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MeToauKa OLleHUBAHUS BBITIO/THEHUSI O/TMMITHAJHBIX 3a/iaHUM

st eqiHOOOpAa3ust MpOBepPKH PaboT YYaCTHUKOB B Pa3HBIX MYHULUIMATbHBIX 00pa30BaHUsX
B Marepuasbl BK/IOUAIOTCS HE TOJBKO OTBeTbl W pellleHus 3aJaHuif, HO U KpPUTepuu
oLeHMBaHWs paboT. /[l TOBbIIEHHS KavyeCTBa IIPOBEPKM BO3MOKHA OpraHU3ariys
L|eHTPa/IM30BaHHOK MPOBEPKU PerMOHaIbHbBIM >KIOPH.

[lnsi  TIOBBIIIEHWS] KauecTBa TIPOBEPKU 00si3aTesbHBIM — sIBJIsieTCs:  TpeboBaHWe [JBYX
He3aBUCUMBbIX TIPOBEPOK Ka’KZOT0 pellleHus1 pa3HbIMU UjieHaMH >KIOPH.

Ha maremaruueckux OJIMMITMA/aX TMPUMeHsieTCsl 7-0aryibHasi IKaja OLeHKH pelleHHH,
JIeMCTBYIOILlasi Ha BCEX MaTeMaTUUeCKWX COPEBHOBAHMAX OT HA4aJbHOIO YPOBHS [0
MesxayHapoHOW MaTeMaTUuecKoW onuMIuazbl. Kaxzas 3ajaua OLeHWBAeTCs LesbIM
yrcsoM 6amioB ot 0 g0 7. VTor noABoAUTCS M0 cymMe 6asisioB, HAOpaHHBIX Y YaCTHUKOM.
OcCHOBHbIe TIPUHLIUIIBI OIIeHUBAHUSI PUBE/IEHBI B Ta0/HUIIE.

Bannbl IIpaBu/IbHOCTH (OIINO0YHOCTH) peleHus

[TonHoe BepHOe peleHue

6-7 BepHoe pernienue. ViMeloTcst HeOObIIME HeJJOYETRI, B 11€/I0M He BIUSIOIIUE Ha
pelieHue
5-6 PelnieHre cofep)XUT He3HAUMTE IbHBIE OIIMOKY, pobesibl B 000CHOBAHUSX, HO

B 1IeJIOM BEPHO M MOXXET CTaTh IMOJIHOCThIO TIPAaBWILHBIM TIOCTe HeOOJBIIIX
WCTIpaB/IeHUM WK [AOTOJIHEHUH

BepHo paccMoTpeH ofivH U3 ABYX (60Jiee CJI0XKHBIN) CYL[eCTBEHHBIX C/TyYaeB

2-3 ,Z[OKEB&HLI BCIIOMOraTe/IbHbIe YTBEPXXAEHNS, TOMOTI'dIOIHe B PEIIeHWH 3a4aun

0-1 PaccMOTpeHbI OTAeIbHbIE BAXKHBIE CTydau TP OTCYTCTBHUH PerieHust (WU 1Ipu
OIIMOOYHOM DeLIeHUH)

Perienne HEBEPHOE, NIPOABMXXEHHA OTCYTCTBYIOT

PelieHuie oTcyTCTBYeET

I[Tpu 3TOM TakKe HEOOXOAUMO TIPH/IEPXKUBATHCS C/IEIYFOLIMX TTPABUIT:

a) mo0boe MpaBU/IbHOE pellleHHe oLjeHnBaeTcs B 7 6annoB. Hepomyctumo cHsiTve 6ansos 3a
TO, YTO pellleHWe CJIMILIKOM /JIMHHOe, WIM 3a TO, UTO pelleHWe IIKOJIbHUKA
OT/IMYAeTCs OT TIPUBEJEHHOTO B METOJUUECKUX pa3paboTKax WM OT APYTUX pelleHuH,
W3BECTHBIX JKIOpHW; TPU TIpOBepKe paboThl Ba)KHO BHUKHYTh B JIOTHKY pacCy>KeHWUH
YYaCTHUKA, OLIeHUBAETCS CTereHb eé NMPaBUIbHOCTH U MOJTHOTHI;

6) onumnuaHas paboTa He sIBJIsIeTCsl KOHTPOJIbHOM paboTol yd4acTHHKA, TI03TOMY JitoObie
ucrpaB/ieHdsi B paboTe, B TOM uuC/ie 3auépKUBaHHe paHee HAlMCAHHOTO TeKCTa, He
SIBJISTIOTCSI OCHOBaHWeM [ijisi CHSITUsS 0asijioB; HeJOMyCTUMO CHsTWe Oa/uioB B pabore 3a
HEeaKKypaTHOCTb 3aIlMCH peLleHU ITPU eé BBITIOJTHEHUH;

B) 0Oasi/ibl He BBICTAB/ISIOTCS «3a CTapaHWe y4acTHHKa», B TOM UHC/e 3a 3amuch B paborte
6osbILIOrO TI0 00BEMY TEKCTa, He COZIeprKall[ero MPOJBI)KEHUH B pellieHHH 3a/jaui;

r) nobeauTensiMA OJIMMIMABI B OZHOM Tapasijie/ld MOTYT CTaTh HECKOJBKO YYaCTHUKOB,
HaOpaBie HauboJsblliee KOIMUYECTBO 0asioB, MO3TOMY He CjieiyeT B 00si3aTelbHOM
TOpSiIKe «Pa3BOJUTH 10 MeCTaM» JIYULINX yYaCTHUKOB OJIUMITAA/IbI.

B 1yyae BO3HMKHOBEHMSI 3aTpyJHEHUM I[10 OLIEHMBAHWIO peILIeHWH JKIOPU MOXKeT
obparutbcst B PITMK 3a 10Mo/THUTe/TbHBIMU Pa3bsiCHEHUSIMU U KOHCYJIbTallUsIMU.




7 KJj1acc

O0mue 3ameuanusa. Eciu pellleHye ydaCcTHMKA 3HAUMTEIBHO OT/IMYAeTCS OT
NIPUBEJIEHHOT0 3/71eCh, TpebyeTcs MPUMEHUTh O0OIre KPUTEePUM IIPOBEpPKU (B
TIpeJUC/I0OBUH K JJaHHOMY COOpHUKY). Ec/iu peliieHue B 11eJ10M BepHOe — He MeHee
5 6a/i7I0B, B TOM UMCJ/ie 5 3a CYILeCTBeHHBIM HeZioueT U 6 3a MeHee CYII[eCTBeHHBIH.
Ecnm B 11e10M 3a/1aua He perieHa — He Oosiee 3 6asnnoB. Eciu K Kakoii-mibo 3agaue
NpYBEe/IeH HEIOJ/IHbIM TepeueHb KPUTEPHEB MO 0a/laM — TaKXKe HCIO/Ib3YIOTCS
o011vie KpUTepuH.

1. OmnpepenuTe KOJWYECTBO CEMU3HAYHBIX CUMMETDUYHBIX UKCeJI, 3alCaHHBIX
TOJIbKO 4eTHbIMU IudpamMu. (CUMMETPUUHBIM CUMTaeM 4YMCJIO, OAUHAKOBO
yhTaemMoe U CjeBa Harpaso, U CIipaBa HajeBo.)

OtBet. 500.

Peimienue. Y Takux yucesn COBNajarwT 7-1 U 1-9, 6-9 U 2-4, 5-9 U 3-9 LUQPHL.
[ToaToMy BbIOpPaTH HY)XHO TOJILKO IMbphel Ha mnosunmu 1-4. Ucxoxas wu3
ycnoBusl, 1-s1 BeiOUpaeTcst U3 4-X BapyuaHTOB: 2, 4, 6, 8, Tak Kak 0 Ha TIepBOM
MecTe OBbITb He MOJKeT, BCe [ajbHelilre W3 5. YuuTbiBas HEe3aBUCUMOCTb
BbIOOpA, UMC/I0 BAPUAHTOB HaZl0 IepeMHOXKaTh. [Toayunm 4-5-5-5=500,

Kpurepun. 3amucaH oTBeT 6e3 o6ocHoBaHM — 0 6asiioB; B pellleHHH He YyUuTeHO,
yTo 0 He MOXKeT ObITh MepBoi MUGPOH, MoayueH oTBeT 625 — 3 Gasa; 0ruKa
pellieHus BepHa, AOIyllleHa BRIUUCIUTeTbHas obKa — 5 6asoB.

2. Bpokep nMeeT HEKOTOpOe KOJTMUYECTBO aKLUW U COBepILaeT OJHY OHP>KeBYIO
orepaiyio B CeKyHAy: /ubo TpozaeT, /MO0 TOKyMaeT KOJIWYEeCTBO AaKLIWH,
paBHOe HOMepYy CeKYH/Ibl, HauMHasi C nepBou. Ha kakoe MUHUMaabHOE YMC/IO0
MO>KeT OT/IMUaThbCs OT MepBOHAuUaIbHOTO KOJIMUECTBO aKIUi y 3Toro Gpokepa
niocsie 2025-1 CeKyH/ibl TOPTOB?

OTtBet. Ha 1.

Pemenue. KonmmuecTBo akimii y 6pokepa rocie 2025 ceKyH/1 TOProB OT/IMYAeTCs
OT MCXOJHOrO0 Ha *1+2+3+-+2025. B 3TOM BbIpa)KEHWM HEUETHOE UUCIIO
HeueTHbIX csiaraembix, ux 1013. IlosToMy 3HaueHue S5TOr0 BbIpa)KeHUS B
moboM ciiydae HeueTHO, W To3ToMy He paBHO 0. Torga MuHMMAasbHast
BeJIMUMHA OTK/IOHeHHWs paBHa 1. Ee MOXKHO MO/yuydTh, Harpumep, Tak:
1+2+2025—3-2024+4+2023—5-2022..., TO eCTh unc/ia, Kpome 1, pa3buUThl Ha
rapbl C paBHOM CyMMOU, 3Tux nap 1012, u mo/s0BHHA M3 HUX B3SiTa CO 3HAKOM
II/IFOC, OCTa/IbHbIe — CO 3HAKOM MUHYC.



Kpurepuun. 3ameueHo, UTO Be/JMUMHA HeueTHa — 2 Oayuia. [IOMOSHUTENBHO K
BBIIIIECKA3aHHOMY CZleJlaH BBIBOJI, UTO MUHMMAa/lbHOE 3HaueHHe OTKIOHEeHHS
paBHO 1 — 3 Ganna (C TpeABIAYIIMM He CyMMHPYETCS, a TIOTJIOIaeT ero).
ITpuBemeH mo0oOl BepHbIM TipuMep ToaydeHusi 1 0e3 TIpeAbIAYIIMX
obocHoBaHui — 2 Gasna. TIpuBefieHbI M pacCyKAeHus, MpUBoAsAIye K 1, u
moboit BepHbIN npuMep — 7 OasioB.

3ameuanue. [IprMep He eMHCTBEHHBLIM, U MOXKeT OBLITH TIpUBeJileH B /OO0
¢dbopme, B TOM UYMCJIe ONMUCATENbHOU.

3. HMeeTcs fecaTh BHeLLHe He pPa3/IMuMMbIX TMpb C Maccami 1,2,...,10 rpamm, u
HaANMMCU O Maccax TUpb CTepThl. Takke UWMEIOTCA YalleuHble BecChl,
TOKa3bIBaroIMe Pa3HOCTbh MacC Ha JBYX yvalllaX. BepHo /i1, UTO czenaB BCETo
OJTHO B3BeIlIMBaHHE, MOXHO OZHO3HAUHO YCTAHOBHUTH MACCy XOTs ObI OFHOM
rupu?

OTtBeTt. BepHo.

