Mockosckutl 2ocydapcmeeHHblll yHugepcumem umeHu M. B. /lomoHocosa

OsmmMnMasa NIKOJIbHUKOB
«MoKopu BopobbeBbl ropbi»
Mo MaTeMaTHKe

3aganud 3aoyHoro stana 2022/2023 yye6Horo roja Aus 10 ksiacca

1. Maructp PaccesiHHbIX HayK 3abbln NUMH-KoZ OT cBoero TesnedoHa. OH NOMHUT, YTO NUH-KOZ, 6bin
COCTaBNEH U3 6 Pas/IMYHbIX LMP, MAYLWMX NO BO3PACTaHMIO, NpMuyemM nepsas uuopa 6bina 1. A ewe oH
MOMHWT, YTO 3TO 6-3HAYHOE YMC/I0 ABMAETCA TOYHbIM KBAAPATOM (KBaApaTOM LLE/10ro YMCNa).
MomoruTe MarucTpy BCMOMHUTb NMUH-KOZ,

OTsert: 134689

Pewenue: 0603Haumm XYZ2 = 1bcdef,rae 1 < b < ¢ < d < e < f (pa3Hble 6yKBbl, BoObLLe rosops,
MOTYT 03Ha4yaTb OAMHaKoBble UMdpbl). 3ameTum, uto 123456 He ABNAETCA TOUHbIM KBaZpaTOM, MO3TOMY
f = 7. Ho KBagpaT He MOKET OKaHuUMBaTbCA Ha 7 unun 8, cneposatencHo f =9,aZ =3 uau 7.
Mycts YZ = 10q + 3,Toraa YZ = 100g? + 60q + 9, T.e. ¢ = +6q (mod 10). Nockonbky e > 5, To e=6
nnn 8. NMposepaem, 4yto uncna 123469, 123569, 124569, 124569, 134569 He ABNAOTCA TOYHbIMMU
KBaZpaTamu, nostomy e = 8.

3ameTum, uto 4002 = 160000, Ho b He MoKeT bbiTb 6osblue 6, nostomy X < 4. C Apyroit CTOPOHbI
3002 = 90000 - 5 3Ha4yHOe yncno, 3HaunT X = 3. CneposatensHo, X = 3.
Kpome Toro, 3402 = 115600 < 120000, cnegosatenbHo, Y = 4.

Byaem pewatb 3YZ? = 1bcd89. PaccmoTpum cayyam:
e CnyyannZ = 3:Torpa ...60Y + 9 = ---89, cneposatenbHo, Y = 8. (Y = 3 < 4 oT6pacniBaeM),
nposepaem3832 = 146689 - He noaxoauT (Undpa 6 nosTopAETCA).
e CnyyanZ = 7:Torpa ...140Y + 49 = .- 89, cnegosatencHo, Y =6 (Y =1 <
4 or6paceiBaeM). Haxogum 3672 = 134689- nonyumnm oTser.

2. ®ean BHYTPU TPEYroNibHUK OTMETU N TOYEK (TOUKM N1eXKaT B TPEYro/ibHUKE He nonagas Ha ero
CTOPOHbI). 3aTem OoH 06pa30Ban MHOMKECTBO A COCTOSLLEE U3 N OTMEYEHHbIX TOUYEK U TPEX TOUEK-
BEPLMH MCXOAHOrO TPEeyro/ibHMKa. oc/ie OH coeaAnHMA HEKOTOPbIE Napbl TOYEK N3 MHOXKecTBa A
OTpEe3Kamu, KOTopble MOTyT NepeceKkaTbCs TOIbKO B KOHLLAX 3TUX OTPe3KoB. Mo 3Tum oTpeskam Peas
NpoBes pa3pesbl, B pesy/ibTaTe TPeyro/ibHUK pacnanca Ha 2023 maneHbKUx TpeyrosibHnka. Hangurte
MWHWMaNbHO BO3MOXHOE KO/IMYECTBO TOYEK, KOTOpble oTMeTUA Peas.

Otsert: n=1011

PeweHue. Cymma yrioB MaseHbKUX TPEYronbHUKOB paBHa 2023*180.

C Apyroi CTOPOHbI, BOKPYT KaXKA0N BHYTPEHHEN TOYKU B UICXOAHOM TPEYro/sibHMKE CyMMa Yr/10B paBHa
360, K HUM Hago fobasutb 180 - yrabl UCXo4HOro TpeyronbHuKa. NMonyyaem ypasHeHne 360n+180 =
2023*180,0Tkyaa n=1011.

