
.B.C3AOBHM'f
....

.n. <1>ponKMHa

�RHCTAPmEKRACCHHKOB

H ABHTYPHEHTOB

�

�

�

6 YHLl'O cPH3MATfl T 0



IO.B. CaAOBHM'IMM, O.A. CbpOnKMHa

MIA T E M A.T M K A

TeCTbl

AnR CTapWeKnaCCHMKOB M a6MTYPMeHTOB

Y�e6Hoe noco6Me

q}
YHLJ.AO 4>Lt13MATJlLt1T

MOCKe8

2003



YAK 373.167.1 :51 +51 (075.3)

66K 22.111729

C14

C14 CBAOBHULlUU 10.8., (j)ponKuHa O.,ll.

MaTeMaTMKa. TecTbl AJ1A CTapWeKJ1aCCHMKOB M a6MTYPMeHToB.
Y�e6Hoe noco6�e. - M.: Lt13AaTeJ1bCTBO YHL\ AD, <t>Lt13MATJ1Lt11: 2003. -

208 c. - (Cep�Sf ccB nOMO�b a6�TYP�eHTY»)

ISBN 5-88800-209-7

ISB N 5-9221-0387-3

C60pH�K TeCTOB COCTO�T �3 Tpex �acTel7l. nepBaSf �aCTb COAep)K�T

TeCTOBble 3BAaH�Sf no OCHOBHblM pa3AeJ1aM 3J1eMeHTapHol7I MaTeMaT�K�,

BTopaSf �aCTb COCTO�T �3 TeCTOB, npeAJlaraBW�XCSf B nOCJ1eAH�e rOAbl Ha

MexaH�KO-MaTeMaT��eCKOM <t>aKYJ1bTeTe Mry �MeH� M.B. J1oMoHocoBa, a

B TpeTbel7l co6paHbI38Aa�� YCTHblX 3K3aMeHOB MexaH�KO-MaTeMaT��eCKoro,

BM�K � re0J10r��eCKoro <t>aKYJ1bTeTOB Mry

C60pH�K 6YAeT n0J1e3eH a6�TYP�eHTaM, )KeJ1alO��M caMOCTOSfTeJ1bHO

nOArOTOB�TbCSf K BCTyn�TeJ1bHOMY 3K3aMeHY �J1� TeCT�pOBaH�1O no

MaTeMaT�Ke, a TalOKe Y"f�TeJ1SfM MaTeMaT�K� AJlSf npOBeAeH�Sf 3aHSfT�VI co

WK0J1bHL-1 KaM�.

ISBN 5-88800-209-7

ISBN 5-9221-0387-3

@ CaAoBH���C1IO.B., ct>pollK�Ha O.A., 2003

@ Y�e6Ho-HaY�HblC1 u.eHTp AOBY30BCKoro

o6pa30BaH�R, 2003

@ 04>opMlleH�e. YHLI. AO, 2003



Co.nep)KaHHe

Pa3.n;eJI I. TecTbI .n;JIjf caMonpOBepKH

Y CJIOBH.sI ............................................... 5

OTBeTbI ............................................... 47

P emeHH5I .............................................. 51

Pa3,neJI II. TecTbI MexaHHKO-MaTeMaTHqeCKOrO cI>-Ta

Y CnOBH.sI ............................................. 108

OTBeTbI ............................................. 118

P emeHH5I ............................................ 122

Pa3.n;eJI III. 3a.n;aQH YCTHbIX 3K3aMeHOB

YcnOBH5I

MexaHHKO-MaTeMaTHqeCKHH cf>aKYJIbTeT ........ 152

<1>aKynbTeT BMK .............................. 157

reOnOrHqeCKHH cf>aKynbTeT ..................... 166

PemeHH5I H OTBeTbI

MexaHHKO-MaTeMaTHqeCKHH cf>aKynbTeT ........ 173

<1>aKynbTeT BlVIK .............................. 181

reOnOrHqeCKHH cf>aKynbTeT ..................... 197



IIaM.Hmu Muxau.ll.a BaCU.ll.beeU'tl.a CMypoea

BBe,neHHe

�Ta KHHra a.npeCOBaHa lIlKOnbHHKaM CTaplIlHX KnaCCOB Cpe.nHHX lIlKOn

M a6HTYPHeHTaM BbIClIlHX yqe6HbIX 3aBe.neHHH. OHa COCTOHT H3 Tpex qac-

TeH. lIepBaJI qaCTb co.nep:>KHT TeCTOBbIe 3a,naHHg no OCHOBHbIM pa3.nenaM

3neMeHTapHoH MaTeMaTHKH, BTOpaJI qaCTb COCTOHT H3 TeCTOB, npe.nnaraB-

lIlHXCg B nocne.nHHe ro.nbI Ha MexaHHKO-MaTeMaTHqeCKOM <t>aKynbTeTe Mry

HMeHH M.B. JIoMoHocoBa, a B TpeTbeH co6paHbI 3a.na�IH YCTHbIX 3K3aMeHOB

MexaHHKO-MaTeMaTH�IeCKoro, BMHK H reOnOrHqeCKOrO <t>aKynbTeToB Mry.

lIpH pa60Te C nepBoH qaCTblO tlHTaTenlO npe.nnaraeTCg BbInonHHTb Tec-

TbI, KOTopbIe n03BOngT onpe.nenHTb ypoBeHb ero 3HaHHH no MaTeMaTHKe H

CTeneHb no.nrOTOBneHHOCTH K BCTynHTenbHbIM 3K3aMeHaM B BY3. Ka:>K.nbIH

TeCT co.nep:>KHT 18 3a.na1:I, pacnOnO)KeHHbIX B nopg.nKe B03paCTaHHg HX cnO)K-

HOCTH. K Ka)l(.noH 3a.naqe npHBe.neHO HeCKonbKO OTBeTOB, H3 KOTOpbIX BaM

Heo6xo.nHMO BbI6paTb e.nHHcTBeHHbIH, gBnglOIUHHCg BepHbIM. lIocne 3Toro

B pa3.nene "oTBeTbI" MO:>KHO Y3HaTb HOMep npaBHnbHoro OTBeTa K Ka)l(.noH

3a,naqe. B TOM cnyqae, ecnH He Bce nonyqeHHble BaMH OTBeTbI gBnglOTCg

BepHbIMH, B pa3.nene "pelIleHHg" MO)l(HO 03HaKOMHTbCg C pelIleHHgMH HHTe-

peCYIOLUHX Bac 3a.naQ.

TeCTbI BToporo pa3.nena npe.nnaranHCb Ha MeX-MaTe Mry .nng oT6opa

a6HTypHeHTOB Ha onHMnHa.nbI 3Toro <t>aKynbTeTa, npH 3TOM Tpe6oBaJIOCb

TonbKO HanHcaTb K Ka)K.nOH 3a.naQe BepHbIH OTBeT. BapHaHTbI 3THX TeCTOB

TaK)I(e 6y.nYT none3HbI a6HTYPHeHTaM HeMaTeMaTHqeCKHX CneUHaJIbHOCTeH

.nng no.nrOTOBKH K nHCbMeHHOMY 3K3aMeHY no MaTeMaTHKe. Bce 3a.naQH 3To-

ro pa3.n;ena cHa6)1(eHbI no.npo6HbIMH pelIleHHgMH.

11:, HaKOHeu, TpeTbg QaCTb KHHrH rr03DonHT BaM no.nrOTOBHTbCg K YCT-

HOMY 3K3aMeHY no MaTeMaTHKe. lIng 3Toro TaK:>Ke 6y.neT Heo6xo.nHMO 03Ha-

KOMHTbCg C nporpaMMOH no MaTeMaTHKe .nng nocTynalOLUHx B BbI6paH-

HbIH BaMH BY3, H H3Y�IHTb OTBeTbI Ha BonpOCbI nporpaMMbI, HanpHMep,

no lIlKonbHbIM YQe6HHKaM.

ABTOpbI Ha.neIOTCg, QTO .naHHag KHHra OKa:>KeTCg none3HOH a6HTYPHeH-

TaM, )l(enalOIUHM caMOCTOgTenbHO no.nrOTOBHTbCg K BCTynHTenbHOMY 3K3a-

MeHY nH60 TeCTHpoBaHHIO no MaTeMaTHKe, a TaK)Ke yqHTengM MaTeMaTHKH

.nng npOBe.neHHg 3aHgTHH CO lIlKonbHHKaMH.

)KenaeM ycrreXOB!



I. TeCTbI .nag caMonpOBepKH

TeCT 1

1.1. Y Ka3a Tb MHHHManbHoe :QeJIoe qHCJIO, y.noBneTBOpglOII.J;ee Hepa-

BeHcTBY x
3

+ 27 > O.

1) -3; 2) 0; 3) -2; 4) 1; 5) 2.

1.2. B TeaTpe 16 pg.nOB, B nepBOM pg.ny 10 MeCT, B nOCJIe.nHeM
-

70. H3BecTHo, qTO Ka)K.nbIH cne.nYIOII.J;HH pg.n HMeeT Ha O.nHO H

TO )Ke qHCnO MeCT 60JIbIlle, qeM npe.nbI.nYII.J;HHo CKOJIbKO Bcero

MeCT B TeaTpe?

1) 640; 2) 360; 3) 720; 4) TaK He MO:>KeT 6bITb.

1.3. CYII.J;eCTByeT JIH BbInYKJIbIH ngTHyronbHHK, Bce CTOpOHbI KOTO-

poro paBHbI, HO B KOTOpbIH Henb3g BnHcaTb OKPY)KHOCTb?

1) .na; 2) HeT.

1.4. H3-no.n 3eMnH 6blOT qeTbIpe HCTOqHHKa. IIepBbIH 3anOJIHgeT

6acceHH 3a 1 .neHb, BTOpOH
-

3a 2 .nHg, TpeTHH
-

3a 3 .nHg,

qeTBepTbIH
-

3a 4 .nHg. CKonbKo BpeMeHH nOTpe6yeTCg qeTbI-

peM HCTOqHHKaM BMeCTe, qTo6bI 3anonHHTb 6acceRH? (3a.naqa

repoHa AJIeKcaH.npHHcKoro, I B. .no H. 3.)

1) 10 .nHeH; 2) 4 .nHg;

25

3)
12

.nHg;

12

4)
25

.nHg.

1.5. HaRTH Bce peIlleHHg ypaBHeHHg x = cos(arcsinx).

V2 V2
1) x = ::f:-; 2) x =

-; 3) x = 0;
2 2

5) npHBe.neHHbIe OTBeTbI HeBepHbI.

4) x = 1;
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1.6. IIycTb f(x) = x
2

- 1. HaHTH f(f(x)).

1) 0; 2) x
4

- 2; 3) x
4

- 2x
2

; 4) 2x2 - 1.

1.7. HaHTH MaKCHManbHoe 3HaqeHHe BbIpa)KeHlig

5 cos
2

2x + 48 sin x cos x cos 2x - 5 sin
2

2x.

1) 13; 2) 48; 3) 53; 4) 29; 5) 5.

1.8. CKOJIbKO pa3 HY)KHO B3gTb cnaraeMbIM qHCnO a =1= 0, qTo6bI

nonyqHTb an (n
-

HaTypanbHoe qHCJIO)?

1) n; 2) nn; 3) n!; 4) an-I; 5) n
a

- 1
.

1.9. PeIlIHTb ypaBHeHHe

1+

2+

1

1

1
3 +

1
4+-

x

139

97
·

1) {3}; 2) {�}; 3) { 3; � }; 4) 0.

1.10. Cpe.zUf HYJIeR <PYHKIUfH f(x) = sin (�) HaRTH HaHMeHbllIee no

Mo.nynlO QHCno.

1) 0; 2) .!.;
'if

1

3) :1:-;
'if

4) Henb3g HaHTH.

1.11. KaKaJI H3 npgMbIX: Y
== 20x - 2, Y

= 3x - 16 KaCaeTCg napa60nbI

Y
= 9x

2
- 4x + 14 ?

1) nepBag; 2) BTOpaJI; 3) o6e; 4) HH o.nHa.

1.12. PeIlIHTb HepaBeHCTBO 5
x

- 13
x

+ 12
x

� O.

1) IR; 2) [1, + 00 ) ; 3) (- 00, 1]; 4) (- 00, 2]; 5) [2, + 00 )
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1.13. llaH Ky6 ABCDAIBICID I C pe6poM 1 MeTp. TOqKa 0 -

neHTp rpaHH ABCD. CKOpOCTb MYXH 10 caHTHMeTpOB B MHHY-

TY. HaHTH MHHHMaJIbHOe neJIoe qHCJIO MHHYT, KOTopoe nOTpe-

6yeTc5I Myxe, qTo6bI norraCTb no nOBepXHOCTH Ky6a H3 TOqKH 0

B BepllIHHY AI.

1) 15; 2) 16; 3) 5 v901 ; 4) 5v'W.

1.14. GTO MO)l{HO CKa3aTb 0 qHCJIe* (n+5)! ?
n!

1) He Bcer.na .nenHTCj{ Ha 120;

2) MO)KeT 6bITb HeqeTHbIM;

3) MO)KeT 6bITb HeltenbIM;

4) MO)KeT OKaHQHBaTbCj{ Ha 5;

5) Bcer.na .nenHTCj{ Ha 120.

1.15. B KJIaCCe 15 qeJIOBeK 3aHHMaIOTC5I aHrJIHHCKHM 5I3bIKOM, 10 -

<ppaHnY3cKHM. llBoe H3yqalOT o6a 5I3bIKa. CKOJIbKO qeJIOBeK B

KJIaCCe, eCJIH H3BeCTHO, qTO Ka.>K.lJ;bIH H3yqaeT XOT5I 6bI O.lJ;HH

5I3bIK?

1) 21; 2) 25; 3) 27; 4) 23; 5) Henb3S1 HaHTH.

1.16. IIp5lMoyrOJIbHbIH JIHCT 6YMarH .lJ;JIHHbI 4, IlIHpHHbI 3 corHYJIH no

.lJ;HarOHaJIH H CKJIeHJIH. HaHTH nJIO�a.lJ;b nOJIyqeHHOH <PHrYPbI.

1) 12; 2) 6; 3 )
11 7

.

16
' 4)

75
.

16

1.17. BbICOTbI TpeyrOJIbHHKa paBHbI 3, 4 H 5. Onpe.neJIHTb BH.lJ; Tpe-

yrOJIbHHKa.

1) npj{MoyronbHbIH; 2) oCTpoyronbHbIH; 3) TynoyronbHbIH.

1.18. 113BecTHo, qTO a + c < 0 H ypaBHeHHe ax
2

+ c = 0 He HMeeT

pellIeHHH. GTO MO.>KHO CKa3aTb 0 qHCJIe a ?

1) Bcer.na nOnO)KI'ITenbHO; 2) Bcer.na HenOnO)KHTenbHO;

3) Bcer.na paBHO HynlO; 4) HI'I'tIero 1'13 nepeQHCneHHoro.

*
nng HaTypaJIbHOrO 'IHCna n CHMBonOM n! ('IHTaeTCg "n-<l>aKTOpHaJI") 0603Ha-

'tiaCTCg npOH3Be.n;eHHe 1 . 2 . 3 .

. . .

. (n - 1) . n.



TeCT 2

2.1. <l>YHKUHjI f(x) onpe.neneHa Ha BceH qHCnOBOH npjlMOH Ii HeqeT-

Ha. HaHTM j(O).

1) 1; 2) 0; 3) -1; 4) Henb3g HaHTH.

2.2. M3BecTHo, qTO 06naCTblO 3Ha�IeHHH <!>YHKI..{MM j(x), onpen;eneH-

HOH Ha oTpe3Ke [-1, 1], RBnjleTCjI oTpe30K [2, 3]. HaHTH 06naCTb

3HaqeHMH £pYHKQMIi j(5x).

1) [-�, �]; 2) [-5,5]; 3) [�,�]; 4) [10,15]; 5) [2,3].

2.3. OpToroHanbHaji npOeKI..{MjI OTpe3Ka C KOHl..{aMM B TOqKaX (2, 2)
M (2,5) Ha OCb a6CI..{HCC eCTb

1) 0; 2) TOqKa; 3) OTpe30K; 4) rrpgMaJI; 5) nyq.

2.4. UeHa Ha KHMry CHaqana YBenMqMnaCb Ha 20%, a nOTOM CHH-

3MnaCb Ha 20% (OT HOBOH l..{eHbI). CpaBHHTb nepBOHaqanbHYIO

neHY M MTorOBYIO.

1) nepBOHaqanbHaJI BbIlIle; 2) paBHbI; 3) HTOrOBaJI BbIlIle.

2.5. PeIIIMTb ypaBHeHMe 32768 = 2
2x

.

1) x E 0; 2) x = 8192; 3) x = log2 15; 4) x = log432768.

2.6. EbIno 4 nMCTa 6YMarM. Ka)l(.lJ;bIH H3 HMX pa3pe3anM Ha 7 qaCTeH.

IIocne 3Toro HeKOTopbIe M3 nonyqeHHbIX KYCKOB OnjlTb pa3pe3a-

nM Ha 7 qaCTeH. IIoToM OnjlTb HeKOTopbIe M3 KYCKOB pa3pe3anH

Ha 7 qaCTeH, II TaK .lJ;anee. B pe3YJIbTaTe OKa3anOCb 2003 KYCKa.

Morno nM TaKoe cnyqMTbcjI?

1) .l1a; 2) HeT.
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2.7. HaHTH .nJIHHY opTOrOHaJIbHOH npOeKI..{HH KaTeTa AC npg-

MoyrOJIbHOrO TpeyroJIbHHKa ABC Ha rHnOTeHY3Y AB, eCJIH

AC = 5, BC = 12.

1)
5.

2)
5.

3)
25

.

4)
25

.

12

5)
13

.

13' 12' 13' 12'

2.8. IIpoBo.ngTCg ,Z:(Be KaCaTeJIbHbIe K rpaqu'IKY £pYHKnHM

f (x) = 3x - x2. IIepBaJI KaCaTeJIbHaJI npoBo.nHTCg B TOq-

Ke C a6CI..{HCCOH XQ
= 2, BTOpaJI

-

B TOqKe MaKCHMYMa .naHHoH

£pYHKI..{HH. HaHTH nJIOrna.nb TpeyrOJIbHHKa, o6pa30BaHHoro

OCblO op.nHHaT H 3THMH .nBYMg KaCaTeJIbHbIMM.

1 )
49

.

16'
2 )

63
.

32'

49

3)
32

;

32

4)
49

.

2.9. HaHTH nJIOrna.nb nOBepXHOCTM onHcaHHoH OKOJIO Ky6a c4>epbI,

eCJIH BnHCaHHaJI B 3TOT Ky6 c4>epa HMeeT pa.nHYc 1.

1) 127r; 2) 487r; 3) 37r; 4) 4y127r; 5) 4V37r.

2.10. lIaHa c4>epa pa.nHyca R H TOqKa A BHe Hee. 113 TOqKH A npOBe-

.neHbI BceB03MO)l(HbIe KaCaTeJIbHbIe K c<t>epe. MHO)l(eCTBO TOqeK

KaCaHHg o6pa3yeT OKPY)KHOCTb pa.nHyca r (r < R). HaHTH pac-

CTOgHHe OT A .no l..{eHTpa c<l>epbI.

1 )
R

V R2 -

r
2

'

R
2

2R
2

2R

2)
../R2-r 2

; 3)
"/R2_ r

2
; 4)

../R2-r 2

2.11. HaHTH OCTaTOK OT .neJIeHHg qHCJIa 221001 Ha 10.

1) 0; 2) 2; 3) 4; 4) 6; 5) 8.

2.12. 113 nYHKTa A B nYHKT B o.nHOBpeMeHHO BbIexanH .nBa BenOCHne-

.nHCTa. TIpH 3TOM CKOpOCTb BTOpOro 6bIJIa B.nBoe 6onbllIe, qeM

CKOpOCTb nepBoro. Ka)K.nbIH H3 HHX, npH6bIB B nYHKT B, cpa-

3Y nOBepHYJI o6paTHo. TIepBbIH BeJIOCHne.nHCT o6paTHbIH nYTb

npoexan C TOH )Ke CKOpOCTblO. Ha o6paTHoM nYTH CKOpOCTb

BToporo 6bIJIa B.nBoe MeHbllIe, qeM CKOpOCTb nepBoro. K TO H3

HHX paHbllIe BepHYJICg B nYHKT A?

1) rrepBbIH; 2) BTOpOi1:; 3) o.nHOBpeMeHHO.
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2.13. TIpgMoyrOJIbHbIH JIHCT 6YMarH ,nJIHHbI 3, IIlHpHHbI4 corHYJIH no

,nHarOHaJIH H CKJIeHJIH. HaHTH nepHMeTp nOJIyqeHHOH 4>HrYPbI.

1) 24; 2) 12;
51

3) 4; 4)
51

2.

2.14. YKa3aTb Bce 3HaqeHHg napaMeTpa a (a i=- 0), npH KOTOpbIX

ypaBHeHHe 2 sin x == a + � He HMeeT pemeHHH.

1) a E [-I,O)U (0,1];

3) a i= 0;

2) a i= :i:l, 0;

4) a E (-00, -2] U [2, +(0).

2.15. HaHTH ,nJIHHY MHHHMaJIbHOrO nepHo,na ,neCgTHqHOH ,nP06H,

npe,ncTaBJIglOII.J;eH qHCJIO 1\ .

1) 1; 2) 7; 3) 10; 4) 11; 5) 2.

2.16. lIaHo 2002 qHCJIa. CYMMa JII06bIX ,nBYX H3 HHX 60JIbme 1. t.JTQ

MO)KHO CKa3aTb npo CYMMY Bcex qHCeJI?

1) Bcer.na 60JIbllle 1001;

3) Bcer.na 60JIbllle 2001;

2) MO)l(eT 6bITb JII06oH;

4) HHqerO H3 nepeQHCJIeHHoro.

2.17. TIpH KaKHX BeII.J;eCTBeHHbIX a O,nHO H3 YTBep)K,neHHH (a), (6)
HCTHHHO, a ,npyroe JIO)KHO:

(a) ypaBHeHHe x
2

- 2ax + 1 == 0 HMeeT ,nBa pa3JIHqHbIX KOPHg;

(6) x == 1 y,nOBJIeTBOpgeT HepaBeHCTBY ax
-

a
2

> O.

1) a E IR; 2) a E (-00, -1) U (0, +(0);

3) aE (-oo,-I]U[O,+oo); 4) aE (-oo,-I)U(O,I)U(I,+oo).

2.18. MO)KeT JIH HepaBeHCTBO x
2

+ y2 < n
2

HMeTb (nplf n E N) "tIeT-

Hoe qHCJIO neJIOqHCJIeHHbIX pemeHHH, TO eCTb TaKHX pemeHHH

(x,y), r,ne x, y
-

l(eJIbIe qHCJIa?

1) .na;

2) HeT;

3) QeJIOQHCJIeHHbIX pemeHHH 6eCKOHeQHO MHoro;

4) '3aBHCHT OT n.



TeCT 3

3.1. HaRTH HaHMeHbmee HaTypaJIbHOe qHCJIO, 60JIbllIee - y'254 .

1) -15; 2) -16; 3) 0; 4) 1; 5) 15.

3.2. MapHH 12 JIeT. OHa B,nBoe MJIa.nme, qeM 6y,neT llBaH, Kor,na eH

6y,neT CTOJIbKO JIeT, CKOJIbKO eMy CeHqac. CKOJIbKO JIeT HBaHY?

1) 18; 2) 12; 3) HeJIb3j1 HaHTH.

3.3. YKa3aTb Bce 3HaqeHHg rrapaMeTpa a, rrpH KOTOpbIX x = 1

gBJIgeTCg pemeHHeM ypaBHeHHg cos 3x == a
2

+ 2a + 3.

1) a E IR;

3) a E 0;

2) a == -1 :i: vi cos 3 - 2;

4) a == O.

3.4.
sin

3
x

YTO MO)KHO CKa3aTb 0 rrpoH3Bo,nHOH <PYHKl(HH y
= ?

X arctg x

1) paBHa 0 .nnjl nlO6oro x;

2) j1BJIjleTC� �eTHOH <PYHKQHeii;

3) j1BJIjleTCjI HeqeTHOH <PYHKQHeH;

4) HHqerO H3 nepe�IHCJIeHHoro.

3.5. B TpeyrOJIbHHKe ABC H3BeCTHbI AB == 5, BC = 8, S == 10.

IIycTb BL -

6HcceKTpHca yrJIa ABC. HaHTH nJIO�a,nb Tpe-

yrOJIbHHKa AB L.

85

1)
13

; 2 )
80

.

13'

50

3)
23

; 4 )
50

.

13

3.6. HaHTH HaH60JIbIIIee H3 3HaqeHHH x E [0,1r], rrpH KOTOpbIX npo-

H3BO,nHasI <PYHKl(HH y(x) == 3 - 2sin (2x -

� ) paBHa 2V2.

)
1111".

)
711".

)
2311". 4 )

11.
1

16'
2

16
'

3
16' 16

'

5) HeJIb3j1 HaHTH.
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3.7. HaHTR 06'beM npaBRJIbHOrO TeTpa3.D;pa C pe6poM a.

a
3

vf2
1 )

.

12
'

a
3

vf2
2 )

.

8
'

a
3 vf2

3 )
.

4
'

3

4 )
�.
6'

a
2

5)
12

.

3.8. IIycTb p
-

npocToe qRCJIO. 'YTO MO)KHO CKa3aTb 0 qHCJIe p+3 ?

1) Bcer.na npOCToe;

2) Bcer.na HCqeTHOe;

3) Bcer.na qeTHOe;

4) Bcer.na COCTaBHoe;

5) HlftIerO H3 nepeqHCJIeHHoro.

3.9. B neHTpe npgMoyrOJIbHOrO JIRCTa 6YMarR pa3MepOM 20 x 10

BbIpe3aHa npgMoyrOJIbHasI ,n:bIpa. IIepHMeTp .D;bIpbI paBeH 20.

HaHTH ,l(JIRHY .D;RarOHaJIR .D;bIPbI, eCJIR R3BeCTHO, qTO nJIO�a.D;b

,l(bIpbI MaKCRMaJIbHaJI Cpe.D;H B03MO)KHbIX npgMoyrOJIbHbIX .D;bIp

C TeM )Ke nepHMeTpOM.

1) 5; 2) 1ovf2; 3) 5vf2; 4) HeJIb3j1 HaHTH.

3.10. HaHTH MHHHMaJIbHOe 3HaqeHHe CYMMbI .D;BYX HaTypaJIbHbIX qH-

ceJI, eCJIH HX HaHMeHbllIee o6�ee KpaTHoe paBHO 36, a HaH6oJIb-

IlIHH 06�RH .D;eJIHTeJIb paBeH 6.

1) 217; 2) 42; 3) 35; 4) 30.

3.11. HaHTH Bce x, .D;JIg KOTOpbIX arcsin(sinx) = x.

1) npH Bcex x;

4) x E [-1,1];

2) x E [- ¥, �] ;

5) HH npH KaKHX x.

3) x E [0,11"];

3.12. H3BecTHo, QTO loga b == yI5. HaHTH

5 /J

(
a va

)
3

loga 3 (a v b) .loga5Vb b7
.

log
aj'

(a ).

1) 1; 2) VS; 3) 0; 4) HeJIb3j1 HaHTH.
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3.13. HaHTH paCCTOj{HHe Me)l(,n;y npj{MbIMH, 3a,n;aHHbIMH Ha KOOp,nH-

HaTHOH nJIOCKOCTH ypaBHeHHgMH Y
== 2x + 1 H Y

== 2x + 3.

1 )
2V3

.

3
'

2 )
2V5

.

5
' 3) 1; 4) O.

3.14. lIaHbI TPH HepaBeHCTBa BH,na x
2

+ px + q � O. H3BecTHo, qTO,

KaKHe ,l(Ba H3 HHX HH BbI6paTb, OHH HMelOT o6II.J;ee pemeHHe.

BepHo JIH, 't.J:TO Bce TPH HepaBeHCTBa HMelOT o6II.J;ee pemeHHe?

1) .na; 2) HeT; 3) 3aBHCHT OT p, q.

3.15. IIycTb f(x) == 4x + 1. HaHTH

f(1) + f(3) + f(5) + . . . + f(2003).

1) 4013009; 2) 4017018; 3) 2011014; 4) 2009007.

3.16. IIycTb f(x) == v' 3x - 1. PemHTb ypaBHeHHe f(x) == 2f'(x).

1) x E � 2) x E 0; 3) { � }; 4) {�; � }; 5) {�}.
3.17. qacbI He3HaHKH cnemaT Ha 10 MHHYT B qac, a qaCbI 3HaHKH

OTCTalOT Ha 5 MHHYT B 't.J:ac. B 8 qaCOB YTpa OHH YCTaHOBHJIH

CBOH qaC"bI Ha TOqHOe BpeMg, ,norOBopHBmHCb BCTpeTHTbCg B

19 qaCOB Toro )l{e ,nHj{. Bo CKOJIbKO (no TOqHbIM qaCaM) npo-

H30H,l(eT HX BCTpeqa? CqHTaTb, qTO Ka)K,l(bIH npH,neT Ha MeCTO

BCTpe't.J:H BOBpeMj{ no CBOHM qaCaM.

1) 19:45; 2) 19:30; 3) 20:00; 4) 19:00;

5) nepeQHCneHHbIe OTBeTbI HeBepHbI.

3.18. CKOJIbKO Be�eCTBeHHbIX pemeHHH HMeeT ypaBHeHHe

(x -- 2)4 + (x + 4)4 == 272 ?

1) 0; 2) 1; 3) 2; 4) 4.



TeCT 4

4.1. BbI6epHTe CBOHCTBO, KOTOpbIM o6JIa,naeT <PYHKl(HM Y
= 2x

3
.

1) qeTHa;

2) HeqeTHa;

3) qeTHa H Het.IeTHa o.nHonpeMeHHo;

4) He MBnjleTCSI HH qeTHOH, HH HeqeTHOH;

5) HeB03paCTaeT.

4.2. B 6aHKe HeKOToporo OCTpOBa HMelOTCM MOHeTbI CTOHMOCTblO

2 H 7 rrHaCTpOB B ,l(OCTaTOqHOM KOJIHqeCTBe. MO)KeT JIH 6aHK

BbI,l(aTb (6e3 c,naqH) CYMMY, paBHYIO 2003 IIHacTpaM?

1) .na; 2) HeT.

4.3. MOEeT JIH CYMMa ,l(BYX HppanHOHaJIbHbIX qHCeJI 6bITb neJIbIM

'tJUCJIOM?

1) .na; 2) HeT.

4.4. CYll(eCTByeT JIH BbIIIYKJIbIH mecTHyrOJIbHHK, Bce CTOpOHbI KO-

Toporo paBHbI, HO B KOTOpbIH HeJIb351 BrrHcaTb OKPY)KHOCTb?

1) .na; 2) HeT.

4.5. BepHo JIH YTBep)K,l(eHHe: "ECJIH ,nBe CTOpOHbI o,nHoro rrpMMO-

yrOJIbHOrO TpeyrOJIbHHKa paBHbI Me)K,ny C060H H paBHbI ,nBYM

CTopOHaM ,npyroro rrpMMoyrOJIbHOrO TpeyrOJIbHHKa, TO 3TH Tpe-

yrOJIbHHKH paBHbI"?

1) 3aBHCHT OT TpeyronbHHKa; 2) .na; 3) HeT.

4.6. KaKoe MHOEeCTBO Ha qHCJIOBOH rrpMMoM o6pa3YlOT pemeHHM

ypaBHeHHM 11 -

x
2

1 = 1 -

x
2

?

1) 0; 2) TOqKa; 3) OTpe30K; 4) npSlMaJI; 5) nyq.
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4.7. H3BecTHo, qTO 0 < x < 3, -3 < y < -1. LITO MO)KHO HaBepH5IKa

CKa3aTb 0 pa3HOCTH X
-

Y ?

1) 3 < x
-

y < 4; 2) -1 < x
-

y < 0; 3) 1 < x
-

y < 6;

4) HHQerO H3 nepeQHCJIeHHoro.

4.8. HaHTH Bce 3HaqeHHg x, npH KOTOpbIX npOH3Bo,nHaJI <PYHKl(HH

Y(X) = 3x
3

1nx - 36xlnx -7x
3

+ l08x

paBHa HYJIIO.

1) IR;

5) {-2;2;e
2

};

2) 0; 3) {-2}; 4) {e
2

};

6) YKa3aHHbIe BapHaHTbI HeBepHbI.

4.9. B npgMoyrOJIbHOM TpeyrOJIbHIfKe ,nJIHHa rHnoTeHY3bI paBHa 40,

paCCTOgHHe OT cepe,nHHbI rHnoTeHY3bI ,no o,nHoro H3 KaTeTOB B

TPH pa3a 60JIbIlle, qeM ,no ,npyroro. HaHTH nepHMeTp TpeyrOJIb-

HHKa.

1) 200; 2) 120; 3) 40 + 32yfj]; 4) 40 + 16yfj].

4.10. KaKoe H3 qHCeJI 60JIbIIIe: 2
100

HJIH 50! = 1 .2. . . . .49 . 50 ?

1) nepBoe; 2) BTopoe; 3) OHH paBHbI.

4.11. IIycTb f(x)
-

nepHoJJ:HqeCKaJI <PYHKl(Hg C nepHo,nOM 1. H3BecT-

HO, qTO f(x) = Ix I npH x E [-!; !]. HaRTH f(7r).

1) 11"; 2) -11"; 3) 11"
-

3; 4) HeJIb3j1 HaHTH.

4.12. lIaHo qHCJIO 2
100

. Y Hero HalliJIH CYMMY nH<pp, Y nOJIyqeHHO-

ro qHCJIa CHOBa HallIJIH CYMMY nH<pp... H TaK ,naJIee, nOKa He

nOJIyqHJIOCb o,nH03HaqHOe qHCJIO. KaKoe qHCJIO nOJIyqHJIOCb?

1) 0; 2) 7; 3) 2; 4) 4; 5) 8.

4.13. HaHTH Bce TaKHe 3HaqeHHg a, npH KOTOpbIX HepaBeHCTBO

x
2

- 2ax + 1 � 0 HMeeT XOTg 6bI O,nHO nOJIO)KHTeJIbHOe peIlle-

HHe.

1) IR; 2) 0; 3) [1,2]; 4) (0, +(0); 5) [1, +(0).
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4.14. CKOJIbKO peIIIeHHH HMeeT ypaBHeHHe x
2

== cos x-I ?

1) HH o.nHoro; 2) o.nHO; 3) .nBa;

4) 6eCKOHeQHO MHoro.

4.15. B npaBHJIbHOM TeTpa3,npe C pe6poM 1 OTMeqeHbI QeHTpbI Bcex

rpaHeii. OHH o6pa3YlOT HeKoTopylO TpeyrOJIbHYIO nHpaMH.ny.

HaRTH ee 06'beM.

J2
1)

324
; 2 )

1
.

324'

1

3)
216

; 4) 1.

4.16. IIycTb f(x) == VX. HaRTH CYMMY

1(1) + f(2) + 1(4) + f(8) +... + 1(2
1

°).

1) 31J2 + 31; 2) 32J2 -

1; 3) 63 + 31J2; 4) 2047.

4.17. 4HHOBHHK 06bIqHO npHxo,nHJI K OCTaHOBKe. B 9 t.JaCOB YTpa,

no,n'be3)KaJIa MaIllHHa H OTB03HJIa ero Ha pa6oTY. O,n Ha)K,n bI

t.JHHOBHHK npHIIIeJI K OCTaHOBKe paHbIlle 06bI-qHoro H OTnpa-

BHJICg HaBCTpeqy MaIIIHHe. BCTpeTHB MaIIIHHY, OH ceJI B Hee H

npHeXaJI Ha pa60TY Ha 20 MHHYT paHbIIIe 06bIqHOro. CKOJIbKO

6bIJIO BpeMeHH B MOMeHT BCTpet.JH qHHOBHHKa C MaIIIHHoH? CqH-

TaTb, t.JTO MaIIIHHa e3,nHT no npgMOH OT pa60TbI ,no OCTaHOBKH

H o6paTHo.

1) 8 : 30; 2) 8 : 40; 3) 8 : 50; 4) HeJIb3j1 HaRTH.

4.18. HaHTH 3HaqeHHe BbIpa)KeHHg

cos
2

(a) + cos
2

(a + 1°) + cos
2

(a + 2°) +... + cos
2

(a + 179°)

npH a == 45°.

1) 0; 2) 180 tg a; 3) 90 cos a; 4) 90.



TeCT 5

5.1. H3BecTHo, qTO <PYHKl(HM f(x) qeTHa. t..{TO MO)KHO CKa3aTb 0

<PYHKUHIf If(x)1 ?

1) Bcer.na t.IeTHa;

2) Bcer.na He"qeTHa;

3) Bcer.na II t.IeTHa, H Het.IeTHa;

4) HHt.IerO H3 nepet.J:HcneHHoro.

5.2. HaHTH pa,nHaHHYIO Mepy yrJIa, eCJIH ero rpa,nycHasI Mepa paB-

Ha 36°.

1) 36; 2) 72;
27r

3) 5; 4)
7r

.

5

5.3. EpaTY 2 ro,na Ha3a,n 6bIJIO B,nBoe MeHbIIIe JIeT, qeM eMY 6y,neT

qepe3 ,nBa ro,na. CecTpe qepe3 3 ro,na 6y,neT BTpoe 60JIbllIe JIeT,

qeM eH 6bIJIO TPH ro,na Ha3a.n. K TO CTapme?

1) 6paT; 2) ceCTpa; 3) OHH pOBeCHHKH.

5.4. HaHTH CYMMY nepBbIX 20 qJIeHOB apHcpMeTHqeCKOH nporpeccHH,

eCJIH ee nepBbIH qJIeH paBeH 2, a ce,nbMoH 20.

1)
3700

.

2) 610; 3) 640; 4) 1220.
7

'

5.5. t..{TO 60JIbllIe: 5% OT 10% 3a,naHHoro qHCJIa HJIH 10% OT

ero 5% ?

1) nepBoe; 2) BTopoe;

4) 3aBHCHT OT t.J:Hcna.

5.6. HaHTH HaHMeHbIllee 3HaqeHHe <PYHKUHH y(x) == x
3

+3x
2

-72x+

+90 Ha OTpe3Ke [-5,5].

3) paBHbI;

1) 400; 2) -86; 3) -70; 4) 414.

5.7. CKonbKo CYII.J;eCTByeT pa3JIHqHbIX qeTbIpeX3HatIHbIX qHCeJI, 3a-

nHcaHHbIX l(HcppaMH 1, 2, 3, 4 6e3 nOBTopeHHH?

1) 12; 2) 256; 3) 6; 4) 24.
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5.8. Onpe,neJIHTb nJIOII.J;a,nb npaBHJIbHOrO rnecTHyrOJIbHHKa, BTIHCaH-

Horo B npaBHJIbHbIH TpeyrOJIbHHK co CTOpOHOH 1.

1 )
V3

.

6
'

2 ) !.
3'

3 )
J3

.

4
'

4 )
Y2

.

6
' 5) 1.

5.9. H3BecTHo, QTO � < Q < i. KaKoe H3 YTBep)K,n:eHHH 06jI3aTeJIb-

HO BepHO:

1) sino + coso> 1;

3) sin 0 > �;

2) sino + COSet = 1;

4) COSet < 1 .

5.10. I1YCTb f(x) = x
2

H g(x) = x
3

. HaHTH f(g(x)).

1) x
2

; 2) x
3

; 3) x
5

; 4) x
6

.

5.11. HaHTH Bce 3HaQeHHg

x
2

- 2ax + 1 � 0 HMeeT

pemeHHe.

a, npH

XOTg 6bI

KOTOpbIX HepaBeHcTBo

O,nHO nOJIO)KHTeJIbHOe

1) HH npH KaKHX a;

3) npH Bcex a � 0;

2) npH a = :i:l;

4) npH Bcex a.

5.12. BepHo nH YTBep)K,n:eHHe: "ECJIH ,nBe CTOpOHbI O,n:HOro npgMO-

yronbHoro TpeyrOJIbHHKa paBHbI .nBYM CTopOHaM .npyroro npg-

MoyrOJIbHOrO TpeyrOJIbHHKa, TO 3TH TpeyrOJIbHHKH paBHbI"?

1) ,na; 2) HeT.

5.13. KaKaJI H3 nOJIO)KHTeJIbHbIX .npo6eH 6JIH)Ke K e,nHHHue: TIpaBHJIb-

HaJI HJIH 06paTHaJI eM HenpaBHJIbHasI?

1) Bcer.na npaBHJIbHaJI;

2) Bcer.na HenpaBHJIbHaJI;

3) 3aBHCHT OT QHCna;

4) OHH Bcer.na Haxo.n�TC� Ha paBHbIX paCCTO�HH�X OT e.nHHHUbI.

5.14. CKOJIbKO nnocKocTeH cHMMeTpHH HMeeT Ky6?

1) 3; 2) 6; 3) 9; 4) 12; 5) 18.
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5.15. PellIHTb ypaBHeHHe sin (arcsin x) = sin(arcsin(x + 1)).

1) x E [-1,1];
1

2) x =

-2; 3) x E IR; 4) HeT pemeHHH.

5.16. HaHTH KOJIHqeCTBO ueJIOqHCJIeHHbIX pemeHHH HepaBeHcTBa

(x
2

- 2)(x
2

- 22)(x
2

- 202)(x
2

- 2002) < O.

1) 1818; 2) 70; 3) 66; 4) 1816;

5) 6eCKOHeQHO.

5.17. llaHo qHCJIO 3
100

. Y Hero HaIIIJIH CYMMY l(H<f>p, Y nOJIyqeHHO-

ro qHCJIa CHOBa HalliJIH CYMMY l(H<f>p... H TaK ,naJIee, nOKa He

IIOJIY�IfJIOCb o,nH03HaqHOe qHCJIO. KaKoe qHCJIO nOJIyqHJIOCb?

1) 0; 2) 3; 3) 6; 4) 7; 5) 9.

5.18. CYMMa KBa,npaTOB ,nJIHH CTOpOH TpeyrOJIbHHKa paBHa 20. HaH-

TH CYMMY KBa,npaTOB ,nJIIfH ero Me.nHaH.

1) 10J2; 2) 15; 3) 20; 4) 25.



TeCT 6

6.1. HaHTIi npOIi3Bo.nHYIO <!>YHKU:1i1i f ( x) = e
1r

.

1) 11"; 2) e; 3) 1r In e; 4) 0; 5) 1re
1f

.

6.2. MO:>KeT JIIi KOCIiHYC Tynoro yrJIa TpeyrOJIbHIiKa paBH5ITbC5I � ?

1) .na; 2) BeT.

6.3. BbIqliCJIIiTb logs 4 .

log4 3 .

log3 2 . log2 1.

1) logs 2; 2) log2 5; 3) 0; 4) 1.

6.4.
12345

COKpaTHMa nH .nP06b
67

?

890

1) .na; 2) HeT.

6.5. BbI6epliTe <!>YHKU:UIO, Hali60JIee TOqHO cooTBeTcTBYlOrnylO PH-

CYHKY:

y
1) y

== Ix + 21 + 1;

2) y
== -Ix - 21 - 1;

3) y
== Ix - 21 - 1;

4) y
== Ix + 21 - 1.

o

6.6. HaHTIi CYMMY KBa.n:paTOB u:eJIOqHCJIeHHbIX perneHIiH HepaBeH-

CTBa f{y) < 1, r.ne f{y) = y2 -

2y
- 2.

1) 3; 2) 5; 3) 6; 4) 14; 5) 15.
I

6.7. t..{TO MO:>KHO CKa3aTb 0 CYMMe n5ITH nOCJIe.nOBaTeJIbHbIX HaTY-

paJIbHbIX qHCeJI?

1) He MO:>KeT .nenHTbCjI Ha 3;

2) MO:>KeT 6bITb npOCTbIM qHCnOM;

3) Bcer.na j1BnjleTCjI npOCTbIM qHCnOM;

4) He MO)l(eT 6bITb npOCTbIM qHCnOM.



YCnOBH51 3AllA q 21

6.8. HaHTIi nnOw;a.l(b KBa.l(paTa, ecnli 1i3BeCTHbI KOOp.l(IiHaThI Tpex

ero BepllIHH: (1,2); (2,5); (4,1).

1) J20; 2) 20; 3) 10v'2; 4) 5; 5) 10.

6.9. YnliTKa nOJI3eT BBepx no .l(epeBY. 3a ,neHb OHa nO.l(HIiMaeTC5I

Ha 27 caHTHMeTpOB, a 3(1, HOqb cnon3aeT Ha 6 caHTIiMeTpOB. Ha

KaKOH .l(eHb OHa nO.l(HIiMeTC5I Ha BbICOTY 65 CaHTI'IMeTpoB?

1) 2; 2) 3; 3) 4; 4) 5; 5) 6.

6.10. HaHTH Hali60JIbIllee 3HaqeHl'le <l>YHK�1i1i y(x) == x
3

+ 3x
2

-72x+

+90 Ha OTpe3Ke [-5,5].

1) 400; 2) -86; 3) -70; 4) 414.

6.11. B Ky6e C pe6poM ,nnHHhI 5 npope3aHO CKB03Hoe I.{linIiH,npli-

qeCKOe OTBepCTlie pa.l(liyca 1. OCb I.{linMH.l(pa npOXO.l(IiT qepe3

l.{eHTp rpaHH Ky6a nepneH.l(IiKyn5IpHO eM. HaHTIi nJIOrn;a.l(b no-

BepxHocTH nOJIyqeHHOrO Tena.

1) 150; 2) 150 + 81r; 3) 811"; 4) 150 + 107(".

6.12. B npocTpaHcTBe .l(aHbI TPH np5IMbIe. 113BecTHo, qTO nepBaJI Ii

BTOpaJI, a TaK:>Ke BTOpaJI Ii TpeTb5I np5IMbIe 5IBn5IIOTC5I CKpell.{l'I-

BalOlI.{1iMIiC5I. qTO MO:>KHO CKa3aTb 0 B3aliMHOM pacnOnOJKeHli1i

nepBoH Ii TpeTbeH np5IMbIx?

1) Bcer.n;a CKpellUfBalOTCg;

2) He MorYT nepeceKaTbCg;

3) Bcer.n;a ne)l(aT B O.n;HOH nnOCKOCTH;

4) HHQerO H3 nepeQHCneHHoro.

6.13. 113BecTHo, qTO AD = 10 KM, Be == 16 KM Ii AC == 13 KM. Ecnli

H3 A B D BbIH,neT neIlleXO.l(, a H3 B B e B TOT :>Ke MOMeHT Ha-

npaBliTC5I BenOCnne.l(I'ICT, TO KOHeqHbIX nYHKTOB OHM .l(OCTl'lrHYT

O.l(HOBpeMeHHO. Ecnl'l :>Ke nemexo.l( nOH.l(eT 1i3 A Be, a BenOCI'I-

ne.l(IiCT
-

1i3 e B A, TO Ha KaKOM paCCT05IHliH OT TOqKH A OHIi

BCTpeT 5ITC5I?

1) 8 KM; 2) 13 KM; 3) 5 KM; 4) 2 KM; 5) 10 KM.
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6.14. ll3BecTHo, QTO tg4o: < 0 Ii coso == �. HaHTIi sino.

4 4 4 2
1 ) -. 2 ) - -

.

3 ) :f: -

.

4 ) -.

5' 5' 5' 5'

5) Henb3j1 HaRTH.

6.15. IIpli KaKIiX 3HaqeHli5IX a MHOrOqneHbI x
2

+ ax + 1 H x
2

+ x + a

IiMelOT o6mHH KopeHb?

1) npH Bcex a; 2) 1 H -2; 3) 1; 4) -2.

6.16. B np5IMoyronbHoM TpeyronbHIiKe H3BeCTHbI .nnliHa rIiITOTeHY-

3bI C Ii pa.nIiYC BnlicaHHOH OKPY:>KHOCTIi p. HaHTIi nnoma.nb Tpe-

yronbHIiKa.

1) p2 + pc; 2) p2 + �pc; 3) pc; 4) Henb3j1 HaRTI1

6.17. (f)YHKI.{1i5I f ( x) onpe.neneHa .nn5I Bcex BemeCTBeHHbIX x. 113BecT-

HO, qTO .nn5I nlO6oro x cnpaBe.nnHBo HepaBeHCTBO f ( x) > x.

BbI6epliTe BepHoe YTBep:>K,neHHe:

1) TaKHX <PYHKQHR f(x) He cymecTByeT;

2) f(f(x)) > x .nnjl Bcex x;

3) <PYHKQHjI f(x) j1BnjleTCjl B03pacTalOmeR;

4) HHQerO H3 nepeQHCneHHoro.

6.18. lloMa MaTeMaTIiKa Ii «p1i31iKa Haxo.n5ITC5I no o.nHY CTOPOHY peKIi.

PaCCT05IHlie OT .nOMa MaTeMaTIiKa .no peKIi paBHO 50 MeTpOB,

OT .nOMa <l>1i31iKa .no peK H
- 100 M. PaCCT05IHHe Me:>K.ny .nBYM5I

.nOMaMIi COCTaBn5IeT 10 V 1321 M. MaTeMaTHK BbIXO.nIiT 1i3.nOMa,

.nOXO.nIiT .no peKIi, a nOTOM HanpaBnHeTC5I K <l>1i3HKY. OH li.neT CO

CKOpOCTblO nonMeTpa B ceKYH.ny. KaKOBO MIiHIiManbHoe BpeM5I,

KOTopoe OH nOTpaTIiT Ha nYTb K «PH3IiKY?

1) 11 MHHYT; 2) 13 MHHYT; 3) 15 MHHYT; 4) Henb3j1 HaRTI1
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7.1. BbI6epHTe <!>YHKnHIO, HaH60JIee TOqHO COOTBeTCTBYIOIUYIO PH-

CYHKY.

I)Y= V -x
2

+4x-5;

2) y
= x

2
- 4x + 5;

3) y
= V-x 2

+ 4x - 3 + 1;

4) y
= ..j -x

2
+ 4x - 3.

y

o x

7.2. M3BecTHo, qTO B apH<!>MeTHqeCKOH nporpeCCHH (an) CYMMa BTo-

poro H O.D:HHHa.nnaToro qneHOB paBHa 5. HaHTH CYMMY Bcex

qJIeHOB nporpeCCHH C nepBoro no .D:BeHa.nnaTbIH BKnlOqHTeJ1b-

HO.

1) 15; 2) 30; 3) 60; 4) Henb3j{ HaHTH.

7.3. rpa4>HK <!>YHK:QHH y
= tg 2x nO.D:BepraeTCjI Cne.D:YIOWHM npeo6-

pa30BaHH5IM: nepeHOC B.D:OJIb OCH OX BneBO Ha 1 H C)I(aTHe B.nOJIb

OCH Oy KOCH OX B .D:Ba pB3a. rpa�HK KaKOH �YHK:QHH y
= f (x)

nOJIyqHTCjI?

1) � tg2(x + 1);

4) � tg(2x - 1);

2) � tg(2x + 1); 3) 2 tg 2(x
-

1);

5) nepeQHCneHHbIe BapHaHTbI HeBepHbI.

7.4. HaHTH MaKCHMaJIbHOe 3HaqeHHe �YHKnHH f(x) = x log4(7r
-

3)
Ha oTpe3Ke [-1,1].

1) log4(7r - 3); 2)
-

log4 (7r - 3); 3) 0; 4) 1.

7.5. CKOJIbKO oceH cHMMeTpHH HMeeT npaBHJIbHbIH mecTHyrOJIb-

HHK?

1) 0; 2) 3; 3) 6; 4) 12; 5) 24.
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7.6. ABTOM06linb exan HeKOTopoe BpeM5I co CKOpOCTblO 100 KM/qaC,
a nOTOM eme CTonbKO )l(e BpeMeHH

-

co CKOpOCTblO 90 KM/qac.
HaiiTH cpe.nHIOIO CKOpOCTb aBTOM06liJI5I Ha BceM nYTH.

1) 190 KM/qaC; 2) 95 KM/qaC; 3) 90 KM/qaC; 4) 10 KM/t.Iac;

5) Henb3j1 HaHTH.

7.7. B qeTbIpexyronbHIiK ABCD MO)l(HO BnlicaTb OKPY:>KHOCTb,

AB = 14, CD = 5. HaiiTH nepHMeTp ABCD.

1) 19; 2) 38; 3) 96; 4) Henb3j1 HaRTH.

7.8. HaiiTH
tg

(3

Q

,
ecnli sin( Q + (3) =

c, sin( Q
-

(3) = d.

tg

1 )
d - c

.

c+ d'
2)

c + d
.

d - c'
3 )

c
- d

.

c+ d'
4)

c + d
.

c-d

7.9. BbIqHCnliTb logs 4 . log43 · log32 · log25.

1) 0; 2) 1; 3) logs 2; 4) log2 5.

7.10. B KOMHaTe Haxo.njITCjI MbIIIIH H TapaKaHbI. Y MbIIliH 4 Horli, y

TapaKaHa
- 6. Ecnli B KOMHaTY 3aii.n:YT IiX .nBYHorlie X035IeBa

(IiX CTOJIbKO :>Ke, CKonbKO :>KHBOTHbIX), TO B KOMHaTe 6y.neT 34

HorH. CKonbKo B KOMHaTe MbIIlleii?

1) 3; 2) 2; 3) 0; 4) Henb3j1 HaRTH.

7.11. HaiiTH CYMMY Bcex HaTypanbHbIX peIlleHliii HepaBeHCTBa

-2x
2

+ 4x + 10 > O.

1) 2; 2) 3; 3) 6; 4) 10;

5) CYMMa 6eCKOHet.IHa.

7.12. LlaH yron ABC pa.nliaHHoii MepbI 3.J2. HaiiTH MHO)l(eCTBO Bcex

TOqeK, KOTopbIe jIBJIjIIOTC5I cepe.nHHaMIi OTpe3KOB C KOHu:aMH Ha

(pa3nHqHbIx) CTopOHax yrna.

1) rrycToe MHO)KeCTBO;

3) BHYTpeHHOCTb yrna;

2) BCjI rrnOCKOCTb;

4) BHelliHOCTb yr na.
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7.13. HaHTH 3HaqeHlie f (2), eCJIIi ,ZJ;JIjI <!>YHKnlili f (x) BbInOnHjIeTCg

paBeHCTBO

f(x) + 3f ( � ) = x
2

npH BCex x 1= o.

1 )
47

.

32'
2 ) _

13
.

16'

13

3) -

32
; 4) Henb3j{ HaHTH.

7.14. CpaBHIiTb qlicna 2
300

Ii 2
2150

.

1) nepBoe MeHbllIe; 2) BTopoe MeHbllIe; 3) QHCna paBHbI.

7.15. Ka:>K,ZJ;oe pe6po TeTpa3,ZJ;pa paBHO 1. HaHTIi paCCT05IHlie Me:>K,ZJ;Y

ll:eHTpaMIi ero rpaHeii.

1) 1; 2) 2/3; 3) 1/3; 4) Henb3j{ HaHTH.

7.16. 113BecTHo, qTO .nnliHbI KaTeTOB TpeyronbHIiKa
-

HeqeTHbIe Ha-

TypanbHbIe qlicna Ii .nnliHa rlinOTeHY3bI TaK:>Ke 5IBn5IeTC5I HaTY-

panbHbIM qIiCnOM. qTO MO:>KHO CKa3aTb 0 .nnliHe rIiTIOTeHY3bI?

1) Bcer.na qeTHa;

2) MO:>KeT 6bITb HeqeTHoi1:;

3) TaKHX TpeyronbHHKOB He 6bIBaeT.

7.17. CYMMa ll:1i<!>P HeKOToporo HaTypanbHoro qlicna .nen1iTC5I Ha 7.

t..{TO MO:>KHO CKa3aTb 0 CYMMe ll:H<PP cne.nYIOrn;ero HaTypanbHoro

qlicna?

1) Bcer.na HeqeTHa;

2) Bcer.na .naeT DCTaTOK 1 npH .neneHHH Ha 7;

3) HHKor.na He .nenHTcj{ Ha 7;

4) MO)l(eT .nenHTbCj{ Ha 7.

7.18. IIpli KaKHX a ypaBHeHHe Ix -

11 = alx - al HMeeT e.nHHCTBeHHoe

perneHlie?

1) a E [0, 1);

4) a == 0;

2) a E [0,00);

5) a == 1.

3) a E [1,00);
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8.1. HaiiTH HaHMeHbllIee nenoe k, y.nOBneTBOpHlOrnee HepaBeHCTBY

k
2

+ 2
k

< 8.

1) 0; 2) 1; 3) -2; 4) Henb3H HaUTH.

