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3ananue 1.

[lycte B UIICC yuurcs x crymeHToB, Torna B UTTCY yuurest 1,5 x
crynentoB. Orcroga B UIICC yuurca 0,1 x aesymek, a B UTTCY yuurcs
0,05-1,5x neBymek. ITosToMy CcpemHMii mpOLEHT ACBYLIEK II0 3THM JBYM
HMHCTUTYTaM paBeH:

0,1% 4+ 0,05~1,5%

2 5x *100%
Orcropa:
0,1+1,5-0,05 1100 = 7%
2.5
OtBet: 7%
3aganme 2.

IIpoBeneM f0Ka3aTeNbCTBO METOIOM MaTeMAaTHIECKOM HHTYKITHH.
Ilpu n = 1 yTBepxaeHue BepHO.

ITycTs oHO BepHO pu n = k.

IToxaxceM, 4To TOra OHO BepHO U st = k + 1.

Hmeewm:

5 (k+1)°+4-(k+1)=5(k®+3k*+3k+1) +4k+4 =



=5k3+4k+15k2+15k+9=5k3+4k+3-(5k2+5k+3)
Otciona crnemyer, uto BEIpaxkeHHe MeNUTCS Ha 3, TaKk Kak JBy4IeH
5k3 + 4k nenwres Ha 3 1o NPEATIOIOKEHHIO HHIYKIHH.
3ananme 3.
Haxonum, uro y' = x*+x% —2x%2 = 0. Orcrona x%- (x? + x — 2) =0,
a TOrJja KpUTHYECKHE TOUKH X = —2,x = 1.
3HauuT pu —0 < x < —2 mnpu x > 1, f(x) Bospacraer, mpu =2 < x <

1 yOrIBaer.

Haxomum, uyro f (— -25-) > 0,a Torma mpu —g <x<-2, f(x) Gyner
nonoxurenbHa. Kpome toro, Tak kak f(1) > 0, To npu 1 < x < 2 f(x) >0, o
CIIE0OBATENIBHO TIPH X € [—S ; 2], f(x)>0

OTtBer: KopHeii Her

3ananmue 4.

Ecmn tpeyronsnuk TynmoyrombHeii, To mo Teopeme KOCHHYCOB KBaJIpaT
CTOPOHBI, JIEKAIIEH MPOTHB TYIOTO yIiia, GOMBIIe CyMMBI KBAIPaTOB ABYX APYTHX
cTopoH. [TokaxkeM, YTO B HAIIEM CITyYae 3TO BHIMOJHAETCS.

ITycTs a,b,c — cTOpOHBI TpeyroNbHMKZ M COOTBETCTBYIOIIME MM BBICOTHI

paBHEI: Ry = 3, hy = 4, h, = 5. Jlns mwiomany TpeyronsHAKa HMeeM:

vy la_Bhs oHy _25_25,_S _25
2 2 3 S TaTpTgJamjasg
2 2 2
Orcrona: a2=£—, b2=S—, =
9 4 25
2 2
[Tostomy monmyuum: b* + ¢? = 41—10% &ghe= %— , T.€. TPEYTONBHHK

TYIIOYTOJIBHBIH,
OTBeT: Tynoyro/ibHbIii
3ajanue S.
Hist ynoGerBa npoHOMeEpyeM CTPOKH:
*1 % — l-g

3%2—2-9



* 3 % — 3-9

3%2%—4-g
*2%5 — 5.9
1*8%30—6-a

Mo3HO yBHzIETH, YTO TOCIEHSANA 3BE3049Ka B TPEThEil cTpoke ecth 0, Tak
KaK [u¢pa 0 CTOUT B KOHIE 6-H CTPOKH.

Teneps ompezensercss 3HayeHHe MOCIEIHENH 3BE3NOYKH IEPBOIL CTPOKH:
3TO LHK(pa, KOTOpas OT YMHOXKEHHS Ha 2 JaeT YKCio, OKaHYMBAONIeecs HyJIeMm,
a OT YMHOXEHHs Ha 3 — 4HCII0, OKaH4uBaromeecst 5 (mateiil psin). Takas wudpa
TOJIBKO OJ{Ha — 3TO 5.

