MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 1-1 (Yeaabunck)

CymMma 6ecKOHEdIHO yOBIBAIOIIEH TeoMeTprmduecKkoil mporpeccun by, ba, b3, ...
pasra 60, cymma KBaJpaToB 4jeHOB 31O mporpeccun pasua 1200. Haitnure
CyMMY HOBOI1 6€CKOHEYHO yOBIBaIOIell reoMeTpUIecKOil MpOrpeccuu, y KOTO-
poit miepBbIil WiieH paBeH by, a 3HaMEHATE/ b OTJIMIAETCS OT 3HAMEHATE IS UC-
XOZHOI reoMeTpUYeCcKOil MIporpecCuu TOJAbKO 3HAKOM.

Permmmire nepaBeHncTBO

(log5 x)10g3 logy + (10g2 :L,)log3 logy x > 9.

B tpeyronsanke ABC 6uccekrpuckt AA1, BB nepecekaiorcs B Touke O. M3-
BecTHO, uTO 2+ AO = 7-0OA;, BO = 2 - OB;. Haiigure OoTHOIIEHHE BLICOTHI,
onyImeHHoi n3 Toukn A, K paamycy Bnmcanuoit B Tpeyronbauk ABC okpyx-
HOCTH.

Saganbr 2014 warypaabubix duces. Eciau BoiOpars u3 Hux jiobdbeie 100 gucer,
TO CPEIM HUX OKAXKETCS XOTs ObI OJHO UéTHOEe dmcjo. Kcanm BeIOpaTh M3 HUX
qo6wre 1916 gmcest, TO cpean HUX OKAYKETCsT XOTS OBl OHO HEUETHOE UMCIIO.
MozkeT i cymma Bcex 3tux unces paaatrhea 2014 - 20137 OTser obocHyiiTe.

Haiiure Bce 3HaUYeHUS @, IPpU KOTOPBIX PACCTOSTHUE MEXKJIY JIFOOBIMU COCEJI-
HUMW KOPHAMU YPABHEHUS

3tga- cos 2z + 3v/2 cos 3a - cosx +3tga —ctga =0,
MeHbIIe Jin6o pasHO /2.
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MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanm 1-2 (Yeanbuncrk)

CymMma 6eckoHedIHO yOBIBAIOIIEH TeoMeTprudueckoii mporpeccun by, b, b3, ...
pasua 70, cymMa KBaJpaToB 4jieHOB 310l mporpeccun pasua 2100. Haiinure
CyMMY HOBOI 6ECKOHEYHO yOBIBAIOINEll reOMeTPUIecKOil MPOrpeccun, y KOTO-
poii mepebiit wien pasen (—bp), a 3HAMEHATENH OTJMYALTCS OT 3HAMEHATE IS
HICXOHOM IMeOMeTPUYICCKON IIPOIPECCUU TOJIBKO 3HAKOM.

Permmre mepaBeHCTBO

(10g7 :E)logg, logy x + (10g2 x)logg, log, x > 9.
B rTpeyronmpamke ABC 6uccektpucet AA;, BB mepecekaorca B Touke O.
Wspectno, uro 4 - AO = 7-0Ay, 2- BO = 9 - OB;. Haiimure orHOIIEHNE
BBICOTHI, OTYIIEHHO 13 TOYkN A, K pagauycy BImuCanHoi# B Tpeyronsauk ABC

OKPY2KHOCTH.

SBaganbl 2014 varypanbubix yucen. Kciau Beibpars 3 nux Jjwobbie 100 qucer,
TO CPEIM HUX OKaXKeTCd XOTd Obl 0fHO uérHOoe umncsao. Ecan BeIOpaTh M3 HUX
i00ws1e 1916 umcesn, To cpeanm HUX OKayKeTCsT XOTs ObI OJHO HEUYETHOE UHCIIO.
MozkeT s cymMma, Bcex 3Tux unces paBHAThCs 2015 - 20147 OTBer obocHyliTe.

Haiiure Bce 3HaueHus a, Mpu KOTOPBIX PACCTOSTHUE MEXKIY JFOOBIMU COCEJI-
HUMU KOPHSAMU yPaBHEHUSA

3tga-c052x+3\f200s3a-cos1:+3tga—ctga: 0,
MeHbIIe Jinbo pasHO /2.
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Pewenua eapuarnma 1-2

1. Pewenue. VI3 dpopmys cyMMBbI T€OMETPUYIEKOH MTPOTrPECHN W3BECTHO

b
L =60,
L—q
b2
L = 1200.
I—gq
PaznenmnB BTOpOE ypaBHeHUWe HA TEPBOE TMOJTYIUM #lq = 20, uTo gBaseTcsS

OTBETOM.

Bameuanue. MoxHo 6b110 061 HaliTe 1 by = 30, ¢ = 1/2.

Orser: 20 (Bapuant 1-2: —30). O

. Pewenue. O.]1.3. qannoro nepapercTsa x > 1. Ha obiacTu JOMyCTUMBIX 3Ha-
YeHUH PABHOCUILHEI IePEeXOIb:

log, ©)\881085% > 1 «—s
logyx — 1) - logg logs z > 0 <~
—2)-(logsz—1) >0 <=
—2)-(x—5)>0.

Orser: z € (1;2) U (5;+00) (Bapuant 1-2: x € (1;2) U (7;4+00)). O
. Pewenue. Vcnonan3ysi, OCHOBHOE CBOICTBO GUCCEKTPHUCHI HAXOIMM:

AB :BC : AC =4:2:3.

Otkyma
he 2S8/a 2p 243+4 9
r S/p  a 2 2
Orser: 9/2 (Bapuant 1-2: 11/4). O

. Pewenue. N3 ycinoBus ciemyer, 9T0 JE€THBIX 4duces HE MeHbIe, dem 1915, a
HeYETHBIX unces He MenbIre, deM 99. [losromy uérubix uncen 1915, neqéTHbIX
qncesn 99, ux cymma — HedérHOE umcyio U oHO He paBuo 2014 - 2013.

