LXIV YPAJIBCKUI TYPHUP IOHBIX MATEMATUKOB. KUPOB, 28.04 —04.05.2025
KOMAHJIHAA OJINMMIINAZTA. MJTAZIITA A T'PVYIIIIA.

1. Bdoawv npamoti dopoau pacnosoocenvt nynkmor A, B, C' u D umenno 6 maxom nopaoke.
B nynxme A naxodumcs o6ydka cmopoorca. On nampyaupyem dopoey: udém uz A do 00-
HO20 U3 MPET OPY2ULT NYHKMOS, 3GMeM PA3BOPAHUBLEMCA U B036PAULLEMCA 00pamno 6 A.
Hszeecmmno, wmo 6 nynkme C' on paseopauusascsa edeoe, a 6 nynwkme B — euemeepo 604b-
we pa3, wem 6 nynwkme D. Bcezo 6 nynxkme B cmopootc nobwisan 140 pad. Croavko pas o
doxodun do nynxma D ?

OtrBer: 14 pa3. Pemmenne. Obo3Ha4unmM ICKOMOe KOJMYECTBO pa3 3a x. Torma cTopox
noxoamit 1o C'u 1o B posno 2x u 4x pas. Ilpu sTom Mumo B 0H IPOXOIUI JBarK/Ibl, KOJIA
xommi 1o C' u D, u ennHOXK /b1, Korga Toabko 10 B. CiemnoBaTesbHO, B IyHKTEe B CTOPOK
noowiBasl 2x + 4x + 4x = 140 paz. Orcioga x = 14.

2. Ilycmov n = 3 — namypasvrnoe wucro. Bee xaiemxu xkeadpama n X n, Aescaujue nudice
duazonant, udywetd u3 Ae6020 BEPITHE20 6 NPABLILT HUNCHUL Y204, NOKPAULEHD, 6 KPACHBIL
usem, a Kaemru amot duazonany, — 6 cunut. Meopsb 6uipesan Heckorsvko NPAMOY20AbHUKOS
1 X 3 u3 kpachvix xaemox. oxastcume, wmo Cawa cmoocem evipedams eu,é 0durn maxod
NPAMOY20ADHUK, U3 NOKPAULEHHOIT (KPACHOIT UAU CUHUL) KAEMOK.

Pemienne. IIpennonoxkum, aro Calia He MoxKeT 100UThesa TpebyeMmoro. PaccMoTpum mep-
BBIIT cTOJIOET] Halelt jecenku. [IpeamnomoKmm, 9To Mbl HE MOYKEM BBIpe3aTh MPAMOYTOIHLHIK
U3 TPeX BEPXHUX KJIETOK ITOTO CTOJIOIA. 3aMETHUM, UYTO TOTJIa TPEThs CBEPXY KJIETKA JIOJIXK-
Ha OBITH ITOKPBITOI BEPTHKAJBHBIM IPSIMOYTOJIbHIKOM 3 X 1, TaK KakK BCe TOPU30HTAJIbHBIC
PAMOYTOJILHUKH, €€ IMOKPLIBAIOIINE, COJepKaT XOTd ObI OJIHYy He KPACHYIO KJIeTKY. lemnepb
paccMaTpuBaeM BTOPOI CTOJIOEI, B HEM TPEThs CBEPXY KJIETKa TaK:Ke JTOKHA ObITH TTOKPBITA
BEPTUKAJILHBIM MTPAMOYTOJbLHUKOM 3 X 1. /IBurasich 1mo cronbiaM jajbliie, MoaydaeM, 9To U
B (n — 2)-oM cTOJIOIE TPEThs CBEPXY KJIETKA JIOJIKHA ObITh MOKPHITA BEPTUKAJIBHBIM TIPSIMO-
YTOJILHUKOM 3 X 1, cocTodIeM NMeJMKOM U3 KPACHBIX KJIeTOK. Ho 9T0 HeBOZMOXKHO, TaK Kak
B (n — 2)-oM cToJibIie ecTh BCEro 2 KpacHbIe KJIETKIU.

