LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne3. 04.05.2024
MJIAIIIIA S TPYIIIIA, BBICIITIA A JIUTA

1. Janbl mosioxKuTe/bHbIE Yncaa a, b, ¢ u d. OKa3ajioch, ITO

ab + cd bec + da cd + ab da + bc
= :gj’ f— f—
dla—b)+1 bla+d) —1 bc—d)—1 d(c+b)+1

y.

Hoxazkure, uro xy = 4.

2. 3abop cocTouT U3 25 BEPTUKAJIBHBIX MPSIMOYTOJIBHBIX JIOCOK, PACIIOJIOKEHHBIX B psijl 6e3
3a30POB. BBICOTHI JIOCOK — TMOMApHO pas3/nyHble HaTypaJibHble uncia oT 1 jo 25. [Hupuna
ojiHoit jlockn paBHa 1. Haitjiure MmakcumasibHoe 3HadeHne S Takoe, 4To Mpu JIIOOOM TOpsIIKe
JIOCOK B 3a00pe U3 HEro MOYKHO BbIPE3aTh MPSMOYTOJILHUK ILIOMA N S, CTOPOHBI KOTOPOT'O
napaJijie/ibHbl CTOPOHAM JIOCOK.

3. MoxkHo i1 HApUCOBaTh Ha ILJIOCKOCTH 3aMKHYTYIO0 20-3BEHHYIO JIOMAHYIO U IIPOHYMEpPO-
BaThb ee 3BeHbs duciaamu 1,2,3,...,20 B nopsjake o0Xoja TakK, 9TOOBI JII KaKJIOTO HaTy-
pajbHoro ¢ = 1,2,3,...,10 3Benbs ¢ nomepamu ¢ u 10 4 ¢ nepecekaju JApyr Jpyra u He
repecekasii OCTaIbHbIe 3BEHbs !

4. Haitiute Bce naTypaJibible Yncia &,y > 1 U TPOCTble Yncaa p TaKue, ITO

5. Ha okpyxuoctu ormedensl . > 10'%° touex. JIpoe 1mo ouepeanm mpoBOIAT OTPE3KH C
KOHITAMHU B OTMEUYEHHBIX TOYKaX, IMEPBLIII CBOMM XOJIOM ITPOBOJIUT OJMH KPacHDLIN OTPE30K,
Bropoit — 100 cunux. OJuMH W TOT »Ke OTPE30K 3alpelieHO ITPOBOJANTHL JABaXKJbl. [lepBblii
UT'POK XOUeT, YTOOBI II0CJIe HECKOJILKUX X008 I'pad, 00pa3oBaHHbI 1N OTMEYEeHHBIMI TOUKAMU
1 KPacHBIMHI OTpe3KaMi, ObL CBsI3HBIM. CMOXKET JIn BTOPOil eMy IoMeliarh?

6. Carrra 1mepeMHOXKIJI HECKOJIBKO PA3JIMIHbIX HeUeTHBIX 4dnces. VIropb nepeMHOXKII CTOIb-
KO K€ pa3JIMYHbIX HEeYeTHBbIX 4ncesi, cKojbko n Calra, 1 moJIydui Jpyroit pesyiabrar. Ecim
OBl MaJILYNKN CKJIAIBIBAIN JHCIA, & He YMHOYKAJIM, OHN MOJIYYIIIN Obl OJUHAKOBBIE CYMMOBI.
Haitgure HamMeHbIlee BO3MOKHOE 3HAYEHIE MOLY/ISI PA3HOCTU HPOM3BEICHM, 0Ty YeHHBIX
Cameit u Uropem. Yucna Carmu MoryT coBliajarh ¢ aucjaamu Mropsi.

