Jlsaoyamv mpemuii mamemamuyeckuii myprup cmapuexiacchuxkos “Kyooxk namsmu A.H. Koamoeoposa™
Hbicescx, 8—14 dexabps 2019 2o0a

Tpertnii Typ 12.12.19. Boicias sura.

1. MOHO M pacno0XUTh B IPOCTPAHCTBE IISITh PABHBIX MPABHIBHBIX TETPASAPOB T1, ..., 15 TaK, YTOOBI IIPH
Bcex | =1, ..., 5 rerpasapsl Ti u Ti+1 IMeEIH POBHO OJIHO ob11iee pedpo, u odmre pédpa Terpadapa Tic Tit u Tix
obun ckpeuuBaromumucs? (Hymepanus nukinmdeckas, To ectb lo=Ts, Te=T1; TeTpa’apbsl MOTyT
nepeceKkaTbes Ipyr ¢ APYTroM.)

2. Ha nocke nanucansl 2500 yucen. M3BecTtHo, uTo Kak HU pazdeit ux Ha 50 rpymm mo 50 yucen B KaXIoMu,
o0si3aTeNibHO HaWAETCs Tpymma, cymma uucen B koropoil paBHa 0. Ilpm kakom HauOomnbiieM N MOXHO
rapaHTUPOBATh, YTO CPEIM YHUCEN Ha TIOCKE 0053aTEIbHO OKAXKETCS XOTS Obl N paBHBIX ?

3. Iycts f :R* - R — menpepsiBHas $yHKIus Takas, uto f(x1, y1) = min(xy, y1) u f(Xz, y2) # max(xz, y2) npu

HEKOTOPBIX X1, Y1, X2, Y2 € R . M3BecTHO, 4TO NpHu BCeX X, Y, Z € R BBINOJIHEHO CIEAYIOLIEE:
(1) f(x, y) = f(y, x);
(2) f(x, y) € [x, yl mpu x <y;
(3) (f(x, y), 2) = f(x, f(y, 2)).

JlokaxkuTe, 4To cylecTByer @ € R Takoe, uyro f(X, @) =anpu Bcex X € R.

4, Bee qurciia, KOTOPBIC MOKHO IIPCACTABUTH B BUJAC CYMMBI KBAaJApPATOB ABYX B3aUMHO IIPOCTBIX HATYPAJIbHBIX
YK CECJI, BBIIMHUCAHBI B IOPAJAKE BO3paCTaHUA. I[OK&)KI/ITG, qTO JJId J000ro N B 3TOH OoCJICAOBATCIIbHOCTH MOXHO
HaiTH N IOCJIEIOBATEIBHBIX HEYETHBIX YJICHOB.

5. OkpyxHOCTH ¢ ieHTpoM |, BrimcanHas B ueThipexyroisHUK ABCD, kacaercs ero ctopon AB, BC, CD, DA B
toukax Az, Bi, Ci1, D1 coorBerctBenHO. IlycTh Ag — LIEHTP OKPYXHOCTH, BIHCAHHON B YETHIPEXYTOJIBHUK
AA11D1; ananornuno onpeaensirorest Touku Bo, Co, Do. Jlokaxkure, 4To meprneHauKyIsphl, OIYIEHHbBIE U3 TOUYKH
A1 Ha AoBo 1 13 Touku B1 Ha BoCo, nepecekarorcst Ha mpsiMoid BoDo.

6. Knapa paznoxuna B psii N KapTodek, Ha KOTOPBIX HamucaHbl yucna oT 1 1o N. [apa xaprodek oopazyem
uHeepcuto, eClv KapTouka ¢ OOJIBIINM U3 IBYX HOMEPOB JICKHT JieBee KAPTOUKU C MEHbIIUM HoMepoM. Kapin
0epéT co cToNa KapTOUKy C YUCIOM 1, CUMTaeT, CKOJIbKO KapTOoueK OBLIO CcleBa OT HEeE, M BCTABISET €€ B Pl
TaK, 4YTOOBI TENEPh CTOJILKO KApTOUEK CTajo OT He€ crpasa. [lanbine oH MpOJETIbIBAaCT ATO MO OUYEPEaH C
KapTo4kaMmu 2, 3, ..., N. JlokakuTe, 4TO MOCJIe COBEPIICHUS BCEX N IEHCTBUI KOJTUYECTBO MHBEPCUN OKAKETCS
TaKHM K€, KaK ObUIO BHAYAJIE.

7. Monynu KOMIUIEKCHBIX YHCeN a1, 82, ..., an, D1, D2, ..., bn paBubr 1. Ilycth @ — cpennee apudmeTrueckoe
gucen ai, az, ...,an, a b — cpeanee apupmernyeckoe umcen bi, by, ..., bn,. Tomokum cx = akb+abi—axbk
(k=1, 2, ..., n). Hokaxwure, 4to |C1|+|C2|+...+|Cn| < N.

