LXI YPAJIbCKUU TYPHUP IOHBIX MATEMATUKOB. 9THOMUP, 25.10 — 31.10.2023

KOMAH/JHAA MATEMATUYECKA{ OJINMIINAJIA 26.10.2023
SAJAHNA OJ1d 7 KJIACCA. PEHIEHN A

1. MoxkHO 11 paspe3aTh KBaJpar Ha 4 pa3IndHbIX TPEYTroJbHIKA TaK, UTOObI 13 HUX MOXKHO
OBLIO CJIOXKUTH 0€3 JIBIPOK U HAJOKEHHI TPSMOYTOJbHIK (HMCIIOJIB30BaB Bee 4 TPeyroJbHIKA),
OJIHA CTOPOHA KOTOPOI'O B JiBa pasa OO0JbIIe JIPYroii?!

. E¢pemos

Pemenme. [Ipumep Bo3MOXKHOTO paspe3aHus Ha- 1
puCOBaH Ha KapTUHKE.

2. B psJ1 cTOAT HECKOJILKO YeJIOBEK, KaXK/IbIil U3 KOTOPBIX sABJISETCA JIMOO PhIlapeM, Beerjia
TOBOPSIIIAM IIPaBJLy, JUOO JIZKEIOM, BCerJia FOBOPSIIIM HEllpaBLy, JIMOO XUTPEIOM, TOBOPAIIIM
IpaB/ly TOTJIa U TOJBKO TOTJIa, KOT/Ia OH CTOUT PsJIOM ¢ phiiapeM. KaKaplil n3 cTodnmx B Py
cKazaJl, 9TO BO BCEM DPsiJly CJIe€Ba U CIIpaBa OT HEro IMOPOBHY XUTPEIoB. /lokazkure, 4TO ecju
Cpe/i CTOSAIINX €CTh XUTPEIbl, TO €CTh U XUTPEIbl, CTOAIINE PAJIOM.

1I. ITuxanos

Pemrenne. [Ipe/irooknm, 4TO Cpe/iin CTOSINX B PAJLY U€I0BEK €CTh phiapb. JlokaxkeM, 4To
PSJIOM C HUM HE MOTYT CTOSITb HH JIZKEI[bl, HI XUTPEIIbL.

[IycTb psijioM ¢ pbliapeM CTOUT JIKerl. Torja jiisd Hero ToxKe KOJMYeCTBO XUTPEIOB CJIeBa I
CIIPaBa OJIMHAKOBO, U 9TOT JIZKEI[ CKAYKET IIPaBJLY.

IIycrs psjiom ¢ pblnapem cTouT xuTperl. Torja 9ToT XUTpeI J0JI2KeH FOBOPHTD IIPABJLY, HO
JUIST HErO KOJIMYECTBO XUTPEIOB CJIeBa U CIPaBa yzKe He MOXKeT ObITh OJIMHAKOBLIM (OH BeJlb He
VUIUTBIBAET CAMOTO Ce0s).

Takum 00pa3oM, phIAPb MOKET CTOSATH TOJILKO PAJTOM € PBIMADSMI, U MBI HOJIYydaeM, 9TO
BCE CTOSIIIUE B DTy — PBINAPH, TOTJIA JIOKA3BIBATH HEYEro.

[IpesronoKuM Terepsb, 9TO Cpean CTOANMX B psiy HeT poinaps. Cpasy OTMETHM, YTO BCe
XUTPEIbl B TAKOI cuTyarnnu OyIyT Jrarth. Ecjm XuTpernoB HedéTHOe KOJIMYeCTBO, TO HEHTPAJb-
HBII CKaKeT MPaB/Ly, 9ero He MoxKeT ObITh. [109ToMy XUTperoB 4éTHoe KOJIMIecTBO, 0603HATIM
ero depe3 2k > 0 (ecsn xurpenos 0, To JokaspiBaTh Hevero). Paccmorpum k-ro n (k + 1)-ro
XuTperoB. MexK/ly HUME He MOXKET CTOATD JIZKEIl, TaK KakK OH Obl CKa3aJl MPaB/y. SHATHT, STH
JIBOE XUTPEIOB CTOSAT PAJIOM, 4TO U TPEOOBATIOCH JIOKAZATE.

3. B mekoropom crozmaunom uncje X 06e3 Hyseil, eIMHUI], BOCbMEPOK U JEBIATOK B 3aINCU
K IIE€PBOIl, TpeTbeil, mATol, ..., 99-oii cieBa nudpam npudaBUIN 110 JIBOHKE U MOJIYUIIN INC-
a0 A. U3 Bropoii, ueTBépToii, mectoii, ..., 100-oii ciaeBa mudpbl duciaa X BBIWIN 0 JIBOHKE I
noryanan ancyio B. Oxasanoch, ato A nemurcst va B. Yemy Moryio ObITh paBHO 9ncao X 7

C. Bepaos

OtBer. X = 242424 ...424. Pemenne. 3amerum, uTo uncio A — B cocrouT us cra JBOEK U
JIeJINTCS Ha CTO3HAYHOE Yncjio B. B qacTHOM He MOIJIO TOJIYUHThCs 2, MTOCKOJIBKY TOTJIa TepBast
1udpa uncia X ObLIn ObI eJUHUIECH U HE MOTJIO MOJYUYUTHCS OOJIbIIEe 2, MOCKOJIbKY 4Yncjio B
Tora ObLIO ObI HE CTO3HAYHBIM. SHAYUT, 5B COCTOUT U3 CTa ABOEK, OTKYIA U IOJIYIaeTCsI OTBET.

