
BcepoccCKa oMMMaIa KoJHMKo IIo MaeMaure. II (MyHMnIaJIHI) an .  

PEIIEHHH 3AJ1AH 10 KIACCA. 

10.1. HHaaHO Ha JIOCKe 3aIIHCaHO eIMHCTBeHHOe HCJ1O 2O23 .  KaIIyIO MHHyTy Bac MeHHeT MC1O X Ha 

IIOCKe Ha CyMMy X OCTaTKa IpH IIeJIeHH Ha 28 (HanpMep, 3 CJ1a 3O Bac IOJIyHT 32). KaKoe cn1o 

6yJIeT 3aIMCaHo Ha pIocKe epe3 ac? 

Om«em. 2044. 

Peuueue. PaCCMOTpHM HHCJIO, 3aIIHCaHHOe HeDe3 HeCKOJIBKO OIIepaIIH (IIpHMeM BO BHHMaHHe, HTO 

2O23 = 7 (mod 28)): 
2O23 - 2O23 + 7 = 2O3O - 2O3O + 14 = 2O44 ->» 2O44 + 0 = 2044 ➔ 2044 ➔ · · · .  

l o c n e  BTOpo OIIepaMH Ha JIOCKe IIOHBHTCH HHCJ10 2044, KOTOpOe JIeJIMTC Ha 28, a TO 3HaHT, To Ia1e 
HHCJIO MeHHTC He 6yIeT. 

10.2. Hcna a, b H C yIIOBIeTBODHOT yCJ1OBHHM 
a + b - c = 2Z M Z a b - c ?  = 4 .  Jloxare, T o a  = b  = c .  

[lox@3amet6cm6o. 

BB1pa3MM M3 IIepBOTO paBeHCTBa C H IIOIICTaBHM BO BTOpO, I1OJ1yHM 2ab c? =2ab (ab 2)=2ab a ? 4 
2ab+4a+4b=4, TO paBHOCHJIHO + 4a 4b+8=(a-2)+(b 2)=0, oTKyIa a =b=2. IloCTaBMB B nepBOe 
paBeHCTBO, Hai~M, To c=2, T.e. a=b=c, TO M TpeOOBa1OC JI0Ka3aT. 

1 1 1 1 
10.3. Haaano pa pa1 Hcen1 1, , • r ° '  202 

Pa3peIaeTC 6paT JIO6Ie JIBa HHCIa X M V M 3aMeHHT HX Ha HHCIO paBHoe x + y + xy, IOKa B 3TOM 

pIy He MeHee JIByX HHCe1. B pe3yJITaTe IIOCJIe BBIIIOJIHeHHH BCCX 3aMCH OCTaHeTCH OIHO HHCJIO. Kaxoe? 

Om«em. 2024. 

Peuueue. 

aMeTHM, HTO Xx + y  +xy = ( 1  + x ) ( 1 + y )  - 1 .  TOr1a, IpOH3BeIeHHe BCeX HCeJI Ha JIOCKe, yBeJIHHeHH5IX 

Ha I ,  He MeHHeTC B XoIe onIepaLMi. 

Ha IOCeIHeM IIIaTe M3 JIBVX OCTaBIIIHXCH HHCeJI X M y IIOIyHaeTCH HMC1O 

z = x + y + x y  = ( 1 + 0 ) ( 1 + y ) - 1 .  

IlyCTE Ha JIByX IIDeIIOCJIeJIHHX IIIaTaX HHCJIa X M V 6BIJIH IIOJIyVHeHBI 3 HCeJI 

m n , a T a K e  p  M  q. 

Tora x = m  +  n  +mn = ( 1 + m ) ( 1 + n )  - 1  
y  =  p  +  q  +  pq = ( 1 +  p)(l + q ) - 1  

TO O3HaaeT, HTO BHe 3BHCHMOCTH OT IIODHJIKa BI6Opa IIaD HHCeI JIJIH HX 3aMeH B HTOIe IIOJIVHHTCH HHCJIO 

+ p ( + 3 ) ( + 3 ) ( + # ) · ( + ± ) - ­  
= 2 . 2 . 1 . 5° . , . 2 0 2 5 1  =  2O25 - 1 =  2O24. 2 3 4 2024 



BcepoccCKa oMMMaIa KoJHMKo ITO MaeMaure. II (MyHMnIaJIHI) an .  

10.4. KacaTeIHIe K OIIMCaHHOi1 OKpyKHOCTH TDeTOJIBHHKa ABC B TOKax B C nepeCeKa0TC B TOHKe T. 

H3 TOK T Ha IpOIIOJDKeHM CTOpOH AB AC OIyIIeHBI IIepIIeHJIHKyJIHpBI TD TE cOOTBeTCTBeHHO. IlyCT 

M -CepeHa CTOpOHBI BC. JIOKaxTe, TO AM DE nepneIypH5I. 

[lox@amet6cm6o. 

----...:A 

D 

T 

E 

IlyCT ZBAC = a. 3aMeTIM, TO ZCBT = LBAC = a  Kax 

yrOII MeKIy KacaTeJIHOi xopp0ii. 

KacaTeHIe OTpe3KH TB TC paBHBI. IIoTOMy B 

paBHOOeIpeHHOM TDeyTOIHHKe MeIHaHa TM BJ1HeTCH 

BBICOTOi. IIoTOMy ZBTM = 90° -- a.  