8.2. BbI6epHTe «PYHKUHIO, HaH60nee TOqHO COOTBeTcTBYlOrnylO PH-

CYHKY:

1) y
= -2xj

2) y
= 2x + 1;

3) y
= -x + 1;

4) y
= -2x + 1.

x

8.3. Bnoxa npbIraeT no npgMoii. OHa MO:>KeT .nenaTb �OJIbllIHe H Ma-

neHbKHe npbI)I(KH. LInHHa 60nbllIoro npbI)I(Ka 7 caHTHMeTpOB,

ManeHbKoro
- 5. CMO:>KeT nH 6JIoxa nonaCTb B TOqKY npgMoii,

y.naneHHYIO OT HCXO.D:HOii Ha 1 caHTHMeTp?

1) .n:a; 2) BeT.

8.4. H3BeCTHO, qTO f(x) = ax
2

+ bx + C Ii 1(1)

1(3) = 3. HaiiTH 1(0).

1) 0; 2) 1; 3) 6;

1, 1(2) 0,

4) Henb3H HaRTH.

8.5. HaiiTH KOOp.D:HHaTbI TOqKH nepeCeqeHHH npgMbIX AB H CD,

eCJIH A = (-5; 2), B = (7; 2), C = (1; -6), D = (1; 5).

1) (23,
-

;5 ); 2) (1; 2); 3) (2; 1);

4) npjlMbIe He nepeceKalOTCjI.
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8.6. ABTOM06liJIb exaJI nepBYIO nOJIOBIiHY nYTIi co CKOpOCTblO 100

KM/qaC, a BTOPYIO nOJIOBIiHY
-

co CKOpOCTblO 90 KM/qac. Haii-

Tli cpe.nHIOIO CKOpOCTb aBTOM06liJI5I Ha BceM nYTIi.

1) 95 KM/qaC; 2) 90 KM/"<-Iac; 3) 10 KM/qaC; 4) 190 KM/qaC;

5) npHBe.neHHbIe BaplfaHThI HeBepHhI.

8.7. BbI6epHTe BepHoe YTBep:>K.neHlie OTHOCHTeJIbHO <l>YHKnlili

f ( x) == sin ( arcsin x ) .

1) orpaHH1:leHa; 2) onpe.neneHa npH Bcex x;

3) nepHo.nlft.IHa; 4) t.IeTHa.

8.8. KaKoii OCTaTOK MO}l(eT .naBaTb qliCJIO n
2

+ 1 npli .neJIeHHIi Ha 3 ?

1) 1 H 2; 2) 0, 1 If 2; 3) 0 If 1; 4) 0 H 2.

8.9. B KaKoii qeTBepTIi JIe:>KIiT yroJI v'i5 pa.nliaH?

1) B nepBoH; 2) BO BTOpOH; 3) B TpeTbeu; 4) B t.IeTBepToH.

8.10. 113BecTHo, qTO opTOrOHaJIbHbIe npoeKU:1i1i HeKoTopoii <l>lirYPbI

Ha Koop.nIiHaTHbIe nnOCKOCTH x == 0 H Y
== 0 5IBn5IIOTC5I OTpe3-

KaMIi. t..{TO MO:>KHO CKa3aTb 06 3TOii <l>lirype?

1) Bcer.na jlBnjleTCjI OTpe3KOM;

2) He MO:>KeT j1BnjlTbCjl KpyroM;

3) MO)KeT j1BnjlTbCjI KpyroM;

4) MO:>KeT j1BnjlTbCjI lllapOM.

8.11. B TpeyrOJIbHIiKe ABC npOBe.neHbI Me.nliaHbI AK Ii BM, nepece-

KalOrnHeC5I B TOqKe O. IIJIorna.nb TpeyrOJIbHIiKa ABC paBHa 60.

HaiiTIi nJIOrna.nb qeTbIpexyrOJIbHIiKa M C K O.

1) 10; 2) 20; 3) 30; 4) Henb3j1 HaRTH.

8.12. 51BJI5IeTc5I JIH nOJIHbIM KBa.npaTOM qHCJIO 111...1 (300 e.nli-

HIiU:)?

1) .na; 2) HeT.
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8.13. B nlipaMIi.l(e ABCD H3BeCTHbI AB == 5, AC == 4, AD == 2. HaR-

TH HaH60JIbllIee 3HaqeHHe, KOTOpOe MO:>KeT npliHHMaTb 06'beM

nlipaMIi.l(bI.

1) 20; 2 )
20

.

3'

40

3) 3; 4) Henb3j1 HaRTH.

8.14. llBoe nopTHbIX .l(eJIalOT pa3pe3bI Ha KycKe MaTepli1i .D:JIIiHOH 100

MeTpOB, HaQHHasI C O.l(HOrO Ii Toro :>Ke KOHl.{a. IIepBbIH .l(eJIaeT

pa3pe3 Qepe3 Ka:>K.l(bIe 2 MeTpa, BTOpOH
-

Qepe3 Ka)l(.l(bIe 5. TIpH

3TOM KalK.D:bIH 1i3 HIiX .l(061ipaeTC5I .l(O KOHl.{a KYCKa. CKOJIbKO B

pe3YJIbTaTe nOJIYQliTC5I qaCTeH?

1) 59; 2) 60; 3) 68; 4) 69.

8.15. HaRTIi nJIOll.{a.l(b npaBIiJIbHOrO BocbMliyrOJIbHHKa, onlicaHHoro

OKOJIO OKPY:>KHOCTIi pa.l(liyca 1.

1) 3J2 - 4; 2) 3 - 4J2; 3) J2 -

1; 4) 8(J2 -1).

8.16. IIycTb Ha BceR 06JIaCTIi onpe.l(eJIeHH5I <!>YHKnHIi f(x) ee npOli3-

BO.D:HaJI nOJIO:>KHTeJIbHa. t..{TO MO)l(HO CKa3aTb 0 <!>YHKI.{HH f (x) ?

1) B03paCTaeT Ha BceR o6nacTH onpe.neneHHjI;

2) y6bIBaeT Ha BceH o6nacTH onpe.neneHHjI;

3) nOnO:>KHTenbHa Ha BceR Q6naCTH onpe.neneHHjI;

4) HHQerO H3 nepeQHCneHHoro.

8.17. TIpli KaKHX a OTHOIlleHHe KopHeH ypaBHeHli5I 2x2 -

ax + 1 == a

paBHO TpeM?

1 )
4J6

.

3
'

2 )
_

4V6
.

3
'

3 ) :!:
4V6

.

3
' 4) :!:

2V6

6
.

8.18. HaHTIi 3HaQeHHe BbIpa:>KeHli5I

XlI - llx
lO

+ llx
9

- l1x
8

+ ... + llx - 1

npli x == 10.

1) 9; 2) 10; 3) 0; 4) 11; 5) -1.
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9.1. HaHTH Cpe.l(Hee reOMeTpHqeCKOe op.n:HHaT Bcex TaKHX TOqeK C

neJIOqHCneHHbIMH Koop.n:HHaTaMH, qTO Ix - 51 + Iy - 41 � 1.

1) 5; 2) �; 3) 2if30; 4) 2� ; 5) WOo

9.2. KaKoro BH.n:a TpeyrOJIbHHK co CTopOHaMH 2, 3, 5 ?

1) oCTpoyronbHbIH;

2) npjlMoyronbHbIR;

3) TynoyronbHbIu;

4) TaKOR TpeyronbHHK He cymecTByeT.

9.3. 113BecTHo, qTO cos Q = !. HaHTH cos 3a.

1) 1; 2 )
23

.

27'

23

3) -

27
; 4 ) �.

9'
5)

7
.

9

9.4. HaHTH MaKCHMaJIbHOe x, .n:nj{ KOToporo cnpaBe.n:JIHBO HepaBeH-
2

CTBO 2
X

5
x

� 10.

1) 0; 2) 1; 3) 10; 4) Henb3H HaHTH.

9.5. B 6aHK nOMerueH BKna.n: B pa3Mepe 1000 py6neH no.n: 20% ro-

.l(OBbIX. B KOHne KaJK.l(OrO H3 nepBbIX Tpex neT xpaHeHH5I nOCJIe

HaqHCneHH5I nponeHTOB BKJIa.n:qHK .n:ononHHTenbHO BHOCHJI Ha

CqeT o.n:HY H TY :>Ke <l>HKcHpOBaHHYIO CYMMY x Py6neH. K KOHny

qeTBepToro ro.n:a OKa3anOCb, qTO pa3Mep BKna,na YBeJIHqHJIC5I

no cpaBHeHHIO C nepBOHaqanbHbIM Ha 400%. KaKoe COOTHome-

HHe 065I3aTenbHo BbInOJIHeHo?

1) (((1000. 1,2 + x) . 1,2 + x) . 1,2 + x) . 1,2 = 1000 .5;

2) (((1000.0,2 + x) . 0,2 + x) . 0,2 + x) . 0,2 = 1000 .5;

3) (((1000.l,2+x) .1,2+x) .1,2+x) .1,2 = 1000.4;

4) (((1000.0,2 + x) . 0,2 + x) . 0,2 + x) . 0,2 = 1000.4.

9.6. CKOJIbKO TOqeK C nenOqHCneHHbIMH nOJIO)l(HTenbHbIMH KOOp.n:H-

HaTaMH ne)l(aT CTporo HH:>Ke napa60nbI y
= -x

2
+ 4x - 1 ?

1) 3; 2) 4; 3) 7; 4) 10;

5) 6eCKOHet.IHO MHoro.
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9.7. HaHTH Bce TaKlie HaTypaJIbHbIe n, tITO OCTaTOK npH ,neJIeHHH

101 Ha n COCTaBJISIeT 20% qaCTHoro.

1) 0, 20; 2) 20; 3) 10; 4) TaKHX n HeT.

9.8. l..{TO MO)l{HO CKa3aTb 0 npOH3Be,neHIiH Bcex OTpH:u;aTeJIbHbIX :u;e-

JIOqHCJIeHHbIX pellIeHHH HepaBeHcTBa x
2

+ 8x + 1 � 0 ?

1) MeHbllle 0; 2) 60nbllle 0; 3) paBHO 0; 4) 6eCKOHeQHO.

9.9. lIJIHHbI CTOpOH TpeyrOJIbHIiKa pacnOJIO)l{eHbI B nopSI,nKe B03pac-

TaHIiSI: a, b, c. PaCnOJIO)l(HTb B nopSI,nKe y6bIBaHHSI BeJIHqHHbI

Q, (3, 'Y npOTHBOJIe)l{aIUHX yrJIOB TpeyrOJIbHIiKa.

1) a, (3, ,; 2) " (3, a; 3) a, " (3;

4) 3aBHCHT OT TpeyronbHHKa.

9.10. HaHTIi BeJIHqHHY BHellIHero yrJIa npaBHJIbHOrO ,neBSITHyrOJIb-

HHKa.

1) 27r; 2 )
27r

.

9'
3 )

77r
.

9'
4)

211'
.

7

9.11. l..{eMY paBeH HaHMeHbllIHH nOJIO)l(HTeJIbHbIH nepHO,n £pYHKUHH

sin(kx), eCJIH k =1= 0 ?

27r 7r 27r

1) 'k; 2) 0; 3)
TkI;

4)
TkI;

5) 211'k.

9.12. HaHTH y'(l), eCJIH y(x) = � x4 + 3x + 2.

51C
7

3 )
7

1) �6; 2)
30

;

�
'

5) y' (1) He onpe.neneHo.

9.13. CKOJIbKO oceH cHMMeTpHH HMeeT Ky6?

4 )
7

5 � 1296
'

1) 3; 2) 6; 3) 9; 4) 13; 5) O.

9.14. IIycTb nepBbIe 100 qJIeHOB reOMeTpHqeCKOH nporpeccHH
-

Ha-

TypaJIbHbIe qHCJIa. l..{TO MO)l{HO CKa3aTb 0 101-oM qJIeHe?

1) Bcer.na �Bn�eTC� HaTypanbHbIM t.IHcnOM;

2) Bcer.na paBeH BceM npe.nllleCTBYlOlUHM;

3) Bcer.na �Bn�eTC� paUHOHanbHbIM QHCnOM;

4) MO)KeT paBH�TbC� J3.
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9.15. LIJIg HeKoToporo HaTypanbHoro qHCna BbInHCaJIH Bce pa3nHq-

HbIe HaTypaJIbHbIe .neJIHTeJIH. OK aJaJIOCb, qTO KOJIHqeCTBO .ne-

JIHTeJIeH HeqeTHO. GTO MO)l(HO CKaJaTb 06 HCXO.nHOM qHCJIe?

1) Bcer.na �Bn�eTCj{ IIonHblM KBa.npa TOM;

2) MO)J(eT 6b1Tb, a MO:>KeT He 6b1Tb IIonHbIM KBa.npaTOM;

3) Bcer.na qeTHO;

4) Bcer.na HeqeTHO;

5) HHqerO H3 IIepeqHCneHHoro.

9.16. IIycTb cYMMa K03£p£pHUHeHToB MHOrOqJIeHa P(x) paBHa a, CYM-

Ma K03£p£pHUHeHToB MHOrOqJIeHa Q(x) paBHa b. qeMY paBHa

cYMMa K03£p£pHUHeHToB npoH3Be.neHHg P(x) H Q(x) ?

1) Bcer.na paBHa ab;

2) Bcer.na paBHa a b;

3) Bcer.na paBHa a
b

+ b
a

;

4) 3aBHCHT OT KOHKpeTHoro BH.na MHOrOqneHOB.

9.17. IIpH perneHHH 3a.naqH 0 HaXO)l(.neHHH HeKOToporo qHCJIa 6hIJIH

nOJIyqeHbI cJIe.nYIOII.J;He YTBep)l(.neHHg:
- GHCJIO HppaUHOHaJIhHO H paBHO cTopoHe KBa.npaTa C .nHaro-

HaJIblO 6;
- GHCJIO .naeT OCTaTOK 1 npH .neJIeHHH Ha 5 H paBHO nJIOma.n;H

e.nHHHqHOrO Kpyra.

HaH.nHTe HeH3BeCTHoe qHCJIO, eCJIH B Ka)l(.nOM BbICK83bIBaHHH

o.nHa qaCTb BepHa, a .n;pyraJI HeBepHa.

1) .!.;
1r

2) 1r; 3) 21r ; 4) 3V2.

9.18. BbIqliCJIHTb 0,(1) + 0,(01). 3anHcaTb pe3YJIbTaT B BH.ne .necg-

THqHOH .nP06H.

1) 1,(01); 2) 0,(101); 3) 0,(11); 4) 0,(12).
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10.1. <l>YHKl.{HH f(x) HeqeTHa. H3BecTHo, qTO f(x) == x
4

IIPH X � o.

HaHTH f( -2).

1) 0; 2) 16; 3) -16; 4) HeJIb3� HaRTH.

10.2. HaHTH nnorua,nb £PlirYPbI, 3a,naHHoH Ha KOOp.D:HHaTHOH IIJIOC-

KOCTH HepaBeHcTBoM

Ix
-

21 + Iy + 31 � 5.

25

1) 2; 2) 25; 3) 50; 4) 100.

10.3. MHoroqJ1eH ax
2

+ bx + C o6paruaeTcSI B HYJIb B TOqKaX 1,2,3.

BepHo JIB, qTO Bce ero K03£p£pHUHeHTbI 06SI3aTeJIbHO paBHbI HY-

JIm?

1) .na; 2) HeT.

10.4. IIpoH3Bo.nHTeJIbHocTb Tpy,na Ha IIpOH3Bo.ncTBe IIOBbICHJIaCb

Ha 30%. Ha CKOJIbKO IIpOl.{eHTOB COKpaTHJIOCb BpeMSI, 3aTpa-

qHBaeMOe Ha TOT )l(e 06'beM pa60TbI?

1) 23 {3 ; 2 ) 76
12

.

13 ' 3) 30; 4) 7
1

9

3
.

10.5. IIocJIe Toro, KaK OT ypoKa npOllIJIO 10 MIiHYT H erue TpeTb Bcero

ypoKa, .no KOHl.{a OCTaJIOCb erue IIOJIOBHHa' OCTaBllIerocSI BpeMeHH

H 10 MHHYT. CKOJIbKO MHHYT .D:JIHJICSI YPOK?

1) 30; 2) 40; 3) 45; 4) HeJIb3� HaRTH.

10.6. PellIliTb ypaBHeHHe sin x + cos 4x == 2.

1) x E 0; 2) x E IR;

7r

4) x ==

2
+ 211" k, k E Z.

1I"k

3) x ==

2'
k E Z;
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10.7. B TpeyrOJIbHHKe ABC H3BeCTHbI AB == BC ==

a, AC == b. Ha

OCHOBaHHH AC B3SITa TOqKa M. HaHTH CYMMY paccToSIHHH OT

M )1.0 60KOBbIX CTOpOH TpeyrOJIbHHKa.

a
2

1) b;

b y 4a 2
- b 2

2 )
.

2a
'

a v 4a 2
- b 2 b y a

2
- 4b 2

3)
2b

; 4)
2a

;

5) 3aBHCHT OT rrOnO)KeHH� TOqKH M.

10.8. HaHTH MaKCHMaJIbHOe x, ,nJISI KOToporo cnpaBe,nJIHBO HepaBeH-
2

CTBO 2
X

5
X

< 10.

1) 0; 2) 1; 3) 10; 4) Henb3� HaUTH.

10.9. HaHTH nepHMeTp npaBHJIbHOrO BocbMHyrOJIbHHKa, BnHcaHHoro

B OKPY)l{HOCTb pa)1.Hyca 1.

1)2+v'2; 2) 8 V 2 + J2; 3) V 2 - J2; 4) 8 V 2 - v'2.

10.10. BbI6epHTe BepHoe onpe,neJIeHHe arccos x:

1) yron, ne)KaLUHH B rrepBoH HnH TpeTbeH qeTBepTH, KOCHHYC

KOToporo paBeH x;

2) rnaBHbIH yron, KOCHHYC KOToporo paBeH x;

3) yrOJI, KOCHHYC KOToporo paBeH x;

4) yron Q, Y .noBneTBop�lOlUHH ycnoBH�M 0 � a � 1r, cos a == x.

10.11. IIycTh I(x) == 2x - 1. HaHTH 1(1) + 1(2) + ... + 1(50), r)1.e

CYMMlipoBaHHe Be,neTCSI no BceM HaTypaJIbHbIM qliCJIaM OT 1

,no 50.

1) 1275; 2) 2499; 3) 2500; 4) 2601.

10.12. HaRTH y'(O), eCJIH y(x) ==

1) 0; 2) 1; 3 )
J2(4 + 11")

.

4 ) _

J2(4 + 1r)
.

4y7r' 4y7r'

5) y' (0) He orrpe.neneHO.
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10.13. lf3BecTHo, qTO llJIOlI.{a,nH Tpex rpaHeH TeTpa3.npa paBHbI 1. GTO

MO)l(HO CKaJaTb 0 llJIOlI.{a,nH qeTBepToH rpaHH?

1) Bcer.na paBHa 1;

3) Bcer.na 60nbllle �;

2) Bcer.na MeHbllle 3;

4) HHqerO H3 nepeQHCneHHoro.

10.14. BbIqHCJIHTb 3Ha'tIeHHe BbIpa)l(eHHSI 2 V 1og 2 3
_ 3 V1 og3 2.

4) !
2.

10.15. B llHpaMH,ne ABCD ,naHbI DA == 1, DB == 2, DC == 3. H3-

BeCTHO, 'tITO 06'beM llHpaMH.nbI MaKCHMaJIbHO B03MO)l(HbIH cpe-

,nH 06'beMOB TaKHX nHpaMH.n. HaHTH paCCTOjJ:HHe OT BepllIHHbl

D ,no llJIOCKOCTH ABC.

1) 0; 2) 1; 3) J3 - /2;

7

1) 6;

6

2) 7;

18

3) 7; 4) Henb3� HaRTl

10.16. lInSI HeKoToporo HaTypaJIbHoro 'tIHCJIa BbIllHCaJIH Bce pa3JIH'tI-

HbIe HaTypaJIbHble ,neJIHTeJIH. OKa3aJIOCb, 'tITO KOJIH'tIeCTBO ,ne-

JIHTeJIeH 'tIeTHO. qTO MO)l(HO CKa3aTb 06 HCXO,nHOM 'tIHCJIe?

1) �Bn�eTC� nonHbIM KBa.npaTOM;

2) MO)KeT 6bITb, a MO)J(eT He 6bITb nonHbIM KBa.npaTOM;

3) He MO)KeT 6bITb nonHbIM KBa.npaTOM;

4) Bcer.na qeTHO;

5) HHQerO H3 nepeQlfCneHHoro.

10.17. PaCllOJIO)l(HTb 'tIHCJIa B llopSI,nKe B03pacTaHHSI:

a == 2, b == 10g1f 3 + 10g3 7r, C = log1f2 3 + log3 7r
2

.

1) c, b, a; 2) a, b, c; 3) a, c, b; 4) b, c, a.

10.18. CYMMa HeCKOJIbKHX 'tIHCeJI paBHa 1. GTO MO)l(HO CKa3aTb llpO

CYMMY HX KBa.npaToB?

1) MO)J(eT 6bITb HenOnO)KHTenbHa;

2) Bcer.na 60nbllle 1;

3) MO)KeT 6bITb MeHbllle 0,0001;

4) Bcer.na MeHbllle 1.
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11.1. HaHTH CYMMY pemeHHH ypaBHeHHjJ: sin 13x == 0, pacnOJIO)KeH-

HbIX Ha IfHTepBaJIe (-1/3,1/3).

1) 0;
7r

2)
13

;

37r

3)
13

; 4)
57r

.

13

11.2. MO)l{eT JIH npolf3Be,neHHe ,nBYX Hppal.{lfOHaJIbHbIX 'tIHCeJI 6bITb

panHOHaJIbHbIM qlfCJIOM?

1) .na; 2) HeT.

11.3. HaHTH BeJIHqHHY BHemHero yrJIa A TpeyrOJIbHHKa ABC, eCJIH

AB = 2, BC == 1, AC == yI3.

1) ; ; 2) 5; ;

7r

3)
2

; 4)
57r

.

3

11.4. HaHTH CYMMY Bcex TpeX3HaqHbIX qHCeJI, ,neJISIlI.{HXCSI Ha 7.

1) 140672; 2) 70886; 3) 70885; 4) 70336; 5) 35168.

11.5. HaHTH cpe,nHee reOMeTpH'tIeCKOe op,nlfHaT Bcex TaKHX To-qeK C

neJIOqlfCJIeHHbIMH Koop.n;HHaTaMH, qTO Ix
-

51 + Iy
- 41 < 2.

1) WQ; 2) 3; 3) 2if15 ; 4) 4� ; 5) 2{13O.

11.6. l{eHbI Ha npo,nYKTbI no,nHSIJIHCb Ha 10%. Ha CKOJIbKO nponeHTOB

MeHbllIe MO)l{HO KynlfTb npo,nYKTOB Ha TY )Ke CYMMY?

1

1) 9
il

; 2) 10; 3) 90;
1

4) Ii; 5)
10

.

11

11.7. CYlI.{eCTByeT JIH TaKoH TpeyrOJIbHHK, qTO OCHOBaHHSI Bcex Tpex

ero BbICOT JIe)l{aT Ha npo,nOJI)KeHHSIX CTOpOH, Ha KOTopbIe OHIf

onYlI.{eHbI?

1) .na; 2) HeT.
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11.8. nJISI HeKOToporo HaTypaJIbHOrO qHCJIa, SIBJI5I:10merocg nOJIHbIM

KBa,lI,paTOM, BbInHCaJIH Bce ero pa3JIHqHbIe HaTypaJIhHbIe ,lI,eJIH'"

TeJIH. '-ITO MO)KHO CKa3aTb 0 npOH3Be.neHHH 3THX ,lI,eJIHTeJIei1:?

1) Bcer.na jlBnjleTCjI nonHbIM KBa.npa TOM;

2) MO>KeT 6bITb, a MO)J(eT He 6bITb nonHbIM KBa,npaTOM;

3) Bcer.na qeTHO;

4) Bcer.na HeqeTHO;

5) HHt.IerO H3 iIepet.IlfCneHHoro.

11.9. KaKHe H3 cJIe,lI,YIOLQHx COOTHOllIeHHH BbInOJIHeHhI .nJIjI JII06oro

.neHcTBHTeJIbHOrO qHCJIa x ?

a) x < Ixl;

b) sin(arcsinx) =
x;

c) arcsin(sinx) =
x;

d)x�x2.

1) HH O.nHO; 2) b H d; 3) b If C; 4) C H d.

11.10. TIJIOwa.nb npaBHJIbHOrO mecTHyrOJIbHHKa paBHa S. Cepe.nHHbI
ero CTOpOH COe,lI,HHeHbI nOCne,lI,OBaTeJIbHO. Hai1:TH nJIOwa.nb no-

JIyqeHHOrO MHoroyrOJIbHIiKa.

1

1)
3

s;
1

2) 2
s;

3

3)
4

s;
5

4)
6

s.

11.11. <1>YHKUHg f (x) nepHO,lI,HqHa C rrepHO,lI,OM 2, H f (x) = x
2

npH

x E [-1,1]. HauTH <l>OPMYJIY .nng f(x) Ha OTpe3Ke x E [5,7].

1) x
2

; 2) (x - 6)2; 3) x
2

- 6; 4) Henb3R HaHTH.

11.12. Cpe,lI,Hee apH<pMeTHqeCKOe Tpex qHCeJI paBHO 4, a cpe.nHee

apH<pMeTHqeCKOe ceMH .nPyrHx qHCeJI paBHO 6. '4eMY paBHO

Cpe,lI,Hee apH<pMeTHqeCKOe Bcex 10 qHCeJI?

1) 1; 2) 10;
5

3)
27

; 4 )
27

.

5'

5) Henb3R HaHTIf.
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x
2

11.13. HaHTH Han60JIhIIIee 3HaqeHlle £pYHKUHH Y
=

4
.

x +25

1

1)
10

; 2) 0;
1

3)
26

; 4) HeJIb3j{ HaMTM.

11.14. IIycTb «PYHKI.{HH f(x) II g(x) onpe.neJIeHbI npH x E IR, npHqeM

f(x) y6bIBaeT, a g(x) B03paCTaeT. 4TO MO)l(HO CKa3aTb 0 pa.3-

HOCTH f(x) - g(x) ?

1) Bcer.na B03pacTaeT Ha IR;

2) Bcer.na y6bIBaeT Ha IR;

3) Bcer.na cYLUecTByeT TaKoe x, qTO f(x)
- g(x) = 0;

4) HHqerO M3 nepe'-IHCJIeHHoro.
. 1--1-

11.15. P eIIIHTb HepaBeHCTBO 2
510 x

+ 2
C05 x

;::: 2 Vi
.

rrk

2) x =

2'
k E Z;1) x E 0;

1rk

3) x =

4'
k E Z; 4) x E IR.

11.16. Cy:rnecTBYIOT JIH 100 H.n:yrnHx no.npg.n COCTaBHbIX qHCeJI?

1) .na; 2) HeT.

11.17. MO)l(HO JIH TpexrpaHHbIH yrOJI SABC C BepllIHHoH S H nJIOCKH-

MH yrnaMH LASB = LBSC = LCSA = ; nepeCeqb nJIOCKOC-

TblO TaK, qTo6bI B CeqeHHH nOJIyqHJICg TpeyrOJIbHHK C yrJIaMH
21r � �?
3' 6' 6.

1) .na; 2) HeT.

11.18. IIpe.ncTaBHTb qHCJIO 0,2(13) B BH.ne 06bIKHOBeHHOH .nP06H.

1 )
213

.

99
'

2 )
213

.

990'

212

3) 99;

211

4)
990

.



TeCT 12

12.1. HaHTH MHHHManbHoe 3HaqeHHe £pYHKl{HH f(x)

OTpe3Ke [-1, 1].

x
2

In
3

7r Ha

1) 1; 2) -1; 3) 0; 4) e
3

; 5) e.

12.2. IIycTb a, b -

paUHoHanbHbIe QHCna. BbI6epHTe BepHoe

YTBep)K,neHHe OTHOCHTenbHO QHCna a
. b:

1) paUHOHaJIbHO;

2) HppaUHOHanbHO;

3) MO:>KeT 6bITb paUHOHanbHbIM, MO)KeT 6bITb HppaUHOHanbHbIM.

12.3. YeMY paBHo MaKCHManbHoe 3Ha-qeHHe nnOlI.{a,nH BbInYKnoro qe-

TbIpexyronbHHKa C ,nHarOHanSIMH d 1 ,
d 2 ?

1) d 1 d 2 ; 2 )
dld2

.

2
' 3) d 1 + d 2 ; 4 ) d2 + d

2 .

1 2' 5) d 1 .

12.4. HaHTH npoH3Bo,nHYIO £pYHKl{HH y
== arctg 1.

7r

1)
4

;

7r

2)
-

4
; 3) 1; 4) -1; 5) O.

12.5. HaHTH CYMMY Bcex pa3nHqHbIX HaTypanbHbIX ,nenHTeneH qHC-

na 147.

1) 80; 2) 227; 3) 228; 4) 229; 5) 235.

12.6. HaHTH Bce 3HaQeHHSI q, npH KOTOpbIX nocne,nOBaTenbHOCTb

1, q, q2, q3, . . . y6bIBaeT.

1) q � 1; 2) 0 � q � 1; 3) 0 � q < 1; 4) 0 < q < 1.

12.7. YTO MO)KHO CKa3aTb 0 BbInYKnOM qeTbIpexyronbHHKe, npOTH-

BOnOnO)KHbIe yrnbI KOToporo nonapHO paBHbI?

1) 3TO Bcer.na napannenorpaMM;

2) 3TO Bcer.na npjlMoyronbHHK;

3) 3TO Bcer.na pOM6;

4) 3TO Bcer.na TpaneUHjI.
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12.8. HaHTH Koop,nHHaTbI l..{eHTpa OKPY)I(HOCTH MHHHMaJIbHOrO pa-

,nHyca, BHYTPb KOTOpOH MO)KHO nOMeCTHTb MHO)KeCTBO TOqeK,

3a,naHHoe Ha nnOCKOCTH (x, y) HepaBeHCTBOM ly+41+lx-21 < 5.

1) (4,-2); 2) (-4,2); 3) (0,0); 4) (1, 7); 5) (2, -4).

12.9. BeJIaJI KypHua CHOCHT O,nHO SIHUO 3a 7 ,nHeH. qepHaJI KypHua

CHOCHT O,nHO SIHUO 3a 3 ,nHSI. CKOJIbKO SIHI..{ CHeCYT o6e KypHUbI

3a 101 ,neHb?

1) 47; 2) 48; 3 )
1010

.

21
' 4) 49.

12.10. BbIqHCJIHTb 1
2

- 2
2

+ 3
2

- 4
2

+ 52 - 6
2

+ · · . + 99
2

- 100
2

.

1) 50; 2) 5050; 3) -50; 4) -5050; 5) O.

.

12.11. BbI6paTb ypaBHeHHe JIHHHH, KOTOpylO onHCbIBalOT Ha KOOp,nH-

HaTHOH nJIOCKOCTH (x, y) BepllIHHbI napa60JI y
= 2x2 - 4ax + 1

npH a E �.

1) y
= 1 -

x
2

;

4) x =
a;

2)y=I-2x
2

; 3)y=1-2a
2

;

5) Bce BapMaHTbI HeBepHbI.

12.12. lIaHbI ,nBe nepeceKalOIUHecSI C£pepbI pa,nHyca R, paccToSIHHe

Me)K,ny HX ueHTpaMH paBHO d. HaHTH pa,nHYc nOJIyqeHHOH B

nepeCeqeHHH OKPY)KHOCTH.

d
1 ) R - -'

2'
2 ) J R2

d
2

.

3 ) R2 _

d
2

.

2' 4'

r:::-;p
4) V

R2 -

"4'

12.13. IIpH KaKHX x BbInOJIHeHO paBeHcTBo sin(arcsinx) = x ?

1) x E IR;

4) x E [-1,1];

2) x E [0,11"]; 3) x E [-�, ; ];

5) HH npH KaKHX x.

12.14. MO)KeT JIH qHCJIO, ,neCSITHqHaJI 3anHCb KOToporo COCTOHT H3

2003 HYJIeH, 2003 e,nHHHU H 2003 ,nBoeK (B KaKOM-TO nopSI,nKe),
6bITb TOqHbIM KBa,npaToM?

1) .na; 2) HeT.
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12.15. PaccToHHlie Me)K.n;y .n;BYMH MaIlIHHaMIi, .n;BH)KYI1J:liMIiCH no IlIOC-

ce, COCTaBJIHeT 100 KM. CKOpOCTH MallIHH paBHbI 80 KM/qaC
1'1 60 KM/qac. MO)KeT JIH paCCTOHHHe Me:>K.n;y HHMH qepe3 qac

paBHHTbCH 40 KM?

1) .na; 2) HeT.

12.16. Ha npe.n;npHHTIiH He 60JIee 100 pa6oQlix. POBHO TpeTb 1'13 HHX

)KeHIIJ:HHbI. 8% pa60QHX KOHCTPYHPYIOT CaMOJIeTbI. CKOJIbKO Ha

npe.n;npHHTHH )KeHIIJ:IiH?

1) 25; 2) 75; 3) 33; 4) Henb3g HaHTH.

12.17. B TpeyrOJIbHHKe .n;JIHHbI Me.n;HaH paBHbI 1, V2, y'3. Onpe.n;eJIHTb
BIi.n; TpeyrOJIbHHKa:

1) oCTpoyronbHbIH; 2) npgM:oyronbHbIH; 3) TynoyronbHbIH;

4) Henb3H onpe.nenHTb; 5) TaKOH TpeyronbHHK He cymecTByeT.

12.18. PaCnOJIO)KHTb QHCJIa B nopH.n;Ke y6bIBaHHH:

a == 2J19, b == 8,(7), c == 8,(71).

1) a,b,c; 2) a, c, b; 3) b, a, c; 4) c, a, b;

5) Bce npHBe.neHHbIe BapHaHTbI HeBepHbI.
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13.1. HaHTH 3HaK QHCJIa sin(cos( -1)).

1) oTpH�aTenbHo; 2) nOnO)KHTenbHO; 3) paBHO O.

13.2. BbIqHCnHTb 1 - 2 + 3 - 4 + 5 - 6 + . · . + 99 - 100.

1) - 50; 2) -49; 3) 50; 4) 51; 5) O.

13.3. ECJIH K HaTypaJIbHoMY qHcny rrpH6aBHTb 5, TO OHO pa3.n;enHTCj{

6e3 OCTaTKa Ha 9. 4eMY paBeH OCTaTOK OT .n;eneHHj{ rrepBOHa-

qanbHOro QHCJIa Ha 3 ?

1) 5; 2) 0; 3) 1; 4) 2.

13.4. llnj{ reOMeTpHqeCKOH rrporpeccHH (b n ) H3BeCTHO OTHOllIeHHe

b 8 �
b lOO

-

b
= 2. HaHTH -

b
.

4 50

1) 4096V2; 2) 2048V2; 3) 2W; 4) Henb3g HaRTH.

13.5. BbI6paTb BepHoe BbICKa3bIBaHHe:

1) ecnH npOH3Be.n;eHHe .n;BYX HaTypanbHbIX qHCen .n;enHTCg Ha 6,

TO XOTg 6bI O.n;HH H3 COMHO)KHTeneH .n;enHTCg Ha 6;

2) .n;ng Toro �IT06bI HaTypanbHoe �IHcno .n;enHnOCb Ha 5, Heo6xo-

.n;HMO, qTo6bI OHO OKaHqHBanOCb Ha 5;

3) .n;ng Toro QTo6bI HaTypanbHoe QHCnO .n;enHnOCb Ha 5, .n;OCTa-

TO�IHO, QTo6bIOHO OKaHQHBanOCb Ha 5;

4) .n;ng Toro QTo6bI npOH3Be.n;eHHe (x
-

l)(x + 2) paBHgnOCb 0,

Heo6xo.lJ;HMO, QTo6bI x paBHgnOCb 1.

13.6. KaKoe HaH60JIbmee 3HaqeHHe MO)l(eT rrpHHHMaTb rrJIom:a.n;b rrpj{-

MoyrOJIbHHKa co CTopOHaMH x H Y
-

5, eCJIH x + Y
= 3 ?

1) 1; 2) 2; 3) 0; 4) -1;

5) TaKHX npgMoyronbHHKOB He cy�ecTByeT.
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13.7. YKa3aTb panliOHaJIbHOe qHCJIO, 60JIbllIee V2, HO MeHbIllee V3.

1) 6� ; 2) V2 + 11 0
; 3) 2; 4) 1,63;

5) npHBe.neHHbIe OTBeTbI HeBepHbI.

13.8. IIpH KaKHX x onpe.n:eJIeHO BbIpa)f(eHHe J x
-

VX ?

1) x � 0; 2) x � 1, x = 0; 3) x � 1; 4) 0 � x � 1.

13.9. HaHTH IIJIOII.{a.IJ;b nOBepxHocTIi TeJIa, o6pa30BaHHoro Bpall{eHH-

eM Ky6a BOKpyr CBoero pe6pa, IiMelOI.IJ;erO .IJ;nHHY a.

1) 2J27ra
2

;

4) (4 + 2J2)7ra
2

.

13.10. B HHCTIiTYTe 70 aY.IJ;IiTOpIiH.

.IJ;IiTOplili HaXO.IJ;IiTC� He 60JIee

YTBep:>K.ZJ;eHHe:

2) (2 + 2V2)7ra
2

; 3) 2J27ra
2

;

H3BeCTHO, qTO B Ka)l(.IJ;OH ay-

20 qeJIOBeK. BbI6epliTe BepHoe

1) He MO)l(eT 6bITb ngTM ay.nHTopHH C o.nHHaKOBbIM KOnH1..IeCTBOM

qenOBeK;

2) Bcer.n:a eCTb qeTbIpe ay.nHTopHM C o.nMHaKOBbIM KOnHqeCTBOM

qenOBeK;

3) Bcer.na eCTb .l{Be ay.nMTopMH, B KOTOpbIX no O.nHOMY qenOBeKY;

4) Bcer.na eCTb ,nBe ay.nMTopHH C pa3nMqHbIM 1..IMCnOM qenOBeK.

13.11. qTO MO:>KHO CKa3aTb npo napy TpeyrOJIbHHKOB, y KOTOpbIX .IJ;Ba

yrJIa O.ZJ;Horo paBHbI .ZJ;BYM yrJIaM .IJ;pyroro H, KpOMe Toro, O.IJ;Ha

1i3 CTOpOH nepBoro paBHa O.IJ;HOH 1i3 CTOpOH BToporo?

1) Bcer,na paBHbI;

2) He MorYT 6bITb paBHbI;

3) Bcer.na no.no6HbI, HO MorYT 6bITb He paBHbI;

4) Bcer.na paBHo6e.npeHHbIe;

5) HH�Iero H3 nepeqHCneHHoro.

13.12. PaCnOJIO:>KIiTb qHCJIa B nOp�.IJ;K� y6bIBaHIi�:

a = 2e
2

,
b = e

5
+ 1, c == 1.

1) a, b, c; 2) b, c, a; 3) b, a, c; 4) c,b,a; 5) c, a, b.
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x
...

13.13. IIycTb f(x) ==
. HaIITII <POPMYJIY ,nJIjI f(f(x)) H YKa3aTb

x-I
06JIaCTb orrpe,neJIeHHjI 3TOH cpYHKnHH.

x
2

1) J(f(x)) =

(x _ 1)2
'

x f- 1;

x

2) f(f(x)) =

x-I
'

x i= 1;

3) f(f(x)) ==
x, x i= 1;

4) f(f(x)) =
x, x E Ilt

13.14. HaRTH HaH60JIbIllee 3HaqeHHe «PYHKnHH Y
== sin

5
x + Cos1 3

x.

1) 1; 2) 2; 3) V2; 4) 1 + V2.

13.15. IIycTb ABC D AlBl C l Dl -

rrpjlMoyrOJIbHbIH rrapaJIJIeJIerrHrre.n,

AB == 3, AD == 4. HaHTH OCTpbIH yrOJI Me)l(,ny rrpjlMbIMH AC

H BlDl.

1) arccos i5 ;

3 ) arccos
14

.

25 '

2) 7r
-

arccos
2

7

5 ;

4) 3aBHCHT OT .nnHHbI pe6pa AA 1 -

I
13.16. PellIHTb HepaBeHCTBO � -2.

cosx

1) x E [ 2311" + 27rn,
4

3

11"

+ 27rn] ,
n E Z;

2) x E (-� + 27rn, � + 27rn) ,
n E Z;

3) x E IR;

4) perneHHH HeT;

5) npHBe.n:eHHbIe OTBeTbI HeBepHbI.

13.17. 113BecTHo, qTO ,nJIHHbI Bcex Tpex 6HcceKTpHc TpeyrOJIbHHKa

MeHbme 1. BepHo JIH, qTO ero rrJIOll{a,nb Bcer,na MeHbme 1 ?

1) .na; 2) HeT.

13.18. I1pH KaKHX BeI.IJ;eCTBeHHbIX a He CYll{eCTByeT HH o,nHoro 3Ha-

qeHHjI x, o,nHOBpeMeHHO y,nOBJIeTBOpjllOll{ero HepaBeHCTBaM

a
2

x
2

- I > 0 H x
2

� a ?

1) a E (-00,1]; 2) a E (0,1]; 3) a E [0,1]; 4) a E IR.



TeCT 14

14.1. 113BecTHo, qTO I(x)
- JIHHeHHaJI «PYHKQHjI, 1(0) = 5,1'(1) = 3.

HaHTH 1(1).

1) 3; 2) 5; 3) 8; 4) Henh3R HaHTH.

14.2. Ha rpacpHKe <PYHKl.{HH Y
= x

3
B3j1JIH 10 TOqeK, op.n;HHaTbI KOTO-

pbIX o6pa3YIOT reOMeTpHqecKYIO nporpeCCHIO. YTO MO:>KHO CKa-

3aTb npo HX a6Cl.{HCCbI (B3j1TbIe B TOM :>Ke nOpjl.n;Ke)?

1) Bcer.na o6pa3YIOT reOMeTpHqecKYIO nporpeccHIO;

2) Bcer.na o6pa3YIOT apH<pMeTHt.IecKYIO nporpeCCMIO;

3) He MorYT y6hIBaTb;

4) HHqerO H3 nepeqHCneHHoro.

14.3. O.nHa KypHl.{a CHOCHT 3a O.n;HH .n;eHb O.n;HO jlHno. CKOJIbKO jlHn

cHecYT .n;Be KypHl.{bI 3a .nBa .n;HjI?

1) 1; 2) 2; 3) 4; 4) 8.

14.4. Cpe.n;Hee reOMeTpHqeCKOe njlTHa.n;l.{aTH qHCeJI paBHO 3, a cpe.n;-

Hee reOMeTpHqeCKOe ceMH .nPyrHx qHCeJI paBHO 5. qeMY paBHO

cpe.n;Hee reOMeTpHqeCKOe Bcex 22 qHCeJI?

1) 2� 315. 57; 2) /15; 3) 2�; 4) Henb3g HaHTH.

14.5. BbI6epHTe 'He6ep'HOe onpe.n;eJIeHHe napaJIJIeJIOrpaMMa:

1) BbInYKnhIH qeTbIpexyronbHHK� npoTHBOnOnO)l(HbIe CTOpOHbI KO-

Toporo nonapHo paBHbI;

2) BbInYKnbIH tIeTbIpexyronbHHK, y KOToporo .nBe npOTMBOnOnO)l(-

HbIe CTOpOHbI paBHbI, a .nBe .npyrHe
-

napannenbHbI;

3) BbInYKnbIH t.IeTbIpexyronbHHK, y KOToporo .nBe npOTMBOnOnO)l(-

HbIe CTOpOHbI paBHbI H napannenbHbI;

4) BbInYKnbIH qeTbIpexyronbHHK, y KOToporo npOTHBOnOnO)KHbIe

yrnbI non apHO paBHbI.

14.6. BbIqHCJUfTb J (16 + v 2 57 )2 + V (16 - V 2 57 )2.

1) 16; 2) 32; 3) 257; 4) 2 v'257 .



YCnOBMJl 3AJIA q 45

14.7. MO)l(eT JIH ,n:nCKpHMHHaHT KBa,npaTHoro TpeXqJIeHa C neJIOqHC-

neHHbIMH K03cpcpHQHeHTaMH paBHjJTbCjI 2003 ?

1) .na; 2) HeT.

14.8. KaKHe H3 ypaBHeHHH paBHOCHJIbHbI:

cos5x = 2, 5cosx = 2, cos 5x = 3 ?

1) HHKaKlfe .nBa;

3) nepBoe If TpeTbe;

2) nepnoe Ii BTopoe;

4) Bce.

14.9. llaHbI .n;Ba no.no6HbIX TpeyronbHHKa. H3BecTHbI .n;nHHbI CTOpOH

nepBoro TpeyrOJIbHHKa: 5, 12 H 13. Pa.nHYc OKPY:>KHOCTH, BnH-

caHHOH BO BTOpOH TpeyrOJIbHHK, paBeH 4. HaHTH nJIOlI1a,nb BTo-

poro TpeyrOJIbHHKa.

1) 120; 2) 60; 3) 30; 4) Henb3g HaHTIf.

14.10. IIycTb f(x) = 1-.!.. Haihli 4>OPMYJIY .n:ml J(f(f(x))) Ii YKa3aTb
x

06JIaCTb orrpe.neJIeHH5I 3TOH <PYHK�HH.

1) f(f(f(x))) =
x, x E IR;

2) f(J(J(x))) = (1- � r, x � 0;

3) f(f(f(x))) =
x, x � 0,1;

4)f(J(J(X)))=(1- � r, xEIR.

14.11. KaKHM jlBJI5IeTC5I qHCJIO 232002 + 1 ?

1) npOCTbIM; 2) COCTaBHbIM; 3) qeTHbIM.

14.12. HaHTH 06'beM Tena, o6pa30BaHHoro BpaI.IJ;eHHeM Ky6a BOKpyr

CBoero pe6pa, HMelOI.IJ;erO .n;nHHY a.

1) 4a
3

; 2) 7ra
3

; 3) 27ra
2

; 4) 21ra
3

.
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14.13. HaHTIi MHHHManbHoe 3HaqeHHe nnOIl.{a.n1i TpeyrOJIbHIiKa C .n;nH-

HaMH CTOpOH 3, 4, 5 + a, ecnH -3 � a � 1.

1) 6; 2 )
J65

.

2
'

3 )
3Ji5

.

4
' 4) Henb3g HaRTH.

14.14. BbI6paTb HaliMeHbIllee 1i3 qHCeJI: 222
2

,
22

22
,

2
222

.

1) nepBoe; 2) BTopoe;

4) Bce TPH qHCna paBHbI.

14.15. HaHTIi CYMMY K03<p<pIil.{HeHTOB MHOrOqJIeHa, nonyqalOIl.{eroc5I

nocne pacKpbITH5I cK060K Ii npHBe.n;eHH5I no.n;06HbIX qneHOB B

BbIpa:>KeHHH (5x
2

- 7 x + 1)
2003

.

3) TpeTbe;

1) 2003; 2) 0; 3) 1; 4) -1; 5) .npyraJI.

14.16. PaCCT05IHlie Me:>K.n;y nYHKTaMH A H B paBHO 150 KHnoMeTpoB.

113 A Ii B o.nHoBpeMeHHo oTnpaBn5IIOTC5I HaBCTpeqy .npyr .n;py-

ry .n;Ba BeJIOCHne.n;HcTa, CKOpOCTb Ka:>K.n;oro 15 KM/qac. BMecTe C

nepBbIM BenOCline.n;IiCTOM 1i3 nYHKTa A B TOM :>Ke HanpaBneHli1i

BbIneTaeT Myxa, ee CKOpOCTb 20 KM/qac. lloneTeB .n;o BToporo

BeJIOCHne.n;IiCTa, OHa nOBOpaqliBaeT 06paTHO Ii neTHT .n;o nepBO-

ro BeJIOCHne.n;IiCTa. BCTpeTIiB ero, OHa On5ITb nOBOpa1.IHBaeT KO

BTOPOMY, 1'1 TaK .n;o Tex nop, nOKa BenOCHne.n;HCTbI He BCTpeT5IT-

C5I. CKonbKO KHnOMeTpOB npOJIeTena Myxa?

1) 150; 2) 100; 3) 90; 4) Henb3g HaHTH.

14.17. 5IBJI5IeTC5I JIH qlicno tg 15° paI.{IiOHaJIbHbIM?

1) .na; 2) HeT.

14.18. 113BecTHo, qTO 4a + 2b + c > 0 H ypaBHeHHe ax
2

+ bx + c = 0

He IiMeeT pemeHIiH. YTO MO:>KHO CKa3aTb 0 qliCJIe c ?

1) Bcer.na nOnO)l(HTenbHO;

3) Bcer.na paBHO HynlO;

2) Bcer.na oTpHuaTenbHo;

4) HHqerO H3 nepe'-IHcneHHoro.
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PeIIIeHHjI TeCTOBhIX 3a�aHHH

1.1. JIerKo pelllHTb ,naHHoe HepaBeHCTBO:

.

x
3

+ 27 > 0 <==> x
3

> -27 == (-3)3 <==> X > -3.

MHHHManbHoe uenoe qHCnO, y,noBneTBopSIIOIUee HepaBeHcTBY x > -3,

3TO x == -2. D

1.2. CornacHo ycnoBHIO, KOnHqeCTBa MeCT B pSI,nax o6pa3YlOT

apH£pMeTHQecKYIO nporpeCCHIO. TaKaJI CHTyauHSI ,neHcTBHTenbHo B03-

MO)KHa, TaK KaK pa3HOCTb 3TOH nporpeCCHH SIBnSIeTCSI HaTypanbHbIM

qHCnOM:

70 - 10
== 4.

16 -1

Bcero MeCT

s ==

at + an
. n ==

10 + 70
. 16 == 640

2 2
. D

1.3. TaKHe nSITHyrOJIbHHKH cym:eCTBY-

lOT, O,nHH H3 HHX H306pa)KeH Ha pHCYHKe.

B npHBe,neHHOM npHMepe BODE -

KBa,n-

paT, ABE -

paBHOCTOpOHHHH Tpeyronb-

HHK. D

D E

A

C B

1.5. 06nacTb .nonycTHMbIX 3HaqeHHH: x E [-1,1]. TaK

KaK arcsin x E [-�, � ], TO cos(arcsinx) � O. Cne,noBaTenbHo,

cos(arcsinx) == V I -

x
2

. KpoMe Toro, ecnH x y,nOBneTBopSIeT ypaB-

HeHHIO, TO 06SI3aTenbHO x � O. HMeeM:

=*
V2

x==- 0
2

.x == cos( arcsin x) <==> x == V I -

x
2

<==> x
2

== 1 -

x
2

1.6. HMeeM: f(f(x)) == f(x
2

- 1) == (x
2

- 1)2 - 1 == x
4

- 2x
2

. D
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1.7. II pe06pa3yeM 3a.naHHoe BbIpa)KeHHe:

5 cos
2

2x + 48 sin x cos x cos 2x - 5 sin
2

2x =

== 5( cos
2

2x - sin
2

2x) + 24(2 sin x cos x) cos 2x ==

== 5 cos 4x + 24 sin 2x cos 2x ==

== 5 cos 4x + 12sin4x == 13sin(4x + <p)

(3.neCb cp
-

HeKoTopbIH ",nonOJIHHTeJIbHbIH aprYMeHT", TaKOH yrOJI,

qTO sin cp
=

1

5

3 '
a cos cp

== �� ). 51cHo, qTO MaKCHMaJIbHOe 3HaqeHHe

3Toro BbIpa>KeHHSI paBHO 13. D

an
1.8. HCKoMoe qHCJIO paBHO

- == an-I. D
a

1.9. HMeeM:

1+

2+

1

1

3
1

+
1

4+ -

x

139

97
<==>

1 42 1 97

1
- <==> 2+ - <==>

2+
97

3+
1 42

1 1
3+

1
4+ -

4+ -

x

x

1 13
3+

1 42

1
- <==>

1
- {=}

42 13
3+

1
4+ -

4+-
x

x

1 3 1 13 1 1
{=} x == 3.- <==> 4+-==- <==> -

1 13 x 3 x 3
4+-

x

1.10. HaH,neM HYJIH ,naHHoH £pYHKnHH:

f(x) == 0 {=} sin ( � ) = 0 <==>

o
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1
{=:=:} - =

7rn, n E Z
x

{=:=:}

1
x ==

-, n E Z \ {O}.
1rn

IIpH HeOrpaHHqeHHOM B03paCTaHHH HnH y6bIBaHHH n Mo.nynH KopHeH

y6bIBa1OT, CKonb yro.nHO 6JIH3KO npH6JIH:>KaJICb K HynlO, o.nHaKO 0 He

jlBnjleTCSI HyneM £pYHKnHH. If TaK, cpe,nH KopHeH HeT HaHMeHbllIero no

Mo,nynlO. 0

1.11. IIpjlMaJI, He napan:neJIbHaJI OCH CHMMeTpHH napa60JIbI, Kaca-

eTCSI napa60nbI Tor,na H TonbKO Tor,na, Kor,na OHa nepeceKaeT napa-

60ny pOBHO B O,nHOH TOqKe. OCb ,naHHoH napa60nbI HMeeT ypaBHeHHe

x == � H He napannenbHa HH O,nHOH H3 ,naHHbIX npSIMbIX. HaH.neM

TOqKH nepeCeqeHHSI napa60nbI C nepBOH npSIMOH:

9x
2

- 4x + 14 = 20x - 2 {=:=:} 9x
2

- 24x + 16 == 0 {=:=:}

4
{=:=:} (3x

- 4f = 0 {=:=:} x =

3
'

3HaqHT, nepBaJI npSIMaJI KacaeTCSI napa60nbI.

HaH,neM TOqKH nepeCeqeHHSI napa60nbI co BTOpOH npSIMoH:

9x
2

- 4x + 14 == 3x - 16 {=:=:} 9x
2

- 7x + 30 == O.

TaK KaK KBa.npaTHoe ypaBHeHHe He HMeeT pellIeHHH, TO TOqeK nepe-

CeqeHHSI HeT. 0

1.12. IIepeHeceM 13
x

B npaBYIO qaCTb H pa3,nenHM HepaBeHCTBO

Ha 13
x

. 3HaK He H3MeHHTCSI, TaK KaK npH nlO6oM x HMeeM 13
X

> O.

IIonyqHM

(
5

)
X

(
12

)
X

13
+

13
� 1.

IIpH X == 2 HepaBeHCTBO o6palQaeTCSI B paBeHCTBO. <t>YHKUHSI y(x) ==

= ( 1

5

3 )
x

+ ( g )
x

�lBnileTCiI CTporo y6bIBaIDweii KaK CYMMa .D:BYX CTpo-

ro y6bIBalOlQHX £pYHKnHH. Cne,nOBaTenbHO, perneHHeM HepaBeHCTBa

SIBnSIeTCSI npOMe)KYTOK (-00,2]. D

1.13. "Pa3BepHeM" nOBepXHOCTb Ky6a Ha nnOCKOCTb (CM. pHCy-

HOK). Coe.nHHHM TOqKH 0 H Al oTpe3KoM npSIMoH. Myxa 3aTpaTHT
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MHHHMaJIbHOe BpeMSI, ecnH 6y,neT ,nBHraTbCSI no 3TOMY OTpe3KY. OT-

MeTHM, qTO MO)KHO pa3BepHYTb nOBepXHOCTb Ky6a H no-,npyrOMY, o,n-

HaKO YKa3aHHbIH nYTb SIBnSIeTCSI KpaTqaHIIIHM.

A1 8
1

D A A
1

A

C
1 c

B
8

1

D

nJIHHY (B caHTHMeTpax) OA I nerKO HaHTH no TeopeMe IIH£paropa:

OA I
== V 150 2

+ 50 2
= 50ViO.

Myxe nOTpe6yeTcSI 5.JfQ MHHYT. TaK KaK

15 == 5 . 3 < 5ViO < 5 . 3,2 == 16,

TO BepHbIH OTBeT
- 16 MHHYT.

1.14. t.IHcno

D

(n+5)! 1.2.....(n+4).(n+5)
n! 1 · 2 .

. . .

. (n - 1) · n

== (n + 1)(n + 2)(n + 3)(n + 4)(n + 5)

SIBnSIeTCSI npoH3Be.neHHeM nSITH nOCJIe,nOBaTenbHbIX HaTypanbHbIx qH-

cen. Cpe,nH nSITH no,npSI,n H,nym:HX qHCeJI Bcer,na eCTb O,nHO, ,neJISIm:eecSI

Ha 5; XOTSI 6bI O,nHO, ,nenSIm:eecSI Ha 3; O,nHO, ,nenSIm:eecSI Ha 4; O,nHO,

,nenSIm:eecSI Ha 2, HO He ,neJISIm:eecSI Ha 4. TaK KaK 3, 4 H 5 B3aHMHO

npOCTbI H qHCnO, KOTopoe ,neJIHTCSI Ha 2, HO He ,nenHTCSI Ha 4, OTnHq-

HO OT qHCJIa, KOTopoe ,neJIHTCSI Ha 4, TO npOH3Be,neHHe ,neJIHTCSI Ha

2 . 4 . 3 . 5 == 120. I1TaK, BepeH OTBeT 5). 51cHo, qTO Bce OCTaJIbHbIe

OTBeTbI }}BJIHIOTCSI HeBepHbIMlI. D
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( n+5 ) '

BTOPOE PEIIIEHHE: t.IHCJIO n!5!. paBHO qHCJIY COqeTaHHH H3 (n + 5)

npe.n;MeTOB no 5, n03TOMY 3TO HaTypaJIbHOe qHCJIO. 3HaqHT, (n+,5)!n.

