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Bsenenue 3

BBenenne

Yuurens u mxoabHUKH Camapckoit obnactu nauunas ¢ 2002
roja y4acTByior B EI'O u uMmeroT 6orarslil OIBIT IOATOTOBKH H CHa-
yu EI'D mo maremaruke. Kadenpa maremaruku CUIIKPO Ttpa-
JUIMOHHO BHIIYCKaeT COOPHHK MaTEepHAJIOB JJIsl IMTOATOTOBKH BhI-
IIyCKHMKOB CpeaHuX y4ueOHbIX 3aBemeHuit k EI'D nmo maremaTuke.
TI'masrON ocobernnocToio 2010 roga siBJsSIeTCS U3SMEHEHHAS MOIEb
BapuanTa KMMa, coxpansaBlIascsa B TeUeHHE IPEeAbIAYIINX JIeT:

1. He MCIIOJIBL3YIOTCS 3aJaHUs C BBIOOPOM OTBETA;

2. COKpaIlleHO OD0Iee 4KCJIO 3aIaHuit;

3. YyCHUJIEHa TeOMeTPUYeCKas JIHHMUSI;

4. yBEJIMYEHO YHCJIO 33JaHUI BHICOKOTO YPOBHS CJOXKHOCTH U
pacmupena Temarnka 3a5a4 (C6).

ITo npocbbamM yuuTeseil u BBIIYCKHHKOB B II0COOHME BKJIIOYEHBI
MeTOIUYeCKHe PEKOMEH JAlliH, cogepKalie 0630p THIIOBBIX 3a/a-
auit (tuma C5, C6) U COOTBETCTBYIOIINX UM CIIOCODOB DeIeHHUs, &
TaK2Ke IOAPOOHbIE PElIeHUsT OOJIBIIOrO YHCJIa 33a4.

B cratee C.B.Borarnipesa, nmocesiinenHoi 3amadaM Tuma CH
(Momysb, mapaMeTp) U METOAAM HX DelleHUsi COOpaHbl ¥ CHCTEMar
TH3UPOBAHbI IPAKTUYECKHN BCE BUJbI 33JaHUI, BCTPEYAIONINECS B
JEMOBEPCHH H TPEHHPOBOUHBIX BapHaHTaX 1o miany 2010 r. Pac-
CMOTPeH rpaduvyecKuii MeTOM, PeIleHUsT 33039 JAHHOTO THIIA.

B cratbe A. A. MakcioTHHA, IIOCBSIIEHHOM 3aJa4aM B II€JIbIX
uyncaax (tuna C6) mpepsioxken ciaexgymoommuit nogxon. B uucnosoit
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JIMHUM IIKOJIBHOTO KypcCa BblgeiieHbl 11 6a30BBIX 33134, B KOTO-
pbIx B HaubosbIIe! CTENeHH CKOHUEHTPHUPOBAHBI HAEH, ITPHEMBI,
METOZbl PaCCMaTPHBAEMOro pasjeiia IMKOJAbHOro Kypca. Ha MmHO-
FOYMCJIEHHbIX IPHUMEpPaX IIOKa3bIBAETCs, YTO PelleHHe IIpaKTH4e-
cku J1000# 3amaun C6 cBOZUTCS K HEKOTOPOM IIOAIIOCIEI0BATE b~
HOCTH 0a30BBIX 337a4 (peleHne pacKiIaJblBaeTcs 10 6a3ucy).
Euie ogroit 0co6eHHOCTHIO COOPHHUKA 3TOr0 roJa SABJISAETCS BKIIIO-

YeHHE OONOJHHUTENbHBIX 33434 ITOBLIIIEHHOTO M BHICOKOIO YPOBHSA
CJIOXKHOCTH, HE BOLIEIIIINX B BAPHAHTbI. JDTO CIAEJAHO AJ1s DoJjee
IIOJIHOT'O OXBaTa OCHOBHBIX HJIel, MEeTOJOB U IIPHEMOB, IIPUMEH sIe-
MBIX B JAHHOM pa3zeJsie nporpaMmbl. IIpu 3ToM 1og, cjI02KHOCTBHIO
pelleHnst 33J1a9d Mbl IIOHMMaeM OOBbEeKTHBHYIO XapaKTEPHCTUKY
pelleHus 3aJadd, KOTOpas ONPEeNEssieTcs He TOJIbKO YHMCJIOM HC-
II0JIL30BAHHBIX IIOHATHH, TEOpPEM, IPHUEMOB, HO TaKxKe HaJUIHeM
SIBHBIX ¥ OCOOEHHO HESIBHBIX CBA3EH MEXKY ITepeUHUCIEHHBIMH dJIe-
MenTaMu 3Hanuil. Ilog TpyaHOCTBIO pemieHHsi 33JaYH MBI IIOHHU-
MaeM CyObeKTHBHYIO XapaKTePHUCTUKY PelleHHs 3aJa4H, KOTOpas
OIIpeIesIsSeTCs CTENEHbIO TOTOBHOCTH PEIIAIONIErO IPOJAEMOHCTPH-
POBaTh BCe HEOOXOAUMBIE 3JIEMEHTHI COAep>KaHus 00pa30BaHus.



BapuanTt Nel 5

EnaunbIii rocyjapCcTBEHHBIII 9K3aMeH II0 MaTeMaTUKe

B1

B2

B3

B4

B5

BapuanTt Nel
Yactp 1

Nmeercst 10 smmmkoB, KaxKIblil U3 KoTopbix BecuT 1200 k.
Kaxkoe HauMeHbIIIee KOJINYECTBO TPEXTOHHBIX IPY30BUKOB I10
Tpebyercs IJif UX IE€PEBO3KHU?

Ha pucynke npusBeges rpaduk JBUKEHUsI JIAPTa CO BTOPOTo
STaXxka o IecToro staxa. Ha I‘OpI/IBOH:I‘a,JIbHOﬁ OCH OTKJIa-
JBbIBAETCS BpeMsi ABHKeHHst audTa (B cekynnmax). Ha Bep-
THUKAJbHON OCH OTKIaJbIBAIOTCs HoMepa dtaxeit. C nomo-
IIBIO 9TOr0 rpaduKa HalguTe CPeAHIO CKOPOCTDb ABHKEHU A
audra B TeveHun nepeoix 30 cekynn. BricoTa 3Tarka paBHA,
3 MmeTrpaM. CKoOpoCTh U3MeEpsIETCs B METPAX B CEKyHIY.

STax

= o Whdb OOy

BREMA

3 6 9 12 15 18 21 24 27 30 33 36

1

25

B Tpeyronbuuke ABC yron C pasen 90°, AB = /3, AC =
1,5. Haiigure yron B.

1\ 0dz—2
Hai#inure KkopeHb ypaBHEHHUS ( —) = 125.

CeMbst u3 3-x 4esoBeK (gBOe B3POCJBIX U OZUH PeOEHOK)
eJeT U3 ropoja B JepeBHIO. PaccTosiHMe MeXXAy ropoioM H
JepeBHeil paBHo 150 kM. ExaTs MoxxHO Ha aBTOOyCe, MM HA
JIMYHOM aBTOMOOMIe. BuseT Ha aBTOOYC ZJ1s1 B3POCJIOro CTO-
ut 190 pybaeit, a buner gna pebenka crout 50% crommocTu
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B6

B7

B8

bunera Ajst B3pocaoro. ABTOMOOUIb PacxoayeT 12 JuTpos
6ensuna Ha 100 kM nytu. Ilena Oensuna pasHa 21,5 pyO-
neit 3a 1 nutp. CKONBKO MPHAETCA 3aIIaTHTh 3a Haubojee

JELIeBYIO I0e3aKy 7

Ha kneTuaroit 6ymare ¢ pasamepoM KJjaeTkd lcMm x lem uz06-
paxxeH napaJuiejgorpamMm. Haltgure CHHYC OCTPOTroO yriia 3TO-
ro I1apaJsliesorpaMMa.

2 ,

1
Brruncnure logg 5 + logg 180"

Ha pucynke uzobpaxken rpaduk yukuun y = f(z). Haiigu-
TE€ CyMMY BCEX LEJIBIX 3HAYEHHN apryMeHTa, BXOAAMHUX B 00-
7acTh onpenencHus 3Toi Gyakuuu. (Pasmep kierku 1 x 1).
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B9

BricoTy nunurapa, obbeM KOTOporo pabeH 8,5, YMEHBIIH-

au B 1,5 pa3a, a paJuyC OCHOBAHHsI YBEJHUYMIH B 3 pa3a.
Haligure 00beM IMOyHEeHHOrO LUIHHIPA.

B10 | Ilox oropon oTBeZieH y4aCTOK 3eMJIK IPsIMOYTrOJbHOHN dop-

Mbl, IepuMerp Kotoporo pasen 120 merpos. Halinure nan-
OOJIBLIYIO BO3MOXKHYIO ILIOMIaAb TAKOIO YYaCTKa.



BapunanTt Nel 7

B11 | Haiinure nanbonbinee 3uavuenne GyHkuun f(zr) = 2cos T —
sin? z ma orpeske [0; 27].
B12| CkosibKO KHJIOIPaMMOB COJIM HaJ0 J00aBUTh K TPEM JIHT-

C1

C2

C3
C4

C5

C6

paMm 20%-HOro pacTeopa COJH, 4TOOBI HOJAy4UTh 25%-HbIi
ee pacTBop?

@

YacTe 2

Pemure cucremy ypaBHeHHi

3Y + 2sin2z = 0,
{ 2sin®z — 3sinz — 2 =0.

B ocuosannu npsmoit npusmel ABCA; B;C; nexur mnps-
MoyroJbHBIM Tpeyroaviuk ABC ¢ npsambiMm yriaom C. lua-
roHayb Oosbiuelt (o miomany) 60KoBOM rpanu pasHa 20
H COCTaBJIfeT C IJIOCKOCThIO ocHOBaHUA yroj 60°. Haitnure
yroj Mexkay IiockocTbio AB;C u MI0CKOCTBbIO OCHOBAHHUA
npusMmel, ecaun AC = 6.

Pemure nepasencTso log,_o(2 — |z — 1) < 1.

Ha cropone AC yrina ACB, pasuoro 45°, B3sara Touka D
tak, 4T0 CD = AD = 2. Haijinure paauyc OKpy>KHOCTH,
KOTOpas IIPOXOAHUT depe3 TOUYKH A u D u Kacaercs MpsaMoii
BC.

HaiiTu BCe 3Ha4YeHHs NMapaMeTpa @, IPH KOTOPBIX I'pa]HKU
aByx Gyakumit y = 3|z + 1|+ |z —6luy=3jz—2|+z+a
IIEPEeCEKAaIOTCsl POBHO B ABYX TOYKAaX.

Haitnure nHanbosnpiiee HaTypaJbHOE YHCIO0 72, AJIS KOTOPOro
2016! genurca ua 3™.
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Enunblii rocysapcTBeHHBIN 3K3aMeH IO MaTeMaTHKe

B1

B2

B3

B4

B5

BapuaHart Ne2
Yactp 1

Nmeercsa 13 amukoB, KaxXIblii u3 KoTopuix BecuT 900 xr.
Kakoe HauMmeHnbllee KOJHMYECTBO I'DY30BUKOB I'PY30II0AbEM-
HOCTBIO 3,3 T KaXXJbIll moTpedyeTcst AJisi UX NEePEBO3KU !

Ha pucynke npusezeH rpaduk ABMXKEHHs J1dTa CO BTOPOro
9Taka [0 LIeCToro 3raka. Ha ropH3oHTaJbHONM OCH OTKJa-
IbIBaETCs BpeMs ABrxKeHHUs nudTa (B cekynuax). Ha pepru-
KaJIbHOM OCH OTKJIaABIBAIOTCS HOMepa 3Taxkel. C ImoMOIIbIO
aToro rpacduka HalijuTe CKOPOCTb ABMXKEHUs JudTa ¢ 6-0it
o 30-yro cekyHzgwl. BeicoTa araxka paBHa 3 merpam. Cko-
POCTh U3MEPSIETCsS] B METPAaX B CEKYHIY.

JTaxX

2 Wb ODOgygo O

B?EMR

z+2

1)\ 2z-3
Pemure ypaBHEHME (5) = 9.

B Tpeyronsauke ABC yroa C pasen 90°, AB = 10, sinA =
0, 8. Haiigure BC.

CeMbsi 3 3-x 4esoBeK (ZBOe B3POCJBIX M OJUH peOEHOK)
eJeT U3 ropoja B AepeBHIO. PaccTosiHMe MeXJy rOpoJoM U
JepeBHeit paBHo 150 kM. ExaTe MoxHO Ha aBTOOYyCE, HNIU HA
JUYHOM aBTOMObOUE. Buner Ha aBTOOYC AJ1s1 B3POCJIOro CTO-
ut 190 py6aeit, a 6uner s pebenka crout 50% croumocTu
bunera mys B3pocsoro. ABTOMOOHIL pacxoayeT 12 nuUTpoB



BapuanTt Ne2 9

B6

B7
B8

B9

6ensuna Ha 100 kM nyTu. Ilena 6ern3una pasua 21,5 pybJein
3a 1 aurp. IlpeanonoxuM, 4TO ceMmbsi BolOMpaeT Haubosee
JemieBblil BapHaHT moe3gku. Ckoabko pyOJieil ceMbsi CIKO-
HoMuT 3a 10 Takux nmoes3gok?

Ha xneruaroit 6ymare ¢ pasMepoM KieTKd 1cM x 1M u300-
paXkeH TYIOYTOJIbHBIH TpeyronabHuK. Haliaure KocuHyC Ty-
IIOr0 YIJIa 3TOr0 TPEYTOJIbHUKA.

Brraucaure logg 5 — logg 30.

Ha pucynke uzobpaken rpacduk pyukuuu y = f(z). Hadtgu-
Te CyMMY BCEX LIEJIBIX 3HAYEHHUH apryMeHTa, BXOAAIUX B 00-
nacTb onpegenenus 3o Gyukuuu. (Pasmep knerku 1 x 1).

ny
)J
/
X
4 AN [ 7
/ ™~
/
g &

BricoTy KOHYca, 06beM KOTOPOro paBeH 15 yBennyuiau B 1,6
pa3a, a pagdyc OCHOBaHHS yBeauyuau B 1,5 paza. Haligure
00beM ITOJIy4EHHOI'O KOHYCA.

B10

B 300mapke KyckoM BepeskH aiuHoit 100 MeTpos oropogu-

JIM 3arOH JJIs 3Bepeil, uMeronmit GopMy IpsAMOYTrOJbHHKA.
OzHolt CTOPOHOI 3aroHa, IBJSIETCS CTEHA TaBUIbOHA. Kakyio
JJIMHY JOJDKHA IMETh MEHbINAS CTOPOHA 3TOTO MPSAMOYTOJIb-
HUKAa, YTOORI IIJIOIa b 3aroHa Oblja Haubosblei.
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B11 | Haiigure naubosbmee 3uauenne Pynkumu f(r) = 15 —
3 Cos T + €Os 3T Ha OTPE3KE [O; %} :
B12| Cmemanu 30%-ubii pacTBOp cosiHON Kuca0TH ¢ 10%-HBIM

C1

C2

C3

C4

C5

C6

1 rosty 4y 600 rpammos 15%-Horo pactBopa. CKOJIBKO IrpaM-
MoB 10%-HOro pactsopa ObLIO B3ATO?

Hactp 2

Permunre cucreMy ypaBHeHHH

3Y +tgzx =0,
4sin®z + 8sinz + 3 = 0.

B ocuobanuu npsimoii npusmel ABCA; B C) nexut npsmo-
yroapHblii TpeyronbHuKk ABC ¢ npsmeim yriom C, Karer
AC B pBa paza 6onbme karera BC. M3BecTHO, uTO mioc-
kocTb AB;C cocTaBisieT ¢ JIOCKOCThIO OCHOBaHUs yrog 60°.
ITop, kKakum yrioM JuaroHafsb 6obimel (o niomganm) 60Ko-
BOH I'paHM HAKJIOHEHa K IIJIOCKOCTH OCHOBaHUS?

Pemure nepaBercTBO log|,_o (3 — |z|) < 1.

OxpyxHocTb w nepecekaer cropory AC yrina ACB B Touke
A u touke D — cepenune orpe3ka AC. KpoMe Toro, oKpyx-
HOCTb w Kacaercs npsamoit BC. Ee paguyc pasen 10. Haii-
gure gauny orpe3ka AC, ecau yron ACB pasen 45°.
Oynxuus |22 + 2x| — |22 + 3z — 4] — a paccMarpuBaercs
na orpe3ke [—5;5|. HaliTu Bce 3Ha4eHus napaMerpa a, IpH
Ka2KJIOM M3 KOTOPBIX 3Ta (PYHKIMs IPHHAMAET TOJIBKO HEOT-
PULATEIbHbIE 3HAYEHHUS.

Haiinure Haunbosbinee HATYpPaJbHOE YHUCJIO M, OJ1s1 KOTOPOI'O
2009! nenurca na 49™.
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EnunHblii rocy1japCTBEHHBI 3K3aMeH N0 MaTeMaTHUKe

B1

B2

B3

B4

B5

Bapuant Ne3
Yacts 1

[TuenoBox nyiaHupoBaJ pPa3iuTh 50 JUTPOB Meda IO TPEX-
JIUTPOBBIM OaHKaM, HO B €r0 PACIIOPS2KEHUHN OKa3aJIUCh TOJIb-
KO gByxjuTpoBhele Oanku. Ha ckosbko 60sbllie OBYXJIUTPO-
BEIX DAHOK, YEM TPEXJIUTPOBLIX IIOTPeOyeTCs MYEI0BOAY, YTO-
OBl Pa3UTh BECh MEX !

Ha pucynke npejcrapieH rpadHuK 3aBUCHMOCTH BEJIHMYHHBI
CHJBI YyIPYrocTU OT JedhopMalluyl NPy>KHHbI. 3aBUCHMOCTD
CHJIBI ynpyroctu F' or gedopmanuu T BbIpakaercsa ¢op-
mysioit F' = kz, rne kK — k03 DHULHEHT >KeCTKOCTH NPy >Ku-
Hbl. Ha ropH30HTaIbLHON! OCH OTKJIAIbIBAIOTCS 3HAUEHHUS Oe-
dbopmauuu npyxunbl (B Merpax). Ha BepTukanbHOit ocu oT-
KJ18IbIBAIOTCS 3HAUEHUs BEJIUYHHBI CHJIB! (B KUJIOTPAMMAaX).
Haitgure ko3¢ dunmeHT >kecTKOCTH Kk NIPy>KUHBI.

\F

20

10

X

a
>

005 01 015 0,2 025

Haiinure kopeHb ypaBHEHUS log% (1,6x + 36,8) = —2.

B tpeyroabuuke ABC yron C pasen 90°, AC = 8§, tgA =
0, 75. Haitnure BC.

W3 nynkra A B nyHKT B MOXXHO npoexaTh o TpeMm pa3iny-
HbIM JoporaM. IlepBas gopora, moJHOCThIO achaJIbTHPOBAH-
Had, uMeer aauray 500 kM. Bropast mopora cocTouT B3 ABYX
YYaCTKOB: OZHH y4aCTOK SBJISIETCSA IIOJIHOCTBHIO ac(albTHPO-
BaHHBLIM U UMeeT gauHy 150 KM, a BTOPO# y4acTOK SIBJISETCS
rpyHTOBO# noporoit u umeer gauny 250 kM. Tperbsa mopo-
ra sBJsieTCs IOJHOCTbIO IPYHTOBOM U uMmeer giauHy 300 kM.
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B6

B7
B8

B9

Ckopocrb aBTOM0OOMIA 10 acdalbTUPOBAHHON JOpore pas-
Ha 80 kM B 4ac, a 1o rpyHroBoit — 50 kM B 4wac. ITo kakoit
jopore BpeMmst moe3nku Oyner nambonpmum? Hattnmure 1o
BpeMs (B 4acax).

Ha kieruaroit Oymare ¢ pa3MepoM KJIeTKH 1cMm X 1cM u300-
pakeH IlapaJiiesorpaMM. deMmy paBeH KBaIpaT AJIMHbI MEHb-
el JUAroHaJd 9TOro IapaJijieorpaMmma’

~

7

L

Buruncaure 0, 3711108036,

Ha pucynke uzobpaxkes rpacduk dyukuun y = f(z). Haltgu-
T€ CyMMY BCEX LIEJIbIX YMCeJl, IPHHAJIJIEXKAIINX MHOXKECTBY
3HaveHui aroit Gynkuuu. (Pasmep kimerkm 1 X 1).

ny

N

CTopoHy OCHOBaHMS NPABUJBLHOI YETLIPEXYTOJBLHOM IIpHU3-
MBI 00b€M KOTOpPOIi paBeH 15, ypeauunnu B 1,2 pas3a, a BbI-
cory B 1,5 paza. Haiigure 00beM 1mosy4yeHHO} IIPHU3MHI.

B10

Teno, BhIMyIIEHHOE BEPTUKAJBHO BBEPX, ABIXKETCH IO 3a-

xoHy h(t) = 40t — 5% (Bnicora mombema h(t) uaMepsercs
B MeTpaX, a Bpems t B cekyHjax). Haltgure HanOObIIyIO
BBICOTY IIOJbEMA TEJIA.



Bapuant Ne3 13

B11| Touka apuraercs nmpsMoJIMHEHHO mo 3akoHy s(t) = & +

1 .
6% — §t3, rae s(t) — DpoliaeHHbI TOYKOU myTh (B MeTpax)

3a BpeMs t (B cekyHpmax). Haiigure Hanbosbinee 3HavYeHHE
CKOPOCTH TOYKH.

B12| Bacceitn HamonHsaeTcs: Boaoit yepe3 aBe TpyOb! 3a 12 1acos.
Oaua nepsasg TpyOa 3amosHsier ero Ha 10 4acos ckopee, yeM
OJHA BTOPas. 34 CKOJILKO BPEMEHHM MOXKET 3aIIOJIHUTBL Oac-
celfH OJHa TPyDa ¢ MeHbIIel IPOU3BOAUTEILHOCTBIO?

Yacte 2

C1 | Pemure cucreMy ypaBHEHMIT

2y% — 2y + cos 2z + 2cosz = 11,
cosz—y=1.

C2| B npaBunbHoit YeTsipexyroabaoii npusme ABCDA1B1C1 D,
JuaroHajb OCHOBaHMS B 2 pa3a Oonblie 6oxkoBoro pebpa.
Hailtgure yron mexay nmockoctbio ACB; u 00KoBOi rpa-

ueio BB,C,C.
C3| Pemmure HEpaBeHCTBO log[3z+5|(3:c2 +8x+9) > 2.

C4 | /IBe OKpy>KHOCTH UMEIOT POBHO OJHY 00m1yio Touky. K mep-
BOIl 3 HUX IPOBEJEHA KAcaTeIbHAs, IPOXOAAIIAs Yepe3 LEHTP
BTOPOI OKpy2KHOCTH. M3BECTHO, YTO pPAaCcCTOsIHUE OT TOYKHU
KaCaHHUS IO IEHTPA BTOPOil OKPY2KHOCTH DABHO IIOJIOBHHE
PACCTOSIHHST MEXKY LEHTPaMu OoKpyxKkHocteit. Haitnure pa-
JINYyC IEPBOil OKPY>KHOCTH, €CJIH paJauyc Bropoii paseH 10.

C5| Hailitu BCe 3HaYeHHs apaMeTpa G, IPH KOTOPBHIX TOYKH
rpaduka byskuun y = 2|z + 2| + 2|z — 4| gna = u3 us-
tepBaJia (—4;—2) JexaT HIXKe To4eK rpaduka (PyHKIHUU
y = 4|z — 2| — z + a, a gns = u3 unrepsana (0;2) — BeiLIE.

C6 | Haitnqure Hanbonbiiee HATypPaJbHOE YHUCJIO N, JJIS KOTOPOrO
2017! nenurcsa uHa 6™.
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B11

2
Touka ABHraeTca NPAMOJMHENHO 10 3aKoHY s(t) = =t° —

3
2t° + 5t, Toe s(t) — mpoiZeHHbI# TOYKOM NyTh (B METpax)

3a BpeMs t (B cekyHzax). HailimuTe HamMeHbINee 3HAYEHUE
CKOPOCTH TOHYKH.

B12

JlBe MaImMHUCTKY BMecTe Haneuaraay 65 CTpaHuLl, IIpuieM

C1

C2

C3

C4

C5

C6

nepBas paborasa Ha oguH 4yac bosbue BTopoil. Tak KakK BTO-
pas MAIIMHHUCTKA IE€YaTaeT B 4aC HA ABE CTPAHUILBI OOJIbIIE
IIEPBOI1, TO OHA HamevyaTaJja Ha b crpanul 6osabuie. CKOJIbKO
CTP&HMUI] B 9aC I1€YaTaeT BTOPasi MAIIUHUCTKA?

Hacts 2
Pemmure cucremy ypaBHeHuUi

cos2z — 2y* + 2y =1,
cosx — 2y = —3.

I'panu ABC u ADC rterpasapa ABCD nepneHauKyJispHbL
H SABJIAIOTCS PaBHOOEIPEHHBIMH TPEYrOJIbHHKAMHU C 00IuM
ocHoBanueM AC. Touku E u F — cepenunsnl pebep AD u CD
coorBeTcTBeHHO. Haiizure yron Mexay nnockocTamu ABC
u FBE, eciu U3BECTHO, YTO IJIOMIaNb Tpeyroabunka ABC
B 3 pa3a MeHbIIe IO Tpeyrojbuuka F BE.

Pemnre HepaBeHcTBO log|, 4 (2% — z —4) > 1.

B BHIIYKJIOM YeTHIPEXYTOJbHUKE OMATrOHAJIN B3aHMHO IIEp-
neHAnKyaapHel. CepeJuHHBIE NEPIEHINKYISAPBI K TPEM CTO-
POHAM ITOr0 4YeTHIPEXYTOJbHUKAE IIPOXOIAT Yepe3 OJHY TOY-
Ky. VI3BeCTHO, YTO TPH CTOPOHBI YETHIPEXYTOJILHUKA PABHEI
2, 3, 4. HalinuTe 4eTBEPTYIO CTOPOHY YETBHIPEXYTOJIbHUKA.

HajiTu BCe 3Ha4YeHUA NMapaMeTpa a, O KOTOPBIX MHTEPBAJI
(—2; —1) Oyner pemeHneM HepaBeHCTBa 2% + 2|z — a| + |z —
1] < 3.

HaiinnTe Hanbosbiiee HATYPAJIBLHOE YHUCJIO T, OJIA KOTOPOTO
2011! penurca Ha 15™.
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EnuHblil rocyJjapCTBEHHBIN 9K3aM€EH II0 MaTeMaTuKe

Bl

B2

B3

B4

B5

BapuaHt Ned
Yactp 1

Kuura-asyxtomMunk crout 360 pybuneit, npu 3TOM IepBBIi
toM gemesiie Broporo Ha 20%. Ckonbko py0sieit cTOUT mep-
BRI TOM?

Ha pucynke npencraeieH rpadgukK 3aBUCHMOCTH TEMIIEPATY-
pel T Bogbl B uaiinuke or BpeMenu t. Ha ropusoHTasbHOIM
OCH OTKJaJbIBaeTcs BpeMs (B MuHyTax). Ha BepTHKaIbHOMN
OCH OTKJI3ALIBAIOTCH 3HAYEHUS TEMIIEPATYPLI BOJALI B YaHH-
Ke (B rpagycax mo lenncuro). CkonbKoO MHHYT KHUmes yaii-

HUK?
' T

10

80 /
70 /
60
50 /
40 /
30
20

10 t

12 34567 8910111213

Pemure ypaBHenue v/x + 16 = z — 4.

B tpeyronbuuke ABC yron C pasen 90°, CH - BhICcOTa
Tpeyroybauka, cos A = 0,8; BC = 3. Haiinure AH.

L7151 cTpouTenbCTBA rapaka MOXKHO HCIOJIL30BATH OOMH U3
IBYX BUJOB (PyHIAMEHTA: KaMEHHBIH, uau O6eToHHbIN. Jna
6eToHHOro pyHzaMeHTa HaIO 5 TOHH IebOHa U 50 MELIKOB
LIEMEeHTa, AJI KAMEHHOrO — 7 TOHH IPUPOJHOIO KaMHS U 8
MeIIKOB ueMeHTa. ToHna kaMmHa crouT 1600 pybneii, TonHa
mebns — 700 pybaeit, memox uemenTa — 200 pybueit. YkKaxku-
T€ HaMMEHbIIYI0 CTOUMOCTb MaTepHaJja, HeOOXOIUMOro s
IIOCTPOEHHs PYHIAMEHTA rapaka.
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B6 | Ha kneruaroit Oymare ¢ pasmepoM kjiaeTku lem x lem u306-
paxkeHa npamoyrouabHas Tpaneuus ABCD. Hagure paguyc
OKDPY2KHOCTH, OIIMCAaHHOM BOKPYr Tpeyrojbuuka ABC.

A

B7| Beraucaure log, 15 / 4(n Ved).

B8 | Ha pucynke uzobpaxken rpadpuk bynkuun y = f(z). Haii-
nuTe HAubONBIIYIO AJHUHY OTPE3Ka, HA KOTOPOM (YyHKIUA
MoHoTonHa. (Pasmep kmerkm 1 x 1).

1y

L 2a

B9 | Ilnomank 60K0OBOM TOBEPXHOCTH IIPABUJIbHON Y€TBIPEXYTOJIb-
HOH nupamuapl 240, cropoHa ocHoBanus 12, peicora 8. Hail-
JHUTE BLICOTY OOKOBOM IpaHU NHPaMHIBL.

B10 | TemnepaTypa oCTBEIBAIOIIErO 3JIEKTPUUECKOr0 YaHUKA OITH-
ceiBaerca (opmymont T(¢) = 20 4+ 80 - 27%% (remnepary-
pa T'(t) uamepsieTcss B rpauaycax, a t — Bpems, IIpolIejIIee
C MOMEHTa OTKJIIOYEHUsA YaUHHUKA, H3MEPSAETCI B MUHYTaX).
CkosbKO MHHYT TeMIlepaTypa HaifHuKa OyaeT He MeHblue 60

rpajycos.
B11 | Hdana bysxmua f(z) = r2(2z — 3) — 12(3z — 2). Haitaure
ee HaubOJIbIIIee 3HAUEHHE Ha OTpe3ke [—3; 6].
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B12

JlBe KoJIOBI 3amoJiHeHbI pacTBopoM cojH. Ob6beM mepBoit

C1

C2

C3

C4

C5

C6

KoJ0bI Ha 35% 6oabine 06beMa BTOPOH, KOHLIEHTPAIUs pac-
TBOpa B nepBoif Kojbe Ha 35% MeHbIe, yeM BO BTOpPOIi.
Ha CKONbKO IPOLIEHTOB MEHbIIE COAEPXKUTCA COJIM B IIEPBOi
KoJ6e, ueM BO BTOpOii?

YacTb 2

Pemure cucremy ypaBHEHHUI

cosy-v2sinz+1=0,
4cos®y+2cos2z+1=0.

I'panu ABC u ADC Terpasapa ABCD nepneHauKyiasipHbI
U SIBJISIIOTCH paBHOOEIPEHHBIMH TPEYTOJBHUKAMH C OOIUM
ocuoBanuem AC. Touku E u F' - cepenunbl pebep AD u CD
cooTBeTCTBEHHO. M3BecTHO, YTO mockocTh F'BE cocrasis-
eT yroa 45° ¢ miuockocTbi0 ocHOBauMs. Halaure niomanb
ceuenuss FBE, eciu miomaab oCHOBaHUS paBHA 64/2.

z—10 >+3go.

2 —6x 45

B HexkoTopbIil yrosa BnucaHa OKpPY2KHOCTb pajuyca 6, a Jjiu-
Ha XOp/bl, COETUHSIONIEH TOUYKH KacaHus, paBHa 8. Ilapau-
JIEJIBHO 9TOM XOpJe MPOBEIEHbI JIBE KaCATEJIbHbIE K OKPY2K-
HOCTH, B pe3yJbTaTe 4ero mojyduaach Tpanenus. Haiiaure
IJIOIIAAb 3TOM TpaleLyuu.

Pemure nepasencTso log Y773 (

Haiinure BCE 3HAYEHMs NApPaMETPa @, OPH KAKIOM H3 KO-
TOPLIX HEPABEHCTBO 3 — |T — a| > z2 umMeeT X0Ta GBI OAHO
OTPHULATEILHOE PElleHHUE.

HaitguTe BCce mpocThie uucaa k, aaa Koropuix uucao 2009!
nenurest va k*.
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Eaunblii rocyaapcTBeHHBIN 3K3aMeH II0 MaTeMaTHKe

B1

B2

B3

B4

B5

Bapuant Ne6
Yacts 1

KocTtioM, cocTrosmuit u3 numxaka u O6pwok, croutr 5400 py6-
Jneit, mpuyeMm nugKak Ha 25% mopoxke, yeM O6proku. CKONBKO
py0Oaeit cTOUT MUIXKaK?!

Ha pucynke npeacrapiieH rpaguk 3aBUCHMOCTH TEMIIEPATY-
pel T' Bogbl B uaiiiuke oT Bpemenu t. Ha ropuzoHTanbroil
OCH OTKJIagbiBaeTcs BpeMs (B cekyHzaax). Ha BepTuKaabHOIM
OCH OTKJIAZBIBAIOTCA 3HAYEHHs TEeMIIEPaTypPhl BOAbI B daii-
uuke (B rpaaycax no [lenbcuro). CkoJbKO MHHYT OCTHIBAJIA
BOJIa B YalHuke?

3\ T

10 ]
90 A
80 4
70 /
60

50 /

40 /
3o}
20

10 t

12 34567 8910111213

Haiigure KopeHb ypaBHEHHS /3 — 2T = —Z.

B tpeyronsuauke ABC yron C pasen 90°, CH - BbICOTA
Tpeyroiabuuka, AH = 3,2; BC = 3. Haitgure sin A.

st cTpouTebCTBA rapaka MOXKHO HMCIIOJIb30BaTb OJUH U3
ABYX BHJAOB (hDyHZAMEHTa: KaMeHHBIH, niau O6eTronubiil. Jns
berorHOro pyHIaMeHTa HaJ0 O TOHH Imebus u 50 Memkos
IIEMEHTA, JAJIS KAMEHHOI'o — 7 TOHH IIPUPOJHOro KaMHs U 8
MEIIKOB IleMeHTa. ToHHa KaMmHsa crouT 1600 pybieit, TOH-
Ha mebua — 700 pybneit, memok nementa — 200 py6ueii.
Ha ckonbko py0Jieit CTOUMOCTb MATEPHAJIA, AJ1s1 IIOCTPOEHHU S
dbyHmaMeHTa B JOPOroM BapHAHTE OOJIbIIE, YEM B JIEIIEBOM?!
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B6 | Ha xneruartoit 6ymare ¢ pa3MepoM KieTku 1lcMm x leMm u3ob-
paxkeHa npsiMmoyrosbHas Tpaneuus ABCD. Haiiaure nio-
manb Tpeyroyabuuka ACD.

FB l
D
27

B7 | Brruucnure logs vk

B8 | Ha pucynke nzobpaxxen rpacduk ¢yukuuu y = f(z). Hait-
JUTe HAUMEHBIUYI0 IJIMHY OTPe3Ka, Ha KOTOPOM (PYHKIUS
moHoToHHa. (Pa3mep kieTku 1 X 1).

1y
JI\
/
/
A
/ N\
\ \

B9 | ITnomaapr 60K0BOII ITOBEPXHOCTH NPaBHJILHON TpPeyrojbHOM
nupaMuabl paBHa 288, BeicoTa 60koBoit rpanu 8. Halimure
BBICOTY ITMPaMHIBL.

B10 | TemnepaTypa oCTBIBAIOIIErO JIEKTPHUECKOT0 YA HIKA OIIH-

ceiBaercs popmysoit T(t) = 20 + 80 - 27%2 (temmeparypa
T(t) u3MmepsieTcss B rpaaycax, a t — BpeMs, IpOILIEHUIee C
MOMEHTa OTKJIIOYEHHs 4YallHHKa, U3MEPSAETCS B MHHYTaX).
CKOJIbKO MHHYT TeMIlepaTrypa d4aiiHMKa OyZeT He MeEHbIIE
60 rpaaycoe. CKOJIBLKO MHHYT TEMIIEPATypa dYalHuKa OyIeT
B npexenax oT 40 xo 60 rpaxycos.
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B11

Hana byukuus f(z) = 12(3z — 2) + (3 — 2z). Haitoure

ee HaMMeHbIllee 3HAYEHUe Ha oTpe3ke [—3;4].

B12

JlBa 3aBoga NO IIaHy OOJKHBEI ObLIM BBINYCTHJ 33 Me-

C1

C2

C3

C4

C5

C6

can, 720 crankos. llepBblit 3aBox MEpeBBINIOIHUI IJIAaH HA
48 craHkoB, BTopoii — Ha 10%, 1 BMecTe OHM BBIIIYCTHJIM 34
Mecal, 800 crankoB. Ha CKOJIBKO NPOIEHTOB IE€PEBBINIOIHUII
IJIaH IePBLIN 3aBOA?

YHactp 2

Pemiure cucremy ypaBHeHuit

cosyv4dsinz +1 =0,
{ 6 cos 2z + cos 2y + 2sinx = 3.
OcHoBaHHEM NEpPaMHILI CIY>KUT KBaIpaT, 1Be OOKOBbIE rpa-
HU 9TOH NUpaMuIbl NEePneHAUKYIsiPHbI K IJIOCKOCTH €€ OC-
HOBaHHU#, Be Apyrue ee OOKOBBIE IpaHU OOpa3ylOT C IJIOC-
KOCTbIO OCHOBAaHHsI PaBHBIE JABYTrPAHHLIE YIJIbl, Ka)KIbli U3
KOTOpBIX paseH 30°. BeicoTa nupamuae! pasra /2. Haitaure
momanb 60KOBOM NOBEPXHOCTH NHUPAMU/ILI.
T — 8

2 — 4z + 3

B yrou, paBusbif arccos(—1/9), BINCaHa OKDPYKHOCTD PaJii-
yca 3. ITapannenbHo xopae, COEAMHAIONEH TOYKH KaCaHus,
IIPOBEJIEHHI JBE KACATEJIbHBIE K OKPYKHOCTH, B PE3YJIbTATE
Yero noJsiyumiach tpaneunus. Haligure romaap aToit Tpa-
(3107028

Pemmnre HepaBencTso log ¥z=3 ( ) +3<0.

HaiiTu Bce Takue 3HaYEHUs TapAMETPA 4, AJIsi KOTOPbIX ypaB-
HeHUe 2z — |2z — |z + a|| = 3|z — 2| uMeeT poBHO LBa KODHS.

Haitnure BCce mpocTeie uynucaa k, 1jst KOTopeix yuciao 2009!
nemurcs Ha kFTL.
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EnunbIit rocyJapCTBEeHHBbINl 3K3aMeH 10 MaTeMaTHKe

B1

B2

B3

B4

B5

Bapuant Ne7
"Yactb 1

Ilepsoit 6purage Hago OBIIO BCraxaTh 25 ra NallHU, BTOPOi
— 21 ra. IIpousBoguTenbHOCTL TpyJa BTOPOY Opuraibl Ha
30% MeHbie, yeM y nepsoit. Bo ckoabko pa3 (no BpemeHn)
onHa Opuraaa 6yzer paborarb bosblie, YeM Apyras’

Ha pucynke npencrasiieH rpaduK 3aBUCHMOCTH TEMIIEpaTYy-
pel T BOABI B 4HaliHuke oT BpeMeHu t. Ha ropusonTa bHOM
OCH OTKJI3JBIBAETCs BpeMst (B cekyHzaax). Ha BeprukaJbHOI
OCHM OTKJIQJIBIBAIOTCs 3HAYEHMS TEeMIIepaTyphl BOJABI B 4Yaii-
nuke (B rpagycax no Ienscuio). Ha ckosibko rpagycos mo-
BEICHJIACh TeMIIEpaTypa BOABI B YallHMKE B NEpPHOL, CO 2-Oi
no 4-yio MHHyT_F’?
}

10
90 e

80 4
70 /,
60
50 /
40 /
30

20
10 t

12 34567 8910111213

2y +/y=0,7
BVT — 2y =0,4 "

IIycre (zp;yo) — pelmeHue CHCTEMBI {

Haitgure cymmy o + Yo.