8. Mano HarypanbHoe N > 2019. Yucna 1, 2, ..., N? BIMCAHBI B KJIETKU TaOIHIBI NXN TaK, 9TO B KAXKIOH KIETKE
HAIMCaHo OAHO YucIo. JlOKaKUTE, YTO MOKHO OTMETUTH N KJIETOK, HUKAKUE JABE U3 KOTOPHIX HE HAXOAATCS B
OJTHOM CTPOKE WUJTH B OJJHOM CTOJIOIIe, TaK, YTOOBI HUKAKUE YETHIPE YMCIIA, CTOSIINE B OTMEUCHHBIX KIIETKaX, HE
00pa30BBIBANIN apU(PMETHUECKYIO TIPOTPECCHIO.

9. BHyTtpu octpoyromsHOro TpeyronbHuka ABC BbeIOpanbl Toukum P um Q Ttak, uto ZPAC = ZBAQ wu
/PCA = ZBCQ. ITycts Ma, Mg 1 Mc — cootBercTBeHHO cepenunbl MeHbIux ayr BC, CA u AB onucanHoi
okpyxHocTH Tpeyronbarka ABC. JIyda MaQ nepecekaet onucaHHyio OKpy>KHOCTH TpeyroibHuka BPC B Touke
Xa; Touku Xg U Xc ONpeNensioTcs aHamorudHo. Jlokaxwurte, uro Touku P, Xa, Xg u Xc nexar Ha OIHOMI
OKPYKHOCTH.

10. Bacst permn mpo kaxgoe moamaokectso B X = {1, 2, ..., 105+1}, xXopoiiee 0HO WK 11oxoe; [lere n3BecTHO
muiis, yto X Xxopomiee, a J — mioxoe. llers Xoder HalTH XOpoliee MOJMHOXKECTBO TaKOE, YTO BCE
IHOAMHOMKCCTBA, HO.Hy‘-IaCMBIe N3 HCTO y,IIaJICHI/IeM OJHOI'0O 3JICMCHTA — IIJIOXHUC. OH MOXCT 3a1aBaThb BOHpOCBI
Buaa «Xopolnee JU TaKoe-TO MOAMHOXKECTBO?». MOXKET JId OH TrapaHTHPOBAHHO JTOOUTHCS >KEIaeMOro 3a

10 +10°

> + 3 Bompoca?



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a

Tpernii Typ 12.12.19. [lepBas sura.

1. V Cenu ectb KBaapaTHbI OMJIBSAPAHBIN CTOJI, B YETBIPEX YIJaX KOTOPOro Haxonaarcs jy3bl. CeHs XxoueT
BBINOJIHUTH TPIOK: 3aIyCTUTH J[Ba IIapa OT OJHOTO M TOTO kK€ 0OpTa MO MPSIMBIM YIJIOM APYT K JApyry (He
00s13aTeJIbHO U3 OJHOM TOYKH), YTOOBI 00a, caenaB poBHO 1o 100 oTpaxkeHui, BIepBbIe MOMNAIN B YIIIOBbIE
ay3bl. CTapTOBbIE TOUKM y OOpTa U yroJj, MoJ KOTOPHIM 3allyCKaeTcs OJMH U3 ImapoB, CeHs BbIOMpaeT 1o
cBoeMy ycmorpenuto. Ilapel cuntaem ToOYkamH, OTpakatOTCs OHU OT OOPTOB IO MPABHIYy «YIroJl MaJeHHs
paBeH yrily oTpaxkeHus». ¥ nactes a1 CeHe 3TOT TProK?

2. Ha nocke nanucansl 2500 yucen. M3BecTtHo, uTo Kak HU pazdeit ux Ha 50 rpymm mo 50 yucen B KaXIoM,
o0si3aTeNibHO HaWAETCs Tpymma, cymma uucen B koropoil paBHa 0. Ilpm kakom HauOomnbiieM N MOXHO
rapaHTUPOBATh, YTO CPEIM YHCEN Ha TIOCKE 0053aTENbHO OKAXKETCS XOTS Obl N paBHBIX ?

3. Jlano BemecTBeHHOE umcio a > 1. ITocnenoBarensHOCTS a1, 8z, @3, ... 3a1aHa ycIoBHeM an = [a"1]-a[a"].
Haiizne Bce @ > 1, st KOTOPBIX 9Ta MOCIE0BATEILHOCTD IIEPUOANYHA, HAYWHAS C HEKOTOPOI'O MECTa.

4, Bee qurciia, KOTOPBIC MOKHO IIPCACTABUTH B BUJAC CYMMbI KBAaJAPATOB ABYX B3aUMHO IIPOCTBIX HATYPAJIIbHBIX
YK CECJI, BBIIMHUCAHBI B IOPAJAKE BO3paCTaHUA. I[OK&)KI/ITG, qTO JJIAd J000ro N B 3TOH OoCJIEAOBATCIIbHOCTH MOXHO
HaiTH N IOCJIEIOBATEIBbHBIX HEYETHBIX YJICHOB.