Pemenue. [To/i0)kuM Ha TepByto yally 00y OfHY TUPIO, MyCTh ee Macca X T, a
Ha BTOpPYIO — oOcCTajbHble JeBATb. [locKo/sbKy CymMma MacC BcCeX TUPb
orpejieJieHa U paBHa 55 T, Ha BTOPOM yallle OKaXkeTcst 55-x. Torjja mpy pa3HbIX
Becax Ha IepBoi yailie BeCbl Oy/AyT MOKa3biBaTh Pa3Hyl0 pa3HULly BeCOB, OHa
OyzeT paBHa 55-2x, ¥ BeC TUpY Ha TIePBOM yallie MOYKHO TOYHO OTTpPe/ie/UTh.

Kpurepuu. OtBeT «HeT», 000CHOBaHHBLIM JHOOBIM 00pa3oMm, WM e JIHOOOM
JITOPUTM OIpeZieJieHrs Beca T'MpH, MO3BOJISIOIIMK C/e/laTh 3TO He BO BCeX
ciiydasx 00 Mpy KakuxX Obl TO HU OBIIO JOMOJHUTENBHBIX YCa0BUSIX — 0
6as/10B; BepHbIM aJirOPUTM MPH HEJ0CTaTOYHOM ero 000CHOBaHUU — 5 0aslioB.

4. OO6o3HauuM [x] — yenoll uacmbio umcnaa - HauboOMbIIEe IIe0€ UHMCIO0, He
npeBocxopsmee x. Hampumep, [1,5] = 1, [-1,5] = -2. O6o3Hauum {x} —
OpoOHOLl UaCMbIO YKC/Ia — PA3HOCTh MEXIY UMC/IOM U €ro IIeJI0i 4acThio, TO
ectb {x} = x —[x].

Perute ypaBHeHue [x] + 5-{x} = 20,25.

OTtBert. 16,85; 17,65; 18,45; 19,25; 20,05.

Pemenue. YuuthiBasi, uTo [X] — Haubosbliiee 11e/10e YKC/I0, MeHbIIIee WM pPaBHOE
x, monyuaem, uto 0<{x}<1. Torma 0<5{x}<5, u nipu 3TOM [Xx] — ymncno Uesnoe,
M03TOMY JpOoOHasi YacTh MOJHOCTBIO BXOJUT BO BTOpOe cjaraemoe. [Tomyuaem
BO3MO>KHbIe BapuaHThI 3HaueHuu 5{x}: 3To 0,25; 1,25; 2,25; 3,25; 4,25. [lanee,
[x] = 20,25 - 5{x}, 1, HAKOHeI], x=|x|+ x|,

Y 106HO cOCTaBUTh TaOMUITY, TIPUBO/SIIYIO K BEPHBIM 3HaUEHUSIM X:

5{x} {x} Ix] «x



0,25 0,0 20 20,05
1,25 0,2 19 19,25
2,25 04 18 1845
3,25 0,6 17 17,65

4,25 08 16 16,85

Kputepuu. [Tog6opom HatizieHo ofHO 3HaueHHe x=20.05 — 1 6an1. HalizeHo ToXxe
nosbopom 6e3 obocHOBaHMI Oojiee OAHOTO 3HAUeHWs, HO He Bce — 2 Oaia.
BepHo HaiiieHbI Bce TiATh 3HaueHWM Oe3 oOocHoBaHuii — 3 Oasna.
OO60CHOBaHHO Hal/IeHbI BCe 3HAUEHHs], HO JOMYIIeHbl apudMeTHUeCKHe OHO-
THUITHBIE OITHOKU — 6 0a1oB. To >ke, HO OIIMOKK pa3HBIX BUIOB — 5 OasioB.

5. 3aBx03y CIIOPTHBHOTO jarepsi ObIZI0O HeUero fiejiaTb, ¥ OH PEIWI MPOBECTU
yueT OaHOK C TYIIIeHKOW. 3aBX03 CTaJl PacK/Ia/[bIBaTh BCe UMeFOITrecss 6aHKU B
ZIBé KOPOOKY BCeEMH BO3MOXXHBIMHU CITOCOOAMM M YCTaHOBHJI, UTO UKMCJIO OAHOK,
JIeXKalux B T€PBOM KOpPOOKe, POBHO B BOCBMH CJIyuasix COCTaBHJ/IO I[€JIO€
YMC/IO TIPOLIEHTOB OT oO0iero uucia 6aHok. CKo/IbKO 0aHOK BCETrO MOIJIO
OBbITh?

OtBet. Takoe HEBO3MOXKHO.
Pemrenne. Ilycth Bcero 6aHOK n, B T.Uu. B TepBoi KopoOke m. Uwucio GaHOK B

w m o,
nepBoM KOpoOKe OT 00imero umcjia 0aHOK COCTaBJIsieT ;'100 %, TO eCThb TIO

00m
n
3HaueHuM m, npuueM 0<m<n. B nByx ciyvasix m=0 ¥ m=n 3TO YUCJIO — LIeJIOe,
HEe3aBUCHMO OT BbIOOpa YMC/ia N, B OCTalbHBIX CUTYAI[UsIX TpeOyeTcsi, UTOObI
100m penunock Ha n, 1ipy ToM, uyTo O0<m<n. [Ijs1 3TOrO B UMUC/ie N OOJDKHBI
MPUCYTCTBOBATh fleuteny uncia 100, a B unucae m — Apyrue AeJUTeNd Yucia
n. Ilycts p — oavH U3 obmux genureneit n 1 100, Torga momyunm, uro 100 =
pq, n = pk. Hy>xxHas genmumocTs OyzeT [/ 3HaueHUd m 13 MHoxectBa k, 2k,
3Kk,...(p-1)k v TO/bKO A/151 HUX, TO €CTh KOJIMYECTBO 3TUX 3HAUEHUU COCTaBJIsIeT
p-1, a c yueToM paHee ymoOMsIHyTbIX KpaiHuX 0 ¥ n ux craHoBuTcs p+1. To
eCcTb MO0 YC/JI0BUSAM 3ajzauu, p+1=8, orcroga p = 7 — pemurens 100, 4yto
HEBEpHO.

YCUIOBUIO 3d4da4d  4YHKCIIO JO0/DKHO OBITH nejgbIM [Jjid pOBHO BOCBMHU

Kpurepun. HeBepHbili OTBET BHe 3aBHUCUMOCTH OT 0OBsicHeHMM — 0 6asios.
[TosiyueH BepHBIM OTBeT, HO He obocHoBaH — 1 Oann. OTBeT 060OCHOBaH
HEeZI0CTaTOUYHO — OT 2 0 5 6asIoB: ec/M CBeIeHO K pacCMOTPEHUIo apobu 6e3
Ja/TbHeUINX TIPOABMKeHU — 2 0asia; yKa3aHO, KaKoW BHJ, [JO/DKHO WMETh



YKC/IO B 3HaMeHaresie — 3 0asyia; CBsi3aHO C gemuTenssvu urcia 100 — 4 6anna;
He MPOW3Be/IEHO BBIMTMCHIBAHUE BO3MOXKHBIX 3HAUeHMM, a Cpa3y CZesiaH BbIBOJ
— 5 Gannos.

6. B maxmaTHOM TypHHMpe yuyacTBOBasO 20 ue/ioBeK M KaXK/bIH ChITPasl C KaXKAbIM
POBHO OJ[Hy MapTHiO. M3BeCTHO, UTO KaXK[IbIM YYaCTHUK XOTSI Obl OJWH pa3
CbIlPaJ BHUYBIO M UTO €C/IM Kakue-TO [IBa Yejl0BeKa ChIIPa/ii BHUUBK), TO
Ka)K/IbId U3 OCTa/JIbHbIX BOCEMHA/ILIaTH BhIMTPajl Yy KOro-TO U3 HUX. [lokaure,
YTO BCe YUAaCTHUKU BLIMTPA/IM OIMHAKOBOE KOJIMUeCTBO MapTUM.

Pemenue. [1peanosokum, UTo KaKOW-TO UTPOK A ChIrpasl BHUUBIO 0O0jiee 0JHOTO
pas3a. Paccmotpum mozeid B u C, ¢ KOTOppIMM OH CbhIrpajl BHMYbIO. Torga c
ofHoM cTtopoHbl B Bemrpan y C, a ¢ gpyrou - C Bemrpan y B — npotuBopeumne.
3HauuT, Ka&)KJbId CbI'PaJ BHUUBIO POBHO O/IMH pa3. Ternepb npeArnonaoKuM, 4yTo
KaKOM-TO UTPOK A Bbiurpas 6osee 9 urp, T.e. xoTs 661 10. Torga cpenu nmogen,
y KOTOpbIX OH BbIMrpaj, obsi3aTenbHO HaiayTcs aBoe B u C, chirpasliue
BHUYBIO. [lycth A cbirpan BHUUbO ¢ D. Torga B u C Bemrpamu y D (T.K. A
OHM TIPOMIpau), C APYror CTopoHbl D fo/mKeH BeIMIpaTh y Koro-to us B u C —
MpOTUBOpeure. 3HAUUT, KaXK/bIii UTPOK BbIUTpasn He Gonee 9 urp. Bcero urp
20-19/2 = 190 v 13 Hux 10 CbIrpaHO BHUYBIO, T.e. UTP He BHUUBIO ChirpaHo 180
M eC/IM KaKOW-TO U3 UIPOKOB BLIUTPaj He Oosiee 8 urp, To KakOi-TO BBIMTPas
bosiee 9 urp, MOTOMy UTO B TIPOTUBHOM Ciydae 0Olljee UKCIO WUTP OKaXKeTCst
MeHbllle Tpebyemoro. 3HAauWT, KaXAblM BbIUTpa/ XOTs Obl 9 pa3. IOTo
BO3MOJXHO TOJIBKO TOI/id, KOrJa KaX[bld BbIMIPaJl POBHO 9 Wrp — YTO H
TpeOOBaoCh.

Takoli TypHUp BO3MOXKeH. Pa300beM y4acTHUKOB Ha 5 TPYIII TI0 YeThbIpe ueioBekKa.
B ka)k[0M rpyrIine UrparoT BHAYBIO UTPOKU 1-2 1 3-4, 1-i1 BeIMIpbIBaeT y 3-ro
Y MpOMUrphIBaeT 4-My, 2-ii BBIMTPbIBaeT y 4-ro v npourpeiBaet 3-my. [lanee,
KaKJbIM yYaCTHUK S5TOM TPYIIbl BBIUTPBIBAET y BCEX YUYaCTHHUKOB [BYX
CIeyrOLIUX IPYIIT U IPOUTPbIBaeT BCeM yYaCTHUKAM JJBYX OCTaBILUUXCS TPYIIII
(CuuTaem rpymIbl pacro/ioKeHHbIMUA IO KPYTy, TO eCThb 3a 5-U C/efyrollen
oyzet 1-51).

3ameuanmue. [10CKOMBKY TYPHUP O0BSIB/IEH B YCJIOBUU 3a/laud KaK COCTOSIBILIANCS,
NIpUBeZieHre TIpuMepa OT YUYaCTHUKOB OJIMMIIMA/IbI He TpeOyeTcs, U pellleHue
MOJKeT He COoZiepXKaThb rocsiefjHero ab3aria.

Kpurepumn. [TokazaHo, YTO HUUBUX Y KaXK/|JOTO UTPOKA POBHO IO OJHOM — 2 Hasa;
flajiee TOKa3aHO, YTO WIPOK He MOI BbIUrpaTh Oosee 9 urp — 4 Oasia;
Npou3BefleH MojcyeT uucia urp — +1 6ann K oboMy paHee ONMMCAHHOMY



C/lyuyaro; Cie/laH BepHBIN BbIBOJ Ha OCHOBE TOZCUYeTa U ABYX IPeAbIAYILIMX
Cco0OparkeHUi, HeZIOCTaTOUHO 000CHOBAHHLIN — 6 6asIIoB.