B rtpeyroabuuke ABC yroan C pasen 90°, CH — BoicoTa
rpeyroybHuka, AH = 3,2; cos A = 0, 8. Haitqure BC.
ABTOMOOMIHCT 3alIpaBUjI MAaIINHY O€H3MHOM M 3aIlJIATHJI 33,
sanpaBky 500 pybaeit. CroumocTs 1 surpa GeH3uHA paBHA
21,5 pybaeit. I3pecTHO, YTO IIPH IBM>KEHMM MAIIHHBI 1O IO-
pony pacxol 6en3una cocraBiser 12 jurpoB Ha 100 kM, a
1o 3aropoguomMy mocce — 9 jurpoB Ha 100 kM. ABTOMOOU-
JINCT IIpoexaJtl Io 3aropogHoMy mocce 120 kM ¥ 0 ropoxy
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B6

B7

B8

B9

— 70 kM. CkoybkO JUTPOB OEH3WHA OCTAJI0Ch B Dake mocJe
noesgku. OTBeT OKpPyriMTe 4O IEJOTO YHUCJIA.

Ha kseTuaroit 6ymare ¢ pa3mepoM KJeTkd 1cM X 1cM u300-
paXkeH paBHOOeZpeHHBIN TpeyroabHukK. Haiinure paguyc ok-
PY>KHOCTH, OIIHCAHHO} BOKPYT 3TOr0 TPEyroJbHHUKA.

NC

Beruucsaure 6419845 4 101182,

Ha pucynke usobpaxkes rpadpuk pyskuya y = f(z) Ha or-
pe3ke [—5;5]. Haliagure uncio skcrpemymos dbyukuuu. (Pas-
Mep KJeTKH 1 X 1).

ty

IInomans 60KOBOM NMOBEPXHOCTHU NPABUJIBLHOI IIECTHUYIOJIb-
HOM nupaMuabl papHa 468, cTOpOHA OCHOBaHUA 12, BBICOTA
6okoBoii rpanu 13. Haitaure BhICOTY nUpaMUALI.

B10

JJisi BBIYHCJIEHHsT TOPMO3HOI'O IIyTH aBTOMOOUJISA HCIIOJIb-

2
sytoT popmyny S = Y53% rpe § - nuuHa TOPMO3HOrO IIy-

T (B M€Tpax), v — CKOPOCTH aBTOMOOWIS Iepes Ha4daJIoM
TOpMOXKeHHUs (BblpakeHHass B KM/4ac). C kako# Hauboib-
el CKOPOCTBHIO MOXKET €XaThb aBTOMOOMJIb, YTOOBI TOPMO3-
HOI nyTb He npeBbimaJ 50 MeTpOB.
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B11

IIpn kakux 3Ha4eHnsx ¢ > () Touka x = 3 sABJIAETCHA TOUKOH

muHEMYyMa byskmuu f(z) = 223 — 6a%z + 37

B12

CenbCKOX035AMCTBEHHBIN KOOMEPATUB MMeEeT ABa I0Js Nps-

C1

C2

C3
C4

C5

C6

MOyroabHo# dbopmbl. JdnuHa BTOPOro nojis B moJTOpa pasa
Goubie, a mupuHa — Ha 20% MeHblIe, YeM y mepsoro. Ms-
BECTHO, YTO ypOXKAMHOCTb BTOpPOro moJs cocrasiaser 90%
ypoxkaitHocTu nepsoro. Ha ckonbko mpoueHTOB ypoXkail Ha
BTOPOM I0Jie DO/IbIIE YeM H& MEePBOM?

Yactb 2

Pemure cucremy ypaBHCHUIA

{ 2sin®y — siny — 1 =0,

VT —2=2cosy.

Wzeectro, uTo ocuoBauusa ABCD u CDEF asyx npaBuiib-
HbIX 4eTblpexyroJbHbiX nupamung ABCDG v CDEFH ne-
’KaT B OAHO# IJIOCKOCTH 1 uMeloT o0uryio cropory CD. Bep-
muHbl G ¥ H 3Ttux nupaMuz jexar 10 OgHY CTOpOHY OTHO-
CUTEJIbHO IJocKocTu ocHoBaHuil. Haiaure paccrosHue mex-
oy toukamu G u H, ecnum u3BectHo, uro AB=HF = 1.

Pemure nepaBeHcTBO 1/blogs  — 4+ /6log, z + 1 < 3.

B Tpeyronbuuk ABC Bnucana okpyXKHOCTb. KacarenbHas K
OKPY2KHOCTH, napaJsnenbHas cropone AC, nepecekaer cro-
porbl BA u BC B Toukax M u N coorBercTBeHHO. OTPE30K
MN pagen 12. Haitaute cropony AC, eciu nepuMerp Tpe-
yroabHuka pases 100.

Haiitu Bce Takue 3HaYeHUs NapaMeTpa a, 4J1s KOTOPBLIX Hau-
MeHblee 3HadeHne yskuun y = |t —1|+|x—2|+|z—a|—3
OyneTr NoJIoXKUTENbHBIM.

Haitgute HauMenbiee nmpocToe 4ucio k, ajs koroporo 2008!
He IeJUTCA Haueso Ha kF.
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Enunbiii rocyJapCTBEHHbIA 9K3aMeH II0 MaTeMaTUKe

B1

B2

B3

B4

B5

BapuaHT Ne8
Yacre 1

Angppero Hago nepedparb 12,5 kr rpubos, bopucy — 7 kr.
CkopocTb, ¢ KoTopoit TpysuTca ARZpeil, B 2 pa3a Oosblie
ckopoctu bopuca. Bo ckonbko pa3 BpeMsi paboTbl OZHOIO
MaJbpYuKa 00JIblle, Y4eM BpPeMsi BTOPOro?

Ha pucyHske npeacrasjieH rpadUK 3aBUCUMOCTH T€MIIEPaTY-
pel T BOmbl B 4aliHuke oT BpeMmenm t. Ha ropusoHTanbHOM
ocu OTKJaapiBaercsa BpeMs (B cekynnax). Ha BeprukabHoi
OCH OTKJIQJbIBAIOTCs 3HAYEHUs TEMIEpaTypbl BOJbI B 4aii-
Huke (B rpafycax no Ilenabcuio). B Teuenun kakoro npome-
’)KYTKa BpeMeHH (B MHHYTaX) T€MIepaTypa BOJbl B YaliHUKE
Ob1s1a He Menbine 90 rpagycos no Llenbcuio?

T
10

géi

80

70 /
60 /,
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40
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IIycte (zg;yp) — peleHne CHCTEMBI { 2VF — /= 0,6

Haitaure pasnocts g — ¥p.

B rpeyroavuuke ABC yroa C pasen 90°, CH - BbicOTa
TPEeyroJIbHUKA, sin A = 0,6; BC = 3; AH = 3, 2. Haitgure
AB. -

ApromMobusucT 3anpaBus MAIIMHY O€H3MHOM M 3aIUIATHJ 38
zanpaBky 500 pybaeit. Croumocts 1 nurpa 6eH3MHa paBHA
21,5 py6uneii. U3BecTHO, YTO NpH JABUKEHHUM MAIIUHBI IO I'O-
poay pacxon 6eH3uHa cocTaJiser 12 nurpos Ha 100 kM, a 1o
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3aropoguoMy 1mocce — 9 aurpos Ha 100 kM. ABTOoMOOMIHCT
IIpoexaJi 1o 3aropogHoMy mmocce 120 kM u o ropony — 70 kM.
CKOJIbKO KMJIOMETPOB 110 FOPOAY CMOXKET IIpoexaThb aBTOMO-
bunuct Ha ocTaBiueMcs B Oake OenH3uHe. OTBET OKpYyIJIUTE
JIO II€JIOr0 YHCJIA.

B6 | Ha kneruaroit 6ymare ¢ pa3mepoM KieTtku lcM x lcM u3o0-
pa>xeH paBHoOenpeHHBIN TpeyroabHuK. Haligure paguyc ok-
PY2KHOCTH, BIIMCAHHOI B 3TOT TPEYyroOJbHUK.

/ N

N

B7 | Beruucaure (5 + 8log2 3)1°g32 7

B8 | Ha pucyuke usobpazken rpaduxk ¢yukuun y = f(z) Ha or-
pe3ke [—5; 5]. Haigure paccTosiHue MeXAy TOYKAMU KCTPe-
MyMa aroit dynkuuu. (Pasmep knerku 1 x 1).

“y

B9 | Haiinure cTOpoHy OCHOBaHHS IIPABHJIbHON TPEYTrOJbHOM NH-
paMupl, ecau O0KOBoe pebpo H BHICOTE MUPAMHUABLI COOTBET-
cTBeHHO paBHBI 10 u 1/52.

B10| Ons BBIYMCJIEHUS TOPMO3HOTO IYTH KEJe3HOILOPOXKHOIO

2
v __ ve450v v
cocTaBa HCHOJBL3YIOT dopmyry S = Y2 rne S — guna
TOPMO3HOr0 IyTH (B MeTPax), v — CKOPOCTb COCTAaBa IEepPe,
Ha4aJIoM TOPMOXKEHHs (BblpakeHHast B kM/4ac). C Kakoi



28

. Tpeuuposounsie Marepuaas giasa EI'9-2010

HaubOJIbIIEH CKOPOCTBIO MOXKET €XaTh >KEJIE3HOIOPOXKHBIN
cocTas, 4TO0BI TOPMO3HO# IMyTh He npesbimaa 600 MeTpoB.

B11

Ilpn Kaxux 3HAYEHUSAX P TOYKA T = —J ABJSETCSH TOIKOH

makcuMmyMa Gyskmmn f(z) = z° + pz? + 3z — 17

B12

Teppuropus BTOpoit cTpanbl Ha 30% 0oJibille TEPPUTOPUN

C1l

C2

C3
C4

C5

C6

IEPBOH, IIPH 3TOM €€ CPeAHsAs MJIOTHOCTh HaceseHus Ha 10%
MeHbIIIe nepsoi. Ha CKOJIbKO NpOnEeHTOB YUCIeHHOCTb Hace-
JIEHUs1 BTOPO# CTPaHb! 0oJblle, YeM Y IEPBOH?

Yacte 2

PewuTe cucremy ypaBHeHUi

2sin®z +sinz = 0,
Vy+5+sinz +v3cosz = 0.

JluarosaJsp OCHOBaHUS [1PABUJIBHON YeThIPeXyTroJIbHOM’ IIPHU3-
MbI PaBHa 5v/2, a 1uaroHaJb IPU3Mbl HAKJIOHEHS, K IJIOCKO-
CTH OCHOBaHMs IoZ, yraoMm 60°. Haitnure njomanpb cedeHus
IIPU3MDbI, TPOXOASIIEr0 Yepe3 CTOPOHY HUXKHEr0 OCHOBaHUS
U [IPOTHUBOIIOJIOXKHYIO CTOPOHY BEPXHETO0 OCHOBAHMUS.

Pemnre HepaBencTBo 1/3logy z — 4+ /5logyz — 2 < 3v2.

Yepes Touky K, pacnosiockeHHYIO Ha JuaMeTpe OKPY2KHOCTH
paauyca 76, npoeezneHa xopaa AB, obpa3yomas ¢ 3TuM Jua-
MeTpoM yroa 30°. Haitgure nymuny xopaet AB, eciu AK
KB=2:3.

HaiiTu Bce Takue 3HaUYEeHHUs NapaMeTpa a, YTO HauMeHblee
snadenne ¢yaknun y = |2 — (14 a)z + a| + (a — 1)|z + 1|
MeHbille —2 1 6osbiie —15.

Haitgure HauMmeHblee IpocToe Yucyo k, 111 koroporo 2008!
He jenuTcs Haneno Ha kP,
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Enunblii rocygapCTBEHHbINT 3K3aMeH I10 MaTeMaTHKe

B1

B2

B3

B4

B5

Bapuant N9
Yactp 1

B TeueHue naTH 9acoOB I10€3] ABUTAJICA CO CpeaHcll CKOPO-
cTbI0 60 KM /4, a3aTeM B TeYeHHE YeTbIpeX YacoB CO CpeaHei
ckopocTbio 15 kM/4. Haiiure cpeiHIO0 CKOPOCTDb MOE314a 38
BC€ BpeMs JIBHXKEHMUSI.

Ha pucynke nokasan rpaduk H3MEHEHUs TEMIIEPATYPHI BO3-
Iyxa B TedeHHM CyTOK. Ha ropm3oHTaIbHOM OCH OTKJaAbl-
BaeTCHA BPEMs CYTOK B 4Yacax. Ha BepTHKAIBLHOM OCH OTKJa-
IBIBAETCA TeMIlepaTypa Bo3ayxa B rpagycax mo Ilenbcuro.
CkonbKO BpeMeHH (B 4acax) TEMIEPATYpPa BO3Lyxa Oblia He
Bolie 0 rpaaycos nmo Llenbcuio?

A Temneparypa

1 ) Bpems
012 4 6 N00204f0608¢0000%¢04

-3

Haiinyure HamMeHbIIUA HEOTPHUUATENbHBIA KOPEHb ypaBHe-
Hus (B IpaJlycHON Mepe) ypaBHenus sin® z — 5sinz +4 = 0.

B tpeyronrauke ABC Bricota CH pasna 3, AB = BC,
cosC = 0, 8. Haitnure AC.

Marasuny nyxHO 3akynutb 500 Kaccer suu (B kaccere 30
sui). Y Hero ecTb 3 nocrasmuka-nrunedepmer. CTouMoCTb
1 mecatka sauu Ha l-oit bepme — 8 pybOueit, Ha 2-0if — 8,5
pybuneit, na 30-eit — 9 pybneit. Ilepsas dbepMa HaxoouTCa Ha
paccrosinuu 150 kM oT ropozga, Bropas — 100 kM, Tperbs — 80
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B6

B7

B8

B9

kM. MI3BecTHO, uTO Ha 100 KM myTu pacxomyercs 15 auTpos
OexHzuHa cToMMOCTBIO 110 20 pyb6ueit 3a 1 aurp. CroumocTs
3aKyIKM TIaPTUM SUI, COCTOUT M3 CTOMMOCTU CAMUX SHII U
CTOUMOCTH ZtocTaBKu. CKOJIbKO pyOJieit NpuaeTcs 3alJaTUTh
Mara3uHy 3a CaMYI0 IEIIEBYIO 3aKyIIKy SIHIL!

B okpyxnocTb pagunyca R BIucaH NpaBUJbHBIA TPEYTOJb-
HUK U [IPDaBUJIbHBIN YeTH peXyroabHukK. Haltaure oTHOIICHUE
KBaJpaTa CTOPOHbI 3TOr0 TPeyroJbHUKa K KBaJpaTy CTOPO-
Hbl 3TOr0 4€eThbIPeXyTroJIbHUKA.

3 sin 40°
BIYUCJIUTE :
sin 20° sin 70°
3aBHCUMOCTb Te€MIIepaTyphl Teaa 1 OT BpeMeHH t 3a7aercs
1 1
cootHomennem 1'(t) = §t3 — =t? —3t+5. Haitnure cKopocTb

HarpeBaHUs TeJla B MOMEHT BpCMEHHM t = 4.

O6bem muuHIpa pased 44 m3. YV koHyca BbicoTa B 12 pa3
OoJbllle BBICOTH! IIUJIMHApPA, & PaJUyC OCHOBAHMUS — B 2 pa-
3a MeHblIle Pajuyca OCHOoBaHUA nuaueipa. Haigure obbem
KOHYyCa, OTBET JaliTe B KyOMYCCKHUX METpPax.

B10

3menenne Macchl paUOaKTHUBHOIO BEIECTBA TPOUCXOIUT

no 3akony m(t) = mg - 24T, rae m(t) — macca BemecTsa,
B MOMEHT BPeMeHHU %, Mg — MAacCa BeIleCTBa B Ha4YaJIbHBIN
MOMEHT BpeMeHH, 1’ — mepuo, noaypacnaja. K Hagamy pa-
IMAKTUBHOIO Paclalia MMEJOoCh 3 rpaMMa nojoHusa-218. Ye-
pe3 CKOJbKO MUHYT ocTtaHneTcs 0,375 rpaMMOB NOJIOHUA-218,
€CJIM ero IePHOJ, IOJypaclaja paBeH 3 MUH.

B11

Haiinmure pa3HocTb MeXAy HanbOJbIIMM KM HAUMEHBIIUM

3navennsivn byukuun f(z) = 3z? + 223 — 1822 + 15 Ha
orpe3ke [—3;1].

B12

Tennoxox nponsibl 9 KM no 03epy u 20 KM I10 TE€4EHUIO

peku 3a oauH yac. Haligure CKOpOCTb TENMJIOXOA3 NPU IBU-
>KEHHUH TIO 03epy, €CJIU CKOPOCTb TE€YEHUS PEKH 3 KM/U.



C1l

C2

C3

C4

C5

C6

Yactp 2

Pemmure cucremy ypaBHeHuUit

log%(:cy)+y+2=0,

32tV 417 = 18

LY

OcHoBaHHMeM NUpPaMHUIBI ABJSIETCS PaBHOOeApEHHasl Tparle-
1us, 6oJibliee OCHOBaHME KOTOPOI paBHO 24, a O0KOBasi CTO-
poHa paBHa 15. OcHOBaHME BBICOTHI ITMPaMUAbI, PABHOI &,
JIEXKUT B IEHTPE€ OKPY>XHOCTH, BIIMCAHHON B OCHOBAaHHUE ITH-
pamuapl. Haiinure niomaas 60KOBOM TOBEPXHOCTH ITHPAMHU-

JBl.
Pemure HEpaBeHCTBO

\/log§$+3log2:1:+2—\ﬂogga:—logzx—2< 1.

Yepes BepmuHy yria A npoBefeHa OKPY>KHOCTD, IIEpeceKa-
IOIIasi CTOPOHEI yriia B Toukax M u N. Buccekrpuca yrina A
nepecexkaeT OKPY2KHocThb B Touke P. Haitnure paguyc aToit
OKpYy>KHOCTH, eciit AM =1, AN =2 u AP = 4.

Haitnure BCce 3HaYeHUsT napaMeTpa @, IPH KaXKJIOM M3 KOTO-
PBIX pellleHNe CUCTeMBl HEPABEHCTB

T+ 2y > a,
y—x 2> 2a

Oyner Tak>ke pemeHNeM HEPaBEHCTBA 2y — T > a + 3.

MoxkeT i JUCKPUMHMHAHT KBaIPATHOTO TPeX4JeHa C IeJIbl-
Mu KoapdunuentaMu ObITh paBHBIM 200920077
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EOuHBIA rocyJapCTBEeHHBI 3K3aMeH II0 MaTeMAaTHKe

B1

B2

B3

B4

B5

Bapuant N210
Yactp 1

Camouter nposieren paccrosinue or A 10 B co cpeaneit cko-
poctbio 800 kMm/4 3a 2 yaca, a 0O6paTHO U3 NyHKTa B B A co
cpeaneit ckopoctbio 533 kM/4 3a 3 4daca. Kakosa cpeansis
CKOPOCTD I10JI€Ta Ha BCEM ILyTH’

Ha pucynke noka3zan rpaduk u3MeHEeHHUs] TEMIIEPATYPHl BO3-
nyxa B TedeHuu cyTok. Ha ropusoHTasbHOIM OCH OTKJIAJbI-
BaeTCsl BpeMs CyTOK B 4acax. Ha BepTHKaJbHON OCH OTKJa-
JBIBaeTCsA TeMIlepaTypa BO3AyXa B rpajgycax no llenbcuio.
CkoJIbKO BpeMeHH (B 4acaxX) TeMIlepaTypa Bo3ayxa Oblja He
Hmke 1 rpaayca no leabcuio?

A TeMneparypa

3
2
1 Bpems
0 4 |6 |8 10 12 14 16 18 RQ 22 24

Y

g

Haitnure Haubonpmnii OTpUIATENbHBIN KOPEHb yPaBHEHMS
(B rpamycHott Mepe) 6cos?z + 11cosz+ 4 = 0.

B tpeyronvuuke ABC Boicora CH pasna 3, AB = B(C,
AC = 5. Haitnure cos C.

Marazuny my:xHO 3akynurb 500 xaccer sumy (B kaccere 30
aui). Y Hero ectb 3 nocraslmuka-nTuiedepmer. CTOMMOCTD
1 nmecsarka sum Ha 1-0f1 hbepme — 8 pybaeit, Ha 2-0if — 8,5
py6bueit, Ha 30-eit — 9 py6neii. IlepBas ¢pepma HaxXOIUTCSA Ha
paccrosaun 150 kM ot ropoza, sropas — 100 kM, Tperbsa — 80
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B6

B7

B8

B9

kM. MI3BecTHO, uTO Ha 100 KM nmyTH pacxoayercs 15 JTUTpoB
Oeu3uHa cTomMmocTbio no 20 pybaeit 3a 1 aurp. CTomMOCTb
3aKyIIKM NMAPTUUA SHUL, COCTOUT M3 CTOMMOCTH CaMHX sSHUL U
CTOMMOCTH JocTaBkKM. Halinute pasHoCTh MexIy caMmoil J10-
poroit u caMO¥ Aeuesoy 3aKyNnKoOi MapTuu sull.

OkoJ10 OKpy2kHOCTH paguyca R onucaHbl NpaBUJIbHbIN Tpe-
YrOJbHUK U IPABUJBHBIN YeTbIpexyrojabHuK. Haltaure oTHO-
IIeHUEe KBaJApaTa CTOPOHLI 3TOrO TPEYroJbHUKA K KBaJApaTy

CTOPOHBI 9TOr0 4YeThbIPeXyTOJbHUKA.
sin %
Hajigure 3HaveHne BHIpaKeHUs 2 — ——.
tg 371’

MarepuaJjbHas TOYKa JBUrAETCs 10 KoopauHaTHou ocu Oz
TaK, YTO B MOMEHT BpeMeHH t ee KoopguHaTa (i) MOXKeT
6BITb BHIMKCIICHA 110 dopmyde t3 — et Haltaure ckopocTsb

JABM>KEHMsI TOUKH B MOMEHT BpeMeHHU { = 4.

OpHO M3 U3MEpeHM# NPSMOYroJLHOTO IapaJljieselnunesa B
3 pa3a Gousibie pebpa Kyba, a gBa Apyrux — B 2 pa3a MeHb-
me pebpa kyba. M3BecTHO, uTO 06bEM Kyba pasen 40 m3.
Haiigure 06beM npsAMOyroJibHOrO napajuiesienunesa, OTBET
Jaiire B Kybnueckux MeTpax.

B10

N3meHeHne Macchl paJInoaKTHBHOIO BEIECTBA, IIPOUCXOLUT

1o 3akoHy m(t) = mp - 2=t/T rne m(t) — Macca BelIecTBa
B MOMEHT BpPeMeHH t, Mg — MacCa BEIeCTBA B HAYAJIbHBIN
MOMEHT BpeMeHM, 1" — nepuoj moaypacnaga. [Ipu paguoax-
TUBHOM pacnaje BemiecTBa yepe3 20 MHHYT OCTaJOCh 11—6 oT
ero NnepBoHaYaAILHON Macchl. Hafiiure nepuoy monypacnaia

BEIIECTBA.

B11

Haitnnre pa3HOCTh MEXIy HaMMEHbIINM U HaunbOJbIMUM

1 :
3HaveHussMu pyHkuun f(x) = -2-:1:4 + 23 — 2% + 1 Ha oTpe3ke
[—3;1].

B12

Karep oromen ot npuyasia 0ZJHOBPEMEHHO C IIJIOTOM H IIpo-

mes BHU3 1o peke 14 xm. He gemas ocraHOBKH, OH pa3Bep-
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C1

C2

C3

C4

C5

C6

HYJICs ¥ nomes BBepx 1o peke. IIpoitnsa 10 kM, oH BcTpern-
ca ¢ mioToM. KakoBa coOCTBEeHHAasi CKOPOCTb KaTepa, eCJIH
CKOPOCTB TeueHus peku 4 Km/4?

YacTp 2

Pemmnre cucremy ypaBHeHwui

3Y . 9% = 81,
lg(z + )% —lgz =2lg3

OcHoBaHueM nupaMuibl sBJSETCS paBHOOepeHHas Tpale-
1usi, bosbIIEE OCHOBaHME KOTOPO# paBHO 24, 60KOBasi CTOPO-
Ha — 15. Beicora nupaMuapl NpoXoauT Yepe3 LEHTP OKPY2XK-
HOCTH, BIIUCaHHOM B ocHOBaHue. Haiure 06beM nupamMuisl,
ecau O0KOBasi MOBEPXHOCTL nupamMugsl paBHa 300.

Pemmure HepaBeHCTBO

\/log§x+4log2:z:+3— \/logga:—logzx—2< 1.

OKpY>KHOCTb, AnaMeTp KOTOpoii paseH /10, mpoxomut ue-
pe3 cocexume BepumHel A u B npsmoyroasHuka ABCD.
LnHa KacareabHOM, npoBenenHo# u3 Touku C' K OKpPYKHO-
cry, paBHa 3, AB = 12. Ha#tinure nnuny BC.

Haijimure Bce 3HaueHUs mapameTpa a, JJA KaXKJI0ro u3 Ko-
TOPBIX CYLIECTBYET TOJILKO OOHO 3HA4YE€HME T, YAOBJIETBOPSI-
IolIee CUCTEME YpaBHEHU

|z? — 5z + 4] — 922 — 5z + 4 + 10z|z| = 0,
r? —2(a— 1)z +ala—2)=0.

CyecTByeT s KBaJIPATHBIA TPeX4JieH C LeJbIMU Ko3ddu-
IUEHTaM1, ANCKPUMMHAHT KoToporo pasen 2009201020117
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Enuabiili rocygapcTBeHHbIN 3K3aMeH II0O MaTeMaTUuKe

B1

B2

B3

B4

B5

BapuanTt Nell
Yacrp 1

B 2008 roay kBaprniara cocrasisiga 1800 pybneit B Mecsw,
Kaxkoi1 crana keapruaaTa B 2009 roay nocie ee ypenudenus

Ha 35%7

Ha pucynke nokazaH rpaduk n3MeHEeHUs TEMIIEPATYPbl BO3-
Iyxa B TedeHMH cyTOK. Ha ropu3oHTaJbHON OCH OTKJIAJIbI-
BaeTCs BpeMs CYTOK B uacax. Ha BepTHkaibHOIl OCH OTKJIa-
JILIBAETCS TeMIleparypa Bo3ayxa B rpajaycax no lleascuro.
YKakure HanOOJIblllee 3HAYEHHE TEeMIIEPATYpPbl BO3LyXa B
nepuog, ¢ 1 yaca Houu 1o 4 yaca aHa?

4 Temnepatypa

< N W d oo

/ Bpems
4 e/ |8 0o 2 p4a e {48 po P2\ p4 g

Haitnure nanbosbluee nesoe GUCIIO, [IPHHAIEXKAIEe MHO-
w 2—
XKECTBY pellleHHil HepaBeHCTBa 2F ~3 < 29743,

B tpeyronvaunke ABC yron C pasen 90° u cos A = ? Ha
npogomxenuu karera C A B3sTa Touyka D Tak, YTO BEPIINHA
A nexur mexxny toukamu C u D. Haitinure sin ZBAD.

Kosnxo3 apenzgoBas 2 3kcKapaTopa. ApeHaa nepBoro 3KCKa-
Baropa crour 6000 pybiseit B neHb, & €ro NpPOU3BOLUTE/Ib-
HOCTb paBHa 250 M3 B JeHDb /1 MATKOro rpyHTa 1 — 150 M3
B JieHb JJIsi TBEPAOro IpyHTa. ApeHjia BTOPOro SKCKaBaTopa
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B6

B7

B8

B9

crour 5000 pybaeit B neHb, a €ro NpoU3BOAUTEILHOCTL PaB-
na 180 m® B zmenp gs markoro rpynra u — 100 M3 B zenb
Ui TBepaoro rpyHra. IlepBEIl 9KCKaBaTOp JOJ2KEH BHIKO-
nar, 750 M3 markoro rpyara n 900 M° TBepzOro rpysTa;
BTOpPOIt — 720 M3 Markoro rpyura 1 600 M3 TBepmoro rpys-
ta. CKOMbKO py0JICcH 3amn1aTui KOJIX03 38 apeHay 9TUX ABYX
S9KCKaBaTOPOB.

Haitgure niomaaps 4eTblpexXyroibHUKa, BEPIIMHBEI KOTOPOTO
uMmeror koopxauuatel (0;0), (2;8), (8,8) u (12;0).

16 — ¢~2
cl+4
Ha pucynke nzobpaxker rpaduk npousBoaHol pyHKIUN Yy =
f(z). K rpaduxy sroit pyHKUMM NpOBeleHa KacaTejabHas

npsMasi B Touke ¢ abcuuccoit ¢ = 4. Hatgure yron HakJoOHA
9TOI KacaTejabHON npsiMo#l (B rpayCHO# Mepe).

Hai#inure 3HaueHne BbIparkeHus npu ¢ = 8.

A

Konyc u nonyiiap uMmeroT obiee OCHOBaHHME U PaBHBIE BBICO-
Tb1. VI3BecTHO, 4TO 06beM mosymapa pasen 240 m3. Haiture
obbeM KOHyca, OTBET AaiiTe B KyOM4eCKHX MeTpax.

B10

Koasdbdunment D 3ByKOU30JSIUM CTEHBI BEIYUCJISAETCS 10

dopmyne D = 20 - 1g (%), rie pp — JaBJieHHEe 3ByKa JI0
NOTJIOUIEHMS, P — JAaBJeHUE 3ByKa, IIPOIIEAIIEro Yepe3 CTeHy.
[Tycrs k03 PunuenTt 3syxouzonsaimu paseH 20. Bo ckonabko
pa3 CTeHa CHU3WT JaBJieHHE 3BYKA.

Bl1l

Hana byakous f(z) = 2x3 — 3az? + 2azx — 1. IIpu xaxom

HauboJIbIIIEM LIEJIOM 3HAYEHNM a 9Ta (D YHKIUs SABJISETCS BO3-
pacraromeil Ha Bce#t YucaoBoi npsMoit?
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B12

Ilepsniit Typuct npeozoJieBaer paccrosuue 20 KM Ha 2,5

C1

C2

C3
C4

C5

C6

yaca OpIcTpee, yeM Bropoii. Ecau Ovl TepBhIil TYPUCT yMEHb-
IMJI CBOIO CKOPOCTb Ha 2 KM /4, BTOPO# yBeau4uJ1 Ob1 CBOIO
CKOPOCTB B ITOJITOpPa Pa3a, TO OHH 3aTpPaTHiu Obl Ha TOT XKe
nyTh OAWHaKoBoe BpeMms. Halinure nepsoHadasbHyIO CKO-
POCTb BTOPOI'O TYyPHUCTA.

YacTp 2

PemuTe cucremy ypaBHeHHi

log, 36 + 2y = 2,
1\3
- (logm g) +y=1 -

JunaroHanb 0oceporo cedeHuss LMJIMHAPA pasHa 48, a yroua
MEeXK Iy 9TOI JHaroHaJ b0 U OChIO MUAMHAPa paseH 60°. Hail-
IUTE NOJHYIO MOBEPXHOCTD NMIMHAPA (cuuTaiite, 4To 7 = 3)

Pemmure Hepasenctso log, (3 — 1) -log,_; = < 3.

Okoso npsaMoyrojbHOro tpeyrojabHuka ABC onucana Ox-
pyxkHocTtb. Touku M u N — cepeaunnr nyr AC u BC. Touka
F - cepenuna nyru AB, He cogepxkaeit Touku C. Haigure
oAb dYernipexyroabiuka FAMN, ecnu karersr AC =
5 BC = 12.

Haiigure HayMeHbIIee 3HAUEHNE BHIPAXKeHns 2 = £+v/3y Ha
TOYKaX MHOXKECTBA, fABJISIOLIEroCs peIIeHHEM HepaBeHCTBA
r?4+9y2 < 1.

Haiinure Bce npuBeieHHBIE KB3IPATHHIE TPEXIIEHH! (TO €CTh
KBaJpaTHble TPeX4ieHbl CO cTapmuM Koaddumuenrom 1) ¢
HeabMA Ko3(p(uimeHTaMH ¥ MMeIoIue IeJible KOpHM, ec-
JIM M3BECTHO, YTO CyMMa K03(p(puIneHTOB KaXKI0ro U3 3TUX
MHOrOJIEHOB paBHa 29.
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Eaunbiii rocyJapCTBeHHbIA 3K3aMeH IO MaTeMaTHKe

Bl

B2

B3

B4

B5

BapuaHT Ne12
Yactp 1

IlepBoHavanbHasa neHa Ha GPYKTHI J€TOM Obljla CHHXKEHa, Ha
30%, a sumoii nosbimena Ha 40%. Ha ckoibko nponenTos us-
MEHUJIACh 11eHa (PPYKTOB I10 CPABHEHUIO C [IEPBOHAYAJILHOM
eHOoi 7

Ha pucynke nokasaH rpadpHK U3MeHEHUs TeEMIIEPATY Dbl BO3-
lyXa B TeYeHHH CYTOK. Ha ropusoHTaslbHOU OCH OTKJaIbI-
BaeTCs BpeMs CyTOK B 4acaX. Ha BepTukaabHOR OCH OTKJa-
IbIBaeTcs TeMIepaTypa BO3ayxa B rpagycax mo Ileascuro.
YKaxkure Hanboapmuil MPOMEXYTOK BpPEMEHH, B TEYECHUH
KOTOPOT'0 TEMIIEpPATypa BO3AyXa He MEHsJacCh.

Gl'remnepaTypa
5
4
3
N\

2
2K 7

/ Bpems

>

1\4 8 0 p2 4 6 8 po 2\ p4
-2
-3
-4

Haiture mambonbiee 1e10e YUCI0, NPHUHAJJIEXKAIEe MHO-
2KecTBY pemeHuit HepaseHcTBa 9* + 37 — 12 < 0.

B tpeyronvauke ABC yron C pasen 90°. Ha npoxosxe-
unu Karera C A B3sita Todka D Tak, 4To BepmuHa A jexKur
Mexay Toukamu C u D. Ussectro, uro sin ZBAD = j.

Haiinure cos B.

Konxo3 apengoBat 2 3kcKaBaTopa. ApeHaa [epBoro KCKa-
BaTopa ctour 6000 pybuseit B JeHb, a €ro IpPOM3BOLUTEJIb-
HocTh paBHA 250 M° B J€Hb AJIf MATKOrO rpyHTa M — 150 M3
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B JIeHb JJI5 TBEPJOro rpyHTa. ApeHJa BTOPOro 9KCKaBaTOpa
crout 5000 py6buieit B 1eHD, a €ro NPOU3BOAUTEIHLHOCTE PABHA
180 M3 B meHp 115 MsArkoro rpyHTa u — 100 M3 B zeHp nns
TBEPZIOro rpyHTa. IlepBhlil 9KCKaBaTOp J0OJIKEH BHEIKONATH
750 M3 msrkoro rpysara u 900 M3 TBepzOro rpyHTra; BTOPOH
— 720 M3 markoro rpysra u 600 M° TBepmoro rpymra. Ha
CKOJIbKO pyOJjiefl CTOMMOCTb apeHJbl MEepPBOr0 IKCKaBaTOPa
OosbIre, YeEM BTOPOro?

B6 | Ha koopaunarnoit niockoctu pa3mernensl Touku A(0;0), B(5;4)
- u C(7;2). Haitaure nnomazap Tpeyronbauka ABC.

1 W5
VE+2 5-—2V5

B7 | Buiaucaure

B8 | Ha pucynke nzobpaxkes rpacduk Npou3BoHON QYHKINN Y =
f(z). Haiizure abcuuccy zg Touku rpaduka 3toll dyHK-
oMK, obsazaromeil CiaeLyOMIM CBOMCTBOM: YTJIOBOM KO-
cdbunueHT KacaresabHOH, MpoOBemeHHOH K rpaduKy dyHKIUH
y = f(z) B Touke ¢ abcuuccoit T, paBeH -2.

Y

B9 | Ilonymap u uuamHap uMerT ollee OCHOBAHME M PaBHEIE

BLICOTHI. M3BecTHO, 4TO oObeM HMAMHIpPa pasBeH 144 m3.
Haitnnre 00beM nosnymapa, oTeer gaiite B KyOM4eCKuX MeT-
pax.

B10 | Koaddbuuuenr D 3ByKON30Js0HUN CTEHBI BHIYKUCISIETCS TI0

cbopmyhe D=20-1g (7;—0), rIe po — JaBJIEHHE 3BYyKa JI0 II0-
IJIOLIEHHUsI, p — JaBJeHUE 3BYKa, NPOIIE/IIEro Yepe3 CTEHY.
ITycTb kK03 dunuenT 3sykounzoasuun pased 30, a JaBiieHue
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3ByKa J0 IIOrjomeHus pasio v 10°. Haiinure gaBienue 3By-
Ka, ITPOIIEIIEro Yepe3 CTEHY.

B11l

[Tpu xakoM HaubOIbIIIEM HATYPAJBbHOM 3HAYEHUU G PYHK-

nus f(z) = —4z3 4+ 2az? — 2, 5ax — 4 y6uiBaeT Ha BCelt UUC-
JIOBO# IpsiMOii7

B12

IToe3n nosxken Obla npoditu 840 KM 3a omnpeneseHHOe Bpe-

C1

C2

C3
C4

C5

C6

Ms. Ha cepenuae nmyTu noesn 6b11 3agepkal y cemadopa Ha
0,5 4aca ¥ JJ1g TOro, YTOOBI NPUOBLITL K MECTy Ha3HA4YEHUS
B CPOK, YBEJHYMJ CKOPOCTb Ha 2 KM/4. CKOJIbKO BpeMeHU
I10€3J1, HAXOAUJICS B ITyTH?

Yactp 2

Pemure cucremy ypaBHeHui

{ 3l+2logs(y—2) — 4g
2logs(2y — z — 12) — logs(y — =) = logs(z + v)

Yepes BepmnHy KOHyCa U XOPAY, CTACMBaIOLYO Ayry B 120°,
IIPOBEJEHO CedeHHe, COCTaBJSIOIeE C IJI0CKOCThIO OCHOBA-
HudA yroa B 45°. Haliaure miomgab cedcHus, eciu pajgnyc
OCHOBaHUs paBeH 4\/3.

Pemure nepasenctso log, (5z2) - logs = > 1.

OxkpyxHocTb paguyca 6 kacaercsa npsamux AB u BC B Tou-
kax A n C cooTBeTCTBEHHO U IepeceKkaeT Meauany BD Tpe-
yrosbHuka ABC B Touke M, tak uro BM = gBD. Haii-
nuTe Iowmaab Tpeyroabuuka ABC.

HatiTu BCe 3HaueHUus mapaMeTpa @, IPU KOTOPBIX MJIOMIAIb
buryps! |z — y| + 2|y| < a 6yzer Gosbiue 4.

Hattnure BCe HarypajbHbIE N, TAKME, YTO JECATUYHAS 3a-
nuck ynciaa n! (n-daxropuasn) okanuusBaercs Ha 2008 Hymel.
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EanunnbIil rocysapcTBEeHHBIA 3K3aMeH 10 MaTeMaTHuKe

B1

B2

B3

B4

B5

BapuanTt Ne13
Yacte 1

Bxknazn, suecennniit B 6aHk 2 roga Ha3am, cocTaBiaseT 1312,5
TeICs4 py6Jielt. Kakos Ob1s1 nepBoHadabHbll BKAaL r1pa 25%
rOJOBBIX?

Ha nuarpaMMe NOKa3aHO, KAK MPOXOAUT IpUeM abuTypHeH-
TOB B YHMBEPCHUTET HA €CTEeCTBEHHbIE U TYMaHUTapHLIE CIIe-
uuasbHOCTH B TeueHuu 10 mgueit urons 2009 roza (mycrbiMu
KBaJpaTUKaMH OTMEYaeTCs KOJIMIeCTBO 3asBJIeHNH Ha ecre-
CTBEHHBIE CIIEIMAJbHOCTH, 8 3aIITPUXOBAHHBIMU KBaJpPaTH-
KaM#i — Ha I'yMaHUTapHLE cneruaabHocTH). CKOJILKO BCEro
3agBJeHAN OblJI0 NPUHATO 6 oA Ha obe crenua bHOCTH?

