTe, 9T0 3Ta MOCIEI0BATE/ILHOCTD COIEPXKAT IUCIO 1.



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne2. 1.05.2025
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Jlan nByI0JIBHBIN I'pad, B KOTOPOM KaxKJas JOJIsi COJIEPXKUT UeTHOE UHUCJIO BEp-
muH. /lokaxkute, 9T0 3TOM Tpade HEeBO3MOXKHO BHIOPATH JAEPEBO Ha BCEX BEPIIUHAX,
Yy KOTOPOTr'O CTEIIEHU BCEX BEPIIUH HEYETHBHI.

2. Jlano HaTypajbHOE YUCIO N > 3 M HATYPaJbHOE YHCJIO I, B3aMMHO IIPOCTOE C
n(n—1). Jlokaxkute, 9T0 CyIIECTBYIOT HATYPAJIbHbIE YUCTA @, B3ANMHO IIPOCTOE C 1 — 1,
1 b, B3aMMHO IIPOCTOE C N, TAKUE UTO

r=a(n—1)+bn (mod n(n—1)).

3. Hroma cobupaercsi BbIOpaTh HAOOP HATypaabHbIX uucen ) = (a1, ds,...,a,) (rge
n > 3) u s Kaxkaoro Hemycroro noamuoxkecrsa A C {1,2,...,n} BbIYUCIUTD CyMMYy
sa = Y. ag. Iloce 3T70ro oHa PACIOJOXKUT ITH CYMMBI B MOPSIJIKE BO3PACTAHUS:

keA

§1 < 82 < -+ < San_q.

JokazkuTe, 9TO 0 Hadaja TOrO0 IKCIIEPUMEHTa MOXKHO BbIOPATh TAKOE€ MHOXKECTBO
rnomepos B C {1,2,...,2" — 1}, conepzKaiee 2”2 + 1 3j1eMEHTOB, 4TO, HE3ABUCUMO OT
TOro, Kakoit Habop {2 BeiOeper Hrorra, 3Tor HaOOp MOXKHO OyJIeT HailTH, 3HAsT TOJBKO
CYMMBI S;, TJie © € B.

4. Ha croponax AB u AC' ocrpoyroabaoro tpeyroiabianka ABC ormedenbl ToUku P
u () coorBercrBenno, npuuém PQ) || BC. Ha orpeskax BQ u CP ormedenbl Touku X
u Y coorBercTBeHHO Tak, ur0o LZAXP = /XCB u LAY (Q = Y BC'. Jokaxkure, 4TO
AX = AY.

5. B camoii jsieBoit kyerke mostocku 1 x 203 Jsexkar 203 duiku, a octajgbHble KJIETKH
mycThl. KazKIbIM X0JIOM MOXKHO B3aTbhb oyiHy wian 20 cduinek m3 oJHOM KJIETKU W Iepe-
JIOXKWUTH UX BCEX B COCEJHIO KJETKY (Bce ByieBO min Bce Bipaso). Ilocie 2023 xom0B
B KaXKJIOM KJIETKe OKa3aJioch 1o dutnke. Jlokazkure, 9T0 cyniecTByeT (PUIITKaA, KOTOPad
JIBUTAJIaCh BJIEBO HE MeHee JIEBATH Pas.

6. /lano nHarypaJsbHoe uuciio n. Jlokazkure, 9T0 CyIIECTBYET JIUIIbL KOHEYHOE KOJIUYe-
CTBO TaKUX HaTypPaJIbHBIX YHUCEJI M, YTO YUCJIO m? +n?+1 gequTca ® Ha m —n + 1, u
na m+n + 1.

7. B Ttpeyrospauke ABC yron B mupsimoii. Touka D Ha cropone AB u Ttouka F Ha
cropore AC' takoswl, uro BD + DE = CE u /BDE = 2/BCE. Jlokaxure, 4TO
AE+ ED = DB.

8. Bacs Beimucast Ha jgocky 100 pasandHbIX HATYpaabHbIX dncesa. OKa3a0Ch, 9TO CyM-
Ma BbIMUCAHHBIX uuces 6osbine 10000. Jokaxkure, 9TO CyIIECTBYIOT JiBa (BO3MOXKHO,
PaBHBIX ) HATYPAJIbHBIX YUCJIA T U Y, TAKUX YTO YUCJIO X+ BBIIMCAHO HA JTOCKE, 8 IHCIIA
T W Yy HeT.