AnbTepHaTnBHOe pelweHue - ¢-na dinepa B — P + T' = 2, rae B=n+3, [=2024, a P MOXHO HalTW TaK -
KarKabl TPEYroNbHUK AaeT 3 pebpa, HO BHYTPEHHME cYnTaloT no 2 pasa, T.e. 3*2023 = 3+(P-3)*2, oTkyaa
P=3036.



3. [laH MHorouneH 3-eii ctenenn P(x) = ax® + bx? + cx + d, a # 0, NPUHUMAIOLLMNIT 3HaYEHUA
P(—2023) = P(0) = P(2023) = 2024. HaiauTe yncneHHOe 3HaYeHME BbIParkeHnn

P(-2024) + P(=2023)+ P(-2022) + P(=2021) +...+ P(=1) + P(0) + P(1) +...+
+P(2022)+ P(2023)+ P(2024).

OtBet: 8195176

PeweHue. MpadmK cummeTpuyeH oTHocuTeNnbHO ToukM (0,2024). eAcTBUTENIbHO, PAaCCMOTPUM
mHorouneH Q(x) = P(x) — 2024. NocKonbKy oH obpaliaerca B HO/b B TouKax 0,2023, -2023, To

Q(x) = ax(x —2023)(x + 2023). CneposatensHo P(x) = ax(x — 2023)(x + 2023) + 2024. Otkyaa
P(2024) + P(—2024) = P(2023) + P(—2023) = - = P(1) + P(=1) = a * 2024 * (4047) +

2024 — a * 2024 * (4047) + 2024 = 4048,

4. Hanpgute cymmy
1-3+3:5+5-7+...+63-65.

OtBeT: 45728
PeweHue. B obliem Buge: 1-3+3-5+5-7+...+(2n—1)-(2n+1)=

=(2-1)(2+1)+(4-1)(4+1)+...+(2n-1)(2n+1)=
=27 1+ 4 ~1+...+(2n) —1=

=4(P+2°+. 40’ )-n=

_dn(eD)@n+D) _n(2(n+1)(2n+1)-3)
6 3 '

B Hawem cnyyae npu n = 32 nonyyaem 45728 .

5. Toukn A4, B n C npuHagiexuT MHOXKeCTBaM, 33faHHbIM Ha KOOPAWMHATHOW mnockoctn Oxy
ypasHeHnamn y—2x—1=0, y—=74+3x=0 n y—1=0 coorsetctBeHHOo. Touka D npuHagnexut

MHOECTBY, 3aJaHHOMY Ha KOOPAMHATHOM NaockocTM OJX) HepaBeHCTBOM
(y—2x-1)(y—7+3x)(y-1)>0.
HallauTe MUHUManbHO BO3MOXHOE 3HaueHne AD” + BD* +CD?.

PeweHue.

MepBble TPM MHOXECTBA — NPAMbIE IMHUN (CM. PUCYHOK 1). HeTBepToe MHOXKECTBO
3aKpalleHo Ha PUCYHKe, OHO COCTOUT U3 YeTblpex obaacTelt: LeHTpanbHasa 061acTb, orpaHMYeHHan
AAHHBIMM NPAMbIMU, U TPU NONy6ECKOHeYHble 061acTH, KarKaasn U3 KOTOPbIX OrpaHMyeHa AByMS
NPAMbIMM.



~Y

Figure 1:

PaccmoTpum npeacTaBieHHYHO Ha PUCYHKe CUTYaLMIo, Korga Touka D HaxoauTca BHYTpH
LeHTPasIbHOro TpeyroabHMKa. MycTb CTOPOHbI TPeyro/sibHUKa paBHbI a, b, . 06o3Haumm AD = x, BD =y,
CD =1z

Toraa mbl MOXEM HaWTU NoWaAb TPEYronbHMUKa S (B 06Lem cnydae — no popmyne FepoHa, a B
JAHHOM C/lyYae, yuYuTbIBas, YTO OAHA M3 CTOPOH MapasnnesibHa OCK, KaK Noayrnpous3BeAeHne OCHOBAHMSA

. ax+by +cz
Ha BbicoTy). C ApYyroi CTOPOHbI, NAoOWaab paBHa ————— .

Takum obpasom, 28 = ax+ by + cz. [lanee MOXKHO cLienaTb OLEHKY C MOMOLLbIO HEPABEHCTBA

Kowwu-byHAaKoBcKoro-LBapua:

4S* =(ax+by+cz)2<(a2 +b° +cz)(x2 +y2+zz).
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Otctoga X"+ +z Eﬁ. JTO U eCcTb MMHMMaANbHOe 3HavyeHue. OHO [JoCTMraeTca npwu
a +b +c

X _ Yy _ z
—=<-=—, MOXHO [0OKa3aTb, YTO B 3TOM CJ/iy4ae TOYKa D HaxXxoAUTCA BHYTPWU LEHTPA/IbHOro
a b c
TPeyroabHuKa.