A

60

50

40 ENR7 %

30

20 :/ // ;/ // :/ ;/

10 /] // // // // // /| // 7
/] /| /] g /] pa P Z /] )
1 2 3| 4 5|6 7 8 9 110

Hajiure HamMeHbIIee L€J0e YUCJIO, PUHAJJIEXKAIee MHO-
’KEeCTBY pellleHu# HepaBeHCTBa log 1 (8z+1) > log ! (5x—11).

B rpeyroabuuke ABC yron C pasen 30°. Haitaure sin B,
eciu AC =12,3 u AB = 61,5.

s 3arpy3ku TaHkepa HepTbIO, BMECTHMOCTb KOTOPOIr'o PaB-
Ha 13650 ToHH, B mopTty uMeroTca Tpu TpydbompoBoza. ITo
IepBOMY M3 HUX B 4ac MOxeT OnITh 3akadeno 300 Toun Hed-
TH, 110 Bropomy — 350 TonH, mo TperbeMy — 400 Toun. 3a-
IPy3Ka TaHKepa OJHOBPEMEHHO MOXKET MITH TOJILKO 0 JBYM
TpybonpoBogaM (gub0 epBOMy CO BTOPBIM, JIMOO BTOPOMY
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B6

B7

B8

B9

c TpeTbuM, J1b0 nIepBoMy ¢ TpeTbuM). B KkakoM ciydae TaH-
kep Oyzer 3amosHeH ObicTpee? YKaXkuTe HaMEeHbIee BpeMsi
3aII0JIHEHUs] TaHKepa.

[Tnomanp Kpyra, ONUCAHHOrO BOKPYT IPABUJIBHOrO IIECTH-
YroJbHUKA, paBHa 25v/37. Haiiaure nilomab STOro MmeCTH-
YTOJIbHUKA.

. 3logg 1 _
3-3°%8° —log, 516

logg 25 — 2logg 2

Brraucaure

ITpamas, npoxopsmias 4uepe3 Ha4dajJ0 KOOPAUHAT, SABJISET-
csl KacaTeJIbHOH K rpacduky ¢yHkuuum y = f(z) B TOUKe
M(4;6). Beruucaure snadenne npouspoguoit f'(zr) B Touke
z = 4.

KoHyc m munuHAp uMEOT PaBHbIE OCHOBaHHs, a 00pa3yio-
mas Konyca B 3 pa3a 6osbme obpazyromie#t nunuaapa. Haii-
JuTe IIIoIaab OOKOBOYM MOBEPXHOCTU LMJIMHJIPA, €CJIX I1JI0-
maap GOKOBOH ITOBEPXHOCTM KOHyca paBHa 321 M2, oTBer
JaiiTe B KBaAPaTHBIX METpPax.

B10

Uucno sopedt B ropojie u3MeHsiercss no 3akoHy N(t) =

No-2,5%92¢ rne N(t) —4ucso nozeit B roposie B MOMEHT Bpe-
MeHH t, Ny — uucio mogeit B MomeHnt BpeMenu ¢ = 0. Hepes
CKOJIBKO JIET YMCJIEHHOCTh HAaCeJIEHUsI TOPOJa yBEJIUIHUTCS C
18000 genoBek mo 45000 yesoBek.

B11

Ha#iaure Touky Munumyma yuknuu f(z) = e2213.(z2 — 2).

B12

B nabopaTopun umeercs cmech, 0011uit Bec KOTOpoit Ha 3,3

KT OoJibllle BeCca TUTAHa, CoJep Kalerocs B Heit. Ecnu k sToit
cMmecu J00aBUTL 2 KT HOBO# cMecH, conepxxalei 25% rtura-
Ha, TO IIOJIy4uTCsl cMech, comgepxkamasa 20% turana. Ompe-
JeJIATe [IPOLIEHTHOE COAEePrKaHue TUTaHa B IIepBOHAYAJIbHOM
CMECH.



C1

C2

C3

C4

C5

C6

YacTp 2

Pemmure cucremy ypaBHeHU

3
{ sin2x+cos2y =7

cos(2z) + 2cosy =1

PaBHOOenpeHHbllt TPEYroJIbHUK BPAIlla€TCs BOKPYT CBO€E}! BbI-
corel. Haitzure 60ab1IyI0O CTOPOHY 3TOrO TPEYrOJbHUKA, €C-
Ju ero rnepumerp paseH 30, a MIOMIaOb TIOJHOM TOBEPXHOCTH
TeJI1a, BpallleHus pasHa 607.

1
Pemnre nepaBeHcTBO (2 + log, (% - x)) -log, 5 > 1.

OkpyxHocTh pajguyca 12 mpoxoguT 4depe3 BepiuMHbI A M
B xBagpata ABCD. JInuHa KacaTelbHOU, NpPOBEJEHHON K
okpy»kHocTH u3 Bepmnnabl C, papua 2. YeMy paBed guaMeTp
OKPY>KHOCTH, €CJIM CTOPOHA KBaJpara paBHa 17

HaliTu Bce 3BHaUeHuA TapaMeTpa a, IpH KaXXJ0M U3 KOTOPBIX
u3 HepaBeHcTBa 0 < x < 1 Oyzer cienoBaTh HEPABEHCTBO
(a?+a-2)x2 +(a—4)z—-2<0.

Haiinnre HaTypaibHOE N, UMeIOIIee POBHO 6 aenuTeneit, cym-
Ma KOTOpPBIX paBHa 3528.
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E,Z[I/IHblﬁ I‘OC}’,ZI;apCTBEHHbIﬁ 9K3aM€EH I1I0 MaTeMaTHuKe

B1

B2

B3

B4

B5

BapuanTt Nel4
Yacte 1

Bkian Brecen B Gauk non 20% romoseix. Ha ckonbko npo-
IIEHTOB BO3PACTET BEJIMYMHA BKJIaJa K KOHILy TPETbero roga’

Ha guarpamme rokasano, KaK IIpOXOAYUT IpUeM abUTypHeH-
TOB B YHUBEPCUTET HA €CTECTBEHHBbIE U I'yMaHUTAPHBIE CIIe-
muasbHOCTH B TedeHun 10 gueit mrons 2009 roma (mycreiMu
KBaJpPaTUKAMM OTMeYaeTcsad KOJUYECTBO 3asABJIECHUN Ha ecTe-
CTBEHHBIE CIIELMAIBHOCTH, & 3AIITPUXOBAHHBIMU KBaJpaTH-
KaMM — Ha TyManuTapHble cneuuanbioct). CKOJIbKO BCEro
3adBJeHMIl OBIJIO NIPUHATO 3a MOCJEIHHME TPH JHSA Ha 0be
CIIEIMaJIbHOCTH !

A

60

50 v

40 7 ,j

30 ]/ 7 / V,

20 7 a7 .7 77,

10 /] // // // // // // // //
/] /] /] ‘A /| /] /| /| /| >
1 2 3 | 4 5|6 |7 |8 9 | 10

H&ﬁﬂ,l’lTG HaMMEHBbIIIEE 1LIeJI0OE€ PEeIIEHUE HEPaBEHCTBaA log% xr—
2].0g2 Ir — 3 < 0.

B tpeyronsauke ABC yron B pasen 60°, BC = 3v/3, AC =
15. Haitaure sin A.

i 3arpysku Tankepa HepTbIO, BMECTUMOCTH KOTOPOTO PaB-
Ha 13650 ToHH, B mopTy mMmeroTca Tpu Tpydbomposoga. ITo
IIEPBOMY U3 HUX B 4ac MoxkeT ObITb 3akadeHo 300 ToHH
HedTH, 110 BropoMy — 350 ToHH, no Tperbemy — 400 TOHH.
3arpyska TaHKepa OJHOBPEMEHHO MOXET UATH TOJBKO II0
IByM TpybompoBogaM (Jinbo IepBoMy CO BTOPBIM, JiubO BTO-
poMy ¢ TpeTbuM, J1b0 IIepBoMy € TpeTbuM). B KakoM ciry4dae
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B6

B7

B8

B9

TaHKep OyAeT 3amoJIHIAThCA JoJibine? YKaXKuTe Hanboblee
BPeMs 3aI0JHEHUA TaHKEpAa. |

Haiiaure pagunyc Kpyra, BIMCAHHOrO B PaBHOOEIPEHHYIO TPa-
nenuo ABCD ¢ ocuoBanusasmu AD u BC, ecim BC=8 u

AD=18.
32 logz 5 __ 8110g2 1

Brraucnure =

10g6 7T+2 log6 7,7
[Ipsamas, npoxopdAmias 4epe3 Ha4aJl0 KOOPAMHAT, SBJIAET-
cs KacaTenpHOM K rpaduky ¢pyHkuumu y = f(x) B Touke

M (—2; —9). Beruucnure 3Hauenne npoussoguoit f/(z) B Tou-
Ke T = —2.

Obpazyromas KoHyca B 2 pa3a 6oJblie 00pa3yomei uaInH-
JApa, IJIOA b OCHOBAHUSA KOHYCa B 4 pa3a 00JIblIe IJIONIa TN
ocHOBaHus nmuaunHapa. Hafinure miiomaap moHo IOBEPXHO-
CTH LUJIMHIPA, €CJIY IJIOMAAb II0JTHOM IIOBEPXHOCTH KOHYCa
pasHa 212 M2. OTBeT HaiTe B KBQIPATHBEIX METPAX.

B10

3aBMCUMOCTb MOIIHOCTH TOKa P oT cuibl Toka I BhIpaska-

erca dopmynoit P(I) = —2I? + 61 (I usmepsierca B aMIie-
pax, P u3Mepsercda B BarTax). UeMy paBHa MaKCHMAaJbHas
MOIIHOCTb TOKa?

B11

Hana dyskuua f(r) = e*° . (2z + 1)2. Haiinure TOUuKy

MaKCUMyMa 3To# PYHKIIMH.

B12

Y dhepMepa uMeOTCs ABe TeNaunbl obmeit nuaomaasio 160

M?%. B nepsoit rernne cobpasu 1800 Kr orypuos, BO BTOpOii
— 1320 kr, mpuyeM BO BTOpo# Temuuue ¢ 1 M2 cobpanu Ha 4
KT OrypuoB 6oubie, yeM ¢ 1 m? B mepso#t. CKOIBKO KHJIO-
IrPaMMOB Or'ypIOB coOpajid ¢ OZHOTO KB3APATHOrO METPA BO
BTOPOIi Teruie’?
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C1

C2

C3

C4

C5

C6

YacTp 2

Pemure cucreMy ypaBHEHuMiA

QeoST 2& =5,

1
2cos T+ oSy — 4

ITnockocTp ceuenus genut guaMerp cdepsl Ha 4acCTH, OJIU-
HBbl KOTOPEIX paBHBEI 6 u 12. Haitaure oTHOIIEHME 00HEMOB
MeHblIEell yacTu mwapa K 6oJbLiei.

8z —10/) — 2
B rpanemuun ABCD piauna 60koBoi#t cropousl AB = 4, 6uc-
cektpuca yria BAD nepecekaer npamyio BC B Touke E. B
TpeyrojibHuK ABE BoucaHa OKPYXHOCTD C LIEHTPOM B TOY-

ke O, kacawmascs cropod AB B Trouke M, BE B Touke N.
Ha#iaure yron MON, ecitu MN = 2.

HaiiTu BCe 3HaUYeHUs a, IPKM KAXKJIOM M3 KOTOPbIX M3 Hepa-
BeHCTBa 0 < z < 3 Oyzer cienoBaTh HEPABEHCTBO ax?—2z+
3a—-2<0.

Haitgure Bce Takue HAaTypaJibHBIE YUCHIE T, UTO UHMCJIO T
nMeeT POBHO B 3 pa3a Oosblne genureneit (cunras 1 u camo
YHCJIO), YEM T3, €CJIM U3BECTHO, YTO YUCJIO 72 UMEET POBHO 2
IIPOCTBIX JenuTes 2 u 3.

3 —8& 1
Pemure nepasencrso log, 2 - logy (——i> <=

2
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Eanabiil rocygapCTBEHHbINA 3K3aMeH IO MaTeMaTHUuKe

B1

B2

B3

B4

Bapuant Nel5
Yactp 1

Ha nosy xoMHaTBl IPAMOYroJbHONU (DOPMBI, IJIOMIALIO 18
KBaJIPATHLIX METPOB Ha OJHOM M TOM K€ PAaCCTOSHUU OT
CTEH JIEXKUT KOBPUK pasMmepoMm 1,5 M x 2 M. Haligure pac-
CTOSIHME OT KOBPHMKA J0 CT€H KOMHATHI.

Ha guarpamMme mokasano, Kak IPOXOIUT IIpUeM abuTypueH-
TOB B YHUBEPCHUTET HA €CTECTBEHHbIE X 'yMaHHUTAPHLIE CIIe-
nuanabHocT B Tedenun 10 aueit uronsa 2009 roga (mycTbiMu
KBaJpPaTUKaMH OTMEYAEeTCsl KOJIMYECTBO 3asiBJIEHUI Ha ecTe-
CTBEHHBIE CIEIMAJbHOCTH, & 3aIUTPUXOBAHHLIMM KBaIPaTHU-
KaMH — Ha IyMaHUTapHble cnenuanbHocTh). Ha ckonpko 3a-
siBJleu#t 6osble OB1IO MOJaHO B niepuox ¢ 4 no 6 urousa Ha
ryMaHUTapHbIE CHENMAJILHOCTH, YeM Ha €CTeCTBEHHLIE?

60*

50 7
30 7 7 /77
20 // // // // // //
10 /j // // // // // // // //
/] Pu /] / >
1 2 3 4 5 6 7 8 9 |10

Iycrs (zo;yo) — pelleHue cucTEMbl ypaBHEHHN

log, z + logzy = —1
2logox —logzy=17

Zo
Haitoure oTHOIIEHHME —.

Yo
B rpeyronbuuxke ABC nposenena meanana AK, paBHas 1—‘?’—4@
u cocTasismomas co croponoit AC yron 30°. Haitnure BC,

ecsii yros C paseH 45°.
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B5

B6

B7
B8

B9

ITpu crpouTenbecTBe JOMOB PA3HOr0 THIA HCIOJIB3YIOTCS JI€-
TaJIM ABYX BUIOB. ns cTpouTenbCTBa 6-TH KBapTUPHOrO
poma Hano 30 meraseit mepBoro u 40 meraseit BTOporo BH-
noB. dna 10-ru kBapTuproro moma Hano 40 merasedt mep-
Boro u 60 merajeit BToporo Bunos. 1A 14-Tu KBapTUPHOro
aoMa Hano 90 zeraselt mepBoro u 120 merasieil BTOpPOro Bu-
noB. Becero B nHanunuuu umeercss 600 meraseit nmepsoro u 800
gerajieit Broporo BugoB. Ha ckosbKO OosbIlle U3 3TUX JeTa-
JIEii MOXKHO TOCTPOMUTD 6-TH KBAPTUPHLIX AOMOB, 4yeM l4-Tu
KBApPTUPHBIX?

B paBHOOepeHHYI0 Tpanenmio, IJIoMaab KOTOpoil paBHa 63,
BIIMCaHA OKPY2KHOCTb paauyca 3. Haligure nmepumerp Tpa-
TIEIUH.

Berauciure (2 — v5)% + |1 — 4v/5].

JNlana dyakmus y = 3z2 + 5z — 1. B Touke rpaduka 3T0if
byskuun ¢ abcmuccoit xp = —1 npoBejeHa KacaTeJbHasi
npsMas K rpacduky. Haiiaure abciuccy Touku nepeceveHus
3TOM KacaTesbHOM ¢ ockio O.

Merannuyieckuil map paspesaan Ha aBa noayiuapa. Ckoub-
KO JIMTPOB KPacKu mnorpedyercsi, 4ToObI MOJHOCTHIO ITIOKPa-
CUTb STH II0JIyIUAPbI, €CJIM Ha MOKPACKY MOJHOTO I1apa Tpe-
Oyerca 246 nurpoB Kpacku?

B10

W3 orBepcTus B HUINE IMJINHIPUIECKOro OaKa BBITEKAET

BoZa. Beicora cTronba BoAbI B Oake M3MEHSIETCS IO 3aKOHY
h(t) = 4,5 — 1,65t + 0,15t* (h(t) — BEICOTA CTOJNOA BOABL
B 0aKe B MOMEHT BpeMeHHu ¢, u3MepsieMasi B METPaX, BPeEM:A
t u3MepseTcs B MUHYTax). B TeueHMM KaKOro BpeMEHU BCA
Boda u3 Oaka BeITEUET?

B11

Hana dyukuua f(z) = In(2z — 3) — 2z. Haitgure ee Han-

0oJIbIlIee 3HAYEHUE.

B12

Yucaurens gpobu Ha 2 bonbiue ee 3HaMeHarens. Ecin cio-

>KUTB 3TY ApoOb ¢ 00paTHO# eif 1pobbIo0, IOy IUTCS g—g‘. Haii-
JAUTE UCXOOHYIO IpOoOb.
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Cl1

C2

C3

C4

C5

C6

YacTe 2

Pemure cucremy ypaBHeHut

cos(2y) - vsinz = 0,
cos(2y) + 4sinz -3 =0

[IIap 1 KoHyC MMeIOT paBHOBeNukue obbembl. Hatoure or-
HOIIIEHHE PaJuyca Iapa K paguyCcy KOHyca, eClu 0CeBoe ce-
YeHVe KOHYCa — PaBHOCTOPOHHUM TPeyroJIbHUK.

Pemure nepasenctso log,(log,/, v4 — z) < 0.

V3 Toukn A K OKPY>XHOCTH C PagdycoM 2 IIpOBEAeHa Kaca-
TeJIbHAas, KOTOPas KaCaeTCsl OKPYKHOCTH B TOUuKe M U ceKy-
I1as1, TIEPECEKaloas OKPYKHOCTh B ToukaxX B u C, npudem
Touka C — cepenuna AB, yron AM B pagen 60°. Haitgure
[0 b Tpeyroabuuka AM B.

Haitoure BCe 3Ha4YeHUs @, TPU KaXXJ0M U3 KOTOPbIX MHOXKE-
2 —az +1
24+ +1

CTBO 3HaYeHuil pyHKIUU y =
Base (—1;3).

ITpo n € N u3BecTHO, YTO €ro AecATHYHAs 3alNCh 3aKaH-
yuBaeTcsa mudpoit 0 1 4To 4uciao n? uMmeeT POBHO B 3 pa3a

Gonbine genureneit (cuuras 1 m camo 4wmcio), deM n. Hait-
IUTE BCE TAKUE HHCIIA, T,

JIEXKUT Ha MHTEP-
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EauHbill rocygapcTBeHHBIN 3K3aMeH 110 MaTeMaTHukKe

B1

B2

B3

BapuaHT N¢16
YHacrs 1

Bankon umeer hbopMy npsiMOyroJIbHUKE pa3MepoM 4 M X 2
M. Ha OanxoHe HaxXoOuTCsi KOBPUK NPSIMOYTOJbHON (HOpPMBI
WI0IAAbI0 2,88 KBaApaTHbIX MeTpoB. OQHOI CTOPOHOI KOB-
puxK npujeraer K Oosbiieit cropoHe 6ajIkKoHa, & TPU APYTHUe
€ro CTOPOHBbI HAXOAATCA HA OJUMHAKOBOM PAaCCTOSIHMHU OT Kpa-
eB bankoHa. Haltnure 370 paccrosinue.

Ha muarpamme moka3ano, KaK IpOXOAUT npueM abuTypueH-
TOB B YHUBEPCHUTET HA €CTECTBEHHbIE M I'yMaHUTAPHLIE CIIe-
nuaJbHOCTH B TedeHmm 10 gueit mrona 2009 roga (mycrTbi-
MM KB3JpaTHMKaMHU OTMEYAETCS KOJIMYEeCTBO 3asBJICHUI Ha
€CTECTBEHHDLIE CIEIMAJbHOCTH, 8 3alUTPUXOBAHHBIMM KBaJ-
paTHKaMy — Ha, FyMaHUTapHbIE crenuajbrocTy). Ha cKojib-
KO 3asgBJeHuH OoJsibie ObIJIO MOLaHO Ha 00e CHeluaJbHOCTH
B NIOCJIEJHUE TPX JHS, YEM B IIEPBbIE€ TPHU JIHsI?
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40 7 j

30 74 7 V,

20 // // // // // /j
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A4 / g2 e -
1 2|1 314|516 7 8 9 | 10

ITycrs (zo; Yo) — pellleHne CUCTEMBbl ypaBHEHUH

2logoz +logsy =4
3log, z — 2logyy =13

Haitnure npoussenenue o - yo.



Bapuaut Ne16 51

B4

B5

B6

B7

B8

B9

Huaronanps BD napannenorpamma ABC D, paBHas 9—.?, co-
crapysieT ¢ ocHoBanueM AD yroa 60°. Halinure giauHy BTO-
poit puaronanu AC, eciau OHa COCTABJISET C TEM YK€ OCHOBa-
HueM AD yron 45°.

IIpu crpouTenbCcTBE JOMOB PA3HOrO THUIIA UCIIOJIb3YIOTCA Je-
TaJIX AByX BHAOB. s crpourenscrBa 6-TM KBApPTUPHOrO
noMma Hago 30 meraseii nmepsoro u 40 merasiei BTOpOro BU-
noB. Una 10-tu xBapTupHOro goma Hauao 40 meranelt mep-
Boro u 60 zmeraseit BToporo BuaoB. Ansa 14-Tu KBapTUPHOrO
ngoma Hajo 90 peraneit nepsoro u 120 meraneit BToporo su-
nos. Bcero B Hanuvum umeercsa 600 meraneit nmepsoro u 800
Jerajeii sroporo BuaoB. Ha ckoabKo Oojible U3 3TUX IdeTa-
Jieit MOKHO IOCTPOuTh 10-TH KBapTUPHBIX AOMOB, 4eéM 14-Tu
KBapPTUPHBIX?

[Tnompaap Kpyra, BIMCAHHOTO B TpaIlenuio, paBHa 257, CyMm-
Ma, OOKOBBIX CTOPOH Tpamenuu paBHa 16. Hajinure nnomanp
TPaIleLyu.

Haitgure 3uavenue Beipaxkenus +/ (z + 1)%+ +/(z + 2)4 npu
T =—/2.

K rpacduxy dpynkuun y = —2z2 + 3z + 1 B Touke rpaduka ¢
abcuuccoit xg = 1 mpoBeaeHa KacarenbHas npsamas. Haitau-
T€ OPAVHATY TOYKHU MEpPEecedYeHrs 3TOM KacaTeJbHON C OChIO

Oy.

W3BecTHO, YTO CTOPOHA OCHOBAHMS M BBICOTA, IIPABUJIbHOI
IIECTUYT0JIbHOM MPU3MBI COOTBETCTBEHHO B 12 pa3 u B 2 pa-
3a 00JIbIlIE CTOPOHBI OCHOBAHMS ¥ BBHICOTHI IPABUJIBHOM Tpe-
yrosabpHo# npusmsel. Haligure niomaap mosaHo# MOBEPXHOCTHY
IIPaBUJIbHOY HIECTHUYTOJbHOYN IPU3MBI, €CJIH II0JTHASA I10BEPX-
HOCTb IIPaBUJILHOHM TPEyroJbHOH IIpu3Mbl paBHa 10 M2, Or-
BET JaiiTe B KBaJAPATHbIX METPax.

B10

W3 oTBepcTus B AHUINE IMUINHIPHYECKOro 0aKa BBHITEKAET

BoJa. BeicoTa cTos10a BoAbI B OaKe M3MEHSETCS 10 3aKOHY
h(t) = 7,5 — 2,75t + 0, 25t% (h(t) — BbIcOTa CTON6S BOIEI B
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Oake B MOMEHT BpeMeHHU t, u3MmepseMas B METPax, Bpems i
M3MepsieTcs B MUHYTax ). B Teuennn Kakoro BpeMeHH! BBICOTA
crosiba BoIbl B OaKe He OyJeT IpeBBILIATL O METPOB.

B11

Hapnure nauMmenpinee 3Havenue GyHkumu f(r) = 5T —

In(5z + 2).

B12

Haknoure aABy3HA4HOE YMCJI0, B KOTOPOM YHCJIO IAECITKOB

C1

C2

C3

C4

C5

C6

Ha 4 OoJbllle €ro eJWHHI, a8 MIPOMU3BEIEHNE ITOr0 YUCIa U
[IOJIYCYMMBI ero uudp paBHO 153.

YacTs 2

Pemmure cucremy ypaBHeHut

2

VSIinx — cosy = cos x,
sinZ + cosy = sin“x

B npsiMmo#t TpeyroJibHO# Npu3Me Yepe3 CTOPOHY OCHOBAHHUA
o, yryiom 45° K HeMy pOBeAEHa IIJIOCKOCTD, IIEpeceKaromast
IPOTHUBOIIOJIOXKHOE pebpo. Haitaure niomaap ceyenus, ecau
ILJIOIAAb OCHOBAHMS paBHA O.

Pemure nepasencrso log;(log, /, V2 — 1) < 0.

OxkpyxxkHocTb paguyca 1,5 npoxoaur yepe3 BepruuHbsl M u
D rpanenuu M N PD (M D napannensua NP, M D 6onbue
N P), nepecekaer cropody PD B Touke K, tak uro PD =
4v/3K D, yron NDM pasen 60°. HaiinuTe miomap Tpare-
umu MNPD.

Haitgure Bce 3HAUEHUS @, IPU KAXKJI0M H3 KOTOPBIX CHCTEMA
HEPABEHCTB

{ (z —a)(az —a—-1) >0,
ar > 4

HE UMEET DEIIeHUI.

Haiinure Bce Takue HATypajbHbIE YUCIA 7, UTO YHCJIO T2

uMeeT POBHO B 3 pasa Gosbiue genureneil (cuuras 1 u camo
YHCJI0), YeM N,
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OTBeThI K 3aa4aM u3 BapuaHToB Nel—Nel6

HomMmepa 3amannit

B1 B2 | B3 |B4| BS B6 | B7 |B8| B9 {B10| B11 | B12
1 ) 0,4 11,2560 | 387 | 0,6 | =2 | 7|51 |900] 2 ] 0,2
2 5 10,375/ 0,8| 8 | 880 |—0,6] —1 | 4|54 [25]| 15 | 450
3 8 100 |-0,5] 6 6,875 18 | 20 | 4 |32,5/80| 36 | 30
41 12 (0,25] 11 {0O0,8] 6 97 1 1,5 | 7 139,2] 6 | 3 7
o 160 2 9 13,2112800 6,5 2 (3] 8 | 5 |132]12,25
6 3000 | 3 -3 10,6 700 |42,5]1,25|1 | 4 | 5 |—-68| 12
7 1,2 30 | 108 | 3 4 13,125/ 130 | 9 |11 |60 | 3 8
81 1,12 5 |0,09]| 5 33 1,5 7 |6]112]|70] 5 17
9| 40 12 | 90 | 5 [12450( 1,5 | 2 |9 (44| 9 | 67 | 27
10| 640 | 10 [—120/0,8] 1290 | 3 | 1,5 |49 30| 5 [-8,5 24
11j| 2430 | 5 5 |0,5]104000| 72 |3,875|135/120{10| 1 4
12)| 2 4 0 [0,5] 4000 | 9 -4 1219610 7 21
13{840000( 80 3 10,1 18,2 {112,5|-2,5(1,5(214|30| 1 (17,5
14| 72,8 1 190 [ 1 [0,3| 21 6 12 (4,5]106 |4,4(-2,5| 18
15| 1,25 | 50 | 108 | 6,5 | 14 42 8 |[—4(369( 5 | —4 | 1,4
16| 0,8 50 | 0,5 |13,5{ 7 80 1 3 (480 4 { -1 | 51
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HomMepa 3amanuii

6

C1 C2
1 {(—% + 27n; -;—) In € Zl arctg(5v/3/4)
2 {(—% + 27n; —%hn eﬂ arctg(v/15/5)
3 {{m + 27n; -2) |n € Z} 60°
4 {(m+2mn;1)|n € Z} arccos(1/6)
5 {((—1)"‘§+7rn;%+7rk) In,k € Z} 6
6 {((—1)"%+m;%+wk) In, k € Z} 63
7 {(Z;J‘Z+27m)ln€Z}U{(5;—%+2wn)|n62} 7
8( {(m+2mwn;-2)|n € Z}U{(—%ﬁ-}ﬁwn;—l) |n€Z£ 25V/7
9 (-3;-2) 300
10 (1;2), (16;—28) 480
11 (6;0),(%;2) 9(144 + 8/3)
12 (165 20) 46
13 {(%+7rn;:l:§+27rk) In,kGZ} 8
14 {(§L+7m;:i£+27rk) |n,k.€ Z} 0,35
15 {((—1)"% + wnﬁ + %k) In, k € Z} L3
16 { (Z + 27n; £ arccos(—%) + 271'k) In,k € Z} Sv2
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29

Homepa 3a1aHuit

| C3 C4
1 (—1; %) u(1;2) U (2; g) V2 nn 5'\/5
2 (—3; —%) u(1;2)u (2; g) 20v2 nmu 42
3 (—%; —2) u (—-g-; —1) 20(2 — v/3) wmm 20(2 + V/3)
4 || (=o0; =5) U (—=3; —2] U [4; 00) V11
5 [2—75 )u(w, o) 216
6 {% )U(S,oo) 54
7 (¥16;2) 20 nmm 30
8 (2v2;4) 20v/57
IGER oz
10 (0;% u{%} V32 (V1)
11 (1;2) 58,5
12 (0, % U (VBio0) 9,72
13 (%;1) U (1; %) V10
14 E; 1) 120
15 (3;8v2 - 8) 8(6 — V3)
16 (1;2v3 - 2) 22,543 — 27
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Howmepa 3ananunit

C5 C6
1| (-1;3)u {11} 1004
2 (—o0; —6] 166
3 [—6; 4) 1004
5

4 _2.

[ 5 0] 201

3

5 (—17;3) {2;3;5;...;43}
6 || (—18;-2) U (-2;6) {2;3;5;...;43}
71 (—o0;=1)U (4;00) 47
8 (—4;0) 47

7<)
9 -2-; o0 HE MOXKET
10[{-1} U (1;3) U (4; 6] HE MOXET
11 -2 x? — 32z + 60, 2 + 28z
12 (2; 0) 8045, 8046, 8047, 8048, 8049
13 [—4; 2] 503 - 2.2 = 2012

5 :

14 (—oo; :-3-] 144, 324
15 (=3;1) 400, 2500
16 (—2;0] p* - ¢%, rme p u g — pasNIUUHBIE IPOCTHIE YHCIA
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3agauu pasgesa Bl

B1.1| MosogoMy cneuyaJucTy IpH yCTPOiCcTBE Ha paboTy nped-
J0Xunu (B CBA3M ¢ (PUHAHCOBBIM KPU3KUCOM) B T€UEHUY IEP-
BOrO MecAna 3apniary Ha 20% MeHblle I0JI0XKEeHHOH. 3aTeM
B CJIEYIOMEM Mecsle 00eIaln MOBLICUTD 3apaaTy Ha 20%.
Ha ckoJbKO IPOLIEHTOB MEHDIIIE ITOJI0XKEHHOTO TIOJIYYUTh Pa-
O0THHUK 38 JBa Mecsna paborsl?

B1.2| /IBa npeanpuHUMATENSA IPY OTKPHITUY (UPMBI CJIOXKUJIU
ceou kKanurtaysl B 700 Teicau pybneit u 900 Teicau pyOiei
coorBeTcTBeHHO. [lomy4dennyo npubsiis B 150000 pyOuaeit
pa3Ieauyy IPOINOPIMOHAJILHO BJIOXKEHHOMY KanuTaay. Ka-
KYIO0 IpuOBLIb NOJYYUT NEPBBIX NpeAlIpUHIMATEND !

B1.3 | KynuenHsnlit Ha cKaaJe TOBap IIpoJaH B Mara3uue 3a 1386
ThicaYu pybaedt npu 10%-Ho#t Toproeoit mamenke. CKOJbKO
CTOMJI TOBAp Ha CKJaje?

B1.4| llena Ha ToBap Oblya cHY>KeHa Ha 20%, 3aTeM HOBas IEHA
emie pa3 Oblia cHm>keHa 1 cocTaBusa 60% oT nepBoHaYaIb-
HOo#t. Ha CKOJIbKO IIPOIEHTOB Il€Ha Ha TOBAap OBbLIa CHUXKEHA
BO BTOpPO#l pasz?

B1.5| CebecroumocTh eIMHMIBI NPOAYKUMH CHAYATIA BBIPOCJA
Ha HEKOTOPOE YHCJO IPOLEHTOB, a 3aTeM HOoBas cebecTou-
MOCTb OblLiIa CHMXKEHA Ha Takoe »kKe 4ucio mporesHTos. Onpe-
IEJIATE 3TO YUCJIO IPOIIEHTOB, €CJIU KOHEYHAs ce0eCTOMMOCTD
okazaJiach Ha 4% HUXKe IepBOHAYAJIbHOM.

B1.6| deuexxunlit BKya,1 BHeceH B 6aHk mog 30% rogosuix. Yepes
IB& rofa MPOLEHTHAsA CTaBKa Obla noHmxkeHa 10 20% romo-
BhIX. Ha CKOJIBKO NpPOIIEHTOB BHIPACTET BEJMYUHA BKJIAJA K
KOHILY TPeTbero roaa?’

B1.7| IlepuMeTp npsAMOYroJIbHOU AETCKOIl IIOmIanKu paBeH 18
M. Ecin ee gnuny ymenpmntb Ha 20%, a mmupuHy yBEIN-
yuth Ha 25%, To mepumerp He uaMmenurcs. Haioure mio-
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I3db 3TOM IJIOILAIKH.

B1.8| Oagsy nsTyio 4acTb ImyTu aBTOMOOMJIb €XaJl CO CpenHel
ckopocTbio 40 KM/4, & OCTaBUIMICS IIyTh — CO CPeIHEH CKO-
pocteio 60 kM/4. Haiigure cpefHio CKOPOCTL aBTOMOOMIIS
Ha BceM nyTu. OTBET OKPyrJUTe 10 LEJOro Iucia.

3agauu pasznesa B3

B3.1| Ilycts (zo;yp) — pelicHue CHCTEMbBI ypaBHEHMIA

3.4 —2.9Y =6
2.4% 4+ 9¥ =11

Haitagure pa3HOCTb Tg — Yo.

B3.2 | Haiimure koperb ypasaenns log,(z? + 1) + 2 = 2 cos(wz).
B3.3 | Pemnre ypaBaenne vz2 + 16 = 4 — sin?(3z).
B3.4 | Pemure ypasuenue 0, 25572 = /2z + 22

B3.5| Pemure ypasuenue log,(z + 5) = 59 — 5z.

B3.6 | Haitnure HanMmeHblIee HeUeTHOE pelleHue HEPaBeHCTBA
logyz > 20 — z.

B3.7| ITycrey (x9;yo) — pelieHne cucTEMbI YpaBHEHUI

3:4*+10-5Y =6,4
2:4*—-5.5Y=3,8
To
HatiguTre otrHOIIEHNE y_
0

B3.8| HaiiguTre HanMmeHbIllee II0J0XKUTEIBHOE 1IE10€ YUCII0, TIPH-
HaJJeXxallec MHOXKECTBY peIUeHMiI HEpaBEHCTBA

2 8
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3agauu pasgesa B12

B12.1 | KnueHT 6aHKa B3sJ B 0aHKOMATE % CBOMX JIEHET, IIOTOM

% octaBmuxcs u eme 2200 p. Ilocie aToro Ha nIaCTUKOBOH
KapTO4YKe Y HEro 0CTajIoCh ;1;- Bcex pgeHer. Kakas cymma mep-
BOHAYAJIBHO JIEXKAJIa HA CYETy KJIHEHTa?!

B12.2 | Ogud u3 pabo4uuX BBINOJIHUAJ ISTUIETHUH IIJIaH 338 3 roga,
4 mecana. Ha ck0obKO NPOLEHTOB OH II€PEBBINIONHUI IIJIaH,
KOTOPBIA OBl HaMedeH Ha 3 roja 4 mecana?

B12.3| B TpeyrosbHuK ¢ ZiauHaMu CTOPoH 4, 5 u 6 mpoBeneHa
OuccekTpuca K OoJblIell CTOPOHE, KOTOPas IPH 3TOM pPas3ze-
JIMJIach Ha JBa oTpe3ka. CKOJIbKO IIPOIEHTOB AJIUHA MEHb-
IIIEr0 OTPE3Ka COCTABJISET OT AJIMHBI OOJIbIIIEro?

B12.4 | Ilepsbiit 6ak gns Bogbl uMmeeT GopMmy Ky0Oa, BTopoﬁ -
dopMy mpsmMoyrospHOro mapasuienenunena. Oba 6aka or-
KPBITHl CBEPXY. Y BTOporo 0aka IMHpHWHA, JJIUHA XU BBICOTA
Oosipllle, YeM y IIEPBOrO COOTBETCTBEHHO B IOJITOPA, IBA U
ZBa c moJsioBuHOM pa3a. Ob6a 6aka HaIO MOKPAcuUTb CHApY-
>ku Kpacko#t. Ha ckonpko nporieHToB Oosblie morpedyercs
KpacK# ZJis1 Broporo Oaka, 4eM jJisi ImepBoro 6aka?

B12.5| 3a Tpu 4aca mepBblil JBIXKHUK MIPOLIES Ha 2,5 KM 00Jb-
1€ Zpyroro, Tax KakK OAMH KMJIOMETP OH MPOXOAWJ Ha OXHY
MHHYTY ObIicTpee. 38 CKOJIbKO MUHYT IIEPBBIi JILIXKHUK IIPO-
XOAWJI OJUH KUJIOMETP?

B12.6 | [IIkonpHUK NpOYUTaI KHUTY 38 TPU AHsA. B epBhIi AeHDb
ou npouuTtan 0,2 Bceit kHuru u eme 16 crpanul, Bo BTOPO
genb — 0,3 ocrarka u eule 20 crpanull, B TpeTu#l geHs — 0,75
HOBOro octarka u mociaeguue 30 crpanui. CKOJIbKO CTPaHML]
B KHUre?

B12.7| bak emkocteio 2400 M3 HanosHsieTrcss TomueoM. Ilpwm
OIIOPOYKHEHNM 6aKa IIPOM3BOAUTENBLHOCTh Hacoca Ha 10 m3
B MUHYTY BBbIlIE, 4Y€M IIPOU3BOAUTEIbHOCTb HACOCA MPU Ha-
noJiHeHuH. B pe3ysnbrare BpeMs OmopoxkHeHuss Oaka Ha 8
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MHUHYT MeHbIEe BpeMeHM 3anojHeHus. OnpeneauTe Mpous-
BOAUTEJILHOCTb HACOCA IIPH HaIOJHEeHuU Daxa.

B12.8| IlepBuiit pabounit msrorosun 60 meTaneit Ha TPU 4aca
ObICTpee BTOPOro. 3a CKOJLKO YacoB BTOPOI paboumit u3ro-
toBuT 90 meraseii, ecau, paboras BMECTe, OHU U3rOTABIMBA-
10T 3a oguH yac 30 meraseit?

B12.9| Jdnsa nepesosku 60 T rpysa HaMe4daJsIOCh HMCIOJIb30BATh
HECKOJIbKO I'Py30BUKOB. BBy 00JbIIOro nogbema IIyTHA Ha
KaXXJbl}l I'PY30BUK IPHUIIJIOCH 'PY3UTh MEHbIIE, YeM IIpeJ-
II0JIAraJIOCh, ¥ II03TOMY norpebosasiocs emte 4 mamuHbl. Ka-
KO€ YKCJIO TPY30BHMKOB NPEAIIOJIarajioch UCIOJIb30BATD IIep-
BOHAYAJILHO?

3agayu pasgesa C1l

W+aﬂn§=0,

C1.1| Pemnts cucremy 0

4cos*x —8cosz—5=0.

3Y +tgx =0,
4cosx —4cosz—3=0.

C1.2| Pemuts cucremy

222 4+ 2z — cos 2y — siny = 12,
T —siny = 1.

|
{
{
{ 2z2 4 cos 2y + 2siny = 3,
{
{
{
{

C1.3 | Peumts cucremy

C1.4 | Pemunts cucremy

Tz — 2siny = -3.

sinyv/2cosz+1=0,

C1.5| Peumnts cucremy 2cos 2y + 2cos 2z = 3

sinyy/5sinz — 2 =0,

C1.6 | Pemmnts cucremy 6sin?  — 5sin z 4+ cos? y = 0.