.n;eJIHTCSI Ha 51 = 120. D

1.15. CJIO)KHM qHCJIO yqeHHKOB, KOTopbIe H3yqalOT aHrJIHHCKHH,

C qHCJIOM yqeHHKOB, KOTopbIe H3yqalOT £ppaHUY3cKHH. 8TO qHCJIO

BKJIlOqaeT B ce6SI: qHCnO yqeHHKOB, H3yqalOlQHX TOJIbKO aHrnHHcKHH;

qHCJIO yqeHHKOB, H3yqalOII.{Hx TOJIbKO 4>paHUY3CKHH; qHCJIO yqeHH-

KOB, H3yqalOlQHX o6a SI3bIKa. IIpH 3TOM yqTeHbI Bce yqeHHKH KJIaCCa,

TaK KaK Ka)K.n;bIH H3yqaeT XOTSI 6b! O.n;HH SI3bIK. KpoMe Toro, yqe-

HHKH, H3yqalOm;He o6a SI3bIKa, nocqHTaHbI .n;Ba)K,nbI: KaK H3yqalOII.{He

aHrnHHcKHH H KaK H3yqalOlI.{He <ppaHUY3cKHH. CJIe.n;oBaTeJIbHO, qHC-

JIO yqeHHKOB B KJIaCCe nOJIyqHTCSI, eCJIH H3 CYMMb! qHCJIa yqeHHKOB,

H3yqalOlQHX aHrnHHcKHH, H qHCJIa yqeHHKOB, H3yqalOlI.{HX £ppaHnY3-

CKHH, BbIqeCTb qHCJIO yqeHHKOB, H3yqalOm;HX o6a SI3bIKa. IIoJIyqHM
15 + 10 - 2 = 23. 0

1.16. IIJIom:a.n;b nonyqeHHOH £PHrYPbI ABEDC paBHa pa3HOC-

TH nJIOlQa,neH Hcxo,nHoro npSIMoyrOJIbHHKa H nJIOm;a,nH TpeyrOJIbHHKa

ACE, no KOTOPOMY npOH3Bo.n;HJIOCb CKJIeHBaHHe (CM. PHCYHOK). IIJIo-

m;a.n;b Hcxo,nHoro npSIMoyrOJIbHHKa paBHa 3.4 = 12. HaH,neM nJIOlI.{a,nb

TpeyrOJIbHHKa ACE:

1 v 3 2
+ 4 2 5

S!'>ACE =

2
EM · AC = EM ·

2

=

2
EM =

5 25 25 DC 25 3 75
=

2

. AM tg LEAM =

4"
tg LDAC =

4"
·

AD
=

4"
·

4
=

16
.

A o

oB ,C
,

,

,

" 3
"

"

A
M

c

4

3HaQHT,
75 117

SABEDC = 12 - - = -.

16 16
o
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1.17. CornacHo <popMyne nnOlI.{a,nH TpeyronbHHKa, HMeeM:

28 == aha == bh b
== ehe.

T h -

3 h -

4 h
-

5
-

2S
b -

2S
-

28
11aK KaK a

-

, b
-

, e
-

,
TO a -

3'
-

4'
e -

5.
nSI

onpe,neneHHSI BH,na TpeyronbHHKa Bocnonb3yeMcSI TeopeMOH KOCHHY-

COB. 110CTaTOqHO paCCMOTpeTb ero HaH60nbIIIHH yron, a OH ne)l(HT

npOTHB HaH60nbllIeH CTOpOHbI 2f . 3aMeTHM eme, qTO 06�HH MHO-

)KHTenb S MO)KHO YHHqTO)l(HTb, OH He BnHSIeT Ha BH,n TpeyronbHHKa.

BbIqHCnSIeM KOCHHYC HaH6onbllIero yrna:

(
2

)
2

+ (
2

)
2

_

(
2

)
2

= � + � _

4
=

225 + 144 - 400
= _

31
< O.

4 5 3 4 25 9 900 900

3HaQHT, TpeyronbHHK TynoyronbHbIH. D

1.18. PaccMoTpHM TPH cnyqaJI.

1) IIycTb a == O. TaK KaK a + e < 0, TO e < O. Cne,nOBaTenbHO, ypaB-

HeHHe ax
2

+ e == 0 <==> e == 0 He HMeeT peIlleHHH.

2) IIycTb a > O. rpa<pHK <PYHKUHH I(x) == ax
2

+ e
-

3TO napa6ona,

BeTBH KOTOpOH HanpaBneHbI BBepx. 11aJIee, 1(1) == a + e < O. Cne,no-

BaTenbHO, ypaBHeHHe ax
2

+ e == 0 HMeeT pellIeHH5I.

3) IIycTb a < O. rpa<pHK <PYHKUHH I(x) == ax
2

+ e
-

3TO napa6o-

na, BeTBH KOTOpOH HanpaBneHbI BHH3. CBoe MaKCHManbHoe 3HaqeHHe,

paBHoe e, <PYHKl(HSI I(x) ,nOCTHraeT npH x == O. Cne,noBaTenbHo, npH

e < 0 ypaBHeHHe ax
2

+ e == 0 He HMeeT pemeHHH H a + e < O.

06'be,nHHSISI pe3ynbTaTbI, nonyqaeM a � O. D

2.1. TaK KaK I( -0) == -

1(0) == 1(0), TO 1(0) == O. D

2.3. lInSI nonyqeHHSI HCKOMOH npoeKUHH

Heo6xo,nHMO onycTHTb H3 KOHUOB oTpe3Ka

nepneH,nHKynSIpbI Ha OCb a6Cl(HCC (CM. PH-

CYHOK). O,nHaKo npSIMaJI x == 2, npoxo,nSI-

lI.{aJI qepe3 ,naHHbIe TOqKH, nepneH,nHKYJISIp-'

Ha OCH OX, H n03TOMY npOeKl(HH KOHl(OB OT-

pe3Ka Ha 3TY OCb COBna,n:aIOT. IIpoeKUHeH

OTpe3Ka SIBnSIeTCSI TOqKa C Koop,nHHaTaMH

(2,0). D

y
(2,5)

I (2,2)
I

I

I

I

I

o (2,0) x
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2.4. EcnH HaqaJIbHaJI neHa paBHa t, TO neHa nocne nOBbIIlleHHSI

COCTaBnSIeT

20 6
t +

100
t =

5
t,

a nocne nOHH)KeHH�

6 20 6 24
-t - - . -t = -t < t
5 100 5 25

'

TO eCTb HTorOBa� ueHa MeHbllIe nepBOHaqaJIbHoH.

2.5. TaK KaK 32768 = 2
15

,
TO HMeeM:

o

32768 = 2
2x

{=} 2
X

= 15 {=} x = log2 15. D

2.6. IIocne nepBoro pa3pe3aHHSI nOJIyqHnOCb 28 KyCKOB. llanee

Ka)K.n:oe pa3pe3aHHe YBenHqHBaJIO o6lI.{ee qHCnO KYCKOB Ha 6. IIo3ToMY

IIOJIyqeHHOe B pe3ynbTaTe qHCnO KyCKOB qeTHO, a 3HaqHT, He MOJKeT

paBHSITbCSI 2003. D

2.7. IIpoBe.n:eM BbICOTY CH H3 Bep-

llIHHbI C (CM. PHCYHOK). Tpe6yeTcSI
HaHTH .n:nHHY OTpe3Ka AH. H3 no.n:o-

,

6HSI TpeyronbHHKOB AC H H ABC no-

JIyqHM AC
2

= AH . AB, OTKy.na

c

A
H

B

AH =

AC
2

AB

AC
2

V AC2 + BC2

25

13

(B npe.n:nocne.nHeM paBeHCTBe MbI Bocnonb30BanHCb TeopeMoH IIH£Pa-

ropa). D

2.8. HaH.n:eM ypaBHeHHe nepBoH KaCaTeJIbHOH, npoBe.n:eHHoH B TOqKe

C a6c:QHccOH Xo = 2. B 06lI.{eM BH.n:e ypaBHeHHe KacaTenbHOH MO)KHO

3anHcaTb CJ1e.n:YIOIUHM o6pa30M:

y
= f(xo) + f'(xo)(x - xo).

Y.tIHTbIBaJI, qTO 1(2) = 2, f'(2) = -1, nOJIyqaeM y
= -x + 4.
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o 7/4

HCKOMaJI nnOlI.{a,nb paBHa

HaH,neM ypaBHeHHe BTOpOH Kaca-

TenLHOH. TOqKa MaKCHMYMa £pYHKUHH

·

2

(
3

)
2

9

f (x) = 3x -

x = -

x
-

2
+

4

x

HMeeT Koop.n;HHa Tbi (�, �). Kaca TeJlb-

Hag B TOqKe MaKCHMYMa napan:nenbHa

OCH a6cnHcc, H 3a,naeTCg ypaBHeHHeM

Y
-!!
-

4.

BBe.neM 0603HaqeHHg ,nng BepllIHH Tpe-

yronbHHKa, 06pa30BaHHoro OCLIO op-

,nHHaT H 3THMH ,nBYMg KacaTenbHbIMH

(CM. PHCYHOK):
A == (0,4), B == (�, �), C == (0, �).

1 1 7 7 49
S == -AC. BC == -. -. - == -.

2 2 4 4 32
o

2.9. TaK KaK BnHCaHHaJI B Ky6 c£pepa HMeeT pa.nHYc 1, TO pe6po

3Toro Ky6a paBHO 2. lIHaMeTp onHcaHHOH C£pepbI paBeH .nHarOHaJIH

Ky6a, TO eCTb

V 2 2
+ 2 2

+ 2 2
== 2v13,

OTKy.n a

S == 47rR
2

== 47r. (vI3)2 == 127r. o

2.10. PaccMoTpHM CeqeHHe ,naHHoH £pH-

rypbI nnOCKOCTblO, npoxo,nglI.{eH qepe3 TOq-

KY A H l(eHTp C£pepbI 0 (CM. PHCYHOK). 113

A no.no6Hg TpeyronbHHKOB OK H H OAK no-

nyqHM

OK

OA

OH
=> OA =

OK
2

OK OH

R
2

vi R2 -

r
2

o
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2.11. BbInHllIeM .nJISI CTeneHeH ,nBOHKH: 2, 4, 8, 16, ... OCTaTKH

OT ,neneHHSI Ha 10. 3TO 2, 4, 8, 6, ... ; ,nanbIlle qHCna nepHo,nHqeCKH

nOBTopSIIOTCSI. Cne,noBaTenbHo, onpe,nenHTb OCTaTOK OT .neneHHSI 2
n

Ha 10 MO)l(HO, 3HaJI OCTaTOK OT .n:eneHHSI n Ha 4. B HallieM cJIyqae

nOKa3a Tenb CTeneHH paBeH

2
1001

� 2 · 2
1000

== 2 . 4
500

,

2
1001

qTO .neJIHTCSI Ha 4, n03ToMY 2 .n;aeT OCTaTOK 6 npH ,neneHHH Ha 10.

o

2.14. 11:3 HepaBeHCTBa, CBSI3bIBalOIUerO Cpe,nHee apH£pMeTHqeCKOe

If Cpe.n;Hee reOMeTpHqeCKOe ,nBYX qHCen, HMeeM npH a > 0

1
a + -

� 2,
a

npHqeM paBeHCTBO ,nOCTHraeTCSI TonbKO npH a

npH a < 0

1. AHanOrHqHO,

1
a + - � -2,

a

npHqeM paBeHCTBO ,nOCTHraeTCSI TonbKO npH a == -1. IIoCKOJIbKY

I sin xl � 1, TO .naHHoe ypaBHeHHe MO)l(eT HMeTb pellIeHHg TOJIbKO

npH a == :::1:1. PaccMoTpHM o6a CJIyqaJI:

a==1 =>
·

�

2SIn x == 1 {::::::> x ==

2"
+ �n,

�

sin x = -1 {::::::> x = -

2
+ 27fk, k E Z.

n E Z;

a == -1 => o

2.15. YKA3AHI1E: "pa3,nenHTb" 1 Ha 11 cTon6HKOM.

2.16. 0603HaqHM .n:aHHbIe qHCJIa ai, a2, ...

, a2002. 11:MeeM:

al + a2 + · . . + a2001 + a2002
== (al + a2) + · · · + (a2001 + a2002) >

> 1001 · 1 == 1001.

3HaqHT, BepeH OTBeT 1), H OTBeT 2) HeBepeH.
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OTBeT 3) TaK)Ke HeBepeH. HanpHMep, ,nnSi

2

al
==

a2
==

. . .
==

a2002
== -

3

nonyqaeM
2

al + a2 + . . . + a2002
== - . 2002 < 2001.

3
o

2.17. IIepBoe YTBep)K,neHHe HCTHHHO Tor,na H TonbKO Tor,na, Kor,na

,nHCKpHMHHaHT ,naHHoro ypaBHeHHSI nOnO)KHTeneH:

D == 4a
2

- 4 > 0 {:::=:} a E (-00, -1) U (1, +(0).

BTopoe YTBep)K,neHHe HCTHHHO Tor.na H TonbKO Tor,na, Kor,na

a
-

a
2

> 0 {:::=:} a(1
-

a) > 0 {:::=:} a E (0,1).

TaK KaK YKa3aHHbIe npOMe)KYTKH B nepBoM H BTOpOM cnyqaJIX He

nepeceKalOTCSI, TO YTBep)K,neHHSI (a) H (6) He MorYT 6bITb HCTHHHbI

o,nHOBpeMeHHO. IIo3TOMY HCKOMoe MHO)KeCTBO 3Ha't.leHHH napaMeTpa a

eCTb 06'be,nHHeHHe Bcex HaH.neHHbIx npOMe)l(YTKOB:

a E (-00, -1) U (0, 1) U (1, +(0). o

2.18. 3aMeTHM, 't.ITO npH JII060M n ,naHHoe HepaBeHCTBO HMeeT

napy (0,0) pemeHHeM. KpoMe Toro, HMeeTCSI nHmb KOHe't.lHOe 't.IlIcno

nenO't.liiCneHHbIX pemeHHH.

IIYCTb (x, y)
-

HeHyneBoe u;enOqHCneHHoe pemeHHe ,naHHoro He-

paBeHCTBa. Tor,na napbI (-x, y), (x, -y), (-x, -y) TaK)Ke SIBnSIIOTCSI

pemeHHSIMH, npHqeM cpe,nH 3THX qeTbIpex pemeHHH nH60 Bce pa3-

JIHqHbI, nH60 pa3nHqHbIX pOBHO ,nBa. TaKHM o6pa30M, HMeeTCSI 't.IeT-

Hoe qlIcno HeHyneBbIx nenOqHCneHHbIX perneHHH, Heme O,nHO HyneBoe

pemeHHe. 0

3.2. IIycTb ceii't.lac llBaHY x neT. Kor,na MapHH 6y,neT x JIeT,

RBaHY 6y.neT 24 :r:o.na. TaK KaK pa3HHna B B03paCTe I1BaHa II MapHH

nOCTOSIHHa, TO

x
- 12 == 24 -

x {:::=:} x == 18.
'-

CeH't.IaC I1BaHY 18 neT. D
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3.3. TaK KaK

a
2

+ 2a + 3 == (a + 1)2 + 2 > 1 npH Bcex a,

TO ypaBHeHHe He HMeeT perneHHH HH npH KaKOM a. B 'IaCTHOCTH,

HIl npH KaKOM a 3HaqeHHe x == 1 He SIBJISIeTCSI pemeHHeM .n;aHHOro

ypaBHeHHSI. D

3.4. TaK KaK ,naHHaJI 4>YHKUHjJ Y(x) HeqeTHa, TO ee npOH3BO,ll;H8JI

qeTHa. D

3.5. TpeyroJIbHHKH ABL H GBL HMe-

lOT 06mylO BbICOTY, rrpOBe.neHHYIO H3 Bep-

IIIHHbI B, n03TOMY HX nnOlI.{a,nH OTHOCSITCSI

KaK .nnHHbI OCHOBaHHH (CM. PHCYHOK):

S�ABL AL

S�CBL CL.

COrJIaCHO TeopeMe 0 6HcceKTpHce BHYTpeH-

Hero yrna TpeyrOJIbHHKa, HMeeM

AL

CL

AB

BC

5
-

8.

IIonyqaeM COOTHOllIeHHSI

cA
L

S�ABL : S�CBL == 5 : 8 H S�ABL + S�CBL = S�ABC == 10.
r

OTCIO.na nerKO HaxO.nHM, qTO

5 . 50
S!'>ABL =

13

· 10 =

13
' o

3.6. BbIqHCnHM npOH3Bo.nHYIO .naHHoH <PYHKUHH:

y'(x) = -4cos (2X
-

; ) .

Hau.neM Bce 3Ha'leHHSI x, npH KOTOpbIX 3Ta npOH3Bo.nH8JI paBHa 2v'2:

-4cos (2X
-

; ) = 2V2 <=* cos (2X
-

; ) = - � <=*
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7r 37r 7r 31f
{::::=:} 2x - - == ::t:- + 27rn {::::=:} x == - ::t: - + 7r n

,
n E Z.

8 4 16 8

OT6epeM H3 3THX 3HaqeHHH Te, KOTopbIe ne)KaT B npOMe)KYTKe [0,7r].
TaK KaK qHCna B Ka)K,noH H3 cepHH rrOJIyqalOTCSI C "maroM" 7r, TO

Ka)K,naJI CepHSI .n;aeT pOBHO O,nHO 3HaqeHHe H3 YKa3aHHOrO rrpOMe)KYT-

Ka.

Cpe,nH 3HaqeHHH rrepBOH CepHH (C rrJIIOCOM) 3TO

7r 37r 77r

16
+

8
==

16
'

,nJISI BTOpOH cepHH (c MHHYCOM)
-

7r 37r 117r

16

-

8
+ 7r ==

16.

117r 77r 117r
TaK KaK

_

6
> -, TO OTBeTOM SIBJISIeTCSI X == _

6
.

1 16 1

3.7. YKA3AHI1E: 06'heM TeTpa3,npa paBeH TpeTH rrpOH3Be,neHHSI

rrJIom:a.n;H OCHOBaHHSI Ha ,nnHHY BbICOTbI. IlJIolI.{a,nb OCHOBaHHSI (JII06o-

ro) paBHa
a

2

f . BbICOTY nerKO HaHTH rrpH rrOMOlI.{H TeopeMbI IIH£Pa-

ropa.

D

3.8. 3aMeTHM, qTO Bce rrpocTbIe qHCJIa, KpOMe 2, HeqeTHbI. IIo3-

TOMY P + 3 qeTHO ,nJISI Bcex rrpOCTbIX p, KpOMe p
== 2, ,nJISI KOToporo

p + 3 == 2 + 3 == 5 -

rrpOCToe qHCno. 3HaqHT, OTBeTbI 1), 2), 3) H 4)

HeBepHbI. D

3.9. Cpe,nH npSIMoyrOJIbHHKOB o.n;Horo rrepHMeTpa MaKCHMaJIbHYIO

rrnOlI.{a,nb HMeeT KBa,npaT. IIo3ToMY ,nbIpa HMeeT KBa.n;paTHYIO £pOPMY.

TaK KaK ee rrepHMeTp paBeH 20, TO CTOpOHa HMeeT ,nnHHY 5, 3HaqHT,

,nJIHHa .n;HarOHaJIH paBHa 5J2. D

3.10. IIpoH3Be,neHHe HaTYPaJIbHbIX qHCen paBHO rrpoH3Be.n;eHHIO HX

HaHMeHbllIero o6lI.{ero KpaTHoro H HaH6onbllIero o6rn:ero ,neJIHTeJISI. B

HallieM cJIyqae 3TO rrpOH3Be,neHHe paBHO 36 . 6 == 216 == 2
3

· 3
3

. IIepe-

6HpaeM Bce B03MO)KHbIe rrpe,nCTaBneHHSI 216 B BH,ne rrpOH3Be,neHHSI:

1 . 216, 2 . 108, 3 . 72 4 . 54
, ,
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6 · 36, 8 · 27, 9 · 24, 12 · 18.

OT6epeM napbI, y,nOBJIeTBOpglO�He YCJIOBHIO 3a.naQH
-

Te, .nJIg KO-

TOpbIX Hali60JIbllIHH 06mHH ,neJIHTeJIb paBeH 6: 3TO 6 · 36, 12. 18.

JIerKo BIi.neTb, qTO cYMMa COMHO:>KHTeJIeH MHHHMaJIbHa B nOCJIe.nHeM

CJIyqae H paBHa 30. 0

3.11. COrJIaCHO onpe.neJIeHHIO, arcsint -

3TO TaKoH yroJI H3 npo-

Me)KYTKa [-1r /2, 1t" /21, CHHYC KOToporo paBeH t. IIo3ToMY, eCJIH BbI-

nOJIHeHO paBeHCTBO arcsin y
=

X, TO HenpeMeHHO x E [-1r /2, 1t" /2].
C ,nPyroH CTOpOHbI, npH Bcex x E [-1r /2, 1t" /2] .naHHoe paBeHCTBO BbI-

nOJIHgeTCg (3TO BbITeKaeT H3 onpe.neJIeHHg arcsin). D

3.12. nYCTb x = a
3

, y
= a

5
.jb, z = at . 1f3 YCJIOBH& loga b = .J5

BbITeKaeT, qTO x, y, Z IIOJIO)l(HTenbHbI H OTnHqHbI OT 1. HMeeM:

logy y

logx y
·

logy Z . logz x =

I logy z · logz x =

ogyx

logy Z

I
logz x = logx Z · logz x = 1.

ogyX

3HaqeHHe ,naHHoro BbIpa)l(eHHg paBHO 1. o

3.13. C.nenaeM qepTe)K

Ii BBe.neM 0603HaqeHHg ( CM.

PHCYHOK). PaCCTOSIHHe Me)K.ny

.naHHbIMH npgMbIMH paBHO

BbICOTe TpeyrOJIbHHKa ABC,

onymeHHoH Ha CTOPOHY BC.

HaH.neM .nnUHY 3TOH BbICOTbI.

TpeyroJIbHHK ABC npgMO-

yroJIbHbIH, LA = 90°. 5ICHO,

qTO AC = 1, AB = 2. OT-

clO.na S �ABC 1, H TaK

KaK S�ABC = !ha. BC, TO

h -
2S6ABC

- l - M D
a

-

BC
-

V5
-

5
·

y=2x+3

y=2x+l

x
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3.14. YKA3AHI1E: MHO)KeCTBOM pemeHHH Ka)K,noro H3 HepaBeHCTB

SIBJISIeTCSI HeKoTopbIH oTpe30K, MO)KeT 6bITb, COCTOSII.IJ;HH H3 O,nHOH

TOqKH. IIpH 3TOM JII06bIe .nBa OTpe3Ka HMelOT HenycToe nepeceqe-

HHe. Cne,noBaTenbHo (.noKa)l(HTe!), Bce TPH OTpe3Ka HMelOT HenycToe

nepeCeqeHHe.

3.15. t.IHcna 1(1), 1(3), ...

, 1(2003) 06Pa3YIOT apH£pMeTHQecKYIO

nporpeCCHIO. Ee nepBbIH qneH paBeH 1(1) == 5, pa3HOCTb paBHa 8,

Bcero 1002 qJIeHa. HaH.neM CYMMY 3TOH nporpeccHH:

Sn= 2al+�(n-l) .n= 2.5+�.lOOl .1002=4017018. 0

3.16. TaK KaK II(x)
3

vi
'

TO ,naHHOe ypaBHeHHe HMeeT

2 3x - 1
BH.n

3
vl 3x - 1 =

vi 3x -1

3x - 4 4
{==::} == 0 {==::} x == -.

vl 3x - 1 3
o

3.17. MHHYTHaJI CTpeJIKa npaBHJIbHO H.nYI.IJ;HX qaCOB ,neJIaeT non-

HbIH 060POT 3a 1 qac; MHHYTH8JI CTpeJIKa qaCOB He3HaRKH 3a 1 qac ,ne-

JIaeT 1 + �g == � 060poTa; CTpeJIKa qaCOB 3HaHKH ,neJIaeT 1 -

6

5

0
== ��

060pOTa. t.IacbI rrOKa)KYT 19 qaCOB Tor,na, Kor,na MHHYTHaJI CTpeJIKa

3THX qaCOB c,neJIaeT 11 nOJIHbIX 060pOTOB. IIoCKOJIbKY qaCbI He3HaHKH

cnernaT, a 3HaHKH -

OTCTaIOT, TO 19 qaCOB 6y,neT paHbrne Ha qacax

He3HaHKH. II03ToMY OHH BCTpeTSITcSI Tor,na, Kor,na 19 qaCOB 6y.neT Ha

qacax 3HaHKH. BbIqHCJIHM, qepe3 CKOJIbKO BpeMeHH 3TO npoH30H,neT

(OTCqHTbIBaJI C MOMeHTa YCTaHOBKH qaCOB Ha 8):

11
11 :

12

== 12 qaCOB.

3HaqHT, BCTpeqa COCTOHTCSI B 20 qaCOB no TOqHOMY BpeMeHH. D

3.18. PernHM ,naHHoe ypaBHeHHe. C,nenaeM 3aMeHY nepeMeHHoH

t == x + 1. HMeeM:

(t
- 3)4 + (t + 3)4 == 272 {==::} (pacKpbIBaeM cK06KH)
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{:::=:} 2t
4

+ 108t
2

+ 162 = 272 {:::=:} t
4

+ 54t
2

- 55 = 0 {:::=:}

{:::=:} t
2

= - 55 HJIH t
2

= 1 {:::=:} t = ::i: 1.

Tor.na x = 0 HJIH X = -2, ypaBHeHHe HMeeT ,nBa pemeHHSI. 0

4.1. COrJIaCHO onpe.n:eJIeHHIO, £pYHKnHSI y(x) qeTHa, eCJIH npH Bcex x

(H3 06JIaCTH onpe.neJIeHHSI) HMeeM y( -x) = y(x), If HeqeTHa, eCJIH

y( -x) = -y(x). lIJISI .n;aHHoH <PYHKnHH HMeeM

y( -x) = 2( _x)3 = -2x
3

= -y(x),

TO eCTb y( x) HeqeTHa. 5ICHO, qTO qeTHOH OHa He SIBJISIeTCSI: HanpHMep,

y(l) = 2 =1= y( -1) = -2. OTBeT 5) TaK)Ke HeBepeH: .n:aHH8JI £pYHKUHj{

SIBJIj{eTCj{ CTporo B03paCTalOlI.{eH. 0

4.2. MO)KeT: 2003 = 7 + 2 . 998. o

4.3. MO)KeT. HanpHMep, .nJIj{ qHCeJI 1 + J2 H 1 - J2. (Y6e,nHTecb,
qTO 3TH qHCJIa HppaUHOHaJIbHbI!) D

4.4. TaKHe mecTHyrOJIbHHKH cymecTBYIOT, O,nHH H3 HHX H306pa)KeH

Ha pHcYHKe. 0

F A

E B

D c

4.6. I1MeeM:

1 -

x
2

� 0 {:::=:} x
2

� 1 {:::=:} x E [-1,1].

MHO)KeCTBO pemeHIIH
-

OTpe30K. o

4.7. LIJISI qHCJIa ( -y) HMeeM 1 < -y < 3. CKJIa.nbIBaJI nOqJIeHHO 3TO

HepaBeHCTBO C HepaBeHCTBOM 0 < x < 3, nOJIyqaeM 1 < x-y < 6. D
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4.8. BbI'tIHCJIHM npoH3Bo,nHYIO ,naHHoH <PYHKUHH:

y' (x) = 3 · 3x
2

In x + 3x
3

· ! - 36ln x
- 36x . ! - 21x2 + 108 =

x x

== 9x
2

1nx + 3x
2

- 36Inx - 36 - 21x
2

+ 108 ==

== 9x
2

In x
- 36In x

- 18x
2

+ 72 ==

== 9(Inx
-

2)(x
2

- 4) == 9(Inx - 2)(x
-

2)(x + 2).

HTaK, npOH3Bo,nHaJI paBHa 0 npH x == 2 H npH x == e
2

(npH x == -2

He onpe.neJIeH In x ) . D

4.9. IIycTb paccToSIHHSI OT cepe-

.nHHbI rHnoTeHY3bI .no Ka TeTOB paB-

HbI x H 3x (CM. PHCYHOK). Tor.na

.nJIHHbI KaTeTOB paBHbI 2x H 6x.

HaH.neM x, nOJIb3ygCb TeopeMoH IIH-

<paropa:

2x

6x

(2X)2+(6x)2 == 40
2

{:=> 40x
2

== 40
2

{:=> X == 2v'lO ===> P == 40 + 2x + 6x == 40 + 16v'lO. 0

4.10. RMeeM:

40 p83
.A.

50! == 1 · 2 ·

. . .

· 49 · 50 > 1 . 2 .

. . .

· 9 : 10 · 10 ·

. . .

. 1 6 >

> 10
40

= (104)
10

> (210)
10

= 2
100

. o

4.11. IIocTpoHM rpa<pHK <PYHKUHH f(x) (CM. PHCYHOK). BH.nHO, 'tITO

npH x E [3, �] YKa3aHHaJI 4JYHKWHI 3a,naeTCg 4JopMynoH f ( x) = x
- 3.

3Ha'tIHT, fClr) == 7r
- 3. D
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y

o 1 2 3
1t X

4.12. OCTaToK npH ,Z:(eJIeHHH HaTypanbHoro qHCJIa Ha 9 paBeH

OCTaTKY npH .neJIeHHH Ha 9 CYMMbI Illi£PP 3Toro 'IIHCJIa. IIo3ToMY O,Z:(-

H03Ha'tIHOe 'tIHCJIO, KOTopoe nOJIyqHTCg B pe3YJIbTaTbI onHcaHHOH npo-

u;e,nypbI, ,Z:(aeT TaKOH )l(e OCTaTOK npH ,neJIeHHH Ha 9, qTO H HCXO,lJ;HOe

qHCJIO 2
100

. HaH,Z:(eM 3TOT o�TaToK. IIOCJIe.noBaTeJIbHbIe CTeneHH .nBOH-

KH 2, 4, 8, 16, 32, 64 ... ,nalOT 2, 4, 8, 7, 5, 1, a ,Z:(aJIblIIe OCTaTKH

nOBTOpSiIOTCg. IIo3ToMY Heo6xo.nHMO onpe.neJIHTb OCTaTOK OT ,neJIeHHg

nOKa3aTeJISI CTeneHH, paBHoro 100, Ha 6. TaK KaK 100 ,naeT OCTaTOK

4 npH ,neJIeHHH Ha 6, TO 2
100

,naeT OCTaTOK 7 npH .neJIeHHH Ha 9, H

HCKOMoe qHCJIO paBHO 7. 0

4.13. PellIeHHeM ,Z:(aHHoro HepaBe HCTBa gBJIgeT Cg npOMe>KYToK

x E [a
- V a

2
-

l,a + V a
2

-

1].

3TOT npOMe)KYToK co,nep)l(HT XOTSI 6bI O,nHO nOJIO)KliTeJIbHOe 3Haqe-

HHe Tor.na Ii TOJIb KO Tor .na, Kor,na

a + V a
2

- 1 > 0 {=> V a
2

- 1 > -a {=>

{
a2 - 1 � 0

{
aE(-OO,-I]U[I,+OO)

[ )-

a < O{=>{=> a E 1, +00 .

a>O

a
2

- 1 � a
2

o

4.14. TaK KaK npH Bcex x HMeeM x
2

� a � cos x-I, TO ,naHHoe

ypaBHeHHe paBHOCHJIbHO CHCTeMe

{
x2 = 0

{=> x = o. 0
cos x-I == 0
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4.15. 5ICHO, qTO nOJIyqeHHbIH TeTpa3.np SIBJISIeTCSI npaBHJIbHbIM.

HaH.n;eM .nJIHHY ero pe6pa. BBe,neM 0603HaqeHHSI (CM. PHCYHOK).

D

A

D

A

c

c

B

B

UeHTpbI K, L rpaHeH ABD, BCD jIBJISIIOTCSI TOqKaMH nepeCeqeHHg

Me,nHaH 3THX rpaHeH, n03TOMY N, M -

cepe,nHHbI OTpe3KOB AB,
BC COOTBeTCTBeHHO. 3HaqHT, M N = ! KaK cpe.n;HjJSI JIHHHjJ Tpe-

yrOJIbHHKa ABC. IIanee, Me.nHaHbI .neJIjJTCSI B TOqKe HX nepeCeqeHHjI

B OTHOllIeHHH 2 : 1 CqHTaJI OT BepmHHbI, n03ToMY

�KDL rv �NDM, KL=
2

MN=�.
3 3

"

HTaK, .nJIHHa pe6pa MaJIOrO TeTpa3.npa paBHa 1. COrJIaCHO pe3yJib-

TaTY 3a,naQU 3.7, ero 06'beM paBeH � . 0

4.16. YKA3AHI1E: qHCJIa 1(1), 1(2), f( 4), ...

, 1(210) o6pa3YlOT

reOMeTpH'IIeCKYro nporpeCCHIO.

4.17. ITo cpaBHeHHIO C 06bIqHbIM MapmpYToM, MamHHa He npoexa-

JIa paCCTOjJHue OT MeCTa BCTpeqH .no OCTaHOBKH 11 TaKoe )Ke paCCTO-

SIHHe OT OCTaHOBKH .no MeCTa BCTpeqH. ITpH 3TOM 6bIJIO C3KOHOMJIeHO

20 MHHYT. 3HaQHT, Ha nYTb OT MeCTa BCTpeqH ,no OCTaHOBKH MallIH-

Ha nOTpaTHJIa 6bI 10 MHHYT. CJIe.noBaTeJIbHO, BCTpeqa npOH3011IJIa B

8 qaCOB 50 MHHYT. 0
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4.18. CrpynnHpyeM CJIaraeMbIe nonapHO: nepBoe C 91-hIM, BTo-

poe C 92-bIM, ...

,
90-e C 180-bIM. ITonyqUM, nOJIb3YSICb <POPMYJIOH

npHBe,neHHSI:

(cos
2

(a) + cos
2

(a + 90°)) + (cos
2

(a + 1°) + cos
2

(a + 91°)) + ...

... + (cos
2

(a: + 89°) + cos
2

(a: + 179°)) ==

= (cos
2

(a:) + sin
2

(a:)) + (cos
2

(a + 1°) + sin
2

(a + 1°)) + ...

... + (cos
2

(a: + 89°) + sin
2

(a: + 89°)) == 90.

HTaK, npH JII060M a: 3HaqeHHe .naHHoro BbIpa)KeHHSI paBHO 90. 0

5.1. <I>YHKn HSI If(x)1 Bcer,na qeTHa, TaK KaK If( -x)1 == If(x)1 B

CHJIY qeTHOCTH f ( x ). t..{eTHoH H HeqeTHOH o.n;HOBpeMeHHO MO)KeT 6bITb

TOJIbKO <PYHKUHSI, paBHaJI HYJIIO npH JII060M x, n03ToMY OTBeTbI 2),

3) HeBepHbI. 0

5.2. Pa.n;uaHHaJI Mepa r H rpa,nycHaJI Mepa d CBSI3aHbI COOTHOllIe-

HHeM r = rs� , n03ToMY HCKOMoe 3HaqeHHe paBHO �:3 == � . D

5.3. ITYCTb 6paTY x JIeT, ceCTpe y. COrJIaCHO YCJIOBHIO 3a.n;aqH

HMeeM:

1
x

- 2 == -(x + 2)
2

y + 3 == 3(y - 3)

=> x==6
,

=> y
== 6. o

5.4. TaK KaK a7 ==
al + 6d, TO HMeeM:

d ==

a7
-

al
== 3

6
.

ITo <popMYJIe CYMMbI apH<pMeTHqeCKOH nporpeCCHH

Sn=
2a 1 +d(n-l)

.n

2

nonyqaeM 8 20
== 610. o
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5.5. IIycTb ,naHO qHCJIO x. Tor,na 5% OT ero 10% paBHO

5

(
10

)100 100
x

,

a 10% OT era 5% paBHO

10

(
5

)100 lOO
x

,

TO eCTb TOMY )Ke qHCJIY. D

5.7. PaccMoTpHM npouecc nOCTpOeHHg TaKoro qHCna. lIJISI nepBoH

ero UH4>PbI HMeeTCg qeTbIpe B03MO)KHOCTH: 1, 2, 3, 4. nJISI BTOpOH

UH4>PbI, TaK KaK OHa OTJIHQHa OT nepBOH,
-

Y)Ke TpH. lIJISI TpeTbeH

U H 4>PbI OCTaeTCjJ ,Z:(Be B03MO)KHOCTH H ,nJISI qeTBepTOH
-

o,nHa. Bcero

qHCen MO>KeT 6bITb 4 · 3 . 2 . 1 = 24. D

5.8. nerKo BH.n;eTb, qTO ,nJIHHa CTOpOHbI mec-

THyrOJIbHHKa paBHa 1. IIo3TOMY era nJIOI.IJ;a,nb

B meCTb p8.3 60JIblIIe IIJIOII.{a.n;H npaBHJIbHOrO

TpeyrOJIbHHKa co CTOpOHOH !:

S=6.! (
!

) 2. V3
=

V3
. 0

2 3 2 6

5.9. liJISI 3HaqeHHH Q H3 YKa3aHHoro HHTepBaJIa (a Ha caMOM .n;eJIe

H ,Z:(JISI Bcex 0 < a < �) HMeeM

sina+cosa > sin
2

a + cos
2

a = 1.

3HaqHT, BepeH OTBeT 1). JIerKo BH.n;eTb, qTO HepaBeHCTBa nYHKTOB

3) H 4) BepHbI He .n;JISI Bcex a E (�, i). D

5.10. BMecTo x B 4>YHKUHIO f(x) no.n;CTaBJISIeM x
3

:

f(g(x)) == (x
3

)2 = x
6

. o

5.11. YKA3AHI1E: HapHcYHTe 3CKH3 rpa4>HKa 4>Y HK U HH f(x)
== x

2
- 2ax + 1. IIpH JII060M 3HaqeHHH a 3TO napa6oJIa, HanpaBneHHaJI

BeTBSIMH BBepx.
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5.13. TIYCTb �
-

IIpaBHnbHaJI .nP06b, TO eCTb a < b, a �
06paTHaJI eH. TIpaBHJIbHaJI y,naneHa OT e.n;HHHnbI Ha paccToSIHHe

a b -

a

I-
b

=

b
'

a HenpaBHnbHaJI
-

Ha

b b -

a
-- 1

-

-

.

a a

TaK KaK a < b, TO bb
a

< b�a, TO eCTb IIpaBHnbHasI ,npo6b Bcer.n;a

6JIH)Ke K e,nHHHne. D

5.14. TpH IIJIOCKOCTH CHMMeTpHH napan-

JIeJIbHbI rpaHSIM Ky6a. Ew:e 6 co.n;ep)KaT na-

py npOTHBOnOJIO)KHbIX pe6ep. Bcero 9 nJIOC-

KOCTeH CHMMeTpHH (CM. PHCYHOK). 0

---,--
.........

5.15.- TIYCTb x SIBngeTCg pemeHHeM .n;aHHoro ypaBHeHHSI. TaK KaK

npH Bcex .n;onycTHMbIX x HMeeM

sin( arcsin x) == X H sin(arcsin(x + 1)) == x + 1,

TO nonyqaeM, qTO x = x + 1, o,nHaKO TaKHX x He cyw:eCTByeT. CJIe-

,nOBaTeJIbHO, Hcxo,nHoe ypaBHeHHe He HMeeT pemeHHH. 0

5.16. HCCJIe.nyeM 3HaK Ka)K.n;oro H3 COMHO)KHTeJIeH, .n;JISI qero HaH.neM

Te neJIbIe x, npH KOTOpbIX OH OTpHnaTeJIeH.

x
2

- 2 < 0 {=:} x
2

< 2 {=:} x == O,x == :l:1;

x
2

- 22 < 0 {=:} x
2

< 22 {=:} x == 0, x = :f:l,. ..

,
x == :l:4;

x
2

- 202 < 0 {=:} x
2

< 202 {=:} x == 0, x == :l:1, . ..

,
x == :f:14;

x
2

- 2002 < 0 {=:} x
2

< 2002 {=:} x == 0, x == :f:l, . ..

,
x == :f:44.

TIpoH3Be.n;eHHe qeThIpeX COMHO)KHTeJIeH oTpHnaTeJIbHO Tor,na, Kor.n;a

JIH60 OTpHnaTeJIeH TOJIbKO O,nHH H3 HHX, HJIH nOJIO)KHTeJIeH TOJIbKO
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O,nHH. JIerKo YBH.n;eTb (HanpHMep, H306p8.3HB nOJIyqeHHhIe TOqKn Ha

qHCJIOBOH npSIMOH), qTO 3TO HMeeT MeCTO npH CJIe.n;YIOlI.{HX 3HaqeHH-

SIX x:

x E [-44, -15] U [-4, -2] U [2,4] U [15,44], x E Z.

Bcero neJIOqHCJIeHHbIX pemeHHH 2. ( ( 44 -15 + 1) + ( 4 - 2 + 1)) == 66. D

5.17. OCTaToK OT .n;eneHHSI HaTypaJIbHOrO qHCJIa Ha 9 paBeH OCTaT-

KY OT ,neJIeHHSI Ha 9 CYMMbI ero nH4>p. IIo3ToMY o,nH03HaqHOe qHCJIO,

KOTopoe nOJIyqHTCSI B pe3YJIbTaTe OIIHcaHHOH rrpone.n;ypbI, .n;aeT Ta-

KOH :>Ke OCTaTOK OT .n;eJIeHHSI Ha 9, qTO H Hcxo.n;Hoe qHCnO 3
100

. TaK KaK

3
100

== 9
50

,
TO 3

100
,neJIHTCSI Ha 9. O,nHo3HaqHbIX QHCeJI, ,neJISIlI.{HXCSI

Ha 9, .n;Ba: 0 H 9. t..{HCJIO 0 He MO)KeT nOJIyqHTbCSI, TaK KaK Ka)K,n8JI

CJIe,nYIOlI.{aJI CYMMa nH<pp nOJIyqaeTCSI B pe3YJIbTaTe CYMMHpOBaHHSI

HeCKOJIbKHX nOJIO)KHTeJIbHbIX qHCeJI. D

5.18. COrJIaCHO H3BecTHoH 4>opMYJIe ,nJISI BbIqHCJIeHHSI ,nJIHHbI Me-

.n;HaHbI, HMeeM:

1
m

2
== - ( 2b

2
+ 2c

2
-

a
2

)a

4
'

1

m� =

4
(2a

2
+ 2c

2
- b

2

),

1

m� =

4
(2a

2
+ 2b

2
-

c
2

).

CJIe,nOBa TeJIbHO,

3 3
m

2
+ m

2
+ m

2
== _

( a
2

+ b
2

+ c
2

) == - · 20 == 15 D
a b c

4 4'

6.1. 8TO nOCTOSIHHaJI 4>YHKnHSI, ee npOH3Bo.n;HaJI paBHa HYJIIO. D

6.2. KOCHHYC Tynoro yrJIa TpeyrOJIbHHKa Bcer.n;a OTpHnaTeJIeH. D

6.3. TaK KaK O.n;HH H3 COMHO)KHTeJIeH log21 == 0, TO H BCe npOH3-

Be,neHHe paBHO HYJIIO. D

6.4. qHCJIHTeJIb H 3HaMeHaTeJIb ,nP06H .n;eJISITCSI Ha 5. CJIe,nOBaTeJIb-

Ho,,npo6bCOKpaTHMa. D
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6.6. PellIHM .naHHoe HepaBeHCTBO:

y2 � 2y
- 2 < 1 {:=:::} y2 -

2y
- 3 < 0 {:=:::} Y E (-1,3).

OT6epeM nenO'tIHCJIeHHbIe pemeHHSI, JIe)KalI.{He B 3TOM HHTepBaJIe: 0,

1, 2. CYMMa HX KBa.npaTOB paBHa 1
2

+ 2
2

= 5. 0

6.7. PaccMoTpHM OCTaTKH nSITH nocne.n:OBaTeJIbHbIX HaTypaJIbHbIX

'tIHCeJI OT ,neJIeHHSI Ha 5. Bce nSITb OCTaTKOB paJJIH'tIHhI: 3TO 'tIHCJIa 0, 1,

2, 3, 4 (B03MO)KHO, B .npyroM nOpg,Z:(Ke). CYMMa 3THX OCTaTKOB 0 + 1 +

+2 + 3 + 4 = 10 .neJIHTCjJ Ha 5. IIo3ToMY CYMMa nSITH nOCJIe,nOBaTeJIb-

HbIX HaTypaJIbHbIX 'tIHCen Bcer.n:a ,Z:(eJIHTCSI Ha 5. JIerKo y6e,nHTbcSI B

TOM, 'tITO TaKaJI CYMMa He MO)KeT paBHSITbCjJ nSITH. CJIe,nOBaTeJIbHO,

OHa Bcer,na SIBJISIeTCSI COCTaBHbIM 'tIHCJIOM. IIpHMep 1+2+3+4+5 == 15

nOKa3bIBaeT, 'tITO CYMMa MO)KeT ,Z:(eJIHTbCSI Ha 3. D

6.8. HMeeM:

AD = V (1- 4)2 + (2
- 1)2 = ViO,

OTKy.na (CM. PHCYHOK) S = 10. D

y

5
B

-

--')C
I

I

I

2 A
I

I

I

1 0

0 1 2 4 x

AB = V (1- 2)2 + (2 - 5)2 = ViO,

6.9. K KOHny BToporo ,nHSI YJIHTKa 6y,neT Ha BbICOTe

27 - 6 + 27 = 48 CM.

K KOHny BTOpbIX CYTOK YJIHTKa cnYCTHTCSI Ha BbICOTY

48 - 6 = 42 CM.

B Te'tIeHHe TpeTbero ,Z:(HSI OHa nO,Z:(HHMeTCSI,Z:(O BbICOTbI 42+27 = 69 CM.

o
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6.10. HaH60nbllIee H HaHMeHbmee 3HaqeHHSI ,naHHoH 4>YHKnHH ]1,0-

CTHralOTCSI JIH60 Ha KOHuax OTpe3Ka [-5,5], JIH60 B Tex TOqKax, r,ne

npOH3BO]1,HaJI 4>YHKnHH paBHa HYJIIO. Hai1:,neM HYJIH npoH3Bo,nHOH:

3x
2

+ 6x - 72 = 0 <==> x
2

+ 2x - 24 = 0 <==> x = -6 HJIH x = 4.

TOqKa x = -6 He npHHa,nJIe)KHT YKa3aHHOMY OTpe3KY. BbIqHCJISIeM

YKa3aHHbIe 3HaqeHHSI:

1(-5) = -125 + 3.25 -72. (-5) + 90 = 400;

1(4) = 64 + 3 · 16 - 72 · 4 + 90 = -86;

1(5) = 125 + 3 . 25 - 72.5 + 90 = -70.

MaKCHMaJIbHOe H3 HHX paBHO 400. D

6.11. IInoII.{a]1,b nOBepXHOCTH Ky6a C pe-

6pOM 5 paBHa 6 · 52 = 150. lIJISI HaXO}K]1,eHHSI

nJIOI.IJ;a]1,H nOBepXHOCTH TeJIa nOCJIe BbIpe3a-

HHSI nHJIHH]1,pa HY)KHO BbIqeCTb y,nBoeHHYIO

nJIOlI.{a,nb Kpyra (ocHoBaHHSI nHJIHH,npa) n

npH6aBHTb nJIOlI.{a,nb 60KOBOi1: nOBepXHOCTH

nHJIHH,npa. IIJIolI.{a,nb OCHOBaHHSI UHJIHH,npa

paBHa 7r
· 1

2
= 7r. IIJIolI.{a,nb 60KOBOH nOBepx-

HOCTH 5 . 7r · 2 = 101r.

HCKOMaJI nJIOI.IJ;a,nb paBHa

:1 I

:1
I

, :
II

�
I

I
, I

I

'I I

_�--J-�
----------

_----- \- r
'"--- -I-

S = 150 - 2 . 7r + 101r = 150 + 81r. o

6.13. IIycTb VI (KM/q)
-

CKOpOCTb nellIeXO]1,a, V2 (KM/q)
-

CKO-

pOCTb BeJIOCHne,nHCTa. CornaCHO YCJIOBHIO 3a,naqH, HMeeM:

10 8
V2 =

5
VI-

16
=>

VI V2

3HaqHT, npH ,nBH)KeHHH nernexo,na H BeJIOCHne,nHCTa HaBCTpeqy ,npyr

,npyry no npSIMoH AC OHH BCTpeTSITCjJ qepe3

13

VI + V2

13 5

13vtf5
=

VI
(q),
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CJIe,nOBaTeJIbHO, paCCTOSIHHe OT TOqKH A .no MeCTa BCTpe'llH paBHO

5
VI

. - == 5 (KM).
VI

o

6.15. ECJIH t - 06I.UHi1: KopeHb .naHHbIX MHOrO'llJIeHOB, TO

t
2

+ at + 1 == t
2

+ t + a =} (a - l)t == a-I.

CJIe.nOBaTeJIbHO, JIH60 a == 1, JIH60 t == 1. PaccMoTpHM o6a CJIyqaJI.

1) a == 1, Tor,na o6a TpeXqJIeHa COBna.naIOT: x
2

+ x + 1, o,nHaKo He

HMelOT ,neHCTBHTeJIbHbIX KopHeH. 8TOT CJIyqaH He no,nxo.nHT.

2) t = 1 SIBJISIeTCSI o6m;uM KopHeM, Tor.na

{
12 + a + 1 == 0

_

2
{:=> a - -2.

1 +l+a==O
D

6.16. 0603HaqHM .naHHbIH TpeyrOJIb-

HHK qepe3 ABC, nYCTb LAC B == � .

IIycTb 0 -

neHTp BnHcaHHOH OKPY*HOC-

TH, AI, B 1 ,
C 1

-

OCHOBaHHSI nepneH,nH-

KynjJpoB, onym;eHHhIx H3 0 Ha BC, AC,
AB COOTBeTCTBeHHO (CM. PHCYHOK). 8TH A

nepneH,nHKYJISIpbI SIBJISIIOTCSI H pa.nHyca-

MH BnHcaHHOH OKPY*HOCTH.

TaK KaK

c

C
1

B

6AB I O = 6AC 1 0, 6BC 1 0 == 6BA 1 0,

TO

S�ABC == SOBICAI + 2S�AOB.

t.leTbIpexyrOJIbHHK OBI C Al SIBJISIeTCSI KBa.npaToM co CTOpOHOH p, ero

nJIOlI.{a.nb paBHa p2. Hai1:,neM nJIOlI.{a.nb TpeyrOJIbHHKa AOB:

1 1

S�AOB ==

2
0C1 . AB ==

2
Pc .

3HaqHT, S �ABC
== p2 + pc. o
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6.17. II pHMeHHM ,naHHoe B YCJIOBHH HepaBeHCTBO K qHCJIY f (x):

f(f(x)) > f(x).

O,nHaKO f(x) > X H, 3HaqHT, npH Bcex x HMeeM f(f(x)) > x.

IIpHBe.neM npHMep, nOKa3bIBalOI.IJ:HH, qTO OTBeTbI 1) H 3) HeBepHbI.

IIYCTb f(x) == x
2

+ 1, Tor,na f(x) == x
2

+ 1 > x ,nJISI Bcex x, H f(x)
He gBJIgeTCg B03paCTalOI.IJ:eH Ha �. D

6.18. IIycTb TOqKa A -

,nOM MaTeMaTHKa, TOqKa B -

.nOM 4>H3liKa,

npSIMaJI I -

6eper peKH, Ha KOTOpOM Haxo,nSITCSI ,nOMa. nJISI onpe,ne-

JIeHHSI KpaTqaHllIerO nYTH Ha,no HaHTH TaKYIO TOqKY C Ha npSIMoH I,
qTO CYMMa paccToSIHHH .no Hee OT TOqeK A, B MHHHMaJIbHa. B03b-

MeM TOqKY D, CHMMeTpHqHYIO A OTHOCHTeJIhHO I. Tor,na AC == DC.

KpaTqaHllIee paCCTOSIHHe OT D ,no B .nOCTHraeTCSI rrpH .nBH)KeHHH no

npSIMoH. II03TOMY HCKOMaJI TOqKa C eCTb TOqKa nepeCeqeHHSI npSIMoH

I H OTpe3Ka DB (CM. PHCYHOK).

D

A
1

D

B

H
A

B

A

t
t

8
1

lIJIHHY nYTH, paBHYIO AC + CB == BD, JIerKO BbIqHCJIHTb npH

nOMOlI.{H TeopeMbI IIH4>aropa. HMeHHo, onYCTHM nepneH.nHKYJISIp AH

H3 TOqKH A Ha npSIMYIO BBl. Tor.na (Bce paccToSIHHSI YKa3bIBaeM B

MeTpax)
BH == BBI - HBI == 50,

AH == vi AB2 - BH2 == y 132100 - 2500 == 360 => AIBI == 360.

lIaJ1ee, TpeyrOJIbHHKH Al CD Ii BI C B no.n06HbI C K034>4>HnHeH-

TOM !, oTKy,na AIC == 120 H CB I
== 240. BHOBb npHMeHSISI TeopeMY

IIH4>aropa K TpeyrOJIbHHKaM Al CD H BI C B, Haxo,nHM

AC + C B = DC + C B = vi Al D2 + Al C2 + J BBl + C Bl =
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= V 50 2
+ 120 2

+ V 10Q2 + 240 2
= 130 + 260 = 390.

3HaqHT, MaTeMaTHKY Ha.nO npoHTH 390 MeTpOB, Ha 3TO OH 3aTpaTHT

780 ceKYH.n, HJIH 13 MHHYT. 0

7.2. TaK KaK

al + al2 = (a2 - d) + (all + d) =
a2 + all

= 5,

no 4>opMYJIe CYMMbI apH4>MeTHQeCKOH nporpeCCHH Haxo,nHM

8 12
=

al + a12
. 12 = 30.

2
o

7.4. BepeHoTBeT2),TaKKaK1r-3<1 => log4(1r-3) <0. 0

7.5. IIpaBHJIbHbIH mecTHyrOJIbHHK HMeeT

meCTb oceif CHMMeTpHH. TpH OCR coe,Z:(HHg-

lOT rrapbI npOTHBOnOJIO)KHbIX BepmHH, ,nPY-

rHe TPH
-

cepe,nHHbI npOTHBOnOJIO}KHbIX

CTOpOH (CM. PHCYHOK). 0

7.6. Cpe,Z:(Hgg CKOpOCTb paBHa OTHomeHHIO .nJIHHbI Bcero nYTH KO

BpeMeHH, 3aTpaQeHHOMY Ha BeCb nYTb. IIycTb aBTOM06HJIb nOTpaTHJI

Ha Ka)K,Z:(YIO QaCTb nYTH t QaCOB, Tor,na OH npoexan Bcero

lOOt + 90t = 190t KHJIOMeTpOB,

3aTpaTHB Ha 3TO 2t QaCOB. Cpe,Z:(Hgg CKOpOCTb npH 3TOM paBHa

190t
= 95 (KM/q).

2t
D

7.7. ECJIH B QeTbIpexyrOJIbHHK ABCD MO)KHO BnHcaTb OKPY)K-

HOCTb, TO CYMMbI ,nJIHH ero npOTHBOnOJIO)KHbIX CTOpOH paBHbI

AB+CD=BC+AD,

oTKy.na JIerKO HaRTH nepHMeTp:

P = (AB + CD) + (BC + AD) = 2 . (14 + 5) = 38. D
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7.8. HMeeM:

tga

tg{3

sin Q cos {3

COS Q sin (3

sin( Q + (3) + sin( Q
- (3)

sin( Q + (3)
- sin( a

- (3)

c+d

c
- d.

D

7.9. HMeeM:

, log4 4 ,log4 3
,

logs 4 .log4 3 =

I 5
.lo� 3 =

I
= logs 3,

og4 og4 5

, log3 3 log3 2

logs 3 · log3 2 =

I

·

log3 2 =

I
= logs 2,

og3 5 og3 5

logs 2 . log2 5 = 1. 0

7.10. IIycTb B KOMHaTe x MbIllieH Ii Y TapaKaHOB. IIoJIyqaeM CJIe-

.n;YlOrnee ypaBHeHHe: 4:i: + 6y + 2( x + y) = 34 {=::::} 3x + 4y = 17.

nerKo y6e.ltHTbCg (HanpHMep, nepe6opoM), qTO 3TO ypaBHeHHe HMeeT

JIHllIb O.ltHO perneHHe B HaTypaJIbHbIX qHCJIax: x = 3, y
= 2. D

7.11. PellIHM ,Z:(aHHoe HepaBeHCTBO:

_2X2 + 4x + 10 > 0 {=::::} x
2

- 2x - 5 < 0 {=::::} x E (1 - v'6, 1 + v'6).

