LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KIMNPOB, 05.05 — 11.05.2022
MATEMATUYECKU BOM Ne3. 10.05.2022
CTAPIITIA Y I'PVYIIIIA, BBICIIIA S JIUTA

1. /Tarmo natypaJsbaoe n. [locaegoBaTeIbHOCTD EABIX YUCET G, A1, A2, - . . OIIPeaeIeHa
CJISYIONMUMH TIPABUJIAMU: ag = N, a Jjsd k > 1 4uciio ap — HamMeHbIlee HATYpPaJIbHOE
9HnCJI0, OOJIbIllee ap_1 M TakKoe, 4TO ap + ap_1 — TOYHBIA KBajapar. J/lokaxkure, 4TO

CyHIeCTByeT POBHO [\/ 2n] HaTypaJbHBbIX YHCEJI, HE IPeJCTaBUMBIX B BHJE A — Ay C
k>¥¢>0.

2. B ocrpoyroabaom Tpeyrosbauke ABC yron A Basoe 6oibie yria C. Ha Ouccex-
tpuce yria A um Ha croporne AC ormermym Touku DD m E cOOTBETCTBEHHO TaK, UTO
/ADB = ZAED = 90°. JlokaxXuTte, 9TO MEHTP OMUCAHHON OKPY>KHOCTU TPEYTOJIbHUKA
ADC' nexwut Ha npamoit BE.

3. Y Bacu ectb 2n guckoB paamycoB 1, 2, ..., n. /g KaxKmoro pagmyca ecThb IBa
JIICKa TaKOI'0 PaJnlyca: OAUH IPO3PAYHBIN M OUH HEIpo3padHblil. Bacs xouer HaneTh
Ha, IIIUHJIEeIb N JUCKOB PA3HOI'0 PaJanyca Tak, IYTOObI Kpasl BCeX INCKOB OBLIN BUIHBI,
eCJIM TIOCMOTPETD Ha IIIHUH/IEIh CBepXY (TO €CThb 0] HEIIPO3PAYHBIM JUCKOM HE JIOJIZKHO
OBITH JMCKOB MeHbIero pajmyca). Ckonpkumu criocobamu Bacst Mmoxker 910 cienarh?

4. Touka K pacnosioxkena na meauane BM tpeyronpuuka ABC tak, aro CM = CK.
OxazaJjiocs, uro ZCBM = 2/ABM . Jlokaxure, uro BC' = K M.

5. HaiiuTe Bce mpocThie uncya p u q, JJId KOTOPBIX KaxK10e u3 yucea p+4q u q+4p —
TOYHBINA KBaJpar.

6. CpaBHuTe 4ncia

1 1 1 1 11

5022 T 2023 T T 5086 " 8087 " 6

7. B mikoste 3anmyctuin 20 Kpy»KKOB. 3a OJMH BOIIPOC MOXKHO IIPO JIIOObIe 1Ba KPY2KKa
y3HaTh, KaKNe YICeHUKN XOAAT B 00a 9TU KPY2KKa, & KaKue XO/IdT POBHO B OJWH U3 HUX
(6e3 ykazaHUs B KAKOH MMEHHO). 3a KaKOe HAUMEHbBIIee KOJMIECTBO BOIPOCOB MOYKHO
Y3HATH CIUCKH ITOCEIIAIONINX KaXKIbIi KPYKOK !

8. Ha nocke Hammcanbl TpU IEJIbIX HEOTPUIATEIbHBIX YUCIa @, b, ¢, CyMMa KOTOPBIX
pasua 2021. Huna u Tagacu mearor xojsl o odepeau (Haunuaer Huna). CBoum xo10M
UTPOK BBIOMpPAET HATypaJIbHOE YUCJIO k, TpubaBideT k K OJHOMY W3 YUCEJ Ha JIOCKEe
(o cBoemy BBIOOpY) M YMEHBINAET Ha k KaxKkJ0e U3 JBYX JApyrux duces. [IpourpsiBaer
UTPOK, IOJIYYUBINNAN OTpunare/baoe dncjo. CKOJBKO CyIIeCTBYyeT HAYAJIbHBIX TPOEK
(a, b, c), Ipu KOTOPHIX BHIMTpbIBaeT Tajacu?