4sin?y — 8siny + 3 =0,
VZ — 2 = siny + V3 cosy.

2cos®z + cosz = 0,

Vy+1l= sinx+\/§cosa:.

C1.7| Pemnts cucremy

C1.8 | Pemute cucremy
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C1.9| Pemmts cucremy { cosT = 2=Y,
sinz =y — 3.
COST =Y+ V3,
A
C1.10| Pemuth cucremy { sinz = v/3y + 2.
C1.11| Pemute cucremy STnx +eosz =2y =,
sinz —2cosz =1-—y.
cosz = /3 — Y
Cl1.12| P i
EIIUTh CUCTEMY { sinz = 3y — 2.
1\¥73
: -y — [ =
C1.13 | Pemuthb cucremy { 8- (V2)'¥ = (2) ’
logs(z — 2y) + logs(3z + 2y) = 3
3Y . 9% = 81,
C1.14 | Pemurps cucremy { le(z +y)? —lgz = 21g 3
3 — v =77,
C1.15 | PemnTs cucremy z 2
35 — 2 2 = 7
(2% — 2%)(4% — 2%) = 45,
C1.16 | Pemutb cucremy { 9% 4 4V — 5§
1 21._1
Yy = Y
C1.17| Pemurb cucremy o P
T = 64v
L — —_—
C1.18 | Pemute cucremy { Zy N gy 7"’4_—.:.)’,106
3/ ‘3/ : —_ =
C1.19| Pemurs cucremy THY+Vr-y+ 5
2r+y=17
'C1.20| Pemmts cucremy { ﬁ_{iy:/g’_l_ 1)y
C1.21 | Haiiaure BCe peleHuss CUCTEMBI sin(2z +y) = 0,
cos(z+y)=1
—Tm<zr<
YI0BJIETBOPAIONIME YCIOBHAM TSETS
2r<y< —m
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C1.22

C1.23

4% 4 2Y =12,
Pemmnts cucremy J3T=Ty = 5Tz =3y
Y 3T
log, = + ———= =0,
Pewnuts cucremy %6z g y(x + 9)

(y—2)7" = (y —2)7 el

C1.24

21g/T+2Y+1=0,

PemmTs cucremy

lgz3 +4v—1=0

C1.25

3* - 2¥ = 576,

Pemuts cucremy

log sy —z) =4

C1.26

6sinz + 7log, 3 = —10
Pemuts cucremy

| 1
—5sinz + 2log, 3 = 5

C1.27

224+3-29=17,
Pemmnts cucremy

T+2y=3

C1.28

1 2 _y?) =1,
Pemmth cucremy Oglxyl(x y°)

10g|:z:yl (z—-y)=0

C1.29

Pemuts cucremy logy_(2—-y) >0,

10g4__y(2$ - 2) >0

C1.30

2* . 3¥ =6,

Pemutes cucremy

x2+y2-log§3=1+log§3

7T$2

C1.31

sin —— =1
sin 5 ,

PemmnTs cucremy

lz| + |y| =3

C1.32

V2z—y+11 -3z +y—-9=3,

Pemmts cucremy

v2xr—y+ 11+ 3z+y—9=3
3¥x + y = logz(9z),

C1.33

Pemmnts cucremy

e, I, P P e e N N A N~

27
2«‘3/:8_:_ = 10g3 —$—

3agauu paszgesa C3

C3.1

Pemuts nepasencTso log, (5 — 4z) < 2.
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C3.2

C3.3
C3.4

C3.5

C3.6

C3.7

C3.8

C3.9

7
Pemure HEpaBeHCTBO log,_j (Z — :E) > 2.

Pemmurs HEPaBEHCTBO 10g|, 46)(2° — T — 2) > 1.

PemmuTh HEpaBeHCTBO log|2w+4|(4a:2 + 8z 4+ 15) > 1.

Pemmre HepasencrTso lo 2z < 1
P S \lz—3]) = 2

PemuTts vepasencTso lo 2(z +1) > l
. paBe€ g(:t:—l)z lx— 2| 9

PemuTs HepaBeHCTBO

V/8+1log, z — /10loggz + 20 + 2 < 0.

Pemuth HepaBeHCTBO

Viogs(z — 1) + 1 4 y/logs(x — 1) + 16 <.5.

Pemmts HepaBeHCTBO \/ 1-— 4log% /2 T+ logy oz < 1.

C3.10

Pemures HEpaBeHCTBO \/ 1 —4logiz —log,x < 1.

C3.11

Pemntb HEpaBeHCTBO \/ log,/z(5T) - logs = < 2.

C3.12

Penmts mepasenctso log, (22 + 1) - log, 1 = > 2.

C3.13

5—12 1
Pemuts HepaBencTBo log, 3 - logg ( 1o :;) < 5

C3.14

5 1
Pemnte HepaBeHCTBO (2 + logs (Z + x)) - log,, 3 <1

C3.15

Pemmnts HEpaBeHCTBO

4log,_((z — 1)(6x — 2% — 5)) — log2_,(z — 5)% > 8.

C3.16

PemnTe HEpaBeHCTBO

4log, 1 (1 — z%) +4 > log2,,(z — 1)
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3agauu pasgesna C4

C4.1 | Okoj10 OKPY>KHOCTH OIIMCAHa PaBHOOENPEHHAs Tpallenys,
OJHO U3 OCHOBaHHI KOTOpOIl paBHO 15, a BokoBas CTOpoHA
paBHa 12. HaitauTe niomanes Tpamemnu.

C4.2 | Oxpy2xHOCTb paanyca 2v/2 nepecexaer cropory BC pom-
6a ABCD B Touke M Tak, uro 4BM = BC, xacaercsa mpsi-
MbeIXx AB u AD B Ttoukax B u D coorsercTeerno. Hatinure
mromaas pomba ABCD.

C4.3| B tpanenuu ABCD 6okoBas cropoHa AB nepreHanKy-
napHa ocHoBaHU BC. OKpPy>KHOCTb NPOXOJUT UEPE3 TOY-
ku C u D u kacaerca npsmoit AB B Touke E. Hatigure

paccTosinpe oT Touku E no npsamoit CD, ecin AD = 4 n
BC = 3.

C4.4 | Ha npsmoit, npoxogsmell yepe3 Touky O — EHTP OKPYK-
HocTu paguyca 12, B3aTel Touykd A m B rtak, uro OA =
15, AB = 5. I3 Touek A u B nposeneHsl KacaTeJbHbIE K
OKPY2>KHOCTH (TOYKM KAaCaHHA JIEXKAT IO OLHY CTOPOHY OT
npamoii OB). Haiinure mnomans Tpeyroabauka ABC, rae
C — TouKa nepecedeHHs 3THX KacaTeJbHbIX.

C4.5| 13 Touku A K OKPY>KHOCTH IIPOBEIEHA CEKYIIas, KOTOpas
riepecekaer ee B Toukax B u ¢ u KacaTejbpHas, Kacalomasi-
cs1 OKpy2kHOCTH B Touke K. HalizuTe paccTosHHE OT TOYKH
K 1o cexkymeit AC, ecnu paccrosanue or Touek B u C 10
KacaTeJIbHON COOTBETCTBEHHO pPaBHEI 12 m 15.

C4.6 | Xopna AB 0Kpy>KHOCTH C LIEHTPOM B Touke O mepeceka-
er paguyc OC B Touke D, npuuem yroa CDA pasen 120°.

Haiinure paguyc OKpy>KHOCTH, Kacaroleiicss orpeskos AD
i DC u nyru AC, ecim OC = 2, OD = /3.

C4.7| Ocnosanne AD tpaneuuu ABCD (AD 6oapme BC) saB-
JIsIETCA JUaMEeTPOM OKPY2KHOCTH paluyca 2\/5, KOTopasl Ka-
caercs npamoit C'D B Touke D u mepecekaer cropony AB

4V3

B Touke K, Takoit yro AB = —-é—AK . Haiaure momaas
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rpaneuun ABCD, ecin yron CAD pasen 45°.

C4.8 | IIponomxkenus 6oxkosuix cTopod AB u C'D tpaneuun ABCD
nepeceKaroTcA B Touke E. [leHTpoM ONMHCAaHHON OKPY2KHOCTH
0K0J10 TpeyronbHuka ADE saBnsercsa Touka O. Haitnure Be-
auuuHy ocTporo yriaa A rpamernuun ABCD, ecniu Touku A,
B, C, D, O nexat Ha OKDYKHOCTH, PaJuyc KOTOpoi B v/3
pa3 MeHbIlle PaIHyca OKPY>KHOCTH, OIIMCAHHOI OKOJIO Tpe-
yroasuuka ADE.

C4.9| Ha katere BC npsmoyroJyibHOro Tpeyrojpauka ABC kak
Ha JHAMETPE IOCTPOEHA OKPY>KHOCTD, IIEPECEKAIONIasi THIIO-
teny3y AB tpeyroasnuka ABC B touke K. Haiigure mo-
maap Tpeyroabuuka BCK, eciu CB =3, CA = 4.

C4.10| Yepes Touky K, pacloJIOKEHHYIO HA OHAMETPE OKPY2K-
HOCTH pajguyca o, NpoBeneHa xopga AB, obpasyolas ¢ 3TuM
IuaMerpoM yroJ 45°. Yepes Touky B npoBelena XopIa OKpy K-
HOCTH, TIEPIIEHINKYJIsIpHAs JaHHOMYy guaMerpy. Haliaure mwio-
maap Tpeyrojabuuka ABC, eciu AK : KB =1:2.

3azaum pasgesaa CbH

C5.1 | HaiiTu Bce 3Ha4eHUsI TapaMeTpa a, IPH KOTOPLIX rpadUKH
oByx dyHkmuit y = 2|z + 2|+ |z -7 ny=2|z-3|+x+a
II€PeCeKalOTCs POBHO B ABYX TOYKaX.

C5.2 | HaiiTu Bce 3HaUEeHUs IIapaMeTpa @, IpHU KOTOPHIX rpaduKu
1Byx dyukumit y = 3|z + 1|+ 3|z —6juy =3|z—-2|+z+a
IIEPECEKAIOTCSI POBHO B ABYX TOYKaX.

C5.3 | HaiiTu Bce 3HaUEHUsI IapaMeTpa @, IPH KOTOPHIX IpadUKH
1Byx yakuuit y = 2|z + 2|+ |z -5|nuy=2|z—-1|+zx+a
TIEePECEKAIOTCS POBHO B JBYX TOYKaX.

C5.4 | HaiiTu Bce 3HaYEHUsI IapaMeTpa G, IPH KOTOPBIX rpadUKu
aByx byHkouil y = 2|z + 3|+ 2z -2|uy =2|z|+z+a
[IEPECEKAIOTCSI POBHO B IBYX TOYKAaX.

C5.5| O®yuxmua x2 + |2z + 2| — |22 + 3z — 4| — a paccmarpusa-
ercs Ha oTpeske [—5; 5]. HaitTu Bce 3HaueHus mapamerpa a, .
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IIPH Ka>KJO0M K3 KOTOPBIX 3Ta (DYHKIIHS IIPUHMMAET TOJILKO
HEOTPHIIATeIbHEIC 3HAYEHUSI.

C5.6 | Oyakuua |z? + 3z — 4| — |z — 1| — a paccmaTpusaerca
Ha oTpe3ke [—5;5]. HaliTu Bce 3navenus napamerpa a, npu
KaXXkJOM U3 KOTOPLIX 9Ta (DYHKIMS IPUHUMAET TOJIHKO HEOT-
pHLATE/IbHbIE 3HAYEHHUS.

C5.7 | Oyuxnusa |x? + 2z — 3| + |z + 4| — a paccmarpusaercs
Ha orpe3ke [—5;5]. HailTu Bce 3Ha4YeHHs mapamerpa @, Ipu
Ka>kJIOM U3 KOTOPHIX 3Ta (pyHKIIUs ITPUHHIMAET TOJHLKO HEOT-
pulaTebHble 3HAYEHU.

C5.8| ®ynkuus |z? + 2z — 3| + |z + 3z — 4] — a paccmaTpuBa-
ercsa Ha oTpe3ke [—5; 5]. HaliTu Bce 3Ha4YeHus mapamerpa a,
IPH KaXXKZOM H3 KOTOPHIX 3Ta (DYyHKUHS NPHHEMAET TOJIBKO
HEOTPHLATEIbHEIE 3HAYEHHUSI.

C5.9| Haiitu Bce 3HaueHMs mapaMeTpa @, IPU KOTOPHIX TOYKH
rpaduka GyHkuuu y = 2|z + 3|+ |z —5| gy x u3 HHTEpBAIIA,
(0; 3) mexkaT BhIIe TOYEK rpaduka GyHKumu y = 2|x — 1| +
T + a, a Jis xr u3 uHTepBata (—4; —3) — HuXKe.

C5.10 | HaiiTu Bce 3HadeHus IMapaMerpa @, IPH KOTOPHIX TOYKH
rpaduka byskuun y = 2|x+3|+2|x—5| zas x u3 nuHTEpBaNa
(0; 2) nexxaT BbIlIe TO4EK rpaduka GyHkuuu y = 2|z — 1| +
T+ a, a gaa T u3 uaTepBata (4;6) — HUXe.

C5.11 | Haiitu BCe 3Ha4YeHHA napaMeTPa @, NP KOTOPBIX TOYKH
rpaduka byskumn y = 2|z + 3| + 2|z — 5| gaa x € (—4; —2)
JIEXKAT HH2Ke TO4eK rpaduka GyHKuun y = 4|z — 1| —z + a,
a i x u3 unrepsana (0;2) — Brie.

C5.12 | HailTu Bce 3HaueHusl mapaMerpa @, NPU KOTOPHIX TOY-
'ku rpabuka Gyskuun y = —2|z + 4| + 2|z — 3| ana = us
nHTepBaja (—4; —2) JexaT Bblile TOYEK rpaduka (pyHKIuN
y=—4|r — 1| —x + @, a nia x u3 uarepsasa (0;2) — Hixke.

C5.13 | HaitTu Bce 3Ha4UeHHA @, AJ1s1 KOTOPHIX HHTEPBaJ (—3; —1)
Oyzer pewreHueM HepaBeHCTBa 2z + 2|z — a| + |z + 1| < 4.
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Cb5.14

C5.15

C5.16

C5.17

Haiitu Bce 3HaueHHs a, njia KOTOpbIX uHTepBat (0;2)

Oyner peurenneM HepaseHCTBA T + 2|z — a| + |z — 1| < 6.

Haittu BCce 3HaueHHWsA a, Ija KOTOpbix uHTEpBaj (0;2)

Oyzer peleHueM HepaseHCTBA 2z + 2|z — 2a| + |z — 1| < 8.

HaiiTu BCE 3HA4YEHMs G, IJIAd KOTOPHIX HMHTEpBal (—2;0)

Oyzer pelenueM HepaBeHCTBa 2z + 2|2z —a| + |z + 1| < 4.

A\
Haitmure BCe 3HaUYeHUs mapaMmerpa a, IPU KaxkKIOM U3

KOTOPBIX HEPABEHCTBO 2 > |T + a| + =% umeer Xora GBI 0AHO
[10JIOXKUTEJIbHOE PeIlECHMeE.

C5.18

Haltnure BCce 3naveHHs mapameTpa a, NPH KaXKIOM U3

KOTODPLIX HEPABEHCTEO 4 — |T + a| > z? uMeer xoTa 6Ll OXHO
OTPULIATEJILHOE DEILIEHHE.

C5.19

HaiinuTe BCE 3HaUYEHHA ITapaMeTpa a, IPH KaKIOM U3

KOTOPBLIX HepaBeHCTBO 1 > |r — a| + z2 umeer x0Ts 661 OAHO
TIOJIO>KHTEJIbHOE PELIeHHE.

C5.20

Haitnure BCce 3HaueHHs mapaMerpa a, IPU KaxkKIOM H3

KOTOPLIX HEPaBeHCTBO 4 > 2|z — 2a| + (z 4 1)? uMeeT xoTs
OBbI OLHO IIOJIOXKHUTEIHLHOE PeIeHNeE.

C5.21

C5.22

C5.23

C5.24

C5.25

HaiiTn BCce Takme 3HAYEHUA @, IJI KOTOPHIX yPaBHEHHE

2z — |2z — |z — aj| = 4|z — 2| umeeT pPOBHO aBA KOPHSI.

Haitty BCce Taxme 3Ha4YeHUs @, AJIs1 KOTOPHIX yPaBHEHHE

2z — |2 — |z — a|| = 4|z — 2| umeeT poBHO JABa KOPHSI.

HaiiTu Bce Takue 3Ha4YeHHs @, IJid KOTOPbIX YpaBHEHUE

2z — |2 — |z + al| = 4|z — 2| umeer poBHO mBa KOPHS.

HaliTy BCe Takue 3Ha4YE€HHU: @, OJis1 KOTODPbIX ypaBHEHHE

T — 2|2 — |z + a|| = 2|z — 2| umeeT POBHO gBA KOPHI.

HaitTu BCe TaKme 3HaUYEHH @, AJId KOTOPBLIX HalMeHbIIee

3HaveHue QyHKUHM y = |z — 1| + 2|z — 2| + |z — a| — 4 byzer
II0JIOXKUTEJILHBIM.

C5.26

HaiiTu Bce Takue 3HavUeHUs a, 4J1s1 KOTOPbIX HAHMEHBIIIEE

sHavyeHne QyHKuud y =2z + |z — 1|+ |z — 2|+ |z — a| — 4
OyZneT MOJIO2KHUTEIHLHBIM.
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(C5.27| HaiiTtu Bce Takve 3Ha4YEHUs a, IJII KOTOPhIX HAMMEHDIIIEE

3HaveHne QyHKuun y = —z+ [z — 1| + [z - 2|+ |z —a| — 3
OydeT MoNOXKUTEILHBIM.

(C5.28 | Haittu Bce Takme 3Ha4YEHUs @, IJI KOTOPbIX HAMMEHbIIEE

3navenue Gyskuun y = —2c+ 2|z —1|+|z—2|+|r—a| -4
OyZeTr NoJIOKUTEIbHBIM.

C5.29 | Haittu Bce Takue 3HaYEHUs NapaMeTpa a, YTO HaUMEHb-

mee 3Hadenue GyHKunn ¥y = |22 —(24+a)z+2a|+(a—2)|z+1|
MeHbIe —9 u Oospue —28.

C5.30| Haiitu Bce Takue 3Ha4YeHUs IIapaMeTpa @, YTO HAHMEHbL-

mee 3aavenye Gyrkmun |22 + ax — x|+ (a —1)|z — 2| MensIe
4 u 6osbie —8.

C5.31 | Haiitu Bce Takue 3HadeHUs napaMeTpa @, YTO HAHUMEHbL-

mee 3gadenue bynknun |2 — az| — a|z — 2| Mesbme —4 u
bospiie —15.

C5.32 | Haiitu Bce Takue 3HaYeHUs IapaMeTPa @, YTO HAUMEHb-

mee 3Havenve byHKuuu |z° + azx| — a|r + 2| Menbme 0 u
bospue —24.

C5.33 | Haitmure BCce 3HaMEeHUs napaMeTpa a, IPH KarkIOM H3

KOTOPBIX PEIlleHNuEe CUCTEMbl HEPABEHCTB

z+3y=>a
Yy—I 2> 2a

OyaeT Tak>Ke pelueHueM HepaBeHCTBa 3y — T > a + 3.

C5.34 | Haiigure Bce 3HaveHMNs mapaMeTpa a, IPH KAJsKJIOM U3

KOTOPBIX PeleHne CUCTeMbl HEPABEHCTB

z+2y>a-—1
y—2r > —3a+1

OyIer Tak>ke pelleHNueEM HEPABEHCTBA Y — T > a + 3.

C5.35 | Haiinure Bce 3HAyeHus MapaMeTpa @, NPU KaxkKIOM H3

KOTODPBIX pElIeHHne CUCTEMBI HEPABEHCTB

T+y>a-—1
y—3rx 2> —-3a+1
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OyzeT Tak>ke pelleHHEM HEPABEHCTBA ¥ — T > a + 3.

C5.36 | Haitnure Bce 3HauYeHUs IIapaMeTpa @, IIPH KaXXIOM H3
KOTOPBIX PeIlIEeHHEe CHCTEMbI HEPABEHCTB

2r4+y>a-1
y—4x > —3a+1

OyneTr Takke pelleHHEM HEPABEHCTBA Yy — T > a + 3.

C5.37 | Haitgure Bce 3HavyeHUsi mapaMerpa @, IJs KaKJIOoro u3
KOTODBIX CYyIIIECTBYEeT POBHO ABa 3HAUYEHUS I, yI0BJIETBODSI-
IOIIUX CHCTeME YPaBHEHUN

|22 — Tz + 6| + 22 + 52+ 6 — 12|z| = 0,
r’ —2(a—-2)r+ala—4)=0.

C5.38 | Haitnure Bce 3HaueHHs IlapaMeTpa @, JJs Ka’KIOrO U3
KOTOPBIX CYHIECTBYET TOJIbKO OJHO 3HauY€HHEe I, yIO0BJIETBO-
psmoLIee CUCTEME ypaBHEHU!

|22 + 5z + 4| — 922 4+ 5z + 4 — 10z|z| = 0,
z? —2(a+ 1)z +a(a+2) = 0.

C5.39 | Halinure Bce 3HAUYEHHs mapaMeTpa @, OIS KaXXJOro u3
KOTOPBIX CyHIeCTBYeT POBHO IBa 3HAUEHHUS T, YIOBJIETBODA-
IOIIVX CHCTEME ypaBHEHUL

|z° + 72 + 6] + 2% — 5z 4+ 6 — 12|z| = 0,
z? —2(a+2)z +ala +4) = 0.

C5.40| Haiigure BCce 3HAYMEHHs 1apaMeTpa a, AJs KaXXJIOro u3
KOTOPBIX CYIIECTBYET TOJLKO OJHO 3HAYEHHUE I, YIOBJIETBO-
pAOlIee CUCTEME YPaBHEHUN

|z? + 8z| + 2% — 122 — 20|z| = 0,
2 —2(a+2)z+ala+4)=0.
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C5.41 | HaifimnTe HavMeHbIIIee 3HAUEHNUE BLIPAXKEHUSI 2 = T — Y
Ha TOYKAX MHOXKECTBA, SIBJISIOIIErOCA DEIIeHWEM CHUCTEMBI
HEPABEHCTB

2 +y* <1,
z+y=>0.

C5.42 | Haiinure Hauboblee 3HaMEHNE BEIPAYKEHUSI 2 = T—v/3Y
Ha TOYKAX MHOXKECTBA, SABJSIOIIErOCA PEIeHHEM CHCTEMBI
HEPaBEHCTB

2 +y? <1,
z—y<0.

C5.43 | Haiinure HauMeHblllee 3HAYEHHWE BBIPAXKEHHSA 2 = I +
v/3y Ha TOYKaX MHOXKeCTBA, ABJISIOMIErOCs DELIEHHEM CH-
CTE€MBbl HEPABEHCTB

i +y% <1,
z+y<0.

C5.44 | Haitgure HauMeHblIee 3HAYEHIIE BHIPAXKEHHUS 2 = 3T + Y
Ha TOYKaX MHOXKECTBA, SBJAIOIIErOCs] PEIIeHHEM CUCTeMBbl
HEPABEHCTB

4+ y? <1,
z+y=0.

C5.45| HailTu Bce 3HaveHus napaMerpa @, OIpH KOTOPHIX I1JIO-
mans buryps 2|z + y| + |y| < a Oyzer Gosbiue 2.

C5.46 | Hatiti Bce 3HaveHHs napaMeTpPa @, IPH KOTOPBLIX ILJIO-
wane buryps |2z + y| + |z + y| < a Gyzer Gonpiue 8.

C5.47 | Haittu Bce 3HaueHusI napaMeTpa @, IPH KOTOPBIX ILIO-
maab buryps |2z — y| + |z — y| < a 6yzer Gosabure 8.

C5.48 | Haiftu Bce 3HaueHHs ITapaMeTpa G, NPXA KOTOPBIX ILIO-
mwans Gurypsl |2z + y| + |z + 2y| < 3a G6yzer 6oabiie 6.

C5.49 | HaliTu BCce 3Ha4YeHHs nmapaMeTpa a, IPH KaxKIO0M H3 KO-
TopbiXx n3 HepaBeHcTBa 0 < r < 1 Oyzer ciaemoBaTh Hepa-
BeHcTBO (a® —a —2)z* 4+ (e —5)z — 2 < 0.
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C5.50 | HaiiTu Bce 3Ha4YeHUs napaMeTpa a, Ipu KajkKIoM U3 KO-
Topbix u3 HepaBeHcTBa 0 < x < 1 Oyzer ciemoBaTh Hepa-
BeHCTBO (a® — 2a — 3)z% — (a+ 5)z — 2 < 0.

C5.51 | HaitTu Bce 3HaYeHMs mapaMeTpa @, MPH KasKIOM M3 KO-
TOpBLIX U3 HepaseHncTsa 0 < z < 1 Byzmer cieioBaTh HEpa-
BeHCTBO (a2 —a —6)z® — (a+7)z -2 < 0.

C5.52 | HaitTu Bce 3HaueHUs napaMerpa a, INPHU Ka’KIOM U3 KO-
TopblX U3 HepaBeHcTBa 0 < z < 1 Oyner ciaegoBaTh Hepa-
BercTso (a® —a— 6)z? + (a — 13)z — 6 < 0.

C5.53 | HaiiTn BCce 3HaueHus nmapaMeTpa @, NPH KaykKIOM K3 KO-
TOpbIX U3 HepaBeHCTBa 0 < z < 1 Oymer ciaemoBaTh Hepa-
BEHCTBO ax? — 2z +a — 2 < 0.

C5.54 | HaiiTu Bce 3HaveHUs napaMeTpa a, IIPHU KaKAOM H3 KO-
TOPBIX U3 HepaBeHCTBa 2 < x < 3 Oyzer ciaegoBaTb Hepa-
BEHCTBO az’ + 2z +a — 2 > 0.

C5.55 | HaliTu Bce 3HauYeHMs @, NPU Ka’KIOM H3 KOTOPBIX H3

7
HepaBeHCTBa 1 < z < -5- Oyner cjaenoBaTh HEPABEHCTBO
ar? —3z+3a—-2<0.

C5.56 | HaitiTu Bce 3HaveHus nmapaMerpa @, NP KaXkJOM K3 KO-
TOpbIX B3 HepaBeHcTBa 0 < x < 2 Oyzer ciaegoBaThb Hepa-
BEHCTBO az® — z + 4a — 2 < 0.

C5.57 | Haitgure Bce 3HaUeHUs @, IPU KaXKJI0M U3 KOTOPBIX MHO-

2 — 2z +4
>)KECTBO 3Ha4YeHHM DYHKIHNH Yy = 3 JIEXKUT HAa
zc+x+4

nHTepBase (—2;2).

C5.58 | Halimure Bce 3BHAYEHUS @, IPU KaXKIOM U3 KOTOPBIX MHO-
212 — az + 2
222 + 1 + 2

>KE€CTBO 3HaYEHHH (QyHKIUU Yy = JIEXKUT Ha

uHTEpBaTE (—2;2).

C5.59 | Haitgure Bce 3HauEeHUS a, IPU KaXKIO0M U3 KOTOPBIX MHO-
% — dazx + 1

2+z+1

2KECTBO 3HaudeHURl (pyHKIUH y = JIE2KUT Ha,
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nHTEpBaJIe (—2;2).

C5.60 | Haitnure Bce 3HaA4EHHA @, IIPH KAXXKJIOM H3 KOTOPBHIX MHO-
412 — 2ax + 1

4z +z+1

’KEeCTBO 3HA4YEHHH (PYHKIUM Y = JIE2KUT Ha

uHTEpBaJEe (—2;2).

C5.61 | Haitaure Bce 3HadveHus a, Ipu KakKJI0OM U3 KOTOPBIX CH-
(x+1—-a)(ax—1)>0
ar >4 —a

CTeMa HEPABEHCTB { He HMeeT pe-

[LIEHUH.

C5.62 | Haiigure Bce 3HaveHus a, IPH Ka>KJI0OM U3 KOTOPHIX CH-

(z+a)(ax+a+1) >0
ar < —4

cTeMa HEPABEHCTB { HE NMEET pe-

IIIeHUH.

C5.63 | Haitnure Bce 3nadeHns a, IpH KaxXJOM U3 KOTOPBIX CHU-
(r+a—-1)(az+1)>0
ar < a—4

cTeMa HEPABEHCTB { HE UMeEET pe-

III€HUII.

C5.64 | Halinure Bce 3HavYeHUs @, IPH KaXKJIOM U3 KOTOPBIX CH-
(r+a—-2)(ax+3)>0
ar < 2a — 4

CTe€Ma HEPABEHCTB { HE UMeeT pe-

IIIEHUH.

3agauu pasgesa C6

C6.1 | Halinure Hambosblllee HATYPAJIbHOE YHCIIO 7, IJISI KOTO-
poro 2012! genurcs Hamesno Ha 119™.

C6.2 | Haiinure Tpu caMbIX OOJIBIIHX MIPOCTHIX YMCJA, BCTpeYa-

IOIMUXCA B NIPOM3BEACHUH BCEX HATYPAJbHBIX 4YHCes] OT 1 10
2009.

C6.3 | Halinure BCce HaTypaJIbHbIE N, TAKHE, UTO JECITHYIHAS 3a-
nuch unciaa n! (n-dakropuas) okanuusaercs Ha 2009 mysei.

C6.4 | PaccmMoTpuM BCce IMATH3HAYHBIE YHCTIA, IIOJyYaeMble IIepe-
cTaHOBKOM 1mudp umcaa 12357. JokakuTe, 4TO CyMMa Bcex
TAKUX 4rcell (BKIIIOYasl UCXOZHOE YHCJIO) aenurced Ha 11111,
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C6.5 | IIpocToe man cocrasroe ymcio 2160 4 31807 Orper o6oc-
Hy!TE.

C6.6 | Imeromuiica Ha CKJIaJe Yrojb MOXeT ObITh IOrpy»kKeH I10JI-
HOCTBIO B HEKOTOPOE KOJIMHECTBO BATOHOB BMECTUMOCTBIO 1O
50 T. Ecau yroap norpy3uTh B BaroHsl BMECTUMOCTBIO 110 60
T, TO NOHaNO00UTCS HA 5 BAarOHOB MEHbIIIE, HO ITPU 3TOM OJUH
BaroH OyJeT 3arpy>keH He IOJHOCTbIO. Eciu ke yrosas no-
rpy3uTh B BArOHbI BMECTUMOCTHIO 110 80 T, TO BAroHOB NOTpe-
Oyercsa elle Ha 8 MeHbIIIE, YeM BO BTOPOM CJIy4ae, HO ONSTHb
OOWH BaroH OyneT He MOJHOCTBIO 3arpyxkeH. CKOJIBKO TOHH
YIJIsi IMEETCs Ha CKJaJe?!

C6.7 | 2KugkocTp HanuTa B OyTHIIKH eMKOCThIO 110 40 J1, mpu
3TOM OJHa OYyTHIIb OKa3ajaach He COBCeM noJiHOo#M. Eciu xua-
KOCTb IIEPEJIUTh B OyThLIN eMKOCTBIO 110 50 J1, TO OyTHIIN OY-
JAYT 3aII0JHEHB! MMOJHOCTBHIO, HO IIPH 3TOM ITOHAIO00HTCS HA
5 OyTrlneit MeHbIIe. Ecin 2Xe >KHAKOCTH Pa3jHTb 110 OyThI-
JsIM eMKOCThIO 1o 70 J1, To moHazoOurca emre Ha 4 OyToLIn
MEHbIIle, HO ONATH OJHA OYyTHLIL OyIEeT He COBCEM IIOJIHOM.
CKOJIbKO OBIJIO IUTPOB XKHIKOCTH?!

C6.8 | YeTHO mH HEYEeTHO MPOU3BEIAEHHE

(9a + 3b — 5¢c+ 7)(Ta — 11b + Tc + 20),

rae a,b,c € Z.

C6.9| Anroma HanucaJs Ha Jocke 1x2x3x4*5%. . .x999 = 499500,
InpHYeM BMECTO KaXKAOH 3BE3J0YKH OH HaImcaJs JIubo ILIIoC,
aubo muHyc. JleHa nepenpaBuia HECKOJIbKO 3HAKOB Ha IIPO-
THBOIIOJIOXKHBIE, NOJy4uB B pe3yabrare 399499. He ommb-
Jnace au JleHa mpu noxcyere?

C6.10 | Haiizure Bce peleHus B IeJIbIX YUCAaX ypaBHeHud 19z +
97y = 116. CkoabKO peleHuil yIOBJIETBOPAIOT YCJIOBUSIM
|z| > 500 u |y| < 10007

C6.11 | Ilpouent yuyennkoB 11 A Knacca, nOBBICHUBIINX BO BTO-
pO#i YeTBEpPTH YCIIeBaeMOCTb, 3aKJIIO4YeH B mpegenax ot 2,9%




74 TpenupoBoyHble MaTepuainl Jisa EI'9-2010

1o 3,1%. Onpenennre MUHMMAJBHO BO3MOXKHOE YHCJIO y4e-
HUKOB B 3TOM KJacce.

C6.12 | Ilpu ankerupoBanun rpynnel ydamuxcss 11 B BoischHu-

JIOCb, YTO NpoHeHT ydammxcsa 11 B kiacca, HCIOIB3yOmmX
Skype, 3akaiogaercs B npegenax ot 92,5% no 93,5%. Omnpe-
IEeJUTe MUHMMAJILHO BO3MOXKHOE€ UHCJIO ONPOINEHHbIX y4a-
IIMXCHA.

C6.13 | B pesynsTare pecTpyKTYpH3AIMKX ABTO3aBOJAA ITPOIIEHT

BBICBOOOIUBINMXCA COTPYIHHKOB LI€Xa OKA3aJICs 3aKJIIOYEH-
HBIM B ipezenax oT 1,7% no 2,3%. Onpenennre MUHUMAJILHO
BO3MOXKHO€ YHCJIO COTPYAHUKOB IIEXA.

C6.14| B cBogke HOBOCTEL COODIIANOCH, YTO IMPOILIEHT YHCJIa CITe-

JI€0JIOTOB, IMPUHABIINX y4dacTHe B CIIyCKe B Iellepy, NpUHal-
aexur uHTepBasty ot 96,8% mo 97,2%. Onpenennre MuHU-
MaJIbHO BO3MOXKHO€E HHCJIO CIIeJIe0JIOrOB B IPYIIIIeE.

C6.15 | IlIxosnpHEK ITepeKJIenBaeT BCe CBOM MAapKH B anboM. Ec-

JI1 OH HaKJeuT 1o 20 MapoK Ha OZUH JIHCT, TO EMY He XBaTHT
asisboMa, a ecsu Mo 23 MapKH Ha JIUCT, TO IO KpaiiHell Mepe
OJHH JINCT OCTAHETCS IyCThIM. ECIH IMKOJLHUKY MOJaPHUTH
TaKO! >ke ajipboM, Ha Ka>KJOM JIUCTE€ KOTOPOrO HAaKJIeeHO
o 21 mapke, To Bcero y Hero craHeT 500 Mapok. CKOJIbKO
JIUCTOB B ajbbome?

C6.16 | B aBTOronkax npuHUMAIOT y4acTHEe KOMAHIbl, HMEIOMINE

OAMHAKOBO€ KOJIHYeCTBO aBTOMOOUIelt Mmapku «Bosaras u map-
KK «Jlaga», mpuyeM B KaXXIoH KOMaHIe obliee KOJIUIECTBO
aBTOMOOMIENl MeHbIte 7. Eciu B KaxXJ0if kOManze KoJaude-
CTBO aBTOMOOMIell Mapku <«Bosara» ocraBurs 0e3 H3MeHe-
HUA, & KOJIHYEeCTBO aBToMOOmMIel «Jlaga» yBEJIHYHTDL B TPH
pa3a, TO o0liee KOJIH4YecTBO aBTOMOOmJe#t «Jlama», ydacr-
ByIOIIMX B roHKaX, Oyzer Ha 50 mTyk 6osbIme o0Iero xo-
audecTBa aBToMobmiIeit «Boura», a obiiee xosamyecTBo as-
ToMmobuiell B Kaxkaoi komaHge npessicuT 12. Onpenenure
KOJIM4YECTBO KOMaH[, yJaCTBYIOIIMX B FOHKAX, H KOJIUYECTBO
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aBToMObOuell «Bosra» u «Jlaga» B Kaxxmoit komaHzge.

C6.17| Haitzure Bce uenble 3HAYEHHSA @, IIPA KOTOPBLIX YKCJIO
y = z° 4 az® + 5z + 9 6yzeT HeYeTHHIM IPH BCEX LIEJBIX
3HA4YECHHUAX T.

C6.18 | Bepno s1u, 4T0 J1100y10 CyMMY, BBIPA>KEHHYIO IIE€JIBIM UHC-
JIoM pyOJell, He MEHbIUYIO, YeM 8 py0JIell, MOXKHO OIJIATUTD,
HCIIOJIB3Ys JINIUb MapKH JOCTOMHCTBOM B 3 pybusa u 5 py0-
neit? OrBer obocHyiiTe.

C6.19 | Jokaxxure, 4To JIOOYIO CyMMY, BHIPAXKEHHYIO IEJILIM YKC-
JoM pyObueil, He MeHbIYIO, YeM 54 py0JIa, MOXKHO OILJIATUTD,
HCIIOJIB3Ysl JINIIb MAPKH JOCTOMHCTBOM B 7 pyOuieii u 10 py6-
aelt. Orser obocHyiiTe.

C6.20 | ITycts npocroe yucao p 6osaspire 5 u yncao 2p + 1 aB-
JIIeTcsA NPocThiM. BepHo ju, uTo umciao 4p + 1 aABasercd
coctaBHBIM uncaoMm? Oreer obocHyliTe.

C6.21 | Ha#inure nocnennrowo mudpy 4ucia

20082999 4 20092908 1 20072010 4+ 20062011,

C6.22 | Pemute ypasrenue n! + 5m + 12 = k? B HaTypaJbHBIX
qucjaax n u k.

C6.23 | Pemute ypaBHeHue z° = 4y + 3 B 1eJIbIX YHCIIAX.

C6.24 | Haitnure mocnexuue 499 nmucdp yucaa 2010!.

m
C6.25 | Ilycte n, m — HaTypaJbHBIE YHUCHa, IDHYEM > — Ipa-

BUJIbHAS HEeCOKpaTuMasda Apobb. Ha Kakue HaTypaJibHBIE YHC-

Jla MOXKET OBITh COKpallleHa APoOb 537”%, €CJII U3BECTHO,

YTO IPH HEKOTOPBIX 7, M 3Ta APoOb COKpaTuMa?

m
C6.26 | [Iyctv n, m — HaTypaJIbHBIE 4YHCJA, NPUYEM = — IIpa-

BHJIbHAs HecoKpaTumasa Apods. Ha kakne naTypasbHbIE YHC-
Jla MOXKeT ObITb COKpallleHa IpoOb 327"_:7’:;—, €CJI HU3BECTHO,

YTO IIPH HEKOTOPLIX M, M 3Ta Apobb cokparuma?

C6.27| IlocnemoBarenbHOCTS G, G2, A3, . . . 38JaHA IEPBBIMH IBY-
Ms WieHaMH a1 = 4 ¥ a3 = 6 U YCJIOBHEM Gk42 = Qky1/0k
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(k =1, 2,3,...). Haiizure 2010-1t wieH 3To# IOCIEI0OBa-
TEJILHOCTH.

C6.28 | YucaoBas mocaenoBaTeabHOCTh CTPOMUTCS 110 CJeLYIOIe-

My npasuiy. Ilepsslit ee unen pasen 32°10, a kaxxapiit cnexny-

IOILMI 4jieH, HaYHHAas CO BTOPOro, paBeH cyMMe 1udp B Je-
CATHYHOH 3amucu npegblayuiero wiexna. Haligure aeBaATbI
YJIEH ITOI MOCJIEI0BATEIbHOCTH.