CpasHuBas UOPEI, CTOSILIME HA BTOPOM ¢ KOHIIA MECTE B 3 1 6 CTpOKax,
HaXoIuM, YTO B KOHLIE YETBEPTOM CTPOKH cToUT uudpa 0. Jlanee moxa 3Be3qo4Koi
BTOPOHU CTPOKH MOKET OBITh TONBKO LH(pa 8, Tak KaK IPH YMHOXEHHUH 8 HA YUCIIO
I5 nomysaercs umcno, oxanumparomeecss 20 (deTBepTas cTpoka). U HaKOHell,
ICHO, 4TO 3HA4YE€HWE IEPBOI 3BE3NOYKH CTPOKH 1 3To mudpa 4, moromy, uTo
TOITEKO 4 YMHOXXEHHOE Ha 8 NaeT pesynbTat, HauMHArOIMiCS Ha 3 (cTpoka 4).

OcrainbHEle 3Be310YKH HAXOATCS y)Ke HelOCPECTBEHHO, TaK YTO MOMyYHM
415-382 = 158530.

Orteer: 415 u 382

3ananue 6.

Ilycts BBICOTA NMPU3MEI paBHA X, a pajuyc Iapa, BIMCAHHOTO B HPH3MY
paBer 1. Torma oGbem npusmel Oymer pasen: V = x-S, = 6x. C Ipyrou
CTOPOHBI, 00beM Mpu3MbI Gy/IeT paBeH CyMMe 06heMa AT MHpaMH, Kaxaas U3
KOTOPOH HMEET BBICOTYy DPaBHYIO T, a OCHOBAaHHSMH [HMPaMHI OyIyT IpaHu

npu3Mel. I[IpupaBHAB 5TH 06BEMEL, TIOTYyYHUM PaBEHCTBO:

6-13 +14-+15+26
X =37 X+3r X+3r-Sxt+3r-6.

Orcroma HaxomuMm, uto 6x =4rx+4r, HO T = g, CJIeOBATEJILHO
4rx = 4x, r = 1, x = 2. Tlostomy V = 12.

OTtBer: 12



3ananme 7.
1
I'paduk pynkuu y = 2x + 7x CCTh HEHIETHas (QyHKLKS, KOTOpas HMeeT JBe
ACUMITOTRI: BEPTHKAIBHYIO X = 0 u HaknoHHYyI0 y = 2x. ITycts ABC wcKOMBIi

TpEYTONLHUK, ONHA W3 BepWIMH A nexur B Touke (—10;0), nBe mpyrue:

1
B (x; X+ Z)’ C — BepmMHa CHMMeTpHYHAs BEpIIHHE B OTHOCHTENBHO Havalia

1
KoopauHar, T.e. C (—x; —2x — Zc')

HyxHO MUHUMM3HPOBATE IWIOMWANE Tpeyronbaika ABC. ViMmeem:

Saapc = 2Sapap0 = 2 -%Ao *h, rne h — paccrosHHe TOUKH B OT OCHOBAHMUS
A, (0 — Havano koopaunar), Torna S = 10 - (Zx + 51;) ; x> 0).

Paccmotpum dyukumio f(x) = 2x + %, TaK a + % = 2,70 2x + % > 2.

Iostomy min f(x) = 2 npu 2x = % =>x = %
A torga min Sy = 10+ 2 = 20.

Orget: 20

3aganme 8.

[To Teopeme Buera ypaBrenne umeer nsa KopHs:

; 1.
sin 3x = EHsme = a.
R 2n 2m
OyHKIUA y = Sin3Xx HUMeeT Mepuox 3 »M09TOMY Ha IPOMEXYTKe |—;T|.

: 1
ypaBHeHHe Sin3x = 5 HMEeT [Ba pEUICHHsA, APYTO€ pEIICHHE WCXOIAHOIO

ypaBHeHHs Sin 3x = a. 3Ha4uT Hy)HO, 4TOOBl @ = 1 u Toraa OyneM UMeTh Tpu

KOPHSI.

OtBer: 1
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3ananue 1.