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATUYECKUI BOM Ne3. 10.05.2022
CTAPIITAY I'PVIIIIA, IIEPBAS JIUTA

1. /Tano natypaJsibaoe n. [locaegoBaTeIbHOCTD TIEABIX YUCET G, A1, A2, - . . OIIPeaesIeHa
CJICYIONUMHY TIPAaBUJIAMU: ag = N, a Jjad k > 1 4uciio ap — HamMeHbIlee HATYpPaJIbHOE
9HnCJI0, OOJIbIllee ap_1 M TakKoe, 4TO ap + ap_1 — TOYHBIA KBajapar. Jlokaxkure, 4TO
CyHIeCTBYeT POBHO [\/%] HaTypaJbHbIX YHCEJI, HE HIPeJCTaBUMBIX B BHJE Aj — Ay C
k>/¢>0.

2. B ocrpoyroasunom tpeyrompauke ABC (BC > AB) uposesenbl Bbicota BH u
Meauana BM, a Takyke BHYTPH TPeyroJibHUKaA OTMeYeHa Takas Todka P, uro /PBC =

/ZABH, /PHB = LZACB, [oxaxure, uro Touka M paBHOyIajseHa or Touek H u P.

3. Y Bacu ectp 2n muckoB pajmmycoB 1, 2, ..., n. g KaxKaoro pajamyca ecTb JIBa,
JUCKa TaKOT'O paJinyca: OAWH IIPO3PAYHBIA U OJMH HeIrpo3padHbiii. Bacs xouer HaIeTh
Ha MIIAHIEIb 1 JUCKOB PA3HOI'O PaJInyca TaK, 9YTOObI Kpas BCEX JAMCKOB OBLIN BUIHBI,
eCJIM IOCMOTPETD Ha MIIMUHEh CBEPXY (TO €CTh MO/, HEITPO3PAUHBIM JUCKOM HE JOJIZKHO
ObITH JMCKOB MeHbIero pajuyca). CkonpkuMu criocobamu Bacst Mmoxker 310 cieiarh?

4. Touka K pacnosioxkena na meauane BM tpeyronpuuka ABC tak, uro CM = CK.
OxkazaJjiocs, uro ZCBM = 2/ABM . Jlokaxure, uro BC' = K M.

5. HaiiuTe Bce mpocThIe YnCIa p U ¢, I KOTOPBIX KaxK10e n3 aucesa p+4q u q+4p —
TOYHBIN KBaJPaT.

6. CpaBHuTe 4nCIa,

1 1 1 1 11

5022 T 2023 T T 5086 " s087 " 6

7. B mkoJte 3amyctusim 20 Kpy2KKOB. 3a OJIUH BOIIPOC MOXKHO IIPO JIIOOBbIE JBa KPYKKa,
y3HaTh, KaKHEe YICHUKHU XO/AT B 00a 9TU KPY2KKa, a KaKue XOJIIT POBHO B OJUH U3 HUX
(6e3 ykazaHus B KAKOH MMEHHO). 38 KaKOe HAUMEHbIIIee KOJMIECTBO BOIIPOCOB MOYKHO
Y3HATh CIIMCKH ITOCEIIAIONINX KaXKIbIil KPY>KOK !

8. VY Ilunreuna u Bapana ecTh HeOIrpaHUYIEHHBII 3al1aC SIUI U TPU U3HATAIBHO IIYCTHIX
rue3fa. Iluarsua nu Bapan o ouepenu, Haunuas ¢ [luareuna, gemaroT Xoabl. 3a OIUH
xo1, [luHrBuH MoXKeT J1n0OO0 J00aBUTH TPH Aiila B KaKoe-HUOY/Ib THE310, JIM0O 100aBUTH
110 OJTHOMY SIAILy B Kaxkji0e u3 rHe3 . lIpudem, [IuHrBUH He MOXKET B JIBa CBOWX ITOCJIE-
JO0BaTEILHBIX XOJa JT00ABJ/SThH 110 TPH SIAIa B OJHO U TO »Ke THe310. BapaH ¢cBouM X0I10M
MOZKET JINOO MPOIYCTUTH X0, JTM0O0 yOpaTh 1Mo JiBa siila u3 ABYX IHe3/ (HO TOJIBKO eC/In
onn TaM ecth). Mozxker jin [IuHrBUH [IeificTBOBATH Tak, 9TOOBI HE3ABUCUMO OT JIEHCTBUIA
Bapana depes HEKOTOpOe BpeMsi B OJHOM M3 THE3J OKa3ajoch He Mmenbire 1000 sur?