5. Okpyx)HOCTB ¢ ieHTpoM |, BrimcanHas B ueThipexyroisHUK ABCD, kacaercs ero ctopon AB, BC, CD, DA B
toukax Az, Bi, Ci1, D1 coorBercTtBenHO. IlycTh Ag — LIEHTP OKPYXHOCTH, BIHCAHHON B YETHIPEXYTOJIBHUK
AA11D1; ananornuno onpeaensirorest Touku Bo, Co, Do. Jlokaxkure, 4To mepreHAuKyIsphl, OIYIIEHHbBIE U3 TOUYKH
A1 Ha AoBo 1 13 Touku B1 Ha BoCo, mepecekarorcst Ha mpsiMoii BoDo.

6. Kimapa pasnoxuia B psit N KapTO4eK, Ha KOTOPHIX HamucaHbl uncia oT 1 go Nn. [lapa kapTodek obpazyem
uMgepcuro, ecii KapTodka ¢ OOJIBIINM U3 ABYX HOMEPOB JICXKHT JIeBee KapTOUYKH ¢ MEHBIINM HoMepoM. Kapi
0epéT co cToJIa KApPTOUKY C YUCIOM |, CUMTaeT, CKOJIBKO KapTOYEK OBLIO ClieBa OT He€, U BCTABIISIET €€ B PsiJI
TaK, 9YTOOBI TEMeph CTOJIBKO KapTOUEK CTaNo OT He€ crpasa. Jlamblie OH MpOAETBIBAET 3TO 1O OYEpenu C
KapToukamu 2, 3, ..., N. Jlokaxkute, 4TO MocIie COBEPIIECHUS BCeX N IeHCTBUI KOTUYECTBO MHBEPCUI OKaXeTCs
TaKUM e, Kak ObUIO BHAYAJE.

n
n+1

7. HarypanbHoe 4MCIO N M MONIOXXHTEIbHbIE YUCNIA &i, 8, ..., dn+l TAKOBBL, 4TO @' +a&, +...+a,,, =n+1.
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8. Mano HarypanbHoe N > 2019. Yucna 1, 2, ..., N? BIMCAHBI B KJIETKU TaOIHIBI NXN TaK, 9TO B KAXKIOH KIETKE
HAIMCaHo OAHO Yucio. JIOKaKUTe, YTO MOKHO OTMETUTH N KJIIETOK, HUKAKUE JABE U3 KOTOPHIX HE HAXOAATCS B
OJTHOM CTPOKE WJIM B OJJHOM CTOJIOIIE, TaK, YTOOBI HUKAKKE YEThIPE YHCIIA, CTOSIINE B OTMEUCHHBIX KIIETKAX, HE
00pa30BBIBAIN aApU(YMETUIECKYIO ITPOTPECCHIO.

+Nn

9. BHyTtpu octpoyromsHOro TpeyronbHuka ABC BbeIOpanbl Toukum P um Q Ttak, uto ZPAC = ZBAQ wu
/PCA = ZBCQ. ITycts Ma, Mg 1 Mc — cootBercTBeHHO cepenunbl MeHbIux ayr BC, CA u AB onucanHoi
okpyxHocTH Tpeyronbarka ABC. JIyda MaQ nepecekaet onucaHHyio OKpy>KHOCTH TpeyroibHuka BPC B Touke
Xa; Toukn Xg U Xc ONpenensioTcs aHamorudHo. Jlokaxwurte, uro Touku P, Xa, Xg u Xc nexar Ha OIHOMI
OKPYXKHOCTH.

10. Bacst permn mpo kaxgoe moamaokectso B X = {1, 2, ..., 105+1}, xXopoiiee 0HO WK 11oxoe; [lere n3BecTHO
mumib, 9yTo X Xopomee, a & — tioxoe. [lers xoder HaWTH XOpolee MOAMHOXKECTBO TaKOe, YTO BCE
IHOAMHOMKECCTBA, nonyqaeMHe N3 HCTO y,[IaJIeHI/IeM OJHOI'0O 3JICMCHTA — IIJIOXHUC. OH MOXCT 3a1aBaThb BOHpOCBI
Buaa «Xopolnee JU TaKoe-TO MOAMHOXKECTBO?». MOXKET JId OH TrapaHTHPOBAHHO JTOOUTHCS >KEIaeMOro 3a
10" +10°

> + 3 Bompoca?



Jlsaoyamv mpemuti mamemamuyeckuii myprup cmapuexiacchuxos “Kyoox namsmu A.H. Koamoeoposa™
Hbicescx, 8—14 oexabps 2019 2o0a

Tpertnii Typ 12.12.19. Bropas saura.

1. Baytpu tpeyronbparka ABC Beiopansl Touku P u Q Takum obpazom, uro ZPAB = ZCAQu LPCA = ZQCB.
Buccektpuca yrna B mepecekaer mpsambie PA u PC B Toukax K m L COOTBETCTBEHHO, a ONHCAHHYIO
okpyxxHocTh TpeyronbHuka ABC — B Touke M. Ommcannbie okpyxHOCTH TpeyroiabHukoB AMK u CML
nepecekaroTcst BropudHo B Touke N. Jlokaxute, yto Touku M, Q u N 5texxat Ha 0THOI MPAMOIA.