3. Ha306Em namuanaumoe 4ucio 6€3 HYsesulr Uudp UHMEPECHbIM, ECAU OHO ABAACMCA Na-
AUHOPOMOM (M. €. ECAU NPOYUMATY €20 YUPPYL 8 00PAMHOM NOPAJKE, TO NOAYUUMCA UCTO0-
HOE YUCA0, Hanpumep, 23432) u ezo cpeduas yudpa 6 dsa pasza boavwe nepsot. Jokascume,
umo npoussedenue 2025 uHMEPECHBIT WUCEA He MOHCEM Obimb KEaAIPAMOM HAMYPAALHOZ0
YUCAQ.

Pemenne. Barmmmem nurepectoe uncio kax ab(2a)ba = 10000a 4 1000b+-200a + 10b+a =
10201a 4 1010b. Torma ono kparHo mpocromy umciay 101. IIpu 3TOM OHO HE MOXKET OBITH
kpaTHO 1012 = 10201, HOCKOIBKY He cojep:KuT HyJaeBbIX mudp. [TlosTomy mponssenenue 2025
MHTEPECHBIX ducesl cojepKuT npoctoe dyncao 101 posao B 2025 crernenu, cjiejoBaTe/bHO, He
MOZKeT OBITh KBaJIPaTOM HaTypaJbHOIO YHCJIA.

4. B mpeyeorvnuxe ABC, 6 xomopom LA = 60°, nposedena meduara AM. Ha npodon-
orceruu, cmoponvt AC 3a mouxy C ommeuerna mouxa N max, wmo AM = MN. Hatdume
AB/CN.

OtBer: AB/CN = 2. Pemenne. Yisoum mepuany AM: wa npomoskennn jtyda AM
3a TouKy M ormerum Takyio Touky D, aro AM = MD. 3amerum, uro ABDC' napaJ-
ngejgorpamm, B dactaoctu AB = CD u /ZDCN = ZA = 60°. C npyroii cTOpOHBI, T.K.
AM = MD = MN, to ZCND = 90°. Takum obpasom, B Tpeyrosbanke DC'N oauH yro
pasen 60°, a npyroit — 90°. [Tostomy AB/CN = CD/CN = 2.



5. B cmpane n 20p0dos, HeKomopvie napvt U3 HUX cOeOuHeHb, JoPo2aMl ¢ 08YTCMOPOHHUM
deuoicenuem. B nexomopoix 20podax nocmpoenvt wkovl, HA306EM MAKUE 20P006 BANCHHLMAU.
Oxazanocy, wmo 1) uz xascdozo 2opoda mostcno dobpamuca do 1106020 dpyeozo; 2) Kaxrcdvudl
HE 6aCcHblll 20p00 coedunén dopozoti ¢ 8adcHviM 20p0dom. [ Kakozo naumenvuwe2o k ece-
20a MOJHICHO 3aKPLIMb 6ce Jopo2U, KPOME HEKOMOPLIT Kk, Ha pemonm mak, wmobv, amu d0ea
YCAOBUSA COTPAHUAUCD ¢

OtrBer: n — 1. Pemtenue. Paccmorpum rpad, BepuimHaMiu KOTOPOTO sIBJISIIOTCSI TOPOJIA,
peopamn — gpoporu. [lorsarao, uro k > n — 1, B IpoTUBHOM ciiydae rpad Ha OCTABIIIXCS
pebpax He OyaeT cBaA3HBIM. JlokarkeM, 9TO B 9TOM I'pade Beeria MOXKHO BBIIEJINTH OCTOBHOE
JIEPEBO, YIOBJIETBOPSIIONIEe YCIOBUSAM. ByaeMm IociegoBaTelbHO yAaIsITh pebpa n3 rpada.
ITycTb B rpade K TeKyIeMy MOMEHTY eCTh IUKJI, poxo/isiuii o Bepimunam C1Cs . .. C,Ch.
[Ipeanosoxkum, 4To Mbl He MoxKeM yiaaaurb peopo C;Ciyq (cauraem, uro Cpyp = Ch) ¢
coxpanennem Bcex yesosnit. Torma omun u3 roponoB C; n Cjyq JOKEH ObITH BarKHBIM, &
JIpyroii — He BayKHBIM. [lo3TOMy ecyin MBI HE MOYKEM yIaJiTh HU OJHO nu3 pebep IHKIIa,
TO B HEM 4YepeyIoTcd BakKHbIE U HE BayKHBbIC ropoja. B aToMm ciaydae ynaanm Jroboe pedpo
n3 Halero muksa. Karkplii He BayKHBII ropost OyIeT mo-IpexKHeMy COelnHeH ¢ BaKHbIM. B
KakKoif-To MOMeHT B rpade He ocTaHeTCs IMKJIOB, a Bee yCJIOBHUs Oy/IyT BbIOJHEHBI. [ToaTomy
ocrapIniicsa rpad JepeBo, u pedep B HeM poBHO 1 — 1.