OrBer: Her. O

5. Pewewnue. YpaBHeHUE BUIA

22 f(a) + V2tg(a) + h(a) = 0.

YeI0Bre 03HAYAET, YTO PelleHnst JO0IKHbL ObITh +1/ V2. TlosTomy

{f(a) +g(a) +h(@) =0, {g(a) 0,
0, f(a) + h(a) = 0.

T.e. ncxogHoe ypaBHeHne PaABHOCHIBLHO
cos 3a = 0,
3tga = ctga.

Orser: a = +7/6 4+ mn, n € Z.



MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 2-1 (Ya)
. PemmTe HepaBeHCTBO

VI —z-]2? — 1| < V9 — - |2? — 10z + 13|

. JBa 6para poauinch B OJUH JIeHb, HO B pa3Hble 1obl. OKazasoch, uro B 2014
oy KaXKJ0My W3 HUX HUCIOJHUIOCH CTOJIBKO JIET, KaKOBa CymMMma Iudp ero
rojia poxjenus. Oupeaenure roj poxKIEHUT KaxK/I0T0 U3 OpaThes.

. Perrmre ypasuenne

6cos 9z - cos2x = 1 + 3cos 11z + 2 cos® 7x.

. B mpeyroawnoit tupamune SABC pébpa SA, SB, SC ne gnvunee, yem 3, 4 n
5, cooTBeTCTBEHHO, a miomaau rpaneit SAB, SAC, SBC ue menbIne, uem 6,
15/2 u 10, coorsercrBenno. Haiiynre 06bém nupavuasr SABC.

. Haitaure BCce 3HaUeHMS @, TPU KaXKI0M W3 KOTOPBIX CHCTEMA

y—a’?+5(a—1)=(a®—5a+6)(z—3)5+/(z - 3)2,
22 +9y? =2(3z — 4)

nMeeT POBHO OJHO PEIlTeHune.
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MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanwm 2-2 (Ya)

. Pemmre HepaBeHCTBO

VT —z- |22 =3 < VT -z |2 — 142 + 27].

. JlBa 6para poauinuch B OJWH [I€Hb, HO B pa3Hble rogbl. OKazaaock, uro B 2014

oy KaXKJ0My W3 HUX HUCIOJHUJIOCH CTOJIBKO JIET, KAKOBA CymMMa mudp ero
roma poxkgennd. OmpemennTe IO POXKICHIA KaXKI0TO U3 OpaThes.

. Permmre ypasrenne

6cos9z - cos2x = 1 + 3cos 11z + 2 cos® 7.

. B rpeyrommnoit rupamuae SABC pébpa SA, SB, SC ne nannnee, uem 3, 4 n

5, cooTBeTCTBEHHO, a momaan rpaneit SAB, SAC, SBC ue menbine, uem 6,
15/2 u 10, coorsercrenno. Haiimure 06bém nupamugsr SABC.

. Haitgure BCe 3HaUeHns a, MPU KaXKJIOM U3 KOTOPBIX CHCTEMA

y—a?+5(a—1)=(a®—5a+6)(z—5)0+/(z - 5)2,
22 +y? = 2(5x — 12)

nMeeT pOBHO OJHO perieHune.

Mmapm 2014 e.



Pewenusa

1. Pewenue. HepaBeHCTBO paBHOCHIBLHO

(|22 =10z 4+ 13| — |22 = 1]) > 0 =

(2?2 =10z +13 -2+ 1)(2® — 1024+ 13+ 22— 1) > 0 =
(=5x + 7)(2? — bz +6) > 0 ==
(x="T7/5)(x —2)(xz —3) <0.

OrBer: (—00;7/5] U [2;3] U {9} (Bapmant 2-2: (—o0;15/7) U [3;4] U{7}). O

. Pewenue. Ecnu xakoii-to u3 6parbeB poguscd B 19zy rojy, TO MO yCI0BUIO
nosnyuaeM ypasaerue 1900+ 10x+y+ (1+9+x+y) = 2014 < 11z +2y = 104.
[Mockombky = m y — 1udpsl, TO PEIeHne TOr0 ypPaBHEHUS €IUHCTBEHHOE:
r=38,y=2_~8.

Ecnm ke xT0o-TO M3 O6parneB poamicd B 20y 1oy, TO aHAJOTUYHO MOIyIAEM

ypaBHenne 11x 4 2y = 12, orkyma =0, y = 6.

Otset: 1988 u 2006. O
. Pewenue. Pemaem ypaBuenue Buja
6 cosazx - cos fz = 1 + 3cos(a + )z + 2cos®(a — B)z.

U3 pasencrsa 2 cos ax - cos fxr = cos(a + )z + cos(a — )z noayvaem, 91o
HCXO/THOE YDAaBHEHNE PABHOCHILHO

2cos®(a — B)x — 3cos(a — Bz +1=0.

Cpenas 3ameny t = cos(a — )z, npuxomum K ypasmenuto 2t5 — 3t + 1 = 0,
KOTOpOe mveer Koperb ¢ = 1. Jlesenmem B cTo6HK Haxoauum 2t° — 3t + 1 =
(t—1)(2t? + 2t — 1). Orkysa nojaydaem KOpHU

-1+V3

hh=1, ta3= >
Kopenb t3 = =15 ‘[ > 1, a moTomy He moaxoaut. Takum obpazom
-1 3
cos(a — B)x =1 cos(a— p)x = —;\[
.. 21k | arccos((v/3—1)/2) 27l
Orser: v = =, v = +—— = + ==, k| € L. O

. Pewenue. ILnomans 60koBoii rpanun SAB, no ycaosuio, He menbie 6. C apy-

IOl CTOPOHBI, OHA PABHA

1 1

i-SA-SB-sinéASBg 5-3-4-1:6.
Cnenosarensno, SA =3, SB =4, sin ZASB =1, r.e. SA nepnenankyasipao
SB. Aunanoruano mosygaem, aro SC = 5 u SC nepnennukyaspuao SA u SB.
[Mosromy 06bEM nmpamuer pasen 1/6 -3 -4 -5 = 10.