2. Ha nocke nanucansl 2500 yucen. M3BectHo, uTo Kak HU pazbeit ux Ha 50 rpymm mo 50 ducen B KaxIowH,
o0si3aTeNibHO HaWAETCs Tpymma, cymma uucen B kortopoil paBHa 0. Ilpum kakom HauOomnbiieM N MOXHO
rapaHTUPOBATh, YTO CPEIM YHCEN Ha IOCKE 0053aTEIbHO OKAXKETCS XOTS Obl N paBHBIX ?

3. dan Bemykibiil 2019-yroasauk. [lycts A — cpenHee apudmeTrnyeckoe TIomaeii Bcex TpeyroJbHUKOB C
BepimmHaMu B BepumHax 2019-yrompHumka, B — cpemHee apudmernueckoe IIIOmAAeH  BCEX
YeTHIPEXyroJIbHUKOB C BepiinHaMu B BepirHax 2019—yronpauka. Haiigure A/B.

4. Ha 6enoit mocke nx(n+1), n > 10, y KOTOpO#l rpaHUYHBIC KJICTKH TTOKPAIICHBI B YSPHBIii IIBET, UTpatoT [leTs
u Bacs, mo ouepenu mepekpamuBas Oenble KIeTKH B depHble. [Ipu aTom IleTs MOKeT KpacuTh TOJIBKO TE
KJIETKH, Y KOTOPBIX YETHOE YHCIIO COCEIHUX IO CTOPOHE YEPHBIX KIETOK, a Bacs TOIbKO Te, Y KOTOPBIX
HEYETHOE YHCIO COCEIHMX IO CTOPOHE 4YepHBIX KIETOK. [lers xomuT mnepbii. KTO BeIMIphIBacT npu
MpaBUIILHOMN UTpe?

5. Okpyx)HOCTh ¢ IeHTpoM |, BnucanHas B yetbipexyronpuuk ABCD, kacaercs ero cropon AB, BC, CD, DA B
toukax A1, Bi, Ci, D1 coorBerctBeHHO. IlycTh Ag — IIEHTp OKpPYKHOCTH, BIIMCAHHON B YETHIPEXYTOJIbHUK
AA11D1; ananoruyHo onpezensitorcst Touku Bo, Co, Do. Jlokaxwute, 4T0 NeprieHAUKYISIPbI, OMYIIEHHBIE U3 TOYKU
A1 Ha AoBo 1 u3 Touku B1 Ha BoCo, mepecekarorcst Ha ipsimoii BoDo.

6. Kimapa pasnoxuia B psii N KapTO4eK, Ha KOTOPHIX HamucaHbl uncia oT 1 go Nn. [lapa kapTouek obpazyem
uHeepcuio, €y KapTouka ¢ O0JIbIIMM U3 IBYX HOMEPOB JIEKHT JIeBe€ KapTOUKU C MEHbIIUM HoMepoM. Kapn
0epéT co cTojla KapTOUYKy € YMCIOM 1, CUMTAeT, CKOJIBKO KapTOUYeK ObUIO clieBa OT HE€, U BCTABISIET €€ B psl
TaK, 4YTOObI Terepb CTOJBKO KapTOUEK CTano oT He€ crpasa. Jlanble OH MPOAETBbIBAET 3TO MO OYEPEIH C
KapToukaMHu 2, 3, ..., N. Jlokaxxure, 4TO MOcCie COBEPIIECHUS BCEX N NEHCTBUN KOJINYECTBO HHBEPCUI OKAXKETCS
TaKUM JKe, Kak OblJIO BHaYaJe.
7. Jlansl HaTypajgbHbBlE YMcha a1, a2, ..., dn, CyMMa KoTopbiX paBHa 2019. Halimute HammeHbllee Takoe

) .

a,x

MOJIOKUTENBbHOE T, UTO ypaBHEHUE Z >

= X” +1
i=1

=1 MMEeT €MMHCTBEHHOE MOJOKUTEIIBHOE pelIcHuC.

n
8. lano HarypanbHoe K. HazoBeM MHOXECTBO MPOCTBIX YHCeN {P1,..., Pn} K-xnacchvim, ecnu l_I(pi +K)
i=1

n
JCJIIUTCS Ha H pi . HOK&)KI/ITC, YTO KOJINYECTBO k-KHaCCHLIX MHOXXECTB KOHECYHO.
i=1

9.V Cenu ecTb KBaJpaTHBIA OWIBSPAHBIN CTOJ, B YETHIPEX YIiaX KOTOPOTO HaxoAsTcs Jy3bl. CeHsl Xxo4er
BBINOJIHUTH TPIOK: 3aIlyCTUTh J[Ba IIapa OT OJHOTO M TOTO k€ 0OpTa MO MPSIMBIM YIJIOM APYT K Apyry (He
00513aTeJIbHO U3 OJHOM TOYKH), YTOOBI 00a, caenaB poBHO 1o 100 oTpaxkeHUH, BIIepBbIE MONAIHN B YIIIOBbIE
ay3bl. CTapToBbIE TOUKM y OOpTa M yrodj, MoJ KOTOPHIM 3allyCKaeTcs OJMH U3 ImapoB, CeHs BBIOMpaeT 1o
cBoeMy ycMmotpenuto. Illapel cuntaem TOYKamMH, OTPakatOTCS OHU OT OOPTOB IO MPABMILY «YyroJl HaJeHHs
paBeH yrity oTpaxeHus»». Y nacres mu CeHe 3TOT Tprok?

