LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KMNPOB, 29.04-05.05.2024
MATEMATNYECKUN BOM N2. 02.05.2024
CTAPIITIA Y I'PVYIIIIA, BBICIIIA S JIUTA

1. JTaHo HaTypaJbHOE YUCIIO 1. Boavwol okpystcrnocmovro cdepbl HA3BIBAECTCS OKPY K-
HOCTb Ha IIOBEPXHOCTHU CQEpbl, JUaMeTP KOTOPOU dABJISIETCS U JuaMeTpPpoOM caMoil cde-
pbl. Ha cdepe mposesim n 6osibininx okpyzkHocteit. OOpa30BaBIiecs: 9aCTU TOKPACUIIN
B UEpHBII M OeJbIil I[BETa B IIaXMaTHOM IIOPSJIKE: YaCTH, MMEIONIe OOIIUI yIacTOK
IpaHuIbl (JIyTy, a He KOHEYHOE UHCJI0 TOYEK ), MOKPAIIEeHbl B pas3Hble mBera. 1Ipu Ka-
KHX HaTyPaJbHBIX 17 MOXKHO YTBEDPXKJIATh, YTO CyMMapHasl ILJIOINA/Ib BCeX OeJIbIX JacTei
paBHA CyMMAapPHOI IO BCeX YEPHBIX YacTei?!

2. IlycTb aq, as, ... — OecKOHEeYHasI II0CJIEI0BATEIbHOCTh HATYPAJbHBIX UMCE]T TaKasl,
YITO JIJIS BCEX HATYPAJIBHBIX YUCEJI 11 U N GUCTIO Ay Gy, — 1 TETUTCHA HA Ay 4, - JLOKAKTTE,
9TO BCE YJIEHBI MTOCJIEIOBATEILHOCTH, HAUNHAsA ¢ HEKOTOPOTO, PABHBI 1.

3. O6oznaumm vepes T;, KOIUIECTBO U€TBEPOK (a, b, x,y) HATYPATHHBIX UUCEJI, TAKWX,
910 @ > b u n = ax + by. lokaxkure, 4To uncyo 1Tsyo3 HEIETHO.

4. Ilycte F — MHOXKeCTBO BCexX TOcjeaoBaTebHOCTel (a1, ag, . .., a1000), BCE UIEHBI
KOTOPBIX paBHbI 1 mm —1. /lokaxkure, uro MoxkHO B F' BbIOpaTh 1000 1mmocsieoBaTesib-
HOCTEH Tak, YTOOBI JIJIsi KayKJI0H MOCJIe10BaTeIbHOCTH (a1, Ao, - . ., a1000) € F HamLIaCh
BbIOpaHHAsI MOCJIEI0BATEILHOCTD (b1, by, . . ., 1), st KOTOPOIt

aiby + azb2 + ... + a1000b1000 = 0.

5. HarypaJsbHble unciaa a, b u ¢ Takossl, 4to a’ + b2 + ¢ u a® + b3 + ¢ nenarca na
a+ b+ c. Kpome Toro, HO(a + b+ ¢, 6) = 1. Jloxkaxkure, uto a® + b° + ¢® genurcs Ha
(a+b+c)

6. Jlarno marypaabuaoe n > 10000 u BeIDyKJIbIH n-yroabauk A As...A,. Hoxkaxkure,
ITO

Z A;Airo024 > Z A Ait1999

=1 1=1
(MHJEKCBI B CyMMax OepyTes TI0 MOJLYJIIO 7).

7. B rtpameruu ABCD: AD || BC, AB = AC. Ha ocuoBanuu AD B3sta Touka F
takas, uro AF : ED = 1: 2. Ilycrs Touka ' — cepenmna orpeska C'D. /lokaxkure, 910
/BEA=/FED.