OT6epeM HaTypaJIbHbIe 3HaqeHHSI H3 IIOJIyqeHHOrO HHTepBaJIa: 1,2, 3.

Hx CYMMa paBHa 6. D

7.12. TaK KaK 1,4 < .J2 < 2, TO 7r < 4,2 < 3.J2 < 6 < 21r. Ha PH-

CYHKe lliTpHXOBKOH OTMeqeHa BHYTpeHHOCTb yrna ABC. 51cHo, qTO

cepe,Z:(HHhI Bcex OTpe3KOB C KOHnaMH Ha CTopOHax yrna ne:>KaT BHe

yrna. IIoKa:>KeM, qTO JII06aJI TOqKa 0 BHelliHOCTIi yrna gBJISIeTCg ce-

pe,Z:(HHoH HeKOToporo OTpe3Ka C KOHnaMH Ha CTopOHax yr na.

�--------------------------
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IIoCTpoHM TaKYIO TO'tlKY D, 'IIT06bI TO'llKa 0 jJ:BJIjJ:JIaCb Cepe.n;H-

HOH OTpe3Ka BD. ITpoBe,neM qepe3 TOqKY D rrpjJ:MbIe, napanJIeJIhHbIe

CTOpOHaM yrJIa, OHH nepeCeKalOT JIyqH BA H BC B TOqKax Al H C 1

COOTBeTCTBeHHO. ITo nocTpoeHHIO qeThIpexyrOJIhHHK A 1 BC 1 D jJ:BJIjJ:-

eTCjJ: napaJIJIeJIOrpaMMoM, 0 - TOqKOH nepeCeqeHHjJ: ero .n;HaroHaneu.

CJIe,noBa TeJIbHO, 0 -

cepe,nHHa OTpe3Ka Al C 1. 8TO H eCTh HCKOMhIH

OTpe30K, TaK KaK ero KOHnhI JIe)KaT Ha CTopOHax yrJIa. 0

7.13. B .n;aHHoe paBeHCTBO no,nCTaBHM x = 2 H X = �:

f(2)+3f( � )=4, f( � )+3f(2)= � .

Y MHO)KaJ! BTopoe paBeHcTBo Ha 3 H BhIqHTaJI nepBoe, Hau.neM

1(2) = - �� . 0

7.14. TaK KaK 2
150

> 2
10

= 1024 > 300, TO 2
300

< 2
2150

. 0

7.15. 0603HaqHM BepmHHhI TeTpa3,n-

pa A, B, C, D. IIycTb M H N -

neHT-

phI rpaHeH ABD, BCD COOTBeTCTBeH-

HO, K H L -

cepe,nHHhI pe6ep BC H

AB (CM. PHCYHOK). TaK KaK K L eCTb

cpe,nHjJ:jJ: JIHHHjJ TpeyrOJIbHHKa ABC, TO

KL = �.
PaCCMOTpHM TpeyronbHHK K LD. IIo- A

-

CKOJIbKY M -

neHTp rpaHH AB D, TO

M eCTb TO'llKa nepeCeqeHHjJ: ee Me,nHaH,

n03TOMY MD = 2LM. AHaJIOrHqHO DN - 2KN. 3Ha'llHT, Tpe-

yrOJIbHHK D N M no.no6eH TpeyrOJIbHHKY D K L C K034>4>HnHeHTOM j,
TJI MN

-
2 1

-
1

0X�
-

3
·

2
-

3.

o

c

7.16. IIOKa)KeM, 'liTO TaKHX TpeyrOJIhHHKOB He CYlI.{eCTByeT. IIYCTb

,nJIHHhI KaTeTOB paBHhI 2k - 1 H 2n -

1, r,ne k, n E N, Tor.n;a KBa,npaT

rHnoTeHY3hIpaBeH

(2k
- 1)2 + (2n - 1)2 = 4(k

2
+ n

2
- k - n) � 2,
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TO eCTb qeTeH, HO He ,neJIHTCSI Ha 4. O,nHaKo eCJIH KBa,npaT n;eJIG-

ro 't.J:HCJIa 't.J:eTeH, TO 't.J:eTHO caMO 3TO qHCJIO, H IIOTOMY ero KBa,npaT

,nOJI)KeH ,neJIHTbCSI Ha 4. CJIe,noBaTeJIbHO, rHIIOTeHY3a He MO)KeT 6bITb

ueJIbIM qHCJIOM. D

7.17. PaccMoTpHM ,nBa IIOCJIe,nOBaTeJIbHbIX 't.J:Hcna 7249999 H

7250000. CYMMa l(H«PP Ka)K,noro H3 HHX ,neJIHTCSI Ha 7, H CYMMa n;H«pp

60JIbIllerO 't.J:HCJIa 't.J:eTHa. 0

7.18. PaccMoTpHM B03MO)KHbIe BapHaHTbI.

1) IIycTb a < 0, Tor,na JIeBaJI qaCTb ypaBHeHHSI HeoTpHn;aTenbHa, a

IIpaBaJI HeIIOJIO)KHTeJIbHa. PaBeHcTBo BbIIIonHeHO, TOJIbKO ecnH o6e

qaCTH paBHbI HYJIIO, TO eCTb x = 1 = a. 3TO IIpoTHBOpeqHT IIpe,nIIo-

nO)KeHHIO 0 TOM, qTO a < O.

2) IIycTb a � O. Tor,na o6e 't.J:aCTH ypaBHeHHSI HeOTpHn;aTeJIbHbI. B03-

Be,neM B KBa,npaT:

(x-l)2 = a
2

(x-a)2 {::::=} (ax-a
2

-x+l)(ax-a
2

+x-1) = 0 {::::=}

{
a=1

xE�

{
a =11

x=a+l

a
2

+ 1
x- -

a+!.

TaKHM 06PaJOM, IIPH a = 1 JII060e x E � SIBnSIeTCSI pellIeHHeM.

IIycTb a =11. Hau,neM Te a, IIPH KOTOpbIX ,nBa HaH,neHHbIx KOpHSI

COBIIa,naIOT:

[
ax

-

a
2

-

x + 1 = 0
{::::=}

2
{::::=}

ax
-

a + x-I = 0

a
2

+ 1
a + 1 = {::::=} (a + 1)2 = a

2
+ 1 {::::=} a = O.

a+1

HTaK, ,naHHoe ypaBHeHHe HMeeT e,nHHCTBeHHoe pellIeHHe IIPH a = O.

o

8.3. CMO)l(eT. LIJISI 3Toro Ha,no c.n:eJIaTb 3 60JIbllIHX rrpbI)KKa B O,nHY

CTOPOHY H 4 MaJIeHbKHX
-

B IIPOTHBOIIOJIO)l(HYIO. 0
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8.4. Haii.neM BbIpa)KeHHe .nJISI f(x). IIo,ncTaBnSISI nOOqepe.nHO x = 1,

x = 2, x = 3, nOJIyqaeM CHCTeMY ypaBHeHHH:

a+b+c=l

4a + 2b + c = 0 {::=}

9a + 3b + c = 3

a==2

b= -7

c == 6.

Cne,nOBaTenbHO, f(x) == 2x2 - 7x + 6 H 1(0) == 6. 3aMeTHM, qTO npH

pellIeHHH CHCTeMbI MO)KHO 6bIJIO OrpaHHqHTbCSI BbIqHCJIeHHeM c, TaK

KaK 1(0) = c. 0

8.5. YpaBHeHHe npSIMoH AB eCTb Y
= 2.

IIpSIMaJI CD 3a,naeTCSI ypaBHeHHeM x = 1.

TOqKa HX nepeCeqeHHSI HMeeT Koop.nHHaTbI

(1,2) (CM. PHCYHOK). 0

Y
n

D

A B

o

-

-

x

c

8.6. IIycTb 28 (KM)
-

.nJIHHa Bcero nYTH. IIepBYIO nOJIOBHHY nYTH

aBTOM06HJIb npoeXaJI 3a l�O qaCOB, a BTOpylO
-

3a :0 qaCOB. Cpe,n-

HSISI CKOpOCTb paBHa OTHOllIeHHIO ,nJIHHbI Bcero nYTH K CYMMapHOMY

3aTpa't.J:eHHOMY BpeMeHH:

V
cp

=

28

8 8-

100
+

90

2

1 1

100
+

90

1800

19
(KM/q). o

8.7. TaK KaK npH Bcex Y BbInOJIHeHO HepaBeHCTBO I sin yl � 1, TO

OTBeT 1) BepeH. IIoKa)KeM, 't.J:TO YTBep)K.n;eHHSI 2), 3), 4) HeBepHbI.

2) <l>YHKnHSI arcsin x onpe.n;eJIeHa JIHUIb npH x E [-1, 1], n03TOMY f (x)

onpe.n;eneHa He npH Bcex x.

3) 06nacTb orrpe.n;eJIeHHSI «PYHKnHH f(x) OrpaHHqeHa, n03TOMY f(x)
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He SIBnjJeTCSI nepHo,nHqeCKoH.

4) f(x) He SIBJISIeTCSI qeTHOH. HanpHMep,

J ( -1) = sin (
-

; ) = -1 # J (1) = sin ( ; ) = 1. 0

8.8. PacCMOTpHM B03MO)KHbIe BapHaHTbI.

ECJIH qHCnO n ,naeT OCTaTOK 0 npH ,neJIeHHH Ha 3, TO n = 3k H

n
2

+ 1 = 9k
2

+ 1 ,naeT OCTaTOK 1.

EcnH n ,naeT OCTaTOK 1 npH .neneHHH Ha 3, TO eCTb n = 3k + 1,

TO n
2

+ 1 = 9k
2

+ 6k + 2 .naeT OCTaTOK 2.

ECJIH n ,naeT OCTaTOK 2, TO n == 3k + 2 H n
2

+ 1 = 9k
2

+ 12k + 5

,naeT OCTaTOK 2.

TaKHM 06Pa30M, qHCJIO n
2

+ 1 MO)KeT npH .neJIeHHH Ha 3 HMeTb

OCTaTOK 1 HnH 2. 0

8.9. TaK KaK

V15>
7

>7r :H

2

� � 9 31r
v 15 < v 16 = 4 <

2
<

2'

TO ,naHHbIH yron JIe)KHT B TpeTbeH qeTBepTH. o

8.10. BepeH OTBeT 3): 3TO MO>KeT 6bITb Kpyr, paCIIOJIO)KeHHbIH B

nnOCKOCTH Z == o. 3HaqHT, OTBeTbI 1) H 2) HeBepHbI. OTBeT 4) TaK)Ke

HeBepeH, TaK KaK npOeKl.{HSI mapa Ha JII06ylO nJIOCKOCTb SIBJISIeTCSI

KpyrOM. 0

8.11. TpH Me,nHaHbI TpeyronbHHKa Pa36H-

BalOT ero Ha meCTb TpeyrOJIbHHKOB paBHoH

nJIOIna,nH. IIo3ToMY (CM. PHCYHOK)

SMCKO = S�MCO + S�KCO ==

1
=

3
S6ABC = 20. o

A c

8.12. YKA3AHI1E: 3TO qHCJIO .neJIHTCSI Ha 3, HO He .neJIHTCSI Ha 9. 0
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8.13. IIycTb d -

paCCTOSIHHe OT BepllIHHbI D .no IIJIOCKOCTH ABC.

Tor.na 06'beM IIHpaMH,nbI paBeH

v = � d. SbABC = � d. � AB. ACsinLBAC = 13° dsinLBAC.

3aMeTHM, qTO MO)KHO He3aBHCHMO .npyr OT .npyra H3MeHSITb BeJIHqH-

RbI d H sinLBAC. IIo3ToMY 06'beM MaKCHMaJIeH, Kor.na MaKCHMaJIbHbI

o6e BeJIHqHHbI: d H sin LBAC. 3TO IIpOHCXO.nHT IIPH LBAC = ; H

d = AD = 2, Tor.na 06'beM paBeH �o . 3aMeTHM, qTO B 3TOM cnyqae

Bce IIJIOCKHe yrJIbI IIPH BepllIHHe A IIpSIMbIe. 0

8.14. IIepBbIH IIOpTHOH IIpOH3Be.neT pa3pe3bI Ha paCCTOSIHHSIX 2, 4,

6, ... ,98 MeTpOB OT HaqaJIa, T.e. Ha Bcex qeTHbIX paCCTOSIHHSIX. BTo-

pOH IIOpTHOH pa3pe)KeT MaTepHIO Ha paCCTOSIHHSIX 5, 10, 15, ...

,
95

MeTpOB OT Haqa.na, T.e. Ha paCCTOjJHHSIX, KpaTHbIX 5.

IIo3ToMY, qTo6bI HaHTH o6I.IJ;ee qHCJIO pa3pe30B, Heo6xo,nHMO Hau-

TH KOJIHqeCTBO HaTypa.nbHbIX qHCeJI, CTporo MeHbllIHX 100, KOTopbIe

.neJISITCSI Ha 2 HJIH Ha 5. KOJIHqeCTBO qHCeJI, .neJISII.IJ;HXCSI Ha 2, paB-

HO 49; qHCeJI, .neJISIlI.{HXCSI Ha 5, HMeeTCSI 19. ECJIH CJIO)KHTb 49 H 19,

TO IIOJIyqHTCSI KOJIHqeCTBO qHCeJI, KOTopbIe .neJISITCSI Ha 2 HJIH Ha 5,

HO IIPH 3TOM qHCJIa, .nenSII.IJ;HeCSI Ha 10, 6y.nYT IIOCqHTaHhI ,nBa)l(,lJ;bI.

KOJIHqeCTBO qHCeJI, .neJISIlI.{HXCSI Ha 10, paBHO 9. IIo3ToMY qHCen, ,ne-

JISIlI.{HXCSI Ha 2 HJIH Ha 5, Bcero

49 + 19 - 9 == 59.

3TO o6I.IJ;ee qHCJIO pa3JIHqHbIX paJpe30B. t..{HCJIO KYCKOB Ha 1 60JIbllIe

qHCna pa3pe30B, T.e. paBHO 60. D

8.15. IIycTb ABCDEFGH -

paCCMaT-

pHBaeMbIH BocbMHyrOJIhHHK, 0 -

neHTp

BIIHcaHHOH B Hero OKPY)KHOCTH ( CM. PH-

CYHOK). LIOCTaTOqHO HaHTH IIJIOlI.{a.nb Tpe-

yrOJIbHHKa ABO, TaK KaK OHa COCTaBJISIeT

1 qaCTb IIJIOlI.{a.nH Bcero MHoroyrOJIbHHKa.

IIycTb K :-- TOqKa KacaHHSI CTOpOHbI AB C

G H

A

K

B
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OKPY>KHOCThlO. HMeeM:

S!'>ABO = � OA. OB sin LAOB =

1

(
OK

)
2.

LADB
1 1

.
7r

=

2 cos LAO K
sm =

2

.

cos
2

;
· sm

4
·

TaK KaK

21r 7r 2+V2
2 Cos

8
= 1 + cos

4
=

2
'

TO

S!'>ABO = � ·

2 +4V2
' V; =

2 :� = V2 -

1,

3HaQHT, nJIOlI.{a,nh ABCDEFGH paBHa 8{ V2 - 1).

8.16. YKA3AHI1E: paccMoTpeTb «PYHK�HIO f(x)
Jl6AJlemC.Jl B03paCTalOI.QeH 'Ita 6ceu 06JIaCTH onpe,neJIeHHg!

D

1
OHa He

x

8.17. IIycTh t H 3t -

KOpHH ,naHHoro ypaBHeHHg. HMeeM CHCTeMY:

{
2t2 - at + 1 = 0

18t
2

- 3at + 1 = O.

Y MHOEaJ! nepBoe ypaBHeHHe CHCTeMhI Ha 9 H BhIqHTaJI BTopoe ypaB-

HeHHe, BbIpa3HM t qepe3 a:

4
t= -.

3a

IIo,ncTaBJIgg t B nepBoe ypaBHeHHe CHCTeMbI, HaH,neM no,nxo.n;glI.{He a:

2t
2

- at + 1 = 0;
32 4 4V6
- - - + 1 = 0 {=:=} a = :1:-.
9a 2 3 3

OTMeTHM, qTO npH 3THX 3HaqeHHg a Hcxo,nHoe ypaBHeHHe B ,neucT-

BHTeJIbHOCTH HMeeT ,nBa KOPHg, TaK KaK ero .n;HCKpHMHHaHT, paBHhIH

a
2

- 8, nOJIO)KHTeJIeH:

2
8

-

16. 6
8

_

24
0a

- - - >-

9
-

9
· o



PEllIEHJf51 3A,UA q 85

8.18. HMeeM:

1011_(10+1).1010 +(10+1).109 -.. .-(10+1).102 +(10+1).10-1 =

= 1011 - 1011 - 10
10

+ 10
10

+ 10
9

-

. . .

- 10
2

+ 10
2

+ 10 - 1 = 9

(JIerKO BH,neTb, qTO Bce CJIaraeMhIe, KpoMe .n;BYX nOCJIe,nHHx, BXO.n;SIT

B CYMMY ,nBa)K.nbI, O.nHH pa3 co 3HaKOM nJIIOC, BTOpOH pa3 co 3HaKOM

MHHYC). 0

9.1. llaHHoe MHO)KeCTBO
-

KBa.npaT

ABCD C neHTpOM B TOqKe (5,4) (BMecTe
C BHYTpeHHOCTblO H C rpaHHneH). KOOp,nH-
HaThI ero BepllIHH: A = (4,4), B = (5,5),
C = (6,4), D = (5,3) (CM. PHCYHOK). JIerKo

BH,neTb, qTO B 3TOM KBa.npaTe TOqeK C ne-

JIOqHCneHHhIMH Koop,nHHaTaMH Bcero 5: 3TO

ero neHTp H BepIlIHHhI. HaH.neM cpe.nHee reo-

MeTpHqeCKOe HX op,nHHaT, TO eCTb qHCeJI 4,

4, 5, 4, 3:

� 4. 4. 5 .4. 3 = � 26 · 15 = 2�.

y
B

AOC
D

o x

o

9.2. TaKoH TpeyronbHHK He cymecTByeT, nOCKOJIbKY qHCJIa 2, 3, 5

He y.nOBJIeTBopSIIOT HepaBeHCTBY TpeyrOJIhHHKa. 0

9.3. COrJIaCHO H3BeCTHOH «popMYJIe HMeeM:

(
1

)
3

23
cos 30 = 4 cos

3
0

- 3 cos 0 = 4. - - 1 = - -

.

3 27
D

9.4. 3aMeTHM, qTO npH x > 1 BhInOJIHeHhI HepaBeHcTBa

x
2

> 1 * 2
X2

> 2 H 5
X

> 5 * 2
x2

5
x

> 10.

O,nHaKO x = 1 y.nOBJIeTBopSIeT .naHHOMY B YCJIOBHH 3a.n:aqH HepaBeH-

CTBY, H n03TOMY x = 1 jlBJISIeTCjI OTBeTOM K 3a.naQe. D
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9.6. EcnH TOqKa C rrOJIO:>KHTeJIbHbIMH Koop,nHHaTaMH (x, y) JIe)l(HT

HH:>Ke .naHHoH rrapa60JIbI, TO BbIrrOJIHeHbI HepaBeHCTBa:

o < y < -X
2

+ 4x - 1 => x
2

- 4x + 1 < 0 =>

=> x E (2
- V3, 2 + V3).

y TaK KaK x .non)l(HO 6bITb HaTypaJIb-

HbIM qHCJIOM, TO HMelOTCSI B03MO:>KHOCTH

X == 1, x == 2, x == 3. PaccMoTpHM Ka:>K-

.nylO H3 HHX (CM. PHCYHOK):

a) x == 1. TaK KaK y(l) == 2, TO y,nOBJIe-

TBopSIeT YCJIOBHIO TOqKa C Koop,nHHaTaMH
X

(1, 1).

6) x == 2. TaK KaK y(2) == 3, TO y,nOBJIeTBOpSIIOT YCJIOBHIO TOqKH (2, 1)
H (2,2).

B) x == 3. TaK KaK y(3) == 2, TO rro,nxo.nHT TOqKa (3,1).
Bcero IIOJIyqHJIH 4 TOqKH.

2 ---

1o

o

9.7. IIycTb qaCTHOe paBHO k, Tor.n:a HMeeM

k
101 = kn +

5
<==:} 505 = k(5n + 1).

t..{HCJIO 505 MO:>KeT 6bITb rrpe.nCTaBJIeHO B BH,ne rrpOH3Be.neHHjJ .nBYX

HaTypaJIbHbIX qHCeJI CJIe,nYIOlI.{HMH crroco6aMH:

1) 505 == 1 · 505, k == 1, 5n + 1 == 505 -

HeB03MO:>KHO, TaK KaK

5n + 1 He .neJIHTCSI Ha 5, a 505 ,neJIHTCSI.

2) 505 == 5-101, k == 5, 5n+ 1 == 101, oTKy,na n == 20 -

rro,nxo,nHT.

3) 505 == 101 . 5 He rro,nxo,nHT, KaK H B rrepBOM CJIyqae.

4) 505 == 505 - 1, k == 505, 5n + 1 == 1, oTKy,na n == 0 -

He

rro,nxo,nHT, TaK KaK 0 He SIBJISIeTCSI HaTypaJIbHbIM qHCJIOM_ 0

9.8. PellIHM ,naHHoe HepaBeHCTBO, ,nJISI qero BbIqHCJIHM KOpHH KBa,n-

paTHoro ypaBHeHHSI:

Xl 2
== -4 I ViS.

,
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TaKHM 06PaJOM, pellIeHHeM .n;aHHOrO HepaBeHCTBa CJIY:>KHT oTpe30K

[-4
- .JI5, -4 + .JI5]. OT6epeM H3 3Toro OTpe3Ka neJIbIe OTpHua-

TeJIbHbIe 3HaqeHH5I. TaK KaK

-8 < -4 - ViS < -7 <= -4 < -ViS < -3 {= 4 > ViS > 3

H

-1 < -4 + v'i5 < 0 {= 3 < ViS < 4,

TO 3TO qMCJIa

-1 -2 -3 -4 -5 -6 -7
, , , , , , ,

Ii HX npOH3Be.neHHe OTpHuaTeJIbHO. o

9.9. LIOKa:>KeM, qTO B TpeyrOJIhHHKe HanpOTHB 60JIhmeH CTOpOHhI

JIe:>KHT 60JIhIIIHH yrOJI. Cor JIaCHO TeopeMe CHHYCOB, HMeeM

a b
-

sin Q sin {3

c

.

SIn 'Y

I103TOMY HanpOTHB 60JIbllIeH CTOpOHhI JIe:>KHT yrOJI C 60JIhllIHM CHHY-

COM. 3HaqHT, npOTHB 60JIbllIerO OCTporo yr JIa JIeEHT 60JIbllI8JI CTo-

pOHa.

IIoKa:>KeM Teneph, qTO eCJIH O,l(HH

H3 yrJIOB TpeyrOJIhHHKa Tynou, TO

HanpOTHB Hero JIe:>KHT HaH60JIblIIaJI

H3 CTOpOH. PaCCMOTpHM TpeyrOJIbHHK,

ABC, nYCTb yrOJI A -

TynoH (CM. PH-
C

CYHOK). IIocTpoHM TaKOH OTpe30K AK,
3aKJIIOQeHHhIH BHYTPH yrJIa BAG, QTO

A

K
B

LBAK =

7r
- LABG

.

2

3TO B03MO:>KHO, TaK KaK LB AK < �. TOqKa K JIe:>KHT Ha OTpe3Ke

BG. TpeyrOJIhHHK ABK paBHo6e.npeHHbIH no nOCTpoeHHIO. 3HaQHT,

BG > BK = AB. HepaBeHcTBo BG > AG .nOK83hIBaeTC5I aHaJIOrHQ-

HO. 0
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9.10. YKA3AHHE: CYMMa BeJIHqHH BHellIHHX yrJIOB JII06oro BhIrrYK-

JIoro MHoroyrOJIhHHKa paBHa 21r (,noKa)KHTe!). Y rrpaBHJIhHOrO MHO-

royrOJIhHHKa Bce BHellIHHe yr JIhI paBHhI.

9.12. BOCrrOJIh3yeMcSI «popMynoH ,nnSI rrpoH3Bo,nHOH CJIO)KHOH «PYHK-

I.{HH. 3.nech

y(x) == f(g(x)), , r,ne f(x) = ifX H g(x) == x
4

+ 3x + 2.

TaK KaK

J'(x) = 5� Ii g'(x) = 4x
3

+ 3,

TO

, ,

)
,

4x
3

+ 3

y (x) = f (g(x) 9 (x) =

5�(x4 + 3x + 2)4

'

( I ) ==

7 7
=> y

5W 5 �1296
'

=>

o

"
I

., I

:
'

+: '

. I'

: I "
I I ,

�t_-J--- --��-----
-- .

--

T

9.13. HMeeTcSI 6 oceH CHMMeTpHH, coe,nH-

HSIIOlI.{HX cepe,nHHhI rrpOTHBOrrOJIO)KHhIX pe-

6ep Ky6a, H 3 OCH, coe,nHHSIIOlI.{He neHTphI

rrpOTHBOrrOJIO)KHhIX rpaHeH. Bcero 9 oceH

(CM. PHCYHOK). 0

9.14. 3HaMeHaTeJIh q reOMeTpHqeCKOH rrporpeccHH (b n ) paBeH OT-

HOllIeHlilO KaKOrO-TO ee qJIeHa K rrpe.n:bI.l1.Yll{eMY: q
= bb�l . B HallieH

rrporpeccHH, HarrpHMep, HaTypaJIhHhI rrepBhIH Ii BTOpOH qJIeHbI, rr03-

TOMY 3HaMeHaTeJIh panHOHaJIeH. 3HaqHT, qHCJIO

bIOI == b IOO
·

q

paI.{HOHaJIhHO. CJIe.nOBaTeJIhHO, OTBeT 4) HeBepeH, a OTBeT 3) BepeH.

IIpHBe.neM npHMep, rrOKa3hIBalOI.UHH, qTO HeBepHhI OTBeThI 1) H 2).
3TO rrporpeCCHjJ

99 98 97
1 1

2 ,2 ,2 ,...,2,1,
2

'

4
'...

. o
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9.15. EcnH m
-

.neJIHTeJIb HaTypaJIbHOrO qHCna n, TO H � TaK-

)Ke jJBJISIeTCg ,neJIHTeJIeM n. TaKHM 06pa30M, Bce .neJIHTeJIH qucna n

paJ6HBalOTCSI Ha rraphl. HCKJIlOqeHHe COCTaBJIgeT CJIyqaH, Kor.na .nBa

qHCna rrapbI paBHbI Me)K,ny co6oii, Tor.na KOJIHqeCTBO ,nenHTeneH He-

qeTHO. TaKoe, OqeBH,nHO, MO)KeT cnyqHTbCSI TonbKO eCJIH n gBngeTCg

rronHbIM KBa.npaTOM. 0

9.16. YKA3AHI1E: cYMMa K03�$HnHeHToB rrpOH3BOJIbHOrO MHOro-

qJIeHa f (x) paBHa ero 3HaQeHHIO B TOqKe x = 1, TO eCTb f (1).

9.17. IIpHBe.neHHbIe BbICK83bIBaHHg paBHOCHJIbHbI (cooTBeTcTBeH-

HO) cJIe.nYIOll{HM:

- t.IHCJIO Hppal.{HOHaJIbHO H paBHO 3J2 ;

- qHCJIO .naeT OCTaTOK 1 rrpH .neneHHH Ha 5 H paBHO 7[.

PaccMoTpHM rrepBoe BbICKa3bIBaHHe. ECJIH 6bI 6bIJIa BepHa ero

BTOpaJI qaCTb (UqHCJIO paBHO 3J2"), TO 6bIJIa 6bI BepHa H rrepB8JI

(UqHCJIO HppanHOHaJIbHO"), TaK KaK 3J2 HppanHOHaJIbHO. CJIe.nOBa-

TeJIbHO, qHCJIO HppanHOHaJIbHO H He pa6HO 3J2.

PaCCMOTpHM BTopoe BbICKaJbIBaHHe. IIepBaJI qaCTh ero He MO)KeT

6bITb BepHOH, TaK KaK HaM y)Ke H3BeCTHO, qTO qHCJIO HppanHOHaJIbHO,

a .nenHTb C OCTaTKOM B03MO)KHO JIHllIb neJIbIe qHCna. 3HaqHT, crrpa-

Be.nnHBa ero BTOp8JI qaCTb, TO eCTb HeH3BeCTHoe qHCJIO paBHO 7r. 0

9.18. IIpe,ncTaBHM o6a CJIaraeMbIX B BH.ne 06bIKHOBeHHbIX ,npo6eH.

IIycTb a = 0,(1), b == 0,(01). Tor.na

1 1
a = 0,(1) = 0,1 + 0,0(1) =

10
+

lO
a =>

1
a == -.

9'

1 1
b = 0,(01) = 0,01 + 0,00(01) =

100
+

100
b =>

1
b == -.

99

Hx CYMMa paBHa

1 1 12
a + b =

9
+

99
=

99
= 0,(12)

(rrOCJIe,nHee paBeHCTBO MO)KeT 6bITb YCTaHOBJIeHO aHaJIOrHqHO TOMY,

KaK 6bIno c,neJIaHO rrpH rrpe,nCTaBJIeHHH b 06bIKHOBeHHOH ,nP06blO). 0
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10.1. 113 HeqeTHOCTH 4>YHKUHH f (X) HMeeM

f( -2) == -

1(2) == -2
4

= -16. o

10.2. lIaHHoe HepaBeHCTBO 3a,naeT Ha Koop,nHHaTHoH nJIOCKOC-

TH KBa.npaT C BeplIIHHaMH B TOqKax A = (7, -3), B = (2, 2),
C == (-3, -3), D = (2, -8). Era .nHarOHaJIb HMeeT .nJIHHY 10, a nno-

I.IJ;a.nb paBHa nOJIOBHHe KBa.npaTa .nHarOHaJIH: S = 50. D

10.3. MHOrOqJIeH BTOpOH CTeneHH He MO)KeT HMeTb 60nee .nBYX

KopHeH. IIo3TOMY TaKOH MHOrOqJIeH paBeH HYJIIO npH Bcex x, oTKy,na

a == 0, b == 0, c = O. D

10.4. IIycTb A - 06'beM npoH3Bo.nHMOH pa6oTbI, v
-

HCXO.nHaJI

npOH3Bo.nHTeJIbHOCTb TPy.na. Tor.na

A
- -

BpeMjJ:, 3aTpaQeHHOe ,no nOBbIllIeHHjJ: rrpOH3Bo.nHTeJIbHOCTH,
v

30 13
v +

100
v =

10
v

-

nOBbIllIeHHaJI npOH3Bo.n HT eJIbHOCTb.

BpeMg, 3aTpaqeHHOe nOCJIe nOBbIllIeHHg npOH3Bo.nHTeJIbHOCTH, paBHO

A

l3/IOv

lOA
-

13v

3TO BpeMjJ: COCTaBngeT �� Hcxo.nHoro BpeMeHH, qTO Ha 100 .

1

3

3
% ==

= 23 1� % MeHblIIe. D

10.5. H3 YCJIOBHg cne.nyeT, QTO rrOCJIe Toro KaK OT ypOKa npOllino

10 MHHYT H eI.IJ;e TpeTb Bcero ypOKa, .no KOHua OCTaJIOCb 20 MHHYT.

IIycTb t (MHHYT)
- o6I.IJ;aJI npo,nOJI)KHTenbHOCTb YPOKa. I1MeeM:

t
t == 10 + - + 20 =} t == 45.

3

Y pOK .nJIHJICjJ: 45 MHHYT. D
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10.6. YKA3AHI1E: ,Z:(aHHoe ypaBHeHHe paBHOCHJIbHO CHCTeMe

{
sin x = 1

cos 4x = 1.

B
10.7. IIycTb d t ,

d 2
-

paCCTOjJHHjJ OT TOq-

KH M ]1,0 CTOpOH AB H BC COOTBeTCTBeHHO

(CM. PHCYHOK). 3aMeTHM, qTO

A
M

c

S�ABC = S�ABM + S�BCM =

1 1 a
=

2
AB.d1 +

2
BC . d2 =

2
(d 1 +d2)'

C ,npyroH CTOpOHbI, BbIqHCJIjJjJ nJIOI.lta.n;b

TpeyrOJIbHHKa ABC no 4>opMYJIe repoHa,

rrOJIyqaeM

S 6ABC
= / ( a + � ) (a

- � ) ( � )
2

= � J 4a 2
- b 2

.

IIpupaBHHBaJI nOJIyqeHHbIe BbIpa*eHHjJ, HaXO]1,HM

b
d 1 + d 2

=

2a
J4 a

2 -.:: b 2
. o

10.11. HCKOMaJI cYMMa eCTb cYMMa nepBbIX 50 qJIeHOB apH4>MeTH-

qeCKOH rrporpeCCHH

1 + 3 + 5 + 7 + . . . + 99

C rrepBbIM qJIeHOM, paBHbIM 1, H pa3HOCTblO 2. Ha.xO,Z:(HM ee 3HaqeHUe

no H3BeCTHOH 4>opMYJIe

s =

at + an
. n =

1 + 99
. 50 = 2500.

2 2
o

I

10.12. 0603HaQHM f(x) = arccos4x, g(x) = sin2x + 1. HMeeM:

y(x) =
(iW

�

Vow

1

,

(0) = (
f (0)

)
-

'2

.

I' (0) 9 (0) - I (0 )9
'

(0)
.Y

g(O) (g' (0))2
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TaK KaK 1(0) = arccos 0 = ; , g(O) = 1 H

,

)
4

f (x = -

yl _ 16x 2
=:}

g'(x) = 2cos2x =} g'(O) = 2,

1'(0) = -4,

TO OKOH'tIaTenbHO nOJIy'tIaeM, 'tITO

'

( 0 ) = (
1r

)
-t

.

-4 -

1r

= _

V2(4 + 1r)
Y

2 4 4y1r.
o

10.14. HMeeM

1

3 yl og3 2
= (2 10g2 3) v'log2 3

= 2 yl og2 3

,

OTKy.na CJIe.nyeT, 'tITO

2 y log2 3
_ 3 y log3 2

= 2 yl og2 3
_ 2 y log2 3

= o. o

10.15. KaK H B 3a.na'tIe 8.13, 06'beM TIHpaMH,Z:(bI MaKCHMa.rreH, Kor,na

Bce nJIOCKHe yrJIbI npH BepllIHHe D npgMbIe. Tor,na 06'beM nHpaMH.nbI

paBeH 1. C ,Z:(pyroH CTOpOHbI, 06'beM paBeH TpeTH npoH3Be,neHHg pac-

CTOgHHg OT TO'tIKH D ,no nJIOCKOCTH ABC Ha nJIOma.nb 3TOH rpaHH.

BbI'tIHCJIHM nJIOma.nb rpaHH ABC, nonb3ygCb 4>opMynoH repoHa. lIo

TeopeMe IIH4>arop a nOJIyq UM

AB = V 1 2
+ 2 2

= V5, BC = V 2 2
+ 3 2

= Vi3,

AC = V 1 2
+ 3 2

= ViD.

MMeeM:

BAB C
= Vp(p - AB)(p

-

BC)(P - AC) =

= � V(V5 + ViD + Vi3)(V5 + ViO - Vi3) x

x V (V5 - ViD + Vi3)(-V5 + ViD + Vi3) =

1

V
14 7

=

4
(2 + 1OV2)(1OV2 - 2) =

4
=

2
'
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HCKOMoe paCCTOjJ:HHe paBHO

1 : ( � SABC) = SA�C
6

7
o

10.16. PellIeHHe aHa.TIOrHqHO 9.15.

10.17. 3aMeTHM, qTO $YHKnHg f{x) = x + � npH x � 1 gBJIgeTCg

B03paCTalOI.lteH. lIeHcTBHTeJIbHo, nycTb x > y � 1, Tor.na

f(x) - f(y) = (X+ � )
-

(y+ � ) =

=

x
2

+ 1
_

y2 + 1
=

(xy - 1)( x - y)
> O.

x y xy

liJIg .naHHbIX B YCJIOBHH 3a.naqH qHCeJI HMeeM

a = f(1), b = f{log3 7r), C = f{log3 7r
2

).

TaK KaK 1 < log37r < log3 7r
2

,
TO a < b < c. o

10.18. CYMMa KBa.n:paToB HeCKOJIbKHX qHCeJI Bcer.na HeoTpHna-

TeJIbHa, H OHa paBHa HYJIIO TOJIbKO Tor .na, Kor.n:a Bce qHCJIa paB-

HbI HYJIIO, n03TOMY OTBeT 1) HeBepeH. TIoKa)KeM, qTO BepeH OT-

BeT 3). lIJISI 3Toro B03bMeM 100000 qHCeJI, Ka)K.noe H3 KOTOphIX paBHo

100�OO = 0,00001. Tor.na HX cYMMa paBHa 1, a cYMMa KBa.npaTOB paB-
Ha

100000 ·

( 100�00 )
2

100�00 = 0,00001 < O,OOOl.

TaKHM 06Pa30M, OTBeT 3) BepeH, a OTBeT 2) HeBepeH (TaK KaK 0,00001

MeHblIIe 1). OTBeT 4) HeBepeH: MO)KHO B3jJ:Tb, HanpHMep, qHCJIa 3

Ii -2, HX CYMMa paBHa 1, a cYMMa HX KBa.n:paTOB paBHa 13. 0

11.1. 3aMeTHM, qTO eCJIH x
-

pelIIeHHe .naHHoro ypaBHeHHSI, TO

H (-x) - TO)Ke perneHHe. KpOMe Toro, HHTepBaJI (-1/3, 1/3) CHM-

MeTpHqeH OTHOCliTeJIbHO O. IIo3ToMY Bce JIe)Kawlie B HeM pelIIeHHJI

nonapHO COKpaTgTCjJ:. He 6y.neT "napbI" JIHllIb Y KOPHg X = 0, HO OH

He .naCT BKJIa.na B CYMMY KopHeH. 0
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11.2. MO)l(eT. HanpHMep, (1 + V2) · (1
- V2) = -1 (y6e.n;HTecb,

qTO COMHO)l(HTeJIH HppanHOHaJIbHbI!). 0

B 11.3. CYMMa BHeIIIHero yrJIa A H yr-

JIa B AC TpeyrOJIbHHKa paBHa 1r (CM.

1 PHCYHOK). HaH.neM yrOJI BAC. 3aMe-

THM, qTO AB
2

= BC
2

+ AC
2

H n03-

TOMY TpeyrOJIbHHK ABC npgMoyrOJIb-

C HbIH (yroJI ACB npgMoH). Tor,naA "3

sinLBAC =

BC
= �

AB 2
=> LBAC =

1r

.

6

CJIe,nOBaTeJIbHO, BHeIlIHHH yrOJI npH BepllIHHe A paBeH 5; . 0

11.4. TpeX3HaqHbIe .n;eJIgIUHeCg Ha 7 qHCJIa, pacnOJIO)l(eHHbIe no B03-

paCTaHHIO, 06Pa3YIOT apHcpMeTHqecKYIO nporpeCCHIO C pa3HOCTblO 7.

Ee nepBbIH qJIeH paBeH 105, nOCJIe,nHHH - 994. IIo3ToMY TaKHX qHCeJI

Bcero

994 � 105
+ 1 = 128

7

H HX CYMMa paBHa

s =

al + an
. n =

105 + 994
. 128 = 70336

22.
o

11.6. HOBbIe neHbI COCTaBJIglOT �� qaCTb CTapbIX. IIo3TOMY npo-

.nYKTOB Ha .n;aHHYIO CYMMY MO)KHO 6y,neT KynHTb �O qaCTb OT KOJIH-

qeCTBa rrpo.n:YKTOB .n:o rrOBblIlIeHlUI neH, TO eCTb Ha /1 qaCTb MeHbIlIe.

3TO COCTaBJIgeT \°1° % = 9
1 \ %. 0

11.8. OTBeTbI 3) 11 4) HeBepHbI, KaK nOKa3bIBalOT npHMepbI qHCeJI

2
2

H 3
2

. IIoKa)KeM, qTO BepeH OTBeT 2). LIJIg qHCJIa 16 = 4
2

npoH3-

Be.neHHe .neJIHTeJIeH paBHO 1 . 2 . 4 . 8 . 16 = 32
2

. O.n;HaKo ,nJIg qHCJIa

9 = 3
2

npoH3Be,neHHe ,neJIHTeneH 1 .3 · 9 = 27 He gBJIgeTCg nOJIHbIM

KBa,npaTOM. 0
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11.9. CooTHollIeHHe a) He BbIIIOJIHgeTCg npH x = o.

BbIpa)KeHHe B JIeBOH qaCTH b) OIIpe.n;eneHO JIHllIb npH x E [-1,1]

(3TO 06JIaCTb OIIpe,Z:(eneHHSI 4>YHKUHH arcsin), H nOTOMY He MO)l(eT

6bITb BepHbIM npH Bcex x E nt

COOTHOllIeHHe c) He BbInOJIHgeTCg, HanpHMep, ,Z:(JIg x = 21r:

arcsin(sin21r) = arcsin(O) = 0 # 21r.

IIpH X = � He BbIIIOJIHgeTCg HepaBeHCTBO d), TaK KaK � > !.
I1TaK, BepeH OTBeT 1). 0

11.10. IIycTb 0 -

ueHTp npaBHJIbHO-

ro llIecTHyrOJIbHHKa ABCDEF (CM. PHCY-

HOK). Tor,Z:(a oTpe3KH OA, . ..

,
OF pa36HBa-

lOT mecTHyrOJIbHHK Ha meCTb paBHbIX IIpa-

BHJIbHbIX TpeyrOJIbHHKOB. qeTbIpexyrOJIb- E

HHK ABCO gBJISIeTCg pOM6oM H COCTOHT H3

,Z:(BYX TaKHX TpeyroJIbHHKOB, n03TOMY ero

nJIOIlta,Z:(b paBHa is. nHarOHaJIb AC pa36H-

BaeT pOM6 Ha ,Z:(Ba paBHhIX TpeyrOJIbHHKa,

n03TOMY S�ABC = lS.
IIycTb K, L -

cepe.n;HHbI CTOpOH AB, BC, Tor,Z:(a

B

1 1

8!'>KBL =

4
8 !'>ABC

=

24
8

,

oTKy,Z:(a IIOJIyqaeM, qTO HCKOMaJI IIJIOIlta,Z:(b paBHa

3
S - 6. S�KBL =

4
S. o

11.12. 0603HaQHM paCCMaTpHBaeMhIe qHCJIa aI, a2, ...

, alOe 113-

BeCTHO, qTO

al + a2 + a3
= 4

3
'

a4 + . . . + alO
= 6.

7

CJIe,Z:(OBa TeJIbHO,

al + a2 + a3
== 12, a4 + · . . + alO

= 42
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H

al + · · · + alO

10

12 + 42 27

10 5
· o

11.13. MMeeM

x
4

+ 25 = (x
2

)2 + 52 � 2 · x
2

· 5 =}

x
2

1
�-

x
4

+ 25
�

10'

npH'tIeM paBeHCTBO .n:OCTHraeTCSI npH x = :i:.J5. o

11.15. LIJIg .JII06bIX a � 0, b � 0 cnpaBe,nJIHBO HepaBeHcTBo 0

cpe,nHeM apHcpMeTH'tIeCKOM H cpe,nHeM reOMeTpH'tIeCKOM: a+b � 2y7;b.
II pHMeHjljI 3TO HepaBeHCTBO K 'tIHCnaM 2

sin x
H 2

cOS

x, nOJIy'tIaeM

2
sinx

+ 2
cOSX

� 2 V 2 sinx
. 2 cOSX

= 21+�(sinx+cpsx) = 21+ � (sin(x+1)).

II pH Bcex x BbInonHeHbI HepaBeHCTBa

sin ( x + : ) � -1 =} 21+*(sin(x+�)) � 2
1 -

�
.

. l--L
CJIe,nOBaTenbHO, npH Bcex x HMeeM 2

s1n x

+ 2
cOS x

� 2 ."f2
. 0

11.16. PaccMOTpHM'tIHCna

10l! + 2, 101! + 3, 101! + 4, . ..

,
101! + 100, IOI! + 101.

T aK KaK 101! = 1 · 2 · 3 ·

. . .

. 100 . 101, TO

101! + 2 ,nenHTCSI Ha 2,

101! + 3 .neJIHTCSI Ha 3,

101! + 101 ,neJIHTCSI Ha 101.

HTaK, Bce YKa3aHHbIe 'tIHCJIa
-

COCTaBHbIe. o
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B

8 1

11.17. nonycTHM, qTO CeqeHHe YKa3aH-

Horo BH,na CYIlteCTByeT (CM. PHCYHOK). 060-

3HaqHM AlB ==

a, BIB == b, GIS == c. Tor.na

AIB; == a
2

+ b
2

, BIG; == b
2

+ c
2

,

AIG; == a
2

+ c
2

,

oTKy,na

AIB; + BIG; - AIG; == 2b
2

> 0 =>

1r

LAIBIC I < -.

2

AHaJIOrHqHO, LBlAIGI < � H LBIGlAI < � . O,nHaKo no npe,nnonQ-

)KeHHIO, O,nHH H3 yrnoB TpeyronbHHKa AIBI C l paBeH 2; . IIpoTHBope-

qHe nOKa3bIBaeT, qTO CeqeHHSI YKa3aHHoro BH,na He CYI.UeCTByeT. 0

11.18. 3aMeTHM, qTO

1 1

0,2(13) = 0,2 + 0,0(13) =

5
+

10

· 0,(13).

II03ToMY ,nOCTaTOqHO rrpe.nCTaBHTb B BH,ne 06bIKHoBeHHoH ,nP06H qHC-

no a == 0,(13). 'CnpaBe,nnHBo paBeHCTBO

0,(13) == 0,13 + 0,00(13) =>

13 a

a=

100
+

100
=>

13 99 13
a ==

100
:

100

==

99
.

Cne,nOBaTenbHO, Hcxo,nHoe qHCnO paBHO

2
I ==! 2- .

13
==

211

0, (13)
5

+
10 99 990'

o

12.1. TaK KaK In
3

7r == (In 1r)3 > 0, TO MHHHManbHoe 3HaqeHHe f(x)

paBHO 1(0) == o. 0

12.2.
m p mp

IIycTb a ==

-, b ==

-, Tor,na ab == - -

panHOHaJIbHO
n q nq

o
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12.3. IIJIorua,nb BbInYKJIOrO qeTbIpexyrOJIbHHKa C .n;HarOHaJISIMH

dl, d2 paBHa nOJIOBHHe npOH3Be,Z:(eHHg ,Z:(HarOHaJIeH Ha CHHYC yrJIa cp

Me)K,Z:(Y' HHMH: S = �dld2 sincp. MaKCHMaJIbHOe 3HaqeHHe 3Toro BbI-

pa:>KeHHSI .n;OCTHraeTCSI npH sin cp
= 1, HJIH cp

== 90°, H paBHO �dl d 2 .

OTMeTHM, qTO CYI.IJ:eCTByeT 6eCKOHeqHO MHoro "3KCTpeMaJIbHbIX" qe-

TbIpexyrOJIbHHKOB. 0

12.4. <t>YHKnHSI nOCTOSIHHa, n03TOMY ee npOH3BO,Z:(HaJI paBHa O. 0

12.5. Pa3JIO)KHM qHCJIO 147 Ha MHO)KHTeJIH: 147 == 3 . 7.7 . IIepe-

qHCJIHM Bce ero HaTYPaJIbHbIe ,Z:(eJIHTeJIH:

1, 3, 7, 3.7
,

7.7
,

3 · 7 · 7.

CYMMHPYSI nonyqeHHbIe qHCJIa, HaXO,Z:(HM OTBeT:

1 + 3 + 7 + 21 + 49 + 147 == 228. o

12.6. IIpH OTpHnaTeJIbHbIX q qJIeHbI .n;aHHoH nOCJIe,nOBaTeJIbHOCTH

nOOqepe.n;HO TO nOnO)KHTeJIbHbI, TO OTpHnaTeJIbHbI, H n03TOMY OHa He

gBJISIeTCSI y6bIBalOrueH.

IIpH q � 1 nocne,nOBaTenbHOCTb TaK)Ke He SIBJIgeTCg y6bIBaIOI.IJ:eH,

TaK KaK BTOpOH ee qJIeH q He MeHbIlIe nepBoro 1.

IIpH q == 0 Bce qJIeHbI, HaqHHaJI co BToporo,
-

HynH H nocne,no-

BaTeJIbHOCTb He gBngeTCg y6bIBalOI.IJ:eH.

IIoKa)KeM, qTO OHa y6bIBaeT npH Bcex q E (0, 1). lleHcTBHTeJIbHo,

IIPH TaKHX q HMeeM (Ka)K,Z:(oe HepaBeHCTBO nenOqKH IIonyqaeTCg H3

npe.n;bI.n;YI.IJ:erO nOCJIe YMHO)KeHHg Ha q, a caMoe nepBoe HepaBeHCTBO

cnpaBe.n;JIHBO cor JIaCHO BbI60py q):

l>q => q> q2 => q2 > q3 =>
3 4

q >q .... o

12.9. YKA3AHI1E: HaHTH (neJIoe!) qHCJIO gHn, KOTopoe CHeceT

Ka)K,Z:(aJI KypHna 3a 101 ,neHb. CJIO)KHTb nOJIyqeHHbIe 3HaqeHHSI.

12.10. IIoJIb3ygCb 4>OPMYJIOH ,Z:(JISI pa3HocTH KBa.n;paToB, Haxo.n;HM

(1
2

- 22) + (3
2

- 4
2

) + (52 - 6
2

) + . . . + (99
2

- 100
2

) ==
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== (1-2)(1+2)+(3-4)(3+4)+(5-6)(5+6)+.. .+(99-100)(99+100) =

= -(1 + 2 + 3 + · · · + 99 + 100) = -

100

;
101

= -5050. 0

12.11. BeplIIHHa napa60JIbI HMeeT Koop.n;HHaTbI x ==
a, y

== 1- 2a
2

,

oTKy.n;a y
== 1- 2x2. IIo3ToMY, Kor.n;a a npo6eraeT Bce BeII.{eCTBeHHbIe

3HaqeHHSI, BepllIHHbI napa60JI JIe}l(aT Ha JIHHHH Y
== 1- 2x2. TaK KaK a

MO)KeT 6bITb JII06bIM, TO X = a MO)KeT 6bITb JII06bIM, rr03TOMY Ka)KJJ:aJ1

TOqKa JIHHHH y
== 1 - 2x2 MO)KeT CJIY)KHTb BeplIIHHoH HeKoTopoH

napa60JIbI H3 .n;aHHoro ceMeHcTBa. 0

12.12. PaccMoTpHM CeqeHHe ,naHHoH

4>HrYPbI nJIOCKOCTblO, rrpoxo,ngmeH qepe3

QeHTpbI c4>ep (CM. PHCYHOK). HCKOMbIH pa-

.n;HYC paBeH CM. IIpHMeHHM TeopeMY IIH-

4>aropa K TpeyrOJIbHHKY AC M:

AM = � I
AC = R =} C M = J R2 � ·

o

12.13. <l>YHKnHSI arcsin t onpe,neJIeHa npH t E [-1, 1], n03ToMY

HenpeMeHHO x E [-1,1]. KpoMe Toro, npH Bcex TaKHX x BbInOJIHgeTCg

Hcxo.n;Hoe paBeHcTBo. B caMOM .n;eJIe, no orrpe,neneHHIO arcsin x
-

3TO

TaKOH yroJI H3 HHTepBaJIa [-1r/2,1r/2], CHHYC KOTOpOro paBeH x, TO

eCTb sin(arcsinx) = x. 0

12.14. CYMMa nH4>p TaKoro qHCJIa paBHa 2003 · 1 + 2003 . 2

== 6009, qTO .n;eJIHTCg Ha 3, HO He .n;eJIHTCSI Ha 9. CornacHo npH3HaKaM

.n;eJIHMOCTH Ha 3 H 9, Hallie qHCJIO TaK)Ke .n;eJIHTCSI Ha 3, HO He .n;eJIHTCg

Ha 9, H nOTOMY He MO)KeT 6bITb nOJIHbIM KBa,npaTOM. 0

12.15. YKA3AHI1E. B03MO)KHbI qeTbIpe cHTyanHH: MallIHHbI,nBH-

)KYTCSI HaBCTpeqy .n;pyr .n;pyry, MallIHHbI .n;BH:>KYTCSI B npOTHBOnOJIO:>K-

HbIX HanpaBJIeHHSIX, nepBaJI e,neT 3a BTOpOH, BTOpaJI e,neT 3a nepBoH.
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12.16. 3a,naqa COCTOHT B Haxo*,neHHH TaKoro HaTypaJIbHOro qHC-

na n, qTO:

8

100
n

-

nenoe qHCJIO.

TaK KaK l�O = 2� '
TO n ,nenHTCSI Ha 25. Cpe.n:H qHCen, He npeBhIma-

IOI.QHX 100, pOBHO 4 qHCna ,neJISITCSI Ha 25, 3TO 25, 50, 75, 100. H3

HHX TonbKO 75 ,nenHTCjJ Ha 3. 3HaqHT, Ha npe.n:npHjJTHH 75 pa60qHx,
H3 HHX TpeTh, TO eCTb 25 qeJIOBeK, :>KeHlI.{HHDI. D

n � 100; n .n;enHTCg Ha 3;

12.17. CnpaBe.n:nHBa �opMYJIa m� = !(2b
2

+ 2c
2

- a
2

). HaH.n:eM

.n;JIHHhI CTOpOH paCCMaTpHBaeMoro TpeyrOJIbHHKa. linjJ 3TOro pelllHM

cHcTeMY

1
1 = -(2b

2
+ 2c

2
-

a
2

)
4

1
2 = -(2a

2
+ 2c

2
- b

2

) <==>

4

1
3 =

4
(2a

2
+ 2b

2
-

c
2

)

5ICHO, qTO BhInonHeHO COOTHOlIIeHHe

a
2

= 4

b
2

=

8

3

2
4

c =-

3

a=2

b =

2V2

V3
2

c =

V3
.

<==>

8 4
b

2
+ c

2
= - + - = 4 = a

2

3 3
·

ITo TeopeMe, 06paTHoH TeopeMe ITHcparopa, nOJIyqaeM, qTO paCCMaT-

pHBaeMhIH TpeyronbHHK
-

npSIMoyronbHDIH. 3aMeTHM erne, qTO Ta-

KOH TpeyronbHHK cyrnecTByeT, TaK KaK qHCna a, b, c y,nOBneTBopjJlOT

HepaBeHCTBY TpeyrOJIhHHKa:

a + b > c, a + c > b, b + c > a.

12.18. Y qHCen

b = 8,(7) = 8,7777777...

o

H C = 8, (71) = 8,71717171 . . .

COBna.n;aIOT neJIbIe qaCTH H O.n;HH 3HaK nOCJIe 3anJlTOH. BTOpOH nOCJIe

3anjJTOH 3HaK 60nblIIe y qHCna b, n03TOMY b > c.
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CpaBHHM a H b. HMeeM

2Vi9 < 8,72 {= Vi9 < 4,36 <= 19 < (4,36)2 = 19,0096.

MTaK,

a = 2Vi9 < 8,72 < 8,77 < b.

CpaBHHM Teneph a H c. HMeeM

2Vi9 > 8,7172 <= Vi9 > 4,3586 <= 19 > 18,99739396.

CJIe.n;OBaTenbHO, b > a > c. o

13.1. TaK KaK
-

; < -1 < ; ,
TO Cos( -1) > O. KpOMe TOro,

cos(-l) < 1 < 1r. IT03TOMY sin(cos(-l)) > O. 0

13.2. HMeeM: (1-2)+(3-4)+(5-6)+...+(99-100) = -50. D

13.3. 0603HaqHM .naHHoe QHCnO Qepe3 n. Tor.na n + 5 = 9k, kEN.

3HaQHT, n-1 = (n+5) - 6 = 9k - 6 .neJIHTCSI Ha 3. IIo3ToMY OCTaTOK

OT .neneHHjJ n Ha 3 paBeH 1. 0

13.6. TaKHx npSIMoyrOJIhHHKOB He CYll{eCTBY�T. B caMOM .n;ene, TaK

KaK Y
- 5 eCTb ,nJIHHa CTOpOHhI, TO Y > 5. ITo ycnoBHIO x + Y

= 3 H

X > 0, oTKy.na Y < 3. 3TO npOTHBOpeQHT nOJIYQeHHOMY COOTHOllle-

HHIO Y > 5. 0

13.7. IT paBHnbHbIM OTBeTOM SIBJIJleTCSI 4), TaK KaK

vf2 < 1,63 < V3 <= 2 < (1,63)2 == 2,6569 < 3

H QHCJIO 1,63 = ��g pal{HOHaJIhHO. JIerKo y6e,nHTbcSI, QTO OTBeThI 1),

2), 3) HeBepHhI. D

13.8. 3a.naQa �OCTOHT B pemeHHH HepaBeHcTBa

x
- vx � 0 {:::=} x � vx {:::=}

{:::=} {
x2 � X

{:::=} {
X(X -

1) � 0
{:::=} [

X � 1
D

x � 0 x � 0 x = o.
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13.9. YKA3AHI1E. IIoJIyqeHHoe TeJIO
-

l{HnHH,np BhICOTbI a, B ero

OCHOBaHHH JIe)KHT Kpyr pa,nHyca aV2.