7. Ilo kpyry 4depes3 paBHble MPOMEXKYTKHU paccTaBienbl 2024 cTyra, Ha KaxKJI0M U3 KOTOPBIX
CUJIUT JIpecCUpoBaHHBINT KOTHK. [lo KoMaH/ile OHM OJITHOBPEMEHHO MEPENPLITNBAIOT: KarK bl
npbiraeT JJubo Ha coceHUil ciipaBa, JuO0 Ha JuaMeTpPaJbHO MPOTUBOMOIOKHBIH cTy/1. OKasza-
JIOCh, UTO BCE CTYJIbs CHOBa 3aHATHI. Hailnre dmcyio crocoboB, Kak TaKoe MOIJIO MTPOM30HTH.

8. Ha nocke mapucoBan BbIIyKJIbIi deTbipexyroibiuk ABC'D u toukn K, L, M u N —
cepenunnl ero cropon AB, BC, CD u DA coorsercreenno. Carra oTMeTmy To9Ky P Tak,
qro yriael DK P u AM P — upssble. 3arem oH u3amepu yriibl DPK u APM, n oHn okasa-
quck paBubl. Cepexka oTMeTu1 Touky () Tak, ato yriasl ALQ) n BN(Q) — nupsiMbie, IIpH 9TOM
okazaJsioch, 90 ABPCQD — BBINYKJIbI MIECTHYTOJbHIK. 3aTeM OH u3Mmepus yriabl LAQ)
u NBQ. lokaxkute, 9TO OH TOJIYYUJ OJMHAKOBBIC PE3YJIbTATHI, IpUdeM Te ke, u4To n Cara
B CBOEM U3MEpPEHUN.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne3. 04.05.2024
MJIAIITIA S TPYIIIIA, ITEPBA Y JIUTA

1. /Janbl mmojioKuTE/IbHBIE Yncia a, b, ¢ u d. OKa3aJoch, 9TO

ab + cd bec + da cd + ab da + bc
— ::U, = —
dla—b)+1 bla+d) —1 blc—d)—1 d(c+b)+1

y.

Hoxazkure, uro xy = 4.

2. 3abop cocTouT n3 25 BEPTUKAJIBHBIX MPSIMOYTOJIBHBIX JIOCOK, PACIIOJIOKEHHBIX B psijl 6e3
3a30POB. BBICOTHI JIOCOK — TOMAapHO pa3/nyHble HaTypaJibHble uncia oT 1 jo 25. [Hupuna
ojiHoit jlockn paBHa 1. Haitnre MmakcuMasibHoe 3Ha4UeHne S Takoe, 9TO MPU JIIOOOM IOPsIIKE
JIOCOK B 3a00pe M3 HEro MOYKHO BbIPe3aTh HPSIMOYTOJILHUK ILIOMA N S, CTOPOHBI KOTOPOTO
napaJiieJIbHbl CTOPOHAM JIOCOK.

3. Moxkno sin HapucoBaTh Ha IJIOCKOCTH 3aMKHYTYIO 20-3BEHHYIO JIOMaHYIO U TTPOHYMEPO-
BaThb ee 3BeHbst umucjaamu 1,2,3,...,20 B nopsjgke o0Xoja TakK, 4TOObI JIjIsI KaXKJI0ro HaTy-
paabaoro ¢ = 1,2,3,...,10 3Benbs ¢ nomepamu ¢ u 10 + ¢ mepecekaju Jpyr aApyra u He
repecekasin OCTaIbHbIe 3BEHbS !

4. Haitmure Bce HATYpaJbHbIE YUCIa X,y > 1 Takue, 9TO

2
- —1
—— = 36.
ye—1
5. Ha oxpyzxnoctn ormedennl n > 1019 touex. /Ipoe mo ouepeanm mpoBojaT OTPE3KH C

KOHI[AMI B OTMEUYEHHDLIX TOYKAX, MEPBLIN CBOMM XOJOM IIPOBOANUT OJMH KPACHBIA OTPE3OK,
Bropoit — 100 cunux. OauMH ¥ TOT 2Ke OTPEe30K 3allpelieHO IPOBOANTHL JABaXKJbl. [lepBblii
UI'POK XOUeT, 9TOObI 110C/Ie HECKOJILKIX X0/10B rpad, 00pa30BaHHbI 1 OTMEUEHHBIMHI TOYKaAMU
1 KPaCHBIME OTpe3KaMu, ObLI ¢BA3HBIM. CMOXKET JIn BTOPOi eMy IIoMelaTh?