8 k/1acc

O0mue 3ameuanusa. Eciu pellleHye ydaCcTHMKA 3HAUMTEIBHO OT/IMYAeTCS OT
NIPUBEJIEHHOT0 3/71eCh, TpebyeTcs MPUMEHUTh O0OIre KPUTEePUM IIPOBEpPKU (B
TIpeJUC/I0OBUH K JJaHHOMY COOpHUKY). Ec/iu peliieHue B 11eJ10M BepHOe — He MeHee
5 6a/i7I0B, B TOM UMCJ/ie 5 3a CYILeCTBeHHBIM HeZioueT U 6 3a MeHee CYII[eCTBeHHBIH.
Ecnm B 11e10M 3a/1aua He perieHa — He Oosiee 3 6asnnoB. Eciu K Kakoii-mibo 3agaue
NpYBEe/IeH HEIOJ/IHbIM TepeueHb KPUTEPHEB MO 0a/laM — TaKXKe HCIO/Ib3YIOTCS
o011vie KpUTepuH.

1.  Tpu NoJIOXKUTENIbHBIX YMCJ/IA TaKOBBI, YTO €C/IM U3 OZHOTO BBIYECTh [IBOKKY,
KO BTOPOMY MpuUOaBUTH JBOMKY, a TpPeTbe BO3BECTH B KBaZipaT, TO IOJyUUTCS
nepBOHaua/ibHbIA Habop Tpéx uucesn. M3 Kakux TPEX yucen COCTOMT Habop, eciu
ux cymma 20257?

Otser: 1013, 1011, 1.

Pemrenne: Eciu 0603HauuTh HeM3BeCTHble TPW UWC/IA Kak X,y U Z, TO TOC/Ie
M3MEHeHMsI TI0/ly4uM TPOMKy umcen (x—2|,y+2),z°. Tak Kak Habop uucen He
W3MEHHW/ICS, TO M CyMMa TpEX uuces B Habope He W3MeHWIach, a 3HAUMT
x+y+z=[x—2|+y+2|+z’, OIKy#ma T[ONyYyuM, UTO z=z° M €JUHCTBEHHOE
T10JIOKUTEe/IbHOE UUC/I0O paBHOE CBOEMY KBaJpaTy ecTb efuHMIIa, TO eCThb z=1 U
TOrJa CymMma uMcen x+y=2024, TlepeGepém BapuaHTbl BO3MO>KHBIX PaBEHCTB
MeXly uicaamMu u3 Habopa. [ Kaykjoro BapyaHTa NpoBepsieM BhITIO/IHeHHe BCeX
ycnoBud. OCTaéTcsi OJWH BO3MOKHBIM BapuaHT (MepBble [Ba UWC/IA MOCIIe
rpeoOpa30BaHysl MEHSIFOTCS MecTaMu): X—2=y. Bmecte c ycioBuem x+y=2024
MOTYYUM eZJMHCTBEeHHYIO TPOUKY TpeOyeMbix umncen: x=1013, y=1011, z=1.

Kpurepun: [losiHoe ob6ocHOBaHHOe pellieHHe (C repebopoM BceX BO3MOKHBIX
BapUaHTOB) U BepHbIN OTBeT — 7 OasnoB. [IpocTo BepHbINi OTBeT Ge3 pelleHUs U
o0ocHOBaHUsi(HarprMep, TPOCTO TTPOBEPEHO BHITIO/IHEHHE YCI0BUi) — 2 Oasia.

2. JIéns npujymaa HOBYH (DYHKLMIO, KOTOpasi [Jis1 3aZlaHHOTO HaTypa/lbHOTO
yuc/ia BbIJAET KOJIMUECTBO BCEX HATypa/bHbIX UMCeJ, MEHbIIWX 3aJaHHOr0 M
B3aUMHO MPOCTBIX ¢ HUM. Kakoe 3HaueHve QyHKIus JIEHU BbIJACT JJis apryMeHTa
9357

OTtBeTt: 640.

Pemenue: Yucio 935 COCTOMT U3 TPEX IPOCTBIX COMHOXUTesnaen: 935=5-11-17.
Torga Bce umcia, MeHblMe 935, He KpaTHble XOTS Obl ofHOMY U3 5,11 wmu 17



OyayT B3auMHO TIpoCThI ¢ 935. TloficurTaeM KOJMYECTBO TaKMX UMCes, KPaTHbBIX
5,11 wm 17, a Takke HUX TapHeIM KoMmOumHammsm (5-11, 5-17 um 11-17).
Inst mojcuéTa Bcex TaKUX YMCe MCIo/b3yeM (hOpMY/y BKIHOUEHUSI-UCKTHOUeHUs
JJIsT CyMMBI TPEX TIOTIApHO TIepeceKaroIuxcs MHOKeCTB uwrcen. O003HauuM
MHOXXEeCTBO HaTypasbHbIX UMCe/ KpaTHBIX 5 U MeHbIINUX 935 KakK As, a KOJIMUeCTBO
Takux umcen M|(A;|. KomuecTBo TakuX umMcen cpeay TepBbIX 935 Urces paBHO
935:5=187, a 3HauuT, MeHbIINX, uyeM 935 — poBHO 186 mITyK.
AHanoruyHo, /1Jis Yices, KpaTHbIX 11 — MHOKeCTBO Bi; 1 KOMM4ecTBO TakuxX YUCes
M (Bn)=935:11—1=84. g uvcen, KpatHbIX 17 — MHOXeCTBO C;; U KOJIMUECTBO
TaKUX ynces M|(C,,|=935:17-1=54,
Tenepsp, KOJIMYECTBO UKcCes, KpaTHbIX 5°11 — ux 935:55—1=16 1ITyK, KpaTHbIX 517
— nx 935:85—1=10 mTyK, KpatHbIX 11-17 — ux 935:187 —1=4 WITyKHU. 3aMeTHUM, UTO
Bce TpuU MHOXecTtBa As, By, u C;; B mepeceyeHMM He UMeEIOT 0OIIMX
371eMeHTOB(camoe repBoe OBLIO OBI 935).
dopMyJia BKIHOUEHUSA-UCK/TFOUeHUs 1a6T:

M|[A; U B, U C,,|=M|A;|+M|(B,,|+M|C,|-M|A;n B |—i
—M|[A,nC,;|-M|(B;,nC,,J+M[A;nB;nC,,|=(186+84+54—16—10—4+0=294.11Toro0,
294 uyycsia U3 NepBbIX 934 HATypabHBIX UHCET UMEIOT OOIIHe MHOYKUTETH C
yrcioM 935. 3HaUUT, B3aMMHO MPOCTBIX C UUC/IOM 935 Bcero 934 —294=640 uncer.
3ameTuM, UTO TNpUBeIéHHAs (PyHKIMs JIEHU W3BeCTHA B TEOPUU UMCes Kak
yHkmsa Diinepa ¢ (n). OJHUM U3 U3BECTHBIX CBOICTB (QyHKIMK Diiiepa ABIAeTCS
MYbTUTITMKaTUBHOCTb: [I/I1 IBYX B3aUMHO MIPOCTBIX YMCE/I M U N BEPHO:
@lmn|=¢(m)-¢(n). 3To MO3BO/AET BHIUMC/IUTL 3HAUeHHe QYHKLMK JIEHM /15
aprymenTa 935 Kak

0(935)=0(5)-¢(11]-¢(17)=4-10- 16 =640.

Kpurepuu: ITonHoe peiieHre — 7 6aioB. 3a MOJHOCTBIO TiepeOOPHBIM BapyaHT
pellieHusi, B Cayuyae MpaBUIBHOrO Tofcuéta — 7 GamioB. [lpu ucCHonb30BaHUU
byHKIMM OWnepa o6si3aTeslbHa OTChIIKA K €€ CBOMCTBaM, KOTOpbie OynyT
MCII0/Ib30BaHbI(0e3 MoKa3aTenbCTBa). IIporyineHo urcio 1 (0HO B3aMMHO TIPOCTOe
CO BCeMM HaTypa/ibHbIMU unc/iaMu) — (-1) K obirjeit cymme 6amioB. Ommbku npu
WCTI0/Tb30BaHUM (DOPMY/Ibl BKIFOUEHUN-UCKIFOUeHU CUMTaTh KpUTHYeCKUMHU — 0
6asnoB. OTBeT 6e3 obocHoBaHuUsT — 0 HGasIoB.

3. B ocrtpoyrossHOoM TpeyronbHuKe ABC rmipoBesieHbl BbicoThl BH,, CH, u
meauanbl BM,, CM,, V3BeCTHO, 4TO yroy Mexay npsmbiMu M H, u M,H, Ha 60
rpaziycoB Oosblile rpagycHOM Mephl yria A. KakoBa rpajiycHast Mepa yryia A?



OTtBet: 30°,

Pemrenne: PaccMOTpUM TOUKY
O niepeceyenus psimbix M, H, n
M,H,. ITycTp IS
OrpeJie/IéHHOCTA  YKa3aHHBIU
yroja MexAy TpsSMbIMU Oyzer
M,0H,, O603HauM BeJIMYMHY A M, H, C

yrjia TpeyroibHuKa A BC mipu BepiliviHe A Kak «. Torpa, BeivuvHa yria M,O0H,
paBHa a+60°, PaccMOTpMM TMpsMOYro/ibHBIM TpeyrosbHUK AH,C. Jlns Hero
otpe3ok H,M, — meauaHa, ripoBeiéHHasi U3 BepLIMHBI TIpSIMOro yria. HeTpyaHo
JoKa3aTh, YTO OHa OTCeKaeT OT TpeyronbHWKa AH,C nBa paBHOOeIpEHHBIX
Tpeyronbuuka AH,M, u CH,M,. CnegoBaresnsHo, yron AH, M, paBeH yriy A, a
Torja B TpeyronmbHuke ~M,O0H, BemuumHa yria  H,M,0  paBHa
180°—|a+(a+60°||=120°—2 a . AHaJIOTUYHO, paccMmarpuBas MeqraHy B
TpeyrojibHuke ABH,, mnpoBeJéHHYH0 W3 BepIIMHbI TMPSIMOTO yIJa, MOIYYUM
PaBeHCTBO yTJIOB A 17} AH M,
PaccmoTpuM Temepb paBHOOEeApeHHBIM TpeyrosbHUK AM,H,c nBymMs paBHBIMU
OCTPBIMU yTJIaMH, paBHbIMU «. Yron H,M,H, ny1a Hero sB/sieTCsl BHEILIHUM YIJIOM
1pu BepiviHe M,, a 3HAUUT ero BeJMUMHA paBHa CyMMe YTJIOB TPeyrojibHUKa He
CMEe)KHBIX C HHUM, TO eCTb, a+a=120°—2a, OTKyZa J/erko Iojyuutb a=30°.
Cnyuait, korja yron w™exnay mnpsmeivu M, H, uw M,H, 6yger H,OH,
paccMaTpUBAeTCsl aHAJIOTUYHO U OTBET TOT JKe.

Kpurepumu: [MTonHoe 0060CHOBaHHOE pelieHue  — 7 6asios.
HoxkasaHo, uTo TpeyrosbHUKU AM,H, u AM H, paBHOOe/peHHble — 2 Oasia.
IIpu BepHOM XO[ie pellleHWss M BEpPHOM OTBeTe PAaCCMOTPEHbI He BCe C/Iydau
ocTporo yrjia Mexay npsmemu M H, wu M,H, - 5 Gamuios.
Tonbko oTBeT — 0 6ansioB.

4. Menanba 3anytana USB-mipoBog /s
3apsifKHA, TOJIOKW/a TIOBepX CHYTaHHOIO
npoBosia TenedoH, cdoTorpagupoBasa U
BbUIOXKMMIA (OTO (CM. PUCYHOK) B CTOPHMC,
MPe/JIOKUB  JKeJarwlliM OTrafiatb, CKOJIBKO
CyLL[eCTBYeT BapUaHTOB CO€JVWHEHHs yYacTeun
NpoBo/ia Mo/ TesiepoHOM(KaKue BHUAMMbIe YaCTH MPOBOJA COeAUHEHBI C KaKUMHU).
WTak, ckonbko BapuaHTOB? OTBeT 000CHOBATH.