6. Ilo dopoze edem mawura, ckopocmsb KOMOPOL COCMABAAEMN HAMYPAAOHOE YUCAO KUAO-
mempos 6 uac. Kaocooiti pas, npoesotcasn 1 KM, MAUUHA YBEAUNUBAEM UM YMEHDULAEM, CBON0
ckopocmv Ha 1 Kkm/4, Ho He ocmanasausaemcs. IIpu Kaxom HAUMEHBWEM HAMYPAALHOM N
MAWUHG MO2AG NPoexamb N km 3a 2025 munym?

OtBer: 48 kmiomerpos. Pemrenme. [Ipumep. IlepBbie 42 Kumomerpa MallllHa depery-
er ckopoctu 1 u 2 km/4, Tpars 21 - (60 + 30) = 1890 munyT, gasee ckopoctu 3, 2, 3, 2,
3, 4 KmM/4a coorBercTBeHHO, UTO 3aiimMér emé 20 + 30 + 20 + 30 + 20 + 15 = 135 muHyT.
[Ipu sTom 1890 + 135 = 2025. Ouenxa. Ilyctb mosyumioch npoexarb n < 47 KIJIOMETPOB.
Ecin ¢ckopocTh MalllmHbI Ha KHJIOMETPOBOM y9acTKe paBHa ¥ KM/d, TO 3aTpadyeHHOe BPeMs
paBHO % yacoB. 3ameTnm, uro 2025 = 33% qaca. B 3HaMeHaTese 9TOi 1pobu crout 4 = 22
CJIEJIOBATEIHLHO, XOTsT ObI OJINH pa3 MallliHa IIPOeJIET CO CKOPOCTBHIO He MeHbIe 4 KM /9, 4To-
ObI 00ECIIeYNTh COOTBETCTBYIONIYIO CTEIeHb BXOKJIeHMA JBOHKM. K Tomy ke Oyuer emié He
MEHbIIIe 3 pa3 CKOPOCTb HE MEHbIAas 3 KM/ 9 (B 9aCTHOCTH, OT IPOCTOIO YHUCJIa 3 B 3HAMEHA-
TeJie MOXKHO M30aBUTHCS MJIM B3sIB 3 pas3a JIpodb ¢ OJIMHAKOBBIM 3HaMeHaTeJIeM, Wi 2 Jpobu
C OTJIMYAIOIINMUCA Ha 3 3HaAMEHATe/IsIMH, HO TOrJa OyJeT TPeTbs JApoOb MEXKJy HUMU, He
paBHas i) Ha ocranbuabix He 6osiee dem 47 — 4 = 43 KUJIOMETPOBBIX ydacTKax — He 0oJiee
ITOJIOBUHBI Pa3 CKOPOCTh MOIJIa PABHSIThCsT 1 KM /4, Bce ocTabHble — He MeHble 2 KM/ 4. Ho
TOTJIa HA BECh IyTh OyJeT moTpadeHo He dojee 21 - % +22. % +3- % +1- ;11 = 334—11 < 33%1 Jaca.
[IpoTuBopeune.

7. Ha cmopone AB xeadpama ABCD ommeuena mouxa E, a na npodosscenuu cmoporol
BC' 3a mouxy C — mouxa F, npuvem LADF = 2/CDE. Jloxaocume, wmo BE < CF.