C6.29| Yucnopas mocaesoBaTeIbHOCTD CTPOUTCS IO CJIEIYIOIIIe-

My npasuiy. IlepBoiil ee uieH paBeH 32010, a KaXXIplil cieny-
IOIIUM 4JIeH, HauuHad CO BTOPOro, paBeH MOLYJIIO Pa3HOCTHU
CyMMbI UHMDP, CTOAIUMX HA YETHBIX MECTAaX B JECATHYHON
3aIlMCH MMPEIbIAYIIEro YjieHa, U CyMMbl udp, CTOAMMX Ha
HEYEeTHBIX MECTaX B AECATHYHON 3allMCH IPeIbIAYIIEro 4je-
Ha. Haligure aeBATBHIN 4ieH 3TOH MoC/en0BaTeIbHOCTH.

C6.30| IIycte A — MHOXECTBO UEJNBIX YHCEJ, IMPHUHAIIEXKAIINX

orpe3ky [—10,10]. Haitgure konugyecTBo dyHkuuit f, onpe-
IEJEHHBIX JIJIs BCEX JIEMEHTOB U3 A U NPHHHMAaXMUX 3Ha-
YeHMs BO MHOXKecTBe A, obaanaromux ceoticreoM f(f(n)) =
—n g Bcex n u3 A.

OTBeTbl Ha JOINOJIHUTEJJbHbIE 3aJaYn

B1.1 12; B1.2 65625; B1.3 1260000; B1.4 25; B1.5 20; B1.6
102,8; B1.7 20; B1.8 55.

B3.1 0,5; B3.2 0; B3.3 0; B3.4 —-3; B3.5 11; B3.6 17, B3.7
—0,25; B3.8 &;

B12.1 52800; B12.2 50; B12.3 80; B12.4 310; B12.5 8; B12.6
270; B12.7 20, B12.8 9; B12.9 20.

Cl.1 {(-37+2mn;3) In€Z}; CL.2 {(47+2mn; 3) In€ Z};
~1:

C1.3 {(%Z +2mn)|n€Z}; C1.4 {(

,%+27m) |n€Z};

C1.5 {(:!:% + 2mn; k) |n, k € Z};
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C1.8 {(%+27m 0) |n€Z}U{(2’r +27n;—1) |n € Z};
C1.9 {(7 +2mn;3) [n € ZYU { (=3 + 27n; 2) [n € Z};

C1.10 {( +27m;—§) In € Z}U{( 3+ 2mn; — ﬂ In € Z};
C1.11 {(27m;3) [n € Z}Y U {(-% + 27n;2) |n € Z};
C1.12 {(3 + 27n; \/—)lneZ}U{( E 4+ 271n; )InGZ}

C1.13 (3;-3); C1.14 (1,2), (16 —28); C1.15 (4, Vv2), (4;—=v2);
C1.16 (2;0), (0;1); C1.17 (§;—2), (4;3); C1.18 (2;2); C1.19
2);

C1.6 {((-1)*% + mn;wk) |n, k € Z}; C1.7 {(6; & + 27n) |n € Z};
(

(2;3), (1—; 2); C1.20 (9;2); C1.21 (—m;m), (0 27r) (m; —7);

C1.22 (%, C1.23 (9;3); C1.24 (10-5; 2); C1.25 (2; 6); C1.26
{((=1)"*Z +7n;3) |n € Z};
C1.27 (2;0), (0;1); C1. 28( =14V, —3+\/') (3+f 1+f)

C1.29 {(z;y)|2 < < 2,1<y<2};C1.30(1;1), (logy 3;logs 2);

C1.31 (1;+£2), (-1;£2), (vV5;£(3—=v5)), (—=v5; £(3—v/5)), (£3;0);
C1.32 (3;1); C1.33 (3; —2).

C3.1(—oo, 5) U (— ,) (0;1) U (1;%); C3.2 (- (ﬁ,%
C3.3 (—o0; —7) U (=5; 2]u[4oo) C34( oo—Q)U —2;00);

4 1
(3 ) C3.9 [ J5; 4= )U
(1;v2]; C3.10 [-;-; 522)u(1; 2]; C3.11 (0; 5]U(1;5); C3.12 (2; 00);

C35[5oo C3.6 (2;5); C3.7 (4; 0); C3.8

2
C3.13 [%’5)’ C3.14 (0 Tlﬁ) U (1;00); C3.15 [3;4]; C3.16
(-=1;0).

C4.1 36v/15; C4.2 15v/15; C4.3 2/3; C4.4 132 . C4.5 6v/5; C4.6
V84 — 9; C4.7 9 — 1,5/3; C4.8 75; C49216 C4.10 120.

C5.1 (1;3)U{11}; C5.2 (3;13) U (19;00); C5.3 {3} U {9}; C5.4
(4; 7) U (105 00); C5.5 (—o0; —5]; C5.6 (—o0; —5]; C5.7 (—o0; 1];
C5.8 (—00;0]; C5.9 [5;7); C5.10 [6;12]; C5.11 [2;12]; C5.12

15 17 3 1
[2; 16]; C5.13 [—4;1]; C5.14 [2 2] C5.15 [4 4J C5.16 [—5 —5]’
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17 o 3 3
,2) Cs. 18( 4> Cs. 19( Z),(35.20 (_Z Z)
C5.21 (—6;2) U (2;12); C5.22 (—4;8); C5.23 (—8;4); C5.24
(—=2;1); C5.25 (—o0; —1)U(5; 20); C5.26 (2; 00); C5.27

(—o0; —2) U (6 00); C5.28 (—oo; —4) U (8;00); C5.29 (-5;—1);

C5.30 (-3;3); C5.31 (2;5); C5.32 (0;6); C5.33 {g, oo); C5.34

2
{2}U[5;6]; C5.38 {1} U(-3;-1); C5.39 {-1}U{-2}U[-6;-5];
C5.40 [-12; —8) U (—4;0] U {8} U {12}; C5.41 —+/2; C5.42 2;
C5.43 —2; C5.44 —/2; C5.45 (2;0); C5.46 (2;00); C5.47
(2; 00); C5.48 (1; 00); C5.49 [-3; 3]; C5.50 [—2; 5]; C5.51 [—3; 5];

C5.52 [-5;5]; C5.53 (—o0; 2]; C5.54 [—%;00>; C5.55 (—oo; Z},

C5.56 (—oo; %}, C5.57 (-3;1); C5.58 (—6;2); C5.59 (—1;0);

C5.60 (—3;1); C5.61 (—3; —1]; C5.62 [0;2); C5.63 [1;3); C5.64
2;4).

(—o0; —1]; C5.35 (—oo;—g}; C5.36 (—oo;—ﬁ}; C5.37 {1} U

C6.1 124; C6.2 2003, 1999, 1997; C6.3 O; C6.4 432 - 11111 =
4799952; C6.5 C6.6 1750; C6.7 850;

C6.8 Pewenue. T.K. cymMa MHOXKUTENEN HEYETHA, TO MHOXKHTEIH
HMEIOT Pa3HyIO 4eTHOCTh. Omeem. UeTHo.

C6.9 Pewenue. 3aMeHNB BCE 3BE340YKHU Ha, IJIIOCHI, II0JY4YHM BEp-
HO€e PaBEHCTBO, T.€. CyMMa OKa3biBaeTcs deTHO. IIpu 3aMeHe ox-
HOT'O ILJIIOCA Ha MHHYC CyMMa YMEHBIIAETCs Ha 2N, TAE 1 — YUCJIO,
3HAK Ilepe] KOTOPHIM M3MEHEH, T.€. CYMMa U3MEHsAETCs Ha YeTHOe
YHCJIO, IIPH 3TOM YETHOCTb CYMMHI COXPAHHAETCA (3TO HHBAPHAHT
OaHHOU 3a1a4uM). 3allMCAHHbIE CyMMBI HMEIOT Pa3HYI0 YETHOCTD,
Jlena omubaacek. O4YeHb NPOCTO MMOKA3LIBAETCs OIIMOKA B CIIy4ae,
KOrja HU3MeHEH JHIUb OOWH 3Hak, Torga uMmeeMm 499500 — 2n =
399499. Unu 2n = 100001. 910 ypaBHEHHE HEe HMEET PEIIEHUs B
HATYPaJIbHBIX YHCJIaX.

C6.10 C6.11 C6.12 14; C6.13 44; C6.14 32;
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C6.15 Pewenue. Yepes | bynem 0603Ha4YaTh YHUCIIO JIUCTOB B ajlb-
boMe, yepe3 m — KOJIUYECTBO MapoK y y4eHuka (I, m € N).

20l <m m = 500 — 21!
23l > m + 23 & 23l > 523 - 21l <&
21l + m = 500 200 < 500 — 211
m = 500 — 211 m = 500 — 21/ o oug
=N 44] > 523 N [>12 { l __12
411 < 500 1 <12 -

Omeem. 12 nuCTOB.

C6.16 Pewenue. Beegem obozuauenus. Ilycrs k — ymcio komanz,
v — KOJINYECTBO aBToMobuiieit «Bosray, [ — komnuecTBO aBTOMOOK-
neit «Jlaga» B kaxxzpoit komange (k,l,v € N). Ilo yciosuio 3agaun

v4+1<7
3lk = 50+ vk
3l4+v>12

W3 nepBoro u TpeThero HEPABEHCTBA, CJeAyeT HepaBeHCTBO 2] > 5.
Orcroma cienyer, 4To | MOXKET MPUHUMATD 1IEJIble 3HAYEHHs], Ha4H-
Has ¢ 3. IlosToMy mociennsisi cucTeMa PaBHOCUIbHA CleLyloieit
cucreme

le{3,4,5,...}

v< 7-1

k= o

3l—v

Hansie 3aliMemcs rmepebopom. Ilycts [ = 3. Torma v MoxkeT npu-
HEMAaTb 3HaYeHus u3 Muoxkectsa {1, 2, 3}. Hu nusa ogHoro us stux
3Ha4YeHuit Apobn 3753_1; He OyzaeT neablM qyucjaoMm. TakuM ob6pa3oM B
9TOM CJIydae 3aJa4a HE MMEET DEIIeHUi.

Ilycts | = 4. Torma v MOXKET IIPUHUMATEL 3HaAYEHU U3 MHOXKE-
crea {1, 2}. B arom ciyyae Apobb 325-3—0- IIPUHIMAET LIEJI0€ 3Ha4e-
Hue 5 npu v = 2. TakuM obpasom B 3ToM ciyuae k = 5, [ = 4,
v=2.
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Ilycts | = 5. Torma v = 1. B sTom cayuae -3% He Oyzer

1eJIBIM YuCcJIOM. TakuM 00pa30oM B 3TOM CiIydae 3aJa4ua He HMEET
PEIICHUA. i

Omeem. 5 komasg 1o 2 «Boaru» u 4 «JIaapl» B KaxkI0# Ko-
MaHze.

C6.17 Pewenue. Bymem paccyxk1aTs 1o Moxyso 2. Ilycts £ = 2n
(n € N). Torza

y = 8n° + 4an? 4+ 10n + 9 = 2(4n> + 2an® + 5n + 4) + 1.

Orcroma cieyeT, 4ToO Yy HEYETHO MPH JII0OOM IIEJIOM a.
IIycts z = 2n + 1. Torma

2n+1)23 +a(4n®+4n+1)+10n+5+9 =
(2n + 1)3 + 2a(2n? + 2n) + 10n + 14 + a.

Y

1l

Orcroga cneayer, uTo y GyzeT HEYeTHBIM IPH YETHBIX a.

T.o. y Gyner HeweTHBIM IJ1s1 BCEX LEILIX I [P YETHLIX a.
C6.18 C6.19 C6.20 C6.21 4, C6.22 ¢; C6.23 O; C6.24 ny-
nm; C6.25 11; C6.26 7, C6.27 2/3; C6.28 9; C6.29 1; C6.30
10!/5! = 30240.
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I'pacduvueckuii meTon peuieHns 3a1a4
C rIapaMeTpoM

Borarwipes C.B.

B 3r0it yacTu nocobusi 6yayT pacCMOTPEHbL! HEKOTOPLIE NMPHEMEI PEIIEHHS
3aja4 ¢ napaMerpoM. Mbl OrpaHHUMMCHA CHTYAIMSIMM, KOrJa 3aJa4a C rapa-
MeTpoM (POPMYJIMPYETCsl B BHIE

® 33Ja4YH O NOBeAEHHH I'papHKOB PYHKUHUI ¢ IapaMeTpPOM,
® 32Ja4YH O CBOHCTBaX KOPHe#l ypaBHEHHS C NapaMETPOM,
® 3aJa4YH O CBOMCTBaX PEILIEHUl HEPABEHCTBA C IapaMeTPOM.

Kpome aToro, nmpyu onucaHuu 3aJa4d Mbl OTPAHUYMMCH PACCMOTPEHHMEM KJlac-
coB (pYyHKIMI, IPX MOCTPOEHUH KOTOPBIX MCHNOJIBL3YIOTCS MOAYJIU, JMHEHHBIE
JABY'JIEHBl ¥ KBaJpPAaTHble TPEX'JIEHDI.

KnaccudunppoBars 3aJa4u ¢ mapaMeTPoOM MOXKHO 10 HX BHELIHEMY BHAY,
IO CJIOXKHOCTH HCIIOJIb3YEMBIX B (POPMYJIHPOBKE 3aJa4ui (PYHKIUH, IO CJIO0XK-
HOCTH BXOXXIEHHS MapaMeTpa H, HAKOHEI], 10 METOJAM pELIEHH.

B sroit yacTu nocobus Mbl 06CyauM (Ha npuMepax) rpacgpudeckuii MeTom,
pelIeHns 3a1a4 ¢ NapaMeTpPoOM. DTOT METOZ HaM KaXXeTCsl NPeIIIOUTHTEIbHBIM
II0 CPABHEHHIO C APYTMMH IOAXONAMH, TaK KaK OH IIO3BOJISIET IIPOBECTH IIOJTHOE
HcclIeZoBaHMe 3a0a4u. B 3TOM ciryuae Mbl He OyJeM 3aBUCeTh OT 0COOEHHOCTE
(popMyTHPOBKH BOIPOCa IO OTHOLIEHHIO K 3aJa4€e C IIapaMETPOM.

U ewe oguo. Bce BuIMMCIEHHSA B 3TOi CTAThHE IMPOH3BOAMIIUCE C IIOMOIIBIO
IIaKeTa KoMIbIoTEpHOM ajre6pnr Maple V. DToT maker «ymeer» paboTaTh C
anredpanyecKNMH BLIPA’KEHUSAMH TOUYHO TaKKe, KaK C HUMH paboTaer uejo-
BeK. BaXXHO OTMETHTD, UTO OH HE 3aMeHseT 4YeJOBEKa, OH ITIOMOraeT eMy, Oepsl
Ha cebs pyTuHHbIE BhluucaeHHs. Hyoke noutu ansi Bcex npuMepOB MbI Ipu-
BOOMM KaK MAaTEMaTHIeCKOE pPelleHHe, TAK U BLIUMCJIEHUS, IPOU3BEJEHHBIE C
nomowupio Maple. OHH AOMONHAIOT MAaTEMATHIECKOE PELIEHHE.

Koneuno, naker Maple V crour moporo, Ho B VHTepHeTe nmeercss Hec-
nJaTHas JEeMOHCTpPalHOHHas Bepcus. OHa MOJHOCTBIO (QyHKLIMOHAJBHA, TO
€CTb C €€ MOMOIIBIO MOXKHO IPOU3BOIJHUTL T€ K€ CaMble BBIUHCJIEHHS, ITO H
C IIOJIHO# Bepcueil. KoHeuyHO, B Heil HET BCeX BO3MOXKHOCTEH IIOJHOH BepcHH,
HO JJIS1 BBIYIMCJIEHMIA LIKOJIBHOI'O YPOBHS 3TH BO3MOXKHOCTH HE Hy2KHbI. KpoMme
3TOro, Bbl He OyJeTe HapylUaTh aBTOPCKHE npaBa Komnanun Waterloo Maple
Inc. U ewe, ona mana (okoso 2,5 M0) u paboTaer Ja’ke Ha MaJIOMOLIHBIX
KOMITIbIOTEpPaX.

Zemo-sepcusa Maple nonydeHa u3 4-ro penusa, Beuneaurero B 1966 roay.
Ho s 6b1 He Ha3Ban ee ycrapenireil. HayunBumch paboraTs B 4 penuse, Bbl
JIerKO nepeitere Ha TeKyuuit 13 penus. OTianune 3TuX Bepcuit Apyr oT aApyra,
B OCHOBHOM, KOJIMYI€eCTBEHHbIE. JleMO-BepCHI0 MOXXKHO CKavyaTh Ha CTPAHUIE
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http://wuw.exponenta.ru/educat/free/, niu Ha CTpPaHHLE
ftp://ftp.maplesoft.com/pub/maple/demo/windows/, nau 1o agpecy
http://vuz.exponenta.ru/PDF/DNLD/MVR4DEMO. rar.

3aga4dyy ¢ NpPOCTbIM cnocoboM BXOXKAeHUs IapaMeTpa

3aza4a MOXET (POPMYIMPOBATHCA KaK 3aJa4a O rpadpuKax, 06 ypaBHEHH-
sAX, WK HepaBeHcTBaX. McxomHas ¢GopMyJIHpPOBKa 3aJa4M HEBakKHa. BaxkHO
TO, 4TO B (POPMYJIMPOBKE 334341 MCIONbL3YeTCst PYHKUHS C JIUHEAHBIM BXOXK-
JEHHUEM NapaMeTpa, TO ecTb (pyHKuusi Buga y = g(x) + a. Takum o6pasom
[IapaMETP @ BBOZUTCA B 33Ja4y HauboJiee NPOCTHIM CIIOCOGOM.

CaMoii BayXHOI YacCTbIO PELIEHHsA SBJSETCS yMEHHE n1epedpopMyIHpPOBATH
3aJa4y ¢ OOHOrO sA3blKa Ha Jpyroii. Hanpumep, 3agava o pemeHuu ypaBHe-
sus uaa f(x) = g(z) Moxer 6bITh CPOpPMYyIHPOBaHA KakK 32Ja4a O TOYKAX
nepeceveHus rpacdpukos dyukuuit y = f(z) u y = g(r). 3agaya o peure-
Huu HepaseHcTBa f(z) > g(x) MoxkeT 6BITH chopMynIHpOBaHa Kak 3aja4da 06
OTBHICKAHMM TAKHX 3HAYEHHH HEM3BECTHOH I, NPU KOTOPHIX rpacuk PpyHKImu
y = f(z) nexwur sbiue rpadpuka ynkuuu y = g(x).

PaccmorpuM, HanpuMep, caeayomuit kjacc 3aga4d. Jausl ase pyHKUMH
y = f(z) u y = g(z) + a. Hapgo HaiiT BCE 3HAYEHHMs NapaMeTpa G, IpH
KOTOPBIX rpadMKH 3TUX (PYHKUIHMH NEPECEKAIOTCS OMPEAEIEHHOE KOJIMYECTBO
pas.

Ilpu peweHnu 3a704M HE HAJO CPa3y XK€ HAYHHATH CTPOMTH rpadhpuKH
aTux ¢ynkuumii. 3aga4dy CHavaJa noJesHo InepepopMmyiaupoBaTb. Ha s3bike
ypPaBHEHHII 3Ta 3aJava MOXKET ObITh CPOPMYJIHPOBAHA CJICAYIOIIUM OOpPa30M.
Hazo mafiTH Bce 3Ha4eHHUs a, NIPU KOTOpPLIX ypaBHeHue f(r) = g(z) + a uMeer
3aJaHHOE KOJIMYECTBO PELICHHN.

s peurenusi 3aJa4M MOCJHEIHEE YPABHEHHE MOXKHO NEPENUCATH B BH-
ge f(z) — g(x) = a. Iocne 3TOro MOXXHO BEPHYTBCS K A3bIKY I'PadUKOB.
Teneprs 3ama4ya MokeT ObITH CHOPMYJIHUPOBaHa TaK: HAiTH BCce 3HAYEHHA a,
[IpM KOTOPBIX FOPM30HTAJIbHAS NpsMasi Y = @ INepeceKaeT rpadguk (pyHKIUH
y = f(x) — g(x) B 3amannoe KoJu4ecTBO pa3. Takas 3ajaya, KaX IIPABHIIO,
y2Ke JIETKO pemaercs. PaccMoTpuM IpuMep.

IIpumep 1. HaiiTu Bce 3naveHusi apaMeTpa @, IIPH KOTOPBIX rpadHKH
aByx bpyHkummit y = 2|z + 4| + |z — 2| u y = 2|z| + r + a nepecekaoTcst POBHO
B ABYX TOYKaX.

Pewmrenne. Ha s3bike ypaBHeHul 3Ta 3aJa4a O3HAYAET, YTO HAJAO HAMTH
BCE 3HAYEHHUS Q, IPH KOTOPHIX YPABHEHUE

2l +4|+|z-2|-2z|~z=a

HMeeT POBHO ABa pewmeHHs. IToctpouM rpaduk JIeBoil YacTH ypaBHEHHS.



I'paduuecknuit MeToz pemeHus 3aa4 C IapaMeTPOM 83

CraHzapTHblE PacCyKIEHHs 34ECh caeaylomye. B onmucaHuu pyHKUIUH
y = 2|z + 4| + |z — 2| — 2|z| — ¢ umeerca Tpu Moayas. Kaxkznplii U3 HuX
MOXKET OBITb PacKpuIT JHOO C IUIIOCOM, JInOO ¢ MMHYcoM. Moaysb pacKpbl-
BAeTCs C IUIIOCOM, €CJIM BbIPArK€HUE, CTOSIIEE 101 3HAKOM MOZLYJIsS, ABJIAETCA
IIOJIOXKUTEJILHBIM M — C MUHYCOM B MPOTHUBHOM ciiy4ac. TakuM obpazom cnocob
PaCKpbITUS MOZYJISi MEHSIETCSI NPH IPOXOXKJACHUH NIEPEMEHHOMU T 1epe3 HOJIb
BBIPAXKEHHUS, CTOSIIErO 10 3HAKOM MOIYJISA.

B BrlpakeHHMHM HMMEETCHA TPH MOJYJIs, KaXXKAbI# H3 KOTOPBIX 0OpallaeTcsi
B HOJIb B OZHOH TOdke. TakuM 00pa30oM Ha YHUCIOBOH NPAMOU MMEIOTCST TPH
TOYKH —4, 0, 2, Npy NpPOXOXAEHUH Yepe3 KOTOPbI€ ITPOUCXOAUT CMEHA 3Ha-
Ka PACKpPbITHUSi OZHOIO M3 MOAYJIeid. DTH TPU TOYKH PasOMBAalOT 4HMCJIOBYIO
npsiMyIo Ha uyeTsipe obmactu (—oo; —4], (—4;0], (0;2] n (2;00), B kKaxkI0% U3
KOTOPBIX KaXKJbIii MOLYJIb PACKPLIBAETCH C ONpPEAEIEHHBIM 3HAKOM.

PackpbiBas momynn B Kaxxaoit u3 obJsacTeil ¢ Hy>KHBIMH 3HAaKaMH U NPH-
BOJS IIOCJIE€ 3TOr0 NOAOOHBIE YWIEHBI, MOJYYUM

—2r -6, x€ (—o0;—4],
_ 2z +10, x € (—4;0],
Y=\ —2z+10, ze€(0;2, (1)
6, z € (0;00).

Taxoit rpaduk HEeTPYAHO NOCTPOUTh. JLOCTATOUYHO NOCTPOUTD IrPapUKy YETHI-
PeX IPAMBIX M IJIs KaKJOH M3 HUX BHIOpPATb COOTBETCTBYIONIUHA KYCOK IIps-

MOH. a=2x+4|+x=2|-2|x|-x

Puc.l. padpuk byukuuu y = 2|z + 4| + |z — 2| — 2|z| — z.

I'pacduxom mpapoit yacTi Oyaer ropu3cHTANbHAA NpsaMast ¥y = a. [Ipu u3-
MEHEHHUH @ 3Ta NpsMasi OyaeT JBUraTbCs INMapalIeIbHO FOPH3OHTAJbHOH OCH
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koopauHar. IlepeaBuras ee, HETPYAHO IIPOBECTH NOJIHBIA aHAJN3 KOJMYECTBA
pemreHuit gagHoro ypaBHenusi. IIpu a < 2 ypaBHeHue BOOOIIe He MMEET pe-
menuit. [Ipu a = 2 ypasHenue Oyzer umerb oauo peweHue. Ilpu a € (2;6)
ypaBHeHuE Oyzer uMmerb aBa pemcHus. [Ipu a = 6 ypaBHeHue Oyzer umeTb
Geckoneyno Muoro peuenwit. [Ipu a € (6;10) ypaBuenue Oyner mMeTb Tpu
pewteHusi. IIpu a = 10 xonuvecTBo pewenuit papHo 2. IIpu a > 10 ypaBHeHue
OyZeT MMeTh OOHO PEIIEHHE.

Caoenaem oguo 3amedanue. [1pu nocrpoeHun rpadgpuKoB PYHKUMIA ITOJIE3HO
HAXOAUTh KOOPAWHATHI TOYEK rpaduKa, IPU IPOXOXKIEHUU HEpPE3 KOTODBIE
MEHSIETCSL BHUJ BbIpa’keHus, 3aJarolero ¢pyHkmuio. B Hamem npumepe 3To
TO4KH ¢ KoopguHatamu (—4;2), (0;10) u (2;6).

OTsert: (2;6) U {10}.

Breruucnenusi B Maple V. Bce BbIYHCIEHUSA B 3TOH CTATLE TPOBOIMIIHUCH
C IIOMOMIBIO ITaKeTa KOMIIbIOTepHO# anredpni Maple V. Hekoropble geranu
3TUX BBIYUCJIEHUH HaBEPHO OyAyT HEOE3LIHTEPECHBI YMTATEIIO.

CHauvaJsa 3ameTuM, uro Maple V siBAsieTCsl HHTEPAKTUBHOM CUCTEMOM, T.€.
OHa paboTaeT B peXKMME BOMpOC—OTBET. Bompoc 3agaercsi B BUAE KOMaHIBI,
noHsaTHO# Maple u HabpauHOIt B KOMaHZHOK cTpoke. OTBET mosBsAeTCs Ha
3KpaHe B BUJE aHAJUTHUYECKOrO BbIpa’k€HMsI, MiIM B BUAE rpaduka. Eciau xo-
MaHZa 3aBEpIIAETCsi TOYKOHN C 3amATOM, TO OTBET BBIBOAUTCS Ha TEPMHHAJ, a
€CJI¥ ABOETOYMEM — TO HE BBIBOAWTCH (HO BBIYMCJIEHUS NPOU3BOLIATCH).

" HauneM ¢ nocrpoenus rpaguka GyHkuua a = 2|z +4| + | — 2| — 2|z| — z.
CHa4daja B KOMaHJHOH CTPOKE HAOHPAETCSl BBLIPAXKEHHE, OMUCHIBAIOLICE 3TY
¢yskmmio. Cunrakcuc, HaIewCh, nouAaTeH. HabpaHHoe BoIpaXkeHHe IIPHUCBad-
Baercs (Kax 3Ha4Y€HHE) IepeMEHHOH f.

> f:=2%abs(x+4)+abs (x-2)-2*abs (x) -x;
f=2lz+4+|z-2|-2 2] -2

Teneps nocrpoum rpacdpuk f. I'padbuk crpout pyHKuus plot. Y Hee ecTh ABa
00s13aTeNIbHBIX APryMEHTa M LieJlasd Ky4da HeoOsS3aTeNbHbIX (OMIMOHAJIBHbIX).
Obs3arcapHble — onucanue (pyHKUMM ¥ 00JacTH 3HAUYEHUE HE3ABHUCHUMOH IIe-
PEeMEHHOi.

> plot(f,x=-7..5);
Ho B TtakoMm Buze rpacdpuk HekpacuB. Haunem noGaBiaaTh onuuu. CHadasia
yKa>KeM, 4TO MBI Xo0Teju Obl BUAETDH II0 BEpTHKaJU 00jacTs oT 0 mo 11.

> plot(f,x=-7..5,view=0..11);
Tenepp cam rpacpuk HapucyeM >KUPHOi, YepHO# JIMHUEH.

> plot(f,x=-7..5,view=0..11,thickness=7,color=black);
HobaBuM K rpagpuky ero HazpaHue. IIpu aTom MOXKHO BBEIOHMpaTh WIpudT, pas3-
Mepbl mpudTa ¥ HayepTaHue pHdTa.

> plot(f,x=-7..5,view=0..11,thickness=7,color=black,
> title="a=2|x+4|+|x-2|-2|x|-x",titlefont=[TIMES,ITALIC,24]);
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B mxkose ocu KOOpA¥MHAT NPHHSITO NOANHCHIBaTL. [IpuBegeM onuuu, orseva-
IOIIMC 32 TOAMHUCbIBAHNE OCEil KOOPAUHAT.

> plot(f,x=-7..5,labels=[x,a],labelfont=[TIMES,ITALIC,24]);

[Mocneauuit mTpux — yKaxkeM LIpH(]T, ero pa3Mep ¥ Ha4YepTaHHE AJIA METOK
Ha 0CSX KOOPAWHAT.

> plot(f,x=-7..5,axesfont=[COURIER,BOLD,18]);

Ecnu Teneps cobpaTb BCe 3TO BMeCTe, TO Bbl YBUAUTE NPUBCAEHHBLIN Ha pu-
cyuke 1 rpaduxk.

s mocTpocuust rpagpuka «BpYUHYIO» HaM NPUULIOCH pa3buBaTh THCIIO-
BYIO IIPSAMYIO Ha UETHIPE IPOMEXYTKa M Ha KaXXKJOM M3 HUX — PacCKPHIBATb
Bce moaynu. B Maple ato MOXKHO caenaTh oaHON KoMauno# (cpaBHuTE ¢ (1)).

> convert(f,piecewise);

—2r—-6 x< -4
2r + 10 z<0
—2z+10 <2
6 2<r«r _
Ora KOMaHJa BLIMOJHACT NIpeodpasoBanue f K KYCOUHO-3HAYHOMY BHIY.

Iocnennee. ns HaxoxgeHnsi 3Hauenuit pyukuuu f, BBeAeHHOI paHce B
Maple, OCTATOYHO OACTABUTDL B £ BMECTO X HY>KHO€ YHUCJIOBOE 3HAYEHHE. DTO
MOXXHO cIejaTh C NOMOIIBIO KOMaHAbl Subs (o'r aHruiickoro substitution —
IO CTAHOBKA).

> subs(x=-4,f);

20| + [—6] — 2 |—4| + 4
3zece Maple BMecTO X NOACTABIAET YKCIO 4 ¥ NPOBOOUT 00sI3aTENIbHbBIE YIIPO-
weHus (CKIaAbIBaeT YMCIa 104 MOoLyssiMu). PackpbiBanue caMux MOAyJiei C
€r0 TOYKH 3PEHUS HE SIBJIsIETCs] 00sA3aTeNbHbIM (& BAPYT Bbl HE XOTHUTE 3TOTO

zenaTs). JanbHelmuye ynpomeHuss MOXKHO IIPOU3BECTH C ITOMOUILIO KOMaH b
eval (or anrmiickoro evaluation - BuIUHCJIEHHE).

> eval(¥%):
2

«BbI4uCIaTE» HAIO PE3YALTAT BBINOJHEHMs npeiblaymeit komaunapl. Ccbli-
KO Ha 3TOT PE3yJbTAT ABJSAETCSA CUMBOJ %. KcTaTH, cCchLIKoil Ha npeanpeabi-
AYILIAH ¥ TIpEeANpesIpeablAYILMH PE3YaAbTAThl ABISIOTCA CUMBOISI %% ¥ Ahkh.

Ilpumep 2. HaiiTu Bce 3naueHus napaMeTpa a, IpHd KOTOPBIX TOYKH Ipa-
dbuxka bynkuyun y = 2|z| nas r u3 uHTepBada (—2; —1) JeXkaT HIDKE TOYEK
rpaduka GyHkuuu y = |z — 2| + a, a aus z u3 uaTepBata (1;3) — Beiue.

Pewmenue. Cuavana saiimemcs nepedgopmynupoBkoit 3agauu. Ha s3bike
HEPABEHCTB 3Ta 3aJa4a (POpPMYJHUPYETCH B CJAEAYIOLIEM BHUAE. MBI JOMXKHBI
HaWTH TaKWe 3HAYEHUs @, IpU KOTOPBIX MHTEpBaJ (—2; —1) OyneT pemeHueM
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HepaBeHCTBa 2|z| < |z — 2| + a (unu, B gpyroit samucu, a > 2|z| — |z — 2|),
a uHTepBaJa (1;3) OyaeT pemueHueM HepaBeHCTBa 2|r| > |z — 2| + a (uuau, B
apyro# 3anucy, a < 2|z| — |z — 2|).

Hait nem rpadHuUYECKOe H300paKEHHE PEIIEHMI 060X HEPABEHCTB a > 2|T|—
lr — 2| u a < 2|z| — |r — 2|. Jas aToro nocrpoum rpabuk byHkuumn a =
2|z| — |z — 2| B nnockocTu nepemenubx (z,a). PackpblBas Mooysu Tak, Kak
9TO ObLIO OTIMCAHO B NMPEABIAYIEM IPUMEPE, Mbl CMOXKEM 3TY PYHKUHIO TIpe-
CTABUTb B BHIE

—r—2, x€ (—00;0],
a= 3r—2, x¢€ (0;2],
z+2, z€(2;00)
Ee rpacdpuk HETPYIHO NMOCTPOHUTS.

Dror rpadgpuk pasdupaeT BCIO IUIOCKOCTb (Ir,a) Ha JBE 00JACTH: 4aCTb
TJIOCKOCTH, JieXKalasl Bole rpaduka (OHA OMUCLIBAETCA HEPABEHCTBOM 4 >
2|z|—|z—2|), 1 HacTb WIOCKOCTH, JIEXKAIAS HUXKE rpacduKa (OHA OTIMCHIBAETCS
HepaBeHCTBOM a < 2|z| — |z — 2|).

C rpaduueckoit TOUKH 3pEHUS] Mbl MILEM BCE 3HAYEHHUS @, NPH KOTOPBIX
HHTepBaJ —2 < z < -1, gexawmit Ha IpsMOl a = const, pacnojaraercs
Bblle rpacpuka a = 2|z| — |z — 2|, a u"TepBAN 1 < * < 3, Jdexamuit Ha
npaMoit a = const, JexxuT Huke 3Toro rpadpuka. B apyro#t ¢popmyauposke
Mbl HILEM 3HAYEHUA @, LJIA KOTOPBIX 4HacTh NOJOCH —2 < T < —1 Jjexur
Bblme rpaduka dyskum a = 2|z| — |z — 2|, a vacTp nonocer 1 < z < 3 -
HHUKE 3TOro rpacduka.

V3 npuBeseHHOro pUCYHKa BHIHO, UTO NEPBOMY TPEOOBAHMIO OTBEYAIOT

a > 0, a Bropomy — a < 1. Takum o0pa3om, 060UM TpeOOBAHUSIM OTBEYAIOT
a € [0;1].

Puc.2. N306packenne pemeHus 3aJa4u U3 IpUMeEpa 2.
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Otreert: a € [0; 1]

Borunciaenns B Maple. Iloctpoum pucynok 2. ITo cpaBHEHHIO C PUCYH-
KOM 1 U3 npeaplayumei 3a4avy 3J4eCh NOABJISIIOTCA HECKOJIbKO HOBBIX MOMEH-
toB. CHavana BBcaeM (yHKUuMIo a = 2|z| — |z — 2| 1 nocrpoum ee rpadux.
Ho nockoabky Ha puCyHKe KpoMme 3TOro rpagpuka JOJKHBI IPHCYTCTBOBATD
JOTIOJHUTENbHbIE JHHUHM, TO He OyZeM 3TOT rpapUK BBIBOZUTH Ha 9KPaH, a Co-
XpaHUM €ro B nepemeHHo# pi. HanmomuuM, 4T0 KOMaHay plot B 3TOM Ciy4ae
HAJI0 33BEPLIUTH JBOETOYHUEM.

> f:=2*abs(x)-abs(x-2);

f=2lzl-|z -2

> pl:=plot(f,x=-4..4,thickness=7,color=black):

Tenepr Hapucyem ase noJiochl. JJsi 9TOro Hag0 HAPHUCOBATL 4YETHIPE BEP-
TUKaJbHBIE MpsIMBIE T = —2, ¢ = —1, 2 = 1 u ¢ = 3. [loaTromy omucel-
BATb HUX HaJ0 HE KaK rpadpuk PyHKIHH, a KAK MHOXXECTBO TOYEK IIIOCKOCTH
(z,a). TlepByo npsmMy!0 T = —2 MOXXHO ONHCATh, HAIpUMEP, KaK MHOXe-
CTBO TOYEK IUIOCKOCTH C KoopauHaTaMH (—2,a), TAe a Ipoberaer npoMexy-
TOK {—2, 6]. DTOT IPOMEKYTOK NpeicTaBasieT cO60l pa3Mephl IO BEPTHKAJIH
BbIBOAMMOM Ha KpPaH KapTHMHKH. MaTeMaTH4eCKH TaKO€ MHOXKECTBO TOUeK
onuceiBaercs BolpaxkenueM {(—2,a) | a € [—2;6]}. B Maple Takoe MHOXECTBO
HMEET CJEeIyIolllee CHMHTAKCHUecKoe onucanue [-2,a,a=-2..6]. 3rToro onu-
CAaHUA HOCTATOYHO JJIA MMOCTPOEHHMsI OTPe3Ka MPsSIMOM, T.€. XBATHUT KOMaHIBI
plot([-2,a,a=-2..6]);. Ho Mbl mocrpouM cpa3y JBa BEPTHKAJBHBIX OTPE3-
Ka. JJs1 3TOro Haao OMUCAHHUA 0OOMX BEPTHKAJIBHBIX OTPE3KOB IOMECTUTH B
¢urypusie ckobku. Jns Maple aTo 03Ha4aeT, YTO MBI CTPOMM MHOXKECTBO
TO4Y€EK, COCTOSIILEE U3 JBYX OTPE3KOB NPSIMBIX. '

> p2:=plot({[-2,a,a=-2..6],[-1,a,a=-2..6]},color=black):
A Temnepb nOCTPOUM BTOPYIO IIOJIOCY.
> p3:=plot({[i,a,a=-2..6],[3,a,a=-2..6]},color=black):

Teneprs HallneM 4acTh IIEPBOI NOJOCHI, JeXKalueil Bbline rpaduka a =
2|z| = |z —2|. Ana aroro HaligeM TOYKH IEPECEUEHHs NPAMBIX T = —2, T = —1
C 3TUM rpagpuKoM.

> subs(x=-2,f): eval(%);

> subs(x=-1,f): eval(%);
-1
T.o. mosoca —2 < < —1 npu a > 0 gexur Bole rpaduka, a npu a < —1 —
HuKe rpaduka. [Tockoabky Hac MHTEpeCyeT 4acTh, JiexKalasl Bbllle rpaduka,
TO Pa3leJuM 3TY IIOJOCY HAa JABE YAaCTH OTPe3KoM npsamoit [x,0,x=-2..-1].
PazbepemMcs aHaJIOrHYHBIM 00pa30M CO BTOPOI TOJIOCOA.
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> subs(x=1,f): eval(%);

> subs(x=3,f): eval(});
5

T.o. nmonoca 1 < z < 3 npu a > 5 nexxur Belle rpacduka, a npu a < 1 —
HI>Ke rpacduKa. 34ech Mbl pasjeasieM I0JoCY Ha JBE YacTH OTPE3KOM NPsMOil
[x,1,x=1..3].

[TocTpoum 06a 3T OTpE3KA.

> p4:=plot({[x,0,x=-2..-1], [x,1,x=1..3]},color=black):

B kxayecTBe nocjegHero mTpuxa 3aJbeM NMOCTPOEHHBIE KYCKH ABYX T0JIOC
CEPBIM IBETOM.