8. /IBym 6ankmpaM Ha3HaAUYEHO OECKOHEYHO UTPAThH C YEPTOM B CJIEIYIONIYIO UTPY. HEPT
3alpPET UX B JIBE OT/EIbHbIE KOMHATHI. BpeMsi oT BpeMeH! 4€épT OyaeT 3aXOIUTh B KOM-
HATY K OJIHOMY u3 OAHKHPOB U CIIPAIUBATEH €0, KAKOH MO CIETy STOT 3axof (IépT
cumMTaer 3axoJ/bl K 0bouMm GaHkupaMm BMecTe). Eciu Bompolmaemblii yraiaj IpaBUIbHO,
YEPT 3aUUC/IeT Ha €ro CUYET OJUH PyOJib, HO YyraJbIBalolmieMy OO0 3TOM He COOOIIAEeT.
Yépr paspemraer OaHKHpaM 3apaHee JIOTOBOPUTHCA 00 oOpase jdeiicTtBuii. Kakoe nam-
OoJIbIIIee KOJIMIeCTBO PyOJieil OHN rapaHTHPOBAHHO CMOI'YT 3apaboTaTh 3a BCE BpeMsi?!
Omeem mootcem 6vimod «beckoHeuHO MHO20».



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM N2. 02.05.2024
CTAPIITAY I'PVIIIIA, IIEPBAS JIUTA

1. JTaHo HaTypaJbHOE YUCIIO 1. Boavwol okpystcrnocmovro cdepbl HA3BIBAECTCS OKPY K-
HOCTb Ha IIOBEPXHOCTHU CQEpbl, JUaMeTP KOTOPOU dABJISETCS U JuaMeTpPpoOM camMoil cde-
pbl. Ha cdepe mposesim n 6osibininx okpyzkHocteit. OOpa30BaBIiecs: 9aCTH TOKPACUIIN
B YEpHBII M OeJblil I[BETa B IIaXMaTHOM IIOPSJIKE: YaCTH, MMEIONIe OOIIUI yIacTOK
rpaHuIbl (JIyTy, a He KOHEYHOE UHCJI0 TOYEK ), MOKPAIIEeHbl B pa3Hble 1Bera. 1Ipu Ka-
KHX HaTyPaJbHBIX 77 MOXKHO YTBEDPXKJIATh, YTO CyMMapHasl ILJIOINA/Ib BCeX OeJIbIX JacTei
paBHA CyMMAapPHOI IO BCeX YEPHBIX YacTei?!

2. Yucna 2024, 2025, 2026, . . ., 2124 3anucanbl HOAPsiJ, B HEKOTOPOM IIOPSIIKE, 00pa3ys
MHOT'O3HAYHOE YMCJI0. /[oKaXKuTe, 9TO OHO HE ITPOCTOE.

3. O6oznaumm vepes T;, KOJUIECTBO YeTBEPOK (a, b, x,y) HATYPAJIHHBIX YUCEJT, TAKWX,
910 @ > b u n = ax + by. lokaxkure, 4T0o 4ncjo 1syo3 HEIETHO.

4. Ilyctb F — MHOXKeCTBO BcexX TOcjeaoBaTebHOCTel (a1, ag, . .., a1000), BCE UIEHBI
KOTOpbIX paBHbl 1 miu —1. Jlokaxkure, 9yTo MoxkHO B F' BeIOpaTh 1000 1ocsiegoBaresib-
HOCTEH Tak, ITOOBI [Tt KaXKJIO! MOCJIeI0BATeIbHOCTU (a1, Ao, . .., a1000) € F HamIach
BbIOpaHHAsI TOCJIEI0BATEILHOCTD (b1, ba, ..., b10oo), /It KOTOPOI

aibi + azb2 + ... + a1000b1000 = 0.

5. Harypasapuble uncia a, b u ¢ TakoBel, 9T0 a? + b + ¢ u a® + b3 + ¢ genarca nHa
a+ b+ c. Kpome Toro, HO(a + b+ ¢, 6) = 1. lokaxure, aro a® + b° + ¢ menurcs Ha
(a+b+c)?

6. /lokaxkure, uro B jiro60M BbITyKJaoM 1001-yroapauke A1 As ... A1gp1 BBIIOJHSIETCS

HEPABEHCTBO
1001 1001

D AiAiisoo > Y AiAisagy

=1 1=1
(nHIEKCH B cyMMax GepyTcest 1o mozysio 1001).

