LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne2. 02.05.2024
MJIAJIIIIA S TPYIIIIA, BBICIITIA 4 JIUTA

1. Ha xazxxgom u3 2024 caiiToB, mponyMepoBaHHbIX ducjaamMu oT 1 10 2024, pasmertieHa cchbli-
Ka Ha OJIMH U3 9TUX caiiToB (BO3MOXKHO, CCBIJIKA C caiiTa BeJET Ha 9TOT ke caiiT). Ecm ¢ caiita
2 CCBLIIKa BeJIeT Ha CailT y, a ¢ caliTa y — Ha caliT 2, TO BBIIOJIHEHO ycoBue 2x = y + z. Ha
KaKOil caflT MOXKeT BECTH CChLIKA C TBICATHOIO caiita?

2. Ha cropone BC' tpeyrosbanka ABC' ormedena touka D, a Ha ctopone AC — touka F,
npudem CD =2BD n ZADFE = 90°. Jlokaxkure, uto AB + BD > AF.

3. Jlano narypaJibHoe [ncjio N. 3a OJUH MIar YUCJI0 MOXKHO 3aMEHUTH Ha CYMMY Tpex
ero HamOOJIBIINX COOCTBEHHBIX jiesinTeseil. Ecinm Ha odepegHoM Iiare 9ucjio MMEeT MeHb-
e 3 cOOCTBEHHBIX JIeJUTeelt, rnporecc npekpaiaercd. Okaz3aaoch, 4TO 4epe3 HEKOTOpPOoe
BpeMsi IOJIYUMJIOCh IuCI0, nensieecst Ha N. Haiijnre Bce Bo3MOXKHBIE 3HAaUeHUs ducya V.
HamoMuuM, 94T0 COOCTBEHHBIM JICIUTEIEM YHC/Ia HA3BIBACTCS IIPOU3BOJIbHBIN HATYpaJIbHbII
JIeJINTEJIb, OTJIUIHBII OT CaMOTo YHc/Ia.

4. Jlecenxot nnunbl k Ha3biBaeTcd purypa u3 k KJIeTok Kak Ha,
pucyske crpaba. Hanpumep, npu k = 1 moJiydaercs KBajpaT
1 x 1, upu k = 2 — IpgAMOYTroJIbHUK U3 2 KJIETOK, npu k = 3 —
YTOJIOK U3 3 KJIETOK 1 Tak JaJjee. Ha Kakoe HamMeHbIIIee KOJIH- .
YeCTBO JIECEHOK MOYKHO pa3ouTh KBajpar 2024 x 20247 Jlecenkn .|£E|
MOTYT UMEeTh pa3Hylo JINHY, UX Pa3pelieHo oBopadnBaTh 1 I1e-

PEBOPAINBATD.

[

5. /IBa Opara pemmin 3apaborarh jeHer. OHU IOILIN K CEJIbCKOMY IICHXOJIOIY, KOTOPBIil
3allep X B JIBe OTJieJIbHble KOMHATBHI U CTaJ UI'PaTh ¢ HUMU B CJEIYIOILYIO Urpy. Bpems: or
BPEMEHH IICHUXO0JIOI 3aXO/IUT B KOMHATY K OJHOMY U3 OPaTbeB U CIIPaIINBaeT ero, Kakoii 110
cUYeTy 9TOT 3aX0J[ (IICUXOJIOT CIMTACT 3aX0/Ibl K OOOMM OpaTbsiM BMECTE), HA 4TO BOIPOIIAe-
MBIil JlaeT JBa oTBeTa. Ecjim oJuH U3 OTBETOB BEPHBI, TO ICUXOJIOr 3a4UC/IgeT Ha ero cYeT
oJinH PybJib, HO yraJbIBaloieMy 00 3ToOM He coolIaeT. BpaTbst MOryT 3apaHee J0rOBOPUTHCS
00 obpaze geiictBuii. MoryT Jin oHE rapaHTUpPOBaHHO 3apadboraThb xoTd Okl 100 pyodJieit?
n(n—1)

2

HATYPAJbHBIX YUCET 471, G2, . . . , A, TAKUX, 9YTO CYNIECTBYIOT POBHO Kk Tap pas3IMIHBIX YHCEN

6. /lanbl HaTYpasibHble Yncian u k < . JokazknTe, 9T0 MOYKHO HAHTU 1 pa3ITUIHbBIX

a; < aj, JJid KOTOPBLIX @ JCJIUTCS Ha ;.