OT1BeT: 6!-2° BapUAHTOB.

Peinenue: PaccMOoTpyM Te 4acTh MPOBOZQA, YTO TOpuaTr u3-moj tenedoHa. [Tapa
W3 HUX — pas3Hble KOHLbI MPOBOZA CO IUTeKepaMHU(JIeBbIM W TIpaBbIk, AJIs1
onpenieJIBHHOCTH) U 6 KYCKOB TIPOBOZA, UMeHlMe 2 KOHIA, YXOZsAIue IO
TenedoH. Tak Kak MPOBO/, OJIUH U TOT e, KAKUe-TO ero KyCKU COeJUHSIIOTCS T0/
Tese()OHOM C KaKUMH-TO Apyrumu. [locunTaeM KOMUECTBO pa3HbIX BapUaHTOB
coeguHeHus. [l yamoOCTBa, pacCMOTPUM COeAMHEHUEe IIIeCTH KYCKOB JIpyT C
IPYroOM, a MOTOM [/is1 KAKUX-TO ABYX KYyCKOB MO OJJHOMY W3 KOHLIOB CO€IUHUM C
MpaBbIM U JIeBbIM KyCKaMH CO IITeKepoM. MTak, OTMeTUM BCe IIeCTb KYCKOB
TIPOBO/IA Pa3HbIM 1]BETOM U «pacClpsMUM NpoBo/». Bce 11ecTh KyCKOB Ha MPSIMOM
TIPOBO/I€ PACMOJIOKEeHbI B KAKOM-TO TOPSIIKE M KOJIMYECTBO BapHMAHTOB Pa3HOro
pacrioyio’KeHUsi KYCKOB — 3TO KOJIMYEeCTBO I[1epeCTaHOBOK M3 ILIeCTH —
6-5-4-3-2-1=6! 3amMeTHM, UTO Ka)KJbIi [IBETHOW KYCOK MOKeT ABYMs CIiocobamu
ObITh OpPUEHTHPOBAH(MO)KHO TIOMEHSITh MeCTaM{ KOHIIbI Kycka — 2 pa3HbIX
BapuaHTa). CorsacHO TpaBWIy TIPOM3Be/ieHHsT KOMOWHATODUKH, KOJHUUECTBO
pasHBLIX BAPUAHTOB COeAUHEHNs 6! -2°=46080 BAPUAHTOB.

Kputepuu: [TonHoe o60ocHOBaHHOE peliieHue - 7 GasnoB.
Ecnmu mpu BepHOM pellleHMM Y4YaCTHUK PacCMaTpyBaeT «OAWHAKOBbIE» KOHLIbI
MpOBOZIa ¥ TIOJyuaeT pe3yibTaT B 2 pa3a Oosbiiuii/MeHbllnii — 4 Gasa.

TonbKo oTBeT, 6e3 obocHoBaHUs — 0 OasioB.

5. Kakoe Hau0OoJsblllee YHCIO HEUETHBIX I[UMP MOXKET HUMETh IATU3HAUHOEe
uKCIIo, Aensiieecs Halenao Ha 101? OTBeT 000CHOBATh.

OTBet: 4 UdpHI.

Pemtenue: /s mpuMepa(Ha 4 1y pbl) MOXKHO MPeIOCTaBUTh JIF000€e TTOAXOAsIIee

yuCiIo, uMerollee poBHO 4 HeuéTtHble LU@pbl M KpatHoe 101. Hampuwmep,
99990=990-101 — camoe 00JbIlIOe U3 BO3MOXKHBIX. Tereph JOKaXkeM, UTO BCe TISATh
LUQp He MOTYT ObITh HEUETHBIMU.

IIpuBeéM foKa3aTesbCTBO OT IPOTUBHOIO. [I/11 3TOr0 pacCMOTPUM TPEX3HAUHOE
4nciao abc, yMHOXKUB Ha KoTopoe 101 momyunm HCKOMoe uucio A=abc-101 ¢
MATBI0 HEYETHbIMU LUdpamMu. 3aMeTUM, 4YTO €ro MOXHO 3alucaTth Kak
A=abc-100+abc=ab-1000+/a+c|-100+bc. TIlocnegnuue aBe 1MIPH uKucIa —
HeUETHbIe TI0 YC/AOBHIO, 3HAauuT b u ¢ — HeuéTHwle. Lludpa pa3psiga coreH
HeuéTHasl, a 3HAYNT U y CYMMEI (a+c) B paspsze eauHUL HeudTHA. Tak Kak nudpa

c HeuéTHa, TO a — 4yéTHas LUdpa. 3aMeTuM, YTO TaK Kak Lidpa paspsjia ThICIY



Mo/pKHA OBITH HEUBTHOM, TO Iepexoja uepes3 JecsTOK B CymMMe (a+c) He MOXeT
OBITL (MHaue B paspsje ThICSY OKaXeTcs uéTHag Ludpa, Tak Kak (b+1) — uéTHO).
WTak, B cTapiieM pa3psijie OCTaéTcs uéTHas udpa a(Tak Kak uHaue JOo/KeH ObITh
repexo/] uepe3 JecsITOK B TIPeJbIAYIleM pa3psijie, U B pa3psje Thicsiu OyzeT uéTHas
uudpa 0), a 3HAUUT MOJiyyaeM TPOTUBOpPEUYME C TeM YTBEp’)KJeHHWeM, UTO BCe
Pl YKC/Ia HEYETHLL, 3aMeTHM, UTO TPEX3HAUHOCTh UMC/Ia abc cylecTBeHHa:
JIBy3HaUHble MHO>KUTE/IU He IPUBOJST K MATU3HAUHOMY TIpM YMHO>KeHuH Ha 101.

KpuTepun: 3aMeTyM, UYTO JaHHasl 3a/laua Ha TeMy «OL[€HKa IUIIOC TPHUMep».
[TosTOMy B pellleHMU OL|eHUBAeTCS He TOMbKO OljeHKa(He Oosee 4-X HEUETHBIX
1(p), HO ¥ MpUMep, MOATBEP)KJAAIOLIUKA, U4TO 4 LU@PbI TOYHO ecTb. [Ipuuém,
Ha/Muue JjoKa3aTelbCTBa, UTO He Oosee 4-x HeuéTHbIX LU(P(OLeHKY) — 5 6aos
MaKCMMyM, a Hajiuuue TipuMepa Ha 4 HeuéTHble UUppel — 2 Oasa.
[TonHoe pelieHre (0OOCHOBaHHasi OLleHKAa YW TMpaBU/bHBINA TIpuMep) — 7 0ansios.
OTpenbHO OLleHUBAETCs /10Ka3aTeabCTBO, UTO BO3MOXKHO He Oosiee 4-X HEUETHBIX
nudp(orieHka) — 5 Oa/oB  MaKCMMalbHO 3a 3Ty YacTh  pellleHusl.
3a MpuBeNEHHBIM  BepHbIM  nOpuMep(MX  MHOrO, HY)XXHO  TIPOBepSTh
TIpe/[0CTaB/IeHHBIA BapuaHT) — 2 Oasijia Mpy Ha/IMUKK OLleHKU Ha 4 mudpel. Ecmm
OLIeHKU HeT(W/M OHa HeJ0CTaTOuHO 0O0CHOBaHa), TO MPUBEAEHHbBIN MPUMep — He
6onee 1 6ania. Tonbko oTBeT (6e3 moKa3aTenLCTBA U npuMepa) — 0 6anios.

6. B rapgepo6e Teatpa B ouepeau APYyT 3a Apyrom ctosAT 50 MaabuukoB u 50

[leBOUEeK B KaKOM-TO Topsiike. CKyuaroIluii OXpaHHUK TeaTpa 3aMeTW/I, YTO B 3TOU
ouepeay eCTb POBHO oAHa rpynma u3 30 geTeH, CTOAIIUX TOAPSAA, B KOTOPOU
MaJIbUMKOB M JleBoueK MOpoBHY. [loMoruTe Aoka3aTh OXpaHHHKY, UTO HaWAETCs
rpymmna u3 70 CToAlMX MoApsAL AeTer, B KOTOPOM MajabUMKOB U J€BOYEK TakKKe
OyzieT IOpOBHY.

PeineHue(goka3aTenbCTB0): Eciu pacnosniokuTe ouepeib W3 JieTeli B BUJE
Kpyra, TO IO YCJIOBHIO 3ajaud Haupaétrcs rpyrma u3 30 gereld, B KOTOpPOH
MaJIbUMKOB U [IeBOYEK PaBHOE KOJIMUECTBO. [JOKakem, UTO TaKuX TPYMIl B KPyre He
MeHee /IByX.

PaccmoTtpum takyro rpynny u3 30 gete, rje KOIMYeCTBO MaJbUMKOB U [IEBOUEK
pa3Hoe(TyCTb, [Jis OIpe/leJIeHHOCTH, MaJbUMKOB MeHbIlle I10JI0BUHBI). Ecau
TIpe/IT0JI0KUTh, YTO KPOMe TOM TPYIIbI, YTO 3aMeueHa B ouepeiv, APYyrux HeT, TO
nveem 100 mofpsig CTOSAIMX IO KPYTry JeTed, CpeAu KOTOPbIX MalbUMKOB M
neBouek 1mopoBHy(1o 50), Ho B /iF00BIX Tpymax(KpoMe PoBHO ofHOW) 110 30 metei
N0/ PsiJ, MAJIBUMKOB U [IEBOUEK He TIOPOBHY.



MokakeM, 4TO ec/iu Hauzercs rpynma u3 30 [eTel, rie MaabUMKoOB O0JIbIiie
MOJIOBUHBI, TO Hauaércs u rpymma u3 30 gerei, rge Ma/bUMKOB MeEHBbIIIE
TIOJIOBUHBI. JleiCTBUTENIbHO, €C/TA TI0C/Ie[JOBaTe/IbHO BBIOMpATh W3 Kpyra BCe
BO3MO>KHBIe T'pyTIibl U3 30 MOAPs/, CTOSIMIUX JIeTel, B KOTOPBIX MaJbuUKOB Oy/eT
He MeHbIIle TTOIOBHUHBI, TO cpeau 100 gerelt ManbuuKoB OyzeT Oosbiie, yem
neBouek (KakAblii peOEHOK BXoAuT poBHO B 30 TpyIII, a TIPH TOACUYETE CyMMBbI
BCeX MaJ/IbUMKOB BO BCEeX TpyMIax MX CyYMMapHO He MeHbllle TOJIOBHHBI), UTO
TIPOTUBOPEUUT yCOBUSIM. TO ecTb, B Kpyre ectb ABe rpyrmmbl no 30 geTel, B
OJJHOM U3 KOTOPBIX MajbUMKOB O0O0Jibllle TOJOBUHBI, a B [JPYrod — MeHbIlle
nosioBuHbI. Tora, mocieoBaTelbHO Tiepebupas rpymrsl u3 30 geTeid, HaUMHAsA C
ofHOW TpymmbI(00/bIlle TIOJIOBUHBI MAaTbUMKOB) ¥ JBUTAsICh KO BTOPOU
rpynne(MeHbllle TI0JIOBUHbBI), B KAKOM-TO MOMEHT MoJiyuyuM rpynmny u3 30 geten C
PaBHBIM KOJIMUECTBOM Ma/IbUMKOB U JIeBOYEK(TaK KaK Kak[as HOBasi TpyIra Iio
KOJIMYeCTBY MajbUMKOB MeHsieTcd Ha 1 wiu He MeHsieTcs). To ke MOXKHO
yTBepXKJaTh, ABUrasiCb MO KPYry B MPOTUBOMOJIOXKHOM HarpaBieHuU. Takum
obOpa3omM, MoKa3asid, YTo B Kpyre He MeHee ABYX Tpymm no 30 TOApPSA CTOSIIUX
JleTel, B KOTOPBbIX MaJlbUMKOB U [IeBOUEK MTOPOBHY.