7. B tpaneruu ABCD: AD || BC, AB = AC. Ha ocuoBanuu AD B3ara touka E
takasi, 9t0 AF : ED =1 : 2. [Iycts Touka F' — cepemuna orpe3ka C'D. Jlokaxkure, 9TO
/BFEA=/FED.

8. /IBa Opara, pemuB 3apaboTaTh JeHer, IONLIA K CeJIbCKOMY IICUXOJory. ToT 3amep
X B JIB€ OTJEJIbHbIE KOMHATHI U CTaJ UI'PaTh ¢ HUMU B CJIEAYIONIyI0 Urpy. Bpemst or
BPEMEHU IICUXO0JIOI 3aXOUT B KOMHATY K OJIHOMY U3 OpaThbeB U CIPAIBAET €ro, KaKoii
[0 CYeTy ITOT 3aX0J (ICHXOJIOr CYUTAET 3aX0/bl K 000MM OpAThsIM BMECTE), Ha UTO
BOIIPOIIIAEMbIil JaeT aBa oTBeTa. Kcjmm XoTs ObI OJUH U3 OTBETOB BEPHBIM, TO IICAXOJIOT
3a4UCIIAeT OJUH pyO/Ib Ha CUET YIaIbIBAIONIET0, HO eMy 00 3TOM He coobiaeT. bparbs
MOI'YT 3apaHee JIOrOBOPUTHCs 00 obpase deiicTBuit. MoryT M OHM TapaHTUPOBAHHO
zapaboratb x0Tst 661 100 pyOseit?



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KINPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM N2. 02.05.2024
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Boavwot oxpystchocmovio cepbl Ha3bIBAETCsI OKPYKHOCTH Ha, IIOBEPXHOCTHU ce-
pBbI, JUaMeTp KOTOPO siBJsieTcd U guameTpoM camoii cepnl. Ha cdepe mposesmun 1001
OOJIBIIIYIO OKPY2KHOCTH. OOpa30BaBIIecss YaCTH ITIOKPACUINA B YEPHBIN 1 OeJIbIil 1[BeTa B
IMIAXMATHOM MOPSIJIKE: YaCTh, UMEIOIIUe ODIHil yIacTOK TPaHUIIbI (JyTy, & He KOHETHOe
YICJIO TOYEK ), TIOKPAIIEeHbI B pa3Hble 1nBera. Jlokaxkure, 910 cyMMapHas IJI0IMA b BCEX
OesbIX JacTeil paBHA CyMMAapPHOIl ILJIOMIAIN BCeX YEPHBIX JacTeil.

2. Yucna 2024, 2025, 2026, . . ., 2124 3anucanbl HOAPsi, B HEKOTOPOM IIOPSIIKE, 00pa3ys
MHOTO3HaYHOE YUCJI0. /loKaKuTe, 9TO OHO HE ITPOCTOE.

3. O6oznaunm vepes T,, KOJIUIECTBO Y4eTBEPOK (a, b, x,y) HATYPAIBHBIX YUCEJI, TAKHX,
9To a > b u n = ax + by. lokaxkure, uTo 4ucyio Thys3 HEIETHO.

4. Ha nocke manucanbl 20 000 HaTypaIbHBIX 9UCeN, KaXK/I0€ U3 KOTOPBIX HE ITPEBOCXO-
auT 100. 3 mHux 10 000 uncen nHamucanbl KpacHbIM, a 10 000 — 3enénbiM. JloKaxkuTe, 9TO
MOKHO CT€PeTh HEKOTOPbIE U3 Yrces (BO3MOYKHO, HU OJIHOTO, HO HE BCE) TaK, 9TO CyMMa
OCTaBIINXCA KPACHBIX YHCEJI OYJIeT paBHa CyMMe OCTABIINXCS 3e€J€HbIX. HamoMHUM, 9TO
cyMMa HabOpa duces, COAEPXKAIINEM BCETO OJTHO YUCJI0, PABHA STOMY YHUCITY.