[Tycts B UTICC yuutest x crymeHToB, Torna B UDD — 1,5x, a B UTTCY
1,25x. A Ttorna B UTICC OTIHYHHUKOB 0,1x, B UDD 0,3x u B UTTCVY OTIHYHHKOB
—0,05x.

A TOT/1a CpeTHUI IPOLEHT OTIMYHUKOB Gy/IeT paBeH:

0,1x + 0,3x + 0,05x

; 04 = 170
x+1,5x +1,25x Sl

Otreer: 12%
3aganue 2.

IIpoBenem nokasatesbCTBO METOIOM MaTEMaTHIECKOH HHAYKLIHH.
Ilpu n =1 yreepknenne Bepro. [Ipennonoxum, uro npu n = k, k5 + 4k
JeNuTesA Ha 5, Torna npu n = k + 1, umeem:
(k+1)°+4-(k+1)=k®+5k*+10k® + 10k® + 5k + 1+ 4k + 4 =
= (k> +4k) +5- (k* + 2k® + 2k> + k + 1).
Otcrona Kaxaoe BBIpaKeHHE B CKOOKAaX NEUTCS HA 5, uTo U TpeboBaIoCh

J0Ka3aThb.

3ananue 3.
IMycte: f(x) = 9x3 — zx‘* +1§ ~ 3% +1.



Torma: f'(x) = 27x% —9x3 +x -3

Haxonum kputHdeckue TOUKH (T.e. KOPHY MPOU3BOIHOM GbyHKIUH).

IMomyanm: (x —3) - (1 —3x) - (1 + 3x) = 0.

Ormedast 51u Touky Ha ocu Ok, HONYyYMM MPOMEKYTKH, Iie Y, COXpaHseT
3Hak. CnenosarensHo, 0 < x S% (QYHKLHES MOHOTOHHO yGBIBaeT, mpu § Exs3

MOHOTOHHO BO3pacTaer.

+++ ——-= 4+ -

* *

1
— 0 3 3

i 5
Haxonum, uto f(0) =1,f (g) =3¢ - JHAUMT HAa BCEM MPOMEXYTKE OT

0<x<3 f(x) >0, T.e. NCXOHOE ypaBHEHHE HA 3TOM IPOMEKYTKE HE HMEET
KOpHEH.
OtBeT: He UMeeT
3ananue 4.
Ob6o3na4um cTopoHs! Tpeyronsuuka ABC a,b,c, a Meuans1 m,, my, e
Jns Tpex MeIHaH HMeeM paBEeHCTBA:
4mi = 2b? + 2¢? — g2
4mi = 2a® + 2¢? — b2
4m?2 = 2a? + 2b?% — (2
Haiinem a,b,c. Cnoxxum BTOpOe U TPEThe YpaBHEHHUE, MOTYIHUM:
4+ (mj +m2) = 4a® + (b? + ¢?) => noxcrasnss Bepaxenue (b2 + c?)
B IIEPBOE YpaBHEHHUE, IOTyUaeM:

g e

O

- (2m} + 2m? — m?)
AHanoruuHele (OpPMyYJIBl CHpaBelJdMBBl IS b u c. CrnemoBaTeibHO,
2 .2 2 4 2 =3
HaxoauM, 41O a® = - 73, b* = - 52, cé = 5-25. ITockonbky nisi KBamgpata

OoubILel CTOPOHBI TPeyroJIbHHKA BBINONHAETCS HepaBeHeTBO a? < b2 + ¢2, 1o mo
TeOpeMe KOCHHYCOB TPEYTOJIbHUK OCTPOYTOJILHBIH,

OTBeT: 0CTPOYro/ILHBIIH.



3amanne 5.