Orser: 10. ]

. Pewenue. Bropoe ypasrenue npeobpasyercd K suy (x —3)? +y? = 1. ITosto-

My ecam napa auces (3 + to; yo) sIBAAETCS PENIEHneM CHCTEMbI, TO PENIeHUEM
Oyaer u mapa (3 — to;yo). 3HAUNT, €IMHCTBEHHBIM PEIIEHUEeM MOMKET SBJIATh-
cst wm (3;1), wim (3; —1). [lepsas nmapa sBasierca pemenuem npu a = 1 uan
a = 4, Bropag — npu @ = 2 ugu @ = 3. llpu a = 1 wim a = 4 cucrema
[PUBOUTCS K BUJLY

y—1=2(x—3)°5+|z -3,

(x—3)2+y2=1
1 uMeer poBHO oHO pernenue (3; 1), Tak Kak npu & # 3 U3 1€pPBOro ypaBHEHUs
caenyer y > 1, aro meBo3moxuo. Ipn a = 2 nwin a = 3 cucrema mpUHUAMET
BUJI

(z—3)2+y*=1.

Orkysa vaxogum rpu perenust: (3; —1), (4;0), (2;0).

Orser: 1 u 4 (B BapuanTe 2-2 OTBeT Takoii xKe). O



MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 31 (Bopomnesic)
Haiiiure Bce mapsl HATYPATBHBIX YHCET X, Y, YIOBIETBOPSIONIAE YDABHEHNIO

3zy — y + 3z = 1008.

B Tpeyronbauke ABC croponsl AB u BC coorBercrBeHHO paBHBI 3 1 1. Buc-
cekrpuca BD pasna /2. Haiipure yron BAC.

1
OO61muit Bec pIOK3aKOB JBYX TYPUCTOB 33 BPEMs IOX0/1a, YMEHbBIIHIICI Ha 125%.

[Tpu 5T0M Bec proK3aka 11€pBOro TypucTa ymeHnbiuuicd Ha 15%, a Bec prokzaka
Broporo — Ha 10%. 3BecTHO TakzKe, 9TO B KOHIE IIOXO0/a PIOK3aK BTOPOIO
TypucTa Becws Ha 1,2 KT OOJIBINE, YeM PIOK3aK TEepPBOTO TYPUCTA B Hadae
moxoja. Onpenennre MEPBOHAYAIBHBIN BEC PIOK3AKOB KaXKJI0T0 U3 TYPHUCTOR.

Pemure nepaBencTBo

0Z 4 s > .
g4323 2

,H.HH KazKJI0r'o 3HQYEHUA (4 PEIINTe YypaBHEHNE

2

4 — sin® z + cos4x + cos 2z + 2 sin 3z sin Tx — cos® Tx — cos® wa = 0.
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MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanwm 3-2 (Bopowneoic)

1. Haiinwre BCe maphl HATYPAIBLHBIX YHCEN T, Y, VAOBIETBOPAIONINE YPABHEHTIO

oxy +y — bxr = 1038.

2. B rpeyronbauke ABC cropount AB u BC coorsercrsenHo pasubl 4 u 1. Buc-

cekrpuca BD pasna /2. Haiigure yron ACB.

1
3. OO6ruit Bec proK3aKOB /IByX TYPUCTOB 32 BpEMs [TOX0/a yMEHBIITU/ICT Ha 125%.

[Tpu 3TOM Bec proK3aka 1epBoro TypucTa yMeHbiuicda Ha 15%, a Bec prokzaka
Broporo — Ha 10%. V3BecTHO Tak:Ke, 94TO B KOHIE ITOXO0/a PIOK3aK BTOPOIO
TypHCTa BeCWJI Ha 1,2 KT OOJIbINE, YeM PIOK3aK MEepPBOTO TYPHUCTa B Hadase
moxoza. Onpegennre IepBOHAYAIBHBIN BEC PIOK3AKOB KaXK0r0 U3 TYPUCTOR.

4. PemmTe HEpaBEeHCTBO

]. rar-e—— -
04 o >
g432 3 2

5. s KaxKI0ro 3HAYEHUS @ PEINTE yPaBHEHWE

3 + cos® z + cosdx + cos 2z + 2sin 3z sin Tx — cos® Tx — cos® wa = 0.

mapm 201} e.



Pewenusa

1. Pewenue. Vcxomnoe ypasuenne pasaocunbno (3x — 1)(y + 1) = 1007. Ocra-

ercs 3aMeruThb, 910 1007 = 19 - 53, u mepedbopoM MeNbIX JeIUTeell PeIInTh
ypaBHEHHE.
OrBer: z = 18, y = 18 (B Bapuanrte 3-2: x = 12, y = 18). O

. Pewenue. N3 ocrosHOro cBOVicTRBA GuccekTpuchl Buitekaer AD : DC = 3 : 1.
IIycte DC =z, AD = 3x. CupasenjinBo

D?=AB-BC — AD - DC.

Otkyma 2 = 3(1 — 22) u = 1//3. I3 Teopembl KOCHHYCOB B TPEyTOJIbHEKE

ABD, naxoaum
2 =9(1 + 2?) — 18z cos ZBAC.

Crenosarensuo cos ZBAC = 5/(3v/3).

Orser: arccos —= (B Bapuanre 3-2: arccos(——=)). O

3V3 2V2

. Pewenue. Ilycts Bec prox3aka mepBOro TYPUCTA T W BTOPOrO — Y B HAYAJIE
TOXO/Ia. YCJIOBUE PABHOCUJIBLHO CUCTEME

{ Tty = (@) 5

OtrBer: 42 xr u 48 Kr. OJ

. Pewenue. O.J1.3. nannoro vepasencrsa x € (—2; —1)U(—1; —1/3)uU(0; 1)U(1; 2).

Ha O./.3. cupaseyiuBo

(57) (s -va) 2o
g

1—x2 8 — 390—11:E S0 e
Bz +1)2—2)2+z)) ~

(1—90)(1 +2)2( 11)(:[;—8/11)
3z +1)(2—z)(2+x)

= 0.