5. BeriectBeHHbBIE YuCaa @, b U ¢ TAKOBBI, YTO CYMMa, JJIOOBIX JIBYX U3 HUX OTJIUYIHA OT
HyJd. Jlokaxkure, 94T0

a?c b2a b b2c a a?b

a+b+b—|—c+c+a a+b+b—|—c+c—|—a

= 0.

6. Ha ocroBaruu AB pasHoOepertoro Tpeyronbunka ABC ormedena Touka P. Touq-
ku R u () na croponax AC u CB takossl, uro C'(QQ PR — napaJjuteaorpamm. Jlokazkure,
YTO TOYKA, CAMMETPHUYIHAsI TOUYKe P OTHOCHTE/NILHO TpsiMoit R(), JIeXKUT Ha OIMMCAHHOMN
okpy2kHOCTU Tpeyrosbunka ABC.

7. B tpaneruu ABCD: AD || BC, AB = AC. Ha ocuoBanuu AD B3arta Touka E
takas, 9ro AE : ED =1 : 2. Ilycrs Touka F' — cepenuna orpe3ka C'D. /lokaxkure, 910
/BFEA=/FED.

8. B rpade 2023 BepmmHbl. DTH BEpPIIMHBI KAK-TO ITOKPAIIEHbI B 7 IIBETOB U KaXK-
JIble JIBE BEPIIUHBI PA3HOTO IIBETA COEJMHEHBI PeOPOM (& BEPIINHBI OJMHAKOBOIO IBETA
He coejuHeHbl). Ajnca u Bob mo odepenn cTaBAT IMIAIKA B BEPHIIUHBI 3TOrO Trpada.
KaxkpiM X0/10M MOXKHO IIOCTaBUTDH OJIHY IIAIIKY B JIFOOYIO eIlle He 3aHATYIO IIAIIKaMU
BepuHy. [locite Kaxk10ro xoaa paccTaHOBKA IIAIIEK JTOJI2KHA 00J1a/1aTh CBOHCTBOM: JIIO-
6oii kpardaiimuii myTh B rpade (T.e. ¢ HAMMEHBITUM YUCIOM pebep) MeXK Ly JTFOOBLIME
JBYMS BEPIIMHAMU, TJI€ CTOST MIAIIKY, He JTOJKEH IIPOXOIUTH Uepe3 BEPIITNHY, 3aHIATY IO
MAaIKoii. Ajmca XOauT HepBOil, IPOUTPHIBAET TOT, KTO HE MOXKET C¢IejaThb Xoia. KTo
BBINT'DAET IIPU IIPABUJILHON urpe?’



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KIMNPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM N2. 02.05.2024
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Boavwoti oxpystchocmoviro cepbl Ha3bIBAETCsI OKPYKHOCTH Ha, IIOBEPXHOCTHU ce-
pPBI, JUaMeTP KOTOPOM siBJIsieTcd U guameTpoM camoii cdepnl. Ha cdepe mposesmun 1001
OOJIBIITIYIO OKPY2KHOCTH. OOpa30BaBIIecss YaCTH ITIOKPACUINA B YEPHBIN 1 OeJIbIil 1[BeTa B
MIAXMATHOM IOPSIJIKE: YaCTU, UMEOIHe ODIHil yIaCTOK TPAHUIIbI (JyTy, & He KOHETHOe
YICJIO TOYEK ), TIOKPAIIEHbI B pa3Hble 1nBera. Jlokaxkure, 910 CyMMapHasi IJI0IMA b BCEX
OesbIX JacTeil paBHA CyMMAapPHOIl IO BCeX YEPHBIX YacTeil.

2. Iensre unciaa a, b u ¢ TakoBwl, 910 ab + bc 4+ ca = 1 u a + b = c¢. Joxkaxkure, 94T0
OJTHO U3 Yucesa a, b u ¢ jgeaurcs Ha 3.