Torga mpu pasMblkaHWM Kpyra oOpaTHO B ouepeflb, BCé KpPOMe OJHOW Takue
IPYNIbI C PaBHBIM KOJIMYECTBOM [€BOYEK Y MaJbUMKOB IO YCJIOBHIO [OJDKHBI
pa3opBaThbCs, 3HAUWT, MEXZY YacTMH, Ha KOTOpble KaXKJas Takas Tpymnmna
pa3opBasiacb(MeKy KpalHHMU JieTbMU B IPYIIe), B PSAy CTOUT poBHO 70 feTew,
Cpeaiu KOTOPBIX ZIeBOUeK U MaJIbuUMKOB MTOPOBHY. UTO 1 TpeboBasioCh A0Ka3arh.

Bo3MoO)XHBI U [Ipyrve MeTO/bl J0Ka3aTelbCTBa, HEOOXOAWMO BHUMAaTeTbHO
TIPOBEPATH YTBEP)KAEeHHUsI U UX 000CHOBaHUe.

KpuTepuu: [TonHoe 000CHOBaHHOE pellieHue — 7 GanioB.
PaccMOTpeHHe UaCTHBIX Cy4yaeB pacriojioKeHWss JeTed B ouepeid U
HeoOOCHOBaHHBIe 000011IeHNsT Ha 001 cydait — 0 6asioB.



9 Kj1acc

O0mue 3ameuanusa. Eciu pellleHye ydaCcTHMKA 3HAUMTEIBHO OT/IMYAeTCS OT
NIPUBEJIEHHOT0 3/71eCh, TpebyeTcs MPUMEHUTh O0OIre KPUTEePUM IIPOBEpPKU (B
TIpeJUC/I0OBUH K JJaHHOMY COOpHUKY). Ec/iu peliieHue B 11eJ10M BepHOe — He MeHee
5 6a/i7I0B, B TOM UMCJ/ie 5 3a CYILeCTBeHHBIM HeZioueT U 6 3a MeHee CYII[eCTBeHHBIH.
Ecnm B 11e10M 3a/1aua He perieHa — He Oosiee 3 6asnnoB. Eciu K Kakoii-mibo 3agaue
NpYBEe/IeH HEIOJ/IHbIM TepeueHb KPUTEPHEB MO 0a/laM — TaKXKe HCIO/Ib3YIOTCS
o011vie KpUTepuH.

A=11...1 B=22...2

1. BerurcinTe 3HaueHue BbIpakeHUst vA—B, Te —, —
2026 pas 1013 pas

X=11...1
Pemenue 1. O603HaunM uepe3 X caeyroiiee YHUCIo0 — . Torpa

1013 pa3
B=2X,A=X-10""+X, 10" -1=9X,
OTKyga A—B=X[1+9X|+X—-2X=9X"’. CenoBaTe/lbHO

JA—B =3x=33

1013 pas
Pemrenue 2. 3anuiieM pasjo)keHHe HalllMX YuceJs 110 pa3psiam
A=1+10"+10"+...+10™%, B=2[1+10+10%+...+10""],
TOrJa
VA=B=V[1+10'+10%+...+10™|—2(1+10+10%+...+10"2|=¢

2026 1013 1013
Z)\/IO 1_210 1:l\/102026_2.101013+1:l\/(101013_1)2:(.)10 1:33“.3’
9 9 3 3 3 T
pas

33...3
OtBeT: — .
1013 pas

Kputepun. Tonbko BepHbli 0TBeT — 0 6GamioB. ApudmMeTrnueckass OIIHOKa
0o ommbKa B MO/[CUeTe Urc/ia pa3psiioB urcia — He 6osee 6 Oa/ioB.

2.J1511 moOBIX ABYX AeMCTBUTENBHBIX Uucen a u b onpezeneHa omnepanys a®b
ceayoomyuM obpazoM: adb=a+b+k-a-b, rtme k — HekoTOpoe (UKCHPOBAHHOE
JelCTBUTEeIbHOE YUCJIO0, He PaBHOe Hy/r0. MI3BeCTHO, UTo:

(1) orepaiis ¢ SIBASIeTCS aCCOIMATUBHOM, TO eCTb /sl mMo0bIX a,b,c
BoInoiHsIeTcs: (a0b)0c=ad(boc),

(2) CYyIL[eCTBYeT TaKOe UHC/IO e, UTO /[l JH000ro a BBITIO/IHSIETCS:
a®e=eda=a.

Hanpaute urcia e u k, 111 KOTOPBIX BBITIO/THEHbI cBoMcTBa (1)-(2)

Peiuenue:

[IpoBepum (1) JieBast yacThb paBHa
la0b|Oc=la+b+k-a-b|Oc=|a+b+k-a-b|+c+k-(a+b+k-a-b|-c=a+b+c+k-a-b+k-a-c+k-b-c+k’:

[IpaBas yacCThb paBHa



a®bocl=a¢|b+c+k-bc|=a+b+c+k-b-c+k-a-|b+c+k-b-cj=a+b+c+k-b-c+k-a-b+k-a-c+k’-a-
. Bugum, uTo mpaBas u jieBast YaCTh COBIIAZIAIOT IIPU Bcex k.

ITpoBepuM (2): a®e=a+e+k-a-e=a, 3HaunT 0=e+k-a-e=e-(1+k-a), Tak KaK 310
PaBeHCTBO [JO/DKHO BBITIO/IHATHLCS [IPUA BCEX d, B YACTHOCTH IPH a=0, TO TI0/Iy4aem
yto e=0,

OT1Bert: k moboe, e=0.

Kpurepuu. To/bKo BepHbIii 0TBeT — 0 6aioB. O60CHOBAHO TO/TyUeHO UKCIIO
e — 3 Oasa. IIpoBepeHa acCOLMATUBHOCTL U CZe/IaH BLIBOJ, IIPO IPOU3BOJILHOCTD
uncna k — 4 6anna.

3. Pobor HaxomuTcsi B TOuKe ¢ KoopauHaTod 0 Ha umcioBoi mpsMoit. OH
JlelaeT T10C/eoBaTe/JlbHOCTb W3 6 1aroB. KaAbplii mar OH C paBHOMU
BEpPOSITHOCTbIO C/[BUTaeTcsi ibo Ha +1 (Bmparo), mbo Ha -1 (BneBo). KakoBa
BEPOSITHOCTb TOT0, UTO TOC/Ie 6 IIarOB OH OKa)KeTCs B TOUKe ¢ KoopAuHatou 0, HO
TIPU 3TOM HH pa3y 3a BCIO MPOTYJIKy He MoObIBaeT B TOUKe C KOOPAUHATOM -1?

Peienue.

Bcero y poGora 2° BapuaHTOB myTeil. HaiijjeM KO/IMYeCTBO BapHaHTOB,
y/I0BJIETBOPSIIOIINX YCI0BHIO. Bo-TiepBhIx, pa3 poboT momas B Touky 0, 3HAUUT OH
cZiesiayi pOBHO 3 111ara BjeBO U 3 11ara BOpaBo, a 3TO MOXKHO cAenaTh 6*5%4:(3*2)=
20=C; cnocobamu. Terepsr HaifeM YUC/IO IyTeH, MPOXOAAIIUX yepe3 TOUKy -1.
3aMeTuM, YTO 3TO KOJIMUECTBO PAaBHO YUCJTY TyTeH, 3aKaHUMBAIOLIUXCS B TOUKe -2,
TaK KaKk MO3ULUU «-2» U «0» CUMMeTPHUUYHbI OTHOCUTE/LHO «-1». Uuco myTteu,
3aKaHUMBAKOLLIUX B TOUKe -2 [O/DKHO COCTOSITb M3 4 11IaroB B/€BO M 2 111aroB
BIIPaBO, CJie[J0BaTe/IbHO, OHO pPaBHO 6*5:2=15=C.. KosinuecTBo nyTew,
rornazariux B Touky 0 v He mpoxogdimux uvepe3 -1, paBHO 20—15=5. Torga

5
MICKOMasi BepPOSITHOCTh paBHA ~

64 °
.2
OTBert: 64
Kpurepun. Tosbko BepHbii oTBeT — 1 6Gamn (He CymMMmHpyeTcs CO

CJIeyIOIIMMI), HalleHO oOIllee KO/JMYeCTBO BapHaHTOB — 1 Oasii, 060CHOBaHO
HaM/IeHO YMC/I0 CriocoboB momnacTh B Touky 0, He mpoxogs uepe3 -1 — 5 6asios,
eCJTH 3a/laua BEPHO pellieHa MeTo/IoM repebopa — 06a/ibl He CHUMAaThb.

4.B TtpeyrompHuke ABC H,,H,,H; — ocHOBaHMs BBICOT, IPOBE/EHHBIX
COOTBETCTBEHHO W3 BepIIMH TpeyroibHWKa A,B,C, a M,,M,,M; — cepeanHbl
COOTBETCTBYIOIIMX CTOPOH BC,AC,AB. JloKaxuTe, UTO [JAHA JIOMaHOU
M,H,M;H,M,H;M, Gonbllle CyMMBbI BBICOT TpeyroJjibHiKa ABC.



Pemienue. Ornyctum u3

/f\ Touek M; wuw M,
[N\ neprieHAuKYyIspbl Ha BC.
/ P 4 g‘\
[\ Tax KaK MM,
Hy \ >
e \\\ napayieibHa  BC  Kak
ML N\ N M
/'\3 AN 7 Ry cpennsisi muHusg A ABC, TO
/ L \ P N
/ \ 7 N
/\ \\ \ N 5TM  MepIeHJUKYIAPbI
/ \ X\ N PaBHBI MTOJIOBUHE BBICOTHI
\ P

/ v *AM - ~\‘c A ABC, TIDOBe/IeHHOH U3

Touku A. Torma M;H; u

M »H; — HaknonHele Kk BC.

CrnenoBare/ibHO, KaXK/jasi U3 HUX He MeHbIIle BBICOTHI, @ UX CyMMa CTpOro Oosbliie

BBICOTHI A ABC, omnyirieHHOU u3 Touku A. Cymma cTporo 6osbliie, Tak KakK TOJIBKO

O/lHA W3 HAK/IOHHBIX MOXKeT COBIIaZilaTh C IepHeHUKYJ/sIpOM B Cjlyyae IpsIMOro

yrja npu opHou u3 BepumH. To ectb MsH; + M, H; > AH,. Awnanoruyso

nokasbiBaetcs, uro M,H; + MyH; > CH; u M3;H, + M;H, > BH,, otkyza u
c/lelyeT Hy>KHOe yTBepxKzeHue.

Kpurepuu. B penieHuu TpUCyTCTBYeT WJiess O CPAaBHEHHUU KaKOH-TH00
HaK/IOHHOM C TeprneHJUKY/IsipoM — He MeHee 2 0OamioB. He obocHoBaHa
CTPOTOCTb HepaBeHCTBa - He 6osee 6 OaoB.

5. Jlokasathb, 4TO JJi pelleHni YpaBHeH s

2 (2 3
+4 = px— =0
p% \/ng ap

BBITIO/IHAETCSA OLIEHKA
x‘f + x; >2+4/2.

Pemienne. 3amMeTvm, YTO JUCKDUMWHAHT ypaBHEHWsSI HeOTpHULATe/IeH TIpU

2
mo0bIX AomycTuMbiX p. Ilo Teopeme Buera nmeem X1+X2=—\gp,xlxz=4p2.

Haipgem BbIpa)KeHHe
2 2
xf+x3:xf+x;‘+2xi'x§—2xf-x§:(xf+x§) —2xf-x§:(xi+x§+2x1-x2—2x1-x2) —2xf-x§:((x1+x2)2—2x1'
3/1eCh UCITO/Ib30BAHO HEPABeHCTBO a+a ' >2, BepHoe rpu a>0.

