Ydumckun matemaTmndeckum xypHan (npunoxeHue). Tom 1. Nel (2016).

BCEPOCCHUIMCKAS OJIMMIINAJA IKOJIBHUKOB
IO MATEMATHKE 2015/2016 YYEBHBIN roa
MyHUIUTIAJIbHBIN 3TA

11 kaace
HYBIIUKALIAIO IIOAT'OTOBHIIN
H.®. BAJIEEB, AM. EOUMOB

AnHoTauus. IIpuBonsarcs 3agaun MyHHLIMIAIBHOTO 3Tana Beepoccuiickoil onuMmmuasl
MIKOJBHUKOB 10 MaTemartuke 3a 2015/2016 y4ueOusiit rox ms 11-x xiaccos. [ kaxmoi
3a/1a4M NPUBEICHBI PEIICHNS, KDUTEPHUHU OIICHOK U YKa3aHHUsL.

KuroueBble cjioBa: HaTypalbHbIE YKCIa, KOCUHYC, CUHYC, TpU3Ma, cepa, paauyc.

1. Ssnsiercs mu yucio 444..4—88...8 mosHBIM KBaApaTOM JIJIs JIFOOOT0 HATYpPAIBHOTO N?
2n wady n undy
n wdp uhp

Cocmasumenv Banees H.®.

2 2 2
2. Pemnte ypaBHeHue: COS“[1 /% — |X|J + Sin‘l[1 /% — |X|J = Sinz{1 /% - |X|]

Cocmasumenv HcaesK.11.

3. M3BecTHO, UTO HA MIAXMAaTHON TOCKE MOXHO PacCcTaBUTh 8 J1afiel Tak, 4TOObI OHU HE OMITH ApYT
npyra. llIkoneauky Ilere He HpaBUTCS IIaxXMaTHasE packpacka JOCKH, M OH PacKpacHi TOCKy B 32
[BETa, TAK YTO KJIETOK Ka)KJI0Tr0 11BeTa POBHO JBe. CMOXKET JIM OH TeNeph pacCTaBUTh 8§ JIajiel Taxk,
9TOOBI OHHM HE OWJIM APYT pyTa U CTOSUIM Ha KJIETKaX pa3HOTo 1BeTa?

Cocmasumenv Banees H.D.

4. HaiimuTe Bce TPOWKH HATYpaIbHBIX YUCEN X, Y W Z Takux, 9yTo (X +1)(y +1)(z+1) = 3xyz.
Cocmaeumens Banees H.D.

5. Jlana TpeyroibpHas Ipu3Ma ¢ pPABHOCTOPOHHUM OCHOBaHHEM M. BokoBbkie pedpa paBHEI CTOPOHE
ocHoBaHus. OJ1Ha U3 BEPIIIHH yJaJIeHa OT BEPILIMH OCHOBAHUS Ha OJJUHAKOBBIE paccTossHuA. Halitu
HauOOIBIINN painyc chephl MOMECTHBIICHCS BHYTPH TIPU3MBIL.

Cocmasumenw Jlyyenxko B.H.

© Banees H.®., Epumos A.M. 2016
Iocmynuna 25 smeaps 2016 2. 11



H.®. Banees, A.M. Ecbumos

O0mme pekoMeHIaIUH 0 IPOBEpPKe

baiisl [TpaBunsHOCTE (OLIMOOYHOCTE) PELLIEHHS

7 [los1HOE BEPHOE peLUEHNHE.

6-7 Beproe peuwienue. Mmerores HeQonmbIIHE HENOYETHl, B LIETIOM HE
BIIMSIIOIINE HA PEILCHHE.