[Tocnenmee HepaBeHCTBO peliaeM MeToI0M nHTepBaJjoM u mepecekaem ¢ O./1.3.

1 8
Orser: (—2;—1)U (—1;—=) U (0;

3 11] (1;2). O

. Pewenue. Vcxommnoe ypaBHeHTE PABHOCUIHHO

2

(sin 7z + sin 3z)? + (cos 3z 4 cosz)? + sin® ra = 0.

Orser: llpu a € Z, x = n/4 + wk/2, k € Z, npu apyrux a pemennii ver. [



MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 4—1 (Yeboxcapol)

Jlama 6ecKoHeYHAas YNUCI0BAS IOCJIEI0BATEILHOCTD G1, A2, .., O KOTOPOI M3-
BecTHO cieayromiee: a1 = 20; Gnt1 = Ay - any2, 1 € N. Halinure Bce 3nagenus,

KOTOPbIe MOYKET TPUHUMATD (2014-

Tpeyrompauk ABC' Bhnmcan B OKPYKHOCTH C IeHTpoM B Touke O. Buccek-
TPHUCHI BHYTPEHHUX YIJIOB TPEyroJbHuKa npu sepmmuax A u B nepecekaior
OTMCAHHYI0O OKPYKHOCTh B TOYKax Ai m B] COOTBETCTBEHHO. YTOJI MEXKIY
buccektpucamu pasen 60°. Iauwra cropoust AB pasua 3. Haiianre miomain
Tpeyroasauka A1 B 0.

Haiiiure Bce 3HaveHust mnapaMerpa a, Ipu KazKI0M U3 KOTOPBIX CPeIu Perenmit
YPaBHEHUS

(a* — 20144 + 2014a? — 2014a + 2013)z = a® + 5a% + 2a — 8
€CTb HEOTPHUIaTE/JIbHbIE THCJIA.

Pemmre ypaBHeHuE

cosdr +cosr 1+ cosdx

cos4x + cos2x cosx

Ha ocnoBanum mpgamMoro KpyroBoro KOHYCa PACIIOIOXKEHBI TPU MOTAPHO Kaca-
IOIUXCS APYT JAPYyra mapa OJNHAKOBOrO pajmyca. Kark/ bt m3 HUX KaCaeTCs
TakKe ODOKOBOII TIOBEPXHOCTH KOHYycCa. UeTBepThIl Iap TOTrO Ke pajuyca Ka-
CaeTCd MEPBBIX TPeX u DOKOBOI MOBEPXHOCTU KOHYyca. Haiiure o0bem KoHyCa,
eC/TH PAJINyC OKPYZKHOCTHU, 0OPA30BAHHONW TOYKAMHU KACAHUS UE€TBEPTHIM IIla-
poM GOKOBOH 110BEPXHOCTH KOHYCa, paBeH v/2.

mapm 2014 e.

MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

1.

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanm 4—-2 (Yeboxcapowi)

Jlama 6ecKoHeYHAS YUCI0BASA IMOCIEI0BATEJIHHOCTD 41, A2, ..., O KOTOPO 13-
BecTHO caeayromee: a1 = 40; ant+1 = ap - Gnt2, N € N. Haitnure Bce 3nadenus,

KOTOpPBbIe MOXKeT TPUHUMATDL d2014.

Tpeyronpauk ABC' Bnmcad B OKPYXKHOCTb C IeHTpoM B Touke O. Buccex-
TPUCHI BHYTPEHHUX YIJIOB TPEYroJbHUKA npu BepmuHax A u B nepecekaior
OTMCAHHYIO OKPYXKHOCTH B ToukaxX Aj; m Bl COOTBETCTBEHHO. YTOJ MEXIY
buccekTpucamu paser 60°. Tnuua cropousl AB pasua 3. Haiinnre mioman
rpeyronpauka A1 B10.

Haiinure BCe 3HaUEHMS TAPAMETPa @, IPU KAXKJIOM U3 KOTOPBIX CPEU PereHunit
YPaBHEHUSA

(a* 4 201403 + 2014a® + 2014a 4 2013)z = a® + 3a® — 6a — 8
€CTh HEeOTpHUIlaTE/JIbHbIE THCJIa.

Pemmre ypaBueHnne

cosdr +coswr 1+ cosdx

cos4x + cos2x CoS T

Ha ocroBanmm mpgaMoro KpyroBoro KOHYCa PACIOJIOXKEHBI TPU MOTAPHO Kaca-
IOIUXCA APYT JApyra Imapa OJWHAKOBOrO pajamyca. Karkapiii m3 HUX KaCaeTCs
TakKe OOKOBOI TOBEPXHOCTH KOHYyca. UeTBepThIil 1mIap TOTO Ke PaJnyca Ka-
caeTcd MEPBBIX TpeX u OOKOBO# moBepxHOCTH KOHYyca. Haiianre obbem KoHYyCA,
€CJIU PAJUYC OKPYKHOCTHU, 0Dpa30BaAHHONW TOYKAMHU KACAHUS UE€TBEPTHIM IIa-
pOM GOKOBOH 110BEPXHOCTH KOHYCA, paBeH v/ 2.

mapm 201} e.



Pewenusa

1. Pewenue. Ilycts a2 = 0. Torga mocseoBaTe/ ibHOCTh COCTOUT TOJIBKO U3 HY-

Jeit, T.e. ag = a3 = -+ = ap = --- = 0. Caegoarenvuo, azgi4s = 0. Ilycts
az # 0. Tlomoxum a; = x, ag = Yy, TOTAA TOCIEIOBATEILHOCTL OYIET UMETh
Bug: ©, Yy, y/x, 1)z, 1/y, x/y, ,y, ..., TO ecTh OyeT NePUOANIECKOil ¢ mepu-

omom 6. Tak xak 2014 = 6 - 335 + 4, 10 agp14 = a4 = 1/x = 1/20.