3ameuaHue. PellieHre MOKHO OBbIZIO TPOBECTU, OMHUPAsCh TOMBKO Ha HEH0
BbIZIeJIeHHsI TIOJTHOTO KBajipaTa, B YaCTHOCTH, MJisg [l0Ka3aTe/JibCTBa TOrO, UTO



242 409
p+ 4

9 2V2p

KBa/Ipar.

>2, MOJXHO II€peHeCTH 2 B/IeEBO U BHOBb BbIJI€/IUTH TTOJTHBIN

Kpurepun. B pelleHUM OTCYTCTBYeT MCCIe[OBaHHE AWCKPUMHHAHTA — He
6onee 5 6anioB. HeBepHo BoinucaHbl hopmysibl Bueta — 0 6aos.

6. IBa urpoka, AHs u bops, urpatort B ciieayroiyto urpy. [lepen Humu nexxur
KOpOOOK, B KOTOpoM N crindyek. ITPOKU XO/ISIT TI0 ouepe iy, riepBoit XOAUT AHs.

3a OIUH XOJ, WUTPOK MOXXeT B35iTb M3 Ky4u Jr000e TI0/I0KUTeTbHOe YKC/IO
CIIAYEK, SIBJISIFOLEeeCs [e/iTe/ieM TeKyLero KOIudecTBa CIUYEeK B Kyue, KPOMe
camoro 3toro yncia. (Hanpumep, ecnu B Kyde 12 cimdek, TO MOXKHO B3$ITh 1, 2, 3,
4 vy 6 crinuek. KTo B3s/1 mocsieqHoo0 crivuky ripourpeiBaet. g N ot 100 go
200 HaWTH Takue, TIPU KOTOPbIX AHS BBIMTPbIBAET MPU MPaBUIbHOU UTpe.

Pemenwue.

3aMeTHM, UTO Y HEUETHBIX YMCes TObKO HeueTHble JenuTend. [IosTomy mocsie
HEUYETHOI0 KOJIMYECTBA CITMYEK BCer/ia OCTAaeTCsl YeTHOe KOJTMYEeCTBO CITAYEK.

loKakem, UTO BBIMTPLIBAET UTPOK, Nepesi KOTOPbIM JIEXKUT YeTHOe KOJTMYECTBO
crivuek. Ero crparerus: B3aTh 1 COMUKy, Tak MOXHO cZenatb Bcerga. Ilocre
TaKoro Xoja mnepej CaeAyrOL[MM WIPOKOM HeYyeTHOe KOJIMUeCTBO crivuek. Torza
TocJie ero XoJla OCTaeTCs BHOBb UeTHOE KOJIMUeCTBO CIIHYeK /MO0 HOMb CIIHYeK.
T.e. MBI BUAWM, UYTO €C/Av mepes AHeU UeTHOe KOIMYeCTBO CMUYeK, TO OHa
BbIMTPaeT. A eC/ii HeUYeTHOe, TO T0C/e ee xo/ia repesi bopeii ob6s3atensHO OyaeT
YETHOE KOJTMYECTBO Y OH BBIUTDAeT.

[anee BO3MOXXHO JBOSIKOE TTOHUMaHVe YC/I0BHUSl YYaCTHUKaMU: €C/I yUYaCTHUK
MOCYUTAJI, YTO KOrZia UTPOKY Zi0CTanack 1 Crivuka, OH He MOXKeT XOJUTb, Urpa Ha
3TOM OCTaHaB/MBaeTcs. EC/IM yyacTHUK MOCUWTas, YTO KOrja UrpoKy JocTanach 1
CTUYKa, OH 00sI3aH ee B3AThb, TO 3TOT UTPOK U TIPOUTPAI.

OtBert: 1ipu /t00bIX YeTHBIX N oT 100 mo 200, b0 «urpa He 3aBepILUTCS,
OCTaHOBUBIIIUCH Ha 1 CIMUKe».

Kpurepun. Tosibko BepHbIli 0TBeT Oe3 ob6ocHoBaHM — 0 6assioB, MoKasaHo,
YTO TIOC/Ie HEUeTHOr0 KOJIMYeCTBa BCerja IO0JIyyaeTCs YeTHOe — He MeHee 2
6as10B, HET CTpaTerMu Urpoka (B YaCTHOCTU He TMOKa3aHO, UTO y YeTHBIX uuces
eCTh HeUeTHBIN e/iTesh)— He Oosiee 4 6aioB.

Ec/ii yuyacTHUK TIOHSUT yCJIOBHE B TIEPBOM TPAKTOBKE, U OOBSICHU OCTAaHOBKY
WTPBI TTOJTHOCTHIO — 7 GasisioB.
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O0mue 3ameuanusa. Eciu pellleHye ydaCcTHMKA 3HAUMTEIBHO OT/IMYAeTCS OT
NIPUBEJIEHHOT0 3/71eCh, TpebyeTcs MPUMEHUTh O0OIre KPUTEePUM IIPOBEpPKU (B
TIpeJUC/I0OBUH K JJaHHOMY COOpHUKY). Ec/iu peliieHue B 11eJ10M BepHOe — He MeHee
5 6a/i7I0B, B TOM UMCJ/ie 5 3a CYILeCTBeHHBIM HeZioueT U 6 3a MeHee CYII[eCTBeHHBIH.
Ecnm B 11e10M 3a/1aua He perieHa — He Oosiee 3 6asnnoB. Eciu K Kakoii-mibo 3agaue
NpYBEe/IeH HEIOJ/IHbIM TepeueHb KPUTEPHEB MO 0a/laM — TaKXKe HCIO/Ib3YIOTCS
o011vie KpUTepuH.

1. BbIunc/IuTh 3HaUYeHue BBIPDa>KE€HHA:

\/1+2\/1+3\/1+---+2022\/1+2023V 1+2024 -2026

Pernienue.

¢1+2¢1+3¢1+---+2022¢1+2023\/1+2024 -2026=1¢
z,¢1+2J1+3\/1+---+2022J1+2023 V1+4(2025—1) -[2025+1]=¢
iV 1429143V 1442022142023 -2025=1,

iV 142143V 1+=+2022 -2024=...=\1+2/1+43 -5=1+2 -4=3
OTtBerT: 3.

Kpurepun. TosbKo BepHBIA oTBeT — 0 Ga/uioB. B peleHu MPUCYTCTBYeT Hjes
npeoOpa3oBaHus  BhIpakeHUs n(n+2)=(n+1)—1 -He MeHee 3  (GaIoB.
BorurcnuTenbHas oiinbka — He 6osee 6 6ansios.

2. Moxet i cymma 2025 nozpsz UAYLIKMX HaTypajbHbIX uyucesl U CyMMa
2029 cnenyrolMx HaTypajbHbIX YMCE/ OKaHYMBATbCS Ha OJWHAKOBYHO LU(pPY?
Ecnu Het, nokaxure 310. ECiiv fja, ipuBesuTe rnpumep.
Pemrenue. Cymma 2025 nozpss UAYLIUX YKUCesI paBHa

n+(n+1i+(n+2')+...(n+2024):w-2025:(n+1012).2025

Cymma 2029 criepyroiux rnojpsaj UAyLIMX YMcesl paBHa
(

n+2025)+(n+2026]+(n+2027)+...[n+2024 +2029| = 212 2024+2030

2

-2029=(n+2024+1015/-2029=

PasHuija Mexxay 3TUMH UKC/IaMu paBHa
(n+3039/-2029—(n+1012)-2025=(4n+1012-2025 )+3039-2029,

Y 9TO YMC/IO HeueTHO (KaK CyMMa YeTHOTO M HeYeTHOrO Uucesi). 3HaUUT, pa3HUIla
yKrcesl He MOXKeT ObITh KpaTHO# 10, OTKyza ciefyer, UTo IocieAHWe LUGPHI B
JIBYX CyMMax He MOTYT ObITh O/[MHAaKOBBIMHU.

OTBerT: HeT.

Kpurepun. Tonbko BepHbIM oTBeT — 0 GasioB. [TosiyueHO BepHOe BhIpakeHHe
JU1s1 Kakou 6o cymMmbl: 3 6anna. HeT ccbiky Ha apubMeTHUeCKyI0 IPOTrpecCHio



— Heé CHIDKaeM.

3. PoboT HaxoauTCsA B TOUuKe C KoopguHaTod 0 Ha uucioBoi mpsimoi. OH
Jenaet mocienoBaTeslbHOCTE W3 20 maroB. Kakabld Iar OH C paBHOU
BEPOSATHOCTBIO CABUTaeTcst MO0 Ha +1 (BmpaBo), /b0 Ha -1 (Bneo). KakoBa
BEpPOSITHOCTb TOTO, UTO Tocse 20 111aroB OH OKa)KeTcsl B TOUKe C KoopAuHaToi 0,
HO MPHY 3TOM HU pa3y 3a BCIO MPOTYJIKYy He MoObIBaeT B TOUKe C KOOPAWHATOM -17
Pemienue.
Bcero y pobGora 2 BapuaHTOB mnyTeil. HalijeM KO/JMUeCTBO BapHUaHTOB,
y/I0BJIETBOPSIIOIINX YCI0BHIO. Bo-TiepBbix, pa3 poboT momas B Touky 0, 3HAUUT OH
ciienan posHo 10 maroB BneBo M 10 LIaroB BMpaBO, 3TO MOXKHO cjenaTh Cy
ciocobamu. Tereps HaiiieM UMCIIO MyTeH, MPOXOASAIIMX uepe3 TOUKY -1. 3ameTum,
YTO 3TO KOJIMYECTBO PAaBHO UMC/y MyTel, 3aKaHUMBAIOLMXCSI B TOUKe -2, TaK Kak
no3uiuu  «-2» " «0» CUMMETPUUHBI OTHOCUTENIbHO «-1». Yucao myTeid,
3aKaHUYMBAIOLIUXCSI B TOUKe -2 JIO/DKHO COCTOSITh M3 11 11aroB BeBO U 9 111aroB
BIPaBO, 3HAYUT OHO paBHO C,,. KomyecTBo myTeli, nmonajamwiux B Touky 0 1 He
MPOXO/AIIMX Yepe3 -1, paBHO C,—C. FIckoMasi BepOSITHOCTb paBHa:

Cy—Ch_ 4199

220 062144 °
Cyy—Co 4199
TBeT: = .
Otse 2% 262144
Kpurepuu. TosibKo BepHbI 0TBeT — 1 6as/u1 (He CyMMUDPYeTCs CO CIeYIOLUMU),
HaliZieHO obiee KOJTMYeCTBO BapUaHTOB — 1 Gan,

000CHOBAHO HaM/IeHO YMCJIO CIIOCOOO0B ToMacTh B TOUKy 0, He ripoxozs uepe3 -1 —
5 6anioB. 3a OTBeT, He 3alMCaHHbIN B YMC/IOBOM BU/le, Oasibl He CHUMATh.
4. VN3o0pa3uTe BCe pellieHUs YpaBHEHUsI Ha TJIOCKOCTH (X,Y):

X' +2x° Y +y —2x* =2y’ 32 xy+49=0.
Pemrenne. [TpeoOpa3yem /ieBy0 UaCTh YpPaBHEHUS:

X 42X Y4yt 22X 2y - B2 xy+49=[xP+ Y[ +49+2-7- [ X2+ y | - —16[x*+ y2+ 2 xy | =[x+ 2+ 7 = 16

TakuM oOpa3oM, HCKOMOe MHO>KeCTBO - 00beZIMHeHNe ABYX OKPY>KHOCTeM pazunyca
1 c ueHTpamu B Toukax (2,2) u (-2,-2).

OtBer. OObeguHEHHWe ABYX OKPY>KHOCTeM pajuyca 1 ¢ ieHTpamMu B TouKax (2,2)
u (-2,-2).