IIponymepyem CTPOKH HaHHOTO IprMepa cBepXy BHU3 (Bcero 6 cTpok). A
TOTJa B NATOH CTPOKe TpeThs Lu(pa Oynmer 5, a B mecToit CTPOKE MOCJIEeIHSA
uudpa TarKe mate. Tak Kak mocieqHss uHgppa B yeTBepToOit cTpoke 0, TO TPETh
uudpa B TpeTheil crpoke Oyxer 7. Tak Kak nepBas UKU(pa B UeTBEPTOH CTpoke |,
TO mepBast (Udpa B MATON CTPOKe NOKHA OBITH 3, U TOrIa nepsas Ludpa nepBoi
CTpoky Takke 3. Tak Kak yeTBepras wudpa B ueTBepTOM pAIy HOJB, TO BTOpas
LK(pa BO BTOPOM psifly MOKeT GbITh Toabko 4. OcTanocs OTPe/IEIUTh ABE U (PEIL:
TPETBIO BO BTOPOM psifly ¥ BTOpYIO Lupy B nepBoM psiny. JUis TpeThelt mudpsl
BOBMOJKHBI JTUIIb UUps! 7 U 9. B ciyyae 7 Bropas mudpa B IIEPBOM psIly JOJDKHA
OBITH 1Ba M MBI IIOJly9MM ABa yucia 325 u 147, KOTOPBI€ YIOBJIETBOPSIOT YCIOBHIO
3aJ]a4H.

Ecmu sxe TpeTss nubpa Bo BTopoit cTpoke Oyner 9, To He moJyYHTCH.

OtBer: 325, 147

3aganmue 6.

ITycrs 6oxoBoe peGpo mpusMsl paBHO x. Tak Kak Iap BIIMCaH B IIPU3MY, TO
ero auameTp paseH x. O6bveM mpmsmel V = x « Sy, = 9v/3x. C JPYro#l CTOPOHEI,

- X
00beM IpPH3MBI paBeH CyMMe OOBEMOB IIATH MMPaMHUI € BEICOTOH — M

OCHOBaHMAMH PAaBHBIMU ILTOIMA/H rpaHel npu3Mel. [ToaToMy momydmm:

1 1 x
9\/§x=—6-x-6-3x+2-§-§-9\f§ => 9v3x = 3x2 + 3xV3 =>x = 2v3.
Cnenosarensro, V = 9v/3 - 24/3 = 54
OtBer: 54
3ananme 7.

ITycte Tpeyronsuuk 4OB o6pa3zoBan oTpeskom AB KacaTelbHOI K rpadpuxy

¥ = (x + 1)?, nposenennoit B Touxe (a; (a + 1)?) u otpeskamu OB u AO Ha ocsx

BO-AO
KoopauHatr. Torga mmomans TpeyromsHuka AOB paBHa

. Ilpsimass AB —

KacaTenbHas K rpaduky y = (x + 1)%, umeer ypaBHenue:

y—(a+1)?=(2a+2) (x—a).



a-1

Orcrona HaxonuM KOOpAUHATHE Touek A u B: A (T : 0),B (0; —a? + 1).

CunenosarensHo, mnomans S(a) tpeyronsuuka A OB HAXOIUTCS 110 bopmyire:
la—1|-|1-a?
Sla) = LGl L .
4
a 1 ,
Takum o6pasom, HyxHO HaliTH a € |— o 0| Taxwue, yto pyHKIHS:
S1(a)=(1-a)-(1-a®)=a®—-a?+1—q

NpUHEMAaeT HauboJIbIlee 3HAYCHHE.,

TGk HaliTu HauGonbulee 3HaYenne QyHKIMH Ha [c; d] Hamo BHYUCITHTE
3HAYeHHs (QYHKUMU B €€ KPUTHYECKUX TOYKAX, IPHHALIEKAIIHX HHTEPBAITY

(c;d), BBIYMCINTL 3HAYeHHS B TOYKAX X =C U X=d u BbIOpaTh cpenu

ITOJIYYCHHEBIX YHUCell HauOoJIbIIEE.

Haxonum S;(a) = 3a* —2a — 1, orcioma KpUTHYECKHE TOUKH OyayT

1
a1=1,a2=_§.

1 1
B npomexxyTok (_E ] 0) TIONafaeT JHIIb TOUKA 4 = — .

i 4
Iosromy cpaBHuBaeM 3Havyenus S;(a) B Touxax — S TR 0. Haxomum, uro

1
HaubonplIee 3Ha4eHre S; Gy[eT B TOuke @ = — 3 + SHAYHT HauboubIIas MI0ma b
1
Oyzmer ipu a = —.
1
OtBer: a = — .
3ananue 8.