> pb5:=plot(6,x=-2..-1,filled=true,color=grey):

> p6:=plot(1,x=1..3,filled=true,color=grey):

> p7:=plot(-2,x=1..3,filled=true,color=grey):

MsI nocTpowsId No OTAEJNBHOCTH CEMb IPAMHKOB M XOTEJH Obl BHIBECTH
BCE ceMb 'paPHKOB Ha OAHOM PHCYHKe. ITo Jenaer Komaxia display. Ho
JIeJIO B TOM, 4TO IpH 3anycke Maple nepBoHa4aJIbHO 3arpy»Kaercs Hebob1Ioe
KOJIMIECTBO HauboJiee BaxKHbIX KoMaHA. K HUM MBI uMeeM NpsaMoit JocTyn ¢
MOMOLUBIO yKa3aHUsI UX MMeHH. Bce ocTaypHble KOMAHIBI paclnpelelIeHbl 0
OTIEJIbHBIM NaKeTaM H MOrYT ObITb BBI3BAHbI C yKa3aHHMEM HMEHH IakeTa.
Komanga display HaxonuTcs B nakere plots. T.o. oHa MoXeT OBITh BbI3BaHa
C TIOMOIIBIO «JJIMHHOro» uMeHH plots[display].

> plots[display] ({p1,p2,p3,p4,p5,p6,p7},

> title="a=2|x|-|x-2|",titlefont=[TIMES,ITALIC,?24],

> labels=[x,a],labelfont={TIMES,ITALIC,?24],

> axesfont={COURIER,BOLD,18]);

[Tocne BuINOJIHEHUs 3TOH Ioc/ieaHe# KOMaHILI Bbl yBHIUTE rpadukK, IpHUBe-
JEHHBIN Ha PUCYHKE 2.

3agaduu ¢ mapaMeTpoM oA MoAyJieM

Sazava MoxeT ObITh ChbOPMYyIHpPOBaHA Ha sA3bIKE rpapuKoB, ypaBHEHHH
HJIH HEPABEHCTB. JTO He MPUHUMIIMAJBHO. Ba>XHO TO, 4TO (POpPMYJIHUPOBKE
3aJa4d yyacTByeT pyHKuus suga Yy = f(z)+|r—al|. Takum obpasom napamerp
BXOZMT B 3a4a1y 6oJiee CJI0XXHBIM 00pa30oM, YeM B NpeIblAyel rpynne 3aaa4.

Saeck TakxKe npepjaraercs rpadpudeckoe pemenne. To ecTtb 3agady Ha-
JI0 CBOOMTb K MOCTPOEHHIO rpacduka ypaBHeHus Buga ¢(z) + |z —a|l = 0 B
njockocTH (z,a). Ho Teneps 3ToT rpaduk nNpuxomuTcsi CTPOUTL KakK rpaduk
dbyuxuun a = £+ g(z) B 0baactu a < T, ¥ Kax rpadpuk pyHKuuu a = z — g(z)
B obJlacTH @ > T.
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IIpumep 3. HaiiTu Bce 3HavyeHUs NapaMeTpa @, JAs KOTOPbIX MHTEPBAJI
(—1;1) 6yner pelieHueM HEPABEHCTBA T + | — a| + [z — 1} < 3.

Pewmenue. IMoctpoum rpacduk ypashenus  + |z —a|l + |z — 1] = 3, 1o
ecTb rpacduieckoe msobpadkeHue Bcex nap (z,a), YAOBJETBOPAIOWMX ITOMY
YPaBHEHHUIO.

1s1 3TOro HaJO pPacKpbiTh 06a MOAYJsSI B ypaBHeHMH. Kaskaplit 3 HUX
PacCKpBIBAaETCA JUOO C ILUIIOCOM, JIMOO C MHUHYCOM, TaK YTO BCETO MBI MMEEM
yeThIpe ciyd4asi. J[Jis ONMCaHUSI 3TUX YETHIPCX CJY4YAEB BbIPAXKEHUS, CTOS-
IMME NOJ MOZYJISIMHA TIPUPABHSIEM K HYJIIO. Y HAC MOJYYHUTCS JBa yPABHEHUS
z =1 u a = z. Ha munockocru (z,a) 370 ABE TpsiMble: BEPTHKAJbHASA B Ha-
kjounasi. Ouu pas3sGUBAIOT TJIOCKOCTL (I, a) Ha YeThIpe obnacTu. B kaxkaoi us
3THUX obJlacTeil MOAYJIM PACKPBIBAIOTCA C ONPEACJEHHLBIMHY 3HakxaMu. [ToaTomy
B KaxxJoit u3 objacreil u300paskeHUeM peIleHUs ypaBHEeHUs OyaeT HEKoTopad
TIpsiMasi. YpaBHEHHS BCEX 3THX UYETbIPEX NPSAMBIX HETPYIAHO HANUTH

—z+4, >1 n a>rz,
0= 3z—-4, >1 n a<ur,
z—2, <1 n a<uz,
T+2, <1 un a>z.

I[IpuBenem pucyHok 3Toit JomaHoil. K pucyHKy soManoit 106aBJI€HB! €lIe OT-
PE3KH ABYX IpAMBIX ¢ =T U T = 1.

x-+|x-al+ -1 |-3=0

Puc.3. I'paduk ypaBuenus z + |z —a| + |z — 1| = 3.

Dra JoOMaHas ABJASETCS TPAHHULER ABYX objacTeil, Ha KOTOpbIE OHA pas-
OHBaET IJIOCKOCTh NEPEMEHHBIX (Z,a). OaHa u3 aTnxX obnacrett Gyzer rpadu-
YeCKHM u300pakeHueM HepaBeHCTBa T + | — a| + |z — 1| < 3. BuibpaTs sty
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06J1aCTh MOXKHO C TIOMOIIBIO NPOBEPKH OAHOM TOYKH Ha ToNajaHue (uau HE
nonagauue) B obsactk. Hanpumep, ecau Mbl BosbMeM TOUKyY T = 0,a =0 u
[IOACTABUM B HEPABEHCTBO I + | — a| + [z — 1| < 3, To npuaeM K BEPHOMY UHC-
JoBoMmy HepaseHCTBY 1 < 3. Takum obpasom tokka (0,0) aexxur B obsacTy,
KoTopas Oyaer u3o0pa’keHHMeM PELIEHUs] HEpPaBEHCTBA ¥ + |r —a| + |z — 1] < 3.

Hanee, rpacdpudeckuM nsobparkenneM uuTepBaja —1 < x < 1 6yzer Bep-
THKaJIbHas NoJjoca. HaM Hago BbIGpaTh Ty YaCThL MOJIOCH], KOTOPAsl LEIMKOM
JIEXKUT BHYTPH 0OOJIaCTH PEIICHHU HEpaBCHCTBA T + |z — a| + |z — 1| < 3. Dty
YacTh TOJIOCHI HETPYJAHO HaiTH (CM. PUCYHOK 4 HHXKe).

3HaYCHUA a, OTPAHMYMBAIOUIKE 3TY TI0JIOCY, JErKO BhIYUCIASIOTCH. IT0 —1
u 1. Takum 06pa30oM MBI IPUXOZUM K OTBETY a € [—1;1].

x+|x-a| +lx—1 |-3=0

Puc.4. zobparxkenue pellieHH# 3aJa4l U3 npuMepa 3.

OTeert: [—1;1]

Borauciaenus B Maple. Cuavaiia nocrpoum rpacpuk ypaBHeHus + |z —
al + |z — 1| = 3. ITo onpeneseHno, 3T0 MHOXKECTBO TOYEK C KOOPAMHATAMU
(z,a), yROBJAETBOPAIOWIMX 3TOMY ypaBHeHHIo. IlepenuuieM 3TO ypaBHEHHE B
Buge T + |z — a| + |z — 1| — 3 = 0. JleBy!0 yacTh 3TOr0 ypaBHEHHUsI BBEAEM B
Maple xak Bblpakenue f.

> f:=x+abs(x-a)+abs(x-1)-3;
f=z+|-z+a|l+|z-1] -3
s nocTpoeHus rpadpuka 3TOro ypaBHeHUs] HaJO U3 3TOr0 YPABHEHUS BbIpa-

3uTh @ yepe3 z. Ho mapamerp a HaxoauTcs nox moxyiaeM. Cie1oBaTenbHO, Ha-
J0 PacKpblBaTh MOAYJb. s 3TOTO HANO paccMoOTpeTh ABa cay4asi: £ —a > 0
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u 2z —a < 0. HauneM co caydaa ¢ — a > 0. Torga |z — a| = = — a u sneBaga
4aCTh PacCMaTPUBaeMOro ypaBHenusi £=0 nmpuMeT BuJ.

> fl:=x+(x-a)+abs(x-1)-3;
fl:=2z—-a+|z-1-3
T.o. npu = > a Ml umeeMm ypaBHeHue fl1 = 0. Bripasum orcioga a. Hns
3TOro MoXHO ypaBHeHue £1=0 pemrnTh OTHOCHUTENBLHO a. B Maple 3a pemenue
ypaBHeHuiT oTBe4yaeT KoMaHaa solve. Ee nepBeIM aprymMeHTOM JOMKHO ObITH
pellaeMoe ypaBHEHHE, HJIM JIEBAsI YaCTh 3TOTO YPABHCHHE NPH YCJIOBHH, YTO B
npaBoit yacTu cTouT 0. BTOpBIM apryMeHTOM JOJ>KHO OBITh HMsi HEH3BECTHOMH,
OTHOCHUTEJIBHO KOTOPOil 3TO ypaBHEHHE PEIIAETCS.

> al:=solve(fl,a);
al :==2zx+|z—-1 -3

34ech Mbl HALLIK pelueHne ypaBHeHus £1=0 OTHOCHTEJBLHO @ ¥ HaliieHHOe pe-
uIeHue npucBomIH (Kax 3HadeHue) epeMesHoit al. B obnactu T > o rpadu-
KOM ypaBHeHus1 £=0 siBasiercs rpacduk bysHkuuu al. Jias nocrpoenus rpadu-
Ka 3TOo# (pyHKUMHU Ha10 HAHTH 3HAUEHHUs TIEPEMEHHOM X, JJsi KOTOPLIX rpacpuk
¢dyukuun al gexxut B obnactu = > a. Juas aToro HaiiaeM TOYKY nepecevueHns
AByX rpacdukos Gyakuui: a=zua=al =2z + |z — 1| - 3.

> solve(x=al);

2

To Touka T = 2. Jlerko BuzeTh, 4TO rpaduk PyHKuuu al gexKuT B 00J1aCTH
z > a npu z < 2. Tennepb Mbl MO>XKEM €r0 OCTPOUTS.

> pl:=plot(al,x=-3..2,view={-3..3,-3..4],

> thickness=7,color=black):
34eCh € TOMOIIBIO OTIIHY View Mbl 33424 00J1aCTh BUAMMOCTH 3TOro rpadpuxa
110 OOOMM HM3MEPEHUAM: FOPU3OHTAJIBPHOMY M BEPTHKAJILHOMY.

> f2:=x-(x-a)+abs(x-1)-3;
f2:=a+|z-1]-3
AnaJsloru4HbBIM 00pPa30M pPacCMATPUBAETCA Ciay4ail — < a.
> a2:=solve(f2,a);
a2 :=—|z—1|+3
> solve(x=a2);

2
> p2:=plot(a2,x=-3..2,view=[-3..3,-3..4],
> thickness=7,color=black):
HobaBuM eme K pUCYHKY rpacduky npsMott a =z uz = 1.
> p3:=plot(x,x=-3..4,view=[-3..3,-3..4],
> thickness=4,color=black):
> pé4:=plot([1,a,a=-3..4],view=[-3..3,-3..4],
> thickness=4,color=black):
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Tenepp MBI MOXXEM MOCTPOUTH PUCYHOK CO BCEMH HETBHIPbMS rpadpukaMu.

> plots{display] ({p1,p2,p3,p4},

> title="x+|x-al+Ix-1[-3=0",titlefont=[TIMES,ITALIC,24],

> labels=[x,a],labelfont=[TIMES,ITALIC,24],

> axesfont={COURIER,BOLD, 18]);

DToT rpapHUK MPHBEAEH Ha PHCYHKE 3.

Teneppb nepeiifeM K pemeHuio 3aga4u. i pelleHus Haa0 HalTH 3Hade-
HUS @, OpH KOTOpbIX nmojgoca —1 < z < 1 aexur B obnactu = + |r — a| +
|r — 1| — 3 < 0. Bo3pMmem mpaByio rpaHUny NOJOCH £ = 1 ¥ HaiiieM TOYKH
IepecedeHus TOH npsimoit ¢ rpaHnueit obaactu z + |z —al+ |z - 1] -3 =0.

> subs(x=1,f): eval(%);

-2+ |-1+a]
> solve();
3, -1
Takux Touek gBe: z =1, a=-1uzxz =1, a=3.
AHaJOoruHbIE BLIYHCIECHUS [IPOAEJAEM C JIEBOM rPaHuLEell oaocsl £ = —1
> subs(x=-1,f): eval(}): solve(%);
1, -3
TaxkuMm 06pa3om npsiMas £ = —1 ncpecekaercs ¢ JoMaHol#l x + |r — al + |z —
1]l—-3=0Bayx Toukax z =-1l,a=1uz=-1,a= -3.

Teneps nerko BUAETD, 4TO nosioca —1 < x < 1 jexxkur B obnactu x + |T —
a| +|z -1 -3<0mnpuac€ [-1;1];

OcTajioch OCTPOUTHL pUCYHOK 4. CHayajia IOCTPOUM NpsAMYI0 T = —1 u
OTPEe3KHu NpsAMBIX ¢ = —1, a = 1.

> pb:=plot([-1,a,a=-3..4],view=[-3..3,-3..4],
> thickness=4,color=black):

> p6:=plot({[x,-1,x=-1..1], [x,1,x=-1..1]},
> view=[-3..3,-3..4],thickness=4,color=black):

Teneps 3anbem ob6macTy -1 < a <1, -1 < x <1 cepsiM LIBETOM.
> pT7:=plot(l,x=-1..1,filled=true,color=gray):
> p8:=plot(-1,x=-1..1,filled=true,color=gray):

U makonen nocTpouM rpacuk ¢ H300pasKkeHNEM PEILEHHs.

> plots[display] ({p1,p2,p4,p5,p6,p7,p8},

> title="x+|x-a|+|x-1]-3=0",titlefont={TIMES,ITALIC, 24],
> labels=[x,a],labelfont=[TIMES,ITALIC,24],

> axesfont={COURIER,BOLD,18]);

W menHo sToT rpacduk n3ob6paxkeH Ha puUcCyHKe 4.

ITpumep 4. HaitTn Bce 3HaYeHUs TapaMeTpa G, IIPH KaXXJOM U3 KOTOPBIX
ypaBHeHue 4z — |3z — |z + a|| = 9|z — 3| uMeer nBa KOpHSL.
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Pemenue. ITonesno cpa3y ormeruTsb, 4To npu = < 0 ypaBHEHUE HE HMEET
pelieHu# KAaKMMH Obl HM OBLJIN 3HAYEHUS @. DTO Cy’KaeT 00JIacTh HUCCIEeLOBa-
HUA.

B kauecTBe MeToza pelieHds (KaK 4 B NpeablAylIEX MpPUMEpPax) Mpel-
JlaraeTcs NoCTPouTh rpacdpuk JaHHoro ypaBHeHus. [lo rpachuky MmoxHO Oy-
JET ONPEAENUTb KOMUYCCTBO PEUICHME JJIA KAXKJAOro 3HAUMEHUA ¢. DTa 3a1a4a
TPyAHA TEM, YTO B €€ (POPMYJHPOBKE YYACTBYIOT MHOrO MOIYJEH, XU IIOITO-
MY, €CJIH UX PacKpbIBaThb O€CCHCTEMHO, TO JIErKo 3amyTaTbesa. OTMeTHM, UTO
nocKoyabKy Tpu r < 0 paccMaTpuBaeMoOe ypaBHEHHUE He MMEET DELIEHHI, TO
rpacpuk ypaBHeHus OyzeT jexaTb B obsactu = > 0.

Haunem ¢ Mmopyas |3z—|z+a||. 3gech uMeeTcs BHEIUHMIL M BHY TPEHHHIT MO-
ayau. Kadxaprit 13 HUX MoXKeT ObITb PacKpbIT ABYMsA cniocobamu. B urore no-
JIy4acTCsl YeTbIPC PA3JIMYHbIX caydad. KaXkgpiil U3 3TUX CJ1yYacB peaaunsyeTcs
(x coxxanenuo). B camom gene, nycts z+a > 0. Torga |3z — |z +a|| = |22 —al.
ITonynpamas a = 2z (opu z > 0) nonagaer B obaacte T + a > 0. Bor BaM
nepBble gBa ciay4as. FIX MOXHO onucaTh ¢ NMOMOILbIO HEPABEHCTB @ > 2T U
-z < a < 2z. [Ipu  + a < 0 mosyyvaem |3z — |z + a|| = |4z + al. [Tony-
npsmas a = —4z (npu z > 0) nonagaer B 06aacTh = + a < 0, uTo jaer emge
ABa ciay4asi. Ix MoxxHO onmcarb HepaBeHCTBaMH —4r < a < —z u a < —4x.
Kaxxgpiit 13 aTUX ciIy4yaeB NIPUIETCA PACCMATPHUBAThH OTIAEJIbHO.

4x-|3x-|x+al|=9|x-3|

Puc.5. N30bpaxkenne rpacduka ypasuenus 4z — |3z — |z + al|| = 9|z — 3|

CobepeM Bce 3TH pe3yabTaThl BMecTe. MTak, B obnactu z > 0 ypaBHeHHe
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4x-|3x-|x+a||=9|x-3| MOKHO nepemnucaTh B BHIE

6r—a=9|r-3|, 2r<a,
2r+a=9z-3|, —zr<ac<2z,

—a=9r-3|, —-4dr<a< -z,
8z +a=9|r-3|, a< —4zx.

OTcroga MOXKHO BBIPA3UTb @ vepe3 T B KaXKI0# u3 obJjiacTeit M mocje 3Toro —
NOCTPOUTh IPapHK pelmaeMoro ypaBHeHHMs KakK rpaduk (pyHKImn

6z -9z -3|, 2z<a,
-2r+9|r-3|, —-zr<a<?2zr,
-9z -3|, —-4dr<a< -z,
-8z +9|x-3|, a< -4z.

I'pacduk aToit pyHKIMK M300paXKEH HA PUCYHKE O.

M3 rpaduka MBI BUZUM, YTO JAJI KaXKJOrO 3HAYEHHUsI @ BO3MOXKEH OJMH H3
TpeX Cly4daeB: pacCMaTPHBAcMO€e YyPaBHEHHE MOXKET HE HMEThb peElLIeHH, Mo-
>KeT UMeTb OJHO pellleHHe, HJIM MOXKeT UMeThb ABa pemeHusi. Eciau ypaBHenue
HMeeT OAHO pelIeHue, To 3TUM peiueHueM Oyzer r = 3. [loacTaBnssa z = 3 B
paccMaTpuBaeMoOe ypaBHEHHE, HaXOOWUM, 4TO @ = —24, i a = 18.

U3 rpaduka ypaBHEeHHs TaK>Ke BHAHO, 4TO NpHu a € (—24;18) ypaBHeHue
HUMEET ABa PemeHusi, a upu a ¢ (—24; 18) ypaBHeHHe He UMEET pelIeHMit.

Orser: a € (—24; 18)

Bruruucnenus B Maple. ITocrpoum 3gech rpadpuxk ypapHenus 4z — |3z —
|z + a|| = 9|z — 3| ¢ nomoupro Maple.

HaxneMm co caywast a > 2z. Torma |3z — |z + al| = a — 2z. Pemaemoe
yPaBHEHHE HUMEET BUZ,

> eql:=4*x-(a-2*x)=9*abs (x-3);
eqgl :=6x—a=9 |z -3

Bripa3zuM oTCioza a uepes X.

> funcl:=solve(eql,{a});

funcl :=={a=6x—-9 |z - 3|}

O6paTuTe BHUMaHHE HA TO, YTO NEPEMEHHAs, OTHOCHTEJbHO KOTOPOi pema-
eTcs YpaBHEHHE, 3aKJI04YeHa B (pUrypHblie CKOOKHU. B aTOM ciryyae pe3ysibTaT
BO3BPAILlaeTCA HE B BUJE BbIPAXKEHHUs, & B BHAE PABEHCTBA. B HEKOTOPBIX CH-
TyalMsix Takasi popMa pe3yibTaTa yaoOHee.

Hrak, rpa¢dpuK ZaHHOrO ypaBHEHUS B PaCcCMaTPUBAEMOM CJYy4dae OIMCHI-

BaeTca Kak rpacduk ¢pynkmuu a = 6x — 9|z — 3|. Ocrasocy Hajfitu oGnacTb
3HaveHUil nepemeHHO! r. ['paHuUpI 3TOi 00JIACTH MOXKHO HANTH KaK TOYKH
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nepecexenus rpacduka PyHkuun a = 6z — 9|z — 3| u npsmoit a = 2x. IT10, KO-
HEYHO, CHCTEMA JBYX YPaBHEHH, HO IPOIIE BCErO CPa3y CBECTH 3TY CUCTEMY
K OJHOMY YPABHEHHIO, NNOACTaBiIsAst a = 6 — 9|z — 3| B paBeHCTBO a = 2.
> subs(funcl,a=2%*x);
6xz—9 |z -3 =2x
> soll:=solve(});

27 27
soll := g, ﬁ
Anst x monyvaercs asa 3navenus 27/13 u 27/5. Takum obpazom = € |
Tenepb Mbl MOXKEM TOCTPOHTH IPadHK.

27 27
5 5

> opts:=thickness=7,color=black:

> pl:=plot(subs(funcil,a),x=s0l1[2]..s0l11[1],0pts):
IIpu mocTpoeHun rpagpuka Mbl OTIEJbHO CO3ZAJM IEPEMEHHYIO Opts, Kyaa
HOMECTHJIM ONUMH. A NOTOM 3TY NEPEMEHHYIO IIOMECTUIH B KOMaHIy plot.
Jeno B ToM, 4TO 3TH ONIMY OyAyT MCIOJB30BATLCS B HECKOJBKUX rpadHKax,
MO3TOMY MBI 3KOHOMHM Ha Habope. Komanzma plot ymeer crpourh rpaduk
BLIPAJKEHHS, & HE PABEHCTBA. BblparkeHue Mbl IOYUYHJIN C IIOMOLILI0 KOMaH-
bl subs (funcl,a). Hakonen, rpaHuibl 06J1aCTH 3HAUEHHN IEPEMEHHOM X Mbl
HAIJIK C TIOMOIUIbIO BBIOOPa U3 MHOXKECTBa S011 OTZe/IbHbIX PELIEHHI.

ITocMmoTpuTe Ha pucyHOK H. Ha HeM u300pakeHbl TP HaKJIOHHBIE IIPSIMBbIC
a =2r,a = -z una = —4r. OHn pa3bUBalOT MOJYIJIOCKOCTbL T > 0 Ha
yeThipe 06acTy. Mbl mocTponJiu rpacpuK HallIEro yPaBHEHHS B CaMOil BEpXHEit
obsactu a > 2z.

PaccmoTpumM BTOpylo cBepxy obnacte —r < a < 2. Bce BrluucieHust
34€Chb MOYTH AHAJIOTMYHBI ITPEIbILYIIHIM.

> eq2:=4*x+(a-2*x)=9%abs(x-3);
eg2 :=2x+a=9 |z - 3|
> func2:=solve(eq2,{al});
func2 :={a= -2z +9 |z—3|}
> subs(func2,a=-x);
-2z+9|r-3|= -z
> sol2:=solve(%);

~ 8’10
EauHCTBERHOE OTIMYHE B TOM, UYTO JJIi MHOYKECTBA 3HAYEHHUI T MBI IIOJIyUaeM
371eCb JBa IPOMEXYTKa T € [%’-, %‘:] HX € [281, 35-7-] ITosToMy 34€Ch TPUXOIATCS
CTPOUTDH IBa rpaduka A5 KaXXJO0ro U3 3THX IPOMEXYTKOB.

> p2:=plot(subs(func2,a),x=s0l1[2]..s012[2],0pts):

> p3:=plot(subs(func2,a),x=s0l2[1]..so0l1[1],opts):
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B Tperbeit cBepxy obsactn —4z < a < —. Bce BbIYHCNEHUS] MOJTHOCTHIO
aHAJIOTHYHbI BBIYMCJIEHHSIM U3 NPEIbIAYIIErO CIy4dasd.

> eq3:=4*x-(4%x+a)=9*abs(x-3);
eq? ;= —a=9 |z — 3|
> func3:=solve(eq3,{a});
funed ;= {a= -9 |z - 3|}
> subs(func3,a=-4x*x);
-9 |z - 3| = -4z

> so0l3:=solve(%);

> p4:=plot(subs(func3,a),x=s0l13[2]..s012[2],0pts):

> p5:=plot(subs(func3,a),x=s0l2([1]..s0l3[1],o0pts):

B [IOCJIEJHEM YETBEPTOM cay4ae a < —41x BCe BBIYMCJEHHUS AHAJIOTHYHBI
BLBI'IMCJIEHHUAM B IIEPBOM CJy4dae.

>  eqd:=4*x+(4*x+a)=9*abs(x-3);
eg4 :==8x+a=9 |z — 3
> funcd:=solve(eq4,{al});
funcf :={a= -8z +9 |z - 3|}
> p6:=plot(subs(func4,a),x=s0l3[2]..s013[1],0pts):

I'paduk nocrpoen. OH cocrout u3 6 vacreir. JobaBuM K Hemy eule rpa-
(pHUKM HAKJIOHHBIX NPSIMBIX @ = 2T, @ = —T 4 @ = —4T.

> p7:=plot(2*x,x=0..6,thickness=3,color=black):

> p8:=plot(-x,x=0..6,thickness=3,color=black):

> p9:=plot(-4*x,x=0..6,thickness=3,color=black):
Teneps Bce 9 rpacdukoB cobepemM BMeCcTe Ha OJHOM H300parkeHHM.

> design:=title="4x-|3x-|x+al|=9|x-3|",
> titlefont=[TIMES,ITALIC,24],labels=[x,a],
> labelfont=[TIMES,ITALIC,24],axesfont=[COURIER,BOLD, 18]:

> plots[display] ({p1,p2,p3,p4,p5,p6,p7,p8,p9},design);
STOT rpapuK NPHUBEAEH Ha PUCYHKE 5.

3a,natm, OCHOBaHHBIE Ha CBOICTBE MOHOTOHHOCTHU

HNMeeTcss umpokuii kjacc 3aja4d ¢ MapaMeTpPoOM, IPH PEIIEHHH KOTOPbIX
HCIIOJIL3YETCA UIesi MOHOTOHHOCTH.
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ITpumep 5. HaiiTu Bce Takne 3HaueHHs mapaMeTpa @, AJsi KOTOPbIX Hau-
MeHbIuee 3HayeHue QYHKuuU y = —x + |z — 1| + |z + 1] + 2|z — a| — 4 6yaeT
TIOJIO>KUTEJIbHBIM.

Pemienue. IIpsimbiM pemenuem 3Toit 3agauu OyaeT HaxokAcHUE (PYHK-
MU HAMMEHbHIErO 3HadueHus. 1o ecThb HaJO0 JJIA KaXXJ0ro 3HA4YEHUsI a4 HAUTH
Ha¥MeHblllee 3HaYeHne JaHHOH GyHKUMH ¥, KoTopoe Oyaem 0603Ha4YaTh yepes
fmin(@). DTO GyHKIMSA HAMMCHBUIErO 3HAYEHHUS.

Kak uckatb? B onucannu OyHKuMM DpUCyTCTBYIOT TPU Moaynas. Toukw,
B KOTOPBIX 3TH MOAYJM 0OOpamlaroTcsi B HOJIb, HaJ0 HApPHCOBaTb Ha YHCJO-
Bolt ipsimoii. Toraa Ha YKUCIOBOM HPAMOI MBI ITOJYYUM YETBIPE IPOMEXKYTKA,
B KaXXJOM M3 KOTOPBIX 000l U3 MoIyJell pacKpbIBAETCA C ONPEeAeIEHHBIM
3HaKOM. PacKpbiBas 3T MOAYJIH, MOXKHO JJIs1 KaXKJAOrO M3 IMOCTPOEHHLIX IIPO-
MeXKyTKOB HaliTH npeicraBiieHne (PyHKIUK B BUAE JUHEHHOrO ABy4J€Ha, rpa-
¢duxkom koToporo OyaeT npsimasi. TakuM 06pa30M Ha KaXKJ0M M3 MOCTPOEHHBIX
IPOMEXKYTKOB rpadukoM JaHHONH dyHkuuu Oyaer orpe3ok npsamoit. Ho Hac
HHTEpPecyeT He caMa 3Ta NPsSAMasd, a TOJbKO 3HaK €6 MOHOTOHHOCTH. 3HAK MO-
HOTOHHOCTH OyJeT onpeaensiTbCs yIrJIOBbIM KO3((PHUUMEHTOM MOCTPOEHHOTO
JABYYJI€HA.

IlepeiigeM K KOHKPETHLIM BbiuuciaeHusaM. IlycTts a < —1. Torna Ha uncio-
BOI IpsiMOi Mbl MMceM 4 npoMmexkyTka: (—oo; a), (a; —1), (—1;1) u (1; 00). Ha
IIEPBOM MHTEpBasie (—00;a) BCe MOIYJIU PACKPbIBaloTca ¢ MuHycaMu. OTcro-
Ja I0JIyYaeM, UTO yIIOBOil KO3(MGPHUUMEHT JUHEHHOrO ABy4JeHa OyAeT paBeH
—5 W, cieaoBaTeNbHO, PYHKUMs y yObiBaeT. Ha unrepsane (a; —1) uaMeHuT-
Csl 3HaK PacKpbliTus Moayns |x — a|. CaegoBaTenbHO, yriaoBo# K03 HUUMEHT
ABY4JIeHa yBeJMYUTCs Ha 4 ¥ 6yneT paBeH —1, To ecThb (PYHKIUA Y BCE PABHO
y6oiBaer. Ha unrepBanie (—1;1) u3MeHMTCS 3HAK PACKPBLITHA MOIyds |T + 1.
CrnepoBaTesbHO, yII0BOK KO3(D(PUUMEHT ABYUIeHA YBEJIHYUTCS Ha 2 U OyneT
paBen 1, To ectb pyHKuus Oyaer Bo3pacraTb. Ha unrepsase (1;00) yruoBoi
ko3 unuenT apywieHa OyneT paBeH 3 ¥ PyHKIUSA OyAeT BO3PaCTATh.

Taxum 06pa3oM Toukol MuHHMYMa OyneT = —1. Bolunciss 3HavyeHue
y npu r = —1 nosny4aeM, 4T0 fmin(a) =2|la+ 1| - 1=—-2a -3 npua < -1.
AHajloru4HBEIM 00Pa30M aHAJU3UPYIOTCH OcTaBIuuecs ciaydan —1 < a < 1
-1 <1 < a. T0 IPUBOAUT K CJEAYIOIIMM BbIPAXKEHHUAM I (PYHKUMH
MHHUMYMa

—2a—-3, a< -1,
Jmin(a) = -a—-2, -1<a<l,
a—4, a>1

'paduk aTo#t pyHkuuu HeTpyaHO nocTpouTh. Mcronmbayem Maple. Cuavana
BBeJeM B Maple pyHKUMIO MUHHMAJILHOTO 3HAYEHHMS.

> fmin:=piecewise(a<=-1,-2xa-3,a<=1,-a-2,a-4);
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—2a-3 a<-1
fmin:={—a—2 a<l
a—4 otherwise

N renepws nocrpoum rpadpuk 3Toit PyHKUMH.

> plot(fmin,a=-2..5,thickness=7,color=black,labels=[a,f_min],
> 1labelfont=[TIMES,ITALIC,24],axesfont=[COURIER,BOLD,18]);

2 7 3 /s

L

=34

Puc.6. U30bpakenue rpacduka GyHKUMH MHHUMAJIBHOTO 3HAUEHHUS IJIS
byukupu y = —z + |z — 1| + |z + 1| + 2|z — a| — 4.

U3 rpacduka Bugno, 9T0 fmin(a) > 0 opu a € (—oo; —1,5) J(4; 00). Takum
obpasoMm
OrBer: a € (—o0; —1,5) | J(4; 00)

IIpumep 6. Haiitn Bce Takue a, YTO HauMeHblIee 3HAYEHHE (PYHKIMH
y = |z° — (a+ 1)z + a| + (a — 1)|z + 1| Menbe 2.

Pewmienue. [Ipexxae Bce oTMeTHM, YTO BblpakeHHe A8 QYHKIMH MOXKET
ObITh Ipeobpa3oBaHo K BULY ¥ =. |x—1|-|z—a|+(a—1)|x+1|. [Ipsimoe pemenue
3TO# 3aJa4¥ OCHOBAHO HA HaXOXKJAEHUH (PYHKUHUH MUHHMYMA fmin(a). B onu-
CaHHHY 3aJaHHOM PYHKUMH UMeeTCs TPH MOAYJsI, oOpallarolyecs B HOJIb IIPH
x = -1, r=1wuzx = a CreroBaTeJbHO, Ha YUCJIOBON IPAMOI CyIIECTBYET
yeThIpe O0JIaCTH, B KOTOPBIX MOAYJH OYayT PacKpbIBAThCS C ONPEIEICHHBIMU
3HakaMmH. [lockosbKy OJHA M3 TaKHX TOYEK T = @ HE fABJsAeTCS (PHUKCHPOBaAH-
HOMH, TO NPHUXOAMUT OTAENBHO pacCcMaTpuBarh Ciaydan a < —1, -1 <a<1lwu
a>1.

PaccmorpumM, Hanpumep, ciay4ait a < —1. Toraa ansa 3aganHoit QyHKIMM
Y MOJIy4daeM CJIEAYIOLIEE TIPEACTABJIEHLE

z? —2az+1, r<a,
—z2+2xr-2a+1, a<z<-l,
—z2+2x -1, -1<z<],

2 —2x+2a-1, 1<az.

y:
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Hudpepenuupys 3Ty OYyHKUMIO, TOJIYYUM

2z — 2a, r<a,
’r —2r+2, a<z<-1,
Y=1 -22+24, -1<z<1,
2r -2, 1<z

Ha kaoxJ0oM u3 geTwipex uHTepBaJos (—oo;a), (a; —1), (=1;1) u (1;00) npo-
usBogHasi y He 0OpaIaeTcs B HOMb, CJIENOBATEIbLHO, OYIET COXPAHATL 3HAK
¥, CJ€JOBATEIbHO, (DYHKIMs Y O6yAeT MOHOTOHHOM Ha KaXkKJAOM M3 3THUX 4 UH-
rTepBajoB. Onpenensast 3HaK 3TOH MOHOTOHHOCTH, HAXOAMM, YTO Y MMEET ABA
JIOKaJbHbIX MUHUMYMa. OAMH — B TOYKE T = @, BTOPO# — B To4Ke T = 1.

Haxomum y(a) = (a — 1)|a + 1|, o ¢ y4eTroM Toro, 4ro a < —1 nouay4um
y(a) = 1 — a®. Janee naxogum y(1) = 2a — 2. Mpl HamIM 3ua4YeHue yHK-
UMY Y B JBYX JIOKAJbHBIX TOYKaX MHHHMyMa. Ternepb Hajo BHIOpaTb U3 HUX
HauMeHbIuee 3navenue. [Tockoasky 1 —a? =22 —-2nmpua=-3ua=1, To
1-a°<2a—2nmpua< -3ua>1MN2a-2<1—-a?mpu -3<ac<l.
OTcroga mosy4aeM, 4TO B PACCMATPUBAEMOM ciaydae a < —1

1-—a? .a< -3,
f“‘i“(a)_{ 2a-2, -3<a<-l

AHanoru4HbsIM 06pa30M MOXKHO ITPOAHAJM3UPOBATh OCTABILUHUECH JABA CJIY-
yasg —1 < a < 1 u a > 1. s 3TUX OCTAaBIINXCA 3HAYEHUN a (PYHKUHUSA
HaMMEHbIIEro 3HaveHus: fmin(a) = 2a — 2.

Ocranocy nocrpouth rpacduk GyHKuMu fmin(a) ¥ 1o rpacduky omnpene-
JUThb, 4TO fmin(a) < 2 npu a < 2.

OrBeT: (—00;2)

A Teneps rpadpuyvyeckoe peHieHUE

OGe npuBeAeHHbIE BHIIIE 3aJa4UH MOTYT OBITH TaKXKe PeEIlEHBI rpaduye-
CKHM METOJOM.

IIpumep 7. HaiiTu Bce Takue 3HaYeHUA apaMeTpa a, AAs KOTOPbIX Hau-
MeHbllee 3HadeHue pynkuuun y = —x + | — 1| + |z + 1| + 2|z — a| — 4 Oyaer
[TOJIO)K HTEJILHBIM.

Peruenue. 3Tto Ta >xe camas 3a1a4a, 4To ¥ 3agava 5. Ho 3gecs Mbl npuse-
JEM €llIE OJHO €€ PellleHHe. JTo pemeHue 6yaeT rpadpudeckuM. BosMOXKHOCTD
rpa¢pUYECKOro pelleHHdsi OCHOBaHa Ha mnepedopMyaupoBKe 3aja4dd. Bor arta
nepePOPMYIUPOBKA.

Ecau naumensbinee 3HayeHue pynkuuu y = y(T, a) IpH HEKOTOPOM a = Qg
MOJIOXKHUTENbHO, TO FpaduK 3Tl PyHKuuHU He nepecekaer ocb O npH 3TOM
a = ag. OTcroma ciaexyeT, ¥ToO OpH 3TOM a = a¢ Pynkuusa y = y(z,a) HA
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IIPH KaKOM 3HA4YEHUM T He OOPAIAeTCsI B HOJIb. JTO 3KBUBAJIEHTHO TOMY, YTO
OpU 3TOM @ = ag ypaBHeHue y(z,a) = 0 He umeer pecuenuit. Ilociennee
PaBHOCHJIBHO TOMY, 4TO rpacduk ypaBHeHusi y(z,a) = 0 u rpadux npsmoi
a = agp Ha IJIOCKOCTH MEPCMEHHBIX (T, a) HC HMEIT OBLIMX TOYEK.

TaxuMm 06pa3om Ajs1 peuieHus 3aJa49y HaM JOCTATOYHO IIOCTPOUTH IrpaduK
ypaBucHusi —z + |z — 1| + |z + 1| + 2|z — a| — 4 = 0 u HaitTH Bce 3HAUCHUA ag,
IIPY KOTOPBLIX NpsiMas a = ag He byacr nepecekaTb rpadUK 3TOTO yPaBHEHUS.

I'pacduk ypaBHEHHS Mbl MOXKCM MIOCTPOUTb TOYHO Tak)XKe, KaK U TpadUKH
YPaBHEHMI B NpeAplAyluX 3agadax. Bcio miaockocTsb (z,a) Hago pasdburs Ha
obyacTy npssMbIMUA T = —1, £ = 1 u a = z. [lonyuurcs 6 obnacreil. B kaxxzaoit
H3 HUX HaJ0 PaCKPBITb MOAYIH B YPABHEHUH C COOTBETCTBYIOUIMMH 3HAKaMH.
[TonyunTcs ypaBHeHHe NpsaMoit. Y IPsIMOil HaJO B35ITb KYCOK, ITOTaAIOLIM
B paccMaTpuBaeMylo obsnacTe. IlpuBegeM sToT rpaduk.

-x+|x—I|+|x+1|+2|x-a|-4=0

4.

Puc.7. 'paduk ypasuennss —z+ |z — 1|+ |z + 1|+ 2|z —a| -4 =0.

(Hocrpoiite sToT rpaduk gByms cnocobamu: 6¢3 Maple u ¢ momouwsio Maple.)
Huxe Mb1 mpuBoguM xomaHApl Maple, ¢ mOMOLIBIO KOTOPBIX OBLI TIOCTPOEH
3TOT rpaduk.

Hac unTCpecyer camas BepxHss ¥ caMas HUXKHsAA Touky rpadpuka. Camasn

HU>KHSSI TO4YKa rpadpuka jexxur Ha npsiMoi x = —1. Ilogcrapass o = —1 B
ypaBHeHHe —z + |z — 1| + |z + 1| + 2|z — a| — 4 = 0, moayyum 2|a + 1| —
1 = 0. ¥ aroro ypaBHeHusi gBa peweHusi a = —0,5 u a = —1,5. Ho Hac

HMHTepecyeT HauMcHbIee. M3 nmocrpoenHoro rpaguka CaciLyeT, YTO npu a <
—1,5 ypaBHeHHE HC UMEET DELIeHUIl.