5-6 Peuienue B menom BepHoe. OJJHAKO OHO COJIEPKUT Psijl OIIHOOK,

b0 He paccMOTpEHHE OTHENbHBIX CIIyYaeB, HO MOKET CraTh
[PABHIILHBIM [10CJIE€ HEOOIbIINX HCIIPABICHNH MIIH JIOMOJIHEHHUIT,

4 Bepno paccmorper omuH  u3  aByX (Dolee  CIIOWHBII)
CYIIECTBEHHBIX CITy4yaeB, WM B 3aJaue THIA «OLEHKA + MpHUMep»
BEPHO 0JIY4€HA OLEHKA.

2-3 JlokazaHbl ~BCIIOMOTraTENbHBIE YTBEPIKIEHHM:A, IIOMOTaroLIHE B
pelIeHnH 3a/1aul, WM B 3371a4e THIA «OLEHKa + TPHMEpP» BEPHO
HOCTPOEH HPHMED.

1 PaccMOTpeHbl  OT/IeIbHBIE BaKHBIE CIyYad [PH  OTCYTCTBHH
pereHHst (WK P OUIHOOYHOM PEIICHHH).

PeliieHne HeBepHOE, IIPOIBHKEHHS OTCYTCTBYIOT.

0 Peliienne oTCYTCTBYET.

<

PELHIEHUSA 3AIAY
11 kaace

1. SIBnsercs mu uncino 444...4 —88...8 moNHBIM KBaIpaToOM JIjIs JIFOOOT0 HATYPaJILHOTO N?
2n gy n undy
n wap wdp

OTBerT: 1a.
Pemenne. Uncino K=444..4—-88..8 sBisercs moiaHbIM KBagpaToM. JleiCTBUTEIBHO,
—_——

2n wdp n udp

10" -1 10" -1

444..4 = 4010 +10°" +...+10+1)=4 _4 |
2n wdp 10—1 9
88..8=8(10" +10" +..+1)=870 1
e 9
N uadp
2
10" -1

444,.4-88..8= (107" ~2.10" +1)=2°
—_——  —— 9

2n wadp N wgp

3

3amerum, yro 10" —1 : 3. 3nauuT yncno K MOIHEIM KBaapar.

2. Pemmure ypaBHenue: COS'

Otsert: 0.

12



Bcepoccuinckasa onumnuaga LWKoJbHMKOB no matematuke 2015/2016. 3agaym 11 knacc

Pemenne.
7’ T
CrenaeM 3aMmeHy t = T X| | OueBmano 0<t< >

cos*t +sin*t =sint.

cos't +sin*t = (cos’t +sin’t)® — 2sin’t-cos’t =1-2sin’t-cos’t <1. ——>1.

sin“t

PaBeHCTBO BO3MOKHO, TONBKO ecli COS't +sin“t =1 u sin"?t =1 ogHOBpEMEHHO. DTO BO3MOXKHO
TOJBKO mpH Sint=1.

T

VuuteiBasg, uto 0 <t < >

,t:%. Torma Xx=0.

Pexomengauuu no npoBepke.
[TpuBenen orBer X =0, HO HE TOKA3aHO, YTO APYTHX KOpHEH HET — O GayIoB.

3. M3BecTHO, 4TO HA MAXMaTHOW JTOCKE MOXHO PAacCTaBUTh 8§ JIaJiei TaK, 9TOOBI OHU HE OMIIN PyT
npyra. HIkonsHuky lleTe He HpaBUTCS MaXMaTHAs packpacka JOCKH, M OH pacKpacwil 10CKy B 32
L[BETA, TaK YTO KJIETOK Ka)kJI0T0 LIBETa pOBHO JiBe. CMOXKET JIM OH TENEeph PACCTaBUTH 8 J1aJieH Tak,
9YTOOBI OHM HE OWJIM APYT Apyra U CTOSUIM Ha KJIETKaX pa3Horo Lsera?

Otget: /la.

Pemenue.