10. Bacs pemmmn mpo kaxoe noamuoxkectso B X = {1, 2, ..., 10°+1}, xoporee oHo uiH m1oxoe; [leTe H3BecTHO
muiis, yto X Xopomiee, a J — mioxoe. llers xoder HallTH Xopoliee MOJMHOXKECTBO TaKOE, YTO BCE
MIOJIMHO’KECTBA, MTOJTyYaeMbIe M3 HETO yIaJIeHUEM OHOTO dIeMeHTa — Tutoxue. OH MOXKET 3a/1aBaTh BOIIPOCHI
BU/Ia «XOpoIlee JIM TaKOe-TO MOJMHOKECTBO?». MOXET M OH TapaHTHPOBAaHHO JOOUTHCS HKEITaeMOro 3a

10 5
107 +10° + 20 BompocoB?



Jlsaoyamv mpemuti mamemamuyeckuii myprup cmapuexiacchuxos “Kyoox namsmu A.H. Koamoeoposa™
Hboicescx, 8—14 oexabps 2019 2o0a

Tpertnii Typ 12.12.19. Boicuiasi OHMOpPCKAasi JIMTA.

1. Kitapa pasnoxuia B psii N KapTO4eK, Ha KOTOPBIX HamucaHbl yucia oT 1 go n. Ilapa kapTouek oopazyem
uHeepcuio, €CIM KapTouka ¢ OOIBIINM U3 JBYX HOMEPOB JICXKHUT JICBEE KApTOUKHU C MEHBIITUM HoMepoM. Kap:
0epéT co cToJia KapTOYKY C YUCIIOM |, CUMTAET, CKOJIBKO KapTOUeK OBLIO clieBa OT HeE, M BCTABIISAET €€ B PSLT
TaK, 4TOOBI TETEpPh CTOJHKO KapTOUEK CTalio OT Heé crpasa. Jlaibllle OH MPOJENBIBAET ATO MO OYEPEIu C
KapToukamu 2, 3, ..., N. lokaxwute, uro nociie aeictBuii Kapia koauuecTBo MHBEPCHI HE U3MEHUTCA.

2. OxpyxHOCTb ¢ ieHTpoM |, BiucanHast B yetsipexyronsHuk ABCD, kacaetcs ero cropon AB, BC, CD, DA B
toukax Ai, Bi, Ci, D1 cootBeTcTBeHHO. Ag — LIEHTP OKPYKHOCTH, BIMCAHHOH B 4eThIpexyronbHUK AA1lD.
Amnanornysno onpezaesstrorest Touku Bo, Co, Do. [lokaxure, uyto nepnenaukysipsl u3 Touek A; Ha AoBo 1 B1 Ha
BoCo, mepecekatorcst Ha mpsimoii BoDo.

3. HaliinTe HaMMeHbIIEE HATYPATBHOE YHCIIO, KOTOPOE He npezcTasisercs B Bune C2 +C2+c, rme a, b, c—

HEOTPHIIATEIIBLHBIC IEIIbIC YUCIIa, YAOBICTBOPSIONIME HepaBeHecTBaM a > b > ¢ u a+b < 20109.

4. Bce uucina, KOTOpble MOXKHO IPEACTaBUTh B BUJIE CYMMbI KBaJIpaToOB JIBYX B3aUMHO IPOCTBIX HATYpaJIbHBIX
Yucell, BHIMMCAHbI B OPsIIKe Bo3pacTaHus. Jlokaxure, 4To 1151 JII0O0ro N B 3TOH MOCIEeA0BATEIbHOCTH MOKHO
HaWTH N NI0CIEI0BATENbHBIX HEUETHBIX YWICHOB.

5. Bayrpu tpeyronsauka ABC BeiOpansl Touku P u Q Takum o0paszom, uro Z/PAB = ZCAQu ZPCA = ZQCB.
buccektpuca yrna B mepecekaer mpsimbie PA u PC B Toukax K u L coOTBETCTBEHHO, a OMHMCAaHHYIO
OKpykHOCTh TpeyroibHuka ABC — B Touke M. OnmcanHble OKkpyx)HOCTH TpeyroiabHukoB AMK u CML
nepecekaroTcst BropuvHo B Touke N. Jlokaxkute, uro Touku M, Q u N siexar Ha oHO# psIMO¥A.