Pemenune. Oboznaunm /BCE = x, /CDF = y. Ucxonsa u3 ycnosust 3agaun, ZCDE =
45° 4%, ZDCE = 90° — x. Snauut, ZOED = 45° +x — . Bamerum, uro CE > BC' = CD,
nosromy 45°+4 > 45°4-x— ¥, orkya ciejyer, uTo y > x. 3HauuT, Ha oTpeske C'F naiigercs
takas Touka G, uro ZC DG = x. Torpa npsimoyrosbabie Tpeyroibiuku BC'E nu C' DG paBHbl
10 KaTeTy u octpomy yriy, nodromy BE = CG < CF, ato u TpeboBaJioch.

8. Iawa 3a2a0ar 064 PazsudHbIT HAMYPAALHOLE YUCAG M U N, borvwuxr 2025. Samem on
BLINUCAA 8 MEMPAIKY 6 NPOUIBONLHOM NOPAIKE 6CE 3HAYENUA, KOMOPBIE MOACEM NPUHU-



MAMB CYMMG OCMAMKEOE 0M, DEACHUA HAMYPAALHO20 YUCAG HA M, Ha N U Ha mn. Beeeda au
Maxcum cmoorcem omeadamo m u n, 3uaa wucaa 6 mempadse Ilawu?

Otreer: He Bcerna. Pemenne. Ilycrs m = 32, n = 3y, m' = 3z, n’ = 3t nua Takux
Pa3IMYHbIX HATYDPATbHBIX T, Y, 2, t, uro (3x + 1)(3y + 1) = (32 + 1)(3t + 1). loxaxewm,
aro mapam (m,n) u (m/;n') GyayT coOTBETCTBOBATH OJIHO U TO YK€ MHOYKECTBO 3HAUEHHUIA.
BamMeruM, 9T0 HaubOJIbIlIee 3HAUEHNE CYMMbBI OCTATKOB coBlajaer mn —1+m—14+n—1=
m'n'—14+m/'—14+n"—1, rak kak (m+1)(n+1) = (m'+1)(n'+1), u gocturaercs Ha duCIAX
mn—1u m'n'—1 coorsercrenno. TakzKe MOHITHO, YTO BCE BO3MOKHDIE 3HAUCHUS JIJIsI APLI
(m,n) npuHEMAOTCA XO0Tsi ObI OjuH pa3 Ha ojHom u3 uucen 0,1,2,3,...,mn — 1. Byuem
[I0CJIEJIOBATEILHO BBIYUC/ISITH CYMMY OCTATKOB OT JIGJICHHUSA Y STUX YUCEJ CJIeBa HaIpPaBo.
3aMeTuM, 9To KazK/Iblil pa3 oHa Jinbo yBeJIndnBaeTcs Ha 3, TnbO yMeHbIIaeTcs Ha m — 3, JIn0o
yMeHbIaeTcs Ha n — 3, b0 yMenblnaercd Ha m + n — 3. [Ipu 9ToM n3HavaIbHO 9Ta CyMMa
obl1a paBHa 0, To ecThb Jieauaach Ha 3. B urore nosiydaem, 4To cymMma OCTATKOB OT JICJICHUA
Bcersia OyaeT Jenntbesd Ha 3. Ilpm sTrom Karkpoe u3 3navenwnit 0,3,6,....,mn+m+n — 3
OyJIeT JIOCTUTraThCs, TIOCKOJIBbKY CYMMa OCTATKOB OT JIeJICHUST KayKJIblii Pa3 yBeJMINBACTC HE
Oostee 4eM Ha 3. 3HAUUT, MHOXKECTBO 3HaUYeHUil coBrmagaer ¢ muoxkectsoM {0,3,6, ..., mn +
m + n — 3}, a mig napet (m',n’) — ¢ muoxkecrsom {0,3,6,...,m'n' + m' +n’ — 3} =
{0,3,6,...,mn+m+n — 3}, aro u TpebOBAIOCH.