3ameTuM, 4TO 00IIIee YMCIIO CITOCOO0B pacCTaBUTh § JiaJiel Ha JOCKE Tak, YTOObl OHW HE OWin
npyr apyra pasao 8:7:6-5-4-3-2-1=8! (ga neppoii BepTukanu 8 cioco6aMu, Ha BTOPOi 7 ¥ T.11.)
Teneps, mojacurTaeM KOJUYECTBO CIIOCOOOB pPacCTaHOBKM 8 Jajfiell Tak, 4TOOBI KaKUE-TO JBE
JaJb¥U CTOSUIA Ha KJIETKaX OJHOTO I[BETA: Mapy JiaJeh CTOSIIMX Ha KJIETKaX OJHOTO I[BETa MOKHO
pacctaBuTh He Oosee uem 32 cocodaMu (MX MOKET OBITh MEHBIIIE, TaK KaK €CJIH KJICTKH OJHOTO
[IBETa CTOSIT HA OJIHOM TOPU3OHTAIM WJIM BEPTUKAIH, TO MBI JIAJbU MOCTABUTH TyAa HE MOXKEM).
OcranpHble 6 Nagell MOXHO paccTaBUTh 6! cmocoOamu. 3HAUUT OOIIEe YHUCIO CIOCOOOB
PAcCTaHOBKH B 3TOM cinydae K <32-6!

[IpemonokumM, 4To eMy He yaacTcs 3TOo ciedaTh. JTo o3HadaeT, uto K=8' | no Torma

32:6128l<=3228-7 T[oyyaem npotusopeune.

Pexomengauuu no npoBepke.

HaiineHo ToMbKO KOJIMYECTBO CITOCOO0OB PACCTAaHOBKH 8 Jajeil Ha IMIaXMaTHON JOCKE, YTOOBI OHH
He OwH JIpyr Apyra: 2 6ana.

Haiinena oreHka Ha KOJJMYECTBO PACCTAHOBOK & J1aJiel Tak, 4YTOOBI KaKHE-TO JIBE JIaJbU CTOSIIN HA
KJISTKax OJHOro IBeTa: 4 Oasia.

3amaya B 11E€JIOM pelieHa, HO HE YYUTHIBACTCS, YTO €CJIM KJIETKHU OJHOTO IIBETa CTOAT HA OJHOU
TOPU30HTAIIN WJIM BEPTHKAIIN, TO MBI JIQ/IbH TTIOCTABHUTH Ty/1a HE MOXKEM: He OoJiee 6 OalioB.

4. HaiinuTe Bce TPOMKH HATYpaJbHBIX YKCET X, Y U Z Takux, 4to (X +1)(y +1)(z +1) = 3xyz.

OtBer: (x,Y,2)€{(223),(232,(322),(514),5:41),(415),(45), (L45),154)8.13),(831),(318),(381),(138),(18.3)}
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H.®. Banees, A.M. Ecbumos

Pemenne. [TockonbKy JieBasi 4acTh ypaBHEHHUs JCTUTCSA Ha 3, TO , HE OrPaHUYMBAs OOIIHOCTH,
nookuM X=3K-1, tae K € N, ¥ HOIyYnM CIIEAYIOIIYIO OIIEHKY:

3k(y+1)(z+1) =3(3k —1)yz > 3(3k —k)yz wimm (y +1)(z+1) > 2yz. Jlanee umeem
yz+y+z+1>2yz S VY+z+l>2yz1< 2>(y-1)(z-1). Tlocmennee  HEPaBEHCTBO
BBIMOJIHAETCS He3aBUCUMO OT X=3K-1 U CHMMETPUYHO OTHOCUTEIILHO IEPEMEHHBIX Y U Z.
OTHOCHUTEHHO NMEPEMEHHOM Y paCCMOTPHUM 2 CTydas.

