LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KIMNPOB, 29.04-05.05.2024
MATEMATNYECKUMN BOM Ne1. 01.05.2024
CTAPIITIA Y I'PVYIIIIA, BBICIIIA S JIUTA

1. lIyctp 1 < < 2u M = {[2"a] | n = 0,1,2,...}. Bepro sm, 9ro Kaxkjaoe HATYy-
paJibHOE YUCJIO MOYKHO TIPEJICTaBUTh B BUJIe CyMMbI unces u3 M, rie cjiaraemMble B 9TOM
CyMMe MOT'YT TIOBTOPSIThCs, HO He OoJtee iByX pa3? Hamomuum, uro yepes [x] obo3HavueHa
1eJiasl 9acTh YUCIa T, T. €. HAUOOJIbIIee Te/I0€ YUCJI0, He TIPEBOCXO/IAIIee .

2. Jlan mepaBHOOenpeHublil Tpeyroabauk ABC, B xotopom ZA = 105°. Touka D
CHUMMETPHUYIHA TOYKe A OTHOCHTEIBHO CepeInHHOrO IepIeHInKy/sipa K cropone BC.
OxkazaJsiock, uro AD+AC = BC. Uemy MmoxkeT ObITH paBHa rpa tycHast Mepa yriia ABC'?

3. ana 1mocjie10BaTeIbHOCTD IEJIbIX UHCEN a1, G, . ... OKa3aa0Cch, 9TO IJIsSI KasKI0-
ro HaTYyPaJbHOI'O 7 MOXKHO yKa3aTb TaKOe HaTypasbHOE 1M, YTO WIEHBI a; U G HAI0T
OIMHAKOBBIE OCTATKMN MPU JeJI€eHNN Ha 7. TOTJAa U TOJBKO TOT/a, KOTJIa ¢ U j JTAI0OT OIU-
HAKOBBIE OCTATKHU IPHU JeJeHnu Ha m. JloKaxkKuTe, 4TO IOCIeI0BATEIbHOCTD A1, G2, ...
IIEPUOINYIHA WJIN SIBJISIETCA apU@PMeTUIeCKOil IIPOrpeccueii.

4. Kombl 1 pobbep 6eraror 1o KOHEYHOMY CBsisHOMY Tpady. CHadaia KOIbl 3aHIMAIOT
HEKOTOpbIe BepmuHbl. 1locae Hux pobbep moadupaeT cebe HAYAJIBLHYIO BEPIINHY. XOJIST
II0 OYepeJIn: BCe KOIIbI, IIOTOM CHOBa Po0OOEpD, IIOTOM CHOBa BCE KOIIbI U T. JI. XO0/I KaXKJI0I0
IIepCoHaXkKa — JINMDO OCTATHCsI HA MECTe, JIMOO TIEPEMECTUTHCS B COCETHIO BepiuHy. Bee
BCEX BUJIST, JEefCTBHUsI KOIIOB CKOOPIUMHUpPOBaHbI. 1lesib KommoB — moiiMarh podbbepa, 3To
IIPOUCXOJIUT €CJIN B KAKOU-IM00 MOMEHT poO0ep m 1000 U3 KOIOB OKAXKETCS B OTHOM
BepiuHe. JloKaxKuTe, 9TO cyliecTByeT I'pad, Ha KOTOPOM poOOEp MOXKET HeoTpaHuIeH-
HO JIOJITO YCKOJIBb3aTh OT 2024 KOmoB, IpuydeM 3TOT rpad MOXKET ObITh HAPUCOBAH HA
ILJIOCKOCTH TaK, YTOOBI JiI000e pedpo Iepecekasio He DoJjiee OIHOIO JIPYyroro pedpa.