7. Ha 6uccekrpuce AK tpeyronbauka ABC ormedena Touka L. JIya BL repecekaeT cTopo-
ny AC B rouke M. Ha orpeske C'M ormeuena Touka N. JlokaxkuTe, 9TO €C/in TPEYroJbLHUKI
AKC, ALM n ALN — paBuobejipernbie, To TpeyroyibHuk C'LN — Toxke paBHOOEIPEHHBII.

8. Jlano narypasbnoe yncyio k. Hazosem narypasbHoe 9ucio n ydaunvim, €CJi CymecTBYIOT
TaKne Tesble Yucyaa x, Yy u z, 910 r +y + 2z = 2" u 4" — k = 3(xy + yz + zz). Hokaxure,
9TO, €CJIM CYIIECTBYET yIATHOE HATYPAJILHOE YHCJIO, TO BCE HATYDPAJIbHBIC YNCJIa — YIadHbIe.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne2. 02.05.2024
MJIAIITIA S TPYIIIIA, ITEPBA Y JIUTA

1. MoxHo i Bce HaTypasbHBIE YHCIA, OOJBIINE €JIMHNUIBI, TOKPACHTH B JBa IIBETa Tak,
aT00BI JJIsT JIIOOBIX dncest ¢ U b ofHOTO 1BeTa (He 00sI3aTebHO PA3INIHbIX) TUCIIO ab 6b110
JIpyroro isera’

2. Ha cropone BC' tpeyrosibuuka ABC ormedens Toukn X n Y, a Ha ctoporne AC' — Touka
7, npuuem BX = XY u ZAXZ = 90°. Hokaxxute, uro AB+YZ > AZ.

3. Jlano narypaJsibHoe uncjao N. 3a OJMH IMAr IUCI0 MOXKHO 3aMEHUTH HA CyMMY TPEX ero
HarOOJILIINX COOCTBEHHBIX Jle/inTeieil. Ec/mm Ha ouepefHOM Iare 9uc/io uMeeT MeHble 3 coo-
CTBEHHBIX JIeJINTeIell, Iporiece npekparliaercs. OKa3aJIoch, 4TO Yepe3 HEKOTOPOe BPeMsl CHOBA,
nosyumioch dnciao N. Haligure Bce Bo3MoOKHBIE 3HadeHus: uncsa N. Hamomuum, 9To coO-
CTBEHHBIM JIeJINTEJIEM UKCJIa HA3bIBACTCS IIPOU3BOJIbHBIN HATYPAJIbHBIN Je/IMTe/b, OTJIMIHbII
OT CaMOI'0 YHCJIA.

4. Jlecenrot nnunbl k Ha3biBaeTcd purypa u3 k KJIeTok Kak Ha,
pucyske crpaba. Hanpumep, npu k = 1 moJiydaercs KBajpaT
1 x 1, upu k = 2 — IpgAMOYTroJbHUK U3 2 KJIETOK, npu k = 3 —
YyTOJIOK U3 3 KJIETOK 1 Tak Jajee. Ha Kakoe HamMeHbIlIee KOJIH- . >,
YeCTBO JIECEHOK MOYKHO pa3ouTh KBajpar 2024 x 20247 Jlecenkn ]jL| E-I
MOTYT UMETh pa3Hylo JJINHY, UX Pa3pelieHo oBOpadnBaTh U I1e-

PEBOPAYNBATD.