Orser: 0, 1/20 (B Bapuante 4-2: 0, 1/40). O

. Pewenue. Yrom mexay OuccekTpucamu pasen yriy mnpu Bepmmme C, LC =
60°. Touku Ay m By sexkar Ha MEPNEHAMKYIAPAX K CTOPOHAM TPEYTONbHUKA,
OTYIIEeHHBIM U3 TOUKEN () — [MEeHTPa OMMCAHHOM OKpy:KHOCTH. OTCIOA CIIEYET,
gro yroa ZA10B; = 120°. Paguyc OKpyzKHOCTH MOYKHO HAWTH 110 TeOpeme
cunycoB R = ﬁ = /3. Torza mwioma/ b HCKOMOIO TPEYrOJbHIKA PABHA

S = 0,5v3v/3sin 120° = 3V3

e

3v3
OrBerT: 21[ O

. Pewenue. Ucxomnoe ypaBHeHNE PABHOCUIBHO

(a®> +1)(a —1)(a —2013)z = (a — 1)(a + 2)(a + 4).

OrBer: [—4; —2]U{1}U(2013; +00) (B Bapuanre 4-2: (—2013; —4|U{—1}U[2; +00)).

O]

. Pewenue. Tlockombky cos4dx—+cos 2z = 2 cos 3z cos x, To O./1.3 gannoro ypas-
uernust cos3x # 0, cosx # 0. ITockosbKy cosbx + cosz = 2cos 3x cos 2x, To
HUCXO/IHOE yPaBHEHUEe PABHOCUJIBHO

1 + cosdx — cos2x

COS T

Otkyma cos2x = 0 m cos2x = 1/2, re. x = w/d +7k/2, k € Z nux =
+7/6 + 7m, m € Z. Yunreisass O./1.3 aHHOr0 ypaBHEHUs [OJy4a€M OTBET.

Orser: ¢ = /4 + 7k/2, k € Z. O

5. Pewenue. llenTpnl mmapoB o0pa3yoT IPABUIbHBIA TeTPasap. Yo o MEXIy

BbICOTOI 1 DOKOBbIM PEOPOM PACCUHUTAECTCH U COBLAJAET C YIVIOM MEXK/Ly BbICO-
Toit n obpasyroeil KoHyca, a TaK»Ke C yIJIOM MeXK/1y PajruyCcoM YIOMsiHyTO# B
YCJIOBAW OKPYZKHOCTH W PAJUyCOM 4-T0 Iapa, TPOBeJeHHBIMHI B OJHY TOUKY.
) . V3 V6
1) Ilycrs oo — ykaszamusiit yroa. Torga sina = R cos o = 5
2) Ilycrs r — pagmyc OKpYZKHOCTH B IJIOCKOCTH KACaHUsI KOHYCA UeTBEPTHIM
LIaPOM.
r

3) O6pasyromas | cobupaercss u3 KyCO4KOB. L] = — (orT BepHIMHBI KOHYCA
sin «v
JI0 TOYKK KaCaHUsi KOHYCa Y€TBEPTBIM IIAPOM).
x2 = 2R, rme R — pajauycsl mapoB (pacCTOgHIe MKy JByMs TOUYKAMIE
KaCaHWsl — HUKHErO0 W BEPXHEro MIapoB COOTBETCTBEHHO). R = —— Te.
COS (¢
2r

o = .

cos

R

T3 = ——————, 9TO ¢ y4eToM (HopMyJbl Ji1d R mpupeso MeHda K r3 =

tg(m/4 —a/2)

r

1 —sina’

I3 — PaCCTOAHHE OT OCHOBaHHA KOHYCa O TOYKH KaCaHHdA HHUZKHETO IIapa.

3
I/ITOFOZZ$1+£E2—|—ZE3:7{(3—|—2\/§—|—\/§>.

4) Obbem komyca V = g(l sina)? - (I cos ). Tloce Beex MOACTAHOBOK M YTIPO-
meHnit moaygaem V = %(3 +2v/2 +/3)3.

™ 3
Orser: 5 (3 +v3+ 2\/5) O



MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 5-1 (Capamos)
Pemnre ypasuenue cos(1lz + 7w/4) = sin(17x + 7 /4).

Typuctuyecknit aBrodyc, Bmeratomuii He 6ojee 50 Yeg0BeK, IPUBE3 T'PYIIILY
MIKOJIbHUKOB 10ocjie dkckypcun B kade. Ilkompuuku paccesuch B Kade Tax,
9TO 32 HECKOJBKUMH CTOIAMU OKA3aJI0Ch 10 TPU AEBOYKU U OJHOMY MAaJIBIN-
KY, 3& JPyTUMU HECKO/JIbKUMU CTOJIAMHU 110 JIBa MAJIBIUKA U 10 OHON JI€BOYKE
¥ eme 3a OJHUM CTOJIOM OKA3a/JWCh OJHA JAEeBOYKA W OIWH Maabink. Kakoe
MaKCAMAaJbHOE KOJMIECTBO MIKOJBHUKOB MOTJIO OBITh HA SKCKYPCUU, €CJIU U3-
BECTHO, YTO JIEBOYEK B TPYIIIE B MOITOPa pasa 00JIbIle, YeM MATbIUKOB?

B uerwipexyronmpank ABC D Bnucana okpy»KHOCTH € meatpom O, npm 3ToMm
LAOB = 75°, AB = 3. Haiigure miomaap Kpyra, OrpaHAIeHHOrO OMHUCAH-

HO¥ BOKpyT Tpeyronbuuka ABE okpyxXHOCTBIO, Tje F — Touka nepecedenus
npsameix AD u BC.

Haiiinre BCce 3HAYEHUAX @, TPU KOTOPHIX yPABHEHUE

2z x
2 2
e ~ 11 7 -9 =
log2(1 2)—1—2((1 )og2<1 2)+a a—2=0

nMeeT perneHmne.