O6o3uaunm t = 22*~** > 0. torna:
2cos’t =a++V3sin2t <=>cos2t+1=a +/3sin 2t

<=> COoS (Zt + g) = Eg—l‘,TaI{ Kak 2t = 22-(x-1)? < 4,
m-’f-<2t+fs4+5=>—-15cos(2t+f)<E
3 3 3 3 2

== UCXOJHOE ypaBHEHUE Oy/IeT UMETh PEIIeHNs [IPH YCIOBHH:

T il WL S “ 2
o 2 > = sa 4

OtBer: [—1;2)
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3ananue 1.
ITycts B UTICC yuuTes a cryaeHToB, Toraa B UD® yuutcs 1,5a crynenTos.
Hesymek B UTICC Gyzner 0,1a, B UDD aesymek 0,3a. Torma cpenuuii mporeHT

neBylIeK Oy/er paBeH:

0la+03a o=t +100% = 16%
a+15a Y- 0= D70
OTtBer: 16%

3ananne 2.

JlokaskeM MeTO/I0M MaTeMaTH4ecKol WHmyKuui. [lpu n = 1 YTBEpXKICHHE
BepHO. IIpenmnonoxum, 4ro oHo BepHO npu n = k, T.e. 5k3 — 2k memurcs ma 3.
Torpa:

5:(k+1)°—-2-(k+1)=5k3®+15k2 + 15k +5 -2k —2 =
=5k — 2k + 3 (5k% + 5k + 1)

=2 YTBCPXIEHUE JI0KA3aHO, T.K. HMEEM CYMMy MBYX BBID&KEHHUH,

JeJAIUXCcs Ha 3.

3ananue 3.
ITycts y(x) = 2x% —x® —x + 3, Torma y'(x) = 4x — 3x2 — 1. Haxomum

" 1
KOpHM  mpou3BofHOW 3x2—4x+1=0 => Xy =37 ,% = 1. TIlo 3Haky



v 1
IIPOHU3BOJHOM HaxoauM, 4to npu 0 < x < 5 (yHKIMS MOHOTOHHO yGHIBaer, Ipu

Wk

< x < 1 MOHOTOHHO Bo3pacTaeT, a mpu 1 < X < 2 MOHOTOHHO yOriBaer. [ainee:

Iy 77
fO=3  f(3)=5 f0=3 f@=1

CrnenosarensHo, st x € [0;2] f(x) > 0, T.e. Ha >TOM OTPE3Ke HUCXOJHOE
YpaBHEHHE He UMeeT KOpHeil.

OTtBer: He uMeeT

3aganme 4.

ITycte nan tpeyronsuuk ABC, tne BH — BbICOTa, BM MenuaHa Tak, 4To

yrasr: ABH, HBM w MBC pasust. O6o3naunm £ABH = a, Torma 2BAH = g~ a,

£BCA = 1;— — 2@ NIpPUMEHUM K TpeyronsHukaM ABM u BMC TEOPEMY CHHYCOB:

AM__ BM  MC _ BM
Sinza-—sin(%——a’)'Sina_Sin(%—za)’

Tak Kak AM = MC, To pa3nenuB OXHO PaBEHCTBO Ha APYTOe, ITOJTYYHM:

Ccos 2 sina

= — <=>sin4a = sin 2a.
cosa sin 2«

: 1
Tak xak 0 < 3a < m, 10 sin 2a # 0, Torna cos 2a = = =>a =

T
=> LABC = E‘

CrenosarenbH o, TpeyronsHUK 4BC MpsIMOYTOJIBHEI,

OTBeT: NpsAIMOYroJibLHbIH

3ananue 5.