6. Carna 1epeMHOXKIJI HECKOJIBKO Pa3JIMIHBIX HEUeTHBIX ducest. VIropsb mepeMHOXKII CTOJIb-
KO K€ Pas3/IMIHbIX HEeYeTHBbIX ducesi, cKoyibko n Carlita, n nojydumi jJapyroit pesysibrar. Ecin
Obl MAJILYNKN CKJIQJIBIBAJIN YUCTIA, a He YMHOYXKAJIM, OHU MOJTYIN/Id Obl OJINHAKOBBIE CYMMBI.
Haiiure nanmenbiiiee BO3MOXKHOE 3HaYEHUE MOJYJ/IS PA3HOCTH MPOW3BEIEHNI, Oy IeHHBIX
Carrreit u Uropem. Yucsia Camum MoryT coBnajgaTh ¢ guciamu ropsi.

7. Ilo xpyry depe3 paBHble TPOMEXKYTKHN paccTaBenbl 2024 cTyra, Ha KazKJ0M 13 KOTOPHIX
CUJIUT JIPECCUPOBAHHBIN KOTHK. [[0 KOMaH/ile OHM OJIHOBPEMEHHO IEPEeNpPbIrNBAIOT: KayKIblii
npbIraeT JIHO0 Ha COCeTHUI cripaBa, JJub0 Ha JJuaMeTpaIbHO IIPOTHUBOIIOJIOXKHBIN cTy 1. OKa3a-
JIOCh, YTO BCE CTYJIbs CHOBA 3aHATHI. HaiiinTe 1nciio crocoboB, Kak TaKoe MOTJIO ITPOU30MTH.

8. Han BeImyKJbIil deTbipexyrobiuk ABCD ¢ paBubimu juaronassmu. Toakn K n M —
cepennnbl ctopod AB u C' D coorBercTBeHHO. BHYTpH 9eThIpexyro/bHIKa OTMedeHa TOIKa P

tak, uro yriasl DK P n AM P — upsimble. Jlokaxknre, uro ZDPK = ZAPM.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne3. 04.05.2024
MJIAIITIA S TPYIIIIA, BTOPA S JIUTA

1. ITpu ycnoBusix @ > —1, b > —1 mw a + b = 1, 1oKaxKuTe HEPABEHCTBO

a b 2
> Z

brl ar1°3

2. 3abop cocToUT U3 25 BEPTUKAJbHBIX MPIMOYTOJIBHBIX JJOCOK, PACIIOJIOKEHHBIX B Pl O3
3a30pOB. BBICOTHI JIOCOK — ToNapHo pa3jnmdible HaTypaabHble dncia oT 1 go 25. Ilupuna
ojHoit jockn pasHa 1. Haitanre MmakcuMasbHOe 3Ha4UeHHEe S Takoe, 9TO MPH JIIOOOM IOPSIIKE
JIOCOK B 3a00pe M3 HEro MOYKHO BbIPE3aTh HMPSIMOYTOJILHUK ILIOMALN S, CTOPOHBI KOTOPOTO
napaJieJIbHbl CTOPOHAM JTOCOK.

3. Moxkno sin HapucoBaTh Ha IJIOCKOCTH 3aMKHYTYIO 20-3BEHHYIO JIOMAHYIO U IIPOHYMEpPO-
BaThb ee 3BeHbsl umciaamu 1,2,3,...,20 B nopgagke o0Xoma TakK, 4TOObI JJIsI KaXKJI0T0 HaTy-
paabaoro ¢ = 1,2,3,...,10 3Benbsa ¢ nomepamu ¢ n 10 + ¢ mepecekajn JIpyr Apyra U He
1epecekasin ocTajbHble 3BeHbsI!