5. B Typampe no maxmaram npuHIMacT ydactre 99 UrpoKoB, KaryKIblil NTPOK JIOJIZKEH ChIT-
paTh ¢ KakKJIbIM POBHO OJWH pa3. TypHup mpoxoauT B 99 TypoB, B KaxKJIOM Type UIPOKU
pa3duBalOTCs Ha Iapbl U IIPOBOJSIT UI'PHI B Iapax, a OJMH OTIbIXaeT. B KaxKiaoil urpe oJuH
Urpaer dYepHbIMHU, JAPYroi OejibiMu. MOXKHO Ji OpraHM30BaTh TYPHHUP TakK, YTOObI HU OJMH
MIPOK JIBA Typa MOJPsJ] He UrPaJ OJHUM 1 TeM ke rperoMm? (Ecam urpok orisixas, To B
Typax Iepeji OTAbIXOM U MOCJe OTJIbIXa OH MOXKET UT'PaTh OJHUM M TE€M Ke IIBETOM, BeJb 3TO
He TMOJIPsiJl WJIYIINe TYPHI. )

n(n—1)

6. /lanbl HATYpaJIbHBIC Yncian u k < . JlokaxkuTe, 9T0 MOXKHO HANTH N pa3InIHbIX

HATypPaJbHbIX YHUCEI a1, A3, . . ., A, TAKUX, 9TO CYyHIECTBYIOT POBHO k Hap Pa3ndHBIX YHCE]I
a; < aj, JJIs KOTOPBIX @ JEJINTCA Ha d;.

7. Ha 6uccexrpuce AK tpeyronbauka ABC ormedena Touka L. JIya BL mnepecekaer cTopo-
ny AC B rouke M. Ha orpeske C'M ormeuena Touka N. JlokazkuTe, 9T0O e/ TPEYroJbHUKN
AKC, ALM n ALN — paBuobeapensbie, To TpeyrojbHuk C'LN — Toyke paBHOOEIPEHHBII.

8. Haitgure Bce Tpoiiku mesbix aucen a, b, ¢ Takux, 910 a +b+c =5u ab+ bc+ ca = ¢+ 6.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne2. 02.05.2024
MJIAIITIA S TPYIIIIA, BTOPA S JIUTA

1. MoxHo i Bce HaTypasbHBIE YHCIA, OOJBIINE €JIMHNUIBI, TOKPACHTH B JBa IIBETa Tak,
aT00BI JJIsT JIIOOBIX dncest ¢ U b ofHOTO 1BeTa (He 00sI3aTebHO PA3INIHbIX) TUCIIO ab 6b110
JIpyroro isera’

2. B 3ase na nojty JiekaT TpHU KOBpa: MPAMOYTOJIbHBIN, TPEYTroJbHBIN U KpyTyblil. Bmecte
onn 1okpeiBatoT 12m2. OT KazkJ[0ro KOBpa, He IepeMelasd ero, OTpe3asi IPSIMBIM Pa3pe3oM
9acTh B TOJIOBUHY €ro IO/ W BLIKUHY/IU. [T KaKoro HamOOJIbIIEro HaTypaJbHOro k
MOYKHO TOYHO yTBEP:KJIaTh, UTO TEIEPh MOKPLITO KOBPAME XOTs Obl k& KBaJIpATHBIX METPOB?

3. Haiiiure Bce TpoiiKy 1e/IbIX dncenl a, b, ¢ Takux, 9ro a +b+c =5 u ab+ bc+ ca = c+ 6.

4. Kaemuamoim Kpecmom Ha30BEM DUIYDY, SIBJIAIOIIYIOCS 00beIMHEHIeM BePTUKAJIbHOIO 1
TOPU30HTAJBLHOTO MPSMOYTOJIbHIKA 1 X 5, MepeceKaroIuxest o o/fHOM KJieTke (He 06s3aTe b
HO HeHTpasibHOlT). Kakoe HamboJbIiee KOJMMIeCTBO HEIePeCeKaoIUXCs KIeTIaThiX KPECTOB
MOXKHO ITOMECTHTb BHYTPb NPsAMOyTobHUKA 9 X 97 ['paHuUIbl K/leT4aThIX KPECTOB JIOJIZKHbI
UJITU 110 TPAHUIAM KJIETOK.