6. [anbl HaTypaidbHble yMcla a1, a2, ..., an, CyMMa KoTopbix paBHa 2019. Haiimute HammeHbllee Takoe

n
IMOJIOKHUTCIIBHOC t, 4YTO YpaBHCHHC Z

T =1 uMeeT eAUHCTBEHHOE pEIIECHUE.
o X7 +1

n
7. lano HarypanbHoe K. Ha3oBeM MHOXECTBO MPOCTBIX YHCEN {Pi,..., Pn} K-xopowwm, ecnn l_I(pi +k)
i=1

n
JeNTUTCS Ha H p; . JlokaxuTe, 4TO KOIMYECTBO K-XOPOLINX MHOXKECTB KOHEUHO.

i=1
8. Bacst permn mpo kaxzaoe noamMHoxectso B X = {1, 2, ..., 10°+1}, xopomee ono uiu mioxoe; [lete H3BecTHO
mumib, yTo X Xopomiee, a & — tioxoe. [lers xoder HaWTH XOpollee MOAMHOXKECTBO TaKoe, YTO BCE
MIOJIMHOKECTBA, MTOJTydaeMbIe M3 HETO yIAaJeHUEM OJHOTO dIeMeHTa — Tutoxue. OH MOXKET 3a/1aBaTh BOIIPOCHI
BU/Ia «XOpoIlee JIM TaKOe-TO MOJMHOKECTBO?». MOXET M OH TapaHTHPOBAaHHO JOOUTHCS HKEITaeMOro 3a

10* +10°

> + 3 Bompoca?

9. Opranu3zatopsl KyOka KonmoropoBa oxunaror npuObitust 2N koman. Kaxxasle ABe KOMaH/bI ChITPalOT
MeXIy coOoil oauH Ooi. B kaxplii neHb TypHUpa urpaercs poBHO oauH Ooi. Komanma mpuesxaer u
3acensercss B TOCTUHMILY B JIeHb CBOETO IEpBOro 005, a B J€Hb CBOEro IMocieaHero 6os yesxaer. [leHb
NPO’KMBAaHUS B TOCTHHUIE OJJHON KoMaH bl cToUT 1000 TyrpuKoB (J1eHb 3ae3/1a 1 JIeHb OThE3/1a OTIaunBAIOTCS
MOJIHOCTHI0). KaKyro HauMEHBIIYI0 CyMMY MOJKET IIOJyYUTh TOCTHHMIIA OT BCEX KOMaH]{ BMECTeE?

10. ¥V Cenu ecth KBaJipaTHBINA OWUIBSAPIHBIN CTON, B YETHIPEX yIiIaxX KOTOPOTo HaXoAsTcs J1y3bl. CeHsl Xo4er
BBITIOJTHUTH TPIOK: 3allyCTUTH JIBa IIapa OT OJHOTO M TOTO ke 00opTa Mmoj MPSMBIM yIJIOM JIPYT K IpYry (HE
00s13aTeIbHO U3 OAHOM TOUYKH), 4TOOBI 00a, cienaB poBHO 1o 100 oTpaxeHUH, BIEPBBIC MOTAIHA B YIJIOBBIC
ny3bl. CTapToBble TOUKM y OOpTa M yroi, MOJ KOTOPBIM 3amyckaeTrcs oAuH u3 mapoB, CeHsl BbIOHMpAeT 1o
cBoeMy ycMmotpenuto. Illapbl cuntaeM ToukamH, OTpa)karOTCS OHM OT OOPTOB IO MPaBHILy «yToJ MaJieHus
paBeH yTily oTpakeHus». Y gactcsa mu CeHe 3TOT TProK?
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Tpernii Typ 12.12.19. [lepBas ioHUOpCKAsI JIUTA.

1. Knmapa pasnoxuiia B psJ N KapTodek, Ha KOTOPBIX HamucaHbl yucna ot 1 1o N. Ilapa kaprouek o6pasyem
uMgepcuro, eciy KapTouka ¢ OOJIBIIMM U3 ABYX HOMEPOB JIEXKHT JIeBee KapTOUKH ¢ MEHbIINM HOMepoM. Kapin
0epéT co cToJia KapTOUKY C YUCIIOM 1, CUMTaeT, CKOJIbKO KapTOoueK ObLIO cieBa OT HEeE, M BCTABISET €€ B Pl
TaK, 4TOOBI TeNeph CTOJBLKO KapTOUeK CTajio OT Heé crpaBa. Jlanblle OH MPOJENbIBaET 3TO MO OUYEPEaAU C
KapToukamu 2, 3, ..., N. JJokaxute, uro nocine aercreuii Kapiia konm4ecTBO HHBEPCUN HE U3MEHUTCS.

2. OKpy>XHOCTB C 1IeHTpoM |, BucanHas B ueTsipexyroiabHuk ABCD, kacaercs ero cropon AB, BC, CD, DA B
toukax A1, Bi, C1, D1 coorBeTcTBeHHO. Ag — LIEHTP OKPY>KHOCTH, BIIMCAHHOW B 4eThIpeXyrosbHUK AA1lD1.
AHajnorudHo onpeaenstoTcs Touku Bo, Co, Do. lokakure, 4To nepneHauKyspbl U3 Touek A1 Ha AoBo u B1 Ha
BoCo, mepecekarorcst Ha ipsimoii BoDo.

3. Ha JOCKC HAIlIMCAJIN ThICAYY CAWMHMUIL. PEBpeI_HaGTCH CTCPETh C NOCKHU J1r000€ YHCIIO @ U 3alKMcaTh BMECTO
HETO TPH 3K3CMILISIPA YUClia a/3. I[J'IH KaKOT0 HauOOJIBIIETO M MOXKHO HaBCPHIKA YTBCPIKAATh, UTO HA JOCKC
Bcerja €CTb M OJAUHAKOBBIX qucen?