13.10. B03MO)KHO, qTO BO Bcex ay,nHTopHSIX JIIO,neH nopoBHY, H no-

3TOMY OTBeThI 1) H 4) �eBepHhI. OTBeT 3) TaK)Ke HeBepeH: B03MO)KHO,

BO Bcex ay.n;HTopHSIX no 2 qenOBeKa.

IIoKa)KeM, qTO BepeH OTBeT 2). PaccY)K.n;aeM OT npOTHBHoro: ec-

JIH HeT qeThIpex ay,nHTopHH c o,nHHaKOBhIM qHCJIOM qeJIOBeK, TO .n;JISI

Ka)K.n;oro qHCJIa OT 0 .n;o 20 HMeeTCSI He 60JIee 3 ay,nHTopHH C 3THM

KOnHqeCTBOM nIO.n;eH. Ho B 3TOM cnyqae MO)KeT nonyqHThCjl Bcero

JIHllIh 3.21 = 63 ay.n;HTopHH, a no yCJIOBHIO HX 70. 3HaqHT, Hcxo.n;Hoe

npe.n;nonO)KeHHe 0 TOM, qTO HeT qeThIpex ay.n;HTopHH C o,nHHaKOBhIM

qHCnOM qeJIOBeK, HeBepHO. p

13.11. TaKHe TpeyronbHHKH 06j13aTeJIhHO no.n;06HhI (no ,nBYM

yrJIaM). PaBHbIe TpeyrOJIhHHKH y,noBJIeTBOpSIIOT YCJIOBHIO 3a,naqH, no-

3TOMY OTBeT 2) HeBepeH.

B03bMeM pa3HocTopOHHHH TpeyrOJIhHHK, nycTh .n;JIHHhI ero CTO-

pOH paBHhI a, b, c. Tor.n;a no.n;06HhIH eMY TpeyrOJIhHHK co CTopOHaMH

%a, a, %c He paBeH eMY (TaK KaK K03cpcpHl{HeHT no.n;06HSI OTJIHqeH

OT 1). O,nHaKo 3Ta napa TpeyroJIhHHKOB y.n;oBJIeTBOpSIeT YCJIOBHIO

3a.n;aqH. TaKHM 06pa30M, e.n;HHCTBeHHhIM BepHhIM OTBeTOM SIBnSIeT-

CSI 3). D

13.12. TaK KaK 2 < e < 3, TO 8 < 2e
2

< 18 H 33 < e
5

+ 1. 3HaqHT,
b > a > c. D

13.13. HMeeM:

f(f(x)) =
f(x)

f(x) - 1

x

x-I
x

-1
x-I

= x.

06naCTh onpe,neJIeHHSI eCTh (-00,1) U (1, +(0), TaK KaK npH x = 1

He onpe.n;eJIeHO 3HaqeHHe f(x). D

13.14. TaK KaK Isinxl � 1 H Icosxl � 1, TO

sin
5

x � sin
2

x H COS
13

X � cos
2

X =>
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=> sin
5

x + cos
13

x � sin
2

x + cos
2

x == 1.

3HaQHT, HaH60JIblIIee 3HaqeHHe 4>YHKl{HH Y He npeBbIlliaeT 1. C .n:py-

rOH CTOpOHbI, SICHO, QTO 3HaqeHHe Y
= 1 ,Z:(OCTHraeTCSI, HanpHMep, npH

x == O. D

13.15. YroJI Me)K,Z:(y npgMbIMH AC H

B 1 D 1 paBeH yrJIY Me)K,Z:(y npjJMbIMH AC H

BD (CM. PHCYHOK). TaKHM 06Pa30M, HCKO-

MbIH OCTpbIH yrOJI paBeH yrny AEB Tpe-

yrOJIbHHKa ABE, r,Z:(e E -

TOqKa nepece-

QeHHSI AC H BD. HMeeM:

A
1

c

A
B

AB=3
,

5
AE == EB == -.

2

ITo TeopeMe KOCHHyCOB nOJIyqaeM

LAEB ==

AE
2

+ BE
2

- AB
2

cos

2AE. BE

oTKy,na LAEB ==

arc�os 2

7

5
.

13.16. HMeeM:

25/4 + 25/4 - 9

2. 25/4

7
-

25'

o

..

1 1 + 2 cos x

0� -2 � � <==>

cosxcosx

<==>
{

I + 2 cos x � 0

cosx > 0

{
1+2COSX�O

cos x < 0

(
1r 7r

) [
27r 47r

]
-

2
+ 27rn,

"2
+ 21rn U

3
+ 27rn,

3
+ 27rn

,

[
Cosx>O

<==>

cos x � _!
{::=}

�

2

<==> x E n E Z.

D

13.17. ITYCTb la, lb, le -

,nJIHHbI 6HcceKTpHC ,Z:(aHHoro TpeyrOJIbHH-

Ka, l�, l�, l�
-

,nJIHHbI OTpe3KOB, coe,Z:(HHSIIO:rn;HX BepllIHHbI C TOQKOH

nepeCeQeHHSI 6HcceKTpHC. HMeeM:

1 1
8 =

3
(8 + 8 + 8) =

6
(aha + bhb + eh e ).
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TaK KaK BbICOTa ha eCTb KpaTqaHllIee paCCTOgHHe OT BepllIHHbI A ]1.0

CTOpOHbI BC, TO ha < Ia < 1, aHanOrHqHO hb < 1 H he < 1. lIanee,

H3 HepaBeHCTBa TpeyronbHHKa BbITeKaeT, 'liTO

a < I� + I� < lb + Ie < 2,

aHaJIOrHqHO b < 2 If C < 2. OKOHqaTenbHO nonyqaeM

1
S < -(2 .1 + 2..1 + 2.1) = 1.

6
o

13.18. 3aMeTHM, qTO nlO60e a � 0 y,noBneTBOpgeT ycnoBHIO 3a-

]1.aqH. lieHcTBHTenbHo, npH a < 0 BTopoe HepaBeHCTBO He HMeeT

pellIeHHH, n03TOMY He cymecTByeT 3HaqeHHH x, y,nOBneTBOpSIIOlI.{HX

o,nHOBpeMeHHO 060HM HepaBeHCTBaM. IIpH a = 0 BTopoe HepaBeHCTBO

If MeeT e,nHHCTBeHHoe perneHHe x == 0, He y,nOBneTBOpSIIOlI.{ee nepBOMY

HepaBeHCTBY.

IIYCTb a > O. PellIHM nepBoe HepaBeHCTBO:

2 2 2
1 T.K. a>O

(
1

) (
1

)a x-I> 0 <==> x >
a

2
<==> x E -00,

-

a

U
a

' +00 .

linSI BToporo HepaBeHcTBa HMeeM:

x
2

� a <==> x E [-va, va].

OT6epeM TaKHe a, npH KOTOpbIX YKa3aHHbIe perneHHSI He nepeceKalOT-

CSI. TaK KaK 06a MHO:>KeCTBa pemeHHH cHMMeTpH'IIHbI OTHOCHTenbHO 0,

]1.0CTaTOqHO pellIHTb HepaBeHcTBo

. J::
1

3

V a � - <==> a � 1 <==> a E (0, 1].
a

06'be]1.HHSISI nonyqeHHbIe npOMe)KYTKH, nonyqaeM a E (-00,1]. D

14.1. IIycTb f(x) == ax + b. Tor,na 1(0) = b H f'(x) ==
a, oTKy,na

a == 3, b == 5 H f(x) == 3x + 5. 3HaqHT, 1(1) == 8. D

14.3. O,nHa KypHna 3a ]1.Ba ,nHSI CHeceT 2 gHna, 3HaqHT, ,nBe KypH-

UbI
- 4 SIHna. D
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14.4. PemeHHe aHaJIOrHqHO 11.12. o

14.5. HeBepHo onpe,neJIeHHe 2), TaK KaK eMY, KpOMe napaJIJIeJIQ-

rpaMMOB, y.n:oBJIeTBOpgIOT eI.IJ;e H paBHo6oKHe Tpanel{HH. JIerKo BH-

,neTb, qTO OCTaJIbHbIe onpe,neJIeHHSI BepHbI. D

14.6. HMeeM:

V (16 + y'257 )2 + V (16 - V257 )2 = 116 + y'257 1 + 116
- y'25 7 1 =

== 16 + y'257 + ( y'257 -

16) == 2 y'257 ,

TaK KaK y'257 > y'256 == 16. D

14.7. IIycTb ,nJIg KBa,npaTHoro TpeXqJIeHa ax
2

+ bx + c ,nHCKPHMH-

HaHT paBeH

D == b
2

- 4ac == 2003.

Tor.na b
2

,naeT OCTaTOK 3 npH ,neJIeHHH Ha 4, qTO HeB03MO)KHO. D

14.8. PaBHOCHJIbHbIMH Ha3bIBalOTCSI ypaBHeHHSI, MHO)KeCTBa pe-

meHHH KOTOpbIX COBna,naIOT. 51cHo, qTO nepBoe H TpeTbe ypaBHeHHSI

pemeHHH He HMelOT (nOCKOJIbKY Bcer,na I cos tl � 1), a BTopoe ypaBHe-

HHe HMeeT pemeHHSI. CJIe,noBaTeJIbHO, paBHOCHJIbHbI nepBoe H TpeTbe

ypaBHeHHSI, a BTopoe He paBHOCHJIbHO HM. D

14.9. TaK KaK 52 + 12
2

== 13
2

,
TO .naHHbIe TpeyrOJIbHHKH SIBJISI-

IOTCg npgMoyronbHbIMH. Pa,nHYC OKPY)l(HOCTH, BnHcaHHOH B nepBbIH

TpeyrOJIbHHK, paBeH r == �(5 + 12 -

13) == 2. CJIe,noBaTeJIbHO, KO-

34>4>Hl{HeHT no,no6Hg paBeH 2. IIJIorna,nb nepBoro TpeyrOJIbHHKa paB-

Ha � . 5 . 12 == 30. 3HaqHT, nJIOlI.{a,nb BToporo TpeyrOJIbHHKa paBHa

2
2

. 30 == 120. D

14.10. HMeeM:

1 1

f(f(x)) = 1 -

f(x)
= 1 -

1
1- -

x

1

x-I
'

x # 0;

1

f(f(f(x))) = 1 -

f(f(x))
= 1-

1

1

x-I

==

x, x i= 0, 1. D
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14.11.
3

2001

0603HaqHM a == 2
, Tor,Z:(a HMeeM:

3
2002

3
2001

3 3 2
2 + 1 == 2

.

+ 1 == a + 1 == (a + l)(a -

a + 1).

OqeBH,Z:(HO, ,naHHoe qHCJIO MO)KHO Pa3JIO)KHTb B npOH3Be,neHHe HaTY-

paJIbHbIX COMHO)KHTeJIeH, 60JIbllIHX e,nHHHUbI. CJIe,noBaTeJIbHO, OHO

gBJISIeTCSI COCTaBHbIM. BepeH OTBeT 2). 51cHo, qTO Bce OCTaJIbHbIe OT-

BeTbI HeBepHbI. D

14.13. IIycTb a
-

BeJIHqHHa yrJIa Me)K,ny cTopoHaMH .n;JIHHbI 3 H 4.

Tor,na S == 6 sin Q. lIJISI MHHHMH3aUHH S Ha.n;o MHHHMH3HpOBaTb

sin a, TO eCTb MaKCHMH3HpOBaTb cos
2

a. COrJIaCHO TeopeMe KOCHHY-

COB, HMeeM:

1
cosa = -

24
(a

2
+ lOa).

BH,Z:(HO, qTO npH a E [-3,1] MaKCHMaJIbHOe 3HaqeHHe cos
2

a .n;OCTH-

raeTCg npH a == -3. HTaK, u3KCTpeMaJIbHbIH" TpeyrOJIbHHK HMeeT

,Z:(JIHHbI CTOpOH 2, 3, 4. IIoJIb3YSIcb 4>OPMYJIOH repoHa, BbIqHCJISIeM ero

nJIOI.IJ;a.n;b: S = 3� . D

14.14. IIoKa)KeM, qTO nepBoe qHCJIO MHHHMaJIbHO:

22
22

> 2
22

== (2
11

)2 > (210)2 > 1000
2

> 2222;

2
222

> 2
25

== 2
32

> 2
20

== 1024
2

> 222
2

. D

14.15. CYMMa K034>4>HUHeHToB MHOrOqJIeHa paBHa 3HaqeHHIO 3Toro

MHOrOqneHa npH x == 1. llng ero HaXO)l(,Z:(eHHSI He HY)KHO paCKpbIBaTb

CKo6KH, HMeeM

(5 . 1
2

- 7 . 1 + 1)
2003

== (-1)
2003

== -1. D

14.16. BeJIOCHne,Z:(HcTbI BCTpeTHJIHCb qepe3

150

15 + 15
== 5 qaCOB.

Bce 3TO BpeMSI Myxa 6bIJIa B ,nBH)I(eHHH, OHa npOJIeTeJIa

5 . 20 == 100 KHJIOMeTpOB. o
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14.17. ITpe.n;nOJIO)KHM, qTO .n;aHHoe qHCnO panHOHaJIbHO. Tor.na H3

COOT HOlIIeHH jJ:

2 tg 0:

tg 20: =

21 -

tg 0:

CJIe.nyeT I
'Iro tg 30

0
=

� gBJHIeTCg panHOHaJIbHbIM 'IHCJIOM. JIerKo

npOBepHTb, qTO 3TO HeBepHO. D

14.18. 3aMeTHM, qTO qHCJIO 4a + 2b + c eCTb 3HaqeHHe TpeXqneHa

ax
2

+ bx + c npH x = 2, a c
-

3HaqeHHe 3Toro TpeXqJIeHa npH x = o.

HMelOTcSI TPH B03MO)KHOCTH.

1) ECJIH a > 0, TO ax
2

+ bx + C Bcer.na nOJIO)KHTeJIbHO. B qaCTHOCTH,

C > o.

2) ECJIH a < 0, TO ax
2

+ bx + C Bcer.na OTpHuaTeJIbHO. 3TO npOTHBO-

peqHT YCJIOBHIO.

3) ECJIH a = 0, TO ypaBHeHHe JIHHeHHO: bx + C = O. ITo yCJIOBHIO OHO

He HMeeT perneHHH, 3HaQHT, b = O. Tor.na 4a + 2b + C > 0, CJIe.n;OBa-

TeJIbHO, c > O. D



II. TeCTbI MexaHHKO-MaTeMaTH"IIeCKOrO �aKYJIbTeTa

1995 ro,n

1. MaJlbqHK nHJI qaH C caxapoM. OH nOJlO>KHJI TPH JIO>KKH Ha O,nHH

CTaKaH q8JI. IIoJIHOCTh pacTBopHB caxap, OH OTllHJI 2/3 CTaKaHa qaJI,

,no6aBHJI O.n;HY JIO)KKY caxapa H ,nOJIHJI CTaKaH .n;o nOJlHOro. Pa.3MelIIaB

caxap H OTnHB 1/3 CTaKaHa, MaJIbqHK pellIHJI, qTO qaii He,nOCTaTOq-

HO CJIa.n;KHH. CKOJIhKO caxapa HY:>KHO ,no6aBHTh, qTo6hI c.n;eJIaTh qa�
TaKHM Ee CJla.n;KHM, KaK BHaqane?

2. PelIIHTh HepaBeHCTBO

x
2

-

x
- 6

� 2�
x+2

3. B apH4>MeTHqeCKOH nporpeccHH nepBhIH qJleH H pa.3HOCTb nOJIO-

>KHTeJlhHbI, a cYMMa nepBhIX ,neCSITH qJIeHOB paBHa pa3HOCTH KBa,n-

paTOB rneCToro H njJ:Toro qJIeHOB. HaHTH pa3HOCTh 3TOH llporpeCCHH.

4. HaHTH KOpHH ypaBHeHHjJ:

sin 2x + 1 + J2 sin ( x + � ) = 0,

JIe)f{aInHe B HHTepBaJIe ( ; , 3; ).
5. B qeThIpexyroJlbHHK ABC D BllHcaHa OKPY)l(HOCTb, KaCalOI.IJ;aJICjJ:

OTpe3KOB AB, BC, CD H DA B TOqKaX K, L, M H N COOTBeTCTBeH-

HO. HaRTH LLMN, eCJIH LBAD = ; H LABC == � .

6. HaHTH napy (x, y), y,noBJIeTBOpjllOmylO ypaBHeHHIO

xy
= 4(vY

- 1),

,nJljl KOTOpOH x npHHHMaeT HaH60JIhIllee 3HaqeHHe.

7. B TpeyrOJIhHHKe ABC 6HcceKTpHca BBI nepeceKaeT Me.n;HaHY

AAI B TOqKe O. HaHTH OTHOIlleHHe .A nJIOI.l{a,nH TpeyrOJIhHHKa BOA I

K llJIOma,nH TpeyroJlbHHKa AOB I ,
eCJIH AB : AC = 1 : 4.

8. HaHTH H aHMeHh Illee b, npH KOTOpOM cymecTByeT a TaKoe, qTO

ypaBHeHHe V 2x - x
2

+ 12x
- at == b HMeeT qeThIpe pellIeHHSI.



1996 ro,Q

1. PelIIHTb ypaBHeHHe

16 sin
2

x + 3 tg
2

X
- 5 = O.

2. PelIIHTb HepaBeHCTBO

1 2
� --.

3 -

Ixl x

3. PelIIHTb HepaBeHcTBo

IOg17-x2(X + 3) � log17_x2(X2 -

X
- 2).

4. PelIIHTh npH Bcex 3HaqeHH jJX na paMeT pa a ypaBHeHHe

V x
2

-

a
2

+ a V x
2

+ 1 = O.

5. IIPjJ:MaJI, npoxo,Z:(jJIUaJI Qepe3 TOqKY nepeCeqeHHjJ: Me,Z:(HaH Tpe-

yronbHHKa ABC, nepeceKaeT CTOpOHhI BA H BC B TOqKax Al H C l

COOTBeTCTBeHHO. IIpH 3TOM BAI < BA = 4, BC = 2, BAI .BC l
= 4.

HaRTH BAl.

6. PelIIHTb HepaBeHcTBo

� x
3

- 6x 2
+ 9x

. � O.
cos x

-

sin x

7. IIo mocce B O,Z:(HY CTOPOHY C nOCTOjJ:HHhIMH CKOpOCTjJ:MH ,Z:(BH:>KYT-

CjJ MOTonHKnHCT H nemexo.n, a HaBCTpeqy HM C nOCTOjJHHOH CKOpOC-

TblO ,Z:(BH)I(eTCjJ aBToMo6Hnb. Kor,Z:(a MOTOl{HKnHCT H nelIIexo,Z:( 6bInH B

O,Z:(HOH TOQKe, .no aBTOMo6HnjJ 6hIno 48 KM. Kor,Z:(a nemexo.n H aBTOMO-

6Hnb BCTpeTHnHCh, nemexo.n OTCTaJI OT MOTOl{HKJIHCTa Ha 16 KM. Ha

CKonbKO KHJIOMeTpOB OTCTaBaJI nemexo,Z:( OT MOTOl{HKJIHCTa B MOMeHT

BCTpeqH aBTOM06HJIjJ: H MOTOnHKJIHCTa?

8. OCHoBaHHeM npSIMoM TpeyrOJIhHOM npH3MhI ABCAlBlCl cny-

)KHT TpeyrOJIhHHK ABC, y KOToporo AB = 4, AC = 5, LBAC = 60°.

Qepe3 TOqKH E, F H G, JIe:>KaII.{He Ha pe6pax AlBl, AlC l H AB co-

OTBeTCTBeHHO, npOBe.neHO CeqeHHe, npHqeM AlE = 2, AlF = 3 H

AG = 1. HaRTH 06'beM TOM qaCTH npH3MbI, KOTOpaJI co,nep)KHT pe6po

CC l ,
eCJIH CC I

= 6.
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1. PemHTb ypaBHeHHe

4 cos 4x cos
2

2x( cos 2x .:... 1) + 12( cos
3

2x + sin
2

2x -

1)
-

cos
2

2x == O.

2. PemHTb HepaBeHCTBO

vi 4x - x'2 + 1 + x
- 4

( )
� o.

log2 � -

x + 1

3. OKono OKPY*HOCTH onHcaHa Tpanen HjJ nJIOII.{a,Z:(H 100. Xop,na,

coe.n;HHglOlI(aJI TO'tIKH KacaHHjJ OKPY)I{HOCTH C 60KOBbIMH CTopOHaMH

Tpanen HH , napaJIJIeJIbHa ee OCHOBaHHgM H HMeeT ,Z:(JIHHY 5. HaHTH

pa.nHYC OKPY*HOCTH.

4. PemHTb ypaBHeHHe

V4 x
2

+ 4x + 3. arctg(2x + 1) + V x2 - 4x + 6. arctg(2
-

x) == O.

5. B TpeyrOJIbHHKe ABC 6HcceKTpHca AK II Me.nHaHa CM nepneH-

,Z:(HKynjJpHbI. HaHTH AC, eCJIH AK == 8, CM = 6.

6. HaHTH Bce 3Ha'tIeHHjJ napaMeTpa a, npH KOTOpbIX ypaBHeHHe

Ix
2

- 3x + 21 + Ix
2

- 3x -

101 == Ix
2

- 3xl + a

HMeeT pOBHO 6 pa3JIH'tIHbIX pellIeHHH.

7. H3 cTpOHTeJIbHbIX 6JIOKOB .nBYX THnOB MO)l(HO co6paTb TPH THna

,Z:(OMOB. nJIg C60PKH 10-KBapTHpHoro .nOMa Ha,Z:(o 18 6JIOKOB nepBoro

THna H 30 -

BToporo. lIJIg C60PKH 15-KBapTHpHoro .nOMa Ha,Z:(o 30

6JIOKOB nepBoro THna H 42 -

BToporo. lIJIg C60PKH 18-KBapTHpHoro

.nOMa Ha.n;o 40 6JIOKOB nepBoro THna H 60 -

BToporo. Bcero eCTb 205

6JIOKOB nepBoro THna H 301 BToporo. CKOJIbKO H KaKHX .nOMOB HY)l(HO

co6paTb, 'tITo6bI o6mee KOJIH'tIeCTBO KBapTHp 6bIJIO HaH6oJIbIIIHM?
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8. HaHTH HaHMeHbllIee 3HaqeHHe «PYHK�HH

f(x) = sin
2

7rx + J
1

2
+

1
+ .!:. + v'X + 1 - 1

x x x

Ha npOMe)KYTKe 0 < x < +00 H YKa3aTb, npH KaKHX x OHO ,Z:(OCTHra-

eTCg.

9. IIpH KaKHX 3HaqeHHgX napaMeTpoB a H b HaH,Z:(YTCg ,Z:(Ba pa3JIHQ-

HbIX KOPHg ypaBHeHHg

X4 + 3x
3

+ 5x2 + 6x + a = 0,

KOTopbIe TaK)Ke 6Y,Z:(YT KOPHgMH ypaBHeHHg

x
3

+ 3x
2

+ 2x + b = O?

10. B nHpaMH,Z:(e SABC nepHMeTp rpaHH ASB paBeH 20, nepHMeTp

rpaHH ACB paBeH 12, OTHOllIeHHe nJIOma,Z:(H TpeyrOJIbHHKa ASB K

nnOrna,Z:(H TpeyroJIbHHKa AC B paBHo v'5 H AS = S B. H3BecTHo, QTO

nepneH,Z:(HKyngpbI K rpaHgM, BOCCTaHOBJIeHHbIe 113 neHTpOB BnHcaH-

HbIX B HHX OKPY)KHOCTeH, nepeceKalOTCg B O,Z:(HOH TOQK�. HaHTH Bce

pe6pa nHpaMH,Z:(bI.



1998 ro�

1. KYPHna C'be.naeT 1 Kr 3epHa 3a 9 .nHeH, YTKa
�

3a 6, a rYCb
-

3a 2. Ha CKOJIbKO .nHeH XBaTHT 175 Kr 3epHa 4 KypH�aM, 5 YTKaM H

3 rYCgM?

2. B qeTbIpexyrOJIbHHKe ABCD H3BeCTHO, qTO LA = 74
0

,

LD = 120
0

. HaHTH yrOJI Me)l(.ny 6HcceKTpHcaMH yrJIOB B H C.

" V183. IIycTb a = logg 6. HaHTH log3V2 V12
.

4. IIepBbIH, BTOpOH H TpeTHH qJIeHbI reOMeTpHqeCKOH nporpeccHH

paBHbI COOTBeTCTBeHHO TpeTbeMY, llIecToMY Ii BOCbMOMY qJIeHaM

HeKoTopoH apH£pMeTHqeCKOH nporpeCCHH, a HX npOH3Be.neHHe paB-

HO 125. HaHTH nepBbIH qJIeH reOMeTpHqeCKOH nporpeccHH.

5. PellIHTb HepaBeHcTBo

2
cOS 2x

+ 10 > 6 . 21-sin2 x.

6. B TpeyrOJIbHHKe ABC nJIom:a.nblO 12 Ha CTopOHe BC B3gTa TOq-

Ka N TaK, qTO NC : BC = 3 : 4. Me.nHaHa AM nepeceKaeT Me.nHaHY

BL B TOqKe D, a npgMYIO LN -

B TOqKe E. HaHTH nJIOlI.{a.nb qeTbI-

pexyrOJIbHHKa B D EN.

7. IIpH KaKHX 3HaqeHHgX a £pYH K�Hg

y(x) = log2a+l( V a2 + 4x2 -

2x)
- 2

gBJIgeTCg HeqeTHoH?

8. CKOJIbKO pellIeHHH HMeeT CHCTeMa

x = SIn 7rY,

y
= -

COS7rX,

X<�?

9. HaHTH 06'beM £PHrYPbI, 3a.naHHoH B Koop.nHHaTHoM npocTpaHcTBe

HepaBeHCTBOM

(X2 + y2 + z2 _ 1)(x2 + y2 + z2 -

X
-

y) � O.



1999 ro,n

1. PellIHTb HepaBeHCTBO

�
7-2x

v5. 5--r + 5
x

- 2
> 10.

2. lIJIHHY KHpnHqa YBenHqHJIH Ha 70%, a IlIHPHHY H BbICOTY YMeHb-

IlIHnH Ha 50% H 20% COOTBeTCTBeHHO. Y BeJIHqHJICg HnH YMeHbllIHnCg

OT 3Toro 06'beM KHpnHqa H Ha CKonbKO npOl.{eHToB?

3. PellIHTb HepaBeHCTBO

V IOx 2
- 70x + 120 � 3x - 9.

4. BbIqHCnHTb arccos (sin( -3)).

5. PellIHTb HepaBeHcTBo

log �� (x2
- 1� ) � 1.

6. B TpanenHH C OCHOBaHHgMH 3 H 4 HaHTH .n;JIHHY OTpe3Ka, napan-

JIeJIbHOrO OCHOBaHHjJM H .n;eJI�II.uero nJIOrna.n;b TpaneQHH B OTHOllIeHHH

5 : 2, CqHTaJI OT MeHbIIIero OCHOBaHHg.

7. CKOJIbKO KopHeH HMeeT ypaBHeHHe Illx + 61- 91- 41 = 4 ?

8. B TpeyronbHHKe ABC npOBenH BbICOTbI AL H BM, npHqeM TOq-

KH L H M OKa3aJIHCb ne)KarnHMH Ha CTopOHax BC H AC COOT BeT-

CTBeHHO. 3aTeM npOBeJIH npgMYIO LM .n;o nepeCeqeHHg C npo.n;OJI)Ke-

HHeM CTOpOHbI AB. KaKoe HaH60nbllIee KOnHqeCTBO nap no.n;o6HbIX

TpeyrOJIbHHKOB MO)KHO HaCqHTaTb Ha 3TOM qepTe)Ke, eCJIH Ha HeM He

06pa30BaJIOCb HH O.nHOH napbI paBHbIX TpeyronbHHKoB?

9. HaHTH MHOrOqneH BH.n;a xk+axk-l+. . .+bx+c, r.ne a, . ..

, b, c E Z

H k < 7, O.n;HHM H3 KopHeH KOToporo gBngeTCg qHCnO � + v'5.

10. IInorna.n;H npOeKI.{HH HeKOToporo TpeyronbHHKa Ha Koop.n;HHaT-

HbIe nnOCKOCTH Oxy Ii Oyz paBHbI COOTBeTCTBeHHO v'6 H v'7, a nno-

ma.n;b npOeKI.{HH Ha nJIOCKOCTb Oxz -

l.{eJIoe qHCJIO. HaHTH nnOII.{a.nb

caMoro TpeyrOJIbHHKa, ecnH H3BeCTHO, qTO OHa TO)Ke gBngeTCg neJIbIM

qHCnOM.



2001 ro.n*

1. TOJIg nonHn y,no6peHueM nOMH,nopbI Ha yqaCTKe H3 paCqeTa 2

neHKH Ha 5 KYCTOB, a Ha,no 6bIJIO - 3 JIeHKH Ha 7 KYCTOB. H3 KaKoro

paCqeTa eMY HYEHO ,nononHHTenbHO nonHTb KYCTbI, qTo6bI Hcnpa-

BHTb OlIIH6KY?

2. HaHTH B ce qHCna
, KpaTHbIe qHCJIY 72 H HMelOlQHe ,neCgTHqHYIO

3anHCb BH.na 7X531Y, r,ne X, Y -

I.{H£pPbI.

3. IIpoH,njJ 4/9 ,nnHHbI MOCTa, nelIIexo,n 3aMeTHJI, qTO ero ,norOHjJeT

MalIIHHa, nOBepHyn Ha3a,n Ii BCTpeTHnCg C HeH Y Haqana MOCTa. EcnH

6bI OH npo,nonEan H.z(TH Bnepe.n, TO MallIHHa .norHana 6bI ero y KOHl.{a

MOCTa. HaHTH OTHOllIeHHe CKOpOCTH MallIHHbI K CKOpOCTH nellIexo,na.

4. H3 06p8.3I.{OB Tpex cnnaBOB onOBa, nHHKa H Me,nH nonyqHnli Ho-

BhIH cnnaB, B KOTOpOM KOnHqeCTBa YK8.3aHHbIX BemeCTB, pacnono-

EeHHbIe B HeKoTopoM nOpg,nKe, o6pa3YIOT apu4>MeTHqecKYIO nporpec-

CHIO. IIepBbIH o6p8.3en MaCCOH 5 r COCTOgn H3 onOBa H Me,nH, BTOpOH
-

H3 16 r Me.n;H H 7 r nHHKa, a TpeTHH
-

H3 8 r I.{HHKa H 21 r onOBa.

CKonbKo rpaMMOB onOBa 6bIno B nepBOM 06pa31.{e?

5. HaHTH Bce pelIIeHHg ypaBHeHHjJ

I sin2x + cosxl = II sin2xl-1 cosxll,

paCnOJIQEeHHbIe Ha HHTepBane (- 21r, 21r).

6. BbIcoTa npgMoyronbHoro TpeyrOJIbHHKa, onymeHHaJI Ha ero rH-

nOTeHY3Y, ,nenHT 6HcceKTpHcy OCTporo yrna B OTHOlIIeHHH 4 : 5, CqH-

TaJI OT BeplIIHHbI. HaHTH BenHqHHY 3Toro yrna.

7. KaKoe TOqHOO BpeMjJ Me)K,ny 3 Ii 4 qaCaMH HOqH nOKa3bIBaIOT

qaCbI B MOMeHT, Kor.na nonOEeHHg HX qaCOBOH H MHHYTHOH CTpenOK

cOBna,naIOT?

*B 2000 r. TeCT He npOBO.ltHnCg.
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8. lIaHbI TPH TOqKH, paCCTOgHHg Me)K.n:y KOTOpbIMH paBHbI 5, 6 H 8.

CKonbKo cyrnecTByeT pa3HbIX TpeyrOJIbHHKOB, .n:ng KOTOpbIX Ka)K.n:a

H3 3THX TOqeK
- nH60 BepllIHHa, nH60 cepe.n;HHa CTOpOHbI?

9. BbI'tIHCJIHTb logvIX( X
7

+ x2 -1)3, r.n;e X
- nOJIO)KHTeJIbHbIH KopeHb

ypaBHeHHg x
16

+ x
9

+ x
2

= 1.

10. C4>epa KaCaeTCg Bcex pe6ep nHpaMH.n:bI SABC, npHqeM 60KO-

BbIX pe6ep SA, BB H SC -

B TO'tIKaX AI, B 1 H C 1 . HaHTH 06'beM

nHpaMH.n;bI SA 1 B 1 C 1 ,
eCJIH SA = AB = AC = 6 H BC = 2.



2002 ro,n

1. HaqaB C 21, Bono.ng BhInHChIBaeT nocne,nOBaTeJIbHO .n;eHcTBHTenb-

HhIe qHCna TaK, 'liTO Ka}K.nOe CJIe.nYIOIUee qHCnO Ha 4 MeHbme npe.nhl-

.nym:ero. Hropb, YBH.neB Oqepe,nHoe qHCJIO, no.nCqHThIBaeT CYMMY BCex

BbInHcaHHbIX K 3TOMY MOMeHTY 'IIHCen. KaKaJI H3 HaH.neHHhIx HropeM

CYMM 6nH)Ke Bcero K 62 ?

2. HaHTH 2
3x - 1

+ 2-
3x - 1

,
ecnH 2

X

+ 2-
X

= 3.

3. OTpe30K K L, KOHnhI K H L KOToporo JIe:>KaT COOTBeTCTBeHHO

Ha OCHOBaHHj{X AD H BC Tpane�HH ABCD, ,neJIHT Tpane�HIO Ha

qaCTH, OTHOllIeHHe nJIOrna.neH KOTOpbIX paBHO 3 : 2. HaHTH LB, ecnH

KA = 3, KD = 5 H BC = 1.

4. CnOpTHBHaJI .n;eJIeranHg COCTOgna H3 cnopTcMeHoB H qHHOBHHKOB.

Cpe.n;HHH B03pacT cnopTcMeHoB COCTaBHJI 21 ro,n, a qHHOBHHKOB
-

46 JIeT. IIpH 3TOM cpe.nHHH B03paCT Bcex 'line HOB .neneranHH OK33an-

Cg paBHbIM 37 ro.n;aM. BbIpa3HTb B rrponeHTax .nOJIIO 'IIHHOBHHKOB B

.n:eJIera�HH .

5. PellIHTh ypaBHeHHe

1

log2(lx - 41-lx
-

11) .logg(lx + 51-Ix + 31) =

2
"

6. IIpjJMaJI KaCaeTCg OKPY>KHOCTH, onHcaHHoH OKono npjJMoyrOJIbHo-

ro TpeyronhHHKa ABC, B TOqKe B H nepeceKaeT npo.nOJI:>KeHHe rHno-

TeHY3bI AC 3a BepllIHHY C B TOqKe, y.naneHHoH OT C Ha paCCTOgHHe 6.

B KaKOM OTHOlIIeHHH BhICOTa npgMOrO yrJIa .n;enHT rHnOTeHY3Y, eCJIH

AC = 8 ?

7. Ha CKOJIhKO qaCTeH .neJIgT npgMoyrOJIhHHK, 3a.naHHbIH Ha KOOp-

.nHHaTHoH nJIOCKOCTH HepaBeHcTBaMH 0 � x � 21t" H -2 � y � 2,

rpa£PHKH £pYHKn;HH Y
== sin 7 x H Y

== sin 3x ?

8. HaHTH MaKCHMaJIhHO B03MO:>KHhIH 06'beM TpeyrOJIbHOH nHpaMH-

.nhI npH YCJIOBHH, 'liTO ,nBe ee rpaHH
-

paBHhIe TpeyrOJIbHHKH co

CTopOHaMH 5, 6 H 7.
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9. KOMaHlta H3 ngTH nhI)KHHKOB pa3HOrO Knacca nonYQHna OT cnOH-

COpOB 17 nap nhI)K. CKonbKHMH cnoco6aMH MO:>KHO pacnpe.n;enHTb nbI-

)KH Me)K.n;y nhI)KHHKaMH, PYKOBO,nCTBygCb CJIe,nYIOIUHM npaBHnoM: B

KaE,noH npOH3BonhHO B3gTOH nape nhI)KHHKOB 60nee cHnbHhIH nbI)K-

HHK .n;OJI)KeH nonyqHTb He MeHhllle 60nee cna60ro, H npH 3TOM caMbIH

CJIa6hIH .n;on)KeH nonyqHTb no KpaHHeH Mepe .n;Be naphI?

10. CpeltH 3HaqeHHH napaMeTpa <p E [0, 21r] YKa3aTb Te, ,nng. KOTQ-:

phIX HaH60nbIIIee 3HaqeHHe 4>YHKnHH

3
y

= cosx -

2
coscp + cos(x + cp)

6y.n;eT MaKCHMaJIbHbIM.
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OTBeThI K TeCTaM

MeXaHHKO-MaTeMaTHQeCKOrO $aKynbTeTa

1995 ro�

1. 2/3 JIO)KKH.

2. x E (-00, -2) U (-2,1] U [5, +(0).

3. d = 5.

31r
4. X = -.

4

LLMN
_

l11r
5. -

15.

6. x == 1, y
= 4.

7. 6 < A < 15.

8. b:= 2.

1996 ro�

1r

1. x == :f:- + 1rn, n E Z.
6

2. x E (-3, -2] U (0,3) U [6, +00).

3. x E [1 - V6, -1) U (2, 1 + V6] U (4, y'I7).

4. ECJIH -1 < a < 0 TO X '==:f:
�.

ecnH a == 0 TO X := O. eCJIH
, V I=Q2

"

, ,

a � -1 HJIH a > 0, TO HeT pellIeHHH.

5. BAI = 2.

6. x E [0, � ) U {3} U (_ 3; + 21rn, � + 21rn), n E N.

7. Ha 12 KHJIOMeTpOB.

8. V:= 99f3 .
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1997 ro,n

1. x = i +
1r

2

n

,
n E z.

2. x E [2
- V5,

6-

2

V6
] U (4,2 + V5].

3.
5

�
.

4. x == -3.

5. AC == 3V5.

6. a E {10} U ( �I , 12).

7. 3 .nOMa Ha 10 KBapTHp H 5 .nOMOB Ha 15 KBapTHp.

8. fmin == 2 npH x = 3.

9. a = 0, b == O.

10. AB == BC == AC = 4 AS = BS == CS = 8.
,

1998 ro,n

1. Ha 63 .D;Hg.

2. 83°, BepHbIM CqHTaJICg H OTBeT 97°.

3.
5-8a

3+6a
.

4. b i
= � HJIH b i

== 5.

5. x =1= 7rn, n E Z.

6.
5

i.

7.
_

I
a -

-i.

8. TpH pellIeHHg.

9. V - 51rV2
-

6
.
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1999 ro�

1. x E (-00,3) U (3, +(0).

2. YMeHbllIHJICg Ha 32%.

3. x E {3} U [4, 13].

4. 3; - 3.

5. x E ( vh ,�] u e s

4
, +(0).

6. 04.

7. 6 KopHeH.

8. 10 nap.

9. x
6

- 15x
4

- 4x
3

+ 75x
2

- 60x - 121.

10. 7.

2001 ro�

1. 1 JIeHKa Ha 35 KYCTOB.

2. 705312 H 795312.

3. 9.

4. 2 rpaMMa.

5. x E {- 3; } U [-11", 0] U { � } U [11", 2-n-).

6. arccos�.

7. 3
1

3

1
qaca HJIH 3 qaca 16 Ii MHHYT.

8. 11 TpeyrOJIbHHKOB.

9. 138.

10
TT

- V26
· YSAtBtCl

-

36.
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2002 ro,n

1. Ce.nbMaJI CYMMa, paBHaJI 63.

2. 9.

3. LB = �.

4. 64%.

5. x E [-3,1]:

6.
7

3'.

7. Ha 14 qaCTeH.

8. Vmax
= 1�4 .

9. 13 cIIoco6aMH.

10. cp
= 2 arccos(:i:l).



PelIleHH.H TeCTOB

MeXaHHKO-MaTeMaTHqeCKOrO �aKynbTeTa

1995 ro�

1. IIocne Toro, KaK MaJIbqHK OTnHJI 2/3 CTaKaHa qaJI, y Hero OCTa-

JIOCb 1/3 CTaKaHa, B KOTOpOM paCTBopeHa O.lJ;Ha nO)KKa caxapa. no-

6aBHB O,nHY JIO:>KKY H HanOJIHHB CTaKaH, OH nonyqHJI paCTBopeHHbIe

B 3TOM CTaKaHe ,nBe JIO:>KKH caxapa. QTo6bI c.n:eJIaTb qaH TaKHM :>Ke

CJIa,nKHM, KaK H BHaqaJIe, Heo6xo.lJ;HMO ,no6aBHTb B 3TOT CTaKaH elI.{e

O.lJ;HY nO)l(KY. Ho TaK KaK MaJIbqHK OTnHJI 1/3 CTaKaHa, T.e. Y He-

ro OCTaJIOCb 2/3 cTaKaHa, TO eMY Heo6xo.lJ;HMO ,no6aBHTb 2/3 JIO:>KKH

caxapa. 0

2. IIpoBe,neM CJIe.nYIOlI.{He 3KBHBaJIeHTHbIe rrpe06pa30BaHHg:

x
2

-

X
- 6

� 2 {:=:::}

x+2

(x + 2)(x - 3)
� 2

x+2
7 {:=:::}

{:=:::} {
I x

-

31 � 2
{:=:::}

x+2#O
[

X
- 3 � 2

x
- 3 � -2 {:=:::}

x #-2

[
X � 5

x � 1 {:=:::} x E (-00, -2) U (-2,1] U [5, +(0). 0

x# -2

3. IIycTb al H d -

nepBbIH qJIeH H pa3HOCTb .lJ;aHHOH nporpeCCHH

COOTBeTCTBeHHO. COrJIaCHO YCJIOBHIO 3a,naqH HMeeM:

2a l

:
9d

. 10 = (al + 5d)2 -

(al + 4d)2 {:=:::}

{:=:::} (2al + 9d) · 5 = (2al + 9d) . d {:=:::} d = 5,

rrOCKOJIbKY al H d nOJIO:>KHTeJIbHbI H, 3HaqHT, 2al + 9d =1= O. 0
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4. IIycTb sin (x + � ) = t, Tor,na

2 . 2

(
7r

)
1 -

cos (2x + ; )
t == SIn x + - =

4 2

1 + sin2x

2

OTKy.na sin2x = 2t
2

- 1. HMeeM:

2t
2

+ -/2t = 0 {==:} t == 0 HJIH t = --/2.

IIpH t = -..;2 ypaBHeHHe He HMeeT pemeHHH, npH t = 0 HMeeM

sin (x + � ) = 0 {==:} x + � = 7rk, k E Z {==:} x = -

� + 'Irk.

MHTepBaJIy ( ; , 3; ) H3 :nOH cepHH rrpHHa.D:JIe)f(HT TOJIbKO x = 3: . D

5. TaK KaK yroJI Me)l(,ny

KaCaTeJIbHbIMH, npoBe.neHHbIMH K

OKPY:>KHOCTH H3 O,nHOH TO'llKH, paBeH

nOJIypa3HocTH ,nyr, onpe,neJIgeMLIX Ha

OKPY)KHOCTH TO'llKaMH KaCaHHg, HMeeM

(CM. PHCYHOK):

c

MO
N

8
K

A

"-'" "-'"

LBAD =

7r

=

KMN - KN
= 7r- K""N

3 2

K"-"'N =

27r

3'
=>

"-'" '-"

LABC =

7r

=

K M L - K L
= 7r- KL

5 2
=> KL= 4; .

llanee, TaK KaK yrOJI LM N gBJIgeTCSI BnHcaHHbIM B ,naHHYIO OKPY)K-

HOCTb, nonY'llHM

"-'" "-'"

LLMN =! LN=
KN + KL

==

1111"
.

2 2 15
o
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6. llaHHoe ypaBHeHHe gBJIgeTCg KBa.npaTHbIM OTHOCHTeJIbHO ...jY:

X(vy)2 -

4VY + 4 = O.

ECJIH X = 0, TO Y
= 1. ECJIH X =1= 0, TO KBa.npaTHOe ypaBHeHHe HMeeT

pemeHHe Tor.na H TOJIbKO Tor .na, Kor.na ero .nHCKpHMHHaHT 60JIbIIIe

JIH60 paBeH HYJIIO:

D � 0 {=:} 4 - 4x � 0 {=:} x � 1.

HaH60JIbIIIee 3HaQeHHe, KOTopoe MO:>KeT rrpH 3TOM rrpHHSlTb X, 3TO

X = 1, KOTOPOMY cooTBeTcTByeT Y
= 4. 0

7. IIycTb AB = 1, AC = 4, BC = a (3 < a < 5 cornaCHO HepaBeH-

CTBY TpeyroJIbHHKa). HMeeM (CM. PHCYHOK):

S�BOAI

S�AOBI

� · BO. OA I
. sin LBOA I

�. AD. OBI · sinLAOB l

BO . OA I

AO · OBI.

COrJIaCHO TeopeMe 0 6HcceKTpHce BHYTpeHHero yrJIa TpeyrOJIbHHKa

(�ABAl) HMeeM

OA I

AD

BAI

AB

a

2

Haii.neM BO/OB I . IIpHMeHHM TeopeMY MeHeJI8JI K TpeyroJIbHHKY

BIBC H ceKYIUeH OA l :

GAl
.

BO
.

BIA
= 1 {=:}

BO

AIB OBI AC OBI

1 BO
= 1 {=:} = 1 + a.

1 + a OBI

8
3.neCb MbI CHOBa rrpHMeHHJIH Teope-

MY 0 6HcceKTpHce BHYTpeHHero yrJIa

TpeyrOJIbHHKa, HO y)Ke K TpeyrOJIbHHKY

ABC. llanee,

8 1

A =
S�BOAI

S�AOBI

a
2

+a

2A

3Ta BeJIHqHHa H3MeHgeTCg B HHTepBarre

(6, 15) npH a E (3,5). D
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y

2
----

o x

PMC. 1

y

2
-----

PMc.2

y

2
-----

PMc.4

8. IIocTpoHM Ha Koop.n:HHaT-

HOH nnOCKOC TH rPa«PHKH 4>YHKl{HH

y
= v' 2x -

x
2

H y
= b - 12x - al. IIpo-

BepKOH y6e)K.n;aeMCjJ, qTO npH b = 2 H

a = 2 ypaBHeHHe RMeeT pOBHO qeTbIpe

pemeHHjJ (pRc.I). 51CHO TaK)Ke, qTO

npH b < 2 qeTbIpeX pellIeHRH Y)Ke

6bITb He MO>KeT HH npH KaKOM a (pHC.

2, 3, 4, 5).

y

2
-----

x

PMc.3

y

2
-----

)( o x

P�c.5 D



1996 ro�

1. 3aMeTHM, qTO cos X =1= 0, II npOBe,neM 3KBHBaJIeHTHbIe npeo6pa-

30BaHHSI:

16sin
2

x+3tg
2

x-5 == 0 {:=:::} 16sin
2

xcos
2

x+3sin
2

x-5cos
2

x == 0

4
· 2

1 -

cos 2x
5

1 + cos 2x
0{:=:::} SIn 2x + 3 . - . == {:=:::}

2 2

4 sin
2

2x - 4 cos 2x - 1 == 0 {:=:::} 4 cos
2

2x + 4 cos 2x - 3 == 0 {:=:::}

1 � �

cos 2x == - {:=:::} 2x == ::t: - + 2�n {:=:::} x == :f:- + 7rn, n E Z. 0
236

2. lIaHHoe HepaBeHcTBo paBHOCHJIbHO cne.nYIOII.{eH cOBoKynHocTH:

x�o x�O

1 2 6-x
�O� --

(3 -x)x3-x
?'

X
{:=:::} {:=:::}

x<O x<O

1 2 6 + 3x
�O� --

3+x
r

(3 + x)xx

{
x> 0

x E (0,3) U [6, +(0)

{
X < 0

x E (-3, -2] U (0, +(0)

{:=:::} [
X E (0, 3) U [6, +(0)

XE(-3,-2]
{:=:::}

{:=:::} x E (-3, -2] U (0,3) U [6, +00). o
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3. lIaHHoe HepaBeHCTBO paBHOCHnbHO cne.n;YlOweH COBOKYIIHOCTH:

17 -

x
2

> 1 x
2

< 16

x + 3 � x
2

-

X
- 2 x

2
- 2x - 5 � 0

x
2

-

X
- 2 > 0 x

2
-

X
- 2 > 0

o < 17 -

x
2

< 1

<==>

16 < x
2

< 17

<==>

x + 3 � x
2

- X - 2 x
2

- 2x - 5 � 0

x+3>O x> -3

<==> x E [1 - V6, -1) U (2,1 + V6] U (4, vTI ). D

4. IIpH a = 0 OqeBH.nHo, qTO x = 0 -

e.n;HHCTBeHHoe pemeHHe.

IIpH a > 0 pemeHHH HeT, TaK KaK O.n;HO CJIaraeMoe B neBoH qaCTH

ypaBHeHHjJ IIOnO)KHTeJIbHO, a .npyroe
-

HeoTpHuaTenbHo. IIpH a < 0

.naHHoe ypaBHeHHe paBHOCHJIbHO ypaBHeHHIO

x
2

-

a
2

= a
2

(x
2

+ 1) <==> x
2

(1- a
2

) = 1 + a
2

.

ECJIH a � -1, TO 3TO ypaBHeHHe pellIeHHH He HMeeT, ecnH a > -1,

TO ypaBHemle HMeeT ,Z1Ba pemeHHjJ: x = -x. .j��:� . 0

5. IIycTb AL -

Me,nHaHa TpeyrOJIbHHKa ABG,
a M -

TOqKa IIepeCeqeHHjJ: Me.nHaH 3TOro Tpe-

yronbHHKa (CM. PHCYHOK). IIpHMeHHB TeopeMY

MeHeJIaJI K TpeyrOJIbHHKY BAL H ceKyrn eH AlGI,

nOJIyqUM:

BA I
.

AM
.

LC I
= 1 <==>

AlA ML GIB
Bc

C
1

BAI
.

2
.

BGI - 1
= 1.

4 - BAI 1 BG I

YqHTbIBaJI ycnoBHe BAI · BG I
= 4, HaxO.nHM BAI = 2.

<==>

D
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6. lIaHHoe HepaBeHcTBo paBHocHnbHo cne,nYIOlI.{eH cOBoKynHocTH:

{==:}

x==O

x=3

x>O{
x3 - 6x

2
+ 9x == 0

cos x
- sinx =/: 0

{
x3 - 6x

2
+ 9x > 0

cosx
- sinx > 0

x=/:3

cos(x+ � ) > O.

llaJIee,

cos ( X +
7r

4 ) > 0 {==:} -

7r

+ 27rn < x +
7r

<

7r

+ 27rn. n E Z
242

'

31r 7r

{==:}

-4
+ 27rn < x <

4
+ 27rn.

OKOHqaTenbHO C yqeTOM OCTaJIbHbIX ycnoBHH nonyqaeM, qTO

x E [0, � ) U {3} U (_ 3; + 21rn, � + 21rn), n E N. 0

7. llYCTb to
-

MOMeHT BpeMeHH, Kor,na nellIexo,n II MOTOnHKnHCT

HaxO,nHJIHCb B O,nHOH TOqKe, tl
-

MOMeHT BCTpeqH MOTonHKnHCTa II

aBToMo611nSI, a t2
-

MOMeHT BCTpeqH nellIexo.na H aBTOM06Hng (CM.

PHCYHOK) .

s

B

1648

A

to

t

IIycTb B MOMeHT BpeMeHH tl paCCTOSIHHe Me)K,ny nellIexo,nOM H

MOTOl{HKnHCTOM 6bIno paBHO x KM (.nnHHa OTpe3Ka CD). CornacHo
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ycnoBHIO 3a,naqU, B MOMeHT BpeMeHH to paCCTOjJ:HHe Me)K,ny MOTOl{HK-

nHCTOM H aBTOM06HJIeM 6bInO paBHO 48 KM (.nnHHa OTpe3Ka AB), a

B MOMeHT BpeMeHH t2
- 16 KM (.nnHHa OTpe3Ka EF). 113 no.no6HSI

TpeyrOJIbHHKOB ABC H EFC HMeeM:

AB
=

AC
= 3

EF CE
{==:} AC == 3CE {==:} AC == �AE.

lf3 no,no6HSI TpeyrOJIbHHKOB ACD H AEF HMeeM:

CD . AC 3
- -

EF AE 4
{==:}

x 3

16 4
{==:} x == 12. o

8. IIpo.non)l(HM IIpjJ:MbIe EG H AlA ,no IIe-

peCeqeHHSI B TOqKe, KOTOPYIO 0603HaqHM qe-

pe3 S (CM. PHCYHOK). IIpSIMaJI SF nepece-

qeT pe6po AC B TOqKe H, Tor,na E F H G -

HCKOMoe CeqeHHe npH3MbI. Ey.neM HCKaTb

06'beM TOH qaCTH npH3MbI, KOTOpaJI He CO-

.neP)l(HT pe6po CC I ,
KaK pa3HOCTb 06'beMOB

TpeyrOJIbHbIX IIHpaMH,n SAIEF H SAGH. S

H3 no,no6HjJ: TpeyronbHHKoB SAlE H SAG MO)l(HO nonyqHTb co-

OTHOlIIeHHe

A
1

E
8 1

B

SA I
==

AlE
== 2

SA AG
'

KOTopoe BMeCTe C YCJIOBHeM AAI == 6 ,naeT SA I

lIaJIee, nnOI.IJ;a.nb TpeyrOJIbHHKa AIEF paBHa

12 H SA == 6.

1
0 3�

S�AIEF ==

2

. AlE. AIF. SIn LEAIF ==

To

AHaJIOrHqHO, nJIOlI.{a,nb TpeyronbHHKa AG H COCTaBnSIeT

1
0 3�

S�AGH =

2

. AG. AH. smLGAH =

8'

TaK KaK AH == �AIF == �. lIaJIee, 06'beM nHpaMH,nbI SAIEF paBeH

1

VSAIEF =

3

.

S�AIEF. SAl = 6V3,
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a 06'beM nlipaMIi.nbI SAGH paBeH

1 3V3
VSAGH =

3

· Sl:,.AGH · SA =

4'

cne.nOBaTeJIbHO, 06'beM TOH qaCTH npH3MbI, KOTOpaJI He co.nep)KIiT pe6-

po CC b paBeH 21f . TaK KaK 06'beM BceH npl13MbI paBeH

VABCAIBICI = Sl:,.ABC.AA l
= � .AB.AC.sinLBAC.AA l

= 30V3,

TO 06'beM TOH qaCTIi npH3MbI, KOTOpaJI co.neP)KHT pe6po ec l , paBeH

99� 0
4

.

1997 ro�

1. IIpoBe.neM 3KBHBaJIeHTHbIe npeo6pa30BaHlig:

4cos4xcos
2

2x(cos2x
- 1) + 12(cos

3
2x + sin

2
2x -1)

-

cos
2

2x = 0

<==> 4 cos 4x cos
2

2x( cos 2x -

1) + 12( cos
3

2x -

cos
2

2x) - cos
2

2x = 0

<==> cos
2

2x(4cos4x(cos2x -1) + 12cos2x - 13)== 0 <==>

<==> cos
2

2x(4(2 cos
2

2x -

1)( cos 2x -

1) + 12 cos 2x - 13)== 0 <==>

<==> cos
2

2x(8 cos
3

2x - 8 cos
2

2x + 8 cos 2x -

9) == 0 <==>

7r 7rn

<==> cos 2x = 0 <==> x ==

4
+

2'
nEZ,

TaK KaK

8 cos
3

2x - 8 cos
2

2x + 8 cos 2x - 9 ==

== 8cos
2

2x(cos 2x - 1) + 8(cos 2x - 1) - 1 � -1 npli Bcex x. 0

2. Ifcxo.nHoe HepaBeHCTBO paBHOCIiJIbHO cJIe.nYIOII.J;eH cOBoKynHoCTIi:

V 4x -

x
2

+ 1 + x
- 4 � 0

lo g2 (�
-

x) + 1 > 0

V 4 x
- x

2
+ 1 + x

- 4 � 0

log2 (�
-

x) + 1 < 0

<==>
{

V 4x -

x
2

+ 1 � 4 -

x

x <4

{
V 4x -

x
2

+ 1 � 4 -

x

4<x<�
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4x -

X
2

+ 1 � (4
- x)2

4x -

X
2

+ 1 � 0

x<4

{
x2 - 4x - 1 � 0

4<x<�

� x E [2
- vIS,

6-

2

v'6

] U (4,2 + vIS].