4. Cymma gucen z, y u z (He 0bsi3aTesIbHO T1esibixX) paBHa 1. Jlokazkure, 4To mpousBejieHne
qucesl r + Yz, Yy + 2xr U Z + xy HeoTpullaTesbHO.



coobwun JI. Camotinos

Pemrennme. Bamvernm, uto © +yz = (1 —y — 2) + yz = (1 — y)(1 — 2). Anasorudnoe
PABEHCTBO BEPHO JIisl JADPYIUX JBYX Bbipakenuii. CiieoBaTeIbHO, MPOM3BEICHIE PABHACTCSI
(1 —2)*(1 — y)*(1 — 2)?, uTo HEOTPHUIATEIILHO.

5. [Ipoctoe dnciio p Ha30BeM cmandapmmvim, €CJI CyIeCTBYIOT Pas/iIHble HATYpATbHbIE
ancsna 1 < a,b < p/2 makme, aro ab — 2 gemurca wa p. JlokaxKure, 9TO CyMIECTBYET JIMIIh
KOHEYHOE YHCJI0 TPOCTBIX HE CTAHIAPTHBIX THCEII.

. E¢pemos

Pemenne. /lokaxkem, 9To Bce npocthie p > 11 gBisitorcs ctaggapTHbIME. Eciau p npaer ocra-

+2 +2
ToK 1 ipu jenennu Ha 3, To p+2 = pT -3. IIpm sTom pT < 2—9, [IO3TOMY JOCTATOYHO B3ATh
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= ]i, b = 3. Eciin ke p JlaeT ocTaTok 2 MpH JieJIeHnn Ha 3, TO 2p + 2 = 2% - 6. Torma
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MOKHO B34Thb @ = ——, b = 0.
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6. Bepa Boutoxkmia B pan 2023 MOHETHI, Uepejlys PelIKd W OpJibl, HauWHad W 3aKaHINBad
pemikoit: POPOPOPOP. .. POP (P — pemika, O — opet). 3a ojun xoj; Bepa MoxKeT mepeBepHy Th
OJIHY MOHETY Psijia, coOJItojiast ciejlytomiue npasuia. B 1mepsbiii xo1 Bepa MoxKeT nepeBepHyTh

a

Jo0yio 3 MoHeT. Bo Bce mociieytoniue xojbl Bepa MOKeT IepeBopaduBaTh TOJLKO MOHETY,
COCEJTHIOIO C TOfi, KOTOPYO OHa TIePEBEPHYJIA TPEBLIYIIIM X0I0M (MOHETA He SIBJISIeTCs COCeIHel
cama cebe). Ornpejiesinre HaMeHbIee BO3MOYKHOE KOJMIECTBO XO/I0B, 3a KOoTopoe Bepa cmoxker
IIepeBEPHYTh BCE MOHETHI OPJIOM BBEPX.

USA TSTST 2023, shortlist

OtBer. 4044. Pemenne. IIponymepyem monersl or 1 o 2023. OueBugno, uro Bepa p0J1kK-
Ha MePEeBEPHYTH KayKylo HEUETHYIO MOHETY HeUeTHOE YHUCJI0 Pa3, a KarykIyio YeTHYIO — YeTHOE.
Cragajia MbI JIOKaKeM CJIeIyIoIlee yTBep:KIeHne. Y TBep:KIeHne: HU OJHA JYeTHasi MOHETa He
MOZKET OBbITh IIepeBepHyTa HOJIb pa3. Jlokazare/becTBo: Ecim HekoTopast MoHeTa HUKOIJIa HE T1e-
peBopadnBaeTcs, TO JIMOO HU OJHA M3 MOHET CJIeBa OT Hee He IlepeBopaduBaeTCs, JuOO HU OJIHA
13 MOHET CIIpaBa OT Hee He nepeBopadnBaeTcd. Ho Jijist KaxKkoit 4eTHOl MOHETHI ¢ 006enx ee CTo-
POH CYIIECTBYIOT HEYETHbIE MOHEThI, KOTOPbIE JIOJI?KHBI ObITH II€PEBEPHYTHI XOTsi ObI OJUH pa3:
nporuBopedne. [loaromy Beero mo/KHO ObITH He MeHee 2| 2023 /2] = 2022 nepeBopoTOB YEeTHBIX
MoHeT. Kpome Toro, HoMepa rnepeBopadnBaeMbIX MOHET JIOJIZKHBI YePeoBaAThCI MEXKTy YeTHDI-
MU ¥ HEYETHBIMH, IIO9TOMY BCEro JOKHO ObITh He MeHee 2021 mepeBopoTOB HEYETHBIX MOHET.
OjiHaKo y HAC €CTh JONOJHUTEIbHOE YCJIOBUE, UTO KazK/las HedeTHas MOHeTa IIepeBOpadnBaeTCs
HEYETHOE UHCIO0 Pa3, & MOCKOJIbKY HEeYeTHBIX MoHeT derHoe qucsio (1012), To n mepeBopoToB
HEUETHBIX JIOJZKHO OBITH YeTHOE YHCJIO, CJIe/IoBaTe/IbHO, WX HY»KHO He MeHee 2022, 9TO Jaer
cymMapHo He Menee 4044 nepeBopoToB MoHeT. /[yt mocTpoeHns KOHCTPYKIIUU HaJ0 IepeBep-
HyTbh 2,1,2,3 B TakoM mnopsijike. 3areM nepesepuém 4m, 4m + 1, 4m, 4m + 1, 4m + 2, 4m + 1,
dm + 2, dm + 3 pna m =1, 2, ..., 505 B TakoM 1opsjike. DTo jaeT poHO 8 - 505 + 4 = 4044
IIEPEBOPOTOB.