B npasniabaom terpasape ABC D npoBeseHo cedenne Tak, 9T0 OHO TMPOXOIUT
qepe3 Toukn K, L, M, nexamme una pebpax DC, DB, DA coOTBeTCTBEHHO.
IIpwm stom DK : KC =1:3, DL : LB =2:1, DM : MA =1 : 1. Haiigure
yTOJ MeKIy maockocTamu rpaaun ABC u MOCTPOEHHOTO CeYeHus .

Mmapm 2014 e.

MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanwm 5-2 (Capamos)

Pemnre ypasuenue sin(14x + w/4) = cos(20x + w/4).

Typuctuueckuit aBrobyc, Bmeriatoiuit ne 6ojee 50 Ue0BeK, TPUBE3 IPYIIILY
IKOJIbHUKOB T10c/ie 9kcKypcun B kKade. [lkosmpauku paccenucs B Kade Tax,
YTO 32 HECKOJBKIMH CTOJIAME OKA3aJI0Ch IO TPU JA€BOYKU U OJTHOMY MAaJIbIN-
KY, 33 JAPYIUMH HECKOJIbKAMU CTOJIAMHU 110 IBa MAJIBYUKA U 0 OJHON JI€BOYKE
U ele 3a OJHUM CTOJIOM OKAa3aJnCh OJHA JAEBOYKA W OJWH Maabdnk. Kakoe
MaKCUMAaJIbHOE KOJMIECTBO IMTKOJBHUKOB MOTJIO OBITh HA 9KCKYPCUU, €CJIU U3-
BECTHO, 9TO JI€BOYEK B IPYIIE B MOJITOPA Pa3a O0JIbIe, 9eM MaJbInKOB?

B uerbipexyronmsauk ABC'D Bnmcana okpyKHOCTH ¢ nearpom O, mpu 3T0M
ZCOD = 105°, AB = 4. Haiigure mioma s Kpyra, OTPAaHTIEHHOTO OTMCAH-

HOM BOKpyT Tpeyrosbauka ABE okpyxuOCTBIO, rae F — Touka nepecedenns
upsameix AD u BC.

Haiinnre BCe 3HAUEHMAX @, TPU KOTOPHIX yPABHEHUE

2
log3 (1_:;2> +2(a — 1)logy (1—fa:2> +a*—a—2=0

nMeeT perrneHmne.

B npasmisrom Terpasape ABC D nposeneno cedenne Tak, 9TO OHO MPOXOINT
gepe3 Toukn K, L, M, nexamnme ua peopax DC, DB, DA cooTBETCTBEHHO.
IIpu stom DK : KC =1:3,DL:LB=2:1, DM : MA =1 : 1. Haiinure
YTOI MeXKy TaocKocTaMu Tpain ABC # MOCTPOEHHOTO CeYeHus.

Mmapm 2014 a.



Pewenusa

1. Pewenue. Ypasuenue pasaocunbno sin(m/4 — 11x) = sin(17x 4+ 7/4). Orky-

na smbo w/4 — 11z = 17 + /4 + 27k, k € Z, mbo ® — (7/4 — 11lz) =
172+ /4 4 2mn, n € Z.

Orser: 7k/14, /124 mn/3, k,n € Z (B Bapuaure 5-2: 7k/17, —7w/12+7n/3,
k,neZ). O

. Pewenue. HeBouek 6bu10 d = 3k + n + 1, a magpaukoB — m = k + 2n + 1.
Bnecs k u n — KoOaM4ecTBO 4-X U 3-X-MECTHBLIX CTOJIOB COOTBETCTBEHHO. Ilo
YCJIOBHIO 3a/1a4u 1OJIydaeM juneiinoe qunodantoBo ypasuenue: (3k +n+1) =
3/2(k +2n + 1) = 3k = 4n + 1 pemenne KOTOPOrO 3aNMCHIBAETCS B BU-
men = 3l+ 2 k = 4l 4+ 3. Torga obiee 9ucjo TypucTtoB pasuHo d + m =
3(414+3)+ (3l +2)+ (414 3) +2(3l +2) +1 = 25l +20. IIpu | = 1 monyuaaercs
OTBET.

OrBer: 45. O

. Pewenue. Cymma yrimop ABO u BAO pasua 105°, mosToMmy cyMMa YIJIOB
AB u BAD pagna 210°. Buauur, cymma yruos ABE u BAFE pagsna 150°, T
e. ZBEA = 30°. Ilo teopeme cumycoB R = AB/(2sin30°) = 3. IlosTomy

IO/ b KpyTra paBHa 9.

Orser: 97 (B Bapuante 5-2: 167). O

. Pewenue. Tlocie HEKOTOPBIX TpeoOpa30BaHUii IPUBEIEM ypPaBHEHNE K BUITY:

2z 2x
log? | —— | +2(a—1)1
Og2<1+$2> + (a’ )Og2<1+l‘2

Iemaem 3aMeHy HepeMeHHBIX t = logz( 2z

>+a2—3a20

142
t2 4+ 2(a — 1)t + a? — 3a = 0. Onupegenum obacts usmenenus t. B cuty Toro,
_ 2z
4T0 (DYHKIUS Y = 77 7 IPU HOJIOKHUTEILHOM & MEHSIETCS B IIPEJe/Iax OT HyJls
710 €JIMHULBL, HOJy9aeTcs, 9T0 ¢ Mensercs B npegenax t € (—oo, 0]. Torma
HCXO/HAA 33/1a9a MOKeT ObITh chOpMy/IHPOBaHA B TepMUHAX IepeMEHHON ¢

) U IPUXOAUM K ypaBHEHUIO

«HaiiTu  Bce 3HadYeHHs mapamMerpa @, [OpU  KOTOPBIX  ypaBHEHUE
t2 4+ 2(a — 1)t + a? — 3a = 0 umeer pemenus npu t € (—oo, 0]».

DTO BO3MOXKHO, €CIM KOPHHU PA3HOTO 3HAKa, WU XOTA Obl OJMH U3 KOpHEi
paBeH HyJII0, man 00a KOPHsT OTpHUIlaTe/bHBL. [lepBast m BTOpasi CuTyarun Omu-
ceBatoTcst yeaosuem a(a — 3) < 0, Tperbss — CUCTEMOl HEPABEHCTE:

(a—1)2—ala—3)=a+1>0,
1-a<0,
a(a —3) > 0.