5. HucaoBoit TpeyroJbHUK U3 HyJIel U € IUHUIL COCTOUT U3 7 CTPOK: OTHO YUCJIO B Iep-
BOIl CTpPOKe, JIBa YHCJIa BO BTOPOIi, ..., n ducea B n-it. Kaxmoe uncjo Jiroboit cTpoKu,
KpOMe HOCJIeAHEe, PaCHOJI0XKEHO HAJ IIPOMEXKYTKOM MEXKY JIABYMS COCEIHUMU YUCJIa-
MU cyiejytoreit crpoku. Takoil TpeyroJbHIK HA30BEM J60UYHIM GHMUMPEY20ALHUKOM
Ilackana, ecan st KaxKIbIX JIBYX COCEIHUX YHCEJI KaKJIOW CTPOKH CyMMa 3THX IBYX
qUCeJI U YHCJa, CTOIIEro HaJl HUMHU, HeuéTHa. Kakoe HanMeHbIee KOJITMIeCTBO €MHMUIT
MOKeT OBITh B TAKOM TPEyToJIbHUKE?

6. /lokakuTe, 94TO ecjim HaTypaJbHOE YUCJIO JeJUTCA Ha 88, HO He jgenanTcd Ha 121, To
BCE ero JIeJIUTeJIM MOXKHO pa30UTh Ha JiBa MHOXKECTBA C OJIMHAKOBOM CyMMOIA.

7. Pens u Camra 110 ouepeayr IPOBOASAT Ha IIOCKOCTH IIpsIMbIe, IIOKa He OyIeT IIpo-
Begeno 2024 npsimbie. Haunnaer @ens. Carra xodueT, 9TOOBI B PE3y/IbTATE KOJUIECTBO
obJtacTeil, Ha KOTOPBIE IIPOBEIeHHbBIE IPSIMbIE JIeJISIT [IJIOCKOCTh, JIeJInJIOoCh Ha 3. CMoxKeT
s Densa emy momenarh?

8. Touku B un (' 3adukcupoBanbl, a TOYKa A JBUXKETCS 110 TPSIMOIi, MapaJsie/bHON
BC'. Ilycts D u E — cepeaunnl cropon AB n AC tpeyrosibauka ABC coOTBETCTBEHHO.
Ha npsimoit DE B3sita Touka X takas, uro XD = AB/2, upudem X u C jiexkar 1o
pa3Hble CTOPOHBI OT npsamoit AB. Anajgoruano, Ha upsimoit DE B3siTa Touka Y Takas,
gro Y E = AC/2, npuaem Y u B jnexar 1o pas3uabie cToponb! ot npsimoit AC. Ilycrs T —
Touka Imepecedenust npsaMbix BX u CY. /lokaxkute, 9TO TOYKA IEPECEUEHUSI BBICOT
BCEBO3MOXKHBIX TPeyroabHUKOB 1T' XY jexuT Ha (GUKCUPOBAHHON ITPAMOIL.



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM Ne1. 01.05.2024
CTAPIITAY I'PVIIIIA, IIEPBAS JIUTA

1. lIyctp 1 < < 2u M = {[2"a] | n = 0,1,2,...}. Bepro im, 9ro Kaxkjaoe HATY-
paJIibHOE YUCJIO MOYKHO TIPEJICTaBUTh B BUJIe CyMMbI unces u3 M, rie cjiaraemMble B 9TOM
CyMMe MOT'YT TIOBTOPSIThCs, HO He OoJtee ByX pa3? Hamomuum, uro uepes [x] obo3HadeHa
1eJsiasl 9acTh YUCIa T, T. €. HAUOOJIbIIee Te/I0e UUCJI0, He TIPEBOCXOJIAIIEe .

2. Jlan mepaBHOOenpenublii Tpeyroabauk ABC, B xotopom ZA = 105°. Touka D
CHUMMETPHUYIHA TOYKe A OTHOCHTEIBHO CepeInHHOrO IepHeHInKy/sipa K cropone BC.
OxkazaJjioch, uro AD+AC = BC. YUemy MoxkeT ObITH paBHa rpatycHast Mepa yria ABC'?