3. TaK KaK LBEF == LCFE (Ii pa-

BeH nonOBIiHe .nyrH E F), TO Tpane-

QHj{ EBCF, a, 3HaQIiT, Ii TpaneI.:(Hj{

ABCD -

paBH06oKaJI. 0603HaQHM Qe-

pe3 AD == a Ii BC == b OCHOBaHHj{ Tpa-

rren HH
,

a Qepe3 BH == h ee BbICOTY. A
Y onHcaHHoro OKono OKPY)KHOCTH qe-

TbIpexyronbHIiKa CYMMbI npOTHBOnOnO)K-'

HbIX CTOpOH paBHbI, n03TOMY AB == CD == at
b

. IIpIiMeHj{j{ K npj{MO-

yronbHOMY TpeyronbHIiKY AB H TeopeMY II Ii 4>arop a, Haxo.nIiM

h
2

= ( a;
b

)
2

_

( a;
b

)
2

= ab.

C .npyroi1 CTOpOHbI, EF == b + 2EHI == b + 2BE cos LBEH 1 , r.ne

HI
-

TOqKa nepeCeQeHHj{ EF Ii BH. TaK KaK BE == CF == �,
HMeeM:

x<4

{
4x -

x
2

+ 1 � 0

4<x<�

�

2x
2

- 12x + 15 � 0

x
2

- 4x - 1 � 0

�

o

B

H
D

b
5 = b + 2.

2
cos LBEHI = b(1 + cosLBAH) =

(
AH

) (
a

- b

)
2ab

=b 1+
AB

=b 1+
a+b

=

a+b
'

TaK KaK .nnj{ nnOII.J;a.n1i TpanenHIi cnpaBe.nnliBa 4>opMyna S == a�b · h,

nonYQaeM ypaBHeHlie (a + b)h == 200. HMeeM clicTeMY:

h
2

== ab

2
5 5 200

2ab == 5(a + b) ===} h == ab == -(a + b) == - . - �

2 2 h

(a + b).h == 200
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� h == � 500 �
r

h 5
T--P"'" �

==

2

==

�
. D

4. IIepenlillieM .naHHoe ypaBHeHlie cne.nYIOII.J;IiM o6pa30M:

V (2x + 1)2 + 2 · arctg(2x + 1) = V (X - 2)2 + 2 · arctg(x - 2).

TaK KaK 4>YHKl.{lig y(t) == v t 2
+ 2 .

arctg t jIBJIjIeTCjI B03paCTalOII.J;eH

Ha BceH o6nacTIi onpe.neneHIiSi (Ha IR), TO Ka)K.nOe CBOe 3HaqeHHe OHa

npHHIiMaeT pOBHO B O.nHOH TOqKe. Cne.nOBaTenbHO, pellIeHIiSi .naHHoro

ypaBHeHIiSi 6y.nYT COBna.naTb C pemeHIiSiMIi ypaBHeHIiSi

2x + 1 == x
- 2 <=> x == -3. D

5. TIYCTb 0 -

TOqKa nepeCeqeHlig npgMbIX

AK II C M. TaK KaK B TpeyronbHIiKe C AM

6liCCeKTplica AO gBnSIeTCSI BbICOTOH, TO 3TOT

TpeyronbHIiK paBHo6e.npeHHbIH. BBe.neM cne.nylO-

II.J;lie 0603HaqeHHjI: nYCTb AC == AM == M B ==
x,

CK ==

y, KB == 2y. TIocne.nHee COOTHOllIeHHe

BbInOnHjIeTCjI B cliny TeopeMbI 0 6IiCCeKTpli-

ce BHYTpeHHero yrna TpeyronbHIiKa. LIan:ee,

cornaCHO <}>opMyne .nnSi BbIqliCJIeHlig .nnliHbI

A C Me.nHaHbI (CM � v 2AC2 + 2BC2 - AB2)
Ii <}>opMyne .nnjI BbIqli CneHliji .nnHHbI 6HcceKTplicbI (AK
== V AC . AB - C K . K B) IiMeeM CIiCTeM Y:

6 ==

2

1

V 2x2 + 2(3y)2 - (2x)2
===} x == 3V5. D

8 = J 2x2 - 2y2

6. IIycTb t = x
2

- 3x = (x
-

n
2

- �, Tor.n;a t � -�. IIocTpoHM Ha

3TOM npOMe)KYTKe rpa<pIiK <PYHKQIiIi

f(t) == It + 21 + It
-

101
- It I ( CM. PHCYHOK).
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H3 rpa<}>HKa BH.nHO, qTO npg-

MaJI Y
== a nepeceKaeT 3TOT rpa-

<l>HK pOBHO B Tpex TOqKaX, ecnH

a = 10 I1ml a E [ � ,
12 ). Bo Bcex

cnyqagx, KpOMe a = �1 , Ka)l(.no-

MY 3HaqeHHIO nepeMeHHOH t 6y.neT
COOTBeTCTBOBaTb pOBHO .nBa 3Ha-

qeHHSI x, npHqeM Bce meCTb 3Ha-

qeHHH nepeMeHHOH x 6y.nYT Pa3-

JIHqHbI. 0 -9/4 -2 0 t10

7. IIycTb X, Y H Z
-

KOnHqeCTBO .nOMOB Ha 10, 15 H 18 KBap-

THP COOTBeTCTBeHHO. Tor.na ycnoBHe 3a.naqH MO)KHO c<}>opMynHpo-

BaTb CJIe.nYIOIUHM 06pa30M: HaRTH MaKCHMaJIbHOe 3HaqeHHe BbIpa)Ke-

HHSI t = lOx + 15y + 18z npH ycnOBHgX

{
18x + 30y + 40z � 205

30x + 42y + 60z � 301.
(*)

IIoKa)KeM, qTO t npHHHMaeT MaKCHMaJIbHOe 3HaqeHHe npH Z == o.

LIeHcTBHTenbHo, nYCTb t MaKCHMaJIbHO npH HeKOTopbIX xo, Yo, ZO,

y.nOBneTBopSIIOIUHX YCJIOBHSIM (*), npHqeM Zo > O. PaccMoTpHM Tor-

.na 3HaqeHHSI Xo + 2, Yo, Zo
- 1. JIerKo BH.neTb, qTO HepaBeHCTBa (*)

BbInOJIHSIIOTCSI, a 3HaqeHHe t YBeJIHqHnocb. 3TO npoTHBOpeqHT MaK-

CHMaJIbHOCTH t. HTaK, Z == 0 H Tpe6yeTCg HaHTH MaKCHMaJIbHOe 3Ha-

qeHHe BbIpa)KeHHSI t == lOx + 15y npH ycnoBHSIx

{
18x + 30y � 205

30x + 42y � 301
===> {

18x + 30y � 204
{:=::}

30x + 42y � 300

{
3x + 5y � 34

{:=::} ===> 8x + 12y � 84 ===> t == lOx + 15y � 105.
5x + 7 y � 50

HTaK, t � 105. IIoKa)l(eM, qTO 3TO 3HaqeHHe .nOCTHraeTCSI. liJISI 3Toro

Heo6xo.nHMO H .nOCTaTOqHO HaHTH HaTypaJIbHbIe x, y, y.noBJIeTBOpSIIO-
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II.J;He CHCTeMe ypaBHeHHi1

{
3x + 5y = 34

{:::::::} {
X == 3

5x + 7y == 50 y
== 5.

o

8. IIycTb .nnSi x > 0

�
1 1 v x+l+l

g(x) = - + - + - + v x + 1 - 1 == + v x + 1 - 1 ==

x
2

X X X

V X + 1 + 1 1

(V )2
+ vx + 1- 1 =

V
+ ( V x + 1 - 1).

x+l -1 x+l-1

5ICHO, qTO gmin
== 2 npH x == 3. TaK KaK f(x) � g(x) npH Bcex x H

f(3) == g(3), TO H fmin = 2 npH x == 3. D

9. IIycTb X = 0 gBngeTCSI pellIeHlieM BToporo ypaBHeHHSI. 3TO B03-

MO)KHO, ecnli b == OJ .npyrliMH pellIeHHSIMIi 3Toro ypaBHeHIiSi SIBnSIIOTCSI

x = -1 Ii x = -2. IIpoBepKoH y6e)K.naeMcSI, qTO npH a == 0 qliC-

JIa x == 0 Ii X = - 2 TaK)Ke jJBJIglOTCSI KOPHgMH nepBoro ypaBHeHIiSi.

IIycTb Teneph x == 0 SIBJIgeTCSI pellIeHHeM ,nepBoro ypaBHeHIiSi. Tor.na

a = 0, H ypaBHeHHe HMeeT eII.{e TonbKO O.nHO pellIeHlie x == -2. t.lHC-

JIa x = 0 H X == - 2 gBnSIIOTCSI KOpHSIMH BToporo ypaBHeHlig, TonhKO

ecnH b = O. ECJIH )Ke a =1= 0 H b =1= 0, TO X = 0 He SIBngeTCSI pellIe-

HHeM Hli nepBoro, Hli BToporo ypaBHeHHSI, n03TOMY MO)KHO npOBeCTH

cne.nYIOI.IJ;He paBHOCHJIbHbIe npeo6paJOBaHHg:

{
x4 + 3+

3
+ 5x

2
+ 6x + a = 0

{:::::::}

x
3

+ 3x2 + 2x + b == 0

{
x4 + 3x

3
+ 5x

2
+ 6x + a = 0

{:::::::} {
3x2 + (6

- b)x + ,a
= 0

{:::::::}

x
4

+ 3x
3

+ 2x2 + bx = 0 x
3

+ 3x
2

+ 2x + b == 0

{
3x3 + (6

-

b)x
2

+ ax = 0
{:::::::} {

(3 + b)x
2

+ (6
- a)x + 3b = 0

3x
3

+ 9x
2

+ 6x + 3b == 0 3x
2

+ (6
- b)x + a == 0

{
3(3 + b)x

2
+ 3(6

-

a)x + 9b == 0
{:::::::} {:::::::}

3(3 + b)x
2

+ (6
- b)(3 + b)x + a(3 + b) == 0
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<==> {
(3(6

-

a)
-

(6 -

b)(3 + b))x + 9b -

a(3 + b) = 0

3x
2

+ (6
-

b)x + a = 0

npH b =1= -3. IIpH b = -3 HMeeM:

{
(3 + b)x

2
+ (6

-

a)x + 3b = 0

3x
2

+ (6
-

b)x + a == 0
<==> {

(6
-

a)x
- 9 = 0

3x
2

+ 9x + a == O.

51cHo, qTO nonY'tIeHHaJI CHCTeMa He MO>KeT HMeTb ABa pa3nHQHhIX

pelIIeHHg HH npH KaKOM a. nan:ee, COrJIaCHO YCJIOBHIO 3a.n:a'tIH, CHCTeMa

{
(3(6

- a)
-

(6
-

b)(3 + b))x + 9b -

a(3 +-b) == 0

3x
2

+ (6
-

b)x + a = 0

,nOJI)I(Ha HMeTb .n;Ba pa3JIH'tIHbIX perneHHjJ. Ho nepBoe ypaBHeHHe 3TOH

CHCTeMbI gBngeTCg JIHHeHHbIM, a BCgKOe nHHeHHoe ypaBHeHHe BHJJ;a

Ax + B == 0 HMeeT ,nBa PaJJIHqHbIX perneHHg Tor,na H TOJIbKO Tor.n:a,

KorAa A == 0 H B == o. HMeeM:

{
3(6

- a) -

(6
-

b)(3 + b) == 0

9b-a(3+b) ==0.

PemeHHgMH 3TOH CHCTeMbI gBJIglOTCg naphI (0,0), (6, 6), (18, -6). IIa-

pa (0,0) gBJIgeTCg OTBeTOM K 3a.n;a'tIe, a naphI (6, 6) H (18, -6)
-

HeT,

TaK KaK npH 3THX 3HaqeHHgX (a, b) ypaBHeHHe 3x
2

+ (6
-

b)x + a = 0

He HMeeT pemeHHH. D

10. 0603HaQHM Qepe3 0 1 ,
O 2 , 03 H 04

neHTpbI BnHcaHHhIX OKPY)KHOCTeH B Tpe-

yrOJIbHHKH ABC, ABS, ACS H BCS COOT-

BeTCTBeHHO. IIYCTb TaK)Ke 0 -

TOqKa nepe-

Ce'tIeHHg nepneH,nHKYJIgpOB K rpaHgM nHpa-

MH,nhI, BOCCTaHOBneHHhIX B TO'tIKaX 0 1 ,
O 2 ,

0 3 H 04 (CM. PHCYHOK). PaCCMOTpHM nJIOC-

KOCTb 00 1 0 2 . QHa nepneHAHKyngpHa rp�-

HgM ABC H ABS, cne.n;OBaTenbHO nepneH-

,nHKyngpHa pe6py AB KaK nHHHH nepece'tIe-

HHg 3THX rpaHeH. Cne,noBaTenbHo, paAHYChI

s

A B

c
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BnlicaHHbIX B TpeyronbHHKH ABC H ABS OKPY)KHOCTeH, npOBe.neH-

HbIX K CTopOHe AB, nona.nYT B O.n;HY TOqKY, KOTOPYIO MbI 0603HaqHM

'IIepe3 K. AHaJIOrH'IIHO, paCCMaTpliBaJI nJIOCKOCTH 00 1 03, 00104,

00 2 03, 00 2 0 4 Ii 00 3 04, Ha OCTanbHbIX pe6pax nlipaMH.nbI nony-

qHM �JIe.nYIOIIJ;He TOqKH: L E AC, M E BC, PEAS, Q E BS H

R E CS. TaKHM 06pa30M, K, L, M, P, Q, R -

TOqKIi KacaHHjJ Bnli-

caHHbIX B rpaHH nHpaMIi.n;bI OKPY)KHOCTeH H pe6ep nHpaMH.nbI. H3

paBeHCTBa OTpe3KOB KacaTenbHbIX, npOBe.n;eHHbIX K OKPY)KHOCTH 1i3

O.n;HOH TOqKIi, IiMeeM:

AK == AP = AL ==

x, BK == BM == BQ ==

y,

CL == CM == CR ==

z, SP == SQ = SR == t.

TaK KaK AS == BS, TO X ==

y. IIocKonbKY nepliMeTp TpeyrOJIbHHKa

ASB paBeH 20, TO t == 10 - 2x. TaK KaK nepHMeTp TpeyronbHHKa

ACB paBeH 12, TO Z == 6 - 2x. LIaJIee, B CHJIY paBHo6e.n;peHHocTIi

TpeyrOJIbHIiKOB AS B H AC B nonyqaeM

S6ASB
=

SK
=

J(lO - x)2 -

x
2

= V5,
S�ACB CK J (6

-

x)
2

-

x
2

oTKy.n;a X == 2. Cne.n;oBaTeJIbHO, pe6pa .n;aHHoH nHpaMH.n;bI paBHbl

AB == BC == AC == 4 H AS == BS == CS == 8 -

nHpaMIi.n;a npa-

BHnbHaJI. 5ICHO TaK)f{e, qTO B npaBHnbHoH TpeyronbHoH nHpaMH.n;e

nepneH.nIiKynSIpbl K rpaHSIM, BOCCTaHOBneHHble H3 l{eHTpOB BnHcaH-

HbIX B HIiX OKPY:>KHOCTeH, nepeceKalOTCSI B O.nHOH TO'llKe. 0

1998 ro�

1. KYPIiQa C'be.naeT 3a 1 .n;eHb 1/9 Kr 3epHa, YTKa
-

1/6, a rYCb
-

1/2. 3HaqHT, 3a O.n;HH .neHb 4 KYPHl{bI, 5 YTOK H 3 rYCb C'be.n;SIT

� + � + �
= 2; Kr 3epHa. TaKHM 06pa30M, 175 Kr 3epHa HM XBaTHT

Ha 175: : = 63 .n;HSI. 0
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2. IIycTb 0 -

TOqKa nepeCeqeHHSI 6HcceK- C

TpHC yrJIOB B H C (CM. PIiCYHOK). Tor.na

LBGC = 180° - � LB - � LC =

= !(3600-LB-LC) = !(LA+LD) = 97°.
2 2

3a yrOJI Me)f{.ny npSIMbIMH no onpe.neJIeHHIO npliHHMaeTCSI Hemy-

nou yrOJI. IIo3ToMY OTBeTOM SIBJISIeTCSI 83°. OTBeT 97° TaK)I(e C'tJH-

TaJICSI BepHbIM. D

A

3. ECJIH a == log96 = log3 V6 == log3 .J3 + log3 V2 == ! + � log3 2, TO

log3 2 == 2a - 1. HMeeM .nanee:

3r;Q 1 mIl

10 � -

og3 'Ji2
_

3 log 3 18 -

2' log 3 12
_

g3¥'2
Vi2

-

log 3 3V2 1 + log 3 V2

1(2+log 3 2)-!(1+2Iog 3 2)
_ l(2a+l)-!(4a-l) _

5-8a

1 + ! log3 2 a + � 3 + 6a

o

4. IIycTb al H d -

COOTBeTCTBeHHO nepBbIH 'tJJIeH Ii paJHOCTb .naH-

HOH apli�MeTHqeCKOH nporpeccHIi. Tor.na al +2d, al +5d Ii at +7d-

COOTBeTCTBeHHO TpeTIiH, mecToH Ii BOCbMOH qJIeHbI 3TOH nporpeccHH.

TaK KaK 3TH TPIi qliCJIa jlBJIjllOTCSI nOCJIe.nOBaTeJIbHbIMH qJIeHaMIi He-

KOTOpOH reOMeTpli'tJeCKOH nporpeCCHIi, TO BbInOJIHeHO COOTHOllIeHlie

(al + 5d)2 == (al + 2d)(al + 7d),

OTKy.na al
== -lId HJIIi d = O. C .npyroH CTOpOHbI, COrJIaCHO YCJIOBHIO

3a.na'tJli IiMeeM

(al + 2d)(al + 5d)(at + 7d) = 125.

ECJIIi al == -lId, nOJIY'tJIiM d == -

� H al = 5: . B 3TOM CJIY'tJae

b 1
== a3 == al + 2d = 1; . ECJIH )l(e d = 0, TO al

= 5 Ii b 1
== a3 == 5. D
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5. IIpoBe.neM CJIe.nYIOII.{He 3KBliBaneHTHbIe npeo6p830BaHHg:

2
cOS 2x

+ 10 > 6 . 21-sin2 x

{=:::} 2
cOS 2x

+ 10 > 6 . 2
cos2 X

{=:::}

2
l+cos 2x

2
COS x

+ 10 > 6 . 2 2
2 In

cos2x

{=:::} 2
cOS x

+ 10 > 6v2. 2�.

cos 2x

IIycTb t = 2�. HMeeM:

t
2

+ 10 > 6v12t {=:::} t > 5v12 HJIH t < vI2.

ECJIH t > 5V2, TO

cos 2x
r;;

2� > 5v 2 {=:::} cos 2x > 21og 2 5v12 {=:::}

TaK KaK 2log 2 5V2 > 1. ECJIH )I{e t < V2, TO

HeT perneHri,

cos 2x
In

2� < V 2 {=:::} cos 2x < 1 {=:::} cos 2x =I 1 {=:::} x =I 7rn, n E Z.

o

B
6. By.neM HCKaTb nJIOII.J;a.nb qeTbIpex-

yrOJIbHHKa B D EN KaK paJHOCTb nJIowa-

.neH TpeyrOJIbHHKOB LBN H LDE. TaK

KaK B,N : BG = 1 : 4, TO S�LBN
= lS�LBc. Ho S�LBC = !S�ABC = 6,

3HaQHT, S�LBN = �. llanee HMeeM:

A c S�LDE LD. LE 1 LE

S�LBN
-

LB. LN
=

3

·

LN
·

Hai1:.neM YKa3aHHoe OTHomeHHe, npHMeHHB K TpeyronbHHKY LNG

H ceKYIneH EM TeopeMY MeHeJIaJI:

GM NE LA 2 NE 1

M N

.

EL

.

AG
= 1 {=:::}

1. EL

.

2
= 1 {=:::} N E = EL,

H, cJIe.nOBaTeJIbHO, LE : LN = 1 : 2. OKOHqaTeJIbHO nOJIYQaeM:

S�LDE 1 LE 1 1 5
0

S�LBN
=

3

·

LN
=

6
'� S�LDE =

4
===> SBDEN =

4
'
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7. TaK KaK COrJIaCHO YCJIOBHIO 3a,naqH .nOJI)KHO 6hITb BbInOJIHeHO

YCJIOBHe y ( -x) = - y(x) npH Bcex ,ZJ;onYCTH MbIX x, H MeeM:

log2a+l ( J a
2

+ 4x 2
+ 2x) - 2 == -log2a+l ( J a

2
+ 4x 2

- 2x) + 2 <==>

2
1

log2a+ 1
a = 4 <==> a = -

4
.<==>

IIpoBepKoH y6e)K.naeMCg, QTO 3HaqeHlie a == -1 y.nOBJIeTBOpgeT YCJIO-

BHIO 3a.naqH. D

8. IIocTpoHM Ha O,ZJ;HOH Koop,ZJ;HHaTHoH

nnOCKOCTIi KpHBbIe, 3a,ZJ;aBaeMbIe ypaBHe-

HHgMH x == sin 7rY H Y
= -

COS 7rX (CM.

PHCYHOK). BH,ZJ;HO, qTO npH x <! 3TH

,o;Be JIHHIiIi nepeceKalOTCg pOBHO B Tpex

TOQKax. 3aMeTHM, QTO TOqKa (0, -1)
'fle .H6Jt.HemC.H TOqKOE KaCaHHg KpHBbIX,

nOCKOJIbKY B HeH KpHBaJI Y
= -

COS 7rX

HMeeT ropli30HTaJIbHYlO KaCaTeJIbHYIO, a

x = sIn 7rY
-

HaKnOHHYIO.

x

�-------

Y=-COS1tX

D

9. PaBeHcTBa x
2

+ y2 + z2 = 1 H x
2

+ y2 + z2 -

X
-

Y
= 0 3a,o;alOT

B Koop.nIlHaTHOM npOCTpaHCTBe ,ZJ;Be nepeCeKalOI.IJ;HeCSI c�epbI. Pac-

CMOTpHM CeqeHHe 3THX cq.ep nJIOCKOCTblO Z = 0, npoxo.nSII.IJ;eH Qepe3

neHTp Ka:>K.noH H3 c4>ep. 3THM CeqeHHeM SIBJISIIOTCSI .nBe nepeCeKalO-

II.J;HeCSI OKPY)KHOCTH

x2 + y2 = 1 H ( X
_ � )

2

+ (y
_ � )

2
1

2
(CM. PHCYHOK).

HaM He06xoAHMO BbIQIiCnHTb 06'beMbI qac-

Tei Ka)KAOrO H3 llIapoB, JIe)KaII.J;HX BHe .npyroro

llIapa, Ii CnO)f{HTb nOJIYQeHHbIe BenHqliHbI. Ifc-

KOMbIH 06'beM MbI HaH.neM KaK CYMMY 06'beMOB

,o;BYX mapoB MHHYC Y,ZJ;BoeHHbIH 06'beM HX 09- X

II.J;eH QaCTH. IIpH 3TOM nepBbIM MbI 6YAeM Cqli-

TaTb 60nbllIOH map pa.nHyca Rl = 1, a BTo-

pbIM
- MaJIbIH map pa,ZJ;Hyca R 2

= � . 06WaJI QaCTb 3TliX llIapOB
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COCTOHT H3 nonOBHHbI BToporo mapa H cerMeHTa nepBoro mapa. TaK

KaK 06'beM mapOBoro cerMeHTa pa,nHyca R BbICOTbI h HaxO,nHTCSI no

£popMyne V == 7r(Rh
2

- h3
3

), OKOHqaTenbHO HMeeM:

VltCK == VI + V2
- 2V OOIU

==

4
3

4
3

(
2

3

(
2

h
3

))==

3
7rRl +

3
7rR2

- 2
3

7rR2 +7r R1h
-"3

= \ r+
4

7r (
�

)
3

_2 (
2

7r (
�

)
3

+
3 3 V2 3 V2

+7r ( (1
-

� )
2

- � (1
-

� r) ) = 57r� . 0

1999 ro�

1. IIpoBe.neM cne,nYIOlI.{He 3KBHBa.rreHTHbIe npeo6pa30BaHHSI:

7-2:.:

V5 . 5 -y- + 5
x - 2

> 10 <==> 5
4 -

x

+ 5
x - 2

> 10 <==>

(52-� - 5�-1)2 > 0 <==> 52-� =1= 5�-1 <==> X =1= 3. 0

2. IIycTb a, b H C
-

COOTBeTCTBeHHO ,nnHHa, IIIHpHHa H BbICOTa

Hcxo,nHoro KHpnHqa. Tor,na 1,7a, 0,5b H 0,8c
-

pa3MepbI KHpnHqa

nocne HX H3MeHeHHSI. IIepBOHaqa.rrbHhIH 06'beM KHpnHqa paBeH abc,
nocne H3MeHeHHSI

-

1,7a. 0,5b. 0,8c == 0,68abc, qTO COCTaBnSIeT 68%

Hcxo,nHoro 06'beMa. D

3. naHHoe HepaBeHCTBO paBHocHnbHo cne,nYIOlI.{eH CHCTeMe:

10x
2

- 70x + 120 � 0

3x - 9 � 0 <==>

10x
2

- 70x + 120 � (3x
- 9)2

<==> {
X E {3} U [4, +00)

<==>

x E [3, 13]

x E (-00, 3] U [4, +(0)

x�3

x
2

- 16x + 39 � 0

x E {3} U [4, 13]. 0
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4. Cor naCHO onpe.neneHHIO apKKocHHyca HMeeM:

{
COS 0: == sin( -3)

0: == arccos (sin ( - 3) ) {:=:>

[ ]
{:=:>

0: E 0, 1r

{
cos a + cos ( ;

-

3) = 0
{:=:> {

cos ( � + �
- �) cos ( �

-

� + �) = 0

0: E [0,1r] 0: E [0,1r]

{:=:> [
Q

+ 1!: - � - 1!: + 1rn
2 4 2-2

Q _1!:+�-1!: + 1rn nEZ {:=:>
2 4 2

-

2 '

0: E [0,1r]

31r
{:=:> 0:---3-

2
.

[
0: == � + 3 + 21rn

0: == 3;
- 3 + 21rn

0: E [0,1r]

D

5. lIaHHoe HepaBeHcTBo paBHOCHJIbHO cne.nYIOlI.{eH COBOKYIIHOCTH:

{
x>

14

X E (�oo, -�] U [�, +(0)

x>O

x <
14

5

XE[-�,!]

x E (-00,
-

vk ) u ( vk , +(0)

x E ( vk , �] u e5
4

, +(0).

5x
1

14
>

2
1 5x

x
-

14
�

14

5x
o <

14
< 1

2
1 5x

o < x
-

14
�

14

{:=:>

{:=:>

6. 0603HaQHM Tpane�HIO ABCD H npo-

,nOJIEliM 6oKoBbIe CTOpOHbI AB H DC ,no

HX nepeCeqeHHSI B TOQKe 0 (CM. PHCYHOK).

IIycTb TaK)Ke K L - ,naHHbIH B ycnoBHH 3a-

,naQH OTpe30K Hero .nJIHHa paBHa x. TaK

KaK nnOlI.{a.nH Tpane�HH AK LD H K BC L

paBHhI 28 Ii 58 COOTBeTCTBeHHO, HMeeM:

D

9 86BOC 86BOC
- == == ====} 86BOC == 98.
16 86AOD 86BOC + 78
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3HaqHT, nJIOll{a.n;b TpeyrOJIbHHKa KOL paBHa 98 + 58 148.

HMeeM .n;a.rree:

� =

8 bBOG
=

98
= � =* x = V14. 0

x
2

8b.KOL 148 14

7. IIpoBe.n;eM CJIe,nYIOll{He 3KBHBa.rreHTHbIe npe06pa30BaHHSI:

[
Ilx + 61- 91- 4 = 4

<==>

Ilx + 61
-

91- 4 == -4

Ix + 61
- 9 == 8

Ix + 61
- 9 == -8 <==>

Ix + 61 - 9 == 0

Illx+61- 9 1- 4 1=4 <==>

[
!Ix + 61 -

91 = 8
<==>

fix + 61
-

91 = 0

Ix + 61 == 17

Ix + 61 == 1

Ix + 61 = 9

<==>

x + 6 = 17

x+6==-17

x+6=1

x + 6 == -1

x+6=9

x + 6 = -9

<==>

x = 11

x == - 23

x== -5

x =-7

x=3

x = -15.

o

8. COrJIaCHO YCJIOBHIO 3a.n;aqH TpeyrOJIb-

HHK ABC gBJISIeTCg oCTpoyrOJIbHbIM H pa3-

HOCTOpOHHHM. 0603HaQHM Qepe3 K TOQ-

KY nepeCeQeHHSI npSIMbIX AB H M L, a Qe-

pe3 H -

TOQKY rrepeCeQeHHSI rrpSIMbIX AL

H BM (CM. PHCYHOK). TaK KaK OKPY)I(-

HOCTb, nOCTpOeHHaJI Ha AB KaK Ha ,nHa-

MeTpe, co.n;ep)l(HT TOQKH M H L, CYMMa yr-

JIOB M AB H M LB paBHa 180
0

, CJIe.n;OBa-

TeJIbHO, LM AB == LM LC. KpoMe Toro,

LAHM = LBHL Ii LAHB == LMHL KaK

BepTHKaJIbHbIe. B03Bpam:8JICb K nocTpoeHHoH HaMH OKPY)I(HOCTH, no-

JIYQHM, QTO LM AL = LM BL H LLAB = LLM B KaK BnHcaHHbIe,

OnHpalOlI.{HeCg Ha O.n;HY .n;yry.

".,--
B

/ '"

/ \

I \

,
)\

\ 'L
,

"-

CA
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CJIe,nOBaTeJIbHO, 4 TpeyronbHHKa: BHL, RCM, AHM, ACL no-

.n06HbI ,npyr .n;pyry. 3TO .n;aeT 6 nap no.n;o6HbIX TpeyrOJIbHHKOB. KpoMe

Toro, HMelOTCSI CJIe.nYIOlI.{He naphl no,no6HhIX TpeyrOJIbHHKOB: ABC

Ii LMC, AMK Ii LBK, AHB H MHL, ALK H MBK, Bcero 10

nap. 0

9. IIpoBe.neM CJIe.nYIOlI.{He npe06pa30BaHHSI:

x = if2 + V5 {==:} x
- V5 = if2 {==:} (x

- V5)3 = 2 {==:}

x
3

- 3x
2

V5 + 15x - 5V5 = 2 {==:} x
3

+ 15x - 2 = V5(3x
2

+ 5)

=> (x
3

+ 15x - 2)2 = 5(3x
2

+ 5)2 {==:}

{==:} x
6

- 15x
4

- 4x
3

+ 75x
2

- 60x - 121 = O. D

10. IIycTb a, f3 H ,
-

yrJIbI, o6paJoBaHHbIe nJIOCKOCTblO .n;aHHoro

TpeyrOJIbHHKa C Koop,nHHaTHbIMH nJIOCKOCTSIMH Oyz, Oxz H Oxy co-

OTBeTCTBeHHO. Tor.na cos
2

a + cos
2

f3 + cos
2

,
= 1. 0603Ha'tIHM 'tIepe3

S nJIOlI.{a,nb caMoro TpeyrOJIbHHKa, a 'tIepe3 Sy
-

nJIOm;a.nb ero npoeK-

nHH Ha nJIOCKOCTb Oxz. TaK KaK nnOlI.{a,nb npoeKnHH TpeyronbHHKa

Ha IIJIOCKOCTb paBHa nJIOlI.{a.n;H 3TOro TpeyrOJIbHHKa, YMHO)l(eHHOH Ha

KOCHHYC yrJIa Me:>K.ny nJIOCKOCThlO TpeyrOJIbHHKa H nJIOCKOCTblO npo-

eKUHH, TO HMeeM CJIe.nylOlI.{YIO CHCTeMY:

V6 = Scos,

V7 = Scosa

Sy = S cos f3

{==:}

V6
cos,

=

S

V7
cos a =

S
S

cos f3 = -1!..

S

=>

7 8
2

6

8 2
+ 8� +

8 2
= 1 {==:} 8

2
= 13+8; {==:} (8+8 y )(8-8 y ) = 13.

lIaJIee nepe6opoM, y'tIHTbIBaJI, 'tITO S H Sy
-

neJIbIe 'tIHCJIa H S � Sy,
nOJIY'tIHM S = 7. 0



144 PA311Ell II. TECTbI MEXAHHKO-MATEMATHI..JECKOrO 4>-TA

200 1 ro�

1. t..{To6bI HcnpaBHTb OllIli6KY, Tone Heo6xo,nHMO nOJIHTb KYCTbI 113

paCqeTa ¥ -

� == 3� '
TO eCTb 1 neHKa Ha 35 KYCTOB. D

2. \.IHcno ,nenHTCSI Ha 72 Tor,na H TonbKO Tor,na, Kor,na OHO ,nenHTCSI

Ha 8 Ii Ha 9. TaK KaK ,naHHoe qHCnO ,nenHTCSI Ha 8, TpeX3HaqHOe qHCnO

31 Y, Ha KOTopoe OHO OKaHqHBaeTCSI, TaK)I(e ,non)l(HO ,nenHTbCSI Ha 8.

Cne.noBaTenbHo, Y == 2. lIanee, qHCnO ,nenIlTCSI Ha 9, ecnH TonbKO

CYMMa ero UH£PP ,nenHTCSI Ha 9. A 3TO 03HaqaeT, qTO X == 0 HnH

X == 9. D

3. Pa3HocTb paccToSIHHH, npoH,neHHbIx nellIexo,nOM B nepBOM H BO

BTOpOM cnyqae, paBHa 1/9 ,nnHHbI MOCTa. Pa3HocTb )l(e paccToSIHHH,

npoH,neHHbIx B 3THX cnyqaJIX MaIlIHHoH, paBHa ,nnHHe Bcero MOCTa.

Cne,noBaTenbHo, OTHOIIIeHHe CKOpOCTH MallIHHbI K CKOpOCTH nellIexo,na

paBHO 9. D

4. IIycTb X
-

KOnHqeCTBO rpaMMOB onOBa B nepBOM o6pa3ue. Tor,na

(5 - x)
-

KOnHqeCTBO rpaMMOB Me.nH B 3TOM o6pa3ue. Cne,noBaTenb-

HO, KOnHqeCTBa onOBa, Me,nH H UHHKa B HOBOM cnnaBe COCTaBnSIIOT

(x + 21), (21- x) H 15 r COOTBeTCTBeHHO. CornacHo ycnoBHIO 3a,naQH,

,non)l(HO 6bITb BbInonHeHO O,nHO H3 cne,nYIOlI.{HX Tpex COOTHOllIeHHH:

1) (x + 21) + (21
-

x) == 30;

2) (x + 21) + 15 == 2(21
-

x);

3) (21
-

x) + 15 == 2(x + 21).
H3 3THX Tpex ypaBHeHHH TonbKO BTopoe HMeeT nOnO)l(HTenbHoe pe-

rneHHe: x == 2. D

5. IIpoBe,neM cne.nYIOlI.{He 3KBHBaneHTHbIe npeo6pa30BaHHSI:

Isin2x+cosxl == Ilsin2xl-lcosxll �

� (sin2x + cosx)2 == (I sin2xl-1 cosxl)2 �

sin
2

2x+cos
2

x+2 sin 2x cos x == sin
2

2x+cos
2

x- 21 sin 2x cos xl �

� 1 sin 2x cos xl == - sin 2x cos x � sin 2x cos x � 0 �
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{:=::> 2 sin x cos
2

x � 0 {:=::> cos x == 0 liJIH sin x � 0 {:=::>

{:=::> x E {
- 3; } U [-11",0] U { ; } U [11",211"),

TaK KaK x E (-21r, 211").

6. 0603HaqHM qepe3 AL 6HcceKTpHcy OCT-

poro yrJIa npSIMoyrOJIbHOrO TpeyrOJIbHHKa,

a qepe3 BH -

BbICOTY 3Toro TpeyrOJIbHH-

Ka, onYlI.{eHHYIO Ha rHnoTeHY3Y (CM. PHCY-

HOK). IIycTb 0 -

TOqKa nepeCeqeHHSI AL

Ii B H. H3 no.no6HSI TpeyrOJIbHHKOB AB L H

AHO (no ,nBYM yrJIaM) HMeeM:

4 AO AH 4

9
==

AL
==

AB
== cosLA ===} LA == arccos

9
. D

7. IIycTb a
O

-

yrOJI, npoH.neHHbIH qaCOBOH CTpeJIKOH 3a nepHO,n

BpeMeHH OT Tpex qaCOB HOqH .no MOMeHTa ee BCTpeqH C MHHYTHOH

CTpeJIKoH. Tor,na 90° + 0° -

yrOJI, npoH,neHHbIH 3a TOT )l(e nepHO,n

BpeMeHH MHHYTHOH CTpeJIKOH. TaK KaK CKOpOCTb qaCOBOH CTpeJIKH

B 12 pa3 MeHbllIe CKOpOCTH MHHYTHOH, HMeeM:

90
0

+ aD = 12a
o

{:=::> a = ( i� r .

IIoCKOJIbKY qaCOBasI CTpeJIKa npoxo,nHT yrOJI B 1
°

3a 1/30 qaca,
° w 90 1 3

CyrOJI a OHa npOH,neT 3a
IT

.

30
==

IT
qaca. TpeJIKH COBna,nYT

B 3
1

3

1
qaca. 0

8. 0603HaqaJI 6YKBOH B BepllIHHY TpeyrOJIbHHKa, a 6YKBOH C cepe-

,nHHY CTOpOHbI, nOJIyqaeM ,nJISI Tpex TOqeK 8 BapHaHTOB: BBB, BBC,

BCB, BCC, CBB, CBC, CCB, eec. BapHaHTbI BBB H CCC .nalOT

no O,nHOMY TpeyrOJIbHHKY (pHC. 1).

B

o

A

c
B L

B
8

B

PI1C. 1

c
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BapHaHTbI BCC, CBC H CCB ,nalOT no TPH TpeyrOJIbHHKa

(pHC. 2). B Ka)l(,nOM H3 3THX BapHaHTOB O,nHH 11:3 TpeyrOJIbHHKOB

COBna,naeT C TpeyrOJIbHHKOM BapHaHTa CCC. KpOMe Toro, B Ka)l(-

,nOH nape 3THX BapHaHTOB eCTb paBHbIe TpeyrOJIbHHKH, OTJIHqHbIe OT

TpeyrOJIbHHKa BapHaHTa CCC. TaKHM 06pa30M, MbI nOJIyqaeM TPH

HOBbIX TpeyrOJIbHHKa.

16 B B 12

PHC. 2

B

B

If, HaKOHen, BapHaHTbI BBC, BCB H

CBB .nalOT no ,nBa TpeyrOJIbHHKa (pHC. 3),
Bce meCTb H3 KOTOpbIX Pa3JIHqHbI. CKna.nbI-

BaJI nOJIyqeHHbIe qHCJIa, MbI Haxo,nHM, qTO

cYlI.{eCTByeT 11 pa3JIHqHbIX TpeyrOJIbHHKOB,

y.nOBJIeTBOpSIIOlI.{HX YCJIOBHIO 3a,naqH. DPHC. 3

9. BepHbI cJIe,nYIOlI.{He paBeHcTBa:

IogyIX(x
7

+ x
2

- 1)3 = 6 Iogx(x
7

+ x
2

- 1) == 6 Iogx(x
7

-

x
9

-

x
16

) =

= 6Iogx(x
7

(1-x
2

-x
9

)) = 6(7+logx(1-1+x
16

)) = 6(7+16) = 138.

IIpH 3TOM BO BTOpOM paBeHCTBe 6bIJIO HCnOJIb30BaHO COOTHOlIIeHHe

x
2

- 1 == -x
9

-

x
16

,
a B qeTBepTOM paBeHCTBe

-

COOTHOlIIeHHe

x
2

+ x
9

== 1 -

x
16

. D

10. IIycTb K, L H M -

TOqKH KacaHHSI c4>epbI C pe6paMH AB, BG

H AG COOTBeTCTBeHHO (CM. pHC. 1). HCnOJIb3YSI paBeHCTBO OTpe3KOB

KaCaTeJIbHbIX, npOBe.neHHbIX K c4>epe H3 O,nHOH TOqKH, BBe,neM CJIe.ny-

IOI.IJ;He 0603HaqeHHSI: SA I
== SB I

== SG I
==

X, AAI == AK == AM ==

y,

BBI == BK == BL == Z H GG I
== GL = GM == t. COrJIaCHO YCJIOBHIO

3a.naqH HMeeM:
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- B

L

C
P�c. 1

3HaqHT, nHpaMH,Z:(a S ABC jIBJIjIeTCg npaBHJIbHOH H AJIHHbI ee pe-

6ep paBHhI AS == AB = AC = 6 H BS == BC = as == 2. BLIcoTa

AD nOM llMpaMM.lJ;bI paBHa AD = J 36 -

( � )2 = 2V;S M ee 06'beM

COCTaBJISIeT

x+y=6

y+z=6

y+t=6

z+t=2 t == 1.

x==1

y=5

z=l
<====>

s

A

v = ! · S�BCS' AD = ! . V3.
2v78

=

206
,

3 333

lIaJIee, BbiCOTa A 1 0 1 nHpaMH,nhI

SA 1 B 1 C1 COCTaBJISIeT 1/6 qaCTh BhICOThI

AO nHpaMH,nbI SABC (CM. pHC. 2), 3HaQHT,

nJIOI.l{a,Z:(h TpeyrOJIhHHKa SB 1 C 1 COCTaBJISIeT

1/4 qaCTh nJIOI.l{a,nH TpeyrOJIhHHKa SBC.

IIo3ToMY 06'beM nHpaMH,Z:(hI SA I B 1 C 1

COCTaBJISIeT 1/24 QaCTb 06'beMa nHpaMH,nbI

SABC H paBeH 1: . D

2002 ro,n

s

A o

0 1

PMc.2

1. 3a.naQa CBO,Z:(HTCSI K HaXO)K,Z:(eHHIO MHHHMYMa 4>YHKnHH

42-4(n-l) 2

f(n) == ISn - 621 = · n
- 62 = 12n

- 23n + 621
2

npH HaTypaJIhHhIX n. <I>YHKnHSI f(n) npHHHMaeT TOJIhKO neJIbIe HeOT-

pHnaTeJIhHhIe 3HaQeHHSI, o,nHaKO ypaBHeHHe f(n) = 0 He HMeeT pellIe-

HHH B HaTypanhHhIX QHCnax. YpaBHeHHe f(n) == 1 HMeeT e,Z:(HHCTBeH-

Hoe HaTypaJIhHOe perneHHe n = 7, npH 3TOM nonYQHM S7 = 63. 0
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2. BepHbI cne.nYIOlI.{He paBeHCTBa:

23x-1+2-3x-1 = �(23x+2-3x) = �((2x+2-X)3_3(2x+2-X)) = 9. 0

3. IIycTb LB =

x, LC = 1 -

x, BbICOTa

TpanenHH paBHa h (CM. PHCYHOK). HMeeM:

3
_

8ABLK
_

!(3+x)h _,
3+x

2 SKLCD !(6 - x)h
-

6 - x

{:::::::}

3 K 5
D

12
{:::::::} x = -

5
'

qTO npOTHBOpeqHT ycnoBHIO x < 1. 3HaQHT,

2

3

8ABLK

8KLCD

3+x

6-x
{:::::::}

3
x---

5.
o

4. 0603HaqHM Qepe3 x H Y COOTBeTCTBeHHO qucno CIIopTcMeHoB H

qHHOBHHKOB B cnopTHBHOH .neneranHH, qepe3 8 1 CYMMY B03pacToB

Bcex cnopTcMeHoB II qepe3 82 CYMMY B03pacToB Bcex QHHOBHHKOB.

HMeeM:

8 1
= 21x

8 2
= 46y ==> 21x + 46y = 37(x + y) {:::::::} 16x = 9y.

8 1 + 8 2
= 37(x + y)

3HaQHT, .nonSI qHHOBHHKOB B ,neneranHH paBHa x�y .100% = 64%. 0

5. HaH,neM o6nacTb onpe,neneHHSI .naHHoro ypaBHeHHSI:

{
Ix -

41 > Ix - 11

Ix + 51 > Ix + 31
{:::::::} {

(x - 4)2 > (x - 1)2

(x + 5)2 > (x + 3)2
{:::::::} {

X < �

x > �4.

Cne,nOBaTenbHO, Hcxo,nHoe ypaBHeHHe paBHocHnbHo cne,nYlOweH co-
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{
- 4 < x < -3

log23
. logg(2x + 8) == �

{
-3 � x � 1

-{:::=:}

log2 3 .

logg 2 == �

{
1<X��

log2(5
-

2x) .logg 2 == �

<==> x E [-3, 1].

BOKYIIHOCTH:

{
- 4 < x < -3

log2(2x + 8) == 1

-3�x�1 <==>

{
1<X��

log3(5
-

2x) == 1

D

6. IIycTb 0 -

neHTp .n;aHHoH OKPY}K-
K

HOCTH (3TO cepe,nHHa rHnoTeHY3bI),
K -

TOqKa nepeCeqeHHjI KacaTenb-

HOH K 3TOH OKPY)I(HOCTH, npoBe,neHHoH

B TOqKe B, H npjlMOH AC, BH -

BbICOTa npSIMoyronbHoro Tpeyronb-

HHKa, ony:meHHaJI Ha rHnoTeHY3Y

( CM. PHCYHOK). Tor,na BepHbI cne,nylO-

:mHe paBeHCTBa: AO == OB == OC == 4,

OK == 10. IIpHMeHHB TeopeMY IIH£paropa K npSIMoyronhHoMY Tpe-

yronbHHKY OBK, Hai1:.n;eM BK == 2V2I. lIanee, Hcnonb3YSI no,no6He

TpeyronbHHKoB OBK H H BK, nOJIyqaeM:

HK BK HK 2V2I
HK == 8,4

- -

<==> <==> ===}

BK OK 2V2I 10

===} AH == 5,6 HC == 2,4
AH 7

0H ===} - -

HC 3

7. TaK KaK o6a rpa£PHKa npoxo,nSIT qepe3 TOqKH (0,0) H (21r,0),
jlCHO, qTO KOnHqeCTBO qaCTei1:, Ha KOTopbIe pa3,neneH npSIMoyronbHHK,

paBHO qHcny TOqeK nepeCeqeHHSI 3THX rpa£pHKoB Ha OTpe3Ke [0,21r]
nnlOc e.n;HHHua. Haii,neM 3TO qHCno:

sin 7 x == sin 3x <==> sin 7 x
- sin 3x == 0 -{:::=:} 2 sin 2x cos 5x == 0
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{:=::} [
sin 2x = 0

{:=::}

cos 5x == 0 [
X

-
1rn

-

2

_
1r 1rn

X -

10
+ 5'

n E Z.

IIocKonbKY Ha oTpe3Ke [0,21t"] .naHHoe ypaBHeHHe HMeeT 13 pellIeHHH,

npSIMoyronbHHK pa3.neneH Ha 14 qaCTeH. D

8. CHaqaJIa paCCMOTpHM cnyqaH, Kor.na .naHHbIe .nBe rpaHH HMelOT

o6IJJ;ee pe6po .nnHHbI 5. TaK KaK 06'beM nHpaMH.nbI BbIqHCnSIeTCSI no

4>opMyne V == lS�h..' SICHO, qTO HaH60nbllIee
3HaqeHH�

06'beMa MbI

IIOJIyqHM, eCJIH BbICOTa nHpaMH.nbI, IIpOBe.neHHaJI K O.riHOH H3 3THX

rpaHeH, MaKCHMaJIbHa. A 3TO npoH30H.neT Tor.na, Kor.na .naHHbIe .nBe

rpaHH nepneH.nHKynSIpHbI. BbIqHCnHM 06'beM nHpaMH.nbI B 3TOM cny-

qae:

1 1 2S� 2(9(9
-

5)(9
-

6)(9
-

7)) 144
V =

3
S6h =

3

·

5
=

15 5

3.neCb MbI HcnOnb30BaJIH 4>opMyny repoHa .nJISI BbIqHCneHHSI nnOIJJ;a.nH

TpeyrOJIbHHKa H 4>OPMYJIY S� == �ah .nnSI BbIqHCneHHSI BbICOTbI 3Toro

TpeyronbHHKa, KOTOpaJI B paCCMaTpHBaeMOM cnyqae SIBJISIeTCSI TaK)Ke

BbICOTOH IIHpaMH.n.bI.

IIycTb Tenepb 3TH )Ke .nBe rpaHH HMelOT o6r.uee pe6po .nnHHbI 6

HJIH o6I.IJ:ee pe6po .nJIHHbI 7. IIoBTopSISI npOBe.neHHoe pacCY)l(.neHHe, no-

nyqHM, qTO MaKCHMaJIbHOe 3HaqeHHe 06'beMa nHpaMH.nbI B 3THX CJIY-
28

2
28

2

qaJIX 6y.neT paBHO 1. 6� HnH l. 7� '
qTO MeHbllIe y)Ke nonyqeHHOrO

28
2

qHCna 1. 5� == 1:4 . 0

9. Y Ka)l(eM Bce B03MO)KHbIe cnoco6bI pacnpe.neneHHSI nap nbI)K

(3.necb qHCJIa pacnOJIO)KeHbI B nopSI.nKe Hey6bIBaHHSI CHnbI nbI)KHHKoB):

2,2,2,2,9; HnH 2,2,2,3,8; HnH 2,2,2,4,7; HnH 2,2,2,5,6; HnH 2,2,3,3,7; HnH

2,2,3,4,6; HnH 2,2,3,5,5; HnH 2,2,4,4,5; HnH 2,3,3,3,6; HJIH 2,3,3,4,5; HnH

2,3,4,4,4; HnH 3,3,3,3,5; HnH 3,3,3,4,4; Bcero 13 cnoco60B. 0

10. 3a4>HKcHpyeM cp H HaH.neM HaH60nbllIee 3HaqeHHe <PYHKl.{HH

3

(
cp

)
cp 3

y(x) = cosx
-

2
cosrp + cos(x + rp) = 2cos x +

'2 cos'2
-

2
cosrp.
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51cHo, QTO Ha:n6oJIbllIee 3HaQeH:ne 3TOH 4>YHKl.{:n:n 6y.neT paBHO

12cos�l- �coscp, TaK KaK ICOS(X+ �)I � 1 npH Bcex x. HaH.neM

Terrepb Te cp E [0, 21t"], np:n KOTOpbIX 4>YHKl.{:nSI 12 cos � 1- � cos cp np:n-

HHMaeT MaKCHMaJIbHOe 3HaQeH:ne. RMeeM:

cp 3 cp 3

(
2CP

)2 cos

2"
-

2
cos cP

= 2 cos

2

-

2
2 cos

2"
- 1 =

, cP
2

cP 3

(
cP 1

)
2

11
= -3 cos

- + 2 cos
- + - = -3 cos

- - - + -.

2 2 2 2 3 6

Cne.nOBaTeJIbHO, HaH60nbllIee 3HaQeH:ne 4>YHKl.{:n:n .nOCT:nraeTCSI np:n

YCJIOB:n:n

cos
cp

2

TaK KaK cP E [0, 21t"].

1

3
{::=:} cp

= 2 arccos ( :i: k) ,

o



III. 3a,n:aQH YCTHbIX 3K3aMeHOB

MeX-MaT, 1994 r.

1. llJIg Ka)K.ltOrO a > 0 HaHTH HaH60JIbllIee 3HaqeHHe BeJIHqHHbI

Ix
-

2al, eCJIH BbInOJIHeHO YCJIOBHe 21xl + Ix
-

3al � 9a.

2. lIng Ka)K.ltOrO a > 0 HaHTH HaHMeHbllIee 3HaqeHHe BeJIHqHHbI

x
2

-

Ix + al + x
-

a

Ha OTpe3Ke [-3,3].

3. lIJIg Ka)K.ltOrO a > 0 HaHTH ypaBHeHHg Bcex npgMbIX, npOXO.lt g -

lI.J;HX Qepe3 HaQaJIO KOOP.ltHHaT H HMelOII.{HX pOBHO .ltBe 06lI.J;He TOqKH

C rpa4>HKoM 4>YHK�HH y
== xix + 2al + a

2
.

4. B TynoyrOJIbHOM
\

TpeyrOJIbHHKe HaH60JIblllasI cTopoHa HMeeT

.ltJIHHY 4, a HaHMeHbllIaJI HMeeT .ltJIHHY 2. MO)KeT JIH nJIOlI.J;a.ltb Tpe-

yrOJIbHHKa 6bITb 60JIbllIe, qeM 2v'3 ?

5. lIoKa3aTb, qTO ypaBHeHHe 2
x2

. 3-
x

== � He HMeeT pellleHHH.

6. H306pa3HTb Ha nJIOCKOCTH MHO)KeCTBO TOqeK, KOOp.ltHHaTbI KOTO-

pbIX y.ltOBJIeTBOpgIOT HepaBeHcTBY logx_y(x + y) � 1.

MeX-MaT, 1995 r.

1. lIaH OTpe30K .ltJIHHbI J5. C nOMOIUblO �HPKYJIg H JIHHeHKH no-

CTpOHTb OTpe30K .ltJIHHbI 1.

2. lIaH oTpe30K .ltJIHHbI 7. C nOMOm;blO �HPKYJIg H JIHHeHKH nOCTpo-

HTb OTpe30K .ltJIHHbI V7.

3. C nOMOIIJ:blO �HPKYJIg H JIHHeHKH no TpeM .ltaHHbIM OTpe3KaM a,

h H m nOCTpOHTb TpeyrOJIbHHK ABC co CTOpOHOH BC ==

a, BbICOTOH

BH == h H Me.ltHaHOH BM == m.
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4. C nOMOlI.J;blO l{HpKynSI H nHHeHKH no TpeM .naHHbIM oTpe3KaM a,

h H m nocTpoHTb TpeyronbHHK ABC co CTOpOHOH BC ==

a, BbICOTOH

B H == h H Me.nHaHoH AM == m.

5. B TpeyronbHHKe ABC H3BeCTHO, qTO AB == 6, BC == 9 H

AC == 10. BHcceKTpHca yrna B nepeceKaeT CTOPOHY AC B TOqKe M.

Ha OTpe3Ke BM B3SITa TOqKa 0 TaK, qTO BO : OM == 3 : 1. IIno-

II.{a.nb KaKoro H3 TpeyronbHHKOB ABO, BCO HnH AGO SIBnSIeTCSI

HaHMeHbllIeii?

6. B TpeyronbHHKe ABC H3BeCTHO, qTO AB == 10, BC == 12 H

AC == 8. Ha OTpe3Ke AB B3SITa TOqKa K TaK, qTO AK : K B == 2 : 3,

Ha OTpe3Ke BC B3SITa TOqKa M TaK, qTO BM : MC == 2 : 1, a Ha

OTpe3Ke K M B3SITa TOqKa 0 TaK, qTO KO : OM == 4 : 5. IInom;a.nb

KaKoro H3 TpeyronbHHKOB ABO, BCO HJIH ACO SIBnSIeTCSI HaHMeHb-

llIeH?

7. CKonbKo KopHeH HMeeT ypaBHeHHe

3 -

21x
- 11 = 2 (

1 1
- � )

?
x--

- x+-
4 4

8. CKonbKo KopHeH HMeeT ypaBHeHHe

Ix
2

-

21xl + 11 == 31 2 - xl
- 1 ?

,

MeX-MaT, 1996 r.

1. lIaHbI .nBa OTpe3Ka: .nJIHHbI 1 H .nnHHbI a. C nOMOlI.J;blO UHpKynSI H

nHHeHKH nocTpoHTb OTpe30K .nnHHbI

a
2

- 9

a)
.

6) � a
3

- 4a 2
+ 3a.

a
2

+ a
- 2'

2. 51BnSIeTcSI nH paIJ;HOHaJIbHbIM qHCnO

a) tg 5°;

6) si n 25°;

B) V 3 - V4 + vT2 + V 3 + V4 - .jf2 ?
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3. naH yroJI B 45° C BepllIHHoH 0 H TpeyrOJIbHHK ABC B KOTOpOM

AB = 6, AC = 3. BepllIHHbI A H B TpeyrOJIbHHKa CKOJIb3gT no CTO-

pOHaM yrJIa TaK, qTO TOqKH 0 H C Haxo.ngTCg OTHOCHTeJIbHO rrpgMOH

AB

a) no pa3HbIe CTOpOHbI, npHqeM LACB = 135°;

6) no o.nHY CTOPOHY, npHqeM LAC B = 45°.

KaKoe MHO)KeCTBO TOqeK npo6eraeT npH 3TOM BepllIHHa C ?

MeX-MaT, 1997 r.