Kputepun. Tonbko BepHBI OTBET WM BePHBIM PUCYHOK — 0 0asijioB, BbIJe/IeH
TIOJTHBIH KBagpar |x*+y?)° —1 a1, Bble/eH MOMHBINA KBajpar (x*+y*+7]" — 4 6ana.
[TpuBesieHbI KaKue-TM00 Apyrve paBHOCWIbHBIE 3alUCH IAHHOTO YpaBHEHUs, He
TIOMOTaloIIIMe B Pa3/IokKeHNU Ha MHOKUTeu — 0 6asiioB.

S. Ha ctone nexut Kopobok ¢ N crimukamu. [[Ba UTpoKa XOZST 10 ouepeaud. 3a
XOJ, MOXKHO B35Th 1, 2 win 4 cnudkd. VIrpOK, KOTOPBIM HE MOXXET CJieslaTb XO[i



(Korpa cnuyek He OCTaloCh), MPOUTPbIBAET. [l KaKuX 3HaueHWM N y mepBOro
WTPOKa eCTb BBIUTPHILITHAs cTpaTerus? OO0CHyHTe OTBET.

Peirenwe.

[lokakeM, UTO BBIMIDbIBaeT WIpPOK, Ha3oBeM ero (A), mepes KOTOPBIM JIEKWT
YUCIO0 Clvuek, He KpaTHoe 3. B 3ToM ciyuae oH Oeper 1 wiu 2 CIUUKH, TakK,
yTOOBI KOJIMUECTBO CIUYeK B KOPOOKe CTaso KpaTHbIM 3 (B YaCTHOCTH MOXKET
ocratbcsi 0 crimuek). Torga, Kak Obl He CXOAW BTOPOUW Mrpok, (B3sB 1,2 umm 4
CTIIMUKU), TO TIOC/Ie ero Xo/a mnepef; UTPoKoM (A) Bcersa OyzeT uuc/io crivuek, He
KpaTHOe 3, a 3HauuT y urpoka (A) OyJeT BO3MO>KHOCTb X0/la U OH He TIPOUrpaerT.
[TosTomy, ecnu mepes MepBbIM WIPOKOM He KpaTHOe 3 UMC/IO CIIMYeK, OH
BbIUIPbIBAeT MPU OINMUCAHHOM cTpaTervu. Ecnv mepej HUM KpaTHOe 3 UMCIIO
CMUYeK, TO TOC/ie ero XoZa repes BTOPbIM UTPOKOM OyzieT He KpaTHOe 3 UKCIIO
CIIMYeK, U BbIUTPaeT BTOPOU UTPOK.

OTtBeT: 1/1s Bcex N, He KpaTHbIX 3.

Kpurepuu. Tosbko BepHbiii oTBeT — 0 6asyioB, He OMMCAHA CTpATerusi UrpokKa —
He 6oree 4 6anos.

6. UetelpexyroneHUK ABCD BhomcaH B OKpYyXHOCTb . Touka M -
IPOM3BO/IbHAS TOYKA OKPYKHOCTU ®. VM3 TOUKU M ONyCTWIMN IeprieHAUKY/Isapbl
MF, ME, MG, MH Ha npsimble, cofiepkalljie, COOTBeTCTBEHHO, CTOPOHbI AB, BC,
CD, DA uetsipexyrosibHvka ABCD. [lokaxute, uto MF-MG=ME-MH.
Peenue.

1) 3aMeThM, UTO TIPSIMOYTOJibHblEe TPeyrobHUKU MFB u MHD 110106HBI TI0
MF _ MB
MH ~ MD’
2) 3amMeTumM, YTO IIPSAMOYrO/IbHble TpPeyroabHUKU MEB u MGD  Tak xe

1 e
1o/106HbI 1o OCTpOMY yriy, T.K. < EBM=5 CM,

1 v
OCTpOMY yTJy, T.K. « FBM =~ HDM =§AM ,» OTKyZa

ME _MB

1 ~
HDM =180°— » CDM=180°—(180°— » CBM|==CM =—
. 80°— . C 80°—(180°— ~ CBM| 5 CM . oTKysia 5 ==



ME

_MF _
3) M3nmlwun2 o ~=,-, OTKysa ME-MH=MG-MF. Uro un TpeOOBanoCh

JI0Ka3aTh.

3ameuarue. Tlpu awbomM nonodxceHuu mouku M Ha OKpydcHoCcmu npu
ookaszamenbcmee nodobusi ucnoab3lyemcsi AubO pageHcmMBO OCMPbIX Y2108 KAk
8NUCAHHbIX, ONUPAWUXCS HA OOHYy Oy2y OKpyXCHocmu, Aubo paseHcmeo,
OCHOBAHHOE HA cBolicmee 8NUCAHHO20 Uemblpexy20AbHUKA.

Kpurepun. IlosyueHo W fi0Ka3aHO mMofo0OHe ABYX K/IHOUEBBIX

TPEYTONbHUKOB - He OoJsiee 3-X GasisioB.

He yka3aHo, uTO mapa rozio0uii oCTaeTcsl CripaBe/JIMBON TIpU JIF0O0M
TI0JIO’KeHUHW TOUKU M — He CHIKaeM.
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O0mue 3ameuanusa. Eciu pellleHye ydaCcTHMKA 3HAUMTEIBHO OT/IMYAeTCS OT
NIPUBEJIEHHOT0 3/71eCh, TpebyeTcs MPUMEHUTh O0OIre KPUTEePUM IIPOBEpPKU (B
TIpeJUC/I0OBUH K JJaHHOMY COOpHUKY). Ec/iu peliieHue B 11eJ10M BepHOe — He MeHee
5 6a/i7I0B, B TOM UMCJ/ie 5 3a CYILeCTBeHHBIM HeZioueT U 6 3a MeHee CYII[eCTBeHHBIH.
Ecnm B 11e10M 3a/1aua He perieHa — He Oosiee 3 6asnnoB. Eciu K Kakoii-mibo 3agaue
NpYBEe/IeH HEIOJ/IHbIM TepeueHb KPUTEPHEB MO 0a/laM — TaKXKe HCIO/Ib3YIOTCS
o011vie KpUTepuH.

1. Pemmwmre ypaBHeHUe

1 1 1
+ ..+ —
Vx+1+Vx+2 Vx+2+Vx+3 Vx+2024+/x+2025

1=0

4092525

OTBeT 2

P e 1 e Hu e. [Ipeobpasyem KaXK/IbIi UsieH CyMMBbI:

1
Vx+k+yVx+k+1

2024

IIpUMeT BUJ;: z (Vx+k+1—+x+k|=x+2025—x+1
k=1

=Vx+k+1—Vx+k ang k=1,2,...,2024, Torpa neBas 4aCTb YpaBHeHUS

CrnenoBaTe/ibHO, UICXOJHOE YpaBHEHVE DABHOCU/IBHO YPaBHEHUIO:

Vx+2025—Vx+1=1

2021 -2025 _ 4092525
4 4

OTKygza rnonyuynm X=

Kpurtepuu:
[TpuBeieHO MOTHOE BepHOe peliieHue — 7 0.
[TomyueHO TTPOMEXKYTOUHOE ypaBHeHHe — He MeHee 2 0.

HomnyieHa apudmMeTtrueckas oibka — He 6osiee 5 6.

2. Ha ctone nexxut N kamHel. [IBa Urpoka XOAST MO oueped. 3a X0 MOXKHO
B35Tb 1, 2 Wiu 4 KaMmHs1. ITPOK, KOTOpBIM He MOXeT cZie/iaTh X0/, (Korja KaMHeu
He OCTaJioCh), MPOWUrphIBaeT. [nsi Kakux 3HaueHWd N y TepBOr0 Wrpoka ecThb
BLIMTPBIIIHAs cTpaTerus? OO0CHyHTe OTBeT.

OTBerT. nga N He KpaTHbIX 3.



Pemewnuwue. 1) lyctb N=3-kk e N. Torga BelIMrpaeT BTOPOU Urpok. B camom
Jlefie, eC/id Ha MpeJbIAYIleM XOJe TepBbld WIPOK B3S/T M -KaMHEM, TO BTOPOU
WUT'POK I0/DKEH B3SITh MO0 3—m KaMHel [m:1,2), 100, eciv 3TO BO3MOYKHO, 6—m
KaMHed (m=4|

2) ITyctb Teneps N =3 -k+1 unu N =3 -k+2, TOr/la BEIMTPAET IMEePBbIM UTPOK. B 5TOM
C/lyyae OH Ha MepBOM XO/le [IOJKeH B3AThb KOJIMUeCTBO KaMHel paBHOe OCTaTKy OT
nenenvss N Ha 3. A Janee TIpUJEp>XUBATbCS CTPATErWM [Ji1 BTOPOTO WIPOKa W3
MepBOro MyHKTa.

K p u T e p u u: [IpuBesieHo TI0/IHOE BepHOe peliieHue — 7 0.

3aMeueHo, UTO CTpaTerys J0/DKHA 3aBUCETh OT OCTAaTKa OT JeieHuss N Ha 3 — He
MeHee 30.

3agaua 3. MaTteMaTHK pacCMaTpvBaeT B Mara3uHe 4acOB MCIIPaBHO paboTaroiiue
MeXaHUUeCKre CeKyHaomepbl. Ero nHTepecyeT cymMMa pacCTOSIHUM OT HEKOTOPOM
3a[]JaHHOM TOYKH JI0 IIeHTPOB I[H(epb/1aTOB CEeKYHJOMEPOB M CyMMa PacCTOSTHUH
710 KOHIIOB CTPEJIOK CEeKYHJIOMEPOB /IO TOH >Ke TOUKH. BepHO /i1, UTO B KaKOW-TO
MOMEHT BPEMEHM BTOpas CyMMa pacCTOSIHUM OKa)KeTcsi OoJbllle ueM TiepBasi?
OTBeT oboCHYylTe.

O TBeT. [a, BepHo.

P e i1 e H u e. O603HauUMM 1[eHTPHI 1[1hepbaTOB CEKYHAOMEPOB Si, S,,Ss,..., Sy, @
3a/IaHHYI0 TOUKY, OT KOTOPOU OTMEpSIFOTCS PacCTOsTHMS, - O.

PaccMOoTpUM MOMEHT BpeMeHM ¢; U 0003HauuM [IOJIOKEHWe CTpPeKd -0Tro
ceKyHioMepa A;, a JguameTpabHO TIPOTHUBOIMOJIOXKHYIH TOUKY OTHOCHTE/IbHO
1eHTpa 1udepbaata S; yepe3 B;. [TockoMbKYy CeKyHZOMephl UCIIPaBHbIe U UMEIOT
O/ITMHAKOBBIE YTJIOBbIe CKOPOCTH, TO OHU JJOCTUTHYT 3THUX TOUeK CUHXPOHHO (3a 30
CeK.), B MOMEHT BpeMeHH t,=t;+30,

3amMeT”iM, 4YTO B CWIy HepaBeHCTBa TpPeYrojibHUKa [ Kaxzaoro j=1,..,m
cripaBeyIMBBI HepaBeHcTBa 2|0 S;|<|A;0|+|B;0|.

[Ipu 3TOM 3HaK paBeHCTBAa MOXKeT AOCTUTraThCsl TOAbKO MPU YC/IOBHH, UTO KaXKAas
TpolKa Touek O, A; u B; nexxat Ha ofHOM NpsiMoi. OUeBUAHO, UTO B 3TOM C/Tydae
HaizleTcs t; TIpU KOTOPOM XOTsI ObI OZHO M3 3THUX HepaBeHCTB OyzeT crporum. C
YYEeTOM 3TOr0 3aMeuaHusi, (POCYMMUPYEM BCe 3T HEPAaBEHCTBA U TTOTYUVM:

zz |osj\<§l ra0]J+[B,0]| (1)



Ternepb ec/iv Npe/IIo/0KUTh MPOTUBHOE, TO TOT/A Jisi MOMEHTOB BPeMeHHU ¢ U ¢,
BBITIO/THEHBI HEPABEHCTBA

Zm: 05|22 |A,0| n Zm: |OSj|zZm: |B;0|. A sTo nmporuBopeunrt (1). CrefoBaTesbHo,
j=1 j=1 j=1 i=1

m
mbo .,|0S,[<D|A;0| (paccTosiHus u3MepeHHBIe B MOMEHT BpeMeHH ;) /160
ji=1 j=1
m m

Y.|05,|<>" |B;0|(paccTosiHust n3MepeHHbIE B MOMEHT BPEMEHH ).
i=1 i=1

Kpurepuun:
[IpuBeeHO IMOHOE BepHOe peleHue — 7 0.