Ta KaK B eTIp~XyFOJIBHHKe BDTM yTJII IIpH BepIIIMHax 

D M IpMIe, TO TOT eTID~XVTOJIHHK BIIHCaHHi. 

CnenOBaTeJ1HO, ZBDM = LBTM = 90° - a .  

IlyCT DM EM nepeceKaOT CTOpOHI AC AB B TOKax 

P Q COOTBeTCTBHHO. 

B TpeyrOJIHMe ADP LDAP + ZADP = a + 90° a = 

90°. 3aIT, ZAPD = 90°. 
ro o3HaaeT, TO DP L AE. 

IOKa3aT6, TO EQ L AD. 

AHaJIOTHHHO MOKHO 

H3 TOTO CIeIyeT, TO M OpTOIIeHTD TpeyTOJIHHKa ADE. 

IloT0My AM L DE. 

10.5. IlycT f(0) MHOTOJIeH C LIeJIIMH KOppuIeHTaMI f(0) 
Kon1HecTBa k = 1 , 2 , . . . ,  100 MOeT 0Ka3aTC, TO f (k) IIeJ1ITC Ha 8? 

Om«em. 63. 

Peuueue. 

2. JU KaKOrO Ha6On1III€TO 

IIpuuep: f(o) = ( 1 -- x  ) ( 2 - x ) .  Torma f(x) en1ITC Ha 8 np BCeX He~THBIX X, a TaKKe Ip Bcex x, 

IIaOIIIHX OCTaTOK Z IpH IIeJIeHMH Ha 8 oT 1 p10 100 raxx HCen1 50 + 13 = 63. 
Oenuxa: non0KM f(x) = 2 + ax + bx + . . . .  EC x KpaTHo 4, TO BHIHO, To f(x) Ia~T OCTaTOK Z npH 

eJIeHHM 4, IIOTOMy He IIeIHTCI Ha 8. ECJ x JIa~T OCTaTOK Z IpH JIeIeHHM Ha 4, 0603HaMM X = 2 + 4y, 
nonyaeM f(x) = 2 + a(2 + 4y) + b(2 + 4y) + T, re T KpaTHo 8. Tax1M 06pa30M, f(x) KpaTHO 

8 TOr1a M TO1KO Kora A = 2 + 2a + 4ay + 4b KpaTHO 8. ECJ a ~THO, TO TO He JIe1HTC IaKe Ha 4. 

B TOM cIyHae f(x) He KpaTHO 8 HM IIDH KaKHX ~TH5IX X, M MCKOMIX 3HaeHi k He 6oIIIe 50. EcnM Ke 

a = 1  +  2Zd He~THo, To A = 4(1 + d  + b + y  +  2dy). To BIpaKeHHe Ha 8 Je1ITC HIM HeT B 

3aBHCHMOCTH OT ~THOCTH ] (TO eCT B 3aBHCHMOCTH OT OCTaTKa X IpH JIeIeHHH Ha 8). TaKHM 06pa30M, XOT 

6I JUI OIHOTO OCTaTKa Z J1H 6 IpH IeJIeHHM Ha 8 3aeH f(x) He KpaTHBI 8, eCJI X JIa~T TOT OCTaTOK 

IpH IIeJIeHH Ha 8. HTaK, BO BCex CJ1yax Ha 8 He en1Tc 25 3aeHi f(4k) np k = 1 , 2 , . . . , 2 5 ,  et~ 

12 nm 13 3aei Ba f(2 + 8k) ( k  =  0 , 1 , . . . ,  12) H1 f(6 + 8k) (k = 0, 1 , . . . ,  11). Bcero x01 6I 

37 He KpaTH6IX 8 3HaeHi, 3HaMT, He 6on1ee 633 KpaTHBIX. 



BcepoccCKa oMMMaIa KoJHMKo IIo MaeMaure. II (MyHMnIaJIHI) an .  

JIOHOJIHHTEI6HIE VKA3AHHH IIO IPOBEPKE H OIEHKE. 

10.1. TO1KO OTBeT 0 6ao6. He paCICaHBI OCTaTKH OT JIeJIeHHH KOHKDeTHIX HHCe.JI IIpH JIeIeHHH Ha 28, 

HO DeIIIeHHe BeDHOe 6a1II He CHHMaT. 

10.2. JIOnOHHTeJIHIX KpHTepHeB HeT. 

10.3. TO1KO OTBeT - 0  6a1106. 

a) HpaBIHM OTBeT B De3yJITaTe IIOCJIeJIOBaTeIHIX 3MeH HHCeJI IIO IIODJIKy 6e3 O6OCHOBaHH 

He3aBHCHMOCTH KOHeHOro pe3yITaTa OT nOpIKa onepauMi I 6at. 

6) IlonyeHa popMy.n1a 3aMeHBI IByXx He.JI Ha HOBOe CI0 - 3  6aa. 

B) B pe3ynITaTe paCCyIeHHi «C KOHLIa» O6OCHOBaHa He3aBHCHMOCT KOHeHHOTO De3yJITaTa OT 

nopIKa 3aMe - 3  6a1a. 

10.4. a) Ecr CCIIKa Ha yro1 Mey KacaTeIHoi H xopp10i - I  6a. 

6) O60CHOBaHa BIIHCaHHOCT BDTM 2 6a1a. 

B) /I0Ka3aHo, To M OpTOIIeHTp ADE 3 6aa. 

10.5. IIpaBJ1HI npHMep - 2  6aa. IHpBeIeHa OIIeHKa 4 6aa. 