3. ,)__LOKa}KI/ITe, 9TO CyIeCTBYET JIMIIIb KOHEYHOE KOJIMYIECTBO IIap ITOJIO2KHUTEJIbHBIX Pa-

IIMOHAJIbHBIX YHUCEJ P U ¢ TAKUX, YTO KarxKJoe U3 Yuceja p +q u % + % — TIeJI0€.

4. Kombl 1 pob0ep GeraroT 1o KOHEUYHOMY CcBsisHOMY T'pady. CHadaa KOIbl 3aHIMAIOT
HEKOTOpbIe BepmuHbI. [lociae Hux pobdep mogdupaeT cebe HAYAIBLHYIO BEPIIUHY. XOJIAT
110 OYepean: BCe KOIbI, IIOTOM CHOBa PoOOEp, IIOTOM CHOBA BCE KOIBI 1 T. JI. XOJI KasKI0-
ro MepcoHazka — 9T0 Jubo mac (0CTaTbCs Ha MecTe), JUOO0 TMEPEMECTUTHCST B COCEHION0
BepmmHy. Bee Becex BUIAT, JieficTBUS KOIIOB CKOOPIMHUPOBaHbI. [lesib KOIoB — moiiMaTh
pobbepa, ITO MPOUCXOUT €CJAU B KaKOW-TMO0 MOMEHT pobOep m JIToOOiT M3 KOIIOB OKa-
JKeTcs B oJIHOI BepinHe. JlokaxKuTe, 94TO cylnecTByeT rpad, Ha KOTOPOM podOep MOXKeT
HEOTPaHUYIEHHO JIOJITO YCKOIb3aTh oT 2024 KOIIOB.

5. YwucsioBoit TpeyroJIbHUK U3 HYJIel U €IMHUIL COCTOUT U3 N CTPOK: OJTHO YHUCJIO B IIEep-
BOIl CTpPOKe, JIBa YHMCJIa BO BTOPOii, ..., n ducea B n-it. Kaxmoe uncjo Jjiroboit cTpoKu,
KpOMe MOCJIeAHE, PACHOJI0XKEHO HAJl IIPOMEXKYTKOM MEXKJY JIBYMS COCEIHUMU YUCJIa-
MU cjieytoreit crpoku. Takoit TpeyroJbHUK HA30BEM J60UYHDIM GHMUMPEY20ALHUKOM
Ilackana, ecan st KaxKIbIX JIBYX COCEIHUX YHCEJI KaXKJIOW CTPOKH CyMMa THX JIBYX
qHCeJI U YHUCJa, CTOSIIEro HaJl HUMHU, HeuéTHa. Kakoe HanmMeHbIee KOJIMIeCTBO €MHHUIT
MOKeT OBITh B TAKOM TPEyTroJIbHUKE?

6. /lokakuTe, 94TO ecjim HaTypaJbHOE YUCJIO JeJUTCA Ha 88, HO He JgeanTcd Ha 121, To
BCE ero JIeJIUTEeJIM MOXKHO pa30UTh Ha JIBa MHOXKECTBA C OJMHAKOBOM CyMMOIA.

7. Ilpu Kakux HaATypaJIbHBIX 7 Ha IJIOCKOCTH MOYKHO HPOBECTU 7 TPAMBIX, HUKAKUE
JIBe U3 KOTOPBIX He IapaJijie/bHbI, TaK, YTOOBI KOJHMYIECTBO YacTeil, Ha KOTOPbIe OHU
pa3buBaIOT TJIOCKOCTD, JIEJTUIOCH Ha 37