Orser: a € [0; 00). O

. Pewenue. Ilpumem cropony Terpasapa 3a 12. Yroa OyaeMm mcKaTh depe3 KO-

CUHYC, KOTOPBIii paBeH OTHOINEHWIO MIomaan S, Tpeyroabuanka KyLiM; —
npoeknuu Tpeyroibanka K LM Ha TI0CKOCTH OCHOBaHWS, K IJIOIMAIN S9 ca-
moro Tpeyroabanka K LM — cedenns . [1momans mpoeknum S ompeesieTcs
HECJIOXKHO, TaK Kak Bepmwuabl K1, L1, M| — nmenar coorBercTBYyIOIUE Pa/Iu-
YCbI OIICAHHON OKDY’KHOCTH OCHOBaHHs (ILIOMAIb ocHoBamusa Sy = 364/3)
B TeX K€ OTHOIIEHWHAX KaK u coorBercrBylomme um Touku K, L, M nenar
OOKOBBIE CTOPOHBI TETPAS/IPA.

1 12 11 5 15v/3
51—3'*90(4 3*2'3*4'2>—245°—2

Cropownb! cedennst Oy1eM BBIUUCIATE 110 Teopeme Kocuuycos: KL =7, LM =
V52, MK = 3v/3. Teneps BLIYHCIUM TLIOMIATH cequHﬂ Kocunyc yma «, Je-

KL = in
JKaIlero HAIpOTUB CTOPOHBI paBeH cos o = F Torma sina = \/ﬁ s

156
Hnomam/l CEedeHMsT IOy IuM CJIeyrommii pesymbrar So = 0,5 - 3v/3v/5 Fvl?’

131.

Teneps mocsiegHee aeficTBIe:

s 53
cosy =gt = WiEik

OrBer: cosy = 57\/3 O
131



MockoBckuii rocy1apCTBeHHbIIT YHUBEPCUTET
umenu M. B. JIomonocosa

Onumnuada «Iloxopu Bopobwésv, 2opviy

Bapuanm 6—1 (Hprymcsx)

JIj11 HEKOTOPOTO HATYPAIBLHOIO k MeCATHYHAS 3aluch uncia k? + 6k 3akamam-
Baercya rudpoit 6. Haiiqure Bce 3nadenusi, KOTOPble MOXKET MPUHUMATE MIPE/I-
rocJieiHsst Tuppa SToi 3amuc.

Pemmre HepaBeHCTBO

B
|
e
Y
—_

1+

8=
|

Sh

Kocunyc octporo yriia npsiMoyroJbHOIO TPEYroJIbHUKA PAaBEH % Yepes ce-

pPeAuHBl OJHOTO KaTeTa W TUIOTEHY3bl MPOBEIN OKPYXKHOCTH, KaCaIOIIyIOCs
npyroro karera. Haiigure OTHOIIEHWE YACTH TUIIOTEHY3bI, JIEXKAIeil BHYTPHU
MIOJIYUYUBIIIET0Cd KPyra, KO BCeil TUIOTeHy3e.

Pemmre ypaBHenue

201 201
n? <023I> - cos? (2014z) - sin? <025:c> =1

Haiimre BCce 3HavUeHUs @, TPU KAXKJIOM U3 KOTOPBIX yPaBHEHUE

2
-1
= 2a cos <x>
2x

(z+1)?
2 x2+1 a? —

nMeeTr eIMHCTBEHHOE DEIICHUE.

mapm 2014 2.

MockoBckuii rocyjapCTBEHHbIN yHUBEPCUTET
nmenu M. B. JlomonocoBa

Onumnuada «Iloxopu Bopoboéev, zopoiy

Bapuanm 6-2 (Hprymcsx)

JIj191 HEKOTOPOTro HATYpaJbHOTO k necsaTudHas 3amuch uncia k? 4+ 2k — 8 3a-
karnauBaercs 1udpoit 6. Haiianre Bce 3HAMEHMST, KOTOPHIE MOXKET IPUHUMATH
[PEJIOC/Ie THsIsI Tppa STOH 3amucu.

Pemmre HEpaBeHCTBO
VI =
—\/5 >1.
1+ -

8=

Kocuryc octporo yriia OpsiMOyroJabHOTO TPEYIOJIbHUKA PaBEH % Yepes ce-

pPeAUHbl OHOTO KaTeTa U TUIOTEHY3bl IPOBEIN OKPYKHOCTH, KACAIOILYIOCST
npyroro karera. Haiiaure OTHOINEHME YaCTU THIOTEHY3BI, JIEXKAIEH BHYTPHU
MOJIYYUBIIErocd Kpyra, KO BCeil TUIIOTeHy3e.

Pemmre ypaBuenne

201 201
n? (0239:> - cos? (2014x) - sin® <025x> =1

Haiinure BCe 3HaUeHUs @, TIPU KAXKJOM U3 KOTOPBHIX YPaBHEHUE

(x+1)? 2_1
227+ + % — 4 = 2acos <x>
2x

HMeeT eIMHCTBEHHOE PEIICHUE.

mapm 2014 a.



1.

Pewenusa

Orser: 1 (Bo Bcex BapmaHTax).

Pewenue. (Bapuanra 6-1). IIpexcrasum k B Buge k = 10a+0b, rae a, b — nenvie
ancna 1 < b < 9. Torma k2 + 6k = 10(10a? +2ab+ 6a) + b2 4 6b. Bripazkenue
b% + 6b oxanunBaerca ua 6 Toabko, ecam b = 2. Ho B stom ciyuae k2 + 6k =
100(a? + a) + 16, a 3maunT, npeanocteasis mudpa pasHa 1.