IIpoHyMepyeM CTpOKM CBepXy BHHU3 (BCETO IIECTD ctpok). Torna sicHo, 4ro
nepBble TP LUQPBl BTOpoit ctpoku Gymyt 325. Uersepras uudpa yerBepToit
crpoku Oyner 0. Tak kak Bropast uudpa 5 CTPOKH IISATh, TO 3TO BO3MOXKHO JIUIIb,
KOT/la IecTast Ludpa BTOpoit CTpoku GyaeT 2, a Toraa naras U mecTast CTPOKa 3TO
guciio 650, ciemoBaTenbHO, MATOE YHCIO B nepBoi crpoke ectb 0. [laiee,

3aMETUM, 4YTO IATast Lu(pa BO BTOPOM psiy GyIeT 6, cliejoBaTelbHO, YEeTBEPTHIN



psia ecth uncno 1950, a Tpetmit psaxn ects umcio 2015. U Hakower, TPEThE YHUCIIO B
NEPBOM pANy OyneT 6, a epBoe YKCIIO B [IEPBOM STy 5.

Taxum obpazom, 52650 = 325 - 162.

OrBer: 52650

3ananue 6.

ITycts GokoBoe pebGpo mpusMel paBHO x. Tak Kax IIap BIKMCAH B IIPU3MY, TO

ero auamerp paseH X. lInoumans ocHoBaHus pu3Msl GyneT paBHa:

1 :
Szz-Zzsin3O = 1.

Torna o6bem mpusms! paBeH x. C Apyroif CTOPOHEL, €CIIH COEMHHTE LIEHTp
lrapa CO BCEMH BEpLUIMHAMHU IPHU3MEI, TO IOJYYUM 5 MHPaMHUI, CyMMa 00BEMOB
KOTOPBIX TaKKe paBHAa 00beMy IIPU3MBL. ITpUPABHSB 5TH 06BEMBI, TTONYUYHM:

1 x 1 x 1z 2
X=2'='—+=r=x-224-- = x:2[2—-3=>x =
g 2 3 2 3 2 9. %

ot

OTBer: — -
2423
3ananue 7.

Ilycte ABO naHHbBIl TPeyroNbHHK, BEpIIMHA A — JIGKHT HAa OCH Ox,
BepIIMHa B Ha ocu Oy, a CTOpoHa AB TpeyrojbHUKA JEXKHUT HA KACATEIbHOH K
mapabone ¥ = (x + 2)?, nposenenHoit B Touke g, THe —1 < a <0, O — HEHTP
cucteMel KoopauHar. Torma ypaBHeHue KacaTellbHOM OyerT:

y=(@+2)2+2-(a+2) (x—a),

orpe3ok OB Gyner pasen 4 — a?, a otpesok OA = |a — 2|. CiiegosatenbHo,

nomane Tpeyronsauka ABO Gyzner paBHa:

1 |a-2| 5
S—-—E 5 (4-—61)

Hyxno naditn max|a — 2|+ (4 — a?) = 5,

Haxonum S| = 3a? — 4a — 4.

Kpurudeckue Touku ecTh KOpHH ypaBHeHus S; = 0.



2
O10 Oynyr Toukn a =2 u a = = B npomexyrok —1 < a < 0 nonagaer

2 2
JHIIG Touka @ = — 2. Torma npn —1<a < =5 S1(X) MOHOTOHHO BO3pacTaeT u
2
npu a = — S UMEeT MaKCHMYM.
2
Oteer: a = — 5
3ananue 8.

O0Ga BbIpaskeHus OTpeseNIeHk! s BeeX X € R, X cymMMa paBHa:
log,(sinx + 2) * (sinx + 3).
Ota cymMa OyneT paBHa eIMHHIIE TOTA U TOJIBKO TOTIA, KOT/a:
(sinx +2) - (sinx + 3) = a.
O6osHa4um sin x = t, Toraa KBaapatuHas GyHKIHS:
f@O=(+2) (t+3) = (t+;)2—%

Or i = —g , f(t) 6yner Bo3pacrars. Ho Tak kak —1 < t = sinx < 1, To

f(t) Oymer npumrmmarh 3HaveHus oT MmuHHManbHOTO f(—1)=2 g0
MakcumanbHoOro (1) = 12. 3HauMT U peleHns ypaBHeHHs OyIyT CYIIECTBOBATE
npu a € [2;12].

OtBet: a € [2;12]