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATNUYECKUMN BOM Ne3. 10.05.2022
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Pasznuunble BelecTBEHHBIE YUCIa £ U Y YAOBJIETBOPSIOT YCJIOBUIO

Va2 +1+y?+1=2022z + 2022y.
Haitmure (v + Va2 +1)(y + Vy? + 1).

2. B ocrpoyroasaom tpeyrosbauke ABC (BC > AB) uposesenbl Bbicora BH u
Meauana BM, a Takyke BHYTPH TPeyroJIbHUKA OTMeUeHa Takas Todka P, auro /PBC =
/ABH, /PHB = ZACB, Hokaxwure, yro Touka M pasHoymasena ot Ttouek H n P.

3. Y Bacu ectb 2n guckoB paamycoB 1, 2, ..., n. /lna KaxKgoro pagmyca ecTb JIBa
JINCKa TaKOT'O paJiuyca: OIWH ITPO3PAYHBIA U OJMH HEIpo3padHbiii. Bacs xodeT HaeTh
Ha MIIAHJIEIb 71 JIUCKOB PA3HOI0 Pajanyca TakK, 9YTOObI Kpas BCEX JIMCKOB OBIIN BUJIHBI,
eCJIN TIOCMOTPETh Ha IIIHUH/IETh CBepXY (TO €CThb 0] HEIIPO3PAYHBIM JTUCKOM HE JIOJIZKHO
OBITH JMCKOB MeHbIero pajunyca). Ckompkumu criocobamu Bacst Mmoxker 310 cienarh?

4. Touka K pacnosioxkena na meauane BM tpeyronpuuka ABC tak, aro CM = CK.
OxkazaJjioch, uro ZCBM = 2/ABM . Jlokaxure, uro BC' = K M.

5. HazoséMm 1es10e amciio n cmparmovim, €CJIU CYyIIEeCTBYIOT TaKHe MeJible Yuciia x 1 1,
qro n = x° + 2y%. Kakoe HanboJIbIIee KOJIMYECTBO CTPAHHBIX UHCE MOXKET UITH TOJI-

psin?
6. CpaBHuTe 9mCya,

1 n 1 P 1 i 1 11
2022 2023 8086 8087 6

7. B TypHUpe mo 6aIMUHTOHY HIPUHSIO yuacTue 329 uenosek. JIobOble gBa yJacTHH-
Ka ChII'paJI JAPYT C JAPyroM 1o asa MaT4da. Huabux He ObLio. [To okoHuanum TypHUpPA
0Ka3aJI0Ch, YTO KarK/JIbIil YYACTHUK BBIUI'PAJ CTOJILKO K€ MaTdeil, CKOJIbKO IPOUTpaJl.
JlokazkuTe, 9TO MOXKHO TPU3HATH HEJICHCTBUTEIBHBIMU PE3YJIbTATHl POBHO TTOJIOBUHBI
MaT4deil Tak, YTOObI U3 OCTABIINXCS MaTUYel KarK bl YIaCTHUK BCE eIlé BHIMTPAJI CTOJIb-
KO 2Ke, CKOJIbKO ITPOUTPAJI.

8. VY Ilunreuna nu Bapana ecTh HeOIpaHUYIEHHBII 3al1aC SIAIl U TPU U3HAYAJIBHO IIYCTHIX
rae3aa. [luarsun u Bapan o odepenu, maunHas ¢ [luarsuna, mesmaror Xonbl. 3a OMUH
xo1, [luHrBuH MOXKeT MO0 J00aBUTH TPH Aiila B KaKOoe-HUOY/Ib THE310, JIM0O 100aBUTH
110 OAHOMY SIAIly B Kaxkjoe u3 rue3a. IIpumdem, [IuHrBUH HE MOXKET B JIBa CBOHUX IIOCJIE-
J0BaTEJILHBIX X014 J00aBJISThH 110 TPH SIAIa B OJHO U TO »Ke THe310. BapaH cBouM X010M
MOZKeT JTOO MTPOILYCTUTDH X0/, TUOO0 yOpaTh 1Mo JBa siiilia U3 ABYX rHE3J (HO TOJBKO eCJIH
oHu TaMm ecTh). Moxer jiun [IuHrBUH 1eiCTBOBATH TAaK, YTOObI HE3ABUCUMO OT JIEHCTBHI
Bapana 1epe3 HEKOTOpOe BpeMsi B OJJHOM M3 THe3J oKa3aJjoch He Mmenbire 1000 surr?