8. Toukn B n (' 3adukcupoBaHbl, a TOYKa A JBUXKETCS I10 TPSIMOIl, MapaJsIebHOMI
BC. Ilycts D u E — cepeaunnt cropon AB u AC tpeyronbauka A BC' coOTBETCTBEHHO.
Ha npsimoit DFE B3sita Touka X Takasi, uro XD = AB/2, npuuem X u C jexar 1mo
pa3Hble CTOPOHBI OT mpsaMmoit AB. Anajgormuno, Ha npsamoit DE B3sTa Touka Y Takasd,
gro Y E = AC/2, npuuem Y u B jexar 1o pasuabie croponbt ot npsimoit AC. Ilycrs T —
Touka Iepecedenuss npsaMbix BX m CY. /lokaxkure, 9TO TOYKA IEPECEUEHUSI BBICOT
BCEBO3MOKHBIX TPeyroJbHUKOB 1T' XY jexkuT Ha (UKCUPOBAHHON ITPSAMOIA.



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KINPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM Ne1. 01.05.2024
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. lIyctp 1 < @ <2u M = {[2"a] | n = 0,1,2,...}. Bepro sm, 9ro Kaxkjaoe HaTy-
paJibHOE YUCJIO MOYKHO TIPEJICTaBUTh B BUJIe CyMMbI unces u3 M, rie cjiaraemMble B 9TOM
CyMMe MOT'YT TIOBTOPSIThCs, HO He OoJtee iByx pa3? Hamomuum, uro uepes [x] obo3HadeHa
1eJiasd 9acTh YUCJIa T, T. €. HAUOOJIbIIee 1e/I0e YUCJI0, He TIPEBOCXO/IAIIee .

2. Ha karere AB npsaMOyrojbHOI0 paBHOOEIpeHHOro TpeyrojbiHnka ABC' ¢ mpsiMbIM
yrjoMm pu BepimHe A BbiOpaHa Touka D, mjis koropoit 3AD = AB. Touka FE, nexa-
mast Mo Ty »Ke CTOPOoHy oT mpsamoit AB, aro u Ttouka C, takoBa, uro /BDFE = 60°
u /DBE = 75°. llpambie BC' u DE nepecekatorcsd B Touke (G, mpsMasi, TTPOXOJIATIAS
qepe3 G mapasienbao AC, nepecekaer npsamyio BE B Touke H. Jlokaxkure, 4TO Tpe-
yronbuuk C'EH — paBHOCTOPOHHUIA.

3. ,ZLOK&)KI/ITG, 9TO CyIeCTBYET JIMIIIb KOHEYHOE KOJIMYECTBO IIap IIOJIO2KHUTEJIbHBIX Pa-

IIMOHAJIbHBIX YHUCEJI P U ¢ TAKUX, YTO KarxKJloe U3 Yuceja p +q u % + % — TIeJI0€.

4. Kombl 1 pob6ep 6eraror 1o KOHEYHOMY CBsisHOMY Trpady. CHadaia KOIIbl 3aHIMAIOT
HEKOTOpbIe BepmuHbI. 1locae Hux pobbep moadupaeT cebe HAYAJIBLHYIO BEPIINHY. XOJIST
II0 OYepeJIi: BCce KOIIbI, IIOTOM CHOBa po00Eep, IOTOM CHOBA BCE KOIIBI U T. JI. XOJ Ka KO-
ro MepcoHazka — 9T0 Jubo mac (0CTaTbCst HA MecTe), JUOO TMePEMECTUTHCST B COCEHIOK0
BepmmHy. Bee Bcex BUaAT, J1eficTBUA KOIIOB CKOOPAUHUPOBaHbI. [lesib KOIIoB — moiiMaTh
pobbepa, 3TO MPOUCXOUT €CJAU B KaKOW-IM00 MOMEHT pobbep M JItoOOii M3 KOIIOB OKa-
JKeTcs B oJiHOI BepmuHe. JIoKaxKuTe, 94TO cyIiecTByeT rpad, Ha KOTOPOM poOddEp MOYXKET
HEOT'PAHUYEHHO JIOJITN0 YCKOIb3aTh oT 2024 KOIIOB.