5. Asnest napka nmeer hopMy IPABUILHOIO ISITHYTOJbHIKA, BEPIIMHLI KOTOPOI'O 3aHYyMe-
poBanbl Kak ABC DE 1o 1acoBoii crpesike. I3 Toukun A 0IHOBpEMEHHO CTAPTOBAJIN TPOE:
Hala 1 ChIH — II0 49acoBOii cTpesike, MaMa — IpoTuB. CKOPOCTU KarKJ0I0 U3 HUX IIOCTOSIHHBI,
Ho pazymmanbl. CblH Oekas1 ObICTpee Beex W BCTpedas pojauTeseil Ha asee. [lepsas BcTpeua
ObLIa ¢ MaMoil B BepiinHe F, Bropas — c¢ orinoM B Bepiiunne C, TpeTbsi — ¢ MaMOil B Bep-
mHe D. Oupejieninre, CKOJIBKO KPYT'OB POOEXKUT ChIH K TOMY MOMEHTY, KOI'Ja Iala 1 MaMa
BIIEPBBIE€ BCTPETATCS APYT C IPYTOM B TOUKe A.

6. B ocduce crosar neckosibko tesiecpornoB. HekoTopsie mapbl TesiepOHOB coe/IMHEHbI TPOBO/IA-
MU JPYT ¢ Jpyrom. Beerja jim BO3MOXKHO KarKJI0MYy TeiedOHY IPUCBOUTH HEKOTOPBII HOMEpP
(HATYpaJbHOE YUCII0), YTOOBI BBITOIHIOCH CJISIYIOIIee TPABIIO: JBa TesteOHa COeTMHEHDI
IIPOBOJIOM €CJI, W TOJILKO €CJIM OJINH U3 UX HOMEPOB jejnTcs Ha jpyroii? Homepa moryt
IIOBTOPSITHCS.

7. Ha 6uccexrpuce AK tpeyronbanka ABC ormeuena touka L. JIya BL nepecekaer cro-
pony AC' B Touke M. Ha orpeske C'M ormeuena touka N. IIpu sTom okazanocy AK = KC,
AL = AM. Jlokaxkute, ato ecan tpeyrojbHuk ALN — paBHOOeIpeHHBI, TO TPEYroJIbHUK
CLN — toxe paBHOOEIPEHHBII.

8. Kars manuncasa Ha Jocke B psij aucia 1,2,3,...,98,99. KOs nog HuMu 3aimcalia Te e
99 unceJ1, HO, BO3MOYKHO, B JIpyrom mopsijike. Oxkazajock, 4To Jjst jJodoro 1 < m < 99 BepHo,
YTO eCJIM 10/, YMCJIOM 1 HAIMCAHO YKCJIO 7y, TO IIOJ] YUCJIOM 71 HAIMCAHO YHCI0 2m — n. B
KaKOM IIOpsIJIKe MOIJIa 3amucarhb ducia FOuis?



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne2. 02.05.2024
MJIAJIIIIA Y TPYIIIA, TPETHY JIUTA

1. [TasuupoMOM Ha3bIBaeTCsS HATYpaabHOE HICJIO, KOTOPOe B JIECSITUYUHON 3alllucu CjeBa
U CIIpaBa INTAETCsl OAMHAKOBO. BepHO Jin, 9TO JeCATHIHYIO 3allCh JIIOOOr0 HATYPAJIbHOIO
qucsIa MOYKHO pas3ouTh Ha He 6ostee yem 100 maanHIpoMoB?

2. B 3ase na nojy JiekaT TpHU KOBpa: MPAMOYTOJIbHBIN, TPEYTroJbHBIN U KpyTyblil. Bmecte
onn 1okpeiBatoT 12m2. OT KazkJ[0ro KoBpa, He IepeMelasd ero, OTpe3asi IPSIMBIM Pa3pe3oM
9acTh B TOJIOBUHY €ro IO/ W BLIKHHY/IU. [/ KaKoro HamOOJIbIIEro HATypaJbHOro k
MOYKHO TOYHO yTBEP:KJIaTh, UTO TEIEPh MOKPLITO KOBPAME XOTs Obl k& KBaJIpATHBIX METPOB?