1. H3BecTHo, qTO sin a > 0 H sin 3a > !. lIoKa3aTb: sin a > 11 20:6 .

2. B BbIrrYKJIOM qeTbIpexyronbHHKe ABCD .nHarOHaJIH nepeceKalOT-

Cg B TOqKe E. PaCCTOgHHe OT TOqKH B .no npgMOH AD BTpoe 6onbllIe,

qeM paCCTOgHHe OT TOqKH C .no npgMOH AD. HaHTH OTHOllIeHHe nJIO-

Ina.neH TpeyrOJIbHHKOB ABE H CDE, ecnH AE : EC = 3 : 2.

3. TOqKa E JIe)KHT Ha .nHarOHaJIH AC TpanenHH ABCD C OCHo-

BaHHgMH BC HAD. HaHTH OTHOllIeHHe BC : AD, eCJIH nJIOIna,nH

TpeyrOJIbHHKOB ABE H ADE �THOCgTCg KaK 1 : 2.

4. Ha pe6pe AA 1 e.nHHHqHOrO Ky6a ABCDA1B1C1D1 B3gTa TOq-

Ka M TaK, qTO AM = �, a Ha pe6pe CC 1 B3jJ:Ta TOqKa K. YKa3aTb

KpaTqaHllIHH MapllIpYT H3 TOq,H M B TOqKY K no nOBepXHOCTH Ky6a

B 3aBHCHMOCTH OT napaMeTpa a = C K.

5. Ha nJIOCKOCTH .naH yroJI B 60° C BepllIHHoH A. PaccMaTpHBalOTCg
TaKHe TpeyrOJIbHHKH ABC, qTO BepllIHHbI B H C JIe)KaT Ha CTOpO-

Hax yrJIa H 4 � BC � 9. YKa3aTb reOMeTpHqeCKOe MeCTO neHTpOB

OKPY)KHOCTeH, onHcaHHbIX OKono TpeyronbHHKa ABC.

MeX-MaT, 1998 r.

1. CKOJIbKO pa3nHqHbIX neJIOqHCneHHbIX nap (x, y) y.noBneTBOpglOT

ypaBHeHHIO x
2

= 4y2 + 2025 ?
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2. nOKa3aTb, 'liTO .nJIg JII06oro npOCTOrO qHCJIa p > 5 qHCJIO

p4 - 50p2 + 49 .neJIHTCg Ha 2880.

,

3. IIpH KaKHX 3HaqeHHSIX a rpa4>HK 4>YHKl(HH

y
= (x + a)(lx + 1 - al + Ix

- 31)
- 2x + 4a

HMeeT neHTp cHMMeTpHH?

4. HaHTH KOJIHqeCTBO TpeX3HaqHbIX QHCeJI, .neJISIll(HXCSI Ha 5 HJIH

Ha 7 (B03MO)KHO, o.nHoBpeMeHHo), HO He .neJISIll(HXCSI Ha 3.

5. qeTbIpexyrOJIbHHK ABCD BnHcaH B OKPY)l(HOCTb pa.nHyca 3.113-

BecTHo, qTO 13° � LABC � 43°. HaHTH HaH60JIbllIee B03MO)KHOe

3HaQeHHe nJIOll(a.nH qeTbIpexyrOJIbHHKa ABCD.

6. HaHTH KOJIHqeCTBO KopHeH ypaBHeHHg {x}
- � = log2 � ,ZJ;JIg Ka)K-

,noro 3HaQeHlUI a E [ � , �] .

MeX-MaT, 1999 r.

1. HaHTH Bce 3HaqeHHSI napaMeTpa a, npH KOTOpbIX HepaBeHCTBO

lax + 2y
- 51 + alx + 2ay

-

21 � 3a

3a.naeT Ha Koop.nHHaTHoH nJIOCKOCTH napaJIJIeJIOrpaMM C BHYTpeHHoc-

TblO.

2. H306pa3HTb Ha Koop.nHHaTHoH nJIOCKOCTH Bce TOqKH (p, q), ,ZJ;JISI

Ka)l(.noH H3 KOTOpbIX ypaBHeHHe x
2

-

px + q
= 0 HMeeT Ha npOMe)KYTKe

[ -1, 1) pOBHO O.nHO pemeHHe.

3. IIycTb r(M)
-

pa.nHYc HaH6oJIbllIerO Kpyra, KOTOpbIH MO:>KHO

nOMeCTHTb B BbInYKJIbIH qeTbIpexyrOJIbHHK M. HaHTH MaKCHMYM Be-

JIHqHHbI r(M) no BceM qeTbIpexyrOJIbHHKaM C nepHMeTpoM 17 H nJIQ-

ll(a.nhlO 14.

4. BbIqHCJIHTb arctg8 + arctg �� + arcctg(-�).
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MeX-MaT, 2000 r.

1. HaHTH Bce 3HaqeHHSI x E [0,27r], ,nnSI KOTOpbIX

sin x � sin2x � sin3x � sin4x � sin5x.

2. HaHTH Bce TpOHKH (x, y, z) HaTypaJIbHbIX qHCen, .n;nSI KOTOpbIX

BbInonHeHO cne,nYIOIJJ;ee paBeHcTBo: 3xy + 3yz + 3xz == 5xyz + 3.

3. HaRTH Bce napbI (m, n) HaTypanbHbIx qHCen, ,nnSI KOTOpbIX BbI-

nonHeHO CJIe,nYIOIJJ;ee paBeHCTBo: logm (n
- 7) + logn (5m

- 17) == 1.

4. IIycTb TOqKa X ne)KHT Ha rHnoTeHY3e npSIMoyronbHoro Tpe-

yronbHHKa ABC C KaTeTaMH AB == 9 H BC == 12 Ha paCCTOSIHHH

x OT BepllIHHbI A. 0603HaqHM qepe3 n( x) qHCnO Bcex OKPY)l(HOCTeH,

npoxo,nSIIJJ;HX qepe3 TOqKH B H X H nepeCeKalOIJJ;HX KaTeTbI AB H

BC B TOqKaX P H Q TaK, qTO OTpe30K PQ npOXO,lJ:HT qepe3 cepe,nHHY

OTpe3Ka BX. IIocTpoHTb rpacpHK cpYHKUHH y
== n(x).

MeX-MaT, 2001 r.

1. CKonbKo KopHei1: MO)KeT HMeTb ypaBHeHHe

v x+a- v x+4== v 3x+l0 ?

2. KaKYIO MaKCHMaJIbHYIO nnOIJJ;a,nb MO)KeT HMeTb qeThIpexyrOJIb-

HHK, CTOpOHbI KOToporo nocne,nOBaTenbHO paBHbI 1-7 a, 7 - 6a, 5 -

3a,

14a + 5 ? HaHTH Bce 3HaqeHHSI a, npH KOTOpbIX OHa ,lJ:OCTHraeTCSI.

3. B TpeyronbHHKe ABC co CTopOHaMH AB = 5, BC == 9 H

AC == 10 npOBe,neHbI BbICOTbI AH H CK H Me,nHaHa BM. PaccMaT-

pHBalOTCSI BceB03MO)KHbIe TOqKH X, ,nJISI Ka)l(,noH H3 KOTOpbIX OKPY)K-

HOCTH, npoxo,nSII.IJ;He qepe3 TOqKH A, K, X H, COOTBeTCTBeHHO, qepe3

TOqKH C, H, X, KacalOTCSI ,npyr ,nPyra B TOqKe X. KaKHe 3HaqeHHSI

MO)KeT npHHHMaTb OTHOllIeHHe BX : X M ?
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4. B e,nHHHqHOM Ky6e C ropH30HTaJIbHbIM HH:>KHHM OCHOBaHHeM npo-

BO,nSITCSI ,nBa nJIOCKHX CeqeHHSI. HaHBbIClIIaJI H HaHHH3111asI TOqKH nep-

Boro CeqeHHg Haxo,ngTCg Ha paCCTOgHHH 0,8 H 0,4 OT HH)KHerO oc-

HOBaHHg, a HaHBbIClIIaJI H HaHHH31II8JI TOqKH BToporo CeqeHHjJ
-

Ha

paCCTOgHHH 0,6 H 0,3. HaHTH HaHMeHbllIHH 06'beM, KOTOpbIH npH 3THX

YCJIOBHgX MO)KeT HMeTb qaCTb Ky6a, pacnOJIO)KeHHaJI HH)Ke nepBoro

CeqeHHg, HO Bblme BToporo.

BMK, 1997-98 r.

1. nOKa3aTb, qTO n
2

+ 3n + 5 He ,neJIHTCg Ha 121 HH npH KaKOM

QenOM n.

2. lIoKa3aTb, qTO ypaBHeHHe x
2

- 5y2
neJIbIX qHCJIax.

3 He HMeeT pelIIeHHH B

3. PelIIHTb B HaTypaJIbHbIX qHCnaX ypaBHeHHe

x
2

-

xy
- 2x + 3y == 10.

4. HaHTH Bce neJIbIe 3HaqeHHg a, npH KOTOpbIX KBa,npaTHbIH Tpex-

qneH x
2

-

(a + 5)x + 5a + 1 MO)KHO pa3nO)l(HTb B npoH3Be,neHHe

(x + b) (x + c) ,nBYX COMHO)l(HTeneH C nenbIMH b H c.

5. CpaBHHTb qHCna 18
20

H 63
13

.

6. CpaBHHTb qHCna cos 5 H 1/2.

7. CpaBHIITb 'IHCJIa v1og3 � + V log35 + � II �.Ji4.

8. IIoKa3aTb, qTO IIPH a � 1 HMeeT MeCTO HepaBeHcTBo

1

..;a
< va + 1 - v a

- 1.

9. PelIIHTb HepaBeHCTBO log�(x + y) + log�(xy) � log2(x + y )
- 1.

10. PellIHTb ypaBHeHHe arcsin (x
3

+ x
2

- 2) + v 6x -

x
2

- 5 == O.
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11. PellIHTb ypaBHeHHe max (2x, 3 -

x) == min (5 + 2x, 6x).

12. PellIHTb cHcTeMY

{
x3 + y3 == 1,

x
4

+ y4 == 1.

13. IIpH KaKHX 3HaQeHHjJX a CHCTeMa

{
x4 + y4 ==

a,

cos (x
-

y) + xy
== 1

HMeeT e.nHHCTBeHHoe pellIeHHe?

14. lIeHcTBHTeJIbHbIe x, y, a TaKOBbI, QTO

{
X + y

== a
-

1,

xy
== a

2
- 7a + 14.

IIpH KaKHX a cYMMa x
2

+ y2 npHHHMaeT HaH60JIbllIee 3HaqeHHe?

15. HaHTH HaH60nbllIee 3HaqeHHe 4>YHKnHH y
== sin

8
x + cos

14
x.

16. HaHTH npH x < 0 HaH60JIbllIee 3HaqeHHe 4>YHKnHH

y
== 4x +

7r
-

cos (4x
2

).
X

17. HaHTH MHHHMaJIbHOe H MaKCHMaJIbHOe 3HaqeHHe <pKHKnHH

y
== a cos

2
x + 2bsinx cos x + csin

2
x.

18. CYIneCTByeT JIH JIHHeHHaJI 4>YHKnHSI f(x), KOTOpaJI y.nOBJIeTBO-

pSIeT npH Bcex x COOTHOllIeHHIO 2f(x + 2) + f(4
-

x) == 2x + 5 ?

19. CYIneCTByeT JIH KBa.npaTHqHaJI 4>YHKnHSI f(x), KOTOpaJI y.nOB-

JIeTBOpSIeT npH Bcex x COOTHOllIeHHIO f(x + 1) + f(2
- x) == (x + 1)2 ?

20. BbIqHCJIHTb arctg(3 + 2V2) -

arctg {} .
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21. BbIqHCJIHTb arcsin ( cos arcsin x) + arccos (sin arccos x).

22. H306pa3HTb Ha nJIOCKOCTH MHO)KeCTBO TOqeK, Koop,nHHaTbI Ko-

TOpbIX y,noBJIeTBOpSIIOT HepaBeHcTBY 2 y
2

� log2 X . (31yl
-

2log 4 x).

23. H306pa3HTb Ha nJIOCKOCTH MHO)KeCTBO TOqeK, Koop,nHHaTbI KO-

TOpbIX y,nOBJIeTBOpSIIOT HepaBeHcTBY I sin xl + I sin yl < 2.

24. H306pa3HTb Ha Koop,nHHaTHoH nJIOCKOCTH Gab MHO)KeCTBO TO-

qeK (a, b), npH KOTOpbIX ypaBHeHHe ax
2

+ 2{b -1) x
-

a
- 6 = 0 HMeeT

a) ,nBa pemeHHSI pa3HbIx 3HaKOB;

6) ,Z:(Ba nOJIO)KHTeJIbHbIX pelIIeHHjI;

B) ,Z:(Ba OTpHl(aTenbHbIX pelIIeHHSI.

25. B TpeyronbHHKe ABC C BbICOTaMH AM H BN H3BeCTHO, qTO

AB = 1, AC = 4 H LAMN = �. HaHTH BC.

26. CYI.UeCTByeT JIH TpeyrOJIbHHK, ,Z:(JIHHbI BbICOT KOToporo paBHbI

a) 3, 4 H 8; 6) 3, 5 H 9 ?

27. lIaH OTpe30K ,nnHHbI y'5. C nOMOI.IJ;blO UHPKYJISI H JIHHeHKH no-

CTpOHTb OTpe30K ,nnHHbI 2.

28. B qeTbIpexyronbHHKe ABC D yrJIbI A H C rrpjlMbIe, a ,nHarOHaJIH

BD H AC OTHOCSITCSI KaK 4 : 3. HaHTH yrJIbI B H D.

29. B TpaneUHH ABG"fD C OCHOBaHHSIMH AD H BC H3BeCTHO, QTO

AB = BC, AC = CD. KpoMe Toro, BC + CD = AD. HaHTH yrJIbI

Tparrel(HH.

30. OCHOBaHHjI Tpanel(HH paBHbI 1 H 7. HaHTH ,nJIHHY OTpe3Ka npg-

Moi, KOTOpaJI napanneJIbHa OCHOBaHHSIM H ,nenHT Tpanel(HIO Ha ,Z:(Be

paBHbIe no nJIOLQa,nH qaCTH.
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BMK, 1999 r.

1. lIoKa3aTb, qTO qHCnO n
3

-

n + 3 COCTaBHoe ,nnSI nlO6oro HaTY-

panbHoro n > 1.

2. UeJIoe qHCJIO KpaTHO 7 H npH .n;eneHHH Ha 4 ,naeT B OCTaTKe 3.

HaHTH OCTaTOK OT ,neneHHSI 3Toro qHCna Ha 28.

3. nOKa3aTb, qTO ecnH cYMMa nenbIX qHCen .n;enHTCSI Ha 6, TO H

CYMMa Ky60B 3THX )l(e qHCen ,nenHTCSI Ha 6.

4. PellIHTb B nenbIX qHCnaX ypaBHeHHe gx == 4y + 1.

5. CpaBHHTb qHCna a H b, ecnH H3 BeCTHO, qTO 5(a
- 1) == a

2
+ b.

6. I1MeeT nH CMbIcn BbIpa)l(eHHe J log23
-

log5 11 ?

7. H306pa3HTb Ha nnOCKOCTH MHO)l(eCTBO TOqeK, y,nOBneTBOpSIIOI.IJ;HX

paBeHCTBY Iy
- xl + Iy

-

x
2

1 == 2.

8. IIocTpoHTb rpa€pHK £pYHKUHH Y
== arcsin(1 sin xl).

9. PellIHTb ypaBHeHHe sin x sin 3x == 2 cos
2

X
-

cos 2x.

1 1
.

10. PellIHTb ypaBHeHHe . 2 + 2
== sIn x + cosx.

2s1n x 2cOS x

11. II pH KaKHX a ypaBHeHHe sin x + cos x + sin x cos x

pellIeHHSI?

a HMeeT

12. HaHTH HaH60nhllIee H HaHMeHbllIee 3HaqeHHe €pYHKnHH

f ( x) == arcsin x . arccos x + 1.

13. PellIHTb HepaBeHCTBO log2(VX + 1) .log3(x + 2) � 1.

14. B TpeyronbHHKe Bce TPH BbICOTbI MeHhllIe 1. lIoKa3aTb, qTO

pa,nHYc BnHcaHHoH OKPY)l(HOCTH MeHbllIe 1/3.

15. lIoKa3aTb, qTO B nlO6oM TpeyronbHHKe CYMMa ,nnHH Bcex Tpex

Me.n;HaH MeHbllIe nepHMeTpa, HO 60nbllIe 3/4 nepHMeTpa TpeyronbHH-

Ka.
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16. B TpeyrOJIbHHKe ABC npOBe,neHbI BbICOTa CK H Me.n;HaHa CM.

1f3BecTHo, qTO LACK == LBCM H LKCM =1= o. HaHTH BeJIHqHHY

yrJIa ACB.

17. IIocTpoHTb napaJIJIeJIOrpaMM no ,nHarOHaJISIM Ii yrJIY rrapaJIJIe-

JIOrpaMMa.

18. IIocTpoHTb TpeyrOJIbHHK no ,nBYM yrJIaM H 6HcceKTpHce TpeTb-

ero yr JIa.

BMK, 2000 r.

1. PellIHTb B neJIbIX qHCJIaX ypaBHeHHe x
2

== 2(xy
- y2 - y).

2. HaTypaJIbHOe qHCJIO SIBJISIeTCSI nonHbIM KBa,npaTOM H OKaHqHBa-

eTCSI Ha 5. llOKa3aTb, qTO ero TpeTbSI cnpaBa nH£Ppa qeTHaJI (rro,npa-

3YMeBaeTCSI, qTO qHCJIO no KpaHHeH Mepe TpeX3HaqHoe).

3. BbIqHCJIHTb

logvi2+V"3( 4V2 + 3V3) .

logV6+1 (V3 - V2) + log2V6+7(2V"6 + 5).

4. t.ITO 60JIblIIe: 19 7 .

Ig13 HJIH 1 ?

5. BbIqHCJIHTb sin a, eCJIH H3BeCTHO, qTO sin � + cos � == 1,4.

6. BbIqHCnHTb 2 arctg � + arctg 2

7

3
.

7. HaHTH 06naCTb 3HaqeHHH £pYHKnHH f (x) == sin ( cos ( cos
2

x)).

8. HaHTH HaH60JIbllIee 3HaqeHHe BhIpa)l(eHHSI cos x + cos y npH YCJIO-

BHH, qTO x + Y
== ; .

9. H306pa3HTb Ha nJIOCKOCTH MHO:>KeCTBO TOqeK, Koop,nHHaTbI (x, y)

KOTOpbIX y.n;oBJIeTBOpjlIOT HepaBeHCTBY logy I sin xl � O.

10. PellIHTb ypaBHeHHe tg
2

x + tg
2

3x == tg x + 11 tg 3x -

30,5.

6 2 4+111. PellIHTb ypaBHeHHe 2
x

+ 2
x

== 2
x

.
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...

12. PellIHTb ypaBHeHHe V lg( - x) = 19 �.

13. PelIIHTb ypaBHeHHe x
1 g 2x

= 5.

14. PellIHTb ypaBHeHHe V I -

x
2

= 4x
3

- 3x.

15. PelIIHTb ypaBHeHHe 4 . 3
3x + 1

+ 4 = 5 . 2
9x

.

16. PeIIlHTb ypaBHeHHe x
3

+ x
2

+ x = -�.

17. PelIIHTb CHCTeMY

{
X + Y + z = 4,

2xy
- z2 = 16.

18. nOKa3aTb, qTO ,nJIg HeOTpHnaTeJIbHbIX qHCeJI a, b H C HMeeT

MeCTO HepaBeHcTBo

a+b+c
�

3

a
2

+ b
2

+ c
2

3

.,

19. HaHTH x npH YCJIOBHH, '1TO qHCna Ig3, Ig(3
X

-10) H Ig(3
X

-

4) B

YKa3aHHOM IIOpg.n;Ke SIBJISIIOTCSI nOCJIe.n;OBaTeJIbHbIMH qJIeHaMH apH�-

MeTHqeCKOH nporpeccHH.

20. HaH60nbllIeH CTopOHe BC = a TpeyrOJIbHHKa ABC npHHa.n;-

ne)KHT TO'lKa M. HaHTH HaHMeHbllIee paCCTOSIHHe MeE.n;y neHTpaMH

OKPYEHocTeii, onHcaHHbIX OKOJIO TpeyronbHHKOB AB M H AC M.

21. B TpeyrOJIbHHKe AB.C rrpOBe.n;eHa 6HcceKTpHca BL. R3BecTHo,

'1TO AB = 6, AC = 3V5 Ii BL = 2V2. HaHTH BC.

22. B paBHo6e.n;peHHoH TparrenHH cpe,nHSISI JIHHHSI paBHa a, a ,nHaro-

HaJIH B3aHMHO nepneH.n;HKynSIpHbI. HaHTH nJIOI.IJ;a.n;b TpanenHH.

23. BOKpyr paBHocTopoHHero TpeyrOJIbHHKa ABC OIIHcaHa OKPYE-

HOCTb H Ha .n;yre BC B3SITa TaKaJI TOqKa M, qTO BM = 2 H CM = 3.

HaHTH AM.
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24. B TpeyrOJIbHHKe .n;aHbI .n;Be CTOpOHbI a H b (a > b). HaHTH Tpe-

TblO CTOPOHY, ecnH H3BeCTHO, 'tITO a + ha � b + hb, r,ne ha H hb -

BbICOTbI, orrYlI.{eHHbIe Ha a H b COOTBeTCTBeHHO.

25. IIycTb R, r H S COOTBeTCTBeHHO pa,nHycbI onHcaHHoH, BIIHcaH-

HOH OKPY)I(HOCTeH H nnOlI.{a.n;b npSIMoyrOJIbHOrO TpeyronbHHKa. H3-

BecTHo, 'tITO R+r = V2S. HaHTH OCTpbIe yrnbI 3Toro TpeyronbHHKa.

26. B OKPY)l(HOCTb pa,nHyca 1 BIIHcaH npaBHnbHbIH 'tIeTbIpHa.n;na-

THyronbHHK. HaHTH CYMMY KBa,npaTOB paccToSIHHH OT npOH3BOJIbHOH

TO'tIKH OKPY)l(HOCTH,nO Bcex BeprnHH 3Toro 'tIeTbIpHa,nnaTHyronbHHKa.

27. lIaH napannenenHne,n ABCDA1B1C1D 1 . HaHTH, B KaKOM OT-

HomeHHH ,nBe nnOCKOCTH, npoxo.n;SIlI.{He 'tIepe3 TO'tIKH AI, B, D H B 1 ,

C, DI cooTBeTcTBeHHo, .n;enSIT .n;HarOHaJIb AC 1 .

28. TpH mapa KacalOTCSI HeKoTopoH nnOCKOCTH H nonapHO KacalOT-

CSI .n;pyr ,npyra. HaHTH pa.n;HycbI rnapOB, ecnH H3BeCTHO, 'tITO TO'tIKH

KacaHHSI rnapOB C IIJIOCKOCTblO SIBnSIIOTCSI BeprnHHaMH TpeyrOJIbHHKa

co CTopOHaMH a, b H c.

BMK, 2001 r.

1. KaKoe H3 'tIHCen 60nbrne: 0,7(621) HnH 141/185 ?

2. HaHTH Bce nSITH3Ha'tIHble 'tIHCna, ,ne nSIII.{He CSI Ha 45, 3anHCb KOTo-

pbIX B ,necSITH'tIHOH CHCTeMe HMeeT BH,n 53x1y (x H Y
-

UH£pPbl).

3. HaHTH IISITb TaKHX nocne,nOBaTenbHbIX HaTypanbHbIX 'tIHCen,

'tITo6bI cYMMa KBa,npaTOB Tpex nepBblX H3 HHX paBHSInacb cYMMe

KBa.n;paTOB ,nBYX nocne.n;HHX.

4. BbISICHHTb, CKonbKO perneHHH B HaTypaJIbHbIX 'tIHCnaX HMeeT CHC-

TeMa

{
k2 + 1 = m

2

,

k + 1
2

= n
2

.
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5. HaHTH Bce TpOHKH rrpocTbIX qHCeJI (p, q, r), y.n;oBneTBOpglOII.{He

paBeHcTBY pq + qP = r.

6. HaHTH Bce neJIbIe qHCJIa m H n, npH KOTOpbIX O,nHH H3 KopHeH

ypaBHeHHjJ: 3x
3

+ mx
2

+ nx + 12 = 0 paBeH 1 + .J3.

7. HanHcaTb KaKOe-JIH60 panHOHaJIbHOe ypaBHeHHe C nenbIMH K03<p-

4>HnHeHTaMH, HMelOIUee KopeHb x = v'5 + .J3.

8. HaHTH Bce perneHHSI CHCTeMbI ypaBHeHHH

(X+3)3 ==3-2y,

z2 + 4y2 == By,

(2z
-

x)(x + 3) = 5x + 16,

y.nOBneTBOpglOlI.{He YCJIOBHIO Z � o.

3
X

+ x
2

9. IIpe.ncTaBHTb £pYHKnHIO f(x) =
.

B BH.n;e CYMMhI qeTHOH H

sIn x

HeqeTHOH £pYHKnHH B 06naCTH, r.ne OHa onpe.neneHa.

10. PellIHTb ypaBHeHHe Iog 2 (5 + 3cos4x) = sin
2

(x + � ).

11. H3BecTHo, qTO tg a + tg {3 + tg, == tg a .

tg {3 .

tg ,. KaKHe 3Ha-

qeHUg MO:>KeT npHHHMaTb CYMMa Q + (3 + 1 ?

12. H3BecTHo, qTO 5sin{3 = sin(2a + (3). t.IeMY paBHO 3HaqeHHe

tg(a+{3) ?

tga
·

13. PellIHTb ypaBHeHHe arcsin � + 2 arccos x = 1r.

14. HaHTH HaH60JIbrnee H HaHMeHbllIee 3HaqeHHe £pYHKnHH

f (x, y) = 6 sin x cos y + 2 sin x sin y + 3 cos x.

15. PelIIHTb ypaBHeHHe 3
x + 1

+ 3
x

- 1
+ 3

x - 2
== 5

x
+ 5

x - 1
+ 5

x - 2
.

16. KaKoe H3 qHCen 60nbllIe: log3 10 + 41g 3 HnH 4 ?
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17. PellIHTb CHCTeMY

log2 x + log4 Y + log4 z == 2,

log3 y + logg Z + logg x == 2,

log4 Z + log16 x + log16 Y
== 2.

18. H306pa3HTb Ha Koop,nHHaTHoH IIJIOCKOCTH MHO)KeCTBO TOqeK

(x, y), Koop.n;HHaTbI KOTOpbIX y.n;oBJIeTBOpgIOT YCJIOBHIO

Ix
2

� xy + y21 � Ix
2

+ xy
_ y21.

19. C nOMOI.IJ;blO nHpKYJIg H nHHeHKH pa3,nenHTb yron B 54° Ha TPH

paBHbIe qaCTH.

20. OKPY)KHOCTb KaCaeTCg 6onbllIero KaTeTa npgMoyrOJIbHOrO Tpe-

yronbHHKa, npoxo,nHT qepe3 BepllIHHY npoTHBOne)KaII.{ero oCTporo yr-

na H HMeeT neHTp Ha rHnoTeHY3e. HaHTH ee pa,nHYc, ecnH MeHblIIHH

KaTeT 3Toro TpeyronbHHKa paBeH a, a rHnoTeHY3a paBHa c.

21. lIBe OKPY)l(HOCTH 8 1 H 8 2 C neHTpaMH 0 1 H O 2 , pa.n;HycaMH R 1

H R2 COOTBeTCTBeHHO, KaCalOTCg .n;pyr ,npyra BHemHHM 06pa30M. Ha

OTpe3Ke 0 1 0 2 KaK Ha .n;HaMeTpe nOCTpoeHa OKPY)KHOCTb 8 3 . HaRTH

pa.n;HYC OKPY)KHOCTH, KaCalOlI.{eHCg BHelIIHHM 06pa30M OKPY)l(HocTeH

8 1 H 8 2 H BHYTpeHHHM 06pa30M OKPY)KHOCTH 8 3 .

22. lIaH paBHo6e,npeHHbIH TpeyronbHHK ABC C OCTpbIM yrJIOM npH

BepllIHHe B. K 60KOBOH CTopOHe BC rrpOBe,neHbI BbICOTa H Me.n;Ha-

Ha, .n;JIHHbI KOTOpbIX paBHbI 6 H 3V5 COOTBeTCTBeHHO. HaHTH ,nJIHHY

CTOpOHbI AB.

23. CYI.IJ;eCTByeT nH TpeyronbHHK, B KOTOpOM .n;nHHbI CTOpOH OTHO-

CgTCg ,npyr K ,npyry KaK 2 : 3 : 4, a nepHMeTp 60nee qeM B 14 pa3

60nblIIe pa.n;Hyca BnHcaHHOH OKPY)KHOCTH?

24. lIaH npgMoyronbHbIH napaJ1nenenHIIe,n ABCDA 1 B 1 C 1 D 1 ,
B KO-

TOpOM AD == a H AB == b. Ha pe6pe D Dl BbI6paHa TOqKa M TaK,

qTO nonyqHBllIHHCg B CeqeHHH npgMoyronbHoro napannenenHne,na

nnocKocTblO, npoxo,nglI.{eH qepe3 TOqKH A, C 1 Ii M, qeTbIpexyronb-

HHK HMeeT HaHMeHbllIHH B03MO)l(HbIH nepHMeTp. HaHTH OTHOllIeHHe

DM: MD 1 .
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25. B Ky6e ABCDA 1 B 1 C 1 D 1 npOBe,neHa nnOCKOCTb qepe3 cepe,nH-

HbI pe6ep D D 1 Ii D 1 C 1 H BepllIHHY A. HaRTH yron Me)K,ny 3TOH nnoc-

KOCTblO H rpaHblO AB CD.

.

26. IIycTb R H r
-

COOTBeTCTBeHHO pa.n;HycbI onHcaHHoro H BnH-

caHHoro llIapOB rrpaBHnbHoH qeTbIpexyronbHoH rrHpaMH,nbI. HaHTH

HaHMeHbllIee 3HaqeHHe BenHqHHbI Rlr.

27. IIJIOCKOCTb 1r rrepeceKaeTCSI HeKoTopoH npSIMoH B TOqKe S. Ha

3TOH npSIMoR no O,nHY CTOPOHY OT nnOCKOCTH 1r pacnOnO)KeHbI TOqKlI

A H B TaK, qTO SA == a H BB == b. HaHTH reOMeTpHqeCKOe MeCTO

TOqeK KacaHHSI c�ep, npoxo.n;glI.{HX qepe3 TOqKH A H B, C nnOCKOC-

TblO 1r.

reonorH'tJeCKHH �aKynbTeT, 1997-98 r.

1. PellIHTb ypaBHeHHe tg(x
2

) == -

ctg 30°.

2. PellIHTb ypaBHeHHe ctg 5x == ctg x.

3. PellIHTb ypaBHeHHe ctg 2x == tg 4.

4. PellIHTh ypaBHeHHe 1 + 7 + 13 + . . . + x == 280.

5. PellIHTb HepaBeHcTBo logl_3x2(2x2) > 1.

6. PelIIHTb HepaBeHcTBo 7
4x

< 7
x3

.

7. PelIIHTb HepaBeHCTBO (x
2

+ 2x + 2)X � 1.

8. BbIqHCnHTb tg ( arcsin (
-

� ) ) .

9. BbIqHCnHTb sin (2 arctg �).

10. BbIqHCnHTh cos (2 arctg( -4)).

11. IIocTpoHTb rpa�HK �YHKnHH y
== sin Ix + 1r1.

12. IIocTpoHTb rpa�HK �YHKnHH y
== I cos(2x + 1r)I.
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,

13. IIocTpoHTb rpaqulK �YHKnHH y
= (x

2
)logfi2.

14. IIocTpoHTb rpa�HK �YHKnHH y
= x

2
+ Ixl - 6.

15. H306pa3HTb Ha nJIOCKOCTH MHO)KeCTBO TOqeK, Koop.n;HHaTbi Ko-

TOpbIX y.n;oBJIeTBOpgIOT COOTHOllIeHHIO Y
== Iyl cos x.

16. H306pa3HTb Ha IIJIOCKOCTH MHO)l{eCTBO TOqeK, Koop.n;HHaTbI Ko-

TOpbIX y.n;OBJIeTBOpgIOT COOTHOllIeHHIO y
== Iy - sinxl.

17. HaHTH nJIOII.{a.n;b IIpgMoyrOJIbHOrO TpeyrOJIbHHKa, B KOTOpOM

.n;JIHHa BhICOTbI, npoBe.n;eHHoH K rHIIOTeHY3e, paBHa h, a yrOJI Me)K-

J1.y 3TOH BbICOTOH H O.n;HHM H3 KaTeTOB paBeH cp.

18. B paBHo6e.n;peHHoM TpeyroJIbHHKe ABC H3BecTHo, 'liTO

AB = BC =

a, AC = b. HaHTH pa.n;HYC BnHcaHHOH OKPY)l(HOCTH.

19. B TpeyrOJIbHHKe ABC IIpOBe.n;eHa 6HcceKTpHca AD. HaH-

TH CTOpOHbI TpeyrOJIbHHKa, eCJIH H3BeCTHO, 'liTO AB · AC = 24,

CD : DB = 2 : 1, a nJIOIna.n;b TpeyroJIbHHKa ABC paBHa 6.J3.

20. nJIHHbI OCHOBaHHH TpanenHH paBHbI 7 H 10, a .n;JIHHbI 60KOBbIX

CTOpOH paBHbI 5 H 4. HaHTH nJIOIna.n;b 3TOH TpanenHH.

21. Cepe.n;HHbI CTOpOH BbInYKJIoro qeTbIpexyrOJIbHHKa IIOCJIeJ1.0Ba-

TeJIbHO coe.n;HHeHbI. IIJIowa.n;b IIOJIyqeHHOrO qeTbIpexyrOJIbHHKa paB-

Ha S. HaHTH IIJIOlI.{a.n;b Hcxo.n;Horo qeTbIpexyrOJIbHHKa.

reonorH'tJeCKHH �aKynbTeT, 1999 r.

1. PellIHTb ypaBHeHHe cos x ==

logtg x

cosx
-

I sin x r
.

2. PellIHTb ypaBHeHHe sin (x - 1) == sin x
- sin 1.

3. PellIHTb ypaBHeHHe ctg(2yX) = ctg x.

4. lIJIg Bcex 3HaqeHHH a pelIIHTb ypaBHeHHe

V x
2

-

X
- yX + V I -

x == a.
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5. PeIIIHTb HepaBeHcTBo (�)
-x

� (i) vfx.

6. PeIIIHTb HepaBeHCTBO (�r ;;?: ( 2� ) vfx.

7. PellIHTb HepaBeHCTBO x
3

� 3
5 + 1og vIX 3.

4 3-1og 1 5

8. PellIHTh HepaBeHCTBO x � 5 x.
1

9. IIocTpoHTb rpa4>HK £pYHKU: HH Y
== I sin xl ctg x.

10. IIocTpoHTb rpacpHK £pYHKU:Hn y
== (sin Ixl + cos Ixl)2.

11. IIocTpoHTb rpa£PHK £pYHKU: HH Y
== xllogx 21.

12. HaHTH CYMMY U:H£PP B ,necSITHqHOH 3anHCH qHCna 10
1999

- 1999.

13. IIocTpoHTb CeqeHHe Ky6a ABCDA1BlClD l nnOCKOCTblO, npo-

xo,nSIll{eH qepe3 BepllIHHY Al H cepe,nHHbI pe6ep BBl H ClD l .

14. IIocTpoHTb CeqeHHe npaBHnbHoH

ABC AlBl Cl nnOCKOCTblO, npoxo,nSIll{eH

ABBlAl H cepe,nHHbI pe6ep BC H CCI.

TpeyronbHoH npH3MbI

qepe3 u:eHTp rpaHH

15. B TpeyronbHHKe ABC H3BeCTHO, qTO AB

LACB == 60°. HaHTH BC.

7, AC 5 H

16. HaHTH nnOI.IJ;a,nb npSIMoyronbHoro TpeyronbHHKa, ecnH H3BeCT-

HbI ero KaTeT a H pa,nHYc BnHcaHHOH OKPY)KHOCTH r.

17. HaHTH nnoma,nb npSIMoyronbHoro TpeyronbHHKa, ecnH H3BeCT-

HbI pa,nHYC onHcaHHOH OKPY)KHOCTH R H pa,nHYC BnHcaHHOH OKPY)K-

HOCTH r.

18. Onpe,nenHTb BH,n TpeyronbHHKa, ecnH ero rrnoma,nb BbIpa)l(aeT-

CSI Qepe3 ,nnHHbI ero CTOpOH no cpopMyne S == �(a2 + b
2

).
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reOnOrH'tIeCKHH �aKynbTeT, 2000 r.

1 1
1. BbIqHCnHTb + .

1 - 2 cos 30° 1 + 2 sin 60°

2. BbIqHCnHTb � arcsin(cos 3�; ).

0,25

3. BbIqHCJIHTb 125 1o g2 5
.

w
sin x

- 3 cos x

4. HaHTH tg x, eCJIH
.

= 2.
2 SIn x

-

cos x

5. CpaBHHTb qHCna ) 2 +.j3 + ) 2 -.j3 H yI6.

1 1
6. CpaBHHTb qHCna

I
+

I
H 2.

og2 3 og3 2

7. PemHTb ypaBHeHHe logo,5 (- tx ) = �.

8. PemHTb ypaBHeHHe � . (�)X-l · (j)
�

= 1.

9. PellIHTb ypaBHeHHe sin x + cos x + sin x cos x = 1.

10. PellIHTb HepaBeHCTBO logo 6 (log27 x) > -1.
,

11. HaHTH HaH60nbllIee neJIoe 3HaqeHHe a, npH KOTOpOM ypaBHeHHe

(3
- x)5 = Ix + al

5
He HMeeT pellIeHHH.

12. HaHTH a, npH KOTOpOM paccToSIHHe Me)K.ny KOpHSIMH ypaBHeHHSI

x
2

+ (a
- 34)x

- 35a - 36 = 0 6y.neT HaHMeHbIlIHM.

2(x
3

+ 5x
2

+ 6x)
13. IIocTpoHTb rpa<p HK <pYHKn HH Y

=

I I
·

x -x

14. IIocTpoHTb rpa<pHK <pYHKnHH Y
= logl-x X . 19(1

-

x).

15. HaHTH MHO)KeCTBO 3HaqeHHH CPYHKUHH Y
= - V 55 - 6x -

x
2

Ha

OTpe3Ke x E [-4, 4].
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16. H306paJIITb Ha nJIOCKOCTH MHO)KeCTBO TOqeK, KOOpJ1.HHaTbI

(x, y) KOTOpbIX y.nOBJIeTBOpSIIOT ypaBHeHIIIO

(y-x)(xy-l)
=0

(y-x)2+(xy-l)2
.

17. HaHTIi nepIIO.n T cpYHKnIIII Y
== 2 sin �� - 3 cos �� ' y.nOBJIeTBopjJ-

IOIUHH YCJIOBHIO 0 < T < 500.

18. CYMMa Sn nepBbIX n qJIeHOB nOCJIe.nOBaTeJIbHOCTH an,

n == 1,2,... , onpe.neJISIeTCSI IIO cpopMyrre Sn == 2n
2

+ 3n. HaHTH 3TY

nOCJIe.nOBaTenbHOCTb.

19. IIOCTpOIITb npSIMoyrOJIbHbIH TpeyrOJIbHHK no KaTeTY II BbICOTe,

npoBe.neHHoH K rlinOTeHY3e.

20. IIocTpoHTb npSIMoyrOJIbHbIH TpeyrOJIbHHK no 3a.naHHoH pa3Hoc-

TH ero OCTpbIX yrJIOB II MeHbmeMY KaTeTY.

21. OKPY)KHOCTb KacaeTCSI B TOqKax B II C CTOpOH yrna C BepmH-

HOH A. HaHTIi BC, eCJIIi AB == 1, a paccToSIHIIe OT A .no neHTpa

OKPY)KHOCTH paBHO 2.

22. HaHTH paccToSIHHe Me)K.ny OCHOBaHIiSIMIi BbICOT TpeyrOJIbHHKa,

ecnH .nJIIIHbI ero CTOpOH paBHbI 8/3, 10/3 II 2.

reOJIOrHQeCKHH �aKYJIbTeT, 2001 r.

1. IIpe.ncTaBIITb �IICJIO 0,2(13) B BII.ne 06bIKHOBeHHOH .nP06II.

�
2. BbIqIICnIITb 2J5 . 5 1 g 25.

3. KaKoe �IICJIO 60JIbllIe: sin 3 IIJIH 0,5 ?

4. KaKoe qIICJIO 60JIhllIe: cos 5 IIJIII 0,5 ?

5. PellIIITb B l(eJIhIX qHCJIaX ypaBHeHIIe xy
== 2x + y.
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6. HaHTH Bce uenOqHCJIeHHbIe rrapbI (x, y), r.ne Ixl � 1, y.nOBneTBO-

y2
pSIIOInHe ypaBHeHHIO xy

== x
2

+ -.

4

v
1

7. HaHTH MHHHMaJIbHOe 3Ha'leHHe £pYHKUHH y
= 2x2 - 1 +

2
.

X + 1

8. PeIIIHTb ypaBHeHHe Ig(3 + 21g(1 + x)) == o.

9. PeIIIHTb ypaBHeHHe 5 1gx = 50 -

x 1g5
.

10. PeIIIHTb ypaBHeHHe 21 sinxl + cosx == 1.

11. PeIIIHTb HepaBeHCTBO logx_2(3x -

x
2

) � 2.

12. PeIIIHTb HepaBeHCTBO loglx-21(x + 3)2 � 2.

13. HMeeT JIll peIIIeHHe ypaBHeHHe VX + x
2

== 8x - 15 ?

14. If MeeT JIll peIIIeHlle ypaBHeHHe Ixl == x
2

- 8x + 18 ?

15. KaKlle 3HaqeHllSI MO)KeT rrpHHHMaTb CYMMa sin x+v'2 cos x, eCJIH

sin x == � ?

16. KaKHe 3HaqeHllSI MO)l(eT rrpHHIIMaTb CYMMa sin x+v'2 cos x, ecnH

sin x + cos x == 1 ?

2

17. IIocTpoHTb rpa£PIIK £pYHKUllll y
== 19 fxT.

Ilog2 xl + log2 x

18. IIocTpoHTb rpa£PHK £pYHKUHH y
==

I
·

og2 x

19. HaHTll nJIom:a.nb £PllrYPbI, 3a.naHHoH Ha Koop.nllHaTHoH nnOCKOC-

Tll HepaBeHCTBaMll

{
x2 - 4x + y2 + 4y � -6,

x � 2.

20. HaHTll nJIorua.nb £PHrYPbI, 3a.naHHoH Ha Koop.nllHaTHoH nJIOCKOC-

Tll HepaBeHcTBoM

Iy - 2xl + Iy + 2xl � 2.
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21. B npSIMoyrOJIbHOM TpeyrOJIbHliKe ABC H3BeCTHbI KaTeTbI

AB == 3 Ii AC == 5. HaHTH .n;JIHHY 6HcceKTplicbI AD.

22. B npSIMoyrOJIbHOM TpeyrOJIbHliKe ABC H3BeCTHbI KaTeTbI

AB == 3 Ii AC == 5. HaHTH .n;JIliHY BbICOTbI AD.

23. B TpeyrOJIhHliKe ABC li3BeCTHO, qTO LA + LB == LC, AC == 3

H BC = 4. HaHTH .n;JIHHY CTOpOHbI AB.

24. B TpeyrOJIbHHKe ABC li3BeCTHO, qTO LA == 2LB, AC = 2 H

AB == 3. HaHTH .n;JIHHY CTOpOHbI BC.

25. Ha CTopOHe AD KBa.n;paTa ABCD BbI6paHa TOqKa E TaK, qTO

tg LABE =

� . HaihH OTHomeHHe ITJIOll{a.n;H TpeyroJIbHHKa ABE K

nJIOII.J;a.l(H qeTbIpexyrOJIbHliKa B CD E.



PeIIIeHUjf H OTBeTbl

MeX-MaT, 1994 r.

1. OTBET:

2. OTBET:

3. OTBET:

4a.

min{ -1, -2a}.

y
= kx; k = 0, -

�, 4a.

4. 0603Ha'lHM BepillHHbI TpeyrOJIbHHKa A, B, C, TaK 'liTO

AC = 2 < AB = c < BC = 4.

B rrpOH3BOJIbHOM TpeyronbHHKe npOTHB 60JIbIIIeH CTOpOHbI ne)J(HT

60nbillHH yrOJI. IIo3TOMY TynbIM SIBJIgeTCSI yrOJI LBAC = a. CJIe.no-

BaTeJIbHO, ero KOCHHYC OTpHnaTeJIeH. CornaCHO TeopeMe KOCHHYCOB

cos a =

AB
2

+ Ac
2

- BC
2

2AB . AC

c
2

- 12

4c

IfMeeM

cos a < 0 <==> c
2

- 12 < 0 => c < 2v'3,

OTKy.n a

1
S 6ABC

=

2
AB · AC sin a < 2v'3 sin a < 2v'3,

TaK KaK a
-

TynoH yrOJI.

OTBET: He .MO;HCem.

5. IIpH X > 0 HMeeM:

2
X2

3-
x

= 2
x2

( � )
X

> 2
x2

( � )
X

= 2x2_2x � 2-
1

> � .

IIpH X � 0 HMeeM 2
x2

3-
x

� 1 > �. o
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MeX-MaT, 1995 r.

B
5. TaK KaK BM -

6HCCeKTpIICa, TO

OTKy.na, C yqeTOM AG == 10, Haxo.nIIM

AM == 4, MG == 6. lIanee, 0603Ha-

C qIIM OM ==

x, Tor.na BO == 3x. IIycTb

S�AOM == S. BbIpa3HM qepe3 S nnOI.IJ;a-

.nII TpeyronbHIIKOB ABO, BGtQ II AGO. HanoMHHM, qTO nnOII.J;a,nII

TpeyronbHHKOB, IIMelOII.J;HX paBHYIO BbICOTY, OTHOCSITCSI KaK .nJIIIHbI

oCHoBaHIIH, K KOTOpbIM npOBe.neHa 3Ta BbICOTa. HMeeM:

AM

MG

AB 6

BG 9

2

3
( CM. PlfCYHOK) I

A
4 M 6

639
8f',.OCM =

4
8=

2
8

, 8f',.ABO = 38, 8f',.BCO = 38f',.oCM =

2
8 .

HTaK,

8f',.ACO = 8f',.AOM + 8f',.OCM = � 8 < 8f',.ABO = 38 < 8f',.BCO = � 8.

OTBET: TpeyronbHIIKa AGO.

6. OTBET: TpeyronbHIIKa ABO.

7. OTBET: 2 'KOp'H.H.

8. PeIIIIIM .naHHoe ypaBHeHIIe. OTMeTIIM, qTO cpa3Y MO)KHO CHSITb

BHeIIIHIIH Mo.nynb B neBOH qaCTIi ypaBHeHHSI, TaK KaK x
2

-

21xl + 1 ==

== (Ixl
- 1)2 � O. lIanee paccMoTpliM TPH cnyqaJI.

1) IIycTb X < O. PacKpbIBaeM Mo.nynII:

-5 :!: V4I
x

2
+ 2x + 1 = 3(2 - x) - 1 {::=} x

2
+ 5x - 4 = 0 {::=} x =

2
.

3.neCb ycnoBli1O x < 0 y.nOBneTBopSIeT O.nIIH H3 KopHeH (c MIIHYCOM).

2) IIycTb 0 � x < 2. Tor.na

-1 1: VI7
x

2
- 2x + 1 == 3{2 -

x)
- 1 {::=} x

2
+ x

- 4 == 0 {::=} x ==

2
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KopeHb C MHHYCOM OTplil.{aTeJIeH, a .nJIjJ: BToporo KOpHjJ: HMeeM

O
-1+M -1+5

2<
2

<
2

<,

n03TOMY OH jJ:BJISIeTCSI H KopHeM Hcxo,nHoro ypaBHeHliSI.

3) IIycTb X � 2. HMeeM:

x
2

- 2x + 1 = 3(x - 2) - 1 {=:=} x
2

- 5x + 8 = 0 {=:=} x E 0.

11 TaK, licxo,nHoe ypaBHeHHe liMeeT ,nBa KOpHSI.

OTBET: 2 X;0PH.H.

MeX-MaT, 1996 r.

2. a) IIpe.nnono)l(HM, qTO qHCJIO tg 5° paI.{HOHaJIbHO. Tor.na B cHny

paBeHCTBa

2
2 tg a

tg a =

1 _

tg
2

a

pal.{HOHaJIbHbIM SIBnSIeTCjJ: qliCJIO tg 10°, a cne,nOBaTeJIbHO, H tg 20°.

IIpliMeHSISI 4>opMyny

( (3)
tg a + tg (3

tg a + =

1 -

tgatg,B

K yrJIaM 10° H 20°, nOJIyqaeM, qTO qHCJIO tg 30° = jg pan;HOHaJIbHO.

Pan;HOHaJIbHOe qUCJIO npe.n:CTaBHMO HecoKpaTHMoH .nP06bIO: jg
= r;: ,

liJIIi m.J3 =
n, r,ne m, n E Z. B03BO.nHM B KBa.npaT: 3m

2
= n

2
.

3HaqHT, n .nenliTCSI Ha 3 Ii n03TOMY HMeeT BH.n n = 3k. IIoJIyqaeM
3m

2
= 9k

2
,

m
2

= 3k
2

, oTKy,na cne,nyeT, qTO Ii m ,nenHTCSI Ha 3, QTO

npOTHBOpeqliT HeCOKpaTHMOCTH ,nP06H r;: . IIpoTliBopeqHe nOKa3hI-

BaeT, qTO Hcxo,nHoe npe.nnonO)KeHHe 0 pal.{liOHaJIbHOCTIi qHCJIa tg 5°

6bIno HeBepHbIM.

OTBET: a) Hem, 6) Hem, 6) Hem.
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MeX-MaT, 1997 r.

1. CornacHo H3BeCTHOH cpopMyne, IIMeeM:

sin3a = 3sina - 4sin
3

a => 3
. ·

3 4
.3

1
SIn a == SIn a + SIn a > -.

4

OTCIO,na sin a > 11 2
II BbInonHeHO HepaBeHCTBO

sin a > �
(

! + 4. (
�

)
3

)3 4 12

109

1296'

qTO II Tpe6oBaJIOCb ,nOKa3aTb. o

2. OTBET: 6.

3. OnycTIiM B TpeyronbHIIKax

ABC II ACD BbICOTbI BBI II DDI

Ha CTOPOHY AC (CM. PIICYHOK).
OHII SIBnSIIOTCSI TaK)I{e BbICOTaMH

TpeyronbHHKOB AB E II AD E,

A D IIMelOII..J;IIX o6II..J;ee OCHOBaHlie AE.

TaK KaK S�ABE : S�ADE == 1 : 2,

TO BBI : DDI == 1 : 2. -llanee, BbICOTbI TpeyronbHHKOB ABC H

ACD, onYII..J;eHHbIe Ha CTOpOHbI BC II AD, paBHbI. CneAoBaTenbHo,

BC

AD

S�ABC

S�ACD

BBI

DDI

1

2'

TaK KaK 3TH TpeyronbHIIKII HMelOT 06II..J;YIO CTOPOHY AC.

OTBET: 1 : 2.

MeX-MaT, 1998 r.

1. IIpli X
.

0 IIcxo,nHoe ypaBHeHIIe npIIHHMaeT BII.l( 0 == 4y2 + 2025

H He HMeeT perneHIIH.

IIYCTb Y
== 0, Tor,na x

2
== 2025 {=:::} x == :f:45. 8TO ABa pemeHHSI.

3aMeTHM Tenepb, qTO ecnII (x, y)
-

perneHIIe ,naHHoro ypaBHeHIISI,
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npHQeM x =1= 0 H Y =1= 0, TO (-X, y), (X, -y), (-X, -y)
-

e�e TPH pe-

meHHjJ: 3Toro ypaBHeHHSI. IIo3ToMY .nOCTaTOqHO HaHTH pemeHHSI (X, y)
C HaTypaJIbHbIMH X, y.

IIpeo6pa3yeM ypaBHeHHe K BH.n;y

x
2

=4 y 2+2025 <==> x
2

-4 y 2=2025 <==> (x-2y)(x+2y) =2025.

IIpe.ncTaBJIeHHe qHCna 2025 B BH.n;e ,lJ;BYX HaTypaJIbHbIX COMHO)KHTe-

JIeH 2025 = a · b, a < b, .naCT pemeHHe (x, y) Tor.n;a H TOJIbKO Tor.na,

Kor.na b -

a .n;enHTCSI Ha 4. BbIIIHmeM Bce pa3nO)l(eHHSI qHCna 2025 Ha

.n;Ba COMHO)KHTeJIjJ: a, b:

1 · 2025, 3 · 675, 5 . 405, 9 . 225,

15 . 135, 25 . 81, 27 · 75, 45 . 45.

liJISI Bcex 3THX pa3JIO)l(eHHH pa3HOCTb b-a .n;enHTCSI Ha 4. O.n;HaKo ,nnSI

pa3JIO)KeHHSI 45.45 nonyqHM y
= 0, qTO y)l(e yqTeHO. Bcero nOJIyqUnH

7 . 4 + 2 = 30 pemeHHH.

OTBET: 30.

3. OTBET: a
- -�
-

3.

4. OTBET: 188.

5. IIycTb LABC = (3. TaK KaK TpeyronbHHK ABC BnHcaH B OKPY)K-

HOCTb pa.n;Hyca 3, TO no TeopeMe CHHYCOB HMeeM:

AC = 2RsinLABC = 6 sin (3 (CM. PHCYHOK).

IIno�a,nb qeTbIpexyronbHHKa ABCD

paBHa CYMMe nnOI.IJ:a.n;eH TpeyronbHHKOB

ABC H ACD. Ka)K.n;aJI H3 3THX nnOI.IJ:a.neH

paBHa nonOBHHe npOH3Be.n;eHHSI OCHOBaHHSI

AC Ha BbICOTY (H3 BepmHH B H D COOT-

BeTcTBeHHo). IIo3ToMY nJIO�a.n;b qeTbIpex-

yrOJIbHHKa ABC D 6y.n;eT MaKCHMaJIbHOH,

Kor.na MaKCHMaJIbHa CYMMa paccToSIHHH OT

B o
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B H D 11.0 AC. 3TO 03HaqaeT, qTO OTpe30K B D 11.OJI)I(eH 6bITb .D:HaMeT-

pOM OKPY)KHOCTII, nepneH11.HKYJIRpHbIM Xop11.e AC. 0603HaQaJI Qepe3

h B II h D paCCTOSIHIIR OT TOQeK B H D COOTBeTCTBeHHO 11.0 npRMoH

AC, nOJIYQaeM:

1 1

SABCD = SI'::.ABC + SI'::.ACD =

2
hB · AC +

2
hD · AC =

=

1

(hB + hD) · AC = � · 6. 6sin/3 = 18sin/3.
2 2

IIpH 13° � {3 � 43° MaKCIiMaJIbHOe 3HaQeHIIe sin{3 11.OCTHraeTCR npH

(3 = 43°.

OTBET: Smax = 18 sin 43° .

6. OTBET: 2.

MeX-MaT, 1999 r.

1. OTBET: a E (0,1) U (1, +00).

2. 0603HaQIIM 1 (x) = x
2

-

px + q. Y paBHeHHe x
2

-

px + q
= 0 HMeeT

Ha rrpOMe)KYTKe [-1, 1) pOBHO O.nHO pemeHHe Tor.na H TonbKO Tor .na,

Kor.na BbInOJIHeHa XOTSI 6bI O,l(Ha II3 cne.nYIOI.IJ;HX CHCTeM:

1) {
f( -1) < 0

2){f(-1»0 3) { � E [�1,1)1(1) > 0 1(1) < 0

{
f( -1) = 0

{f(-l)=O {
f(l) = 0

4) p
>- 0

5) p
� -1

6)

� E [0,1).
2

r

2�

PaCCMOTpHM Ka)l(11.Oe H3 YCJIOBHH.

1) {
1 + P + q < 0

<===} {
q < -p

- 1

1 -

p + q > 0 q > p
- 1.

Ha nJIOCKOCTIi (p, q) 3TH HepaBeHCTBa 3a.nalOT BHYTpeHHOCTb yrJIa

Me)K.ny npSIMbIMIi (06JIaCTb A Ha pIIcYHKe).
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2) {
I + P + q > 0

{::=:} {
q > -p

- 1

I-p+q<O q<p-l

Ha nnOCKOCTH (p, q) 3TH HepaBeHCTBa 3a.nalOT BHYTpeHHOCTb rrpOTH-

BOne)KaIIIerO yr na (06naCTb B Ha pHCYHKe).