1) ITycte y-1>0 , Torma u3 2 > (y —1)(z —1) BeiTekaeT, uto b0 z=3 uy=2 (z=2 nuy=3), mbo
z=y=2 . Eciu z=3 u y=2 (z=2 u y=3 ) toraa X=2. Y4uTHIBas CUMMETPUYHOCTH HCXOTHOI'O
ypaBHEHUS OTHOCHUTEIEHO MePECTaHOBKU MIEPEMEHHBIX, MOyYUM
(x,Y,2) €{(2.2,3),(23,2),(32,2)}

2) Ilyctp Temepp Yy=1, torma w3 ypaBHeHus 3K(y+1)(z+1)=3Bk-1)yz mnonyuum
2k(z+1) =Bk -1z wmm z = k2_k1 =2+ %‘ [Tocnennee ypaBHEeHHE B HaTypajbHBIX YHCIIAX
UMeeT CIENyIOIINe  PEHICHUS k=2, z=4 u k=3 , z=3
(x,,2) € {(5:14),(5,41), (415), (45), (L45), (15,4), (813), 8:31),(318). (381), (L38), (183)}

5. Jlana TpeyrosibHas mpu3Ma ¢ paBHOCTOPOHHUM OCHOBaHMEM M. bokoBbie peGpa paBHBI CTOPOHE
ocHoBaHusl. O/1Ha U3 BEPIINH yAaJIeHa OT BEPILIWH OCHOBAaHUS Ha OJIMHAKOBBIE paccTosHus. Haltu
HauOOIbIINN paguyc chepbl MOMECTUBILICHCS BHYTPU MPU3MBI.

V3-1 _ V6-v2
(Z-ﬁ)m_ am

OtBeT: 17 =

Pemenue.

ITycTe BepmmHa A, paBHOyaieHa OT BepiunH TpeyronbHuka 4, B, C. Torna A{ABC — teTpasip y
KOTOpPOTo BbIcOTa paBHa A0 = \/2_/3m, A amodema BM = MC = V3 /2m. Haiinem paamyc
mapa kacaromierocs tpex miockocreii: ABB;, ACC;, BCB; Ecnu npoBecT ceueHue 4epe3 LEeHTP
TaKOTO [1apa MepreHIUKYIIPHOTO BHIIEYKa3aHHBIM IJIOCKOCTSIM, TO B CEU€HUHU OyI€T BIIUCAHHAS
OKPYXHOCTb PaBHOOEIPEHHOT0 TPeyrojbHUKa. be3 morepu OOIIHOCTH 3a TaKOW TPEyrojIbHHUK
MOXHO B3t BMC (BMC L AA;) co croponamu BM = MC =+/3/2m u BC = m. Haiinem
paanyc BOUCAHHOM cdepbl, T.€. paAlyC BIIMCAHHONW OKPYHOCTH.

1
SCMB:PCMB'TZE'BC'MP- ¢
r=3-1/(2-V2)m.

Paccrogne  Mexy — IIOCKOCTSMU 1

OCHOBaHUH IIPU3MBI A0 > 2r.
JlefcTBUTENBHO,

J273m > (V3= 1)/(2-V2)m = 2/ A

3> 2(4 — 2V/3)/4 © 27 > 16. "

[ToaToMy HauOoNBIIMIA paguyc IIapa, ¢

KOTOPBI IOMECTHTHCS B PU3MY OYyIEeT

paBeH p

= V-1 _ V62 A
(2v2)m am

©)

14



Bcepoccuinckasa onumnuaga LWKoJbHMKOB no matematuke 2015/2016. 3agaym 11 knacc

Hypmyxamer @yarosuu Banees,
HNucturyt matematuku ¢ BI] YHI] PAH,
yi1. YepHbleBckoro, 112,

450008, r. Ya, Poccus

E-mail: valeevnf@mail.ru

Anppeii Muxaiinosuu E¢umos,

bamkupcknii rocy1apCTBEHHBIN YHUBEPCUTET,
yi. 3aku Banunu, 32,

450074, r. Ya, Poccus

E-mail: andreyefimov67@yandex.ru
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