HaitneMm Temepb BepxHIOW TOUKy rpacduka. OHa JIEXKHT Ha IpAMOil @ = .
Hoacrabnsisi ¢ = a B ypaBHenue —z+|r—1{+|z+1|+2|z—a| -4 = 0, nony4uum
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—a+|a—1|+|a+ 1} — 4 =0. VY sToro ypaBHeHus Apa pemeHus a = —4/3 u
a = 4. Ho nHac unTepecyet Hanboabiuee. U3 nocrpoeHnoro rpadHKa ClIeayeT,

4YTO IPU @ > 4 ypaBHEHHE HE HMECT PEIleHMiH.
Oreet: a € (—o0;—1,5) J(4; 00)

Brruucnenuss B Maple.

eql:=-x+abs(x-1)+abs (x+1)+2*(a-x)-4=0;
soll:=solve(eql,a);

subs (a=x,eql);

bon1:=solve(%);
pl:=plot(soll,x=-4/3..4,thickness=7,color=black):
eg2:=-x+abs(x-1)+abs (x+1) -2*(a-x)-4=0;
sol2:=solve(eq2,a);

subs (a=x,eq2) ;

bon2:=solve(%);

p2:=plot(so0l2,x=-4/3..4,thickness=7,color=black):
p3:=plot({[-1,a,a=-2..4.5],[1,a,a=-2..4.5]},
thickness=3, color=black): ‘
p4:=plot(x,x=-1.5..4.5,thickness=3,color=black):

design:=title="-x+|x-1|+|x+1|+2]|x-al-4=0",
titlefont=[TIMES,ITALIC,24],labels=[x,a],
labelfont=[TIMES, ITALIC,24], axesfont=[COURIER,BOLD, 18] :

plots(display] ({p1,p2,p3,p4},design);

V VVV V VVV V V V V V V V VvV V

IIpumep 8. HaitiTu Bce Takue a, YTO HaUMeEHbIlee 3HAYEHHE (DYHKIMH
y=|z2 - (a+ 1)z +a| + (a — 1)|z + 1| Menbme 2.

Pemenue. 9To Ta XKe caMas 3aaa4a, 94T0o ¥ 3aga4a 6. Ho 31ech MbI npu-
BeJeM ee rpacpudeckoe perreHune. IIpexxae Bce 0TMETHUM, YTO BbIpa’KeHHUE I1s1
dbyuxuuu MoxeT 6bITh npeobpasoBato K Buay ¥y = |r—1|-|z—a|+(a—1)|z+1|.

HaJnee, pacCcy>KJas TOYHO TaKXKe, KaK ¥ B NpeablAyIIei 3alJade MOXHO
[I0Ka3aTh, YTO HAMMEHDIIEE 3HAYIEHHEe JaHHON (PyHKuuU OyaeT MeHbIue 2 Toraa
M TOJIbKO TOTJa, KOrJa ypaBHEHHE

lz—1]-Jz—al+(a—-1)jz+1] =2

UMeeT GOJIbIIE OZHOIO pemIeHHsi. A 3TO ypaBHEHHME B CBOIO OvYepeldb GyaeT
HMETb PElIEHHE IIPU HEKOTOPOM @ = Q¢ TOrZa ¥ TOJBLKO TOrJa, Korga rpadpux
3TOro ypaBHEHHs M rpaduK NpsMOil @ = Qg MEPECEKAIOTCH B HECKOJIbKHUX
TOYKaX.

Hns nocrpoenns rpadpuka ypaBHEHUS HaJO IUIOCKOCTb HepeMEHHbIX (Z, a)
pas6buTts Ha 6 obnacTeit npaMbIMH £ = —1, £ = 1 ¥ @ = T ¥ PacKpPbITb MOAYIHU
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B KaxKJOit u3 obJsiacTell ¢ onpelejeHHbIMM 3HaKaMmH. [locjie 3Toro MoXXHO B
KaxXa0# n3 obsacrell BHpPa3uTh a 4Yepe3 r. Torga nojayyum

ecsiiu T > 1, T > a, uian
ecsin —1<zx<], z<aq

3
:z:+; , ecm —1<zr<1l, £>a win
eciin T > 1, x < q;
: (--2)
—lz——], ecm < -1, z<a;
2

—=T"4+xTr— =, ecm z< -1, >a.

Tereppr MBI MOXKEM NOCTPOUTDH TPahbUK AAHHOTO YpPaBHEHHMS

po1 |-l + (@~ e+ 1] =2

1a

N =

Puc.8. I'pacuk ypasaenus |z — 1| - |z —a| + (a = 1)|z + 1| = 2.

U3 rpaduka BUIHO, YTO HECKOJBLKO PellleHHH: CylIecTBYIOT npH a < 2.
OrBert: (—00;2)

Boruucnenns B Maple. Cravana paccMOTPUM ypaBHEHME
lx—=1|-|lz—a|+(a—1)|z+1=2npua >z
> eql:=abs(x-1)*(a-x)+(a-1)*abs(x+1)=2;
egl :=|z -1 (a—z)+(a—-1) |z + 1] =2
PemuM 3T0 ypaBHEHHE OTHOCHTEJLHO Q.

> soll:=solve(eql,a);
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z—1llz+|lz+1]+2
lz — 1] + |z + 1}
TyT Ky4ya MoayJieil B YUC/IHTEEe ¥ 3HAMEHATE/e, HO KX MOXXHO PACKPbITh Ha
uaTepBajax (—oc; —1), (=1;1) u (1;00). Caenaem 3T0.
> convert(soll,piecewise):
> soll:=expand(%);

soll := |

(2 + 2 z< -1
32:1:1 2
11 :=¢ = - Z g2 1
S0 423 2x +z <
T
e e 1<
2z T2 =%

I'pacux ypasuenns |z—1|-(a—z)+(a—1)|z+1| = 2 B nnockoctu (z, a) MOXKHO
NOCTPOHUTDL Kak rpaduk 3roit dyukuuu. [IpaBaa HaM Hy>KeH He BeCh rpaduk,
a TOJILKO Ta YaCTb, KOTOpas JEXXHUT B obsacTu a > z. [lonpobyitTe mocTpouTh
3TOT rpacuK (BMecTe ¢ HPsIMOM @ = T), HAIpUMep, Ha npoMexxyrtke (—3;3).
Bol yBuauTe, uTo rpacduK IepeceKaeT HPsMYIO @ = T B OJHOH TOuke. DTy
TOYKY HETPYyIZHO Ha¥TH.

> subs(a=soll,a=x):
> bonl:=solve();

bonl := /3

HTak, Hy>KHasI HaM 4acThb rpaduka JexuT B obnactu T < v/3. Iloctponwm ee,
HAIpuMep, Ha mpoMmexxyTke (—3;1/3) i coXpaHuM B IepeMeHHO# pl.

> pl:=plot(soll,x=-3..sqrt(3),thickness=7,color=black):
Teneps paccMoTpuM obyacts a < . CHavasa Bce TakKe, KakK M BbIIIE.
> eq2:=abs(x-1)*(x-a)+(a-1)*abs(x+1)=2;
eg2:=lz—1 (z—a)+(a—-1) |z+1]=2

> sol2:=solve(eq2,a);
-1z —|z+1] -2

lz — 1 — |z + 1]
convert(sol2,piecewise):

sol2 =

so0l2:=expand () ;

1 1 ,
32 2::: +z < -1
T
sol2 =< — 4 =
gx-i-lz r<l
O 1 2
| 5 2::: +x 1<z

subs (a=s0l2,a=x):
bon2:=solve(%);
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bon2 := /3

A BOT Tenepb Hy>XeH IKCIepuMeHT. Ecnu Bl OyaeTe cTpouT rpadHK Ha MIpo-
MexyTke (—3;v3), To nomyunTe Kycku rpabuKa KaK HIKe MpsMOl a = T,
TaK M Bblle 3To# npsimoit. Ham Hago Ha¥iTH Te 3HaYeHHUA T, 4JIS KOTOPBIX Ipa-
duk byukuuu, obo3HaueHHO# S012, JEeXXUT HUXKe npaMoit ¢ = x. Herpyzano
TNIOHATH, YTO Hy>KHble 3HAMEHHUS T JIEXKAT B IPOMexXyTKax (—oo; 0) u (v/3; 00).
A KadKJ0oro U3 3THX NPOMEXYTKOB I'padUK npuieTcsa CTPOHTD OTAEJBLHO.

> p2:=plot(sol2,x=-3..0,thickness=7,color=black,view=-4..3):

> p3:=plot(sol2,x=sqrt(3)..4,thickness=7,

> color=black,view=-4..3):
IToctpouMm Tenepp rpacduku npsMeIx ¢ =2,z = —-1luzx = 1.

> p4:=plot(x,x=-3..4,thickness=3,color=black):
p5:=plot([-1,a,a=-4..3],thickness=3,color=black):
p6:=plot([1,a,a=-4..3],thickness=3, color=black):
design:=title="|[x-1||x-al+(a-1) |x+1[=2",

titlefont=[TIMES,ITALIC,24],labels=(x,a],
> 1labelfont=[TIMES,ITALIC,24],axesfont=[COURIER,BOLD,18]:

U BbIBemeM 3TO BCe HA OJHOM PHCYHKe.
> plots(display] ({p1,p2,p3,p4,p5S,p6},design);
Ber yBuguTte rpacduk, npuBeseHHbI! Ha pucyHke 8.

VVV YV

3ajauu ¢ KBQJIpaTHBIM TPEeX4JIEHOM

Ilopobueix 3amay MHOro. Ho Mbl orpaHMMMMCA ABYMsI BUAAMM 3a039.

IIpumep 9. Haiiaute Bce 3HaMEHUs a, NPH KadXJIOM U3 KOTOPBIX H3 Hepa-
BeHcTBa 0 < r < 1 cineayeT HepaBeHCTBO
(@®+a—-2)z° - (a+5)z—2<0.

Pemienune. B neperoge Ha MaTeMaTHYeckuil sI3bIK JaHHAast (POPMYITUPOB-
Ka 3a2Ja49¥ O3Ha4yaeT, YTO HaJO HaiTH BCe TakHe 3HAYEHHA a, IIPU KOTOPBIX
orpe3ok [0; 1] 6ymer pelieHneM mpuBEeAEHHOTO B ycJOBMM HepaBeHcTBa. Oco-
OeHHOCTb JAHHOIO HEPABEHCTBA B TOM, YMTO KBaJpPaTHBI# Tpex4dJeH U3 Jle-
BOM YacTM HEPABEHCTBA MMEET XOpoluye KOPHU (AMCKPUMMHUHAHT KBaIPATHOIO
Tpex4JieHa CBOPAYHUBAETCH B IOJHBIM KBaagparT)

1 2

T2 = 72— 1 .

[TosToMy JleBast yacTh HEpPABEHCTBA MOXKET OBIThL Pa3JIOXKE€HA HA MHOXHMTEJH
U, CJIeoBaTeJIbHO, CAMO HEPABEHCTBO MOXXET OBITH NEPENnUcaHo B BUAE

(az+2z + 1)(az —z—-2) < 0.
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Bce pemienus 3Toro HepaBeHCTBA 110 000MM IepeMeHHBIM (T, a) (To ecTh pele-
HueM OyneM cunTarh napy (z,a), NpeBpallaloULyIo 3TO HEPABEHCTBO B BEPHOE
YHCJIOBOE HEPABEHCTBO) MOXKHO U300pa3UTh Ha MJIOCKOCTH NEPEMEHHBIX (I, a)
B BUAEe HeKOTOpHIX obnacreit. Jdns mocTpoeHust u3obparkeHuit aTux obnacreit
MBI JOJIXKHBI HAPHCOBATh UX rpaHuubl. ;18 3TOro gaHHoe HepaBEHCTBO 3aMe-
HUM paBeHCTBOM (az + 2z + 1)(az — z — 2) = 0. Ono pacnajaercst Ha JABa
paBeHcTBa ax + 2 + 1 = 0 u ax — z — 2 = 0. "'paduku AByX 3TUX paBEHCTB
ABJISIIOTCS TunepbojaMu M MOTYT ObIThH JIErKO HapPMCOBAHBI.

(a"2+a-5)x"2-(a+5)x—2<=0

Puc.9. I'paduk x npumepy 9.

OTu ape runepboJUuecKue KpUBble pa3bUBaOT IJIOCKOCTL Ha 6 obsacTeif.
W3 stux obsacreit Hago BBIOpaTh Te, KOTOpble OyAyT u300parkeHHUEM pellle-
HUA JaHHOrO HepaBeHCTBa. OOBIYHO 3TO HejaeTcss METOLOM MPOOHBIX TOYEK.
To ecTh B Kaxxa0it 06/1aCcTH HAaJO BHIOPATL IO TOYKE U MPSIMOY IIOACTAHOBKOM
B JaHHOE HEPABEHCTBO IPOBEPHUTHL OyIET JM 3Ta NMpPoOHAS TOUKA PELICHUEM.
3aech, ecinu Mbl Bo3bMmeM TOUKy T = 0, a = 0 1 moacTaBUM B JaHHOE HEPABEH-
CTBO, YTO MOJIyYHM BepHoe yucyoBoe HepapeHCTBO —2 < 0. TakumM obpasom
obsacTb, cofepaKalllasi HavaJlo KOOPAHHAT, COCTOUT M3 TOYEK, SIBJISIOLIUXCSH
pelIeHNsIMH JAHHOIO HEepPaBEHCTBA.

Hobasum k 3Toit Kaprunke nosocy 0 < x < 1. (Ha ocn Ox n3obpakeHu-
€M 3TOrO HEePaBEHCTBa OyneT OTPe30K, a Ha IUIOCKOCTH IePeMEHHHIX (I,a) —
110J10CA.. )

Hac unrepecyoT 3Ha¥deHHsA @, IPU KOTOPBIX YaCTb 3TOI MOJIOCH LEJTUKOM
JaexxXuT B obuaactu pemenuii. Ha pucyHke BuAHO, YTO 3Ta YacTh MOJIOCHL SIB-
JsieTCs NPAMOYTOJbHUKOM, OTBEYAIOUMM 3HavueHusiM ¢ € [—3;3]. I'panunpl
3TOrO OTpe3Ka LJIsl @& Mbl MOXXeM HaliTH KaK TOYKM IepecedeHusi rpaHulbl 00-
JactH pemenuit ¢ npamoit x = 1. [ToacraBuM T = 1 B ypaBHeHUe IPaHMIIBLI
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(ax+2z+1)(ax -2z —2) = 0. Torza monyuum a® —9 = 0. OTcroza ¥ HAXOAATCH
3HaUYeHUus asda a = 3.
OrseT: [—3; 3]

Beruucaenuns B Maple. { aymalo, uro rpacdhuk Ha pucyHKe 9 BB Tenepb
cyMeeTe IMOCTPOUTL camMu. Ho momnpodby#iTe 3auTh KaKUM-HUOYAb LBETOM 00-
JIACTH, SABJISIOLIMECS PelIeHMEM HEepPaBEHCTBA, NPUBEIECHHOI'O B 3ar0JIOBKE K
rpahuky. ITO [IOYTH MaTeMaTHYeCKas: 3aJa4a.

IIpumep 10. Haitgure BCce 3HaUEHUs a, AJIA Ka*KAOrO U3 KOTOPBLIX Hepa-
BEHCTBO ar’ — 4z + 3a + 1 > 0 BoimosHseTcsa st Bcex —1 < = < 0.

Pemenne. Kak u B npeapiayieir 3aa4e B nepeBoge Ha 6osiee TOUHBIR Ma-
TEMATHYECKMI1 A3BIK 3Ta (POPMYJIHUPOBKA O3HAYAET, YTO HAJ0 HAHUTHU TAaKUE a,
IIPY KOTOPBIX uHTepBaj T € (—1;0) nonajaeT BO MHOXXECTBO PeLIeHHi JAHHO-
ro HepaBeHcTBa. CyliecTByeT METOAMKA PeIleHUs NMOJOOHLIX 33a4, OCHOBAH-
Hasl Ha HAXOXIEHWH YCJOBUH, 3ajaioliux TpedyeMoe pacroJoxKeHHe KOpPHei
KBaJAPaTHOro TpexuJeHa. Ho 3aecy Mul orpaHuuumMca rpaduuecKUM MeTOIOM.

CrayaJa nepenuiieM JaHHOe HepaBeHCTBO B Buae a(x? +3) > 4z — 1. a-
nee noneauM obe yacTu Ha T2 + 3. Torma mosyyuM SKBHBAJEHTHOE HEPABEH-

CTBO a > %’5;—;. N panee naitgem usobpa>keHue pellleHHH 3TOro HepaBEHCTBA.
151 3TOro HaI0 HAPHCOBATHL FpaduK DYHKIUU a = %—“g’—;—é. Komnevno, gis a3To-

ro IpMIeTCs NPUBJIEKATH HCCIeAOBaHUE (DYHKIMKM, OCHOBAHHOE HA BBIYHUCIIE-
Huu npousBogHoil. Ho B nonobHbIX npuMepax Ko3(pduumeHTs! JO/DKHB! ObITh
rnogobpaHel TakK, YTOOBI HYJM IPOHU3BOAHON BBIYMCJIAJIUCL U MMEJIM XOpollee
npeacTaBjeHue. B janHOM npHMepe nMpOU3BOAHAS

(43:—1 L _p2f-z—6
:r2+3) B (x2 + 3)2
obpaliaeTcss BHOML NpH T =2 n & = —3/2.

Ilocne sToro mazoe uccnexosats GYHKUMIO 6 = 23=% Ha MOHOTOHHOCTE
Ha uHTepBaJax (—oo; —3/2), (—3/2;2) u (2;00). Haiitn snHavenue pyHxkupu
B TOYKE JIOKAJILHOrO MUHMUMYMa T = —3/2 M TOUKe JIOKAJLHOrO MAaKCHMyMa
z = 2. IlokazaTb, YTO mpU T cTpeMAIIEMCs K OECKOHEYHOCTH HCChaeayeMasi
byHKuusa crpeMurcs K Hydo. Omyckasi 3TH MCCJIEJOBAHUSA, CPa3y HpUBEIEM
uzobpakenue rpadpuka QyHKIUY a = %%:_—; (cM. puc.10).

IIpuBenennas KpuBas AEJIHUT INIOCKOCTb HA JABe 00JACTH: 00JIACTD, JeXKa-
IOYIO BbIllle KPUBOH M 00J1aCTh, JIEXKAIILYI0 HMXKE JAHHOM KpuBoii. OueBUIHO,
YTO pelleHHeM HePaBeHCTBA a4 > 25— Gyaer 06.aCTs, JeXKalllast Bbllle Kpu-~
poii. Hac MHTepecyIOT 3HaYeHUsl a, IPY KOTOPBIX YacThb moJiocel —1 < T < 1
nomnaaaeT B 06JacTb peleHui. JIerko HaXOAMTCA C NOMOLIBIO NMPUBEJEHHOIO
HU>K€ PUCYHKA M HETPYAHBIX BBIMMCJEHUMH, UTO Hy>XHbIE 3HAYEHUS G Npel-
CTaBASAIOT cobol oTpe3oK [—1/3;00).
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3uauyenune a = —1/3 HaxXoAUTCA Kak BTOpas KOOPAUMHATA TOYKH Iepeceve-
nus xpuso#t az® — 4z + 3a + 1 = 0 u npsamoit z = 0.

Puc.10. I'pacduk x nmpumepy 10.

EpuHcTBeHHBIA MOMEHT, KOTOpPHI#l clelyeT 34ech INPOKOMMEHTHPOBATD,

3TO NMONAJAHME B OTBET IPAHUYHOrO 3HaveHuss a = —1/3. Ecau e xorure
OIMOUTHCS, TO BCe I'PAHUYHBIC 3HAYEHUA MapaMeTpa HUCCIAEAYITe OTIEJIbHO.
B nameM nmpumepe rpaHuyHbIM 3HavueHueM 6yaer a = —1/3. IToacraBum 3To

3HAYEHHE a B JAaHHOE HEPaBEHCTBO. 1orga mnoaydum —%:cz — 4z > 0. Peme-

HUeM HepaBeHCTBa OyaeT uHrepBad (—12;0). Jauubiit Ham unTepsau (—1;0)

COAEPKHUTCS B 3ToM pewreHud. [losroMy a = —1/3 nomajaer B OTBeT.
Orser: [—-3;00)

W eme aBe 3agaum

ITpuMmep 11. Haitgure Bce 3HaUeHUs @, NpK KadXKJOM M3 KOTOPBIX obLIue
pellleHUsi HEPABEHCTB

y+2r>a, u y—z2>2a

ABJISIIOTCA pellleHUsIMU HEpaBeHCTBa 2y — I > a + 3.

Pemenne. [Ipn xaxxgoM puKcHpoBaHHOM 3HAYEHMM MapaMeTpa a u300-
ParKeHHEM pelIeHHsI HEPABEHCTBA Y + 2T > a ABJISETCs MOJYNJIOCKOCTD C I'pa-
HUUER Y + 2 = a Ha MJIOCKOCTH NepeMeHHbIX (T,Yy). AHAJOrHYHBIM 06pasoM
H300pa>keHNeM pelleHUs HEPABEHCTBA Y — T > 2a SIBJISETCS MOJYIIOCKOCTD C
rpanuLeit y — r = 2a. M3006parkeHneM pelneHus cUCTeMbl HEPABEHCTB

Y+ 2z 2 a,
Yy— 2 2a

SIBSIETCA NepeceyeHre 3TUX miockocTed. HailTu 370 nepeceyeHue 3TuX mioc-
KOCTet MOXKHO ciiemyrommm obpasoM. Hamo napucoBaTs Ha mockocTu (T,Y)
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JBe IpsMble C YPABHEHHMSAMH Y + 2 = a, Y — £ = 2a. IDTH JBe NpsiMble Je-
JAT IUIOCKOCTb NepeMeHHbIX (T,y) Ha deThipe yacTu (4erbipe yriaa). Omun
U3 ITHX YIJVIOB U SBJSETCS M300parkeHNeM pelleHus! JAHHOM CHCTeMbl Hepa-
BEHCTB. DTOT YroJ HaJ0 TOJLKO BbIGpATD.

Ha npueeneHHOM HH)KE PUCYHKe [PUBOJUTCH H300paskKeHHEe 3THX IBYX
npsMbIX (Ias ¢ = 2) U, KpOME 3TOro, BHIOpaH yroJi, SBJSIOLMICS peleHHeM
JaHHOH CHCTEMbl HEPABEHCTB

Puc.11. I’'pacpux x npumepy 11.

KpomMme sToro npuBeseHo H300pa’keHHE PELIEHUs! TPEThEro HEepaBEHCTBA
2y —x > a+ 3 gaa sroro xxe a = 2. I3 npuBeneHHOro pHUCYHKa BHJIHO,
YTO IIPU PACCMOTPEHHOM CIY4Yae ¢ = 2 KaXKJl0€ pelleHMe JAHHOM CUCTEMBI
HepaBeHCTB OyZeT Tak>Ke pellleHNEM TPETLErO HEpPaBEHCTBA.

Ecan MBI Teneppr HayHeM U3MEHSATH 4, TO NPsSMble Ha KAPTHHKE TaKXKe
OyAyT OBUraThbCsi, IIPY 3TOM OHM OYAYT HBUraTbCH MApaJlJIeJIbLHO CaMHUM cebe.
HexuM morpaHuyHEIM ciay4aeM IJIs OJisl 3TOM JUHAMHUYECKM HU3MeHsouencs
KapTHHKHY OyZeT ciyd4aii, KOrAa TpeTbs npsMas 2y — = a+ 3 IpoXoJuT Yepe3
TOUKY IlepecedeHUs] JByX MepBbIX NMpsAMbIX. KOOpAHHATEl TOYKY IIepeceueHust
JABYX TIEPBBIX MPsIMEIX Jierko HadiTé (—a/3;5a/3). [loacraensas st Koopau-
HAThl B YpaBHEHHE TPeThbeil IpsiMOM, MBI MIOJyYUM YpaBHEHME OTHOCUTEJLHO
a. Pemas aro ypaBuenue, nHaitieM a = 9/8. Ilpu 3ToM 3HavYeHHMM @ TpeTbs
npsiMas NPOXOOMUT Yepe3 TOYKY IepecevyeHHsi ABYX NepBbIX NPAMbBIX.

IIpu a > 9/8 yron, comepkamimii pemeHnst JaHHOU CHCTEMBl HEPABEHCTB,
OyZzer JiexkaTb B IOJIYINUIOCKOCTH, COCTOSIIE U3 pelLleHH# TPeTbero ypaBHe-
HUS.

OTeeT: (9/8;00)
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ITIpumep 12. HaitouTe HamMeHblIee 3HaYEHHE BLIPAXKEHUSI T + Yy Ha TOY-
KaX Kpyra 2 + y2 <1

Pemenne. CaMmoe TpyaHoe B 3Toi 3agade — 3T0 ee nepedOpMyIMPOBKa.
B ucxognoit popmynupoBke 3aJadu HeT napaMeTpa. Ho ero MoXKHO BBeCTH
TaK, 4ToObI 3agaya npuobpesa NPUBbLIYHLINA BUA. Byaem 0603HaYaTh 3HAUCHUE
BbIpaXXeHusl T + y 4depe3 a. Torna npuBeaeHHas 3aJada OyAeT SKBUBAJEHTHA
ciaenymoumelt 3agaye.

Haitu HauMeHblIee 3HaUEHHE TTapaMeTpa G, IIPY KOTOPOM CUCTeMa, COCTO-
sllUAsl U3 YPABHEHHS T + Y = ¢ ¥ HEPABEHCTBa Z° + y° < 1, MMeeT peuleHue.

ITocae 3T0it nepedpOpMyIMPOBKH yKe HETPYAHO peluThb 3Ty 3adayvy. Cha-
YyaJla MOXXHO HalTH BCC 3HAYEHHUSA G, IIPH KOTOPbLIX 3Ta CHCTEMa MMEET pellc-
HHA. A ITOTOM M3 3TOr0 MHOXKECTBA 3Ha4UeHHI a BbIOpaTh HaMMeHbIIee 3Haxe-
HUE.

MHo>KecTBO perenuit HepaBeHcTBa 2 + y2 < 1 mpeacTaBaseT coboi Kpyr
pazuyca 1 ¢ HeHTpOM B HavaJsie KoopIguHaT. IIpu duKcupoBaHHOM a ypaBHEHHE
T+y = a aBasieTcs ypaBHenueM npamoit. Cuctema z2+y? < 1, 24y = o uMeeT
peleHHe B TOM CJIydae, eCJH IpsaMasi T + Y = a UMeeT HellyCcToe IlepeceydcHue
¢ okpy»kHocTbio T2 +1y2 = 1. [To-apyromMy, aTo 6ymer B cIyuae, KOTAa CHCTEMA
ABYX yPaBHEHHI1

r+y=a,
{ ?+y* =1
nMeeT perreHue. VMckioyass U3 cCHCTEMBI Y, MOJIYyYUM 222 — 2ax +a® -1=0.
SDTo ypaBHEHHE MMeeT pelleHHe npu a € [-Vv2; v2]. Haumensinee 3HaveHye
napaMeTpa a PaBHO —+/2.

Paccyxaary MoxHO OBLIO ObI M Ha sA3biKe rpacgpuxon. Ilpu nsmeHenuu
rapaMeTpa a npsaMasi T + y = a OyJeT ABUraTbCs IapaJtljieIbHO caMoii cebe.
Hano naiiTu Takoe 3HaueHHe 3HaueHHE ITapaMeTpPa @, IPM KOTOPOM NpsiMasd
T + Y = a cTaHeT KacaTeJbHOR K oKpy»xHoctH I + y2 = 1.

OtrseTr: —V/2
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DBPUCTUYECKUI IIyTEeBOAUTEIb
II0 METOZAaM PeIleHus 3aJad B HeJIbIX YMcjax

A.A MakcroTus

Ananmus 3a4a4HOr0 MaTepuaJja IO TeME peuieHue 3a0ay 6 UEABLL “YUCAAT,
HEIIOCPEACTBEHHO CBSA3aHHOM ¢ TeMaTuKoil 3agau C6, mMoKa3bIBaeT, UTO CyIle-
CTBYeT HEKOTOPOE IIOJAMHOXKECTBO 3aJa4v (Mbl Ha3blBaeM MX 6a306vimu 3a0a-
4aMmU), KOTOpble HEM30eXXHO BCTAIOT IepeJ] 4eJOBEKOM, PellaloliM JIoOyIo
3aJlady U3 Ha3BaHHOM TeMbl. IlpencTaBisieTcst JJIOTUYHBIM BBIIEUTDL C MaKCH-
MaJIbHOH TIOJIHOTOM IepeydeHb 6Aa30BBIX 3aJa4, & TaKXXe aJeKBATHBIE UM yHH-
BEpPCANbHbLIE U CllelHaJIbHble MaTeMaTudyeckue y4debHble neiicreus. Crenyro-
UM mwaroM Oyzer o0OCHOBAHME TOrO, YTO IIOCTPOEHHBIH IepeveHb 6A30BBIX
3aJa4 OefiCTBUTEJIbHO SBJSIETCS 0a3MCOM B NMPOCTPAHCTBE 33434 TEMBI peiue-
Hue 3adav 6 yeadviz wucaax. PaxTuvyecKy peyb MIET O IPOBEPKHU CIIPABELINBO-
CTH CJIEYIOLLErO YTBEPXKACHUSA: peliueHue jroboit 3aJauy JAHHON TeMBbl Ipen-
CTAaBMMO B BHJIE LIETIOUKH TIOCJIEA0BATENbHO PA3BOPAYNBAIOILKXCS 6A30BBIX 3a-
Jau (Bcex MM HEKOTOPHBIX ), B3ATBIX B ONPC/IEJIEHHOM nociiejoBaTeabpHocTH. B
M3JIOXKEHUHN MaTepHaJia OyleM NpUIeP>XHUBATHCA HAMEYEHHOrO IUIAHA.

Ba3oBble 3aga4yu 110 TeMe
«Pelenue 3aza4 B I1eJbIX YHUCJIAX»

B31. 3Bagaya o geneHuM uesoro UUcaa @ Ha ueJsoe 4uciao b ¢ ocrarkoM (Ha-
XOXKAeHMEe HETIOJIHOI'O YaCTHOrO C ¥ OCTATKA T, TAKUX, UTO BLIIIOJHAETCS
paBeHcTBO: @ = bc+7, 0 < 7 < b). Criocobp! AeficTBHIA: feseHne Yuce ¢
OCTATKOM, MCIOJIb30BaHMe apHu(PMETHKH OCTATKOB, IIPOBEPKA 4YMCEJ Ha
4YEeTHOCTbL U HEYEeTHOCTb, PACCyXKJAE€HHE OT ITPOTHUBHOIO.

B32. 3agava onpeneseHUs BUAA UMCJIA: NMPOCTOE WJIM COCTaBHOE (CIIOCOOHI
AefcTBU: TpoBepKa NIPU3HAKOB JEJIMMOCTH Ha 2, 3, 4, 5, 6, 8, 9, 10, 11;
IIPOBEPKa YCJIOBMI TeOpeMBl: €CJH HATypaJbHOe Yucjao N He IeJNTCs

HU HA OJHO U3 MPOCTBHIX YHCEN], HE IIPEeBOCXOAAILMX [\/N], T.e. HA p <
[\/N] , TO yucjo N — npocroe.

B33. 3azaya npuseneHUs HaTypaJIbHOro vyucia N K KaHOHMYECKOMY BHIY
N = p{'p3? - ... pp* (cnocoGHl mefcTBUM: Pa3/OXKeHUE Ha MHOXH-
TeJIU, IPUMEHeHHe OCHOBHOI TeopeMbl apu¢dMeTHUKH, rapaHTHpYoeit
eMHCTBEHHOCTb PA3JIOKEHHSs! ¢ TOYHOCTBIO JO IOPSAKA MHOXKUTEIEH ).

B34. 3agaua naxoxgenus HOK, HOJ, aByx u 6oJiee yucen (crocodpr peii-
CTBHIi: MCIIOJIb30BaHNE OCHOBHOI TeopeMbl apudMeTHKH, aaropurma Es-
KIUZAQ).
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B35.

B36.

B37.

B38.

B39.

3a4a4ua HAX0XXKJAEHHA JUCJIa JeJHUTeJed IIPOU3BOJbHOrO HATYPaJIbHOrO
uucna N (oOGpaTHas 3a7a4a HAXOXKAEHUS unuciaa N [0 YHUCJIy ero AeJd-
reneit). Crocobbl aeficTBUIt: TPpUMeHEHHe OCHOBHOM TeopeMbl apudMe-
THKH, NPaBUIa yMHOXKeHUust. OOpaTHaA 3a4a4a: onpegesieHue 9Ucia 1o
KOJIM4YECTBY ero JejIuTe’1ei.

3agava HaXOXKIEHHS LEeJbIX pellleHuH NuHeHAHbIX JU0(AHTOBBIX ypaB-
HEHH# ¢ JByMsl HEU3BECTHBIMHU ax + by = c. CriocoOb! neficTBuIl: HaX0XK-
nJenue (MOXKeT ObITb, yrajJblBaHUE) HaCTHOrO PelleHHs W [IpHMeHeHHe
TEOpeMBI O Bue ODOLIEro pelleHMs ; IPMMEHEeHNEe MeTOa CITyCKa.

3aja4va HAXOXXIEHHUs LEJbIX DelleHHi KBaJpaTUYHbIX AHO(PAHTOBBLIX
YpaBHEeHHU# ¢ AByMSI HEU3BECTHLIMHU ax? + bry + cy2 = d. Criocobn1 geit-
CTBMI: Pa3JIOXKEHHE Ha MHOXXKHMTEJH JIeBOil 4acTh, pacCMOTpeHUe ypaB-
HEHHs KaK KBaJpPAaTHOro OTHOCHTEJbHO OZHOM M3 nepeMeHHBIX C HaJIo-
JKeHHeM JOIOJIHHUTEJbHLIX OUPaHUYEHUH; YaCTHBIH IpueM: CBeleHHe K
OZHOPOLHOMY YpaBHeHHUIO B ciyuae d = 0.

Sajava HaXOXKJEHUA LeJIbIX pelleHnit JuodaHTOBbIX YpPaBHEHHIA ¢ ABY-

Ms ¥ 6osiee HEU3BECTHBIMH Pa3JIMYHOr0 BUJA (HAIIPUMEP, COAEPIKAIHX
HEU3BECTHYIO IOJ, 3HAKOM moOKa3aredbHo# (yHkumu). Criocobbl neit-
CTBMIl: pacCy>XJeHHe MO BbIOPAHHOMY MOAYJIIO, NMpHMeHeHue apudme-
THKH OCTaTKOB.

3asada HAXO0XIEHUS CyMM Pa3/IMYHBIX YHCJOBLIX IOCJEJI0BATENbHO-
creit (CyMMBI IIEPBBIX CTEIeHel EPBLIX N HATYPAJIbHBIX YHCEJ, CYMMBI
BTOPbIX, TPETbHX CTEINeHel NepPBhIX 7 HATY PaJIbHBIX YMCeJl, CYMMBbI IpPO-
rpeccuil, CyMMHUPOBaHHe Apo0eil pa3JMYHOrO pola, obpalleHue IepHo-
IudecKux apobeil B pauyoHaIbHYIO Apobb). Crnocobul AeicTBHM: MTpH-
MEHEeHHWe alIapaTa NpOrpeccHii, ypaBHeHHH, MeToLa MaTeMaTH4ecKOo
MHIYKIHM, COCTaBJEHNE U pellleHUe PeKypPPEeHTHbIX COOTHOLUIEHHUH.

B310. 3azaua MaTeMaTHIECKOro MOJAEJMPOBAHUSA B BUIE JUO(PAHTOBLIX YpaB-

HeHu# (HepaBeHCTB) M HX cucTeM. CriocoGbl JefcTBUH: 3HAKOBO-CUMBO-
Jaueckue JefiCTBUSs, reOMEeTPUUEeCK e UHTEPIIPETAINH ¥ CHMBOJIMYECKH-
obpa3Hbie nepedOPMYIMPOBKY YCJIOBUS B KOMOMHHUPOBAHHBLIX 3aJa4ax
C MOAYJIEM, TIAPAMETPOM).

B311. Pewenne 3amaun 0 NPHHAIIEIKHOCTH A3HHOIO 4HCIa HAHHOMY YHUC-

aosomy MuoxectBy (N, Z, Q, R, C).

IIpuMepbl peleHUs 3a4a4 B HEJBIX YHCIaX

Ilpumep 1. Haitaure nocnenuiomw uudpy vucaa

12345678910111213141516] 71920212223242526272831
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Pemenne. CHavana goKaskeM, 4TO YHUCJIA n! und (roe m — nIpPOU3BOJIL-
HOe HATYPAJILHOE Y¥ICJI0) OKAHYMBAIOTCH HA OAHY U Ty Xe nudpy. D10 yTBep-

XK /IeHHE SKBHBAJEHTHO YTBEPXKAEHUIO 0 JeaumMocTy nHauetdo (n° —n):10. Us

Pa3JI0>KEeHUA n5 — T Ha MHOXHTEJH

nn' =D =nr?-1Dn*+1)=(n- n(n+ 1)(n? + 1)

MOJIy4aeM JEeJUMOCTb Ha 2.

Jns mokasaTenbCTBa ASJMMMOCTH Ha 5, paccyXxgaeMm Io Moaymio 5. B 3a-
BHCHMOCTH OT OCTATKOB IIPH JE€JIEHHM Ha 5 BCe HATypaJbHbIE YHCI2 pa30uBa-
IOTCSl HA HemepeceKaloluecs KJacchl yucea Buga Sk, 5k + 1, 5k + 2, 5k + 3,
5k + 4. IloacraBnsasa noovepedHO YHCIa K3 KasKJAOr0 KJacca B Pa3JIOdKeHHe
(n —1)n(n+1)(n? + 1), Bumum, 4TO BCerga ONMH U3 MHOXKHTEJ el 6yaeT Kpa-
TeH 5. Ilockosbky 2 M 5 B3aMMHO IIpoOCThie, TO geauMocTb Ha 10 noka3ana.
3uauuT N ¥ n° OKAHYMBAIOTCS Ha OJHY U Ty ke mudpy.

AHaJIOrHyHLIM 06Pa30M MOXKHO JI0KA3aTh PAX CJIEAYIOLIHX yTBePXACHHUI.

e Bce uncna umcaoporo paga nt, n®, n®, ..., n***! oxamunBaiorcs Ha

OIHY ¥ Ty e nudpy.

e Bce uyucaa uucnosoro psana n2, nd, nm, R pik+2
OHHY U TY Ke unucpy.

e Bce yucsa uucjaoBOro psima n
OAHY U Ty Xe nudpy.

ITH Pe3yAbTaThl MPUBOLSAT K CHEAYIOLIEMY YTBEPXIECHHUIO

e B uucnoBom psiay crenereit nt, n?, n?, ..., n¥, ... nocnesnas uudpa

JII000ro 4MCJ1a NIOBTOPSIETCS C MEPHOAOM 4.

OKaAH4YHUBaIOTCA Ha

3 1 n4k+3

,n’, ntt L OKAHIHBAIOTCA HA

BepnemMmca k paccmarpuBaeMoit 3azaue. A ee pelieHUst BayK€H TOJIBKO
OCTATOK OT JeJIeHUsl IIOKA3aTeNs CTENEH! Ha 4, B pelllaeMoil 3aJa4e OH paBeH
3. B ocHOBaHMM cTerneHu 15 pelleHHs 3aJa4yl uMeeT 3HAYeHHe TOJILKO pas-
paj equHMn, T.e. uudpa 7. Ha ocHOBaHMM J0Ka3aHHBIX yTBEPXKJAEHUI 3aaua
CBeJeHa K CJeYIOIei: Ha KaKyo Lidpy OKaHYHBAETCH THCIO T°.

Orset: 3. (Ins peluenus 6biaM ucnonb3oBaHbl 3agaun B31, B32.)

IIpumep 2. Harypanbuble yKcia 7 B M TaKOBBI, YTO U mi+numd+m
nenutcst Ha n? + m?. Hafigure m u n.