{
D = p2 -

4q = 0

3) {::=:}

-2�p<2

p2
q=-

4 -

3TO qaCTb rrapa60JIhI.

-2�p<2

{
I + P + q

= 0

{
q

=
-p

- 1

4) {::=:}
-

3TO nyq.
p�O p�O

) {
I + p + q

= 0

{
q

=

-p
- 1

5 {::=:}
-

3TO nyq.
p � -2 p � -2

6) {
I -

p + q
= 0

{
q

=

p
- 1

"

{::=:}
-

HHTepBaJI npRMoH.
O�p<2 O�p<2

q

p

q=-p-l

OTBET: 06naCTb Ha pHcYHKe.
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3. OTBET: 28/17.

311" /2.4. OTBET:

1. OTBET:

MeX-MaT, 2000 r.

x E [0 I �] y { 7r, 5; , 27r} .

{(I, 2, 3); (1, 3, 2); (2, 1,3); (2,3,1); (3, 1,2); (3,2,1).2. OTBET:

3. CHaqana OTMeTHM, 'liTO 06JIaCTblO onpe.neneHHjJ: .naHHoro paBeH-

CTBa gBJIgeTCg m � 4, n � 8. lIaJIee, TaK KaK npH YKa3aHHbIX m, n

BbIpa)KeHHg no.n; 3HaKOM JIOrapH£pMa npHHHMalOT 3HaqeHHg, He MeHb-

IlIHe e.nHHHl.{bI, TO o6a JIOrapH£pMa HeOTpHl.{aTeJIbHhI. CJIe.noBaTeJIbHO,

.nJIg BbInOJIHeHHg .naHHor6 paBeHcTBa Heo6xo.nHMO BbIIIOJIHeHHe Hepa-

BeHCTB

logm(n
-

7) � 1 H logn(5m
- 17) � 1,

oTKy.na CJIe.nyeT, 'liTO

{
n-7�m

5m - 17 � n

=> {
5m + n

- 24 � m + n

=>

5m + 5n - 52 � 5m + n {
m� 6

n � 13.

C yqeTOM 06JIaCTH onpe.neJIeHHg nOJIyqaeM, 'liTO 4 � m � 6 H

8 � n � 13. PerneHHe 3a.naqH 3aBepllIaeTCg nepe6opoM Bcex B03MO)K-

HbIX nap.

OTBET: {( 4, 9); (5,8)}.

4. OTBET: Ec./tu x E [0,3) U { 4.7 } U (9,15], mo n(x) = 1,-

ec./tu x E [3, 4.7 ) U ( �5 , 9], mo n(x) = 2.

MeX-MaT, 2001 r.

1. OTBET: 0 U./tU 1.

2. 0603HaqHM BepIlIHHbI qeTbIpexyroJIbHHKa A, B, C, D Tax, 'liTO

AB = 1 -

7a, BC = 7 - 6a, CD = 5 - 3a, DA = 14a + 5.

HMeeM:

SABCD = S�ABC + S�ACD =
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AB. BCsinLABC CD. DA sin LCDA

2
+

2
�

1 1
�

2
( AB oBC+CD.DA) =

2
«1-7a)(7-6a)+(5-3a)(14a+5)) = 16.

IIoKa)KeM, 'liTO 3TO 3HaqeHHe nJIOIJJ;a,nH .nOCTHraeTCg npH HeKOTO-

pOM a. lIJIg 3Toro B BhIIIHcaHHOH nenOqKe HepaBeHCTBO ,nOJI)KHO npe-

BpaTHThCg B paBeHCTBO, a 3TO B03MO)KHO, eCJIH

sinLABC == sin LCDA == 1, LABC == LCDA ==

7r

.

2

3HaQHT, AC gBJIgeTCg 06I.IJ:eH rHnOTeHY-

30H TpeyrOJIbHHKOB ABC H AC D (CM. PH-

CYHOK), OTKy.na no TeopeMe IIH£paropa no-

JIyqaeM:

B

A c

AB
2

+ BC
2

== CD
2

+ DA
2

{:=::::}

(1-7a)2+(7-6a)2 == (5-3a)2+(14a+5)2 {:=::::}

120a
2

+ 208a == 0 {:=::::} a == 0 HJIH a == -

�� .

3HaqeHHe a == -

�� He no.nxo,nHT, TaK KaK

DA - 14 5
-

_

14 . 26
_

-14. 26 + 75
_

_

289
0- a+ - +5- - < .

15 15 15

JIerKo BH,neTh, 'liTO npH a == 0 Bce ,nJIHHhI CTOpOH nOJIO)KHTeJIhHhI If

qeThIpexyrOJIhHHK YKa3aHHOI:O BH.na CYI.IJ:eCTByeT.

OTBET: Smax == 16 npu a == O.

3. OTBET: [
v'3 V3

) (
v'3 V3

]V28+v'3 '"5
U

5' V28-v'3
.

0,15.4. OTBET:

BMK, 1997-98 r.

2. ECJIH 6hI napa (x, y) 6hIJIa pemeHHeM .naHHoro ypaBHeHHg, TO x
2

.naBaJIO 6hI npH .neJIeHHH Ha 5 OCTaTOK 3. JIerKo npOBepHTh, 'liTO 3TO

HeB03MO)KHO. D
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3. OTBET: {(2,10);(10,10)}.

4. OTBET: a == 3, a == 7.

5. HMeeM: 18
20

== 2
20

. 3
40

H 63
13

== 3
26

. 7
13

. lIaJIee, cpaBHHBaJI

qHCJIa 18
20

H 63
13

, nOJIyqaeM:

18
20

V 63
13

{==:} 2
20

. 3
40

V 3
26

. 7
13

{==:}

{==:} 2
20

.3
14

V 7
13

{==:} 8
7

.9
7

V 2.7
13

{==:} ( � ). ( � )
6

.

( � )
7

V 1.

51cHo, qTO nepBoe qHCJIO 60JIhllIe.

OTBET: II epB oe ?lUC./l,O 60./l,bwe.

6. HMeeM:

1 7r
- == cos

-.

2 3'

Ha HHTepBaJIe (0, 7r) £pYHKl.{Hg cos x y6hIBaeT. II03ToMY H3 HepaBeHCTB

cos 5 == cos(27r
-

5).

7r

o < - < 27r - 5 < 7r �

3

57r
5<- H 7r<5

3

BhITeKaeT, qTO 1/2 > cos 5.

OTBET: II epBoe ?lUC./l,O .MeHbwe.

7. OTBET: II ep60e ?lUC./l,O 60./l,bwe.

8. llOMH O:>KH B 06e qaCTH HepaBeHcTBa Ha nOJIO:>KHTeJIhHOe qHCJIO

�( v a + 1 + v a
- I)Vii, nOJIyqHM:

v a + 1 + v a
- 1

t=
� va.

2

3TO HepaBeHCTBO eCTh CJIe.nCTBHe BhInYKJIOCTH BBepx <PYHKl(HH

y
== vx. O.nHaKo ero (KaK H TO, qTO Y

== VX BhInYKJIa) JIerKO J1.0-

Ka3aTh H HenOCpeJ1.CTBeHHO, B03BeJ1.g J1.Ba)KJ1.hI B KBa.npaT. D
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9. RMeeM:

log�(x + y) + log�(xy) � log2(x + y) - 1 <====>

1 1
<====>

4
log�(x + y) +

4
log�(xy) � log2(x + y)

- 1 <====>

<====> (log2(x + y) - 2)2 � -log�(xy).

TaK KaK JIeBaJI qaCTh 3Toro HepaBeHcTBa HeoTpHuaTenhHa, a rrpa-

BaJI
-

HenOJIO:>KHTeJIbHa, TO HepaBeHCTBO MO)KeT BhInOJIHjJ:TbCg Tonb-

KO Tor.n;a, Kor.na o6e ero qaCTH paBHhI HynlO. IIonyqaeM CHCTeMY:

{
log2 (x + y) = 2

<====> {
X + y

= 4

log2(xy) = 0 xy
= 1

<====> x = 2 +.J3, y
= 2 - .J3 HJIH X = 2 -.J3, y

= 2 + .J3.

OTBET: {(2 + y'3, 2 - y'3); (2
- y'3,2 + y'3)}.

10. OTBET: x = 1.

11. OTBET: x = �.
12. TaK KaK x

4
+ y4 = 1, TO Ixl � 1 H Iyl � 1. CJIe.noBaTeJIbHO,

H3 nepBoro ypaBHeHHjJ: BbITeKaeT, qTO x � 0 H Y � o. ll8JIee, rrpH

o � x � 1 H 0 � Y � 1 HMeeM x
4

� x
3

H y4 � y3, rrpHqeM pa-

BeHCTBa .nOCTHraIOTCjJ: npH 3HaqeHHjJ:X nepeMeHHhIX, paBHhIX 0 HnH 1.

CornacHo ycnoBHIO

1 = x
4

+ y4 � x
3

+ y3 = 1

nonyqaeM, qTO x
4

= x
3

H y4 = y3. 3HaqHT, x E {O, I} H Y E {O, I}.
EI.IJ:e pa3 rronh3ygCh BTOpbIM ypaBHeHHeM CHCTeMhI, Haxo,nHM OTBeT.

OTBET: {(I, 0); (0, I)}.

13. OTBET: a = O.

14. YKA3AHI1E: BOCnOJIh3YHTech <popMynoH x
2

+y2 = (x+y)2-2xy.
KpoMe Toro, .nng npe.nnOJIaraeMhIX 3HaqeHHH a Heo6xo.nHMO npOBe-

pHTh, qTO cooTBeTcTBYIOI..UHe x, y cYIJJ;eCTBYIOT.

OTBET: a = 5.
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15. TaK KaK I sin xl � 1 H I cos xl � 1, TO

y(x) == sin
8

x + cos
14

x � sin
2

x + cos
2

x == 1.

KpOMe Toro, y(O) == 1.

OTBET: 1.

16. OTBET: 1 - 4V1i.

17.

OTBET: Ymin
= atc

- V ( a;c )2 + b 2
, Ymax = atc + V ( a;c )2 + b 2

.

18. nonYCTHM, qTO TaKaJI £pYHKUHg CYIJJ;eCTByeT. Tor,na, no,nCTaB-

JIgg B .naHHoe paBeHCTBO x == 1, nOJIyqaeM

2/(3) + 1(3) == 7,

oTKy,na 1(3) == � H I(x) == k(x -

3) + � npH HeKOTopOM k. IIo,ncTaBHB

Teneph B Hcxo,nHoe COOTHOllIeHHe x == 0, nOJIyqHM

2/(2) + 1(4) == 5.

BhIpa3HM JIeBYIO qaCTh 3Toro paBeHCTBa npH nOMOlI.{H npe.nnOJIarae-

Moro BhIpa)l{eHHg ,nJIg I:

7 7

J(2)=-k+
3

, J(4)=k+
3

:::}

2/(2)+/(4)==-k+7==5 => k==2.

CJIe,nOBaTeJIhHO, eCJIH TaKaJI £pYHKUHg 1 CYIJJ;eCTByeT, TO OHa 3a,naeTCg

£pOPMYJIOH f (x) == 2( x
-

3) + i == 2x - 13
1

. IIoKa)l{eM, qTO 3Ta £pYHKn Hg

y.nOBJIeTBOpgeT YCJIOBHIO 3a,naQH. lIeHcTBHTeJIhHO, IiMeeM:

2J(x+2)+ J(4-x) = 2 (2(X + 2)
- 13

1

) + (2(4
-

x)
- 13

1

) = 2x+5.

OTBET: Cy�ecm6yem; y
== 2x -

ll .
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19. OTBET:

20. OTBET:

He cy�ecm6yem.

7r / 4.

21. nonycTHM CHaqana, qTO 0 � x � 1. Tor,na arcsin x H arccos x

rrpHHa,nne:>KaT npOMe:>KYTKY [0, ; ], n03TOMY BepHbI paBeHCTBa

cos arcsin x == V I -

x
2

H sin arccos x == V I -

x
2

.

Tenepb, 0603HaqaJI ,nng y,no6cTBa V I -

x
2

==

y, nepenHllIeM HCXO.n;-

Hoe BbIpa)J{eHHe B BH,ne arcsin y + arccos y. JIerKo BII.n;eTb, qTO npll

nlO6oM y ero 3HaqeHHe paBHO ; .

ITYCTb Tenepb -1 � x � 0, BBe,neM HOBYIO nepeMeHHYIO y
== -x H

BbIQHCnllM 3HaqeHHe .n;aHHoro BbIpa:>KeHHg:

arcsin( cos arcsin( -y)) + arccos (sin arccos ( -y)) ==

== arcsin( cos ( - arcsin y)) + arccos (sin( 7r
-

arccos y)) ==

== arcsin( cos( arcsin y)) + arccos( sin( arccos y)) == � no ,nOKa3aHHOMY.

OTBET: 7r /2.

25. TaK KaK TpeyronbHHKII ABN H ABM npgMoyronbHbIe C rHno-

TeHY30H AB, TO OKono qeTbIpexyronbHIIKa ABM N MO)KHO onllcaTb

OKPY)KHOCTb (CM. pHC. 111 pHC. 2). BrrllcaHHbIe yrnbI ABN H AM N

paBHbI KaK OnHpalOlI.J;HeCg Ha O,nHY ,nyry. PaccMaTpHBaJI TpeyronbHHK

ABN, Haxo,nIlM:

AN = ABsinLABN = ABsin ; = � I

J3
BN == ABcosLABN == -.

2

PaccMoTpHM ,nBa cnyqaJI:

1) ToqKa N ne:>KHT Ha OTpe3Ke AC

(CM. pHC. 1), Tor,na CN == AC - AN == �.
ITo TeopeMe ITH4>aropa nonyqaeM, QTO

�
49

BC == V BN2 + CN2 == - + - == 03.
4 4

c
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2) TOqKa N He npHHa.nJIe)l(HT OTpe3KY AC

(CM. pHC. 2), Tor.n;a CN == AC + AN == �. B

3TOM CJIyqae HMeeM:

c

/3:8f
BC =

V 4
+

4
= V21.

P�c.2

26. OTBET:

28. OTBET:

OTBET: .JI3 HJIH v'2I.

a) aa, 6) Hem.

· 3 . 3
arCSIn

4'
7r

- arCSIn
4.

29. OTBET: LA == 2a, LB == 7r
-

2a, LC == 7r
-

a, LD ==
a,

2ae a == arccos
1+

4

V5
.

30. OTBET: 5.

BMK, 1999 r.

2. 3aIIHllIeM .naHHoe qHCJIO n B BH.n;e n == 7k, k E Z. HaH.neM OCTaTOK

OT .neJIeHHg n Ha 4, .nJIg qero paCCMOTpHM Bce B03MO:>KHbIe CJIyqaH.

1) k .neJIHTCg Ha 4, Tor,na n == 28m, m E Z. 3HaqHT, n .neJIHTCg Ha

28, n03TOMY H Ha 4, qTO npOTHBOpeqHT YCJIOBHIO.

2) k == 4m + 1, Tor.na n == 7(4m + 1) = 28m + 7, qTO .naeT OCTaTOK

3 IIPH .neneHHH Ha 4 II OCTaTOK 7 npH .neJIeHHH Ha 28.

3) k == 4m + 2, Tor.na n == 28m + 14, .naeT OCTaTOK 2 IIPH .n;eJIeHHH

Ha 4, qTO npOTHBOpeqHT YCJIOBHIO.

4) k == 4m + 3, Tor.na n == 28m + 21, .n;aeT OCTaTOK 1 IIPH .n;eJIeHHH

Ha 4, qTO npOTHBOpeqHT YCJIOBHIO.

HTaK, e.n;HHcTBeHHbIH B03MO:>KHbIH BapHaHT
-

BTOpOH.

OTBET: 7.

9k-l
4. OTBET: {(k,�)};k==O,I,2,....

5. ECJIH 5(a
-

1) == a
2

+ b, TO b == -a
2

+ 5a - 5. IIoKa:>KeM, qTO npH

JII060M a HMeeT MeCTO HepaBeHCTBO -a
2

+ 5a - 5 < a. B caMOM .neJIe,

_a
2

+ 5a - 5 < a {:::::=:} a
2

- 4a + 5 > O.
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lI:�icKpHMHHaHT 3TOrO TpeXqneHa OTpHl{aTeneH, a CTapllIHH K034>4>H-

l{HeHT nOJIO:>KHTeJIeH. H3 CKa3aHHoro BbITeKaeT, qTO b < a.

OTBET: a > b.

6. CpaBHHM qHCJIa log23 H logs 11. TaK KaK 3 > 2� == .J8, TO

log23 > �. Cne,nOBaTenbHO, BbInOJIHeHbI cne,nYIOlI.{He HepaBeHCTBa:

51og23 > 5� == v'125 > v'i21 = 11 => log23 > logs 11.

OTBET: H.Meem.

9. OTBET: PeweHUU Hem.

10. OTBET: x = � + 21f"n; n E Z.

11. OTBET: a E [-1, 1+�Vi ].

12. IIpH Bcex ,nonycTHMbIX x BbInonHeHbI HepaBeHCTBa:

1f"
.

1f"
-- � arcsIn x � -

2
'-': '-':

2'
o � arccos x � 1f".

Cne,nOBaTenhHO, ,nJIg nlO6oro x E [-1,1] HMeeM:

1f" 1f"2
arcsin x · arccos x � - - · 1f" == -

-.
r

2 2

IIpH 3TOM MHHHMaJIbHOe 3HaqeHHe ,nOCTHraeTCg npH x == -1. 3HaqHT,

f
1f2

min
= 1 -

2.

HaH,neM MaKCHMaJIbHOe 3HaqeHHe f(x). lIJIg 3Toro ,nOCTaTOqHO

paccMaTpHBaTb Te x, npH KOTOpbIX arcsin x > O. CornacHo HepaBeH-

CTBY 0 cpe,nHeM apH4>MeTHQeCKOM H cpe,nHeM reOMeTpHQeCKOM HMeeM:

.

(
arcsin x + arccos X

)
2

(
;

)
2

arCSIn x . arccos x � == -

2 2

1f"2

16
�(* )

3.neCb MbI BOCnOJIb30BaJIHCb paBeHCTBOM arcsin x + arccos x == �.
3aMeTHM, QTO B HepaBeHCTBe (*) ,nOCTHraeTCg paBeHCTBO npH

·

- - Vi 3 f
-

1
1f2

arCSIn x - arccos x, T .e. npH x -

2. HaQHT, max
- +

16
.

O f
1f2

f
1f2

TBET: min
== 1-

2' max
== 1 +

16
.
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13. 06JIaCTb onpe,neJIeHHg HepaBeHCTBa: x � O. IIpH X � 04>YHKUHg

f(x) == log2(v!X + 1) .log3(x + 2)

B03paCTaeT, nOCKOJIbKY gBJIjJeTCg npOH3Be,neHHeM 'J-teompU'4ameJl,b'H,b�X

B03paCTalOIUHX 4>YHKnHH g(x) == log2(v!X + 1) H h(x) == log3(x + 2).

KpoMe Toro,

f(l) == log2 2 ·

log33 == 1.

CJIe,noBaTeJIbHO, npH x > 1 HMeeM f(x) > 1, a npH x < 1 6y,neT

f(x) < 1. YqHTbIBaJI 06JIaCTb onpe.neJIeHHg, nOJIyqaeM, qTO pellIeHH-

eM HepaBeHCTBa CJIY:>KHT npOMe)KYTOK x E [0,1].
OTBET: x E [0,1].

14. IIycTb a, b, c
-

,nJIHHbI CTOpOH TpeyrOJIbHHKa, ha, hb, he
-

.nJIH-

HbI BbICOT, onYIJJ;eHHbIX Ha 3TH CTOpOHbI. Tor,na BepHbI CJIe,nYIOII.J;He

paBeHcTBa:

2SABC == r(a + b + c) == aha == bhb == che.

TaK KaK Bce BbICOTbI MeHbllIe 1, TO BbInOJIHeHbI HepaBeHCTBa:

r(a+b+c)<a, r(a+b+c)<b, r(a+b+c)<c.

CJIO:>KHB 3TH TPH HepaBeHCTBa H COKpaTHB Ha a + b + c, nOJIyqHM

3r < 1 {==:} r < 1. D

16. OTBET: 90° .

1. OTBET:

BMK, 2000 r.

{(O, 0); (-2, -2); (0, -1); (-2, -I)}.

2. 0603HaqHM ,naHHoe HaTypaJIbHOe qHCJIO n
2

. TaK KaK n
2

OKaHqH-

BaeTCg Ha 5, TO OHO ,neJIHTCg Ha 5, HO He ,neJIHTCg Ha 10. CJIe.noBa-

TeJIbHO, Ii n ,neJIHTCg Ha 5, HO He ,neJIHTCg Ha 10. IIo3ToMY n HMeeT
�

BH,n n == 5(2k + 1), r,ne k -

HaTypaJIbHOe qHCJIO. Tor.na

n
2

== 25(4k
2

+ 4k + 1) == 100k
2

+ lOOk + 25 == 100(k
2

+ k) + 25.

3HaqHT, TpeTbg cnpaBa nli4>pa qliCJIa n
2

paBHa nOCJIe,nHeH nH4>pe

qHCJIa k
2

+ k. 51cHo, qTO k
2

+ k Bcer,na gBJIgeTCg qeTHbIM, n03TOMY

qeTHa Hero nOCJIe.nHgg nH4>pa. D
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3. OTBET: -1.

4. CornacHo HepaBeHcTBY 0 cpe.nHeM apJl(pMeTHqeCKOM H cpe,nHeM

reOMeTpHqeCKOM, HMeeM:

19 7 + 19 13 1
" �

V 1 g 7 .lg13 � == -lg91 = Igv91 < IglO = 1.
2 2

OTBET: Bmopoe 'Il,UC./l,O 60./l,bwe.

5. B03Be,neM ,naHHoe paBeHcTBo B KBa,npaT:

(
a a

)
2

sin
"2

+ cos

"2
= 1,96 => sin

2
a

+2sin
a

2
cos

a

+cos
2

a
= 1,96,

2 2 2

OTKy.na C yqeTOM TO>K,neCTBa sin
2

� + cos
2

� = 1 H 4>opMynhI cHHyca

,nBoHHoro yr na nonyqaeM

·

2
.

a a

96SIn a = SIn
-

cos
- == 0, .

2 2

OTBET: 0, 96.

6. OTBET: 7r /4.

7. OTBET: [sin (cos 1), sin 1].

8. OTBET: V2.

10. OTBET: x = arctg � + 1rn; n E Z.

11. C,nenaeM 3aMeHY t == x
2

� 0, Tor,na ypaBHeHHe npHMeT cne.ny-

IOI.IJ:HH BH,n:

2
t3

+ 2t = 2t
2

+1. (*)

II pHMeHHM K qHCJIaM 2
t3

H 2
t

HepaBeHcTBo 0 cpe.nHeM apH4>MeTHqeC-

KOM H cpe,nHeM reOMeTpHqeCKoM:

2
t3

+ 2
t

� 2 V 2 t3
. 2 t

= 2
13

:
1

+1.
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CJIe,n;OBaTenbHO, eCJIH t -

pellIeHHe ypaBHeHHjJ (*), TO BbInOJIHeHO

CJIe.nYIOI.IJ;ee HepaBeHCTBO:

2
t

2
+1 �+l 2

t
3

+ t

�2 2 {:=> t +1� +1 {:=>

2

[
t==O

{:=> t(t
- 1)2 � 0 {:=>

t == 1
,

TaK KaK t � O.

IIpoBepKoH y6e:>K,n;aeMcSI, qTO H t == 0, H t == 1 y.nOBJIeTBOpSIIOT ypaB-

HeHHIO (*). CJIe.n;oBaTeJIbHO, pellIeHHSIMH Hcxo.nHoro ypaBHeHHSI SIBJISI-

IOTCSI X == 0, x == :f:1.

OTBET: x == 0, x == :f:1.

12. OTBET: x == -10, x == -1.

13. OTBET: x== lo ,x==5.

14. OTBET: x
-

2::i: V2
x

- -�
-

2'
-

2.

15. OTBET: x-I-
3.

16. 3aMeTHM, qTO x == 0 He SIBJISIeTCSI pellIeHHeM ypaBHeHHSI. C.neJIaB

3aMeHY Y
== -�, IIOJIyqHM:

1 1 1 1
-

y3
+

y2
-

Y

= -

3
{:=> y3 - 3y2 + 3y

- 3 = 0 {:=>

(y _1)3 = 2 {:=> Y -1 = .if2 {:=> y
= 1 +.if2 {:=> x

_

_

1
-

1 + �.

OTBET: X==-
1

l+ �
.

17. HMeeM:

{
X + y

== 4 -

z,

2xy == 16 + z2 .

COrJIaCHO TeopeMe, o6paTHoH K TeopeMe BHeTa, x H Y SIBJISIIOTCSI KOp-

HSIMH t 1 , t2 KBa.npaTHoro ypaBHeHHSI

16 + z2
t

2
+ (z

-

4)t +
2

= O.
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.

BbIqHCJIHM ero ,n;HCKpHMHHaHT:

D = (z - 4)2 -

2(16 + z2) = -z2 - 8z - 16 == -(z + 4)2.

YpaBHeHHe HMeeT KOpHH, eCJIH TonbKO ,nHCKpHMHHaHT HeOTpHnaTe-

JIeH. B HameM CJIyqae 3TO B03MO:>KHO JIHllIb rrpH z = -4, Tor,na

t
2

- 8t + 16 = 0 {:=:> t = 4.

3HaqHT, pemeHHeM HCXO.n;HOH CHCTeMbI gBJIgeTCg TpoHKa (4, 4, -4).
OTBET: {(4, 4, -4)}.

19. qHCJIa a, b, C B YKa3aHHoM nopSI,n;Ke 06Pa3YIOT apHcpMeTHqecKYIO

rrporpeCCHIO Tor,na H TOJIbKO Tor ,na, Kor,na

a+c
b = {:=:> 2b = a + c.

2

HMeeM (o6JIaCTb onpe,n;eJIeHHSI yqTeM nOToM):

21g(3
X

-10) = 193+1g(3
X

-4) {:=:> 19 ((3
X

_10)2) = 19(3.(3
X

-4))

{:=:> (3
X

- 10)2 = 3(3
X

-

4) {:=:> 3
2x

- 23 · 3
x

+ 112 = O.

C,n;eJIaB 3aMeHY t = 3
x

, rrOJIyqHM ypaBHeHHe

t
2

- 23t + 112 = 0 {:=:> t = 7 HJIH t = 16.

IIpH t = 7 HMeeM

3
x

- 10 = t - 10 = 7 - 10 = -3 < 0,

H BbIpa)KeHHe Ig(3
X

-

10) He orrpe,neJIeHO.

IIpH t == 16 HMeeM

3
x

- 10 == t - 10 = 16 - 10 = 6 > 0, 3
x

- 4 > O.

IIo3TOMY 3HaqeHHe t = 16 no,nxo,nHT H, c,neJIaB o6paTHYlO 3aMeHY,

rrOJIyqaeM:

t = 16 {:=:> 3
x

== 16 {:=:> x = log3 16 = 4log 3
2.

OTBET: x = 4log 3 2.
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20. OTBET:
a

2.

21. OTBET: 3.

22. OTBET: a
2

.

23. OTBET: 5.

24. IIycTb 8 -

nJIOrna.n;b TpeyronbHIIKa, Tor.n;a BepHbI cne,nYIOIIJ;lie

paBeHCTBa:

28
a + ha == a + -,

a

CornaCHO ycnoBHIO 3a.naQH HMeeM:

28
b + hb == b +

b.

28 28
a + ha � b + hb {==:} a +

-;-
� b +

b
{==:}

a-b+2S( � - � )�O {==:} (a-b)(l- �� )�O.
TaK KaK a > b, TO nonyqeHHOe HepaBeHCTBO paBHOCHnbHO HepaBeH-

CTBY
28 ab ab

.

1 - - � 0 {==:} - � 8 == -

SIn 'V

ab
-...;:::

2
-...;::

2
I ,

r,ne'Y
-

BenHqHHa yrna Me:>K.ny CTopOHaMH a H b. 3HaqHT, sin'Y == 1 H

'Y
== ; ,

TO eCTb Tpe yronbH HK npSIMoyronbHbIH. TpeTbSI CTopOHa (rH-

nOTeHY3a) paBHa va 2
+ b 2

.

OTBET: v a
2

+ b 2
.

25. OTBET: 45° Ii 45°.

26. OTBET: 28.

27. OTBET: 1 : 1 : 1.

28. OTBET: r
-

ab
r

-
ae

r
-

be
1

-

2e' 2
-

2b ' 3
-

2a.
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BMK, 2001 r.

1. OTBET: t[uc.lta paBHbl.

2. OTBET: 53010, 53910 u 53415.

3. OTBET: 10, 11, 12, 13, 14.

4. 11:3 nepBOrO ypaBHeHHSI CHCTeMbI HMeeM:

k
2

+ 1 == m
2

=> k
2

< m
2

=> k < m.

AHanOrHqHO, H3 BToporo ypaBHeHHg CHCTeMbI nonyqaeM, qTO I < n.

IIycTb

m == k + a, n == 1 + b,

r,ne a, b -

HaTypaJIbHbIe qHCna. Tor,na BbInOJIHeHbI cne,nyroInHe co-

OTHOllIeHHSI:

1 == m
2

- k
2

= (k + a)2 - k
2

== 2ka + a
2

,

k == n
2

- 1
2

== (1 + b)2 - 1
2

= 2lb + b
2

==

= 2(2ka + a
2

)b + b
2

= 4kab + 2a
2

b + b
2

� 4k + 3 > k.

IIonyqeHHoe HepaBeHcTBo k > k He HMeeT pellIeHHH, n03TOMY H HC-

XO,nHaJI CHCTeMa pellIeHHH He HMeeT. 1

OTBET: Hem pe'UleHuu.

5. 3aMeTHM, qTO eCJIH TpoHKa (p, q, r) y,noBJIeTBOpSIeT YCJIOBHIO 3a-

,naqH, TO H ,nJIg TpOHKH (q, p, r) ,naHHoe paBeHCTBO TaK:>Ke BbInOJIH)I-

eTCg.

IIpe,nrroJIo:>KHM, qTO o6a qHCJIa p H q HeqeTHbI. Tor,na pq + qP
.

r

qeTHO. O,nHaKo r npOCToe, 3HaqHT, r == 2. JIerKo BH,neTb, qTO paBeH-

CTBO pq + qP == 2 npH HaTypaJIbHbIX p, q BbInOJIHSIeTCSI JIHllIb npH

p
==

q
== 1, o,nHaKO qHCJIO 1 He SIBJISIeTCSI npOCTbIM.

I1:TaK, XOTSI 6bI O,nHO H3 qHCeJI p H q qeTHO (H, 3HaqHT, paBHo 2).
ECJIH p'== q

== 2, TO pq + qP == 2
2

+ 2
2

= 8 He SIBnSIeTCSI npOCTbIM

qHCJIOM. IIYCTb P
== 2 =I q. 3aMeTHM, qTO npH q

== 3

2
3

+ 3
2

== 1 7 -

npocToe qHCJIO,
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TO eCTb TpoHKa (2, 3, 17) y.noBJIeTBopSIeT ycnoBHIO 3a.naqH.

IIycTb q > 3. TaK KaK q npOCToe HeqeTHOe, TO npH ,neJIeHHH Ha 6

OHO MO:>KeT ,naBaTb OCTaTOK 1 HJIH 5, Tor,na q2 npH ,neJIeHHH Ha 6 ,naeT

OCTaTOK 1. PaccMoTpHM OCTaTKH OT ,neJIeHHj{ Ha 6 CTeneHeH ,nBOHKH.

OHH nepHo,nHqeCKH nOBTOpSIIOTCg: 2, 4, 2, 4, ... . ECJIH q .n:aeT npH

.neJIeHHH Ha 6 OCTaTOK 1 HJIH 5, TO 2 q
,naeT OCTaTOK 2. CJIe,noBaTenbHo,

2 q + q2 = r ,naeT OCTaTOK 3 npH .neneHHH Ha 6 H n03TOMY .n;eJIHTCg

Ha 3. 3TO MO)l(eT ObITb TOJIbKO npH r = 3. O,nHaKo SICHO, qTO HHKaKoe

q > 3 He y.nOBJIeTBOpgeT paBeHCTBY 2 q + q2 = 3.

OTBET: {(2, 3, 17); (3,2, 17)}.

6. IIo.ncTaBHM B .naHHoe ypaBHeHHe 3HaqeHHe x = 1 + J3:

3(1 + -13)3 + m(1 + -13)2 + n(1 + -13) + 12 = 0 {=::}

3(1 + 3-13 + 9 + 3-13) + m(l + 2-13 + 3) + n(1 + -13) + 12 = 0 {=::}

(42 + 4m + n) + (18 + 2m + n)-13 = o. (*)

ECJIH 18 + 2m + n =1= 0, TO nOJIyqaeM paBeHCTBO

-13 =

42 + 4m + n

I

18 + 2m + n

QTO HeB03MO:>KHO, TaK KaK J3 -

HppaUHOHa.TIbHOe qHCJIO, a qHC-

no B rrpaBOH qaCTH paBeHCTBa
-

paUHOHa.TIbHoe. CJIe.nOBaTeJIb-

HO, 18 + 2m + n = 0, H B CHJIY paBeHCTBa (*) nOJIyqaeM, qTO

42 + 4m + n = O. HMeeM CJIe.nYlOrnylO CHCTeMY:

{
18 + 2m + n = 0

{=::} {
m = -12

42 + 4m + n = 0 n = 6.

OTBET:

7. OTBET:

8. OTBET:

m = -12, n = 6.

x
4

- 16x
2

+ 4 = O.

{( -4,2,0); (-2,1, 2)}.
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9. YKA3AHI1E: .nnSI npoH3BonbHoH £pYHKnHH g(x) cnpaBe.nJIHBO

npe.ncTaBneHHe

g(x) = (
g(X)

+2
g (-X)

) + (
g(X)

-2
g (-X)

).
IIpH 3TOM nepBoe cnaraeMoe SIBnSIeTCSI qeTHOH £pYHKUHeH, a BTopoe-

HeqeTHoH.

OTBET: (
3

X
- 3-

X

) (
3X + 3-

x
x

2

)fx= . + . +. .( )
2smx 2smx smx

10. OTBET: x == � + 1rn; n E Z.

11. OTBET: Q + {3 + 'Y
==

1rn; n E Z.

12. OTBET: 3/2.

13. OTBET: x == o.

14. IIpeo6pa3yeM ,naHHoe BbIpa:>KeHHe, nonb3YSIcb 4>opMynoH ".no-

nonHHTenbHoro aprYMeHTa":

f (x, y) == 6 sin x cos y + 2 sin x sin y + 3 cos x ==

= 2.JiOsinx ( � cosy + � sin y ) + 3cosx =

== 2.JiO sin x sin(y + Q) + 3 cos x ==

= J (2 .JiOsin(y + ex))
2

+ 3 2
. sin(x +,8) =

= V 40sin2(y + ex) + 9 · sin(x + ,8),

r,ne Q H (3
-

TaKHe yrnbI, qTO

.
3

SIn Q ==

v'lO
'

1
cos Q ==

v'lO
'

.

t:l
3

SIn JJ
==

,

V4 0sin
2

(y + ex) + 9

cos,8 =

2v'lO sin(y + ex)
.

V 40sin
2

(y + ex) + 9



196 P A31IEll III. 3AlIA I..JH YCTHblX 3K3AMEHOB

TaK KaK X H Y MOrYT MeHBTbCg He3aBHCHMO .npyr OT .npyra, TO

fmax =. V 40 + 9 = 7, fmin = -7.

OTBET: flnax = 7, fmin = -7.

15. IIpeo6pa3yeM .naHHoe ypaBHeHHe CJIe.nYIOIIJ:HM o6pa30M:

3
X - 2

(3
3

+ 3 + 1) = 5
x - 2

(5
2

+ 5 + 1) <==> 3
x - 2

. 31 = 5
x - 2

· 31 <==>

(
3

)
X-2

3
x

- 2
-

- 5
x-2

1 2<==>

5
'= <==> x =

.

OTBET: x = 2.

16. OTBET: II epe oe 'ttUCJI,O 60Jl,bwe.

17. OTBET: { (2
27

32)}3' 8' 3
.

18. OTBET: BHympeHHocmb aeyx Y2J1,06, o6pa306aHHblx nepe-

ce�a'JOutU.Mue.Jl np.H.Mbt.MU x - 0 U Y
=

-x, �omopa.H coaep'JICum
oeb OX.

20. OTBET:
ac

a+c.

21. OTBET:
R I R 2

2(Rl +R2).

22. OTBET: 10.

23. OTBET: He cY'l4eem6yem.

24. OTBET: DM : M Dl = a : b.

25. OTBET: arctg 1 .

26. OTBET: V2 + 1.

27. OTBET: O'K:pY'JICHoemb Ha nJl,oe�ocmu 7r c tJ,eHmpO.M e mo'tt�e

S U paauycO.M v;;r;.
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reonorH'tJeCKHH $aKynhTeT, 1997-98 r.

1. OTBET: x = � J
-

� + 1rn; n E N.

2. OTBET: x
-

1Tn
n =1= 4k; n, k E Z.-

4'

3. OTBET: x== � _2+ 1T2n ; n E Z.

4. OTBET: x == 55.

5. OTBET: x E (- )s ,O) U (0, Js ).

6. OTBET: x E (-2,0) U (2, +00).

7. 3aMeTHM, qTO IIPH Bcex x BbIIIOJIHeHO HepaBeHCTBO

x
2

+ 2x + 2 == (x + 1)2 + 1 � 1.

3HaqeHHe x == -1 BBJISIeTCg pemeHHeM HCXO,Z:(Horo HepaBeHCTBa, Tax

KaK

x
2

+ 2x + 2 == 1,

IIpH X =1= -1 HMeeM

(x
2

+ 2x + 2)X == 1.

x
2

+ 2x + 2 > 1,

3HaQHT,

(x2+2x+2)X�1 <===> x > O.

OTBET: x E {-I}U(O,+oo).

8. OTBET: -vf2/4.

9. OTBET: 3/5.

10. IIycTb a == arctg( -4). Tor.na

tg a = -4 II a E ( -

1r

, 0 )\ 2
=>

1 1
cos a = == -.

V I + tg
2

a Vf7

BbIQHCnBeM HCKOMoe 3HaQeHHe:

-

2 15

cos(2arctg(-4)) = cos(2a) = 2 cos
2

a -1 =

17
-1 = -

17
'

OTBET: -15/17.
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A

c

17. BBe,neM 0603HaqeHHjJ: (CM. PHCYHOK).
TaK KaK LC AH ==

<p, HMeeM:

h h
AC ==

. ,
BC ==

SIn cp cos <p

HCKOMaJI nnOII.{a,nb npH 3TOM paBHa

B

1 h
2

8ABC ==

2
AC . BC ==

.

2 SIn cp cos <p

OTBET: 8
h

2

==

sin 2cp
.

h
2

sin 2<p

O
b v 4a2-b2

18. TBET:
2(2a+b)

.

19. OTBET: AB == 2V3, AC == 4V3, BC == 6 U./tU AB == 2V3,
AC == 4V3, BC == 2�_

20. OTBET: 34.

21. 0603HaqHM BepllIHHbI Hcxo,nHoro

qeTbIpexyrOJIhHHKa A, B, C, D, a Bep-

IlIHHbI qeTbIpexyronbHHKa, nonyqeHHOrO

nocne ,neJIeHHSI CTOpOH nOnOJIaM
-

K,

D L, M, N (CM_ PHCYHOK). naJIee, nYCTb

8 AKN
== 8 1 ,

8 BKL
== 8 2 , 8CLM == 8 3 ,

8DMN == 84. TaK KaK KN SIBJISIeTCSI

cpe,nHeH nHHHeH TpeyrOJIbHHKa AB D, TO

8ABD == 48 1 - AHaJIOrHqHO, ,nng Tpe-

yrOJIbHHKOB ABC, BCD, ACD Haxo,nHM:

8ABC == 48 2 , 8BCD == 48 3 , 8ACD == 48 4.

c

B

CKJIa,nbIBaJI qeTbIpe nonyqeHHbIX paBeHcTBa, HMeeM:

28ABCD == 8ABD + 8ABC + 8BCD + 8ACD == 4(8 1 + 8 2 + 8 3 + 8 4 ).

CJIe,n;OBa TenbHo,

1

8ABCD == 8 1 + 8 2 + 8 3 + 8 4 + 8 ==

2
8ABCD + 8,

OTKy.n a Haxo,nHM 8 AB CD
== 28.

OTBET: 28.
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reonorH'tJeCKUH �aKynhTeT, 1999 r.

1. OTBET: x = -

� + 27rnj n E Z.

2. liIMeeM: sin(x - 1) == sin x - sin 1 {=::::}

x-I x-I x-I x+l
{=::::} 2 sin

2
cas

2

= 2 sin
2

cos

2
{=::::}

{=::::}

x-I
sin

2
== 0

x-I x+1
{=::::}

cas

2

= cas

2

x-I

2

==

7rn, n E Z

·
x

0SIn

2

==
{=::::}

sin (
- � ) = 0

{=::::} [
X == I + 27rn, n E Z

x = 27rn.

x == 21rn, x = 1 + 27rn; n E Z.OTBET:

3. OTBET: x = (1 + V I + 7rn)2; n == 0, 1, 2 . . . .

4. HaH,n;eM o6nacTb orrpe,n;eneHHg ypaBHeHHg:

x
2

-

X � 0

x � 0 {=::::}

I-x�O

x(x - 1) � 0

{
x==o

x�O {=::::}

x == 1.

I-x�O

IIycTh X == 0, Tor,n;a ypaBHeHHe npHMeT BH,Z:( 1 = a.

IIpH x == 1 rronyqUM -1 = a.

OTBET: Ec./tu a = 1, mo x = 0; ec./tu a == -1, mo x == 1;

npu apY2UX a peweHull 'Item.

5. OTBET: x == o.

6. OTBET: XE[O,4].

7. OTBET: xE [�,1)U[9,+oo).
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8. OTBET: x E (O,"ts] U (1,5].

12. 51cHo, qTO

1999 pa3

�

10
1999

= 1 0 . . . 0

oTKy.na HMeeM:

1999 pa3

�

=> 10
1999

- 1 = 9... 9
,

1995 pa3

�

10
1999

- 1 - 1998 = 9...98001.

CYMMa nH<pp 3Toro qHCJIa paBHa 9 . 1995 + 8 + 1 = 17964.

OTBET: 17964.

13. IIycTb K, M -

cepe.nHHbI OTpe3-

KOB BBl' GlDl (CM. PHCYHOK). YKa-

3aHHoe CeqeHHe HMeeT C IIJIOCKOCTblO

AAIBIB o6rnHe TOqKH Al H K, IIO-

3TOMY BeCb oTpe30K AlK IIpHHa.nJIe-

)KHT CeqeHHIO. AHaJIOrHqHO, CeqeHHIO

IIpHHa.nJIe:>KHT oTpe30K AIM. llaJIee,

IIJIOCKOCTH AAlBlB H DDlGIG IIa-

paJIJIeJIbHbI, II03TOMY IIapaJIJIeJIbHbI H

oTpe3KH, IIO KOTOpbIM HX IIepeceKaeT ceKyrnaJI IIJIOCKOCTb. CJIe.noBa-

TeJIbHO, ceKYIUa� IIJIOCKOCTb IIepeceKaeT pe6po GG I B TaKoH TOqKe N,
qTO

C 1

A
1

--- -

-r:-
_K
-

B-
e,-

-

I'

I'

I'

I'

A'"

GIN BlK 1
-

GlM BIAI 2

TaK KaK M -

cepe.nHHa GlDl, TO TOqKa N .n:eJIHT OTpe30K GG I B

OTHOllIeHHH 3 : 1.

HCKoMoe CeqeHHe
-

qeTblpexyrOJIbHHK AIM N K. D

15. OTBET: 8.
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16. BBe.neM 0603HaqeHH� (CM. PHCY-

HOK), 3.neCb 0 -

neHTp BIIHcaHHOH

OKPY:>KHOCTH, K -

TOQKa KacaHH�

OKPY:>KHOCTH co CTOpOHOH BC = a.

IIycTb LOBC = a. Tor.na H3 TpeyrOJIb-

HHKa OBK Haxo.nHM:

A

c
K

B

OK r

tg a = - == =>

BK a-r

2
2 tg a

tg a ==

1 -

tg
2

a

2�
1

r
2

-

(a-r)
2

2r(a
-

r)

a(a-2r).

CJIe.nOBaTeJIbHO, b == AC = BC tg LABC == a tg 2a

. 1 ar(a
- r)

HCKOMaJI IIJIOIUa.nb paBHa S =

2
ab =

·

a
- 2r

OTBET: ar(a-r)
.

a-2r

2r(a
-

r)
a

- 2r

17. OTBET: S=r(2R+r).

18. IIycTb 1
-

yroJI Me:>K.ny cTopoHaMH a, b. Tor.na BbIIIOJIHeHbI

CJIe.nYIOIUHe HepaBeHcTBa:

s = � abSin'Y � � ab � � (a2 + b
2

).

llJI� cIIpaBe.n:JIHBOCTH <POPMYJIbI S == �(a2 + b
2

) o6a HepaBeHCTBa

.n:OJI)KHbI o6paIUaTbc� B paBeHcTBa. IIepBoe HepaBeHcTBo o6paIUaeTc�

B paBeHcTBo TOJIbKO IIPH sin 1
= 1, TO eCTb 1

= 7r /2. BTopoe Hepa-

BeHCTBO o6paIUaeTc� B paBeHCTBO JIHllIb IIPH a = b. TaKHM o6pa30M,

TpeyrOJIbHHK C 3a.naHHbIM CBOHCTBOM -

IIp�MoyrOJIbHbIH paBHo6e.n-

peHHbIH.

OTBET: IIp.H.M,0Y2oJtb1tbZU paB1to6eape1t1tbZU mpeY2oJtb1tUX;.
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reOnOrH'IeCKHH �aKynbTeT, 2000 r.

1. OTBET: -1.

2. 1iI3 rrepHo.n:HqHOCTH 4>YHKnHH y
== cos X H <POPMYJI rrpHBe.n:eHH�

HMeeM:

3511'"

(
27r

)
27r

(
7r 711'"

)
.

77r
COS

II
== COS 37r +

11
= -

cos

11
= -

cos

2

-

22
= -

SIn

22
.

llanee rrOJIyqaeM:

.

(
3511'"

)
.

(
.

77r

)
.-

(
.

711'"

)
77r

arcsin cos

11
== arCSIn

-

SIn

22

= -

arCSIn sin

22

= -

22

(3.n:eCb MbI BOCrrOJIb30BaJIHCb paBeHCTBOM arcsin( sin x) =
x, crrpaBe.n-

JIHBOM npH x E [- ; , ; ]). CJIe.n:oBaTeJIbHO,

OTBET:

3. OTBET:

4. OTBET:

5. OTBET:

6. OTBET:

7. OTBET:

8. OTBET:

22
.

(
357r

)
- arcsin cos

- = -7.
7r 11

-7.

�.

-1/3.

tJUC./l,a pa6Hb�.

II ep60e 'IlUC./l,O 60./l,bwe.

x = -2.

x = 3:1:f3 .

9. C.n:eJIaeM 3aMeHY t = sin x + cos x, Tor.n:a t
2

== 1 + 2 sin x cos x II

.n:aHHoe ypaBHeHHe rrpHMeT CJIe.n:YIOIUHH BH.n:

· t
2

- 1
sin x + cos x + sin x cos x == 1 <==> t + = 1 <==>

2

t
2

+ 2t - 3 = 0 <==> t = -3 HJIH t == 1.
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IIpli t == -3 IIOJIyqaeM ypaBHeHHe sin x + cos x == -3, KOTOpoe B CHJIY

HepaBeHCTB sin x � -1, cos x � -1 pemeHlIH He II MeeT .

IIpH t == 1 lIMeeM:

sin x + cos x = 1 {::=} V2 sin ( x + � ) = 1 {::=}

{:=:::}

7r 7r

X +
4

==

4
+ 27rn, n E Z

7r 37r
x +

- == - + 27rn, n E Z
4 4

[
X == 27rn

{:=:::} 7r

X ==

2
+ 27rn, n E Z.

OTBET: x == 27rn, x == ; + 27rn; n E Z.

10. OTBET: x E (1, 243).

11. OTBET: a == -4.

12. IIycTb Xl, X2
-

KOpHli .naHHoro ypaBHeHH�. COrJIaCHO TeopeMe

BlieTa, lIMeeM:

Xl + X2
== -(a

-

34), XIX2
== -35a - 36.

PaCCTO�HlIe Me:>K.ny KOpH�MH paBHO IXI -X21. PaCCTO�HlIe MHHlIMaJIb-

HO Tor.na II TOJIbKO Tor.na, Kor.na MlIHHMaJIeH KBa.npaT paCCTO�HH�.

BbIpa3HM ero qepe3 a:

IXI
-

x21
2

== X� -

2XIX2 + X� == (Xl + X2)2 -

4XIX2
I

== (34
- a)2 -

4( -35a -

36) == a
2

+ 72a + 1300.

MlIHHMYM 3Toro Bblpa:>KeHlI� .nOCTHraeTC� B BepmlIHe napa60JIhI,

T.e. IIPli a == -36.

IIo.nqepKHeM, qTO Heo6xo.D:lIMO IIpOBeplITb, lIMeeT JIll lICXO.D:HOe

ypaBHeHlIe pelIIeHlI� IIPli HaH.neHHoM a == -36. HMeeM:

X2 - 70x + 1224 == 0, D == 70
2

- 4 . 1224 == 4900 - 4896 == 4.

TaK KaK .nHCKpHMHHaHT IIOJIO)l{HTeJIeH, TO ypaBHeHHe lIMeeT KOpHli

II, 3HaQHT, HaH.neHHoe a == -36 .neHcTBlITeJIbHO lICKOMoe 3HaQeHlIe.

OTBET: a == -36.
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15. OTBET: [-8, -VIS].

17. OTBET: T = 1051t".

18. TaK KaK

Sn = at + . · · + an-l + an = Sn-l + an,

TO BepHbI CJIe.nYIOInHe paBeHCTBa:

lin = Sn - Sn-l = (2n
2

+ 3n) - (2(n - 1)2 + 3(n - 1)) =

= (2n
2

+ 3n) - (2n
2

-

n
-

1) = 4n + 1.

OTBET: an = 4n + 1.

21. IIycTb 0 -

neHTp OKPY:>KHOCTH, P-

TOQKa rrepeCeQeHHjI OTpe3KOB AO H BC (CM.

PHCYHOK).

TpeyrOJIbHHK ABO npjIMoyrOJIbHbIH,
BP -

ero BbICOTa. IIo TeopeMe IIH4>aropa
HMeeM:

A
B

OB = V A02 - AB2 = V 2 2
- 12 = V3.

1iI3 paBeHcTBa

1 1

S�ABO = -AB. OB = -AD. BP
2 2

HaxO,nIlM BP = 1 , CJIe,nOBaTeJIbHO, BC = .;3.

OTBET: v'3.

22. OTBET: 8/5.
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reOJIOrHQeCKHH �aKYJIbTeT, 2001 r.

1. OTBET: 211/990.

2. OTBET: 10.

3. OTBET: Bmopoe 'IlUC./l,O 60./l,bwe.

4. OTBET: Bmopoe 'IlUC./l,O 60./l,bwe.

5. OTBET: {{O,O); (2,4); (-1,1); (3,3)}.

6. TaK KaK x .nOJI)KHO 6bITb nenbiM Ii y.nOBJIeTBOpjITb ycnoBHIO

Ixl � 1, TO B03MO)KHbI TPH CJIy'tIaJI: X = -1, x = 0, X = 1.

1) IIycTb X = -1, Tor.na HMeeM:

y2
-y

= 1 + - {==:} y2 + 4y + 4 = ° {==:} (y + 2)2 = 0 {==:} y
= -2.

4

2) IIycTb X = 0, Tor.na y
= 0.

3) X = 1, Tor.n:a HMeeM:

y2
Y

= 1 +
4

{==:} y2 - 4y + 4 = a {==:} y
= 2.

OTBET: {{O,O); (1,2); (-1,-2)}.

7. OTBET: Ymin
= o.

8. OTBET: X = -0,9.

I! : i

9. 06JIaCTb orrpe.neJIeHHj{ .naHHoro ypaBHeHHjI X > o. IIo3ToMY B03-

MO)KHa 3aMeHa nepeMeHHoH x = lot. IIpH 3TOM ypaBHeHHe npHMeT

BH.n:

5 1glOt = 50 - (lOty
g 5

{==:} 5
t

= 50 - (101g5r {==:}

{==:} 5
t

= 50 - 5
t

{==:} 5
t

= 25 {==:} t = 2 {==:} X = 100.

OTBET: x = 100.
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10. OTBET: x == 27rn, x == 7r ::t: arccos � + 27rn; n E Z.

11. OTBET:

12. OTBET:

x E (2, 7+f1 ].

x E (-00, -3) U (-3, -�] U (1,2) U (2,3).

13. llaHHoe ypaBHeHIIe paBHOCIIJIbHO ypaBHeHIIIO

vx == -x
2

+ 8x - 15.

HaH.neM 3HaqeHHjJ: x, npli KOTOpbIX npaBaJI qaCTb HeOTpHnaTeJIbHa:

-x
2

+ 8x - 15 � 0 {::::::} x E [3,5].

TaKIiM o6pa30M, npli x < 3 II npli x > 5 BbInOJIHeHbI CJIe.n:YIOIUlie

HepaBeHCTBa:

-x
2

+ 8x - 15 < 0 � VX,

n03TOMY 3HaqeHIIg x H3 YKa3aHHbIX rrpOMe:>KYTKOB He MorYT 6bITb

pellleHIIjJ:MII .naHHoro ypaBHeHHjI.

IIpli x E [3, 5] B CHJIY B03paCTaHlijI <PYHKn HII .JX HMeeM .JX � V3.
MaKCIiMaJIbHOe 3HaqeHHe npaBoH qaCTIi .n:OCTliraeTCjI npli x == 4 II

paBHo 1, TaK KaK

-x
2

+ 8x - 15 == -(x
- 4)2 + 1.

CJIe.nOBaTeJIbHO, IIpli X E [3, 5] BbInOJIHeHbI HepaBeHCTBa

vx � V3 > 1 � -x
2

+ 8x -

15,

II 3HaqeHIIjI x H3 3Toro npOMe:>KYTKa TaK)I(e He MorYT 6bITb pemeHII-

jIMIi Hcxo.nHoro ypaBHeHIIjI.

OTBET: He U.M,eem.

14. OTBET: HcMeem.

15. ECJIII sin x == �, TO X == � + 27rn IIJIH x == 5; + 27rn, n E Z. TaK

KaK <PYHKnIIII sin x II COS x rrepHo.nIIqHbI C nepIIo.nOM 27r, TO .nOCTaTOq-

HO BbIqIICJIIITb 3HaqeHHe BbIpa)l{eHHjI sin x + V2 cos x npli x == � II

npH x == 5; .
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EcnH x = � ,
TO HMeeM:

. � .
1f' � 1f' 1

� J3 1+.J6
sin x + v 2 cos x = SIn

6
+ v 2 cos

- = - + v 2 . - ==
·

6 2 2 2

IIpH X = � IIOJIyqaeM:

. � .
51f' � 51(" 1

� J3 1 - .J6
SIn x + v 2 cos x = SIn

- + v 2 cos - = - -

v 2 . - =

6 6 2 2 2.

OTBET:
l:i: V6

2
.

16. OTBET: 1 U./l,U Vi.

19. OTBET: 7[,

20. OTBET: 2.

21. OTBET: 15V2
8

.

22. OTBET:
15

v'34
·

23. TaK KaK, COrJIaCHO YCJIOBHIO 3a.n:a'tIH,

LA + LB == LC H LA + LB + LC ==
7[,

TO LC = ; ,
TO eCTb TpeyroJIbHHK ABC npgMoyrOJIbHbIH, IIPH 3TOM

AC H BC jJBJIjJlOTCg ero KaTeTaMH. ITo TeopeMe IIH4>aropa HaXO,Z:(HM:

AB = V AC2 + BC2 = V 3 2
+ 4 2

= 5.

OTBET: 5.

24. OTBET: VW.

25. MO)KeM CqHTaTb, qTO .D:JIHHa CTOpOHbI KBa.n:paTa paBHa e.n;HHH-

nee Tor.n:a HMeeM (CM. PHCYHOK):

1
AE = ABtgLABE =

Vi
'
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B ,
C'

CJIe.ztOBaTeJIbHO,

SABE= � AB.AE= 2� .

TaK KaK

A
E

D

1

SBCDE = SABCD - SABE = 1 -

_ /ii '

2v2

TO OKOHQaTenbHO IIOJIyqaeM:

1

SA BE 2J2 1 2V2+1 2V2+1

SBCDE
-

1- �
-

2V2 -1

-

(2V2 -1)(2V2 -1)
-

7

2V2

OTBET: 2V2+1
7

.
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