4. Haitmure BCce HATYpaJIbHbIE YUCaIa X,y > 1 Takue, 9TO

2
ol 36
ye—1
5. Ha okpykunoctn ormedenns! 10 Todek. /IBa nrpoka 1mo ovuepein IpoBOAAT OTPE3KN ¢ KOHIa-

MI B OTMEUYEeHHBIX TOUKax. [IepBhIil cBOMM X0/I0M MPOBOJNT OJINH KPACHBII OTPE30K, BTOPOI
— JIBa, CUHUX. 3allpelIeHO ITOBTOPHO MTPOBOJIUTH OTPE30K MEXKIY JIByMsi Toukamu. [lepBbiit ur-
POK XO4YeT, YTOOBI MOC/Ie HECKOJIBKIX XOJI0B rpad, oOpazoBaHHblii 10 0TMEUYEHHBIMU TOYKAMU
1 KPacHBIMHI OTpPe3KaMi, ObLI CBsI3HBIM. CMOXKET JIn BTOPOil eMy ITOMeIiaTh?

6. Carrra 1mepeMHOKIJI HECKOJIBKO PA3JIMIHbIX HeUeTHBIX uncesi. VIropb nepeMHOXKI/I CTOIb-
KO K€ pas3/IMUHbIX HEeUYeTHBIX 4ncesi, cKoabko u Cailia, 1 HoJIydua Jpyroit pesyiabrar. Ecin
Obl MAJILYUKK CKJIQJIbIBAJIM YUCJIa, 8 He YMHOYKAJIM, OHU IIOJIYyUIM/IA Obl OJIMHAKOBBIE CYMMBI.
Haiinnre mamMenbIiee BO3MOXKHOE 3HAUECHIE MOMIYJISI PA3HOCTH MPOU3BEICHUI, MOy IeHHBIX
Cameit u Uropem. Yucna Carmu MoryT coBajaTh ¢ aucaamu Vropsi.

7. Ilo xpyry depe3 paBHble IPOMEXKYTKHU paccTaBiieHbl 2024 cTyiia, Ha KaxKJI0M U3 KOTOPbHIX
CUJIUT JAPECcCUpPOBaHHBIN KOTHK. IIo KOMaHe OHM OJIHOBPEMEHHO IepPElPHIrNBAIOT: KaXKIbIii
npbiraeT Jubo Ha coceIHUil cipaBa, JudO Ha JuaMeTPaJbHO TPOTUBOIOIOKHBIH cTy/1. OKasza-
JIOCh, YTO BCE CTYJIbsl CHOBa 3aHsAThI. HalijuTe unciio crmocoboB, Kak TaKoe MOIJIO IIPOU30ITH.

8. B tpeyronbanke ABC' AB = BC. Buyrpnu nero BeiOpana Touka D tak, aro ZABD =
10°, ZCBD = 110°. Ha cropore AC BoiOpana Ttouka F Tak, uto BE = BD = AD. Yewmy
MOXKeT OBITH paBen ZBED?



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne3. 04.05.2024
MJIAJIIIIA Y TPYIIIA, TPETHY JIUTA

1. ITpu ycnoBusix @ > —1, b > —1 mw a + b = 1, 1oKaxKuTe HEPABEHCTBO

a b 2
> Z

brl ar1°3

2. 3abop cocTonT U3 25 BEPTUKAJIBHBIX JIOCOK, PACIIOJIOKEHHBIX B Psijl 0e3 3a30PoB. BhICOTHI
JIOCOK — TIONAPHO pa3/IndHble HATypaJabHble ducia or 1 o 25. [Hlupuna ojanoit jocku pasna
1. JlokakuTe, 9T0 U3 3TOro 3ab60Opa MOYKHO BbIPE3aTh MPsIMOYTOJILHUK ILJIOIIA M OOoJIbIe 25,
CTOPOHBI KOTOPOT'O MapaJlIeIbHBI CTOPOHAM JIOCOK.