3. Ectp 30 kposmkoB n 30 KJaeTOK, KPOJMKH IPOHYyMepoBaHbI ducjaaMu oT 1 jo 30,
a KJeTkn — uancaamu or 36 10 65. KpoamkoB paccakuBaroT mo KJieTkaM (110 OJJHOMY
KPOJIMKY B KJIETKY ) TaK, IYTOOBI HOMED KarKJI0T0 KPOJIUKA OBLIT B3ANMHO IIPOCT ¢ HOMEPOM
ero kJjieTku. JIokaxkure, 9T0 KOJIMIECTBO CIIOCODOB TaK PACCAIUTh KPOJIMKOB 110 KJIeTKaM
JeJINTCS Ha 7.

4. Ha nocke manucanbl 20 000 HaTypabHBIX 9UCe, KaXK/I0€ U3 KOTOPBIX HE ITPEBOCXO-
qut 100. 13 mux 10 000 yucesr nanucanbl KpacHbiM, a 10 000 — 3esiéabiv. Jlokazkure, 94T0
MOKHO CT€PeTh HEKOTOPbIE U3 Yrcesl (BO3MOYKHO, HU OJIHOTO, HO HE BCE) TaK, 9TO CyMMa
OCTaBIINXCA KPACHBIX UHCE]I Oy/IeT paBHa CyMMe OCTaBIIUXCS 3eJI€HbIX. HamoMHUM, UTO
cyMMa HabOpa duces, COAEPXKAIIEM BCErO OJHO YUCJIO0, PABHA STOMY UHUCILY.

5. BemiecTBenHble Yncaa a, b U ¢ TAKOBBI, YTO CyMMa JIFOOBIX JBYX M3 HUX OTJIUYHA OT
HyJd. Jlokaxkure, 94TO

a?e b2a 2b b2c 2a a?b

a+b+b+c+c+a a+b+b+c+c+a

6. Ha ocroBarnuu AB pasHoOepertoro Tpeyroiabunka ABC ormedena Touka P. Tou-
Kk R u () na croponax AC u CB takossl, uro C'(QQ PR — napaJjuteaorpamm. Jlokazkure,
YTO TOYKA, CHMMETPHUYIHAsT TOUYKe P OTHOCHTE/ILHO TpsiMoit R(), JIeXKUT Ha OIMMCAHHOM
OKpy2kHOCTHU Tpeyrosbuuka ABC.

7. B mpanenuu ABCD: AD || BC, AB = AC. Ha ocuoBanuun AD B3sta TOuKa F
takasi, 9to AF : ED =1 : 2. IIycts Touka F' — cepemuna orpe3ka C'D. Jlokaxkure, 4TO
/BFEA=/ZFED.

8. B rpade 2023 BepriuHbl. DTU BEPIIMHBI KAK-TO IMOKPAIIEHbI B 7 IIBETOB U KaiK-
JIbIe JIBe BEPIIMHBI PA3HOTO IIBETa COEINHEHBI peOpOM (a BEPIIUHBI OJMHAKOBOTO IIBETa
He coejHeHbl). Ajnca u Bob 1o odepein cTaBsT IMIAINIKA B BEPHIXHBI 9TOr0 rpada.
KaxkibiM X0JI0M MOYXKHO ITOCTaBUTH OJIHY IAIIKY B JIIOOYIO €Ille He 3aHATYIO IAITKAMA
BepruHy. [locse KaxK0ro xo/1a pacCTaHOBKA IAIIEK JT0/IKHA 00J1a/1aTh CBONCTBOM: JIIO-
6oit KpaTuaiimuit myTh B rpade (T.e. ¢ HAMMEHbBIIUM YHUCIOM pebep) MeXKTy JIIOObIMU
JIBYMsI BEPIITUHAMH, TJI€ CTOST INAIIKN, He JOJIXKEH IPOXOIUTh Yepe3 BEPIINHY, 3aHITYIO
MAITKON. AJinca XOIUT TEepBOii, IPOUTPHIBAET TOT, KTO HE MOXKeT cjesarh Xod. Kto
BBINTPAET IIPU IIPABUJILHON urpe?’