OTMETUM, YTO MMHUMYM HE MOKET AOCTUIaTbCA, eC/IM TOYKA D HAaXO4MTCA He B LLeHTPaIbHOM
TPeyro/ibHUKe, a B O4HOM 13 Tpex noaybeckoHeuHbIx obnacteit. Eciv npeanonokuTte o6paTHoe, To
MOXHO NOCTaBUTb B COOTBETCTBME 3TOM TOUKE KAKYIO-TO TOYKY BHYTPM LLEHTPANbHOMO TPEYrobHWUKa, AN
KOTOPOW CymMa KBagpaToB ByAeT MeHblue.
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Takum 06pa30M, MWHUMaIbHOE 3Ha4YeHne paBHO 7 - an AaHHbIX YNCNTOBbIX

a’+b*+c

AaHHbIX NONYy4Ynm nocneanoBaTesibHO:



KOOPAMHATbI TOUEK NepeceyeHms NPAamMbIX: (g,%) , (0;1), (2;1);

65 410
ONMHbI CTOPOH TPEYrofibHUKa: g = . ; b= s ;c=2;
1 17 12
naowaab TpeyronbHuka: S =—-2-| — -1 |=—.
waze Tpey 5 (5 j 5
. 4-144 72
Toraa UCKOMbIA MMHUMYM paBeH =—~1,31.
36 32 55
25| —+—+4
5 5

3ameTum, YTo 3aZa4a NOMCKa MUHUMYMa CYMMbl KBaZpaTOB PAcCTOAHWIA 40 TPeX CTOPOH
TPeyro/ibHMKa OT TOUYKU BHYTPW TPEYrosibHNKA — KNaccuyecKkan 3agada naaHnmetpun. Touka D, B
KOTOPOW AOCTUraeTCA MMHUMYM, Ha3bIBaeTCA TOYKOM JlemyaHa.

Orser: 1,31.

6. NMocnenoBaTeNIbHOCTL LiENbIX YnceN 3aAaHa pekyppeHTHo: X, =0, x, =1,

_ H6 _
Xop =T Xy = Xgpgs Xgpyy = 20134 x5 — x5 .

Haiitn HOJL(X,00515 X5 50031) » A€ HOM(a,b) 370 Hambonbwinii obwmii aenntens a u b . 3pecy

n! - npousBeaeHne BCcex HaTypasbHbix uMcen ot 1 go n. Hanpumep, 2!=1-2=2,5!'=1-2-3-4-5=120.

OtBet: 117649.

PeweHune. PaccmoTpum o6wWmii  ciydait: 3agaHbl HaTypanbHble uucna a>1 un b>1.

PeKyppeHTHO onpeaenseTtca nocnegosatensHocts: x, =0, x, =1,
Xop =Xy = Xpp s Xgpy =Xy =2y
Haiitn HOZ(x,0y3, X,5,7) , e HOJI(a,b) 370 Hanbonbunii o6wmit senutens a u b .
Monyunm pekyppeHTHyto Gopmyny:
X, =(ab=2)x, —x,_,.
OencrteutensHo, us popmyn (1) umeem:

Xopp =A-Xpp = Xpp y = (0- Xy 5 =Xy 3) =Xy, =(ab—D)xy , —a-x,; ;.



C ApYroi CTOPOHbI, @+ X,, 3 = Xy, , +X,,_,, OTKYAA
Xy = (ab—=2)xy 5 — Xy,

AHaNorm4Ho,

Xoppar =0 Xy =Xy = b(a- Xy =Xy ) =Xy =(ab—1)xy  —b-xy .

Yuutbias, 4to b-Xx,, , = X,, | +X,, 5, NO/y4aeM UCKOMOE COOTHOLLIEHNE U ANIA HEYETHBIX MHAEKCOB:

Xop = (ab=2)xy | =Xy 5.
Toraa
HO/A(x,.,,x,) =HOMd((ab-2)x, —x,_,,x,) =HOH(x,,x, ,)=...=
=HO/(x,,x,) = a onsa uémnozo k,

=HO/(x,,x,) =1 ona neuémnoeo k.

Tt mamero mpumepa HOJI(X, 0055 Xy, 0005) = 7° - OTKYZ@ NPUXOANM K OTBeTY: 776=117649.