3. Iz yria npsimoyroabauka pasMmepom 62 X 2024 mox yriom 45° K CTOpOHAM JIBHXKETCS
Touka. Korja Touka J10cTUraeT Kakoii-inbo CTOPOHBI IIPSIMOYT'OJIbHUKA, €€ TPAEKTOPHS MEHSsI-
eTCsl 110 IIPABUJIY «yTOJI [aJleHnsl paBeH yIIy orpaskeHusi». CKOJIbKO IPOU30MIET OTpaskeHui,
Iperkjie YeM TOYKa BIIEPBbIE IONAJIET B KAKOH-TO U3 YIJIOB IPAMOYTIOJIbHUKA, OTJIUIHbINA OT
crapTa’

4. Haitture BCce HATYpaJIbHbIE YUCIa X,y > 1 Takue, 9TO

2
ol 36
ye—1

5. Y anrekapsi eCTb 5 IUpb, Beca KOTOPBIX (B TpaMMax) — I0C/IeloBaTe/IbHbIe HATypaJjbHbIe
YucsIa, HO KaKue MMEHHO — allTeKapb He 3HAeT. Y Hero ecTh JallledHbIe BEChl, HO YTOObI OHU
cpaboTa/ii, Ha KaxkKJyio Jally HaJlo IOCTaBUThb HE MeHee JIBYX I'mpb. MoKeT Jin anTeKapb c
IIOMOIIILIO BECOB HANTH J[BE THUPU, CYMMAPHBIIl BEC KOTOPBIX PABEH YETHOMY THCJIY TPAMMOB?

6. Carra rmepeMHOXKIJI HECKOJIBKO HEYeTHBIX YHCe I, He 00s13aTe/IbHO PasndHbIX. VIroph mepe-
MHOXKIJI CTOJIBKO K€ HeUeTHBIX duces, cKoJibKo u Callla, 1 MoIydI Apyroi pesy/brar. Ecin
Obl MAJILYNKK CKJIQJIbIBAJIM YUCJIa, & He YMHOYKAJIM, OHU IIOJIYyUIM/Id Obl OJIMHAKOBBIE CYMMBI.
Haiinnre manmmenbiiee BO3MOXKHOE 3HaYEHIE MOMIYJISI PA3HOCTH MPOU3BEIECHNIT, Oy IeHHBIX
Cameit u Uropem. Yncna Caru MoryT coBajaTh ¢ aucaamu Mropsi.

7. Ilo xpyry depe3 paBHble IPOMEXKYTKHU paccTaBiieHbl 2024 cTyiia, Ha KaxKJI0M 13 KOTOPbHIX
CUJIUT JPEcCUpOBaHHBIN KOTHK. IIo KOMaHe OHM OJIHOBPEMEHHO IepPElPLIrNBAIOT: KaXKIbIii
npbiraeT Jubo Ha coceJIHUil cripaBa, JubO Ha JuaMeTpPaJbHO TPOTUBOIOIOKHBIH cTy/1. OKasza-
JIOCh, YTO BCE CTYJIbsl CHOBa 3aHATHI. HaliguTe unciio crnocoboB, Kak TaKoe MOIJIO ITPOU30MTH.

8. B tpeyroipuuke ABC' AB = BC'. Bayrpu Hero BeiOpana Touka D Tak, uro: ZABD =
10°, ZCBD = 110° . Ha cropone AC' BeiOpanb! pasabie Toukn ' u F rtak, uro BE = BF =
BD = AD. Haiiaure yrinl Tpeyroibauka BEF.