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATNUYECKUI BOM Ne3. 10.05.2022
CTAPIIIAY I'PVIIIIA, TPETHhSA JIUTA

1. Pasznnunble BemecTBEHHBIE YUCIa £ U Y YAOBJIETBOPSIOT yCJIOBUIO

Va2 +1+y?+1=2022z + 2022y.

Haiimure (v + Va2 +1)(y + Vy? + 1).
2. B tpeyrombauke ABC /A = 60°, u 3AB = AC. Hokaxure, aro /B < 105°.

3. Y Bacu ectp 2n jmuckoB pajumycoB 1, 2, ..., n. g KaxKJIoro pajumyca eCcTb JIBa,
JINCKA TaKOT'0 PaJlyca: OJIUH IPO3PAYHBIN M OJIMH Helpo3padHblil. Bacs xoueT HaJieTh
Ha MIIAHIEIb 7 JUCKOB PA3HOIO PaJanyca TaK, 9TOObI Kpas BCEX AMCKOB ObLIN BUIHBI,
eCJIM IOCMOTPETD Ha MIIMUHJEh CBEPXY (TO €CThb MO/ HEITPO3PAUHBIM JUCKOM HE JIOJIZKHO
ObITH JMCKOB MeHbIero pajuyca). CkosbkuMu criocobamu Bacst MoxkeT 310 cjiesiarh?

4. Touka K pacmnosoxkena na memuane BM tpeyronpauka ABC Tak, uro CM = CK.
OxkazaJjioch, uro ZCBM = 2/ABM . Jlokaxure, uro BC' = K M.

5. HarypaJibHOE YHCJIO 1 MOXKHO 3a OJIHYy OIlepaliiio Ju00 3aMEeHUTh Ha o5 + 1, b0
Ha 5n — 1, smbo momenuTh Ha 2 win Ha 3 (ecau jenurcs). Jlokaxkure, 9T0 U3 JHOOGOTO
HATYPAJbHOI'O YHCJIa MOXKHO 38 HECKOJIBKO OIlepaIldil IOJIyInTh 1.

6. CpaBHuTe 4ncya,

1 1 1 1 11

2022 * 2023 ot 8086 *

n—.
8087 6

7. Hecko/ibKO KOMaH I ChIIPAJIH KPYTOBOIl TYPHUP TIO BOJIEH00y (KayK/Ible 1Be KOMAaH-
JIbI BCTPETUJINCH POBHO B OJHOM MaTde, HUIbUX He ObLIO). Y OJHOM KOMAaHIbl MEHBIIIE
11o0e/1, YeM y JII000iT n3 ocTaJIbHBIX. KaxKiiast M3 OCTaJIbHBIX KOMAaH,I IIPOUTPAJIa POBHO
OJTHOII KOMaHjie, UMelolleil MeHbIe 1modeji. Kakoe HamMeHbIee YUCI0 KOMAaH] MOIJIO
y4aCTBOBATH B 3TOM TypHUpE?

8. VY Iluareuna u Bapana ecTh HeOIpaHUYEHHBII 3al1aC SIAIl U TPU U3HATAIBHO IIYCTHIX
rue3ga. [luarsua nu Bapan o ouepemu, HaunHast ¢ [luareuna, gemaroT Xoabl. 3a OIUH
xo1, [IuHrBUH MOXKeT MO0 J00aBUTH TPH Aiila B KaKOe-HUOY/Ib THE310, JIN0O 100aBUTH
110 OAHOMY SIMIly B Kaxkjoe m3 rue3a. [Ipmdem, [IuHrBUH HE MOXKET B JIBa CBOUX IIOCJIE-
JOBaTEILHBIX XOJa JT00ABJ/SThH 110 TPH SIAIA B OJHO U TO »Ke THe310. BapaH cBouM X010M
MOKET JINOO MPOITYCTUTH X0, JTM00 yOpaTh 1Mo /iBa siila u3 ABYX IHe3/ (HO TOJIBKO eC/In
oHu TaMm ecTh). Moxer jiu [IuHrBUH 1eiicTBOBATH TAaK, YTOObI HE3ABUCUMO OT JIeHCTBUI
Bapana depe3 HEKOTOpOe BpeMsi B OJHOM M3 T'He3 oKa3ajoch He Mmenbire 1000 sur?