5. B nepsoii ctpoke TpeyrosbHoi TadOauibl n3 1002 ¢cTpoK HaNHMCAHBI B TOPSIKE BO3-
pactanust qucaa 0, 1, 2, ..., 1001. Kaxpgass cTrpoka, HaunMHasi CO BTOPO, CTPOUTCS
110 TAKOMY IIPABUJIY: IO IIPOMEXKYTKOM MEXKIy KaXKJIBIMUA ABYMsI COCEJTHUMH IHCJIaMUI
IIpeIbIIyINell CTPOKHM 3alChIBaeTCs UX cyMMa. JlokaxKure, YTO € IMHCTBEHHOE YHCJIO B
rocyietHeit crpoke menmres Ha 1001.

6. Bce marypasbHble nesmresn guciaa n = 1710 - k, roe k HeueTHO UM He menuTcd Ha 17,
MOKHO pa3bUTh Ha JBa MHOXKECTBa C PaBHOIT cymMMoii. BepHo jin, 9T0 BCe HaTypaJIbHbIE
nesuTesn anciaa 3433 - n Torke MOYKHO Pa3OWUTh Ha J[Ba MHOYKECTBA C PABHOI CyMMOIi?

7. llpn Kakux HATypaJbHBIX 71 HA IJIOCKOCTU MOYKHO IIPOBECTHU 7 MPSIMBIX, HUKAKHe
JIBe M3 KOTOPBIX HE IapaJiiejbHbl, TaK, IYTOObI KOJUYECTBO YacTell, Ha KOTOpPbIe OHU
pa30MBaIOT ILJIOCKOCTD, JIEINI0CH Ha 37

8. Touku D u E — cepeaunnl cropon AB u AC Tpeyroabauka ABC. OKpy>KHOCTD C
muamerpoMm AB nepecekaer npsamyio DE B Touke X, npuaém X u C' jexkar 1Mo pasHble
croponbl oT mpsimoit AB. Oxpyxuocts ¢ guamerpom AC mepecekaer npsimyio DE B
Touke Y, mpuuém Y um B jgexar mo pasabie croponbl or mpsmoit AC. Ilycts T —
9TO ToYKa nepecederns npsiMbix BX u CY JlokazkuTe, 9TO TOYKa IepecedeHns BbHICOT
Tpeyrosbuuka 1' XY nexxut na npsamoit BC.



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KINPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM Ne1. 01.05.2024
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Harypasabuble uncia a, b, ¢ TakoBbl, uro yucaa a(b + ¢) u b(a + ¢) — mocyeaoBa-
TeJIbHBIE HATypaJjbHble Yucia. JJoKaXKure, 9TO OJIHO M3 HUX — KBaJIPAT HATYDPAJBHOTO
IUCITIA.

2. Ha karere AB mpssMOyTOJIbHOTO paBHOOEpeHHOr0 Tpeyroabauka ABC' ¢ mpsMbiM
yrjioM npu BepiinnHe A BbiOpana Todka D, nnsa Koropoit 3SAD = AB. Touka FE, nexa-
mas Mo Ty »Ke CTOPOoHY or mpsamoit AB, aro u Ttouka C, TakoBa, uro Z/BDFE = 60°
u /DBE = 75°. llpambie BC' u DE nepecekatorcs B Touke (G, TpsiMasi, TTPOXO/ AT
qepe3 GG mapaJsutenbao AC, mepecekaer npsimyio BE B Touke H. Jlokakure, 910 Tpe-
yronbuuk C'EH — paBHOCTOPOHHUIA.

3. ,ZLOK&)KI/ITG, 9TO CyIIeCTBYET JIMIIIb KOHEYHOEC KOJIMYECTBO IIap IIOJIO2KHUTEJIbHBIX Pa-

MUOHAJIBHBIX YHUCEJI P U ¢ TAKUX, YTO KazKJ0€e U3 YUcel p + q u % + % — IIeJ10e.