PaccMoTpeHbl yacTHBIe cayuyau (creluanbHOe pacroJioKeHre CeKyH/I0MepoB, BCe
CeKyH/IoMephbI 3amylijeHbl 0/[HOBPEMEHHO U Jp. BapuaHTh) — He OoJiee 2 6.

PaccmoTpeHbl  HepaBeHCTBAa  BUja 2|0S|<|A;0|+|B,0| 6Ge3 panmbHeiimmx
npoAiBM>KeHui — 2 0.

OB60CHOBaHHO TI0/Ty4eHO HepaBeHCTBO 2, [0S |< D |A;0|+|B;0| — He menee 3 6.
j=1 j=1

[Tpy BepHOM pelleHHH MPOMYIIeHbI OTAe/NbHbIe Cy4Yad (HampuMep Cyuyail Korza
IUISE BCeX ceKyHoMepoB 2|0 S,|=|A;0|+|B;0| ) — ue Goee 6 6.

3apaua 4. IIpu Kakux 3HaUeHUSX d HepaBeHCTBO
2—2cosaxcos3x—sin’3x>0 BEPHO /1Jisi BCeX x € R.

O 1 B e T: Takux aHe CyIIleCTBYET.

P e e H u e. [Ipeobpasyem /1eByI0 4aCTh HEPABEHCTBA: 2—2cos|ax|cos3 x—sin’3 x=

1+cos’3 x—2cos|ax|cos 3 x+cos’|ax|—cos’|ax|=¢ (cos(ax)—cosBx)2+sin2(ax).

. 2 . \
CnenmoBaresibHO, 2—2coSsaxcoS3x— sin”3 x=( cos|ax|—cos 3 x) +sin’|ax |>0 IIpy BCeX

Bell[eCTBEHHBIX X U a. VICK/IIOUMM Te 3HaueHHUs « MPU KOTOPBIX ypaBHEHUE

2—2cosaxcos3x—sin’3x=0 HMeeT XoTsd Obl ofHO pemieHre. OueBHAHO, UTO
paccMaTpyBaemMoe ypaBHeHHe SKBHUBA/IeHTHO CUCTeMe:

cos3 x—cos|ax|=0
.2
sin’{ax|=0

ITycts a=0, Torga 2—2cosaxcos3x—sin’3x=0 npu x=271k/3, k € Z.



[IycTh Temepb a - MPOM3BOLHOE HEHYJ/eBOe pallOHa/bHOEe YMCJ/I0, MpeACTaBuUM
ero B BHAe HecOKpaTuMmon nApobu a=p/q. Torga cucreme ypaBHEHHUI
yIoBeTBOpsieT unciao x=2nq. OTciofa c/iefyeT, 4To Tpu JitoOOM paijiOHa/TbHOM
a=p/q HepaBeHCTBO

2—2cosax cos3x—sin’3 x>0
HapylIaeTcs 10 KpanHerW Mepe Tpy X =27q.

Ecmm ke o - uppanjuoHasbHOE 4YHC/IO0, TO W3 BTOPOrO0 YpaBHEHWsS CUCTeMbI
nosyurM x=nk/a. Ho mpu 3TOM cos3nk/a#+1 mpu k#0. Takum ob6pa3om,
HepaBeHCTBO BepHO /i BceX X#0 TONBKO B C/yyae MppanuoHaibHbiX a. [Ipu x=0
HepaBeHCTBO He BbIMNOJIHAeTCH HU NPU KaKuX O.

Kpurepuun:
[IpuBeaeHO 1MoHOE BepHOe peliieHre — 7 0.

PelteHye HauaTo Cpa3y IOJCTAHOBKOM x=0 M yKa3aHO, UTO HY)KHBIX 3HAUEHUM o
He cyiriecTByeT — 7 0.

YnyiieH ciayyait x=0, Bce ocTanbHOe BepHO — 5 0.
JleBasi uacTh mpeobpa3oBaHa K CyMMe HeOTpHLaTe/TbHbIX BbIpaxkeHUd — 2 0.

Iloka3aHo, UTO TPH UPPALMOHA/NBHLIX @ HEpaBeHCTBO BEPHO, HO HET ITOTHOTO
aHaJIr3a i parjoHaIbHBIX @ — 5 0.

ITpoBeJeH MO/HBIA BEpHBLIM aHAJW3 HEpaBeHCTBA /i paljMOHANbHBIX O — He
MeHee 5 0.

3agaua 5 DABC- TpeyrosibHasi Nvpamufa, y KoTopoit pebpa DC, DB u DA
-B3aUMHO-TIePIIeHAUKY/IAPHBL. M  TIpUHAAJIEKUT IUIOCKOCTU ABC  1ipuuem
paccTosHue OT 3ToM Touku 70 pebpa DC pasno 10, f0 pebpa DB paBHO 45 u [0
pebpa DA paBHa 2+v13. HalijuTe MMHHUMAILHO BO3MOXKHBIA 00bEM MHPAMUZBI
DABC.

OTBeT. VABCD:864

P e m1e H u e. BBesieM /IeKapTOBY CUCTeMY KOOPJWHAT C Ha4a/ioM B T. D u ocsiMu
DX, DY u DZ coenagatoriumu ¢ DA, DB u DC. O603Haunm DA=a, DB=b u DC=c.
st Touky M (x,y,z], nexxameil B mnockoctu ABC, 3amuileM ypaBHEHHe
(YpaBHeHMe TIJIOCKOCTH B OTpe3Kax )

i+l+£:1

a b c (D)



IIyctb M,(0,y,z], M,(x,0,z) u M,(x,y,0| mpoexiu Touku M Ha rockoctu CBD |
ABD u ACD cOOTBETCTBEHHO. 3aluilieM PAaCCTOSTHUS OT TOUKKU M 10 pebep DA, DB
u DC:

y*+2°=52,
x*+7°=80,

x*+y*=100

Otkyza onyuum x=8,y=6,z=4,

.. Xy z
N3 HepaBeHcTBa Kot aj1st Tpéx uncen 2’ ¥ o> C YUeTOM ypaBHeHus (1),
T10/1y4aeM OLIeHKY
1_a b c>?/5'l_£:§/xyz:§/8-6-4
3 3  Ya b ¢ Vabc abc

1
CnepnoBaTesibHO, V pacs= 5 abc>27 -8 -4=864,

OcTanock 3aMeTUThb, YTO 3TU HepaBEHCTBa 06paI_U"aI-OTCH B PaBEHCTBO, KOT'/ld

a b ¢ 3’
T.e. pu a=24,b=18, c=12,
Kpurtepuu:
I[TpuBe/IeHO TIOTHOE BEPHOE peliieHue — 7 0.
BepHo HaliieHbl KOOpAMHATEI T. M(x,y,z| — 3 6.
ITo/lyyeHo ypaBHeHMe /jis KOOpAUHAT TOuKu M (x,y,z| — 2 6.

BepHo mosiyueHa olieHKa [ijisi 00béMa TTUupaMu/ibl - He MeHee 5 6.

3agaua 6 Ha ruiockocTu 3ajjadbl TOUKU A, B, C, D, E u P Takue, 4ToO:

1) Touku A, B, C, D, E yiexaT Ha OKPY)KHOCTH @, @ TOUKa P JIe)KUT BHe 3TOU
OKPY>KHOCTY;

2) ripsiMble PB 1 PD KacatoTCsl OKPY>KHOCTU @;

3) Touku P, A, C nexxaT Ha ofHOM npsmoii u DE | AC,



B kakom oTHolieHuu BE fenut oTpe3ok AC?

OTBet. B oTHOmIenuu 1:1.

Pemenue. Ilyctb M — Touka nepeceuenuss BE u AC, O-1JeHTP OKPY>KHOCTHU ®.
ITockonmeKy — IpsMBbIe
PB YW PD KacarTcs

OKPY)KHOCTU @, TO
« OBP= ~ OBP=90".

Orcroga ciefyer, 4To
yepe3 Touku P, B, O u
D MOXXHO TIPOBECTH

OKPY>KHOCTb.
L okaxem, 4yTO
OM 1 AC. Teneps

MOKa)KeM, UTO M TakKe JIEXKUT Ha 3TOM OKPYKHOCTH. [IeHCTBUTE/IHHO, TOCKOJILKY
DE | AC, mbl umeem <+ BMP= . BMA= . BED= . PBD= . BDP. Cne/j0oBaTe/bHO,

+~ OMP= - OBP=90"u AM=MC.
Kpurepuun:
[TpuBeseHO MOHOE BepHOe pelieHUe — 7 6.

ITokasaHo, uto yepe3 TOYkU P, B, O U D MOXHO IIPOBeCTU OKPYKHOCTb —He
MeHee 3 0.

ITokazano, uTo uepe3 Touku P, B, O, D MO>XHO MPOBECTHU OKPY>KHOCTb —He MeHee
4 6.

Pem e Hwue. 1) I[lokaxxem, uto DB=DI=DC. M0>XXHO COC/IaTbCsl HA «JI€MMY O
Tpe3yOlle», OHa >Xe «0 KYypHUHOH Jamke», odulMa/bHOe Ha3BaHWe — JieMMa
MancuoHa.

2) O6o3HaunMm x=DB=DI=DC. B 3TOM ciy4ae, TOCKO/IbKY <« IDE= . ADB= » ACB
, MBI UMEeM

IE=ID -sin » IDE=xsinC=x -é.



b o
Ananornuno, IF=x->—. C papyroil cTtopoHel, AD-a=x-lb+c| mo Teopeme

2R’
.. x|b+c ..
IItonemess pyis yerblpéxyrosibHuKa ABDC, mostomy AD= | . Cobupasi Bcé
BMeCTe, MbI [10J1y4aeM, 4To
b+
1 x[b C):IE+IF:L(\b+c].
2 a 2R
. a _1
CrnefoBare/ibHO, MbI TOyyaeM d=R u Torza smA=ﬁ=§. Takum o0Opa3om:
2+ A=30"uwm » A=150".
Kpurepuu:
[TpuBezieHO MOTHOE BepHOe peliieHne — 7 0.
TTokasaHo, yto DB=DI=DC —3 0.
Hns IE v IF nonydeHsbl (popMybl Buzia IE=ID -sin « IDE=xsinC=x £ —40.

2R’
ITony4eHo cooTHOLIeHHe BUga AD -a=x -|b+c| — 5 6.

IToka3aHo, uto R=a — 6 0.



	1. Решите уравнение
	2. На столе лежит камней. Два игрока ходят по очереди. За ход можно взять 1, 2 или 4 камня. Игрок, который не может сделать ход (когда камней не осталось), проигрывает. Для каких значений у первого игрока есть выигрышная стратегия? Обоснуйте ответ.
	Задача 3. Математик рассматривает в магазине часов исправно работающие механические секундомеры. Его интересует сумма расстояний от некоторой заданной точки до центров циферблатов секундомеров и сумма расстояний до концов стрелок секундомеров до той же точки. Верно ли, что в какой-то момент времени вторая сумма расстояний окажется больше чем первая? Ответ обоснуйте.
	Задача 4. При каких значениях неравенство
	Задача 5 - треугольная пирамида, у которой ребра , и -взаимно-перпендикулярны. принадлежит плоскости причем расстояние от этой точки до ребра равно 10, до ребра равно и до ребра равна . Найдите минимально возможный обьем пирамиды .