Pemenune. He orpannyuBasi OOIIHOCTH PACCy>XIEHHI, MOXXHO CUMTATD,
yTo N 2 m. Ecau aBa vucna geasATcs Ha TpeThe, TO CyMMa M Pa3HOCTDL 3THUX
JABYX 4YHCeNl AeJHUTCS Ha TpeThe. CnenoBarenbHo,

(m*+n)-(m*+m)=n-m

HEOTPUUATEJbHO U OEJINTCA HALEJO Ha n? + m?2. Ho n — m < n? + mz, T.C.
JeJIUMOe MEHbIIe AENUTEeNsi. DTO BO3MOXKHO JIMIL B OJHOM CJIy4ae, KOTZAa
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n — m = 0. CuepoBarenvHo, n = m. [lepedpopMympyeM ycjoBHe 3alJadH C
y4eToM MnoJayveHHoi nudpopmauuu. HarypaabHoe 4HCI0 ™M TAKOBO, UTO m? +
m penurtcs Haueso Ha 2m?2. Hafinure m. Takum 06pa3oM YHCIIO

m+m _1( 1
2m2 2 m

ABJISIeTCA HATypPaJIbHBIM. DTO MOXeT ObITh Jumb npu m = 1. Ho Torma u
n = 1.
OrBer: m = n = 1. (Jas pemeHus: 6bl1a Ucionb3oBaHa 3aga4da B31.)

IIpumep 3. ITuonepBoXKaThiit MOMPOCKUJ MTHOHEPOB MMPUHECTH eMY SOJIOKH.
[TuoHepsl Habpaiu 10 OAMHAKOBOMY KOJIMYECTBY s0JIOK, HO IIO AOpOre Ha3a,
[IePECCOPUJINCh, ¥ KaXXAbIl OPOCHJ B KaXXAOro no oaHomy sb6noky. ITosromy
OHU TIPMHECJIM ITHOHEPBOXXATOMY TOJBKO 95 76/10K. CKONBLKO ObIJIO MTMOHEPOB
B OTPSAJE ¥ IO CKOJIBKO f0JIOK OHM COOpaJIM MepBOHAYMAILHO?

Pemenne. IlycTs Ob110 T MHOHEPOB ¥ MYCTh KaXKAbINA U3 HUX coOpaJ 1o y
s16510K. Bceero 61510 cobpano ry s16510K. ITo ycnoBuro 3agauu ry—z(x—1) = 95.
Dto guodanroso ypasHeHnue. [leperumiem ero B Buge z(y — r + 1) = 95.
Uncao 95 MOXKHO PasOXKUTh HA MPOCTble MHOXXUTEJIN YE€TLIPbMS CriocobaMu
95=1-95=95:1=5:19 = 19.5. Torza 3aza4a CBOLZUTCS K COBOKYITHOCTH 4
cucTeM ypaBHeHU#. Tpu cHCTeMBI M3 3THX YeThIPEeX UMEIOT LeJble pPelleHus.

Orsert: {(5,23), (19,23), (95,95)}. (Ucnons3oBausl 2,3,7 6a30BbIE 3242~
Yu.)

3anmada 1. Pemure ypaBHeHHs B LEJIBIX YMHUCJIAX.

a) zy =3z +y.
6) 2% —3zy+ 2y® =5.
8) (z+y)y—1) =4
r) (x —3)(zy+5)=>5.
a) z? +zy = 10.
e) 12+ 23 =1y°

OTBeThI.

a) {(2,6), (4,4), (0,0), (-2,2)}

6) {(9.4), (~3,~4), (3,4), (-9, ~4)} _

B) {(-4,5), (-1,-1),(2,2), (2,-3), (=4,0), (1,3)}
r) {(4,0), (2,-5), (-2,3)}

A) Yxasamwe. y = L — gz, rae z € {£1, £2, &5, £10}
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e) Vkasamme. (y —T)(y+xz) =123 = (=1)-(=23) =23-1=(-23)-(-1)
YpaBHEHHE PABHOCHJILHO COBOKYTTHOCTH 4 CHCTEM.

IIpumep 4. Joxkaxkure, uro npu JoboMm n € N uucia Buga a) 3n + 2; 0)
4n + 3 He SBNSAIOTCSA KBaJZpaTaMH LIEJIOTO YHCIA.

Pewenne a). Paccyxnaem no moaymo 3. PaccmarpuBasi ocTaTKH OT Ze-
JIeHHs] HAaTypaJbHBIX 4YHCes] Ha 3, moJydaeM, uYTO HaTypaJbHble YHUCIA Pa3-
OMBAIOTCS Ha TPH HEMepeccKalolMXcs KJiacca udcesa Buia 3k, 3k + 1, 3k + 2.
KBazpat mo60ro uucia u3 3TUX YHCJIOBBIX KJACCOB IIPH AEJE€HUH Ha TPU MMe-
et octaTok 0, unu 1. ITockoabky 4ucio 3n+ 2 npu JejieHUH Ha 3 JAeT OCTATOK
2, TO YHCIIO 3n + 2 He MOXXET ObITb KBAZPATOM LIEJIOr0 YHCJA. Y TBEPXKIEHHE
AOKA3aHO.

Pemienue 6). Pemenve ananoruuno. Hago paccvaTpuBaThb OCTaTKH OT
AeJIEeHUs HAaTYPaJIbHBIX 4duces Ha 4.

OTMeTuM, 4TO NPH pelleHuy ObLJIA UCIIOJIL30BAHA IepBast 6a30Bast 3aJada.

B kauecTBe CaMOCTOATENbHOrO yrnpakHeHus: yoegurech, YTO KBaApaT Ha-
TYPaJIbHOTO IMCJIa HEe MOXKET OKaH4YMBaTbca nudppamu 2,3,7,8.

IIpumep 5. CyuwecTByer M KBaIPATHBIM TPeX4JIeH ¢ UeJbiMu Ko3ddu-
LUEeHTAMM, JUCKPUMMHAHT KOTOPOro paseH 397

Pemenwue. [IpeanonoxuM, 4To JUCKPMMHHAHT KBAaJPATHOrO TPEX4JeHa
az? + br + = ¢ nenbiMu kosbduuuentamu paser 39. Torza b° — dac = 39.
Eciu paccMarpuBaTh paBeHCTBO b2 — 4ac = 39 Kak ypaBHEHMe, TO U3 CIe-
JIAHHOTO MPEIIIOJIOXKEHHUSI CJIEAYET, YTO OHO MMeeT PelleHHe B LEJIbIX YMCJIIaX.
Ilepenumem nocienHee ypasHenue B Buge b = 4(ac+ 9) + 3. Ho u3 npumepa
4 caenyer, uTo b He MOXeT ObITh LIEJBIM YHCJIOM. JTO INPOTUBOPEYUT CAeJIaH-
HOMy npeznojoxeHuo. OrMmeTHM, YTo OblJIa MCIIOJAb30BaHa 3agaya B31.

3agaua 2. Hoxkaxxure, YyTO JaHHbBIE YpPaBHEHUS He MMEIOT pelleHMil B
LEJBbIX YHCJaX.

a) z2-3y=5

6) 312 —9=4y°
B) 5n + 4 = m?
r) -3z -1=0

IIpumep 6. Ilycts uuciao p > 3 sBasercs npocteiM. Jdokaxkure, 4To a)
MMeeT MecTO TIpeAcTaBiieHue p = 6k+1 uiau p = 6k — 1 ansa Hekoroporo k € N;
6) p? — 1 xpaTHO 24.

Pemenne a). Paccyxaenuss nposogum no moayito 6. Bce HaTypanbHble
YMCJIa PACTaJaloTcs Ha wectb KiaaccoB {6k}, {6k + 1}, {6k + 2}, {6k + 3},
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{6k + 4}, {6k + 5}. IIpocToe uuCIO P MOXKET MOMACTb TONLKO MO B Kiracc
{6k + 1}, mu6o B xmacc {6k + 5}. OcTanbHOE OUEBULHO.

Pemenne 6). IIpeamonoxkum, uro p = 6k + 1, Torma p® -1 = 12 -k -
(3k + 1). Ilpu yerHbIx k Ha 2 JgeJuTCA BTOPOH MHOXXWTE/b, IIPH HEYETHBIX
k na 2 memurca Tperui#t MHoxuTenb. Cayuaih p = 6k — 1 (wm p = 6k + 5)
paccMaTPHBAETCH aHAJIOCMYHO. 34eCh Obljla MCIIOAbL30BaHa 3aaada B31.

Ipumep 7. Haiigure HOJ Bcex umcen Buma p° — 1, rae p mpobGeraer
MHOXKECTBO BCeX NPOCThIX uucesa oT 5 zo 2003.

Pemenune. [lo nokazaHHOMy B mpeAplAyllieM IIpHMepe BCe “KCJa BUIA
p2 — 1 mensirca Ha 24, HauMeHbIllec U3 HUX PaBHO 24 M He UMeeT JeJIuTesel,
boabmnx, ueM 24.

Orser: HOJZI(p? — 1) = 24. Ucnonssosana B31 u sppucTuHeckuil npuem,
Ha3bIBAEMBIl memod xpatiHezo.

Ilpumep 8. Haitnure Takoe HauboJIbIIEE HATYPAJILHOE YUCI0 7, uTo 2009!
HaleJjo geadrca Ha 2™.

Pemenne. CHavaja BbIsiCHUM, YUeMy paBeH MOKa3aTeJb CTEIEeHH OBOHKH
B KaHOHHYEeCKOM pasjyioxenun uucia 2009! Ha npoctbie MHOXKHUTEeMH. Uncaa
2,4, ..., 2008 cogep:xaT KaKk MUHMUMYM OZHY CTeleHb ABOMKH, a TAKHUX YHCENa
2009

2
MHHUMYM JB€ CTENEeHHU JABOMKH, OZHA U3 KOTOPBIX YK€ yuTeHa. Takux qucesn
2009

92
MHMHMMYM TPH CTEIIEHHM IBOMKM, ABE H3 KOTOPBLIX y>Ke yureHbl. Takux uucesn

cpeIZu COMHOXXUTeJIel Oyaer [ ] . Uucna 4, 8, 12, ..., 2008 comep>kaT Kak

cpedu COMHOXXHUTeJelt Oyner [ ] . Uucna 8, 16, 24, .. ., 2008 comep>kaT Kak

3

cpeax COMHOXHUTeJelt Oyzner [ } IIpomonkasi paccyXIeHHsl, IOJIYIUM

23
2009 2009 2009 )

] [2009] L [209]
KOTOpasl paBHA [TOKA3ATEJHO CTENEHH MPOCTOr0 YUCIIA 2 B KAHOHMYECKOM pas-
soxenuu yucia 2009!. 3xecy ucnonb3osanbl 3agauyu 533, B31.

CyMMY

IIpumep 9. Haitaure KosmmiecTBO HyneH, KOTOPHIMM OKAHUMBAETCHA JECs-
THYHAs 3anuch uucia 2009!. '

Pemenune. BrisicHUM, KaKOB IOKa3aTesb CTEIIEHM MATEPKH B KaHOHUYe-
ckoM pasyioxxeHuu uncia 2009! Ha npocreie MEHOXKUTE M. Yucna 5, 10, ..., 2005

comepKaT KaK MUHMMYM OJHY CTEIECHDb IIATEPKH, a TaKHX YHUCeJI cpeayl COMHO-

>xureneil Oyner [&509 . HYucaa 25, 50, 75, ..., 2000 cogepxaT Kak MUHUMYM

ABE CTEIIeHW ISITEPKM, OAHAa M3 KOTOPBIX y>Ke y4YTeHa. TaKHX Jucelsl cpeau

2(5)29J- Yucia 125, 250, 750, . .., 2000 cogepkar Kax
L

-

cOMHOXKMTEJIeH Oyaer
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MMHUMYM TPH CTENEHU NSATEPKH, JBe U3 KOTOPHIX Y K€ yuTeHBbl. TakiuX ducesa

cpeay coMHOXKuTeseii Oyner [ ] IIpomos>kast 3TH pacCyXIeHHs, IIOJTy-

53
YUM CYMMY

-~

o

[2009} " [2009] [2009} [2009

52 59 54 } = 500,

KOTOpasl paBHA IIOKAa3aTeJI0 CTEIIEHH MPOCTOrO YUCaa 5 B KAHOHUYECKOM pa3-
noxxenun uucaa 2009!. 3zecy ucnonv3oBansl 3agaun B33, B31.

HNmeromasicst Ha JaHHBIA MOMEHT MH(POPMALHS [T03BOJISET 3AIIUCATh KaHO-
HU4YecKoe pasyioxkenue uuciaa 2009! B suge

2009! = 22001 , 3b, 5500 74 903,

ITokazarenu crenenu 3, 7 U APYrUX IMPOCTHIX OCHOBAHMMA BBLIMHCJISIOTCS aHa-
soru4Ho (cAesafiTe 3TO CaMOCTOATENbHO). ['pynmupys 2 u 5 monapHO, MOXXEM
noayuuTh 500 Taxux map, xoropnle JanyT 500 HyJeil B KOHuEe JecaTHUYHOH
3anucH uuciaa 2009!.

3zech ucnoyib3oBanel 3aga4yn B31, B33.

3agavua 3. MoxeT M mecsTHYHAs 3alUCh YMCIA N! OKAHYMBATLCA HA
a) 1000 uyueii;
6) 2008 mysnet;
B) 2009 uyneii;
r) 2010 mynei?

OrBernl.
a) za, n = 4005, 4006, 4007, 4008, 4009;
6) a8;
B) HeT;
r) ma, n = 8050,8051, 8052, 8053, 8054.

IIpumep 10. Haitgure Takoe HanboJbIIee MPOCTOE YUCJIO N, UTO HYHUCJIO
2009! nenutcs Ha ™.

Pemenne. C noMompio pacCy»IeHMii U3 NpeAblAyIIyX 33189 MOXHO I10-
JIYYUTD Da3JIOXKEHHE

2009| — 22001 ) 31000 . 5500 . 7333 . 11199 . 13165 . 17124 ) 19110 . 2390.
.2971 . 3166 . 3755 . 4150 . 4347 . 4742 . ... 1999 - 2003.
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PaccMoTpyuM moc/ieIoBATE/ILHOCTh IOKA3aTeJel CTEeleHell Y MHOXXHUTeJeil B
npaBoit 3Toro pasjoxeHus 2001, 1000, 500, 333, ..., 1, 1. Ona yOniBaeT OT
2001 zo 1. PaccmoTpuM mocnenoBaTeNbHOCTh OCHOBAaHMI cTemneHei 2, 3, 5, 7,
..., 1999, 2003. Oua Bo3pacTtaer or 2 Ao 2003. 3amMeTuM, YTO B OKPECTHOCTHU
ocHoBaHmit 43 1 47 MPOUCXOAUT JIOOONBITHOE H3MEHEHHe: eCJIM 10 ITOr0 Mo-
MEHTAa [0Ka3aTeJId CTENEHM OblaK 00JIbIlle COOTBETCTBYIOIIErO OCHOBAHUSA, TO,
Ha4yuHasi ¢ 47 moka3aTeJId CTAHOBSTCA MeHbllle CBOMX OCHOBAHHMII M IIPOAOJI-
>KaloT yMeHbl1aTbcs. IIpuupHa yOBIBaHHSA NOCJEI0BATEILHOCTH NTOKa3aTeeit
KpoeTcs B criocobe MX BBbIMMCJEHHS M IIPOCTOI apudMeTHUECKON 3aKOHOMEpP-
HOCTH: eM Ha OoJiblliee JesuM, TeM MeHblee nojiydaeM. B cuily pasiuuHoi
MOHOTOHHOCTH I10CJI€JOBaTEJbHOCTEH, CUTyallUs, aHAJIOTUYHaA TOH, KoTopas
CJIOXKHJIACh B OKPeCTHOCTH OCHOBaHUI 43 u 47 6oJsblue He moBTopurcd. Torna
fICHO, YTO €CJIi N npoberaeT MHOXXeCTBO BC€X NPOCTLIX YHCeNJ OoT 2 Jo 43, To
n" aBasiercsa geaurenaem yuciaa 2009!. HaubonpmmuMm U3 n asiaserca uucio 43.
31ech uCcnosIb3oBaHa 3aaa4va B33.

ITpumep 11. Haiigure unciao N, uMmerliee poBHO 6 aesnureneit, cyMma
KOTOpBIX paBHa 3500.

Pemenne. Cornacno B35 uucio genuresnelt npou3BoJbHOro uuciaa N =
pit - p3® - ... -py* paeHo (an + 1) - (@2 + 1) - ...  (ax + 1). Kaxzpit u3
MHOXHTeJell Oosblue iy paBeH 2. B ycioBHsix 3aJa4uy 9TO NMpPOU3BEAECHHE
paBno 6. [Inst uncia 6 umcercs aBa MoAOGHLIX MpeACTABIEHUs (C TOYHOCTBIO

JI0 TIEPECTAHOBKH MHOXKUTEJIEH )
6=(5+1), mwm 6=(1+1)-(2+1).

Orcroaa nojryyaeM JBa BO3MOXXHBIX CTPYKTYPHBIX NMPEACTABJIEHUS HCKOMOTO
yucyia N
5 2
N=p", mwm N =pi-p2.

PaccmorpuMm mepssilt cayuait N = p°. Torga Jenurensmu umciaa N 6yayT

uucaa 1, p, p?, ..., p°. Torga mo ycaoBuio 324241
(53
~1
14+p+p°+...+p° = Z;Tl — 3500.

TaxuM 06pa30M HCKOMOE TPOCTOe YuCJIo p Gyaer pemenueMm ypaBHenus (p° —
1) - 3500(p—1) = 0.

DT0 ypaBHEHHE HETPYAHO HCCIeA0BAThL Ha mpoMexytke (0,00). MoxHo,
HaIpuMep, HaliTH NMPOH3BOIHYIO JIeBO# 4YacTH ypaBHeHus. IIpounsBonmas ob6-
palllaeTcss B HOJIb B OJHOM €IUHCTBEHHOM TO4YKe M3 MHTepBaja (3,4) M 3TO
OyzeT TOYKa MHHHMyMa. B Touke MHHHMyMa JieBasl JacTb ypaBHEHHMs OT-
puuaTesbHa, & B ToukaxX 0 u 5 — monoxxureidbHa. [loaTroMy Ha mpomexyTke
(0,5) ypaBHEeHue AOJI)KHO MMeTh ABa KOpHA. OAWH KOpeHb, OYeBUIHO, paBeH
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1. Janbiie HernocpeACTBEHHO IIPOBEPSAETCsI, YTO 4muciaa 2, 3 U 4 KOpHSIMH He
6ynyr. CnenoBaresbHO, KpoMe 1, ypaBHEHHE HEe UMEET HATYpPAJIbHBIX KOPHel.

PaccmoTpuM Tenepb BTOpo# cayuait N = p? - po. Bce mects mesuresneit
uncaa N B 3TOM ciydae uMelOT BAX 1, p1, P2, p1p2, P3, pap2. Ux cymma pasHa
3500, 4TO NPUBOAUT K ypPaBHEHUIO

(p1 + p2) + p1(p1 + p2 + p1p2) = 3499.

-~

JaJjiee MOXXHO pacCy>kJaTh € TIOMOIUBIO PACCMOTPEHHSI BCEX BO3MOXKHBIX KOM-
OMHaUM#i JeTHBIX M HeueTHBLIX p1 M p2. Cay4ait 1, korga oba p1 U p2 YeTHSI,
HEBO3MOXKEH, TaK KaK HeT ABYX MPOCTBLIX YETHBIX yHuces. B ciayuae 2, xorga
P1 HEYETHO, & P2 — YETHO, MBI IIPUXOAMM K IpoTHBopeunto. IlporuBopeyne B
TOM, YTO B ypaBHeHuH (p1 + p2) + p1(p1 + p2 + pip2) = 3499 nesast yacTb
OyaeT ueTHO#, a mpaBas — HeueTHa. PaccMOTpuM ciy4ail 3, korga p; — 4er-
HOE 4HCJIo, a P2 — HeueTHoe. Ho Torga p; = 2 ¥ U3 ypaBHEHHUS HAXOAUM, UTO
p2 = 499. B srom cayuae N = p? - po = 22 - 499 = 1996. Hakoren, B cayuae 4
06a uncia p; M p2 — HeyeTHbl. IIpoCTHIM n1epebOPOM MOXKHO NMPOBEPHUTL, YTO
3TOT CJIy4ai HEBO3MOXCH.
OrseT: 1996

IIpumep 12. Bepuo au, uro (13 + 23 + 33 +.t 2009°) maneno penauTcs
Ha (1+2+3+. +2009)"
Peuienue. Pememle 3a/a4M BBITEKaeT U3 (POpPMYJbI

1P+22+3% 4+ ... +n)=1+2+3+...+n)

KOTOPYIO JIETKO J0Ka3aTh METOAOM MaTeMaTuueckKod mHAykuuu. OTmerum,
4YTO 3J€Ch UCHONbL3YIoTcA 3aaauun B39.
OrBer: Jemurcs.

IIpumep 13. IIpolLeHT YyUeHUKOB HEKOTOPOr'o KJIaCcCa, ITIOBBICUBIIUX B Tpe-
Theil YeTBEPTH YCIIEBAEMOCTDb, 3aKJII04eH B npeaenax oT 2,9% xo0 3,1%. Onpe-
JACJINTe MUHHMMAJILHO BO3MOXXKHOE YHMCIO YyUYEHHMKOB B TAKOM KJIACCE.

Peimnenne. MaTemaTnueckas MOIEIb 3aJa49¥ CBOJUTCH K JHO(PAHTOBOMY
HepaBeHCTBY. IlycTh ™m — YUHCJIO YUEHHKOB, IIOBBICHUBIIMX YCII€BAEMOCTb, N —
o6mee TUCJIO yqunKOB (n,m € N). Ilo ycioBuio uMeeT MeCTO HEPABEHCTBO
1000 < B <= 1000 OTcrooma ciaenyeT HEPaBEHCTBO ;%g_o < % < 1330 KOTOopoe
MOKET GEITH nepemnucao B Buge *30m < n < 9%8m,

fcHo, uTO PYHKIHUM, CTOSLIME B JIBBOﬁ B npa,Boﬁ 4acTAX ABOMHOrO Hepa-
BEHCTBAa, BO3PACTAIOT ¢ pocToM M. [103ToMy JOCTATOYHO ITPOBEPATDL 3HAYEHUS
™, HQUMHAS C HauMeHbuX. [Ipu m = 1 nocyiegHee HepaBEeHCTBO NPUMET BHJ,
32,2 < n < 34,4. DToMy HEpPaBEHCTBY YIOBJIETBOPAIOT n = 33 u n = 34.
HanmMmenbiee 3nauvernne n paBHo 33. 31ech Ucrioab3oBajach 3agada B310 u
CBOMCTBA YHMCJIOBLIX HEPABEHCTB.
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OTBeT: 33

Ilpumep 14. Cpemu 0OLIKHOBEHHBIX Apobeif C IMOJIOXKUTEJbHBIMH 3Ha-
MEHATEJISIMH, PACIONOKEHHBIMU MeXAy YMCIaMH 3¢ ¥ St Haitaure Takylo,
3HaMeHaTeJIb KOTOPO MUHUMAJIEH.

Pemenne. MaremaTnueckast MoLesib 3aJa4¥yl CBOJUTCA K ANOPAHTOBOMY
nepaseHCTBY. IlycTs Apoby 7+ ynosaersopser yciosuio 3agadu. Torga m,n €
N, umeeT MecTo HepaBeHCTBO 3 ﬂ <2L %-g an-— Mnnnma.ubao
[TocnegHee HEpaBEHCTBO MO)KHO nepenncatrb B BH,ILe < L < 36 =, OTKyZa

caeayer 32m < n < ¥m. Ham nago naittu Hanmenbmee 3Haqenue ™, TIpH

KOTOPOM B MHTEPBaJI ( g—gm, 39 m) IonajgaeT HaTypaJbHoe unucio. Torma sTo
HaTypaJibHOE YHCJIO U OyJeT MCKOMBIM 3HAUECHUEM N.

ayee HaZO NPOBOAMTDL UMCJIEHHbIE€ IKCIIEPHUMEHTHI, IOACTABJASA IIO0OYe-
peaHo 3HauYeHUs m = 1, m = 2 u T.A4. B nocjeaHee HepapeHCcTBO. Hago cie-
JUTH 32 TEM, COAEP>KUT JIX [TOJIyYEeHHLI! MHTEPBaJ LeJoe yucio. Habmogenus
MO3BOJISIIOT BBIABUHYTbL THIIOTE3Y, YTO HA4UMHAA C M = 3 LieJlag 4acTb I'pa-
HHL, UHTEPBAJIa COXPAaHAET MOCTOSHHOE 3Ha4YeHHEe JJIA TPEeX IO0CJeA0BATElb-
HbIX 3HAUYEHMI M, YTO IO3BOJIUT YMEHBLIINTDH YHMCJIO BBIYMCJIUTEILHBIX IPOO.
[Ipu m = 19 noay4uM nepBuiii MHTEPBAJ, CoJepKaluil meaoe yucao 7. Bro-
poii TaKo MHTEePBAJI [NOJYYUM IIPH M = 27, OH COAEP>KUT BTOPOE LIE€JI0€ THUCJIO
10. Mckomas apobb mMeeT BUL = 19 . Bulia ucnonw3osana 3aga4a B310.

OTserT: 1.?

:

3amaua 4. MajbuuK M AeBOYKA U3MEPHJIH OJHO U TO XK€ PACCTOSHHE B
143 m maramu. Tak Kak AJMHBI HX IIArOB Pa3JIMyHbl, TO MX CJeAbl COBIAJIH
20 pas. llar peBouxkwm 55 cMm. Haligure AJMHY 11ara MaJIbUHMKA.

Orsert: 65. (Mcn. B31,2,4.)

Ilpumep 15. IIpu kakux menbix 3HaUeHUAX a, b, c mpou3BeaeHue
(3a — 9+ c+5)(2a+3b—Tc+ 1)(a + 6b+4c+ 2)

HEYETHO?

Pemenne. Hu npu kakux. CymMa MHOXKuTeseH paBHa 6 +4 = 2(3a+2),
T.€. YeTHAa JJIs1 JIIOObIX LEJLIX a, b, c. IlosaToMy ciry4yail Tpex HEUeTHbIX MHOXKHU-
TeJielt HEBO3MOXKEH, a UMEHHO OH JaeT HeueTHoe npousBeaeHue. [Ipoussenenue
YeTHO I JIIoOBIX LeNbIX a, b, C.

IIpumep 16. JokaxxkuTe, 4YTO CyMMa M Pa3sHOCTb JIOOBIX JBYyX HEJBIX
YuceJl HMEIOT OJHUHAKOBYIO YE€THOCTD.

Pemenune. Crioco6 1. Jokaxem, uto a+b 1 a—b, rae a,b € Z umeror onu-
HAKOBYIO 4eTHOCTb. IlepeGupast yeTwripe cirydasi, Korga a u b oba 4erHsl, oba
HEYeTHHI, ¢ ¥ b MUMEIOT Pa3/IMUYHYIO YeTHOCTDb, yOeXK1aeMCsl B CIpaBe I/ INBOCTH
yTBEP>KAEHUSI.



120 TpenupoBouHble MaTepuaisl A EI'D-2010

Pemenne. Crnocob 2. (a+b)+(a—b) = 2a — uucio yeTHOE, T.€. C1araeMbie
a+ b ¥ a— bMoryr GBHITE TOJLKO OJMHAKOBOH YETHOCTH.

= 1 C
= 3z B HATYPAJIbHBIX YUCIAX,

(Sl Lo

IIpumep 17. Pemure ypaBHeHue ;11- +
IIPH YCJIOBHH, 4YTO a > b.

Permuenne. Bruipasum onHy mepeMeHHyIO epe3 Apyrymo a = 25 + 36_2%.
Tak KakK mo ycj0BHIO ¢ 4 b — mensle uucaa, To b — 25 A0JKHO OBITL Ie-
aurenem 625. MHoXecTBO meanlX gejaureneil yucaa 625 omuceiBaeTcs Kak
{1, £5, £25, £125, +625}. Ilepebupast Bce T BAPHAHTBI 3HAUCHUIA JJIs
b — 25, yunurnsiBas, uro a, b € N u a > b, HaxoguM, uro ¢ = 150, b = 30, uan
a = 650, b = 26.

OTeer: a = 150, b = 30, nau a = 650, b = 26.

ITpumep 18. Mo>xHO 111 pellluTh B HEYETHBIX HATYPaJIbHBIX YHCJIaX ypaB-
Hemme + + 3 + 2 + 5 =17

Pemenne. JlanHoe ypaBHEHME MOXHO Iepenucarb B Buae bed + acd +
abd + abc = abcd. B neBoit yacTu paBeHCTBA CTOMT CyMMa YeThIpeX He4eTHbIX
YHCeJl, CyMMa UX YeTHa. B nmpaBoit YacTH — npousBeJeHHe YeThIpeX HeYeTHBIX
YUCeJl, OHO HEUYEeTHO. PaBeHCTBO HEBO3MOXKHO.

3agzaya 5. I[lycth To,Y0 — Kakoe-nub0 4HacTHOe pelleHue Iuo(aHTOBA
ypaBHeHust ax + by = c¢. Jokaxkure, 4To * = xo + bt, ¥y = Yo — at sABAAETCSH
pellleHueM OAHHOTO yYpaBHeHUsl IIpH JoboM it € Z. IokaxxurTe, uTo Jiroboe
pellieHHe JAaHHOTO yPABHEHHs] MOXKHO IpeACTaBUTL B Takom Buie. (Takum
obpas3oM, noay4eHa GopMysa OOLIETO PEIIEHUs JUO(pAHTOBA yPABHEHMIA BUIA
ax + by = ¢).

3anma4ya 6. Haitgure Bce pelneHus anodaHTOBa ypPaBHEHHS:

a) 3z + 5y = 13;
6) 7r — 3y =11;
B) 5z — 4y = 44;
r) 11z — 5y = 73.

18 Ka>XX0ro U3 HOoJIy4YeHHbIX PellleHu# HafiiuTe TaKue, IPH KOTOPLIX |T — v/,
|z + y|, zy npurEMaloT Han6oJbIIME MIIM HAUMEHbIINE 3HAYCHHUA.

Pewuenne a) xo = 1, yo = 2 — yacTHOE pelleHue ypasHeHus 3 + 5y = 13.
Torma xr =1+ 5t, y =2 — 3¢, rae t € Z — obuiee pellleHHe 3TOTO yPaBHEHMUS.

Tak kak |z — y| = |8t — 1|, To min(|z — y|) = 1 npu ¢ = 0. Orcroma z = 1,
y = 2.

Tak kak |+ y| = |2t + 3|, To min(jz + y|) = 1 npu ¢t = —1, umm opu
t=-2.0rcromaxr=—4,y=5mwmazx= -9, y=_8.
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Hanee zy = —15t% + 7t + 2. Hanboxbree 3HaveHne 3TOro KBaIPATHOTO
TpeX'wieHa AOCTUraeTrcs Ipu i = —3%. Ho t posaxxkso ObITh uenbiM. Jlerko
BHJETDH, YITO IPH 3TOM YCJOBHMM HanOosblee 3HaUeHune gocruraercd npu t = 0.
Ono paBao 2. Orcoga noJrydaeMm, uro T = 1, y = 2.

3agada 7. Ykaxure
a) 2;
6) 102;
B) 2000

[OCIIEI0BATELHEIX HATYPAJLHEIX HHCEl, CPe/i KOTOPBIX HET HH ORHOIO TOY-
HOTO KBaJpaTa. SIBIAETCA i pellleHHe eIUHCTBEeHHBIM?

Vkazanue. OnpefenuTe YUCIO HATYPAJbHBIX YHCEN] MEXIY ABYMS CO-
cequuMy KBagparamu n’ u (n + 1)2,

3azava 8. Haitoure
a) ABY3HAYHOE YHUCJIO;
6) Tpex3HauHOEe YUCIIO,

obnagatomiee HAMGOJIBIINM YUCJIOM AEJIUTEel.
OTBerT: a) 72; 6) 864.

IIpumep 19. MoXXHO /I PEIINTD B LEJIBIX YUC/IAX YPABHEHHE T2 +pT+q =
0, ecsiu p U g — HEYETHBIE YHUCIA?

Pemenue. Ilyctt ypasrenue 2 + pr + ¢ = 0 uMeeT veTHbI! KOpEHb Z.
Torpa z2 — yerHoe uucio, pr — vernoe uucio, (z2 + pz) — verHoe uucio. Ilo-
cleHee YMCIJIO HE MOXKeT ObLITh paBHO HevdeTHOMy uuciy —q. CiaenoBaTesbHo,
3TOT CJIy4ail HEBO3MOXXEH.

I[Iycrb Temepb z2 + pz + ¢ = 0 uMeeT HeueTHbIt kopeHb z. Torma T2 —
HEYeTHOe YMCJIO, PT — HEeYETHOe HHCIO, a (T2 + pT) — YeTHOe HMCJO M OHO
HE MOKET OBbITb PAaBHO HeueTHOMY uucay —g. CienoBarenbHO, 3TOT Ciydvaif
TaK>K€ HEBO3MOXKEH.

CuenoBaTesbHO, ypaBHEHHE HE MMeeT PelIeHMt B LeJIbIX YHUCJIaX.

IIpumep 20. Haiigure Bce uesible @ U b, IpH KOTOPBIX MHOTOYJIEH Y =
z? + ax + b IpHHIMAET NIpPH BCEX LEJBIX T

a) ueTHble 3HAYEHUS;
6) HeueTHbIe 3HAYEHHSI.

Pemenne a). 3amumem MHorouseH B Buge y = z(z + a) + b. Hanee
paccyxzaem mo moaymo 2. Ilpu x = 2n, 3sHaveHus y OyAyT YeTHBIMU IPHU
BCeX menbiX a, ¥ yeTHeX b. Ilpn £ = 2n + 1 u yerHoM b 3HaueHus y OyayT
YETHBIMU IIPU HEYETHOM «.
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OTBer a): a — HeyeTHO, b — YeTHO.

Pemrenue 6). AHaOrHYHBIM 06pa3oM, Ipu T = 2n 3HaveHus y = (4n® +
2an) + b 6yoyTr HedeTHbiMH npd HedetHOoM b. Ilpu z = 2n + 1 3HaveHus
y=02n+ 1% +2an+a+ b= ((2n)° + a(2n) + b) + (2n + 1) + a 6yxyr
HEYETHBIMU [P HEYETHOM Q.

OtBerT: ¢ u b — HevyeTHbIE.

ITpumep 21. Joka)kuTe, 4TO HE CyILIECTBYET MHOTOMPDAHHUKA, Y KOTOPOrO
2009 rpaneil — TpeyroJbHUKH, & OCTAJIbHBIE — YEThIPEXYIrOJbHHUKHA H IIECTH-
YTOJIbHUKH.

Pemrenne. Hapymen 3ak0H cOXpaHeHHs YEeTHOCTH. IHMCIIO CTOPOH BCeX
rpaHeii MHOTOTDAHHHMKa YETHO (OHHM COEJMHSIIOTCS MONApPHO), a 3AECh HHCIO
CTOPOH Bcex rpaseit pasao 2009 - 3 + 4z + 6y, T.e. HEUETHO.

IIpumep 22. PaccMoTpuM BCe mMATH3HAYHBIE YHCJIA, MMOJIy4daeMble Iepe-
cTaHOBKO# 1udp umucaa 12357. a) Jokakure, YTO CyMMa BCEX TaKMX HHCEI
(BxiIr049ast MCXoaHOE YuCi0) genurcs Ha 11111, 6) Jokaxkure, 94TO aHAJIOTHY-
Has cyMMa Jjia duciaa 23578 He genurcsa Ha 111.

Pemenne. a) Cymma uudp pasna 1+2+3+5+7 = 18. Becero nepecrano-
BoK 5! = 120. CxkinazgpiBas cronbukoM 120 ciaraeMbiX, MOJYyYHM HaJ KaXKIbIM
Pa3psaAOM OAHY U Ty xe koMOmHanuio uudp 18 - 24 = 432. Takum obpazom
HCKOMasi CyMMa cocTOUT U3 432 eanuun, 432 necatkos, 432 coreH, 432 Toicay
u 432 gecsaTkoB Thica4. Takoe yucio pasHo 432-(1+10+100+1000+10000) =
432 -11111.

6) Pemenne aHaJIOTHYIHO DEIIEHHIO a).

IIpumep 23. IlycTe M u n — HaTypaJbHbIE YHCHA, IPHUIEM - — IPABUIb-
Hasl HecOKpaTHMmas ApoOb. Ha kKakue HaTypaJbHBIE YHCJIa MOXKHO COKPATHTh
Ipobb f;"f%, eCJIH M3BECTHO, YTO OHA coOKpaTuma?

Pewmenne. Tax xax mo ycnosuio 2+ — npaBuibHasA Apobb, To m < n. Or-
cioga ciaexnyert, uto 2n —m > 0. Tak xkak Jpobb ::_l__,_,’;‘n COKpaTHMa, HAIIPHMED,
Ha HaTypaJbHOE YHCJIO p > 1, To HailtgyTcs Takue a,b € N, uro 2n—m = p-a,
3n + 2m = p- b. Orcioma noxyuaeM, uro 7n = p(2a + b), 7m = p(2b — 3a).
Taxum obpasoMm 7n u 7m genarca Ha p. Ecan 7 He geamTca HA P, TONM U M
aeantca Ha p. Ho 3To mpoTusopeunT HecokpaTumoctu apobu 2. Ilostomy 7
aeaurca Ha p. Orcroopa cnexyer, uro p = 7. Takum obpa3zoM Ipobb 32::2’:1
COKpaTHMMa Ha 7.

OrBeT: [pobs cokpaTuMa Ha 7.

3aga4a 9. [Iycts m u n — HaTypaJIbHbIE YHCIA, MPUYEM = — MPaBHIIb-

Hasl HecokpaTuMasa Apobb. Ha Kaxue HaTypaJbHbIE YHCJIa MO2KHO COKPATHTb

Ipobb %;2’;, €CJIM U3BECTHO, YTO OHA COKpaTUMa’
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OTBerT: Ha 11.

IIpumep 24. Pemure ypaBHenue 2* — 3Y = 1 B HaTypaJIbHBIX IHCIAX.

Pemenue. PaccmoTpuMm cayvait £ = 1. Torma y = 0. Ilockoabky 0 He
SIBJISIETCA HATYPaJbHBIM YMCJIOM, TO B 9TOM ClIy4ae PacCMaTpPHUBAEMOE ypaB-
HeHue He uMeeT pemeHuil. PaccMorpum Teneps cayyait £ = 2. Torna y = 1.
Vtak Mbl Hamau pemesue z = 2, y = 1. Ilyctb Teneps z 2> 3. Ilepenuiem
ypaBHeHue B Bue 2% = 3Y + 1. JleBast yacTb 9TOrO ypaBHEHUS JEJIUTCH Ha 8.
Torma ¥ npasast 4yacTh OyIeT AeadTbCS Ha 8.

PaccMoTpuM OTZEnbHO Ciaydam 4eTHOrO M HedeTHoro y. IlycTh cHawasa
y = 2k+1. Toraa ypasHenue npumer suz 2° = 3-9F +1, mum 2% = 3-(8+1)k+1.
C nomowprio ¢popmynsr 6usoma HbroTona noayuaeM cootrHomenue (8 + 1)'° =
8 -1+ 1 ansa nekoroporo | € N. Teneps pemaeMoe ypaBHeHMe MOXeT ObITH
nepenucano B uje 2% = 24 -1 +4. Ho npasas 4acTs 3TOro paBeHCTBa Ha 8 He
nenutrcs. IlosToMy y He MOXKeT ObITb HEYETHBIM.

ITycts Teneps y = 2k. Toraa ypasHesne npurumaer Bug 2% = 9% +1. Dro
ypaBHeHHe nepenuieM B Buge 2% = (8 + l)k + 1. C nomMowpo npeacTaBieHus
(8 + 1)* = 8 -1 + 1 3anumenm nociexnee ypasrerue B Buge 2° = 8! + 2. Ho
IpaBas JaCTh 3TOr0 PaBeHCTBa Ha 8 He genuTcs. IlosToMy y He MOXeT OBITH
YETHBIM.

TaxkyM 00pa30M egMHCTBEHHBIM pellleHHeM PacCMaTPUBAEMOr0 YPaBHEHUS
Oyzer pemenne T = 2,y = 1.

OrBer: =2,y = 1.

3azaua 10. Pemmre ypasuenue 2% + 3° = 5° B HaTypaJIbHBIX YHCIAX.
OrBer:a=1,b=1,c=1.
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