4, Bee qurciia, KOTOPBIC MOKHO IIPCACTABUTH B BUJAC CYMMbI KBAaAPATOB ABYX B3aUMHO IIPOCTBIX HATYPAJIIbHBIX
YK CECJI, BBIIMHUCAHBI B IOPAJAKE BO3paCTaHUA. I[OK&)KI/ITG, qTO JJIAd JI000ro N B 3TOM OoCJICAOBATCIIbHOCTH MOXHO
HaiTH N IOCJIEIOBATEIBHBIX HEYETHBIX YJICHOB.

5. Buytpu tpeyronsuuka ABC BeiOpansl Touku P u Q Takum o6pazom, uto ZPAB = ZCAQ u LPCA = ZQCB.
buccekrpuca yria B mepecekaer mpsimeie PA m PC B Toukax K m L cOOTBEeTCTBEHHO, a ONMHMCAHHYIO
okpyxHocTh Tpeyronbauka ABC — B Touke M. Ommcannbie okpyxHOCTH TpeyroiabHukoB AMK u CML
niepecekaroTcst BropudHo B Touke N. Jlokaxwute, uyro Touku M, Q u N nexxar Ha oJTHOU MPSMO.

6. Jlano BemecTBeHHOE uKcio a > 1. [TocnenosaTensHOCTh a1, A2, a3, ... 3a7aHa yclIoBHeM an = [a™1]-a[a"].
Haitgure Bce @ > 1, 11t KOTOPBIX 3TA MOCIEI0BATEIIBHOCTh IEPUOANYHA, HAUMHAA C HEKOTOPOTO MECTa.

n
7. ano HatypanpHoe K. HazoBeM MHOXECTBO MPOCTBIX 4ucen {Pi, ..., Pn} K-xopowum, ecnn l_I(pi +K)
i=1

n
JCJIIUTCA Ha H pi . I[OKa)KI/ITe, YTO KOJINYECTBO k-XOpOHII/IX MHOXECTB KOHCYHO.

i=1
8. Bacst permn 1po kaxkzaoe noamMHoxkecTtso B X = {1, 2, ..., 10°+1}, xopomee ono uiu mioxoe; [lete H3BecTHO
mumib, yTo X Xopomiee, a & — tmioxoe. [lers xoder HaWTH XOpollee MOAMHOXKECTBO TaKOe, YTO BCE
MOJIMHO>KECTBA, [TOJTydaeMble M3 HETO yJaJeHUeM OJHOTO dieMeHTa — Iutoxue. OH MOXKET 3a/1aBaTh BOIIPOCHI
BU/Ia «XOpollee JIM TaKoe-TO MOJMHOKECTBO?». MOXeT M OH TapaHTHPOBAHHO JOOUTHCS JKETaeMoro 3a

10° +10°

> + 3 Bompoca?

9. Opranuszatopsl Kyoka KommoropoBa oxumaroT mpuObITHs 2N KoMaH 1. Kaxaple ABe KOMaHBI CHITPAIOT
MeXIy co0oil omuH OoW. B Kaxmplil AeHb TypHHpa WrpaeTcss poBHO onuH Ooi. KomaHnma mpueskaer u
3acesieTcsl B TOCTUHHUILY B JICHh CBOETO TIEPBOTO 0051, a B JICHh CBOETO TocienHero 6os yesxaer. [Ipu kakom
HaMMeHbIIeM K MOXXHO COCTaBUTh TaKOE pacIHcaHue, 9ToObl KaXaas KOMaH/a raTtuia He Oonee, 4yem 3a K
JHEN MpokruBaHUA (I€Hb 3a€3/1a U JCHb O0ThE3/1a OTUIAYMBAIOTCS TIOTHOCTHIO)?

10. Tano HatypampHOe N > 2019. Yucna 1, 2, ..., N? BIMCAHBI B KIETKH TAOIHUIBI NXN TAK, 94TO B KAXKIOM
KJICTKE HAIMCAaHO OJIHO YHCIO. JIOKa)KUTe, 9TO MOKHO OTMETHTH N KJICTOK, HUKAKHE JIBE€ M3 KOTOPHIX HE
HAXOJATCS B OJHON CTPOKE WMIU B OIJHOM CTOJOIE, TaK, YTOOBl HUKAKHE YEThIPE YKCIA, CTOSAIIUE B
OTMEUEHHBIX KJIETKaX, He 00pa30BhIBAIH apU(PMETHUCCKYIO ITPOTPECCHIO.
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Tpernii Typ 12.12.19. Bropas 1oHuOpcKasi JJura.

1. Yucnar, 1, 2, 3, ... 11 paccraBiensl Ha peOpax Kyba 1Mo oJHOMY Ha KaxaoM pedpe. B kaxmoi
BEpILKHE 3alMCAIM CyMMY YHCell, HAllMCAHHBIX Ha BCEX UCXOMALINX U3 Hee pedpax. Oka3aiocs,
4TO YKCia BO BCEX BepIIMHAX paBHBL. [Ipu kakoM HanbobIIEM I TAKOE MOTJIO CIIYYUTHCS?