B sapuante 6-2 naso yuecrs, uro k2 +2k — 8 = (k —2)2 + 6(k — 2). O

Orser: z € (0;3] U (8; +00).
PeweHU@. TaK KaK IIPDU HEIIOJIO2KHUTEJIbHbIX 3HAYCHUAX T JieBad 4aCThb HE OIlIpe-
JeJIeHa, TO, JOMHOXKadA YNUC/INTE/Ib 1 3HaMEeHaTe/Ib Ha \/5, TOJIy9IUM PaBHOCUJIb-

r—4
ve+1-—3

t2

HOE HEPaBEHCTBO > 1. Bamena t = v/x + 1 cBoauT 9TO HEpaBeH-

>1 < te[-1;2]U
ambo v+ 1 < 2, mbo vz + 1> 3, unoromy x € [—1;3] U (8; +00). Yuurs-

Bad, UT0 & > 0, MOJIyInM OTBET. O

(3; +00). CaenosarebHo,

.2 11
Ortser: 5 W 5.

Pewenue. Bregem oboznavennsi. Ilycte B NPsIMOYTOIBLHOM TPEYTOJIBLHUKE
ABC okpy:xuocth Kacaerca karera AC B Touke P, IpOXOIUT Uepe3 cepe-
muny L karera BC w uepes cepeamny K runorenyssl AB = 2x, npuuem F' —
BTOpasi TOUKA TTEepecevueHnss OKPYKHOCTH u rumoreny3sl AB. Ilycts o = LA,

TOTIa COS (v = % WJIM COS (¢ = %

Boamoxubr 1Ba caygas: 1) F jgexur mexay K u B; 2) F nexur mexay A u
K.

Tak xak LK — cpemusas junus, o LK = xcosa, PC = 2:r cosa = AP =
%az cos . ITo Teopeme 0 KacaTebHOM U CEKyIeil B COOTBETCTBYIOINX CJIYYasix

IIOJIYIHM:

1) 922 cos’ a = :c(a:+KF) = KF = (§ cos® a — 1)z. CresoBatensho, cos o >

2 _ 2 e ot 2.
3, mcosa = . Torya L =3 cos?a—1) =2
2) 22%cos?a =a(z—KF) = KF = (1— J 9 cos? a)z. CresoBaTeIbHO, COS (v <
2 _ 1 KF _ 1 9 11
g,ncosa—f Torma 45 = 5(1 — Jcos® @) = 45 O

4.

OrBer: * = 7 + 27k, k € Z.

Pewenue. Tax kax |sint| < 1,|cost| <
JTOJIZKHBI OBITH paBHBI £1. PaccMorpuM 1Ba ciydast:

1) cos(2014x) =1 = o = {5o=, n € Z. Torna 2453 = p— %, 2052
5.

- z
5: 5 =Tn+5u
MCXOJHOE yPaBHEHHE CBOJANTCA K ypaBHeHuIo sin“ § = 1 <= x =7n+27k, k €
™™
Z. Honyaum 1507

=7+ 27k, T.e. n = 1007(2k + 1) € Z upu mobeix k € Z.
2) cos(2014z) = -1 = x = =2 +mn-2%

”%211”, n € 7Z. Torma M
20%"“ = 5 + 7 + § ¥ UCXOJHOE ypaBHEHME CBOJUTCH K ypaBHeHI/HO cos? 5
1 < z =27k, /~c € 7. Ypasuenne 40287k = 7 4 27n He uMeeT pelIeHUl B
LEJbIX YUCJIaX. ]

1, 10 KOCHHYC 1 CUHYCBI B JIEBOI 4aCTH

OrBer: a =0, a = 3.

Pewenue. Tak Kak TIOACTAHOBKA & — L He MEHSET YPABHEHWS, TO IS €IAHCTBEHHOCTH
2 z yp ) A1 e
pernenusi HeOOXOAMMO, 9TOOBI & = % <= 1 = =£1. Beigacamm, Korma KaxKI0e W3 ITUX

3HAYEHUN T ABJISETCS €IMHCTBEHHBIM PDENICHNEM YPaBHEHUA.

1)Ecmm 2 =1, 10 a®> =20 <= a=0;a = 2.

(@4+1)?
IIpu a = 0 ypaBrenune 2 =?+1 = 4 umeeT eIMHCTBEHHOE PENIEHNE.
(z+1)2 L
IIpu a = 2 ypasuenme 2 «2+1 = 4cos( ; ) nMeeT 6ECKOHEYHO MHOTO PEIIeHUi Ha IpoMe-
. . _ (e1)?
xyTke (0;+00). [eiicreuresnpno, rpaduk (MoHOTOHHO yObIBatOmedl!) dyHKmm y = 55

(z+1)2
2, m crefoBaTenbHo, rpaduk GyHKIAN y = 2 =2+1  JIeRnT

pacoostoxker B mosoce 1 < y <

.2
B mosioce 2 < y < 4. B 1o ke Bpems dbyHkmus y = 4cos(’“ *1) II0-09€peTHO IIPUHUMAET

2x

27
3uadenns —4 u 4 6eCKOHEYHOE YHCJI0 Pa3 Ipu T — +00, TaK KaK yPABHEHUS ”3%1 =2mnu

27
””Tzl = 7 + 27k WMeIoT OI0KUTEeNbHOE pemenne npu Bcex k,n € N,

2) Ecm ¢ = —1, 70 14 a® —

(a41)2
IIpu @ = 3 ypaBmennme 2 =2+1 + 5 = 6005(
(z+1)?

4=2a <= a=-1;3.

) uMeeT €JUHCTBEHHOE pelleHHne, TaK KakK

2 @241 +5>6> 6608(12;1) U OJTHOBPDEMEHHBIE PABEHCTBA BO3MOXKHBI JINIIH IpU T = —1.
(@+1)? 2,

IIpu a = —1 ypasmenme 2 =*+1 — 3 = —2 COS(ZZ; ) uMeeT OECKOHEYHO MHOIO PeIIeHui

(paccyxeHns aHAIOrMYIHBI PACCMOTPEHHOMY BbILIE CILydalo a = 2). O