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne2. 1.05.2025
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Jlan nByI0OJIBHBIA I'pad, B KOTOPOM KaxKJas JOJIsi COJIEPXKUT YUeTHOE UHUCJIO BEP-
muH. /lokaxkute, 9T0 3TOM Tpade HEeBO3MOXKHO BLIOPATH JAEPEBO Ha BCEX BEPIIUHAX,
Y KOTOPOT'O CTEIIEHU BCEX BEPIIUH HEYETHHI.

2. Haitnure Bce HaTypaJbHBIE N, JIjIsI KOTOPBIX CYIIECTBYIOT TaKUe Pa3JIUIHbIE HATY-
paJibHBle Yncia @ u b, aro n! = 2¢ + 2°,

3. [IBammarh IIsITh JeTCAI0BIEB HAKOPMUIM Kallleil, IOCaIu/IM 38 KPYIJIbI CTOJ U
KaXKJIYI0 MUHYTY CIPAIlIBAIOT, CJIaJIKasl JU Kallla, a JeTU OTBEYAIOT <«JIa» WU <HET».
Ecmu na Kakoil-To pa3 peOGEHOK OTBETHJI Ha BOIPOC TaK »Ke, KaK XOTs Obl OJIMH U3
ero cocejieil, B CJIEAYIONUI pa3 OH OTBETUT TakK »Ke. A ecym 006a cocela OTBETIIN He
TaK, KaK OH, TO B CJEIYIOIIUI pa3 OH OTBETUT HO-Apyromy. Jlokakure, 9T0, KaK ObI
JIeTU HU OTBETUJIA B IIEPBBIN pa3, B KAKOW-TO MOMEHT OTBETHI BCEX JeTel IepecTaHyT
U3MEHATHCSI.

4. Nuaronanu rpanerun ABCD (AB || CD) nepecekatorcs B Touke E. VI3Bectro, 1To
AB = BE u AC = DFE. Jlokaxure, aro buccekrpuca yria BAC nepuengukyasipHa
AD.

5. B camoii jieBoii kiieTke mosiocku 1 X 203 jexkar 203 dbuinku, a ocTajabHble KJIETKH
mycThl. KaxKapIM X0JI0M MOXKHO B34Th OfHYy min 20 dumek n3 ogHoONl KJIETKH U Iiepe-
JIOXKWUTH UX BCEX B COCEJIHIOI KJIETKY (Bce BJIeBO min Bce BIpaso). Ilocie 2023 xomnoB
B KaxKJI0U KJIeTKe OKazaJsioch 1o dwurmke. Jlokaxknre, 910 cymecTByeT (UIKa, KOTOpas
JIBATAJIaCh BJIEBO HE MeHee JIeBATH Pas.

6. /lano HaTypaapHOe 4mcyao n. JlokaxKuTe, 9TO CyIIEeCTBYeT JIUIIb KOHEYHOE KOJInde-
CTBO TAKHUX HATYPAJIbHBIX YHCEJ M, 9TO 4nucyio m2 +n? 4+ 1 neaurca m Ha m —n+ 1, u
Ha m +n + 1.

7. B tpeyrosbauke ABC yron B upsimoii. Touka D ma cropone AB u Touka F Ha
cropore AC' rtakoBwl, uro BD + DE = CE nu /BDFE = 2/BCE. Jlokaxure, 4TO
AE+ ED = DB.

8. Bacst Beinncast vHa j1ocky 100 pa3inaHbIX HATYpaIbHBIX drces. OKa3aaoch, ITO CyM-
Ma BbImucaHHbIX qucest 6osbine 10 000. Jlokaxkure, 9TO CYIIECTBYIOT JiBa (BO3MOYKHO,
PaBHBIX ) HATYPAJbHBIX YUCJIA L U Y, TAKKX YTO YUCJIO X+ BBIIKCAHO HA JOCKE, 8 TUC/Ia
X "W Yy HeT.