2. lan BeinykJislii mectuyronsuuk ABCDEF, B kotopom AB = EF, BC = DE u ZABC = ZDEF
(o6a yrma octpeie). [Jlokaxute, uto cepeannnl oTpe3koB AF, BE u CD nexat Ha ogHOM IPSMOIA.

3. Ha nocke Hammcanu Teicsiay equHuUIl. Pa3zpemiaercs cTepeTs ¢ JOCKHU JIF000€ YHMCIIO a U 3aIicaTh
BMECTO HETO TPH IK3eMIuiapa uuciaa a/3. J[ma kakoro HauOOJIBIIETO M MOXKHO HaBEpHSKA
YTBEPXKIaTh, YTO HA IOCKE BCET/IAa €CTh M OJIMHAKOBBIX YHCEIN?

4. lano 100 pa3IM4HBIX HaTypalbHEIX duce, 6onbmux N%, Ho Menbmmx N%+N s HEKOTOPOro

HaTypaJIbHOTO N. I[OK&)KI/ITC, 4TO IIPOU3BCACHNC HUKAKUX 99 u3 HUX HE JACIIUTCA Ha OCTAaBIICCCA.

5. Touka P nexxut Ha onucanHOM OKPYKHOCTH paBHOOeapeHnHoro Tpeyronbarka ABC ¢ AB = AC.
OxkpyxHOCTh (2 cuMMeTpudHa OTHOCUTENBHO AP okpyskHOCTH ¢ quameTpoM AB. OKpyXHOCTB ¢
muametpoM AP mepecekaet QQ B Toukax A u Q. Jlokaxute, uro AQ L QC.

6. Jlano BemiecTBeHHOe umcao a> 1. IlocimemoBaTeabHOCTH @1, 82, a3, ... 3aJaHa YCIOBHUEM
an = [a"]-a[a"]. Haiimure Bce a>1, Mg KOTOPBIX OTa MOCIENOBATENLHOCTh IEPUOAUYHA,
HaAYMHAast ¢ HEKOTOPOTO MECTA.

7. Jlano marypamsHoe K. HazoBeM MHOKECTBO MPOCTBIX YHCEN {P1,..., Pn} K-xopowum, eciau

n n
H (p; +K) nenurcs Ha H P, . JokaxkuTe, 4T0 KOJIMUYECTBO K-XOPOIIMX MHOYKECTB KOHEUHO.

i-1 i-1
8. Han Bemyxubiii 2019-yromeuuk. Ilycte A — cpennee apudmerndeckoe IIIomane Bcex
TPEYTOJILHUKOB ¢ BepiirHamu B BepmmHax 2019-yromeHuka, B — cpemnnee apudmernueckoe
IUTOIA/IeH BCEX YEThIPEXYTOJbHUKOB ¢ BepiimHamMu B BepinHax 2019—yronpauka. Haiinure A/B.

9. Opranmzatopsl Kybka Komvoroposa oxumaroT mpuosiTas 2N koMaHa. Kaxapie 1Be KOMaH/IbI
CBITPAIOT MEXy co00i o/tnH 00if. B KaXkI1blii IeHb TypHHpa UrpaeTcst poBHO ouH 6oii. Komanaa
MPUE3XKAET U 3aCENSETCs B TOCTUHUILY B IEHb CBOETO NEPBOro 0051, a B IEHb CBOETO MOCJEIHETO
0o0s yexkaeT. [Ipyu kakoM HauMeHbIIEM K MOKHO COCTaBUTh TaKOE PACIHCaHHUE, YTOOBI KaXKaasl
KOMaHJa IulaThia He Oosee, yem 3a K mHE#H mpokuBaHus (IeHb 3ae3la W JCHb OThe3na
OIJIAYMBAIOTCS MOJHOCTHIO)?

10. ¥V CeHnu ecthb KBajipaTHbIN OWIBSAPIHBIN cTON. CeHsl XOYeT BBITIOJHUTH TPIOK: 3aIlyCTUThH JBA
niapa U3 OJHOM TOYKM OT OOpTa MOJ MPSIMBIM YIJIOM JPYT K APYTY, 4TOObI OHM, OTPa3UBIIHUCH
HECKOJIBKO pa3 OT OOPTOB, BCTPETUIMCH TOUHO B LIEHTpe cToja. CTapToBYIO TOUKY y OOpTa U yroi,
0]l KOTOPBIM 3amycKaeTcsi oauH u3 1apoB, CeHs BeIOMpaeT mo cBoeMy ycMoTpenuto. [llapsr
CUMTAEM TOUYKAMHU, IBUTAIOIIUMHUCS C IOCTOSSHHBIMU OJJMHAKOBBIMU CKOPOCTSMH, OTPAXKAIOTCS OHU
OoT OOpPTOB MO MPABUITY «YTOJ MaJCHUs PaBeH YIIIy OTPa)XEHHsD», U B YIJIbl CTOJIA UM MOMNA/aTh
3anpenieHo. Y aactes in CeHe 3TOT TProk?