7. Baca xoder HammcaTh Ha BOJIIEOHON JIOCKe HATypaJbHOE YHCI0, KOTOpoe JOCKa OyaeT

Hp€06pa30BbIBaTb 110 TaKOMY IIpaBUJIy: €CJIM B KaKOii-TO MOMEHT Ha JIOCKe 0Ka3aJIOCh YUCJIO

r < 2% uepes MunyTy ono 3amensiercd na umcso w2 + 2% 299

, & €CJIM YHUCJIO T = , TO 4epes

MUHYTY OHO YMeHbLIaeTcst poBHO BaBoe. MozkeT jin Bacst HanmcaTh Ha JOCKE YHUCI0 TaK, YTOOLI
OHO BCErJa OCTABAJIOCDH IEJILIM?



Asuamcko-Tuzxookearickan orumnuada, 2019, wacmuud caywali

OtBet. He mozker. Pemenne. Ilycrn Ha nocke nanucano uncio a = 2F-¢, riae t — HeuérHOe UIC-
JIO, KOTOPOE B JlaJibHeleM Oy/1eM Ha3bIBATh HEUCTHBIM KOPHEM HATYPAJIBLHOIO YNC/IA. 3aMETUM,
YTO €CJIN BO BpeMs 3aMeHbI YNCI0 Ha JOCKe YMEHBIAeTCd BJ/IBOE, TO €r0 HeUYETHBIN KOpeHb He
MeHsteTcst. Bt ke K ero kajpary npubasisercs 2%, to nosyuaercs uncio 22F 12429 Yuco
2k 1m60 Mewnblie, 1160 Gosbie, yem 99. B nepsom caydae nosyuaercs unciao 22F - (t2 + 299-2k)
B0 BTOpoM — 299+ (22F799 .42 1 1), B 0boux ciydyasgx HeIETHBIH KOpeHb 4IC/Ia yBeauancs. Tak
KaK JIeJUTH Ha 2 W MOCTOSHHO TOJIYYaTh IeIble YUCIa Mbl He MOXKeM, HeUETHBIN KOpeHb pa3 B
KaKoe-TO BpeMsi 00si3aTesIbHO yBemauBaeTcs. [loaroMy on Korjga-HuOyIb cTaHeT 60JbIIe, YeM
299 Ho Torua ero NpuaéTes JeIUTh Ha 2, U HOJYUINTCS HEIeI0e YHCIIo.

8. Touka M — cepemuna 060KoBoil croponbl AB, a Touka N — cepeanna OG0OKOBOIl CTOpO-
uel BC' pasuobejipertnoro tpeyroibinka ABC. Touka D na orpeske AM BbiOpaHa Tak, 4TO
ZCOND = 90°. JIya C'D nepecekaer npsimyto M N B Touke E. Touxka F' ormeudeHa Ha OTpe3Ke
CN rtakum obpazom, uro BF = CFE. Jlokaxure, ato n3 orpeskoB DE, DF u M N M0xKHO
CJIOYKUTH TPEYrOJbHIUK.

A. Kysneyos

Pemenne.  Orvmerum na sayue MFE  Takyio
touky G, uyro MG = FEN. 3amerum, 4TO
/GMB =/FENCuMB = NC. Torja 110 niepBoMmy
npusHaky pasubl Tpeyrojibuuku GMB n ENC'. U3
storo ciejyet, uro /DCF = /D BG. 13 paBaobei-
perHocTu Tpeyroibanka BDC' (B HEM MenaHa COB-
maJlaeT ¢ BeicoToit) caenyer, uro ZDCF = ZDBF.
CitenoBaTesibHO, 110 IIEPBOMY IHPU3HAKY PaBHBI TpE-
yrosibiukn DBG u DBF. Takum obpasoMm, pas-
el orpe3sku GD u DF. Ocranoch 3aMeTHTb, UTO
GE=GM — EM = EN — EM = MN. Mzl noJy-
qui TpeyroibHuK G E D ¢cTOpoHbl KOTOPOTO PaBHbI

HY2?KHBIM OTpE3KaM.