4. Konbr 1 pob0ep OeraroT 1mo KoHEYHOMY cBsi3HOMY rpady. CHauasa KObl 3aHUMAIOT
HEeKOTOpbIe BepiuHbl. [locie HUX pobOep moadupaeT cedbe HAYAIBHYIO BEPIIUHY. XOIAT
110 OYepeIn: Bce KOIbI, IIOTOM CHOBa PobOep, ITOTOM CHOBA BCE KOIIBI U T. JI. XOJI KaXKI0-
ro MmepcoHazka — 310 Jiubo nac (0cTaTbCst Ha MecTe), JTUOO TEPEMECTUTHLCS B COCEIHION0
BepmmHy. Bce Bcex BuagT, J1eficTBUS KOIIOB CKOOPAUHUPOBaHbI. 1lesb KOIoB — moiiMarh
pobbepa, 3TO IPOUCXOIUT €CJAU B KaKOW-I100 MOMEHT pobbep M JiroOoii M3 KOIIOB OKa-
JKeTcs B oJiHOI BepiuHe. JloKaxKuTe, 94TO cyliecTByeT rpad, Ha KOTOPOM podOEp MOXKeET
HEOTPAHUYIEHHO JIOJITO YCKOJIb3aTh OT D KOIIOB.

5. B nepsoii ctpoke TpeyrosjbHoi Tabauibl u3 1002 ¢cTpoK HaIMCAHBI B IOPSIKE BO3-
pacranug gucaa 0, 1, 2, ..., 1001. Kaxknas crpoka, HauWHasi CO BTOPOIi, CTPOUTCH
110 TAKOMY ITPABUJIY: IO ITPOMEYKYTKOM MEXKIY KaKJIBIMUA JIBYMS COCETHUMU UNCIaMU
IIPeIbIAYINell CTPOKHM 3alUChIBAETCI UX cyMMa. JlokaxKure, 9TO € IMHCTBEHHOE YHCJIO B
rocjietHeit crpoke menmrest Ha 1001.

6. B coceqnux yriax JJockm 8 X 8 CTOAT JABE XPOMBbIE JIQJIbU, KOTOPhIE MOTYT XOJIUTH
TOJIBKO Ha COCEJIHIOI0 IO cTopoHe KjaeTky. Ilera m Bacs 1o odepenn aBuraror GuUryphbl,
npuaéMm [leTss 3a oxuH X0/ XoauT KaxkKjaoi u3 ¢gpuryp posHo no 1 pasy, a Baca xoaur
TOJILKO OJTHOU U3 puryp, Ho cpaly aBa pasa. Haunnaer Ilera. Ileta xodert, uTo durypsr
OKa3aJINCh B OJTHON u Toii ke KjeTke. Moxker jin Baca emy momerars?

7. Moxkno yim Ha mtockoctu mposecTu 100 mpsiMBIX, HUKAKHE JIBE U3 KOTOPBIX HE Ta-
paJIIeIbHbI, TaK, 9TOOBI KOJIMYECTBO YacTell, Ha KOTOpble OHU Pa3OMBAIOT IJIOCKOCTD,
JeJIJIoCh Ha 37

8. Toukn D u E — cepeaunnl cropoH AB u AC' tpeyronbuuka ABC. OKpy>KHOCTH €
muamerpoMm AB nepecekaer npsamyio DE B Touke X, npuaém X u C' jexkar mo pasHbie
croposbl oT npamoit AB. Oxkpyxuocts ¢ auamerpom AC mepecekaer npsimyio DE B
Touke Y, mpuuém Y um B jexar mo pasHbie ctoponbl or mnpsmoit AC. Ilycts T —
9TO ToYKa rnepecederHns npsaMbix BX u CY JlokaxkuTe, 4TO TOYKA IepecevdeHns BbICOT
TpeyrosabauKa 1T XY nexxkur Ha upamoit BC.