3. Haiinnre Bce Tpoitku 1esbix dnces a, b, c Takux, 9ro a +b+c =2 u ab+ bc + ca = c.

4. KiergarbiM KpecToM Ha30BEM (UIYDY, sIBJISIONLYIOCA 00beJNHEHNEeM BePTUKAJIbLHOIO U
FOPU30HTAJIBHOIO MPAMOYTOJILHIKA 1 X 5, IepeceKalomnxcs 1Mo MenTpaabHoil KiaeTke. Kakoe
HaMOOJIbIIIEe KOJMYECTBO HEellePeCeKaroMXCs KJIeTUaThIX KPECTOB MOYKHO ITIOMECTUTh BHYTPb
npsgsMoyrobHIKa 9 X 97 I'paHuIbl KJIeT9aThiX KPECTOB JIOJXKHBI UJTH 10 TPAHUIIAM KJIETOK.

5. Asnest napka nmeer hoOpMy IPABUIBHOIO ISITHYTOJbHIKA, BEPIIMHBI KOTOPOI'O 3aHYyMe-
poBanbl Kak ABC DE 1o 1acoBoii crpesike. I3 Toukun A 0IHOBpEMEHHO CTAPTOBAJIN TPOE:
Hala 1 ChIH — II0 49acoBOii cTpesike, MaMa — IpoTuB. CKOPOCTU KarKJI0T0 U3 HUX IIOCTOSIHHBI,
HO pazyimanbl. ChlH Oekall ObICTpee BeexX W BCTpedas pojauTeseil Ha asee. [lepsas BcTpeua
ObLIa ¢ MaMoil B BepiinHe F, Bropas — c¢ orunoM B BepiiuHe C, TpeTbss — ¢ MaMOil B Bep-
mmmHe D. Oupejiesinre, CKOJIBKO KPYIoB IIPOOEXKUT ChIH K TOMY MOMEHTY, KOI'JIa I1ala u MaMa
BIIEPBBIE BCTPETATCS APYT C IPYTOM B TOUKe A.

6. B ocduce croar neckosibko testecpornoB. HekoTopsie mapbl TesiepoOHOB coe/IMHEHbI TPOBO/Ia-
MU JIPYT ¢ JipyroM. Beerja jim BO3MOXKHO KarKJ0My TeiedOHY PUCBOUTH HEKOTOPBII HOMEpP
(HATYpaAJIBHOE YUCII0), YTOOBI BBITOIHIOCH CJISIYIOIIee TTPABIIO: JBa Teste(OHa COeIMHEHDI
IIPOBOJIOM €CJI, W TOJIbKO €CJIM OJINH U3 UX HOMEPOB jejnTcs Ha Jjpyroii? Homepa moryT
IIOBTOPSITHCA.

7. Ha 6uccexkrpuce AK tpeyronbanka ABC ormeuena touka L. JIya BL nepecekaer cro-
pony AC' B Touke M. Ha orpeske C'M ormeuena touka N. IIpu sTom okazanocs AK = KC,
AL = AM. Jlokaxkute, ato ecan tpeyrogbHuk ALN — paBHOOeIpEHHBI, TO TPEYTrOJIbHIK
CLN — toxXe paBHOOEIPEHHBII.

8. Kars nammcasna Ha jocke B psij unciaa 1,2,3,4,5,6,7,8,9. FOasa mon Humu 3armcasia
Te ke 9 4mces, HO, BOBMOXKHO, B JApyrom mnopsijake. Okazajoch, 4To s Jjodoro 1 <m < 9
BEPHO, YTO €CJIN MO/, YUCJIOM 1 HAIIMCAHO YUCJIO 1, TO MO, YUCJIOM 1 HaIlICaHO YUCIO 21m —N.
B kakoMm mopsijike MorJia 3anucarh ducia FOursa?



